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FOREWORD

The Subcommittee on Radiochemistry is one of a number of
subcommittees working under the Committes on Nuclear Science
within the Nationel 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-
lisahment of specifications for radiochemically pure reagents,
the problems of stockpiling uncontaminated materials, the
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 uge to the working scilentist 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 spongored
the printing of the series. .

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

W. Wayne Meinke, Chairman
Subcommittee on Radiochemistry
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- INTRODUCTION

This volume which deals with the radicchemistry of cadmium
is one of a series of monographs on radicchemistry of the elements,
There is included a review of the nuclear and chemical features
of particular interest to the radiochemist, a discussion of prob-
lems of dissolution of a sample and counting techmniques, and
finally, a collection of radiochemical procedures for the element
as found in the literature.

The series of monographs will cover all elements for which
radiochemical procedures are pertinent. Plans include revision
of the monograph periodically as new techniques and procedures
warrant. The reader is therefore encouraged to call to the
attention of the author any published or unpublished material on
the radiochemistry of cadmium which might be included in a revised
version of the monograph.

vi



The Radiochemistry of qumium

JAMES R. DeVOE
Department of Chemlstry
University of Michigan, Amn Arbor, Michigan
January 1960

I. GENERAL REVIEWS OF THE INORGANIC AND ANALYTICAI, CHEMISTRY
OF CADMIUM '

"Gmelin's Handbuch der Anorganischen Chemie", System
Nr. 33, (Verlag Chemle, Gmbh. Weinheim Bergstrasse, 1925).

Mellor, J. W., "A Comprehensive Treatise on Inorganic
and Theoretical Chemistry", Vol. IV, Longmans, CGreen and
Co., London, (1923), pp. 95-69k.

Hillebrand, W. F., Lundell, G. E. F., Bright, H. A. and
Hoffman, J. I., "Applied Inorganic Analysis“, 2nd ed.,
Wiley and Sons, New York (1953), p. 254,

Sidgwick, N. V., "The Chemlcal Elements and Thelr
Cgmpounds“, Vol. I, Oxford Press, London (1950), P. 262—_
285

II. GENERAL REVIEWS OF THE RADIOCHEMISTRY OF CADMIUM

Rodden, C. J., "Analytical Chemistry of the Manhattan
Project"”, Natlonal Nuclear Energy Serles, Vol. I,
McGraw-H111 Book Company (1950), p. 396.

Finston, H. L., Miskel, I,, Ann. Rev. Nucl. 3Scl., 5, 269-
296 (1955). This is a general review of separation
procedures and has many references to the separation of
speclfic elements. :



TABLE OF ISOTOPES QF CADMIUM

III.
Isotope Half-Life Type of Decg[. Method of Prqggrationb'°
cqto# - 59m EC -

a
cat0> 55m EC, B+, v pa'%2(p,n) cal®?
cal06 6x1016y - C1.22%

107
cd 6.7h EC 99%
B+ 0.3% cal%n,y) cal®?

cqt08 - - 0.88%

cat® 4704 EC cal%(n,y) ca??

calto - - 12.4%

cgllim 48.6m T, v daughter of Int11(0.01%)
cal10(n ) calllm

catle - - 24.07%

cgtiim - - 12.26%

call - - 28.86%

catliom 434 BT,y daughter of Agll®(9%)
catt¥(n,y) call®
flsalon products

catt> 53h B,y daughter of Ag l® (91%)
cal®(n,y) calld
fiaa;on products

cal® 10'7y - 7.56%

cgilmm 3h IT, ¥ daughter of Agl7

: fission product

call? 50m B ,v daughter of Agll7

Cd116(n,7) catl?
118 : -
cda 50m B fission product
cattd 10m B~ --

a. For defalled decay and reference to the data In this Table see
Table of Isotopes, Strominger, D., Hollander, J. M. and Seaborg,
G. T., Rev. Mod. Phys., 30, No. 2, Pt. II, (1958).

b. Only a few of the common sources are listed here.
¢. This column also llsts percent abundance of the stable 1sotopes.
4. Johnson, F. A., Can. J. Phys., 33, 841 (1955).



IV. REVIEW OF THOSE FEATURES OF CD CHEMISTRY OF CHIEF
. INTEREST TO RADIOCHEMISTS

1l. Metalllc Cadmium

L]

Cédmium'metal hae a specific gravity of 8.64 1 at 16.3/'4o

2 and a bolling point of about T66° c.?

a melting point of 3200 c
It is made commerclally from treatment of impure Zn solutions
which were used for the electrolytic preparatlon of Zn. Some Cd
1s produced by the'fractionai distillation of zinc smelter dust.
. Cadmlum can be qulte easily:deposited.electfolytically and_is
one of the purest metals which can be obtalned cdmmercially by
thls means. The standard electrode potentlal at 259 C 1s 0.401
volt (ca » catt + 2 é).J+ At room temperature the metal 1s only
8lightly tarnished by alr or water. It can be 1gnilted to CdAO0..
Cadmium metal dissolves in hot dllute sulfurlc and hydrochloric
acld. It dissolvgs most readlly in dllute nitric acld. Cadmium

has only one stable valence, +2, in aqueous solutilon.

2. Soluble Salts of Cadmlum
All of the common salts of cadmlum are soluble 1n water with

the exceptlon of the sulfide, carbonate, oxalate, phosphate,
cyanlide, ferrocyanide, ferricyanide, and hydroxide. The halldes

are all solubie in water. The cadmlum lodide CdIz'ia one of the .
few'iodidea soluble in ethyl alcohol. All cadmium compounds are

" soluble 1n excess aqueous halide solution.

3. Insoluble Salte of Cadmlium
.The'insoluble salts are most useful 1n the gravimetric
aﬁalysis. Therefore the températures at which the lgnition should
be done will be listed. o ' .
Cadmium 18 preclpitated with st in dllute acid or baslec
solution and.is insoluble 1in (NH4)2Sx; It falls into group II of

the qualitative analysis scheme. CdS has a stable welghing form

3



between 218° ¢ and 4200'0.5 badmium hydrolyzes 1n aqueous qolution
above a pH of 5 and 1s insoluble in excess sodlum hydroxideQ
Cadmium hydroxide, Cd(OH)a, has a stable weighing form between

89° ¢ ana 170° ¢.% * Caamium forms a CdNH, PO, -H,0 which 1s an
1nsoluﬁle salt 1n neutral solutién and 1s often used as a stable

758 However it 1is probably not the best form since

welghing form.
1ts temperature range is narrow. It can be weilghed after drying
_betieen 12° C and 122° C or 1t can be taken to the pyrophosphate,
Cd,Pp04, which 1s completely transformed only above 581° c.2 a

. number of elements also precipitate under these conditlona.
Cadmium forms a thlourea complex which 1s precipitated in the
presence of Relnecke salt to form the crystalllne rose colored

precipitate with formula [Cd(cnunas)zl[Cr(NHB)2(0N5)4]2.1°'11

1la

This forms a stable welghing form up to 167° c. Only a few

elements precipitate with this reagent. Cadmium oxalate forms a

precipitate12

which 1n the presence of large excesas of oxalate
has moderate solubility.13 This precipltate ylelds C4d0 quanti-
tatively above 776°.C.14 A number of elements form an insoluble
oxalate. Cadmium or 1ts ammonium complex can be preclpltated
with ferrocyanide anion(Fe(CN)éIu.15_17 The precipitate is very
1nsolub1e and recently a néphelometric method using this pre-

ciplitate has been devised.18 For gravimetry the weighing forms -

are-stable up to 267° ¢.18% pe, Mn, Co, N1, Cu, Zn, A1, Pb, Ca
and Mg aléd form ferrocyanide precipitates.- It 1s poesible to
~coprecipitate cadmium onto many substances. Fe(OH)j, In(OH)B,
La(OH)5, LaFy, AL(0H);, Mg(OH), 19 and many others have been
found to carry cadmium from the aqueous solution. Any pre-
cipifate which allowsa chemlcal Iinteractlon with cadmium whiéh is
comparéble to hydrolysis dn a hydrous oxlde will carry cadmium.
Another example 18 the removal of cadmium from solution by

20 Only Bilver, mercury, lead, and

»

copreclpitation on AgCl.



thallous thallium are also carried down. Table I 1lists some of

the most common inorganic insoluble compounds.’

Cadmium forms a large number of complex lons.

Table I.

Reagent Precipitate
Coy ca(coj)2
CN~ Ccd(CN),
[Fe(cn)s']'4 CdFe(CN)5-xH,0
EFé(CN)61_3 Cd3[Fe(CN)6]2
OH™ - Cd(OH),
Mo0),~ CdMoO),
C,0,, CdC,0,
PO, > Cd,(PO,)

4 3\ /0
P207 Cd2(P207)
s~ cds
(NH4)3P04 CdNH, PO,
NH,,C10,, Cd(NH3)4(0104)2
Aaou-j Cd5(AB0y) 5
A80,"> Cd, (ABO,)

3 > 3’2

"Solubility in
Water

Insoluble

1.7 gn/100 ml

Insoluble
Insoluble
0.00026 gms/ioo ml

Insoluble

0.00337 gms/ioo
S.P. = 1.

