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Abstract

Carbon nanotubes are interested materials due to their excellent unique properties such
as mechanical, thermal, chemical, and electronic properties. However, the carbon nanotubes are
insoluble in both water and organic solvents and less dispersion. Thus the use of carbon nanotube
is in narrow range. The functionalization of carbon nanotubes is an efficiency method, which
has been used extensively to improve its solubility and dispersion properties. The functionalizing
agents for functionalization on carbon nanotubes are strong acid, polymer, metal, biomolecule,
and compound containing alkyl and aromatic. The carbon nanotubes, which functionalized by

these functionalizing agents were more soluble in solvents than pristine carbon nanotubes.
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N Ajayan, P. M., Tour, J. M. (2007). Materials Science: Nanotube composites. Nature.

447: 1066-1068.
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nIawaNIIN (Sulfuric Acid; H sO,) wian1a lua3n
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(Nitric Acid; HNO,) w3avismaszfia duinaos
dumsidjazenungansuendaiinizun

L= 1 lé a v
HITRIV oW luA1sUa% TIRIN1TLAA L6
2 wuy wouwsnidunisvidfnienlesass
AunyaTuanda 1w naviidjiTenes
oanaLefiuanalden (Long-Chain Alkylamines )
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(Thionyl Chloride; SOCI) G9lnlafiannalsd
i jasedungarivandanauainiu
U nSeaenuiaiin (Amine) [5-6]
& = Qld“l v
Falunsdnasiiviauw luanfuaumansnazasla
Uszuim 0.5 mg/mL lud@avinazane
' Laaszaaaliwusu (Tetrahydrofuran)
winlanaalsiuudn (Dichlorobenzene)
o \ ama  da a &
Moty UPiseniiadwinlafianaslsduans

Tuawd 3

Antibody Fe,0;@CNT

A 3 ugasnalnmaiGauandived (Antibody) U Fe O @CNTs (a) §0TER Fe,0.@
CNT (b) \Ainwy ~COOH uw Fe O, @CNT (c) SOCI, gnifiwun Fe O @CNT (d) -NH,
gniANLUH Fe O @CNT (e) t@uuanivad (Antibody) [7]

ﬁm: Kumar, V., Nath, G., Kotnala, R. K., Saxena, P. S., Srivastava, A. (2013).

Biofunctional magnetic nanotube probe for recognition and separation of specific bacteria from a

mixed culture. RSC Adv. 3: 14634-14641.
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Wallspuneunuisnsang mMadsulys
WaraulaslswedinasidwisniUssansaw
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laimadunediwesarsg vuvamluaiuan
15U Wedslasw (Polystyrene) woRlifialwg
153lau (Poly(vinylpyrrolidone) ) wedtazladu
(Polybutadiene) wadidu-lafiaa1sunlas
(Poly(N-vinylcarbazole)) wadashan
(Polyaniline) wadazAaulnanaa (Polyethylene
Glycol) wadazaIanuada (Polyacrylic
ﬁmd) waayj‘smu (Polyuretharle) TRELIY
Finoulnganle zazarsuInIaaiIria
Aa A ¢

azaudunignaly lavaliuaiwnsalu

2

& o A a d
mm:mm:muagﬂUﬁuﬂmaawaaLuafﬁlm

Wi waAWAauLafiian (Poly(phenylene
ethynylene)) aansnvldviawluasuanuuy
wiitwdnaazansinled 1.8 mg/mL [8-9]
wad-1dn-azdiluiuududalniinuada
(Poly(m-aminobenzene sulphonic acid))
wianadiefiaulnanaa (Polyethylene Glycol)
g3 livaun luansuenuunatIT WD)
aeaneeinled 5 mg/mL [10-11] wedtefiau-
la-Tfiauaanagas (Poly(ethylene-co-vinyl
alcohol)) 2z lWviaw lwaNsUawUL LN
sudgnazansldaludiriazarsddanuin
ﬁizagum onfiain lewfiadananlad (Dimethyl
Sulfoxide) URZRITRLANUNENTEWINIUNTY
lamnaaisen [12] uasinsifunediiu-
(Poly(N-
isopropylacrylamide); PNIPAM) uutiaulu

