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FOREWORD 

The Subcommittee on Radiochemistry is one o� a nunber o� 
subcommittees working under the COIIIIIittee on Ruclear Science 
within the Rational Academy o� Sciences - Rational Research 
Council. Its members represent govel'DIIIent, industrial, and 
university laboratories in the areas o� radiochemistry and 
nuclear chemistry. Support �or the activities o� this and 
other subcommittees o� the Committee on Ruclear Science is 
provided by a srant from the Rational Science Foundation. 

The subcommittee bas concerned itsel� with preparation o� 
publications, encouraging and supporting activities in nuclear 
education,sponeoring symposia on selected current topics in 
radiochemistry and nuclear chemistry, and investigating special 
problems as they arise. A series o� monographs on the radio­
chemistry o� essentially all the elements and on radiochemical 
techniques is being published. Initiation and encouragement 
o� publication o� articles on nuclear education in various 
subject areas o� chemistry have occurred, and development and 
improvement of certain education activities ( e.g., laboratory 
and demonstration experiments with radioactivity) have been 
encouraged and assisted. Radioactive contamination of reagents 
and materials bas been investigated and specific recCIIIIIIendatione 
made. 

This aeries o� monosraphs bas resulted from the need �or 
COIIIPrehensive compilations o� radiochemical and nuclear chemical 
in�onaation. Each monosraph collects in one vol\De the pertinent 
information required for radiochemical work with an indi�dual 
element or with a specialized technique. The U. S. Atomic Energy 
Commission bas sponsored the printing o� the aeries. 

Comments and suggestions �or �her publications and activi­
ties of value to persons working with radioactivity are welcomed 
by the Subcommittee. 

111 

R. E. Ballou, Chairman 
Subcommittee on Radiochemistry 
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Preface to the revised edition 

A considerable number of papers have appeared in the l i terature on the 
radiochemistry and chem i s try of arsenic s ince the first  edition of the monograph 
was publ i shed. The general form and much of the ori ginal content of the monograph 
has been retained, subs tanti al addi tions be ing made where nece s s ary. 

The revi ser would l ike to thank Mr. R. W. Cl arke , Information Offi cer of  the 
Chemi s try Divi sion, A. E. R. E. ,  for hi s great help in conducting a very thorough 
l i terature s earch. 

iv 
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RADIOCHEMISTRY OF ARSENIC 

HAROLD C. BEARD 

Florida State University,  
Tal lahas see,  Flori da, January 1960 

revi sed by 

J. G. CUNINGHAME 

Atomic Energy Research Establ i shment 
Harwell , Didcot, Berkshire, England, January 1965 

I .  A SELECTION OF GENERAL REVIEWS OF THE INORGANIC AND ANALYTICAL 
CHEMISTRY OF ARSENIC 

Mellor, J. W. , "A Comprehensive Treati se  on Inorganic  and Theoretical Chem i stry,W 
Volume 9, Chapter 51 , pp. 1-3 38, Longmans,  Green and Co. ,  Inc . ,  New York, 1 947 .  

Sidgwick, N .  V. , "The Chemical El ements and Their Compounds: Volume 1 ,  pp. 
7 58-803 , Oxford Univers i ty  Pre s s ,  London, 1950. 

Sneed, M. C. and Bras ted, R. C . ,  •comprehensive Inorganic Chem i s try,W Volume 5, 
Introduction pp. 3 -10, Chapter 2, pp. 106- 152, D.  Van Nostrand Co. , Princeton, N.J. , 
1956. 

Remy, H. "Treati se on In organic Chemistry• Elsevier Amsterdam, 1956. 

Jacobsen, C .  A. ,  "Encyclopedia  of Chemi cal Reaction s ," pp. 264-500, Reinhold 
Publ i shing Co. , 1946. 

McAlpine ,  R. K . ,  and Soul e,  B. A. , •Quali tative Chemical Analys i s: 4th Edition 
D. Van Nostrand Co. , Inc . ,  New York, 1 956. 

Holnes s ,  H. , "Advanced Inorganic Quali tative Analysi s: pp. 7 5-79 and pp. 152-1 53, 
Pitman and Sons ,  London, 1957 .  

1 
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Wil l ard, H. H .  and Diehl, H . ,  • Advanced Quanti tative Analysi s: pp . 3 39-345, D. 
Van Nostrand Co. , New York, 1943 . 

Walton, H .  F. , "Principle s and Methods of Chemical Analys is: pp . 161-163 and 
pp. 41 1-41 2, Prentice-Hall ,  Inc . ,  New York, 1952. 

Hi l lebrand, W. F. ,  Lundel l ,  G. E. F. , Bright, H .  A. and Hoffman, J. I . ,  "Appl ied 
Inorganic Analys is: Chapter 1 3 , pp. 256-272, 2nd Edition, John Wi l ey and Son s ,  
N e w  York, 1953.  

Charlot, G. and Beji er, D. trans lated by Murray, R. C. , "Quanti tative Inorganic 
Analysi s ,  • pp.  33 5-342, Methuen and Co. ,  London; John Wi ley and Sons ,  Inc. , 
New York, 1957. 

Furman, N .  H., "Standard Methods of Chemical Analys i s•  6th Edition. Vol. 1 
pp. 106-107. Van Nostrand, New York, 1962. 

II. GENERAL REVIEWS OF THE RADIOCHEMISTRY OF ARSENIC 

Smale s ,  A. A. , "Neutron Activation Analys i s ,"  Chapter 19,  pp. 5 1 8-545 in Yo e,  
J.  H.  and Koch, J.  J. , Jr. , •Trace Analys is ," John Wi ley and Sons ,  New York, 
1957.  

ill. SUMMARY O F  STATISTICAL PHYSICAL PROPERTIES OF ARSENIC(!) 

Outer electroni c configuration 4s2 4p3 

Mol ecular s tate of gas As4 � As2 
Atomic volume, 13 . 13  ml.  (metal) 
Mel ting point, 8 1 4.5°C. (36 atm). 
Boi l ing point, sublime s at 610°C.  
Density, 5 .7  glee {metal); 3 .9  glee (ye l low) 
Radius ,  covalent, 1 . 21 A 
Radius,  crystal ,  As-3 2 . 22 A ; As+3 0.69A ; As+5 (As031 0.47 A 
Ioni zation potenti al ,'"" 10  e .v. 
Electronegativi ty,  2 .0 on the Pauling scale. 
Principal oxidation state s ,  -3 , +3 , +5 
E0, As + 3 H20 � H3As03 + 3 H+ + 3 e·, -0.25 v. (HAs02) ;  As02 + 2 H20 � 

H3As04 + 2 H+ + 2 e·, -0.5 59 v. 

Heat capacity,  0.082 cal/gram. 

2 
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IV TABLE OF ISOTOPES 

Isotope Hate liCe Some methods oC Principal types Enercy oC principal Eneray oC principal 
preparation oC decay 8-radiations MeV {;;radiations, MeV 

ith percentaae oC 
total y's where 

As68 7m Oe70(p, 3n) tr shown) 

As69 ISm Oe70(p, 2n) E.C. ("'3�) 
tr ("'97�) 2. 9 

As70 S2m Oe70(d, 2n) E.C. (3�) 
d. Se70 tr+" (10�) 1.44 

E.C. (S.3�) 
tr (74.7�) 2.144 
E. C. (0.18�) 
tr (6.1�) 2. 89 
y 1.04 

As71 62h Oe70(d,n) tr (3�) 0.2S 
d. se71 rr- (6�) 0.79 

E.C. (S8�) 
tr (33�) 0. 813 
y 0.175 

As72 26h oa69(a, n) E. C. (21.2�) 
Oe72(p, n) tr+" (3.6�) 
Oe 72(d, 2n) tr (S6.2�) 2.50 
d. Se72 8'" (19�) 3.34 

y 0.630 (8) 

y 0.835 (7S) 

As73 76d Oe72<d, n) E. C. 
d. Se73 y 0.013S(e/y > 1300) 

O.OS4(e/y"' S) 
[N.B. These y'a are 
Crom decay oC 
Oe 73m, ty, 0.33S]. 

As74 17.Sd oa71<a. n) E.C. (( 1�) 
Oe74(d, 2n) rr- (�0. 1�) 
Oe74(p, n) E.C. (38�) 
As 75(n, 2n) 8'" (25�) 0.92 

E.C. (2.2�) 
8'" (2.8�) 1.53 
ff (16�) 0.69 
tr (16�) 1.36 
y 0.596 (80) 
y 0. 635 (20) 

As1S 1� natural abundance 

Aa76 26.Sh As75(n, y) ff (5.1�) 
Aa75 (d, p) ff (6. 9�) 1.748 
Br79 (n, a) {r (3S�) 2.405 
Se76 (n, p) tr (53�) 2.965 

y O.SS9 (71) 
y 0.658 (6) 
y 1. 127 (16) 

Aa77 39h Oe76 (d, n) ff (2.5�) 
fission 
d. Oe77 tr (97.5�) 0. 69 

y (weak) 0.086 (4) 
y (weak) 0. 160 (7) 
y (weak) 0.246 (67) 
y (weak) 0.524 (22) 

3 
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Isotope Half life Some methods of Principal types Energy of principal Energy of principal 
preparation of decay 8-radiations MeV r,;radi a tiona MeV 

with percentaae 
of total y' a where 

shOwn) 

Aa78 91m Br81(n, a) ff (30") 1.4 
Se78(n, p) ff (70") 4.1 
fiaaion d. 
Oe78 y 0.270 

y 0.610 
y 0.800 
y 1.280 
y 2.680 

As79 9m Se80(y, p) {f' (S") 
Se80<n,pn) ff (95") 2.15 
Se82(d, an) 

As80 1S.3S Se80(n, p) tr <o.8"> 
w (4.3") 3.7 
w (3.5") 4.1 
rr (1.7"> 4.2 
a- (1.4") 4.5 
tr (32"> 5.4 
{3" (56") 6.0 
y 0,66 

As81 3h Se82(y, p) tr (100") 3. 8 

4 
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For further information on the radiations of the arsenic i sotope s  see:-

B. S.  Dzhel epov and L. K .  Peker •Decay Schemes of radioactive i sotopes• , Pergamon 
Pre s s ,  Oxford, 196 1 . 
D .  Strominger, J. M. Hollander and G. T. Seaborg, Revs. Mod. Phys .  30.2 Part II 1958.  
1960 Nuclear Data Table s  NAS-NRC Washington 1960. 
1959 Nuclear Data Table s  NAS-NRC Washington 1959. 
Nuclear Level Scheme s A= 40 to A= 92 NAS-NRC Washington 1955 .  