Insoluble
Insoluble

0.00013 gm/100 ml
S.P. = 3.6 x 10-29
Very 1naolub1e
Insoluble

Insoluble

Insoluble

4. Complex Ions of Cadmium

INSOLUBLE INORGANIC COMPOUNDS OF CADMIUM

Solubillity in
Other Reagents

x 10-g1'

Soluble in acilds
potaseium cyanlide
ammonium salts

Soluble 1n aclds
potasslium cyanlde
ammonlum hydroxlde

Soluble hydro-
chlorlc acld

Soluble 1n aclds
and ammonla

Soluble aclds
ammonlum salte

Soluble aclds
ammonium hydroxide
potasslium cyanlde

Soluble aclds

‘excess oxalate

Soluble aclds
ammonlium saltse .-

Soluble aclds

excess pyrophosphate

Soluble acilds

Soluble acilds
Soluble aclds

Soluble acilds
ammonium hydroxide

. Soluble acids

ammonlum hydroxide

Many of the

complexes are negatively charged such as the halides, which

5



allow adeorption of these'cadmium ions on an anion exchangéf.
The equilibrium constants for ﬁ-number of these complexes ﬁre
listed 15 Table II." The complex halldes are particularly useful
for extraction of the cadmlium anions into organic esteras. Other
complexes such as’ citrate or tartrate form such strong complexes
with cadm;um that they prevent hydrolyaié'of cadmlum even 1n
normal solutions of sodlum hydroxide. The radlochemical appli—'
cation of these complex ions will be discussed in the section
‘on_ion exchange and on the one for extractlon. Other complex
lone of cadmlum which do-not appear in Table II are the car-

bonate, pyrophosphate and perchlorate.

Table IT. COMPLEX IONS OF CADMIUM

Complexing - Tonlc Refer-
Agent Reactlon Strength K ence
c1” cd+2 +Cl” »gdaat 3 38.5 a
ca*® + 2017 4 cacl, ? ?(o .
cat? + 301" - CdC15” - 3 363 >
ca™® + 4c1” » cacy, "2 ; 3%8 .
Br~ ca*? + Br~ - caprt 3 5 a
ca*? + Br~ » CdBr, ; 256 .
cat? + 3Br™ o CdBry ; 2% .
ca*? + 4Br~ » CaBr,~2 ; %ggg .
' 208 e
ca*? + 17 - cart 3 120 a
ca™® + 217 & car, 3 500 a
cat? + 31 o car; 3 105 a
ca*? + 41~ » car, 2 3 3 x 10506 a
sexm ca*? 4 SCN~ - cascN* 3 2k.5 2
ca*® + 2SCN™ - Ca(sCN), § éé :
ca* + 330N o ca(soN); § _288 e



Table II. COMPLEX IONS OF CADMIUM (Cont'd.)

Complexing C Tonlc
Agent Reactlon : Strength K
ca*? + 4(SCN)™ - ca(scN),® 2 g
. : 2 0
NO,~ ca*® + No,~ - CaNo,* 3 1.3
+2 - _
| ca*? + 2N0,” - ca‘noj)2 0.05 0.5
80)," ca*® + 50, » €dso, - g
ca™® + 2(s0,7) ca(sou)z'2 2 10
ca*? + 330, = 0d(80,)5" - 110
CN™ ca*® + oN" a cacytl 3 3.5 x 10°
ca*® + 208" 4 ca(en), 3 4 x 100
ca*? + 3cN” o cd(CN)5~ 3 1.8 x 10%°
ca*® + 4N~ - ca(on), "2 3 7 x 1018
02H302 (Ac™) ca*? + Ae™ » caact y - 60
cdaet + ac™ > Cd(ae)2 | - 10

a. Leden, I., Z. Physik, Chem., A188, 160-81 (1941).
Erikeson, L., Acta Chem. Scand., 7, 146-54 (1953).
c. Knoblich, W., Lotos, 78, 110-11 (1930).

Refer-

ence

d
d

o

"o

L T o B

¥ 5 R R O® &

d. Hume, D. N., DeFord, D. D. and Cave, G. C. B., J. Am. Chem.

Soc., T3, 5523-25 (1951).

e. Righellato, E. C. and Davies, C. W., Trans. Farad. Soc s
26, 592-600 (1930).

f. Leden, I., Acta Chem. Scand., 6, 971-87 (1952).
g. Leden, I., Svensk. Kem. Tid., 56, 31-6 (1944).

‘h. Adetya, S. and Prosad, B., J. Ind. Chem. Soc., 30, 255-60
- (1953).

5. Chelate Complexes of Cadmium

The organlc chelate compounds of the metallic catlons have

very wlde applicatlion in radlochemlstry. These compounds- can be

used as a baBls for gravimetric methods of separatlion and also

for extraction, lon exchange and othérs. Since the extractlon

T



methods are to be discussed in sectlion 7, conalderation 1s glven
in this sectlon to the formation-of chelate compounds as pre-
cipltates and therefore to thelr use ap gravimetric methods.

" Cadmium is one of the elements which has benefited most from
the introduction of the modern organle reagents. A number of
these reagents and thelr applicatlion to gravimetric analysis are
listed below. 2—(g¢hydroxypheny1) benzoxazole is a selective
precipitant for cadmlum with interference from only Ni and 00.21‘24
Salicaldoxime has been used to preclpitate cadmium with inter-

+2, Ni, Fe and Co.25 There 18 a large

ference from P4, Cu, UO2
ﬁariety of preclplitates which are formed with the general
structure (organic)2 (Cdxy) where the X 1s the bromlde or iodide
.and the organic group is s;milar to brucine 021H2102N2(CH30)2,26’27
phenazone,?8 or antipyrinylmethane.29’3° All of these are

belleved to have atable welghing forme. For the brucine complex

1t 18 between 120° C and 250° ¢.?! Diethyldithiocarbamate pre-
clpitates cadmium and interference 1s limited to PB, Bl, and Tl

if cyanidé is added;32 Qulnaldie a.cid33 18 a very good reagent

for cadmium because it ;s easlly flltered, buf it lacks specificity}
It has a stable welghing form between 66 and 197° ¢. Sodium
anthranilate precipitates cadmiuﬁ with a stable welghing form

below 110010.34'36 Some selectivity ﬁan be gained by using a
tartraté solution when precipltating caqqium with oxine.37 The
atabie welghing form occurs between 280° and 3840 C, and 18
‘nearly the most,stable oxine known. The 1hsolub1e precipltates

of cadmium with pyridine such as dipyridlnocadmium chloride
[C_d(CSHSN)a]Cl2 38 and dipyridinocadmiumlthiocyanate39 are qulte.
unstable and decompose at less than 100° c.
Cdprecipitants have recently been used to
carry traces of cadmium onto a macro organic precipitate. An

4o

example of this has been mentioned by Kutznetsov ~ which co-

8



preclpltates a'cadmium.iodide complex anion ﬁith a precipltate
formed wlth the orgﬁpic catlon, methyl violet and 1ladide _
anlon. '

A number of stabllity constants for various chelates are
listed in Table III. These values were taken from Martell and

Calvin t0®

which 18 a very good reference to the chemlstry of the
metal chelate compounds, No effort has been made to 1list all of
the chelate.compounds but only a compound representative of the
generalltypé of organic atructures (e.g. amines,_carboxyiic
aclds, etc.) has been listed.

For those elements which have a high stability constant
-tltrimetric methods may be used. An example of ‘this 1s the'
analysls of cadmlium by titration usling sodlium ethylenediamine
tetraacetate.ul’42 3

An Iinteresting application of the chelﬁte complex 18 1n thé
formatlion of the thlourea catlon complex of cadmium. By increas-
ing the bulk of the catlion a orystalline précipitate can be
formed with ammonium reineckate (NHM[Qr(NHB)Z(SCN)uj. The exact
number of thiourea molecules.which coordinate with the cadmium
has not been clearly eatabliahed; although polarographic data
indicates that the complex has two molecules of thiourea co-
ordinated wlth the cadmium cat:l.on.)'D Prior to this time there
has been complexes reported with three and four thilourea mole-

culea coordinated with one cadmium.44’45

Table III. STABILITY CONSTANTS FOR THE CHELATES OF CADMIUM

Ionic Refer-

Chelating Agent . Log K* Strength ence
Oxalic acild 1.14 pkKy _ 0.2 a
HOOC-COOH 3.85 pKp 0.2 a
' 3.52 . 0 b
5.29 (K1Kp) 0



Table III. STABILITY CONSTANTS FOR THE CHELATES OF CADMIUM (Cont'd.)

Chelating Agent .

' Malonic acid
HOOCCH2COOH

o phthalie acid
COCH

COOH

Cltrlc acld
QOOH

CHo
1
HOOC-?—OH
CHp
COOH
Tartaric acld
gOOH
gHOH
CHOH

COOH
Ammonia NH3
Ethylenediamine

H,NCH, CHNE

Diethylenetriamine

N, -G, CH,-Ni-CH,,~CH NE

Triethylenetetramine

NH,,-CH,-CHoNH

CHp

CHz

N =~ Ci- N
B,B',ﬁ"-Triaminotriethylamine

/CHE—CH2—NH2

N-— CH2 CH2 NH

" -0y

1o

1 DKo
.73 (K1K2)

\O-P'I‘O
dooo

1.9 1og Ky

6.98 PK7

9.98 pKp

5.5

10.02 iKlKg)
12.18 (K1KoK3)

4.61 PKy
9.21 pKp
8.4

13.8 (K1Kp)

3.85 pKy

7.00 ng

10 9 .
(K1K3;2)*

8. 72 pK2

10 29
12.3

Ionilc Refer-
Strength ence
0.2 a

.04
.01 c
.03 c
0.15 d
0.1 e
0.1 e
0.1 e
0 big
0.2 g
0.2 g
- i
1.0 J
1.0 3
0.5 k
0.5 1
70.1- k
0.5 m
0.5 m
0.1 m
0.1 m
0.5 n
0.5 n
1.5 (o}
1.5 (o}
0.5 P
0.5 D
0.5 P
0.1 q



Table III. STABILITY CONSTANTS FOR THE CHELATES OF CADMIUM (Cont'd.)

