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ABSTRACT 

The photolysis of ethyl iodide by 2537 A~ light has been studied in the .,_ 
liquid at 25° and -70° and in the glass at -.l80~ ·: ht3 quantum yields for elementary 

f ' 
processes in the reaction mechanism have been deduced to . be as follows: (a) for 

the thermal ethyl radicals which escape caging or diffusive recombination with 
-4> 

the parent partner, 0.32 at 25°, 0.08 at -70° and (by extrapolation 5 x 10 at 

-180~; (b) for primary production_of iodine by processes independent of caging 

effects (probabl:y C2H5 + C2H5 I ---7- C2 H6 + C2 H4 + I) .££• 0.038; (c) for production 

of HI by C2 H5 I ~ C2H4 + HI, or other hot process, Ool7 at 25°, 0.18 at -70° and 

0.22 at -180"'. 
l 

The results are in agreement Y!ith earlier work on the photolysis 

(1) D. L. Bunbury, R. R. Williams, Jr., and w. H. Hamill, J. Am. Chem. Soc., 78, 
6228 (1956). 

of ethyl iodide in showing a competition between HI and I 2 for thermal ethyl 

radicals, but indicate that about 18% (rather than ( 3%) of the net iodine produc-

tion at 25° is by a hot process. The ratio of the rate constants for reaction 

of thermal ethyl radicals >vith HI and I 2 (ki
2
/kHI) at 25° is found to be close to 

2 
unity in agreement with the results from the radiolysis but in contrast to the 

(2} R. · J. Hanrahan and J. E. ~Villard, J. Am. Chem. Soc., 78, 2434 (1957). 

l 
value of 0.34 from the earlier photochemical studies • This ratio increases to 

2.5 at -70° indicating a difference of 1 kcal/mole in activation energy of the two 

reactions. An activation energy of 1.75 kcal/mole is indicated for escape of 

'8'77-/()0 
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the ethyl radicals from the I atoms with which they are combined before absorbing 

a photon. Integrated rate equations for the production of HI, I 2 and exchange of· 

radioiodine at room temperature have been derived in a manner similar to that 

used in treating the results of the radiolysis 2 of ethyl j_odj_de. The same types 

of elementary reaction steps seem able to explain the results of both the radio-

lysis and photo lysis. Electron paramagnetic resonance spectra of glassy ethyl 

iodide photolyzed at -180~ indicate that the quantum yield of trapped-in ethyl 

radicals is less than 10-5
, whereas the 100 ev. yield for such radicals produced 

by Co60 gamma radiation is of the order of unity for the glass, and 0.01 for the 

polycrystalline solid. 

INTRODUCTION 

In studies of the radiolysis of liquid ethyl iodide at room temperature it 

has been possible to analyze quantitatively competing elementary reaction steps, 

and to obtain integrated rate equations for HI and I 2 production and for exchange 
. . 

with radioiodine. This was done by the ~echnique of determining limiting initial 

rates of iodine production in the presence of added iodine and of added hydrogen 

iodide. In the present work we have analyzed the elementary _steps of the photo-

lysis of liquid ethyl iodide in the same way, both at 25~ and -70(}, with the aim 

of obtaining information on the activation energies of competing elementary 

reactions. Exploratory investigations have also been made of the effects of 

additives on the photolysis of glassy ethyl iodide at -180" and evidence for the 

formation of trapped radicals during the photolysis and radiolysis of the solid 

has been sought by electron paramagnetic resonance measurements. 

002 



3 
. EXPERD.1ENTAL 

(3) Additional details are given in the Ph.D. thesis of Ray H. Luebbe, Jr., 
University of Wisconsin, 1957, available from University Microfilms, Ann Arbor, 
Michigan, 

4 
. Cryostat.--All samples were illuminated in a cryostat described earlier It 

(4) T. o. Jones and J. E. Willard, Rev. Sci. Inst., 27, 1037 (1956). 

consists of a coolant reservoir, to the bottom of which is soldered a heavy walled 

copper tube with a cell compartment at the lower end, Provision is made for insu-

lating the cell compartment and maintaining all windows free of condensation and 

passing a beam of light through the cell while it is kept at the desired temperaturee 

In the present work three temperatures were used¥ room temperature; -10~ ~ 2°, which 

was maintained by the use of pulverized dry ice in the reservoir, and about -180", 

maintained with liquid air in the reservoir. 

Illumination.--Two Hanovia S C 2537, 110 rna., low pressure mercury vapor lamps 

were used, one facing each of the two diametrically opposite windows of the cryostat, 

The spectral and.intensity characteristics and the operation of these lamps have 
6 

been described earlier • To minimize intensity fluctuations a milliameter was used 

(5) G, M; Harris and J. E. Willard, J. Am. Cl).emo Soc., J2, 4678 (1954). 
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in series with each lamp and the current was adjustedmanuaJly with a variable resistance 

·when it drifted as a result of changes in the line voltage. Except for the end 

window the lamps were wrapped in asbestos and operated without cooling. A few 

turns of electrically heated nichrome wire around the end near the window served 

to prevent condensation of mercury on the window. A series of tests showed th~t the 

rate of iodine production in the photolysis of ethyl iodide was directly proportion-· 

al to the current through the lamps. This indicated that the light output is pro-

portional to the current since it is known that the quantum yield of the photolysis 
1 

is independent of the light intensity • Vycor filters and Vycor reaction cells were 

used to exclude light of wave lengths less than 2400 A~ from the reaction mixtures. 
6 

If the quantum efficiency of the photolysis of liquid ethyl iodide at 25~ is 0.26 

(6) E. L. Cochran, w. H. Hamill and R·. R. Williams, Jr., J. Am. Chern. Soc., 76, 
2145 (1954). 

equivalents of iodine produced per quantum absorbed,the rate of light absorption 

by ethyl iodide in the 10 mm i.d. tubular cells used in the present work was 2o5 x 
~s 

10 einsteins/hr. 

