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FOREWORD

The Subc-ttee on Badiochemistryla one of a mmbar of
mubc-tteem mrklng under the ~ttee on Nucleer ScieIW9
within tlm National Acadany of Sciencem - National Reeeazwh
council . Its m=berm rep-emit govemmm t, industrial, and
university laboratories in the ‘areaa of nmlear wintry and

analytical c~atry.

lha Subcommittee has c=erned itself with thoee area8 of
nuclear eciance which involve ~ C=mt, such aa tb collec-
tion and distribution of radimhmical prooedurea,theemtab-
li-nt of apecificationm for radiochemically pure rea~ts,
tkm problem of stockpiling uncontaminated materiala, the
availability of cyclotron tim for eervice irradiation, the
place of mdiocbemietry in the -rgmuioate college program,
etc.

lhis eeries of ~apha hao grown out of the need for
up-to-data co=pilationm of mdiocbemical in forntion and pro-
cedures . The Subc- ttOa ham endeavored - present a eerieo
which will be of maximum uae to the working acientimt and
which contains the latest available inforntion. Each
graph collects in one volum the pertinent information
for radi~hemical &rk with an individual el~nt or a
cloaau related elemntm.

An expert in the radiocheniatry of * Pturticulu
haa urit ten tk mxmgraph, followlng a atanchwl f~t
by tbe Subcattee . The AMc Energy ~aaion be
the printing of the eeriea.

mno-
requimd
group of

elemnt.
developed
apomo~

The subc~ttee la confident tbaaa publicati- will be
useful not OIUY to tlw radiochamiat but alao to t.k reeeamh
worker in other fielda aucb M phyeica, biocbemiatry or rndiaine
who wiehea to uae radiochemical tOchuiquaa to eolve a a~ific
problem.

W. Wayne MainkaI,Chairman
#nbc_ttee on Eadi=hemiatry
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INTRODUCTION

This volume which deals with the radiochemistry of cadmium
is one of a series of monographs on radiochemistry 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 techniques, and
finally, a collection of radiochemical procedures for the element
as found in the literature.

‘Theseries 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attention of the author any published or unpublished material on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 night be included in a revised
version of the monograph.

vi



The Radiochemistry of Cadmium

Tmm E. DSVOE
Ikpartmsntof Chsmiatry

Udversim of Michigan,Am Arbor,Michigtm
Jmueuy I@

I. GENERAL REVIEWS OF THE INORGANIC AND ANALYTICAL CHEMISTRY

OF CADMIUM

“Gmelin Ia Handbuch der Anorganlschen Chemle”, Sy6tem
Nr. 33, (Verlag Cheml.e,Gmbh. Welnhelm Bergstrasse, 1925) .

Mellor, J. W., “A Comprehensive Treatise on Inorganlo
and Theoretical Chemistry” Vol. W, Longmans, Green and
co., London, (1923), PP. 95-694.

Hlllebrand, W. F., Lundell, G. E. F., Bright, H. A. and
Hoffman, J. I., “Applied -organic Analysis”, 2nd cd.,
Wiley and Sons, New York (1953), P. 254.

Sldgwlck, N. V., “The Chemical Elements and ‘l?helr
Compounds”, Vol. I, oxford Press, London (1950), P. 262-
285.

II. GENERAL REVIEWS CIFTHE RADIOCHEMISTRY OF CADMIUM

Rodden, C. J., “Analytical Chemistry of the Wnhattsn
Project”, National Nuclear Energy Series, Vol. I,
McGraw-Hill Book Company (1950), P. 396.

Flnston, H. L., Mlskel, I., Ann. Rev. Nucl. Scl., ~,
296 (1955). This la a general review of separation
procedures and has many references to the separation
speclflc elements.

269-
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~dlo4

~dlo5

~d106

~dlo7

~d108

p#9

~dllo

~dlllm

#2

~d113m

&4

#51n

#5

#6

~dll~

#7

@8

~dllg

III. TABLE CIFISOTOPES

Half-Life Type of Decaya

5m EC

5m EC, ~+, y

6xlo16y

6.7h EC 99$
p+ 0.3%

470d EC

48.fim IT, y

@d P-,?

szh B-,7

5om P-*Y

5om P-

lom P-

Method of preparation
b,e

.-

Pd102(~,n) Cd105 d

1.2*

~d106(n,y) Cd107

0.88$

~d108(n,y) CdlW

12.4$

daughter of #1 (O.01%)
Cdllo(nJy) Cdlllm

24.ON

12.26g?

28.86$#

,~flter of Ag’15(%)

(n,y) Cdllm
fimlon products

daughter of Ag115

~d114(n,y) Cd115
flaalon products

7.58$

daughter of Ag117
fls~lon product

d&ter of Ag117

(nJy) Cd117

fission product

--

●✎ For detailed decay and reference to the data I.nthls table see
Table of Iaotopes~ Stromlnger, D., Hollander, J. M. and Seaborg,
G. T., Rev. Mod. Phys., ~, No. 2, Pt. II, (1958).

b. Only a few of the common sources are listed here.

e. This oolumn also llata percent abundance of the stable Iaotopea.

d. Johnson, F. A., Can. J. PhYs., Z, 841 (1955).



Iv. REVIEW OF THOSE FEATURES OF CD CHEMISTRY OF CHW

Cadmium metal

a melting point of

INTEREST TO RADIOCHEMISTS

1. Metallic Cadmium

has a Bpeciflc gravity of 8.64 1 at 16.3/46,

320° c 2 and a bolllng point of about 766° C.3

It Is made oommerclally from treatment of impure Zn solutlons

which were used for the electrolytic preparation of Zn. Some Cd

Is produced by the fractional distillation of zinc smelter dust.

Cadmium can be quite easilydeposited electrolytically and Is

one of the purest metals which can be obtained commercially by

this means. The standard electrode potential at 25° C Is 0.401

4volt (Cd + Cdw + 2 E). At room temperature the metal Is only

sllghtly tarnl~hed by air or water. It can be ignited to CdO.

Cadmium metal dissolves In hot dilute sulfuric and hydrochloric

acid. It dissolves most readily In dilute nitric acid. Cadmium

has only one stable valence,

2. Soluble

All of the common saltEi

+2, in aqueous aolutlon.

Salts of Cadmium

of cadmium are soluble in water with

the exception of the sulfide, carbonate, oxalate, phosphate,

cyanide, ferrocya.nide,ferrlcyanide, and hydroxide. The halides

are all soluble In water. The cadmium iodide Cd12 is one of the

few iodide~ soluble in ethyl alcohol. All cadmium compound~ are

soluble in excess aqueous halide solution.

3. ~soluble Salts of Cadmium

The insoluble salts are most useful in the gravimetric

analyais. Therefore the temperatures at which the ignition should

be done will be

Cadmium is

solution and is

the qualitative

listed.

precipitated with H2S in dilute acid or basic

insoluble in (NH4)2SX. It falls into group II of

analysis scheme. CdS has a stable weighing form

3



between

above a

Cadmium

218° C and 420° C.5 Cadmium hydrolyzes h aqueoua solution

pH of 5 and Is insoluble in excess sodium hydroxide.

hydroxide, Cd(OH)2, has a stable weighing form between

89° C and170° C.6” CadmiI.&forms a CdNH4P04.~0 which Is an

tisoluble salt in neutral solution and la often used as a stable

7s8 However it Is probably not the beBt form alnceweighing form.

Its temperature range Is narrow. It can be weighed after drying

between 7.2°C and 122° C or It can be taken to the pwophosphate,

CdPO227’ which is completely tramfomued only above 581° C.g A

number of elements also precipitate under these conditions.

Cadmium fomne a thlourea complex which is preolpitated In the

presence of Reinecke salt to form the crystalline rose colored

precipitate with formula ~Cd(CH4N2S)2][Cr(~)2(CNS)~2.10sll

ThiE forms a stable weighing form up to 16P C.lla Only a few

elements precipitate with this reagent. Cadmium 6xalate fomns a

precipitate12 which In the presence of large excess of oxalat#

13 This precipitate yields CdO quantl-‘ has moderate solubillty.

tatlvely above 770° C.14 A number or elements form an insoluble

oxalate. Cadmium or Its ammonium complex can be precipitated

with ferrocganlde anlon@e(CN)#4.15-17 The precipitate i.svery

insoluble and recently a nephelometrlc method using this pre-

18
cipltate has been devised. For gmvimetry the weighing forma

arestable up to 267° C.l& Fe, Mn, Co, Ni, Cu, Zn, Al, Pb, @

and Mg also form ferrocyanlde precipitates. It is possible to

copreclpitate cadmium onto many substanoee. Fe(OH)z, m(OH)3s

L@H)3, =3,
19Al(OH)z, m(OH)2 and many others have been

found to carry cadmium from the aqueous solution. Any pre-

cipitate which allows chemical interaction With cadmium which is

comparable to hydrolysiO on a hydrouB oxide will carry cadmium.

Another example is the removal of cadmium from solution by

20coprecipitation on AgC1. Only ~ilver, mercury, lead, and
b

4



thallous thalll&n are also carried down. Table I lists some of

the mo~t common inorganic insoluble compounds.

