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Abstract:- Nano crystalline calcium manganite nanoparticles are 

promising n-type thermoelectric oxides at higher temperatures 

with perovskite orthorhombic structure have been synthesized by 

sol-gel hydrothermal method and the influence of surfactant 

polyvinyl pyrrolidone (PVP) concentration on CaMnO3-δ 

nanoparticles were investigated. Systematic studies revealed that 

the surfactant concentration induces the average particle size of 

the nanoparticles. The synthesized nanoparticles were 

characterized by X-ray diffraction, scanning electron microscope 

with energy dispersive X-ray analysis and thermoelectric studies 

were done on the sintered sample between room temperature and 

600 °C. Pure and crystalline CaMnO3-δ nanoparticles were 

observed and the average particle size was calculated by Scherrer 

formula. Vibrational bands between 550-650 cm-1 confirms the 

formation of crystalline CaMnO3-δ nanoparticle by FTIR analysis 

and peak intensity increases with increasing the concentration of 

PVP. Thermoelectric properties have been obtained for the pure, 

single phase sample with less average particle size without 

agglomeration and secondary phase. Optical studies revealed that 

CaMnO3-δ nanoparticles having the absorption in the visible 

region and the indirect band gap was in the range of 2.14 eV- 2.41 

eV using UV-Vis spectroscopy and the thermoelectric analysis 

showed the negative value of Seebeck coefficient of -287 μVK-1 at 

room temperature.  

 

Key words: Calcium manganite; PVP; sol-gel hydrothermal; 

electrical resistivity; thermopower. 

 

1. INTRODUCTION 

 Thermoelectric energy system overcomes the 

limitations of energy resources and environmental pollution 

problems by converting the waste heat energy directly into 

electricity from industrial processes without any greenhouse 

gas emissions via the Seebeck effect, Peltier effect and vice 

versa. The energy conversion efficiency is estimated by the 

dimensionless figure of merit ZT [1]. The state of art alloys 

such as Bi2Te3, CoSb3 are not chemically and thermally stable 

at higher temperatures under air atmosphere, but the discovery 

of NaxCoO2+δ by Terasaki et al. in 1997 initiated more research 

on oxides. Electron doped calcium manganite Ca1-xRxMnO3 is 

extensively studied n-type thermoelectric oxide material 

because of its high electrical conductivity, oxidation resistant, 

and stability at elevated temperature. However, the undoped 

CaMnO3-δ material has low carrier mobility due to ionic 

bonding which in turn reduces the thermopower of the 

material [2]. Materials with high electrical conductivity and 

Seebeck coefficient, together with a low thermal conductivity 

are potential candidates for thermoelectric devices. In bulk 

materials Seebeck coefficient, electrical conductivity and 

thermal conductivity are linked together by the electronic 

structure and they cannot be optimized independently, but 

band structure and phonon scattering can be engineered by 

nanostructured systems. Thermal conductivity can be reduced 

by producing the nanostructures with one or more dimensions 

smaller than the mean free path of phonons, but larger than 

that of the electrons without affecting the electrical 

conductivity. Nanostructuring can effectively enhance the ZT 

values by suppressing the thermal transport of phonons [3-5].  

 The product obtained from sol-gel method is 

amorphous in nature while the yield is very less in 

hydrothermal method. Sol-gel hydrothermal method is a 

suitable method for synthesizing the thermoelectric metal 

oxide nanoparticles due to controlled grain size, morphology, 

high surface area for large scale application. The parameters 

such as pH, precursor, addition of surfactants, experimental 

temperature and duration induces the growth mechanism of the 

nanoparticles. The expected nanostructures within the range 

can be achieved by the systematic studies on these parameters 

[6, 7]. Annealing in air atmosphere at higher temperatures 

leads to the formation of perovskite oxides, but it affects the 

growth mechanism, homogeneity, surface area [8].  

 A surfactant is essential in wet chemical metal oxide 

synthesis process to form discrete nanoparticles than network 

and it controls the grain growth by regulating the reaction 

kinetics. Surfactants are used in aqueous synthesis to reduce 

the interfacial energy and hence control the growth mechanism 

in nanoparticles. Particle agglomeration is being avoided by 

forming an absorption layer by a surfactant on the surface of 

the nanoparticle and regulates the grain growth of the particle. 

In metal oxide nanoparticle synthesis process, surfactants are 

acting as chelating agent, capping agent, template and fuels. 

Citric acid as a chelating agent modifies the synthesis process 

and the formation of perovskite oxide occurs at lower 

annealing temperature [9-12].  

