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FOREWORD 

The Subcommittee on Radiochemistry is one of a number of 
subcommittees working under the Committee on Nuclear Science 
within the National Academy of Sciences - National Research 
Council. Its members represent government, industrial, and 
university laboratories 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 distribution of radiochemical procedures, the estab­
lishment of specifications for radiochemically pure reagents, 
availability of cyclotron time for service irradiations, the 
place of radiochemistry in the undergraduate college program, 
etc. 

This series of monographs has grown out of the need for 
up-to-date compilations of radiochemical information and 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 collects in one volume the pertinent information required 
for radiochemical work with an individual element or a group of 
closely related elements. 

An expert in the radiochemistry 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 series . 

The Subcommittee is confident these publications will be 
useful not only to the radiochemist but also to the research 
worker in other fields such as physics, biochemistry or medicine 
who wishes to use radiochemical techniques to solve a specific 
problem. 

111 

W. Wayne Meinke, Chairman 
Subcommittee on Radiochemistry 
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INTRODUOION 

ThU volU118 wbich deala with the radiochelldat17 o! sUwr 1a one 

of a aerie• of 1110nograpba on radiocheld.st17 of the elementa. There is 

included a review of the nuclear am chellical features o! particular interest 

to the radiochelllist, a diacuaaion of problema of dissolution of a sample 

and counting techniques 1 and f1nal.l.7, a collection of radiochemical 

procedures for the ele•nt as found in the literature. 

The aeries of 1110nograpba wlll conr all elements for which 

radiochemical procedures are pertinent. Plans include revision of 

the 1110nograph periodically u new techniques and procedures warrant. The 

reader is, therefore, encouraged to call to the attention of the authors 

arv published or unpublished aterial on the radiochemistrr of silver 

which lldgbt be included in a reviaed version of the monograph • . 

iT 

• 
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The Radiochemistry of Silver 

D. N. SUNDERMAN AND C. W. TOWNLEY 
Battelle Memorial Institute 

Columbus, Ohio 

I. GENBR&L REVIEW OF 'rdE IN<EGANIC AND ANALYTICAL CHEKLSTRI OF SlLVER 

Pp. 99-104 in Volum I and pp. 49-52 and 646-649 in Volume li 
ot "Analytical Chend.stzrt 1 F. P. Treadwell, tr. and rev. 
lv lftlliam T. Hall, .John Wiley and Sons, Inc., New York, 
ninth edition, 1937. 

Chapter 18, pp. 818-844 in •Inorganic Chend.atzrt, T. Moeller, 
.John Wiley and Sons, Inc., New York, 1952. 

Pp. 204-209 in •Applied Inorganic Analysis•, w. f. Hillebrand, 
G. E. Lundell, H. A. Bright, and .J. I. Hof'i'lrml, .John Wiley 
and Sons, Inc., New York, second edition, 1953. 

Pp. 173-190 in •Prescott and .Jobnaon1s ~alitative Chemical 
~sis•, R. K. McAlpine and B. A. Soule, Van Nostrand, 
New York, 1933. 

II. GENERAL REVIEWS OF TilE R.ADIOCHEl'llSTRY OF SILVER 

•Evaluation of' Radiochemical Separation Procedures•, 
Duane N. Sunderman and w. Wayne Meinke, Analytical Chemistry 
~~ 1578 1 November 1957. 

•·!'he Developaent and &valuation of' Radiochelld.cal Separation 
Procedures f'or Barium, Calcium, Strontium, Silver, and 
Indiwa", Duane N. Sunderman, AECU-3159, February 1956. 
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Ill. TAU OF lSOTuPES OF SD. \'ER 

Jlri~ Radtat.iCM l'•thocl of 
IaotoE! Halt Lite 'l'1Pe ol-caz llama §• Preparation 
q10.3 $9 ll1n 15 • 1 • .3 Mev o.sS4 Mev Cd106 ( p, .(.) 

IC 0.7~ 

Ac104 27 lll:ln IJ. 2.70 0.118 daughter of C41~ 
o.S$6 

Ac10$ 40 dqa IC 0.064 ~0.3( c:(., 2n), 
0.281 ~~~p, n)~ o.34S d, 2D 
0.44.3 
0.6$4 

q106 24 lllln /.J • 1.9S o.Sl-2 (17%) ~~~o(, n), 
l.4S Pd d, D) 

13 - 0 • .36 (...Vl$) 
IC 

A&J-06 8.3 dqB IX: O.Sl.3 ~~c, 2c), 
o.624 Pd p, n), 
0.72 Jlhl0.3( c<' n) 
l.o4S 
1.131 
1.388 
l.$3 

Acl07m 44 aec IT 0.093 0.093 Daughter of Cdl07 

-107 Stable ($1.3S%) 

Acl()8 2 • .3 lll1n 13- 1.71 ~97%) 0.4.3 AJ-07 (n, ~) 
l.l 1%) 0.60 

/3 + (O.l%) 0.~3 
~ (1.6%) 

Agl-0911 40 aec IT 0.088 o.o88 Dau~ter of Pd109 and 
Cdl , tlaaioc product 

Acl09 Stable (48.6S%) 

Agll011 2S.3 da,.. ~ - 0.086 (6.3%) o.ll6 ~09 (n, ~ 
0.$36 (.3~) 0.6$6 

IT o.u6 <S%) osrs 
0.619 
0.677 
o.7os 
0.7~ 
0.884 

Copyright © National Academy of Sciences. All rights reserved.

The Radiochemistry of Silver
http://www.nap.edu/catalog.php?record_id=21558

http://www.nap.edu/catalog.php?record_id=21558


III. T.lli.E (CONTD.1JED) 

Prim:r;r Radiations Method of 
Iaotope Half Lite TjP! o! Decay Galllllll Rijs Preparation 

0.9.37 
1.384 
1.S04 

.acllO 24 sec ,~.~- 2.16 0.66 Daughter or ,;.1011 
2.84 

A&ll.l.ll 74 sec IT 0.087 0.087 Daughter or Pd1ll 

A&1ll 7.S ~s f'- 1.04 (91%) 0.243 (1%~ Fission product, 
0.70 (6%~ 0 • .)~ (6J damter of llllll o.so (U Pdl and Pd 

A&ll2 .).2 hr 13 - 4.1 (2S%~ 0.616 Fiaaion product,112 
.3.S (40% 1.)9 daughter of Pd 
2.7 (2~ 1.62 

/V 1 (1)%) 2.11 

A&1l3a 1.2 llllD (3- <2.0 0.14 Daughter or Pdll3 
0 • .)0 
0.39 
O.S6 
0.70 

.acl-1.3 S • .3 hr 1.3 - 2.0 0 • .)1 (week) Fission pl"oduct. 

.ac114 S HC ~ -4.6 O.S7 Daughter or Pdll4 

.1&114 2 III1D /3- Fission product 

qUSa 20 sec 13- Finion product 

~s 21 min /-3- 2.9 0.1.)8 (week) Fieaion product 
0. 227 (week) 

-116 2.S lllll ~- s.o 0.70 
O.S2 

Fission product 

.acll7 1.1 ll:ln IJ• Fiseion product 

For IIOl'8 COJIIP1ete inforaation on the radiat.i01111 of the isotopes ot 

.Unr and tor references to the origirw.l literature, see •Table of Isotopes•, 

D. Strolllnpr, J. M. Hollander, and G. T. Seabor&1 Revieve ot Modern ftvaice 12_, 

1o. 2, Part II, 4prU 19SB. 

3 
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IV. REVIEW OF THOSE IElTURES OF SILVER CHSMISTRI OF CHID' INTEREST TO 
R&DIOCHEMISTS 

1. Metallic SUwr 

Silver is a white metal, having a denaiv of 10.5 e/cc at 20 c, 

a melting point of 960.5 C, and a boili• point of 19$0 c. It is a TerT 

malleable and ductile metal and is superior to all other metals in 

conduction of heat and electricit7. 

Silver is a noble metal and is eae~ reduced to the metallic 

state. Heat alone is sufficient to reduce silver oxide, carbonate, or 

cyanide. The addition of metals ncb ae zinc, copper, or iron to a eolutioa 

of silver ions will reduce the silver to the 118tal1 ae vill formic acid, 

stannous chloride 1 and ferrous eultate1 • 

Electro~ic reduction of silftr is eas~ accoapl.iehed, and 

purification of the 118tal is co~ brought about in this mnMr. 

Oxidation potentials of silver are given belov2a 

AI • q• + e· 

2Ag + 20H• • q20 + ~0 + 2e· 

AI+ • Ag+2 + e-

Ai20 + 20H- • 2 qo + ~0 + 2e • 

~+ + H20 • AgO+ + 2H+ + 2e· 

1g+2 + ~o • &go• + 2a• + .-

2A30 + 20H- • ~20) + H20 + 2e· 

• 
~98 • -0.7995 v 
• 

'298 • -o.3Wl v 
• E298 •-1.98 V 

• E298 • -o.)7 V 
• E298 • ca. -2.0 V 

• &298 • ca. -2.1V 
• 

&298 • -o.74 v 
The IIIOSt stable oxidation state ia Ag(l). The Ag(II) state exists as the 

solid oxide and !Luoride, in a IlWIIber of complex coJDpOUnde, and in etroni 

axidi&ing solutiona3. The Ag(III) state exists in some complex co111p0unda 1 

in strong oxidizing solutiorw4, and poesibl,y as the solid oxideS. 

2. Soluble Salta of Silftr 

In aqueous solutions the o~ stable oxidation state of silver is 

tha +1 state. The +2 and +3 silver ~.ona · are such power1\ll oxidising 

agents that they are unstable in water solutions because of their reduction 

by water6. The soluble salts of sUver include the nitrate, nitrite, 

fluoride, chlorate, perchlorate, bromate, sulfate, permanganate, acetate, 

and tartrate. The .fluoride is the onl7 soluble ailver halide. 

4 
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3. Inaoluble SHta of Silver and Precipitation aild 
Coprecipitation Cbaracterietica of Silver 

The conditione for gravimetric deterlllinatiou of silver are vell 

detinad in standard anal7tical woru7 ,8,9. Silver !alla into group I of 

the qualitative anal,ysie ache•. Table 1 lists the CODDIIOn iJUioluble 

cQIII>OUl)de of eilwr and the reagents e~~plQT8d to precipitate them. 

Several of these coq:JOundl have been eupl07ed in radiochemical procedures, 

the JDOSt popular being the chloride and tbl eul.fide. 

TAJI.E l. INSOLUm.E CO~IPOUJIDS OF SILVIR 

Solubility in 
Reagent Precipitate Water, g/100 cc (2SC) 

Solubili t;y in 
Other Reagent• 

Cl- Agel 

Br- Aglk' 

1- Agl 

Haal or ltOH Ai20 

aolutiOD 

Fe, Zn, or Cu metal 

Fe++, Sn++, :>r HCB02 

H~ or .lg~ 

Cti)OS-

Cr(\• Ai~l'OJ. 

cr2o., • Aa~r2o7 

1:0:3. jg2C03 

~- .liJf<\ 

~0:3. Ag2~<>J 

1.8 X 10-4 

1.3 x lo-S 

2.8 x lo-7 

2.1 x lo-3 

iJUioluble 

l X l0•l6 

2.5 x lo-3 

8.3 X 10•3 

3.2 x lo-3 

6.5 x lo-4 

insoluble 

5 

Soluble in ~OH, 

Soluble in Ha~OJ or I!CN solutions 

Soluble in Ha2~0) or KCN eolutiou, 

Slightly soluble in ~OR 

Insoluble in llf40B, 

Soluble in Ha2~0J or I!CH solutions 

Soluble in Mf40B, 

Soluble in I!CN solution, 

Soluble in Hl«>J 

Soluble in HN03 

Soluble in hot, cone. H~ 

lneoluble in ~OH, 

Soluble in hot, dilute RN03 

Soluble in ~OH, 

Soluble in Hll>3 

Soluble in ~OH, 

Soluble in HN03 

Soluble in uceea NHJ.C03 , 

Soluble in HI\OH or Ha~o3 solution 

Soluble in NH40H, 

Soluble in~ 

Soluble in uceee Ha~03 solution 

Soluble in N1140B 

(Table continues on fOllowinc page.) 
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Rygent 

CN"', acid 

benzotriazola 
(C6H4~H) 

TABLB l. (CONTlN[ID) 

Solubility in 
Precipitate Water, g/100 cc (2$) 

insoluble 

Soluble in ~Oil, 

Soluble in~ 

Soluble in 11\Cil, 
Soluble in ICK solutica, 

Soluble in HNO) 

Soluble in ~OB, 

Soluble in Hl«)3, 

Soluble in uoass ICB or 

in Ha~~ solution 

Soluble in cone. llinaral 
acida, 

Soluble in I!CN or 
Ha2~<? sulution 

Chloride. The usa of a chloride precipitation to separate silver 

trom other radioisotopes or to obtain the silver in a form suitable !or 

wei.;hing and cotmting has been reported utensively in the literaturelo-38. 

The popularity of this method is due mai~ to the tact that few other 

ele•nte are precipitated under the conditione of a silver chloride precipitation, 

The moat collliTion method of precipitating silver chloride is the 

addition of nydrochloric acid to a dilute nitric acid solution of the 

silver. Occasionally the solution is heated to promote coagulation or a 

wetting agent such as aerosol is added to prevent the precipitate troa 

sticking to the aides of the vessel. A lar&e excess of chloride iona 

should be avoided, for silver forms a soluble chloride complex, Agel3 • .1 
One liter of l per cent HCl dissolves only 0.0002 g of Agel at 2lC, but 

1 liter of 5 per cent HCl dissolves 0.0003 g, and 1 liter of 10 per oent 

HCl dissolves 0.0555 g39. 

