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The present research report describes on the characterization of potassium bisulfate or potassium hydrogen
sulphate (KHS) single crystals grown using slow evaporation method at room temperature. The KHS crystal was
found to be crystallizing in centrosymmetric orthorhombic structure. The existence of different functional groups
in the crystal was assured by FTIR investigation. The optical transmittance of the KHS crystal was investigated
using the UV visible spectrum. Moreover, the band gap energy as well as optical constants including dielectric
constant, reflectance, extinction coefficient, optical conductivity, refractive index, and electrical conductivity was

reported.
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Introduction

Potassium hydrogen sulphate (KHS) crystal with
chemical formula KHSO4, belongs to the family having
the general formula MHSO4 (M = K, Na, Cs and Rb). The
presence of strong hydrogen bonding inthe HSOs
tetrahedral ions distinguishes the brilliance of the family
of above-mentioned materials. The characteristics of these
compounds, particularly the phase transition, are largely
determined by hydrogen bonding. Loopstra et al., [1]
investigated the crystal structure of KHSO,4 from two-
dimensional data. Albert Cotton et al., used three-
dimensional data to ascertain the structure of KHS and
they emphasized that there are some significant changes
in interatomic distances. Moreover, they reported that the
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asymmetric unit had two HSO. ions. One HSO4 ion
creates a dimer forming a center of symmetry, while the
other forms a polymer along a glide plane [2].

Potassium  hydrogen sulfate has important
applications in analytical chemistry. Additionally, it is
used to make fertilizers and in the preparation of
potassium persulfate. Furthermore, it is used as a catalyst
in organic preparations. Since there are no detailed studies
carried out for KHS crystal by other researchers, the
authors of the present investigation have decided to find
the several important optical constants of KHS crystal. As
a consequence, the structural, vibrational and optical
characteristics of the single KHS crystal are investigated
and presented systematically in the paper.
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I. Growth of KHS crystal

Potassium hydrogen sulfate aqueous solution was
prepared by dissolving high grade potassium hydrogen
sulfate in double distilled water. Solubility study was
carried out at various temperatures using gravimetric
method [3]. It is observed from Fig. 1 that the KHS
sample’s solubility in water rises in line with temperature,
revealing a greater solubility gradient and a
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Fig. 1. Solubility curve of KHS crystal.

high temperature coefficient, which indicates that the slow
evaporation approach is suitable for growing single
crystals of KHS. The saturated solution was produced,
homogenized for three hours with a magnetic stirrer and
then filtered through Whatman filter paper. For slow
evaporation approach, the filtered solution was poured
into a beaker, which was permeably covered and stored in
a dust-less environment. After a period of 28 days, the
KHS crystal was harvested. The picture of the grown KHS
crystal is displayed in Fig. 2.
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Fig. 2. Grown crystal of KHS.

I1. Results and discussion

2.1.  Structural characterization

The powder XRD pattern was recorded for the grown
sample using Bruker D8 Advance X-ray powder
diffractometer. Fig. 3 shows the X-ray powder diffraction
pattern of the KHS crystal. The position of the peaks was
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determined to be in good accord with the data in JCPDS
file No. 72-1247. From this measurement, the lattice
parameters of the KHS crystal are estimated as
a=28415A, b =9814 A, ¢ = 18.952 A and are well
matched with the reported result [1]. And this result shows
that the KHS crystal crystallizes in orthorhombic crystal
system. The presence of intense peaks reveals the
crystalline nature of the KHS crystal.
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Fig. 3. Powder XRD pattern of KHS crystal.

Table 1.
Powder XRD data for KHS crystal.
Two-theta | d- spacing Relative hkl
(degrees) (A) intensity (%)
9.58 9.21 21.2 002
18.96 4.67 34.7 004
20.01 4.43 5.6 022
21.75 4.08 8.4 210
23.46 3.78 64.5 202
25.52 3.48 60.8 123
26.38 3.37 71.0 024
37.58 3.23 39.7 115
28.48 3.13 52.8 204
29.78 2.99 17.4 106
31.88 2.80 11.8 180
32.86 2.72 9.2 133
37.44 2.39 19.2 233
38.15 2.35 100 152
39.85 2.26 19.3 184
45.06 2.01 38.5 412
47.20 1.92 10.3 326
48.17 1.88 22 422
63.77 1.45 13.4 348
2.2. ldentification of functional groups

The FTIR spectrum of KHS crystal was measured in
the range of 4000 to 500 cm* using Perkin Elmer spectrum
two spectrometer is displayed in Fig. 4 and the absorption
frequencies and their assignments are given in Table 2.

