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The pure glycine phosphite (pure-GPI) and a new potassium hydroxide doped glycine phosphite (KOH-

GPI) single crystals have been grown from aqueous solution by slow evaporation and Sankaranar-

ayanan and Ramasamy method (SR method). The colorless KOH-GPI crystal with cylindrical shape

about 15 mm diameter and 49 mm length was obtained by the SR method. The formation of KOH-GPI

has been confirmed by single crystal X-ray diffraction by comparing with pure GPI. Its crystalline

perfection was assessed by High resolution X-ray diffraction (HRXRD) studies. The fourier transform

infrared spectroscopy (FTIR) studies and UV–visible transmission and absorption spectrum analysis

were carried out for KOH-GPI and it is compared with pure GPI. From the dielectric studies, at the

frequency value of 1000 KHz, the curie temperature of pure GPI and KOH-GPI was found to be 228.44

and 240.90 K respectively. The KOH-GPI shows high curie temperature value comparing with pure GPI.

The results will be discussed in detail.

& 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The hydrogen bonded crystal Glycine phosphite (NH3CH2-
COOH3PO3) abbreviated as GPI, and betanine phosphite crystal
[(CH3)3NCH2COOH3PO3] abbreviated as BPI shows ferroelectric
nature with ordering of protons in their structure. In low
temperature phase the proton ordering is expected along its
c-axis and the spontaneous polarization is parallel to the mono-
clinic b-axis [1–4]. The similar situation is observed in KDP family
of crystals where hydrogen bonds are perpendicular to the ferro-
electric axis [5]. The GPI crystal belongs to monoclinic system
with space group P21/a and cell parameters of a¼9.792 Å,
b¼8.487 Å and c¼7.411 Å and b¼100.431 [6,7] and also the
crystal undergoes continuous ferroelectric to para-electric phase
transition at 224 K which was already reported by dielectric
measurements. To understand this ferroelectric phase transition
mechanism, several investigations were carried out by various
research groups [8–10].

The Sankaranaryanan and Ramasamy (SR) method is one of the
new unidirectional crystal growth methods which offers simple
solution growth at room temperature with less sophisticated
equipment and gives cylindrical morphology. The major advan-
tage of this method is the easy scaling up of diameter and has
nearly 100% solute-crystal efficiency. It does not give problems
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like thermal decompositions [11–14]. This method has high
growth rate, yield defect free transparent bulk single crystals
along a particular axis and prevents from microbial growth [15–18].

However, no growth details with the addition of potassium
hydroxide (KOH) with GPI have been reported so far. And also the
investigations on the SR method of this crystal have not been
reported yet. Hence in this paper we report a detailed compara-
tive study of the growth and characterization of pure GPI and
KOH-GPI crystal by the SR method.
2. Experimental procedure

2.1. Method of material synthesis

Glycine phosphite (NH2CH2COOH3PO3) was synthesized by
dissolving equimolar ratio of high purity glycine [NH2CH2COOH]
(AR grade) and orthophosphorous acid [H3PO3] (Sigma Aldrich),
with millipore water as the solvent.

The following reaction is expected to take place with the
formation of the glycine phosphate:

NH2CH2COOHþH3PO3-NH3CH2COO �H3PO3 (1)

After complete dissolvation of these two compounds 5 mol% of
potassium hydroxide (KOH) was added as a dopant material in this
solution. Again solution was stirred very well to obtain complete
dissolvation. Then the temperature of the solution is decreased to
room temperature. By keeping the solution into refrigerator, it was
cooled to temperature about 0 1C. The temperature of the solution
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was decreased gradually so that we can obtain potassium hydro-
xide doped glycine phosphite (KOH-GPI) powder crystals. The
complete precipitation and proper filtering has been done to dry
the KOH-GPI powder crystals. To get purified material and good
quality crystals the KOH-GPI synthesized salt was recrystallized
several times.

By employing the slow evaporation method, the fine crystals
of KOH-GPI were obtained from saturated solution. Pure GPI
crystals were also grown similarly by slow evaporation and SR
methods (the following method) without adding potassium
hydroxide.

Figs. 1 and 2 shows single crystals of pure and KOH doped GPI
and which are obtained by slow evaporation method respectively.
The morphology of pure-GPI (Fig. 1) consists crystal habit of
{011}, {010}, {100}, {110}, {111} and {211}faces [19].