The AgCl precipitate is readily dissolved in dilute ammonia and 

reprecipitated qy addition of nitric acid, with no loss in ytald31. 

This is very usei\11 in improving the radiochemical puritv of silver in 

6 
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sepai'at~am frca ot.her activitieal2,l3,20,24. The allln)nia comple:x of 

aU•er, .t'or•d when aUvw chloride is dissolved in a111110nia, my also 

be dest1'01"d b7 volatilisation or the aiiiiii0Dia40. This has been employed 

bT Firachin& to selectiYe~ precipitate the ailvw halides41. He found .. 
that when a solution of the .lg(lli))2 compla and iodide, brolllide, and 

chlar:\de iOM is heated to volatilise ammonia and lower the pH, Agl 

precipitates at pH 10, AgEl" at pH 8.5, and AgCl at pH 7. 'l'he a1111110nia 

cOIIPlu has alao been dest.royed bT addition of beta-b,rdroxyet~l acetate 

to a solution o.t' the ccmplu and chloride ions42. The ~drogen iona 

released as the beta-}V'droxyetb,)-1 acetate eydrol.)"ses destro7 the comple:x 

and Agel precipitates. 

Silver chloride has also oeen precipitated b,y dilution of a 

solution of the silver chloride coqlle:xl9,24 and 'IJ' releasing chloride 

ions by }V'dro~sia of et}V'lene or prowlene chlarohydrin42• In the 

latter mthod the chlarohydrin 1a heated at &J C with a solution of the 

silver. Complete precipitation o.t' the .lgCl requires several hours o.t' 

heating, aa the chloride ia released very slovq. 

The contamination of silver chloride precipitates b)" thirteen 

typical trace~: activities has baen studied31,32. The experimental 

conditions employed in the study were as tollowss 10 mg o.t' silver carrier 

and 10 mg of' carrier and tracer for the interfering element were lllilled 

and diluted to 10 1111. with lM n1 t.ric acid, 0.1 ml of concentrated 

hydrochloric acid vas added vi th stirring, the precipitate vas digestea 

tor five mimtea at roQIII temperature, and it vas then separated b,y 

centrifuging. The percentage of each elemnt carried with the .lgCl 

precipitate is given in Table 2. The yield for the silver chloride vas 

99 ! 1.3 per cent. The quantitative precipitation of iodine with the 

silver was e:xpected, aa Agl is more insoluble than .lgCl. .l high 

percentage o.t' antimony contalllinated the Agel. Antimony is difficult to 

keep in solution during &JV change in acidit7, particularly when a 

precipitate ia being tormd, and Sb<X:l often precipitates with AgCl. 

Tbe other interferences which stand out are those of the platinum group, 

iridium and ruthenium.. This is consistent with the fact that multiple 

7 
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precipitationa are necesu17 to separate silver !l'011 irradiated palladiWil 

eince a larp portion of the palladi»..l 18 carried OR the earl;r 

precipitationa. Thie difficulty in separating sUnr froa p.lladiUil b7 

precipitation of 1gCl baa also been uperienced with fieeion p:-oduct 

solutiona20. The preseoce of zirconiua carrier vae obaerved to retard 

the precipitation of the Agel and prevent it !l'011 being quantitative31.,32. 

T~ 2. CONT.&HlHlTIOH OF S!£,YEILPRBCIPIT1TES 
Bf OTHBR ACTIVITJES.'~,J2 

Per Cent Carried(a) 
chtorldi BinzOtrluoie 

Tracer ~carrier Added~ ~Carrier Addedl 

qll.O(b) 99 .! 1.3 92.! 5 
eel4h, PrlW4 0.5 2.3 

c~~ o.5 2.5 

crSl 0.5 92 

csl34 o.s 2.L. 

1131 97 98 

:uJ-92 27 29 

aul06, lhl06 2.5 2.5 

~ 22 52 

887s o.s 2.7 

sull-3, Inu3a 0.8 T1 

Sr90, y90 0.7 2.4 

Tal82 0.6 87 

~r9S, Nt?S 0.4 3.9 

(a) Anrage of duplicate runs except for silver. 

(b) Average of quadruplicate runs. lrron are 
•standard deYiatio~. 

The yield data applies on:Q" to the experi.-ntal 
conditione described in the tot. 

Brollide. The "" of a eilwr brOIIide precipitation baa been veq 

limited in the radiocbeldA\17 of silver, bit it baa been e11ployed in 

brOIIinll aeparatiorw to obtain a fcra suitable for weighing and camtina'U•h4. 

Rub and WUlard deterJd.ned the aolubUit;r of aUver brollide }V IIIUing 

8 

Copyright © National Academy of Sciences. All rights reserved.

The Radiochemistry of Silver
http://www.nap.edu/catalog.php?record_id=21558

http://www.nap.edu/catalog.php?record_id=21558


dUute aUutioae of 1Uver nitrate and potaeeiua brOid.de labelled vith 

a-82 tracer4S. n. precipitates were al.moet im'iaible. The aolubUit7 

1a o~ 0.13 111 per liter. 

~· Precipitation of silver iodide baa been ueed to a ••ll 
extent in the radiochelliat1"7 of auwrlh•33,46. It baa been aapl.OJed more 

utenaive~ in radiocbud.cal eeparatiorw of iodin847-49. SUver iodide 

ia uauall7 precipitated br addition of bJdriodic acid or aodiwa or 

potasaiwa iodide to a eolutiOD of eUver iooa. .lld.l..lo- euepenaiOD 

and larp clUJtW of preal.pitate tend to foraJ ao the preeipi tate abould be 

digested b7 pntle boiling and briak at~6,49. The eUver iodide 

precipitate 1a practicall.7 insoluble in aJSOnia, but it diaaolvea in 

qanide or thiosulfate aolutional. SUver iodide precipitatea tr011 

a..onia solutions as the pH 1a recmced to lO bT evolving tha UIIIIOnia4l. 

Bensotriasole. Radiochemical separations of aU wr b7 

precipitation with bensotriasole are eatiafactQrT onl.7 in the presence 

of large quantities of a COJIIPlexing apnt, such a1 Vereerw in uuaolliacal 

solution, to prevent the precipitation of~ nor•l~ ineoluble 

~drOWI axidea31,32• Under these conditione, according to Obe~, cbloride, 

brolllide, fluoride, aultate, nitrate, phoaphate, and acetate do not interfere, 

iodide fol'lll a leaa soluble precipitate, vbile qanide and thioeultate 

diaaolve the )recipitate and prevent precipitatianaJ copper (II), iron (Ill), 

nickel (II), cadll1wa (II), sine (II), and cobalt {II) do not interfere, 

whUe tin, antimo~, titaniwa, and beeyllium precipitate aa h;rdrou 

Ollidea unleaa tartrate 1a preeentJ and the iron (II) Veraenate reduces 

ailver to the 1118talSO. In the abaenoe of Veraene benzotriasole precipitates 

copper {ll), iron {11), nickel(ll), cadlllium (II), sine {II), and cobalt (II). 

Tbe contalll1nation of sUver benzotriasole precipitates br 

thirteen typical tracer activitiea baa been studied31,32. Tbe following 

precipitation procedure was eqaoyed in tbia st~a Ten ~ of carrier 

and tracer for the interfering element were added to 10 mg of 1Uver carrier, 

the solution vaa dUuted to 5 ml. with water, S ml of a 40 per cent 

solution of Veraene in ammonia vaa added, l Ill of 2 .S per cent bensotriasole 

aolution in UIIIIOilia waa added, and the precipitate was stirred and digested 
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at roca teq,erature 1br S llimtes and centrifuged. The yield and 

contud.nation data are given in Table 2. The silver yield was o~ 

92 per cent, due primaril7 to the slowness of precipitation and coagulation 

in the highly ealted solution32. The bullQ' character of the precip~.tate 

caueed it to adhere to the sides of the centrifUge cone and made the transfer 

of the precipitate difficult. 

The limit of epecif1cit7 or the silver bensotriasole precipitati.on 

is illustrated tv the 1act that larp quantities of antimou.:r, chrollliwa, 

iodine, iridium, tantalU111 and tin are carried with the silver. .l 

separaUon is possible, however, fro111 cerium, ces1UII1 cobalt, rutheniu111, 

seleniu111, strantiwn, and zirconium. .l preclpi tation baa also been 

perforiiBd tr0111 0.1 H chloride solution, and no detectable chloride 

reained vith the precipitate after vaahing once with water32. 

Sul!i4e. Silver sulfide precipitations have been employed in 

JlUIIIIro\1.8 radiocheaical procedures for ailve~O,ll,l7 ,l9,2l,22,2S,28,29,34,37 ,.)8. 

Jtrdropn sulfide precipitates Ag~ f'rolll neutral, aiiiiDOniacal, ant acid 

solutionel. SUYaJ" sulfide is irwoluble in a111110nia or dilute potaasiua 

cyanide solution, but it is slight~ soluble in concentrated potaseiUII 

cyanide. It dissolves readil7 in hot, dilute nitric acid. .blnonium 

sal tide has also been ueed to Jrecipitate Ag~ troa aJIIIIOniacal solutiona21 •2S. 

n.&acbka reports precipi..tatiOD of Ac2S bJ' tbioacetalllide in 

a1180niaoal or neutral solutiCDSl. n. thioacetuide bJ'dro~ces to give 

~s. In sulfuric acid, the Ac2S precipitates on1.)r vith heating, and in 

the pre~tence of 811lall quantities of nitric acid sulfur for• first and 

then the Ac~ precipitates. 

Silver sulfide ~ also be precipitated trca acid solution 

b7 &IIIIIOniUil thioacetate and trca boiling dilute acid solutiorw b7 sodiUil 

thioaultatel. 

~· Silver iodate bas found Yer7 limited use in radiochelliatey, 

bll~ its precipitation with HIOJ or ~ solution bas been eJIIPlo;red in at 

least two procedures2S,S2• The .lg:IO) N7 be dissolved in a111110ni.a and 

reprecipi tated br the additiCD of sulfuric acid2S. 

~· When alkali hydroxides are added to a solution of silver 
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tons, brown Ag20 is precipitatltd. Silver OJ!ide is soluble in a111tonia, 

nitric acid, or sulfuric acid. This precipitation has found some utility 

in radiochemistr,y24,2S,S2. It is part1.~ilarly usefUl when the desired 

final form of the silver is a solution o! silver nitrate24. The Ag2o 

c~n be dissolved in nitric acid to yield a saver nitrate solution. 

Chemical Reduction. Precipitation of ail ver metal by chemical 

reduction of the sUvttr ions has been employed in a few radiochemical 

procedurea27,JJ,46,SJ. Silver (I) may be reduced to the metal with formic 

acid, ferrous sulfate, stannous chloride, and metallic zincl. Other 

metals higher in the potential series than aU ver or other reducing 

agents aay be employed. .lscorbic acid has been used in an analytical 

procedure for determining sUverS4. Silver metal is precipitated by 

adding freshly prepared ascorbic acid solution (2 g per 100 ml) to silver 

nitrate solution heated nearly to boiling. Rouser and Hahn used this 

procedure to obtain a quantitative separation of silver !rom irradiated 

palladium53. 

Radiocolloid. ThAI radiocolloidal properties of silver in trace 

concentrations have been utilized in a carrier-tree separation of .&1111 

!rom irradiated pa11adiumSS. The carrier-free silver 18 considered to 

agglomerate in l».sic solution, and it may be filtered or centrifuged. 

Schweitzer and Nabla report that 80 per cent of the .&gtll is recovered 

~ee of palladium by filtering the solution (at pH 11) through Whatman 

No. SO filter paper5S. .& coagulatiQil time of one hour ia required before 

filtration. The .&gil1 18 removed !rom the paper by rinsing with dilute 

nitric acid. The same authors report that greater than 9S per cent 

yields are obtained by centri1Uging the solution at pH 11. 

Iron }fydroxides as Carriers for Silver. Silver does not coprecipit.ate 

to aey great extent with ferric hydroxide in 8Jillll0nia solution. When 

10 mg of Fe (Ill) is precipitated as the eydrous oxide !rom 10 ml of 

solution with ammonium eydraxide, 91.4 per cent of the silver remains in 

solution in the absence of silver carrierJl,32• In the presence of 10 mg 

of silver carrier, 91.3 per cent of the silver remains in solution31,32. 
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A tarric l~Jdraxide soavan11 bu thus been eapl0J8(1 frequent~ t.o aasist 

in the pui.tication of ailvezll,l7 ,2o-22,S2, 

The coprecipitation of trace quantities of silwr aa silver 

iodide, with illrric ~ax ide bu been reportedS6. Tbie procedure vas 

ellpl.O)'ed in a radio•tric •tbod of detel'lllining s.U quantities of 

silver with radioact.iw iodineS6, Complete coprecipitation of silver vitb 

ferrous h1draxide has been reportedS7. Tbe precipitation of thff Fe (Il) 

1e carried out. at pH 8 to 8.S with aiDOiliUII eydroxideS7. 

LanthanWII 1\Tdraxide as a Carrier for _,ilver. Lanthanum l~Jdraxide 

ie an effective carrier for ma~ eleDnts, but very little silver is 

coprecipltated vith this scavenaer when aiiiiiiOilia ie uaed3ll32• When lO 1111 

of lanthanua ie precipitated as the h1draxide fro11 10 ml. of solution with 

amonium h1drmide, 96.S per cent of the silver remains in solution in 

the absence of silver carrier 1 and 97.3 per cent reiNlins in solution in 

the presence of carrier3l,32. 

