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Fig. 1 Crystal structure of TEA(TCNQ)2 showing the inherent

tetramerisation and stacking of the TCNQ molecules along the b-axis at

room temperature. Note that this shows the average structure as below

220 K, there is a freezing of the TEA cations into one of two positions

refined in reference 15.

bis-7,7,8,8-tetracyanoquinodimethane (TEA(TCNQ)2), which

seems to be an ideal model system.

TEA(TCNQ)2 shows TCNQ stacking along the b-direction (see

Figure 1) where the TCNQ stacks are in sets of 4 (denoted BAA′B′

with an inversion centre between the A and A′ molecules)10,

thus creating favourable tetramerisation where a single electron

is delocalised across a TCNQ dimer10,11. As the temperature

decreases, there is a gradual increase in the tetramerisation of

the TCNQ units along the stack. The TEA cations fluctuate be-

tween two different configurations within the crystal structure

and at 220 K, they freeze into a disordered state10,12–14 that also

effects the TCNQ stack and each dimer behaves as an S = 1/2

entity. The magnetism is dominated by singlet-triplet excita-

tions and this crossover temperature is from ∼120 K (This tran-

sition is from herein denoted as TST), the system shows strong

antiferromagnetic coupling (i.e. a singlet state is formed) be-

tween the BAA′B′ dimers13,16,17. One interesting feature of the

TCNQ dimer is that the single electronic charge is split across the

molecular unit unevenly over the temperature range from 395

to 110 K10,18. As the temperature increases (T > 345 K) one

may expect this charge distribution to become equal. However,

at 295 K it is split at qA/e = 0.58 and qB/e = 0.42 (qA and

qB denote the charge on the A and B TCNQ molecule respec-

tively and e is the elementary charge) and is most pronounced

at 110 K where qA/e = 0.72 and qB/e = 0.28. Consequently

this provides much encouragement, as the search for organic fer-

roelectrics hinges on a polarisation of electron density across a

molecule and as such within TEA(TCNQ)2 this may be intrinsic

across the TCNQ dimers. Thus this warrants further investigation

in order to determine whether there is evidence for ferroelectric

behaviour and ME coupling within this material, and whether

these strongly interacting TCNQ based systems may be a good

model to pursue with regards to novel ferroelectric or even mul-

tiferroic samples. Within this work we show dielectric measure-

ments on TEA(TCNQ)2 that display features at both the cation

freezing and singlet-triplet transitions. In both cases there is a

strong frequency dependence which can be explained by a glassy

dipolar state which at low temperatures is coupled with singlet-

triplet excitations.

2 Experimental Methods

The samples were prepared using a method detailed by Melby et

al.19and were in the form of long purple/black needles of the or-

der of a few millimetres in length. Dielectric measurements were

performed using an Agilent E4980A Precision LCR meter where

the sample (approximately 3 mm length) was mounted on a gold

capacitor circuit evaporated onto a piece of sapphire (see supple-

mentary information). One must bear in mind therefore, that the

capacitance will include that of the substrate and contacts, how-

ever, a background scan showed this contribution to be negligible

and so the circuit can be considered to be a single resistor and

capacitor in parallel. From the experiment both the capacitance

and loss can be measured, which is a measure of the real and

imaginary part of the dielectric constant. The capacitance is a

measure of the dynamics of the polarisability of the sample, and

the loss measures the phase shift of the impedance of the elec-

tronic polarisability to the applied AC field. Therefore, when the

electric dipole moments can no longer keep up with the oscillat-

ing field, this will feature as a component within the loss. Note

that although the capacitance (C) and loss could be measured, the

area of the sample is unknownas there is no well defined cross-

sectional area of the crystal; because of this one cannot calculate

the dielectric constant. This should however not effect the con-

clusions from our measurements since

ε =

Cd

ε0A
, (1)

where ε is the dielectric constant, ε0 is the vacuum permeabil-

ity, A is the area and d is the distance between capacitor plates.

Thus ε ∝ C and the changes in C or the loss should correspond to

changes in both the real and complex parts of ε. An AC electri-

cal field was applied to the long axis of the crystal which is along

the stacking direction of the TCNQ molecules as determined from
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