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Abstract. Good quality single crystals of pure hippuric acid (PHA) and maleic acid
doped hippuric acid (MADHA) were grown at room temperature by slow evaporation
technique using dimethyl formamide (DMF) as solvent. The grown crystals were sub-
jected to X-ray diffraction analysis which showed that both the grown crystals belong
to orthorhombic structure with space group P212121. The Fourier transform infrared
(FTIR) spectral analysis was carried out to identify the presence of functional groups
in the pure and doped crystals. The presence of hydrogen- and carbon-bonded network
was studied using 1H and 13C nuclear magnetic resonance (NMR) spectral analysis.
The UV-vis-NIR spectral analysis was carried out to study the optical properties of
the grown crystals. It was found that the grown crystals were transparent in the entire
visible region suggesting its suitability for nonlinear optical applications. The mechan-
ical hardness of the grown crystals was studied using Vickerss micro hardness tester.
The nonlinear optical (NLO) property of the grown crystals was confirmed by second
harmonic generation (SHG) test.

Keywords: Crystal growth, X-ray diffraction, nonlinear optical materials, optical properties,
mechanical properties.

1. INTRODUCTION

Nonlinear optics has presently established as an alternative field to electronics for the future
photonic technologies. The fast growing development in optical fibre communication systems
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has stimulated the search for new highly nonlinear materials capable of fast and efficient pro-
cessing of optical signals. Organic nonlinear optical (NLO) materials have been intensely in-
vestigated due to their potentially high nonlinearities and rapid response in electro-optic effect
compared to inorganic NLO materials [2, 3, 14]. In recent years, there has been considerable
interest in the study of organic NLO crystals with good nonlinear properties because of their
wide applications in the area of laser technology, optical communication, optical information
processing and optical data storage technology [6]. A number of organic materials have been
identified and synthesized showing considerable NLO effects. Among organic NLO materials,
amino acid display specific features such as molecular chirality, absence of strongly conjugated
bonds and zwitter ionic nature of the molecule [1, 13]. Hippuric acid is a colorless crystal which
belongs to glycine family. It crystallizes in orthorhombic structure with space group P212121
[7]. It has high transparency. The cut- off wavelength was found to be 300 nm and optical
band gap 4.14eV [17, 18]. Vijayan et al. [19] have shown that the crystal grown by novel
unidirectional solution growth method using dimethyl formamide (DMF) as solvent contains a
low angle structural grain boundary and the SHG efficiency is found to be 1.54 times higher
than that of KDP single crystal. Modified hippuric acid single crystals have been grown from
aqueous solution of acetone by doping with NaCl and KCl using slow evaporation technique at
constant temperature, with the vision to improve the physicochemical properties of the sample
[16]. The effect of hippuric acid on different dopants has been studied and reported [8-11,15].
But the effect of hippuric acid on acid dopants and its characterization was not reported. In the
present investigation, we report the effect of maleic acid on the growth and characterization of
hippuric acid single crystals. The as-grown crystals were subjected to various characterization
studies like X- ray diffraction (XRD), Fourier transform infrared (FTIR) spectral analysis, Nu-
clear magnetic resonance (NMR) spectral analysis, ultraviolet visible (UV-vis) spectroscopy,
micro hardness and nonlinear optical test.

2. EXPERIMENTAL PROCEDURE

2.1. Crystal growth. Commercially available AR grade hippuric acid was dissolved in dimethyl
formamide (DMF) with 1M concentration. The solution was continuously stirred for eight hours
using a magnetic stirrer to obtain a homogenous mixture. The solution was then filtered using
Whatmann filter paper to remove the suspended impurities. It was then covered using per-
forated cover and allowed to crystallize by slow evaporation of solvent at room temperature.
Single crystals of good transparency were harvested after three months. With the same concen-
tration of hippuric acid solution, of maleic acid was added and the same procedure was followed
to get defect free single crystals of maleic acid doped hippuric acid. The as-grown crystals of
pure hippuric acid (PHA) and maleic acid doped hippuric acid (MADHA) are presented in Fig.1
(a) and (b), respectively.
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FIGURE 1. As grown crystal of PHA (a) and MADHA single crystal

3. RESULTS AND DISCUSSION

3.1. Single crystal X-ray diffraction analysis. The as-grown crystals of pure hippuric acid
(PHA) and maleic acid doped hippuric acid (MADHA) were subjected to single crystal X-ray
diffraction analysis using Enraf Nonius CAD4 X-ray diffractometer to determine the crystal
structure and cell parameters. From the analysis, it was found that both the crystals belong to
orthorhombic crystal system with a spacegroup P212121. The unit cell parameters of PHA are
in good agreement with the reported value. The calculated lattice parameter values of PHA,
MADHA and the reported value are presented in Table 1 for comparison. The slight variation
in the cell parameters as well as cell volume observed in the case of MADHA single crystals
shows the influence of maleic acid in hippuric acid single crystals.

