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FOREWORD 

The Subcommittee on Radiochemistry is one of a number of 
subcommittees working under the Committee on Nuclear Science 
within the National Acad~ of Sciences - National Research 
Council. Its members represent government, industrial, and 
university laboratories in the areas of nuclear chemistry and 
analytical chemistry. 

The Subcommittee has concerned itself with those areas of 
nuclear science which involve the chemist, such as the collec
tion and distribution of radiochemical procedures, the estab
lishment of specifications for radiochemically pure reagents, 
the problems of stockpiling uncontaminated .materials, the 
availability of cyclotron time for service irradiations, the 
place of radiochemistry in the undergraduate college program, 
etc . 

This series of monographs has grown out of the need for 
up-to-date compilations of radiochemical information and pro
cedures. The Subcommittee has endeavored to present a series 
which will be of maximum use to the working scientist and 
which contains the latest available information. Each mono
graph collects in one volume the pertinent information required 
for radiochemical work with an individual element or a group of 
closely related elements. 

An expert in the radiochemistry of the particular element 
has written the monograph, following a standard format developed 
by the Subcommittee. The Atomic Energy COIIIIlission has sponsored 
the printing of the series. 

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

W. Wayne Meinke, Chairman 
Subcommittee on Radiochemistry 

Hi 
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• II. TABLI 01 IaO'l'OPBS 01 l"LUURRD1 CIILORIJIB1 

BRIIIIJIB AID IODID 

Isotope Jlalt Lite TJpe at De011t.7 lla1iaod at Pl'eparatiCD 

p1T - ·70 sec ~+ HU(a,n) 
o18(d,n) 
018(p,7) 
p18(7,2n) 

-uo 11111 {~+m o1•(a,JD) 

,BC ~ o1•(p,n) 
p1B(n,2n) 

P18(71 n) 
He20(d,a) 
and otbers 

p18 stable (abundance 1~) i'atural 

p20 10.7 sec ~- r•(d,p) 

P18(n1 7) 
Ha23(n,a) 

ClS2 - 0.3 sec ~+ s32(p,n) 
a -1o-2j 

Clss - 2.4 sec ~+ s32(d1 n) 
sSS(p,n) 
ClS5(7,2n) 

Cl341l 32.4 11111 {~+-~ ClSS(p,pl) 

IT-~ 

Cl34o - 1.5 sec ~+ Daushter Cl S4m 

P'2(a,n) 
s3S(d1n) 
and otbers 

Cl35 stable (abundance - 75·») Hatural 

Cl38 4.4 X 105 year { ~- 96.3~ Cl35(n1 7) 
BC(K) l. '7j Cl35(d,p) 

Cl3T stable (abundance - 24 ·») Natural 

Cl38 -31 min ~- Cl3T(d,p) 
Cl3T(n,7) 

and otbers 

2 
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n. TABLB OF ISOroPB8* OF :n:.tJOB.1JII I CHIJIRJlU I 

BRCIIID .Alm IODIIII (Cont 'd) 

Isotope Half' Lite T;ype ot Decay Method ot Preperat:l011 

Cl.38 -1 br p- .A. 40( 7,p) 
Spall Fe, Co1 Q11 As 

Cl40 1.4 min p- .A.40(n,p) 

BrT4 -40min {~ Qle(c121}n) 

Br'7!5 -1.6 br {~ Qle(c12,2n) 

se74(d,n) 
se74(p,7) 

BrTe -17 hr p+ As '7!5( a,}n) 

se76(p,n) 

Br.,., -57 hr {: m; ,+ 1~ As"5(a,2n) 
m; p+~ se74(a,p) 

se76(d1 n} 

Br.,. 6.4 min IT As '7!5( a,n) 
ae7'1'(d1n} 

Se78(p1 n) 
Br'IB(71 n} 
Br'IB(n1 2n) 

Br'78 < 6 min p+ Dausbter Br 78111 

Br'IB stable (abundaDce- 50.~) Natural 

BracJil -4.5 br IT Se80(d1 2n) 
Se .,.,( a,p) 

Se80(p1n) 
Br'IB(n,7) 
and others 

Brao - J.8 ad.n 

r~ 
Se80(p1n) 

p+-» Br'IB(n1 7) 

zc-~ Br'IB(d,p) 

Br81(y,n} 

Dausbter :srsaa 
~1(n,2n) 

Br81 stable (abundaDce - 49.~) Ratu.ral. 

3 
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II. TABLJ: OF ISC7l'OPB8* (8 li'I.oOOlUD 1 CBLORID 1 

BllCimiB AID IODID (Cont 'd) 

Isotope BaU Lite TnMt ot Dec&7 Method ot Preparation 

Br82 - }6 hr f)- ae82(p,n) 

ae82(d,2n) 

~1(n,7) 

and othere 

Bras -2.4 hr ,- Se82(d,n) 

RbaT(7,a) 

Spal.l-tiaaion 'l'a1 &g, Pb, 
B1,'lh 

nasion 'lh, tf'l33, u, Pll 

Dausbter Se83 

Br&tr - }2 lll1n f)- Bb8T(n,a) 

Sp&ll-tiaaion B1, u 
nasion 'lh, u 
Dausbter ae&tr 

ar8l5 }.0 lll1n f)- nasion u 

BraT -55 sec {f)- Fission U 

~-nc- ~) 

Brae 15.5 sec f)- Fission U 

I u.s - 19 lll1n ~· Pduo(Nu',5n) or 
Pd1oa(N1•,}n) 

Spall Cs 

I121 -2 hr ~· Sb121( a,4n) 

Spall Cs 

I122 - 4 lll1n ~· Sb 121 (a, }n) 

Te122(p,n) 

Dausbter Xe122 

I123 1}.0 hr EC Sb121(a,2n) 

Daughter Xe123 

I124 -4 day {EC- 10'/> Sb121( a,n) 
{, ~·- 30'1> Sb123(a,~) 

Tel.24(p,n) 

and others 
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II. TABLB OF IsoroPBS* ~ :I'LtlORID1 CBIDRDU, 

B1lCIOliB AID IODID (Cont 'd) 

Isotope Halt' Lite Type ot Decay .. thod ot Prepe.rat1011 

11as -60 day IC Sbl2s(a,2n) 

Te124(d1 n) 

Spal.l-t1sei011 B1 

Ilaughter :xel215 

112e - 13 day BC 5~ Sb123(a1n) 

~- 44~ Te125(d1 n) 

~·-1~ 'l'el2e(p1n) 

I 127(n1 2n) 

and others 

rlzr stable (abundance 1~) Natural 

rl2• - 25 Dl1n { BC - &(. I 127(n1 7) 

~-- ~~ 'l'el28(dl2n) 

'l'el28(p1n) 

IU8 1.7 X 107 year ~- F1sei011 U 

Il.3o -12.5 br p· 'l'el.30(dl2n) 

'l'el.3o(pln) 

I 128(n1 7) 

ca133(n1 a) 

rl.31 -8.1 day p· Te130(d1 n) 

Spall-t1es1011 'lb1 U 

F1es1011 'lb1 U 1 u235 1 P11 

Ilaughter Te131 

rl.32 -2., br ~- Spe.ll-t1es1011 U 

F1sei011 'lb1 U1 ~ 

Ilaughter Te132 

Il33 -21 br ,- Spall-t1es1on Pb 1 U 

Fission U 1 P11 

Ilaughter 'l'el.33 

rl.3• - 52.5 br p- Spall-t1ss1011 U 

F1eei011 'lb1 U1 u2351 Pl1 

Dausbter Te134 

' 
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Isotope 

IlSS 

Il.Se 

Il38 

II. TABLB ra I&OroPB8* OF J'LDORID1 CJII.l1RTD1 

BB<Jmll AID IODID (Cont 'd) 

- 22 sec 

2.7 sec 

SpeJ.l.•t1ss1CD U 

FissiCD 'lh, u, Pu 

Dausbter 'l'elSS 

F1asion U 1 Pu 

Fissi011 u, anceetor ca138 

FissiCD u, ancestor Ba138 

* ' cmJ.y those isotopes are llatecl vhich tall in catesories A and B in 

"Table of Isotopes", D. Strcld.Dser1 J. N. Bol.lander and G. T. Seabarg1 

Reviews ot Modern :fb.1B1cs, ~ Bo. 21 Part II, April 19!)8. 

III. A RIVIBW OP IDCB ~ OP BALOOBB CIIJI([SlRY 

OP :tR'mRB.9.r '1'0 RADIOCBIMI8r8 

Fluor1ne1 cblor1ne1 brca1De1 and 1ocU.De1 vith the reapective atc.ic 

DUIIIbers 91 171 35 and 531 aJ.oDs with astatine, CCIIP'iae the baJ.osaw. 
'lhese ela~e~~.ta possess an !.~5 valeDce shell ccmt1gurat1011. Fluor1ne 

dittera markedly in ita chaaistry traa the other balDpD8. '1he ditter· 

ence observed are largely attributable to ita very h1sb electroaept1v1ty, 

8lll8l.l size, and inability to ao a • daM more than eisht electrCDa in the 

valence shell. 

'1he bal.opD8 exbibi t a marked tendency to attain inert saa ccmt1gura

t10DS1 i.e., an !.~e 011ter shell cCXlfi&urat1on. 'lhis is IIIIIDiteatecl in the 

d1atca1c nature of the elementary molecules, in the relatively large 

amow1ta of energy required to dissociate these molecules (h•t ot d1ssoc1a· 

tion, kcal/mole: F2138 ± 3; Clar57.2; Br2145.4; Ia35.5), and in the large 

values tor the electron att1n1ties of the ataas (F, 83 ± 3; Cl, 86.5; Br, 

81.5; r, 74.2 kcal/g ataa). 

'1he sr•t tendency tor the haloseDS to reach octet coat1gurat10D8 is 

reflected in the abundance ot ballde salta and in the large DUIIIber ot cca

pounda in vhich the elaDell.ta show a covalence ot ODe. For tluor1ne, th1a 

is the Cl1ly covalence pend. tted; tar the other balosens, where the valence 

6 
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8bell. can hold DJre than eisbt electrc:aa, covalence& sreater than ODe are 

not uncc.DOD. BxelqWta in which chl.or1ne1 m-c.tne1 aDd iodine bave II01'e 

than eisbt electrooa in the valaDce abell are to be found a.cma the inter

bal.oseD&1 vhere such CC111ql0Wlds as ClFs1 BrP!SI aDd D'T bave been cb&racter-

1zed. 'lhua in chlorine tritluoride there are ten electrooa around the 

central chlorine ataD1 three pairs sbarecl vith fluoriDe ataDa aDd two un

abared pairs. As vould be expected, iodine, the largest of the halogens, 

can form the greatest DUIIIber of covalent bonds. 

In their CC111ql0Wlds v1 th metals the halogens are oeceaaar1ly in a 

negative oae oxidation state. With active metals vbich give rise to large 

cationa ot low cbarge, i.g., sodium, ~um, this oxidation state is aD 

ionic one. On the other hand, vith metals, even active oaea such as 

beryllium aDd al•pn1mma1 which are potential sources of iona of relatively 

h1gb cbarge density, the bonds betveeD ba.J.opn1 particularly chlorine, 

brcaine or iodine 1 aDd metal are frequently covalent in cb&racter. With 

a metal exbibi t1ng a variety of oxidation states, the covalent cbaracter 

ot any oae balide t~ increases v1 th increasing oxidation state of the 

metal. 'lhia trend is generally accaaparded by increasing volatility as 

vell as increasing solubility 1n non-polar orpllic solvents (e.g., cc:apare 

FeCl2 aDd Feelo). 

In union vith other non-metals, tluorine1 the 110at electroaeptive 

el.ement known, invariably may be regarded as being in a negative oxidation 

state. 'lhe other bal.ogen.a may be conaiclered as exbibi ting either electro

negative or electropositive cb&racter depending upco the electronegativity 

of the elalent to vhich they are joined. 'lhe ID08t cc.DOD a1 tuati0118 in 

whiCh cblor1ne1 braaine, aDd iodine exhibit positive oxidation states are 

to be found in the interbalopna aDd in the various Olcybal.opn caapounds. 

