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Good quality potassium bisulphate (KHS) single crystals have been grown by slow evaporation method at room temperature. The KHS 
crystal was found to be crystallizing in orthorhombic crystal structure with Pbca space group. The photoluminescence behaviour of the 
crystal was analysed in the visible region. This study disclosed that the grown KHS crystal has intense blue emission peak at 490 nm. 
Impedance analysis was performed to investigate the frequency dependent electrical characteristics at various temperatures. From the 
impedance studies the bulk resistance, grain boundary resistance and DC conductivity values of the grown crystal were found out. The 
KHS crystal was subjected to TGA/DTA and the results have been investigated. The electrical parameters like Fermi energy and 
average energy gap of KHS crystal have been determined. The evaluated values are used to estimate the electronic polarizability. The 
intermolecular interactions were predicted using Hirshfeld surface analysis. This analysis exhibited that the utmost contribution to the 
crystal structure was the K⋯O (46.7%) interaction. The 2D fingerprint plot provides the percentage contribution of each atom-to-atom 
interaction. Since KHS material is a centrosymmetric crystal, it could be used for third order nonlinear optical (NLO) applications.  
Keywords:    Inorganic crystal; solution growth; XRD; photoluminescence; impedance; TGA/DTA; electronic polarizability; 3-D 
Hirshfeld surface. 
PACS: 81.10.Dn, 81.10.−h 
 

In recent years, single crystals with good electrical, thermal, and nonlinear optical properties are in high demand for 
the development of solid state devices. Accordingly, many researchers have focused on the feasibility and applicability 
of crystal in the fabrication of devices [1]. Nowadays, the study of NLO materials has garnered much attention since its 
technological needs are obvious [2]. Some researchers have reported that the inorganic crystals gaining its popularity in 
the area of nonlinear optics owing to its good physical and chemical stabilities [3]. Many useful inorganic crystals have 
been discovered and used in laser sources. One such inorganic NLO active substance is potassium bisulphate, often known 
as potassium hydrogen sulphate (KHS). Though KHS is reusable, affordable, non-toxic and can be employed in both 
homogeneous and heterogeneous conditions, only few research works have been reported to understand its physical 
properties. Loopstra has reported the crystal structure of KHS crystal [4]. And the thermoelastic properties of single 
crystals of KHS have been studied by some investigators [5, 6]. To the best of our knowledge, here we are reporting for 
the first time the photoluminesnce behaviour, electrical properties and intermolecular interactions of the KHS crystal. 
Also the experimental and theoretical value of density of the KHS crystal has been compared. 

 
GROWTH OF KHS CRYSTAL 

The mixture to grow single crystals of KHS was prepared from high grade potassium hydrogen sulfate using aqueous 
solution. The solution was stirred for three hours using magnetic stirrer. The prepared mixture was then filtered and placed 
undisturbed in a reasonably dustless atmosphere. The KHS crystal was harvested within 30 days. The photograph of the 
grown KHS crystal is shown in Fig. 1. 

 
RESULTS AND DISCUSSION 

Structural characterization 
The grown KHS crystal was exposed to single crystal X-ray diffraction investigations using MoKα radiation ENRAF 

NONIUS CAD4 diffractometer to identify the crystal system. The data acquired from single crystal XRD investigation 
displayed in Table 1 shows that the KHS crystal belongs to the orthorhombic crystal system with Pbca space group and 
16 molecular units per unit cell. The results of this study appear to be in excellent accord with the published values [4]. 
Because the Pbca group is a centrosymmetric space group, no second order nonlinear optical (NLO) characteristics will 
be observed in this sample. 
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Figure 1. Grown crystal of KHS 

Table 1. Single crystal XRD data for KHS crystal 

Chemical formula 
Refinement method 
Molecular weight 
Crystal habit 
Crystal Symmetry 
Space group 
a 
b 
c 
α 
β 
γ 
Z 
Volume of unit cell 
Density 

KHSO4  
Full matrix Least square method 

136.17  g/mol 
Colorless, transparent 
Orthorhombic 
Pbca 

8.411(4) Å 
9.802 (3) Å 
18.961(2) Å 
90° 
90° 
90° 
16 
1563.23(4)  Å3 

2.313 g/cc 
 

Photoluminescence studies 

 

Figure 2.  PL spectrum of the KHS crystal excited at 320 nm. 

