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ABSTRACT

The crystal structure of a new dithiosquarylium dye (DTSQ), viz, 2,4-
bis(1,3,3-trimethyl-2-indolinylidenemethyl) cyclobutenediylium-1,3-dithio-
late, has been determined by X-ray crystallography. A crystal was grown
from chloroform/ethylacetate (8:1/v:v) and found to exist in the mono-
clinic space group P21/n (no. 14). The molecule is roughly planar and
adopts the trans conformation. # 1998 Elsevier Science Ltd. All rights
reserved

Keywords: crystal structure, dithiosquarylium dye (DTSQ), organic pho-
toreceptor, monoclinic.

INTRODUCTION

Squarylium dyes and derivatives are 1,3-disubstituted compounds synthe-
sized from squaric acid and two equivalent of various types of electron
donating carbocycles and heterocycles such as azulene [1], pyrroles [2], or
heterocyclic methylene bases [3] in an azeotropic solvent.
Although squarylium dyes exhibit a sharp visible absorption in solvents,

their absorption in the solid state is panchromatic and very intense [4].
This class of cyanine dyes have attracted much attention because of their

potential application in xerographic organic photoreceptor [5,6], optical
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recording media [7] and organic solar cells [8] on account of their advanta-
geous properties such as photoconductivity and their sharp and intense
absorption in the visible or near infrared regions [9].
We have previously reported the synthesis [10], electrochromic properties

[11] and electroluminescence properties [12] of squarylium dyes containing an
indoline moiety. We have also reported that some novel dithiosquarylium dyes
absorbed near-infrared light at 700±750nm in the solid state, and had good
electrophotographic properties as charge generation materials (CGM) [13].
In continuation of this work we now report the crystal structures of the

DTSQ dye.

EXPERIMENTAL

The preparation of DTSQ dyes have been reported previously [13]. The sin-
gle crystal was obtained by evaporating a chloroform/ethlyacetate (8:1/v:v)
solution of the DTSQ dye. Preliminary experiments and data collection for
the X-ray crystal structure determination were performed on an Enraf±
Nonius CAD4/Turbo di�ractometer using Mo K� radiation (l=0.71069AÊ ).
A small single crystal (0.5�0.5�0.5mm) was cut from a larger one and glued
to a glass ®ber with an epoxy resin. Twenty-®ve re¯ections in diverse reci-
procal space were centered by an automatic search program and used to
obtain the cell parameters. After the preliminary cell was con®rmed, high-
angle data (2�>20�) were collected and 25 of these re¯ections were centered
and used to obtain more accurate cell parameters. Unit cell parameters and
systematic absences indicated the monoclinic space group P21/n (no. 14) [14]
with Z=2. Data were collected on this improved unit cell at ambient tem-
perature up to 2�=52.64�. Data reduction, including the correlation for
Lorentz-polarization, decay, and absorption, were performed. Crystal struc-
ture was solved and re®ned with full-matrix least-squares by using MolEN,
the Enraf±Nouius structure determination package, resulting in ®nal R1 and
Rw indices of 0.043 and 0.051, respectively. Other details of crystallographic
data are summarized in Table 1. The ®nal structural parameters are pre-
sented in Table 2. The selected bond distances and angles are tabulated in
Table 4. The structure model was drawn using ORTEP, Oak Ridge Thermal
Ellipsoid Plot Program [15].

