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This work examines the production and analysis of potassium titanium phosphate 
(KTP) nanoparticles that are combined with a polymethyl methacrylate (PMMA) matrix 
to create a KTP/PMMA nanocomposite film. KTP nanoparticles were produced using 
a simple hydrothermal method with oxalic acid as a coating agent. The nanocomposite 
films were created by dispersing KTP nanoparticles in PMMA with the use of 
ultrasonic energy, followed by a vacuum treatment to remove any air bubbles. 
Characterization tests have supported the formation of KTP nanoparticles exhibiting 
an orthorhombic phase, as confirmed by the structural study. The nanocomposite film 
showed a 38% visible transparency and an optical absorption peak at 282 nm. This 
indicates that the nanocomposite film had a bandgap of 4.39 eV. The resultant 
nanoparticles obtained by hydrothermal synthesis exhibit a relatively rhombohedral to 
prismatic shape with a size of 0.7–1μm. Mechanical testing revealed that the 
nanocomposite outperformed pure PMMA in terms of Young's modulus and tensile 
strength. However, the nanocomposite had a lower elongation at break, indicating its 
increased stiffness and strength. The results emphasize the potential of KTP/PMMA 
nanocomposite films in applications that need excellent optical clarity and mechanical 
strength. 
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1. Introduction 

Nanocomposite materials have gained considerable 

attention in recent years in scientific and technical 

fields due to their distinct mix of features resulting from 

the dispersion of nanoscale additions inside a matrix 

material [1-4]. A very promising research field focuses 

on incorporating potassium titanyl phosphate (KTP) 

nanoparticles into polymethyl methacrylate (PMMA) 

matrices to produce composite films that exhibit 

improved optical and mechanical properties [5,6]. KTP 

is widely recognized for its exceptional nonlinear 

optical characteristics, including second harmonic 

generation (SHG) and optical parametric oscillation 

(OPO). This makes it a highly promising option for 

enhancing the capabilities of optical devices and 

sensors [7-9]. When incorporated into a PMMA matrix, 

KTP nanoparticles maintain their inherent optical 

characteristics and also take advantage of PMMA's 

durability and simplicity in handling. This synergy 

offers a flexible and adaptable platform that may be 

used for a wide range of applications, including 

photonics, biophotonics, improved coatings, and 

flexible electronics [10-12]. The advancement of 

KTP/PMMA nanocomposite films has considerable 

potential for many reasons. The addition of KTP 

nanoparticles improves the optical characteristics of 

PMMA films, allowing for their use in nonlinear optics 

applications, such as frequency doubling and signal 

processing [13]. PMMA enhances the mechanical 

strength and endurance of the composite, which is 

essential for applications that need both structural 

integrity and optical functioning. PMMA's exceptional 

processability enables the easy integration and even 

distribution of KTP nanoparticles, making it possible to 

create intricate structures and devices.  This technology 

may be applied in a wide range of disciplines, including 

as telecommunications, biological sensing, solar 

energy conversion, and flexible electronics [14-17]. It 

is particularly important in these fields to have 

materials that are both optically clear and mechanically 

strong. The synthesis method and the capping agent 

significantly influence the features of nanoparticles, 

both optical and structural [18-27]. Synthesis methods 

like chemical reduction, sol-gel, and hydrothermal can 

make nanoparticles of different sizes, shapes, and 

crystallinities. These processes can modify optical 

properties like absorption, emission, and scattering 

[28]. Choosing the right capping agent affects the 

surface chemistry and optical properties of the 

nanoparticles, which in turn controls how stable they 

stay and stops them from sticking together. The 

presence of capping agents can also impact the 

structural integrity and surface morphology of 

nanoparticles, influencing their functional properties 

and potential applications in fields such as biomedicine, 

electronics, and photonics [29]. In a recent study a 

composite of KTP nanoparticles (~400 nm) wrapped in 

3D reduced graphene oxide (rGO) was prepared [30]. 

The synergy between the 3D carbon networks and KTP 

results in excellent properties. When used as an anode 

for potassium-ion batteries (KIBs), the composite 

demonstrates outstanding electrochemical 
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performance. In another study a free-standing film of 

KTi2(PO4)3 nanoparticles encapsulated in porous N-

doped carbon nanofibers was fabricated using 

electrospinning technology [31]. The highly conductive 

N-doped carbon matrix enhances intrinsic electronic 

conductivity and accelerates ion diffusion kinetics. 

