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ABSTRACT 

Elec t ron  energy l o s s  spec t r a  under s c a t t e r i n g  o f  

e l e c t r o n s  on 4-amino-N-(n-butylphenylene)-l,8-naphtha- 

l imide  and 4-methyla,1nino-N-(o-tolyl)-1,8-naphthalimide 

i n  a vapour phase i s  s tudied .  The primary e l e c t r o n  

energy w a s  va r i ed  from 6 t o  60 eV and t h e  s c a t t e r i n g  

angle  w a s  goo. It i s  found t h a t  t he  d i f f e r e n t i a l  c ros s  

s e c t i o n  o f  e x c i t a t i o n  o f  complex organic  molecules 

i n t o  some t r i p l e t  s t a t e s  can reach t h e  same value as 

s i n g l e t  ones. 
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GRUZINSKII ET AL. 66 

INTRODUCTION 

A t  present  a method of e l e c t r o n  energy l o s s  spec- 

t roscpy  i s  a good a l t e r n a t i v e  t o  a usua l  method of pho- 

toabsorp t ion  spectroscopy and i t  i s  wide used t o  s tudy 

e x c i t a t i o n  processes  of  atomic and molecular s h e l l s .  

The a n a l y s i s  of e l e c t r o n  energy l o s s  s p e c t r a  o f  Comp- 

l e x  organic  compound vapours can g ive  the  information 

about p o s i t i o n  and s t r u c t u r e  o f  energy l e v e l s  i n  a Wi- 

de s p e c t r a l  region ( inc luding  l e v e l s  above i o n i z a t i o n  

p o t e n t i a l )  and the  value o f  t h e i r  e x c i t a t i o n  probabi- 

l i t y .  

In the  previous papers”* we s tud ied  the  s t ruc tu -  

r e  o f  e l e c t r o n  energy l o s s  spec t r a  under s c a t t e r i n g  by 

anthracene,  1,4-bis/2-(5-phenyloxazolyl)/benzene and 

perylene at low vapour pressures  and var ious  energ ies  

of  e x c i t i n g  e l ec t rons  i n  the  region EO=4 ... 600 eV. 

These complex organic  molecules can in t ens ive ly  l u m i -  

nesce and they a r e  t h e  a c t i v e  media o f  l a s e r s  (except 

anthracene) .  The e l e c t r o n  energy l o s s  s p e c t r a  and the  

e x c i t a t i o n  func t ions  of such b i g  molecules have not  

been s tud ied  before.  A t  low energ ies  near 2...3 eV t h e  

bands due t o  d i r e c t  e x c i t a t i o n  o f  molecular ground 

s i n g l e t  s t a t e  i n t o  t r i p l e t  s t a t e  T ,  were found. On t h e  

b a s i s  of these r e s u l t s  and the  a n a l y s i s  o f  t h e  changes 

i n  e l ec t ron  energy l o s s  spec t r a  at d i f f e r e n t  Eo i t  w a s  

concluded t h a t  f o r  i nves t iga t ed  molecules t h e  probabi- 
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NAPHTHALIMIDE DERIVATIVES VAPOURS 61 

l i t y  o f  e x c i t a t i o n  i n t o  t r i p l e t  s t a t e s  i s  much l o w e r  

than i n t o  s i n g l e t  and s u p e r e x c i t e d  ones.  

The purpose of  t h i s  work i s  t o  f i n d  a new spec- 

t r o  s c o > i c  i n f o r m a t i o n  about  molecules  4-mino-!I- (n-bu- 

tylphenylene)-1,8-naphthalimide (compo*md 1) and 4-(me- 

thylamino)-~-(o-tolyl)-l,8-naphthalimide (compound 2 )  

i n  t h e  gas phase at c o l l i s i o n s  w i t h  low energy e l e c t -  

rons .  The naph tha l imide  d e r i v a t i v e s  a r e  a new class o f  

l uminesc ing  and g e n e r a t i n g  o r g a n i c  compounds a p p l i c a -  

t e d  wide ly  i n  s c i e n c e s ,  medicine and t e c h n o l o g i e s .  So- 

n e  bands i n  t h e i r  e l e c t r o n i c  s p e c t r a  a r e  due t o  a cha- 

r g e  t r a n s f e r  from one molecu la r  p a r t  i n t o  a n o t h e r  t h a t  

i s  t h e i r  c h a r a c t e r i s t i c  f e a t u r e .  