RESULTS AND DISCUSSION

We have found, for the ®rst time, that thio analogues of the squarylium (SQ)
dye (DTSQ dye) can be synthesized by the reaction of the SQ dye with
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Lawnesson's reagent or P4S10 [13] (Scheme 1). Introduction of the thio group
as electron donor into the SQ dye produced a bathochromic shift of 27 nm
compared to the SQ dye. Electrophotographic characteristics of negatively
charged dual layered photoreceptors with DTSQ for charge generation
materials (CGM) and 1-phenyl-1,2,3,4-tetrahydroquinoline-6-carboxy-
aldehyde-10,10-diphenyl hydrazone as a charge transport material (CTM)
have already been investigated. The photoreceptor that used DTSQ exhib-
ited high photosensitivity to white light. The maximum absorption wave-
length was 660 nm, and the maximum emission wavelength 691 nm in
chloroform. The ¯uorescence lifetime seems to be very short. We used an LS-
100PTI with time correlated single photon counting, and measured a biex-
ponential ¯uorescence decay. Component one is 36.6% with 0.38 ns, and
component two is 63.7% with 0.13 ns. The ®t has a chi square of 1.25. The
bond lengths of DTSQ are virtually identical with those observed in the 2,4-
bis(1,3,3-trimethyl-2-indolynylidene methyl) cyclobutenediylium-1,3-diolxate
reported by Kobayashi et al. [16].

TABLE 1
Crystallographic Data and Intensity Collection

Empirical formular S2N2C28H28

Formula weight 456.40
Crystal system Monoclinic
Space group P21/n (no. 14)
Z 2
a (AÊ ) 7.654 (2)
b (AÊ ) 11.438 (2)
c (AÊ ) 13.598 (2)
� (�) 90.33 (2)
V (AÊ 3) 1190.03 (4)
Dcalc. (g cm

ÿ3) 1.252
�cal (cm

ÿ1) 2.3
Transmission factors (%) 96.55±99.95
Scan mode !ÿ2 �
Scan width (!) (deg) 1.10+0.52 tan (�)
2 ymax (deg) 52.64
No. of re¯ections measured 2736
No. of re¯ections observed
(I>3 s (I)) 1621
No. of variables 201
R1

a 0.043
Rw

b 0.051
Goodness of ®tc 1.57
Maximum shift in ®nal cycles Less than 0.01

aR=�jFoÿjFcj/�Foj.
bRw � ���w�Fo ÿc j�2=�w�F 2

o��1=2, where w � ���F2��ÿ1.
cEstimated standard deviation of an observation of unit weight; [�w(FoÿjFcj)2/(NoÿNv)]

1/2,
where No=number of observations and Nv=number of variables.
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The molecules of DTSQ arrange themselves in a monoclinic unit cell of
dimensions a=7.654, b=11.438, c=13.598AÊ with �=90.330�. The space
group is P21/n (no. 14), the most common space group for organic materials.
From the ORTEP diagram, we can conclude that the molecule is roughly

planar and adopts the trans conformation Fig. 1. The bond lengths of C8±
C12 and C12±C13 fall in the range of those of conjugated C±C bonds. The
bond lengths of N1±C8, compared with the corresponding bond in N-thioa-
cetyl indoline [17] and 3-hydroxy-2,3-diphenyl indoline [18], are indicative of
a conjugated polymethine framework in the DTSQ dye. For C13±C14, these

TABLE 2
Final Atomic Coordinates and Thermal Parametera

Atom X Y Z Bb (AÊ 2)

