Trade Science Inc.

ISSN : 0974 - 7494 Volume 6 | ssue 3

Nano Science and Nano Technology

A Tndéian Journal

—= U] Peper

NSNTAIJ, 6(3), 2012 [112-117]

Synthesis of water-soluble single-walled nanotubes by
functionalization via esterification

Javad Azizian*, Mahdieh Entezarit, Abolghasem Shameli2, Shahab Zomorodbakhsh?!
Department of Chemistry, Scienceand Resear ch Branch, |damicAzad Univer sity, Tehran, (IRAN)
2Department of Chemistry, Omidiyeh Branch, |damicAzad Univer sity, Omidiyeh, (IRAN)
E-mail : javadazizian90@gmail.com; j_azizian@sbu.ac.ir
Received: 2" March, 2012 ; Accepted: 2" April, 2012

ABSTRACT

Water soluble compoundes were attached to single-walled carbon
nanotubes (SWNTSs) to form water-soluble nano dyes. functionalized
SWNTs were then characterized by Fourier Transform Infrared spectros-
copy (FT-IR), Raman spectroscopy, scanning electron microscopy (SEM)
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and UV analysis. The product can be dissolved in water and High-resolu-
tion transmission electron microscope images showed that the SWNTs
were efficiently functionalized, thus the p-stacking interaction between
aromatic rings and COOH of SWNTs was considered responsible for the
high solubility and High transmission electron in singlewall nanotubes.
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INTRODUCTION

Thediscovery of carbon nanotubes (CN) and the
prospect of developing novel carbon-based
nanomateria s has excited worl dwideinterest among
researchers™ 2. Single-walled carbon nanotubes
(SWNTSs) havedrawn much attention because of their
unique structural, electronic, mechanical and optical
properties and the potential applications in
nanotechnol ogies®. Organic dyesand pigmenteshave
agroup astheir chromophore such asN=N, N=O or
SO_HM. The synthesis of water-soluble carbon
nanotubesisan important topic because such materi-
alshavepotential applicationsin water base systems
such as polymerd>* crown ethers*® glucosamines'”
and diazo dyes*. Likeha ogenation and nitration, sul-
fonationisof thegreatest importancein dye manufac-

ture. Most of the water soluble dyesowetheir solu-
bility to the presence of sulfonic acid groups. Inthis
paper we present asimpleroute for sulfonation of or-
ganic compoundes¥, and then the productswere suc-
cessfully attached to SWNT-COOH via esterifica-
tion method.

EXPERIMENTAL

All reagents and solvents were obtained from
Merck Chemical Inc. and SWNT-COOH (90% pu-
rity, 1-2 nm) were purchased and used as received.
The FT-IR spectrum wasrecorded using KBr tabl ets
on aNexus870 FT-IR spectrometer (Thermo Nicol €,
Madison, WI). FT-Raman spectrawere recorded on
960 ES spectrometer (Thermo Nicolet), UV-visible
spectrawererecorded on aUV-Visible spec-trometer
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(GBC Cintra20, Victoria, Australia), 'HNMR spec-
trum was recorded on Bruker DRX-300 Avance
spectrometer at solutionin CDCI, using TMSasin-
ternal standard. SEM was used to study the morphol-
ogy of the SWNTs. SEM measurement was carried
out on the XL30 electron microscope (Philips,
Amsterdam, Netherlands).
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Preparation of (E)-4-(2-phenyldiazenyl)-3-
hydr oxynaphthalene-2-sulfonicacid

Azo salt 2 was prepared by adding HCI /NaNO,
toanilinelat 0°C. Thissalt was coupled to 3-naph-
thol 3 and produced azo compound 4, The product
and concentrated sulfuric acid heated at 70°C for three
hours. Boilingwater bath replaced by anicebath. Then
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Figurel: Synthesisrouteof (E)-4-(2-phenyldiazenyl)-3-hydr oxynaphthal ene-2-sulfonic acid
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Figure2: Synthesisrouteaf 3-hydroxyl - 4- nitr osonaphthalene
- 2-aulfonicacid

the mixturefiltered and washed with alcohol to pro-
duce compound 51220,

Redish: Orange, power: (85%), mp=120-122°C
(decomp), IR(KBr,cm™), 3400 broad (OH, SOH),
2820 (C-H), 1571-1390 (NO,), 1623 (N=N), 1180
(5=0),740(S-0). '"HNMR(300MHz,CDCl.) 5: 6.44-
8.96 (m,H Aromatic), 9.12(1H, S, OH), 10.83(1H, S,
OH), 13.16(1H, S, OH).

