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ABSTRACT

Uniform and mesoporous carbon nanospheres (CN®) dr@at applications in many areas of
science like supercapacitor, catalyst, batteried amany more. This work describes
immobilization of iron on surface of CNS by sonioatmethod. Preformed CNS of average
diameter of 470nm, prepared by hydrothermal methwas used. A well-known

organometalic compound, tris-(1,10-phenanthrolina)- (1) sulphate was used for the
immobilization purpose. All the materials were dmwerised using UV-Visible

Spectroscopy, FTIR, SEM and BET surface area aemnlgs applicable. Three different
samples of CNS having varying percentage of iromewsynthesized. The samples were
further used in decolorisation of methylene blue dy absorption in dark and degradation in
UV light. The degradation decreased from 80% by l62XS to 64% by Fe immobilized CNS
but absorption of dye increased from 27% to 37.68%drk. The Fe immobilized CNS were
also demonstrated for super capacitor applicati@sselectrode andy@alue was best for

CNS patrtially immobilized with Fe.
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CHAPTER 1

INTRODUCTION

Carbon is one of the most versatile elements obger table. Its hybridization state and
atomic arrangement can lead to wide range of cat®Ewus structures having different
properties. The science of carbon is in demandaerfields of nanoscience, material science,
engineering and technology, due to its differemotaipic forms”. Graphite as named by
Abraham Gottlob Werner in 1789 comprises of inéiniayers of sp hybridized carbon
atoms forming a flat networ{Eigure 1.1). The material is an excellent electrical conductor
and used as electrode in electrical arc lamps. Dmanon other hand, is the hardest

allotropic form of carbon and most stable thermauyitally above 60K b&t.

Covalent bond
between
Carbon "~ carbon atoms

atom

Figure 1.1: Allotropes of carborfa) Graphene showing infinite layeis) Diamond
showing bonding of carbon atom.

Intrestingly, conventional occurring allotropic fierof carbon namely graphite and diamond
now has other additions as well. In 1996, Krotorl@ad Smalley were awarded nobel prize
for chemistry for the discovery of third allotrofim of carbon named fullererfigure 1.2

a). This hydrophobic highly conjugated electron defit substance was later made into
water soluble material that resulted into diversdatules that had potential applications like
artificial photosynthesis, surface coating, drugd agene delivery materials besides in
cosmeti€l. Before this,lijima, in 1991, reported synthesis of carbon nabes that had
layers of concentric cylinders ranging from 0.4-050n*" (Figure 1.2 b). Unique
physiochemical properties of the nanotubes madm itefficient material for adsorption,
catalysis, H storage and many more electronic applicatibhsRecently, Geimet. al.
reported spcarbon lattice of one atom thickness having honeyxstructure called graphene
1 (Figure 1.2 ¢). The material was a marvellous discovery becafige very basic naturé’.

For example, sheets of graphene could be stackéapanf each other to form graphite and if
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rolled up in one up in one direction around a eeriorm nanotubes of desired shapes.
Similarly, if the same material rolled up arouncegmoint in all the three dimensions could
give fullerenes”). Further work led to the discovery of flakes araharibbons®. All the

above materials due to their mechanical, electaadl thermal properties have applications in

sensing , solar cells, circuits, electrode matsriaght-emitting diodes and batteriés?.

Figure 1.2: Advancement in carbon nanomateri@sCqo Structure of fullerene@)
SEM image of carbon nanotub@s SEM image of graphene sheets.

Besides the carbon materials described above, mardwospheres (CNS) are recent spherical
concentric graphitic materials formed by pairing aarbon rings having pentagonal and
heptagonal shapé¥. Depending upon the conditions in which they amened their size
ranges from 50 nm and 1pas shown bSEM and TEM images iRigure 1.3.*%. Dangling
hydroxyl groups on the surface and their porousineainakes them another good catalytic
material for adsorption studies. Of all the nanarats discussed above CNS are known to
have enormous applications in optoelectronics, onees, gas storage and sensors,
heterogeneous catalysts and for encapsulatingyeties™.

Figure 1.3: Spherical shape of CN@) TEM image of CNS synthesised for 6[io$
Spheres are poros) SEM images of CNS at 1um.

