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ABSTRACT 

Barium titanate nanorods (BTNRs) were formed via the hydrothermal process 

through preliminary preparation of a slurry of hydroxide precursors by mixing 

BaCl2.H2O and TiCl2 with a (10 Molar) of NaOH solution. The hydroxide slurry was 

heated at (205 °C) for (24 h) to complete the process. This study focused on 

examining the electrical properties of nanoscale barium titanate (BaTiO3) synthesized 

via the hydrothermal technique. Scanning Electron Microscopy (SEM) imaging 

demonstrated the unique rod-like shape of barium titanate nanorods, confirming their 

production. Furthermore, X-ray diffraction (XRD) analysis confirmed the crystalline 

structure attained under the experimental circumstances and confirmed the successful 

production of the BaTiO₃ perovskite phase. Fourier Transform Infrared Spectroscopy 

(FTIR) was utilized to identify the functional groups present in the nanomaterial. 

Additionally, the structure and composition of BaTiO3 were confirmed using Energy 

Dispersive Spectroscopy (designed as EDS). The electrical conductivity was assessed 

utilizing the four-point probe (4-point electrical conductivity) method to determine 

sheet resistance, while impedance spectroscopy was used to investigate the 

capacitance, and dielectric constant. The results revealed the intrinsic properties of 

BaTiO3 nanorods, highlighting its potential applications in electronics and capacitors. 
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 الطريقة  باستخدام  المحضرة  النانوية  الباريوم  تيتانات  لبلورات  الكهربائية  والخصائص  التوصيف التركيبي

 الحرارية  المائية

 مبارك حمد عكلة 

 العراق  ، تكريت  ة ، جامعهندسة الشرقاط، كلية قسم الهندسة الميكانيكية
 

 الملخص 

من خلال التحضير الأولي لمزيج من سلائف  و ( من خلال العملية الحرارية المائية  BTNRsتم تشكيل قضبان نانوية من تيتانات الباريوم )

لمدة  (  Co 205(. تم تسخين مزيج الهيدروكسيد عند  NaOHمن محلول    رمولا  10مع    2TiClو    O2.H2BaClالهيدروكسيد عن طريق خلط  

( المصنعة عبر التقنية 3BaTiOالخصائص الكهربائية لتيتانات الباريوم النانوية )  تشخيصساعة لإكمال العملية. ركزت هذه الدراسة على    24

  الأشعة   حيودفحص    إجراء  تم  بينماالحرارية المائية. كشفت صور المجهر الإلكتروني الماسح عن مؤشر قوي على بنية القضيب النانوي،  

( لتحديد  FTIR، وتم استخدام مطيافية تحويل فورييه بالأشعة تحت الحمراء )للمادة  البلوري   الطور   وتحديد   البلورية  البنية  لتأكيد (  XRD)  السينية

وتركيب   بنية  تأكيد  تم  ذلك،  إلى  بالإضافة  النانوية.  المادة  في  الموجودة  الوظيفية  الطاقة    3BaTiOالمجموعات  تشتت  مطيافية  باستخدام 

(. تم تقييم الموصلية الكهربائية باستخدام طريقة المسبار ذي النقاط الأربع )الموصلية الكهربائية ذات النقاط الأربع( لتحديد  EDS)المصممة كـ  

  الجوهرية النتائج عن الخصائص  كشفتللتحقيق في السعة وثابت العازل.   مانعة الكهربائية، في حين تم استخدام مطيافية الم يحةمقاومة الصف

 الضوء على تطبيقاتها المحتملة في الإلكترونيات والمكثفات.  سلطت النانوية، و  3BaTiOلقضبان 

INTRODUCTION 

Barium Titanate (BaTiO3) is broadly utilized in 

capacitors, sensors and actuators because of the fact 

that it is a known ferroelectric ceramic material 

possessing the perovskite structure(1). BaTiO3 

exhibits significant dielectric, piezoelectric, and 

ferroelectric properties, which are crucial for 

various electronic applications. Piezoelectric 

nanomaterials can alter electrical voltage into 

mechanical force and vice versa, making them 

perfect for utilize in actuators and sensors (1). This 

research aims to determine the electrical properties 

of nanostructured BaTiO3 synthesized via the 

hydrothermal method, a technique known for 

producing high-purity and crystalline materials.  
Inclusive research on the hydrothermal preparation 

of nanomaterials, exploring various techniques and 

applications, such as energy harvesting and 

biosensing. Their research highlighted the 

advantages of hydrothermal methods, including the 

ability to produce stable nanomaterials under 

varying temperature and pressure conditions (2). 

