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Abstract

Crystalline materials are solids in which atoms, molecules, or ions are arranged in a regular
and repeating three-dimensional structure. Potassium dihydrogen phosphate (KDP) is an
important crystalline material because of its optical, ferroelectric, and piezoelectric
characteristics. In the present study, the influence of potassium iodide (KI) incorporation on
the properties of potassium dihydrogen phosphate (KDP) single crystals was investigated.
Both undoped KDP and KlI-doped KDP crystals containing 0.10 mole%, 0.15 mole%, and 0.20
mole% Kl were prepared by the slow evaporation solution-growth method. The optical
behavior was examined by UV-Visible spectroscopy over the wavelength interval of 200-1100
nm, while Fourier transform infrared (FTIR) spectroscopy was used to examine the
characteristic functional groups and bonding environment. Thermogravimetric analysis (TGA)
was also conducted to investigate the thermal behavior of the crystals. The obtained crystals
were transparent and stable. The UV-Visible measurements showed a clear change in the
transmission and absorption characteristics after Kl incorporation, while the lower
wavelength cut-off remained close to 400 nm for the investigated samples. The TGA profiles
showed multi-stage thermal decomposition. The first major decomposition region was
observed at 195.59°C for pure KDP, 221.09°C for 0.10 mole% Kl-doped KDP, and 202.48°C for
0.20 mole% Kl-doped KDP. These observations indicate that Kl incorporation modifies the
optical and thermal behavior of KDP single crystals.
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Introduction

Potassium dihydrogen phosphate (KDP), chemically represented as KH2PO4 and also referred
to as monopotassium phosphate (MKP), is a widely investigated inorganic nonlinear optical
(NLO) crystal. Its broad spectral response, efficient frequency conversion, high optical quality,
and comparatively high resistance to laser-induced damage make it useful in nonlinear optical
applications. KDP crystals are commonly employed for harmonic generation, including
frequency doubling, tripling, and quadrupling of Nd:YAG laser radiation at room temperature.
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Because KDP can be produced in large dimensions while maintaining a high laser-damage
threshold, it has also been considered suitable for high-energy laser and fusion-related
systems [16]. The choice of crystal-growth method depends on the physical and chemical
characteristics of the material as well as the required crystal dimensions. The continuing
development of coherent ultraviolet sources and nonlinear optical devices has increased the
demand for crystals with improved optical and structural characteristics.

For a material to be useful in practical NLO devices, it should be obtainable as a high-quality
bulk single crystal. Consequently, the development of crystal-growth techniques and the
systematic evaluation of crystal properties remain important areas of materials science and
engineering. NLO crystals are widely used for frequency conversion, signal processing,
frequency doubling, and optical information-storage applications. KDP is particularly
attractive because it combines a large nonlinear optical coefficient, good structural quality,
broad transparency extending from the ultraviolet to the near-infrared region, and high laser-
damage resistance. The present work focuses on the preparation and characterization of pure
and Kl-doped KDP single crystals using the slow evaporation solution-growth technique
(SEST). KI concentrations of 0.10 mole%, 0.15 mole%, and 0.20 mole% were introduced to
examine how the dopant affects crystal growth and the resulting optical, structural, and
thermal characteristics. The synthesized samples were characterized by UV-Visible
spectroscopy, FTIR spectroscopy, and thermogravimetric analysis, and their observed
properties were compared with those of pure KDP.

Materials and Methods

High-purity KDP single crystals were prepared from aqueous solution using the slow
evaporation technique at ambient temperature. Analytical Reagent (AR) grade KDP was
dissolved in deionized water and continuously stirred for 240 minutes with a magnetic stirrer
to obtain a homogeneous solution. The solution was then filtered through Whatman filter
paper and transferred to a borosilicate beaker. The growth solution was kept in a vibration-
isolated constant-temperature bath to provide stable growth conditions. The same procedure
was followed for the preparation of KI-doped KDP solutions containing 0.10 mole%, 0.15
mole%, and 0.20 mole% KI. After approximately 25 days of controlled evaporation,
transparent and stable single crystals with good visual quality were obtained.

Results and Discussion

High-quality single crystals of pure KDP and Kl-doped KDP were successfully obtained from
the prepared solutions. The crystals were transparent and displayed a tetrahedral
morphology. Photographs of the grown samples, placed over graph paper for visual size
comparison, are presented in the figure below.

1076



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN BUSINESS AND SOCIAL SCIENCES

Vol. 16, No. 10, 2026, E-ISSN: 2222-6990 © 2026

: ;i cm ] \ 2;6 :

| T

cml- 3

| osom |
)

RS Y SR
S

|

,(c,)“ A

1077



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN BUSINESS AND SOCIAL SCIENCES

Vol. 16, No. 10, 2026, E-ISSN: 2222-6990 © 2026

(d)
Figure Photographs of (a) pure KDP, (b) 0.10 mole% KI-doped KDP, (c) 0.15 mole% Kl-doped
KDP, and (d) 0.20 mole% Kl-doped KDP single crystals

UV-Vis Spectra of Sample Crystals

The optical transmission characteristics of the pure and KI-doped KDP crystals were measured
using a Shimadzu UV-1601 spectrophotometer. Measurements were performed in single-
scan mode at medium scan speed with a sampling interval of 20 over the wavelength range
of 200-1100 nm. Crystal specimens having a thickness of approximately 1.5 mm were used
for the optical measurements.

Figure Shimadzu UV-1601 spectrophotometer used for UV-Visible measurements

The transmission spectra of the pure and KI-doped KDP samples at the investigated
concentrations are presented in Figure-1. The measurements cover the ultraviolet and
visible regions from 200 to 1100 nm and allow the effect of Kl incorporation on optical
transmission to be compared.
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Figure-1 UV-Visible transmission spectra of KI-doped KDP single crystals.

The UV-Visible spectra show appreciable transmission in the visible region for the investigated
crystals. The addition of Kl changes the transmission level compared with the corresponding
undoped material. A pronounced increase in transmission begins near 360 nm, after which
the samples show comparatively higher transmission toward the visible and near-infrared
regions.
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Figure-2 UV-Visible absorption spectra of KI-doped KDP single crystals.

The absorption spectra indicate relatively low absorption throughout most of the visible
region. Kl incorporation modifies the absorption intensity, with the doped samples showing
higher absorbance than the corresponding lower-absorption region of the spectra. A sharp
decrease in absorbance is observed around 400 nm, after which the absorption remains

comparatively low over the longer-wavelength region.

FTIR Spectroscopy

FTIR spectroscopy was employed to qualitatively examine the characteristic constituents
and bonding environment of the grown crystals. The spectra were obtained using the KBr
pellet method over the wavenumber range of 400-4000 cm”-1. The FTIR responses of the
pure and KI-doped KDP samples are presented in the following figures.
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Figure-3 FTIR spectra of (a) pure KDP, (b) 0.10 mole% Kl-doped KDP, and (c) 0.20 mole% KI-
doped KDP

The FTIR spectrum of pure KDP contains an absorption band near 3448.8 cm”-1, while the
corresponding band in the Kl-doped samples shows a slight shift. These bands are associated
with free O-H stretching vibrations, suggesting that the local O-H environment is affected by
Kl incorporation. A broader absorption region between approximately 2750 and 3200 cm”-1
can be attributed to intermolecular hydrogen-bonded O-H stretching. The position of this
hydrogen-bond-related feature changes as the dopant concentration is increased, indicating
a modification of the hydrogen-bonding environment within the crystal.

TGA/DTA Measurement of Sample Crystals

Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) were carried out to
evaluate the thermal behavior of pure and Kl-doped KDP crystals. The measurements were
performed with a TG/DTA-6300 thermal analyzer under a nitrogen atmosphere over a heating
range of 30-500°C. A ceramic crucible was used during heating, and the heating rate was
maintained at 20°C per minute. For the pure KDP measurement, the initial sample mass was
1.544 mg, while alumina with a mass of 2.830 mg was used as the reference material.

The recorded TG/DTA curves for pure KDP and the KI-doped KDP samples at the investigated
concentrations are shown below.
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Figure-4 TGA/DTA curves of (A) pure KDP, (B) KDP + 0.10% KI, and (C) KDP + 0.20% KI.

The TGA profiles demonstrate that both pure and KI-doped KDP undergo thermal changes in
more than one stage. For pure KDP, the observed transition extends from approximately
195.59°C to 394.57°C. For the 0.10 mole% Kl-doped sample, the corresponding transition
occurs from about 221.09°C to 337.72°C, whereas the 0.20 mole% Kl-doped sample shows a
transition from approximately 202.48°C to 359.86°C. The observed mass-loss regions are
associated with the thermal decomposition processes occurring in the KDP-based crystals.

Conclusion

The present study investigated the influence of potassium iodide (KI) doping on the optical,
vibrational, and thermal properties of potassium dihydrogen phosphate (KDP) single crystals
prepared using the slow evaporation technique. Pure KDP crystals and Kl-doped samples
containing 0.10, 0.15, and 0.20 mole% Kl were examined to evaluate the effects of dopant
concentration on their material properties. The findings reveal that the concentration of Kl
plays an important role in determining the optical transparency and thermal behavior of the
resulting crystals.

Among the investigated compositions, the sample containing 0.10 mole% Kl exhibited the
most favorable overall performance. It showed the highest optical transmittance, reaching
approximately 70% in the visible region, whereas the transmittance decreased to around 50—
60% and 20% for the 0.15 and 0.20 mole% Kl-doped samples, respectively. A similar
improvement was observed in thermal behavior. The major thermal decomposition onset
temperature increased from 195.59°C for pure KDP to 221.09°C for the 0.10 mole% Kl-doped
crystal. In comparison, the sample containing 0.20 mole% Kl exhibited a major decomposition
region beginning at approximately 202.48°C. These results suggest that a relatively low Kl
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concentration provides a more favorable balance between optical transparency and thermal
resistance within the composition range investigated.

The FTIR analysis indicated that the characteristic bonding features of the KDP crystal
remained identifiable following Kl incorporation. The observed changes in the free O—H and
intermolecular hydrogen-bonding regions further suggest modifications to the local
hydrogen-bonding environment. In addition, the optical band gap was estimated to be 3.4531
eV, based on the absorption cut-off region around 360-400 nm. Collectively, these
observations provide insight into the relationship between Kl concentration and the optical,
vibrational, and thermal characteristics of KDP crystals.

Despite these promising results, the study has certain limitations. The investigation was
restricted to three KI concentrations within a relatively narrow range, and X-ray diffraction
(XRD) analysis was not performed to establish possible structural changes associated with
doping. Further research should therefore examine a broader range of dopant concentrations
and incorporate XRD analysis to clarify the structural characteristics of the crystals. Additional
guantitative optical and thermal measurements would also help establish the reproducibility
of the observed trends. Overall, the present findings identify 0.10 mole% Kl as the most
promising composition among those examined, although further structural and experimental
validation is required before drawing broader conclusions about its potential applications.
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