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ITO/Cu-TMA/Ag advocates the future advanced applications of gelatinous smart materials 

and their suitability for use in conductive devices and battery electrolytes.  

 

4.5 References 

[1] V. Kumar, R. K. Upadhyay, D. Bano, S. Chandra, D. Kumar, S. Jit, S. H. Hasan, New 

J. Chem. 2021, 45, 6273–6280. 

[2] K. Asadi, F. Gholamrezaie, E. C. P. Smits, P. W. M. Blom, B. De Boer, J. Mater. 

Chem. 2007, 17, 1947–1953. 

[3] K. Sel, S. Demirci, E. Meydan, S. Yildiz, O. F. Ozturk, H. Al-Lohedan, N. Sahiner, J. 

Electron. Mater. 2015, 44, 136–143. 

[4] A. Dey, S. Middya, R. Jana, M. Das, J. Datta, A. Layek, P. P. Ray, J. Mater. Sci. 

Mater. Electron. 2016, 27, 6325–6335. 

[5] K. Parto, A. Pal, T. Chavan, K. Agashiwala, C. H. Yeh, W. Cao, K. Banerjee, Phys. 

Rev. Appl. 2021, 15, 1–17. 

[6] A. Sallee, K. Ghebreyessus, Dalt. Trans. 2020, 49, 10441–10451. 

[7] S. Dhibar, A. Dey, A. Dey, S. Majumdar, D. Ghosh, P. P. Ray, B. Dey, ACS Appl. 

Electron. Mater. 2019, 1, 1899–1908. 

[8] P. Ghorai, A. Dey, P. Brandão, J. Ortega-Castro, A. Bauza, A. Frontera, P. P. Ray, A. 

Saha, Dalt. Trans. 2017, 46, 13531–13543. 

[9] S. Majumdar, S. Sil, R. Sahu, M. Ghosh, G. Lepcha, A. Dey, S. Mandal, P. Pratim 

Ray, B. Dey, J. Mol. Liq. 2021, 338, 116769. 

[10] A. Sebastian, M. K. Mahato, E. Prasad, Soft Matter 2019, 15, 3407–3417. 

[11] X. Chen, Y. Zhou, M. Yang, J. Wang, C. Guo, Y. Wang, J. Mol. Struct. 2022, 1250, 



  Chapter-4 

Department of Chemistry IIT (BHU)  85 

  

131810. 

[12] G. Liu, J. Sheng, W. L. Teo, G. Yang, H. Wu, Y. Li, Y. Zhao, J. Am. Chem. Soc. 

2018, 140, 16275–16283. 

[13] Y. Kumar, M. Dubey, Chem. Commun. 2022, 58, 549–552. 

[14] J. H. Lee, S. Kang, J. Y. Lee, J. H. Jung, Soft Matter 2012, 8, 6557–6563. 

[15] Y. An, H. Yoshida, Y. Jing, T. Liang, H. Okuzaki, 2022, DOI 10.1039/d2sm00515h. 

[16] J. Jagur-Grodzinski, Polym. Adv. Technol. 2010, 21, 27–47. 

[17] K. Eshun, Q. He, Crit. Rev. Food Sci. Nutr. 2004, 44, 91–96. 

[18] C. Noè, M. Zanon, A. Arencibia, M. J. López-Muñoz, N. F. de Paz, P. Calza, M. 

Sangermano, Polymers (Basel). 2022, 14, DOI 10.3390/polym14061268. 

[19] P. Raghu, B. E. Kumara Swamy, T. Madhusudana Reddy, B. N. Chandrashekar, K. 

Reddaiah, Bioelectrochemistry 2012, 83, 19–24. 

[20] A. A. Puranik, P. S. Salunke, N. D. Kulkarni, New J. Chem. 2019, 43, 14720–17727. 

[21] R. T. Tung, Appl. Phys. Rev. 2014, 1, DOI 10.1063/1.4858400. 

[22] P. Rana, R. P. Chauhan, J. Mater. Sci. Mater. Electron. 2014, 25, 5630–5637. 

[23] Z. Zhang, Y. Guo, J. Robertson, J. Phys. Chem. C 2020, 124, 19698–19703. 

[24] S. Dhibar, A. Dey, A. Dey, S. Majumdar, D. Ghosh, P. P. Ray, B. Dey, ACS Appl. 