 Reducing the annealing temperature and duration 

decreases the size of the nanoparticles that leads to the low 

thermal conductivity which in turn improves the thermopower 

[13, 14]. Non-toxic and non-ionic polymer Polyvinyl 

pyrrolidone (PVP) with the functional groups C=O, C-N, CH2 
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is used in synthesizing nanoparticles [15, 16]. PVP as a 

capping agent initially increases the particle size by forming 

an absorption layer on the nanoparticle, and then particle size 

reduces during annealing by burning the PVP polymer [17-

19]. The reduction of grain size by nanostructuring and 

addition of surfactants induces the phonon scattering; as a 

result the lattice thermal conductivity reduces which will then 

improves the thermopower of the material [20, 21]. 

 In this research paper, n-type thermoelectric oxide 

CaMnO3-δ nanoparticles have been synthesized by sol-gel 

hydrothermal method and the role of surfactants as chelating 

and capping agent are investigated. The influence of polyvinyl 

pyrrolidone on structural, morphological, electrical and 

thermoelectric properties has been optimized based on the 

size, crystallinity and surface morphology of the nanoparticles 

for the application of thermoelectrics. 

 

2. EXPERIMENTAL PROCEDURE 

 

2.1. Preparation of CaMnO3-δ nanoparticles 

AR grade calcium nitrate tetrahydrate (≥99%), manganese 

nitrate hydrate (≥98%), and ammonium hydroxide solution 

were used as precursors without further purification. Citric 

acid and polyvinyl pyrrolidone (PVP, MW≈40000 g/m) are 

used as chelating and capping agent respectively. 

Stoichiometric amounts of metal nitrates of Ca (NO3)2. 4H20, 

Mn(NO3)2. H2O were weighed at 1:1 molar ratio and dissolved 

in distilled water. Citric acid solution was added to the mixture 

in the mole ratios 1:1 (citric acid: metal ion) and PVP solution 

was added to the precursor solution with different 

concentrations of 1g, 2g, and 3g. Homogeneous solution was 

obtained after stirring for 30 minutes and ammonium 

hydroxide was added drop wise till its pH reaches 9.2, then it 

heated at 80 °C till it reduced to the half of the amount of it. 

Then this sol was transferred into a Teflon lined stainless steel 

autoclave, which is placed it in hot air oven at 200 °C for 20 

hours. The product was cleaned with distilled water and 

ethanol to remove the organic substances, then dried and 

annealed at 950 °C to attain CaMnO3-δ nanopartices.  

 

2.2. Characterization Techniques 

Structural characterization of the CaMnO3-δ samples 

were carried out by using Bruker D8 advance diffractometer 

equipped with Cu Kα radiation (λ = 1.5406 Å) with 2θ ranging 

between 10° and 80° with a step size of 0.02°. The surface 

morphology of the samples were analyzed using a JEOL JSM 

5600 scanning electron microscope and its elemental analysis 

was accomplished by Energy Dispersive X-ray analysis 

(EDAX). Perklin Elmer Fourier Transform Infrared 

Spectrometer is used to capture the FTIR spectrum of the 

samples. Optical characterization was done by Bruker Lambda 

35 UV- Visible spectrometer and Tauc’s relation used to 

calculate the band gap value. The annealed powders were 

compacted with 3 wt % of paraffin wax as a binder at 50Mpa 

and sintered at 850°C with a heating rate of 10°C/min for 4 h 

by the conventional sintering process for thermoelectric 

measurement. LSR-3, Seebeck, Linseis, Germany, investigated 

thermoelectric properties such as Seebeck coefficient (S), 

electrical conductivity (σ) and the power factor (S2σ) of 

surfactant assisted CaMnO3-δ nanoparticles were investigated 

between ambient and 600°C with ∆T=50°C with highly pure 

helium atmosphere.  

 

3. RESULTS AND DISCUSSION 

3.1. Structural analysis of CaMnO3-δ nanoparticles 

XRD measurement was used to find the purity and 

crystallinity and influence of PVP on CaMnO3-δ nanoparticles. 

Figure 1(a-d) represents the powder XRD pattern of the pure 

CaMnO3-δ nanoparticles with different concentrations of PVP 

0g, 1g, 2g, and 3g. All the diffraction patterns were indexed 

and matched with the JCPDS card No: 461009. Orthorhombic 

CaMnO3-δ with the space group of Pbam were identified with  

the lattice parameters a=5.424 Å, b= 10.23 Å, c= 3.735 Å and 

unit cell volume V= 207.25 Å3 [22]. Peaks at 2θ = 19.00º, and 

31.26º are observed as minor phases of Co3O4 (JCPDS card 

no: 431003) along with the peaks of CaMnO3-δ nanoparticles. 