Ionic Refer-

Chelating Agent Log K* ~ Strength ence
Propylenedliamine s 7.03 PKy 0.5 k
N-CH- 9.78 pKp 0.5 k
e (',H;Hamz 5.42 KE 0.5 k
9.97 ( %Kﬁ) 0.5 k
: 12.12 (K1K2K3) 0.5 k
1,2,3 Triaminopropane 3.99 PKlg 0.5 r
¢ 2.28 P> 0.5 r
- .45 0.1 T
Hg NH2
H2CNH2 .
. N
Pyridine I 0.5 - 1
Bipipidyl 4.4 0.33 8
m 13.2 (K1Kp) 0.1 1
=N N=
Ammoniadiacetic acld 2.54 pKo 0.1 1
COOH 9.13 pK 0.1 i
7’ . .
HN\CH2 5.4 > 0.1 1
CH,COOH 9.6 (K1Kp) 0.1 1
Ammoniatriacetlic acld 9.5 0.1 t
N-(CH2000H)3
Anthranilic acild _ 6.53 pKy -5
COOH Kn 1.6x11_2
' Ko 1.4x10
NH,
Ethylenedliamine tetraacetic acld 2.0 DKy 0.1 u
HOOC! . COOH 2.7 PKo 0.1 u
' %2 /QHQ 6.2 pK 0.1 u
. yFCH -CH,N 10.3 p 0.1 u
: 2 720N 16 0.1 v
.HOOCH2 _ CHECOOH * ‘
Acetylacetone 8.%ﬁ o] W
CH,COCH,,COCH 5. - X
, H5000H000H; 9.76 (K1Kp) x
Benzoyltrifluoroacetone 6.2 0.1 1
7 x

.6 (K1Kp)
Q COCH,COCF

Log K values are the log equllibrium formatlon constants for
1:1 chelates. The pK values are listed for hydrogen-ion
equilibria. pK; represents the pK value of the most strongly
acld form.

*

> Formatlon constant of MeEKeB.

11
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6. Extraction of the_Thenqyl-Trifluoroaoetoné (TTA)
Complex of Cadmlum Iinto Organlic Solvents

To this date there has been little evidence that cadmium
forms a atable complex with TTA which can be extracted into
organic solvents. Experimental attempts to extract cadmium 1in
phis laboratory have shown that from a pH of 1 to 6 the amount
of cadmium extracted into 0.25 M TTA in benzene (equal volumes)
was negligible after 10 minutes of vigorous agltatlon. At a pH
of B the extraction seemed to be about 5;10%. Thls however 18
very close to the highest pH under which TTA can be used, and

the cadmium may be hydrollzing giving some intersurface adsorp-
tion of the hydroxilde.

7. Extraction of Cadmium into Organliec Solvents
a) Ion assoclatlion system of solvent extraction.

This type of.extraction has a number of mechanisme and many -
equilibria are Involved between the specles of lons. In general
1t involves the solvatlon of a complex cation or anion by a
water lmmisclble liquild. |

bromides and fluorides of cadmiumt!

46

The complex chlorides,
do not in general extract into organic solvents. The complex
lodides 6.9 N in HI do extract into dlethyl ether.48 Since HI
is somewhat unstable a convenlent method of maintalning the
liodixie concentration 18 wilth the use of 1.5 N stou wlth KI.ug
These methods are somewhat speciflc, with only Sn, Hg, Sb, Bi,

Zn and In interferring. A good revliew and discusslon of the
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analytical chemicﬁl applicatione of the complex lodlde extractilon
1s given by Bouilioux.so '

Another ilon assoclation system which 1s not very selective
18 the extraction of cadmium into n-butyl phosphate (mixture of
di-n butyl and mono-n-butyl phospha.te).51 Other elements which
extract are Cs, Sr, Ia, Ce(+5), Ag, Fe, Se(+4), Te(+4), Sb(+3),
Sb(+5), As(+5), Pd, Ru, Rh and Nb. Ofther complex ions suoch as
the nitrate, perchlorate cyanlde, SCN,.etc. are not known to ex-
tract into organic solvents by an lon assoclation mechaniam.

b) Chelate system of solvent extraction.

The other general type of solvent extraction involves the
chelation of the metallic catlion 1n aqueous solutlion followed by'
solvation of the organic chelate by the organic solvent. The
most used example of this for cadmium is the extractlon with
dithizone. - A general discusslon on the.uses of dithizone and
particularly the chemistry of the cadmium dithizonate 1s glven
by Sa.nde11,52’53 Iwantscheff,-54 and the textbook on analytilcal
chemistry by Charlot and Bezier.’”? The general extraction of a
group of elements with dithlzone at different pH 18 shown in
figure 1.56

Saltzman57 extracted the cadmium cyanide complex from alka-
line solutlon into a dithizone solution in CHClB.- The cadmium
was then back extracted lnto tartaric acld. Sandell57a has found
that cadmlum can be back extracted into as weakly acidle a

solution as 0.0l N HCl. It 1s preferable to use CHCl, asa fhe

5
solvent for dithlzone rather than CCl, since the dithizone is

more solublé and stable 1n CHCl An Interesting adaptation of

3
the method involves passing the chloroform solutlon of the di-
thizonatesa through an alumina column. By adjusting the polarity
of the eluant one can separate selectively the various dithi-

zonates-whigh adhere to the column.58
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Other methods which make use of the extractlion of the

chelate compound are pyridine in CHCl 59 diethyldithiocarbamaté

60

3,

in CClu, sodium malonate, acetylacetonate and di-f-napthyl-

thiocarbozone.61 There are undoubtedly a number of other chelates
which are listed in Table III which could be used in a solvent
extractlion sistem.

A good treatment of the appllcatlon of solvent extraction
to analytical chemistry 1s given in a book by Morrison and

Freiser.62

8. Ion Exchange Behavior of Cadmium

There are a few very good general references on the lon
exchange propertles of the elements. A very good biblidgraphy
which 1s segmented into the behavior of the elements as well as
many organic classes of compounds 1s that of Osborn.63 There
‘also 1s a very good 1list of references on the theory of ion
exchangef This review was made to include all papers up td
June 1953, Satlsfactory texts on lon exchange are those of
Sa.muelson64 and N'achod.65 A more recent revliew of latest develop-

66

menté in lon exchange was done by Kraus and Nelson. Other new
developments 1lnclude the gradlent elutlon method which continu-
ously changes the concentration of the eluting substance. '
Another approach 1s to syntheslze an lon exchange resin which
has a chelate compoﬁnd attached to the molecule.67 This 1n-
creases the selectlvity of the elutlon step by lntroducing another
reagent. A ﬁimilar procedﬁre designed for the separation of
cadmlum uses cellulose acetate lmpregnated with dithizone in
CHClE.68
The usual catlion exchangers are the sulfonated phenolilc
resins (Amberlite IR-lCO) or the sulfonated hydrocarbon chaln or
the divinyl benzenes (Amberlite IR-120) (Dowex 50). In addition

one can use fllter paper, cellulose acetate, alumlna, or even

16



some lonic precipltates as effective catlon exchangéra. The
proton on the acid form will exchangg wilth various catilona
depending upon the electronegativity and size of the catlon.

Dowex 50 1s the most popular because of lte increased stabllity
over the other lon exchange resins. Various eluting agents have
been uged for cadmium depending upon the-form of the cation. |
For—example, the complex ammemium lon 1s eluted with ammonium clt-

69 and the complex oxalate 15 eluted with 1 N HC1.'C Cadmium

rate
can be separated from an aqueous éolution of low lonic strength
from the alkall metals wilth Dowex 50 after'elﬁtion of the cadmium
wlth 0.70 M HC1.'' Bonner and Smith'Z 1list a selectivity scale
for the monovalent and divalent catlions on Dowex 50. This
selectlivity scale 1s based upon the arbltrary index that the
affinitj of L1 for Dowex 50 18 1. The values appéar in Tables

IV and V. Koch72a Investlgated the elution order of divalent
cations on Dowex 50. H1s results are shown 1n flgures 2 and 3.
Thls should ald the experlmenter in determining elution order.
Cadmium has been satisfactorlly separated from uranium with
Amberlite IR-120. The uranium is eluted with 0.5 N oxallc acid
‘and the cadmium 1s eluted with 1 N HC1.T?

| Some of the more unsfable cation exchangers have been used.
Riches74 suggested thé separation of cations C4d, Cu, Mn, Ni and
Zn from plant materlal containing moderately high concentration
of (NH4)3P04 (0.1 N) using Amberlite 100 to retain the catlon.
They are then eluted with 1 N HCl.

Yoshino and Kojima75 were able to separate Zn from Cd by
elution from a catlon exchanger (Dowex 50) with different con-
centrations of chloride 1ion.

An alumina column has separated the followlng system con-

"taining cadmium: Cu, Cd; Cd4d, Po; Zn, Cd, Fe; Sb, C4, Zn.76‘ A

- surprisingly rapid (2 min.) paper chromatographlc separation of
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Pigure 2 Elutlon curves for some of the divalent metal ions; 3.1 M HC1
used as eluent; lon exchange resin, Dowex 50x4, 200-400 mesh.

(Taken from UCRL 2531722,)
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Figure 3 Elution curves for some of the divalent metal ions. O,4 M

HC1 used as eluentj lon exchange resin, Dowex 50x%, 200-400 mesh,

(Taken from UCRL 253172a.)