lolalwsdaazasailue

AT UARULUUHNAIRA18TUH 1w JAT81a8N
(Click Reaction) vinlviawiluansuan
:/ va a a s
acmei ldduaziananafiosgs [13] dsusad

lunwd 4

AW 4 ugRINNTE (a) MWCNTs ARG (b) MWCNTs fiidndalail (MWCNTs-
Alkyne) (c) MWCNTs fldiu PNIPAM (MWCNTs-PNIPAM) lusia uaznw (d) (e) uaz (f) fe
mwmrmﬁaaﬁ;amsﬁﬁ'ﬁLﬁﬂmammuﬁaamumaa (a) (b) uaz (c) auaIAL

ﬁm: Su, X., Shuai, Y., Guo, Z., Feng, Y. (2013). Functionalization of multi-walled

carbon nanotubes with thermo-responsive azide-terminated poly( N-isopropylacrylamide) via click

reactions. Molecules. 18. 4599-4612.
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wonandt ladnsiiudenlanadiues
(Block Copolymer) wRuauEsnlums
azan89a9r 0w IuA O RULUNTIRAT DT H
Tagusonlanadinosnldae westefian
ganlod-G-wadn3-1du-1du-lawiaasilu
1afia wazlasian (Poly(ethylene oxide) -b-poly
[3-(N,N-dimethylaminoethyl) methacrylate];
(PEO-b-PDMA)) [14] lasnmisthviawilu
AT UABUUUHIIRAN DT UAT N1 Ta AU T W
Aalwegluglaeinsa (MWCNTs-COOH)
Aufasernvufenlanefives tian 1w
owasnspNaailasiaeailonsfin (Multiple
Zwitterionic Interactions) I@mﬂéjmlad PDMA
%dﬂs:ﬂauﬁawg’a:mmuﬁﬂﬁumﬁ%mﬁu
ﬂgmi“uaﬂ%aﬁLm:uuwﬁf\wamamium%ﬂau
LUDRIE A BTNl Aam s asuiuszning
riawrluarivaunulanadined daunguvas
PEO 2:Traifinarnusaunsalunisazaiy
lvnaasueif ldsnansnnszasiiuasazany
Tevislwiuazavinazaedunaduneeldde

3. malsudyilsngulaglalans

I@Uﬁl'qvlﬂ‘[amﬁ’t“ﬁa:agji’l,ugﬂmgmﬂmiu
1% nay (Au) wman (Fe) lauaayi (Co)
dudu wieaglumazans 1w lanzdamla
Tuwaaludiowar dn1slaveuiluasuen
ﬁﬁmilﬁumgmﬂmiuwauﬂuéﬁmw%’u
lon1uea lasviawiluasuenfigsiasiew
ﬁmmmamﬁ'ULLazLﬁumug‘mﬁnmaagﬁ 4.52 mm
LLazLa”uw'mg[uﬂ‘nma 45 nm @uR1AU
lasauniaw lunasdumaiduiiuguinans
5 nm lavnmmaseuanuiadhlunisasesy
L@NHAAANNLITNTYH 800 ppm ﬁqmmﬁﬁm
wm’w’auﬂum{uauﬁﬁmﬂaua%mﬂ
wilunasianuiashlunsasrasuiiuiu
AT e A UaRLUUGILANIN 1.67%
1w 3.28% [15]

mﬂﬁﬁamsﬁuﬂ;dﬂaﬁvﬁuﬁwwa'ﬁmﬁ
SR RERIC MWCNTs/PEO-b-PDMA
i uusuoylunisiduewnitauilunas
uwazaunawiluuwafiny (Pt) laowyjezilu
ﬁag’lu PDMA azfudidunivauniamwlunas
uazaun1Aw luuwafiy aougaslunnd 5
Togaaulngadlamunsai W lgouluweoa s
\Toinds (Fuel Cell) WazNITLIIYHNIeN
(Catalysis)

