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Abstract  

A suspected non-elemental form of iodine w a s  separated from a 
sample of elemental  iod ine  by f r a c t i o n a l  sublimation under vacuum 
and w a s  i d e n t i f i e d  as methyl iodide by mass spectrometr ic  ana lys i s .  
An upper l i m i t  of 0.08% w a s  set on t h e  amount of methyl iodide i n  
t h e  elemental  iodine source. The poss ib l e  presence of hydrogen 
iodide and t r a c e  amounts of e t h y l  iodide w a s  indicated.  This method 
might be adapted p r o f i t a b l y  t o  t h e  study of t h e  chemical forms of 
f iss ion-product  iodine t h a t  might be acc iden ta l ly  re leased from 
nuclear  f a c i l i t i e s .  

NOTICE 
I 

\ Th i s  document contains information of a preliminary nature and was prepared 
primarily for internal use at the Oak Ridge National Laboratory. It i s  subject 
t o  revision or correction and therefore does not represent a final report. The 
information i s  not t o  be abstracted, reprinted or otherwise given public dis- 
semination without the approval of the ORNL patent branch, Legal and Infor- 
mation Control Department. 
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contractor of the Commission, or employee of such contractor, to the extent  that  such employee 

or controctor of t he  Commission, or employee of such contractor prepares, disseminates, or 

provides access to, any information pursuant t o  h is  employment or contract w i t h  the Commission, 

or h i s  employment w i th  such contractor. 



Introduct  ion 

Hazards involved i n  relecxes of' f i s s i o n  products into man's environment 

a r e  of suchconcern t h a t  a g rea t  deal of e f f o r t  i s  being expended t o  

charac te r ize  the  behavior of air-borne f i s s i o n  products and t o  8,ssur-e t h a t  

they  remain saPely contained. IocJine i s  t h e  f iss ion-product  5lement t h a t  

causes t h e  g r e a t e s t  concern because of' i t s  v o l a t f l i t y  and i-ts biological 

e f f e c t s ,  The chemical and phys ica l  beliavior ol" f iss ion-product  iodine has 

been round t o  be very A cont r ibu t ing  f a c t o r  kn trapping and 

r e t e n t i o n  problems i s  t h a t  d i f f e r e n t  c'nemieal forms of iodine e x i s t  under 

the condi t ions of i t s  accidental  re lease ,  and SOjraF of 5hbebc4 &re aot e r f e c t i v e l y  

re ta ined  by conventional tra-ppilzg dcvices j -c f .  

t h e  element (I } usually arc present  i n  expertmental rad io iodine  source:; only 

F o n s  of iodi i te  o the r  than 

2 
in extremely l o w  q u a n t i t i e s  2nd t h e i r  i den t i f i ea t  ion 1s ofteii d i f f i c u l t  8, 9 

This repor t  descr ibes  an experiment i n  which a suspected non-elemental i 'o rm 

of iodine was separated from a sample of e l m e n t a l  iodine :,rid was iden t i f i ed  

a s  methyl iodide (CH I> 

ExixrLmentaZ 

3 

Sources containing 50 t o  2Oi? mill igrams or" stable iodine :yrit;b 2 to 10 

13 1 LO 
m i l l i c u r i e s  of I were used i n  iodine sorp t ion  s tud ie s  .. Personnel of 

the Isotopes Division, OWL, prepared t h i s  material. by prccip:tat,fon of 

palladium iodide from aqueous so lu t ion  Yo1 Lowed. by thermal decomposition of 

t h e  dr ied,  s o l i d  palladium iod-I.de under wmmn, Tile iodine evolved was 

trapped i n  a source tube cooled by l t q u i d  ni t rogen.  An untrapped mechanical 

pump provided the va@imn which w a s  presumed to be i n  the range of' 20 to 100 

microns Hg. 

cock on t h e  tube eontrzjning the condeiised iod ine  was closed, aad this tube> 

