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Reflection measurements of the pressed pellets of two 2 : 3 complex salts and six 1 : 2 complex salts of the
tetracyanoquinodimethane (TCNQ ) anion radical were carried out over the 5000—43000 cm~! range by the
use of Avery’s method. The polarized normal-incidence reflection was measured for the Ph;PCH3(TCNQ ),

single crystal.

The observed results were examined on the basis of the composite-system method. For 2 :3

salts, the transition energy and the oscillator strength are interpreted by the use of the N-A-A model (N: TCNQ °
and A-A: TCNQ anion dimer); it is concluded that the interaction between the two components, N and A-A,

is weak.

In the solid-state spectra of 1 : 2 salts, the assignments were made by the use of the polarization results
of the normal-incidence reflection of the PhyPCH,(TCNQ ), crystal.

Besides the four transitions corresponding

to those of 2 : 3 salts, two new CT bands with weak intensities were observed and assigned. Except for quinoli-
nium(TCNQ ),, a spectral change correlative to the electrical conductivity was found in the 1 : 2 salts and dis-

cussed in relation to the extent of the delocalization of the negative charge of (TCNQ ),™.

The spectrum of

quinolinium (TCNQ ), exhibits a remarkable intensity decrease compared with those of the other 1 : 2 salts.

It is known that anion radical salts of 7,7,8,8-
tetracyanoquinodimethane (TCNQ) exhibit interest-
ing physical properties. The 1:2 complex salts,
M+(TCNQ),~, and the 2 :3 complex salts, (M%),
(TCNQ);%-, have been especially extensively investi-
gated with respect to their structure!-» and their
magnetic,%12) electrical,'®1% and opticall’™~2?) proper-
ties. Previously, we measured the reflection intensity
of the simple salts of the TCNQ anion radical, and
discussed three typical types of crystalline electronic
states and the correlation between the intensity of
the interradical charge-transfer (CT) band and the
singlet-triplet splitting of the ground state.??> On the
basis of this knowledge of the electronic structures of
the simple salts, we aimed to investigate the electronic
states of the complex salts containing formally-neutral
TCNQ (TCNQ?) besides the anion radical (TCNQ:).
In the present study, we measured the polarized
normal-incidence reflection for a single crystal
of methyltriphenylphosphonium(TCNQ),, Ph;PCH;-
(TCNQ), and discussed the character of each electron-
ic transition on the basis of these polarization results.
Furthermore, we measured the reflection of the pressed
pellets of eight complex salts of the TCNQ anion
radical and obtained the oscillator strength (f) for
cach transition. On the basis of these experimental
results (peak positions and oscillator strengths) and
the knowledge of the electronic structures of the simple
salts, we discuss the electronic structure of complex
salts, together with its relation to the electrical and
the magnetic data.

Experimental

Materials. The samples used in this experiment were
prepared by the method described in the literature.’® The
eight complex salts investigated were morpholinium,(TCNQ ),
(Mory(TCNQ );), Cs,(TCNQ )y, (CHy);NH(TCNQ ),, Phy-
PCH,(TCNQ ),, (C,H;);NH(TCNQ ),, N-ethylquinolinium
(TCNQ.),(EtQ (TCNQ.);),  bipyridinium(TCNQ ), (Bip
(TCNQ),), and quinolinium(TCNQ ), (Q (TCNQ),).

* Present address: Department of Chemistry, Faculty of
Engineering Science, Osaka University, Toyonaka, Osaka.

Large single crystals suitable for the measurement of the
polarized normal-incidence reflection were obtained for
Ph,PCH;(TCNQ ),.1»