fnSUNstauanUuau luansuan
WUUHESWAN8T% Fe-MWCNTS Wuwnanliudys
AUAIAHIUNTZDINNNITATIATITHAB LA 87
lasfimsldaanlofiatu (Ultrasonication-
Assisted) uazlulasian (Microwave) indienih
IWiAeUdAseusdnanefiwalsisdu (Radical
Polymerization Reaction) Foadunszuauns
dungensuuazldlam luduranediuay
dszinnlalasiwia (Hydrophobic Polymer)
1 WaRR 13w (Polystyrene) wadlufiauas lastan
(Polymethyl Methacrylate)) 1luein uszwadinas
dszinn'lalasiaa (Hydrophilic Polymer)
\Tu waRaza3an lue (Polyacrylamide) waRaza3an
uaTauazwafoadawaanagaa (Polyallyl
Alcohol)) ludu Tas3snsilaunsarinle
AR uuniniavesriew Tuansuanuuy
mimaeTwmelulsznm 10 wd el
AnuaNITaluMIazaBveIriaw luaTuau
ﬁﬁmsﬂ%’uﬂ‘goﬁaﬁ%’uagluma 1,200-2,800
mg/L luasazans wenaniigeiinnsiay
waneanlad wisauntauiluusinin
(Magnetic Nanoparticle) LTuaun1au1lu
wiinanlavearinazaumamluudinanlaueari/
unafiviy uuviawnluansueu lasiinstadunu
mué'u%auimsmﬁﬂmaqa (Interlinker
Molecule) iTuauwusaivandinveslniu
Sesrursndesuinlans wisauniauilu
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lanzoanlws (Metal Oxide Nanoparticle) |6
o da X .« .

ﬂﬂﬁJIWﬁ@]ﬁLﬂ@]?]ua’]ll'ﬁﬂﬂ:ﬂ']ﬂiuﬂ')'ﬂ']ﬂ:ﬂ']ﬂ

awn3d 1 Tu aaalsWasy (Chloroform)

Ing8u (Toluene) uaziznizu (Hexane)
w29 0.3-0.6 mg/mL [16]

il 5 uaasnwINNdasanTIaiBlinaseusfiadesinuves (a) aumawilunaduas (b)
wilUWafiiy U% MWCNTs/PEO-b-PDMA LNuLNa®

fan: Wang, Z., Liu, Q., Zhu, H., Liu, H., Chen, Y., Yang, M. (2007). Dispersing

multi-walled carbon nanotubes with water—soluble block copolymers and their use as supports for

metal nanoparticles. Carbon. 45(2): 285-292.

uanmnﬁmsﬂ%’uﬂgaﬁaﬁfu gavinla
lagataadlatu (Alkylation) 2adviauilu
w08 (Nanotube Salt) lawanalddiiiawy
(Li) lmdow (Na) n3alwunsi@on (K)
Tuwonlufiomar wiasundnodeinyfizen
findwd (Billups Reaction) [17] TIaan3M
aﬁ”wa%ﬁ'ufviamiumi’uauﬁu@n@haﬁ'ﬂﬁ
TandFAsenillanzuoanlaazitluduiurie
wluasvowdaduraw luzear daantiu
rowluseariazinljisendenuasdaiglas
(Alkyl Halide) w3aua3atalas (Aryl Halide)
"Lﬂywﬁﬂﬁmm{ﬁﬁmH’é’aﬁa%%al,m%mmxﬁ'u

v
A

viounluafuau wiadmeildand Az
szmansnazanelen lwiuasdrnasaeaunid
4. n1vdSuilgelensulanldans
Falaana
viow luarsuaniiarwisnazans’le

ludrrhazanedng wu Janudayediaann

@famsﬁﬂﬂﬂszqﬂ@‘l“ﬁ Tagtanizagn98d
n1Iazatodn nast@uarsdaluiana
I a ad ::' t:i o Yo 6 :’ v
udndsuianyinlwviau luansuanazaorinla
A o 1 oy v