The broad band in the range 3500 - 2400 cm™*
indicates the free OH stretching vibration and is due to
adsorbed water molecules from the atmosphere. The peak
at 1628 cm is assigned to the OH bending of HSO4 group.
The peak at 1285 cm™ is ascribed to S-O-H in-plane
bending. The peaks at 1175 cm™ and 1068 cm™ are due to
SO, asymmetric stretching vibration. The absorption
peaks at 1007 cm™? and 883 cm™ corresponds to SO4
symmetric stretching vibration. The peaks at 850 cm™ and
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613 cm™ is assigned to S-O-H out of bending of HSO,4
group. The peaks at 576 cm™ and 454 cm are ascribed to
SO4 deformation.
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Fig. 4. FTIR spectrum of KHS sample.

Table 2.
FTIR spectral assignments for KHS crystal.
FTIR
peaks/bands Assignments
(cm™)
3200 Free OH stretching
2603 Free OH stretching
1628 OH bending
1285 S-O-H in-plane bending
1175 SO, asymmietric stretching
1068 SO4 asymmetric stretching
1007 SO4 symmetric stretching
883 SO4 symmetric stretching
850 S-O-H out of bending
613 S-O-H out of bending
576 H-SO, deformation
454 SO, deformation

2.3. Linear optical studies

Single crystals are mostly employed in optical
devices. The cutoff wavelength and the transmittance
range are key factors to customize the material for a
specific purpose. The absorption spectra and transmission
spectra of KHS crystal was obtained utilizing Perkin
Elmer lambda 35 spectrophotometer and is shown in Fig.
5 and Fig. 6.
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Fig. 5. Optical transmission spectrum of KHS crystal.
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The KHS crystal applicability for various optical
applications [4] is evidenced by its high and broad
transmittance in the UV-visible range with 232 nm cutoff
wavelength.
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Fig. 6. Optical absorbance spectrum of KHS crystal.

From the transmittance data, the optical absorption
coefficient was determined using the following equation

2.303 1
o« == toou 7)

where d is the width of KHS crystal and T is the
transmittance. The photon energy and the absorption
coefficient can be linked by (ah9)" = A(h9 — E,) where
A is aconstant, v is the frequency of incoming photons,
Eg is the band gap and h is the Planck’s constant [5].
Fig. 7 depicts a graph illustrating the aforesaid
relationship. The energy band gap of KHS crystal is shown

by the intercept of the linear section of the curve and is
found to be 5.34 eV.
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Fig. 7. Tauc’s plot of KHS crystal.

The extinction coefficient (k) was determined using

the relationship k =aA/4z [6]. The estimated extinction

coefficient is then plotted versus wavelength as shown in
Fig. 8. The low extinction coefficient indicates that there
is only a weak interaction between incident light and
electrons in the formed KHS crystal. Using the
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relationship n = (1/T + (/- 1)) the refractive index
(n) [7] may be calculated from transmittance data.
Furthermore, the reflectance (R) of KHS crystal is
estimated from the relation R = (n — 1)2/(n + 1)? [8].
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Fig. 8. Extinction coefficient of KHS crystal.

The plots of refractive index as well as reflectance
against wavelength for grown crystal are displayed in Fig.
9 and 10. The refractive index drops as the wavelength
increases, as shown in the Figure 10. The transfer of
energy from photons to electrons causes the refractive
index to vary as the wavelength of the incoming photon
changes. Moreover, it is clear that the reflectance is around
10 % in the visible range. Thus, the grown material can be
used for antireflection layer in solar thermal devices [9,
10].
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Fig. 9. Refractive index versus for KHS crystal.