The d e t a i l  d e s c r i p t i o n  o f  t h e  expe r imen ta l  set-up 
1 u s i n g  i n  t h i s  work can be  f i n d  i n  o u r  p r e v i o u s  p a p e r s .  

In  using e l e c t r o n  s p e c t r o m e t e r  a monokinet ic  e l e c t r o n  

beam w i t h  a pr imary energy Eo pas sed  th rough  a vapour  

l a y e r .  I n  i n e l a s t i c  c o l l i s i o n s  t h e  e l e c t r o n s  l o s t  a 

p a r t  o f  t h e i r  energy which corresponded t o  e x c i t a t i o n  

energy o f  v a r i o u s  e l e c t r o n i c  s t a t e s  o f  molec-ales. The 

r e g i s t r a t i o n  o f  s c a t t e r e d  e l e c t r o n s  was c a r r i e d  o u t  at 

t h e  a n g l e  o f  90. k~ energy r e s o l u t i o n  was about  0.3 eV.  

I n  t h e  p a p e r s l S 2  t h e  vapour  p r e s s u r e  i n  t h e  c o l l i s i o n  

c e l l  was about t o r r  and s e t  on t h e  b a s i s  o f  cer- 
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FIG.l. E lec t ron  energy l o s s  s p e c t r a  f o r  compound 1 
measured et d i f f e r e n t  temperatures.  The da- 

shed l i n e s  a r e  t h e  device noise .  

ta in  dependences o f  p ressure  on temperature. For the  

naphthalimide d e r i v a t i v e s  such da ta  a r e  unknovrn f o r  

t he  present .  So i n  t h i s  experiments t h e  r e s e r v o i r  con- 

t a i n i n g  inves t iga t ed  substance and the  c o l l i s i o n a l  

c e l l  were gradual ly  heated t o  such temperature when 

e l ec t ron  energy l o s s  spectrum was r e g i s t e r e d  on a re -  

quired sca l e .  Fig. 1 i l l u s t r a t e s  such procedure f o r  

compound 1 .  I n  t h i s  f i g u r e  i t  i s  shown a c h a r a c t e r i s t i c  

device noise  which i s  due t o  s c a t t e r i n g  o f  e l ec t rons  

on var ious  elements of e l ec t ron  o p t i c s ,  The noise  in- 
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NAPHTHALIMIDE DERIVATIVES VAPOURS 69 

0 f 2 3 4 5 6 7 8&,eV 

FIG02.  Elec t ron  energy l o s s  spec t r a  f o r  compound 1 
measured at d i f f e r e n t  Eo. 

t e n s i t y  i s  r i s e n  with molecule concent ra t ion  i n  c o l l i -  

s iona l  c e l l .  This  no ise  has been subt rac ted  when compa- 

r i n g  band i n t e n s i t i e s  i n  the  e l e c t r o n  energy loss 

spec t r a .  

RESULTS AND D I S C U S S I O N  

The obtained r e s u l t s  a r e  shown i n  f i g .  2 and 3 .  

A s  i n  t h e  previous p a p e r s l S 2  t h e  most i n t ens ive  w a s  t h e  

band o f  e l a s t i c  s c a t t e r i n g  due t o  many atoms i n  these  

molecules . 
It was expected t h a t  i n  a low-energy reg ion  2 . . . 3  

eV the  l o s s e s  caused by the e x c i t a t i o n  o f  molecules 
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70 GRUZINSKII ET AL. 

FIG.3. Elec t ron  energy l o s s  s p e c t r a  f o r  compound 2 
measured a t  d i f f e r e n t  Eo. 

i n t o  lower t r i p l e t  s t a t e  w i l l  be observed. Fig. 2 and 

3 show t h a t  at E0=20 eV i n  t h i s  reg ion  the re  i s  a low- 

i n t e n s i v e  s t r u c t u r e  coinciding with a p o s i t i o n  of l o -  

wer t r i p l e t  s t a t e .  But at lower primary energ ies  t h i s  

s t r u c t u r e  ( see  the  fragments of t hese  s p e c t r a  a t  upper 

l e f t  corner)  does not  change e s s e n t i a l l y  i n  i n t e n s i t y .  

