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MOLECULAR AGGREGATION IN A HEMICYANINE

DYE: MODELING BY A COMBINED

CRYSTALLOGRAPHIC AND COMPUTATIONAL

APPROACH

M. Sharath Chandra and T. P. Radhakrishnan*
School of Chemistry, University of Hyderabad,

Hyderabad-500 046, India

Molecular aggregation in hemicyanine dye molecules, a problem of funda-

mental relevance to their linear and nonlinear optical properties, is addressed

through a novel approach based on crystal structure investigation combined

with semiempirical quantum chemical computations. Crystal structure of the

hemicyanine salt N-n-butyl-4-[2-(4-dimethylaminophenyl) ethenyl] pyridinium

bromide is investigated. The electronic absorption spectra of this compound in

the solid state and in solution are modeled using semiempirical AM1/CI

computations on the molecule and its dimers extracted from the crystal lattice;

the molecular environment is mimicked by invoking a solvation model. This

approach is shown to provide insight into the electronic absorption spectral

shifts reported earlier for LB films of amphiphiles based on these chromophores

and should prove useful in guiding further efforts at achieving deaggregation

in these LB films.

Keywords: Hemicyanine dye; crystal structure; molecular aggregation; semiempirical
computation

INTRODUCTION

Several polar dye molecules show a strong tendency to form aggregate
structures in the fluid and ultrathin film states. The aggregate formation
can significantly alter the linear and nonlinear optical characteristics of
these compounds, often with adverse consequences. The electronic
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absorption peak shows significant wavelength shifts with respect to
the monomer molecule as a result of exciton interactions in the aggregates
[1]. Molecular aggregation usually leads to quenching of the fluorescence,
though interesting exceptions are being reported [2]. Quadratic nonlinear
optical phenomena such as second harmonic generation necessarily require
a noncentric organization of the chromophores, and molecular aggregation
of polar molecules often leads to centric structures pre-empting such
applications [3]. Hemicyanines and merocyanines are important families of
dye molecules [4], the aggregation of which has been studied extensively
[5–9].

Aggregation of hemicyanine dye-based amphiphiles leads to the forma-
tion of H-aggregates in Langmuir-Blodgett (LB) films with consequent blue
shift of the electronic absorption spectral peaks [6,7,10,11]. Earlier studies
of this phenomenon have involved the investigation of electronic absorp-
tion [10,11], dynamics of emission [8], and second harmonic generation
[3,6,9,12–14]. Investigations based on the extended dipole approximation
have shown that, for the small intermolecular distances relevant to these
systems, only H-aggregate behavior is manifested regardless of the axial
orientation of molecules [11]. Extended dipole approximation has been
employed also to analyze the spectral properties of stilbene aggregates in
microheterogeneous media and monolayers [15]. The structures of these
aggregates have been modeled through force field approaches utilizing
cluster geometries from crystals [16].

We have demonstrated the impact of polyelectrolytes in the aqueous
subphase on the stabilization of ionic amphiphiles spread at the air-water
interface [17]. The polyelectrolyte methodology appears to be an efficient
technique to effect deaggregation of hemicyanine based amphiphiles in
monolayers. This would enable the fabrication of LB films of these chro-
mophores for efficient optical second harmonic generation. In connection
with these studies, we have considered the fundamental problem of
aggregate formation of the hemicyanine headgroups. We have adopted a
new approach involving the analysis of supramolecular clusters in mole-
cular crystals of the hemicyanine dye as models for the aggregates and
computation of their electronic structure through semiempirical quantum
chemical methods. Similar studies that we have carried out on 4-nitroani-
line–based systems have provided important insight into the correlation of
molecular association in crystals and Langmuir/LB films [18]. Our approach
is similar to that of Whitten and coworkers in the case of stilbenes [16], to
the extent that we use supramolecular clusters from crystals to model the
aggregate behavior; however, the utilization of semiempirical quantum
chemical computations and the modeling of the spectroscopic features
based on these clusters is a novel methodology. In this article, we present
the crystal structure of the hemicyanine dye, N-n-butyl-4-[2-(4-dimethyl-
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amino phenyl)ethenyl]pyridinium bromide (BDPB). A comparison of the
electronic absorption spectra of the solution and microcrystalline solid
clearly suggests the utility of the latter in modeling the electronic structure
of molecular aggregates. We have carried out semiempirical computations
incorporating solvation modeling which mimics the molecular environment
not only in solution but also in the crystal lattice as shown in our earlier
studies [19,20]. The calculations on the molecule and its clusters in the
solid are used to model the electronic spectral features. These investiga-
tions provide a simple and convenient approach to visualizing aggregation
of the hemicyanine dye molecule and suggest a structural basis to under-
stand the spectroscopic features. This should prove useful in further stu-
dies on LB films and the fabrication of materials for photonic applications.

EXPERIMENTAL AND COMPUTATIONAL

Synthesis and Characterization

BDPB was synthesized following the procedure reported earlier [21]. First,
0.213ml (2.193mmol) of n-butylbromide was added to 0.235ml
(2.189mmol) of 4-methylpyridine and stirred at 30�C for 36 h. Then 0.20 g
(0.87mmol) of N-butyl-4-methylpyridinium bromide obtained was mixed
with 0.145 g (0.87mmol) of 4-(N,N-dimethylamino)benzaldehyde and
0.10ml of piperidine in methanol and refluxed for 2 h. On cooling the
reaction mixture to 30�C, 0.17 g (54% yield) of BDPB precipitated out as a
red crystalline solid. It was filtered, dried, and recrystallized several times
from methanol. M. P./�C¼ 230 (dec.); FTIR (KBr): v/cm�1¼ 3016.9, 1641.6,
1575.9, 1157.4, 823.7; UV-Vis (chloroform): lmax/nm¼ 497.5, 285.0; 1H-
NMR (CDCl3): d/ppm¼ 0.95 (t, 3H), 1.41 (m, 2H), 1.95 (m, 2H), 3.06 (s,
6H), 4.66 (t, 2H), 6.65–6.70 (d, 2H), 6.80–6.89 (d, 1H), 7.50–7.54 (d, 2H),
7.57–7.65 (d, 1H), 7.84–7.88 (d, 2H), 8.94–8.97 (d, 2H); 13C-NMR (CDCl3):
d/ppm¼ 13.51, 19.39, 33.48, 40.07, 60.09, 112.00, 116.39, 122.38, 122.72,
130.67, 143.05, 143.46, 152.41, 154.20.

Electronic Absorption Spectroscopy

The electronic absorption spectrum of chloroform solution of BDPB was
recorded on a Shimadzu Model UV-3101 UV-visible spectrometer. Samples
for recording the spectrum of the solid material were prepared by dropping
a solution/suspension of the material on a quartz plate, evaporating off the
solvent and drying at 80�C. The specular reflectance (8� incidence) spec-
trum of the solid sample was recorded using the integrating sphere (ISR
3100) assembly of the spectrometer. The reflectance spectrum was con-
verted into the absorption profile using the Kubelka-Munk function. We
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have also investigated the electronic absorption of solid samples of BDPB
ground with KBr and fabricated as a pellet. These samples gave spectra
very similar to those of the solution indicating that the BDPB is molecularly
dispersed in the solid solution and did not exhibit the signature of the
molecular aggregates present in the crystalline solid.