The following equation was used to determine the
optical conductivity o,, = anc/4m, where C is the
velocity of photons [11]. The optical conductivity of the
KHS crystal varies with the change in photon energy, as
seen in Fig. 11. It is noticed that the optical conductivity
of the material rises as photon energy increases. And the
optical conductance remains sustained after the cut off
range, exhibits the material's strong optical sensitivity.

Electrical conductivity can also be calculated using
optical data from the following formula [12]
0, = 240,,/a. Many researchers have used the aforesaid
relationship. And the authors are interested to find out the

optical conductivity in Sl units and will be presented in
next paper. Fig. 12 shows that following the cut off range,
the electrical conductivity falls as photon energy
increases. The low electrical conductivity in the visible
range shows the insulating property of the material [17].
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Fig. 10. Reflectance of KHS crystal.
4.00E+014 o —
—  3.00E+014 o
»
2
s
g 2.00E+014 o
o
c
Q
o
m
S 1.00E+014 4
=%
o
0.00E+000 o J
1 2 3 4 5 6 7

Photonic energy (eV)

Fig. 11. Optical Conductivity against photon energy for
KHS crystal.
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Fig. 12. Electrical Conductivity against photon energy for
KHS crystal.
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The optical characteristics of crystals are described by
the dielectric constant (e, = &, + ig;), which s
determined using the following formula:

— 2 _ 12
& =n"—k

g, = 2nk.

The real component of the dielectric constant
determines the pace at which light travels through
materials, whereas the imaginary component represents
the absorption energy of light owing to the medium.
Fig. 13 depicts the changes in these two components
versus photon energy.
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Fig. 13. Real and imaginary term of dielectric constant
versus photon energy of KHS crystal.

The real component of the dielectric constant climbs
as the photon energy increases, whereas the imaginary part
drops with photon energy and then increases. Hence the
low dielectric constant of KHS crystal meets an important
criterion in optoelectronic applications [13].

Conclusion

The high optical quality KHS single crystal has been
grown by slow evaporation method. The grown KHS
crystal belongs to the orthorhombic system, as determined
by XRD analysis. Vibrational spectral analysis has
revealed functional groups in the grown crystal. KHS
crystal has a large optical transmittance window, lower cut
off wavelength, lower absorbance, lower reflectance, and
lower refractive index, as indicated by UV-visible
spectrum analysis, indicating its potential towards
optoelectronic applications.
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JocaigkeHHs1 pO3YUHHOCTI, POCTY, KOJIUBAJIbHUX XapPAKTEPUCTUK TA JIiHIHHO-
ONTHYHUX KOHCTAHT MOHOKPHUCTAJIB Oicyabdary KaJiio
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VY 1boMy NOCIIJDKEHHI OITHCAHO XapaKTePHUCTHKNA MOHOKPHUCTANIIB GicylIb(aTy KaJlifo 4 TigpocyibdaTy Kajiro
(KHS), BupomieHHMX METOIOM IIOBUJIGHOTO BHIIAPOBYBAHHS INPH KIMHATHiM Temmeparypi. BcranoBieHo, mio
kpuctan KHS kpucramizyerbest y NEHTpaIbHOCHMETPUYHIH poMOIUHIH cTpykTypi. IcHyBaHHS pi3HHX
(YHKIIOHAIBHUX TPYM y KpHCTai miarBepkeHo nociipkenHsM FTIR. Ontnune nponyckanss kpucrana KHS
JOCHIPKyBaH 3a fonomMoroto Y ®-crektpy. Kpim Toro, orprMaHo iHpOpMaIiro mpo eHeprito 3a00pOHEHOT 30HH,
a TaKOXX ONTHYHI KOHCTaHTH, BKJIIOYAIOUH [ICNICKTPUYHY HPOHUKHICTH, KOEQIi€HT BiOOWTTA, KOeQiIlieHT
EKCTHHKII1, ONTUYHY MPOBiIHICTh, TOKA3HUK 3aJIOMJICHHS Ta eNEKTPOIPOBIAHICTb.

Ki1ro4oBi ciioBa: HeopraHiuHui KprcTal, BUpOIIyBaHHS po3unHy; XRD; onTiyHi KOHCTaHTH.
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