Table 1. INSOLUBLE llTOFU3ANICCOMPOUNDS OF CADMIUM

Reagent

co3-

cN-

[Fe(CN)61-4

he(cN)~l-3

OH-

M004=

c20~=

P04-3

‘2°7

s=

(N’H4)#04

NH4C104

As04-3

AsO -3
3

precipitate Solublllty In
Water

Cd(C03)2 ~soluble

Cd(CN)2 1.7 gm~oo ml

Cd#e(CN)6-~0 Msoluble

cd3[-(cN)&

Cd(OH)2

cdMoo4

CdC204

Cd3(p04)2

Cd2(p2Q#

Cds

cdNH4P04

Cd(~]4(C104)2

Cd3(As04)2

Cd3(As03’)2

4. complex

~soluble

0.00026 gmsfiOO d

Insoluble

0.00337 gms~oo
&S.P. = 1.5 x lo-

lnsoluble

Insoluble

0;0;013 gmfloo ml
. .= 3.6x 10-29

Very Insoluble

Insoluble

Insoluble

Insoluble

Ions of Cadmium

Cadmium forms a large number of complex

t?omplexesare negatively charged such as the

Solublllty In
Other Reagents

Soluble In acids
potassium cyanide
ammonium salts

Soluble In aclda
potasElum cyanide
ammonium hydroxide

Soluble hydro-
chloric acid

Soluble In acids
and ammonia

Soluble aCldB
ammonium salts

Soluble acids
ammonium hydroxide
potaasium cyanide

Soluble aclda
excess oxalate

Soluble aclda
ammonium aaltO.

Soluble,acld.s
excess pyrophosphate

Soluble acldE

Soluble acida

Soluble acids

Soluble acids
ammonium hydroxide

Soluble aclda
ammonium hydroxide

Ionfl. my of

halides, which

the

5



allow adsorption of these cadmium Ions on an anion exchanger.

The equilibrium constants for a number of these complexes are

listed In Table II. The complex halldeflare particularly Useful

for extraction of the cadmium anlona Into organic eatera. Other

complexes such as’citrate or tartnte fom such strong complexes

with cadmium that they prevent hydrolysis of cadmium even in

normal solutions of sodium hydroxide. The radlochemlcal appli-

cation of’these complex Ions will be dlscuased In the section

on Ion exchange and on the one for extraction. Other complex

Ions of cadmium which do not appear In

bonate, p~ophosphate and perchlorate.

Table II are the car-

Table II. COMPLEX IONS OF CADMIUM

Completing Ionic
Agent Reaction Strength K

cl- Cd+2+C1- *~dCl+

Cd+2 + 2C1- + CdC12

Br-

Cd+2 + 3C1- + CdC13-

Cd+2 + 4cl- -2+ CdC14

cd+2
+ Br- + CdBr+

Cd+2 + Br- q CdBr2

Cd+2 + >Br- + CdBr-
3

Cd+2 + 4Br- . CdBr4
-2

I- Cd+2+I- +CdI+

‘Cd+2 + 21- + Cd12

Cd+2 + 31- + CdI-
3

Cd+2 + 4~- + Cd14-2

scN- Cd+2 + SCN- + CdSCN+

Cd+2 + 2SCN- + Cd(SCN)2

Cd+2 + 3SCN- + Cd(SCN);

3
3
3
3

?
3

3

;
3
3
3
3

3

3

3

3

;;.5

170
115
260
2go
850

5
58
226
275
2100
1600
5000

~p

120

500

105

>xlo66
2.3 x 10

24.5
11
;:

388

R&fer-
ence

a
b
a
b

:
c

a
b
a
b

:

:
c

a

a

a

a
“c

a
d
a
d
a

6



Table II.

Complexlng
Agent

~d+2 +

NO -
3

Cd+2 +

Cd+2 +

S04= Cd+2 +

Cd+2 +

Cd+2 +

CN- Cd+2 +

Cd+2 +

cd+2 +

Cd+2 +

C2H302-(AC-) Cd+2”+

COMPLEX IONS OF CADMIUM (Cent’d.)

Ionic
Reaction StrenRth K

4(SCN)- +Cd(SCN)4-2

No -
3

+ Cdlwo
3+

mo3- + Cd(N03)2

S04= e CdS04

-22(s04=) +cd(so~~2

3S04 +Cd(S04)3

CN- +CdCN+l

2CN- +Cd(CN)2

3CN- +Cd(CN)3-

4CN- +Cd(CN)4-2

Ac- +
● cdAc

Cific++ AC- + cd(Ac)2

2 6
2 60

3 1.3

0.05 0.5

8
58

10

110

3 3.5 X105

3 4x 1010

3 1.8x 1015

3 7 x 1018

60

10

Refer-
ence

d
d

a

e

f~

f

f

g

g

g

g

h

h

a. Leden, I., Z. Physik, Chem., A188, 160-81 (1941).

b. Erlksaon, L., Acts Chem. Stand., ~, 146-54 (1953).

c. Knobllch, W., Lotos, ~, 110-11 (1930).

d. Hume, D. N., DeFord, D. D. and Cave, G. C. B., J. Am. Chem.
Soc ., ~, -5323-25 (1951).

e. Rlghellato, E. C. and Davlea, C. W., Trans. Farad. Sot.,
2&, 592-600 (1930).

f. Leden, I., Acts Chem. Stand., ~, 971-87 (1952).

g. Leden, I., Svensk. Kern.Tid., 56, 31-6 (1944);—

Adetya, S. and Prosad, B., J. ~d. Chem. SoC., 30, 255-60
‘“ (1953).

—

5. Chelate ComplexeO of Cadmium

The organic chelate compounds of the metallic cations have

very wide application In radlochemlstry. These compounds can be

used a~ a baais for gravlmetrlc methods of sepa~tlon and also

for extraction, Ion exchange and others. Since the extraction

7



methods

In this

are to be discussed h section 7, consideration Is given

aectlon to the fomatlon of ohelate compound8 aa pre-

clpltatea and therefore to their use ap gravlmetric methods.

Cadmium 16 one of the elements which has benefited most from

the introduction of the modern organic reagents. A numberof

tht?Bereagents and their application to g=vlmetrlc analysis are

listed below. 2-(~-hydroxyphedyl) benzoxazole is a selective

21-24preclplt~t for cadmium with Interference from only Nl and Co.

Sallcaldoxlme has been used to precipitate oadmlum with inter-

25 There Is a largeference from Pd, Cu, U02*, Nl, Fe and Co.

variety of precipitates which are fomed with the gene=l

structure “(organic)2(Cm4) where the X IS the bromide or iodide

and the organic group is similar to bruclne C21~102N2(~O)2, 26,27

28 2’9B30 A1l of these arephenazone, or antlpyrlnylmethane.

believed to have stable weighing forms. For the bruclne complex

It is between 120° C and 250d C.31 Dlethyldlthlocarbamate pre-

cipitates cadmlu@ and’Interference 1~ llmlted to P’b,Bi, and !tl

“32 Quinald10 acid33 Is a very good reagentIf cyanide 18 added.

for cadmium because it is easily filtered, but It lacks specificity.

It has a stable weQ@ng form between 66 end 197° C. Sodium

anthranllate precipitates cadmium with a stable welghlng fom

below 110°”C.34-36 Some selectivity can be gained by using a

tartrate solution when precipitating ca~um with oxine.37 llhe

stable weighing form occurs between 280° and 384° C, and is

nearly the most,stable oxine lmown. The Insoluble precipitates

or cadmium with pyrldlne such as dipyrldlnocadmlum chloride

39 ;m ~u~te
[@c5~N)2] C12 38 and dipyrldlnocadmlum thlocyanate

unstable and decompose at less than 100° C.

Coprecipltants have recently been used to

carry traces of oadmium onto a macro organic precipitate. An

example of this has been mentioned by Kutnetsov
40 which CO-

8“



precipitates a “cadmium iodide complex anion with a precipitate

formed with the organic cation, methyl violet and lad~de

anion.

A number of Btablllty conOtants for various chelates are.

listed In Table III. These values were taken from ?lartelland

Calvin40s which Is a very good reference to the chemlatry of the

metal chelate compounds, No effort hm been made to list all of

the chelate compounds but only a compound representative of the

general type of organic structures (e.g. dines, carboxylic

acids, etc.) has been listed.

For those elements which have a high stability conBtant

titrimetrlc methods my be used. An e~ple of t~s Is the

analysis of cadmium by titration using sodium ethylenedlamlne

tetraacetate.41,42

An interesting application of the chel.atecomplex Is In the

formation of the thiourea cation oomplex of cadmium. By increas-

ing the bulk of the cation a arystalllne preolpltate can be

f’omnedwlthammonlum relneckate (NE4[Cr(~)2(SCN)~. The exact

number of thiourea molecules which coordinate with the cadmium

has not,been clearly established,“although polarogmphic data

indicates that the complex has two molecules of thlourea co-

ordinated with the cadmium cation.43 Prior to this time there

has been complexes reported with three and four thlourea mole-

cules coordinated with one cadmium.44,45

Table III. STABILITY CONSTANTS FOR THE CHELATES OF CADMIUM

Ionic Refer-
Chelating Agent w’ Strength ence

Oxalic acid 1.14 PK1 0.2 a
HOOC-C(XIH 3.85 pK2 0.2

3.52 o :
5.29 (K~K2) o



Table III. STABIIJTY CONSTANTS FOR THE CHELATES UF

Chelating Agent

Malonlc acid
HOOCC~COOH

g phthallc acid

0‘ COOH
\

COOH

Citric acid
~ooH

~H2

HOOC-~-OH

CH2

&OH

l%?tarlc acid
~OOH

~HOH

CHOH

&OOH

Ammonl.a
?