5 
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Ge 78 (250d) 

V DECAY SCHEMES 

Ref: F. 0.5. Butement, E.G. Prout. 

Phil. Mag. 46. 357. 1955. 

69 
As 

{_3 �� 
"2, 2.} 

(5 3-) 
2,2 Ge

69 (40h) 
Ref: F. O.S. Butement, E.G. Prout. 

Phil. Mag. 46. 357. 1955. 

6 
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70 
As 

5 ·10 -----------------------�....J 
4·70---------------------H�+--' 
4·40------------------��h4+--
4·1 0--------------��++�H4+--

3-70--------------++�++��+--J 

3·13 --------
3·07 

2·31------��+M�����h4+--' 2 · 16 

2 + I · 7 I ----.....-++-"4----l-if-L--L.++-�+---'L+-L+--
0+1·21==P�1t�=i==����f== 2+ 1·04 

Ge70 
o+ 0---'----'-�----- ---.L----L-----IL---

71 
As 

(4·s+) 

3°/0:E.C. 

10°/o:l3+ 1·44 M�V 
5 · 3 °/0:E.C. 
74·7°/0:�+ 
2 ·144 MCEV �-18°/0:E.C. 
6 ·I 0/0 :13+ 
2 ·89 MCEV 

Ref: P. Born, C. Bobeldijk, 
W A. Oost, J. Blok. 
Physico 29 277 

1963. 

ReEf. I. B.S.DzhCEICEpov, L.K.Pczku. 

1-
2 

7 

D«Ecay schczmu of radioactin 

isotopCEs. Pugamon Press, 

Oxford. 1961. 
2. D. Stromingczr, J. M .Holla nder , 

G.T. SCEaborg RCEVS. Mod. Phys. 
30·2 Pt. II 1958. 
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72 
As 

(1·2"') 3·7-4 ------------.-..---' 
(2 ·3") 3·3• =======+i1'ii=�mi!:!:!:!:!:='.. cs-> 3·32 
�-) 

3·0·�����lt��������� ,- 2·91 = 

�··4) � :�f -�'++1r++�ri1+--14+1---*++4��1-++--' 
(2· ., 2. 39 __,.t+t-H+t+t1rt-'-t-H--+Hf+--14-H----l+H+t--
2+ 2· 06 --1-t+t+t+t-lrt+Hrt+-H-t+<�+l--.l.+lf++­
�+) I· 73 -tt++++t+++f.I-.LI-+�++++H+-��­
a+ I· • 6 --t""+irt+t-Lt-H--'++.-LJ4+++++--m+--' 

(•·6• lo-1 2s 
a+ o- �������_L�_u�����-q 
ot' 0· 69 ---L-J.&..I-i-...Jlf--+--.-..L....----L-4-4-4-' 
(0· 3x lo-6s) 72 

o+ o ---L-��-�G� _ _L _ _L�__J 

Ref. B.S.Dzhclcpov, L.K. Pek er. Decay 
scha�cs of radioactive Isotopes. 
Pcr�amon Prcu. Oxford 1961. 

73 
As 

I 4 · 3 °/0 : E .C. 
2 2 · 3 °/0 : E.C. 
3 2· 8°/0 :E. C. 
... 0·3% :p+ 
5 0 · 7 °/0 : J\+ 
6 II· 8 Cf0 :E. C. 
7 2 ·5% :�+ 
8 56·2°/0 :�+. 2 ·50 MeV 
9 0·09°/0:JS+ 

0 19% :�+ 3·3-4 MeV 

Ref: B.S. Dzhelepov, L.K. Peker. 

z+ 
2 0·0135 
9+ 
2 

M2 

8 

Decoy sch�mes of radioactive isotopes 

Pergam on Prus,Oxf ord 1961. 
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I - 0 ·04%: E .C. 
2 � 0 · 8 % : E. C.� 0 ·I 0/o : l3 + 

3 38% : E.C.: 25°� p+ 0·92 MeV 
4 2·2 °/o:E.c.: 2·8°/0:e•:l·53 Mev 

2 ·22 -��----' 

p-: 0 ·69 MeV 

�-: I ·36 MeV 

'-----1�-- 0· 635 2+ 

'"-----1--- 0 0 ... 
2+ I · 19 --+--t-.----' 
2 ... 0. 596 _....._-+_.........__�__, 

0... 0 __ __... __ .....___, Ref. I. D.J. Horen, W.E. Meyerhof, J.J. Kraus haar, 
D.O. Wells, E. Brun, J E. Ne i ghbor. 
Phys.Rev.ll 3 875195 9. 

.@- 0/o 
I I ·2 
2 1·0 
3 0 ·6 
4 0·2 
5 2 ·I 
6 6·9 
7 35 
8 53 

76 
As 

MeV 
0·309 
0·5 30 
0·853 
0 ·952 
I ·177 
I ·74 8 
2·405 
2·965 

Ref. I. G. Backstrom, I. Marklund. 
Arkiv. for Fysik: 17 393 1960 

2. N .N. Del yogin, A.A. Sorokln. 
Zhur. Eks i Teor�t. Fys. 38 1106 

1960 �hose decay sch�m� is slightly 
dlff�r�ni) 

2. T. Yamazaki, H. I keg ami, M. Sakai. 
J . Phys. Soc. Japan IS 957 1960 

3. B.S.Dzhe lepov. 
Isob aric nuclei of mass number 74 
Pergamon Press, Oxford 1963. 

76 
As 

'-���-----------2·656 3-
'--+H+..-..-.----------- 2 · 4 34 3 (+or r•) 

9 
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Ref: B.S. Dzhclepov, L.K.Pcku. 

Decay schemes of radioactive isotopes 

Pergamon Press, Oxford 1 961. 

78 
As ( 91m) 

78 
As 

Ref. Iu. A. Nemilov, A.N. Pisarev•kii. L.O. Soshln. 

Zhur. Exsp. i.. Teorct. Fiz. 35. 801 1958. 

10 

I•.UV 

5- 3-
.__._.. _______ 0·524 2 J 2 

5-
-�---�------r--r-- 0 ·457 2 

3-
'--+--L-�--t--+---+- 0 . 24 6 2 

7+ 
-r-(1-7-·s ...... st--r--...._t-t- 0·160 2 

Se77 1-
'--.L..-.--'----'----L---'--- 0 2 

t3- : I· 4 MeV 

t3- : 4 · I  MeV 

'--.-....-1o-----r----...- 2. 68 

-;-+-r���-----�1 ·88 
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!-
o/o 

I I· 5 
2 0·5 
3 2 
4 I· 5 
5 95 

Ref. I. T. Kuryoonagi 

M�V 
I· 25 
I· 43 
I· 72 
1·80 
2 ·I 5 

79 As 

J. Phys. Soc. Japan 16 2369 1961. 
2. C. Vthi�r. R. von Liuhout. 

Compt. r�ndus 252 2543 1961. 

R�f : 

�-
I 
2 
3 
4 
5 
6 
7 
8 

8 0  A a 

olo M�V 
0·3 3·0 
0·5 3· 5 
4·3 3·7 
3·5 4·1 
I · 7  4 · 2 
I · 4 4·5 
32 5 · 4 
56 6 ·0 

R.E. M�ods, J.E.G. Mciidowi� 
Proc. Phys . Soc. 74. 693. 1959. 

80 
As 

11  

-........-�------ 0-990 

'---+--+------- 0. 825 

.'--+--+--+--t---- 0 . 530 
'---t---1.-+---+-p--- 0 . 455 

1-
'--�.....-�::;;::-1�:"--_.__ 0. 097 2 
"--"--......... -=-='---.&-E_3 

___ O 1. + 
2 

3·01 

2·50 
2·30 

I · 8 8  
I · 77 -- - -+- I· 52 -- -

-�- I ·44 
I 
I 

2+ 0·66 

s�8o 
0 o+ 

Copyright © National Academy of Sciences. All rights reserved.

Radiochemistry of Arsenic, by Harold C. Beard
http://www.nap.edu/catalog.php?record_id=18701

http://www.nap.edu/catalog.php?record_id=18701


81 

81 
As 

A� (31s) 
'------..--

R�f: H. Morinaga, T. Kuroyanagi, 

H. Mitsui, K. Shod a. 

J. Phys. Soc. Japan. IS 213 1960. 

12 
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39 hr As 77 
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II- 22-62 
ABSORBER 1.18 g/cm2 Be 

SOURCE OIST. 10 em (c) 
r- 0.44 fJ- Bremsstrahlung ENERGY SCALE I KeV I PHU (Cs) 

0.246 

� 

[}8!) 

lJ 0.16 
" . 
� 

li 
0.525 

It ,, 
, t 0.29 Ll 1 1 � 

xiO 
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• \ 1 
v • 
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VIII. REVIEW OF THE CHEMIS TRY OF ARSENIC OF INTEREST TO RADIOCHEMISTS 

1 .  General propertie s 

Arsenic as the el ement, e xi s ts in two di stinct cry s talline modifications,  the grey 
or metal l ic  s table form and the yel low form. (1) The grey metal l ic  form i s  an e xcel lent  
conductor of heat, but a poor conductor of electric i ty.  At atmospheric pre s sure, i t  
subl ime s at 6 1 0°C, at 400°C i t  burns with a whi te flame forming the sesquioxide, As406. 
I t  takes fire in chlorine and combine s ,  when heated, with mo st  metal s to form arsenide. 
I t  reacts readi ly wi th sulfur when heated. I t  is unaffected by hydrochlori c acid in the 
absence of oxygen, but i t  oxidized by warm, dilute or concentrated nitri c acid. 