t hese  d a t a  suggest that  the  e f f ec t iveness  o f  e x c i t a t i -  

on of t hese  compounds t o  t h e  lowest t r i p l e t  s t a t e  i s  

s m a l l .  Thus, t he  na tu re  of t he  low-intensive s t r u c t u r e  

observed at EO=20 eV i s  not  completely c lear .  
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NAPHTHALIMIDE DERIVATIVES VAPOURS 71 

The p o s i t i o n  of a l l  bands i n  energy l o s s  s p e c t r a  

and m a x i m a  of t he  o p t i c a l  s i n g l e t  and t r i p l e t  transi- 

t i o n s  t ak ing  f r o m  o p t i c a l  absorp t ion  spec t ra5  and tri- 

p l e t - t r i p l e t  absorp t ion  experiments6 i s  given i n  the 

t ab le .  The o p t i c a l  s p e c t r a  measured i n  condensed solu- 

t i o n s  t o  put  i n  accordance with the  energy l o s s  spec- 

t r a  measured i n  t h e  gas  phase is  s h i f t e d  on 0.3 eV as 

for aminonaphthalimide', because f o r  naphthalimides 

such data a r e  unknown. On the  o t h e r  hand the  m a x i m a  

p o s i t i o n  i n  the  energy l o s s  spec t r a  i s  s l i g h t l y  h i g h e r  

due t o  t h e  ex is tence  of a noise .  

From t h e  t a b l e  we can see  that the  in t ens ive  bands 

w i t h  t h e  e x c i t a t i o n  p o t e n t i a l s  E=3.39 and 6.9 eV f o r  

compound 2 and E=3.62 and  6.97 eV f o r  compound 1 and 

v i s i b l e  shoulders  6.1(2), 6.16 eV (1 )  can be i d e n t i f i -  

ed as due t o  t h e  s ing le t - s ing le t  t r a n s i t i o n s .  The in- 

t e n s i t y  r a t i o  of  t hese  bands i n  the  energy l o s s  spec- 

tra changed l i t t l e  w i t h  t he  energy Eo. 

Of g r e a t e s t  i n t e r e s t  i n  obtained r e s u l t s  i s  the  

behaviour  of bands i n t e n s i t i e s  w i t h  p o t e n t i a l s  5.15 

eV f o r  compound 1 and 4.92 eV f o r  compound 2 a t  d i f -  

f e r e n t  pr imary e l e c t r o n  energies .  In  t h i s  reg ion  

t h e r e  i s  a s i n g l e t  s t a t e  S2 according t o  photoabsorp- 

t i o n  s p e c t r a  ( see  t a b l e ) .  Moreover, t h e  d i f fe rence  

between the  first and the  second i n t e n s i v e  bands f o r  

both compounds i s  p r a c t i c a l l y  coincided. But when de- 
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72 GRUZINSKII ET AL. 

TABLE 

Values o f  bands maxima f o r  compounds 1 and 2 
under  e l e c t r o n  EE and o p t i c a l  OE e x c i t a t i o n  

~~ 

Compoud EE bands,  eV OE bands,  e V  T r a n s i t i o n  

so - 2.5 2-09 

3.62 3-14. so - s1 

1 4.34. so - T2 

5.15 4.86 so - s2 

6.16 5 . 94. so - s3 

6.97 so - s4 

2 

so - T1 2 0 5  2.12 

so - s1 3.39 3.1 2 

4..06 so - T2 
4..92 4.87 so - s2 

6.1 5 -94 so - s3 

6.9 so - s4 

c r e a s i n g  t h e  primary e l e c t r o n  energy t h e  i n t e n s i t y  

bands i n c r e a s e s  b e i n g  i n  a more degree t h e  band E=4..92 

eV. It can be found from f i g .  2 a?d 3 that  f o r  compo- 

und 1 t h e  i n t e n s i t y  r a t i o  for bands 5.15 eV and 3.62 

eV at EO=20 eV i s  about  0.6, bu t  a t  EO=12 eV it  i s  
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NAPHTHALIMIDE DERIVATIVES VAPOURS I 3  

about 0.8. F o r  compound 2 the  i n t e n s i t y  r a t i o  of bands 

4.92 eV and 3.39 eV v a r i e s  i n  a more degree and i s  

about 0.5 a t  EO=20 eV and about 1.2 a t  EO=12 eV. 

