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R .ACTION OF 'bI.4LEI.C J.NI?Y?'lRITE WITH ARCFl;\TTC FT'rllRCC.4IIRDNS 

UKDER TIi5 INFZUXNCE OF SILENT Z L ' X T R I C  ?ISC?!.RGX 
A.T A T W S P H T R I C  F'RZSSVRRE. 

S t y l i a n o s  S i f n i a d e s ,  David Jerolamcn, Robert Fuhrmam' 

A l l i e d  Chemical Ccrporat ion,  Central  Research Laboratory,  Box 309, 
Yorristown, N .  3 .  

I 

Maleic anhydride is lmoyn t o  form two o l a s s e s  of  adducts with 

.. t -peratures  and i n  t h e  presence of. c a t a l y t i c  amounts o f  peroxides 
a l k y l  benzenes, depending on the condi t ions  of e x c i t a t i o n .  A t  r e f l u x  

adducts of t y p e ' I  2 r e  formed ( 1 , 2 ) .  A f r e e  r a d i c a l  chain r e a c t i o n  i s  
assumed involving a b s t r a c t i o n  of a benzyl ic  hydrogen. The chain length,  
based on t h e  r a t i o  of  product  t o '  added peroxide,  i s  20 t o  100. 

R 

I ( R , R f  = II or Me; R"= Me,Et,i-Pr) I1 ( R , R f =  H,Me,t-Ru,Cl) 

4 t  FGOIU or somewhat higher  temperatures and i n  t h e  presence of  
u l t r a - v i o l e t  r a d i a t i o n  aPducts of type I1 a r e  formed ( 3  t o  8 ) .  Excited 
aromatic  molecules or  e x c i t e d  charge- t ransfer  complexes o f  maleic  
anhydride with a n  aromatic  molecule a r e  claimed t c  b e  t h e  r e a c t i o n  
intermediates .  The a d d i t i o n  is  s e n s i t i z e d  by benzophenone, but  t h e  
adduct can b e  formed i n  t h e  absence of a s e n s i t i z e r ,  a l though a t  a 
much lower r a t e .  I t  appears  that  t h e  presence of  benzophenone is. iridis- 
pensable  i f  sun l i g h t  is used a s  t h e  source of e x c i t i n g  r a d i a t i o n  (9) .  
I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  in t h i s  case  only  benzene forms an 
a d h c t  IT w i t h  maleic  anhydride,  while a lkylbenzenes a r e  o n l y  p a r t l y  
Incorporated in  poly-anhydride chains  which are formed. 

'under the  inf luence  o f  gamma r a d i a t i o n  was r e p o r t e d  (10) .  The adduct 
is  only  a minor product  ,of t h e  reac t ion ,  corresponding t o  about 4% of 
t h e  male ic  anhydride spent .  The main product  is a mixture  of poly- 
anhydrides.  These can be considered to  a r i se  through a f r e e  r a d i c a l  
chain s i m i l a r  t o  t h e  one y i e l d i n g  adducts  of type I. 

It is then c l e a r  t h a t  i n  t h e  system maleic  anhydride-benzene (6r 
alkylbenzene) two types  of r e a c t i o n s  a r e  preva len t ,  one by f r e e  radical  
chain y i e l d i n g  adduct T or poly-anhydrides, t h e  o t h e r  by  means o f  
e x c i t e d  molecules or charge- t ransfer  complexes y i e l d i n g  adduct II. It 
was thought of i n t e r e s t  t o  i n v e s t i g a t e  t h e  inf luence  of s i l e n t  or corona 
d ischarge  on t h i s  system. This t y p e  of  discharge was chosen because it 
is easy  t o  main ta in  a t  atmospheric pressure.  