Positive oxidation states of 1 1 31 51 aDd 7 are known. It should be em

pbaaized that in these positive oxidation states the bal.ogen.a are joined 

to the more electronegative element by essentially covalent bonds. 

It is noteworthy that iodine, the least electronegative balogen1 is 

actually capable of tOl"'lling the cationic species I+. 'Jhis extrsely un

stable entity can be c0118iderably stablized by coordination v1 th such 

orpllic bases as pyridine. 'lhu8 such caapounds as [I py2)~ aDd [I PY2l 

Cl04 , among others, bave been prepared. 

J:na.smuch as changes in oxidation state are frequently of sign1t1CaDce 

in radiocbem1cal procedures tor the Ul&lyaia ot chlorine, brc.d.ne aDd 

iodine 1 the potential relati0118h1pa which exist among the various oxidation 

states ot these elalenta are shown on page 8. 

7 
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Acidic Solut1ona:. 

Cl- -1.36 \II' ~ -1.62 11' HClO -1.63 11' H~ ~ -1.19 11' Cl.0-6 

I _ 1.47 r 
Br- -1.07 ]) Bra 

I 
I- -o.53 > Ia -1.45 > HIO -1.14 11' IOS ca.-1.7~ JlesiOe 

~.., 
- 1.20 . 

Basic Solut1ona: 

- o.aa 

-1.07 > Br2 -0.45 > Br0-
1:. 

- o.49 I 

-o.65 l> Cl.Oi -0.35 !Ill Cl.Oi -o.36 l> Cl.O. 

r -0.53 l> Ia -0.45 > IO- .0.14 l> Io; ca • .0-JibiOe 
1:. 

- o.49 I 

8 
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2. Obaervatioaa on Species ot SigniticaDce 1D the 

Anal.ytical a.em1atry ot Balopns 

In view ot the tact that the tOl'lation ot elementary braaine and 

iodine is ot ~rtance 1D a nlaber ot •thoda tor tbe analytical de

te:nai.Dation ot these elADenta, BaDe properties ot these substances are 

described. As 1a evident trca the potential data cited above, both 

brCIII:lne and iodine are tairly atrcmg ox1d1z1Ds apnta. Bralline is rather 

soluble 1D water, ~.55 g dissolving 1D 100 g ot water at 20°; the aolu

b111ty ot iodine is much ...U.er (0.34- g per liter ot solution at 25°). 

For both elements, solution 1D water is accaapaDied by the ua1n re

action 

~ + B~ • B+ + x- + BXO. 

For brCIII:lne, the equilibrium constant tor this reaction is 5 x 10-e; tor 
iodiDe, ~ x lo-13 • (For chlorine, the constant is 4 x 10_.. 'lhe re

action is ot no a1gniticaDce tor fluorine, vbich vigorously liberates 

mcygen and ozone trca liquid water v1 th the :t'Ol"'ll&tion ot hydrofluoric 

acid.) In cold dilute alkaline solutions hypoball.te salta are tormed; 

1D warm concentrated alkaline solutions the hypohalite ion disproportion

ate& to halate (XO:i) and halide ions. 

BrCIII:lne 1a caapletely miscible v1 th cCIIIDOn organic solvents. Iodine 

is geDerally appreciably soluble 1D orgaDi.c solvents. In solvents ex

hibiti.Ds no donor characteristics, e.g., carbon disulfide, chloroform, 

carbon tetrachloride, the solutions are violet 1D color. In arCIIBtic 

solvents such as benzene and toluene the solutions are red. In solvents 

vhich may be regarded as typical Levis bases (e.g., ether, pyridine), 

iodine is moat soluble and g1 vea brown solutions. 'l!lere is little doubt 

that 1D both the red and brown solutions solvation ot the iodiDe occurs. 

An important characteristic of elaaentary iodine is ita ability to 

caabine with iodide ion to :torm polyiodide anions, I~, ot vhich the tr1-

iod1de ion, I:;, is the most stable. Other polyiodide ions vhich have been 

identitied are Is, x; and r;. 'lhe moat stable polyiodide salta are 

formed with large cations, e.g., es+, quaternary &DDOnium ions. Tribraaides 

are known, but they are much less stable than tr11odides. 'lhe existence ot 

the trichloride ion in solution has been detini tely established, but no 

stable solid salta of this anion have been isolated. '!he tr1fiuor1de ion 

is unknown. '!he trend in stability ot the trihalide ions in aqueous solu

tion is shown by the values :tor the equilibrium constants :tor the reaction. 

X2 + x- • Xe-

For iodine the constant at 25° is 725; :tor braaine 17 .8; and tor chlorine 
lo-2 • 

9 
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Moat of the analytical detend.Dationa tar the bal.opu 1Dwl:ve pre

c1pi tatiCD reactioDa ot the b&lide iona. l'lllor1ne ~ be prec1p1tate4 

as the calc1WD salt (ICsp 1.80: '·"' x 10-11) ar as lead cblal'otluaride 

Pbl'2 •PbCJ..a). Prec1pitatiCD of the calc1WD u.l.t 1a aot eotirel7 ... tiatact

ary even vheD the solutiCD to be tested CCDtai.Da ~le .aunt. ot 
tluaride, low result. c~ly beiDa obtaiDed. Prec1p1tatiCD of lead 

cblal'otluaride 1a ~carried oqt 1D the llill'811P ,.6 - 5.6; the pre

cipitate can be ve18bed u aucb, ar the tlm'o1De conteDt can be detezlliDed 

1Dd1rectly t'rca ti tl"atiCil of the cblor1de. 

<Jllor1de1 brcaide1 ar iodide can be detezlliDed by prec1pitatiCD with 

silver 1CI1 (JCsp ~0: Agel 1.56 x 10·10 ; ~ 7. 7 x 10·13; A&I 1.5 x 10·18• 

Silver tluor1de exhibits a solubility of J.81..5 s per 100 s ot •ter at 

abollt 2oO.) '!he ual.ytical procedure ~ be a grav.t.etric oae or a ti tra

tion. Iodide~ be precipitated md detend.Ded as the pelle.UWD(II) 

u.l.t. As a .. tter of tact, precipitatiCD by ..as ot pell•di-II) 

cblor1de t'rca a sli&btly acidic solution is a ... tiatactory methocl tar the 

seper&tiCID ot iodide t'rca cbloride md b:raaide. A .ore cc:.ICil ~ ot 
separatiDS iodide t'rca solution with the other b&lides is by the a4d1 tieD 

ot ni trou acid, vhitb convert. iodide to tree iodiDe md is wi tbaut 

ett~t CD the r-e'"'DS b&lides. SeparatiCD ot ~de t'rca cbloride CaD 

be accc.plisbed by oxidatiCD of the folWil' to ~t&r7 braaiDe by 

potassium per~aDpD&te 1D acetic acid solutiCD. It cell also be affected 

trca the silver salts; silver b:raaide is essent1al.ly 1Dsoluble 1D 8D 

aqueous solution ot -=miWD carbonate, vhereas the chlor1de is soluble. 

3 • ICD Bltch.aDp Separationa 

Ion exch.aDp has been used 1Dtrequently tar seperatiCD of the hal.opns 

f'rca each other I probably because the well known CCilver&iCil to the free 

element followed by extraction 1Dto 8D orpmc solvent is so vell estab

lished. 

An ion exch.aDp separation ot the b&lide ions vas d.aoaatrated early 

1D the history of a)dern exchange .. ter1als.1 'Jhe -=miWD salts of 

tluo:ride 1 cbloride, braaide, md iodide were absarbed CD Dovex-2 ( loo-

200 JDeSh) 1D the nitrate form. Elution vas pertomed at roca temperature 

with 1! sodiWD nitrate at a pB of 10.4. Pluoride caDes ott tirst. Peak 

to valley ratios of 100 to 6oo between F-1 Cl-1 Br-1 md I- were obtained 

1Ddicatins good separation. 

A s1lllilar separation has been used tar dete:rii1Dins Cl md Br 1D lllix

tures ot the two by absorption2 CD a stroas base anion res1D, XE 67 su,ppl1ed 

by Robm md Baas Ccapany. '!he elutins apnt vas 0.(! RaROs CCDWn1ns a 

nonioDic vettins apnt. A further applicatiCD ot this methocl has been 

lD 
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used tor the aualytical separatiem ar Cl.1 Br, and I em Dcnrex 1-XJ.O resin,' 

the eluting agent vas 0.5!! Ra.RO,. Another halide separation on a strong 

base resin used 0.5M 1faR0s to elute Cl-. 'lhe eluant concentration vas - - -~ 
then increased to 2!! to accelerate the elutiem ar Br and I • 

A method tor separating Cl-1 Br- and I- makes use ot precipi tat1on 

cbraaatogra}ily.5 A colum is ada ot AgNOs or Afi2SO• and alJng1na in a 

1 to 9 ratio ot precipitant to tiller. 'lhe m:1xtu.re ot ions is passed 

tbroush the columns and developed in sunl1gbt tar 5 to 15 minutes. 'lhe 

l1m1 t ot identification is 8 7 'tar I- and 14 to 15 7 tor Br- and Cl-. 

'!be halides bave been separated on paper ~ted with A&2Cr0•. 6 

Paper cbraaatogra}ily and activation analysis bave been caabined 'tor the 

detel"'ll1nation ot s, Br, and Cl in orgaoic caapounds.7 

Fluoride bas been quantitatively separated trail 500 times as 11111ch 
8 }ilos}ilorus on a Dawex 1-XJ.O colum in the hydroxide 'tonL. 'lbe 100-200 

mesh, strc:Jas base resin vas cycled three times with '!! NaOB and '!! HCl, 

then le'tt in the hydroxide 'tonL. '!be elutiem vas pertoxmed with 0.5!! 

Naal. 

Fluoride bas been separated trail altng1 mug by eluting trail the allm

line 'tonL ar a strong base resin.9 '!be alnm1ntnn comes ott the cohnnn 

first. 

Hates ot uptake and an att1n1 ty series tor several anions including 

the halides bave been determined tor h~ z1rcon1QID oxide •10 '!be 

att1n1 ty series determined with O.J.! solutions is: Cl-1 Ke>; > Br-1 I-1 

• • ero. >>so •• 
A synthetic inorgaoic ion exchanger vas used to remove large quanti

ties ar unwanted F18 activity that tormed as a by-product in a cyclotron 

1rrad1atiem.11 'lhe solution in concentrated HCl vas passed t.broush an 

Al20s colum and more than m ot the tluoride vas absorbed. 

4. Solvent Extraction SeparatiOilS 

Extraction o't the tree element torm ot the halogen into an orgaoic 

solvent (CC~,CEICl-:3) a'tter use o't the proper oxidizing agent bas long 

been a tavored separation method 'tor Cl.1 Br, and I. Several detailed 

examples are S1 ven in the section em procedures. 

Because -.ny organic caapounds ar the halogens can be prepared, 

SZilard-Cbalmers extraction s;yatems bave been very t'<WICX!l y used to in

crease the specific activity ar a halogen.12 'lhe recoil energy ot the 

incident nuclear particle breaks the bemd between the halogen and the 

carbon atall. Extraction ar the orgaoic solution with water then yields 

· a h1sh specific act1 vi ty ot the halide. 

Neutron activation tolloved by extraction ar Br and I and the dis-

11 
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tillation ot Cl bas been used 88 an 8D&l.7tical •tbod to deterlliDe trace 
UIOUDta ot m1xed ball dee .13 

'l'etra~l stibollium sulfate has been used to extract tluor1de 

trca a solution in 97-~ yield.14 'lhe •tbod is more usefUl tar concen

traticm purposes tban 88 a b1gbl.y specUlc separation. A tev drops ot 

BaSO,. are added to the solution containing up to 5 mg ot r·. 0.125 
111111lllole ot tetra~l stibollium sulfate 1a added and tbe volulle brousht 

to 19 Ill. It is abaken vlth three successive 5 Ill particma ot CC4 and 

the orpolc layer is evaporated and velsbed. 