Tell.uriUJl u a Carrier for Silver. Trace amounts of silver are 

coprecipitated with telluriUII, probabl7 as silver tellurideS8. Virtuall1 

collpl.ete precipitation of the silwr is obtained when one mg of telluriUJA 

carrier ie precipitated frCIII a 2 N eydrochloric acid solution of the 

silver vith stannous chloride, Higher chloride concentrations have an 

unfavorable effact on the )'ield. The silver is recovered by diesol.ving 

the tellurium precipitate in nitric acid. Microgram quantities of silver 

can be separated frCIII iron, cobalt., nickel, and zinc ~ this •tbod, but 

copper interferes somewha~S8. 

Mercurous Chloride as a Carrier for Silver. The coprecipitation 

of silver with Drcuroua chloride has been employed in radiochemical 

separations of trace a110unta of silver from palladi'WII and other platinum 

group metalaS9,60. In one procedure O.S ml of a saturated solution of 

mercurous nitrate was added to SOO ml of O,S N eydrochloric acid which 

contained the silver, The resulting Drcurous chloride precipitate 

contained n:~re than 9S per cent of the suwrS9. In the other 

procedure the precipitation was performed by adding 100 mg of mercurous 

nitrate and dilute eydrochlcric acid to a nitric acid sol.utioo of the 
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suvv60. The •rCUl'T can be r..av.d troa the sUnr either b;r 

volatUi&at1onS9 or b7 axidatiCIIl to Be (II) vi th nitric acid alld 

catraction into etb7l aoetate60. 

4. Inorpnic COIIPlcaea of SUver 

SU,vv fonu a nullber of inorpnic collplcaes in aolutioD, and 

aom of thea hav. been v.rr uaetul to radiochelld.ste. The fbr.tion of tbl 

Ag (ltl3)2 + ccaplu baa been e~~pl0f8d in rediaaolving Agel 

precipitateal0-13,17 ,21,22,24,S2 1 and Ail.OJ precipitatea2S,S2 in 

a...S.ua ll1droxide. The AgCl or AgiO) is readi~ reprecipitated froa 

these eolutiona by acidification with · no loes in 7ield. The farution 

of chloride com)'lluea of sUver in strong IJ7drochloric acid haa been 

utUiaed to dissolve Agel precipiteteal9. 'lbe Agel ia reprecipita'ted bT 

dUution of the acid. 

The inorganic co11ple:xes of eUver are listed in Table 3. The 

far~ation conat&Dta reported for each oo11plu are &lao given. 

S. Organic Complexes of SUver 

In Table 4 an cateneiv. 1ist ia giv.an of tbll arpnic liquida 

which fara compl.e:xes with sUvsr. The !onation constants are for the 

ltl co111plexes, unless otherwise indicated. 

6. Extraction of Silver Into Organic Solvents 

No radiochemical procedures besed on the solvent extraction of 

eilver were found. There is, however, a limited amount of intonation available 

on the catractabUitq or sUver in variows 87Stelll8, and a few of these 

extractions might be applied to radiochemical separationa. 

Dithi&CIIl8 - The dithi&me COJIIPlU or eUver 18 quantitativ.~ 

extracted fr011 dUute acid solutions into carbon tetrachloride or 

chlorofara61-64. A llUlllber of other metala also extract, and the arder of 

extractability ia Pd > Ag> Hg (ll) > Cu (ll) > Bi? Pt (ll) "> Tl (Ill) 

>Fe (ll) > Sn (11)2 Co ~Ni > Zn~ Pb ._. & >Cd. 64 Hatala such as 

Pd, Ag, Hg, alld Cu 11117 be extracted trom dUute acid (O.l-o.5 N), but 

Cd requires a strongly alkaline solution. 

(Ten oont.inuee on pace 20.) 
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'WLE .3. lHOliiANlC CO¥.PLlaES OF SILVER 

COIIJilUing Reaction 
!l!nt Product ~~ Reference• 

111.3 .lgJII + .3 • .37 • Ag(M1.3>2. 7.21 • 
C1- AcCl. .3.41 b 

A&Cl2-2 5.29 b, c, d 
J&ClJ- 5.24 b 

&-- Ag&- 4.68 b 
Ag&-2- 7.66 b 
&g.ar.3-2 8.51, 8.87, 9.0.3 b, e, t 
~-.3 7.2, 9.2 b, e 
Ag~-4 9 • .37 t. 
Ai2 ~-4 20 e 

Agl 6.59 b 

"~=2 ll.74 b 

::~-.3 1.3.68 b 
1.3.9 b 

~ 
-

Agi~ 0.6 i 
AI( 3>2- 1.9 g 

eN· Ag(CN) - 21.4 h 
Ag(CN~2-2 21.8 1, j 
Ag(CN ~-.3 20.6 i, j 

SCH- Ag(SCN~ • 7.57 k 
Ag(SCN 2.2 9.08 k 
&i(SCN ~-.3 10.08 k 

N<>z- .Ag(~)2- 2.7 1 

~~-2 .Ag~t- 8.82 • 
::~~~~~=~ 1.3.46, 12.78 a, n 

1.3.06 n 

~-2 AgSO- 5 to 6 0 

.Ag(~~ -.3 8.68 0 
&i(SO) ~-5 9 0 

OR. Ag<ll 4.22 h 
&i(<ll)2- .3.64 h 

s.cr Ag(S.CN)2- 10 •. , h 
Aa(S.CN},)-2 1.3.9 h 

1.)- .AgN 2.49 h 
Ag(~) - 4.2 h 
Ag( ~2-2 .3.90 h 
Ag(~ l-.3 .3.67 h 

!«). 
3 .AgN0.3 -o • .3 h 

~-2 Ag~- 0.2.3 h 

T~-2 Ag'l~- 0 • .36 h 

Cl<>.J. Agel<>,) 0.22 h 

s-2 &gS - 5.28 p 
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T.l!LE h. OIDANIC COMPT....uES OF SlLVD 

L!lam Lo& I Reterence8 

Quinoline 1.84 a 
).67* d 

Pyridine 2.0 a, b 
4.1* b 

.llpba•Picoline 2.3 a, d 
4.68* d 

.Deta-Pico1ine 2.00, 4 • .3.5• d 

Ga~~~~~a-Pico11ne 2.) a, d 
4.70* d 

p-Nit.roaniline 0.8 a 
1.6* d 

m-Ni troaniline o.as a 
1.7* d 

Beta·Napht~lamine 1.62 a 
).2.3* d 

.lniline 1 • .59, 1.44 a, d 
).17* d 

Beta-Mat~1ethy1amine .3.17 a 

Benz;y1amine .3.57 J ).29 a, d 
7.14* d 

Methy1am1.ne ).34 a 
6.68• d 

Ktey1alld.ne ).6.5, .3 • .30 a, d 
7.14* d 

n-lbt;ylamine .3.74, .3.4.3 a, d 
7.48* d 

lsoru tylamine .3.62, ) • .38 a, d 
7.24* d 

1,.3-Diaminoprop.ne 2 • .5.5 d 

1,2,.3-Triaminopropane .5.6 a 

Alanine 4.86 a 

Glycioe .3.51 d 
6.89* a, d 

Glycylglycine 2.72 d 
5.0* a, d 

1,.3-Propane diamine .5.92 e 

1,4-Butanadiamine .5.67 e 

1,.3-Diamino-2-propano1 ,5.64 e 
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WLB4. ( CONl'IllJ!D) 

L~and ~~ Referencu 

Croto:aaldeb;t'de -0.72 d 

Crotonic acid -1.04 d 

Prowl CT&nide (butyroni trile) 0.94 d 

2-Met~lall71 alcohol 1.04 d 

1-MetJv'l.al.l7l alcohol 1.15 d 

Cro~;rl alcohol o.n d 

PiperasU. ).4 d 

DiatJv'luiDI 2.98# 6.2* d 

2 •2'-Diulinodiet!Q'l.alli.M 6.1 d 

'l'hiodi&cetic acid 2.7, 6.)2* d 

(~lthio) acetic acid 4.1, 7.25* d 

Morpboline 2.25, 4.92* d 

2 •2'-D~et!Q'l.aJa;I.De 2.69, 5.48* C1 

Tru (b;t'drCD71118ttv"l) •t~l.uin~ 3.09, 6.56* d 

2,2 '-Dialdnodietb;r1 aulJ:Cide 8.18 d 

2-.b:lno-2'-b;t'drax:rdietlv'1 eulphide 4.69, 8.73• d 

hnt-2-ent 1.80 d 

2-.bd.nowridu. 2.86, 5.7S* d 

.3-AIIinowridinl 2.17, 5.21* d 

4-.&llinoWrldin• 2.80, 6.20* d 

2·Metb;rlbut-2-en·1-o1 0.70 d 

Ktll;rl rl.Jv'lcarbinol 1.15 d 

Piperidu. 3.16, 6.61* d 

ThiO\INa 13.1** d 

Qaalic acid aPJraxi.llate17 0 d 

lt.t!Q'l c;ranide (acetonitrile) 1.2 d 

Acetic acid 0.73, 0.64• d 

nu.tb;rl.ud.M 5.91* d 

atb;rlen~dialline appraximatel7 6, 7 .4* d 

CblorcMaoetic acid 0.64, 0.53* d 

(Table contimlu on tollCIIIinc page.) 
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T.lli..E 4. (CONTINUED) 

Ligand 

Ethanolamine 

Acetone 

Allyl .Ucoho1 

.tlly 1 .lllline 

n-Prop,r1aiii1De 

TrU.tey1amine 

2-~~thoxye~1awine 

2-Methy1thioeteylamina 

lsobutene 

Succinonitrile 

1,$-Diaminopentane 

1,3-Diamino-21 2-dimatey1propane 

Fur f\lry1amine 

2-Thieqrlmethy1amine 

}'~t}V1enebiathio (acetic acid) 

Cyclch.ueor 

)-Gyanopyridine 

4-Gyanopyridine 

Pbenol 

Triet}V1enediamine 

Hexamat}V1enetetramine 

Triet}Vlamine 

2,2 1 ,2 11 -Triaminotriet~lamina 

NN 1-Di-(2-am1noetby1)ethylenediamine 

Nicotinallll..de 

lsonicotinamide 

J-MethQXTP.Yridine 

4-MethoxyP,yridine 

Histidine 

Thiodipropionic acid 

Et}V1enebiathiodiocetic acid 

18 

3.13, 6.68* 

-o.8~ 

1.08, 1.56* 

7.17* 

7.68• 

3.11* 

2.9$, 6.34* 

4.17. 6.88• 

1.79 

1.0 

$.95 

4.66 

2.64, 5.98* 

2.87. 6.51* 

4.7. 6.5* 

2.28 

2.90* 

).08* 

f 0.34 

1.6$ 

3.58 

2.6, 4.76* 

7.8 

7.7 

).22* 

).01* 

1.$8, 3.67* 

2.28, 4.44* 

7-Yl 

2.9. 6.71* 

6.5. 10.41* 

Referencee 

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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TABLE 4. (CONTINUE2>) 

Liljand L2S K Reference a 

Triethanolamine 2 • .30, .3.64* d 

1,2-Di-(2-aDdnoet~lthio)ethane 5.08 d 

Toluene 0.42 d 

Benzoic acid 0.519, 0-556* d 

o-Toluidine 1.51 d 

m-Toluidine 1.47 d 

p-Toluidine 1.56, 3.48* d 

N-Methrlaniline 1.00 d 

2,4-Lutidine 2.59, 2.47 a, d 
5.18* d 

n-Heptr1ami.ne approximately 2.7, 1.93* d 

l~tqy1 nicotinate 2.99* d 

Metby1 isonicotinate 2.45* d 

Trimetbylenedithioacetic acid appraxiJilatelr 5.7, 8 .09* d 

St71'8ne 1.26 d 

J ,5-~lidille 1.6.3 d 

2,6-~lidine 1.62 d 

s-Gollidine 4.75* d 

(Pheqvlthio)acetic acid 7.27* d 

gl.llllla-Thiodibut,.ric acid appraxilllltel:y 4, 7.00* d 

Tetrametbylenedithiodiacetic acid 6.00, 8.36* d 

n-Prop,rlbenzene 0.46 d 

lsoquinoli.ns 3.8~ d 

(Be11Z7lth1o)acet1c acid 7.13* d 

Pantu.t~lenedi( thioacetic acid) 6•3, 8.85* d 

Hapbtbalane 0.505 d 

2,2 I -D1pyr1clyl 6.8* d 

beta-(BenzTlthio)propionic acid 7.34* d 

BtiJTlenediallline tetraacetic 
acid (EDTA) 7.32 d 

Hexamethylenedithiodiacetic acid 6.0, 8.55* d 

(Table continues on followinc Pace.) 
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UIU 4. (CONTJNUED) 

Ac:r1d1~ 

trans-Bt.ilbeM 

3-Mat.h)-lcholant.bre~ 

* Formation constant for &liz. 
** For•t.ion constant. far Ail)• 

4.bl• 

0.80 

o.s2 

d 

d 

d 

a. 1. ~. Martell and M. Calrtn, Ct..Ut.rz of t.he Matal Chelate CollfOIUIIU, 
Prentice-Ball, Inc., Hew York, 1952. 

b. w. c. VoebUfib and s. 1. Cognell, J. J.a. Chea. Soc.~. 2bl2 (1943). 

c. c. R. Bertacb, W. C. hrneliu., and B. P. BLock, J. Pt\T8• Chea. ~' 
444 (19SB). 

d. StabUit.7 Con.tanta of Metal-Ion c:euN, Part. I, Organic Liquida, 
cOiiPfiecrbi J. Bjerrua, d. Scmrarze Ch, and L. G. Sillen, The 
Chelllical Societ)-, Lomon, 19S7. 