Table IV. REVISED SELECTIVITY SCALE
FOR UNIVALENT IONS ON DOWEX 50

4% DVB 8% DVB 16% DVB
Li - 1.00 1.00 1.00
H C1.32 . 1.27 - 1.47
Na 1.58 1.98 2.37
NH), 1.90 2.55 - 3.34
K L2.27 2.90 - | 4.50
Rb 2.46 3.16 4. 62
cs - 2.67 3.25 4.66
Ag 4;73 8.51 22.9
T1 6.71 2.4 28.5

Table V. SELECTIVITY SCALE FOR
DIVALENT IONS ON DOWEX 50

4¢ DVB - 8% DVB .16% DVB
o, 2.36 2.45 3.34
Mg 2.95 3.29 3.51
Zn 3.13 3.47 3.78
Co 3.23 3.74 3.81
Cu - 3.29 3.85 4,46
cd - 3.37 3.88  b.95
N1 - 3.45 3.93.  4.06
Ca 4,15 | 5.16 | 7.27
Sr . 4,70 - 6.51 0101
Pb 6.56 9.91 18.0
Ba CT.AT 11.5 20.8

20



cadmium from about 20 contaminating elements hae been reported
by Warren and Fink. 'l
Kozak and Walton gainéd partlal separation of Cu, Zn, Ni,
Cd, Ag and Au on a sulfonated coal catlon exchanger.78
The effect of a high lonlic strength on a cation exchanger
18 not always predlctable. For Iinstance, a very atrong anion
complex such as AuClu‘ in a high chlorlde concentration'shows very
strong adsorption of the anlonon a Dowex 50 cation exchanger.79
Anion exchange 1s more useful with cadmlum than cation ex-
change, because cadmium forms many stable anlon complexes. 1In
general, anion exchange 18 more useful than cation exchange for

the fdllowing reasons:

1. High lonic strength 18 an advantage because the
complex anlon is the interacting speciles. |
2. In order to work with some catlons 1n aqueous
| solutlon they must be complexed to prevent
hydrolysis, these complexes are usually anions.
3. The amount of reagent in the eluting medium is
small. Usually water or a very dilute solution

of the complexing agent 1s used.

The beat anlon exchange resins are of the strongly basic
type iike the quarternary ammonium salts (usually chloride) of
polystyrene divinylbenzene (Dowex 1 and 2, or Amberlite IRA-400).
The mdaf often used method of séparating cadmiuﬁ.from the other

elements 18 the usBe of the chldfide complex wlth Dowex 1 or 2 80

81 82 have an extensive

or Amberlite IRA-400.91 Kraus and Nelson
reviéw of the behavior of moét all of ﬁhe elements in the perlodic
- table with Dowex 2 in hydrochloric acld medla. Figure 4 shows
that it 1s posslble to galn some separation of Cd from Zn (very

difficult to do by other methods) in the region of 0.01 N HCl
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Figure 4 Anion exchange adsorption of 2Zn(II) and

Cd(II). (Taken from Kraus and Nelson 83 )
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6.8 Kaliman et 21.8* shows the possibility of this separa-
Hicks et gl.aua have gdsorbed many‘elements-on a Dowex 2
exchanger in 12 !_HCl and then eluted selectlvely by alter-

ne specles and concentration of the eluant. Cadmium was

to elute in 3 M HC10, along with Po and Sp™> °F +5 85

tly the complex l1odide has been used. This 18 a Btrongef'
ex than the chloride and galns separation wlth less inter-
ce from other iona.86’8'-r '

It 1s possible that other complex anions of Cd would find
cabllity 1n ilon exchange separatlons; however none have been
Eed. The use of chelating agents as an lon adJunct to the
kchange resin to galn eelectlvity has n6t been developed

dlently to allow adequate evaluation of 1ts importance.

V. Dissolution of Cadmium Containing Materlals
Most mlnerals contalning cadmium can be readlly dissolved
tack wlth hydrochloric acid, hydrochloric acid followed by

¢ acld, or nitric aecid a.lone.88

The insoluble resldue which
arlly contains no cadmium can be decomposed by fusion with

1 carbonate followed by solution of the melt in acild.

er attack 1s discussed by Crouch and Cook89 whlch involves
ion 1n a nickel cruclble with a mixture of 2 gm potassium
te, 1 mg potassium carbonate and 1 gm potassium hydroxide at
C.for 2 houfs. This does not effect complete solution in
cases and use 18 made of this fact to galn some separation
anging the reagents used to leach the residue. Once the

1al 1s broken down into various fractione of lixivated

lon contalning predlctable eiements depending upon the type
ing reagent, the general separations (as listed in this

ent) are used to complete separation of the individual

ats.
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A very useful procedure for effecting solutlon of minera;s_
and organlc subsatances lncluding tissue Involves the fusion in
sodlum peroxide and 1ts subsequent solution 1n_acid.9° The

reaction is carrled out in a nickel crucible. Macro amounts of

the cruclble are dissolved, but thls does not 1n general inter-
fere wlth the asubsequent separatliona. By using this technlque
very rapid fusions are accomplished (leas than 2 min.) when
crushéd rock or organic'materials are used. Occaslonally one
finds:a sample which combusts with explosive violence and adequate
safety precautions (such as fhe use of heavy plaatic shielding)

must be taken.

VI.l Counting Techniliques of the Cadmium Nuclides
The number of radioactive nuclides of cadmium 1s quite large
and thelr radlatlons are representative of many types of decay.
There 1s of course very littig in the llterature on the counting
techniquea of those nuclldes which are not often encountered. '

n have complled excellent information on the

Beaufalt and Lukens
counting procedures for some.of the common nuclides for each
element. '

“Since Ca*!?™ 13 the longest 1lved, and has both B, (98%)and
v, (2%)emission, 1t makes a sultable tracer and can be counted in
elther a scintillatlon well of Geiger Miller counter. The
absolute countlng efficiency of the standard well counter (NaI
crystal dimenslons 1 3/4" dla. x 2" thick, well 3/4" dla. x
1 1/2" deep) 1s'about'10%, and of the Geiger.Mﬂller with the
sample 1 cm from the window 1s about 7%. A gamma ray spectrum of.
callo® ang catld are shown 1n figufes 5 and 6.92-

If one has Cd1'® 1t 1s desirous to delay counting-about 16

hours to allow the In115m daughter to grow into equlllbrium. It
has been found by Cuninghame et gl.gj that there 18 a meaaurabie

self absorptlon of a cadmium 8-hydroxyquinolate précipitate when

24



using a -proportional counter with Cdlls. When a scintillatilon

well counter 1s used for a strong P~ emitter such as Cdllsm, the

Bremsatrahlung 1s very great and slnce the counting efficilency
of the seilntlllator 1s greater for Bremsstrahlung than the
‘proportional or. Gelger Miller (G/M) counter, the self'abaorptioh
"effect 18 not as apparent. For very preclse absolute counting,
however, thé G/M_counter corrected fof self absorptlion should
be used since Cd_l15 and Cd115m ﬁre primarily B~ eﬁitters. The

113m.aince 1t decays wlth

same éffect-is even more apparent in Cd
lower B~ energy. Cd109 decays by electron capture with accompany-
ing characteristlc x-rays. In addition a gamma ray of 0.087 Mev.
has been measured. It does not decay by B~ and therefore the

use of G/M.type counters in not as efficient as the use of
scintillatlon or x-ray counterﬁ. The same applles fo the

117 117m

measurement of Cd and Cd which are primarily gamma

emltters.

VII; Collected Radiochemical Separation Procedures
for Cadmium
The radiochemical separation procedures which have been
used 1n the past can be subdivlded according to the type of
mixture from which the separatlon 1s to be made. References to
other.separations of the same type which are not_diséussed in

detall here are:

1. Separations of cadmium from the fission products.94'98

2. Separations of cadmium from Cd metal targets.99'102

3. Separations of cadmium from Ag metal'1:.9.rge1:s.103'10)‘L
105

4. Separations of cadmium from Th metal targets.
In thé following pages are listed several of the better

detalled procedures for each of the categories llsted above.
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PROCEDURE 1

Source - DeVoe, J. R., Meinke, W, W., Anal. Chem.,
31, 1428 (1959)

Extractlon

Element separated: Cadmium Time for sep'n: 10 min.
Target material: Milsc. activitles Equlpment requlred: Suiltable
extractlon funnel for high
Yield: T7% speed stirring to prevent
' splashing

Degree of purification: TUp to 104 per cycle depending upon
elements present. .

Advantages: Good decontamination froﬁ many elements, carriler-
free.
1. Procedure

Step 1. Add 0.2 gm solid sodium tartrate to the initlal
solution. AdJuat the pH to 13-13.5 with0.1 N sodium hydroxide
(Hydrion pH paper) and add water to a total volume of 10 ml.

Step 2. Add 10 ml of dithizone solution 0.75 mg/ml in
chloroform and stir rapldly for 2 minutes.

Step 3. Draw_off the chloroform layer into exactly 10 ml -
(f 0.1 m1) of 0.1 M hydrochloric acid. Stir rapidly for 2
minutes. '

Step 4, Reéeat steps 2, 3 and 4 if greater decontamination
1s required. _

Step 5. Remove acld layer and count allquot of acld layer

in well counter.

2. Remarks

1. Percent forelgn lon carried with cadmium (one cycle):

Antimony 0.2% Ceslum 0.08%
Barium-Lanthanum 0.1% Chromium 0.1%
Bismuth 0.01% Cobalt 0.03%
Cerium - 0.02% Copper 13%
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PROCEDURE 1 (Cont'd.)