5. D1st1llation Saparaticma 

D1st1llaticm ot tluor1ne 88 bFotluoailiclc acid 1a c,._,, y used 

tor separating fluoride trca interfering iona bet ore a titration or pre

cipitation.lS,l6,1? 

<Jllorine 1 brOIII:lne 1 and iodine can be separated by sel.ecti ve Old.da

tion and distlllation ot the .ue.nt. Iodine 1a oxidized by ad4ition ot 
RaB02 in dilute BaS0,..18 Bralline can be Old.dized v1 th telluric acid~ l9 

10t104 in acetic acid, or KB(IOs)2 in dilute nitric acid. Cblor1ne can 

be oxidized by ad4i ticm ot concentrated 1160s. 

6. Bxcbange Reacticma 

A prt. requisite in radiocbaaical 8D&l.7tical procedures 1a the 

caaplete exchange between the radioactive species being dete:nlined and 

carrier. Observaticma on ucbange between vari0118 halogen entities in 

aque0\18 ~UID are 8\DII&rized below. 

Blccballge between :tree halogen and halide icm in solution 1a caaplete 

within the m1n1mm time ot mixing and separation. 'lbree plausible mech

anisms tar excballge bave been postulated.20 'lheae involve the equilibria 

shovn below: 

) *- *- ) (l ~ + X • X:3 (X • Cl, Br1 I 

{2) ~ + oa- • axo + x-
{3) ~ + B~ • BXO +a+ + x· 

K1 • l.Q-2 

K:o! • 4 X 1010 

Ks • 4 X 10-4 

In view ot the high excballge velocity it is extremely ditficult to dis• 

tinguish between these three mechanisms. However 1 there is stralg 
21 

evidence that excballge occurs by JD8Chan181D {1) 1 that is, through tri-

halide ion formation. 

Tracer aqueous brc.lne excballges rapidly vi th treahly precipitated 

silver brcm1de.22 

Blccballge between elementary chlorine and chlorate ion 1n acidic 

l2 
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solution both at roca telllperature and elevated temperatures is extremely 

slow ~He11her el-.mtary chJ.or1ne nor chloride ion exchange with 

peJ"chloric ion either in alkal1ne or acidic solution.34 Exchange ot 
chlorine activity between hypochlorite and chlorite ions in basic solu

tion is very slow .23 Exchange betweeo chlorate ion and perchlorate ion 

does not occur at rocm t.perature, or even at 90°, in neutral, basic 

or acidic solution.2~ 
'lhe rate ot exchange betweeo t'resbly formed silver brCIIdde and 

aqueous braaide ion is very rapid, ~ distribution ot activity 

beinS attained within a tew seconds.26 It bas been reported21that the rate 

ot exchange between brCIIdne and braaate ion in acidic aqueous solution is 

s1 ven by the expression 

R • k(Br2 )m(BrO;)n(H+)P 

where k • 0.023 mole-2 • 11.2 •1hr-1 , m • 0.3 ± 0.05, n • 1.7 ± 0.05, and 

p • 1.1 ± 0.05. It is proposed that the tollowinS set ot reactions is 

applicable to the system: 

HBr + HBr0:3 • HBr02 + HBrO 

HBr + HBr02 • 2 HBrO 

HBrO + HBr • Br2 + H~ 

In the radiochemical determination ot brCIIdne activities in fission 

products 1 rapid exchange can be ensured by the addition ot braaate carrier 

to the sample and its reduction to braaide ion.28 

'lhe exchange in acidic solution ot el-.mtary iodine with iodate or 

periodate (Io;) ion, and of iodate with periodate in acidic or alJml1ne 

solution is slow. 29,30 'lhe experimente.l.ly observed31 rate law tor the 

iodine-iodate exchange reaction bas been determined to be 

R. (I2)0 •6(H+)1 •8(IoS)0 •8[k(Io;) + k'(x-)Jr 

in which x- may be perchlorate, nitrate or sulfate ion, and r 1a the 

appropriate fUnction of the activity coefficients ot the reactants and 

transition states. At 2,0 , k has the value 7.40 ± 0.25 1.3 • 2 mole-s•2 

hr-1 and k 1 is approximately 0.15 1.3 • 2 mole-3 • 2 hr-1 tor x- • CJ.O;. 
'lhe activation energy is about 20 kcal. mole-1 • 'lhe exchange reaction 

bas been shown to occur by the S8llle mechanism aa the iodide-iodate re

action; the rate law tor the latter reaction at low iodide ion concen

tration is s1 ven by the expression 

-d(Io;)jdt • (I-)(IoS)(H+)3 [ke(IoS) + ~(X-))r 

where at 2'0 ke is (5.7 ± 1.3) x 108 1.15 mole-s sec-1 , and~ tor x- • 

l3 
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Clo; 1e eboQt 1.1 x lOS 1.5 .ole-es aec·1 • 8QlcU.ea.JI ot the iocU.De-iodate 

excblmp ~tion in solutiODS ot aonatut icaic •'treD8tb and bavi.Qa 

b1ab (Cl.O;)/(Icb) ratios give the tol.l.oviD& rate lav: 

R • k(I-)(Io;)(H+)s 

'lhis is entirely consistent v1 th the previous rate ex;preaaion noted 

~tely above. 
In rad:iocWcal analyaea tor iocU.De, c~ excb•np ot radio

iodine with c:an"ier presu.bly can be obta1Ded by the addition ot the 

latter as iocU.de ion and subsequent oxidation to periodate, e.g., by 

hypochl.ori te ion in basic solution, followed by re6lct1on to iocU.de by 

...aa ot biaultite in acicU.c solution." 

IV. COLLBCTI<B OP RADioaDIO:CAL PIIUCl5WRI5S FOR PLOORIBB, 

cm.oRIBB, BRamm, ARD IODIRB 

PROCmJRB I - PLUORIBB 

Source - A. 'l'urkevich1 unp!bll.abed Loa .U.O. vork in 1955 

~tal vork on a rad:ioch.S.cal. proce4ure tor tl.uor1ne vbich 

would provide a very bish decontam:lnation factor traa fission prodalcta 1 

notably braaine and iodine 1 vas begun by 'l'urkevich in 1955. 'lhe pro

cedure vas not ccmpl.etely developed but is presented here as a st&rtiDs 

point tor a .aditied procedure. 

1. '!he sample vas contained on 2 pa ot orpoic tiber tuter paper. 

It vas brousht into a soluble form by tuaion in a Pt crucible v1 th 22 ps 

ot 8Dhydroua ~~ to vbich 5 Ill ot carrier bad been added ( 2 .64.2 pa 

KF•2 H20 in 100 Ill ot ll2()). 'lhe covered Pt crucible vas gradually in· 

serted into a 500°C oven. After 30 lll1n at 500°C, the -.as vas charred 

black. It vas then placed in an oven at S,o0 c and the carboaate ,... 

ccmpletely tuaed tor several JDinutes. 'lhe cool.ed llltit vas dissolved in 

hot water. 

2. '!he water solution vas neutralized in the presence ot brca.Plenol 

blue v1 th 6! HNOs. '!he solution IIIU8t not be pend. tted to beca~e acicU.c 

but should remain sll.shtly basic. 

'lhe Iii vas then adJusted v1 th HaOII to a taint blue indicator color 1 

then 2 Ill ot 6J! HCl, 5 SID ot Pb(NOs)a in solution, and 5 SID ot socU.um 

acetate in solution were added; the Jll1xture tben vas stirred and dipsted 

tor one-halt hour to precipitate PbCJ.ll'. 

3. 'lhe precipitate ot PbClP vas dissolved in 20 Ill hot water con

ta1n1ns a tew drops ot conc HN03 • AsNOs vas then added in sll.sht exceas. 

14 
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PBOOKDUHI 1 (Cont 'd) 

'lhe prec1p1 tate ot AsCJ. vas centrlt'uged ott and to the ~te a sl1gbt 

excess ot HCl vas added to precipitate excess sUver. 'lhe Agel vas again 

centrlt'uged ott. 
4. 'lhe soluticm vas again neutrallzed vi th RaOII to a taint blue color 

ot brcqilenol blue indicator, and 2 Ill ot 6! HCl1 ' pot Pb(NOs)2 and 5 

p ot sodi\lll acetate were added. 'lhe precip1 tate vas digested, centrituged, 

and vaebed vi th cold water. 

4 • '1!le .fbClF precip1 tate vas diesol ved in hot water c011W ni DS a tev 

drops ot Hl'fOs. It vas transferred to a dietillaticm tlaek vi th ooe p 

ot crushed P,rex glass. 30 Ill ot 1C1f. HClO• vas added. Steam vas passed 

in and the tlaek temperature held at 135°-150°C. A 50 Ill ot distillate 

vas collected in 45 lll1n in a tlaek CCI1ta1n1ng1 1n1tiall.y1 30 Ill ot water 

plus a dozen RaOII pellets. 

5. 'lhe distillate vas neutrali.zed vith HNOs 1 excess La +3 added, and 

LaPs precipitated. 'lhe ~eld trcD the above procedure vas very aall and 

vas not detel'llined. (Note 1). 

~ 

1. It vas sugested that the tirst step after tueicm ehoW.d be the 

distillati011 ot ll281Fe• 'lbis ehoW.d then be followed by PbClF and AsCl 

scavensins steps and a seccmd dietillatiOD ot H~e· P1nally the 

fluorine ehauld be precipitated ae PbCJ.J' 1 in which tOl"'D it voW.d be 

weighed and counted. 

PROCBDURE 2 - CBLORINB 

Source - w. w. Meinke, repor:t ABCD-27381 pp. 22. Aug. 1~9 

~t separated: Cbl.orine 

Target Mterial: Copper 

Type ot bbdt: All -

lield: (hf. 

Procedure: 

Degree ot puriticaticm: lOS 
Procedure by: Batzel 

T:lJDe tor sep 'n: 30 ld.Dutes 

Equi~t required: standard 

(1) Dissolve the copper in ccmcentrated BROs cODta1n1ng 5 IllS ot 

chlorine carrier (1-2 Ill ccmcentrated BROs tor 0.1-o.3 gr8M 

copper toU) . 

( 2) Distill the chlorine into a centrituge tube CCI1ta1 n1 ns 2 cc ot 

water, 2-3 drops ot ccmcentrated BNOs 1 and eutticient AsNOs to 

precipitate the chlorine ae AsCl· 
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( 3) Beat al.met to bo1.11Da1 cent:rifu&e the precip1 tate and vull 

vi th 3 cc ot 2! lllfOs. 
( 4) Dieeolve tbe AgCl in 3 cc ot 5 ! mr..<B and add a drop ot bold

back carriere trcD standard 10 aJal eolne, ~ar Qa1 lf11 Co, ZD, 

Fe (add as nitrates or sulfates) and then add 2 drops o~ 0.5 ! JCI. 

l5) Celltl'if'uge and wash tbe precipitate vith 2 cc ot ' ! mr..<B. Add 

tbe wash to tbe supenate and add exceee AsBOs to precipitate 

the excess iodide (5 drops o~ 0.5 ! AslfOs). 
( 6) Oentl'if'uge and vaeh as bfdare eaviD& the euperaate and vaeh. 

(7) Make acid with lllfOs to precipitate the AgCl, ceDtrif'uge, and 

vaeh the precipitate twice vi th 3 Ill portione ot 2 ! BROs. '!be 

precipitate can be plated directly ar dissolved in &.<ll and an 

aliquot taken. 

Raaarke: U an appreciable aow1t o~ copper 1e to be dissolved the heat 

ot reacticm MY drive the chlor1ne carrier into the receiviD& veeeel be

~are the copper 1e ccmpletely dissolved. U tbie occurs add 2.5 1118 o~ 

chlorine carrier as chlaride to the vater in the receiver and ~ the 

copper 1e in solution add an additioaal 2.5 1118 to the copper soluticm and 

distil as stated above. In case bradne 1e preset it MY be r.aved by 

.ak:l.Dg the soluticm 0.5 M in BNOs be~ore precipitaticm, add1Dg 5 1118 o~ Br

carrier, 0.25 grue o~ 8111110Dium pereuUate and boil.1Da1 thus oxidizins the 

Br- to Br2 and volatillzins. 'l!ie eoluticm should then be reduced with 

hydraziDe ad the chlorine precipitated as AgCl. 

