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Novel sulfated B-cyclodextrin/PVP/MnCQO; composite has
been synthesized for a parallel connected supercapacitor
and dye-sensitized solar cell (counter electrode). f-
cyclodextrin has sulfonated, thermally crosslinked with
PVP, and incorporated with MnCOj; nanoparticles. The
composite electrode exhibited 202.6Fg” capacitance,
197.96Whkg"' energy density 5.57%mn(DSSC) and 70%
performance showed up to 200°C with [BMI][TFSI]
electrolyte.

Global research has attention to focus on development of sustainable
energy storages and applications on conversion devices. The
development of nanomaterial technology plays a vital role in energy
harvesting and storage, because the characteristics of devices closely
depend on the properties of the materials used." * Single-electrode
system for both supercapacitors (SC) and dye-sensitized solar cells
(DSSCs) would be beneficial for smart energy storage and compact
electronic devices. Polymer composite electrodes have attracted
extensive consideration as the most suitable choice for fabricating
compact, and laminated solid-state energy storage systems.

Electrochemical supercapacitors have drawn considerable attention
in recent years because they have ability to provide high power
density, fast charging, long cycle life, and low maintenance costs.
SCs are passive and static electrical energy storage devices that
deliver electrical energy with unusually high power densities
compared to secondary batteries (10 kWkg™), but they use different
mechanisms. Supercapacitors store electricity physically and
Batteries store chemically by separating the positive and negative
charges. Newer active materials such as transition metal oxides or
electrically conducting polymers are required for high-performance
capacitance supercapacitors.

In DSSCs, the counter electrode (CE) plays a vital role, since the tri-
iodide shuttle species is reduced at the CE (I;+2e” — 3I) by
collecting the electrons from the external circuit. Usually, platinum
(Pt) is used as a CE, but it limits the extensive application of DSSCs
due to its corrosive behavior and high cost. In order to rectify these
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problems, low-cost and eco-friendly polymer-based or carbon-based
CEs are necessary for instead of Pt CEs. New prepared composite
CEs have new avenues such as, improved catalytic activity and high
conductivity. Another important problem is the stability of
electrolytes in a hot environment. An ionic liquid mixed electrolyte
is suitable,® and we have tested the stability of such electrolytes in
high thermal condition.

A very rare number of reports have been investigated and reported
for DSSC combined SC. S.-H. Han group has reported the use of
nanocrystalline tin oxide film electrodes at room temperature in
photo anode of DSSC and SC. This report has been focused on the
SC performance with 43.07Fg™ of resulted specific capacitance.” A
Ti wire substrate modified with titania nanotubes serve as DSSC and
SC electrodes as the integrated “energy fiber” device has been
reported. This report deals the modifications in photo anode of
DSSC and the energy fiber obtained 2.73% of DSSC efficiency.®
The shape selective nano TiO, has been used in SC and DSSC. The
nano TiO, showed different specific capacitance results.’

A dye sensitized solar cell and a ruthenium oxide based
electrochemical capacitor integrated system has been reported and it
permits direct storage of energy generated by sunlight within a single
optoelectronic microelectrochemical device. It utilizes three planar
electrodes arranged sequentially to include a polymer hole as
conductor (poly-(3-hexylthiophene-2,5-diyl)), between the titanium
oxide photo anode modified with dye (E)-3-(5-(4-(Bis(20,40-
dibutoxybiphenyl-4-yl)amino)phenyl)thiophen-2-yl)-2-cyanoacrylic

acid (D35) and the intermediate silver electrode as well as two
hydrous ruthenium oxide layers. This report has been achieved 0.8%
efficiency for DSSC and 400 Fg™' of specific capacitance for SC."

The double-layer ZnONS/NP film also was the
semiconducting film in the photo anode of a DSSC and capacitor
and this report mainly focused on DSSC and 4.65% of efficiency
obtained.!" N. Bagheri groups have reported a DSSC based on the

used as

metal-free organic sensitizer and the cobalt (II, III) polypyridyl
electrolyte was integrated within an asymmetric capacitor utilizing
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cobalt-doped nickel oxide and activated carbon. The DSSC exhibited
4.6% of and 46Fg" specific capacitance.' Chen et al., to realize
photoelectric conversion wire for energy storage and exhibits storage
efficiency of 1.5%. A flexible device has reported to realize both
photoelectric conversion and energy storage by using aligned
MWCNT films. The integrated device exhibits a good photoelectric
conversion. H. Sun group has reported a wire shaped energy wire
(CNT) exhibited 6.58% of efficiency and specific capacitance of
85.03 mFem™'. A spinnable CNT array energy wire also exhibited
1.83% efficiency.”*"7 From these survey the DSSC and SC
combined fabrications are classified as integrated energy wire,
printable photo-supercapacitor, energy fiber, and energy films. There
is no reports on parallel connected DSSC combined SC for high
thermal operations. Based on the upstairs, a high performance
electrode required for both DSSC and SC in parallel connection.
Also very rare focus available for high thermal stability counter
electrode for DSSC connected supercapacitor.

