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ABSTRACT

Carbon nanospheres (CNS) find applications in mam@as of science like batteries,
adsorption of metal ions and organic dyes and maong. Due to presence of dangling
functional groups on its surface, includingefrhydroxy group, there is a possibility to

tag these materials with useful organic compouhds Will enhance its application in
different fields. For example, compounds with aatierial properties can be tagged on
to the surface of CNS to create antibacterial seddhat can be very useful in the
development of new materials that will fiagplications in surgery and hospitals. This
work shows the tagging of a diphenyl ether on thdase of CNS by two methods.
Product obtained using both the methods were cteairaed using UV-Vis spectroscopy,
Fourier Transformation Infrared Spectroscopy (FTIRnd Scanning Electron
Microscopy (SEM). Results indicated change in therphology of the CNS after
tagging at lower concentrations of CNS and diphetiger. Corresponding results were
corroborated with FTIR and UV-Vis spectroscopy also
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INTRODUCTION AND LITERATURE REVIEW

Michael Faraday in 1857 reported the formation ofidgsolution that when illuminated,
reflects a golden character due to its minuteniegfused gold, as it was then termed, in
the solution was reported to be present in aburedaompared to quantity of the solid gold

A century later, after the investigations on #&l@t microscope, average diameter of
diffused gold was determined to be (6+2) 2nrilater, after the discovery of high-resolution
electron microscope the range of these diffusetiges was found to be between 3 to 30
nm 3. Thus, the era outlined above, formed detrimewpésrs of the world that was to

explode a century and half later to create a nendir of science called nanoscience.

Macroscopic Mesoscopic Microscopic

——*OCC)DCS) — 09, —

Bulk Metal Metal Colloids and Nanoparticles  Atoms and Molecules

Figure —1: Different organization of matter obtained aftergireentation of bulk metal
to mesoscopic and to microscopic levels.

Edwards et. al. described the mechanism for thedbon of microscopic particles from
the macroscopic particlggigure —1)4. The explosive development of gold nanoparticles

included their application in many fields. For exade; Haruta et al., reported that
nanoparticles of gold of 2-4 nm diameter, if diggel on metal oxides such as®eand
NiO, could catalyze the conversion of poisonou®oarmmonoxide gas into its constituents

even at subzero temperatusr.e"ﬁhe discovery, if implemented, could result ianbendous

load reduction of carbon monoxide, due to vehicalad other emissions, on earth. Later,
same and many other interrelated phenomena wererwos with native gold

nanoparticle%?
Although gold nanoparticles were the first to beerved and find use, applications of other

metal nanoparticles also revolutionized world. Zoxde, which is an essential ingredient
of many enzymes and other biological processes,nwtmnverted to corresponding

nanoparticles could be used in sun screens dumntef's wide bandggpSimilarIy, these

very nanoparticles get activated by light to diéusto the bacterial cell wall for their
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application as antimicrobials It was also observed that antimicrobial activitgreased
with increase in surface-to-volume ratio due tceardase in the particle size of zinc oxide

nanoparticle]S0 as shown irFigure 2.

Figure-2: Zone of inhibition created by ZnO nanoparticlesiasfaa) Escherichia coli, b)
Saphylococcus aureus, ¢) Pseudomonas aeruginosa, and d)Bacillus subtilis.

Magnetic iron oxide (F®s andy-FeOs) nanoparticles have low toxicity, super-paramaignet
properties and high surface to volume ratio. Thedeantages along with the advantage of
simple synthesis and the separation allow their insdiagnostics like magnetic resonance

imaging (MRI), thermal therapy, and drug delivé%yGupta et. al. in a review have extensively
discussed the surface modification of magnetic partizles and its effect on the stability and
magnetization. Their biomedical applications havso éeen discuss&d Figure-3 below

shows TEM images nanoparticles prepared by twedifft techniques.