Fagursnsinviaw luansvanilu s lupel
NG IULATNIIEN (Medicinal Chemistry)
fruidenaliiduiiandluanaivldva
wilnarsuaninausivisnlunisazansin
A A o A A

ld@ngadmiefa ninoziilu (Amino Acids)
118] lagla@nsanusnisalunisazany
103viaulurgealiniveu lasnisidu
winaazdle (NH_(CH) CO H) adliunud
U 2 2’n 2

mg’%lgaais WUINAMNRINITAPUAITALAN Y

¥ \ ¢ A &
lushvasrieuilungaslsanivawifiniu
o £ Y
lagaruaniinlunisazaisdsineynu
anugvass st lalasaisuenvesnsaaz il
(% = ' a 1 a

[19] wazdinudniinsaeziluudazsia
g1u1sarinlvneuwiluarsuenazaslaa
lugnazfidnaiu isu euiusasnia 6-azilu
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tanwzluda (6-aminohexanoic Acid) ¥nlw

riowluafuanazaoialdlugasfios 4-11
16 0.5 mg/mL wazuananitganuinludnm
maduladun (Lysine) uwriaurluasuasn
wuurimansty vinliviewn luaniuenmansa
nyranodluinldddulurefiies 5-14
Falutrefeniinedn [20]
ladnmsshldsdunansangn lulhddsy
8ayiin (Bovine Serum Albumin) llalasy &
(Cytochrome ¢) uaztduloizasioasas
wasaandias (Horseradish Peroxidase)
snduuwiam lumivawdatislumissany

WvaIv o w AT U uRUUNTITRAE ta e la

mafinlofilatu (Sonication Technique) [21]
wazluussaldsfunanurianinun@nwinuin
Bwlmallalolodanwululysn (Lysozyme)
1 v L 1 ‘3/
28 1WN1INITI A VBIV oW AT U AT
Tupmeidu (Papain) uazii@n (Pepsin)
lufinadanisnizaualrvesviani luaisuan
AV va o 6o
[22] uanand ledmienewloddiwiuunn

Soawlaf dulysdnsfanils wndnuuts
viaw Ina1uanNag 101 ANAIINEINIID
lunisazanoriewilua1sven lasluussen
owlaaidngg nalasaandias (Glucose
Oxidase) nuviaw luaiuanaunsaiiaiis
aoulnaafiazaneiinled [23]
aws%aIuLaqaﬁuﬁﬁﬁuwlfLﬂuéT’sLau
Werw laun a’nt%ﬂmaqamjuﬁﬂma CatTabn)
i ltiduazislvvieu luarsuewianns
nazanodldatu lwmsfiansluanaiiniy
annguAadiama (DNA) [24] Wavhwdaun
viowluafuanudrmansnivenn luanueuit
Tl dszlosdlalunareg arn laun
mstRuanuaansalumsazagin miasesy
nIaHIA8EN (Nucleic Acid Sensing) Buiingia
(Gene Therapy) wazlfidusnsfodah (Semi-
Conducting Substrates) uaﬂmnf:ﬁ'aﬁimmu
711381 DNA-CNTs anladiduairas13du
Tulasianlasenlad (NO)) Bnds

AMAN 6 LFAININTIA8932WI19 DNA Uaz SWCNTs NHadunuagauasnag Uy JT-7T (a)
nWE Ui DNA-SWCNTs uaz (b) uaz (c) nmweuing DNA-SWCNTs (laiana DNA
Usznaudemiioden Infiu (Thymine) az@fiu (Adenine) Milu (Guanine) uaz wyWaana

(Phosphate Group) U@SsWINBUNKAIY §UI FIIEY FAREY UasRITYY AwseD)

flan: Bobadilla, A. D., Seminario, J. M. (2011). DNA-CNT interactions and gating
mechanism using MD and DFT. J. Phys. Chem. C. 115(8): 3466-3474.
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5.n15U5udganan'guwlanls
msﬂsznauﬁﬁmjé’aﬁa uazg1slsznay
aglsandn

laSs1o9mnisltinaianisuauuy sy
@18ANNTIFI (High-Speed Vibration Mill)
mlﬂumsm’%’wﬁamiumi‘uauﬁﬁmiﬁuﬂ;a
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