S (1) 8669 (1) 1679 (7) 61467 (5) 4.37 (1)
N (1) 4816 (3) 562 (2) 3071 (2) 3.06 (4)
C (1) 4134 (3) 97 (2) 2187 (2) 3.18 (5)
C (2) 2675 (3) 433 (3) 1663 (2) 4.14 (6)
C (3) 2330 (4) ÿ160 (3) 800 (2) 4.98 (7)
C (4) 3377 (4) ÿ1038 (3) 477 (2) 5.29 (7)
C (5) 4851 (4) ÿ1373 (3) 1010 (2) 4.35 (6)
C (6) 5227 (3) ÿ791 (2) 1869 (2) 3.23 (5)
C (7) 6755 (3) ÿ892 (2) 2569 (2) 2.96 (5)
C (8) 6337 (3) 45 (2) 3327 (2) 2.81 (5)
C (9) 8433 (3) ÿ590 (2) 2018 (2) 3.68 (6)
C (10) 6811 (4) ÿ2103 (2) 3045 (2) 4.25 (6)
C (11) 3936 (3) 1488 (3) 3603 (2) 4.21 (6)
C (12) 7278 (3) 3902 (2) 4150 (2) 3.09 (5)
C (13) 8875 (3) 88 (2) 4575 (2) 2.76 (5)
C (14) 9553 (3) 643 (2) 5469 (2) 2.96 (5)
H (1) 203 (3) 101 (2) 189 (2) 3.9 (6)*
H (2) 141 (3) 7 (2) 41 (2) 5.4 (7)*
H (3) 323 (3) ÿ148 (3) ÿ13 (2) 6.0 (7)*
H (4) 410 (4) 221 (3) 330 (2) 10 (1)*
H (5) 940 (3) ÿ59 (2) 247 (2) 4.0 (6)*
H (6) 696 (3) ÿ268 (2) 254 (2) 5.5 (7)*
H (7) 676 (2) 98 (2) 452 (2) 2.9 (5)*
H (8) 563 (3) ÿ197 (2) 80 (2) 4.7 (6)*
H (9) 283 (4) 138 (3) 356 (2) 8.5 (9)*
H (10) 418 (5) 147 (4) 426 (3) 12 (1)*
H (11) 561 (4) ÿ231 (3) 339 (3) 8.9 (9)*
H (12) 834 (3) 18 (2) 173 (2) 4.0 (6)*
H (13) 771 (3) ÿ213 (2) 345 (2) 4.3 (6)*
H (14) 860 (3) 115 (2) 150 (2) 4.8 (6)*

aPositional parameters � 104 are given. Numbers in parameters are the estimated standard
deviations in unit of the least signi®cant ®gure given for the corresponding parameters. Star-
red atoms were re®ned isotropically.
bAnisotropically re®ned atoms are given in the form of the isotropic equivalent displacement
parameter de®ned as: (4/3) *(a2* B (1,1) + b2* B (2,2) + c2*B (3,3) + ab (cos gamma)*B
(1,2) + ac (cos beta)*B (1,3) + bc (cos alpha)*B (2,3)).
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are clearly shorter than the value of 1.544 AÊ obtained in the planar 2,2,4,4-
tetramethyl cyclobutene-trans-1,3-diol [19] and indicated the presence of
signi®cant double bond character in the squarylium ring. As the solvent
polarity increased, a hypsochromic shift was observed (i.e. negative solvato-
chromism). From the solvatochromism, it was concluded that the structure
of the DTSQ has a more polar dithiolate structure.

TABLE 3
Bond Lengths (AÊ ) With e.s.d. Values Given in Parentheses

S (1) ± C (14) 1.649 (3) C (7) ± C (9) 1.539 (4)
N (1) ± C (1) 1.411 (3) C (7) ± C (9) 1.503 (4)
N (1) ± C (8) 1.350 (3) C (8) ± C (12) 1.386 (3)
N (1) ± C (11) 1.450 (3) C (9) ± H (5) 0.96 (2)
C (1) ± C (2) 1.376 (4) C (9) ± H (12) 0.97 (2)
C (1) ± C (6) 1.386 (3) C (9) ± H (14) 0.96 (3)
C (2) ± C (3) 1.379 (4) C (10) ± H (6) 0.96 (3)
C (2) ± H (1) 0.88 (2) C (10) ± H (11) 1.06 (3)
C (3) ± C (4) 1.359 (4) C (10) ± H (13) 0.89 (2)
C (3)± H (2) 0.93 (3) C (11) ± H (4) 0.93 (4)
C (4) ± C (5) 1.390 (4) C (11) ± H (9) 0.86 (3)
C (4) ± H (3) 0.97 (3) C (11) ± H (10) 0.91 (4)
C (5) ± C (6) 1.374(4) C (12) ± C (13) 1.392 (3)
C (5) ± H (8) 0.95 (2) C (12) ± H (7) 0.93 (2)
C (6) ± C (7) 1.508 (3) C (13) ± C (14) 1.464 (3)
C (7) ± C (8) 1.522 (3)

Scheme 1
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As shown in Fig. 2, the molecules are disposed on top and bottom, right
and left, respectively, of each other, in a parallel fashion and each of the two
groups is in nearly a perpendicular environment.
From the results of the intermolecular distance S1...C2=3.463AÊ , the

molecules are concluded to be held together by Van der Waal forces.