Source - w. H. Burgue, report LA-1721, 2nd Bd., Cl-11 Aug. 1958 

1. Introducti011 

In tbe determination o~ cbl.orine in the presence o~ fiseion products 1 

coneiderable decontamination is achieved by ~erric hydroxide scaveaging 

ad by precipitation o~ silver iodide f'rcD 8111D0Diacal medium. Precipita-

* tion o~ silver chloride in the presence o~ Versene is then -.plo,ed, 

primarily to remove cbl.orine trca al Jral1 ne earth metal ione, but also to 

separate this element trca many other activities. Atter additioaal de

contamination, silver cbl.oride is ~onaed ad the chl.or1De rSIOved as 

* Versene (Bernorth OI.Siicel Co.) is the diaodium salt o~ ethyleDe· 

cJ1w1 netetracetic acid. Veraene ~onu very stable soluble chela tea vi th 

a large nUIIIber o~ metallic ione. 

16 
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PROCIDORB 3 (Cont'd) 

hydrogen chloride by treatment vi th concentrated sulf'Uric acid. Cblorine 

is t1Dally precipitated as the mercury (I) ccapound, in which !01'11 it is 

COUDted. The chsaical yield is ab011t 7~ and a single analysis can be 

performed in two and one-bal.t hours. 

2. Reagents 

C1- ion carrier: 10 IllS Cl-/ml.. (NaCl used as primary standard) 

I- ion carrier: 10 IllS I-jml.. (added as KI in H~) 

Fe carrier: 10 IllS Fejml.. (added as Fe(tf0s)3 •6 H~ 1Ji very dilute HROs) 

1Uf0:3: cone. 

HCHO: 3'71> aqu80118 solution 

tm.OH: cone. 

1«11: 10M 

AsH03: 0 ·1!! 
Hs2(If0:3 )2 : O.J.!! solution in dilute HN03 • 

Klf02 : solid 

Versene: disodium salt (analytical reagent grade, Bersvorth <laemical 

eo.)~ aqU80118 solution. 

CCJ.,. 

~CB: absolute 

Centrifuge 

Drying Oven 

Block tor holding centrifuge tubes 

Forceps 

Mountins Plates 

Pipets : assorted sizes 

Wash bottle 

2 •, 6o0 tunnels ( tvo per sample) 

Gl'OWld-ott Hirsch tunnels: Coors OOOA (one per sample) 

Filter chimneys (one per sample) 

Filter flasks 

125-ml sepe.ratory tunnels (one per sample) 

50-ml beakers (one per sample) 

40-ml. conical centrifuge tubes: Pyrex 8130 (seven per sample) 

No. 40 Wbatman filter paper ( 9 em) 

No. 42 Wbatman filter circles: 7/8" diameter-weighed 

Stirrins rods 

Special still ( ... ~ next page) 

17 
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PBOCIDUII 3 {Collt '4) 
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PllOCIDOlll 3 (Cont 'd) 

4. Procedure 

Step 1. To the solution containing radioactive cblorine and t1aa1on 

prochtcta in a 4o-ml. cooical centrifuse tube, add 1.00 Ill ot standard 

laCl carrier. '!hen add 4-6 drops ot h carrier and precipitate Fe(<ll)3 

by the acld1tion ot a allsb.t excess ot cone. mt.<ll• Centrituse, tranater 

the supernate conWning Cl- ion to a clean centrUuge tube, and discard 

the precipitate (Bote 1). 

Step 2. To the supernate add 5 Ill ot cone. mt.<ll and 4 drops ot 

ICI carrier aoluticm. Precipitate Asi by the addition ot a alight excess 

ot O.J!! AsBO, solution. Coesul&te the precipitate by beating, centrif'use, 

tranater the supernate to a clean centrit'use tube, and discard the pre

cipitate. 

~· To the auperaate ap1n add 4 drops ot KI carrier and re.ove 
a Asi by-proc)Qct precipitate aa in the prev10Q8 step. However, this u.e 
t1lter the supernate through Bo. 40 Wba'bllan filter paper (9 em) in a 2•, 

f:J:fJ tunnel to ensure cCDPlete removal ot Asi· 
Step 4. To the t1ltrate add 5 Ill ot ~ Veraene aoluticm and slowly 

acidity with ccmc. J1B0:s to precipitate AsCJ.. Boil to coasuJ,ate the pre

cipitate, centr1f'use1 and vaab the AsCJ. with 3o-40 Ill ot J1a0 conWn1ns 

2 drops ot cone. D03 • Discard the supernate and vaabinp. 

~· Dissolve the AsCl precipitate in 'Ill ot cone. RI40H, add 

5 Ill ot an ~ Veraene solution, dilute to 30 Ill, and reprecipitate AsCJ. 
by the a4d1 tion ot cone. BBO,. Boil to coasuJ,ate the AsCJ. and vaab aa 

in the prev10Q8 step. 

Step 6. Dissolve the AsCl in 40 drops ot cone. mt.<B, add 15 Ill ot 
lla01 10 drops ot 1'!! KIB, and 10 drops ot 31j HCIIO. Heat to boilins to 

coasuJ,ate the metallic As precipitate. Add 4 drops ot O.J! .AslfOs and 

ap1n raDOve a As precipitate. Filter both As precipitates together 

through No. 40 Wbatman t1lter paper in a 2 ·~ (:1)0 tunnel, collecting the 

filtrate in a 125 Ill ErleDmeyer tlaak. 

~· Acidity the t1ltrate with cone. ~~ add an acld1ticmal 

2 Ill ot the acid, and beat to boilins (Note 2). Cool and add 4 drops ot 
ICI carrier solution. Tranat~tr to a 125 Ill aeparatary tunnel, add 50 Ill 

ot CC4 and a tev cr;ystala ot KN02• Extract I 2 into the CCJ.,. ~ and 

discard. Add three separate a4d1 ticmal 10-ml. portiona ot CCJ.,., extract 

I 2 , and discard the CC4 layer atter each extraction. 

Step 8. To the r-eining aqueous ~ add 2-3 cc ot cone. Jllf0s 1 

transter to a 4o-ml. centrituse tube, and beat to boilins to raDOve excess 

.,; ion. Add 4 drops ot Fe carrier and precipitate Fe{<ll)3 with cone. 

19 
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Pl\IXKDJBI 3 (Cont 'd) 

IfB4CB. CentrU'uge, transfer tbe 8\qlel'Date to a cl-.n centrifUge tube, 

and discard the precipitate. 

~· Ap1n ac14 4 drops of Fe carrier and rea')ve a Pe(CB)3 

scavenger precipitate as in the previous step. 

Step 10. 'l'o the Cl--containing 8\qlel'Date ac14 O.J!! AgR03 to precipi

tate Agel.. CentrifUge and vaah the precipitate as in Step 4. 

Step ll. Dissolve tbe Agel precipitate in 2 Ill. ot cone. e.ca. 
Wash with several. Ill. of H~ into a specia1 diatilltag flask (see diagram 

of ...U tiple still). Bubble air tbrougb the solutim to ra10ve moat of 

tbe e.ca. Cautiously ac14 6 Ill. of cone. HaSO• (Bote ') and h•t until all 

the HCl has distilled over into a 50 Ill. beaker containing 20 Ill. of Jla(). 

Step 12. Precipitate H&Cl2 traD the solution of HCl distillate 

(attar ac141ng l-2 Ill. of cone. DOs) by tbe dropvise addition of O.l! 

Hse(BOs)2 solutim. Wash the precipitate with H~ after filtering on 

a tared Mo. 42 Wba'bllan filter circle, 7/8" d181118ter, using the standard 

ch1lllney technique. Wash vi th absolute ~CB and dry in an oven for 

20 JlliDutes at 110°. Cool, veigh, 110Wlt1 and count (Bote 4). 

Motes 

1. If the radiochlorine is origjMlly in a tom other than Cl- ion 

or C12 , care JIWit be taken to rec1alce it to one of these toms before 

begjnning the procedure. Otherwise the radiochlorine -.y be lost as a 

result of its failure to excbange vi th Cl- carrier. '1!le total voll.IM 

in Step l should not exceed 20 ml.. 

2. Boiling is necessary at this stage to remove most of the 

volatile HCHO. 

}. Addition of cone. ~so. precipitates Agel.. IW1.ng distillation 

continue bubbling air through the solution. 

4. Hs2Cl2 is used as the ccmpound mounted in preference to Agel 

because 1 t does not tom agglcmerates as does Agel. PbCl2 is too soluble 

and therefore not sui table. For counting 4 x lrP y Cl38 1 a sel.t-absorp

tion curve should be constructed and corrections applied for a o. 72 Mev ~-. 
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PROCIWRI 4 - BRCIIIliB 

Source - w. w. Me1Dke, report ABCD-2738, pp. 95· Au&· 1~9 

m.-Dt separated: Br~e Procedure by: Ooec:kemalm 

Time ~or aep •n. 1-2 bra. 

Bqui~t requlrecl: Centri-

'l'arpt -.teri&l.: - 1 .S B1 Mtal 

T;ype ~ bbdt: 1& 11 all particlea 
tuse, tubes, ur:P cmm 

l1eld: - ~ 

Degree ~ pariticaticm: Decoota1Dat1on ~actor- 1~ freD t1ssion and 

apal.lation products. 

Advantapa: Good yield o~ pare Br. 

Procedure: 

( 1) To aliquot o~ BIOs aoln ~ target, add 10 -s Br- and I-, .ue 
1 ! in BIOs1 add a ~ew drops o~ 0.1! llall021 and extract I2 

into equa1 val em.. 
(2) Add equal val CC4 to aqueous JU.ae and add 0.1! lltlO• drop

viae atU oolar persists. Jfake tift extracticma ot Br2• 

C5) ec.bine om. ~ and vaah with 1! 1010s OCDta1n1ng IlNDO•• 
Add 10 Ill 1120 and 0.1! 1leH80:s dropvise until both ~ are 

(4) 

(5) 
(6) 
(7) 

colorless. Wash aq ~with cc~. - . Jfake 1! in BIOs, add- 10 -s I , vana a ~ew ll1n to oxidise ~, 

add ~ev drops 0.1 ! BaliOa and extract I 2 five tillea with 10 Ill 

004· 
Repeat ICMDO• oxidation and Bra ext.rn and reduction. 

Repeat I 2 and Bra ext.rn c;rclea as needed ~or parity. 

Make last aq aoln o~ Br""l.! in BNOs, beat, add 2 Ill 0.1 ! AliOs 
stir, <11pat ~ew min, filter, vaah three tillea with 5 Ill HaO, 

BtCB, and ether, dry 10 111n at ur:Pc. Weigh as AgJr (2,.5 -s 
per 10 -s Br). 

a-&rka: 1be bi&mllth t1saicm vork only requ1red tbree Ia·Bra ext.rn c,.clea. 

To prevent possible loeaea o~ trace Br during dissolving o~ tt1e biaa1th1 

cme Jlight diaaol ve ttle target in 6 ! BIOs vi th the carrier Br- preset 

in a glass still, and distill Bra or BBr directly freD this soln into 

H20 in an ice bath. 
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Pl03DURI 5 - BlUIIIB 

Source - w. w. Me1Dke, report AICD-2U8, pp. 96. q. 1~9 

n-ent separated: Brca1ne 

Target •ter1a1: 'l'antalua 

Type ~ bbdt: Ta + }50 Mev protoas 

Yield:- 4~ 

Procedure by: Lindner 

Bquipaent required: aep. 
f'lmneJ. 

Degree ot pur11'1cat1cm: excellent - tactor ot- 104 trca tissicm and 

spallaticm products. 

Ad'V8Dtages: Provides tor the separaticm of Bra traD targets requ1r1Dg 

BF-BNOs lllixtures tor soluticm ot the target. In these cases glass equip

JDeDt is 1JIIIpossible and the method ot distill.aticm ot the halopns is 

1111:pract1cal. 

