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FOREWORD

The Subcommittee on Radiochemistry Is one of a number of
Bubcommlttee B working under the Committee on Nuclear Science
wlthln the National Academy of Sciences - National Reeearch
council . Its members represent government, Industrial, and
university laboratorte6 In the areas of nuclear chemistry and
analytical chemistry.

The Subcommittee has concerned Itself with those areas of
nuclear science which Involve the chemist, such as the collec-
tion and d16trlbution of radlochemlcal procedures, the estab-
lishment of speclflcatlon~ for radlochemiaally pure reagents,
avallablllty of cyclotron the for eervlce irradiations, the
place of radlochemlstry In the undergraduate college program,
etc.

This series of monographs has grown out of the need for
up-to-date compilations of radlochemlcal information end pro-
cedures. The Subcommittee has endeavored to present a series
which will be of maximum use to the working scientist and
which contains the latest available information. Each mono-
graph colleats In one volume the perttnent hformatlon required
for radiochemlcal work with an individual element or a group of
closely related elements.

An expert In the radiochemlstry of the particular element
has written the monograph, following a standard format developed
by the Subcommittee. The Atomic Energy Commission has sponsored
the printing of the aerlea.

The Subcommittee la confident these publications will be
useful not only to the radlochetiat but alao to the research
worker In other fields such as physics, biochemistry or medlclne
who wlahee to uae
problem.

radloche~cal-t echnlquea to solve-a apeclflc

W. Wayne Mehke, ChalrmerI
SubcoimmLttee on-Radloche!uiatry
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INTRODUCTION

‘l’Mavolum nldchdealauith the madioohamlatryof silverh one

of a eerlesof mnographa on mii ochemlstryof the elernenta.Them 18

Inoludeda reviewof the nuolearani chemicalfbat~s of particularinterest

to the radioobemld+, a dlacueaionof problem of dlsaolutionof a sample

ami oountingtachniquee,axxlflmally,a collectionof radioohemical

~cedurea far tie alanantaa founiIn the literature.

The eerlaaof monograpbawill coverall elenmntsforwhich

radioolwxbl procaduraaare pertinent. P1.armincluderevlaionof

the mmograph Pricdlccllyaa mw techniquesand procedureswarrant. The

readeria, tbarefom, enccamugadto uallto the attentionof tba authora

mterial on the

revlaedvureion

nmlioohenriatayof

of the mmograph.

EKLvar
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The Radiochemistry of Silver

D. N. SUNDERMAN AND C. W. TOWNLEY
Battelle Memorial It&titute

Columbus, Ohw

I. GENERALRHV13WBOF THE INORQANICAND ANALYTICALCSEFJSTHIOX SILVER

pp. 99-104 ti VolunEII and pp. 49-52and 61L6-649h VoluueII
of 9AnalyticalChemist&, F. P. Treaduell,tr. and rev.
~ WIllim T. Han, John Miby and Sons,hC., Neu York,
nlmthedition,1937.

Chapter18, pp. 818-84Lin ‘IncrganicChendatW, T. %ellerj
JohnWiley and Some,Inc.,NeuYcmk,1952.

Pp. 20h-209im ●AppliedInorgauicAnalyeiea,U. ?. Hlllebrand,
G. E. Lumdell,H. A. Bright,and J. I. Eloffmn,JOhO Wiley
and Some,Inc.,NewYork, seoomleditim, 1953.

Pp. 173-190in ●Prescottand JobneonlsQuali’mtiveChemid
Amolyeiam,R. K. McAlpineand B. A. Soule,Van Nostrard,
NewYork,1933.

II. GEIW?ALSEVIW3 OF THE RADICEHEKLSTRYOF SILVER

%valuatlon of RadiochendcelSeparationProceduress,
DuaneN. Sumiemam ad W. W- Winke, AnalyticalChemiatq
~, 1578,November1957.

WM Wvelopnent and Evaluationof Radiochemi-1S3Patlon
Pi’ocaduraE!fcm Barium,Calcium,Strontium,Silver,and
Mu#, DuaneN. Sundermam,AEcU-3159,Februaq 19.56.
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Mthcd Of
IMot Ealf Life Reparation
$03- 59 Mlr” 0.554 M4V cd~.(P,4)

EO 0.764

4#04 27 tin @ * 2.70 0JL8 dau@terOfCdlOh
0.556

&lo5 Iloda?’a E Owl
0.281
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III. TABLE (CONKCNUEO)

PrilmqyRadiation Fwhai of
Isotope HalfLife VP of Deqy anmn We paration

&lllm 74 aec

&l 7.5 daye

112
& 3.2 hr

&3m 1.2 ndn

#.3 5.3 br

@J.1 5 eec

*U4 211dn

A+% 20 aec

@ 21 Udll

#6 2.5 min

4+7 1.1 Edn

B- 2.16
2.MI

IT 0.087

p- :.;: (Y&

u0:80 l.%

d - M (25%
:.; [MJ

-*1 (15%\

g)- <2.0

~.937

i:?%

0.66

0.087

o.2h3 (1%
0.340 (8%1

0.61.B
:.g

2:31

0J&
0.30
0.39
0.%
o.~

0.31 (waek)

0s7

Daughterof A&om

I@ghter of PdU

Fieeionprcduct,

glw:”&m

Fissionprcduct,
daughterof Rim

Raughterof Mu

Flaaionproduct

Daughterof Pd~

Flaaionprcduct

Fieslonprduct

/1
O.lx week maim prduct
0.227 neek

0.70 F’ieslonprcduct
0.52

F3Eaionproduot

For - coqileteinformationcm tieradiationsof the isotopesof

ailmr aml for mferencea to the origlrml

D. 6trombger,J. W Hollamier,aui G. T.

lb. 2, M II, April @3.

Uterature, see ‘Talil.eof Iaotopae,

Seabarg,Reviewsof Wdern Physloe~
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IV. REV~ OF THCSEFIWURES OF SILVllSCHEMISIRYOF CH~ ~T TO
RAJIICCHEMISTS

1. I19tallicSllvwr

W.var is a whiteuetal,havinga denai~ of 10.S g/coat 20 G,

a mlt~ pointof 960.5C, and a boiling-t of 1~ C. It is a vary

mmlleablaend duot~e mtal and is supsriorto all othernmtalsin

conductionof bat ad aleotricity.

Silmr is a noblanmkaland la e$milyreducedto the IMtallio

state. Heat alonsla suffkieti to reducasilvercmidc,carbonate,or

-- The additionof rmtalaauohas eino,coppar,or ticmto a eolutioia

of silvericmawIIJ reducetb Bilverto tha mtal, aa wiU formicaoidj

stannouachlmide, and fbrrouasulfitel.

Electrolytloreductionof aflverla easily aocoqliabad,d

purificationof t~ metalis commnly broughtatautin thicmumer.

Oxidaticmpotential of ailvarare givenbalds

k =Ag++e-
$98 --0.7995 v

~ + ~H- = A@ + H20 + 2e-
590

- -o.3411v

h+ “&e+e- ’298
=4.98 v

Ag20+20H-”2 Ago+ H20+2e- - -0.57v
~;9tl

Ag4 + S20 =&0++&+2e- - aa. -2.0v
7$98

Ag+2 + ~o _&go* +a+. +e- E“ - Oa. -2.lV
:90

2Ag0 ● 20H- = Ag~03+ H@ + 2e- “ -o.711v
’298

The moat stablecnidationetatala AK(I). The Ag(II)etataaxiatsas t& .

solid-tie and iluoride,in a mmbar of coqik mmpti, and in aticng

axitiing aolutionc?.The 4(111) stateexiatain acarmcomplaxc~,

in strongoxidia3ngeolution#, and poeaiblyaa the solidoxi&.

2. SolubleSaltaof Silver

In aqueouaaolutionatlm ody stablecmidationdate of eilverla

tJM +1 atati. The +2 and +3 silvertone ase Euob powerful oxidlal.ng

agontathat theyare unatalilein water solutionebaoauaeof tlmirreduction

by watar6. The solubleaaltaof ai.lverticludathe nitrate,nitrite,

iluoride,ohlorate,pertiorate,bromate,eulfate,pamanga!mte,

and tartrata. The fluoride10 the onlysolublediver hallda.

acatate$
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3. InaoluMe Salteof Silverand Precipitationaid
CoprecipitationCbaracteriatioeof Silver

W conditionsfor grambmtricdetermlmtionsof silverarewell

definedIn etandamlana&bial wcrke7}5s9. Silver falls into groupI Of

the qualitative analysis13chem. Table1 liatathe cacmn insoluble

compoundBof silverand the reagenteemplqed to precipitatethem.

Severalof these coqmunds have beeneuqiLcyedin radioohemicalprcoedcrea,

themost popckr beiugthe ohlorideand the sulfide.

TAELE1. lXSOLUE!LECOMFW’ND9OF SIZVEE

Volubilityh sdublli* h
Heajmnt ErecipititeWater,gzloocc (250) OtherReagente

cl-

Pr-

I-

Fe, Zn, u Cu natal

Fe*, Sri*, or HCH02

H2S or

c&os-

Cr~-

c+-

%-

s203-

1.8 x M*

1.3 x 10-~

2.8 x 10-7

2.1 x 10-3

ineoluble

1 x 10-16

2.5x 10-~

8.3 x 10-3

3.2 x 10-3

6.5 X 10-b

insoluble

5

Solublein ~OH,

%lubl.eh &25@3 ~ EN EIOhltlCI.M

SolubleIn M2S203 or KCN solutions,

Sllghtlysolublek ~OH

Insolubleh NH@&

Solublein Na2S203or KCN aolutiona

SolubleIn ~OH,

Solublein KCN aoluticn,

Sclulilein ~

Solubleh HW03

SolublISin hot, cone.H2~

Insclublein ~(lH,

Solublein hot, diluteHN03

Solublein ~QH,

Sclublein HM23

solubleh NH40H,

Solubleti HN03

Solublein excess@C03,

Sclubk h ~OH or M2S203 solution

Solublein M40H,

Solublein HN03

Sclutiiein exceeeNa2S203solution

Solublein NH@H

(Tableoontinueeon fol.lcningpage.)



TAELE1. (CONTINUED]

Solubllltyin sWll&lli in
W#lzerlt heotpitate water,.@O cc (2*) gents

1+- &~3 11.4x 1o-3 Solubleb

solublein

%?%” AK$204 3.5 x lo-j Solublsh

Solume h

solublem

C~, acid A/@ 2.3 x 10-~ Solublein

Solublek

solubleb

lqp,

%

Es@li,

mm solution,

HN03

NE&m,

%3

Sxmam Ku or

benmtriazole
(w4yo

insoluble SolubleIn anc. mineml
acids,

Sol#.e in IEN or
292+ adution

Chloride. The use of a ablorideprecipitationto aepsratiafiver

fromotherradioisotopesor to obtainthe sflverk a farm suitablefor

1O-Y3
wei~ing and aounthg has beenreportedextensivelyin the literatuma .

The populari~ of thtimethcdis due _ to the fictthat fbw other

elemhts

addition

silver.

are precipitatedunderthe oonditicmeof .sEflverohloridepreaipltatlon.

The meet wmmon methaiof precipitatingsilverohlorideis tie

of lqdrochloricacid to a dflutenitricacid solutionof tbe

Occasionallythe solutionia heatedto prcmotecoagulationor a

wettingagentsuch as aerosolis addedto preventthe precipitatefrom

atioldngto the eidesof the veseel. A largeexoeosof cliLorideions

shouldte avoided,for silverformaa solubleclihrideccmplex,AgC13”.7

One liter of 1 pr centHC1 dissolvesonlyO.~2 g of AgCl at 21C,lmt

1 M* of ~ pr centHOl dissolvesO.0C03g, and 1 literof 10 per oent

HCl dissolvesO.O%~ #’.

The AgCl precipitateieIreadilydiaaolvedin diluteammti and

repreclpitated@ additionof nitricaoid,with no 10SS In yield31.

This is very usefulin improvingthe,radiochemlcalpux’itvof silvarIn

6



eepaiat!.W *cm otheractivities12,13,m,24. The ammnla complexof

afltir,for-d when fIilverchlorideis diaaolvedin aamonia,may alBo

be destroyedby volatilizationof the ammonia‘. Thishas been employed

~ Flmobing.to selectivelyprecipitatethe aflverbaUdea~. Ee feud

thatwhen a sduticm of th Ag(l&13)2+complexand idide, bromldo,and

chlorideIons is heatedto wolatfllaeammcrdaand l-er the @, AsI

precipitatesat pH ID, A@ at pH 8.S,and AgCl at pH 7. ‘l’heammonia

ccJ@= ~ ~0 hen dea~qed IV additionof teta-@iroxyathylacetate

to a solutionof the cm$ilexsmd chlorideions~. The hydrogenions

relsaaedas tiebeta-l@roayetl@ aoetatehydrolysesdestroythe cmplex

and A@ precimtatia.

