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C,-Symmetric Bis(amide) Molecules: Solid-State
Assembly, Thermal Stability, and Second
Harmonic Generation

S. Philip Anthony'

M. Jaya Prakash

T. P. Radhakrishnan

School of Chemistry, University of Hyderabad, Hyderabad, India

Chiral Cs-symmetric bis(amide) molecules, N,N'-bis(4-fluorobenzoyl)-(1R,2R)-
diaminocyclohexane (BFBDC), N,N'-bis(4-nitrobenzoyl)-(1R,2R)-diaminocyclohexane
(BNBDC), N,N'-bis(4-methoxybenzoyl)-(1R,2R)-diaminocyclohexane (BMBDC),
and N,N'-bis(4-aminobenzoyl)-(1R,2R)-diaminocyclohexane (BABDC) are synthe-
sized, and their assembly patterns in the solid state are investigated through
single-crystal X-ray analysis. A range of noncovalent interactions give rise to heli-
cal superstructures in the crystals. The compounds exhibit good optical trans-
parency and high thermal stability; these may be attributed to the specific
molecular structure and extended supramolecular interactions. BMBDC and
BABDC molecules possess the largest hyperpolarizabilities in the series owing to
the presence of electron-donating groups and exhibit second harmonic generation
(SHG) in the solid state. The optical transparency, thermal stability, and SHG
capability make these materials potentially interesting candidates for quadratic
nonlinear optical applications.

Keywords: bis(amide) molecule; helical superstructure; second harmonic generation

INTRODUCTION

Molecular crystals, with their fast and efficient nonlinear optical
(NLO) responses, are important candidates for applications such as
second harmonic generation (SHG). Wide variations that can be rea-
lized in the material attributes through the design and synthesis of
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the molecular building blocks and their assembly are key to the versa-
tility of this class of materials. However, critical issues such as
thermal and mechanical stability and optical transparency have lim-
ited the deployment of molecular materials in NLO applications. The
molecular units for the construction of SHG materials should possess
strong hyperpolarizability (f) and good transparency in the spectral
range of interest. Noncentrosymmetric structure is an essential con-
dition for the material to exhibit quadratic NLO effects, and optimal
molecular orientations in the crystal lattice are required to elicit strong
SHG responses [1,2]. Homochirality ensures the formation of a noncen-
trosymmetric lattice; however, the realization of optimal molecular
orientations required for exhibiting efficient SHG remains a challeng-
ing problem. It is of considerable interest in this context that strong
enhancement of SHG has been observed in crystals and Langmuir-
Blodgett (LB) films with helical supramolecular organization [3-6];
the chirality of helical assemblies spans the whole molecular super-
structure. H-bonding as well as metal coordination have been impor-
tant tools for the design of extended helical assemblies. It is
significant in this context that intermolecular interactions can be
exploited not only in the formation of stable and structurally well-
defined supramolecular structures but also enhance the thermal stab-
ility of the resulting molecular materials [7].

Chiral C,-symmetric molecules are convenient building blocks for
helical superstructures [3-5,8,9]. In an effort to improve the thermal
attributes and structural organization of the Co-symmetric diaminocy-
clohexane derivatives, we have incorporated amide groups as a poten-
tial H-bond functionality [10] in the molecular structure. Recently, we
investigated two parent compounds in the series, N,N’-bis(benzoyl)-
(1R,2R)-diaminocyclohexane (BBDC) and N,N’-bis(isonicotinoyl)-
(1R,2R)-diaminocyclohexane (BINDC) [9]. It was shown that the subtle
variation in the molecular structure leads to the generation of very dif-
ferent organizational motifs in the two crystals: polar organization pro-
moted by the rare syn conformation of the bis(amide) groupin BBDC and
a helical organization in BINDC. The carbonyl moiety of the amide
group acts as a potential electron sink, although the amino group tends
to reduce the electron-withdrawing effect. Therefore, the molecular
hyperpolarizability of BBDC is expected to change in a sensitive way
depending on the nature of the substituents in the para position of the
phenyl ring. In addition to exploring molecular assemblies with helical
organization and high thermal stability, we investigated the impact of
the para substituents on the hyperpolarizabilities of BBDC and hence
on the SHG of the molecular crystals by synthesizing two derivatives
with electron-withdrawing groups (fluoro and nitro) and two with
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electron-donating groups (methoxy and amino). We have communicated
earlier the salient observations in this set of compounds [9]. We now
present details of the molecular structure and solid-state assembly of
the chiral vicinal bis(amide) derivatives of (1R,2R)-diaminocyclohexane,
N,N’-bis(4-fluorobenzoyl)-(1R,2R)-diaminocyclohexane (BFBDC), N,N'-
bis(4-nitrobenzoyl)-(1R,2R)-diaminocyclohexane = (BNBDC), N,N’-
bis(4-methoxybenzoyl)-(1R,2R)-diaminocyclohexane (BMBDC) and
N,N’-bis(4-aminobenzoyl)-(1R,2R)-diaminocyclohexane (BABDC). An
extended H-bond network involving the amide groups and other sub-
stituents leads to two- and three- dimensional supramolecular struc-
tures in these crystals. Interestingly, all the crystals exhibit helical
organization mediated by a range of noncovalent interactions. Non-
linear optical studies showed that molecules with electron-donating
groups in the para position of the aromatic rings are SHG active,
whereas those with electron-withdrawing groups do not show any
detectable SHG; computed molecular f values provide insight into
these observations. We also present electronic absorption measure-
ments and detailed calorimetric studies that respectively demon-
strate the optical transparency of the new materials and their high
thermal stability.