Sample Preparation.--All samples for photolysis were prepared on a vacuum line 

from Eastman white label ethyl iodide which had been further purified Qy passage 

through activated alumina and fractional distillation on a Todd column. They were 

·degassed, and dried with P2 05 , on 'the vacuum line. For those samples which were 

to be analyzed spectrophotometrically 3 ml. of liquid ethyl iodide was sealed in a 

vessel which consisted of a 10 ~i.d. Vycor tube 4 em. long attached through a 

graded seal and 6 mm. i.d. tubing to a square Pyrex cell 1 em. on a side and about 

4 em. long. The entire assembly was about 28 em. long. The square Pyrex end was 

used when analyzing the solutions for iodine on a Beckman spectrophotometer. The 

round Vycor end was used as the reaction cell during photolysis. The round Vycor 

tubing was much more resistant to cracking when samples were frozen than was square 

778 004 
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1ilica tubing vrhich was used early in the work. For the experiments at -70~ the 

cells were chilled for 10 minutes in chopped dr,y ice, before jnsertion in the rre

chilled cryostat. Freezing of the ethyl iodide to a glass for the runs at -180~ was 

accomplished by first immersing the cell in liquid air to a depth almost even with 

the top of the liquid, for 30 seconds (to allow the vapor to condense vdthout form

ing seed crystals on the walls), and then completely immersing the cell. Since 

the glasses tended to crack with prolonged photolysis they were normally melted and 

refrozen after each hour of illumination. 

Hydrogen iodide gas. was prepared from Merck Analytical Grade hydriodic acid-1 

55% aqueous solution, by reaction of the water with P2 05 , and was metered into the 

reaction vessels by use of a calibrated volume and a mercury manometer. The amounts 

of HI calculated from the metering agreed within a few percent with analyses made 
2 

b,y the oxidation method described earlier. 

Analysis.--I2 concentrations were determined with a Beckman DU spectrophotometer 

equipped with a photomultiplier detector. Y'hen employed with compensator cells of 

suitable concentration and an interference filter with maximum transmission at 

4780 A~ to cut out the small amount of light at wavelengths other than that used 

for analysis this allowed ·the determination of absorbancies as high as 5. The 
,. 

3 -l -l 7 
absorbancy index of iodine in ethyl iodide at 4780 A~ is 1.28 x 10 1. mole em .. 

,. 

(1) E. 0; Hornig and J. E. Willard, J. Am. Chern .. Soc., J.2, 2429 (1957) .. · 

When the 28 em. cells were used they and the cell compartment were covered with a 

wooden box to.exclude room light. HI concentrations at the end of the experiments 
2 

were determined by oxidation of the HI to I 2 e 

The molar ratios of ethylene to ethane produced by the photolysis of ethyl 
. . 

iodide were determined by gas chromatography. For these experiments 0.3 ml. samples 

of ethyl iodide were used-and the photolysis cells consisted of 7 em. tubes of 4 mm. 
I 

i.d. silica tubing with a thin bulb blovm at one end to facilitate breaking in the 

1'18 005 
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gas stream. During illumination the cells were mounted in the light path through 

the cryostat by means of a positioning block designed for the purpose. To produce 

sufficient products for analysis the samples were usually illuminated for 24 hours. 

During irradiations of the glass at -180~ the samples were melted and refrozen every 

hour to lessen the cumulative buildup of product concentration at the interface 

where the light was absorbed. Follo"t'l.ring iUumination the sample tube was placed in 

a piece of polyethylene tubing through which helium flowed and carried the contents 

on to the chromatographic column when the tube ~v.as broken. The desired separation 

of ethylene and ethane was . accomplished by an 8 foot long column of 30-60 mesh 

firebrick coated with a solution of silver nitrate in propylene glycol and maintained 

at about O", which retards ole fins with respect to alkanes. This column was pre-

ceded by a fourteen foot column of firebrick coated with Dow-Corning 200 silicone 

oil and maintained at room temperature. The silicone oil column served to prevent 

the ethyl iodide, iodine and hydrogen iodide from getting to the second column where 
8 

they would react with the silver nitrate • Detection was by Gow-Mac thermal conduc-

(8) R. J. Hanrahan, Ph.D. thesis, University of Wisconsin, 1957, available from 
University Microfilms, Ann Arbor, Michigan. 

tivity cells and a chart recorder. Calibration runs showed that the peak areas 

per mole were the same for ethylene and ethane vdthin an experimental uncertainty 

of about 4 %. 
l3l. 

Exchange Reactions.--Ethyl iodide containing iodine tagged with I was prepared 
l.3l 

by adding a few microliters of aqueous carrier-free I iodide solution to 3 ml. 
-4 

of 8 x 10 M iodine in ethyl iodide. Following addition of P2 06 to remove the 

water th~ solution was degassed and distilled into the reaction vessel on the vacuum 

line. Analysis of the illuminated solutions was carried out by freezing with liquid 

air, breaking open the cell, adding water, separating the organic layer from the 

ll'rater in a separatory funnel, and making a second extraction of the organic layer 

'"118 oos 
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with aqueous sulfite solution. Carbon tetrachloride was added to dilute the organic 

layer to the desired volume prior to extraction. The water extract which contained 

the HI, the sulfite solution which had extracted the I 2 , and the organic layer which 

contained the iodine which had entered organic combination, were each counted with 

a well-type scintillation counter. Corrections were applied for an average 2.7% 

exchange and an apparent HI production (a concentration of about 5 mole per cent 

relative to the tagged iodine initially added) which ·were folind to occur regularly 

during the tagging and sample preparation but before illumination. 

RESULTS 

Products and Product Yields,--The products we have observed in the photolysis 

of ethyl iodide are I 2 , HI, C2H6 and C2 H4 • These were found at all three temperatures 

investigated, 25°, -70" and -180,. No other products were found, although C3H8 and 

C4 H10 would have been detected if present as only 5% of the ethane. Alkyl iodides 

such as CH3 I and C3 H7 I would not have been detected by our methods. 

Spectrophotometric measurements made at intervals during the photolysis showed 

that. the iodine concentration increases linearly with time of illumination over the 

range studied, when no additives are present (Fig. 1) and analysis for HI at the 

end of illumination showed that the HI/I2 ratio is constant for runs at a single 

temperature· (Table I). The ratio of C2 H4 /C2 H6 was likevdse independent of the extent 
,-

of photolysis (Table II). 