The change in morphology of KOH-GPI was observed compar-
ing with pure GPI which is shown in Fig. 2. The morphology of
KOH-GPI mainly consists crystal habit of {110}, {013} faces and
some of other faces also which is shown in the figure.
2.2. Growth of KOH-GPI by the SR method

The saturated solution of KOH-GPI was transferred into 15 mm
diameter cylindrical shape growth ampoule. The KOH-GPI crystal
which is obtained by slow evaporation method was inserted into
the growth ampoule. The bottom of growth ampoule was closed.
The temperature around the growth ampoule was controlled by
the temperature controller. The growth of crystal was observed
continuously and it was allowed to grow for required length
under proper condition.

Under controlled condition, the highly transparent crystal with
size of 15 mm diameter and 49 mm length was obtained in a
couple of months. Fig. 3 shows the colorless, cylindrical shape,
good quality of unidirectional KOH-GPI single crystal harvested
by the SR method.
Fig. 1. Pure-GPI single crystal by the slow evaporation method and its morphology.

Fig. 2. KOH-GPI single crystal by the slow evaporation method and its morphology.

Fig. 3. KOH-GPI crystal by the SR method.
3. Characterization studies

The single crystal X-ray diffraction analysis (by using ENRAF
NONIUS CAD4 diffractometer) was carried out for the grown
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crystal. The high-resolution X-ray diffraction (HRXRD) curve has
been recorded for single crystal specimen by employing the
multicrystal X-ray diffractometers. The FTIR spectra samples were
recorded by KBr pellet method by using Avatar 330 FTIR thermo
Nicolet spectrometer. The UV–visible spectrum was recorded on a
HITACHI model U-2800 double beam spectrophotometer in the
wavelength range from 200 to 900 nm.
4. Results and discussion

4.1. Single crystal X-ray diffraction analysis

The Table 1 shows the lattice parameter values of pure GPI and
KOH-GPI. The single crystal X-ray diffraction analysis of pure and
KOH-GPI exhibits monoclinic crystal system. Comparing with
Table 1
The lattice parameter values of pure GPI and KOH-GPI.

a (Å) b (Å) c (Å) b (1)

Pure GPI 9.782 8.482 7.402 100.33

KOH-GPI 9.740 8.453 7.407 100.06

a¼g¼901, volume¼605.19 Å and system¼monoclinic.

Fig. 4. HRXRD of pure GPI and KOH-GPI.
pure GPI, the KOH GPI shows there is decrease of lattice para-
meters values due to the addition of KOH in GPI.

4.2. High resolution X-ray diffraction analysis (HRXRD)

Fig. 4 shows the high-resolution X-ray diffraction curve (DC)
recorded for a pure GPI and KOH-GPI single crystals specimen
using (102) diffracting planes in a symmetrical Bragg geometry by
employing the multicrystal X-ray diffractometer. In the HRXRD of
pure GPI, the solid line (convoluted curve) is well fitted with the
experimental points represented by the filled circles. On decon-
volution of the diffraction curve, it is clear that the curve contains
an additional peak, which is 28 arcs away from the main peak.
This additional peak depicts an internal structural very low angle
(tilt angle r1 arcmin) boundary. As seen in the HRXRD of KOH-
GPI, the DC contains a single peak and indicates that the specimen
is free from structural grain boundaries. The full width at half
maximum (FWHM) of these curve is 110 arcs which is quite
higher than that expected from the plane wave theory of dynamical
Table 2
Comparison of the main IR Aspectral data (cm�1) of pure GPI and KOH-GPI.

S. no. Assignment pure-GPI KOH-GPI

1 us (COO�) 1419.02 1416.15

2 ua (COO�) 1620.90 1626.60

3 d (COO�) 514.93 552.81

4 ds (NH3
þ) 1459.09 1461.21

5 rr (COO�) 412.22 425.78

6 rr (NH3
þ) 1145.70 1147.80

Fig. 5. FTIR spectra of pure and KOH doped GPI.
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X-ray diffraction for an ideally perfect crystal [20], but close to that
expected for nearly perfect real life crystals. This much broadness
with good scattered intensity along the wings of the DC indicates
that the crystal contains point defects and their aggregates. Such
defects are very common to observe in almost all real crystals
including nature gifted crystals and are many times unavoidable
due to thermo dynamical conditions [20].

