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Abstract: An organic single crystals of Tertiary butylammonium maleate monohydrate
(TBAMM), were grown by slow evaporation technique. The structure of the grown crystal
was elucidated using single crystal X-ray diffraction analysis. XRD studies reveal that
TBAMM crystal belongs to the monoclinic crystal system with space group P21/n. The
presence of functional groups in TBAMM crystal was identified by FTIR spectral study. The
molecular structure of the grown crystal was analyzed by NMR spectral analysis. Thermal
behavior and stability of TBAMM were studied by TG/DTA analyses. UV-Vis -NIR  spectral
study shows wide transmission range with  lower cut-off wavelength as 341nm. The optical
band gap was found to be 3.13 eV from the Tauc's plot. The Second Harmonic Generation
(SHG) efficiency of the TBAMM crystal was found to be 1.5 times more than that of KDP
crystal.
Keywords:  X-ray diffraction, Biomaterials, growth from solutions, organic compounds.

Introduction

Many active pharmaceutical compounds contain nitrogen atoms which can be protonated resulting in
the pharmaceutical activity. As a result, these types of materials are having the desirable properties like
hygroscopicity and physico chemical stability1,2,3.  These  types  of  crystals  are  also  capable  of   modifying  the
mechanical properties. The deprotonation of acid molecules results in the formation of counter ions which is the
important step in drug formulation4,5. In recent years, researches on organic crystals have been made at a rapid
pace  because of their potential applications in the fields of material science, molecular biology, electro optics
and pharmaceutical applications6,7,8. Organic nonlinear optical (NLO) materials are attracting a great deal of
attention due to their high nonlinearity and rapid response in the electro-optic effect compared to inorganics.
New organic compounds with one or more conjugated bond positions, leading to highly efficient charge transfer
systems have been actively studied. Most of the organic crystals are composed of carboxyl groups, which are
responsible for strong electron acceptors and they exhibit high intermolecular charge transfer resulting in high
SHG efficiency.

         Organic compounds formed by weak van der Waals and hydrogen bonds possess high degree of
delocalization9. .Hence they are optically more nonlinear than inorganic materials. Some of the advantages of
organic materials include flexibility in the methods of synthesis, scope for altering the properties by functional
substitution, inherently high nonlinearity and high damage threshold10. Organic materials with delocalized π
electrons usually display a large NLO response which makes it most resourceful for various optical applications
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including communication, computing, information processing, disk data storage. It can also be used for laser
fusion reactions and laser remote sensing11. Organic materials contain delocalised π electrons, a protonated
amine group (NH3

+) and deprotonated carboxylic acid group (COO¯ ). The dipolar nature of the materials
exhibits  peculiar  physical  and  chemical  properties  in  amines  which  make  them  ideal  candidates  for  NLO
applications12–14. Recently, the crystal engineering considers the carboxylic acids as attractive substrates for
synthesis because of their ability to generate predictable supramolecular modes with the hydrogen bonding
interactions among themselves15-18.The main direction of the research is to find recurring packing
patterns(motifs) adopted by certain functional groups19. Such repetitive motifs are called supramolecular
synthons 20. The connections of dicarboxylic acid and amines serve as building blocks that self assemble via O-
H-----O and N-H-------O hydrogen bonds when crystallized 21.

          The study of structural chemistry of maleic acid and related substances is quite interesting due to the
presence of highly strained hydrogen atoms 22. The intramolecular hydrogen bond in maleic acid is very strong
and most of the complexes of  maleic acid are in monoionised state. Maleic acid is basically a dicarboxylic acid
with large π-conjugation has attracted a great deal of attention23.  Maleic  acid  is  a  part  of  well  known
pharmaceutical antibiotic drugs like Chlorophenaramine maleate, Prochlorperazine maleate, Fluroxamine
maleate, Pheniramine maleate etc., Tertiary butyl amine moieties are present in drugs for hypertension, heart
failure and anticancer diseases and also in the field of  crop protection and rubber vulcanization .

         In the present investigation, tertiarybutylammonium maleate monohydrate (TBAMM) was synthesized
by slow evaporation method. The grown crystals were characterized by single crystal XRD , FT-IR, NMR, UV-
vis-NIR, TG/DTA analyses and SHG  also be  studied for this title crystal.