If the data of Table I for increase in absorbancy per hour are used together 
6 

v'!ith the literature value ?f 0,26 equivalents of iodine produced per quantum in 

liquid C2 H5 I at room temperature the quantum yields for iodine and HI production in 

the present 1vork can be estimated. They, together with certain product ratios and 

quantum yields of elementary processes to be discussed below are summarized in 

Table III. For the estimates for -180, the run in which the sample was melted after 

each minute of photolysis was used, in order to miriimize the influence of the accumu-

lated products in the volume where photolysis occurs. The increase in the quantum 

001' 
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Table I 

I2 and HI Production in the Photolysis of C2H5 I 

"C 6,. log· I 0/I 8rt ~ log· I 0/I 
a,b 

(HI)/(I2 ) Temp., Length of 
Photolysis, per hr., before per hr., after 
Hrs. oxidation oxidation 

25 (liq.' 6'.5 o·.151 0.192 0.56 
5'o9 O.l75c 0.225c 0.58 
T.O 0.143 
7".3 0.142 0.181. o·.54 
6.0 o·.140 o·.180 0'.57 

Average 0.14 0.18 0.56 

-70' (liq.) 8'.1 0.063 0'.137 2".36 
7'.8 0.077 Ool69. 2".40 
6'~0 0.060 Ool26 2.22 
9.0 0.063 . Ool36 2.24 

Average 0,066 0.14 2.3 

-180 (glass) . 8.25 0.04A 0.15 4.2 
4.25 0.047 0.155 4e6 
7o25 0.041 0.13 4.5 
9.80 0.048 0.18 5.3 

Average 0.046 0.15 4.6 

d -180 (glass) 3.0d 0.016 0.13 15 

a Absorbance at 4780 A0
• 

b The difference between the absorbancies listed in this column is due to the 
oxidation of the HI which yields one mole of I2 for every two moles of HI 
present before oxidation. 2 

c Not included in average, 

d Glass melted and refrozen after each minute of radiolysis rather than after 
each hour as in the other runs at -180°, 

7'78 008 
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Table II 

Ratio of C2 H4 to C2 H6 Produced in the Photolysis of Ethyl Iodide 

Temp,. "C C2 H4/C2 H6 
a 

Individual Runs Average 

25 (liq.) 

-70 (liq.) 

-180 {glass) 

1.6, 1.,4, 1.6 

3,3, 3ol 

5.1, 7.7, 6.1, 6.6, 6.3 

1.5 

3.2 

6.4 

a . 
At both 25" and -180° the total illumination periods for the 

runs listed varied by a factor of about 5. 
r 
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Table III 

Summary of Quantum Yieldse and Ratios of HI/I2 , C2 H4/C~H5 and ki /kHI in the 
~ . 

f HI 
0.073 

0.33 

(HI)/(I2 ) 0.56 

(C2 H4 )/(C2 H6 ) 1.5 

f' a /[1 0.)2 

.~ Jl 0.)6 

~ c 0.17 c 
d 

kiz/kHI 1 

-700. 

0.12 

0.14 

0.26 

).2 

o.o8 

0.13 

0.18 

2.5 

-180~ (glass 

0·.030 
o.o86f 

0.22 

0.20f 

15 

4.6f 

6.4 

o.ooo4sf'g 

0.030 

0.22 

BVrnh Values 

0.,061 

0.)2 

0.47 

0.21 

0.19 

0.34 

a Quantum yield for escare of thermal C2~5 radicals from primary or diffusive 
recombination 1~th parent iodine atom. 

b Quantum yield in equivalent.s per einstein for primary processes which produce 
1/2 I2 , i.e. reactions )b and 4 listed later in text. 

c Quantum yield for primary processes which produce HI, i.e. reactions 2a and/or 
)a given later in text. 

d . 
Ratio of rate constant for the reaction C2 H5 + I2~ C2.H5 I + I t.o that for 
C2 H5 + H~ ~ C2 H6 + I. 

e Calculated as· equivalents/einstein assuming as an actinometric. standard that 
iii 1/2 I 2 = 0.26 at 25"6 • 

f These values for -180q are from the experiment in which. the glass was melted and 
refrozen following each minute of illumination. One hour periods of illumination 
without melting were used in the other runs at -180". 

g Calculated from the activation energy estimated from the values at 25q and -70". 

h Bunbury, Williams and Hamill~ used a temperature of 37" in some experiments and 
"room temperature" in others. 

010 
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yield of HI with decreasing temperature compensates for the decr~ase in the I 2 yield 

to such an extent that the combined yield of the two decreases only slight}.y with 

temperature. An analogous, but less pronounced increase in HI/I2 ratio with de.~reas-

ing temperature has been observed in the photolysis of n-C3 H7 I 9 • 

(9) C. E. ·McCauley and T. J. Hilsdorf, J. Am. Chern. Soc., submitted. 

The ratio of C2H4 /C2 H6 which we have found at 25° is in exact agreement with 

that found by Bunbury, Williams and Hamilll while our value and theirs for the HI/I2 

ratio are in fair agreement, being 0.56 and 0.47 respectively. The values are in 

good agreement with the relationship C2 H4 /C2 H6 = HI/I2 + 1, which is required by 

stoichiometry. 

Effects of Added I 2 and HI on the Quantum Yield of Iodine Production.--The 

production of iodine as a function of time of photolysis at 25~ when HI and I2 were 

added prior to illumination is shown in Fig~ 1. The points represent experimental 

data, the curves were dravvn from equations which will be discussed later. All the 

runs with added HI gave the same initial rate (maximum rate); likewise both the runs 

with added I 2 gave the same initial rate (minimum rate); when these experiments were 
3 

repeated at -70c the same qualitative behavior was observed, though the maximum rate 

was considerably lower. At -180c it was found that there was no effect of additives 

either on the rate of I 2 production or on the ratio of HI/I2 produced during the 

photolysis. The rate of I 2 production was constant, as it was in the absence of 

additives. 
2 

As in the radiolysis experiments , it appears that the initial rate with added 

HI represents the rate l:Then all C2H5 radicals which escape diffusion controlled re-

combination with their original I atom partner react with HI by the process C2H5 + HI 

__, C2 H6 +. I. The initial rate_ with added I 2 represents the case where all such 

radicals react by C2H5 + I 2 --j C2H5 I + I. 

Plots of the average rate observed up to time, t, vs. t extrapolated to t ::: 0 

7'18 011 
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were used to determine the limiting initial rates. Values obtained in this way are 

shown in Table IV. 

Table IV 

Initial Rates for the Production of I 2 in the Photolysis of C2H5 I With and Without 

Added HI and I2 

Temp., "C Additive No. of Runs Initial Rate, micromoles/hr./3 ml. 

25 (liq.) none 4 0.33 ,:1:: 0.03 

HI 3 0.87 ~ 0,03' 

I2 2 o.o6 ~ o.o1 

-70 (liq.) none h 0.15 ~ 0.01 

HI 4 0.26 ~ 0.03 

I2 2 o.o6 + o.o1 
-

-180 (glass) none 4 0.11 + 0.01 

none 1 0.037a 

HI 2 0.10 + .0.01 ---
I2 2 0.10 -1' 0.01 

a Th~ C2 H5 I in this run was melted and refrozen after each' minute of illumination 
whereas the other samples at -180° were melted each hour. Three hours total 
illumination was given in each case. 