Measurements and Analysis. The reflection intensities
were usually measured with pressed pellets of the samples
over the range from 5000 to 43000 cm~!. The experimental
details are the same as those described in a previous paper.??
The polarized normal-incidence reflection of the single crystal
was measured for Ph,PCH,(TCNQ ), over the range from
5000 to 37000 cm~!. The analysis of these reflection data
was carried out by Avery’s method for the pressed pellets,
and by Kramers-Kronig transformation for the single crystal.
The treatment of the inaccessible spectral regions in the
Kramers-Kronig analysis follows the method of Roessler.?
The 4 and B values of the approximate equation of:

a+ 1 [ . d
(o) = AIn| S22 — f I VR@) -
a
X(ln @+ )dw + Bln b+,
w—w, — Wy

were determined from the observed reflectivities in the zero-
absorbing region, the observation being carried out in the
spectral region from a to b. The refractive index (n) and
the extinction coefficient (k) were thus determined, and the
oscillator strength (f) for each transition was calculated by

m f 4n(v)k(»)vdy, where ng is

en,
the number of the molecules in a unit volume and where »
is the frequency of the incident light. In the figures of the
present paper, the 4mn(v)k(»)/2.303 AC value (¢’) will be
plotted to show the wave-number dependence of the absorp-
tion intensity of the solid-state spectrum (C: molar concentra-
tion; A: wavelength of the incident light).

means of this equation: f=

Results and Discussion

In the crystal of Ph,PCH4(TCNQ), at room tem-
perature, tetrads of TCNQ molecules with the in-
terplanar spacings of 3.22 A, 3.24 A and 3.22 A com-
pose a one-dimensional column.® The interplanar
spacing between tetrads is 3.57 A. In a tetrad, mole-
cules are overlapped with a shift along the long axis
of the TCNQ molecule (Y axis), and there are two
crystallographycally independent molecules (II-I-I'-
II'). The small difference observed between the
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Fig. 1. The absorption spectrum of TCNQ, in aceto-
nitrile and the solid-state spectrum of NH,TCNQ .

molecular structures of I and II suggests that the
negative charge is slightly localized on the I molecule.
Therefore, we will at first investigate the electronic
structure of Ph,PCH,(TCNQ), by the use of the
simple model of N-A-A-N (A and N designate TCNQ~
and TCNQ? respectively).

Figure ! shows the absorption spectra of TCNQ?
in an acetonitrile solution and of NH,TCNQ in the
solid state.22) From the SCF-LCAO-MO-CI calcula-
tion of TCNQ? by the use of the molecular structure??)
in the TCNQ crystal, the lowest electronic transition
observed at 25.3x103cm~! (f=1.01) is assigned to
the 8—9 locally-excited (LE) electronic transition
polarized parallel to the Y axis. The 8 and 9 molec-
ular orbitals are the highest occupied and the lowest
vacant ones respectively. In the previous paper, the
peaks at 9.5x103%, 16.0x 103, and 26.9Xx103cm! of
NH,TCNQ solid were assigned to the 9—9" CT transi-
tion between TCNQ- and TCNQ:-, the 8-9 LE
transition, and the 9—10 LE transition of TCNQ: re-
spectively.22) These LE transitions are polarized paral-
lel to the Y axis. The analysis of the solid-state spec-
trum revealed that the NH,TCNQ solid contains the
dimer (A-A) of TCNQ: . Therefore, the superposi-
tion of the two spectra in Fig. 1 gives the tentative
absorption spectrum of the above-mentioned N-A-A-N
model without any interaction between N and A.

Polarized Normal-Incidence Reflection of the Ph,PCH,
(TCNQ ), Single Crystal. Figure 2 shows the
normal-incidence reflections of the (100) face with the
polarized lights along four directions (by, b1, ¢, ¢1)
over the range from 5x103cm™ to 37.0x10% cm™2.
Table 1 shows the square of the direction cosine of
the component of the molecular axis projected on
(100) to the polarization direction. I and II designate
the two crystallographycally independent TCNQ’s.
Tida suggested the assignment of the transition observed
in the infrared region as a CT transition between
TCNQ- and TCNQ?, or as a direct transition to the
electrical  conduction  state.?®  Since  PhgPCHj,
(TCNQ), exhibits an intermediate conductivity, we
adopted the former assignment. The transition mo-
ment of the CT transition is parallel to the I-II direc-
tion in Table 1; therefore, the former assignment sug-
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Fig. 2. The normal incidence reflection on (100) face
of Ph,PCH,(TCNQ ), single crystal. The four spectra
were obtained with the incident light polarized paral-
lel and perpendicular to the & and ¢ crystallographic
axes.

