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TOM TAT

V4t liéu t6 hop poly(3-hexylthiophen)
va 6ng nano cacbon da thanh bién tinh da
duroc téng hop thanh céng trong méi truong
THF véi hién dién cda xudc tac tetrabutyl
amoni flourua. Tinh chét ddc trung cda vét
liéu té hop nay duoc danh giéd mét céach chi
tiét bdng cac phuong phap thir 1dng, phd
Raman, phén tich nhiét trong luong (TGA),

kinh hién vi dién tir quét (SEM) va kinh hién
vi dién tdr truyén qua (TEM). Cac két qua
thu dwoc cho thdy san phdm co6 céu tric
nano dang “I6i — vé” (core — shell) véi bé
day 16p vé trung binh khodng 9nm, d6 bén
nhiét tdng déng ké so véi m&u composite
gitfa P3HT va MWCNTSs déng théi phan tan
tét trong dung méi hiu co:

Ter khoa: P3HT/MWNTS, té hop, poly(3-hexylthiophene), ghép hoéa hoc.

1. GIOI THIEU

Polyme lién hop (conjugated polymers —
CPs) d4 dwoc nghién ciru rong réi trong nhiéu
thap ky qua do tiém nang tng dung to 16n trong
nhiéu linh vic nhu: vat liéu cam ang, du trix
ning luwong, xdc tac enzym, thiét bi quang
dién,... Trong dé, poly(3-hexylthiophen) diéu
hoa (rr-P3HT), véi nhiéu tinh chéat dac biet vé
quang, dién ..., la mot trong cac déi tuong duoc
tap trung nghién ctu [1]. Tuy nhién, do tinh chat
co, nhiét thap, nén rr-P3HT gap nhiéu thach
thiec néu mudn dwa vao wng dung thuc té. Vi

vay, hudng nghién ctu cai thién tinh chat tudi
tho va hiéu qua sir dung rr-P3HT [1-4] dang rat
duoc quan tam. Nghién ciru két hop giita P3HT
va CNTs d4 c6 thanh cong nhit dinh trong viéc
cai thién tinh chét nhiét, dién, quang hoc cua ca
P3HT va CNTs [4-8]. Nhom tac gia Amlan J.
Pal [9] d4 cai thién do dan dién cua P3HT bang
cach tron vat ly gita MWCNTSs va P3HT trong
dung mdi clorofom, két qua cho thy d6 din
dién tang gap 5 lan so vai sir dung P3HT tinh
khiét; dong thoi tac gia ciing chi ra rang phd hap
thu quang hoc cua hdn hop khong thay dbi khi
ting ham luong MWCNTs 1én dén 5%, day la
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mot minh ching cho thay trong hdn hop chi ton
tai twong tac vat ly gitta P3HT va CNTSs, khéng
¢6 twong tac dién tir xay ra nén khéng lam anh
huéng dén su chuyén dich dién tich. Nhu vay
muén thay ddi tinh chit quang dién cua vat liéu
két hop giira P3HT va CNTs can tao dwoc lién
két héa hoc giita P3HT va CNTSs va dé lam dugc
diéu nay nhiéu nhém nghién ciru da s dung
phuong phap hoa hoc dé hinh thanh lién két
cong héa tri gitra hai thanh phan nay [1, 7, 10].

Trong nghién ctu nay, ching t6i trinh bay
phuong phap téng hop vat liéu t6 hop tir P3HT
va MWCNTS bién tinh trén hé xdc tac hoan toan
mai tetrabutyl amoni florua trong méi truong
THF, dong thoi danh gia mot cach hé théng anh
huong cua lién két méi dugc hinh thanh trén bé
mat éng CNTs dén mét s6 céc tinh chit cua vat
liéu thu duoc.

2. THUC NGHIEM

2.1. Nguyén liéu

MWNTSs
v
Nung 460°C, 24h
v
100 ml dd HNO, 6M, 60°C, 24h
v
100 ml dd HCI 6M, 60°C, 24h
v
p-MWNTSs

v

100 ml dd dam diic H,SO,/HNO,, 60°C, 6h

v
m-MWNTs

Hinh 1. Quy trinh chuan bi ong
nano carbon bién tinh
Cac nguyén liéu va héa chat dugc sir dung
trong dé tai nhu tetrabutyl amoni hidrosunfat

(TBAHSO,), KF.H,0, THF & cap d¢ phong thi
nghiém duoc mua tir hang nhu Sigma Aldrich,
Fischer Scientific.

MWNTs bién tinh (m-MWNTS) véi cac
tinh chit cu thé dugc chuan bi theo quy trinh
nhu hinh 1 [11].