Electron. Mater. 2019, 1, 1899–1908. 

[25] A. Dey, S. Sil, S. Majumdar, R. Sahu, M. Ghosh, G. Lepcha, P. Pratim, B. Dey, 2022, 

160, 1–8. 

[26] S. Majumdar, B. Pal, R. Sahu, K. S. Das, P. P. Ray, B. Dey, Dalt. Trans. 2022, 9007–

9016. 

[27] M. Hussain, S. Aftab, S. H. A. Jaffery, A. Ali, S. Hussain, D. N. Cong, R. Akhtar, Y. 



  Chapter-4 

Department of Chemistry IIT (BHU)  86 

  

Seo, J. Eom, P. Gautam, H. Noh, J. Jung, Sci. Rep. 2020, 10, 1–8. 

[28] H. Sheng, S. Muthukumar, N. W. Emanetoglu, Y. Lu, Appl. Phys. Lett. 2002, 80, 

2132–2134. 

[29] R. K. Upadhyay, 2020, 2020–2023. 

[30] R. K. Upadhyay, A. P. Singh, D. Upadhyay, S. Ratan, C. Kumar, S. Jit, IEEE 

Photonics Technol. Lett. 2019, 31, 1151–1154. 

[31] S. K. Cheung, N. W. Cheung, Appl. Phys. Lett. 1986, 49, 85–87. 

[32] R. K. Upadhyay, A. P. Singh, D. Upadhyay, A. Kumar, C. Kumar, S. Jit, IEEE 

Electron Device Lett. 2019, 40, 1961–1964. 

[33] S. Dhibar, A. Dey, S. Majumdar, P. P. Ray, B. Dey, Int. J. Energy Res. 2020, 1–14. 

[34] H. F. Abd El-Halim, G. G. Mohamed, E. A. M. Khalil, J. Mol. Struct. 2017, 1146, 

153–163. 

[35] J. Díaz-Visurraga, C. Daza, C. Pozo, A. Becerra, C. von Plessing, A. García, Int. J. 

Nanomedicine 2012, 7, 3597–3612. 

[36] Y. Liu, L. Liu, L. Zhang, X. Lv, G. Che, Colloids Surfaces A Physicochem. Eng. Asp. 

2020, 584, 124053. 

[37] W. Zhang, Z. Wang, L. Tao, K. Duan, H. Wang, J. Zhang, X. Pan, Z. Huo, J. Solid 

State Electrochem. 2019, 1563–1570. 

[38] M. Wang, K. Wang, C. Wang, M. Huang, X. Q. Hao, M. Z. Shen, G. Q. Shi, Z. Zhang, 

B. Song, A. Cisneros, M. P. Song, B. Xu, X. Li, J. Am. Chem. Soc. 2016, 138, 9258–

9268. 

[39] T. Xiao, W. Zhong, L. Qi, J. Gu, X. Feng, Y. Yin, Z. Y. Li, X. Q. Sun, M. Cheng, L. 

Wang, Polym. Chem. 2019, 10, 3342–3350. 



  Chapter-4 

Department of Chemistry IIT (BHU)  87 

  

[40] D. Bano, S. Chandra, P. K. Yadav, V. K. Singh, S. H. Hasan, J. Photochem. 

Photobiol. A Chem. 2020, 398, 112558. 

[41] B. S. Luisi, K. D. Rowland, B. Moulton, Chem. Commun. 2007, 2802–2804. 

[42] F. Rezaei, R. Yunus, N. A. Ibrahim, Mater. Des. 2009, 30, 260–263. 

[43] N. DiFonzo, P. Bordia, J. Allergy Clin. Immunol. 1998, 130, 556. 

[44] S. Dhibar, A. Dey, S. Majumdar, D. Ghosh, A. Mandal, P. P. Ray, B. Dey, Dalt. 

Trans. 2018, 47, 17412–17420. 

[45] F. Davar, M. Mohammadikish, M. Reza Loghman-Estarki, Z. Hamidi, CrystEngComm 

2012, 14, 7338–7344. 

[46] P. K. Yadav, R. K. Upadhyay, D. Kumar, D. Bano, S. Chandra, S. Jit, S. H. Hasan, 

New J. Chem. 2021, 45, 12549–12556. 