TABLE 1. SQUARE OF DIRECTION COSINE OF THE
COMPONENT OF MOLECULAR AXIS PROJECTED ON
(100) TO THE POLARIZATION DIRECTION

by by </ €L

Long axis of I 0.36 0.64 0.98 0.0l
TCENQ (Y) II 0.48 0.52 0.94 0.06

Short axis of I  0.01 0.98 0.85 0.5
TCNQ (X) II 0.03 0.9 0.8 0.12

I-II(I-I")® 1.00 0.00 0.26 0.74
II-11" & 1.00 0.00 0.22 0.77

a) The direction connecting the molecular centers.
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Fig. 3. The absorption spectra obtained from Kramers-
Kronig analysis on (100) face of Ph;PCH;(TCNQ),
single crystal. The solid and the dashed curves were
obtained with the incident light polarized parallel
and perpendicular to the & axis.
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gests that the infrared band is not found in the polar-
ized spectrum perpendicular to the & axis (61). There-
fore, the b1 polarized reflection spectrum can be ana-
lysed by the equation of Roessler (4=0.012 and B=
—0.18). The obtained spectrum is shown in Fig. 3.
As may be seen from Table 1, for the other three
polarization directions the infrared band has intensity
and the zero-absorbing region is not found. Since
the 4 and B values depend on the respective electronic
transitions below 5x10®cm—! and above 37.0X
108 cm~1, and since the former transition is ascribed
to a CT transition between TCNQ- and TCNQSY,
and the latter, mainly to the LE transitions, the fol-
lowing relations can be estimated from Table 1:

B(c/y) <B(b1) <B(bs;) <B(cy)
Aby) <A(epL) <A(ey) <A(by)

Under these conditions, the 4 and B values were
parametrized so as not to give the negative extinction
coefficient. The obtained spectra are shown in Figs.
3 and 4. Since the absolute intensity is sensitive to
the values of the parameters, no detailed discussion
of the absorption intensity is carried out for the single
crystal.

From the above polarization results, the I and II
bands can clearly be assigned to the CT transitions,
and the IV and VIII bands, to the LE transitions
polarized parallel to the Y axis (LE(Y)). Although
the other, weak peaks are not discussed in detail, it
is noticeable that the V and VII bands were assigned
with the CT polarization. In comparison with the
tentative spectrum of the N-A-A-N model, the I and
II bands are assigned to the 9—9’ CT transition from
TCNQ:- to TCNQ?® and 9—9’ CT transition between
TCNQ:- and TCNQ-. The IV and VIII bands are
assigned to the 8—9 LE transition of TCNQ: and
the superimposed transition of the 9—10 LE transi-
tion of TCNQ: and the 8—9 LE transition of TCNQ®.
Since the peak of the lowest transition (I) was reported
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Fig. 4. The absorption spectra obtained from Kramers-
Kronig analysis on (100) face of Ph;PCH,(TCNQ),
single crystal. The solid and the dashed curves were
obtained with the incident light polarized parallel
and perpendicular to the ¢ axis.
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TABLE 2. POLARIZED ABSORPTION SPECTRUM OF
Ph,PCH;(TCNQ), SINGLE CRYSTAL BY NORMAL
REFLECTION ANALYSIS (in 10% cm—?)

byy by ¢y ¢y Assignment
I <5 — <5 <5 CT(A9—N9)
II 11.0 — 10.5 11.0 CT(A9—A9)
11T 15.2  15.0 15.3 —
v — 18.5 18.5 — LE(Y)(A8—9)
v 19.2 — — 19.2 CT(A8—N9)
VI — 24.0 24.0 —
VII 27.0 — — — CT(A8—A9)
VIII 29.8 29.8 29.4 —  LE(Y)(A9-10,

N8—9)

at 2.9—-3.3x103cm~! by lida,'® the energy separa-
tions between the I and V bands and between the
IT and VII bands are about 16 x 10® cm™1; this value
nearly coincides with the transition energy of the
8—9 LE transition of TCNQ-. Therefore, the CT
bands, V and VII, can possibly be assigned to 8—9’
CT transitions from TCNQ- to TCNQ? and to the
8-9’ CT transition between TCNQ- and TCNQ-
(Table 2). Sakai et al. reported that the reversible
pressure-induced absorption band was found at around
20 103 cm! at high pressures with respect to (CoHj),-
NH(TCNQ), and Q(TCNQ),.20 This experimental
result is explained by the intensity increase of these
new CT bands. The present assignments are con-
sistent with those by Iidal® for the I, IV, and VIII
bands; also, the ambiguity of the assignment of the
II band is excluded by this polarization measurement.