2. Experimental procedure

2.1 Synthesis and Growth of TBAMM

Single crystals of Tertiary butyl amino maleate monohydrate (TBAMM) were grown by slow
evaporation solution growth method at room temperature. Tertiary butyl amine(2-amino-2-isopropane) and
Maleic  acid(But-2-ene-1,4-dioic acid) were dissolved in deionized water with 1:1 mole ratio to get a clear
solution and the solution was stirred well for homogeneity. The resulting solution was filtered using a
Whattman  filter  paper  and  the  beaker  containing  the  filtrate  was  kept  in  a  dust  free  environment  for
crystallization. After a period of 23 days, colourless crystals of the title compound were obtained. The purity of
the synthesized crystal was improved considerably by repeating the crystallization process three times. Fig.1
shows the as-grown single crystal of the title compound.

Fig.1. As grown single crystal of TBAMM

3. Characterization techniques

       Single crystal XRD data of the grown crystal were obtained using a Enraf Nonius CAD4-MV31 single
crystal  X-ray  diffractometer  with  MoKα (0.7107  Å)  radiation  at  room temperature.  The  ORTEP view of  the
molecule was drawn at 50% probability thermal displacement ellipsoids with the atom numbering scheme. The
crystal structure was solved by a direct method with the SHELXS-97 program24,25. The UV-vis-NIR spectrum
was recorded in the range of 200-800nm using Perkin-Elmer Cary 5E spectrometer. The FT-IR spectrum of the
title compund was obtained using JASCO FT-IR 410 spectrometer by the KBr pellet method. The 1H and 13C
NMR spectra of the title compound were recorded on a Brucker AVANCE III 500 MHz (AV 500) instrument at
23oC (300 MHz for 1H NMR and 75 MHz for 13CNMR) to confirm the molecular structure. The TG-DTA of the
title compound has been analysed by using a TGA Q50V20.13 Build 39 Perkin-Elmer Diamond TG-DTA
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instrument. A platinum crucible was used for heating the sample and the analysis was carried out in an
atmosphere of nitrogen at a heating rate of 100C/min in the temperature range of 23-600oC. The SHG efficiency
of the grown crystal was determined with help of modified Kurtz and Perry technique using Nd:YAG laser with
pulse repetition rate of 10Hz and wavelength 1064nm.

4. Results and discussion

4.1. Single crystal X-ray diffraction method -Structural data

          Single crystal X-ray diffraction measurements were made at 293 K using title crystal for data
collection. Accurate lattice parameters were determined from least squares refinements of well-centered
reflections in the range of 2.91 to 26.02o.  XRD data reveal that the synthesized complex, TBAMM belongs to
the monoclinic crystal system with space group P21/n. The lattice parameters obtained are a = 6.0911(8) Å, b
=19.077(2) Å, c = 9.6850(11) Å, α=94.465(7)º β=94.465(7)º and γ=90º, unit cell volume(V) = 1122.0(2) Å3 and
Z = 4.The total number of reflections collected/unique is17721/ 2575.The crystallographic data and structure
refinement parameters are given in Table 1. The grown crystal is a new compound (CCDC no. 996278). The
asymmetric unit consists of maleate anion and tertiary butyl ammonium cation and a water molecule. Fig.2
shows the ORTEP representation of the molecule with atom numbering scheme. The crystalline packing shows
the interactions between tertiary butyl amine, maleate anions  and water molecule. The anion pairs are hydrogen
bonded (N-H...O) to the cations and the motif is connected to its b-translation equivalents to form a one
dimensional hydrogen bonded chain parallel to b-axis.

Fig.2 ORTEP diagram of the TBAMM

         The  single  crystal  X-ray  structure  of  the  proton  transfer  complex  of  the  title  compound  shows  the
presence of protonated tertiary butyl ammonium cation and deprotonated maleate anion and also a water
molecule with the intermolecular hydrogen bonding associations as shown in ORTEP diagram (Fig.2, Table 2).
The single crystal X-ray structure of the proton-transfer complex of TBAMM shows the presence of mono
protonated tertiary butyl ammonium cation and deprotonated maleate anion resulting in the formation of
intermolecular hydrogen bonding associations. The maleate anion possesses a short intramolecular distance O-
H....O hydrogen bond, with an O.......O distance of  2.4045(16) Å, which forms nearly planar seven membered
ring structure as typically found in other hydrogen maleate anions27 and other inter and intra molecular
hydrogen bondings as shown in Table 2. The loss of a proton from maleic acid is confirmed from the elongated
bond length of C(1)-O(5) from 1.22(17) Å to 1.23(17) Å. The deprotonation of maleic acid is further confirmed
from hydrogen bond table 2.  The bond angle of the carboxylate ion in maleate anion show characteristic value
for  O(5)-C(1)-O(4)  as 122.11(14)o which is higher when compared to O(2)-C(4)-O(3) angle of 121.11(14)o.

Table 1. Crystallographic data and structure refinement parameters for TBAMM

Empirical formula C8 H17 N O5

Formula weight 207.23
Temperature 293(2) K
Wavelength 0.71073 Å

Crystal system, space group Monoclinic,  P21/n
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Unit cell dimensions a = 6.0911(8)Å ;  α = 90 deg.
b = 19.077(2) Å; β = 94.465(7) deg.

c = 9.6850(11)Å   ;γ = 90 deg.
Volume 1122.0(2) Å 3

Z 4
Calculated density 1.227 Mg/m3

Absorption coefficient( µ ) 0.101 mm-1

F(000) 448
Crystal size 0.30 x 0.25 x 0.20 mm

Theta range for data collection 2.14 to 27.52 deg.
Reflections collected / unique 17721/ 2575 [R(int) = 0.0538]

Completeness to theta 27.52  -   99.9 %
Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.9869 and 0.9694
Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 1575 / 3 / 150
Goodness-of-fit on F^2 1.073

Final R indices R1 = 0.0454, wR2 = 0.1191
R indices (all data) R1 = 0.0717, wR2 = 0.1325

Extinction coefficient 0.1610(4)
Limiting indices -7<=h<=7, -23<=k<=24, -11<=l<=12

Identification code shelxl
CCDC No. 996278

        Moreover, the elongated bond length of C(5)-N(3) from 1.48 Å to 1.50 Å for tertiary butyl amine,
causes the Vander Waals bond between N-H...O also to stretch the C-N bond of tertiary butylamine  which
proves the protonation of tertiary butyl amine in TBAMM. It is found that among three protons  H(3A), H(3B)
and H(3C) bonded with nitrogen atom, H(3B) is the protonated hydrogen and this is proved by the bond lengths
N(3)-H(3B) is 0.955(18) Å whereas N(3)-H(3C) is 0.92(2) Å and N(3)-H(3A) is 0.906(18) Å. These differences
are attributed to the loss of a carboxylic proton at C1, leading to the conversion from the neutral to the anionic
state.

Table 2.Bond lengths [A] and angles [deg] of Hydrogen atom for TBAMM

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)

C(6)-H(6C)...O(3)#1
O(3)-H(3D)...O(4)

O(1)-H(1A)...O(5)#2
O(1)-H(1B)...O(2)

N(3)-H(3A)...O(2)#1
N(3)-H(3B)...O(5)#3
N(3)-H(3C)...O(1)#4

0.96
0.82

0.886(16)
0.911(16)
0.906(18)
0.955(18)
0.92(2)

2.54
1.59

1.948(17)
1.938(16)
2.026(19)
1.913(19)
1.89(2)

3.455(2)
2.4045(16)
2.8144(17)
2.8444(17)
2.9126(18)
2.8557(18)
2.803(2)

159.2
176.4
166(2)
173(2)

165.7(14)
168.6(15)
176.7(16)

4.2 FTIR analysis

The recorded FTIR spectrum of the TBAMM in the range of 4000-400 cm-1 is  shown  in  Fig  3.  The
peak at 3455 cm-1 is assigned to N-H streching vibration and hence the t-butyl amine nitrogen is protonated in
the  crystal  as  shown  in  ORTEP  diagram  (Fig  2).  The  peaks  at  2988  cm-1 and 2919 cm-1 are due to C-H
stretching vibration of t-butyl amine and maleic acid.
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Fig.3 FT-IR spectrum of TBAMM

The C=C stretching vibration of maleic acid group occurs at 1639 cm-1. The peak at 1575cm-1  is
assigned to C=O vibration of the acid group and the peak at 2115 cm-1  is due to C-N  stretching vibration. The
peak at 2532 cm-1 is due to combination mode of COO- group. The peak at 1010 cm-1  corresponds  to  C-O
stretching  which has been deprotonated. The peak at 875 cm-1  is due to C-H plane out of bending vibration.
The peaks corresponding to 709 cm-1 is due to NH wagging and 567 cm-1 is due to C-C out of plane ring
deformation28,29.