EXPERIMENTAL
Synthesis and Characterization

1,2-Diaminocyclohexane was resolved following the methodology
reported by Jacobsen et al. [11]. Synthesis of BFBDC, BNBDC, and
BMBDC followed the general procedure reported in [12]. In each case,
2mmol of the relevant aroyl chloride and 2.4 mmol of triethylamine
were dissolved in chloroform and stirred for 10 min. One mmol of
(1R,2R)-diaminocyclohexane in chloroform was added to the resulting
solution. Addition was carried out slowly because of the exothermic
nature of the reaction. A white precipitate formed, and the reaction
mixture was heated at reflux for 14 h. The solution was then cooled
to 30°C, and the solid filtered out. In some cases, the solvent was eva-
porated to recover the solid. The resulting off-white solid was washed
with water, saturated sodium bicarbonate solution, and then again
water. The product was dried under vacuum and purified by recrystal-
lization from methanol. Single crystals were grown by slow evapor-
ation of methanol solution.

N,N'’-Bis(4-Flurobenzoyl)-(1R,2R)-Diaminocyclohexane (BFBDC)
Yield: 90%. Mp: 266°C; UV-vis (methanol solution) Ap.x (Aeut-off):
226.0nm (279.4nm); IR (KBr pellet): 7 (cm™!): 3304.3, 2941.7,
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2858.7, 1631.9, 1606.8, 1541.2, 1502.7, 1332.9, 846.8, 765.8, 665.5; 'H
NMR (dg-DMSO): 6 (ppm) = 1.43-1.48 (m, 4H), 1.87 (m, 2H), 2.22
(m, 2H), 4.04 (m, 2H), 6.9 (d, 4H), 6.96 (m, 2H), 7.68 (d, 4H); *C NMR
(d-DMSO): 5 (ppm) = 24.8, 32.2, 54.6, 115.2, 115.6, 129.2, 130.2, 165.2.

N,N’-Bis(4-Nitrobenzoyl)-(1R,2R)-Diaminocyclohexane (BNBDC)

Yield: 95%. Mp: 340°C (dec.); UV-vis (methanol solution) Agax
(euto): 265.5nm (352.0nm); IR (KBr pellet): o (cm™1): 3288.9, 2930.1,
2856.8, 1637.7, 1597.2, 1537.4, 1516.2, 1340.6, 869.9, 846.8, 692.5;
"H NMR (dg-DMSO): § (ppm) = 1.28 (m, 2H), 1.57 (m, 2H), 1.78 (m,
2H), 1.91 (m, 2H), 3.99 (m, 2H), 7.93 (d, 4H), 8.26 (d, 4H), 8.68 (d,
2H); 3C NMR (dg-DMSO): 6 (ppm) = 24.9, 31.6, 53.3, 123.6, 128.8,
140.8, 149.0, 164.9.