This electrode showed remarkable electrochemical 

performance in both sodium-ion and potassium-ion 

batteries. Bi₂Te₃ nanosheets were synthesized via 

ultrasound-assisted exfoliation and used as a saturable 

absorber (SA) in a Q-switched mode-locked (QML) 

laser [32]. This setup successfully generated sub-

nanosecond pulses in a KTP-based intracavity optical 

parametric oscillator (IOPO) with a minimum pulse 

duration of 520 ps at 2 kHz. This is the first use of 

Bi₂Te₃ SA in a solid-state QML IOPO laser, 

demonstrating its potential for generating sub-

nanosecond pulses. Simulations of coupled rate 

equations matched experimental results, showing 

Bi₂Te₃ promise for optoelectronic applications. 

Overall, the continuous progress in 

semiconductor/KTP/PMMA nanocomposite films 

highlights their crucial contribution to the evolution of 

optical technologies and materials research [33,34]. 

This article seeks to investigate the creation, 

characteristics, and uses of these groundbreaking 

substances, emphasizing their revolutionary influence 

in several technical fields. 

 

2. Experimental Work 

Deionized water, tetrabutylammonium hydroxide, 

potassium dihydrogenphosphate, chloroform, 

potassium carbonate, oxalic acid were employed as raw 

materials. To produce potassium titanyl phosphate 

(KTiOPO4) nanocrystals, hydrothermal method was 

used. A titanium solution was created by combining a 

1 M stoichiometric ratio of Tetrabutylammonium 

hydroxide, with 40 mL of deionized (DI) water. 

Subsequently, a solution containing potassium 

dihydrogen phosphate was added to the mixture at a 

molar ratio of 1:1 Ti4+. The resulting mixture was then 

vigorously stirred until it achieved homogeneity. 

Produced solution was transported into an autoclave, 

tightly sealed, and subjected to heating in a preheated 

oven at a temperature of 170 °C for a duration of 48 

hours. Following the heating process, the autoclave was 

left to undergo natural cooling until it reached the 

ambient temperature of the room. The final product was 

subjected to several washes with distilled water to 

eliminate contaminants, followed by drying at a 

temperature of 100 °C. The desiccated substance was 

further pulverized into fine particulates using a mortar 

and pestle, and these particulates were subjected to 

annealing at a temperature of 700 °C for a duration of 

2 hours. 1 wt.% of KTP nanoparticles was used to make 

KTP nanocomposite with polymer matrix (PMMA). A 

vacuum step was used to eliminate air bubbles after the 

mixture had been dispersed using ultrasonic energy for 

30 min. The mixture was dropped on petri dish and 

dried. Finally, flexible composite films were formed. 

Figure (1) displays the created composite image. 

The x-ray diffraction (XRD) analysis was 

conducted on the materials using an Advanced Bruker 

D8 X-ray diffractometer with CuKα radiation 

(λ=1.5405Å). XRD patterns were used to calculate the 

grain size, lattice strain, and structural phase of KTP 

nanoparticles. The KBr pellet approach was used to 

record Fourier-transform infrared (FTIR) spectra using 

an 8400S-SHIMADZU infrared spectrometer in the 

range of 400-4000 cm-1. This investigation examined 

the structural development of KTP nanoparticles. 

Nanoparticle morphology was recorded using a 

HITACHI S4160 scanning electron microscope. 

Mechanical parameters were measured using a Stable 

Micro Systems texture analyzer in accordance with 

industry standards (ASTM D-882-97). 

 

 
Fig. (1) Photographs of the prepared nanocomposite 

 

3. Results and Discussion 

Figure (2) shows the XRD patterns of synthesized 

KTP nanoparticles, neat polymer, and prepared 

nanocomposite. All patterns confirm the formation of 

KTiOPO4 nanoparticles with an orthorhombic phase 

(standard ASTM card 01-080-0893). Figure (2b) shows 

the PMMA's characteristic peaks at 15° and 30°. These 

two characteristic peaks can be clearly seen in Fig. (2c) 

along with the characteristic peaks of KTP, and it 

confirms the formation of the KTP polymer 

nanocomposite structure. The constants of the crystal 

lattice, the grain size of the obtained nanoparticles, and 

the strain on the crystal lattice for KTP nanoparticle 

without the oxalic acid coating agent and with the use 

coating agent in each method are given in table (1). 