Gold 0.4% Selenium 0.01%
Indium 0.5% Silver 2%
Todine 0.06% Tantalum 0.6%
Iridium 0.1% Thallium 91%
Mercury 0.1% Tin 0.3%
Nickel 0.1% Zinc 6U%
Palladium 0.1% Zirconium 0.1%

Ruthenium 0.03%

2. Dithlzone i1s known to react with a great many of the
heavy metals, but cadmium 1s almost unique 1in being able to form
a stable dithizonate in strongly basic solution.

3, Of the twenty-three elements listed above only silver,
copper, thallium and zinc contaminate the separation. Presence
of 1 M ammpnium hydroxide in the origilnal solution satisfactorily
complexes the silver preventing contamination, but contamination
by the other three elements is not affected. When the basicity
is increased to 0.5 M scdium hydroxide, the copper contamination
is reauced to about 0.1%. The 1ncreased basic strength often
reduces the strength of the dithizonate bond. This is probably
caused by increased solubility of the dithizone 1n the basic
aqueous layer, thereby displacing the equilibrlum toward disso-
ciation of the dithizonate. Unfortunately the yield of cadmium

is also reduced to about 50% by this step.

The contamination of thallium can be convenlently removed
by utilizing a displacement reaction.lo6 An equal volume of a
solution made up with 0.1 gm of cobalt nitrate, 5.0 gm sodium
acld tartrate, and 4.0 gm sodium acid carbonate in one liter of

water 1s agitated with a chloroform solution of the cadmium and

thallous dithizonate. The cobalt displaces the thallium to form

3
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PROCEDURE 1 (Cont'd.)

the dithizonate, but the cobalt wlll not displace dadﬁium; This
procedure, therefore, results in a removal of the contamination

by 1nactive cobalt. Subsequent removal of the cadmium 1n 0.1 M
HC1 results in removal of cadmlium but very little lnactive

cobalt. The decontamlnatlon factor obtained from thalllum by this
method 1s 120 with a yleld of Cd of 65%. Unfortunately, this

displacement did not occur with zinc.

PROCEDURE 2

Source - DeVoe, J. R., Meilnke, W, W., Anal. Chem.,
31, 1428 (1959)

Ion Exchange

Element separated: Cadmium Time for sep'n: 15 min.

Target materlal: Milsc. activities Equipment required: Column
_ 9 cm x 4 mm dia.; Dowex

Yield: 80% 2 x 8, 200-400 mesh

Degree of purlfication: TUp to 104 dependlng upon the elements
present

Advantages: Carrler-free

_ 1. Procedure _

Step 1. Equilibrate anlon exchange column by_passing 20 ml
of 3 M hydrochloric acid through tﬁe éolumn.

Step 2. AdJust the acldity of the original solution to 3 M
HC1 with a total volume of 10 ml. Run through the.column.

Step 3. Elute with 0.1 M ammonium hydroxide. Discard the
first one-half ml and collect the next 3 ml of eluant.

2. Remarks

1. Use flow rate of 1 ml/minute.

2. Do not allow air to get between resin grains or the -
already poor equilibration (due to rapid flow rate) will become

much worse.
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PROCEDURE 2 (Cont'd.)

3. Percent of foreign ion carried with cadmium:

Antimony L.6% Mercury 36%
Barium-Lanthanum 0.03% Ruthenium 0.12%
Cerium - 0.01% Selenium 0.01%
Cealum 0.007% Silver 89%
Chromium 0.02% Tantalum | 0.005%
Cobalt  0.007%  Thallium 0.007%
Indium 0.3% Tin o!3¢
Iodine 0.1% Zinc 81%#
Iridium 0.015% Zirconium 0.03%

The lmpurities elute in the first 6 free volumes, while the
cadmium does not elute untll 9 free volumes have been collected.

4, Ton exchange can be used to Beparate zinc, mércury gnd
sllver from cadmium by replacing.the ammonium hydroxide eluant
wlth distilled water. In this modifled procedure:the yleld of
cadmium was found to be about 55%, with a contamination of 1.0,
0.5 and 0.3% for zinc, mercury and silver respectively.

5. 8peclal care must be taken 1n the case of thallium to
insure that it is all present in the +l state. This is

accomplished by heating the solution with 0.1 M sodlum bisulfite.

PROCEDURE 3

Source - beVoe, J. R., Melnke, W, W., Anal. Chen.,
: : 31, 1428 (1959)

Preclpitation
Element separated: Cadmium - Time for sep'n: 30 min.
Target materlal: Milsc. activities Equipment requiredt standard
Yield: -~ T78%

Degree of purificationﬁ Decontamination factor up to 3 x 103
per_cycle depending upon elements present
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PROCEDURE 3 (Cont'd.)

Advantages: Separates from zinc

1. Procedure

Step 1. To thé orlginal solutlon add 10 mg of cérrier of
each contaminating element. Mlx to secure exchange in a 15 ml
centrifuge cone.

Step 2. Add 10 mg of cadmium carrier and 2 ml of thilourea
(5 gms/100 ml water). Add 5 ml of 2 M hydrochloric acid and
dilute to a total volume of 10 mi.

Step 3. While stirring édd 2.5 ml of Relnecke salt solutlon
(4 gms/100 m1 water). NHu[Cr(N'HB)e(SCN)u] -H,0.  Available
Eastman Kodak Co.

Step 4, Continue stirring for 5 minutes and centrifuge for
5 minutea.' |

Step 5. Remove the supernate and wash with 10 ml of a 1%
(by weight) thiourea solution in 1 N hydrochloric acid. Stir
for 5 minutes. ' | -

Step 6. Filter the solution onto a paper disc, mount and
count or centrifuge for 5 m1nutes; remﬁve the supernate and slurry-
the precipitate into a culture tube for counting in a scintllla-
tion well counter. '

| . 2. Remarks

1. The original aolution.can.be up to 1 M in hydrqchloric
acid. Small amounts of perchloric, nitric or sulfuric.acid
(<.1 N) do not interfere.

2. Percent of foreign ion carrled with cadmium (one cycle):

Antimony 3% Chromium 0.2%
Barium-Lenthanum  O.06% Cobalt ~ 0.05%
Cerium .03% Indium 0.1%
Cesium 0.8% Todine _ 0.7%
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PROCEDURE 3 (Cont'd.)

Iridium 0.08% Tantalum  0.06%
Mercury 46% . Thallium 99%

Ruthenium 0.28% Tin 0.83%
Selenium. 93% Zinc 0.6%
Silver §9% Zirconlum . 0.04%

Silver and thalllum undoubtedly precipltate as the chlorilde.
The use of nitric acid for these elements does not, however,
improve the separation because they,‘along with mercury, also
form 1nsoluble Relneckates. Selenium is found to be reduced by
the thiourea to the metalllc state. Removal of thlourea will
lower the contamination of selenium, but at the samé time the.
.overall contamlnatlon may 1pcrease because of the loss of
.crystallinity in the precipitate.

With thiourea the cadmium preclpltate 18 rose 1ln color and
1s very granular and crystallline. .Ammonilum Reineckate when dis-
solved 1n distilled water, sldwly decomposes on standlng to glve
the greenish blue chromium aﬁmonium complex. Thus a solution of
the ammonium Relneckate (5 ml. of 4 gm/100 ml) was unable to
precipitate 10 mg., of cadmium 1n 5 ml. of water T2 hours after
preparation. The preclpltation was quantitative,.however, if
the reagent was used durling the firsat 24 hours after preparation

and if a 10% excess of reagent was used.
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PROCEDURE 4

Source - DeVoe, J. R., Thesis, University of Michigan,
Feb. 1960; Submitted Anal. Chem. 1959

. Vacuum Distillation of Metals

Element separated: Cadmium Time for sep'n: 30 min.

Target materlal: Misc. actlvitles Equipment required: Distilla-
tlon apparatus which consists

Yield: Ti% of an evacuated chamber into
oy which a 1iquild nitrogen

Degree of purifilcation: TUp to 10 cooled cold finger protrudes

depending upon elements present to collect the vapor elscted

from a long oylindrical
Advantages: Selectlve, particular- carbon rod heated by Iin-
ly from those elements which duction.
contaminate chemically (For details see source.)
1. Procédure

Step 1. To & solution which 1s 0.1 to 0.2 M In either HCl
or HNO3 with the radloactive contaminants present, add 1 mg of
inactlve Cd to glve a total volume of 2 ml.

Step 2. Insert a platinum wire anode and a copper foll
(1/2 cm wide by 10 mils thick) cathode into the solution.

Step 3. Allow current to pass at 6 Volts (negligible current)
for 20 minutes. _ . |

Steb 4._ Remove the copper foll and wash ih H20 and acetone.
Cut out the deposited area on the foil and place.in a scintilla-
tlon well counter to ﬁeasﬁre the contamination in the electrolysils
step. . _

Step 5. Place the foll 1n the furnace of the distillation
apparatus and heat to 180° C for 5 min. after equilibrium pressure
(6 x 10™° mm Hg) is obtained. |

Step 6. The area of the teflon film collector upon which
the cadmium condensed_is cut away and placed in a tube for count-

ing In a scintillatlon well counter.
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PROCEDURE 4 (Cont'd.)

2. Remarks

1. Percent of forelgn lon carrled with cadmium:

Amount

Element mg. Electrolysis Distillation Overall
agti® 0.032 40 0.7 0.28
ce-pri*™  c.F. 33 | 0.01 0.003
cat3t 0.01 0.1 3 0.003
co®0 0.007 26 0.1 0.03
Irt92 0.006 33 0.03 0.01
sel? 0.014 100 0.05 0.05
Ru-RN'%®  0.008* 20 0.05 0.01

C g 204 0.36 66 2.5 1.6
7n®5 0.36 22 1.3 0.29
Zr-Np>° 0.03 1.2 0.01 ~ 0.00012

* Solutlon of chlorlde converted to sulfate so that final con-
centration 1s 0.1 N H2304.