The Solid-state Spectra of the Pressed Pellets. The
solid-state spectra and the refractive index, n, of the
pressed pellets of the eight complex salts are shown
in Figs. 5—8. Since four predominant transitions
are observed in this spectral region, they are designated
by CTI, CTII, YI, and YII in the increasing order
of the transition energy; they correspond to the I,
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Fig. 5. The solid-state spectra and the refractive index
n of Mor,(TCNQ )3 (----) and Cs,(TCNQ); (—).
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Fig. 6. The solid-state spectra and the refractive index
n of (CH,),NH(TCNQ),

).

(--—-—) and Ph,PCH,-

(TCNQ), (

" waeklveeriic 40
Fig. 7. The solid-state spectra and the refractive index

n of (C,H,),NH(TCNQ), (----) and EtQ (TCNQ),
(=

II, IV, and VIII bands of the PhyPCH4(TCNQ),
crystal respectively. The origin of the two or three
weak peaks observed at 20—23X103cm~! of the
2 :3 complex salts and some 1 :2 complex salts is
not clear, but these peaks are reproducible. For all
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Fig. 8. The solid-state spectra and the refractive index

n of Bip(TCNQ), (-—-) and Q(TCNQ), (—).

the 1 : 2 complex salts except for Q (TCNQ),, a weak
peak was observed at about 14x10%®cm™!; it cor-
responds to the III band in the polarized crystalline
spectrum of Ph,PCH (TCNQ),. The III band ex-
hibits polarization behavior a little different from that
of the YI band (Figs. 3 and 4) and can be observed
clearly when the YI band becomes obscure (EtQ-
(TCNQ),; and Bip(TCNQ),). Therefore, this peak
is considered to have a different electronic origin from
the YI band. The peak positions and the oscillator
strengths are tabulated in Table 3, together with the
solid-state results of NH,TCNQ (Group A) and
RbTCNQ-II (Group B) of the simple salt*® and the
clectronic transition of TCNQ? in acetonitrile.

The crystal structures have been reported for the
five complex salts investigated in this study.!-% In
all cases, the TCNQ molecules compose a one-
dimensional column. In the case of the 2 :3 com-
plex salts (Mor,(TCNQ),") and Csy(TCNQ),D),
TCNQ, molecules in a column form a triad which
consists of two TCNQ~ and one TCNQ? Among
the 1:2 complex salts, Ph,PCH,;(TCNQ),» and
(CH;)NH(TCNQ),? contain a tetrad unit which
consists of two TCNQ- and two TCNQY. However,
in the Q(TCNQ), crystal,¥ the TCNQ column is
composed of equally spaced TCNQ molecules and
one electron per two TCNQ molecules is completely
delocalized.

The 2 : 3 Complex Salts. As have been mentioned
above, the TCNQ column of the 2 : 3 complex salts
is represented as a repeat of N(1/2)-A-A-N(1/2).
N(1/2) means that the N’s on both sides half belong
to this repeating unit. Therefore, we will discuss
the electronic states of this repeating unit by the
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TaBLE 3. TRANSITION ENERGY AND OSCILLATOR STRENGTH OF SOLID3 OF TCNQ COMPLEX SALTS
(6: in 10°cm™1)
CTI orl %1 YII R 7