 

 

 



 

Chapter-5 

 

Department of Chemistry IIT (BHU)  100 
 

 

5.5 References  

[1] J. K. Wychowaniec, H. Saini, B. Scheibe, D. P. Dubal, A. Schneemann, K. 

Jayaramulu, Chem. Soc. Rev. 2022, 51, 9068–9126. 

[2] K. Sarkar, P. Dastidar, Chem. - An Asian J. 2019, 14, 194–204. 

[3] M. K. Dixit, M. Dubey, Phys. Chem. Chem. Phys. 2018, 20, 23762–23772. 

[4] S. Dhibar, A. Dey, A. Dey, S. Majumdar, D. Ghosh, P. P. Ray, B. Dey, ACS Appl. 

Electron. Mater. 2019, 1, 1899–1908. 

[5] A. Meftahi, P. Samyn, S. A. Geravand, R. Khajavi, S. Alibkhshi, M. Bechelany, A. 

Barhoum, Carbohydr. Polym. 2022, 278, 118956. 

[6] P. C. Marr, A. C. Marr, Green Chem. 2015, 18, 105–128. 

[7] K. Hong, Y. K. Kwon, J. Ryu, J. Y. Lee, S. H. Kim, K. H. Lee, Sci. Rep. 2016, 6, 1–8. 

[8] S. Diring, F. Camerel, B. Donnio, T. Dintzer, S. Toffanin, R. Capelli, M. Muccini, R. 

Ziessel, J. Am. Chem. Soc. 2009, 131, 18177–18185. 

[9] O. Bunkoed, F. Davis, P. Kanatharana, P. Thavarungkul, S. P. J. Higson, Anal. Chim. 

Acta 2010, 659, 251–257. 

[10] A. Sebastian, E. Prasad, Langmuir 2020, 36, 10537–10547. 

[11] H. Li, J. Zhang, H. Xue, L. Li, X. Liu, L. Yang, Z. Gu, Y. Cheng, Y. Li, Q. Huang, 

Mater. Horizons 2023, 10, 1789–1794. 



 

Chapter-5 

 

Department of Chemistry IIT (BHU)  101 
 

[12] N. Malviya, C. Sonkar, R. Ganguly, D. Bhattacherjee, K. P. Bhabak, S. 

Mukhopadhyay, ACS Appl. Mater. Interfaces 2019, 11, 47606–47618. 

[13] S. Sarkar, S. Dutta, P. Bairi, T. Pal, Langmuir 2014, 30, 7833–7841. 

[14] T. R. M., P. CHVS, Y. M., P. C. H., Int. J. Curr. Pharm. Res. 2021, 13, 12–17. 

[15] Y. L. Wu, X. Chen, W. Wang, X. J. Loh, Macromol. Chem. Phys. 2016, 217, 175–

188. 

[16] C. A. Dreiss, Curr. Opin. Colloid Interface Sci. 2020, 48, 1–17. 

[17] T. Feldner, M. Häring, S. Saha, J. Esquena, R. Banerjee, D. D. Díaz, Chem. Mater. 

2016, 28, 3210–3217. 

[18] Z. He, W. Yuan, ACS Appl. Mater. Interfaces 2021, 13, 1474–1485. 

[19] S. Hao, C. Shao, L. Meng, C. Cui, F. Xu, J. Yang, ACS Appl. Mater. Interfaces 2020, 

12, 56509–56521. 

[20] A. Herrmann, R. Haag, U. Schedler, Adv. Healthc. Mater. 2021, 10, DOI 

10.1002/adhm.202100062. 

[21] M. K. Dixit, D. Chery, C. Mahendar, C. Bucher, M. Dubey, Inorg. Chem. Front. 2020, 

7, 991–1002. 

[22] M. Yu, J. Lin, Z. Wang, J. Fu, S. Wang, H. J. Zhang, Y. C. Han, Chem. Mater. 2002, 

14, 2224–2231. 

[23] W. Zhang, P. Feng, J. Chen, Z. Sun, B. Zhao, Prog. Polym. Sci. 2019, 88, 220–240. 



 

Chapter-5 

 

Department of Chemistry IIT (BHU)  102 
 

[24] J. Lin, Q. Tang, J. Wu, S. Hao, React. Funct. Polym. 2007, 67, 275–281. 

