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Original Research Paper

Geology

INTRODUCTION:
Computer-based learning tools are becoming more prevalent in 
classrooms from elementary school to higher education. The potential 
value of interactive learning tools is particularly high in geoscience 
education. To make full use of this digital geoscience revolution, we 
need to rethink how geology is conducted and taught while 
maintaining focus on key skill sets required by geologists in today's 
society. Field-based skills acquired while in the eld are central to any 
geoscientist's education (Mogk and Goodwin, 2012), with digital tools 
allowing for more efcient eld work. In addition, integrating talking 
rock app into a regional geological context using complementary data 
sets and harvesting these expanding data for quantitative studies, we 
can take the next step towards “big data geoscience” (e.g., Guo et al., 
2014; Bergen et al., 2019). Importantly, we should bring this 
geoscience revolution to geoscience students at an early stage, by 
developing skills-oriented courses where tasks are authentic to real-
life problems faced by professional geologists. Actively participating 
in the digital geoscience revolution has several benets, including 
improved accessibility for those that cannot participate in eld work 
(Bond and Cawood, 2021), a prolonged eld season (Senger and 
Nordmo, 2020), potential for eld work preparation and thus more 
effective and targeted eld work, and reduction in associated 
environmental and economic costs of eld campaigns. It should, 
however, be stressed that geoscientic eld work should not be purely 
digital. Participation in traditional eld work and eld excursions is a 
fundamental aspect of becoming a geoscientist (Mogk and Goodwin, 
2012; Kastens et al., 2009), and digital tools should, in our opinion, 
complement these rather than replace them. 

Application Concept of a Talking Rock android app 
This is an android app that gives information about rock specimen. 
This app rock itself gives information to users after scanning the QR 
code or by selecting the number which is assigned to each rock 
specimen its looks like rock is talking with us.  A rock gives 
information like its Common name, chemical composition, hardness, 
state, luster & Its occurrence. This is currently working in English 
languages.  Information of 40 species of rock specimen which is 
present in Rock Museum of Geology Department of G. S. Tompe Arts, 
Commerce & Science College, Chadur Bazar stored in this app. It was 

thrst time launched in this college at 4  Sept. 2021. (This is rst type of 
Interactive app from India). This app is work online and ofine also. It 

rdwas published in Google Play store on 3  Sept. 2021.

Short Write up about the Product/App of Talking Rock 
Ÿ Very easy to operate. 

Ÿ Can be installed on any Android Smart Phone. 
Ÿ Ofine also. 
Ÿ Personal data collection. 
Ÿ Helpful for students of School & Colleges. 
Ÿ Complete privacy, not a single data stored or shared to the main server.
Ÿ Sele & Sharing features also. 
Ÿ Sele & Sharing features also. 
Ÿ Its Free & does not contains any type of advertisements. 

Working of Talking Rock app (G. S. Tompe Arts, Commerce & 
Science College, Chandur Bazar) 
Step One- Go to the play store and search the talking rock app. 

Step Two- After Installing, click on start button. 

Step Three- After this, the app will ask your name. You can write your 
name or you can speak. 

Step Four- Now Scan the QR code which is available on rock 
specimen or Select the number which is tagged on the rock specimen. 

Now rock itself talks with us through a mobile app. And the rock also 
asks us for Sele. 

Information given by Rock Specimen:
If the Username is Arnavee 

Arnavee, I am Agate (Jasper). My Chemical Composition is SiO2. I am 
Crystalline, Reddish white, with absence cleavage, with conchoidal 
fracture. I have vitreous luster, with 7 value of hardness & 2.65 specic 
Gravity. I am occurring in volcanic lavas as cavity llings. 

Sele? 

Sele, with sharing of photo with information of respective rock 
specimen with a label of Institute.

Future Plan 
1. Addition of more rock specimen in this app. 
2. Addition information in Hindi & Local Languages. 
3. Amalgamation of this concept with Articial Intelligence so that 

users can get information of various rock specimen only by taking 
photographs.

4. Installation of such type of interactive app in various institutes.  

The Covid-19 pandemic occurred at a time of major revolution in the geosciences – the era of digital geology. Digital 
talking rock app software shared with the wider audience through online and ofine platforms are a cornerstone of this 

digital geological revolution. Teaching geology with digital tools and app advances students' learning experience by providing access to high-
quality, enhancing visualization and improving data integration. Similarly, active use of talking rock app to integrate new eld observations as 
well as laboratory will facilitate more effective eldwork, qualitative and quantitative research. Talking rock app allow us to bring geoscientists 
to the digitally, which is particularly important in view of the Covid19 pandemic that restricts travel and thus direct access to rock museum. 
Talking rock is an android app that gives information about rock specimen about their physical properties. In this app, rock itself gives 
information to user after scanning the QR code or by selecting the number that is assigns to each rock specimen its looks like rock is talking with 
us.  A rock gives information like its Common name, chemical composition, hardness, state, luster and its occurrence. This is currently working in 
English languages.  Information of 40 species of rock specimen which is present in Rock Museum of Geology Department of G. S. Tompe Arts, 
Commerce & Science College, Chadur Bazar stored in this app. It was rst time launched in this college at 4th Sept. 2021. (This is rst type of 
Interactive app from India). This app is work online and ofine also. It was published in Google Play store on 3rd Sept. 2021 and it is registered for 
copyright in 2020.
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CONCLUSION:
From a broader perspective, we as educators also need to consider how 
best to train geoscientists to exploit the digital geoscience revolution to 
their advantage. The benets are clear, but the challenges with 
numerous software (some open source but most proprietary and 
costly) and using cross software workows can also be daunting. In 
essence, we can ask ourselves the question of how to best teach digital 
geosciences and whether we can teach it in an active and integrated 
fashion. The focus on digital tools, and in particular digital apps but 
also facilitated running the second half of the course fully digitally 
during the global Covid-19 pandemic in 2020. We conclude that the 
digital geosciences revolution is among us and that we as educators 
need to embrace it – not to replace traditional eldwork but to 
complement it and exploit the synergies. There is no better place in the 
world to do this – as digital geological app also signicantly enhances 
our eld season as well as laboratory work, and the geology is truly a 
playground for any geologist. 
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a b s t r a c t

Dihydropyrimidones contains pyridine moiety in the ring nucleus. In this work desired product can be
prepared in one pot by varying reacting components. Different photocatalysts TiO2, ZnO, ZnS, ZrO2,
StO2 were used to carry out reactions to monitor time and yield. Good to excellent results were obtained
by using TiO2 as it is nontoxic, inexpensive, mild and reused even after the reaction. Reusability of the
catalyst was also depicted in Graph I, nearly three times the catalyst was recycled to obtained more than
50 percent yield. The present methodology showned well tolerance to water content.
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Polymer & Mediterra-
nean Fiber International Conference’2021.

1. Introduction

The heterocyclic compounds are having a central position in the
organic as well as Medicinal Chemistry. Dihydropyrimidones are
synthesized from the reagent such as aldehyde, urea and ethylace-
toacetate [1]. One of the tenants of green chemistry is to avoid the
use of organic solvents which have harmful effects on the environ-
ment, human health and hence the products obtained with green
solvent or without organic solvent have gained the attention of
organic and medicinal chemists [2]. Hence that solvent free condi-
tions are more popular and are often claimed [3]. The benefits of
the solvent free procedure are cost saving, decreased energy con-
sumption, reduced reaction time and easy workup and isolation
of product [4] (see Scheme 1).

The Biginelli reaction was discovered in 1891 that gave infor-
mation on 3,4-dihydropyrimidin-2(1H)-one. Because of clear, evi-
denced by the large no of important reviews directly dealing
with development and improvements of the reaction conditions
for DHPMs synthesis, new catalyst, solvent effect and biological
and medicinal effects 3,4-dihydropyrimidin-2(1H)-one synthesis

have great importance [5]. DHPMs derivatives have already known
biological activity as calcium channel modulators, mitotic kinesin
inhibitors and adrenergic receptor Nanotechnology is an emerging
field that is employed in a variety of applications these days [6–8].
The exploration of unique, eco-friendly, efficient, high-
performance, and cost-effective energy storage technologies has
resulted from the ever-increasing need for energy and environ-
mental concerns [9]. The synthesis of 3,4-dihydropyrimidin-2
(1H)-ones has been synthesised by various methods [10–26]. The
organic amino acid used as a catalyst such as natural L-Ascorbic
acid [25]. In present work screening of the photocatalyst in a light
cabinet to Biginelli reaction in order to report TiO2 (5%) as efficient
catalyst to perform the reaction at room temperature.

2. Experimental

2.1. Experimental section

The organic materials were used of SdFine and Merck without
any additional purification. Merck, pre coated Silica gel 60 F254-
(Aluminum sheet) plates were used for TLC to monitor the reac-
tion. IR spectra were recorded on FTIR spectrophotometer

https://doi.org/10.1016/j.matpr.2021.12.504
2214-7853/Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Polymer & Mediterranean Fiber International Conference’2021.
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(Alpha-T, Bruker Optics), 1H NMR spectra were recorded in
(CDCl3\DMSO d6) on BrukerAvance-2 400 MHz NMR Spectropho-
tometer using TMS as an internal standard. The melting point
was determined in open capillary tubes using Prefit model.

2.1.1. General experimental procedure for DHPMs synthesis
To the mixture of aldehydes (Benzaldehyde 1.76 g, 1 mmol) and

urea/thiourea (1 g, 1 mmol) the catalyst TiO2 (5%) was added in a
round bottom flask after stirring this mixture for 5 min ethyl ace-
toacetate (EAA) (2.15 g, 1 mmol) was added in small increments
with constant stirring and then this reaction mixture fitted with
water condenser and was kept in light (60 W) cabinet. Hexane:
Ethyl acetate is used as a solvent to monitor the progress of the
reaction. The product of this reaction is extracted in ethyl acetate.
The organic layer was washed with water, it was dried over Na2-
SO4. After evaporation a solid product was purified by column
chromatography.

Ethyl-1,2,3,4,-tetrahydro-6-methyl-4-phenyl-2-thioxopyrimi
dine-5-carboxylate(4i): IR, m, cm�1: 3329(N-H), 2988 (–CH3), 1889
(COOR), 1575 (C=C), 1223 (C-N). 1H NMR (400 MHz, DMSO d6), d,
ppm (J, Hz): 10.1 (1H, s, –NH); 9.4 (1H, s, –NH), 7.2 (5H, s, Ar),
5.2 (1H, s, Ar-CH), 4.0(2H, q, –CH2), 2.3 (3H, s, –CH3), 1.2 (3H, t, –
CH3). Analytical calculation-C14H16N2O2S:C, 60.85; H, 5.84; N,
10.14; O, 11.58; S, 11.60% Found: C, 60.92; H, 5.78; N, 10.12; O,
11.62; S, 11.60%.

Ethyl,4-(furan-2-yl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimi
dine-5-carboxylate(4 h): IR, m, cm�1:3528, 3282 (–NH), 2811 (–
CH3), 1886 (COOR), 1602 (C=C), cm�1;), 1271 (C-N) -1H NMR
(400 MHz, DMSO d6) d, ppm (J, Hz): 9.21(1H, s, –NH); 7.47 (1H,
d, J = 0.004, =CH); 7.48 (1H, dd, J = 0.003, =CH); 6.32 (q, 1H,
J = 0.0048 & 0.004, =CH); 6.07 (2H, s, –NH); 5.22 (1H, s, –CH);
4.02 (2H, d, –CH2); 2.26 (3H, s, –CH3); 1.16 (3H, s,–CH3). Analytical

calculation-C12H14N2O4: C, 57.59; H, 5.64; N, 11.19; O, 25.57%.
Found: C, 57.64; H, 5.68; N, 11.14; O, 25.54%.

3. Results and discussion

Fine particles of TiO2 catalyst scatter light strongly with a high
surface area-to-volume ratio of metal oxide which is mainly
responsible for catalytic properties. The reaction was carried out
in presence of light by using TiO2 as an catalyst, after scrutinising
the reaction parameters by using different conditions the different
aldehydes were screened by carrying the reaction at different time
and different photocatalysts (Table 1). It was observed that with-
out catalyst reaction takes 43 h (Table 1, Entry 1) and TiO2 gives
(Table 1, Entry 2) the best reaction condition recorded completion
of the reaction in 18 h with good yield, experiment was performed
using water as solvent and TiO2 (5%) as a catalyst, but it takes more
time than solvent free condition (Table 1, Entry 3). ZrO2, StO2

retard the reaction rate instead of increasing it (Table 1, Entry 6, 7).
Formaldehyde gave excellent yield 90 % in 24 h (Table 2, Entry

4c). The crude reaction mixture was mixed with crushed ice fol-
lowed by extraction of product by ethyl acetate. While the catalyst
was recovered in water and reused successfully three cycles and
the isolated yields obtained for third successive cycles of reaction
(4c) respectively are 90, 86 and 75% as summarized in (Graph 1).
The catalyst has not lost its activity and could be reused for three
times.