N,N’-Bis(4-Methoxybenzoyl)-(1R,2R)-Diaminocyclohexane
(BMBDC)

Yield: 90%. Mp: 268°C; UV-vis (methanol solution) Apax (Aeut-ofp):
252.0nm (289.8nm); IR (KBr pellet): 7 (cm™'): 3310.1, 2934.0,
2852.9, 1628.1, 1606.8, 1537.4, 1504.6, 1329.1, 1253.8, 1176.1,
1024.1, 839.1, 767.7, 665.5; 'H NMR (dg-DMSO): & (ppm) = 1.28
(m, 2H), 1.50 (m, 2H), 1.72 (m, 2H), 1.93 (m, 2H), 3.76 (s, 6H), 3.88
(m, 2H), 6.92 (d, 4H), 7.40 (d, 4H), 8.10 (m, 2H); '*C NMR (dg-DMSO):
0 (ppm) = 19.9, 27.4, 49.5, 50.2, 108.6, 121.7, 123.7, 157.1, 162.8.

N,N'-Bis(4-Aminobenzoyl)-(1R,2R)-Diaminocyclohexane (BABDC)

BNBDC (0.5 g, 1.2 mmol) was dissolved in dry methanol, and a cata-
lytic amount (0.075g) of Pd/C was added and stirred for 15min at
30°C. NaBH, (0.5 g, 13.2mmol) was added over 1h. The reaction mix-
ture was stirred further for 3h at 30°C. Progress of the reaction was
monitored by thin-layer chromatography (TLC). After completion of
the reaction, Pd/C was removed by filtration. The colorless methanol
solution was evaporated under reduced pressure, and water was
added to the resulting product to yield a white precipitate. The precipi-
tate was filtered and washed with sodium bicarbonate solution and
water; it was then dried under vacuum. The product was purified by
recrystallization from methanol. Single crystals were grown by slow
evaporation of methanol solution. Yield: 0.38g, 90%. Mp: 295°C
(dec.); UV-vis (methanol solution) Apax (eut-ofe): 280.0nm (327.5nm);
IR (KBr pellet): 7 (cm™'): 3468.3, 3356.4, 3288.9, 2932.1, 2854.9,
1612.6, 1537.4, 1506.5, 1323.3, 1184.4, 839.1, 767.7, 574.8; '"H NMR
(dg-DMSO): 6 (ppm) = 1.26-1.38 (m, 4H), 1.70 (m, 2H), 1.92 (m, 2H),
3.74 (s, 2H), 5.55 (s, 4H), 6.47 (d, 4H), 7.46 (d, 4H). 7.81 (s, 2H);
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13C NMR (dg-DMSO): 6 (ppm) = 24.8, 32.07, 53.6, 112.7, 121.4, 128.8,
151.7, 163.6.

'H and '3C NMR spectra were recorded on Bruker 200-MHz or 400-
MHz NMR spectrometer. Infrared spectra were collected on a Jasco
5300 FTIR spectrometer. We reported the circular dichroism spectra
of these Ce-symmetric molecules earlier [9]. Electronic spectra were
recorded on a Shimadzu UV 3101 PC spectrophotometer. Measure-
ments on solid samples were made in reflectance mode using the inte-
grating sphere attachment (ISR 3100) and converted to absorption
profiles using the Kubelka-Munk function. Melting transition tem-
peratures were measured on a TA Instruments DSC 2010 differential
scanning calorimeter; scan rate of 5°C/min was employed. Other
thermal studies (DTA and TGA) are presented in the supplementary
information.

Crystallography

X-ray diffraction data were collected on a Bruker Nonius Smart Apex
diffractometer (with CCD detector). MoK, radiation with a graphite
crystal monochromator in the incident beam was used. Data was
reduced using the program SAINT; all nonhydrogen atoms were found
using the direct method analysis in SHELXTL [13]. After several
cycles of refinement, the positions of the hydrogen atoms were calcu-
lated and added to the refinement process. Details of data collection,
solution, and refinement, as well as full crystallographic data, are
submitted as supplementary information. The crystallographic data
have been deposited with reference numbers CCDC 638973-638976.

