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DESCRIPTION OF EASTilAN COTOR REVERSAL
INTERMEDIATE FIIM

Ersr,rleN Color Reversol lntermediote Filn 5249/7249 is de-
signed for moking duplicofe negotives in one printing stoge
from originols on ErsrmeN Color Negoiive Film 5254/7254.
The duplicote negotives ore ihen printed on Easrr,,tln Color
Print Film 5381 /7381. ErsrurN Color Reversol Intermediote
Filn 5249/7249 hos effective reproduction controst neor uniiy.
li is chorocierized by excellent shorpness ond high resolving
power. Color-correciing mosks ore incorporoted in the emul-
sion lcyers to moke certoin thoi good color reproduction will
be ochieved.

Film Chtrrocteristics

The required film chorocteristics ore ochieved ihrough three
fine-groin, high-resolution emulsion loyers. A cross seciion of
Ensr,r,raN Color Reversol Iniermediote Film is illusiroied in Figure
200-1. ln order io preserve color fidelity, the green- ond red-
sensitive loyers contoin yellow- ond red-colored couplers which
form mosks to correct for unwonted obsorptions of ihe mogento
ond cyon dyes formed in these loyers. Additionol color correc-
iion is ochieved through interimoge effects, which olso conirib-
ute lo shorpness. The green- ond red-sensitive loyers ore sep-
oroted by o gel interloyer while o yellow fflter loyer under the
blue-sensiiive emulsion prevents unwonted exposure of the
lower loyers by blue light. The film hos on undercoot ond o gel
overcoot ond the some iei-bocked support os is used on other
ErsrulN Color Negoiive ond Iniermediote Films.

Reversol processing couses the blue-, green- ond red-sensi-

iive loyers io form yellow, mogenio, ond cyon dye in on inverse
proportion to their exposure. The iet bocking is removed ond
the ontiholotion ond ycllow filter loyers ore cleored during the
process. ln mony woys ihe some principles for good results with
ErsrulN Color Intermediote Film 5253 opply; however, certoin
different procedures ore required.

GEL PROTECTIVE COAT

BLUE.SENSITIVE EMULSION

YELLOI{ FILTER LAYER

GREEN.SENSITIVE EMULSION

GEL INTERLAYER

RED.SENSITIVE EMULSION

ANTIHALATION LAYER

TRANSPARENT SAFETY FILM BASE

REMOVABLE ANTIHALATION
BACKI NG

FIGURE 2OO-I
CROSS SECTION OF UNPROCESSED EASIA4AN COIOR

REVERSAI. INTERMEDIATE FILM 5249/7249

This drowing illustrotes only the reloiive loyer orrongement of the film ond is not
drown to scole,

Wiih reversol intermediote film it is necessory to ploce ihe
originol (which might be o comero negotive, duplicoie nego-
tive, or composite.of the two) bose to emulsion in on opticol
printer when exposing the duplicote. This procedure is required
io preserve orientotion os well os to introduce effects or chonge
picture formoi; olso, modified techniques ore required when
introducing certoin opiicol effects (such os {odes) ot this stoge.

Cotor lmoge Formotion During CRt-I Processing

The following outline will serve os on oid in understonding the
function of the vorious processing steps ond the monner in

which the color imoges ore {ormed in ihe film during processing.

Process Sfep

Prehordener

Neuirolizer

Second Stop

Wosh

Function

Hordens emulsion, thereby preventing ex-
cessive verticol ond loterol swelling during
processing. This permits processing oi ele-
voted temperolures with Iiitle donger of re-

ticulotion, ond greotly reduces the chonces

for edge skiving of the emulsion by sides of
mochine rollers. There is then less chonce for
ihe emulsion to pick up dirt porticles ond to
be domoged during processing. The pre-

hordener olso supplies on ontifoggont to the
film io prepore it for first development.

Converts hordening ogents in film io on in-

octive form before firsi development. With-
out this step, ihe hordening ogents would
reoct with the coupling ogents os the film is

developed in the olkoline developer. These

coupling ogents would then not be com-

pletely ovoiloble for dye formotion during
color developmeni.

Bocking Removol Removes rem-jei bocking by use of o cor-
bonote-sulfote dip ond o woter-sproy scrub-

bing unit before entering the first developer.

Fi rsi Deve I ope' 
TJ."iln :Tr'"',:,:" :i I"l ?;li:'" 

o br o ck'

First Stop Stops oction of first developer corried over
by the film ond reduces emulsion swelling
during the next wosh.

Wosh Removes the ocid soluiion from the film.

Color Developer Contoins o reversol ogent which mokes the
remoining silver holide in the film develop-
oble, thus eliminoting the necessity for re-

exposure by light.

Develops the chemicolly sensitized silver
holide to give dye imoges (ond silver im-

oges) in the oppropriote emulsion loyers of
the film.

Stops oction of color developer corried over

by the film ond reduces emulsion swelling.

Removes ihe ocid solution from the film.

EXPOSING LIGHT

llllll
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Process Sfep

Bleoch

Fixer

Function

Converis oll metollic silver to insoluble silver
so lts.

Converts oll silver solts to soluble com-
pounds ond removes them from ihe film.

Process Step

Wosh

Srobilizer

Dryer

Function

Woshes ihe fixer from the film.

Suppresses woter spots.

Dries ihe film for windup ond
priniing.

subseq ueni
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PROCESSING MACHINE

Eostmon Kodok Compony does not morket processing mochines
or ouxiliory equipment for the process discussed in this monuol.
However, o list of monufocturers of processing equipmeni con
be obtoined on request {rom ony regionol office of the Motion
Picture ond Audiovisuol Morkets Division.

The film intended for Process CRI-l is processed in o continu-
ous strip in outomotic processing mochines.

lf the processing mochine is new ond being storted for the
first time, o ihorough cleonup using ihe sulfomic ocid cleoning
solufion given on poge 309 should be corried out.

AII tonks ond lines should be checked for meiol chips, mis-

celloneous mochine poris, or foreign moteriol thoi con couse

oxidotion or cotolytic decomposition of lhe developers (zinc,

tin, copper, some phenolic plostics, etc), contominotion of the
prehordener or neutrolizer (iron, bross, copper, tin, etc), or
destruction of the bleoch (iron, etc).

lf the mochine is old ond hos been used for other thon
Ektochrome or CRI-l processes, the prehordener, neutrolizer,
ond firsi ond color developer seciions should be disossembled
ond cleoned. All goskets, plostic tubing, hoses, ond softwore
thot con come in coniocf with the processing solutions should
be reploced with ineri, unconiominoted moteriols. This is espe-

ciolly true of converied processing mochines in which the tonks
hove been seporoted ond reossembled in o differeni order.
Some chemicols used in other processes ore totolly incompoti-
ble with Process CRI-l solutions ond moy only demonstrote
their presence by o slow drift out of process control os they
leoch into the processing solution over o period of time.
Replocement of ihe contominoted soluiion gives only tempo-

rory relief os the new solution is olso soon contominoied. Elimi-

noting ihe source of the contominoni is ihe only onswer to ihe
problem.

Procticol moteriols of construciion ore discussed under the
sections deoling with the vorious sections of the processing

mochine. A compleie ond occurote knowledge of whoi moie-
riols ore present in every processing system is viiol io prevent-

ing contominotion from the use of incorrect moteriols. Incorrect
types of plostic hose, pump impellers ond liners, goskets, filter
medio ond cores, pipe metols, volve seols, beorings, ond oir
filters, etc, con iotolly prevent ony process from stoying in con-

irol. The contominotion effect moy or moy not be demonstroted
onolyiicolly ond the sensitometric chonge moy be very ropid
or ioke o long time (weeks) to occur, depending on ihe reoction
ond ihe omount of soluiion confoct.

BACKING REMOVAT SCRUBBER

EasrunN Color Reversol Intermedioie Film 5249/7249 hos o

rem-jet bocking thot must be removed by ihe combined treot-
ment of o rem-jet bocking removol solution ond o bocking
removol scrubber locoied beiween ihe neutrolizer ond the firsi
developer. (The bocking is noi offected by the ocidic prehord-
ener ond neutrolizer.) After the film leoves the neutrolizer, the
bocking is softened by o 3 to l0-second dip in the removol
solution. lmmediotely following the dip, ihe bocking is re-

moved in the scrubber unit which consists of woter sproys on

eifher side of o buffer roller. lt is very importont io hove o
thorough sproyoff of the bocking before it reoches the buffer.
This musi be done in such o monner thot none of the sproy
effluent (loden with bocking) encounters the buffer velour or the

IIPEI ALADE

FIGURE 3OO-I
SCHEMATIC OF BACKING REMOVAT SCRUBEER

AUFFEi i,.
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film emulsion surfoce. The film is then buffed to remove oll

hoze, woshed, squeegeed, ond sent to the first developer.

The bocking removol scrubber con be cleoned with hoi

woter, if necessory.

Suitoble bocking removol scrubbers con be obtoined from

the processing mochine monufocturers. A schemotic of o scrub-

ber is shown in Figure 300-1. In this unit, the i,/8K2* sproy

nozzles operote ot 202 kN,/m'?(30 psig) ond ot 
.l.3 l/min (0.35

gol,/min); the 'l /4P50'l0* sproy nozzles operote ot 202 kN,/m'?

(30 psig) ond ot 3.3 l/min (0.87 gol/min). These nozzles ore

oimed io flush the loosened porticles of bocking owoy from the

emulsion ond toword the bock of the unit. The woter ond bock-

ing porticles ore then dischorged ihrough the droin. Nozzles

of other design or nozzles from other monufocturers moy olso

be sotisfoctory. Mohoir velour is o soiisfoctory buffing mote-

riol.t Other moteriols moy olso be sotisfoctory.

MACHINE TANKS

The processing mochine should consist of o sufficient number

of tonk sections fo provide for oll of the solution ond woshing

steps required by ihe process cycle. The tonk sizes depend on

the number ond size of the film rocks which in turn depend on

the recommended solution times ond the film speed. The steps

for Process CRI-l ore shown in Figure 300-2.

The mochine tonks for oll solutions ore mode of stoinless

steel, AlSl Type 316, excepi those used for the bleoch. Titonium

or Hostelloy C is preferred for construciion of the bleoch

tonks. lt is feosible to use certoin plostics, rubbers, or elosto-

mers with ferricyonide bleoches if the low-heot-tronsfer proper-

ties will not be of concern. Suggested moteriols ore polyvinyl-

chloride, polypropylene, hord rubber, or fiber gloss reinforced

with polyesters or epoxy. Fiber-gloss moteriols con be used for

oll of the mochine ionks, except for the color developer. lf
oiher iypes of plosiics ore to be used, tests should be mode to

determine thot they will not produce ony odverse photogrophic

effects.

MACHINE RACKS

The mochine rocks ore the units on which the film is threoded

to ollow its possoge ihrough the vorious processing solutions.

They ore designed io tronsport the film ot o uniform rote ond

provide for regulotion of the reoction time in ony solution.

Although the design vories omong processing mochine monu-

focturers, the rocks usuolly consisi of o frome or ossembly

which fits inio processing tonks. This frome or unit is removoble

for repoir ond periodic cleoning. The film irovels on the rock

on spools mounied on shofis ot the top ond bottom of the rock.

Only the bose side of the film is in contoct with the spools.

Eiiher the top or bottom spool ossembly moy be eosily roised

or lowered in order to obioin proper treotment iime in the

*These numbers ore cololog numbers of the Sproying Systems Co.,3201
Bellwood,111.60104.

tAvoiloble from Collins-Eikmon Corp., Co Vel, N.C. 27512

Rondolph St.,

r'* l'31-"-;33,3 ..,-,

vorious processing solutions. The drive moy be either sprocket

or friction type.

The mochine rocks ore usuolly mode of stoinless steel, AlSl

Type 31 6, except those used for the bleoch. Titonium or Hostel-

loy C is preferred for the consiruciion of bleoch rocks. Spools

for use in oll solutions ore generolly mode of nylon, polypropyl-

ene, or polyeihylene.

CROSSOVER SQUEEGEES

An efflcient squeegee is recommended for the exit strond from

eoch mochine tonk including fhe double wosh tonks. A wiper-

blode squeegee should be positioned obout 2.5 cm (l inch) be-

low the solution level on ihe entronce strond in the neutrolizer

tonk. This submerged wiper blode is used to reduce streoking.

The removol of surfoce solution is desiroble for processing

uniformity ond economy. As ihe film trovels from one tonk to

onoiher, o crossover squeegee removes ihe surfoce solution

from both sides of the film ond returns the solution to its

mochine tonk. This oction reduces the loss of processing solu-

FILi.4 PATH

LOAD ACCUT\TULATOB

PREHARDENER

NEUTRALIZER

BACKING REMOVAL

FIRST DEVELOPER

FIRST STOP

FIBST WASH

COLOR DEVELOPER

SECOND STOP

SECOND WASH

BLEACH

FIXEB

FINAL WASH

STABI LIZER

DRYER
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SOTUTION FITTRATION

Processing solutions ond wosh woters usuolly contoin some in-
soluble moteriol in ihe form of solids ond tors. lf this moieriol
is not removed, it moy reodily odhere to the film being pro-
cessed, mochine tonk wolls, rollers, lines, etc. Therefore, filiro-
tion systems ore required in replenisher lines, recirculoiion sys-
tems, ond wosh-woter lines. Properly designed mixing ond pro_
cessing equipment olong with meticulous operoting procedures
ond proper housekeeping will olso minimize the formotion of
insoluble moteriol.

The insoluble moteriol moy originote from o number o{
sources. The woter supply con contribute in two woys. tt con
contoin solids ond olso hove hordness high enough to produce
sludge when used for preporing processing solutions. The pro_
cessing chemicols ihemselves moy conioin impurities ihot will
not dissolve in woter. Such impuriiies ore ot o minimum if the
chemicol is sold os photogrophic grode under Americon No_
iionol Siondords Institute specificotions. Emulsion skivings ond
oniiholotion bocking ore olso sources of dirt. The omounts of
fhe moteriols in soluiion lorgely depend upon how well the
processing equipment is designed ond ihe ottention poid io
proper mointenonce. Also, os o result of evoporotion ond
oerotion, solutions will contoin some insoluble moieriols os lors
ond solts of crystollotion. Some solts ore slow to redissolve,
while tors ore usuolly insoluble.

The porosity roting of the filters should ideolly be l0 microns,
bui the bock pressure of o l0-micron filter in o system is some_
iimes ioo greoi to permit odequoie flow unless oversized pumps
ore used. Increosing the filter oreo will decreose the bock pres-
sure, but this increoses the cosi of flliers. Filters with porosity
rotings lorger ihon 30 microns will olso produce low bock

pressure, bui these filters ore of little volue in removinq insolu_
ble moteriol.

A definite replocement schedule for filter cortridges should
be esioblished ond followed. lt is recommended thot the filters
be chonged once every week, or more frequenfly if necessory.

One type of filter corlridge, suitoble for photogrophic solu_
tion filtrotion, is the Fulflo Honeycomb Filter Tube.* (See toble
below.) The filter iube is used in o filier unit or shell (such os the
Fulflo filter*) ond ploced in replenisher lines, recirculotion sys-
tems, ond wosh-woter lines. Metol componenis (heods, shells,
ond cores) for filters should follow ihe some recommendoiions
mode for piping. Suggested filters ore listed below.

MAINTENANCE
A. Feed Section

It is very imporioni ihoi the feed section including the lood
occumulotor be free of oluminum, mognesium, copper, ond
porticulorly zinc porticles. lf ihese meiollic porticles odhere to
the dry, unprocessed film, they will couse o processing defeci
known os blue comets. Such porticles usuolly come {rom
obroded ports in comeros, film mogozines, ond lood occumu_
lotors. These trouble oreos should be vocuumed eoch doy. An
opplicotion of o thin plostic cooting con olso help. Such o cooi-
ing con be eosily opplied from on oerosol contoiner. One such
produci is morketed by Krylon Products, Norristown, po. 'I940'1.

Periodicolly check oll rollers in the feed section for olign_
ment ond freedom o{ rototion. Also check olorms for operotion.

*Morketed by, The Corborundum Co.
Commerciol Filters Div
Lebonon, Ind.46052

Honeycomb Filter Tube

Commerciol Filiers Conodo, Lfd
I I /9 Coledonio Rd.
Toronlo, Ont., Conodo

So/ulion Medio Core Moteriol Nomino/ Porosity

Roling (MicronsJ Port No.

Prehordener Fiber

Gloss
Stoinless Steel,

AISI Type 316
t5 KI ZR] OS

B leoch Polypropylene
or Cotton

Polypropylene* MI3RIOA
r 3Rr 0A

JU

Others
(lncl udes:

Neuirolizer,
First Developer,
First Stop,

Color Developer,
Sa"^^.l Q+^^

ond Fixer.)

Polypropylene

or Cotton
Stoinless Steel,

AlSl Type 316
JU

MI3RI OS

r 3Rt 0s

other filters should be tesfed before use to determine whether they might produce ony odverse photogrophic effects.

especiolly wilh woshes thot might encounter 82 c (lg0 F) before reoching rhe remperorure mixing volre
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B. Squeegees

Check the squeegees often for proper operotion, olignment,
ond cleonliness. lf squeegees ore not properly odjusted ond
moinioined, they will not odequotely remove solution from the

film. They con olso scroich the film ond sproy or drip processing

soluiion, cousing domoge to the film ond mochine.

On weekly shutdowns, remove oll oir squeegees ond sook

ihem in woter to remove ony chemicol deposits. Similor treot-
ment might be periodicolly required for the other type o{

squeegees-i.e., wiper blodes, vocuum, ond wringer-sling. Any

spools or rollers used with the squeegees should be lubricoted
once o week with o smoll omouni of Voseline or iis equivolent.
Rollers from rotory buffer squeegees should be woshed in de-

tergent, rinsed with woier, oir-dried, ond fluffed.

G. Dryer Cqbinet

Becouse the fllm is wet ond iocky when it is in the dryer cobinet,

it is essentiol thot the dryer cobinet ond oir be free of diri, lini,
eic, for good quolity film. It is, therefore, recommended thot
the following mointenonce progrom be corried out oi regulor
intervols. The inside of ihe cobinet is vocuumed ond wiped
down to remove ony dust, lint, etc, ihot moy hove collecied.
All rollers ore exomined for buildup of emulsion or geloiin.
Door cobles ond sofeiy lotches ore checked. Rollers ond flooters

ore checked for freedom of operotion, ond lubricoted (spor-

ingly) if necessory. All olorms ore tested for proper working
condiiion. Heoting coils ore inspected ond checked for proper

output. Air filters ore checked ond reploced if excessively diriy.
Any rubber roller rings thot show signs of deteriorotion ore

reploced. Any flonges which show emulsion buildup ore

cleoned. The dryer cobinei drive roller ossembly (ouiside of
ihe dryer) is cleoned ond ony excess oil is corefully wiped off.

D. Wosh fonks-Algoe ond Fungi Confrol

Algoe ond fungi tend to form on the inside wolls of the wosh

tonks. Their presence is indicoied by o slippery ond slimy feel

on the tonk wolls. The formotion of olgoe ond fungi in the wosh

tonks usuolly con be controlled by droining ond ihen imme-

diotely refilling the wosh woier tonks os port of the doily ond

weekly shutdown procedure. lf olgoe ond fungi form, odd
obout 59 ml {2 fl oz) oI o 51/t'/. solution of sodium hypochlorite
to eoch tonk os the tonk is being refllled. This chemicol is o com-

mon household bleoching solution, such os Clorox. Leove the

bleoching solution in the tonk. li will be removed by the normol

replenishment during stort-up. See siori-up ond shutdown
proced ures.

E. Lubricotion

The processing mochine, like ony other mechonicol equipment,
requires lubricotion.

AII mechonicol friction ooints on the mochine ore lubricoied
os required. The friction points include bushings, choin drive,
idler rollers, beorings, etc.

Oil ond greose ore olwoys used sporingly to ovoid ony

excess oil or greose from being ironsferred onto the film.

F. Rock Cleoning

Solid moteriols ond tors must be removed from the rocks. Their
presence could couse dirt, scrotches, ond obrosions on the fllm
os well os inlerfere with the drive mechonism of the mochine.
A suggested method of cleoning removoble mochine rocks is

os follows {for rocks thoi connot be removed, see the section on

Tonk ond Line Cleoning),

1. Regu/or Rocks

This rock cleoning procedure is for regulor rocks, nol buffer
rocks.

o. Remove the rock from ihe mochine, ond immediotely
rinse it with hot woier {or 2 minutes. lf rocks ore permitted

to stond without rinsing, chemicols will dry on them ond
moke cleoning very difficuli.

b. Submerge the rocks in the rock ocid both for 20 minutes.

The formulo for ihis both is qiven below:

Rock Acid Bofh

Woter

Hydrochloric Acid {Conc.)

lsopropyl Alcohol

Note: This both is used ot room temperoture ond the

both is gently ogitoted with oir. Follow the sofety pre-

coutions given below.

c. Rinse the rocks in hot woter for 2 minutes.

d. Scrub the rocks with o stiff, bristle brush to remove ony

remoining deposits.

e. Submerge the rocks in ihe rock coustic both for l5 min-

utes. The formulo for this both is,

600 ml
'l50 

ml

250 ml

800 ml

0.84 s

16 s

16 g

6.2 s
'l.0 liter

Rock Cousfic Both

Woter

Quodrofos

Sodium Hydroxide

Sodium Corbonoie

Trisodium Phosphote

Woter to moke

Note: This both is used ot 49 C ('l20 F). The temperoiure
con be mointoined by steom coils. Moderote oir ogiio-
tion is used. Follow the sofeiy precouiions given below.

f. Rinse the rocks in hot woter {or 2 minutes.

g. lnspect the rocks ond rewosh ones lhot ore not thoroughly
cleon.

I. EUfiET KOCKS

Buffer rocks ore cleoned in hot woter only. They qre never

put in ihe ocid or cousiic boths.

3. Sofeiy Precoulions

The isopropyl olcohol used in ihe ocid both is o flommoble

moteriol. However, if the both is mode occording to direc-
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tions, the flosh poini of the both will be well obove ordinory

building conditions. An increose in the olcohol or ocid con-

tent of the both will increose the hozord. The work oreo musi

be well veniiloted, ond on exhousi hood is recommended.

Open flomes must not be used. Under no circumsionces

should niiric ocid or sulfuric ocid be used in ploce of the

hydrochloric ocid. Neiiher should household cleoning

ogents be odded to these recommended solutions.

Both ihe ocid ond coustic boths ore hormful io skin ond

cloihing. A hond sproy, foce sproy, ond shower must be

ovoiloble in the oreos where these solutions ore used. Gog-

gles, rubber gloves, rubber boots, ond oprons must be worn

ot oll times by personnel using these solutions.

The residue on processing rocks, especiolly the rocks used

in the color developer solution, moy couse dermotitis.

G. Tonk ond Line Cleoning

Solid moteriols ond tors must occosionolly be removed {rom

the processing tonks, recirculotion sysiems, ond supply lines. A

suggested method of cleoning is os follows.

In generol, diri, sediment, ond sludge ore removed {rom the

ionks ond lines by flushing them with hot woter. This treotment

does noi, however, remove corbonote scole. lf corbonoie scole

is present, if must be removed by meons o{ on ocid solution.

Acid cleonup, if noi done correcily, con offect ihe processing

resu I ts.

1. Hot Woter Cleonup of Mochine Tonks ond lines

o. Disconnect or remove sensing elements of the iempero-

iure controller ond ony recording equipment to prevent

oomoge.

b. Droin the tonks ond lines. lmmediotely fill the tonks with

hot woter (60C/140F), ond scrub the tonks with long-

hondled bristle brushes.

c. Droin the tonks ond lines. Refill the tonks ond lines with

hol woter ond recirculoie or oir-ogitote ihe woter for

I hour.

d. Droin the woier to the sewer.

e. Check for corbonote scole. The frequency of on ocid

cleonup depends on the rote ot which the scole forms'

f. Chonge the filters ond reossemble temperoture control-

ler ond ony recording equiPmeni.

2. Hot W oter Cleonup of Replenisher Supply lines

o. Disconnect the supply lines ot ihe replenisher tonk ond

the flowmeiers, ond then flush the lines with hot woter

for I hour.

b. At convenient ploces, disconnect sections of the supply

lines ond check for corbonote scole. The frequency of on

ocid cleonup depends on the roie ot which the scole

forms.

c. Droin the system ond reconnect the lines.

3. Acid C/eonup of Deve/oper fonk ond Lines

o. Droin the used developer solution to o holding tonk. A
portion of the used developer solution is used io prepore

the "seosoning solution." See step i.

b. Flush the sysiem wiih woter for obout 'l hour.

c. Fill the sysiem with ionk ocid cleoning solution ond recir-

culote the solution for obout t hour through ihe filters'

Chonge the filiers os required. The formulo for ihe ocid

cleoning solution is given below,

Tonk Acid Cleoning Soluiion

Woter
Hydrochloric Acid (Conc.)

Polyrod I 1 l0-A (corrosion inhibitor)*

Droin the ocid solution io the sewer.

Flush the system with woier {or oboui r/2 hour.

Fili the system with the ionk corbonote cleoning soluiion

ond recirculoie the soluiion for obout t hour through ihe

filters. Chonge ihe filters os required. The formulo for ihe

corbonoie cleoning solution is os follows'

fonk Corbonole Cleoning Solufion

910 ml

90 ml

0.4 ml

f.

Woter
Sodium Corbonote

Note: Sofety precoutions ore used in hondling cleoning

solutions os given below:

g. Droin the corbonote solution to ihe sewer.

h. Flush the system with woter {or obout 1f2 hour.

i. Fill the system with the "seosoning solution," which is

used developer solution diluted I'l with woter'

j. Droin the "seosoning solution" io the sewer, ond then fill

ihe tonks with fresh developer solution.

4. Sofety Precoutions for Use withTonk Cleoning So/ulions

The work oreo must be well ventiloted' Under no circum-

stonces should nitric ocid or sulfuric ocid be used in ploce

of the hydrochloric ocid. Neither should household cleoning

ogents be odded to these recommended solutions.

Boih the ocid ond corbonoie boths ore hormful to skin

ond clothing. A hond sproy, foce sproy, ond shower musi be

ovoiloble in ihe oreos where these solutions ore used' Gog-

gles, rubber gloves, rubber boots, ond oprons must be worn

oi oll iimes by personnel using these soluiions.

The residue on processing rocks, especiolly the rocks used

in the color developing solution, moy couse dermotitis.

5. Ferricyonide Bleoch ond Prehordener Sysfems

Only hot woier is used in this equipmeni. Tonks ond supply

lines ore flushed os described obove'

*Avoiloble from Cellutose ond Prolein Products Dept., Hercules Inc, Wilmington, Del

r 9899.

L0 liter

100 s
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Cleoning Centrol Mix Tanks

MixJonk cleoning is minimized by pumping solutions out
os soon os possible. In this woy, ior does not hove iime to
form ond odhere to the sides of the tonk.

o. Remove ihe solutions from the mix ionk os soon os

possible.

b. Rinse the ionk immediotely with hot woter (ot 60C,/
r40 F).

c. Remove ony residue which moy remoin in o tonk by
scrubbing the ionk with o brush dipped in ihe ocid cleon-
ing solution.

d. Rinse with hot woter (60 C/140F\.

7. Alternotive C/eoning Procedure Using Sulfomic Acid

The use of sulfomic ocid os the cleoning ogent for tonks,
Iines, ond recirculotion systems in ploce of the obove pro-
cedure moy be preferred for the following odvontoges:

(1)eosy ond sofe to hondle, (2) no fumes, (3) noncorrosive,
(4) photogrophicolly inert in smoll conceniroiions, ond (5)

eliminotes the necessiiy of o corbonote neutrolizing rinse.

Su/fomic Acid Cleaninq So/uiion Formula

Woter 800 ml

Sulfomic Acid* 50.0 g

Polyrod No. I I l0-A (corrosion inhibitor)f 0.4 ml

Woter to moke ,l.0 
liter

o. Disconnect or remove sensing elements of the tempero-
ture controller ond ony recording equipment to prevent

domoge.

*Avoiloble from E. l. du Pont de Nemours & Co., Inc., Industriol ond Biochemicols
Dept., Wilminglon, Del. 19898.

tAvoiloble lrom Cellulose & Protein Products Depl., Hercules Inc., Wilmington, Del.
19899.

Pump replenisher ond system soluiions to respective sior-
oge ionks. Remove rocks ond turbulotors from mochines.

Mix sulfomic ocid cleoning solutions in replenisher mrx

tonk. Use hot woter 160 C/140 Fl.

Pump cleoning solulions io ony solution reserve tonk ond
then to mochine systems through ihe replenisher lines.

Recirculote cleoning soluiion in system for obout 2 hours.

Replenish cleoning solution ot the rote of 250 ml per min
per mochine to moinioin soluiion pH ond temperoture.
Do not use filters while cleoning solution is being recircu-
loted. Some brushing of mochine tonks is odvisoble. lf
possible, odiusi the temperoture controller.

Dump cleoning soluiion to sewer. Flush mix ond reserve

tonks, replenisher lines, mochine ond recirculotor sysrem

with woter. Fill mochine wiih woter ond recirculoie for
30 minutes. Use recirculotor sysiem filters.

Dump woier to sewer ond chonge filfers.

Fill recirculotor system with "seosoning solution," which
is used developer solution diluted l:l with woier. Recir-

culote this solution for 30 minutes.

Discord the seosoning soluiion to sewer. Reploce turbulo-
tors ond rocks. Chonge filters. Reossemble temperoture
control ond recording equipment.

Fill system with fresh ionk solution.

Nofe: lt hos been found expedient to cleon the entire
system, i.e., the mix tonk io ihe recirculotion system inclu-
sive. The night before the cleonup, the sulfomic ocid
cleoning solution is mixed in the cenirol mix ionk ond is
pumped to the mix storoge where ii remoins overnight.
Steps d through i ore then performed the following doy.
In this woy, severol systems con be cleoned ot one iime.

b.

t.

o.

h.
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INTRODUCTION

It is erroneous io ossume thoi o color orocess con be storted on

o produciion bosis wiihout first estoblishing suitoble stondords

of operotion for the individuol instollotion ond wifhoui provi-

sion for odequote control procedures. lt is of fhe utmost im-
portonce to reolize ot the outset thot color processing demonds

much more rigid stondords ond more thorough plonning in ihis

respect thon block-ond-white processing.

In processing multiloyer color films, it is evideni thot one
must simultoneously control the chemicol reoctions toking ploce
in the seporote loyers of the film. Not only must the correct
reoction toke ploce in eoch loyer, but the inierference of one
reociion with onoiher musi olso be held to o minimum, or ot
leosi constont. Furiher, the reoctions must be ollowed to pro-
ceed to thot point, ond only io thot point, where the proper
controst relotionships, minimum ond moximum densities, per-

missible fog ond sioin levels, ond ihe correct speed ond color
bolonce ore obioined in ihe processed film.

Chonges in time, temperoture, ogiioiion, composition of the
processing solutions, ond the like, do noi, in generol, offeci
eoch loyer of the film in exoctly the some monner. lt is ihere-
fore never sofe to ossume thon on off-siondord condiiion con

be compensoted for by o chonge in some other condition ond
thoi such modificotions in lhe process will yield soiis{octory
results for oll emulsion numbers of the some film. There ore
olso more steps in processing o multiloyer color film thon for o

block-ond-white film ond eoch step must be corried out wiih o

greoter degree of precision ond ottention to detoil thon whot
is normolly required in block-ond-white processing.

Once the conditions ihot ore known to produce sotisfoctory
results hove been estoblished, very little opporiunity for modi-
ficoiion of the process is left. Adequote control equipment ond
procedures ore considered to be on obsolute requisite if con-
sistently high quolity results ore to be expected.

The control of o chemicol process demonds first o knowledge
of the chorocteristics of the product ond process ond the spe-

cific conditions thot ore required io obtoin the desired result.

Secondly, one musi hove meons for continuous evoluotion of
the process to see thot the stotus of the process remoins un-

chonged ond to provide thot the chorocteristics in the finished
product ore being moinioined. lf chonges do occur, one musl

hove meons for diognosing the diffculty ond locoting the couse.

Finolly, the proper corrective oction must be token to restore

the process io its originol condition.
A complete process specificotion ond evoluotion system for

use with the film(s) referred to in this monuol coll for (o) occu-
rote mechonicol doto ond control, (b) chemicol specificoiion
ond control by meons of onolysis, ond (c) sensitometric tests,

which relote quontitotive reloiionships between photogrophic
exposures ond the imoge produced. During the reseorch ond

development work on ony film, vorious modificotions in both
film ond process were tried. These modiflcotions were evolu-

oted ond ihe film ond process combinoiion which gove the best

results, in the opinion of o number of experienced observers,

wos selected. The mechonicol, chemicol, ond sensitomeiric con-

ditions for optimum processing of the film(s) were thereby de-

termined. These beco.me the "stondord" specificotion for ihe
process os recommended by Eosimon Kodok Compony ond

os outlined in this monuo .

An excellent ireoiise on the subiect of process control hos

been published by the Socieiy of Motion Picture ond Television

Engineers iitled, "Conirol Techniques in Film Processing

(Mp-Z)."* While the book pertoins to the control of processing

of block-ond-\^'hite films, the bosic principles ond methods ore

equolly opplicoble to ihe conirol of color processing.

TABORATORY FACILITIES AND EQUIPMENT

A. Spoce Requirements ond Locotion

For processors desiring to prepore their processing solutions

from bulk chemicols ond to preoore iheir own sensitometric

control strips, it is recommended thot two seporote rooms be

provided: one for the chemicol loborotory ond ihe oiher for
moking ond evoluoting sensitomeiric ond other photogrophic
tests. A spoce of obout 9.3 squore meiers (100 squore feei) for
eoch of the rooms should be odequote in most loboroiories.
Air-conditioning of the rooms is desiroble in the inieresls of
minimizing iroubles from chemicol fumes ond dust, os on oid
in certoin operotions requiring iemperoture control, ond for
the generol welfore ond comfort of employees.

Since chemicol onolyses must be mode on {resh mixes os well
os on mochine tonk soluiions, it is desiroble to locoie ihe chem-

icol loborotory ot o ploce thot is convenient to both the mix

room ond the processing mochine room. The photogrophic
testing room is mosl conveniently locoied neor the processing

mochine room, preferobly neor the mechonicol control seciion

or room.

B. The Chemicol ltrborotory

The floor should be constructed o{ ocid-oroof tile or brick with
suiioble woll oprons. A centrol sewer droin for ihe floor is

recommended in cose of trouble from occidentol spilloge of
solutions. Wolls should be covered wiih on ocid-proof point

or some oiher chemicolly inert moteriol to proiect ogoinst

occidentol sploshes.

Workbenches con be constructed from wood ond ihe toos

covered wiih Tronsite boord or Formico sheets. Woll ouilets

for gos, oir, ond electric lines should be instolled ot convenient

locoiions. Shelves ond cobineis for storoge of stondord reo-
gents con be locoted on odiocent wolls.

An exhoust hood will be needed for some of the onolvticol
work where there is donger {rom explosive or toxic vopors.

This con be mode wiih o metol or wood frome ond sheets of
Tronsite. A sliding door wiih shotierproof gloss windows should

be fitted io the front o{ the hood. The hood should be supplied

with gos, oir (low pressure), ond electricol lines.

The exhoust fon ond motor must be nonsporking types. The

*Avoiloble from SMPTE, 862 Scorsdole Ave., Scorsdole, N.Y. 10583
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fon should produce on oir velocity through the foce of ihe

hood, with the door up, of oi leosi 30.5 meters per minute

(100 lineor feet per minute). The electricol wiring should be of

explosion-proof type in complionce with the Notionol Electricol

Codes for flommoble liquids hoving o flosh poini below 26.5 C

{80 F). All the metol ports of the hood, sink, droin, fon, ond

ductwork should be grounded.

Loborolory sinks con be mode from stoinless steel, AlSl

Type 316, or Alberene stone. The usuol hot ond cold woter

outleis will be required. Similor outlets will be needed for con-

nections io o woier both to be used for somples on which

meosurements musi be mode oi specified iemperotures. For

operoiions requiring suction filtering, o cold woter ouilet fitted

with on ospirotor pump will be sotisfoctory. For convenience

in dispensing of distilled woter, suitoble tin piping, gloss, or

sfoinless steel lines ond volves will be o useful oddition.

An eyewosh ond o sofeiy shower should be provided in on

occessible ploce in the event thot chemicols occidentolly come

in contoci with loborotory personnel.

A lisi of the vorious types ond sizes of loborotory glosswore

needed for the onolyiicol work con be compiled by reference

io the section titled "Anolvticol Procedures." This will include

such items os beokers, groduoted cylinders, flosks, bureites,

ironsfer pipeis, tip-up pipeis, somple bottles, reogent bottles,

etc. Other necessory equipment includes on onolyticol bolonce,

o pH meter (with suitoble electrodes), ihermomeiers, hydrom-

eters, mognefic stirrer, constoni-temperoiure woter both, ond

possibly o specirophotometer equipped for moking meosure-

ments in the ultroviolet ond visible regions of the spectrum.

C. Sensilometric ond Miscelloneous Photogrophic
Test Loborolory

The room should be equipped with stondord tobles ond work-

benches hoving tops covered wiih pressboord, linoleum, or

Formico sheets. lt is desiroble to incorporote therein severol
"dork" drowers wiih lightproof sliding covers for temporory

deposit of unexposed or exposed iest strips when the occosion

demonds. Convenient electricol ouilets {or oll instruments ot

oppropriote ploces will be needed. The room should be

equipped with o ceiling {lxture for generol room illuminotion

ond olso with suitoble ceiling ond bench flxiures equipped

with sofelights for operotions where ihey con be permitted.

In order to prevent occidentol exposure of film during periods

when the room is dork ond is being used for moking photo-

grophic tests, ihe room should be provided with o double door

wiih sofety interlocks.

The loborotory should be equipped with o suitoble intensity-

scole-type sensitometer or scene tester, o photoelectric color

densitometer, ond omple storoge cobinets for stondord lomps,

filiers, ond oiher occessories. lt is olso desiroble to hove on

illuminotor built into one o{ the workbenches or on the woll

or else o portoble one for use in the visuol inspection of pro-

cessed strips. Ample working spoce should be ollowed in ihe

room for ploiting sensitometric ond chemicol control doio. lf

desired, the room con olso be used for sioring printer control

equipment ond ossocioted doio.

D. Mechonicol Cbnfrol Fociliries

In some instollotions, the mechonicol controls {or the process-

ing mochine will be locoted in ihe processing mochine room

itself, whereos, in other loborotories o seporote control room

moy be provided. In eiiher cose, the equipment here will in-

clude occurote iemperoture control equipment ond indicotors

for the vorious tonk solutions, mochine speed indicotors, flow-

meiers, volves, ond piping for replenishers ond oppropriote

devices for sompling of the tonk ond replenisher solutions.

E. Personnel

For o smoll processing loborotory, it would oppeor thoi one

properly iroined person could hondle oll of the work ossoci-

oted with odiuslment ond control of the process. This would

include sompling ond onolysis of fresh mixes ond mochine ionk

solutions, exposing ond reoding of sensiiomeiric tesis, tobu-

loting mechonicol operoting doto, ploiting of control chorts,

ond interpreiotion of the results. Since o consideroble omouni

of responsibility would be ossocioted with ihese combined

duties, it would seem odvisoble to employ o chemist or chemi-

col engineer for this position.x

ln lorger instollotions, where it seems feosible to employ two

or more individuols for this work, ihe routine work ossocioted

with preporotion of mixes, sompling of solutions, simple chemi-

col onolyses, exposing ond evoluoiing sensiiometric strips, etc,

could be hondled by o person of high-school-groduote level

who hos hod some experience in chemicol onolyticol work.

The supervisory octivities, however, including the responsibility

of process odlustment, interpretotion of conirol doio, troining

of operotors ond onolysts, etc, should be delegoted to some-

one hoving considerobly more troining, pre{erobly o chemicol

engineer or onolyticol chemisi.

F. Loborotory Cleonliness ond Personnel Trcining

In the interests of ovoiding contominoiion of film producis,

onolyticol reogents, ond iests, ond in proteciing employees

from dermoiitis ond other hozords, it is recommended thot

both the chemicol loborotory ond ihe photogrophic iesiing

room be kept spotlessly cleon ot oll times. lt is olso suggested

thot oll employees be insiructed os to the importonce of lobo-

rotory cleonliness ond in the sofe hondling of vorious chemi-

cols. The lotter subieci is discussed in detoil on poge 516.

ESTABTISHING A STANDARD PROCESS

It will be recognized ihot omong vorious instollotions, differ-

ences will exisi with regord to mochine design, mochine speed,

ogitotion rotes, recirculotion ond replenishment systems, extent

of corry-over from one soluiion to ihe nexi, wosh woter rotes,

*West, L. E., The Role of ihe Chemist in the Processing Loborolory,' Journol of lhe

SMPIE. 65, 133 136. Morch 1956.
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eic. Obviously, no single set of recommendotions con be given

thot will be opplicoble for oll individuol instollotions. In eoch
instonce, iherefore, o period of testing is required in order to
orrive ot the specific conditions necessory to obtoin sotisfoc-
tory resulis.

The ultimote gool is to produce color pictures of o quolity
level thoi will soiisfy the lorgest percentoge of viewers. On
the overoge, ihe proiected pictures should not look ioo blue,
green, or red; they should hove odequote controst ond soturo-
iion; ihere should be detoil in both importont shodows ond
highlights; ond the extreme highlights should be cleon ond

bright. Becouse of voriotions in individuol tostes ond prefer-

ences, iudgments of quolity connot be bosed on the opinions
of only one or iwo observers nor on looking ot only one or
two scenes. Insteod, ihe ideol quolity level must be finolly
determined by overoging the iudgmenis of o number of differ-
ent observers hoving normol color vision ond by moking such
judgments on o voriety of scenes ond viewed under normol
proiection condiiions. In generol, most people tend to be por-
ticulorly criticol with respect to flesh-tone rendiiion, especiolly
in close-ups. They ore olso criticol with the reproduction of
other fomilior subiects such os blue skies, green gross, eic. For

this reoson, scenes contoining such subjecis should be included

in picfures selected {or quolity evoluoiion.
During the initiol testing stoge, one must obtoin oll pertinent

doio relotive to ihe mechonicol ond chemicol conditions of the

process so thot, when the desired photogrophic quolity hos

been obtoined, the process con then be specified os completely
os possible in these terms. Both sensitometric ond picture tests

should olso be mode, ihus enobling one to include the film os

well os the chemistry of the process in ihe complete specifico-

tion. At loter stoges, when the process hos been stobilized, it
should be possible to hold the process in proper control with
the oid of sensitometric tests ond chemicol onolysis, wiihout
the oid of piciure tests. However, it is not desiroble io dispense

entirely with the lotter, since it is necessory io be oble to check

the sensitometric results, in some monner, occosionolly. Such

tests ore olso necessory for evoluotion of subjective ottributes

such os shorpness ond groininess.

MECHANICAT CONTROT

Solution times, replenisher flow rotes, solution iemperotures,

ond recirculotion rotes should be checked periodicolly ond

corrective odlustments should be mode if necessory. The octuol

reodings ond ony odiustments should be recorded on the pro-

cess control chort to oid in the interpretotion of ony process

fluctuotions. The control chort will be described in the section

on sensitometric control. A checklist such os shown in Figure

600-2 will be helpful in covering the importont mechonicol

specificotions of the process. During the eorly stoges of opero-

tion, such reodings should be mode frequently, perhops every

holf hour. Loter, the reodings con be mode less frequently os

indicoted below,

A. Solution Times

Check the mochine tochomeier every doy or every 8 hours

during continuous operotion. lf the film rocks ore odiusioble,
check ihe position of ihe rocks in the two developer solutions
every doy or every 8 hours during continuous operotion.

Occosionolly, check the mochine speed ond oll solution
times by using o mork on the leoder or o splice in the leoder
ond meosuring the iime of the mork in eoch soluiion with o
stopwotch. Adjust the speed or times to meet -r-2% of ihe
recommended time.

B. Replenisher Flow Rotes

Check the settings on the flowmeters for replenishers ond wosh
woters every 2 hours.

The setting should be checked once o month (or whenever
o flow rote problem is suspected) by meosuring the flow by
meons of o groduoted cylinder (500 ml) ond o stopwotch.
Breok ihe replenisher or wosh woter line ot o convenient ploce

between the flowmeter ond the mochine. With the replenisher
or wosh woter running ond the flowmeter set ot the recom-
mended volue, colleci the soiution or woter in the groduoted
cylinder. Meosure the volume of solution or woter collected in

30 or 60 seconds. Compore this volume with the recommended

volume. lf the meosured volume does not ogree within 5'/" of
this recornmended volume, run o second check. lf ogreement
is not obtoined, cleon ihe flowmeter ond then recheck the roie.
lf the correct volume is noi delivered in the specified iime,
then recolibrote the flowmeter by meosuring the flow ot four
differeni settings oboui the desired flow. See Figure 600-1

{or o typicol flowmeier colibrotion curve. Plot the volumes
obtoined on one ordinote of groph poper ond then ploi the

corresponding meter settings on the odiocent ordinoie. Drow
the besi smooih curve through ihe points. Locote the desired
flow on the groph, ond fhen locoie the point where this volue
meets the curve. This point then determines the proper setting
for thoi flow os reod on the odiocent coordinote.

G. Solufion Temperolures

Check the iemperotures every hour.

Use o good ihermometer such os o Koonr Process Thermom-

eter, Type 3. lf necessory, odjust ihe temperoture to ihe proper
volue.

D. Agitotion

Check the oir ogiiotion ond recirculoiion systems every 2 hours

to moke certoin thot they ore operoiing properly.

E. Squeegees

Check the squeegees ofien for proper operotion, olignment,
ond cleonliness.

lf squeegees ore not properly od justed ond mointoined, they

will not odequotely remove solution from film. They moy olso

scrotch the film or drip processing solutions inio the oreo

oround the squeegee siotion. In these woys, boih film ond

equipment con be domoged.
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F. Filrers

Check the filtrotion sysiem for proper operotion. Processing

solutions ond wosh woters usuolly contoin some insoluble mo-

teriol. lf this moteriol is not removed, it will reodily odhere io
ihe film, mochine tonk wolls, rollers, lines, etc.

The filiers should be chonged once every week or two. The

filters should not be permitted to become clogged or be lefi
out of ihe system.
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G. Checklisr

A checklist opplicoble io ihe mochine ond the instolloiion
should be used to stort up ond shut down o processing mochine.
See Figure 600-2. Gross errors in process control con be mini-
mized by rigorously {ollowing o good checklist.

o)

=

6 810L2L416
Flowmeter Scale Reading

FIGURE 600-I
TYPICAT FIOWMETER CATIBRATION CURVE
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FTGURE 600-2
CHECKTIST FOR DAIIY OPERATION OF PROCESSOR

l. Wos shutdown strip in control?

2. f urn on power, oir, ond woier supplies, ond ihe exhoust

system.

3. Check soluiion levels* in mochine tonks.

4. Check replenisher supply tonks ond moke mixes if nec-

essory.

Replenisher Solution: Prehordener

Neutrolizer
Bocking Removol

First Developer
First Stop

Color Developer
Second Stop

Bleoch

Fixer

Stobilizer

5. Turn on recirculotion pumps.

6. Ad just wosh woier flowmeters to proper setting.

7. f urn on ond check oir supply to oir-ogitoted solutions

ond finol squeegee.

8. Turn on iemperoture conirol systems.

9. Turn on replenishers. Use leoder rotes until film is being
processeo.

,l0. 
Turn on dryer fon motor ond heoter.

I l. Stort mochine ond check mochine speed.

'l2. 
Check finol squeegee for cleonliness ond cleon if nec-

esso ry.

.I3. 
Check leoder for twisis.

,l4. 
Check solution time in:

Prehordener

First Developer
Color Developer

'l5. Check solution temperoture of:

Prehordener

First Developer
Color Developer

*Solution levels must be high enough in the weir boxes lo prevenl oir from being drown into the recirculolion system when the recirculolor pumps ore iurned on

Spec. Mon. Tues Wed. Thu rs Fri. Sot )u n.
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S naa Mon. Tues. Wed. Th u rs. Fri. Sot Su n.

17.

Check recirculotion rote of:

Prehordener

First Developer
C^l^. Do',alnner

Run conirol sirips.

Proceed io production if in control.

Check replenisher flow rotes:

Prehordener

Neuiro lizer

Bocking Removol

Firsf Developer
First Siop

First Wosh
Color Developer

Second Siop

Second Wosh

Bleoch

Fixer

Finol Wosh

Sro bilizer

CHEMICAT CONTROT

Regulor chemicol onolyses of the processing solutions for their

imporioni consiituents should be mode occording to the pro-

cedures given in the section entitled "Anolyticol Procedures."

Some onolyticol methods for noncriticol constituenis ore olso

included in this section. (These methods con be used os o bosis

for diognosing processing troubles os they orise.)

Ai the siort of operotions, it is odvisoble to moke frequeni

onolyses, perhops every 2 or 3 hours, io obtoin the necessory

doio for replenishment requirements. Such o plon will olso help

loborotory personnel become ihoroughly fomilior with the

onolyticol methods so thoi the onolysis con be performed with

greoter speed ond occurocy under routine conditions.

When condiiions hove become stobilized, the onolyses con

be mode occording io the definite schedule shown in Toble

600-1. This schedule con be followed only when the photo-

grophic results indicote thot ihe process is soiisfoctory in every

respect. In the event of trouble, more frequent onolyses {for

criticol iiems) will be required. For exomple, the occumulotion

of bromide in the First Developer moy present o problem ond

require more frequent onolyses in order to estoblish the proper

replenishmeni roie.

Repeoied chemicol onolyses of the some somples of solu-

tions will not yield precisely the some results. The occurocy of

on onolysis will depend upon the occurocy of the method,

meosuring equipmeni, ond onolyst. One must be certoin ihot

o high or low result is indicotive of ihe somple composition

ond not simply reflecting ihe voriobility of ihe onolysis. The

specificotion Iimits for eoch solution consiituent must be brood

enough to include ihis inhereni voriobility. lf o result is ob-

toined which is outside ihe estoblished speciflcoiion limits, the

onolysis should be repeoied, with o fresh somple, before ot-

tempiing to modify the tonk solution. Suggested specificotions

for ihe importoni contituenis o{ processing solutions ore given

with the chemicol formulos.

16.

16.

19.
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Tqble 6O0-l
Schedule of Anolysis During Stable Operotion

Once Per

Doy

Method Number

^ Every
Once Per fresh

. IWOWeek Mixes
Weeks

Method Number

^ Every
Once Per Fresh

Week
Weeks

Once Per

DoY

Anolysis

Prehordener

pH

Specific Grovity
HA.2

Formo lin

Anii-Fog, No. 6

Neuiro/izer

pH

Specific Groviiy
NA-I
Sodium Bromide

Rem-Jef Eocking

Removol So/ulion

pH

Specific Grovity

Firsl Deve/oper

pH

Specific Grovity
Hydroquinone
Phenidone

Potossium lodide
Sodium Thiocyonote

Sodium Bromide

Totol Alkolinity

8r0
701D

Ftrst ond Second

Slop Boths

pH

Co/or Deve/oper

pH

Specific Grovity
Benzyl Alcohol
Citrozinic Acid

LI-'-J

Sodium Bromide

Sodium Sulfite

RA-I

Totol Alkolinity
Potossium lodide

B/eoch

pH

Speci{ic Grovity
Sodium Bromide

Sodium Ferricyonide

Sodium Ferrocyonide

Fixer*

pH

Specific Groviiy
Hypo lndex

*Some onolysis for both flxers

810 8108r0
701D

r 8t 24 I 8l2A
r8124 t812A
r551A t55rA

8r0
701D 701D

I 3508 1 3508

914 914

810

l6llCor
16124

8r0 8]0
701D 701D

906G

1120, 1120,

lll3Bor lll3Bor
|00E |00E

ll0tB lt0tB

810 810

701D 701D

r308G r308G

810

701D 701D

r603D 1603D

l6llCor
16124

125C 125C

930D

14708 14708

14708 14708

702J 702J

9254 9254

810

701D

810

810 810

701D

810

701D 701D

440 440

440 440

929 929
'I 000F or

r 00r

702J 702J

1 000F or

I 001

r 001

These odditionol comments regording processing soluiions ore

olso imporioni io chemicol conirol.

A. Dirt in processing solutions connot be lolerofed, especiolly
in the prehordener, color developer, ond bleoch. This prob-
lem con be minimized by'

1. Following proper mixing procedures ond mointoining
solutions ot their onolyticol specificotions. (For instonce,

improper mixing procedures con couse oiling out of CD-3

ond benzyl olcohol in the color developer.)

2. Noiing (in ony solution) the presence of threods coused

by ihe film emulsion or bose rubbing on sornething shorp

ond skiving.

3. Checking wosh tonk dirt by droining ihe tonks every

night. Regulorly fill the wosh tonks with o 3-5'/" solution

of NoOH to remove slime growihs; dump, sproy-rinse,

ond reflll with woter.

4. Cleoning mochine ond replenisher tonks os well os the

mochine ond overheoo oreos.

B. Foom ond oir bubbles in processing solutions olso connol
be toleroted. Most likely this could hoppen when:

l. Air is leoking into the suction side of o recirculoting
pump.

2. Solution is coscoding over ihe weir ond drowing oir down
ihe recirculotion reiurn line.

3. The replenisher tonk is empty when solution is being
pumpeo.

4. Lorge omounts of dissolved oir ore releosed os cold wosh
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woter is wormed. To prevent oir bubbles from sticking to
the film ond cousing nonuniformity, the oir must be

ollowed to leove ihe woter before ihe woter is used in o
wosh ionk. A tempered-woter holding tonk or o lS-meter
(5O-foot) coil of 5 io 8-centimeter (2 io 3-inch) hose in

the tempered-woter supply ofler the losl volve will help o
greot deol. Usoge rotes higher thon 22.7 liters (6 gollons)
per minute moy require o lorger, longer hose or holding
tonks lorger thon 

,l90 
liters (50 gollons) if the problem

is severe.

C. The following color chonges in soluiions ore useful in deier-
mining whether or not o solution is normol,

l. Prehordener, neutrolizer, first developer, ond stop both
moy chonge to o purple color becouse of chemicols
leoched out of ihe film. This is no couse for concern.

2. Woshes should remoin cleor ond colorless; if they do not,
ihe corry-over is excessive, or the woter flow rote is too
low, or the tonks ore not countercurrent.

3. lf bleoch turns green or dull, muddy brown in o smoll
somple, it is probobly being contominoied with iron.

4. lf the flxer turns dork blue, it is too highly contominoted
with bleoch. lt should be o liqht blue when seosoneo.

This monuol olso contoins onolyticol test procedures (Meth-

ods 13304 and 170781 ihot con be used to predict the imoge
stobility of processed film. Eoch photogrophic film, when pro-
cessed occording to the film monufociurer's recommendoiions,

hos on inirinsic degree of imoge stobility which generolly is

different for different films. lf ihe processing conditions ore not
optimum for o film, the imoge stobility of the film could be od-
versely offected to vorying degrees, depending on the process-

ing condifion ond the film being used. For exomple, excessive

reteniion of sodium ihiosulfote, normolly ossocioied with inod-
equoie woshing, is known to be hormful io imoge stobility.
However, its effeci ot ony one concentrotion or level will vory
with the film. Hence the results obtoined with ihese iest oro-
cedures ond o porticulor {llm should be compored only with
odditionol somples of thoi some kind of film. The result should

not be compored with somples of other films.

SENSITOMETRIC CONTROT

The chemicol reoctions involved in the processing of color films

ore so complex thot it is impossible to evoluote ond control ihe
process completely on the bosis of mechonicol ond chemicol

doto olone. The end results ore photogrophic ond include the

chorocteristics of ihe sensitized moieriol ond the chemicols of
the process. Aciuol picture tesls con demonstrote how the pro-

cess behoves photogrophicolly, ond it is possible io use such

tests for photogrophic control. Picture tests ore olwoys desir-

oble becouse quolity evoluotions must be determined from ihe

finished picture.

However, it is preferoble fo use methods thot will furnish

quoniitoiive informotion obout the process. A ropid ond occu-

roie meons of evoluoting the process photogrophicolly is pro-

vided by sensitometric strips thot greotly simplify the evoluo-

tion ond conirol of the process. These strips con be included in

the process with regulor production footoge os often os desired

ond evoluoted visuolly or? more precisely, by densitometric

methods. The sirips con be exomined immediotely ofier pro-

cessing ond the results con be plotted on choris neor lhose on

which the mechonicol ond chemicol doto ore recorded. Such

informotion gives on hour-to-hour check on whether occidents

hove occurred to move the process owoy from normol.

In using sensilometry for process conirol,+ there ore severol

operoting ossumptions ihot must be covered before proceeding

with the detoils on moking ond evoluoirng sensitometric strips.

It must first be ossumed thot oll sensilometric strips hove

identicol exposure. This requires o sensitometer with constont

light intensity ond color temperoture. The exposure iiming
mechonism of this insirument should consislently give precise

ond repeotoble exposures. A sensitometer should be designed

to provide the necessory precision, good regulotion of power

supply, ond criticol moinienonce. lf possible, frequeni checks

should olso be mode ogoinsi o stondord insirument to provide
consistent exposure.

It is further ossumed thot the film is uniform throughout the

length of o roll. This is o volid ossumption os long os only o

single roll number of one emulsion number of row stock is

used for moking the strips. When the supply of ihe poriiculor

roll ond emulsion number of fllm used for such strips nos oeen

depleted ond o new one must be used, it will be necessory to

revise the photogrophic stondords to ollow for possible differ-
ences between the botches.

Under ordinory conditions of temperoture ond humidity,

film is noi precisely constoni, ond os it oges, mony of its chor-

octeristics chonge. In oddition, ofter it hos been exposed, the

loieni imoge chonges with iime. Foriunoiely, such chonges con

be greotly minimized by "seosoning" for 4 weeks oi 21 C (20 F)

before storing the film in tcrped cons ot temperotures of -18 C

{0" F) or lower, prior to processing. Such storoge provisions

olso permit o number of sensitometric strips to be exposed ot
one time for use loter on. Upon removol from storoge, the con

should be brought to room iemperoture before it is unioped.

After the con is opened, strips from ii should be processed

promptly.

In order to be certoin ihot the sensiiometric results octuolly
represent whoi will be obtoined in the picture, it is importont
thoi the exposure conditions, i.e., the quolity ond intensity of
the illuminoiion ond ihe exposure iime, closely opproximote
those in the comero, printer, or other equipment used with the

product in question. Such chorocteristics os controsi ond speed

of the individuol loyers in color films con vory considerobly
depending upon the exposure iime. A time-scole exposure does

*More detoiled informolion on the subiect of color sensiiometrv is contoined in Prin-
ciples of Color Sensilometry," published by the Socieiy of Moiion Picture ond Tele-
vision Engineers, 862 Scorsdole Ave., Scorsdole, N.Y. 10583.
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not give the some results os on intensity-scole exposure. Further-

more, process voriotions moy offect o film exposed {or o short

time in o very different monner thon when the some film is

exposed for o longer time. lt is olso not sofe to ossume thot
different emulsion numbers of the some film will behove in the

some monner under nonsiondord conditions. The besi proctice

is to utilize on iniensiiy-scole exposure with the exposure con-

diiions os neorly identicol os possible to those used in the

comero, prinier, etc.

The step wedge is o procticol device for producing on inten-

sity-scole exposure. Both phoiogrophic ond colloidol grophite

wedges ore commerciolly ovoiloble. Wedges with 0.'l 5 density

increment (f2-foctor) or with 0.30 density incremeni ({ocior

of 2) per step ore sotisfoctory.
Preferobly wedges should hove o density ronge from neorly

zero io ot leost 3.0. lt is of importonce to select on exposure

time for o color sensitomeier which will be neorly the some os

thot of ihe comero or printer which octuolly uses ihe fllm. An

exposure of 1 /50 second is probobly close io on overoge

moiion picture comero exposure time.

When estoblishing o process ond when picture tests indicoie

the process is giving soiisfoctory results, it is desiroble to pro-

cess o number of sensitometric strips ot vorious intervols. From

the processed sensitomeiric strips, the resulting integrol densi-

ties to red, green, ond blue light of the vorious exposure incre-

ments ore deiermined by use of o densiiometer. These density

volues ore then ploited ogoinst their corresponding steps {log
exposure), ond ihe best smooih curve is drown through eoch

sei o{ densities, i.e., one curve through the red densities, one

through the green densities, ond finolly the blue. From these

doto, the overoge chorocteristic curves moy be obtoined which

ihen represent the process oim poini. Typicol chorocteristic

curves ore shown in Figure 600-3. The complete curves give the

cleorest ideo of the neutrol scole results to be expected in the

picture. For routine control, reoding selected steps ond plotting

the densities on o control chort should be odequote to indicote

ony serious deviotions from o normol process. A control chort

method is described under "Phoiogrophic Control Method,"

Item F of this section. A tvpicol control chori is shown in

Figure 500-4.

A. Sensitomefers

The number of commerciolly ovoiloble instruments for moking

sensiiometric exposures on color films is roiher limited. Instru-

ments which ore suitoble for use mov be obtoined from'

S.D.A. Industries, Inc.

2955 Hoskell Ave.

Von Nuys, Coli{'.91406

Kodo k-Poth6

3Z-39 ovenue Montoigne
25-Poris (86), Fronce

Mocbeih Corp.

P.O. Box 950

Newburgh, N.Y. 
,l2550

Where no sensitometer is ovoiloble, exposures con be mode

in o printer which is provided with o full-frome step toblei

mode on 35mm block-ond-white film. However, o prinier used

for this purpose must be conirolled with the some precision os

o sensitometer.* T.his colls for criticol mointenonce of lomp

iniensity ond color temperoiure, printer speed, filter tronsmit-

IOnCe, erc.

B. Exposure of Sensitometric Strips

The sensitometric exposures for the film described in ihis

monuol should be color-bolonced lo give opproximoiely neu-

trol density imoges in the processed fllm.

The following conditions ore recommended for Elsruru
Color Reversol Intermedioie Film,

Lomp color temperoture 2850 K

Exoosure time 1 /25 sec

Exposure modulotion intensity scole,

0.30 log E increments

Type of exposure neutrol scole

The filters required for exposure include the Speciol Series

lZ00 Filieri plus two thicknesses (totol 8mm) of Pittsburgh No.

2043 Heot Absorbing Gloss.

For rouiine control purposes, sensiiometric strips should be

processed olong with produciion footoge ot l-hour intervols.

For ihis work, ii will be preferoble to use film of the some emul-

sion number os thot used for the produciion footoge. A lorge

number of strips con be exposed ot one time, sufficient to

toke core o{ operotions over o period ol 2 or 3 weeks, provid-

ing ihe strips were seosoned {or 4 weeks ot 2l C (20 F) ond

then kepi in o deep-freeze refrigerotor ot -'l8 C (0" F) or

lower until reody for use. As noted previously, strips should be

pockoged one or two io the con ond the loiter toped. The con

should be wormed to room iemperoture ofter removol from

cold storoge before the tope is removed.

To determine whether there is ony long-ierm upword or

downword drift in the process, it is olso desiroble to expose

ond process one or two strips, once eoch doy, using o "check

emulsion." This is one selected os hoving overoge chorocier-

istics for the porticulor product being used ond on which o

number of repeoted tests hove been mode to estoblish with

certointy the results to be expected in o normol process. The

row stock used for this purpose should olso be kept in o deep-

freeze unii. Long before the supply hos been exhousted, o

single roll of o new check emulsion should be chosen, toking

core to moke o sufflcient number of crossover tesis to provide

o proper correlotion of the results.

C. Color Densitometers ond Densitometric
Meosuremenfs

To evoluote ihe processed control sirips, it is necessory to

*Gole, R. O., ond Grohom, J. J., "Use of o Moiion-Picture Prinler os o Sensitomeler,

Journol of lhe SMPIE, 64, 123-125, Morch 1955.
'lThe Series 1700 Filter is o speciol combinotion of KODAK WRATTEN Filter, No.2B,

plus Corning Filier No.3307 (opproximotely lmm lhickness) plus..leno RG 6 Filter

{opproximolely lmm thicknessl. lt is designed lo simulole the spectrol lronsmilionce
chorocleristics of unexposed bul processed EASTMAN Color Negotive Film 5254.
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meosure the integrol densiiy of selected steps to red, green,

ond blue light. This requires the use of o photoeleciric densi-
tomeier equipped with oppropriote color filters. For generol
process control, it is sufflcient to use on orbitrory set of red,
green, ond blue filters. For this purpose, it is suggested thot o

suitoble set of filters referred to os Koo,cr Densitometer Filter
Set AA (Ceriified) be used with Eosimon ond Kodok preprint
ond'print films. For moking density meosurements more meon-
ingful in reloiion to printing conditions, ii is preferoble to use

o different set of filiers IKoorr Densitometer Filter Set MM
(Certified)1. These were referred io os "stotus M" filters* ond
will yield density volues closer to those volues presented to
the print films by the preprini films. Stotus M filters con olso
be used for orocess conlrol.

A number of instruments of this type ore commerciolly ovoil-
oble from'

Bell & Howell
Professionol Equipment Div

Zl00 McCormick Rd.

Chicogo, lll. 60645

Mocbeth Instrument Corp.

P.O. Box 950

Newburgh, N.Y. 
.l2250

S.D.A. Indusiries, Inc.

2955 Hoskell Ave.

Von Nuys, Colif. 91406

Wesirex Corp.