Probable mechanism [27,28] for the reacton is depicted in the
(Scheme 2) TiO2 first binds with the aldehyde carbonyl, which then
attacked by the thiourea and there is condensation with elimina-
tion of water molecule, then ethylacetoacetate by forming enol
get attacked on it, cyclisation takes place with condensation and
elimination of water molecule and gives DHP.

4. Conclusion

In conclusion, the reaction was carried out by using the catalyst
TiO2 and recycled. The catalytic activity remained intact after suc-
cessive use a number of times. All the products yields were
between 60 and 90%. The reaction was performed in the presence
of light.

Scheme 1. Synthesis of 3,4-dihydropyrimidin-2(1H)-ones.

Table 1
Effect of photocatalyst on DHPM synthesis.

Entry Catalyst Time (h) Yield (%)

1 Without catalyst 43 55
2 TiO2 18 70
3 TiO2 + H2O 49 40
4 ZnO 19 72
5 ZnS 37 69
6 ZrO2 92.30 49
7 StO2 93 50
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Table 2
Synthesis of different derivatives of 3,4 dihydropyrimidine- 2 (1H) -ones.a

Entry Substrate 2a-j Substrate 3a-j Product 4a-j Time (h) Yieldb (%) M.P. (�C)

4a 50 60 20630

4b 40 76 20330

4c 24 90 128

4d 40 80 230

4 e 66 85 21331

4f 60 87 245

4g 61 82 235

4h 18 70 240

4i 54 60 25931

4j 47 76 26231

4k 32 82 259

4l 48 75 273

4m 76 70 273

4n 69 78 245

(continued on next page)
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Table 2 (continued)

Entry Substrate 2a-j Substrate 3a-j Product 4a-j Time (h) Yieldb (%) M.P. (�C)

4o 43 80 250

Graph 1. Reusability of catalyst on reaction (4c).

Scheme 2. The postulated reaction mechanism [28] for the synthesis of 3,4- dihydropyrimidin-2(1H)-ones.
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a b s t r a c t

NAX zeolite was synthesized from rice husk and well characterized by IR, XRD, UV, TGA, DTA, SEM and
EDX methods. The metals cations exchange were done by Zn, Cu, Fe respectively and characterized by
spectroscopic methods. The substitution of Zn content was shown to be more prevalent than Cu and
Fe ions, with this multi cations exchange was performed and found Zn, Cu, and Fe ions are successfully
exchanged with Na+ ions. NAX as well as all reported zeolites showing cubic shaped crystals and studied
by powder and XRD methods. As their no exothermic peak observed in ZnNaX and ZnFeNaX compared to
NAX and ZnCuNaX, it is concluding that ZnNaX and ZnFeNaX is more stable at higher temperature. While
ZnCuNaX shown more hygroscopic than other zeolite and studied by TGA and DTA method. The
ZnCuNaX, ZnNaX, ZnFeNaX zeolite shown absorption band at around 240 nm, 270 nm and 320 nm
respectively.
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Polymer & Mediterra-
nean Fiber International Conference2021.

1. Introduction

NaX zeolite having various applications including paraffin
cracking, metal ion extraction, gas storage, NH3 and CO2 adsorp-
tion study, as a catalyst, ion exchange specifically with transition
metals which depends upon structural properties of NaX zeolite.
Sodium X zeolite has been synthesized from various methods, it
includes microwave-assisted-hydrothermal synthesis [1], gelation
method [2], reinventing rice husk ash derived NaX zeolite [3], Lit-
erature search revels that NaX zeolite has ion exchanged properties
and includes Zn, copper and find useful as heterogeneous catalysis
[2,4], Study on modification of NaX Zeolites with cobalt [5], NAX
with Nb, Zn, Fe metals and applied as photo catalyst activated by
visible radiation used in waste water treatment [6]. The most com-

mon use of NaX zeolite is used as adsorbent. Looking at the struc-
tural features and common ion exchange process with transition
metals, we have used transition metals such as Cu, Zn, Fe and pre-
pared zeolites of NaX- Cu/Zn/Fe by ion exchange method in solu-
tion based adsorption. The synthesized combined zeolites were
characterized by the various methods as powder XRD method,
TGA-DTA, UV-spectroscopy, SEM-EDX methods. In the Indian sub-
continent rice production has been taken in large areas. While pro-
cessing raw material, the husk of rice is burned down. As this is a
major environmental issue from the rice field. Knowing the large
percentage of SiO2 is present in rice husk and useful for synthesis
and alternative source of synthetic zeolite, as rice husk contains
a major amount of organic material almost 70–80 %. It has been
removed by burning under suitable temperature. The remaining
ash was alkaline and oxidized to get a pure source of SiO2. As such
this silica is used to make different zeolite and natural as well as
synthetic zeolite found similar chemical and physical properties.
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2. Result and discussion

NaX zeolite characterized by IR spectroscopy in which the band
near region of 3779 cm�1 starching is attributed to the Brønsted
acid site of the Si(OH)Al group for symmetrical as well as asym-
metrical region because of hydrogen bonding. As the metal zeolite
showing property of hydrophilic in nature and it is confirmed by
presence of H-O-H overtone in plane bending vibration at
3415 cm�1 in Fig. 1.

As the same sample of NaX zeolite was dried in oven and
recorded the FT-IR spectrum the absence of 3779 cm�1 peak is

observed indicating the presence of water in recorded zeolite.
The main absorption band depend upon structural features of oxy-
gen atom associated with either SiO2 or ZnO2 with bridging with
oxygen which gives the structural features within the wave num-
ber range 1000–1100 cm�1 [7,8]. The vibrations for Si-O-Al and
Si-O-Si observed at the region 1591 and 1004 cm�1 for respectively
asymmetric as well as symmetric stretching. FT-IR results suggest
that Al2O3 and SiO2 in NaX were hybridized by the formation of Si–

Fig. 1. FTIR spectrum of NaX, ZnCuNaX, ZnNaX and ZnFeNaX zeolites.

Fig. 2. UV–visible spectra of NaX, ZnCuNaX, ZnNaX and ZnFeNaX zeolites. Fig. 3. XRD spectra NaX, ZnCuNaX, ZnNaX and ZnFeNaX zeolites.
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Table 1
Powder XRD data 2 Theta, miller indices, Inter planner spacing (d) crystal size (D). Relative intensity (I/Io) and FWHM of zeolites.

Zeolite Reflexes 2-Theta Miller Indices Inter Planner Spacing d (Ao) Crystal Size D (nm) Relative Intensity (I/Io) % Flex Width

NaX Peak-1 7.120 111 12.4051 18.77 47 0.424
Peak-2 10.100 211 8.7507 18.80 36 0.424
Peak-3 21.760 511 4.0809 13.75 100 0.588
Peak-4 23.960 522 3.7109 20.30 57 0.400
Peak-5 27.100 621 3.2877 20.42 53 0.400
Peak-6 29.920 711 2.9839 20.55 55 0.400
Peak-7 34.160 820 2.6226 20.77 39 0.400

Average crystal size 19.05 nm
ZnCuNaX Peak-1 7.100 111 12.4400 17.80 49 0.447

Peak-2 21.760 511 4.0809 14.31 100 0.565
Peak-3 23.960 530 3.7109 19.15 43 0.424
Peak-4 27.100 622 3.277 19.27 47 0.424
Peak-5 29.920 720 2.9839 19.39 56 0.424

Average crystal size 17.98 nm
ZnNaX Peak-1 7.140 111 12.3704 17.80 60 0.447

Peak-2 21.780 511 4.0772 15.61 100 0.518
Peak-3 24.040 530 3.6988 18.17 44 0.447
Peak-4 27.200 622 3.2758 19.27 45 0.424
Peak-5 30.040 711 2.9723 18.40 48 0.447

Average crystal size 17.85 nm
ZnFeNaX Peak-1 7.100 111 12.4400 17.80 40 0.447

Peak-2 21.760 511 4.0809 14.95 100 0.541
Peak-3 23.940 530 3.7140 19.15 47 0.424
Peak-4 27.060 622 3.2924 18.27 47 0.447
Peak-5 29.880 711 2.9878 19.39 50 0.424

Average crystal size 17.91 nm

Fig. 4. TGA-DTA spectra of NaX.
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O–Al bond. While the weak absorption band observed near to 480–
520 cm�1 indicating the presence of -O-Al bond [9]. Likewise
recorded the absorption wave numbers for ZnCuNaX, ZnNaX, ZnFe-
NaX and observed that all zeolite showing same IR spectra except
the sharp peak stretching frequency at 480 cm�1 and 520 cm�1

observed in ZnNaX indicating the structural change observed in
framework of NaX zeolite due to incorporation of zinc metal oxide
[10]. The solid UV–Visible spectra containing SiO2, AlO2 of NaX

zeolite showed single peak absorption at 250 nm in the spectrum.
The literature search reviled that SiO2 molecule shown absorption
band at 550 nm [11], zinc, copper and iron oxide exhibits a sharp
absorption bands at 369 nm, 222 nm and 362 nm respectively
[12,13,14]. As the formed NaX-Cu/Zn/Fe zeolites absorption were
recorded and it is found structural change in NaX zeolites. The
ZnCuNaX zeolite shown absorption band at around 240 nm, while
ZnNaX, ZnFeNaX shown at 270 nm and 320 nm respectively in

Fig. 5. TGA-DTA spectra of ZnNaX.

Table 2
Summary of thermal gravimetric analysis.

Zeolites Loss of
H2O in
Wt.%

Sample
weight Loss
in mg

Temp. range
of weight
loss.

Total sample
weight loss
in %

Total Sample
weight Loss in
mg

Temperature
range of
weight loss.

Final sample
weight loss in %
and mg

Temp. at
which
endothermic
peak
observed

Temp. at which
exothermic peak
observed

NAX 9.267 0.506 mg 40–245 7.051 0.385 745–854.83 17.308%
(0.945 mg)

100–200 780/850

ZnCuNaX 13.618 1.2296 mg 40–161.92 5.285 0.503 701.7–733.1 20.81% (1.98 mg) 100-200L,
300 s,680 s

850

ZnNaX 9.374 0.648 mg 40–148.57 4.238 0.293 831.09–850.48 14.335%
(0.991 mg)

100–200 –

ZnFeNaX 6.936 0.944 mg 40–195.76 4.570 0.622 529.59–742.09 13.733%
(1.869 mg)

40–200,
880

–
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Fig. 2. The change in absorption band defines the structural change
in ZnNaX zeolites.

The XRD pattern of metal oxide supported on NaX were
recorded in Fig. 3. The metal oxide formed from respective metal
nitrate are crystalline in nature, the incorporation of these metal
oxides within framework of NaX zeolite was not make large differ-
ence in their XRD pattern as percent weight of ion exchanged Cu/
Zn/Fe is very less compared to the morphological structure of NaX
zeolite.

The framework structure was developed when NAX zeolite was
calcinated by gradual increase of temperature up to 450 �C and
found good crystalinity and mataches with literature values. The
thermal treatment of NaX zeolite and the thermally incorporation
of ion exchanged Cu/Zn/Fe in framework was not affected the crys-
talinity of prepared zeolite even at 600 �C. Some of the major peaks
and their data are listed below in Table 1.

NaX zeolite was converted to Cu, Zn, Fe forms by replacing
sodium ions by zinc ions and other ions respectivly. TGA and
DTA analysis of the zeolite samples was conducted and thermal
stability of the samples were recorded. The zeolites water contents
of NaX and Cu/Zn/FeNaX zeolites were investigated by TGA upto
1150 �C. The TGA data indicated that all the samples of zeolites
after dehydration underwent a small change in weight, due to

higher temperature for dehydration. The water content was found
to be larger in ZnCuNaX in Fig. 5 compared to NaX in Fig. 4 and
FeZnNaX zeolites in Fig. 7. In overall NaX and Cu/Zn/FeNaX zeolites
showed weight loss 17.308%, 20.81%, 14.335%, and 13.733% respec-
tively. Looking the weight loss and it is conform the ZnCuNaX in
Fig. 5 is more hygroscopic than remaining zeolites. The first dehy-
dration curve was noted starting from nearly 40 �C temperature to
200 �C and shown different weight percentages of weight loss as
shown in table. The thermogram does not shown any major inter-
mediate formation. The endothermic peak was observed from 100
to 200 �C for all the zeolites thermogram shown two small
endothermic peak for ZnCuNaX at 300 �C and 680 �C while ZnFe-
NaX shown small peak at 880 �C. As their no exothermic peak
observed in ZnNaX and ZnFeNaX compared to NAX and ZnCuNaX,
it is concluding that ZnNaX in Fig. 5 and ZnFeNaX is more stable at
higher temperature as shown values in Table 2 (Fig. 6).