Yel low arsenic  i s  obtained when arsenic vapour is chi l led rap idly. I t  is extremely 
vol ati l e  and is  more reactive than metall ic  arsenic and phosphoresce s  at room temperature .  
It i s  metastabl e  and pass es  rapidly into the metal l ic  form. A form of  arsenic called black 
ars enic is apparently amorphous and has properti es  between tho se of the other two forms. 
It i s  obtained by the thermal decomposi tion of ars ine as in the Marsh tes t. 

The valency s ta tes  of arsenic are +5, +3 and -3 . Exchange between the +3 and +5 
s tate s in solution i s  s low, and i t  i s  adv isable to carry out some reduction/oxidation cycle 
when adding carri er to trace arsenic. Such a cycle is often automatically incorporated, as 
when arsenic i s  oxidi sed to As(V) while germanium i s  d is ti l led, and i s  then reduced to 
AsQII) for i ts own disti l lation. If the proposed procedure doe s not include steps such as 
the se ,  a convenient method i s  oxidation by potass ium bromate fol lowed by reduction with 
potas sium metabi sulfite. 

Arsenic trihal ides are prepared by the direct union of the elements or the action of 
the oxide or sulfide with halogen. (1) The compounds are covalent and soluble in non­
pol ar solvents such as benzene and CS2. AsCl3 is eas ily hydrolyzed except in highly 
acid solution. Arsenic forms no pentahal ide other than the gaseous fluoride , As F 5• 
Arsenic can be reduced from the halide in a hot solution by hypophosphite ,  sul furous acid, 
chromous chloride or cuprous chloride . 

Another very important arsenic compound i s  the gaseous hydride AsH3 , known as  
arsine. Thi s  may be  formed by hydroly s i s  of an  arsenide, reduction from higher oxidation 
s tates by Zn or Sn in acid solution, or by electrolys is  using a mercury or lead cathode. 
Ars ine is decomposed in the well-known Marsh tes t  by heating in a small glass tube, wi th 
the resulting deposition of a black arsenic metal "mirror• on the wal l s  of the tube. Another 
famil iar te st, the Gutzeit method, uti l i ses  the reaction of arsine with a te st  paper impreg­
nated with mercuric chloride or bromide ,  which gives a brown coloration . 

Arsenic se squioxide As4o6 i s  obtained when the element or the sulfide i s  roasted 
in  air. It has a solubi l i ty of 2 .04g/1 00g of water at 25°C. (1) That i t  readi ly di s solves 
in alkal i solutions to form arsenite indicate s acidic properti es .  The ioni sation cons tant of 
arsenious acid has been calculated to be 6x1010 although the acid has never been i solated 
as such. The formulae of various arsenites are different and often quite complex. The 
o xide in alkaline solution is used as a primary s tandard reducing agent in oxidation -
reduction ti trimetry . 

19  

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

Rad iochemis t ry  o f  A rsen ic ,  by  Haro ld  C .  Beard
h t tp : / /www.nap .edu /ca ta log .php?record_ id=18701

http://www.nap.edu/catalog.php?record_id=18701


Arseni c(V) oxide i s  a whi te ,  amorphous , fus ibl e powder prepared by the 
dehydration of arsenic acid. Ortho-arsenic acid, H3As04, i s  obtained when elementary 
arsenic or As4o6 i s  oxidised with concentrated nitric acid or chlorine water. The 
anhydrous acid, when heated, readily loses  water to form the oxide, As4010. 

Arseni c(V) acid (K = 5.0 x 10-3) i s  weaker than phosphoric  acid and arsenate 
salts hydrolyse  more than the phos phate salts (1). Primary, secondary, and tertiary 
orthoarsenate s  are known, as wel l  as meta- and pyroarsenate . They s trongly re semble 
the corre sponding phosphate s in solubi l i ty and crystal form, many pho sphate-arsenate 
pairs being i somorphous .  Only the alkal i-metal terti ary orthoarsenate s  are soluble in 
water so quanti tative precipi tation i s  pos s ible wi th the si lver ion, magne s ia mixture , 
and wi th ammonium molybdr.te in nitric acid. Thesco: reactions are analogous to the 
phosphate ,  and that e lement wil l  be coprecipitated. Contamination by tin, antimony 
and probably germanium may be avoided by complexing these  e lements with citrate or 
tartrate (2) .  The arsenate ion may be determined by an indirect proce s s  based on the 
precipitation of \1gNH4As04, and the subsequent titration with EDTA of the magnes ium 
contained in the precipi tate (3) .  

The insolubi l i ty of the sulfides  of ars enic in hydrochloric acid i s  frequently  
used to  separate arsenic from other e lements . The tri sulfide As 2S3 , i s  a bright yel low 
compound readily obtained in a col loidal s tate if precipitation is carried out in solutions 
of low ionic strength, as  when a solution of arsenious acid is saturated w i th H2S. (1) 
Arsenic of e i ther valency can be separated from elements other than those of the 
hydrogen sulfide group by precipitation in acid solution, and from elements of the copper 
group by precipitation in alkal ine solution. (3) The precipitation of As2s5 in a s trongly 
acid solution of an arsenate wi th H2S is slow, and the product is usually a mixture of 
As 2Ss and As 2S3 because of the reducing property of H2S.  (1) If the arsenic is pres ent 
as As(V) init ial ly,  i t  i s  advantageous to catalyse i ts reduction to AsQII) by a l i ttle iodide. 
Precipi tation of tr ivalent arsenic away from quadrivalent tin and germanium i s  pos s ible in 
a hydrochlori c-hydrofluoric ac id solution by complexing the e lements other than arsenic.  

As2S3 can be di s solved by concentrated nitric acid, concentrated sulfuric acid or 
ammonia and hydrogen peroxide. (2) Sulfides ,  l ike the ir oxygen analogues ,  have acidic 
propertie s and dis solve readily in s trong bas e s .  (1) The sulfide di s solve s readi ly in 
solutions of sulfide ion ,  the sulfide ions in solution acting as  a base. These thio-ions 
are quite s table in neutral or alkal ine solutions ,  but acidification results in reprecipi ta­
tion of the sulfide and l iberation of H2S. Thus ,  the sulfides of arsenic are amphoteric. (l) 

The usual macro methods for the determination of arsenic are (1) by weighing as 
the tri sulfide ; (2) by precipatation as s i lver arsenate of which the s i lver content i s  then 
determined by Volhard's method ; and (3) by iodimetric titration of  the trivalent compound. (4) 

2 . Separation methods 

(a) Halide disti l lation (See al so NAS-NS 3 1 08, p.  13) 

As (III) may be quanti tative ly di s ti l led as chloride or bromide from concentr­
ated HCl or HBr solutions.  The di s ti l lation must  be carried out in the pre sence of 
a reductant, s ince the only pentahal ide of arsenic i s  the gaseous As F5. Cuprous 
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chloride, ferrous sulphate, sulfurous, hydriodic or hydrobromi c acid s  are s ui t­
able  reductants. 

Ni trate, GeC14 (b. p. 86°C) and SnC14 (b.p .  1 1 S0C) interfere . N i trate s can 
be e l iminated by fuming with sulfuric acid, care being taken not to vol ati l i s e  
the arsenic, whi le  SnC14 can b e  complexed by adding pho sphoric aci d. If 
germanium i s  pre sent it is advi sable to el iminate it before di s ti l l ation of the 
arsenic.  A convenient method i s  to vol ati l i se  the germanium in a s tream of 
chlorine gas. Al ternatively a few ml. of 28% hydrogen peroxide added to the 
concentrated HCl wi l l  produce s ufficient  chlorine to keep the arsenic oxidi sed 
whi le  the germanium is  di s ti l l ed. After removal of the germanium,  the arsenic 
i s  reduced by one of the reductants mentioned above and d is ti l led at a temp­
erature below 107°C. 

(b) Ars ine 

Separation as ar sine i s  easi ly adaptable to rapid procedure s.  The ars ine 
production may be e lectrolytic with a mercury (Procedure 1 1) or graphi te 
(Procedure 21) cathode, or may be by zinc or tin reduction (Procedure 18 ,  20). 
Arsenic can be recovered from the arsine gas in a varie ty of ways ,  e .g . ,  i t  can 
be coll ected in s ilver nitrate solution (Procedure 1 1) .  After col lection, exce s s  
s i lver i s  removed by precipi tation wi th sodi um chloride, and the supernatant 
made 1 : 1 in HCl . Elementary arsenic i s  then precipitated by adding ammonium 
hypophosphite and boi l ing. Selenium and te l lurium can be prevented from 
reaching the s i lver nitrate solution by pas s ing the ars ine through 1 0% lead ace tate 
solution firs t. Al ternatively the arsenic can be depo s i ted by heating from the 
arsine gas as in the Marsh tes t  (Procedure 20 and 21). 

(c) Solvent extraction (See also NAS-NS 3 102, p. 22) 

Several methods of arsenic s eparation have been developed which make use  
of solvent extraction. As 011) i s  extracted 100% from > 8N HCl  into ben zene (4) 
with good separation from antimony and bi smuth (Fig. 1), or i t  may be extracted 
into carbon tetrachloride wi th di e thyldi thiocarbamate as  complexing agent (5) .  

