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(XYSTAJ., AND MOLECULAR STRUC'HlRE AND PROPERTIES OF 
PI WLYLTRI CYANOQUINODIMETHAN, TEE ZIlT IlTWIONIC DONOR- 

PI-ACCEPl'OR ADDUCT BEIWEEN LI'TCNQ- AND 1,2-DIMETKYL- 
PYRIDINIUM IODIDE* 

ROBERT M. MEZZGER and NORMAN E. HEIMER 
Department of Chemistry, The University of 
Mississippi, University, MS 38677, U. S.A. 
GEOFFREY J.  ASBWEU 
Department of Chemistry, Shef field City Polytechnic, 
Sheffield S1 IWB, England 

Abstract: The reaction of the lithium salt of 
7,7,8,8-tetracyanoquinodimethan (TCNQ) with 1.2- 
dimethylpyridinium iodide in ethanol leads to a 
conventional charge-transfer salt. However, the same 
reagents dissolved in acetonitrile yield crystals 
which belong to space group P2 /c, with unit cell 
constants a = 1493.5(2), b = 7$0.9(2) (stack axis), - C = 1380.2(3) pm, j3 = 107.06(2)O. z = 4 for Cl8HI3N . 
1746 unique CAD-4F diffractometer Mo Ka data refine% 
to R = 5.1 per cent, to yield the structure of the 
zwitterionic donor-pi-acceptor adduct Z-p-(N-methyl-2- 
pyr idyl ) -a-cyano-4-styryl dicyanometh ids (trivial 
name: picolyl-tricyanoquinodimethan, P3CNQ). The 
pyridinium ring is inclined 30.13O from the 
quinodimethan 6-membered ring. The salt is 
diamagnetic, and the pyridinium N atom stacks above 
the dicyanomethide portion of the next molecule along 
the & axis. 

INTRODUCTION 
The potent organic n-acid (one-electron acceptor) 7,7,8.8- 
tetracyanoqninodimethan (TCNQ, Fig.1, I) has been known 
since 196OlB2: 
variety of electron  donor^.^ 

it forms charge-transfer salts with a great 
As discussed elsewhere in 

*Supported in part by NSP-DMR-80-15658. 
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134 R. M.  METZGER, N.  E. HEIMER AND G. J.  ASHWELL 

these Proceedings, TCNQ forms several quasi-one-dimensional 
"metallic" electrical conductors, e.g. N- 
methylphenazinium TCNQ (NMP (Fig.l,II) TCNQ) ,4 and 
tetrathiafulvalene (TlT (Fig.1,III) 1 TCNQ.5#6 

other related highly conducting materials have been studied 

intensively, as attested by review 

These and 

monographs, and meeting proceedings. 16-25 

The conventional substitution reactions of TCNQ 

(replacement of cyano groups by nucleophilic species) were 

originally described by the du Pont research of cyano 
group,26 and they resemble the substitution reactions of 

tetracyanoethylene (TCNE, Fig.l,IV) which had been studied 
earlier. 27 

from the reaction of amines with TCNE have received 

considerable attention, while the analogous TCNQ 
derivatives like the 7-amino-7,8,8-tricyanoquinodimethans 26 

(Fig.l,VI) have been ignored since 1962. 

The tricyanovinyl amines (Fig .1 ,V) ~ b t a i n e d ~ ~ - ~ ~  

Covalently bonded a-dimers of TCNQ- have been 
.39-42 there is also considerable theoretical 43,44 studied, 

and experimental 45-47 interest in D-PA compounds where a 
potent electron donor D is sigma-bonded to A, a potent 

electron acceptor like TCNQ. 

One of us (GJA) has been studying the crystallo- 
graphic, magnetic, and electrical conductivity properties 

of pyridinium and polypyridinium salts of TCNQ.48-64 

present here a preliminary report on the synthesis, crystal 
structure, optical and magnetic properties of a novel 
molecular adduct, in which 1,2-dimethylpyridine, as the 
electron donor, has reacted with TCNQ to form a covalently 

bonded zwitterionic adduct D+-n-A-. 