The calcinated NAX zeolites images of SEM and EDX were
recorded from 500 nm to 4 mm and the zeolites were determined
to be crystalline in nature. The crystals were found to be cubic in
form, with sizes ranging from 186.5 nm to 270.3 nm and
358.7 nm respectively in Fig. 8. EDX revealed atoms containing
Si, Al, C, and Na that formed a mesoporous crystal structure. The
presence of Cu and Zn in NAX causes cation exchange, which is

Fig. 6. TGA-DTA spectra of (a) ZnCuNaX.

G.S. Duthade, U.D. Joshi, M.M. Kodape et al. Materials Today: Proceedings xxx (xxxx) xxx

5



confirmed by the absence of Na+ cations and the presence of Cu
and Zn in EDX analysis In Fig. 9(C). SEM scans of ZnCuNaX zeolite
Fig. 9 revealed a cubic crystal structure with unit cell sizes ranging
from 221 nm to 424 nm. The morphology of ZnCuNaX zeolite was
observed with cylindrical shape with more pore voids. While the
cation exchange was investigated using EDX, the substitution of
Zn content was shown to be more prevalent, with a partial substi-
tution of Na+ by Cu ions. Even minimizing the concentration of Zn
cations complete cation exchanged with Na+ cations was observed.
In SEM images of ZnNaX zeolite after cation exchange by Zn ions
complete exchange was observed, indicating Na+ ions are easily
exchanged by Zn ions and recorded in EDX spectra in Fig. 10(C).
The SEM images of ZnNaX shown crystals are cubic in shape in
Fig. 10(a,b). The FeZnNaX zeolite was prepared and its SEM images
were recorded. The crystal structure are not properly observed,
while recording its EDX spectra clearly showing Na+ ions are com-
pletely exchanged by Fe and Zn ions in Fig. 11(C).

In conclusion, we have synthesized NaX, ZnCuNaX, ZnNaX,
FeZnNaX zeolites and studied their infrared spectra showing

intense band at 1004 cm�1 for more percentage of Zn ions bonding
in ZnNaX, In UV the change in absorption band defines the struc-
tural change in NaX, ZnCuNaX, ZnNaX, FeZnNaX zeolites having
absorption at different nm. XRD pattern of all compounds was
showing crystalline in nature with cubic in shape. While the
cations exchange was investigated using EDX, the substitution of
Zn content was shown to be more prevalent than Cu and Fe ions,
with this multi cations exchange was performed.

3. Preparation of catalyst

Step I: Rice husk obtained from a rice mill and was burned in a
furnace at 500 �C for 10 h, the ash obtained was ground and
washed by water. The X-ray diffraction pattern of the ash revealed
the presence of silica.

Step II: Catalyst Preparation Cu/Zn/Fe/NaX (10 wt%): catalysts
were prepared by incipient wetness impregnation with a cupper
nitrate, ferrous nitrate, and zinc nitrate solution. The mixture
was stirred for two hour at room temperature washed by water.

Fig. 7. TGA-DTA spectra of (a) ZnFeNaX.
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Fig. 9. (a) Low and (b) high resolution scanning electron microscopic (SEM) images, (c) and d) elemental mapping of ZnCuNaX zeolite.

Fig. 8. a) Low and (b) high resolution scanning electron microscopic (SEM) images, (c) and d) elemental mapping of NaX zeolite.
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Fig. 10. (a) Low and (b) high resolution scanning electron microscopic (SEM) images, (c) and d) elemental mapping ZnNaX zeolite.

G.S. Duthade, U.D. Joshi, M.M. Kodape et al. Materials Today: Proceedings xxx (xxxx) xxx

8



Afterward, the samples were dried for 24 h at 100 �C, subsequently
calcined at 500 �C in the oven for 3 h in auto oven by gradually
increasing temperature for 50 �C for each 30 min.
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a b s t r a c t

This paper presents the investigation of calculations for conductor loss including effect of adhesive layer
of Ttitanium from frequency range 1 GHz to 1000 GHz. Here we present comparison between experimen-
tal conductor loss of the Thin Film Microstrip line with loss calculation from suggested model for the
structures of TFML. It is found that the loss estimation in Millimeter wave and Terahertz frequency range
is much more with adhesive layer than without adhesive layer in comparison to Microwave range for
Thin Film Microstrip Line.
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Polymer & Mediterra-
nean Fiber International Conference’2021.

1. Introduction

The increasing need for high speed devices in terahertz range
inspires us to work for more accurate estimation loss in Thin Film
Microstrip line before manufacturing the MMIC components [1]. In
Thin Film technology usually conductor width is in the range of 1
um to 40 um and thickness is ts � 10 um usually in Thin Film
Microstrip Line [2]. These dimensions are desirable in small size
modules. But for depositing such small thickness conductor film,
an adhesion layer is usually needed in structure to give mechanical
strength to the conductor strip onto the substrate. The typical
range of adhesion layer is tal � 8 um. As we can see the conductor
strip thickness and adhesion layer thickness both are in almost
same range. However, Conductor thickness is preferably taken as
several times the skin depth (d) and adhesion layer is preferably
taken thinner so that this will not contribute more for conductor
losses of TFML. In Microstrip lines, increase in loss is visualized,
where skin depth of conductor becomes comparable to its thick-
ness and then signal would penetrate into adhesion layer causing
increase in conductor loss due to finite resistivity of adhesion layer.

Also at terahertz frequency due to high frequency results in small
skin depth and small thickness of Thin Film conductor reason that
at high frequency, wavelength is much smaller and skin depth is
also small.

We will show how this would be affecting conductor loss in
10 GHz to 1000 GHz. In Fig. 1 we can see ‘tal’ refers to thickness
of adhesive layer, where ‘t’ refers to thickness and ‘W’ refers to
width of conductor strip. Substrate height is represented by h’.

2. Adhesive layer material in thin film Microstrip

Generally group 1B metals (Copper, Silver, and Gold etc) are
preferred for conductor strip due to their high conductivity. Gold
is preferred due to its high conductivity and inertness to any phys-
ical change in environment. But due to this inertness behaviour of
gold, its adhesion to substrate is weak as it cannot form oxides.
Through investigations [3] it was shown that gold-Titanium are
showing good mechanical strength as a stable layer of titanium
can be developed over surface of gold without diffusing in unlike
other transition metals. Titanium is used due to its inevitable
advantages of machinability, resistant to corrosion, less expensive
and showing good conductivity as well. Here we have done analyt-
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ical analysis of loss computation including adhesion layer of Tita-
nium with conductor strip of Gold.

2.1. Attenuation in thin film Microstrip

Usually in Microsrip line, there are different types of losses
namely, Conductor loss (loss due to Conductor strip), Dielectric loss
(loss due to lossy dielectric), surface wave loss and Radiation loss
etc. Among these Conductor loss is dominant and contributing
for about 90% of the total loss.

We hve calcualted conductor loss due to strip conductor of gold
with conductivity rc = 4.5E7 (Resistivity, qc = 1/rc) and adhesion
layer of Titanium of conductivity ral = 2.38E6 at 273 K [4] (Resis-
tivity, qal = 1/ral). Generally adhesion layer is taken of high con-
ductivity to have less conductor loss contribution. We have used
the closed form expression given below for calculating conductor
loss with and without adhesion layer [5]. Conductor loss that we
have calculated from imroved Holoway and Kuester Model for
TFML using perturbation method with stopping distance for rect-
angular strip [6].

aceff

ac
¼ 1

k

� �

� ð1þ kÞ2expð4tpÞ þ 2ðk2 � 1Þexpð2tpÞSinð2tpÞ � ðk� 1Þ2
ð1þ kÞ2expð4tpÞ � 2ðk2 � 1Þexpð2tpÞCosð2tpÞ þ ðk� 1Þ2

ð1Þ

Where tp ¼ tal
d and k ¼

ffiffiffiffiffi
qc
qal

q
k ¼

ffiffiffiffiffi
qc
qal

2
q

We have used the empirical expression suggested by Bahl and
Garg [7] for effective width of conductor due to its thickness.

ac ¼ Rsm

2p2ZoW
ln

W
D

� 1
� �

Np=m ð2Þ

Where Rsm ¼ loxtIm CotðKctÞþCscððKctÞ
ðKctÞ

� �
, Kc ¼ x ffiffiffiffiffiffiffiffiffiffiloeo

p
1� rc

xeo

� �1=2

And D ¼ t
4pep (stopping distance)

We have replaced W with Weff in above equations.

weff ðw=h; tÞ ¼ wþ Dw ð3Þ
Where

Dw ¼
t
p � 1þ ln 4�p�w

t

� �
for w

h 6 1
2p

t
p � 1þ ln 2�h

t

� �
for w

h P 1
2p

(

Including these factors i.e. effect of thickness and stopping dis-
tance in the calculations of conductor loss gives more accurate
results. In literature ([5,7]) these formulations are given for con-
ventional lines. We have used these closed form expressions along
with expression suggested for dispersive conductivity for Thin Film
Microstrip Lines.

3. Conductivity of Microstrip conductor and conductivity of
adhesion layer

We can take the conductivity of thin film less in comparison
with Bulk or thick film at the same temperature as given in litera-
ture [8]. The reason behind this would be because bulk conductiv-
ity is more due to more no. of electron density than that of thin film
of any metal hence at any frequency at same temperature conduc-
tivity will be less for thin film. Bulk films shows more rapid
increase towards cryogenic temperatures than thin film. Usually
finite conductivity of thin film also leads to more conductor losses
in low frequency range. But when we saw variation of thin film for
high frequency it shows increase with more rate than bulk film [8].
More recently such conductivity increase with frequency has been
measured for the thin gold film (9–20 nm) on 0.04 mm thick Kap-
ton substrate in the X-band [9].

We know bulk Conductivity of Gold is 4.8 � 107 at 295 k tem-
perature. Also we have taken into acoount dispersive conductivity
bahviour of thin film metals. Thin Gold film static conductivity is
less than bulk at the same temperature. As frequency increases
conductivity of thin film shows a slight incraese with frequency
shown in Eq. (4), this equation for dispersive Conductivity is sug-
gested by Konno [10]. Here we have considered Kirschinning and
Jensen model [11] model for dispersive effective relative
permitivity.

rcðf Þ ¼ r0ðf Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1þ C0 f GHz

q
ð4Þ

We suggest the value of Co = 0.0005 (empirical value) for conductor
loss calculation for TFML in this range. This gives more accuracy
towards experimental results.

4. Results

We have shown results of this comparison between losses from
closed form model including effect of adhesive layer and without
adhesive layer in comparison to measured attenuation for the
structure in figures below.

We have shown comparison of conductor loss experimental [2]
(without adhesive layer) & Model with adhesion layer and without
adhesion layer of Titanium film of 200 Angstrom with Gold film of
thickness 1.3um on Polyimide substrate. Relative permittivity 3.12
of 7.4 um thickness and strip width is varied from 5, 7.1, 9.5, 12.5,
16.4, and 34.4 um. We have separated the conductor loss from
measured loss by taking % contribution of conductor loss in struc-
tures on 3D EM simulator [12].

This paper presents results for strip widths i.e. w = 5um in Fig. 1,
w = 12.5 um in Fig. 2 and w = 34.4 um in Fig. 3 with strip thickness
1.3 um on DuPont PI-2611(Polyimide) substrate of thickness 7.4
um. Here we have experimental or measured results for frequency
from 1 GHz to 100 GHz. We have extrapolated the results using our
suggested model up to 1000 GHz.

We can see from Figs. 2, 3 and 4 that for smaller frequencies i.e.
in Microwave range (1 GHz to 100 GHz) contribution of adhesion
layer losses are relatively lesser as compared to terahertz range
i.e. from 100 GHz to 1000 GHz.

We have also calculated the ratio of effective conductor loss due
to adhesive layer to conductor loss without adhesive layer for first
structure.

In Fig. 5 we can see that the sharp increase in loss is viewed at
1000 GHz i.e. about 27% (Ratio = 1.27) increase of conductor loss
than without adhesive layer. Below 100 GHz the increase in loss
is below 3% i.e. ratio is about 1.029.

These results can be used to have an estimation of attenuation
of signal over a wide range of frequency for device fabrication
using thin film Microstrip line with adhesion layer.