The work presented in this thesis deals with maaighthe surface of CNS with complex of

organometallic iron complexes and their applicaasrsuper capacitors.
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CHAPTER 2

REVIEW OF LITERATURE

In the early 2000 scientists made use of nanospheeing functional groups and metals,
which were made by different types of polymerisatiechniques and further had great utility

in different fields as described in some of therlture references.

In the year 2000 Pathak and his co-workers madecdaded nanospheres which were
characterized by TEM and coupled plasma mass speetry (Figure 2.1). The material

served as a good catalyst for coupling reactiom fleck, Stille and Suzuk?'.

120°C
>»
oo+ bom{ ) o ) )

Figure 2.1: Pd-coated nanospheres used for coupling reaction.

Work has been reported in using Pt as a catalysiprfoduction of hydrogen gas from
methane and also directly from methonal for uski@h cell. However, Pt is an expense metal
and therefore Liangt-al in 2004 made use of Pt- hollow nanospheres to ma@nomical
and cost effective. The advantage was that Ptysatalith high surface area gave good

catalytic performance and its utilizatiBf.

In 2005 porous gold nanospheres were reportedhfar tise in cell imaging techniques by
use of fluorescent dye, propidium iodide (PI) teathanced the surface area for binding.
Besdies this, nanospheres are also used in vadthes applications like catalysis, drug

delivery, enzymes immobilization and many midfe
B Cw;O nanospheres film
Pt ware
Resistance
1 “I heater

bt Ceramic tube

Au electrode

Cu;0) nanospheres
,/ Au electrode

[pridhatoy

Ceramic ube

Figure 2.2: Image of gas sensors and thin film coated on it.
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Zhang and his co-workers in 2006 reported use afadisperse G and CuO nanospheres
for gas sensing applicatio@®igur e 2.2) 8.

The advent of CNS for use in above mentioned agiitios as described in chapter-1 above,
scientists discovered different processes for tiemdtion of CNS. Also, carbon being the
cost effective material is known to exists in véteaforms such as powder, fibre and
composite ™ and can be used for functionalization, immobil@at and absorption

applications.

Arc dischar ge process useshigh temperature generated by discharge arc sacéhnlabn atom

ejected from the anode and is accumulated as safltbn nanospheres at the cathgte

In chemical vapour deposition (CVD) volatile carbon precursor, when exposed to certain
conditions change to carbon nanospheres. Depenging conditions used CVD can be
achieved in different ways like direct liquid injen, atomic-layer of CVD, hot filament

process and so BH.

In laser vaporisation and plasma progression the carbon source in the presence of metal
catalyst is laser vaporized using a pulse of ligkd atoms and molecules within hot laser
plasma. CNS in this process are generated accotdlitige requirement as per choice of the

electrode.

Hydrothermal carbonisation produces hollow CNS with diameters of few micronishw
reactive surface and controllable void size. Glaassused as a starting material in presence
of anionic surfactants in hydrothermal process ihabrmally done at around 180 A large
number of carbon sources such as sucrose, cellWgiese, maltose, amylopectin, and starch

have been reported for the purp§se

Reduction method involves use of autoclave to produce CNS. Herdediht sizes can be
generated depending upon the concentration of ngskecursor. Reactant can be any carbon

material that is subjected to high pressure inuda elave under variable thermal conditions.

Shock compression method uses carbon source at high temperature, by dingolysis to

convert fullerenes to carbon nanosphéfes

Carbon nanospheres are in great demand today dilneitodiverse applications in various
fields. Some of different applications of the metehave been described in following

paragraphs.
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A highly stretchable conductive polymer compositecarbon nanotubes and nanospheres
was prepared by Sharef al. in 2010 (Figure 2.3). The material was used as chemically
stable dopants in high utility polyurethane maifiixuniformly a dispersed for&t. Also,
these nanocomposite polymers possessed both higlucivity and high elasticity which

lead to great application in high performance etatt circuit.

Step 1 o oo go
q Stm mg o o o [} o

Modified Carbon nanotube Carbon na l"‘ h /manospheres  Carbon nanospheres
m

Polyurethane |.l| spersed s
Step2
Sonication

Composite

Figure2.3: Manufacturing process of elastic conductive contpos

Further research in the field displayed use ofdwolcarbon nanospheres for the superior
capability sodium based batteries as an altern&ivdithium ion battiers due the low cost
and high natural abundance the mEfal Sodium ion uptake in the disordered form of carbo

showed a charge/discharge curve similar to théthoéim for a convenient usé>.