390 N. Alpine Dr.

Beverly Hills, Colif. 902'l3

It should be noted thoi these instruments differ omong them-
selves with regord io the chorocteristics of ihe photoreceptor,
the spectrol cut of the color filiers, the omplifier lineority ond
sensitivity, ihe degree to which they opproximote stondord
diffuse density reodings, etc. Becouse of these difierences, o
given sensiiomeiric strip will noi yield the some densiiy volues
when reod on different mokes of instruments. This is not signif-
iconi for control work involving only one instrumeni provided
ihot it is copoble of giving the required precision ond is sioble
in iis operotion. During the operotion of the densitomeier, stroy
light from fluorescent lights in the reoding oreo should be
eliminoied-os it con odversely offect reodings.

D. Sensifomeler ond Densitomeler Mainlencnce

Boih the sensiiometer ond ihe color densitometer require rigid
instrument mointenonce ond conirol progromst to moke sure
thot ihe resulis obioined from the sensitometric strips will truly
represent the photogrophic condition of the process. poor

meosuremenis moy often be worse thon none ot oll since their
inierpretotion con leod to corrective oction in the process thot
is entirely unworronted. A definite schedule should be set up
to check the operotion of the sensitometer for repeotobility, to
check the filters, lomp intensiiy, voltoge supply, etc. Similorly,
ihe densitometer should be checked once eoch doy ro oe sure
ihoi it remoins colibrofed during use. The recommended meth-
od involves the reoding of highly stoble references, such os

*Miller, O. 8,, ond Powers, S. A., "lmproved printing Density Filters for Densitometry
of Color Pre-prini Moteriols," Journol ol the SMpfE, September 1963.

iBrewer, W. 1., Goddord, C., ond powers, S. A., ,The Evoluotion ond Control o{ Di_
rect Reoding Color Densitometers," lournol of the SMpfE, 6 t 56j-565, October 1955.

Powers,5. A., ond Miller, O. E., "pitfolls of Color Densitometry," Joutnol ol the
Sl,lPf E, 72t 9Z-103, Februorv 1963.

the Koolr Tronsmission Densitometer Check Ploque. (Compleie

insiructions for its use ore included with the ploque.)

E. Photogrophic Control Mefhod

As indicoted eorlier, sensitometry is employed only os o tool

to evoluote ond to control the photogrophic process. Noturolly,
it is desiroble to use o method of control thot will provide

whot is deemed to be occepfoble photogrophic quolity in the
picture imoge. This requires coreful correlotion of picture ludg-
ments ond sensiiometric doto to orrive ot o set of oims ond
control limits expressed in ierms of densiiy volues or color
bolonce derived from the meosured densities. When the sensi-

tomeiric results ore outside ihese conlrol limits, the process is

soid io be out of control. ldeolly, the control meihod should
indicoie on oui-of-control process iust before the process pro-

duces noticeoble odverse results in the octuol oictures. There-

fore, ihe control method should hove limits brood enough to
include the inherent voriobility of the entire photogrophic sys-

tem, including the monufocturing, exposing, storoge, normol
processing, ond densitometry of the control strips. Also, the

control mefhod should hove limits tight enough to deiect on

out-of-control process so thot corrections con be nrode with
reosonoble cost ond effort.

A suggested method of control ihot should be sotisfoctory for
most processing loborotories is given below. This meihod uses

sensiiometric exposures mode on Elsrla,cN Color Reversol Inier-
mediote Film 5249 or 7249 io deiermine the condition of the
process, ond it uses o sensitometric reference level thot musi
be obtoined ihrough piciure correlotion os described obove.
When the optimum picture process level is obtoined, o control
strip thot is representoiive of ofher strips processed ot ihe some
time should become the reference control strip. A common iype
of sensitomeiric exposure utilizes o step-wedge in which the
exposure difference between odjocent sieps represents one
comero stop {0.30 log E). The exposure level ond bolonce
selecied should be such thot fhe entire chorocieristic curve is

generoted ond fhe nei densities of the three color loyers ot ony
given step ore opproximotely ihe some.

The processed sensiiomeiric strips ond control strips ore
evoluoied ogoinst their respective reference strip by visuol in-
spection ond by densitometric comporison.

L Visuol Evoluoiion of Process Control Strio

Using the illuminotor, compore the dried processed control
strip with the reference strip. A noticeoble difierence In over-
oll density or in color bolonce between the iwo strips indi-
cotes thot the process is out of control. Also check to deter_
mine whether the control strip is dirty, streoked, fogged,
scrotched, or if the emulsion hos reticuloted. Any of these
odverse conditions con indicote thot the process moy be
producing unsotisfoctory product.

2. Estoblishing Control Chori Reference Reodings

o. Check the performonce of the densitomeier. lf it is in
control, ploce the reference control strip in the densi-
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Step Number

I

4

7

ll

iometer. Then reod the volues of groy-scole steps No. 1,

4,7, ond 11 ihrough the red, green, ond blue filters in

the densitometer.

b. Repeot step "o" (obove) once per doy for five doys; ihen
overoge ihe doio. Do not use ony volues thot do not
oppeor to be port of the somple populotion-thoi is, ony
densiiy reoding thoi differs by more thon 0.03 from ihe
overoge.

For exomple, ihe overoged volues for o typicol Process

CRI-l reference conirol strio ore:

Fihers

upper or lower density limits, the resulis ore beyond ihe

suggested control limits.

3. tsiobirshrnq the Reterence Chorocteristic Curves

Becouse tlie control chort described obove uses only o por-

tion of ihe control strip, it is desiroble to esioblish ihe com-

plete chorocterisiic curves of the reference conirol sirip.

These curves ore very helpful in controlling the process

becouse they employ the eniire ronge of densiiy meosure-

ments ond corresponding exposures. By comporing the

chorocierisiic curves of the individuol control strips to the

reference chorocteristic curves, the density, controst, color
bolonce, ond sioin of the film con be estimoted

To prepore the chorocteristic curves, reod oll steps of ihe

reference strip through ihe red, green, ond blue filters ond
plot ihese density volues ogoinsi the corresponding steps

on Koorr Curve Plotiing Groph Poper or other suitoble
groph poper. Figure 600-3 shows o typicol set of choroc-
teristic curves. Successive sieps, os mentioned previously, ore
exposed to give log E incremenis of 0.30 or one comero siop.
This procedure should be repeoted for eoch new boich of
control strips or differeni emulsion number.

4. Plotiing of Process Control Strip

After o control strip hos been processed ond dried, the

densities for the selected steps ore meosured through ihe
red, green, ond blue filters. The differences from the corre-
sponding reference reodings ore then plotted on ihe conirol
chort os shown in Figure 500-4.

After the density-difference volues of eoch conirol strip
hove been plotted, count the density units seporoting ihe
top ond boiiom ploited points for steps 4 ond Z. lf either of
the resulting volues exceeds the color bolonce (CB) control
Iimit for thot control step, mork ihe volue underneoih the
plotted points.

5. Interpreioiion of Control Chort

Visuol exominoiion of the strip con show, ot o glonce,
whether the process is physicolly occeptoble. However, it
does not provide o permonent record of ihe sensiiometric
results obioined.

By using the densitomeier, on occurote comporison with
the reference sirip con be mode. When the comporolve
densities of severol conirol strips hove been plotted, the

record forms will show ihe degree of uniformity of the pro-

cess {rom run to run ond doy to doy. In oddition, further
interpretotion of the plotted points gives o numericol volue
to ony shifts in color bolonce or density, the direction of
such shifis, ond o bosis for determining whot corrective
oction con be token.

Theoreticolly, oll correcily processed conirol strips should
be ideniicol to the reference strip ond should plot on the

reference (0) lines. In prociice, neither process nor conirol
meosurements ore perfeci. Note thot ihe neorer conirol strips
ploi to eoch reference line, ond the smoller ihe color bolonce
spreod, ihe better the quolity ond uniformity of the process.

.08

. Z+J

I.JJ

1.92

.38

.76

1.67

2.21

.85

2.34

2.64

c. Record ihe density volues o{ the corresponding siep num-
bers in ihe Reference-Reoding oreos provided by o Koonr
Color Process Record Form, Y-55, os shown in Figure
600-4. The control limits for ihese specific portions of the
chorocteristic curves or steps ore given below. ln oddi-
tion to ihe limits for density for steps 4 ond7, o second
set of limits or ronges is given for color bolonce spreoo.

Process CRI-I Control Limits

Portion of Step No.
Choroclerisiic of

Curve Confro/ Strip

Limits About
Reference Reodings

Co/or Bo/once
uenslty

KOnge

D-minimum +0.02
(no lower limit)

None

Density between

0.4 to L3
-f 0.05 0.06

Density between
,l.3 

io 2.3
-+0.'10 0.10

D-moximum il -0.08
(no upper limit)

None

Using doshed lines, mork the density control limiis on

the control chori. Fill in the process ond mochine infor-
motion on ihe bottom of ihe form.

Underneoth the Reference Reodings for step 4 on the
record form, mork "CB - 0.06,' ond underneoih step Z
mork "CB - 0.,l0.' "CB" is the obbreviotion for "Color

Bolonce," ond the numbers 0.,l0 ond 0.06 ore control
limits. There ore no corresponding CB control limits for
steps I ond I l. l{ the spreod between ony two ploited
points (for either groy-scole step) is greoter thon the CB

volue given for thot step, or if o point folls outside the

cRr-'r-6r 2



FIGURE 600-3
TYPICAT CHARACTERISTIC CURVES

FOR AN I I.sTEP GRAY SCALE
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The sensitometric curves ond doto in this publicofron

represent product tested under the conditions of expo-

sure ond processing specified. They ore represento-

tive of production cootings ond, therefore, do not

opply directly to o porticulor box or roll of photo-
grophic moteriol. They do not represent stondords or
specificotions which must be met by Eostmon Kodok

Compony. The compony reserves the right to chonge

ond improve product chorocteristics ot ony time.
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CONTROL NUMBER
B

^A

BIBIB

PROCESS

B
/7

ED
/2

B
0q

B
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BB
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aP
A1

P
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Control chorts illustroting both on in-control process ond
two possible oui-of-conirol processes ore shown in Figures

600-4 ond 600-5.

In Figure 600-4, the plols of the first five conirol strips

{A01 to A05) show sotisfoctory process performonce. Eoch

of the control strips in this series plots rondomly oboui eoch

reference line well within the control limits, withoul lorge
fluctuotions or voriobility. The next series of plois (A05 to
A10) indicotes o process with excessive voriobility. The pro-

cess is overoging obout the reference lines, but it is cycling
from one limit to the other limit. Hence the film being pro-
cessed during this time will olso show these fluctuotions.

Figure 600-5 demonstrotes two process oui-of-control con-
diiions, (l)bios within the conirol limits, ond (2) bios outside

ihe limits. In Figure 600-5, ihe plois of the first flve control

strips (B01 to 805) ogoin illustroie sotisfoctory process per-

formonce. In the next series of plots (806 to 815), the conirol
strips ore within but neor ihe limits for color bolonce ond

density. Whenever o series of five or six control strip plots

is neor o control limit even though oll ihe strips plot within
ihe control limits, the process should be considered io be

out of conirol. In such o cose, the closer the conirol strips
plot neor o limit, the more likely ihe process is producing
unsoiisfoctory film.

In Figure 500-5, control strips 816 to Bl9 indicote on out.

of-control process becouse the individuol control strips hove
exceeded o control limit. In this series the orocess hos moved

considerobly from the reference line; therefore, fewer thon

five or six control sirips ore required to indicote this out-of-
conirol condition.

DIAGNOSING AND CORRECTING OUT.OF-CONIROI
CONDIIIONS

When picture tests ond control strips indicoie thot the process

hos devioied from its specificoiions, the next phose of process

control is the diognosing of the couse of deviotion ond then

toking the proper corrective oction.

A. Confrol Ac?ion

The need for conlrol oction is usuolly first indicoted when o
conirol sirip plots ouiside the toleronce limits for either density

or color bolonce (CB), or when o series of control sirips plot

neor o toleronce limit even though ihe control strips ore within
the limii. See "lnterpretotion of Control Chort," poge 612. lf
corrective oction is needed, the following investigoiionol pro-

cedure should be followeo'

l. Exomine the control slrip for physicol defecis such os finger-
prints, scrotches, streoks, fog, etc.

2. Rereod the Koonr Tronsmission Densitometer Check Plooue

io estoblish if the densitometer is in control.

3. Rereod ihe control strip io eliminote meosuring error os o

possible couse of ihe out-of-control strip.

4. Process, reod, ond plot onother control strip.

o. lf this strip plots within toleronce limits, the previous con-

trol strip moy hove been hondled incorrecily before or
during processing. Also, odditive conditions moy hove

been the couse of ihe out-of-control plot. When this is ihe
cose, it is very possible ihoi the process is drifting toword
on out-of-control condition. Therefore, it is odvisoble io
process odditionol control strips in order to estoblish
wheiher or not the process is opprooching on out-of-con-
trol condiiion.

b. lf ihe out-of-control condition is confirmed by the plot of
the odditionol control strip, proceed to the next sections,

which describe suggested corrective ociions.

5. lf the corrective oction involves chemicol odjustment of o

processing solution, refer to Method XVll, in the section on

onolyticol procedures for insiruciions for the preporotion o{

the odiustments.

5. lf o solution constituent hos been odded ond dissolved, ihe
constiiueni ond the pH should be redeiermined. lf o "cui"

hos been mode, o compleie onolysis of ihe resulting solution

should be mode.

B. Correlotion of Mechonicol, Chemicol, ond
Sensitomelric Do?o

As experience is goined in ihe processing of the film to which

this monuol pertoins, mechonicol, chemicol, ond sensitometric
doto eventuolly will be occumuloied thol con serve os o refer-

ence source to indicote whot moy be expected in the photo-

grophic results when vorious mechonicol ond chemicol chonges

occur.

Before experience is goined with Process CRI-'l, it is impor-

iont to know in o generol woy whot photogrophic effects con

usuolly be expected os o resuli of such voriotions ond the op-
proximote mognitude of chonges ihoi con produce o nottce-

oble photogrophic effect. Such informotion is helpful in diog-
nosing the couse of o photogrophicolly off-bolonce condition.
Photogrophic effects of mechonicol ond chemicol voriotions on

Ersr,rarN Color Reversol Iniermedioie Film ore illustroted in

Figures 600-5 through -,l5. Eoch plot illustrotes the effeci of
chonges in o process poromeier (obscisso) on the dye density

of the flnol film (ordinote). The recommended volues for ihe

vorious poromeiers ore indicoied by the leiter S.

The mognitude of the chonges shown in Figures 600-6

through -,l6 should not be considered os process control limits.

Also, fhe doto presented in Figures 600-6 ihrough -16 ore only
quolitoiive ond not quontiiotive. These photogrophic effects of
chemicol voriotions were obtoined from experiments on smoll

loborotory mochines where oll constituents were mointoined

consioni except ihe voriotion being studied. Therefore, the

figures should only be used os o trend chort ond o guide. lt
should be noted thot, if two or more process poromeiers ore

voried, the resulting photogrophic effeci illustroted moy not

necessorily be odditive. Interociions moy ioke ploce ihot con

produce effects other thon those expecied, thus cousing con-

trost mismotches omong the three dye loyers, os well os other

color bolonce shifts.
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FIGURE 600.6
EFFECTS OF MECHANICAT AND CHEMICAL

VARTATIONS ON 7249 FITM IN PROCESS CRI-I
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FIGURE 600.7
EFFECTS OF MECHANICAL AND CHEMICAI,

VARIATIONS ON 7249 FIIM IN PROCESS CRI-I
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FIGURE 600-8
EFFECTS OF MECHANICAT AND CHEMICAL

vARfATf ONS ON 7249 FttM tN PROCESS CRt-l
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FIGURE 600.9
EFFECTS OF MECHANICAI AND CHEMICAL

vARfATtONS 0N 7249 FttM tN PROCESS CRt-l
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FIGURE 600-IO
EFFECTS OF MECHANICAT AND CHEMICAT

VARIATIONS ON 7249 FITM IN PROCESS CRI-I
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FIGURE 600.I I
EFFECTS OF MECHANICAT AND CHEMICAI.

VARIATIONS ON 7249 FILM IN PROCESS CRI-I
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FIGURE 600-1 3
EFFECTS OF MECHANICAI, AND CHEMICAT

VARIATIONS ON 7249 FILM IN PROCESS CRI-I
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FIGURE 600-I4
EFFECTS OF MECHANICAT AND CHEMICAI

VARIATIONS ON 7249 FIIM IN PROCE55 CRI-I
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FIGURE 600-I5
EFFECTS OF MECHANICAI AND CHEMICAT

VARIATIONS ON 7249 FItM IN PROCESS CRI-I
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C. Corrective Action

Experience with Process CRI-1 hos indicoted thoi in generol

there ore four types of out-of-conirol conditions thot moy toke
ploce, ossuming thot the processing solutions hove been prop-
erly prepored. Some possible couses for these out-of-control
conditions ond corresponding correciive procedures ore given

below. The procedures ore nof to be used os process odjust-

ments, bui ore items to be checked {or odherence to published

process specificotions. Nonstondord odiusiment of the process,

using ihese procedures to compensote for some oiher undis-

covered out-of-control condiiion, usuolly results in o quolity
loss os well os more complicoted process control.

1. Density Increose-No Significont Chonge in Color Bo/once

o. First deve/oper temperoture loo low. Adiusi the first de-

veloper temperoiure to specificotion. Check the tempero-

ture controller ond the recirculotion system for proper
performonce. Insufficient worm-up time con olso be o

couse of low iemoerorure.

b. First deve/opmenf lime loo shorf. Adiust first developer
time or mochine speed to specificotion.

c. Prehordener temperoture too high. Adiust prehordener
temperoiure to specificotion. Check temperoture control-
ler ond recirculoiion system for proper performonce. 2.

d. Prehordener time is foo /ong. Adiust prehordener time or

mochine speed io specificotion.

e. Firsl deve/oper rep/enishmenf rote too low.

(1)Adiust first developer replenisher flowmeter to oppro-
oriote soecificotion for either leoder or film run. To

bring process into control ropidly, odd firsi developer
replenisher directly io first developer (tonk) in incre-

ments of 3% of tonk volume until control hos been re-

estoblished.

(2) lf the obove oction corrects the out-of-control condi-

tion but the condition recurs, cleon ond recolibrote ihe

flowmeter for the first developer replenisher. See poge

604.

I. First deve/oper (tonk solution) used insteod of first devel-

oper rep/enisher. Reploce with proper solution.

g. She/f life of first deve/oper rep/enisher exceeded. Reploce

replenisher with fresh replenisher. To bring process into

control ropidly, odd fresh replenisher directly to first de-

veloper (tonk) in incremenis o( 3'/. of ionk volume until

control hos been reestoblished.

h. Excessive cserotion or exposure of first developer to oir.
Locote couse ond reploce soluiion with fresh solution.

{Extended downtime exposes ihe developer solution to
oir oxidoiion.)

(l) Check developer overflow into the weir box. Solution

must not coscode more ihon 12.7mm (% inch) ond

there must be no voriex over the recirculotion intoke.

Aeroiion oroblems due to voriices ond entroined oir
con be minimized by returning 90% of the recirculot-

ing solution to the pump through on oversize pipe con-

nected directly to on opening in the side of ihe mo-

chine tonk.. The opening should be well below the

surfoce of ihe solution ond completely seporote f rom

ihe weir.

(2) Check piping ond fittings of ihe recirculoiion sysiem.

The pump moy be drowing oir into the solution. Also

check the pump seol.

i. Use of anv films other thon E,qsrl,,t,4lt Co/or Reversol ln-

lermediofe Film 5249 or 7249 for seosoner ond scroich

tesis. Replenisher requirements {or other block-ond-white
ond color films ore usuolly eniirely different from those

f or 5249 or 7249 Film.

j. Excessive use of /eoder ond /eoder rep/enisher rofe. Some

of fhe processing soluiions contoin equilibrio thot ore

mointoined only when "normolly" exposed film is pro-

cessed. Exposure voriotions overoge out, but use of leod-

er, which requires no development oi oll, over o long
period will couse control shifts.

k. Processing film wtth lhe feed-on oreo white /ighis on.

Totolly floshed film mokes excessive demonds on ihe de-

veloper thot ore not eosily overoged out.

Densify Decreose-No Significont Co/or 8o/once Chonge

o. Firsl deve/oper femperolure foo high. Adiust first devel-

oper temperoture to specificotion. Check the temperoture

control sysiem for proper performonce ond colibrotion.

b. First developmenf fime loo /ong. Adjust first developer
time or mochine speed to specificotion.

c. Prehordener temperature loo /ow. Adiust the prehord-
ener temperoture to specificotion. Check the iemperoiure
controller ond the recirculotion system for proper per-

formonce ond colibrotion. Insufflcient worm-up time con

olso be o couse of low temperoture. Also check for nor-

mol recirculotion.

d. Prehordener fime is too shorl. Adiust prehordener trme or

mochine speed to specificotion.

e. Firsl deve/oper rep/enishmenf rofe loo high. Adiust the

first developer replenisher flowmeter to specificotion. Film

replenishment rotes moy hove been used insteod of leod-

er rotes during o leoder run. The flowmeter moy need

recolibroiion.

f. leoking shutoff volve on firsf deve/oper replenisher /ine.

Reploce first developer with fresh solution. This trouble is

difflcult to detect. lt con be checked by determining loss

of replenisher during shutdown. To do this, mork the

volume level on the reolenisher tonk ot shuidown ono

check the level before the next stort-uo.

g. Firsf deve/oper replenisher used for ionk so/ufion. Re-

ploce tonk solution with fresh working solution.

h. Firsl stop replenishmenl role too low. Adiust first stop re-

plenisher flowmeter to stondord. Add first stop replen-

isher to first stop (tonk) in on omount oI 50"/. of tonk
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volume or odiust pH of first stop. Flowmeter moy need
recolibrotion.

i. First developer corry-over into firsi stop. Adlust operoiion
of squeegee ofter the firsi developer or odiusi pH of first
sroo.

i. Fogged film. Review film hondling procedures ond check

ihe mochine mogozine, room sofelights, ond mochine
lighitight covers.

k. Prehordener replenishment rote too low. Reploce obout
50% of the prehordener solution (tonk) with prehordener
replenisher ond locote couse of low replenishmeni. This

condiiion con olso couse slow drying ond insufficient
hordening of emulsion.

Chonges in Color Bo/once-No Significont Chonge tn Density

o. Low prehordener specific grovity. Low prehordener sp. gr.
couses o blue color bolonce in the film. The process moy
be ropidly reiurned lo conirol by replocing ihe prehord-
ener solution wiih o fresh tonk mix. This procedure will
give only lemporory ond portiol control. Locote the couse

of the low sp. gr. condition. Some possible couses ore:

(1) Prehordener replenishment is too high.

Adiust flowmeter to specificotion.

(2) Prehordener replenisher used for tonk.
Reploce with fresh tonk mix.

b. Chonge in pH of color developer

(1)A mogento-b/ue co/or bo/once. (Decreose in blue
density with o slight increose in green density.) This is

usuolly coused by o low pH of the color developer.
The process con be ropidly reiurned to control by the
oddition of o sodium hydroxide soluiion io the color
developer. Add 3 milliliters of 2.5 N sodium hydrox-
ide* per liier of color developer to decreose the color
bolonce spreod by 0.10 density. This oddition will
roise the pH of the color developer 0.1 unit. (See

"Anolyticol Procedures" for the determinoiion of pH

ond "Anolyticol Reogents" for the preporotion of 2.5

N sodium hydroxide.) This procedure will give only
femporory ond portiol control. Locote ihe couse of the
low pH condiiion. Some possible couses ore:

{o) Color developer replenisher is too low. Adiust
flowmeter to specificoiion.

(b) Lock of o flooting cover or use of on inefiective
floofing cover on color developer replenisher.

(c) Color developer tonk soluiion used for color devel-
oper replenisher. Reploce solution with fresh re-

plenisher.

ilf the volume of the required oddition of 2.5 N sodium hydroxide is too lorge for the
copocity of lhe color developer tonk, it moy be desiroble to substitute 7 N sodium
hydroxide. ln this cose, the oddition of I milliliter of 7 N sodium hydroxide will
roise lFe oH of the color developer O.l unit,

CAUTION: 7 \ sodium hydroxide is o strong olkoli ond must be hondled
corefully. Use rubber gloves ond sofety goggles. See "Anolyticol Reo-
genls" for ils preporoiion.

(d) Shelf life of color developer replenisher exceeded.
Reploce with fresh solution.

(e) ExcessiVe exposure of color developer to oir. Lo-

cote couse ond reploce with fresh solution. See

port l, h, (l), poge 628, Ior corrective oction.

(21 A green-yellow color bo/once. (lncreose in blue den-
sity with o decreose in green density.) This is usuolly
coused by o high pH of the color developer.

The process con be ropidly relurned to control by
the oddition of on ocid soluiion io the color developer.
Add 3 milliliters of 2.5 N sulfuric ocid+ per liter of
color developer to decreose the color bo/once spreod
by 0.10 density. This oddition will lower the pH of the
color developer 0.'l unit. See "Anolyticol Procedures"
for the determinotion of ihe pH ond "Anolyticol Reo-

genis" for the preporotion of 2.5 N sulfuric ocid. This
procedure will give only iemporory ond portiol con-
trol. Locote ihe couse of the high pH condition. Some
possible couses ore:

(o) Color developer replenishment roie too high. Ad-

iust the color developer replenisher flowmeier to
specificotion. Film replenishment rotes moy hove
been used insteod of leoder rotes during o leoder
run. The flowmeter moy need recolibrotion.

(b) Leoking shutoff volve on color developer replen-
isher line. Reploce color developer with fresh solu-

tion. This irouble is difflcult io detect. lt con be

checked by determining o loss of replenisher dur-
ing mochine shutdown. To do this, mork volume
level on replenisher tonk ot shutdown ond check

soluiion level before siort-up.

(c) Color developer replenisher used for color devel-
oper. Reploce with fresh solution.

c. Sioin

Stoin is on overoll coloroiion of the fllm. lt is firsi noticed
in the minimum density oreo. Some possible couses ond
their effecis ore:

(1)Mogento-red stoin (on increose in green density ot
Step No. 1). This condition results from ihe corry-over
of CD-3 into the bleoch where it is oxidized io o red

compound. lt oppeors in o print os o ropidly moving,

blotchy, mogenio-green color shift. lt con be coused

by'

(o) Underreplenishment of second stop.

(b) Inodequote wosh-woter flow rote of second stop

wosn.

conlinued on poge 638

*lf the volume of the required oddition of 2.5 \ sulfuric ocid is too lorge for the co-
pocity of the color developer tonk, it moy be desiroble to substitute 7 \ sulfuric ocid.
In this cose, the oddition of I milliliter of 7 N sulfuric ocid will lower the pH of the
color developer 0.1 unil.

CAUTION: 7 N sulfuric ocid is o slrong ocid ond must be hondled core-
fully. Use rubber gloves ond sofety goggles. See 'Anolyticol Reogents"
for its oreoorotion.
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(c) Squeegee foilure between color developer ond
secono stop.

(2) Yellow stoin (on increose in blue density ot Step No. 1).

This condition is coused by silver-holide reieniion due
ia innnlanr rata f, - ..,*--r--.- ,txtng.

4. Chonges tn Color Bo/once-Significont Chonge in Density

Usuolly coused by contominotion of processing soluiions
with other processing solutions.

D. Confominotion

Contominotion of one processing solution wiih onother con

couse serious out-of-control conditions. Therefore, extreme core
musi be token when hondling processing soluiions ond mixing
equipment. The mixing ionk ond other mixing equipment must

be ihoroughly rinsed before ond ofter eoch use. Precoutions
must be token when ironsporting solutions so thot no solution
is pumped or sploshed into onother.

The effecis of contominoiion of the prehordener, neutrolizer,
first developer, ond color developer with other solutions ore
illustroted grophicolly in Figures 500-1 Z through 600-24, poges
630 to 637.

Eoch plot illustrotes the effect of contominotion of o process-

ing solution (obscisso) on the dye density of the finol film
(ordinote).

The severity of the odverse photogrophic effect produced by
coniominotion is dependent upon the omount of contominoiion
ond vories with the coniominont ond the receiving solution. Use

the doto in the chorts only os guides. Whenever contominotion
occurs, the source should be locoted ond the contominoted
solution reoloced.

PHYSICAT DEFECTS ON PROCESSED FILM

A. Scrotches

1. High-torque, high-speed toke-up ot dryer elevotor couses

cinch morks on the film bose ihot oppeor os short, rondom,
frequent, fine, dork lines in o proiected prini.

2. Bockup rollers thot do not turn eosily ond ore not covered
with o soft, nonscroich moteriol couse long, fine scrotches

on the film bose.

3. Too-ropid oir movement in the dryer will couse strips on

opposite sides of the some roller to slop together, giving
intermiitent scrotched oreos on the film bose.

4. High mochine tension or high friction roller beorings will
couse excessive edge scrotches on the film bose.

5. Surfoces thot intermittently contoct the film, even gently, will
scrotch the bose or emulsion if hondling burrs ore preseni.

Sonding with f400 wet or dry emery poper will greotly
decreose the problem where conioci connoi be ovoided.

5. Turbulotor nozzles should be mounted flush with the surfoce
of the feed pipe ond then the whole ossembly sonded with

S400 wei or dry emery poper. Drilled heoder iurbuloiors
should olso be sonded.

7. Crystol formoiions on wiper blode squeegees ond in the

orifices o{ venturi squeegees con scrotch the bose or emul-
sion surfoce.

B. Dirt

lf generol cleonliness is not ihe very besi, dirt on the film will
be unovoidoble. The following comments should be helpful in
minimizing ihis problem'

1. Dryer oir filfers for both recirculoted ond mokeup oir should
be oil-free ond of os fine porosiiy os possible.

2. lf the ferricyonide bleoch pH is very low. Prussion blue solids

will form in ihe tonk ond stick to the film. Some Prussion blue
precipitotion will olso occur, if the seosoned fixer pH is

beiow 5.0.

3. lf ony sioinless steel, iron, or yellow bross ports ore present

onywhere in ihe bleoch system, dirt will oppeor until ihese

ports ore removed.

4. Prehordener dirf con settle to the bottom of the tonk unless

the recirculoiion geometry is designed to keep it in suspen-

sion ond the recirculoiion rote high enough io filter it out.

5. lf the wosh tonks ore noi droined nightly, cleoned, ond
treoted with 3-5% NoOH, slime orgonisms con stick to the
film os wellos ihe tonks ond rocks, cousing streoks ond scum

morks on the film.

C. Spors ond Streoks

l. See "Process-Reloted Physicol Defects in Eesr,vrN Color Re-

versol Intermediote Film 5249/7249," on poge 639.

2. See "B. Dirt" obove.

3. Too low o level of wetting ogent in the stobilizer con pre-

vent eliminotion of woter droplets, while on excess of wet-
ting ogent will increose lhe chonces o{ scum on the fllm.
These effects will be most noticeoble when the flnol souee-
gee is dirty or not correcily odiusted.

4. Unshielded oir squeegees con sproy dropleis or porticles of
processed solutions into the oir ond then onio unprocessed

film to couse spots.

D. Nonuniformity

See "Process-Reloied Physicol Defects in Elsr,ralN Color Re-

versol lntermediote Film 5249/7249," poge 639.

E. Drying Problems

1" Tocky film ond,/or excessive "negotive" cure (emulsion con-
vex) moy be symptoms of insufficient drying. Possible couses

of insufficient drying ore,

o. Low dryer temperoture.

b. Inefficieni finol squeegee.

c. Finol wosh too short.

d. High pH of fixer, finol wosh, or stobilizer.
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t.

Y.

h.

i.

t.

ff:il:::;:lempero'fure I
Prehordener time below (
normol. )
Dryer relotive humidity too

Drying iime too short.

Prehordener pH below normol. 1 " :, r :, -,| )ensrlomelnc cnonges
Low sulfoie or oldehyde ( will olso be present.
concentrotion in prehordener. .l

Sensitometric chonges

will olso be present.

hish.

Brittle film ond,/or excessive "positive" cure (emulsron con-

cove) moy be sympioms of excess drying. Possible couses o{

excess drying ore:

o. High dryer temperoture.

b. Low dryer relotive humidity (too much mokeup oir).

c. Drying time ioo long.

d. Prehordener time, temperoture, I Sensitometric chonges

or pH obove normol. f will olso be present.

Process-Reloted Physiccl Defecls in Eosfmon Color Reversol Inlermedioie Film 5249 /7249

Defecl

Appeoronce in

Ensr,vtnN Color Reversol

lntermediote Film

Appeoronce in

Proiected Prtnt

Possib/e

Source of Defect
Suggesied Corrective Action

Yellow Comets

ond Spots

Yellow Finger-

pri nts

Bl ue comets, splotlers,

dots; comets hove ioils

opposiie the direction
of film trovel.

Blue fingerprints, spots,

ond irregulor oreos.

Yellow comets,

sploiiers, ond dots;

norrow; up ro one

35mm frome in length,

usuolly much smoller;

dork yellow dot with
long toil; short yellow
streok.

Yellow fingerprints,

spots, ond irregulor

o reos.

Fine, shorp, white dots

on screen.

Row stock contomi-

noted with meiol dust

(zinc, mognesium, etc);

bross venturi sq ueegees

used prior io color
developer; oil in com-

pressed oir; bross

eyelet splices; chemicol

dust or dropleis in

feed-on oreos.

Hondling unprocessed

film wiih dirty honds;

oil, oniifoggoni,
.l-',-lanar alr

Dirt in prehordener or

dryer.

Use o domp sponge doily on oreos

where unprocessed film is hondled;

vocuum-cleon printers, comeros/ mog-

ozines often; do not use zinc, mogne-

sium, or bross rewind equipmeni; point
golvonized duci work in film-hondling
oreos; filier oir in film-hondling oreos;

use oil-free oir; if problem persists,

substitute wiper blodes for oir squee-

gees; use tope splices (fresh Scotch

Electricol Tope fi57, or equivolent);
chiplrl cnrrppneoq

Supply ocid soop, hond-wosh, ond

towels in mochine room; require cleon

honds.

Cleon prehordener system, chonge

filters to recommended porosity ond

use enough recirculotion to keep

soluiion cleon; domp-sponge dryer ot
leost once o week ond use finest

porosity oil-free filter ovoiloble on

both recirculoted ond mokeup oir.

Remove oll opporent gos bubbles

from the wosh woter; odjust finol

squeegee so it does not sploiter;
proteci film from dirt ond droplets

before it enters the dryer.

Remove ol/ opporeni gos bubbles

from the wosh woter.

Sporkle Tiny gronules siuck on

the emulsion surfoce.

Snowbolls Smoll, soucer-shoped

depressions in emul-

sion surfoce.

Diffuse-edged, round,

light spois rondomly
oppeoring.

Air in the finol wosh;

splotter from finol
venrun squeegee re-

turning to the emulsion

surfoce before film

enters the dryer.

Air in woshes other
thon finol wosh.

Diffuse, rondom motion

on screen similor to
groin but lorger ond

much more diffuse.

Fine Mottle Not reodily opporent.
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(c) Squeegee foilure between color developer ond
second siop.

{2) Yellow stoin (on increose in blue density ot Step No. 1).

This condition is coused by silver-holide retention due
io inodequote fixing.

4. Chonges in Color 8o/once-Significonf Chonge in Density
Usuolly coused by contominotion of processing solutions
wiih other processing solutions.

D. Contominotion

Contominotion of one processing solution with onother con
couse serious out-of-conirol conditions. Therefore, exireme core
must be token when hondling processing solutions ond mixing
equipment. The mixing tonk ond other mixing equipment must

be thoroughly rinsed before ond ofter eoch use. Precoutions
must be token when tronsporting soluiions so thot no solution
is pumped or sploshed into onother.

The effects of contominotion of the prehordener, neutrolizer,
first developer, ond color developer with other soluiions ore
illusiroted grophicolly in Figures 600-1 Z through 600-24, poges
630 to 637.

Eoch ploi illustrotes the effect of contominotion of o process-

ing solution (obscisso) on the dye density o{ the finol fllm
(ordinote).

The severity of ihe odverse photogrophic effeci produced by
contominotion is dependent upon the omount of contominoiion
ond vories with the contominont ond the receiving solution. Use

ihe doto in the chorts only os guides. Whenever contominotion
occurs, ihe source should be locoted ond ihe contominoted
soluiion reploced.

PHYSICAT DEFECTS ON PROCESSED FII.M

A. Scrofches

1. High-torque, high-speed toke-up ot dryer elevoior couses

cinch morks on the fllm bose thot oppeor os short, rondom,
frequeni, fine, dork Iines in o proiected print.

2. Bockup rollers thot do not turn eosily ond ore not covered
with o soft, nonscrotch moteriol couse long, fine scrotches

on the film bose.

3. Too-ropid oir movemeni in the dryer will couse strips on

opposiie sides of the some roller to slop together, giving
inlermittent scrotched oreos on the film bose.

4. High mochine tension or high fricfion roller beorings will
couse excessive edge scrotches on the film bose.

5. Surfoces thot intermitiently contoct the film, even gently, will
scrotch the bose or emulsion if hondling burrs ore present.

Sonding with #400 wet or dry emery poper will greotly
decreose the problem where conioct connot be ovoided.

5. Turbulotor nozzles should be mounted flush with the surfoce
of the feed pipe ond then the whole ossembly sonded with

f400 wet or dry emery poper. Drilled heoder iurbulotors
should olso be sondeq.

7. Crystol formotions on wiper blode squeegees ond in the

orifices of venturi squeegees con scrotch ihe bose or emul-
sion surfoce.

B. Dirt

lf generol cleonliness is not the very best, diri on the film will
be unovoidoble. The following comments should be helpful in
minimizing this problem,

1. Dryer oir flliers for both recirculoted ond mokeup oir should
be oil-free ond of os fine porosiiy os possible.

2. lf the ferricyonide bleoch pH is very low, Prussion blue solids

will form in the tonk ond stick fo the film. Some Prussion blue
precipitotion will olso occur, if the seosoned fixer pH is

below 5.0.

3. lf ony stoinless steel, iron, or yellow bross ports ore presenr

onywhere in the bleoch system, dirt will oppeor until these
ports ore removed.

4. Prehordener dirt con settle to the boiiom of the tonk unless

the recirculoiion geometry is designed to keep it in suspen-

sion ond the recirculotion rote high enough to filter it out.

5. lf the wosh tonks ore noi droined nightly, cleoned, ond
treoted with 3-5% NoOH, slime orgonisms con siick to the
film qs well os the tonks ond rocks. cousinq streoks ond scum

morks on ihe film.

C. Spors ond Streoks

l. See "Process-Reloied Physicol Defecis in ErsrraeN Color Re-

versol lntermediote Film 5249/7249," on poge 639.

2. See "B. Dirt" obove.

3. Too low o level of wetting ogeni in ihe stobilizer con pre-
vent eliminotion of woier dropleis, while on excess of wei-
iing ogent will increose ihe chonces of scum on ihe film.
These effects will be most noticeoble when ihe finol squee-
gee is dirty or not correctly odiusted.

4. Unshielded oir squeegees con sproy droplets or poriicles of
processed solutions into the oir ond then onto unprocessed

film to couse soots.

D. Nonuniformity

See "Process-Reloted Physicol Defects in EnsrmnN Color Re-

versol Intermediote Film 5249/7249," poge 639.

E. Drying Problems

1. Tocky film ond,/or excessive "negotive" cure (emulsion con-
vex) moy be sympioms of insufficient drying. Possible couses

of insufficient drying ore'

o. Low dryer temperoture.

b. Inefficieni finol squeegee.

c. Finol wosh too short.

d. High pH of fixer, finol wosh, or stobilizer.
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e. Prehordener iemperoture )
below normol (

f. Prehordener time belo' /
normol. " 

)
Dryer relotive humidity too

Drying iime too short.

Sensitometric chonges

will olso be present.

hish.

2. Brittle film ond,/or excessive "positive" cure (emulsion con-

cove) moy be symptoms of excess drying. Possible couses of
excess drying o16:

o. High dryer iemperoture.

b. Low dryer relotive humidity (too much mokeup oir).

c. Drying iime too long.

d. Prehordener time, temperoture, \ Sensitomeiric chonges

or pH obove normol. f willolso be present.

V.

h.

i.

t.

Prehordener pH below normol. 1 ^
Low sulfoie or oldehyde I ::l'::::::::::"t
concenirotion in prehordener. I 

*"' olso De presenl'

Process-Relored Physicol Defects in Eosfmon Color Reversol Intermediote Film 5249 /7249

Defecl

Appeoronce in
Easr,varu Co/or Reversol

lntermediote Film

Appeoronce in

Proiected Print

Possib/e

Source of Defecf
Suggested Corrective Act ton

Yellow Comets
nnnl Snnlc

Yellow Finger-

prints

Bl ue comeis, splotters,

dots; comets hove ioils
opposite the direction
of fllm trovel.

Blue fingerprints, spots,

ond irregulor oreos.

Yellow comets,

splotters, ond dots;

norrow; up to one

35mm frome in length,

usuolly much smoller;

dork yellow dot with
long toil; short yellow
streo k.

Yellow fingerprints,
spots, ond irregulor

Fine, shorp, white dots

on screen.

Row siock contomi-

noted with metol dust

(zinc, mognesium, etc);

bross venturi sq ueegees

used prior to color
developer; oil in com-
pressed oir; bross

eyelet splices; chemicol

dust or droplets in
feed-on oreos.

Hondling unprocessed

fllm with dirty honds;

oil, onti{oggont,
rlavalnnar a+r

Dirt in prehordener or
dryer.

Sporkle Tiny gronules stuck on

the emulsion surfoce.

Snowbo lls Smoll, soucer-shoped

depressions in emul-

sion surfoce.

Diffuse-edged, round,

light spots rondomly
oppeoring.

Air in the finol wosh;

splotter from finol
venturi squeegee re-

turning to ihe emulsion

surfoce before film

eniers the dryer.

Air in woshes other
thon finol wosh.

Use o domp sponge doily on oreos

where unprocessed film is hondled;
vocuum-cleon printers, comeros, mog-
ozines often; do not use zinc, mogne-
sium, or bross rewind equipment; point
golvonized duct work in film-hondling
oreos; filier oir in film-hondling oreos;
use oil-free oir; if problem persisis,

subsiitute wiper blodes for oir squee-

gees; use tope splices (fresh Scotch

Eleciricol Iope ft57, or equivolent);
<hialrl .n"aonaa.

Supply ocid soop, hond-wosh, ond
iowels in mochine room; require cleon

ho nds.

Cleon prehordener sysiem, chonge
filters to recommended porosiiy ond

use enough recirculotion to keep

solution cleon; domp-sponge dryer ot
leosi once o week ond use finesi
porosity oil-free filter ovoiloble on

both recirculoted ond mokeup oir.

Remove o// opporent gos bubbles

from ihe wosh woier; odiust finol
squeegee so ii does not splotter;
proiect film from dirt ond droplets

before it enters the dryer.

Remove o// opporeni gos bubbles

from the wosh woter.

Diffuse, rondom motion

on screen similor to
groin but lorger ond

much more diffuse.

Fine Mottle Not reodily opporent.
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Defeci
Appeoronce in

Elsr,vtlw Co/or Reverso/

lntermediote Film

Appeoronce in

Prolected Print

Possible

Source of Defecf
Suggested Correclive Aclion

Shoreline

Blue Edges

Lines, Streoks,

Spots, ond

Coorse Moitle

Prussion Blue

F-"1.i^^ ri.lna.

lengthwise on the fllm

following the

perforof ion contours.

Not reodily opporent.

Borely visible on the

emulsion side.

Bluish-groy spot,

streok, or smudge

Lines oround ihe

perforoiions thoi
oppeor Ivzzy onthe
screen, yet ore

stonding still; not

usuolly in picture oreo

Areo oround perforo-

tions topers io blue

bolonce compored to
center of film strond.

Light lines, streoks,

etc.

White or groyish spots

Blue spots

Nonuniform drying
ocross the fllm surfoce

ond consequent emul-

sion distoriion; exces-

sive emulsion swelling
rl'rrinn nrnrp<<

lnodequote prehord-

ener recirculotion or
processing mochine

speed.

Molodiusted finol
rranlrrri cnrroonoa

ollowing nonuniformly
dry film emulsion

surfoce io enter dryer.

lron or stoinless steel

componenis in the

bleoch tonk or bleoch

recirculotion sysiem,

or low fixer pH.

Bleoch sploshed on

f ilm during or
immediotely ofier
color development

Progressively lower the film drying
temperoture untilthe defect is

minimized. Check prehordener.

lncreose recirculotion or mochine

speed.

Ad just finol squeegee so emulsion

surfoce is uniformly dry ofter

sq ueegee I ng.

Disossemble bleoch recirculotion

system ond look for Prussion blue.

Reploce iron or sfoinless steel ports

with plostic, red bross, titonium, or

Hosielloy C. Inspect filter, filter pot,

ond reloted components. Adiust pH io

specificotion.

Locote ond eliminote the source

^{ hl^n.h cnlnlfarc
Blue spots Yellow spots
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Defecf

Appeoronce in

Elsr,r.l,cN Co/or Reversol

lntermedtate Film

Appeoronce in
Praiarlarl Prlnt

Possib/e

Source of Defec/
Suggesled C or r ect tv e Action

White Spots

Ret ic u lo tion

Mogento-Green
Sto in

Density Wedging

qh^.^_..{d....1 .^,, 
^,.1

block metollic silver

deposits in film.

Ground-gloss emulsion

su rfoce.

sh^,^_.^^^.1 .^,,^..1

whiie spols someiimes

occurring in showers.

Depends on printing

cond itions.

Air in woshes, espe-

ciolly before the
hlenah. n^ (^rroadaoc

before the bleoch;
innr'lan"^+^ hl-^.h

rep len ish m ent.

Improper drying;
inodequote finol wosh;

high pH in fixer, wosh,
nr <fnhilizar. i^n.lo-

quote prehordening;

excessive emulsion

swell.

lnndpnrrnlp ^r .^n-

tomrnoted stop or

wosh ofier the color
oeveroper.

Off-center turbulotors
in which nozzles do not
hit center line of film;
misolignment of
prrnter operture.

Tronsferoble diri on o

sofi-touch tire riding
on the emulsion; flim

stopped in ihe dryer
ond heot disiorted the

film fouching ihe tires.

Nonuniform wiper
blode oction during
process; Worn or
molod justed blodes.

Defective rem-iet

removol equipment,
poor housekeeping,

or low pH in bocking

removol solution.

Inodequoie ogiiotion
frequency ond pressure

in neutrolizer, first

developer, firsi siop,

or color developer.

Dots Equolly

Spoced Apori,
Repeoting

Film bose deformed
or emulsion morked

Appeors on fully
floshed fllm os pink

oreos.

Not reodily opporent.

Floshes intermittently
on screen os pink or
green bolonce chonges

qt^hla a.l^6-+^--.1^.

density grodient
dar^<< earaan. adn ha

wedge- or bell-shoped;
does noi move.

Repeoted showers of
dofs in which the indi-
viduol dois ore olwoys
the some distonce

opori.

Sfreoks ond lines look
like "roin"; ore noi

opporeni except in

uniform density oreos.

White spots.

Lorge verticol streoks

On Screen; mOVlng

side-to-side, usuolly

neutrol unless coused

by color developer.

Remove cril opporent gos bubbles
from the wosh woter; instoll ond
odiust wiper blode bc[ore bleoch;
check bleoch ferricyonide ond
bromide levels.

Refurn process to recommended

vo I ues.

Panl^.a +h- "-.^^.1.+^^ "-.-P Jl^o wosn;

check the renlenisher rotes ono oe

sure the wosh is countercurrent.

Reolign nozzles; reolign printer.

consider use of drilled heoder turbulo
iion system. See poge 305

{or detoils.

Cleon or reploce ihe dirty or broken
iires; do not let fllm stop in ihe dryer.

Adiust or reploce wiper blodes

Repoir equipmeni; repioce solutions

ond or cleon mochine oreo; odiust
pH to speciflcotion.

Increose ogitotion frequency or
pressure; check for plugged nozzles;

check olignment of nozzles.

Fine Streoks Not reodily opporeni.

Rem-Jet Block spols or
block oreos on the

fllm bose.

Cu rto ins Nonuni{orm density,

oriented lengthwise on

strip; hord to see.
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ANATYTICAL REAGENTS



PREPARATION OF SPECIFIC REAGENTS

This section is an alphabetical listing of all reagents required

by the analytical procedures used in chemical control.
For general background information on reagent preparation

and standardization, refer to "Analytical Reagents for Chemi-

cal Control," Method I in the "Analytical Procedures."
For information on precautions and procedures for the safe

handling of processing chemicals, see page series 500.



ACETIC ACID

CAUTION: Observe safety precautions for handling
concentrated acids. Wear safety glasses and rubber
gloves. Use care and always add acid to water.

Glacial CH3COOH
Eastman grade (EnsrruaN Organic Chemical 763) or reagenl
qualrty acetic acid, 99.7% CH3COOH, sp gr 1.050, approx.
17 .4 N.

2.O N CH3COOH
Add 115 mlof reagent quality glacial acetic acrd, CH,COOH
(sp gr .i .O50), to 5OO ml of disrilled water and dilute to 1

liter with distilled water

6 N ACCETERATOR REAGENT [6 N NaOH-EDTA,
(ETHYLENEDtNTTRtLO) TETRA-ACET|C ACTDI

1. Cautiously add and dissolve 24O g of reagent quality
sodium hydroxide, NaOH, in 1 liter of tap or distilled water.

2. Add and dissolve 4 O g of (erhylenedinitrrlo) tetra-acetic
acid (EDTA, Eesrvaru Organic Chemical P5416).

ACETONE

Eastman grade (Ensrrvaru Organic Chemical 297) or reagent
quality acetone. A clear colorless liquid with a characteristic
odor. Acetone is highly {lamable. Keep in tightly closed con-
tainers, in a cool place, away f rom flame.

AMMONIUM BIFLUORIDE

CAUTION: Observe safety precautrons. Wear safety
glasses and rubber gloves. Ammonium bifluoride rs

very corrostve to the skin, to glass, and to many metals.

2Oolo NH.F.HF Solution
Dissolve 2O g of technical quality ammonium bifluoride,
NH4F.HF, (Baker and Adamson, Code 1 271) in BO ml oj
distilled water. Because of its corrosive action on glass, this
solution should be mixed and stored in wax-lined or polyethy-
lene-type containers.

AMMONIUM HYDROXIDE

CAUTION: Observe safety precautions. Wear safety
glasses and rubber gloves. Excessive pressure may de-
velop in containers Store in a cool place.

Goncentrated NH4OH
Reagent quality ammonium hydroxide, NH40H, (28 O%
minimum as NH,) sp gr 0.90, approx. 15 N (Baker and
Adamson, Code 1 293).

4 N NH4OH
Dilute 270 ml of reagent quality concentrated ammonrum
hydroxide (sp gr 0.90) to 1 liter with distilled water.

BORAX BUFFER

O.O1 M Borax
Checkrng the Di!;tilled Water. The experience of labora_

tories at Kodak Park indicates that borax buffer can be
prepared in the manner outlined in the steps below. The Na
tional Bureau of Standards specifies that the distilled water
used in the preparation of borax buffer must have a oH of

not less than 6.5 and not more than 7.5 obtained by
boiling distilled water and cooling it under carbon diox,
ide-free conditions." (A soda-lime tube can be utilized when
cooling the boiled water.) lt is recommended that all Iabora-
tories follow the method of preparation found on the National
Bureau of Standards certificate provided with the standard
borax sample until data indicate that the distilled waTer Derng
used is acceptable. However, in some Instances distilled water
that did not meet the above requirements has been found to
be acceptable. A borax buffer prepared with this distilled
water had the same pH as a buffer prepared with water that
met the specifications.

Preparation of Borax Buffer
1. Add 6OO ml of distilled water to a 1 liter volumetric

fl ask

2. Dissolve 3.8 + 0. 1 g of reagent quality crystalline so-
dium tetraborate, NarBoOr.l OH2O (borax).

3. Dilute to volume with distilled water.
Preparation of Borax Buffer Using National Bureau of Stan-

dards Borax. Prepare a fresh standard borax buffer following
Steps 1-3, using National Bureau of Standards borax sample
No. 1B7a or subsequent Bureau of Standards pH standard.
Use a torsion balance to weigh the sodium tetraborate. The
preceding batch of standard buffer can be used only if it was
prepared within one month of the time of use and if it is not
moroy.

Testrng Borax Buffer
1. Standardize the pH meter wrth rhe standard borax

buffer, setting the pH scale dial according to Table L Choose
the setting that corresponds to the temperature at which the
new buffer rs to be used.

TABLE I

Temperature Dial Setting

21

23
26

L21
919
916

1 C(70F)
9C(75F)
7C(B0F)

AMMONIUM NITRATE

1.0 M Ammonium Nitrate
Dissolve B0.O g of reagent
N H4N03, in distilled water and
water.

quality ammonium
dilute to 1 liter with

n rtrale,

d istilled

The pH of the borax buffer is dependent on temperature. The
effect of temperature over a wlde range is shown in Table ll.

2. Cross-check the electrode assembly by measuring the
pH of a calcium chloride-calcium hydroxide buffer.

3. Determine the pH of the borax buffer being tested at
the same temperature chosen in Step 1. (For tolerances, see

Steo 4.)

4. Determine the pH of |he standard borax buffer at the
same temperature chosen in Steps l and 3. (Thrs serves as

a check. The pH obtained on this standard borax buffer must

AR-702



Effect of Temperature on Borax Buffer

FpHCF

3 Add and dissolve 9.00 g of reagent quality sodium te-

traborate, NarBoOr.l 0HrO (borax).

4. Dilute to volume with distilled water.
5 The pH should be B OO t 1O at 21 .1 C (7O F) oI 26 1

C (BO F) lf not, add sodium tetraborate, NarBoOr.l0HrO, to
raise the pH or potassiunr dihydrogen phosphate, KH2PO4,

to lower the pH.

BOROHYDRIDE REAGENT

Dissolve 3.0 g of KBH" (available from Ventron Corp., Metal

Hydrrdes Division, Congress St., Beverly, Mass. 01915) in

100 ml of approximately 0.2 N NaOH. This solution must

be prepared f resh weekly. Store in a polyethylene dropping
bottle (e.9., VWR Scientific, No 16359'040)

CADMIUM NITRATE

CAUTION: Cadmium nitrate is porsonous; avoid any

co nIacL

1.O M Cd(N03)2
Dissolve 3OB g of reagent quality cadmiurn nitrate,

Cd(NO3)2.4H2O, in distilled water and dilute to 1 liter with
distilled water.

Acidified Cd( N 03 )2.4H2O
1. Dissolve 2OO g of reagent quality cadmtum nrrraTe,

Cd(NO3)2'4H2O, in BOO ml of distilled water.
2. Carelully (wear safety glasses and rubber gloves) add

2O ml of reagent quality concentrated nitric acid, HNO,.
3. Dilute to 1 lrter with drstilled water.

CALCIUM CHLORIDE_CALCIUM HYDROXIDE
BUFFER

(Containing 2 M Na+, pH 11 .77O at 27 C, pH 1 1 .790
ar 80 F)

4.O N Hydrochloric Acid, HCI
See Hydrochloric Acid

Calcium Hydroxide, Ca(OH),
Reagent Grade, Baker and Adamson, Code 1522

Sodium Chloride, NaCl
Reagent Grade, Baker and Adamson, Code 2232

Determination of the Normalitv of the 4.O N Hvdrochloric
Acid

1 Pipet (wipe) 1O ml of 4.0 N hydrochioric acid inro each

of two 1 25-ml conical flasks.
2. To one sample add 20 ml of distilled water and 4 drops

of phenolohthalein indicator.
3. Using a 50-ml buret, titrate wrth standardized 1 .000 N

sodium hydroxide to a pink endpoint.
4. Calculation of the normalrtv:

(ml NaOH)(l{ NaOH)

ml HCI
:0 1000 (ml NaOH) : N HCI

5. Repeat Steps 2 through 4 using the second sample.

6. lf the two values agree within 0. 1 O, average them and
label the bottle with the normalitv determined.

TABLE II

pH

60
ol

62
63
64
65
66
67
6B

69
70

not differ by more than 0.01 pH unit from the value at which
the meter was standardrzed rn Step 'l .) The pH obtained on

the buffer berng tested in Step 3 must not differ by more than

O.O2 pH unit from the pH at which the meter was stan-

dardized and lrom the pH obtained on the standard buffer in
Step 4

EXAMPLE: A buffer being tested aI 21 .1 C (70 F) is not

acceptable if its pH in Step 3 is 9.23 when 9 20 is

obtained in Step 4. However, 9.23 is acceptable if ei-

ther 9 21 or 9 22 is obtained in Step 4

5. lf the pH of the standard buffer differs by more than

'0.01 pH unit from the value at which the meter was stan-
dardized (see Table l), restandardize the meter and repeat
Steps 3 and 4

lf the pH reading of the new buffer differs by more than
O.O2 pH unit from either the pH at which the meter was

standardized or the pH obtained on the standard buffer in Step
4, obtain new samples of the two batches of buffer used above
and repeat Steps 1 through 4. lf the new buffer is still not

acceptable, look for trouble with the electrodes or pH meter,

or for contamination of the two buffer solutions.
It may be necessary to prepare a fresh standard buffer,

using a previously unopened bottle of National Bureau of
Standards borax (pH standard). lf the two buffers continue
to disagree, do not attempt to adjust the pH of the new batch.
Discard the new batch of buffer and prepare another batch.

The Pyrex bottles in which the solution is stored should be

stoppered except when actually in use, or a syphon system
can be used with the solution being protected by a soda-lime
tube, taking precautions that the soda-lime does not contami-
nate the buffer. Discard the solution after three months, or
sooner if mold appears.

BORAX-PHOSPHATE BUFFER

pH 8.O at21.1 C (7O F) ot 26.7 C (8O F)

1. Add 800 ml of distilled water to a 1-liter volumetric
ilask.

2. Add and dissolve 5.58 g of reagent quality potassrum

dihydrogen phosphate, KH?P04.

t5 0

161
16.l
1t 2

17 8
18 3
18 9

194
200
206
21 1

921
I26
I26
I25
I25
I24
I23
I23
L22
I22
L21

21 .7

222
22B
233
23I
24.4
25.O

256
26.1
26 1

272

11

l2
73

14
l5
76
ll
1B

19
BO

B1

921
I20
I20
919
91I
918
918
918
I17
916
916
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7. lf the two values differ by more than O.10, repeat Steps

2 through 4, using two fresh samples of the 4.0 N hydro-
chloric acid.

B. lf three of the four values agree within O. 1 O, average

them and label the bottle with the normality determrned.
9. lf three of the values do not agree within 0.10, check

technique, reagents and equipment before continurng.
Preparation

1. Add approximately 750 ml of distilled water to a 1-liter
volumetric flask, stir on a magnetic stirrer.

2. Using the normality determined above, calculate the

necessary volume of hydrochloric acid as follows

400
VHCI:

N HCI

3 Pipet (wipe) 50 ml of the 4.0 N hydrochlorrc acid into
the flasl<, and add the remainder f rom a 100-ml buret.

4 Add and dissolve 1 5 g of calcium hydroxide.
5 Add and dissolve 1 1 6 g of sodium chloride
6. Dilute to volume with distilled water.
7. Add and dissolve 1O g of calcium hydroxrde. (Excess

calcium hydroxide should be present as a slurry for complete
buffering.)

B. Store the buffer in a glass stoppered Pyrex reagent bot-
tle which has been cleaned with 3.0 N hydrochloric acid and
rinsed with distilled water.

NOTE. Allow the buffer to stand for two weeks in the
Pyrex bottle before using it.

large amount of heat generated. Dangerous f umes may result,

and the heat may cause rapid evolution of steam and consid-

erable spattering of hot acid.
lf acid is spilled on the skin or clothing or splashed into

the eyes, flush the affected parts with a large amount of water.
The water will dilute the acid and wash it away. Secure com-
petent medical treatment immediately.

Preparation
7 . "Sulfuric-Dtchromate". Caref ully drssolve approximately

30 g of sodium or potassium drchromate, NarCrrO, or
KrCrrOr, in approximately 1 liter of concentrated sulf uric acid,

H2S04

N OTES:

(a) The sodium salt is preferred because of its greater

solu bility.
(b) Technical quality salts and acid are satisfactory.
(c) The exact concentration of dichromate is not rm-

portant. When an excess of dichromate is useo, reo

crystals of chromium trioxrde, CrOr, separate from the

solution. Decant the clear liquid, otherwise the crystals
nray clog buret or pipet tips during cleaning.

(ci) Use undiluted. This solution may be reused until
no longer eff ective. Discard when it becomes green.

2. "Acid-Alcohol" Add caref ully one volume of 3 O N hy-

drochloric acid to one volume of methyl alcohol or isopropyl
alcohol. Use undiluted. Discard the solution when it becomes

highly colored

ETHYL ACETATE

CAUTION: Flammable solvent; keep away f rom f lanre.

Absorbance Check. Ethyl acetate should be checked for
ultraviolet absorbance before it is used. lf the absorbance of
a 1 cm silica cell filled wjth ethyl acetate exceeds 0.150,
measured against an air blanl< at 295 and 315 nm, the ethyl
acetate rs not suitable for use in ultraviolet absorbance
m etnods.

Anhydrous Ethyl Acetate
Anhydrous ethyl acetate absorbs water rapidly. Variations in

its water content produce changes in volume when it is shaken
with an aqueous sample. Since ethyl acetate cannot be as-

sumed to be ar,hydrous and since the water content is unim-
portant provided it is always the same from one batch to

another, it is recommended that rt be saturated with water
prior to use. 3.3 ml of water will dissolve in 90 ml of anhy-

drous ethyl acetate.

Water-Saturated Ethyl Acetate
Add 100 ml of distilled water to 9OO ml of Eastman grade

(Ersrnnru Organic Chemical 1 3048) or spectro quality ethyl
acetate. Shake well. Always leave an adequate air space at

the top of the mixing vessel to allow for expansion. Decant

the water-saturated ethyl acetate or withdraw the lower
(aqueous) layer by using a length of giass tubing attached to

an aspirator pump.

104

CELITE

Celite (analytical filter aid) is available
Company,5B5 Alpha Dr., Pittsburgh
No C-211

from Fisher Scientific
Pa. 1 5238, Catalog

cETYLTRTMETHYLAM MONTUM BROM rDE (CTAB)

1o/o (1O g/1) CTAB Solution
Add and dissolve 2.5O + O O5 g of cetyltrimethylammonrum
bromide (Ensrunru Organic Chemical T 5650) in 200 ml of

distilled water contained in a 250-ml volumetric flask. Dilute
to volume with distilled water.

CHLOROFORM

CAUTION: Chloroform is toxic; use in exhaust hood or
where there is adequate ventrlation. Keep chloroform
away f rom open flames and hot surfaces.

Spectro-Grade CHCI.
Easrvrru Organic Chemical S 337

CLEANING SOLUTIONS

Precautions
When mixing and handling the cleaning solutions, observe

the safety precautions for handling concentrated acids espe

cially the wearing of rubber gloves and safety glasses, and

the rule. "Always add acid to water."
The danger in pouring water into strong acid is from the

AR



NOTE: lf large volumes of this reagent are neeoeo, a

large mixing container can be used. lf a power sttrrer
is used, it must be air-driven rather than electnc in order
to avoid the possibility of a spark igniting the f lammab je

va po r.

EXTRACTANT SOLUTION

Potassium lodide, Kl
Reagent grade, Baker and Adamson, Code 2120

Potassium Bromide, KBr
Reagent grade, Baker and Adamson, Code 2 I OO

Potassium Dihydrogen Phosphate, KH2p04
Reagent grade, Baker and Adamson, Code 2 1 30

Preparation

1. Place a 1-liter volumetric flask containing B0O ml o{
distrlled water on a magnetic stirrer.

2. Add and dissolve 1.0 g of porassium iodide, 2O O g oi
potassium bromide, and 1.0 g of potassium dihydrogen
pnosphate.

3. Dilute to volume with distilled water.

FERRIC CHLORIDE

1.8 M FeCl.
Add and dissolve 5OO g of reagent quality ferric chloride,
FeCl,.6HrO, in distilled warer and dilute to 1 liter with distilled
water.

FERRIC NITRATE

CAUTION: Acidified ferric nitrate is very corrosive to
the skin and metals. Observe safety precautions for
handling concentrated acids. Wear safety glasses and
rubber gloves. Use caution and always add acid to
water.

O.1O M Acidified Ferric Nitrate
1. Add cautiously 40 ml of colorless, reagent quality con-

centrated nitric acid, HNO,, to 4OO ml of distilled water. lf
the acid is colored, bubble nitrogen or air through it until the
brown color has entirely disappeared, before diluting.

2. Dissolve 4O.O g of reagent quality ferrrc nrrrare,
Fe(NOr),.9HrO, (Baker and Adamson, Code 1739) in the
diluted acid and dilute to 1 lrter with distilled water.

FERRIC SULFATE REAGENT

Ferric Sulfate, Fer(SOo)..X HzO
Reagent grade, Baker and Adamson, Code 1145

Concentrated Sulfuric Acid, HrSOn
Reagent grade, Baker and Adamson, Code 1 1 B0

Preparation

1. Measure and pour into a 250-ml beaker B9 ml of dis
tilled water. sttr on a magnetic stirrer.

2. Caref ully add 1 5 ml of concentrated sulfurrc acro.
3. Add and drssolve 3.0 g of ferric sulfate.

FERROUS AM MONIUM SULFATE

O.1O N Fe{NHo)r(SOo),
Dissolve 39.2 g of'reagent quality ferrous ammonium sulfate,
Fe(NHo)r(SOo)2.6H20, in 300 ml of distilled warer Add 25 ml
of 7 O N sulfuric acid and dilute to 'l liter with disrilled warer

FOAMEX

Purchase from Glyco Products Co., Inc., Div. of Charles L

Huisking and Co , |nc., 417 Fifth Ave . New york, N.y
10016.