Fig. 1. Schematic of Composite TFMS.
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5. Conclusion

We have presented the variation of losses due to presence of
adhesion layer for frequency range from 1 GHz to 1000 GHz for
various structures. Here the conductor strip is of thin gold film of
thickness 1.3 um with conductivity 4.5x107 S/m and adhesion
layer of Titanium of 200 Angstrom thickness with conductivity of
2.38x 106 S/m. This paper concludes that the losses due to adhesion
layer in terahertz frequency range increase very sharply at
1000 GHz observed analytically and in Microwave range losses
due to such adhesion layer films are below 3%, when we take the
thickness of the adhesion layer to be greater than that of the skin
depth in that frequency range and with high conductivity. This
results in reduced losses in TFML structure with the adhesion layer
in Microwave range.
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a b s t r a c t

In this work we have analysed the performance of aqueous choline chloride as an electrolyte in superca-
pacitors. The aqueous choline chloride electrolyte is prepared in molar concentrations of 0.3, 0.5, 0.7, 1.0,
1.5, 2.0, 2.5, 3.0, 3.5 and 4. The different concentrations of aqueous choline chloride electrolyte are used to
fabricate activated carbon electrode based supercapacitors. The prepared electrolytes are characterized
using FTIR technique and their ionic conductivity and electrochemical stability window are analysed
using electrochemical impedance spectroscopy and cyclic voltammetry respectively. The electrochemical
stability window is found 1.8 V for all concentration of choline chloride electrolytes. The highest conduc-
tivity is 129 mS/cm for 2.5 M aqueous choline chloride and two peaks feature is observed in ionic con-
ductivity vs. concentration of electrolyte plot. The electrochemical performance of supercapacitors is
analysed using cyclic voltammetry and electrochemical impedance spectroscopy, the supercapacitors
showed good charge propagation and highest specific capacitance is reported for 1.0 M electrolyte
(5.75F/g).
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Polymer & Mediterra-
nean Fiber International Conference2021.

1. Introduction

Choline chloride (ChCl) is a renewable organic compound found
as a bioactive component in vitamin like substances[1]. It is a mass
produced compound used in animal feed as an essential ingredient.
The chemical formula of choline chloride is [(CH3)3NCH2CH2OH]Cl
and two functional groups namely alcohol and quaternary ammo-
nium salt are present within its structure as depicted in Fig. 1. The
choline chloride salt is composed of two ions namely choline
cation and chloride anion. The choline cation plays important bio-
logical roles in the human body such as keeping the constituency
of cell membrane, it constitutes the pulmonary surfactants and

also involves in neurotransmission [2,3]. The choline chloride and
their aqueous solutions act as hydrogen bond donor species in
deep eutectic solvents (DESs). The choline chloride based DESs
are attracting attention in recent years due to their vast applica-
tions and eco-friendly nature. DESs have been used in many fields
in various applications such as a gas separation solvent, green sol-
vent in many reactions, electropolishing, biodiesel transforma-
tions, nanotechnology and as an electrolyte in supercapacitors
(SCs) and batteries [4–10].

The choline chloride based DESs have low melting point
because of large size of their ions and are generally liquid at room
temperature. There are evidences of hydrogen bonding in ChCl
based DESs [11]. This hydrogen bonding is the reason behind deep
eutectic point in ChCl based DESs. The viscosity of DESs also
depends on this extensive hydrogen bonding and choline

https://doi.org/10.1016/j.matpr.2021.12.486
2214-7853/Copyright � 2022 Elsevier Ltd. All rights reserved.
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chloride-sugar based DESs have high viscosity as compared to the
choline chloride-ethylene glycol based DESs [12,13]. However, the
use of ChCl based DESs as an electrolyte is limited by their high vis-
cosity and low ionic conductivity. The ionic conductivity of ChCl-
ethylene glycol and ChCl-imidazole is 1.12 mS/cm and 12 mS/cm
respectively. Due to these enthusiastic ionic conductivity values,
the electrochemical performance of various ChCl based DESs have
been analysed in supercapacitors. Ju et al synthesized organic com-
ponents based DESs including ChCl: urea (UCC), ChCl: glycerol
(GCC), and ChCl: malonic acid (MCC) by simply mixing and kept
stirring the mixture at 60 �C until colorless liquid is obtained
[14]. These DESs were analysed as an electrolyte in supercapacitor
applications. Activated carbon derived from polyacrylonitrile was
used as electrode material. An interesting relationship between
temperature and capacitive performance was found in these
EDLCs, as the temperature was increased the CV curves became
more rectangular in shape [15,16]. The viscosity of DESs also
decreases with increase in temperature. The capacitive perfor-
mance of ChCl:glycerol DES was best among investigated three
DESs. The ChCl:glycerol DES cantaining EDLC shows a specific
capicitance of 78.7F/g @1 mV/s. This specific capicitance value
was increased upto 92.9F/g @1 mV/s by adding low viscosity c-
butyrolactone in (2:1) molar ratio. In contrast to c-butyrolactone
addition, the addition of LiClO4 in DES resulted in decrease in
capacitive performance of EDLCs [17–19].

Very little data is available on the electrochemical properties of
aqueous choline chloride electrolyte. Shaukat et al reported the
equivalent conductance and specific conductivities of low concen-
tration (0.0272–1.9945 mol/kg) aqueous choline chloride [20].
Grishina et al analysed the electrochemical stability window of
aqueous choline chloride and studied the effect of temperature
on their conductivities [21]. However, there is no work on their
performance as an electrolyte in supercapacitors. In this paper,
we have prepared the aqueous choline chloride electrolyte at dif-
ferent concentrations and analysed their performance in SCs. A
systematic approach has been followed to set up a relationship
between concentration of aqueous choline chloride and their
ESW and ionic conductivity values. The SCs are fabricated using
activated carbon electrodes and their electrochemical performance
is analysed.

2. Experimental

2.1. Materials and chemicals

The plant Calotropis Gigantea’s Stem (CGS) for activated carbon
was collected from nearby area. The chemicals including acetylene
black, Poly (vinylidene fluoride-co-hexafluoropropylene) PVDF-
HFP and choline chloride were purchased from Sigma-Aldrich.
Other chemicals ethanol, HCl, KOH were purchased from LOBA
CHEMIE PVT. LTD. All the chemicals were analytical grade and used
without further purification.

2.2. Preparation of activated carbon

The method of synthesis of activated carbon was followed as in
the recent report [22]. The activated carbon was prepared by a sim-

ple chemical activation method using plant Calotropis Gigantea’s
Stem (CGS). The biomass precursor was activated using KOH in
1:1 M ratio and kept in the oven at 90 �C for 12 h. This sample
was carbonized by heating upto 800 �C for 2 h under an inert atmo-
sphere of nitrogen gas. After that the sample was allowed to cool at
room temperature under nitrogen atmosphere and crushed into
powder to get porous activated carbon. The activated carbon was
washed with 1 M HCl solution and then washed with double dis-
tilled water many times. The sample was dried in an oven at
110 �C for 12 h and finally activated carbon was used for prepara-
tion of electrodes.

2.3. Preparation of activated carbon electrode

Electrodes were prepared by mixing activated carbon, PVDF-
HFP and acetylene black in 8:1:1 mass ratio. The acetone was
added in this mixture drop by drop to make slurry. This slurry
was pasted on the graphite sheet (1 cm � 1 cm) with a paint brush
and dried in a vacuum oven at 80 �C for 24 h.

2.4. Preparation of aqueous ChCl electrolyte

The choline chloride is hygroscopic in nature therefore it was
kept in the oven at 100 �C for 12 h before using to remove mois-
ture. The required amount of dried choline chloride was dissolved
in de-ionized water at room temperature to prepare electrolytes at
different concentrations. The electrolytes were prepared in con-
centrations of 0.3 M, 0.5 M, 0.7 M, 1 M, 1.5 M, 2 M, 2.5 M, 3 M,
3.5 M and 4 M. The prepared electrolytes were kept in no moisture
condition.

2.5. Electrolyte characterizations

The Fourier transform infrared spectroscopy (FTIR) study of
0.3 M and 1 M aqueous choline chloride was done using 3000
Hyperion Microscope with Vertex 80 FTIR System, Bruker, Ger-
many in the wavenumber range from 400 cm�1 to 4000 cm�1 by
ATR method.

The ionic conductivity has been calculated by the Eq. (1) [23]:

r ¼ d
A:R

ð1Þ

Where r is the ionic conductivity of electrolyte, dA is the cell constant
(the cell constant for used cell was 0.97 cm�1), and R is bulk resis-
tance which was measured using cell configuration: SS | electrolyte
| SS, using stainless steel (SS) as blocking electrode and CH instru-
ment, model 604D, USA. The electrochemical impedance spec-
troscopy (EIS) technique was performed in the frequency range
from 100 KHz to 0.1 Hz.

The electrochemical stability window was analysed by CH
instrument, model 604D, USA, using cyclic voltammetry at 5 mV/
s scan rate using cell configuration: SS | electrolyte | SS, with stain-
less steel (SS) as blocking electrode.

2.6. Fabrication of activated carbon based SCs

The SCs were assembled using two symmetric activated carbon
electrodes; different concentrations of aqueous choline chloride
were used as electrolyte. The fabrication of two electrodes was
done in a nitrogen glovebox. The separator (filter paper) was
soaked with prepared electrolyte and placed between two AC elec-
trodes. A separate SC was fabricated for different concentrations of
electrolyte.

Fig. 1. Structure of choline chloride molecule.
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2.7. Electrochemical measurements of SCs using two electrode cells

Electrochemical measurements of the fabricated SCs were per-
formed using the electrochemical workstation (model CHI604D
and PalmSens4 PS Trace, PalmSens, The Netherlands) at room tem-
perature. The cyclic voltammetry study of fabricated SCs was per-
formed between voltage range from 0 V to 0.8 V at scan rates of 5,
10 and 50mV/s. The specific capacitance value of SC was calculated
from the CV curves using the Eq. (2) [24].

C ¼

Z V

�V
I Vð Þ:dV

mtDV
ð2Þ

Where, C is the specific capacitance (F/g), I is the voltammetric cur-
rent (A), t is the scan rate (mV/s), m is the mass (g) deposited on
electrode, DV is the voltage window and the whole numerator part
is the area of CV curve.

The electrochemical impedance spectroscopy measurement of
SCs was performed in frequency range of 0.1 Hz to 100 kHz. The
EIS plot of different SCs was used to get the bulk resistance value
of fabricated cells at different concentrations of aqueous choline
chloride electrolyte [25].

3. Results and discussion

The FTIR graph of aqueous choline chloride at 0.3 M and 1 M
concentrations are shown in Fig. 2.

As seen in the Fig. 2, the main absorption broad peak is around
3442 cm�1, which is due to the merging of two individual OH
stretching peaks of ChCl. This merging of peaks into a broader peak
resulted because of the presence of water and extensive hydrogen
bonding between ChClAH2O, ChClAChCl and H2OA H2O molecules
[26]. The peaks at wavenumber 1478 cm�1 (CH3 bending),
985 cm�1 (CAN+ stretching), 2956 cm�1 (CH3-stretching) and
1058 cm�1 (CACAO stretch) showed that ChCl have retained its
identity in water. The peaks broadening decreases on increasing
the choline chloride concentration from 0.3 M to 1 M. Band assign-
ment of different peaks is shown in Table 1.

The electrochemical stability window plots are demonstrated in
Fig. 3 for 0.5, 1.0, 2.5 and 4.0 M concentration of aqueous choline
chloride electrolyte. The ESW value is found 1.8 V for these aque-
ous choline chloride electrolytes. The ESW values are unaffected
by increasing concentration of electrolyte as demonstrated in
Fig. 3. This ESW value is comparable with 0.1 M aqueous KOH
(2.0 V) and lesser than 5 M aqueous LiNO3 (2.3 V) but choline chlo-
ride being an environment friendly electrolyte have advantage

over these inorganic electrolytes [29,30]. ESW of aqueous ChCl
electrolyte is 1.8 V, which is superior than ESW of Water (1.23 V)
[31].

Fig. 4a represents the Nyquist plot for different concentrations
of electrolyte. As seen in the Fig. 4a the cell using aqueous choline
chloride electrolyte with 0.3 M concentration has the highest bulk
resistance. The bulk resistance of the cell decreases to lowest at
2.5 M concentration. The bulk resistance values for different cells
were 20 O (0.3 M), 15 O (0.5 M), 15 O (0.7 M), 16 O (1 M), 9 O
(1.5 M), 9 O (2 M), 7.5 O (2.5 M) and 14 O (4 M). The bulk resistance
values are showing a non-linear relationship with concentration.
These bulk resistance values are used to calculate ionic conductiv-
ity of electrolytes using equation (1). The ionic conductivity values
for electrolytes at different concentrations obtained were 48 mS/
cm (0.3 M), 64 mS/cm (0.5 M), 64 mS/cm (0.7 M), 60 mS/cm
(1 M), 107 mS/cm (1.5 M), 107 mS/cm (2 M), 129 mS/cm (2.5 M)
and 69 mS/cm (4 M).

As depicted in Fig. 4b, the ionic conductivity of electrolytes
increases with increase in concentration till 2.5 M then decreases
to lower values. The highest ionic conductivity is achieved at
2.5 M concentration of aqueous choline chloride electrolyte. The
factors on which ionic conductivity of an electrolyte actually
depends are ion density, ionic transport rate and free volume of
electrolyte mixture [32,33].