Prepar ation of 3-hydr oxy —4-nitrosonaphthalene-
2-sulfonicacid

A mixtureof 1.5gr of a-nitroso-B-naphthol? and
1.5mL of concentrated sulfuric acid heated at 70°C for
threehours. Boiling water bath replaced by anicebath.
Then themixturefiltered and washed with water. The
product was obtained as brown powder (62%), mp
=225-227°C. IR (KBr) 3200 (SO,H), 3174 (OH), 1644
(C=C), 1480(NO), 1214 (S=0O) cm*. 'HNMR (500.1
MHz, CDCl,) 6: 7.4-8.1(m, Ar), 8.73,8.70 (2H, 2OH).

Prepar ation of SWNT—(E)-4-(2-phenyldiazenyl)-3-
hydroxynaphthalene-2-sulfonicacid and SWNT-3-
hydr oxy -4 -nitr osonaphthalene-2—sulfonicacid

30 mg of SWNT-COOH were sonicated in 30

mL of N,N-dimethyl formamide (DMF) for 35 minutes
to giveahomogeneous suspensi on. Compounds4 and
6 were added to the SWNT suspension at 0°C. Any
mixturewasstirred at 0°C for two hours and then tri-
ethylamine and HCI were added to the mixture. The
reaction mixturewas kept at room temperaturefor 7
days(Figure 3). Findly, thefina products 7 and 8 were
filtered and washed thoroughly with DM F and acetone.
Subsequently, the black solidswerevacuum-dried at
room temperaturefor 2 hours.

RESULTSAND DISCUSSION

Figure 2 shows the FT-IR spectra of SWNT-
COOH and themodified SWNTS. In spectrum 1, the
band at around 1637 cm* correspondsto the stretch-
ing mode of the C = C double bond that forms the
framework of the carbon nanotube sidewall??. The
peak at 1715 and 3442 cmr apparently corresponds
to thestretching modes of thecarboxylic acid groups®.
Thetwo bands at around 2800-2900 cm™* which are
seen intow spectrum are attributed to the CH stretch-
ing of SWNT—COOH defects. In spectrum 2, the peak
at 1739 cnmr! can be attributed to the C=0 stretch of
the ester. The peaks observed at 1557 and 1353 cm?
are correspondsto the NO, group, whilethe peak at
1280 cm'* corresponds to the S=0O in SO,H group,
andthe peak at 1118 cm-1 arisesfrom the C-O stretch
of the ester group. Theband at around 1700 cm* ap-
parently correspondsto the stretching modes of N=N
group4, Many of these vibrational modeshave been
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Figure3: Synthesisrouteof modified SWNT-COOH viaesterification method

reported previoudy for functionalized SWCNTS?.. In
spectrum 3, the peak at 3363 cm! can be assigned to
CH stretching of aromatic rings, carbonyl peak inthe
gpectrum 3shiftto 1716 cmt isaresult of ester linkage
formation. Theband at around 1111 cm'* corresponds
tothe C-O stretching modein esters, the peak at 1436
cm*correspondsto the N=0, the peak at 1183 cnm?
correspondsto the S=Oin SO,H group. The peaks at
602 and 800 cmt are bands originating fromthe aro-
matic rings®.,

Raman spectraoffer useful information concerning
thedightly structurd changesof SWNTS, especidly the
changesowingtosignificant sdewal modification. As
can be seen in Figure 4, the characteristic peaks of
SWNT tangentia modes, namely the diameter depen-
dent radial breathing mode (R band) at 210 cmrt de-
pending on the diameter of nanotubes, the D band at
around 1330 cnm* and the G band at around 1500 cm»
1dightly changed. Inthisresearch for SWNT—(E)-4-
(2-phenyldiazenyl)-3-hydroxynaphtha ene-2-sulfonic
acid and SWNT-3-hydroxy -4-nitrosonaphthalene-2-
sulfonic acid, we observed theradia breathing modes
were suppressed and shifted to 214 and 219 cm™ by
the introduction of the SWNT-(E)-4-(2-
phenyldiazenyl)-3-hydroxynaphtha ene-2-sulfonicacid
and SWNT-3-hydroxy —4 —nitrosonaphthalene—2—sul-
fonic acid respectively and an increasein theratio of
intensities|D/IG from 0.65t0 1.12 and from 0.65to 1
respectively. Thisindicatesanincreased disorder of the
graphitic structure of the modified nanotubes, which
showsthat the nanotubes were modifiedi?4.
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IR spectra for SWNT and SWNT-(E)-4-(2-
henyldiazenyl) -3-hydr oxynaphthalene-2-sulfonic acid and
SWNT-3-hydr oxy-4-nitr osonaphthalene-2-sulfonic acid