FORMALDEHYDE

37.5o/o Formaldehyde Solution, pH 3.9
Add formalin (approximately 37 5% CH,O by weight) ro a

beaker. Using a pH meter (see Method B 1 0 or any subsequent
method for pH), adjust to pH 3 90 ar 21 .1 C (70 F) or 26 1

C (80 F) with O.1O N sulfuric acid or 0 1O N sodium hydroxide
using a buret or medicine dropper. (The volume required for
the adjustment is expected to be small.)

6Yo Formaldehyde Solution, pH 3.9
Add 1 50 ml of formalin (approximately 37 Sak CHrO by
weight) to 800 ml of distilled water. Using a pH meter (see

Method 810 or any subsequent method for pH), adjust to pH
3 90 at 21.1 C (70 F) or 26 1 C (BO F) with O.1O N sutfuric
acid or 0.10 N sodium hydroxide using a buret or medicine
dropper. (The volume required for the adlustment is expected
to be small.) Dilute to 1 liter with distilled water.

FORMALIN

33-4O"/o formaldehyde by weight, Easrvnru Organic Chemical
P 450

GELATIN

O.4o/o (4 g/l) Gelatin
1 Weigh 4 g of powdered gelarin (EasrMAN Organic

Chemical P-1099) on a torsion balance.
2. Soal< in a few ml of distilled water for approximately 5

mrnutes. The solution may be warmed to aid in dissolving the
g elatrn .

3 Dilute to 1 liter with distilled warer.
4. This solution is stable for 5 days.

HYDROCHLORIC ACID

Concentrated Hydrochloric Acid, HCI
Easrnaru Organic Chemical No. 1 3061

Preparation

6ONhydrochloricacid
4.0 N hydrochloric acid

3.0 N hydrochloric acid

1 .O N hydrochloric acid

CAUTION: Observe safety precautions for handling
concentrated acids. Wear safety goggles and rubber
gloves. Use caution and always add acid to water.

1 Add approximately 4OO ml of distilled water to a 'l liter
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volumetric flask.

2. Add very cautiously, in an exhaust hood, the required
amount of concentrated hydrochloric acid (see the table
below) from a graduated cylinder.

Meta Cresol Purple (m-cresolsulfonephthalein)
Color change: yellow to purple, pH 7.5 to 9.0

G rind O. 1 g of m-Cresolsulfonephthalein (Ensrrvaru Organic

Chemical 2118) inamortarwith262 ml of 001 Nsodium
hydroxide. Dilute to 250 ml with distilled water

Methyl Red
Color change: red to yellow, pH 4.2 to 6.3

Grind 1 00 g of methyl red (Ensrvrnrv Organrc Chemical
431) in a mortar with 37 ml of O.i0 N sodium hydroxide.
Dilute to 1 liter with distilled water.

Phenolphthalein
Color change: colorless to pink, pH 8.3 to 1O.O

Dissolve O 5O g of phenolphthalein (Ensrvnn Organic

Chemical 2O2l in 500 ml of methyl alcohol or isopropyl alco-

hol. Dilute to 1 liter with distilled water, or buy from vendor
in solution (concentration not critical).

Potassium Chromate
Color change: yellow solution to reddish-brown precrpitate

Dissolve 60 g of reagent quality potassium chromate,
KrCrO.,, (Baker and Adamson, Code 21 05) in 100 ml o{ dis-

tilled water.

Sodium Diphenylamine Sulfonate, O.O1 M
Color change. colorless to red-violet

1 . Dissolve 3.11 g of barium diphenylamine sulfonate
(Easrvaru Organic Chemical 3104) rn 1 liter of distilled water.

2. Drssolve 1 g of anhydrous sodium sulfate in a small

amount of water and add it to the solution of barium diphenyl-
amine sulfonate.

3. Stir the mixture and when the barium sulfate settles out,
decant the clear solutron and discard the precipitate.

Starch
Color change: blue to colorless

'1 . Add just enough cold distilled water to 1O g of reagent

quality soluble starch (Baker and Adamson, Code 2352) to
make a thin paste.

2 Slowly, while stirring, add the paste to 1 liter of rapidly
boiling distilled water. Make a fresh starch solution each

week.

3 Add 1 milligram (0 001 g) of mercuric iodide, Hglr, per

liter as a preservative if serious instability is encountered.

Thymol Blue
Grind 0.1 g of thymolsulfonephthalern (Ensrunru Organic
Chemical 753) in a mortar with 2'1 5 ml of 0.10 N sodium
hydroxide. Transfer to a 250-ml volumetric flask and dilute
to volume with distilled water.

IODINE

1.0 N lz and O.1O N l,
Preparation

1 . Add and dissolve reagent quality potassium iodide, Kl,

in distilled water in a 1liter volumetric flask as indicated
0erow.

2. Add and dissolve reagent quality iodine, lr, as indicated
Detow.

Normality
HCI Desired

Concentrated
HCl, ml/l

60
4.O

30
1.O

498
333
249

B3

3. Dilute to volume with distilled water.

NOTE. lf possible, use a fresh unopened bottle of con-

centrated acid. The strength of the concentrated hydro-
chloric acid varies. The values given in the table are for
12.0 N hydrochloric acrd and are intended to give slight
over-concentrates which can be adjusted easily by ad-

dition of distilled water. Experience will help determine
whether more or less of the concentrated acid is re

quired to make HCI of the desired normalrty.

HYDROGEN PEROXIDE

CAUTION' 30% hydrogen peroxide is a strong oxi-

dant. Avoid contact with skin, eyes, and combustibles.
Store in a refrigerator. Protect from light and organic
matena ls.

3oo/o HrO,
Reagent quality 30% hydrogen peroxide, HrOr, (Baker and

Adamson, Code 1BO2).

HYDROXYLAMINE SULFATE

2.5 M (NH2OH)2.H2SO4
Add and dissolve 410 g of Eastman grade (Easruaru Organic
Chemical 1 5O) hydroxylamine sulfate, (NHTOH)r'HrSOo, in

distilled water and dilute to 1 liter wrth distilled water.

INDICATORS

E-O-X

Color change when titrating with acid: green to purple at
pH43

Dissolve 1 .5 g of ethyl orange (Easrvaru Organic Chemical

1221 and 1.5 g of xylene cyanole FF (Eesrvan Organic
Chemical T 1579) in 500 ml of distilled water contained in

a '1 -liter volumetric flask. Dilute to volume with distilled water.

Ferroin; 1,1O(Ortho) - Phenanthroline Ferrous Sulfate,
0.025 Molar
Color change: red to green (except when affected by the pres-

ence of certain other materials).

Ferroin is available from G. Frederick Smith Chemical Co..

Item No 'l 65
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l, Solution KI

3. Stir until it is certain that the iodine has dissolved, and
then dilute to volume with distilled water.

4. Store in a glass-stoppered bottle in the dark. Minimize
exposure of iodine solutions to light and air.

Purchase
Purchasel.ONlrfrom:
Baker and Adamson, Code 1 800.
Purchase 0.10 N l2 from either:
Fisher Scientific Co., Catalog No SO-1-86

or

Anachemia Chemicals Limited, P.O. Box 87, Champlain,
NY 12919

Prepare according to the manufacturer's instructions. Store
in a glass stoppered Pyrex bottle in the dark. Minimize expo-
sure of iodine solutions to light and air.

Standardization Check
A. Preparation of Arsenious Oxrde Stock Solution (see Sulfato
Cerate )

1. Weigh, to 4 decimal places, 1.0 g of National Bureau
of Standards arsenious oxide, AsrO,, sample No. B3a or sub-
sequent Bureau of Standards oxidimetric standard into a

125'ml Phillips beaker

CAUTION: Arsenious oxide is poisonous.

2 Add 10 ml of 2.5 N sodium hydroxide from a tip-up
pipet. Swirl to dissolve. Rinse down the srdes of the beaker
with distilled water f rom a wash bottle and swirl.

3 Add 30 ml of 1 O N sulfuric acid from a rip-up pipet;
cool to room temperature.

4. Transfer the solution to a '1 -liter volumetric flask. Wash
the beaker with a number of water rinses, transferring the
rinses to the flask. Dilute to volume with distilled water.

B Dilution of 1.0 N l,
Pipet (wrpe) 25.0 ml of 1 O N 12 into a 250 O-ml volumetric
flask, dilute to volume with distilled water, and invert a few
trmes to mix.

NOTE: Do not dilute 0 1O N 12.

C. Titration
1 Add 50 ml of distilled water to a 250-ml Erlenmeyer

f lask

2. Add and dissolve 2.O g of reagent quality sodium bicar-
bonate, NaHCO,.

3. Add 2 ml oI starch indicator f rom a tip-up piper

4. Pipet (wipe the pipet before leveling) 100.0 ml of the
arsenious oxide stock solution into the flask.

5. Using a 25-ml buret, tirrate with the iodine being stan-
dardized. Add partial drops by rapidly twisting the stopcock
and washing the tip of the buret with distilled water from a

wash bottle. The end pornt is indicated by the appearance of

the first blue color. Record this value to the nearest O.O1 ml

D. Calculations

,, . 
(aliquot of treated sample)(g AszOr)(1000)

(eq wt AsrO,)(ml iodine)

(100)
(q As,o, )('1 0oo)

(1 000) "
1g7.82

(ml iodine)
(4)

(g AsrOr)(2.022) : N of iodine
ml iodrne

2. Repeat the standardization using another stocl< solution
of arsenious oxide.

3. To decide whether to accept the reagent or reject it, see

Part G and Figure'l o{ Method l, "Analytical Reagents for
Chemical Control." lf the duplicate results f rom separate stock
solutions of arsenious oxide are within the permissible range
(refer to Table I or Figure 1), the arsenious oxide solutions
may be used for further standardization procedures. lf the
0.1000 N l, does not meet its specifrcation, prepare a second
batch. l{ the second batch still does not meet specifications,
the 0.1000 N l, may be prepared by dissolving iodine in a

Kl solution as described above and then standardized as in

the Standardization Check. Adjust or reject according to
Method l.

ISOPROPYL ALCOHOL

9B-99% isopropyl alcohol; Ensrneru Organic Chemical 21 2

Also available f rom Enjay Co. and Shell Chemical Corp.

MANNITOL

Ensruen Organic Chemical 155

MERCURIC CHLORIDE_POTASSIUM BROMIDE
REAGENT

CAUTION: Mercuric chloride is extremely poisonous
and also a powerful desensitizing agent for photo-
graphic materials. Do not pipet the solution by mouth
and do not use it where it may contaminate unpro-
cessed film and paper.

Preparation

1 . Dissolve 25.0 g of reagent quality mercuric chloride,
HgClr, (Baker and Adamson, Code 1966) in BOO ml of dis
tilled water.

2. Add 25.0 g of reagent quality potassium bromide, KBr,
(Baker and Adamson, Code 2 1 OO).

3 Dilute to 1 liter with distilled water.
4. Allow the solution to stand overnight before use. Keep

in a glass-stoppered bottle away from strong daylight or ex-
cessive heat. This reagent should be discarded when turbidity
oeverops.

10N
0.10 N

200 g

40g
200 ml

40 ml

121 S

12.7 g
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METANIL YELLOW

Ensrunru Organic Chemical T766

METHYL ALCOHOL

CAUTION: Keep away from flame. Flammable and
porsonous.

Practical CH3OH
Easrnaru Organic Chemical P467.

Methyl Alcohol Containing Thymol Blue
Add 25 ml of thymol blue indicator to each liter of practical
grade methyl alcohol, CH3OH. lf the original solution is yel
low, titrate with O.25 N sodium hydroxide to the first green

color lf the solution is green or blue, titrate with 0.10 N

sulfuric acid to the f irst yellow.

NITRIC ACID

CAUTIO N: Observe saf ety precautions f or handlrng

concentrated acids. Wear safety glasses and rubber
gloves. Use caution and always add acid to water.

Concentrated HNO3
Reagent quality nitric acid, 69-7 1ol HNO., approx. sp gr

1.42, approx 1 5 B-1 6 N (Baker and Adanrson, Code 1 1 21)

N, N-DIMETHYL-p-PHENYLENE DIAMINE SULFATE

Place 89 ml of water in a beaker, carefully add 15 ml of
concentrated sulfuric acid, and dissolve in it 1.0 g of N, N-

Dimethyl-p-phenylene diamine Sulfate (EASTMAN Organic
Chemical No. 1333) Add 5 g of Florisil (Floridin Co , 2 Gate-
way Ctr., Pittsburg, Pa. 15222) and stir the mixture until all

colored material is adsorbed. AIlow the adsorbant to settle and
decant the supernatant solutron.

OSMIC ACID

CAUTION: Osmic acid is a harm{ul, volatile substance.
Avoid contact with sl<in or eyes. Avoid breathing
va pors.

Dissolve 0 50 g of osmic acid (perosmic acid), OsOo, (Ensr-
vnru Organic Chemical 2119) in 200 ml of 0.'l O N sulfuric
acrd.

NOTE: This solution is stable for approximately one

month.

POTASSIUM ACETATE

5.O M CH3COOK
Add and dissolve 490 g of reagent grade potassium acetate,

CH3COOI<, (Baker and Adar.nson, Code 2081) in approxi
mately 6OO ml of water. Bring to room temperature and dilute
to one liter with distilled water.

buffer can be prepared in the manner outlined rn the steps
below. The National Bureau of Standards specifies that the
distilled water us'ed in the preparation of potassium acid
phthalate buffer must have a pH of "not less than 6.5 and
not more than 7.5.... obtained by boiling distrlled water
. and cooling it under carbon dioxide-f ree conditions. "
(A soda-lime tube can be utilized when cooling the boiled
water.) lt is recommended that ali laboratories follow the
method of preparation found on the National Bureau of Stan-
dards certificate provided with the standard potassiunr acid
phthalate sample until data jndicate that the drstilled water
being used is acceptable. In some instances distilled vrater
which did not meet the above requirements has been found
to be acceptable. A potassium acid phthalate buffer prepared

with this distilled water had the same pH as a buffer prepared
with water that met the specificatrons.

Preparation of Potassium Acid Phthalate Buffer
1. Add 600 ml of distilled water to a 1-liter volumetric

f lasi<.

2. Dissolve 1O.2 + O.2 g oI Eastnran grade (Ersrvaru Or-

ganic Chemical X53B) or reagent quality potassium acid
phthalate, KHC8H404

3. Dilute to volume with distilled water.

Preparatlcn of Buffer Using National Bureau of Standards
Potassium Acid Phthalate Prepare a fresh standard potas
sium acid phthalate buffer foilowing Steps 1-3 using National
Bureau of Standards potassium acid phthalate sample No.

1 B5d or subsequent Bureau of Standards pH standard. Use

a torsion balance to weigh the potassrum acid phthalate. The

preceding batch of standard buffer can be used only if it was
prepared within one month of the time of use and if it is not
mor0y.

Testing Potassium Acid Phthalate Buffer
1. Standardize the pH meter with the standard potassium

acid phthalate buffer, setting the pH scale dial according to
Table L Choose the setting corresponding to the temperature
at which the new buffer is to be used.

TABLE I

Temperature Dial Setting

21 1C(1OF)
239C(75F)
26.7 C (80 F)

400
400
401

POTASSIUM ACID PHTHALATE BUFFER

O.O5 M Potassium Acid Phthalate
Checking The Distilled Water. fhe experience

tories at Kodal< Park indicates that Dotassium acid

The pH of this buffer is 4.00 between 10 0 C (50 F) and 24.4
C (76 F) and 4 01 between 25.0 C (77 F) and 30 0 C (86

F)

2. Cross-check the electrode assembly by measurrng the
pH of a borax buffer.

3. Determrne the pH of the potassium acid phthalate buffer
being tested at the same temperature chosen in Step 'l . (For
t^lpr^n.oc saa Stan 4 \

4. Determine the pH of Ihe standard potassiunl acid phth-

alate buffer at the same temperature chosen in Steps 1 and

3. (This serves as a check. The pH obtained on this standard
of la bora
ph th a late
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potassium acid phthalate buffer must not differ by more than
0.01 pH unit from the value at which the meter was sran-
dardized in Step 1.) The pH obtained on rhe buffer being
tesaed in Step 3 must not differ by more than O.O1 pH unit
from the pH at which the meter was standardized and from
the pH obtained on the standard buffer in Step 4.

EXAMPLE. A buffer being tested ar 2i 1C (70 F) rs

not acceptable if its pH in Step 3 is 4 01 when 3.99
is obtained in Step 4. However, 4.01 is acceptable if
either 4.OO or 4 O1 is obtained in Step 4.

5. lf the pH of the standard buffer differs by more than
+0.01 pH unit from the value at which the meter was stan-
dardized (see Table l), restandardize the meter and repeat
Steps 3 and 4.

lf the pH reading of the new buffer differs by more than
0.01 pH unit from either the pH at which the meter was
standardized or the pH obtained on the standard buffer in Step
4, obtain new samples of the two batches of buffer useo aDove

and repeat Steps'l through 4. lf the new buffer is still not
acceptable, look for trouble with the electrodes or pH meter,
or for contamination of the two buffer solutions.

It may be necessary to prepare a fresh standard buffer using
a previously unopened bottle of National Bureau of Standards
potassium acid phthalate (pH standard). lf the two buffers
continue to disagree, do not attempt to adjust the pH of the
new batch. Discard the new batch of buffer and prepare an-

other batch.

The solution should be stored in Pyrex bottles. Discard the
solution after three months or sooner if mold appears.

POTASSIUM BORATE BUFFER

1. To 7OO ml of distilled water in a 1-liter volumetric flask,
add and dissolve 9.35 grams of reagent-grade potassium te-

traborate, K2B4O7.4H20, (Baker and Adamson, Code 2098)
2. On a torsion balance, quickly weigh the amount of re-

agent-grade potassium hydroxide, KOH, (Baker and Adam-
son, Code 2069) calculated by the f ollowing equation:

3 q1oo) : qrams of KoH
% KOH

The percent potassium hydroxide is usually given on the label
of the container (for B5 percent KOH, weight 3.55 grams)

WARNING: Potassium hydroxide is corrosive. Avoid
contact with skin, eyes, and clothing. Do not weigh
KOH in an aluminum dlsh.

3. Add and dissolve the calculated amount of potassium
hyd roxide.

4. Dilute to 1 liter with distilled water
5. Determine the pH of the solution. The pH should be

10 5 +O.2 at 21 .1 C (70 F), or 1O.4 +O 2 at 23 9 C (75
F) to 26.7 C (80 F) lf the pH is not correct, adjust the buffer
by adciing and dissolving a small amount of solid potassium
hydroxide to raise the pH, or solid potassium tetraborate to
lower the pH; then redetermine the pH.

POTASSIUM BROMIDE

O.5O M KBr
Dissolve 59.5 grams of reagent quality potassium bromide,
KBr-, in distilled water and dilute to 'l liter with distilled water.

1.07o KBr Solution
Dissolve 10.0 g of reagent quality potassium bromide, KBr,-
in BO0 ml of distilled water contained in a l,lrter volumetric
flask. Dilute to volume with distilled water.

25O g/l KBr Solution
Dissolve 250 g of reagent quality potassium bromide, KBr,'
in distilled water, warm to room temperature, and dilute to
1 liter with drstiiled water.

POTASSIUM CHLORIDE

Saturated KCI Solution
Drssolve 5O g of reagent quality potassium chloride, KCl,
(Baker and Adamson, Code 2059) in 100 mt of distilled
water. Stir for 5 minutes and warm to room temperature.
Always maintain an excess of undissolved potassium chloride
crystals in the reagent container.

3.5 M KCI Solution
1. Add approximately B0O ml of distilled water to a 1-lrter

volumetric flask; stir on a magnetic stirrer.
2. Add and dissolve 261 grams of reagent grade potas

sium chloride (Bal<er and Adamson, Code 2Ob9).
3. Dilute to '1 liter with disrilled warer

POTASSIUM CHROMATE

1. Weigh, on an analytrcal balance, 4 0000 t.OOO1 g of
potassium dichromate, KrCrrOr, (Oxidimetric Standard, U.S.
Bureau of Standards).

2 Transfer the potassium drchromate to a 'l ,liter volumet_
ric flasl<, and dilute to volume with 0.0100 N sulfuric acrd.
(See Sulfuric Acid.) Stopper and mix until complerely dis_
solved. The solution will keep indefinitely.

3 Weigh 13 4 g of sodium monohydrogen phosphate
(heptahydrate), NarHPOo.THrO, (Baker and Adamson, Code
2281) Transfer to a 1-liter volumetric flasl<.

4 Pipet (wipe the pipet before leveling) 5.00 mlof solution
from Step 2 into the 1-ljter volumetric flask. Dilute to volume
with distilled water; stopper and mix thoroughly.

NOTE: The solution from Step 4 is intended to serve
as a primary absorbance standard. However, if desired,
an absorbance measurement of any grven batch of re-

agent prepared can be crosschecked with that of any
other batch of reagent. Batches which do not cross
check, of course, are not valid as primary absorbance
sta n da rds.

POTASSIUM FERRICYANIDE

O.1 M K.Fe(CN),
Dissolve 33 g of reagent quality potassium ferricyanide
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K.Fe(CN)u , (Baker and Adamson, Code 21 09) in BOO ml of
water and dilute to 1 liter.

0.2 M K.Fe(CN)u
Dissolve 66 g of reagent quality potassium ferricyanide,
KrFe(CN)u, in BO0 mlof water and dilute to 1 liter.

POTASSIUM IODATE

o.rooo N KI03
Dissolve 3.5670 g of reagent quality potassium iodate (Baker

and Adamson, Code 21 19) (Note 1) in distilled water and
dilute Io volume in a 1-liter volumetric flask with distilled
water. No standardization is required (Note 2).

N OTES:

1. For work requiring an accuracy greater than
O 05%, the potassium iodate should be dried at 150
C for three hours and cooled in a desiccator before
being weighed

2. The solution is stable indefinitely.

Preparation of Larger Volumes. lt is often necessary to

prepare a larger volume of potassium iodate than the largest

srze volumetric flask. Prepare the required volume of the ap

proximate strength and standardize the solution using the

following procedure. The normality of the sodium thiosulfate
is specified in the procedure but it does not enter into the

calcu lations.

Standardization
'l Pipet 20.0 ml of prrmary standard 0 l OOO N potassium

iodate into a '1 25-ml Erlenmeyer flask.

2 Add 1O ml of 7 0 N sulfuric acid from a tip-up pipet.

3 Add 15 ml of 0.6 M potassium iodide from a trp up

pipet
4. Titrate the liberated iodine with approximately 0.1 N

sodium thiosulfate, using a 25-ml buret. Titrate the solution

to a light yellow color, add 5 ml of starch indrcator from a

tip up pipet, and continue until the blue color is just dis

c ha rged .

5 Repeat Steps 1-4 pipetting 2O.O ml of the potassium

iodate being standardized.
6. Calculations:

ately after the sodium thiosulfate solution has been

standardized. Do not allow portions of the standardized

sodrum thiosulfdte to remain exposed to the air between
the titrations of the primary standard potassium iodate

and the potassium iodate berng standardized.

POTASSIUM IODIDE

Preparation*

0.6 a Kl
Dissolve 100 g of reagent quality potassium iodide, Kl, in

distilled water and dilute to 1 liter with distilled water.

0.to N Kl
Dissolve 1 6.7 g of reagent quality potassium iodide in distilled
water and dilute to volume in a 1-liter volumetric flask with
distilled water.
o0/0NKt
Dissolve 1.67 g of reagent quality potassium iodide in distilled
water and dilute to volume in a 1-liter volumetric flasl< with
distilled water.

0 0010 N Kt
Dissolve 0.167 g of reagent quality potassium iodide in dis-

tilled water and dilute to volume in a 1-liter volumetric flask

with distilled water.
o oooto N Kl
Dissolve 0.0167 g of reagent quality potassium iodide in

distilled water and dilute to volume in a 1-lrter volumetric flask

with distilled water.

Alternative Preparation
Another way of preparing 0.01000 N, 0.00100 N, or
0.000100 N solutions is to dilute standardized solutions of
greater normaltty:

o.oloo ryKt
Pipet (wipe the pipet before leveling) 1O0 O ml of stan-

dardized O. 1 000 N solution into a 1-liter volumetric flask and

dilute to volume with distilled water. lf a precrsion of only 1

part in 100 is required, no standardization is necessary.

o.oo100 N Kl
Pipet (wipe) 100.0 ml of standardized 0 0100 N solution into

a 1-liter volumetric flask and dilute to volume with distilled
water. lf a precision of only 3 parts in 100 is required, no

standardization is necessary.

o.ooo100 N Kt
Pipet (wipe) 10O O ml of standardrzed 0 001O0 N solution
into a 1-liter volumetric flask and dilute to volume with dis-

tilled water. lf a precision of only 1O parts in 100 is required,

no standardization is necessary.

Standardization

o.1000 N Kl
1 Pipet (wipe the pipet before leveling) 10 0 ml of the 0 1

N potassium iodide into a 'l 25-ml Erlenmeyer flask.

( fl ,:? :'"", 
"L','.""ff 

:l i,'t ( o 1 o o o)

(ml NarSrO, used against standard KlOr)

: N of KlO, being standardized.

7. Repeat the standardization on another portion o{ the

primary standard KlO. and the solution being standardized.

B. To decide whether to accept the reagent or adiust it, see

Part G and Figure 1 of Method l, "Analytical Reagents for
Chemical Control. "

NOTE: The data from the titration of the primary stan-

dard potassium iodate obtained during the slan-

dardization of sodium thiosulfate may also be used in

the calculations for potassrum iodate solutions. How-

ever, prepare the potassium iodate solution immedi-
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2. Add approximately 50 ml of Eastman grade or reagent
qualrty acetone.

3 Add 25 ml of 7.0 N sulfuric acid from a tip-up pipet
4. Dilute the mixture to approximately 175 m

5. Add 1 drop of Ferroin indicator.
6. Titrate with 0.O5OO N sulfato cerate until the pinl< color

changes to pale blue

7. Calculations:
(ml cerate)(N cerate) _

(mr Kl)(2)-

(ml cerate)(0.002500) : N of l(l

B. Repeat the standardization on another 1O ml portion of
the reagent.

9. To decide whether to accept the reagent or adjust it, see

Part G and Figure 1 of Method l, "Analytical Reagents for
Chemical Control.

o.o/oo lv Kl
Follow the same procedure as for 0.1000 N, using a 100.0-
ml sanrple, 5O ml of acetone, and 25 ml of 7.0 N sulfuric
acid, to grve a total volume of 175 ml.

Calculations: (ml cerate)(0 0002500) : N of 1.,

o.oo100 N Kt
lf a precision of greater than 3 parts in 1OO is required, it
will be necessary to standardize the solution by a potentiome-
tric lrtralion with srlver nitrate.

1 Pipet (wipe the pipet before leveling) 2O O ml of the

0 001 N Kl irrto a 250 ml beaker

2 Add 25 ml of distilled water from a tip-up pipet

3. Add approximately 1 nrlof 7.0 N sulfuric acid.

4. Place the silver arrd calomel electrodes in the solution.
Add sufficient distilled water to immerse the electrodes prop-

erly, and turn on the nrechanical strrrer.

NOTE: Use Corning Model 1 2 Research pH Meter (or

equivalent), Beckman Fiber'Junction Calomel Electrode

No. 391 70 with saturated KNO, bridge (remove the

saturated KCI solution and substitute saturated KNOr

solution) and a silver bar electrode.

All titrations should be run with the reference electrode
(Becl<man Fiber Junction Calomel Electrode) in the reference
jacl< of the pH meter and the indicator electrode (Silver Bar

Electrode) in the indicator jacl< of the pH meter.

5. Carefully titrate with O.OO1O0 N silver nitrate, recording
the buret readings and the corresponding readings of the

Corning meter. Use a 25 ml buret and mal<e 0.1-ml addi-

tions of silver nitrate at the endpoint. (See Method Xl for
instructions on determining a potentiometric endpoint.)

NOTE. Prepare 0.OO1OO N silver nitrate by dissolving
O.1 699 g of Eastman grade or reagent quality silver
nitrate, AgNO., in chloride-free distilled water and by

diluting to volume in a I-liter volumetric flasl< with
chloride-f ree disti lled water

The reactron between suifato cerate and potass um rodide n the prescnce of
acctone requ res 2 cer c ions for each rodrde ion.

6. Calculations

(ml AgNOs)(N AgNO3)

(ml Kl)

(ml AgNO,)(O 0000500) : N of i(l

7. Repeat the standardization on another 2O-ml portion of
the reagent.

B. To decide whether to accept the reagent or adjust it, see

Part G and Figure 1 of Method l, "Analytical Reagents for
Chem ical Control. "

o.ooo100 t\t Kl
Follow the same procedure as for 0.001 00 N potassium io

dide, usrng a 2OO.O-ml sample in a 400 ml beaker, 10 ml

of 7 O N sulfuric acid, and titrate with 0.00100 N silver
nitrate.

Ca lculations:

(ml AgNO,)(N AgNOr) _
(ml Kl)

(ml AgNO,)(0 00000500) : N of Kl

POTASSIUM MONOHYDROGEN_DI HYDROGEN
PHOSPHATE BUFFER

(pH 7.9 at 26.7 C (8O F) )
'l . Add approximately 300 ml of distilled water to a  -liter

beal<er and heat on a hot plate.

2. Add 1000 g of reagent quality potassium monohydro-
gen phosphate, KrHPOo.3HrO, (Potassium Phosphate, Diba-

sic, Baker and Adamson, Code 2131) and mix until the salt

has dissolved.

3 Add 225 g of reagent quality potassium dihydrogen
phosphate, KH2PO1 (Baker and Adamson, Code 21 30)

4. Cool to room temperature. Trarrsfer to a 1-liter volunret-
ric flasl< and dilute to volume with distilled water.

5. Determine the pH on a Corning Model 12 Research pH

Meter, or equivalent. The pH should be 7.90 t.2O at 26.1
C (BO F)

POTASSIUM NITRATE

Saturated KNO. Solution
Dissolve 5O g of reagent quality potassium nitrate, l(NOr,
(Baker and Adamson, Code 2122) in 100 ml of distilled
water. Stir for 5 minutes and warm to room temperature.
Always maintain an excess of undissolved potassrum nrtrate
crvstals in the reaoenlcontainer

POTASSIU M PERMANGANATE

0.41 M KMnOo
Dissolve 65.0 g of reagent quality potassium permanganate,

KMnOo, (Baker and Adamson, Code 2128) in 9OO ml of
distilled water and dilute to volume in a 1-liter volumetric flask
with distilled water

POTASSIUM PHOSPHATE BUFFER

1 Add approximately BO0 ml of distilled water to a 1-liter
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volumetric flask; strr on a magnetic stirrer.
2. Add and dissolve 6.8 grams of reagent grade potassium

dihydrogen phosphate, KH2PO4, (Baker and Adamson, Code
21 3Ol

3. Add 29 1 ml of standardized 1.000 Normal sodium
h yd rox i de.

4. Dilute to 1 liter with distilled water.
5 Determine the pH The pH of this buffer should be 7.OO

:O20at27C(806F) .

POTASSIUM THIOCYANATE

0.052 N KCNS
Preparation. Dissoive 5.1 g of reagent quality potassium

thiocyanate, l(CNS, (Bal<er and Adamson, Code 2144) in

chloride-f ree distilled water and dilute to volume in a 1-liter
volumetric flask with chloride-f ree distiiled water

NOTE: Do not standardize potassium thiocyanate solu-
tions if they are to be used only for the method of
standardization outlined for silver nitrate solutions. The
normality does not enter into the calculations for the
silver nitrate standardization and need not be exact.

Standardization
1 Pipet by bulb (wipe rhe pipet before leveling) 50 0 nrl

of primary standard 0.0500 N silver nitrate into a 250-ml
glass-stoppered Erlenmeyer flask.

2 Add about 3 ml of O.10 M acidified ferric nirrare.
3. Trtrate with the thiocyanate solution being standardized.

The endpoint is the first pinl< coloration which cannot be re-

moved by vigorous shal<ing of the stoppered flasl<.

4. Calculations:

(ml AgNO,)(N AgNOs)
N of KCNS

(ml l<CNS)

SILVER HALIDE DEVELOPER

NOTE. Use all possible care and keep air contact to a

minimum once the hydroquinone is added to the flask.

1 . Dissolve 50 g of photographrc arade (ANSI Specifi-
cation) sodium sulfite, NarSO., in 900 ml of 4 N ammonium
hydroxide contained in a 1-iiter beal<er.

2. Add 50 g of hydroquinone to a dry, 1-liter volumetric
f lask using a dry powder f unnel.

3. Add the sodium sulf ite-ammonium hydroxide solution
to the flasl<; bring to volume with 4 N ammonium hydroxide,
stopper the flask and then shal<e to dissolve the hydroquinone.

4. Bottle the developer in rubber stoppered 60-ml bottles.
The solution should be colorless or light yellow. lt should be

discarded ii it turns brown.

SILVER NITRATE

CAUTION' Silver nitrate is poisonous, causes burns,
stains skin. Avoid contact.

O.O5OO N AgNO.
Preparatron as a Primary Standard. Dissolve 8.495 g of

reagent quality silver nitrate, AgNO,, in chloride-free distilled
water and dilute to volume in a i liter volumetric ilask with
chloride f ree distilled water. When Kodal< or reagent qualrty
silver nitrate is used and the solution is prepared as described,
no standardization is requrred.

Preparation of Larger Volumes. lt is often necessary to
prepare a larger volume of silver nitrate than the largest volu
metric flasl< will contain. Prepare the required volume of the
approximate strength and standardize the soiution using the
procedure below.

The normality of the potassir-rm thiocyanate is specified in

the procedure. The normality does not enter into the calcula-
tions and need not be exact; however, it must be slightly
greater than the normality of the silver nitrate solution being
sta n da rd ized .

Sta nda rd izat ran

1. Pipet by bulb 50 O ml of primary srandard 0.0500 N

silver nitrate into a 250-ml glass stoppered Erlenmeyer flasl<.

2. Add about 3 ml of O.1O !!! acidified ferric nitrate
3. Titrate with approximately 0.052 N potassium thio-

cyanate to the first pink coloration which cannot be removed
by vigorous shaking of the stoppered ilask.

4 Repeat Steps 1 ,2 and 3, pipetting 50 0 ml of the silver
nitrate being standardized. (See note.)

5. Calculations:

Cn s:l:;':,f :tH"J (o o 5 oo)

(ml KCNS used againsr standard AgNO3)

: N of AgNO: being standardized

6. Repeat the standardization on another portion of the
primary standard silver nitrate and the solution that is being
sta nda rd ized.

7. To decide whether to accept the reagent or adjusl it, see
Part G and Frgure'l of Method l, "Analytical Reagents for
Chem ical Control" .

NOTE: By titrating two silver nitrate solutrons alter-
nately using the same equipment and technique, the
titration errors cancel each other. This practice rs pre-

ferred over the more common practice of standardizing
a solution directly against a pilmary standard, where
there is no such compensation of errors.

The data from the titration of the standard siiver nitrate with
thiocyanate may also be used to calculate the normality of
the thiocyanate. The calculated normality can be used when
ever a check of gross errors is desired for silver nitrate soiu-
tions prepared as primary standard solutions not requiring
standardization. The approximate normality can be calculated
as {ollows:

(ml KCNS)(N KCNS)

(ml AgNOs)
: N of AgNO,

Easrvan Orgarrrc Chentrcal 491 (ltreferred mater al) or Ba<er and Adarrson,
)ode 21 1 9
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O.O1OO N A9NO.
Pioet 2OO.O ml of O O5O0 N silver nitrate into a 1-liter volu-

metric flask and dilute to volume with chloride-free distilled

water

O.O05OO N AgNO.
Pipet 1OO.O ml of O.O5O0 N silver nitrate into a 1-liter volu-

metric flask and dilute to volume with distilled water'

O.OO1O0 N AgNO.
Pipet 20 0 ml of O.O5OO N silver nitrate into a 1-liter volu-

metric flask and dilute to volume with distilled water'

0.060 M AgNOr-O-50 M CH3COOH

1. Add and dissolve 3O ml of reagent quality glacial acetic

acid,99 7'lo CH.COOH, sp gr 1 050 (Baker and Adamson,

Code 1019 or Easruan Organic Chemical 763), in 750 ml

of distilled water.

2. Add and dissolve 1O g of reagent quality silver nitrate,

AgNO,,, (Baker and Adamson, Code 2119 or Easruaru Or-

ganic Chemical 491 ).
3 Dilute to 1 liter with distilled water

4. Store in a brown, glass-stoppered bottle away from

strong light. Discard the solution if it has darkened

SODIUM CARBONATE

Buffer, pH 11.1

Add 85.5 g of reagent quality sodium carbonate, NarCO.,

(Baker and Adamson, Code 2275) to distilled water and dilute

to 1 liter.

SODIUM CHLORIDE

Crystalline NaCl
Reagent quality sodium chloride, NaCl, (Baker and Adamson,

Code 2232\

Saturated NaCl Solution
Add 4OO g of reagent quality sodium chloride, Nacl, to 1 liter

of distilled water. Stir for 5 minutes. Always maintain an

excess of undissolved sodium chloride crystals in the reagent

conta i ne r.

O.85 M NaGl
Add and dissolve 50 g of reagent quality sodium chloride,

NaCl, in distilled water and dilute to 1 liter with distilled water'

O.1O N NaCl
Dissolve 5.85 g of reagent quality sodium chloride, NaCl, in

distilled water and dilute to 1 liter with distilled water'

4.O M Nacl-l.O M HCI Reagent

Add and dissolve 234 g oI reagent quality sodium chloride'

NaCl, in 7OO mlof distilled water. Add B5 mlof conc reagent

quality hydrochloric acid, HCl, and dilute to one liter with

distilled water.

SODIUM FERROCYANIDE

O.2O M NanFe(CN)u

Add and dissolve 1OO g of photographic grade sodium ferro-

cyanide decahydrate, NaoFe(CN)o'1 OHrO, in 800 ml of dis-

tilled water, and then dilute to one liter with distilled water

SODIUM HYDROXIDE

CAUTION: Sodium hydroxide is corrosive; avoid con-

tact with skin or clothirlg. Do not weigh in an alumtnum

d ish

Preparation
16 N NaOH

1O N NaOH
2.5 N NaOH
1.O N NaOH
O.1O N NaOH

1. Add (with extreme caution) in an exhaust hood, the in-

dicated amount of reagent quality sodium hydroxide, NaOH,

(Reagent quality, pellets, Baker and Adamson, Code 2255)

to BOO ml of distilled water in a 2-liter Pyrex beaker'

Sodium Hydroxide
Solution

Grams to Add
Per Liter

16 N

10 N

25N
1.0 N

0.10 N

656
410
102

41

4.1

2. Stir to dissolve; cool to room temperature (Use care

when handling the beaker of solution. lt is safer to place the

beaker in a polyethylene Parl.)

NOTE: 16 N will contain a white sodium carbonate

precipitate which need not be removed

3. Transfer to a 1 -liter volumetric f lask and dilute to volume

with distilled water.' The reagent does not require stan-

dardization unless it is to be used for preparing more dilute

solutio n s.

O.25OO N NaOH

Pipet by bulb 100.0 ml of standardized

a 1-liter volumetric flask and dilute to

water."
Alternative Procedure; Pipet by bulb l OO O ml of nonstan-

dardized 2.5 N NaOH into a 1-liter volumetric flask and dilute

to volume with distilled water.' Standardize the solution using

the procedure below.

Standardization
1. Weigh, to four decimal places, the indicated amount of

National Bureau of Standards potassium acid phthalate,

KHC8H4O4, sample No. 84H or subsequent Bureau of Stan-

dards acidimetric standard into a 125-rnl Erlenmeyer flask.

See Table.

2. Dissolve the sample in 5O ml of distilled water'

3. Add 3 drops of phenolphthalein indicator'

Sodium hydroxide solutrons should be stored tn rubber'stoppered Pyrex bot

tles lf a solution ts to be used tn a dispenstng system there should be a

soda-lime tube between the solutlon and the a r

2 500 N NaOH into

volume with distilled
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4. Using a 25-ml buret, titrate with the sodium hydroxide
being standardized. The endpoint is indicated by a pinl< color
which persists for one-half mrnute.

5. Calculations:

(g potassium acid phthalate)(1 0OO)

(ml NaOH)(eq wt pot acid phthalate)

(g potassium acid phthalate)(1 000)

@
(4.897)(g potassium acid phthalate)

(ml NaOH)

N of NaOH

6. Repeat the standardization on another sample of potas-
srum acid phthalate.

7. To decide whetherto accept the reagent or adjust it, see

Part G and Figure 1 of Method l, "Analytical Reagents for
Chemical Control."

soDruM HYDROXTDE-(ETHyLENEDtNITRtLO)
TETRA-ACETTC ACtD (EDTA) SOLUTTON

1. Cautiously add and dissolve 40 O g of reagenr quality
sodium hydroxide, NaOH, in BO0 ml of disrilled water

2. Add and dissolve 2 O g of (ethylenedinitrilo) tetraacetic
acid (EDTA, Easrvaru Organic Chemrcal P 5416).

3. Dilute to 1 liter with distilled water.

2. Store the reagent in rubber-stoppered Pyrex bottles (60
ml, for example), filling the bottles to overflowing.

3. Standardize once a week. Avoid unnecessary arr expo
sure of the reagent.

Standardizatron

1 Add, from a tip-up pipet, 30 nrlof 0.'1 O N sodium chlo-
ride to a 600-ml beaker.

2 Pipet (wipe the pipet before leveling) 5O O mlof O O5OO

N silver nitrate into the beal<er.

3. Add 300 ml of 1 O M sodiunr thiosulfate from a grad-
uated cylinder.

4 Add 1OO ml of sodium hydroxide,EDTA reagent from
a rp-up prper.

5. Add 10 ml of O 4% (4 g l) gelatin from a tip-up prpet

6. Titrate with 0.06 N sodium sulfide. Follow the proce-

dure for potentiornetric titrations given in the manual, using
a Corning Model 1 2 Research pH meter.

7. Calculations:

(ml AgNO,)(N AgNO,) : (ml NarS)(N NarS) :

(2 50)

(ml NarS)
: N of NarS

B. Repeat the standardization, and average the results, i1

the range of two results does not exceed 0.00035 N. lf the
range exceeds this value, repeat the standardization. Follow
Table I of "Sequential Analysis for Standardization of Re-

agents" (Method l) for 0 0500 N reagent to decide whether
to accept the reagent. Do not attempt to adjust the reagent

to its nominal value of O.O6 N; use the calculated normalitv.

SODIUM SULFITE

0.4 M NarSO.
Add and dissolve 50.4 g of reagent quality sodium sulfite,
NarSO, (Baker and Adamson, Code 2301), in B0O ml of
distilled water, and dilute to 1 liter with distilled water

O.1O M NarSOr-2.S M NaOH Reagent
Add and dissolve 12.6 g of reagent quality sodium sulfite,
NarSOr, in B0O ml of 2 5 N sodrum hydroxide, NaOH, and

then dilute to 1 liter with 2.5 N sodium hydroxrde.

SODIUM TETRAPHENYLBORON

3Yo Sodium Tetraphenylboron Solution (NaTPB)
Weigh 3.0 g of reagent quality sodium tetraphenylboron
(Baker and Adamson, Code 2329) in a 150-ml beaker. Add,
from a graduated cylinder, 100 ml of 0.01 N sodium hydrox-
ide. Stir for at least 5 minutes; then bottle

NOTE: The solution will have a turbid appearance. This
solution is stable lor three days.

SODIUM THIOSULFATE

Crystalline NarSrO..5HrO
Reagent quality sodium thiosulfate (Baker

Code 2307).

Sodium Hydroxide
Solution

Approximate Weight
of Potassium

Acid Phthalate

100 grams liter
2500N
1 000N

0.2500 N

0 1000 N

1o g

1og
4g
1g

o4g

SODIUM SULFATE

Anhydrous NarSOo
Reagent q ua lity, gran ula r,

NarSOr, (Baker and Adamson
anhydrous sodium
Code 2295)

su lfate.

SODIUM SULFIDE

Grystalline NarS
Reagent quality sodium sulfrde, NarS.9HrO, crystals (Baker
and Adamson, Code 22971.

O.8 M NarS
Preparation. Dissolve 1 92 g of reagent quality sodium sul-

fide, NarS.9HrO, in distilled warer and dilute to 1 iirer wirh
distilled water.

0.O6 N NarS
Preparation

1. Add and dissolve 7.5 g oI reagent quality sodium sul-
fide, NarS.9HrO, in BO0 ml of distilled warer, and dilute ro

1 liter with distilled water.
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1.O M NarSrO.
Adcl and dissolve 248 g of sodium thiosulfate,

NarSrO,'5HrO, in BOO ml of distilled water, and dilute to 1

liter with distilled water. Do not use thls reagent to prepare

standard NarSrO, reagents.

O.10OO N NarSrO.
Preparation. Dissolve 25 g of reagent quality sodium thio

sulfate, NarSrO,'5HrO, in freshly boiled and cooled distilled

water and dilute to volume in a 1-liter volumetric flask with

distilled water. Allow the solution to stand for one day before

standardizing. Add '1 milligrarn (0.001 gram) of mercurtc to-

dide, Hglr, per liter as a preservative if serious instability is

encountered.
S tandard ization

1. Pipet(wipethe pipet before leveling) 2O O ml of primary

standard O.1000 N potassium iodate into a 125 ml Erlen-

meyer flask.

2 Add 1O mlof 7 O N sulfuric acid from a tip up pipet

3 Add 15 ml of 0.6 M potassium iodide {rom a tip up

pipet
4. Titrate the liberated iodine with the sodium thiosulfate

being standardized, using a 25-ml buret. Titrate the solution

to a light yellow color, add 5 ml of starch indicator from a

tip up pipet, and continue the titration until the blue color is

just discharged.
5. Calculations:

{N KlO,ttml KlO,) : N of Na,S,O,

-1rn1r'ruPPr;6. Repeat the standardization on another 2O-ml portion of

the reagent.

7. To decide whether to accept the reagent or adjust it, see

Part G and Figure 1 of Method l, "Analytical Reagents for

Chemrcal Control."

NOTE: The data f rom the titration of the primary stan-

dard potassium iodate obtained during the stan

dardization of sodium throsulfate may also be used in

the calculations {or potassium iodate solutrons. How

ever, prepare the potassium iodate solution immedi-

ately after the sodium thiosulfate solution has been

standardized. Do not allow portions of the standardized

sodium thiosulfate to remain exposed to the arr between

the titrations of the primary standard potassium lodate

and the potassium iodate being standardized.

0.000063 N NarSrO.
1 Add 15 7 g (to the nearest O 1 g) of reagent-qualrty

sodium thiosulfate, NarSrO,'5HrO, to a l liter volumetric

flask and dilute with f reshly boiled and cooled distilled water'

2. Pipet '1 .OO ml of the above solution into a 1-liter volu-

metric flasl< and dilute with distilled water.

3. This second solution is stable f or only two hours

O.20 M NarSrOr-O.15 M NarSO. Reagent

1. Add and dissolve 19 g of reagent quality sodium sulfite,

NarSO,, in 750 mlof freshly boiled distilled water'

2. Add and dissolve 50 g of reagent quality sodium thio-

sulfate, pentahydrate, NarSrOr'5HrO.

3. Dilute to 1 liter.with freshly boiled distilled water

SULFATO CERATE

O.O5OO N Sulfato Cerate
Preparation
'1 . Weigh in a 150-ml beaker 27.413 g of ammonium hex-

anitrato cerate, (NHo)rCe(NO,)u, GFS Certified (with certrfi-

cate) Standard of Reference Purity, G. Frederick Smith

Chemical Co., ltem No. 15.

NOTE: The ammonium hexanitrato cerate is weighed

in a glass beaker to avoid contamination by a metal

d ish

Three-liter volumetric f lasl<s are available from some labo-

ratory supply houses. lf more than three liter quanttttes are

prepared using a volumetric f lask, do not exceed the load limit

(150-200 g) recommended by the manufacturer of the

analytical balance. Make the necessary number of weighings,

and record each weight accurately.

It is acceptable procedure to make one weighing on another

type balance if the capacity of the balance is adequate and

if it has an actual operating capability of 1 part per 1,000

2. Transfer the amrnonium hexanitrato cerate to a 600-ml

bea l<er.

3. Add (cautiously, wearing saiety glasses and rubber

gloves) 2B ml of reagent quality concentrated sulfuric acid,

H2SO4, to the 600 ml beal<er.

4. Dissolve the ammonium hexanitrato cerate and mix the

constituents together for 1 minute.

5. Add (cautiously, in an exhaust hood, wearing safety

glasses) 100 ml of distilled water and stir for 2 minutes

6. Using distilled water, rinse off any ammonrum hexanr-

trato cerate that has adhered to the weighing container'

transfer funnel, etc, into the 600 ml beaker.

7. Add consecutive l OO-ml portions of water with stirrtng

until all the anrmonium hexanitrato cerate has drssolved.

B. Place the beaker in a cooling bath and cool the solution

to room temperature.
9. Transfer the solution quantitatively to a 1-liter volumet-

ric flasl< and dilute to volume with distilled water

10. No standardization is required when certified ammo

nium hexanitrato cerate is used and the solution is prepared

as described. However, check the solution for gross errors by

preparing and analyzing at least one fresh arsenious oxide

stocl< solution. Follow the standardization procedure below

A repeat of the procedure is not necessary ii one checl< indi-

cates that the reagent falls within the lrmits of 0 0497 and

o 0503 N

'1 1. lf the reagent is acceptable, use the nominal value of

0.0500 N. lf the check indicates that the reagent requires

adjustment, repeat the standardization using another arsen-

ious oxide stock solution. Decide whether to accept or adJUSt
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the reagent. See Part G and Figure 1 of Method l, "Analytical

Reagents for Chemical Control. "
Preparation of Larger Volumes. lt is often necessary to

prepare a larger volume of sulfato cerate than the largest

volumetric flask will contain. The mixing vessel should be

glass or of a ceramic material. Prepare the required volume
of the approximate strength and standardize the solution,
using the following procedure:

Standardization
A. Preparation of Arsenious Oxide Stocl< Solution

1 Weigh, to 4 decimal places, 1 O g of National Bureau

of Standards arsenious oxide, AsrO,, sample No. B3a, or sub-

sequent Bureau of Standards oxidimetric standard into a

1 25-ml Phillips beal<er

CAUTION: Arsenious oxide is poisonous.

2. Add'l 0 ml of 2.5 N sodium hydroxide from a tip-up
pipet. Swirl to dissolve. Rinse down the sides of the beaker
with distilled water f rom a wash bottle and swirl.

3 Add 30 ml of 1 O N sulfuric acid from a tip-up pipeti
cool to room temperature.

4. Transfer the solution to a 1-liter volumetric flask. Wash

the beal<er with a number of water rinses, transferring the

rinses to the flask. Dilute to volume with distilled water.
B. Titration

'1 Add, from a tip-up pipet, 50 ml of 2.5 N sulfuric acrd

to a 250-ml beal<er.

2 Add 1 drop of osmic acid.

CAUTION: Osmic acid is a harmful, volatile suDsrance.

Avoid contact with sl<in or eyes. Avoid breathing
va pors.

3. Add 1 drop of Ferroin indicator.
4. Stir on a magnetrc stirrer.
5. Using a 5O-ml buret, titrate with the sulfato cerate being

standardized Add partial drops by rapidly twisting the stop

cocl< and washing the tip of the buret with distilled water from
a wash bottle. The end point is rndicated by the appearance

of the first blue color. This first end point should require less

than a drop. Record this blank value to the nearest 0.01 ml,

and do not refill the buret. This rs the blank value.

6. Pipet (wipe the pipet before leveling) 100.0 ml of the
arsenious oxide stocl< solution into the indicator solution and

again titrate to a colorless solution (loss of pink) using the
partial drop addition technique near the end point. Record this
volume to the nearest 0.01 ml.

7. Calculate the A ml by subtracting the blanl< value in

Step 5 f rom the value in Step 6.

C. Calculations:

., . 
(aliquot of treated sample)(g AszO:)('l 0OO)

(eq wt AsrO3)(A ml sulfato cerate)

(100)

(1 ooo) 
(g Aslo r)(1 ooo)

(197 82\ ( ml sulfato cerate)
IA\

(g AsrO'l(2.O22) : N of sulfato cerate
i A ml srrlfatn e orato\

2. Repeat the standardizatior.r using another stock solution
of arsenous oxide.

3. To decide whether to accept the reagent or adjust it see

Part G and Figure 1 of Method l, "Analytical Reagents for
Chemical Control. " lf the duplicate results from separate stock

solutrons of arsenious oxide are within the permissible range

(refer to Table I or Figure 1), the arsenious oxide solutions
may be used for further standardization procedures.

O.O1OO N Sulfato Cerate
Pipet by bulb (wipe the the pipet before leveling) 200 0 ml

of 0.0500 N sulfato cerate into a 1-liter volumetric flask. Add

115 ml of 7.0 N sulfuric acid from a graduated cylinder and

dilute to volume with distilled water. No standardization is
n ecessa ry .

Storage and Stability of Sulfato Cerate

This reagent rs stable for at least seven weel<s in a glass,

stoppered bottle. /Vever use rubber or similar materials for
containers or stoppers.

SULFURIC ACID

CAUTION: Observe safety precautions for handling
concentrated acids. Wear safety glasses and rubber
gloves. Use caution and always add acrd to water.

Goncentrated H2S04
Reagent quality sulfuric acid, 95- 9B% H2S04, sp gr 1 .84,
approx 36 N (Baker and Adamson, Code 1 1 B0).

18 N H2SO4

7.O N H2SO4

2.5 N H2SO4

1.0 N H2SO4

0.50 N H2SO4

o.1o N H2SO4
Preparation

Add 500 ml of distilled water ro a l-liter Pyrex bottle (See
the Caution below for larger volumes.) While stirring the water
wrth a magnetic stirrer, add slowly and cautiously the indi-
cated amount of reagent quality concentrated (36 l\]J sulfuric
acid to the water. Cool to room temperature and dilute to 1

liter with distilled water.

CAUTION. When preparing larger volumes of 1B N

and 7 N acids, place the Pyrex bottle in a strong rubber
or plastic pail. The bottles should not exceed 4liters
for 1B N and 9 liters for 7 N acid. Set a magnetrc strrrer

on the floor. The stirrer must have a platform and base

as large as the bottle. Add the appropriate volume of

distilled water to the bottle. Place a graduated cylinder
on the floor, and measure the appropriate volume of

acid. While stirring the water, slowly and cautiously,

: add the acid to the bottle. When the solution is

throughly mixed, stopper the bottle and place the pail

in a sink. Remove the stopper and cover the necl< of
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the bottle with a beal<er. Cool to room temperature by
first running warm water on the side of the bottle; then
reduce the temperature of water. Dilute to volume with
distilled water.

Sulfuric Acid Solution ml to Add per Liter

or distilled water. Add approximately 0.5 g of thymol (EASr-

runru Organic Chemical 248). The thymol will not dissolve
completely. This reagent is stable for two months when used
with Method 1209D, Procedures I and lll. and no standard-
ization is required. However, standardization becomes neces-
sary for the reliability of greater than t5% required in Proce-
dure ll of that method.

Reagent quality thioacetamide is available with a mrnrmum
assay claim of 99% from one vendor and 95% from another.
Limited experience has indicated that three lots of thioaceta-
mide (including lots from the above two vendors and one
nonreagent material) are all about 967o pure, as measureo
by the standardizing procedure below.

Standardization (Method | 2OgD. Procedure /f. Pipet 5.OO
ml of 0.0500 N silver nitrate into each of two SO-ml glass-
stoppered graduated cylinders containing 3 ml- of 0.10 N

sodium chloride. Swirl to mix the contents thoroughly. Add
to each, 10 ml of 1 M sodrum thiosulfate. Swirl to dissolve
the precipitate. Add, stopper, and mix 10 ml of 6 N Acceler-
ator Reagent. Add, from a buret, 26.7O ml of the thioaceta-
mide to be standardized to one graduated cylinder and 27.3O
ml to the other graduated cylinder. Stopper and shake vigor-
ously 5 seconds. Filter approximately half the contents of each
cylinder through a Whatman No. 3 (12.5 cm diameter) filter
paper and collect each filtrate in a beaker containrng approxi-
mately 5 ml of the thioacetamide solution.

The contents of the beaker from the cylrnder containing
26.10 ml of the thioacetamide solution should turn color. and
the contents of the beaker from the cylinder containing 27.30
ml of the thioacetamide solution should remain clear. lf both
conditions are met, the thioacetamide solution should be used
without modification. lf both conditions are nor mer. see
"Adjustment":

Adiustment. lf the filtrate was clear when 26.70 ml of the
thioacetamide solution was used, the thioacetamide solution
is too strong and must be diluted with water. Add 40 ml to
what remains of the 2 liters, mix, and retest. Add 40-ml in-

crements of water until the thioacetamide solution tests within
the tolerances oI 26.7O and 27 30 mLt

lf the filtrate was dark-colored when 27 .3O ml of the thio-
acetamide solution was used, the thioacetamide solution is too
weak. Discard it and prepare a new one using 0.73 g of
thioacetam ide.

WATE R-SATU RATED ETHYL ACETATE

See Ethyl Acetate.

ZINC SULFATE

5O glll ZnSOo
Add and dissolve B9 g of reagent grade zinc sulfate,

' Unless otherwise indicated, use cylinder markings for volume measurements.

i The nominal titration value for 0.00926 N thioacetamide is 27.00 ml. By
accept ng as limits 26.70 and 27 30 ml, an error of about 1 1 % is permitted
The sensitivity of the method is such that an rncrease in precision can be
realized bv decreasinq these tolerances.

18 N

70N
25N
10N
050N
0 10 N

500
200

70
2B

14

2.8

o.1ooo N H2so4-
Preparation (Standardized) Piper 100.0 ml of standardized

1.OOO N HrSOo into a 1-liter volumetric flask and dilute to
volume with distilled water.

Standardizatron. Sulfuric acid must be standardized. There
is no substance that can be used as a convenient primary
standard for standardizing sulfuric acid. Therefore, it should
be standardized against sodium hydroxide, which has in turn
been standardized against National Bureau of Standards po-

tassium acid phthalate sample No. B4d or subsequent Bureau
of Standards acidrmetric standard.

1. Pipet (use a bulb) 20.0 ml of the sulfuric acid being
standardized into a 'l 25-ml Erlenmeyer flask.

2 Add 25 ml of distilled water from a tip-up pipet.
3 Add 2 drops of methyl red indicator.
4. Using a 25,m1 buret, titrate with the indicated stan-

dardized sodium hydroxide until the indicator changes from
red to light yellow.

Sulfuric Acid Solution N of Sodium Hydroxide

2500N
1 000N
0 1000 N

2.500
1 000
0 1000

Ca lcu lations:

(ml NaOH)(l{ NaOH)

(ml HrSOo)
: N of H,SO,

6. Repeat the standardization on another 20-ml portion of
the reagent.

7. To decide whether to accept the reagent or adjust it, see

Part G and Figure 1 of Method l, "Analytical Reagents for
Chemical Control. "
Alternative Procedure: Purchase item from Anachemia, Box

87, Champlain, N.Y. 12919 Prepare according to the manu-
facturer's rnstructions. No standardization is reouired.

THIOACETAMIDE

0.00926 +O.OOOl N Thioacetamide
Preparation. Dissolve O.7O g of reagent quality thioaceta-

mide (Ersrunru Organic Chemical 1719) in 2.00 liters of tap

' Add 1 milligram (0 0O 1 gram) of merculc iodide, Hglr. per liter as a preser-
vative if serious rnstability rs encountered
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znsoo'7Hro, (Baker and Adamson, code 2452) in Bo0 ml Znsoo-7.0 N H2s04Reagent
of distilled water and dilute to volume in a 1-liter volumetric Dissolve 250 g of reagent quality zinc sulfate, ZnSOo.THrO,
flask with distilled water. in 500 ml of 7.0 N sulfurrc acid and dilute to volume in a

1-liter volumetric flask with 7.0 N sulf uric acid.
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ANALYTICAL METHODS FOR CHEMICAT CONTROL

Preface
Chemical analyses of the critical constituents in photographic
processing solutions may be used routinely as a basis for

discarding a solution or for adjusting the composition of a

solution for further use. Examples of the routine use of analy-

ses would include certification of replenisher solutions, start-

up and daily tank analyses, and the measurement of silver
in fixers. Chemical analyses are also used for determining
proper replenisher formulas with their corresponding replen-

ishment rates. The cost of the chemical analyses may be small

as compared to the cost of using a substandard processing

solution or the cost of process downtime.
All of the analytical methods contained in this section of

the manual apply to Process M E-4, Process ECO-3, and
Process CRI-1 . The serial numbers assigned to the methods
may be followed by a letter, A or B, etc, designating that the

method is a revision of an earlier method. The first group o{

procedures is general, in that it applies to general principles

and techniques. The page numbers of these methods are pre-

fixed with GP (General Procedures). The second group of
procedures is specific, in that it applres to the analyses of
specific chemicals. The page numbers of these methods are

prefixed with SP (Specific Procedures).

The methods are as short and simple as possible, commen-

surate with the accuracy and precision that rs required for

adequate chemical control. The analyses may be made by a

trained technician.
Some methods for noncritical constituents are also included

in the manual. These may be used as a basis for diagnosing
processing troubles as they arise. This manual includes in-

structions for the preparation of the reagents (see "AR" page

series, immediately preceding this section) and a collection

of standard analytical practices which are not usually required

for routine control. These practices are generally used by the

supervisors and by those in charge of the maintenance of

analytical equipment, etc.
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ANALYTICAL REAGENTS FOR CHEMICAL CONTROL
(r)

INTRODUCTION

A. Volumes of Reagents
Most of the instructions are written for the preparation of
1-liter quantrties, but larger volumes should be prepared if
they can be consumed before the reagent expiration date.

B. Volumetric Flask Measurements
Volumetric flasks are to be used only when specified. Approx-
imate volumes can be measured with graduated cylinders.

C. Weight Measurements
When weighing a sample to a specrfied weight, the tolerance
is t 1 unit in the last decimal place to the right. For example,
15 0 grams is understood to mean 15 g t.1 g and 15 000
grams is understood to mean 15 g t.001 g.

When the weight of a sample, in grams, is specified to two
or more decimal places (e.9., 1 5 75) an analytical balance
is to be used. A torsion balance or a triple-beam balance may

be used for weighings which require less accuracy.

D. Water Ouality
Use only distilled water in the preparation of standard re-

agents. Deionized water may be used if data are obtained that
indicate reagents prepared with it are satisfactory.

E. Expiration Date
When no expiration date is given, it is implied either that the

reagent rs stable or that rts proposed use is such that a critical
concentratron rs not requrred.

F. Safety
See "Safe Handling of Color Processing Chemicals" in page

series 5OO.

SEOUENTIAL ANATYSIS FOR STANDARDIZATION
OF REAGENTS

A sequential test is one in which, after each analytical deter-

mination or standardization of the reagent, the analyst decides

to:

1 . Accept the reagent as conforming to the specifications,
or

2. Alter the reagent concentration by adding water or other
chemicals, or

3. Make further analyses to obtain sufficient information
so that the reagent concentration may be accepted or altered.

The sequential test terminates according to simple definite
rules, that is, when sufficient evidence for a decision has been

accumulated. The basis for the plan is described here. A com-
plete description of the plan may be found in Sequential
Analysis of Statistical Data, Applications, Section V, Colum-

bia University Press, New York, 1 945.

A. Satisfactory Ouality (Accuracy) Defined
(permissible deviation from nominal value)
In order to use the plan it is necessary that "satisfactory" and
"unsatisfactory" quality (accuracy) for the standardization of
a reagent be defined. The qualrty (accuracy) of the stan-

dardized reagent is hereby defined as being satisfactory if it
is equal to the nominal value (e.9., 0 1000 N, 1.000 N, etc)

within an allowable tolerance of :1 0.6%. 99% oI the time.
Thus two successive batches will never differ by more than
1.2Vo, and only one batch in 100 will ever differ from the
nominal value by more than 0.67o even though, for conve-
nience, the nominal value is used in allcalculations. Thus the
value 0.1 O0O may be used for control purposes even though
the true normality may conceivably differ from it by as much
as O 6% (e g , 0 1006 rather than 0.1000 f\)

B. Precision (Repeatability) Requirement
The sequential plan is based on the use of the recommended
methods, equipment, etc, and the ability of the analyst to
replicate his standardizations well enough so that the standard
deviation does not exceed O.2% oI the nominal normality.
Rather than actually calculating the standard deviation from
a series of successive standardizations. conformance to this
precision requirement may be approximated sufficiently well
by obtaining the range of the standardizations. The maximum
permissrble ranges between the highest and lowest values
obtained in a series of replications are shown in Table l.

