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I NFRAP-ED AND RESONANCE RAEIAN SPECTROSCOPIC 
STUDIES OF A g T C N Q  

E .  I. KAMITSOS 
Theoretical and Physical Chemistry Institute, 
The National Ilellenic Research Foundation , 43 , 
Vas.Constantinou Ave., Athens 1 1 6 / 3 5 ,  Greece. 

Pbstract AgTCNQ has been prepared, and studied 
by infrared and Raman spectroscopies. The va- 
rious preparation techniques were found to lead 
to the same Ag+TCNQ- composition. The Raman 
spectra show strong resonance enhancexent of 
the totally symmetric modes. Differences in 
the degree of coupling of these modes with the 
electronic transitions were observed. The in- 
frared spectra a l s o  s h o w  the presence of the to- 
tally symmetric modes, which become infrared 
active through the electron-phonon coupling me- 
c hani sm . 

1 NT RODUCT I ON 

TCNQ(tetracyanoquinodimethane) forms a variety of 
charge-transfer compounds with inorganic and orga-- 
nic donors . The common structural characteristic 
oE these materials is the face-to-face stackinu of 
the TCNQ species, to form pseudo-one-dimensional 
columns, which results in highly anisotropic phy- 
sical properties. 

1 

It was recently demonstrated that AgTCNQ and 
CuTCNQ show interesting non-linear transformation 
and memory phenomena, when exposed to an electric 
field, a laser beam or an electron beam . These 2-4 
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336 E . I. KANITSOS 
electrical switching and phototransformation pro- 
perties are of interest from bo th  fundamental and 
technological p o i n t s o f  view . In this paper we 
wish to report on the infrared and Raman spcctro- 
scopic study of AgTCNQ, which has been undertaken 
in an effort to understand better the properties 
of this material in relation to its vibrational 
characteristics. 

5 

EXPERIMENTAL 

AcjTCNQ can be prepared by various methods, each 
leading to a different physical form. Differences 
in composition may exist as well. AgTCNQ in powder 
form was prepared by the reaction of AgNQ3 and 

1 LiTCNQ in CH3CN(Method I) . This preparation is 
known to result in the Ag'TCNQ; anion radical salt. 
A polycrystalline film was prepared by dipping a 
clean A g  foil into a boiling CH3CN solution of 
TCNQ (Method TI) 2 '  3 .  

films can be prepared, on various substrates,-by 
vapor depositing layers of Ag and TCNQ under vacuum, 
and then causing their reaction by heat treatment 
at 100°C(Method 111) . Single crystals were prepa- 
red by electrochemical reduction of a TCNQ/CH3CN 
solution, utilizing Ag electrodes(Method IV) , or 
by electrolysis of a mixture of A ~ J N @ ~  and TCNQ/CH3- 
CN, using Pt electrodes(Kethod V) . The s i n g l e  
c r y s t a l s  t h u s  p r e p a r e d  were t o o  s m a l l ,  however ,  f o r  

single crystal spectroscopic measurements to be 
performed. Infrared and Paman spectra of the pro-  
ducts obtained by the different preparation routes 

Homogeneous , smooth thin 

3 

6 
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INFRARED AND RESONANCE F.AI1A.N SPECTRA 331 

were measured to study the vibrational properties, 
and thus establish the degree of charge-transfer 
between Ag and TCNQ. This yields useful informa- 
tion about the composition of the materials under 
investigation. 

Raman spectra were measured on a Famanor HG 2s 
Jobin-Yvon spectrometer, employing the lines of an 
Argon-ion and a He-Ne laser. The power of the la- 
ser bean was less than 5rrF7, to avoid phototransfor- 
r?ation of the material to neutral TCNQ and to me- - 

3 tallic silver . Infrared spectra were recorded on 
a Fourier-transform Bruker 113 v vacuum spectrome- 
ter. Samples were in the form of KBr pellets for 
the mid-infrared, and nujol mulls pressed between 
polyethylene plates for the far-infrared. All Ra- 
man and infrared spectra were measured in vacuum 
to avoid possible oxidation of the TCNQ- anion. 

RESULTS AND DISCUSSION 
Raman Spectra 
'The Raman spectra of a polycrystalline AgTCNQ film 
(TI), prepared by Method 11, were measured with se- 
veral excitation lines and are presented in Fig.1. 

The spectrum of a thin AgTCNQ filn on Si02 substra- 
te (III), prepared by Method 111, was measured 
with 514.5 nm excitation and is a lso  shown in PirJ.1 
for comparison. Obviously this spectrum is simi- 
lar to the corresponding spectrum of form I1 measu- 
red with the same line, indicating that both filns 
are of the same comFosition. Fanan spectra of 
A-UTCNC powder prepared by Plethod(1) are also identi- 
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F I G U R E  1.  Raman spectra of AgTCNQ, pre ared by 
Met o s I1 and 11.1 
n e x t  $0 s p e c t r a  i n d i c a t e  e x c i t a t i o n  w a v e l e n g t h .  
cal to those shown in Fig.l,implying that the films 

are also of the Aq TCNQ- composition. 