Methyl i sobutylketone extracts 91% of As011) and 28% of As (V) from a 
mixture of 8N HCI + 2N H2S04 (6). Fe011), Sb(V), Sb011), Sn011) , Sn0V), Se0V), 
Te(IV), Ge(IV), Cr(V), V(V) , Mo(VI) and Mn(VI) are al so  extracted to a greater 
or l e s ser extent. Fe(II), Sn(ll), Cl 011), Mn0V), VOV), Group s lA, 18, IIA, liB, 

8, Al,  Gp, IVA, Pb, Nb, Ta, P, Bi, Co, Rare Earths, Th and U are not extracted. 

As(III) is extracted from HF solutions by ether (7). Sn(IV), Sn(II), Se, Sb 
and Mo interfere, but there is no extraction of Ni, Cr, Co, Mn, K, Ti, Zr, Ga, 
Ag, U, Bi, Tl,  Cd or Os. It is al so extracted from HI solutions by chloroform (8). 

Tri-n-butyl phosphate (T B�. and TBP + Tri-n-octylpho sphine oxide (Fi g. 2) 
can be us ed in group separations involving arsenic ,  but too many other e l ements 
are e xtracted to make a specifi c  procedure pos s i ble  (9). 
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(d) Chromatographic methods (See al so NAS-NS 3 106 p. 3 8) 

Trace quantitie s  of As (III) may be separated from a large number of other 
ions by electrochromatography (10), and a separation of AsQII) from I and TeQV) 
by ascending paper chromatography us ing methanol/water 9 : 1 as solvent has 
al so been reported. (1 1) Good separation of tracer ars enic from gramme quanti ties  
of germanium has  also been achieved by reversed phase partition chromatography 
using HCl elution with TBP as s ta tionary phase. (1 2) 

Finally an anion exchange method us ing Dowex 1 separated  As(V), Se, Ge, 
Te, Sn, Mo, Re and Au in that order, us ing various e luants (1 1 .2N HCl for As(V) 
(13) As(V) doe s not adsorb appreciably on anion-or cation - exchange re s ins from 
HCl solutions and a separation from fi s s ion products may be developed on 
the se  l ines (14). 

(e) Precipi tation, (Separation, counting and chemical yie ld) 

The most useful arsenic precipi tate s for s eparation purpos e s  are the metal 
and the sulfide. The metal is easi ly precipitated from hot acid solutions by 
hypophosphi te, 1 : 1 HCl being a mos t  convenient medium. Detai l s  of  sulfide 
precipitation have been given in para 1 above. 
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For counting and chemical yield purpo ses  thes e  two precipitate s  are also 
used, together with magne s ium ammonium arsenate. The sul fide has the di s­
advantage that a mixture of As(III) + As (V) sulfide w il l  be precip i tated unl e s s  
care i s  taken to ensure that a l l  the arsenic i s  in th e  trivalent s tate before 
preceipi tation. The magne s ium salt  i s  of rather indeterminate compo s i tion and 
thi s may introduce an error. On the whole,  elemental arsenic is the most sat­
i s factory counting source to use.  

IX DISSOLUTION OF ARSENIC SAMPLES 

Since ars enic is most  easi ly separated from other elements,  except germanium, 
as the chloride, i t  would seem that hydrochlori c acid would be the logical solvent for 
an irradiated s ample. However, arseni c  i s  unaffected by hydrochloric acid in  the 
absence of oxygen. The element is eas ily oxidi zed by oxidizing agents and as 
hydrogen peroxide, concentrated ni tric acid, concentrated perchlori c acid, e tc. Ars enic 
wi l l  combine directly with chlorine which would re sul t  from the oxidation of  hydro­
chlori c acid. 

Other halide s such as the bromide, iodide and fluoride in the pre sence of an acid, 
have al so been used. Concentrated ni tric acid and aqua regia can be used to d is solve 
the s ample provided that sufficient chlorine is pre s ent in  the solution so that the nitrate 
ion can be removed by heating. 

Many s ample s c an be d is solved in alkali peroxides or an alkali with hydrogen 
peroxide. This wi l l  form the arsenate whi ch can be eas i ly reduced to the As(III) form. 
Sometime s  an eas ier s eparation is  pos s i ble i f  the ars enic i s  kept in the hi gher valence 
s tate. 

Recent work by Gorsuch on oxidation of biologi cal material s by combinations of 
ni tri c  and perchlori c acid s ;  ni tric, perchloric and sulfuric  acids ;  and nitri c and sulfuric  
acids a l l  in the pre s ence of  sodium c hloride has  shown that chloride ion wi l l  not cause a 
loss of arseni c if suffic ient nitric acid i s  initially present. All  of the chloride i s  removed 
long before there is any chance of the arseni c being reduced to the trivalent form. 

X COUNTING TECHNIQUES PERTINENT TO ARSENIC ISOTO PES 

In general , the arsenic i sotope s  emit {3+, a- particle s ,  y-rays and x-ray s .  Standard 
method s for counting these  radiations are us ed, and readers are advi sed  to consul t N A8-NS 
3 1 05 for an up to date account of such methods .  The paragraphs below attempt to add a 
few rel evant comments  on each of the ars enic i sotopes .  

As68 - As 11 

The very neutron defi cient arseni c  i sotope s are pos i tron emi tters ,  and may be 
counted e ither by {3-counting, or by counting the 0 . 5 1 1 MeV annihi lation radi ation. 
As 70 has a very prominent annihilation feak, but a lso has many other y-rays,  giving a 
rather complicated spectrum, whi le  As 7 has a promin ent y-ray of 0 . 1 7 5  MeV. 
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A s7 2 _ A s7 8  

The se  are ,  very broadly, the mo s t  useful o f  the ars eni c i sotope s .  A s  7 2
- A s  76 

a r e  produced by (p , n) or (p , � reactions on Ge ;  A s  73 - A s  78 by (n, p) or (y, p) 
r n c ti ,' IH on S e ;  As 77 and As 8 are fi s sion products . Note al so  that  As 74 i s  
rro(iuce d by the (n, � n) reaction o n  s table A s  7 5  whi l e  A s  7 6  i s  the (n, y) produc t of  
s table  As.  

As  1 2 has  a very hard fJ+ and a very promi nent y peak at 0. 83 8 MeV together wi th 
a l arge anni hi lation radi ation pe ak, and so i s  eas i ly  counted. A s  73 decays by e le ctron 
c apture and i s  rather di ffi cul t to count s ati sfactori ly because i ts  soft y-ray s are hi ghly 
converted. As7 4  emits e+ and a - and has a good y-r ay at 0. 5()6 '�e V  plus anni hi lation 
radi ation ; the s e  are rather c lo

'
s e  but can be re solved by y-spectrome try. As 76 

emi ts a h ard, �:� -{'artic le ,  and so is readi ly  coun ted; i t  al so has a prominent y-ray at 
0 . 5 59 \1eV. A s7 is rather more diffi cult, s ince i ts a- p arti cl e s  are on the soft s i de 
and i ts y-ray s are weak in in tens i ty ,  the mos t  prom inent being at 0 . 246 MeV.  A s7 8  i s  
e a s i ly counted a s  i t  emi ts hard a - partic les ,  and has  a wel l  defined, fai rly hard 
y-s p e c trum . 

Som e worker s  have experi enced troubl e w i th contaminati on in the s e  i so top e s  
from Cu64, a 12 .8h posi tron emitter. T h e  annihi la tion pe ak of th i s  i sotope i s  very 
prominent, and care ful y-spectrome try i s  ne erleci i f  arsenic i so tope s  are to be counted 
by s cinti l l ation me thod s when such contamination i s  pre sent. Fortunately the half­
l i fe of Cu64 i s  s uffic iently far from tho s e  of the ars eni c i s otop e s  that re solution of 
decay curve s is rea sonably easy .  

As7 q - As 81 

The s e  are al l short l ived i sotopes .  They are easi ly counted, s ince they al l emi t 
h ard a - p arti c l e s .  In addi tion , A s 80 has  a prominent y-ray at 0.66 MeV. 

XI . GEN ERAL REMARKS CONCERNING TH E DETAILED RADIOCHEMICAL 
PROC EDU RES O F  SECTION XII. 

The 21 deta i led procedure s which fo llow in  section XII fal l  into only a few mai n 
group s ,  c las s i fi e d  according to the pr inci pal means of A s  puri fication .  By far the 
commone s t  such mean s  i s  di s ti l lation of ei ther AsCl 3 or AsBr3 . The princi p al i nter­
feri ng e l ement is then Ge,  bu t th is  i s  eas i ly removed by di s ti l l i ng it off fi r c; t ,  having  
pre vious ly  oxi d i sed the A s  to As (V) . Having removed the Ge,  the As  i s  then reduced 
to A s (III) and di s ti l led i n  i ts turn . Thi s i s  the main puri fication method in 1 3 pro­
cedure s ,  numbers 1, 2 ,  4, 5 ,  6 ,  7 , 8 ,  C) ,  1 0, 1 2, 1 3 , 1 5  and 17 . 

So lvent extrac tion of Asi3 i n to  CHCl 3 i s  used in procedure 14 and in to c6H6 
i n  procedure 19.  Ani on exchange i s  used in procedure 16 .  Preci pi tation of As2 s5 , 
w i th removal of Ge by di s ti l la tion i s  used in  procedure 3 .  

The preferred means for the rapid separation o f  As from complex  mi x ture s i s  
e vo l ution of AsH 3 u s e d  in  proc edure s 1 1 ,  1 8 , :! 0  and 21 - the l a s t  two taking only 
lOs and 45s re spective ly . The proc edure s use variou s  phy s ical  and chemical  mean s 
for removi ng o th er ga s eous hydri de s whi ch are evol ved, (germane s tannane and s tibine). 
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It seems probable that almo st  any particular puri fication requirement can be 
met by one or other of these methods ,  or by some combination of them. 