P3HT diéu hoa tong hop theo quy trinh
(hinh 2) dugc trinh bay trong tai liéu [12], voi
céc thong s chi tiét: khdi luong phén tir 5.000 —
10.000 g/mol; PDI = 1,1 + 1,5; ¢c6 nhém chirc —
Br cudi mach, phan trim P3HT c6 cau trac diéu
hoa (rr-P3HT) chiém 98%.

2.2. Phuong phap thuc nghiém

Hon hop gom 30mg m-MWNTs, 30mg
P3HT, 1mg TBAHSO4 18mg KF.H.O, 2ml
THF dugc cho vao binh phan (ng. Phan {ng
duwgc thuc hién trong mdi truong khi Argon, &
nhiét d6 phong va khudy déu trong 24 gio. Hon
hop sau phan tng duoc loc rira nhiéu lan voi
nuéc cat dén pH khong dbi, thu duoc mau ran,
tiép tuc sdy chan khong & nhiét d6 60°C trong
24 gio, ki hiéu 1a g-MWNTSs (hinh 3).

m-MWCNTSs P3HT

| |
v

TBAHSO,+KF.H,O/THF

v

Khuéy déu, nhiét do
phong, Ar, 24 gid

v

Loc rira v&i nuée cat
|

v
g-MWCNTS

Hinh 3. So d6 téng hop g-MWNTs
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————————————————————————————————————

2-bromo-3-hexyl-5-iodothiophene(0.86459)

v

Hut chan khong (3 ngay)

P

————— THF (10ml)

Dung dich 1

<_ _____

____________

- FPPMQCI2M |\ whi Ar |

(1.1ml) o :

Phan ng trong 1h
P3HT

| Ni(dppp)Cl,(0.02g)

Loc Phan ng trong 24h

7 Vil

\4

MeOH |-> Két ta Dung phan tng

<-- HCI 1M (10ml)

R v

C6 quay Hoa tan polymer + chiét |<-{  CHCI, (30ml)

Hinh 2. Quy trinh tdng hop P3HT

2.3. Cac phwong phap phéan tich

Phwong phdp thir ldng: duoc thuc hién &
nhiét ¢6 phong. Chuan bi mau thur:

— Mau m-MWCNTSs: 50mg ng nano cachon
da thanh bién tinh (M-MWCNTS).

— Mau P3HT/MWCNTs: 25mg P3HT va
25mg m-MWCNTSs.

— Mau g-MWCNTSs: 50mg vat liéu té hop tir
P3HT va MWCNTSs .

Cac mau lan luot duoc phén tan trong 10ml
THF va danh si€u am trong 30 phit.

Cac phwong phap phdn tich khdc:

Ph6 Raman thu duoc tir phd ké Jobin Yvon
(Horiba Group), dd dai song bic xa 633 nm
trong vling 1000-1750 cm™*. Phan tich dinh ning
lugng duogc thuc hién bang phan mém chuyén
dung OriginLab 8. Hinh thai hoc caa san pham
dugc phan tich bang cac phuong phap TEM
(JEOL-JEM-1400), SEM (JEOL-JSM-7401F).
Phan tich nhiét trong lvong TGA duoc tién hanh
trong moi trueong khéng khi, nhiét d 26-900°C,
téc do gia nhiét 10°C/pht.

3. KET QUA VA BAN LUAN

Phé Raman la mot cong cu manh dé phan
tich va danh gia tinh chat cua cac san pham lién
quan dén dng nano cacbon. Két qua danh gia
bang pho Raman cia m-MWCNTSs (hinh 4A)
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xuit hién cac dinh phd dic trung: tai 1328.07
cmt (dao dong cua cau tric khong trat tu) va tai
1610.09 cm™ (dao déng doc truc dng cua ciu
trdc cacbon lai hda sp?) véi ti sb cuong do

I/
G
' xép xi 0.28.

Két qua phd Raman cua g-MWNTSs (hinh
4B) ciing xuét hién cac dinh phé dic trung: band
D tai 1320.85 cm® (dao dong cua cau trlc
khong trat tu) va band G* tai 1600.83 cm™ (dao
dong doc truc dng cua ciu tric cacbon lai héa
sp?). Tuy nhién, vi tri dinh pho dic trung d dich
chuyén (shift peak) vé& ving buéc séng thap hon
so v&i m-MWNTs (band D — 1328.07 cm? va
band G* - 1610.09 cm™), ching t6 cac lién két
hoa tri cacbon — cacbon trong g-MWNTs da bj
thay d6i, twong tac gitta cc 6ng ting [13]. Piéu
nay c6 thé duoc giai thich do twong tac Van der
walls hoidc = lién hop gitra cac phan toe P3HT
gan trén thanh dng va cac ng CNTSs.