Table.3. Spectral data and their assignments for TBAMM

Frequency Cm-1 Assignments
3455cm-1 N-H asymmetric stretching and symmetric

stretching vibration
2988 cm-1 and 2919 cm-1

2532 cm-1

C-H asymmetric stretching and symmetric
stretching vibration

COO- vibration mode
2115cm-1 C-N stretching vibration

1639cm-1 C=C stretching vibrations
1575 cm-1 C=O stretching vibration

1436 cm-1 and 1321 cm-1 asymmetric and symmetric stretching
vibration of the nitro

1010 cm-1 C-O stretching vibration
875 cm-1 C-H out of plane bending vibration

709cm-1 NH wagging

567 cm-1 C-C out of plane ring deformation[24,25].

       Table 3. shows the various functional modes present  in the  molecular structure. Hence, the IR
spectrum confirms the presence of functional groups and characteristics of amine and acid groups.
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4.3 NMR spectroscopy

The 1H NMR and 13C NMR spectral analyses are the two important analytical techniques used to study
the molecular structure of title compound. Fig.4a shows the structure of title compound with different number
of protons and carbons present in the chemical environments involved in the structure.

Fig.4a Structure of  TBAMM

4.3.1. 1H NMR spectrum

        Fig.4b shows the recorded 1H NMR spectrum of grown crystal which shows five different signals due
to five distinct proton environments including solvent signal. The peaks at δ 2.5ppm correspond to solvent
peaks.  The signal  at  δ 6.066 ppm is  due to CH protons of  maleate  ion.  The signal  at  δ 7.8ppm is  assigned to
NH3

+   protons in t-butylamine which are deshielded  due to the decreasing absorbing powers of COO- atoms.
As  a  result,  the  δ value  is  increased  from  2-3ppm  to  7.8ppm.  Hence  the  signal  at  δ 7.8ppm  confirms  the
deshielding effect  of COO- atoms on NH3

+ proton. The peak at δ 1.2ppm is due to CH3 groups in t-butyl part of
the amine group. The peak at δ 3.5ppm reveals the  moisture protons like water and O--H----O protons.

Fig.4b 1H NMR spectrum of TBAMM

4.3.2. 13 C NMR spectrum

         Fig.4c shows the 13C NMR spectrum of the title compound. The appearance of 5 distinct carbon signals
in the spectrum including the solvent peak unambiguously confirms the molecular structure of the title
compound. The signal at δ 167.50 ppm has been assigned to the C6  carbon (C-O) atom in the maleate ion. The
signal at δ 136.19ppm is due to CH=CH of maleate ion. The signal at δ 51.19ppm corresponds to methyl groups
attached to carbon atom in tertiary butylamine,while δ 124.58ppm corresponds to C2 and C4 aromatic carbon
atoms of maleate anion. The signal at δ 27.18 ppm shows the methyl group in tertiary butyl group. The solvent
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peaks are shown at δ 40.02 ppm. It is concluded that the spectrum provides the useful information about the
various types of carbon atoms involved in the molecular structure of the title compound.

Fig.4c 13C NMR spectrum of TBAMM

4.4 UV-vis- NIR spectral analysis

       The UV-vis-NIR absorption spectrum of the grown crystal was recorded in the wavelength range of
200-800 nm (Fig.4a). The higher intensity of the absorption band observed in the UV region may be due to
conjugated systems present in the grown crystal TBAMM. The absorption is very low in the near infrared
region entire visible region and UV-region with lower cut-off wavelength 341nm. The optical band gap (Eg)
was evaluated using Tauc's relation given by

αhν = A(hν- Eg )2                                                                                        (1)

 where α is the absorption coefficient, A is a constant, Eg  is the optical band gap, h is  the Planck constant and v
is the frequency of the incident photons.