Barium titanate has unique properties because of its 

perovskite crystal structure (3-6). In a study by  (7) it 

was discovered the possibility of obtaining BaTiO3 

nanorods as a result of treating a single-stage 

solubility precipitation mechanism with ethylene 

glycol, using it as a stabilizing medium. 

Consequently, their synthesis is accompanied with 

formation of uniform crystals-in particular single 

uniform crystals. These nanorods have tetragonal 

structure with c-axis/a-axis ratio equal to (1.0111), 

whereas BaTiO3 particles synthesized in the 

absence of ethylene glycol looked like cubes. 

Previous research has shown that the hydroxyl 

groups (OH) in ethylene glycol (EG) play a crucial 

role in stabilizing the tetragonal structure (8, 9). It has 

been observed that nanostructured BaTiO₃ materials 

show better properties because surface atoms 
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contribute more and there may be different physical 

laws that do not exist in bulk matter. For instance, 

the synthesis of BaTiO₃ nanowires, nanoplates, and 

nanorods has opened novel paths for the strategy of 

high-performance actuators, energy storage devices 

and sensors. The emergence of nanostructures 

(nanowires, Nano platelets, and nanotubes) suggests 

a potential paradigm shift in nanocomposites. 

Recent studies have indicated that composites 

reinforced with nanorods or nanowires possess 

higher dielectric permittivity and tensile strength 

when compared to composites reinforced with 

nanoparticles (10-12).  The influence of nanostructures 

ceramic on the piezoelectric properties of BaTiO3 

was investigated. By employing normal sintering 

methods and spark plasma sintering (SPS), the 

researchers demonstrated that smaller ferroelectric 

domain sizes significantly enhanced the 

piezoelectric constant, achieving a high 

piezoelectric coefficient (d33) of 416 pC/N in 

nanoceramics with domains less than 50 nm in 

width (13). Explored the applications of the BT-101 

dielectric material in improving the performance of 

electroluminescent (EL) lamps by (14). In this study, 

aim to synthesize barium titanate BaTiO3 

nanoparticles by hydrothermal method, and analyze 

their structural and electrical properties 

comprehensively, focusing on the electrical 

properties. In addition, the structure of the 

synthesized nanorod will be examined, characterize 

the crystal structure of the sample and identify the 

functional groups in it. 

2- EXPERIMENTAL  

Preparation of Barium Titanate Nanorods 

Barium titanate nanorods (BTNRs) were formed by 

a precipitation-aging technique including a 

precursor slurry, followed by a hydrothermal 

process. The (Ba-Ti-OH) precursor was prepared 

using barium chloride (BaCl2, Kishida Chemical.), 

Titanium tetrachloride (TiCl4 solution (Sigma-

Aldrich) and Hydroxide Sodium (NaOH, Nacalai 

Tesque (98 %)). A mixture of (1 M) BaCl2 (20 ml 

aqueous solution) and (0.6 M) TiCl4 solution (10 ml 

aqueous. solution) was prepared at (25 °C) 

temperature, then adding (10 %) NaOH to this slurry 

as a solvent and (35 ml) of deionized (DI) water. 

The hydrothermal process was adjusted the over-all 

size of the precursor slurry to (80 ml). 

Consequently, the precursor slurry was heated using 

a teflon-lined autoclave (150 ml vessel). The 

hydroxide slurry was heated at (205 °C) for (24 h) 

to complete the process. Following hydrothermal 

process, the product was detached by centrifuge 

device, and then washed several times by DI water, 

and dried at (80 °C), (see figure 1). 

 

 
Fig.1: Illustrative diagram of the stages of BaTiO3 nanorods preparation by using the hydrothermal 

method. 
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Characterization of Barium Titanate Nanorods 

SEM images was conducted to investigate 

morphology of barium titanate nanorods (using an 

Axia Chemi at an applied voltage of 5kV). XRD 

patterns (PA-analytical, X-Pert PRO MPD, using 

Cu-K radiation at 30 KV) was employed to govern 

the crystalline structure and phase of the 

manufactured BaTiO3. The diffraction patterns were 

analyzed to confirm the BaTiO3 crystalline 

structure. EDS analysis was conducted to 

investigate the elemental compound of the 

synthesized BaTiO3 nanoparticles. FTIR 

spectroscopy was used to detect the functional-

groups and chemical bonds in the BaTiO3 nanorods, 

providing insights into the molecular structure. The 

FTIR spectra were captured through the attenuated 

total reflectance (ATR) method used (a Zn-Se 

crystal) within the Nicolet IS50 spectrometer 

(Thermo Fisher, USA), spanning a range of 

(4500−0  𝑐𝑚−1 ).  The four-point probe technique 

was utilized to measure the sheet resistance and 

electrical conductivity of the BaTiO3 nanoparticles. 