Crystal Structure Determination

X-ray diffraction data were collected on an Enraf-Nonius MACH3 dif-
fractometer. MoKa radiation with a graphite crystal monochromator in the
incident beam was used. Data was reduced using Xtal3.4 [22]; Lorentz and
polarization corrections were included. Empirical absorption correction
was applied using c-scan data. All nonhydrogen atoms were found using
the direct method analysis in SHELX-97 [23], and after several cycles of
refinement the positions of the hydrogen atoms were calculated and added
to the refinement process. Graphics were handled using ORTEX6a [24].
Details of data collection, solution and refinement, fractional coordinates
with anisotropic thermal parameters, and full lists of bond lengths and
angles are submitted in the Appendix to this article.

Semiempirical Computations

Semiempirical quantum chemical studies were carried out using the AM1
[25] method in the MOPAC93 program package [26]. The microenvironment
of the molecule in the crystal and the solution phase were simulated using
the solvation model COSMO [27]; the parameter, (number of segments per
atom) NSPA, was set equal to 60 in all calculations. The absorption ener-
gies were obtained from a configuration interaction (CI) calculation on
geometries of the molecule and its supramolecular assemblies extracted
from the crystal structure; H atom positions alone were optimized. The CI
calculations invoked the full set of 400 singlet configurations involving 6
molecular orbitals bracketing the HOMO/LUMO.

RESULTS AND DISCUSSION

The electronic absorption spectrum of BDPB in chloroform solution and in
the solid state are presented in Figure 1. The peak at 497.5 nm present
in the solution spectrum is characteristic of the monomer [6–8,11]. Similar
monomer peaks have been observed in LB films as well, where the hemi-
cyanine dye has been deaggregated by admixing with fatty acids [6,8].
Spectra of BDPB recorded in solvents of different polarity clearly revealed
the negative solvatochromism of this molecule, suggesting a strongly polar
ground state. The absorption spectrum of the microcrystalline solid is
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broad, and deconvolution indicates peaks at 460.2, 399.4, 327.2, and
278.7 nm. The new peaks at 399.4 and 327.2 nm appear to originate from
the supramolecular aggregates present in the crystalline material. The
absorption peaks near 340 nm in the spectra of Langmuir/LB films of
amphiphiles based on similar chromophore as BDPB have been attributed
[6,7,11] to molecular aggregates. To gain insight into the types of clusters
that are relevant to model these spectral features, we have carried out
single crystal X-ray diffraction analysis of BDPB.

Salts of N-methyl-4-[2-(4-dimethylaminophenyl)ethenyl]pyridinium
have been reported to form predominantly noncentric crystal lattices [28].
X-ray analysis of crystals of BDPB grown by slow evaporation of methanolic
solutions showed that they belong to the monoclinic P21/c space group.
The basic crystallographic data are collected in Table 1. The asymmetric unit
consists of two molecules. The molecular structure is shown in Figure 2;
since the structure of the two molecules in the asymmetric unit are very
similar, only one is shown in the figure. It may be noted that the second
bromide ion in the asymmetric unit resides close to the dimethylamino-
phenyl group of the molecule shown in the figure. The aromatic region of
the molecule is nearly planar with a very small twist of � 4� around the

FIGURE 1 Electronic absorption spectra of BDPB in chloroform solution (full line)

and in the solid state (broken line).
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central double bond. The butyl chain is all-trans. The significant bond
lengths and angles are collected in Table 2. Figure 3 provides a view of the
packing of molecules in the crystal of BDPB. The organic cation forms
square channels running along the a axis with the bromide ions packed
inside these channels. This packing motif appears to be facilitated by the
strong Coulombic interactions likely to be present in this ionic solid. The
crystal structure provides a basis to visualize possible molecular associa-
tions in different states of BDPB such as the solid, LB films, and solution.
Below we analyze the electronic spectrum of BDPB in solution and in the
solid state using semiempirical computations on the geometry of BDPB and
its dimers extracted from the crystal structure. These computations also
provide a model to understand the aggregate structures in LB films
reported previously.

AM1/CI computations were carried out on the monomer of the cationic
part of BDPB as well as the antiparallel and parallel dimer structures (Fig. 4)
present in the crystal. Calculations employed different dielectric constants
within the COSMO option. The computed lmax and oscillator strength for
the absorptions are collected in Table 3; those with oscillator strength
< 0.25 are not shown. At all values of the dielectric constant, the lowest
energy absorptions in both the dimers are found to be blue shifted with
respect to the monomer. Based on a close examination of the computed
absorption maxima and the peaks in the experimental spectra, the models

TABLE 1 Crystallographic Data for BDPB

Molecular formula C19H25N2Br

Formula weight 361.32

Crystal system Monoclinic

Space group P21/c (No.14)

a, Å 12.222 (10)

b, Å 17.521 (17)

c, Å 17.13 (2)

b, deg. 90.58 (9)

Z 8

rcalc., g cm
�3 1.308

l (Å) 0.71703

�, cm�1 22.50

Number of unique reflections 6433

Number of reflections with I� 2�I 3139

Number of parameters 397

GOF 1.002

Tmin (empirical absorption correction) 0.7942

Tmax (empirical absorption correction) 0.9995

R (for I� 2�I) 0.0621

wR2 0.1336
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that explain the experimental data are presented in Table 4. The agreement
between the experimental values and the model calculations is quite good.
The table also presents the data on LB films compiled from previous
reports [6,9]; the data correspond to the hemicyanine dye based amphi-
philes in pure form as well as composites with arachidic acid. Inspection of
the experimental and computed data in Table 4 leads to the following
conclusions. The monomer peaks are present in the solution, solid state,
and LB film spectra. The antiparallel dimer explains the additional peaks in
the solid state spectrum. Parallel dimer serves as a suitable model for the
new peaks observed in the LB film spectrum. It should be noted that, even
though the parallel dimer has the appearance of a traditional J-aggregate,
the peaks are blue shifted. This result, obtained from a rigorous quantum
chemical computation, is consistent with the experimental observation of
only blue-shifted aggregate peaks in the LB films. It may be rationalized

FIGURE 2 Molecular structure of BDPB from single crystal X-ray analysis; 10%

probability thermal ellipsoids are indicated and H atoms are omitted for clarity.

Structure of only one molecule in the asymmetric unit is shown.
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TABLE 2 Significant Bond Lengths and Angles in BDPB

Bond Length (Å)

N(3)-C(7) 1.347(8)

N(3)-C(11) 1.365(8)

N(3)-C(20) 1.475(7)

N(4)-C(17) 1.379(7)

N(4)-C(25) 1.449(8)

N(4)-C(24) 1.458(8)

C(7)-C(8) 1.386(9)

C(8)-C(9) 1.410(9)

C(9)-C(10) 1.380(9)

C(9)-C(12) 1.471(10)

C(10)-C(11) 1.339(9)

C(12)-C(13) 1.290(10)

C(13)-C(14) 1.490(9)

C(14)-C(15) 1.372(9)

C(14)-C(19) 1.391(9)

C(15)-C(16) 1.376(8)

C(16)-C(17) 1.399(8)

C(17)-C(18) 1.394(8)

C(18)-C(19) 1.389(9)

C(20)-C(21) 1.506(8)

C(21)-C(22) 1.526(8)

C(22)-C(23) 1.511(9)

Bond-bond Angle(�)

C(7)-N(3)-C(11) 119.0(6)

C(7)-N(3)-C(20) 120.6(6)

C(11)-N(3)-C(20) 120.3(6)

C(17)-N(4)-C(25) 120.4(5)

C(17)-N(4)-C(24) 120.3(6)

C(25)-N(4)-C(24) 117.6(5)

N(3)-C(7)-C(8) 120.5(7)