We 

In the reaction. HCN 
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PICOLYLTRICYANOQUINODIMETHAN, A ZWITTERION 135 

N C  Nca:: 
I, TCNQ 

111, TTF 

R '  ' R ' N R ) + I I  

NC 

V 

11, NMP 

NCp(CN 
NC CN 

I V ,  TCNE 

N R'm)-aN NC - 
V I  

CH3 
/ / CH3 H3C -N 

C T C N  NC - CN %cN 

NC CN 
V I I ,  P3CNQ 

V I I I ,  T C V D I U  

F I G U R E  1. D
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136 R. M. METZGER, N. E. HEIMER AND G. J.  ASHWELL 

has been l o s t ,  and the  new molecule, Z-B-(N-methy1-2- 

pyridyl)-a-cyano-4-styryl dicyanomethide (Fig.l,VII) is a 

TCNQ analog of t he  tricyanovinylamines(V) mentioned above. 

We propose the t r i v i a l  name p i c o l y l - t r  icyanoquinodimethan 

and the acronym P3CNQ f o r  molecule V I I .  

EXPERIMENTAL 

Synthesis  

The r e a c t i o n  of the l i t h i u m  s a l t  of TCNQ (Li'TCNQ-) with 

1.2-dimethylpyridinium iodide (Me2Py+I-) y i e l d s  d i f f e r e n t  

products i n  e thanol  and a c e t o n i t r i l e  solut ions.  

A h o t  s o l u t i o n  o f  0.2 g of  Li'TCNQ- i n  50  mL of 

ethanol was added t o  a hot  s o l u t i o n  of 0.2 g of Me2Py+I- i n  

50 mL of ethanol. Af t e r  the r e s u l t a n t  green s o l u t i o n  had 

cooled t o  room temperature,  c r y s t a l s  (purple  p l a t e s )  of the. 

i o n i c  charge- t ransfer  s a l t  were obtained. The c r y s t a l s  

(90% y ie ld )  were removed by f i l t r a t i o n  and washed w i t h  

ethanol  and w i t h  ether .  

Elemental  ana lys i s :  c a l c u l a t e d  (found) f o r  

C7H10N'C12H4N4-: 

22.43 (22.45). The W-v i s ib l e  spectrum of the  complex 

dissolved i n  e thanol  showed the t y p i c a l  abso rp t ion  spectrum 

of TCNQ- wi th  peaks. a t  Amax = 420 and 842 nm. 

A h o t  s o l u t i o n  o f  0.2 g of Li'TCNQ- i n  50 mL of  

a c e t o n i t r i l e  was added t o  a hot s o l u t i o n  of Me2Py+T i n  50 

mL of a c e t o n i t r i l e .  The volume of the r e s u l t a n t  blue 

a c e t o n i t r i l e  s o l u t i o n  was reduced t o  25 mL by heat ing,  and, 

upon cooling, a 6% y i e l d  of small ,  green, elongated 

c r y s t a l s  was obtained. 

C, 73.05% (73.471%; H, 4.52 (4.52): N, 
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PICOLYLTRICYANOQUINODIMETHAN, A ZWITTERION 137 

The product i s  Z-j3-(X-methyl-2-pyridyl-a-cyano-4- 

s t y r y l  dicyanomethide (P3CNQ. VII). Elemental ana lys i s :  

c a l c u l a t e d  ( found)  f o r  C18H12N4: C, 76.04% (75.46): H, 
4.25 (4.20); N,  19.71 (19.77). 

P3CNQ i n  a c e t o n i t r i l e  does not show t h e  t y p i c a l  TCNQ- 

bands, bu t  a new broad peak appears a t  592 nm. The 

remainder of t h i s  paper w i l l  d i s cuss  only the l a t t e r  

pro duc t ( P3 CNQ) . 
Mannetic Measurements 

S t a t i c  s u s c e p t i b i l i t y  measurements were made on a 

m i c r o c r y s t a l l i n e  sample using a Faraday balance. 