SHG Measurement

Second harmonic generation from microcrystalline powders was exam-
ined using the Kurtz—Perry method [14]. Particle sizes were graded
using standard sieves; sizes 30—-300 um were studied. Samples were
loaded in glass capillaries having an inner diameter of 600 um. Funda-
mental beam (1064nm) of a Q-switched ns-pulsed (6ns, 10Hz)
Nd:YAG laser (Spectra Physics Model INDI-40) was used. The second
harmonic signal was collected using appropriate optics and detected
using a monochromator, PMT and oscilloscope (Tektronix Model
TDS 210, 60 MHz). Filters were used to bring the signals from all
the samples in the same range. Urea with average particle size of
~175um was used as the reference.
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RESULTS AND DISCUSSION
Molecular Assembly in Crystals

Single-crystal X-ray analysis revealed that the crystals of BFBDC,
BNBDC, and BMBDC belong to the orthorhombic space group
P2,2:2; and that BABDC belongs to the monoclinic space group P2,
(Table 1). There is one molecule in the asymmetric unit in each case
(Fig. 1); in the case of BABDC, there are also two water molecules of
crystallization. The molecular structures in the four crystals are very
similar. The bis(amide) group adopts the usual anti conformation in all
the molecules so that the two carbonyl groups as well as the amide
groups are oriented in opposite directions. This conformation facili-
tates the formation of complementary H-bonds leading to chain struc-
tures extending along the a axis in all the crystals (Fig. 2). The H-bond
parameters in the different crystals are collected in Table 2. The
H-bonded chains in turn are weaved into extended structures in the
different crystals through a range of noncovalent interactions as
described later.

In BFBDC, the H-bonded chains are connected through F...F
interactions [15] (rpes.. . Fo5 = 2.860 A; the sum of the van der Waals
radii is 2.94A) and C—H...F interactions (rgs1. w26 = 3.494 A, Oco1.
Hoi. o6 = 134.5°) (Fig. 3a). The latter interactions may be visualized
as forming a helical motif along the a axis within the 2; chains
(Fig. 3b). In BNBDC, the nitro groups mediate the noncovalent inter-
actions (rcis... 030 = 3.338A, Ocismis...030 = 128.5% rci8... 027 =
3.581A, Ocismis... 027 = 152.3°) leading to extended assembly (Fig. 4a).
One of the interactions between the aromatic CH group meta to the
nitro group and the nitro group of a neighboring molecule leads to
the helical structure propagating along the a axis (Fig. 4b). A number
of noncovalent interactions are observed in BMBDC (Fig. 5a). In one
case, methoxy groups of adjacent molecules interact with each other
(rczg._.ozf) =3.397 A, 9028-H28B..4025 = 15780), and in the other cases,
methoxy groups interact with the carbonyl oxygen atom (rces...010 =
3.621A, Ocosmzea...010 = 148.9% reos.. 012 = 3.515A, Ocosmosc...012 =
148.5°). The latter interactions possess a helical structure in the 2;
chain extending along the a axis (Fig. 5b). The water molecules in
the lattice of BABDC mediate several strong H-bond interactions,
leading to extended noncovalent assembly (Fig. 6a). These H-bonds
involve both the agnide (1'027”_010 =2.871 A, 9027—H27A...010 = 17160,
rogs...012 = 2.821A, 0Oogsmosa...012 = 165.0° and amine groups
(rngs.. 028 = 3.098A,  Onosmasa... 028 = 163.9%  TInge.. 027 = 3.193 A,
On26-H26B ... 027 = 157.3°). The helical structure formed through these
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FIGURE 1 Molecular structure of (a) BFBDC, (b) BNBDC, (¢) BMBDC, and
(d) BABDC from single-crystal x-ray structure analysis. H atoms are omitted
for clarity; C (grey), N (blue), O (red), and F (cyan) atoms with 65% probability
thermal ellipsoids are indicated.

H-bond interactions is shown in Fig. 6b. The various intermolecular
short contacts described illustrate the extended interactions that
lead to possible cooperative binding of the molecules in the different
crystals.

Second Harmonic Generation

Even though the carbonyl group in the amide functionality is not an
efficient electron acceptor, it can still act as a potential electron sink.
Therefore, depending on the nature of the substituents in the para
position of the phenyl rings in the bis(amide) molecules, their push—
pull character and hence molecular hyperpolarizability can be tuned to
some extent. We have estimated the f values using AM1/TDHF [16]
computations implemented in the MOPAC93 program package [17].
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FIGURE 2 Extended structures formed along the a axis through complemen-
tary H-bonds involving amide groups in (a) BFBDC, (b) BNBDC, (c) BMBDC,
and (d) BABDC. All H atoms except those involved in the H-bonds are omitted
for clarity; C (grey), N (blue), O (red), and F (cyan) atoms and H-bonds (cyan
broken lines) are indicated.