C(7)-C(8)-C(9) 119.7(7)

C(10)-C(9)-C(8) 117.9(7)

C(10)-C(9)-C(12) 119.4(7)

C(8)-C(9)-C(12) 122.6(7)

C(11)-C(10)-C(9) 120.1(7)

C(10)-C(11)-N(3) 122.7(7)

C(13)-C(12)-C(9) 123.9(8)

C(12)-C(13)-C(14) 128.0(8)

C(15)-C(14)-C(19) 116.6(6)

C(15)-C(14)-C(13) 118.4(6)

C(19)-C(14)-C(13) 125.0(7)

C(14)-C(15)-C(16) 123.0(6)

C(15)-C(16)-C(17) 120.4(6)

N(4)-C(17)-C(18) 122.0(6)

N(4)-C(17)-C(16) 120.6(6)

(Continued)
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TABLE 2 Continued

Bond—bond Angle (�)

C(18)-C(17)-C(16) 117.3(6)

C(17)-C(18)-C(19) 120.7(6)

C(14)-C(19)-C(18) 121.7(6)

N(3)-C(20)-C(21) 113.1(5)

C(20)-C(21)-C(22) 111.0(5)

C(23)-C(22)-C(21) 111.9(5)

The values for only one of the molecules in the asymmetric unit

are listed; see Figure 2 for atom labels.

FIGURE 3 Packing of molecules in BDPB crystals viewed approximately along the

a axis; H atoms are omitted for clarity. The spheres inside the channels are the

bromide ions and the distance between the two ions shown within each cavity is

5.907 Å.
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based on the fact that the simple point dipole approximation is not
appropriate at short intermolecular distances where consideration of the
extended dipole approximation predicts H-aggregate type behavior irre-
spective of molecular orientations [11]. It is seen that the molecular
environment in the solution is modeled by a low dielectric constant close to

TABLE 3 Peak maximum (lmax) and oscillator strength (f) for the electronic ab-

sorptions of monomer, antiparallel (Fig. 4a), and parallel (Fig. 4b) dimers of the

cationic part of BDPB computed using the AM1/CI method under different dielectric

constants e in the COSMO routine

lmax(nm) [f]

Structure e¼ 1 e¼ 2 e¼ 3 e¼ 4 e¼ 5

Monomer 506.6 [0.86] 476.4 [0.88] 450.2 [0.95] 435.8 [1.00] 426.9 [1.03]

281.3 [0.32] 294.4 [0.57] 290.9 [0.61] 288.6 [0.60] 287.0 [0.54]

Dimer (antiparallel) 455.2 [0.90] 394.9 [0.87] 371.3 [0.88] 361.4 [0.90] 361.8 [0.96]

393.6 [0.60] 344.7 [0.58] 325.7 [0.59] 315.9 [0.61] 310.0 [0.62]

Dimer (parallel) 466.5 [1.08] 403.3 [1.07] 379.2 [1.12] 369.1 [1.17] 368.0 [1.22]

363.9 [0.76] 345.0 [0.75] 337.5 [0.73] 333.5 [0.72] 331.3 [0.72]

FIGURE 4 (a) Antiparallel and (b) parallel dimer structures of the cations present

in BDPB crystals.
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that of the solvent. The dielectric constant required to model the solid state
is quite reasonable given the fact that the refractive index of organic
crystals is typically 1.5–2.0 [20]. The molecular environment in the LB films
is modeled using a low dielectric constant in the case of the hemicyanine
dye mixed with the fatty acid, but by a relatively higher dielectric constant
than that in the solution and solid states for the case of the pure dye; this is
indicative of a more polarizable structure present in the LB films of the
pure dye.

CONCLUSIONS

In the present study we have addressed the fundamental problem of dye
molecule aggregation using detailed investigations of a hemicyanine
molecule, a system of great interest in nonlinear optical applications. The
crystal structure of a model compound was investigated to provide a basis
for modeling aggregate structures. We employ a new approach based on
semiempirical quantum chemical computations incorporating solvation
modeling on molecular and supramolecular structures from the crystal to
gain significant insight into the electronic absorption features of the solu-
tion and the solid state of the dye molecule. The current analysis leads also
to a structural model to explain the monomer and aggregate absorption
spectra of previously reported LB films of hemicyanine dye molecules.

TABLE 4 Modeling of the electronic absorption peaks of BDPB in chloroform so-

lution and in the solid state, and of similar chromophores in LB films, using selected

computed lmax from Table 3

lmax (nm)

Sample Experiment AM1/CI calculation Model

Solution (chloroform) 497.5 506.6 M (e¼ 1)

285.0 281.3

LB Film 477.0,a 460.0b 476.4, 450.2# M (e¼ 2)
339.0a 368.0,* 331.3* #M (e¼ 3)

263.0a 294.4, 290.9# *PD (e¼ 5)

Solid 460.2 476.4 M (e¼ 2)

399.4 394.9* *AD (e¼ 2)
327.2 344.7*

278.7 294.4

aScildkraut et al. [6]. The peaks at 339.0 and 263.0 nm are found in LB films of the pure dye

and the peaks at 477.0 and 263.0 nm in LB films of the dye mixed with arachidic acid.
bLi et al. [9]. LB films of pure dye; the absorption in the UV region is not mentioned in this

article.

M¼monomer; AD¼ antiparallel dimer; PD¼parallel dimer.
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The experimental and computational approach developed in the present
study can be profitably used to monitor and model aggregation in LB films
of new systems. Current work in progress in our laboratory will utilize the
present analysis in the investigation of new approaches to achieve deag-
gregation of hemicyanine dye molecules in LB films. This will enable the
development of techniques to enhance the optical second harmonic gen-
eration response of these ultrathin films.
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APPENDIX: SUPPLEMENTARY INFORMATION

Crystal Structure Determination

Single crystal X-ray data were measured on an ENRAF-NONIUS MACH3
diffractometer. MoKa (l¼ 0.71073 Å) radiation with a graphite crystal
monochromator in the incident beam was used. The standard CAD4
centering, indexing, and data collection programs were used. The unit cell
dimensions were obtained by a least-squares fit of 24 centered reflections
near y¼ 10�. Intensity data were collected using the o scan method at a
scan speed of 4.12�/min. The scan width, Dy for each reflection, was
[0.80þ 0.35 tany]. During data collection the intensities of three standard
reflections were monitored every 1.5 h; no decay was observed. Three
orientation standards were monitored every 250 reflections to monitor
crystal motion. Data was reduced using Xtal3.4; intensities were cor-
rected for Lorentz and polarization effects. Absorption correction was
carried out using empirical psi-scan method. Non-H atoms were found
using the SHELXS-97 direct method analysis and were refined aniso-
tropically. H atoms were added at idealized positions for structure factor
calculation, but were not refined (all computations were carried out on a
Pentium PC using SHELXL-97). Refinement proceeded to convergence by
minimizing Sw(Fo

2�Fc
2). A final difference Fourier synthesis map

showed the largest difference peak and hole to be very small. The R
indices are calculated as R¼S|(|Fo|� |Fc|)|/S|Fo| and wR2¼ [Sw(Fo

2�
Fc

2)2/S(Fo
2)2]1/2. The crystallographic data are provided in the Tables A1

through A5, and the asymmetrical unit is shown in Fig. A1.
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TABLE A1 Crystallographic Data for BDPB

Identification code BDPB

Molecular formula C19H25N2Br

Formula weight 361.32

Crystal system Monoclinic

Space group P21/c (No.14)