Crys t a l  S t ruc tu re  Determination 

An a c i c u l a r  c r y s t a l  was mounted on an ENRAF-Nonius CAD-4F 

d i f f r a c t o m e t e f ,  graphite-monochromatized Mo Ka (A = 70.926 

p d  r a d i a t i o n  was used. The c r y s t a l  was determined t o  

belong t o  space group m l / c  w i t h  u n i t  c e l l  cons t an t s  a = 

1493.5(2) pm. = 720.9(2) pm, ( n e e d l e  a x i s ) ,  3 = 1380.2(3) 

pm, j3 = 107.06(2)0 with 2 = 4 molecules of formula C18H12N4 

per  u n i t  c e l l ,  u n i t  c e l l  volume V = 1.4206(7) nm , 
c a l c u l a t e d  d e n s i t y  1.33 Mg m-3 and observed dens i ty  1.32 Mg 

m-3. 

c o l l e c t e d  i n  the b i s e c t i n g  geometry. 

y i e lded  the  usual inf i n i t e  hexagonal bathroom-tile 

so lu t ion ,  r ecyc l ing  of a chemically s i g n i f i c a n t  fragment a s  

having c o r r e c t  angular o r i e n t a t i o n  bu t  unknown p o s i t i o n  

revealed the p o s i t i o n  of a l l  non-hydrogen atoms. The 

least-squares  ref inements  converged t o  the f i n a l  so lu t ion ,  

w i t h  atom p o s i t i o n s  a s  given i n  Table 1', t h e  f i n a l  

unweighted agreement r e s i d u a l  was R = 5.1 per cen t  

(weighted RW = 6.1 per cent.  w i t h  weights  w = 

The s o l u t i o n  s p e c t r u m  of 

3 

1917 unique d i f f r a c t e d  da ta  w i t h  Fobs ) a(Fobs) were 

Af t e r  MUL.TAN-7866 
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138 R. M. METZGER, N .  E. HEIMER AND G. J.  ASHWELL 

Table 1 .  Final Atomic Positions in the P3CNQ Crvstal Structure 

- Atom x/ a v/b z/c 

N1 0 . 5 6 1 2 ( 2 )  0 .2189 ( 4 )  0.5416 ( 2 )  
N5 0 .6813 (1) 0 .0535 ( 4 )  0 .8593 ( 2) 
N14 1 .1016 ( 2 )  0 .2964 ( 4 )  0 . 4 9 4 5 ( 2 )  
N21 1 . 3 2 4 0 ( 1 )  0 .1407 ( 3 )  0 . 8 2 1 7 ( 1 )  

c 2  0.6257 (2 )  0.1872 ( 4 )  0 .6089 ( 2 )  
C3 0.7058 ( 2) 0 .1492(  3 1 0 . 6 9 0 9 ( 2 )  
G4 0.6911 ( 2 )  0 . 0 9 6 4 ( 4 )  0 .7833 ( 2 )  
C6 0 .7991(  2 )  0 . 1 6 2 1 ( 3 )  0 .6814(  2)  
c7 0 . 8 7 6 9 ( 2 )  0 .1252 ( 3  ) 0.7661(  2 )  
C8 0.9663 ( 2 )  0 . 1 2 9 0 ( 3 )  0 . 7 5 9 2 ( 2 )  
c9 0.9851 (1) 0 . 1 6 8 9 ( 3 )  0 .6681(2)  
c10 0 .9083(2)  0 .213 2 ( 3) 0.5 846 ( 1) 
c11 0 . 8 1 8 3 ( 2 )  0 .2081 ( 3 )  0 . 5 9 1 1 ( 2 )  
c12 1 . 0 8 1 2 ( 1 )  0 . 1 6 8 2 ( 3 )  0 . 6 6 1 0 ( 2 )  
C13 1 . 0 9 2 9 ( 2 )  0 . 2 3 8 3 ( 4 )  0 .5676(2)  
C15 1 . 1 5 7 5 ( 1 )  0 . 1 1 7 9 ( 3 )  0 .7374(  1) 
C16 1 .2537 ( 1) 0 . l o 6 4  ( 3 ) 0.7338(1)  
C17 1 . 2 7 9 4 ( 2 )  0 . 0 5 5 5 ( 4 )  0 .6492(  2) 
C18 1 . 3 7 1 2 ( 2 )  0 .0379(  4 )  0 .6518 ( 2 )  
c19 1 . 4 3 9 6 ( 2 )  0 .0743 ( 5 )  0.7414 ( 2) 
c 2  0 1.4148 ( 2 )  0 . 1 2 3 9 ( 4 )  0 .8242 ( 2 )  
c22 1 . 3  03 8 ( 2 1 0.1914 ( 4 )  0 .9163 ( 2 )  

