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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. a :
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(l) umhe repnrtea in this paper was performed under the Buspices of the
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A%émic Energy Cammission.

Gordon Hughea2 and harren M‘ Garrison
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- ‘;;'i Grucker Laboratory, Lawrence Radiatioﬁ LabOratory
Fy ¢7 ot University of California, Berkeley, Californla

;;Q. . ‘f f'th'f'v " December, 1959 .

»T; In an earlier communicatian3 ‘We ﬂescribed some: prellmznary observations

4

(3) G Hughe# and W, M. Garrison, Abstracts, Am. Ghem. Soc. Paper No. 90
(133rd-mbeting, San Francéisco, Californla, April 1958 Divislon of
Physisal and Inbrganlc Chemistry). R

reléted bo'the uae of IGN as a soavenger of labile. intermediates formed in the

radiolysis bf organic,liquids. Of par%icular interest was the finding' that- I

Com e T e L

;is awmaja;_p&bddct of radmatxon-induoed reactions between ICN and the 1ower

.

ialcohola.. In the present note we. consider the meohanism of 12 production in the

*

‘~frIbN-mgthanoi'kystem. Brief reference is given to cqmparative data obtalned

R i
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o wi%h atber organlc salvents., - ,‘“_‘_ ’f:.’ “ .
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The IGH waé prepared by addition of 12 to ‘an aqueous solution of ICN {in

«excéss).i-‘Final purlfication wa's. accomplished by sublimatien under nitrogen.

-
S

:.j(h) nganic Sznthesis, Vol. 32, John Wiley'and Sons, New Iérk, 1952, p. 29.

o

The colorless crystalline prcduct contained less thdn 10™ =3 mole*percent 12

Labelled compounds uere preparad by direct exchangg of ICN with NaIl3;

'Naclhn. Methanal (Baker analyzed reagent) was redistzlled over 2 h-dlnitro-

phenylhydrazinm and chromotopic ac1d. Cyclohexane (Phillips pure grade) wasg

redistilled and twice recrystallized. All other chamlcals ware reagent grade

)



e UCRL-9056

and were used without furﬁhe% purification. ' :;

ifradiations were made with y-rays from a‘1500-curie'cobalt'source.b

(5) Vs aré indebted to the Bio~organlc Chemistry Group of the Lawrence Radla~
tion Labaratory for the irradiation facility.

Dosages. were calculateo from calibrations made with the Fricke dosimeter

‘G(Fe+3)=15 5 6,7 Energy absorption in the various solunlons was assumed

(6) C;'J. Hochanadel and -J. A, Ghormley, J. Chem. Fhys. 21, 830 (1953).
(7) R. M, Lazo, H. A. Dewhurst and M. Burton, J. Chems. Phys. 22, 1370 (195L).

bropOr;ional.to density.

| . Todine was determined specﬁrophotometrically in an absorption cell that
féfﬁéé‘an integrai Qart of the irradiation vessel. Measurements were made at
thé wave length of makimum’absorption by'I2 in each solvent. This value ranged
from bSO'ﬂu in ﬁeuhano1 to 920 mu in cyclohexane. Formatién of organic iodides

IBl retﬂntionlby the

113 Ch~cyolohexane solutions was}meaaured in terms of
solvant after ext SCulon of excess 1131CN with aqueous sodimn sulfite., In
studles w1th IC hN, salfite treatment was followed by aeid hjdrOljSlS and ether
extractlon._ Allquots of thP latter were evaporated to dryness and as sajed for
Clp activity. uontrol runs established that solutions prepared oy addition of
‘ICE fb each gf the-solvents_bcth pure and pre-irradiated were stable in the
ﬁark‘fﬁr at least é& hourse’

Figure 1 §h0ws.typical date on 12 producpion in evacuated ICH-methanol
solutions;dffﬁéAinitial rate is essentially independent of ICN concentration
and cérrespoqu,td B(IZ)=3.f. :Thé data obtained with solutions initially
10:3 ﬁ show that IQS is converted almost Quantitatively.to I, before ény‘
appreciable decrease in the rate of iz production occurs. Formation of Ié”
in the earliest stages of the irradiatioﬁ'we attribute to reduction of ICHN

8~10

by H and (or) CH,OH, the principal radical products from methanol.