Color and appearance Red grain

Dimensions, mm6mm6mm 0.6460.4860.32

a/Å 12.222(10)

b/Å 17.521(17)

c/Å 17.13(2)

�/deg. 90.58(9)

Z 8

�, cm�1 22.50

Temperature/K 293(2)

l/Å 0.71703

y range/deg. 1.66–24.97

No. of unique reflections 6433

No. of reflections with I� 2sI 3139

No. of parameters 397

GOF 1.002

rcalc./g cm
�3 1.308

Tmin (psi-scan absorption

correction)

0.7942

Tmax(psi-scan absorption

correction)

0.9995

R [for I� 2sI] 0.0621

wR2[for I� 2sI] 0.1336

R [all data] 0.1535

wR2 [all data] 0.1763

Largest difference peak/e Å�3 0.65

Largest difference hole/e Å�3 �0.52

TABLE A2 Atomic Coordinates (6104) and Equivalent Isotropic Displacement

Parameters (Å6103) for BDPB

x y z Ueq

Br(1) 9284(1) 2164(1) 2441(1) 62(1)

Br(2) 4453(1) 2166(1) 2504(1) 86(1)

N(3) 9377(4) 4904(3) 3008(3) 56(1)

N(4) 884(4) 4694(3) 1313(3) 59(2)

N(5) 5541(4) 2984(3) �55(3) 53(1)

N(6) 14011(4) 1332(3) �162(3) 53(1)

(Continued)
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TABLE A2 Continued

x y z Ueq

C(7) 8694(6) 5497(4) 2891(4) 63(2)

C(8) 7595(6) 5373(4) 2728(4) 66(2)

C(9) 7191(6) 4620(5) 2682(4) 63(2)

C(10) 7925(6) 4029(4) 2782(4) 67(2)

C(11) 8976(6) 4179(4) 2951(4) 64(2)

C(12) 6043(7) 4446(5) 2486(4) 75(2)

C(13) 5302(7) 4960(5) 2372(4) 71(2)

C(14) 4139(6) 4846(4) 2128(4) 54(2)

C(15) 3492(6) 5478(4) 2026(4) 57(2)

C(16) 2429(5) 5440(3) 1757(4) 54(2)

C(17) 1952(5) 4735(4) 1577(3) 47(2)

C(18) 2581(6) 4084(4) 1710(4) 58(2)

C(19) 3652(6) 4142(4) 1982(4) 57(2)

C(20) 10540(5) 5034(4) 3205(4) 57(2)

C(21) 10739(5) 5166(4) 4064(3) 56(2)

C(22) 11926(5) 5394(4) 4223(4) 64(2)

C(23) 12162(6) 5482(4) 5086(4) 75(2)

C(24) 407(6) 3961(4) 1094(4) 75(2)

C(25) 310(6) 5377(4) 1066(4) 73(2)

C(26) 5975(6) 2862(4) 657(4) 60(2)

C(27) 7052(6) 2689(4) 751(4) 60(2)

C(28) 7752(5) 2639(3) 111(4) 48(2)

C(29) 7275(5) 2765(3) �625(4) 51(2)

C(30) 6182(6) 2926(4) �686(4) 55(2)

C(31) 8911(5) 2440(3) 217(4) 52(2)

C(32) 9642(5) 2384(3) �352(4) 51(2)

C(33) 10770(5) 2148(3) �273(4) 48(2)

C(34) 11281(5) 1981(3) 444(4) 51(2)

C(35) 12347(5) 1721(4) 480(4) 52(2)

C(36) 12960(5) 1594(3) �199(4) 47(2)

C(37) 12443(5) 1785(4) �917(3) 51(2)

C(38) 11390(5) 2046(4) �938(3) 52(2)

C(39) 4380(5) 3207(4) �164(4) 61(2)

C(40) 4248(5) 4065(4) �232(4) 55(2)

C(41) 3078(5) 4273(4) �446(4) 64(2)

C(42) 2892(5) 5131(4) �460(4) 71(2)

C(43) 14480(5) 1056(4) 565(4) 68(2)

C(44) 14585(5) 1130(4) �880(4) 64(2)

Ueq is defined as one third of the trace of the orthogonalized Uij tensor.
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TABLE A3 Bond Lengths [Å] and Angles [deg] for BDPB

Bond/bond Distance/angle

N(3)-C(7) 1.347(8)

N(3)-C(11) 1.365(8)

N(3)-C(20) 1.475(7)

N(4)-C(17) 1.379(7)

N(4)-C(25) 1.449(8)

N(4)-C(24) 1.458(8)

N(5)-C(26) 1.342(8)

N(5)-C(30) 1.346(8)

N(5)-C(39) 1.482(7)

N(6)-C(36) 1.365(7)

N(6)-C(43) 1.449(8)

N(6)-C(44) 1.466(7)

C(7)-C(8) 1.386(9)

C(8)-C(9) 1.410(9)

C(9)-C(10) 1.380(9)

C(9)-C(12) 1.471(10)

C(10)-C(11) 1.339(9)

C(12)-C(13) 1.290(10)

C(13)-C(14) 1.490(9)

C(14)-C(15) 1.372(9)

C(14)-C(19) 1.391(9)

C(15)-C(16) 1.376(8)

C(16)-C(17) 1.399(8)

C(17)-C(18) 1.394(8)

C(18)-C(19) 1.389(9)

C(20)-C(21) 1.506(8)

C(21)-C(22) 1.526(8)

C(22)-C(23) 1.511(9)

C(26)-C(27) 1.359(9)

C(27)-C(28) 1.400(9)

C(28)-C(29) 1.401(8)

C(28)-C(31) 1.468(9)

C(29)-C(30) 1.368(8)

C(31)-C(32) 1.333(8)

C(32)-C(33) 1.444(8)

C(33)-C(38) 1.387(8)

C(33)-C(34) 1.403(8)

C(34)-C(35) 1.381(8)

C(35)-C(36) 1.407(8)

C(36)-C(37) 1.417(8)

C(37)-C(38) 1.366(8)

C(39)-C(40) 1.516(9)

C(40)-C(41) 1.517(8)

C(41)-C(42) 1.520(9)

(Continued)
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TABLE A3 Continued

Bond/bond Distance/angle

C(7)-N(3)-C(11) 119.0(6)

C(7)-N(3)-C(20) 120.6(6)

C(11)-N(3)-C(20) 120.3(6)

C(17)-N(4)-C(25) 120.4(5)

C(17)-N(4)-C(24) 120.3(6)

C(25)-N(4)-C(24) 117.6(5)

C(26)-N(5)-C(30) 119.4(6)

C(26)-N(5)-C(39) 121.7(6)

C(30)-N(5)-C(39) 118.9(6)

C(36)-N(6)-C(43) 121.0(5)

C(36)-N(6)-C(44) 120.1(5)

C(43)-N(6)-C(44) 116.9(5)

N(3)-C(7)-C(8) 120.5(7)

C(7)-C(8)-C(9) 119.7(7)

C(10)-C(9)-C(8) 117.9(7)

C(10)-C(9)-C(12) 119.4(7)

C(8)-C(9)-C(12) 122.6(7)

C(11)-C(10)-C(9) 120.1(7)

C(10)-C(11)-N(3) 122.7(7)

C(13)-C(12)-C(9) 123.9(8)

C(12)-C(13)-C(14) 128.0(8)

C(15)-C(14)-C(19) 116.6(6)

C(15)-C(14)-C(13) 118.4(6)

C(19)-C(14)-C(13) 125.0(7)

