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FOREWORD

The Subcommittee on Radlochemistry is one of a number of
subcommittees workling under the Committee on Nuclear Sclence
wlthin the Natlonal Academy of Sclences -~ Natlonal Research
Councll., Its members represent government, lndustrlial, and
unlverslty laboratorles in the areas of nuclear chemistry and
analytical chemlstry. '

The Subcommittee has concerned 1tself with those areas of
nuclear sclence which Involve the chemist, such as the collec-
tion and dlstribution of radlochemlcal procedures, the estab-
lishment of specilfications for radlochemically pure reagents,
avallabllity of cyclotron time for service irradiations, the
Pplace of radlochemistry 1n the undergradiuate college program,
ete. :

This serles of monographs has grown out of the need for
up-to-date compilations of radlochemlcal Information end pro-
cedures. The Subcommlittee has endeavored to present a serles
which will be of maxlmum use to the working sclentlst and
which contalns the latest avallable Informatlion. 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 1n the radlochemistry of the particular element
has written the monograph, followlng a standard format developed
by the Subcormlttee. The Atomlc Energy Commission hae sponsored
the printing of the serles.

The Subcommlttee le confident these publications willl be
useful not only to the radlochemlist but also to the research
worker 1n other flelds such as physlcs, blochemistry or medicine
who wishes to use radlochemlcal technliques to solve a specific
problem.

W. Wayne Méinke, Chalrman
Subcommlttee on Radlochemlstry
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INTRODUCTION

Thils volums which deals with the ndiocbemtry of silver is one
of & series of monographs on radiochemistry of the elements. Thsre is
included a review of ths nuclear armd chemical features of partioular interest
to the radiochemist, a discussion of problems of dissclution of a sample .
and ooming techniques, and fimally, a collection of radiochemicel
procedures for the elemnf as found in the literature.

The series of monographs will cover all elements for which
radiochemical procedures are pertiremt. Plans incluﬂa.reviaion of
the monograph periodically as pew techniques and procedures warrant. The
reader 1s, therefare, encouraged to call to the attention of the autharas
any puhliabd or unpublished materisl on the radiocchemistry of silver
which might be included in a revised verslon of the monograph. -
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The Radiochemistry of Silver

D. N. SUNDERMAN AND C. W. TOW'NLEY
Battelle Memorial Institule
Columbus, Ohio

I, GENERAL REVIEWS OF THE INCRGANIC AND ANALYTICAL CHEMISTRY OF SILVER

Pp., 99-10) in Volume I and pp., 49-52 and 6L6-6l9 in Volume II
of YAnalytical Chemistry®, F. P, Treadwell, tr. and rev,

by Wlliam T. Hall, John Wiley and Sons, Inc., New York,
ninth edition, 1937.

Chapter 18, pp. 818-8L4) in ®Inorganic Chemistry®, T. Moeller,
John Wilsy and Soms, Inc., New York, 1952,

Pp. 204-209 in "Applied Inorganic Analysis®, W. T. Hillebrand,
.G. E, Lundell, H. A. Bright, and J. I. Hoffman, John Wiley
and Sons, Inc., New York, second editiom, 1953.

' Pp. 173-190 in *Prescott and Johmson's Qualitative Chemilcal
Analysis®, R. K. McAlpine and B, A. Soule, Van Nostrand,
New York, 1933. .

II. GENERAL REVIEWS OF THE RADIOCHEMISTRY OF SILVER

‘®Evaluation of Radiochemical Separation Procedures®,
Duane N. Sunderman and W, Wayne Meinke, Analytical Chemistry
29, 1578, November 1957.

®The Development and Evaluation of Radiochemical Separation
Procedures for Barium, Caleclum, Strontium, Silver, and
Indiun®, Duane N, Sunderman, AECU-3159, February 1956.



III.

TAHLE OF ISOTOPES OF SILVER

Primry Radiatians

Method of

Isctope Half Life ~Type of Decay Gamma_nays - Preparation
Ag203 59 min @ 3% 1.3 Mev 0.55 Mev  Ca%0 (p, ()
_ . EC 0.76} T
ALl ' 27 mia A3 *2.10 0.1_5152 daughter of calOk
. . 0. L
105 0 days ~ EC 0.06k RE03(et, 2n),
te L0 daye 0.281 -l;gi-OSEp. n) "
0.3L5" 0503, 2a) -
0.161143
0. _
106 24 min *1.95 0.512 (178) RO (eC, n),
‘e a 1.5 " %gloséd, n)
g < 0,36 (~V1%)
Ag206 8.3 B 0,513 Az}°-7 » 20),
| i 0.é2l F106(5 55
0.72 RMO93(aC, n)
1.045
1.131
l.ggﬂ
1. _
AgloTm: Lk sec T 0,093 0,093 Daughter of cdlo7
Agi0T  sStable (51.35%)
28 2.3 mn A= 1.17 297;) 0.43 A2 (n, &)
1.1 (¢ 0,60
3 * (0.1%) 0.63
EC (1.6%)
Aglosm LO sec’  IT 0.088 0.088 Daughter of Fat0? apg
: . cdivV7, fission product
9% stable (48.65%) '
110m 253 d /2 " 0.086 (63%) 0.116 Ag1%9 (n, 39
ke e 0.536 3'4; 0.656
IT 0.116 (5%) 0.575
0.619
0.677
0.705
0.76k
0.88L




I1I. TAHLE (CONTINUED)

Primary Radlations ~ Method of
Isotope Hal £ Life —Type of Decay Preparation
aglo 2), sec B~ 2.16 Daughter of AgHOm
’ 2-814

agliim 4 sec IT 0,087 Danghter of palll
agtit 7.5 days 2 1.04 (91%) Fisslon product,

0.70 dapghter of

0.80 - Rlll gpg pglilm
a2 3.2 br A = L (25% Fisalon product,
: 3.5 (hog daughter of Pall2

~1 (15%
agtis l.2mn @37 <20 Daughter of Palld
a3 5.3 br A2 = 2,0 Fission product
Aguh 5 sec ‘d T Lhé Daughter of palll
gty 2 mn ~- Fission product
‘¢]J.5n 20 sec s - Fisslon product
g 21 min 3" 2.9 Fission product
Agllé 2.5 min 37 5.0 Fiesion product
agt? 1.1 min a3~ Fission product

For more complete informetion on the radlations of the isotopes of

silver and for references to the original literature, see ®Tabls of Isotopes®,

D. Strominger, J. M. Hollander, and G. T. Seaborg, Reviews of Modern Physics 30,
No., 2, Part II, April 1958. '



IV, REVIEW OF THOSE FEATURES OF SILVER CHEMISTRY OF CHIEF INTEREST TO
RADIOCHEMISTS

1. Metallic Silwver _

31_1."11"- 1s a white metal, having a demsity of 10.5 g/cc at 20 C,
a melting point of 960.5 C, and & boiling polnt of 1950 C. It 1s a vary
malleable and duotlle motal and. is superiar to all other metals in
conduotion of heat and electricity.

Silvar is a noble metal and is easlly reduced to the metallic
state. Heat alone is sufficient to reduce silver oxide, carbonate, ou.'
cyanide. The addifion of metals such as i:l.no, copper, or iron to a. soluticn |
of silver icns will reduce the sllver to the mstal, as will formic acid,
stannous chlaride, and ferrous sulfater.

Electrolytic reduction of silver 1s easily accomplished, and
purification of the metal is commonly brought about in this mamser.
Oxidstion potentials of silver are given below’:

ig ~ag* v 0" Epgg = -0.7995 V
24g + 205" = Agy0 + HyO + 20" 3598--0.3141;7

s’ -ag*2 +e” E;9S =1.98 ¥
Agg0 # 20H” = 2 Ag0 + H,0 + 2¢” 3298 = -0.57 V
Ag” + B0 = ag0* + 2H* + 207 E;se *ca, -2.0 ¥
Ag*2 + B0 = ago” +28* + 0" 3;98 = ca., -2.1V
200 + 200" = Agy03 + Hy0 + 20~ 1:598 - -0.7%4 V

The most stable cxidation state is Ag(I). The Ag(II) state exiata.as the .
8olld axlide and fluoride, in a mumber of complex compounds, and in strong
axidizing solutions3. The Ag(III) state exists in same complex compounds,
in strong oxidizing aolutionlh, and possibly as the solid oxido5.

2. Soluble Salte of Silver
In agueous solutions the only stable oxidation state of silver is
the +1 etete, Ths #2 and +3 sllver ions mre such powerful caxidising
agents that they are umstalle in water solutions becanse of their reduction
by watsr6. The soluble salts of silver include the nitrate, nitrite, '
fluoride, ohlorate, perchlorate, bromate, sulfate,. permanganate, acetate,
and tartrate. The fluoride is the only scluble silver halide.



3. Inaoluble Salte of Silver and Precipitation and
Coprecipitation Characteristics of Silver

The conditions for gravimiric determnations of sllver are well
defined in standard analytical workels8s9, Silver falls into group I of
the qualitative analysis schems, Table 1 lists the common insoluble o

compounds of silver and the reagents employed to precipitate them.

" Several of these coﬁlpounds bave been employed 1n radiochemical procedures,

the most popular being the chloride and the sulfide.

TAHLE 1. INSOLUHLE COMPOURDS OF SILVER

_ Solubllity in Solubility in
Reagent Precipitate Water, g/100 cc (25C) .___Other Reagents
cL- AgCl 1.8 x 107% Soluble in NE}CH,

Scluble in NepSp03 or KCN solutions
aghr 1.3 x 107 Soluble in MagSp03 or KON solutions,
Slightly scluble in NH)OH
Agl 2.8 x 10"7 Insoluble in NH)OH,
Scluble in NapSp03 or KCN solutions

NaOH or. Ko Agp0 2.1 x 1073 Soluble in Mlj,0H,
sclution ' Scluble in KON salution,
Scluble in HEO5
Fe, Zn, or Cu metal Ag insoluble Soluble in HN03
re**, sn**, or HoHO, Soluble in hot, conc. HpSOj
HpS or AgyS 1x 10726 Insoluble in N OH,
0211305' Sclukle in hot, dilute HNO4
cro,” 4goCro), 2.5 x 1073 Soluble in mhoﬁ,
_ Soluble in HNO4
Crp0” AgaGr0y 8.3 x 107 Scluble in NH)OH,
Soluble in I-IN03
coy™ Ag,C0, 3.2 x 1073 Soluble in excess NE)CO3,
Saluble in NHuOE or &23203 solution
1P, ™ Ag3FO, 6.5 x 1075 Soluble in My OH,
Scluble in HNOg
8203' A323203 insoluble Soluble in excess .l\h23203 solution

Soluble in NH)OH

(Table continues on following page.)



TAHE 1, (CONTINUED)

_ ' Solubility in . Sclubility in
Beagent Precipitate Water, g/100 cc (250) ‘Other Reagents
105™ 4¢10; L.l x 1073 Soluble in NE)OH,
Scluble in EHOy
c20y " 48,050, 3.5 x 1073 Soluble in NH)OH,
| Scluhle in KCN solution,
Soluble in HNOj .
CN", acld AN 2.3 x 107 Soluble in MEH,OH,
Saluble in ENOy,
Sd@h in excess KON or
in Fay8505 solution
bengzotriazole AgG6HhN3 insoluble Saluble in conc, mineral
CF3: ) acids,

Soluble in KGN or
m&% solution

Chloride. The use of a chleride precipltation to separate sillver
from other radioisoctopes or to obta;Ln the silver In a form suitable for
welghing and counting has been rspofted extensively in the _1itoraturelo‘38.

The popularity of this mothod is due mainly to the fact that few other
elemshts are precipitated under the conditiona of & silver chloride precipitation,

The most cormon method of precipitating aﬁm chloride is the
additicn of hydrochloric acid to a dilute nitric acld sclution of the
‘silver. Occasionally the solutlon 1s heated to promote coagulation or a
wetting agent such as aerosol 1s added to prevent the precipitate from
sticking to the sides of the vessel. A large excess of chloride lons
should be avolded, for sllver forms a soluble chloride complex, AgCi3-.7
One liter of 1 per cent HCl dissolves only 0.0002 g of AgCl at 21C, tut
1 liter of 5 per cent HCl dissolves 0.0003 g, and 1 liter of 10 per cenmt
HCl dissclves 0.0555 g2,

Tha'AgCI precipitate is readily dissolved in dilute ammonia and
reprecipltated iy sddltion of nltric acid, with no loss in y'leldn.