TABLE I

MAXIMUM PERMISSIBLE RANGE OF NORMALITIES
OF REPTICATE STANDARDIZATIONS

Cumulalive
Number oI 0.0500 N

Standardizalions Beagent

0.1000 N r.000 N

Beaqent Reagent

General Case

2.500 N (% Nominal

Reagent Value|

2

3

5

6

0.00035 0.0007

.00040 0008

.00045 0009

.00045 000s

00050 .0010

0 007 0.01 75

008 .0200

.009 .0225

.009 .0225

0r 0 .0250

0.1

08

0.9

0.9

I.0

lf the range of the standardizations does not fallwithin these
values, the assignable cause for the "excessive" variability
should be sought and corrected. Unless the range conforms
to Table l, the "out-of-control" values are useless for deciding
whether the normality of the reagent is within the defined
satisfactory limits. A careful analyst, well trained in the stan-
dardization procedures, should have no difficulty in obtainrng
results within the relatively broad tolerances.

C. The Risk of Accepting an Out-of-Specification
Reagent
The sequential plan is also based upon a risk of accepting an
out-of-tolerance reagent as being within tolerance. The risk
is hereby set at 1% probability (O 01), or once in a hundred
times an out-of-tolerance reagent is unknowingly accepted.
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D. Risk of Adjusting a Within-Tolerance Reagent
There also exists the risk of adjusting, once in ren rrmes, a

reagent that is actually already within tolerance. This risk is

set at a relatively large value because the magnitude does not
determine the quality of the final product, since after retest-
ing, the reagent is not used. Of course, the larger the percent-

age risk value that is assigned, the more costly the control
because of the extra standardization, etc. Thus the 1 O7o value
was decided upon after considering economic factors.

E. Maximum Number of Standardizations
It is conceivable that a great number of replicates would be
necessary before a decision is made. In order to avoid this,
action is arbitrarily forced at the end of the sixth determination.

F. The Sequential Plan in Graphical Form
The f oregoing plan cover rng:

Acceptable quality (accuracy)

P rec isio n

Accepted risks, and

The limit on maximum number of standardizations

has been incorporated into a graphic form. This form can be
used by an analyst who is responsible for the standardization
of reagents. When he has completed two or more stan-
dardizatrons, the cumulative differences between each nor-
mality fourrd, X, , and the nominal value, M, are plotted for
the appropriate replication number. The declsion as to
whether to accept, adjust, or to reanalyze is dependent upon
whether the point plots below, above, or between the two
dragonal parallel lines shown in the graph. See Figure '1 . ln
the general case, the values on the ordinate are expressed as

percentage of the nominal value. In specific cases, only the
absolute values need be plotted; e.g., in case of 0.1000 N

reagent when I (X -M) : 0.0004, this need not be con-
verted to percentage as it was in the general case,

(o ooo4)
{100) : 0 49"

o. 1 000

The three concenrrarions (0.0500, 0.1000, and 1 .000 lrf
used most commonly in control laboratories are snown In

Figure 1 . The examples plotted are described later.
The two diagonal parallel lines on each graph are joined

together because of the practical decision to never make more
than six standardizations in order to decide whether to accept
or adjust the solutron.

lf some concentration of reagent other than 0.05, O.1, or
1.0 N is to be standardized, calculate the range of the values
to be plotted in the ordinate, : (X -M) . The ordrnate val-
ues will be proportional to the nominal values as may be noted
on the three graphs in Figure 1.

The diagonalparallel lines are then constructed, again using
the graphs for guidance. The parallel lrnes on each figure are
then connected by drawing a horizontal lrne to the lntersection
of the lower parallel line with cumulative No. 6.

G. Procedure for Analyst
1. Run duplicate analyses for the standardization of the

reagent and express results as normality.
2. Determine the range of the duplicates.
3. Refer to either Table I or Figure 1 to determine whether

the duplicates are wrthin the permissible range.
a. lf not withln the permissible range, search for assignable

causes for the excessive varration. lf the cause cannot be
found and corrected, discard both values and repeat the stan
dardizations untrl the resulting range is within the permissible
range. (This plan does not apply to data with variability in
excess of that indicated by the range limits.)

b. lI within the acceptable limit, subtract the nominal value
from each of the two values.

4. Add the two differences algebraically (take the sign of
each value rnto account). (The sign of this sum, : (X -M)
is disregarded )

5. Note in which of the three areas the point would plot
and decide the next step accordingly.

a. lf the point falls above |he "adjust" line, reject the re-

agent. Adjust the concentration by adding either water or the
chemical, basing all calculations on the average of the dupli-
cates JUSt obtained.

b. lf the point falls below the "accept" line, accept the
reagent as having the nominal value within tolerance.

c. lf the point falls on or between the limit lines, restandard-
rze the reagent.

6. lf a third standardization is required, make the same type
of calculations as above; i.e., determine the range of the three
standardizations, and check for the conformance to Table L

lf the range is withrn tolerance,
a. Determine the difference between the new (third) analy-

sis and the nominal value,

b. Add this drfference (X-M) ro rhe two preceding dif-
ferences, taking into account the sign; and

c. Note in which of the three areas the sum of these values
) (X-M) would fall if plorted above rhe No 3 (cumulative
number of analyses) on the graph.

7. Again decide from the location of this point the next
step. Accept the reagent, adjust the reagent, or continue test_
ing. lf more standardizations are required, proceed as above.

H. Example of Standardization of O.lOOO N NaOH
A 40-liter solution of approximately 0.1 N NaOH was prepared
for standardization agarnst potassium acid phthalate. The
successive steps in the standardization are described here,
keying the step numbers to the corresponding steps of Section
G (Procedure for Analyst). The data are plotted in Frgure '1 

,

Example A, and tabulated in Table Il

'l . Duplicate analyses (standardizations) were run and the
normalities were calculated.

X, (Standardization No. 1) : .1005 N

X, (Standardization No. 2) : 1000 N

2 Range of duplicates is OOO5.

a

b

c

d
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TABLE II

EXAMPLE A (SEE FTGURE 1) OF STANDARDTZATTON
OF O.1N NaOH

ReplicatioINormality Nominal

No. Found {X,) Vahe (M) x -tt4 - {x,-rM}

aspects of quality which are incorporated in the sequential
plan.

l. Adjustment of Concentration and Restandardization
For this illustration it is assumed that 200 mi of the reagent
was consumed in the above titrations (Section H). The amount
of water that is needed to reduce the normality from 0.1004
to 0.1 0OO N is calculated as follows:

(40, 000-200)(0 1004) : (final volume)(0 1000)

(39.800)(0.1004)
final volume

0 1000

39.959 - 39,800 : 159 ml of water to be added This

amount was added, and the solution stirred thoroughly and

retested. The data and action taken are shown in Table lll and

Example B of Figure 1 .

TABLE III

EXAMPLE B (SEE FTGURE 1) OF STANDARDTZATTON
OF O.1N NaOH AFTER ADJUSTMENT OF ITS

CONCENTRATION

1

2

3

5

r 005

I 000'

r 003'

| 005'

| 005'

.1 000

.1 000

1 000

.1 000

1 000

+.0005

+.0000

+.0003

+.0005

+.0005

+.000st
+.00081

+.00131

+ 001 8t

Restandardize

Restandardize

Restandardize

Restandardize

Adiust Reagent

'Atter each ol these successrve replications, it is noted that the range of the
replicatrons is within the maximum permissible range as listed in Table I and
Figure 1.

f lgnore the sign when plotting

3. From Table l, the maximum range of two stan-
dardizations when the nominal value is O.1000 N is .OOO7.
Since the normalities for standardizations No. 1 and 2 were
within the permissible range, the nomjnal value was sub-
tracted f rom each normality found.

X'-M (No. 1) : .t005 -.1000 : + 0005
X -M (No. 2) : 1000 - 1000 : + O00O

4. +.0005 and +.0000 were added algebraically to make
+.0005, ) (X -M); and .OOO5 was plotted above cumula-
tive No. 2 in Example A, Figure 1. (lf this value had been
negative, it would nonetheless have been plotted as .0005,
ignoring the sign.)

5. The point fell between the two limit lines indicating the
need for a restandardization. (ln practice the potnt need not
be plotted. The graph would be re{erred to in order to decide
the next step.)

6. Xr (Standardization No. 3) : .1003 N

The range of all three standardizations was .0005 which
was less than the critical value, .O0OB rn Table l.

a (X -M) : 1003 - 1000 : + 0003
b. > (X,-M) : + .0005 (difference No. 1) + .0000

(difference No.2) + .OOO3 (difference No.3) : + .0008
c. plotted .OOOB above the cumulative No. 3

7. The point fell between the two parallel lrnes indicating
the need for a restandardization.

Thefourth standardization, jt(X,-M) ]: 00013, indi-
cated a further reanalysis was necessary.

The fifth standardization, : (X -M) : 0.00 18, pro-

duced a point in the "adjust" section.
The concentration of the reagent was adjusted on the basis

of the average normality (0 1004) obtained in the five stan-
dardizations. lt is noted that the decision is to adjust the re-

agent even though the average of the five replications,
0.1004, was within the :]: 0.6% allowed rolerance as defined
in paragraph A. The decision to adjust is because of the other

,0999

.099 7.

. r 002.

1000 -.000r
1 000 -.0003 -.00041 Restandardize

1000 +.0002 -.0002f Accept Reaqent

'After each oJ these successive replications, it is noted that the range of the
replicat ons is within the maxrmum permrssible range as lsted in Table and
Figure 1.

f qnorc tl-e.rgn when 0oltrnv

J. Example of Standardization of O.lOOO N NaOH
(Below Lower Tolerance)
A 40-liter solution of approxrmately 0. 1 N sodium hydroxide
is prepared and standardized as above. The average normality
obtained from two successive analyses is 0.0990 N. The

standardizations consumed 2OO ml of solution. In this case,

where the average of the determinations is lower than the
nominal value, more sodium hydroxide is added to the solu-

tion. The amount necessary to raise the normality from
O.O99O N (average normality) to O. !O0O N (nominal normal-
ity) is calculated as follows:

/ nominal average \ / liters of \ / eq wt \t--ttttl
\ normality normality / \solution / \of reagent/

grams NaOH

to be added

(0 1000 - 0 0990)(39 800)(40) : 1 6 s NaoH

This amount o{ sodium hydroxide is added; the solution is

added; the solution is stirred thoroughly and retested.

Beplication Normality Nominal
No. tound (X,) Value (M) : (Xi M) ActionXM

I

2

3
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THE SELECTION, CARE, AND USE OF VOLUMETRIC
GLASSWARE AND WEIGHING EOUIPMENT

(tI|]

VOLUMETRIC MEASURING EOUIPMENT

A. Introduction
The standard unit of volume in the metric system is the liter.
It is defined as the volume occupied by the mass of one
kilogram of water at its temperature of maximum density and
under normal atmospheric pressure. On this basis, one liter
is equal to 1.000028 cubic decimeters and one milliliter
(1/1 OO0 of a liter) equals 1.000028 cubic centimeters. Mrlli-
liters and cubic centimeters, therefore, are not synonymous
but the difference between them is too small to be of conse-
quence in most technical work. Volumetric glassware is cali-
brated in terms of liters or milliliters (ml) and nor In rerms
of cubic centimeters.

A volumetric determrnation can be no better than the
equipment and technique used in performing it. For that rea-
son, those who make volumetric analyses should be familiar
with the possible source of error in both the equipment and
the technique of using it.

B. Selection and Tolerances
The volumetric glassware used must have adequate accuracy
to avoid introducing a significant error to the analytical result.
lf a volume of solution is critical in an analytical procedure,
pipets, burets, or volumetric flasks of high accuracy must be
used. Other steps may requrre the measurement of only an
approximate volume; thus either a graduated cylinder or a
"tip-up-pipet" can be used.

The National Bureau of Standards Circular 602 has soeci-
fied tolerances for volumetric glassware that meets the most
precise requirements of the analytrcal procedures used in the
control of photographic processing. This equipment is desig-
nated in Federal Specification DD-V-581 as "Class A." Glass-
ware certified to meet these specifications is available from
most manufacturers of laboratory glassware. The required
tolerances are given in Table l.

C. Care of Volumetric Glassware
|. Cleaning Solutions. A piece of glass apparatus is not

sufficiently clean unless its surface is uniformly wetted by
distilled water. Grease prevents the glass walls from being
uniformly wetted, causing drainage to be uneven and delivery
not precise. To keep volumetric glassware scrupulously clean
and free from grease, three types of cleaning solutions are
recommended. These solutions are used undiluted and may
be reused until no longer effective. Do not draw any of these
cleaning solutions into pipets or burets by mouth. Use a rub-
ber bulb.

a. Tvoes

(1 ) Detergent-A Naccanol solution containing
50-100 grams per liter of Naccanol (Naccanol N.R. can
be obtained from the National Aniline Company in Buffalo,
N.Y.). This is a very effective material for most cleaning prob-
lems encountered. lt is nontoxic and noncorrosive. Other de-

tergents comparable to Naccanol may be used.
(2) Sulfuric-Dichromate-A solution of sodium dichro-

mate (Na2Cr2O7) in concentrated sulf uric acid (HrSOo) is most
effective against grease. lt is also the most dangerous because
of its strong acid, oxidrzing, and dehydrating properties.

Add about 30 grams of sodium dichromate to one liter of
concentrated sulfuric acid. Technical grade is satisfactory, and
the exact concentration of sodium dichromate is not impor-
tant. After stirring the mixture a few minutes, decant the clear
liquid from any sediment that may clog buret or pipet tips
during cleaning.

The solution will become green as it loses its usefulness
as a cleaning agent and should be discarded.

(3) Acid-Alcohol-A solution of one volume of 3 N

hydrochloric acid (HCl) added to one volume of methyl alcohol
is effective in removing cyan stains and in cleaning spectro-
photometer cells.

CAUTION: Do not mix this solution in a closeo con-
tainer. The heat produced may cause a dangerous in-

crease in pressure.

b. Safety

When mixing and handling the sulf uric-dichromate or acid-
alcohol cleaning solutions, wear rubber gloves and safety
goggles and observe the other safety precautions for handling
concentrated acids. Never add water to sulfuric-dichromate
solution in a container because excessive heat and steam are
likely to spatter the hot acid.

lf acid is spilled on the skin or clothing or splashed into
the eyes, flush the affected parts with a large amount of water.
The water will dilute the acid, and wash it away. Secure com-
petent medical treatment immediately.

2. Cleaning and Storing Glassware. Rinse glassware
thoroughly with water before washing it with the cleaning
solution. The cleaning solutions are best stored and used in
polyethylene containers. Ptpet jars, being tubular, are excel-
lent for soaking and storing pipets and burets.

After treatment with a cleaning solution, the glassware
should be thoroughly rinsed inside and out with distilled
water. For reasons of economy ordrnary tap water may be
used for the preliminary rinsing, reserving the distilled water
for the final rinsing. lf water droplets adhere to the inside walls
of the glassware after 1 minute of draining, it is not sufficiently
clean. Only an unbroken film of water should remain.

Burets and pipets should drain in a vertical position. Volu-
metric flasks are inverted wrth the bottom at a slight angle
from the horizontal, so that drops on the bottom will drain
away.

lf burets and pipets are clean, they generally do not have
to be dried before being used with standard solutions. The
slight amount of water which remains after rrnsing and drain-
ing is removed by rinsing two or three times with small
amounts of the solution to be used, allowing the buret or pipet
to drain completely between rinses. lf it is necessary to have
volumetric vessels dry, a gentle stream of clean air can be
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used. Acetone should not be used as a drying agent because

trace amounts left in glassware cause unwanted absorption

in spectrophotometric methods of analysis.

3. CAUTION; Heattng Glassware. At no time should any

piece of volumetric glassware be heated or rinsed with hot

water. lf heated above room temperature, the equipment

may no longer be within the specified tolerance because such

heating may cause a permanent change in volume.

D. Use of Volumetric Glassware
1. General lnstructions
a. Effects of Temperature on Glassware and Solutions

(1.) Glassware

The temperature at which volumetric vessels are calibrated

is 20 C (68 F) For the greatest precision and accuracy all

measurements should be made at this temperature. Since this

condition may not be practicable, it is important to conslder

the magnitude of the errors introduced into volumetric proce-

dures by using standard solutions at temperatures other than

20 c (68 F)

The change in capacity of glass volumetric apparatus wrth

temperature is, at the most, only 1 part in 10,OOO for each

5 C (9 F) change in temperature in the region of 20 C (68

F). This source of error generally may be disregarded.
(2) Solutions

Whereas the change in capacity of glassware with temper-

ature generally may be disregarded, it is not to be confused

with the change in volume oI a solution with temperature.

The effect of temperature on volume is shown in Table ll. To

attain accuracy of approximately O.'l % it is necessary that the

solution be at 20 +2 C (68 t4 F) when measured.

The change in concentration of standard solutions is also

affected by temperature. lt may become of such magnitude

as to introduce appreciable errors. In general, the more con-

centrated the solution, the more serious is the change. The

coefficient of expansion of dilute aqueous solutions of dif-

ferent electrolytes is practically the same for similar concen-

trations; hence the values given in Table ll serve as a general

index of their behavior.

b. Meniscus
In the use of graduated cylinders, pipets, burets, and flasks,

the lowest point of the meniscus should be taken as the read-

ing. See Figures 1 and 2. Opaque solutions, however, must

be measured by reading at the top of the meniscus. Another

special case is the determination of specific gravity. The top

of the meniscus is read because the hydrometer is calibrated

on that basis.

In observing the lowest point of the meniscus it is very

important that the line of vision be in the same horizontal

plane as the bottom of the meniscus. This is easily ascertained

if the graduations on the glassware extend at least halfway

around the tube. The eye is correctly positioned when both

front and back portions of the graduation coincide (Figures

1 and 2)

The meniscus may be seen more clearly if a small white

card with a rectangular black patch is held behind the meni-

scus. Raise or lower the card untilthe bottom of the menrscus

is clearly outlined (Figure 3)

2. Pipets. Most pipets are graduated to deliver (T D )

known volumes of distilled water (not solutions of markedly

different viscosity than water). The volume delivered will be

within the tolerances for that pipet, provided it is used in

accordance with the proper technique. The amount of liquid

retained on the inside wall of a pipet depends in part upon

the delivery time of the pipet. Class A pipets are required.

See Table I for tolerances.

It is important that the analyst understand and practice the

following instructions on the use of pipets:

a. Cleanliness-[Jss a clean pipet. The pipet does not have

to be dry but must be perfectly clean and free from grease

so that drops of the solution will not adhere to the walls

causing the pipet to deliver less than the rated volume. Any

contaminant may affect the results.

b. Perfect Tip-Use a pipet with a perfect tip. A pipet with

a broken or chipped tip must be discarded since it will deliver

a volume other than the rated volume when the tip is touched

against the wall of the receiving vessel.

c. Rinsing-With one hand holding the pipet and the other

hand holding a rubber bulb, squeeze the bulb, place it over

the upper end of the pipet and release slowly. Draw a small

portion of the solution into the pipet, i.e., about 20% of the

volume of the pipet; then remove the bulb and cap the pipet

with the forefinger. See Figure 4. Place the pipet in a horizon-

tal position, and rotate it permitting the solution to wet the

walls to a Doint about 2 inches above the calibration mark.

Do not permit the top of the mouthpiece to become contami

nated wrth solution, which in turn may contaminate the bulb.

Discharge the solution through the tip, and repeat the rinsing

with another portion of the solution.

NOTE: lf the solution being pipetted is a standardized

reagent, the reagent is drawn into the pipet f rom a clean

beaker which was rinsed once with reagent To prevent

contamination of the reagent, the pipet should not be

placed into the stock bottle.

d. Filling-Using a bulb, draw the solution into the pipet

to a point about 1 inch above the calibration mark; then re-

move the bulb and cap the pipet with the forefinger'

e. Wiping Outside-Before adjusting the liquid level to the

mark, wipe off the drops adhering to the outside wrth a paper

cleansing tissue. This prevents droplets on the outside from

draining into the receiving vessel and affecting the results.

f . Lowering Meniscus to Mark-Hold the pipet in a vertical

position at eye level over a waste container. Touch the tip of

the pipet against the wall of the container. Hold the waste

container at approximately a 30' angle so that the outflowing

liquid mal<es continuous contact with the contatner' Carefully

lower the meniscus to the mark. See Figure 5

g. Movement of Pipet to Receiving Vessel-Carefully
move pipet to the receiving vessel, avoiding rapid verttcal
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motion which might dispense part of the solution prior to
reaching the receiving vessel.

h. Delivery-Keeping the pipet rn a vertical position, place

the tip against the wall of the receiving vessel (at approxi-
mately a 30" angle) lust above the surface of the Iiquid; then

remove the forefinger. Allow to drain at a vertical position until
the continuous outflow ceases; then remove the pipet. A small

amount of the solution will, and should, remarn in the tip of

the pipet. Do not blow it out.

i. Cleaning-lf after usage a pipet has a film of liquid in

it, not Croplets of liquid, it may be reused immediately with
the same solution wrthout being cleaned in a cleaning solu-

tion. Merely rinse it with the solution to be pipetted. lt is not

necessary to rinse it with distilled water just prior to rinsing
with the sample to be pipetted. However, if droplets of liquid
are adhering to the inner surface of the pipet or rf it is colored,
it should be rinsed with a cleaning solution, then rinsed inside

and out with tap water and flushed with distilled water for

approximately 5 seconds. lf drops of water remain in the
pipet, it is contaminated and must be treated again with
cleaning solution.

Store pipets in racks in a vertical position. Pipets must be

recleaned immediately before use if allowed to stand more

than an hour under ordinary conditions of air contamination.

3. Graduated Cylinders and Tip-up Pipets. In many cases

the volume of a solution to be used in an analytical method
need be only an approximation of the specified volume. For

example, the method may prescribe 2O ml of a reagent

whereas only slightly more than 15 mlwould suffice. In these

cases, graduated cylinders or tip-up pipets are used. Grad-

uated cylinders are calibrated to deliver (T.D.) or to contain
(T.C.). See Table lfor tolerances. Tip-up pipets require less

time for operation and are. theref ore. preferable.

A portable tip-up pipet, shown in Figure 6, is available in

different sizes. They may be purchased with either standard

taper, ground glass, male joints, or for use with rubber stop-
pers. lt is suggested that Erlenmeyer flasl<s oI 25O,500, or
l OOO-ml capacity be selected with the ground glass joint to

match. Tip-up pipets and flasks can be obtained from VWR

Scientific, Rochester, N.Y. This glassware has the accuracy
of a graduated cylinder.

4. Burets. Burets are graduated to deliver variable known
volumes of liquids. Methods are generally developed to em-
ploy 3O to 50 mlof solution as measured from a buret. For

such purposes, a 5O-mlcapacity buret is used. In those cases

in which 1O to 20 ml of solution are measured from a buret,

a 15 or 25-ml buret is used. Class A burets are required. See

Table I for tolerances. Analysts should understand and apply
the following specific instructions for the use of burets.

a. Cleanliness-Use a clean buret. The buret does not have

to be dry before rinsing it with the solution to be used. lf the

buret is not perfectly clean, drops o{ the solution will adhere

to the walls, and the buret will deliver less than the indicated
volume. Furthermore, the contaminants (dirt) may affect the

res u lts.

b. Perfect Tip-Use a buret with a good tip. A buret with
a broken tip may deliver a volume other than the rated volume
when the tip is touched against the wall of the receiving ves-

sel. A buret with a brol<en or chipped tip sometrmes can be

fire-polished and salvaged.

c. Stopcock Seal-Use a buret which will hold a constant
reading for at least 5 minutes. lf the stopcock seal is defective,
the solution will leak and thus lower the buret reading. Teflon

stopcocks do not require grease, and are preferred.
d. Rinsing-Rinse the entire inner surface of the buret two

or three times with portions of the solutron to be used.
e. Lowering Meniscus to the Zero Mark-Fillthe buret well

above the zero mark. With the buret zero mark at eye level,

lower the meniscus to the zero mark. Allow a minute or two
for drainage; then make the initial reading, or readjust the

buret precisely to the zero mark. During the waiting period,

check for leaks and make certain that air bubbles are expelled

either at the top (or f rom the tip). After the meniscus has been

adjusted, remove the final drop by touching the tip with the
wall of a waste-solution beaker which is l<ept under the buret
excepl during titration. One-second contact is adequate.

f . Position-The buret should be clamped in a vertical po-

sition during the readings and while the solution is being
trtrated.

g. Titration-After the initial reading is made and the final
drop removed, the standard solution is added to the titration
vessel with constant swirling. See Figure 7 for the proper way
to turn a stopcock. As the end point is approached, the rate

of addition is decreased, until finally the titrant is added drop-
wise or as split drops. At this point, tilt the vessel and remove
each drop by touching the tip with the walls of the vessel at

a level just above the surface of the liquid. Tilt the vessel

slightly more to rinse in the drop. Generally, the end point
is defined as a specified color change that persrsts for at least

15 seconds. When the end point has been reached, there
should be no final drop to remove. Exceptron; For increased

ease when titrating with a potentiometer or a pH meter, it
is recommended that the tip of the buret be immersed in the
liquid. There may be other exceptions that require a decision
by the laboratory supervisor.

lf an end point is not sharp, or if it is unfamiliar, it may

be difficult to decide when the end point has been reached.
In such case, record the buret reading after each drop as the
end point is approached. Continue this procedure until the
specified color change has occurred.

h. Drainage Error-Unless the titration to the end point
has been slow and gradual, wait 30 seconds before taking
the final reading of the meniscus, so that the effects of further
drainage wili be negligible. Read meniscus at eye level.

i. Cleaning Buret-CIean the buret with cleaning solution
Prevent the concentrated cleaning solution f rom coming into
contact with the stopcock lubricant. A convenient way to clean
burets without removing any of the stopcock lubricant is to
invert them in a prpet jar containing enough cleaning solution
to fill the buret to the stopcock. After a few minutes, rinse
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inside and out with tap water; then rinse three times with
small quantities of distilled water. Store in a vertical position.

j. Capping-Capping the buret with an inverted test tube
will aid in preventing evaporation of the solution and contam-
ination by dust. lf the solution is not alkaline and does not

contarn fluorides or phosphates in acid solution, it is generally

safe to allow the solution to stand in the buret. A full buret
will stay clean longer than a dry or partially filled buret.

k. Greasing Stopcock (glass stopcocks)-lf the stopcock
sticks or leaks, remove the old lubricant by wiping with a

cloth, using a solvent if desired. Replace with fresh Iubricant.
Both high-vacuum "Lubriseal"'and Dow Corning silrcone

stopcock greaset have been found adequate in this applica
tion. Apply only a thin film since too much lubricant may plug

the hole. Unless the parts of the stopcock are dry before

lubncating and sealing the plug, the seal may be defective.
Teflon stopcocks are not to be greased.

l. Offset Tip-A buret wrth an offset tip is useful when
titrating with a potentiometer or when the apparatus is

crowded into a small soace.

m. Plugged Tip-Occasionally a buret tip becomes
plugged with a small amount of lubricant. The plug can be

expelled in the following manner: Open the stopcock so that
the pressure of the liquid column is on the plugged tip. Insert

the tip in a beaker of warm water. lf this treatment does not

dissolve the plug, it will be necessary to disassemble the

stopcock and thoroughly clean the buret with cleaning solu-

tion, after which the stopcock must be relubricated. In certarn

instances the use of a thin wire probe (pipet probe), sold in

vials of 50 by most laboratory supply houses, rs a satisfactory
means of unplugging buret tips.

5. Volumetric Flasks. Volumetric flasks are generally grad-

uated "to contain" (T.C.) known volumes of solutions and

should never be used "to deliver" (T.D.) known volumes
unless they have been so calibrated. Volumetric f lasks are

used to make up solutions to a given volume. Use Class A.

See Table I for tolerances.
Analysts should understand and practice the following in-

structions for the use of volumetric flasks.

a. Safety-Volumetric flasks are fragile and, when shaken,

should be held at both the neck and the bottom. A flask should

never be shaken when held at the neck only. When inserting

a stopper, hold at the neck rather than at the bottom.
b. Cleanliness-Use a clean flask. lt usually does not have

to be dry, but it must be clean. Rinse the entire interior of
the flask two or three times with distilled water prior to use.

c. Diluting to Volume-Add the solution to be diluted into

the flask, and add distilled water or specrfied diluent to bring
to volume. While raising the meniscus to the graduation mark,

hold the mark at eye level, and add the last few drops from
a wash bottle or from a small pipet. Stopper and invert 6 to
1 2 trmes to achieve homooeneitv.

Avarla ble f rom Arthu r H . Thomas Co

1 9106

J Avarlable from Dow Corn ng Corp , S

254 60 N 3rd St.. Philadelphia, Pa.

Saginaw Rd , Mrdland, Mich 48640

Care should be taken when making the initial inversion.

Some solutions have a tendency to effervesce, and loss of the

solution may resuft if the stopper rs not held firmly in place.

lf such is the characteristic of the solution being mixed, a

momentary removal of the stopper (flasl< in an upright posi-

tion) prior to the second inversion will release the gas pressure

formed and avoid possible loss.

d. Cleaning and Storing-Clean the flask with a cleaning

solution. lt is not necessary to fill the volumetric flask with
cleaning solutron. lf a generous portion is placed in the flask
and the flask is stoppered, cleaning will be accomplished if
the flask is shaken and inverted several times so as to keep

the walls moistened with cleaning solution. After a thorough
rinse inside and out with tap water, rinse 3 times with small
quantities of distilled water. Store rn an inverted position with
the bottom slightly inclined. lf the bottom is horizontal, the

flask may not drain completely.

WEIGHING EOUIPMENT

A. Selection
When making analytical reagents or standard laboratory
mixes, it is necessary to weigh the varrous constituents. Thus
it is evident that the weighing operation is of fundamental
I m po rta nce.

lf the weight of the chemical is specified rn grams to two
or more digits to the right of the decimal, e.9., 15.73, use

an analytical balance and Class S weights. Do not use an

analytical balance to weigh amounts greater than 150 grams.

A torsion balance and metric Class C weights are satis-

factory for weighings from 0.1 to 100 grams, provided an

accuracy of t 0.1 gram is sufficient. For measuring larger

amounts than 1OO grams, if the weight is not critical, a "trip"
or "triple-beam" balance is adequate.

B. Care and Use of the Analytical Balance
1. Weighing Area lf possible, the balance should be kept

in a room separate from the laboratory. lt should be kept at

a reasonably constant temperature and out of direct sunlight
and air currents. The balance should be level. and it should
be placed upon a solid support to protect rt from vibration.

2. Protection of Knife Edges. To prevent injury to the agate
knife edges and planes when the balance is not in use, the
beam should be raised and the pan supports should be up.

Nothing should be left on the pans. The door of the case

should be closed. When weighing, raise the beam and arrest
the pans before placing any object on the pans. To test for
equilibrium, lower the beam and then release the pans. Before
removing any object or weight from the pans, they must be

arrested and the beam raised.

3. Protection of Pans. Never weigh chemicals directly on

the pans since they may injure the pans. Never weigh chemi-
cals on paper in an analytical balance. Weighing bottles,
watch glasses, or aluminum laboratory dishes may be used

as containers for weighing. The latter may be obtarned f rom

most laboratory supply houses. They should be used and then
d i sca rded .
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CAUTION. Sodium hydroxide should not be weighed
in an aluminum dish.

4. Temperature. Objects to be weighed should be at room

temperature. Differences in temperature wiil cause air cur-

rents which lead to errors in weighing.
5. Rest Point. Derctmine the zero rest point at each sitting.
6. Maximum Load. Do not overload the balance. The maxi-

mum capacity is 1 50 grams.

7. Cleanliness. Keep the balance clean. lf any chemical is

spilled, clean it up at once. Do not use liquids for cleaning
the pans. Use a balance brr-rsh.

C. Care and Use of the Weights
Handle Class S weights only with forceps, preferably bone-

tipped. To counterbalance an object try the large weights first,
and then the smaller in systematic order. Always use the least

number of weights possible, e.9., a 3 gram weight in prefer-

ence to a 1 and a 2 gram weight. To avoid oscillation, place

large weights in the center of the pan. Use great care to avord

TABLE I.
REOUIRED TOLERANCE FOR
VOLUMETRIC GLASSWARE

Tolerance of Glassware. ml

dropping weights. Always doublecheck the result of a weigh-
ing by adding the values implied by the empty compartments
in the box of weighis and then recording immediately in a

note boo k.

rABLE II.
EFFECT OF TEMPERATURE UPON SOLUTIONS

Solution 15 C

Composition (59 F)

Volumes (mll Occupied At

20c 25C 30C 35C
(68 F) {77 F} 186 F) {95 F}

1,0 N HCI

0.1 N HCI

Water

996.7

997.1

999.1

1 000.0
1 000.0

1 000.0

1001 3

1001 2

1001 .1

1 002.8 1004.7

1 002.6 1003.8

1002 5 1004.2

Reference: Fales and Kenney, "lnorganrc Quantitatrve Analysis" (1 940)

\p
Correct line

of vision

Capacity, ml

Pipets. Vol. Graduated
(Class A) Cylinders

TO' TD-

Volu metric
Burets Flasks

(Class A) (Class A)

TD- TCf

Nr":k"
1

2

3

5

10

15

20

25

50

100

200

250

500

1 000

2000

4000

+ 0.006

0.006

0.01

0.01

0.01

002

0.03

003

003

005

008

0.10

+ 0.1 + 0.01

0.015

0.015

0.02

002

0.03

0.05

0.08

0.10

0.12

0.1 5

0.30

0.50

2801 74+

2801 4S

0.1

0.3

0.4

0.6

1.4

14

2.6

5.0

10 0

50.0

:l 0.02

0.03

0.05

010

FIGURE 1 Reading the meniscus in pipet or
volumetric flask

FIGURE 2 Reading the meniscus on buret

Suggested supplier,

Kimble Glass Co.

Div. of Owens-lllinois Glass Co

22 S. Park Street

Montclair, N.J. 07042

Kimble Catalog No. 37010 20024 11021 or

17021F

' Calrbrated to delrver

f Ca ibrated to conta n

1 ml to 3-ml

5 ml to 2000-ml

Correct line
of vision

|-Z

I
\ -J I-

--
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FIGURE 3 Outlining the meniscus



A. Dip pipettip into liquid. Compress
rubber bulb in left hand, and slip
bulb over end of pipet.

B. Release bulb and liquid willbe
drawn up slowly. lf suction ceases
before pipet is lull, remove bulb,
recompress, and reapply.

FIGURE 4 How to use a rubber bulb for pipeting

Meniscus

Mark

FIGURE 6 Tip-up pipet

Seating pressure absorbed by last
two f ingers pushing against tip of
buret.

How to turn a stopcock

Thumb and foref ingers wrap around
handle of stopcock. to turn cock and
to apply inward pressure to keep
plug seated.

FIGURE 7

FIGURE 5 Lowering meniscus to mark
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OPERATING INSTRUCTIONS FOR THE BECKMAN
DU SPECTROPHOTOMETER

(vr E)

INTRODUCTION

The methods contarned in this manual specify the use of the

Beckman DU spectrophotometer and a 1.OO-cm srlica cell

with a densrty ar 27O nm of 0.039 +0.005 when filled with

distilled water. The Beckman part number for this cell is

7511O.1f another spectrophotometer or cell is used, the cal-

culation equations in the analytical methods may not apply.
A daily cell checl< is run using distilled water of high purity.

A solution containing 26.4 mg,l potassium chromate in

0.05 M sodium monohydrogen phosphate is used daily to
control and evaluate spectrophotometer performance. The

absorbance measurement and the slit width used in obtaining
the measurement are recorded either as a graph or table.

While the average absorbances in Tables ll and lll are not

necessarily accurate, they serve as useful control levels, espe-

cially with analyses that use precalibrated equations in the

calculations. The optimal slit width at a given wavelength

varies widely among spectrophotometers; however, a daily
record of slit width provides a good relative measure of a

spectrophotometer's performance for maintenance purposes.

The spectrophotometer is balanced against an air blank.

The resulting absorbance measurement of the solutron in the

silica cell rs due to the absorbance of both the solutron and

the cell. Oniy in certain methods, which involve the measure-

ment of a blanl<, will the cellabsorbance be canceled out.

The Beckman DU spectrophotometer can be fitted with ei-

ther a hydrogen or deuterium or a tungsten lamp. The hydro
gen or deuterium lamp is used to make measurements at

wavelengths between 22O and 350 nm and the tungsten
lamp between 320 and lOOO nm

APPARATUS
'1 cm Silica cell (Beckman Part No. 1511O)
Cell holder (Beckman Part No 1 001 O0)

REAGENTS

High-purity disti lled water

NOTE: This water should contact only nonrusting
metals, such as aluminum, stainless steel, or tin. Rub-

ber or plastic tubing can lead to serious contamination.
lf such tubing is used to connect pieces of apparatus,

the lengths of tubing should be as short as possible.

26.4 mg I Potassium Chromate in O.O5 M Sodium Mono

hydrogen Phosphate

Acid-Alcohol clean ing sol utror.r

PROCEDURE

A. Preparing Instrument for Operation

NOTE: lf the instrument is battery powered, the power

supply should remain on. The charging rate should be

the minrmum value.

1 . Attach the app'ropriate lamp to the spectrophotometer.
See Table l

a. Hydrogen or Deuterium Lamp:

Turn the hydrogen or deuterium lamp power supply switch
to "on." Turn the filament control switch on the right to the

extreme clockwise positron. Allow 1 minute for the filaments

to warm up.

Press the push-button switch to start the arc in the hydro-
gen or deuterium lamp. Observe the lamp to see that the

discharge is not confined to the anode conrpartment of the

lamp. lt the lamp has not fired correctly, turn off the power

supply switch, allow the lamp to cool, and repeat the start-up
p roced u re.

WARNING: The hydrogen lamp can produce a severe

burn on skin or to unprotected eyes. Do not look directly
at the lamp. lf it is necessary to examine or adlust the

hydrogen lamp, use goggles that will absorb the dan-
gerous ultraviolet radiation.

b. Tungsten Lamp:

The tungsten lamp should be powered by a 6-volt constant
voltage transformer to prevent voltage f luctuations. A 5-min
ute warm-up is necessary for thrs lamp.

2. Set the selector switch at "Checl<."

3. Push the filter slide in as far as possible.

4. Select the approprrate phototube. Refer to Table l.

5. Set the sensitivity control l<nob at the appropriate posi-

tion. See Table L

B. Silica Cell Check

NOTE: Each cell, used for mal<rng sample measure-

ments, must be checl<ed daily.

1. A silica spectrophotometer cell should be stored sub'
merged in distilled water when not in use.

2. Remove the cell from the water and ciean it with a de-

tergent solution (any mild dishwashing detergent can be

used). Fill the cell with the detergent solution, and rub the

window surfaces with a ball of cotton on a stick.

NOTE: Never touch the optical surfaces of a cell with
fingers.

3. Rinse the cell several times with distilled water.
4. Fill the cellto 1 4 inch from the top with distilled water.

Wipe the cell completely dry on all outside surfaces with tis-

sue, making sure that all streaks and lint are removed.

5. Look through the cell toward a light, and be certain that
there is absolutely no particulate matter either in the solution
or on the optical surfaces of the cell. This includes tiny air

bubbles, streaks, water marl<s, lint, or anything else that
might become an obstacle in the optical path.

6. lf there is any evidence of dirt on the inside surfaces

of the cell, the cell should be cleaned. Refer to Procedure E,

"Cleaning the Silica Cell." Then return to Step B, 2.
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7. Place the cell very carefully in a cell holder. The correct
cell position is determined in the initial cell check. In general,
place the cell in the holder with the word "Beckman" facing
the analyst. There should be no evidence of weak or misa-
ligned springs, or corrosion in the cell holder that would pre-

vent in any way a cell from fitting firmly and squarely into
position. The cell must fit so that its optical surfaces are
aligned perfectly normally (at right angles) to the lighr beam

of the spectrophotometer.
B. Place the cell holder in the cell compartment of the

spectrophotometer with the first positron (blank position)
empty.

NOTE: The side of the cell facing the slit width dial
should be flush with the body of the cell holder The

spring side of the cell holder should face the phototube.
This wili allow light to pass through at right angles to
the cell with minimum deflection. Replace the cover on

the compartment.

9. Set the wavelength dial according to Table ll for the
hydrogen or deuteriurn lamp (22O-350 nm) or Table lll for
the tungsten lamp (320-'1 0OOnm)

1 0. Turn the shutter switch "Off, " and balance the instru-
ment by returning the galvanometer needle to zero with the
dark current knob.

i 1. Place the cell holder in the blank position, place the
selector swrtch at "Check, " turn the shutter switch to "On, "
and balance the instrument with the slit width knob.

12. f urn the shutter switch to"Off" and place the cell in

the light beam.

1 3. Simultaneously set the selector switch at " 1 " and turn
the shutter switch to "On"; balance the instrument with the
density (absorbance) knob.

'l 4. Turn the shutter switch to "Off," turn the selector
switch to "Check," and record the absorbance reading. See

Table ll (hydrogen or deuterium lamp) or Table lll (tungsten
lamp) for control limits.

C. Instrument Check
1 Follow Silica Cell Check, procedure Steps B, 1 , through

B, B, using 26.4 mg I potassium chromate in O.O5 M sodium
monhydrogen phosphate in place of distilled water.

2. Record the slit width used in obtaining the measure-

ment. The tolerances for slrt width at a given wavelength vary
widely among instruments. Nevertheless, a daily slit width
record does provrde a meaningful relative measure of an ins-

trument s performance for maintenance purposes.

3. Using the same cell, obtain a duplicate measurement.
4. lf the absorbance values do not fall within the control

limits, the instrument should be checked for a malfunction.

D. Measurement of Sample Absorbance
1 Follow Silica Cell Check, procedure Steps B, '1 , through

B, B, but substitute the sample for distilled water, and set the
wavelength dial at the wavelength indicated in the specific
method.

2. Using the same cell, obtain a duplicate measurement.
3. The two absorbance readtngs should agree to within

0.003 lf they do not agree to within 0.005, the cell should
be cleaned thoroughly again, or replaced; the cell holder
should be replaced; or a different spectrophotometer should
be used on any subsequent attempt to obtain precise read-
ings. (See Procedures B and C.)

NOTE: lt has been established that duplicate readings
are necessary to obtarn precise measurements.

4. When the measurements have been completed, remove
the cell from the holder, empty, and rinse with distilled water,
and place the cell in water for storage.

5. Using the appropriate calibration equation or table, cal-
culate the concentration of the compound being determined.

E. Cleaning the Silica Cell
1. Fill the cell with a detergent solutron, and rub the win-

dow surfaces with a small ball of cotton on a sticl(.
2. Rinse the outside and inside of the srlica cell wrth a

solution composed of one part of 3 N hydrochloric acid and

one part of either methyl or isopropyl alcohol.

NOTE' Dispense the acid-alcohol solution from either
a plastic wash bottle or a dispenser as shown in Figure
1. The small tube rnside the funnel is bent slightly to
keep it from being expelled. Hold the inverted cell at
the bottom edge over the smalltube in the funnel. Press

the rubber bulb gently. This forces a jet of cleaning
solution into the silica cell and also cleans the outside
surfaces. The cleaning solution must be replaced with
fresh solutron frequently.

TABLE I

PREPARATION OF THE !NSTRUMENT FOR

OPERATION

Iamp

Wavelengths Wavelengths
Between Between

220 and 350 nm 320 and 1000 nm
(Hydrogen or Deuterium) (Tungsten)

Photot u b e Rod out 320-625 nm-rod out

625- 1 000 nm-rod in

Sensitivity Knob 3 turns from the exlreme

counterclockwise posttion

I/z turn from the extreme

counterclockwise position
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TABLE II

WAVELENGTH DIAL SETTINGS AND CONTROL
LIMITS FOR THE HYDROGEN OR DEUTERIUM

LAMP

C heck
Wavelength Dial

Setti ng

Control
Limits

Cell lWater) 270 nm 0.039 + 0.005.

Instrument (26.4 mg/l
p0tassrum chr0mate

in 0.05 IV sodrum

monohydrogen phosphate)

?14 nm 0.548 + 0.005

lf the read ng rs above O.O44, reler to Procedure E "Cleanrng the S lica
Ceil. ' lf the reading contrnues above 0.044, investigate the pulty of the
d strlled water or use another silrca cell

lf the read ng rs below O 034, reverse the posrtion of the cell in the cell
ho der (the name Beckman facrng away fronr the analyst) and repedt the
cell check lf the reading continues below O 034. use another s lica ce I

TI\BLE III

WAVELENGTH DIAL SETTINGS AND CONTROL
LIMITS FOR THE TUNGSTEN LAMP

Wavelength Dial
Setting

Control
LimitsC heck

Cell (Water) 640 nm 0030 +0005'

Instrument (26.4 ng/l
potassrum chromate

in 0.05 l\/ sodium

monohydrogen phosphate)

373 nm 0.689 + 0 007

lf the reading is above O 035. refer to Procedure E. 'Cleaning the Si ica

Ceil. ' lf the read ng continues above O 035, rnvestigate the pur ty of the
d sti led water oT use another srl ca ce I

lf the reading is below 0 025 reverse the posrtion of the cel rfr the ce
holder (the nanre "Beckman facifg away from the analyst), and repeat the
cel check. lf the readrng contrnues below 0 025 Lrse another s ica cell.

FIGURE 1 Dispenser for Acid-Alcohol Cleaning
Solution
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PREPARATION AND ANALYTICAL CONTROL OF
MIX ROOM AND LABORATORY STOCK SOLUTIONS

(tx)

INTRODUCTION

Certain chemrcals are purchased in the form of an aqueous
solution, to be used as stock solutions. They must be analyzed
if differences between successive batches are large enough
to cause processrng difficulties.

Stock solutions are also prepared from solid chemicals in

mix rooms or laboratories, when it is more practical to mea-

sure the volume of solution than to weigh out a small amount
of the solid. For instance, for small-volume mixes, potassium

iodide is used as a 1 g I solution (0.1% solution). However,
in the formulas rn this manual, potassium iodide is stated in

terms of mg' L

Stock solutions may also be prepared from solids difficult
to dissolve directly in a mix formula.

STABILITY

Unless noted otherwise, the solutions may be considered sta-

ble for at least 3 months when kept tightly stoppered at room
tem Deratu re.

MEASURING LIOUIDS

In general, the weight of a material can be determined more
accurately than rts volume. With liquids, however, it is usually
more convenient to measure the volume, this is sufficiently
precise for most needs. Volumes up to 200 ml should be

measured with an appropriate pipet; a buret should be used

for intermediate volumes. Volumes from 200 ml up to 4liters
should be measured in qraduated cylinders. Do not use pails
with measuring sticks or marks.

Table I lists the liquids which may be added to mixes by
volume and which may be expressed as milliliters of solution
in official formulas. These liquids are of relatively constant
composition, or are adjusted to the nominal value. Occasion-
ally, other stock solutions (listed in Table ll) may be purchased

or prepared and measured by volume, but such chemicals
appear in formulas as grams of the pure chemrcat, not as

volume of a stock solution. For example, the concentration
of sodium thiocyanate rs expressed as grams of sodium thio-
cyanate even though an aqueous solution is usually used.

TABLE I

LIOUIDS IN FORMULAS EXPRESSED AS VOLUME
(milliliters per liter)

'1 . Acetic Acid, Glacial (1OO%)

2. Ammonium Thiosulfate (58%)

3. Kooer Anti-Calcium. No. 4
4. Benzyl Alcohol
5. Formalin (31 5% formaldehyde in water)

6. Hexvlene Glvcol

7. Potassium lodide;1 g l(0 1% solution)'

B. Sodium Hydroxide; 2.5 N

9. Sodium Hydroxide; 1O N

'1 O. l(oonr Stabilizer Additive, Processes E-4, ME-4, ECO-

3, and CRI-'1

11 Sulfuric Acid, 2.5 N

TABLE II

1 . Carbowax 1 540 soiution
2 Sodium Thiocyanate; 250 g I solurion
3. Sodium Thiocyanate, 500 g I solution
4 Ethylenediamine; ED (98'/o by weight)

STOCK SOLUTIONS

A. The following solutions are purchased already
diluted to a specified concentration.

l. Ammonium Throsulfate (58V"). Ammonium thiosulfate
can be purchased as a stock solution containing 5l to 61ok
of (NHo)rSrO, by weight. Generally, it is not necessary to assay

the solution. Assays of ten typical lots of the stock solution
averaged 58.1%. The specific gravrty of one lot, which as-

sayed 58.6%, was 1.323
2. Carbowax 7 540 Solution. Carbowax 'l 540 can be pur-

chased as a 5O to 60% (by weight) solution of Carbowax
1540 in water. lt is assayed by Method 570 as grams of
Carbowax 1 540 per liter of solution.

3. Ethylenediamine

CAUTION. Ethylenediamrne is toxic. Avoid breathing
Its vapors and contacting it with skin. Handle only in

areas with good ventilation.

Ethylenediamine is a 9B% (by weight) solution of ethylene
diamine in water. lt rs stable for at least one year when stored
in a stoppered bottle. lt is assayed by Method 612C as grams
of ethylenediamine per 100 g of solurion (% by weight) or
as g lof ethylenediamine. The 957o confidence limits for an
individual assay are + 5.4 g of ethylenediamine per liter.
These data are based on 25 checks of one sample made
tnroughout a year.

4. Formalrn

CAUTION: Formalin is toxic. Avord breathing its vapors
and contacting it with skrn. Handle only in areas with
good ventilation.

Formalin is a 3l .5/o (by weight) solutron of formaldehyde
in water. The Formalin, as received, has been sufficiently close
(+O 5%) to the 37.5 value, so that routine analysis rs not
necessary. The formula value and analytical methods are ex-
pressed in milliliters of Formalin. The stock solution is stable
at least 3 months.

Formalin contains methyl alcohol as a preservative. The
methyl alcohol concentration and the consequent specific
gravity of the Formalin may vary f rom batch to batch.

B. The following solutions are prepared in the
laboratory or mix room:

1. Potassium lodide (1 g,'l solution). Dissolve 1.00 g ofGrven as mg lin Iormulas
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potassrum iodide in approximately 750 ml of water; dilute to
1 liter. The solution rs assayed by Method 9248 and adjusted,
if necessary, to 1 0 +0.03 g l The average oI 29 checks
made in 10 periods on a standard sample of 1 g'l Kl was
0.993 g l; the standard deviation was 0.010 g,l. In these
1O periods no mix o{ 1 g I Kl required adjustment.

2. Sodium Thiocyanate (5OO g,lsolution). Dissolve 500 g

of sodium thiocyanate (NaCNS) rn approximately 750 ml of
water; dilute to 1 liter. Fresh mixes are analyzed by Method
950 and aojusted to 50O O I2.5 g L The standard deviation
of 26 checks made in i0 periods on a standard sample was
1.2O g,l; the standard deviation of 26 production mrxes be-
fore adjustment was 23 g l. In general, it is possible to meet
the tolerance oI :r2.5 on the first adjustment. lt is sometimes
convenient to prepare and use a stock solution containing 250
+1.25 g lof NaCNS.

3. Sodium Hydroxide, 1O N. f o a 2-liter Pyrex beaker con-
tainrng BO0 ml of distilled water, slowly add 410 grams of
sodium hydroxide (NaOH). Since heat and gases will be gen-

erated, mrx the solution in an exhaust hood. (lt is safer to place

the beaker with water in a polyethylene parl before adding
and mrxing the sodium hydroxide.) Stir the solution carefully
to dissolve the sodrum hydroxide; cool to room temperature.
(Use great care in handlrng the hot solution in the beaker.)

Transfer the cooled NaOH solution to a 1-liter bottle. and
dilute to 1 liter with distilied water. Cap the bottle wrth a

rubber stopper, and mix the solution thoroughly. No stan

dardization of the solution is reouired.
4. Sodium Hydroxtde, 2.5 N. f o a 2)iter Pyrex beaker con

taining BO0 ml of distilled water, slowly add 102 grams of
sodium hydroxide (NaOH). Srnce heat and gases will be gen-

erated, mix the solution in an exhaust hood. (lt is safer to place

the beal<er with water in a polyethylene pail before adding

and mixing the sodium hydroxide.) Stir the solution carefully
with a magnetic stirrer to dissolve the sodium hydroxide; cool
to room temperatLrre. (Use great care in handling the hot
solution in the Pyrex beaker.)

Transfer the cooled NaOH solution to a 1-liter bottle, and
dilute to i liter with distilled water. Cap the bottle with a

rubber stopper, and mix the solution thoroughly. No stan-
dardization of the solution is required.

5. Sulfuric Acid, 2.5 N

CAUTION: OBSERVE SAFETY PRECAUTIONS FOR

HANDLING CONCENTRATED ACIDS WEAR SAFETY

GOGGLES AND RUBBER GLOVES. USE CAUTION
AND ALWAYS ADD ACID TO WATER.

Add 500 ml of distilled water to a 1-liter Pyrex bottle (See

the Caution below for larger volumes.) While stirring the water
with a magnetic stirrer, add slowly and cautiously 70 ml of
reagent quality concentrated (36N) sulfuric acid to the water.
Cool to room temperature.

CAUTION: When preparing larger volumes of 2.5 N

acid, place the Pyrex bottle in a strong rubber or plastic
pail. The bottle should not exceed 4liters. Set a mag-
netic stirrer on the floor. The stirrer must have a plat
form and base as large as the bottle. Add the appro-
priate volume of distilled water to the bottle. Place a

graduated cylinder on the floor, and rneasure the ap-
proprrate volume of acid. While stirring the water, add
the acid slowly and cautiously to the bottie. When the
solution is thoroughly mixed, stopper the bottle and
place the pail in a sink. Remove the stopper and cover
the neck of the bottle with a beal<er. Cool to room tem-
perature by first running warm water on the side of the
bottie; then reduce the temperature of the water.
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POTENTIOM ETRIC TITRATIONS
(xrA)

INTRODUCTION

A titration involves the addition of measured amounts of a

standardized reagent to a sample. The concentration of the

constituent being titrated can be calculated from the amount
of trtrant used to reach the equivalence point of the reactton.

The equivalence point or end point is most conveniently de-

termined by using an indicator which changes color abruptly
at the end point. However, there may be no suitable indicator
for certain chemical reactions or for solutions which are highly
colored. In such cases potentiometric titrations are generally

used. In potentiometric titrations a pair of electrodes-an
indicating electrode and a reference electrode-is inserted in

the sample. The electrodes are chosen so that the drop in

potential between the electrodes is a function of one or more

of the ions present in the solution during the titration. As the

titrant is added, the rate of change of potential reaches a

maximum at the end point of the titration.
The indicating electrode for acid-base titrations rs a glass

electrode, because its potential is a function of the hydrogen
ion concentration. A silver bar electrode is used as an indicat-
ing electrode for halide titrations, because its potential is a

function of the srlver ion concentration in the solution.
The reference electrode remains at a constant potential

during the course of the titration. A calomel electrode, filled
with potassium chloride solution, is used for acid-base titra-
tions. A calomel electrode, filled with potassium nitrate in

stead of potassium chloride, is used for titrations of halides

with silver nitrate. (The chloride ion is objectionable because

some of the silver ions from the titrant diffuse into the wick,
precipitating the chloride and plugging the electrode.)

The potential across the electrodes is measured and re-

corded manually when a potentiometer or a pH meter is used.

These potential measurements may be read on a pH scale

rather than a scale calibrated in volts. since the scales are

proportional. lf the instrument has been stanCardized against

buffers of known pH, the readings will be true pH readings.

Such standardization is not necessary for most titrations,
however.

Mixtures of iodide, bromide, and chloride can be titrated
potentiometrically because the solubilities of the silver halides

are different enough that the three are precipitated one after
another with little coprecipitation. As the precipitation of each

halide approaches completion, there is a corresponding in-

crease in the rate of change in the potential. Thus three in-

flection points are noted in the curve, which may be obtained
by plotting potential measurements versus the volume of ti-
trant consumed. Figure 1 illustrates such a case.

ln the portion of the curve corresponding to a relatively
large change in potential, there is a point at which the curve
changes its direction of curvature. This point is an inflection

point or "break" in the curve and ideally it occurs at the

equivalence point of the titration. However, in certain cases,

there may be a bias in the analysis, so that the breaks are

slightly displaced from the true equivalence points of the re-

action. The analyses of the known samples may indicate that
the bias is large enough to require a correction.

One of the difficulties in titrations wrth silver nitrate is in
knowing which particular halide caused the inflection points

on the curve. The first break should be that of the iodide

because it has the lowest solubrlity. However, if little or no

iodide is present in the sample, the first breal< will be that
of the bromide. When little or no chloride is present, the

bromide and chloride breaks may almost merge. lf so, one

break may be easily confused with the other. This situation
is avoided in several bromide methods by adding additional
chloride to the sample before the titration.

DETERMINING THE INFLECTION POINT

A. Concentric Arcs Method
The easiest way of locating the inflection point of a titration

curve is by using a concentric arcs template. This template
is semirigid and transparent. There is a serres of arcs scribed

upon it, which are spaced 7a inch apart. The grooves are filled
with India Ink, and there is a small hole at their common
ce n ter.

Locate the approximate position of the end point, which is

in the part of the curve representing the greatest rate of po-

tential change. See Figure 2. Place the template on the curve

on one side of the approximate end point, so that one of the

arcs is superimposed on the curve. Try different arcs to find
the one that best fits the curve. Then make a dot on the graph

through the small hole in the template.
Place the template on the curve on the other side of the

approximate end point, and repeat the procedure. The arc that

best fits this part of the curve is not necessarily the same arc

that best fitted the first part of the curve. Draw a straight line

between the two dots. The point where the straight line inter

sects the curve is the inflection point. Figure 2 illustrates the

proced u re.

B. "Delta" Method
This method may be used if the titration is run manually and

if the tabulated date indicate a sharp end point. This method

may give an incorrect end point if any one of the points is

greatly in error. lt is best applied to data which represent

smooth, symmetrical curves. lt is a rapid method because the

data need not be manually plotted. Dunng the titration, record

the buret readings and corresponding meter readings {or each

added increment of titrant. The increment that causes the

greatest change in meter reading indicates the end point. For

most purposes the end point is assumed to be halfway be-

tween the two buret readings which showed the greatest drf'

ference. The procedure is explained by the example in Table L
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ml o.o500 N

AgNO,
Meter

Reading
Delta

(Difference)

TABLE I

LOCATING THE END POINT BY THE "DELTA"
METHOD

7. From the lower meter scale, determine the mV interval
where the sample titration will begin (e.9., between 3 and 4).

B. Turn the range knob to the lower value (e.9., at 3).

9. Turn the expand knob to 0-1 EXPAND position and

plot or record the initial buret and meter reading.

NOTE: When the O- 1 EXPAND position is used, mV

readings are composed of values taken f rom the range

knob selector scale and the uppermost meter scale. The

number from the range scale represents the hundreds
of mVs; the number f rom the upper meter scale repre-

sents the tens, units, and tenths of mVs. (For example,

see below.)

Range Value Scale Value
Millivolt
Reading

o
o50
100
1 .50
200
220
240
260
2BO
300
3.20
340
360
380
400
420
440

10 20
10.18
10 10

10 01

9.90
986
LB0
973
I63
948

7

11

5t2
368

757.2 mV

11368mV

9 22---____-_ _ 26
o oa________________ ?n

Note that the greatest change in potential occurred when a

total of 3.40 ml of titrant had been added. The end point is

therefore 3 40 minus O 20 2, or 3 30 (lf the meter reading

for 3.OO ml had been 9.52, there would have been two equal

differences rn column 3. In that case the end point would have

been 3.20 ml.)

PROCEDURE FOR A POTENTIOMETRIC TITRATION
USING THE CORNING MODEL 12 RESEARGH pH

METER

This method is not applicable to acid-base titrations such as

total alkalinity
1. Turn the function knob to the STANDBY posrtron.

2. Connect the oower cord to the instrument and source

of power, and allow 'l O minutes for component stabilization.
3. Insert a calomel electrode (filled with saturated KNO,

when titrating halides) into the reference lack and the proper
indicating electrode (glass, platinum, srlver, etc) rnto the glass

electrode jack.

NOTE: A Corning adapter No. 417221 may be used

to convert the glass electrode jack to a pin-type jack.

4. Turn the expand knob to the O-14 position; lower the

electrode assem bly and a magnetic stirring bar into the

sample to be titrated.
5. Turn on the stirrer and immerse the tip of the buret rnto

the sample.

6. Turn the function knob to either the *mV or -mV
range, as required, to bring the meter needle on scale for the

particular titration.

10. Add the titrant in 0.20-ml increments unless otherwise
indicated. After each addition, wait until the needle stops
moving before plotting or recording the buret and meter
readings. Bring the meter needle back on scale by turning the
range knob rn the appropriate direction.

1 1. Titrate until each succeeding 0.20 ml addition pro-

duces less change in the meter readings than the preceding

addition. Add at least five more increments of titrant before
ending the titration.

NOTE: In bromide trtrations, titrate until the chloride
end point has been passed unless more than 1 O extra
mrlliliters are required.

12. Draw a smooth curve through the plotted points and

use the Concentric Arcs Method to determine the inflection
point, or use the Delta Method when only recording.

ML. O.Osm ll AqNO!

FIGURE 1 Typical Bromide Titration Curve
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FIGURE 2 Use of Concentric Arcs Template to Determine the
End Point of a Potentiometric Titration
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SAMPLING OF PROCESSING SOLUTIONS
(xrv)

INTRODUCTION

A. General Considerations
Control of a photographic process requires that the chemical
concentration of the solutions be maintained at standard

chemical levels. Chemical analyses that indicate concentration
are of value for control action only when the samples analyzed
are repi'esentative of the processing solutions. A correct anal-
ysis of a nonrepresentative sample may do more harm than
good in controlling the process.

Processing solutions may be turbid or contain floating par-

ticles, dispersed oil droplets, or a precipitate. Even a clear

soluticn may have a concentration gradient between different
parts of the processing machine tank. For instance, the chem-
ical composition where the film enters is not the same as in
other parts of the tank even though the solution is agitated
or recirculated. For such cases a prescribed procedure must
be used, taking all samples from the same location, such as

from a point near the tank overflow. These samples will be

representative of the solution at the prescribed sampling point
and successive analyses will indicate variations in concentra-
tion that will be useful for control action.

B. Sample Aliquot
Once a representative sample has been obtained from the
processing solution, a representative alrquot must be taken
from the sample bottle for analysis. For a volumetric analysis,
the aliquot should be withdrawn 1 inch below the surface of
the solution with a pipet. In general, no sample bottle should

be shaken. However, the bottle should be allowed to stand
for 1O minutes after taking the sample from the processing

solution. This allows large particles to settle or allows turbidity
due to aeration to clear. However, any turbidity due to benzyl
alcohol in the processing solution will not disappear. An alter-
native procedure for obtarning samples free f rom sediment
is to centrifuge the samples before taking an aliquot.

Handling of a sample may depend upon what is being
measured in the processing solution. Occasionally, it is nec-

essary to shake a sample bottle for a specific reason. An ex-

ample would be when the concentration of a precipitate rn

a solution is being determined. Shaking the representative
sample enables one to report the concentration of the precipi-
tate in terms of grams per liter. Therefore, whenever a sample
bottle is shaken, analysis of an aliquot will be indicative of
the whole sample and not just the dissolved constituents.

SPECIAL APPARATUS

Polyethylene bottle and screw cap (for sampling, not for
storage), or glass bottle with plastic screw cap or rubber stop-
per. Srze to be determined by laboratory supervisor.

Bulb-type ru bber syringe
Rubber gloves

PROCEDURE

A. General Instru.ctions
1. Clean the syringes, botties and caps with acrd-alcohol

cleaning solution (use caution), followed by a detergent solu-
tion. Then rinse with tap water and drain. The bottles need

not be dry.

2. Each bottle must have adequate identification such as

a label or an identification ticket.

NOTE: Some paints and inks contain solvents or ingre-
dients which permeate polyethylene bottles and con-
taminate the inside. Such paints and inks should not
be used for identification.

3. Use rubber gloves

4 Rinse the bottle and syringe (if used) twice with the
solution to be sampled.

5. Fill each sample bottle to overflowing to exclude air.
6. Cover immediately. Be sure the screw cap is put on tight

to prevent the loss of volatile constituents.
7. For developers: Rinse the outside of the bottle with

water to wash off the developer.

B. Use only one prescribed sampling procedure.

B. Sampling Mix-Tank Solutions by Surface Method
1. Take the sample immediately after the mixer rs turned

off . while the solution is moving.
2. Submerge the bottle 4 inches below the surface of the

solution and as near the center of the tank as possible.

3. Rinse the bottle twice, then fill to overflowing with the
final sample, being careful not to scoop in surface foam or
small undissolved floatino oarticles.

C. Sampling Mix-Tank Solutions byTap-Off Method
The "tap-off" is a short nipple and valve rnstalled in the side
of the mix tank or outlet lrne.

1. Draw off and dispose of sufficient solution so that the
final sample will be representative of the solution rn the tank.

2. Rinse the sample bottle twice and fill to overflowing.

D. Sampling of Recirculated Solutions from Closed
Systems

1. Sample by means of a valve in the line. The valve may
be between the filters and the rotameters.

2. Open the valve fully, and permit the solution to flow until
it is free of air bubbles.

3. Rinse the bottle twice. Then fillto over{lowinq with clear
solutron.

E. Sampling of Recirculated Solutions from Open
Systems

1. Take a sample as described for solutions in closed sys-

tems (Part D).

2. As an alternative method take a sample from the ballast
tanks using the surface technique described for mix tanks in

Part B
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F. Sampling of Nonrecirculated Solutions 3. Draw a representative sample into the synnge and expel

1. Insert a syringe 2 inches below the solution surface as slowly close to the bottom of the bottle, avoiding aeration.

close to the tank overflow as practjcable Repeat until the sample bottle is filled to overflowing.