-iharge appara tus  was e s s e n t i a l l y  a modif l e d  Siemens ozonizer 
V e r t i c a l l y  mounted. I t  w a s  made of Pyrex g lass .  A s o l u t i o n  of sodium 
c h l o r i d e  in g l y c e r o l  c i r c u l a t i n g  i n  t h e  j a c k e t  c o n s t i t u t e d  the ground 
e l e c t r o d e ,  while a s i l v e r  coa t ing  In the  i n t e r i o r  s u r f a c e  of t h e  c e n t r a l  

Recent ly  format ion  of t h e  adduct I1 of benzene and maleic  anhydride 
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tube serve?  a s  t h e  high v o l t a r e  e lec t rode .  The  action mixture was 
c i r c u l a t e d  a t  a h i - h  r a t e  from t o p  Lo bottom through t h e  r e a c t o r  by 
means of a custom-made membrane pump cons t ruc ted  of Halon ( r e g i s t e r e d  
m a r k  of A l l i e d  Chemical Coroorat ion) .  $n i n e r t  gas, n i t r o g e n  or helium, 
was i n t r o d w e d  a t  the  top  of t h e  r e a c t o r  and vented a t  the bottom 
through a condenser. The temwerature o f  the r e a c t i o n  mixture  was mea- 
sured  a t  the e x i t  of the  discharpe.  Temaerature c o n t r o l  was ensured by 
r e g u l a t i n g  t h e  temperature of the c i r c u l a t i n g  g l y c e r o l  so lu t ion .  

Current a t  the d e s i r e d  frequencies  was produced by an audio- 
frequency generator  (Heathki t  ?lode1 17-71?) cou2led w i t h  a 1000 VA 
custom-madeamdifier. I t  was r a i s e d  t o  high vol tage by  means of a 25 
KV transformer.  Lower vol tages  could be obta ined  by a c t i n g  on t h e  out- 
gu t  of the  a v l i f i e r .  The power input  t o  t h e  system w a s  monitorcd by 
nekns of a watt-meter (Westinphouse Type PYb, s p e c i a l l y  compensated 
f o r  high frequency work) a t  t h e  primary c i r c u i t  of t h e  transformer.  

a t j p i c p l  experiment 29.L~ grams nf maleic  anhydride i n  416 ml of cumene 
were k i r c u l a t e d  f o r  two hours i n  the  appmatus  while t h e  discharge was 
mainth'ined a t  a power l e v e l  o f  400 watts. Nitrogen was suppl i?d  at the  
r a t e  o'f'50 al/min. The teqperat i i re  of the reclction mixture  was 127O C. 
Tne r e n c t i o n  mixture  iuas ccole.' t o  20° C .  and the r e s i i l t i n g  c r y s t a l s  
were f i l t e r e d  and washed with 50 m l  of cold benzene. Addit ional  c r y s t a l s  
here obtained a f t e r  the  mother l i q u o r  had been condensed t o  one t h i r d  
of i t s  i n i t b a l  volume by  f l a s h  evaporation. T!ie combined product was 
drier!  a t  50 '-C. i n  a vacuum oven. I t  weigned 5.18 grams and had melt ing 
p o i n t  255-7' C. Elementary a n a l y s i s  and n e u t r a l i z a t i o n  equiva len t  were 
c o n s i s t e n t  with formula I1 ( R  = H ,  R '  = i -Pr ) .  The i n f r a - r e d  spectrum 
showed absence of aromatic  cnarac te r .  F lash  evaporat ion of t h e  unreacted 
cumene and male ic  anhydride l e f t  23.0 grams of a viscous res idue  which 
had n e u t r a l i z a t i o n  equiva len t  corresponding to a mixture of a 1:l and 
2:l adduct of maleic  anhydride and cumene. It  w a s  assumed t h a t  it con- 
t a i n L d  adduct o f  formula I (R = R '  = Me) t o g e t h e r  w i t h  products  of 
f u r t h e r  condensation with maleic  anhydride.  I n f r a - r e d  and NMR spec t ra  
were c o n s i s t e n t  with t h i s  assumption. 

S imi la r  r e s u l t s  were obtainPd ~ l a i n g  bencene, toluene,  and e thyl -  
benzene as s u b s t r a t e s .  Chlorobenzene and ni t robenzene f a i l e d  t o  y i e l d  
a c r y s t a l l i n e  product.  "he e x w r i m e n t a l  condi t ions  and t h e  r e s u l t s  
a r e  summarized i n  t a b l e  I. 