Mt khéc, su suy giam dot ngot chiéu cao
cua dinh phd tng voi G*- band so véi D-band

(hinh 4B), ti s6 cuong do IG%) giam xudng con
0.12 ching té qua trinh bién tinh va ghép mach

&)

4 D peak - 1328.07

Intensity (Absorbance unit)
L

G+ peak - 1610.09

T T T T T T T
1100 1200 1300 1400 1500 1600 1700

Raman shift (cm-1)

Intensity (Absorbance unit)

bang phwong phap hoéa hoc da lam gia ting cac
lien két khong phai lai hoa sp? trén mau, day la
mét bang ching rat thuyét phuc cho sy xuat hién
cua cac mach P3HT gén bang céc lién két héa
hoc 1én thanh éng nano cachon. Su hién dién
day du cac miii phd dic trung trén mau san
pham sau khi ghép mach cho thiy phan ung
ghép mach khong lam anh huong ciu trdc cua
dng nano carbon.

Hinh 5 trinh bay két qua danh gia hinh théi
va ciu trdc cua vat liecu m-MWCNTs va g-
MWCNTs bing phuong phiap SEM va TEM.
Trong d6, anh SEM (hinh 5a, 5b) m6 ta vat liéu
m-MWCNTSs va g-MWCNTSs van giit hinh thai
dang éng, dong thoi dé& dang quan sat duoc sy
khac biét rd rét vé bé mat cia m-MWCNTS va
g-MWCNTs. D6i véi mau m-MWCNTS, cac
dng CNTs c6 bé mat sach, nhin (hinh 5a),
nguoc lai v6i bé mat gd ghé cua mau g-
MWCNTs (hinh 5b). Song song d6, anh TEM
(hinh 5¢ va 5d) thé hién rd ciu tric cua vat liéu
m-MWCNTSs va g-MWCNTSs, c¢6 mét 16p mang
rat mong bao boc bén ngoai 6ng CNTs (hinh 5d)
d6 chinh 1a 16p bao boc P3HT ddng nhét dong
vai tro 16p vo (v6i do day xap xi 9 nm) boc bén
ngoai dng CNTSs.
] B

D peak - 1320.85

G+ peak - 1600.83

T T T
1500 1600 1700

Raman shift (cm-1)

T T T
1000 1100 1200 1300 1400

Hinh 4. Phé Raman ciia m-MWCNTSs va g-MWCNTSs
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y 2

$-4800 15.0kV x30.0k

Hinh 5. Anh SEM ctia (a) m-MWCNTS, (b) g-MWCNTS va
anh TEM ciia (¢) m-MWCNTS, (d) g-MWCNTs

Pé khang dinh hiéu qua cia qué trinh tao
lien két hoa hoc giita P3HT va m-MWCNTs
mot phuong phap kiém tra truc quan rat thuong
duoc sir dung 1a phép thir ling ddi voi san pham
thu dugc. Dung dich thir lang dwoc chuan bi nhur
d4 trinh bay ¢ phan 2.3. Qua trinh thir ling duoc
danh gia thong qua ty s6 Ha/H: theo thoi gian,
trong d6 Hy, Hg lan luot 1a chiéu cao cua dung
dich va phan ling. Sau 2 gio, mau m-MWNTSs
d4 bat dau két tu va lang, dé lai dung dich bén
trén trong sudt, trong khi mau phéi tron co hoc
P3HT/MWCNTS VAn giir nguyén tinh dong nhat
(khong thay d6i mau sic va tach 16p), thé hién
su cai thién do bén phan tén cua hdn hop. Su gia
taing do bén phan tan cia mau tron hop hoan
toan c6 thé giai thich 1a do tuwong tac lién két n

giita mach polyme lién hop va bé mat CNTSs,
chinh twong tac nay da gidp cc soi polymer gin
két twong ddi voi dng MWCNTSs va ting kha
nang phan tan trong méi truong dung moéi phan
cuc. Péi vai vat lieu g-MWCNTs, d6 6n dinh
trong dung dich ting manh so Vdi
P3HT/MWCNTS tron hop, bang chang la dung
dich van duy tri d6 dong déu (mau den) sau 24
gid, nguoc lai mau tron hop PBHT/MWCNTSs da
ling hoan toan (hinh 6). Két qua nay hoan toan
phu hop véi cdng bd cia nhom téc gia Florian
Boon [14], va gop phan khang dinh sy hinh
thanh lién két hoa hoc gitra P3HT va CNTSs tao
thanh vat liéu t6 hop g-MWCNTS véi kha ning
phan tan tét hon so voi nguyén liéu ban dau.
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Hinh 6. Anh sau 24 gi& ctia mau(A) PSHT/MWCNTSs (B)
Két qua thir 1ing cta 3 méu vat lidu sau 24 gio va (C) g-MWCNTSs

Hinh 7. Két qua ly tim m-MWCNTs;
P3HT/MWCNTS; g-MWCNTSs
sau 30 phdt (theo thir tu: tir trai sang phai)

