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A thin film of polyvinylpyrrolidone (PVP) polymer doped with different weight ratios of 

magnesium oxide nanoparticles produced by using the low-temperature hydrothermal method 

was prepared, and the morphology of the doped thin film was verified using a scanning electron 

microscope and an atomic force microscope. The X-ray diffraction pattern showed that 

magnesium oxide has a multicubic crystal structure with a diffraction peak of high density 

associated with the level (200) (at the diffraction angle of 42.69◦) and a crystal drop size of 25 

nm. Measurements of the Fourier A transformation of the infrared spectrum of a 

polyvinylpyrrolidone polymer doped with metal oxides was carried out. It showed a clear 
difference from the pure polymer, where a (Mg-O-Mg) bond appeared at a wavelength of 450 

cm-1 to confirm the effect of MgO addition on the chemical bonding of polyvinylpyrrolidone. 

Optical properties, including absorbance, maximum wavelength, and energy gap, have been 

studied. Determined by ultraviolet examination. The band gap decreased when MgO was doped 

with PVP films, and the Hall coefficient effect was used to calculate the electrical properties, 

including the conductivity, kinetics of charge carriers, and their type. The highest conductivity 

was (0.1×10-2 Sm), and the tainted membrane was of the n type, where it can be used in optical 

applications. 

KEYWORDS: PVP polymer, magnesium oxide nanoparticle, hydrothermal synthesis, electric 
conductivity, composite thin film, conductive polymer. 

 الخلاصـة 
النانوي التي  تم تحضير أغشية من بوليمر بولي فاينيل بيرليدون مشوبة بنسب وزنية مختلفة من جسيمات اوكسيد المغنيسيوم  

انتجت باستخدام  الطريقة الحرارية المائية ذات الدرجات الحرارية المنخفضة وتم التحقق من مورفولوجية الاغشية المشوبة  

باستخدام المجهر الالكتروني الماسح و مجهر القوة الذرية .اظهر نمط حيود الاشعة السينية ان اوكسيد المغنيسيوم له تركيب  

)مع حجم بلوري    42.69◦( )عند زاوية الحيود=200مع قمة حيود ذات كثافة عالية مرتبطة بالمستوى )بلوري متعدد مكعب  

نانومتر.أجريت قياسات تحويل فورييه للطيف بالأشعة تحت الحمراء لبوليمر بولي فاينيل بيرليدون المشوب بأكاسيد   25قطرة 

  450)عند الطول الموجي(    Mg-O-Mgي حيث ظهرت رابطة(  المعدن النانوية , حيث اظهر اختلاف واضح عن البوليمر النق

سم. تم دراسة الخصائص البصرية بما في ذلك الامتصاصية ، الطول الموجي الأقصى ، وفجوة الطاقة. يحددها فحص الأشعة  

أثير معامل هول  على الترابط الكيميائي لأفلام بولي فاينيل بيرليدون تم استخدام ت   MgOفوق البنفسجية. لتأكيد تأثير إضافة  

سيمنز(  10*0.1-2 لحساب الخصائص الكهربائية بما في ذلك التوصيلية حركية ناقلات الشحنة ونوعها. أعلى توصيلية كانت )

 ( حيث يمكن استخدامه في التطبيقات البصرية. n typeوالغشاء المشوب كان من نوع )

INTRODUCTION 

Petrochemical-based conductive polymers CPs 

have been attracting much attention CPs have 

benefits such as low density, chemical variety, 

flexibility, adaptable conductivity, easily 

controllable form, and morphogenesis [1]. 

Consequently, they might be used in large-area 

optoelectronic devices [2], absorption of 

microwaves materials, different kinds of sensors, 

storage of energy engineering, anticorrosive 

coating, physiological field. 

The conductive polymer is a very brittle organic 

substance that exhibits electrical conductivity as a 

result of its distinct structure. Numerous methods, 

such as electrochemical, chemical, hydrogel 

composite, spin coating, and electrospinning 
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procedures, can be used to produce conductive 

polymers. Conductive polymers often possess the -

conjugated system with alternate single and double 

bonds, which gives rise to their intrinsic 

electrical/electronic, electrochemical, and optical 

capabilities so transport electricity without the use 

of metallic additions, in contrast to conventional 

conductive composites formed by combining 

insulating polymers and metals [2].  