———h—— —_——— ——H e

o S [ f g f g f Aoy, O cm eV
Mor,(TCQ), ~5.0 0.5 11.7 0.6 {}g'g} 0.5 292 2.5 7.8 105 0.3
Cs,(TCNQ), 55 0.3 1.1 0.5 16.8 0.7  28.5 3.7 8.0 9x10:  0.149
(CH,),NH(TCNQ), 12.0 0.27 H‘;i} 0.7 {gg-g} 4.4 7.0 5x1001 >0.29
Ph,PCH,(TCNQ), <5.0 {}?3} 0.4  17.6 28.2 5.5 7.5 50w 0.0629
(C,H,),NH(TCNQ),  <5.0 {{?%} 0.3  16.3 29.9 4.8 9.5 20 0.034%
EtQ (TCNQ), {{(l’g} 0.4  16.0 2.0 6.0 8.5 8w
Bip(TGNQ), <5.0 ﬂ‘l’g} 0.5 ~17.0 27.8 6.2 10.0  0.59
Q(TCNQ), <5.0 ~11.0 ~0.2  17.1 27.0 1.5 6.4  0.15®
NH,TCNQ 9.5 0.2¢ 16.0 0.25 2.8 0.54 5.0 6x10t1
RbTCNQ-II 7.4 0.39 16.7 0.33  28.1 1.5 7.0 10

. 25.3

TCNQ in CH,CN {27.0} 1.0

A0./5: half width of the YII band

method of the composite molecule, the components of
which are A-A and N. In this unit, the TCNQ radi-
cals (A-A) overlap each other with a shift along the
short axis of the TCNQ radical. This packing is the
same as that for the anion dimer of Group A of the
simple salts. Therefore, the electronic states of the
anion dimer of NH,TCNQ (Group A)??» and TCNQ®
in acetonitrile are used as component states.

To discuss the electronic states in the energy region
treated in this study, it is sufficient to take into ac-
count the following excited states of the components:
the 8—9 (LEI) and the 9—10 (LEII) excited states
of TCNQ:-, the 8—9 LE state of TCNQ® (LEN),
and the CT excited state between TCNQ- (9) and
TCNQ:- (9) (CTA). Furthermore, the CT con-
figuration between two components (CTN) is con-
sidered. Therefore, the electronic configurations are
as follows:

G = G44-Gx

AYI* = LEI*.Gy

AYII* = LEII*.Gy

NY=* = G,,-LEN*

CTA* = CT=*-Gx
CTN® = 1/2[{]8584948,8,9% | — |848,9,8.8.9% !}
+ {1848,9x8,8.0, | — |848,9x8,8.94|}]-Gn
and
Gaa = 1/1/2{]8484928.8.9, | — |828,9.8,8.9,}
Gy = l8N§N[
LEI* = 1/2[{|8494948,8.9% | —19181948.8.9. |}
£ {]848492948.9, | —1848,9,8,9.94}]
LEIT* = 1/2[{]8,8,10,8,8,9,| —|8,8,10,8.8.9, |}
+ {]848,49,8,8,10, | — 848,948,810} | }]
LEN* = 1/2[{|8x9| — |8x9n1} == {[8:9x| — |8:9x|}]
CT* = 1/1/2{|848,9.8,8.9, | == |8284948.8.941}
where iy, 1, 12, and ix designate the molecular or-
bitals of N, A, A’, and N’ respectively of the N(1/2)-
A-A-N(1/2) model. The = signs denote the sym-
metric and the antisymmetric properties with respect
to the symmetric center. The doubly occupied mole-

cular orbitals 1—7 are neglected. The configuration
interactions are:

Symmetric C 0

CTN* | 172 5(9a9%) drx

CTA+ 2(9493) 0 Eé,

AYI+ 0 0 —~V'2B@B19))  Eln

AYII+ 0 B(10,9x) V'2B(9,105) O Efvn

NY+ 0 —B(948y) 0 0 0 Ey
Asymmetric CTN- EGin

NY- B(948y) Exy

CTA- 0 Egea

AYI- 0 0 V' 28849, Ein

AYII- — f(10,9x) 0 1V'28(9,10,) O Eivu
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where ﬂ(iAjN)zfiA(l) H(1) jy(1) dr, and where H(1)

is the one-electron Hamiltonian of the crystal. The
asymmetric configuration matrix almost splits into
two parts, and the 3 x3 part is the same as the con-
figuration matrix of the anion dimer.??

