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I . In t roduct ion 

This r epo r t desc r ibes the progress of our research during the period 

July 1, 1974 through July 31, 1^75. During t h i s pe r iod , two papers were 
1 2 published in the Journal of Physical Chemistry ' and one in the Journal 

3 
of Chemical Physics; .'tepri n Li, uin liiuluded tnilil'i Lit 1 L rupuj. t . Two 

L 5 
manuscripts have been w r i t t e n deal ing with recen t ly completed w o r k , " 

and w i l l be submitted f o r publ ica t ion in the near f u t u r e , f r e p r i n t e -

paper was presented a t the Southeastern Regional Meeting of the American 

Chemical 5ocie ty in October 1S74, and an inv i t ed paper was given a t 

t he Eighth Caribbean Chemical Congress held in Georgetown, Guyana, in 

January 1975. Additional papers have been submitted f o r the 170th 

National Meeting of the American Chemical Society in August 1975, and 

f o r the F i r s t All r.'ofth American Chemical Congress to be held in Mexico 

City in l a t e November. 

Due to a grant from the Univers i ty of Florida Division of Sponsored 

Research, we were ab le to acquire a major new instrument f o r the use 

of the r a d i a t i o n chemistry group, a Febetron 706 pulsed e l ec t ron a c c e l e r a t o r . 

Several accessor ies f o r use in pulse r a d i o l y s i s experiments have a l so 

been obtained. Negotiat ions f o r reloading of our Cobalt 60 gamma 

i r r a d i a t o r t o i t s 600 cu r i e capaci ty were completed in the f a l l of 

1974, and the new source was i n s t a l l e d in flay 1S75. 
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I I . • Progress of Experimental Work 

A, Gas Phase Hadiolysis of CoF^ - Co!!r f i x t u r e s 

Previous work on t h i s system i s summarized in our annual repor ts 
6 - 8 

cf 1972, 1973, and 1974, as well as in a b s t r a c t s of papers presented 

a t the 21st Annual Meeting of the Radiation Research Socie ty , S t . Louis, 

1973 and a t the 5th In te rna t iona l Congress of Radiation Research, 

S e a t t l e , 1 9 7 4 . 9 , 1 0 

Work completed during the past year includes measurement of the 

e f f e c t of 10% added oxygen on major products of the r ad io ly s i s (Hg, 

CH4, C2H2, C2H4, C3Hq, and C4H1Q, CFgH, and C2FgH) in the pure f l uo ro -

carbon, pure hydrocarbon, and f i ve intermediate compositions. Results 

of t h i s work are presented in Figures 1 - 3 . Addi t iona l ly , the y i e ld s 

of HF, both with and .without added oxygen, were measured a t f i v e 

mixture concent ra t ions . These r e s u l t s are shown in Figure 4. 

We will not present a de ta i l ed discussion of these r e s u l t s a t t h i s 

time, s ince f i n a l wr i te up of the work i s cu r r en t ly in progress . I t 

wi l l be noted, however, t ha t n-butane i s decreased to the extent of 

about 85% by added oxygen, propane by about 60%, methane by about 50%, 

and hydrogen by 40%. The y i e ld of CK3CF3 and CF2QI2 are completely 

e l iminated , indica t ing t h a t these products a r i s e exc lus ive ly by r a d i c a l -

radica l r eac t ions . The y i e l d of ethylene increases f i v e fo ld with 

added oxygen, and acetylene th ree f o l d ; probably, oxygen pro tec t s 

these products from f u r t h e r a t tack by f r e e r ad ica l s spec ies . The y i e l d s 

of HF, CF^H, and C ^ H are e s s e n t i a l l y unaffected by 10% added oxygen. 3 
On the basis of r e l a t ed mass spectrometr ic work from t h i s l abora tory , 

we s t rongly suggest t h a t CF̂ H and CgFgH are formed via hydride ion 
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+ + 

t r a n s f e r from C^Hg to CF3 and C^Fg ions , r e s p e c t i v e l y . Cons is ten t with 

t h i s i n t e r p r e t a t i o n , y i e l d s of both of those products maximize when about 