2. Rinse both bottle and syringe twice with the solution 4. Use a separate syringe for each solution.

being sampled. Do not aerate the solution while rinsing the

syr i ng e.
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DIAGNOSING AND CORRECTING NONSTANDARD
CHEMICAL COMPOSITION OF PROCESSING

SOLUTIONS

{xvil)

INTRODUCTION

This section describes tests that may be made to determine
whether a mix meets the chemical control tolerances. This
section also describes the method of calculating chemical ad,

lustments, the proper method of their preparation, and the
extent to which corrections are advisable.

The best prepared processing solution is one that requires
no adjustment. In practice, measurable constituents are fre-
quently adjusted to be within chemical tolerances. In some
cases it is necessary to add more of certain materials than
is called for in the formula and to restir the mix.

The variety and size of chemical adjustments and, in some
cases. the instability of chemical additions, necessitates the
preparation of chemical additions as they are needed.

This section assumes that the mixrng tanks are properly
calibrated and that the chemical analyses are reliable.

CRITERIA FOR EXAMINING PROCESSING
SOLUTIONS

Before a processing solution is used, there are certain physical

and chemical criteria that may be used to determine whether
the solution will produce satisfactory photographic results.
These criteria are (1) appearance of solution, (2) specif ic

gravity, (3) pH, (4) total alkalinity, and (5) individual anatyses.
It is not necessary to evaluate all of these criteria for each

solution. The extent to which these methods are used

depends, in part, upon the risk the processor wishes to take
in assuming that the processing solutions were prepared cor-
rectly. The more critical a constituent, the greater is the risk
of faulty processing if an error has been made in mixing.

A. Appearance of Solution
Each processing solution has a characteristic appearance. Any
deviation from its normal appearance is an indication that the
solution may not produce satisfactory results. There are, in
general, three such important deviations.

1 . Color. A highly colored developer solution may indicate
that the solution has been oxidized excessively. This may re-

sult from excessive stirring or exposure to air, or a low weir
level on the process machine. lt may also be possible that
an insufficient amount of an antioxidant such as sulfite was
added.

lf the developer solution has deviated from its usual color,
it is possible that an imoure chemical was added.

2. Oily appearance. lf a developer solutron has an oily ap-
pearance, the developing agent or the benzyl alcohol has

probably failed to dissolve completely. This condition gener-

ally results f rom the improper addition of the chemical or f rom
insufficient mixing of the solution.

3. Undissolved parttcles. The presence of floating particles

or a precipitate in the processing solution is usually caused
by some deviation from the proper mixing technique:

a. Insufficient agitation of solution.
b. Wrong mixing order of constituents.
c. Wrong method of dissolving constituents.
d. Addition of a foreign chemical or an excess of a mix

con stitue nt.

e. Wrong addition of an acid or base greatly altering the
pH of the solution.

B. Specific Gravity
The specific gravity determination is one of the most valuable
single analyses for determining large errors in mir prepara
tion. The test may also be used to detect mechanical trouble
in the processing machine. With the recommended hydrome-
ter it is possible to determine whether or not the total content
of added materials is within 1 to 2 grams per liter of the proper

amou nt.

The specific gravity of a mix cannot detect the presence or
absence of materials present in small amounts ('l .O gram per

liter or less). Neither can the specrfic gravity detect the acci-
dental substitution of a wrong chemical, if added in a com-
pensating amount, nor can it detect weighing errors that
equally compensate each other. Some indications why the
specific gravity of a mix does not meet its standard are:

| . A low specific gravity of a replenisher may indicate;
a. A constituent was omitted or too little of it added.
b. Certain constituents are not in solution.
c. The substitution by or the addition of too much of a

constrtuent with a low specific gravity, such as benzyl alcohol.

d. The substitution of a hydrated chemical was made for
the anhydrous material.

e. The solution was overdiluted.
2. A low specific gravity of a processrng tank may indicate:
a. Underreplenishment.
b. Malfunctioning of air or water squeegees permitting

excess water carry In.

3 A high specrfic gravity of a replenisher may indicate:
a. Too much of a constituent with high specific gravrty was

added.

b. Too little of an ingredient with low specific gravity was
added

c. The substitution of an anhydrous chemrcal was made for
the hydrated chemical.

d. Insufficient dilutron
4. A high specific gravity of a processrng tank may indicate;
a. Overreplenishment
b. Replenisher quick-fill valve open.

c.pH
The degree to which deviation of pH from standard can be
tolerated depends on the sensitivity of the film to the pH of
the solution. Developers generally require a high degree of
pH stability and are thus designed to contain a buffer to resrst

changes in pH. A deviation of 0.2 pH unit in a developer may
be an indication of very serious trouble in preparing the mix.
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A pH adjustment of more than 0.2 to any developer is not

advisable unless the reasons for it are known and unless the

corrective constituent mav be safelv added at the end of the

mixing operation.
The pH of the ferricyanide bleach is not critical; hence it

does not need much buffering capacity nor pH control. lt

should be kept within its tolerances to prevent the formation
of precipitates. The pH of the fixing bath is less critical than
pH of the developers, but it must be maintained within its

tolerances. The pH of this solution can be controlled with an

automatic control device or with the use of a buffer (drsodium

phosphate).

A pH over 11 usually implies the presence of sodium hy-

droxide or trisodium phosphate in a solution. A pH as low

as 10 for a color developer indicates trouble, probably an

insu{frcient amount of hydroxide.
Amounts of sulf uric acid or sodium hydroxide required for

adjusting the pH of a developer solution are shown rn Table

L Note that 2.5 N sulfuric acid is specified because concen-

trated HrSOo, 96% or 35 N, if added directly to a replenisher,

causes localized heating and chemical action on sulfite, car-

bonate, etc.

D. Total Alkalinity
This test measures the total contribution of the different con

stituents to the acid-neutralizing capacity of the solution. Most

constituents contribute differently; thus a diagnosis of trouble
is frequently possible with the aid of total alkalinity

Sodium sulfite contributes substantially to total alkalinity.
Thus an off-standard total all<alinity should be immediately

followed by an analysis for sodium sulfite. lf this is on stan-

dard, other alkaline constituents such as carbonate, hydrox-
ide, or phosphate should be considered. Simple test methods

are not available to measure the concentration of these chem-

icals in a processing solution. lf the pH is above 12, at least

some sodium hydroxide is present. By referring to the analyti-
cal method for the determination of total alkalinity and check-

ing the contributions of each chemical toward total alkalinity,
it is possible to calculate the probable error made rn mixing

the hydroxide or the carbonate. Note that some constituents
have negatrve contributions. The mix is then brought to stan-

dard by making the proper addition of acid or base by consid-

er-ing the data given rn Table land the mentioned neutral-

ization effects given in the total alkalinity determination.

E. Individual Analyses
The analyses of the individual constituents of a processing

solution are, of course, most valuable in first determining
whether a solution meets its control tolerances and secondly

in determining any corrections that may be required. For rou-

tine control only the most photographically critical constit-

uents are frequently measured as outlined in the "Chemical

Control" section of Process Control, page series 600. The

less critical constituents are measured occasionally, in order
to maintain them at their most efficient concentrations.

RECOMMENDED MAXIMUM ADJUSTMENTS

Solutions found to.have constituent concentrations seriously

outside of control tolerance are usually the result of gross

mixing errors or serious mechanical failure. lt is impossible

or imoractical in some cases to correct the mix to standard.

The maximum corrections recommended are:

Developers, NaHSO,, NarSO,

Formalin

Acetic Acid, Anti-Fog, No. 6,

Benzyl Alcohol, Citrazinic Acid,
Ethylenediamine, Kl, NA 1,

NaBr, NaCNS, NarCOr, NarSOo

Na,POo'1 2H20, RA-1, SA-1,

Sodium Acetate

+ 20%

+ 2O/o to O%

+ 100% to -2Oo/o

Experience has shown that lowering the concentration of

Formalin to standard has produced unsatisfactory photo-

graphic results.

CALCULATION OF "ADDITIONS" AND "CUTS" TO
TANKS AND REPLENISHERS

The next step in the procedure of correcting a nonstandard
solution is the calculation of the proper "addition" or "cut. "
An addition is a known amount of chemical, solid or in a

solution, that must be added to a tank or replenisher to bring
that constituent up to its standard level. A cut is a known
volume of solution used to reduce the concentration of one
or more constituents.
A. lf Constituent is Below the Chemical Standard, an
Addition is Needed.
AdjustmentS to processing solutions found to have one or
more constituents below the chemical standards are made by
the addrtion of the needed constituents. The resulting small
change in volume is disregarded. The amount required to
bring the constituent to the chemrcal standard is calculated
from Equation =1.

Total grams _
to be added

l(^;,,,)
EXAM PLE:

A 10OO-liter solution is found to contain 1 .80 grams

per liter of NaBr, and the chemical standard is 2.OO

grams per liter. Then:

Total grams NaBr to add : (2.00 - 1 B0)(1000)
:2009

B. ff Constituent is Above its Chemical Control
Standard, A Gut is Needed.
Adjustment to processing solutions found to have one or

more constituents above their chemical standards is accom-
plished by making a deliberate decrease rn concentration o{

- (,.J,:,"J1 [ ",::"J:""]
(1)
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the off-standard constituents while maintarning the others at

their chem ical standards
Five cases are shown:
| . Only One Constituent Above the Upper Tolerance

(Volume of mix cannot be increased.)

lf a cut is needed for either a tank or a replenisher, but it
is impossible to increase the volume of the solution due to
the limited volume of the tank, then the following equalion
(t2) is used to determine the volume of the cut to be made.
A volume of the out-of-standard solution, equal to the volume
of the cut, must first be discarded.

Liters

of cut

| {O t cfrem found) - (g I chem srd) | | Liters of off- 
|

I skh"nlb"H""nd ll stdsot n l
(2)

The amounts of chemicals to be added are as determined
by Equation t3.

Total of grams of : (Liters of cut)(chem std of const)
each const to add

(3)

Usually a cut is prepared using the standard mixing proce-
dures, but often it is necessary to prepare an odd-sized volume
of solution, which necessitates a slight modification in the
procedure. There are two suggested modifications. The se-

lected modification usually depends upon the volume of the
cut and the size of the available mixing tank.

a. The mix tank can be temporarily calibrated to the exact
volume of the cut by adding water to the nearest calibration
mark. Water is either added or discarded to meet the volume
required by the cut. The tank is then marked at that volume.
For example, a tank has calibrated marks at 90 and 100 liters.
lf a 91-liter cut is required, the tank is filled to gO liters, and
1 more liter is added. lf a 97-liter cut is required, the tank
is filled to 100 liters and 3 liters are removed. The tank is

marked at that volume. About 20 liters of water are discarded,
leaving BO% oI the water in order to dissolve the chemicals.
The cut is then prepared according to standard procedures.

b. A cut can be prepared at the nearest known calibration
mark that exceeds the volume needed. The extra volume of
solution is then discarded. For example, a 91-liter cut is

needed, a 100-liter mix is prepared. The extra g liters are
discarded.

Equations #2 and t3 are explained by use of the following
exam ple:

A l OOO-liter solution is found by analysis to contain 2.20
grams of hydroquinone per liter when the standard was 2.OO
grams per liter. All the other constituents are on standard.
(Ouadrafos : O 6 9,. l, NarSO, : 12.0 g'1, added in two
parts, Eroru" : 4.00 97l, NarCO, : 60.0 g,rl, NaBr : 1.80
g,'1, and Kl : 25.0 ml of a 1 g. I solution)

The volume of solution to be discarded :
/2.2O-200\1 \
L," ll1000f : e1 titers
\ z.zu /\ /

The volume of the cut is also 91 liters. The other constit_
uents are added, in sequence, in the foilowrng amounts:

Water
Ouadrafos

NarSO,
Eroru

NarSO,

NarCO,

Na Br

KI

73 liters
: (s1) (0.6) 54 6 g
:(91)(12) :1092 s: (e1) (4 00) : 364 0 9: (s1) (60) : 5460 s: (e1)(60) : 5460 s: (e1) (1 B0) : 163 8 s: (91) (25.O) : 2275 mlof 1 sil Kl

Water to make 91 liters

2. Several Constituents Above the Upper Chemical Toler-

ance (Volume of solution cannot be increased.)

The volume to discard is computed from Equation X2 and
is based on the chemical requiring the greatest cut (the one
present in the greatest percent excess). The chemicals which
were originally on standard are added to the addition accord-
ing to Equation rt3 above. The second chemical (that requir-
ing the next smaller cut) will now be present in too low a

concentration until some more of that constituent is also
added. The amount required is calculated as in Equation #4.

Grams of chemical / Final vol \ / g I che- \
toadd :( ;;,",,J(" ;;,) -

f/Finalvol\ l/q tche-\
ll -'-l-(lirersofcur) 1f "."" I
l\inliters/ l\ found /

(41

EXAM PLE,

A solution was found to be the same as that described
in the example of Part B, 1, above, except the NaBr
tested 1.96 g'l with a standard of 1.BO g,, l

The HO is adjusted by drlution as describeo aoove.
All the other constituents are adjusted by additions as
described above. Calculate the amount of NaBr to add
which is based on the g l-liter cut f rom Equation +4.
grams of NaBr : (1000)(1 BO) - (1000 _ 91)(1 96): 18 4s

3. Only One Constituent Above the Upper Tolerance
(Volume of mix may be increased.)

lf a cut is needed, and it is possible to increase the volume
of the total solution, then the following equation (#5) is used
to determine the volume by which the mix must be diluted
to bring the constituent back to standard.

Final volume - (g I chem found 
\/orioinal 

liters\

\ g I chem std /\ of solution /
(5)

The volume of the cut to be made is the difference between
the final volume and the original volume, Equation #6.KoDAK ELoN Developing Agent (or p-Methylaminophenol Sullate)

GP-822



Volume of cut : (final volume) - (original volume)

(6)

It follows that if the solution were merely diluted with water,
all the other constituents would be present in too-low concen-
trations. Therefore, these chemicals have to be added to make
up this deficit. The amount of other constituents to be added
is determined by Equation *3.

EXAM PLE:

Followrng the example described in B, 1 , above:
/220\

Finat votume: l_ l(1000) :11O0titers
\ 2.00 /

The volume of the cut: 1100 liters - 1OO0 liters
: 1OO liters

Other constituents are added in the following
amounts.
Water
Ouadrafos

NarSO,
Eloru

NarSO,
NarCO,

Na Br

KI

Water to make

4. Several Constituents Above the Upper Tolerance
(Volume of mix may be increased)

This situation is similar b B, 2; however, the volume of
the cut is computed from Equation #6 rather than Equation
#2. The other chemical that reouires the smaller cut is in-

creased by Equation #7 rather than Equation #4.

gramsof f/Final vol \/g lchem\l" :il ll" ll-chem to add | \ in liters / \ std I I

EXAM P LE:

The following example is described above in B 1,2,
and 3. The HO is adjusted by dilution as described

above. All the other constituents are adjusted by addi-

tion as described above. The additional amount of

NaBr is:

gram of NaBr : (1100)(1 B0) - (1OOO)(1.96)
: 200 g

5. All Constituents Above Upper Tolerance

lf all the measured constrtuents are found to be above the

upper tolerance, the mix has probably been underdiluted.
Specific gravity measurements are an aid in this diagnosis.

The correction of this condition is a straightforward calcula-
tion of the amount of water needed.

PREPARATION OF CHEMICAL ADJUSTMENTS

Considerable care is needed in the preparation of individual
chemical additions to a processing solution. This part de-

scribes the proper way to prepare these addrtions. lt is divided
into two groups, because drfferent techniques are needed to
make chemical additrons to the tank solutrons rather than to
replenisher solutions. The difference is due to (1)the low rate

of agitation found in tank systems, and (2) the necessity to
maintain a constant pH of the tank solution.

After a constituent has been added and dissolved in the
processing solution, the solution is reanalyzed for the constit-
uent, and the pH is remeasured. lf a cut (see previous section)
has been made, a complete analysis of the resulting solution
should be made.

A. Preparation of Replenisher Additions
'1 . Add and dissolve the following chemicals directly to the

replenisher solution. Generally, no correction of pH is neces-

sary because the addition will adlust the pH to standard.
Acetic Acid
Benzyl Alcohol
Citrazinic Acid
Ethylenediam ine

Formalin
Hyd roquinone
NA- 1

Potassium Salts

RA,1

Sodium Salts

Water solutions such as Anti-Fog, No. 6, and CW-1540
(so I uti on)

2. Phenidone*

Place the weighed amount of Phenidone into a suitable-sized

beaker. For each gram of Phenidone, add 2 ml of methyl
alcohol to make a slurry with the Phenidone. While stirring,
add 20 ml of hot water (140 F), then 0.3 gram of sodium

sulfite for each gram of Phenidone. Add 1 ml of 10 N sodium
hydroxide for each gram of Phenidone. (See Table ll )At this
point the Phenidone will start to go into solution.

NOTE: Do not use solid sodium hydroxide.

B. Preparation of Replenisher Cuts
1. Add B0% of the water calculated for the cut into a small

mixing tank.
2. Add and dissolve the chemicals in the same manner as

used when the solution was originally prepared.

3. Dilute to the calculated volume with water ano mtx.

4. Add thrs cut to the main solution and mix.

C. Preparation of Tank Additions
Most chemicals, being acidic or basic, will affect the pH of
the processing solution when they are added to that solution.
Table ll shows the amounts of acrd necessary to neutralize

the chemical being added.

1 . Anti-Fog, No. 6. 20 g r I
a. Measure the specified volume of the A.F., No. 6, solu-

tion in a graduated cylinder, and add it directly to the machine

system.

B0 liters
100 ( 0.6) 60 s
1 00 (1 2.0) : 12OO s
100(400) : 400.0s
1OO (60.0) : 6000 s
1 00 (60 0) : 6000 s
100( 1.80) : 18009
1OO (25 O) : 2500 ml

100 |

f 
("1:;,1,:"r)to''r'."- """0'l (7)

G P-823
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2. Citrazinic Acid
a. Weigh the specified amount of citrazinic acid.

b. For each gram of citrazinic acid, add 5O ml of water at

26.5 C (80 F) and stir to f orm a slurry.
c. Add slowly the appropriate volume of a sodium hydrox-

ide solution as determined by using the factor given in Table

ll, and dissolve the citrazrnic acid. lf a precipitate forms during
the addition of the hydroxide solution, add more water before

adding the remainder of the hydroxide solution.

d. lmmediately add the citrazinic acid solution to the ma-

chtne s)'stem.

3. Developing Agents

a. (1) For each gram of CD-3, dissolve O 4 g of sodium

sulfite, or add 3 ml of 1.0 M sodium sulfite into 20 ml of
water at 26.5 C (BO F)

(2) For each gram oI hydroquinone, dissolve 0.4 g of
sodium sulfrte or add 3 ml of i.O M sodium sulfite rnto 20
ml of hot water at 60 C (140 F)

(3) For Phenidone, see separate part under Phenidone.

b. Weigh and dissolve the developing agent in the sulfite
solutron.

c. Measure the appropriate volume of either 2.5 N or 1O

N NaOH solution as determined by using the factor given in
Table ll

d. Add the NaOH solution to a volume of tank solution in

the ratio of 20 ml per gram of developing agent, then add

the NarSO.-developer solution. Add this mixture to the ma-

chrne system.

4. Ethylenediamrne
a. Measure the specified volume of ethylenediamine in a

graduated cylrnder.
b. Using another graduated cylinder, measure 0.60 ml of

2.5 N sulfuric acid.

c. Add the ethylenediamine to the machine system. Then

slowly add the sulf uric acid.

5. NA-1
a. Weigh the specified amount of NA-1.
b. Measure, in a graduated cylinder, the appropriate vol-

ume of 2.5 N or 10 N NaOH as determined by using the factor
given in Table ll

6. Phenidone. Place the weighed amount of Phenidone

into a suitable-sized beaker. For each gram of Phenidone, add

2 ml oI methyl alcohol to make a slurry with the Phenidone.

While stirrrng, add 20 ml of hot water at 60 C (140 F), then
0.3 gram of sodium sulfite for each gram of Phenidone. Add
1 ml of 1O N sodium hydroxide for each gram of Phenidone.

(See Table ll.) At this point the Phenidone wrll start to go into

solution.

NOTE: Do not use solrd sodium hydroxrde.

7. Sodium Btsulfite. Dissolve the sodium bisulfite in water
using the ratio of 5 g of sodium bisulfite to 50 ml of water.

B. Sodium Bromide. Dissolve the sodium bromide in water
using the ratio of 5 g of bromide to 1O ml of water.

9. Sodium Thiocyanate, (500 g l) Measure the appropriate
amount of the sodium thiocyanate stock solution in a grad-

uated cylinder, and add it directly to the machine system.

D. Preparation of Tank Cuts
1. Add BO% oI the water calculated for the cut into a pail

or small mrxing tank.

2. Add and dissolve the chemicals in the same manner as

used when the solution was originally prepared.

3. Dilute to the calculated volume with water, and mix.

4. Add this cut to the main tank svstem. and mrx.

TABLE I

ADDITIONS TO CHANGE THE pH OF A SOLUTION

To LOWER pH,
Deve- add
loper ml 2.5 N H2S04

To RAISE pH,
pH add

Change ml 2.5 N NaOH

First

Color
6.2
29

5.5
3.1

+0.10
+010

TABLE II

NEUTRALIZATION FACTORS FOR ACIDIC-TYPE
CHEMICAL ADDITIONS

Neutralization Factor* per g or ml

For Amounts of Chemicals

Chemical
less than 100 g

use ml 2.5 N Na0H
greater than 100 g

use ml 10 N Na0H

c D-3

Citrazinic Acid

H yd roq uin o ne

NA-1

Phenidone

5.0

5.0

2.5

5.0

40

1.3

1.3

0.63

1.3

1.0

' l\lultrply grams, or mrllrliters, of chemical by factor to give amount of
caustic so ution to neutra ize chem cal.

EXAMPLE. 20 g Hydroquinone X 2.5 : 50 ml of 2.5
N NaOH.
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CALIBRATION OF MIX TANKS
(221OFl

FOREWORD

It is f requently necessary to determrne accurately the volume

of a mix tanl< or a recirculation system. This can be done either

by a titration method or by a spectrophotometric method. The

procedure is repeated for each volume or calibratron mark

being determined. lt is only necessary to add the extra amount

of solute and water between one volume and the next.

PRINCIPLE

The titration method involves weighing two portions of so-

dium chloride, dissolving the larger in the tank to be calibrated

and ihe smaller in a volumetric flask. Samples are taken from

both solutions and are titrated with silver nitrate, using potas-

sium chromate as an indicator. The true volume of the tank

is calculateci f rom the ratio of the two volumes of silver nitrate.

Sodium chloride is used in the titration method because of

its high uniformity of particle size and low cost. lt is inert to

carbon dioxide and oxygen and does not form hydrates. The

small amount of sodium chloride used to prepare the refer-

ence solution must truly represent the large amount used to

prepare the tank solution.
In the spectrophotometric method, accurately weighed

amounts of metanil yellow are dissolved in the mix tank and

in a volumetric flask. The absorbance of each solution is mea-

sured on a spectrophotometer, and the true volume of the

tank is calculated from the ratio of the absorbances. This

method has advantages, in that the amount of chemical re
quired is smaller, and also an analytical balance may be used

to measure both portions of the reagent, avoiding the use of

less precise balances.

I. TITRATION METHOD
Reagents

Sodium Chloride, NaCl

Potassium Chromate, KrCrOo, indicator

0.05 N Silver Nitrate, AgNO,

Procedure

A. Preparation of the Tank Solution of Sodium

Ch loride
1. Add water to the mix tank to bring the level nearly to

the calibration mark. Stir thoroughly and withdraw approxi-

mately 3 liters for use in making a reference solution.

2. Accurately weigh sodium chloride to give a concentra-

tion of about O 5 gram per liter in the mix tank (e.9., 500.0
grams for a 1000-liter calibration mark). Use the appropriate

balance and weigh to the number of decimal places indicated.

Analytical Balance- For weights between 0.5OOO and

49.500 s
Torsion Balance-For weights between 50.00 and 1OO.O0

grams-

Torsion Balance- For weights between 1 00.50- and

a99.50 gt
Triple Beam Balance-For weights between 5OO.O and

25OO g.

3. Add the sodium chloride slowly in a fine stream to the

mix tank, stir for a few minutes, and dilute to the calibration

mark. Stir for approximately 7z hour.

B. Preparation of Reference Solution of Sodium

Chloride

1. Weigh on an analytical balance 1.OOO0 gram from the

same batch of sodium chloride used in the mix tank.

2. f ransf er the sodium chloride to a 2-liter volumetric flask,

dissolve it in approximately 1600 ml of the water taken f rom

the mix tank and dilute to volume.

C. Titration of Two Samples of the Reference

Solution
1 Pipet (wipe the pipet before leveling) 200.0 ml of the

reference solution into a 500-ml glass stoppered Erlenmeyer

fl ask.

2. Add 3 drops of potassium chromate indicator.

3. Titrate with 0.05 N srlver nitrate from a 5O-ml buret,

with constant swirling, untilthe precipitate has a slight orange

Irnt.

4. Stopper the flask and shake vigorously for approxi-

mately 30 seconds.

5. Add more silver nitrate dropwise, with swirling, until the

first permanent orange tint.

6. Titrate another 2OO.O ml sample of the reference solu-

tion by repeating Steps C 1 through C-5, and average the two

volumes of silver nitrate used.

D. Titration of Two Samples of the Mix Tank

Solution
1. Withdraw a sample of the mix tank solution. Pipet (wipe

the pipet before leveling) 200 O ml into a 5OO ml glass-stop-

pered Erlenmeyer flask, and repeat Steps C-2 through C-5.

2. Withdraw another sample f rom the mix tank and titrate

a 200.0-ml portion as before.

3. Average the two volumes of silver nitrate obtained in

Steps D-1 and D-2

E. Calculations

volume of mix tank in liters

II. SPECTROPHOTOMETRIC METHOD
Special Apparatus

Beckman Model DU Spectrophotometer, or equivalent

1-cm Silica cell, Beckman Catalog No. 75170

TNs value nray bc hrgher depending upon the load limit of the balance n

USE,

t Make multip e weighings lor amounts in this range or f or amounts arger than

25OO g if the total werght rs a srng e add tion to the tank This wrl avo d

overloading the balance
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Reagents

Metanil yellow

Procedure

A. Preparation of Tank Solution of Metanil Yellow

1. Add water to the mix tank to bring the level nearly to

the calibration mark. Stir thoroughly and withdraw approxi-

mately 5 liters for use in making the reference solution and

for use as a blank in the spectrophotometer measurements.

(lt is necessary that the same water at the same temperature

be used for both solutions.)
2. Weigh to 4 decimal places on an analytical balance

enough powdered metanil yellow to give a concentration of

about O 01 gram per liter in the mix tank (e g, 1O.O232

grams for a 1OO-liter calibration mark).

3. Add approximately 1 liter of water to the metanil yellow

contained in a beaker, stir, and decant into the mix tank. Use

care to keep any solid dye in the beaker. Repeat with 1-liter
portions untilall of the metanil yellow has been dissolved and

added to the mix tank.

4. Dilute the solutron to the calibration mark, and stir for

approximately 1/z hour.

B. Preparation of Reference Solution of Metanil
Yellow

1. Weigh on an analytical balance 0 4000 gram from the

same batch of metanil yellow used in the mix tank.
2. Trans{er the metanil yellow to a 2-litet volumetric flask,

dissolve it in part of the water taken from the mix tank, and

dilute to volume.
3 Pipet (wipe the pipet before leveling) 50.0 ml of this

soiution into a 1-liter volumetric flask, and dilute to volume
with water from the mix tank.

C. Measurement of the Absorbance of the Solutions
Against an Air Blank

1. Measure the absorbance of the diluted reference solu

tion at 425, 430, 435, 44O, 445, and 450 nm (mp). Use

the tungsten lamp. See instructions for operation of the spec

trophotometer, given in Method Vl E.

2. Withdraw a sample of the mix tank solution, and mea-

sure its absorbance at each of the wavelengths Iisted in Step
a1

3. Withdraw another sample from the mix tank, and repeat

the measurements.

4. Average the two measurements at each wavelength for

the mrx tank solution.

D. Measurement of the Absorbance of the Water
from the Mix Tank

Measure the absorbance of the water (refer to Step A-1)at
each of the wavelengths listed in Step C 1 .

E. Calculations

(Aoru of tank soln - Ao^ of water) 'l

: volume of mix tank in liters

2. Repeat the calculation using the absorbances of the so-

lutions at each of the other wavelengths.
3. Average the six volumes obtarned, and report the

average value. The range of the six values is an indication
of the precrsion of the work.

,I (100)(A42s of ref soln - Aqzs of water

qrams of I
Iretanit 

Iyellow 
I

added to 
Itank I
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DETERMINATION OF CD-3 IN COLOR DEVETOPERS
(1 25C)

INTRODUCTION

The developing agent (CD-3) is extracted with chloroform
from a sample of color developer. The chloroform layer is

added to dilute sulfuric acid. The developrng agent, which
enters the acid layer, is titrated with sulfato cerate using Fer-

roin indicator. Benzyl alcohol rs also extracted by chloroform
but does not interfere in the titration.

Emulsions tend to form between the chloroform and water
layers during the extraction of certain highly seasoned
samples. The addition of an anti-emulsification agent, cetyltri-
methylammonium bromide (CTAB) solution, before the chlo-
roform extraction minimizes the formation of this emulsion.
Occasionally, a narrow emulsion layer may be present. lf the
layer is transferred to the sulfuric acid, a significant error will
be introduced. The CTAB causes no interference in this analy-
sis, and it is added to all samples for uniformity.

Spectro-grade chloroform is recommended because practi-
cal grade chloroform has produced a different and indistinct
color change with results which were approximately 2O%
high on some samples. However, if spectro-grade cannot be

obtained, practical grade should be tried.
The equations which are shown for the developer calcula-

tions are expected to be valid for all laboratories. However,
if standard mixes are prepared, the average result should be

wlthin t 5% of the formula amount of the developing agent.
Developing agents dissolved in water may cause dermatitis

and are more likely to cause it when dissolved in chloroform.
Therefore, use extra caution while running this analysis to
keep the chloroform solution f rom the skin.

CAUTION: Chloroform is toxic; therefore, the exrrac-
tions must be performed in an exhaust hood or where
there is adequate ventilation. Keep chloroform away
from open flames and hot surfaces. Chlorinated materi-
als may break down to give toxic and irritating gases

such as phosgene and hydrogen chloride. Waste chlo-
roform should be disposed of according to locally ac-

ceptable practices.

RELIABILITY

The determination of developing agents is stoichiometric. The

value of the blank (0.25) is subtracted from the volume of
sulfato cerate used in the titration.

SPECIAL APPARATUS

Magnetic stirrer (VWR Scientific)
Teflon-covered stirring bar (Catalog No. 58949-061)

REAGENTS

Cetyltrimethylammonium Bromide (CTAB), 1 o/o solutjon
Chloroform, CHCl., spectro-grade
7.0 N Sulfuric Acid, HrSO,
Ferroin indicator
0.0500 N Sulfato Cerate

PROCEDURE

A. Extraction of the GD-3 with Chloroform
1. Pipet 25.0 ml of developer into a 12S-ml separatory

funnel.
2. Add 1 ml of 1% CTAB solution from atip-up pipet and

mix by gently swirling.
3. Add, from a tip-up pipet, 25 mlof spectro-grade chloro-

form, and shake the funnel vigorously for 3O seconds.
4. Allow 1 minute for complete separation of the layers.

NOTE: lf any globules of chloroform are seen floating
on the water layer, swirl the funnel until the globules
drop back into the chloroform layer.

5. Pour approximately 4OO ml of distilled water from a

graduated cylinder into a 1-liter beaker.

6. Add, from a tip-up pipet, 25 ml of 7.0 N sulfuric acid,

and mix thoroughly using a magnetic stirrer.
7. Carefully drain the lower (chloroform) layer into the di-

iute sulfuric acid, holding the tip of the funnel against the
inside of the beaker. Drain off all but the last few drops ol
chloroform. Do not drarn off any of the aqueous layer.

8. Extract the CD-3 remaining rn the water layer by repeat-
ing Steps 3, 4, and -/.

B. Titration of the Acid-Chloroform Mixture
1 . Add 4 drops of Ferroin indicator to the acid-chloroform

mixture.
2. f urn on the magnetic stirrer so that the solution is mix-

ing vigorously.
3. Titrate the solution with 0.0500 N sulfato cerate to the

first pale green color which persists for | 5 seconds. Add the
titrant dropwise when withrn an estimated 2 ml oI the end
point, allowing sufficient time for complete mixing before
making another addition

4. After the titration, dispose of the chloroform accordrng
to locally acceptable practices.

G. Galculations

_ (ml cerate - ml blank)(N cerate)(eq wt CD-3)
1

(mr sampre)

(mr cerate - 0.25)(o.o5o0)(21 8.0)(1000)

(25 0)(1000)

(mlcerate - 0.25)(0.436) : CD-3, g/l
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TITRIMETRIC DETERMINATION OF

HYDROOUINONE AND PHENIDONE-
IN FIRST DEVELOPER

(44O)

PRINCIPLE

Most of the Phenidone and a small amount of hydroquinone

are extracted from an acidified (pH   7) sample into chloro-
form. The hydroquinone that is extracted is washed out of the

chloroform with a distilled water wash. The Phenidone is then
reextracted from the chloroform into an acid solution of ferric
chloride where the Phenidone reduces the ferric chloride to
an equivalent amount of ferrous ions. The amount of ferrous
ions formed is determined with a cerimetric titration as a

measure of the Phenidone.

In aged mixes, an emulsion may be formed at the solvent-
aoueous Interface a{ter the first extraction. This emulsion must

be transferred along with the solvent.
The hydroquinone which was Ie{t in the original acidified

water layer is extracted into ethyl acetate. lt is then deter-

mined directly with a cerimetric titration.

RELIABILITY

Ten ME-4 first developer laboratory standard mixes were
prepared with different combinations of Phenidone (0.100 to
O.5OO g/l) and hydroquinone (3.00 to 7.OO g/l) to determine
the calibration curves and the effect of one compound on the

analysis of the other. Two analysts produced 1 9 analyses

which showed complete separation of the two compounds.
The same conclusion was indicated by the 1O analyses of

five ECO-3 first developer laboratory standard mixes contain-
ing 0.100 to 0.300 g/l of Phenidone and 2.00 to 6.00 g/l
of hydroquinone.

A comparison of the individual calibration curves showed

that there was no signif icant difference between them for each

solution. Therefore, the data were pooled to obtain only one

calibration equation for each compound. Based on these data,

the 95% confidence limits for a set of analyses are *0.01
g/l of Phenidone and + O. 1 O g/l of hydroquinone.

REAGENTS

Chloroform, CHCI,

Glacial Acetic Acid, CH,COOH

Water
1.8 M Ferric Chloride, FeCl,

3.0 N Hydrochloric Acid, HCI

Ethvl Acetate. water saturated
Methyl Alcohol, CHrOH

Ferroin indicator
O.O5OO N SulJato Cerate

7.0 N Sulfuric Acid, HrSOo

PROGEDURE

A. Extraction of Phenidone
1 . Set up and la6el three separatory f unnels as indicated:

Funnel # 1 - 500-ml funnel
Funnel #2- 250-ml funnel
Funnel #3- 250-ml funnel

2. Add, from a tip-up pipet. 1 50 mlof chloroform to funnel

CAUTION: Chloroform is toxic; therefore. the extrac-

tions must be oerformed in an exhaust hood or where
there is adequate ventilation. Keep chloroform away

from ooen flames and hot surfaces. Chlorinated materi-
als may break down to give toxic and irritating gases

such as phosgene and hydrogen chloride. Waste chlo-
roform should be disposed of according to locally ac-

ceptable practices.

3. Add, from a tip-up pipet, 4 ml of glacial acetic acid to
funnel #1.

4. Add, from a tip-up pipet, 100 ml of distilled water to
funnel #2.

5. Add, from a tip-up pipet,2 ml of 1.8 M ferric chloride
to funnel #3.

6. Add, from a tip-up pipet, 1O ml of 3.0 N hydrochloric
acid to f unnel #3.

7. Pipet 50.0 ml of sample into funnel #1.
B. Do not stopper funnel #1. Swirl the funnel for several

seconds to allow the rapidly forming gases to escape. Stopper
and shake the funnel for 30 seconds, venting occasionally
through the stopper.

9. After the phases separate, drain the chloroform (lower)

layer into funnel #2. Retain the water layer in funnel # 1.

NOTE: lf there is an emulsion at the solvent interface.

carefullv transfer the emulsion with the chloroform.

10. Add, from a tip-up pipet, 1OO ml of ethyl acetate,

water-saturated, to funnel # 1 .

1 1. Stopper and shake both funnel #1 and #2 ior 30
seconds, venting occasionally as above. Retain funnel # 1 for
Part D.

NOTE 1: The HO is extracted from the remainino mix
constituents into the ethyl acetate.

NOTE 2: Anv HO that was extracted into the chloro-
form (funnel #2) rs removed by this water wash and
is discarded.

B. Selective Oxidation of Phenidone
1 . After the phases separate, drain the chloroform (lower)

layer from funnel #2 into funnel #3.
2. Stopper and shake separatory funnel #3 vigorously for

2 minutes, venting occasionally as above.

3. After the layers separate. discard the chloroform (lower)

rayer.Phenidone is a registered trademark of llford, Ltd
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NOTE: In this step, the Phenidone is oxidized by ferric
chloride. The ferrous ions which were oroduced re-

mained in the water phase while most of the oxidized
Phenidone was discarded in the chloroform. The re-

maining oxidized Phenidone is removed by the follow-
ing chloroform wash.

4. Add, from a tip-up pipet, 50 ml of chloroform to funnel
#3.

5. Stopper and shake funnel #3 for 3O seconds, venting
occasionally as above. After the layers separate, discard the
chloroform (lower) layer

6. Repeat Steps 4 and 5.

C. Titration of Ferrous lons {lndirect Measurement of
the Original Phenidone)

1 . Add approximately 3OO ml of distilled water to a 600-ml
beaker.

2. Add, from a tip-up pipet, 25 ml of 7.0 N sulfuric acid
to the beaker.

3. Add 3 drops of Ferroin indicator.
4. Drain the water solution from f unnel #3 into the beaker.

Rinse the funnel and its stopper with distilled water from a

wash bottle, allowing the wash water to go into the beaker.
5. Stir on a magnetic stirrer and titrate with 0.0500 N

sulfato cerate to a green-yellow which persists for 3O seconds.

NOTE: There is very little end-point warning, so the
titration must be done slowly.

D. lsolation of HO
1 . Discard the water (lower) layer

Step A-11).
2. Add, from a tip-up pipet, 10

funnel # 1 .

from funnel # 1 (f rom

ml of distilled water to

3. Stopper and shake funnel #'l for 10 seconds. After the
phases separate, discard the water (lower) layer.

4. Drain the ethyl acetate layer into a 200-ml volumetric
flask. Rinse funnel #1 with methyl alcohol, adding it to the
flask. Dilute the contents of the flask to volume with methyl
alcohol. Stopper the flask and mix the contents by inverting
it several times.

NOTE: A long-stemmed funnel in the flask may help
in transferring the contents from the separatory funnel.

E. Titration of HO
1. Pipet a 50.O-ml aliquot of the solution in the flask into

a 1 5O-ml beaker.

2. Add 1O mlof 3 N hydrochloric acid from a tip-up pipet.

3. Stir on a magnetic stirrer, add 3 drops o{ Ferroin indica-
tor, and titrate with 0.0500 N sulfato cerate to a green-yellow
which oersists for 30 seconds.

NOTE: There is very little end-point warning, so the
titration must be done slowlv.

F. Galculations
1. For Phenidone:

O.O757 (ml sulfato cerate) - 0.020 : Phenidone, g/l
For convenience, use Table |.

For Hydroquinone:
O.243 (ml sulfato cerate) - 0.07 : HO, g/l
For conveniencs, use Table ll.

TABTE I

PHENIDONE IN FIRST DEVELOPER

mlmlml

Phenidone

s/l
Phenidone

s/l
Phenidone

s/l

E

.6

.7

.8

.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1

2.7

2.5

2.6

2.7

2.8

2.9

.02

.03

.03

.04

.05

.06

.06

.07

.08

.09

.09

.10

.11

.12

.12

.tJ

.14

.15

.15

.16

.17

.18

.18

.19

.20

3.0

3.1

3.2

3.4

3.5

J.O

't1

3.8

3.9

4.0

4.1

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5.0

5.1

5.2

5.4

.21

.21

.72

12

.24

.L+

.LA

.76

.27

.28

.28

.29

.30

.31

.31

.Jt

.33

.34

.34

.35

.JO

.31
a1

.38

.39

5.5

5.6

5.1

5.8

5.9

6.0

o. I

6.2

o.J

6.4

o.J

6.6

6.7

6.8

6.9

7.0

7.1

7.2

7.3

7.4

7.5

7.6

7.7

1.8

7.9

40

.40

.+l

.42

.43

.43

.44

.45

.46

.46

.47

.48

.49

.49

.50

.51

.xL

.53

.53

.54

.55

.56

.56

.57

.58

(0.0757)(ml cerate) - 0.020 : Phenidone, g/l

TABLE II

HYDROOUINONE IN FIRST DEVELOPER

ml HO, g/l ml HO, s/l ml HO, g/l

13.0

r 3.1

13.2

13.3

13.4

tJ.c

tJ.o

13.7

13.8

13.9

3.09

3.1 1

3.14

3.16

3.19

3.21

3.23

J.ZO

3.28

3.31

14.0

"t4.1

14.2

14.3

14.4

14.5

14.6

14.7

14.8

14.9

3.33

3.36

3.38

3.40

3.43

3.45

3.48

3.50

3.53

3.55

15.0

15.1

15.2

15.3

15.4

r 5.5

| f,.o

15.7

15.8

15.9

3.58

3.60

J.OL

3.65

3.67

3.70

3.77

3.75

3.77

3.79

0.243 (ml cerate) - 0.07 : HA, S/l
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HO, s/l HO, s/l HO, s/l HO. s/l HO, s/l H0, g/l

16.0

16.1

to.t

I D-J

16.4

16.5

I O.O

16.7

16.8

tb.u

1 7.0

17.1

17.2

17.3

17.4

17.5

17.6

17.7

17.8

17.9

18.0

18.1

18.2

r 8.3

18.4

18.5

18.6

18.7

18.8

18.9

19.0

19.1

19.2

19.3

19.4

3.82

3.84

3.87

3.89

J.JL

3.94

3.96

3.99

4.01

4.04

4.06

4.09

4.11

4. 13

4.16

4.18

4.21

4.23

4.26

4.28

4.30

4.33

4.35

4.38

4.40

4.43

4.45

4.47

4.50

4.52

4.55

4.57

4.60

4.62

4.64

19.5

19.6

19.7

r 9.8

19.9

20.0

20.1

20.2

20.3

20.4

20.5

20.6

20.7

20.8

20.9

2.1.0

21.1

21.2

21.3

21.4

21.5

21.6

21.7

21.8

21.9

22.0

22.1

22.2

22.3

22.5

22.6

22.7

22.8

22.9

4.67

4.69

4.72

4.74

4.77

4.79

4.81

4.84

4.86

4.89

4.91

4.94

4.96

4.98

5.01

5.03

5.06

5.08

5.11

5.13

5.15

5.18

5.20

E 7'2

5.25

5.28

5.30

5.32

E?E

5.37

5.40

5.42

5.45

5.47

5.49

23.0

23.1

23.2

23.3

23.4

23.5

23.6

23.7

23.8

23.9

24.0

24.1

24.2

24.3

24.4

24.5

24.6

24.7

24.8

24.9

25.0

25.1

25.2

25.3

25.4

25.5

25.6

25.7

25.8

25.9

26.0

26.1

26.2

26.3

26.4

5.52

FE/|

5.57

5.59

5.64

c.oo

5.63

5.71

5.74

5.76

5.79

5.81

5.83

5.86

5.88

5.91

5.93

5.96

5.98

6.0r

6.03

6.05

6.08

6.10

6.13

6.15

6.18

6.20

o./.L

6.25

6.27

6.30

6.32

6.35

26.5

26.6

26.7

26.8

26.9

27.0

27.1

27.2

27.3

27.4

27.5

27.6

27.7

27.8

27.9

28.0

28.1

28.2

28.3

28.4

28.5

L6.O

28.7

28.8

28.9

29.0

25.1

zg.2

29.3

29.4

29.5

29.6

25.7

29.8

29.9

7.22

7.24

7.27

7.29

7.3?

7.34

7.37

7.39

1.41

7.44

7.46

7.49

7.51

7.54

7.56

7.58

7.61

/.oJ

7.66

7.68

7.71

7.73

7.75

7.78

7.80

7.83

7.85

7.88

7.90

I.JL

7.95

7.97

8.00

8.02

8.05

6.37 , 30.0

6.39 30.1

6.42 30.2

6.M 30.3

6.47 30.4

6.49 30.5

6.52 30.6

6.54 30.7

6.56 30.8

6.59 30.9

6.61 31.0

6.64 31.1

6.66 31.2

6.69 31.3

6.71 31.4

6.73 31.5

6.76 31.6

6.78 31.7

6.81 31.8

6.83 31.9

6.86 32.0

6.88 32.1

6.90 32.2

6.93 32.3

6.95 32.4

6.98 32.5

7.00 32.6

7.03 32.1

7.05 32.8

7.07 32.9

7.10 33.0

7.12 33.1

7.1 5 33.2

7.17 33.3

7.20 33.4

33.5 8.07

33.6 8.09

33.7 8.12

33.8 8.14

33.9 L 17

34.0 8.19

34.1 8.22

34.2 8.24

34.3 8.26

34.4 8.29

34.5 8.31

34.6 8.34

34.7 8.36

34.8 8.39

34.9 8.41

35.0 LM
35.1 8.46

35.2 8.48

35.3 8.51

35.4 8.53

0.243 lml cerate) - 0.07 = Ha, s/l
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SPECTROPHOTOM ETRIC DETERM INATION OF
CARBOWAX 1540 IN BLEACH

(560)

INTRODUCTION

The Carbowax 1 540 is precipitated with ferrocyanrde from
an acidified sample of the bleach. The Carbowax-ferrocyanide
precipitate is dissolved in alkali, and the Carbowax 1540 is

then determined indirectly by the spectrophotometric mea-

surement of the ferrocyanide. Although there is usually ferro-
cyanide in a bleach, ferrocyanide is added to produce an

excess. The addition of solid sodium chloride and the use of
a sodium chloride-hydrochloric acid wash improves the for-
mation of the Carbowax-ferrocyanide precipitate.

Some iron hydroxide is present in the bleach solution as

finely divided particles of ferric hydroxide and ferrous
hydroxide. lf the iron hydroxide is allowed to remain in the

bleach sample, the acidification of the sample will cause
Prussian blue, ferric ferrocyanide, and ferrous ferrocyanide to
precipitate. The subsequent caustic treatment used to dissolve
the Carbowax-ferrocyanide precipitate will also dissolve the
iron ferrocyanides. Additional ferrocyanrde is then released
which will then increase the reported Carbowax concentration
since the Carbowax rs measured indirectlv from the ferro-
cvanide level.

Usually the bleach filtration system is adequate for the re-

moval of the iron hydroxide. lf it is inadequate, the sample

of the bleach must then be filtered through a fritted Pyrex disc
Buchner funnel of fine porosity before the analyst begins the
proceo u re .

RELIABILITY

The calibration curve was calculated from the data obtained
by 2 analysts who analyzed 5 standard laboratory mixes con-
taining 2 to 1O g,/l of Carbowax 1 540 and constant amounts
of the other constituents. The absorbance values determined
by following the analytical procedure were plotted against the

corresponding concentrations of the Carbowax. The best
straight line was determined from the data of 1O analyses.
The equation for this Iine is found in the calculations. Based

on these data, the 95% confidence limits for an individual
determination are 10.16 g/l of Carbowax 1540.

APPARATUS

Beckman DU Spectrophotometer, or equivalent
1-cm Silica cell

Fritted Pyrex Disc Birchner Funnel, 60mm dia. fine porosity
(VWR Scientific, Catalog No. 30301-120, or Corning No.

36060)

REAGENTS

0.2 M Sodium Ferrocyanide, NaoFe(CN).. 10HrO
Sodium Chloride, NaCl

3.0 N Hydrochloric Acid, HCI

4 M Sodium Chloride- 1 M Hydrochloric Acid Reagent,
4M NaCl-1 M HCI

0.1 M Sodium Sulfite-2.5 N Sodium Hydroxide Reagent,
0.1 M NarSOr-2.5 N NaOH

PROCEDURE

A. Precipitation and Collection of
Garbowax-Ferrocyan ide Precipitate

1. Pipet 10.0 ml of sample into a 12S-ml Phillips beaker,
and stir on a magnetic stirrer.

2. Add 10.0 ml of 0.2 M sodium ferrocyanide from a tip-up
or oet.

3. Add and dissolve 2.O g of sodium chloride.
4. Add 10 ml of 3.0 N hydrochloric acid from a tip-up

pipet.

5. Stir for 10 minutes; then filter the mixture through a

fritted Pyrex disc Buchner funnel, 60mm dia. fine porosity
catching the filtrate in a 250-ml filter flask.

6. Disconnect the aspirator hose. Rrnse, from a tip-up
pipet, the Phillips beaker and then the sides of the funnel with
10.0 ml of 4 M NaCl-1 M HCI reagent. Reconnect the
aspirator hose to filter the solution.

7. Repeat Step 6.

B. Dissolution of Garbowax-Ferrocyanide Precipitate
1. Disconnect the aspirator hose. Thoroughly rinse the

250-ml flask, the rubber adapter, and the inside and outside
of the funnel stem with distilled water. Reassemble the

cleaned apparatus without the aspirator hose.

2. Rinse, from a tip-up pipet, the Phillips beaker, and then

the sides of the funnel with 20.O ml of 0.1 M NarSOr-2.5
N NaOH reagent. After the solution has been in contact with
the sintered surface for one minute, connect the aspirator
hose and draw the solution into the 250-ml flask.

3. Disconnect the aspirator hose, and repeat Step 2.
4. Ouantitatively transfer the filtrate with water rinses to

a 100-ml volumetric flask and dilute to volume with water.

C. Measurement of Absorbance
Measure the absorbance of the diluted filtrate at 322 nm (mp")

wrth the spectrophotometer. Use the ultraviolet lamp. See

instructions in Method Vl E.

D. Calculations
(9.88)(,4322) - 0.66 : s/l CW-1540

sP-904



DETERMINATION OF CARBOWAX 154O IN STOCK
SOLUTIONS BY SPECIFIC GRAVITY

(57OB)

INTRODUCTION

The concentration of Carbowax 1540 (CW-1540) in stock

solution is based on the specific gravity of the solution.

RELIABILITY

The attached Table I was determined by measuring the spe-

cific gravity at 27 C (BO F) of five standard stock solutions

containing 300 to BOO g/l of CW-1540 and of eight stock

solutions containing 370 to 485 g/l of CW-1540. There is

curvature at the higher concentrations. The g5% confidence

limits are estimated to be t1O g/l CW-1540 in the region

of greatest interest.

SPECIAL APPARATUS

Taylor Permax Ouality Hydrometer or equivalent:

Specific Grav-ty Range Taylor Number

NOTE: For an illustration of the hydrometer apparatus

see Method 701 D, "Determination of the Specific

Gravity of Proce'ssing Solutions. "

4. After the hydrometer has stopped settling in the liquid,

read it at the top of the meniscus as seen along the side of

the hydrometer stem.

5. Determine the concentration of CW-1540 from Table l.

TABLE I

cw-1540 rN sTocK soruTtoNs

Specific
Gravity

Specific
G ravity

Specific
Gravity s/ls/ls/l

l.OOO - 1.050
1.050- 1.100
1.100- 1.150

H-4140
H-4141
H-4142

1.047

1 .048

1.049

1.050

1 .051

1.052

1.053

1.054

1.055

1.056

1.057

1.058

1.059

1 .060

1.061

1.062

1.063

1.064

1 .065

1 .066

1.067

1.068

1 .069

1.070

297

304

310

317

323

330

336

342

349

355

361

367

JIJ

380

386

393

399

406

412

418

425

431

437

M4

1.071

1.012

1-073

1.014

1.075

1.076

1.077

1.078

1.079

1.080

1.081

1.082

1.083

1.084

1.085

1.086

1.087

1.088

1.089

1 .090

1.09 1

r.092

1.093

1.094

450

457

463

470

476

483

490

457

504

5't0

517

524

530

537

544

55r

558

564

571

578

586

594

602

610

1 .095 618

1.096 626

1.097 634

1.098 642

1.099 650

1.100 658

1.101 665

1.102 672

1.103 681

1.104 690

1.105 700

1.106 71 0

1.107 720

1 . 
',108 730

1.109 741

1.110 752

1.111 763

1.112 777

1.113 752
'1.1 14 808

1.1 1 5 825

1.1 1 6 850

1.117 877

1.1 18 S05

Hydrometer cylinder or 250-ml graduated cylinder.

PROCEDURE

1 . Fill the hydrometer cylinder with the sample.

2. Adjust the temperature of the sample to 27 *0.5 C

(BO + 1'F).
3. Dry the hydrometer thoroughly and carefully lower it

into the sample, being sure that the stem of the hydrometer

is dry to within /e inch of the surface of the liquid. Make sure

the bulb of the hydrometer is floating freely and is not sticking

to the inside wall of the cylinder while the specific gravity is

being determined.

sP-905



DETERMINATION OF THE PURITY OF
ETHYLENEDIAMINE

(612C)

INTRODUCTION

PROCEDURE

A. Titrataon of Sample with 2.5OO N Sulfuric Acid
1 . Add 1OO ml of distilled water from a graduated cylinder

to a 250-ml Erlenmeyer flask.

2. Pipet by bulb (wipe the pipet before leveling) 4.00 ml

of the ethylenediamine solution into the flask. Allow the pipet
to drain for 10 seconds.

3. Add 5 droos of E-O-X indicator.
The purity of ethylenediamine, which may range from 75 to 4. Titrate with 2.500 N sulfuric acid from green through
1oo%, is determined by titration with standard sulfuric acid gray to the first gray-purple coloration.
using E-O-X as the indicator.

REAGENTS

E-O-X indicator
2.500 N Sulfuric Acid, HrSOo

B. Galculations

(ml HrSOo)(N HrSOo)(eq wt ethylenediamine)(1 000)
(ml sample)(1000)

(ml HrSOf ( l 8.78) : ethylenediamine, g/l of solution

sP-906



DETERMINATION OF ETHYLENEDIAMINE IN
COLOR DEVELOPERS

(6178)

INTRODUCTION

A sample of the developer is first acidified to a grven pH.

Formalin is then added to react with the ethylenediamine to

release hydronium ions (HrO+)as shown.

H2N(CH2)2NH3+ + CH2O '--

CHr: N(CHr)rNH2 + H3O+

The hvdronium ions that are released are then titrated with

base to give an indirect measure of ethylenediamine.

RELIABILITY

The calibration curve was calculated f rom the 40 results ob-

tained by two analysts who analyzed standard laboratory

mixes for various Ektachrome processes. The mixes contained

from 1.50 to 3.40 g/l of ethylenediamine. The volumes of

base required in the titrations were used to calculate, by the

method of least squares, the best straight line for the universal

calibration curve. The equation for this line is found under

Calculations. The 95% confidence limits for an individual de-

termination are t0 04 g,/l of ethylenediamine'

SPECIAL APPARATUS

Corning Model 1 2 Research pH Meter, or equivalent

Corning No. 416022, or Leeds & Northrup Standard Black-

Dot Glass Electrode, No. 1 1 71 69
Beckman Fiber-Type Calomel Electrode, No. 39170 (filled

with saturated potassium chloride solution)

REAGENTS

Potassium Acid Phthalate Buffer, 0.05 Molar

Borax Buffer, 0.01 Molar

Foamex

1 .0 N Sulf uric Acid, HrSOo

0.1000 N Sodium Hydroxide, NaOH

37.5% Formaldehyde solution, pH 3.9

PROCEDURE

A. Preparation of the Meter
1. Follow Method 810 (or any subsequent pH method) for

making pH measurements below 9.

a. Adjust the temperature of the buffers.

b. Adjust the meter.

c. Standardize the meter with potassium acid phthalate

buffer.
d. Cross-check the electrodes with borax bufter.

B. Titration of the SamPle
1. Pipet 50.0 ml of sample into a 250-ml beaker.

2. lmmerse the electrode assembly in the sample and add

sufficient distilled water to cover the tips of the electrodes

3. Add 1 drop of Foamex, and stir the solution with a

magnetrc sttrrer.

4. Add. from a squeeze bottle or buret, 1.0 N sulfuric acid

to attain a pH equal to or slightly less than 3.8 (This volume

does not have to be'measured.)

5. Adlust the solution to pH 3.90 with 0.1000 N sodium

hydroxide from a squeeze bottle or an eyedropper.

6. Add 25 ml of 37.5o/" formaldehyde solution, pH 3 9,

from a tip-up pipet.

7. Titrate to pH 3.90 with 0.l OOO N sodium hydroxide.

G. Calculations
1. Substitute the buret reading recorded in Step B, 7 in

the following equation:
(0.1 16)(ml) + 0.26 : ethylenediamine, g,zl

or {or convenience use Table l.

TABLE I

ETHYLENEDIAM INE'N EKTAC H ROM E

COLOR DEVELOPERS

ml

Na0H

ml

Na0H s/ls/ls/l
ml

Na0H

8.0

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

9.0

9.1

s.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

r 0.0

10.1

10.2

r 0.3

10.4

1 0.5

10.6

10.7

10.8

10.9

1.18

1.20

1.21

1.22

1.23

1.24

1.25

1.27

1.28

1.25

1.30

1.31

1.32

1.34

1.35

1.36

1.37

1.38

1.39

1.40

1.42

1.43

1.M

1.45

1.46

1Aa

1.49

1.50

1.51

1.52

1',I.0

11.1

11.2

11.3

11 .4

11.5

11.6

11 .7

11.8

11.9

12.0

12.1

17.2

12.3

12.4

12.5

12.6

12.7

12.8

12.5

13.0

13.1

13.2

13.3

13.4

13.5

tJ.b

13.7

13.8

13.9

1.53

1.54

1.56

t.5/

1.58

1.59

1.60

1 .61

1.62

1.64

1.65

| -ot)

1.67

1.68

1.69

1.70

1.72

1.73

1.74

1.75

1.76

1.78

1.79

1.80

1.81

1.82

1.83

1.84

1.86

1.87

14.0 1 .88

14.1 1.89

14.2 1.90

14.3 1.91

14.4 1.93

14.5 1 .94

14.6 1.95

14.1 1.96

14.8 1.97

14.9 1.98

15.0 2.00

15.1 2.01

15.2 2.02

15.3 2.03

15.4 2.04

15.5 2.05

15.6 2.06

15.7 2.08

15.8 2.09

15.9 2.10

16.0 2.11

16.1 2.12

16.2 2.13

16.3 2.1s

16.4 2. 1 6

16.5 2.11

16.6 2.18

16.7 2.15

16.8 2.20

16.9 2.22

(0.1 16)(ml NaOH) + 0.26 : ethylenediamine. g,/l

sP-90 7



s/l
ml ml ml ml ml

NaOH S/l Na0H s/l NaOH S/l Na0H S/l Na0H S/l
ml

Na0H-)
17.0

11.1

17.2

17.3

"t7.4

17.5

17.6

17.7

17.8

17.9

18.0

18. r

18.2

18.3

18.4

18.5

18.6

18.7

18.8

18.9

19.0

1 9.1

19.2

19.3

19.4

2.23

2.24

2.25

2.26

2.27

2.28

2.30

2.31

2.32

2.33

2.34

2.35

2.37

2.38

2.39

2.40

2.41

2.42

2.44

2.45

2.46

2.47

2.48

2.49

2.50

19.5

19.6

19.7

r 9.8

19.9

20.0

20.1

20.2

20.3

20.4

20.5

20.6

20.7

20.8

20.9

21.0

21.1

21.2

21.3

21.4

21.5

21.6

21.7

21.8

21.9

2.52

2.53

2.54

2.55

2.56

2.57

2.59

2.60

2.61

2.62

2.63

2.64

2.66

2.67

2.68

2.69

2.70

2.71

2.72

2.74

2.15

2.76

2.77

2.78

2.79

22.0

22.1

22.2

22.3

22.4

22.5

22.6

22.7

22.8

22.9

23.0

23.1

23.2

23.3

23.4

23.5

23.6

23.7

23.8

23.9

24.0

24.1

24.2

24.3

24.4

2.81

2.82

2.83

2.84

2.85

2.86

2.88

2.89

2.90

2.91

2.92

2.93

2.95

2.96

2.97

2.98

2.99

3.00

3.01

3.03

3.04

3.05

3.06

3.07

3.08

24.5

24.6

24.1

24.8

24.9

25.0

25.1

25.2

25.3

25.4

25.5

25.6

25.1

25.8

25.9

26.0

26.1

26.2

26.3

26.4

26.5

26.6

26.7

26.8

26.9

3.10

3.1 1

3.12

3. 13

3. 14

3.1 5

3.1 7

J. tb

3.19

3.20

3.21

3.22

3.23

3.25

3.26

3.21

3.28

3.29

3.30

3.32

3.33

3.34

3.35

3.36

3.37

21.0

27.1

21.2

27.3

27.4

27.5

27.6

27.7

21.8

27.9

28.0

28.1

28.2

28.3

28.4

28.5

28.6

28.7

28.8

28.9

29.0

29.1

29.2

29.3

29.4

3.39

3.40

3.41

3.42

3.43

3.44

3.45

3.47

3.48

3.50

3.51

3.52

3.53

3.54
2 EE

3.57

3.58

3.59

3.60

3.61

3.62

3.64

3.65

3.66

3.67

29.5 3.68

29.6 3.69

29.7 3.70

29.8 3.12

29.9 3.73

30.0 3.7 4

30.1 3.7 5

30.2 3.76

30.3 3.77

30.4 3.79

(0.116)(ml NaOH) + O.26 = ethylenediamine, g/l
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THE DETERMINATION OF THE SPECIFIC GRAVITY
OF PROCESSING SOLUTIONS

(7O1D)

INTRODUCTION

Specific gravity is the ratio of the mass of a body to the mass
of an equal volume of water at the same temperature. lt is

used as a measure of the total amount of dissolved material
in a solution.

The temperature of measurement should be specified and
controlled in all specific gravity measurements because the
specific gravity of a solution rs affected by temperature. An
increase of 2.8 C (5 F) causes a decrease of 0.00 1 in the
specific gravity of most processing solutions. Standards of
specific gravity for processing solutions are set by preparing
standard mixes at 27 C (BO F) because many processrng solu-
tions are used at that temperature.

The variability of measurements is expected to fall wrthin
+ O.OO2 99% of the time.

CALCULATIONS OF SPECIFIC GRAVITY OF A MIX
AT 27 C (80 F)

An empirical approximatron of specrfic gravrty for a fresh mix
may be determined by adding or subtracting the contnbution
of each chemical constituent to the specific gravity. Table I

lists the constants for most of the processing chemicals. Cal-
culations may be made as follows:

1. Using Table l, calculate the contribution of each chemi-
cal in a mix by multiplying its specific gravity constant by its
concentration in the mix. Add all the values so obtained, tak-
ing the sign into account.

2. Subtract 0 003 This empirical constant includes a cor-
rection factor for reporting the specific gravity at 27 C (80
F) rather than 20 C (68 F)

3. Add 1 .000, a constant for water.

SPECIAL APPARATUS

The hydrometers recommended for determining specific
gravity are calibrated for reference to distilled water at 15.5
C (60 F), although measurements are made at 27 C (80 F).

Taylor Permax Oualrty Hydrometer or equivalent:

Sp Gr Range

1.000 - 1.050

1.050 - 1.100

1.100 - 1.r50

1.150 - 1.200

Taylor Number

H-4140

H-4141

H-4142

H-4143

Hydrometer cylinder.

PROCEDURE

1. Fill the hydrometer cylinder with the sample so that ir

overflows upon insertion of the hydrometer.
2. Adjust the temperature of the sample ro 27 :i:O 6 C (80

+1" F).

3. Dry the hydrometer thoroughly and carefully lower il
into the sample, being sure that the stem of rhe hydrometer
is dry to within 7d inch of the surface of the liquid.

4. Read the hydrometer at the top of the meniscus as seen
along the side of the hydrometer stem. See the diagram
below.

Hydrorneter Stern

Line of Vision

Meniscus

Cylinder Wall

TABLE I

CONSTANTS FOR CALCULATING
SPECTFtC GRAV|T!ES-2O C (68 F)

Constituent Formula

Specific Gravity
Units per gram

of Gonstituent
per liter ol
Proc. Solution

Acetic Acid

Benzyl Alcohol

cD-3

Formalin. 37.5%

fo rmaldehyde

Hypo (sodium thiosulfate

penta hydrate)

Potassium Ferricyanide

Potassium Persulfate

Sodium Acetate

Sodium Bisulfite

Sodium Bromide

Sodium Carbonate

(soda ash)

Sodium Ferrocyanide,

decahydrate

Sodium Hydroxide

Sodium Phosphate,

dibasic

Sodium Phosphate,

tribasic

Sodium Sulfate

Sodium Sulfite

All other chemicals

(estim.)

c H3c00H

c6H5cH20H

HCH0 (in water)

NarSr0,.5Hr0

KrFe(CN) 
u

K2S208

Na00CCH,

NaHS0,

NaBr

NarC0,

NarH P0n

NarP0o.l 2Hr0

NarS0n

NarS0,

NaoFe{CN}u.10Hr0 0.00050

NaOH 0.00094

0.0001 4/ml

0.00020/ml

0.00060/s

0.00026/ml

0.00050/g

0.00061

0.00090

0.00042

0.00068

0.00078

0.00094

0.00080

0.00045

0.00082

0.00086

0.00066

-Solution -
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DETERMINATION OF THE TOTAT ATKATINITY OF
DEVELOPER SOLUTIONS

(7O2J)

FOREWORD

A critical appraisal of the pH, specific gravity, and total alka-
linity of a mix is useful in detecting incorrect amounts of the
inorganic constituents and certain of the organic constituents.