Conductive polymer composites (CPCs) are 

artificial materials that have just two components: 

conducting charges and an insulating matrix. The 

"reinforcement" is often created from, While the 

matrix is often a polymer with electrical insulating 

properties, certain electrically conducting charges 

are introduced in various combinations [3]. The 

following are the four main types of conductive 

charges used in CPCs: 

1. Ionic compounds such as NaCl, KOH, NH4F, 

CaCl2, ... 

2. Metallic as aluminum, nickel, copper, silver, 

etc. 

3. Carbon derivatives such as (graphene, fullerene 

derivatives, carbon nanotubes, and graphite) 

4. inherent conductive polymer like Poly (3,4-

ethylene dioxythiophene) PEDOT [4]. 

The conductivity is enhanced by an increase in 

dopant concentration. Due to the conductive 

polymers' organized, dense structure, the dopant 

ions slowly diffuse into them in the meantime. The 

conductivity grew progressively saturated after a 

lengthy doping period, perhaps even several hours. 

Additionally, the process of doping and dedoping 

can be reversed Electrical characteristics When the 

concentration of     conductive charges relative to 

the polymer matrix composition rises in conductive 

polymer composites (CPCs), the electrical 

conductivity likewise rises [5]. 

The dopants can be divided into large polymeric 

species and tiny cations/anions, increasing their 

conductivity by five or more orders of magnitude 

in the semiconductor regime [6][7]. Due to their 

tight bonds to the polymer chain, large dopants are 

difficult to remove. Additionally, they affect the 

CPs' density, surface topography, and physical 

characteristics. Small dopants, in contrast, quickly 

and easily dope the CPs and quickly dedupe, 

resulting in low stability. The concentration of the 

dopant and the doping time significantly impact the 

conductivity of CPs, which increases as the doping 

level increases. The conductivity is improved as the 

dopant concentration rises. Due to the conductive 

polymers' dense, organized structure, the dopant 

ions diffuse into them over time. The conductivity 

grew progressively saturated after a lengthy doping 

period, perhaps even several hours. 

MATERIALS AND METHODS 
For preparation the magnesium oxide 

nanoparticles, liquids of magnesium nitride as Mg 

(NO3)2.6H2O and HMT (C6H12N4) were dissolved 

in 80 ml of water while being stirred. [all material 

purchased from Sigma-Ald]. The concentration 

(weight in grams) of Mg nitrate and (HMT) is 

instructed by the molarity (M) of the solution 

(Equation 1 [9]), which is 5%, by [8]. 

 

𝑀% =
𝑊

𝑀. 𝑊
×

1000

𝑉
 (1)  

 

The chemical reaction to produced MgO NPs are 

[10][11]:  

(𝐶𝐻2)6𝑁4  +  6𝐻2𝑂 →  6𝐻𝐶𝐻𝑂 +  4𝑁𝐻3 (2) 

𝑁𝐻3  +  𝐻2𝑂 →  𝑁𝐻4+ + 𝑂𝐻− (3) 

𝑀𝑔+2  +  4𝑁𝐻3  →  𝑀𝑔(𝑁𝐻3) 4+ (4) 

Mg+ is drawn to the OH surrounding the 

nanocrystal, forming a virtual capping layer that 

prevents the nanocrystal from developing [12][13]. 

𝑀𝑔2++ 2𝑂𝐻 ←→   𝑀𝑔(𝑂𝐻)2 (5) 

Mg(OH)2 + 2OH− ←→ [Mg(OH)4] 2– (6) 

[Mg(OH)4]2– ←→ MgO2 2− + 2H2O (7) 

MgO2 2– + H2O ←→ MgO + 2OH− (8) 

Pure crystals of MgO were produced. One or more 

of the experimental growth parameters that have a 

substantial impact on the morphology and aspect 

ratio are the initial solution pH, precursor 

concentration, and growth temperature [14][15]. 

1 gm of PVP solvent in 50 ml of water (2%wt of 

PVP) at 80 °C for 60 min, concentrations of MgO 

NPs added to the solution with (0.01, 0.02, 0.03, 

0.04. 05, .06, 0.07, 0.08. 0.09, and 0.1) gm, the thin 

film prepared by the casting method After cooling 

the solution polymer, the solutions must be cast on 

a glass Petri dish to form a thin film. It takes about 

(2 days) to form a thin film with 1µm of thickness 
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measured by (COATING THICKNESS METER 

CM8829S) as shown in Figure 1.  