Table IV shows that within experimental error the rate of I 2 production in the 

glass at -180Q is unaffected by the presence of additives, though it is decidely 

affecte~ by the frequency of melting. 

Results of Exchange Experiments .. --The results of the exchange experiments are 

shown in Fig. 2. As in Fig~ 1, the points represent the experimental data and the 

curves were dra~m from equations which will be described. Curve A represents the 

per cent of I13 ~ activity found in organic form as a function of the time of exposure 

to the light (after correction for the 2.7% dark exchange induced by the tagging .. 
procedure) at 25~. Curve B represents the photochemical exchange at -70°. The per-

I 778 012 
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centage exchange varies with time in a manner which is dependent on the fraction of 

the activity remaining in inorganic combination, on th.e progressive dilution of the 

activity by the in~rease in I 2 and HI concentration in the solution caused by the. 

photolysis, and on the increasing HI/I2 ratio as photolysiD proceeds. It can be 

seen that the quantum yield of exchange, like that of iodine production, is consid-

erably low~r at -70° than at 25Q. At -180~ no. photochemical exchange was found in 

photolyses as long as 8 hours (with melting and refreezing every hour). 

Electron Para~~gnetic Resonance Measurements on Photolyzed and Radiolyz~d Solid 
..., 

g2 H5 I.--Electron paramagnetic resonance spectra~0 of both photolyzedH and radiolyzedl..2 

(10) Preliminary tests with photolyzed samples were carried out with the aid of 

Prof. R.N. Dexter in his laboratory in the Physics Department of the University 

of Wisconsin. The later experiments were done 1....'1 the laboratory of Dr. Max 

Matheson of the Argonne National Laboratory with his assistance, the resonance 

spectra being rtm by Dr. ::Jilliam Hays. 

(11) Three.hours photolysis in the cryostat using·the two lamps a.nd cells of the 

type described for the gas chromatographic analysis. In addition both glassy 

and polycrystalline ethyl iodide were photolyzed at pumped liquid nitrogen 

temperature for one hour using the equipment described by Smaller and 

Mathesonl.3\ It is estimated that about lOl. 
7 

quanta of 2537 light entered 

the sample tubes during these latter photolyses .. 

·(12) The radiolyses were made at liquid nitrogen temperature for 20 .min. at a dose 

-1 . -1 60 rate of about 1.6 x 10l: 7 ev. g. mm. using the Argonne Co source as 

:11.3 
described by Smaller and Matheson • 

(13)' B. Smaller and M. S. Matheson, J. Chem. Phys .. , £§, 1169 (1958). 

solid ethyl iodide have been run. They showed no evidence of trapped radicals in 

any of the photolysis experiments with either glassy or polycrystalline ethyl 

178 013 
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iodide. Ethyl iodide glass which had been irradiated with Co gamma rays showed 

however, a clear six-line spectrum (Fig. 31with a 130 gauss spread, which was 

ascribed to the ethyl radicals 1
3>. From the intensity of the absorption, it could 

be estimated that about 5 x 1015 trapped ethyl radicals had been produced. This 

would indicate a G-value (trapped radicals prq<iuced per 100 ev. absorbed) of the ,. 

order of unity. Slight absorption by H atoms.._· (not shown in Fig. 3} was also detected, 
•• i: • .. 

though the intensity indicated that they were·. present in a concentration 50-70 fold 
··, 

lower than the ethyl radicals. The EPR spectrum of the sample. of radiolyzed poly-

crystalline ethyl iodide gave absorption which could be ascribed to the ethyl 

radical, though the intensity indicated a concentration 30-40 fold lower than the 

concentration of ethyl radicals in the gamma irradiated glass. No H atom absorption 

>~s detected in the polycrystalline sample. 

DISCUSSION 

Elementary Reaction Steps in the Photolysis .. --The abo.ve observations on the 

photolysis of ethyl iodide,including the effects of added HI and I 2 , the evidence 

for •'hot" HI and I~ production which is not affected by additives, and the tempera

ture coefficients, can be explained b~-the following reaction steps: 

and/or 

and/or 

C2H5 I ~ CzH4 +. HI 

C2 H5 I. -)-. (C2H!i• +. I•) 

(C:aH6 • + I_•) ~ CzH4 .. + HI 

(CzHs• +. I. ) ~ (.;2tl6 D oft I 0 

. -
(CzHs • oft I•) +. M ~ C2 H5 I + M ___,__ 

C2H11• * C2H5 I ~ · ~2H4 +. 

C2 H5 • +. M ~ C2 H5 • +. M 

I• +. I• ~ lz 
.-

C2 H5 • + I 2 kr.2 ) C2 H5 I -¥- I• 

k 
C2 H

5
• :+.HI HI) .. C2 H6 + I.• 

CzHs +. 

(1} 

(2a) 

(2b) 

(3a) 

(3b} 

(3c) 

I• (4) 

(5) 

(6) 

(?) 

(8) 

1~ra 01~ 
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The notation of enclosing fragment species in parentheses, ( ), indicates 

that they have not yet escaped the possibility of diffusive recombination. Under

lining a species indicates that it still possesses energy given it by the photon in 

excess of average thermal energies. Presumably both reactions )a and 3b may occur 

with thermalized ethyl radicals as well as with those of higher energy. 
l. 

These reaction steps are similar to those proposed earlier for the photolysis 

and radiolysis of liquid C2H5 I at room temperature but include steps for the pro

duction of ]/2 I 2 by the attack of energetic C2 H5 radicals on C2 H5 I (4} and the pro

duction of HI by direct elimination from C2H5 I (2a), which were not included in dis-

cussion of the earlier photochemical work. These are required because we find the 

initial rate of I2- production in the presence of added I 2 to be about 18% of the 

rate in the absence of additive; and because the primary yield of HI (lc) does not 

increase with decreasing temperature as much as might be expected if it were all 

formed by reaction (3a). This will be discussed in more detail in a later section. 

The elementary reactions proposed above do not include the reaction I +. C2H5 I 

~ C2 lf4 + HI oft I recently reported by McMillan and Noyes14 • Their data indicate 

(14) G. R. McMillan and W. Al. Noyes, Jr., J. Am. Chern. Soc., ~' 2108 (1958). 

that the quantum yield of the analogous reaction in gaseous i-G3H7I is £!• 0.05 

using 3130 A0 light,and that it is 20-fo~d lower in gaseous C2 H6 I. Assuming the 

same quantum yield under our conditions the contribution of this reaction to the 

primary yield of HI which we have observed would be very smal] (Table III). 