Ethylenediamlne
~N~-

Diethylenetriamlne
NH2-cH2-~-NH-cH2-cH2NH2

Trlethylenetetramine
~-cIl#3112yFI

~H2

?2

‘2-%2-%-M

N“CH2-CH@H2

‘%-%-%2

=*

2.6 pKl
i5.2 pK2

3.25

3.0 PK1
5.29 pK2
1.07

?
.08 pKl
.39 PK2

?
.5 PK3
.22

2.88 PKl
4.01 pK2
9.73 (K1K2)

1.9 log K14

6.98 PK1
9.98 pK2

[
%:02 K1K2)
12.18 K1K2K3)

4.61 pKl
~.~ pK2

lj.8 (K1K2)

3.85 pa
7.00 pK2
10.9 K
14.0 (?1K3:2)**

CADMIUM (Cont!d.)

Ionic Refer-
Stl?ength ence

0.2

.04

.01

.03
0.15

0.1
0.1
0.1
0

0.2
0.2

1.0
1.0
0.5

7::?

“0.5
0.5
0.1
0.1

0.5
0.5
1.5
1.5

0.5
0.5
0.5
0.1

10



Table III. STAB~ITY CONSTANTS FOR THE CHELATES OF CADMIUM (Cent’d.)

Ionlo Refer-
Chelating Agent =* Strength.ence

1,2,3 ‘IWaminopropane

%$?% [1
3.99 PKI
8.08 PK2

H$-~ 6.45

H2C~

Pyrldlne

BIPIPidyl

Ammoniadiacetic acid
,~COOH

HN
\CH2COOH

0.5

4.4
13.2 (K1K2)

2.54 PK2
9.13 PK3
5.4
9.6 (K1K2)

Amrnoniatriaceticacid 9.5
N-(~COOH)3

Anthranilic acid

o

/ COOH

\ ~2

6.53 PK1
K1 1.6x11::
K2 1.4x1O

Ethylenediamine tetraacetic acid 2.0 PK1
HOOC~ ~COOH 2.7 PK2

6.2 PK
‘}-CH2-CH2N: @10. p

HOO~ C~COOH 16.

Acetylacetone
c co~cocH3
%5

Benzoyltrifluoroacetone

o
COCH2CO~3

8.94
5.44
9.76 (KlK2)

6.0
7.6 (K1K2)

0.5
0.5
0.5
0..5
0.5

0.5
0.5
0.1

0.33
0.1

0.1
0.1
0.1
0.1

0.1

0.1
0.1
0.1
0.1
0.1

0

0.1

k
k
k

;

r
r
r

i

!’

i
i
1
i

t

u
u
u
u
v

w
x
x

i
x

*
Log K value~ are the log equilibrium formation constants for ~
1:1 chelates. The pK values are liBted for hydrogen-ion
equilibria. pKl repre~ents the PK value of the most strongly
acid form.

** Formation confItantof Me$e3.

11



Table III. STABIZJTY CONSTANTS FOR THE CHELATES OF CADMIUM (Cent’d.)

a.

b.

c.

d.

e.

f.

g.

h.

1.

J.

k.

1.

m.

n.

o.

P.

q.

r.

0.

t.

u.

Cannan, R. K. end K.lbrlok,A., J. Am. Chem. SoC., 60, ”2314
(1938).

—

Cla on, W. J. and Vosburgh, W. C., J. Am. Chem. Soo., ~,
P241 (1937).
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6. Extraction of the Thenoyl Trlfluoroacetone (TTA)

Complex of Cadmium Into Organic Solvents

To this &te there haa been little evidence that cadmium

formE a stable complex with TI!Awhich can be extracted Into

organic solvents. ~erimental attempts to extract cadmium in

this 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 agitation. At a PH

of 8 the extraction seemed to be about 5-l@. This however Is

very close to the highest pH under which TTA can be used, and

the cadmium may be hydrollzlng giving

tlon of the hydroxide.

7. Extraction of Cadmium Into

a) Ion association system of “solvent

some intersurface

Organic Solvents

extraction.

This type of extraction has a number of mechanisms

adsorp-

and many

equilibria are involved between the species of Ions. fi general

It Involves the solvatlon of a complex

water Immiscible llquld.

The complex chlorides,46 bromides

do not In general extract into organic

cation or anion by a

47and fluorides of cadmium

solvents. The complex

iodldes 6.9 N In HI do extract into dlethyl ether.
48 Since HI

Is somewhat unstable a convenient method of maintaining the

Iodide concentration is with the use of 1.5 N H2S04 with KI.49

These methods are somewhat specific, with only Sn, Hg, Sb, Bl,

Zn and In Interfering. A good review and discussion of the

13



analytical chemical applications of the complex Iodide extraction

Is given by Bo.ilio.x.50

Another Ion aaaoclatlon aye.temwhich 18 not very selective

Is the extraction of aadmium Into n-butyl phosphate (mixture of

all-nbutyl and mono-n-butyl phosphate).51 Other elements which

(+3),
Ag, Fe, Se(~), Te(~), Sb(+3),extract are Cs, Sr, La, Ce

Sb(ti), Aa(fi), pd, Ru, Rhand Nb. Other complex ions such aa

the nitrate, perchlorate cyanide, SON, etc. are not lmown to ex-

tract into organic aolventa by an Ion association mechanism.

b) Chelate system of solvent extmctlon.

The other general type of solvent extraction Involves the

chelation of the metallic cation In aqueous solution followed by

solvatlon of the organic chelate by the organic solvent. The

moat used example of this for cadmium la the extraction with

dithlzone. A general dlacuaalon on the uses of dithlzone and

particularly the chemlatry of the cadmium dithizonate la given

by Sandell,52,53 ~antscheff, 54
and the textbook on analytical

ch-atry by Chariot and Bezier.55 The general extraction of a

group of elements with dlthlzone at &Lfferent pH ia ahown In

figure 1.56

Saltzman57 extmcted the cadmium cyanide complex from alka-

line aoluti.onInto a dlthizone solutlon In CHC13. The cadmium

waa then back extracted Into tartarlc acid. Sande1157a haa f,ound

that cadmium can be back ektracted into aa weakly acidic a

solution aa O.Q1 N HC1. It Is preferable to uae CHC13 as the

solvent for dithizone rather thqn CC14 alnce the dlthlzone Is

more soluble and stable In CHC1
3“

An intereatlng adaptation of

the method Involves paaaing the chl.orofomnaolutlon of the dl-

thizonatea through an alumina column. By ad~uating the polarlty

of the eluant one can separate aelectlvely the various dlthl-

zonatea which adhere to the column.58
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Other methods which make

chelate compound are pyridine

use of the extraction of the

59
In cHcl~, diethyldlthlocarbamate

In CC14, sodium malonate,60 acetylacetonate and dl-&napthyl-

thlocarbozone.61 There are undoubtedly a number of other chelates

which are listed In Table III which could be used In a solvent

extraction ayatem.

A good treatment of theappllcatlon of solvent extraction

to analyblcal chemistry ia given in a book by Morrison and

Freiaer.62

8. Ion

There are a few

Exchange Behavior of Cadmium

very good general ref’erencea

exchange properties of the elements. A very good

on the Ion

bibliography

which ia segmented Into the behavior of the elements aa well as

63 Theremany organic claaaea,of compounds ia that of Oaborn.

alao ia a very good list of references on the theory of Ion

exchange. This ‘reviewwaa made to Include all papera up to

June 1953. Satlafactory texta on ion exchange are those of

Samuelaon64 and Nachod.65 A more recent review of latest develop-

ments in ion exchange was done by -us and Nelson.66 Other new

developments include the gradient elutlon method which contlnu-

oualy changea the,concentration of the eluting aubat~ce.

Another approach la to ayntheslze an Ion exchange resin which

haa a chelate compound attached to the molecule.67 This ln-

creasea the aelectlvity of the elutlon step by introducing another

reagent. A similar procedure dealgned for the separation of

cadmium useO cellulose acetate Impregnated with dlthizone in

CHC13.68

The usual cation exchanger are the sulfonated phenolic

reaina (Amberllte IR-1OO) or the aulfonated hydrocarbon chain or

the divinyl benzenea (Amberlite ~-120) (Ibwex 50). ~ addition

one can uae filter paper, cellulose acetate, alumina, or even

16



some ionic precipitates as ei’fectivecation exchangers. The

proton on the acid fom will exchange with various cations

depending upon the electronegatlvity

Dowex 50 Is the most popular because

over the other Ion exchange resins.

been used for cadmium depending upon

and size of-the cation.

of Its Increased stability

Various elutlng agents have

the fcdmuof the cation.

For example, the complex ammonium Ion la eIuted vrlthammonium cit-

rate69 and the complex oxalate is eluted with 1 N .HC1.70 Cadmium

cam be separated from an aqueous solution of low Ionic strength

from the alkall metals with Dowex 50 after elution of the cadmium

with 0.70 M HC1.m Bonner and Smlth72 list a selectivity scale

for the monovalent and dlvalent cations on Dowex 50. ThIs

selectivity scale Is based upon the arbitrary Index that the

afflnlty of LI for Dowex 50 is 1. The values appear In Tables

IV and V. Koch7= Investigated the elutlon order of dlvalent “

cations on Dowex 50. His results are shown In figures 2 and 3.