An eco-friendly polymer B-cyclodextrin has selected for this work,
which is a cellulose-based polymer with properties of functional
modification and thermal stability. However, bio-sourced products
still expose future energy resource systems as wearable devices and
these composite polymers exhibit catalytic activity.'® A multi-
functional polymer Poly-N-vinyl-2-pyrrolidone(PVP) has used in
this work, it is a synthetic, non-toxic, water-soluble polymer which
has been used in various fields like film formers, protective colloid
and suspending agents, dye-receptive agents, binders, stabilizers,
detoxicants, and complexing agents. PVP can be crosslinked by
heating in air at 150°C, by radiation, or by potassium persulfate. The
important properties of hybrid material formation by PVP have been
discussed in our previous report."”” The most common interactions
observed in PVP crosslinked polymer composites are hydrogen
bonding, ionic, dipole, m-electron, and charge transfer complex
interactions.”’

The introduction of sulfonic groups increases the ion-exchange
capacities. PVP cross-linking assists the ionic mobility with
increasing mobile ion concentration, and it also increases the
strength of the composite with the number of reactive ionic cluster
sites. The selection high thermal stability electrolyte that is ionic
liquids also played an important role. ILs are composed of a cation
(imidazolium) and an anion (Sulfate, Borate, Phosphate, etc.) are
organic salts that are liquid around room temperature. ILs are
employed as good electrolytes in conducting polymers due to their
good electrical conductivity, heat stability, and good corrosive
resistance. ILs as permanent conductivity enhancers in polymeric
films produced improved electrical performance.’’ We have
demonstrated this novel route as a common electrode material for
both DSSC and SC with high thermal stability. The combination of
such materials could form high-performance SC and DSSC, which
are cost-effective for applications where the development and
consistency of the storage devices are important. A sulfated B-
cyclodextrin/PVP/MnCO; composite has believed to provide clean
energy for a long time even in hot environments.

A new technique was used for the synthesis of metal carbonates
from potassium permanganate and mixing solvents such as methanol

This journal is © The Royal Society of Chemistry 2014
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with DMF. The solvent proportion is adjusted for mono-dispersed
crystalline MnCO; with rthombohedra morphologies. The MnCO;
nanoparticles were prepared by KMnO, (0.Ilmm) with a mixed
solvent (25mL) composed of methanol and DMF (N, N-
dimethylformamide). This mixture was kept in a 33mL stainless-
steel autoclave at 180°C for 24 h.2*

B-cyclodextrin was sulfonated using H,SO, at a temperature of 0°C,
which was based on our previous report.”> The synthesized sulfated
B-cyclodextrin (Sb-CD) was thermally crosslinked with PVP. This
Sb-CD/PVP composite was incorporated with various weight
percentages (wt%) of MnCO;, which were denoted as S1=0.5 wt%,
S2=1.0 wt% and S3=1.5 wt%. The prepared Sb-CD/PVP/MnCO;
composite electrodes were fabricated as a CE for a DSSC and also as
a storage electrode for a SC. The DSSC and SC was connected in
parallel, and ionic liquid containing 1-butyl-3-methylimidazolium
bis (trifluoromethylsulfonyl)imide [BMI][TFSI] was used as the
electrolyte. The efficiency of DSSC was checked under a solar
simulator. The performance of DSSC and capacitance were
measured up to 200°C.