The ion density for an electrolyte increases with increase in
concentration as the more number of ions will be available forFig. 2. FTIR spectra of aqueous choline chloride electrolyte.

Table 1
Wavenumbers and their band assignment obtained from FTIR spectra.

S. No. Vibrational frequency (cm�1) Band assignment Reference

1 3442 OH stretch [27]
2 3020 OH stretch [27]
3 2958 CH3 stretch [27]
4 2713 Alcoholic OH stretch [27]
5 1637 HAOAH bending [28]
6 1477 CH3 bending [27]
7 1257 OH bending [27]
8 1058 CACAO stretch [27]
9 985 N+AC stretch [27]
10 817 CH2 rocking vibrations [27]

Fig. 3. Electrochemical stability window for 0.5 M, 1.0 M, 2.5 M and 4.0 M aqueous
choline chloride electrolyte using cyclic voltammetry at 5 mV/s scan rate using cell
configuration: SS | electrolyte | SS, using stainless steel (SS) as blocking electrode.
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movement at higher concentrations. This is the reason for drastic
increase in ionic conductivity of aqueous choline chloride elec-
trolyte from 0.3 M to 2.5 M. However, further increase in concen-
tration of electrolytes from 2.5 M to 4 M resulted aggregation of
ions and undissociated molecules, which decreases the number
of free ions of electrolyte available that hinders the ion diffusion,
this is the reason for lower ionic conductivity of 4 M aqueous cho-
line chloride electrolyte [34]. As exhibited in Fig. 4b, the addition of
0.5 M concentration from 1.5 M to 2.0 M electrolyte does not con-
tribute to the ionic conductivity. This additional 0.5 M concentra-
tion forms ion-pairs and doesn’t contribute to the free ions. The
formation of ion-pairs doesn’t allow the ionic conductivity to
increase [35]. For the same reason, ionic conductivity doesn’t
increase for 0.5 M to 0.7 M concentration. A decrease in ionic con-
ductivity value is observed for 0.7 M to 1.0 M due to decrease in the
number of free ions due to ion pairing [35].

The ionic conductivity vs. concentration plot is showing three
peaks at 0.5 M, 1.5 M and 2.5 M concentration, these peaks are also
called percolation peaks. At these peaks, the electrolyte solutions
achieved the percolation threshold and showed drastic increase
in the ionic conductivity value [36]. This type of percolation peaks
is not new in electrolytes, Dissanayake et al reported the two peaks
observed in ionic conductivity vs. composition plot of PEO based
composites with Al2O3 [37].

The cyclic voltammograms curves for all the SCs fabricated
using different concentrations of aqueous choline chloride elec-
trolyte are showing good charge propagation as depicted in
Fig. 5a. The SCs using 0.3 M, 2 M, 2.5 M, 3 M and 4 M concentra-
tions are rectangular in shape and showing EDLC behaviour while
there is deviation from rectangular shape for 0.5 M, 0.7 M, 1 M and
1.5 M aqueous ChCl electrolytes. The deviation from rectangular
shape may be due the low ionic conductivity of electrolytes at
these concentrations as evident from ionic conductivity data in
Fig. 4b. There is less number of charge carriers available to form
double layer at these concentrations and this high resistance
restricts the charge storage in supercapacitors. Also, at low ionic
conductivity of electrolytes the switching of ions is not feasible
that affect the rate capability of supercapacitors. The specific
capacitance value for each fabricated SC was calculated from Eq.
(2). The values obtained were 3.59F/g (0.3 M), 5.19F/g (0.5 M),
5.51F/g (0.7 M), 5.75F/g (1 M), 4.87F/g (1.5 M), 4.25F/g (2 M),
5.13F/g (2.5 M), 5.5 F/g (3 M) and 0.8433F/g (4 M).

The specific capacitance of SCs depend on both the electrode as
well as electrolyte material. The properties of electrode such as ash
content of activated carbon, surface area and pore size distribution
affect the specific capacitance of SCs [38]. The specific capacitance
of SCs also depends on qualities of electrolytes including concen-
tration, ESW, ionic diameter and the compatibility with activated
carbon [39].

In our study, we have used the same electrode material for all
fabricated SCs thus variation in specific capacitance of SCs is only
due to change in concentration of electrolyte. The Fig. 5b exhibited
the variation of specific capacitance of SCs with concentration of
aqueous choline chloride electrolyte. As seen in the Fig. 5b, the
curve is showing two peaks, first the specific capacitance increases
with increase in concentration then decreases and then again starts
increasing. The increase in specific capacitance from 0.3 M to 1.0 M
is due to increase in number of free ions, these free ions will cause
more charge storage and resulted high capacitance. For increase in
concentration from 1.0 M to 2.0 M, the specific capacitance value
decreases due to ion-pairing. This additional 1.0 M increase in con-
centration does not contribute to the free ions due to ion pairing
between the ions of electrolyte and hence resulted in decline in
specific capacitance value of SCs [40–42]. The specific capacitance
again rise sharply from 2.0 M to 3.0 M, this may be due to forma-
tion of multiplets, breaking of ion pairs in to the free ions within
the electrolyte. These multiplets show good conducting behaviour
and favour the high specific capacitance of supercapacitors. Again,
increase in salt concentration from 3.0 M to 4.0 M doesn’t con-
tribute to free ions due to again formation of ion-pairs in large
number between ions of electrolyte. Hence, we observed decline
in specific capacitance value for 3.0 M to 4.0 M increase in
concentration.

The kinetics of ionic or electronic transport within the elec-
trodes is analysed using electrochemical impedance spectroscopy
[15]. The Fig. 6a shows the nyquist plot of SCs prepared using dif-
ferent concentrations of aqueous ChCl electrolytes.

The bulk resistance values obtained for EDLCs using different
concentrations of aqueous ChCl electrolytes were 1 O (0.3 M),
1 O (0.5 M), 3 O (0.7 M), 40 O (1 M), 4 O (1.5 M), 6 O (2 M), 25 O
(2.5 M), 12 O (3 M), 8 O (3.5 M) and 9 O (4 M). Similarly, the values
of charge transfer resistance, diffusion control resistance and
equivalent series resistance is measured using nyquist plots of
SCs and values are listed in Table 2.

Fig. 4. a) Nyquist plots of electrolytes at different molar concentrations using standard conductivity cell: SS | electrolyte | SS, using stainless steel (SS) as blocking electrode, b)
Variation of ionic conductivity with molar concentration of aqueous ChCl electrolyte.
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As it can be seen in Fig. 6b, the various resistances vs. concen-
tration of aqueous ChCl have been plotted, which are showing
two peak feature. As evident from ionic conductivity data in
Fig. 4b, at 1.0 M concentration the ionic conductivity is showing

a minimum value in the plot but in bulk resistance vs. concentra-
tion plot we obtained a maximum value for the same. The explana-
tion of this variation is very much similar to the explanation given
for ionic conductivity variation [41,43,44]. The ion pairing in elec-

Fig. 5. a) Cyclic voltammetry of SCs fabricated from different concentration of electrolyte in voltage range from 0 V to 0.8 V at 5 mV/s using capacitor cell configuration: AC |
electrolyte | AC, using activated carbon as non-blocking electrode, b) Variation of specific capacitance of SCs with molar concentration of aqueous ChCl electrolyte.

Fig. 6. a) Nyquist plots for SCs at different molar concentrations of aqueous ChCl electrolyte using capacitor cell configuration: AC | electrolyte | AC, using activated carbon as
non-blocking electrode, b) Variation of Bulk resistance, charge transfer resistance, Warburg resistance and equivalent series resistance of fabricated SCs with molar
concentration of electrolyte.

Table 2
Bulk resistance, charge transfer resistance, Warburg resistance and equivalent series resistance of supercapacitors at different concentration of aqueous ChCl electrolytes.

S.No. Concentration of aqueous ChCl
(molar)

Bulk resistance
(ohm)

Charge transfer resistance
(ohm)

Warburg resistance
(ohm)

Equivalent series resistance
(ohm)

1 0.3 1 0 3.5 33
2 0.5 1 0 2.5 29.3
3 0.7 3 0 15 88.6
4 1.0 40 5 60 192
5 1.5 4 0 6.46 33
6 2.0 6 0 8.8 35
7 2.5 25 0 31 58
8 3.0 12 0 15.2 39.4
9 3.5 8 0.5 12.6 134
10 4.0 9 0.2 16.4 131
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trolyte results in higher resistance and low ionic conductivity. The
formation of ionic-multiplets affects the resistances in capacitor
also in a similar way as it was behaving in conductivity measure-
ments, where the electrolyte had been going to polarize with the
impedance signal. The formation of ion-pairs and multiplets takes
place for relatively lower concentrations and these ion pairs and
mutiplets further breaks into smaller ionic species for larger con-
centration and so on. These facts are already discussed in ionic con-
ductivity discussion also [45].

4. Conclusion

The aqueous ChCl electrolyte has been prepared in different
concentrations and supercapacitors have been fabricated. In FTIR
plot peak at 3442 cm�1 have confirmed the presence of intermolec-
ular hydrogen bonding in the electrolyte solution. The electro-
chemical stability window of close to 2 V has been reported and
it does not change with concentration. The ionic conductivity vs.
concentration plot showed several percolation peaks in intervals
of 0.5 M concentration and highest ionic conductivity is reported
for 2.5 M (129 mScm�1). The cyclic voltammograms have been
obtained for supercapacitors and good charge propagation is
observed for aqueous ChCl electrolyte. The specific capacitance
vs. concentration showed two peaks and highest specific capaci-
tance reported is 5.75F/g for 1.0 M electrolyte. The bulk resistance
is measured using the obtained nyquist plot and highest bulk resis-
tance is found for 1.0 M electrolyte (40 O). The bulk resistance vs.
concentration graph also shows two peaks at 1.0 M and 2.5 M
concentrations.
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a b s t r a c t

In this work, Choline chloride-sugar (glucose, fructose, cane sugar) based sustainable electrolytes are pre-
pared and effect of water on their electrochemical properties are analysed. The electrolytes are prepared
by mixing the choline chloride and sugar and stirred on magnetic stirrer till a clear solution is obtained.
The electrolytes are characterized using FTIR technique, cyclic voltammetry technique for electrochem-
ical stability measurement and electrochemical impedance spectroscopy for ionic conductivity. The elec-
trochemical stability window of electrolytes decreases from 1.8 V to 1.6 V and ionic conductivity
increases on addition of water in electrolytes. The supercapacitor cells are fabricated using activated car-
bon as electrode material and prepared electrolytes. The supercapacitor cells are characterized using cyc-
lic voltammetry and electrochemical impedance spectroscopy. The highest specific capacitance value of
1.34 F/g@5mV/s is observed for choline chloride-glucose electrolyte based supercapacitor. The bulk resis-
tance measured using nyquist plot of cells also decreases on addition of water into electrolytes.
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Polymer & Mediterra-
nean Fiber International Conference’2021.

1. Introduction

Deep eutectic solvents (DESs) have proven themselves as a
strong alternative to ionic liquids and conventional non-aqueous
solvents due to their applications in several fields. The first DES
was prepared by Abbott et al by mixing choline chloride-urea in
1:2 M ratio [1]. A large number of DESs including Choline chloride
(ChCl) based have been synthesized till date and have been used in
various fields such as green solvent in many reactions, biodiesel
transformations, nanotechnology, electro-deposition, polymer

science and as an electrolyte in batteries [2–6]. The applications
of DESs are on hike in recent years, because of very simple method
of synthesis, cheap raw material, non-toxicity and no by-products
for DESs synthesis. DESs are prepared by mixing and stirring
hydrogen bond acceptor (HBA) and hydrogen bond donor (HBD)
species till clear solution is obtained and they are classified on
the basis of HBA and HBD involved in DES preparation [7–9]. The
HBA species may include ammonium salts such as choline chloride,
choline fluoride, choline acetate, tetra-butylammonium bromide
and metal salts such as ZnCl2. The choline chloride is a mass pro-
duced organic compound and commercially available at cheap
rates [10,11] (see Table 1).
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The melting point of DESs is lower than the individual HBA and
HBD species, this lowering in melting point is due to H-bonding
interaction between the two species. Most of DESs are liquid at
room temperature, thus they can be used as a solvent and elec-
trolyte in supercapacitor applications. The viscosity of DESs is gen-
erally high due to strong intermolecular hydrogen bonding present
within HBA and HBD species. However, the advantage with DESs is
that we can alter the viscosity by replacing HBA and HBD species
involved in DESs preparation. The viscosity of DESs also depend
on the temperature, it decreases with increase in temperature.
The viscosity of Choline chloride-urea DES is 750 at 25 �C and
449 at 30 �C [12–15]. The vapour pressure of DESs is lower than
organic solvents, thus makes them less volatile and non-
hazardous for workers in the industry. Boisset et al reported that
lithium bis[(trifluoromethyl)sulfonyl] imide and N-methyl aceta-
mide DES in 1:4 M ratio has vapour pressure of 0.2 mbar which
is very low as compared to the most of organic solvents [16]. In
energy storage devices such as supercapacitors (SCs) and batteries,
there is essential demand to design the electrolytes with low
flammability and large electrochemical stability window (ESW)
without compromisation of other electrochemical properties [12–
14]. The low flammability of electrolytes provide fire resistant
safety feature and wide ESW enhances the energy density of the
supercapacitors. DESs have emerged as promising electrolytes for
supercapacitor application due to their properties such as low
vapour pressure (less flammability), wide ESW and good ionic con-
ductivity [17–21]. Phadke et al investigated lithium bis(fluorosul-
fonyl) imide (LiFSI) and formamide mixture as DES electrolyte for
activated carbon based electrochemical double layer capacitor
(EDLC) [22]. The electrolyte showed the conductivity of
11.52 mS/cm at 25 �C and it increased to 24.88 mS/cm at 60 �C
and decreased as low as 0.58 mS/cm at �35 �C. This data proved
that conductivity of electrolyte increases with increase in temper-
ature [23]. The voltage stability window of electrolyte from CV was
near to 2.2 V beyond which electrolyte start decomposition and
resulted in gas evolution. The CV graph for the cell was rectangular
in shape and showed specific capacitance of 140 F/g at 5 mV/s. The
galvanostatic charge discharge study also showed the same range
of specific capacitance varied from 130 F/g to 135 F/g with current
density of 0.2 A/g. Pettersson et al investigated performance of
ChCl: urea, ChCl: sorbitol, ChCl: oxalic acid and ChCl: glycol in
EDLC supercapacitors [24]. The DES ChCl: ethylene glycol showed
best capacitive performance with internal resistance of 0.3 KX/
cm2, specific capacitance of 173 mF/cm2 and power density as high
as 1614 lW/cm2 [25–27].

In this paper, we have prepared the three choline chloride-sugar
based DESs including Choline chloride-Glucose (ChCl-Glu), Choline
Chloride-Fructose (ChCl-Fru) and Choline Chloride-Cane sugar
(ChCl-CS). Three additional electrolyte solutions are prepared by
adding water in these prepared DESs. The electrochemical stability
of these DESs are studied using Cyclic Voltammetry (CV) tech-
nique. Six supercapacitor cells are fabricated using activated car-
bon (AC) electrode and prepared electrolyte solutions. The

specific capacitance and impedance of these SCs are studied using
CV and Electrochemical Impedance Spectroscopy (EIS) respec-
tively. Also the effect of water on the electrochemical behaviour
of ChCl-Glu, ChCl-Fru and ChCl-CS DESs in supercapacitor is
studied.

2. Materials and methodology

2.1. Materials

The Calotropis Gigantea’s Stem (CGS) plant was collected from
nearby areas for the preparation of activated carbon. The chemicals
including D-glucose, D-fructose, Choline chloride, Poly (vinylidene
fluoride-co-hexafluoropropylene) PVDF-HFP were purchased from
Central Drug House (P) Ltd - CDH. Other Chemicals HCl, acetylene
black, KOH and ethanol were purchased from LOBA CHEMIE PVT.
LTD. The cane sugar for DES preparation was taken from the
kitchen.

2.2. Preparation of electrodes

The synthesis method for activated carbon preparation was fol-
lowed as in the recent report [16]. The simple chemical activation
method was used for the preparation of activated carbon from
plant Calotropis Gigantea’s Stem (CGS). In this process, KOH in
1:1 M ratio was used for the activation of biomass precursor. The
biomass was activated and kept in the vacuum oven at 95 �C for
10 h. After that, this sample was carbonised in an inert atmosphere
of nitrogen gas at temperature upto 800 �C for 2 h. The sample was
then allowed to cool at room temperature and crushed into pow-
der to obtain the porous activated carbon. The obtained activated
carbon was washed with HCl and then with distilled water many
times. The obtained activated carbon was dried in a vacuum oven
at 100 �C for 12 h and kept safely for further use in the preparation
of electrodes.

The activated carbon electrodes were prepared by mixing acti-
vated carbon, acetylene and PVDF-HFP in an 8:1:1 mass ratio. To
make slurry, the acetone was added to this mixture drop by drop.
This slurry was pasted on the graphite sheet (1 cm � 1 cm) with
the help of a paint brush and dried in an oven at 80 �C for 20 h.

2.3. Preparation of DES electrolytes

The choline chloride-glucose (ChCl-Glu) DES in a 2:1 M ratio
was prepared by mixing the required amount of choline chloride
and glucose in a round bottom flask. The round bottom flask was
kept on a magnetic stirrer at a speed of 800 rpm and at a temper-
ature of 90 �C. The mixture was kept on the magnetic stirrer till we
get a clear solution of ChCl-Glu DES. Similarly, the choline chloride-
fructose (ChCl-Fru) and choline chloride-cane sugar (ChCl-CS) DES
were prepared in a 2:1 M ratio. The aqueous solution of ChCl-Glu
DES was prepared by adding 10 ml of deionized water in 2.78 g
of ChCl and 1.80 g of glucose. Similarly, aqueous solutions of

Table 1
The parameters including electrochemical stability window, ionic conductivity, specific capacitance of SC cells and bulk resistance of SC cells.

S. no. Electrolyte Electrochemical stability window
(V)

Ionic conductivity
(mS cm�1)

Specific capacitance (F/g)@5mV/
s

Bulk resistance
(X)

1 ChCl:cane sugar (4:1) 1.88 0.9 0.90 460
2 Aqueous ChCl:cane sugar

(4:1)
1.67 38.8 1.11 12

3 ChCl:glucose (2:1) 1.89 2.1 1.34 70
4 Aqueous ChCl:glucose (2:1) 1.61 40.4 1.15 12
5 ChCl:fructose (2:1) 1.88 1.1 1.17 90
6 Aqueous ChCl:fructose (2:1) 1.61 32.3 0.97 10
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ChCl-Fru and ChCl-CS DESs were prepared adding 10 ml of deio-
nised water in (2.78 g of ChCl, 1.80 g of fructose) and (2.78 g of
ChCl, 1.80 g of cane sugar) respectively. The aqueous solutions
were named as aq. ChCl-Glu, aq. ChCl-Fru and aq. ChCl-CS
respectively.

2.4. Characterizations

The Fourier transform infrared spectroscopy (FTIR) characteri-
zation of three DESs and their aqueous solutions was done using
3000 Hyperion Microscope with Vertex 80 FTIR System, Bruker,
Germany by ATR method in the wavenumber range from
400 cm�1 to 4000 cm�1.

The ionic conductivity of DESs is calculated by Eq. (1) [28]:

r ¼ d
A:R

ð1Þ

where r is the ionic conductivity of electrolyte, dA is the cell constant
(the cell constant for used cell was 0.97 cm�1), and R is bulk resis-
tance which is measured using cell configuration: SS | electrolyte |
SS, using stainless steel (SS) as blocking electrode and CH instru-
ment, model 604D, USA. The impedance measurement was done
in the frequency range from 100 KHz to 0.1 Hz. The electrochemical
stability window of DESs was analysed by CH instrument, model
604D, USA, using cyclic voltammetry technique at 5 mV/s scan rate
between the voltage range from 0.0 V to 2.2 V using cell configura-
tion: SS | electrolyte | SS, using stainless steel (SS) as blocking
electrode.

The symmetric SCs were fabricated using prepared DESs as elec-
trolytes and activated carbon as electrodes. The six SC cells were
prepared for different prepared electrolytes in the nitrogen glove-
box. The whatman filter paper was used as separator, which was
soaked with electrolytes and placed between the two AC elec-
trodes. Electrochemical characterizations of the assembled SCs
were conducted using the electrochemical workstation (model
CHI604D and PalmSens4 PS Trace, PalmSens, The Netherlands) at
room temperature. The Cyclic Voltammetry (CV) characterization
for assembled SCs was done in the voltage range from 0.0 V to
0.8 V at scan rates of 5, 10, 50 and 100 mV/s. The specific capaci-
tance calculation was done from the CV curves using the equation
(2):

C ¼
R V
�V IðVÞ:dV
mtDV

ð2Þ

where C is the specific capacitance (F/g), I is the voltammetric cur-
rent (A), v is the scan rate (mV/s), m is the mass (g) deposited on
electrode, is the voltage window (V) and the whole numerator part
is the area of CV curve.

The electrochemical impedance spectroscopy was performed in
the frequency range of 0.1 Hz to 100 kHz for each fabricated SC.
The nyquist plot of SCs was used to obtain the bulk resistance value
of fabricated SCs. The relation between viscosity and temperature
can be given by the logarithmic form of Arrhenius equation (3):

lng ¼ lngo þ E
RT

ð3Þ

where go is a constant, T is the temperature and E is the energy of
activation of viscous flow [28]. From this equation, it can be seen
that viscosity of electrolytes is inversely proportional to the temper-
ature and directly proportional to the activation energy (E). It has
been found that value of activation energy decreases on addition
of water in DES electrolytes. At lower values of activation energy
the ions of electrolyte shows more mobility. The ionic conductivity
values also increases on addition of water in DES electrolytes [28].
The ionic conductivity results obtained in this paper confirm the

earlier reported relation that the ionic conductivity of DESs elec-
trolyte increases on addition of water.

3. Result and discussion

The FTIR graph of ChCl-Glu, ChCl-Fru and ChCl-CS DESs and
their aqueous solutions are shown in Fig. 1.

All the DESs including ChCl-Glu, ChCl-Fru and ChCl-CS and their
aqueous solutions have the same functional groups present in their
chemical structure, this is justified by the same fuctional group
peaks in their FTIR spectra as depicted in Fig. 1. The main vibration
bands in the region 3600 cm�1 to 3000 cm�1 are due to the OAH
vibrational stretching. However, it is observed that the bands in
this region are broader for aqueous DESs as compared to pure DESs.
The increase in broadness of peak is due to addition of water,
which generally causes peak broadening. The vibrational bands
at 2930 cm�1 are due to CAH stretching. The presence of the Car-
bonyl functional group in all samples is confirmed by the vibra-
tional band at 1640 cm�1. Other peaks in the spectra correspond
to 1480 cm�1 (CH2 bending), 1470 cm�1 (combination bands of
CACAH and CAOAH stretch vibrations), 1000 cm�1 (CAO and
CAC stretch) and 954 cm�1 (CAN stretching).

The electrochemical stability window (ESW) of prepared DESs
and their aqueous solutions are depicted in Fig. 2. The ESW of
ChCl-Glu, ChCl-Fru and ChCl-CS DESs is 1.88 V, which decreases
to 1.61 V for aqueous solutions. Water has excellent properties
such as low viscosity, high dielectric constant, less flammability
and non-toxic nature. But one of the drawbacks of water is its
low electrochemical stability window of 1.23 V at 25 C [28]. Thus,
depression in ESW values of prepared DESs on addition of water is
due to low ESW of water.

The Nyquist plot of supercapacitor cells assembled from aque-
ous solutions of ChCl-Glu, ChCl-Fru and ChCl-CS DESs is depicted
in Fig. 3. The nyquist plots for pure DESs without water addition
were not representable due to very high bulk resistance. The mea-
sured bulk resistance from the Nyquist plot was 24 X, 30 X and
25 X for aq. ChCl-Glu, aq. ChCl-Fru and aq. ChCl-CS respectively.
The bulk resistances for non-aqueous DESs were very high,
450 X (ChCl-Glu), 850 X (ChCl-Fru) and 1000 X (ChCl-CS). Eq.
(1) and measured bulk resistance were used to calculate the ionic
conductivities of these solutions. The calculated ionic conductivi-
ties were 2.1 mS/cm (ChCl-Glu), 1.1 mS/cm (ChCl-Fru), 0.9 mS/
cm (ChCl-CS), 40.4 mS/cm (aq. ChCl-Glu), 32.3 mS/cm (aq. ChCl-
Fru) and 38.8 mS/cm (aq. ChCl-CS). As it can be seen from the cal-
culated ionic conductivity values that ionic conductivities of ChCl-
Glu, ChCl-Fru and ChCl-CS DESs increases on addition of water in
them. This enhancement in ionic conductivity may be due to
decrease in viscosities of DESs on addition of water.

