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ABSTRACT  

This research study examines the influence of frequency and salicylic acid dopant and temperature on the dielectric 

constant of PVC-PMMA thin films. The thin films were prepared using the isothermal evaporation technique, and 

their dielectric constants were measured using an LCR meter over a frequency range of 20 Hz to 200 KHz at 303 k 

and 323 k. The ln f vs dielectric constant plots were analyzed to investigate the effects of frequency and salicylic acid 

dopant concentration and temperature on the dielectric properties of the films. 
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INTRODUCTION 

Dielectric materials find extensive applications in various electronic devices and capacitors due to their ability to store 

and transmit electrical energy. Polymer blends, such as PVC-PMMA, have gained significant attention for their 

potential in dielectric applications. The dielectric properties of such blends can be modified by incorporating dopants, 

offering opportunities for enhanced electrical performance. 

EXPERIMENTAL PROCEDURE 

The PVC-PMMA thin films were prepared by the isothermal evaporation technique. Two sets of films were fabricated: 

one with a 6% salicylic acid dopant and the other without any dopant. The dielectric constants of the films were 

measured using an LCR meter over a frequency range of 20 Hz to 200 kHz at 303 k and 323 k. The natural logarithm 

of frequency (ln f) and dielectric constant values were recorded and tabulated for further analysis. 
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Fig 1.1 Variation of ln f vs Dielectric constant 

 

Fig 1.2 Variation of ln f vs Dielectric constant 
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RESULTS AND DISCUSSION 

The ln f vs. dielectric constant (fig1.1, 1.2, 1.3) plots were examined to analyze the effects of frequency and salicylic 

acid dopant on the dielectric properties of the PVC-PMMA thin films. 

Effect of Frequency 

The dielectric constant of the PVC-PMMA films exhibited a frequency-dependent behavior. As the frequency 

increased, the dielectric constant decreased for both the film with 6% salicylic acid dopant and the film without any 

dopant. This behavior is consistent with the characteristics of dielectric materials, where the dielectric constant 

decreases with increasing frequency. 

The behavior of the dielectric constant of a material in response to varying frequencies of an electric field provides 

valuable insights into its electrical and structural properties. The observed trends in the dielectric constant of the PVC-

PMMA thin film can be explained through the interaction of the polymer matrix with the electric field, as well as the 

inherent characteristics of the system. 

1. High Dielectric Constant at Lower Frequencies: 

In the lower frequency range, it is observed that the dielectric constant of the PVC-PMMA thin film is relatively 

high. The high dielectric constant can be attributed to the presence of charges that are able to respond to the 

electric field. In the case of the PVC-PMMA thin film, the presence of localized charge carriers, such as polarons, 

might contribute to this behavior. These charges can align and respond to the field, leading to an enhanced 

dielectric constant. 

 

2. Decrease in Dielectric Constant at Higher Frequencies:  

As the frequency of the applied electric field increases beyond 100 Hz, the dielectric constant of the PVC-PMMA 

thin film is observed to decrease. This decrease can be attributed to the interplay between the ordered structure of 

the material and the mobility of ions within the polymer matrix. At higher frequencies, the mobility of ions 

becomes significant, allowing them to move and oppose the effect of the applied electric field. 

 

The decrease in dielectric constant could be explained by considering the following factors: 

 

i. Ordered Material Characteristics:  

In materials with an ordered structure, such as crystalline regions within the PVC-PMMA thin film, the 

alignment of charges in response to the electric field can be hindered by the organized arrangement of molecules. 

This leads to a lower dielectric constant as the material becomes less responsive to the field. 

Fig 1.3 Variation of ln f vs. Dielectric constant doped and undoped SA 
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ii. Ionic Mobility:  

As the frequency increases, the mobility of ions within the polymer matrix becomes more pronounced. These ions 

are not tightly bound to the polymer chains and can move in response to the field, counteracting its effect. This 

ion movement contributes to a decrease in the overall dielectric constant. 

 

The findings presented in Migahed et al.'s work (reference [24]) further support the observed trend of decreasing 

dielectric constant with increasing frequency in ordered materials. 

Influence of Temperature on Dielectric Constant in PVC-PMMA Films 

The dielectric constant of the PVC-PMMA films was also affected by temperature. As the temperature increased from 

303 k to 323 K , the dielectric constant values for both the film with 6% salicylic acid dopant and the film without any 

dopant generally increased. This temperature-dependent behavior indicates that the dielectric constant of the films is 

influenced by thermal effects. 

Temperature is a critical parameter that can significantly impact the electrical properties of materials, including the 

dielectric constant. In this study, the effect of temperature on the dielectric constant of PVC-PMMA films was 

investigated. The dielectric constant was analyzed across a temperature range, and the results reveal a clear correlation 

between temperature and dielectric constant values 

Influence of Salicylic Acid Dopant on Dielectric Constant in PVC-PMMA Films 

The presence of salicylic acid dopant influenced the dielectric constant behavior of the PVC-PMMA films. Comparing 

the two sets of films, it was observed that the film with 6% salicylic acid dopant consistently exhibited higher dielectric 

constant values compared to the film without any dopant at all frequencies and temperatures. This suggests that the 

addition of salicylic acid as a dopant increases the dielectric constant of the PVC-PMMA films. 

The dielectric constant of a material is a key parameter that characterizes its electrical response to an applied electric 

field. In this study, the impact of salicylic acid as a dopant on the dielectric constant behavior of PVC-PMMA films 

was investigated. The dielectric constant was examined across a range of frequencies and temperatures to elucidate 

the effects of the dopant on the electrical properties of the films. 