Upon completion of' -the palladiw iodide decornpositlon, t h e  stop- 
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under vacuu111 at, l i q u i d - n i t r o g m  -Lemp?r:~t.t;ur.e, w a s  removed, t ranspor ted  to 

ano%her area, and installed i n  %he f r a e t i o r a l  sub l fmnt  i m  apparatus  shown i n  

F i g .  1. The system was enm.m%ed do a pressure  of 5 t o  1-5 mic:ror:s H g  using 

a mechanical vaeuun pump, A smell charcod. t r a p  located between the p u p  and 

t h e  fractionation system inh ib i t ed  back f l o v  of" 2 m p  o i l  vapor:; and 

prevented r e s i d u a l  iod ine  vapors f rum @ontami.na+,iug the punip This  charcoal 

t r a p  was degassed by strong heating under vacmm bef'are beginnirig t h e  

f r a c t i o n a t i o n .  

Fractions wcre collected bg; holding L%_a s r l g i n a l  iodine murce  at a 

f ixed  low GernperaLure a n d  trappirig any residilal vapor i n  a c lean  evacuated 

tu.be which was cooled with l i q u i d  n-e.i;rogen, During trtmofer tr,e 'krstcum pump 

was valved out of" +,he system, a recej.vlng tube w8.s ope:ned, and -!;he source 

was open.ed for 3 mil lu t e s  and then clctsedo ..After t h ~ e ~  addi t i .onal  minutes 

the receiving contaAner 'was closed off,  t h e  sys.?iem. was pumped down, and a 

fresh r e e e i v h g  tube  was cooled. w i t h  1.S quid nitrogen.,, I i ' r a e t i o ~ s  of" v o l a t i l e  

matertal  were separated at, source temp~~ra, tures  -@, -66, -5a2  -40, -<r9 
and .+ID C by repeating these procedures Tempere%u.res were nain"e;ained by 

using a dry i e e - t r i c h r o r o e t h y l ~ n e  bath i n  sj,ic?n ,?.nother t,xbe9 i,lj.xt held t h e  

iodine source and was equipped w a small hexking co?ll, was i.mqei*sed. In. 

later work a thernoelec t r ie  cooler has been used m r e  conveniently to obtain 

bath temperatures between -78 and +23"C. 

source co l l ec t ed  i n  each f r ac t ion .  w a s  determiried by counting .'?;he 

a c t i ~ r i t y  w i t h  a gama-scinCiZlati.on de t ec to r  and associated equipment I Each 

f r a c t i o n  was t h e n  analyzed mass spectrom.etricelly-, The material was xt room 

temperature when it was h t roduced  into the mass spectnmetxr. 

0 

The percentage of t m  o r i g i n a l  

131, 



Re s u l t  s --____ 

The r e l a t i v e  i n t e n s i t i e s  of t h e  mass peaks observed i.n t h e  var ious 

f r s c t i o n s  and i n  methyl iodide and hydrogen iodide s tandards a r e  shown i n  

Table 1. Also shown a r e  t h e  sublimation temperatures,  t h e  percentages of 

t h e  t o t a l  iodine co l l ec t ed  i n  each fract i .on,  and t h e  l i k e l y  spec ies  causing 

the  var ious mass peaks, where deduction i s  s t ra ightforward.  All i n t e n s i t i e s  

have been normalized t o  a value of 10 f o r  mass 127; in tens i t i . es  not shown 

were t o o  low t o  be measured a t  t he  pressures  used. The stand.ards were taken 

from methyl iodide,  "Superior 

Coleman, and Bellyand from anhydrous hydrogen iodide (98% minim-an p u r i t y )  

purchased from t h e  Matheson Company. In  f r a c t i o n s  E, F, and Residue, s o l i d  

iodine remained on .the w a l l s  of t h e  sample tube during i n j e c t i o n  i n t o  t h e  

(b .p. 41-43OC) ", purchased from Matheson, 

mass spectrometer and o d y  t h e  vapor over t h e  s o l i d  w a s  analyzed. Hence, 

i n  f r a c t i o n  E tine r e l a t i v e  in'censity of  t h e  methyl iodide component l i s t e d  

i n  Table 1 i s  probably too  high s ince  the vapor would be enriched i n  t h i s  

vola1;ile material.. Frac t ion  F and t h e  res idue  f r a c t i o n  can be considered t o  

be 1 standards s ince  no o the r  mass components were s i g n i f i c a n t l y  p re sen t .  