The cyclic voltammograms of SC cells fabricated from prepared
DES electrolytes are depicted in Fig. 4. The shapes of CV curves are
non-rectangular for SCs fabricated from pure DES electrolytes and
curves show a tail for SCs fabricated using aqueous DES elec-
trolytes. The specific capacitance values of SC cells were calculated
using Eq. (2). The specific capacitance values of cells were 1.34 F/g
(ChCl-Glu), 1.17 F/g (ChCl-Fru), 0.90 F/g (ChCl-CS), 1.15 F/g (aq.
ChCl-Glu), 0.97 F/g (aq. ChCl-Fru) and 1.11 F/g (aq. ChCl-CS). As
we have kept the electrode material same throughout our study,
the change in specific capacitance values are only due to the elec-
trolyte material. The addition of water in DES electrolytes causes a
decrease in specific capacitance values of SCs for both ChCl-Glu and
ChCl-Fru electrolytes. However, an increase in specific capacitance
value of SCs is observed for the addition of water in ChCl-Cane
sugar DES electrolyte.

The shapes of CV curves of SCs assembled from DES electrolytes
ChCl-Glu, ChCl-Fru and ChCl-CS indicate high resistance in the for-
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mation of double layer at the carbon boundaries. In these DES elec-
trolytes the ions polarize very slowly and accumulate in a very
small amount at the carbon boundaries. The charge storage reac-
tion is not reversible even at lower applied potential for SCs assem-
bled from these DESs electrolytes. But for SC cells fabricated by
addition of water in DES electrolytes, a tail is observed in the CV
curve. In the CV curve of SCs assembled from these DES elec-

trolytes, a constant charge storage is observed for a 0.0–0.5 V volt-
age range. This indicates a constant current value throughout this
voltage range. However, the current starts increasing with applied
voltage for the 0.5–0.8 V voltage range. For this voltage range a tail
is observed in the CV curve of SC cells of aqueous DES electrolytes.
The reason for this tail may be high resistance of electrode material
resulting in very slow diffusion of electrolyte ions into the elec-
trode material.

Fig. 1. The FTIR spectra of ChCl-Glu, ChCl-Fru and ChCl-CS DESs and their aqueous solutions.

Fig. 2. Electrochemical stability window for ChCl-Glu, ChCl-Fru and ChCl-CS DESs
and their aqueous solutions using cyclic voltammetry at 5 mV/s scan rate using cell
configuration: SS | electrolyte | SS, using stainless steel (SS) as blocking electrode.

Fig. 3. Nyquist plots of aqueous solutions of ChCl-Glu, ChCl-Fru and ChCl-CS DESs
using standard conductivity cell: SS | electrolyte | SS, using stainless steel (SS) as
blocking electrode.

N. Singh, K. Banerjee, Y.K. Bainsla et al. Materials Today: Proceedings 53 (2022) 179–184

182



EIS is a widely used technique for analysing charge storage pro-
cess and internal resistance of working electrode material and
determine the circuitry and corresponding resistance between
the electrolyte and the electrode. EIS analysis also gives the funda-
mental information of the electrode–electrolyte interface beha-
viour, ion diffusion, and bulk properties of the electrolytes [1].
The EIS data were analysed to study the charge-transfer resistance
and low frequency capacitance values in different recorded fre-
quency regions and their effects on the performance of the SC
device. In the EIS, the frequencies from 10 mHz to 1 MHz with in
a lower potential of 5 mV amplitude were applied on different SC
cells for each prepared electrolyte. Fig. 5 shows the Nyquist plots
of the SC cells fabricated from DES electrolytes investigation. The
bulk resistance for SC fabricated from ChCl-cane sugar electrolyte
was too high that it was not representable in nyquist plot. The
Nyquist plot represents a semicircle in the high frequency region,
the Warburg line in the intermediate frequency region and almost
a vertical line in the low frequency region. The bulk resistance of SC
cells were measured from intersection of curves at the x-axis in the
nyquist plot. The measured bulk resistance values were 70 X
(ChCl-Glu), 90 X (ChCl-Fru), 460 X (ChCl-CS), 12 X (aq. ChCl-
Glu), 10 X (aq. ChCl-Fru) and 12 X (aq. ChCl-CS). The bulk resis-
tance of SC cells decreases for water added DES electrolytes. The
decrease in viscosity may be the reason behind this decrease in
bulk resistance on water addition. The ionic conductivity of elec-
trolyte also increases on addition of water in DES electrolytes.

4. Conclusion

The DES-sugar based electrolytes and water added ChCl-sugar
based DES electrolytes have been prepared and they have been
used in the fabrication of SC cells. The main vibration peaks of FTIR

Fig. 4. Cyclic voltammetry of SCs fabricated from different DES electrolyte in voltage range from 0 V to 0.8 V at 5 mV/s using capacitor cell configuration: AC | electrolyte | AC,
using activated carbon as non-blocking electrode.

Fig. 5. Nyquist plots for SCs at different molar concentrations of aqueous ChCl
electrolyte using capacitor cell configuration: AC | electrolyte | AC, using activated
carbon as non-blocking electrode.
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spectra in the region 3600 cm�1 to 3000 cm�1 are due to the OAH
vibrational stretching. The electrochemical stability window of
ChCl-Glu, ChCl-Fru and ChCl-CS DES electrolytes is 1.8 V, which
decreases to 1.6 V on addition of water in the prepared DES elec-
trolytes. The ionic conductivity of prepared ChCl-sugar based DES
electrolytes increases with the addition of water. Cyclic voltammo-
grams have been obtained for supercapacitors and high resistance
is observed from the CV curve. Also a tail is observed in the CV
curve of SC assembled from water added DES electrolytes. The
specific capacitance of 1.34 F/g@5mV/s has been calculated for
SC from the ChCl-Glu electrolyte. The bulk resistance has been
measured using the obtained nyquist plot and the highest bulk
resistance was found for SC assembled from ChCl-CS electrolyte
(460 X). The bulk resistance of SC cells decreases for water added
ChCl-sugar based DES electrolytes.
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M‚- ckcklkgsc vkacsMdj ;kaps
fL=;kaP;k eqäh lanHkkZrhy dk;Z

M‚- jfo vkj- xkoaMs 
çeq[k] bfrgkl foHkkx]

ts- Mh- ikVhy lkaxGwndj egkfo|ky;] n;kZiwj 

==============***********===============
çLrkouk &

Hkkjrkr çkphu dkGkiklwu fL=;kauk lektkus
fuEu ntkZ fnyk- mÙkj oSfnd dkGkr fL=;kapk
miu;ukpk i;kZ;kus f’k{k.kkpk vf/kdkj lq)k dk<wu
?ks.;kr vkyk- eqfLye vkØeukuarj fL=;koj
vk.k[khup ca/kus ykn.;kr vkyh- dkykarjkus Hkkjrh;
lektkr vusd dqçFkk çpfyr >kY;k- lrhçFkk]
iMnk çFkk] nsonklh çFkk] cky fookg] fo”ke fookg]
ds’koiu] tksgkj çFkkaps mnkÙkhdj.k dj.;kr ;sÅ
ykxys- fL= tUe gk dqVqackrhy ,d vkiÙkh ekuY;k
tkÅ ykxyk- gh ifjfLFkfr fczfV’k vkxeui;aZr dk;e
gksrh- fganw dk;|ke/ks fL=;kaP;k lq/kkj.kk ckcr loZçFke
dk;nk fczfV’kuh dsyk- R;kauh çFke ckygR;k
çfrca/kd dk;nk b-l- 1802 d:u lq/kkj.kkph
lqjokr dsyh- R;kiwohZ vekuq”ki.ks fL= vHkzdkaph gR;k
o cGh ns.;kP;k Øwj çFkk Hkkjrh; lektkr :<
gksR;k- fczfV’kkauh lq)k b-l- 1857 P;k mBkokuarj
Hkkjrh;kaP;k varxZr fo”k;kr n[ky ns.ks Fkkacoys-
ek= vusd lekt lq/kkjdkaP;k ç;RukeqGs R;kauk lrh
çfrca/k dk;ns djkos ykxys- ;k iyhdMs fL=;kaP;k
ntkZ e/;s Qkjlk fodkl >kysyk vk<Gwu ;sr ukgh-
egkRek T;ksrhck Qqys o lkfo=hckbZ Qqys ;kauh fL=
f’k{k.kke/ks eksykph Hkwfedk ctkoyh- ek= Lokra«;
çkIrhuarj fL=;kaP;k vf/kdkjkr vkewykxz cny gks.;kph
vko’;drk gksrh- R;klkBh fL=;kauk ek.kwl Eg.kwu
tx.;kpk vf/kdkj feGkok ;kdfjrk R;kauh

?kVuse/;s fganw dksM fcy lekfo”V dj.;kpk ç;Ru
dsyk- M‚ ckcklkgsc vkacsMdj ;kauh ‘kwæ vkf.k
fL=;kaP;k nkL;Rokpk var dj.;kdfjrk fganw dksM
fcy] Hkk”k.ks] euqLèrhps ngu] eafnj ços’k lR;kxzg
b- çlaxh vkiys fopkj ekaMysr vkf.k L=hyk xqyke
Eg.kwu LFkku ns.kkZ;k ekufldrsoj dksjMs vks<ys-
euqLer̀h vkf.k fL=  

euqLe`rh gk ,d çkphu Hkkjrh; fganw
/keZ’kkL= fo”k;d xzaFk vkgs- ;k euqLèrhyk ekuo
/keZ’kkL= vlsgh vksG[kys tkrs- ;ke/;s fganw /kekZrhy
lkfgrkapk lekos’k dsyk xsyk vkgs- fczVh’k dkGkr
b-l- 1794 e/;s baxzth Hkk”ksr Hkk”kkarj >kysyk gk
lokZr ifgyk xzaFk vlwu ;kP;ko:up fczfV’kkauh fganw
d k; nk r ; kj  d sy k-1 euqLèrh e/;s vusd HksnHkko
iw.kZ o.kZus vkgsr- ;k xzaFkke/;s fL=;k vkf.k ‘kwæ
ckcr vU;k;iw.kZ ‘yksdkpk varHkkZo dj.;kr vkyk
vkgs- R;kuqlkj lkekftd fo”kerk fuekZ.k gks.;kl
pkyuk feGkyh] rlsp fL=;k vkf.k ‘kqækps gDd
fgjo.;kph t.kw çsj.kkp euqLèrh e/kwu feGkysyh
vk<Grs- 

euwLèrhe/;s ‘kwæ vkf.k fL=;kauk xkS.k LFkku
nsÅu R;kaP;k vijk/kklkBh dBksj f’k{kk lqpfoY;k
vkgsr- ek= rqyusr czkã.k] {kf=; vkf.k oS’; ;kl
rqyusr lkSE; f’k{kk fnlwu ;srkr- nqcZy Eg.kwu fL=
vkf.k ‘kwækoj dBksj ca/kus ykn.;kr vkyh gksrh-
R;kaP;kfo”k;hph lwMkph Hkkouk euwLe‘rh fnlwu ;srs-
v’kk HksnHkkoiw.kZ f’k{ksdfjrk nqljs dks.krsgh dkj.k
laHkor ukgh vls M‚- ckcklkgsc ekur-2  

euwLèrhe/;s v’kk çdkjs tkrhHksnkph vekuoh
chts jksoyh vlY;keqGsp M‚- ckcklkgsc vkacsMdj
;kauh 25 fMlsacj 1927 jksth euqLèrh xzaFkkps tkghji.ks
ngu dsys-
fganw dksM fcy &

irh fu/kukuarj fL=;kauk laiÙkhe/;s vf/kdkj
feG.;klkBh fczfV’k ljdkjus ns’keq[k dk;nk b-l-
1937 e/;s ikfjr dsyk gksrk- ek= ;k dk;|ke/ks
vusd =qVha gksR;k- gk dk;nk ‘ksrh ekyeÙkk dfjrk
ykxw uOgrk- vkf.k Hkkjrke/;s eq[; ekyeÙkk gh