CONCLUSION 

In conclusion, the observed frequency-dependent behavior of the dielectric constant in the PVC-PMMA thin film is a 

result of the interplay between the presence of charges, the ordered or disordered nature of the material, and the 

mobility of ions within the polymer matrix. The high dielectric constant at lower frequencies can be attributed to the 

response of charges to the electric field, while the decrease in dielectric constant at higher frequencies is influenced 

by the ordered structure of the material and the mobility of ions. These insights contribute to a deeper understanding 

of the electrical properties of the PVC-PMMA thin film. 

The presence of 6% salicylic acid dopant in the PVC-PMMA films leads to a consistent increase in the dielectric 

constant values across frequencies and temperatures. This effect can be attributed to enhanced polarization, dipole 

alignment, and possibly improved charge carrier mobility within the polymer matrix due to the presence of the dopant. 

These findings underscore the potential of salicylic acid as a dopant to tailor the dielectric properties of PVC-PMMA 

films for specific applications requiring higher dielectric constants. Further investigations could delve into the 

underlying molecular interactions that drive this enhanced dielectric behavior. 

REFERENCES 

1. Vdhale. S.G., Belsare N. G., November(2013), International Journal of Scientific & Engineering Research, 

Volume4, Issue11, 1253,  https://doi.org/10.14299/ijser.2013.11  

2. Dakre, A. B., & Lamdhade, G. T. (2014). International Journal of Science and Research (IJSR), 3(6).   

3. Ojha. P., Siddaiah. T., Gopal, N. O., & Ramu, Ch. (2018). International Journal of Scientific Research in 

Physics and Applied Sciences, 6(6), 80-87. https://doi.org/10.26438/ijsrpas/v6i6.8087 



Multidisciplinary International Journal                                                                       http://www.themijournal.com 

     

(MIJ) 2023, Vol. No. 9, Special Issue                                                           e-ISSN: 2454-924X; p-ISSN: 2454-8103 

 

322 

 

Presented at 2nd International Conference on Research in Multidisciplinary Studies (ICRMS-2023) 

Held on 06th August, 2023 through Google Meet 

4. Tanwar, A., Gupta, K. K., Singh, P. J., & Vijay, Y. K. (2006). Bull. Mater. Sci., 29(4), 397–401. 

https://doi.org/10.1007/bf02704142  

5. Vidhale S.G., Belsare N.G., A.S.Wadatkar, September-(2013), International Journal of Scientific & 

Engineering Research, Volume 4, Issue 9.  

6. Renukappa, N. M., Sudhakar, S. R. D., Siddaramaigh, R., Rajan, J. S., & Vishvanathan. (2007). ICPMPE. 

7. Abraham, R., Issac, J., Varughese, K., & Thomas, S. (2007). ICPMPE. 

8. Mamza, P. A., & Folaranmi, F. M. (1996). European Polymer Journal, 32(7), 909-912. 

9. Dandel, R. M., Belsare, N. G., & Raghuwanshi, F. C. (2011). International Journal of Polymers and 

Technologies, 3(2).  

10. Ramesh, S., & Liew, C. W. (2013). Measurement, 46(5), 1650-1656. 

https://doi.org/10.1016/j.measurement.2013.01.003. 

11. Wadatkar, A. S., Wasnik, T. S., Vidhale, S. G., & Belsare, N. G. (2014). International Journal of Basic and 

Applied Research, 4, 196-200.  

12. Ahmad, A. H. (2014). International Journal of Computer Science, 2, 20-23.  

13. Bushra, A. H., Ahmad, A. H., & Duaa, A. U. (2013). International Journal of Application or Innovation in 

Engineering & Management, 2(11), 86.  

14. Khaled, M. A., Elwa, Y. A., Hussein, A. M., & Abdullah, K. (2003). Egypt Journal, 26(1), 83-91.  

15. Sharma, D., & Tripathi, D. (2018). AIP Conference Proceedings, 1953(1), 050056. 

https://doi.org/10.1063/1.5032711  

16. Rajendran, S., & Uma, T. (2000). Materials Letters,44, 242-247.  

17. Raja, V., Sharma, A. K., & Narasimha Rao, V. V. R. (2004). Materials Letters, 58, 3242-3247. 

https://doi.org/10.1016/j.matlet.2004.05.061 

18. Elizabeth, R. N., Kalyanasundaram, S., Gopalan, A., & Saito, Y. (2004). Polímeros: Ciencia e Tecnologia, 

14(1), 1-7.  

19. Suvarna, R. P., Raghavendra Rao, K., & Subbarangaiah, K. (2002). Bull. Mater. Sci., 25(7), 647-651.  

20. Roaaramadan, E., Ahmad Abass Hasan (2014), PASJ International Journal of Computer Science (IIJCS), 2(3).  

21. Khan, M. S., Gul, R., & Wahid, M. S. (2013). J Polym Eng, 33(7), 633-638. https://doi.org/10.1515/polyeng-

2013-0028  

22. El Sayed, A. M. (2020). Results in Physics, 17, 103025. https://doi.org/10.1016/j.rinp.2020.103025 

23. Kyritsis A., Pissi P., Grammatikakis I., (1995). J. Polymer Sci. Part B.33 173-77.  

24. Migahed, M.D., Ishra, M., Fahmy, T., Basakat, (2004). A., J. of Phys. and Chem. of Solids 65, 1121-1125 

25. Devikala S., Kamaraj P. and ArthanareeswarI M., Chem Sci Trans., 2013, 2(S1), S129-S134 

DOI:10.7598/cst2013.26 

 