The PL analysis of KHS single crystal was performed out in the range between 350- 600 nm with an excited wavelength 
320 nm and it is shown in Fig. 2. The prepared KHS crystal shows both UV and broad visible emissions. The strength of the 
peak emitted in the visible range is higher when compared to the UV region. The PL spectrum recorded indicates a less 
intense UV emission at ~ 359 nm and the blue emission bands at ~ 412 nm, ~ 438 nm and ~ 490 nm. And the emission in 
the UV and visible region is attributed to the free exciton recombination through an exciton–exciton collision process and 
the presence of intrinsic defects respectively [7]. The occurrence of charge transfer [8] in the molecules might explain the 
sharp emission peak at 490 nm. The spectrum indicates that the KHS crystal can be beneficial for fluorescence in blue LED 
applications [9]. 
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Impedance Studies 
Impedance analysis was used to understand the electrical behaviour of the KHS crystal. Fig. 3 and 4 depict changes 

in the real  Z   and imaginary  Z   portions of impedance for the KHS crystal against frequency. As seen in the graph, 

the real part  Z   of impedance drops as the temperature and frequency rises. Fig. 4 shows that the amplitude of Z   rises 

at first, then declines with increasing frequency after reaching a peak  maxZ  . As the temperature rises, the peak widening 

and shift to higher frequency regions is observed which shows the presence of an electrical relaxation phenomenon. 
Moreover, the impedance curves at all temperatures were combined at higher frequency due to a decrease in space charge 
polarization [10]. 

Figure 3. Real term of impedance against frequency Figure 4. Imaginary term of impedance against frequency 

Fig. 5 shows the Nyquist plots for the grown KHS crystal between Z and Z  of impedance at various temperatures. 
The existence of a single semicircular arc and spike suggests that the material's electrical characteristics are mostly 
attributable to bulk and grain boundary influences [11]. Table 2 shows the bulk resistance bR  as well as the grain 

boundary resistance gbR  of the sample derived from the plot. The data clearly shows that when the temperature rises, bR

and gbR decreases. Furthermore, this finding supports the insulating nature of KHS sample. Moreover the conductivity 

of the KHS crystal presented in table 2 was estimated using the formula [12] bARd / , where A  is the area of the 

face of the crystal in contact with the electrode and d  is the thickness of the KHS crystal. The low conductivity of grown 
KHS crystal supports its quality of dielectric material. 

Figure 5. Nyquist plot for KHS crystal 

Table 2. Bulk resistance, grain boundary resistance and DC conductivity values of the KHS crystal 

Temperature (oC) Bulk resistance bR  

(ohm) 

Grain boundary resistance gbR  

(ohm) 

DC conductivity  
(ohm m) -1 

30 4.40 x 106 2.63 x 106 2.49 x 10-6 
50 4.00 x 105 1.90 x 105 2.74 x 10-5 
70 1.90 x 105 1.02 x 105 5.76 x 10-5 
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Thermal studies 
The thermal feature of KHS crystal was investigated using the Perkin Elmer STA 600 TG-DTA instrument in the 

temperature range of 40–730 °C. In a nitrogen environment, the experiment was performed at a pace of 10 °C per minute. 
Fig. 6 shows the TGA and DTA graph of the KHS crystal. At the beginning of experiment, mass of the sample was 19.90 
mg and it had a mass of 14.4 mg at the end. The slight weight loss in the TGA curve over the temperature range 40-50 oC 
is attributed to the removal of adsorbed water molecules by the sample from the atmosphere. Chemical dehydration is 
responsible for the endothermic peak at 195°C. And the peak in the DTA curve at 210°C, which corresponds to the weight 
loss in the TGA curve, indicates simultaneous melting and disintegration of the KHS crystal. The wide peak after the 
disintegration point is due to the evaporation of gaseous materials [13-15]. Thermal stability of the grown KHS crystal 
ascertains that they may be used at higher temperatures [16]. The result indicates that 72% of the sample retained even at 
720°C. Hence the sample has an imperative quality for device manufacturing.  