- . ; 4 =24 - 4
s A Eind ¥ 4 5 Haoe A A

Figure- 3: TEM images of magnetic nanopatrticles prepare¢bbipulk solutions(b)
reversemicelle method

Besides gold, silver, iron and zinc nanopartictd;a was also one of the earliest materials

that found applications in many industrial fieldels as additives in the drugs, cosmetics,
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printing toners and various packaging materialsweicer, their potential toxicity is still a
matter of concern for many applications. Pompatugrfrom Italy carried out systematic in
vitro experiments to study biological impact of Si@anoparticles Kigure- 4) of three

different sizes (115, 60 and 25 nm) with as manfiwascell lines. No detectable cyctotoxic

effects in all the cell lines were observed up tmacentration of 2.5 nM. Beyond that, uptake

by the cell was dependent upon size but was inadkEperof the chargleB.

Figure - 4: Confocal images of cells treated with quantum dojsed SiQNPs of 25nm
(10nM) for 48 hLeft: Nuclear stainingCenter: QDs fluorescenceRight: merged image
(Scale bars: 10 mm)

One of the important land marks in the nanoscieve® the discovery of fullerenes. In fact, in
the carbon-based nanomaterials, bucky balls -exfutlerenes are usually named, take the first
place. Kroto, Curl and Smalley were awarded 1996a\@rize in chemistry for this discovery
that had potential applications. Earlier attemptsdnvert this hydrophobic, highly conjugated
electron deficient substance into water solubleeniglt resulted into diverse molecules that
have applications as antiviral compounds, photdtees, antioxidants, drug and gene delivery
materials besides many diagnostic applicaﬁgnm fact, the discovery of fullerenes led to the
discovery of carbon nanotubes when lijima, in 19@hile working with fullerene shoot
reported a new material, now known as nanotubashidd layers of concentric tubes (in micro
scale). The discovery revolutionized the fieldsetéctronics and preparation of mechanical
devices due to its strength and many other pragselike easy emission of electrons, sensors

and capability to store gaseous substafic@his was followed by discovery of honeycomt% sp
carbon lattice of one atom thickness named graplﬁeﬁhraphite, although being known for

more than five centuries has layered structurem@ei al discovered graphene shedfsthat

further led to discovery of graphene flakes,
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nanoribbon%g, and controlled (three dimensional, two dimensiama single dimensional)
graphene sheetd. Of late this material due to its unique propesrﬁasle’ 18 wide utility in
uItra—capacitorlse’ transistors, field emission sensors (gas and hiajhsparent electrodes

and in lithium- ion batteriéS. Figure -5 below shows the evolution of carbon-based
nanomaterials from fullerenes to graphene.

A €—— LiFePO,/C

-

Figure -5: Evolution of carbon-based nanomateriagst: Unique structure of fullerene

Center: SEM image of cnft Right: Single layered sheet of graphene as commercially
available today.

The tendency of carbon to form carbon-carbon dobbled network is the central theme
that forms molecular basis for all the above memtbthree types of materials and carbon
nanotechnology. These materials originally or bgaking their molecular rearrangement
can form very diverse materials that have featlikedight-weightiness, variability of the

structures (like tubes, onions, cones etc.), camuyEroperties (conducting, insulating as

well as intermediary properties) and thermal cotidilyle.

Carbon nanospheres (CNS) are another class of lusafhomaterials that have been
reported in many applications recently. These nama®s result from the pairing of

carbon rings having pentagonal and heptagonal s%zap[eepending upon the conditions

of the synthesis CNS can have sizes ranging fronM5@ 1uM. Figure- 6 below shows
SEM and TEM images of carbon nanospheres where dheyresent as agglomerated
spherical bodies, rather than discrete entities tduleigh surface activity as a result of
dangling bonds on to their surface. Actually, CN8ravsynthesized accidently by two
major routes. Hence their fabrication can be cdrogt either by decomposition of carbon
at high temperatures or pyrolysis at low tempegstur
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Figure — 6 (a) SEM and(b) TEM images of carbon nano spheres

Methods described below are some of the prevadires for the synthesis of CNS:

(i)

(ii)

(iii)

(iv)

(v)

(vi)

Arc- discharge processinvolves use of high temperature generated by
dischargearc, carbon electrode (negative) that itself suéino provide solid
CNS at the positive electrode.

Laser vapourization and plasma progressioruses vaporization of a carbon
source in the presence of a metal catalyst usirajedeplasma using laser
pulsation to vapourize the target. CNS, in thiscpes can be obtained as per
requirement using the choice of electrode.

Shock compression methodises a carbon source at high temperatures, mostly
the fullerene powder, to grow CNS.

