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Tom tit. Trong bai bao nay, soi nano bac da dugc tong hop bz\?mg phuong phap polyol dwdi tac ddng ctia
siéu am. Da xac dinh dwgc néng do6 tdi wu cta polyvinyl pyrolidone cho qua trinh ché tao dung dich.
San phdm s¢i nano duoc khao sat béng ky thuat XRD, SEM va UV-Vis. Dung dich dan dién 6 dién tro
thap, bam dinh tét, tinh linh hoat cao va 6n dinh nhiét. Dung dich nay da dugc st dung d€ ché tao mang
dan dién. San pham c6 thé mé ra mot hudng méi cho cac ing dung cong nghé sau nay.
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Abstract. In this paper, silver nanowires were prepared with the polyol method under ultrasonication.
The optimal concentration of polyvinyl pyrrolidone in the reaction mixture was also determined. These
nanowires were characterized with the XRD, SEM, and UV-Vis techniques. The conductive solution
possesses a low resistance, good adhesion, high flexibility, and thermal stability. The solution was
utilized to fabricate a conductive film, which might open up new technology applications.
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D6 Phwrong Anh va CS.

1 Mo dau

Véi dic tinh dan dién tuyét voi ctia bac va
tinh linh hoat ctia ciu trtc nano 1-D, sgi nano bac
(AgNW) la vatliéu hita hen dé thay thé vatliéu dan
dién ITO (Indium Tin Oxide) trong sudt. Bén canh
tinh linh hoat va kha nang dan hoi, cac tinh chat
quang dién cta mang TCE
Conductive Electrode) lam bang vat liéu AgNW da

tao ra tiém nang 4p dung vat liéu nay trong man

(Transparent

hinh cam tng, pin mdt troi va OLED (Organic
Light-Emiting Diode) [1-3]. Kich thudc cia AgNW
c6 tac dong quan trong dén tinh chat cia mang dan
dién [4]. Nhin chung, soi nano bac véi duong kinh
nho hon ¢ dac tinh quang dién t6t hon khi duoc
dua vao TCE (d¢ truyén cao, tro khang tam thap,
do truyén qua twong doi cao) [5, 6]. Ngoai ra, day
manh ciing on dinh hon trong dung dich va it c6

kha nang két tap sau thoi gian bao quan dai.

Téng hop polyol la phuong phép dé thém
tat ca cac chat phan ing dong thoi vao mot binh va
phan tng ¢ mot nhiét do xac dinh. N6 khong doi
hoi phai khudy hay dwa thém chat phan ting khac,
c6 d¢ ldp lai cao va ngay cang duwoc ap dung trong
cac nghién cttu gan day [1, 2, 4-14]. Méc du cac day
nano c6 duong kinh khoang 50 nm ¢6 thé duoc ché
tao 0 quy mo I6n hién nay, nhung AgNW siéu nho
(<30 nm) t&ng hop trong dung dich bang phuong
phap polyol van con khé thuc hién va it dwoc cong
b8 [1]. Ngoai ra, vat liéu ndy van con mot sd gidi
han tng dung trong cac thiét bi quang dién tir. Mot
lwong nho NaCl duoc xem la hat nhan d€ phan tng
voi AgNW [7, 12, 13]. Viéc thém KBr lam hat nhan
cting duoc cho la c6 1oi khi giam dwong kinh trung
binh ctia AgNW trong cac cong trinh trudc day [7],
nhung duong kinh ctia cac day nano nay déu trén
40 nm. Hon ntta, su chinh xac khi dung KBr va
NaCl trong phuong phdp nay van chua duoc
nghién cttu rdng rai.

Trong nghién cttu nay, chung t6i ¢d dinh cac
tac nhan phan tng véi AgNOs va xem xét anh

hudéng ctia néng do polyvinyl pyrolidon 1én qua
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trinh ché tao day nano Ag. Ngoai ra, chung toi st
dung polyvinylidene fluorua lam chéat két dinh
trong qua trinh tong hgp mang composite véi kha
ning dan dién tt ¢ nhiét d6 phong [2, 3, 15].