PRINCIPLE

The total alkalinity (T Alk.) of a processing solution is defined
as the milliliters of 0.1000 N sulfuric acid required to adjust
a specified volume of processing solution to pH 4.3. That pH

was selected because most salts derived from weak acids
show an inflection point in their titration curves near pH 4.3.

Colored and some clear samples, when titrated visually, do
not give a clear end point, thus causing excessive variability.
For this reason, potentiometric titrations are recommended.
Complete titration curves need not be plotted routinely.

Either an automatic titrator or a pH meter can be used with
glass and calomel electrodes. The instruments are sran-
dardized at the nominal temperature at which pH measure-
ments are obtained. The temperature is usually 27 C (80 F)

The approximate total alkalinity of a fresh developer solu-
tion can be calculated from the formula and the alkalinity
contribution of each solution constituent. The alkalinity con-
tribution of a constituent is the amount of 0.1000 N acid
required to adjust one gram of that constituent to pH 4.3.
Table I lists the various constituents and their respective alka-
linity contributions.

The numerical value for the total alkalinity of 1 liter of a

processing solution is calculated by summing the amounts of
acid which will bring each of the constrtuents, considering the
concentrations used in the solution, to approximately pH 4.3.
The sum for 1 liter of solution is then corrected for the sample
size normally used in the analysis by using the following
eouailon:

f proposed sample lf mt 0.1000 N HrSO4l the r. Atk. fortill
I size, ml lL for 1 liter | : a specifrc

1 000 sam ple srze

The sample size is so chosen that the total volume of sulfuric
acid consumed falls between 25 and 45 ml. The samole sizes

must be specified with all total alkalinity analyses.

SPECIAL APPARATUS

Corning Model 12 Research pH Meter, or equivalent
Corning No. 476022, or Leeds & Northrup Black-Dot Glass

Electrode, No. 1 17169
Beckman Fiber-Junction Calomel Electrode, No. 391 70 (filled

with saturated potassium chloride solution)

REAGENTS

0.1000 N Sulfuric Acid, HrSOo

Potassium Acid Phthalate Buffer
Borax Buffer

PROCEDURE

A. Preparation of the pH Meter
Follow Method 810 (or any subsequent pH method) for mak-
ing pH measurements below pH 9, Parts A through D:

1. Adjust the temperature of the buffers and the sample.
2. Adjust the meter.

3. Standardrze the meter with potassium acid phthalate
buff er.

4. Cross-check with borax buffer.

B. Titration of the Sample and Reporting Results
1. Pipet the sample volume indicated below into a 150-ml

beaker containing 5O ml of distilled water. The water should
be approximately the same temperature as the buffer used

in the cross-check.

a. For First Developer, use a 4.OO-ml sample.
b. For Color Developer, use a 10.0-ml sample
2. Place the electrode assembly and stirrer in the solution.

Turn on the stirrer and immerse the tip of the buret into the
sa m ole.

3. Titrate to a pH of 4.3 with 0.1OOO N sulfuric acrd,

zeroing the needle with the pH scale dial as the acid is slowly
added. When the region of pH 5 is reached, add the titrant
in 0.10-ml increments, zeroing the needle in the pH scale dial
after each addition.

4. Report the ml of acid required to reach a pH of 4.3.

NOTE: This is, by definition, the total alkalinity. Always
indicate the sample size when reporting the results.

5. Remove the sample and rinse the electrode assembly
with distilled water. lf rinsing does not completely remove
sample deposits, wrpe the assembly with a cleansing tissue,
and rerinse. Replace in potassium acid phthalate buffer.

TABLE I

ALKALINITY OF PROCESSING CHEM ICALS

Constituent Formula

Alkalinity
Contribution

Mole Eq. by
Wt. Wt. Experiment*

Benzyl Alcohol

Borax, pentahydrate

cD-3t

Citrazinic Acidf

Ethylenediamrne

Hydroquinone

Phenidone

Potassium Bromide

c6H 5cH20 H

NarBo0,.5Hr0

107 --- 0

291 146 70

-44
-N:C(0H)CH: 1s5 --- -150
c(c00H)cH :c(0H)-
NHTCH2CH2NH2 60 30

c6H4{0H)' 110 ---

'l 19 ---KBr

330+

0

u

0

" The ml of 0.1 000 [ sulfuric acid required to adjust 1 .00 gram of constituent
to pH 4.3.

f These chemicals make a negative contribution to the T. Alk.; i.e., they have
a pH less than 4.3.

+ 
(1000) 

- 
(1000) 

- 
(10'o0o) 

- calcutated atkatinity+-' (Eq. Wr.)(N Acid) (Eq Wr.)(O. 1000) (Eq. Wt.) contribution
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Mole Eq.

wt. wt.

Alkalinity
Gontribution
by

Experiment'

Devel-

oper Constituent

Concen-

tration

s/l
Contri bution
ml %

Constituent

Potassium lodide

0uadrafos

Sodium Bisulfite

Sodium Bromide

Sodium Carbonate (Soda Ash)

Sodium Carbonate, monohydrate

Sodium Hydroxide

Sodium Sulfate

Sodium Sulfite

Sodium Thiocyanate

Sulfuric Acidf

Trisodium Phosphate, 12-mole

40 40 250+

142 --- 0

126 126 76

81 5.3

98 49 -360 per mlf

380 190 60.4

ME-4 Ouadrafos
First NaHSO,

Phen idone

NarSO,
HO

NarCO,

NaCNS

NaBr

KI

Cal. T. Alk.; 4.00-ml
sampre

ME-4 Anti-Calcium, No. 4
Color Benzyl Alcohol

N arSO,
Na,POr'12HrO
NaBr

KI

NaOH

Citrazinic Acid
CD-3

Ethylened iamine
RA-1

Cal. T. Alk.; 10.0-ml
sample

CRI-1 Ouadraf os

First NaHSO,
Phenidone
NarSO,
HO

NarCO,

NaCNS

KI

Cal. T. Alk.; 4.OO-ml

sample

CRI-1 Anti-Calcium, No. 4
Color Benzyl Alcohol

N arSO,
NarPOo.l2HrO
NaBr

KI

NaOH

Citrazinic Acid

cD-3
Ethylenediamine
RA-1

Cal. T. Alk.; 1O.O.ml

sample

35 0 100.0

3.0 6.8
0.0 0.0
c.v t5.J

22.7 51 .0

0.0 0.0
0.0 0.0

1 1 .5 25.9

- 2.4 - 5.3

- 5.0 -11.6B.B 19.9
0.0 0.0

44.5 100.0

NaHS0,

NaBr

NarC0,

NarC0r.Hr0

Na0H

NarS0o

NarS0,

NaCNS

H2S04

NarP0o.1 2Hr0

104 0

1 03 ---
106 53

124 62

2.O

2.9
o.4

44.O
t.o

28.9
1.4
o.2
0.007

o.2 0.5
0.0 0.0
0.0 0.0

13.4 37 7

0.0 0.0
21 .9 61 .B

0.0 0.0
0.0 0.0
o.o 0.0

o.2 0.5

0

24

1

0

1 8si
163.2

' The ml of 0.1 0O0 [ sulfuric acid required to adjust 1.00 gram of constituent
to pH 4.3.

t These chemicals make a negative contribution to the T. Alk.; i.e., they have
a pH less than 4.3.

(1 000) (1 000) (1 0,000)+_+-
(Eq. Wt )(N Acid) (Eq Wt.)(O.100o) (Eq. wt.)

TABLE II

CONTRIBUTION OF CONSTITUENTS TO TOTAL
ALKALINITY OF TYPICAL DEVELOPER

REPLENISHER SOLUTIONS

Devel-

oper Constituent

Concen-

tration

s/l

3.0-
3. I

7.75
37.5

0.1

0.04
460
1 .60

12.O

3.05
0.1

3.0.
c. l

1.75
37 .5

0.1

0.04
4.60
1 .60

12.O

3.05
0.1

2.O

2.9
o.4

44.O
7.O

28.9
1.4
0.01 3

Calculated alkalinity
contribution

Gontribution
ml %

ECO-3 Ouadrafos
First NaHSO,

Phen idone
NarSO,
HO

NarCO,

NaCNS

KI

Cal. T. Alk.; 4.OO-ml

sample

ECO-3 Anti-Calcium, No. 4
Color Benzyl Alcohol

NarSO,
NarPOo. 1 2HrO
NaBr

KI

NaOH

Citrazinic Acid

cD-3
Ethylenediamine
RA.1

Cal. T. Alk.; 1O.O-ml

sampre

35 6 100.0

3.0 6.8
0.0 0.0
5.9 13.3

22.7 51 .0

0.0 0.0
0.0 0.0

1 1 .5 25.9

- 2.4 - 5.3

-.5.0 -11.68.8 19.9
o.o 0.0

44.5 100.0

35.5 100.0

3.0 6.8
00 0.0
5.9 14.O

22.7 51 .0

0.0 0.0
0.0 0.0

1 1 .5 25.9

- 2.4 - 5.3

- c.z -tt.o8.8 19.9
0.0 0.0

2.O

3.3
0.20

38.4
5.5

31 .0

2.1
0.005

3.0"
c. l

1.75
?7 R

0.1

0.04
4.60
1 .60

12.O

3.05
0.1

o.2 0.6
0.0 0.0
0.0 0.0

1 1.8 33.3
0.0 0.0

23.5 6 5.8
0.1 0.3
o.o 0.0

0.0 0.0
0.0 0.0

13.4 37.7
0.0 0.0

21 .9 61 .8

0.0 0.0
0.0 0.0

" ml/lrter
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cross-check should be placed in the pH 10.4 buffer for
sto rage.

b. lf after 2 days in the pH 10.4 buffer the electrode still
farls to give a satisfactory cross-check, use the followinq re_

generatron procedurei
(1) Remove the electrode from the assembly and im_

merse it in 3 N hydrochlorrc acid for 30 seconds.
(2) Rinse the electrode immediately with running water,

and soak it in pH 10.4 potassium borate for 16 nours.
(3) lf the electrode still fails to produce a satisfactory

cross-check, immerse the lower portion of the electrode in a

2OO g/l ammonium bifluoride solution (use this solution in
a polyethylene container) for 1 minute, rinse with running
water, and again immerse the electrode in 3 N hydrochloric
acid for 30 seconds. Rinse the electrode with distilled water,
and place it in the pH 10.4 buffer until a satisfactorv cross-
check can be made.

WARNING: Ammonium bifluoride is very toxic; it is

corrosive to skin and glass. lf this solution is spilled on
the skin, rmmediately flush the area with plenty of
water. Mix, store, and use this solution in polyethylene
contai ners.

4. Beckman No. 391 70 Calomel Reference Electrodes with
Fiber Junctions (Care and Storage)

a. A new electrode has two rubber caps, one on the side
and one on the end, to prevent loss of potassium chloride
solution. Both of the rubber caps should be removed before
the electrode is inserted into the electrode assembly.

b. The 3.5 N potassium chloride has been substituted for
saturated potassium chloride as the filling solution for refer-
ence electrodes. At the beginning of each day of use, the
electrode should be emptied, then rinsed and refilled with new
3.5 N potassium chloride; water is no longer used for rinsing.
Performance of electrodes in general has been more reliable
and more stable with this new change.

c. lf the pH reading for the cross-check buffer is above the
specif ied tolerance, the calomel electrode is probably
plugged. To check this, place the fiber tip end of the electrode
firmly on a dry paper towel at least four times (in different
areas of the towel). lf the tip is not plugged, a tiny wet spot
will be visible on the towel, as the elecrrode is lifted each time.
lf an electrode becomes plugged on the outside at the bottom
end of the wick, rub the end of the electrode across the flat
surface of a fine-toothed frle or a waterproof 320-grit silicon
carbide oaoer.

d. lt has been common practice when performing poten_
tiometric titrations, using silver nitrate as titrant, to flush a

calomel electrode and then refill it with saturated potassium
nitrate solution. Since it is difficult to obtain a complete flush-
ing, it is now recommended that a separate calomel electrode
be kept filled with saturated potassium nitrate solution for use
with such titrations.

e. To store the electrode for an extended period of time,
out of the storage buffer, fill the electrode completely with
3.5 N potassium chloride and replace the rubber caps.

C. Temperature Control of Solutions
The pH values of processing solutions and buffers. as well
as the responses of electrodes, are dependent upon tempera-
ture. Therefore, to obtain reproducible pH values, it is neces_
sary to standardize the temperature at which the measure_
ments are to be made. Usually, pH measurements are made
at 2l C (80 6 F) In a processing solution originally at pH
10.5, a temperature change of 6 C produces a pH change
of approximately 0.10 unit; in a processing solutron originally
at pH 'l 3.0, the pH change is approximately 0.20 units. Tem_
perature control ts more rmportant at the higher pH values.

pH

I Z, 000

I I. 950

I t. 900

11.850

I I. 800

1 I. 750

I 1. 700

FIGURE 1

25c 26C 27C 28C 29C 30c
Effect of Temperature on the pH of Calcium
Chloride-Calcium Hydroxide Buffer

As an example, Figure 1 shows the effect of temperature
on the pH of the calcium chloride-calcrum hydroxide buffer.
A temperature change of 'l C from 27 C causes a pH change
of 0.028 units. An error of 1 C in the buffer temperature
would shift the pH enough to cause many good electrodes
to exceed the control limits of the cross-check oroceoure.

D. Constant-Temperature Bath
In order to achieve temperature control, store all buffers,

the samples, and electrodes in a water bath controlled to
maintain a sample temperature of 27 IO.2S C. A water bath
(1 cubic foot, self-contained reservoir of approximately 2B
liters) can be controlled to this tolerance using a Bronwill

FIGURE 2 Constant-Temperature Warer Bath
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Model 22 Constant Temperature Circulator, Jr. (Catalog No.

21517-O59) coupled with a Bronwill Mercury Contact Regu-
lator (Catalog No. 21517-OB1), which are available from
VWR Scientific. Figure 3 shorrvs the control device in detail.

Ff GURE 3 Bronwill Model 22 Constant Temperature
Circulator, Jr.

The water bath should have a raised grid or other support
(see Figure 2) for the beakers so that the water circulatrng
underneath will bring the solutions to equilibrium more rap-
idly. The water level should be approximately 172 inches
above the grrd. Arrange the water input and overflow so that
there is no appreciable temperature gradient in the bath. An

accurate thermometer should be mounted in the water bath
in order to check the temperature periodically.

REAGENTS

A. pH Buffers
l. Potassium Acid Phthalate (O.05 M)

2. Borax (0.01 M)
3. Calcium Chloride-Calcium Hvdrox ide

B. Electrode Treatment and Storage Solutions
1. A pH 7.0 Phosphate Buffer
2. A pH lO.4 Potassium Borate Buffer

3. A 3.5 N Potassium Chloride Solution; KCI

4. A 3.0 N Hydrochloric Acid Solutron; HCI

5. A 2OO g/lAmmonium Bifluoride Solution; NH4F.HF

C- Standard Developer Samples
The specific developers selected for standards should be in

a pH range consistent with that of the samples measured

routinely. Each standard developer should be prepared in a

5 or 1O-liter batch, and then bottled in glass-stoppered 125-
ml reagent bottles. Each bottle should be filled completely and

tightly stoppered. Each batch is assumed to be stable, with
respect to pH, for periods up to one month from preparation.

PROCEDURE

A. Temperature Adjustments of Buffers and Sample(s)
1. To separate 150-ml beakers, add approximately 100 ml

of each of the following solutions.
a. O.O5 M potassium acid phthalate buffer
b. calcium chloride-calcium hydroxide buffer
c. O.O1 M borax buffer
d. the sample(s) to be tested

2. Place the beakers in the constant-temperature water
bath which is controlled to give a solution temperature of 27
+0.25 C; allow the solutions to reach temperature equilib-
rium before testing the pH.

B. Adjustment of the pH Meter
1 . Set the function switch to the standby positron.

2. Set the temperature compensator knob at 27 C.

3. Connect the power-line cord to the pH meter and source
of power; allow 1 0 minutes for component stabilization.

G. Standardization of the Meter Electrode System
1 . Rinse the electrode assembly with distilled water.
2. Lower the electrode assembly into the beaker containing

the appropriate standardizing buffer (see Table l), keeping the
buffer in the water bath.

3. Set the timer for 2 minutes, and turn the function knob
to the oH oosition.

4. Turn the range knob to the position indicated in Table l.
5. Turn the expand knob to the "0- 1" position.

6. Turn the calibration knob to set the meter needle, on

the upper meter scale, at the pH of the buffer indicated in
Tahle I /e c the rrnner scale should read 0.163 at 27 C tor
the borax buffer).

7. Adjust the calibration knob, and lock it in place ar the
end of 2 minutes.

B. Turn the expand knob to the "0- 14" position.
9. Remove the electrode assembly from the buffer, and

rinse it with distilled water.
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D. Cross-Check of the Meter Electrode System
1 . Lower the electrode assembly into the beaker containing

the appropriate cross-check buffer (see Table ll), keeping the

buffer in the water bath.
2. Set the timer at 2 minutes.
3. Turn the range knob to the position shown in Table ll.
4. Turn the expand knob to the "0- 1 " positron.

2. Set the timer for 2 minutes.
3. From the lower meter scale, determine the pH interval

in which the sample pH lies (e.9., between 9 and 10).
4. Turn the range knob to the position of the lower value

(e.9.. at 9).

5. Turn the expand knob to the "0- 1" position.

6. At exactly 2 minutes, record the pH of the sample.

7. Turn the expand knob to the "0- 14" position.

B. Remove the electrode assembly from the beaker, and
rinse it with distilled water.

9. lf only one sample is to be analyzed, record the pH of
the sample; repeat the cross-check as in Section D.

10. For additional pH measurements, continue by repeat-
ing Section E, Steps 1 through 9, always ending with the

cross-check of Section D.

NOTE: One to four_samples may be analyzed between
cross-checks.

TABLE I

pH OF THE STANDARDIZING BUFFERS AT 27 C

Galcium Chloride-Galcium
Hydroxide Buffer (pH 1 1.77O)

Borax Buffer
(pH 9.163)

5. At the end of I minute, the
buffer pH should read no less than
11 .7 40 and no more than 1 1 .BBO.

During the second minute, the
buffer reading should drift no more
than 0.010, and never in a down-
ward direction. In any case, at the
end of 2 minutes, the reading

should be between 1 1 .7 40 and

1 1.800.

5. The control
limits for this
buffer are be-

tween 9.1 1 3

and 9.213.

NOTES:

a. lf the reading does not fall within the control limit,
reject any results obtained since the last staisfactory
cross-check, and try another glass electrode, repeating
Sections C and D.

b. lf the buffer reading falls within the control limits,
go on to Step 6.

6. Turn the expand knob to the "O- 14" posrtron.

7. Remove the electrode assembly from the buffer and
rinse it with distilled water.

E. Determination of the pH of the Sample(s)
1 . With expand knob in the "O- 14" position, lower the

electrode assembly into the sample beaker still in the water
bath.

TABLE II

CONTROL LIMITS OF THE CROSS-CHECK BUFFERS
AT27C

Sample pH Buffer pH

Setting of
Bange Knob

Below I
Above 9

Potassium Acid Phthalate 4.010

Borax 9.163

4
q

Sample pH Buffer
Gontrol
Iimits

Setting of
Bange Knob

Below 9 Borax 9.1 13 to 9.213

Above 9 Calcium Chloride-

Calcium Hydroxide 1 1.740 to 1 1.800 Il
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POTENTIOMETRIC DETERM INATION OF
BROMIDE IN BLEACH

(e06G)

INTRODUCTION

The ferricyanide and ferrocyanide ions in the bleach sample
are precipitated as the cadmium salts, and then are removed
by centrifuging or filtering. A portion of the resulting solution
is then titrated potentiometrically with silver nitrate.

The bleach has no chloride in itsformula. However, chloride
ions may be present in the water, or as an impurity in other
chemicals. Because there is usually only a small amount of
chloride present, the chloride and bromide inflection points
tend to merge and be confused. To separate them satis-
factorily, more chloride must be added prior to titration.

SPECIAT APPARATUS

Centrifuge with head to accommodate 40 or 50-ml centrif uge
tu bes

40 or 5O-ml centrifuge tubes
Corning Model 12 Research pH Meter, or equivalent
Beckman Fiber-Junction Calomel Electrode, No. 391 70. (Re-

move the saturated potassium chloride solution, and sub-
stitute saturated potassium nitrate solution.)

Silver bar electrode (Precision Scientific Co., Catalog No.

68865)

REAGENTS

Celite

Acidified Cadmium Nitrate, Cd(N03)2
0.10 N Sodium Chloride, NaCl

0.0500 N Silver Nitrate, AgNO,

PROCEDURE

A. Treatment of the Sample
1. Pipet 5.00 ml of bleach into a 100-ml volumetric flask.

2. Add 25 ml of acidified cadmium nitrate from a tip-up
prper.

CAUTION: Cadmium nitrate is poisonous; avoid con-
tact wrth skin.

3. Dilute to volume with distilled water. Stopper and invert
the flask 6- 1 2 times.

4. Pour nearly equal amounts of the mixture into two 40
or 50-ml centrif uge tubes. Do not fill the tubes to more than
within 1 inch from the toD.

NOTE: lf more convenient, delete Steps 4- 6 and filter
the treated sample through fluted, 32-cm Whatman No.
12 tilter paper to which 2 g of Celite was first added.

5. Place the tubes in opposite positions and centrifuge at
maximum speed for at least 2 minutes. (Observe safety pre-

cautions for use of centrifuge.)
6. Carefully transfer the liquid phase from both centrifuge

tubes to a 150-ml beaker.
7. Pipet 50.0 ml of the liquid phase or filtrate into a 250-ml

beaker.

B. Add 1 ml of O. 10 N sodium chloride from a tip-up pipet.

B. Titration
1 . Once daily, clean the silver bar electrode to brightness

with a small amount of ordinary household cleansing powder
placed upon a damp tissue. Rinse the electrode with distilled
water. Wipe and rinse.

2. Titrate the solution with 0.0500 N silver nitrate using
a pH meter. See instructions in Method XlA.

C. Galculations

(ml AgNO,)(N AsNOr)(eq wt NaBr)(1000)

(f-""1.".f t*.1"@:
(ml AgNO,XO.05O0X1 02.9 1 X1 00o) _

(50/ 1 00)(5.00)(1 000)

(mlAgNO,)(2.058) : NaBr, s/l
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DETERMINATION OF BROMIDE IN NEUTRALIZER
(914)

INTRODUCTION

The sample of neutralizer is treated with 7.0 N sulfuric acid

and titrated potentiometrically with standard silver nitrate. A
silver electrode is used to follow the progress of the titration.

The chloride ion present in the sample precipitates after the

bromide ion. Because there is only a small amount of chloride
in many samples, the chloride and bromide breaks tend to
merge in the titration curve. When this happens, the chloride
break can be easily mistaken for the bromide end point.

Therefore, more chloride is added to the sample before the
titration in order to separate the two inflection points.

SPECIAL APPARATUS

Corning Model 1 2 Research pH Meter, or equivalent
Beckman Fiber-Type Calomel Electrode, No. 39170 (Remove

the saturated potassium chloride solution and substitute
saturated potassium nitrate solution.)

Silver bar electrode (Precision Scientific Co. Bulletin 640,
Catalog No. 68865)

REAGENTS

7.0 N Sulfuric Acid, HrSO,

0.10 N Sodium Chloride, NaCl

0.0500 N Silver Nitrate, AgNO,

PROCEDURE

A. Treatment of Sample
1 . Pipet 10.0 ml of sample into a 1 5O-ml beaker.

2. Add slowly 5 ml of 7.0 N sulfuric acid from a tip-up
prpet.

3. Add 1 ml of O.1O N sodium chloride from a tip-up pipet.

4. Add distilled water until the electrodes are immersed I

inch into the solution.

B. Titration
1. Once daily, clean the silver bar electrode to brightness

with a small amount of ordinary household cleansing powder
placed upon a damp tissue. Rinse the electrode with distilled
waler.

2. Titrate the sample with 0.0500 N silver nitrate, using

a pH meter. See instructions in Method XlA.

C- Galculations

(ml AgNOr)(N AgNOr)(eq wt NaBr)(1000)

(ml sample)(1000)

(ml AgNOr)(0.5145) : NaBr, g,/l
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POTENTIOMETRIC DETERM INATION OF
POTASSIUM IODIDE IN STOCK SOLUTIONS

(e24B)

INTRODUCTION

The most common stock solution of potassium iodide, Kl, B.
contains 1 gram of potassium iodide per liter and is referred
to as 1 g/l Kl solution. The preparation and control of this
solution are described in Method lX, "Analvtical Control of
Mix Room and Laboratorv Stock Solutions."

The iodide concentration is determined by a potentrometnc
titration with standard silver nitrate, the progress of which is
indicated by a silver electrode. See Method XlA. "potentio-
metric Titrations. "

Small amounts of chloride ion are present in the water used
in preparing most stock solutions. The iodide and chloride
inflection points may be confused as a single, combined point.
The addition ol 2 ml of 0.5 molar potassium bromide solution
gives a distinct separation of the iodide end point. The iodide
end point is the first significant inflection point obtained, and
is the one on which the calculations are based.

As a further aid in selecting the proper inflection point and
detecting instrument trouble and analytical errors, a standard
titration curve should be kept on file. Such a curve can oe
compared against the general shape and relative position of
any routine titration curve. Figures 1 and 2 show typical titra-
tion curves lor a 1 g/l potassium iodide stock solution.

SPECIAL APPARATUS

Corning Model 1 2 Research pH Meter, or equivalent
Sargent Model D Recording Titrator, or equivalent
Beckman Fiber-Junction Calomel Electrode, No. 391 70. (Re-

move the saturated potassium chloride solution and substi-
tute saturated potassium nitrate solution.)

Silver bar electrode (Precision Scientific Co. Bulletin 640,
Catalog No.68865)

REAGENTS

0.0500 N Silver Nitrate, AgNO,
0.5 M Potassium Bromide, KBr

PROCEDURE

A. Treatment and Titration of Sample
1. Pipet (wipe before leveling) 100.0 ml of stock solution

into a 250-ml beaker.
2. Add 2 ml ol 0.5 M potassium bromide from a tip-up

pipet.

3. Titrate the sample with 0.0500 N silver nitrate using
either a t;trator or a pH meter. See instructions, Method Xl.

NOTE: All titrations should be run with the reference
electrode (Beckman Fiber-Junction Calomel Electrode)
in the reference, jack of the pH meter and the indicator
electrode (Silver Bar Electrode) in the indicator ;ack of
the oH meter.

Calculations

(ml AgNO,)(N AgNOr)(equiv wt Kl)(1000)

(1000)(100)

(ml AgNO,)(0.0830) : Kl, S/l of stock solution

hI 0.0500 N AgNO3 +

FIGURE 1 Typical lodide Titration
Curve,1 g/1 Kl Stock
Solution, Beckman Model G
pH Motel

I

FIGURE 2 Typical lodide Titration
Curve, I g/t Kl Stock
Solution, Sargent Model
D Recording Titrato.

E

I
o
z
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POTENTIOMETRIC DETERMINATION OF IODIDE
IN EKTACHROME COTOR DEVELOPERS

(e25A)

PRINCIPLE

A sample of developer is made highly alkaline to prevent the
formation of an emulsion during the extractron of CD-3 and

RA- 1 with ch lo rof o rm . After the extraction, th e aqueous phase

is acidified with glacial acetic acid. The solution is then titrated
potentiometrically with a silver nrtrate solution using silver-bar

and calomel electrodes. The inflection point is determined by

applying the concentric arcs technique.
The addition of sodrum chloride alters the shape of the

potentiometric curve such that the end point determined by

this technique is slightly beyond the actual inflection point.

However, the concentric arcs technique is used because it
produces more reliable results than other techniques for de-

termining the location of the end point. The difference be-

tween the determined end point and the actual inflection point

is fairly constant and is calibrated out.

SPECIAL APPARATUS

Corning Model 1 2 Research pH Meter, or equivalent

Beckman Fiber-Junction Calomel Electrode, No. 39170. (Re-

move the saturated potassium chloride solution and substi-
tute saturated potassium nitrate solution.)

Silver bar electrode (Precision Scientific Co., Catalog No.

68865)

REAGENTS

1O N Sodium Hydroxide, NaOH

Chloroform, CHCI,

Acetic Acid, Glacial, CH3COOH

Sodium Chloride, NaCl

0.00500 N Silver Nitrate, AgNO,

RELIABILITY

Three standard ECO-3 color developer mixes containing 20,

50 and BO mg,zl of potassium iodide were analyzed in dupli-

cate by two analysts. For the first analysis of each mix the

analyst added RA-1, equivalent to 56 mg,rl, to the sample

before treatment. The second analysis was performed with

168 mg,rl RA-1. The RA-1 was added prior to the analyses

because of its tendency to decompose in developer solutions

during storage. The procedure was repeated the next day

using three standard ME-4 color developer mixes. The least

mean square line and 95% confidence limits for individual

results are based on these data. The 95% confidence limits

are t 1 .71 mg/l of Kl.

PROCEDURE

A. Extraction of Developing Agents
1. Add 250 ml of developer, from a graduated cylinder,

to a 5OO-ml separatory f unnel.

2. Add 25 ml of 10 N sodium hydroxide from a tip-up
pipet.

3. Add 100 ml of chloroform f rom a tip-up pipet.

CAUTION: Chloroform is toxic; use in an exhaust hood

or where there is adequate ventilation. Keep chloroform

away from open flames and hot surfaces. Chlorinated
materials may break down to give toxic and irritating
gases such as phosgene and hydrogen chloride. Waste

chloroform should be disposed of according to locally
acceotable oracttces.

4. Stopper and shake the funnel a few times; then vent

through the stopper. Continue to shake the funnel for 30
seconds, venting occasionally.

5. Discard the lower (chloroform) layer and any emulsion
present at the interface.

6. Repeat lwice Steps 3, 4, and 5.

B. Titration of Aqueous Layer
1. Once daily, clean the silver bar electrode to brightness

with a small amount of ordinary household cleansing powder
placed upon a damp tissue. Rinse the electrode with distilled
water. Wioe and rrnse.

2. Drain the remaining (aqueous) layer into a 400-ml
DeaKer.

3. While stirring on a magnetic mixer, add 35 ml of glacial

acetic acid f rom a tip-up pipet.

4. Add and dissolve 1O g of sodium chloride.

5. Titrate the sample with 0.00500 N silver nrtrate con-

tained in a 25-ml buret. Use a pH meter with silver bar and

calomel electrodes. See instructions for potentiometric titra-
tions rn Method XlA.

6. Determine the end point using the concentric arcs

method.

G. Calculation
3.54 (m10.00500 N AgNO,) - 3 43 : mS/|, Kl

0 5 t0 li za

mI 0. 00:00 N AgNO l

FIGURE 1 Typical Titration Curve for
lodide in EKTACHROME
Color Developer
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POTENTIOMETRIC DETERMINATION OF
IODIDE IN FIRST DEVELOPER

(e2e)

INTRODUCTION

The potentiometric titration of iodide with silver nitrate can

be made only rn a limited range of iodide-to-bromide and
iodide-to-thiocyanate ratios. The ratios in the first developers
are unfavorable. They are improved in the analysis by adding
silver nitrate in a slight molar excess in order to precipitate
all the iodide and only a small amount of bromrde and thio-
cyanate. The silver precipitate is then collected on a filter and
treated with an ammoniacal solution of hydroquinone to dis-
solve all of the iodide wrth only a reduced amount of bromide
and thiocyanate present. The iodide is then titrated potentio-
metricallv with silver nitrate.

It is necessary to first treat the tank samples with a boiling
alkali solution to destroy any gelatin before the silver salts are
precipitated. lf gelatin were present, it would change the sur-
face characteristics of the silver preciprtate, thus affecting the
rate of filtration. For consistency, the replenisher samples are

also treated in the same manner.

RELIABILITY

The calibration curve was prepared by analyzing four standard
Iaboratory mixes of each developer by two analysts. The mixes
contained 3.00 to 15.0 mg/l of potassium iodide and con-
stant amounts of the other constituents. The volumes of silver
nrtrate required in the titrations were plotted against the cor-
responding concentrations of potassium iodide. The best
straight line was determined from the data of 16 analyses.
Based upon these data. the 95% confidence limits for an

individual determination are irO.-/ mg/l of potassium iodide.
The calibration mixes contained 3 00- 15.0 mg Kl/1,

O.O- 1.3 g NaBr/|, and 1.4-2.6 g NaCNS/|. lf the con-

centration of these components is changed appreciably, the
caiibration equation should be reestablished.

SPECIAL APPARATUS

Corning Model 12 Research pH Meter, or equivalent
Beckman Fiber-Junction Calomel Electrode, No. 391 7O with

a saturated potassium nitrate bridge. (Remove the saturated
potassium chloride solution and substitute saturated potas-

sium nitrate solution.)
Silver bar electrode (Precision Scientific Co. Bulletin 640,

Catalog No. 68865). (Do not use a silver button electrode.)
Millipore filter holder, Pyrex, Catalog No. XX1OO47OO,

Millipore Corp., Bedford, Mass. 01 730
Millipore filter membrane, unmounted, HA type, white, plain,

47mm
Constricted-tip funnel (made by drawing out and breaking off

part of a short-stem funnel)
Exhaust hood

REAGENTS

16 N Sodium Hydroxide, NaOH

1 B N Sulfuric Acid, HrSOo

Celite

0.00100 N Silver Nitrate, AgNO,
1.0 M Ammonium Nitrate, NH4N03

Silver halide developer (Do not use a solution which has

turned brown.)

PROCEDURE

A. Preparation of Apparatus
1. This is a mrcro-method. Clean glassware and avoidance

of contamination are especially rmportant. lt may be neces-

sary to clean all of the apparatus with sulfuric-dichromate
cleaning solution.

2. Before each analysis, clean the silver bar electrode to
brightness with a small amount of ordinary household cleans-
ing powder placed upon a damp trssue. Rinse the electrode
with distilled water. Wioe and rerinse.

B. Elimination of Gelatin
1. Pipet 200.0 ml of sample inro a SOO-ml Erlenmeyer

f lask.

2. Add 1O ml of 16 N sodium hydroxidefrom a graduated
cyl inder.

3. Boil the alkaline sample for 5 minutes.
4. Cool to room temDerature.

C. Precipitation of Silver lodide
1. Set the flask in an exhaust hood, and rapidly srir with

a magnetic stirrer.
2. Add slowly, from a graduated cylinder, 50 ml of 1B N

sulfuric acid to the solution while it is being stirred.

NOTE: Even though the solution foams, Foamex should
not be used because of its solvent action on the
Millipore filter.

3. Add approximately 0.3-0.4 g of Celite.

NOTE: lt may be convenient to add two level scoops
of Celite from a Coors No. 2 porcelain spoon.

4. By immersing a 50-ml pipet beneath the foam, add 50
ml of 0.00100 N silver nitrate into the solutron while it is

being rapidly stirred. Continue to stir for 5 minutes.

NOTE: The volume of silver nitrate does not neeo ro
be accurately measured, but the technique of addition
is imoortant.

5. Place a Millipore filter holder and filter membrane on
a 5OO-ml filter flask. Apply full suction and filter rhe solution
while retaining the stirring bar in the flask with another bar
on the outside of the flask. Disconnect the aspirator hose after
f iltration.

6. Rinse the sides of the flask with 25 ml of 1.0 M ammo-
nium nitrate from a tip-up pipet. While retaining the stirring
bar in the flask, rinse the sides of the Millipore funnel by
pouring the solution from the f lask through a constricted-tip
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funnel. Reconnect the aspirator hose and draw the solution
into the filtering flask.

7. Disconnect the aspirator hose and rinse the inside and

outside of only the stem of the Millipore funnel with water

from a wash bottle.

NOTE: Do not disassemble the filter and membrane.

8. Discard the filtrate and thoroughly rinse the filtering
flask. Reassemble the apparatus.

D. Developing the Silver lodide
1 . Add, from a graduated cylinder, 20 ml of silver halide

developer to the SOO-ml Erlenmeyer flask.

NOTE: Do not expose the silver halide developer to air

any longer than necessary. A developer that has turned

brown should not be used. However, it is still usable

if it has a light yellow color.

2. Swirl the Erlenmeyer {lask slightly and immediately rinse

the sides of the Millipore funnel (no applied suction) by pour-

ing the developer through a constricted-tip funnel. (Always

retain the stirring bar in the flask during a transfer.)

3. Allow the solution to remain in the Millipore funnel for
5 minutes. After the first 3O seconds and again after 1 minute,

swirl the solution to cause new contact between the developer

and precipitate.
4. After 5 minutes, reconnect the aspirator hose and draw

the solution into the clean filtering flask, taking care not to
lose anv solution down the hose. Disconnect the hose.

5. Add from a tip-up pipet 50 ml of distilled water to the

5OO-ml Erlenmeyer flask

6. Rinse the sid6s of the Millipore funnel by pouring the

water through the constricted-tip funnel. Reconnect the aspi-

rator hose and draw the solution into the flask. Disconnect

the apparatus and pour the solution into a 250-ml beaker.

Rinse the filtering flask with two 10-ml portions of distilled

water.
7. Add, from a graduated cylinder,50 ml of 18 N sulfuric

acid to the beaker.

E. Titrataon
1 . Stir the solution moderately with a magnetic stirrer.
2. Equilibrate a calomel-silver bar electrode pair by im-

mersing them into the solution and waiting lor 2- 5 minutes
until the galvanometer is steady before proceeding to Step

3. Titrate the sample with 0.00100 N silver nitrate, using

a oH meter. See instructions in Method XlA.

F. Calculations
(0.855XmlAgNOr) + 1.29.: Kl, mgll

G. Reporting Results on Tank Samples
1 . Report no results above 40 mg/l ol potassium iodide,

except as "greater than 40 mg/|."
2. Report the 95% confidence limits (10.7 mgll for indi-

vidual results) along with the result. Report no answer below
1.3 mg/l except as "less than 1.3 mg/1."

\:

--}
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POTENTIOMETRIC DETERM INATION OF
BROMIDE IN COLOR DEVELOPER

(e3oD)

PRINCIPLE

The sample is acidified to remove the sulfite and also inacti-
vate the developing agent. The treated sample is then titrated
potentiometrically with standard silver nitrate solution. See
Method XlA, "Potentiometric Titrations."

RELIABITITY

The calculations are based on stoichiometry.
Any iodide ion present in the sample precipitates before the

bromide ion. ln the color developer, the iodide is of sufficient
concentration to make the bromide results approximately
0.06 grams per liter high.

SPECIAT APPARATUS

Corning Model 12 Research pH Meter, or equivalent
Beckman Fiber-Junction Calomel Electrode, No. 391 70. (Re-

move the saturated potassium chloride solution and substi-
tute saturated potassium nitrate solution.)

Silver bar electrode (Precision Scientific Co. Bulletin 640,
Catalog No. 68865)

REAGENTS

Foamex

7.0 N Sulfuric Acid, HrSOo

O.1O N Sodium Chloride, NaCl

0.0500 N Silver Nitrate, AgNO,

PROCEDURE

A. Treatment of Sample
1 . Pipet 200.0 ml of sample into a 60O-ml beaker. Add

1 droo of Foamex.

2. Add slowly 100 ml of 7.0 N sulfuric acid from a tip-up
pipet.

3. Add 1 ml of 0.10 N sodium chloride from a tip-up pipet.

B. Titration
1 . Once daily, clean the silver bar electrode to brightness

with a small amount of ordinary household cleansing powder
placed upon a damp tissue. Rinse the electrode with distilled
water.

2. Titrate the sample with 0.0500 N silver nitrate, using
a pH meter. See instructions in Method XlA.

C. Galculations

(ml AgNOr)(N AgNOr)(eq wt NaBr)(1000)

(mt sampte)(1000)

(ml AgNO.)(O.02573) : NaBr, s/l
For convenience. use Table |.

TABLE I

SODIUM BROMTDE IN DEVELOPER

AsN0,
ml

NaBr

s/l

200-ml Sample Size

AgNO, NaBr AgNO,
ml S/l ml

NaBr

s/l

10.0

10.4

10.8

11.2

11.6

12.0

12.4

12.8

I J.L

tJ-b

14.0

14.4

14.8

15.2
't5.6

r 6.0

16.4

16.8

11.2

17.6

18.0

18.4

18.8

19.2

19.6

0.26

0.27

0.28

0.29

0.30

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.38

0.39

0.40

0.41

0.42

0.43

0.M

0.45

0.46

0.47

0.48

0.49

0.50

20.0

20.4

20.8

21.2

21.6

22.0

22.4

22.8

23.2

23.6

24.0

24.4

24.8

25.2

25.6

26.0

26.4

26.8
aaa

27.6

28.0

28.4

28.8

29.2

ZU.O

0.51

0.53

0.54

0.55

0.56

0.57

0.58

0.59

0.60

0.61

0.62

0.63

0.64

0.65

U.DO

0.67

0.68

0.69

0.70

0.71

0.12

0.73

0.14

0.75

0.76

30.0 0.77

30.4 0.78

30.8 0.79

31.2 0.80

31.6 0.81

32.0 0.82

32.4 0.83

32.8 0.84

33.2 0.85

33.6 0.86

34.0 0.87

34.4 0.89

34.8 0.90

35.2 0.91

35.6 0.92

36.0 0.93

36.4 0.94

36.8 0.95

31.2 0.96

37.6 0.97

38.0 0.98

38.4 0.99

38.8 1.00

39.2 1.01

39.6 1.02

(ml AgNO,l(0.02573) : NaBr g I
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TITRIMETRIC DETERMINATION OF SODIUM
THIOCYANATE IN STOCK SOLUTIONS

(e5oc)

PRINCIPLE

Crystalline sodium thiocyanate, NaCNS, is extremely deliques-

cent. Therefore, stock solutions of sodium thiocyanate are

prepared in the production chemical mix room and in service

laboratories for use in making mixes, instead of weighing the

solid chemical each time. Stock solutions are prepared to

contain 500 g or 250 g of sodium thiocyanate per liter.

When preparing standard laboratory mixes for analytical

purposes, it is f requently more accurate and convenient to use

the more dilute solution containing 250 grams of sodium

thiocyanate per liter. See "Analytical Control of Mix Room

and Laboratory Stock Solutions" in another part of this man-

ual for the preparation and control o{ sodium thiocyanate

solutions.
The analysis consists of a titration of the sodium thiocyanate

solution against standard silver nitrate, with acidified ferric

nitrate as the indicator.

REAGENTS

0.0500 N Silver Nitrate, AgNOt

0.10 M Acidified Ferric Nitrate, Fe(NOr),

PROCEDURE

A. Treatment of the SamPle

1. Pipet (wipe the pipet before leveling) 100.0 ml of

O.O5OO N silver nitrate into a 250-ml glass-stoppered Erlen-

meyer flask.

2. Add 3 ml of 0.10 M acidified ferric nitrate from a tip-up

pipet.

3. Pipet (wipe) 2O.O ml of the sodium thiocyanate solution

to be analvzed into a volumetric flask; dilute to volume and

mix by inverting 20'times.
a. For solutions containing approximately

20.O mlto 500 ml.

b. For solutions containing approximately

20.0 mlto 250 ml.

B. Titration of the Diluted SamPle

1. Fill a 25-ml buret with the diluted stock solution.

2. Titrate the silver nitrate with the sodium thiocyanate.

When near the expected end point, add the Litrant dropwise

until the first reddish-brown color appears

3. Stopper the flask and shake vigorously. lf the reddish-

brown color disappears, add one additional drop of titrant and

reshake. Continue until the reddish-brown color cannot be

removed by shaking.

C. Galculations
1 . Solutions containing approximately 500 g NaCNS/l:

(ml AgNOr)(N AgNOr)(eq wt NaCNS)(500)

(ml NaCNS used in titration)(20.0)

( 1 00.0)(0.0500)(8 1 .08)(500)

(ml NaCNS used in titration)(2O.0)

1 0,1 35 : NaCNS, g/l
ml NaCNS used in titration

Solutions containing approximately 250 g NaCNS/l:

( 1 00.0)(0.0500)(8 1 .08)(250)

@-
5,068 : NaCNS, g/l

ml NaCNS used in titration

500 g,zl, dilute

250 g,u l. dilute
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COLORIMETRIC DETERMINATION OF

THIOCYANATE IN FIRST DEVELOPERS
(1 OOOF)

PRINCIPLE

The sample is reacted with acidified ferric nitrate reagent to
produce the red-colored ferri-thiocyanate complex. The ab-

sorbance of this solution is measured at 460 nm (mpr) on a

spectrophotometer. The temperature of the reagent affects
the intensity and the stability of the color-forming complex
and must therefore be controlled.

RELIABILITY

The calibration curve was prepared by the analysis of 32
standard laboratory mixes. The levels of sodium thiocyanate
in the respective developers and replenishers ranged from
0.90 g/l to 3.0O g/1. They were analyzed by four analysts

employing two spectrophotometers. No significant statistical
or analytical difference was found between ME-4 and ECO-3

developers or replenishers; therefore, a universal calibration
curve was determined by the method of least squares. The

equation for this curve is found in the calculations. Some

statistically significant differences were noted between ana-

lysts and also between spectrophotometers. These differences
were not analytically significant, however, and their inclusion
in the calibration led to slightly inflated confidence limits. This

calibratron rs valid between 24-21 C (75-BO F). lf it is

necessary to run the determination at another temperature,
a recalibration at that temperature must be performed.

The 95% confidence limits for each determination are

+ 0.055 g/l of sodium thiocyanate based on 1 2B analyses.

SPECIAL APPARATUS

Beckman DU Spectrophotometer, or equivalent

TABLE I

SODIUM THIOCYANATE IN FIRST DEVELOPER

s/lA ouoAnuos/lAouos/lAouoAuuos/lAnuo

0.200

0.204

0.208

0.212

0.216

0.220

0.224

0.228

0.732

0.236

0.240

0.244

0.248

0.252

0.256

0.260

0.264

0.268

0.212

0.216

0.280

0.284

0.288

0.792

0.296

0.300

0.304

0.308

0.312

0.316

0.58

0.60

0.62

0.63

0.65

0.66

0.68

0.69

0.71

0.73

0.14

0.7 6

0.11

0.79

0.80

0.82

0.83

0.85

0.87

O.BB

0.90

0.91

0.93

0.94

0.96

0.97

0.99

1 .01

1.02

1.04

0.320

0.324

0.328

0.332

0.336

0.340

0.344

0.348

0.352

0.356

0.360

0.364

0.368

0.372

0.3i6

0.380

0.384

0.388

0.392

0.396

0.400

0.404

0.408

0.412

0.416

0.420

0.424

0.428

0.432

0.436

1.05

1.07

1.08

1 .10

1.11

1.13

1.15

t.tb
l.1B

1.19

1.21

1.22

1.24

1.26

1.27

1.25

1.30

1.32

1.33

1.35

1.36

1.38

1.40

1.41

1.43

1.44

1.46

1.47

1.49

1.50

0.440

0.444

0.448

0.452

0.456

0.460

0.464

0.468

0.412

0.476

0.480

0.484

0.488

0.492

0.496

0.500

0.504

0.508

0.512

0.516

0.520

0.524

0.528

0.532

0.536

0.540

0.544

0.548

0.552

0.556

1.52

1.54

1 .55

1.57

1 .58

1.60

1.61

t.bJ

t.03

t.oo

1.68

1.69

1.11

1.77

1.74

1.75

1.77

1 .79

1.80

1.82

1.83

1.85

1.86

1.88

1.89

1.91

1.93

1.94

r.96

L97

0.560

0.564

0.568

0.572

0.576

0.580

0.584

0.588

0.592

0.596

0.600

0.604

0.608

0.612

0.616

0.620

0.624

0.628

0.632

0.636

0.640

0.644

0.648

0.652

0.656

0.660

0.664

0.668

0.672

0.676

1.99

2.00

2.02

2.04

2.05

2.07

2.08

2.10

2.11

2.13

2.14

2.16

2.18

2.15

2.21

2.22

2.24

2.25

2.21

2.28

2.30
,, 11

2.33

2.35

2.36

2.38

2.39

2.41

2.43

2.44

0.680

0.684

0.688

0.692

0.696

0.700

0.704

0.708

0.712

0.716

0.120

0.124

0.128

0.132

0. i36

0.740

0.744

0.748

0.152

0.756

0.760

0.764

0.768

0.772

0.116

0.780

0.784

0.788

0.792

0 796

2.46

2.41

2.49

2.50

2.52

2.53

2.5 5

2.57

2.58

2.60

2.61

2.63

L.O+

2.66

2.61

2.69

2.11

2.12

2.14

2.15

2.77

2.78

2.80

2.82

2.83

2.85

2.86

2.BB

2.89

291

0.800 2.s2

0.804 7.94

0.808 2.96

0.812 2.51

0.816 2.S9

0.820 3.00

0.924 3.02

0.828 3.03

0.832 3.05

0.836 3.06

0.840 3.08

0.844 3.10

0.848 3.1 1

0.852 3.13

0.856 3.14

0.860 3.16

0.864 3.17

0.868 3.19

0.812 3.21

0.876 3.22

0.880 3.24

0.884 3.25

0.888 3.21

0.892 3.28

0.896 3.30

0.900 3.31

0.904 3.33

0.908 3.34

0.91 2 3.36

0 916 3.37

(3.90)(4450) - 0.20 : NaCNS, g/l

sP-924



1-cm Silica cell, Beckman Catalog No. 75170
Constant temperature bath at 24-27 +0.5 C (75-80
+ 1.0 F)

REAGENTS

O.1O M Acidified Ferric Nitrate, Fe(NO,),

PROCEDURE

A, Treatment of the Sample
1 . Pipet 200.0 ml of 0.10 M acidified ferric nitrate into

a dry, glass-stoppered, 250-ml Erlenmeyer flask. The temper-
ature of the reagent must be the same as that used in the
calibration, 24-27 +0.5 C (75-80 + 1.0 F).

NOTE: lt may be more convenient to use a dry 200-ml
volumetric flask to measure and conlain the 2OO ml of
0.10 M acidified ferric nitrate.

2. Pipet a 'l .00 ml sample of the developer into the flask.
3. Note the time (see Step B).

4. Stopper the flask and mix the contents thoroughly by

swir.ling or inverting.

B- Measurement of the Absorbance at 46O nm (mp)
Measure the absorbance of the solution vs air at 460 nm (mpr)

exactly 2 minutes after the sample is added to the reagent.
Use the tungsten lamp, and pull the phototube rod out. See
instructions in Method Vl E.

CAUTION: This reagent is very corrosive to the skin
and metals. lf the reagent is spilled, flush the area with
water. lf any drops spill into the spectrophotometer cell
compartment, the phototube housing must be removed
and cleaned.

C. Galculations
For the developers and replenishers use:

(3.90)(4460) - O.2O : NaCNS, g/1, or for convenience
use Table l.

sP-925



POTENTIOMETRIC DETERMINATION OF BROMIDE
AND THIOCYANATE IN FIRST DEVELOPER-

(10O1)

PRINCIPLE

The determination of bromide is contained in Part A of the
procedure. Acetone is added to a sample of the developer
solution to eliminate the interference of thiocvanate. The
sample is then acidified to remove the sulfite and carbonate
and also inactivate the developing agents. The treated sample
is then titrated potentiometrically with standard silver nitrate
solution. See Method XlA, "Potentiometric Titrations."

lf the sample were acidified and then titrated with silver
nitrate, the silver bromide and silver thiocyanate would pre-

cipitate together since their solubilities are nearly the same
in an aqueous solution. Acetone is added to reduce the solu-
bility of silver bromide relative to the solubility of silver thio-
cyanate. This change in their solubilities is great enough to
avoid the interference from the thiocyanate.

The determination of thiocyanate is Part B of the procedure.

A second sample is acidified and titrated with standard silver
nitrate solution. As indicated above, this titration measures
both the bromide, if present, and the thiocyanate. The thio-
cyanate content is then calculated by subtracting the volume
of silver nitrate used in Part A from that used in Part B.

SPECIAL APPARATUS

Corning Model 1 2 pH Meter, or an Automatic Titrator
Beckman Fiber-Junction Calomel Electrode, No. 391 70. (Re-

move the saturated potassium chloride solution and substi-
tute saturated potassium nitrate solution.)

Silver bar electrode (Precision Scientific, Inc., Catalog No.

68865)

REAGENTS

Acetone, CH3COCH3

1B N Sulfuric Acid, HrSOo

0.10 N Sodium Chloride, NaCl

0.0500 N Silver Nitrate, AgNO.

- The CR | 'l First Developer Replenisher does not contain sodium bromide
Therefore, Part A need not be run.

PROCEDURE

A. Determination of Bromide
| . Treatment of Sample

a. Pipet 100.0 ml of developer solution into a 1-liter
beaker.

b. Add 4OO ml of acetone f rom a graduated cylinder.

CAUTION: Acetone is volatile and highly flammable.
Do not use it near an ooen flame.

c. Cautiously add 200 ml of 18 N sulfuric acid from a

graduated cylinder.
2. Titration
a. Once daily, clean the silver bar electrode to brightness

with a small amount of ordinary household cleansing powder
placed upon a damp tissue. Rinse the electrode with distilled
wate r.

b. Titrate the sample with 0.0500 N silver nitrate. See
instructions in Method XlA.

3. Calculations

(ml AgNO,)(N AgNOr)(eq wt NaBr)(1000)

(ml sample)(1000)

(ml AgNOr)(0.05145) : NaBr, s/l

B. Determination of Thiocyanate
| . Treatment of Sample

a. Pipet 1 OO.0 ml of developer solution into a 1-liter
bea ker.

b. Add 400 ml of distilled water from a graduated cylinder.
c. Cautiously add 200 ml of 1B N sulfuric acid from a

graduated cylinder.
d. Add 5 ml of 0.10 N sodium chloride f rom a tip-up pipet.
2. Titration
a. Once daily clean the silver bar electrode to brightness

with a small amount of ordinary household cleansing powder
placed upon a damp tissue. Rinse the electrode with distilled
water.

b. Titrate the sample with 0.0500 N silver nitrate. See
instructions in Method XlA.

3. Calculations
a. Subtract ml of silver nitrate obtained in Part A from ml

of silver nitrate obtained in Part B.

(ml AgNOr, Part B) - (ml AgNOr, Part A) : 4 1n|

b. (A ml)(0.040535) : NaCNS, g/l

Jr-YZO



IODOMETRIC DETERMINATION OF FERRICYANIDE
IN A FERRICYANIDE BLEACH

(1 lOOE)

PRINCIPLE

Excess iodide ions and a zinc reagent are added to the bleach

sample. The ferricyanide reacts with the iodide to produce an

eouivalent amount of iodine. The iodine is titrated with stan-

dard sodium thiosulfate. The reaction of ferricyanide and io-

dide is quantitative as long as zinc ions are present in excess.

Any ferrocyanide initially present in the bleach, as well as the
ferrocyanide produced by the reduction of ferricyanide, is

precipitated as zinc ferrocyanide.
Persulfate ions and some other oxidizing agents will also

oxidize iodide and hence, will be measured as ferricyanide by

this method.

REAGENTS

0.6 M Potassium lodide, Kl

Zinc Sulfate- 7.0 N Sulfuric Acid reagent

O.1O0O N Sodium Thiosulfate, NarSrO,

Starch indicator

PROCEDURE

A. Removal of the Interfering Constituents
1 . Pipet 5.00 ml of sample into a 250-ml Erlenmeyer flask.

2. Add 25 ml of 0.6 M potassium iodide from a tip-up
pipet.

3. Add 2O ml of zinc sulfate-7.0 N sulfuric acid reagent

from a tip-up pipet.

4. Mix thoroughly.

B. Titration with Sodium Thiosulfate
1 . Titrate with O.1OO0 N sodium thiosulfate to a light yel-

low color.
2. Add 5 ml of starch indicator from a tip-up pipet, and

continue the titration until the blue color disappears.

C. Calculations

(ml NarSrO,)(N NarSrO,)(eq wt K, or NarFe(CN).)(1000) _
(ml sample)(1000)

1. (5.619)(ml NarSrOr) : NarFe(CN)0, 9/l
2. (6.585)(ml NarSrOr) : K,Fe(CN)., g/l

sP-927



TITRIMETRIC DETERMINATION OF FERROCYANIDE
IN A FERRICYANIDE BLEACH

(1 1O1B)

INTRODUCTION

Ferrocyanide is determined by its oxidation in an acid solution

by means o{ sulfato cerate using sodium diphenylamine sul-

fonate indicator. This reactron rs:

Ce++++ + Fe(CN), Ce+++ + Fe(CN).- -
The indicator has a blank of 0.1 ml of O.O5OO N sulfato

cerate. This value is used in the calculations.

RELIABILITY

It is difficult to see the color change of the indicator in dark-

colored seasoned samples, Thus, the resulting analyses may

vary by approximately +3 g/l of ferrocyanide.

REAGENTS

7.0 N Sulfuric Acid, HrSOo

0.01 M Sodium Diphenylamine Sulfonate indicator

0.0500 N Sulfato Cerate

PROCEDURE

A. Treatment of Sample
1 . Add approximately 250 ml of distilled water to a 500-ml

Erlenmever flask.

TABLE I

SODIUM FERROCYANIDE DECAHYDRATE, NanFe(CN)..10H2O, g/l IN FERRICYANIDE BLEACH

ml

0.0500 N

Cerate

5.00-ml sample

ml

0.0500 N

Cerate S/l

ml
0.0500 N

Cerate

ml

0.0500 N

Cerate

5.00-ml sample

ml

0.0500 N

Cerate S/l

ml

0.0500 N

Gerate s/ls/ls/ls/l

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

L.+

L.O

2.8

3.0

2',)

3.4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

0.0

0.5

1.4

2.4

3.4

4.3

5.3

o.J

7.3

8.3

a?

10.2

11.1

12.1

1 3.1

14.0

15.0

16.0

1 7.0

17.9

18.9

19.8

?0.8

21.8

22.1

23.1

24.1

25.6

26.6

21.6

6.0

o.L

6.4

6.6

6.8

7.0

7.2

1.4

/.o

7.8

8.0

8.2

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

1 0.0

10.2

10.4

10.6

10.8

1 1.0

11.2

I t.4

1 1.6

1 1.8

28.6

29.5

30.5

31.5

32.4

33.4

34.4

aE a

36.3

38.2

39.2

40.7

41.1

42.1

43.1

M.0

45.0

46.0

46.9

47.9

48.9

49.9

50.8

51.8

52.8

53.7

54.1

55.7

56.6

12.0

12.2

12.4

I L.O

12.8

13.0

13.2

13.4

13.6

r 3.8

14.0

14.2

14.4

14.6

14.8

15.0

15.2

15.4

tJ.o

15.8

16.0

16.2

16.4

I b.t)

16.8

17.0

11 .2

17.4

r 7.6

1 7.8

57.6

58.6

59.5

60.5

6r.5

62.4

63.4

64.4

65.4

oo.J

67.3

68.3

69.2

10.2

71.2

72.1

73.1

14.1

75.0

76.0

77.0

17.g

78.9

7S.9

80.8

81.8

82.8

83.7

84.7

85.7

18.0

18.2

18.4

18.6

18.8

19.0

19.2

19.4

19.6

19.8

20.0

20.2

20.4

20.6

20.8

21.0

21.2

21.4

21.6

21.8

22.0

22.2

22.4

22.6

22.8

23.0

23.2

23.4

23.6

23.8

86.6

87.6

88.6

89.6

90.5

91.5

92.5

93.4

94.4

95.4

96.3

97.3

98.3

99.2

100.2

101 .2

107.1

I 03.1

1 04.1

105.0

106.0

1 07.0

107.9
'r08.9

109.S

1 10.9

1 11.8

112.8

113.8

114.1

24.0

24.2

24.4

24.6

24.8

25.0

25.2

25.4

25.6

25.8

26.0

26.2

26.4

26.6

26.8

21.0

27.2

27.4

2t.6

21.8

28.0

28.2

28.4

28.6

28.8

29.0

25.2

25.4

29.6

29.8

115.7

1 16.7

117.6

1 18.6

1 19.6

120.5

121.5

122.5

123.4

124.4

125.4

126.3

127.3

128.3

125.2

130.2

131.2

132.2

1 33.1

134.1

135.1

136.0

137.0

138.0

138.9

139.9

140.9

141.8

142.8

143.8

30.0 144.7

30.2 145.1

30.4 146.7

30.6 147.6

30.8 148.6

31.0 149.6

31.2 1 50.6

31.4 151.5

J t.o t32.3

31.8 153.5

32.0 154.4

32.7 r 55.4

32.4 156.4

32.6 157.3

32.8 158.3

33.0 1 59.3

33.2 160.2

33.4 161.2

33.6 162.2

33.8 1 63.1

34.0 164.1

34.2 165.1

34.4 166.0

34.6 167.0

34.8 168.0

(4.841)(ml sulfato cerate - 0. 10) : NaaFe(CN)6.10H2O, g/l

SP-928



2. Pipet (wipe the pipet before leveling) 5.OO ml of sample
into the flask.

3. Add 1O mlof 7.0 N H2SO4 from a tip-up pipet.

B. Titration with Sulfato Cerate
1 . Add, with swirling, 20 drops (approximately 1 ml) of

sodium diphenylamine sulfonate indicator.
2. Titrate immediately with 0.0500 N sulfato cerare to the

first scarlet color which persists for 1 minute.

C. Calculations
Sodium ferrocyan ide decahydrate :

(::d: - B""k) (rr#.r)(-";il*,.) r,ooo,
\cerate / \cerate/\ .1oH2o )

(mt sampte)(1OOO)

(ml sulfato cerate - 0.1 O)(0.0500X484.1Xl 000)
(5.00x1000)

(4.841)(ml sulfato cerate - 0.10) : NanFe(CN)..tOHrO, g/l

For convenience, refer to Table I

sP-929.



POTENTIOMETRIC DETERM INATION OF BORAX
IN FERRICYANIDE BLEACH

(1 1O7C)

INTRODUCTION

A sample of bleach is adjusted to pH 6.0 with sulfuric acid,
thus converting the borax to boric acid:

NarBoO, + H2SO4 + 5 H2O + 4 H3BO3 + NarSOo

Boric acid is such a weak acid that it cannot be titrated accu-
rately with alkali. However, mannitol is added which com-
plexes with boric acid forming a much stronger acid than boric
acid, thus allowing a satisfactory titration:

4 H,BOr.complex * 4 NaOH + 4 NaHrBOr.complex *
4 H|O

Four equivalents of alkali are required for each equivalent of
borax. The sample is titrated potentiometrically because the
dark color of the ferricyanide masks any indicator change.

Any substance that will react with alkali will be measured
by this test method. To correct for this interference, a sample
of seasoned bleach with no borax was titrated. The titration
required 2.4 ml of 0.1000 N sodium hydroxide; this volume
is recommended as a blank value in the titrations. The blank
cannot be checked in any system that already contains borax.

RELIABILITY

Two mixes were prepared by adding known amounts (1.0 and
5.O g/l) of borax, NarBoOr.5H2O, to a freshly regenerated
ferricyanide bleach. They were analyzed according to the pro-

cedure below. The sample containing 1 .O g/l borax was ana-
lyzed at 1.1 g/l while the sample containing 5.0 g/l was
analyzed at 5.0 g/1.

SPECIAT APPARATUS

Corning Model 12 Research pH Meter, or equivalent
Corning No. 476022. or Leeds & Northrup No. 117169

Glass Electrode

Beckman No. 391 7O Calomel Electrode, (filled with saturated
potassium chloride solution)

REAGENTS

Mannitol
0.1000 N Sodium Hydroxide, NaOH

1 .0 N Sulfuric Acid, HrSOo

PROCEDURE

A. Preparation of the pH Meter
Follow Method 810 (or any subsequent pH method for mak-
ing pH measurements below pH 9).

1 . Adjust the temperature of the buffers.
2. Adjust the meter.

3. Standardize the meter with potassium acid phthalate
buffer.

4. Cross-check the elebtrodes with borax buffer.

B. Treatment of Sample
1. Pipet 1OO.O ml of bleach into a 250-ml beaker; wipe

the tip of the pipet before leveling to the mark.

2. Adjust the pH of the sample to 0.0 *0.1 with 1.0 |
sulfuric acid, using a pH meter.

3. Add and dissolve 5 g of mannitol.
4. Titrate with O.1000 N sodium hydroxide to pH 8.2.
5. For further instructions on the use of a pH meter, see

Method B 10.

NOTE: All titrations should be run with the reference
electrode (calomel electrode) in the reference jack of the
pH meter, and the indicator electrode (glass electrode)
in the indicator jack of the pH meter.