Chemical vapor deposition:A volatile carbon precursor gets changed insolid

carbon. Out of many sub- categories, injectingnit&al chemicals is direct.

Methods involving autoclavesare very useful in controlling the size of CNS.
Reactantsany carbon compound, are subjected to high pressuan autoclave
at variable thermal conditions to CNS. The conaitn of carbon precursor
can be used to fully control the size of material.

Carbonization is used as a carbon precursor in the solution forfarms cNS?

Many researchers have carried out surface fundizati@n of CNS with an objective to

increase its charge holding capacity, enhance wgatability and many sensor applications.

This includes both electrochemical and organic watlogies. One of the organic

methodologies that included enhancing charge hgldiapacity has been shown in

Scheme-1below.
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Scheme-1Part of the scheme to carry out surface functiaatibn of CNS with an
objectiveto increase its charge holding capacity.

We envisaged carrying out surface functionalizabb@NS with an objective to tag with
organic molecule that has antibacterial and iosisgrproperties. Aryl ether molecules are
known to be antibacterial due to their ability mdibit fatty acid biosynthesis. Starting with
triclosan(Figure -7) a number of them have been synthesized by varesesarch groups.
Aryl ethers are also known to interact with Tragsthin (TTR), a protein susceptible to

fibrillogenesis, preventing the cause of pathoge%ﬁsChhibber’s group has shown the use

of diphenyl ethers for selective detection of SOOHBZS’%.

cl H cl ICH, \O,
cl ol cl :00H 0,N

"riclosan irylether -1 - ';ryletlher Al .
An - ntibacterial “ahibits ::orillogenesis of TTR :elective for F~:on :ensing

Figure -7: Diaryl ether molecules having different applicagoiiriclosan is a known
antibacterial, Aryl ether-I inhibits the fibrillogesis of TTR and aryl ether Il

selectively binds to Fanion in acetonitrile medium.
Following sections present the work that has bemmiet] out to tag a diphenyl ether

molecule on the surface of CNS. The synthesis dadacterization of a diphenyl ether was
carried out and tagging was done using organich&gid on the already synthesized CNS
of fixed size.

7|Page



MATERIALS AND METHODS

General: All chemicals and solvents were procured from M/RR chemicals,
Hyderabad, India, of LR grade. Purification of argacompounds was done by column
chromatography using silica gel (60-120 mesh) gretified solvent. TLC monitoring
was done using silica coated aluminium sheets 60 &:2mm thickness, Merck, India).
Carbon Nanospheres(CNS) of dimensions 470 nm wknedagift from Dr. Brar, SPMS,
TIET, Patiala.

Instrumentation: Characterization of organic compounds and synthdsizaterials was
done using 1H (400 MHz) and 13 C NMR spectromed&QL, model Al, Sai Labs,
Patiala, India), Scanning electron microscope, SEMOL, JSM, 6510LV, SAI Labs,
Patiala, India). Infra-red spectrophotometer havattenuated total reflection facility
(Bruker alpha, IISER, Mohali, India) and UV -Visesgrophotometer (Hitachi, U-3900H,
SPMS, TIET, Patiala, India). The centrifuge machifleermofisher Scientific), sonicator

(Branson 3510) and rotatory evaporator (Roteva)wsasl for various processes.

METHODOLOGY

Synthesis of 3-methoxy-4-(2-nitrophenoxy) benzaldgde (DPE-I): The synthesis was
done by a known proceduzl7eVaniIIin (500mg, 3.2mmol) and o-fluoronitrobenzene
(463mg, 3.2mmol) were taken in a round bottom flas#t dissolved in dimethylformamide
(DMF). K2COs(545mg, 3.9mmol) and 18-crown-6 (catalytic amouveje added and
allowed to stir for 12 hours. Several batches wiéme amount were made. After
completion of the reaction (TLC monitoring), work-was done using dichloromethane
(DCM) and water. The DCM layer was collected andimgvashed with alkaline water (aq.
NaOH diluted) to remove traces of vanillin by makits sodium salt. The combined
organic layer was washed with dil. HCI (25ml) tokmat neutral (to pH paper) and water
(4%x100ml). The crude product was purified by coluthnromatography using solvents
hexane (90%) and ethyl acetate (10%) to get pro@uct having yield 378mg (75.60/3)7|

and™Cc NMR was done to confirm the puriti NMR (400MHz, CDCY):  3.91(s,3H);
7.00(dd, J= 8.24 Hz, 1H): 7.05(d, J= 8.24 Hz, THY8(dd, J= 7.32 Hz, 1H): 7.45(dd, J=