XU COLLECTION OF DETAILED RADIOCHEMICAL PROCEDURES 
(arranged in chronological order) 

Procedure 1 

Procedure by : J. W. Irvine; J. Phy s .  Chern. 46, 8 1 0  (1942) 

Type pf procedure :  Wi th carrier 
Target material : Cyclotron targets 
Radioactivity production method: Cyclotron bombardment 
Purifi cation method : Dis ti l lation of AsCl3 . 
Approx. chemi cal yield :  High 
Time taken for procedure: Not given 
Decontamination: • Free from radioactive contamination• . 

1 .  Place target materi al in Claisen flask and add O. S-2 mg sodi um arsen i te carri er. 
Add 25 ml. 1 2 M HCl hea t  and add 30% H2o2 dropwi se  until target is dis sol ved (10-20 
ml H2o2 needed and the operation take s "' 5m) . 

2. Di s ti l  off Ge with frequent addi tion of a few drops of H202 to minimi se reduc tion 
of As(V) to As 011) with consequent los s of AsCl3 . When solids precipitate from the 
solution i n  the flask  add 10 ml 1 2 M HCl  and repeat the di s ti l l ation. Add glas s bead s 
or ti le to prevent bump ing i f  nece s s ary. 

3. Add 15 ml 1 2 M HCl and then 1 0 ml 5 M HBr to reduce A s (V) to As011) and d i s til 

As into 10  ml of d is ti l led water in an ice bath unti l bromine fumes  appear. Add 10  m l  

1 2 M HCl + 5 m l  5 M HBr and repeat di s ti l lation until bromine fume s agai n appear. 

4. Precipi tate As metal from dis til l a te by adding 1-2 g solid ammonium hypopho s ph i t e  

and warming on a s team bath 5- 10  m. Do not heat  too l ong or  precipitate w i l l  coagula te 

too much : if  thi s  happens add a fe w mg of Duponol or other wetting  agent. 

5. F i l ter wi thout al lowing air to be sucked through the prec ip ita te until i t  h a s  been 

washed with 5- 1 0  ml fre shly boiled dis til l ed water and with acetone . (Th i s  prevents  

oxidation). 

Procedure 2 

Procedur e by : H. Lanz and J .  G. Ham il ton, U . S. A. E. C .  unpublished report \IOOC 1 5 1}!> 
(1948). 

Typ e  of procedur e :  

Targe t m a teria l : 

Rad ioac tiv ity produc tion m e thod : 

Pur ification me thod: 
Approx.  chemic a l  yield :  

Time taken for procedure : 

Oecon taminat ion : 

2 5 

Carrier fre e  

G e  m e t a l  

19  \1e V  deuterons 

Dis ti l l a tion o f  A s C I 3 . 

'..JCl t  g i v e n  
Not  g i v e n  

Not giv e n  
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1. After cooling for several days , di s solve Ge metal by refluxing in aqua re gi a for 
24 h. 

2 . Add exce s s  HCl to des troy HN03 , bubble chlorine gas through to keep As in 
pentavalent s tate ,  and carry out four di s ti l lations of GeC14 from solution, 7N HCl 
being added each time just  before solution goe s  to drynes s .  On last di s ti l lation add 
50 mg Ge carrier to ensure a complete removal of radioactive Ge. 

3. Stop chlorine s tream, add 48% HBr and di s ti l  off AsC1 3 and col lect in cone.  
HN03 . Two HBr disti l l ations are needed to ensure complete As removal. 

4. Evaporate HN03 disti l late to drynes s  on a s team bath, converting As to arsenic 
acid. Take up As re sidue in 0. 1  N HCl .  

Procedure 3 

Procedure by: H. Hopkins;  Reported by W.W. Meinke , U . S.A.E.C.  unpublished report 
UCRL-432 Procedure 33- 1 .  (1949). 

Type of procedure : 
Target material :  
Radioactivity production me thod: 
Purification method : 
Approx. chemical yield:  
Time taken for procedure : 
Decontamination :  

W ith carrier 
As metal 
190 MeV deuterons 
As 2s5 precipitation + Ge d i s ti lation. 
"' 80%. 
1 h. 
Radiochemically pure by factor of "' 100. 

1 .  Dis s olve As in  cone. HN03 + HCl .  Add carriers of  Se and elements below (2 mg). 

2 . Evaporate to near drynes s  to remove exce s s  HN03 , Make up to 5 ml with 
1 N HCl , add NH2 0H.HC1 unti l Se s tarts to precipi tate from hot s olution. Add 1 ml 
1 N Kl , heat 5 m, and centrifuge off Se. 

3 .  Add HCl to make 3 N solution containing 10 mg As/ml .  

4. Pas s H2S take hot solution and stir vigorous ly. Repeat. 

5. Centrifuge off precipitate and wash with water. 

6.  Dis solve As and Ge salts wi th dilute KOH , leaving CuS behind. 

7. Separate Ge by dis ti l l ing from 20 ml of boi ling 6N HCl in a s low stream of 
chlorine. When � volume remains ,  add 6N HCl and repeat. 

8 .  Precipi tate As2s5 from 3N HCl. 

Remark s :  Se and As may firs t  be removed together by volati l i sing the elements along 
a quartz or pyrex tube. 
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Procedure 4 

Procedure by: H. Goeckermann; Reported by W.W. Meinke , U . S.A.E.C.  unpubl i shed 
report UCRL-432, Procedure 33-2 (1949). 

Type of procedure: 
Target material : 
Radioactivity production method: 
Purification method:  
Approx. chemical yield:  
Time taken for procedure : 
Decontamination: 

With carrier 
"' 1 g  Bi metal 
184• cyclotron, all partic le s .  
D i s ti l l ation o f  AsC13 + sulfide precipitation. 
Not given. 
Few hrs .  
Factor "' 104 from fi s s ion and spal lation 
products. 

1 .  To aliquot of HN03 solution of target, add 10 mg As and "' 10 mg Ge carriers :  
boi l  nearly to drynes s ,  take up in 1 5  ml  6N HCl , add crystal of  NH4I ,  and s aturate with 
H2S at i ce temperature : wash with H2S saturated 6N H2S04• 

2. Di s solve precipitate in 1 ml cone. NH40H and dilute to 10  ml (d iscard any 
res idue) . Transfer to a glas s s ti l l  and add "' 10 mg each of Te, Sb and Sn carriers .  Add 
10 ml cone. HCl and d is ti l  al l  but 5 ml in a chlorine s tream into 5 ml water in an ice 
bath. Add 5 ml cone. HCl and "' 10  mg Ge to res idue in flask  and repeat di s ti ll ation. 

3. To re sidue from GeC14 disti l l ation, pas s  in HCl gas to remove Cl 2, add 1 ml 
saturated CuCl in cone.  HCl ,  and di s ti l  over 5 ml in an HCl stream into 10 ml cone.  HCl 
in an ice bath. Add CuCl-HCl to res idue and d is ti l  further. 

4. Pas s H2S into di s ti l late and centrifuge out As 2s3 • Di s solve in 1 ml cone. 
NH40H, add "" 10 mg Te, Sb and Sn carriers and repeat AsC13 di s ti l l ation. 

5.  Precipitate As2S3 again, di ssolve in 1 ml cone. NH40H, add 10 ml cone.  HCl , 
saturate with H2S, fi lter, wash with water, ethyl alcohol and ether, dry 10 min at 1 10°C.  
Weigh as As 2S3 (16.4 mg per 10 mg As). 

Remarks : Cyl inder HCl and Cl 2 are rather unpleasant and corros ive to work with. 
Procedure i s  fairly s low. Ge can be separated along with As as ind icated. 

Procedure 5 

Procedure by : A.S. Newton: Reported by W.W. Meinke , U . S. A. E.C.  unpubl i shed report 
UCRL-43 2, Procedure 3 3-3 (1949). 

Type of procedure : 
Target material :  
Radioactivity production method: 
Purification method: 
Approx. chemical yield:  
Time taken for procedure : 
Decontamination: 
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1 . Di s solve Th metal in cone. HCl + a  few drop s 0 .2 M <NH4) 2SiF6 to clear JIP 
black re s idue: Di lute HCl to 2N and take aliquot. 

2. Add 10 mg Ge and As carriers and make up to 15  ml . 6N in HGl. Add cry s tal of 
NH4I and treat with H2S at ice temperature. Wash with 6N H2so4 s aturated with H2S. 

3 .  Di ssolve precipi tate in 1 ml cone . NH40H and di lute to 10 ml . D iscard any 
re sidue . Transfer to gl as s s ti l l  and add 10 mg each of Te, Sb and Sn carriers.  Add 
10 ml cone. HCl and a cry s tal of KCl03 • Di s ti l  all but 5 ml into 5 ml water in an ice  
bath. 

4. Add 5 ml cone. HCl , 10 ml Ge carrier and KCl03 to remaining solution in sti l l  
and repeat. 

5. To re s idue from GeC14 di sti llation, pass in  HCl gas to remove Cl2• 

6. Add 1 ml saturated CuCl solution in cone. HCl and di s ti l  over 5 ml in HCl stream 
into 1 0  ml cone. HCl in i ce bath. 

7 . Add CuCl -HCl and di s ti l  again. Pas s H2S into di sti l late and precipitate As 2s3 • 

8 .  Di s solve in 1 ml cone. NH40H, add 10 mg.  Te,  Sb and Sn carriers and repeat 
disti l lation. Precipi tate As2S3 again, di s solve in 1 ml cone. NH40H, add 10 ml cone. 
HCl saturated with H2S. Fil ter, wash with water, ethy alcoho l and ether. Dry at 1 10°. 
Weigh as As 2s3 • 

Procedure 6 

Procedure by : L. Winsberg, Radiochemical studies :  the fi s s ion products ; B oo t 3 , 
Paper 228, pp. 1440; McGraw-Hil l ;  New York, 1951 .  

