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ISOTOPE EFFECT ON THE PHASE TRANSITION TENPERATURES 
IN AROMATIC HYDROCARBON-TETRACBENZEIW COMPLEXES' 

N.S. DALAL, J . A .  RIPMEESTER, A.H. REDDOCH, AND 
D.F. WILLIAMS 
Division of Chemistry, National Research Council of 
Canada, Ottawa, Canada 

(Submitted for publication July 10, 1978) 
It is well established that electrical and magnetic 

properties of crystals are strongly influenced by structural 
phase transitions. The strong charge transfer complexes such 
as tetrathiofulvalene- e racyanoquinodimethan (TIIF-TCNQ) have 

weak charge transfer complexes and the influence of solid- 
solid transitions on their properties. 
some weak charge transfer complexes are the 1:l complexes 
formed between aromatic donors (e.g. naphthalene) and aromatic 
acceptors (e.6. 1,2,4,5 tetracyanobenzene, TCNB). 

Recent EpR,(2) M ( 3 )  and RamanC4) studies of these 
complexes have shown that they undergo structural phase tran- 
sitions. Typically the crystal structures(5) consist of 
molecular stacks of alternating donor and acceptor molecules 
packed face to face. In particular, for naphthalene-TCNB, 
the room temperature structure is disordered, there being two 
orientation or each naphthalene, rotat d +-la0 about the 
stack axis.!6f There is 'H NMR evidence731 that the disorder 
is dynamic and R- scattering evidence(4) for an order- 
disorder phase transition at 6%. With a view to finding the 
major forces which determine the structural change, and hence 
perhaps better understanding the promoting mechanisms, we are 
currently studying the influences of isotopic substitution of 
the donor upon the phase transition temperature Tc. These 
studies are of interest in view of the current controversy 
concerning the nature of the phase transitions in biphenyl(7,8), 
and the weak is0 o e effect on the Peierls transition tempera- 

which show for the first time the large reduction in Tc upon 
deuteration for several TCNB complexes. 

We have studied the 1:l complexes of naphthalene, 
naphthalene(de), anthracene, anthracene(dl o ) ,  pyrene and 
pyrene(dlo) with TCNB. Phase tr sitio s of the undeuterated 
complexes have been reported. (2-Kl0~17 We have used NMR, EpR 
of triplet excitons, Raman scattering and differential scanning 

been intensely studied u 1 but much less is known concerning 

Typical examples of 

ture of TTF-TCNQ Pi 9 . In this letter we wish to report results 

55 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
32

 2
3 

Fe
br

ua
ry

 2
01

3 



56 N. S. DALAL, J.  A. RIPMEESTER, A. H. REDDOCH. and D. F. WILLIAMS 

calorimetric (DSC ) techniques to study this order-disorder 
transition. All measurements have been made on solution- 
grown single crystals, and only highly purified components 
were used. The crystal morphology in all cases agreed with 
the respective crystal structural data. Unit cell dimensions 
were also verified by X-ray diffraction, and no evidence of 

thalene-TCNB. 
minimum deuterium content of 98% and their identity was 
verified with high resolution NMR. 

TCNB from DSC is shown in Fig. 1. 
A typical result for anthracene-TCNB and anthracene(d10) 

I I I 1 I I I I 

I90 200 210 220 

a Anlh (d 10)-TCNE 

? 

190 200 210 2 20 
T(K) 

FIGURE 1. Differential scanning calorimetric traces for 
(a) Anthracene-TCNB and (b) Anthracene (alo)- TCNB. The 
arrows indicate transition temperatures detenrined from the 
EPR of triplet excitons. 