In the procedure described 'II' Friedeberg a O.OOOOS H solution of 

dithisone in carbon tetrachloride 1e ueed to elltract. trace quant.it.iea of 

sllver .&011 an acid solution at a pH of about 2 in the abeence of 

chloride. 61 If the chloride concentration t. not over one per cent., a pH 

of 3.S is ueed. U an a111110niU111 chloride concentration u high aa 20 per 

cent. 1a Jreaent, the utraction 1a still quantitative at pH 5. Above a 

pH of S. an enol ton~ of the aUwr-dithizone c011plex fol'llll, which 1a 

insoluble in carbon tetrachloride. The silver ~ be back e:xt.racted int.o 

chloride or thioqranate solutions. 

1 •eking agent such aa lm'l'i 1e effective in preventing the 

a traction of Cu, Bi, Cd, Zn, an:! Pb bu.t not. •rcur:r or aUwr. 6.3 ,64 

Separation ot aUver from •rcll17 and copper is acc011plished bJ back 

ext.ract.ing the aUver into a millture of equal volWI'Ais of 20 per cent NaCl 

am 0.03 N UCl. The copper and Jlllrcury rellllin in the organic pbase. 64 

Sodiwa Dietqrldithiocarb..-e - ilmoet two dozen ~etale may be elltracted 

into carbon tetrachloride or ethyl acetate with this reagent. 64-66 By' 

ue~ ED1'1 u a Nsking agent, however, the selectivity lillY be improved. 

The •tala atracting are &g, Cu, Fe, Co, Bi, Ni, Pb, U (VI) 1 Cd, & 1 V 1 

Zn, Cr (VI), Te (IV), Mo (VI), Ga, n, Nb (V), Be, 0.1 Se1 lf& 1 1a (Ill), 

Sb (lll), Sn (IV). In, and w.64,6S 

zo 
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An aqueoua solution o! the sodium dieteyldithiocart..te ia added 

to the aaJIIP].e at a pH between 4 and 11, carbon tetrachloride ia added, am 
the m.iJiture ia shaken to extract the aUver.64,66 .l pH of 3 waa reported 

for the extraction of aUver into e~l acetate with the dieteyldithiocarbutte 

reagent. 6.5 

Dithio-beta-aoindigo - Small amounts of silver (.5-10 mg) have 

been quantitative~ extracted trom a aUver-lead solution into a solution 

of dithio-beta-iaoindigo in n-butanol. 64,67 The lead remains behind in the 

aqueoua pbaH. 64 

Triiso-octyl thiopllosph.ate - The extraction of aUver fr0111 nitric 

acid solutions into solutions of triiao-octyl thioi)hosphate (TOTP) in 

carbon tetrachloride has been reported.68 The partition coefficient for 

the aUver increases with both the nitric acid and the TOTP concentrations. 

Fro• 6 M nitric acid and for a 0.67 M solution of TOTP in carbon 

tetrachloride, the partition coefficient exceeds 100 at room temperature. 

Of the 3.5 1118tals tested by the authors, the only other one having a high 

partition coeftlcient under the same conditions is mercur,r.68 The silver 

1118,7 be stripped !rom the organic phase with dilute alkali or a1111110nia. 

Tri-n-butyl thiophoaphate - Tri-n-butyl thiophoaphate (TBPS) 

in carbon tetrachloride has also been reported to be a selective 

extractant for silver and 1118rcur.r. 68 The extraction behavior of this 

reagent is ver.r sim.lar to that of the TOTP discussed above, 

7. Ion Exchange Behavior ot SUver 

lon exchange like solvent extraction, hu been used infrequently 

for radiochemical separations of silver. Thia ia probabl.7 due to the hi&h 

aelectivit7 of such well-established procedures aa isotopic exchange, 

electrodeposition, and precipitation. 

Cation Exch.ange. Bonner and his coworkers have presented data 

on the adsorption of a number of cationa, including silver, m Dovex-.50.69,70 

Their selectivity scale relative to the lithium ion as unity is given in 

Table .). The higher the nultber for a cation, the stronger is ita affinity 

for Dowu-.50. 

Zl 
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TABLE$. RELATI~~Pl'ION OF CATiONS ON 
~EI- 9, 

Per Cent Croaa·Linkale 
!OJ Cation IiJ BJ 

Li+ 1.00 1.00 1.00 
a+ 1.)2 1.27 1.47 
Na+ 1.$8 1.98 2.)7 

~· 1.90 2.$$ ).)4 
2.27 2.90 4.$0 

Rb+ 2.46 ).1.6 4.62 
c • 2.67 3.2S 4.66 •• 4.73 8.Sl 22.9 Ag 
n• 6.n 12.4 28.S 
~~ 2.)6 2.4S 3.34 
~ 2.9S ).29 ).$1 
Zn~ 3.13 3.47 3.78 
Co~ ).2.3 3.74 3.81 
Cu~ 3.29 3.8S 4.46 
ecs-f2 3.37 3.88 4.9$ 
Mn.f2 3.42 4.09 4.91 
Be+2. 3.43 3.99 6.23 
Ni.f2 3.4S 3.93 4.06 
Ca~ 4.1$ $.1.6 7.27 
Sr~ 4.70 6.$1 10.1 
Pb.f2 6.S6 9.91 18.0 
Ba.f2 7.47 u.s 20.8 
cr•3 6.6 7.6 10.S 
ce•3 7.$ . 10.6 17 .o 
ta•3 7.6 10.7 17 .o 

Strelow baa published a aelectivit;y ac.le !ar 43 c.tiona on 

sulfonated po:Q'st;yrene JGSOW-18, which ia processed tr011 Dowu-SO 1:v 

the Bio-Rad Laboratories of Berkele;y, Callfomia. 7l This scale ia baaed 

on the equilibrium distribution coefficient, I!d 1 where 

amount of ion on resin ~ voluma of water phase, ml 

~ • amount of ion in water phase x weight o! dr;y resin • 

This coefficient changes with compositions and concentrations of the reagent. 

in the aqueous phase, the nature of the resin, and the ratio o! the amount 

o! cation to amount o! resin in the syatem. Strelow's values far a 

hydrochloric acid system are l'iven in Table 6. The values o! ~ !or silver, 

in addition to Hg•, Pb.f2, n•, and Hg~, were detel'lllined in nitric acid. 

To obtain an estimate of the vo1uma o! the eluting acent required to elute 

the maximum of the elution peak, the following equation may be emplo,yeda71 

V • ~ :x (Mass o! dry resin in the column) 

J. S. Fritz and his coworkers have studied the elution o! mat.al 

ions !'rom Dowe:x-SO with h;rdronuoric acid.72 Silver was one o! t~ cations 
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TAIU 6. IQUILIFIUUM DISTRIBUTION COEFFICIENTS• t.i• FOR 43 
CATIONS IN HIDROQILORIC ACJf USING THE SULFOJiiTED 
POLTSTYRINi AGSOW-18 RISI 

HCL Concentration 
Cation o.1 N o.2 N o.~ N 1.0 N 2.0 N ).0 N 4.o N 
ZrO~ >1~ >~ ~1J '7250 489 61 14.5 

i!~ >1 > s -1os 2049 2)9 114 67 
:>1~ 

>~ 
2480 26S.1 48 18.8 10.4 

cs•.3 >1~ 24€0 26h.8 48 18.8 lO.S 
y 3 >l 14€0 144.6 29.7 13.6 8.6 
Ill.~ >l 29.30 590 126.9 36 18.5 11.9 
Hi!) >l 7600 6U:> 94.2 33 19.2 1316 
.u~ 8200 1900 318 60.8 12.5 4.7 2.8 

:•3 47~ 1070 217 60.2 17.8 10.0 7.5 
>1 3036 2€0 42.58 7.75 ).2 0.36 

ca+2 ;~ 790 lSl 42.29 12.2 7.3 s.o 
Pb+2a 1420 183 35.66 9.8 6.8 4.5 
rw-•3 9000 3400 225 35.45b 5.2 ).6 2.0 
cr•3 1130 262 73 26.69 7.9 4.8 2.7 
Tl .. 17.3 91 4l 22.32 9.9 5.8 3.3 
Hi~ 1.600 4SO 70 21.65 7.2 4.7 .3.1 
co+2 l6SO 460 72 21.29 6.7 4.2 3.0 

-~ 1720 5.30 88 20.99 6.2 .3.5 .3.5 
}tl~ 2230 610 84 20.17 6.0 .3.9 2.5 
~ 1820 370 66 19.77 4.1 2.7 1.8 Fe+1 

c. +2 182 99 44 19.41 10.4 

~ 5460 860 102 19.20 7.3 4.9 3.3 
l$6 83 35 18.08 7.9 5.4 4.0 

Cu~ l$10 420 6S 17.50 4.3 2.8 1.8 
Ha~a 4700 1090 121 16.85 S.9 3.9 2.8 
Zn~ l8SO $10 64 16.03 3.7 2.4 1.6 

~· 120 72 33 15.43 8.1 
106 64 29 13.87 7.4 

Be+2 2S~ 117 42 1.3.33 S.2 3.3 2.4 
T~~ >1 297 39 11.86 3.7 2.4 1.7 
v. 230 44 7.20 
Na S2 28.3 12 5.S9 3.6 
Li+ 

~54 18.9 8.1 3.8) 2.5 
Sn~ 45 6.2 1.60 1.2 

~f SlO 84 6.5 l.Sll 1.0 0.6 
13.9 7.0 s.o 1.10 0.7 0.2 0 • .3 

Mo<tS 10.9 4.5 o • .3 0.81 0.2 0.4 o.) 
s.44 l.l 0.6 0.8 o.63 l.O 0.7 B1+) Ppt. Ppt. <.1.0 1.0 1.0 l.O 1.0 
u•3 1.4 1.6 2.2 3.81 2.2 
Sb•3 Ppt. Ppt. Ppt. Ppt. 2.8 
Pt ... 1.4 
.tu•.3 o.s 0.1 0.4 0.84 l.O 0.7 0.2 
Hi~ 1.6 0.9 o.s 0.28 0 • .3 0.2 0.2 

a. Done in nitric acid. 

b. More than one cationic species present. 

which waa not eluted with either 0.1 ~ or 1.0 ~ HF. This ia not aurpriainl 

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

Silver haa been separated from cobalt and nickel by cation exchange 

on a 1 em x 20 Clll col.IUIIr. of J.d)erlite IR-120 in the Na + form. 74 The elution 

ZJ 
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wae perfOl"'IIIICC with a 2 per cent. aolution of aocliua ni\rite at a tl• 

rate of 8 lll/ca2/flln. Tbe eilnr wu elu~ ill tbe Are\ 180 Ill of 

eluant l•Tinc the cobalt and nicklll CD tbl oolun. At tlov ratee lover 

than 5 '111/J./..a tbl eeparation vu not clean. 

AaiOD •cbanp. lraue aad Jleleon a&ft Mde a ft1'7 utendve 

co~~pila\ion of data on the adeorption of 1one on Dowu-l anion acbance 

reeinll troa b.Jdrochloric acid aolu\iona. 7S Thie data indica tee that aUYV 

1e ftl'7 atron&17 ad11orbecl a\ l• concentratione of HCl and the adaorpt101l 

deareuea at bi&her ooncentretione. SUnr 1e not adaorbed on tbe reaill 

troa BCl at concentratione hi&Mr \han appra:aiate~ 9 !• 
larie lw.e etudied tbe adaorption of a larp DWiber of eleante on 

Dollu·l in b;rdrotluoric acid eolutione.76 He found no adeorption of aUYV 

troa HF eolu\ione ranging in concentration troa 1 !! to 24 !-
Tbe be}lavior of a nuber of atala on a 0.4 Cll ~ 10 ca colua 

of Donx-2 ill the chloride fora bae been reported. 77 Silver 1e eluted 

(ill trace quant1t1e• onl.7) vitb 6 to 9 .! hJarocbloric acid, aloq with 

T1 (IV), Y (V), Pt. (II), Zzo, Hf, and trace quantitiea of tantalua. Silver 

-r aleo be eluted with 1!! a-.oD11111 }\ydra:aide, along vitb Fd, Sb (Ill), 

and Sb (Y). 

Marcu bu studied tbe elution of eilver troa D.a-l with 

tbioeulpbate eoluti0D1.78 Silver ie ftl7 etrongl.;y adsorbed troa dilute 

thioeulpbate aalutiona. The dietribution coefficient, D, 1a on the order 

of 'J.o2 to J.o3 in eolutione lese than l molar in thioaulpbate. Elution 

trca the reein .-r be acco~~pliehed with more concentrated thioeulpbate 

ealutiona (greater than 4 molar). 

·rbe &i(CN)2 • cOIIIpl.u ie ada orbed on Amberlite lRl-400 reein 

troa a O.lS% eodiua cyanide eolution. 79 The silver ~ be eluted with 

2 .! potueiua thioc:,ranate, vitb a Jllbture of 1 ! a111110niua nitrate and 0.2.! 

&IIIIIODiua )Vdra:a1de1 or with an acetona·S% HCl-S% water lllbture. Tbie 

.,..tea bu been ueed to aeparate silver and gold troll nicnl, zinc, copper, 

iron, an! cobalt.79 Tbe nickel am zinc are 11rat eluted with 0.2 ! 1:1:1, 

and copper and iron are eluted with 2 .! HaCN. Tbe acetone-S% 11:1-S% water 

ld.:ltve ie then used to elute the sUver and gold, leaving the cobalt on tbe 

colwm. 