C(14)-C(15)-C(16) 123.0(6)

C(15)-C(16)-C(17) 120.4(6)

N(4)-C(17)-C(18) 122.0(6)

N(4)-C(17)-C(16) 120.6(6)

C(18)-C(17)-C(16) 117.3(6)

C(17)-C(18)-C(19) 120.7(6)

C(14)-C(19)-C(18) 121.7(6)

N(3)-C(20)-C(21) 113.1(5)

C(20)-C(21)-C(22) 111.0(5)

C(23)-C(22)-C(21) 111.9(5)

N(5)-C(26)-C(27) 121.2(6)

C(26)-C(27)-C(28) 121.3(6)

C(27)-C(28)-C(29) 116.3(6)

C(27)-C(28)-C(31) 121.0(6)

C(29)-C(28)-C(31) 122.7(6)

C(30)-C(29)-C(28) 119.9(6)

N(5)-C(30)-C(29) 121.9(6)

C(32)-C(31)-C(28) 125.5(6)

C(31)-C(32)-C(33) 126.8(6)

C(38)-C(33)-C(34) 116.8(6)

C(38)-C(33)-C(32) 119.2(6)

(Continued)
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TABLE A3 Continued

Bond/bond Distance/angle

C(34)-C(33)-C(32) 123.9(6)

C(35)-C(34)-C(33) 121.3(6)

C(34)-C(35)-C(36) 121.7(6)

N(6)-C(36)-C(35) 121.6(6)

N(6)-C(36)-C(37) 122.0(6)

C(35)-C(36)-C(37) 116.3(6)

C(38)-C(37)-C(36) 120.9(6)

C(37)-C(38)-C(33) 122.9(6)

N(5)-C(39)-C(40) 111.9(5)

C(39)-C(40)-C(41) 110.9(5)

C(40)-C(41)-C(42) 112.4(6)

TABLE A4 Anisotropic Displacement Parameters (Å26103) for BDPB

U11 U22 U33 U23 U13 U12

Br(1) 78(1) 58(1) 51(1) 0(1) �2(1) �2(1)

Br(2) 132(1) 62(1) 65(1) �7(1) �12(1) 32(1)

N(3) 47(4) 71(4) 49(3) �1(3) 1(3) 1(3)

N(4) 57(4) 53(4) 67(4) �6(3) �5(3) �7(3)

N(5) 49(4) 49(3) 61(4) 6(3) 3(3) �1(3)

N(6) 43(3) 63(4) 54(3) 1(3) 4(3) 7(3)

C(7) 73(5) 59(5) 58(4) �1(4) 1(4) 12(4)

C(8) 60(5) 85(6) 52(4) �5(4) �2(4) 30(4)

C(9) 69(5) 76(6) 42(4) �10(4) 5(3) �17(5)

C(10) 63(5) 68(5) 69(5) �4(4) 2(4) 5(4)

C(11) 63(5) 69(5) 61(5) �1(4) 1(4) 5(4)

C(12) 93(7) 67(5) 64(5) 0(4) 10(5) �4(5)

C(13) 88(6) 76(6) 48(4) 8(4) 6(4) 6(5)

C(14) 51(5) 65(5) 45(4) 10(3) 0(3) �11(4)

C(15) 62(5) 47(4) 62(4) 7(3) �2(4) �9(4)

C(16) 58(5) 39(4) 65(4) 3(3) 4(4) �8(3)

C(17) 47(4) 53(4) 43(4) �1(3) 9(3) 0(3)

C(18) 70(5) 44(4) 60(4) �1(3) 8(4) �12(4)

C(19) 62(5) 55(4) 53(4) 12(3) 6(4) 17(4)

C(20) 44(4) 72(5) 54(4) 3(4) 12(3) 4(3)

C(21) 53(4) 63(4) 52(4) �1(3) 10(3) 6(3)

C(22) 46(4) 65(5) 80(5) �2(4) 2(4) 3(4)

C(23) 60(5) 85(6) 79(5) 11(4) �21(4) �6(4)

C(24) 70(5) 71(5) 83(6) �10(4) �1(4) �23(4)

C(25) 69(5) 74(5) 76(5) 0(4) �14(4) 4(4)

C(26) 61(5) 68(5) 51(4) 2(4) 10(4) 4(4)

C(27) 62(5) 68(5) 51(4) �5(4) �1(4) 6(4)

(Continued)
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TABLE A4 Continued

U11 U22 U33 U23 U13 U12

C(28) 48(4) 38(4) 57(4) �1(3) �3(3) �7(3)

C(29) 50(4) 52(4) 53(4) �3(3) 5(3) 1(3)

C(30) 63(5) 54(4) 48(4) 2(3) �7(4) �1(4)

C(31) 60(4) 49(4) 48(4) �3(3) �8(3) �3(3)

C(32) 62(5) 48(4) 44(4) �1(3) �1(3) �2(3)

C(33) 43(4) 50(4) 49(4) �1(3) �4(3) 4(3)

C(34) 58(4) 47(4) 49(4) 6(3) 7(3) 2(3)

C(35) 56(4) 52(4) 48(4) 4(3) �1(3) 7(3)

C(36) 46(4) 46(4) 48(4) 4(3) 2(3) �1(3)

C(37) 49(4) 58(4) 44(4) 2(3) 9(3) �3(3)

C(38) 50(4) 65(5) 42(4) �2(3) �1(3) �3(3)

C(39) 41(4) 64(5) 79(5) 4(4) 0(4) �5(4)

C(40) 46(4) 57(4) 64(4) �1(3) 6(3) �6(3)

C(41) 47(4) 82(6) 63(5) �4(4) �1(4) 6(4)

C(42) 50(4) 83(6) 81(5) 2(4) 7(4) 15(4)

C(43) 56(4) 78(5) 70(5) �1(4) 3(4) 19(4)

C(44) 53(5) 80(5) 59(4) 1(4) 12(4) 13(4)

The anisotropic displacement factor exponent takes the form: �2 p2 [h2 a*2U11þ � � �þ2 h k

a* b* U12].

TABLE A5 Hydrogen coordinates (6104) and isotropic displacement parameters

(Å26103) for BDPB

x y z Ueq

H(7) 8961 5993 2920 76

H(8) 7125 5784 2650 79

H(10) 7690 3526 2733 80

H(11) 9452 3772 3032 77

H(12) 5839 3936 2443 90

H(13) 5520 5462 2451 85

H(15) 3785 5955 2145 68

H(16) 2024 5886 1694 65

H(18) 2281 3604 1615 70

H(19) 4055 3699 2068 68

H(20A) 10799 5474 2917 68

H(20B) 10963 4595 3040 68

H(21A) 10572 4704 4350 67

H(21B) 10257 5567 4246 67

H(22A) 12407 5008 4010 76

H(22B) 12078 5872 3961 76

(Continued)
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TABLE A5 Continued

x y z Ueq

H(23A) 12910 5634 5162 112

H(23B) 12038 5004 5345 112

H(23C) 11688 5864 5299 112

H(24A) �338 4034 927 112

H(24B) 426 3624 1536 112

H(24C) 818 3741 676 112

H(25A) �421 5247 904 109

H(25B) 689 5607 638 109

H(25C) 282 5732 1493 109

H(26) 5531 2896 1093 72

H(27) 7330 2603 1251 72

H(29) 7701 2740 �1071 62

H(30) 5873 2998 �1179 66

H(31) 9156 2346 724 63

H(32) 9401 2509 �852 61

H(34) 10894 2047 904 62

H(35) 12669 1629 965 63

H(37) 12827 1733 �1380 61

H(38) 11074 2159 �1421 63

H(39A) 3960 3025 276 73

H(39B) 4091 2966 �632 73

H(40A) 4737 4258 �629 66

H(40B) 4446 4303 261 66

H(41A) 2588 4043 �72 77

H(41B) 2902 4065 �957 77

H(42A) 2142 5235 �594 107

H(42B) 3361 5360 �840 107

H(42C) 3056 5340 47 107

H(43A) 15219 892 479 102

H(43B) 14056 634 751 102

H(43C) 14477 1458 945 102

H(44A) 15309 955 �752 96

H(44B) 14630 1570 �1212 96

H(44C) 14191 732 �1147 96
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SUMMARY OF SEMIEMPIRICAL AM1 CALCULATIONS

(These are provided in Tables A6 through A8)