2 Thuc nghiém

2.1 Hoba chat

Cac vat liéu dugc st dung dé tdng hop cac
s¢i nano bac bang phuong phap polyol bao gom
(AgNOs, 99%, Merck), polyvinyl
pyrolidon (PVP, Mw 55,000 g/mol, Sigma-Aldrich),
etylene glycol (EG, 99%, Merck), kali bromua (KBr
99%, Merck), natri clorua (NaCl, 98%, Merck),
etanol (EtOH, 98%, Merck), polyvinyliden fluorua
(PVDF, Mw ~345,000, Merck) va dimetylformamid
(DMF, 99%, Merck), toluen (C7Hs, 99%, Merck),
aceton (CsHeO, >99%, Korea), isobutyl axetat
(CsH1202, >99,5%, Korea), 2-heptanon (CrHuO,
>99%, Sigma-Aldrich), ethyl axetat (CiHsOs,
>99,5%, Korea).

bac nitrat

2.2 Toénghgp AgNWs [2, 9]
Cong doan 1: Tong hgp soi nano bac

Nang nhiét d6 tir tir dén 75 °C (15 phut) d€ dun
20 mL EG va 15 mM NaCl trong cdc thiy tinh c6 mo.
Khi nhiét d6 gan dat 75 °C, cho 6 mM AgNOs vao
hdn hop trén. Phan tmg gitta NaCl va AgNOs tao
ra AgCl lam dung dich c6 mau trang duc. Trong
khi d6, EG bi nhiét phan tao thanh andehit va hop
chat nay doéng vai tro vira la dung moi, vira la tac
nhan khtt, con AgCl vira sinh ra c6 tac dung tao

mam bac trong qua trinh tong hop.

Tiép theo, dwa 2 mM KBr vao hdn hop. Tiép
tuc nang nhiét tr tir trong vong 10 phut cho dén
135-140 °C va cho 100-250 mg PVP vao (PVP dwoc
hoa tan trong 20 mL EG va danh siéu am trong 30
phut). Sau d6, nang nhiét d6 lén 155-160 °C trong
vong 8 phut [16]. Cudi cung, cho 75 mM AgNO:s
vao hdn hop va khudy nhe. Lugng AgNOs cho vao

sau cung nay doéng vai tro cung cdp nguyén tir Ag
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Hinh. 1. Anh dung dich bac nitrat d6i mau trong qua trinh khtr va ¢6 hién twgng “nd hoa”: (a) dung dich bac
nitrat & giai doan dau c6 mau trang duc; (b) khi nhiét do ting dén 150 °C trong vong 10 phit c6 mau nau sam; (c)
dung dich sau 30 phut c6 mau sang bac

dé dép dinh huéng vao mam thanh day nano [17].
Sau 30 phut, dung dich ¢ hién tuong “né hoa” déi
thanh mau sang bac (Hinh 1).

Cong doan 2: Tach san pham phu

D¢ qua trinh tach day nano duoc thuan loi,
ching t6i tién hanh loai bo twong d6i cac san pham
phu nhu PVP va cac tdc nhan hoa tan chua tac dung
hét trong dung dich tong hgp chita s¢i nano bac thu
duoc béng etanol, acetone va nudc cat. Trudc hét, &
ngudi te nhién dung dich chtta soi nano bac thu
dugc va cho ling khoang 12 tiéng. Dung dich sau
khi ldng c6 16p bac 14p 1anh phia trén, con bén duéi
cé mau tim (d6 chinh la polyme). Chiét 1ay phan
trén, bo phan dudi. Tiép tuc cho khoang 200 mL
etanol vao phan thu duoc va cho lang khoang 24
gi0. Dung dich duwong nhu tach ra 3 phan: dung

moi ¢ trén, mot phan ¢ gitra, con dudi day mau tim
1a polyme con lai lang xudng. Ltic nay khéo 1éo tach
1ay phan gifta. Tiép tuc rita dung dich bang ethanol
va cho khoang 100 mL aceton vao trong vong 5 gio.

Loai bo phén trén va dudi, 1ay phéan bac 1ap lanh.

Cong doan 3: Quay ly tdm tach 14y soi nano bac

Cho dung dich day bac thu dugc ¢ cong
doan 2 vao ong ly tam. Dat 6ng vao may va ly tam
O t6c do 3500 vong/phut trong 30 phut. Nging ly
tam va lay ong quay ra quan sat thay co 16p bac lap
lanh trén thanh dng d6 chinh la s¢i nano bac. Lai
bd chét long va cho dung moi vao 6ng va dem danh
siéu am. Ky hiéu cac mau tuong tng véi nong do
100, 150, 200, 250 mg PVP Ian lugt la P100, P150,
P200, P250 (Bang 1).

Bang 1. Ky hiéu mau va thanh phan cac chat ban dau cho qud trinh tng hop AgNW

TT Ky hiéu NaCl (mM) AgNOstao mam (mM) KBr(mM) PVP(mg) AgNOstao diy (mM)
1 P100 100
2 P150 150
3 P200 15 6 2 200 7
4 P250 250

2.3 Téng hop mang din polyme tir sgi nano
bac

Cho toluen, aceton, isobutyl acetat, 2-
heptanon, ethyl acetat, DMF... va polyme chinh
PVDF vao dung dich chita day nano Ag noi trén,
chung t6i da ché tao dugc dung dich keo dan dién
c6 kha nang nhanh kho6 ¢ nhiét d6 phong, cac ky

hiéu va gia tri dién tré nhu Bang 2.