Jl.4 The data of these .workers do not seem to exclude the possibility that the 

reaction C3 H7 ~ C3H7I ~ C3H6 ~ C3 H6 + I is exclusive~y a hot reaction and that 

competition between the thermal reactions C3H7 + I 2 4 C3H7 I + I and C3H7 + HI ~ 

C3 H6 oft I is important even before observable amounts of products have been formed. 

The absence of hexane and the elimination of propane by added iodine are consistent 

01S 
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with such a reaction scheme, The direct elimination of HI from C3H7I following 

_Lbsorption of a photon appears to be a process which cannot be eliminated from con-

sideration on the basis of present data on the C3H7I photolysis. 

Rate Equations and Absolute Rates of Elementary Processes.--Using the data on 

initial rates of I 2 production with and without additives (Fig. 1) and the treatment 
2 

applied earlier to the radiolysis of C2 H5 I , it is possible to derive integrated 

rate quations for the production of HI and I2 as well as an equation which will 
13~ 

predict the rate of photochemical exchange of I between I2 and C2H5 I for any con-

centrations of HI and I 2 in C2H6I. 

Let A = rate of production of thermal ethyl radicals (reaction 5). 

B =- total rate of production of I 2 by 11hot 11 prodesses (reactions 

3b and 4, but not reaction 8). 

C =rate of HI production via reactiori(s) 2a and/or )a. 

A, B, and C are constant if the light intensity is constant and if the concentration 

of products in the reaction zone does not build up too much, i.e. to give absorption 

of light by products or to provide molecules other than C2H6 I for attack by ener

getic C2 H5 ,radicals (as in reaction 4). Most of the incident light is absorbed 

within a small fraction of a millimeter at the face of the cell, since the molar 
15 

absorbancy index of ethyl iodide is 400 at 2537 A~. Fer this reason the thermalized 

(15) R. N. Hazeldine, J. Chern. Soc., 1764 (1953)~ 

ethyl radicals would not be expected to distribute themselves homogeneously through-

out the cell. However, the absence of butane formation indicates that their local 

concentration does not build up enough for radical-radical reactions between them 

to take place. Their fate is then governed solely by the HI/I2 ratio since they are 

removed by the competitive reactions 7 and 8. 

Using the values of the initial rates ·with and v1rithout additives from Table III 

it is possible to derive the value o.f the constants, A and Bat both 25" and -70~. 

778 016 
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In order to evaluate C it is necessary to make an assumption about the ratio ki /kHI~ 
2 

The results on the radiolysis of ethyl iodide indicate that this ratio is very close 
2 

to 1 at room temperature ~ Substitution of values of the minin~n~ maximum and normal 

rates from Table IV into equation 21
16 

of reference 2 (which should be equally valid 

(16) There is a ~i~~rint in equation 21 of reference 2. It should read: 

"TT"\ = Iz ~(HI)') k (normal rate-minimum rate) 
· ~ I 2 1 normal _k.....;HI;;;_(.,..m_a_x_im_um_r_a_t_e---n-or_m_, a-1-r-a-t-....e ) ( 21 ) 

... 
A similar correction is needed in footnote f of Table II of reference 2. 

for the photolysis as for the radiolysis) yields a predicted ratio of HI/I2 of 0.50 

at 25° g it is assumed that ki
2
/kHI = 1. The experimentally determined ratio of 

0.56 indicates that this is a reasonably good assumption. (The indicated experimental 

value for kr /kHI would be 1.12. Within experimental error this agrees with the 
2 . 

value found from the radiolysis studies and is much different from the value of Oo34 

reported by Bunbury, Wil~iams, and Hamilll)~ Assuming, then,.that the value of 

ki
2
/kHI = 1, and that the ratio HI/I2 """ 0.50,; it is possible to evaluate C at 25°. 

The values of the constants at 25° are: A= 0.810 micromoles/hr., B = 0.462 micro

moles/hr., and C = 0.435 micromoles/hr. Using the normal rate of I 2 production at 

25° of 0.328 micromoles/hr. together vdth the reported quantum efficiency of Oo26 
6 

equivalents/einstein at 25" , it can be calculated that the rate of light input to 

the cell is 2.52 rnicroeinsteins/hr. The constants A, B, and C can then be expressed 

in terms of quantum efficiencies. These values are shown in Table III. 

The rate equations for the photolysis at 25" (assuming kr
2

/kHI = 1 and express

ing all concentrations in moles/liter) are: 

d(I2)/dt -· 0.867 - 0.810 (I2)/~MI) + (I2}7- (23) 

d(HI)/dt = -0.375 + 0.810 (I2 )/ f{HI) + (I2)] (24) 

d(HI + I 2 )/dt ~ 0.492 (25} 

d(C2H6 I)exch/dt = 0.810 (I2 )/i(HI) + (I2]7' (26) 

011 
I 
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Equation (2.5) can be integrated directly to give equation (29). Equation (29) can 

then be used to substitute for L{HI) +(I2)] in terms of time, t, in equations (23), 

(24), and (26), These equations may then be integrated directly to give equations 

(27), · (28), and (30), respectively, 

-
[i * 0.492t J-·1,65 

_ (HI)0+(~ _ (27) 

- -
(HI)t ~ O.l64t "' 0.334L(HI)o+(I2 )27+@.666(HI)o-0.334~I2)_? 

- +. 0.492t --:-~' 65 
[I , (HI)

0
+(I

2
);_I (28) 

(HI +. I 2 )t = 0.492t "' (HI) 0 +. (I2 }e 

(CzHsi)exch =' 0· • .54ot -II f0 .. 334(Iz )o-0 .• 664(HI)_ie--~ -~t . 0.492t \-1
'
65

] 

( HI) 0 + Cf;Jc;} 

(29} 

(17) There is an error in equation (30) of reference 2. That equation should read: 

· - · r, (. o.847t \ -J. • 5 5'1 
(C2H5 I)exch = O.l017t + (0.228Lii?o-0.772LH!7o)~- 1+ (HI)o+(Iz)d) J 

The constants, A and B, can be calculated at -70° in the same manner as at 

2.5°, since no assumptions about the ratio kr
2
/kHI are needed. This is not true of 

the constant, C for the calculation of which it was assumed that k
12

/kHI = 1. 

