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PROTON TRANSFER IN CRYSTALLINE AROMATIC SCHIFF BASES 
AND THEIR ELECTRONIC PROPERTIES 

NAOMI HOSHINO, TAMOTSU INABE, TADAOKI MITANI, 
and YUSEI MARUYAMA 
I n s t i t u t e  f o r  Molecular Science,  Myodaiji,  Okazaki 444, Japan 

(Received April 18,1988) 

Abstract  Aromatic Sch i f f  bases  having extended il-electron 
systems and t h e i r  charge t r a n s f e r  (CT) complexes have been 
prepared and sub jec t ed  t o  s t r u c t u r a l ,  o p t i c a l ,  and e l e c t r i c a l  
conduc t iv i ty  s tud ie s .  It i s  demonstrated by t h e  X-ray c r y s t a l -  
lographic  s tudy t h a t  t h e  hydroxyl protons form hydrogen bonds 
t o  t h e  imino n i t r o g e n s ,  s t r e n g t h  of  which can be va r i ed  by 
chemical modif icat ion of t h e  molecules. Intramolecular  proton 
t r a n s f e r  t a k e s  p l ace  i n  s o l i d  s ta te  and i s  manifested i n  t h e  
thermochromic s p e c t r a l  changes. 

Keywords: Aromatic Schiff bases, proton transfer, crystalline 

INTRODUCTION 

Sch i f f  bases  which are e f f e c t j v e  as c h e l a t i n g  l i gands  u s u a l l y  bear 

a func t iona l  group, -OH, near t h e  azomethine group and t h e  proton 

of t h e  OH group should be r e l e a s e d  i n  t h e  process  o f  coordinat ion.  

However, it i s  t h i s  proton t h a t  serves  f o r  our present  purpose. A s  

shown i n  Equation ( I ) ,  some of  s a l i c y l i d e n e a n i l i n e  d e r i v a t i v e s  a r e  

known t o  e x h i b i t  thermochromism i n  s o l i d  s t a t e  a r i s i n g  from t h e  

proton t r a n s f e r  between t h e  0 and N atoms. 

OH form (yel low) NH form (orange)  

It should be noted h e r e  t h a t  t h e  molecule i n  t h e  NH form 

having a deeper color  c o n s i s t s  o f  a quinoid ( e l e c t r o n  accep to r )  and 

an aromatic amine ( e l e c t r o n  donor) moiet ies  and it can be  regarded 

as an intramolecular  charge t r a n s f e r  compound, If a s u f f i c i e n t  

amount o f  intermolecular  charge t r a n s f e r  i n t e r a c t i o n  i s  generated 
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when these  molecules a r e  assembled i n  c r y s t a l s ,  t h e  r e s u l t i n g  s o l i d  

state e l e c t r o n i c  p r o p e r t i e s  should be inf luenced by t h e  proton 

t r a n s f e r  motion. In  t h e  i d e a l  ca se ,  t h e  proton motion could couple 

t o  t h e  e l e c t r o n  conduction. Our s p e c i f i c  goal  i s  t o  c r e a t e  novel 

organic  conductors which u t i l i z e  t h e  proton motion as an e f f e c t i v e  

"phonon". I n  t h i s  r epor t  i s  given an overview of our  s t r u c t u r a l  and 

o p t i c a l  s t u d i e s  on fundamental p r o p e r t i e s  of t h e  aromatic Sch i f f  

bases i n  c r y s t a l l i n e  state.  

MOLECULAR AND CRYSTAL STRUCTURES 

I n  s o l i d  s t a t e ,  t h e  protons i n  quest ion a r e  involved i n  hydrogen 

bonds between t h e  0 and N atoms i n  both o f  t h e  OH and NH forms. 

Table I l i s t s  s e l e c t e d  interatomic d i s t ances  involving t h e  hydrogen 

bonds f o r  some Sch i f f  bases  ( I  - 111) and CT complexes (IV and V ) .  

While i n  t h e  case  of I and 11, t h e  0-H bond l eng th  is r a t h e r  normal 

as a hydroxy group, t h e  proton has s h i f t e d  towards t h e  N atom i n  

I11 with tetrachloro-substitution on t h e  s a l i c y l i d e n e  moiety. 