 

 
Figure 1. PVP-MgO thin film composite. 

RESULTS AND DISCUSSION  

Morphology and Structural 

Figure 2 shows the MgO nano powder produced by 

hydrothermal method that was analyzed using an 

X-ray diffraction instrument. The results of the 

MgO NPs data showed the presence of diffraction 

peaks at the angles 29.2, 31.8, 42.8, 47.8, 62, 74, 

and 78.4, which correspond to the Miller indices 

(111), (200), (220), (311), and (222) [1-3]. These 

planes pertain to the creation of crystalline cubic 

structure of MgO nanoparticles [16]. The XRD of 

the Mgo pattern shows no additional phases. while 

diffraction peaks located at the 2θ value of 29.2, 

31.8, ~49, and ~64 are indicated Mg(OH)2 

compound [17][18] Where these peakS disappear 

when calcined degree over 500 [19]. 

By applying the diffraction intensity of the (200) 

peak and Scherrer’s equation, the crystalline size of 

the samples was calculated. According to the 

growth conditions, the particles' crystalline size (D) 

ranged from 25 to 91 nm. The data of MgO NPs 

XRD spectrum analysis is illustrated in Table 1. 

The XRD Pattern spectra results of MgO NPs 

matched with [20][21]. The diffraction peaks are in 

good agreement with the standard pattern of face-

centered cubic (FCC) MgO (JCPDS file no. 77-

2364) with a space group of Fm-3m. MgO 

nanostructures [22]. 

 

 

 
Figure 2.  XRD pattern of MgO NPs. 

 

 

The FTIR spectrum was determined for the pure 

PVP and composite thin film of PVP-MgO 

nanostructure, which is displayed in Figure 3. 

Figure 3-a shows the distinct feature bands of PVP 

pure, which are: [O-H] stretching corresponding 

3434 cm-1, a symmetric stretching for [C-H] at 

2955 cm-1 ,a t 1661 cm-1 of wave number there is 

(C=O) stretching vibration In the FTIR spectrum, 

the (C=O) groups of pure PVP exhibit a strong peak 

at 1661.4 cm-1, which is typical of the amide (C=O) 

bond seen in PVP while CH2 bending vibration sit 

at 1424 cm-1 and the two peaks from 1291 to1018 

have been attributed to C−N stretching (23.24). 

Figure 3b represents two IR spectra, the blueline 

belonging to PVP and the red line to PVP doped 

with 0.2%wt MgO NPs. From the Figure, we can 

notice that there is an increase in intensity and 

shifting to the right when MgO NPs added to PVP 

ma ix in PVP chemicals bands which mean there is 

an interaction between MgO NP and PVP. 

Increased intensity refers to the existence of new 

chemical bonds at these wave numbers while 

shifting to the right evidence that the bonds have 

relation with PVP chemical bonds. When MgO NP 

reacts with PVP, its peaks in the range of 700–450 

Table 1. The structural parameters of MgO NPs. 

2ϴ 

(deg) 

FWHM 

(deg) 

Crystal 

Size 

(nm) 

Intensity 

(a.u) 

Miller 

index 

(hkl) 

36.7731 0.6845 56.82008 176 111 

42.6993 0.8085 25.41533 2007 200 

62.0679 0.8529 57.72235 1074 220 

74.5119 0.9496 37.0485 102 311 

77.4192 0.4222 43.51832 249 222 
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cm-1 are attributed to various Mg-O-Mg vibration 

modes of metal oxide and at 1660 cm-1 with 

carbonyl group [19][25]. The broad band amide 

3500-3330 cm-1and 1450-1400 cm-1 are attributed 

to stretching and bending vibration of -OH, 

respectively, which indicate that the bare MgO 

surface easily absorbs water when exposed to the 

environment. A peak at 1654 cm-1 in PVP-modified 

MgO is attributed to the C-O stretching mode of 

vibration in PVP, providing conclusive proof of the 

interaction between MgO and PVP. The additional 

active groups in PVP and MgO are likewise present 

in the 1200–1300 cm1 range [26]. 

Several groups have investigated the characteristics 

of the envelopment of NPs by PVP, almost entirely 

using vibrational spectroscopy. The prevailing 

conclusion is that the pyrrolidone ring bonds to the 

NP by reacting with the carbonyl to create an 

alkoxide. This appears to be entirely predicated on 

the small change in the carbonyl stretch's IR peak 

at 1660 cm -1 after reacting with MgO NPs. 

