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In this work, we synthesize and investigate the influence of temperature
on the formation of silver nanowires using the polyol method. Silver
nanowires uniform in shape and size were synthesized using
Polyvinylpyrrolidone (PVP- 400,000 MW) and fresh synthesised silver
chloride (AgCl). The precursor for the synthesis is silver nitrate in
ethylene glycol (EG) medium. The reaction process was optimized by
adjusting the reaction temperature from 140°C to 170°C through UV-
VIS plasmon absorption spectroscopy, SEM transmission electron
microscopy images, and ray diffraction XRD. The results show that the
formation and growth of silver nanowires depends on the reaction
temperature. When the temperature is below 150°C, the synthesis
efficiency of silver nanowires is low. In the product, there exist other
silver structures such as silver nanorods, silver nanostructures cuber
and some other structures. When the synthesis temperature is 160°C -
170°C, silver nanowires are formed that are uniform in shape and size,
and the efficiency of synthesizing silver nanowires is highest. Silver
nanowires have aspect ratio over 100 with a diameter of about 20 nm,
and length over 2um.
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Trong nghién ctru nay ching t6i tong hop va khao sat sy anh huong ciia
nhiét d6 1én sy hinh thanh cac day nano bac st dung phuong phap polyol.
Céc day nano bac dong nhit vé hinh dang va kich thuéc da dugc tong
hop st dung Polyvinylpyrrolidone (PVP- 400.000 MW) va bac clorua
(AgCl) méi tong hop. Tién chat cho qué trinh tong hop 1a bac nitrate
trong moi truong ethylene glycol (EG). Qua trinh phan tmg di dugc toi
wu hoa bang cach didu chinh nhiét d6 phan tng tir 140°C dén 170°C
théng qua phd hap thy plasmon UV-VIS, anh hién vi dién tir truyén qua
SEM, va gian d6 nhidu xa tia X. Két qua cho thiy su hinh thanh va phat
trién ctia cac day nano bac phu thudc vao nhiét d¢ phan tng. Khi nhiét 4o
thap dudi 150°C higu suat tong hop cic diy nano bac thap, trong sin
phém tdn tai cac cAu tric bac khac nhu nano bac dang thanh, cac cAu triic
nano bac vudng va mot $6 cAu tric khac. Khi nhiét d§ cua qué trinh témg
hop 1a 160°C - 170°C thi cac ddy nano bac dugc tao thanh dong nhat vé
hinh dang va kich thu6c, hiéu suat tdng hop ddy nano bac 1a cao nhit véi
cac day c6 duong kinh khoang 20 nm, chiéu dai trén 2um.
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1. Gigi thigu

Céc cau triic nano bac néi chung va cac ddy nano bac (AgNWs) noi riéng dang ngay cang
dugc cac nha khoa hoc trong va ngoai nudc quan tdm nghién ciu boi cac tinh chat doc déo va da
ung dung cua ching. Do hiéu tng cong hudng plasmon khi cé anh sang kich thich cac dién tir
trén bé mit nén cac ciu trac nano bac c6 cac tinh chit quang dic thu phu thudc vao hinh dang,
c4u tric va kich thudc [1]. Chinh cac dic tinh nay di 1am cho cac ciu triic nano bac c6 nhiéu tng
dung trong cac linh vuc cia doi sng. Chang han nhu v6i kha ning ting cuong manh trudng dién
tir toi, cac cdu trac nano bac dic biét 1a cac cau trac di hudng voi nhiéu diém “hot-spot” c6 kha
ning phat hién duoc cac chat mau hitu co doc hai nong do cuc thip vai hé s ting cuong cao [2].
Céc cu tric nano bac c6 dic tinh khang khuan, diét khuan, diét vi rat da duoc khai thac nhiéu ké
c4 trong nghién ctru co ban va ung dung. Cac hat nano bac véi hinh dang, kich thudc, cau trac
khac nhau thi kha ning khang khuan ciing khac nhau [3]. Ngoai ra nano bac con c6 mit trong
phan 16n cac san pham tiéu dung dang dugc ban trén thi truong, chang han nhu dung dich ria
tay, dung dich vé sinh, cac loai xa phong, nudc rira chén, bat, kem danh rang. .. va trong quan 4o
hay cac thiét bi dung dé ndu an,... dén cac loai thiét bi dién tir nhu ta lanh, may diéu hoa, may
hat 4m, may loc khong khi... C6 thé néi véi tac dung khang va diét khuan cac hat nano bac di va
dang c6 anh hudng sau vao doi song cua con ngudi trén moi phuong dién. Khong nhiing thé cac
ciu trac nano bac con duoc st dung trong cac wng dung cam bién sinh hoc [4], xir Iy nudc thai
nhuém nhd vao hiu tmg quang xuc tac, phan hiy cic chdt mau hitu co doc hai mot cach nhanh
chong va hiéu qua [5], [6].