This should aid the experimenter In determining elutlon order.

Cadmium has been satisfactorily sepamted from uranium with

Amberllte IR-120. The uranium is eluted with 0.5 N oxalic acid

and the cadmium is eluted with 1 N HC1.m

Some of the more unstable cation exchangers

Rlches74 suggested the separation of cations Cd,

have been used.

CU, Mn, NI and

Zn from plant material containing moderately high concentration

of (NH4)3P04 (0.1 N) using Amberllte 100 to retain the cation.

They are then eluted with 1 N HC1.

Yoshlno and Ko~lma75 were able to separate Zn from Cd by

elutlon from a cation exchanger (Dowex 50] with different con-

centrations of chlorlde Ion.

An alumlna column has separated the following system con-

talnlng cadmium: Cu, Cd; Cd, Po; Zn, Cd, Fe; Sb,

surprisingly rapid (2 min.) paper chromatography.c

Cd, Zm.76” A

separation of
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Li

H

Na

mu

K

Rb

Cs

Ag

T1

Table IV. REVISED slZLEcTrvrrY

FOR UNIVALENT IONS ON DOWEX

4$ D’vB *DVB

1.00 1.00

1.32 1.27

1.58 1.98

1.90 2.55

2.27 2.90

2.46 3.16

2.67 3.25

4.73 8.51

6.71 12.4

DIVALENT IONS ON DO~ 50

4$ DVB

U02 2.36

m 2.95

Zn 3.13

co 3.2>

Cu 3.29

Cd 3.37

Ni 3.45

Ca “4.15

Sr 4.70

Pb 6.56

Ea 7.47

&zDvB

2.45

3.29

3.47

3.74

3.85

3.88

3.93

5.16

6.51

9.91

11.5

50

16% m

1.00

1.47

2.37

3.34

4.50

4.62

4 .“66

22,9

28.5

FOR

16j%DVB

3.34

3.51

3.78

3.81

4.46

4.95

4.06

7.27

10.1

18.0’

20.8
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cadmium from about 20 contaminating elements ha6 been reported .

by Warren and Fink.77

Kozak and Walton gained part$al separation of Cu, Zn, Nl,

Cd, Ag and Au on a sulfonated coal cation exchanger.7a

The effect of’a high ionic strength on a cation exchanger

LB not always predictable. For Instance, a very strong anion

complex Buch ae AuC14- In a high chloride concentration shows very

strong adsorption of the anlonon a Dowex 50 cation exchanger.79

Anion exchange Is more useful with cadmium than cation

change, becau~e cadmium forms many Otable anion complexes.

geneml, anion exchange is more useful than cation exchsnge

the following reasons:

ex-

In

for

1.

2.

3.

High ionic strength Is an advantage because the

complex anion Is the Interacting species.

In order to work with some cations In aqueous

solution they must be complexed to prevent

hydrolysis, these complexes are usually anions.

The amount of reagent In the elutlng medium is

small. Usually water or a very dilute solutlon

of the completing agent Is used.

The beat anion exchange resins are of the strongly baalc

type like the quarternary ammonium salts (usually chloride) of

polystvene dlvinylbenzene (Dowex 1 and 2, or Amberlite IllA-&lO).

The most often used method of separating cadmium from the other

elements Is the use of the chloride complex with Dowex 1 or 2 80

or Amberllte IRA-400.
81 h.. and Nelson82 have an extensive

review of the behavior of most all of the elements In the periodic

table with Dowex 2 In hydrochloric acid media. Figure 4 shows

that It Is possible to gain some separation of Cd from ZrI(very

dlff’icultto do by other methods) In the region of 0.01 N HC1
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Figure 4 Anion exchange adsorption of Zn(II) and

Cd(II). (Taken from Kraus and Nelson83 )
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~ 83 Kallman et al.84. ——

Hicks et al.8h have——

exchanger In 12 M HC1—

shows the possibility of this separa-

adaorbed many elements on a Dowex 2

and then eluted selectively by alter-

?e Opecles and concentration Of the eluant. Cadmium was

to elute In 3 ~ HC104 along with Po and Sb+3 or & 85
.

tly the complex Iodide has been used. This Is a Btronger

ex than the chloride and gains separation with less lnter-

:e from other ions.86,87

It Is possible that other complex anions of Cd would find

Oablllty In Ion exchange separations; however none have been

ted. The use of chelating agents as an Ion ad~unct to the

mhange resin to gain selectivity has not been developed

:Iently to allow adequate evaluation of Its Importance.

v. Dissolution of Cadmium Containing Materials

Most minerals containing cadmium can be readily dls~olved

tack with hydrochloric acid, hydrochloric acid

c acid, or nitric acid alone.88 The Insoluble

mlly contains no cadmium can be decomposed by

followed by

residue which

fusion with

n carbonate followed by solution of the melt in acid.

8er attack is discussed by Crouch and Cook 9 which involves

lon in a nickel cruoible with a mixture of 2 gm potassium

te, 1 mg potassium carbonate and 1 gm potassium hydroxide at

C for 2 hours. This tioesnot effect complete solution in

cases and use is made of this fact to gain some separation

inging the reagents used to leach”the residue. Once the

lal is broken down into various fractions of lixivated

Ion containing predictable elements depending upon the type

lng reagent, the general separations (as listed in this

ant) are used to complete

~ts.

sepamtion of the individual
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A very

and organic

uOeful proaedure for effecting solution of minerals

substances including t.ism.aefnvolveO the fusion in

sodium peroxide and Its subsequent eolutton in acid.90 The

reaction 1s carried out In a nickel crucible. Wcro amounts of

the crucible are dissolved, but this does not in general inter-

fere with the subsequent separations. By using this teohnlque

very rapid fusions are accomplished (less than 2 min.) when

crushed rock or organic materials are used. OccaOlonally one

finds a sample which combusts with explosive violence and adequate

safety precautions (such as the u~e of heavy plaatic shielding)

must be taken.

VI. Counting Techniques of the Cadmium Nuclides

The number of radioactive nuclldea of cadplum Is quite large

and their radlatlona are representative of many types of decay.

There Is of course very llttl+eIn the literature on the,counting

techniques of’those nuclldes which are not often encountered.

Beaufalt and Lukens91 have compiled excellent Information on the

counting procedures for some’of the common nuclides for each

element.

Since Cdll* Is the longest lived, and has both B-,(9W]and

y,(xkmlssion, it makes a suitable tracer and can be counted”In

either a scintillation well or Geiger M~ller couhter. The

absolute counting efficiency of the standard well counter (NaI

crystal dimensions 1 3/4” dia. x 2“ thick, well 3/4” dia. x

1 1/2” deep) Is’about lC@, and of the Geiger ld!llerwith the

sample 1 cm from the window Is,about ~. A gamma my spectrum of

~d115m and Cd115 are shown in figures 5 and 6.92

If one has Cd115 It IS desirous to delay counting about 16

ll@ daughter to grow Into equilibrium. Ithours to allow the In

‘3 that there Is a measurablehas ‘beenfound by Cunlnghame et al.——

self absorption of a cadmium 8-hydroxyqulnolate precipitate when
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using a -proportional counter with Cd115. When a scintillation

well counter is u8ed for a strong 13-emitter such as Cdll@, the

Bremsstrahlung is very

of the Ocintlllator Is

proportional or Geiger

great and since the counting efficiency

greater for Brem$~trahlung than the

Mtiller (G~) counter, the self abaorptlon

effect is not as apparent. For very precise absolute counting,

however, the G/M counter corrected for self absorption should

be used since Cd115 and Cd’l~ are prlmarlly p- emitters. The

113m since It decays withsame effect.Is even more,apparent In Cd

Cd109 decays by electron ca!pturewith accompany-lower P- energy.

Ing characteristic x-rays. ~ addition a gamma ray of 0.087 Mev.

has been measured. It does not decay by p- and therefore the

use of C@ type counters In not as efficient as the ‘use of

scintillation or x-ray counters. The same applies to the

117 and Cd117m which are prl.marllygammameasurement of Cd

mitters.

VII . Collected Radlochaulcal Separation Procedures

for Cadmium

The radlochemlcal sepamtlon procedures which have been

used in the past can be subdivided according to the type of

mixture from which the separation Is to be made. References to

other separations of the same type which are not discussed In

detail here are:

1. Separations of cadmium

2. Separations of cadmium

3. Separations of cadmium

4. Separations 0? cadmium

In the following pages are

detailed procedures for each of

from the fission products.g4-98

from Cd metal targets .99-’02

from Ag metal’targets.103,104

from Th metal targets .105

listed several of the better

the categories listed above.
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PROCEDURE 1

Source - DeVoe, J. R., Melnke, W. W., Anal. Chem.,
.& 1428 (1959)

&tractIon

Element separated: Cadmium Time for sepln: 10 min.

Target rmterial: Misc. activltleE Equipment reaulred: Suitable

Yield:
‘ex~ractlon-funnel for high

77$ speed stirring to prevent
splashing

of purification: Up to 104 DerDegree
eSements-pre6ent.