This method provides accurate resistivity 

measurements by minimizing contact resistance 

effects. The measurement data for barium titanate 

using the 4-point probe method indicate a 

significant difference in voltage readings between 

channels. The sheet resistance (𝜌𝑠) is determined 

using the 4-point probe method, as described by the 

equation (1) (15), 

𝜌𝑠 =
𝑉

𝐼
 4.5324 [Ω. 𝑠𝑞]                        (1) 

Where, I is the current through the outer probes 

(nA), and V is the voltage between the inner probes 

(mV). The impedance spectroscopy was used to 

study capacitance, permittivity and dielectric 

constant. The primary aim is to determine the 

relative permittivity (ɛ’) and electrical conductivity 

(σ) of the material based on the measured 

impedance data at various frequencies. Hence, 

Radius of the disk (r) is (0.01 m) and Thickness of 

the sample (d) was (1 mm), Vacuum permittivity 

(ɛo) is (8.858 × 10-12   f/m).   

RESULTS AND DISCUSSION 

Characterization of Barium Titanate Nanorods 

FTIR spectra was conducted to detect functional 

groups within the powder sample, as depicted in 

Figure 2(a). The resulting FTIR absorbance spectra 

was recorded in transmittance mode over the range 

of (4500–0 𝑐𝑚−1). The functional group of (Ti-O) 

band is at (562 𝑐𝑚−1) is indicative of the barium 

titanate structure and is influenced by Ba ions. The 

functional group of (Ba-Ti-O) bonds appear in the 

(1430–1630  𝑐𝑚−1) range, whereas the C-O bands 

at (1110 𝑐𝑚−1 ) suggest the presence of residual 

ethylene glycol (EG) or potential C-C stretching. 

The C–H band is at (2877 𝑐𝑚−1), representing the 

connecting of ethylene glycol groups to titanium. 

The absence of Ba-C-O intensity in the BaTiO3 

powder suggests a reduced formation of BaCO3. 

The OH-OH groups are observable in the (3425 

𝑐𝑚−1 ) band. The peroxide synthesis of surface-

functionalized barium titanate nanoceramic is 

revealed by the presence of hydroxyl groups on the 

(OH) surface functional group. It is interesting that 

there are some spectra with very low transmittance 

ranges, which are referred to the changing chemical 

reactions, nature of materials, and crystallization of 

compounds at higher temperatures and are not 

considered (1, 16). Figure 2(b) presents XRD pattern 

of the BaTiO3 nanorods (BTNRs). The XRD 

analysis, consistent with (JCPDS no. #892475), 

reveals the creation of a structure nanorods phase 

characterized by a lattice parameter of (a = 4.0217 

Å). The most intense peak (110) is observed at (2θ 

= 32.17°). Additional peaks detected at (2θ = 

22.208° (100), 32.17° (110), 38.898° (111), 45.590° 

(200), 50.812° (210), 56.127° (211), 65.779° (220), 

70.323° (300), and 74.788° (310)), further authorize 

the formation of structure perovskite of BaTiO3 as 

in (17, 18). Minor peaks are ascribed to the formation 

of BaCO3, resulting from the interaction of barium 

hydroxide with CO2 released during the annealing 

process. The smallest crystallite size of the barium 

titanate nanopowder, estimated utilizing the Debye-
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Scherrer equation considering peak broadening, was 

(11 nm). The mean crystallite size, derived from 

multiple peaks, was determined to be (78 nm), the 

Scherrer formula given as equation (2) (19): 

𝐷 =
𝑘𝜆

𝛽𝑐𝑜𝑠𝜃
   (2) 

where 𝜃 is the Bragg’s angle D is crystallite size of 

domains, k is shape factor, and its value is( 0.91), 𝜆 

is the wavelength of X-rays, and 𝛽 is full width at 

half maxima (FWHM) in radians. 

 

 
Fig. 2: (a) FTIR spectrum of BaTiO3, (b) XRD patterns a tetragonal BaTiO3 nanostructure 

 

Figure 3 illustrated SEM images of the prepared 

samples showed clear patterns of barium titanate 

nanorods. It can be seen that the overall shape of the 

particles ranges from rods to microplates. 