Calculations were carried out on the optimized structures of the four
molecules; both static f and the value corresponding to excitation at
1064 nm were computed (Table 3). Presence of the electron-withdraw-
ing groups, fluoro and nitro in the para position, leads to low 8 values
in BFBDC and BNBDC. However, the donor groups, methoxy and
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TABLE 2 Structural Parameters for the Intermolecular H-bonds Linking the
Amide Groups in BFBDC, BNBDC, BMBDC and BABDC

Crystal N7 010 (A) On7-17...010 () rns. o012 (A) Ons-Hs...012 ()
BFBDC 3.017 163.5 2.932 158.1
BNBDC 2.854 160.1 2.974 150.4
BMBDC 2.934 157.0 2.953 158.3
BABDC 2.976 162.2 2.977 153.0

Note. r and 0 are the relevant distance and angle (atom labeling are shown in Fig. 1).

amino, effect a considerable increase in the f value of BMBDC and
BABDC. These results also indirectly suggest that the carbonyl group
retains its electron-withdrawing nature even though the amino nitro-
gen in the amide moiety tends to reduce its strength.

(b)

FIGURE 3 (a) Extended noncovalent interactions in BFBDC crystal (see
text for details); (b) view of the structural units involved in the M helical motif.



Downloaded by [University of California, San Diego] at 14:24 09 August 2012

Co-Symmetric Bis(amide) Molecules 77

(®)

FIGURE 4 (a) Extended noncovalent interactions in BNBDC crystal (see text
for details); (b) view of the structural units involved in the M helical motif.

Kurtz—Perry experiments on microcrystalline powder samples
using a 1064-nm fundamental beam revealed that BFBDC and
BNBDC produce no measurable SHG but that BMBDC and BABDC
are active. Particle-size dependence of the SHG response (Fig. 7) indi-
cates phase-matchable behavior in both the cases. The SHG at satu-
ration is approximately equivalent to that of urea in the case of
BMBDC and about double of that in BABDC (Table 3). Because the
general crystal assembly motifs are similar in all the four crystals,
the SHG of the bulk materials reflects the trends in molecular nonli-
nearity. The observed impact of the electron-rich groups connected
to the amide functionality in improving the solid-state SHG, and
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(b)

FIGURE 5 (a) Extended noncovalent interactions in BMBDC crystal (see
text for details); (b) view of the structural units involved in the P helical motif.

that of the electron-poor groups in reducing it, is consistent with the
classical push—pull concepts [1]. In our earlier study [4], we reported
that N,N’-bis(4-cyanophenyl)-(1R,2R)-diaminocyclohexane (BCDC)
exhibits an SHG of ~0.3U. It is interesting to note that BMBDC
which crystallizes in the same space group as BCDC and possesses a
smaller molecular hyperpolarizability, shows an SHG response three
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(b)

FIGURE 6 (a) Extended noncovalent interactions in BABDC crystal (see
text for details); (b) view of the structural units involved in the P helical motif.
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TABLE 3 AM1/TDHF Computed Hyperpolarizabilities, f
(static and at 1.17eV) of BFBDC, BNBDC, BMBDC and
BABDC and the Solid-State SHG at Saturation

B (10~%%su)

Compound 0eV 1.17eV Average value of SHG/U
BFBDC 1.44 2.11 a

BNBDC 1.81 2.83 a

BMBDC 4.02 6.37 0.90

BABDC 6.47 11.29 1.82

“No detectable SHG.
Note. 1U = SHG of urea with average particle size of 175 pm.

times higher. The enhanced SHG of BMBDC and BABDC is possibly
facilitated by the helical supramolecular organization; BCDC mole-
cules do not form helical assemblies, but metal coordination polymers
of BCDC possess a helical structure and exhibit enhanced SHG
response. We examined the stability of the four bis(amide) compounds
under laser irradiation; no visible damage was observed up to
~1GW/cm? of laser fluence in all cases.

2.04 -
- | |
| |
1.54 -
-
~
1.04 -
% . o o
[75] o
|
0.5 o o BMBDC .
o = BABDC
0.0 T T T T T T T T
0 50 100 150 200 250

Average particle size (um)

300

FIGURE 7 SHG from microcrystalline powders of BMBDC and BABDC with
different particle sizes (1 U= SHG of urea with average particle size of

175 pm).
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0.75 —
—— BFBDC
—— BNBDC
—— BMBDC
0.50 4"V —— BABDC .

Absorbance

0.254

0.00 +—4= = ——
300 400 500 600 700 800
Wavelength (nm)

FIGURE 8 Electronic absorption spectra of BFBDC, BNBDC, BMBDC, and
BABDC in the solid state.