C. Calculations

[(N NaOH)(ml NaOH - 2.4Y] (eq wt borax)(1000)

1rnt ."rnpl"11t OOg

(0.073)(ml NaOH - 2.4) : NarBoOr.5HrO, g/l

- Thrs value, 2.4 \6lank), was the volume of sodium hydroxide used to titrate
a sample o{ seasoned bleach, before any borax was added to lhe bleach system.

sP-930



TITRIMETRIC DETERM INATION OF FERRICYANIDE
AND PERSULFATE IN FERRICYANIDE BLEACH

{11138)

PRINCIPLE

Cadmium nitrate is added to a sample of ferricyanide bleach

to precipitate the ferrrcyanide and ferrocyanide. The persul-

fate remains in solution. The mixture is then centrifuged and

the supernatant liquid is decanted.
The combined cadmium ferricyanide and ferrocyanide pre-

cipitate is dispersed in acid and excess potassium iodide. lo-

dide equivalent to the amount of ferricyanide present is oxi-

dized to iodine. A titration of the liberated iodine with standard

sodium thiosulfate gives an indirect measure of the ferricya-

nide content. This ferricyanide determination is valid in the

presence of persulfate and other oxidizing agents. Although

sodium ferricyanide is usually purchased as a hydrate, it is

reported here as anhydrous sodium ferricyanide, NarFe(CN)u.

The persulfate remaining in the decanted supernatant liquid

is determined by treatment with a known excess of ferrous
ion. The unoxidized ferrous ion is titrated in an acid solution
with 0.0100 N sulfato cerate using Ferroin indicator.

RELIABILITY

The reliability required rn detecting low levels of persulfate

is attained by using O.O1OO N sulfato cerate rather than
O.O5OO N sulfato cerate lf O 0500 N sulfato cerate is used,

the difference in titration volume, the A- B term, in the cal-

culations which corresponds to 1 g/l of potassium persulfate

is only 0.74 ml. This volume difference increases fivefold to
3.7 mlwhen 0.O1OO N sulfato cerate is used, thus increasing

the reliability of the test method.

SPECIAL APPARATUS

Centrif uge, with head to accom modate 5O-m I centrif uge

tu bes

5O-ml Centrifuge Tubes, glass- or rubber-stoppered

REAGENTS

7.0 N Sulf uric Acid, HrSOo

1 .0 M Cadmium Nitrate, Cd(N03)2

Potassium lodide. Kl

0.1000 N Sodium Thiosulfate, NarSrO,

Starch Indicator
O.10 N Ferrous Ammonium Sulfate, Fe(NHo)r(SOo),

NOTE: The concentration of the ferrous ammonium

sulfate must be determined daily since its strength de-

creases because of aerial oxidation.

Ferroin Indicator

0.0100 N Sulfato Cerate

PROCEDURE

A. Separation of Ferricyanide and Ferrocyanide from
Persulfate

1. Pipet (wipe the pipet before leveling) 5 00 mlof sample

into a 5O-ml centrifuge tube.
2. Add 3 mlof 7.0 N sulfuric acid from a tip-up pipet.

3. Add 20 ml of distilled water from a tip-up pipet.

4. Add 5 ml of 1 .O M cadmium nitrate from a tip-up pipet.

5. Stopper the tube and shake it vigorously for 1 5 seconds.

Rinse down the stopper with distilled water into the centrif uge

tu be.

6. Stopper the tube and centrifuge for 2 minutes.
7. Carefully decant the supernatant liquid into a 250-ml

conical flask. (Do not pour the solution too slowly since this
promotes a greater loss of precipitate.)

B. Add from a tip-up pipet 20 ml of distilled water to the
precrprtate.

9. Stopper and shake the tube until the precipitate has

completely broken up. Shake for an additional 10 seconds.

Rinse down the stopper with distilled water into the centrifuge
tu be.

10. Stopper the tube and centrifuge for 2 minutes.
1 1. Carefully decant the rinse into the conical flask con-

taining the previously decanted liquid. (Do not pour the solu-

tion too slowly since this promotes a greater loss of precipi-

tate.) Save the decanted liquid foi the determination of
persu lfate.

B. Determination of Sodium Ferricyanide
1. Add from a tip-up pipet 5 ml of 7.0 N sulfuric acid to

the precrpitate remaining after step A 1 1 .

2. Add 6 g of potassrum iodide crystals.

3. Stopper the tube and shake it until the precipitate is

completely dispersed.

4. Transfer the mixture into a 250-ml conical flask.

5. Rinse the stopper and sides of the centrifuge tube with

distilled water and add the rinses to the flask.

6. Add 1OO ml of distilled water f rom a graduated cylinder.
7. Titrate with O.1OOO N sodium thiosulfate to a light yel-

low color.
B. Add 5 ml of starch indicator and continue the titration

until the blue color just disappears. Any precipitate presenl

does not interfere.
9. Calculations (for convenience, use Table l)

(ml NarSrO,)(N NarSrO,)leq wt Na,Fe(CN),](1 000)

(ml sample)(1000)

(ml NarSrO,)(5.619) : NarFe(CN)u, g,

C. Determination of Persulfate
'1 . Pipet (wipe the pipet before leveling) 4.00 ml of 0.10

N ferrous ammonium sulfate into the 250-ml conical flask

containing the decanted liquid from step A 1 1 .

2. Swirl the flask and allow it to stand for one minute.

3. Add 10 mlof 7.0 N sulfuric acid from a tip-up pipet.

4. Add 4 drops of Ferroin indicator to the flask.

5. Titrate with 0.0100 N sulfato cerate to the first blue

color that persists for 1 5 seconds. (lf the volume of titrant
required for the decanted liquid is 5 ml or less, repeat sections

A and C, pipetting 10.0 ml of O.1O N ferrous ammonium
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sulfate.) The volume of sulfato cerate required is "8" in the
calculations below.

6. Once daily determine the strength of the ferrous am-
monium sulfate using approximately 20 ml of distilled water
in place of the decanted liquid. Repeat steps 1 - 5 of section
C as with the decanted liquid. Record the volume of sulfato
cerate required. This volume is "A" in the calculations.

7. Calculations
Potassium Persulfate, K252O8 (for convenience, use Table

il)

i(A 
- BXN sulfato cerate)(eq wt KrSrOr)(1000)

('"k"rnpi"X1OOO;

(A- BXo.2703) : KrSrOr, g/l

Ammonium Persulfate, (NH4)2S2O8 (for convenience, use

Table lll)

(A - B)(N sulfato cerate)[eq wt (NHo)rSrO8](1000)

('"re.r-er"r( ||uu)
(A - B)(O.2280) : (NHo)rSror, s/l

TABLE I

SODIUM FERRICYANIDE IN FERRICYANIDE
BLEACH (5.OO-ml SAMPLE)

ml O.1 N NarFe(CN).
NarSrO, g/,

ml O.1 N Na.Fe(GN)u
NarSrO, S/l

ml 0.1 N NarFe(GN)u
Na.S.O, gll

ml O.1 N Na.Fe(CN)u
NarS.O, S/l

13.0
13.2
1Q A

13.6
1 3.8

14.O

14.2
14.4
14.6
14.8

1 5.0
15.2
1 5.4
I c.o
1 5.8

16.0
16.2
16.4
16.6
16.8

'tt.o
17 .2

17 .4
tLo
17I

-7?

74

76
78

79
80
B1

6Z
83

B4

85
87
88
89

90
91

92
93
94

96
97
98
99

100

18.0
18.2
18.4
tat.o

1B.B

1 9.0
19.2
1g.4
19.6
1 9.8

20.o
20.2
20.4
20.6
20.8

21 .O

21.2
21 .4
z l.o
2't.B

22.O
22.2
21.+
zz.o
22.8

101

102
103
105
tub

107
108
109
110
111

112
I t+

115

116
117

118
119
120
121
122

114

tz5
126
127
128

23.O

23.2
23.4
23.6
23.8

24.O
24.2
24.4
24.6
24.8

25.O

25.2
25.4
25.6
25.8

zo.u
26.2
zo.4
26.6
26.8

27.O
27.2
27.4
27.6
zt.6

28.O
28.2
28.4
2 8.6
28.8

29.O

29.2
29.4
29.6
2 9.8

129
130
131

134

tJ5
136
137
138
139

140
142
143
144
't 45

146
141
148
149
151

152
153
't 54
155
164

157
158
160
161

162

163
164
toc
166
161

30.0
30.2
30.4
JU.O

30.8

31 .O

31 .2

31 .4
31 .6

31 .B

32.O
32.2
32.4
5 Z.O

32.8

33.0
33.2
33.4
3 3.6
33.B

34.0
34.2
34.4
J+. O

34.8

35.0
35.2
3 5.4
?tr A

35.8

36.0
36.2
36.4
3 6.6
3 6.8

169
170
171
1t2
173

174
175
116
178
1t9

180
181
't82

183
184

196
't87

188
189
190

191

192
193
194
196

197
198
199
200
201

203
205
206
207
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TABLE II
POTASSIUM PERSULFATE IN

FERRICYANIDE BLEACH (5.O0-ml SAMPLE)

(A-B)
ml K2S2Os

celate gll

(A-B)
ml K2S2O8

cerate g/l

(A- B)
ml K2S2Os

cerate gll

(A-B)
ml (NH4) 2S2OE

cerate 'g/a

(A-B)
ml (NH4)2S2Og

cerate g/l

(A - B)(0.2703) : KrSrOs, s/l

TABLE III
AMMONIUM PERSULFATE IN

FERRICYANIDE BLEACH {5.OO-ml SAMPLE}

0
o.10
o.20
0.30
0.40

o.50
o.60
0.70
0.Bo
0.90

1.00
1 .10
1.20
1 .30
1 .40

1.50
1 .60
1.70
1.80
1 .90

2.OO

2.10
2.20
2.30
z.+v

2.50
z.ou
2.70
2.80
2.90

0
o.03
0.05
0.08
0.1 1

o.14
0.1 6
0.1 I
o.22
o.24

o.27
0.30
o.32
0.3 5

0.38

o.41
0.43
0.46
0.49
o.51

o.54
0.5 7

0.59
o.62
0.65

o.68
o.70
o.73
0.76
0.78

3. OO

3.10
3.20
J. JU

3.40

?qn

J. OU

3.70
3.80
?qn

4.00

4.20
4.30
4.40

4.50
4.60
4.70
4.80
4.90

5.00
5.10
5. ZU

5.30
5.40

5.50
5.60
5.to
5.80
5.90

o.B 1

o.84
0. B6

o. B9

o.92

o.95
o.97
1.00
1 .03
1 .05

1.OB

1.11
1 .14
1 .16
1.19

1.22
1.24
1 .27
1.30
1 .32

t.Jc
1.38
1 .41

1 .43
1 .46

1.49
t.5 |

1.54
t.c/
1 .59

6.00
6.10
6.20
6.30
6.40

6.50
6.60
6.70
6.BO

6.90

7.OO

7 .10
7.20
7 .30
7 .40

t .50
7.60
7 .70
7.80
7.90

B.OO

8.10
8.20
8.30
8.40

8.50
8.60
8.70
B.BO

8.90

1.62
1.65
t.ou
1.70
1.13

1.76
1.78
1 .81

1.84
1 .87

1.89
1.92
1.95
1 .97
2.OO

2.O3
2.O5
2.O8
2.11
2.1 4

2.'t 6
2.'t9
2.22
2.24
2.27

2.30
2.32
2.35
2.36
z.+ |

2.OO

2.10
2.20
2.30
2.40

2.50
2.60
2.70
2.80
2.90

3.00
3.10
3.20
3.30
3.40

3.50
3.60
3.10
3.BO

3.90

4.00
z+. tu
4.20
4.30
4.40

4.50
4.60
4.70
4.80
4.90

5.00
5.10
5.20
5.30
5.40

5.50
5.60
5.70
5.BO

5.90

6.00
o. tu
6.20
6.30
6.40

0.46
0.48
0.50
o.52
0.55

o.57
o.59
o.62
0.64
u, ob

0.68
o.71"

o.7 3

0.75
o.7B

0.80
o.82
0.84
0.8 7

o. B9

0.91
0.93
0.96
0.98
1.00

1 .03
1 .05
1 .O7

1 .09
1 .12

1 .14
1.16
1.19
1.21
t.z5

|.zc
1.28
1.30
t.Jz

1 .37
1.39
1 .41

1 .44
1.46

6.50
6.60
6.70
6. BO

6.90

7.00
7.10
7.20
7.30
7 .40

7.50
7.60
7 .70
7.80
7.90

8.00
B.10
8.20
8.30
8.40

8.50
8.60
8.70
880
8.90

9.OO

9.10
9.20
9.30
9.40

9.50
960
9.70
9.80
9.90

10.00
10.10
10.20
10.30
10.40

10.50
10.60
1 0.70
10.80
10.90

1 .48
| .5U

1 .53
1.55
1.57

1.60
| .oz
1 .64
t.oo
1.69

1.7 1

173
t. /o
178
1 .80

1 .82
1.85
1 .81
1.89
1.92

1 .94
t.vo
1 .98
2.O1

203

2.O5
2.07
2.10
2.12
2.14

2.17
2.19
2.21
2.23
2.26

2.28
Z. JU

2.33
2.35
2.37

2.39
2.42
2.44
2.46
2.49

(A-B)
ml

cerate
(NH4) 25208

s/l

(A-B)
ml

cerate
(NH4) 25208

s/l
o

0.10
o.20
0.30
0.40

0.50
0.60
0.70
0.80
0.90

0
o.o2
0.05
o.o7
o.o9

0.1 1

o.14
0.1 6
o 18

o.21

1.00
1 .10
1.20
1.30
1 .40

1.50
1 .60
1.70
1 .80
1 .90

o.23
O ?E

o.27
0.30
w.5 z

0.34
U,JO

0.39
o.41
o.43

(A - 8X0.2280) : (NHo)rSrOr, s/l
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IODOMETRIC DETERMINATION OF FERRICYANIDE
IN BLEACH CONTAINING CARBOWAX 1540

(1 1 20)

INTRODUGTTON

Excess iodide ions and a zinc reagent are added to the bleach
sample. The ferricyanide reacts with the iodide to produce an
equivalent amount of iodine. The iodine is then titrated with
standard sodium thiosulfate. The reaction of ferricyanide and
iodide is quantitative as long as zinc ions are present In excess.
Any ferrocyanide initially present in the bleach, as well as the
ferrocyanide produced by the reduction of ferricyanide, is

precipitated as zinc ferrocyanide.
Carbowax 1 540 interferes with the iodine end point and.

therefore, must be removed prior to the formation of the io-
dine. This is accomplished by acidifying the sample and ad-
ding an excess of ferrocyanide which forms a precipitate with
the Carbowax. The excess ferrocyanide is then removed with
zinc ions as mentioned above.

Persulfate ions and some other oxidizing agents also oxidize
iodide and, hence, are measured as ferricyanide by this
method.

REAGENTS

Sodium Ferrocyanide Decahydrate, NarFe(CN)..1 0HrO
7.0 N Sulfuric Acid, HrSOo

0.6 M Potassium lodide, Kl

Zinc Sulfate- 7.0 N Sulfuric Acid reagent

Starch indicator
0.1000 N Sodium Thiosulfate, NarSrO,

RELIABILITY

An estimate of the reliability can be obtained from the follow-
ing data of one analyst.

g/l K,Fe(CN). mixed at 7O.O 100.0

g/l KrFe(CN). found 69.9 100.0
69.8 99.7

(3)

160.0

159.2
1 59.6

PROCEDURE

A. Removal of the Interfering Gonstituents
1. Pipet 100.0 ml of sample into a 200-ml volumetric

f lask.

2. Add approximately 1 gram of sodium ferrocyanide deca-
hydrate using one level #3 Coors spoon. Swirl to dissolve.

3. Add 10 ml of 7.0 N sulfuric acid from a tip-up pipet.
4. Dilute to volume with distilled water, and mix

thoroughly.
5. Filter about 50 ml of the treated sample through a #12

Whatman filter paper.

6. Pipet 15.0 ml of filtrate into a 250-ml Erlenmeyer flask.
7. Add 25 ml of 0.6 M potassium iodide from a tip-up

pipet.

8. Add 20 ml of zinc sulfate-7.0 N sulfuric acid reagent
from a tip-up pipet.

9. Mix thoroughly.

B. Titration with Sodium Thiosulfate
1 . Titrate with 0. l OOO N sodium thiosulfate to a light yel-

low color.
2. Add 5 ml of starch indicator from a tip-up pipet, and

continue the titration until the blue color disappears.

C. Galculations

(ml NarSrOr)(N NarSrO,)[eq wt NarFe(CN).I 1 000)
(fraction of treated sample)(ml sample)(1 OO0)

(ml NarSrO,)(0. 1 0O0X280.95)(1 OO0)

(1sl2oo[iOOOXIOOO) -:
3.75 (ml NarSrOr) : NarFe(CN)., g/,

(21(1)
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POTENTIOMETRIC DETERMINATION OF

SILVER IN FIXING BATHS
(1 2O8C)

PRINCIPLE

The sample containing silver is titrated potentiometrically

using sodium sulfide. The potential change of the system is

followed with a silver and calomel electrode parr.

The sample is made alkaline to prevent the decomposition
of sodium throsulJate which occurs in acid solutions. (Ethyl-

enedinitrilo) tetra-acetic acid, EDTA, is added to minimize

interference of other metal ions. However, the EDTA reagent

does not prevent interference f rom zinc ions. Gelatin is added

to prevent the coagulation of the silver sulfide which is

formed. Otherwise, the coagulated silver sulfide would oc-

clude the silver ions.

Changes in volumes of the sample and the sodium hydrox-

ide-EDTA reagent affect the silver results. lf small samples are

used, the sample volume must be brought to about 300 ml

with 1.0 M sodium thiosulfate. The standardization of the

sodium sulfide is also done in this manner.

RELIABILITY

Four fixing baths containing known amounts of silver, Ag,

were analyzed by two analysts. The concentration of these

samples ranged from 0.100 to 1.00 g/l Ag. The 95% confi-

dence limits for an individual analysis are t0.01 g of Ag per

Iiter.

The recording automatic titrators, when used, may produce

results higher than stoichiometric equivalence. The instru-

ment should be checked for this bias by analyzing several

standard laboratory mixes. All fixing baths should be given

this check, and if a bias is found, the correction for bias should

be applied to the silver results.

SPECIAL APPARATUS

Corning Model 1 2 Research pH Meter, or equivalent

Beckman Inverted Sleeve-Junction Calomel Electrode, No.

43462, or Beckman Fiber-Junction Calomel Electrode, No.

3911O, with a saturated potassium nitrate bridge. (Remove

the saturated potassium chloride solution and substitute

saturated potassium nitrate solution.)

Silver-Silver Sulfide electrode (See Procedure for preparation.)

REAGENTS

Sodium Sulfide, NarS'9HrO

1 .O N Sodium Hydroxide, NaOH

1.0 M Sodium Thiosulfate, NarSrO,

Sodium Hydroxrde- (Ethylenedinitrilo) Tetra-Acetic Acid re-

agent. NaOH- EDTA

0.4% Gelatin solution"
O.O6 N Sodium Sulfide, NarS (standardized)

PROCEDURE

A. Preparation of the Silver-Silver Sulfide Electrode
1 . Thoroughly ilean a silver bar electrode (Precision Sci-

entific Co. Bulletin 640, Catalog No. 68865) with household

cleaning powder. Rinse well with distilled water.
2. Place the clean electrode in 1.0 N sodium hydroxide

containing a few crystals of sodium sulfide for a period of 10

m r n utes.

3. Remove the electrode from the solution for 5 minutes
(for air oxidation).

4. Replace the electrode in 1.0 N sodium hydroxide con-

taining crystals of sodium sulfide for 1 5 minutes.

5. Repeat Steps 3 and 4 several times during a 2-3 hour

oeriod until the electrode has darkened. Make sure that there

are always sodium sulfide crystals in the solution.

NOTE: The performance of this electrode improves

with age. lt does not require cleaning or regeneration

other than a rinse with distilled water after each use.

B. Treatment of the Sample
1 . a. For samples containing 1 g/l of silver or /ess, care-

fully measure 300 mlof sample In a graduated cylinder, and

add it to a 600-ml beaker.

b. For samples containing 1 to 3 g/l of silver:
(1) Pipet 100.0 ml of sample into a 6OO-ml beaker.

(2) Add, from a graduated cylinder,2O0 ml of 1.0 M

sodium thiosulfate to the beaker.

c. For samples containing more than 3 g/l of silver:
(1) Pipet 50.0 ml of sample into a 600-ml beaker.

(2) Add, from a graduated cylinder, 250 ml of 1.0 [4
sodium thiosulfate to the beaker.

2. Add l OO ml of the NaOH- EDTA reagent from a 50-ml
tip-up pipet.

3. Add 1O mlof O.AVo gelatin from a tip-up pipet.

C. Titration of the Sample
Titrate the sample with standardized 0.06 N sodium sulfide,

using a pH meter (or an automatic titrator). See rnstructions

in Method XIA; however, use the following settings:

NOTE: All titrations should be run with the reference

electrode (Beckman Fiber-Junction Calomel Electrode)

in the reference jack of the pH meter and the indicator

electrode (Silver Bar Electrode, Leeds and Northrup

Black-Dot Glass Electrode, Beckman Platinum Inlay

Electrode) in the indicator jack of the pH meter.

1 . Turn the pointer knob to "-MV."
2. Place the silver-silver sulfide electrode in the upper jack.

NOTE: Avoid unnecessary exposure of the stan-

dardized sodium sulfide to the air. The reagent should

be standardized once a week. Discard all unused re-

agent that remains in an open bottle at the end of each

day. A 6O-ml bottle is suggested.10 g l: l'lo
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D. Galculations:

r i 1 . (mt NarS)(N NarS)(1 O8)(1 OOO)

('"1 .*"d"X1ooo) 
: srlver' g/l

2. For a 3OO-ml sample,

(ml NarS)(N NarS)(0.360) : silver, g,/l-

3. For a 100-ml sample,

(ml NarS)(N NarS)(1.08) : silver, g/1"

4. For a 5O-ml sample,

(ml NarS)(N NarS)(2.16) : t;1u"r, nr,"

Apply the correction for bias (if any) to the results
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DETERMINATION OF SILVER IN THIOSULFATE
FIXERS WITH THIOACETAM IDE

(1 2OsD)

PRINCIPTE

The technique is based on the work of Bush, Zuehlke, and

Ballard,- but no instrument is required. The silver in a fixer

is titrated, in effect, by adding graduated amounts of a thio-

acetamide solution to samples of the bath that have been

adjusted to a pH greater than 12. At this alkalinity, thioaceta-

mide decomposes to sulfide which immediately precipitates

a chemically equivalent amount of silver sulfide. The silver

sulfide is filtered and the filtrate is tested for completeness

of silver precipitation by adding more thioacetamide.
It is probable that this method will be used most frequently

to determine the amount of silver in a fixer before and/or after

the fixer has passed through the KoDAK Chemical Recovery

Cartridge and associated Kooer Circulating Unit. A fix which
has passed through this silver recovery unit contains moder-

ate amounts of ferrous iron (ll) ions which will interfere unless

they are removed by the addition of ferricyanide. This step

is included for all samples on the assumption that they will
contain some iron ll.

The fixer must not have very much color, although some

can be tolerated provided a suitable blank is used.

The practical extremes of the technique are presented as

Procedures I and ll. Procedures llland lV rllustrate verv useful

specif ic mod ifications.
Procedure l-Rapid Determination of Silver Concentra-

tion Range in Thiosulfate Fixers (Results are reported to
nearest gram per liter.)

Procedure ll-Determination of Silver in Thiosulfate
Fixers (This is a more precise procedure making use of pipets

and burets. Results are reported to nearest 0.1 gram per liter.)
Procedure lll-Rapid Determination of Silver in Thiosul-

fate Fixers when Concentration oJ Silver is Less than 0.5 gram
per liter (Results are reported to nearest 0.5 gram per liter.)

Procedure lV-Special Application of Procedure lll for
Determination of Exhausiion of Kooar Chemical Recovery

Cartridge

RELIABILITY

Eight fixing baths were prepared containing known amounts
of silverand varying in pH from 4 to 10. Each contained some

of the following items: conventional sequestering agents, sul-

fite (bisulfite), carbonate (bicarbonate), thiosulfate (sodium or

ammonium), formaldehyde, acetate, borate, potassium alum,
antifoamants, and citrate.

The fixers were analyzed using Procedure ll. End points

were determined to 0.05 g/1. Ot the 30 results in the range

.D. G. Bush, C. W. Zuehlke, and A. E

(1 959).

from 0.50 to 6.00 g/1, all were within O.1O g/l oI the nominal
value and there appeared to be no bias.

Ten acid hardening fixes were prepared to contain either

0.50 g or 5.00 g of silver and 0.1 to 10 g of lron ll ions,

These were analyzed according to Procedure lland all results

were within IO.2 g/l of the mix level.

SPECIAL APPARATUS

1 00-ml glass-stoppered graduated cylinder (VWR Scientific,
Catalog No.24760-100)

10-ml graduated cylrnder (VWR Scientific, Catalog No.

2471O-O44)
Filter paper, Whatman No. 3, dia. 12.5 cm (VWR Scientific,

Catalog No. 28456-1 01)
Balance, torsion, sensitivity O.O1 g

REAGENTS FOR PROCEDURES

6.0 N Accelerator reagent

0.00926 N Thioacetamide
0.1 M Potassium Ferricyanide
0.2 M Potassium Ferricyanide

REAGENTS FOR STANDARDIZATION OF

0.00926 N THIOACETAM IDE

0.10 N Sodium Chloride
0.0500 N Silver Nitrate
1 .0 M Sodium Thiosulfate

PROCEDURE I_RAPID DETERMINATION OF SILVER
CONCENTRATION RANGE IN THIOSULFATE FIXERS

A. Treatment of Sample

NOTE: Use cylinder markings for all measurements.

1 . Add to each of three l OO-ml glass-stoppered graduated
cylinders, labeled 2,4, and 6, 10 ml of fixer sample, 1O ml

of 0.1 M potassium ferricyanide, and 10 ml of 6 N accelerator
reagent. Swirl to mix. lf the resulting color is:

a. reddish-brown, proceed to step 2.

b. black, add 10 ml more of 0.1 M potassium ferricyanide
and swirl to mix. Proceed to step 2 il the resulting color is

reddish-brown. lf not, start over again, using a fresh sample

and a O.2 M potassium ferricyanide reagent.

2. Using a polyethylene squeeze bottle, add to the cylin-
ders the following volumes of O.OO926 N thioacetamide:

Cvlinder No. 2- 20 ml

Cvlinder No. 4-40 ml

Cylinder No.6-60 ml

3. Stopper and shake all cylinders vigorously 5 seconds.

4. Filter approximately 20 ml of the contents of each cylin-
derthrough a Whatman No. 3 (12.S-cm diameter) filter paper

and collect the filtrates in beakers containing approximately
5 ml of 0.00926 N thioacetamide.

5. Observe the appearance of the beakers' contents, and
refer to Table l.
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B. Reporting Results
1. The results from these three cylinders will identify the

silver concentration range of the fix as:

a. less than 2 g/l
b. between 2 and 4 g/l
c. between 4 and 6 g/1, or
d. over 6 g/1"

2. One more trial will suffice to establish the silver content
between two silver concentrations 1.0 g/l apart (see Proce-
dure ll).

PROCEDURE II_DETERMINATION OF SILVER IN
THIOSUTFATE FIXING BATH S

Procedure I has established the silver concentration range. lf
it is ddsirable to determine the concentration more precisely,
it is necessary to zero in on the end point by measuring vol-
umes with pipets and burets and by using smaller increments
of 0.00926 N thioacetamide in the end point region.

This procedure establishes the silver content to the nearest
O 1 g/1, with three or fewer trials.

A. Treatment of Sample
1 . Pipet into four 100-ml glass-stoppered graduated cylin-

ders 10.0 ml of fixer. Using the markings on the cylinders,
add to one 10 ml of 0.1 M potassium ferricyanide and 10
mi of 6 N accelerator reagent. Swirl to mix. lf the resulting
color rs:

a. reddish-brown, proceed to Step 2.

b. black, add 10 ml more of 0.1 M potassium ferricyanide.
Swirl to mix. Proceed to step 2 if the resulting color is red-
dish-brown. lf not, start over again using a fresh sample and
a 0.2 M potassium ferricyanide reagent. Prepare the remarn-
ing cylinders similarly.

2. Add from a buret the appropriate amount of 0.00926
N thioacetamide to each cylinder.

NOTE: The appropriate amounts of 0.00926 N thioa-
cetamide are selected from Table ll and are based on
the silver concentration range found in Procedure l. For
example, if the range was found to be more than 2 but
less than 3 grams per Iiter, the region to explore is

between 2 and 3. Increments shown are in 1.0 ml
0.00926 N thioacetamide (equivalent to 0.1 S AS/l)
To obtain greater efficiency, the end point may be ap-
proached by trying one at about 2.5 S/l and then one
at 2.3 g/l or 2.7 g/1, depending on the result obtained
with 2.5 g/l

3. Stopper and shake each cylinder vigorously 5 seconds.
4. Filter approximately 20 ml of the contents of each cylin-

der through a Whatman No. 3 (1 2.5-cm diameter) filter paper
and collect the filtrates in beakers containing approximately
5 ml of 0.00926 N thioacetamide each.

' If the silver content rs more than 6 g,/1, dilute the sample with an equal volume
of water and rerun the determinations corresponding to cylinders 2, 4, and
6. Remember to multiply any final answer by 2 .

B. Reporting Results
Observe the appearance of the contents of the bear<ers, and
refer to Table ll fof decisions and details of further trials. r{

necessa ry.

PROCEDURE III_DETERMINATION OF SITVER IN
THIOSULFATE FIXERS WHEN CONCENTRATION
OF SITVER lS LESS THAN 0.5 g/l
When the concentration of silver rs less than 0.5 g,/1, it is

possible to establish the silver content between two concen-
trations O.O5 g/l apart, using only graduated cylinders and
the markings on the cylinders for all measurements. Because
this is expected to be an area of great interest, Procedure lll
is included.

A. Treatment of Sample
1 . Obtain several 100-ml glass-stoppered graduated cylin-

ders. Add to each 40 ml of fixer sample, 20 ml of 0.2 M
potassium ferricyanide, and 2O ml of 6 N accelerator reagent.
Stopper and shake to mrx.

2. Add from a polyethylene squeez.e bottle to one of the
cylinders, 20 ml of 0.00926 N thioaceramide, and to a sec-
ond cylinder, add 1 O ml.

NOTE: 2O ml of O.OO926 N thioacetamide is equiva-
lentto 0.5 g/l of silver, and 1O ml is equivalent to O.2S
g/l of silver.

3. Stopper, and shake the cylinders vigorously 5 seconds.
4. Filter approximately 20 ml of the contents of each cylin_

der through a Whatman No. 3 (12.S-cm diameter) filter
paper, and collect the filtrates in a beaker containing approxi-
marely 5 ml of 0.00926 N thioacetamide each.

5. Observe the appearance of the contents of the beakers.
and refer to Table lll to make the next decision.

B. Reporting Results
1 . These two trials determine that:
a. The procedure is not applicable (silver content is greater

than 0.5 g/l).
b. The silver content is below O.25 g/1.

c. The silver content is between 0.25 and 0.5 97r.
2. lI the procedure is applicable, three or fewer trials will

establish the silver concentrations 0.05 grams per liter apart.

PROCEDURE rV-(SPECTAL AppLtCAT|ON)
DETERMINATION OF EXHAUSTION OF Koonx
CHEM ICAL RECOVERY CARTRIDGE
When the concentration of silver in the effluent from the re-

covery cartridge exceeds 0.25 grams of silver per liter, it can

be assumed that the capacity of the cartridge has been ex-

ceeded. By using 1O ml of 0.00926 N thioacetamide (equiv-

alent to O.25 g/l of silver) and making only the one trial, a

decision on exhaustion can be reached.

A. Treatment of Sample
1 . Place in a 100-ml glass-stoppered graduated cylinder

40 ml of fixer sample, 2O ml of 0.2 M potassium ferricyanide,
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and 20 ml of 6 N accelerator reagent. Stopper and shake to

mrx.

2. Add 1O ml of 0.00926 N thioacetamide, stopper, and

shake for 5 seconds.

3. Filter approximately 20 ml of the mixture through a

Whatman No. 3 filter paper into a beaker containing approxi-

matelv 5 ml of 0.00926 N thioacetamide.

B. Decision
lf the resulting solution is:

a. colored-lhe recovery cartridge is exhausted;

b. clear-the recovery cartridge is still serviceable.

TABLE I

DECISION SHEET FOR DETERMINING SILVER
CONCENTRATION RANG E (1 O-ml SAM PtE)

PROCEDURE I

lf the Contents lf the Contents
of the Beaker of the Beaker

Turn Color.* Bemain Clear,t
0.00926 N Amount of Amount of

Bange

s/l

lf the Gontents lf the Contents
of the Beaker of the Beaker

40
50
OU

2.O

3.0
4.O

5.0
6.0

-l

-)

' Turn Color.
0.00926 N Amount of

Thioacetamide Silver in Fix

Remain Clear,

Amount of

Silver in Fix

Added is More Than is less Than

1 1.0
12.O

13.0
14.O

1 5.0
16.0
11 .O

18.0
1 9.0

2 20.O

21.O
22.O
230
24.O
25.O
zo.v
27.O
28.O
29.O
30.0

31 .O

32.O
33.0
340
3 5.0
36.0
370
3B.O

39.0
40.0

41.O
AA A

43.O

44.O
45.0
46.0
47.O
48. O

49.0
500

1 .1 g/l
1.2
1.3
1.4
t.5

LO

1.7
1.8
1.9
2.O

2.1

z.z

1A

2.5
z.o
2.7
z.o
2.9
3.0

Cylinder Thioacetamide Silver in Fix Silvet in Fix

No. Added is More Than is less Than

:1 10 10sl
220
JJU
4
E

o

Turn Color,

0.00926 N Amount of
Remain Clear.
Amount of

" The color in the beaker is greater than that of a blank-consisting of appro-
priate amounts of sample, potassium ferricyanide, 6 N accelerator reagent and
water (in place of 0.00926 N thioacetamide)-that was filtered and collected
in about 5 ml of water.

f The color in the beaker is not greater than a blank prepared as above.

TABLE II

DECISION SHEET FOR DETERMINING SILVER
CONCENTRATION (1O-O-ml SAMPLE) PROCEDURE ll

lf the Contents lf the Contents

of the Beaker ol the Beaker

Bange Thioacetamide Silver in Fix Silver in Fix

g/l Added is More Than is less Than

0 1 .00 0.1 s/l

3.1

3.3
3.4
3.5
3.6
2-7

3.8
3.9
4.O

4.1

4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
50

2.OO

3.00
4.00
5.00
6.00
7.00
B.OO

9.00
1 10.0

o.2
o?
o.4
0.5
0.6
o.7
o.B
0.9
10
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TABLE II

DECISION SHEET FOR DETERMINING SILVER
CONCENTRATION (1O.O-ml SAMPLE) PROCEDURE ll

lf the Gontents lf the Contents
ol the Beaker ol the Beaker

TABLE III

DECISION SHEET FOR PROCEDURE III
(40-ml SAMPLE)

s/l Added is More Than is less Than

Turn Golor,
0.00926 N Amount of

Range Thioacetamide Silver in Fix

ct.u
52.O
53.0
54.0
55.0
56.0
57.0
58.0
59.0

6 60.0

Remain Glear,

Amount of
Silver in Fix

ml of

0.00s26 u
Thioacetamide

Added

2

4
6

8

10

12

14
to
18

20

lf the Contents
of the Beaker
Turn Golor,
Amount of
Silvet in Fix

is Mote Than

lf the Contents
of the Beaker
Bemain Glear,
Amount of
Silver in Fix
is Less Than

5.1 g/l
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0

0.05 s/l
0.10
u.tc
o.20
o.25
0.30

. 0.35
0.40
o.45
0.50

(-t
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DETERMINATION OF TOTAL SUTFITE IN
FIRST DEVELOPER

(1 3O5L)

INTRODUCTION

The developer sample is added to an excess of iodine, formed
by acidifying standard potassium iodate solution and adding
potassium iodide. Part of the iodine is reduced to iodide by
the sulfite in the sample; the unreduced part is measured by
titrating it with standard sodium thiosulfate using starch indi-
cator. Since the quantity of sulfite is equivalent to the quantity
of reduced iodine, and since the quantity of sodium thiosulfate
used in the titration is equivalent to the quantity of unreduced
iodine, the difference between the total iodine and the volume

of standard sodium thiosulfate is a measure of the sodium
sulf ite concentration.

In the preparation of the first developer solution, both so-

dium sulfite and sodium bisulfite are used. This method mea-

sures the total sulfite content of a sample; thus it reports the

bisulfite as sodium sulfite.

RELIABILITY

Photographic grade sodium sulfite is usually less than 100%
pure (ANSI PH4.275-1912 specifies 97.Oo/o minimum
NarSOr). Photographic grade sodium bisulfite is a mixture of

NaHSO, and NarSrOu (sodium metabisulfite). ANSI PH4.276-
'1972 tor photographic grade sodium bisulfite calls for a min-
imum assay, as ,determined by an iodine titration and ex-
pressed as NarSrOr, of 97.OVo. One gram of photographic
grade NaH SO, is equivalent to 1 .30 grams of NarSO, (1 00%).

In some mixes containing a relatively small amount of sul-
fite, an appreciable portion of the sulfite is oxidized during
mixing, thus leading to sulfite analyses that are lower than
mix level.

REAGENTS

0.1000 N Potassium lodate, KlO,
7.0 N Sulfuric Acid, HrSOo

0.6 M Potassium lodide, Kl

0.1000 N Sodium Thiosulfate, NarSrO,
Starch indicator

PROCEDURE

A. Treatment and Titration of Sample
1. Pipet 5O.O ml of 0.1OOO N potassium iodate into a

250-ml Erlenmeyer flask.

2. Add 25 mlof 7.0 N sulfuric acid from a tip-up pipet.

3. Add 25 ml of 0.6 M potassium iodide from a tip-up
prpet.

TABLE I

SULFITE IN FIRST DEVELOPER
(S.OO-ml SAMPLE SlzE)

ml 0.1 N NarSO,

NarSr0, S/l
NarS0, ml 0.1 N

S/l NarSr0,
ml 0.1 ! NarS0,
NarSr0, S/l

Naf0, ml 0.1 N NarSO.

S/l NarSr0, S/l

ml 0.1 N

NarSr0,
NarS0,

s/l
ml 0.1 !
NarSr0,

1.5

7.6

7.7

7.8

7.9

8.0

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

9.0

9.1

s.2
9.3

9.4

9.5

v.b
9.1

9.8

9.9

53.6

53.5

53.2

JJ. I

53.0

52.8

52.7

52.6

52.4

52.3

5t.t
aL. I

51.9

51.8

51.7

3t.o
51.4

51.3

at.L

51.1

50.9

50.8

50.7

50.6

10.0

10.1

10.2

r 0.3

10.4

10.5

10.6

10.7

10.8

10.9

11.0

11 .1

11 .2

1 1.3

11.4

11.5

11.6

11.7

11.8

11.9

12.0

12.1

12.2

12.3

12.4

49.8
49.7

49.5
49.4

49.3

45.2

49.0
48.9

48.8
48.1

48.5
48.4

48.3
48.2

48.0

47.9

47.8

41 .7

47.5

41 .4

12.5

12.6

12.7

12.8

12.9

13.0

13.1

13.2

13.3

13.4

13.5

IJ.b
13.1

13.8

13.9

14.0

14.1

14.2

t+.J
14.4

14.5

14.6

14.7

14.8
1A O

47.3

47.2

47.0

46.9
46.8

46.7

46.5

46.4

46.3
46.1

46.0
45.9
45.8

45.6
45.5

45.4

45.3

45.1

45.0
44.9

15.0

15.1

15.2

15.3

15.4

15.5

15.6

15.7

15.8

15.9

16.0

16.1

to.L
16.3

16.4

16.5

16.6

16.7

16.8

16.9

1 7.0

11 .1

17.2

17.3

17 .4

47.9

42.1

42.6

42.5

42.4

42.2

42.1

42.0

41.9

41.1

41.6

41.5

41.4

41 .2

41 .l

17.5

17.6

11 .1

17.8

1 7.9

18.0

18.1

18.2

18.3

18.4

18.5

18.6

18.7

18.8

18.9

19.0

1 9.1

19.2

19.3

19.4

19.5

19.6

19.7

19.8

19.9

39.1

39.0
38.8
38.7

38.6

50.4

50.3

50.2

50.1

49.9

41.0
40.9

40.7

40.6
40.5

40.4

40.2

40.1

40.0
39.8

39.7
39.6
39.5
?o?

39.2

44.1

M.0
43.9

43.8

43.6

43.5

43.4

43.2

43.1

43.0

20.0 37.8
20.1 37.7

20.2 37.6
203 37.5

20.4 37.3

20.5 37.2
20.6 37.1

20.7 36.9
20.8 36.8

20.9 36.7

21.0

21.1

21.2

lt.J
21.4

Lt.a
21.6

21.7

21.8

21.9

36.6

36.4
36.3

36.2
Jb. I

35.9

35.8

35.7

35.6

35.4

38.5

38.3

38.2
38.1

38.0

44.8
44.6

44.5

44.4

44.3

22.0 35.3

22.1 35.2

22.2 35.1

22.3 34.9

22.4 34.8
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4. Pipet 5.OO ml of sample into the flask. B. Galculations

a'., S.TitratewithO.loooNsodiumthiosulfatetoalightyel- [(ml xNof Klor) -(ml xNof NarSro.)]f 
Eqwt I

rowcoror. Then add b mr of starch indicaror from a tip-up [(ml x Nof Klo') -(ml x Nof Na's'ot" 
[*"rso, ]

pipet, and continue the titration until the blue disappears. (ml sample)

(50.0 - ml NarSrOr)(6.302) : NarSO,, g/1, or
(ml sample)

for convenience, use Table l.

(
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DETERMINATION OF HYPO INDEX, AND THE

SULFITE, BISULFITE, AND THIOSULFATE
CONTENT OF A FIXER

(13O8G)

PRINCIPLE

The hypo index (H.1.) of a fixer is defined as the milliliters
(ml) of 0.10O0 N iodine consumed by the sulfite, bisulftte.

and thiosulfate in a specified volume of the fixing bath. In

Part A of the Procedure, the hypo index is determined by

adding the sample to an excess of iodine (formed by acidifying
potassium iodate and adding an excess of potassium iodide)

and titrating this excess with standard sodium thiosulfate. The

difference between the ml of 0.1000 N potassium iodate

added originally and the ml of 0.1 OOO N sodium thiosulfate

used in the titration is, therefore, the hypo index of the

sa m pre.

Ferrocyanide is present in fixers as a carry-in from the

bleach. This ferrocyanide interferes in the determrnation of the

hypo index. Zinc sulfate is added to remove the ferrocyanide.

The theoretical consumption of iodine by sulfite, bisulfite,

and thiosulfate rs a close approximation of the actual con-

sumption (see Table l). The "theoretical" hypo index is calcu-

lated from a consideration of the equivalent weights of

ammonium thiosulfate. sodium sulfite, sodium bisulfite, and

sodium thiosulfate pentahydrate. Photographic grade am-

monium thiosulfate is supplied as a water solution having an

assay of 58 +2.O% and containing a maximum of 1.Oo/o

ammonium sulfite and O.5a/" tree ammonia (E.K. Specifi-

cation 3464-5). Photographic grade sodium sulfite is usually

less than 100% pure (ANSI PH4.2l5-1972 specifies 97%

minimum NarSOr). Photographic grade sodium bisulfite is a

mixture of NaHSO,, NarSrOu (sodium metabisulfite), and

water. lts purity, as determined by an iodine titration and

expressed as NarSrOu should be at least 97% (ANSI

PH4.276-1912lr.ll it were pure NaHSO,, itwould assay 91 %

as NarSrOu. Table ll shows the contributions of the constit-

uents of typical fixing baths to hypo index.

In order to determine only the thiosulfate content, follow
Procedure, Part B. A separate sample is first adjusted to pH

8.5. Formalin is then added to form a complex with the sulfite.
At this pH the complex forms rapidly. The solution is then

made acid to prevent the complex f rom reacting with iodine,

which is subsequently used to titrate the thiosulfate.
The sulfite content is calculated in Procedure, Part C, by

subtracting the volume of rodine consumed by the thiosulfate

from the volume of iodine consumed by the sum of sulfite,

bisulfite, and thiosulfate (the hypo index). A factor appears

in the calculations to compensate for differences in sample

size between Parts A and B of the procedure.

REAGENTS

O.1OOO N Potassium lodate, KlO,
2.0 N Acetic Acid. CH,COOH

50 g/l Zinc Sulfate, ZnSOo

0.6 M Potassium lodide, Kl

O.1OOO N Sodium Throsulfate, NarSrO,

Starch indicator
Formalin
Phenolphthalein indicator
1.0 N Sodium Hydroxide, NaOH

O.1OOO N lodine, l,

PROCEDURE

A. Hypo lndex (Total Bisulfite, Sulfite, and
Thiosulfate)

| . Treatment and Titration of Sample

a. Prpet (wipe before leveling) 50.0 mlof 0.1000 N potas-

sium iodate into a 250-rnl Erlenmeyer flask.

b. Add 10 ml of 2.0 N acetic acid from a tip-up pipet.

c. Add 5 ml of 50 g/l zinc suifate from a tip-up pipet.

d. Stir the solution with a magnetic stirrer, and add 25 ml

of 0.6 M potassium iodide from a tip-up pipet.

e. lmmediately pipet (wipe) 3 00 ml (if from tank) or 1.00
ml (if fresh recirculated replenisher) of fixer into the flask while
the solution rs stirring.

f. Titrate with 0.1000 N sodium thiosulfate to a light yel-

low color. Add 5 ml of starch indicator from a tip-up pipet

and continue the titration until the blue color disappears.

2. Calculations
(50.00 - ml NarSrO,) : Hypo Index

NOTE: Always specify the sample size when reportrng

results.

B. Thiosulfate (Hypo)
1 . Treatment of Sample

a. Pipet 3.00 ml of sample into a 250-ml conical flask.

b. Add 5 ml of Formalin from a tip-up pipet.

c. Add 3 to 4 drops of phenolphthalein indicator.
d. (1) lf the solution is pink, titrate with 1.0 N sulfuric acid

to colorless.

(2) lf the solution is colorless, titrate with 1.0 N sodium

hydroxide to the first light pink.

e. Let the solution stand for 2 minutes.

f. Add 10 ml of 2.0 N acetic acid from a tip-up pipet.

g Add 5 ml of 50 g/l zinc sulfate from a tip-up pipet.

2. Titration with lodine

a. Add, from a tip-up pipet, 5 mlof starch indicator to the

sam pre.

b. Titrate with O.1OOO N iodine to the first distinct blue

coro r.

3. Calculations
a. Sodium Thiosulfate, NarSrO,'5HrO

(ml lr)(N lr)(eq wt NarSrO,.5HrO)(1000) _
(ml sample)(1OOO)

TANK (3-ml sample)
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REPLEN I SHER ( 1 -ml sample)

(ml lr)(24.82) : NarSrO,.5HrO, g/l

b. Ammonium Thiosulfate, (NH4)2S2O3[58.6%]-

(ml lr)(N l2)[eq wt (NH4)252O3](1OOOX10O)

(ml sample) [% (NH4)252O:][sp gt (NH4)2S2O3](1OOO)

TANK (3-ml sample)

(ml lr)(6.38) : (NHo)r52Orl58.6%1, mt/l

R EPLEN ISHER ( 1 -ml sample)

(ml lr)(19.14) : (NH4)2S2O3[58.60/o], ml/l

G. Bisulfite and Sulfito (as Na.SOr)
| . Tank (3-ml sample used for Hypo lndex)

t(H l)- (ml Irfor hypo)l2.10: NarSOr, g/l

2. Replenisher (l -ml sample used for Hypo lndex)

t(3)(H.1.) - (ml l, for hypo)l2.10 : NazSO:, g,/l

' The average of nine typical lots o{ ammonium thiosultate stock solution tested
was 58.6% as (NHo)rSrO, and contained O.7o/o as (NH4)rSO3

TABLE I

REDUCING CAPACITY OF FIXER CONSTITUENTS
(ml of OIlOOO N lodine Consumed by
' 1.OO g or ml of Constituent)

Gonstituent
By

Theoretical Experiment

Ammonium thiosulfate
solution, ml

NaHSOr, g

NarSO,, g
NarSrOr.5HrO, g

cJ. I

192
159
40.3

5J.5

2O7 I
I coT

40.3$

" Using a sample of solution having an assay of 58.5% and containing 0.86%
(N H4) rSO 3 . They contributed to th eoretical va lue to th e extent of 52. '1 a nd 0.98
respectively, and to the experimenlal value by 52.1 and 1.4 respectively.

f Using sodium bisulfite which assayed 97.0% as NarSrOu (PH4.276-19721.

+ Using photographic grade godium sulfite which has a minimum assay of
97.O/o as NarSO.. (PH4.275-1 972)

$ Using photographic grade sodium thiosulfate (crystalline) which has an assay
between 99.0 to 101 .0% as NarSrOr.5HrO (ANSI PH4.251-1 960, Reviewed
1 966).

TABTE II

CONTRIBUTION OF CONSTITUENTS TO HYPO
INDEX OF FIXER REPLENISHERS

Fixer

Replenisher Constituent
ml 0.1 N l, Consumed

Mix Value Theoretical

At Fresh,

Fresh,

recirculated

Fresh,

recirculated

NarSr0r.5Hr0

NarS0,

( NH4) 25203-

NarS0,

NaH S0,

NarSr0r.5Hr0

nonrecirculated

NarS0,

220.0 g/t 26.6

10.0 g/l 4.1

31.3 (3-ml sample)

250.0 g/t 10.1

40.0 s/l 6.2

16.3 (1-ml sample)

130.0 ml/l 20.8

25.0 g/l 11.7

12.5 s/l 7.8

40.3 (3-ml sample)

. 58.6% solution
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COTORIMETRIC DETERMINATION OF RESIDUAT
THIOSULFATE IN PROCESSED FILM

(METHYLENE BLUE)
(133OA)

INTRODUCTION

This analytical method is based on the work of Warburton and
Przybylowiczr employing borohydride as the reductant and
methylene blue absorbance as the parameter. The method
offers advantages over Pope's modification2 of the Ross-

Crabtree procedure in simplicity, time per analysis, and an

approximate sevenfold increase in sensitivity.
In film containing silver, the true value of the thiosulfate

can be obtained only by analysis immediately after process-
ing This time dependence is markecily diminished when the
sample is taken from a minimum density area. Since image
deterioration of marginally washed film is observed only in

the low-density areas, this is a proper sample for forecasting
image stability.

Film with photographic layers on both sides, or with a pho-

tographic layer on one side and a noncurl backing layer on
the reverse side, will contain approximately twice as much
thiosulfate after processing as film havrng a photographic
layer on one side and nothing on the other. This higher level
of thiosulfate will require the use of Procedure ll for analysis.
The results must be interpreted according to ANSI Standard,
" Photographic Films for Permanent Records, " PH 1 . 2B- 1 g6 g.

PRINCIPLE

Residual thiosulfate is extracted from the film, and reduced
by potassium borohydride to sulfide rn an alkaline solution.
Acetone is added prior to acidification with ferric sulfate re-

agent to minimize the loss of sulfide as hydrogen sulfide con-
current with the evolution of hydrogen from the hydrolysis
of borohydride. The ferric sulfate is added in excess to oxidize
N, N-Dimethyl-p-phenylenediamine whose oxidation product
reacts with the initially produced sulfide to form methylene
blue. The absorbance of the solution is then read on a ohotom-
eter or spectrophotometer.

An absorbance of O.B represents a thiosulfate ion,
SrO, , level near 1.0 pglcm, which is the upper limit mea-
surable by the use of Procedure l. lf higher levels are found
or anticipated, two courses of action are open: (1)the sample
size may be reduced or, (2) a larger volume of extractant
solution can be used and an aliquot taken Jor the test. Proce-
dure ll, contained in Appendix ll, employs the second choice
and permits analysis over the range of 1 to 500 prg of thiosul-
fate per square centimeter of film.

RELIABILITY

Each laboratory must prepare and use a calibration curve
(instructions are included in Appendix l) A typical calibration

' C. D. Warburton and E. P. ?rzybylowicz, Phot
April, 1966.

'C. l. Pope, J. Res. Natl. Bur. Std.,67C:237.

. Sci. and Eng., 10:86, March

July-September, 1 963.

curve obtained and verified by several laboratories is illus-
trated in Figure 1 .

REAGENTS

Extractant solutron

Borohydride reagent
Acetone
Ferric Sulfate reagent
N, N-Dimethyl-p-phenylenediamine Sulfale reagent

SPECIAL APPARATUS

Visible Range Photometer or Spectrophotometer
1-cm Silica cell, Beckman Catalog No. 75170
Three-dram Opticlear Vial with Polyethylene Cap (Fisher Sci-

entific, Catalog No. 3-339 or E. H. Sargent, Catalog No.
F-83230E)

PROCEDURE I

A. Extraction of Residual Thiosulfate
1. Place a 10.0 cm2 sample of film (equal to a 6.25 cm

length of unperforated 16mm film) in a 3-dram shell vial by
folding into a "W" shape.

2. Pipet (wipe the pipet before leveling) 5.00 ml of extrac-
tant solution into the vial and allow to stand for 1O minutes
with occasional swirling.

3. Remove the sample with forceps, caref ully draining it.

B. Reduction of Thiosulfate to Sulfide and Formation
of Methylene Blue

NOTE: Fill all medicine droppers in readiness for re-

agent additions.

1. Add 5 drops of the borohydride reagent to the vial and
swirl.

NOTE: Complete the next step within 1 5 seconds; then
make the remaining additions in rapid succession and
cap the vial immediately.

2. Add 10 drops of acetone and swirl.

CAUTION: Acetone is volatile and highly flammable.
Do not use it near an open flame.

3. Add 5 drops of ferric sulfate reagent; immediately add
5 drops of N, N-Dimethyl-p-phenylenediamine sulfate reagent.

4. Cap the vial tightly and shake vigorously for 3O seconds.
Vent the pressure formed by evolved hydrogen.

5. Repeat the 3O-second shake, vent, and recap. Allow the
solution to stand until the red color (Wurster's salt) disappears
(3 to 5 minutes).

NOTE: lf the red color fails to form, the high level of
thiosulfate has exhausted a reagent, and Procedure ll
found in Appendix ll must be used.

C. Measurement of the Absorbance
1. Using a small portion (0.5 ml) of the solution, rinse a

previously cleaned 1-cm silica cell.
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2. Read the absorbance of the solution at 665 nm (mp)

versus air on a photometer or spectrophotometer.

NOTE: lf the absorbance is greater than 0.800, refer

to Appendix ll.

D. Calculations
1. Referring to a current calibration curve, find the result-

ing absorbance on the vertical axis.

2. Proceed horizontally until intersecting the curve. From

that point, proceed vertically until intersecting the horizontal
axis.

3. Divide the value found at this point (pg SrO, - per five
ml of test solution) by the sample size in cm2 (usually 1O),

and report the result as p.g/cm2. See lllustration I in Appendix
ilt.

NOTE: One prg of SrO5 is equivalent to: 1.4 ptg of
sodium thiosulfate, anhydrous, NarSrOr; or 2.2 pg oI

sodium thiosulfate, pentahydrate, NarSrO,'5HrO.

APPENDIX I

CATIBRATION PROCEDURE

The calibration curve is prepared usrng known amounts of
thiosulfate and plotting the absorbances against the thiosul-
fate used.

A. Preparation of the Standard Thiosulfate Solution
(Prepare f resh daily.)
Pipet (wipe before leveling) 25 0 ml of O.'l O0O N thiosulfate
into a 500-mlvolumetric flask and dilute to volume with dis-
tilled water. Stopper and invert to mix 8 to 1O times. Pipet

5.00 ml of the resulting solution into a 250-ml volumetric
flask and dilute to volume with distilled water. Stopper and
invert to mrx B to 10 times. The resulting standard solution
contains 1 1 .2 1tg of th iosu lfate per m l.

B. Procedure

1 . Fill a 1 O-ml buret with the 11 .2 p.g/ml standard thiosul-
fate solution .

2. Fill a 25-ml buret with the extractant solution.
3. Add the appropriate volume (see Table l) of standard

thiosulfate solution to a 3-dram vial.

TABLE I

PREPARATION OF SAMPLES FOR CALIBRATION

Volumes of Reagents
Content of
Calibration
Solutions

furg SrO.--l5 ml)

4. Add the appropriate volume (see Table l) of extractant
solution. Swirl to mix.

5. Continue with Farts B and C of Procedure l.

6. Plot the absorbances versus the thiosulfate contents
(Table l). Compare the curve with the curve in Figure 1. The
slope and variability should approximate those shown.

APPENDIX II
TREATMENT OF SAMPLES CONTAINING MORE

THAN 1.O MICROGRAM THIOSULFATE PER

SOUARE CENTIMETER OF FILM
For film containing high levels of thiosulfate, a larger volume
of extractant solution is necessary to adequately remove the

thiosulfate and to provide a satisfactorily dilute test solution
for subsequent absorbance readings.

The three dilutions chosen will vield absorbances below 0.8
for 1O cm2 samples containing between 1 .0 and 5OO pg/cr-n2

of film. Values can then be read from the calibration curve
which when multiplied by the appropriate dilution factor will
equal the number of prg of thiosulfate per sq cm of film. The

three dilutrons are equivalent to extracting the 10 cm2 sample
in 25, 25O, and 25OO ml of extractant solution.

PROCEDURE II

A. 25-ml Dilution of Test Solution
1. Placea 10.0 cm2film sample (equaltoa 6.25 cm length

of unperforated 16mm film) in a 100-ml beaker.
2. Pipet (wipe) 25.0 ml of extractant solution into the

beaker. Be certain the film is comoletelv immersed. Allow the

sample to stand for 1 0 minutes with occasional swirling.
3. Pipet (wipe) 5.00 ml of the test solution into a 3-dram

shell vial and continue, using Procedure l, Parts B and C.

4. lf the resulting absorbance is below 0.8, read the corre-

sponding number of prg of thiosulfate per 5 ml of test solution
from the calibration curve and multiply by 0.5. This product
is the number of irg SrO, per cm2 of film.

B. 250-ml Dilution of Test Solution
1. lf the resultrng absorbance (Step A, 4) is above O.B,

pipet (wipe) 10.0 ml of the 25-ml dilution test solution rnro

a 100-ml volumetric flask. Dilute to volume with extractant
solution, and mix.

2. Pipet (wipe) 5.00 ml of thrs test solution into a 3-dram

shell vial and continue, using Procedure l, Parts B and C.

3. lf the resulting absorbance is below 0.8, read the corre-
sponding number of g.g of thiosulfate per 5-ml test solution
from the calibration curve and multiply by 5.0. This product
is the number of pg SrOr-- per cm2 of film.

C. 25OO-ml Dilution of Test Solution
1. lf the resulting absorbance (Step B, 3) is above 0.8,

pipet (wipe) 1O.O ml of the 250-ml dilution test solution into
a 1OO-ml volumetric flask. Dilute to volume with extractant
solution, and mix.

2. Pipet (wipe) 5.00 mlof this test solurion into a 3-dram
vial and continue, using Procedure l, Parts B and C.

Standard
Solution

SrOr-- (ml)
Eluent'

(ml)

0.20
0.40
0.60
o.Bo

4.8
4.6
4.4
1.2

2.2
4.5
6.1
qn

" Extractant
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3. From the calibration curve, read the number of pr.g of
thiosulfate per 5-ml test solution which corresponds to the

absorbance. Multiply this number by 50. This product is the
number of prg SrOr-- per cm2 of film.

APPENDIX III

lllustrataon I

lf, when a 1O cm2 sample was used, and an absorbance of
0.632 resulted from Procedure l, it can be seen from the

calibration curve (Figure 1l that 7.2 1lg SzO:-- were present

in the 5 ml of test solution. Since the 5 ml of test solution
contained all the thiosulfate extracted (7 2 pS) and the thio-
sulfate was extracted from 10 cm2 of film, then 1 sq cm of
film contained 1/1O oI the thiosulfate or O.7 pg.

lllustration ll
High Thiosulfate Level
lf a 1O cm2 sample produces an absorbance above 0.8 using

Procedure l, this indicates the sample contains more than 1 .O

pg thiosulfate per sq cm and that Procedure ll must be used.

lf Procedure ll, Part B, produces an absorbance of 0.520,
this indicates on the calibration curve (Figure 1)that 5.9 tg
of thiosulfate are present in the 5 ml of test solution. Since

5 10
this 5 ml of test solution contains 1/50 (i.e., -!' _O)ot
all the thiosulfate extracted f rom the 10 cm2 film sample. then
1 sq cm contains 29.5 1tg thiosulfate. Using the equation in

Procedure ll, Part B, Step 3, forthe illustration we have (5.0)

(5.9 pS per 5 ml test solution) : 29.5 ttg/cm2 thiosulfate.

APPENDIX IV
SOURCES OF EXPERIMENTAL DIFFICUTTY

In the event that a new calibration curve differs greatly from
Figure 1 or that a new set of reagents produces points off
the old calibration curve, the following items should be inves-

tigated: (1) impurities such as copper in the distilled water

used for reagents, (2) too great a time lapse after addition

of acetone or between addition of ferric sulfate reagent and

N, N-dimethyl-p-phenylenediamine sulfate reagent, (3) a

borohydride reagent which has expired, or was prepared from

low-assav material.
Distilled water prepared from metal stills may contain cop-

per. Levels of 1 ppm copper will reduce the methylene blue

formation by 5Oo/". Water for reagents should contain no

more than 0.01 ppm copper. Water demineralizers* sold for

use with steam irons can oroduce such water.

* Deem-X Demineralizing Filter and Squeeze Bottle (Crystal Research Labora-
tories, Inc., Hanford, Conn.), or equivalent.
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.300
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.100

,000
z.o 4.O 6.0

pg Thiosulfate 1SrO3--) per 5 ml of Test Solution

FIGURE 1 A Typical Calibration Curve for the
Methylene Blue Test Method
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DETERM INATION OF KOoeT NEUTRATIZING
AGENT, NA-l, IN THE NEUTRALIZER

(1 360B)
PRINCIPLE

A sample of the neutralizer is first acidified to a given pH.

Formalin is then added to react with the KoDAK Neutralizino
Agent, NA-1, to release hydronium ions (HrO+ ).

The hydronium ions that are released are then titrated with
base to give an indirect measure of the NA-1 concentration.

RELIABILITY

The calibration curve was calculated from the data obtained
by three analysts. They analyzed frve standard laboratory
mixes containing 4.00 to 20.00 g/l of NA-1 (100%) and
constant amounts of the other constituents. The volumes of
base required in the titrations were plotted against the corre-
sponding concentrations of NA-1 . The best straight line was
determined from the data of 15 analyses. The equation for
this line is found in the calculations. The 957o confidence
limitsfor an individual determination are t0.11 q,/l of NA-1.

SPECIAL APPARATUS

Corning Model 1J Research pH Meter, or equivalent
Beckman General Purpose Glass Electrode, No. 40498, or

Leeds & Northruo No. 1 1 71 69 Glass Electrode

Beckman Fiber-Junction Calomel Electrode, No. 391 70 (filled

with saturated potassium chloride solution)

REAGENTS

Potassium Acid Phthalate Buffer, 0,05 Molar
Borax Buffer, 0.01 Molar
1 .O N Sulf uric Acid, HrSOo

0.1000 N Sodium Hydroxide, NaOH

67o Formaldehyde solution, pH 3.9

PROCEDURE

A. Preparation of the Meter
Follow Method 810 (or any subsequent pH method) for mak-
ing pH measurements below 9.

a. Adjust the temperature of the buffers.

b. Adjust the meter,

TABLE I

NA-l IN NEUTRALIZER

NA-1

s/l
NA-1

s/l
NA-1

s/l
ml NA-l

NaOH S/l
NA-l ml

S/l NaOH
ml

Na0H

ml

Na0H
ml

Na0H

NA-1

s/l
ml

Na0H

1 3.5

13.6

13.7

13.8

13.9

14.0

14.1

14.2

14.3

14.4

14.5

14.6

14.7

14.8

14.9

15.0

15.1

15.2

15.3

15.4

15.5

15.6

15.7

15.8

15.9

11.37

I 1.45

11.54

1 1.62

11 .10

11.79

1 1.87

1 1.96

12.04

12.13

12.21

12.29

12.38

12.46

1 2.55

12.63

12.71

12.80

12.88

12.51

1 3.05

1 3.14

13.22

13.30

1? ?O

16.0

1 6.1

16.2

16.3

16.4

16.5

16.6

16.7

16.8

16.9

17.0

11 .1

11 .2

17.3

17.4

17.5

17.6

17 .7

17.8

17.9

18.0

18.1

18.2

18.3

18.4

13.47

1 3.56

13.64

1 3.73

13.81

13.89

1 3.98

1 4.06

14.15

14.23

14.31

14.40

14.48

14.51

14.65

14.14

14.82

14.90

14.99

1 5.07

1 5.16

15.24

15.32

15.41

15.49

18.5

18.6

1 8.7

18.8

18.9

1 9.0

19.1

19.2
'19.3

19.4

1 9.5

19.6

1 9.7

19.8

19.9

20.0

20.1

20.2

20.3

20.4

20.5

20.6

20.7

20.8

20.9

15.58

I J.OO

1 5.75

15.83

15.91

1 6.00

1 6.08

16.17

1 6.25

16.34

16.42

1 6.50

1 6.59

16.67

1 6.76

16.84

16.92

1 7.01

17.09

17.18

17.26

17.35

11 .43

1 7.51

17.60

21 .0

21.1

21.2

21.3

21.4

21.5

zt.o

21.7

21.8

21.9

22.0

22.1

22.2

22.3

tt.4

22.5

LL.O

72.7

22.8

22.9

23.0

23.1

23.2

23.3

23.4

17.68

17.77

17.85

1 7.93

1 8.01

18.10

1 8.19

18.21

18.36

18.44

18.52

18.60

18.69

1 8.78

18.86

r 8.95

1 9.03

19.1 1

19.20

1 9.28

19.37

19.45

1 9.53

19.62

1 9.70

24.5

24.6

24.7

24.8

24.9

25.0

25.1

25.2

25.3

25.4

25.5

25.6

25.7

25.8

?Eq

1 9.79

19.87

1 9.96

20.04

20.12

20.21

20.29

20.38

20.46

20.54

20.63

20.71

20.80

20.88

20.97

21.05

21.13

21.22

21.30

21 .39

21.47

21.56

21.64

21.72

21.81

26.0

26.1

LO. L

26.3

26.4

26.5

LD.O

26.1

26.8

26.9

23.5

23.6

23.7

t?a

23.9

24.0

24.1

24.2

24.3

24.4

2 1.89

21.98

22.06

22.14

22.23

22.31

22.40

22.48

22.51

22.65

21.0 22.73

27.1 22.82

27.2 22.90

21.3 22.99

21.4 23.07

27 .5 23. 16

27.6 23.24

27.7 23.32

27.8 23.41

27.9 23.45

28.0 23.58

28.1 23.66

28.7 23.14

28.3 23.83

28.4 23.9r

O.842 (mt NaOH) : NA-], g,/l
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c. Standardize the meter with potassium acid phthalate 6. Add 1O ml of 6% formaldehyde solution, pH 3.9, from
buffer. a tip-up pipet.

d. Cross-check the electrodeswith borax buffer. 7. Titrate to pH 3.90 with O.1OO0 N sodium hydroxide.