Silvw chloridehas also beenprecipitatedby dilutionof a

19s24~ ~ releas~ chlorldesolutionof the eilverchlorideooqd-ex

ionsby b@roQwis of etbgleneor pro@_ene chlorol@ri#z* In the

lattermethodthe mlilarohydrinla heatedat 60 C titi a solutionof tha

silver. Co@.ste precipitationof theAgcl reqdrea severalhoum of

heating,as the chlorideis releasedvery eloul.y.

The conta.udnationof silverohloridepmcipitateaby tMrt.sen

typioaltraceractivitieshae teenstudiedm~32. The e~erlmntal

conditionsenployedti the stidywere as follwsa 10 mg of eilvercarrier

and 10 mg of carrieraml tracerfor the inmrferingelemmt wem mixed

and dilutedto 10 nl with Illnitric?oid,O.1 ml of concentrated

hydrocllorioaoidwas addedwith st~ng, the precipitatevaa digeatea

for fivetites at rocsntamperatura,and it waa then sepsratedby

centrifuging.The percentageof each elenkvntcarriedwith the A@

precipitateis givenIn Table2. Tha yield for the eilverchlorldewas

99 ~ 1.3 per cant. The quantitativepmdpitation of Iodb with the

silverwas expcted, as AsI is moms insolublethanAgC1. A high

prcentsga of antinm~ contaminatedthe A@. Ant- ie difficultto

keep in solutionduringany changein aoidity,particularlywln!ma

pmoipltate is ka@ forsed,and Sk&l oftenprecLpitateatith A@.

TIM othr interferencewbiohefamlcut are those of the platinumgroup,

iridiumand ntheniuq. This ia consistentvith the fhctthatmoltiple

7



precipitationsare naoessary

alms a largeportionof the

to eepurateafiverfromIrradiatedpalladium

palladlumis carriedon the early

precipitatlena. Thtidiffloul~ in separatingellverfrompalJadiumby

precipitationofA@l baa alaoben experiencedwith fiaaion~oduct

aolutiorn~. The praacmceof zirconiumcarrierwaa observedto retard

the p~cipitationof ttm A& and preventit fhm beingQuantitatlvexD32.

TABLE 2. CO~ION OF S
a

PRECIPITATES
EY OTHESACTIVIT

F@r CentCarried(a)

!hcer

~(b) 99 ~ 1.3 92~~

Cw+, PwJ 0.5 2.3

60
co 0.5 2s

#

cam
1131

$92

#6, @M

J5

gp3, #m

Srw, Y%

T*182

*95, #’

0.5

0.5

97

27

2.5

22

0.5

0.8

0.7

0.6

0.11

92

2.11

98

29

2s

52

2.7

n

2.h

87

3.9

(a) Averageof dufiioaterunsaxoaptfor f3flver.

(b) Averageof quadruplicaterune. &rora are
‘atindarddevlatiomn.

The yielddataapplieaonlyto tk@ expmrimantal
canditionadaacribadin the text.

-de. The uae of a ail- bromideprecipitationhaa beenvery

lhited In tb radiocbemiatryof afiver,bit it has bean enzplqedIn

.tmmizwaeparatiom to obtati●

Ruka and Millarddatarndnedtbe

formsuitable

aolubllltyof

8



diluteablutionsof silvernitrateanf potaa,elumbrombielaballedwith

=82 trace#. Tha precipitatesuere almosthvlaitde. The volubility

is only0.13mg per liter.

Iaiide. Preclpltattonof aflveriodidehas beenused to a small

axtentin the radiochembt~ of sflrnr4#33~~. It has been emplqwd me

extensivelyin rsdiochemi~ separationsof iofim47-490 Sflveriodide

is usuallyprecipitatedby additionof bytiriodicsaid or acdiumOF

potassiumiodideto a Boluticmof silverions. A rdl.lcysuspension

W largeclumpsof ~eclpltate tend to formjso theprecipikts shouldkm

digastedby gentleboilingad brtikstirrin&6Jh9. The silvericdide

precipitate is practically insolublein asmonia,but it diaaolveah

qyanideor thiceilfatesolutionel. Silveriodideprecipitate from

ansnoniasolutiom aa tlw pH is re&ced to 10 by evolvingthe amnmniahl.

Benzotria%cle.Radiochemicslseparationsof silwm by

precipitationwith bensotriazoleare aatiafactoryonlyin the prea~

of largequantitiesof a completingagent,suchas Versem in amumiacal

solution,to preverrtthe precipitationof - norual~ insoluble

hydrcusoxidesD~32. Urderthave ccmditione,accordingto Cheng,c~oride,

kromide,flucdde, eul.fate,nitrate,phoephati,and acetatedo not interfen~

iodideform a less solubleprecipitate,uhile cyanideand thioaulfate

dtiaol~ the ~ecipitatm and preventprecipitations3 coppr (II),ircm (III),

nickel(II),cadmium(II),ztic (II),and ooblt (11)do n~t interfere,

whiletin, antimony,titsnitq ati berylliumprecipitateas bgdrous

cmidesunleeatartrataIS present;and the iron (II)Versemte reduces

silverto the mstal~o. In the absenceof Versenebensotriazoleprecipitate

copper(II),iron (II),nickel(I.1),cadmium(11),zinc (II),and cobalt(II).

‘Thecontaminationof afiverlmnsotriasoleprecipitates~

thirteentypicaltncer actlvitieehas been studied31~32.The following

precipitationprocedurewas es@oyed in t~ st~s Ten mg of carrier

and tracerforthe interferingelementHSre addedto 10 mg of silvertier,

ttm aoluticmwas dtiutedto $ nilwithwater,~ ml of a hO per oent

solutionof Veraeneh ammonh was

solutionin ammoniawas added,and

added,1 ml of 2.5 pr cent

the precipitatewae stirred

9
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at room t-enparaturafbr5 n.dnutesad

contaminationdataam givenIn Table

mntrifuged. The fieldamd

2. The silvergieldwas only

92 per cent,due primarilyto the elowneasof precipitationand coagulation

in the highlysaltedaolution32.The bulkycharacterof the precipitate

causedit to adhere to the ddee of the -ntrifuga oonaand mide the tranefar

of the preci~ititadifficult.

The lIKL$ of apeclfloityof the .ailverbansotriaz~eprecipitation

la illustrated~ tha tactthatlargequantitiesof antiumq, chromium,

iodine,iridium,tantelum,and tin are tied tith the sflver. A

separationis possible,however,from oarium,cesium,cobalt,mthanium,

aelenlum,stronti~ end zIrconium,A precipitationbaa also been

prforued horn0.1 M clfloridesolution,and no detectablechloride

remainedwith the precipitateaftermashingonceuith uate#.

Sulfide. Silveraulfide precipitatlonehave hen esqil~d in

nunnoue radioohemicalprooaduresfor silve~0,~,17,19,21,22,2~,28,29,311,37,38.

~ogan sulfideprecipitatesAg2S frommutral, amcmiaal, ad acid

solutionel.SSLveTsulfideia inmilubleti anmoniaor dilutepotiEsium

cyanideeolution,but it b slightlysolublein concentmtedpotassium

~anide. It dissolvesreadilyin hot, dllutanitrioacid. hmmnlu”

21,25sulfidehas alsobeenused to precipitateA@ fhm amamniacalsolutione .

Flaechkamprta preci@tathn of A@ by tbloacetamidein

S The tbioacetamidehydrolyzesto giveammnmoel or IMlltralSolutica .

E#. In aulfurioacid,theAg2S precipitatesonlywith haat~, ard in

the Prenenceof smallquantitiesof nitricacidemlfurfornwfirstand

then the A@ preoipitate8.

Silversulfl& may alsoke precipitated&ma acid solution

by ammnium thioacetateami fmn boilingdllutaacid aolutionsby sodium

thiomJlmteJ.

Iodate. Sflverioiatebae feud veryllmitaduse in radiochandstry,

but Ite precipitationwith HI03 or KID3solutionhas keenam.ployadIn at

leasttwo proceduree2~*~2. The AgI03 my be disadved in ammoniaad

repmolpitated~

hide.

the additim of oulfurloacid2~.

Hhen alkalihydroxidesare addedto a solutim of sflver

10



!.IXIS,brownAg20 is precipitated.Silveroxideis solublein azmonia,

nitricacid,or sulfiricacid. This precipitationhas foundSOZEutility

In radiochemistry2~*2~~~2. It i6 partikarly.usefulwhen the desired

finalformof t!m cflver 1s a solution of silver nitrati2b. The Ag20

can b dissolvedin nitric acid to yiald a silver nitrate solution.

Chemical Reduction. Precipitation of eilver mtal by chemical
,.

reduction of the silveriomshae been em@oyed in a few radiochemlkal

procedurea27J33~b6’53. Scilver(I) my be reducedto the mtal with formic

acid, ferroussulfate,stannouechloride,ani mmtalliczincl. other

mtals higherin the potentialseriestkn silveror otherreducing

agentsmay be employed. Ascorbicadd has teenused,inan analytical

procedurefordeterndningsflver54. Sflvermetal is precipitatedby

addingfkeehlypreparedascorbicacid solution(2 g pr 100 ml) to silver

nitratesolutionheatednearlyto bofling. Rouserand Hahn ueed this

promdure to obtaina quantitativeaepantion of silverfrom-adiated

palladid3 .

Radiocolloid.The radiocolloidalpropertiesof silverin tzme

concentrationshaveben utilizedin a oarrier-tieesepration of Agln

fromirradiated@ladid~., The =rrier-freesflveris consideredto

ati~rate ~ kSiC solutimj ad it IMY be IYlteredor centrifuged.

Schweitzerand lkhlareportthat 80 per oentof the A~” ie recovered

fkeeof palladium~ filteringthe solution(atpH 11) tbroughUhatman

No. 9 Mter pw3r55.
filtration.The ~

nitricacid. Th ems

yieldsare obtdned by

A ccqylationtiue of one hour is requiredbefore

is reznvedfhm the pa~r by rinsingwith dilute

authorsreportthat greaterthan 95 per cent

centrifugingthe solutionat pH Il.

Iron I-&drnxidesas Carriersfor Sfiver. Silverdoes not coprecipitate

to any greatextentwith ferrichydroxidein ammoniasolution.When

10 mg of Fe (111’)is precipitatedas the hydrousoxide from 10 ml of

solutionnith ~um hydroxide,91 .h pr ant of the silverremainsin

solution”h tbs absenoeof silvercn”rier31s32.In th presenceof 10 mg

of silvercarrier,91.3per cent of the sflverremainsin solutiona~32.

11



A ferrichydrcuideaoaven~ has thusbeen enqiloywlfrequent- to aeeist

in the puifi=tlon of aflve#J7 #2&22~52.

The copreoipitatimof tracaquantitiesof silveras silver

iodide,tith tirrichydruxidehas beenreported%. This prooedms wae

enqiloyedh a radiomtiio nmthodof determhing andl quantitiesof

afivermith radi=ct~ve icdim%. C~ete copreoipitationof silvertith

ferrous@drcuide baa been reportad~. The precipitationof t% w (II)

IS oafied out at pH 8 to 8.S uith anmoniumhydroxide57.

LanthanumHydraxideas a Carrierfor Silver. Ianthanumhydracide

IS an effectivecarrierformany elermrh, bat verylittlesilverie

coprecipltatedwith thisscavengerwhen ammoniaIS used‘;32. When 10 mg

of lanthanumie mecipitatedas the hydraxidefrom10 fi of solutiontith

anmcmiumhydroxide,96.5per oentof the •flv”~rremainsh solutionin

the abeeneeof allvercarrier,and 97.3~r oentremdne ti solutionin

the presenceof Mrrier31j32.

Telluriumas a CarrierforSilver. Traaeamountsof silverare

coprecipititedwith tellurium,protalilyas silvertelluride~. Virtually

coupletepm cipitationof the sflverie obtainedwhen one mg of tellurium

carrierb precipitatedfrcma 2 N @droc~orio acid eolutionof the

silveruith stannoueohlorido.Higherchloridecmnoantmtionehavean

unfavoralii.eeffecton theyield. The silverIS recwered by dtiaolting

the telluriumprecipitatein nitricacid. Microgramquantitiea of silver

can h separated=a Iron,cobalt,nickel,ad zino~ thisnmthod,but

cop~r interibressomwha%~.

