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PHYSICAL PROPERTIES, ELECTRICAL CONDUCTIVITY AND 
CRYSTAL STRUCTURE OF THE DADMTANi-TCNQ COMPLEX 

M. E. LOPEZ-MORALES 
I n s t i t u t o  de Invs .  e n  Mats., UNAM, 04519 Mzxico, D.F. 

M. SORIANO-GARCIA, J. GOMEZ-LARA and R.A.  TOSCANO 
I n s t i t u t o  de  @?mica, UNAM, 04513 Msxico, D.F. 

Abs t r ac t  The c r y s t a l  and molecu la r  s t r u c t u r e ,  e l e c t r i -  
c a l  c o n d u c t i v i t y ,  i n f r a r e d  s p e c t r a  and magnet ic  suscep- 
t i b i l i t y  of t h e  com?lex 6,13-diacetyl-5,14-dimethyl-l, 
4,b,11-tetraazacyclotetradeca-4,6,11,13-tetraenenickel 
(11)-7,7,8,d-tetracyano-p-quinodimethane (DADMTANi- 
TCNQ) have been measured. DADMTANi-TCNQ c r y s t a l l i z e s  
i n  t h e  monocl in ic  space  group P21/n w i t h  a=7 .111(7 ) ,  
b-14.191(3), C=13.062(4), B=33.21(2): z=2. The mole- 
c u l e s  are ar ranged  i n  a l t e r n a t e d  s t a c k s .  The e l e c t r i -  
c a l  c o n d u c t i v i t y  of  t h e  complex measured a l o n g  t h e  
s h o r t e s t  a x i s  of t h e  c r y s t a l  i s  ohm-’ cm-’. Th i s  
low v a l u e ,  t h e  magnetic s u s c e p t i b i l i t y  and I R  d a t a  
a r e  r e l a t e d  t o  t h e  c r y s t a l  s t r u c t u r e .  

INTRODUCTION 

Change t r a n s f e r  complexes of 7,7,8,3-tetracyanoquino-p- 

dimethane (TCNQ) w i t h  a v a r i e t y  of e l e c t r o n  donors  have 

been e x t e n s i v e l y  s tud ied ‘ .  

t a l l i c  t o  i n s u l a t i n g  depending on b o t h ,  t h e  dez rce  of  cha rge  

t r a n s f e r  between t h e  molecules  and t h e  way t h e y  are s t acked .  

We have been s t u d i e d  t h e  i n o r g a n i c  complex, 6,13-diace- 

tyl-5,14-dimethyl-1,4,d,1l-tetraazacyclotetradeca-4,6,11,13- 

t e t r a e n e n i c k e l  (11) (DADMTANi) and have found t h a t  i t s  e l e c -  

t r i c a l  c o n d u c t i v i t y  i n c r e a s e s  upon doping  w i t h  i o d i n e 2 .  Th i s  

e f f e c t  i s  probably  due t o  s t a c k i n g  of  t h e  molecules .  Because 

The i r  p r o p e r t i e s  range  from me- 
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422 M .  E. LOPEZ-MORALES er al. 

of t h e  p l a n a r i t y  of t n e  systelq, t h e  presence o f  d e l o c a l i z e d  

71 e l e c t r o n s  and a metal  atom, DADMTANi appears  as an i n t e r -  

e s t i n g  compound f o r  t h e  formation of cha rge - t r ans fe r  com- 

plexes with TCNQ. 

We repor t  here  t h e  complex DADMTANi-TCNQ, i t s  phys ica l  

p r o p e r t i e s  and t h e i r  c o r r e l a t i o n  t o  i t s  c r y s t a l  and molecu- 

l a r  s t r u c t u r e .  

EXPERIMENTAL 

DADMTANi was synthesized and p u r i f i e d  according t o  t h e  l i t-  

e r a t u r e 3 .  Comercial TCNQ w a s  r e c r y s t a l l i z e d  from chloroform. 

