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SUPPRESSION OF THE PEIERLS TRANS 
THROUGH DOPING WITH METM 

TlON N MEM 

SANDER VAN SMAALEN, JAN L. DE BOER and JAN 
KOMMANDEUR 
Laboratory of Inorganic and Physical Chemistry, Un ive rs i t y  
o f  Groningen, Ni jenborgh 16, 9747 AG GRONINGEN, The  
Netherlands 
GERT JAN KRAMER 
Kamerl ingh Onnes Laboratory, Un ivers i ty  o f  Leiden, P.O. Box  
9506, 2300 RA LEIDEN, The  Netherlands 

Abs t rac t  Results o f  d.c-conduct iv i ty and X- ray  measurements 
m e s e r i e s  o f  (METMIX (MEM11-x (TCNQ) 
It i s  found tha t  on adding METM the  4 k  -pzhase t rans i t ion  
temperature drops fast. A tentat ive in rerpre ta t ion  i s  g iven  
in terms of the  ( th io-)  morpholinium group. 

salts are presented. 

INTRODUCTION 

One po in t  o f  interest  in the  quasi-one-dimensional compounds is t h e  

Peierls d is to r ted  phase, present in many o f  these compounds. 

t h i s  paper we present experimental results, which shed some light 

on  the  role played by the  counterions in determining the  stabi l i ty  

o f  th is  phase. 

In 

D.C .-CONDUCTIVITY 

For  (METM)x (MEM)l-x (TCNQ)*  salts, f o r  a number o f  values fo r  

x, the  d.c.-conduct iv i ty has been measured as a funct ion o f  tem- 

perature.  In f i gu re  1 g raphs  of the  conduct iv i t y  ve rsus  T - l  a re  

given. Clear ly v is ib le is t he  4 kF transi t ion,  manifested by achange 

in conduct iv i ty o f  several o rde rs  o f  magnitude a t  some, x-dependent, 

temperature. From f i gu re  1 several conclusions can be  drawn. O n  

increasing x, t he  t ransi t ion temperature, Tc, drops  fast. In the  
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FIGURE 1 The d.c. conductivity as a function o f  temperature 
fo r  (METM)x (MEMIl-x (TCNQ)2 for x = .05 .10 .13 
.17 .19 and .24 

samples wi th  x = .19 and x = .24 as well as in pu re  METM(TCNQ12 

no transition can be detected. The transition temperature as a 

function o f  x is given in f igure 2. A t  larger values o f  x a precursor 

effect o f  the phase transition i s  observed as a bending downwards 

o f  the conductivity versus 1/T curve. A t  small values o f  x no 

precursor effect is observed. On increasing x the precursor effects 

become more pronounced. 

X-RAY MEASUREMENTS 

For a number o f  samples the lattice parameters were determined from 

eighty to hundred high-order reflections, measured on a Nonius 

CAD4 diffractometer. From these values the unit-cell volume was 

calculated. The lat ter  quant i ty is given, as a function o f  x, in fig- 

u r e  3. The most remarkable resul t  is  that  the cell-volume is inde- 

pendent o f  the composition o f  the crystals, whereas the difference 

in occupied space by sul fur  atom and an oxygen atom is about 1 5  A . 3 
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FIGURE 2 The t rans i t ion  temperature o f  the  4 kF Peierls 
t rans i t ion  as a func t ion  of x. 

FIGURE 3 The uni t -cel l  volume a t  T = 92 K and  a t  T = 300 K 
as a func t ion  o f  x. 

Fo r  a p u r e  MEM(TCNQ)* it follows from a s t ruc tu ra l  X- ray  

analysis'  and from NMR experiments' t ha t  the  morpholinium g r o u p  

is dynamical ly disordered. A uni t -cel l  containing on ly  one formula 

unit suff icies t o  descr ibe the  s t ruc tu re  ( f i g u r e  4). 

ys is  o f  METM(TCNQ),3 shows tha t  the  thiomorpholinium g r o u p  is  

ordered. T h e  o rde r ing  i s  such, t ha t  t h e  su l fu r  atoms of successive 

molecules along b are d i rec ted  in opposite direct ion.  Thus, a unit- 

cel l  w i t h  a doubled b-axis i s  now necessary ( f i g u r e  4). 

T h e  X- ray  anal- 

The  X- ray  analysis o f  the  composite c rys ta l s  show tha t  f o r  

small x the  morpholinium g r o u p  i s  s t i l l  completely disordered. Some- 

where a t  x = .16 the  addit ional ref lect ions o f  the  METM cel l  appear, 
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176 S. V A N  SMAALEN. et al. 

FIGURE 4 Projection o f  the structure along c, showing the 
MEM and the METM unit cell. Th is  f igure shows 
the kations in the ordered (METM) state. 

indicating an order ing o f  the (thio-)morpholinium group. 

DISCUSSION 

The results presented in this paper can be summarized as follows. 
(METM)x (MEM)l-x (TCNQ)* crystals have a 4 kF Peierls transition 

o f  which Tc drops fast wi th  increasing x, to  disappear at  about a t  
x = 0.16. X-ray and NMR measurements show a dynamically disor- 

dered morpholinium group fo r  x = 0 la2 .  On increasing x the order- 
ing o f  the (thio-)morpholinium group starts a t  x = .16 to reach 
completeness at x w .20. These results give strong evidence fo r  the 

following interpretation. 

only fluctuations are present . 
coupling of the lattice makes a dimerized state possible; below a cer- 
ta in transition temperature the chain i s  dimerized, above this temper- 
ature it i s  uniform. The magnitude o f  t he  transition temperature 

depends exponentially on the negative o f  the phonon frequency. 

In st r ic t  one-dimensional systems there is no dimerized state, 
4 Introducing a three-dimensional 
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SUPPRESSION OF THE PEIERLS TRANSITION IN MEM(TCNQ), 177 

In pure MEM(TCNQ)2 the morpholinium group i s  dynamically disor- 

dered. This means that there i s  empty space in the crysta l  between 

the stacks and, therefore, that  the three dimensional coupling i s  

weak. For MEM(TCNQ)2 the  transition temperature i s  high, at  about 

340 K. As the empty space o f  MEM(TCNQ)2 is f i l led by the METM 

ions the s t ructure becomes more rigid and the three-dimensional 

coupling is increased. Keeping in mind that  most o f  the 4 kF and 

2 kF transitions occur through lateral motions o f  the TCNQ 

it can be concluded that the formation o f  the 4 kF soft phonon i s  

suppressed and the transition temperature is lowered. Apparently, 

a t  x w .20 the structure has become so rigid that a 4 kF transition 

does not take place anymore. 
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