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ABSTRACT 

A 5 MeV proton acce le ra to r (Van de Graaff) has been used for 

pulse radiolysis of a number of organic gases and the t rans ien t spec t ra 

obtained from the alkanes methane, ethane, propane, n-butane and 

neopentane have tentatively been assigned to alkyl r ad ica l s . Some 

methodological aspects of this new technique a re d iscussed. 
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INTRODUCTION 

One objection to the use of protons in connection with pulse r ad io -

lysis has been their comparat ively short range unless the energy is 

made very high. High energy protons requ i re expensive a c c e l e r a to r s 

and the re is also a r i sk that radioactivi ty is induced in cells and equip

ment [ l] . In cer ta in c a s e s , however, protons with an energy of only 

a few MeV can be used to advantage, viz. 

(i): Investigations of radiation chemical react ions in the surface phase 

of liquids and solids. It is obvious that protons a r e more suitable 

than e lec t rons for producing radica ls close to the surface in such 

s tudies . In principle the exper imental set up can be made quite s imple , 

i. e. one can i r rad ia te the free surface under controlled a tmosphere 

in an open vesse l . 

(ii): Investigations of samples which have considerable light absorption 

or light scat ter ing p rope r t i e s , such as polymers and polycrysta l l ine 

sol ids. These can be studied in the form of thin f i lms. 

(iii): Investigations of gases at a tmospher ic or subatmospher ic p r e s s u r e 

where a very efficient use of the radiat ion energy is possible due to 

the well defined range of the protons and the small spread of the p r o 

ton beam. In this connection it may be mentioned that the e lect ron 

acce l e r a to r s normal ly used for gas studies deposit only about 1% of 

the pulse energy in the gas of a normal sized gas cell [ 2] . 

In this paper we repor t - to our knowledge - the f i rs t pulse r ad io -

lysis study ca r r i ed out with protons. Examples of i tems (ii) and (iii) 

above a r e given with emphasis on methodological aspec ts . 



- 4 -

E X P E R I M E N T A L 

The 5 MeV p r o t o n a c c e l e r a t o r (Van de Graaff) in S tudsv ik , wh ich 

n o r m a l l y o p e r a t e s wi th a m e a n c u r r e n t of 8-10 uA and p u l s e s of 

1-100 ns l eng th at a f r e q e n c y of 1 MHZ, w a s modi f ied for t h i s e x 

p e r i m e n t to give 12 us s ing le p u l s e s wi th 0. 5 m A p e a k c u r r e n t . The 

p r o t o n e n e r g y af ter p a s s a g e t h rough the ex i t window w a s 4 . 6 MeV. The 

p u l s e shape is shown in F i g 1 , which is a r e g i s t r a t i o n of the C e r e n k o v 

l ight f r o m p r o t o n s h i t t ing a g l a s s s u r f a c e . The e n e r g y p e r p u l s e d e -

1 7 l i v e r e d by the a c c e l e r a t o r w a s 1 . 7 x 1 0 eV or 0. 03 J . T h i s i s m u c h 

l e s s t han tha t g e n e r a l l y a c c e p t e d in n o r m a l p u l s e w o r k with e l e c t r o n s . 

H o w e v e r , s i nce the r a n g e of 4. 6 MeV p r o t o n s is only about 45 m g / c m 

2 
(Z ^ 1 0 ) and the b e a m d i a m e t e r i s about 1 c m the d o s e a b s o r b e d wi l l 

be qui te h igh , i . e. about 60 k r a d s . The r a n g e of 4. 6 MeV p r o t o n s in 

3 
w a t e r is about 0. 03 cm whi le the r a n g e in a gas i s about 10 t i m e s 

l o n g e r . P u l s e r a d i o l y s i s e x p e r i m e n t s on g a s e s a r e t h e r e f o r e m o r e 

f ea s ib l e and w e r e c h o s e n as a s t a r t i n g poin t . 