90% of the energy i s deposi ted in C2FC, and the y i e l d decreases e s s e n t i a l l y 

in " d i r e c t e f f e c t " fash ion as the f luorocarbon i s d i l u t e d with added hydro-

carbon. Ke bel ieve t h a t the HF y i e l d i s a simple hydrogen atom a b s t r a c t i o n 

r e a c t i o n ; f l u o r i n e atoms are such a vigorous reagent t h a t the hydrocarbon 

s u b s t r a t e i s e s s e n t i a l l y a "scavenger" as f a r as f l u o r i n e atoms are con-

cerned. I t i s reasonable t h a t added oxygen would have l i t t l e ne t e f f e c t 

on the production of HF from t h i s p rocess , although t h e r e may be some 

t r a n s i e n t formation of a f l u o r i n e - oxygen complex.-

E. Gas Phase Radiolysis and Photo lys i s of Ethyl Bromide 

Work on t h i s system was completed in February 1975. Two manuscr ip t s , 

deal ing r e spec t ive ly with the pho to lys i s and r a d i o l y s i s of ethyl bromide, 
4 5 

have r ecen t ly been completed and are included with t h i s r e p o r t . * Although 

these manuscripts can be consul ted f o r a d e t a i l e d d iscuss ion of our work 

on t h i s s u b j e c t , we give a few h igh l i gh t s of our r e s u l t s below. 

At shor t l i g h t exposure , pho to lys i s of e thyl bromide a t 253.6 nm 

gives hydrogen bromide as a major product ( the i n i t i a l quantum y i e l d 

equals 0 . 36 ) . The complementary product e thylene i s a l so found.with a 

maximum quantum y i e l d a t shor t photo lys i s t ime, but a s t r a i g h t f o r w a r d 

mater ia l balance i s not observed; the i n i t i a l quantum y i e l d of e thy lene 

i s only 0 .03 . At long pho to lys i s t imes , both HBr and e thylene reach p la teau 

va lues , and the major products are C£Hg and a mixture of 1 ,1 and 1,2 . 

dibromoethanes. We suggest t h a t t h e r e a re two main Elementary r e a c t i o n s 

in e thyl bromide p h o t o l y s i s , giving C2H5" + Br*, and C2H4 + HBr, 

r e s p e c t i v e l y . Production of CH, and CH?Br? provides evidence f o r a minor 
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process involving rupture of the C-C bond. Accordingly, t h i s photo lys i s 

system involves an e l a b o r a t e steady s t a t e k i n e t i c competi t ion involving 

HBr, Br*, Brg, ^ 4 ' and s u b s t r a t e ethyl bromide, which i s sub jec t t o 

f r e e radica l a t t a c k . We attempted an ana lys i s of the steady s t a t e 

k i n e t i c s using numerical i n t e g r a t i o n on an IBM 370-165 computer. 

Results were not completely s u c c e s s f u l , but v/ere s u f f i c i e n t l y encouraging 

t o suggest t h a t t he r eac t i ons scheme includes a ma jo r i t y of the r e l evan t 

p rocesses . 

The r a d i o l y s i s of e thyl bromide i s remarkably s i m i l a r t o the 

pho to ly s i s ; in both cases , no net Br2 i s formed, although (as suggested 

above) i t i s probably p resen t a t low concent ra t ion under s teady s t a t e 

cond i t i ons . All of the main products seen in the photo lys i s a re a l so 

observed under r a d i o l y s i s cond i t i ons ; indeed, the shape of y i e ld -dose 

graphs a re s i m i l a r in most ca ses . Additional products from the r a d i o i y s i s 

include hydrogen and ace ty lene ; i t i s c l e a r t h a t product ion of these 

species involves high energy reac t ion pathways, not a c c e s s i b l e in 

the 253.7 nm p h o t o l y s i s . An examination of known ionic f ragmentat ion 

pathways and e s t a b l i s h e d ion-molecule r eac t ions in the ethyl bromide 

system gives a s t r a igh t fo rward i n t e r p r e t a t i o n of the d i f f e r e n c e s 

observed between the pho to lys i s and the r a d i o l s i s of t h i s system. 

The r e s u l t s of our i n v e s t i g a t i o n of the r a d i o l y s i s of e thyl bromide 

f o r a the bas i s of an i n t e r e s t i n g comparison with work published e a r l i e r 
11 12 

by Schindler and o thers on e thyl ch lo r ide and iod ide . ' Although 

a manuscript on t h i s sub jec t has not been prepared f o r p u b l i c a t i o n , 

the comparison between the r a d i o l y t i c behavior of the the t h r e e compounds 

i s discussed a t some length in the Ph.D. d i s s e r t a t i o n of Dr. Arthur 

J . Frank. 1 3 
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C. Radiolysis and Mass Spectrometry of CF.,1 and C^FcI. 

I d e n t i f i c a t i o n of major and minor products from the gamma r a d i o l y s i s 

of C 2 F 5 I , and q u a n t i t a t i v e measurement of r a d i o l y t i c y i e l d s , i s nearly 

complete. Result of our work to date a re summarized in Table 1. Some 

add i t i ona l work i s necessary on the measurement of r e l a t i v e flame 

i o n i z a t i o n de t ec to r response of the var ious products . Although several 

of the needed compounds a re a v a i l a b l e as s t anda rds , simple syr inge i n -

j e c t i o n i n t o the gas chromatograph i s impract ical due to the f a c t 

t h a t t he se compounds cause a severe skin a l l e r g y . An i n d i r e c t procedure 

involving vacuum l i n e p repara t ion of s tandards i s being c a r r i e d ou t . 