This is very useful in improving the radiochemlical puritv of silver in



separations from other acfivitieslz’n’zo’ah. The amnonia complex of-
sllver, formed when sllver chloride 1s dissolved in ammonia, may alsec

be destroyed by volatilization of the ammonial0, This has been employed
. by Firsching to selectlwvely precipitate the allver haJ.‘Ldeshi. He found
that when a salubtion of the Ag(lH3)2+ complex and 'lodids,l bromide, and
chlaride lons is heated to volatilize ammonia and lower the pH, AgI
precipitates at pH 10, AgBr at pH 8.5, and AgCl at pH 7. The ammonia
complex has also been destroyed hy addition of beta-hydroxysethyl acetate
" to a solution of the camplex and chloride ionahz. The hydrogen lona

released as the beta~hydroxyethyl acetate hydrolyses destroy the complex

. and AgCl preclipitates,

Silver chloride has also been precipltated by diiutlon of a
solution of the sllver chlaride oom_;:!le::]g’zj4 and by releasing chloride
ions by hydrolysis of ethylene or propylene chlcﬂ'omrdrinhz. In the
latter nﬁthod the ehlorohydrin 1s heated at 60 C with a solution of the
silver. Complete precipitation of the 4gCl requires seversl hours of
heating, as the chloride is released very slowly.

The contaminatlon of silver chloride precipltates by thirteen
typleal tracer activities has been studied3L:32, The eiperimental
conditions employed in the study were as follows: 10 mg of ellver carrier
and 10 mg of carrler and tracer for the interfering elemont weres mixed
and diluted to 10 ml with 1M nitric aclid, 0.1 ml of concentrated
hydrochloric acid was added with stirring, the precipltate was digestea
for five mimtes at room temperature, and it was then separated by
centrifuging. The percentage of each element carried with the AgCl
procipitate is given in Table 2. The yleld for the silver chloride was
99 % 1.3 per cent. The quantitative precipitation of lodine with the '
sllver was expected, a5 Agl is more insoluble than AgCl. A high
percentage of antimony contaminated the AgCl. Antimeny is difficult to
kesp in solution during amy change 1n acidity, particularly when a
precipitate 1s being formed, and SbOCl often precipitates with AgCl.
The cther interforences which stand out are those of the platimm group,
iridium and ruthenium, This 18 consistent with the fact that miltiple



precipitations are neceassary to separate silver from irradilated palladium
since a large portion of the palladium is carried on the early
precipitations. This difficulty in separating silver from pailadiu.m by
precipitation of AgCl has alao been experienced with fission product

solutiocnlzo. The presence of zirconlum carrier was observed to retard
the precipitation of the AgCl and prevent it from being Quantitative3l,32,

TAELE 2. CONTAMINATION OF S PRECIPITATES
HY OTHER ACTIVIT ’

Per Cent Carried(®)

Chloride Bensotrlazole,
Tracer (Carrier Added) (Carrisr Added)
2g110(B) 99 # 1.3 92 + 5
collds, prllik 0.5 2.3
co® 0.5 2,5
crol 0.5 %2
cgll 0.5 2.h
An 97 98
Il 2 27 29
Rul06, pnl06 2.5 2.5
sol2h 22 52 .
sel5 | 0.5 2.7
5nll3, Ipllim 0.8 T
590, Y0 ' 0.7 2.4
741682 0.6 87
w5, wo> 0.L ' 3.9

(a) Average of duplicate runs except for silver.

(b) Average of quadruplicate runs. Errors are
Sgtandard deviations®,

The yield data applies only to the experimental
conditions described in the text.

Bromide. The use of a ellver bromide precipltation has been very
limited in the-fa.diochold.ltry of eilver, bit 1t ha.a been employed in
.bromins separations to obtain a farm sultable for weighing and ca.mtingw-'m*.'
Ruks and Willard determined the sclubility of silver bromide by mixing



dilute stlutlans of silver nitrate and potassium bromide labelled with
mr82 tracerl5. The precipitates were almost imvlsitle. The solubility
1s only 0.13 mg per liter.

I_odie'.- Precipltation of sllver iodide has been used to a smell
extent in the radiocheﬂatry of s:llverll"33’h6. It hes been empioyed mors
extensively in radiochemical separations of iodine? U9, siiver iodide
is usually precipitated by addition of hydriodic acld or sodium or
potasslum iodide to a solution of silver ions., A milky suspension
and large clumps of precipitate tend to formy so the précd.pitate should be
digested by gentle boiling and trisk stirringt6sU9. The silver 1odide
precipitate is practically insoluble in ammeonla, but 1t dissolves in
cysnide or thiosulfate solutionsl. Silver lodide precipitates from
ammonia solutions as the .-pH is reduced to 10 ]:w'evolszn_g the a.mmnhhl.

Benzotriazale. Radiochemical separations of silver by.
precipitation with benzotriazcle are satisfactory only in the presance
of large quantities of a complexing agent, such as Versene in ammoniacal
solutlon, to prevent the precipitation of mamy normally insoluble
hydrous orxidean’32. Under these conditions, according to G):-neng, chloride,
bromide, fluoride, sul_:l‘ata s nitrate, phosphate, and acet#te do not interfere;
. lodlde forms a less scluble precipitate, while cyanide and thiosulfate
dissolve the preciplitate and prevent precipitationa; copper (II), iron (III),
nickel (II), cadmijum (IT), zinc (II), and oobalt (I1) do mot mterrei-e,
while tin, antimony, titanium, ard beryllium precipitate as hydrous
oxides unless tartrate is presentj and the iron (II) Versemate reduces
silver to the mtaiso. In the absence of Versene benzotrlazole precipitates
copper (II), iron (II), niclcei(II), cadmium (II), zinc (II), and cobalt (II),

 The contamination of silver benzotriazola precipitates by
thirteen typical tracer activities has been studied31:32, The following
precipliation procedure was employed in thls study: Ten mg of carrier
and tracer for the interfering element were added to 10 mg of silver carrier,
the solution was diluted to 5 ml with water, 5 ml of a LO per cent
solution of Versene in ammonia was added, 1 ml of 2,5 per cent benzotriazole

golution in ammonia was added, and the precipitate was. stirred'a.nd digested



at rocm temperature for 5 mimites amd centrifuged.. The yield and
contamination data are giﬁen in Tahle 2. . The silver yleld was only

92 per cent, due primarily to ths slowness of precipitetion and coagulation
in the highly salted solution’?, The bulky character of the precipitste
caused it to adhere to the sides of the centrifuge come ahd made the transfer
of the precipitate difficult.

The limit of spedﬂcity of the silver bannotriazole.precipitation
is 11lustrated by the fact that largs quantities of antimony, chromium,
iodine, iridinn\_z, tantalum, and tin are carrled with the silver, A
geparation is possihle, however, from cerium, cesium, cobalt, ruthenium,
selemium, strontium, and zirconium, A precipitation has also been
performed from O.,1 M chloride solution, and no detectakle chlaride
romained with the precipitate after washing once with water’e,

Sulfide. Silver sulfide precipitations have been employed in
mumerous radiochemical procedures for ailverlo'u'17’l9’21’22’25'28'29’3]"37 ’38.
HBydrogen sulfidé precipitates AgpoS from neutral, ammoniacel, ard acid
solutionsl. Silver sulfide is insaluble in ammomla or dilute potas,aiﬁm
cyanide solution, but it 1s slightly soluble in concentrated potassium
cyanide, It dissolves réadily in hot, dilute nitrio acid. Ammonium
sulfide has also been used to precipitate AgoS from ammonlacal 8011.“‘.10!‘1821,25 .

Flaschka reports precipitation of AgyS by thicacetamide in
ammoniacal or msutral aolutiongl. The thicacetamide hydrolyzes to give
HyS. In sulfuric acid, the AgyS precipitates only with heating, amd in
the presence of emall quantities of nitric acld sulfur forms first and
then the AgyS rreclipitates.

Silver sulfide may also be precipitated from acid solution
by ammonium thiocacetate and from boiling dilute acid solutions by sodium
thiosul atel.

Iodate. Silver lodate has found very limited use in radiochemistry,
but its precipitation with HIO3 or KIO3 solution haa' been em;ﬂoyed in at
least two procedures®>:52, The AgI0; my be dissclved in ammonia and
reprecipltated by the addition of sulfuric acid2S,

Oxide. When alkali hydroxides are added to a solution of silver

10



ions, brown Ags0 is precipltated. Silver oxlde is soluble in ammonia,
nitric acild, or sulfuric acid. Thls precipitation has found some uil'.ility
in radiocheuﬁ.stryzh’zslsz. It is parﬂéularly useful when the desired
final form of the gilver is a solution of silver nitratezh. The AgpQ

can bs dissolved in nitric acid to yield 2 silver nitrate solution.

Chemical Reduction. Precipitation of silver metal by chemical

reduction of the silver lons has been employed in a few radiochenﬂ."(.nl
proceduresz7133’h6'53. Silver (I) may be reduced to the metal with formic
acid, ferrous sul fate, stamnous chloride, and metallic zincl, Other
metals higher in the potential series than silver or other reducing
agents my be employed. Ascorbic acid has been used in an analyticel
procedure for determ:l_ning si_'l.vers)*. Silver metal is precipitated by
adding ﬁ'eahlj prepared ascorbic acid salution (2 g per 100 ml) to silver
nitrate solution heated nearly to bolling. Rouser _and Hahn used .this
procedure to obtaln a qQuantitative separation of silver from irradlated
palladium®3,

_ Radiocolloid. The radlocolloidal properties of silver in trace
concentrations have been utilized in a carrier-free separation of Aglu
from irradiated pa].'l_adiumss, The carrier-free silver ia considered to
agglomerate in Basic solution, and it may be filtered or centrifuged.
Schweitzer and Nehla report that 80 per cent of the Aglu is recovered
free of palladium by filtering the solution (at pH 11) through Whatman
No; 50 filter paperss. A coagulation time of one hour 1s required bsfore
fil tration. The Agnl is removed from the paper by.rinsing with dilute
nitric acid. The same authors report that greater than 95 per cent

ylelds are obtainsd by centrifuging the solution at pH 11.

Iron Hydroxides as Carriers for Silver. Silver does not copreclpitate

to amy great extent with ferric hydroxide in ammonia solution. When
10 mg of Fe (II1) is precipitated as the hydrous cxide from 10 ml of
solution with ammonium hydrozide, 91.l per cent of the silver remains in
aolutiot.z':Ln the absence of silver carrier31332, In the presence of 10 mg

of silver carrier, 91.3 per cent of the silver remains in solution3ls32,

11



A ferric hydraxlde scavenge has thus been employed frequently to aesist
in the purification of aﬂvér11’1712°"22'5-2.

The coprecipitation of trace quantities of seilver as silver
iodide, with ferric hydraxide has been report-od56. This procedure was
employed in a radiometrioc method of determining smll quantities of
aliver with radiocactive iodim56. Complete coprecipitetion of silver wlth
ferrous hydraxide has been reportedS?. The precipitation of thy Fe (II)
is carried out at pﬁ 8 to 8.5 with ammonium hydroxideST.

Lanthanum Hydroxide as a Carrier for Silver. Lanthanum hydraxide

is an effective carrler for many elements, but very little silver is
coprecipitated with this scavenger when ammonis is used?32, when 10 ug
of lanthanum is preclpitated as the hydraxide from 10 ml of solution with
‘amonium hydroxide, 96.5'per cent of the sllver remains in solution in
the absence of sllver carrier, and 97.3 per cent relma.tns in geclution in
the presence of carrier31’32.