For details See text P l u m b e r s  

+ 
If we assume the D2h point qroup synmetrv for 

TCNQ-, then the distribution of the intramolecular 
nlodes is as follows: 
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INFRARED AND RESONANCE RAPlAN SPECTRA 339 

+4AU+5Blu (IR) +9B2u (IR) (IR) 

where R and IR denote Raman and infrared activity 
resyectively. The Raman spectra of F-gTCNO are do- 
minated by the totally symmetric (A ) modes of the 
TCNQ- anion. On the basis of the vibrational ana- 
lysis of TCNQ- and the reported spectra of alkali 
metal-TCNQ salts 8-1 O ,  we assign the bands of 
AgTCNCl observed at 2212,1606,1336,1206,982,732,583, 
350 and 130 cm 
and v A modes of TCNQ- respectively. The nota- 

1 0  9 
tion of ref.3 is used in this paper. While all 
these modes involve contributions from various 
stretching and bending vibrations, we may note that 
v2 involves mainly CZN stretching, w3 C=C (ring) 

bending, v6 and v7 C-C (ring)+C-C(winq)stretchinq, 
w8 C-C=N bending, and v9 and vlo are combinations 
of ring deformations. Weak bands at 1650,1625,1507, 
1450,1375,1122,1066,950,761,620,488 and 242 CE-' 
originate from vibrations of B symmetry 

9 

-1 
to the v2,v3,v4,w5,w6,v7,v8,vg, 

stretching, v 4  C=C (wing) stretching, w5 C-C-K 

8-1 0 
9 

The frequency of the v4 mode is particularly 
sensitive to the degree of charge-transfer (p)fror. 
donor to TCNQ molecule . Indeed, a linear depe- 
ndence of v4 on p was recently shown12. The value 
of w =I386 cm obtained for AgTCN? corresponds to 
complete charge-transfer from silver to TCNQ(p=I) , 
and thus to the Ag'TCNQ- composition. 

11 

-1 
4 

?%en the laser excitation line is changed inte- 
resting chanqes in relative Raman intensities are 
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340 E.I.KAMITSOS 

FIGURE 2. Visible spectrum of AgTCNQ, and rela- 
tive Raman intensities of a few characteristic vi- 
brational modes. 

obcerved (Fiq.1). Thus, while the spectra excited 
with lines in the 457.9-514.5 nm recrion are quite 
similar, the spectrum obtained with red line exci- 
tation shows big differences. Specificallv, the 
bands at 982,732 and 583 cm-' are qreatly reduced 
in intensity. To uneerstand this phenoFenon we re- 
fer to E ' i q . 2 ,  which shows the visible spectrum of 
AgTCNp, and the position of the excitation lines 
for Raman measurements Thepb rption band at 
640 nn is due to the 2ki:)- Rf:?electronic transi- 
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INFRARED AND RESONANCE RAPlAN SPECTF.A 34 1 

tion of TCNQ-, while the one at 385 nm orisinates 
2 from the overlapping 2B + B (2) and 2B - AU 

transitions’ 
2g lu 2cl 

.All the blue laser Lines are within 
the same absorption bandland thus they excite simi- 
lar Raman spectra.The 632.8 nm line is within ano- 
ther electronic excitation,resulting in a substanti- 
ally different resonance Raman spectrum. 

Resonance Raman enhancement of a vibrational 
mode occurs when this mode can couple with an ele- 
ctronic excitation . Thus, the Selectivity in 
resonance Raman enhancement among the A modes is 
a consequence of the fact that they can couple 

14 

g 

differently with the electrofiic excitations. To 
further illustrate this point we examine the rela- 
tive intensities of a few characteristic A modes. 
The 620 cm band of B symmetry, whose intensity 
appears to be almost independent of excitation 
wavelength, is used as an internal standard. The 
wavelenqth dependence of the relative intensities 
is given also in Fig.2. Clearly, the v7 mode 
(732 cm-’) shows strong coupling with the blue ele- 
ctronic absorption, and almost no couplinq with the 
red absorption. 
opposite behavior, while the v5  mode (1206 cm-’) 
is capable of coupling with both electronic exci- 
tations. This is a clear demonstration of the 
selectivity of the resonance Raman enhancement pro- 
cess. F o r  the case that a single electronic excita- 
tion is involved (Franck-Condon coupling), the de- 
gree of coupling of the various vibrational modes 
with the electronic excitation can be calculated, 
as previously shown . 

9 -1 
g 

The v 4  mode (1386 cm-’) shows the 

12 
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342 E .  I .  KADIITSOS 

F I G U R E  3.  I n f r a r e d  s p e c t r a  of AgTCNQ, p r e F a r e d  
by  Methods I and V .  F o r  d e t a i l s  see t e x t .  