H7 0 . 8 6 5 ( 1 )  0 , 0 9 9  ( 3 )  0 . 8 3 2 ( 1 )  
H8 1 . 0 1 8  ( 1) 0 . 1 0 6 (  3 ) 0.821 ( 2 )  
El0 0 . 9 1 9 ( 1 )  0 . 2 4 0 (  3 )  0 . 5 2 0 (  1) 
El1 0 . 7 6 9 ( 1 )  0 . 2 3 6 ( 3 )  0 . 5 3 5 (  1) 
H15 1 . 1 4 5 ( 1 )  0 .088  ( 3 )  0 . 8 0 0 ( 1 )  
H17 1 . 2 3  O( 1) 0 . 0 3 1  ( 3 ) 0.590(  1) 
El8 1 . 3 9 0 ( 1 )  0 . 0 0 2 (  3)  0 .591  (1)  
El9 1 . 5 0 1 (  1) 0 .067  ( 3  1 0 . 7 4 6 ( 2 )  
H20 1 . 4 5 8 ( 1 )  0 . 1 5 0  ( 3  1 0.886 ( 2 )  
H221 1 .363  ( 2 )  0 . 2 1 3  ( 4 )  0 . 9 6 6 (  2 )  
H222 1 . 2 6 1 ( 2 )  0 .295  ( 3  0.903 (2 )  
H223 1 . 2 7 2 (  1) 0 . 0 9 5 (  3 )  0 . 9 4 0 ( 2 )  

4 / F o / 2 ~ L p ~ 2 / [ ~ 2 ~ I r a w )  + (0.05 Iraw)21), and the final 

estimated error of an observation of unit weight was 1 . 6 6  

(with 1815 observations used in the refinement, and 247 

parameters, including positions and anisotropic temperature 

factor for the C and N atoms, and positions and isotropic 
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PICOLYLTRICYANOQUINODIMETHAN, A ZWITTERION 139 

temperature  f a c t o r s  f o r  t h e  H atoms). 

The computer programs MULTAN-7866 and O R T E P ~ ~  were run 

on DEC 1077 and I B M  4341 computers r e spec t ive ly ,  a l l  

o t h e r  c r y s t a l l o g r a p h i c  programs were part of t he  SD$ 

program package on a PDP-1134 minicomput er. 

8 

Charge D i s t r i b u t i o n  L a t t i c e  Energies  

IND069 atom-in molecule p a r t i a l  charges  q i  and t h e  

molecular  d i p o l e  moment were determined using program 

CNIND0.70 
r e p u l s i o n  l a t t i c e  ene rg ie s  ( the  f i r s t  using the  qi, the  

1 a t  t e r  two us ing s t ruc tu re -  independent parameters of 

Will iams71 and Govers'l', bu t  without  C-H bond 

fo reshor t en ing )  were computed using program QeLMAP and 

WALD.73'74 

computer. 