Tellurium as a Carrier for Silver. Trace amounts of silver are

coprecipitated with tellurium, probably as silver telluride>8, Virtually
complete precipitation of the silver is obtainéd when one mg of tellurium
carrier is precipitated from a 2 N hydrochloric acid solution of the
siiver with stannous chloride. Higher chloride concentrations have an
unfavorable effect on the yleld. The silver is recoversd hty dissolving
the tellurium precipitate in nitric acid., Microgram quantities of silver
can be separated from iron, cobalt, nickel, and zinc by this method, but .
copper interferes somhatsg.

Mercurous Chloride as a Carrler for Silver. The coprecipitation

of silver with merourous chloride has been employed in radiochemical
peparationa of trace amounts of silver from palladium and other platimmm
group mtals59’60. In one procedure 0.5 ml of a ssturated solution of
mercurous nitrate was added to 500 ml of ‘0.5 N hydrochloric acid which
cont.ained the sllver. The resulting mercurous chloride preclpitate
contained more than 95 per cent of tﬁe silver5?, In the other
procedure the precipitation was perfarmed by adding 100 mg of mercurous
nitrate and dilute hydrochloric acid to & nitric acid sclution of the

12



8 :leor6°

« The mercury can be removed from the silver either by
volatilization®® or by oxidation to Hg (IT) with nitric acld and

extraction into ethyl acetate6°.

L. Inorganic Complexes of Silver
] Silver forms a number of inorganic complexes ln solution, and
some of them have been very useful to nﬁiochemista. The formation of the
Ag (maj)?_.+ camplex has been employed in redissolving AgCl
pracipitatealo'13’17’21’22’2""52, and AgIOy precipitates?9s52 4p
ammontum hydraxide, The AgCl or AgI0s is readily reprecipitated from
these asolutions by acidification with no loss in yleld. The formation
of chlorilde compnlexes of silver 1n strong hydrochloric acid has been
"utilized to dissolve AgCl precipit-at.os19. The AgCl is reprecipitated by
dilution of the acid.
The inerganic complexes of silver afe listed in Table 3. The

formation constants reported for each complex are also given.

5. Organic Complexes of Silver
In Table L an extensive list 1s glven of the organic liquids
which form complexes with silver. The formation constants are for the

11l complexes, urnless otherwlse indicated.

6, Extraction of Silver Into Organic Solvents

No radiochemical procedures based on the solvent extraéf.ion of
8ilver were found. There 1s, however, a limited amount of information ava:l_'l.ablﬁ
on the extractabllity of silver in varicus systems, and a few of these
extractions might be applied to radiochemlcal separations.

Dithizone - The dith_izam complex of silver is quantlitatively
extracted from dilute acld solutlons imto carbon tetrachloride or
chlorofarnf’l'&. A number of other metals also extract, and the order of
extractability is Pd > Ag> Hg (1I) > Cu (II) > Bi= Pt (II)> Tl (IiI)
> Fo (II) > 5n (II)=Go >NL>Zn¥ Pb>Mn >cd.5% Metals such as
Pd, Ag, Hg, and Cu my be extracted from dilute acid (0.1-0.5 N), but
Cd requires a strongly alkaline solution.

(Text contirnues on page 20.)
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TABLE 3. 1NORGANIC COMPLEXES OF SILVER

Complexing

Reaction

Aﬁgnt Product Log K ] References -
N AghH,* 3.37 2
3 .\@;(1@3)2+ 7.21 a
c1” AgCl _ 3.1 b
‘3012_2 5.29 b, C, d
AgCl3 5.2} b
Br~ Aghr _ L.68 b
AgBrp 7.66 b
AgBr3:§ 8.51, 8.87, 9.03 b, e, f
lgBrh_h 2, 9. b, e
Asﬁg L 9.37 £
AgoHrg 2 e
T Agl 6.59 b
Aglyo, 1,74 b
Agly”3 13.68 b
Ag 13.9 b
- 0.6 g
() Ag(CN),~ 1.l h
Ag(cugg_; 21.8 1, 3
ag(cn)y, 20.6 i, 3
SCN” Ag(scN),”, 7.57 i
Ag(SCN)j, 10.08 k
Nop™ 2g(0,), 2.7 1
-2 -
0 8.82
52% Ag 5233;2:2 13.46, 12,78 m,mn
] Ag 3203 3 13.06 n
80,2 Ag505~ 5 to 6 o
c Ag(s8 2:; 8.68 °
18(303 3 9 o
JB” AgH L.22 h
SeCKN" 4g(SeCN)5" 10.7 h
Ag(8eCN)3~2 13.9 b
= N 2.49 h
T e
ucnﬁ 13,'3 3,67 h
50, Aghoy 0.3 h
50,2 Ags0y,” 0.23 h
Teq),~2 AgTeq),” 0.36 b
C105” AgC104 0.22 k
52 Ags” 5.28 P .
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TAHR L. ORGANIC COMPLEXES OF SILVER

TE-.

Ligand References
Quinoline 1.8y a
Pyridine 2.0 a, b
. L.1# b
Alpha-Picolins 2.3 a, d
L, 68% a
Bota-Picoline 2.00, L.35% a
Gamma-~-Picoline 2.3 a, d
L.70% d
p-Mltroariline 0.6 a
1.6 d
m=-Nitroaniline 0.685 a
1'7* d
Beta-Naphthylamine 1.62 a
3.23# d
Aniline ' 1.59, 1.hh a, d
3.17# d
Beta-Methylethylamine 3.17 a
Benzylamine 3.57, 3.29 a, d
_ T.1h# d
. Methylamine ' 3.3L a
6.68# d
Ethylamine 3.65, 3.30 a, d
T Tellp d
n-Butylamine 3.7, 3.L3 a, 4
7.w* d
Isobutylamine 3.62, 3.38 a, d
: T d
1,3-Diaminopropane 2,55 : d
1,2,3-Triaminopropane 5.6 . a
Alanine "~ LeB6 a
Glycine 3.51 d
6.89% a, d
Qlycylglyclne 2.72 d
. 5.0# a, d
1,3-Propans diemine _ 5.92 o
1,4~Butansdiamine 5.67 c

1,3-Diamino~2-propancl 5.6 c



TAHE k.

(commmp)

Ligand Log K References
Crotonaldehyde -0,72 d
Crotonic acid -1.0L4 d
Promyl cyanide (butyronitrile) 0.94 d
2-Methylallyl alcohol 1,0k d
1-Methylallyl alcchol 1.15 a
Crotyl alcohol 0.71 d
Piperasine 3.k d
Diethylamine 2,98, 6.2 d
2,2'~Diaminodisthylamine 6.1 d
Thiodiacetic acid 2.7, 6,32% d

. (Bthylthio) acetic acid L.1l, 7.25% - d
Morpholine 2.25, L.92% a
2,2'=Dihydroxydisthylamine 2.69, 5.L8% d
Tris(hydroxymethyl) methylamne 3.09, 6.56% d
2,2'-Diaxdnodiethyl sulphide 8.18 a
2-Amino-2! -hydroxydiethyl sulphids L.69, 8,73% da
Pant-2-ena 1.80 d
2-Amnopyridine 2,86, 5.75% d
3-Aminopyridine 2.17, S.21# d
Li-ami nopyridine 2,80, 6.20+ d
2-Methylbut-2-en-1-cl 0.70 4
Ethylvinylcarbinol 1.15 d
Piperidins 3.16, 6.61% d
Thiourea 13,13 a
Qxalic acid approximately O a
Mathyl cyanidg (acetonitrils) 1.2 d
Acetic acid 0.73, 0.6 d
Dimethylamine 5.91% a
Ethylenediamins appraximately 6, 7.L4%# d
Chloroacetic acid 0.6L, 0.53% 4

(Table continues on following pages)
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3-Methaxypyridine
li-Mathoxypyridine

Histidine

Thiocdipropionic acid
Bthyleneblsthiodiocetic acld

1.58, 3.67%
2,28, L.Ll=
7.37

2.9, 6.71%

6.5, 10.la

18

TARLE L. (CONTINUED)

Ligand Log K References
Ethanolamine 3.13, 6.68% d
Acetons -0.8¢8 d
Allyl Alcohal 1,08, 1.56% d
Allyl Amine 7.17% d
n-Propylamine 7.68% d
Trimethylamine 3.1 a
2-Mathaxyethylamins 2,95, 6,303 d
2-Methylthiocethylamine 4.17, 6.88% d
Isobutens 1.79 d
Succinonitrile 1.0 4 |

l l,S;Diamjnopenﬁane 5.95 d
1,3-Diamino-2,2~dimethylpropane L.66 d
Fur furylamine 2.6, 5.908% d
2-Thienylmsthylamine 2.87, 6.51% d
Mathylenebisthio (acetic acld) L.7, 6.5% d
Cycléheaem 2.28 d
3-Cyanopyridine 2,90% d
L4-Cyanopyridins 3.08% d
Phenol 0.34 d
Triethylenediamine 1.65 d
Hexamethylenetstramine 3.98 d
Triethylamine 2.6, L.763% d
2,21,2! ' Priaminotriethylamine 7.8 d
m'-ni-(z-;mmethwl)etrvlemdiamim 7.7 d .
Nicotinamide 3.22% a
Isonicotinamide 3.01% d

d
a4
d
4
d



TAELE L. (CONTINUED)

Ligand Log K References
Triethanolamine 2.30, 3.6l d
1,2-Di-(2-aminoethyl thio)ethane 5.08 d
Toluene 0.h2 d
Benzolc acid 0.519, 0.556# d
o-Toluidine 1.51 d
m-Toluidine . 1.7 d
p-Toluidine 1.56 » 3.L6% d
N-}bthy_lanﬂine -1.00 d
,2,L-Lutidine 2.59, 2.L7 8, d

. : 9.18% d
n-Heptylamine appraximetely 2.7, 7.93% d
Methyl nicotinate 2.99%# d
Methyl isonicotinate 2.45% d
Trimethylenedithiocacetic acid approximstely 5.7, 8.09% d
Styrene 1.26 d
3,5-Xylidine 1.63 d
2,6-Xylidine 1.62 d
s~Ccllidine L.75% d
(Phenylthié)acetic acid 7.27% d
gamma-Thiodibutyric acid approximately L, 7.00% d
Tetramethylenedithiodiacetisc acld 6.00, B.36% d
n-Propylbenzene 0.46 d
Isoquinoline 3.85% d

(Bengylthlo)acetic acid 7.13% d
Pentamathylenedi(thicacetic acid) 63, B.B5x d
Naphthalene 0.505 d
2,2'-Dipyridyl 6.8# d
beta-(Benzylthio)proplonic acid 7.30% d
Bthylensdiamine tetraacetic

acid (EDTA) T.32 d
Hexamsthylensdithiodiacetic acid 6.0, 8.55% d

19
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TAHE L. (GONTINUED)

Ligand - Log K References
Acridine - Llas d
trans-Stilbens 0.80 _ d
3-Methylcholanthrens ' 0.52. d

#* Farmation constant for 8ghs.
#* Formatlon constant for Aglj.

a. A. E. Martell and M. Calvin, Chemistry of the Metal Chelate Compounds,
Prentice-Hall, Inc., New York, 1952, —

b. W. C. Vosburgh and 5. A, Gogawell, J. Am. Chem, Soc. 65, 2412 (1943).

c. C. R, Bertsch, W, C. Fernelius, and B, P. Hlock, J. Phys. Chem. 62,
Lk (1958).

d, Stabllity Constants of Mstal-Ion Camplexes, Part I, Organic Liquids,
complled by J. Bjerrum, G. Schwarzenbach, and L. G. Sillen, The
Chemicel Society, London, 1957.

In the procedure described hy Fr_iede'berg a 0'.00005 M solution of
dithizone in carbon tetrachlorlde 1s used to extract trace quantities of -
sllver from an acid sclution et a pH of about 2 in the abaénce of
chloride.6l If the chloride concentration 18 mot over ome per cent, a pH
of 3.5 1s used. I1f an ammonium chloride oconcentration as high as 20 per
cent ls present, the extraction 1s still quantitative at pH 5. Abavé a
pH of 5. an enol form of the silver-dithizone cemplex forms, which is
insoluble in carbon tetrachloride. The silver may be back extracted inmto
chloride or thiocyanate solutions.

A masking agent such as EDTA 1s effective in preventing the
extraction of Cu, Bi, Cd, Zn, and Pb but not mercury or sﬂvai‘.63’6h
Separation of allver from mercury and copper ie accomplished by back
extracting the silver into a mixture of equal volumes of 20 per oent NaCl
and 0.03 N HC1, Ths ocopper and mercury remaln in the arganic ph_ase.6h

Scdium Diethyldithiocarbamate - Almost two dozen metals may be exﬁmct.ed

into carbon tetrachloride or ethyl acetate with this reagent.4=66 By
using EDTA as a masking agent, however, the eelectivity may be improved.
The metala extracting are Ag, Cu, Fe, Co, Bi, Ni, Pb, U (VI), Cd, Mp, V,
Zn, Cr (VI), Te (IV), Mo (VI), Ga, T1, Nb (V), Re, Os, Se, Hg, As (III),
Sb (III), Sn (IV). In, and W.54s65



An aqueous solutlion of the sodium diethyldithiocarbamste 1s added
to the sample at a pH between L and 11, carbon tetrachloride is addsed, and
the mixture is shaken to extract the aj.l.ver.f’)*’66 A pH of 3 was reporied
for the extraction of silver into ethyl acatate with the diethyldithiocarbamate
reagent.65

Dithio=beta-1soindigo - Small amounts of silver (5-10 mg) have

been quan.titatively_ extracted from a silver-lead solution into a solution
of dithio-beta-isoindigo in n-butanol.’#?67 The lead remains behind in the
aqueous phaae.&*

Triliso-octyl thiophosphate - The extraction of silver from nitric

acid solutions into solutlons of triiso-octyl thicphosphate (TOTP) in
carbon tetrachloride has been repo:u-i'.ed.68 The partition coefficient fer
the silver lncreases with both the nitric acld and the TOTP concentrationa,
From 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 35 metals tested by the authors, the only other ome having & high
partition coefficlent under the same conditlons 1s narmry.68 The silver
may be stripped from the organic ﬁhase with dllute alkall or ammonia.

Tri-n-butyl thiophosphate - Tri-n-butyl thiophosphate (TEPS)

in carbon tetrachloride has also been reported to be a selectlive

68

extractant for silver and mercury. The extraction behavior of this

reagent is very similar to that of the TOTP discussed above.

7. Ion Exchange Behavior of Silver

Ion exchange like solvent extraction, has been used infrequently
for radiochemlical separations of silver. This 1s probably due to the high
selectivity of such well-established procedures as 1sotopic exchange,
elecirodeposition, and precipitation.

Cation Exchange. Bonner and his cowarkers have presented data
con the adsorption of a number of cations, including silver, Dowex-50.69'7°
Their selectivlity scale relative to the lithium ion as unity is given in
Table 5. The higher the number for a catlon, the stronger 1s its affinity

for Dowex-50.
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TABLE 5., RELATIVE ADSCRPTION OF CATIONS ON
DOWEX-5069 10 .
Per Cent Grosa-Linkgge

Cation T 8%
a* 1.00 1.00 1.00
H*" 1.32 1.27 1.7
Na 1.58 1.98 2.37

+ 1,90 2.55 3.34

p 2,27 . 2,90 .50
Bby 2,46 3.16 L.62
Ca, 2,67 3.25 L.66
Ag‘_ h-73 8'51 22.9
mn’,, 6.70 12.} 28.5
0032 2.36 2,h5 3.3
M 2.95 3.29 3.51
in*e 3.13 3.k7 3.78
Go:?z 3.23 3.7k 3.61
Cu 3,29 3.85 L6
ca*? 3.37 3.88 L.95
Hn;g : 3.L2 L.09 L.91
Bej2 3.3 3.99 6.23
mvz 3.5 3.93 L.06
Ca L.15 5.16 7.27
sr*2 L.70 6.51 10.1
Fb*2 6.56 9.91 18.0
Ba’2 7.47 11.5 20.8
Gr’3 . 6.6 7.6 10.5

- ca*3 7.5 . 10.6 17.0

1a*3 7.6 10.7 17.0

Strelow has published a selectivity scale far L3 catiens om
sulfonated polystyrene AGSOW-I8, which is processed fram Dowex-50 by
the Bio<Rad Laboratariss of Berkeley, California,’l This scile is based
on the equilibrium distributicn coerﬁcient, K4, where

amount of ion on resin x volume of water phase, ml
Bq = amount of ion in water phase x welght of dry resim

This coefflclent changes with compositions and éoncentrat.icms of the reagents
in the aqueocus phase, the nature of the resin, and the ratio of the amount
of cation to amount of reain in the system. Strelow's valuea for a
hydrochloric acid system are given in Table 6. The values of Ky for silver,
in addition to Hg*, Pb*2, T1*, and Hg*?, were detérmined in nitric acid,
To obtain an estimate of the volume of the eluting agent required to elute |
the maximum of the elution peak, the following equation may be employed e
Vﬂde (Mass of dry resin in the columm)

Je S. Fritz and his coworkers have studled the slution of metal

ions from Dowex-50 with hydrofluorio acid,’2 Silver was ome of the cations
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TAELE 6. EQUILIERIUM DISTRIBUTION COEFFICIENTS, Ky, FOR 43
CATIONS IN HYDROCHLORIC ACJD USING THE SULFONATED
POLYSTYRENE AGSOW-X8 RESIN(L - :

HCL Concentration
Cation O, 1N O.2N OGN 10N 20N 3,0N L,ON

zrg*2  >102 2105 ~10% 7250 LB9 61 1.5

Th¥d  >108  >105 ~105 eoly 239 L 67
La*3 105 102 2480 265.1 L8 18.8 10.h
ce?3 >105 100 2460 2648 L8 18.8 10.5
¥ >1 >108 160 14L.6 29.7 13.6 8.6
Ba*? > 2930 590 126.9 36 18.5 11.9
Hg:a >1 7600 80 942 33 19.2 13%
a*3 8200 1900 318 60.8 12.5 L.7 2.8
s:-f 47 1070 217 60,2 17.8 10.0 7.5
Gag >1 3036 260  L2.58 7.75 3.2 0.36
Ca 32 790 151 42.29 12.2° 7.3 5.0
rbfa >1 1,20 183 35,66 9.8 6.8 L.5
I"a‘_g 9000 3400 225 3545 5.2 3.6 2.0
cr 1130 262 73 26.69P 7.9 L.8 2.7
leg 173 91 i 22,32 9.9 5.8 3.3
NS 1600  L50 70 .85 7.2 L7 3.1
Co 1650 L0 72 21.29 6.7 L.2 3.0
Mgg 1720 530 88 20.99 6.2 3.5 3.5
Mn 2230 610 8L,  20.17 6.0 3.9 2.5
Feji 1820 370 66 19.77 L. 2.7 1.8
Ca',, 182 99 Ly  19.11 0.} -= -
003‘ SL60 B60 102 19.20 7.3 L.9 3.3
184,2 156 83 35 18,08 7.9 S 4.0
Cu 1510 420 65 17.50 L.3 2.8 1.8
Hg:ga k700 1090 121 16.85 5.9 3.9 2.8
20’ 1850 s5io 6y 16,03 3.7 2.b 1.6
l;y 120 72 33 1543 8.1 -- -
- 106 6L 29 13.87 7.4 -~ -
Bs 255 117 b2 13.33 5.2 3.3 2.}
'I‘}’:h >104 297 39 11.86 3.7 2.k 1.7
M - 230 Ll 7.20 = - -
Na} 52 28,3 12 5.59 3,6 - -
Li 33 18.9 8.1 3.83 2.5 -- -
Sn*h ~A0k L3 6.2 1.60 1.2 - -
cgr2 500 8k 6.5 1.5, 1.0 0.6 --
v 25 13.9 7.0 5.0 110 0.7 0.2 0.3
Mo 10.9 L.5 0.3 0.81 0.2 Ao 0.3
Se:h 11 0.6 0.8 0.63 1.0 =— 0.7
m*3 Ppt. Ppt. <1.0 1.0 1.0 1.0 1.0
As*3 1.k 1.6 2.2 381 2.2 ~- -
Sb:a Ppt. Ppt. t. Ppi-,L.t 2.8 - -
Pt — - - 1. - - -
Au*3 0.5 0.1 0.l 0.8 1.0 0.7 0.2
Hg*2 1.6 0.9 0.5 0.28 0.3 0.2 0.2

8. Done in nitric acid.

b. More than one cationic species present.

which was not eluted with either 0.1 M or 1.0 M HF. This is not surprising
since the fluoride complex of silver is not very sts.ble..?3
Silver has been separated from cobalt and niockel by cation exchange

onalcmz 20 cm columr of Amberlite IBR-120 in the Na” :t.’o::rm.ﬂ4 The elution
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vag performed with a 2 per cent edlution of sodium nitrite at a flow
rate of 8 ml/om/min. The silver was eluted in the first 180 ml 61‘
| eluant le;vlng the cobalt and nickel ¢n the column, At flow rates lower
than 5 ml/t:lz/ﬂ.n the separation was not clean,

Anlop Exchange. Krause and Iélson nave made a.very extensive
compilation of data on the adsorption of lona on Dowex-~l anion exchange
resins from hydrochloric acid aolutiona.75 This data indicates that silver
1s very strongly adaorbed at low concentrations of HCL and the aéaorption
decreases at higher concentrations. S5ilver is not adéorbed on the resin
from HC1l at concentrations higher than amn'uim.tely 9 N

Faris has studied the ads'orption of a large mumber of elements on
Dowex-1 in hydroflucrilc acid aolutiom.76 He found no adsorption of silver
from HF sclutions ranging in copcentration fram 1 M to 24 M.

The behavliar of a number of metals on a 0,4 an x 10 cm coiumn
of Dowex-2 in the chloride form has been reported.?’/ Silver is eluted
(in trace quantities only) with 6 to 9 N hyarochloric acid; along with
i‘i (v), v (v), Pt (1I), Zr, Hf, and trace quantities of tantalum, Silver
may also be eluted with 1 M amwonium hydraxide, along with Pd; sb (I11),
and 8b (V). '

Marcus has studied the elution of sllver from Dowex-1 with
thiosulphate solutions.78 .3ilver is very strongly adsorbed from dilute
thiosulphate solutions. The diestribution c‘oe:rﬁ.cient, D, 1s on the o:ﬂe:;
of 102 to 10° 1n solutions lees than 1 molar in thiosulphate, Elution
from. the resin may be aocompiished with more concentrated thlosulphate
polutions (greater than 4 molar).

The Ag(CN), complex 1s adscrbed on Amberlite IRA-LOO resin

from a 0.15% sodium cyanide solution.’® The silver may be eluted with
2 N potassium thiocyanate, with a mixture of 1 N ammonium nitrate and 0.2 N

armonium hydraxide, or with an acetons-5% HCl-5% water mixture. This
gysten has been used to separate silver and gold from nickel, zinc, copper,
iron, and cobalt.’’ The mickel and zinc are first eluted with 0.2 N K01,
and copper and iron are eluted with 2 N NaCN, .The acetone-5% HC1-5% water
matare is then used to elute the silver and gold, leaving the cobalt on the

¢column,
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Strong adsorption of the Ag(CN)g- complex has also been reported

for Dowex-A-1 reain In the citrate form.ao

8. Isotopic Exchange of Silver

' Isotopic exchange is a rapid, high decontamination, single step
method far separating trace quantitles of radicactive silver from solutions
containing other radioactive specles. The exchange of sﬂver.ions betwéen
a silver chloride precipitate and a silver nitrate solution reaches
isotopic equilibrium very rapidly; and because of the low solubllity of
gilver chloride, a very favorable ratio exists at equilibrium betweén the
sllver atoms in the precipitate and those in the soclution., If silver
chloride is added to_a eolution; containing only trace amounts of radiocactive
allver, a high pércentage of this radiocactive silver will have exchanged
with silver in the precipiltate by the time equilibrium is attaimed. An
extensive evaluation and diseussion of this proceduré has been reported in
Analytical Chemistry.32 '

Langer studied isotopic eachange Involving silver halides ahd

solutions of sllver salta,al-’82_and he applied it to the determination of
macro amounts of silver by a radlometric 1’.e<:h1.1:1.c1ue.83 Pltts 'has presented

a dlscusslon of the theory and a mathematical treatment of the exchange
of silver ions in solution with those in solid qﬂver bromide.ah An

elemental chemical substitution of lodide for chloride im & silver chloride
substrate has been employed to extract radioiodide from urins specﬂ.mems.85
The procedure recommended for separation of silver by isotopic
exchange 13 described beloi'v.31’32’86 A "gilver chloride electrode® of
large surface area is mede from a platimum gauzé electrode. Silver metal
1s first deposited on the gauze by electrolysis for 10 mimmtes at 4 voits
from 10 ml of a solution 3 M in sodium cyanide and 0.5 M in sodium hydroaxide.
The silver is rinsed with water, apd then ingerted in 10 ml of 0.05 M
hydrochloric.acid and electrolyzed as the anode for 5 minutes at 1 volt
to convert the sllver metal to sllver chloride. The electrode is waahed
with 8 M nitric acid and inserted into alM nitrié acld solution containing
the trace quantity of radlcactive silver. After a sufficlent contact

time (with stirring), the gauze is removed, wWashed with BILI.nit.ric acid for
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1 mimte, and rinsed with acetome. If desired, the silver chloride my be
dissolved fram the gauze with.a smll awount of concentrated ammonium hydroxide.