Trong thap Ky dau tién cia thé ky 21, nhiéu nha nghién ctru da tap trung cho viéc t6ng hop cac
day nano (AgNWs) véi kich thude ddng déu va hiéu suét tong hop cao. Nhiing nd luc nay da dan
dén sy phat trién ctia nhiéu phuong phap dé chuan bi AgNWs, dong thoi tao ra mot loat cac ang
dung tiém ning clia AgNWs. Cac dy nano bac (AgNWSs) vira c6 tinh dan dién cao vira c6 kha
nang dap tat anh sang trong vung nhin thdy va duoc sir dung trong nhiéu ung dung nhu cac dién
cuc trong sudt, cac cam bién nhiét do va ap suat. Nhitng tién bo da dat dwoc véi mot loat cac ciu
triic nano bac va cac ciu triic nano kim loai mot chiéu (1-D) khac va cac tinh chét vat 1y cua
chung da duoc thao luan [7]. Gan day nhét, danh gia vé viéc sir dung AGNWSs lam phim dan dién
trong sudt (TCF) [8].

Tong hop AgNW di dugce xem xét theo nhidu phuong phap khac nhau. Vi du, phuong phap
dién hoa tong hop dugc AgNW véi DNA 1am mau [9]. AgNW duoc tong hop bang phan tng
dién hoa vadi sy co mat cia dung dich AgNO; va axit ethylenediamine tetraacetic (EDTA) trong
mdi trudng khi N,. Két qua thu duoc AgNW c6 dudng kinh 40 nm va chidu dai khoang 1én t6i
hon 6 pm [10]. Phuong phap chiéu xa da tong hop dugc AgNW, trong d6 hinh dang cuia AgNW
bi anh huéng boi sy nong chay trong qua trinh phan huy nhiét [11]. Dé ting hiéu suat quang dién
cua AgNW, Niu va cong su (2018) da téng hop dugc AgNW cé dudng kinh khoang 13 nm va
chiéu dai 'khoang 40 m bang phuong phap polyol trong sy hién dién cua cac gdc benzoin [12]. bé
giam thleu viéc phat sinh san pham phu trong phuong phap polyol, anh huéng cia nong do
AgNO3, nong d6 PVP, khéi lugng mol PVP da sir dung va ty 1&8 PVP dugc xac dinh da khao sat
[13], [14]. Tuy nhién, AgNW dugc hinh thanh thu dugc tir cac phuong phap trén van con san
pham phu. Trong sb cac phuong phap tong hop AgNW thi phuong phap polyol cho két qua cao
nhét hiéu qua téng hop, kiém soat tinh ddng nhat, ty 1& cac canh va dac biét 1a tiét kiém thoi gian
va chi phi. Hau hét cac nghién ciru déu sir dung AgCl sén c6, nén hiéu qua tdng hop chua cao do
van c6 san pham phu. Vi vdy, nghién ctru nay t6i wu héa thoi gian phan ting va nhiét do dé tong
hop AgNW. Bong thoi, st dung AgCl méi tong hop duoc dé xuc tac cho qua trinh tong hop
AgNW tiang hiéu suit phan &ng.
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2. Phuong phap nghién ciru
2.1. Nguyén liéu — Héa chit

Polyvinylpyrrolidone (PVP, (CcHyNO),, 400,000 MW), bac nitrate (AgNO;, 99%), dugc mua
cua hang Sigma Aldrich. Natri clorua (NaCl, 99,8%), va ethylene glycol (EG, C,HO,, 99,8%)
dugc cung cap bai Merck. Nudce khir ion duge sir dung trong qua trinh thuc nghiém. Cac hoa chét
dugc st dung truc tiép ma khong can théng qua bat ki bude 1am sach nao.

2.2. Quy trinh téng hop

Cac AgNW duge tong hop str dung phuong phap polyol trong d6 AgCl dugce tong hop mai
theo quy trinh sau day: Hon hop gom 5 ml AgNO; 0,5 M va 5 ml NaCl 1 M duoc khuay tir véi
tbc do 800 vong/phut, khoang 1 phut. Ngay sau do AgCl da dugc tong hop. Két tiia dwoc tach ra
khoi phan n6i phia trén, rira mot lan bang nudc khir ion, va lam kho trong chan khong. Tiép theo
1a qua trinh tong hop AgNW: 0,34 g PVP 40000 MW dugc phan tan trong 20 ml EG trong mot
binh ba ¢d, dung dich duogc khqu tr & tbe do 800 vong/phut tai cac nhiét do khac nhau: 140°C,
150°C, 160°C, 170°C. