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A new organic nonlinear optical hydrogen bonding complex salt of 3-carboxyl anilinium p-toluene sul-
fonate has been synthesized and highly transparent good quality single crystals of it were successfully
grown employing slow solvent evaporation solution growth technique at ambient temperature. The 1H
and 13C NMR spectra were recorded to establish the molecular structure. The single crystal XRD analysis
carried out reveals that the title salt crystallizes in monoclinic crystal system with non-centrosymmetric
P21 space group. The FT-IR spectrum was recorded to confirm the presence of various functional groups in
the grown title crystal. The UV–Vis–NIR transmission spectrum was recorded to apprehend the suitability
of the single crystal of the title salt for various optical and NLO applications. The TG/DTA thermal analysis
was performed to establish the thermal stability of the crystal. The SHG activity in the grown crystal was
identified employing the modified Kurtz–Perry powder test. The electronic charge distribution and reac-
tivity of the molecules within the title complex was studied by HOMO and LUMO analysis and the molec-
ular electrostatic potential (MEP) of the title crystal was performed using the B3LYP method.

� 2014 Elsevier B.V. All rights reserved.
Introduction

There is an ever-growing demand for organic NLO crystals with
very high SHG activity owing to their potential applications in
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frequency conversion, frequency mixing, optical data storage and
electro optic modulation, etc. [1–8]. Organic nonlinear optical
materials have gained considerable attention than the inorganic
materials, as they have high optical nonlinearity and synthetic flex-
ibility [9]. Organic materials allow one to fine tune their optical
properties through molecular engineering and chemical synthesis
[10]. More than 70% of organic compounds crystallize in centro-
symmetric space groups due to the predominant anti-parallel
p-stacking between the aromatic rings as a consequence of dipolar
interactions [11,12]. As a result, they are unable to exhibit the SHG
activity. To overcome this major problem, various molecular engi-
neering approaches have been suggested to form acentric crystal
structures. Out of the various strategies, the hydrogen bonding
interactions play a pivotal role in creating acentric crystal structure
in organic molecules by orienting the molecular dipoles in a head-
to- tail manner and also enhance the mechanical and thermal sta-
bilities [13–17]. Hydrogen bonding supplemented by a mutual
polarization will also give rise to an efficient second harmonic gen-
eration [18]. Simple donor- acceptor o-, p- and m- disubstituted
benzene derivatives represent a peculiar type of molecules pos-
sessing nonlinear optical properties both in their solutions and in
solid states [19]. This is due to the interaction between the donor
and acceptor group via aromatic ring induces an asymmetric elec-
tronic distribution, leading to an enhanced nonlinear optical
response [20,21]. 3-amino benzoic acid contains an electron with-
drawing ACOOH group and electron releasing ANH2 group con-
nected through p-conjugated system of the aromatic ring [22,23].
P-toluene sulfonic acid is a strong acid forms strong hydrogen
bonding complexes with bases like amines. The m-disubstituted
benzene derivatives appear to have the tendency to crystallize in
non-centrosymmetric space groups relative to their ortho and para
analogues [24]. Based on the above said aspects, in the present
investigation we present the synthesis, growth and spectroscopic
characterization of SHG active organic hydrogen bonding complex
salt 3-carboxyl anilinium p-toluene sulfonate (CATS). The title
material was synthesized and the single crystals were grown and
characterized through electronic, vibrational absorptions, nuclear
magnetic resonance spectral studies, and TG–DTA and Nonlinear
optical studies. On the basis of the above studies, the molecular
structure, optical property, proton transfer interaction and thermal
stability of the title complex have been reported.

Experimental procedure

Material synthesis

AR grade 3-amino benzoic acid and p-toluene sulfonic acid were
purchased and used as such without further purification. Equimo-
lar solutions of 3-amino benzoic acid and p-toluene sulfonic acid
were prepared separately in ethanol and Millipore water respec-
tively and henceforth mixed together. The resulting solution was
stirred well for about an hour using a temperature controlled mag-
netic stirrer at room temperature. The obtained product was fil-
tered off, dried and repeatedly recrystallized in ethanol to
improve the purity of the synthesized compound. The reaction in-
volved is represented in Fig. S1.

Solubility and crystal growth

A saturated ethanolic solution of CATS was prepared, stirred
well for about an hour and heated slightly to ensure the complete
dissolution of the material. The solution was then filtered through
a Whatman 41 grade filter paper to remove the suspended impuri-
ties completely. The clear filtrate was kept aside unperturbed in an
atmosphere conducive for the growth of single crystals. Well
grown good optical quality single crystals were harvested in about
fifteen days time. The photograph of the as-grown crystals is de-
picted in Fig. S2.

Characterization

To confirm the molecular structure of CATS crystal, the 1H and
13C NMR spectra were recorded employing a Bruker 500 MHz spec-
trometer in deuetrated solvents using TMS as the internal refer-
ence standard. The crystal structure was determined from the
single-crystal X-ray diffraction data obtained with an X’calibur
CCD area-detector diffractometer (Graphite – monochromated,
Mo Ka1 = 0.713). The data were collected at 25 �C and the structure
was solved by direct methods using the program SHELXS-97 [25]
and refined by full-matrix least-squares method using SHELXL-97
[26]. The H-atoms could all be located in Fourier difference maps.
FT-IR spectrum was recorded using potassium bromide pellet
method employing a Perkin Elmer FT-IR spectrometer in the range
4000–450 cm�1. The UV–Vis–NIR transmittance spectrum of CATS
was recorded employing a VARIAN CARY 5E UV–Vis–NIR spectro-
photometer. The TGA and DTA studies were carried out on a PER-
KIN ELMER DIAMOND instrument with a heating rate of 10 �C/
min in the temperature range from 20 to 400 �C in nitrogen atmo-
sphere. Quantitative estimation of relative SHG efficiency of CATS
crystal with respect to KDP was made by the modified Kurtz and
Perry powder technique. The electronic property and charge trans-
fer interaction of the title complex was studied by B3LYP method.
Results and discussion

NMR spectral studies

The 1H NMR spectrum of CATS crystal is shown in Fig. S3. The
intense singlet signal appearing at d 2.36 ppm is due to the three
methyl protons of p-toluene sulfonate moiety in the salt. The C3
and C5 aromatic protons of the same kind in the same moiety ex-
hibit a doublet centered at d 7.21 ppm. The complex multiplet
appearing from d 7.63 to 7.65 ppm is attributed to the C4 and C6
aromatic protons in the same chemical environment in 3-carboxyl
anilinium moiety. The doublet centered at d 7.70 ppm owes to the
C2 and C6 aromatic protons of the same kind in p-toluene sulfo-
nate moiety in the salt. The C2 aromatic proton of 3-carboxyl ani-
linium moiety stands responsible for the singlet signal at d
8.06 ppm. The multiplet signal appearing from d 8.10 ppm to d
8.13 ppm has been assigned to C5 aromatic proton of the same
moiety. Thus appearance of six distinct proton signals confirms
the molecular structure of the salt crystal.

The 13C NMR spectrum of CATS crystal is depicted in Fig. S4. The
appearance of 12 distinct carbon signals in the spectrum estab-
lishes the molecular structure of the title salt. The carbon signal
appearing in the downfield at d 166 ppm is attributed to the highly
deshielded carboxyl carbon of the 3-carboxyl anilnium moiety in
the salt. The carbon signal due to the methyl carbon is exhibited
at d 19.953 ppm in the upfield. The aromatic carbon atoms of 3-
carboxyl anilinium and P-toluene sulfonate moieties appear in
the range from d 123.95 to 141.86 ppm and their respective assign-
ments are given in Table 1.

Single crystal X-ray diffraction analysis

Single crystals suitable for X-ray crystallographic analysis were
selected following an examination under a polarizing microscope.
X-ray intensity data of 2912, reflections (of which 2627 were
unique) were collected on a X’calibur CCD area-detector diffrac-
tometer equipped with graphite monochromated Mo Ka radiation
(k = 0.71073 Å). The cell dimensions were determined by least-



Table 1
13C NMR spectral data of CATS.

d Value (ppm) Assignment

166.511 Carboxyl carbon of 3-carboxyl anilinium moiety
141.868 C1Carbon of p-toluene sulfonate moiety
140.466 C1 Carbon of 3-carboxyl anilinium moiety
132.785 C3 Carbon of 3-carboxyl anilinium moiety
131.070 C2 & C6 carbon atoms of same kind in p-toluene

sulfonate moiety
130.136 C2 Carbon of 3-carboxyl anilinium moiety
129.763 C4 Carbon of 3-carboxyl anilinium moiety
128.499 C6 Carbon of3-carboxyl anilinium moiety
127.204 C5 Carbon of 3-carboxyl anilinium moiety
125.514 C3 & C5 carbon atoms of same kind in p-toluene

sulfonate moiety
123.952 C4 carbon p-toluene sulfonate moiety

19.953 Methyl carbon of p-toluene sulfonate moiety

Table 3
Selected bond lengths and bond angles of CATS.

Bond Length (Å) Bond Angles (�)

S1AO1 1.4414(17) O1AS1AO2 114.00(15)
O9AC8 1.203(2) O2AS1AC11 105.68(11)
O10AC8 1.315(2) O3AS1AC11 104.71(11)
C1AC6 1.378(3) C6AC1AC2 122.02(16)
C1AN7 1.461(2) C2AC1AN7 118.73(16)
C2AC3 1.389(3) C1AC2AC3 118.79(18)
C5AC8 1.491(3) C3AC4AH4 119.9
C6AH6 0.9300 C5AC4AH4 119.9
N7AH71 0.97(4) C4AC5AC6 120.17(18)
C11AC16 1.362(4) C1AC6AC5 118.53(16)
C12AC13 1.379(4) C5AC6AH6 120.7
C12AH12 0.9300 C1AN7 H71 106(2)
C13AC14 1.348(5) C1 N7AH72 110.6(16)
C14AC15 1.367(5) C1AN7AH73 109.6(14)
C14AC17 1.519(5) H71AN7AH73 113(3)
C15AC16 1.377(5) H72AN7 H73 110(2)

Table 4
Hydrogen bonding geometry for CATS.

DAH. . ..A DAH H. . ..A DAA <DAA

O (10)AH(10). . ..O(1) 0.92(3) 1.88(3) 2.797(2) 175(3)
N (7)AH(71). . ..O(2) 0.97(4) 1.79(4) 2.753(3) 172(3)
N (7)AH(72). . ..O(3) 0.86(3) 1.99(3) 2.843(3) 175(2)
N (7)AH(73). . ..O(3) 0.95(3) 1.97(3) 2.898(3) 165(2)

Fig. 1. ORTEP view of CATS crystal.
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squares fit of angular settings of 2912 reflections in the h range
3.41–28.93�. The intensities were measured by x scan mode for
2h ranges from 3.62� to 24.99�. The data were corrected for Lorentz
polarization and absorption factors. The structure was solved by
direct methods using SHELXS97. All non-hydrogen atoms of the
molecule were located in the best E-map. Full-matrix least-squares
refinement was carried out using SHELXL97 and the final refine-
ment cycles converged to an R = 0.0420 and wR (F2) = 0.1127 for
the observed data. Residual electron densities ranged from 0.332
to 0.187 A3. The geometry of the molecule was calculated using
the WinGX [27] and PARST [28] softwares. The crystal data and de-
tails of the data collection and the structure refinement are given
in Table 2. The selected bond lengths and bond angles of CATS
are given in Table 3. The hydrogen bonding dimensions are given
in Table 4. Fig. 1 shows the ORTEP view of the molecule drawn
at 40% probability thermal displacement ellipsoids with the atom
numbering scheme. The packing arrangement of molecule viewed
down the b-axis is shown in Fig. 2.

FT-IR spectral studies

The recorded FT-IR spectrum is shown in Fig. 3.The assignment
of the well defined bands in the infrared spectrum is given in
Table 5. The OAH asymmetric stretching vibration of carboxylic
group is observed at 3437 cm�1. The N+AH stretching vibration
Table 2
Crystal data and structure refinement of CATS.

Empirical formula C14 H15 N O5 S
Formula weight 309.33
Crystal system, space group Monoclinic, P21

Unit cell dimensions a = 8.4228(3) Å a = 90.00�
b = 6.6068(2) A� b = 102.721(4)�
c = 13.6637(5) Å c = 90.00�

Volume 741.69(4) A3

Z 2
Temperature 293(2) K
Reflections used 7802
Theta range for data collection 3.4348, 29.0403
Density 1.385 Mg/m3

F(000) 324
Absorption coefficient 0.238
Radiation wavelength 0.71073 A�
Radiation type MoKa1