2
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,(8)1.W{ R. McDonell and A. iS. Newton, J. An. Chem. Soc., 76, L651 (195hL).
"'(9) G. E. Adams and J. H. Baxendale, J. 4m. Chem. Soc., 80, L215 (1958).
(10)°'N, No Licntin, J. Fhys. Chem., 63, L9 (1959).

s
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o H 4 ICN —mmn HON + I (1)
| CH,OH + ION = HCN + I + CHO | (2)

e ‘;1;,Aé“soon ag first traces of ;2 appear, the competing processes

He I, —> HI + I ' _ (L)

e CH,OH + 1, ——= HI + I + CH,O (5)

"o
can occur. However, no net.change in the rate of production of 12 is intro-

'dd¢ed,by reactions li,5 as long as excess ICN is present because HI reacts

~_éu§ntité£ively and almbst instantly with ICKN in organic media.ll’12

1

(11). ﬁ..B, Mooney and H. G. Reid, J. Chem. Soc., 1318 (1933).

(12)° Any removéi of H via H + CH,OR — H2 + CHQOH does not affect the
kinetics of I, production ig this systém, sifce no change in the total

- number of (reducing) radicals is iuvolved.

i

HI + ICN' ——s I, + HCW, (6)

2
- Substantiating evidence for reaction 5 as written has been obtained from

B

separate studies in which excess ION was added to pre-irradiated~Iz-methanol*
. solutionss It was found that the 12 congentration is immediately restored to

.+ within 90 to 95 percent of the initial value,l3 This observation is consistent

® .
\

TI37" The fact that the observed recovery of 1, is not quantitative in these
experiments may be explained in terms of the reaction CH, + I, cmr—em CH3+ 1.
. Hethyl radicals apparently account for some 5 to 15 percént og the total
"+ pradical yield from methanol (ref, 8-10).

W , ] " o Ea—— T
with our propossl that the principal radical  products from methanol viz H and

CH,OH, both react with I, to form HI.

On the basis of the mechanism given by reaction 1 through 6 inclusive, the

total radical yield from methanol as measured by 12 production in ICN~methanol
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sbiutibns i§'given by 2 G(X2)=6.8. This méasurehent is in fairly good agree-

ment with the.values 6.19 and 6.3lh,recent1y obtained for methanol by use of K

(1) E . Gherniak E. Collinson, F. 8. Dalnton and G. M, Meaourn, Proc.
" Cher. Soc., Sl (1958)

ferric lon scavnngers.

| The radiation chemistry of ICN-hvdrocarbon sy«tcms is consideraoly differ-

‘ent than that of the aleohols. o net productlon of 12 is found on radlolysis

of cyclohexane and n-hexane containing ICN. However, we have established

through the use of 11310N that alkyl iodides are formed‘as major products in ° . <
both cases. rypical data on alkyl ioaide production in evacuated ICN-cyclo=

hexane solutions are shown in Fig., 2. The value G(RI) increases rapidly with

ICN concentratlon over the range 10~ -l H to 107 -3 M but does not appear to

avproaoh a 1 witing value at ICK concentration as high as 107 -2 ﬁ. At 10'3 M

ICN, G(RI) ~ 2 2. From corresponding studies with Icth we es»imate that the

o
: ylela of nxtrlles G(RCN) is less than 0.1, Since bond-energy datelp indicate

.(1?) T. L. Cottrell, The Strengths of Chemical Bonds, Butterworths Scientific
. Publications, London 195k, p. 178. "

reactions of the type R 4 ICN ——> RI‘ CN are endothermic by about 15 k cal.,
we. venture”ﬁﬁe opinion that organic halides are formed predominantly by reaction

» of alkyl radlcals w1th I that is proddced thrcagh H-atom reduction of ICN

2
via reaction l abové. Since alkyl radicals are produced in excess of H, no
het oroductlon of 12 from ICN is observed' direct exnerimental evidence for

fornatlon of H atoms in cyclohexane with a u~yield of ~2.1 has recenuly been

reported.lé’L7 It is likely that the increasa in,G(RI) observed with increasing

(36) Ge Meshitsuka and M. Burton, Radiation Research 9, 152 (1958).

(17) We have found that addition of ICN to y-irradlated solutions of 12 in
cyclohexane liberates I, (HI + ICN<—~—-> I+ HCN) in amounts corTes-
ponding t,o G(HI) ~ 2.

wi
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':ICN concentratlon above 10 -3 M- is related to processes of charge 'and (or) energy

tranofer.v Some prelimlnar/ data recently obta_nod with ICN-benezene solutions

aupear to be 1nterprebable on;y if such prC@SuSS are lnvoked. These effects

- .

-will be c¢onsidersd in a subsequent report.