Data PHA MADHA PHA (7)
(a)Å 8.85 8.89 8.8514

(b)Å 9.08 9.12 9.08

(c)Å 10.57 10.61 10.580

α 90 90 90

βÅ 90 90 90

γÅ 90 90 90

Space group P212121 P212121 P212121
Crystal system Orthorhombic Orthorhombic Orthorhombic

TABLE 1. Single crystal XRD data of PHA and MADHA

3.2. FTIR spectral analysis. In order to confirm the various functional groups, the as-grown
crystals of PHA and MADHA were subjected to Fourier transform infrared spectral analysis.
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The FTIR spectra of both the samples were recorded in the range 550-4000 cm−1 using Jasco-
FTIR 4100/Japan spectrometer. The spectra of PHA and MADHA are shown in Fig.2 (a) and
(b), respectively. In the spectrum of PHA, a sharp peak observed at 3337.21 cm−1 is due to
N-H stretching. The presence of C-H band at 3076.87 cm−1 and overtones at 2000-1660 cm−1

support the presence of phenyl ring. The broadened envelope in the region 2500-3300 cm−1

is due to strongly H bonded O-H stretching of carboxylic acid. The CH stretching of CH2 is
observed at 2935.13 cm−1. The less intense peaks in the region 2300-2700 cm−1 are attributed
to hydrogen bonding interaction of COOH group in the crystal lattice. The peak at 1744.3 cm−1

is due to C=O stretching. The peaks at 1600 cm−1 and 1487.81 cm−1 are due to ring skeletal
C=C bands. The peak at 1412.6 cm−1 is due to O-H bend. The strong peak at 1550 cm−1 due
to NH in plane bending confirms the presence of amine group. The medium band at 1302.68
cm−1 arises from C-O stretching. The peak at 1174.44 cm−1 is due to C-N stretching. The
C-H out of plane bending appears in the region 900-690 cm−1. The band assignments agree
with the literature data [5, 20]. In the spectrum of MADHA, the N-H stretching is observed at
3335.28 cm−1 and C-H stretching band is observed at 3070.12 cm−1. The C=O stretching peak
is observed at 1742 cm−1 and the C-N stretching peak is observed at 1171.54 cm−1. The strong
peak due to NH in plane bending is found to occur at 1548.56 cm−1. The shift in the peak
values is due to the incorporation of maleic acid in to hippuric acid single crystal. Moreover the
intensity of transmittance has been increased for MADHA spectrum than that of PHA spectrum.

FIGURE 2. FTIR spectra of PHA single crystal

3.3. 1H and 13C NMR spectral analysis. In order to analyze the hydrogen- and carbon-
bonded network of PHA and MADHA single crystal, 1H and 13C NMR spectra were recorded
using a Bruker 300 MHz spectrometer with deuterated DMSO as solvent. The 1H NMR spectra
of both PHA and MADHA single crystals are shown in Fig.3 (a) and (b), respectively. In the
1H NMR spectrum of PHA, the peak at 12.65 ppm equivalent to 3H obviously indicates the
presence of COOH group. The singlet at 8.85 ppm equivalent to 1H arises due to NH proton.
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FIGURE 3. FTIR spectra of MDHA single crystal

The presence of an aromatic ring equivalent to 5H is indicated by the multiplet between 7.45
and 7.87 ppm. The peak at 2.49 ppm equivalent to 2H indicates the presence of CH2 group.
The peak centered at 3.92 ppm is due to the solvent DMSO. The broad signal at 3.38 ppm is
due to the traces of water in DMSO.The spectrum of MADHA shows number of peaks in the
aromatic region which is due to the doping of maleic acid into the pure hippuric acid crystal.
Moreover variation in the peak intensities observed in the spectrum of MADHA single crystal
shows the influence of maleic acid in hippuric acid single crystals. The 13C NMR spectra of
both PHA and MADHA single crystals are shown in Fig.4 (a) and (b), respectively. In the 13C
NMR spectrum of PHA, the most deshielded carbon appears at 172.22 ppm which is due to
COOH. The peak at 167.39 ppm is attributed to carbonyl carbon which appears as a singlet in
the spectrum. The presence of signal at 134.66, 132.28, 129.21 and 128.08 ppm indicates the
aromatic carbon. The singlet at 42.10 ppm is attributed to the carbon of CH2. The signal at
40.25 ppm is due to the solvent DMSO. In the 13C NMR spectrum of MADHA, the COOH
carbon appears at 176.99 ppm, carbonyl carbon at 172.15 ppm, and the aromatic carbons at
139.43, 137.04, 133.96 and 132.84. The variation observed in the spectra of MADHA single
crystal confirms the incorporation of maleic acid into hippuric acid crystal.