These thermograms were obtained on a Perkin-Elmer Model 
DSC-1B calorimeter with heating and cooling rates of 5 and 
10°/minute. The thermal hysteresis observed was less than 
1'. The peaks in the thermograms were weak but each had a 
well-defined maximum at a temperature coinciding, to within 
+lo, with the phase transition temperature determined from 
EPR of triplet excitons. For naphthalene-TCNB, the 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

4:
32

 2
3 

Fe
br

ua
ry

 2
01

3 



HYDROCARBON-TETRACYANOBENZENE COMPLEXES 57 

t r a n s i t i o n  temperature, Tc, w a s  deduced from linewidth and 
i n t e n s i t y  changes of intramolecular modes i n  Raman spectra  
and from 'H NMR re laxat ion times and second moment measure- 
ments. 
hysteresis  w a s  observed. 
(I .50") d i f f e r e  c e  between t h e  Tc values reported i n  earlier 
studies.(10,11P If s ingle  c r y s t a l s  of pyrene (H 
used, reproducible peaks i n  t h e  thermograms a t  id3+3K, with 
peak widths %lo, were observed on cooling. 
always shat tered on cooling through t h i s  t r a n s i t i o n  temper- 
a ture .  This shat ter ing was a l s o  observed visual ly .  On 
reheating, t h e  thermograms showed several  peaks over a range 
of several  degrees around 2 2 6 ~ ,  presumably r e f l e c t i n g  t h e  
t r a n s i t i o n s  from individual c r y s t a l l i t e s .  
samples, t h e  corresponding temperatures were consis tent ly  
lower, 217 and 175K. It i s  notable t h a t  f o r  polycrystal l ine 
samples t h e  peak width w a s  10-20K, resu l t ing  i n  a far greater 
s c a t t e r  i n  t h e  apparent t ra  si ion temperatures, i n  agreement 
with t h a t  reported earlier. ?l-ij The Tc values determined i n  
the  present work and those by others  a r e  presented i n  Table 1. 

TABLE 1 Phase t r a n s i t i o n  temperatures f o r  t h e  CT complexes 

For pyrene-TCNB, unusually l a r g e  (40' ) thermal 
This observation explains t h e  l a r g e  

) - T C ~  were 

The crystals 

For t h e  deuterated 

Methods 
____ 
taman 
iaman 
mrR 
P R  
EPR, Raman 
EPR, DSC 

Calorimetry 
DSC (heat ing ) 
DSC(coo1ing) 
v isua l  obser-. 
vation of 
shat ter ing.  

of TCNB with various donors. 

Donor ITransition Tempert Source 
_------I-̂ .I- - 

( 4 )  
This work 
This work 

(2 )  
This work 

(11 ) 
This work 

!This work 

(2 )  

bormal 

Naphthalene 63+5 

72+1 
69+2 

I 
Several inter6 

Pyrene 

euterat  ed 

206 
212+-2 

232+1 
226+-4 
183k3  

63r2 

199+2 

217k4 
175+3 

ure(K; 
d i f f  

6 

13 

9 
8 

t ing conclusions follow from t h e  results of 
Table 1: (1)  Deuteration of the  donor causes a s i g n i f i -  
cant decrease i n  Tc. This is  r e l a t i v e l y  unusual, f o r  i n  
many other  cases of solid-solid s t r u c t u r a l  t r a n s i t i o n s ,  
deuteration causes an increase i n  the  t r a n s i t i o n  tempera- 
ture. (12) ( 2 )  For naphthalene-TCNB, t h e  observed Tc value 
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d i f f e r s  from that recently reported.(&) The l a t t e r  value i s  
actually i n  agreement with that given here fo r  the  deuter- 

t he  t rans i t ion  
a l so  indicate 

ated material .  Subsequent Raman s tudie  
temperature and vibrat ional  frequencies 
that the  literature value i s  based on a deuterated sample. 
The DSC r e s u l t s  fo r  anthracene-TCNB r e l a t e  t o  the  ea r l i e r  
EPR studies i p l e t  ~ x c i t o n s ( 2 )  and t o  some preliminary 
Rman work.(sfbj? Relatively sharp peaks i n  the  thermograms 
show that the  sharp changes not 
the in t ens i t i e s  of a Raman band @(bTf) a t  about 202-206K, a re  
indeed re la ted  t o  a change i n  the  long range order ra ther  t o  
a change i n  the  exciton dynamics o r  some individual molecular 
motion unrelated t o  a co-operative phenomenon. 

t he  aromatic donor i n  complexes with TCNB consistently lowers 
the  solid-solid phase t rans i t ion  temperature. 
contrast  t o  the  increase i n  Tc generally observed upon H+D 
isotopic substi tution. 

i the  EPR spectra and i n  

In  summary, it has been observed t h a t  deuteration of 

This i s  i n  
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