Figure 4 :
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Moredirect evidencefor the functionalization of
nanotubesis manifested by SEM images®!. InFigure
4, SEM imagesof A (SWNT—COOH) and B (SWNT-—
(E)-4-(2-phenyl diazenyl)-3-hydroxynaphtha ene-2-sul -
fonic acid) and C (SWNT-3-hydroxy —4 —
nitrosonaphthalene-2—sulfonic acid) are shown. It in-
dicatesthat the*“A” has a smooth surface. The changes
inthemorphology for “B” and “C” areremarkable (Fig-
ureb). It seemsthat the diametersof “B” and “C” are
dightly increased incomparisonto“A”.

Figure5: Raman spectrafor SWNT and SWNT—(E)-4-(2-
phenyldiazenyl)-3-hydr oxynaphthalene-2-sulfonic acid and
SWNT-3-hydroxy —4-nitrosonaphthalene-2—sulfonic acid.

Thefunctionalization of SWNT can be confirmed
by the UV-visible spectrashown in Figure 6, inwhich
the curve a (SWNT-COOH) and curve b (SWNT—
(E)-4-(2-phenyl diazenyl)-3-hydroxynaphtha ene-2-sul -
fonic acid) and curve ¢ (SWNT-3-hydroxy —4 —
nitrosonaphtha ene-2—sulfonic acid) were compared to

= Full Paper
show thechangesin characteristicSgnals.

Figure6: TEM imagesof (A) and (B) and (C)

UV gpectraof SWNT-COOH (A) and SWCNT-
—(E)-4-(2-phenyldiazenyl)-3-hydroxynaphthalene-2-
sulfonic acid (B) and SWNT-3-hydroxy —4 —
nitrosongphthal ene-2—sulfonic acid (C) were recorded
as1mgin 1000 cc H.,O, A__ and A (Absorbance)
summarizedinTablel1. Theincreaseof A inBandC
wereassigned totransmissiondectron of n— " inN=N
and N=O inwater soluble pigments.

The chemistry of nanotubes offers considerable
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TABLE 1: Amax and A of SWNT-COOH (A) and SWCNT -
(E) -4 - (2 - phenyldiazenyl) - 3 - hydr oxynaphthalene -2 -
sulfonic acid (B) and SWNT - 3 -hydroxy-4-
nitr osonaphthalene-2-sulfonicacid (C).

Name A max (M) A
A 202 0.154
B 432 0.056
C 235 0.252

TABLE 2: Yields of functionalized and de functionalized
samples of SWNT-COOH (A) and SWCNT- (E) -4 -(2-
phenyldiazenyl) -3 -hydr oxynaphthalene-2 -sulfonic acid (B)
and SWNT -3-hydr oxy -4 -nitr osonaphthalene-2-sulfonic
acid (C).

Yields of Yields of
Samples functionalized defunctionalized
samples samples
A 5mg 4.5mg
B 5mg 4.8mg
0.3
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Figure7: UltraViolent imagesof (A) and (B) and (C)

Figure8: Thedispersion of modified-SWNTs (beforeand
after sonication) in deionised water after sandingfor 2months.
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scopefor devel opment of functiona materials, struc-
turesand devicesbased on SWNTSs. A detail ed meth-
odology for the modification and functionalization of
snglewaled carbon nanotubeviaesterification hasbeen
presented. We haveintroduced water soluble pigments
onthesurface of nanotubes. Thefunctiondized SWNTs
was demonstrated by SEM images, FT-IR, Raman
spectroscopy and UV analysis, the results show suc-
cessful functiond groups.
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