S ince the p r o t o n b e a m does not s p r e a d v e r y m u c h in a g a s the 

p r o t o n e n e r g y is m o s t ef f ic ient ly u t i l i z ed if the p r o t o n and l ight b e a m s 

a r e c o l l i n e a r . The e x p e r i m e n t a l s e t - u p was a r r a n g e d a c c o r d i n g l y . If 

we then a s s u m e that the p r o t o n e n e r g y is h o m o g e n e o u s l y d e p o s i t e d 

the op t i ca l d e n s i t y D of a r a d i a t i o n - p r o d u c e d s p e c i e s can be c a l c u 

l a t e d f r o m : 

D = 1. 5 x 10~ 7 eEI tG/7rr 2 (1) 

w h e r e e i s the ex t inc t ion coeff ic ient (M cm ), E the p r o t o n e n e r g y 

(MeV), I the b e a m c u r r e n t (mA) , t the p u l s e length (us ) , G the y ie ld 

and r the b e a m r a d i u s ( cm) . 
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The exper imenta l se t -up for gas -phase studies is shown in Fig 2. 

The gas cell was open towards the proton beam and the gas under in

vestigation was continuously flushed through the cell . The optical 

alignment was quite cr i t ica l since the protons i r r ad ia te a nar row 

volume in the centre of the cell and only the light which pas se s this 

volume should be analyzed. In our f i rs t a t tempts we t r ied to i r rad ia te 

through a m i r r o r made from a thin aluminized foil placed in the same 

position as the plane m i r r o r in Fig 2. However, this caused diffi

culties due to vibrat ions induced in the foil by the proton pulse. Instead 

we used a surface aluminized glass m i r r o r with a 6 mm d iamete r 

centra l hole for the passage of the proton beam (Fig 2). The a r r a n g e 

ment is far from ideal since about 40% of the useful light beam is lost 

through the hole in the m i r r o r . After passage through the cell , the 

light reflected by the plane m i r r o r was focused by a front surface 

aluminized spher ical m i r r o r onto the entrance slit of a Bausch and 

Lonb high-intensity grating monochromator . The slit chosen c o r r e 

sponded to an optical bandwidth of 5 nm. An EMI 9558 Q photomul-

t ipl ier tube served as the light detector and its amplification was 

adjustable by changing the dynode cur ren t , as descr ibed by Keene [ 3] . 

The signal from the tube was amplified and displayed on a Tektronix 

549 s torage oscil loscope after automatic subtraction of the DC-level , 

which in turn was read on a digital vol tmeter . 

Crucial for the detection of a t rans ient signal is the signal to 

noise rat io (S/N). If only shot noise at the photocathode is considered 

we have [ 4] 

S/N = 2. 3D(I k) 1 / / 2(2eAf)" 1 / / 2 (2) 

where D is the optical density, I, the photocathode cur ren t , e the 

electronic charge , and M the e lec t r ica l band width. Due to the slow 

decay of the observed t rans ients a r i se t ime of •vlO us was found to 
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be a d e q u a t e . Th i s c o r r e s p o n d s to Af ^ 4 0 kHz. S ince the EMI 9558 tube 

should be o p e r a t e d with 1 - 5 ^A the l i m i t i n g va lue for the op t i ca l 

d e n s i t y (S /N = 1) be c o m e s ^ 1 0 . H o w e v e r , in p r a c t i s e v a r i a t i o n s in 

the ana lyz ing l ight i n t e n s i t y ( X e - l a m p ) and v i b r a t i o n s in the o p t i c a l 

s y s t e m w e r e found to r e d u c e the S / N - r a t i o c o n s i d e r a b l y . An e s t i m a t e 

of the r e a l d e t e c t i o n l i m i t for the op t i ca l d e n s i t y of the e n t i r e s y s t e m 

-4 
i s ^.5 x 10 

RESULTS 

A quan t i t a t i ve t e s t of the e q u i p m e n t w a s ob ta ined by i r r a d i a t 

ing p u r e oxygen g a s s i n c e the G - v a l u e (12. 8) [ 5 ] and ex t inc t ion c o 

eff ic ient (3180 M cm ) [6 ] of ozone which i s f o r m e d d u r i n g i r r a 

d i a t i on a r e known. T h e s e v a l u e s a r e a l so h igh , which f a c i l i t a t e s the 

e x p e r i m e n t . The e x p e r i m e n t a l r e s u l t i s shown in F i g 3. The p e a k 

p o s i t i o n i s at 252 nm which a g r e e s we l l wi th the r e p o r t e d va lue of 

2 55 nm [5] . The op t i ca l d e n s i t y at the p e a k i s 1 , 2 x 1 0 and f r o m 

eq (1) we would expec t D = 3. 5 x 1 0 , The op t i ca l d e n s i t y i s thus 

about 30% of the e x p e c t e d v a l u e , which i s a good r e s u l t c o n s i d e r i n g 

the p r i m i t i v e gas ce l l u s e d in the e x p e r i m e n t . 