8.26Hz, 1H): 7.49(m,2H); 8.03(dd, J=8.26Hz,1H);(8,aH).>>C NMR (CDCE): 56.21,
111.15, 119.33, 120.54, 124.06, 125.43, 125.98,683334.43, 140.91, 149.69, 149.85,
151.18, 190.80.
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Synthesis of DPE -Il: DPE-I synthesized above (500mg, 1.83mmol) was Hegis-
70°C) and stirred in water (10 ml) and potassium permaaga solution (434mg,
2.74mmol) was added dropwise from top. The reaatiixture was heated for 2 hours
and completion of reaction was checked (TLC moiitprFigure 8). MnO: formed was
removed by filtration and HCI (pH=2) was added be taqueous layer to get white
coloured solid. The product obtained was dissolirecethylacetate and washed with
water. The solvent was evaporated to get crudeugtdthat was purified using column
chromatography (10% toluene and 90% methanol) lgavield 0.184gm (36.8%).
Confirmation of the product was done by NMI!H(and 13C). H NMR (400MHz,
DMSO): & 3.70(s, 3H); 6.78(d, J=8.26, 1H); 7.03(d, J= 8.24 Hz, 1H); 7.20(m, 1H);
7.55(m, 2H): 7.69(s, 1H); 7.98(dd, j= 8.02 Hz, IFE NMR (DMSO): 55.62, 117.53,
120.37, 122.32, 122.62, 125.45, 134.80, 139.55154349.71, 150.60, 169.52, 169.63.

Figure - 8 Completion of
oxidation reaction and formation
of DPE-II from DPE-I

Surface functionalization of Carbon Nanospheres (CH):

a) Synthesis of DPE-III-A: Sucrose generated nanospheres (3 ml (0.028M), 0.08
mmol), DPE-Il (50 mg, 0.17 mmol) and conc:3: were taken together in a
round bottom flask and refluxed for 5 hours at 87in an oil bath.

b) Synthesis of DPE-III-B: DPE-II (50mg, 0.17 mmol) was taken in a round huotto
flask and PCl was added dropwise. The reaction mixture was Heat®il bath
without any solvent till the evolution of HCl wagased. The pungent smelling
compound was used as such after dissolving in aeelim a sonicated solution of
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nanospheres (3ml (0.028M), 0.08 mmol) an & in acetone and water (1:1)

mixture (10 ml), was added dropwise.

After 15 minutes, the reaction mixture was cengéd at 8000 rpm (20) and washed
with ethanol (4x 50 ml) and water (4x50ml) to rem@ny organic compound.

Figure 9: (a) Functionalized carbon nanospheres stickingaitsvef
container aftesonication (b) Dispersed solution of bare carbamona
spheres.

Removal of solvent gave a black coloured solid tvas dried in oven at 100 to
remove water. After sonication of 60minutes, the functibmed CNS did not disperse like

the initial CNS solutionKigure- 9).
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RESULTS AND DISCUSSION

Material science, in last couple of decades, hatved in a prolific way to provide many new

materials. This include highly selective and actisensors, antibacterial surfazc?ézsg, food

additiveSO, therapeutic age%Jt, cancer detectigrzl, and supercapacitgF’s Despite tremendous
progress in the material science, there is stiléad to develop materials that can be used for
the benefit of mankind. Carbon nanospheres (CN8)tlae new materials that find wide
applications in waste managemsént pollution reduction and purification of watdr

However, their recovery after the process is atdhallenge due their small size. Thus, there is
need to work on the methodologies that facilitdteirt post process agglomeration and
removal from the system.

Diphenyl ethers are organic molecules that are knéor their antibacterial activi%?.

The use of this class of compounds for ion sensagyemerged in recent ye%srs%’ 37,38

However, the detection limit of these organic coommts for various ions is in micro
molar range. Thus, there is need to improve theisgivity for applications in real life. It
was envisaged to tag organic molecules with the GN& observe their behavior for
various applications. The results below presengitegand characterization of diphenyl
ether molecule with carbon nanospheres.