Z4 
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Strong adsorption o! the Ac(CH)2- complex has also been reported 

tor Dowex-A-1 resin in the citrate !ol'lll. 80 

8. Isotopic Exchange ot Silver 

Isotopic exchange is a rapid, high decontamination, single step 

•thod tor separating trace quantities o! radioactive silver f'r0111 solutions 

conta:1Ding other radioactift species. The exchange ot silver iona between 

a silver chloride precipitate and a silftr nitrate solution reaches 

isotq~ic equilibrium '981'7 rapidl7J and because o! the low solubility ot 

sUftl' chloride, a ve1'7 f&Yorable ratio exists at equilibriu between the 

silver atc.a in the precipitate and those in the solution. It silver 

chloride is added to a solution containing ClCil7 trace amounts ot radioaclive 

sUftr, a hi&h percentage ot this radioacUft silver will have exchanged 

with silftr in the precipitate 1v the tbe equilibriUII 1a attained. An 

extensive evaluation and discussion o! this procedure baa been reponed in 

~ical Chemistq.32 

Langer studied isotopic exchange involving silver halides abd 

solutions ot silver salta, 81,82 and be applied it to the determination ot 

Mczoo uounta of ailftr 1v a radio•tric technique. 83 Pitts baa presented 

a discuaaion o! the theo1'7 and a uthematical treatment ot tbe exchange 

of eilftl' ions in solution with those in solid silftr brolllide. 84 An 

eleantal cbellical substitution of iodide !or chloride in a silver chloride 

aubetrate has been employed to extract radio iodide trOll urine speci•na. 8$ 

The procedure reco111111Ulded tor separatiao of s1lV8r by iaotq~ic 

exchange is described below)l,32,86 A •silftr chloride electrode• of 

large surface area 1a mda !roa a platinum gauze electrode. Silver •tal 

is flret deposited on the gauze by electroJ.78is tor 10 lllimtes at 4 volts 

tl'ca 10 m1. of a solution 3 ! d.n sodium cyanide and 0.$! in sodium 1:\Tdrcxxide. 

Tbe silftr is rinsed with water, and then inserted in 10 1111. ot o.o$ !! 
hJdrochloric.acid and eleotro}Jsed aa tbe anode for$ minutes at 1 volt 

to convert the silver metal to silver chloride. The electrode is was.bad 

vi.th 8 M nitric acid and insaned into a 1 M nitric acid solution containinl 

tbe trace quantity o! radioactive sil't'er. After a sufficient contact 

tae (vit.h stirring), the gauze is remOftd, washed with 8 1! n1 tric acid tor 

zs 
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11111nute, and rinaed with acetoa.. It deaired, the sUwr cblol'ide ~ he 

diasolved rrc. the eause with a s..U. UIOunt of ooncentrat.ect , • .., .... Jvdraaide. 

The weight of sUftr chloride baa an effeot OD the recoftJ7 of 

the aU'ftr tracer.31,32 Thia effect vaa studied usine 10-, 4-, aDd 1-111 

amounta of aUver aa silver chloride on the pun. At. rooa te~~~peratur. and 

with a 15-ndmte contact tU., aftrap ,ri.eld valu,ea of 99.5! 0.5, 98.9 ! 0.2. 

and 94.5! 1.0 per cent, reapectiw}T, were tOUDd for seftn detenliDatiOM 

of the 10- and u-~~g, alii five of the 1-1111 aa~~plea. .l aall aoUDt. of sUwr 

chloride (on the order of 0.05 q) 1a loat, a~rent.}T, throup cbippiJ21 or 

challcing of the electrode surface in the CIGiltact &lid vaahiDJ period~~. TllU 

loaa ia negligible in the 10-.g aalllpl.es • 

.l 15-lld.nute contact ti.llla under ideal condi t.1o1111 1a 110re ~ 

sufficient for complete removal of the radioacti,.. aUnr troa aol.ut.1oa.31,32 

.lctual}T at 25 C, 97 per cent baa been removed at the end of 5 lllnutea, 

vbUe over 99 per cent ia re1110ved in 6 to 7 lllinutea. The uae of a 15-lld.nllte 

oontact period, howenr, aeaurea lllinbdsation of the effects of non-ideal 

conditione auch aa a111all changes in acidit)", stirring, and the character 

of the silver chloride deposit. The 1-llilllte nitric acid vaah att.er uchanc• 

is neceaaar.r if high decontaminations are desired. 

The temperature infiuencee the rate of exchanp. Thia baa been 

studied, 87 and the reaulte are giwn in Table 7. 'lbe tU. required for 

re1110val of 90 per cent of the sUwr tracer frca solution ia tabulated as 

a fUnction of temperature. Ten ._ of aUver aa .lgCl were used in thia 

atu~. &a would be expected, the uchanp ia more rapid at bi&h 

temperatures • 

.l atud;y has also been mde of the effects of a nUIIIber of i.Dactift 

cheJiical speciea which lld.ght be present in tbe tracer sol.ution)1,32 n. 
results are given in Table 8. Thia study waa carried out at 25 c, with 

10 mg of sUver aa silver chloride, and with a 15-minute contact ti.llla. 

There are few specific interferences. The only aubetance ahovine 

adnrse effect at low concentrations vas ferric nitrate. For the other 

aal ts and acids, the e !feet see11111 to be one of total ion concentration 

rather than one due to arv individual ion. 

Z6 
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Tille tor 90% 
Te!!!E!!rature 1 C Ezcha!!lea seconds 

2 .380 

26 220 

38 166 

53 120 

64 100 

74 92 

a; a; 
96 71 

Contatina1;ion of aUver separated b)r isotopic ezcbanp baa been 

teated tor more than 20 representative e1ementa.3l,32 Ten 1111 of silver u 

ailftl' chloride, a temperature of 2S c, am a lS-minute contact time were 

eapl07ed. The 11taulta of thia study are given in Table 9. No carriere 

were added to &117 of the tracers. Of the elements tested, only mercurr 

and biamtb contamina\ed the aUver gauze to an aiiiOWlt greater than a 

tw parte per tbauaand. J.bout 10 per cent of tracer iodide is carried on 

aUver chloride gauze atter a 1S·m1nute contact. Tbe 0.01 per cent 

flgmoe for iodine in Table 9 waa obtained after the iodine-131 eolution 

waa warmed with OS ml. ot concentrated nitric acid and !J.S ml. of 1,!! 

potaaaiua penanganate solution to Ollidi&e the iodide to iodate. 

The silver chloride gauzes empl07ed in 1110st of the studies 

described above were prepared within one hour of uae. To check the effect 

of ag1ng, gauzes conhining 10 mg of silver as silver chlor"!de were atored 

in 8 ! nitric acid for periods up to one week and then uaed for a silver 

separation.3l,32 Exchange yields ot 99.2 ! 0.8 per cent indicated no 

adverse eftecta during one week's aging. 

Silver iodide is also suitable for the exchange separation of 

au.,.r)1,32 The rate of exchange approximates that with silver chloride, 

aa 91 per cent ia remOYed in 6 lldmtes and 99 per cent in 9 lldnutes with 

1.0 1111 of aUver as aUver iodide. 

1.1 
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TA.BLI 8. EFIECT OF 1NTli:RJ'IIUMI SUBSTANCIS ON YIILD 
OF Sn.VIR 1M lSOTOP'l.C EICHANCB METHOD 

Per Cent Yield 
~ciea Concemrat.1on1 Molar ot !I Traoer 

1010) l 99 
4 99 
8 93 

12 9l 
1.6 8S 

1£1 o.os 98 o.s 99 
1.0 98 
3 89 
6 41 

HA 1.S 97 
3 90 
6 79 

BF 1.1 98 
.3.3 98 
6.6 83 

1.3.2 S7 
22 1.8 

~H.3~ 99% 42 

Al(l«>3)3 o.s 99 
1 9S 
2 86 

Cu(~)2 o.s 98 
1 97 
2 9S 

Zn(N03)2 1 97 
2 9S 

Fe(NOJ)3 o.s 9S 
l 93 
2 94 

B1(N03)3 o.s 100 
1 97 
2 9.3 

NaC~)~ o.s 9& 
1 97 
2 9S 

c2HsOH 2S% 98 
SO% 9S m 36 

(CH.3)~0 2S% 98 
SO% 9S m 70 
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• 
9. Elec:t.rodepoeit.ion of Silver 

Despite the exteneive literature on the separation of silver b7 

electrodepoei.tion, the •thod haa found few applicatione in radiochelllical 

work. The first application of electrocheJII!.cal separatiooa to anal.Jaia of 

t:lsaion prc>ducta was an ele c:t.rodepoei tion of aU ver. 20 This procedure 

i.nvolved a depoaition fr011 nitric acid solution, a second depoeition fll'oa 

TAli.E 9. CONTAJr.IR4TION OF SD.VER B!' QtHER ACTIVITIIS 
IN ISOl'OPlC EICIW4GE ~lETHmJi! 

Radioactive $pecies 
~10 
1Ja203 {Hg'} ~ 
H&203 (Hg-) 
.81210 
pt;l4 
aulo6 Rhl06 

7S ' 
~92 
SQU3, Inll3 
n204 {Tl~ 

S1 · 
;~24 
Ta182 
11~ {IO,aS) 
Zr6o, Nb7 
Colh4 - 11.4 
Cel34' n-­
Ca 
Sr90 y90 
Ba]4c5, LalhO 

Per Cent Carried 
on Gauze• 

99.S • o.sb 
'f 
4 

1.6 
~0.3 

0.1 
0.1 

0.1 - 0.01 
0.1 - o.o1 

0.04 
o.o1 
o.o1 
o.o1 

0.01-o.001 
o.o1-o.oo1 
0.001-o.0001 

0.0001 
0.0001 
0.0001 
o.oooos 

a. Awrage of at least two deterlllinationa ucept for 
silver. 

b. Average of seven determinationa. The error 1a the 
standard deviation. 

The yield data applies only to the experimntal condit.iona 
described in the text. 

a cyanide solution, dissolution of the deposit in stronc nitric acid, and 

a t:lnal precipitation of silver chloride. Effective purification fll'oa 

gross !iaaion products and sUver yielda of almoet 100 per cent were 

obtained. 

The contamination or electrodepoaited silver 'tv a mmber of other 

activities has been studied. 31 ,32 The plating bath used in this study 

consisted or a IIWcture or 7 1111. of 3 M sodi1111 cyanide and 1 ml. of S M 

sodium h;ydraxide. The silver waa plated on a circular platinUII gause 
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• 
'WU lD. CONT&MlNATION OF EL£CTRO~jPD 

SILVER BI OTHER ACTlVlT • 

Per Cent earr:l,ed& 
Tracer Cairter mea 110 Carrier .ldded 

ACfiO 99! 1.36 variable 

cel-44, ~ iMoluble 24 

Co~ iMoluble o.os 
cz$1. 0.4 2.1 

cJ..lb 0.001 0.004 

z131 0.2 0.04 

Irl92 0.06 4 - 0.2 

~ul06. 1lJll06 0.0) 0.1 

s~ 26 s 
ae7S 0.04 o.os 
SaW, IzrWa wol.uble lO 

ar90, y90 ineol.uble 2.S 
Ta182 inaol.uble 6.4 

Jr9S, lft?S inaoluble 1.0 

a. .t.nrap of duplicate l'I1NI ucep\ !or sUftl'. 

b. .f.ftl'ap of quadruplicate l'Un8. The error 1a the 
•standard deTtation-. 

The yield data applies oal7 to the cxpen.antal 
conditione described 1D the tot. 

cathode b7 electr~ing at 4 volta !or lS minutes with rapid stirring. .t. 

platiDua wire was uaed as the anode. .t.!ter completion of the electr~ia 1 

the cathode vas washed with water !or 1 llliiilte aDd dried with acetone. 

The results of the atud)r are given in Table 10. The percentage of each 

tracer codepceited with the aUver vaa determinld both with and without 

carriers except when macro uounta of the contalld.nants were not soluble 

1D the platiDI bath. 

Recove17 of aUver 1D the above procedure was quantitative when 

110re than 2.S 111 of sUver were present. With ••ll•r amounts, the yield 

vaa reduced b7 dissolution o! so• of the sUver 1:v the platina solution 

durinc I'GCiftl o! the cathode. 

lO 
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One of the deairable teaturea of electrodepoeition 'liea in ite 

ueeful.neaa in the separation of aUver from halides, particularlT iodine. 

Grei1111 and Rogera found that electrodeposition ill also very useful tor 

separation of tracea of silver tr011 palladium targets. 86 The7 studied 

aeveral plating aolutioru~ and found cyanide to be tbe moat favorable. 

V. DISSOLUTION 01" Ml'l'ERW.S CONl'.liND«l SlL VIR 

Hitric adid ill the reagent used 1110et trequentlT in.diaaol'9'iug 

•terials containing silver. Moat reactor and cyclotron targete uaed in 

the production of ailver ill()topea are dissolved in nitric acid. Theile 

include targets of •tallic palladiuJiO, cadJIIiuml3, indiual-3, and silv.-22. 

Palladium tarpta are onl.7 slightlT soluble in concentrded nitric acid, 

and the7 are very slw to diasolft in a mture of concentrated nitric 

and aul11lric acid.S3 '11lua aqua recia has been ellpl.07ed frequentlJ in 

this caae.24,S3,SS,S9 

MaJlT of the water-insoluble colllpOUDde of silver are soluble in 

nitric acid. These include the axide, chrou.te, dichrONte, phoapbate, 

iodate, axalate, cyanide, and sulfide. Sone co~ounds are dissolved 11' 

forlll&tion of co~laea of ailver with CO!q)loing agents such aa a111110nia, 

cyanide, or thioaulphate. Silver chloride, oxide, chro~~~&te, dichro~~~&te, 

carbonate, phoepbate, thiosulphate, iodate, oxalate, and cyanide lllllY be 

dissolved in thia •mer in ammoniua h1drox1de. In the cue of the 

bromide and iodide, the aiiiiiiOllia complex of ailver is not sufticientlf 

stableJ so less dissociated complexes such as the cyanide or thioaultate 

are necesaary for the diaaolution. 