Procedure: 

(1) Freshly precipitated AgBr (well washed to remove excess As+) 

ccmta1n1ng 10 11188 ot braaine as silver brc:aide is added to 15 

mls of~ BF soluticm ccmtained 1n a lusteroid test tube. 

'lhe target toil is placed 1n soluticm and ccmc. BRO:, is added 

as required tor soluticm of the toU. (See (a) under reuarks.) 

(2) After target has dissolved tbe soluticm is allowed to stand tor 
15 minutes, (See ( b ) under remarks. ) the s\ll)erD&tant target 

soluticm is raaoved, the AgBr washed twice w1 th 10 mls hot water 1 

10 IIIla ot water is added and the slurry is saturated w1 th BaS, 

tben centrif'uged. 

(3) 'lhe supernatant soluticm is boiled to remove 1i2S, 10 11188 I- is 

a~d, the soluticm is made 1 ! 1n HNOs a tew drops of NaN02 is 

added and the iodine extracted into 10 mls of COl,.. (extract a 

total ot 5 tilDes ) • 

( 4) 10 mls ot COl,. is added to the aqueous }:base and 0.1 M KMn04 

solutioo is added until the brCIIIine color persists. Extract 

Br2 5 tiMe ( total) • 
(5) Caabine the Br2 -Cel,. extract, wash with 1! BNO:, ccmta1n1ng KMn04 , 

add 10 m1s BaO and 0.1 ! Na.HSOa dropwise until both layers are 

colorless. (See (c) under remarks. ) Wash aqueous layer w1 th ca.. 
( 6) Make 1 N 1n BNOs add 10 mgs I-, warm for a few lllinutes to oxidize 

the so;, add a few drops of 0.1 M NaN02 and extract the I 2 5 
times w1 th CC!,.. 

( 7) Repeat ( 4) and ( 5) as needed (A total ot } times was used for 

puriticaticm above.) 
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PJlOI:&IJ!!Bi 5 (Cont 'd) 

(8) Make last aqueous solution c4 Br- l. If 1n BlfOs, beat, ac14 2 Ills 

O.l. If AsJ03 • Stir, digest a few ld.Du.tea, vaah tbree tillea vith 

5 Ills B2Q, 5 m1a C~<B, 5 m1a ether. Dey tar l.O 111na at l.l.CPc. 

Rslarka: 

(a) 'lhis reaction proceeds rapidly and at DO t1Jie abou.ld there be 

and excess c4 BlfOs. Beat1q 1a DOt required and l.usteroi.d tube 

-.y be ice cooled 1t Deceasary. 

(b) Procedu.re depencla 1.q1011 an equillbration between AsBr and tracer 

brcm.de ion 1n the target soluticm. U the tracer b~ vere 

1n a hf.sher oxidaticm state this equ1.1..1bration VOQJ.d be illp)ssibl.e. 

However, since the 'l'a 1a beiDa dissolved it~ be as~ re

ductive ccmcU. ticma exiat and all the tracer is 1n the font of 

b~ ar brcaide. 

(c) Ulless the solution 1a kept acid ltl02 v1ll precipitate. '.lhe ~ 

precipitation -.y al.ao be avoided 1t the solution 1a vazwsd be

fore ~te ac141ticm. 

(d) Steps (3) and (9) are R. B. GoeckertBm's procedure tar b~. 
(e) I2 llisbt al.ao be separated by this procedure. 

PROCBWRB 6 - BRCJmiB 

Source - w. w. Meinke, report AB::D-2738, pp. 98. Aug. 1~9 

m.-nt separated: Brcm.ne 

Target •terial.: 'lhoriua metal. ( .l.-l. p) 

Type of bbdt: 60 • metal. 

l1el.d: - ~ 

Procedure by: 1levtoD 

Tille tar sep 'n: - 1 br. 

Bqui~t requ1red: standard 

Degree of puriticaticm: - 10° except traa I- (- ].04 traa I-) 

Proceclure: '.lhe 'lh metal. 1a c11aso1ved 1n ccmc. BCl + a few drops .2 !! 
solution (&.)a81Fe to clear up bl.ack residue. 'lhe BCl 1a c11luted 

to 2 ! and an aliquot taken. Slilpl.e added to 15 Ill. l.! DOs 1n 50 
Ill separatary twmel.. Add l.O 118 Br- carrier and 10 118 I- carrier. 

(1) Add DIDO• (O.l.lf) dropviae until. colar persists (15 drops). 

Make 5 auccesai ve extracticma v1 th CCU... Discard aqueous. To 

CCJ.,. l.a,_. ac14 l.O Ill. water and 0.1 ! llallfl>:s until. c~ ~ 

colarl.eas on abek1ng. Discard the c~. 

(2) To aqueous ac14 2 Ill. BlfC).s and l.O 118 I-, ac14 4 drops c4 O.l. M 

lfalfOa• Extract five tiaea vith CCU..· Add .are I- and repeat 

extraction v1 th tour .are particma c4 CC4. 
( 3) Add I<MDO• to oxidize Br-. Extract t1 ve tiJies v1 th CCJ.,.. 
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PBOCIDUBii 6 (Cont 'd) 

( 4) Blctract CC4 vi th 1laBSOs. M4 AI!.+ to ppt AgJr. PlltC', vuh 

three tiJies vith 5 al J1a0 and three tillea vith 5 al BtCB. Dey 

at uo0 , 10 mn and veigh. 10 111 Br- • 2,.5 111 AgJr. 

a-aru: 'lhis •tbod baa been described previouly (fb18. Rev. ~ 17 

(1~9)). 

PMCmJRB 7 - BIDIIliB 

Source - GlendezWl, Bdvar48 and Geat, N.N.B.s., Vol. 91 Book ,, pp. JJ.51 

1. Introdalction 

Bral1ne is separated f'ral the other t1ssion products by the re<lllct

ion or BrOi carrier to Br- vi th BaS, roll.oved by oxidation to Bra vi th 

ICMDO., and extraction into cc1... '!he Bra is l'eiDOved f'ral the CC4 by 

ab•lr1ns vith water conta1n1ns lUla(B.BCl. '!he aqueowt solution is then 

prrifiedl4by two more CC4 extraction c)'Cles, uains I<MDO• ror oxidation 

to Bra and uains lfaiiS03 ror reduction to Br-. '!he brcmine is t1Dal.ly 

precipitated as AsBr ror ve1S}dns and COI.Ultins. 
'1he re<ll1ction or BrOi to Br- vith BaS eoaures tbe intercbanse or 

radiobraaine vi th the c&lTier. ' 5 Failure to achieve a cCIIIplete intC'

cbanse has been observed in previous Mthoda ot brcm.ne separation."'" 

'1he use ot lfJia(II.BCl to re<lllce Bra to Br- in the t1rat extraction cycle 

helps to decontaminate the braaine f'ral iodine 1 since llla(II.BCl does not 

re<lllce Ia to I-. Contamination by other t1sa1on activities, includin& 

iodine, is nesllsible. 'Dle chemical yield is 50 per ce11t or more, and 

the tiJie required tor a CCIIIplete anal.yais is about 1 hr. 

2. Procedare 

Step 1. To not IIIOl"e than 5 m1 ot a solution ot neutron-irradiated 

uranyl nitrate (Note 1) in a 50-ml centrituge tube, add 20 1111 or braaine 

carrier as are>; and 10 1111 of iodine carrier as Ioi. Pass in BaS ror 1 to 

2 Jilin (Note 2) 1 boil briefly to ex;pel the BaS, cool, and transfer the solu

tion to a 6o-ml. aeparatory tunnel. 

~. Add 1 m1 ot 6M BNO:J and a rn drops ot 1 M ICMDO• (Note '), 

extract the Br2 into 10 Ill ot 0041 and discard tbe aqUeowt ~. 

~. fllake tbe CC4 la,_. vi th 10 Ill ot ~ conta1 n1 ns 1 Ill or 

lM lfJia(II.BCl, and discard the cc~. 

~· Repeat step 2. 

~· fllake tbe CC4 la;yer vith 10 Ill ot ~ containing a tn 
drops or lM lfaiiSOs, and discard the CC4. 
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PllOCIDOlll 7 (Cont 'd) 

~- Bepeat step 2. 

~- Bepeat step 5· 
~· Add 1111 c4 6N Jlll0s1 md beat uearl7 to bo11.1Da (Bote 4). 

Add 2 Ill o~ O.lM AsR03 drop by drop v1th atirriDs md cU.geat the precipi

tate o~ AgBr ~ar a ~ev &ecQQcla. Plltc' v1 th auction on a veigbed filter

paper diak (Bote 5) in a aall Birach twmel, md vaah three tillee v1th 

5 Ill c4 BaO md three times v1th 5 Ill o~ etballol. Dry at uoOc ~ar 10 

llln, ve1gb aa Al!,Br, md IDOWlt. 

~. 1. '.lhe aa~qpl.e solution abould be IUNtral ar alisbtly acidic. 

2. '!he preacce c4 1010s in the aa~qple v1ll cauae the ~omation 

c4 bee aul1'l.ar at tbia point. 'Jhia does no~, since the aul1'l.ar 1a 

left behind dur1D& the CC4 extraction cycles. 

'· &ltt'icient ICMDO• ahoul.d be a44ed to .ai.ntaln a ~t 

purple col.or. 

4. '.lhe solution 1a acidified md heated to ex;pel Sla1 vbich 

1118bt in~ere in the AgBr prec1p1 tation. 

5· 'lhe filter-paper disk 1a vaahed v1th etbanol md 4r1ed UDder 

the CCDdit1CI18 c4 the procedure be~are the ve1sb1Da. 

Source - R. Overstreet md L. Jacobson, B.B.B.s., Vol. 91 Book '' pp. 14" 

SeleDiua Mtal vaa tuaed on a copper c~ target 8114 bc:llbarded 

in a bell Jar v1th deutercma at the Berkeley c~. '.lhe aeleDiua 1a 

dissolved in CCDC. BR03 • '.lhe solution 1a diluted to 611, md the acid 1a 

distilled trca the solution. '!he d1at1llate1 conte1n1ng ~~ 1a collected 

in CC4 1 woich 1a then vaabed three times v1th distilled vatc-. &ltt'icient 

Cla pa 1a a44ed to the CC4 to prodllce a det1n1 te ~ov col.or 1 md the 

111xture 1a placed in direct aunllsbt ~ar at leaat l hr. At the end c4 

tbia period the CC4 ld.xture 1a extracted v1 th 1111 exceaa e1 ther o~ Ba2 Sl:s 

ar c4 Ba2~03 to give a solution o~ tracer brCIId.ne bee o~ aisPificaDt 

aounta o~ brCIId.ne carrier. 
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SOUrce - R. R. Bdvarda and B. Gest1 N.N.B.S.1 Vol.. 91 Book 3• pp J.4,a. 

In ccmnection with stl.ldies oa the chal1cal ettects associated with 

the formation ot brad.De t'rca the decay of sel.eDila38oa the behavior ot 
ot bl'CIIIine at tracer concentrations ;Yiseveral 111terest1Dg reactioas vere 

stl.ldied vbich are reported briefly here. 

Tracer bl'CIIIine solutioas were prepared b7 the neutron irradiation 

ot depssed KBrOs and the extraction of the vater solution b7 CC4 111 

tbe presence of IIN03 and IOtlO•• Abwt 60 per cent of the ~ h ~ 1s 

found 111 the CCJ.,. ~. Reextraction 111to a vater ~with~ 

slves a solution of Br- concentration of the order of lo-l.Otl, s111ce Ag + 
s1 ves no precip1 tate or centrltupble colloid. )C) A large traction 

(about 70 per cent) of the brca:Lne acti vi t7 can be extracted trca the 

CCJ.,. solution b7 vater 1 presUIII&bl7 because of the hydrol7&18 of Br2 to 

Br- and BrO-. An appreciable traction ( abQ&t 16 per cent) 1s not ex

tracted b7 water but 1s extracted b7 NaHS>s-KBr solution, as found b7 

DeVault and L1bb7./l) 'l!lis traction also reacts 111 the absence ot llsht 
with eth7lldeDe brcalde, CBsC2Br21 a reaction characteristic of brc.1.De 

atcas and not ot Br2 • 'l!lis traction 1s provisionally des1gDated as 

'tltcaic• brcalne, although atcalc brgalne 1s not expected to be present 

111 appreciable &IDOWlts even 111 these dilute solutions UD.less it is 

hi.ghl.)' stabilized b7 CC~~~Wlex formation with the solvent. In addition, a 
lllllall. traction ot the activit7 is bound b7 the pur1t1ed CC41 and a 
roushl.y equal traction 1s lost, perhaps to tbe vall; these losses a)' be 

due to ~radiation ettects. Extensive stl.ldies of the reactivit7 ot the , 
tracer are presented elsewhere. 