Substitution of the minimum, maximum and normal rates at -70° (Table IV) into equa

tion 21 yields; a predicted ratio for HI/I2 of 0.92 if it is assumed that k
12

/kHI = JJ. •• 

The experimentally determined ratio of 2,3 indicates that this is not a valid 

assilmption at -70~. The value of k
12

/kHI in equati?n. 21 which is required to fit 

the experimental data for the other quantities is 2 • .5. The constant C, can be evalu-. . 
ated using the experimentally determined ratios of HI/I2 : 2.3 and kr:c/kHI = 2 • .5 .. 

The values of the three constants at -70° are: A = 0. 200 micromoles/hr., B = 0 .1.58 

micromoles/hr., and C : 0.4.50 micromoles/hr. The rate equations at -70~ are 

7r'i8 018 
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, (using ki~/kHI =- 2 .5}: · 

d(I2 )/dt = 0.258-L0.200(I2}7 / .@ .• 4(HI)-~t(I2)] 

d(HI)/dt = 0.250+?.0.200(I227/LQ~4(HI)~(I2}7 

d(HI +. I 2 )/dt = 0.508 
- . 

d(C2H5 I)exch/dt = LQ.200(I2}7/LQ.4(~I)+I2}7 

(23'} 

(24') 

(25~) 

( 26 tt) 

Equations (23 1'), (24 1 ), and (26 1 ) cannot be integrated by standard techniques, 

since there is no expression available for L(5.4(HI)+(I2}7 in terms of time, t,. When 

equation (25 1 ) is integrated it yields: 

(29 1 ) 

Comp~rison of Experimental Results with Yields Predicted. by Equations.--The 

solid lines of Fig. 1 show the. iodine production as a function of t :i.me as predicted 

from equation 27 for the initial concentrations of I 2 and HI used in the experi.ItJ.ents. 

They are in semi-quantitative agreement with the experimental points. The deviations 

may result from errors in determining the initial rates with and without additives 

and in the assumption that the ratio ki /kHI at 25~ is exactly unity. 
2 

In the exchange experiments using p.s-J.. ratios of HI/I2 were determined by com-

paring the counting rate of the water extract (HI) with that of the sulfite extract 

(I2 ). These ratios agreed well with those calculated using equations 27 and 28. 

Curve A, Fig. 2 for the predicted photochemical exchange of I 2 with C2 H5 I at 

25" was obtained with the aid of equations 26, 27 and 28, using the method of 

iterative calculations described earlier2 • The calculations allow for the dilution 

of the radioiodine by the I 2 and HI produced during the photolysis. Unlike the 

radiolysis results 2 , nhich showed a 20% higher observed rate of exchange than that 

predicted from the equations, the observed and predicted photolysis results are in 

fair agreement, such discrepancy as there is being in the opposite direction to that 

for the radiolysis. The better agreement may perhaps be explained by the fact that 

while the energetic electrons in the radiation system may· excite ethyl iodide mole-

7'78 019 
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cules to electronic states which may undergo exchange with 12 molecules, the photons 

of 2537 A~ light may not be able to excite the molecules to such states. 

Curve B in Fig. 2, which represents the predicted photochemical exchange at 

-70~ was calculated in essentially the sameway as was curve A, except that equation 

(26 1 ) was used and since integrated rate equations were not available the concentra-

tions of I 2 .were obtained from spectrophotometric readings at half-hour intervals 

and the HI concentrations were determined from the counting rates of the fractions 

containing the HI and I 2 together with the spectrophotometrically determined 12 con~· 

centration. 

The quantum efficiency for the photochemical exchange of I1.3':U. between I 2 and 

C2 H5 I depends on the ratio HI/12 • The lllimiting" quantum efficiency, ( ioe. the 

quantum efficiency when there is a large excess of 12 present) is the same as the 

quantum efficiency for the production of thermal ethyl radicals, Oo810 micromoles 
.. • . . 

hTo-1 /2.52 microeinsteins hro-1. = 0.32, at 25°. This is somewhat lower than the 
18 

average value of 0.42 reported earlier for a series of experj~ents on the exchange 

(18) W. H. Hamill and R. H. Schuler, J. Am. Chern. Soc., 73, 3h66 (195l)o We have 
corrected the value of 0.64 found b,y these authors for the fact that in their 
actinometric calculations they used 0.4 'rather than 0.266 as the quantum yield 
of l/2 12 • 

in which the individual results showed wide variation from the average. 

Effect of Temperature on Caging Effectiveness and on k
1 

/kHI Ratio.--The rate 
. 2' 

of production of thermal ethyl radicals which do not recombine with their original l 

atom partner (designated above by the constant ~) is 0.81 micromoles hro-1
. at 25~ 

and 0. 20 micromoles hr .. -1. at -70~. Expressed as an activated energy this difference 

represents 1.75 kcal/mole for the escape of the ethyl radical from its partner 

iodine atom after absorption of a 2537 AQ photon by a C2 H5 I molecule. The tempera-

ture may affect both the penetrability of the cage walls for the freshly born frag-

ments which carry the excess energy from the photon, and also the probability that 

7'78 
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the fragments will diffuse away from each other after thermalization. The value 
l9 

of 1.75 kcal/mole is similar to the 2.1 kcal/mole attributed qy Firestone to the 

(19) R. F. Firestone, Ph.D. Thesis, University of Wisconsin (1954). 

escape of Br atoms from cages of CC13Br molecules in the radiolys±s of CC13 Br. It 

would be expected from the data at 25° and -70° that the value of A at -180~ would 

be negligibly small but no experintents on the exchange or effect of added I 2 at this 

temperature have been done under conditions suitable for determining A. 

The rates of iodine production by processes which are not affected by scavengers 

at the concentrations of Fig. 1 at 25~, -70~ and -180~ are 0.46, 0.16 and 0.038 

micromoles hr.-1. respectively. This iodine :groduction (designated qy the const~nt 

B) is attributed to the reactions (C2 H6 + I) ~ C2 H6 + I (32) and C2 Hs + C~H5I ~ 

C2 H4 + C2 H6 ~ I (4}. The rates at 25° and -70~ indicate an overall activation energy 

of 1.35 kcal/mole, for the production of I/2 12 by these two primary processes. F:rom 

this the predicted value of B at -180° would be 3.2 x 10-3 micromoles/hr. or ten

fold lower than observed. It is probable that the observed yield at -180~ is due 

entirely to a temperature independent reaction such as (4) while most of the yield 

at the higher temperatures is due .to the radical escape reaction (3b). If the value 

of B at -180Q (0.038) is subtracted from the measured values of B at 25° and -70~ 

the new values become 0.424 and 0.120 micromoles hr.-1 
, which give an activation 

energy of 1.6 kcal/mole, i.e. very near~ the same as the activation energy for the 

constant A ;.1hich is the rate of escape of thermal ethyl radicals and iodine atoms 

from recombination. 

