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ABSTRACT. 

were performed i n  the I R  and v i s i b l e  regions respec- 

t i v e l y  on KBr compactions a t  85K-293K and i n  aceto- 

n i t r i l e  so lu t i ons .  E l e c t r i c  conduc t i v i t y  was measured 

vs. temperature f o r  p o l y c r y s t a l  1 ine MeDABCO/TCNQ/ 

p e r m i t t i n g  the c a l c u l a t i o n  o f  the a c t i v a t i o n  energy. 

Measurements o f  the thermoe lec t r i c  fo rce  y ie lded  the 
Seebeck c o e f f i c i e n t .  

Spect ra  1 s tud  i es o f  MeDABCO/TCNQ/2 sa 1 t 

2 '  

The phys ica l  p roper t i es  o f  tetracyano-p-quinodimethane/ 
TCNQ/ w i t h  var ious e l e c t r o n  donors, i n  p a r t i c u l a r  w i t h  

approximately p lanar  molecules, have been s tud ied  and 

descr ibed i n  de ta i  1. l S 2  

the in f luence o f  t h e  s p a t i a l  s t r u c t u r e  o f  the donor on the  

type o f  o rde r ing  and phys ica l  p roper t i es  o f  the s a l t .  

However, i t  was o f  i n t e r e s t  t o  study 

Our present workbearson TCNQ w i t h  1,4-diazobicyclo 

[2.2.2. ]octane, methyl a ted  on both n i t  rogens , 
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188 A. RAJCHEL, G. SEKRETARCZYK, M. PRZYBYLSKI and A. GRAJA 

t o  be re fe r red  t o  as MeDABCO/TCNQ/2. 

s p a t i a l  s t ruc tu re .  The "cage-l ike" s t r u c t u r e  o f  the donor 

makes the format ion of p a r a l l e l  and separated donor chains 

d i f f i c u l t .  

two centers o f  b a s i c i t y ,  e a s i l y  forms complexes w i t h  charge 

t rans fer .  I n  some cases the t r a n s f e r  can be complete, as 

for example I n  the  complex o f  DABCO w i t h  TCNE. 

The choice o f  donor was mainly determined by i t s  

The DABCO molecules, owing t o  the  presence o f  

3 

MeDABCO/TCNQ/2 s a l t  was ob ta ined by a method s i m i l a r  

to  tha t  described by Melby e t  A f t e r  t h r e e f o l d  

r e c r y s t a l l i z a t i o n  from a c e t o n i t r i l e ,  the  complex was obtained 

i n  the shape o f  dark b lue  c r y s t a l s  about 1 mm i n  s ize.  

Spectral i nves t i ga t i ons  i n  the v i s i b l e  regions, per- 

formed f o r  so lu t i ons  i n  a c e t o n i t r i l e ,  proved t h a t  no e lec t ro -  
neu t ra l  TCNQ molecules occur i n  MeDABCO/TCNQ/2 s a l t .  This 

conclusion was drawn from measurements o f  the o p t i c a l  densi- 

t i e s  o f  absorpt ion bands performed a t  the wavelengths 400 nm 

and 842 nm. The dens i ty  r a t i o  amounted t o  0.79. 

0 

6 

I R  absorpt ion spectra o f  MeDABCO/TCNQ/2 s a l t  taken i n  

powder samples w i t h  KBr  d iverged s t rong ly  from the sum of 

the donor and acceptor spectra (Fig. I ) .  I n  the spectrum 

o f  MeDABCO/TCNQ/ s a l t ,  n ine  absorpt ion bands predominate 

l y i n g  a t  2970 cm 
(doublet),  1182 cm-I, 

332 cm . The bands are  very intense (except the one a t  

2910 cm-') and have no counterparts e i t h e r  i n  the spectrum o f  

the  donor o r  i n  tha t  o f  the  acceptor. We a t t r i b u t e  the 

bands, on the theory o f  Rice,7 t o  coupl ing between conducti- 

v i t y  e lec t rons  o f  molecular o r b i t a l s  and completely symmetric 

IR- inac t ive  v i b r a t i o n s  o f  TCNQ. 

21 , 2182 cm-' ( t r i p l e t ) ,  IS80 cm-I, 1340 cm-' 
825 cm-l, 723 cm-I, 483 cm-' and 

- 1  
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INVESTIGATIONS OF MeDAFJCO/TCNQ/2 SALT 189 

W f E l E R G T H  Irml 

FIGURE 1. I R  absotpt ion spectrum o f  MeDABCO/ 

TCNQ/2 (a) and spectra o f  DABCO 2CH J (b) and 3 
TCNQ (c) o f  s u i t a b l e  concentrat ions. 

Temperature-dependent s tud ies  o f  MeDABCO/TCNQ/2 i n  

I R  f a i l e d  t o  reveal anomalies. A t  l i q u i d  n i t rogen  tempera- 

tu re ,  the i n t e g r a l  i n t e n s i t i e s  o f  the  bands increase by 10 

t o  100% compared t o  those measured a t  room temperature. 

Bands due t o  electron-phenon coup1 ing  behave s i m i l a r l y  t o  
the others.  

The e l e c t r i c a l  measurements o f  MeDABCO/TCNQ/2 were per-  

formed on c y l i n d r i c a l  samples, compressed under about 7000 

atm from f i n e l y  ground s a l t s .  The compactions were placed 

i n  an appropr iate c e l l  and degased a t  330 K f o r  16 hours i n  

Vacuum. 

us ing  two-electrode technique, already described,' f o r  

temperatures ranging from 285 t o  390K. 

The c o n d u c t i v i t i e s  o f  the samples were determined 

Fig. 2 shows the  temperature-dependence of d.c. con- 
d u c t i v i t y  o f  kDABCO/TCNQ/  f o r  two d i f f e r e n t  samples. 2 

The exper i menta 1 conduct i v i  t y  data can be expressed 

by the simple exponential temperature-dependence: 
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190 A. RAJCHEL, G. SEKRETARCZYK, M. PRZYBYLSKI and A. GRAJA 

U(T) = u exp(-E /kT). 
0 a 

By the l eas t  squares method, we obtained: 

Ea = 0.44[eV] and U = 3.08 x 10-5[C2-'cm-1]. 
25 

The Seebeck c o e f f i c i e n t ,  determined from thermoe lec t r i c  

measurements, was p o s i t i v e  a t  room temperature (about 30 

mV/deg) . 

Me O A K 0  

~1xi0-5 LI I I I I I 
2.6 2.8 3.0 3.2 34 

18. F' f K-'1 

FIGURE 2. D.C. c o n d u c t i v i t y  versus rec ip roca l  

temperature f o r  two d i f f e r e n t  samples o f  MeDABCO/ 

TCNQ/2. 

1 With regard t o  the c r i t e r i o n  o f  J.J. Andre' e t  a l . ,  

the magnitudes o f  conduc t i v i t y  and thermal a c t i v a t i o n  energy 

Po in t  t o  a low conducting l i n e a r  system o f  our complex 

s a l t s .  

Our work h i t h e r t o  performed i n  evidence t h a t  the 
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INVESITGATIONS OF MeDABCO/TCNQ/2 SALT 191 

s p a t i a l  s t r u c t u r e  o f  the  donor a f f e c t s  s p e c t r a l  p r o p e r t i e s  

o f  the  donor a f f e c t s  s p e c t r a l  p r o p e r t i e s  o f  t h e  complex 

e s s e n t i a l l y  and has marked i n f l u e n c e  on the  e l e c t r i c  con- 

d u c t i v i t y  and i t s  dependence on temperature.  
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