CNS were also used as adsorbent for removal oharseand selenate in de-ionization of
canals and well waters even at pH > 8. It was m@s$ahat presence of basic surface
functional groups, high surface-to-volume ratio @oedes formed during manufacturing were

facilitating the adsorbtion phenomiff&l.

Synthesized carbon nanospheres were developedinkjet-printed resistive layers and
sensors by Vig-al. in 2015. Impressingly, CNS appear to be rightpséeth material for the
development of accurate senséfs

There are also reports of oxygen reduction readipnitrogen, phosphorus and iron doped
carbon nanospheres with high surface area. Théysatiisplayed excellent electrocatalyic
performance with iron and phosphorus salts atutfase (Figure 2.4). It was rationalized

that increase catalytic effect was du@)@ynergistic effect which provides more sites f@ th

reduction reactiorb) presence of Fe on surface adigh surface aréd?.
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O@ FeCl,-6H,0
» (NH,),HPO,

SUIZA[oaAd

Figure 2.4: Image showing fabrication process (Fe) N-P/CNS.

In 2016, Wang and co-workers discovered that hywifigpmesoporous carbon nanospheres
have high drug-loading efficiency for a medicinedisn cancer therapy, doxorubiciigure

2.5). The results showed good efficiently of CNS to gieste the membrane tumour cells,

release drug and inhibit the growth of tumour céfls

Hydrothermal

. treatment
<

700°C, N,

MCNs

Resol + F127
H,O
\ o JJ\ 22
P \/\N ultrasound
a
HomM0, A "y
o o, o0 . i P
e DSPE-MPEG o * . "pox 0004 o
v v ~Co,
Cy 4
0:0% woo? 0,20k w0 0rp W

oMCN@DOX@PEG oMCN@DOX oMCNs
Figure 2.5: Schematic elaboration for synthesis, drug delivergdification on CNS
Zhanget. al. carried out semihydrogenation of phenylacetylem@lifferent solvents using
CNS immobilized with Pd nanoparticles introducedhwboth Fe and N as a catalysts as
shown inFigure 2.6 3%,
=
Semihydrogenation
ydrog -

Figure2.6: Semihydrogenation of phenyl acetylene.
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Gupta and co- worker used CNS supported with Ralysdt for synthesis of renewable

herbicide and chemicals as showrFigure 2.7 3.

0]
0]
o_  Stept BFMO\ Step2
H
(0] NaN3
0]
0] 0]
Step3
NzHMOH <—p N3\)WO\
H,, Ru-CNS
o o}

Figure 2.7: Synthesis of 5-aminolevulinic acid from methyllewaite.

A new material composed of amorphous PdP nanofeststipported on CNS was used for
the reduction of 4-nitrophenol. The catalysis wasried out with 95% efficiency and

reusability upto seven cycl¢gigure 2.8) 5.
N,O NH,

NaBH,4
catalyst

OH OH

Figure 2.8: Reduction of nitrophenol.

Taoaet. al. used N, P, S tri-doped hollow carbon nanosphei lagh-efficient bifunctional
oxygen electrocatalyst for rechargeable Zn-airdois(Figure 2.9) *3. NPSCSs composite

were synthesised using template-induced polymeaxwektstrategy

Electrolyte

Air electrod

Figure2.9: Schematic view showing the rechargeable Zn-ateliat (ZAB).
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Wang and his co-workers produced bifunctional gataland demonstrated the use of carbon
nanospheres as air electrode lithium-air battetresitu growth of C@O,4 on nitrogen-doped
hollow carbonnanospheres gave the desired catétgt could work upto 27 charge/
discharge cycles. However it stopped working &ftat due to the accumulation of discharge
products on the electroffd.

A multi futional - nanoporous carbon nanospheresewlermed by conversion of plant
polyphenol like tannic acid. Zinc content of CN&y#d an important role in its porosity. The
material was further used for sensing nucleic a@dants with high selectivity and low
detection limit and as an electrode materfabqre 2.10). The super capacitor material had

good capacitor retention capabilty and cyclic digh'.