 

Figure 6.  TG/DTA curves for KHS sample 

Electronic polarizability of KHS crystal 
The tendency of a charge distribution to be deformed from its usual shape when an electric field is applied to a sample 
consisting of atoms or molecules is known as electronic polarizability. The estimation of electronic polarizability relies upon 
certain solid state parameters such as plasma energy of valence electron  vE , Fermi energy  FE  and Penn gap energy  pE

. The value of vE  is estimated from the following equation  

   218.28 MZEv   

where Z  is the number of valence electrons of KHS molecule,  is the density of the crystal and M  is the molecular 

weight of KHS crystal. Here M  = 136.17 g mol-1,  = 2.313 g/cc, Z= 32. 

Penn gap energy or average energy gap can be estimated using the dielectric constant [17] from the relationship 

  211  vp EE where    is the dielectric permittivity, often known as the dielectric constant, has a value of 4.5 at 

1 MHz [18]. Fermi energy is the kinetic energy of particles in their most occupied state, and it may be calculated 

theoretically using the equation 342948.0 vF EE  .  Table 3 shows the calculated values of vE , pE  , and FE  for the 

KHS crystal. 
The electronic polarizability    of KHS crystal may be determined using the Penn analysis from the relationship   

       2422 10369.03   MESESE pvv  

where    243141 FpFp EEEES   is a specific constant of the material [19, 20]. The electronic polarizability of 

the KHS crystal is determined to be 2.196 x 10-23 cm3 using Penn analysis. 
The value of  of KHS crystal may also be computed using the Clausius-Mossotti relation given below 

      2143   NM 

where N  is the Avogadro’s number [21] and the estimated value of  electronic polarizability is  1.256 x 10-23 cm3. The 
results show that the electronic polarizability of KHS crystal determined using both techniques is almost identical. 
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Table 3. Values of vE , pE  , and FE  for KHS crystal  

Energy parameters Values (eV) 

Plasma energy  vE  21.233 

Penn gap energy  pE  11.350 

Fermi energy  FE  17.315 

 
Experimental determination of density of crystal 

Flotation method was employed to estimate the density of the KHS crystal. A tiny part of crystal was submerged in 
the mixture of liquid bromoform and carbon tetra chloride in a specific gravity container. When the sample was in the 
condition of mechanical equilibrium, the density of both the crystal and the combination of liquids would be equivalent. 
Then using the following relation density can be estimated  

   1213 wwww   

where 1w represents the weight of a specific gravity bottle, 2w and 3w represents the weight of a specific gravity bottle 

filled with water and the solution mixture respectively. The experimentally estimated density of KHS crystal is 2.325 
g/cc, which is nearly identical to the density of KHS crystal, determined using the XRD technique [22].  
 

Kurtz-Perry powder technique for SHG 
The Kurtz and Perry approach was used to determine the second harmonic generation (SHG) efficiency of the 

powdered form of the grown KHS crystal [23]. Nd: YAG laser beam (  = 1064 nm) of very high intensity with a pulse 
length of about 6 ns was incident over the prepared material. The reference sample in this experiment was KDP. The 
grown crystal was crushed into a powder with a grain size of 300-350 m and the SHG was measured. It is noticed that no 
green radiation is emitted during the experiment. However, at an input energy of 0.70 J, the typical KDP sample produced 
green radiation with a SHG signal of 8.90 mJ. From the SHG analysis it is observed that the magnitude of SHG for the 
KHS sample is zero and is attributed to the centrosymmetric nature of the grown crystal.  Third order NLO property (Z-
scan) analysis of KHS sample is in progress. 
 

Hirshfeld surface analysis 
The Crystal Explorer 17.5 programme was used to analyze Hirshfeld surfaces and generate the corresponding 2D 

fingerprint plots for the KHS crystal. The intercontacts in the KHS crystal were seen utilizing the normalized contact 
distance normd , distance between Hirshfeld surface and the closest atom inside the surface id  and distance between 

Hirshfeld surface and the closest atom outside the surface ed  maps on the Hirshfeld surface displayed in Fig. 7. 

 
a) b) 

 
c) d) 