Advantages: Good decontamination from
free.

cycle depending upon

many elements, carrler-

1.. Procedure

m“ Add 0.2 gm solid sodium tartnte to the initial

solution. Adjust the pH to 13-13.5 wlthO.1 N sodium hydroxide

(Hydrlon pH paper) and add water to a total volume of 10ml.

m“ Add 10 ml of dithlzone solution 0.75 mg/ml in

chlorofom and stir rapidly for 2 minutes.

Step 3. Draw off the chloroform layer Into exactly 10 ml

(~O.l ml) of O.l~hydrochlorlc acid. Stlrrapldlyfor2

minutes.

Is

In

-“ R--t
required.

m“ ‘-oV’=

well counter.

steps 2, 3 and 4 If greater decontamination

acid layer and count

2. Remarks

1. Percent foreign Ion carried with

allquot of acid layer

cadmium (one cycle):

Antimony 0.=% Ceslum 0.08$

Barium-Ianthanum O.l$i Chromium 0.1$

Bismuth 0.01$ Cobalt 0.03$

Cerium 0.02% Copper 13$
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PROCEDURE 1 (Cent’d.)

Gold

Iridium

Iodine

Iridium

Mercury

Nickel

Palladium

Ruthenium

0.4$ Selenium 0.ol~

0.5Z Silver *

O.06~ Tantalum o.6~

0.1% Thaliium 91$

0.1$ Tin o.3jz

oel~ Zinc 64X

o.1~ Zirconium o.1~

o.03$%

2. Dithizone is known to react with a great many of the

heavy metals, but cadmium is almost unique in being able to form

a stable dtthizonate in strongly basic solution.

3. Of the twenty-three elements listed above only silver,

copper, thallium and zinc contaminate the separation. Presence

of 1 ~ ammonium hydroxide i.nthe original solution

complexes the silver preventing contamination, but

by the other three elements is not affected. When

is increased to 0.5 ~ sodium hydroxide, the copper

satisfactorily

contamination

the basicity

contamination

is reauced to about 0.1$. The increased basic strength often

reduces the strength of the dithi.zonatebond. This is probably

caused by increased volubility of the dithizone in the basic

aqueous layer, thereby displacing the equilibrium toward disso-

ciation of the dithizonate. Unfortunately the yield of cadmium

is also reduced to about 50j%by this step.

The contamination of thallium can be conveniently removed

by utilizing a displacement reaction.106 An equal volume of a

solution made up with 0.1 gm of cobalt nitrate, 5.0 gm sodium

acid tartrate, and 4.0 gm sodium acid carbonate in one liter of

water is agitated with a chloroform solution of the cadmium and

thallous dithizonate. The cobalt displaces the thallium to form
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PROCEDURE 1 (Cent’d.)

the dlthlzonate, but the cobalt will not displace cadmium. This

procedure, therefore, reaultB in a removal of the contamination

by inactive cobalt. Subsequent removal of the cadmium In 0.1 M

HC1 reaulte In removal of cadmium but very little Inactive

cobalt. The decontamination factor obtained from thallium by this

method Is 120 with a yield of Cd of 65X. Unfortunately, this

dlaplacement did not occur with zinc.

PROCEDURE 2

Source - DeVoe, J. R., Meinke, W.
~, 1428 (1959)

w ., Anal. Chem.,

Ion Exc&nge

Element Eeparated: Cadmium Time for sep’n: 15 min.

Target material: Misc. actl@.tleB Equlpmentrequlred: Column
; :m8x

Yield; 8@ s

Degree of purification: Up to 104 depending
present

4 mm dia.; Dowex
200-400 mesh

upon the elements

Advantages: Carrier-free

1. Procedure

of 3

Step 1. Equilibrate anion exchange column by passing 20 ml

M hydrochloric acid through the column.—

E13G” Ad#ust the acidity of the original solution to 3 g

HCl with a total volume of 10 ml. Run through the.column.

m“ Elute with 0.1 ~ ammonium hydroxide. Discard the

first one-half ml and collect the next 3

2. Remarks

1. Use flow rate of 1 ml/minute.

2. Do not allow air to get between,

already poor equllibntlon (due to ,mpld

much worse.

30

ml of eluan.t.

resin grains or the

flow rite) will become



PROCEDURE 2 (Cent’d.)

3. Percent of foreign ion carried with cadmium:

Antbony 4.6% Mercury 36%

Wrium-Lanthanum 0.03~ Ruthenium O.1*

Cerlum 0.01$ Selenium o.Olx

Ceaium o.oo7~ Silver 8*

Chromium o.o~ Tantalum 0.005$

Cobalt 0.007* Thallium o.007$%

Iridium 0.3% Tin 0.3$

Iodine o.1~ Zinc 81$

Iridium 0.0155 Zirconium 0.03$

The Impurities elute in the first 6 free volumes, while the

cadmium does not elute until 9 free volumes have been collected.

4. Ion exchange can be used to t3eparatezinc, mercury and

silver from cadmium by replaclngthe ammonium hydroxide eluant

with dla,tllledwater. In thla modified procedure the yield 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. Special care must be taken in the case of thalltum to

Insure that It is all present In the +1 state. This is

accomplished by heating the solution with 0.1 M sodium bisulflte.—

PROCEDURE 3

Source - &Voe, J. R., Meinke, W.
31, 1428 (1959)—

Preclpltatlon

w ., Anal. Chem.,

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

Target material: Misc. activities Equ@nent required: standard

Yield: ~ 78$

Degree of purlflcatlon: Decontamlnatlon factor up to”3 x 1$
per cycle depending upon elements present
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PROCEDURE 3 (Cent’d.)

Advantages: SeWratea from zinc

1. E&ocedure

SEsLL” To the original solution add 10 mg of carrier of

each contaminating element. MIx to secure exchange In a 15 ml

centrifuge cone.

-“ Add 10 mg of cadmium carrier and 2 ml of thlourea

(5 ~s~OO ml water). Add 5 ml of 2 M hydrochloric acid and

dilute to a total volume of 10 ml.

m“ While stirring add 2.5 ml of Reinecke salt solution

(4 gms/100 ml water). m4CCr(~)2(SCN)~ .H#. Available

Eastman Kodak Co.

w“ Continue stirring for 5 minutes and”centrlfuge for

5 mlnuteO.

w“ Remove

(by weight) thlourea

for 5 minutes.

Step 6. Filter

the dupemate and wash with 10 ml of a 1$%

solution In 1 N hydrochloric acid. Stir

the solution onto a paper disc, mount smd

count or centrifuge for 5 minutes, remove the supernate and slurry

the precipitate Into a culture tube for counting In a aclntllla-

tlon well counter.

2. Remarks

1. The

acid. small

original solution can be up to 1 M In hydrochloric

amounts of perchlorlc, nltrlc or sulfuric acid

(<.1 N) do not interfere.

2. Percent of foreign

Antimony

Barium-Lanthanum

Cerlum

Cesium

Ion carried with cadmium (one cycle):

3$ Chromium O.z

o.o~ Cobalt o.05$%

.03$ Indlum O.1*

0.8$ Iodine 0.7%
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PROCEDURE 3 (Cent’d.)

Iridium o.o~” Tantalum o.o~

Mercury 46$ Thallium 99%

Ruthenium 0.28$ T1.n 0.83$

Selenium 93$ Zinc Of%

Silver 99% Zirconium 0.04$

Silver and thallium undoubtedly precipitate as the chloride.

The uae ‘ofnltrlc acid for these elements does not, however,

improve the sepantlon because they, along with mercury, also

form Insoluble Relneckates. Selenium Is found to be”reduced by

the thlourea to the matalli.cstate. Removal of thiourea wI1l

lower the contamination of selenium, but at the same time the

overall contamination maY Increase because of the loss of

,crystallinity in the precipitate.

With thiourea the cadmium precipitate is rose in color and

is very granular and crystalline. Ammonium Reineckate when dis-

solved in distilled water, S1O”W1Ydecomposes on standing to give

the greenish blue chromium ammonium complex. !l?husa solution of

the ammonium Reineckte (5 ml. of 4 gm/100 ml) was unable to

precipitate 10 mg. of ,cadmium in 5 ml. of water 72 hours after

preparation. The precipitation was quantitative, “however, if

the reagent was used during the first 24 hours after preparation

and if a l@ excess of reagent was used.
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PROCEMJRE 4

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

Vacuum Distillation of MetalB

Element separated: cadmium Time for sepin: 30 min.

Target material: Misc. activities Equipment required: Mstllla-
tlon apparatus which consists

Yield: 74% of an evacuated chamber into
which a liquld nitrogen

Degree of purification: up to 104 cooled cold finger protrudes
depending upon elements present to collect the vapor e~ected

fram a long ~yllndrlcal
Advantages: Selective, partlcular- carbon rod heated by in-”

ly from thot3eelements which ductlon.
contaminate chemically (For details see source.)

1. Procedure

m“ To a solution which is 0.1 to 0.2 M in either HC1

or MN03 with the radioactive contaminants present, add 1 mg of

inactive Cd to give a total volume of 2 ml.

m“ Ihsert a platinum wire anode and a copper foil

(1/2 cm wide by 10 roilsthick) cathode Into the solution.

w“ Allow current to pass at 6.Volts (negligible current)

for 20 minutes.