I n f r a r e d  S p e c t r a  

The  i n f r a r e d  s p e c t r a  of AgTCNQ powder ( I ) ,  and of  

s m a l l  c r y s t a l s  (V), are shown i n  F i q . 3 .  The two 

sample forms g i v e  s i m i l a r  s p e c t r a ,  s u g g e s t i n g  t h a t  

t h e  c r y s t a l s  a r e  a l s o  of t h e  A?+TCNQ!- f o rm,  c o n t r a -  

r y  t o  t h e  c o m p o s i t i o n  Ag4(TCNQ)3 g i v e n  i n  r e f . 7  

f o r  c r y s t a l s  p r e p a r e d  i n  a s i m i l a r  way. The IF? spe- 

c t rum of c r y s t a l s  p r e p a r e d  by Method I V  i s  a l s o  si- 

______- 
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INFRARED AND RESONANCE RPJIAN EPECTRA 343 

milar to those shown in Fiq.3, and thus the mate- 
rials are of the same composition, that is of 
A~+TCNQ-. 

tal of 23 infrared active modes would be expected. 
Eowever, a greater number of infrared bands has 
been observed. For example, if we consider onlythe 

C=N stretchings,then the corresponding reducible 
representation can be written as follows: 

I t  was shown D r e v i o u s l y  t h a t  a t o -  

The Raman active A mode has been observed at 
2212 cm-’ , while the B 

weak to be observed in the Raman spectrum. Two in- 
frared active modes are predicted to appear in the 
C=N stretching region. However, Fiq.3 shows the 
presence of three stronrj bands at 2197,2182, and 
21 69 cm-’. 
stretching b a n d  h a s  b e e n  o b s e r v e d .  

4 
mode was probably too 

IT 

Thus, one additional infrared CEN 

The presence of additional bands has been-shown 
in the infrared spectra of alkali metal-TCNQ com- 
pounds as well 8-10. Anderson and Devlinl have 
demonstrated that such bznds are stronqly polarized 
in the direction perpendicular to the T C W  plane. 
Thus, they concluded that these bands oriyinate 
from the totally symmetric (A ) modes, which are 
norinaly infrared inactive, but become activated 
through the electron-molecular vibration interacti- 
on mechanism . On this basis we assign the IR 
bands at 2 1 9 7 , 1 5 7 6 , 1 3 2 5 , 1 1 8 1 , 9 6 8 , 7 2 2 , 5 5 5 ~ 3 3 6 ,  and 

140 cm-’ to the v .  (j=2-10) A modes respectively. 

9 

1 5  

3 g 

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
 1

2:
46

 1
9 

Fe
br

ua
ry

 2
01

3 



344 E.I.KAMITSOS 

The frequencies of these infrared bands appear 
downshi f t c d  con1.pared with their Raman counterparts , 
as it was similarly observcd in thc IR spectra of 
alkali metal-TCNQ salts 8 - ’ 0 1  and theoretically pre- 

dicted by Girlando et a1 16/17 

The reqaininq infrared bands can be readily 
assigned to intramolecular I3 modes and to lattice 
modes. Thus, in the CIN stretchin9 region, the 
bands at 2182 (B3u) and 2169 crn-’ (B 2u 
The 1506 cm-’ band is due to C=C(wing) 
The out-of -plane C-h bending (El u) is observed at 
825 cm-I, while the band at 476 cm-’ is characte- 

The 230 ristic of the C(CN)2 wacp-jing mode ( B  

cm-’ band is also intramolecular in nature (Blu) 

tional lattice mode of the Ag ion. The crystal 
structure determination of AgTCMQ has shown that 
silver is four-fold coordinated by nitrogen atoms, 
in a distorted tetrahedral configuration . It is 
the ratling notion of Ag’ ion in this anionic site 

-1 that gives rise to 76 CF. band. Similar bands for 
Li I Na and K motions have been observed at 400, 
202 and 155 cm-’ respectively. 
frequency of the cation-motion band plotted versus 
m where m is the cation mass. The observed 
linear dependence provides additional evidence 
that these low-frequency bands originate from vi- 
brations of cations in their sites. Such localized 
cation Ir.otions were recently modeled through a 
Born-Player type potential’ ’. Thus I the cation mo- 
tion frequency was associated with both cation and 

U 

) are observed. 
stretching. 

10 

The band at 76 cm-’ is SssiTned to the transla- 

lu) - 
. 

+ 

6 

+ + + 

Fig..? shows the 

- 
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345 INFFARED AND RESONANCE F.I!.IIRN SPECTEP- 

I 
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4. Cation-motion frequencies versus m -1 / 2  , 
where I". is the cation nass. 

anionic site parameters, and proved useful in pro- 
bing the nature of the cation-anionic site intera- 
ctions. 
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