DOI: 10.26459 /hueunijns.v130i1A.5891

Bang 2. Ky hiéu mau va gia tri dién tro ctia composite

PVDF/Ag
T Ky hiéu %kl Ag R @
1 A30 30 6,1
2 A50 50 43
3 A70 70 3,7
4 A80 80 2,8
5 A95 95 1,9
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3 K&t qua va thao luan

3.1 Cau trc, hinh thai hoc va tinh chat caa soi
nano bac

Anh SEM cho th&y 6 néng d6 PVP duéi 150
mg, bac nano hinh thanh ¢ dang hat va dang soi
(Hinh 2a, 2b). DBiéu nay cho thdy PVP khong nhirng
la tdc nhan “boc” ma con la tac nhan diéu khién cau
tric cho su phat trién ctia day nano Ag. Tuy nhién,
mot luong 16n PVP lam cho cac day nano két hop
véi nhau tao thanh mang (Hinh 2d) [18-20]. Vi vay,
chung t6i chon 200 mg la lwong PVP phu hop dé
tong hop soi nano bac c¢6 duong kinh déng nhat
trong khoang 30-50 nm va dai t6i ~20 pum.

Bon dinh nhiéu xa dic trung ¢ 38,8, 45,2, 65
va 78° twong tng vd4i cac mat (111), (200), (220) va
(311) (Hinh 3) cho thdy san pham la Ag. Biéu dang
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Iru y 1a ty 1é ceong d6 gitta cac dinh ¢ng véi mat
(111) va (200) c6 gia tri twong déi cao (6,0 — ty 1€ ly
thuyét la 2,5) [15, 18, 21], cho biét tdc dd tang
truong ctia mat (111) cao hon nhiéu so véi cac mat

khac ctuia soi nano Ag.

Hinh 2. Anh SEM ctia soi nano bac ché tao véi PVP:
(a) 100 mg; (b) 150 mg; (c) 200 mg; (d) 250 mg
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Hinh 3. Phé nhiéu xa tia X ctia soi nano bac

Trén pho UV-Vis cua mAau xuat hién ctia mot
dinh tai 400 nm véi cuong d¢ nhd (duong cong
M100) cho thay mot vai hat nano hinh thanh trong
dung dich. Mau M150 ¢ hai dinh 350 va 490 nm va
cuong d0 cua chuing tiang 1én khi ting nong do PVP
(dwong cong M200 va M250) (Hinh 4).

Trén pho xuat hién hai dinh v6i d6 hap thu
twong ddi sic nét & 350 va 380 nm. Sy kich thich
cong huong ti cyc cuia cac sgi nano bac dugc thé
hién ¢ budc song 350 nm cung véi mot dinh cod

cuong do cao tai 380 nm két hop voi do hap thu
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Cudng do (dvid)
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Hinh 4. Phd hap thu UV- Vis ctia soi nano bac ché
tao véi lwong PVP khac nhau
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cuia cac soi nano bac. Pinh cao khoang 400 nm dan
dan chuyén sang 380 nm khi taing nong dé PVP.
Theo ly thuyét, dinh hép thu cua cac soi nano bac
nam trong khoang 350-380 nm. Tuy nhién, khi du
PVP, céc lién két hydro hinh thanh trén bé mét ctia
soibac, dan dén cac soi sé tw lién két va dinh hudng
v6i nhau, bat ngudn tir su lién két boi cac dao dong
ctia cAc soi nano ding gan nhau, dan dén sy hinh
thanh cac “mang” sgi nano bac (Hinh 2d) [6, 17-19].

Khac véi nhitng vat liéu c6 cdu trac 16n, vat
liéu nano da thu hut sy chu y dang k& véi cac tinh
chat dién, nhiét, quang va xtc tic doc dao cua
chung. Hon ntra, cac thudc tinh nay c6 thé duoc
diéu chinh bang cach kiém soat hinh dang hodc
kich thwdc ctia ciu tric nano [1, 18]. Nhiéu bai bao
da ching minh réng cac dién cyc dwoc ché tao
béng cac soi bac dai c6 thé dat dwoc d6 dan dién
t5t hon so véi soi bac ngén [2, 3, 10, 12, 22]. Bén

canh d6, d€ tao hiéu suét tot cia mang soi nano,

dién tré vuong cua AgNW phai nho hon 10 Q,
trong khi d6, duwong kinh phai dwdi 50 nm.