Step 4. Remove the copper foil and wash in ~0 and acetone.

Cut out the deposited area on the foil and place In a scintilla-

tion well counter to measure the contamination in the electrolysis

Btep.

Y!2L2” Place the foil In the furnace of the distillation

apparatus and heat to 1800 C for 5 min. after equilibrium pressure

(6x10-5 mmHg) 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 ❑clntlllation well counter.
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PROCEDURE 4 (Cent’d.)

2. Remarks

1. Percent of foreign ion carried with cadmium:

Element

Agl10

~e#!4

~8134

~060

~r192

Se75

~u ~106

~1204

~n65

Zr-~95

Amount

~

0.032

C.F.

0.01

0.007

0.006

0.014

0.008*

0.36

0.36

0.03

Electrolysis

40

33

0.1

26

33

100

20

66

22

1.2

*
Solution of chloride converted
centratlon is 0.1 N H2S04.

Distillation Overall

0.7 0.28

0.01 0.003

3 0.003

0.1 0.03

0.03 0.01

0.05 0.05

0.05 0.01

2.5 1.6

1.3 0.29

0.01 0.00012

to sulfate so that final con-

PROCEDURE 5

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

Precipitation

Element sepanted: Cadmium Equipment required: Otandard

Target material: general

1. Procedure

Step 1. To the solution containing the cadmium activity In

a volume of 10-15 ml (In a 40-ml heavy-walled glass centrifuge

tube), add cadmium carrier. Stir thoroughly and adjust the pH

to 7 with NH40H. Saturate the solution with H2S, centrifuge
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and

the

PROCEDURE 5 (Cent’d,)

wash the CdS once with 5 ml of water. Discard the supernate

wash solution.

-“ Dissolve the CdS with 1 ml of 6 N HC1. Boll off

H# and dilute to 8 ml. Add5mg of Fe+, stir, and then

precipitate Fe(OH)3”with the addition of 6 N m40H. centrifuge

and wash once with 5 ml of water containing three drops of NH40H.

Combine the supernate and wash solution. Discard the Fe(OH)3

precipitate.

W!zL2” Acidify the combined supenate and wash solution with

HC1, add 5 mg of Fe-, stlr and precipitate Fe(OH)3 with the

addition of 6 N NH40H. 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 precipitate.

Ste~ 4. Ad.iustthe solution with the dropwlse addition of

HC1 to a pH of

0.5 ml of HF.

supernate Into

with NH40H and

once with 5 ml

1 and add 10 mg of Ia- carrier. Stir and add

Stir thoroughly, centrifuge, and decant the

a clean 40-ml @ass tube. Neutralize the solution

saturate with H2S. Centrifuge the CdS and wash

of water containing 1 drop of HC1. Discard the

supernate and wash solutlon.

w“ Dissolve the CdS with 4 ml of 6 N HC1. Boll the

solution to expel the IL-#and dilute

5 ml of Ag+ carrier and centrifuge.

stir, heat the solution to 70° C and

(Note 1). Add a pinch of filter aid

to 10 ml with water. Add

Add 10 mg of PdH carrier,

precipitate PdS with H2S.

pulp, stir thoroughly, and

centrifuge. Add 10 mg of Sb carrier, stir, heat the solution b

70° C and precipitate Sb2S3 with Ii@ (Note 1). Centrifuge and

wash the Sb2S3 once with 5 ml of 3 N HC1. Combine the supernate

and wash solutlon.
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PROC13DIJRE5 (Cent’d.)

Step 6. Repeat the Pd scavenge,wlth the addition of 10 mg

Of Pd+ carrier and using the conditions set forth in step 5.

m“ Filter the combined supematea from step 6 through

a funnel containing a Whatman No. 42 filter paper and neutralize

to pH 7 with the dropwlse addition of NH40H. Saturate the

solution with H@ and centrifuge. Wash the CdS precipitate once

with 5 ml of water. Discard the superna,teand the wash solution.

Step 8. Dissolve the CdS In 1 ml of HC1 and boll off the

H2S . Filter the solution (with water washing) through “afunnel

containing a Whatman No. 42 filter paper; do not allow the final

volume of the filtrate to exceed 15 ml. Dilute the volume of

the

3N

6N

filtrate to 15 ml with water if necessary. Add 1.5 ml of

NH4C1 and adjust the PH to 7 by the dropwise addition of

NH40H . Add 1.5 ml of 1.5 N (NH4)2HP04 and digest In a hot-

water bath for fifteen minutes. Maintain a pH of 7 throughout

the “digestionby the addition of NH40H Or Hcl If necessarY.

Step 9. Prepare a Whatman No. 42 paper disc by washing

with water and

Cool the paper

this procedure

Step 10.

drying in an oven at 90-100° C for ten minutes.

for ten minutes In a desiccator and weigh. Repeat

until the welghlngs agree to within 0.1 mg.

Filter the precipitate through the prepared filter

paper disc. Wash with five 5-ml portions of water. Dry at 90-

100° C to a constant weight as in step 9. Weigh as CdNH4PO~.H20.

Step 11. Mount, and after 16 hours count (Note 2). See

Volume I, Section 1, “Counting Instructions” for Cadmium and

Cdll~ Growth Curve, Section 2.

2. Notes

1. The solution should be 2-3 N in HC1 to prevent CdS from

precipitating.
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PROCEDURE 5 (Cent’d.)

2. Cd-115 (In-115) transient equilibrium Is In ei’feetafter

16 hours.

PROCEDURE 6

Source - Wilkinson G., Grummlt, W.’E., Nucleonlcs,
2 13); 52-62 (1951)

Precipitation

Element separated: Cacbnlum Time for sepln: ?

Target material: General Equipment required: Standard

Yield: 50-6@ Degree,of purification: ?

1. Procedure

m“ Dl~solve oxide In fuming nitric acid. Convert to

chloride, add carriers of Cd, -, all other sulfide group elements,

X, La, Ce, ~, Sr, Zr, Rb andCs. Adjust acidity to 0.5 N HC1.

Precipitate with H2S. Remove ppt.

No,

ppt

and

SE?IE” Boll to expel H2S and add carrier of As, Ge, Se,

Ra, Rh, Pd, Ag, Sn, Sb and Te and reprecipitate and remove

aa before.

m“ Add ammonium acetate and acetic acid to the filtrate

ppt CdS and InS3 with H#. Dissolve In cold 1 N HC1 sufficient

to give .1 mg/ml of each metal.

EE!2E!i”
Ba, Sr and Cs

m“

steps 4 and 5

Step 6.

Add carrier of Ru, Sn, Sb, Se, Te, V, La, Ce, 2;,

and separate In and Cd sulfides by pptn.

Dissolve the Cd and In sulfides In 1 N HC1. Repeat

until there Is no actlvlty In the precipitates.

To the 1

Ce, Ia, V, Ra, Sr, Zr,

slightly alkaline with

N HC1 solution of’Cd and ~ carriers of

Nb and Ca were added. The solution Is made

ammonia and then faintly acid with HC1.
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PROCEDURE 6 (Cent’d.)

w“ Exceaa solid sodium acetate waB added to the aolutlon

the mixture boiled for a few minutes. This preclpltate6 the

Indj.umbaalc acetate.. The precipitate Is dissolved in dilute

acid and Is reprecipltated.

Step 8. The cadmium Is recovered from the filtrate by pre-

cipitating the sulfide in 0.2 N acid with carriers La, Ce, X, Zr,

Ba, Sr and Cs present.

m“ Redissolve and precipitate the cadmium with.either

allyllodldehexamlne (5$%aq. soln.) or with phenyltrlmethylsmmonlum

iodide (2$ aq. soln. containing 5% KI) in the presence of rare

earth. Zr, W, Sr, Cs and In hold back carriers.

2. Remarks

1. w step 6 any precipitate of Zr or lib,etc. was removed

at this stage.

2. In step 9 Ag, Sb, and Pd Interfere with the separation

by precipitating their Iodides.

PROCEDURE 7

Source - Hicks, H. G., U. S. Atomic Ener
Y

Commission,
Report UCRL 4377 (Aug. 1954

Precipitation, Ion Exchange

Element separated: cd115 Time:for sepln: 4 hours

Target material: Uranium Equipment required: Standard

Yield: 7@ Type of bbdt: neutron

Degree of purification: 101’ atoms of Cd115 from 1015 flsslon
showed no detectable contamination when decay was followed
over 3 half lives.

1. Procedure

m“ To an acid solutlon 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 7,(Contld.)

-“ Centrifuge and discard precipitate. Reacidlf’y

aupernatant, add several mg Fe+ and repeat step 1.

m“ Discard precipitate and decant supernatant into a

‘125-mlErlenmeyer flask. Boll to remove N113and add NaOH pellets

until Cd(OH)2 preclPltates. Wash precipitate twice with water.

-“ Dissolve precipitate In 2 ~ HC1 and add Pd and

Sb carrierE. Saturate with H2S and discard precipitate.

Step 5. Boll H2S from the supernatant and pass solution

through a Dowex A-2 resin coiumn 5 mm x 10 cm. Wash column with

10ml 0.1 ~HC1. Discard effluant.

ing

hot

for

w“ Through the column pass 15 ml 1.5 y H2S04, colleot-

the eluate in a 40-ml centrifuge cone. Transfer eluate to a

bath and dilute to 30 ml with water.

m“ Saturate with T& while hot and digest precipitate

several minutes.