I 

Eastman W.iite Label chemicals were user! I i t h o u t  p u r i f i c a t i o n .  I n  

D i s  cu s s ion. 
It i s  apparent  from t h e  present  r e s u l t s  t h a t  maleic  anhydride 

forms an adduct of type IT with benzene and alkylbenzenes under t h e  
inf luence of s i l e n t  discharge.  The g e n e r a l l y  accepted p a t h  of formation 
of IT i n  photochemical (3)  o r  gamma-radiation induced (10) r e a c t i o n  i s  

% I  
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the  p re sen t  case of d i scharge  e x c i t a t i o n .  Since the  r a t e  of formation 
cf adduct 11 i s  independent of t h e  concen t r a t ion  of maleic anhydride 
(experiments 2 and 4) i t  is concluded t h a t  t he  formation o f  t h e  in t e r -  
mediate monoadduct is t h e  ra te -de termining  s t e p .  The same conclusion 
has been reached i n  t h e  photochemical fc rmat ion  of  adduct I1 (3,4). 

It is reasonable  t o  expect t h a t  the same p a t h  is followed a l s o  i n  1 

Adduct I1 is no t ,  however, t he  only product  formed i n  the react ion;  
a cons iderably  l a r g e r  amount oi r e s inous  m a t e r i a l  ( t a b u l a t e d  a s  adduct 
"TyDe I") is a l s o  formed in a l l  ca ses .  This m a t e r i a l  a r l s e s  from a f r e e  
r a d i c a l  r e a c t i o n  s i m i l a r  t o  t h e  one giving. r i s e  t o  adduct I i n  peroxide- ' 
i n i t i a t e d  r e a c t i o n s .  The cha in  l e n g t h  of t hese  r e a c t i o n s  is about 20 t o  ; 
100, a s  mentioned e a r l i e r .  On the o t h e r  hand i t  has  been shown tha t  t he  
quantum y i e l d  of adduct T I  formed in photochemical r e a c t i o n  is about 
0.1 (4 ) .  Since in the p re sen t  experiments adduct IT is formed in amounts 4 
about one q u a r t e r  of t h e  RInoUnt of "type I" adduct although about ten 
e x c i t e d  molecules, o r  cha rge - t r ans fe r  complexes, a r e  necessary  t o  pro- 
duce one molecule of T I ,  while one f r e e  r a d i c a l  w i l l  produce 20 t o  100 ! 

molecules of T, i t  must be concluded t h a t  t h e  g r e a t  ma jo r i ty  of ac t ive  
spec ie s  i n  the l i q u i d  phase in contact  wi th  t h e  discharge a r e  exci ted 
molecules a n d  n o t  f r e e  r a d i c a l s .  Tn f a c t  i t  can be estimated t h a t  98% 
t o  99% o f  the  a c t i v e  s p e c i e s  a r e  exc i t ed  molecules. The absence of f r e e  
r a d i c a l s  as important r e a c t i o n  intermediates  has a l s o  been deduced by 
product ana lys i s  i n  t h e  microwave glow discharge of aromatics in helium, 4 (11) 

I n  t h e  photochemical r e a c t i o n  benzene forms a n  adduct I1 a t  a h igher  
r a t e  t han  t h e  a lkylbenzenes ,  which i n  t u r n  r e a c t  i n  r e l a t i v e  r a t e s  indi-  
c a t i v e  of s t e r i c  hindrance.  No such e f f e c t  was observed i n  t h e  present 1 

work, a s  shorn by t h e  power y i e l d s  i n  t h e  t a b l e .  These y i e l d s  a r e  a l s o  4 
measures of t h e  r a t e  of formation of adduct I1 s i n c e  roughly equal power 
l e v e l s  of discharge were maintained i n  a l l  cases .  

Comparison of runs 1 and 2 shows t h a t  format ion  of adduct I1 is 
fevored  a t  fhe lower f requency  wi th  a cor respondingly  higher p o t e n t i a l  
d i f f e rence  a p p l i e d  a c r o s s  t h e  e l ec t rodes .  Although the e l e c t r i c  f i e l d  ' 
s t r e n g t h  between t h e  d i e l e c t r i c  s u r f a c e s  is n o t  n e c e s s a r i l y  proport ional  4 
to t h e  e x t e r n a l l y  measured p o t e n t i a l  d i f f e rence  (12), it appears that 
e l e c t r o n s  of h ighe r  average  energy f avor  the production of adduct 11, 
a s  evidenced by t h e  f a c t  t h a t  t h e  r a t e  o f  formation of I1 is higher i n  
a helium than in  a n i t r o g e n  atmosphere ( r u n s  4 and 5 ) .  It is known that 
t h e  average e l e c t r o n  energy f o r  equal f i e l d  s t r e n g t h  is q u i t e  l a r g e r  in 
t h e  former gas (13) .  Of cource t h e  presence of organic vapors modifies 
t h e  e l e c t r o n  e n e r u  d i s t r i b u t i o n  but  it is reasonable  t o  expect t h a t  4 
some d i f f e rence  s t i l l  e x i s t s .  