Supercapacitor

oH .
(1] o e 8 ] (i ] i . 5.0
1 i i Y = . S o=
— 4 o | 1| ia k| D2 Alg
" - o il e S i..
i) e OH ®
i : " LU r_
e - h " / { el .
- ¥ f = o coordination
—d b ¥ i y carbonization
o, e 5 (_p-ou JS.‘-Lml‘ll} “ . Bossnsor
Iy | '_ ol (1T 0] [
|||1.‘_ o - n-“ ol T f.l'l 2 l)“” n(\ ‘
(1) {’
LIEL i n .
Zmgc-phenolic Nanoporous carbon
Tanmc acid coordination polymer sphere

Figure 2.10: Schematic diagram CNS formation and its application

Song and his co-workers used carbon nanospherehadsorbed Ag from drinking water
production and this catalyst is cost effective.f&e of CNS was enriched with -OH and —
COO functional groupsby using NaOHfor activation. Tdesorbed Ag can be recovered by
treating with dilute acid solution and CNS is agaativated by treating with NaO#d.

Work describes in next sections demonstrates inirpation of iron, in different ratios, on
the surface of pre-prepared CNS by sonication nietiging a well-known organometalic
compound, tris-(1,10-phenanthroline)-iron (II) sudpe follow.ed by its application for dye
degradation and for super capacitor as electroderrak
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CHAPTER 3

MATERIALSAND METHODS

Chemical: All the chemicals used were purchased differentsuwere of 98% purity or

higher. 1,10-Phenanthraline, FeSmd ethanol were purchased from Sigma Aldrich,aAvr
Chemicals, and Spectrochem Limited respectivelyulib®distilled water was used for all the
dilutions and washings. It was obtained from datibn glass apparatus installed in the

School of Chemistry and Biochemistry.

Instrumentation: Characterization of synthesised product was donmguslifferent

instruments. Scanning electron microscope, SEM [JEXSM, 6510LV, SAI Labs, Patiala,
India), FTIR (SAIF, Punjab University, Chandigarmdia) with KBr matrix, UV-Vis

spectrophotometer (Hitachi, U-3900H, SPMS, TIETt{ida, India) and BET surface area
analyzer (SCBC, TIET, Patiala, India) was used diferent analysis of the CNS or the
supernatants to determine size, morphology, t@myr, pore volume and functional group
presence etc. The centrifuge machine (ThermofiSweentific) and the sonicator (Branson

3510) were used for collection & dispersion of vas CNS samples.

Synthesis of Carbon nanospheres. Uniform, monodispersed CNS synthesized from sucrose
through hydrothermal process were obtained from sK&b, School of Physics and Material
Science, Thapar Institute of Engineering and Teldgy Patiala. SEM, BET isotherm and
porosity of the material were already known as showrigure 3.1 below.

Synthesis of tris-(1,10-phenanthroline) iron (I1) sulphate: 1,10-Phenanthroline (400mg,
2.2mmol) was taken in a 100 ml round bottom flaséd adissolved in ethanol (5mL) using a
magnetic stirrer. After 10 minutes iron (lll) sufdk (606 mg, 3.9 mmol) was added drop
wise to get red coloured solution that was preaipd using dropwise addition of cold
ethanol (10mL) . Filtration of the red colourede@pitates using Buckner funnel and
vacuum gave solid powder that was dried in hotoagn at 78C for 16 hours. The red
coloured powder was characterized using FT-IR avWeMisible spectrophotometdrFigure
41bandC).

Synthesis of iron immobilized CNS: Immobilization of Fe on carbon nanospheres. Two
stock solutions one of CNS and other of above ®gitled tris-(1,10- phenanthroline) iron

(1) sulphate were prepared .

For CNS stock, distilled water (1ml) was added @mng of CNS and sonicated for half an
hour to make them homogenously dispersed.
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For Fe-1,10-phenanthraline complex, stock (178nigh® complex was dissolved in 30mL
of distilled water to get a concentration of M. Further dilution of the stock gave a
concentration (16M ) of Fe-1,10-phenanthraline that was used fa inmobilization.
Three different reaction mixtures of samples Fe2CRSCNS, and Fe1l0CNS were prepared
as shown inmmable 3.2 and sonicated for 1 hour to get the iron immobdion the surface of
CNS.

After cooling to room temperature the mixture wantafuged to settle the product and
supernatant removed using pipette for UV analysisnobilized CNS were dried overnight
in hot air oven at AT and characterized using FTIR, SEM-EDX and BETiamer area
analysis. Supernatant was also analysed for theepce of complex or other products using

UV-Visible spectrophotometer.