Step 8. Repeat steps 4 through 7.

w“ Wash preclpltAte twice with water, twice with

acetone, dry, and weigh as CdS.

PROCEDURX 8

Source - Lee and Cook, U. S. Atomic ~ergy Commission,
Rept AERE, C/R-430

Precipitation-Dlstlllatlon and Electrodeposltlon

Element separated: cadmium Time for sepln: - 2 hours

Target material: U02S04 Equipment required: standard

Yield: ? Type of bbdt: neutron

Degree of purification: ?

1. Procedure

-“ Dissolve the target In ~O; add 10 mg of carriers
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PROCEDURE 8 (Cent’d.)

Ru, Rh, Te, Ag, Sb, Sn, and Cd. Total solution should bd 2-3 N

In HC1.

‘-“ Precipitate Ag, Ru, Sb,

filtrate basic with NaOH and then add

uranium hydroxide.

Te and Rh with II@. Make

#ust enough HC1 to dissolve

Step 3. precipitate Cd, Sn and remaining Sb with II@.

w“ Dissolve the sulfide precipitates In aqua regia

convert to flulfateOby evaporating to S03 fume8 after adding

“cone. H#04.

Step 5. Selectively deposit on a copper plated platlnum

and

cathode the antimony (at -0.25V to -0.40V) and tin (at CO.55 V

to -0.70V).

Step 6. Flakethe solution ammoniacal before removing the

cathodee.

m“ Readjust the solution to acid by evaporating the

ammonia and adding HC1 dropwise.

Step 8. Electrolyte the cadmium onto a copper plated

platinum cathode at -0.80V to -0.9V.

2. Remarks

1. In step 2 If a cloudy filtrate occurs heat with a dilute

KC103 aoln.

2. This separation is satisfactory for Sn and Sb also If

selective potential Is used.

3. The ammoniacal soln..In step 6 prevents the Sn”from

Slssolving In the HC1.
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PROCEDURE 9

Source - Maxwell et al., U. S. Atomic Emergy Commlsslon,
R~t~CRL 404 (Aug. 1949)

Extraction
●

Element sepamted: Cadmium Time for sep’n: % bra.

Target material: Silver metal Equipment required: Standard

Yield: 80-95% Type of bbdt: 60” D2

Degree of purification: At least factor of100

Advantages: Carrier-f’ree. Suitable for use In biological systems.

1. Procedure

Step 1. Dissolve the silver turnings in a mlnlmmm volume

of 16 ~ HN03 and evaporate solution to dryness on a steam bath.

m“ Dissolve in 25 ml ~0 and add excess NE4CNS to

complex the silver.

Step 3. Adjust the solution to PH 5 with sodium acetate

and extract the cadmium activity with chlorofomu containing 5%

pyridlne.

To remove traces of silver:

Step 4. Evaporate chloroform phase

bath. ‘

Step 5. Redissolve in 2-3 ml of 1%

0.005~.dithizone in chloroform.

2. Remarks

1. The target was a l/4-inch thick

tally-pure silver (obtained from Johnson

was detected by spec. analysis) Boldered

to dryness on a steam

H@04 and extract with

block of spectrographi-

Mathey and Co. -- no Cd

to a water-cooled copper

plate. The bombarded surface of the silver was removed from the

target by milling off to a depth of 1/8 inch.

2. This procedure, originally developed f’or the separation

of micro amounts of cadmium (H. Fischer and G. Leopoldi, Mlkro-
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PROCEDURE 9 (Cent’d.)

chim Acts, ~, 30 (1937) quantitatively extracted”Cd109 from

Bolutlons containing presumably less than 10
-8 grams available

cadmium.

3. The final solution of Cd109 contained less than one

microgram of silve’r.

4. Radioactive palladium also formed in the bombardment,

Is not extracted with cadmium by this procedure.

PROCEDURE 10

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

Extraction, Precipitation

Element sepazated: Cadmium Time for sep~n: 2-3 hours

Target material: Cd
(separated isotopes)

Equipment required: wakers,
funnels, Hirsch funnel,
separator funnels, pH

Type of bbdt: Deuterons and meter.
protons - 60”

Yield: - 9@

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

Advantages: Good separation

1. Procedure

m“ Dissolve the Cd target, weighing 10-15,mg, in a

few milliliters of cone. HN03 In a small beaker. When all of

the material has dissolved, evaporate to dryness to drive off

excess HNO
3“

-“ Add 3-4 mg In and 3-4 mg Ag as the nitrate solyns

and dilute to * 10 ml with ~0.

w“ Add 1 N HC1 dropwise until the Ag is completely

pptd as AgC1. Coagulate the ppt by heating and filter through
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PROCEDURE 10 (Cent’d.)

a mall No. 42 Whatman f’ilter paper In a short-stemmed glass

funnel. The filtrate contains the Cd and In fractions. (The

AgCl ppt is worked up aepamately as described in the procedure

for Ag from Cd targets, No. 47-3).

w“ Make the filtrate ammoniacal and add another 3-4 mg

Ag as the nitrate soln. Acidify with HN03 and add a few drops of

1 N HC1 to insure complete pptn of AgC1. Coagulate the ppt by

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

m“ AdJust the pH of the filtrate to 3.5

transfer to a 50 ml separator funnel.

Step 6. Extract the ~ by shaking with three

with NH40H and

portions of

,0.02 ~ 8-hydroxyquinoline in C~Cl, drawing the organic layera

off into a second separator funnel after each pass. Discard

the few drops of mixed soln which remain in the stopcock after

separation of layers. (The In is contained in this organic layer

and is worked up separately as described in the procedure for In

from Cd targets, No. 49-l).

m“ Add 3-4 mg m as the nitrate soln to the ~0 layer

remaining in the first funnel.

lined in step 6 above, but this

layers containing the scavenger

Repeat the extractions as out-

time discard the three organic

In.

Step 8. Draw the ~0 layer into a beaker, boil off residual

CH3C1, and add NH40H to ppt Cd as the 8-hydroxyquinolate. Filter

through a No. 42 Whatman paper disc held in a Gooch crucible or

Hirsch funnel. Suck the sample on the paper as dry as possible

and then complete the drying ufidera heat lamp before mounting

under tape.
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PROCEDURE 10 (Contld.)

2. Remarks

1. See Scott (Std. Meth. Chem. Anal.) for complete inf’orma-

tlon on the pptn of AgC1.

2. See Sandell (Colorlmetrlc

Metals) for further information on

hydroxyqulnolInc.

Source - Melnke, W.
Rept

PROCEDURE

Determination of Traces of

the extraction of ~ with 8-

11

w ., U. S. Atomic ~ergg
UCRL 432 (Aug. 1949)

Commission,

Preclpltation

Element separated: Cadmium Time for sepln: * 2 hours

Target material: Sb (m .5 gm metal) Equipment required:
Lusteroid tubes, centmri-

Type of bbdt: 184” a and D2 ~~ge, cones, tank H@,

Yield: 5@ or greater 2

Degree of purification: At least factor of 100.

1. Procedure

-“ To the target add 15 drops 27 N HF in lusteroid

tube in hot water bath. Add cone. HN03 dropwise until dissolved

(10 min.) Dilute to * 20ml.

Step 2. Add 20 mg each Te, Sn, In”,Cd, Ag, Pd, Ru, Mo, Y

carriers as soluble salts. Add 2 drops cone. HC1. Centrifuge.

Step 3. Divide supernatant Into two equal parts.

Step 4. Evaporate one part to near-dryness. Cool, add

20ml 3 NHC1.

Step 5. Boil the supn. to expel S02, add 5 ml H20.

Step 6. Saturate hot with H2S until Sb2S3 pptn complete.

m“ Evaporate the supn. to near dryness. Take up in

1.5ml 1 N NaOH~
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PROCEDURE 11 (Cent’d.)

-“ Wash the”Cd and ~ hydroxide with very dilute NaOH,

dlsaolve in HC1. Add 2 mg SnA holdback.

w“ Repeat NaOH pptn, dissolve and make to 15 ml in

2 NHC1.

Step 10. Add 5 ?@ Sb~, 2 mg Te03= and Eaturate with II@.

step 11. Boll aupn. to expel K-#. Add excess NH40H.

Centrifuge.

Step 12. To the supn. containing the Cd (~)4H comPl=

add 2 mg In-. Centrli’ugeoff’the Jn(OH)3 ppt.

Step 13. Saturate supn. with H2S. Centrifuge CdS ppt.

Step 14. Dissolve CdS In HC1.

Step 15. Dilute an allquot of solution to 15 M. Add 11 ml

3 ~NH4Cl, 1 ml 1.5 ~ (NH4)2 HP04 and weigh the CdNH4P04”H20 ppt

formed.

Source - Meinke, W.
Rept

PROCEDURE 12

W.j U. S. Atomic Energy Commission,
UCRL 432 (Aug. 1949)

Preclpitatlon

Element separated: Cadmium Time for sepln: z 2 hrs.

Target material: ~ 1 g Bi metal Equipment required: Centri-
fug~, tubes, I& tank,

Type of bbdt: 184” all Ptirticles 110 oven

Yield: - 7@

Degree of purification: Decontamination
and spallation products.