B. Titration of the Sample Record the volume used in this titration for the calculation.

1 . pipet 1O.O ml of samole into a 1 SO_ml beaker B. Remove the electrodes from the sample, and rinse them

2. Add 1OO ml of distilled water, and immerse the elec_ withdistilledwater. lf rinsingdoesnotcompletelyremovethe

trode assembly in the sample. sample deposits, wipe the electrodes with a paper tissue and

3. Stir the solution on a magnetic stirrer. rerinse. Replace the electrodes in the potassium acid phtha-

4. Add, from a pipet or buret, 1.o N sulfuric acid to attain late buffer'

a pH of approximately 3.5. (This volume does not have to

be measured.) C. Galculation
5. BringtopH3.9OwithO.l0OONsodiumhydroxidefrom 0.842 (ml NaOH) : Koorr Neutralizing Agent, NA-1, g/1,

a fine-tipped polyethylene "squeeze bottle-" or for convenience, use Table L

-)
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IODOMETRIC DETERMINATION OF RA-l AND
SODIUM SULFITE IN COLOR DEVELOPER

(147OBl

INTRODUCTION

Kooer Reversal Agent, RA-1, is a strong reductant in both
acidic and alkaline solutions. Extra precautions, therefore, are
needed to protect the developer sample from air oxidation.
The ease by which RA-1 is oxrdized by air is the basis of these
determ r nations.

PRINCIPLE

A sample of developer is diluted and acidified to pH 3-4.
At this pH the sulfite in the sample is converred to bisulfite
which then reacts to form a compound with RA-1. The rate
of the reaction depends upon the pH, temperature, and con-
centrations of bisulfite, RA-1, and oxygen.

This reaction product of RA-1 and bisulfite is a stronger
reductant than either the RA-1 or bisulfite; hence it is highly
reactive to the oxygen in the air. To prevent interference from
oxygen. the system is placed in an atmosphere of nitrogen.
In the absence of oxygen, the compound is titrated along with
the excess bisulfite to give a measure of RA-1 plus brsulfite.
This titration, however, is not equal to the sum of the individ-
ual titrations of RA-1 and bisulfite.

A second sample is similarly acidified, but stirred in air. This
system gives a lower iodine titration. lt has been determined
that this decrease is due to air oxidation of a RA-1-bisulfite
reaction product. Therefore, there is less bisulfite and no RA-1

left to consume iodine. These two titration values can then
be used to calculate the concentrations of sulfite and RA-1

in the original sample.

The acidity of the system is maintained at pH 3-4 to
prevent the formation of hydrogen sulfide which would occur
if the pH decreased to pH 2 or less. Also at pH 3-4, there
is no interference from the developing agent which would
occur at a higher pH.

RELIABILITY

The calibration equations for the ECO-3 Color Developer were
calculated f rom 1 2 analyses obtained by two analysts who
analyzed six standard laboratory mixes containing 3.50 to
LOO g/l of sodium sulfite, 0.03 to O.1O g/l of RA-1, and

constant amounts of the other constrtuents. The 95% confi-
dence limits for an individual determination are t0.05 q/l
of sodjum sulfite, and +0.0058 g/l of RA-1.

The calibration equations for the ME-4 Color Developer

were also calculated from the data of 1 2 analyses obtained
by two analysts who analyzed six standard laboratory mixes.

These mixes contained 5.00 to 1O.OO g/l of sodium sulfite,
0.04 to O.11 g/l of RA-1, and constant amounts of the other
constituents. The 95% confidence Iimits for an individual de-

termination are t 0.06 g/l sodium sulfite, and + O.OO63 g/l
RA-1.

SPECIAL APPARATUS

Parafilm "M," Marathon, Division of American Can Co.,
Wenaska, Wis.; 6ow Saran Wrap; or equivalent.

Nitrogen Cylinder (water-pumped nitrogen). "High purity"
water-pumped nitrogen was used in the development and
calibration of this method. Possibly a lower purity of nitro-
gen would suffice. Oil-pumped nitrogen (left-hand threaded
cylinder) cannot be used with the recommended regulator
valve (right-hand thread) but can be used if a left-hand
threaded regulator valve is avarlable.

Gas Pressure Regulator and Reducing Valve for nitrogen cyl-
inders. The flowmeter should measure 0 to 15 liters oer
minute. The regulator must be constructed to withstand a

pressure of 3000 psi.

REAGENTS

7.0 N Sulfuric Acid, HrSOo

Starch indicator
0.1000 N lodine, I,

NOTE: The same batch of all reagents must be used

for both titrations in this orocedure:

PROCEDURE

A. Sampling
1 . a. To sample a mix tank, follow Method XlV, "Sampling

of Processing Solutions," Procedure Parts B and C. Use a

2 50-ml glass-stoppered Erlenmeyer flask
b. To obtain a sample from a machine tank, Iill a siphon

tube with developer solution. Rinse the tube by allowing suf-
ficient volume of the tank solution to flow through the tube.
Remove the stopper from a 250-nrl glass-stoppered Erlen-
meyer flask, and immediately place the tube to the bottom
of the flask. Fill to overflowing; then stopper it tightly as
qu ickly as possible.

NOTE: Do not use a syringe.

2. Wash the outside of the flask with water.
3. Whenever an aliquot is taken from the sample flask, a

rapid stream of nitrogen should be running into the sample
flask through a glass tube positioned at least an rnch below
the top of the flask.

CAUTION: Comply with the Safety Precautions f or Use

of Gas Cylinders included with this method.

B. Titration of Sulfite and of the Reaction Product of
RA-l and Bisulfite

NOTE: Part C can be run during the nitrogen bubbling
time in Part B, Step 5.

1 . Add 800 ml of water to a 2-liter Erlenmever flask from
a graduated cylinder.

NOTE: The type and size of the flask are criticar.

2. Add 15 ml of 7.0 N sulfuric acid from a tip-up pipet.

3. Add 1O ml of starch indicator from a tip-up prpet.

4. Place a Teflon-coated stirring bar in the flask.
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5. Vigorously bubble the solution with nitrogen for at least

10 minutes through a glass tube.

NOTE: Do not use a gas dispersion tube.

6. While the solution is bubbling, obtain a 3 x 3-inch sheet

of Parafilm "M" or Dow Saran Wrap, and also fill a so-ml
buret with O.1000 N iodine.

7. Remove the tube with the nitrogen still flowing, and

within I second, cover the top of the flask tightly with the

sheet of Parafilm, or the plastic.

B. Slowly stir the solution on a magnetic stirrer.
9. Pipet 25.0 mlof sample into the flask close to the liquid

surface by pushing the pipet through the plastic sheet.

CAUTION: Whenever an aliquot is taken from the

sample flask, a rapid stream of nitrogen should be run-
ning into the sample flask through a glass tube posi-

tioned at least an inch below the top of the flask.

1O. lmmediately alter the sample addition, increase the
stirring rate to avoid local excess of iodine and push the buret
tip through the plastic sheet. Titrate the sample with 0. 1000
N iodine to a blue color which persists for 5-1 0 seconds.

1 1. Record to the nearest 0.01 ml. This is Volume A in

the calculations.

C. Titration of Sulfite
1 . Add 800 ml of water to another 2-liter Erlenmeyer flask

from a graduated cylinder.

NOTE: The type and size of the flask are critrcal.

2. Add 15 ml of 7.0 N sulfuric acid from a tip-up pipet.

3. Add 1O ml of starch indicator from a tip-up pipet.

4. Stir the solution slowly on a magnetic stirrer.
5. Pipet 25.0 ml of sample into the flask adding it close

to the surface of the solution.

CAUTION: Whenever an aliquot is taken from the

sample flask, a rapid stream of nitrogen should be run-
ning into the sample bottle through a glass tube posi-

tioned at least an inch below the toD of the flask.

6. Cover the flask tightly with a sheet of Parafilm, or plastic,

and stir the solution rapidly for 5 minutes.

NOTE: The Parafilm or plastic sheet is used to prevent

the loss of sulfur dioxrde gas. There is sufficient volume
of air in this flask to oxidize the reaction oroduct of
bisulfite and RA-1 .

7. Make a small hole in the Parafilm or plastic sheet. and

titrate the solution with 0.1OOO N iodine to a blue color which

oersists for 5-1 O'seconds.

B. Record to the nearest O.O1 ml. This is Volume B in the

ca lculations.

D. Calculations
0.04383 A-O.O43t4B + 0.0034 : RA-1 s/l

B : NarSOr, g/l

ADDENDUM TO METHODS REOUIBING
COMPRESSED GAS AND CYLINDER

SAFETY PRECAUTIONS
1. Storage and Handling of Cylinder
Store compressed gas cylinders in cool and well-ventrlated
areas away from sources of heat (hot plates, ovens, radiators,

etc) and protect from physical shock. A rack chain, clip, or

similar device should be used to secure the cylinder in an

up-right position. Replace valve covers when cylinders are not

in use. Use hand truck as an aid in moving cylinders and to
prevent physical shock to the cylinder.

2. Connections
Never force connections or fittinqs. Never use makeshift con-

nections or fittings.

3. Pressure-Adjusting Devices
When regulators are connected, but are not in use, close the

cylinder valve, open the pressure-adlusting device to drain the
gas, and release (close) the pressure-adjusting devrce.

Never open the cylinder valve until the pressure-adjusting

device on the regulator has been f ully released (closed). Never

try to stop the flow of gas with a finger or any portion of your

body.

CAUTION: The gas may have sufficient velocity to
pierce the skin.

4. ldentification
Do not accept any cylinder that is not clearly identified as to
its contents by the manufacturer of the gas. Do not depend

on the color of a cylinder for identification, because there is

not full agreement among vendors on a standardized color
cooe.

o.142 A + 0.115
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SPECTROPHOTOM ETRIC DETERM INATION OF
KooaT ANTI-FOG, NO. 6, IN PREHARDENER

(1551A)

PRINCIPLE

Koonr Anti-Fog, No. 6, is precipitated as a complex with
tetraphenylboron, filtered, and washed to remove the excess
tetraphenylboron. The complex rs treated with potassium bro-
mide which by mass-action dissolves the Anti-Fog-tetra-
phenylboron complex and simultaneously precipitates a po-
tassium-tetraphenylboron complex. The liquid phase rs

adjusted to volume and refiltered through the precipitate to
cause comptete reptacement and to avoid possible turbidity.
The absorbance of the final solution is determined at 2i-l nm
(mp) with a Beckman DU spectrophotometer.

RELIABILITY

Because of the rapid initial decomposition of Kooar< Anti-Fog,
No. 6, in the prehardener, it was added to the otherwise
complete mixes as a O.O4% stock solution immediately prior
to analysis.

Five standard laboratory mixes containing 0.004 to 0.040
g,/l of Kooar Anti-Fog, No. 6, were analyzed by 3 analysts.
The data of 15 analyses were used to derive the calibration
equation by the method of least squares and to predict that
the 95% confidence limits for an individual determination are
+0.001 g/l Kooar Anti-Fog, No. 6.

Investigation shows seasoned samples with a high potas-
sium ion concentration may give results low to the extent of
0.00 1-O 002 g,/l Kooer< Anti-Fog, No. 6.

SPECIAL APPARATUS

Beckman DU Spectrophotometer, or equivalent
Millipore filter holder, Pyrex, Catalog No. XX 1OO47OO,

Millipore Corp., Bedford, Mass. 01730
9B4H Ultra filter, glass paper 4.25 cm, H. Reeve Angel &

Co., Inc., Clifton. N.J

Teflon-covered stirring bar, VWR Scientific, Catalog No.

58949-061
1-cm Silica cell, Beckman Catalog No. 751 70

REAGENTS

Glacial Acetic Acid, CH,COOH

Chloroform, CHCI,
1 o/o Potassium Bromide solution. KBr
25O S/l Potassium Bromide solution, KBr
3% Sodium Tetraphenylboron solution

PROCEDURE

A. Removal of the Precipitation Supplessant
1. Prepare a Millipore filtration setup with a 250-ml filter

flask and 984H Ultra glass filter paper, 4.25 cm.
2. Pipet 100.0 ml of sample into a clean 250-ml separa-

tory funnel.
3. Add 5 ml of 1olo potassrum bromide solution to the

separatory funnel from a tip-up pipet.

4. Add '1 O ml of glacial acetic acid from a tip-up prper.

5. Add 100 ml oT chloroform from a tip-up pipet.

CAUTION: Chloroform is toxic; therefore. the exrrac-
tions must be performed rn an exhaust hood or where
there is adequate ventilation. Keep chloroform away
from open flames and hot surfaces. Chlorinateo maren-
als may break down to give toxic and irritating gases

such as phosgene and hydrogen chloride. Waste chlo-
roform should be disposed of according to locally ac-
ceptable practices.

6. Stopper and shake the separatory funnel for a few sec-
onds; then vent through the stopper. Continue to shake the
funnel for 30 seconds, venting occasionally.

7. Allow the layers to separate.

NOTE: There may be some bubbles suspended in the
aqueous phase; it is not necessary to wait for these to
separare out.

B. Discard the (lower) chloroform layer.

B. Precipitation of the Anti-Fog, No.
6-Tetraphenylboron Gomplex

1. Drain the aqueous layer into a 250-ml phillips beaker
contarnrng a magnetic stirring bar.

2. Add 25 ml of distilled water to the separatory funnel
from a tip-up pipet. Stopper and shake the funnel several
tjmes and add the rinse ro the Phillips beaker.

3. Rinse down all splashings on the walls of the beaker
using a wash bottle.

4. Place on a magnetic stirrer and stir rapidly without
splashing. While strrring, add (pipet) 5.OO ml of 3% sodium
tetraphenylboron solution. Continue stirring for 2 minutes.
(Use a timer.)

G. Removal of Excess Tetraphenylboron
1. With full suction on the filter setup, slowly transfer the

contents of the Phillips beaker to the filter funnel, holding the
magnetic bar in the beaker.

2. When the solution has been completely filtered, add,
from a tip-up pipet, 25 ml of distilled water to the Phillips
beaker, rinsing down the sides with the water; then transfer
the rinse to the ftlter funnel with suction strll on. Hold the
stirring bar in the beaker.

3. When the rinse water has been completely drawn
through the filter, break the suction. Remove the filter funnel
assembly without dismantling it. Rinse the stem with distilled
water from a wash bottle. Drscard the filtrate and wash the
filter flask thoroughly with distilled water. Reassemble the
fiiter setup. Do not turn suction on.

D. Dissolution of the Anti-Fog, No.
6-Tetraphenylboron Complex

1. Add 25 ml of 25O g/l potassium bromide solurion to
the Phillips beaker from a tip-up pipet, rinsing down the sides
during the addition.
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2. With suction off, tansfet the contents of the beaker, 7 . Reinsert the filter funnel into the filter flask; connect and

except the stirring bar, to the filter funnel. Let it stand for 1 turn the suction on full. -\
minute. (Use a timer.) 8. Transfer the Contents of the volumetric flask to the filter

3. Connect and turn suction on full, and draw the solution funnel washing down the sides of the funnel during the

into the filter flask. When the filtration is complete, break transfer. Draw all of the solution into the filtering flask. When

suction by removing the tubing from the filtering flask before the filtration is complete, break suction by removing the tub-

turning off the water. ing from the filtering llask before turning off the water.

4. Repeat Steps 1 through 3 and then remove the filter

funnel assembly without dismantling it.

5. Carefully transfer the contents of the filtering flask to s E. Measurementof theAbsorbance
100-ml volumetric flask. Rinse and fill a 1-cm silica cell with solution from the filtering

NorE: A smail transfer funnel may be used to assist flask and determine the absorbance of the solution vs air at

in the transfer but if used. it also must oe rinsea in tne 277 nm (mp) on a Beckman DU Spectrophotometer'

next steos.

6. Rinse the filtering flask with repeated small volumes of F. Galculations
distilled water, transferring each rinse to the volumetric flask.

(Do not go over votume.) Make final volume adjustment with (62 33)(4277) - 1'26 : mg/l Kooar Anti-Fog' No 6

the aid of a wash bottle. Stopper the flask and invert it 6- 1O or, (3.1 66)(4277) - 0.063 :
times to mix. ml/l ol 20 g,/l solution of Koorr Anti-Fog, No. 6
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DETERMINATION OF BENZYL ATCOHOL
IN COLOR DEVELOPER

{1603D)

INTRODUCTION

The benzyl alcohol in the alkaline developer is oxidized to
benzoic acid with a solution of permanganate at room tem-
perature. The excess permanganate is reduced with hydroxyl-
amine sulfate in an acid solution and nitrogen is bubbled
through the treated sample to eliminate interfering organic
materials. The benzoic acid is extracted with chloroform and
the chloroform is washed with a saturated sodium chloride
solution to eliminate acids stronger than benzoic acid. Meth-
anol is added to the chloroform extract, and the single phase
is titrated with standard sodium hvdroxide.

Critical steps in the procedure are the bubbling with nitro-
gen and the separations. Insufficient bubbling causes volatile
organics to remain in solution thereby giving high results. On
the other hand, violent bubbling and foaming may cause ross

of sample. Because of the latter, a pipet is preferable to gas

dispersion tubes. lt is also possible to use a drawn-out glass
tube. lf the chloroform layers are drawn off too rapidly and/or
too soon after the shaking, they will be contaminated and high
results will occur. Any transfer of the aqueous phase affects
the neutralization.

A calibration curve was prepared by analyzing several stan-
dard laboratory mixes containing varying known amounts of
benzyl alcohol and constant amounts of the other constit-
uents. The volumes of sodium hydroxide required in the titra-
tions were plotted against the corresponding concentratrons
of benzyl alcohol. The best straight Iine was determined from
the data. The equation for this line is found in the calculations.

RELIABILITY

Five standard laboratory mixes were prepared and analyzed
by three anafysts. Three mixes contained 1, 4, and 6 ml/l
of benzyl alcohol and constant amounts of other constituents
at tank level. Two mixes contained 1 and 6 ml/l o{ benzyl
alcohol, but the other constituents were at replenisher level.
The benzyl alcohol was added to a beaker bv buret and
weighed. The volume for calibration was then corrected for

20'
2O C using Lange's specific gravity of 1.043 o. au.uO

upon these data, the 95% confidence limits for individual
determinations are t 0. 1 6 ml of benzyl alcohol per liter.

SPECIAL APPARATUS

Gas pressure regulator and reducing valve. The flowmeter
should measure 0 to 15 liters per minute. The regulator
must be constructed to withstand a pressure of 3000
pounds per square inch.

Nitrogen cylinder (water-pumped nitrogen). "H igh purity"
water-pumped nttrogen is not required but can be used.
Oil-pumped nitrogen (left-hand threaded cylinder) cannot
be used with the recommended regulator valve (right-hand

thread) but can be used if a left-hand threaded regulator
valve is available.

Exhaust hood

REAGENTS

0.41 M Potassium Permanganate, KMnOo
2.5 M Hydroxylamine Sulfate, (NH2OH)2.H2504

1B N Sulfuric Acid, HrSO.
Chloroform, CHCl,, practical grade

Saturated Sodium Chloride, NaCl, solution
Methyl Alcohol containing Thymol blue
0.1000 N Sodium Hydroxide, NaOH

PROCEDURE

A. Treatment with Potassium permanganate

1 . Adjust the sample to room temperature.
2. Pipet 20.0 ml of sample (at room temp.) into a SOO_ml

separatory funnel.
3. Insert a long-stem funnel into the separatory funnel.

NOTE: The funnel prevents the potassium permangan_
ate from adhering to the stopper of the separatory fun_
nel when it is added in the next step.

4. Add 40 ml of O.41 M potassrum permanganate using
a 2O-ml tip-up pipet.

5. Swirl the separatory funnel vigorously for 15 seconds.
but avoid splashing the liquid high on the sides.

6. Let the funnel stand for 5 minutes.
7. Add 5 ml of 1B N sulfuric acid from a tip-up pipet, and

swirl the funnel to mix.

B. Add 1 O ml of 2.5 M hydroxylamine sulfate f rom a rip-up
pipet.

CAUTION; Make certain that the funnel is not pointing
at anyone because there may be considerable foaming.

9. Swirl the separatory f unnel until all of the MnO, (brown
precipitate) disappears.

NOTE: The MnO, on the sides of the separatory funnel
can be removed by carefully tipping the funnel on its
side.

10. Bubble nitrogen through the solution vigorously, but
without splashing, for 5 minutes. Use a pipet as a bubbling
tu be.

NOTE # 1 : Comply with the Safety Precautions for Use
of Gas Cylinders included with this method.

NOTE #2: lf nitrogen is not available, clean com-
pressed air may be substituted.

'l 1 . Cool the solution to room temperature if excessive
pressure is found to occur in Step B, items 2 and 4.

B- Extraction with Ghloroform
1. Add 25 ml of chloroform, from a tip-up pipet, washing

down the pipet used for nitrogen bubbling.
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CAUTION: Chloroform is toxic. Therefore, the extrac-

tion must be performed in a hood or where there is

adequate ventilation. Keep chloroform away f rom open

flames and hot surfaces. Chlorinated materials may

break down to give toxrc gases such as phosgene and

hydrogen chloride. Waste chloroform should be

disposed of according to locally acceptable practices

2. Shake the funnel for 30 seconds venting the funnel as

necessary. Avoid opening the stopcock (to prevent acid con-

tam ination).
3. Let stand 3 minutes. Swirl the funnel gently so that any

chloroform floating on the surface of the water layer will drop

into the chloroform layer. Then slowly drain the lower (chlo-

roform) layer into a 125-ml separatory funnel. Allow 1/t-2/z

TABLE I

BENZYL ALCOHOL IN COTOR DEVELOPER

cm (1/s-1/4 inch) of chloroform to remain in the bottom of

the 500-ml f unnel.

4. Add 25 ml of,chloroJorm {rom a tip-up pipet to the

aqueous layer in the SOO-ml separatory funnel and extract

again by shaking 30 seconds. lt is not necessary to vent the

funnel.
5. Heoeat Step b, 5.

6. Add 5 ml of saturated sodium chloride solution from a

tip-up pipet to the 125-ml separatory funnel. Shake for 30

seconos.

7. Allow the layers to separate for 3 minutes. Then slowly

drain the lower (chloroform) layer into a 250-ml Erlenmeyer

flask. Allow 1/s-2/t cm (Va-1/a inch) of chloroform to remain

in the separatory funnei.

C. Titration with Sodium Hydroxide
1. Using a tip-up pipe.t, rinse down the sides of the flask

with 5O ml of methyl alcohol containing thymol blue.

2. Using a 25-ml buret, titrate with 0.1000 N sodium hy-

droxide to the ,7st persistent yellow-green color. Approach

the end point dropwise. Read the buret to the nearest hun-

dredth ml.

3. After the titration, dispose of the chloroform according

to locally acceptable practices.

D. Calculations

O.5641 (ml O.10OO N NaOH) - 0.0603 :benzyl alcohol,

ml/l

For convenience, use Table l.

ADDENDUM TO METHODS REOUIRING

COMPRESSED GAS AND CYLINDER SAFETY

PRECAUTIONS

1- Storage and Handling of Gylinder
Store compressed gas cylinders in cool and well-ventilated

areas away from sources of heat (hot plates, ovens, radiators,

etc) and protect from physical shock. A rack chain, clip, or

similar device should be used to secure the cylinder in an

upright position. Replace valve covers when cylinders are not

in use. Use hand truck as an aid in moving cylinders and to

prevent physical shock to the cylinder'

2. Connections
Never force connections or fittings. Never use makeshift con-

nections or fittings.

3. Pressure-Adiusting Devices
When regulators are connected, but are not in use, close the

cylinder valve, open the pressure-adjusting device to drain the

gas; then release (close) the pressure-adjusting devjce.

Never open the cylinder valve until the pressure-adjusting

device on the regulator has been fully released (closed). Never

try to stop the flow of gas with a finger or any portion of your

body.

CAUTION: The gas may have sufficient velocity to
oierce the skin.

ml O.1 N
NaOH ml/liter

ml O.1 N
NaOH ml / liter

5.50
5.60
5.70
5.BO

5.90

6.00
6.10
6.20
6.30
6.40

6.50
o. ou
6.70
6.80
6.90

7.00
7.10
720
7.30
7.40

7.50
7.60
7.70
7.80
7.90

8.00
8.10
8.20
8.30
8.40

3.05
3.10
J. to

3.22
5.2 |

3.33
3.38
3.44
3.50
3.5 5

5.O I

J.O /

3.72
3.78
3.84

3.89
3.95
4.O1

4.06
+.lz

4.1 1

4.23
4.29
4.34
4.40

4.46
4.51
4.51
4.63
4.68

8.50
8.60
8.70
8.80
8.90

9. OO

9.10
920
9.30
9.40

9.50
9.60
9.70
9. B0

9.90

10.0
10.1
10.2
1 0.3
10.4

1 0.5
10.6
10.l
10.8
1 0.9

1 1.0
11 .1

11 .2

11.3
11 .4

4 74
4.BO

4.85
4.91
4.97

5.O2

5.08

E 10

5.25

5.30
5.3 6

5.42
5.47
5.53

5.59
5.64
5.70
5.7 6

5.81

5.87
5.9 3

598
604
6.10

o.z I

o.zo
o.5z
6.38

0.5647 (m10.1000 N NaOH) - 0.0603 : benzyl alcohol, mr,/i
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4. ldentification
Do not accept any cylinder that is not clearly identified as to

i I its contents by the manufacturer of the gas. Do not depend

on the color of a cylinder for identification, because there is
not full agreement among vendors on a standardized color
code.
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DETERMINATION OF CITRAZINIC ACID IN
COLOR DEVELOPER

(161 1C)

INTRODUCTION

Citrazinic acid can be determined by measuring the absor-

bance of its sodium salt solution on a spectrophotometer at

345 nm (mp,). Since the decomposition products of the devel-

oper also absorb at this wavelength and vary with usage and

air exposure, the citrazinic acid must first be separated from
the rest of the mix. Citrazinic acid has very low solubility in

an acidic solution, but can be dissolved by forming the sodium
salt. Therefore, it can be separated from the mix by acid pre-

cipitation and filtration. The precipitate is then dissolved and

measured in an alkaline solution.

CALIBRATION

The calibration curve was prepared by analyzing several stan-

dard laboratory mixes contarning varying known amounts of
specially purified citrazinic acid and constant amounts of the

other constituents. The absorbance values determined bv fol-
lowing the analytical procedure were plotted against the cor-

responding concentrations of citrazinic acid. The best straight
line was determined from the data.

RELIABILITY

The individual results obtained by this method have 95%
confidence limits of +0.08 g/1. These limits are based upon

35 individual analyses of standard laboratory mixes.

SPECIAL APPARATUS

Fritted Pyrex Disc Buchner Funnel, 40mm dia. fine porosity
(VWR Scientific, Catalog No. 30301-120 or Corning No.

36060)
Beckman Model DU Spectrophotometer, or equivalent
1-cm Silica cell, Beckman Catalog No. 75170

REAGENTS

Celite filter-aid
7.0 N Sulfuric Acid, HrSOo

O.1O N Sulfuric Acid, HrSOo

0.10 N Sodium Hydroxide, NaOH

PROCEDURE

A. Precipitatio4 and Filtration of Citrazinic Acid
1. Add about 1 gram of Celite to a 150-ml beaker.

2. Pipet (wipe the pipet before leveling) 20.0 ml of sample

into the beaker.

3. Add 2 ml of 7.0 N sulfuric acid from a tip-up pipet. Swirl
the beaker to mix the Celite, sample, and acid thoroughly.

4. Allow 10 minutes for complete precipitation.

5. Prepare an aspirator-filter assembly. Use a 250 or 500-
ml filtering flask and a fine porosity, 40mm, fritted-glass
Btichner funnel.

6. After 1 O minutes have elapsed, filter the reacted sample.

7. Rinse the beaker with two 1O-ml portions of 0.10 N

sulfuric acid, and transfer the rinses to the funnel.

B. Disconnect the aspirator-filter assembly. Discard the fil-
trate and rinse the inshe of the flask three times with distilled
warer.

B. Formation of the Sodium Salt of Citrazinic Acid
1 . Mount the funnel in the filtering flask. Add, from a tip-up

pipet, 20 ml of 0.10 N sodium hydroxide to the beaker, and

then transfer the solution to the funnel. Retain the beaker.

2. Mix the contents of the funnel by gently swirling the

funnel for 1 minute.
3. Apply suction and filter the dissolved precipitate.

4. Rinse the beaker, then the funnel with four 15-ml por-

tions of distilled water from a tip-up pipet.

5. Ouantitatively transferthe filtrate to a 1 Oo-ml volumetric

flask. Dilute to volume with distilled water. Stopper and invert

6 to 12 times.
6. Pipet 10.0 ml o{ the dilution into a 250-mlvolumetric

flask. Dilute to volume with distilled water. Stopper and invert

6to12times.

C. Measurement of the Absorbance
Measure the absorbance of the dilution with the soectro-
photometer at 345 nm. Use the hydrogen lamp. See instruc-
tions given in Method Vl E.

D- Calculations
2.53 (Ar4s) + O.O9 : citrazinic acid, g/l

sP-957



TITRIMETRIC DETERMINATION OF CITRAZINIC
ACID IN COLOR DEVELOPERS

(1612A)

PRINCIPLE

The citrazinic acid is removed from solution by precipitation
with acid. Celite is added to aid the precipitation by acting
as a collecting agent. A known excess of sodium hydroxide
is added, and a portion of it reacts with an equivalent amount
of the precipitate. The excess hydroxide is then titrated with
sulfuric acid.

RELIABILITY

The calibration equations were calculated by the method of
least squares from the data obtained by three analysts who
analyzed four laboratory standard mixes of each developer.
The range of calibration for developers is from 1.00 to 2.00
g/l citrazinic acid. Based on 'l 2 analyses, the g5% confidence
limits for an individual determination are :| 0.07 o/l citrazinic
acid in the develooers.

SPECIAL APPARATUS

Millipore filter holder, Pyrex, Catalog No. XX 1OO47OO,

Millipore Corp., Bedford, Mass. 01730
9B4H Ultra filter, glass paper 4.25 cm, H. Reeve Angel &

Co., Inc., 9 Bridewell Place, Clifton. N.J.

REAGENTS

Celite filter-aid
7.0 N Sulfuric Acid, HrSOo

Foamex

O.1OOO N Sodium Hydroxide, NaOH

Meta Cresol Purple indicator
0.1000 N Sulfuric Acid, HrSOo

PROCEDURE

A. Precipitation and Filtration of Citrazinic Acid
l Add 3 to 4 g of Celite to a 400-ml beaker.
2. Pipet 1OO.O ml of sample into the beaker.
3. Add 1O ml of 7.0 N sulfuric acid from a tip-up piper.

4. Stir on a magnetic stirrer for 1 5 minutes.
5. Prepare a filtration setup using a Millipore filter holder

and a 5OO-ml filtering flask. Place the glass-fiber filter paper

in the filter holder.
6. After 1 5 m inutes have elapsed, apply f ull suction.

Transfer the mixture onto the filter paper using a glass rod;

filter the solution. (The precipitate will be easier to wash if
it does not collect on the holder.) Retain the stirring bar in

the beaker by placing a second bar on the outside of the
bea ke r.

7. Rinse the beaker, stirring bar, and glass rod with two
10-ml portions of distilled water. Transfer each rinse to the
M illipore holder.

B. Disconnect the aspirator filter assembly and discard the
filtrate. Rinse the flask and the tip of the Millipore holder three
times with distilled water. Discard the rinses.

B. Formation of the Sodium Salt of Citrazinic Acid
1 . Add 'l drop of Foamex to the flask. Reassemble the

apparatus, but do not apply suction.
2. Pipet 50.0 ml of 0.1000 N sodium hydroxide into the

beaker. Swirl the beaker to dissolve any citrazinic acid that
mav still be in the beaker. .

3. Cautiously transfer the sodium hydroxide to the
Millipore holder.

NOTE: Do not rinse the beaker; the strength of hydrox-
ide must not be reduced at this time. (See Step 6.)

4. Swirl the Millipore holder for 1 minute.

NOTE:The Celite and citrazinic acid material must be-

come suspended during the swirling action.

5. Apply suction and filter the solution.
6. Rinse the beaker with distilled water, and cautiouslv

transfer the rrnses to the holder. All solid material must be

transferred to the holder
7. Cautiously rinse the holder and the Celite with at least

two 2O-ml portions of distilled water.
B. Disconnect the suction line, and quantitatively transfer

the filtrate to a 400-ml beaker.

C. Titration
1 . Add 6 drops of meta cresol purple indicator to the

beaker.

2. While stirring on a magnetic stirrer, titrate the solution
with 0.1000 N sulfuric acid to the first clear yellow.

3. Determine the acid-base blank by pipetting 50.0 ml of
O.l OOO N sodium hydroxide into a 1 50-ml beaker. Proceed

by repeating Steps 'l and 2.

D. Calculations
Subtract the buret reading recorded in Step C, 2 from the
reading in Step C, 3. Substitute the difference, A ml, in the
eouation:

0.0831 (A ml) + 0.01 : citrazinic acid, g/l
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DENSITOMETRTC INDICATOR OF

IMAGE STABILITY (DIIS)

11707Bl
INTRODUCTION

Inadequate washing allows certain chemicals to be retained

in processed photographic materials. Some of these chemi-

cals contribute to poor keeping characteristics of the photo-

graphic image. This method produces results that correlate

with l<eeping as measured by accelerated keeping tests and

therefore appears to be measuring residual chemicals of in-

terest. One of these residual chemicals is thiosulfate, which,

depending on the product involved and degree of washing,

may be the major contribution to the density values that are

measured with this test. This method applies to aged as well

as to recently processed films. Suggested upper limits for

residual chemicals are given after the procedure section.

PRINCIPLE

Afilm sample is immersed half its length in an acidified silver

nitrate reagent, converting certain residual chemicals in the

sample into brown silver sulfide. The sample is then immersed

completely in a sodium chloride solution, converting the un-

used silver ion reagent into insoluble silver chloride The silver

chloride is then removed by total immersion in a thiosulfate

reagent. A{ter washing and drying, the densities of the stained

and the unstained halves of the sample are read. The dif-

ference in the densitres, reported as a DllS value, is a measure

of residual chemicals and an indicator of image stability.

RELIABILITY

This method measures thiosulfate. lt must also measure

polythionates since the results (level of residual chemicals) do

not change appreciably as the sample ages. lt does not mea-

sure sulf ite. thiocvanate, or thiourea.

To extend the sensitivitv of the test into low amounts of

residual chemicals, the densities <;f film samples are read

through two thicknesses. Differences as small as 0.02 density

can be detected. A difference of 0.03 corresponds to approxi-

mately 1 microgram of sodium thiosulfate per square centi-

meter of sample.

SPECIAL APPARATUS

Transmission densitometer
l(oon< Status "2" Densitometer Filter,t or equivalent

REAGENTS (No standardization is required )

0.060 M Silver Nitrate - 0.50 M Acetic Acid reagent

0.85 M Sodium Chloride, NaCl

O.2O M Sodium Thiosulfate - 0.1 5 M Sodium Sulfite

.0. C. Hubbell, R. G. McKinney, and L. E. West, Phot Sci. and Eng

305, Seotember-October, 1 967.

iAvailable from densitometer manufacturers

1 1:295-

PROCEDURE

A. Treatment of Sample
1. Cut a strip of processed film approximately 1.5 X 12

cm from a minimum density area, and fold it at the midpoint

with the emulsion side out.

NOTE: To avoid contamination of the sample through

handling, wear gloves, or use tweezers or film clips.

2. lmmerse the folded end of the film sample one-half its

length, in 20 ml of 0.O60 M silver nitrate - 0.50 M acetic

acid reagent, for 4 minutes, agitating from time to time.

NOTE: For convenience, a number of samples can be

suspended from film clips supported by a rod over a

tray of the reagent.

3. lmmerse the entire sample in 20 ml of 0.85 M sodium

chloride reagent lor 4 minutes. Occasionally agitate the

samote.

4. lmmerse the entire sample in 2O ml of 0.20 M sodium

thiosulfate - 0.15 M sodium sulfite reagent for 4 minutes.

Occasionally agrtate the samPle.

5. Wash the sample in running tap water for 5 or 10 min-

utes. and drv.

B. Measurement of Density
1. Refold the dry strip, emulsion out. Measure to the

nearest hundredth the densitv of the double thickness oJ film

in both the stained (Density A) and unstained (Density B)

areas. Use a transmission densitometer equipped with a

KoDAK Status "2" Densitometer Filter, or equivalent

NOTE: lf the stained area density is greater than 2.00,

take a second reading, using only one thickness. In this

case, the density result must be doubled, to correspond

with values obtained by using a double thickness of

film.

C. Reporting the Results
Reoort the differences in densities between the stained and

the unstained areas as the DllS value.

DensityA - Density B : DllS

SUGGESTED UPPER LIMITS FOR RESIDUAL
CHEMICATS

Film Type DllS Value, D

Fine-grai n black-and-wh ite coPy

duplicating, and printing films

Medium-grain camera films,

negative and reversal

Color motion picture films

Not sufficiently
sensitive

+0.08

+0.14

sP-959



DETERMINATION OF FORMALIN IN STABILIZER
(18O3G)

INTRODUCTION

In this method the sample is added to an excess of hypoiodite
(formed by acidifying standard potassium iodate, adding an

excess of potassium iodide, and making the solution alkaline).

Part of the hypoiodite is reduced by the formaldehyde in the

sample, and the unreduced part is converted to iodine by

acidifying the solution. The iodine is then titrated with sodium

thiosulfate using starch indicator.
Formalin is a solution ol formaldehyde, CHrO, in water. The

formulas for processing solutions are based on Formalin

which is 37 .5o/" formaldehyde by weight and with a specific

gravity of 1.095. The percent by weight and the specific

gravity enter into the calculations for this determination. The

specific gravity varies slightly depending on the concentration

ol methyl alcohol present as an antif reeze and preservative.

NOTE: The stabilizer of Process CRI-1 does not contarn

formalin; hence, this method does not apply.

RELIABILITY

The equation for determining the Formalin content should be

checked by preparing several standard laboratory mixes con-

taining the particular strength of the Formalin stock solution

used in the processing solution. Normally, the results ob-

tained are somewhat below the amount added to the mix.

The results obtained on standard mixes should be within

5% of the mix value. lf this is not the case, the concentration

and the specific gravity o{ the Formalin stock solution must

be determined. The concentration can be found by using the

ANSI specification test method for this chemical

REAGENTS

0.1000 N Potassium lodate, KlO,
7.0 N Sulfuric Acid, HrSOo

0.6 M Potassium lodide, Kl

2.5 N Sodium Hydroxide, NaOH

0.1000 N Sodium Thiosulfate, NarSrO,

Starch indicator

PROCEDURE

A. Treatment of Sample with Hypoiodite
1 . Pipet (wipe the pipet before leveling) 50.0 ml of 0.1000

N potassium iodate into a 250-ml glass-stoppered Erlenmeyer

f lask.

2. Add 5 ml of 7.0 N sulfuric acid {rom a tip-up pipet.

3. Add 25 ml of 0.6 M potassium iodide from a tip-up

pipet. Swirl to mix.
4. Pipet (wipe the pipet before leveling) 20.0 ml of sample

into the flask.

5. Add 25 ml of 2.5 N sodium hydroxide from a tip-up

pi pet.

6. Stopper the flask, swirl the contents, and allow it to
stand approximately 1 minute.

7. At the end of 1 minute add 10 mlof 7.0 N sulfuric acid

from a tip-up pipet.

B. Titration of Sample with Sodiunr Thiosulfate
1. Titrate immediately with 0.1000 N sodium thiosulfate

to a light yellow color.
2. Add 5 ml of starch indicator from a tip-up pipet and

continue the titration to the disappearance of the blue color.

G, Calculations

(ml sample)(% CHrO by wt)(sp gr of CHrO)

llml \l
l(so.oxo.1ooo)-l N' l(o.1ooo)l
| \ruarSrO,/ lttSOt5)(1OO)

9.15 - 0.183 (ml NarSrOr) : Formalin, ml/l

[( #, )( -",, ) - ( -";:",)( -,,:,",)l (.1;),''.,

sP-960



DETERMINATION OF HA-2 AND FORMALIN IN
PREHARDEN ERS CONTAIN ING

MAGNESIUM SULFATE
(18124)

PRINCIPLE

The sodium bisulfite in the prehardener solution is released
from the aldehyde complexes by the addition of sodium hy-
droxide. The formation of magnesium hydroxide in the pres-
ence of excess magnesium ions provides a buffered solution
at pH 9- 1O. In this system, iodine can be used to oxidize
the sulfite without oxidizing the aldehydes. This serves to
remove the bisulfite.

The solution is then adjusted to pH 4 and treated with a

known quantity of excess sodium bisulfite for a few minutes
to form the bisulfite complex of all the aldehydes. An iodine
titration of the excess bisulfite then indirectly measures the
total aldehydes.

After the excess bisulfite is removed, the conditions-such
as pH, temperature, time, and quantity of reactants, including
a known excess of iodine-are adjusted to promote the dif-
ferential rates of dissociation of the complexes. Under these
conditions, the HA-2 complex dissociates at a m uch faster rate
than does the formaldehyde complex. The iodine reacts with
the bisulfite as fast as it is released. The dissociation reaction
is then stopped by decreasing the pH after a given time. The
excess iodine is titrated with thiosulfate. This gives an indirect
measure of the bisulfite released and furnishes a second value
{or two simultaneous equations from which the concentration
of each aldehvde is calculated.

RELIABILITY

The calculating equations and 95% confidence limits in the
procedure are specifically for SA-1 at 1 .0 g/1. The concentra-
tron ranges for HA-2 and Formalin included in the calibration
mixes were 5.5 to 1 1.5 g/l and 1B.O to 36.0 mlll respec-
tively. The confidence limits for individual determinations
based on the data obtained are:

s HA-2/t : + 0.45

ml Formalin (31 .5%)/l: -+0.39

SA-1 is known to produce high results for the HA-2 deter-
mination. The calculation equation and reliability data have
been corrected for this effect. Should any changes be made
in the SA-1 concentration, a recalibration at the new level will
oe necessary.

APPARATUS

Constant temperature bath at 26.5 +.5 C (BO t 1' F) with
circulating water

Timer

REAGENTS

Obtain large enough quantities of all reagents to use the same
batch of each reagent for standardizations and anaryses.

Glacial Acetic Acid, CHTCOOH

0.4 M Sodium Sulfite, Na,SO.
Starch indicator
1 .O N Sodium Hydroxide, NaOH
1 .O N Sulfuric Acid, HrSO,
7.0 N Sulfuric Acid. HrSOo

5.0 M Potassium Acetate, CHTCOOK"

1 .000 N lodine, l,
0.1000 N lodine, lr"

0.1000 N Thiosulfate, NarSrO,

NOTE: The supplies of iodine should be kept stoppered
in brown bottles to avoid a change of normality during
use. Also, old or partially full bottles should oe restan-
dardized before using. lf they are out of tolerance, ors-

card them.

PROCEDURE

A. Standardization of 0.4 M Sodium Sulfite

NOTE: This standardization must be made immediately
before Part B is started for each.sample. Care should
be taken to minimize air contact with the sodium sulfite
solution.

1 . Add 1 50 ml of distilled water to a SOO-ml Erlenmever
flask from a graduated cylinder.

2. Pipet (wipe the pipet before leveling) 5.OO ml of glacial
acetic acid into the flask.

3. Pipet (wipe) 35.0 ml of 1 .0OO N iodine into the flask.
4. Pipet (wipe) 40.0 ml of 0.4 M sodium sulfite into the

f lask.

5. Titrate with O.10OO N thiosulfate to light yellow. Add
25 ml of starch indicator from a tip-up pipet, and titrate from
blue to colorless solution

6. Record this as Volume A.

NOTE: lf Volume A exceeds 50 ml, prepare a fresh
batch of 0.4 M sodium sulfite and restandardize.

B. Determination of Sodium Bisulfite and Complete
Formation of the Bisulfite Complexes of the Aldehydes

1 . Add. from a graduated cylinder, 1 50 ml of distilled
water to a glass-stoppered, 5OO-ml Erlenmeyer flask and stir
on a magnetic stirrer.

2. Pipet (wipe) 25.0 ml of sample into the flask.
3. Add 25 ml of starch indicator from a tip-up pipet to the

f lask.

4. Pipet (wipe) 1O ml of 1.0 N sodium hydroxide into the
flask. (A precipitate of Mg(OH), will form.)

5. Titrate with 0.1 0OO N iodine to the first blue color which
persists for at least 5 seconds. This is Volume B. Continue
stirring for the next two additions.

6. Pipet (wipe) 4O.O ml of standardized O.4 M sodium sul-
f ite solution.

7. Pipet (wipe) 5.00 ml of glacial aceric acici into the flask.

sP-961
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8. lmmediately stopperthe flask and place it in a 26.5 f .5

C (80 + 1' F) bath for 1O minutes.

G. Measurement of Total Aldehydes
1. After the 1O minutes, stir the solution on a magnetic

stirrer, and titrate with 1 .OOO N iodine to a deep purple.

2. Back-titrate with 0.1000 N sodium thiosulfate to the

disappearance of the purple color.

NOTE: Avoid overshooting the end point.

3. Record as Volume C, ml :

(ml 1.0 N lr)

1

(ml 0.1 N NarSrOr)

NOTE: lf Volume C is less than 4.0 ml, this procedure

does not apply to the sample.

D. Separation of the Aldehydes
1 . From a 50-ml buret, add to the flask a volume of 1.0

N sulfuric acid (ml) equal to:

Volume B
35.0-1.5(VolumeC+ 1O )

2. Pipet (wipe) 10.0 ml of glacial acetic acid into the flask.

3. Pipet (wipe) 50.0 ml of 5.0 M potassium acetate at 26.5

C (80 F) into the flask.

4. Set, but do not start, a timer for 30.0 minutes.

5. Pipet (wipe) 35.0 ml of 0.1000 N iodine-into the flask

al 26.5 C (80 F). Start the timer at the beginning of the iodine

addition.
6. lmmediately after the iodine addition, stopper the flask

and place it in the 26.5 +.5 C (80 + 1' F) temperature bath.

7. At the end of the 30.0 minutes, add 20 ml of 7.0 N

sulfuric acid from a tip-up pipet, and stir on a magnetic stirrer.

NOTE: The 30 minutes between the first contact with

0.1 000 N iodine and the addition of 7.0 N sulfuric acid

must be controlled to + 1 .O minute. lf these limits are

exceeded, discard the solution.

8. Titrate the solution with 0.1000 N thiosulfate to color-

Iess.

NOTE: To avoid overshooting the end point, the rate

of titration must be slower than normal, and a strong

source of backlighting (such as a flashlight) must be

useo.

9. Record this as Volume D.

NOTE: lf Volume D is less than 3 ml, this procedure

does not apply to the samPle.

E. Calculations
Yr : 35.00 - O.'l (Volume A) - (Volume C)

Yz : 35.00 - Volume D

s/t HA-2: 0.597 (Y2) - 0.040 (Y t) - 2.102

mlll Formalin : 1.562 (Yr) - 0.312 (Y2) + 0.19

't0

{
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Only chemicols thot ore used in ihe preporotion of processing solutions ore

listed in the index. Anolyticol reogents used in onolyticol control ore olpho-

beticolly listed in the "Anolyticol Reogents" section of this monuol. Anolyticol pro-

cedures ore referenced by poge number ond porentheticolly by method number'
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Acelic Acid, Glociol
Chemicol formulo
Specific grovity per liter (Z0l D)

Supp liers

Use in,

Fixer (ommonium)

Neutro lizer
Preho rdener

Stop boths

Aerotion, excessive

Algoe deposits (See fungus deposits)

Ammonium Thiosulfote

Chemicol formulo
Su pp liers

Use in fixer

Anolysis of chemicqls

Methods (See'Anolyticol Procedures")
Schedule of

Anolyticol Methods (See "Anolyticol Procedures")

Anti-Colcium, No.4
Supplier

Use in'

Color developer
Fi xer

Rem-jet bocking removol solution

Anti-Fog, No.6
Anolysis for (1551A)

Preporotion of tonk odditions (XVII)

Schedule of onolysis

Supplier

Use in prehordener. . . ..
Voriotions in prehordener

Aniiholotion loyer

Bocking-removol scrubber (See "Rem-iet")
Cleoning

Description of
Nozzles for
Schemotic of
Treotmenttime ......

Benzyl Alcohol

Anolysis for (1603D)

Chemicol formulo
Contribution io totol olkoliniry (702I
Schedule of onolysis

Specific grovity per liier (Z0l D)

Suppliers

Use in color deveioper . . .

Bleoch

Form u lo

Function of
Mixing order ond time
pH

Regenerotion

Storoge life

Blue edges

Borox

Anolysis for (1 107C)

Chemicol formulo
Suppliers

Use in bleoch

Colibrotion

Flowmeters

Mix tonk 12211Fl

Corbowox 1540

Anolysis for (560, 5Z0B)

Chemicol nome

Supplier
Use in bleoch

Chorocteristic curve, lypicol

Checklist (processor)

Chemicolcontrol

Chemicols (5ee "Processing Chemicols")

Chemicol solutions
Holding tonks

Nomes or {ormulos

Replenisher flow rotes

Sofe hondling of
Storoge life
Supply lines

Usoge roies

Citrozinic Acid
Anolysis for (161 I C, l612A)
Chemicol formulo
Contribution to torol olkolinity (202J)

Schedule for onolysis

Supplier

Use in color developer

Cleoning solutions
Rock ocid
Rock coustic

Sulfomic ocid
Tonk ocid
Tonk corbonote

505

sP-909

505

504

50s

509

505

509

506

505

507

628

302

JUI

302

302

JUI

608

508

203

504

508

511

510

641

sP-930

504

505

508

604

cP-825

sP-904, SP-905

504

505

508

otJ

606

607

510

506

402

5t6
510

5r0
402

SP-952, SP-958

504

sP-910

608

505

508

508

509

507

sP-952

GP-820

608

505

506

6r8

202

sP-954

504

sP-910

608

sP-909

505

508

307

307

JU7

308

308

cRr-r -r 002



Color bolqnce, chonges in

Color developer

Contominotion wiih:
B leoch

First developer
Fixer

Preho rdener

Formulo

Function of
pH

Recircu Iotion
Replenishment rote

Storoge life
Temperoiure

Time

Voriotions (Mechonicol ond Chemicol),

Benzyl Alcohol

cD3
Citrozinic Acid

NozSOr

pH

RA-I

Temperoiure

Time

Color Developing Agent, CD-3

Anolysis for (,l25C)

Chemicol formulo

Contribuiion to totol olkolinity (202J)

Schedule for onolysis

Specific grovity per liter (Z0l D)

Su pp lier

Use in color developer

Conslruclion moleriols

Filters

Flowmeters

Holding tonks

Mixing tonks

Pip in g

Rocks

Supply lines

Tonks

Conlominolion
a^t^. .{-,,^t^^-.
First developer
Mixing errors

Neuiro lizer
Preho rdener

Conirol

Chemicol

Mechonico I

Sensitometer

62?

oJo

63/

6J/

637

508

202

508

305,402
402

510

402

402

oto
ot)
oto

625

625

624

624

sP-900

504

sP-910

608

sP-909

505

508

306

305

502

502

305

303

510

JUJ

A'IA AA7 A'IA

633,634,635, 638

538
A1' A1A A1A

630, 63r, 635, 638

607

604

609

Conlrol chorts

Out-of-control process for bios

Out-of-control proiess for voriobility

Control strips

Evoluotion

Exposure recommendoiions . .

Plotting

Storoge

Use

Corrective oction procedure

Curloins

Densilomelers

Mointenonce
Monufocturers ....

Density

Decreoses with no chonge in color bolonce

Increoses with no chonge in color bolonce

Meosuremeni

No density chonge, but color bolonce chonge

Wedging

Dermotitis

Dirt deposits

Dryer

Fu n ction

Mointenonce

Problems

Specificotions

Duplicoting

Elsranlru Cofor f ntermediote Film 5253/7253

Easranal Color Negotive Film 5254/7254

Easrmax Color Prinl Film 5381/7381

EAsTIt AN Color Reversol Inlermediote
Fllm 5249/7249
Chorocterisiics

Description
Prnra<<inn <fan<

Releose prints from

Rewoshing of

Ethylenediomine

Anolysis in color developer 16178l

Anolysis for purity (612C)

Chemicol formulo
Coniribution io totol olkolinity (702J)

Equivolent weight

Suppliers

Use in color developer

6r5
614

6il
610

otl

5r0
609

628

640

5il
6il

628

628

5r0
ol7
640

517

638

202

202

202

202

405

sP-907

sP-906

504

sP-910

505

505

s08

203

307

638

304

202

202

202

202

cRt-1-1003



Exhousl requiremenls

Film breoks

Film defects, physicol

Filters

Porosif y

Recommended iype

Replocement schedule

Finol squeegee

Fine moftle

Firsf developer
Contominolion wiih:

Bl eo ch
a^l^, J^,,^t^^^,

First stop

Fixer

Neutrolizer
Prehordener . .

RA-I

Woier
Formulo

Funciion of
Mixing order ond time

Recircu lotion

Replenishment roie

Sioroge life
Temperoture

Time

Voriotions (Mechonicol ond Chemicol)'

HQ

KI

NoBr
NoCNS
No:SO:
Temperoture

Time

Fixer

Formulos

Function of
Mixing order ond time

Replenishment rote

Silver recovery {rom

Storoge life
Temperoture

Time

Flowmeler cqlibrotion

Fungus deposits

304

404

oJb

306

306

306

Hordening Agent, HA-2

Anolysis for (l8l2A)
Sofe hondling of

Schedule for onolysis

Supplier

Use in prehordener

Voriotions in prehordener

Hoslelloy C

Heoders, drilled

Hydroquinone

Anolysis for {440)

Chemicol nome

Contribution io iotol olkolinity (702J)

Schedule for onolysis

Supplier

Use in first developer
Voriotions in first developer

Loborolory

Focrlrttes

Personnel . .

Leoder

Replenishmeni rote for .

Sp licin g

Use in siort-up

Mochine

Consf ruction

Diogrom
Mo intenonce

Rocks

Sq ueegees

Tonks

Mognesium Sulfote

Chemicol {ormulo

Supplier

Use in prehordener

Moinlenonce .....

Mechonicol conlrol

Mechonicol specificotions

Mixing

Mix-tonk specifi colions

Generol instructions

Mixing oreo description

Monosodium Phosphote

Chemicol formulo

Suppliers

Use in flxer (sodium)

sP-961

5r6
608

505

506

6r8

303, 305

305

sP-901

504

sP 910

608

505

507

621

602

603

402

404

403

302

JUO

JUJ

303

JUJ

304

634

634

634

633

635

635

507

202

503

305,402
402

510

402

402

621

olz
oll
621

ozl
620

otu

509

203

504

402

513

5r0
402

. 402

. 604

307

504

505

506

306

604

402

502

502

502

504

505

509

cRt-]-.l004



Neutrolizer

Ano lysis

Contominotion with:
Bleo ch
a^l^. .t-,,-t^^-.
Fixer

RA-I

Formulo

Function of
Mixing order ond time

Replenishment roie
Sioroge life
Temperoture

Time

Voriotions (Mechonicol ond Chemicol)'

Time

Neutrolizing Agent, NA-I
Anolysis for (13608)

Schedule for onolysis

Supplier

Use in neutrolizer

On-cenler mixing

Operofingspecificotions .

Oul-of -conlrol situolions

Conirol oction
Correciive oction.. ....

pH of processing solulions

Explonotion of (8'l0)

Freq uency

Method (810)

Specificoiions

Phenidone

Anolysis lor (4401

Chemicol nome

Coniribution io toiol olkolinity (7021

Schedule for onolysis

Supplier

Use in flrst developer

Piclure lesls

Potossium Ferricyonide

Anolysis for (1 100E, I I l38, I 
,l20)

Chemicol formulo
Schedule for onolysis

Specific grovity per liter (Z0l D)

Suppliers

Use in bleoch

508

632

506

202

503

402

5r0
402

402

619

sP-948

608
{nq

506

502

402

616

628

sP-91 2

608

sP-9r 2

506

sP-90r

504

sP-910

608

505

507

609

sP-934

504

608

sP-909

505

508

Polossium lodide
Ano I ysis { or (?248, 925 A, 929)

Chemicol formulo '

Contribution to totol olkoliniiy (702J)

Schedule for onolysis

Stock solution preporotion (lX)

Suppliers

Use in firsi developer
Vorioiions in first developer

Polossium Persulfqte

Anolysis for (1 1 138)

Bleoch regenerotion . .

Chemicol formulo
Specific groviiy per liier (Z0l D)

Suppliers

Use in bleoch

Prehordener

Anolysis schedule

Contominotion with:
B leoch

Color developer
First developer
First stop

Fixer

Neutro lizer
Woter

Filtrotion
Formulo

Function of
Mixing order ond time

Recircu lotion
Replenishment rote.. ..
Storoge life
Temperoture

Time

Voriotions (Mechonicol ond Chemicol)'

AF.6

HA-2
NozSO.l

pH

Temperoture

Time

Ventilotion for

Process-reloted physicol defects

Blue edges

Coorse mottle

Curioins

Densiiy wedging

Dots

Fine mottle

Fine streoks

Mogento-green stoin

sP-9r8, SP-9r9, SP-920

504

sP-9r 0

608

cP-813

505

507

dtt

sP-93r

511

504

sP-909

505

508

608

631

630

630

oJl

631

OJU

635

306

506

202

503

305,402
402

5r0
402

402

618

6r8
618

617

617

617

304

641

641

640

64Q

640

639

640

640

sP-927, SP-93r
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Prussion blue

Rem-jet

Reticuloiion

Shoreline

Snowbolls

Sporkle

Sireo ks

White spots

Yellow comets ond spois

Yellow fingerprints

Processing

Mochine design

Mechonicol specifi cotions

Steps for CRI-1

Processing chemicols

Formulos ....
Suppliers

Trode nomes

Prussion blue

Quqdrofos
Chemicol nome

Contribution io toiol olkolinity 1702I
Supplier

Use in first developer

Reogenis (See "Anolylicol Reogenls")

Recirculotion

Reference reodings

Esto blish ing

I nterpreting
Plotting

Rem-iet bocking removol solulion (See "Bocking
removol scrubber")

Chemicol formulo
Tech n iq ue

Reticulolion

Reversol Agent, RA-l
Anolysis for (147081

Contribution io totol olkolinity (702J)

Schedule for onolysis

Supplier

Toxicity of
Use in color developer

Rewoshing in Process CRI-I

Sofe hondling of chemicols

Sofelight

Scrqtches

Sensilomelry

Control with
Instruments for

Shoreline

Shuldown

Doily
Weekly

Silver recovery

Snowbolls, couse of

Sodium Acelole

Chemicol formulo
Specific grovity per liier (201D)

Supplier

Used in:

Fixer (ommonium)

Prehordener

Sodium Bisulfite

Anolysis for {1308G)
Chemicol formulo
Specific grovity per liier (Z0l D)

Suppliers

Use in first developer

Sodium Bromide

Anolysis lor 1906G, 91 4,

930D, r00t) sP-916,

Chemicol formulo
Coniribution io iotol olkolinity (702J)

Schedule for onolysis,

Bleoch
c^t^. n^,,^t^^-.

Firsi developer
Neutro lizer

Specific grovity per liier (201 D)

Suppliers

Use in'

Bleoch

Color developer
Firsi developel
Neutrolizer

Sodium Corbonole

Chemicol formulo
Contribution to toiol olkoliniry (202J)

Specific grovity per liter (70'lD)

Suppliers

Use in:

First developel
Rem-iet bocking removol solution

641

640

640

. 641

639

. oJy

641

640

oJ7

639

303

402

202

504,506
505

504

641

504

sP-91 0

505

507

305,402

6il
612

612

sP-950

sP-9r 0

608

505

517

508

405

516

305

507

302

640

609

6',I0

641

403

403

513

639

5Q4

sP-909

505

509

506

sP-943

504

sP-909

505

507

sP-912, sP-922,5P-926

5Q4

sP-910

608

608

608

608

sP-909

505

508

508

s07

506

504

sP-910

sP-909

505

507

50740s,638

cRt-1-1006



5odium Ferrocyonide

Anolysis for (l l0l B)

Chemicol formulo
Schedule for onolysis

Specific grovity per liter (70.lD)

Su pp liers

Use in bleoch

5odium Hydroxide
Amount needed to chonge pH of color developer or

first developer (XVll)

Chemicol formulo
Coniribuiion to totol olkoliniiy (202J)

Specific grovity per liter (701 D)

Suppliers

Use in'

B leoch

Color developer
First ond second stop boihs

Neuirolizer

5odium Sulfote

Chemicol formulo

Specific groviiy per liter (701 D)

Suppliers

Use in,

Neutrolizer
Prehordener

Sodium Sulfite

Anolysis for (13051, 1308G, l4Z0B)

Chemicol {ormulo

Coniribution io totol olkolinity (202J)

Schedule for onolysis

Specific grovity per liter (Z0l D)

Su ppliers

Use in:
a^t^, ,..1-,,-t^^.,

First developer
Fixers

Sodium Thiosulfote

Anolysis for, in fixer ('1308G)

Processed film (1330A)

Chemicol formulo

Su ppliers

Use in fixer (sodium)

Solubilizing Agent, 5A- I

Supplier

Use in prehordener

Solulion times

Sporkle

Spticing

Squeegees

Adiustment of
Before bleoch

Crystol formoiions on

Locotions

Mointenonce
Types

Stobilizer

Anolysis schedule

Function of
Mixing order ond time

Replenishment rote

Sioroge life

Temperoture

Time

Stobilizer Additive, Processes

ond CRI-l

Supplier

Use in stobilizer

Stoin

Cyon, mogento-red, yellow

Mogento-green

Stondord process

Stort-up

Do ily
Weekly

Stotus M densilomelry

sP-928

504

608

sP-90?

505

508

GP-820

504

sP-910

sP-909

505

s08

508

507

506

504

sP-909

505

506

506

sP-941, SP-943, SP 950

504

sP-9,l 0

608

sP-909

506

508

507

509

sP-924, SP-926

sP-924

Jr-7lJ
sP-926

504

507

608

506

507

sP-943

sP-945

504

506

509

506

506

402

404

oJ7

604

304

oJd

303

307

304

E-4, ME-4, ECO-3,

608

203

504

402

510

402

402

506

509

629,638

640

603

Sodium Thiocyonoie

Anolysis for, in first developer (,l000F, l00l )

Spectrophotometric (1 000F)

Stock soluiion (950C)

Titrimetric (1001)

Chemicol formulo
Liquid equivoleni for solio

Schedule for onolysis

Suppliers

Use in flrsi developer

403

403

6il

cRr-1-1002



Stop boths, first ond second

Anolysis schedule

Formu lo

Function of
Mixing order ond time

Replenishment roie

Storoge life
Temperoture

Time

Sloroge solulions

5ulfur dioxide gos

Sulfuric Acid
Amount needed to chonge pH of color developer or

first developer (XVll)

Chemicol formulo
Preporotion of reogent (See AR section)

Supplier

Use for pH odiustment in,

Bleo ch

Color developer

Tocky film

fokeoff

Titonium

Toleronce limits 
.

Trisodium Phosphote

Chemicol formulo
Coniribution lo toiol olkolinity (702J)

Specific groviiy per liter (701 D)

Supplier

Use in color developer

Turbulolors

Twisls, film

Ventilotion

Woshes

Air in
Cou ntercu rrent

Function of
Replenishment rotes

Temperoture

Time

White spots

Yellow comets ond spots

Yellow fingerprinls

608

s07

202

503

402

510

402

402

5r0

304

GP-820

505

506

508

629

303, 30s

612

505

sP-9r 0

sP-909

506

508

. JU)

405

304

640

402

202

402

402

402

640

639

oJv

638

404

cRr-1-'1008