3.4. UV-Vis NIR spectral analysis. The optical absorption of the crystal is an important factor
for analyzing the second harmonic generation property. In UVvisible studies, electrons in πand
σ orbitals get excited from the ground state to excited energy states on absorbing UV and visi-
ble light and hence provide important structural information [4]. Hence the as-grown crystals of
PHA and MADHA were subjected to UV-vis-NIR absorption studies using UV-vis spectropho-
tometer, Systronics 2202 in the range 200-1100 nm. The spectra obtained for both the crystals
are shown in Fig.5. It is seen from the absorption spectrum that both the crystals are transparent
in the entire visible range without any absorption peak which is an essential parameter for NLO
crystals. The absence of absorption of light in the visible region is an intrinsic property of all
amino acids. The lower cut-off wavelength of PHA single crystal was found to be 280 nm and
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FIGURE 4. 1H NMR spectra of PHA single crystal

FIGURE 5. 1H NMR spectra of MADHA single crystal.

that of MADHA single crystal was found to be 287 nm. The transmission window in the visible
region enables good optical transmission of the second harmonic frequencies of Nd: YAG laser.

3.5. Micro hardness studies. Micro hardness measurements for the grown crystals of PHA
and MADHA were carried out using Leitz Weitzler hardness tester fitted with a diamond pyra-
midal intender attached to an incident light microscope. The well polished crystals were placed
on the platform of the Vickerss hardness tester and three loads were applied over a fixed interval
of time. The indentation time was kept as 5s for all the loads. The lengths of the two diagonals
were measured and the average of the diagonals (d) was calculated. The hardness Hv of the
crystal was calculated by the relation Hv= 1.8554 P/d2 Kg/ mm2

where P is the applied load and d is the mean diagonal length of the indenter impression.
Variation of hardness number with applied load for both PHA and MADHA single crystals are
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FIGURE 6. 13C NMR spectra of PHA single crystal

FIGURE 7. 13C NMR spectra of MADHA single crystal.

shown in Fig.6. It is seen from the figure that the hardness increases as the load is increased.
The hardness value of MADHA single crystal was found to be 57.9kg/mm2 and that of PHA
single crystal was found to be 53.2kg/mm2. The hardness value of MADHA single crystal is
found to be more than that of PHA single crystal.

3.6. Nonlinear optical test. In order to confirm the NLO property, the grown crystals were
subjected to a second harmonic test using Kurtz and Perry powder technique [12]. A Q-switched
Nd-YAG laser beam of wavelength 1064 nm with a pulse rate of 8ns was used. An input pulse of
1.1 mJ/pulse was supplied. The grown crystals were powdered with a uniform particle size and
placed in a micro capillary tube of uniform bore and exposed to laser radiations. The second
harmonic radiation generated by the randomly oriented micro crystals was focused by a lens
and detected by a photo multiplier tube. Potassium dihydrogen phosphate (KDP) was taken as
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FIGURE 8. UV-vis-NIR spectra of both PHA and MADHA single crystals

FIGURE 9. Variation of hardness number with load for PHA and MADHA
single crystals

reference material. The second harmonic generation was confirmed by the green emission of
wavelength 532 nm from both the samples. The output of PHA single crystal was found to be
148 mV and that of MADHA single crystal yielded an output of 152 mV. The same procedure
was adopted for KDP crystal which gives an output of 120 mV. The result obtained shows that
the SHG efficiency of pure and doped samples is 1.233 and 1.266 times greater than that of
KDP. Also it is found that the doped one has more efficiency than the pure one. This observed
SHG property suggests the suitability of the material for NLO device applications.
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4. CONCLUSION

Transparent single crystals of PHA and MADHA are successfully grown at room temperature
by slow evaporation technique using DMF as solvent. The XRD analysis revealed that both the
grown crystals belong to orthorhombic crystal system with space group P212121. However
there is a slight increase in the lattice parameters and volume of MADHA crystal. The presence
of functional group was confirmed by FTIR spectral analysis. The carbon- hydrogen bonded
network has been confirmed by 1H and 13C NMR spectral analyses. The UV-vis-NIR spectral
analysis showed a wide transparency in the entire visible region and suggests its suitability for
NLO applications. The cut-off wavelength of PHA and MADHA crystals are found to be 280
and 287 nm respectively. The micro hardness studies revealed that the hardness number of both
the crystals increases with increasing load, and the hardness number of MADHA was found to
be greater than that of PHA single crystal. The NLO test showed that the SHG efficiency of
both the crystals is greater than KDP and the doped crystal is found to be more efficient than
the pure one. The good optical properties and SHG efficiency make both the crystals a potential
candidate for photonic device fabrication.