The XRD pattern of the prepared MnCOj; presents peaks (102),
(104), (110), (113), (202), (116), (122), and (300) indexed to the
crystal structure (Fig. 1.a (i)). The common crystal growth model
cleavage (104) peak with a sharp (012) peak represent thombohedra,
which is very rare (JCPDS Card: 83-1763)* Fig 1.a (ii) shows the
diffraction pattern, which is probably due to the crystalline cellulosic
structures of Sb-CD. PVP indicates an amorphous nature with low
crystallinity in the XRD pattern (Fig. l.a (iii)). The XRD results
indicate that the crystalline structures of cellulose® are mostly
disrupted by PVP and MnCOj; nanoparticles present in the composite
(Fig. l.a (iv)). Most of the crystalline peaks indicate the MnCOs;
pattern. This is evidence for the incorporation of MnCO;
nanoparticles with Sb-CD/PVP and also the miscibility of cellulosic
chains in the synthesized composite (Supplementary information Fig
1. FTIR).
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Fig. 1(a) XRD pattern of (i) MnCQO;, (ii) Sb-CD, (iii) PVP and
(iv) Sb-CD/PVP/MnCOs; (b) XPS spectrum of MnCO;

The XPS spectrum indicates the presence of Mn, O, and C as the
main constituents (Fig. 1.b). The peaks of Mn 2pl/2 and
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Mn 2p3/2 are centered at 653.4 and 642 eV, respectively, with a spin
energy separation of 11.68 eV. This result is in coinciding with
reported data for MnCOs. The solvent ratio and KMnO, may also
react to form MnCO;.2%%

SCH,OH +4MnO,” +12H" — 4Mn*>* +11H,0 + SHCOOH ---1
SHCOOH +2MnO,” +6H" — 2Mn** +5CO, +8H,0
2(CH,), =N —CHO +2MnO,” +6H"* — 5(CH,)— NH +
2Mn** +5C0, +3H,0

2MnO,” + Mn** — Mn,0, 3
CO, + H,0 - CO,” +2H"

Mn* +CO,” > MnCO, 4
Q [o}
SO3H = OsH
+ HO+0O-C-N A, , 0-cHK
OH CH o CH
Sbh-CD o Sb-CD macro radicals T pyp radicals
Sb-CD/PVP
EﬁoaH é %
c CH, 4
£
CHCH,
Sb-CD/PVP composite .5

Fig 2.al shows the MnCOj; nanoparticles obtained from pure mixed
solvents. It can be seen that the morphology and the size are not
uniform, and the particles reunite badly, which implies a rapid
nucleation process. The particle size was controlled by the
microemulsion, which restrains the growth of MnCO; nanoparticles.
TEM images also confirm the shape with size ranging from 30 nm to
100 nm (Fig. 2.a2). Due to the intense redox in the pure solvent,
there is a minor aggregation of Mn;O, followed by a side reaction
(eqn. 1 to 4) when the Mn?" ratio is higher at the initial stage of the
polymer layer deposition on surface of the nanoparticles. The
controlled morphology with size also depends on the solvent
proportions.

A TEM image of the Sb-CD/PVP/MnCO; composite is also
confirms the polymer layer deposition, and each particle shows a
cavity and the incorporation of Sb-CD showed in fig 2.e. ** 3! Sb-CD
and PVP molecular interactions are clearly visible in the SEM image
of the Sb-CD/PVP composite (Fig.2.bl). The reason for the
agglomerated structure is that the PVP may acts as a film-forming
agent. The PVP thermal crosslinking and structural changes are
assumed in eqn. 5, and this crosslinking with cellulosic polymer
reaction mechanism has been discussed in our previous report.'
These structural changes are due to the hydrogen bonding
interactions between the hydroxyl groups of the polymer
components.*> The MnCOs nanoparticles and crosslinked polymers
exhibit bulk composite structures as mentioned in Fig. 2.(c1&c2).

Fig. 3.a represents the cyclic voltammetry studies of synthesized
composites Sb-CD, SbCD/PVP, MnCOs;, S1 (0.5 wt% MnCO;), S2
(1.0 wt% MnCOs), and S3 (1.5 wt% MnCO;) recorded at a scan rate
of 10 mV/s. In this CV results, Sb-CD and Sb-CD/PVP polymer
composite exhibited maximum covered typical oxidation and
reduction peaks. The CV curves of the S1, S2, and S3 electrodes
clearly seen that all voltammograms have nearly rectangular in
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shape, revealing the perfect electrochemical capacitive behavior of
the Sb-CD/PVP/MnCQ;. All the curves of the electrode S1, S2, and
S3 show no obvious peaks, indicating that these electrodes are
charged and discharged at a pseudo constant rate over the complete
voltammetric cycle and the surface process that is the
adsorption/desorption of ions.