MarcuroueChlorideas a CarrLerfor Silver. The copreoipitatlon

of silverwith mrourous chloride has been eupl.eyedin radiochemicsl

separationsof traceamountsof silverfrom@ladlum and otherplatinum

group*tXle59’60. ~ one wooedure 0.5 ml of a saturatedsolutionof

mrcurous nitratewas added to 500 ti of O.5 N hydrochloricacidvhioh

oontainedthe silver. The resultingmrcuroue chlorideprecipitate

containedmn Wan 95 per cent of the silver59. In the other

prooedurethe precipitationwee perfdrmmd by add- 100 mg of uercurous

nitrate and dilute I@rochloric acid to a nitricacid acilutimof the

12



S1l.vera. The nmrcurycan be removedfromthe aflvereither~

5volatilization9 or by cmidaticm to 13g(11)titb ni-c add ami

extractionintoethylacetatea.

4. InorganicComplexesof Sfivtar

SSLverfoma a nu.mterof inorganiccomplexesin solution,and

SOHM of themhavebeen varyusefulto mdiochemlate. The fomation of tba

X (~3)2+ CCMIPIEJXhcB hen ewloyed ~ red~eol~g ~1

p~clpitatea10-13,17,21,22,~,~2 25,52In, and Ag~ preoipitatia

ammoniumhydrcmide. The A&l or 4.g103 ia readilyreprecipltitedfrom

theseaolutiona by acidificationnith no lcea in yield. The fmmation

of chloridecoqilexeaof allverin stronghydrochloricacidham been

utfiiaedto diaaolveA@ ~ecipitatem~9. ‘l’heA@ ia reprecipita’ted~

dilutionof the acid.

The inorganiccomplexesof silverare listedin Table3. Tlm

formationconatantareportedfor eaoh mnplex are also given.

5. OrganicComplexesof Silver

In Table4 an extensivelist is givenof the orgamlcliquids

uhich farmmmplexea with silver. The formationconetanta

1:1 complexes,unleaaotherwlaeindioated.

6, i%xtractionof gilverhto tiganioSolvents

No radioolmmlcalprocadureabaaed on the solvent

allverwere found. ThereLa, however,a limitedamountof

are for the

extractionof

informationavailable

on the ~tractabili~ of silverin varicm ayatema,and a few of these

extractionsmightbe appliedto radiochendd aapmatiom.

Dlthimne - The dithiscneoomplexof silveria quant~tatively

extmaoted b cindilute ao~d aolutiona into carbon tetratioride or

clilorofarm614. A numberof othersmtalaalao extract,and the orderof

extractabilityla Pd> Ag> Hg (11)> Cu (II)> Bi= Pt (II)~ T1 (III)

> @ (II)> Sn (11)= CO>Nl>Zn~ Pb ‘~ ~Cd. @ ~tals suchas

Pd, Ag, Hg, ard Cu IMY be extractedfromdiluteacid (0.1-0.5N), tut

Cd requiresa atron~ alkalineaoluthn.

(Textoontinueaon page 20.)
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TAEE 3. lNO~ANIO CORF’IXXMOF SILVER

Completing Haaction
Agent Roduot Log K Heferencem

?W3

cl-

R-

r

%3-

CN-

9CN-

N~-

%03-2

JH-

S@nr

lK)3

‘%-2
T~-2

clo3-

~-2

3●ld
.$.29
5.a

:.$

8.5L,8.67,9.03
7.2, 9.2
927

6.59 ,
11.74
13.68
13.9

0.6
1.9

21.h
21L.8
20.6

;.g
●

10.08

2.7

8.82
13.46,12.78

13.1%

~8t~6

G

4.22
3.61J

10.7
13.9

2.49
11.2
3.90
3.67

4.3

0.23

0.36

0.22

5.28

a
a

b
b, C, d
b

e

b
b
b
b

k
k
k

1

m
m, n
n

o
0
0

h
h

h
h

h
h
h
h

h

h

h

h
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TARE h. OFKMNICCOMPLEXESOF SILVER

Ligani Log K Refereneea

Quinmna

Fyridlne

Al@la-w201ima

B3ta-FicakiJm

Qamlm+looldne

p-liitmanlllne

m-llitroanilh

Sets-Naphtbylamlna

Adllm

Beta-lietl@ethylam3na

Eenlzyladlm

Mthylalulne

Ethylamlne

n-ktylardne

IaolutyLmlJM

1,3-Diamlnopropme

1,2,3-Triamhopropane

AL4nirm

131.ycti

Olycylglycilm

1,3-fioFanediamlne

l,b-lslltanediamh

1,3-Diamino-2-propanol

16

1.84
3.67*

;::*

0.85
1*7*

1.62
3.23*

1.59,l.l+h
3.17*

3.17

::$*
3.6;,$;30

.

3.7+,;;43
.

3.6;s&38

2s5

5.6

lJ.86

3.5’1
6.89

2.72
5.W

5.92

5.67

5.64

a, b
b

a, d
d

d

a, d
d

a
d

a
d

a, d
d

a

a, d
d

a
d

a, d
d

a, d
d

a, d
d

d

a

a

d
a, d

d
a, d

o

c

c



TAaE Il. Ommll-m)

Llgand -K Eeferancea

Crotoralldehyde

Crotmnloacid

~0~1 cyanide(butyrcmitrile)

2-Matbylallylalcohol

l-h~lallyl alwhol

Crotylalcohol

Piprasine

Dlatt@mlna

2,2I-Diaml.nodletl’@mdhe

Thialiaceticaoi.d

. (~thio) aoeticacid

MXpholine

2,2i-DLt@raxydiekhyl@na

TrIe(Flydr-till) m3tk@acdm

2,2I-Diaadmodietbyleulmide

2--o-2! -l@roxydietl@ eulphlda

Pant-2-erm

2-Andnopyriddma

3~dfi

4-Aadno~dhe

2-Matbyltit-2an-l-ol

Etbylvlqylcarblnol

Plperidim

Thlourea

-0.7.2

-1o11

0.911

1.04

1.15

o.n

3.I1

2.98,6.2*

6.1

2.7,6.3W

L.1,7.25*

2.25,4.92*

2.69,5*LIIM

3.o9,6.5&

8.18

ld5’,8.73*

1.80

2.86,5.75*

2.17,5.2V

2.8o,6.2o-R

0.70

1.15

3.I-6,6.6H

~ J*

~.dio acid a~m ImatelyO

Wtt@ @de (acetonitrile) 1.2

Aceticacid 0.73,O.&*

Dimethylamlna 5.~*

Ethylenediati apprmimately6, 7.4*

Chloraacetlcacid 0.64,0.53*

(Tablegontinueaon
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d

d

d

d

d

d

d

d

d

d

d

d

a

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d
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TA.EE~. (CONTINUE))

Ligand Log K Refernncw

Kthand.andne

Aoetom

bllylAlmhol

Allylhim

n-Ro~l.andm

TrlnBtbyladQo

2-lkth~~~

2-lbtQlthioat~landna

Iaohtene

Succinotitfle

1,5-Diaxdmopant’ha

1,3-Dti--2 ,2+ira~lpropane

Furfurylamine

2-Thle@Imthylamine

liatbyleneMetbio(acdic acid)

Cyolohezem

3_~idti ‘

4+@lnoppidin6

Fheml

Triethylenediamine

Hexa.mtl@enetitrandne

!hietbylamine

.2,2~,2I1-Trlminotriethylandma

NNl-Di-(2-ami.noet@l)ethylarmdiaudma

Nlcotinaudda

Iaonicotinandde

3-?leth~lm

h-?kt~idina

Hlstidlma

Thiodiproplcalcacid

Ethylenebiethhdkoceticacid

3.13,6.68*

-0.85

1.08,l.s&

7.17*

7.&

3.11*

2.95,6.31J*

4.17,6.88*

1.79

1.0

5.95

IL*66

2.611,~.g8*

2.87,6.Q*

11.7,6.5*

2.28

2.9W

3.ot3*

0.34

1.65

3.s0

2.6,h.76*

7.8

7.7

3.22*

3.O1*

1.s8,3.67*

2.28,ld@

7.37

2.9, 6.71*

6.5,10.U*

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d,

d

d

d

d

d

d

d
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!l!AmJIl. (Cotmxuul)

Ligand L% K Refelrenoea

‘hiethanolamine 2.30,3.64*

1,2-M- (2-amlnatt@thio)ettiM 5.08

Toluene 0.42

Banzoi.cacti o.519,0.556*

o-Toluidine

m-Toluidine

p-Toluidine

N-liathylanfiti

,2,4-Lutidlm

n-Eepl@mdm

M3thylniootinate

*thyl Iaonicotdlulta

Trine~lenadithioaoeticacid

Styrene

3Selidbe

2,6-Qlidine

s-Collidti

(Phanylthio)aoeticacid

1.51

1.47

1.56,3.4W

1.QO

2.59,2.47
$*M*

appraxi=tely2.7,

2.99*

2.45*

approximately5.7,

1.26

1.63

1.62

lh75*

7.27*

7.93*

8.Op

gamma-1’hiadibutyricacid apprdmately I.I,7.~++

Tetrametbylenedithlcdacetio acid 6.oo,8.3&

n-Pro~lbenzene 0.46

Ieoquinolim 3.8P

(Bmmylthio)aceticacid 7*1P

Pentamtl@enedi(tbioaceticacid) 6.3,8.85*

N!lphthalelle 0.505

2,21-Di~idyl 6.8*

E&a-(Bem@thio)propionic acid 7.311*

Ethylenediamimatetraacetio
acid (EDTA) 7.32

Hamanwthylensdithiodiaceticacid 6.0, 8.55*

d

d

d

d

d

d

d

d

a,fi’
d

d

d

d

d

d

d

d

d

d

d

d

d

d“

d

d

d

d

d

d

d

(Tablecontinueson followingMe.)
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w 4. (coNTmm)

Ligand Lcg K References

Acridim 4,@ d

trane-Stilb3rM 0.80 d

3-MMzyloholanthmne 0.52 d

● FarmationconetantforA*.
H F~~tj.on cone~nt fm -3.

a.

b.

c.

d.

A. E. MartaU and H. Calvfn,CheIrcLetryof theMew Chehte c~OUdB ,

Flrenthe-HaU,Inc.,Neu York,19Yi.

U. C. voeb~gb and S. A. Cogewti, J. Am Chez SOC.~, 2@ (1.%3).

C. R. Fkrtech,W. C. Fmneliua, and B. P. HLock,J. FTqya.Chem.62,
U (1958),

Conetanteof htal-Im C , Part I, &gaUiC Liquids,
Comp’il , and L. G. SWen, The
Che-ticalS&ietij Lotion,1957.

ICIthe proceduredeacrltedti Friedeberga 0.00005M solutionof

dlthinonein carbontetrachlorideie ueed to extracttracequantltieaof

silverfhm an acid molutionat a pH of about2 in the abaenceof

chloride.61If the chlcmidaconcentntionla not over orm per cent,a @l

of 3.5 la used. If an aumoniumchlorideooncentmtionae high as 20 w

-nt la present,the extractionie stillquantitativeat pH ~. Abovea

pH of ~.an enol formof the sil--dithizone cemplex form, tiich la

i.rwolublein cerbon tetrEchloride. The eilver nay h tick extiacted into

otiofideor thioqanate aolutlone.

A making agentsuchaa kA la effectivein preventingthe

atraction of Cu, El, Cd, Zn, ad Ib lmt not nmrcuryor silver.63,~

Sepration of allverfkomm?mcuryand copper16 acacmpldehedby back

eatrao’dngthe diver intoa tit- of equalvolumesof 20 per oentNaCl

and 0.03 N EtCl.The oopperand nmcuxy remin in the organicphaee.64

SodiumDiethyldithio~rbsmite- Almmt two dozennmtalsmy te extnacted

into carbontetrachlorideor ethylamtate with tue reagent.64-66 *

ue~ Ei?YAae a masldngagent,however,the aelectititymay be @roved.

The mtala extractingare Ag, Cu, Fe, Co, Bi, Ni, Pb, U (VI),Cd, lb, V,

Zn, Cr (VZ),Te (IV),MO (VI),Ge, Tl, Nb (V),Re, OIS,Se, Bg, Aa (111),

Sb (III),Sn (IV).In, andW.6~86~
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An aqueous solution of ths aaiiumdiethyldithiocarbs.ma+mis added

to the aaq’iieat”a pH between ~ and 11, carbon tetrachloride is added, ani

the titure ia shaken to extract the sflver.~J& ApH of3waa zwprted

forthe extrvactfonof silverintoethylacetahswith the diethyldithiocarb~te

raagent.65

Dithio-beta-ieohxll@- Smallamountsof silver(~-10mg) hsm

hen quantitativelyextractedficma silver-leadaolution kto a eolution

of dithio-beta-ieolndigoh n-butanol.&~67 T&e leadremainslmhindin the

aqueouaphaae.611

Triiso-octyl thiophoaphate- The eatractlon of sflver from nitric

acid ❑olutiona into solutions of trileo-ootylttdmphcaphste (TOTP) in

u The partitioncoefficient forcarbon tetrachloridehas been reported.

the aflverincreaseswith both the nitricacid and the TOTP concentration.