ACKNOWLEDGMENTS

One of the authors (JBG) is grateful to Prof. P.K. Das, Dept of Inorganic and Physical Chem-
istry, IISC, Bangalore for providing the SHG studies and to SAIF, IIT, Chennai and Research
centre, M.K University, Madurai for extending the characterization facilities.

REFERENCES

[1] E. V. Boldyreva, High pressure induced structural changes in molecular crystals preserving the space group
symmetry: anisotropic distortion/isosymmetric polymorphism, Cryst. Eng, 6 (2003), 235-254.

[2] Ch. Bosshard, K. Sutter, Ph. Pretre, J. Hulliger, M. Florsheimer, P. Kaatz and P. Gunter, Organic nonlinear
optical materials, Advances in nonlinear optics, 1, Gordon and Breach, Amsterdam, (1995).

[3] D. S. Chemla and J. Zyss, Nonlinear optical properties of organic molecules and crystals, Academic press,
Newyork, (1987).

[4] J. Dalal and B. Kumar, Bulk crystal growth, optical, mechanical and ferroelectric properties of new semior-
ganic nonlinear optical and piezoelectric Lithium nitrate monohydrate oxalate single crystal, Opt. Mater., 51
(2016), 139-147.

[5] S. K. Dewan, Organic Spectroscopy First edition, CBS publishers, New Delhi, (2010).
[6] J. Hernandez-pareds, D. Glossmann-Mitnik, H. E. Esparza-ponce, M. E. Alvarez-Ramos and A. Duartz-Moller,

Band structure, optical properties and infrared spectrum of glycinesodium nitrate crystal, J. Mol. Struct., 875
(2007), 295-301.

[7] A. Kumaresh and R. Arun Kumar, Growth and characterization studies: potential nonlinear optical single
crystals Hippuric acid (HA), Univ. J. Mater. Sci., 2(4) (2014), 73-76.

[8] A. Kumaresh and R. Arun Kumar, Growth, structural and optical characterization of a new nonlinear optical
crystal hippuric acid doped potassium di hydrogen phosphate, Spectrochim. Acta Part A, 111, (2013), 178-
181.



10 Jarald Brigit Gilda, M. Ambrose Rajkumar and D. Prem Anand

[9] A. Kumaresh and R. Arun Kumar, Structural, Spectroscopic and nonlinear optical investigation of a novel
nonlinear optical crystal: Hippuric acid doped ammonium di hydrogen phosphate (HAADP), Spectrochim.
Acta Part A, 121, (2014), 346-349.

[10] A. Kumaresh and R. Arun Kumar, The effect of hippuric acid on crystal growth, structural and optical proper-
ties of ZTS single crystals, J. Cryst. Growth, 401, (2014), 874-877.

[11] A. Kumaresh, R. Arun Kumar, G. Sankar, P. Selvakumar, M. Arivanandhan, Y. Hayakawa and H. Kawai, Effect
of Hippuric acid on the Growth, Structural and Optical properties of Non Linear Optical Crystals, International
Journal of Science and Engineering Applications, Special Issue NCRTAM ISSN-2319-7560.

[12] S. K. Kurtz and T. T. Perry, J. Phys. D: Appl. Phys., 39, (1968), 3798-3813.
[13] R. E. Marsh, A refinement of the crystal structure of glycine, Acta Cryst., 11, (1958), 654-663.
[14] H. S. Nalwa and S. Miyata, Nonlinear optics of organic molecules and polymers, CRC press, Boca Raton,

(1997).
[15] R. Raja, S. Seshadri and R. R. Saravanan, Crystal growth, spectral, thermal and optical properties of an organic

single crystal-dye based hippuric acid, Optik, 125, (2014), 916-919.
[16] B. Suresh Kumar and K. Rajendra Babu, Growth and characterization of doped hippuric acid crystals for NLO

devices, 42(6), (2007), 607-612.
[17] Suresh Sagadevan and Priya Murugasen, Investigation on optical behavior of hippuric acid for optoelectronic

applications, Am. J. Optics and photonics, 2(5), (2014), 65-68.
[18] N. Vijayan, R. Ramesh Babu, R. Gopalakrishnan, P. Ramasamy, M. Ichimura and M. Palanichamy, Growth of

hippuric acid single crystals and their characterisation for NLO applications, J. Cryst. Growth, 273(3), (2005),
564-571.

[19] N. Vijayan, G. Bhagavannarayana and Alex M.Z.Slawin, Growth by SR method and characterization of hip-
puric acid single crystals, Mater. Lett, 62, (2008), 2480-2482.

[20] D. H. Williams and I. Fleming, Spectroscopic methods in organic chemistry, Fifth edition, Tata McGraw-Hill,
New Delhi, (2004).