A study of the behavior of t h i s r a d i o l y s i s system in the presence of 

a f r e e rad ica l scavenger wi l l be undertaken in the near f u t u r e ; we 

wi l l probably u t i l i z e hydrogen iod ide , s ince i t r e a c t s in a s t r a i g h t -

forward f a s h i o n , fu rn i sh ing a hydrogen atom to the rad ica l s i t e . 

Quan t i t a t ive experiments on the r a d i o l y s i s of CFgl have not y e t 

been accomplished, but i d e n t i f i c a t i o n of major and minor r a d i o l y s i s 

product? i s complete. Products observed include CF^, CgFg, 
C3F8' ^2*2' and Three these products (C3F8' 
C^Fgl, and CgF^I) had not been reported by e a r l i e r workers. 

A discuss ion on ion-molecule r eac t ions of CgFgl as s tudied by 

high p ressure t i m e - o f - f l i g h t mass spectrometry was included with the 

1973 Annual Report.^ Recent ly , the opportuni ty arose to ca r ry out 

s t u d i e s of ion-molecule r e a c t i o n s in CFgl and C2F5I using a Varian 

Model V 5900 ICR mass spectrometer in the labora tory of P ro f . John 

Eyler of the U.F. Department of Chemistry. Tables 2 and 3 i nd i ca t e 

r eac t ion pathways d e f i n i t e l y e s t a b l i s h e d or i n f e r r e d , on the bas i s 

of ICR s ing l e resonance, ICRjdouble resonance (iCDR), o r high pressure 
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t i m e - o f - f l i g h t mass spectrometry ( in the case of C-F^.I). I t i s c O 
noteworthy t h a t a number of tne r eac t ions d e f i n i t e l y i d e n t i f i e d by 

the ICDR technique would be endoergic f o r ground s t a t e i ons . The 

energy d e f i c i t i s high as 20 t o 30 kcal/mole ir, some ins t ances -
16 

Marcotte and Tiernan repor ted previous ly on the p a r t i c i p a t i o n of 

exc i ted r e a c t a n t ions during ion-molecule r eac t i ons of f lucrocarbon 

spec i e s . I t appears t h a t a t tempts to c a l c u l a t e bond energ ies in f l u o r o -

carbon systems, using the assumption t h a t a l l observable ion-molecule 

r eac t ions must be exothermic o r tharmoneutra l , a r e of doubtfu l v a l i d i t y . 

In the case of C 2 F 5 I , t he ICR, ICDR, and high p ressure t i n e - c f -

f l i g h t measurements appear to be s t r a igh t fo rward and in good agreement. 

There i s an anomaly, however, concerning the r eac t ion pathways confirmed 

f o r CF^I by the double resonance technique , on the one hand, and 

s t r a igh t fo rward measurements of r e l a t i v e ion i n t e n s i t i e s using s ing l e 

resonance techniques , on the o the r hand. Several measurements taken 

by the l a t t e r technique are shown in Figure 5. I t should be noted t h a t 
+ - 6 the re i s a sharp decrease of the i n t e n s i t y of CF3I between I x 10 

-5 

and 2 x 10 t o r r , and a c l e a r l y c o r r e l a t e d increase in the i n t e n s i t y 

of CF3
+ over the same pressure range. This observat ion s t rong ly suggests 

a r e ac t i on channel in which CF3I+ d isappears and CF3
+ i s formed. 

S u r p r i s i n g l y , the reac t ion demonstrated by ICDR, and l i s t e d in Table 

2 has exac t ly the opposi te consequence — CF3
+ i n t e r a c t s with paren t 

CF3I, and CF3I+ i s formed. He a re forced to conclude t h a t a c o l l i s i o n -

a l l y induced d i s s o c i a t i o n of CF3I+ must occur . I t i s necessary to 

assume t h a t the CF3I i s exc i ted e i t h e r v i b r a t i o n a l l y or e l e c t r o n i c a l l y , 

so t h a t t h e d i s s o c i a t i o n process would be near ly t h e r m o n e u t r . l , s ince 

the reac t ion i s not seen by the double resonance t echn ique . 
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D. R a d i o l y s i s , P h o t o l y s i s , and i'.&ss Spectrometry of T e t r a f l u o r c c y c l o b u t s n s 

A study of i o n i z a t i o n and appearance p o t e n t i a l s of fragment ions 

from 1 , 1 , 2 , 2 - t e t r a f l u o r o c y c l o b u t a n e was completed l a s t y e a r ; t he 

r e s u l t s have been pub l i shed , and a r e p r i n t i s included wi th t n i s r e p o r t . 