We have a l s o i r r a d i a t e d m e t h a n e , e t h a n e , p r o p a n e , n - b u t a n e , 

n e o p e n t a n e , e t h y l e n e , p r o p y l e n e , bu t ad i ene and i s o b u t y l e n e . F o r a l l 

t h e s e g a s e s in the r a n g e 200 to 700 nm we found a t r a n s i e n t a b s o r p 

t ion only below 300 n m , (F igs 4 - ?2). F o r the a l k a n e s the t r a n s i e n t 

a b s o r p t i o n i s l o c a t e d in the r a n g e w h e r e one would expec t the c o r r e 

sponding a lkyl r a d i c a l to a b s o r b . We t h e r e f o r e t e n t a t i v e l y a s s i g n the 

t r a n s i e n t s p e c t r a ob ta ined in a l k a n e s to a lkyl r a d i c a l s . If we u s e the 

ozone s y s t e m as a d o s i m e t e r , £ G - v a l u e s can be e s t i m a t e d for the 

p e a k of the t r a n s i e n t a b s o r p t i o n s . T h e s e v a l u e s and the p e a k p o s i 

t ions a r e given in Tab le 1. 
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Methane 

E t h a n e 

P r o p a n e 

n - b u t a n e 

Neopen thane 

Tab le 1 

X 
m a x 
n m 

217 

2 2 5 

2 2 5 

232 

2 4 5 

eG 

M cm species /100 eV 
(x 103) 

13 

27 

23 

19 

22 

The absorpt ion of the methyl radical is known and the position 

of the peak as given by Herzberg |_7J is located at 21 6 nm which ag rees 

very well with the peak position in Fig 4. In flames of ethyl ether and 

ethane Gaydon et al. [8 J have observed absorptions at about 224 nm 

which they provisionally assigned to the ethyl radical . This abso rp 

tion band is close to our peak position in ethane, Fig 5. Recently 

Stevens et al. [9] have presented spec t ra of the methyl and ethyl 

radica ls obtained after pulse radiolysis of methane and ethane in 

aqueous solutions. Our methyl radica l spect rum is in fairly good a g r e e 

ment whereas our ethyl radical spect rum d i sagrees with their published 

spec t ra . Stevens et a l . did not find any maximum in the wavelength range 

210 - 270 nm for the ethyl radica l spect rum. The rapid r i s e in the 200 

nm region of the ethyl radical spectrum in water may, however , be 

due to a charge t ransfe r interaction of a s imi la r type to that descr ibed 

for the hydrogen atom in water [ l 0 ] , since the e lec t ron affinities of 

these two radica ls are about the same [l 1 ] . 

Fig 13 shows the resu l t of an i r rad ia t ion of cyclohexane vapour 

with argon as the c a r r i e r gas . The observed t rans ien t shows a marked 

shoulder at about 245 nm where the cyclohexyl radica l is repor ted to 

absorb in liquid cyclohexane [l 2 - 1 4 J. In this case we observed 

aerosol formation after each pulse and this probably caused some light 

scat ter ing. 



- 8 -

For the olefins the t rans ient absorptions obtained a re more 

difficult to in te rpre t since at short wavelengths these compounds also 

pos se s s in t r ins ic absorpt ions. On the bas is of the present data we are 

therefore not in a position to ass ign the spec t ra to pa r t i cu la r spec ies . 

Final ly, Fig 14 shows the t ransient absorption observed in a 

sample of commerc ia l polyethylene foil, (0. 3 mm thick). This i r r a d i a 

tion was ca r r i ed out in an argon a tmosphere , 
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