3.2  Tinh chét cia mang composite dan dién

Nhu ching ta da biét, hiéu suat dan dién ctia
mang phu thudc vao chiéu dai cac sgi nano va mat
d06 soibac, néu mat do thap sé khong dan dién hoic
dan kém (Hinh 5a).

bién tré cia mang dwoc xac dinh thong qua
phan mém Cassy Lab két n6i trong hé do Keithley.
Mang composite dan véi cac nong do Ag khéc
nhau c6 gia tri dién tro tuwong d6i thap, dién trd caa
cac mang déu nho hon 10 Q va it thay d6i theo
nhiét do (Hinh 6a).

Su tiép xuc gitta mang dan A80 va dién cuc
bac (keo bac) la ti€p xtic Ohmic trong toan bo viing
nhiét d6 cua mang 30-100 °C. D6 thi & cac nhiét dd
khac nhau twong d6i tuyén tinh, cho thdy dién trd
cia mang dan hau nhu khong thay d6i theo nhiét
do ngoai (Hinh 6b).

TORXA
VR

(b)

Hinh 5. M6 hinh mé ta su lién két va hiéu sudt din dién ctia soi nano Ag trén d€ mang
(a) khong dan dién, (b) dan dién
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Hinbh 6. (a) Dién tré mang dan 6 cac nong dd bac khac nhau, (b) Do U-], theo nhiét d mau A80
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Phwong phap polyol da duoc cac nhanghién
ctu st dung rong rai dé€ tong hop AgNWs va céc
théng s6 khac nhau duoc st dung dé diéu chinh

hinh thai cudi cung cua cac day nano.

O day, chung t6i dua ra mot quy trinh téng
hop tuong d6i t6i wu dé€ tham khao. Cac chat tac
nhan ban dau, nhiét d6 phan ting va thoi gian phan
tng la cdc tham s6 quan trong nhat. Ching ta
thuong nghién cttu anh hudng cua nhiét d6 dén
hinh thai hoc ctia day nano. Trong thanh phan cua
cong thirc, chi c6 AgNOs, KBr va NaCl duoc st

dung d€ giam thiéu s6 bién trong thit nghiém.

AgNWs téng hop bang phuong phép polyol
thuong duwoc pht boc bang PVP, va thanh phan
nay thuong kho loai bé boi qua trinh thanh loc, tuy
nhién, viéc giam lwgng PVP ¢4 thé gitp quad trinh
loc rira d€ thu lai Ag day nano dé dang hon. Khi
cac day nano duoc ting dung cho cac mang dan
dién, thi can qua trinh ép hodc u vat ly la can thiét
dé€ dam bao su tiép xuc gitra cac day nano véi nhau.
Ngoai ra, 16p phtu PVP la wa nudc va han ché cac
day nano phan tan trong dung méi dau. Khi cac
day nano dwoc ap dung cho vat liéu composite, cac
polyme khac nhau thuwong dugce sit dung dé pha
trdn voi cac day nano. Bé mat wa nuede da lam han
ché'su pha tron dong nhat caia AgNWs véi polyme.
Dung dich keo dan dién duoc ching tdi tdng hop
c6 mau trang anh bac, sau khi phti 1én mang nhua
6 kha nang bam dinh va dan dién tst (Hinh 7).

¥ ..=
s
" L A

Hinh 7. Dung dich keo dan dién va thir nghiém d6 dan

dién ctia mang
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Mac du vay, trong nghién cttu nay chting toi
da thanh cong khi tong hop thanh phan keo dan
bam dinh t6t, linh hoat va dé phu 1én cac vat liéu
khac nhau ¢ nhiét d¢ thap, khi khong cé suw hién
dién ctia thanh phan nuéc va duoc thay thé bang
cac dung moi dé bay hoi, day 1a van dé quan trong

da duoc giai quyét trong nghién ctru nay.

4  Kétluan

Soi nano bac tong hop badi qua trinh polyol
trong bai bao nay duoc chiung toi t6i wu hoa tai
néng d6 200 mg PVP, viéc tong hop AgNW cb
chiéu dai soi tir 10 dén 20 pm va duong kinh trung
binh 50 nm 1a két qua twong d6i t6t d€ trién khai
tng dung cho cac nghién ctru tiép theo. Ngoai ra,
mang dan composite Ag/PVDF thé hién tinh 6n
dinh, kha nang udn déo tuyét voi vdi dién tro
khoang 3 Q va gid tri dién tro hau nhu khong thay
dodi trong quad trinh gia nhiét. Diéu nay cho thay
mang composite dan dién s& mé ra huéng méi cho

phét trién cac ing dung sau nay.
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