TABLE A6 BDPB Cation Monomer

Final Geometry

Charge

N 0.5603000 0 �3.7089000 0 0.3667000 0 �0.0609

N 0.1304000 0 6.9995000 0 �0.5288000 0 �0.2612

C 0.5851000 0 �3.0665000 0 1.5400000 0 �0.0044

H 0.7041783 1 �3.6853989 1 2.4577843 1 0.1970

C 0.4624000 0 �1.7121000 0 1.6128000 0 �0.1761

H 0.4917526 1 �1.2217052 1 2.6043601 1 0.1877

C 0.3040000 0 �0.9359000 0 0.4615000 0 0.1273

C 0.2850000 0 �1.6354000 0 �0.7499000 0 �0.1810

H 0.1687836 1 �1.1029834 1 �1.7103218 1 0.1837

C 0.4278000 0 �2.9977000 0 �0.7636000 0 �0.0095

H 0.4225380 1 �3.5632151 1 �1.7220907 1 0.1959

C 0.1898000 0 0.5215000 0 0.5524000 0 �0.2533

H 0.2710353 1 0.9152595 1 1.5812157 1 0.1508

C 0.0244000 0 1.3498000 0 �0.4863000 0 0.0602

H �0.0769002 1 0.9314263 1 �1.5098113 1 0.1190

C �0.0105000 0 2.7918000 0 �0.4454000 0 �0.1799

C 0.0612000 0 3.5393000 0 0.7423000 0 �0.0225

H 0.0832036 1 3.0276282 1 1.7173861 1 0.1324

C 0.0910000 0 4.9212000 0 0.7089000 0 �0.2292

H 0.1385666 1 5.4559546 1 1.6729337 1 0.1446

C 0.0915000 0 5.6371000 0 �0.5001000 0 0.1757

C �0.0172000 0 4.8645000 0 �1.6858000 0 �0.2216

H �0.0574445 1 5.3605946 1 �2.6695210 1 0.1469

C �0.0511000 0 3.5031000 0 �1.6317000 0 �0.0317

H �0.1182051 1 2.9474802 1 �2.5869318 1 0.1280

C 0.6204000 0 �5.1865000 0 0.2788000 0 �0.0564

H 1.1556619 1 �5.5666772 1 1.1954482 1 0.1319

H 1.2401966 1 �5.4504853 1 �0.6258760 1 0.1320

C �0.7549000 0 �5.8101000 0 0.1793000 0 �0.1867

H �1.3238205 1 �5.6443678 1 1.1335971 1 0.1048

H �1.3468655 1 �5.3322828 1 �0.6476309 1 0.0999

C �0.6559000 0 �7.3008000 0 �0.0888000 0 �0.1588

H �0.0073168 1 �7.7778594 1 0.6932259 1 0.0894

H �0.1599258 1 �7.4678392 1 �1.0814641 1 0.0883

C �2.0137000 0 �7.9805000 0 �0.0891000 0 �0.2133

H �1.8871379 1 �9.0690797 1 �0.3032837 1 0.0978

H �2.6759494 1 �7.5372276 1 �0.8705744 1 0.0820

H �2.5106213 1 �7.8681100 1 0.9040785 1 0.0830

C 0.3959000 0 7.7614000 0 0.6743000 0 �0.0824

(Continued)
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TABLE A6 Continued

Final Geometry

Charge

H 0.3826539 1 8.8582980 1 0.4432931 1 0.1029

H 1.3968676 1 7.4914790 1 1.1069794 1 0.0800

H �0.4016595 1 7.5496154 1 1.4366906 1 0.0917

C 0.2697000 0 7.7044000 0 �1.8039000 0 �0.0821

H 0.3076019 1 8.8093215 1 �1.6237828 1 0.1031

H �0.6168942 1 7.4733916 1 �2.4520128 1 0.0931

H 1.2076797 1 7.3848924 1 �2.3306396 1 0.0820

AM1 nointer precise XYZ charge¼ 1, 1SCF C.I.¼ 6, EPS¼ 1, NSPA¼ 60, GEO-OK MECI.

BDPB cation - Monomer from crystal structure-H atoms optimized.

Heat of formation¼ 206.811736KCAL¼ 865.30030KJ.

Electronic energy¼�22142.932042EV; State: singlet A.

Core-core repulsion¼ 18959.590408EV.

Dipole¼ 7.10942 DEBYE; Symmetry: C1.

No. of filled levels¼ 54.

No. of open levels¼ 1.

Configuration interaction was used.

Charge on System¼ 1.

Ionization Potential¼ 12.659718EV.

Homo (somo) lumo (EV)¼�12.202 (�10.358) �4.791.

Molecular weight¼ 281.420.

SCF calculations¼ 2.

TABLE A7 BDPB Cation Dimer (Parallel)

Final Geometry

Charge

N 6.7719000 0 5.2287000 0 �0.0942000 0 �0.0401

N 17.1273000 0 2.3326000 0 �0.2791000 0 �0.2951

C 7.2950000 0 5.0125000 0 1.1182000 0 0.0023

C 8.6133000 0 4.7122000 0 1.2814000 0 �0.1672

C 9.4761000 0 4.6183000 0 0.1862000 0 0.1181

C 8.8997000 0 4.8462000 0 �1.0680000 0 �0.1726

C 7.5637000 0 5.1302000 0 �1.1732000 0 �0.0039

C 10.8883000 0 4.2780000 0 0.3743000 0 �0.2247

C 11.7953000 0 4.1751000 0 �0.6051000 0 0.0274

C 13.1717000 0 3.7641000 0 �0.4692000 0 �0.1582

C 13.7792000 0 3.4710000 0 0.7635000 0 �0.0306

C 15.0838000 0 3.0165000 0 0.8202000 0 �0.2352

C 15.8444000 0 2.7897000 0 �0.3390000 0 0.1417

C 15.2244000 0 3.1258000 0 �1.5709000 0 �0.2295

C 13.9392000 0 3.5778000 0 �1.6055000 0 �0.0388

C 5.3570000 0 5.6266000 0 �0.2798000 0 �0.0611

C 5.1953000 0 7.1266000 0 �0.3974000 0 �0.1862

C 3.7680000 0 7.4907000 0 �0.7642000 0 �0.1591

(Continued)
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TABLE A7 Continued