We have a l s o c a r r i e d out a s e r i e s of exper iments on ion-molecule 

r e a c t i o n s in t h i s s y s t e m , ' u s i n g both high p re s su re t i m e - o f - f l i g h t 

mass spec t romet ry and i o n - c y c l o t r o n t e c h n i q u e s . Typical ion i n t e n s i t y 

graphs a r e shown in Figure 6 , and r e l a t e d k i n e t i c p l o t s in f i g u r e 7. 

There i s an i n t e r p r e t a t i o n a l d i f f i c u l t y with the high p r e s s u r e 

work, s ince the o v e r a l l mass s p e c t r a seen a t t he lowest u sab le p r e s s u r e s 

in our ion-molecule r e a c t i o n source (approximately 5 microns) a r e 

s i g n i f i c a n t l y d i f f e r e n t from those seen under normal a n a l y t i c a l 
• 6 t" 

cond i t ions (about 10 t o r r ) . R e l a t i v e i n t e n s i t i e s of C2F4 and + 
CgHgF.; a r e q u i t e small a t 5 mic rons , whereas t h e r e l a t i v e i n t e n s i t y 

* - 6 of CgH^ i s very l a r g e compared with t h e normal 10 t o r r spect rum. 

The system seems to be well behaved, and g ives reasonab le k i n e t i c 

p l o t s (F igure 7 ) . We can only sugges t t h a t C2
F4+ a r , d C2H2F2* u n d e r 9 ° 

e f f i c i e n t charge t r a n s f e r r e a c t i o n s with t h e pa ren t t e t r a f l u o r o c y c l o -

butane . In the r e a c t i o n s observed in the 5-40 micron p r e s s u r e regeim 

(Figure 6 ) , C2H4
+ i s a r e a c t a n t i o n , and i s des t royed wi th concommitant 
+ + 

format ion of CgF^ and CgHgFg . There a r e a l s o a number of i n t e r e s t i n g 

high molecu la r weight ions in t h i s system, as seen by t i m e - o f - f l i g h t 

mass spec t romet ry and/or ICR t e c h n i q u e s . The fo l lowing two r e a c t i o n 

channels have been i d e n t i f i e d by t h e ICDR method: 

C2H2F2
+
 + C-C4H4F4 — C5H6F4

+
 + CF2 . 

c2H2F2
+ + C-C4H4F4 — c6H6F5

+ 

The second r e a c t i o n was seen i n both t i m e - o f - f l i g h t and ICR 



experiments, and the f i r s t only by ICR. An ion of mass 164, corresponding 

to C4HgFg+, was seen only in the t i r a e - o f - f l i g h t mass spec t rometer ; 

the rou te to i t s formation had not y e t been i d e n t i f i e d . 

We have a l so completed a s e r i e s of i n v e s t i g a t i o n s of the garzna 

r a d i o l y s i s of t e t r a f l u o r o c y c l o b u t a n e , n i t h and wi thout added oxygen. 

The r e s u l t s of t n i s work a re presented in Table 3. I t v:ill be seen 

t h a t a l a rge number of products are formed, ; ^h* m a j o r i t y of the 

observed G values a re q u i t e smal l . A s i m i l a r p a t t e r n was seen in 

the r a d i o l y s i s of the r e l a t e d compounds cyclobutane and perf lu&rocyclo-

b u t a n e . ^ ' ^ In a l l t h r e e cases i t appears t h a t a por t ion of the 

o l e f i n i c y i e l d undergoes polymerizat ion and i s deposi ted on the vessel 

w a l l s . Consis tent with t h i s sugges t ion , we found a marked evo lu t ion 

of f l u o r i n e conta ining organic fragments when a vessel which hac been 

used f o r the r&dio lys i s of t e t r a f l uo rocyc lobu tane was a t tached d i r e c t l y 

to the mass spectronicter and flamed s t rong ly with a hand t o r c h . 

A number of measurements have a l so been made on the mercury 

s e n s i t i z e d p.ioto'iysis of t e t r a f 1 uorocyclobutane a t 253.7 ran. I d e n t i -

f i c a t i o n of both low and high molecular weight products has been 

completed, and y i e l d - v s - p h o t o l y s i s time curves have been measured f o r 

low molecular weight spec i e s . Work remaining to be done includes 

y i e l d measurements f o r the high molecular weight p roduc t s , as well as 

HF measurements and scavenger s t u d i e s . Upon completion of the photo-

l y s i s , r a d i o l y s i s , ana mass snec t romet r ic exper iments , we expect to 

be in a pos i t ion to make some reasonable suggest ions concerning the 

overa l l mechanism or the c a d i o l y t i c decomposition of t e t r a f l u o r o c y c l o -

butane. 