Reflections collected/unique 2912, 2627
Number restraints 1
R factor all 0.0432
R factor gt 0.0373
wR factor ref 0.0947
wR factor gt 0.0900
Goodness fit 1.061
Theta max 0.997
Final residual electron density �0.289 > h > 0.044 A�3
appears at 3074 cm�1. The aromatic CAH asymmetric stretching
vibration appears at 2921 cm�1. The CAH stretching frequency of
CH3 group in the p-toluene sulfonate moiety is observed at
2622 cm�1. The strong absorption band at 1725 cm�1 owes to the
C@O stretching vibration of the carboxyl group of 3-carboxyl ani-
linium moiety. The asymmetric and symmetric bending vibrations
of NHþ3 group appear respectively at 1603 and 1495 cm�1. The aro-
matic C@C stretching vibrations produce bands at 1527, 1456 and
1414 cm�1. The OAH in plane bending vibration is observed at
1310 cm�1. The CAN stretching vibration appears as a strong band
at 1162 cm�1. The characteristic SO�3 asymmetric and symmetric
stretching vibrations of p-toluene sulfonate group appear respec-
tively at 1269 and 1032 cm�1. The aromatic CAH in plane bending
vibrations are observed at 1124 and 1008 cm�1.The aromatic CAH
out of plane bending vibrations exhibit bands at 816 and 800 cm�1.
The frequencies less than 500 cm�1 in the spectrum are due to the
skeleton vibrations.

UV–Vis–NIR spectral analysis

The UV–Vis–NIR transmission spectrum of CATS crystal is
shown in Fig. 4. It is evident from the spectrum that there is no sig-
nificant absorption in the entire visible region and NIR region. The
lower cutoff wavelength occurs at 300 nm and the crystal exhibits
80% transmittance. This lower cutoff wavelength combined with
very good transmittance make the title crystal well suited for the



Fig. 2. Packing diagram of CATS viewed down b axis.
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Fig. 3. FT-IR spectrum of CATS.

Table 5
FT-IR spectral data of CATS.

Observed frequency
(cm�1)

Assignment

3437 OAH asymmetric Stretching vibration of COOH
group

3074 N+AH stretching vibration of NHþ3 group
2921 CAH Asymmetric stretching vibration
2622 CAH stretching vibration of CH3 group
1725 C@O stretching vibration
1603 N+AH Asymmetric bending vibration of NHþ3

group
1495 N+AH Symmetric bending vibration of NHþ3 group
1527,1456,1414 Aromatic C@C stretching vibration
1310 OAH inplane bending vibration
1219 CAN stretching vibration
1269 Asymmetric stretching vibration of SO�3 group
1032 Symmetric stretching vibration of SO�3 group
1124,1008 Aromatic CAH inplane bending vibration
816,800 Aromatic CAH out of plane bending vibration
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second harmonic generation (SHG) of the laser radiation. The crys-
tal has a wide transparency window from 300 nm to 2500 nm. This
wide transparency window enables the title crystal to be a poten-
tial candidate for various optical applications.

TG and DTA studies

The thermal behavior of CATS crystal was studied by employing
thermo gravimetric (TG) and differential thermal analysis simulta-
neously and the thermogram is depicted in Fig. 5. From the TG
thermogram it is understood that the title compound is moisture
free and stable up to 265 �C, it decomposes immediately after
melting. The decomposition occurs in a single stage incurring a
weight loss of 75.8%. The thermogram shows no phase transition
before the melting. A gradual and significant weight loss was ob-
served as the temperature increased above the melting point.
The final charred carbon mass left out after all the decomposition
processes was 24.2%. The DTA reveals exactly the same changes
shown by the TGA. The first sharp endothermic dip in DTA at
265.2 �C is attributed to the melting point of the crystal. The sec-
ond endothermic dip at 284.7 �C indicates that the major decom-
position temperature of the title crystal into various volatile
gaseous products like SO3, NH3, CO2 and mixture of hydrocarbon
gases. The following weight loss pattern formulated accounts for
76% weight loss. This is in very good agreement with the experi-
mental weight loss of 75.97%.

C14H15NO5S
Formula weight:309:33

!284:7�C
3 CH

78
¼ CHþ SO3

80
þNH3

17
þCO2

44
þCH4

16

ð76% weight lossÞ
Measurement of second harmonic generation efficiency

A preliminary study of the powder SHG conversion efficiency
was carried out using the Nd: YAG laser beam of wavelength
1064 nm, employing the modified Kurtz–Perry powder technique
[29]. The input laser beam was passed through the sample after
reflection from an IR reflector. The output from the sample was fil-
tered by an IR filter to eliminate the fundamental and the second
harmonic was focused by a lens and measured using a photomul-
tiplier and digitalizing oscilloscope assembly. The observed values
are compared with KDP. The title material shows the powder SHG
efficiency comparable to that of KDP.