Type of procedure : 
Target material : 
Radioactivity production method: 
Purification method: 
Approx. ch emical yield:  
Time taken for procedure: 
Decontamination: 

With carrier 
Freshly i rradiated uranium 
Reactor neutrons 
Disti l lation of AsCl3 
Not given. 
Not given. 
> 106 for As 71. 

1 .  To an appropri ate amount of neutron-irradi ated uranyl ni trate solution in  a 50 ml 
centri fuge tube, add 2 ml each of s tandardi sed Ge and As carrier solution and boil 
nearly to dryne s s  to remove exces s  HN03 • Take up in 15  ml 6N HCl , place in  an ice 
bath, and pass in H2S, adding a few crystal s of NH4I to aid pre cipitation if  neces sary. 

2 . D i ss olve mixed precipi tate in 1 ml cone. NH40H and di lute to 10 ml ,  add 0 .5  ml  
Zr carri er solution. Centri fuge and di scard Zr(OH)4 precipitate . Add 10 ml cone. HCl 
and pass in H2S. Centrifuge and wash the precipi tate with 10-15  ml.  of H2so4-H2S 
solution. Add 5 ml H20 and heat to expel excess  H2S. Add 1 ml cone. NH40H to 
di s solve any GeS2 or As2s3 remaining, and transfer to a sti l l .  Add 10 mg. each of 
Te , Sb and Sn carri ers .  (Disregard the sulfide s that form in the still) .  
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3 .  Add 10 ml .  cone. HCl, pas s i n  Cl2 gas,  and di s ti l  all  but 5 ml . of the solution 
into a centrifuge tube containing 5 ml . of H20 cooled in an ice bath. Set aside the 
di sti l l ate for Ge separation, if de sired. 

4. Add 5 ml. cone. HCl and 1 ml. Ge carrier solution, and di s ti l  GeC14 again, as in 
s tep 3 . 

5. Remove Cl2 gas, and pass in  air. Add 1 ml . of a s aturated solution of CuCl in 
cone. HCl and 5 ml . cone. HCl and di s ti l  to about 1 ml. , taking care not to heat to 
dryne s s  or Sb may di s ti l .  Add 5 ml . of cone. HCl and 1 ml. of CuCl-HCl solution, and 
di s ti l  again to about 1 ml. Catch the di sti l late s in 10 ml.  of H20 in a centrifuge tube 
cool ed in an i ce bath. 

6. Pas s H2S into the combined di sti l late to precip i tate As2S3 . Centrifuge, dis solve 
in  1 ml.  NH40H, add 1 0  mg. each Te,  Sb and Sn and disti l  as in step 5.  

7 . Precipi tate the As in the di sti l late as As2S3 , diss olve in 1 ml.  cone.  NH40H and 
dilute to 10  ml. Of a precipi tate returns,  centrifuge and discard it). Add 10 ml . cone. 
HCl , pass in H2S to complete the prec ipi tation and then fi l ter. Wash several times with 
H20, ethyl alcohol ,  and ether. Dry at  1 10° for 10 m. Weigh as As2s3 • 

Procedure 7 
Procedure by; A. A. Smales and B. D. Pate: Anal . Chern. 24 71 7 (1952). 

Type of procedure: 
Target material :  
Radioactivity production method: 
Purifi cation method: 
Approx. chemical yield: 
Time taken for procedure : 
Decontamination: 

Wi th carrier 
General sample s ,  including  Ge02 • 
Reactor neutrons 
Di sti l lation of AsCl3 . 
Not given 
Not g iven 
Not given 

1. Irradiate s imultaneously for period of up to 3 0 h., sealed s i l ica  containers , each 
about 0.5  ml capacity and containing a weighed amount (approx. 0. 1 ml .)  of the solution 
under tes t, and also one containing s tandard arsenic solution (1 p.g As/ml). Transfer 
contents of each s i l ica  container to a di s ti l l ation fl ask toge ther with '"" 0 .5 g NaOH. 

2. Add by pipe tte 5 ml. sodium arseni te solution containing 10 mg As/ml and wash 
thi s ,  together with a few drop s of H2o2 solution through the dropping funnel into the 
flask. Warm gently and add gradual ly vi a the dropping funnel 10 ml .  cone. HCl to 
which has been added 5 ml . of 30% H202, fo llowed by a l i ttle d isti l led water. 

3. Di s ti l  down to 2-3 ml . ,  adding H202 dropwise from time to time. Repeat twice  
more the addi tion of ac id  and peroxide and di s ti l l ation to  a small volume. 

4. Add 10 ml . 40% HBr and di s ti l  AsC13 into 10  ml . cold water. D is ti l  to low volume 
and repeat addition of HBr and di s ti l l ation twi ce more. 
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5. Add to di stil l ate a few mg of Ge carrier and 1/2 g solid ammonium hypopho s phite :  
heat  to 90-95°C for 30 m to precipitate and coagulate As metal. 

6. Centri fuge, wash with water and mount. 

1.  Standard and sampl e are coun ted under identi cal conditions to reduce counting 
corrections .  

Procedure 8 

Procedure by: A. A. Smales  and B. D. Pate: Analy st  77 1 88 (1 952) 

Type of procedure:  
Target materi al : 
Radioactivity production me thod: 
Purification me thod: 
Approx .  chemical yield :  
Time taken for procedure :  
Decontamination: 

With carrier 
Sea water + trace As 
Re actor neutrons .  
D is ti l lation o f  AsCl3 
Not gi ven 
Not given 
Not given 

1 . Tran sfer acti vated sea water sampl e to the d i s ti l lation flask and add 1 ml 10% 
NaOH solution, fo llowed by 5 .0  ml of sodium arsen ite carrier solution (10 mg  As /mO. 
Add a few drops  30% H2o2 and wash down dropping funne l with a l i ttle water. Reduce 
volume to "' 2 ml by boi l ing  and add a mixture of 10 ml cone. HCl + 5 ml 30% H202 
which i s  fre ely evolving  chlorine. Di s ti l  to 2 ml .  Thi s procedure destroy s any organic­
ars eni c compounds whi ch may be present. 

2 . The remainder of the procedure i s  identical with steps 4-7 of procedure 7 . 

Procedure 9 

Procedure by: A. A. Samles and B. D. Pate ;  Analyst  77 196 ( 1952). 

Type of procedure : 
Target material :  
Radioactivity production method: 
Purification me thod: 
Approx . chemical yield:  
Time taken for procedure: 
Decontamination : 

With carrier  
Biologi cal material + trace As 
Reactor neutrons 
Di s ti ll ation of AsCl3 
Not given 
Not given 
Not given 

1. Transfer wei ghed sample after irradiation to a 250 ml beaker. Add 5.0 ml of a 
s tandard arsenic solution (1 0 mg/ml As) fol lowed by 2 ml 30% H2o2, 5 ml HN03 
(S.G. 1 .42), 5 ml H2S04 (S.G. 1 .84) and 2 ml HC104• Gently heat solution unti l initi al 
reaction subside s and then more s trongly , adding further HN03 if nece s s ary to prevent 
charring. Finally heat until H2S04 + HC104 fume s appear and unti l all organ ic  matter 
i s  complete ly oxidi sed. 
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2 . Di lute ,  after cool ing. to 20 ml ,  add 20 ml HCl (S.G.  1 . 19) and prec ipitate As by 
adding 1g sol id  ammonium hypophosphite and heating to 90-95°C to coagul ate As .  

3 . Centrifuge of precipitate, wash with water, and dis solve by adding 5 ml  water, 
2 ml H2o2 and 2 ml HCl. Transfer solution to di s ti l lation ve s s el and proceed wi th 
di s ti ll ation etc .  as in procedure 7. 

Procedure 1 0  

Procedure by : L.  Salmon; U .K.A.E.A.  unpubli shed report AERE C/M 1 54 (1952) .  

Type of  procedure: 
Target materia l :  
Radioactivity production method: 
Purification method: 
Approx. chemical yield:  
Time taken for procedure : 
Decontamination : 

Wi th c arri er 
Sulfur + trace As . 
Reactor neutrons 
Disti l l ation of AsCl3 
Not gi ven 
Not given 
Not given 

1. D i s solve sulfur target in a mixture containing 10 ml CC14, 1 ml bromine, 5 ml 
HN03 (S.G.  1 .42) and 5 . 0  ml. As carrier (made by di s solving 1 . 3 2g As203 in a l i ttl e 
NaOH and making up to 1 00 ml with water: 1 ml = 10.0 mg As). Warm gently unti l al l 
sulfur i s  di s solved, evaporate off CCl,r- bromine gently and finally evaporate to fume s 
of H2So4. Cool,  add, 5 ml water and 1 ml 3N NaOH. Transfer to di sti ll ation flask.  

2 . Di sti l  down to 2 ml and rej ect di s ti l late . Add 10 ml cone . HCl + 5 ml 1 00 vol 
H202. Again evaporate to 2 ml and reject d isti l late . 

3 . Add 10 ml 40% HBr and d isti l  into 10  ml of cold water. Repeat wi th 10 ml of 
HBr twice more. 

4. Add 1- 2g solid ammonium hypophosphite to disti l late and warm to 90°-95° for 
30 m  to precipitate As metal.  Centrifuge and wash wi th water. Mount. 

Procedure 11 

Procedure by : J .  G. Cuninghame; Phi l .  Mag. 44 900 (1 953). 

Type of procedure : 
Target material : 
Radioactivity production method: 
Purification method : 
Approx .  chemical yield:  
Time taken for procedure : 
Decontamination: 

31 

Wi th carrier 
N atural  uranium 
Reactor neutrons 
Evolution of AsH3 + AsCl3 disti ll ation 
3 5% 
45m 
Gives radiochemi cal ly pure A s  77 • As  78 and A s  79 

from fre sh mixed fi s s ion products . 
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1 .  Add irradi ated uranium solution to standardi sed arsenite carrier i n  di lute H2S04, 
oxidi se to As(V) with potas sium bromate and then reduce to AaQII) with potas sium 
metabi sulphite . 