The a n a l y s i s  o f  o t h e r  e l ec t ron  energy l o s s  spec- 

t ra  shows t h a t  i n  the  reg ion  E0=6.3 ... 14  eV t h e  in-  

t e n s i t y  of t he  second in t ens ive  band f o r  these  compo- 

unds i s  s t rong ly  inc reases  and exceeds the  i n t e n s i t y  

of t he  f irst  in t ens ive  band. 

T o  expla in  these  p e c u l i a r i t i e s  we used the  re -  

sults r e f e r r e d  i n  a work8 where the f luorescence exci-  

t a t i o n  func t ions  f o r  some complex organic  molecules 

a r e  measured. For naphthalimide d e r i v a t i v e s  such de- 

pendences of e x c i t a t i o n  c ross  sec t ions  on e l e c t r o n  

energy a r e  not  measured y e t ,  but t h e i r  behaviour we 

can approximate with a s u f f i c i e n t  accuracy t o  analyse.  

A l l  measured e x c i t a t i o n  func t ions  have a r ap id  

and smooth growth with the  e l e c t r o n  energy inc rease  

t o  m a x i m u m  which i s  usua l ly  arranged i n  the  reg ion  o f  

three-four  threshold  energy o f  e x c i t a t i o n  of lowest 

s i n g l e t  s t a t e  S1 and then  a slow decrease i n  a wide 

reg ion  of e l ec t ron  energ ies  takes  place.  There i s  a 

similar dependence of  t h e  e x c i t a t i o n  func t ions  and 
9 c ros s  sec t ions  f o r  atoms . 

F o r  compound 2 the  threshold  e x c i t a t i o n  values  

o f  s t a t e s  S1 and S2 a r e  about 2,5 and 4.5 eV accor- 

d ingly ,  and then  these  func t ions  reach t h e i r  maxima 
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GRUZINSKII ET AL. 14 

at 7.5 and 13.5 eV. It can be assumed t h a t  t h e  beha- 

v i o u r  o f  t h e s e  f u n c t i o n s  i n  t h e  h i g h  energy r e g i o n  

h a s  t h e  i d e n t i c a l  c h a r a c t e r .  S ince  a t  EO=20 eV t h e  

i n t e n s i t y  r a t i o  of bands 4.92 and 3.39 eV i s  about 

0,5 ( s e e  above) ,  t h e n  on t h e  b a s i s  o f  ou r  approxima- 

t i o n  t h i s  r a t i o  a t  EO=12 eV must be about 0.3. 

The d i f f e r e n c e  between t h e  exper imenta l  and 

c a l c u l a t e d  i n t e n s i t y  r a t i o s  of t h e s e  bands a t  E0=12 

eV can be expla ined  by summing up of energy l o s s e s  

of  e l e c t r o n s  due t o  e x c i t a t i o n  of t r i p l e t  and sing- 

l e t  s t a t e s  i n  t h e  band of E=4.92 eV. It i s  known 

t h a t  t h e  c r o s s  s e c t i o n s  o f  o p t i c a l l y  f o r b i d d e n  tran- 

s i t i o n s  e x c i t a t i o n  r e a c h  m a x i m a  a t  e n e r g i e s  c l o s e  t o  

t h r e s h o l d  and as a r u l e ,  t h e  i n t e n s i t y  of bands due 

t o  So - Tn t r a n s i t i o n s  i n c r e a s e s  as Eo d e c r e a s e s  . 1 

In this  case i t  i s  unusual t h a t  e l e c t r o n  energy 

l o s s e s  connected w i t h  a p o p u l a t i n g  o f  h i g h l a y i n g  

t r i p l e t  s t a t e  i n  t h e  r e g i o n  o f  4.92 eV are very  str- 

ong and so ,  t h e  d i f f e r e n t i a l  c r o s s  s e c t i o n  i f  exci-  

t a t i o n  of o p t i c a l l y  f o r b i d d e n  and al lowed t r a n s i t i o n  

i s  c l o s e  t o  each o t h e r .  T h i s  f ac t  w a s  d i scovered  for 

t h e  f irst  time i n s p i t e  of t h e  many s t u d i e d  compounds 

o f  d i f f e r e n t  c l a s s e s .  
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