This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 19 February 2013, At: 14:20

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Electronic Spectra of Agtcng
and Cutcng Charge-Transfer
Compounds

E. I. Kamitsos ? , G. C. Papavassiliou ® & M. A.
Karakassides *

% The National Hellenic Research Foundation,
Theoretical and Physical Chemistry Institute,
Athens, 48 Vas. Constantinou Ave., 116/35, Greece
Version of record first published: 17 Oct 2011.

To cite this article: E. I. Kamitsos , G. C. Papavassiliou & M. A. Karakassides (1986):
Electronic Spectra of Agtcng and Cutcng Charge-Transfer Compounds, Molecular
Crystals and Liquid Crystals, 134:1, 43-51

To link to this article: http://dx.doi.org/10.1080/00268948608079575

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948608079575
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:20 19 February 2013

for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 14:20 19 February 2013

Mol. Cryst. Lig. Cryst., 1986, Vol. 134, pp. 43-51
0026-8941/86/1344-0043$15.00/0

© 1986 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

ELECTRONIC SPECTRA OF AgTCNQ AND CuTCNQ CHARGE-TRANSFER
COMPOUNDS

E.I.KAMITSOS,G.C.PAPAVASSILIOU AND M.A.KARAKASSIDES.
Theoretical and Physical Chemistry Institute, The Natio-
nal Hellenic Research Foundation,48 Vas.Constantinou
Ave,, Athens 116/35, Greece,

Abstract, The electronic absorption and reflectance
properties of CuTCNQ and AgTCNQ have been studied in the
visible and near infrared region. AgTCNQ exhibits
spectra characteristic of an infinite diadic TCNQ chain,
while CuTCNQ shows an additional absorption overlapping
with the low energy intramolecular transition, It was
observed that the charge transfer band shows a particle
size dependence .,

INTRODUCTION,

The charge-transfer compounds of tetracyanoquinodimetha-
ne (TCNQ)show unusual magnetic, optical and electrical pro-
perties. The optical properties are closely related to

electrical properties and provide a probe of important inter-
actions in these solids. Pased on optical data, Torrance

et al. have shown that the critical determinant of the con-
ductivity of TCNQ salts with segregated stacks, is the de-

gree of charge-transfer from donor to TCNQ (1).

CuTCNQ and AgTCNQ have been proven to exhibit electrical
switching and phototransformation phenomena (2,3). These
are related to the electronic characteristics of the mate-
rials, We have studied their optical properties for
various sample forms. The results are discussed in connecti-

on with structural, magnetic and conductivity data.
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EXPERIMENTAL

CuTCNQ and AgTCNQ were prepared by the method of Melby et
al (4). Reflectance measurements were performed on pressed
pellets, For absorption measurements polycrystalline films
were prepared on quartz plates by spraying dilute solutions
of the materials in CH3CN. Homogeneous thin films were pre-
pared by vapor depositing under vacuum alternating layers
of metal and TCNQ on quartz plates., The layer structure

was heated under vacuum to form M+TCNQ_(3).

RESULTS AND DISCUSSION

The CH3CN solution of CuTCNQ or AgTCNQ give the chara-
cteristic spectrum of isolated TCNQ (Fig.la). According to

theoretical work of Lowitz(5) the red band system (600-900nm)

can be assigned to the QBQQ;QBii) (long axis polarized) and

the blue band system (350-500nm) to overlapping of

2 2.(2) . . 2 2 .
B2g "By, (long axis polarized) and B2g . Au (short axis

polarized) transitions,

Optical studies on various solid TCNQ compounds have been
reported by many investigators, The electronic transitions
have been grouped by Iida into three types (6). The intra-

molecular or localized LE1 and LE2 transitions correspond

to the red and blue band sytems respectively of isolated
TCNQ . These are both polarized in the molecular plane.The
intermolecular or charge-transfer (CT) transitions are CT1