Figure 7. The Hirshfeld surface of the compound mapped with a) normd b) id c) ed d) shape index 
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The surfaces were made transparent so that molecules and the crystals interacting environment could be seen clearly. 
The colors red, white and blue in the normd  mapped Hirshfeld surface show that the interatomic contacts [24-26] are 

shorter longer, Van der Waals separated and longer respectively. The bright red zone in the normd  mapping shows the 

presence of hydrogen bond interactions (S–HO) in the Hirshfeld surface of the investigated crystal. The shape index 
elucidates molecular packing in more depth. The donor of an intermolecular interaction is represented by the blue bump-
shape with a shape-index greater than 1, while the acceptor is represented by the red hollow with a shape-index less 
than 1. The hydrogen-donor and hydrogen-acceptor groups were represented by the blue and red areas on the shape-index 
map of KHS crystal displayed in Fig. 7 d). Fig 8 shows a 2D fingerprint plot depiction of a Hirshfeld surface. With 46.7 
percent of the Hirshfeld surface of the title molecule, the K…O intercontact makes a significant contribution. Other 
intercontacts discovered in the Hirshfeld surface of the investigated compound include O...O (27.9%) and S...O (25.4%). 

a) b) 

c) d) 
Figure 8.  a) title compound b) K..O c) O..O d) S..O interactions and their contribution to the Hirshfeld surface 

 
CONCLUSION 

High optical quality single crystals of KHS were grown by slow evaporation technique. The crystal structure and 
space group of grown KHS crystal were determined by XRD technique. The photoluminescence feature of the grown 
crystal indicates that it is appropriate for the photonic devices manufacturing. The electrical properties have been studied 
using impedance spectroscopic technique and can be used as a tool to identify the good quality dielectric crystal. Thermal 
steadiness and decomposition point were found by TGA/DTA analysis and it suggests that the sample can be employed 
for device fabrication. The solid state electronic parameters and the electronic polarizability of KHS crystal were 
calculated. And the SHG analysis divulges that the KHS crystal is centrosymmetric. The percentages of the intermolecular 
interactions of the grown sample are revealed using 3D Hirshfeld surface analysis and 2D fingerprint plots. 
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ФОТОЛЮМІНЕСЦЕНЦІЯ, ІМПЕДАНС, ТЕРМІЧНІ ХАРАКТЕРИСТИКИ ТА АНАЛІЗ ПОВЕРХНІ ХІРШФЕЛЬДА 

МОНОКРИСТАЛІВ БІСУЛЬФАТУ КАЛІЮ ДЛЯ ЗАСТОСУВАНЬ NLO ТРЕТОГО ПОРЯДКУ 
К. Тілагаa,d, П. Селварайянb, С.М. Абдул Кадерc 
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Високоякісні монокристали бісульфату калію (KHS) були вирощені методом повільного випаровування при кімнатній 
температурі. Встановлено, що кристал KHS кристалізується в ромбічній кристалічній структурі з просторовою групою Pbca. 
Проаналізовано поведінку фотолюмінесценції кристала у видимій області. Це дослідження показало, що вирощений кристал 
KHS має інтенсивний синій пік емісії при 490 нм. Для дослідження частотно-залежних електричних характеристик при різних 
температурах проводили аналіз імпедансу. З досліджень імпедансу були виявлені величини об’ємного опору, опору межзеренних 
меж і провідності по постійному струму вирощеного кристала. Кристал KHS був підданий TGA/DTA, і результати були 
досліджені. Визначено такі електричні параметри, як енергія Фермі та середня енергетична ширина кристала KHS. Оцінені 
значення використовуються для оцінки електронної поляризуємості. Міжмолекулярні взаємодії були передбачені за допомогою 
аналізу поверхні Гіршфельда. Цей аналіз показав, що найбільшим внеском у кристалічну структуру була взаємодія K⋯O (46,7%). 
Двовимірна діаграма відбитків надає відсотковий внесок кожної взаємодії атома з атомом. Оскільки матеріал KHS є 
центросиметричним кристалом, його можна використовувати для нелінійно-оптичних додатків третього порядку (NLO). 
Ключові слова: неорганічний кристал; зростання розчину; XRD; фотолюмінесценція; імпеданс; TGA/DTA; електронна 
поляризуємість; 3-D поверхня Гіршфельда. 