(L

F
KB Sk, 15.0kV 16.0mm X50.0k SE(M)

KBS 15.0kV 15.0mm X5.00k:SE (1) 1

Crosslinking

Sb-cd/PVP Sb-cd/PVP/MnCO,

Fig.2(al&a2) SEM and TEM images of MnCO;, (b1&b2)Sb-
CD/PVP, (cl&c2) Sb-CD/PVP/MnCO; and (e) Graphical
representation of Sb-CD/PVP/MnCO; composite synthesis.
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In contrast, an obvious distortion from the rectangular shape in the
CV curves for Sb-CD/PVP/MnCO; electrodes. This phenomenon
can be explained from the view of the ionic motion in electrolyte to
electrode solid phase. It is evident that mass loading of MnCO;
creates the different thickness of the electrodes and the S3 electrode
is much thicker than that of the S1 and S2 electrodes. In the range
of the applied scan rates, ions have enough time to reach the surface
of MnCO; for the electrode S1 and S2 for its thin thickness. The
absorption/desorption reaction can occur favourably. But in the case
of S3 electrode, it can be speculate that a longer distance of ionic
motion. Hence S3 electrode exhibits lower capacitance than S2
electrode. In addition, this substantial electrochemical performance
could be increased by sulfonated polymers, functional groups of
PVP, and these functional groups are creating electrochemically
active catalyst area on electrode surface. Also the presences of
polymers complement the metal ions in terms of boosting the
capacitance.*

Fig. 3. b shows the CV curves of S2 electrode at increased from
10mV/s to 200mV/s and this S2 composite exhibits no obvious
deviation rectangular shape, which could be attributed to the
influence of pseudocapacitance with MnCO;. The area in the CV
curve of the composite electrode shows an incredible improvement
compared to electrodes with MnCO; and Sb-CD/PVP alone. The
reason for charge storage in the prepared composites explained by
two mechanisms, one is the adsorption-desorption and other is
intercalation-deintercalation of protons and/or alkali metal ions on
the surface of the oxide respectively. From the MnCO; with
concomitant reduction-oxidation of the Mn ions.*” *® The oxidation
state of Mn in MnCOj; is +2, so the possibility of charge storage by
the second mechanism is very improbable. However, high
capacitance may also be obtained by increasing amount of MnCO;
particles.

Nyquist plots of the MnCO;, Sb-CD/PVP, and the S1, S2, and S3
composites are shown in Fig 3(c). All the plots show a semicircular
arc in the high-frequency region and a straight line in the low-
frequency region. The diameter of the semicircle in the high-
frequency region is attributed to the charge-transfer resistance of the
electrode (Rct). There are several accumulated polymers noticed on
the external surface of composites electrode as exposed in the SEM
and TEM. These accumulated Sb-CD/PVP polymers on the outer
surface decrease to contact with the electrolyte fully. The interaction
between the aggregated polymer composite and electrolyte is weak
that it makes few contributions to charge accumulation. Moreover,
the accumulated polymer on the outer surface may plug up the pores
and block the diffusion of electrolyte, which prevents the interaction
of active material with the electrolyte. This may increase resistance
effects in this composite electrode at high frequency region. The
straight line in the low-frequency region arises for S1, S2, and S3
due to the pseudo capacitance (Cp). The high-frequency intercept
with the real axis is related to the equivalent series resistance (Rs),
which contains the resistance of the bulk electrolyte solution, the
inherent resistance of the active material, and the contact resistance
at the active material/current collector. The steep slope corresponds
to efficient ions penetration between electrode and electrolyte.

This journal is © The Royal Society of Chemistry 2014
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In the equivalent circuit, a solution resistance (Rg) is connected in
series with a double layer capacitance (Cpp), and the Cpp is
connected in parallel with the charge transfer resistance (R.) and
pseudocapacitance (Cp).
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Fig. 3(a) Cyclic Voltammetry of S1, S2 and S3 electrodes, (b) Cyclic
Voltammetry of S2 with increasing scan rate, (c) Nyquist plots of the
impedance spectra, (d) charge-discharge curve of composites and (¢)
Cycling performance and (f) Specific capacitance for S1, S2 & S3
composite electrodes.

The parallel R and Cp configuration accounts for the semicircular
feature, while Cp accounts for the steep line. For supercapacitors, the
majority of the capacitance is available only at low frequency, so
attention should be paid to keeping the impedance data in this
range.* The charge-discharge curves of the S1, S2 and S3 composite
electrodes exhibited pseudo capacitance performance as, since they
deviate from linear shapes, as shown in Fig 3.d. This can also be
confirmed from the skewed triangle shape of the charge-discharge
curves of composites and the increased discharge time compared
with the symmetrical triangle of the curves with limited discharge
time for composite electrodes. The capacitance could also be
calculated from the galvanostatic discharge curves using the
following equation 6.