With tbe aid of water solutions ot the tracer extracted trca the 

CCl• solution, it vas shown that 96 to 99 per cent of the activit7 is 

collected b7 freshl7 prepared AgB:r 111 10 to 45 m1n of st1rr1Dg. Kolthott 

and O'Br1en41have shown that treshl7 precipitated AgB:r exchanges rapidly 

with Br- at ordinar7 concentrations; this experiment shows that BrO- also 

exchanges readily at coocentrat1ons below 10-10,.. 

Brcalne tracer does not exchange appreciably with 0.1311 KBrOs after 

standing tor 10 to 100 II1D at roca taqperature 1n a neutral solution, as 

shown b7 tbe CC~~~Wlete recover7 ot tbe acti vi t7 with added AgB:r precipitate. 
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P11XZWR1 lO • IODDIB 

Source - w. w. Meinke, report ABCD-,oa.., PP• 21.. Narcb1 1951 

Bl..alent separated: Iodine 

Target •terial: Te (2 l.bs.) 
Pr<a Datural radioe.cti ve Te ( t) 

11eld: (nf. 

Procedure by: a:. D. fllana 

Time tor sep •n: 3 bours 
Bquiplfmt required: Stanc1ard 

Degree ~ pur1f'1catiCD: At least 108 :rraa Te 

Procedure: 

( l) Te Mtal vas ox1di.zed by CClllC. 111m3 to Te02 which vas tuaed 

with Baal. 'lhe tuaed IB8B vas d1uolved 1n water. 

(2) 10 -s ot I- and 20 -s Br- vere aMecl aa carriers to the solution. 

Aslf03 vas aMecl slowly to excess to ppt Asi and AIJ}Jr 1 avoicU.Ds 

precip1 tation ot As2Q. 

(3) Ppt vas obtained by cen"tr1fuging the solution and then treat1Dg 

vi th l p ot ~CrA and 15 Jill. ot 11280•. 'lhe ld.z:ture vas di

gested tor 30 minutes at 95°C. 

( 4.) A stTella ot air was bubbled throusb tbe solution tor 15 minutes 

and then the solution vas cooled and treated vith CClllc. Ba2S03 

solution sl.avly until a taint odor ot ~ r~ after stand1Ds 

10 ld.nutes. 

( 5) Asi vas ppted by add1Da .Aglf03 to the ld.z:ture. 

a-rts: 

IocJine vas ld.l.ked :rraa Datural Te. 

See: Scott's Standa:rd Methode of Cbeaical ADal.181s1 pep 276. 

l'ROCBOORB ll - IODIIIB 

Source - w. w. Meinke, report ABCD-2VS, PP• l6l. Aus· 194.9 

Bl.-.nt separated: I (- 10·8 barns Cl'08a 
- section) 

'!Vget •tertal: sn (- 1 p) 

11eld: 70~ 

Type o:r bbdt: 1.84. • a and p 

Procedure by: Marquez 

Time tor sep •n: 50 111n. 

lquiplfmt required: 
100 cc distillation tlaak 
separatory tunnels 
centritup tubes 

Degree ot purification: Less than l~ Uparity 1n final I ~. 

A4vantapa: Fast. Makes possible sep •n ot a very 8lll&ll IIIDCUilt of' pure 

I :rraa large IIIDCUilts ot other acti vi. ties. 
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PilOCKDtJRI 11 (Cont 'd) 

Procedure: 

(1) Add 10 -s I- carrier and target toil to dist1ll.ation tlaak. 

(2) Add- 15 Jll. ccmc. BaSO•i (BaSO• should be col.4) to dissolve tbe &l. 

(3) Dissolve &l and distill silultaDeoQaly, collect1Dg 12 in 

0.5-1! Baal solution. 

(4) Acidity vith BaS>• until iodiDe 1mu brown and oxidize vith B1021 

(lld02 in acid solution). Blctract vith equal vol.mle em.. 
(5) 'Wash I- into llaCB solution. 

( 6) Repeat llaCB-cm. cycles as .allY times as viabed. ( 'l!u'ee cycles 

save purity listed above.) 

(7) Acidity lut llaCB solution vith BaSO• and reduce vith ~ ps. 

Blow air t1J.rousb solution to ex;pel moat ot ~. Add excess Ag+ 

and a tev drops ot ccmc. BN03 • 

(8) B•t in water bath and t1lter. 

(9) Plate and count as Agi. 

Remarks: 

Moat ot tbe loss in this procedure ccaes in tbe diat1ll.ation process. 

Ice cold BaSO used in (2) to allow assembly ot diat1ll.ation apparatus 

b~are solution ot target starts. 

802 solutions can be used to collect tbe I 2 trca the distillation. 'lhe 

solution 1s thell oxidized v1 th BR02 and 1:be Ic! extracted vent equal 

vol.mle ot em.. 'lhe I 2 vashed out ot the arpnic ~ into ~ solution 

and tbe cycle repeated. 'lhia S>2 procedure is troublescae in the experi

ments above because the solution develope • sas pressure c1ur1Ds the 

extractions. 

PROCJmJRE 12 - IODINE 

Source - w. w. Meinke, report ABCD-2738, pp. 162. Aus· 1~9 

Element separated: Iodine 

Target material: Sb (- 500 mg) 

Type ot bbdt: 60 • a particles 

Yield: ~ or higher 

Procedure by: Marques 

Time tor aep 'n: - 4o 111n. 

Bquip~~~mt required: 
100 distillation tlaaka 
sep tunnels and centrituge 

tubes 

Degree ot purification: At least a tactar ot 10• traD other activities 

present. 

Ad'VaDtasea: Fast and good separation. 
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PllOCI:D1lB 12 (Cont 'd) 

Procedure: 

(1) Add target, 10 mg I- carrier, 10·15 1111 ot saturated tartaric 

acid and 10-15 1111 ot ice cold 1110s to distillation apparatus. 

(2) Distil and collect I2 in 0.5-1 K Ileal. 

(3) Acidify vitb 11211>• until iod:1De 1alrD8 brown and oxidize vitb 

BB021 (HaR02 in acid solution). Extract vitb equal vollale CC4· 
(4) Wash I- into Ileal sol.utioo. 

(5) Repeat llaai-CC4 c~ as -.ny times as wished. ('Diree cycles 

gave purity listed above.) 

(6) Aci41ty last Ileal solution vitb B2ll>• and redalce vitb 11>2 gas. 

Blow air tbrousb solution to expel most o~ ~. Add excess As+ 

and a ~- drops ot cone. BROs• 

(7) Beat in water batb and filter. 

(8) Plate and count as Ali· 
a..rts: 

Most ot tbe loss in tbis procedure caDes in tbe distillation process. 

Ice cold BROs used in ( 1) to allow assembly o~ distillation apparatus 

b~ore solutioo o~ target starts. 

Solution o~ Sb in aqua reg1a in~eres vitb I2 extractioo. 

An I- s-:ple could be obtaiDed in 15-20 m.n by ppt1Dg the Asi directly 

f'ral the distillate ot (2). 9w radioe.ctiw purity ot the aa..ple1 how

ever, v1ll not be as b1sh as above. 
11>2 solutioo Call be used to collect the I2 f'ral the distillation. 9w 

solution 18 tbell oxidized vitb BII02 and the ~ extracted vitb equal volulle 

ot CC4· 9w I 2 wasbed out o~ tbe orpDic la7er into ~ sol.utioo and 

the C)'Cle repeated •• 

PBOCIWRI 13 - IODIIIB 

Source - w. w. Me1Dke1 report ABCD-27}8, pp. 16}. q. 19'1-9 

BleMDt separated: Iodine 

'nu'get IIIBterial: - 1 g Bi Mtal 

T;ype o~ bbdt: 1.81. • all particles 

Yield: .Approx. ~ 

Procedure b;r: Goeclre1waDn 

or.t. ~or sep •n: - 2 bra. 

Bqui~D~~Dt required: D:Lstilla-
tioo ~k, centrifuge, 
tubes 1 ice 1 1.1.()') O'Velle 

Desree ot purification: DeCODt.d.Datioo ~actor> 10• traa fissioo and 

spal.lation products. 

Adftlltages: 
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PROC&DORB 13 (eont'd) 

(1) Place target in glaas still, add 10 -s I- and 10 Ill 6! Jlll)s, 

vena to dissolve. When entirely diasolved, distill over the I2 

and a tn ml Jlll)3 into H20 in an ice bath. 

{2) Redalce I 2 vith a m1n1ppiiD ot HaBSO:s in the cold, adJust, to 0.5! 

&BO:s1 add a tn drops O.J!! llal't021 and extract I2 into an equal 

volw.e ot CC4· Blctract aqueous v1 th second port1oa em... 

Wash CC4 v1 th dilute liNO:s • 
(3) Slake CC4 vith 10 ml B~, adding BeHS03 until both P~ases 

colorless. Wash aqueous vith eC4. 

( 4) ~t extraction cycle several times. 

{5) Make last aqueous I- solution 0.!)! in BROs, heat to boillDg, 

add 2 ml O.l! AslfO:s1 digest, tilter, vash three times vith BaO, 

three times vith 5 ml C~<ll, three times vith 5 ml ether, dry 

10 llliD at U0°e. Weish as Asi {l.8.50 111 per 10 111 I). 

Remarks: Active 1odiae tamed as per1odate may not exchange v1 th tbe 

carrier by this method, although the I ~elds vere not abnormally 

lov. ReducinS coadi tioa probably prevail during dissolut1oa ot tbe 

target. 

PIIOCBOORB 14 - IODIRB 

Source - w. w. Meinke, report ABCD-2'138, pp. l61J. Aus· 191-9 

Element separated: Iodine 

'!Vget material: 'lhroi\11 metal ( .!-1 p) 

'r;ype ot bbdt: 60" a•s 

Yield: ~ 

Degree ot purltication: 108 

Procedure by: Kevtoa 

'.l'1llle tor sep •n.: 1 hr . 
Bqui;pDent required: standard 

Procedure: 'lhe 'lh metal is diasolved in coac. Bel +a tn drops .2!! 

solution (N84)aSLF8 to clear u,p black residue. 'lhe Bel is diluted 

to 2! and an aliquot taken. 

Procedure: 

{l) Add sample to 10 1111. 2 M Ba2COs(l). Add 20 111 I- in 6o ml sep 

tunnels. Add 2 ml 2.~ BaOCl ( 2 ). Beat. Acidity vith 3 1111. 

cone. BROs, add 3 ml l M BHaCII•Bel { 3) Extract v1 th 10 ml em... 

(2) Slake vith 10 Jill. B~ coaWn1ng a tn drops HaBS03 until both 

p.aaes colorless. 

(3) To water add l ml 6 ! BROs and a tn drops ot l !! NaR02• 

Extract into eC4. 
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PROOkOORi 14- (Cant I d~ 

(4.) Rspeat (2). 

(5) Md 1111 6 !. BIOs• Heat to 'boil.1Ds· Add 2 Ill 0.1 !. Asl'IOs• 

Stir md d:l&est. Filter on tared filter paper. Wash tbree 

times vi th 5 Ill H~, three times vi th 5 Ill BtCII and three times 

with 5 Ill~. Dey at uoOc ~or 10 111n. Weigh as Asi· 
Remarks: 10 mg I • 18.4-2 mg .Asi 

( 1) U B1 aDd La present add 1 Ill ~ ~ tartaric acid md 19 !! llaCB. 