From6 H nitricacidand fora 0.67K solutionof TOTP in carbon

tetrachloride,the partitioncoefficientexceeds100 at room temperature.

Of the 35 mtala testedby the authors,the only otherone havinga high

partitioncceffloienttier the sam3 corditloneia nmrmmy.M The silver

may be strippedfromthe organicphasewith dilutealkli or ammonia.

Tri-n-butyltbiophoephste- Tri-n-butylthiophoaphste(TBFS)

In carbontetraciiloridehae alao beenre~rted to ke a aelectlve

extrsotantforsilverati cm-an-y.60 The mrtraotionlmhaviorof this

reagentis very aimdl.srto that of the TOTPdlecusaedabove.

7. Ion ExchangeBehaviorof Silver

Ion exchangelike solvetiextraction, haa been used infrequently

for radioahend.cslaepsrations of silver. This b p’rOt@lk@due to the high

mleotitity of such well-eatabliahedprocedures as isotopic e.xchm.ge,

eleotrodepeitim, and precipitation.

CationExchange. Ecmneraml his cowcmkershave presented data

on the adsorptionof a numberof =tions, includingsilver,cn Dow--5O.69,70

Theirselectivitystie relativeto the lithlumion aa unityh given in

Table5’. The higherthe nmrberfor a cation, the strcmger ia ita aff~ty

forDowex-50.
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Cation

2+
Na+

Per Cent Croea-Linkage
4% m

1.00
1.32
1.58
1.90
2.27
2.46
2.67
:.%
.

2.j6
2.95
3.13
3.23
3.29
3.37
3●l@

7.L7
6.6
7:5
7.6

1.00
1.27
1.98
2.55

m
3.25

l!:?
2.45
3.29
3.117
3.74
3.85
3.88
Law
3.99
3.93

::g
9.91

1.00
1.47
2.37

i:%
4.62
:$$

28:5

;:$

3.81
4.b6
h.%
4*91
6.23
h.06
7.27
I.o.l
18.o
20.8
los
17.0
17.0

Strelm has publit3heda siiectivity scale for11.3~tiana on

eulfonatedpolystyreneAG~-X8, whiob is prooeseedftcmDmrex-~0~

the RLo-RadIabomtorieeof Earkeley,California.71 T~s a-e Is bBOd

on the eqtilbrium distributioncoefflolent,Kd, where

ammurtof ion on resinx volunaof waterphase,ml

%- snmuntof ion in waterphasex weightof dry resin “

This coefficientohangeetith oompoelthnsand conwntrationeof the rea~nta

In the aqueousphase,the natureof the resin,ad the ratioof the anount

of cationto amountof reelnin the system. Streloulsvaluesf= a

hydroobloricacid systemare givenb Table6. The values of ~ for silver,

in additlcm to Hg+,Pbw, Tl+,ad Ngm, were detenrdmd in nitriosold.

To obtain an estluate of the volunnof tbs elutingagentrequiredto elute

tlm naalmm of the elutionpink,the follenlngequationmay be emplqyud:71

J. S. Fritzand his coworkaxabaw studiedthselutlonof mtal

ions from Dowex-~ uith hydrofluoriosold.72 Silverwas om of tlm atiaw
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TAHJ36. EQUILIEUUM DISTRIBUTIONCOEFFIC123NT.S,~, FOR 43
CATIONSIN HYDROCHLORICAC

8
USINGTHE SULFORATBD

~STYRENE A@OW-X8 RJZSI

SCL Concentrateon
Cation 0.1 N 0.2 N o. 5N1.0N2.0N3.ON 11.o N

1130
173

1650
1720
223
1820
182
%63
156
1510
L700
1850

?2

;?%
--
52

2$
!aO
i3.9
10.9
1.1
P@.
l.li

w,--
0.5
1.6

2930
7600
1900
1070
3336

GE
3;g

43

.5m
610
370

G

4::
1090
go
72
6L
1.17
297

2;?
18.9
g

7.0
I+s
0.6
w.
1.6
Ppt.
--
0.1
0.9

211Bo

?2
5$

g;

260
151
183
225
73
U
70
72
88
a

E
102

:;

611
33
29
42
39
g

::;
6.5
5.0
0.3
0.8

<1.0
2.2
Ppt.
.-
O.IJ
0.5

7250
2049
265.1
2~.8
1114.6
12f.;

6Q:8
60.2
L2.58
:;.~

35:45
26.69b
22.32
21.d5
21.29
20.99
20.17
19.77
19.41
19.20
18.08
17.50
16.85
16.03
15.113
13.87
13.33
11.86
7.20
5.59
3.83
1.60
1.%
1.10
0.81
0.63
1.0
3.81
P@.
1.L
cyl&

●

489
239
M
h8
29.7

:;
U.5
17.8
7.75
12.2

;;:
7.9
9.9
~.;

6:2

::!
10.4
7.3
7.9
4.3
5.9
3.7
8.1

3.7

3.6
2s
1.2
1.0
0.7
0.2
1.0
1.0
2.2
2.8

1.0
0.3

$
1.8.8
18.8
1.3.6
18.5
19.2
4.7
10.0
3.2
7.3

:::
11.8
5.8
1+.7
11.2
3.5’

::;

i:9
5.4

;:;
2.LI
--
--

3.3
2.4
--

--

0.6
0.2
O.l!

1.0
--

0.7
0.2

lbb5

10.4
lo.s’
8.6
11.9
13:6
2.8
7.5
0.36

$;

2:7
3.3
3.1
3.0

z:;
1.0

3.3
4.0
1.8
2.8
1.6
--

2.11
1.7
--
--

..
--
0.3
0,3
0.7
1.0

0.2
0.2

a. Done ti nitricacid.

b. More than one oationic apaciea pu-esent.

which waB not eluted wfth either 0.1 ~ or 1.0 ~ HF. This is not surprising

since the fluoride complex of silver ia not very stable.73

Silverhaa baen sepamted fromcobaltand niokelby cationexchange

on a 1 cmx 20 cm colu.mrof AmberliteIR-120in the Na* form.7b The elution
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was perfbrmeduith a 2

rata Of 8 d./om2/ndu.

oentsolutionof sodiumnitriteat a flw

silverwas elutedIn the fYrat180 ti of

aluantleavingthe oobaltand nlclmla the mlu.m. At flowmtes louer

than~ d./&/ti the separationwaa no+ clean.

&ion Rmhange. Mauae and Naleonnsvamade a varyextensive

oompllationof data on the adsorptionof Ions on Douex-1anion exoharge

MKIinS frm hydrotiorlc add aolutlona.75 T~~ ~ta i~~~ that~fl=

IS ~ stronglyad~orbedat low concentrationsof HQ and the adsmptlon

d~creaaeeat higherconosntratlons.Sfiverla not adaorbedon the msti

mom HCl at concentrationshigherthanapprcmi=dely9 g.

Fariaha studiedthe adam’pthn of a largenumberof elarmnteon

Dcmex-1in lqdroilumicacidaolutima.76 ~ ~M no adsorptionof BUV-

Qom HF solutionsrangingin concentrationfra 1 ~ to,~ ~

‘lb be~vior of a numberof mstalaon a O.& a x 10 cm oolum

of Douex-2In the clilorideformhaa beanreported.77Silverh elutad

(in traoequantitleaonly)with 6 to 9 ~ byurocbloricacid,alongtith

Ti (Iv),V (V),R (II),Zr, Ef, and traoaquantitiaeof tantal- Silver

my alsoh elutedwith 1 ~ ammmium l@rmide, alongwith R, Sb (III),

ad Sb (V).

Marcushae etudiedthe eluti.onof silver fromDowex-1uith

tbioeulphatesoluthns.78 .Silveris verystronglyadaorbedfrm dilute

thioeulphatamlutione. The dietritnationcoefficient,D, IS on the oxder

of 102 to ld b solutionslees than1 ml.arin thioeulphate.Elutim

ftcmthe reeinmy be aoco~~shed with more concentm~d thioaul.phata

solutions(greaterthan4 molar).

The Ag(CM)2-ooqlex la adacmbedon Admrlita IRA-@ ~sin

hem a 0.15$scdiumoyanidesolution.79 T~ sflvm may be elutedtitb

2 ~ potassiumthio@mate, vith a mixtureof 1 ~ anmnium nitrateand 0.2>

ammodum l@roxide, or with an amt o--5$ ficl-%WS~ ~t~. TM

_ haa beenused to separatesllvarand gold fromnickel,stic,Ooppsr,

iron, ad oobalt.79 Tlm nickelad zincam first

and mppar and Ironare

*tore IS thenused to

Oolum.

elutedwith 2 ~ NsCN. TIM

elutethe silverand gold,
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Strorg adsor@ion of the Ag(CN)2- complexhas also ban reported

for DoNsx-A-1resinin the citrateform..90

8. IsotopicExchangeof Silver

Isotopicexchangeis a rapid,highdecontandnation,slngl.eatIsp

mthui fm separattigtram quantitiesof a’adioactivesflverfhomsolutions

contaidng otherradioactiveapaciea. The exchangeof sflverionsbetween

a silvercblotie precipitateand a silvernitratesolutionreaches

isotopicaqullibriumvery rapidly;and becauseof the low eoluMlity of

aflverchloride,a very fivorableratioexistsat equilibriumlmtweenthe

silveratomsh the precipitateand thosein tie solution. If SflVSI’

chlorideb addedto a solution.containingonlytraceamountsof radioactive

sflvsr,a highpercentageof thla radioactiveeilverwill haveexchanged

mith sflverh the precipitate& the th equilibrlwhis atta~d. &

extensiveevaluation and discussion of this procedurehae Men msported b

Analytical Chendatry.32

Lsnger atudiwf isotopio exchange hvolving s~ver halides abd

solutlona of silver salta,81 ~82 and ha applied it to the determination of

83 Htta has presentedmacro amcmnta of silver~ a radioxmtrictechnique.

a discussionof the theoryad a mathematiudtreatmentof W exohange

of silverions in solutionwith thoseh eolldsfivertrotie.% An

elezwntalchemicalsubstitutionof imlidefor chloridein a silverchlortie

Sutetmta haa been employed to extract radioimiide from urine spechmm.
Bs

The procedure recommmded for separation of silver by iaot~ic

exchange is described below.31,32,84 A ¤a~nr cmortie dectrmieflOf

large surface area is made froma platinumgauzeelectrode. Silverzmtal

is flratdepositedon the gauzetV electrolysisfor10 minutesat 4 volts

from10 niiof a solution3 ~ in scniiumcyanideand 0.5 ~ h suiiumbydrdde.

The silveris rinsedwith water,ad then Werted in 10 ml.of O.0~ ~

hydrochloric.acldand electro@ad as the anode for S minutes .at1 volt

to oonvert tlw silver retal to silver chloride. The electrode is uashd

with 8 M nitric acid and heerted tito a 1 M nitiic acid solution ccmtaitig

the tram quantity of radioactive silver. After a aufficlentcontact

tixm (withstirring),the gauzeU removed,washedwith 8 g nitic acid for
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1 dnuta, and rimed with a=tone. If deuimd, the silverchloridezmy h

dlasolvedfrcmthe gausewith.a smll amountof cancentmtodammnAum &drcmide.

The wel~t of sllvwrchloride ham an effcmt on tlm re~ of

the aflvertracer.~$32 Thiseffectuae studieduskg 10-,4-, ad l-mg

amcuntoof silveras silverc~oride on the gauze. At r- bwmshwre and

with a 15-md.mtecontactt-, averagegleldvalueeof 99.5~ 0.S, 98.9~ 0.2,

and 94.5~ 1.0 per writ,reayotively,rnre fcwd for aewan determlnatione

of tie 10- and 1+-mg,ard fiveof the 1-ME aaugdme. A swillamountof sflver

c!Uoride(onthe orderof 0.0Smg) ie loet,a~mentQ, thrcQ chippingor

challdngof the eledmde surficain tb -tact and waahtigper@da. This

loBs 10 negli@ble h the 10-mg eanples.