It is interesting to see the shape of the DC. As seen in the figure,
the DC is not symmetric with respect to the Bragg peak position,
which indicates that the density of vacancy and interstitial defects
are not same. For a particular angular deviation (Dy) of glancing
angle (y) with respect to the Bragg peak position (taken as zero for
the sake of convenience), the scattered intensity is much more in
the positive direction in comparison to that of the negative
direction. This feature clearly indicates that the crystal contains
predominantly interstitial type of defects than that of vacancy
defects. This can be well understood by the fact that due to
interstitial defects (self interstitials or impurities or dopants
at interstitial sites), the lattice around these defects undergo
Fig. 6. UV–visible transmission
compressive stress and the lattice parameter d (interplanar spa-
cing) decreases close to the defect core and leads to give more
scattered (also known as diffuse X-ray scattering) intensity at
slightly higher Bragg angles (yB) as d and sin yB are inversely
proportional to each other in the Bragg equation (2dsin yB¼nl; n

and l being the order of reflection and wavelength respectively
which are fixed). The inset in the curve shows the schematic to
illustrate how the lattice around the defect core undergoes
compressive stress. The converse explanation is true in case of
vacancy defects which cause tensile stress in the lattice around the
defect core leading to increase of lattice spacing and in turn results
in more scattered intensity at the lower Bragg angles. However, the
single diffraction curve with reasonably low FWHM indicates that
the crystalline perfection is fairly good. The density of such
interstitial defects is however meager and in almost all real crystals
including nature gifted crystals, such defects are commonly
observed and are many times unavoidable due to thermo dynami-
cal conditions and hardly affect the device performance [21,22]
which is however not the main focus of the present investigation.
and absorption spectrum.



Fig. 7. Variation of dielectric constant with temperature of pure and KOH-GPI

at 1000 KHz.
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It is worth to mention here that the observed scattering due to
point defects is of short range order as the strain due to such
minute defects is limited to the very defect core and the long range
order could not be expected and hence the change in the lattice
parameter of the overall crystal is not expected.

4.3. FTIR analysis

The graphs of FTIR spectrum of pure GPI and KOH-GPI are
shown in Fig. 5. The IR spectral datas of KOH-GPI is compared
with pure GPI values which are shown in Table 2. Comparing
with pure GPI, the KOH-GPI shows there is disappearance of
many peaks at the wave numbers of 1253.98, 1728.94, 2418.86,
2919.82 cm�1. The value of symmetric stretching vibration of
COO� decreases with pure GPI. The anti symmetric stretching and
bending vibrations shows high value in KOH-GPI crystal. The
rocking vibration of COO� decreases and NH3

þ increases. All these
confirm the presence of potassium hydroxide in glycine phosphite.

4.4. UV–visible transmission and absorption spectrum

The UV–visible transmission and absorption spectrum of pure
GPI and KOH-GPI were recorded at the wavelength range of 200–
900 nm by dissolving the powder sample in ethanol and water in
1:1 ratio (Fig. 6) and there is no significant change observed in cut
off wavelengths of transmission spectrum for both the samples.
But in case of absorption spectrum small change has been
observed. Absences of absorption regions were observed between
300 and 900 nm for both the samples.

4.5. Dielectric studies

The transparent good quality crystal is polished well using
alumina powder and paraffin oil to study the dielectric property.
The silver paste was applied on both the opposite surfaces of the
crystal which acted as electrodes. The chamber is filled with
helium gas and dielectric response is measured for the frequency
of 1000 KHz for the pure GPI and KOH-GPI. The temperature is
controlled from 205 to 303 K by using a computer keithley nano
voltmeter relay arrangement up to accuracy of 0.1 K. Measure-
ments are recorded and the almost similar variation was observed
for other frequencies also for the both the samples. So the graph is
plotted for 1000 KHz only.

It has been reported already that for the pure GPI, the
measured value of dielectric constant is at the transition tem-
perature of 224 K for a frequency value of 10 KHz [23]. But for the
frequency value of 1000 KHz we found that the phase transition
temperature of pure GPI is at 228.44 K and the KOH-GPI’s phase
transition temperature was compared with this value. The curie
temperature of KOH-GPI was found at 240.90 K.

Fig. 7 shows the dielectric constant values and the phase
transition temperature of pure GPI and KOH-GPI. After adding
5 mol% of potassium hydroxide in glycine phosphite, it was
observed that the curie temperature of crystal was slightly
increased. This result confirms the presence of KOH in glycine
phosphite.
5. Conclusions

The pure GPI and 5 mol% KOH added GPI single crystals were
grown by SR method. The crystalline quality and lattice parameters
of pure and KOH-GPI were compared by single crystal, and powder
X-ray diffraction analysis. The high resolution X-diffraction results
were briefly discussed for both the crystals. This brief analysis of
HRXRD data promises the effect of potassium hydroxide in glycine
phosphite. The functional groups were analyzed by FTIR spectro-
scopy for both the samples. The optical properties were observed
by UV–visible spectrum. The curie temperature of pure GPI and
KOH-GPI has been determined by using dielectric studies.
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