Synthesis of Diphenyl ether
Diphenyl ether(DPE-II), required for tagging witltCNS was synthesized by a known
procedure using nucleophilic aromatic substitutitmeactior%?Briefly, 2-fluoro

nitrobenzene and vanillin were reacted togethehénpresence of a mild base, potassium
carbonate and 18-Crown-6 in aprotic solvent toapehpoundDPE-I (Scheme- II). The

'H NMR spectra displayed a peakoa®.9 ppm for 1 proton ané3.9 ppm for 3 protons

corresponding to - CHO and -O@Irbspectively.lsc NMR spectra was also consistent

with the structure of the compound displaying peakss56.21 and 190.80 ppm
corresponding to -CHO and - OGlgroups.DPE-I was then oxidized using KMnGn
aqueous media to get white solid compoW@E-Il (Scheme II). The compound was

characterized usinlg-l and13C NMR spectra before proceeding to tag with CNS.
Table-I shows comparison of peaks for DPE-I and DPE-Iktah be seen that the peak at

3 9.9 ppm for -CHO group (in DPE-I) disappears inecat DPE-II due to conversion to
corresponding acid i%H NMR.
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OCH, OCH3

K,CO;; DMF
18-Crown-6
CHOD CHOD

1-fluoro-2-nitrobenzene  4-hydroxy-3-methoxybenzaldehyde  3-methoxy-4-(2-nitrophenoxy)benzaldehyde
DPE-I
1, KMnO, /H,0;KOH

2. HCI

DCH,

sacH

3-methoxy-4-(2-nitrophenoxy)benzoic acid
DPE-II

Scheme It Reaction scheme to synthesize Diphenyl ether&(D&hd DPE-II) for
taggingwith CNS.

Similarly, in case of3c NMR, spectra signal corresponding to -CHG 4190.8 ppm is

shifted upfield to 169.8 due to -COOH. DPE-II ohtd above was tagged to CNS by two
methods as described below.

Tagging of DPEs to CNS

CNS synthesized by hydrothermal method were obdaimes such after their

characterization. Tagging of DPEs to CNS was dogetvo methodologies. First

methodology involved ester bond formation by dehtidn method with the hydroxyl

groups present on the surface of CIR§(re 10).

Here, DPE-Il and aqueous CNS solution in ethanalewefluxed for five hours by

dehydration method in the presence of catalytic arhof sulphuric acid (Scheme llI).

After cooling, the mixture containing black masssweentrifuged and washed with
organic solvent (to remove any acid or organic commgl) and water. The black coloured
mass (DPE-IlI-A) was then proceeded for characiéinn.
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H NMR 3¢ NMR

DPE-I (in ppm) DPE-II (in ppm) DPE-I (in ppm)  DPE-II (in ppm)
3.91 3.7 56.21 55.62
7.00 6.78 119.33 117.53
7.05 7.03 120.54 120.37
7.28 7.20 124.06 122.32
7.45 7.55 125.43 122.62
7.49 7.69 125.98 125.45
8.03 7.98 133.63 134.80
9.90 134.43 139.55

140.91 143.15
149.69 149.7
149.85 150.60
151.18 169.52
190.80 169.63

Table-l: Comparison ob values (in ppm) for DPE-I and DPE-II f(lJH 13C NMR spectra

Two, by converting it to corresponding acid chleridnd then making an ester by
dehydrohalogenation. The acid chloride required tha purpose was prepared in-situ
using phosphorous trichloride. Obtained acid cliefvas dissolved in acetone and added
to the aqueous solution of CNS containing acetomg otassium carbonate. Room
temperature stirring for two hours followed by eéngation gave black coloured solid
mass. (Scheme Ill). This material (DPE-III-B) waasked with organic solvent (ethanol
and acetone) to remove any unreacted DPE and potassrbonate respectively. DPE-
[1I-B was then characterized using various techesqu

Repeated attempts to disperse the solid mass bgasion up to 60 minutes were not
successful. Conditions described above were optieni®/ using different ratios of DPE-II
and CNS. As shown iifable-Il, in both the methods, functionalization was susitgs
when 0.172 mmol of DPE-II with 0.084 mol of CNS weused. The use of higher

quantities did not give the desired results.
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A CNS having -OH groups on the surface