Biological and orpnic Daterials containing silver can be 

dissolved b;y aahing them in a mftle ~mace and dissolving the ash in 

nitric acid. A wet ashing procedure in which the material ill treated with 

nitric acid, aqua recia, or a mi.Jrture of nitric and parchloric acids 

may be preferred. Gorauch has given an excellent discussion of the 

diaaolution of orcanic •teriala containing silver. 89 He describea a 

wet oxidation •thod in which he heats a 2 g sample of cocoa with a 

mixture of 1) ml. of nitric acid and either 10 ml. of perchlortc acid, 

10 ml. of sulfuric acid, or 10 ml. of perchloric acid and S ml. of sul11lric 
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acid. Gorauch alao deacribM wo dr7 aahinl Mth~. 89 In one, the 

auple b heated until it ia charred, a tn drope of nitric acid u 

added, and beat ia again applud. In the other, S Ill of S I aulturi.c 

acid or 10 a1. of 7 per cent •paiua nitrate is added to the aa..,U, 

the aaJIII].a ia dried, and it u then a abed • 

.l vet aahina procedure for rat tiuuaa cont&1D1Di ailYV bu 

been raported in vhicb the tiaaue -. heated to !Uea with aulturic acid 

and l:\7dropo pera:xide vu added dropwi .. until all of the orpnic •tter 

vaa deatrO)'edo91 In daterlli.Datione of ailnr in lubricatinl oila, the 

oil ia ignited and blrned to an aah in a platima diah, the ignition 

ia contiB18d 1D a ftlmaca at SOO C, concentrated n1 tric acid ia added 

to the residue and evaporated to a ~ate, water and ai"''aia are added, 

and the adJctura ia boiled and n.itered.92 

VI. RADIOASS.lY TICIINI~ rot SILVER ISOTOPIS 

In the radioaaaq of solutions or precipi tatea con~1.ninc 

radtoactbe isotgpaa of ailver ~rticular attention 11118t be ~id to the 

dacq ache•• and radiations of theae isotopes. Such factors aa half 

life, type of radiation, and eneri1 of radiation IIWit be considered. 

The nucbar characteriat.ica of the isotopes of ail't'er can be found 

in the literature92 and are 11Ullllla1"ised in Section III. 

The fisllion product. isotope• of ailwr are ql09a, qlll, ~2, 

1111.3, and ~. Silver-109m dacqa b7 an 1aomr1c transition to at.a~ 
111091 and the 0.088 Mav ga111111 1'&711 elld.tt.ed in th1a transition u;r be 

detel'lllined with a acintillation counter. The halt life of ~09a u 

01117 40 aeconda, however. Silvar-111, with a half lite of 7 .S dqa, 

dacqa b,r emiaaion of o. 10, o.~, and l.Ob Mn beta ~rticles which u;r 

easil7 be asaayed with a Geipr or proportional counter. GaJUa raye vit.h 

enar1ie11 of 0.243 and 0 • .340 Mav are also elllitted, blt they are of low 

abundance. Silver-112 with a ).2-hour halt life and .tgl-14 with a S-aecond 

half lite both emit. high eneri1 beta radiation and &una radiation, and 

thq ~ be deterlllined b.r either scintillation counting or Geiger or 

proportional counting. Silftr-11.3 ia a beta elllitter with a $.)-hour 

half lite, am it is detendnad b7 aaaay of ita 2.0 MaY beta particles. 
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Tbe 0.31 Mev gama ray elllitted b;r .&;13 ia of low intensity. Silnr-109111, 

Ailll, and &gl-12 are also encountered aa daugPt.er product• of Pdl09, Cdl09, 

~, Pdl.lla, and Pdll2. 

Silver• 110m with a half 11!8 of 2$3 day a, is one of the 

11108t .trequently encountered isotope• of au.,.r. It ia produced b;r neutron 

actintion am ~ be asaayed either with a Geiger or proportional counter 

or With a scintillation apectroiiiBter. Neutron activation of silver also 

producu 2.3'"111nute Ac108, which 11111' be determined 'b;r either beta or 

ga ... aaaq. 

Tbe re•ining isotopes of silver 11111' be determined b7 both 

beta and ga11111a usay techniques except in the case of 40-dq ~S, 

8.3-dq ~~ 44-aecond A&J-07•, 40-seccmd .~&109111, 74-aecond &glll•, 

20-seoond J&llSa, and 1.1-lllinute .1&117. SUver-lOS and A&J-06 decay b,r 

electron capture and ellli.t onl.7 I-raya and pm11a rays. Silver-107m, .&&1°9•, 

and A&J-lla decay b;r iaolll8ric transition am elllit only g&llll1ll raya with 

energies on the order of 0.09 Mev. 'lbe decay of .&gllSa am .1&117 is nat 

well characterized, and on~ the emission of beta particle• ia known for 

these isotopes. 

Vli. COLLECTION OF DETAILED RADIOCHEZ.iiC.AL PP.OCEDURES FOR SD.VER 

PROCEilJRE 1 

RAD:I.OCHEMICAL DETERhlNlTIOO OF SILVER 

1. Introduction 

.l radiochemical procedure for the determination of silver baa been 

dneloped ft'om the yield and decontamination data presented in Tablea 9 and lD 

in Section IV. Thia procedure baa been publiahe.d previoualy by Sunderman 

and Jl.einkal. leotopic exchange and el<lctroder;()aition of silver are 

coupled to form a procedure which my be completed in 30 minutes. Use 

of this procedure will give quantitative recovery or silver and decontalltl.na.te 

it troa ather activitiea by factors or ftoom 1rJ.! to 1olO. All mani.pula tiona 

are simple, and the procedure may readily be adapted to remote operation. 

No precautions are required other than those normlly involved in handling 

c,yanide solutions. 
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PROCEDURE 1 (Continued) 

2. Equipment 

Batte%7 Elilldnator (Heathkit Model B&-4, Heath Co. 1 Benton Harbor, Mlchiaan) 

Platinum Electrodes, 10 mm in diameter, 30 11111 hi&h, 52 mesh 

Magnetic Stirrer 

Test Tubes, 6 em high and 15 mm in diameter. 

3. Reagents 

Silver plating bath: 3 M in sodium cyanide and 0.5 M in sodium eydraxide 

Hydrochloric acid, 0.05 N 

Nitric acid, 8 M 

Silver carrier solution: .Ag~, 10 mg/rril. .&g+ in water. 

4. Procedure 

.&n outline o! the procedure is given in Table 1 along with the 

yields and decontamination factors. A more complete description of 

each step is given below. 

+ Step 1. Add 10 111g of Ag carrier to 9 rril of the plating bath (3 M NaCN, 

0.5 M NaOH) in a 8 Clll :z 15 mm test tube. Connect the circular 

platimm gauze cathode and a platinum wire anode to a source of 

direct current (battery eliminator) ·and electro!Tze at 4 volts 

for 10 minutes with stirring. 

Step 2. Rinse the silver deposit with water, insert the electrode in 10 m1 

of 0.05 M eydrochloric acid, and electro!Tze as the anode for 

5 minutes at 1 volt to convert the silver to silver chloride. 

Step 3. Wash the silver chloride with 8 M nitric acid and insert 1he 

electrode in 10 ml of the solution containin& the radioactive 

silver tracer. Stir the solution for 15 minutes. 

Step 4. Remove the electrode from the solution, wash with 8 M nitric acid 

for 1 minute, and rinse with water. 

Step 5. Insert the electrode in 10 m1 of plating solution (3 M NaCN, O.S M 

NaOH) and permit the silver chloride to dissolve. 

Step 6. Remove the electrode and insert a weighed platinum gauze 

electrode. (lf the first electrode is weighed prior to Step 1 1 
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PROCEDURE 1 (Continued) 

a second electrode is not neceaaar,y.) Connect the gause cathode 

and a platiJium vire anode to the batte!'7 eliminator and electrolyze 

at 4 volta for lS lllimtea vith stirriD&. 

Step 7. ReiiiOQ tbl cathode, wash vith water for 1 llimte, and dry vith 

acetone. 

TAU l. RADIOCHEMICAL DETBRMINlTION or STI.VER 

l. Plate 10 Ill or " on 
platima gause. 

2. .nectroJ.7ze aa anode in 11:1 
to chanp to A&Cl. 

). ~ in contact vith aUver 
traoer solution for lS llliD. at 
roca temperature 1 stir during 
contact. 

4. Waah gauze with 8 M Hlll3 tor 
l ld.n., rinae with water. 

S. Diaaolve sUnr chloride in 
3 M HaCN-O.S M NaOB 
plating solution. 

6. BJ.ectro17ze at 4 volta tor lS min 

7. Wash electrode vith water 
and acetone, and dr7. 

Decontamination Factorat 

lo3 lr, Ru, Se, Sn 

lQ4 Cr, 11 Sb, Ta, Zr 

loS Co 

6 10 Ce, Ca, Sr 

Yield 100% 

Decontamination Factoras 

lo4 Sn 

loS lr 

2 X loS Sb, Ta 

5 x lOS Cr 
6 10 Ru, Zr 

2 X 106 Se 

4 X 106 Ce 

2 X 107 I 

4 X 107 Sr 

2 X 108 Co 

1ol° Ca 

&lectrodepoeition ot Silnr Yield 100~ 

8. Weigh gause to deterndne yield. 

9. Prepare tor counting. 
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PROCEDURE 1 (Continued) 

Step 8. lleigh the e:;auze to determine the yield. (The silver is depOsited 

as the metal.) 

Step 9. The gauze ~ be assayed in a scintillation well counter. When 

a more reproducible counting form 18 desired, the silver ~ be 

dissolved in nitric acid and precipitated as the chloride. · 

Reference: 

1. D. N. Sunderman and ii. w. 1-Binlce, Anal. Chem. 29, 1578 (1957). 

PR<X:EDURE 2 

Source - •neterllli.nation of Silver Activity in J.Piasion'l, 
T. B. Novey, Paper 266 in Radiochemical Studies t 
The Fission Products, edited bi c. D. Coryell aild 
H. Sugarman, MCGrav-HUl Book Co., Inc., 
New York, 1951. 

J. procedure !or the isolation of silver from fission DBterial 1.8 
baaed on repeated chloride and sulfide }recipitationa. The determination 
requires about 2 hr and gives a produo\ of IIIOl'e than 99 per cent radiochemical 
purity. The chemical yield is 6o to 90 per cent. 

Discussion 

The only fi~sion-product element with an insoluble chloride 1.8 

silver. A si.Jnple procedure for the isolation of silver is baaed on the 

separation of J.gCl. Purification of the silver is effected 1:¥ J.g2S 

precipitations from an aDIIIIOniacal solution. In the procedure described 

here, silver is final~ precipitated ae &gel for weighing and mounting. 

Procedure 

J.n irradiated uraeyl nitrate sample of 5 to 50 g is dissolved in 

5 to !>0 ml of water, and about 20 mg of silver carrier ia added. J. 

solution o! 6N 1£1 is added until precipitation is COIIIPlete. The J.gCl 

is centrifuged arx1 washed, and 6N ~OH is added until the precipitate 

is dissolved. The silver is precipitated with H2S from the cold solution. 

This sulfide precipitate is centrifuged, washed, and boiled in a 

.tev milliliters of cone. Hr«>3 until all the su.J.fur 1.8 oxidized. Silver 
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PROCEDURE 2 (Continued) 

c::bloride 1a then precipitated with HCl as before, centrifuged, and washed. 

Tbe precipitations with sulfide and chloride are repeated. The chloride 

precipitate is .filtered onto a filter-paper disk in a size 0000 Hirsch funnel, 

vaahed well with O.lN HH03 and then with alcohol, and dried at 110 C. The 

product may be weighed to determine the chemical yield before it is mounted. 

PBOCIIDURE 3 

Source - •Improved Determination of Silver Activity in Fission~', 
L. E. Glendenin, Paper 267 in Radiochemical Studies 1 

The Fission Products, edited by c. D. Coryell alid R. 
sugarman, MCGraw-Hill Book Co., Inc., New York, 1951. 

The procedure !or the determination or silver activity in fission 
bas been improved by the addition of Fe ( OH) 3 scavenging steps. Tracer tests 
and separations of silver !rom a !iasion-prOduct lll:iJtture indicate 
satisfactory decontamination trom other fission activities, including iodine. 

1. Introduction 

The separation of silver from the other fission products in a 

Hl«l3 solution is accomplished by the precipitation of Agel with ~1. This 

precipitation is specific !or silver in a fission-product miJtture. The 

purification of the silver is then ei'f'ected by alternate Fe(OH)J scav­

enp.ngs arxt .&g~ precipitations from an a111110niacal solution. The silver 

is finally precipitated as lgCl !or weighing and mounting. The present 

procedure is adapted from the earlier D18thod of Novql arxl dii'f'ers only in 

the addition of the Fe(OH)3 scavenging stepe. The decontamination !rom 

other fission actiVi-ties, including iodine, is satistactor;y, Tbe chemical 

y1eld is 75 per cent or more, and tha time required for a complete 

detel'llination is about 1 hr. The complete procedure, together with a 

discussion of the developmental work, is given below, 

2. Preparation and Standardization of Carrier 

Dissolve 16 g of pure .lgN03 in water and dilute to 1 liter. Pipet 

S m1. of carrier solution into a beaker, add about 50 m1. of water, and 
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PROCEDURE 3 (Continuett} 

heat nearly to boiling. .ldd 2 1111 o! 6M HCl drop by drop with continuous 

stirring, digest the precipitate for about 1 lllin, and filter quantitatively 

with suction onto a weighed sintered-glass crucible. Wash three times 

with 5 ml o! ~0 and three times with 5 ml. of 95 per cent ethanol, rinsing 

down the inside o! the crucible with each portion of wash liquid. Wipe 

the outside of the crucible dry and place in an oven at 110 C !or 10 min. 