Final Geometry

Charge

C 3.5410000 0 8.9919000 0 �0.7868000 0 �0.2138

C 17.6877000 0 1.8508000 0 0.9669000 0 �0.0807

C 17.8393000 0 1.9769000 0 �1.5074000 0 �0.0803

H 6.6094101 1 5.0878641 1 1.9916340 1 0.2048

H 9.0012451 1 4.5374261 1 2.3038944 1 0.1901

H 9.5034716 1 4.7868695 1 �1.9910578 1 0.1843

H 7.0923632 1 5.3037851 1 �2.1673839 1 0.2032

H 11.1644366 1 4.0786953 1 1.4255112 1 0.1507

H 11.4980384 1 4.3943084 1 �1.6522129 1 0.1249

H 13.2173063 1 3.6005202 1 1.7025106 1 0.1403

H 15.5008075 1 2.7867706 1 1.8153826 1 0.1434

H 15.7638148 1 2.9827393 1 �2.5217571 1 0.1450

H 13.4932628 1 3.7982103 1 �2.5950471 1 0.1368

H 4.7702385 1 5.2392783 1 0.6015917 1 0.1375

H 4.9752681 1 5.1121358 1 �1.2091426 1 0.1378

H 5.4632915 1 7.6223018 1 0.5741888 1 0.1054

H 5.8853813 1 7.5377540 1 �1.1828626 1 0.0983

H 3.0635728 1 7.0253163 1 �0.0245339 1 0.0924

H 3.5228744 1 7.0652346 1 �1.7732062 1 0.0906

H 2.4802061 1 9.2044248 1 �1.0638295 1 0.1029

H 4.2097924 1 9.4803546 1 �1.5350708 1 0.0817

H 3.7433655 1 9.4371789 1 0.2165516 1 0.0838

H 18.7315009 1 1.4754318 1 0.8014486 1 0.1012

H 17.0688311 1 1.0145692 1 1.3943132 1 0.0983

H 17.7197654 1 2.6939354 1 1.7097256 1 0.0673

H 18.8487288 1 1.5595583 1 �1.2588305 1 0.1020

H 17.9685620 1 2.8996639 1 �2.1334517 1 0.0664

H 17.2644106 1 1.2109214 1 �2.0946575 1 0.1004

N 18.9941000 0 5.2287000 0 �0.0942000 0 �0.0565

N 29.3495000 0 2.3326000 0 �0.2791000 0 �0.2564

C 19.5172000 0 5.0125000 0 1.1182000 0 �0.0058

C 20.8355000 0 4.7122000 0 1.2814000 0 �0.1797

C 21.6983000 0 4.6183000 0 0.1862000 0 0.1320

C 21.1219000 0 4.8462000 0 �1.0680000 0 �0.1841

C 19.7859000 0 5.1302000 0 �1.1732000 0 �0.0117

C 23.1105000 0 4.2780000 0 0.3743000 0 �0.2674

C 24.0175000 0 4.1751000 0 �0.6051000 0 0.0710

C 25.3939000 0 3.7641000 0 �0.4692000 0 �0.1904

C 26.0014000 0 3.4710000 0 0.7635000 0 �0.0192

C 27.3060000 0 3.0165000 0 0.8202000 0 �0.2310

C 28.0666000 0 2.7897000 0 �0.3390000 0 0.1799

C 27.4466000 0 3.1258000 0 �1.5709000 0 �0.2227

C 26.1614000 0 3.5778000 0 �1.6055000 0 �0.0296

C 17.5792000 0 5.6266000 0 �0.2798000 0 �0.0539

C 17.4175000 0 7.1266000 0 �0.3974000 0 �0.1865

(Continued)
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TABLE A7 Continued

Final Geometry

Charge

C 15.9902000 0 7.4907000 0 �0.7642000 0 �0.1560

C 15.7632000 0 8.9919000 0 �0.7868000 0 �0.2142

C 29.9099000 0 1.8508000 0 0.9669000 0 �0.0855

C 30.0615000 0 1.9769000 0 �1.5074000 0 �0.0851

H 18.8326086 1 5.0951894 1 1.9911308 1 0.1920

H 21.2292331 1 4.5460151 1 2.3027859 1 0.1882

H 21.7295805 1 4.7941435 1 �1.9885932 1 0.1844

H 19.3163547 1 5.3093376 1 �2.1653664 1 0.1917

H 23.3922364 1 4.0893210 1 1.4257019 1 0.1521

H 23.7210631 1 4.3956051 1 �1.6521308 1 0.1182

H 25.4442546 1 3.6142864 1 1.7028683 1 0.1322

H 27.7374535 1 2.8166962 1 1.8160232 1 0.1473

H 27.9974719 1 3.0092728 1 �2.5189408 1 0.1498

H 25.7201076 1 3.8097842 1 �2.5939203 1 0.1281

H 16.9914152 1 5.2327897 1 0.5984403 1 0.1302

H 17.1958299 1 5.1083944 1 �1.2072709 1 0.1304

H 17.6869163 1 7.6217210 1 0.5742134 1 0.1064

H 18.1092804 1 7.5392301 1 �1.1814485 1 0.1028

H 15.2876460 1 7.0245418 1 �0.0240257 1 0.0826

H 15.7458129 1 7.0664482 1 �1.7726676 1 0.0837

H 14.7035492 1 9.2075934 1 �1.0633273 1 0.0898

H 16.4332169 1 9.4798851 1 �1.5348112 1 0.0874

H 15.9681202 1 9.4366924 1 0.2158788 1 0.0856

H 30.9447466 1 1.4555366 1 0.7966474 1 0.1072

H 29.2744982 1 1.0322938 1 1.4015011 1 0.0816

H 29.9678437 1 2.6979910 1 1.7026479 1 0.0935

H 31.0800244 1 1.5843932 1 �1.2560879 1 0.1072

H 30.1759427 1 2.8930843 1 �2.1453346 1 0.0952

H 29.4950916 1 1.1943332 1 �2.0786979 1 0.0835

AM1 nointer precise XYZ charge¼þ2, C.I.¼ 6, MECI NSPA¼ 60, GEO-OK EPS¼ 1, 1SCF.

BDPB cation-parallel dimer from crystal structure-H atoms optimized.

Heat of formation¼ 445.282950KCAL¼ 1863.06386KJ.

Electronic energy¼�61922.732381EV; State: Singlet A.

Core-core repulsion¼ 55557.421998EV.

Dipole¼ 17.43536 DEBYE; Symmetry: C1.

No. of filled levels¼ 109.

No. of open levels¼ 1.

Configuration interaction was used.

Charge on system¼ 2.

Ionization potential¼ 14.757365EV.

Homo (somo) lumo (EV)¼�12.452 (�11.263) �6.254.

Molecular weight¼ 562.840.