A 15-adnuta contaottima urderIdealcondikkm la - than

sufficientfor completeremovalof W radioactiveaflver from aKlution.31s32

Actua14 at 25 C, 97 per centins beenremovedat the end of 5 xdnntea,

while over 99 per =nt is mawved in 6 to 7 minntee. Tkw uee of a 15-mhute

aontactperlod, however,aaaurea~ation of the effacteof non-ideal

umfitiona suchas mall changeeIn acidi~, ati.rring,and the cbarau6er

of the afivercbloridmdeposit. The l-mhuta nitricaciduaah afterexchenge

Is mcesaarg If blgb decontimlnationeare deelred.

The tewenitura inflummea the rate of emohange. Thie baa been

siiudled,~ad the meults am givenin Tatle7. The tim requ~ for

nuwal of 90 per oentof the sflvertracerfrcmsolutionitatabulatedaa

a funotlonof temperature.Ten ~ of silveras A@ were used in this

8tu~. Aa wouldbe expoted, the extige ie nmre rapidat hi~

temperaturaa.

A studyIIOEeho hen made of the effecteof a numberof inactive

chemioalape~es vhicbndghtb pzweentin tbe tracersolution.31,32 ~

reaultaare givenin Talila8. This studywaa tied out at 25 G, with

10 mg of eflveraa silverchloride,and with a 15-minutecomtiottlma.

Them are”h apecdficinterferences.The @ aubatan~ ❑hwj.ng

adveraeeffeotat low conoentrationewae ferrlonitrate.

aaltEand acida,the effaotseemsto be one of totalion

For the ottmr

cQnoentration

nitherthan one due to any Individualian.
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TABLE7. W nEiFEMllwEOF Ag-Agol

TiraIfoi 90%
Ta@em ture,c Exchange,aeoorda

2 380

26 2aJ

38

53

166

120

a 100

74 92

05 85

96 71

COntIUILLIMWOIIOf silverseparated@ isotopioexcinn@ has linen

testedformre than 2U re~esautativeelemnti.~~32 Ten ng of aflverea

sllvsrchloride,a tempratim of .x C, and a l$mlnute contacttim ‘ware

em@~ed. The rnsoltsof this studyare giventi Table9. No _KLeI’S

were added to aW of the tzaoere. Of the elemnts teatad,onlyumcury”

and btimuthcontaminatedthe diver gamzeto an amountgreaterthan a

few parts per thcdaard. Akmut10 pr cent of tracericdideis -rried on

silverchloridegauzeaftera 15-mLnutaoontaot. The 0.01 per cant

figurefor iodixmin Table 9 was o~d a-r the ldlne-131 solution

wan wti with 0.5 ml of concentratednitricacidti O.s EO.Of 1 ~

potaasiumprmmnganatesolutionto cnldi!zethe icdide to iodate.

The allvarchloridegauaesemployedin mst of the studies

deecrlbedabovewere wepared withinone hour of use. To checkthe effect

of aging,gauzesumtafing 10 w of silveras silverchloti.dewere stored

In 8 # nitricacid for~riods up to one week and thenused for a sflver

sapantion.3119 Exchangeyieldsof 99.2~ 0.8 per oentindicatedno

adverseeffactsduringonsweek’saging.

Sllv8riodideis also suitablefor the exchangereparationof

silver.31#32The rate of exchangea~oximates thatwith sflverckloride,

as 97 par cent is removedin 6 dnutes and 99 per omt in 9 minuteswith

10 mg of sllvsras silvericdide.



T&BLE8. EFEECT OF MTKRFEUIU
OF SILVERIN ISOTOPIC

SUESTANCRS m YmJl
EmFumE MZTHOD

Per Cent Yield
Speoiea Conoetiration,w of Ag Tram

El

“Ew

‘2H3~

u(m3)3

w@33)2

Zdm3)2

F@33)3

Bl(m3)3

NiG2E3~

c$yMI

(cEJ#o

0.05
0.5
1.0

1.5
3
6

1.1
3.3
6.6

IJ .2
22

99%

0.5
1
2

1
2

0.5
1
2

0.5
1
2

0.5
1
2

25$
50%
99%

99

99
93
n
85

98
99
90

i!?

97

;

98
83
57
‘u

IJ2

3
86

g

95

97
95

95
93
91!

100
97
93

96
97
95

98

$

;!?
70

2s



9.

Despitethe

lllectrodepitionof Silver

extenvivelitentuzw on the separation of 13flw3r by

electrodepoaition,the rmthd has fouml few applications in radiochemioal

work. The first appli=tion of eleotrochemioalseparations to am+lyals of

fl.vslonproducts was an electrodepoaitionof silver.~ This procedure

!.nvolvada depcmition fram nltric acid ❑dlution,a aeaonddepositionfrom

w 9. COl?l’AMINATIONOF SILVERBf
IN LsmoPlc Em-mm Km!Hrmr “’mnm

Per CentCarried
RadioactiveSpacies on &uzea
@lo

99.5 + O.sb
~203 (~ ‘) 7
H@; (H&) 4

%

1.6
40.3

Rul , ~106
0.1

Se75 0.1~192 0.1 -0.01
s&3 , In~3 0.1 - 0.01
~204 (Tl+)

0.%&51
0.01

#2b 0.01
~a182 0.01

g,w
0.01+.001
0.01+.001
0.001’-0.a)ol

~e~, #14 O.0001
@4 o.Oml
*9O yw 0.0001
#4d, @Lo o.oom5

a. Averageof at leasttwo detarmimtionsexceptfor
Eilvaro

b. Averageof ❑avan determinations. The error Ie the
standard deviation.

The yield data applies
described in the text.

a Wtide saution, dissolution

a final preclpitation of aflver

of the deposit in strong nitrio aoid, and

chloride. Effactive purification from

grossfission producteand s~ver melds of almost100 par centwere

obtained.

The contaminationof electrodepoeitidsilver& a mmbar of other

31*32 The plating bath ueed in this atulyactivities has been atudiad.

consisted of a mlsture of 7 zilof 3 M eodiumcyanideand 1 ml of 5 h

❑dium bydrmlde. The silver was platedon a circularplatinumgauze
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txthodeby

Par CentCarrieda
Traar

variable

Cw, Fw km Oluwe a

co60 insoluble 0.05

C& o.& 2.1

#4 0.001 O.oob

+1 ‘0.2 O.o11

~192 0.06 b -0.2

@M, # 0.03 0.1

Slw 26 5

*75 0.04 0.05

w, #~ insolulile 10

@, Y~ Wolulil.e 2.5

~a182 hlaoluble 6.L

#5, ~5 insoluble 1.0

a. AveE?@ of duplioatarunaexceptfor.vIlvar.

b. Avers@ of quadruplicatiruna. The errorla the
●8tandarddeviatic@.

The yielddataappliesonlyto the axperlmntal
conditionsdeecrlbedh tkw text.

eleotrol@ng at 11volts far15 ndnuteawith rapidstirring. A

plathun wirevw usadae the ande. After couqiletionof tlm electrcilymia,

the cathodewae washedwith uaterfor 1 mirmteatrldrieduith aoetona.

The resultsof th atu@ are givenh TatiLe10. The percentageof each

traoercodepaitedwith the eflverwas determinedkth with and withat

carriersemceptwhen macroamountsof the contaminantswere not soluble

in the platlngkath.

RSOOVSW of silverin the aboveprooedurawas quantitativewhn

mome than2.5’w of sllvarwura presant. With ermlleranrmnt,s,the yield

was reduoed~ dissolutionof soue of the silver~ the fiatingsolution

duringremovalof the oathode.
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one of the desirablefeaturesof electrodepositionlice in its

usefulnessin the aeparatlonof silverfromhalides,particularlyIodine,

G=isB ard Rogersfoti thatelectrcdepoeltionis alaoveryuseful for

reparationof truoeaof silverfrompalladiumtirgeta.88 They studied

severalplatingeolutione ati foundcyanideto be the most favorable.

V. DISSOLUTION OF HATERIKLS CONMIKIMI SILVEI

Nitricadid la tlw reagentused -t frequentlyin.diemolving

materialaconta-g silver. Moatreactorard ~clotron targeteusedin

the productionof silveriaatopm am dissolvedIn nitricacid. These

includetargetaof mtallic palladiu.n@,CCdmiUmU, Wd, and eilver=.

PaJladlumtargetsare o- slightlysolubleh concentratednitrloaoid,

and they are very S1OU to diesolvain a mixtureof concentratednitric

ad sulfbricaoid.53 Thusaqua regiahasbeen.eaplo@ frequentlyIn

this raBe.2~~53B55,59

Many of the water-ineolnblecouqmundsof ellverare solublein

nitricaoid. Theeeincludetim oxide,Ohroma+e,dlchrcmate,phospbata,

Iodate,cmalata,cyanide,and sulfide. Sam oompoumiaare diaaolvd @

formationof corqlexeaof s31verwith oouglexingagentasuchas a~nia,

cyanide;or thioeulphate.Silvercfloride,oxide,ohromte, diohronmte,

carbonate,@.mephate, thioeul@mta, hdata, oxalate, ard cyanidemay lx

dissolvedin thti mannerin aimoniumbydrox.ide.Jn the caae of the

bromideand hdlde, the ammnia co@ex of silverla not ❑ufflcient~

Btablejso leaa disaociatedcomplexessuchaa the cyanideor thioeulfite

are rmoeasaryfor W dieaolution.

Rlolcgicaland organicrmterialacontainingsilveroanbe

dissolvedby askdngthem In a nufflafurnaoead dissolvingthe aah in

nitricacid. A wet aahingprocedurein whichthe materialis treatednith

nitricacid,aquaregla,or a titure of nitricand ~rchlorlo acLle

may be preferred. Gorauohhas givenan excellentdlscuoatonof the

diaaolutionof org.cniowaterialacontainhg silver.89 He deaoritasa

wet axidationnmthtiin which ha haatea 2 g aam@e of cocoawith a

mixtureof 15 ml of nitricacidand either10 ml of percbloricaoid,

10 nl of eulfuricacid,or 10 d of ~rc~oric soldand $ ml of anlfurio



acid. Gorauchalso describestvo ~ ashhg mathoda.89 In one,the

sample Is heateduntilit is charred,a ftwdropsof nitric acid la

added, and haat la again applied. In the other, 5 nilof 5 N sulfuric

acid or 10 ~ of 7 per oant magnaalum nitrate b addedto the sanple,

the aaqplaia dried,and it h thenaahed.

A Wet as- pro-dure forrat tiESUe9containingetiverhaB

beenreportedin which tie tiaauewaa heatidto fmma uith sulfuricacid

and hydrogenperoxideuaa add~ dropulaeuntil.aU of the organicrotter

uaa deatrc@.91 In determinationof silverin lubricatingolla,the

oil ia ignitedand turnedto an aah in a platinumdish,the ignition

is continuedin a furnaceat ~ C, concentratednitricadd is added

to the reBiduead evapratad to a Pste, waterad ammoniaam added,

aml the ndxturaia boiledand filtered.92

VI. RADI@SSAY TEOHNI- ~ SIUTR ISOTOPES

In the mdinaaaay of aolutionear preoipitataacontaining

rad~oaotivaiaotcpeaof silverparticularattentionmat be paidto the

deoaysoheImaand radiation of tieaeiaoto~a. Such factoraas hal.$

life,@pa of radlakion,ati enerm of radiationmat be wnaldered.

The nuolearcbaracteriatioaof t& iaotopeaof silverm be found

b the liters-% and are aummariaedh SectionIII.

The fiaaionprcduotiaotopeaof ailvaram ~“~, *, @2,

~, and@. Silver-109mdeoaymby an iacmric tmnaition to atabla

~M9, ati the 0.088Mev game rayaemittedin thistramition may &

determinedwith a acintlllationcounter. The halflife of @~ is

on4 40 aeoonda,hwevar. SjlveF1.11,with a halflife of 7.5 ma,

decayam emiaaionof 0.70,O.tW,and l.Oh WV beta~fiiclea whichmay

eaailybe aaaayedwith a Geigeror proportionalwunter. 13amnarayaWith

energiesof 0.2&3and 0.40 Fbv are alaoemitted, tut they are of 10V

abunianoe. Silver-112 with a 3.2-hourhelflife and @ with a 5-second

halflife both emithigh ener= betaradiationand gannmradiation,and

theymay be determlmd @ eitheracdntlJlationcountingor Geigeror

woporticaml counting.silver-lJ.3is a lmtaemitterwith a 5.3-hour

half life,ad it b determinedby aesayof ita 2.0 Hav lwtaparticlea.
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The 0.31 Mev ganmaray emittedby ti3 is of 10U intensity.Silver-109m,

&u, ad @2 are also encounteredas daughterproductsof Pd”9, CdlW,

Pd”, PdU, afi Pdlu.