Photocatalytic activity of CNS: Nano material can act as catalyst and speed upho®
reaction in presence of light (Ultraviolet, sunligis an important property of photo catalysis.
Photo catalytic activity depends on ability of aatgst to create electron-hole pairs. CNS was

used to degrade methylene blue as a contaminaet URg Visible light irradiation.

. u— 50075
u: [ ]
- |
1 |
‘?15-
d
1 {'_--"" e
2 p‘rpo g Ll
o # Mean pore diameter | 11.91 nm
g L Total pore diameter | 0.03 éfg
200010— .
W
s B VAN BET surface area 10.91g

T T T T T T T T 1
0 10 20 30 40 50 B0 70 80
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Figure 3.1: Characterisation of carbon nanosphayeSEM imagé’b) N, adsorption and
desorption isotherms of bare-CNppore size distribution of bare-CNS.
Table 3.1: BET results of bare- CNS.

S.No. SAMPLE ID STOCK CNS STOCK OF DISTILLED

Fe-1,10-phenanthraline WATER
complex (10 M)

1. Fe2CNS 100pL (2mgQ) 10pL 890 pL
2. Fe5CNS 250 pL (5mg) 10pL 730 pL
3. FelOCNS 500 pL (10mg 10pL 490 u

The experiment was performed in photo reactor whitsisted of a cylindrical glass vessel
in presence of UV light. 1 mg of CNS as a catalyas dissolved in 50 mL of methylene blue
(Img in 1L of water) stirred for 2 hours. A secas®t of experiment was also performed in
dark by simple stirring at room temperature. Atempletion of time CNS were separated
from dye solution using centrifuge machine. Theogbson spectra of methylene blue dye
was observed at 664 nm by UV- visible spectrophetem

Electrochemical Capacitance measurements. The electro catalytic capacitance
performance of the Bare-CNS, Fe2CNS, FelOCNS incbasdium was done by using
standard three electrode setup in a Bio-Logic ER $8300. The reference electrode use was
saturated calomel electrode with the platinum asntr electrode and a glassy carbon
electrode loaded with sample as the working eldetroThese electrodes used for
electrochemical studies were immersed in 0.5 M KeHitions. Prior to the actual
measurement, for the removal of contamination an ghrface, the pre-treatment of the
working electrode/sample was done by cycling theeqmal between -2.5 V to 2.5 V (sweep
rate of 20 mV/s for 30 cycles) which led to catalyactivation and electrochemical current
stabilization. For the determination of the electremical capacitance, the recording of the
cyclic-voltammetry (CV) was done in the range ob\2to 2.5 V at different scan rates (5-
200 mV/s). G Calculations were done for current densities @\O.

Electrode fabrication: For the preparation of the working electrode, stdared sample
(~1.0 mg) was dispersed in ethanol (250 pL) anddi@&l117 (Sigma Aldrich; 40.0 uL)
through ultra sonication (30 min). After that 2D dispersed solution was drop-casted on the
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cross-section of GCE (A = 0.07065 cng2= 3 mm) and dried overnight at room-temperature

providing the catalyst loading ~ 0.976 mgfcm

Attempted synthesis of aniline from nitrobenzene (Figure 3.2): CNS were used as catalyst
for reduction of nitrobenzene. Reaction was caraetin an eppendrof, round bottom flask,
pressure tubes using different solvents and readgentreduction. Reaction was performed
using CNS, FelOCNS (2mg) which was first sonicatedhat CNS gets disperse in solution.
Table 3.3 showsuse of different reducing agents and conditionsiegpo for the completion
of attempted reaction reaction.

NO, NH,
FelOCNS

Conditions

Figure 3.2: Attempted synthesis for Aniline.

Table 3.3: Trail reaction for synthesis of aniline using dréfat solvent, reagents and at
varying reaction conditions.