2. Place in operating arsine generator with mercury c athode* and generate ars ine 
for 1 5 m with ce l l  at "" 80°C at cathode current dens i ty of "" 2 . 5  amp/cm2• Pas s  AsH3 
through lead acetate solution to absorb any Se and Te and collect  in AgN03 • 

3 . Add Sb carrier to AgN03 , fol lowed by N aCl,  fi l ter and carry out ferric hydroxide 
scavenge on supernate . 

4. Make supernate 1 : 1  in HCl and add Sb hold back carrier. Precipitate As metal by 
adding "" 1 g  solid ammonium hypophosphi te and bringing solution to the boil .  

5 .  Di ssolve As metal in brominated HCl  and di s ti l  As from concentrated HBr in  
presence of Sb, Te and Sn hold-back carriers.  Collect As in concentrated HCl. 

6. Reprecipitate As metal ,  fi l ter and mount. 

* As used by D. Rogers and A. E. Heron; Analys t  71 4 '4 (1946). 

Procedure 1 2 

Procedure by : J .  A. J ames and D. H. Richards :  Anal. Chern. Acta 1 5  1 1 8  (1956). 

Type of procedure:  
Target materi al:  
Radioactivi ty production method: 
Purification method: 
Approx. chemical yield: 
Time taken for procedure : 
Decontamination: 

With carrier 
Tungs ten metal + trace As 
Reactor neutrons 
Di s ti l lation of AsCl3 
Not given 
Not given 
Not given 

1 . Irradiate s imultaneous ly W sample and As s tandard. Transfer W sample to KOH-H202 
mixture containing 60mg As2o3 c arrier and warm until dissolution complete ( ""  30 m).  

2. Disti l  to low volume, di scard di sti l late, acidify with HCl-H202, and agai n di s ti l  to 
low volume . Dis card di s ti ll ate. 

3. Add HBr and di s til into cold water. 

4. Take di stil late, add inactive W03 and repeat the HBr di s ti l lation. 

5. Add a solution of s odium tungstate complexed with e xce s s  tartaric acid to di s ti ll ate, 
then add solid ammonium hypophosphi te and boi l for 30 m  to coagulate As. Centrifuge and 
mount. 

6. Dissolve the As s tandard into a KOH-H202 solution contain ing a known amount of 
"" 100 mg As2o3 and make up to 100 ml .  Take a sui table aliquot of thi s  solution and add 
to an alkal ine peroxide solution containing 60 mg As203 • Preci pi tate As and mount as i n  
step 5. 
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Procedure 13 

Procedure by; O.R.N.L.  Mas ter Analytical Manual Me thod 5-1 1 0600 (1957). 

Type of procedure: 
Target material : 

Radioacti vity production method: 
Purification method: 
Approx. chemical yieltt: 
Time taken for procedure : 
Decontamination: 

With carrier 
Metal s ,  a l loys ,  fine chemical s ,  other solid 
materi als or l iquids  + trace As. 
Reactor neutrons 
AsCl3 disti l lation + As2S3 precipitation. 
70% 
Not given 
"Adequate• 

1 .  Irradiate sample and s tandard As 2o3 simultaneously and prepare for analys i s  as 
follows:-

(a) Metals ,  alloys ,  fine chemical s,  or other solid materials  

Transfer to 60 ml d istil ling flask and pipette in 2 ml s tandard As carrier 
solution. Add 25 ml cone. HCl and heat to di ssolve: during di s solving make 
repeated dropwi se  additions  of 30% H2o2 unti l sample is completely dis solved. 

(b) Liquid samples 

Pipette aliquot into 60 ml di stil ling flask and add 2 ml s tandard As carrier. 

(c) Standard As2o3 

Place 100 mg As2o3 in 100 ml volumetric flask, d is solve in 2M NaOH and 
dilute to mark. Mix,  take al iquot and add to di s ti l l ing flask,  together with 2 ml 
s tandard As carrier. 

2. Add to dist i l l ing flask 2-5 mg each of Fe, Co,Cu, Sr and Na carriers. Add 15 ml 
cone. HCl + 10 ml 5M HBr and disti l  into 10 ml of water in an ice bath. When bromine 
fumes appear in di sti l late add 10  ml cone. HCl + 5 ml 5M HBr to di s ti ll ing flask and 
di s til  again. 

3. Make dist i l l ate 1M in HCl and precipi tate As2s3 • Wash precipi tate with 1M HCl .  

4. Dis solve in small amount cone. HN03 ; add 5 mg Se carri er and evaporate to 
dryne ss  to remove exce s s  HN03• Take up in 10 ml 1M HCl heat to near boi l ing and 
add 5M hydroxyl amine hydrochloride dropwise until a l l  Se i s  precipi tated. Allow 
precipitate to settle and add a further 5 mg  of Se. Centrifuge and wash with two 5 ml 
portions of hot water. Add washes to snpemate. 

5. Add 5 mg Sb carrier to combined supernate and add enough C(lnc.  HF to make 7M 
in HF by adding cone. HF.  Cool and preci pitate As2s3• Wash wi th two 5 ml portions 
of water. 
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6. Precipi tation of  As  

(a) As2s3 

Di ssolve precipi tate from step 5 in 1 ml .  cone. NH40H. Add 10  ml cone. 
HCl .  Pre cipi tate with H2S; wash with three 5 ml portions of water and three 5 ml 
portion s absolute ethanol ;  dry at 1 1 0° for 1 5 m. 

(b) MgNH4As04.H20 

(i) Di s solve precipi tate from s tep  5 in 5 ml .  cone . HN03 , transfer to 50 ml 
beaker and add 1-2 ml . bromine water. Heat to de s troy sulfur and oxidis e  to 
As (V). 

(ii ) Cool and add 10 ml.  magnes ium mixture to the solution. Neutral i s e  wi th 
cone. NH 40H and add exce s s  unti l a precipitate forms .  Diges t  1 5 m.  

(i i i ) Fi l ter and wash with three 5 ml. portions 2 . 5% NH40H, three 5 ml.  portions 
of absolute ethanol and three 5 ml.  portions ether. Dry at 1 1 0° for 30 m. Weigh 
as  MgNH4As04.Y.!  H 20. 

(c) As metal 

(i ) Dis solve precipitate from step 5 in 0.5 ml. cone. HCI + 0.5 ml.  cone. 
HN03 + 1 .0 ml. HC104. Heat for 5 m and fume . When fume s ari se from top of 
tube, discontinue he ating. 

(ii) Cool and add 10 ml. 6M HCl .  Heat to boi l ing and add 5 ml. CrCl2• 
Diges t  in st eam bath unti l precipi tate forms ,  then add addi tional 5 ml. CrCl 2• 
Heat 5 m more. 

(i ii) Fil ter, wash wi th thre e 5 ml. portions water and three 5 ml. portions 
absolute ethanol . Dry at 1 1 0° for 1 5  m. 

Procedure 14 

Procedure by: R. J .  Pre s twood; U .S.A.E .C.  Unpubl i shed report LA 17 21 2nd ed. (1958). 

Type of procedure : 
Target materi al : 
Radioactivity production method: 
Purification method: 

Approx. chemical yield: 
Time taken for procedure : 
Decontamination: 

With carri er 
Fis s i le material 
Fi s sion 
Extraction of Asi3 into CHC13 + As2S3 
precipitation. 
80% 
4h for quadrupli cate analys e s .  
"" 6000 

1 .  Make s ample acid and precipitate As2S3 . Chi ef  contaminants  are Ge, Te, Mo and Cd. 
Fume with mixture of HN03 /HCl/HCl04 to remove Ge. 

3 4  
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2. Convert As to tri-iodide by treatment wi th HI and e xtract into CHCl3 ; Te,  Mo and 
Cd are not extracted; the de contam ination in thi s s tep  i s "" 6000. 

3. Wash solvent phase and back-extract As with di lute H2S04• Repeat extraction 
and back-extraction. 

4. Pre cipitate As 2s3 and d i s solve . Pre cipitate As by adding CrCl 2 and mount. 

Pro cedure 15  

Procedure by : G. F .  Shi pman and 0 .  I .  Milner; Anal. Chern. 3 0  21 1 (1958). 

Typ e  of procedure : 
Target materi al : 
Radioactivity production method: 
Purifi cation method: 
Approx. chemical y i e ld: 
Time taken for procedure:  
Decontamination: 

With carrier 
Hydrocarbon reforming cataly s t  + trace As 
Reactor neutrons 
D i s ti ll ation of AsBr3 
Not given 
15 h for batch of four s amp le s 
Not given 

1. Place s ample into nickel cruc ible and weigh. For each gramme of s amp l e ,  add lOg 
Na202, mix intimate ly ,  and sprinkle a l ayer of  Na 201 on top of the mixture. Place in a 
muffl e furnace at 500° ± 25°C for 1 h .  Remove, coof and leach w i th "" 30 ml water. Add 
1 : 1  H2S04 cautious ly until  precipitate of aluminium hydroxide redi s solve s and then add 
5 ml exce s s .  Tran s fer to 50 ml volumetri c flask,  cool and make up to the mark. 

2. Place 20 ml cone.  H2S04 in a di s ti l l i ng flask and add 2 . 00 ml of  carri er A s  solution 
(5.00 mg As/ml.) and an aliquot of the sample sufficient to give a final activi ty of 10, 000 
c. p.m. Rinse with two 2 ml washe s .  Finally add 2 ml 47% H Br. Bubble ni trogen at a 
rate of 1 bubbl e/s.  Heat to 1 20°, and s top di s ti l l ation when temper ature begins to fa l l .  

3 . Make di stil late 7-SN in H C l  and add 2-3 g ammoni um hypopho s p hite.  Dige s t  i n  s team 
bath 45 m. F i l ter and mount. 

Procedure 16 

Proce dure by: U.  Schindewolf  and J. W. Irvine ; Anal. Chern.  3 0 906 (1 958). 