(2) OXicti.ze I- to Io;. Sol.utioo aast be heated, pre~erably bollec1 

5 .:1Dute8 tor c:<:lq)lete excJumge to occur. 

(3) Reduce Io; to 12· 

'1h18 method baa been described previously (HQB. Rev. ]0 17 (194.9)). 

Prep!ratioa o~ carrier solution: Dlssolve 13 811118 KI in water COD-

te1n1 ng a trace of NaHCOs• Dilute to ooe ll ter. 

Standarcti.zatioo: Take 5 Ill carrier solution in beaker. Add 50 Ill 

~ md 1111. 6 !. BROs· Heat nearly to boWDg md add 5 Ill 0.1 ! Bg!I03 

with stirring. Dlgest 1 m:lnute. J'Uter into a sinterecl glass crucible, 

vaah three times with HaC), three times with m BtCII. Dry at Uo0C and 

weigh as Asi. 

PROCEDURB ~' - IODIRB 

Source - L. B. Glendeni.n and R. P. Metcalt, N.N.B.S., Vol. 9, Book 31 pp 1625 

1. Introduction 

A widely used method ~or direct separatioo of radioactive iodiDe 

traa the other tissioa products is the CC4 extraction of iodiDe in the 

el.antary state.42t43Bxtensive vork on the problaa o~ interchange} baa 

shown that prel.im1.na.ry steps to ettect cc.plete interchange between tracer 

iodiDe and carrier iodine are required ~are the separation by ~ ex

traction CaD be made. A satisfactory method ot achieving 121e required 

interc::bal:lge vas developed;44tt ccmsista in the oxidatioa of I- carrier to 

Io; (periodate) with NaClO in a.J'Jral1ne solutioo. 'lbis reaction baa been 

incorporated into the present procedure. A1'ter 121e interc::bal:lge reactioa 

the solutioo is acidified, the Io; is reduced to 12 vi th hydrox;ylamine 

hydrochloride (RB~.HCl), and the I 2 is extracted with CCJ.,.. 'lhe Ia 1a 

removed traa the em.. by sbak1 ng vi th water CODte1 n1 ng llaHfl>s and is theD 

purified by aaotber ex:~ extractioo cycle, in vbich RaiiOa is used ~or the 

oxidatioa of I- to I 2 and llaHfl>s is used for the reduction o~ I 2 to I-. 
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PBa:IDUiii l' (Cont 'd) 

Die iodine 1a tiDally precipitated as .Agi ~or ve1gb1nl and counti.Ds. CoG

t.1natiOD by otber fissioo activities, includi.Ds brclm.De, 1a oegl1gtble. 

Die cQII6)lete procedure, together vith a discuasiOD ot the ~t 

vork, is gf.WD belov. 

2. PreparatiOD and StaDdardizatioo ot carrier 

Dissolve 1' 1 ot reepot - grade 1CI in water coota1o1nl a tew llill1-

sraa ot lii!IIIOQ,1 and 41lute to l liter. 'l!lis solutioo cODtaiDa 10 1111 ot 

iodiDe per llillil1 ter. 

Pipet 5 ~ ot the carrier sol.utioo into a beaker 1 add about 50 al 

ot BaO and l al ot (M BJOs, and ~t oeerly to boiliDs• Add 5 al ot 
o.JM Aslf03 drop by drop vith cootinuowt stirriDs, dipat the precipi-

tate tor about llllin, and tilter quantitatively 011 a veigbed sintered-

sJ.aas crucible vith auctiOD. Waab three t1mea vith 5 al ot BaO and three 

t1mea vi th 5 al ot 95 per ceot ethanol, riDaiDs dowD the iDaide ot the 

crucible vi th -.ch portiOD ot the wash liquid. Wipe the ou.taide ot the 

crucible dry and place in an oveo at ll0°C tor 10 lliD. Cool in a desiccator 

and ve1&b as .Agi. 

,. Procedure 

.!!1!R..!• AM to the 88111Ple ot fissiOD prodalcta (CODta1o1nl oot more 

tbaD 5 1 ot uranyl D1 trate) in a 60-al. separatory tuDnel about 10 al 

ot 2M Ba~ (Rote l) and 2 al ot I- carrier. Add 1 al ot 5 per ceot 

RaClO, lll1x well (Mote: It 1a desirable to gt.ve the RaClO time to ox:l.dize 

rad1oiod1De species tully, or better to ~t), and aci~ the solut1011 by 

slowly add1Ds ' al ot CODe. BR03 • Add ' al ot lM RB~.HCl, and extract 

the I a into 10 al ot CCJ.... Discard the aqueou.e layer. 

St.ep 2. Slake the CCJ... layer vi th 10 al ot BaO coota1 o1 "I a tew 
drape ot lM BaH~ uotil both pbases are colorless, and discard the CC4· 
~· AM l al ot 6M ~ and a tew drops ot lM Me.M02 , extract 

the I 2 into 10 al ot ~, and discard the aqueou.s layer. 

step 4. Repeat step 2. 

~· Add l al ot 6M HMOs, and heat Dearly to boiliDs (Note 2). 

Add 2 al of O.lM AsN03 drop by drop vith st1rr1Dg, and d11est the preci

pitate of .Agi tor a few secooda by geotle boiliDs and brisk stirr1Dg 

(Note }). Filter with auctioo ooto a veigbed filter-paper disk (Mote 4) 

in a 8lllall. Hirsch twmel; vaab tbree tilDes vi th 5 al ot Ha() and three 

times vith 5 1111. ot etbaDol. Dry at ll0°C tor 10 lllin, veigh as Asi, and 

IIIOWlt. 

!!2!!.!.• 1. Uranyl Ditrate hexahydrate (either as the solid or 1D 
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P1lOCEDOBI 15 (Cont 'd) 

solution) is reac11ly soluble in Na~ solution by the fOl'lll8tiOD ot the 

carbooate CCI!q)lex. It there is 1111ch tree acid in tbe uranyl nitrate, 

the add1 tion ot 1IICil"e Na~ and gentle heating -.y be required to ettect 

caaplete solution. 

2. 'lhe solution is aciditied and heated to expel S02 vhich lld.ght 

interfere in the .Agi precipitation. 

3. Silver iodide tends to form both a lld.lk;y euepeneion and large 

clulape ot precipitate. 'lhe digestion procedure ·aide in coagulating tbe 

suspension and also in breaking u,p the large particles ot precipitate. 

4. 'lhe filter-paper disk is washed vith etbanol and dried under the 

condi tiona ot the procedure before tbe veigbing. 

4. Dlscussion 

Previous methods ot deter1111ning tission-iodine activities, involving 
2 -the use of carriers in the torm ot I and employing oxidation-reduction 

reactions in acid solution to obtain I 2 tor separation by extraction, have 

been shown to give low and erratic yielde~evidently owing to incaaplete 

interchange between the radioiodine and the carriera. 'lhe interchange testa 

on previous methods ot iodine separation consisted in preparing a stock 

solution of 77 h Te, determining the 2.4 h I daughter acti~ty at equili

brium by counting an aliquot of the stock solution through sutticient 

aluminum to absorb the softer fS radiation of the 77 h 'l'e, cmd caaparing 

this acti v1 ty vi th the 2.4 h I acti v1 ty obtained by various methods of 

iodine separation. In these tests it vas found that the earlier methode 

did not ettect ei tber caaplete or reproducible interchange between radio

active iodine and carrier iodine. For exampl.e, tbe procedure involving 

the addition of iodine carrier as Io; and reduction to I- vith NeHSOs in 

dilute acid solution vas found to give incaaplete separations ot 2.4 h I 

trail tbe stock solution, varying trail 65 to 95 per cent. Fran these inter

change testa it vas evident that the usual methods ot iodine separation 

do not give a caaplete removal of radioiodine trail tission mater1al.44,46 

Work on the developaent of a procedure that vould ettect a fast and 

caaplete interchange ot radioiodine vi th carrier iodine vas carried out, 

and a satisfactory method vas found in the oxidation ot I- to Io; by 

NcCl.O in an alkaline solution. '!his reaction vas shown to give caaplete 

and rapid interchang~ by the 2 .4 h I tracer testa mentioned above and 

baa been incorporated in the procedure described in this paper. 'lhe 

difticul ty of working in an aJ kal 1 ne solution in tbe presence of oo:+ 
baa been circumvented by use ot the carbonate caaplex to prevent precipi

tation ot uranium. 

33 

Copyright © National Academy of Sciences. All rights reserved.

The Radiochemistry of Fluorine, Chlorine, Bromine and Iodine
http://www.nap.edu/catalog.php?record_id=20241

http://www.nap.edu/catalog.php?record_id=20241


PROCKDURB 15 (Cont'd) 

Separate t.racer tests with various fission activities have not been 

made 1 but the procedure bas been used in a great deal of work on short-

lived iodine activ1ties,47 with no evidence of cootai!Dation by other 

fission activ1ties, including the most probable coot.am1nant1 brCIIIine. TWo 

separations f'raD brcmine are afforded in the procedure: one eeparation is 

g1 ven by the redalction to Br- with bydroxylalli.ne while I 2 18 bein8 extract

ed, and the other separation is given by the extraction of I2 after oxidation 

with mro2 (this does not oxidize Br-). Moreover, the longest-lived brCIIIine 

activ1ty in fission with a signiticant yield is 2.4 h Br83; hence br<Dine 

activ1ty is not present in fission-product solutions tbat are more than a 

day old. 

'lhe iodine procedure can be adapted readily to a tandem method de

termiDing iodine and brCIIIine. In this case Br- carrier is also added in 

step 1 (see Sec. 3), oxidized to ~by the NaClO, and reduced to Br-

by the hydroxylamine. 'Jhe I 2 is then ext.racted with CCJ.,., and the Br-

in the aqueous la;yer is oxidized to Br2 vi th KMnO• and is extracted into 

CCJ.,.. 'Jhe brCIIIine can then be purified, as in the case of iodine (steps 

2 and 4)1 by another CC4 ext.raction cycle, 1n which KMnO• is used in 

dil. J1N0s for the oxidation of Br- to Br2 and hydroxylamine is used for 

the reduction of Br2 to Br-. 'lbe brCIIIine is precipitated as .AgBr far 

weigbing and count1nf!,if1.49 as in the case of iodine (step 5). 'Jhe separa

tion :trom iodine should be excellent, since KMnO• oxidizes I- to Ie>; and 

thus prevents its extraction vi th Br2 and since hydroxylamine reduces 

Ie>; to I2 and prevents its extraction vi th Br-. 

PROCEroRE 16 - IODINE 

Source - Katcof'f1 Dillard, Finston, Finkle, Seiler and Slgarman1 N.N.E.S., 

Vol. 91 Book 3, pp 1635 

1. Introduction 

'Jhe procedure presented in this paper vas developed to separate 

iodine formed in the fission of uranium metal. Complete exchange of the 

radioiodine with carrier I- is expected, since the iodine activity formed 

in uranium metal is in a highl.y reducin8 medium and therefore is almost 

certainly present as I- ion, which should exchange rapidly with I- carrier 

dur1D8 solution of the metal in l2 M HCl. After the uranium metal is 
- ++ -completely dissolved, U(IV) and I are oxidized to 002 and I03 with an 

excess of KMnO... 'Jhe IOi is then reduced to I2 with NH~·HCl and is re-
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PROCIDORB 16 (Cont'd) 

moved f'rca the other fission elements by distillation into a llaCB solu

t1on. 'lhe distillate i., acidified, and I 2 is removed by extraction with 

eel.&. 'lhe I2 is removed f'rca the CC4 by sbeld ng with aqueous RaBS>s and 

1e then pa-1f1ed by two more CC!.& extractions, in wb1ch MaROa 1e used ~or 

the ox:l.dation o~ I- to I2 and RaBSOs is used tor the reduction ot ~ to 

I-. 'lhe iodlne 1e finally precipitated as Pdia tor ve1sblns and counting. 