Fu r the r ,  i n  I V  and V ,  t h e  protons a r e  l o c a t e d  even c l o s e r  t o  t h e  N 

atoms suggest ing t h a t  t h e  e l e c t r o n  dens i ty  d i s t r i b u t i o n  i n  t h e  

TABLE I Se lec t ed  in t e ra tomic  d i s t ances  

Bond i n  OH form I I1 I11 I V  V 
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molecule changes upon CT complex formation. Other s t r u c t u r a l  changes 

accompanied by t h e  s h i f t  i n  proton l o c a t i o n  a r e  t y p i f i e d  by t h e  

r educ t ion  i n  t h e  C-0 bond l eng th ,  corresponding t o  t h e  increased 

con t r ibu t ion  of  t h e  NH form i n  Equation (1). These examples demon- 

s t r a t e  t h e  f e a s i b i l i t y  of c o n t r o l l i n g  t h e  proton t r a n s f e r  e q u i l i -  

brium by chemical modif icat ion.  

Figure 1 shows c r y s t a l  packing for I as an example. The mole- 

cu le s  are nea r ly  p e r f e c t l y  p l ana r  and form one-dimensional columna 

of p a r a l l e l  s tacking.  Segregated s t ack ing  of donors and accep to r s  

i s  one o f  t h e  f e a t u r e s  desirable f o r  conductive organic  CT complex- 

es and such p a r a l l e l  s t ack ing  of Sch i f f  base molecules a s  i n  I 

should be more favorable  i n  t e r m s  of e l e c t r i c a l  conduct ivi ty .  This 

s t ack ing  mode i s  achieved a l s o  i n  I1 but  t h e  c r y s t a l  packing i s  

loose  s i n c e  t h e  molecules are not  planar .  Compound I11 con ta ins  

"mixed" s tacked molecules with donor and acceptor  po r t ions  s tacked 

a l t e r n a t e l y .  A t  any ra te ,  t h e s e  single-component s o l i d s  a r e  in su la -  

t o r s  and s u b s t a n t i a l  decrease i n  r e s i s t i v i t y  i s  observed when t h e  

Schif'f bases  are combined with acceptors  such as TCNQ, F,TCNQ, and 

iod ine ,  I n  semiconducting complexes I V  and V ,  however, t h e  molecu- 

l a r  s t ack ing  i s  of  "mixed" fashion.  It i s  necessary t o  c o n t r o l  t h e  

c r y s t a l  packing mode f o r  f u r t h e r  enhancement i n  conduct ivi ty .  

OPTICAL PROPERTIES 

Figure 2a i l l u s t r a t e s  therrnochromism of I showing s i n g l e - c r y s t a l  

e l e c t r o n i c  absorpt ion s p e c t r a l  changes with temperature.  The abs- 

o rp t ion  s p e c t r a  <J recorded a t  4.2K r ep resen t  II+ n* t r a n s i t i o n  i n  

t h e  OH form. A s  temperature r ises ,  a new absorpt ion band a t  2.4 e V  

grows in .  Assigning t h i s  band t o  t h e  NH form, t h e  a c t i v a t i o n  

energy f o r  t h e  proton t r a n s f e r  i n  Equation (1) i s  evaluated t o  be 

0.1 eV. The l a r g e  Stokes s h i f t  o f  t h e  emission s p e c t r a  a t  low 

temperatures  (F igu re  2b) i s  c h a r a c t e r i s t i c  of t h e  i n t e r n a l  proton 

t ransf 'er  process and confirms t h e  o r i g i n  of t h e  therrnochromism. 

Figure 3 g ives  an example of  s i n g l e - c r y s t a l  I R  s p e c t r a ,  i n  
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which t h e  broad absorpt ion band peaked a t  2580 cm-l is assigned t o  

t h e  OH s t r e t c h i n g  mode i n  I. I ts  breadth and low-frequency s h i f t  

are c h a r a c t e r i s t i c  o f  f a i r l y  s t r o n g  hydrogen bonds. I R  s p e c t r a  ar’e 

now being c o l l e c t e d  f o r  o t h e r  d e r i v a t i v e s  as w e l l  and analyzed for  

c o r r e l a t i o n  t o  c e r t a i n  s t r u c t u r a l  parameters. 

The present  study demonstrates t h a t  t h e  i n t e r n a l  proton t . rans-  

fer i n  Schiff  bases  is q u i t e  f e a s i b l e  and c o n t r o l l a b l e  i n  c r y s t a l -  

l i n e  s t a t e  and more advances are a n t i c i p a t e d  with more e labora te  

molecular assembly designs.  

b 

HO 
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FIGURE 1 C r y s t a l  packing of I. FIGURE 3 I R  specra  of I. 

(a) (h) 
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FIGURE 2 Absorption ( a )  and emission ( b )  spectra  of I. 
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