Fig.4a UV- visible-NIR spectrum of TBAMM

  The value of band gap energy was estimated from the plot of (αhν)2 against hν (Fig.4b) by extrapolating
the linear portion of the curve to zero absorption.
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Fig.4b Plot of (αhν)2  versus photon energy

  The optical band gap was measured as 3.13 eV from the plot. The higher value of optical band gap
suggests that material is dielectric in nature. Only the dielectric material will have wide transparency. The
material with wide transparency is required for the fabrication of optical electronic devices.

4.5. Thermal analysis

       The Thermogravimetric (TG) and Differential thermal analysis (DTA) were carried out in the nitrogen
atmosphere at a heating rate of 10oC min -1 from 0 ºC to 700 ºC. It is observed from TG curve that the weight
loss is negligible (3.00%) at 102.6ºC and it may be due to evaporation of water molecules and the major weight
loss starts from 106.8ºC onwards. The major weight loss  is confirmed by the endothermic peak of DTA
analysis at 106.8ºC ( Fig 5).

Fig.5. TGA and DTA curve of TBAMM

Hence, the crystal can be used in devices with more thermal stability up to 145 ºC. The decomposition
is almost completed at 409 ºC. The sharpness of the peaks shows the good degree of crystalline quality of the
crystal30,31.
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4.6. Nonlinear optical studies

         NLO  efficiency  of  the  TBAMM  crystal  was  measured  by  the  Kurtz  and  Perry  technique32.  A  Q-
switched Nd:YAG laser was used as light source. A laser beam of fundamental wavelength 1064nm. The
sample was ground well and tightly packed in a micro capillary tube. The relative SHG efficiency of the grown
crystal was measured by comparing the SHG output from the standard material KDP (Potassium dihydrogen
phosphate) of same particle size. The relative efficiency was found to be 1.5 times that of standard KDP. The
SHG  was  confirmed  from  the  emission  of  green  radiation  (532nm)  by  the  crystal.  On  a  molecular  scale  the
extent of charge transfer (CT) across the NLO Chromophore determines the level of SHG efficiency. Even
though the grown crystal belongs to centrosymmetric group, it exhibits considerable amount of NLO behavior
Rieckoff et al., 33, Ghazaryan et al.,34, Shakir et al., 35,Wensheng et al., 36, Dhanabal et al37 ,P.Pandi et al 38 and
Sagadevan Suresh et al., 39 have studied the SHG  efficiency of some centrosymmetric crystals due to strong
hydrogen bonds.

           In the TBAMM study, the strong proton donor maleic acid transfers a proton to the strong proton
acceptor tertiary butyl amine. Intermolecular hydrogen bonding is formed between the hydrogen of the
protonated nitrogen atom of tertiary butyl amine and the negatively charged oxygen atom of the maleate ion 40.
In the present case, the donor–acceptor strength would be considerably high due to the intermolecular hydrogen
bonding. The SHG efficiency of the title complex may due to the presence of intermolecular hydrogen bonding
through N-H-O and C-H-O bonds. This indicates that the synthesized complex can be used as a promising NLO
material with SHG efficiency more than that of KDP.

5. Conclusion

Single crystals of TBAMM were synthesized and crystallized from tertiary butyl amine and maleic acid
by slow evaporation method. The structure of the grown crystal was solved using SHELXS-97 program. It is
observed from the crystallographic data that the grown crystal belongs to monoclinic system with P21/n space
group. The absence of absorption in the visible UV–NIR region is confirmed and the high optical band gap
indicates that the TBAMM can be useful for optoelectronic applications. The cut-off wavelength and optical
band gap were measured as 341nm and 3.13eV respectively. The presence of various functional groups and the
protons and carbon atoms of various chemical environments present in the grown crystal was confirmed by FT-
IR and NMR spectral analyses. The thermal stability and decomposition pattern of the TBAMM were
studied using TG–DTA analyses. Thermal studies reveal that the grown crystal is thermally stable up to
106.8°C. The TBAMM possesses SHG efficiency 1.5 times more than that of KDP.
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