£. Other Work 

Since l a s t suuv.er, Dr. Janies Fanning has spent most of h i s time 

on reprogranxting of our mass spectrometer data a c q u i s i t i o n and reduct ion 

r o u t i n e s . The ex i s t ing system was wr i t t en sho r t l y a f t e r we obtained 

our General Automation SPC 12 Minicomputer, and does not incorpora te 

many improvements in sof tware made s ince t h a t t ime, In p a r t i c u l a r , 

i t u t i l i z e s a double p rec i s ion (15 b i t + sign + exponent) f l o a t i n g 

poin t mathematics package, which i s r e a l l y not s u f f i c i e n t l y p rec i se 

f o r the data reduct ion computations. The new vers ion v?ill u t i l i z e 

our quadruple prec i s ion (31 b i t + sign + exponent) mathematics package. 

In a d d i t i o n , we a re making some changes in the data reduct ion a lgor i thm, 

wnir.h i s c u r r e n t l y based upon a t h e o r e t i c a l l y c o r r e c t quad ra t i c term 

and an a r b i t r a r y cubic t e r a , added t o co r rec t f o r a known d r i f t in 

the machine c a l i b r a t i o n with increas ing mass. Recent ly , we have 

found t h a t two separa te quad ra t i c express ions , sp l ined t oge the r a t 

approximately mass 130, a re much more s a t i s f a c t o r y . Other changes 

being made include provis ion f o r normalizing each spec t r a l peak, 

as i t i s scanned, aga ins t the t o t a l ion i n t e n s i t y as measured on 

a sepa ra te e lec t rometer u n i t design f o r t h i s purpose. This co r r ec t ion 

i s p a r t i c u l a r l y convenient during MS-GLC experiments , s ince i t allows 

normalizing out the chromatographic peak envelope. A f u r t h e r r e f i n e -

ment being added i s a provis ion f o r monitoring the t o t a l ou tpu t 

i n t e n s i t y s ignal during GC runs , au tomat ica l ly i n i t i a t i n g mass spec t ro-

meter scan i f a GC peak i s d e t e c t e d , and s torage of the r e su l t i ng 

spectrum on magnetic t ape . 

I t was our o r ig ina l i n t en t i on t h a t Dr. Fanning would a lso undertake 

some experimental work concerning e f f e c t s of oxygen on the r a d i o l y s i s 



of propane in the gas phase. Cnly "limited progress was maue ir. irrl t 

d i r e c t i o n , s ince the programming work has ta.<en longer v. nan c/ . r .^zzn. 

However, t he re has been some progress in t h i s a r ea , p a r t i c u l a r l y 

r econs t ruc t ion of a vacuum l i n e and r e fu rb i sh ing of a gas chrcr/.stegrs.cn 

f o r the work. We expect to make good progress in t h i s area during 

the r a i l months. 

F. F a c i l i t i e s and equipment 

Improvements in laboratory f a c i l i t i e s during the year inci-jc'e 

re loading of our Cobalt 60 oanr.a i r r a d i a t o r to i t s nominal capac i ty 

of 600 c u r i e s ; nego t ia t ions f o r t h i s work were completed in October 

1974, and the source a r r ived in i-iay 1975. An i r r a d i a t o r e s s e n t i a l l y 

i den t i ca l to ours has recent ly been cons t ruc ted by the resea rch grcup 

of P ro f . P h i l l i p Achey in r a d i a t i o n b io logy, using the o r ig ina l working 

drawings vor our f a c i l i t y . The new u n i t , which was i n s t a l l e d on the 

ground f l o o r of the Nuclear Science Center , was loaded a t the ssme 

time as our i r r a d i a t o r , with corresponding saving in shipping c o s t . 

Since the two i r r a d i a t o r s are e s s e n t i a l l y i den t i ca l in geometry and 

i n t e n s i t y , they can be shared between both research groups , with a 

r e s u l t i n g evening of the work load . This i s l i k e l y to be e s p e c i a l l y 

usefu l to the r a d i a t i o n chemistry group, s ince individual i r r a d i a t i o n s 

on gas phase systems f requen t ly r equ i r e from 10 t o 50 hours . 