The hydrogen iodide stendard appeared t o  have undergone some decomposition 

2 

t o  I*. 

In  a l l  samples t h e  prominerit mass peaks can 'oe accounted f o r  by iodine,  

methyl iodide,  o r  hydrogen iodide.  

( C  H I),  bu t  t h e  i n t e n s i t y  of thls peak w a s  very low and a c l e a r  m a s s  p a t t e r n  

WAS not obtained. The presence of masses 7'7 amd 78, which could be doubly 

charged species  of e t h y l  iodide fragments, a l s o  suggest i t s  presence.  The 

presence of masses 79, 81, 85, 91, 92, 96 and 157 i s  no'i readt l j r  explainable  

i n  terms of iodine compounds. It i s  i n t e r e s t i n g  t o  note  that masses '9'7, 81, 

Mass 1-56 i s  suggesLive of ethyl- iodide 

2 5  
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9L1  and 156 a r e  s i g n i f i c a n t l y  more in tense  tb.Lm adjacent  masses -in f r a c t i o n  

D, e s p e c i a l l y  when compared t o  t h e  o ther  fractions. The masses t h a t  appear 

at low i n t e n s i t i e s  and t h a t  dc not c lear ly-  represent  iod.ine eonpounds could 

b e  due t o  hydrocu-rbon vapors from t h e  decomposition of vacuum pump o i l .  

l a r g e s t  methyl iodide peak (C%I''-) beeme l e s s  prminent  as :;u.blimation 

temperatures were increased and disappeared altogei.,her in bozh sample F' and 

t h e  unsublirned residue.  The r e l a t i v e  height  of the kfdrogen iodide mass 

peak (1283, however, varied i r regv. lar ly  with the Fract ions co l lec ted .  

Conelus ions 

The 

.) 

Ir, comparing t h e  peak heigh-bs of masses associa,ted wltli niethyl iodide 

i n  t h e  unknowns wi th  those  i n  t h e  methyl iodide standard, it i s  apparent 

t h a t  f r a c t i o n  A i s  e s s e n t i a l l y  a1.l methyl fodide.  9%: prelim.i.riar-y nature  

of t h i s  work precluded c a l i b r a t i o n  of t h e  mass spectrometer f o r  quan t i t a t ive  

response t o  t h e  spec ies  of iodine introduced. Benee, quantitatfve 

determination of t h e  ?mounts of iodine, hydrogen iodide, and methyl iodide 

i n  mixkures was not possfb le .  We c m ,  however, a r r i v e  a t  ,zn ~ ? p p e r  l i m i t  of 

0.077% methyl iodide i n  t h e  o r i g i n a l  sample by tak ing  the  sum of the  m-raunt:; 

of iodine i n  f r a c t i o n s  A, B, C, and D and ass-ming a l l  t h i s  rmter ia l  i s  

methyl iodide.  

of iodine with t r a c e s  of organic  mater ia l s  d u r i n g  prepara t ion  of t h e  source., 

This methyl iodide is presumed. to ~ ~ - i g b . ~ l t e  from t h e  r eac t ion  

The d a t a  presented here  do not germit zssessment of the pamount of 

hydrogen iodide p re sen t .  This i s  due tt, several factors wh-ich include (1) 

t h e  low r e l a t i v e  in t ens i cy  oi' t he  mass 128 peak (E) i n  all f r ac t ions ,  (2) 

the irreg&r v a r i a t i o n  in mass 129 i n t e n s i t i e s  i n  the f r a c t i o n s  co l lec ted  nt 

t h e  var ious  sublimation temperatures (one would expec t  t h a t  hydrogen iodide,  

having a higher  vapor pressure than methyl iodide a t  a gjven tempero.ture, 
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would tend to accumulate i n  t h e  lowest temperature f r a c t i o n s ,  bu t  t h i s  was 

not  observed), and (3) t h e  decomposition, t h a t  w a s  v i s u a l l y  apparent, of t h e  

hydrogen iodide  standard.  One might conclude t h a t  hydrogen iodide may be  

present ,  a,lbei-t i n  very l o w  quan t i t i e s ,  wherever f r e e  iodine and a source of 

hydrogen,such as water, e x i s t s .  