[25] Z. Xiong, P. Kunwar, P. Soman, Adv. Opt. Mater. 2021, 9, 1–11. 

[26] A. Khan, M. Hussain, M. A. Abbasi, Z. H. Ibupoto, O. Nur, M. Willander, Semicond. 

Sci. Technol. 2013, 28, DOI 10.1088/0268-1242/28/12/125006. 

[27] H. Sheng, S. Muthukumar, N. W. Emanetoglu, Y. Lu, Appl. Phys. Lett. 2002, 80, 

2132–2134. 

[28] Ö. Güllü, Ş. Aydoǧan, A. Türüt, Microelectron. Eng. 2008, 85, 1647–1651. 

[29] N. A. Al-Ahmadi, Mater. Res. Express 2020, 7, DOI 10.1088/2053-1591/ab7a60. 

[30] R. K. Upadhyay, A. P. Singh, D. Upadhyay, A. Kumar, C. Kumar, S. Jit, IEEE 

Electron Device Lett. 2019, 40, 1961–1964. 

[31] L. Wang, W. Qin, X. Tang, W. Dou, W. Liu, J. Phys. Chem. A 2011, 115, 1609–1616. 

 

 



List of publications 

 

Department of chemistry IIT(BHU)                                                                                                    107 
 

1. Vivek Kumar, Rishibrind Kumar Upadhyay, Daraksha Bano,Subhash 

Chandra,Deepak Kumar, Satyabrata Jit  and Syed Hadi Hasan* The fabrication and 

characterization of a supramolecular Cu-based metallogel thin-film based Schottky 

diode. New Journal of Chemistry, 2021, 45, 6273-6280. 

 

2. Vivek Kumar, Rishibrind Kumar Upadhyay, Daraksha Bano, Subhash Chandra, 

Pradeep Kumar Yadav, Deepak kumar, Satyabrata Jit, Syed Hadi Hasan* Self-

assembly of Cu-TMA based semiconducting fibrous metallogels for fabrication of 

active electronic device with high rectification ratio. Materials Science & Engineering 

B.,2023, 291, 116359. 

 

3. S Chandra, D Bano, K Sahoo, D Kumar, V Kumar, PK Yadav, S.H. Hasan* 

Synthesis of fluorescent carbon quantum dots from Jatropha fruits and their 

application in fluorometric sensor for the detection of chlorpyrifos Microchemical 

Journal, 2022, 172, 106953 

 

4. Yadav, Pradeep Kumar, Subhash Chandra, Vivek Kumar, Deepak Kumar, and Syed 

Hadi Hasan. "Carbon quantum dots: synthesis, structure, properties, and catalytic 

applications for organic synthesis."Catalysts 13, no. 2 (2023): 422 

  

  



Future recommendations 

 

Department of Chemistry IIT (BHU) Page 106 
 

The investigation of newly formed metallogels through the use of Low Molecular Weight 

(LMW) gelators, and their expected functionalities, is currently characterized by a significant 

degree of randomness. As a result, this randomness poses substantial challenges when it 

comes to identifying the types of interactions and elucidating their structural properties. 

Consequently, there is an anticipation that there will be a more systematic and thorough 

exploration of metal ion-triggered gelation with LMW gelators, involving the fine-tuning of 

various weak interactions to tailor the gels for a wide range of applications in the near future. 

All of the metallogels that have been synthesized demonstrate conductive properties 

and exhibit responses to various physical and chemical stimuli. Notably, the Cu-H4L 

metallogel displays sensitivity to multiple stimuli, such as changes in temperature, exposure 

to ultrasound, and mechanical agitation. Similarly, both Cu-TMA and Mg-ALA metallogels 

exhibit conductive behavior. Consequently, these metallogels have the potential to be 

harnessed for the development of versatile soft materials that respond to multiple stimuli. 

These materials can find applications in fields such as soft robotics, bioelectronics, soft 

sensors, catalysis, gel electrolytes, thixotropic materials, optoelectronics, and actuators, 

among other possibilities in the future. Furthermore, the conductive nature of the synthesized 

metallogels makes them especially promising for their role in advancing electronic and 

electrochemical devices 

 