The weight of silver chloride has an effect on the recovery of
the ailver tracer,™s32 This effect was studied ueing 10~-, L=, and 1-mg
amounts of sllver as silver chlaride on tﬁe gauze. At room temperature and
with @ 15-mimte contact time, average gleld valuss of 99.5 * 0.5, 98.9 # 0.2,
and 94.5 # 1.0 per oent, respectively, were found for asever determinations
of the 10- and y-mg, and five of the l-mg samples. A small amount of silver
chloride (on the order of 0.05 mg)l is lost, apparently, through chipping or
challdng of the electrode surface in the ¢tontact and washing ﬁerj.och. This
loss 1s nesgligible in the 10-mg samples,

_ A 15-mnute contact time under ideal conditioms is more than
sufficient for complete removal of the radicactive silver ﬁ-oﬁ sdlution, 31,32
Actually at 25 G, 97 per cent has been removed at the end of 5 mimtes,
while over 99 per cent is removed in 6 to 7 mimtes. The use of a 15~mimte
ocontact period, however, assures minimization of the effects of non-ideal
conditions such as smsll changes in acidity, stirring, and the character
of the silver chloride deposit, The l-mimite nitrilc acid wash after exchange
18 necessary 1f high decontamimations are deasired.

The temperature influences the rate of exchange. This has been
simd:l.ed,87 and the results are given in Tahle 7. The time required for
removal'o.f 90 per cent of the silver tracer from solution is tabulated as
a funotion of temperature. Ten mg of silver as Agll were used in this
study. 48 would i:e expected, the exchange is more rapid at high
temperatures,

A study has also been made of the effects of a number of inactive
chemical species which might be present in the tracer solution.31232 The
results are gliven in Table 8. This study was carried out at 25 G, with
10 mg of silver as silver chloride, and with a 15-minute contact tiﬁe.

There are few specific interferences. The only substance showing
adverse offect at low concentrations was ferrlc nitrate. For the other
salts and acids, the effect seems to be one of tobtal ion concentration
rather than one due to arny :Luﬂiﬁ.dunl ien.
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TAHLE 7. MATH‘;E DEPEMENCE OF 1
EXCHANGE ‘r“c

Time for 90%
Temperature, C . Exchange, seconds

2 380

26 ' 220
38 166
53 . 120
6L 100
(N 92

85 -8
9% .. n

Contamination of silver separated by isotopic exchanéa has been
tested for more than 20 representative elemsnts,31s32 Ten mg of silver as
silver chloride, a temperatiure of 25 G, and a 15-minute contact time were
employed. The results of this study are giver in Table 9. No carriers
vere added to any of the tracers. Of the elements tested, only mercury
and bismith contaminated the silver gé.uze to an amount greater than a
fow parts per thousand. About 10 per cent of tracer iodide is carried on
silver chloride gauze after a 15-mlmute contact. The 0.01 per cent
figure for lodine in Tablel9 was obtained after the 1cdine-131 solution
was warmed with 0.5 ml of concentrated nitric acid and U.5 ml of 1 _l_l
potassium permanganate solution to oxidize the lodide to iodate.

The silveér chloride gauses emplcyed in most of the studies
deseribed above were prepared within one hour of use. To check the effect
of aging, gauzes containing 10 mg of silve_r as silver chloride were stored

] 1ﬁ 8 M nitric acid for perleds up to one week and then used for a silver
separation.)1332 Exchange yislds of 99.2 + 0.8 per cont indicated no
adverse effocts during one week's aging.

Si1ver iodide 18 also sultable for the exchange separation of
silver.31'32 The rate of exchange approximates that with silver chloride,
as 97 par cent is removed in 6 mirutes and 99 per cent in 9 mirutes with
10 mg of gllver as silver lodide.
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TAHLE 8. EFPECT OF INTERFERING SUBSTANCES ON YIELD
OF SILVER IN ISOTOPIC EXCHANGE METHOD

——— ———— o —————————
Per Coent Yield

~Speclea Concentration, Molar of Ag Tracer
l ' 99
L 99
8 23
12 91
16 .85
: 3 0.05 98
0.5 99
1.0 98
3 89
. 6 b1
3 %0
. : 6 79
HF 1.1 98
3.3 98
6 .6 83
13.2 57
22 18
HC,H40 99% 42
41(305), ois gg
' 2 86
Cu( IDB) 2 OiS ) ?’g
- 2 95
s z 4
Fe(N03), ois gg
ok
2 93
NiC,H30p - ois gj?
2 95
o % :
99% 36
e % :
99% 70




9. Elecirodeposition of Silver
Déapite the extensive literature on the separation of silver by
elm&odepmition, the method has found few appllcations in radiochemical
work, The first application of electrochemical separations to analysis of
fission products was an electrodeposition of sﬂver.zo This procedure
involved a deposition from nitric acid solution, a sscond deposition from

TABHLE 9. CONTAMINATION OF SILVER BY ACTIVITIES
IN ISCTOPIC EXCHANGE METHOD

Per Cent Carried

Radioactive Species - __on Gauze®
10 ' o b
Ag:;OB ™ _ 99.5 # 0.5
ngo Hg
ggﬂg (Hg*) 1h6
Po2ll 0.3
Bu%s , Bnl06 0.1
§:192 : 0.10:10.01
sotd, }?3 0.1 - 0.01
Tlggh (T1*) 0.0}
cr 0.0L
spi2l 0.01
Tiggz( 0.01
113 (10,= 0.01-0.001
ngg, w35 0.01-0.001
Co _ . 0,001-0.0001
Celll, prilik 0.0001
cel Xt 0.0001
Srgﬁd 190 0.0001
BalliO, 1a1l0 0.00005

a. Average of at least two determlnations axcept for
silver, - .

b, Average of seven determinations. The error 18 the
standard deviatlon,

The yield data applies only to the experimental conditions
described in the text.

a cyanide solution, dissolutlon of the deposit 1n strong nitric acid, and
a final precipitation of silver chloride. Effective purification from
gross figsion products and sllver ylelds of almest 100 per cent were
obtained,

The contamination of electrodeposited silver Ly a mumber of other
activities has been studied.” *32 The plating bath used in this study
consisted of a mixture of 7 ml of 3 M sodlum cyanide and 1 ml of 5 M

sodium hydraxide. The silver was plated on a clrcular platinum gause

29



TAHLE 10. CONTAMINATION OF ELECT
SILVER EI OTHER ACTIVlTImeggs }Em)

Per Cent Carried®

Tracer Carrier Added er
Agll0 : 99 + 1.3° varigble
cetlls, prlhk inscluble . 2y
ce® inscluble 0.05
crdl ok . 21
cat 3l "~ o.00L 0.004
3t 0.2 ' 0.0k
1ri9? 0.06 L - 0.2
Rul®6, pplO6 0.03 0.1
spl2l 6 -
ge75 0.0l - 0.05
§o13, Ipllim insclutle 10
sr?0, 190 insoluble 2.5
162 inscluble 6.k
295, M5 insoluble 1.0

I

—_—

a, Average of duplicate runs except for sllver.

b. Average of quadruplicate runs. The error is the
®standard deviation®.

The yleld data applies only to the experimental
conditions described in ths text.

cathode by electrolyzing at L volts for 15 minutes with rapid stirring., 4
platimm wire was used as the anode. After completion of the elsctrclysis,
the cathode was washed with water for 1 mimte and dried H‘l‘hh. acetone,

The results of the study are given in Table 10, The percentage of each
tracer codeposited with the silver was determined both with and without
carriers except when macro amounts of the contardnants were not soluble

in the plating bath.

Recovery of silver in the above procedure was quantitative when
more than 2.5 mg of sllver were present. With smller amounts, the yleld
was reduced Ly dissclution of soms of the silver by the plating solution
during removal of the cathode.
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One of the desirable features of electrodeposition lies in 1its
usefulness in the separ#tion of silver from halides, particularly iodine.
Greiss and Rogers foumd that elactrodeposition 1s also very useful for
separation of traces of silver from palladium targets.aa They studied

several plating solutions and found cyanide to be ths most favarable.

V. DISSOLUTION OF MATERTALS CONTAINING SILVER

Nitric acid is the reagent used most frequently in.dissolving
materlals containing ailver., Most reactor and cycloiron targets used in
the production of silver isdtopes are dilssolved in nitric acid. Tha_ae
include targets of metallic pa]ladimn‘so » cad:lniumu,_irﬂiuml3, and ailvarze.
Palladium targets are only slightly soluble in concentrated nitric acid,
and they are very slow to diesolve in a mixture of concentrated nitric
and sulfuric aoid.53 Thus aqua regia has -been.employed frequently in
this case,2ls53,55,59

Many of ths water-insoluble compounds of sllver are scluble in
nitric acdd. These include the axide, chromate, dichromate, phosphate,
lodate, oxalate, cyanide, and sulfide. Some compounds are dissolved ky
formation of complexes of silver with complexing sgents such as ammonia,
cyanide, or thiosulphate. Silver cliloride, ozide, chromate, dichromate,
carbonate, phosphate, thiosulphate, lodate, oxalate, amd cyanide my be
dissolved in this mamner in ainmnium hydroxide. In the case of the
bromide and lodide, thse ammonia complex of silver 1s not sufficlently
stable; so less dissoclated complexes such as the cyanide or thiosulfats
are neceasary for the dlessclution,

Blological and organic materials containing silver can be
dissolved by asking them in a mffle furnace and dissolving the ash in
nitric acid. A wet ashing procedure in which the material is treated with
nitric acid, aqua regla, or a mixture of nitric and perchloric acids
may be preferred. Gorsuch has glven an excellent discussion of the
dlssolution of organlc meterials comtaining aﬂver.a9 He desoribes a
wet axldation method in which he heats a 2 g sample o:lf cocoa with a
mixture of 15 ml of nitric acid and either 10 ml of perchloric acid,

10 ml of sulfuric acid, or 10 ml of perchloric acid and 5 ml ‘o.f. sulfuric
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acld., Gorsuch glso describes two dry ashing methbd_ﬁ;ag In one, the
sample 1s heated wntil 1t is charred, h. faw drops of nitric acid 1a
added, and heat 1s agaln applied. In the other, 5 ml of 5 N sulfuric
acid or 10 nml of 7 per cent .magx'Baiu.m nitrate 15 added to the sample,
the sample :LG. dried, and it is then ashed.