follow t h e  v o l a t i l i t y  of hydrogen iodide nor  t h e  r e l a t i v e  concentra,tion of 

f r e e  iodine,  i t s  presence i n  low abundances might be an a r t i f a c t  contr ibuted 

t o  by .the ion iza t ion  process wi th in  t h e  mass spectrometer.  Fragmentation of 

methyl iodide o r  combination of iodine ions wi th  hydrogen from some o the r  

source migh-t g ive  r i s e  t o  “Le t r a c e s  of m a s s  128 appearing i n  a l l  t h e  samples 

analyzed. These da t a  suggest t h e  presence of e t h y l  iodide i n  t h e  o r i g i n a l  

sample t o  t h e  ex ten t  of less  than  1% of t h a t  observed f o r  methyl iodide.  

Since m a s s  128 i n t e n s i t y  pa t . te rn  d id  not 

The techniques discussed here permit ted i d e n t i f i c a t i o n  of methyl iodide 

which w a s  p resent  i n  iodine t o  a maxiilium exten t  of 0.08% and indica ted  t h e  

poss ib l e  presence of t r a c e  amounts of e t h y l  iodide.  The s e n s i t i v i t y  of t h i s  

method ind ica t e s  t h a t  it might be p r o f i t a b l y  adapted t o  t h e  study of t h e  

var ious chemical. forms of f ission-product iodine t h a t  might be acc iden ta l ly  

re leased  from :miclear f a c i l i t i e s  of a l l  types.  It i s  very  l i k e l y  t h a t  

knowledge gained i n  more extensive use of t h e s e  techiitques could lead t o  

impyovernents i n  s e n s i t i v i t y  and t o  an increase  i n  t h e  infonna-tI.on t h a t  can 

be obtained from such mass-spectrometric da t a .  
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Table 1. Relative Intensities of Masses Observed in Staadards arid i n  the 
Iodine Fraet iona t  iol: Experiments 

Standards 
F Residue C I HI 53 Frac t ion  A B c 1) E 

Percentage of 

-- - _ I  -- 
Sub1imai;ion Tem-p.'C -78 -7 +lo 

Tota l  Iodine 0 . 0 ~ 5  z.017 0.005" 0.079 3 e ~ 2  91.2 5.41 

- Mass Likely Species 

0.40 0.64 0.79 0.98 0.53 0.38 1.1 0.63 
0.26 

81 
85 

0.49 0.25 0.Q 1,7 0.01 
0 17 

91- 
92 O.LI 2.0 0.96 o.01 
96 0.01 

12'7 { I , I2 
128 HI+ 0.98 1.3 2.9 p o i  0.83 e s i o  0~99 0.62 4.1 

139 C 1 4  0.38 0.85 1.1 1.1 0.02 1-3 

10.0 10.0 L0.Q 10,O 10.0 10.0 10.0 10.0 10.0 -k ++ - 

140 CHI', 0.80 0.64 0.86 0.8 0.01 

142 CH3T 26.L 18.1 lge2 13.8 0.23 
14s @H$+ 2.9 2*:5 2.5 2-2 (3.03 

0.35 0.16 0.~1 0.07 155 c2~41+ 
156 62H T 0.04 0.03 0,32 0.01 

0.20 0.11 0.11 0.03 157 

-t 

5- 

1.0 
3.6 
2 6 6  

* The small amount of iodine col lec ted  at -58'C can be at t r ibuted t o  the fact 
t h a t  some of the volatile material.. m s  inadvertently pumped. off. 
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Fig. 1. Iad ine  Fractiocal Sublimation Apparatus. 
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