Nonetheless, a spectral shift of 1654 cm-1 [19].

 

(a)  

 
(b) 

Figure 3. (a) FTIR for PVP pure, (b) FTIR for overlapping between PVP pure (blue line) & PVP doped with 

MgO with 0.2 wt% (red line). 
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MgO NPs features are depicted Figure 4 with a 

high-density image of scanning electron 

microscopic (SEM), synthesized via a 

hydrothermal approach, Figure 4-a demonstrates 

magnification of MgO NPs 1µm, while a 

Histogram of The FE-SEM represented in images 

(c,d), according to calculation of Image J  software 

program has been selected 100 particles as a 

minimum indicates that the particles have a an 

average diameter of  29.23 nm. MgO NPs particles 

ranged in size from 15.6 nm at their smallest to 75 

nm at their largest. While PVP-Composite MgO 

NPs have an average diameter 30 nm. MgO 

particles ranged in size from 15 nm at their smallest 

to 50. nm at their largest. 

 
 

 
 

 
Figure 4. FESEM images of MgO nanoparticles (a) FESEM 

images of MgO nanoparticles with 1µm scale and (b) PVP-

MgO NPs composite thin film 200 nm scale respectively 

exhibit particles size (c) Histogram of the FE-SEM of MgO 

nanoparticles with size distributions. 

 

The surface topography and morphology of a PVP-

MgO NPs composite thin film were analyzed by 

atomic force microscopy (AFM) for the sample 

with nano- and micron-scale dimensions shown in 

Figure 5 in two dimensions and three dimensions, 

respectively. 
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Figure 5. Section line analysis, (A) Topography 2D, (B) 

Morphology 3D AFM images, and (C) Particle size 

distribution of PVP-MgO composite thin film. 

 

It is known that the morphology of the film greatly 

depends on the formation of nanoporous structures 

within a thin composite film. The image shown in 

Figure 5 indicates that after impregnation of MgO 

nanoparticles into the composite thin film, the 

surface becomes much more homogeneous, and the 

dimensions of most of the particles were smaller 

than (1.0 μm), which could be due to aggregation 

of the MgO nanoparticles, which is a very common 

phenomenon in nanomaterials synthesis. Mean root 

square height and mean diameter are significant 

parameters associated with surface roughness with 

values at the nanoscale, as seen in figure 4-c which 

is consistent with the findings of (SEM IMAGE), 

which depict particles with nano-scale sizes. This 

confirms that the casting process is a successful 

method for the synthesis of a thin film without 

affecting the nano-size of the MgO particles that 

are inserted in the PVP matrix. 

 

 

 
Figure 6. (a) UV-Spectra analysis (Absorption spectra versus 

the wavelength) for PVP Pure thin film (black line) and PVP- 

MgO Composite thin film (red line) depicted their Absorption 

versus of their Wave length. (b) Energy band gap of PVP Pure 

thin film (black line) and Energy band gap of PVP-MgO 

Composite thin (red line) 

 

Figure 6 the curve depicted the relation between 

(һѵ) and (αһѵ)2, where the band gap energy of the 

thin film is represented by the intercept between the 

lowest point in the curve and the x-axis, which is 

(4.9 eV) for PVP pure, and the result coincided with 

Pan, Mingming, et al. (2020) [27] and Vani, G. 

Naga Sudha et al. 2013 [28]. 

Figure 6-b shows that the band gap energy for a thin 

film of PVP doped with wt%0.2 MgO NPs is 4.7 

eV smaller than that of PVP pure. This finding is in 

agreement with Mohammed, M. I., et al. (2022) 

[22]; MgO NPs have a large band gap because their 

optical band gap is 4.5 eV as opposed to 7.8 eV for 

bulk MgO's regular structure. [29][30]. 