As surfactant concentration increases, the intermediate phase 

Co3O4 gradually disappears and hence the remaining peaks are 

attributed to CaMnO3-δ nanoparticles. When the surfactant 

exceeds the limit of saturation i.e, 3g then there was a 

secondary peak of PVP at 2θ = 20.23º and this could be seen 

while synthesizing the nanoparticles as precipitation which is 

good agreement with the reported data [23]. The addition of 

PVP as a capping agent improves the crystallinity and reduces 

the average crystallite size of the sample, indicating that this 

surfactant plays an important role in synthesizing 

nanoparticles.  

 
Figure 1. XRD pattern of CaMnO3-δ nanoparticles (a) without PVP (b) with 1g 

PVP (c) with 2g PVP (d) with 3g PVP 

 

The average crystallite size was estimated by Scherrer 

formula and it is denoted as D= Kλ/ βcosθ, where K, λ, β, θ are 

the Scherrer constant (K=0.9), the wavelength of the radiation 

Cu Kα (λ = 1.5406 Å), full width at half maximum of the 

diffraction peaks, and the Bragg’s angle respectively. The size 

of the nanoparticles decreases with increasing the 

concentration of PVP and the calculated average particle size 

of CaMnO3-δ nanoparticles with 3g, 2g, 1g of PVP, and 

without PVP is 11, 15, 42, and 71 nm respectively  [24, 25]. 

 

3.2. Surface morphology and chemical composition of 

CaMnO3-δ nanoparticles 

Figure. 2 represents the surface morphology and 

EDAX spectrum of surfactant assisted CaMnO3-δ nanoparticles 
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(a, b) without PVP, (c, d) 1g of PVP, (e, f) 2g of PVP, (g, h) 

3g of PVP. SEM images shows that the samples have spherical 

shaped well defined nanoparticles without agglomeration for 

lower concentration of PVP. When the concentration of PVP 

exceeds the solubility limit then agglomerated particles are 

formed [26]. The capping agents form an absorption layer 

while synthesizing the nanoparticles and then the capped 

polymer disappear during annealing process and hence the 

average grain size reduces. The average grain size decreases 

with increasing the concentration of PVP, due to the burning 

of more mount of PVP polymer during annealing process.  

Elemental composition confirmed the presence of 

elements with the cationic ratio 1:1 of Ca:Mn is shown in table 

1. Oxygen deficient CaMnO3-δ nanoparticles are observed for 

all the samples, indicating that the PVP molecules occupy the 

vacancy of oxygen. Consequently, we can infer that the 

synthesized CaMnO3-δ nanoparticle is an oxygen deficient 

material which could be removed to improve the 

thermopower. 

 
Figure 2. SEM and EDAX pattern of CaMnO3-δ nanoparticles (a, b) without 

PVP (c, d) with 1g PVP (e, f) with 2g PVP (g, h) with 3g PVP 

 
Table 1. Compositional values of the synthesized CaMnO3-δ nanoparticles 

based on EDAX analysis 

 

Sample Element Series Atomic % Ca/Mn 

CaMnO3-δ  

without PVP 

Ca K 24.43 

1.03 Mn K 23.56 

O K 52.01 

CaMnO3-δ  

with 1g of PVP 

Ca K 22.54 

1.10 Mn K 20.42 

O K 57.04 

CaMnO3-δ  

with 2g of PVP 

 

Ca K 21.42 

1.05 Mn K 20.38 

O K 58.20 

CaMnO3-δ  

with 3g of PVP 

Ca K 22.67 

1.21 Mn K 18.81 

O K 58.52 

 

3.3. Functional group analysis of CaMnO3-δ nanoparticles 

The FTIR spectra of PVP assisted CaMnO3-δ nanoparticles 

are shown in figure. 3. The OH-stretching and HOH- bending 

vibrational bands are observed at 3420 cm-1 and 1594 cm-1 are 

due to the physically adsorbed water molecule. The peak 

intensity increases with increasing the concentration of PVP, 

indicating that the presence of large amounts of carbon in the 

sample due to excess amount of PVP [27]. Average particle 

size influences the bands by a small shift which could be 

attributed to the addition of PVP as a capping agent [28]. 

Interaction between metal ions and PVP through oxygen C=O 

group of the polymer is the reason behind the shift in the bands 

[29]. The symmetric stretching occurs at 855 cm−1 indicates 

the vibration of NO3 ions and the standard peak of CaMnO3-δ 

was appeared in the region of 550- 650 cm−1 [30].  