DADMTANi and TCNQ ( 1 : l )  were heated f o r  15 minutes i n  

chloroform. Slow cool ing gave black c r y s t a l s  s u i t a b l e  f o r  

x-ray d i f f r a c t i o n  s t u d i e s  and conduc t iv i ty  measurements. 

I n f r a r e d  s p e c t r a  of K B r  p e l l e t s  of DADMTANi-TCNQ were 

performed on a Nicolet  MX-5 Fas t  Four i e r  Transform Spectro- 

photometer i n  t h e  4600-400 cm-' region.  

Magnetic s u s c e p t i b i l i t y  measurements were performed on 

a Cahn Faraday balance a t  room temperature.  

E l e c t r i c a l  conduc t iv i ty  measurements were c a r r i e d  ou t  

on s i n g l e  c r y s t a l s  with c o n t a c t s  made of  e l ec t rodag .  The 

e l e c t r i c  f i e l d  was app l i ed  along t h e  s t ack ing  a x i s  a. The 

conduct ivi ty  was s t u d i e d  as func t ion  of temperature i n  t h e  

25-80°C range. 

Crys t a l  d a t a  are as fol lows:  black p r i s m a t i c  c r y s t a l  

0.15 x 0.23 x 0.44 mm., monoclinic,  P21/n, a=7.111(1),  

b=14.191(3), ~=13 .062(4 )  A,  @=93.21(2)",  V=1316.0(5) 13, 
D =1.43 Mg m-3, Z=2, T=293 K. 
X 

Complete t h r e e  dimensional d a t a  were c o l l e c t e d  t o  the  

l i m i t  of 28=45" f o r  MoK 

fractometer .  1886 r e f l e c t i o n s  were measured o u t  of  which 

us ing  a Nicolet  R3 f o u r - c i r c l e  dif 
c1 
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DADMTANI-TCNQ COMPLEX 423 

1405 had i n t e n s i t i e s  g r e a t e r  than  2.50. 

so lved  by heavy-atom method and r e f i n e d  by a cascade  m a t r i x  

l e a s t - s q u a r e s  techniques  t o  R=0.045. A l l  computa t ions  were 

performed on a Nova 4 computer and p l o t s  drawn on a Tektro- 

n i x  p l o t t e r  w i th  t h e  SHELXTL sys tem of  programs4 

The s t r u c t u r e  w a s  

RESULTS AND DISCUSSION 

E l e c t r i c a l  c o n d u c t i v i t y  of  c r y s t a l s  of DADMTANi-TCNQ w a s  

measured by t h e  two probe technique .  The c o n d u c t i v i t y  va- 

r i e s  w i t h  tempera ture  e x h i b i t i n g  ohmic behaviour .  The va l -  

ues  range from 

5 x lo-’ ohm-’ cm-I a t  80°C. 

determined u s i n g  t h e  e x p r e s s i o n  U=o0 exp (-Ea/kT) and i t s  

v a l u e  i s  0.37eV. These v a l u e s  a r e  t y p i c a l  o f  a semiconduc- 

t o r  and a r e  s imilar  t o  those  r e p o r t e d  f o r  TCNQ complex 

sa l t s5 .  

ohm-‘ cm-’ a t  room t empera tu re  t o  

The a c t i v a t i o n  energy  Ea was 

Magnetic s u s c e p t i b i l i t y  measurements on t h e  complex do 

n o t  show n e t  s p i n  s u s c e p t i b i l i t y  i n d i c a t i n g  no c h a r g e - t r a n s  

f e r .  I n f r a r e d  s p e c t r a  does  n o t  p r e s e n t  t h e  c h a r a c t e r i s t i c  

c h a r g e - t r a n s f e r  band t y p i c a l  f o r  TCNQ complex salts .  Most 

of t h e  weak a b s o r p t i o n s  appear  a t  t h e  same f requency  as i n  

t h e  I R  s p e c t r a  of t h e  i s o l a t e d  molecules .  It shows bands 

t y p i c a l  f o r  n e u t r a l  TCNQ6.  

l o c a t e d  a t  t h e  C-H s t r e c h i n g  v i b r a t i o n  r eg ion  a t  about  

3000 cm-’. 