Really, except for a new band, CTI, based on the
CT transition between two components, the observed
spectra of the 2 : 3 salts are similar to the superposed
spectrum of the two components, with a small blue
shift caused by the stabilization of the ground state
due to the interaction with CTN+*. The observed
oscillator strengths of YI(0.5) and YII(2.5) of Mor,-
(TCNQ), agree with the calculated values (YI: 0.5
and YII: 2.1) for the N(1/2)-A-A-N(1/2) model
without any interaction between A and N, using the
solid-state spectrum of NH,TCNQ for A-A and the
acetonitrile spectrum of TCNQ? for N. These results
reveal for the 2 : 3 salts that the interaction between
the two components is weak in the excited states.
For Cs,(TCNQ),, a weak hyperchromism was ob-
served.

The singlet-triplet (S-T') splittings of the ground
state reported by the magnetic measurements are
0.31 eV for Mor,(TCNQ )V, 0.14eV or 0.16 eV for
Csy(TCNQ) 5% and 0.16—0.29 eV for Group A of
the simple salts.®712) In the present treatment of the
composite system, the stabilization of the singlet
ground state becomes larger by the interaction with
the low-energy SCTN configuration for the 2 : 3 salts
than for the anion dimer. However, since the triplet
ground state is also stabilized by the interaction with
TCTN for the 2 : 3 salts, it is reasonable that the S-T
splitting of the 2 : 3 salts is not very different from
that of the anion dimer (Group A of the simple salts).

The 1 :2 Complex Salts. To discuss the electronic
structure of the 1 :2 salts, we can at first adopt the
simple model of N-A-A-N.?® The electronic con-
figurations are analogous to those of the 2 :3 com-
plex salts. The difference in the configuration energies
between the 2 : 3 and the 1 : 2 complex salts is con-
sidered to be not very large with respect to the LE
and CTA configurations, because the changes in the
interplanar spacings and the molecular structure are
small. However, the configuration energy of CTN
is lower for the 1 :2 salts than for the 2 : 3 salts be-
cause of a difference in the electrostatic repulsion
between anion radicals. This is consistent with the
observed red shift of the CTI band and the small
changes of three other band positions of the 1 :2
salts compared to those of the 2 : 3 salts.

The CTII bands of the 1 :2 salts show the vibra-
tional structure. Since the vibrational frequency
(1300—1500 cm~1) agree well with that (1600 cm™1)
observed for the 11.8 X103 cm~! band of the TCNQ:-
monomer, the assignment of the CTII band to LE
transition has been proposed.’®) However, as the CT
character of the CTII band was determined by our
polarization experiment, the vibrational structure is
attributed to a small quantity of the TCNQ~ monomer.
The magnetic susceptibility measurement also re-
ported the TCNQ:~ monomer as an intrinsic impurity.®

Our previous work on the simple salts?® showed
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that the separations between the CTII and YI bands
are larger for the salts of Group B than for the salts
of Group A, as may be seen from Table 3 (6500 cm™!
for NH,TCNQ and 9300 cm-! for RbTCNQ-II).
This was explained by the difference in the configura-
tion interaction between the CTA and AYI configura-
tions. A symmetry consideration of the molecular
orbitals reveals that the CTA and AYI configura-
tions interact for the A-A overlapping form of Group
B (an overlap with a shift along the Y axis) and not
for that of Group A (an overlap with a shift along the
X axis). The overlapping form between anions of
the 1 : 2 salts is the same as that of Group B, and that
between anions of the 2 :3 salts, the same as that
of Group A. However, the corresponding CTII-YI
separations in the spectra of the 1 : 2 salts range from
4.3 to 6.6x10%cm™! and are not so large as those
of the 2 :3 salts (4.3 and 5.7x10% cm=1). From the
polarized reflection analysis, the CTN configuration
from the 8 orbital of A to the 9 orbital of N is located
just above the AYI configuration. The interaction
between these two configurations based on £(9,9y)
removes the YI band to the lower-energy side, so it
is reasonable that the separation between the YI and
CTII bands becomes not so large.