Furthermore, small agglomerates of nanorods can 

be observed, indicating some agglomeration during 

the preparation process. The dispersion of the 

particles appears to be good, indicating a relatively 

homogeneous distribution of particles within the 

sample. The surface of the nanorods appears 

generally smooth, with some rough appearances that 

may be caused by the crystallization process during 

preparation. The high temperature (205 °C) and 

long reaction time (24 h) contributed to the 

formation of nanorods with the specified shape and 

size. These conditions promote crystallization and 

longitudinal growth of the rods (20). The observed 

agglomerations may be a result of surface 

interactions between nanorods during the 

preparation process. These agglomerations are 

likely the result of van der waals attractive forces or 

hydrogen bonding between molecules. The 

nanoscale shape and small dimensions of nanorods 

may give these materials distinct physical and 

chemical properties such as improved electrical 

insulation and increased catalytic activity in various 

applications. 
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Fig. 3: SEM images of the hydrothermal products synthesized at 205 °C for 20 h, displayed at various 

magnifications. 
 

Table 1 illustrated, oxygen appears weight 

percentage (28.30 %) and atomic percentage: (67.50 

%) as a significant proportion in the composition, 

indicating oxide formation in the sample. Titanium 

is a major component of nanorods, supporting the 

formation of barium titanate and exhibits weight 

percentage (24.23 %) and Atomic percentage (19.31 

%). The high percentage of barium (Ba) indicates a 

major role for this element in the general structure 

of nanorods (47.47 % weight percentage). From the 

table, it is clear that barium titanate nanorods 

contain a large percentage of oxygen, titanium, and 

barium. The high oxygen content is in line with 

expectations because barium titanate is an oxide 

compound. The atomic percentage of oxygen (67.50 

%) is very high compared to others, reflecting an 

oxide formation. The weight percentage of barium 

is the highest (47.47%), which enhances its 

prominent role in the synthesis of nanorods.

  

Table 1: Elements content of the samples determined by EDS (at. %) 

Element Line Type Apparent 

Concentration 

k Ratio Wt.% Wt.% Sigma Atomic % 

O K series 9.71 0.03266 28.30 0.40 67.50 

Ti K series 7.10 0.07095 24.23 0.38 19.31 

Ba L series 12.30 0.11515 47.47 0.51 13.19 

Total:    100.00  100.00 

 

 
Fig. 4: Elements content of the samples determined by EDS (at. %) 
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Electrical Properties 

The measurement data for barium titanate using the 

4-point probe method indicate a significant 

difference in voltage readings between channels 

(see equation (3)) (21). For Channel 2, the maximum 

voltage was (7400 mV), the minimum was (-9200 

mV), resulting in a peak-to-peak voltage (Vpp) of 

(16600 mV), with an applied current of (3531.915 

nA). Channel 1 showed a maximum voltage of (420 

mV), a minimum of (-400 mV), and a Vpp of (820 

mV) (see figure 4). The sheet resistance (𝜌𝑠 ) is 

determined using the 4-point probe method, as 

described by the equation (3): 

𝜌𝑠 =
𝑉

𝐼
 4.5324 [𝑜ℎ𝑚𝑠 𝑝𝑒𝑟 𝑠𝑞𝑢𝑎𝑟𝑒(Ω. 𝑠𝑞)]        (3) 

Given: applied voltage (V = 16600 mV = 16.6 V) 

assuming peak-to-peak voltage is used and 

applied current (I = 3531.915 nA = 3.531915 μA) 

𝜌𝑠 =
16.6

3.531915×10−6 × 4.5324 =

1052281.301 [Ω. 𝑐𝑚]        (4) 

The calculated sheet resistance was (1052281.301 

Ω.cm) which aligns with the high resistivity 

expected of barium titanate. The high sheet 

resistance value indicates that BaTiO₃ sample used 

here is highly resistive or insulating. This high 

resistance of the sheets emphasizes the dielectric 

properties of the material, which is known to be a 

ceramic material with high dielectric constant, 

making it suitable for electronic applications such as 

capacitors and piezoelectric devices. The four-point 

probe method is sensitive to several factors such as 

probe spacing and sample thickness resulting in 

inconsistency between channel readings.
 

 

Fig. 5: (a) Measurement principle of the 4-point sheet resistance model, (b) Voltage of Channel 1 (Ch1), (c) 

Voltage of Channel 2 (Ch2). 