16
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‘ksrh vlY;keqGs gk dk;nk fu:i;ksxh >kysyk
gksrk- R;keqGs ;k dk;|ke/khy nks”k nwj dj.;klkBh
fganw ojlkr nq#LR;k lqpfo.kkjs fcy fL=;kaph iksVxh]
ekyeÙkk gDd leL;k oj fopkj dj.;kps Bjfoys
xsys gksrs- ;ko:u fganw dksM cufo.;kpk çkFkfed
ç;Ru dj.;kr vkyk gksrk- ;k ç;Rukauk eksBîkk
çek.kkr lukruh yksdkauh fojks/k pkyoysyk gksrk-
R;keqGs LokraR;ZiwoZ dkGkr R;k –”Vhus Qkj’kh çxrh
>kysyh uOgrh- LokraR;kZuarj lafo/kkukpk elqnk fufeZrh
e/;s M‚ ckcklkgsc vkacsMdj ;kaph Qkj egÙokph
Hkwfedk gksrh- R;keqGs fganw dksM fufeZrh iqufoZpkj
dj.;kckcr lq)k laiw.kZ tckcnkjh R;kaP;koj vkyh-
9 ,fçy 1948 jksth M‚] ckcklkgsc vkacsMdj
;kaP;k v/;{krs[kkyh dk;ns iafMrkaph ,d flysDV
dfeVh use.;kr vkyh- fganw dksM fcykoj flysDV
dfeVh dkedkt djr vlrkaukp gk fo”k; loZdMs
pfpZyP;k tkr gksrk- M‚ ckcklkgsc ;kauh vkiY;k
vgokyk cjkscj iDD;k fcykapk elqnk yksdlHksiq<s
ekaMyk- ;kosGh çs”kd xWyjhe/ks fo’ks”kr: fL=;kauh
eksBh xnhZ dsyh gksrh-3  

fganw dksM fcy 9 Hkkxkr] 139 dyekr
vkf.k 7 ifjf’k”Be/;s foHkkxysys gksrs- fganw dksM
fcykP;k varxZr fL=;kauk fookg] ?kVLQksV] nÙkd
fo/kku] fL=;kapk laiÙkh okjlk Eg.kwu gDd] ,d
iRuhRo] okjlke/;s eqyhapk lekos’k] nÙkd ?ks.;kdfjrk
iRuhph laerh vko’;d] ?kVLQksVkpk vf/kdkj]
vkarjtkrh; fookg bR;knh ckcrhr fL=;kaP;k
vf/kdkjkpk varHkkZo dj.;kr vkyk gksrk- fL=;kaP;k
vMp.khpk o R;kaP;kojhy vU;k;kpk fopkj d:u
4 o”kZ 1 efguk 26 fnol esgur ?ksÅu fganw dksM
fcy r;kj dsys gksrs-4 M‚ ckcklkgsc vkacsMdjkauh
lalnse/ks >kysY;k ç’u mÙkjP;k dkGkr fcyckcr
lnL;kapk xSjlet nwj dj.;kpk vkf.k R;kaP;k
çrhç’uuk ;ksX; mÙkjs fnyhr- ek= lukruh iq#”kh
Hkwfedk vlysY;k lnL;kaps lek/kku gksÅ ‘kdys
ukgh-5 fcy ikl gksrkpk lukruh vkf.k iq#”k
ekufldrsP;k yksdkauh dsysY;k fojks/kkeqGs gs fcy
ikl gksÅ ‘kdys ukgh- rjh ek= lafo/kkuke/ks dye

15] 16] 17] 19] 21] 25] 26] 39] 42] 51
e/;s efgykauk vf/kdkj feGowu fnyk- R;kauh [kj~;k
vFkkZus fL=ph nkL;Rokrwu eqärk dj.;kpk foMkp
?ksrysyk gksrk-

fganw dksM fcy fL=;kauk vkfFkZd] lkekftd
o /kkfeZd {ks=kr dekyhps Lok;ärk vkf.k vf/kdkj
feGowu ns.;kps ,d lk/ku gksrs- ek= ;k dkGkr
lq)k L=h ijra«;kr vlY;keqGs frus ;k fcykP;k
leFkZukFkZ vkokt lq)k mBoyk ukgh- ,OgMsp uOgs
rj dkgh fL=;k iq#”kkaP;k nckora=kyk cGh iMwu
fcykyk fojks/k d: ykxY;k- i.k dkgh fL=;kauh ;k
fcyyk leFkZulq)k fnys ek= gs fcy yksdlHksr
ijkHkwr >kys- vkf.k R;kps dk;|kr dk;|kr :ikarj.k
gksÅ ‘kdys ukgh- 

M‚ ckcklkgsc vkacsMdj ;kauh fganw lafgrk
fo/ks;dke/ks R;kauh egRoiw.kZ Hkwfedk ctkoyh ;ko:u
R;kauk vk/kqfud txkpk euw Eg.kwu lacks/kY;k tkÅ
ykxys] ek= R;kauk vls o.kZu d/khp vkoMys ukgh-
fganw dksM fcykyk lalnse/;s lnL;kauh fojks/k dsY;keqGs
M‚- ckcklkgsc vkacsMdj vLoLFk >kys gksrs- ;k
osGh R;kauh lukruh fopkjlj.khps dBksj ‘kCnkr
fuHkZRLuk dsyh gksrh- b-l- 1951 e/;s yksdlHksph
lkoZf=d fuoM.kwd gks.kkj gksrh] ifj.kkeh fojks/k ikgrk
iarç/kku iafMr usg: ;kauk fganw dksM fcy LFkfxr
djkos ykxys- R;keqGs M‚- ckcklkgsc dekyhps ukjkt
gksrs- vFkd ç;Ru d:u Hkkjrh;kaP;k dY;kukdfjrk
fuekZ.k dj.;kr vkysY;k fcykyk gks.kkjk fojks/k
vukBkb gksrk- R;kpk ifj.kke Eg.kts R;kauh usg:
ea=h eaMGkrhy vkiY;k dk;nsea=h inkpk jkthukek
fnyk-
larrh fu;eu ckcr fopkj &

M‚- ckcklkgsc vkacsMdj jkT;?kVusps fuekZrs
gksrs R;kaP;k vFkd ç;Rukarwu jkT; ?kVusph fufeZrh
>kyh- rs nfyr o fL=;kaps dSokjh gksrs- R;kpcjkscj
rs vFkZrK lq)k vlY;keqGs R;kauk yksdla[;k dqVqac
fu;kstu ckcrps egRo rs tk.kwu gksrs- nyhrkaçek.ksp
fL=;kauk lq)k Hkkjrh; lektkr ghu ntkZ feGkyk
vlY;kus R;kauk fL=;kackcr lgkuqHkwrh o dkGth
okVr vls- dqVqackrhy fL=;kaps gky deh Ogkosr
Eg.kwu] R;kauh fL=;kauk ?kVLQksV] iksVxh] iqufoZokg]
ofMyksikftZr laiÙkhr okjlk] nÙkd ?ks.ks oxSjs gDd
ns.kkZ;k fganw dksM fcykpk vkxzg /kjyk gksrk-5 fganw
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/kekZe/;s T;kçek.ks fL=;kauk vkf.k ‘kwækauk leku gDd
ukdkjyk gksrk] R;keqGsp R;kauh fganw /kekZpk R;kx
d:u fL=;kauk lekursph okx.kwd ns.kkjk ckS) /keZ
R;kauh Lohdkjyk- Hkkjrke/khy fL=;kaP;k jgk.khekukpk
ntkZ mapko.;klkBh larrhfu;eu gs vko’;d
lk/ku Bjsy vls R;kauk okVr vls- R;klkBh rs
vkxzgh gksrs- 

ckyfookg can d:u fookgkps o; fuf’pr
dj.ks ;kis{kk dqVqac] dqVqackrhy eqykapk fodkl]
fL=;kaP;k vkjksX;ke/;s lq/kkj.kk dj.;kckcr R;kauh
vkxzg /kjyk gksrk- Jh- ih- ts- jksge ;kauh eqacbZ
çkarkP;k fof/keaMGkiq<s 10 uksOgsacj] 1932 jksth
larrh fu;ekpk Bjko ekaMyk gksrk- ;k Bjkok ekxhy
[kjh fopkj/kkjk gh M‚- ckcklkgsc vkacsMdj ;kaphp
gksrh] vls jksge ;kauh Li”V dsys gksrs- ;k Bjkoke/
ks vls EgVys xsys gksrs dh] dqVqac e;kZfnr dj.;kph
fudMhph xjt y{kkr ?ksrk ák ¼eqacbZ½ çkarkrhy
turse/;s larrh fu;ekP;k ckcrhr] ,d çHkkoh
çpkj eksghe ljdkjus gkrh ?;koh vkf.k çR;{kkr
tUe fu;a=.k dj.;kP;k –”Vhus iqjs’kh çek.kkr lks;h
iqjkO;kr] v’kh f’kQkjl fo/kkulHkk ‘kklukyk djhr
vkgs-6 M‚- ckcklkgsc rsOgk etwj i{kkp usrs gksrs-
R;kauh ;k Bjkokps egRo iVowu ns.;kpk ç;Ru dsyk
ek= ijaijkoknh fopkjlj.khps çkcY; vf/kd
vlY;keqGs gk Bjko eqacbZ fof/keaMGkr ikfjr gksÅ
‘kdyk ukgh- vBjkfo’os nfjæh vl.kkZ;k nfyr
lektkyk vkf.k fL=;kapk jgk.khekukpk ntkZ
mapko.;klkBh larrh fu;eu M‚ ckcklkgsc vkacsMdj
vR;ko’;d eukr vlr- ;krwu R;kauh vusd
fL=;kaP;k lacaf/kr leL;kauk okpk QksM.;kps dk;Z
dsys-  eksBîkk çek.kkr eqy gksus] ckGarleL;k] L=hHk̀u
gR;k] xHkZikr b leL;kauk okpk QksM.;kp ç;Ru
R;kauh dsyk gksrk- R;kaP;k ;k fopkjke/ks L=h m)kjkph
chts vk<Gwu ;srkr- l’kä L=hp l’kä ukxfjd
fuekZ.k d: ‘kdrs v’kh R;kaph /kkj.kk gksrh- larrh
fu;eu dsY;kus ,dk fof’k”V lektkph la[;k deh
gks.;kP;k ekufldrsoj lq)k M‚ ckcklkgsckauh dMkMwu
gYyk p<ohyk gksrk- R;kaP;k ers yksdla[;k gh
tuu osxkoj voyacqu ulwu rh larrh tx.;kP;k
çek.kkoj voyacqu vkgs-7 larrh fu;eu dj.;kP;k
M‚- ckclkgsckaP;k ifgY;k ç;Rukauk ;’k vkys ukgh-
ek= R;kaP;k fopkjkeqGs larrh fu;e ykxw dj.;kph

vko’;drk y{kkr vkyh vlY;keqGs Hkkjr ljdkjus
ifgY;k iapokf”kZd ;kstuke/ks dqVqac fu;kstuklkBh
Hkjho rjrwn dsyh- fL=;kaP;k dkSVqafcd ;kruk deh
dj.;klkBh M‚- ckcklkgsc vkacsMdjkauh larrh
fu;eukpk iqjLdkj dsyk gksrk- 
fu”d”kZ &

fL=;kaP;k ckcr vlysY;k vusd fodkl
dqafBr dj.kkj~;k ijaijk o ekufldrk vktlq)k
vkiY;k lektke/;s fo|eku vkgs- vktgh lektkr
iq:”kkaps çkcY; vkf.k çkFkfedrk fnlwu ;srs- M‚
ckcklkgsc vkacsMdj ;kauh fganw dksM fcykP;k
ek/;ekrwu fL=;kauk vusd vf/kdkj ns.;kpk ç;Ru
dsyk gksrk- ek= lukruh o iq#”kh ekufldrk vlysY;k
Hkkjrh; usR;kauk rks :tyk ukgh vkf.k R;kauh fganw
dksM fcykyk fojks/k pkyfoyk- M‚- ckcklkgsc vkacsMdj
;kauh osGksosGh vkiY;k Hkk”k.kkrwu vkf.k fganqdksM
fcye/;s ekaMysY;k fopkjkpk Lohdkj dsY;kl orZeku
dkGkr laHkor vlysY;k vla[; leL;koj rksMxk
dk<.ks lgt ‘kD; gksbZy- R;k –”Vhus fopkj dj.;kph
vkf.k R;kaps fopkj lR;kr vk.k.;kph vko’;drk
vkgs-  R;k f’kok; vk/kqfud Hkkjrkph fufeZrh dj.ks
‘kD; gks.kkj ukgh-
lanHkZ &

1- https://mr.wikipedia.org/ euwLèrh
2- M‚- ckcklkgsc vkf.k fganw dksM fcy]

vuqokn çeksn okGds] ;qxlk{kh çdk’ku] ì“B Ø-
15

3- fdÙkk] ì“B Ø- 38
4- ckcklkgsc M‚- vkacsMdj vkSj fganw lkfgrk]

fo/ks;d Hkkx 2] [kaM 32 M‚- vkacsMdj çfr”Bku
lkekftd U;k; vkSj vf/kdjrk ea=ky;] Hkkjr ljdkj

5. Parliamentary Debates, Parliamentary
of India, Feb 195, official Report, Part-I, Vol Vl, 1956

6- M‚- ckcklkgsc xkSjo xzaFk] egkjk”Vª jkT;
lkfgR; vkf.k laL—rh eaMG] eqacbZ ì“B Ø- 106

7. On Measures for Birth Control Dr.
Babasaheb Ambedkar: Writing & Speeches Vol. 2
Govt. of Maharashtra, 1982 Appendix 1, Page 262

8- M‚- ckcklkgsc xkSjo xzaFk] egkjk”Vª jkT;
lkfgR; vkf.k laL—rh eaMG] eqacbZ ì“B Ø- 108
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