 
 

Figure 3. FTIR spectrum of CaMnO3-δ nanoparticles (a) without PVP  

(b) with 1g PVP (c) with 2g PVP (d) with 3g PVP 
 

3.4. Optical properties of CaMnO3-δ nanoparticles 

Figure. 4 (a) represents the absorbance spectra and (b) 

indirect energy band gap (Eg) of surfactant assisted CaMnO3 

nanoparticles by UV-Vis spectroscopy. Absorption spectra of 

the samples are recorded in the range of 200-800 nm and it is 

observed that the absorption spectra shows a wide range of 

absorption with a broad peak around 300 nm. As PVP 

concentration increases from 0g to 3g the band gap edges 

changes between 380 nm and 440 nm and then it sharply 

moved to lower wavelength regions, indicating that CaMnO3-δ 

nanoparticle is an indirect band gap material. This absorption 

spectra shift to a lower wavelength due to the larger band gap 

of the nanoparticles.  

The band gap Eg was calculated from the equation (αhν)n 

= B (hν – Eg), Where α is the absorption coefficient, hν is the 

photon energy, B is dimensional constant, and n is the index 

representing the transmission order, where n=2 for direct band 

gap and n=1/2 for an indirect band gap. The band gap was 

determined by extrapolating the linear portion of the plot 

relating (αhν)1/2 versus hν (eV) is shown in figure 4 (b). The 

calculated band gap energies of CaMnO3-δ nanoparticles at 

different PVP concentrations of 0g, 1g, 2g and 3g are 2.14 eV, 

2.22 eV, 2.30 eV and 2.42 eV. The results indicate that the 

CaMnO3 nanoparticle is an indirect, wide band gap 

semiconducting material. As the concentration of PVP 

increases, the crystallite size of the material decreases. As a 

result the band gap energy of the material increases. This 
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increased band gap due to decreased crystallite size is 

attributed to the quantum confinement effect of CaMnO3-δ 

nanoparticles.    

 
Figure 4 (a) Absorption spectra of CaMnO3-δ nanoparticles (a) without PVP (b) 

with 1g PVP (c) with 2g PVP (d) with 3g PVP 

 
Figure 4 (b) Indirect Band gap of CaMnO3-δ nanoparticles (a) without PVP (b) 

with 1g PVP (c) with 2g PVP (d) with 3g PVP 
 

3.5. Thermoelectric property of CaMnO3-δ nanoparticles 

Figure. 5 depicts the temperature dependence of Seebeck 

coefficient S(T) and electrical resistivity of surfactant 

optimized CaMnO3-δ nanoparticle annealed at 950 °C under air 

atmosphere with 2g of PVP, where the negative Seebeck 

coefficient value indicating that the sample is n- type material. 

The absolute Seebeck coefficient value and electrical 

resistivity at room temperature is -287 μV/K and 7.4 Ω cm.  

 
 

Figure 5. Absolute Seebeck coefficient and electrical resistivity of CaMnO3-δ 

nanoparticles with 2g of PVP annealed at 950 °C under air atmosphere 

 

Figure. 6 represents the power factor of the CaMnO3-δ 

nanoparticles with 2g of PVP. According to Mott’s adiabatic 

small polaron conduction model the transport properties can be 

described as ρ = ρ0 T exp(Ea/ kBT) where ρ, Ea,  kB are 

resistivity, activation energy and Boltzman’s constant 

respectively. By using the Arrhenius plot of ln (σT) versus 

1000/T and the linear fitting method is used to calculate the 

activation energy and it was found that 0.08 eV.  Power factor 

increases with increasing  temperature.   

 
Figure 6. Power factor of CaMnO3-δ nanoparticles 

with 2g of PVP annealed at 950 °C under air atmosphere 

 

4. CONCLUSION 

Orthorhombic perovskite structured CaMnO3-δ 

nanoparticles were synthesized by sol-gel hydrothermal 

method at 200 °C, and the influence of PVP was studied. The 

average particle size increases with increasing the 

concentration of PVP, but higher PVP concentration yields the 

agglomerated nanoparticles with the secondary phase of PVP. 

FTIR analysis confirmed the formation of crystalline CaMnO3-

δ nanoparticle with the bands between 550 and 650 cm-1. The 

Larger amount of carbon in the sample due to excess amount 

of PVP increased the peak intensity and the shift is due to the 

interaction between metal ions and PVP molecules. The 

absolute Seebeck coefficient, electrical resistivity, activation 

energy and the power factor are obtained for the PVP 

optimized CaMnO3-δ nanoparticle. From the above results, 

CaMnO3-δ nanoparticle with 2g of PVP is a suitable candidate 

for the fabrication of thermoelectric devices at higher 

temperature.  
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