SCF calculations¼ 2.
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TABLE A8 BDPB Cation Dimer (Antiparallel)

Final Geometry

Charge

N 2.3179000 0 0.1033000 0 �3.6322000 0 �0.0530

N �8.0325000 0 �1.3008000 0 �1.0625000 0 �0.2773

N �2.3179000 0 �0.2560000 0 2.5922000 0 �0.0560

N 8.0376000 0 1.9785000 0 4.4439000 0 �0.2541

C 1.4855000 0 �0.8492000 0 �4.0811000 0 0.0171

H 1.9048445 1 �1.6340502 1 �4.7487800 1 0.2103

C 0.1490000 0 �0.8392000 0 �3.7261000 0 �0.1761

H �0.5106553 1 �1.6307106 1 �4.1196404 1 0.1924

C �0.3435000 0 0.1774000 0 �2.8857000 0 0.1157

C 0.5498000 0 1.1216000 0 �2.4167000 0 �0.1687

H 0.2064560 1 1.9336113 1 �1.7475771 1 0.1820

C 1.8293000 0 1.0762000 0 �2.8058000 0 �0.0020

H 2.5710894 1 1.8399741 1 �2.4748390 1 0.1969

C �1.7406000 0 0.2344000 0 �2.4318000 0 �0.2382

H �1.9584755 1 1.0721943 1 �1.7435099 1 0.1382

C �2.6487000 0 �0.6093000 0 �2.8012000 0 0.0367

H �2.4186140 1 �1.4158363 1 �3.5314812 1 0.1287

C �4.0692000 0 �0.6972000 0 �2.3487000 0 �0.1688

C �4.8590000 0 �1.6926000 0 �2.8575000 0 �0.0456

H �4.4522244 1 �2.3684868 1 �3.6354149 1 0.1340

C �6.1542000 0 �1.9116000 0 �2.4469000 0 �0.2094

H �6.7187951 1 �2.7379725 1 �2.9110333 1 0.1587

C �6.7292000 0 �1.0968000 0 �1.4701000 0 0.1648

C �5.9695000 0 �0.0386000 0 �0.9872000 0 �0.2274

H �6.3854591 1 0.6820561 1 �0.2646530 1 0.1433

C �4.6638000 0 0.1535000 0 �1.4251000 0 �0.0590

H �4.0969548 1 1.0109801 1 �1.0258057 1 0.1106

C 3.7385000 0 0.1221000 0 �4.0363000 0 �0.0593

H 4.0897041 1 �0.9506168 1 �4.0827125 1 0.1358

H 4.3240373 1 0.6458418 1 �3.2266562 1 0.1321

C 3.9644000 0 0.7995000 0 �5.3665000 0 �0.1900

H 3.7238103 1 1.8938591 1 �5.2924131 1 0.1060

H 3.2920713 1 0.3629233 1 �6.1537212 1 0.1039

C 5.4121000 0 0.6392000 0 �5.8226000 0 �0.1545

H 6.0966881 1 1.0222897 1 �5.0202154 1 0.0884

H 5.6360124 1 �0.4515830 1 �5.9618368 1 0.0908

C 5.6849000 0 1.3780000 0 �7.1101000 0 �0.2162

H 6.7480683 1 1.2210453 1 �7.4164812 1 0.1041

H 5.5108604 1 2.4738565 1 �6.9839853 1 0.0845

H 5.0228746 1 1.0072351 1 �7.9292017 1 0.0856

C �8.6111000 0 �0.4807000 0 �0.0074000 0 �0.0788

H �9.6638448 1 �0.8066744 1 0.1951151 1 0.1120

H �8.6240024 1 0.5928558 1 �0.3351414 1 0.0943

H �8.0122651 1 �0.5692755 1 0.9387513 1 0.0621

C �8.7296000 0 �2.5149000 0 �1.4208000 0 �0.0824

(Continued)
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TABLE A8 Continued

Final Geometry

Charge

H �9.7570358 1 �2.5169233 1 �0.9708058 1 0.1090

H �8.1695423 1 �3.4184911 1 �1.0558872 1 0.0741

H �8.8358995 1 �2.5759787 1 �2.5378964 1 0.0965

C �1.7949000 0 0.6315000 0 1.7384000 0 �0.0025

H �2.4859019 1 1.0791223 1 0.9901199 1 0.1885

C �0.4766000 0 0.9705000 0 1.7828000 0 �0.1903

H �0.0918995 1 1.7273664 1 1.0765317 1 0.1700

C 0.3863000 0 0.4028000 0 2.7241000 0 0.1322

C �0.1901000 0 �0.5188000 0 3.6048000 0 �0.1794

H 0.4134562 1 �1.0072768 1 4.3904272 1 0.1888

C �1.5260000 0 �0.8104000 0 3.5230000 0 �0.0004

H �1.9973661 1 �1.5321940 1 4.2281608 1 0.2027

C 1.7985000 0 0.7886000 0 2.7719000 0 �0.2751

H 2.0720535 1 1.5755081 1 2.0477096 1 0.1397

C 2.7055000 0 0.2962000 0 3.6247000 0 0.0733

H 2.4087328 1 �0.4989968 1 4.3413243 1 0.1243

C 4.0820000 0 0.7086000 0 3.7564000 0 �0.1938

C 4.6893000 0 1.6703000 0 2.9313000 0 �0.0252

H 4.1282176 1 2.1145464 1 2.0951584 1 0.1209

C 5.9939000 0 2.0713000 0 3.1525000 0 �0.2342

H 6.4224904 1 2.8256932 1 2.4712076 1 0.1433

C 6.7546000 0 1.5734000 0 4.2237000 0 0.1818

C 6.1347000 0 0.5775000 0 5.0229000 0 �0.2199

H 6.6838947 1 0.1183971 1 5.8621907 1 0.1544

C 4.8495000 0 0.1914000 0 4.7852000 0 �0.0260

H 4.4066189 1 �0.5741590 1 5.4515658 1 0.1330

C �3.7328000 0 �0.6869000 0 2.5084000 0 �0.0567

H �4.3217990 1 0.1440505 1 2.0255220 1 0.1305

H �4.1122889 1 �0.8196706 1 3.5629271 1 0.1381

C �3.8945000 0 �1.9697000 0 1.7220000 0 �0.1860

H �3.6292730 1 �1.7958747 1 0.6440727 1 0.1023

H �3.2034201 1 �2.7641133 1 2.1145004 1 0.0999

C �5.3217000 0 �2.4798000 0 1.8048000 0 �0.1578

H �6.0242293 1 �1.6670528 1 1.4744531 1 0.0866

H �5.5685270 1 �2.7264996 1 2.8712342 1 0.0936

C �5.5487000 0 �3.7077000 0 0.9408000 0 �0.2144

H �6.6017647 1 �4.0593612 1 1.0590308 1 0.0967

H �4.8612558 1 �4.5343305 1 1.2397187 1 0.0853

H �5.3761888 1 �3.4674517 1 �0.1358282 1 0.0798

C 8.5979000 0 3.1006000 0 3.7190000 0 �0.0860

H 9.6414087 1 3.3055826 1 4.0741627 1 0.1109

H 7.9754336 1 4.0236889 1 3.8664851 1 0.0840

H 8.6374612 1 2.8566703 1 2.6232513 1 0.0880

C 8.7496000 0 1.5444000 0 5.6467000 0 �0.0872

H 9.7675534 1 2.0113703 1 5.6750455 1 0.1100

(Continued)
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TABLE A8 Continued

Final Geometry

Charge

H 8.8653907 1 0.4283551 1 5.6230853 1 0.0960

H 8.1821853 1 1.8406665 1 6.5692540 1 0.0886

AM1 nointer precise XYZ charge¼þ2, C.I.¼ 6, MECI EPS¼ 1, NSPA¼ 60, GEO-OK 1SCF.

BDPB cation-antiparallel dimer from crystal structure-H atoms optimized.

Heat of formation¼ 461.321310KCAL¼ 1930.16836KJ.

Electronic energy¼�65246.470299EV; State: Singlet A.

Core-core repulsion¼ 58881.855405EV.

Dipole¼ 3.40179 DEBYE; Symmetry: C1.

No. of filled levels¼ 109.

No. of open levels¼ 1.

Configuration interaction was used.

Charge on System¼ 2.

Ionization Potential¼ 15.374944EV.

Homo (somo) lumo (EV)¼�12.230 (�11.855) �6.737.

Molecular weight¼ 562.840.

SCF calculations¼ 2.

FIGURE A1 Molecular structure of the asymmetric unit in BDPB
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