S.NO. REDUCING SOLVENT CONDITIONS | TIME | REMARKS
AGENT

1. NaBH, Water Thermal 12hrs HCI
(2mg, 0.05mmol) + Zn(NGy),

2. NaBH, Ethanol Sonication 2hrs Zn(NR
(9mg, 0.23 mmol)

3. Hydrazine Water/ Sonication 7hrs -
(10uL, 0.5 mmol) DMSO

4. Hydrazine hydrate¢ Acetonitrile/ Thermal 18hrs -
(10uL, 0.5 mmol) THF

5. Hydrazine hydrate¢ Acetonitrile Sunlight + 8hrs -
(10uL, 0.5mmol) Stirring

6. Hydrazine hydrate Acetonitrile | UV- photo reactor 12hrs -
(10uL, 0.5nmol)

7. Hydrazine hydrate¢ Acetonitrile Thermal 18hrs| + NiCl +1,10|-
(10uL, 0.5mmol) phenanthroline
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CHAPTER-4

RESULTSAND DISCUSSION

This section describes synthesis and characteneati iron carrier complex of 1,10-
phenanthroline with Fe(ll), followed by immobilizan of iron on CNS. Later part of this
chapter describes the application of synthesizetmaafor methylene blue dye degradation

and this use as a supercapacitor.

4.1 Synthesis of tris-(1,10-phenanthroline) iron (11) sulphate complex: The complex was
synthesised by known meth88. (Scheme-4.1) Ligand 1,10-phenanthroline was dissolved
in ethanol and an equivalent amount of iron sukphdissolved in water added dropwise.
Appearance of tris- (1,10-phenanthroline) iron @gmplex confirmed its formation. The
complex was precipitated by addition of excess thiaeol to be solution, followed by

filtration using vacuum and drying in oven af@Cor 18 hoursKigure4.1 a).

é:;f - \ . Feso, Ethanol
N H.0O
. / iN_ -/ mn H

606 mg

1,10 phenanthroline

400 mg Tns(1.10 phenanthrolinehroniin)

651mg

Characterization of tris- (1,10-phenanthroline) iron (1) complex: was done by FTIR and
UV-Visible Spectroscopy. Appearance of a distingats band at 500 nnfigure 4.1 b) in
UV — Visible spectroscopy due to charge transfenglex confirmed the formation of tris-
(1,10-phenanthroline) iron (II) complex. ResultiBf spectra also corroborated the formation
of product. The signals at 1200-1025 tn480-1660 cm, 620.7 cr for C-N, C=N and
SO;” respectively indicated the presence of ligand@ndhter ion for Fe(ll).
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Figure4.1: Synthesised tris-(1,10- phenanthroline) iron(iiingaexa) Red colour
powderb) UV spectra showing peak of complex at 500 nm.
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Figure4.1 c): FTIR spectra of 1,10P

C-N 1200-1025 nm
complex.
Table4.1: Functional groups and there ]
corresponding peaks present in FTIR C-H (Bending) 680-860 nm
spectra.
SOs” 620.7 nm

4.2 Synthesis of Fe immobilized CNS: Kumar et-alhave reported immobilization of Iron —

bipyridyl complex on graphene oxide surface andugs for photocatalytic reduction of
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nitrobenzene. A similar procedure for the immolaitian of iron on CNS was followed with

slight modification in this case.

For immobilization of Fe the 1uM solution/dispersiof Fe-1,10- phenanthroline in water is
prepared by sonication for lhour. Three differeamples namely Fe2CNS, Fe5CNS,
FelOCNS were prepared by addition of 2mg, 5mg, 1@h@gNSsin 1mL of Fe-1,10-
phenanthroline dispersion respectively followedlblgour sonication. The samples after the
immobilization were centrifuged to remove the suapé&int and leaving behind a black solid
mass consisting of CNSs at base. The solid masaimerg was dried overnight in hot air

oven and the black mass obtained was charactaarmtdsed further.

The supernatant in each case (as showiguare 4.2) showed change in colour intensity due
to different quantities of CNSs taken initially. FBECNS sample supernataiidured.2 (c))
was completely transparent as compared to Fe2CNISFaBCNS samples indicating the
absence of any Fe-1,10- phenanthroline complexpemmatant. It can be inferred that higher
available concentrations of CNSsthe Fe-1,10- phtanaline complex available in the
dispersion completely breaksdown since more areaasable for Fe immobilization. While
for lower concentration of CNSs even after compiatenobilization of iron on the added
CNS were left with residual quantity of the complékis conjecture has been confirmedby
theUV-Visible spectrum (Fig 4.3). Adsorption at 50® shows decrease in concentration of
1,10 phenanthroline complex as the amount of CN&ase. The adsorption band at 340 nm
for free 1,10-phenanthraline shows maximum adsamptor Fe10CNS indicating that Fe-
1,10- phenanthroline complex has been broken d&fi.ions peak was maximum in case

of FeE10CNS and least in FeE2CNS shows that compieaks as we increase the CNS

concentration.