Type of procedure:  
Targe t material :  
Radioactivity production method: 
Purification method:  
Approx. chem ical  yield :  
Time taken for purification :  
Decontamination : 

C arrier free 
Ge 
Cyclotron 
Anion e xchange 
Not gi ven 
Not given 
Es timated as > 1 07 from 6c 

1 .  Dissolve Ge target in a few ml of cone.  HCl iHN0 3 , heating in a ste am bath if 
nece s s ary. 

2.  Reduce As (V) and exce s s  acid with so2 and di lute to 0 . 2 5-2 . 5M HC l .  

3 5 
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3. Pas s through anion exchange column equil i brated with di lute HF. For absorption 
of 1g of Ge, use a column 1 . 3 em di ame ter, 25 em. long. El ute As with about 5 column 
vo lume s of di lute H F .  Concentrate eluate in s team bath if de s ired. 

Note: Vol ati l e  As F3 doe s not form as long as a l iqui d  phas e is pre s ent. However, with 
the di s appearance of the last  dro p of solution, there is a subs tanti al loss  o f  
activity .  Thi s  l o s s  can b e  el iminated by adding 1 ml .  con e .  HN03 to the s olution 
to oxidi s e  As to A s (V), which remains  on evaporation to dryne s s .  

Procedure 17 

Procedure by : I. J .  Gruverman & P. Kruger; Inter. J .  Appl . Rad. an d  I s otope s 5 28 (1959). 

Type of pro cedure : 
Target materi al :  
Radioacti vity production method: 

Purification me thod: 
Approx. chemical yie ld: 
Time taken for purific ation : 
Decontamination: 

Carrier fre e 
Ge 
Ge 72(d,n)As 7 3 : Ge 73 (d, 2n)As 7 3 : Ge 7 3 (d, n)As 74: 
Ge 74(d, 2n)As 74. 
Di s ti ll ati on of AsCl 3 
Recovery 90% 
Not given 
Product 98% (As 73 + As 74). 

1 .  Age Ge target, about Sg, 1 0- 1 5  day s to al low As 7 1 to dec ay and dis solve in aqua 
regi a. Evaporate nearly to dryne s s  twi ce wh i l e  pas s ing chlorine gas through rap idly .  

2.  Dil ute w i th  1 5  ml H C l  and tran sfer to di s ti l l ing flask.  D i s ti l  G e  into trap contain-
ing 6N NaOH whi le  pas s ing chlorine through s ti ll .  Evaporate to near dryn e s s  several 
time s ,  with additions of HCl between evaporation s .  A total of 25-35 ml is disti l l ed. 

3.  Now di sti l  As into ice-coo l ed water trap by adding 5 ml of  a saturated s olution of 
CuCl to the s ti l l  and pas s ing HCl gas through. Continue di sti l l ation until acti vi ty canno t 
be detected in the s ti l l .  

4. Evaporate acti ve di s ti l l ate to de sired vo lume whi l e  bubbl ing chlorine into the l iquid. 

Pro cedure 1 8  

Procedure by : H .  Smi th; Anal . Chern. 3 1 1362 (1 959). 

Type of procedure : 
Targe t material :  
Radio acti vity production method: 
Purifi cati on me thod: 
Approx.  chemical y i e ld :  
Time taken for purification : 
Decontamination: 

With carri er 
Biologi cal ti s sue + tra ce As 
Reactor neutrons 
Evolution of AsH3 
Not given 
Not given 
Not given 

1. Wash dige s ted s ample into 200 ml. fl a s k  and add 10 p.g. As carri er, followed by 2 m l .  
cone.  H2so4, 4 ml . cone . HCl , 5 ml of  a 15% solution o f  Nai , and 0.4 m i .  o f  a 40% so lution 
SnC1 2 in 50% HCl.  Di lute to 150 ml . and p l ace in water bath for Sm. 

3 6  
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2. Add lOg 16-22 mesh zinc pel l ets and allow evolution of hydrogen to continue 1 5m. 
Pas s evolved AsH3 through l e ad acetate on a cotton wool fil ter, and coll e ct A s  in 1 ml . 
of a 1 .6% solution of Hg Cl2• Add S ml . of 0 .001 N iodine in 40% Nal solution to hel p  
solution o f  any sol ids formed. Wash delivery tube w e l l  into trap. 

Procedure 1 9  

Proc edure by: A .  Kj e l berg & A. C. Pappas;  J .  Inorg. Nucl . Chern. 1 1  17 3 (1959). 

Typ e of procedure : 
Targe t materi al : 
R adioactivity production method: 
Purification me thod: 
Approx. chemical y i e ld:  
Time taken for purifi c ation: 

Decontamination : 

With carrier  
2 . 0g uranyl nitrate 
Reactor neutrons 
c6H6 e xtraction 
Not given 
"' 2m for separation from Ge by sol vent extraction 
s tep s .  Time not given for ful l  procedure. 
> 106 for Ge: • sufficient• for other fi s sion 
products . 

1 .  Di s solve s ample (wi thout heating) in 6 . 5  .nl water to which i s  added 20 mg Ba + 2 0 mg 
As (V) carriers and 3 drops cone. HCl. Trans fer to separating funne l containing 20 ml.  
c6H6 • Add 4. 5  ml . 10.2 N HI (commerc ial 67%) and sh ake 10 s.  Re s erve aqueous for Ba. 

2. Back e xtract with 6 . 5  ml.  water for 30 s and wash aqueous phase with 1 0  ml c6H6 
for S s.  

3 . Repeat e xtraction and back e xtraction. 

4. Add 10 mg Te(IV) carri er + 3 . 5  ml cone. HCl . Heat ne arly to boiling and reduce 
w i th S02 . Filter Te and boi l s upernate to drive off S0 2• Cool and add 20 ml . cone. 
HCl.  

S. Pre cipitate As w i th H 2S, centrifuge , and wash wi th 6N HCl s aturated with H 2S. 

6. D i s solve sulfide in 0.5 ml cone . HCl + 0. 5 ml  cone.  HN03 + 1 .0 ml HC104, heat 
i n  water bath S m and then to strong fume s .  Cool .  

7. Re-extract with C6H6 and back e xtract as in s teps  1 and 2. 

8. Repre cipi tate As as sulfide and redi s solve. Di lute to 2 0  ml w i th  6N HCl and 
precipi tate As metal by addi ng 1 00 mg Kl + lg  sodi um hypophosph i te,  and heat unti l 
coagul ated. W a sh w i th hot water and mount. 

Procedure 20 

Procedure by: A. E. Greendal e & D. L.  Love ; Anal . Chern .  3 5  6 32 (1 963). 

Typ e  of procedure:  
Target materi al : 
Radioacti vi ty production method: 
Purification me thod: 

37 

With carr i er 
Fi s s i l e  materi al 
Reactor neutron s 
Evoluti on of AsH3 
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Approx. chemical  y i e l d :  
Time taken for purification: 
De contamination: 

7 0-80% 
10 s .  
Mi xed fi s sion products (2 weeks old) 107 ; 
Sb 2 x 1 03 ; Sn = "'  1 06 . 

1 .  Add s ample to 4 ml .  of a 30% solution of H2S04 co ntai n ing 1 mg each Sb and As 
carri ers.  

2.  Drop solution into fl a sk con taining 5g granular zinc held at 100°C in a water bath, 
with dry n i trogen flus hing through. 

3.  Pas s N2 + SbH3 + AsH3 through a tube of drying agent, fol lowed by a quartz tube 
in a furnace held at 600°C. Th e Sb metal depos i ts on thi s tube and on a s intered glass 
fil ter which follows i t. The As metal depo s i ts on a se cond quartz tube he ated to a 
reddi sh glow by a burner, whi ch follows the s inter. 

Procedure 2 1  

Procedure by: L.  Toml inson; Anal. Chim. Acta, 3 2  1 57 (1 965). 

Type of  Procedur e :  
T ar g e t  materi al : 
Radioacti v i ty production method : 
Purification me thod:  
Ap prox. chem i c al y ie lds :  
Time taken for pur ifi c ation: 
Decontamination: 

W i th carrier 
Fi s si l e  materi al 
Reactor neutron s 
Evolution of A sH3 
"' 50% 
,..:., 45 s . 
Br > 3 x 1 03 : I > 4 x 1 04; Te 2 x 105; Se 9 x 1 04; 
Sn 2 x 103 ; Sb 2 . 5  x 103 ; Ge not measured. 

1. D i s solve radi oactive mixture containing As in HCl or H2S04 and add 0 . 5mg SbQII) 
(SbCl 3 di s s olved in HCl) and 0 . 5  mg A s QII) (As 2o3 di s solved in NaOH solution and exces s 
HCl added) . Adjust  acidity to 5N and volume to 5 . 5  ml.  

2.  Add mixture to the cathode compartment of a di aphragm type ele ctrolytic  cel l  having 
a graphi te cathode and a platinum gauz e anode through who se cathode compartment pure 
He or N2 has been flowing for s everal minute s at 2 50 m l lm. 

3 . Pas s a current of 50 amp s for 10 s ,  flush for a further period and turn off gas flow. 

4. The mixture of carri er ga s ,  hydrogen, arsine , s tibine, germane and s tannane pas se s 
out from the cel l  and through a calc ium sul phate column whi ch removes any moi s ture and 
mos t  of the s tannan e , a  si l ica tube at  480°C fo llowed by a 40 m.m. di ame ter si ntered glass  
fil ter of 20-30 p. pore s i z e  on whi ch is  depo s i ted Sb and Ge, and then through a s e cond 
s i l i ca tube and sinter at 950°C on which metal l i c  A s  i s  depo s i te d  as a mirror. 

5.  Count As in s i tu or diss olve in HCliH 202 and count as  a l iquid, or repreci p i tated 
As metal . 

3 8  
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