Advantage: Good yield of pure Cd

1.. Pro,pedure

m“ To allquot of HN93 aoln of

factor >104 from fission

target add 10 mg Cd and

make basic with ~, centrifuge out Bi(OH)3.

-“ Add 10 ml concentrated HC1 to supernatant and
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PROCEDURE 12 (Cent’d.)

evaporate to dryness. Take up in 20 ml 0.2 N HC1 and saturate

with H&i. Wash CdS with H&l water.

Dissolve CdS In 1 ml 6 N HC1, boll out H&l, diluteStep3.

to 10 ml, add 5 mg Fe+3 and 6 N NH40H- dropwlse until Fe(OH)3

preclpltatton begins. Redissolve 1-2 drops HC1, heat, add 4-5

drops 6 N C~COONH4, centrifuge out basic ferric acetate pre-

cipitate.

-“ Add 10-15 drops 6 N HC1 to supernatant and precipi-

tate CdS.

EksEQ” Dissolve CdS in HC1 and expel H-#, add several mg

m and ‘ret’p’tate ‘“h %“

Step 6. Re-acidify and precipitate CdS.

m“ Dissolve CdS in 2 ml 6 N HC1, dilute to 10 ml, add

10 mg Pd+2, heat, and saturate with H2S.

Step 8. Add 5 mg Sb+3 to supernatant and scavenge with Sb2S3.

Step 9. To supernatant add excess NH40H and saturate with

H2S .

Step 10. Dissolve CdS In a few drops of HC1, expel H2S,

dilute to 15 ml, add 2 ml 3 ~ HC1, boll, add 2 ml 1 ~ (~4)2Hp04,

and digest hot 15 min. Filter, wash with H20, dry 10 min. at 110° C.

Weigh as CdNH4P04”H20 (21.66 mg per 10 mg Cd).

PROCEDURE 13

Source - Nervlk, W. E., U. S. Atomic Ener
Y

Commlsslon
Rept UCRL 2542 (Sept. 1954

Precipitation, Ion Exchange

Element separated: Cadmium Time for sepin: ?

Target material: Ta Equipment required: standard

Yield: ? Type of bbdt: P(340 Mev)

Degree of’puriflcatlon: purification factor + 104
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PROCEDURE 13 (Cent’d.)

In a

with

make

ppt .

1. Procedure

-“ Dissolve the Ta foil in concentrated

lusterold tube and add Cd and Ce carriers.

-“ Centrifuge the rare earth fluorides.

M!3L2” Make the centrlfugate 18 N:ln H.-#O4,

HF-HN03 (1P)

extract Ta

dl-isopropyl ketone. Evaporate the aqueous layer to dryness.

Step,4,..Dissolve the residue In water; add Fe carrier and

soln basic with NH40H. Centrifuge.

w“ Preclpltate CdS with H2S. Centrifuge and dissolve

In 2 NHC1. Add Cu carrier; precipitate the sulfide and

centrifuge.

Step 6. Add Zn carrier and boll the centrifugate. pass

through a column of Dowex A-2 anion exchanger; wash resin with

0.1 NHC1.

Y9uz” Elute the cadmium with 1.5 N H2S04.

Step 8. precipitate CdS with H@ from the eluant. Repeat

the anion exchange step without carrier.

w“ Ad~uat the final eluant (1.5 N H2S04) to PH 4 with

NH40H. Boll. Add (NH4)2HP04. Centrifuge. Wash with H20 and

ethanol. Dryat 110° C and weigh as Cd(NH4)P04.H20.

2. Remarks

1. h step 6 volatilize H&.

2. h step 6 the cadmium is adaorbed.

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

Source - Glendenln; L. E., National Nuclear Energy SerieO IV,
Vol. 9, McGraw.-HlllCo., New York (1951), P. 1575

precipitation

Element separated: cadmium The for sep!n: ?

Target material: plutonium Equipment required: standard

Yield: -- Type

Degree of purlflcation: Decontamination
Ing fiesion product activity

1. Procedure

m“ Add 10 ml of cone. HC1 and

Of bbdt: neutron

factor 106 from remain-

20 mg of cadmium carrier

to the sample, and evaporate just to drynefla. l%ke up the

residue In 20 ml of 0.2 M HC1 and saturate with H2S. Centri-

fuge, and wash the CdS precipitate.

m“ Di~solve the precipitate In 1 ml of 6 ~ HC1, dilute

to 10 ml, and add 5 mg of iron carrier and 6 N NH40H In drops

until Fe(OH)3 just begins to precipitate. Dissolve the precipi-

tate with 1 or 2 drops of HC1, heat to boillng, and add k or 5

drops of 6 ~ NH4C#1302. Centrifuge, and discard the precipitate.

-“ Add 10 to 15 drope of 6 ~ HC1 to the soiution and

pass in H2S. Centrifuge, and wash the CdS precipitate.

Step 4. Repeat steps 2 and 3. Dissolve the CdS in 2 ml of

6 ~HCl and dilute to 10 ml. Add 10 mg of palladium carrier,

heat, pass in H2S, and centrifuge. Discard the PdS precipitate,

add 10 mg of palla~um carrier to the solution, and repeat the

precipitation of PdS.

w“ Add 2 ml of 6 N NH40H to the solution and pass in

H.-#. Centrifuge, and wash the CdS.

Step 6. Dissolve the CdS precipitate in a few drops of HC1,

heat to

heat to

expel H2S, dilute to 15 ml, add 1.5 ml of 3 N NH4C1, and

boiling. Add 1.5 ml of 1.5 N (NH4)2HP04 and digest hot
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PROCEDURE 14 (Cent’d.)

for 15 min. Filter, wa~h the CdNH4P04 precipitate with ~0, dry

at 110° C for 10 min., weigh as CdNH4P04-H20, and

2. Remarks

1. The separation of cadmium from the other

mount.

fission products

Is bat3edon precipitation of CdS with H2S In dilute acid solution.

The contaminating elements, members of the acid-sulfide group

and probably zirconium and niobium (columbium), are removed by

basic ferric acetate [FeOH(C2H302)2] and PdS scavenging cYCleS.

Preclpltatlon of FeOH(C2H302)2 Is an excellent scavenging opera-

tion, the precipitate carrying a great number of the flsalon

107 The PdS scavenging precipitation is made In 1 ~ HC1elements.

solution (In which CdS does not precipitate) and serve~ to remove

many contaminants of the acid-sulflde group. The cadmium is

finally precipitated, weighed, and mounted as CdNH4P04”~0. This

procedure Is slmllar to that developed Independently by Metcalf.108

115 by this procedure from a veryIn a separation of 43d Cd

active concentrate of plutonium flsslon products, a sample of

the cadmium activity was obtained In about 99 per cent purity, as

109 Since the 4~d Cd comprised only 0.005shown by a decay curve.

per cent of the total fission-product actlvlty in the concentrate

at the time of the cadmium separation, a decontamination factor

of more than 106 was indicated.

PROCEDURE 15

Source - Melnke, W. W., U. S. Atomic Ene y Commission,
TRept Newton UCRL 432 (Aug. 19 9)

Precipitation

Element separated: Cadmium Yield: - 50%

Target material: Thorium T1.mefor sepln: 2 hrs.
metal (.1-1 gm)
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PROCEDURE 15 (Cent’d.)

Equipment required: Standard, tank II@ Type of bbdt: 60” UIS

- 105 from flasion productsDegree of purification:

1. Procedure

The metal dissolved In cone. HC1 + a few drops .2 y solution

(NH4)2SIF6 to clear up black residue. The HC1 Is diluted to 2 N

and an allquot taken.

m“ Add 10 mg cadmium carrier. Dilute to 0.2 N HC1,

pass in H&, ppt CdS. Wash with H# water.

-“ Dissolve CdS In 1 ml 6 N HC1. Boll out H2S. Dilute

to loml. Add 5 mg Fe‘3, 5 w W+3, 5 w ~+3, add ~40H. pre-

cipitate Fe(OH)3. Centrifuge. Add more Fe+3 and scavenge again,

oentrlfuging down on top of flrat.

w“ Pass H2S Into supernate, ppt CdS.

-“ Dissolve CdS In 1 ml 6 N HC1, boil, dilute to 10 @,

‘eatj add A6+, ppt AgCl, digest a few min., centrifuge.

m“ Add NH40H until alkaline, pass In H2S, ppt CdS.

Step 6. Dissolve Cd In 2 ml 6 N HC1. Dil to 10 ml. Add

10ml Pd+2, heat and saturate with H2S, ppt PdS. Repeat sulfide

scavenging with 5 mg Sb.

m“ To supernate add 2 ml 6N NH40H saturate H2S. Ppt Cds.

m“ Dissolve CdS In a few drops HC1. Boil to expel

H2S . Dilute to 15 @. Add 1.5 ml 3 ~ NH4C1, boll, add 1.5 ml

1.5 ~ (NH4)2HP04 and digest hot 15 minutes. Filter. Wash with

~0, dry 10 min. at 11OO. Welghas Cd(NH4)P04”H20.

2. Remrks

1. low cd . 21.63 IW CdNH4P040~O (M.W. = 243.45).

2. This method has been described previously (Phys. Rev.,

~, 17 (1949))●
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