for charge-transfer between two TCNQ s and CT. for charge-

2

-transfer from TCNQ to TCNO®.  Both CTl and CT2 are polari-

zed in the direction perpendicular to the molecular plane,
Simple 1:1 compounds with complete charge transfer from

donor to TCNQ (i.e. LiTCNQ) show the LE.,LE. and CT, transi-

1°772 1
tions (6), and their electronic structure is dominated by
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FIGURE 1. Electronic spectra of TCNQ /CH,CN a, AgTCNQ
polycrystalline film b, CuTCNQ polycrystalline film c,
AgTCNQ reflectance d and CuTCNQ reflectance e,

the properties of the dimer type,(TCNQ);2 species,This is
based on the close resemblance of their solid state optical
spectra to that of the dimer type studied by Boyd and Phil-
lips (7)., In 1:1 salts with incomplete charge-transfer (i.e,
TTF-TCNQ) or in complex 1:2 or 2:3 salts (i.e.CSQ(TCNQ)3)
both CT1 and CT2 transitions together with the corresponding
LE. and LE2 localized transitions are observed.

1
Both CuTCNQ and AgTCNQ are simple salts with complete
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charge transfer and thus the LEl’ LE2 and CTl transitions
are expected to be exhibited, The absorption spectra of po-
lycrystalline films prepared by the spraying technique are
illustrated in Fig.lb and lc for AgTCNQ and CuTCNQ respecti-
vely, To ensure that the nature of the materials is not af-
fected by this method of preparation their reflectance
spectra were also measured (Fig.ld,e) from pressed pellets
of pure powders of AgTCNQ and CuTCNQ.

The absorption spectrum of AgTCNQ (Fig,1lb) shows clearly
the LEl(BSOnm), LE2(380nm) and CT1(1630nm)transitions as
expected. The corresponding reflectance spectrum (Fig.ld)
is quite similar to the absorption one. The widths of the
LE1 and LE& bands are not affected but the CT band appears
broader in the reflectance spectrum. A study of the particle
size effect on the spectra of KICNQ and related compounds
has shown that CT band shifts to lower frequencies as the
size of the particles increases (8), Thus the broadening of
the CT band in the reflectance spectrum of AgTCNQ suggests
a wide distribution of particle sizes in the pressed pellets
of AgTCNQ.

Recently the structure of AgTCNQ was evaluated by lattice
imaging using high-resolution electron microscopy(9),and it
was found to be similar to those of alkali-TCNQ compounds
with TCNQ forming diads, An X-ray study of AgTCNQ single
crystals was also reported (10). An average interplanar dis-
tance of 3.5 A° was determined; but it is not clear if
there is an alternation of the jnter-radical spacing.
According to Iida for spacing in the range 3.4-3.5 A°, spec-
tral resemblance to the dimer should be expected (6).Thus
we can conclude that AgTCNQ gives spectra typical of a dimer-
-type TCNQ compound.

The absorption spectrum of CuTCNQ (Fig.lc), while clearly
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showing the CT1(2100nm) and LEQ(HOOnm)bands, differs from
that of AgTCNQ in the 650-1000nm region. The LEl(Ei 700nm)
band overlaps a broad structure extending to ca 1100nm.

This behavior is also exhibited by the reflectance spectrum
of CuTCNQ (Fig.le), and it was observed in the spectrum of
CuTCNQ thin film as well (11).

The crystal structure of CuTCNQ is unfortunately not
known yet, thus it would be difficult to give an exact inter-
pretation of the additional broad band of the spectrum of
CuTCNQ. A similar situation was observed in the spectrum
of solid LiTCNQ which also exhibits an extra band at 840nm.
The origin of this peak was attributed to non-dimerized
TCNQ , due to imperfections in the alternation of the TCNQ™
separations (6,12). The so called impurity resonance observed
in the ESR spectrum of LiTCNQ was also associated with the
presence of unpaired TCNQ (13). A similar impurity resonance
was found in the ESR spectrum of CuTCNQ powder and that
would also suggest the presence of non-dimerized TCNQ .This
would give rise to a peak at ca 840nm in the optical spectrum
by comparison to the LiTCNQ case. However, the additional
absorption structure of CuTCNQ is much broader than is accoun-
ted for only by the presence of non-dimerized TCNQ , since an
obvious shoulder in the 980-1C00nm region is involved as well.