d "he mechanism of energy t r a n s f e r  cannot be deduced w i t h  c e r t i i h t y  
f'rom the  present  data .  ComDarison o f  y i e l d s  at t w o  temperatures (runs 
2 and 3) shows h ighe r  y i e l d  a t  t h e  h igher  temperature,  a f a c t  which may' 
be i n t e r p r e t e d  as meaning t h a t  benzene vapors in t h e  dircharqe a r e  ex- 
c i t e d  by c o l l i s i o n  w i t h  e l ec t rons :  at t h e  higher  temperature the c o n c e d  
t r a t i o n  of benzene i n  t h e  gas phare is higher. While this conclusion 
may be c o r r e c t  it is n o t  unambiguous because of mechanical d i f f i c u l t i e ~  
a t  t h e  lower temperature,  a r i s i n g  from t h e  f a c t  t h a t  adduct 11 was 
s p a r i n g l y  so lub le  i n  benzene a t  t h i s  temperature and quickly coated the 
d i e l e c t r i c  su r faces  where i t  was p a r t l y  decomposed. Another way of excf<  

genera ted  in t h e  discharge.  This method of e x c i t a t i o n  has been shown t o  ' 
p r e v a i l  i n  t he  discharge-Induced ox ida t ion  of a c i d i f i e d  w a t e r  and ferrou) 

~ t a t i o n  would involve bombardment o f  t h e  l i q u i d  phase with e l ec t rons  

I 
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ion (1L.). Zxci te i - ion  by  c o l l i s i o n  with exc i t ed  n i t r c p r .  o r  h e l i u m  cannot 
be an inpor t an t  3 rocess ,  c m s i + e r i ~ ~  t i i e t  t he  f i r s t  e x c i t e d  s t a t e  o f  
' n e l i i x n  contoins  19.81 E V  of enert7y (15). T o l l i s i o n  with s i i c h  a spec ies  
~ 0 ~ ~ 1 . '  r e s u l t  i n  c x i c n s i v f  f ' r a p e n t a t i o n  o f  pn or,-anic rnoleclrlo, vrhereas 
t h e  preseyt  r e s u l t s  po in t  t o  the  f a c t  t h a t  f r e e  r a d i c a l  i n i t i a t i o n  i s  
; .cry l i  l i t e 6  i t :  th is  sgs t en .  

Table I. Cordcnseticn of maleic anhydride with ben;-ene nnd s lkylben7enes 
under tne  inf luence of s i l e n t  t l e c t r i c  d i s c h a r i e .  

.briber f a s  Kc/s* c K V  C .  Type 1 mmo:e/kw-hr C .  
C lar  e ,  Trequ. Potent.Tgmn.Adduct, rms Y i e  d of I1 g.p. 

1 250 TII benz .  
l ? . O  

i2 .s: MA, N2 3.6 17.0 74 14.5 2.77 
5 380 ml benz. 

17 F TU, I!€ 3.6 13 .0  75 15.1 11.16 
6 390 m l  to lu .  

7 168 m l  - tbz .  

3 LlC ml c m e .  

13 g XA, ?e 3.6 13.0 '32 30.0 11.79 

29 . w, N;2 3.6 13.0 121 25.1 7.35 

26.5; 

a )  15.6 

26.2 

33.3 355-57 
30.4 245-60 

36.0 260-61 
7- 

29 g X ' ,  12 3 .6 13.0 1?7 23.0 5.18 29.8 255-57 
T ~ F  product was brown. 

i .bbreviations:  HA, benz, t o l u ,  e tbz ,  cume denote correspondingly maleic 
R ~ I  hy c? r i de , b en zene , t olu en e ,  e t h y l  h en z ene and cumsne. 
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