The Madelung, London, d i s p e r s i o n  and ad hoc 

A l l  t h r e e  programs were run on t h e  DEC 1077 

RESULTS 

Magnetic P r o n e t t i e s  

The s t a t i c  magnetic s u s c e p t i b i l i t y  measurements on P3CNQ 

show it t o  be diamagnetic,  w i t h  a molar s u s c e p t i b i l i t y  i n  

c lose  agreement wi th  the  value p red ic t ed  using Pascal ' s  

constants .  

C r v s t a l  & Molecular S t r u c t u r e  

The molecular geometry of P 3 W  i s  shown i n  Fig. 2. The 

atom thermal v i b r a t i o n  e l l i p s o i d s  a r e  drawn by ORTEP67 a t  

t h e  SO per cent  p r o b a b i l i t y  l eve l .  Chemically s i g n i f i c a n t  

bond d i s t a n c e s  ( i n  pm) and bond ang le s  (degrees) a r e  given, 

The standard d e v i a t i o n s  of bond l eng ths  not involving 

hydrogen atoms a r e  5 0.2 pm, except where indicated.  The 
bond l eng ths  w i t h i n  the  tr icyanoquinodimethan p o r t i o n  of 

t h e  molecule and w i t h i n  t h e  pyridinium r i n g  a r e  benzenoid 
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140 R. M. METZGER, N .  E. HEIMER AND G. J .  ASHWELL 
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PICOLYLTRICYANOQUINODIMETHAN, A ZWITTERION 141 

r a t h e r  t han  quinonoid; t h e r e  i s  c l e a r l y  a double bond 

between C12 and C15. The least-squares  plane of t h e  

pyridinium r i n g  i s  tw i s t ed  30.130 from the  least-squares  

six-membered r i n g  of the quinodimethan. 

The molecules s t a c k  along t h e  c r y s t a l l o g r a p h i c  3 axis:  

t h e  in t e rmolecu la r  ove r l ap  ( t h e  quinodimethan least-squares  

p l anes  a r e  354 pm a p a r t )  i s  shown i n  Fig.  3:  t h e  overlap 

c l e a r l y  gives  z e r o  n e t  d i p o l e  moment f o r  t he  two P3CNQ 

n e a r e s t  neighbors,  and achieves D+ A- s t ack ing  along 1. 
The packing of t he  f o u r  P3CNQ molecules i n  the  u n i t  c e l l  i s  

shown i n  Fig. 4 :  one can see t he  o r i e n t a t i o n  of t h e  two 

cha ins  stacked along b, bu t  mutually r e l a t e d  by t h e  g l i d e  

plane symmetry ope ra to r  of space group E1 /c .  

Atom-in-molecule Charges 

The INDO atom-in-molecule charges a r e  shown i n  Fig.  5 :  t h e  

charges  on M. N5 a r e  t y p i c a l  of cyano N atoms f o r  t h e  TCM- 

anion: t he  charge on N14 i s  t y p i c a l  of a cyano N atom i n  

n e u t r a l  TCNQ. The charge d i s t r i b u t i o n  wi th in  t h e  

pyridinium r i n g  does not put the bulk of t he  p o s i t i v e  

charge on N21 ( a s  would be expected by naive valence bond 

theo ry ) ,  but r a t h e r  d i s t r i b u t e s  it throughout t he  

pyridinium r i n g  and the b r idge  bonds. The computed INDO 
d i p o l e  moment, 26.16 Debyes (8.726 x C m) is very 

l a r g e  and t y p i c a l  of a zwi t t e r ion .  

L a t t i c e  Energies  

The Madelung, London d i s p e r s i o n  (=van de r  Waals) and 

r e p u l s i o n  l a t t i c e  ene rg ie s  (Ern, Ed, and Er r e s p e c t i v e l y )  

were computed. 