 
Table (1) XRD parameters of the synthesized KTP NPs 

 

Sample 
Crystallite 
Size (nm) 

Strain 

(𝜺) 

Unit Cell Parameters 
(Å) 

a b c 

Synthesized 
KTP NPs 

43.51 0.0036 12.81 6.39 10.58 

 

UV–visible spectroscopy is a technique used to 

measure the light transmittance of a sample in the UV-

visible range of the electromagnetic spectrum. Figure 

(3) presents the UV-visible absorption and transmission 

spectra of the prepared sample. The bandgap of the 
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generated KTP nanoparticles was determined using the 

following equation [35]: 

𝐸𝑔 =
ℎ𝑣

𝜆𝑜𝑛𝑠𝑒𝑡
≈

1240

𝜆𝑜𝑛𝑠𝑒𝑡
   (1) 

The value of λonset was determined by extrapolating 

the absorption edge onto the wavelength axis. Prepared 

nanocomposite sample has 38% transparency in the 

visible region and a significant optical absorption at the 

wavelength of 282 nm with the energy band gap of 4.39 

eV. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

Fig. (2) XRD patterns of (a) synthesized KTP nanoparticles, (b) 

PMMA, and (c) prepared nanocomposite 

 

The FTIR spectra of KTP nanoparticles prepared by 

the hydrothermal method are shown in Fig. (4). These 

nanoparticles are mixed with a coating agent and 

polymer in a 1:1 molar ratio to make a polymer matrix 

(PMMA). The obtained spectrum clearly displays the 

characteristic peaks of KTP and PMMA, confirming 

the formation of the nanocomposite structure. It is 

observed that KTP characteristic links in the range of 

600-1200 cm-1. Six bonds at 974, 995, 1027, 1050, 

1100, and 1126 cm-1 belong to the ν3 asymmetric tensile 

bonds of the PO4 group [19]. In the deformed 

octahedral structure of TiO6, three bonds located at 712, 

785, and 820 cm-1 correspond to Ti-O vibrations. The 

ν2 and ν4 modes in the PO4 group are responsible for the 

remaining peaks in the 350-660 cm-1 range [18,19]. 

 

 
(a) 

 

 
(b) 

Fig. (3) UV-visible absorption (a) and transmission (b) spectra of 

the prepared nanocomposite 

 

 
(a) 

 

 
(b) 

Fig. (4) FTIR spectra of (a) KTP NPs, and (b) the prepared 

nanocomposite samples 

 

Figure (5) shows the field-emission scanning 

electron microscope (FE-SEM) images of the 

synthesized KTP powders and the surface of the 
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prepared KTP/PMMA nanocomposite. The structure of 

the particles appears to be dense and agglomerated, 

with irregular shapes and relatively large particle at a 

higher magnification more details of the KTP powder's 

structure are revealed. Smaller particles with relatively 

sharp edges are visible. 

The surface of the KTP/PMMA nanocomposite in 

Fig. (5c) is smooth and has a little aggregation of 

nanoparticles. The nanoparticles produced by 

hydrothermal synthesis relatively exhibiting a 

rhombohedral to prismatic shape with a size of 0.7–1 

μm. 

 

 
 

 
 

 
 

Fig. (5) FE-SEM images (a,b) of synthesized KTP powders, and 

(c) of the surface of the prepared KTP/PMMA nanocomposite 

 

Table (2) displays the mechanical properties of the 

pure PMMA and composite samples that were 

manufactured. The nanocomposite exhibits a higher 

Young's Modulus and tensile strength compared to pure 

PMMA, indicating increased stiffness and enhanced 

adhesion from KTP nanoparticles. The nanocomposite 

also demonstrates reduced elongation at fracture, 

suggesting lower deformability due to enhanced 

rigidity. While the nanocomposite offers greater 

rigidity and durability, its reduced malleability may 

limit applications requiring high pliability. The 

inclusion of KTP nanoparticles in PMMA composites 

has potential applications in sectors requiring a 

combination of optical, mechanical, and possibly 

electrical properties. The incorporation of KTP 

nanoparticles into a composite film made of PMMA 

has potential uses in several sectors, especially in 

situations where the combination of optical, 

mechanical, and perhaps electrical characteristics is 

beneficial. 

 
Table (2) Mechanical properties of the prepared samples 

 

Sample 
Young's 
Modulus 

(MPA) 

Tensile 
Strength 

(MPA) 

Elongation at 
Break (%) 

Neat PMMA 2750 65 3.5 

Prepared Nanocomposite 3200 70 2 

 

4. Conclusion 

This study demonstrated the successful integration 

of KTP nanoparticles into a PMMA matrix via 

hydrothermal synthesis and nanocomposite film 

fabrication. The orthorhombic phase of KTP was 

confirmed, while the presence of both KTP and PMMA 

in the composite was validated. A strong optical 

absorption edge at 282 nm was revealed, corresponding 

to a bandgap of 4.39 eV, highlighting its potential for 

optical applications. Mechanical testing showed 

enhanced rigidity and strength compared to neat 

PMMA, though flexibility was reduced due to lower 

elongation at break. The nanoparticles exhibited 

rhombohedral to prismatic shapes with sizes of 0.7–1 

μm. These findings suggest that KTP/PMMA 

nanocomposites hold promise for optical technologies, 

coatings, and flexible electronics. Future work should 

focus on optimizing nanoparticle dispersion to further 

improve their properties. 
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