Optical and Thermal Properties

Optical transparency and thermal stability are important attributes
for SHG materials, from the point of view of application. High trans-
mission through the visible range would preclude absorption of the
second harmonic and potential materials damage arising as its conse-
quence. The chiral bis(amide) compounds are promising materials in
this regard as demonstrated by their good optical transparency in
the solid state. Figure 8 shows the absorption spectra of the four com-
pounds in the solid state; the wavelength cutoffs for their optical

TABLE 4 Wavelength Cut-Off for the Electronic Absorption
in the Solid State (Based on the Extrapolation of the
Absorption Edge) and Melting Point of BFBDC, BNBDC,
BMBDC, and BABDC Determined from the DSC Traces

Compound Aeut-off (NM) Melting Point (°C)
BFBDC 282.0 266.0
BNBDC 415.5 340.0
BMBDC 297.0 267.5

BABDC 397.0 294.5
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FIGURE 9 Differential scanning calorimetry traces for BFBDC, BNBDC,
BMBDC, and BABDC.

absorption are listed in Table 4. Solution spectra are provided in the
supplementary information. All the compounds have negligible
absorption in the visible range; this possibly contributes to the stab-
ility of the materials under strong laser irradiation.

Thermal stability of these novel materials was investigated by differ-
ent calorimetric methods (see also supplementary information). DSC
traces of the four solids are collected in Figure 9. The high thermal-
damage thresholds of the compounds are clearly demonstrated by
these data; considering the fact that these are simple organic mole-
cules, the melting temperatures (Table 4) are quite high. BABDC
shows an additional transition with a peak at 104.5°C, which arises
because of the loss of the water of crystallization as shown by thermo-
gravimetric analysis. In view of their homochirality and potential to
form interesting supramolecular structures, earlier we investigated
several chiral Cs-symmetric diaminocyclohexane derivatives for
second-order NLO applications. N,N’-Bis(4-nitrophenyD)-(1R,2R)-
diaminocyclohexane (BNDC) [3] and BCDC [4] are two examples.
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These compounds with nitrophenyl and cyanophenyl groups attached
directly to the amine group of diaminocyclohexane melt at 204°C and
150°C, respectively. Significantly, introduction of amide functionality
in the molecular structure, even without any functional groups on
the phenyl group in the case of BBDC, led to an enhancement in
the melting temperature to 268°C [9]; this can be attributed to the
extended complementary hydrogen-bonding interactions between the
amide groups. Replacing the phenyl group by pyridyl group in BINDC
as well as introduction of fluoro (BFBDC) or methoxy (BMBDC) group
in the para position of the phenyl groups of BBDC does not lead to any
significant enhancement in the thermal stability. This is not surpris-
ing, because the additional intermolecular interactions in these crys-
tals are quite weak compared to those of the amide groups already
present in BBDC. However, introduction of nitro and amino groups
in the para position of the phenyl ring in BNBDC and BABDC led to
further enhancement in the melting point to 340°C and 295°C respect-
ively, possibly through the involvement of the strong noncovalent
interactions mediated by these functional groups. Thus the bis(amide)
molecules with appropriate functionalization appear to provide a
logical route to the establishment of thermally stable and optically
transparent NLO active materials.

CONCLUSIONS

Molecular assembly in the crystals of a series of chiral Co-symmetric
bis(amide) molecules was investigated. A range of noncovalent inter-
molecular interactions including complementary hydrogen bonds bind
the molecules into extended supramolecular assemblies with helical
motifs present in all the structures. The extensive intermolecular
interactions appear to be responsible for the high thermal stability
of this family of compounds. All the solids show high transparency
through the visible range. The molecular hyperpolarizability is sensi-
tive to the substituents in the para position of the phenyl ring of the
bis(amide) molecules, and this has direct bearing on the solid-state
SHG response; the amino derivative has the highest SHG capability
in the series. Further molecular modifications can be conceived in
terms of extending the push—pull structures and enhancing the mol-
ecular hyperpolarizability so that stronger SHG responses can be rea-
lized. The thermal stability coupled with high transparency and
appreciable SHG capability should make this class of compounds
important candidates to develop novel quadratic nonlinear optical
materials.
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SUPPLEMENTARY INFORMATION AVAILABLE

Crystallographic, spectroscopic, and thermal data (24 pages) is avail-
able upon request.
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