Silver-llOniwith a half life of 253 dqys, is one of the

most frequentlyencounteredisotopesof silver. It is proiuoedtV neutron

activathn ard my be assayedeitherwith a Oelgeror proportionaloounter

or ulth a Bcintillation spactroumter. Nsutronactivationof silveralso

loa
produces2.3-ndnuteAg , whichmay be determhusdby eitherteta or

ganmaassay.

The remainfngisotopesof silvernay be determinedby both

beti ad gamm assaytechniquesexceptin the -se of @3ay @~,

8.3-dayAg?ti,w-second wm, bO-secmd AglO~, 7b-ecxml ~,

20-seoorrlAgll~, ad 1.l-ndnuta@l~. Sfiver-105and Agltideoay~

eleolroncapt~ ad emit onlyX-raysand gamnnrays. Silver-107~Ag”~,

ati ~ deoayby iaomric transition ad emit O* gamm raysHIth

e~rgles on the orderof 0.09 Hev. The decayof @~m atiAgU7 Is not

well cha=cterl.aed,and onlythe emissionof beta partialesis known for

theseisotopea.

VII. COLLECTION OF DETAHJLURADIOOHEMKIALPRCXEDU’RE3FOR S~VER

PR03XIURE1

RADU2CHEMICALDETERMINATIONOF SILVER

1. In&oduction

A radiochedcalprocedurefor the determinationof silverhas been

developedfromthe yieldard decontaminaticmdata presentedti Tables9 and 10

in 5ectionIv. This procedurehas been publishedpreviouslyby Surdernmn

and &ink&. leotoplceachangeand eleotrodepositionof aflverare

aupled to forma procedureuhich may be completedin 30 ndnutea. Use

of thisprocedurewill givequantitativeratommy of silverand decontanrlnate

It tiomotheract@ltiea by Eactorsof tron1& to N. All mardpulationa

are almple,and the proceduremay readiu h adaptedto remoteopmthn.

No P cautionsare requind otherthan thosenorrellyinvolvedh handling

qwudde soluticne.
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PROCEDURE 1 (Continued)

2. Equlpnlt

Eattaw Eliminator (HeathkltMcdel~~, HeathCo.,

PlatinumElectrode, 10 mmin diameter, 30 m

@netic Stirrer

TestTubas,8 om highand 1.$Jmm in d-ter.

3. Reagents

high,

Benton Harbor,

52 mesh

MLohigan)

Silverplatingbath: 3 H in eodiumcyanideand O.5 M in eodlumhydroxide

Hydrochloric acid,0.05 hi

Nitiicsold,8 M

9ilvercarriersolution: AgNo3, l.oIll@ &+ h’lwati.

~. Procedure

An outline of the procedure is given in Table 1 along with the

yields ati decontandnation factira. A more complete descriptia of

ea~ step is given below.

step1.

step 2.

Step3.

StepII.

Step 5.

step6.

Add 10”mg,of Ag+ carrierto 9 d of the platingkth (3 ?lN.sCN,

0.s M kOH) h a 8 m x 15 mm testtub. Connectth oircular

pl.atimm gauze cathode,ania phtinum wire anode to a eourm of

direct current (battery eliminator) ard electroQze at 4 volts

for 10 mhutes with stirring.

Rlnee the silver deposit with uater, insert the eleotmode in 10 ml

of 0.05 M hydrochloric acid, and electro~e as the ancde for

~ tiUtSS at 1 volt to comert the silverto silverchloride.

Waeh the sflveroblortienlth 8 M nitricacid ti lneertthe

eleotrode h 10 niLof tie aolntion containingthe radioactive

sflvertracer. Stir the solutionfor15 minutes.

Reumw the electrde fromthe eolution,washulth 8 H titricacid

for 1 minute,ati rinsewithwater.

hert the electrodeIn 10 nil.of platingsolution(3 H NaCN,0.5 M

NaOH)and prndt the sflverchlorideto dtieolve.

Remve ths elec.trcdeand 3nsart a weighed platinum gauzs

eleoticde. (If the fret eleotrodeis ue~ghed prim to Step 1,
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PROCEDURE 1 (Continued)

a aecorrlelectrode16 not neoeaa~. ) Gonneotthe game =thcde

ami a platlmm wife ancdeto the battemyelim!.natorand eleotr~

at & volts fir15 dmtes uith sthrhig.

step 7. RemoveW oathoda,wash with water for1 mf.nute,ani dry uith

acetom.

TAEE 1. EADIOCHEMICAL~TIOR OF SIYJJER

1.

2.

3.

L.

5.

6.

70

0.

9.

AK, Ce, Co, Cr, Ca, I, Ir,FbI,Sb, Se, Sn, Sr, Ta, Zr

Elate10mgof Agon DecontaminationFatim i
~timm gauee.

1$ Ir, Flu,Se, Sn
Eleotrowae ax anode In El
to Ohan@ to A@. ~ Cr, 1, Sb, Ta, Sr

w in contacttith silver d co
tracersolutionfcr15-. at
rom tempratura,etfiduring 106 Ce, Cs, Sr
oontaot.

l&sh game with 8 k!W fir
1 -., rime with uater?

IeotQpic!hoha nge with Supperti AgCl Yield I.CQ%

Dieoolvediver ohlorldein DeoontamlnationFactort3:
3 H NalH+O.5M HJH
platingmlutimn. lh Sn

=ectroly8e at 4 volte for15 dn. 105 h

Waah eleotmie with uater 2xl&Sb, Ta
and aoetone,and dry.

5x105Cr

1
106 Ru, &

2xlo6&

lbx 106 Ce

2 X1071

bxlo7sr

2 x 108 co

do Ca

131eotrcdepceitionof3ilver YieldlCCJ%

Weigh gauxeto determlm yield.

FrepMe for counting.
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PROCEDURE 1 (Continued)

Step 8. Weigh the gauze to determine the yield., (The silver is dep3aitad

as the mtal. )

Step 9. The gauzew bz aaaayedin a sointillathn-11 counter. When

a more reproduciblecountingformis desired,the sSlvsrmy te

diBsolvBdk nitricacid and precipitatedas the chloride.

Heferance:

1. D. N. Sundermanand U. M. Minks, Anal.

Souroe -

PHW3DURE2

‘Deterndnationof Sflvsr

Chem.29, 1578 (1957).

Activityin FieeiorP.
T. B. kvey, Paper266 in HsdiocimulcalStudi;at
The FissionProducts,editedby C. D. Cln-g’elland

% FMraw-Hjll BookCo., Inc.,
Nk Yo=;g .

A urocedum for the isohtion of silverfromfissionmterial is
basedon m@sted oblorideand sulfideprecipltatione.The detemin.ation
requiresabout2 hr and givesa produotof morethan 99 pr centradioohemical
purity. The chemloalyieldis 60 to 90 ~r csnt.

Discussion

Ths mily fission-prcductalemmt @th an Insolublechlorideis

sflver. A s~le procadurefor ths isolati6nof silveris basedon the

separationof AgO1. Purificationof the silveris effaoted~ A.@

precipitations from an smuodacsl solution. In the procedure descriked

here, silver is ihal.ly peclpiteted as AgOl f= weightig and mounting.

Procedure

An irradiateduranylnitratesampleof S to % g is diesolvedin

5 to 50 ml of water,and abat 20 mg of silveroarrieris added. A

solut Ion of 6N HOl is added until preolpitationis co@ete. Tkm A@

is centrlfugadaml wasl’md,and 6N ~OH ia added until the prsoipitate

la dissolved. Thz sfiveris precipitatedwith H2S fkomthe coldsolution.

This sulfidepreoipitataIe oentrifugad,washed,and tmiledin a

ftawmillilitersof cone.HM33untilall the suifurb oxidized. Silver
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PROCEDURE 2 (Continued)

chlorldeia then wcipitated mi.thHC1 aa ha fore, mntrifiged,aml waahed.

The preoipitationawith eulfideand ohlarldeare repeated. The chlorlde

precipitateia filteredontoa filter-paperdisk ti a EIiae0000 Hiraohfiumel,

waelmdwelluith O.111~ and thentithalcdml, and driedat 110 C. The

prodnctmy lx weighedto deterti the ohemioalyieldlmforeit ia mounted.

P300EDUNE3

Salroa - ‘Iqmved Daterndnati~of SilverActiviQ h Fiaeiofl,
L. E. Olamienin,Paper267 in RadiochemloalStudiest
TIM FiaeionF’roduote,ditad hy C. D. Coryelland N

HO& Co., Inc.,Neu York,19~i.

The Focedum for the ckterminaticmof ailvaractiviw in fleaion
has been ~oved h the additionof Fb(OH)3emveWiiU atipa. Wao= bob
and eep3rationeof silverfrcma flaeion-produot-ore hdicata
aatiafaotorydecon~tion fkomotherfleaionaotivitlea,I?@uding iodfi.

1. fitioduotion

Tlm aeparatia of silverticmthe othertieion ~oduote in a

~3 solutionia accoapllnhad@ the praoipltationof A@ with 1311.Thie

precipitationia specificfar ai.lverh a flsaion-praiuctnrlxtwe. The

purificationof tie sflveria theneffeotedby alternateFe(OH)3soar

em ad A@ preoi@titio~”mom an aumioniacalSOIUtiOII. The eilver

ia uly pmacipitatedaa A@ for ueighhg and umunting. T~ pmaent

procedure ia adaptedtrcmthe earliermthod of Nd am differsody ti

the additionof the Fe(OH)3soavenglngBtep. TIM deoontamdnationfrom

otherfieelonactivities,indludng idirm, is aatiafaot~. The chamical

fieldia 75 per centor more,and th& tim rewired fora cowleti

detemdnationio about1 hr. The oomple~ procedure,togatherwith a

dtioueeionof tie demalopmtal umk, is giventelou.

2. Rw pant im and Standafiiaatimof Carrier

Diasolva16 g of ~ AgN03 b water.ad diluteto 1 l~ter.

~ EL of oarrlersolution fi a kemlcer,add about ~ ailof water,and
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PROCEDURE 3 (Continued)

heat nearlyto boil-. Add 2 al of 6M HCl dropby dropwith conttious

stirring, digest the pnoipitate for about 1 rein,and filter quantitatively

tith suctionontoa weighedslntered-~de oruolbLe.

uith ~ ti of H20 and threetime with 5 nl of 95 per

down the insideof the cruciblewith each portionof

the outeideof the crucibledIY and placein an oven

Mash threetinm

oentethanol,rine@

washliquid. Wipe

at lJ.OC for10 min.

Cool h a desiccatorand nigh as AgCl.

3. Prowwiure

step 1. To the easplein a SO-ml.oantrifugatulm,add 2 nl of

silvercarrierand a feu dropaof Aercaol(Note1), diluteto 20 nil,and

heatm.d.y to boiltig. Add L d of & HCl drOp t.w drOII ulth atirri~

ati digeetthe precipitate of AgCl for a few seconds tW gentle tmiling

and hriek ❑ti.rr~ (Nota 2). Centrifuge, and waah the preolpltabewith

10 ml of H@.

w“ Diaaolve the A&l in 2 ml of 6?!~OH (Note 3), dilute

to 10 ml, and add 5 IUSof iron carrier drop by drop with etirring.

Centrifuge,and discardthe

Step 3. Saturate

the precipitateof A@.

Step L. Dlseolve

cone.HN03 (Nota4)s dflute

~ (OH)3wecipitate.

the supematati eolutionwith H2s. Centrifuge

the precipitate of A@ by heating with 1 ml of

to 10 ti, ~utraliae with 6M ~OH, am add 1

to 2 nilIn exoeee. Md S mg of iron carrier

Centrifuge,and discard the p=oipitate.

step 5. Repeatsteps3 ad 1+.

s!.!21@ Add~drmof~~l~d

drop by drop with etirring.

a h dropa of Aerosol (Note 1)j

then add 2 ml of 6N HIK)3with etirrhg. Heat to trollingand ~ter tith

euctionontoa wighed filter-ppr diek (Wte 5) h a erallHirschfunnel.

Wlmh threetime with S nilof H20 and threetimeewith 5 ml of ethauol.

Dry at 110 C fbr10 ruin,weigh ae A@, ad mount.

NoteB. 1. The additionof Aerosolhel~ to ooagolatethe AgCl

and to preventite adherenceto the wane of the tube.
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PROCEDURE 3 (Continued)

2. Digestionhelpsta ccagalatithe ndlkysuspensionof A@

that is Ueuu fo=ed.