J. Name., 2014, 00, 1-3 | 5
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Where I (A) is charge or discharge current, At (s) is the time for a
full charge or discharge, m (g) indicates the mass of the active
material, and AV represents the voltage change after a full charge or
discharge.”” The MnCOj5 exhibited 126.2Fg™ of capacitance and the
S2  (Sb-CD/PVP/MnCO;) composites possess the highest
capacitance of 202.6Fg”'. Moreover, these types of composites
conserve a minimum 65% from their initial capacitance (Fig 3.¢).

The intended specific capacitance (SC) decreased with increasing
scan rate (Fig 3.f). At low scan rates, the ions from the electrolytes
have enough time to adsorb/desorb at the inner and outer surfaces of
the active material. At higher scan rates, the ions access only the
outer surface of the active material due to the limited accessible time
from the electrolyte. Hence, low SC is observed at high scan rates.
From these results, it is confirmed that when the scan rate increases,
the capacitance of all samples decreases, and in the high frequency
region, the supercapacitors behave like a mild resistor, which
indicates that the electrolyte ions cannot penetrate into the
micropores under increased scan rates or high frequencies.

The corresponding supercapacitor was also fabricated in a two-
electrode system with [BMI][TFSI] ionic liquid as the electrolyte.
The S2 composite was mixed with carbon black, which was made
into a slurry with a few drops of poly(tetrafluorethylen). This was
coated on a nickel mesh and dried at 90°C. The CE was prepared by
coating S2 composite on FTO glass plate as in our earlier reports
(Fig. 4.b).** The DSSC was fabricated with a dye-absorbed TiO,
photo anode and iongel electrolyte* ([BMI][TFSI] ionic liquid with
KI and I,). The fabricated supercapacitor was parallel connected
with the prepared DSSC (Fig. 4.a). The fabricated cell was placed
under 1 sun solar simulator (Fig4.b & c) and the exhibited
efficiency was checked. The storage performance also analysed for
supercapacitor after cut off the light simulation (Fig.4d). The
schematic structure of supercapacitor and DSSC showed in fig.4e
and f.

The fabricated supercapacitor and DSSC cell was placed in an
electric oven at 25°C for 2 h for thermal stability analysis.*® The
temperature was increased as follows 25°, 35°, 50°, 75°, 100°C and
then cell was put in an electric furnace at150°C and 200 °C. The each
increased temperature analysed values were summarized in fig. 4g
and table 1with photovoltaic parameters of DSSCs.

From photovoltaic analysis the Sb-CD/PVP/MnCO; composite
polymer showed good catalytic activity. In the case of S2 counter
electrode exhibited a good short-circuit current density (Jsc) of 11.36
mAcm%; however, the fill factor is 68.2% and efficiency is 5.57%.
By comparison, the Pt counter electrode DSSC showed 6.71 % of
efficiency, which is nearly closed by the Sb-CD/PVP/MnCO;
counter electrode under the same conditions. The photovoltaic
results showed good catalytic activity as CE catalysts for the I3
reduction in DSSC. The Sb-CD/PVP/MnCOj; counter electrode has
S, O and N atoms in its structure, which may be help for the catalytic
activity. It also is clear that the host metal (MnCOs;) should be

6 | J. Name., 2014, 00, 1-3
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incorporated with the alien atoms (C, S or N) exhibit good catalytic
behavior distinct from the metal hosts and that their activity patterns
closely resemble those of Pt. The incorporation with PVP
heteroatoms also enhances the electro catalytic activity in the
counter electrode, which results in higher J, and FF, there by
resulting in higher conversion efficiency.

@ Currentcollector
/ Carbon

I black:

f Photo anode

Electrolyte Composite + dyé

Electrolyte
Electrolyte
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Page 6 of 8
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Fig.4.a. Fabrication supercapacitor combined DSSC for stability and
efficiency performance under solar simulation before solar light
simulation; (b) under light simulation; (c) cut-off light simulation
initial; (d) after 4 minutes cut off simulation and (e&f). Structure of
supercapacitor and counter electrode and (g) High thermal stability
analysis of S2 electrode.
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Besides the presence of heteroatom of PVP including nitrogen,
sulfonated B-cyclodextrin and carbon matrix are favor the adsorption
and subsequent reduction of triiodide. Also the co-doping of N and S
atoms enhanced the asymmetric spin density as well as the charge
density, which are responsible for the electro catalytic activities has
been reported that.