This is also supplemented by peak at 500nm for,E@-fpthenanthraline complekigure 4.3
(c) shows maximum intensity for native Fe-1,10-P comptdlowed by for the supernatant
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of Fe2CNS, indicating its presence in 2mg samgter Fe5CNS and FelOCNS, 5mg and
10mg CNS samples this peak touches baselines tmdjcabsence of any Fe-1,10-

phenanthraline complex.

——1:10 M| wS T
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o R
P —1i0P
\ | — 110P N NS —1:10
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Figure 4.3: UV-Visible Spectra of supernatant showing decreases-(1, 10-
phenanthroline) iron (II) complex and increase é' s the complex breaks.

FTIR Analysis. Figure 4.4 shows comparable IR spectrum for iromahilized carbon
nanospheres. It can be seen that native CNS withoytimmobilization of iron show
minimum transmittance while Fe2CNS having minimumoant of CNS (2mg) and thus

maximum immobilization of iron display maximum tsamittance.

It can be inferred that adsorption of IR radiatihich is reciprocal of transmittance, is
maximum for bare organic CNS and is minimum for EN& because of its surface
completely covered by the metal species. The atlearfor Fe5CNS and Fe1l0CNS samples
lied in between these two extremes indicating shiaface of these CNS samples was partially
covered with ironTable 4.1 shows characteristic functional group presenthensurface of

CNS with their literature values.
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Figure4.4: FTIR spectra showing difference in absorbancear@bCNS and Fe
immobilised CNSTable4.2: FTIR values of CNS.

SEM and EDS Analyss. Figure 4.5 shows SEM image of spherical CNS synthesized
having approximate size of 470nm by hydrothermathoe™"" There was no change in the
morphology of CNS after immobilization of iron oo their surfaceFigure 4.5(a) and
4.5(b) shows SEM images of Fe2CNS and Fel0OCNS having saimzical morphology as
native CNSFigure 3.1 (a). EDX data shows the composition of the sample.

Y .y
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Figure4.5: a) SEM image of Fe2CNS.
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Figure4.5: b) SEM image of Fe10CNS.

Figure 4.6 (a) & (b) shows the percentage of irée)(in both FeE2CNS and FelOCNS
samples as 0.37 and 0.07% respectively. This eontordance with the conclusions drawn
from IR data that is Fe2CNS samples have high prencentage than Fe10CNS samples due
to increased ratio of CNS : Fe-1,10-phenanthraioeplex in case of former (2:1) as

compared to later (10:1) during their preparatigrsbnication.

ELEMENT | WEIGHT | ATOMIC
% %
C 75.90 80.90
@) 23.73 18.99
ul Sca:e 4246 ;s Cursoar: D.UUU4 i E ? ’ 9 ! " " k:jf Fe 0 . 37 O . 09
Spectrum 2
ELEMENT | WEIGHT | ATOMIC
% %
C 71.83 77.29
O 28.10 22.70
Fe 0.07 0.02
ull Scale 5534 cts Cursor: 0.000 ke

Figure4.6: EDS Dataa)Fe2CNSb) P-Fe1l0CNS and able 4.3: Elements present in

sample.
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BET analysis.Figure 4.7 (a) & (b) shows MNadsorption — desorption isotherm and the pore
size distribution for the Fe2CNS sample. The amslgione using BJH method showes
increased surface area ~17.8grand a decrease in mean pore diameter ~10.77drtotai
pore volume ~0.0047city as compared to bare-CRSThese results clearly support our

earlier conjecture of immobilization of Fe ions GNS surface.
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Figure 4.7: a) N, adsorption and desorption isotherms of as prefee@@CND)
pore size distribution of prepared Fe2CNS.

4.3APPLICATIONS

Decolorization activity of CNSfor MB dye: CNSs can be used for decolorization of the
MB dye solution either by adsorption in dark ordsgradation in the presence of UV light.
The bare CNSs result in decolorization of 29.1%ank and 80% in the presence of UV
light.