Recent results from ESR studies on CuTCNQ single crystal
suggested that the narrow-band structure of TCNQ is modified
by coupling to copper 3d bands (10), This coupling involves
hole formation in the 3d band of copper and an equal amount
of TCNQ= formation. A similar conclusion was also reached
from Seebeck coefficient values of CuTCNQ (12). 1In
light of the above discussion we tentatively assign the ca
980nm shoulder to charge-transfer from the full 4 orbitals

of Cu’ to the low lying empty molecular orbitals of TCNQ_.



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:20 19 February 2013

48 E. I. KAMITSOS, G. C. PAPAVASSILIOU and M. A. KARAKASSIDES

——

ABS

-~
\“
l4

1 1 |
500 1000 nmISOO 2000

FIGURE 2. Particle size effect on absorption spectra of
AgTCNQ; a: as prepared polycrystalline film; b,c:after
succesive rubbing with soft tissue paper; d:AgTCNQ thin
film,
Polarized optical measurements on single crystals of CuTCNQ
are required to give a conclusive assignment (15).
Figure 2 illustrates the effect of particle size on the
absorption spectrum of AgTCNQ. Succesive rubbing, and presu-

mably formation of smaller particles, causes a systematic



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:20 19 February 2013

ELECTRONIC SPECTRA OF AgTCNQ AND CuTCNQ . . . 49

shift of the CT band to higher energies, upon reduction of
its intensity. The two intramolecular bands are almost unaf-
fected by particle size. The spectrum of the thin film shows
the CT band as a shoulder at ca 1150nm, and it very much
resembles a spectrum of the dimer type (7).Particle size
dependence has been reported for KTCNO (8) and other semi-
conductor materials (16), This dependence has been interpre-
ted as essentially a quantum size effect (8,16),

The particle size effect for CuTCNQ is shown in Fig.3,
The CT band behaves in the same way as that for AgTCNQ. In
addition decrease of particle size causes a systematic incre-
ase in the intensity of the absorption attributed to transi-
tions of TCNQ— monomer and charge-transfer from Cu+ to TCNQ_.
This could be understood by the fact that rubbing alsa
causes defect formation and thus an increase in the number
of non-dimerized TCNQ_ monomers.

It is interesting to note that CuTCNQ has the highest

2Q—lcm_l) among the known simple 1:1

conductivity (1x10°
anion-radical TCNQ compounds with complete charge transfer
(4,17),and the lowest energy CT band. This appears at 2100

nm in the absorption spectrum of polycrystalline film. For
intrinsic semiconductors the activation energy for conducti-
on (E) is related to the gap energy (Eg) for hole-electron
pair formation by E=Eg/2 (18). Activation energies for con-
duction, obtained from powder conductivity data, are 0,16eV
for CuTCNQ and 0.37 eV for AgTCNQ (17), The optical gap ener-
gies estimated from the reflectance spectra are about 0,55eV
for CuTCNQ and 0.75 eV for AgTCNO, and the corresponding
activation energies obtained from the above values are

0.27 eV for CuTCNQ and 0,38 eV for AgTCNQ. Comparison shows

a quite good agreement with the experimental activation
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FIGURE 3, Particle size effect on the absorption spectra
of CuTCNQ; a: as prepared polycrystalline filmjb,c,d,e:
after succesive rubbing with soft tissue paper.

energies for conduction indicating the close correspondance

between the conductivity and the optical data.
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