The observed transition energies and the oscillator
strengths are shown in Table 3 in the decreasing order
of electrical resistivity. As may be seen from Table 3
and Figs. 6—8, the solid-state spectra of the 1 :2
salts are divided into three main groups. The first
salt, (CH;);NH(TCNQ),, exhibits no CTI band and
a weak CTII band; this reveals the small CTN and
CTA contributions in the ground state. The YI band
appears at a position intermediate between those of the
first LE transitions of the TCNQ~ monomer and the
TCNQ:- dimer in the aqueous solution, and the YII
band shows the same 1700 cm—! shoulder as the LE
band of TCNQ?® in acetonitrile. These two features
show weak TCNQ—TCNQ- and TCNQ—-TCNQ?
interactions in the excited states. The second group
contains Ph,PCH3(TCNQ),, (C,H;),NH(TCNQ),,
EtQ (TCNQ),, and Bip(TCNQ),. These salts exhibit
a gradual spectral change as the electrical resistivity
decreases; the dispersion of the refractive index near
5000 cm~! becomes larger, which reflects the intensity
increase in the CTI band: the intensity of the CTII
band increases, the YI band becomes more obscure,
and the oscillator strength and the half-width of the
YII band increase. The increase in the absorption
intensity of the two CT bands reveals the increase
in the electron delocalization in the ground state; this
is consistent with the tendency of the electrical prop-
erty. The absolute absorption intensities of the YI
and YII bands becomes nearly double the intensities
calculated from the solid-state data of the simple
salts and the solution data of TCNQ?. In the range
corresponding to these LE transitions of TCNQ- and
TCNQ?, several CT bands were estimated. However,
the intensities of these bands are not enough large
for us to interpret the remarkable hyperchromism of
the YII band. Therefore, it is considered that the
electron delocalization also makes an important con-
tribution. It is noticeable that the effect of the elec-
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tron delocalization is found not only in CT transitions,
but also in LE transitions for the 1 : 2 salts.

The S-T splittings of the ground state have been re-
ported for (CH,;),NH(TCNQ), (>0.2eV),”» PhyPCH,-
(TCNQ), (0.062¢eV),® and (C,H;);NH(TCNQ),
(0.034 ¢V)® on the basis of magnetic measurements.
This remarkable difference between the salts belonging
to the first and second groups can be explained by
the difference in the extent of delocalization of the
negative charge of (TCNQ),~. The previous discus-
sion showed that the contribution of the CTN* con-
figurations to the ground state is smallest for (CHy),-
NH(TCNQ), in the 1 : 2 salts investigated here, there-
fore, the negative charge is located almost entirely
on one TCNQ. However, for the two salts of the
second group, the delocalization of the negative charge
occurs to some extent. This delocalization makes the
CT transition between A and A less important than
the CT transition between A and N; therefore, the
part of the S-T splitting due to the stabilization of
the singlet ground state by the interaction with the
SCTA configuration becomes less important.

The third group contains only Q (TCNQ),. The
solid-state spectrum of Q(TCNQ), is very different
from those of the other 1 : 2 salts (Fig. 8). Its charac-
teristics are as follows; the absorption tail near
5x103cm™ becomes clear, the intensity of the YII
band becomes remarkably small, and the intensity as
a whole becomes smaller than those of the other 1 :2
salts. The relatively strong intensity of the absorption
near 20 X 103 cm~! makes the YI band obscure. The
fact that Q(TCNQ),, with the highest electrical con-
ductivity among the eight complex salts investigated
here, exhibits the clearest tendency for the intensity
to increase near 5X10®cm~! is consistent with the
results of the other optical study. An infrared study
of Q(TCNQ), at 1.5 K reported that the broad absorp-
tion beginning from 500 cm~—! with the absorption
maximum near 3000 cm~1, was the transition to the
electrical conduction band,?V) and that the increase in
the intensity of this band is accompanied by an increase
in the electrical conductivity.’® On the other hand,
a study of the crystal structure reported the complete
delocalization of the negative charge of (TCNQ),~
in the ground state.® The delocalization of the
negative charge makes the chance of the A-A pair
occurrence less than that of the A-N pair occurrence.
Since the CTA transition and CTN transition are
based on the above pair structure, the oscillator
strength ratio of GTI to CTII is expected to become
larger than in the other 1:2 complex salts. As is
seen in Fig. 8, this tendency is consistent with the
experimental results. Furthermore, the charge de-
localization transforms the molecular structure®) and,
as a result, changes the oscillator strengths of the LE
transitions. This is considered one of the reasons for
the intensity decrease in the LE transitions of
Q(TCNQ),. The relatively strong intensity near
20x 103 cm™! also supports the large extent of the
delocalization.
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