Mulliken’s population analysis

The bonding capability of a molecule depends on the electronic
charges on the chelating atoms. The atomic charge values were ob-
tained by the calculation on the Mulliken’s atomic charges of title
crystal using B3LYP method. Mulliken’s atomic charges of title
crystal are shown in Fig. 6. It is evident that the atomic charge pop-
ulations are not evenly distributed in the whole molecule. The un-
even charge distribution of title crystal is expected to present some
interesting electron-transfer characteristics. Hydrogen atoms
accommodate more positive charges and exhibit acidic character.
Since electronegative atom oxygen carries a large amount of nega-
tive charge, title crystal would be expected to be a strong base.

Molecular electrostatic potential

The molecular electrostatic potential (MEP) is a useful feature to
study reactivity given that an approaching electrophile will be
attracted to negative regions (the electron distribution in where
effect is dominant). In the majority of the MEP, while the maxi-
mum negative region which preferred site for electrophilic attack



Fig. 4. UV–Vis transmittance spectrum of CATS.
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indications as red color, the maximum positive region which pre-
ferred site for nucleophilic attack symptoms as blue color. The
importance of MEP lies in the fact that it simultaneously displays
molecular size, shape as well as positive, negative and neutral elec-
trostatic potential regions in terms of color grading and is very use-
ful in research of molecular structure with its physiochemical
property relationship [30]. The resulting surface simultaneously
displays molecular size and shape and electrostatic potential value.
In the present study, a 3D plot of MEP of title crystal is drawn in
Fig. S5. The MEP is a plot of electrostatic potential mapped onto
the constant electron density surface. The different values of
the electrostatic potential at the surface are represented by differ-
ent colors. Potential increases in the order red < orange < yel-
low < green < blue. The blue indicates the strongest attraction
and red indicates the strongest repulsion. Regions of negative
V(r) are usually associated with the lone pair of electronegative
atoms. As can be seen from the MEP map of the title crystal,
while regions having the negative potential are over the electro-
negative atom (nitrogen and oxygen atoms), the regions having
the positive potential are over the hydrogen atoms. From this
result, we can say that the H atoms indicate the strongest attrac-
tion and O atoms indicate the strongest repulsion.

HOMO–LUMO analysis

The analysis of the wave function indicates that the electron
absorption corresponds to the transition from the ground state to
the first excited state and is mainly described by one-electron exci-
tation from the highest occupied molecular orbital (HOMO) to the
lowest unoccupied molecular orbital. The HOMO and LUMO orbi-
tals for the title crystal are shown in Fig. S6. The HOMO–LUMO en-
ergy gap of the title crystal was calculated at B3LYP/6-311++G level
the energy gap reflects the chemical activity of the molecule. The
LUMO as an electron acceptor represents the ability to obtain an
electron, and HOMO refers to the ability to donate an electron.
The energy gap of HOMO–LUMO explains the eventual charge
transfer interactions within the conformers. Consequently, the
lowering of the HOMO–LUMO band gap is essentially a conse-
quence of the large stabilization of the LUMO. This is due to the
strong electron-acceptor ability of the electron-acceptor group.
The HOMO of title crystal is localized at p-toluene sulfonate moi-
ety. There is no electronic projection of HOMO over the carboxyl
anilinium group. The energy gap of the title crystal is 0.208489
a.u. The low energy gap reflects the chemical activity of the title
crystal. Also the NLO properties of a molecule are related to the en-
ergy gap between HOMO and LUMO. The small HOMO–LUMO gap
indicates small excitation energy and hence high NLO properties
are predicted. It is found that, the energy gap in the case of title
complex is low (0.208489 a.u.) which confirms the high NLO prop-
erties of the title complex crystal [31].
Conclusion

A new organic hydrogen bonded complex salt of 3-carboxyl ani-
linium p-toluene sulfonate was synthesized and good optical qual-
ity single crystals were grown by slow solvent evaporation solution
growth technique at ambient temperature. Single crystal XRD anal-
ysis establishes the molecular structure of the grown title crystal
and belongs to monoclinic crystal system with non-centrosymmet-
ric space group P21. The recorded FT-IR spectrum confirms the
presence of various functional groups as well as existence of inter-
molecular hydrogen bonding between the constituent species. The
optical transmittance spectrum establishes the suitability of the
title crystal for various optical applications. The thermal stability
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was established by TG/DTA studies. The SHG efficiency was shown
to be comparable to that of the reference KDP.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.saa.2014.01.035.
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