A major addi t ion to the f a c i l i t i e s of the labora tory i s a Febetron 

706 pulse e l ec t ron a c c e l e r a t o r , purchased with funds made a v a i l a b l e 

by the Univers i ty of Florida Division of Sponsored Research. This 

un i t has been i n s t a l l e d and t e s t e d , and we are now in the process of 

building up equipment to undertake experiments in the pulse r a d i o l y s i s 



of i j i sos . To c a t o , r.avu faur icaced a sc:..p*:e c.'iiri.ber nr. a o^tair.&d 

& Tektror.ix o s c i l l o s c o p e , an osc i l loscope camera, end £ 3 .<v. power 

supply , mostly frc.v. Government Surplus . A B1o~atior. .'-'.ode'; CUB t r a n s i e n t 

d i g i t i z e r was purchased wit:i con t r ac t funds . Rer.ciCiir.c components 

of the p h o t c n u l t i p l i e r l i g h t de t ec t i on system wi l l be ordered in the 

near f u t u r e , ar.c i n i t i a l experiments should be undertaken by f e l l . 

In o rce r to a f f o r d components f o r the phc tu . .u l t ip l i e r l i o n t d e t e c t i o n 

system, we have p j t o f f the purchase cf a new flame i o n i z a t i o n e l e c t r o -

meter , l i s t e d in the budget f o r the presen t y e a r . I t i s poss ib le 

t n a t we wi l l oe ab le to g e t along without t n i s item i n d e f i n i t e l y , 

due to a s h i f t of a c t i v i t i e s towards the pulse r a d i o l y s i s a r ea . 

IV. Pui-l ications» X e e t i m s Attenced 

In January , a paper deal ing with tha gas pha*c pho to ly s i s of 

carbon t e t r a c h l o r i d e a t 253.7, 134.9, 147.0, and 106.7 nr. was publ ished 

in tne Journal of Physical Chemistry, co-authors a re Drs. Douglas D. 

Davis, John f . Schmidt, and Charles M. Keeley.A Pub l i ca t ion of t h i s 

paper was q u i t e t i m e l y , in l i g h t of cons iderable cu r ren t i n t e r e s t in 

the pnotocheir.istry of the cnlorofluoro.T.ethanes. We repor ted a sub-

s t a n t i a l product ion of dichlorocarfcer.e (CClg/ from the pho to lys i s cf 

CC!^ a t 1S4.9 nm and lower wavelengths; i t i s very l i k e l y t h a t CF, i s 

formed in the pho to lys i s of CF2CI2, and poss ib ly in the case of CF^Cl. 

If t h i s i s so , i t w i l l be s i g n i f i c a n t with respec t t o the po t en t i a l 

ozone des t roying r e a c t i o n s of these molecules in the s t r a t o s p h e r e . 

In Febraury a paper on ion-molecule r eac t ions in the systems 

CF4 - CH,, and CF^ - CgH-, co-authored by P ro f . Edgar Heckel, was publ ished 

in the Journal of Chemical P h y s i c s . 0 A paper with Mr. A.R. Ravishankara, 

on an e l ec t ron impact i nves t i ga t i on of 1 , 1 , 2 , 2 - t e t r a f l u o r o c y c l o b u t a n e , 



-12-

was published in the Journal of Physical Chemistry in April.1" A 

paper on the same work was a lso read a t t he Southeastern Regional 

Meeting of the American Chemical Society in Norfolk , V i rg in i a , in 

October 1974. F i n a l l y , P rof . Hanrahan attended the 8th Caribbean 

Chemical Congress in Georgetown* Guyana, in January , and gave an 

i nv i t ed l e c t u r e on the r a d i o l y s i s of f luorocarbon - hydrocarbon systems 

in a symposium organized by P ro f . Larry Kevan. 

Two manuscripts deal ing with Dr. Arthur Frank 's r ecen t ly completed 

work on the pho to lys i s and r a d i o l y s i s of e thyl bromide in the gas 
a 5 

phase have been completed, arvJ are-ii icluded-wt^jaBAfejaa^oct.-1 3* 

Two papers deal ing with t h i s work have been submitted to the American 

Chemical Society 170th National Meeting in Chicago t h i s September, 

and to the F i r s t All North American Chemical Congress in Mexico City 

t h i s coming October, r e s p e c t i v e l y . 



Table 1. Yields in the Gamma Radiolysis of C^Fgl 

Product G-Valuea Detector Re; 

C F4 (3-4}b 4 x 10' 

C2F4 1 . 16 e 0.122 

C2F6 0.298 0.18G 

C3F8 - 0.055 1 

C3F6 0.363 0.6S5 

C4F10 0 . 4 i 7 C ' e 1.095 

CF.I 0 0.196e 1.05 

C F T 2 3* 0.012 (2.10) ' 

O / 0.028 (3.16) 

I-C-.F-J O / 0.001 (3.16) 

n-C4F9I 0.005 (4.21) 

I-C4F9I 0.014 (4.21) 

£.2 2 
0.095 1.05 

L,2-C 2 F 4 I 2 0.127 1.60 

I,I-C2F4I2 0.166 1.60 

h 
present — 

(a) Yields measured a t a dose of 5.10 x lG1^ ev/gram except as noted. 