(-0.729824 eV), Ed = -265.903 kJ/mol (-2.755854 e V ) ,  Er = 

The computed va lues  a r e  Em = -70.434 hJ/mol 

133.323 kJ/mol (1.381774 e V ) ,  t h e r e f o r e  Em + Ed + Er - - 
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142 R. M. METZGER, N.  E. HEIMER AND G .  J .  ASHWELL 

FIGURE 3. OverLap of two P3CNQ molecu le s  s t a c k e d  
a l o n g  t h e  b a x i s .  - 

FIGURE 4 .  P l o t  of u n i t  c e l l  o f  P3CNq, showing two 
s t a c k s  r e l a t e d  by t h e  g l i d e  p l a n e  symmetry 
o p e r a t o r .  
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-0.0001 "-.y H7 C7 -0,0575 c i i  -0,0583 -0.0078 

.O. 0255 

H19 0.0229 0 
FIGURE 5. I N D O  cha rges  f o r  P3CIJQ. 
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-203.014 kJ/mol (-2.103904 eV). 

DISCUSS I O N  

The chemical a n a l y s i s  and the  solved c r y s t a l  s t r u c t u r e  

i n d i c a t e  t h a t  t he  following r e a c t i o n  occured: 

where dissolved 02 i s  the  presumed ox id iz ing  agent.  

The c r y s t a l  packing, molecular s t r u c t u r e ,  

diamagnetism, and INDO d ipo le  moment confirm t h a t  P3CNQ is 
a diamagnetic z w i t t e r i o n i c  molecule. 

I f  one sums the  p a r t i a l  charges of N1 ,  C2. C3, C4, N5 

(-0.4709) and those of C16, C17, C18, C19, (29. N21 and 

a s soc ia t ed  H atoms (0.61801, t he  z w i t t e r i o n i c  charge 

sepa ra t ion  becomes q u i t e  c l ea r .  While measurements of the 

experimental  d ipo le  moment of P3CNQ a r e  i n  progress ,  one 

may compare i t s  c a l c u l a t e d  INDO d ipo le  moment (26.16 D )  and 

d i s t ance  d(C3-N21) = 887.1 pm with the  corresponding d a t a  

f o r  p-tricyanovinyldimethylaniline (TCVDMA, Fig.l .VII1) 

[experimental  d ipo le  moment 10.9 5 0.9 D i n  

d i s t ance  d(C3-Nl) = 659.8 pm31J: 

P3CNQ i s  c l e a r l y  more dramatic. 

the charge sepa ra t ion  i n  

The Madelung energy i s  smaller  than f o r  i o n i c  mixed 

simple r egu la r  

s tacking i s  approximated in P3CNQ along t h e  b ax i s .  

However, the tilt  i n  the  pyridinium r i n g  causes the 

s tacking along the  b a x i s  t o  be r a t h e r  more loose than i n  

t y p i c a l  i o n i c  s a l t s .  

(e.g. TMPD'TCNQ-) whose D+A D+A- 

The sum Em + Ed + Er f o r  P3CNQ is  about ha l f  t he  

corresponding va lues  f o r  TMPD TCNQ75 o r  "F TCNQ,76 b a t  is 

very c lose  t o  the  experimental  n e a t r a l  cohesive ene rg ie s  
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U:xp f o r  anthracene TCNQ,75 naphthalene TCNQ," TMPD 

TCNQ,75 and TTF TCNQ.76 

energy d i f f e rence  between n e u t r a l  gaseous donors and 

acceptors  and the DA ( o r  D'A-) c r y s t a l ,  whereas f o r  P3CNQ 

the  reference gaseous species  f o r  Em i s  the  zwi t t e r ion .  

The problem i s  t h a t  UN i s  the 
0 XP 

A study of how the INDO molecular o r b i t a l s  of TCNQ- 

and pyridinium ion a re  scrambled by intramolecular  e l e c t r o n  

t r a n s f e r  i n  P3CNQ i s  i n  progress.  A more d e t a i l e d  r epor t  

on P3CNQ i s  planned. 
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