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Crystal growth, structure and characterization
of o-hydroxybenzoic acid single crystals
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Abstract Single crystals of o-hydroxybenzoic acid (o-HBA,
salicylic acid) have been grown by slow evaporation solu-
tion growth technique. It crystallizes in monoclinic system
with two molecular units in the cell (centrosymmetric space
group P2,/c). The lattice parameters are a = 4.8967(6) A,
b = 112204(14) A, ¢ = 11.3027(15) A and f§ = 92.096(12)°.
The modes of vibrations of different functional groups
present were identified by FT-IR studies. Differential scan-
ning calorimetry (DSC) study reveals the purity of the
sample and no decomposition is observed up to the melting
point. The crystals are further characterized using UV—Vis
and powder XRD. Effect of solvents on the growth and
morphology has been investigated. The crystalline cohesion
is achieved by intra and intermolecular hydrogen bonds.
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Introduction

o-Hydroxybenzoic acid (o-HBA) and its derivatives are
one of the organic biomolecules subjected to intensive
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research as it represents a great interest for a wide range of
applications in medicines, agriculture, photosynthesis etc.
[1-5]. Salicylic acid micrometre scale (2-5 pm length)
crystallization in ethanol/methanol as solvent by slow
evaporation solution growth technique at low temperature
(278 K) has been reported [6]. By solventless thermal
crystallization method needle-like salicylic acid crystals of
10-12 mm in length have been grown [7]. Guo et al. [8]
and Zhang et al. [9] have prepared needle-like salicylic
acid crystallites with average diameters of 34 and 16 pm,
respectively, by neutralizing sodium salicylate with hydro-
chloric acid. Domingo et al. [10] have synthesized needle-
like salicylic acid crystallites of 2-5 pm length with 2 pm
diameter by supercritical technology. Salicylic acid has a
significantly lower solubility in water compared to organic
solvents [11]. It crystallizes as hallow tubes with square
cross-sectional areas from water. The cell parameters have
been determined, and structure is in close agreement with
the reported values [6, 12-14]. Thermal and spectral
analyses are very useful methods for materials’ character-
ization. Therefore, many authors have used these tech-
niques for various materials’ characterization [15-35]. In
this paper, we are reporting the bulk growth of salicylic
acid crystals in different solvents and mixed solvent sys-
tems. The as-grown crystal in water—methanol (1:2 v/v) is
subjected to characterization studies.

Experimental
Crystal growth
Single crystals of o-HBA were grown by slow evaporation

solution growth technique. A saturated solution of o-HBA
was prepared in different solvents. The solution was stirred
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well and left for slow evaporation at room temperature.
Numerous tiny crystals were formed at the bottom of the
container due to spontaneous nucleation within 3-5 days.
Good optical quality crystals were harvested after a period
of 7-8 days. The photographs of as-grown crystals of
o-HBA are shown in Fig. 1.

Measurements

The FT-IR spectra were recorded using an AVATAR 330
FT-IR instrument by the KBr pellet technique in the range
500-4,000 cm™'. The single-crystal structure of o-HBA
was carried out from a selected colourless tablet of
approximately 0.33 x 0.28 x 0.23 mm>. Crystal data
were collected and integrated using an Oxford Diffraction
Xcalibur-S CCD system equipped with graphite mono-
chromated MoK, (4 = 0.71073 A) radiation. The powder
X-ray diffractometer (XRD) analysis was performed on a
Philips Xpert Pro Triple-axis X-ray diffractometer. The
XRD data are analysed by Rietveld method with RIETAN-
2000. The UV-vis analysis of o-HBA crystal was carried
out between 200 and 800 nm, using the Perkin Elmer
Lambda 35 model spectrophotometer. Differential scanning

Fig. 1 Photographs of
as-grown o-HBA crystals in
various solvents: a methanol,
b water—methanol. ¢ ethanol,
d water—ethanol, e acetonitrile,
f water—acetonitrile
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calorimetric (DSC) study was performed on a NETZSCH
DSC 204 in the temperature range 0-300 °C at a heating
rate of 50 °C/min in the nitrogen atmosphere. The surface
morphology was observed on a JEOL JSM 5610 LV scan-
ning electron microscope.

Fig. 2 Photographs of o-HBA crystals already reported a solventless
thermal crystallization method [7] b in water (x32) [11]
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Fig. 3 FT-IR spectrum of o-HBA crystal

Table 1 Fundamental vibrations of o-HBA (wavenumber/cm™")

o-HBA Assignment of vibration
3,238 V_OH
3,052 and 3,019 Ven
1,658 Vc=0
1,610 and 1,442 Ve=c
0.8
0.6
3]
=
[0
2 044
2
fia]
<
0.2 = . . .
Fig. 7 Packing diagram of o-HBA crystal
Table 2 Crystal data of o—hydroxybenzoic acid single crystals
0 1 1
200 400 600 o-HBA Reported”
Wavelength/nm
Molecular formula C;HgO5 C;HgO5

Fig. 4 UV-Vis spectrum of 0-HBA crystal
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Fig. 5 Powder X-ray diffraction curve of o-HBA

Molecular weight

Unit cell parameters

Crystal size

Volume

Colour

Crystal system
Space group

Z

Calculated deqsity
Radiation (4, A)