3. A littleheatingmay be neoeasary.

L. A small,irwolubleresidue of freeEIulfurmy be formsdby

oxidationof the Ag2S. Thiswill be renmvedby the Fe(OH)3 .sOavenging

precipitate.

5’. m mt-ww=r dtik is washedulth ethanold dried tier

the cotiitio~ of the procedurelmforoweighing.

h. Diaca.mvion

Among the fissionproductsthe rmecipitationwith ohlorideion in

acideolutionis epaaificfor eilver. The -t prObllhh3 COId5~S ti

the precipitation of &Cl are the halogens brosdm ad iodine. Precipitation

of silveras A@ are th3refoN ticludadin the procedurefor th pupae

of diaplaoing~ contandnathghalogenactivities.To the earlier~cedure

of alternateprecipitationsof A@ ati A@ developedby Novey,laoavenglng

precipitationsof Fe(C@3 froman ammniacal solutionhavebeen addedb

decreasegeneralo~natlcm. Attempts~ Stelnbarg2to uoe a simple

procadum of alternsteA@ precipitationsard Fe(OH)3scaveng~ ~ovad

to W Unauocesaful.The Isolated7.9 A~ contaimd a y oonkmination

thatuas not removedby thieumthod. The ccmtaminahwas not identified,

Mt it ie protattily8.Od1131,whichhaa a Ymliatlon of 0.37 Mav. The

additionof Ag2S pracipititions(as In tb pre~entprocadure)was found

by Steinb3rgto ranmvethe ~ contamination.

To determha the extent of ialina contandnatlm in the eflver

procedure,tracerteatswere me usingwler-ilwe 8.Od1131prepared

by neutrontiadiation of teuurium Aliquotaof the t== stition

contain@g100,ooocountsper udnute(c/m)of 8.od 113 were taken

forthe teats on th silverprocndure. In tio exparimnte the A@

precipitataaat the emi of the completeprooedum contaimd 8 and

10 c/m, or 0.01 par oent of tlm iodinetracaraotivltyadded. It Is eti-

dentthat for tbe eepantion of silverfromthe ueualfissionmatirialtlm

decontandnationficdnialha is quiteaatisfictory.

39



PROCEDURE 3 (Continued)

Ths eeparatlon of sflver from gemral fission activities was also

ehown to be satisfactoryty the following experirmnt: A fission~roduct

concentrate was pIwped ha plutoniumthathad been irradiatedin the

C1l.ntonHle f= 32 days and had etood for112days. Ttm 7.5d@U

fimion aotivltywas belated fromtlm fIosion-prcductconcantratiby a

eimplewocedure conaietingin threepreoipitatiomof A@ with two

Fe(OH)3SOsmnginga. The Isolatadsflveractlvi~ ahoweda shgle

~ componentof 1.1 Mav mxsiummenergy(byabsorptionin alumlnun)ad

decayedfor sevaralhalf-liveswith a periodof 7.6 days. In tiedecay

curve a lmg-lived componentwas fhIa14 observed wblch

0.1 to O.2 per centof tb initialaotivitym Sincethe

about0.1 pe$ centof th totalfieeionactlvi~ in tJM

tira of the ellverseparation,the deconttiticm from

productsin this experimentwae of tlm orderof 106. A

amountedto only

7.Sd AS constituted

concentrateat the

otherflseion

deoontandnation

factorof H than 1* can be expoted h the regularsilverprocedure

because of the additionalAg2S precipitations.

l!komthe above work it Is evident that the eilver prooedura pro-

vides sufficient purity for tk usual purpoees. If blgh purity Is desired,

ths cycle of pcipitations my be repated as often ae ie neceseary.

References

1. T. B. Novey, Paper 266, thie volunm.

2. I%.P. Steinberg, private comnmnication.
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PEmEDuRE LI

1.

2.

3.

Il.

5.

6.

source - L. J. maufait, Jr. and H. E. Lukena,Jr.,
‘Handbookof RadioohemicslAnalyaie,Volum II.
RadiochendcalProcadurea=,N%50~ (Dal. ),
Page 119 (1952).

To the solution aontahing the sflver activity In a volume of 6 nil

(h a 12-ml glaas oentrifu~ oone), add Ag carrier. Md om drop

of 1% Aerosolsolution,heat to mar bofllngad add 1 ml of 6! HC1

dropwtiewith stirring. Continueheatinggentlyfor Om tottwo

U&lutes. CentfifUf@.sniwash ths AgCl onoewith 5’“mlof watir.

Diem the suprnata azrithewash solution.

Dissolvethe AgOl in 1 HLLof 6X ~OH, heatinggentlyif neoessary.

Djlutethe solutionto S uil- add S mg of Fe- carrierdropwlee

with stirring.Add 2 to 3 dropsof aerosolsolution. Stir,centrifuge,

and decantthe supernateintoa clean12‘ml centrifugecorm. Wash the

Fe(C@3 scavem~ with 2 to 3 ml of waterto whicha fbwdropaof ~OH

tive beenadded. Combim the supernateand wash solutionani discard

the Fe(OH)3 precipitate.

Md 1 drop of a 1% aerosolsolutionand 2 m of“3Y(m4)2s with

Stitig. Continuestirringuntilthe Ag2S ooagulatee.Centrifuge

and wash onoewith S ml of water. 13iscardthe supsrnatesrd ttmwash

solution.

DIssolvetheAg2S by adding4 m of ~3 and boilingad stir- for

about10 minutes(Notea). Plaoethe tuh in an ica-bsthand carefully

neutralize with ~OH (FH paper ULSYba USad).

smd5mgof Fe+- dropwlae with stiming. Md

aerosol solution,stir,centrifuge,ard decant

clam 12-ilcentmiihgecorm. Wash the Fs(OH)3

Md2nilof61j NH@H

2t03drops of al%

the auperrateintoa

scavengewith 2 ko 3 nil

of water to whicha fewdropsof ~OH have been added. Combinethe

supernatemd wash solutionand dle=rd the W(@3 P~ciPitate.

E@eat stepe3 and 4. Rllterthe finalsolutionthrougha UhatmanNo.

42 filterpaperin a fbnnel.

Preparea Watmn No. &2 filterdiso by washingIt threetiuw with !%il

portionseach of water ad ethanol~dryingat 90-100C forten finuta~.
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7.

8.

a.

b.

PROCEDURE 4 (Continued)

Cool in a deaiacator fcm 10 rulmutesarxlweigh. RePat this prooedum

uutil a oonetantweight (~ O.1 I@ has been obtained.

To the nolution from step S’add 2 ml of 6! HNU3and 4 dropa of 6!

HCl quialdy with etirring. Filterimmediately(Noteb) thrmgh W

preparedf31terpaperusingthe filterappratua. Wash tkm A@

threetimeswith 5-mlportionseach of waterand ethandl. Dry the

precipitateand dieo h an ovenat 90-I.00C for10 mlnutea,0001in a

deeicoator10 ndnutesand weigh. Repeattiedryingtreatmentuntil

the weightageea

?lountand Count.

Tti treatment IS

within 0.1 mg.

NUTES

neoet3sa~ even if all the Ag2S ap~ to di8aciLva

immediately.A mall residueof &e sulfur~ h formal~ the

asidationof S“. The sulfur will lm removed lU the Fe(OH)3e-venge in

the faoldng step.

The AgCl nuatbe filteredteforeit coaguktes becaueelargeparticles

of AgCl will give an uneven di~tribution of AgOl on the fflter pa-

ad thus introducea counting

scatteringof the aativity.

error due to tiegular at80rption and

source - R. L. Folger ad H. Hicks in Report AECD_2738,
edited ~ W. W. Ueinke, August, 19h9.

Targetmaterialo L g u Qmtal foil Time fbr separation! 2 hr.

TYPS of bomtardmnt:1.84-all high Equipmnt required~ Centrifuge,
ernr= particles cones,miaroburner,IJO” oven

Yieldz 80%

Degree of purlflcationI M# from all F. P. activltiea

Advanta@s: Relatively simple procedun giving good ❑pamation in high yield.
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PRCXEDURE 5 {continued)

hocadure:

(1)

(2)

(3)

(b)

(5)

(6)

(7)

(8)

(9)

Dbaolva

-!+dfi

targetin >10 ~ RN03*. Take aliquotad dilutebo

w“

Add aeroaoland precipitate A@ with 1 ~ 0.S y HC1*. WaEh

twioe with 10 d 1 ~ ~3 containing1 drop 2 ~ HC1.

Dieeolve A&l in 2 ml 6 ~ NH~OH, dilute to 10 ml, ani add 2 ing

~+3 . Centri~ Pb(OH)3 and repeat ecaven@ (my be done In

Eana tuba.)

Saturate eupernatantwith H@ in the oold, waah Ag28.

Diseolve A@ b 2 nl concentrated~3, boil, dilute to approx.

L N (8 d.) and praoipitateA@ with 1 nil0.S N HC1. Uaeh twiea

with ~ contalnhg 1 drop 2 ~ ml.

Repeat (3) .

Repeat(h).

Die.volVeA@ in 1 ml concentratedH~, boflto deetrq or remove

all H@ dflutato 6 ~, add 1 w FO+3,and m~ ~sio ~~ ~3.

hdd aercaol,tie 2 ~ h ~, add 2 dropa6 ~ HCl and boil to

-wt@. Filter, vash threetima with S il 0.5 ~ KM+ three

tima uith5 ml C~~, dry

(13.28ME per 10 ME AS).

Remarla:

AS car@er ahculdta addedto

10 min. at 3J.0”C. Weigh as A@

the ccmtainerin whic4targetla”diesolvad

h order to prevent leas of traoeAg by abanrptionin the glaas. An

amunt of oarriershouldbe addedso thattlw aliquot uill aontiti

10-20mg.

BofliDEthe e&lution over a microbumer with etirring (being careill

to avoid lose ~ bump~ over) causes rapid ani oomp14e coagubtion

of Agcl.

In Etap 2 addition of a few drope ~ & Sr plus 2 dropa ~% K2C~

* provide additional deoon~tion from these elem@e.
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mwmu’m 6

Source- R. H. Gwcksrnann ti Report AEOD-2736, editad
bykl. u. Meinka, Auguet,19490

Target=terials~ 1 g Bi mtal. Tbm for reparationz-u 2 h.

Type of bombardmenti 18b’ all Equipmentrequired: Centrifuge,
partioleo tubae,ice,110- oven

yieldi480%

Dag=e of purification Decontaminationfactar> IDh from fleeionend
e~lation ~cducte

Mvantagea: Goodyield of pureAg.

Procedlu’e1

(1)

(2)

(3)

(b)

(5’)

(6)

(7)

(8)

To aliquot of ~3 eolution of target add 10 w &, aer~ol p

diluteto 20 ml, and precipitateAgCl with 1 ml 6! HOI..Wash

uith 10 rd.~0.

Dieeolve AgCl in 2 ml 6X ~CXl, dilute to 10 ml, and add ~ mg

Fe+3,

Saturate aupernatantnlth EL# h the cold, uaah Ag2S.

Dieaolve A@ in 1 ml concentratedHM33, diluti to 20 ml, ami

precipitateA#l with 1 nil6! ml. Waeh with ~0.

Repeat (2).

Repeat (3).

Dtieolve Ag2S h 1 nilconcentratedElW3, dilute to 10 ml, add ~ mg

Fe+3, afi ~ke ~eic ~th ~3.

Add 5 dropa 6! HL1 to euparnatant,add aerosol, mke 1~ h ~03,

heat, ~ter, uaeh three tinee uith ,5I@ ~0, three time with

5’m C2H50H, dry 10 ndn. at 110” C. Meigh ae AgCl (13.28 ng per

lomg Ag).

Wllkimon euggestedan electrolyaieprocedureinvolvingplating

ho on ~ cat~e ~~ 2-31 H~3 ~ t~n tr~efirringit to‘t~

anodein a cyanidebath-- thie 18 goodunlessF%, Au, Jr, or Oa

are preeent.
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ROXDURE 7

Sourca- R. C. Lillyin ReportAECD-2738, edited ~
W. W. khke, August, 1.9~.

Targetmaterials Cd (seprated Tti for eeparationz30~0 mjn.
Isotopes)

!rypeof bombardnmtIMuterona arki Equipmnt requ~ t beakem,
protone- &l* funnels, Hjrechfunnel

Yield:4 90$

Degreeof purification:good- at leaat taotorof 100 fromotheractivities
preeent.

Adva*geE 1 Siuqllioim.

EYocadure:

(1)

(2)

(3)

(h)

(5)

(6)

Dissolvethe Cd target, wwighjng 10-1S mg, in a few ndllilitera

of cone. HIJ03in a small beaker. When all of the materialhas

di6solved, evaporate to dry-es to drive off exceaa HN03.