(b) Based on one measurement 
/ \ 19 (c) Measured a t an absorbed dose of 3.22 x 10 ev/gram 

(d) Rela t ive de t ec to r response values in pa ren thes i s a re es t imates 

based on carbon number. 

(e) Higher y i e l d s of C2F4, n - C ^ g , and CF3I l i s t e d in the 1974 
r e p o r t were an a r t i f a c t due to impur i t i e s of these species 
in t h e s t a r t i n g m a t e r i a l . 



Table 2. Ion - Molecule Reactions in CF-I J 

Reaction AH, Kcal/niole Method3 

(I) CF3+ + CF3I — > CF3I+ + CF3 +33.54 ICDR 

(2) R + CF3I — > CF3I+ + I + 3.5 ICDR 

(3) CF3
+ + CF3I — CF2I+ + CFA - 3.9 ICDR 

(4) CF3I+ + M — • CF3
+ + I + M ICRPP 

(a) ICDR r e f e r s t o Ion Cyclotron Double Resonance; ICRPP ind i ca t e s a 

p l o t of ion i n t e n s i t y versus p ressure in s i ng l e - resonance ICR. 



Table 3. Ion - Molecule Reactions in C0FcI 

Reaction AH Kcal/mole Method3 

(1) C F 3 + + C2F5I >• C 2 F 5 I + + CF3. +34.24 ICDR 

(2) CF„+ + W — > C2F4I+ + C F4 exo ICDR 

(3) c2F4
+ + C2F5I — > C 2 F 5 I + + C2F4 +12.7 ICDR 

(4) C2F5+ + C2F5I — > C 2 F 5 I + + C
2 V +22.7 ICDR 

(5) C2F5+ W C2F4I+ + C2F6 exo Both 

(6)B T + + C2F5I — C 2 F 5 I + + I- + 4.24 Both 

(7)B I + + 
W 

— ) • <2+ + C2<V -16 .6 Both 

(S) CF2I+ + C2F5I — C 2 F 5 I + + CF2I ICDR 

(9) CF2I+ + C2F5I — > C2F4I+ + CF3I endo ICDR 

( 1 0 ) b , c 
C 2 F 5 I + + 

W — C 2 F 5 I 2 + + TOF 

( l l ) b , c C2F5I+ + W 
— V C F 1 + 

4 10 2 TOF 

(a) ICDR r e f e r s to Ion - Cyclotron Double Resonance; TOF i n d i c a t e s high 

pressure t i m e - o f - f l i g h t mass spectrometry. "Both" i n d i c a t e s t h a t 

r eac t ion was seen by ICDR and TOF methods. 

(b) Rate cons tants were measured by high pressure TOF method, as fol lows 

(k x 10 1 0 cc molecu le - 1 s e c " 1 ) : Reaction 6 , 0 .237; Reaction 7 , 0 .279; 

Reaction 10, 0 .836; Reaction 11, 1.11. 

(c) Mass of product ion beyond range of ICR ins t rument . 



Table 4a 

Yields in t h e Rad io lys i s of 1 , 1 , 2 , 2 - T e t r a f l u o r o c y c l o b u t a n e ; 
Products Elu t ing on S i l i c a Gel Column. 

UNSCAVENGED SYSTEM 

)duct I n i t i a l L inea r 3 

H2 0.52 0.52 

HF 2.3 2.3 

CH4 0.0032 0.0082 

C2H6 0.0057 0.0129 

C2F4 0.093 0.171 

C2H4 0.0 0.0 

1,1-C2H2F2 K 4 7 ) 0.0464 

C2H2 0.0853 0.196 

C2H3F 0.0125 0.0 

1,2-C2H2F2 0.0071 0.0071 

C3H4 F2 0.023 0.0487 

1,2-C2H2F2 0.0546 0.0546 

C2F3H 0.01° 0.01° 

C3 F4 H2 0.0035. 0.0165 

CF3H 0.01d 0.01d 

0 2 SCAVENGED SYSTEN 

I n i t i a l 

0.205 

8 .6 

0.008 

0.0G57 

0.109 

0.053 

0.471 

0.0136 

0.024 

0 . 0 

0 . 0 

<0.001 
" _ b 

<0.001 

Li near 

0.632 

3.6 
0.0 

0.0057 

0.109 

0.125 

0.471 

0.114 

0.03S7 

0.0 

0.0 

<0.001 

<0.001 

1 c; 
^a) Linear region reached a t a dose of ca . 1 x 10 " ev . except f o r CgHg, 

which requ i red 2 x 10 ev. 