 

The impedance data includes the real part (Z′) and 

the imaginary part (Z′′) at different frequencies (f) 

(see figure 6(a). The horizontal axis (Z') represents 

the real part of impedance in (Ω.cm²), while the 

vertical axis (Z'') represents the imaginary part of 

impedance in (Ω.cm²). The results show a gradually 

decreasing behavior of the curve, where the 

imaginary impedance decreases as the real 

impedance increases. Specifically, the real 

impedance (Z') increases from (0 to 100,000 

Ω.cm²), while the imaginary impedance (Z'') 

decreases to negative values reaching (-500,000 

Ω.cm²). This behavior reflects the properties of 

dielectric materials such as barium titanate 

 

(a) 

(b) 
(c) 
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nanorods. The observed decrease in imaginary 

impedance with increasing real impedance may 

indicate a charging and discharging process in the 

dielectric materials, suggesting an interaction 

between electrons and voids within the 

nanostructure of the material. The figure 6 (b) shows 

the variation of the dielectric constant of barium 

titanate with frequency. The dielectric constant was 

calculated by using the following relationship 

derived from imaginary impedance (22): 

𝐶 =
1

2𝜋𝑓|𝑍′′|
         (5) 

Where, (C) is Capacitance and f is frequency, or 

used Complex impedance (𝑍∗ = 𝑍′ + 𝑗𝑍′′) 

Then, we found dielectric constant by using the 

following formula (23): 

𝜀′ =
𝐶.𝑑

𝜀𝑜.𝐴
     (6) 

Hence, C is the capacitance, d is the thickness of the 

dielectric material, A is area (𝐴 = 𝜋𝑟2), d is the 

thickness of the sample, and 𝜀𝑜 is the permittivity of 

free space (8.854 × 10-12 F/m). It can be seen that the 

dielectric constant is high at low frequencies and 

then decreases significantly with increasing 

frequency until it reaches a quasi-stable value. At 

higher frequencies, we observe a sharp increase in 

the dielectric constant, indicating a phenomenon 

known as resonant frequencies (24, 25). It can be seen 

that the amplitude is very high at low frequencies 

and then decreases sharply as the frequency 

increases. The amplitude continues to decrease until 

it reaches an almost constant value at high 

frequencies. This change reflects the contractile 

ability of the material to store electrical charge with 

increasing frequency. The capacitance value 

decrease with increasing frequency. This behavior 

is attributed to the material's ability to respond to 

rapidly changing electric fields. At high 

frequencies, it is difficult for the electric dipoles in 

the material to track rapid changes in the electric 

field, resulting in a decrease in capacitors, as show 

in figure 6(c). The decrease in capacitance with 

higher frequency indicates the material's limitations 

in applications that require a fast frequency response 

(26). The sharp increase in the dielectric constant at 

high frequencies can be explained by the presence 

of resonant frequencies. These frequencies occur 

when the external frequency matches the natural 

frequency of the material, resulting in a significant 

increase in the dielectric constant (27-29). The results 

indicate that nanoscale barium titanate possesses 

excellent dielectric properties at medium and high 

frequencies, making it suitable for use in energy 

storage applications and dielectrics in 

microelectronics. 
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Fig. 6: Impedance spectroscopy of barium titanate powder at different frequencies, (b) Dielectric 

Constant vs. Frequency for barium titanate Nano powder, (c) The Capacitance vs. frequencies for BT 

nanorod 
 

CONCLUSION 

This study successfully synthesized nanostructured 

BaTiO3 using the hydrothermal method and 

comprehensively analyzed its structural and 

electrical properties. The XRD, FTIR, and EDS 

results confirmed the high purity and crystalline 

nature of the material. The significant piezoelectric 

coefficient and electrical conductivity underscore 

the potential of BaTiO3 nanorods in various 

electronic devices. Future work could explore the 

optimization of synthesis parameters to further 

enhance these properties and expand the application 

range of BaTiO3 nanomaterials. The correlation 

between the structural characteristics and electrical 

properties of BaTiO3 nanofillers demonstrates that 

the hydrothermal synthesis method produces high-

quality nanomaterials with excellent electrical 

performance. The crystalline structure and purity 

directly influence the piezoelectric and conductive 

behaviors, making hydrothermally synthesized 

BaTiO3 suitable for advanced various technical 

fields. The results came from dielectric, insulating, 

and resistance spectroscopy behavior indicate the 

possibilities of using barium titanate nanorods in 

electronic applications. 
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