Pé tang d6 chinh xac cua két qua thir lang,
trong nghién ciru nay, qua trinh thir ling duoc
Iap lai mot 1an nira v6i su két hop cua giai doan
ly tam trong qua trinh chuan bi mau thir voi téc
d6 quay 3000 vong/phdt, thoi gian 30 phat dé
thuc ddy qué trinh sa lang. Sau budc ly tam,
mau m-MWCNTs d3 ling hoan toan, dé lai
dung dich bén trén trong sudt, mau tron hop
P3HT/ MWCNTSs chi ling mét phan - thé hién
c6 su cai thién do bén phan tan rd rét giita hai
mau. Pdi voi miu g-MWCNTs d6 dong nhat
trong toan bo dung dich van duogc gitt nguyén
cho thdy d6 6n dinh cua mau phan tan tét hon
nhiéu so véi hai mau con lai (hinh 7).

Qué trinh hinh thanh lién két hoa hoc gitra
P3HT v6i m-MWCNTSs ¢6 anh huong rat Ién
dén tinh chat nhiét cua san pham, vi vay tat ca
c4c mAu trong nghién ciru nay déu duoc danh
gia tinh chat nhiét bang phuong phap nhiét trong
luong (TGA), bao gom ca mau nguyén ligu
P3HT. Puong TGA cua P3HT chi ra ring
khoang nhiét d6 phan huay téi da (MDT) cua
polyme nay la 430-480°C va ching hoan toan
phéan hay ¢ 550°C (hinh 8). Trén khoang nhiét
d6 nay, phan tram khdi luong con lai thé hién
ham luwong téi thiéu cia MWCNTS trong ting
mau: 40% (g-MWCNTSs) va 20% ( P3HT/
MWCNTS). Két qua TGA ciing cho thdy mau
tron hop P3HT/MWCNTSs phén huy manh tai
viing 400°C va tai 700°C gan nhu phan huy hoan
toan, tuong tr voi mau g-MWCNTs. Diéu nay
cho thdy su c6 mit caa CNTs anh huéng khéng
dang ké dén qua trinh phan huy cia polyme.
Tuy nhién, phan tram khéi lwong con lai cua g-
MWCNTS la 14.98%, cao gap 10 lan so véi mau
P3SHT/MWCNTSs (1.43%), ching to do bén
nhiét caa vat liéu lai ghép g-MWCNTs da duoc
cai thién dang ké so véi mau tron hop co hoc
don gian. Didu nay c6 thé duogc giai thich 1a do
su hinh thanh lién két héa hoc giita P3HT va
MWCNTS, dan dén tao thanh dang té hop (g-

TRANG 48



TAP CHi PHAT TRIEN KH&CN, TAP 18, SO K5- 2015

MWCNTSs/P3HT, ti 1& phan tram khéi lugng ~ Vit liéu té hop tir P3HT va MWCNTS bién
40/60) voi do bén nhiét c6 sy gia ting manh. tinh da dugc tong hop thanh cong theo mat
. hudng hoan toan méi véi s c6 mat caa hé xic

100 B p— tac TBAF/THF. Cac két qua thuc nghiém nhu

' e phé Raman, SEM, TEM va TGA d chang minh

su hinh thanh lién két héa hoc giita P3HT va m-
MWCNTSs va vat liéu hinh thanh cé dang 16i-vo
véi chiéu day I6p vo trung binh khoang 9nm.
Ngoai ra, san pham thu dwoc c6 d6 bén nhiét
cao va kha ning phén tan tét trong dung méi
hiru co.

=
o
1

% khéi hrong
N
5

20

T T T T 1
0 200 400 600 800 1000
Nhiét d6 (°C)

Hinh 8. Két qua TGA cua P3HT,
P3HT/MWCNTSs, g-MWCNTs4. KET LUAN
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Synthesis of hybrid materials based on
poly(3-hexylthiophen) and  modified

multiwalled carbon nanotubes

e Vu Hue Tong
e Nguyen Thi Minh Nguyet
e Le Van Thang

Faculty of Materials Technology, Ho Chi Minh city University of Technology,VNU-HCM

ABSTRACT

In this study, we reported a new
method to synthesize hybrid materials from
P3HT and modified MWNTSs through Si?
mechanism using a catalytic system of
tetrabutylammonium  fluoride in THF
(TBAF/THF). Experimental results obtained
by scanning electron microscope (SEM),
transmission electron microscope (TEM),

Raman spectra and sedimentation test
confirmed the core-shell structure of the
grafted P3HT/MWCNTs. The hybrid
material was higher soluble in organic
solvents (stable for more than 6 weeks) as
well as Dbetter thermal stability than
P3HT/MWNTSs composite.

Keyword: P3HT/MWNTS, hybrid/composite, poly(3-hexylthiophene), SN2 mechanism
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