Cool in a desiccator and weigh as AgCl. 

3. Procedure 

Step 1. To the sample in a .50-ml. centrifUge tube, add 2 ml. of 

silver carrier and a few drops of Aerosol (Note 1), dilute to 20 1111., and 

heat nearly to boiling. Add 1 ml o! 6M HCl drop tu drop with stirring 

and digest the precipitate of Agel !or a few seconds b.Y gentle boiling 

and brisk stirring (Note 2). Centrifuge, and wash the precipitate with 

10 ml. of H20• 

Step 2. Dissolve the Agel in 2 ml. of 6M NH40H (Note 3), dilute 

to lU 1111., and add .5 mg of iron carrier drop b.Y drop with stirrir.g. 

Centrii'uge, and discard the Fe(OH)3 precipitate. 

Step 3. Saturate the supernatant solution with H2S. Centrifuge 

the precipitate o! Ag2S. 

Step 4. Dissolve the precipitate of Ag2S by heating with 1 ml of 

cone. HN0.3 (Note 4), dilute to 10 llll., neutralize with 6M N~OH, and add 1 

to 2 1111. in excess. Add .5 mg o! iron carrier drop by drop with stirring. 

Centrifuge, and discard the precipitate, 

Step .5. Repeat steps 3 and 4. 

Step 6. Add 5 drops of 6M HCl and a !ew drops of Aerosol (Note 1) l 

then add 2 Toll. o! 6M H003 with stirring. Heat to boiling and fUter with 

suction onto a weighed filter-paper disk (Note 5) in a snall Hirsch funnel. 

Wash three times w1 th 5 llll. of H2o and three times with .5 m1. of ethanol. 

Dry at 110 C for 10 min, weigh as .AgCl, and mount. 

Notes. 1. The addition of Aerosol helps to coagulate the AgCl 

and to prevent its adherence to the walls of the tube. 
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PROCEDURE 3 (Continued) 

2. D~estion helpa to coagulate the milky suspension of ~gCl 

that is usually fo~. 

3. ~ little heating may be necessary. 

4. ~ small, insoluble residue or tree auli'ur may be formed by 

oxidation of the .&g~. This will be removed by the Fe(OH)3 scavenging 

prt.cipitate. 

5. The filter-paper disk is washed with ethanol and dried unier 

the conditions of the procedure before weighing. 

4. Discussion 

Among the flaaion products the precipitation with chloride ion in 

acid solution is specific for silver. The moat probable contaminants in 

the precipitation of Agel are the halogens bromina and iodine. Precipitations 

of silver as .&g2S are therefore included in the procedure for the pJ.rpoae 

of displacing &IV' contaminating halogen activities. To the earlier procedure 

of alternate precipitations of Agel and .ag2s developed by Nove;y,l scavenging 

precipitations of Fe(OH)3 from an ammoniacal solution have been added to 

decrease general contamination, ~ttempts by Steinberg2 to use a simple 

procedure of alternate qCl precipitations and Fe(OH) .3 scavenging& proved 

to be unsuccesa:t\tl, The isolated 7 .Sd ~glll contained a Y contamination 

that was not rell'.oved by this method. The contaminant was not identified, 

but it is probably 8.0d rlJl, which has a Y radiation of 0.37 Mev, The 

addition of ~g2S precipitations (as in the present procedure) was found 

by Steinberg to remove the Y contamination. 

To determine the extent of iodine contamination in the silver 

procedure, tracer tests were made using carrier-tree 8.0d rl.31 prepared 

by neutron irradiation of telluriwn. Uiquots of the tracer solution 

containing 100,000 counts per minute (c/m) of 8.0d 11.31 were taken 

ror the testa on the silver proc.:~dure. In two experi1111nts the Agel 

precipitates at the end or the complete procedure contained 8 and 

10 c/m, or 0.01 per cent of the iodine tracer activity added. It is evi-

dent that far the separation of silver from the usual fission material U• 

decontamination tran iodine is quite satisfactory. 
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PROCEDURE 3 (Continued) 

The separation ot silver from gemral fission activities vas also 

shown to be satisfactory b7 the following experiment a .l fission-product 

concentrate vas prepared from plutonium that had been irradiated in the 

Clinton PUe tor 32 days and had stood tor 42 dqa. Tbe 7 .Sd ~ll 

fission activity was isolated fro• tbe fission-product concentrate b,y a 

simple procedure consisting in three precipitations of .lgCl with tvo 

Fe(OH) 3 scavenging&. Tbe isolated silver activity showed a single 

jS component ot 1.1 Mev IIIUiiiiUII energy (b,y absorption in alWIIi.IJ.laV and 

decayed for several half-lives with a period of 7.6 days. In the decay 

curve a long-lived component vas t.1nally observed which amounted to onl.7 

0.1 to 0.2 per cent ot tbe initial activity. Since the 7 .5d .lg constituted 

about 0.1 per cent ot the total fission activity in tbe concentrate at the 

time ot the silver separation, the decontalllination from other fission 

products in this experiment was ot the order ot 106• A decontam:l.nation 

factor of more than 1o6 can be expected in the regular silver procedure 

because of the additional .A&2S precipitations. 

From the above work it is evident that tbe silver procedure pro­

vides sufficient purity for the usual purposes. rr high purity 1a desired, 

the cycle ot precipitations ~ be repeated as often as is necessaey. 

References 

1. T. B. Noft7, Paper 266, this volulll8. 

2. E. P. Steinberg, private COIIIIIWlication. 
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PROCEDURE 4 

Source- L. J • .Baaufait, Jr. and H. R. Lukens, Jr., 
•Handbook of Radiochemical Analysis, VolWIIil II. 
Radiochemical Procedures• 1 NP-5057 (Del.) 1 

Page 119 (1952). 

1. To the solution containing the silver activity in a volume of 8 ml 

(in a 12-ml. glass centrifuge cone), add .A.g carrier. Add one drop 

of 1% Aerosol solution, heat to near boiling and add 1 ml of 6! HCl 
. I 

dropvise with stirring. Continue htsating gently for one to two 

minutes. Centrifuge and wash the AgCl once with 5 m1 of water. 

Discard the supernate am the wash solution. 

2. Dissolve the AgCl in 1 ml of 6! Nlf40H, heating gently if necessary. 

Dilute the solution to 5 m1 and add 5 mg of Fe+++ carrier dropwise 

with stirring. Add 2 to 3 drops of aerosol solution. Stir, centrifuge, 

and decant the supernate into a clean 12-ml. centrifuge cone. Wash the 

Fe(OH)3 scavenge with 2 to 3 ml of water to which a few drops of NlfUOH 

have been added. Combine the supernate and wash solution am discard 

the Fe(OH)3 precipitate. 

3. Add 1 drop of a 1% aerosol solution and 2 nil of 3!:! (NH4)2S with 

stirring. Continue stirring until the .A.g2S coagulates. Centrifuge 

and wash once with 5 ml of water. Discard the supernate am the wash 

solution. 

4. Dissolve the .A.g2S by adding 4 ml of HN03 and boiling am stirring for 

about 10 m1nutes (Note a). Place the tube in an ice-bath and caref'ully 

neutralize with NH40H (pH paper may be used). Add 2 m1 of 6! NlfUOH 

and 5 mg of Fe+++ dropwise with stirring. Add 2 to 3 drops of a 1% 

aerosol solution, stir, centrifuge, am decant the supernate into a 

clean 12-ml. centrUhge cone. Wash the Fe(OH)3 scavenge with 2 to 3 nil 

of water to which a few drops of ~OH have been added. Combine the 

supernate and wash solution and discard the Fe(OH)3 prec1pitate. 

5. Repeat step11 3 and 4. Filter the final solution through a lifhatman No. 

42 filter paper in a f'unnel. 

6. Prepare a Whatman No. 42 filter disc by washing it three ti1111s with 5-ml. 

portions each of water am ethanolJ drying at 90-100 C for ten minute11. 
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PROCEDURE 4 {Continued) 

Cool in a desiccator for 10 lllinutea and veigh. Repeat this procedure 

until a constant weight (! 0.1 mg) baa been obtained. 

1. To the solution from step 5 add 2 ml or 6_! Hll>.) and 4 dropa of 6,! 

HCl quickly with stirring. Filter i1111111diately (Note b) through the 

prepared ruter paper using the ruter apparatus. Wash the J.&Cl 

three times with 5-ml. portions each or water and ethanol. Dr7 the 

precipitate and disc in an oven at 90-100 C for 10 mimtea, cool 1D a 

desiccator 10 mimtes and weigh. Repeat the deying treat.nt until 

the weight agrees within 0.1 mg. 

e. }')ount and count. 

NOTES 

a. This treatment is necessary even ii' all the Ag2S appears to dissolve 

il1lll8diately. A small residue of i'ree sulfUr lillY be i'or1111d by the 

oxidation oi' s•. The sulfur will be removed qy the Fe(<JI)3 scavenge in 

the following step. 

b. The AgCl aust be filtered before it coagulates because large particles 

of .&gCl will give an uneven distribution of .&gCl on the i'Uter paper 

and thus introduce a counting error due to irregular absorption and 

scattering of the activity. 

PROCt:DURE 5 

Source - R. L. Folger and H. Hicks in Report ~D-27.381 
edited by W. W. Meinke, August, 1949. 

Target material: 4 g U metal foil Time i'or separation: 2 hr. 

Type of bombard1111nt: 164• all high 
energy particles 

Yield: 60% 

Equipment required t Centrii'uge, 
cones, micro burner, uo• oven 

Degree of purification: 10.3 f'rolll all F. P. activities 

Advantages: Relatively simple procedure giving good separation in high yield. 
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PROCEDURE 5 (Continued) 

Procedure: 

(1) Dissolve target ;.n > 10 ! HNOJ*• Take aliquot and dilute to 

~ 5-6 ! Hl«:>3. 

(2) Jdd aerosol and precipitate Agel with 1 ml o.S! HCl-. Wash 

twice with 10 Ill l] HN03 containing 1 drop 2 ! HCl. 

(J) Dissolve .lgCl in 2 Ill 6 ! Nif40H, dilute to 10 Ill, am add 2 mg 

Fe +J. Centrifuge Fe(OH)3 and repeat sca-venge (IIIQ' be done in 

sa11111 tube.) 

(4) Saturate supernatant with ~S in the cold, wash .lg2S. 

(5) Dissolve .lg~ in 2 ml concentrated Hlr>3, boil, dilute to approx. 

4 N (8 Ill) and precipitate Agel with 1 Ill o.S N HCl. Wash twice 

with HN03 containing l drop 2 ! HCl. 

(6) Repeat {3). 

(7) Repeat (4). 

(8) Dissolve .lg~ in 1 1111. concentrated HN03 , boil to destrOY' or remove 

all ~S dilute to 6 1111, add l mg Fe•3, and make basic with NH3 • 

(9) Jdd aeroeol, ake 2 ! in HN0:3, add 2 dropa 6 ! 11:1 and boil to 

coagulate. Filter, wash three times with S ml 0.5 ! HN03 three 

times with 5 ml C2H50H, dry 10 min. at no• C. Weigh as .lgCl 

(1).28 mg per 10 mg .lg). 

Re1111rlca I 

* .lg carr;ler should be added to the container in which target is dissolved 

in order to prevent loes of trace .lg by absorption in the glass. .ln 

a1110unt of carrier should be added so that the aliquot will contain 

10-20 mg. 

** Bolling the solution over a microbumer with stirring (being careful 

to avoid loss by bumping over) causes rapid am complete coagulation 

of Agel. 

In step 2 addition of a few dropa Ba & Sr plus 2 drops 50:1 K2C03 

will provide additional decontamination from these eleme~s. 
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PROCEDURE 6 

Source - R. H. Goeckenann in Report AECD-27.31i, edited 
by W. li. Meinke 1 £ugw~ t 1 1949. 

Target mteria11 ~ 1 g Bi 1118tal 

Type of bomaro.nt 1 184• all 
particlea 

Yield: -v80~ 

Tillie !or separation: ""' 2 hrl. 

Equipment required 1 CentrifUge 1 

tubes, ice, 110• oven 

Degree o! purification: DecontaJnination factor > 104 .troa nasion and 
spallation producta 

.Advantages: Good yield o! pure Ag. 

Procedural 

(1) To aliquot of Hl«l3 aolution o! target add 10 ag Ag, aeroeol, 

dilute to 20 ml., and precipitate AgC1 with 1 Ill 6!!, HCl. Wash 

with 10 ml H20• 

(2) Dissolve AgCl in 2 1111. 6]! ~00, dilute to 10 ml., and add 5 mg 

Fe•3. 

(3) Saturate supernatant with H2S in the cold, wash Ag2S• 

(4) DiBso1ve Ag2S in 1 1111. concentrated Hr«:>3 , dilute to 20 1111. 1 and 

precipitate AgCl with 1 ml 6]! tel. Wash with H20• 

(5) Repeat (2). 

(6) Repeat (3). 