Temperature

138.12/g/mol
a = 4.8967(6)/A
b = 11.2204(14)/A
¢ = 11.3027(15)/A
B = 92.096(12)/°

0.33 x 0.28 x
0.23/mm>

620.59(14)/A>
Colourless
Monoclinic

P2/c

2

1.478/g/cm’®
Mo-Ka (0.71073)
150 (2)/K

138.10/g/mol
a= 4.926(2)//0%)
b= 11230(5/A
¢ = 11.565(6)/A
B = 90.77(4)/°

0.12 x 0.20 x
0.80/mm>

639.8(6)/A°
Colourless
Monoclinic

P2,/c

4

1.434/g/cm®
Mo-Ke (0.71073)
293/K

* Ref [7]
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Table 3 Hydrogen bond geometry/;&, °

D-H--A D-H H--A D--A D-H--A
OI-H(101)--03  0.96(3)  1.77(3)  2.6210(18)  146(3)
02-H(102)--03  091(2)  1.752)  2.6574(18)  174(2)
C2-H2--02 0.95 2.58 3.320(2) 135

Symmetry codes: (i) —x, —y, 1 —z; (ii)) | +x, 172 —y, —=1/2 + z

—10 =

mW

20 -~

30 -

| | | | | |
50 100 150 200 250 300

Temperature/°C

Fig. 8 DSC curve of o-HBA crystal

Results and discussion

The photographs of salicylic acid crystals grown by dif-
ferent techniques by various investigators are displayed in

Fig. 9 SEM images of o-HBA
crystal a methanol b water—
methanol ¢ ethanol

d acetonitrile
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Fig. 2. It appears from the crystal photos that the quality
and size of the crystal depends on the nature of the solvent.

The various functional groups of 0-HBA are confirmed by
recording the FT-IR spectrum in the range 4,000-500 cm ™'
(Fig. 3) and the assignments of well-defined bands are given
in Table 1. In the FT-IR spectrum, the broad band at
3,238 cm ™' is unambiguously attributed to the phenolic —OH
stretch, which is intramolecular hydrogen bonded to the car-
bonyl oxygen [36]. The bands around 3,100-3,000 cm™" are
assigned to —CH stretching frequency. The presence of
intramolecular hydrogen bonding between the hydroxyl
hydrogen atom and the carboxyl oxygen atom reduces the
—C=0 stretching frequency (1,685 cm™"). The UV spectrum
(Fig. 4) reveals that the cut off A is -~ 350 nm. Absorption is
minimum in the 390-800 nm range. A good transparency in
the visible region is a great advantage for optical applications.

The powder XRD patterns of o-HBA crystals (Fig. 5)
show that the sample is of single phase without detectable
impurity. Narrow peaks indicate the good crystallinity of
the material. The structural properties of the grown crystals
depend on the state of the synthesized and the orientations
of the as-grown crystals. The structure of o-HBA single
crystal is confirmed by single crystal XRD analysis and it is
very well shown in the ORTEP and packing diagrams
(Figs. 6, 7). It crystallizes in the monoclinic crystal system
with a space group of P2,/c and crystal data are given in
the Table 2. These values are in good agreement with the
reported values [7]. The usual intramolecular hydrogen
bond is found between the phenolic hydrogen atom and
carboxylate oxygen atom of (O1-H(101)-O3) o-HBA
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molecule, where the proton is located on the phenol group
rather than the carboxyl group [37]. Hydrogen bonding
interactions of o-HBA molecule are listed in Table 3.

The DSC was performed to know the thermal behav-
iours of the grown crystals. This analysis clearly shows that
there is no physically adsorbed water in the molecular
structure of crystals. The studies reveal the purity of the
material. DSC (Fig. 8) shows that the melting point of
crystal is «~ 159 °C. The compound is stable and there is no
phase transition till it is melting. No decomposition up to
the melting point ensures the suitability of the material for
application in lasers where the crystals are required to
withstand high temperatures. The sharp endothermic peak
indicates the solid state transition for relatively pure
material. The melting point of o-HBA molecule was also
determined by using Sigma instrument melting point
apparatus (155 °C).

The effect of solvents on the surface morphology of
o-HBA crystals are shown in Fig. 9. Varied morphologies
in different solvent systems could be due to solute—solvent
affinity. In methanol as solvent scatter centres are visible.
The crystallites were composed of bar-like and spherical
particles in water—ethanol (1:2 v/v) medium. A plate-like
morphology with scattered centers results in ethanol.
Uniform diameter pores are revealed in the SEM picture of
acetonitrile grown crystals.

Conclusions

The o-hydroxybenzoic acid single crystals in different sol-
vents and mixed solvent systems have been successfully
grown by conventional (SEST) solution growth method. The
various vibrational modes present in the o-HBA molecule
are well explained by FT-IR spectroscopy. The crystallo-
graphic data indicate that the o-HBA molecules are crys-
tallizing in monoclinic system with centrosymmetric space
group P2,/c. The UV-visible spectrum of o-HBA showed
that the crystal is transparent in the range ~380-800 nm.
Thermal behaviour has been assessed by DSC analysis. This
study reveals that the compound is stable up to its melting
point (159 °C). SEM studies reveal the external mor-
phological changes with solvent systems.
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