A wet ashing prooedure f.orlrat' tlssues containing silver has
been reported in which the tissue was heated to fumes with sulfuric acid
and hydrogen percoxlde wae added dropwise unfﬂ all of the orgaﬁit: mtter
waa deatrcyed.91 In determinations of silver in lubricating oils, the
oll is ignited and burned to an ash in a platinum dish, the ignition
1s conmtinued in a furnace at 500 C, concentrated nitric af.id 1s added
to the residue and evaporated to a paste, water and ammonia are added,
and the mixture is boiled and filtered.’>

VI. RADIOASSAY TECHNIQUES F(OR SILVER ISOTOPES

In the radi_oaasay of solutions or precipltates containing
radiosotive lsotopes of silver particular attention must be paid to the
decay schemes and radiatlons of these isotopes., Such factors as half
life, type of radiation, and energy of radiation must be considered.
The muclear characteristics of the isotopes of silver can be found
in tbe literature’? and are summrised in Section 1II.

The fission product l1sotopes of silver are 13109"‘, Agln, ‘8].12,

Ag‘uj, and Agllh. S1lver-109m decaya by an lsomeric transition to stable
Ag1%%, and the 0.088 Mev gamma rays emitted in this transition may be

determined with a scintillatian counter. The half 1ife of AglO%™ is

only 4O seconda, however, Silver-11l, with a half 1life of 7.5 days,
decays by Ie'm:l.aaion of 0.70, 0,680, and 1.04 Mev beta particles which may
easlly be assayed with a Geiger or proportional co'u.nter. Gamm rays with
energles of 0.2L3 and 0,340 Mev are also emlitted, but they are of low
abundance. Silver-112 with a 3.2-hour half 1i.f_e and Agln‘ with a S-second
half 1ife both emit high energy beta radlatlon and gamma radiation, and
they may be determined by either scintillation counting or Geiger or
proportional counting, Silver-113 is a beta emitter with & 5.3-hour

half 1ife, ard it is determined by assay of ite 2.0 Mev bete particles.
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The 0.31 Mev gamma ray emitted by Agll> is of low intensity. Silver-109m,
g1, ard 15112 are alsc encountered as daughter products of Pdl°9, Gdlo9,
P, pglHIR ang pall2, '

51lver-110m with a half 1ife of 253 days, is ome of the
most frequently encountered isotopes of silver. It 1s produced hy nm_.ltron
activation and may be assayed elther with a Gelger or proportional eou.ntér
or with a scintillation spectrometer. Neutron activation of silver also
produces 2.3-minute ‘8108 » wbich may be determined by elther beta or
gaIma as8say,

The remalning lsotopes of silver may be determined by both
beta and gamma assay technlques except in the case of LO-day 13105,
8,3-day A31°6, Ll-second AgiOTR, L0-secand 15109'“, 7h-second Aglllm,
20-gecond AgLL5®, and 1,1-minute Agll?, Silver-105 and Ag% decay by
eleotron capture and emit only X-rays and gamme rays. Silver-107m, Aglo”,
and AgHR decay by isomsric transition and emit only gamma rays with
energles on the order of 0.09 Mev, The decay of ‘81151:1 end Ag:Y7 1s not
well characterized, and only the emission of beta particles is known for

these isotopes. _

VII. COILECTION OF DETAILED RADIOCHEMICAL PROCEDURES FCR SILVER
' PROCEIURE 1
RAD1OCHEMICAL DETERMINATION OF SILVER
1. Introduction
A radiochemical procedure for the determination of silver has been

_ developed from the yleld and decontamination data presented in Tables 9 and 10
in Section IV. This procedure has been published previously by Sunderman
and Meinkel. Isotoplc exchange and electrodeposition of silver are

coupled to form é procedure which may be completed in 30 mimutes. Use

of this procedure will give quantitative recovery of silver and decontaminate
1t from obher activities by factors of from 104 to 1010, All mamipulations
are slmple, and the procedure may readily be adapted to remote oparation..

No precautions are required other than those normally involved in handling

cyanide solutions,
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PROCEDURE 1 (Continued)

2. Equipment

Battery Eliminator (Heathkit Model EE-L, Heath Co., Benton Harbor, Michigan)

lPlatinu.m Electrodes, 10 mm in diameter, 30 mm high, 52 mesh

Magnetic Stirrer

Test Tubes, 8 om high and 15 mm in diameter.

3. Reagents

Silver plating bath: 3 M in sodium cyanids and 0.5 M in sodium hydraxide

Hydrochloric acid, 0.05 M

Mtric acld, 8 M

Silver carrier solution: AgNO, 10 me/ml Ag* in water.

_ _ L. Procedure
An outline of the procadure is given in Table 1 along with the
yields and decontemination factors. A more completse description of

each step 1s given below.

Step 1. Add 10'mg of Ag* carrier to ¢ nl of the plating bath (3 M NaCN,
0.5 M NaCH) in a 8 cm x 15 mm test tube. Connect the circular
Platimm gauze cathode and a platinum wire anode to a source of
direct curreﬁt (battery eliminator) end electrolyze at L volte
for 10 minutes with stirring.

Step 2. Rinse the silver dej:oait with water, insert the slectrode in 10 ml
of 0.05 M hydrochloric acld, and electrolyze as the anode for
5 minutes at 1 volt to convert the silver to sllver chloride.

Step 3. Wash the silver chloride with 8 M nitric acld and insert the
electrode in 10 ml of the solution containing the radioactive
gilver tracer. Stir the sclution for 15 mimutes..

Step L. Remove the electrode from the solution, wash with 8 M nitric acid
for 1 minute, and rinse vwlth water.

Step 5. Insert the elsctrede in 10 rl of plating solution (3 M MNaCN, 0.5 M
NaOH) and permit the silver chloride to dissolva. -

Step 6. Remove the electrode and insert a welghed platimum gsuze

electrode. (1f the first electrode 1s weilghed prior to 8tep 1,
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PROCEDURE 1 (Continued)

a sscond electrode 1s not necessary.) Connect the gause cathode
and a platimm wire anode to the battery eliminator and elsctrolyze
at L volts for 15 mmutes with etirring, '

Step 7. Remove the ocathode, wash with water for 1 mimte, and dry with

aceotona,

TAELE 1. RADIOCHEMICAL DBETERMINMATION OF SILVER

—— /— ———— —  — — — ——————————— — ———  —— — 1}

1'

2.

L.

6.
7.

B.
9.

Ag, Ce, Co, Cr, Cs, I, Ir, Ru, 8b, Se, Sn, Sr, Ta, 2Zr

Plate 10 mg of Ag on Decontamination Factorsi
platime gauze. i

10? Ir, Ru, Se, Sn
Electrolyse as anocde 1n HCl ’

o changs to Agll. 10k ¢cr, I, Sb, Ta, &7
Bring in contact with silver 105 Go

tracer solution for 15 min. at 6

room temperature, stlr during 10" Ce, Cs, Sr
contact,

Wash gauze with B8 M HNDO, for
1 min., rinse with water; \V

Isotopic Exchange with Supported AgCl  Yield 100%

Dissolve silver chloride in Decontamination Factare:
3 M NaCN-0.5 M KaOH .
Plating solution. 104 sn
Electrolyze at 4 volta for 15 mind 10° Ir
Wash electrode with water \ 2 x 109 Sb, Ta
and acetone, and dry. 5

5 x 107 Cr

106 Ru, Zr

2 x 10% se

L x 105 Ce

2x107 1

L x 107 se

2x 108 Co

_ \\ % 1010 ca
Electrodeposition of Silver Yield 100%

Weigh gause to determine yileld.
Prepars far counting.
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PROCEDURE 1 (Continued)

Step 8. Weigh the gauze to determine the yield, (The silver is depdaited
as the metal,)

Step 9. The gauze may be assayed in a sointillation well counter. When
a more reproducible counting form is desired, the silver may be
dissolved in nitric acild and precipitated as the chloride.

Referance:

1. D. N. Sunderran and W. W. Meinke, Apal. Chem. 29, 1578 (1957).

PROCEDURE 2

Source - ®Determination of Silver Activity in Fission®, .
T. B. Novey, Paper 266 in Radiochemical Studiest
The Fission Products, edited by U. D. Coryell and
Y. Sugarman, McGraw-Hill Book Co., Inc.,
New York, 195L.

A procedure for the iéolation of silver from flssion materlal is
based on repeated ohloride and sulfide precipltations. The determination
requires about 2 hr and gives a product of more than 99 per cent radiochemical
purity. The chemloal yleld 1s 60 to 90 per cent.

The only fission-product element with an insoluble chlordide 1s
silver. A simple procedura for the isoclation of silwer is based on the
separation of AgCl. Purification of the silver is effected Ly AgyS
precipitations from an ammonlacsl solution., In the procedure described

hsre, gilver is ﬁ.nally preclpitated as AgCl far weighing and mounting.

Procedure
An irradiated uranyl nitrate sample of 5 to 50 g is digsolved in
5 t0 50 ml of water, and about 20 mg of silver carrier is added. A
solutlon of 6N EC1l is added until precipltatlon is complete. Ths AgCl
is centrifuged and washed, and 6N NH;OH 1p added until the precipitate
1s dissolved. The gilver is precipitated with HpS from the cold.aolution.
. This sulfide precipitate i1s centrifuged, washed, and boiled in a
fow mi1liliters of conc. HNO, until all the sulfur is oxidizred. Silver

36



PROCEDURE 2 (Continued)

chloride is then p.recipita.ted wlth HC1 as before, centrifuged, and washed.

The preclipitations with sulfide and ohlaride are repeated. The chloride

precipitate 1s flltered onto a fllter-paper disk in a size 0000 Hirsch furmel ,
waghed well with 0.1N HNOj and then with alcchol, and dried at 110 G. The

| product my be weighed to determins ths chemlcal yleld before it is mounted.

PROCEDURE 3

Sourde = *Imroved Determinatien of Silver Activity in Fisslon®,
L. B, Glendenin, Paper 267 in Radlochemlcal Studies:
The Fission Products, edited by C. D. Goryell and N.
Sugarman, NMclraw-HIll Book Co., Inc., New York, 1951,

The procedure for the determination of slilver activity in fission
has been improved by the addition of Fe(OH), scavenging steps. Tracer tests
and separations of sllver from a flssion-product mixture indicate :
satisfaoctary decontamination from other fission activities, including iod:l.na

1. Introduction

The aepu'at:l.oﬁ of silver from the other flesion products in a
mn3 solution is accormplished by the precipltation of AgCl with HCl. This
precipitation is specific for silver in a fisslon-product mixture. The
purification of the sllver is then effected by alternate Fe(OH)3_ scav-
engings and AgoS precipitations’ from an ammoniacal solution. The silver
is finally precipitated as AgCl for welghing and mounting. The present
procedure is adepted irom the earlier method of Naveyl and differs only in
the addition of the Fe(OH)j soavenglng stepa.. The decontamination from
other fission activitles, including iodine, is satisfactory. The chemical
yield is 75 per cent or more, and tha time required for a complete
determination is about 1 hr. The complete procedure, together with e

discussion of the developmental wark, is given below.

2. Preparation and Standardization of Carrier

Dissolve 16 g of pure AghO3 in water and dilute to 1 liter. Pipet
S ml of carrier solution into a beasker, add about 50 ml of water, and
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PROCEDURE 3 (Continue’cl) :

heat nearly to boiling. Add 2 ul of 6M HC1 drop by drop with contimous
stirring, digest the preolpitate for about 1 min, and filter quantitatively
.with suction onto a welghed sintered-glass cruclble. Wash three times
with 5 ml of E;0 and three times with 5 ml of 95 per cemt ethanol, rinsing
down the inside of the crucible with each portion of wash liquid. Wipe
t.he outside of the crucible dry and place in an oven at 110 C for 10 min.

Cool in a desiccator and weigh as AgCl.

3. Procedure

Step 1. To the sampie in a 50-ml centrifuge tube, add 2 ml of
silver carrier and a few drops of Aercsol (Nota 1), dilute to 20 ml, and
heat nearly to boiling. Add 1 ml of €M HC1l drop tw. drop with stirring
and digest the precipitsfs of AgCl for a few seconds by émt_le boiling
and brisk stirring (Note 2). Centrifuge, and wash the precipitate with
10 m. of HpO.

Step 2. Dilesclve the AgCl in 2 ml of 6M NH) OH (Note 3), dilute
to 10 ml, and add. S mg of iron carrier drop by drop with stirring.
Centrifuge, and discard the Fe(OH)3 precipitate.