PROCEDURE. 5

Source - Beaufalt, L., S., Lukens, H. R., U. S. Atomlc Energy
Commission, Rept NP-5057 (March 1952)

Precipltation

Element separated: Cadmium Equlpment requilired: standard

Target material: general

1. Procedure
Step 1. To the solutlon containing the cadmium activity in
a volume of 10-15 ml (in a 40-ml heavy—walled glass centrifuge
tube), add cadmium carrler. Stir thoroughly and adjust the pH
to 7 with NHAOH. Saturate the solution with HQS, centrifuge
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PROCEDURE 5 (Cont'd,)

and wash the CdS once with 5 ml of water. Discérd the supernate
and wash solution. a

Step 2. Diasolve the CdS with 1 ml of 6 N HCl. Boll off
the st and dilute to 8 ml. Add 5 mg of Fe+++, stir, and then

precipitate Fe(OH), with the addition of 6 N NH,, OH. Centrifuge

>
and wash once with 5 ml of water contalning three drops of NHMOH.
Combine the supernate and wash solutlon. Dilecard the Fe(OH)3
precipitate. _

Step 3; Acldify fhe comblned supernate and wash solutilon wiﬁh
HC1l, add 5 mg of Fe+++, stlr and precipltate Fe(OH)3 with the
addition-of 6 N NH,OH. Centrifuge and wash as in step 2. Com-
bine the wash solution with the supernate in a 50-ml lusterold
tube. - Discard the Fe(OH)3 precipltate. .

Step 4,  Adjust the solution with the dropwlse addition of
HC1 to a pH of 1 and add 10 mg of La+++ carrier. Stir'and add
0.5 ml of HF. Stir thoroughl&, centrifuge, and decant the
supernate into a clean 40-ml glass tube. ﬁeutralize the solution
with NH,OH and saturate with Has; Centrifuge the CdS and wash
once with 5 ml of water containing 1 drop of HCl. Discard the
supernate and wash solutlon.

Step 5. Dissolve the CdS with 4ml of 6 N HCi. Boll the
sélution to expel the H2S and dilufe to 10 ml wlth water. Add
5 ml of Ag+ carrler and centrifuge. Add 10 mg of Pd++ carrier,

stir, heat the solution to 70° C and precipltate PdS wlth H,S.

2
(Note 1). Add a plnch of filter aid pulp, stir thoroughly, and
-centrifuge. Add 10 mg of Sb carrier, stir, heat the solutlon to
70o Clanq preqipitate Sb233 wilth HES (Note 1). Centrifuge and
wash the Sb283 oﬁce wlth 5 mi of 3 N HCl. Combilne the supernate

and wash solutlon.
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PROCEDURE 5 (Cont'd.)

_ Step 6.  Repeat the Pd scavenge.with thé addltlion of 10 mg
of Patt carrier and using the conditions set forth in step 5.

Step 7. Fllter the comblned supernates from step 6 through
a funnel cohtaining a Whatman No. 42 filter paper and neutralize
to pH 7 wlth the dropwlse addition of NH40H. Saturﬁte thé '
solution with Hes and centrifuge. Wash the CdS precipltate once
wiﬁh 5 ml of water. Discard the supernate and the wash solution.

Step 8. Dissolve the C4S in 1 ml of HCl and.boil_off the
HES' Filter the solution (with water washing) through a funnel
containing a Whatman No. 42 filter paper; do not allow the final
volume of the flitrate to e#ceed 15 ml. Dllute the volume bf
the flltrate to 15 ml wilth water 1f necessary. Add 1.5 ml of
>N NH401 and adjust the pH to 7 by the Qropwise addition of
6N NHMOH. Add 1.5 ml of 1.5 N (NH4)2HP°4 and digest in a hot-
water bath for fifteen mlnutes. Malntaln a pH of 7 throughout
the digestion by the addltion of'NHuoH or HC1l 1f necessary.

Step 9. Prepére a Whatman No. 42 paper disc by washing
wlth water and drying in an oven at 90_1006 C for ten minutes.
Cool the paper for ten mlnutes 1n a deslccator and welgh. Répeat
this procedure until the welghings agree to wlthin 0.1 mg.

Step 10. Filter the preclpitate through the prepared filter
paper disc. Wasgh with five 5—ﬁ1 portlions of water. Dry at 90-
100° C to a constant welght as 1n step 9. Welgh as CdNHuPou-HZO.

Step 11. Mount, and after 16 hours count (Note 2). See |
Volume I, Sectlon 1, "Counting Instructions" for Cadmlum and

ca11® Growth Curve, Section 2.

2. Notes
1. The solution should be 2-3 N in HCl to prevent C4dS from

preclpltating.
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PROCEDURE 5 (Cont'd.)

2. ©€d-115 (In-115) transient equilibrium is in effect after
16 hours.

PROCEDURE 6

Source - Wilkinson, G., Grummlt, W. E., Nucleonlecs,
9 {3),"52-62 (1951)

Preclipltation
Element separated: Cadmlum Time for sep'n: *?
Target materlal: General Equipment requlred: Standard

Yield: 50-60% _ Degree of purification: ?

1. Procedure

Step 1. Dissolve oxide in fuming nitric acid. anveft to
chloride, add carrlers of Cd, In, ail other sulfide group elements,
X, Ia, Ce, Ba,_Sr, Zr, Rb and Ca. AdJust acldity to 0.5 N HCl.
Preclpitate with st. Remove ppt.

Step 2. Boll to expél st and add carrier of As, Ge, Se,

Mo, Ra, Rh, Pd, Ag, Sn, Sb and Te and repreclpltate and remove
ppt as before.

Step 3. Add ammonium acetate and acetlc acld to the filtrate
and ppt CdS and InS3 with HES. Diesolve 1n cold\; N HC1l sufficlent
to give .1 mg/ml of each metal. '

Step 4. Add carrier of Ru, Sn, Sb, Se, Te, V, La, Ce, Zr,

Ba, Sr and Ce and separate In and Cd sulfides by.pptn.

Step 5. Dissolve the C4d and Im sulfides in 1 N HClé Repeat
steps 4 and 5 until there is no activity in the precipitates; |

Step 6. To the 1 N HC1l solution of Cd and In carriers of
Ce, 12, V, Ba, Sr, Zr, Nb and Cs were added. The solution 1s made

8lightly alkaline wilth ammonla and then falntly acld wilth HCl.
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PROCEDURE 6 (Cont'd.)

Step 7. Excess solld sodium acetete was added to the solution
and the mixture bolled for a few minutes. Thié preclpltates the
indilum basic acetate. The precipltate 1s dlssolved 1n dilute
acld and is.repfecipitated. |

. Step 8. The cadmium 18 recovered from the flltrate by pre-
cipltating the sulfide in 0.2 N acid wlth carriers La, Ce, X, Zr,
Ba, Sr and Cs present.

Step 9. Redissolve and precipitate.the cadmium with either
allyliodidehexamine (5% aq. soln.) or with phenyltrimethylammonium
iodide (2% aq. soln. contalning 5% KI) in the presence of rare
earth. Zr, Ba, Sr, Cs and In hold back carriers.

2. Remarks
1. In step 6 any preclpltate of Zr or Nb, etc. was removed
at this stage.
2. In step 9 Ag, Sb, and Pd interfere wlth the separation
by precipltating their iodides.

PROCEDURE T

Source - Hicks, H. G., U. S. Atomlc Energy Commission,
Report UCRL 4377 (Aug. 1954%y

Precipitatlion, Ion Exchange

Element separated: Cd115 Time -for sep'n: 4 hours
Target materlal: Uranlum Equipment required: Standard
Yield: TO0% Type of bbdt: neutron

11

Degree of purification: 10 atoms of Cd115 from 1015 fission
showed no detectable contamlnatlon when decay was followed
over 3 half lives.

1. Procedure
Step 1. To an acld soluftlon of the activity, add 10 mg
Cd++. Add several milligrams of Fe"', Mo+6, and one drop of

NaN02. Make basic with NH40H.
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PROCEDURE T (Cont'd.)

Step 2. Centrifuge and discard preclpitate. Reacldify

supernatant, add several mg Fe 'ttt

and repeat step 1.

Step 3. Dilscard precipitate and decant supernatant into a
125-m1 Erlenmeyer flask. Boll to femove NH.3 and add NaOH pellets
until Cd(OH)2 preclipltates. Wash precilpltate twlce with water.

Step 4. Dissolve.précipitate in 2 M HC1 and add Pd and
Sb carriers. Saturate with Has and discard precipltate. .

Step 5. Boil HQS from the supernatant and pass solutibn
through a Dowex A-2 resin column 5 mm x 10 cm. Wash column with
10 ml 0.1 M HCl. Discard effluant.

Step 6. Through the column pass 15 ml 1.5 M Hesou, collect-
ing the eluate in a 40-ml centrifuge cone. Transfer eluate to a
hot bath and dllute to 30 ml with water.

. Step 7. Saturate with.HQS while hot and dlgest preclipltate
for several milnutes.

Step 8. Repeat steps 4 through 7.

Step 9. Wash precipitate twlce with water, twice with

acetone, dry, and welgh as CdS.