(b) Dash i n d i c a t e s product no t measured 

(c) CgFgH e lu ted with CgHgJ y i e l d e s t ima ted from mass spec t rometry a n a l y s i s 

(d) CFgH e l u t e s with l j l - C g S ^ F ? ! y i e l d es t imated from mass s p e c t r o m e t r y 

a n a l y s i s . 



Table 4a 

Yields in the Radiolysis of 1 , 1 ,2 ,2 -Te t r a f l uo rocyc lobu t ane ; 
Products Elut ing on SE-30 Column 

UNSCAVENGED SYSTEM 0 2 SCAVENGED SYSTEM 

Product I n i t i a l Linear 

C3H4F2
a 0.032 0.047 0.005 

C3H2F2 0.013 0.021 0.005 

r ij r 
"4 2 4 0.0062 0.017 « 0 . 0 0 1 

W 2 0.013 0.013 « 0 . 0 0 1 

C.-H-.F-, 
k 0 0 

C-H-F, 
O O 4 

0.063 0.197 0.13 C.-H-.F-, 
k 0 0 

C-H-F, 
O O 4 0.007 0.05 

c 

? 0.01 0.01 — 

7 — 0.05 — 

C6H4F6 0.05 0.G9 "X.Q5d 

C6H4F6 0.02 0.05 ^.0.05° 

? 0.0 0.015 «o.ooi 
c8H6Fa 0.01 0 .0 0.0 

(a) Measured on s i l i c a gal column a l so 

(b) Based on the f i r s t t h r e e p o i n t s . (The y i e l d a t longer doses becomes zero 

and then becomes negat ive) 

(c) Dash i n d i c a t e s p-.oduct not measured 

(d) I r r ep roduc ib l e 



Fraction of Energy Absorbed by C2Hg 

Figure 1: Production of ll2> CgHg, and CgÊ  in the 
radiolysis of 6~C2li6 m i x t u r e s added Og. 
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yraction of Energy Absorbed by C'd 

figure 2: Production of CKj., Ĉ Hg, and n-Ĉ K̂ Q in 
the radiolysis of C0F-.—C,,H,- mixtures with 10% J 2 o d o 
added 0o. 



Fraction of Energy Absorbed by C0H< 

a j z OM c<$ o.Z 

?raction of Energy Absorbed 'oy Ĉ Hg 

Figure 3: Production of C?_K and 0*3"-11 in the J d o 
radiolysis of "-i>: tures with 10S aciced Og, 



F r a c t i o n of E n e r g y A b s o r b e d by C„K 

f i g u r e P r o d u c t i o n o f HP i n t h e r a d i o l y s i s o f 
C 2 ? o " " C 2 H 6 r i i x t u r e s w i t h a n d w i t h o u t 10% a d d e d 0 2 



PRESSURE, TORR(XI0 5 ) 

F i g u r e 5' V a r i a t i o n of i o n s i n g l e - r e s o n a n c e 
i n t e n s i t i e s w i t h p r e s s u r e o f C?-,I a t 2 5 eV. 
(O) c?3i+

9 (O) (O) c5- 2 r / (c ) r . 
M e a s u r e m e n t s maae u s i n g V a r i a n V5900 ICR m a s s 
s p e c t r o m e t e r . 



0.6-1 
. + r 

0.5 -i 1 
•-J 

: 1 

0.4-i I 
is 
H 

E-xj 
0.3 1 

n 

0.2 1 

C. i l 1 

0.0 ; 

P r e s s u r e . , m i c r o n s Kfs 

P i ^ u r a 6: Serins, l i zed i o n i n t e n s i t i e s a s a 
f u n c c i o n o f p r e s s u r e i n t h e TOP s p e c t r u m . o : 
1 , 1 , 2 , 2 - t e s r a f l u o r o c y c l o b u t a r . e . 



P r e s s u r e s m i c r o n s Hg 

5 ' i g u r e 7 : Serni l o g a r i t h m i c p l o t s of n o r m a l i z e d 
i o n i n t e n s i t i e s v e r s u s p r e s s u r e i n t h e h i g h 
p r e s s u r e TOP s p e c t r u m of 1 , 1 , 2 , 2 - t e t r a f l u o r o -
c y e l o b u t a n e . M e a s u r e d r a t e c o n s t a n t s 
( k ^ c c m o l e c ~ ~ s e c ~ ^ ) a r e a s f o l l o v r s : 
C 2 H 2 F 2 - f o r m a t i o n , 0 . 9 4 ; C ^ * f o r m a t i o n , 0 .9 2 * ; jr 
C2H^ c o n s u m p t i o n 9 2 . 0 . 
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