Step 3. Saturate the supernatant solution with HpS. Cemtrifuge
the precipitate of AgsS. ' '

Step L. Dissolve the precipitate of AgoS by beating with 1 ml of
conc, HNO3 (Note L), dilute o 10 ml, neutrslize with 6M NH,OH, and add 1
to 2 ml in excess. Add 5 mg of iron carrler drop by drop with stirring.
Centrifuge, and discard the precipitate,

Step 5. Repeat steps 3 and L.

Step 6. Add 5 drope of 6M HCi and a few drops of Asrosol (Note 1);
then add 2 ml of 6M HIND3 with stirring. Heat to boiling and filter with
suction omto a weighed filter-paper disk (Note 5) in a small Hirsch funnel.
Wash three times with 5 ml of HyO and three times with 5 ml of ethanol,
Dry at 110 C for 10 min, welgh as AgCl, and mount.

Notes. 1. The addition of Aerosol helps to .coagulate_t.he AgCl

and to prevent its adherence to the walls of the tubs.

38



PROCEDURE 3 (Continued)

2, Digestion helps to coagulate the milky suspension of AgCl |
that 1s usually formed. . .

3. A little heating may be necessary.

L. A small, inscluble residue of free sul fur may be formed by
uxidation. of the AgyS. This will be removed by the Fe(CH) 3 scavenging
precipltate.

5. The filter-paper disk is wash&d wlth ethanol and dried under

~the corditions of the procedure before weighing.
4. Discussion

Among the fission products the preclpitation with ohloride iom in
acid solution is specific for sﬂyer. The most probable contaminants in
the precipitation of AgCl are the halogens bromine and iodine. Precipitations
of silver as AgoS are therefore included in the procedure for the purpcse
of displacing any contaminating halogen activities, To the earlier procedure
of altemate\precipitationa of AgCl and Ag,S developed by Nmrey,l scavenging
precipitations of Fe(CH)j from an ammoniacal sclution have been added to
decrease general comtamination. Attempts by S'l',efl.nbe'rg2 to use a aimpie
procedurs of alternate AgCl precipitations and Fe(OH) 3 scavengings proved
to be unsuocessful. The isolated 7.5d Agj-u contained a Y contamination’
that was not removed by this method. The contaminamt wes not identified,
but it is probably 8.0d I131, which has a ) radiation of 0.37 Mev., The
addition of AgoS prec:l.pit.ationa (as in the present procedure) was found

by Steinberg to remove the Y contamination.
To determine the extent of iodine contaminatlon in the silver

procedure, tracer tests were made using carrler-free 8.0d 13l prepared
by neutron irradiation of tellurium, Aliquots of the tracer asolution
containing 100,000 counts per minute (c/m) of 8.0d 1131 yere taken

for the tests on the &ilver procsdure., In two experiments the AgCl
precipitates at the end of the complete procedure contained 8 and

10 ¢/m, or 0.0l per cent of the iodine tracer aot.ivity added. It is evi-
dent that for the separation of silver from the usual flssion mteriai the

decontamination from iodine is qulite satisfactory.
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PROCEDURE 3 (Continued)

The sepai-ation of silver from gemeral fisslon activitiss was also
shown to be satlafactory by the following experiment: A fission-product
coﬁcentrat.e wag prepared from plutonium that had been irradiated in the
Clinton Pile far 32 days and had stood for L2 days. The 7.5d Agtll
fission activity was isolated from the fission-product concentrate by a
simple procedure consisting in three precilpitations of AgCl with two
Fe(Qﬂ)3 soavengings. The lsoclated silver activity showed a single
73 component of 1.1 Mev maximum energy (by #baurption in alumimum) and
decayed for several half-lives with a period of 7.6 days. In the decay
curve a long-lived componsnt was finally observed 'which amounted to only
0.1 to 0.2 par cent of the initiel activity. Since the 7.5d Ag congtituted
about 0.1 per cent of the total fission activity in the ooncent.rate at the
time of the gilver aeiaaration, the decontamination from other fission
products in this experiment was of the order of 106. A decontamination
factor of more than 105 can be expected In the regular silver procedure
because of the additicnal AgpS precipitiationa.

From the above work it 1s evident that the silver procedure pro-
vides sufficiemt purity for the usual purposes. If high purity is desired,

ths cycle of precipltations may be repeated as often as 1s mecessary.

Re ferences
1. T. B. Novey, Paper 266, this volume.
2. ‘E. P. Steinberg, private commnication.
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6.

PROCEDURE L

Source - L, J. Beaufalt, Jr. and H, R, Lukens, Jr,.,

YHandbook of Radiochemical Analysis, Volume II.

Radiochemical Procedures®, NP-5OS7 (Del.),

Page 119 (1952).
To the solution conmtaining the silver activity in a volums of 8 ml
(in & 12-ml glass centrifuge cone), add Ag carrier. Add ons drop
of 1% Aerosol solution, heat to mear boiling and add 1 ml of 6N HC1
dropwise with stirring. Continue heating gently for ons t.o' two
mirmtes., Centrifuge and wash the AgCl once with 5 'ml of water.
Discard the supernate and the wash solution. '
Dissgolve the”Ag01 inl ml of 6_11' NH) OH, heating gemtly if necessary.
Dilute the solution to S ml and add 5 mg of Fe*** carrier dropwise
ﬁth gtirring, Add 2 to 3 drope of aerosol sclution. Stir, centrifuge,
and decant the supernate into a clean 12-ml centrifuge cone. Wash the.
Fe(m)j scavenge with 2 to 3 ml of wﬁ'ber to which a few drops of NH)OH
bave been added. Combine the supernate and wash sclution amd discard
the Fe(OH)3 precipitate.
Add 1 drop of a 1% aeroscl solution and 2 ml of 3 (NH)),S with
stirring. Coptinu; stirring untll the AgpS coagulates. Cen‘t.rifﬁga
aﬂd wash once with 5 ml of water. Discard the supernate and the wash
solution. N
Dissolve the AgpS by adding L ml of HNO3 and boiling emd stirring for
about 10 mimutes (Note a). Flace the tube in an ice-bath and carefully
neutralize with NE)OH (pH paper .my be used). Add 2 ml of 6N NH),OH
ard S mg of Fe*** dropwise with stirring. Add 2 to 3 drops of a 1%
aerosal solution, stir, centrifuge, and decant the supermate 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 M) OH have been added. Gc;mbina the

_ supernate and wash solution and discard the Fe(OE)3 precipitate.

Repeat steps 3 and L. Filter the final selution through a Whatman No.
L2 filter paper in a funnel.

Prepare a Whatmn No. L2 filter disc by washing 1t three times with 5-ml
portions aacﬁ of water and ethancl; drying at 90;100 C for ten minutes.
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PROCEDURE 4 (Continued)-

Cool in a desiccator for 10 minutes and weigh., Repeat this procedure
until a oonstant weight (+ 0.1 mg) has been obtained,

7. To the solutlon from step 5 add 2. mlL of 6N HNO3 and L drope of 6N
HC1 quickly with stirring. Filter immediately (Note b) through the
prepared fllter paper using the filter apparatus, Wash ths Agcl
three times with 5-ml portions each of water and ethandl. Dry the
precipitate and disc in an oven at 90-100 C for 10 mimutes, cool in a
desiccator 10 mimtes and weigh. Repeat the drying treatment until
the weight agrees within 0.1 mg.

8. Mount and count.

NOTES

a, This treatment is pecessary even if all the AgoS appears to dissclve
immediately. A small residus of free sulfur mgy be formed by the
oxidation of 5. The sulfur will be removed by the Fe(QGH); scavenge in
the following step. |

b. The AgCl mst be filtered before it coagulates becesuse large particles
of AgCl will give an uneven distribution of AgCl on the filter paper
and thus introduce a counting error due to irregular absorption and
scattering of the activity.

PROCEDURE 5.
- Source - R. L. Folger and H. Hicks in Report AECD-2738,
edited by W. W. Meinke, August, 159L9.
Target materials b g U metal foll Time for separations 2 hr.

Type of bombardment: 184® all high Equipment required: Centrifuge,
emergy - particles : cones, microburner, 110° oven

Yield: 8o%
Degree of purlfication: 103 from all F, P. activities
Advantages: Relatively simple procesdure giving good separation in high yield.
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* PROCEDURE 5 {Continued)

Procedure:

(1) Disaolve target in >10 N HNOy¥, Take aliquot and dilute to
-~ 5-6 N HNO3.

(2) Add aerosol and precipitate AgCl with 1 ml 0.5 N HC1##*., Wash
twice with 10 ml 1 N HNO; containing 1 drop 2 N HCL.

(3) Dissclve AgCl in 2 ml 6 N NH)OH, dilute to 10 ml, and add 2 ng
Fe*3. bentrifuga Fo(CH)y and repeat scavenge (may be done in
same tube.) -

(4) Saturate superpatant with HyS in the cold, wash Agp3.

(5) Dissolve AgpS in 2 ml concentrated ENO3, boil, dilute to approx.
L N (8 ml) and preoipitate AgCl with 1 ml 0.5 N HCL. Wash twice
with HNOB contalning 1 drop 2 N HC1.

(6) Repeat (3).

(7) Repeat (L).

(8) Dissol_ie AgyS in 1 ml concentrated HN03, boil to destréw or remove
all H,S dilute to 6 ml, add 1 mg Fe*3, and make tesic with M3,

(9) Add aerosol, mke 2 N in HNO3, add 2 drope 6 N HCl and boil to
coagulate. Filﬁer, vagh three times with 5 ml 0.5 N HNO3 thres
times with 5 ml CoHgOH, dry 10 min. at 110° C, Weigh as LgCl
(13.28 mg per 10 mg Ag).

Remarks 3 .

3+ Ag carrier should be added to the container in which target 1s diasolved
in order to prevent loss of trace Ag by absarption in the glass. An
amount of carrier should be added so that the aliquot will contain

_ 10-20 mg. . |

33 Bolling the salution over a nicrobum-er with stirring (being careful
to avoid loss by bumping over) causes rapid ard complete coagulation
of AgCl.
In step 2 addition of a few drops Ba & Sr plus 2 drops 50% K2003
wlll provide additional decontamination from these elemsnts.
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PROCEDURE 6

Source - R, H, Goeckermann in Report AECD-2738, edited
by W. W. Meinke, August, 1949.

Target materials .~-1 g Bl metal Time for separation:~,2 hrs.
Type of bombsrdment: 184* all Equipment required: Centrifuge

- particles tubes, ice, 110° oven :
Yield: ~~80%

Degree of purification: Decontamination factor ~ 10" from Plesion and
spallatlon products

Advantages: Good yield of pure Ag.
Procedurs:
(1) To aliquot of HNO3 aolution of target add 10 mg Ag, merosocl,
© dilute to 20 ml, and precipitate AgCl with 1 ml 6N HCL. Wash
with 10 ml Hy0.
(2) Dissclve 4gCl in 2 ml 6N NH) Off, dilute to 10 ml, and add 5 mg
| Fe*3,
(3) Saturate supernatant with HpS in the cold, wash AgpS.
(L) Dissolve AgsoS in 1 ml concentrated HNO3, dilute to 20 ml, and
precipitate AgCl with 1 ml 6N HC1l. Wash with Hy0.
(5) Repeat (2).
(6) Repeat (3).
(7) Dissolve Ag,S in 1 ml concemtrated HNO3, dilute to 10 rl, add 5 mg
Fe*3, and make basic with NH,. o
(9) AddlS drops 6N HUL to supsrnatant, add aercscl, meke 1N in HNO3,
heat, filter, wash three times with 5 m] H,0, three times with
5 ml CoHgOH, dry 10 min, at 110° C. Weigh as AgCl (13.28 mg per
10 ng Ag).

Remarks:
Wilkinson sugzested an electrolysis procedure inveolving plating
Ag® on the cathode fram 2-3 N HNO; 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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PROCEDURE 7

Source - R, G, Lilly in Report AECD-2738, edited by
W. W. Meinke, August, 1949.