PROCEDURE 8

Source - Lee and Cook, U. S. Atomlc Energy Commission,
Rept AERE, C/R-430

Precipltation-Distlllstlon and Electrodeposition

‘Element separated: Cadmium Time for sep'n: ~ 2 hours

Target material: UO,SOy Equipment required: Standard

Yield: *? Type of bbdt: neutron

Degree of purlfication: *?

1. Procedure

Step 1. Dissolve the target in H20; add 10 mg'of carriers
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PROCEDURE 8 (Conttd.)

Ru, Rh, Te, Ag, Sb, Sn, and_Cd. Total solutlion should bhe' 2-3 N
in HC1. |

' Step 2. Preclpltate Ag, Ru, Sb, Te and Rh with H2S.' Make
filtrate baslc with NaOH and then add just enough HC1l to dissolve
uranium hydroxide. | '

Step 3. Preclpltate Cd, Sn and remainihg Sb wlth HES.

Step 4., Dissolve the sulfide precipitates in a@ua regia and
convert to aulfétes by ev&porating to SO3 fumes after adding
‘conc. H2804.

Step 5. Selectively deposit on a copper plated platinum
cathode the antimony (at -0.25V to -0.40V) and tin (at ~0.55 V
to -0.70V). . _

Step 6. Make the solution ammoniacal before femoﬁing the
cathodes.

Step 7. Readjust the solutlon to acld by evaporating the
. ammonla and adding HC1l dropwlse.

Step 8. Electrolyze the cadmium onfo a copper plated-
platinum cathode at -0.80V to -0.9V. |

2. Remarks
1. In step 2 i1f a cloudy filtrate occurs heat with a dilute
KClO3 soln.
2. Thls separatlon 1is satisfactory for Sn and Sb also 1if
selective potentlal 18 used.

3. The ammonlacal soln. in step 6 prevents the Sn from

81ss0lving in the HC1.
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PROCEDURE 9

Source - Maxwell et al., U. S. Atomlc Energy Commission,
Rept UCRL 404 (Aug. 1949)

Extractlon
Element separated: Cadmlum Time for sep'n: U4-5 hra.
Target materlal: Silver metal Equipﬁent required: Standard
Yield: 80-95% Type of bbdt: 60" D,

Degree of puriflcatlon: At least factor of 100

Advantages: Carrier-free. Sultable for use in bloligical systems.

1. Procedure

Step 1. Dissolve the silver turnings in a minlmum volume
of 16 N HNO3 and evaporate solution to dryness on a steam beth.

Step 2. Dissolve 1in 25 ml H20 and add excess NHuCNS to
complex the sllver.

Step 3. AdJust the solution to pH 5 with abdidm acetate
and extract the cadmium activity with chloroform contalning 5%
pyridine.

To remove traces of silver:

'Step_4. Evaporate chloroform phase to dryness on a steam
bath. |

Step 5. Redilssolve in 2-3 ml of 1% H2304 and extract wlth
0.005%. dithizone in chloroform. '

2. Remarks
1. The target was a 1/4-inch thick block of spectrographl-
cally-pure silver-(obtained from Johnson Mathey and Co. -- no Cd
was detected by spec. analysis) soldered to a water-cooled copper
plate. The bombarded surface of the sllver was removed from the
target by milling off to a depth of 1/8 inch.
2. This procedure, orlginally developed for the separation

of micro amounts of cadmium (H. Fischer and G. Leopoldi; Mikro-
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PROCEDURE 9 (Cont'd.)

chim Acta, 1, 30 (1937) quantitatively extracted cd'®? from
-8

solutlons containing bresumably less than 10 grams availablé
cadmium.

3. The final solutlon of Cd109 contalned less than one.
microgram of sllver.

4. Radloactive palladium also formed in the bombardment,

is not extracted with cadmlum by this procedure.

PROCEDURE 10

Source - Melnke, W. W., U. S. Atomic Energy Commission,
Rept UCRL 432 (Aug. 1949)

Extraction, Preclpltation

Element separated: Cadmlum Time for sep'n: 2-3 hours
Target materlal: <Cd Equipment required: Beakers,
(separated 1sotopes) funnels, Hirach funnel,
separatory funnels, pH
Type of bbdt: Deuterons and meter.

protons - 60"
Yield: ~ 90%

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

Advantages: Good separation

1. Procedure

Step 1. Dissolve the Cd target, welghing 10-15 mg, 1n a
few millilitere of conc. I-INO3 in a small beaker. When all of
the material has dilssolved, evaporate to drynesas to drive off
excess HNOB.

Step 2. Add 3-4 mg In and 3-4 ﬁg Ag as the nitrate sol'ns
and dilute to ~ 10 ml with H20.

Step 3. Add 1 N HC1 dropwlse untlil the Ag 1s complete1§

pptd as AgCl. Coagulate the ppt by heating and fllter through
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PROCEDURE 10 (Cont'd.)

a small No. 42 Whatman filter paper in a short-stemmed glass
funnel. The filtrate contalns the Cd and In fractions. (The
AgCl ppt'is worked ﬁp separately as described 1n the procedure
for Ag from Cd targets, No. 47-3).

Step 4. Make the filtrate ammoniacal and add another 3-4 mg

Ag as the nitrate soln. Acldify wlth HNO, and add a few drops of

3
1 N HC1 to insure complete pptn of AgCl. Coagulate the ppt by

heating, filter on No. 42 paper, and discard. _

Step 5. AdJjust the pH of the filtrate to.3.5 with NH40H and
transfer to a 50 ml separatory funnel.

Step 6. Extract the In by shaking with three portions of
.0.02 M 8-hydroxyquinoline in CHjCl, dfawing the organic ;ayers
off Into a second separatory funnel after each pass. Discard
the few drops of mixed soln which remain in the stopcock after
geparatioﬁ of layers. (The In 18 contained in this orgénic layer
énd 18 worked up separately as described in the procedure for In
from C4d targets, No. 49-1).

Step 7. Add 3-4 mg In as the nitrate soln to the H,0 layer
remalining in the flrst funnel. Repeat the extractions.as out-
lined 1n step 6 aﬁove, but this time discard_the three organic
layers contalning the scavenger In.

" Step 8. Draw the H20 layer into a beaker, boll off residual
CHBCl, and add NH#OH to ppt Cd as the B-hydroxyquinolate. Filter
through a No. 42 Whatman paper disc held 1n a Gooch crucible or .
Hirsch funnel. Suck fhe sample on the paper as dry as possilble
and then complete the drying under a heat lamp before mountlng

under tape.
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PROCEDURE 10 (Cont'd.)

_ 2. Remarks
1. See Scott (Std. Meth. Chem. Anal.) for complete informa-
tlon on the pptn of AgCl.
2. See Sandell (Colorimetric Determination of Traces of
Metals) for further Iinformation on the extraction of In with 8-

hydroxyquindline.

PROCEDURE 11

Source - Meinke, W. W., U. S, Atomic Energy Commlsslon,
_ Rept UCRL 432 (Aug. 1949) :

Preclplitatlion

Element sepafated: Cadmlum _ Tilme for sep'n: ~ 2 hours

Target material: Sb (~ .5 gm metal) ZEquilpment required:
Lusteroid tubes, centril-

Type of bbdt: 184" a and D, fuge, cones, tank H,S,

'S0,

Yield: 50% or greater 2

Degree of purificatlion: At least factor of 100.

l. Procedure
Step 1. To the target add 15 drops 27 N HF 1n lusterold

tube 1n hot water bath. Add conc. HNO, dropwise untll dissolved

>

(10 min.) Dilute to ~ 20 ml.

Step 2. Add 20 mg each Te, Sn, In, Cd, Ag, Pd, Ru, Mo, Y
carriers as soluble salts. Add 2 drops conc. HCl. Centrifuge.

Step 3. Dilvide supernatant into two equal parts.

Step 4. Evaporate one part to near-dryness. Cool, add
20 ml 3 N HCl1.

Step 5. Boll the supn. to expel 302’ add 5 ml H20.

Step 6. Saturate Qgﬁ wilth st until=Sb2S3 pptn complete.

Step 7. Evaporate the supn. to near dryness. Take up 1n
15 ml 1 N NaOH. |
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PROCEDURE 11 (Cont'd.)

Step 8. Wash the Cd and In hydroxide with very dilute NaOH,
dlssolve in HCl. Add 2 mg Sn+)+ holdback.

Step 9. Repeat NaOH pptn, dissolve and make to 15 ml in
2 N HC1.

. +++ =

Step 10. Add 5 mg Sb s 2 g Te03 and saturate wilth H2S.

Step 11. Boil supn. to expel'H2S. Add excess NHHOH.
Centrifuge. .

. Step 12. To the supn. contalning the Cd (NH3)4++ complex

add 2 mg InTH. Centrifuge off the In(OH)3 ppt.

Step 13. Saturate supn. with HQS. Centrifuge CdS ppt.

Step 14. Dissolve CdS in HCl.

Step 15. Dillute an aliquot of solution to 15 ml. Add 11 ml
3 MNHCL, 1ml 1.5M (NHu)z HPO, and weigh the CANH,PO,-H,0 ppt

formed.

PROCEDURE 12

Source - Meinke, W. W.; U. S. Atomic Energy Commission,
Rept UCRL 432 (Aug. 1949)

Precipitation

Element separated: Cadmlum . Time for sep'n: -~ 2 hra.

Target materlal: ~ 1 g Bl metal Equipment requlred: Centrl-
' : fugs, tubes, HQS tank,

Type of bbdt: 184" all particles 110~ oven

Yield: ~ 70%

Degree of purlficatlon: ‘Decontamination factor >104 from flsslon
" and spallatilon .products.