O = -OH groups

Figure 10: Cartoon diagram of
carbon nanosphere (CNS)nd
various Hydroxyl groupspresent

on its surface

55

DPE-II

(a) R=OH
H,S50;
(acidic conditions)
NO; OCHQ
f (6] %
cO0

DPE-IIT-A

OCH;

OH
)
COR CNS

(b) R=Cl
PCly K,CO;

(basic condirions)

OCH;

NO;
i | i ke
C00

DPE-III-B

Scheme III: Reaction to tag DPE Il to CNS by (a) dehydratisimg acid conditions
and(b) acid chloride using basic conditions2QQs)
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CNS amount taken DPE-Il amount taken Method Product

MmOl Volume (ir MmOl Weight (ir deployed formation
ml) mg) (conditions

0.0¢ 3 0.6¢ 20C Basic No

0.08 3 0.68 200 Basic No

0.08 3 0.17 50 Acidic Yes

0.08 3 0.17 50 Basic Yes

0.45 6 0.34 100 Acidic No

Table-Il: Comparison of ratios of CNS and DPE-II for prodigscmation.

Characterization

Initial characterization of all the materials wasond using Scanning Electron
Microscope(SEM) techniqué&igure 11 (a)shows SEM image of native CNS as obtained for
functionalization. The approximate size of CNS i#4nm as calculated. Morphological
changes were observed in case of both DPE-III-ARRE&-11I-B samples that were prepared

by dehydration and acid chloride respectively aswshinFigure 11 (b & c).

Figure 11: SEM images for (a) Sucrose CNS; (b) DPE-III-A acdPE-I1I-B.

The optical studies using UV- Vis spectrophotomsteswed absorption band at 248 and
296 nm for DPE-Il and CNS respectivelffiure 12-a & b). After functionalization in both

cases (DPE-IlI-A and DPE-III-B), a broad peak apragimately 264nm was observed
(Figure 12-c & d). This blue shift w.r.t. CNS and red shift w.XPE-Il can be attributed to

shifting of electron density from CNS to organicigtyp through the formed ester linkage.

This was also confirmed by the TAUC plétigure 13 a-9 where the band gap observed
for bare CNS was 2.07 eV, which increased to 2.8 2.36 eV respectively after
functionalization of CNSTable-I1l1)
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Figure- 12: shows the UV spectra of UV plot of (8peCNS:;i_|| (b)DPEcNs-II; (C)

DPE-III-A and(d) DPE-III-B.
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Figure- 13: TAUC plots of (a) CNS; (b) DPE-III-A and (c) DPE-HB

Species Band Gap (in eV)
CNS 2.07

(DPE-III) Using basic conditio 2.3¢€
(DPE-IIT) Using acidic conditions 2.36

Table- lll: Summarized Band Gap of DPE-III (both using baseamd) and

CNS.
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Finally, the presence of the ester bond and oftenatic species was confirmed by ATR-IR
technigue. Carbonyl for the ester bond is expetteappear between 1730-1740 &mThis
characteristic peak that was missing in case df ble¢ reactantsF{gure 14 a & b), was
observed in case of both DPE-III-A and DPE-III-BL&86 and 1741cr (Figure 14 ¢

& d) respectively along with other aromatic peaks.
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Figure- 14:shows ATR IR transmission spectra of (a) DPE-CO®MMCNS; (c) DPE-
[1I-A and (d) DPE-III-B.

Thus, IR also confirmed the functionalization of DRolecules on CNS. The work above
has functionalized the CNS with DPE for potentiapblecations in the waste management.
The property that the CNS particles agglomeratést &finctionalization and could not be
dispersed in the medium shows that functionaliratio the CNS can be used to remove
them from the system when centrifugation is notspis.

The work presented above shows surface functiataiz of CNS with diphenyl ethers
that results in former’s agglomeration. The funcélization was due to ester bond
formation that was confirmed by IR and supportednixyrphological changes and their
optical studies. The method may have application®CNS post waste or adsorption
treatment. The work described here can be extetwleam antibacterial surfaces due to

DPEs antibacterial properties.
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