TABLE 4
Bond Angles (degree) for DTSQ

C (1) ± N (1) ± C (8) 111.6 (2) C (6) ± C (7) ± C (9) 108.9 (2)
C (1) ± N (1) ± C (11) 122.0 (2) C (6) ± C (7) ± C (10) 110.9 (2)
C (8) ± N (1) ± C (11) 126.4 (2) C (8) ± C (7) ± C (9) 110.7 (2)
N (1) ± C (1) ± C (2) 129.1 (2) C (8) ± C (7) ± C (10) 110.9 (2)
N (1) ± C (1) ± C (6) 108.7 (2) C (9) ± C (7) ± C (10) 113.0 (2)
C (2) ± C (1) ± C (6) 122.2 (2) N (1) ± C (8) ± C (7) 108.6 (2)
C (1) ± C (2) ± C (3) 117.0 (3) N (1) ± C (8) ± C (12) 121.8 (2)
C (1) ± C (2) ± H (1) 119.0 (1) C (7) ± C (8) ± C (12) 129.6 (2)
C (3) ± C (2) ± H (1) 124.0 (1) C (7) ± C (9) ± H (5) 109.0 (1)
C (2) ± C (3) ± C (4) 121.9 (3) C (7) ± C (9) ± H (12) 110.0 (1)
C (2) ± C (3) ± H (2) 120.0 (2) C (7) ± C (9) ± H (14) 109.0 (1)
C (4) ± C (3) ± H (2) 118.0 (2) H (5) ± C (9) ± H (12) 108.0 (2)
C (3) ± C (4) ± C (5) 120.9 (2) H (5) ± C (9) ± H (14) 112.0 (2)
C (3) ± C (4) ± H (3) 126.0 (2) H (12) ± C (9) ± H (14) 109.0 (2)
C (5) ± C (4) ± H (3) 113.0 (2) C (7) ± C (10) ± H (6) 109.0 (2)
C (4) ± C (5) ± C (6) 118.3 (3) C (7) ± C (9) ± H (11) 111.0 (2)
C (4) ± C (5) ± H (8) 123.0 (1) C (7) ± C (10) ± H (13) 108.0 (2)
C (6) ± C (5) ± H (8) 118.0 (1) H (6) ± C (10) ± H (11) 106.0 (2)
C (1) ± C (6) ± C (5) 119.8 (2) H (6) ± C (10) ± H (13) 109.0 (2)
C (1) ± C (6) ± C (7) 109.0 (2) H (11) ± C (10) ± H (13) 113.0 (2)
C (5) ± C (6) ± C (7) 131.1 (2) N (1) ± C (11) ± H (4) 112.0 (2)
C (6) ± H (7) ± C (8) 102.0 (2) N (1) ± C (11) ± H (9) 109.0 (2)
N (1) ± C (11) ± H (10) 112.0 (3) C (8) ± C (12) ± H (7) 114.0 (1)
H (4) ± C (11) ± H (9) 103.0 (3) C (13) ± C (12) ± H (7) 110.0 (1)
H (4) ± C (11) ± H (10) 115.0 (3) C (12) ± C (13) ± C (14) 122.9 (2)
H (9) ± C (11) - H (10) 105.0 (3) S (1) ± C (14) ± C (13) 129.1 (21)
C (8) ± C (12) ± C (13) 135.7 (2)

Number in parentheses are estimated standard deviations in the least signi®cant digits.

Fig. 1. ORTEP view of molecular structure of DTSQ dye with thermal ellipsoids drawn at
50% probability level.
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