Table 1: DSSC performances of Sb-CD/PVP/MnCO; CE under 1
sun illumination

Samples. Jge Ve FF n
(mAcm?) (V) (%) (%)
S1(0.5wt% of MnCOs) 7.60 0.70 53.9 2.89
S2(1.0wt% of MnCOs) 11.36 0.72 68.2 5.57
S3(1.5wt% of MnCO;) 7.61 0.72 69.8 3.82
Pt 12.49 0.75 71.8 6.71

However it is also evident that the electronic structure of the host
metal (MnCOs3) should be modified by the alien atoms (i.e., C or N)
induced the electron transfer process, the direction (i.e., host metal to
interstitial atom or interstitial atom to host metal) and extent of
electron transfer has been debated. In addition, the catalytic activity
can be also affected significantly by the particle size, mass load and
crystal structure, etc., 44-47

Table 2: Comparison of high thermal stability of supercapacitor and
dye sensitized solar with literature.
High temperature operated Supercapacitor

Ref. Electrode Electrolyte Temp. Cap.
No. (W9) (Fg™")
This work ~ MnCO; [BMI][TFSI] 200 65
This work  Sh-CD/PVP/MnCO; [BMI][TFSI] 200 152
48 F-Polybenzoxazoles  Polyimide 250 31
49 RGO [BMI][TFSI] 200 50
50 SWNT TEABF,/PC 100 32
51 Activated carbon BuCN 80 125
52 Activated carbon [Pyrr][NO;] 80 117
52 Activated carbon [C,mIM][TFSI] 60 17
High temperature operated dye sensitized solar cells
Ref. Counter Photo  Electrolyte Temp. Eff.
No. Electrode anode (°O) (n%)
This Sb-CD/PVP/MnCOs3 TiO, Todine/ 200 3.9
work [BMI][TFSI]
53 Pt - (hydrogen TiO, lodine/ 120 4.8
hexachloroplatinate [DMPII]
(IV) hydrate)
54 Pt-( H,PtCly) TiO, lodine/ 120 1.7
acetonitrile
55 Pt - (hydrogen TiO, Todine/ 100 1.9
hexachloroplatinate [CEMim]
(IV) hydrate)
56 Pt- (Chloroplatinic TiO, Todine/ 85 5.5
acid embedded additives
Titanium plate)

[Pyrr][NO;]-pyrrolidiniumnitrate;[ C,mIM ][ TFSI]-1-ethyl-3-methy

limidazolium bis[(trifluoromethyl)sulfonyl]imide; BuCN-
Butyronitrile; SWNT-single wall carbon nanotube; TEABF,/PC :
tetracthylammonium tetrafluoroborate-polypropylene  carbonate;

[DMAp]2-(dimethylamino)-pyridine; [CEMim]5-chloro-1-ethyl- 2-
methylimidazole.

This journal is © The Royal Society of Chemistry 2014

Journal of Materials Chemistry A

Table 2 deals with the comparison of this composite value with
already reported. So far, no report was published in high temperature
supercapacitor combined with dye sensitized solar cell.
Hence the comparison report was tabulated separately for
supercapacitor and dye sensitized solar cell. Sb-CD/PVP/MnCO;
electrode used supercapacitor exhibited 152 Fg™' of capacitance at
200°C which shows a higher capacitance performance than the other
reported results. This composite CE also exhibited 3.9% of
efficiency at 200°C with DSSC application. From literature, high
efficiency of 4.9% at 120°C is already reported. But the operating
temperature is lower than our present report. And based on the
previous reports the Sb-CD/PVP/MnCO; composite electrode
showed some notable improvement in the performance.

Conclusions

In summary, we have successfully fabricated Sb-cd/PVP/MnCOj;
composite electrodes for a parallel connected supercapacitor and a
DSSC (CE). In this work we have used eco-friendly polymers as -
CD, PVP and a simple method introduced for high-temperature
electrodes with ionic liquid iongel electrolyte. The conductive
composite electrode with 1.0Wt% of MnCO; (S2) of has produced
efficient performance for supercapacitor and also good counter
electrode for dye sensitized solar cell. This electrode exhibited a
good photo conversion efficiency of 5.57% and a highest specific
capacitance of 202Fg" and this performance has maintained up to
25°C to 75°C. In high thermal treatment at 200°C, this electrode
retains 152 Fg™' of capacitance with 3.9% of DSSC efficiency. Also
the Sb-cd/PVP/MnCO; composite has exhibited 197.96 Whkg' of
energy density and 86.06kWkg™' of power density. This type of
composite may be suitable electrode materials as energy storage
devices in hot environment.
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