Hall Effect's advantage is due to its competence to 

precisely measure the properties of a specimen of 

any arbitrary and irregular shape. In practically two 

dimensions, the sample is thin and solid (no holes), 

and "The Van der Pauw method" [31] has four 

electrodes with the placement of 1cm around the 

perimeter of the specimen, and employs a linear 

four-point probe. [32] 

Then the measurements are made. The properties 

of the matter that are calculable are the resistivity 

and conductivity of the material, the doping type 

(i.e., whether it is a P-type or N-type material), and 

the mobility of the majority of the carriers shown 

in Table 2. The Equation (9) [33][34] can be 

performed to calculate the films' resistance (ρ): 

𝜌 = 𝑅 ⋅ 𝑊 ⋅ 𝑡/𝐿 (9) 

W is the electrode's width, L is the distance 

between the electrodes, and t is the thin film's 

 

(a) 

 

(b) 
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thickness, where R is the resistance. The 

conductivity (σ) of the film, based on the 

relationship [1,35], could be specified in Equation 

(10), as follows: 

𝜎 = 1/𝜌 (10) 

From Figure 7, the conductivity of the thin film 

PVP-MgO NPs composite is calculated and plotted 

as a function of the concentration of MgO NPs 

doping with different concentrations in the 

following order: (0.01, 02,03, 04, 05, 06, 

.07.08.09,0.1) gm, the maximum conductivity 

is (1.091×10-4) Sm corresponding to a 

concentration of 0.1 gm, the conductivity is 

increased with concentrations. The conductivity, 

average hall coefficient, charge type, and mobility 

for MgO NPs at different concentrations are listed 

in Table 2. The thin film is N-type doping. The 

conductivity of pure PVA ranges from 10-9 to 10-11. 

The doping process with MgO NPs increases 

electrical conductivity by increasing the 

concentrations of MgO NPs, resulting in a 

semiconductor made of PVA–MgO NPs composite 

thin film. The highest value of conductivity was 

obtained when it was concentrated on MgO NPs, 

which is 0.1 gm. 

 

 
Figure 7. Relationship between conductivity and 

concentration of PVP- MgO NPs thin film. 
 

Table 2. Measurements of hall effect of PVP-NiO thin films. 

Concentration 

(gm) 

Conductivity 

1/Ω.cm (Sm) 

Avarage Hall 

Coefficient 

(m2/c) 

Mobility 

(cm2 /vs) 

0.01 0.0 3343×10-5 -1.91545×10+6 1.5841×10+2 

0.02 0. 05296×10-5 -1.97144×10+6 1.8567 ×10+2 

0.03 0. 07264×10-5 -2.01248×10+6 1.9863×10+2 

0.04 0. 1542×10-3 -2.10852×10+5 2.0847×10+2 

0.05 0. 2121×10-3 -2.21439×10+5 2.1325×10+2 

0.06 0. 3086×10-3 -2.3131×10+5 2.1983×10+2 

0.07 0. 5058×10-3 -2.4138×10+5 2.2438×10+2 

0.08 0. 7027×10-3 -2.5166×10+5 2.2947×10+2 

0.09 0. 938×10-3 -2.6089×10+5 2.3574×10+2 

0.1 0. 1091×10-2 -2.7627×10+4 2.443×10+2 

CONCLUSIONS 
Magnesium oxide nanoparticles were synthesized 

using the hydrothermal method, and the results of 

the SEM examination gave the smallest size of the 

nanoparticles at 25.1 nm. The XRD examination 

was used to confirm the crystallinity of the 

nanomaterial that was synthesized. The results 

showed the presence of sharp peaks in the diagram 

with the calculation of Miller indices. The cubic 

form structure of the nanoparticles of magnesium 

oxide nanoparticles, the particles' crystalline size 

(D) was calculated to range from 25 to 91 nm. A 

composite thin film of PVP-MgO NPs was 

prepared. PVP and MgO NPs active groups are 

determined by FTIR for composite thin film. The 

surface topography of the thin film was studied 

using AFM. The results showed homogeneity of 

the particles on the surface of the membrane, with 

the appearance of surface roughness due to the   

presence of nanostructures in the thin film 

composition. The optical properties of the doped 

thin film were studied, and the results showed an 

increase in absorbance doped films comparable 

with pure, while the energy gap decreased for the 

doped film compared to the pure film by 0.2 eV. 

The conductivity was calculated for thin film doped 

with different concentrations using the Hall effect, 

and it was found that the best conductivity was 

obtained when the concentration of 0.2 wt% 

MgONPs was 0.1091×10-2 and the doped thin film 

was an N-type charge. As a result, a composite thin 

film of PVA-MgONPs can be utilized as a 

semiconductor in photo applications.  
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