Advantages: Good yleld of pure Cd
1. Protedure
Step 1. To allquot of HNQS soln of target add 10 mg Cd and
make basic with NH, centrifuge out Bi(OH)B.

Step 2. Add 10 ml concentrated HC1l to supernatant and
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evaporate to dryness. Take up 1n 20 ml 0.2 N HC1l and saturate
‘with H,S. Wash CdS with H,S water.

Step 3. Disaolve CdS in 1 ml 6 N HCl, boil out H2S, dilute
to 10 ml, add 5 mg Fe' and 6 N NHuoH' dropwise until _Fe(OH)3
precipitation begins. Redissolve 1-2 drops HCl, heat, add 4-5
drops 6 N CHBCOONHu, centrifuge out baslc ferric acetate_ﬁre—
cipitate. N

Step 4, Add 10-15 drops 6 N HCl1l to supernatant and precipi—
tate CdS. ‘

Step 5. Dissolve CdS in HCl and expel Hgs, add several mg
In gnd preclpltate wlth NH3.

Step 6. Re-acidify and precipitate CdS.

Step 7. Dissolve CdS in 2 ml' 6 N HC1l, dilute %o 10 ml, add

10 mg Pd*?, heat, and saturate with H,S.

SteE 8. Add 5 mg Sb+3 to supernatant and scavenge wlth Sbasj.
Step 9. To supernatant add excess NHMOH and saturate with
H,S. | '
Step 10. Dissolve CdS 1n a few drops of HCl, expel HQS,
dilute to 15 ml, edd 2 ml 3 M HC1l, boll, add 2 ml 1 M (NH,, ) JHPO,,,
and digest hot 15 min. Fillter, waah wilth H20, dry iO min. at 110° C.

Welgh as CAdNHy PO, -H,0 (21.66 mg per 10 mg Cd).

PROCEDURE 13

Source - Nervik, W. E., U. S. Atomic Ener Commission
Rept UCRL 2542 (Sept. 195.4?y

Precipltatlion, Ion Exchange

Element separated: Cadmium Time for sep'n: ?
Target maferial: Ta . Equipment requlired: standard
Yield: Type of bbdt: p(340 Mev)

Degree of purlfication: Purification factor ~ 104
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1. Procedure _

Step 1. Dissolve the Ta foll in concentrated HF-HNO (11)
in a lusterold tube and add Cd and Ce carrlers.

Step 2. Centrifuge the rare earth fluorides..

Step 3. Make the centrifugate 18 N'in H2304, extract Ta
with di—;sopfopyl ketone. Evaporate the aqueous layer to dryness.

Step 4. Dissolve the residue 1n water; add Fe carrier and
make soln basle wilth NHMOH. Centrifuge.

Step 5. Precipitate CdS with Hes. Centrifuge and dissolve
ppt. 1n 2 NHCl. Add Cu carrier; precipltate the sulfide and
centrifuge.

Step 6. Add Zn carrler and boill the centrifugate. Pass
through a column of Dowex A-2 anion exchanger; wash resiln with
0.1 N HCl1. |

Step 7. Elute the cadmlum with 1.5 N Haéou.

Step 8. Precipltate CdS with H,S from the eluant. Repeat
the anion exchange step without carriler.

Step 9. AdJust the final eluant (1.5 N Hesou) to pH &4 witﬁ
NH)OH. Boll. Add (NHA)QHPOM. Centrifuge. Wash with H,0 and
ethanol. Dry-at 110° C and weigh as Cd(NH,)PO,-H,0.

2. Remarks
1. In step 6 volatilize H,S.
2. In step 6 the cadmlum ls adsorbed.

3. In step 6 the zinc is a hold back carrier.
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PROCEDURE 14

Source - Glendenin, L. E.,'National Nuclear Energy Serles: IV,
Vol. 9, McGraw-Hill Co., New York (1951), p. 1575

* Precipitation
Element separated: Cadmium Time for sep'n: *?
Target material: plutonium Equipment required: standard
Yield: -~ Type of bbdt: neutron

Degree of purificatlion: Decontamination factor 106 from remain-
" Ing filssilon product actlvity .

i.' Procedure

Step 1. Add 10 ml of conc. HCl and 20 mg of cadmium carrler
to the sample, and evaporate Just to dryness. Take up the
-résidue in 20 m1 of 0.2 M HCl and saturate with H,S. Centri-
fuge, and wash the CdS preclpltate. _

Step 2. Dissolve the.precipitate in 1 ml of 6 M HC1l, dilute
to 10 ml, and add 5 mg of iron carrler and 6 N NHAOH in drops
until Fe(OH)3 just begins to precipitate. Dissolve the precipl-
tate with 1 or 2 drops of HCl, heat to bolling, and add 4 or 5
drops of 6 M NH402H302. Centrifuge, and discard the precipitate.

Step 3. Add 10 to 15 drops of 6 M HC1 to the solution and
pass in'st. Centrifuge, and wash the C4S precipitate.'

_ Step 4. Repeat steps 2 and 3. Dissolve the CdS in 2 ml of
6 M HCl and dilute to 10 ml. Add 10 mg of palladium carrier,
heat, pass 1n HES’ and centrifuge. Dlscard the PdS preclpltate,
add 10 mg of palladium carfier to the solutlon, and repeat the
preclpitation of PdS. '

Step 5. Add 2 ml of 6 N NH,OH to the solution and pass in
HES' Centrifuge, and wash the CdsS.

Step 6. Dissolve the CdS precipltate in a few drops of HC1,
heat to expel H,S, dilute to 15 ml, add 1.5 ml of 3 N NH,Cl, and
heat to bolling. Add 1.5 ml of 1.5 N (NH,) ,HPO, and digest hot
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PROCEDURE 14 (Cont'd.)
for 15 min. Filter, wash the CdNHuPou precipltate with H20, dry
at 110° ¢ for 10 min,, welgh as CdNHuPOA-Hzo, and mount.

_ 2. Remarks

1. The separation of cadmlum from the other fission products
1s based on ﬁrecipitation of Cd4S with st in dilute acld solutilon.
The contaminating elements, members of the acid-sulfide group
~and probably zirconlum and nloblum (columblum), are removed by
basic ferric acetate [FeOH(02H302)2] and PdS scavenging cycles.
Preclipltatlion of FeOH(02H302)2 1s an excellent scavenglng opera-
tion, the precipltate carrylng a great number of the fisslon
elements.lo7 The PdS scavenging precipltatlon 1s made in 1 M HCl1
solutlion (in which C4S does not precipitate) and serves to remove
many contamlnants of the acid—sulfide'group. The cadmium 18
finally preclpltated, welghed, and mounted as CdNH4P04-H20. This
procedure 1s similar to that developed independently by Metcalf. 108

In a separation of 43d Cd115 by this procedure from a very
active concentrate of plutonilum fission products, a sample of
the cadmium activity was obtained in about 99 per cent purlity, as
shown by a decay curve.lc.)9 Since the 43d Cd comprised only 0.005
per cent of the total fisaion—product activity in the concentrate
at the tiﬁe of the cadmlum separation, & decontamination factor

of more than 106 was 1ndlcated.

PROCEDURE 15

Source - Melnke, W. W., U. S. Atomic Enerﬁy Commisslon,
Rept Newton UCRL 432 (Aug. 1949

Precipltation
Element separated: Cadmium Yield: ~ 50%
Target material: Thorium ' Time for sep'n: 2 hrs. .

metal (.1-1 gm)
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PROCEDURE 15 (Cont'd.)

Equlipment required: Standard, tank HQS Type of bbdt: 60" a's
Degree of purification:l ~ 105 from flisaslon products

1. Procedure

The metal dissolved 1n conc. HCl + a few drops .2 M solution
(NH4)281F6 to clear up black residue. The HC1l is diluted.to 2 N
and an aliquot taken,

Step 1. Add 10 mg cadmium carrier. Dllute to 0.2 N HCL,
pass 1n Has; ppt C4S. Wash wilth H2S water.

Step 2. Dissolve C4S in 1 ml 6 N HCl. 'Boll out HES; Dilute
to 10 ml. Add 5 mg Fe', 5 mg La™>, 5 mg In">, add NHOH. Pre-
cipitate Fe(OH)3. Centrifuge. Add more Fe""'3 and scavenge agailn,
centrifuging down on top of first. '

Step 3. Pﬁss Hes into supernate, ppt CdS.

Step 4. Dissolve CdS in 1 ml 6 N HC1l, boil, dilute to 10 ml,
heat, add Ag+, ppt AgCl, digest a few min., centrifuge.

Step 5. Add NH4OH until alkaline, pass 1n st, ppt C4S.

Step 6. Dissolve Cd in 2 ml1 6 N HCl. Dil to 10 ml. Add
10 ml Pd+2, heat and saturate with HQS, ppt Pds; Repeat sulfide
scavenging wlith 5 mg Sb. '

Step 7. To supernate add 2 ml 6N NH40H saturate H.,S. Ppt CdS.

2
Steg 8. Dissolve CdS 1n a few drops HCl. Boll to expel

'HES. Dilute to 15 ml. Add 1.5 ml 3 M NHucl, boll, add 1.5 ml

1.5 M (NHﬂ)EHPou and digest hot 15 minutes. Fillter. Wash with

0, dry 10 min. at 110°. Welgh as Cd(NH, )PO,-H,0.
4/ =R

2. Remarks
1. 10 mg C4d = 21.63 mg CdNH, PO, -H,0 (M.W. = 243.45).,
2.. This method has been.described previously (Phys. Rev.,
75, 17 (1949)).
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