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In an earlier, communicatio113  we described some preliminary observatiris 

(3) G. Highe and W. N. garrison, Abstracts, Am. Chem. Soc. Paper No. 90 
133xtin, San Ix'ancsco, California, April 1958, Div'ision of 

Pysical an nSrganic Chemi3try). 

r1ted to the use of 1C?1 as a aoayenger oI labile intermediates formed in the 

radilyis f organic 13.iquids. Of particular interest was the finding that 

s a ma tiodtet of radiation-induced reactions between ICN and the lower 

/ atohla. in the present note we jonsider the meohanism of X2  production in the 

rthanolystei. Brief reference is given to comparative data obtained 

with othth' organic 	],veflt. 

EXPERINTAL 

The ION wa prepared by addiibion of 112  to an aqueous solution of IGN (in 

exeess),) 'lnal purification was accomplished by subUintion under nitrogen. 

Us) Oranic Synthesis, Vol. 32, Iohn Wiley and Sons, New 1rk, 1952, p. 29. 

The colorless crystalline product 6 onta1ed less thin 1O mol.e'percent 126 

Labelled ôoinpounda were prepared by direct ex ngcha 	of ION with Na1131  or.  

NaCN. Methanol (Baker analyzed reagent) was redistilled over 2,4-dinitrO- 

pheriylhydrazine and chromotopic acid. Cyclohezane (hilli.ps pure grade) was 

redistilled and twice recryst11ized. All other chemicals were reagent grade 
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and were used without further puxification. 

Irradistions were made with 'f-rays from a 100-curie .cobalt source. 

U5) We are indebted to the Bio-organic Chethistry Group of the Lawrence ladia-
tionLaboratory for the irradiation facility.. 

Dosages iere calculated from calibrations flade with the Fricke dosimeter 

Energy absorption in the various solutions was assumed 

 C. J. Hochanadel andJ. A. Ghorraley, J. Chem. khys. 21, 880 (193). 

 R. M. Lazo, H. A. Dewhurst andj1. aurton, J. Chern. Phys. 22, 1370 (19t). 

proportional to density. 

Iodine was determined spectroohotometricaliy in an absorption cell that 

foxied an integral part of the irradiation vessel. Measurements were made at 

the wave length of maximum absorption by 12  in each solvent. This value ranged 

from lj50  rp in methanol to 20 rrt in cyciohexane. Formation of organic lodides 

ll '. 	 ll 
in I CN-cyciohexane solutions was measured in terms of I 	retention by the 

solventafter extraction cf excess I 13 CN with aqueous sodium sulfite. In 

atudies with ICN, si1fite treatmentwas followed byt  acid hydrolysis and ether 

extraction. Aliquots of the latter were evaorated to dryness and assayed for 

activity. Control runs established that solutions prepared by addition of 

ICN t'0 each of the solvents both pure and pre-irradiated were stable in the 

dark for at least 2.4 hour. 

Figur 1 shows typical date on 12  production in evacuated ICN-inethanol 

solutions. The initial rate is essentially inde3endent of IGN concentration 

and corresons to 0(12 )=3.4. The data obtained with solutions initially 

N show that ICN is coiwerted almost quantitatively .to 12  before any 

appreciable decrease in the mtt 	I production occurs. Formation of 12 

in the earflest stages of the irradiation we attribute to reduction of ICN 

by H and (or) CH2 OH, the principal radical products from methanol. 8-10 
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(8) W. R McDonell and A. S. Newton, J. Au. Chem. Soc., 76, h61 (1950. 

(91 

 

G. E. Adams and J. H. Baxendale, J. Am. Chern. Soc., 80, 4215 (1958). 

(10)N. N. Lichtiri, J. Phys. Chem., •, 1149 (199). 

• 	H + ICN 	-• HCM + I 	 (1) 

	

CH2OH + ICN 	-- HCN + I + CH2O 	 (2) 

	

21 	I2 	 (3). 

soon as first traces of 12  appear, the competing processes 

R+12 . 	HI+I 	 () 

	

CH2OH + 12 	HI + I + CH2O 	 (5) 

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

thiced.by reactions 14,5 as long as excess ICN is present because HI reacts 

uantita1ive1y and almost instantly with ICN in organic media.
11 ' 12  

:(l), R. B.Mooney and H. 0. Reid,J. Chen. Soc., 1318 (1933). 

	

(12)" Any removi Of H via H + Cjj OH 	H + CH2 OH does not arfect the 
..k1eic8 of 12  production i this system, since no change in the total 
• •numbe of (reducing) radicals is tLVO1V€d. 

• 	 : 	 HI + ICN 	12 + HCN. 	 (6) 

Substantiating evidence for reaction 5 as written has been obtained from 

separate studies in which excess ION was added to pre-irradiated 1 2-methanol 

solutions. It was foumd that the 12  concentration is immediately restored to 

within 90 to 95 percent Of the initial value. 13  This observation is consistent 

(l3). The fact that the observd recovery of I2 is not quantitative in these 
experiments may be explained in teris of the reaction CH + 1 9  - 	OkL+ I. 
Methr1 radicals apparently account for some 5 to 15 perht or the total 
radical yiiid from methanol (ref. 8-10). 

with our proposal that the prirrcipl radical products from methanol viz H and 

CH20, both react with I, to forrri HI. 

On .t1e 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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solutions is given by 2 G(I2 )6.8. This measurement is in fairly good agree- .  

ment with the. values 6.1 and 6.3 recently obtained for methanol by use of 

(11) E. A. Chérniak, E. Collinson, F4 S. Dainton and G. M. Meaburn, Proc. 
Cnen. Soc., 14 (1958). 

ferric ion scavengers. 	 . 	 . 

The radiation chemistry of ICN-hydrocarbon systems is considerably differ-

ont than that of the alohols. Wonet production of 12 	found on radiolysis 

of cy.clohexana and n-hexaae containing ION1.. However, we have established 

through the use of ICN that alkyl iodides are formedt as major products in 

both cases. Typical data on alkyl iodide prdaction in evacuated ICW-.cyclo-

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

ICN concentration over the range lO M to 10 N but does not appear to 

approach a limiting value at ICI concentration as high as 10 2  N. At 10 N 

ICN, G(RI) . 2.2. From corresponding studies with 1C 1 N we estimate that the 

yield of nitriles G(RC) is less than 0.1. Since bond-energy date indicate 

c15rT. L. Cottrell, The Strengths of Chemital Bonds, Butterworths Sc.ntific 
Publications, London 1954, P. 178. 	. . 	. 	 . 

reactions 6r the type R + ION 	RI+ CN are endothermic by about 15 k cal., 

we venture the opinion that organic halides are formed predominantly by reaction 

of alkyl radicals with 12 that is produced through H-atom reduction of ION 

via reaótlon 1 aboiM. Since alkyl radicals are produced in excess of H, no 

net production of 12  from ION is obsered; direct experimental evidence for 

foritation of H atoms in cyclohaxane with, a 0-yield of 2.1 has recently been 

reported) 6' 	It.. is likely that the increase in G(RI) observed with increasing 

G. Meshtsuka and M. Burton, Radiation Research 9, 152 (1958). 

We hav oijid that addition of ICN to y,.-irradiated solutions of 12  in 
cyciohexane liberates 12 (HI + ICN 	- 12  + iON) in Am, ounts corres- 
pondIng to G(H1). 2. 
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ICN concentration above 1O M. is related to processes of charge and (or) ererr 

• 	transfer. Some prellniinary data recently obtained with .ICN-.benezene solutions 

appear to be interpretab1e only if such processes axe invoked. These effects 

will be considered in a subsequent report. 

t 