(7) Dissolve Ag2s in 1 1111. concentrated HN03, dilute to 10 1111., add 5 mg 

Fe +J, and make basic with NH3• 

(8) .Add 5 drops 6!!_ H(,'l to supernatant, add aeroeol, nake 1!! in HN03 1 

heat, filter, wash three times with 5 ml H2o, three times with 

Remarks: 

5 ml. C2H50H, dry 10 min. at 110• C. !Neigh as AgCl (13.28 ~ per 

10 mg Ag). 

Wilkinson sugJested an electrolysis procedure involving plating 

Ag0 on the cathode !rom 2-J ] Hr«:>3 and then transferring it to the 

anode in a cyanide bath -- this is good unless pt, Au, Ir, or Os 

are present. 
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PROOEDURE 7 

Source - R. c. Lilly in Report lECD-2738, edited '1:¥ 
W. W. Meinke, August, 194'9. 

Target materials Cd (separated 
isotopes) 

Tilll8 for separations 30·40 Jilin. 

Type Of boJIIbllrdDBnt S Deuterons am 
protons - oo• 

Equipant required s beakers, 
funnels, Hirsch funnel 

Yield s ,..J 90% 

Degree of purifications good - at least factor of 100 i'roa other activities 
present. 

Advantagess Simplicity • 

.Procedure s 

(1) Dissolve the Cd target, weighing 10·15 mg, in a few lllilliliters 

of cone. HN03 in a sllllll beaker. When all of the mterial has 

dissolved, evaporate to dr.yneas to drive off excess HNo3 • 

(2) Add 3 - 4 mg In and 3-4 J!f;. .lg as the nitrate solutions am 

dilute to~ 10 Jill with H20• 

(3) Add 1 _!! HC.'l dropwise until the Ag is completely precipitated as 

AgCl. Coagulate the precipitate by heating and filter through 

a smll 142 ~atlllln filter paper in a short·ste1111111d glass funnel. 

(The filtrate contains the Cd and In fractions and is worked up 

separately as described in the procedures for Cd and In from 

Cd targets, Nos. 48-3 and ~. 

(4) Wash the AgCl precipitate several times wLth 0.1 ~ HN03, 

discarding the washes. Dissolve prt:cipitate through paper 

with 6 N NH40H, collecting the solution in another small 

beaker. 

(5) To scavenge for ln, add 2-J mg Fe as 5 ml of FeCl3 solution, 

stirring well dur i ng the addition. Coagulate the precipitate 

by heating' ru ter' and dis card it. 

(6) Re-acidii'y the filtrate with HOOJ and add a few drops of 1 ~ 

HCl to llllke sure that the .lgCl is completely precipitated. 

Coagulato the precipitate qr heating and filter through a t42 

What~~n paper disc held in a Gooch crucible or Hirsch funnel. 
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PROCEDURE 7 (Continued) 

(7) Suck the sample as d%'7 as POSsible and then pour 1-2 1111 

acetone through the paper to remove the residual H20. When 

the paper disc ia dry, mount, under tape. 

Remarks a 

See Scott (Std. Math. Cham. Anal.) for co~~pl.dte infol'IIRtion on 

the precipitation of AgCl. 

PROCEDURE 8 

Source - H. Lindner in Report !ECD-27 38, edited 1u 
w. w. Meinke, August, 1949. 

Target material: Sb (---.1 .5 g 111Btal) 

Type of bombardiiiBnt: 184• D2 & d. 

Yield' Equal or greater than SO% 

Time for separat.iona 1 hr. 

Equip1118nt required; Lusteroid 
tubes, centrifUge, cones 

Degree of purification: At least factor of 100. 

Procedure a 

(1) To dissolve the Sb 1118tal 1 add 15 drops of 27 ! HF to it in a 

lusteroid tube in a hot water bath. Add cone. HN03 dropwise 

untU dissolved (-vlO min). Dilute to rv 20 ml. 

(2) To the Sbf4- solution add 20 mg each of Te, Sn, ln, Cd, Ag, Pd, 

Ru, Mo, & Y carriers as soluble salts. Add 2 drops cone. HCl. 

Centrifuge the YF3 and AgCl precipitates. 

(3) Wash the precipitate with l ~ HF. 

(4) Dissolve out the Ag• from the precipitate by adding 1 ml cone. 

1ftOH. CentrifUge. 

(5) Dilute the supernat~nt to 5 ml and add 2 mg Fe+++ carrier. 

Centrifuge and discard the precipitate of Fe(OH)3• 

(6) Add 1 mg each Sb, Sn, In, and Cd carriers. Add 1 ml cone. ~-03 

and 1 drop cone. HCl. Centrifuge out the AgCl precipitate. 

(7) Add 1 ml cone. NH40H to the precipitate and repeat (6). 
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PF.OCEDURE 8 (Continued) 

(8) Add 2 ml. 6 ! NaOH to the Agel precipitate. Digest 10 minutes in 

hot water bath. Dilute to 10 ml. ,',c centrifuge, 

(9) Wash the Ag20 precipitate with water and then dissolve in 1 drop 

cone. HN03. 

(10) This solution can be plated or it chemical yield is to be 

determined the .lg should be weighed as AgCl. 

PROCEDURE 9 

Source - A. S. Uewton in Report AECD-2738, edited b)' 
w. W. Meinke, lugust, 1949. 

Target mterial 1 Thorium metal ( .1-1 g) Time for separ!tions 1 hr 

Type or bombardment I 6o• o: •s 

Yield:,-~ 85% 

Equipmnt required 1 Standard, 
tank¥ 

Degree or purifications . ..V 106 except from Pd. 

Procedure: Th metal dissolved in cone. HCl + a rev drops .2 !'I solution 
(Nf14) 2S1F6 to clear up black residue. The HCl is diluted to 2 ,! 
and an aliquot taken. 

(1) Add 20 mg lg+ to sample after diluting to 0,) N t£1, Digest 

a !ew min. Centrifuge AgCl precipite of! and wash with 

10 m1. ~o. 

(2) Dissolve AgCl 1n 2 m1. 6 B ~OH. Dilute to 10 m1. arxi add 5 mg 

Fe+), Centrifuge o!f Fe(OH))• Add 1110re Fe and recentrifuge. 

Saturate supernate with ~S. Precipitate ls2S. Wash lg2S. 

(3) Dissolve precipitate in 1 ml cone. HN03. Dilute to 10 ml.. 

Neutralize with 6,! NH40H and add 1-2 ml. excess. AddS mg Fe•J. 

Discard precipitate. 

(4) Repeat Ag2s and Fe(OH) 3 precipitations. 

(S) To last Ag(NH3)4 + solution add S drops 6 ,!i HCl, aerosol and 2 m1. 

6 ,!i HN~. Heat and filter. Wash three times S ml H20, three 

times S m1. 95% EtOH. Dry 10 min. at no• and weigh as AgCl. 
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PROCEDURE 9 (Continued) 

Remarkas 

10 mg Aft.+ • lJ.J mg AgCl (k.W. 14J.J4) 

This method has been described previously (Peys. Rev. 75 17 (1949)). 

Ag+ is adsorbed very rapidly by glass in carrier free solution. 

Dissolve and treat in quartz or luateroid till carrier added, otherwise 

moat of active A&+ ma;y be loet. 

PROCEDURE 10 

Source - U. Sch indewolf and M. Wahlgren, page 7S in 
Report AECU-3887, edited by W. W. Meinlce, 
November, 1958. 

Target mterials Meteorite 

Type of bombardmnts Neutron, 5 min. 
100 kw. 

Yields 80% 

Advantages s rapid 

Procedures 

Time for separation: 5 min. 

Equipment required: &J 111111 fritted 
a.tchner 1\mnel, til tar chimney, 
burner and tripod, filter flasks, 
aspirator, miscellaneQla beakers, 
beaker tonga, nickel crucible, 
wash bottles-watsr, alcohOl 

(1) Add 2 ml. silver carrier to crucible J dry. 

(2) Fuse 1 g irradiated sample with 8 g sodium peroxide tor one 

Dtl.ru te. (finely ground samples) 

(3) Dissolve melt in solution containing 100 ml water, 2S Ill HCl. 

CAUTIONlJ 1 

(4) Filter off silver chloride, wash with water. 

(5) Dissolve silver chloride from fritted fUnnel with hot ammonium 

hydroxide. 

(6) Add metallic zinc, swirl one minute. 

(7) Pour throu~h filter chimney. 

(8) Wash final sample with hot dilute acidJ dry with alcohol. 

Chemical yields thiocyanate titration. 
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Source - •collected Radiochemical Procedures•, 
Loe .ll.amoa Report Ll-1721, September, 19$4. 

This procedure is a modification or one described by L. E. G1endenin, 
CN-1312 (May lS, 194$). 

1. Introduction 

Silver is initially separated £rom other fission products by the 

specific precipitation of the chloride from nitric acid solution. The 

silver is then purified by ferric h,ydroxide scavenging and silver sulfide 

precipitation, both of vhich are performad in a111110niacal solution. Attar 

repetition of the abon cycle, the silver is converted to the oxide 

and i'inal1y to the iodate, AgiO;, in vhich form it is counted. The 

chemical yield exceeds 80%. l,lU&druplicate analyses may be carried out in 

about 3 hCIUra. 

2. Reagents 

Ag carriers 10 mg Ag/1111 (added as Agl«>3 in very dilute Ht«>;)--standardized 

h carriers 10 mg Fe/1111 (added as FeC1; • 6~0 in very dilute HC1) 

HCls 1! 
HCls 6M 

HN0)1 6M 

Hl«>;s cone. 

~SC\' cone. 

HIO;s 2! 

NaOH1 6! 
~OHs cone. 

(NH4)~1 saturated solution 

Aerosols 0.1% in H2o 

Ethano.ls 9$%. 

Bunsen blrner \ 

Drying oven 

Centrii\lge 

3. Equipment 

mock rar holding centrifuge tubes 
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Mounting plates 

Forceps 

Pipets' assorted sizes 

Wash bottle 

PROCEDURE 11 (Continued) 

Ground-off Hirsch 1\mnels: Coors OOO.l (one per sample) 

Filter chilmeys (one per sample) 

Filter fiasks 

6o-ml. sintered glass crucibles: medium porosity (one per standardization) 

No. 42 Whatman filter circles: 7 /8• diameter-""'leighed 

40-ml. conical centrifuge tubes: Pyrex 8320 (five per sample J one per 

standardization) 

Stirring rods. 

4. Preparation and Starnardization of Carrier 

Dissolve 15.75 g of .lgNOJ in a minimm amount of H20, add a few 

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

Pipet exactly 5 m1. of the carrier solution into a 40-ml conical 

centrifuge tubs and dilute to 20 llll with H20• Add 1 m1. of 2!! HI03 and 

stir to coagulate the Jrecipitate which forms. Add an additional drop 

of HI03 to test for completeness of precipitation. Filter the precipitate 

into a weighed 6o-ml sintered glass crucible of medium porosity. Wash 

the precipitate with 5 ml of 95% ethanol and dry in an oven at uo• for 

15 min. Cool and weigh as .lgi03• 

Four standardizations, with results agreeing within 0.5%, are 

per formed. 

5. Procedure 

Step 1. To the sample in a 40-ml conical centrifuge tubs, add 

exactly 2 ml of Ag carrier and dilute the solution to 20 ml with ~ HN03• 

Add 1 ml. of aerosol solution and heat to boiling. Precipitate .lgCl by 

the addition of 1 ml of 1!} HCl. Heat until the AgCl has coagulated. 

Centrifuge and discard the sup:.rnate. 
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PROCEDURE 11 {Continued) 

Step 2. Dissolve the .lgCl in 2 ml. of cone. w4oH. Dilute to 

20 m1. with ~0 am add l llll of Fe carrier. CentrifUge, transfer the 

supernate to a clean 40-ml centrifUge tube, am discard the precipitate. 

Step 3. To the solution add l m1. of saturated <N1'4>r solution. 

Stir vigorously and centrifUge (Note l). Discard the supernate. 

Step 4. Dissolve the .l!Y.!S Jreeipitate by heating with l m1. of 

cone. ~· Dilute to 20 m1. with H20 am precipitate .lgCl ~ the addition 

of l llll of l_! 11:1 as in Step l. 

Step 5. Repeat Steps 2 and 3. 

Step 6. Dissolve the .1g2s precipitate tv heating with 1 ml of 

cone. H~. Make the solution alkaline with 6_! NaOH, am then add 3 drops 

in excess. Centrifuge the ~0 precipitate, am discard the supernate. 

Dissolve the .lg20 in 4 drops of cone. H25C\ and evaporate to dryness. Cool. 

Step 7. Dissolve the residue in 20 m1. of distilled ~0 am add 

l m1. of 2! HI03• CentrifUge am discard the supernate. 

~· Dissolve the .1g103 precipitate in 4 drops of ccne. 

M140H. CentrifUge, transfer the supermte to a clean 40-ml. centrifuge tube, 

centrifuge am discard aey 5 residue. 

Step 9. .ldd 3 drops of cone. ~~ to the solution and filter 

the .lgl03 precipitate on a weighed No. 42 Whatman 7/8• filter circle, using 

a ground-off Hirsch funnel and a filter chimney. Wash the precipitate 

with 5 Jril. of 95% ethanol. Dry for 15 min at no•. Cool, weigh, and mount 

(Note 2). 

~ 

1. Although the precipitation of Agel in acid solution is 

specific for .lg among the cations in fission products, it is possible that 

the precipitate ~ be contaminated with brolll1.ne and iodine. Therefore, 

the .lg2S precipitations are carried out to displace any contaminating 

halogen activities. 

2. Beta-counting for 7 .Sd .1glll activity is begun about 16 hours 

after completion of the chemistry to oennit 3.2h .1g112 to decay sufficiently 

so as not to interfere. 
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