The most prominent bands are 

It i s  p o s s i b l e  t o  o b t a i n  t h e  deg ree  of  i o n i c i t y  from 

t h e  dependence of  t h e  v i b r a t i o n a l  f requency  v e r s u s  t h e  

cha rge  d e n s i t y .  The mode vza  of  TCNQ s u f f e r s  a s h i f t  i n  

i o n i z e d  CT complexes. I n  n e u t r a l  TCNQ t h i s  mode i s  found 

a t  2229 cm-’, and i n  Rb-TCNQ i t  i s  observed  a t  2187 cm-’. 

In  t h e  DADLITANi-TCNQ complex t h i s  mode i s  obse rved  a t  about 

E 
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424 M. E. LOPEZ-MORALES ef al. 

2221 cm-', s u g g e s t i n g  t h a t  t h e r e  i s  no n e t  c h a r g e - t r a n s f e r  

i n  t h i s  case .  

The c r y s t a l  and molecular  s t r u c t u r e  de t e rmina t ion  of  

9ADMTANi-TCNQ prov ides  a s a t i s f a c t o r y  i n t e r p r e t a t i o n  o f  t h e  

p r o p e r t i e s  of t h i s  com?lex. F i g u r e s  1 and 2 show a g e n e r a l  

FIGURE 1. P r o j e c t i o n  of  t h e  s t r u c t u r e  of  DADMTANi- 
TNCQ a l o n g  a a x i s .  

view o f  t h e  molecular  packing. The s t r u c t u r e  c o n s i s t s  o f  

s t a c k s  i n  which DADMTANi and TCNQ molecules  a l t e r n a t e  i n  

i n f i n i t e  columns p a r a l l e l  t o  a x i s  U (F igu re  3 ) .  

The d i h e d r a l  a n g l e  between t h e  DADMTANi and TCNQ mean 

p lanes  is  6.1(5)" .  

i n d i c a t i n g  t h a t  t h e  i n t e r a c t i o n s  between t h e  molecu le s  may 

be due t o  van d e r  Waals f o r c e s .  

The i n t e r p l a n a r  d i s t a n c e  i s  3 . 4 5 ( 5 )  8, 

Bond l e n g t h s  and a n g l e s  f o r  non-H-atoms of t h e  two mol- 

e c u l e s  a r e  i n d i c a t e d  i n  f i g u r e  4 .  
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DADMTANI-TCNQ COMPLEX 425 

FIGURE 2. 
TCNQ along b a x i s .  

Projection o f  the s tructure  of DADMTANi- 

DAD(II1AYE DADMTAN~ and TCNQ spe-  
c ies  along the  a a x i s .  
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426 M. E. LOPEZ-MORALES et al. 

By comparison o f  the quinonoid bond l e n g t h s  i n  DADMTANi 

-TCNQ (1.372(6) 11, i n  n e u t r a l  TCNQ (1.374 i)7 and i n  TCNQ 

FIGURE 4 .  
DADMTANi (a )  and TCNQ (b) . 

Bond l e n g t h s  ( w )  and bond a n g l e s  ( " )  for D
ow
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DADMTANI-TCNQ COMPLEX 427 

c h a r g e - t r a n s f e r  complexes ('2.9. i n  TTF-TCNQ, 1.402 8)*  we 

can  c o n s i d e r  t h a t  t h e  TCNQ s p e c i e s  o f  t h i s  sys tem is  n e u t r a l .  

We conclude  then ,  t h a t  t h e  poor  c o n d u c t i v i t y  o f  t h e  

DADMTAIVi-TCNQ complex, t h e  d a t a  o b t a i n e d  from t h e  I R  spec-  

t r a  and t h e  l a c k  of magnet ic  s u s c e p t i b i l i t y  a l l  are r e l a t e d  

t o  tile a l t e r n a t e  s t a c k i n g  s t r u c t u r e  o f  t h e  complex. The 

absence  o f  c h a r g e - t r a n s f e r  is  confirmed by t h e  s h o r t  

l e n g t h  of  t h e  quinonoid  bond i n  TCNQ. 
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