The constant c, which represents the rate of HI production via the reaction 

C2 H5 I --1 C2H4 + HI (2a) and/or (C2 H5 + I} --7 C2 H4 + HI (3a) is 0.44 micromoles 

hr.-1 at 25~ and 0.45 micromoles hr.-1 at -70°. The identity of these two values 

suggests that HI production occurs predominantly by (2a)20 or some other reaction 

(20) If reaction (2a) is possible it might occur in the gas phase, whereas this 
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would be impossible for )a under normal photolysis conditions where C2H5 radicals 

would encounter I 2 much more frequently than I. Exploratory experiments by T. 

Gover in our laboratory indicate that the quantum yield of HI from the irradiation 
-4·· 

of gaseous C2H5 I at 150 mm. pressure with 2537 A~ light is less than 10 • This 

suggests that if reaction 2a is important. ~t requires that the absorbing mole-

cules be in a liquid environment. Thrush2l has reported a transient spectrum 

of HI following the f1ash photolysis of gaseous C2H5 I and has attributed it to 

the reaction C2 H6 I . hv) C2 H4 + HI. · The evidence does not, however,. require 

·this reaction (2a) as compared to (Ja), since the concentration of atoms and 

radicals produced by the flash was probg,bly high enough t.o provide encounters 

between them. The reaction I + C2 H6 I ~· C2H4 + HI + I could also occur under 

these conditions. The transient nature of the HI spectrum may have resulted 

from the occurence of reaction (8). 

(21) B. A. Thrush, Proc. Roy. Soc., A243, 555 (1958). 

which does not require re-encounter of a C2H5 radical with its iodine atom partner, 

rather than by Ja, since the escape of C2H5 radicals from diffusive recombination 

and other reactions at the site of formation is decreased by four-fold (0.81 to 0.20 

micromoles hr. -l) in going from 259 to -70~, but HI production did not increase 22 
.• 

(22) McCauley and Hilsdorf9 have suggested that the caging effect on a reaction 

analogous to (Ja) accounts for the higher HI/I2 ratio at -6oP than 259. which 

they have observed for the photolysis of n-propyl iodide. The present work 

suggests that this change in ratio may be due to a higher activation energy 

for reaction of C3 H7 radicals with HI than with I 2 • 

The rate of HI production in the glass at -180° for the last run shown in Table I 
-l 

was 0.55 micromoles hr~ , which is a change of only 22% from the 0.45 value for C 

at -70Q. It may be assumed that the observed rate of HI production at -180c> is 

022: 
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equal to the primary rate because thermal radical reactions are essentially stopped. 

From the fact that the ratio of k
12

/kHI increases from about 1.1 at 25~ to 2.5 

at -70Q it follows that the activation energy for the reaction C2 H5 ~ HI ~ C2H6 

+ I is about 1 kcal/rnole higher than for the reaction C2H5 -+' I 2 ~ C2 H5 I + I. Both 

reactions are known to have very low activation energies. The increase in the ob

served HI/I2 ratio vrith decrease in temperature results from the activation energy 

difference, a difference which is so small that determinations at low temperatures 

are required to show experimentally distinguishable differences in rate. 

Absence of Scavenger Effect and Exchange in Solid State.--The fact that no 

exchange with radioiodine occurred, and that added HI and I 2 did not affect the 

photolysis rate in solid C2H5 I glass at -180° proves that thermal ethyl radicals 

were not formed, or that if formed they did not have opportunity to interact •vith 

the additives 23
• From the decrease in A (the rate of production of thermal ethyl 

(23) There is of course question at to whether the additives remained in homogeneou:-

molecular distribution in the glassy solvent. In view of the rapid freezing 

to the glassy state and the clear transparent appearance of the glass it is not 

improbable that they did. Milman24 has demonstrated that. dissolved Br2 shows 

a typical scavenger effect on the organic yield of the (n,~) process in solid 

C2 H5 Br when the liquid solution is frozen fairly rapidly, but not when it is 

frozen very slowlyo 

(24) M. ·Milman, a) J. Am. Chern. Soc., 79, 5581 (1957); b) J. Am. Chern. Soc., in presf-:o 

radicals) in going from 25~ to -70~ it can be estimated that the quantum yield for 

the escape of C2 H5 radicals from recombination with their I atom partners is only. 

4 ~ 10-4 
o;J X at -180° (Table III). Since this is trivial compared to the observed 

yield of product formation, virtually all reaction must occur close to the site of 

photon absorption and reactions (7) and (8) would not be expected to contribute 

appreciably. 
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Another feature of these experiments would preclude reaction of radicals with 

additives. This is the fact that the half thickness for absorption of the incident 
. -5 

light by the C2H5 I is only 6 x 10 em., as a consequence of which the concentration 

of products in the region of light absorption became as high as 2 moles/1. in the 

usual hoQr of illumination. In the solid state the local concentration in the 

region of light absorption is not reduced by diffusion and mixing with the rest of 

the sample in.the cell, as it is in the liquid. Therefore the concentration of 

additives wa3 om::Lll comp~rAd to the loca.l concentration of products and any ethyl 

radicals which escaped primary or diffusive recombination would always react with 

product molecules rather than additives$ 

Effect of 1 Minute illumination as Compared to 1 Hour lllumination.--In order 

to explore the influence of high local product concentration on the I 2 and HI 

production rates, one experiment was done in which eaC'h of the four faces of the 

reaction cell containing C2H5 I glass at -180° was irr~diated for only one minute~ 

following which the C2H5 I was melted, mixed, refrozen and illuminated again in thi 

same way. This sequence was repeated until the accumulated illumination time totaled 

three hours. A second cell was illuminated as a control for 1 hoQr intervals, totnllin 

three hours, at periods interspersed with the 1 minute illuminations. Expressed as 

-ll. increase in absorbancy hr. due to I 2 formed by irradiation and to I 2 formed b,y 

oxidation of the HI in the analysis procedure respectively,· the run with one. hour 

illuminations gave 0.037 and Oo093 and that with 1 minute illumiriations 0.016 and 

and 0.118. The HI/I2 ratio for these runs was. 5.0 for the former and 15 for the 

latter, 

It is possible that the lower HI/I2 ratio from the longer irradiation results 

from absorption of light by the HI or an HI-C2H5 I complex built up to high concen

tration at the interface where the light entered the cell, The absorbancy index of 

HI under these conditions is not known. If it were the same as that for gaseous 
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HI
25 

only about 2% of the incident light would have been absorbed by HI
3 

in these 

(25) C. F. Goodeve and A. W. C. Taylor, Proc. Roy. Soc., 1~4, 181 (1936). 

experiments. If the I 2 -C 2H5 I complex considered earlier6 can form at liquid air 

temperature it is probable that it absorbed an appreciable fraction of the light 

in the experiments with 1 hour illumination at this temperature. 