2. Procedure 

Step 1. Traneter a su1 table S~~~~~~le ot 1rrad1ated uranium metal to 

a dist1111ng tlaak that contains 2 1111. ot II (I- concentration ot 10 1118/ml) 
carrier. Add 60 1111. o-r cone. HCl to dissolve the metal. To the 8lll&ll 

reel due of carbide and oxide that raaaiDs 1 add 40 Ill ot lM NaR02 to cca

plete the solution (Note l). 'lhe ex1 t tube ot the 41still1Ds tlaak is 

extended into 20 1111. ot 6N NaCII solution, and a slow st.Teaa ot a1r 1e 

passed coat1nu0118ly tbroush the solution dur1.Ds this step (Note 2). 

~. Add the NaOH traD the trap to the solution in the dist1 111 ng 

tlask1 and stir the solution. Refill the trap with 20 1111. ot f'resh 6N NaCil. 

Add an excess o-r aat. I<Mn04 to the solution to oxidize U(IV) and I- to 

oo:+ and Ie>;. Add l.5M RHz(II•HCl slowly until the solution beccaes 

l.ight yellow 1 and then add 20 1111. more. Heat the solution to distill the 

I2 into tbe NaCil solution. 

~· AciclU;y the distillate, and extract the I 2 with 10 ·1111. o~ 

CCl4 • Discard the aqueous la,er. 

~. aw.ke the eel.& la,er with 10 1111. ot Jla() coat.a1 n1 ng a tev 

drops ot l M NaHSOs until both phases are colorless, and discard the 

CC4 la,er. 

~· Add 11111. ot 6N HNOs and a tev drops ot lK BaNOa, extract 

tbe Ia into 10 1111. o-r CCl-&1 and discard the aqueous ~. 

~· ~tsteplt.. 

~· Heat the aqueoue ~and add slowly 2 1111. ot Pd(N03 )a 

(10 1118/ml) to precipitate Pdi2 • Filter with auction on a veis)led filter

paper disk in a 8lll8l.l Hirsch tunnel, and wash three times with 5 1111. ot 

Hz() and three times with 5 1111. ot ethanol. Dry at ll0°C ~or 10 111n, ve18b 
as Pdia1 and mount. 

~· l. tl1der these conditione the MaNOa does not liberate ~. 

2. Any vapors o-r I2 or HI that -.;y ccae over are causbt in the NaCII 

solution. 

Copyright © National Academy of Sciences. All rights reserved.

The Radiochemistry of Fluorine, Chlorine, Bromine and Iodine
http://www.nap.edu/catalog.php?record_id=20241

http://www.nap.edu/catalog.php?record_id=20241


PkOOBDORI 16 (Cont 'd) 

}. DlscuasiCD 

Previous Mthode o~ detenl:ln1ng fisa1CD-iod1ne activities have been 

shown to give low and erratic yields, evidently because ot incaaplete 

interchange between the tracer iodine and the carrler iod1nef0,51 'lbe 

procedure described above vas observed to g1 ve a taet and apparently 

caaplete intercbange in the determinatiCD ot the t1ssiCD yielJZ ot 6.7 h 

I. 'lbe method 1e dependent, however, CD the use ot irradiated uranium 

Mtal dissolved in HCl and HaN02 to provide caaplete intercbange; it 

* cannot be used CD other t1saion-product sources. 'lbe probl• ot C!Clq)lete 

intercbange 1e avoided in this case 1 since the active iodine 1e in a re

ducing medium and is probably present as I- iCD1 vbich exchanges rapidly 

with I- carrier. 

Contamination by other fission acti v1 ties, including bromine 1 1e 

negllgible. SeparatiCD t'raD bromine is afforded in the procedure by re

duction with Nll:aOII•HCl to Br- while the I2 is being extracted, and by 

the extractiCD o~ I2 atter ox1dat1CD with HaN021 vbich does not oxidize 

Br-. 'lbe ch.tcal yield ~or the procedure is approximately 6o per cent. 

PROCEOORE 17 - IODINE 

Source - R. OVerstreet and L. Jacobson, N.N.E.S. 1 Vol. 91 Book } 1 pp 16}8 

Tellurium metal 1a f'Ueed on a copper target and is bCIIIbarded w1 th 

deuterons in a bell Jar 1n the cyclotrCD. 'lbe tellurium 1a dissolved 1n 

6N HN03 and the solution is distilled. 'lbe distillate, cCDtaining the 

radioactive 1}.0 d I 128 I 25 m I 128, 12.6 h I 130 I and a.o d I 131, 1a 

collected in CCJ.... 1 which is then washed three times vi th distilled water. 

&1ttic1ent Cl2 gas is added to the CCl• to produce a definite yellow 

color, and the mixture 1e placed 1n direct sunlight ~or at least l hr. 

At the end of this period the em. mixture is extracted with an excess 

ot either Na2S03 or Na2Sa03 to g1 ve a solutiCD ot tracer iodine tree ot 
significant amounts ot 1nact1 ve iodine carrier. 

* A procedure developed (Glenden1n1 Metcalt1 Novey1 and Coryell, N.N.E.s., 

Vol. 91 Book } 1 pp 1629) ~or use with irradiated uranyl nitrate is pre

sented 1n N.N.E.s., Vol. 91 Book } 1 pp 1625 by Glendenin and Metcalt 

(Procedure 15). 
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PROCBilJRB 18 - IODIRB 

Solu'ce - D. S. Ballantine, R.H.B.S. 1 Vol.. 91 Book 31 pp 1639 

Stable tellurium 1s irradiated vi th pile DelltroDa to produ.ce 25m 

Te131 and 30 h Te131Jil by the (n17) reaction; the radioactive tell.ur1um 

then de~ to 8 d 1131• After a suitable de~ period the radioactive 

1od1ne is oxidized to IO:i c1ur1ng the solution ot the irradiated telluri

UIIl sa~qple 1n a 1ll1xture ot l.8B ~so. and 50 per cent eros 1n a 2 to 1 

proportion. 'lhe 1131 act1v1ty1 atter the reda.lction ot IO:i to 12 by the 

addi.tion ot oxalic ac1d1 1s separated trom the tellurium by distillation 

into a trap containing dil. RaOB. 'lhe general t•tu.res ot this method 

were suggested by I. L. Olaikott. 

An alternative source ot 1131 1s the BROs condensate from the dis

•ol.ution ot neutron-act! vated uranium metal. 'lhe reda.lction ot the iodine 

1n the BlfOs sol.ution is not practical because the HO evolved carries with 

it Jlllch ot the iodine. 'lhe iodine is separated from BROs by oxidizing 

all the active iodine to IO:i, 1n which state it is not volatile, andre

IIOVing the BROs by distillation. 'lhe oxidation is pertormed 1n a mix

ture ot l.8B H2SO• and 50 per cent CrOs 1n a 2 to 1 proportion. 'lhe IO:i 

is then reda.lced to I 2 vi th oxalic acid and is raDOved from the other 

fission elements by distillation. 

2. Separation ot 1131 trom Tellurium 

After the irradiation ot elementary tellur11D 1n the pUe and a 

sui table delay (to allow the 30 h 'l'e131Jil to de~ to I 131 ) 1 the sa~qple 

is placed 1n a distillation tlask equipped with a retlux condenser. To 

this are added 18M H2SO• and 50 per cent CrOs 1n a 2 to 1 proportion, 

and the mixture is digested on a steam bath tar 1 hr. (A 15-s s8111,Ple 

requires about 100 ml ot H2SO• and about 50 ml ot CrOs sol.ution.) In 

this step the tellurium is dissolved and the radioactive iodine is oxi

dized to IOs-. After the solution has been allowed to cool. to room 

temperature, about 50 to 60 g ot oxalic acid and 50 to 75 ml ot 18N 

H~• are added. A reaction starts slowly, but soon there 1s trothing, 

and the reaction becaaes vi.gorous tar a minute ar 110re. It sufficient 

oxalic acid has been added, the solution will turn trom a dark-brown 

color to a dark-sreen col.ar as the chromate is reda.lced to chrom1c ion. 

It the sol.ution is not definitely green, 110re oxalic acid should be 

added. 

When the reda.lction is complete 1 the actual distillation ot the 

iodine 1s begun. 'lhe apparatus consists ot the ar1g1nal tlask used 1n 
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PB<X!KWltl 18 (Cont 'd) 

the dissol.viDg step, a condenaer, a receivi.Ds vessel, and a trap coo

ta1n1ng cUl. BaCII. Any vapor tbat fails to condense in the condenser 

is bubbled tbroush the BaCII trap so tbat noae of the iodine can escape. 

'Dle progress of distillation can be observed by placing a direct

reading radiation meter under the receivi.Ds vessel and observi.Ds the in

crease in radiation intensity as tbe iodine is distilled. About 6o per 

cent of the total activity can be obtained in tbe first 15 or 20 ml of 

the distillate. 'lhis first distillate is approximately 0.01 M in H,280•1 

as measured by titratioo with standardized NaOB, and less than 0.001 R 

in reda.lcing agents 1 as detend.ned by ti trati011 wi tb standardized perm&Dp

nate sol.ution. 'Dle sol.id -terials usually total about 2 to } lllg1 and 

tbe radiochsd.cal pur1 ty exceeds 99 per cent. 

Further distillati011 will yield 25 to }0 per cent 110re of tbe total 

iodine 1 but tbis is obtained slowly and in a volume of 100 to 200 ml.. 

'lhis can be coocentrated, however, by making tbe distillate basic witb 

BaCII and h•ting to deyness, tben acidifying witb H,280• and oxalic acid 

and redistilling. 'lhe yield on tbis second distillation runs about 90 

per cent in a volume of about 20 ml.. 'lhis distillate is about 0.05H to 

O.lR in 112fl>• but is s1llilar to the first distillate in tbat it is about 

o.oolR in reducing agents and contains only a few lllilligrams of sol.id 

-terial. 
To date 1 tbe largest amount of tellurium tbat has been used is a 

50-g ~le. 'lhis 50-g ~le at saturation, followed by 2 days of 

decay, yielded 75 1111ll1curies in the first distillate and about }0 1111ll1-

curies in tbe second distillate. By correcti.Dg for decay it was found 

tbat, at tbe time tbe telluriWD was removed fraD the pile, tbe total 

* iodine produced amounted to about 125 lllill1curies. 

}. Recovery of I 131 f'rclll liMOs Solution 

When neutron-activated uraniWD metal is dissol.ved in hot cone. JIR03 

and the fuiDes are e011densed1 tbe solution, about lOB in HN03 is found 

to contain an appreciable fract1011 of tbe fissioo-iodine activity to

gether wi tb traces of iron and cbrCIIIium from the stainless-steel equip

ment. Reducti011 of tbe iodine to tbe elSDentary state and extraction with 

* Ed1 tors • Rote: Independent stu~ of the same type of procedure is re-
ported in detail by A. w. Kenny and w. T. Spragg (J. Olem. Soc., 194-9: 8}23). 
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PROC&UUBB 18 (Cont'd) 

CC4 is not practical. Far easy bandJ.1ns1 tbe liMOs is distilled ott while 

the iodine is maintained in the iodate state. 

'!he liMOs condensate is placed in a dist1111 ng fiask equipped vi th a 

condenser and a receiving vessel.. One-to-oa.e H~• and 50 per cent Cr0:3 

are added in 2 to 1 proportion until the cbaraceristic dark ~te 

colar is obtained. '!he mixture is then distilled to remove all the RHOs 

until wbi te f'IDDes ot HaSO• appear. '!he solution is then cooled, and 

about 10 g ot oxalic acid and about 25 ml ot l.8B H~• are added to re4uce 

all the Cl'0:3• 'lhis lll1xture is distilled in the manner described above. 

About 8o per cent ot the total activity is thus obtained in a volume ot 

25 ml. 'lhis distillate is about 0.05N to O.llf in H~• and less than o.oollf 

in reducing agents, and it contains only a tew m:1ll.1grams ot solid -terial. 
'!he radiochaaical. purity is 110re than 99 per cent. 
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