The decolorization of MB dye solution in the daHow/s enhancement for the Fe adsorbed
samples: 35% for Fe2CNS and 37.5% for Fel10CNSh&adsorption of Fe is enhancing the
MB dye adsorption on to the surface of the CNS4.f8utoo large a coverage as in Fe2CNS
it falls off. This indicates that there is an opgintoverage by Fe for which the MB dye
adsorption will be maximum beyond which it stadslecrease.

Under the UV light, addition of Fe2CNS and Fel0Qid8ults in 62%, 64.5% decolorization
of MB dye solution. CNSs act as a catalyst for ddgtion of methylene Blue dye by creating
electron hole pairs which lead to oxidation of tthge. The decrease in decolorization
efficiency of may be due the presence of Fe onstiréace hindering the electron hole pair

generation/mobility.
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Figure 4.8: Showing decolorization of Methylene Blue in darkdamder UV light.

Electrochemical study: The bare-CNS, Fe2CNS and FelOCNS are used as gorkin
electrode in 3-cell configuration to determine tHeliectrochemical double layer capacitance
(Ca). Figure 4.9 shows cyclic voltammetry results for Fe10CNS otedifor different rates

(5 mV/s — 300 mV/s). This is representative fortlaél samples.

Figure 4.10 (a) gives the comparison of CV(at dE/dtof 11 mV/) fiee 3 samples bare-CNS,
Fe2CNSand FelOCNS. The data clearly shows thaiutiiment densities are enhanced in case
of Fe1l0OCNSsampldrigure 4.10 (b) clearly shows that Fe10CNS has much highgra€
compared to bare CNS able 4.4).

" Table4.4: Calculated G
] value for samples.
0.2 A

01 SAMPLE Ca

$ ool (mF/cm?)

S 01 Bare-CNS 0.337
N Fe 2CNS 0.278

FelOCNS 8.75

-0.3 -

— 200mV/s
0.4 4 —— 300mV/s
T T T T T T
0.3 0.2 0.1 0.0 0.1 0.2 0.3

E(VvsSCE)
Figure 4.9: Graph plotted between potential and current dgnsitowing CV when
FelOCNS is used as working electrode.
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Figure 4.10: a) Graph plotted between potential and current dgmssiowing comparison of
voltammetry cycle between Bare-CNS, Fe2 CNS andEBIE. b) Cy fits for all the

samples.

An interesting result to emerge from these exparisiés that initially the presence of Fe
enhances the {Cbut for a very large amount of Fe th@v@lues actually decreases and even
become lower than the bare samples (for Fe2CNS$. imticates that there is an optimum

value of Fe coverage for enhancing thg @lue beyond which the Fe actually deteriorates

the capacitance of the samples.
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CHAPTER 5

CONCLUSION

Red coloured tris-(1,10-phenanthroline) iron(lhgaex was prepared by dissolving FeSO
and 1,10 phenanthroline in ethanol. The complex fuather used to immobilize iron on
carbon nanospheres by sonicating the solution foour at room temperature, which led to
formation of Fe2CNS, Fe5CNS and FelOCNS. BET sarémea analysis displayed increased
surface area and pore size as compared to bare TINS.material was then used for
decolouration of methylene blue dye (MB) solutioattb by adsorption in dark and by
degradation in the presence of UV light. The decodtion of MB dye solution in the dark
shows enhancement for the Fe adsorbed samplesf@3B€2CNS and 37.5% for Fe10CNS
but for large coverage of iron it falls. Under td¥ light, addition of Fe2CNS and Fel0CNS
results in 62%, 64.5% decolorization of MB dye s$iol. The degradation of dye was less in
case of iron immobilized CNS as fewer amounts ettebn pair are generated. Prepared
samples were used in electrochemical studies asngpelectrode for supercapacitory Gts

for all the samples were plotted and highest valias in case of Fe1l0CNS as Fe was

providing extra charge which will lead to increaseotential and CV.

SCOPE IN FUTURE

The immobilization of Fe is needed to be done orS@\ varying the concentration of tris
(1,20phenanthroline ) iron(ii) sulphate complexg &m determine the optimum coverage the
Cq value is highest. New metal complexes are neemlbd synthesised which can be further
used for immobilization on CNS. There is a neelriow which metal immobilized on CNS
results in the highest enhancement gf@harging and discharging curve of sample have to
be performed and to check the value of capacitahgeseudo capacitor and Electrochemical

double layer capacitator individually.
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