It seems likely that part or all of the decrease in rate of I 2 production and 

increase in HI for the 1 minute illuminations as compared to the 1 hour illuminations 

results from the fact that C2H5 radicals have an appreciable probability of reacting 

directly with HI rather than undergoing reactions within the cage. 

Bunbury, Williams and Hamill~ found that concentrations of.HI of the order of 

1 mole percent added to ethyl iodide before photolysiS' (I2 was also added at a con

centration of 0.1 mole per cent) at 25() gave an anomoiously low ratio of C2 H4 /C2 H6 

(and also presumably HI/I2 , though this was not measured). They attributed this 

effect to competition of HI with a diffusion-controlled back reaction between ethyl 

radicals and iodine atoms (such as 3a). The effect of this would be to decrease thG 

rate of C2H4 and HI production and increase the rate of C2H6 and I 2 production thus 

giving lower C2 H4 /C2 H6 and EI/I2 production ratios than would be observed with the 

same ratio of HI/I2 present at concentrations of HI and ! 2 so low that they would 

not interfere with reaction Ja. 

Regardless of the reason for the differences between the runs with long and 

short illumination at -1809 it appears that the run with short illuminations offers 

the better basis for evaluating temperature and phase effects in making comparisons 

with the liquid phase runs. 

Test for Trapped Radicals.--The fact that no butane was fom1d as a product 

of the photolyses at -180° suggested that the yield of trapped C2 H5 radicals in the 

solid must be low compared to the localized 2 M concentration achieved by other 

products, since at this concentration appreciable bimolecular radical combination 
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would have been expected at the time of the warming and melting process. The absence 

of frozen-in radicals in excess· of about 10-7 M in terms of the whole solution or 

-3· 10 M in terms of the local volume element where light absorption occurred, seems 

to be confirmed by the absence of any·electron paramagnetic resonance absorption such 

as that which gave pronounced peaks ascribed to trapped C2 H5 when radiolyzed C2 H5 I 

was tested at ~180~ (Fig. 3)o 

One possible explanation for the existence of trapped radicals in the radiolysis 

of C2H5 I glass at -180~ and not in the ~hotolysis is that the dissociating C2 H5 I 

molecules have more energy for escaping from th8 parent cage when activated by ioni7.-

ing radiation than when activated by light. However the rate of produc~ion of eth;y-1 

radicals at -180° as estimated from the rates at 25" and -701) is 0.0012 micromoles/ 
l5 

hr., or 2 x 10 · radicals produced in the three hour photolysis, a numbe~ easily 

detected by the resonance equipment. Assuming that this many radicals were formed 

during the photolysis they must have been consumed before the resonance measuremt:i.•."i: . ., 

This may be due either to the heating effect discussed below or the fact that the 

radicals formed by ionizing radiation can escape farther from their parent partner 

than those formed by photolysis. 

If no heat were dissipated from the small volume element where the light is 

absorbed in the photolysis studies the heating rate during illumination would be of 

the order of 100"/minute. Undoubtedly the heat is dissipated fairly rapidly through 

the cell, but it is probable that the volume element in which the light was absorbed 

was at an appreciably higher.temperature than the coolant-- possibly enough higher 

to permit the diffusion of radicals, which would otherwise have been trapped, to 
26 

points 1-rhere they could react with I, HI, or I 2 • · Norman and Porter have reported 

(26) I. Norman and G. Porter, Proc. Roy. Soc., A230, 399 (1955). 

evidence for the production of trapped radicals in the photolysis of dilute (10-~ M) 

ethyl iodide soluti.ons in hydrocarbon glas.ses. In the case of such dilute solutions 
' 
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the energy of the light would be absorbed throughout the bulk of the medium and the 

heating effects would not be nearly so pronounced. Localized heating effects would 
60 

not occur when glassy C~I5 I is irradiated with Co gamma rays and that may be why 

trapped radicals were observed in the gamma irradiated samples. 

The explanation for the much higher G-value of trapped radical production in. 

glassy compared to polycrystalline ethYl iodide is not obvious. The results are in 

accord, however, with observation of Livingston27 on the electron paramagnetic 

(27) R. Livingston, abstracts of the symposium, "The. Formation and Stabilization of 
Free Radicals", National Bureau of Standards, Washington, D. C., September, 
1957, p. L 1. 

resonance spectra of gamma irradiated H2 0-H2 S04 systems. He found that the G-valu2 

for trapped H atom production ,v,as much higher for the amorphous state than for the 

polycrystalline state. A possible explanation for the difference in results betwesn 

the crystalline and the glassy state is that the crystal lattice organization of t.:~.e 

molecules in the former makes it more difficult for the radicals to escape from i:h8 

parent cage. Another possibility is that the'particular orientation of adjacent 

molecules in. the crystal favors, a hot reaction which competes with cage escape and 

thermalization. This difference in G-value for trapped ethyl radical production 

between the crystalline and glassy solid undoubtedly has some relation to the ob-

servation28 that the G-value for iodine production in the radiolysis of solid ethyl 

(28) E. 0. Hornig and J. E. Willard, J. Am. Chern. Soc., 79, 2429 (1957). 

iodide at -190° was 3.05 for the glass, but only 0.95 for the crystal. other re-

lated observations on the effect of phase and temperature on reactions activated 

by light, ionizing radiation, and nuclear processes have been summarized earlier29 ~ 

(29) 'f •. o·. Jones, R. H. Luebbe, Jr., J. R. Hilson and J. E. Yvillard, J. Phys. 
Chern., §.?., 9 (1958). 
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Fig. 3 Electron paramagnetic resonance spectrum of glassy (top) 

and polycrystalline (bottom) ethyl iodide at -180°., The 

spectrum of the latter is shown at six-fold greater sen-

sitivity than the spectrum of the former. 
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Fig. 1 Effect of added HI and I 2 on the photolysis of ethyl 

iodide at 25~. Points are from experimental data; curves 

are calculated. 
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