Add 3 - ~ mg In and 3-L ~. Ag aa the nitmta solutions ad

dilutetoz 10 ml with H20.

Md 1 ~ HL1 dro~ae untjltti Ag ia Oomplete”w

AsCI.. Coa.@ate tim precipitateby heatingad

precipitatedaa

filterthrough

a mall #42 ‘dhatunnfjlterpaperin a short-atemmdglassfunnel.

(Thafiltratecontainsth U and In fractionssrd ia workedup

separately as deacrited in the prooedurea for Cd ati In from

Cd targeta,NOS.48-3 and 49-1. .——

Yaah the Ag$l precipitate severaltimeswith 0.1~ H~,

placardingthe waehea. Dissolveprecipitatethroughpper

tith 6 ~ NH40H,collectingtha solutionin anotheratil

beaker.

To acsvangefor ln, add 2-3 mg Fe as ~ nl of FeC13solution,

atirringwell duringthe addition. Cozgulatethe precipitate

by heatdng,filter,and diecardit.

!le-acidi~the ffltratewith H1133and add a few dropeof 1 ~

HC1 to rmke aurathatthe AgCl ia complete~ precipitated.

Coagulatethe precipitate~ heatingand filterth.rou@a *42

Whatm.npaperdischeld in a Goochorucibleor Hirschfunnel.
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PROCEDURE 7 (Continued)

(7) suck the sample.s8dry as paeai~e”andthenpour 1-2 ml

acetena through the ~per to remove the residual H20.

the paper disc ia dry, munt, under tape.

Eemarke:

See Scott (Sti. M3th. Chin. Anal.) for complete information

the p-cipitation of AgO1.

PEOOEDURE8

Souroa- M+ L-r in Report.AECD-~38,editedl?f
w. w. W*, August,1949.

Targetmaterial: Sb W.5 g mtal) Tim for separation’t1 1

~ of bomlnrdmmts18k” D2 & ~ Equip=nt requiredt Luai
tubes,ca-hrifuge,corM

YfeldI Equalor greaterthan ~0%

Mgree bf purifl-tion~ At least factorof 100.

Procedure:

(1)

(2)

(3)

(U

(5)

(6)

(7)

To dissolvethe Sb rmtal,add 15 drop of 27 ~ HF to II

lusteroidtubein a hot waterbath. Add cone. HN03 dr~

untildiseolved(z1O *). Dihbe to w 20 ~.

To the S%- solution add 20 mg each of Te, Sn, In, Od

Ru, h, & Y carriersas solublesalts. Md 2 dropscoI

Centrifu@ the YF3 and A@ precIPitatas.

kash the p=cipitatawith 1 ~ HF.

Dissolve out the Ag+ from the precipitate by adding 1 I

~OH. Centrif&.

Dilute the aupernabantto ~ ti and add 2 mg Fe+++ cam

Centrlfuga ard discard the precipitate of Fe(OH)3.

Md 1 mg each Sb, Sn, In? ard Cd aarriers. Md 1 ml C(

and 1 drop cone. HC1. Centrifuge out the A&l ~ecipi

Add 1 nilcone. ~OH to the precipitate ad repeat (6)
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PF.OCEDURE 8 (Continued)

(8) Add 2 nl 6 ~ NaOHto the A&l preoipltate.Digeet10 mhutes in

hot uaterbath. Diluteto 10 d & centrifuge.

(9) Weh tie Ag20 PrecipitatewL* waterand thendiaaolvein 1 drop

oonc. HN03.

(10) This edhtion oanbe platedor if okuloal yield U to be

determimd the Ag ehouldh weighedae A@.

FROOmm 9

time - A. S. Newtonin ReportAEOD-273t3,~i~d @
w. w. Winke, Allguflt,1949.

Target uaterialI Thorium n&al (.1-1 g) Tti f= eeparation~ 1 hr

Type of botidmnt: 60= q“IS F.quipmntrequired: Standati,
tankH@

Yield:~ 85$

Degreeof purification:,4106 exceptfromPd.

Rocdure : Th ~tal diaeolvadin cone.HCl + a few drope .2~ solution
(~)2SiF to clearup tick residue. The HOl is dilutedto 2 ~

$and an al quot taken.

(1)

(2)

(3)

(4)

(5)

Add 20 mg Ag+ to sampleafterdfluthg to 0.3 N Xl. Digeet

a fewmin. CentrifugeA@ precipiteoff ad naeh with

10 ml H20.

Diaedve AgCl In 2 ml 6 g ~OH. Iklluteto 10 niLard add S mg

~+3 . centrifuge off 2b(OH)3. Md nnreFe and recentrifuge.

Saturateaupernatewith H@. PrecipitateAg2S. Waah Ag2S.

IMeolve preoipitatiin 1 ml oono.HN~. Dilutato 10 ml.

Nautrallzewith 6 ~ ~OH and add 1-2 ml eaceae. Md ~ w Fe+3.

DiacafiPrecipitate.

RepeatA@ and Fe(CIH)3 preoipltatiom.

To lastAg(NH3)4* solutionadd S drops6 ~ HQ, aercwolati 2 ml

6yHH~. Heatand filter. -h threetium 5 nilH20, three

tj.me~ m 95% NX3H. ~ 10 min. at 110”and weighas A@.
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PROCEDURE 9 (Continued)

RamarlaI

10 mg Ag+ - 13.3 mg Agcl (Ii.w.II+303U

This nmthodbaa beendeacri~ previously (PhYa. WV. ~ 17 (1949)).

Ag+ ia adsorbed very rapidlyby glaasin tier fFeesolution.

Masolve ad &eat in quartzor luateroid t~ arrier added, othmruise

mat of activa Ag+ mW be loet.

PmETluRE 10

Souroe - U. Sohindewolf and M. WShlgren,page75 in
RspartAEOU-3887,editedQ’ U. U. Whke,
Mvember, 1958.

Targetnaterial1 Meteorite Tim for separation:S min.

~ of bomhrdmmtt Neutron,5 *. Equiprmntrequired: 63 mm titted
100 kH. Ihchnarfunnel,fYlterohimney,

burnerad trlpti,filter~sks,
Yieldt 8% asptiator,miscellamcusbeakers,

beakertongs,niokelcncible,
Mvantageat rapid wash bottles-water,aloohol

Procadure ?

(1) Md 2 ml sflvercarrierto crucible~dry.

(2) Fuse 1 g Irradiated sample with 8 g sodiumperoxidefor cme

mlmte. (fhely groundsamples)

(3) Dissolvemalt in solutioncontaining100 rd.water,25 ml HCl.

CAOTION111

(4) Wter off sflverchloride,waeh with wter.

(~) Dissolvesilverchloridehorn f?ittedfunnelwith hot ammmnlum

hydroxide.

(6) Add rmtalliczimc,swirlorM minute.

(7) pow throuEhfUter chinmey.

(8) Waeh final eample with hot dilute acid~ dry with alcohol.

Chend.c?llyield: thiocyamte titration.
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PRmmJRE 11

Soorce - ‘ColleotedRadiochemicalProceduresm,
w ~ ReportLA-1721,September,1954.

‘fhie”procedure is a mcdlflcation of one deecritid tV L. E. Glendeti,
CN-1312 (May 15, 19b5).

1. Introduction

Silverie hltially separatedfromotherflaaionproducte by ttm

acid,solution. The

formit ia ccunted. The

analyeeaimay be oarriedout in

apeoiflcprecipi~tion of the chloridefromnitric

aflveria thenpurifiedby ferricl@rcmide scavengingand ailvw aulflde

precipitation,both of whichare performmdh ammoniacalsolution. After

repetitionof tlm aboveWale, the silveria convertedto the oxide

aml finallyto the iodate,Ag103,in whioh

ctmmlcalyieldaxoeada80%. Quadruplicate

about3 hara.

2. Reagenta

Ag tiers IQ mg Ag/ml (addedas AgM3 IIIverydiluteHM3) —ata.ndardized

Fe carrier: lo mg Fe/ml (addedas Fd313 ● 6~0 in very diluteHCl)

Hoi: +

HOI# 6!

HN03s 6~

~js cone.

%% ‘ Cmc”

HI03: 21j

NaOHi 6y

~OH: cone.

(NH~)2Sl saturatedsolution

Aerc=901t0.1% in ~0

Ethanolt 95$.

Sunaentnrner

Drying oven

Gentrifhge

Hlock for holding antrlfuge tubaa
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PROCEDURE 11 (Continued),

Mounting @ ates

Forcepa

Pipatat asaorbed aizea

Waeh tutble

Groumi-offHirsch i’unnal~:Coors CKXIA(one per eample)

~ter chismeys (one per eample]

Fflter flasks

@-ml sintered glass crucililes:mdium poroai~ (one per’standamiisation)

NO. 42 kiitman filter cticless 7/8m dhmt.er--weighed

L.O-nlconical ~ntiifu~ tubes: Pyrex 8320 (five per sample; one per

standardization)

Sthr* rods.

h. pre’&atia and Staniafiisationof Carrier

Dissolve 15.75 g of AglW3 in a mininum amount of H20, add a few

drops of ~, and dilute the solution to 1 liter.

Pipet exactly 5 d of the carrier solution tito a 40-ml conical

centrifugetubeafi diluteto 20 fi with E120.Mdlmlof21j H103and

stir b ccagulatethe ~ecipitatewhich form. Md an additionaldrop

of H103 to bat for completenessof precipitation.Filter the precipitate

into a weighed 60-ml stitered glass crucible of medium porosity. Wash

the precipitatewith ~ nilof 95$ ethanol and dIY in an oven at 110” for

15 min. Cool and weighaa Ag103.

Four atandardizatiom, with reeulti

perfornmd.

~. Proced~

agreejng within 0.5%,a=

Step1. To the samplein a LO-nUconicalcentrifugetube,add

exactly2 ml of AS carrier and dflute the solution to 20 IILtith 6~ W3.

Add 1 ml of aerosol solution and heat to boiltig. PrecipitateAgCl by

the addition of 1 rd.of ~ HC1. Heat untfl the AgCl has coagul&ted.

Centrifuge and discaml ttm =pernate.
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20 ml nith ~0 aml

PROCEDURE 11 (Continued)

Diaaolwsthe AgGl b 2 d of oonc.~OH. Diluteto

add 1 ml of Fe carrier. Centrifuge,transferthe

aupernateto a cleanhO-nlcentrifhgatube,ard dicmatithe precipitate.

step 3. To tie solutionadd 1 ml of eaturated(?W$)@ Soluticm.

“Stirvigorouslyand centrifuge(Note1). DiscardtlM supmate.

w“ Dieadve the A@ ~eclpitateby heathg with 1 nilof

oonc.~3. Dilute to 2U niluith H@ ati ~eoipitate

of 1 ml of ~ HOl as in Step 1.

Step $. Repeat Steps 2 and 3.

AgCl ~ th addition

i!au!” Dissolvethe Ag2S precipitate@ heattigwith 1 ~ of

cone.H~ . Mm the solutionalkalinenith @ NsOH,ad tin add 3 drops

h excess. Centrifugethe A~O preoipitite~ati die@Itiw sup ~te.

Diaaolvethe Ag20 in 4 dropaof cone.~~ and evaporateto dryness. Cool.

ldof

lW~OH.

w“ Mssolve the residuein 20 ml of distfiled~0 and add

21JH%. Centrifuge aml discard the suparnate.

Step 8. Diasclvethe AgI03preoipltatih L dropsof cmc.

Centrifuge,trarmfertbe auperrnteto a d- bO-ml centrifugetute,

centrifugeaml discarda~ S residue.

step 9. Add 3 dropsof cone.~~ b the solutionand filter

the AgI03precipitateon a

a groud-off

with S ~ of

(Noti 2).

1.

Hirsch funml

95$ ethanol.

Althou@ the

Wdghed Ho. 42 uhtmm 7/8a fflteroircle,uatig

and a filter Mmmy. Wash the precipitate

DIY for 1.5ndn at 110”. Cool, weigh, and mount

Notes

precipitation of ASO1 h acid solution is

s~cific forAg amongthe cationsb fissionPrcducta,it IS possiblethat

the precipitatemay be contandnatedtith brondm and Iai-. Therefore,

the Ag2S precipitationsam carriedout to,diepL4ceany contaminating

halogenactivities.

2. Bsta-wuntingfor7.5dAg~ actitityIS

after cmpletion of the ctmmietryto permit3.2hAg~

so ae not to bier fere.

begunabat 16 ho.wa

to decaysufficiently
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