Target material: Cd (separated Time for separation:  30-L0 min,
. isotopes)
Type of bombardment: Deuterons and Equipment requireds beakers,
' protons ~ 60% furnelas, Hirsch funnsl

Yield: . 50%

Degree of purification: good - at least factor of 100 from other activities
present.

Advantagess Simplicity.
Proceduret

(1) Dissolve the Cd target, weighing 10-15 mg, in a few mlllilitera
of conc. HNO3 in a small beaker. When all of the material has
dissolved, evaporate to dryness to drive off excess I-IN03.

(2) Add 3 - 4 mg In and 3-4 mg. Ag as the nitrate solutions and
dilute to ~~ 10 ml with Hp0.

(3) Add 1 N HCL dropvise until the Ag is completely precipitated as
AgCl. Coagulate the precipitate by heating and filter through
a small #42 Whatman filter paper in a short-stemmed glass fumnel.
(The filtrate contains the Cd and In fractions ard is worked up
separately as described in the procedures for Cd and In from .
Cd targets, Nos. 48-3 and 49-1.

L) Wasﬁ the AgCl precipitate several times with 0.1 N HNO,
digcarding the washes. Dissolve precipitate through paper
with 6 N M§jOH, collecting the solution in another small
beaker.

(5) To acavenge for In, add 2-3 mg Fe as 5 ml of F6013 solution,
stirring well during the addition. Coagulats the precipitate
ty heating, filter, and discard it,

(6) Re-acidify the filtrate with HNOy and add a few drops of 1 N
HC1l to make sure that the AgCl is completely precipiltated.
Coagulate the precipitate by heating and filter through a ﬂ.2

Whatman paper disec held im a Gooch orucible or Hirsch funnel.
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PROCEDURE 7 (Continued)

(7) Suck the a-a.mple Y dry as possible and then pour 1-2 ml
acet.oné througﬁ the paper to remove the residual HpO.
the pdaper disc 1s dry, mount, under tape.

Remarks:
See Scott (Std. Meth. Chem, 4nal.) for complete information

the precipltation of AgCl.

PROCEDURE 8
Source - M., Lindner in Report AECD-2738, sdited by
W. W. Meinke, August, 1949.
Target material: Sb (~/.5 g metal) Time for separation: 1 }

Type of bombardment: 18L* D, & - & Equipment required: Lusi
tubes, centrifuge, cont

Yield: Equal or greater than 50%
Degree of purification: At least factar of 100,
Procedure:
(1) To dissolve the Sb metal, add 15 drops of 27 N HF to 1i
lusteroid tube in a hot water bath. Add conc. HNOy dr¢
until dissolved (~-10 min). Dilute to A 20 ml.
(2) To the Sth- solution add 20 mg each of Te, Sn, In, Cd
Ru, Mo, & Y carriers as soluble salts. Add 2 drops col
Centrifuge the IF3 and AgCl precipitates.
(3) Wash the precipitate with 1 N HF.,
(4) Dissolve out the Ag* from the precipitate by adding Ll 1
MiOH, Centrifuge. '
(5) Dilute the supernatant to 5 ml and edd 2 mg Fe*** carr
Centrifuge ami discard the precipitate of Fe(OH)3,
(6) Add 1 mg each Sb, Sn, In, and Cd carriers. Add 1 ml c
and 1 drop conc. HCl. Centrifuge out the AgCl precipi
(7) Add 1 ml conc, NH,OH to the precipitate and repeat (6)
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PROCEDURE 8 (Continued)

(8) Add 2 ml 6 N NaOH to the AgCl precipitate. Digest 10 minutes in
hot wa'l';er bath. D_:llute to 10 ml & centrifuge. |

(9) Wwash the Ago0 precipitate with water and then dissolve in 1 drop
conc, HNO3.

(10) This sclution can be plated or if chan:l.oal yield is to be
determined the Ag should be weighed as AgCl.

PROCEDURE 9
Scurce - A. S. Newton in Repart AECD-2738, edited by
W. W. Meinks, August, 19L9.
Target material: Thorium metal (,1-1 g) Time for separationt 1 hr

Type of bombardment: 60 @' 's EQuipment required: Standard,
tank K5

Yield: ~ 85%
Degree of purlfication: _4/ 106 except from Pd.
Procedure: Th metal dissolved in conc. HC1 * a few drops .2 M sclutlon
(NHL) 3iF¢ to clear up black residue. The HCl is diluted to 2 X
and an aliquot taken.
(1) Add 20 mg Ag* to sample after diluting to 0.3 N HCl. Digest
a few min. Centrifuge AgCl precipite off amd wash with
10 ml HyO.
(2) Dissolve AgCl in 2 ml 6 N N§OH. Dilute to 10 ml ard add 5 mg
Fe*3. Centrifuge off Fe(OH)3. Add more Fe and recemtrifuge.
Saturate supernate with HyS. Precipitate Agp3. Wash AgpS.
(3) Dissolve precipitate in 1 ml oonc. HNOy. D:L'I.ut.e to 10 ml.
Neutralise with 6 N MO and add 1-2 ml excess. Add S g Fe*3,
Discard precipltate.
(k) Bepeat AgoS and Fe(OH) 5 precipitations.
(5) To last Ag(N3),* solution add 5 drops 6 N HCL, aerceol and 2 ml
6 X l:m03. Heat and filter. Wash three times 5 ml HpO, three
timee S ml 95% EtOH. Dry 10 min. at 110°® and weigh as AgCl.
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PROCEDURE 9 (Continued)

Remarks:
10 ng ag” = 13.3 mg AgCL (M.W. 13.3L)
This method has been described previously (Phys. Rev. 75 17 (1949}).
Lg+ 18 adsarbed very rapldly by glass in carrier free solution.
Dissolve and treat in quartz or lusterold till carrier added, otherwlse

most of active Ag" may be lost.

PROCEDURE: 10

Source - U, Schindewolf and M. Wahlgren, page 75 in
Report AECU-3887, edited by W. W. Meinke,
November, 1958.

Target materlal: DMeteorite Time for separation: 5 min. .
Type of bombardment: Neutron, 5 min. Equipment required: 60 mm fritted
100 kw. Buchner funnel, fillter chimney,
burner and tripod, filter flaeks,
Yield: 80% asplrator, miscellanecus beaksrs,
: beaker tongs, nickel crucible,
Advantages: rapid wash bottles-water, alcohol

Procedurst

(1) Add 2 ml silver carrier to crucible; dry.

(2) Fusé 1 g irradiated sample with 8 g sodium peroxide for one
mmte. (f:l.mly: ground samples)

(3) Dissolve melt in solution containing 100 ml water, 25 ml HCL.

CAUTION!I}

(L) Filter off eilver chloride, wash with water.

(5) Dissolve silver chloride from fritted furmel with hot ammonium
hydroxide.

(6) Add metallic zinc, swirl one mirmte.

(7) Pour through filter chimmey.

(8) Wash final sampls with hot dilute acidj dry wlth alcohol,

Chemlcal yleld: thiocyanate titration.
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PROCEDURE 11

Source - ®Collected Radiochemical Procedures”®,
Los Alamos Report LA-1721, September, 195l.
This precedure is a modiflcation of one described by L. E. Glendenin,
CN-1312 (May 15, 19L5). _

l. Introduction

Silver is initially separated from other fission products by the
specific precipitation of the chloride from nitric acid solution. The
silver 1s then purified by ferric hydraxide scavenging and silver sulfide
precipitation, both of which are performed in ammoniacal solution. After
repetition of the above c¢ycle, the silver is converted to the oxide
and f:l.naily to the iodate, AgI03, in which form it is counted. The
chemlical yield exceeds 80%. Quadruplicate analyses may be carried out in

about 3 hours.

2. Reagents
Ag carrier: 10 mg Ag/ml (added as AgN0; in very dilute HNO3)—standardized
Fe carrier: 10 mg Fe/ml (added as FeCl3' * 6Hp0 in very dilute HC1)
HCl: 1M
" HCl: 6M
HNO,s 6M

3
HNOBI conc.

H280h| conc.

HIO3: 2M

NaOH: 6M

NH) OH: conc.

(NH), )28t saturated solution
Asroscl: 0.1% in H,;0

Ethanoi: 95%.

Bunsen burner

Drying oven
Centrifuge

Hock for holding centrifuge tubes
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PROCEDURE 11 (Continued),

Mounting plates

Forceps

Plpetst assorted sizes

Wash bottle

Ground-off Hirsch funnels:s Coors 000A (one per sample)

Tilter chiméys (one per eample). .

Fllter flasks

60-ml sintered glass crucibles: medium porosity (cne per standardization)

No. L2 Whatman filter circles: 7/8% diameter—-weighed

L0-ml conical centrifupe tubes: Pyrex 8320 (five per sample; one per
atandardizatilon)

Stirring rods,

i, Preparation and Standardization of Carrier

Dissolve 15.75 g of AgN0; in a mimimm amount of Hp0, add a few
drops of HNO3, and dilute the solution to 1 liter.

Pipet exactly 5 ml of the carrier solution into a LO-ml conical
centrifuge tube and dilute to 20 ml with HExO. Add 1 ml of 2M HIO; and .
stir to coaéulate the mrecipitate which forms., Add an additional drop
of ]-IIl'J3 to test for completenese of precipltation. Filter the precipitate
into a weighed 60-ml sintered glass crucible of medium porosity. Wash
the precipitate with 5 ml of 95% ethanol and dry in an oven at 110° for
15 min. Cool and weigh as AgIo-.

Four standardizations, with results agreelng within 0.3%, are

performed.

5. Procedura.

Step 1. To the sample in a; L0-ml conlcal centrifuge tube, add
exactly 2 ml of Ag carrier and dilute the sclution to 20 ml with 6K HNO3.
Add 1 ml of aerosol solution and heat to boiling. Precipitate AgCl by
the addition of 1 ml of 1M HCl. Heat until the AgCl has coagulated.

Centrifuge and discard the supernate.
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PROCEDURE 11 (Continued)

Step 2. Disaclve the AgCl in 2 ml of conc. N OH. ‘Dilute to
20 ml with HyO and add 1 ml of Fe carrier. Centrifuge, trans.fecr the
supernate to a clean L0~ centrifuge tubs, and diecard the preclpitate.

Step 3. To the sclution add 1 ml of saturated (NHy),S solution.
‘Stir vigorously and centrifuge (Note 1). Discard the supernate.

Step L. Disadlve the Ag,S pre-clpitate by heating with 1 ml of
conc. HN03. Dilute to 20 ml with Hy0 and preclpitate AgCl by the addition
of 1 ml of 1M HC1 as in Step 1.

Step 5. Repeat Steps 2 and 3.

Step 6. Dissolve the Ag,S preéipitat.e ty heating with 1 ml of
conc. HNO3. Make the sclution alkaline with &M NaOH, and then add 3 drops
in excess. GCentrifuge the Ag20 precipltate, and discard ths supsrnate.
Dissolve the AgpO in L drops of conc. HpSO) and evaporate to dryness. dool.
| Step 7. Dissolve the residue in 20 ml of distilled Hy0 and add
1 ml of 2 HIO3. Centrifuge and discard the supernate.

Step 8. Dissclve the AgI0; precipitate in L drops of conc.
}HhOH. Centrifuge, transfer the supermte to a dlean hO-;nl centrifuge tube,
centrifuge and dlscard any S residue.l

Step 9. Add 3 drops of coﬁc.'HZSO,* to the solution and filter
the Agl0y precipitate on a welghed No. L2 Whatman 7/8% f£ilter circle, using
a ground-off Hirsch funnel and a filter chimney. Wash the precipitate
with 5 ml of 95% ethanol. Dry for 15 min at 110". Cool, welgh, and mount
(Note 2). ' '

Notes

1. Although the ﬁrecip:l.tation of AgCl in acld solution is
spécii‘ic for Ag among the cations in flseion.products, it 1s posaible that
the precipitate may be contaminated with bromine and iodime. Therefore,
the AgpS preciplitations are carried out t0.dlsplace any contaminating
halogen actiﬁ.tiea. _

2. Beta-counting for 7.5d AglMl activity is begun about 16 hours
after completion of the chemlstry to permit 3.2h Agm to decay sufficiently

so as not to interfere.
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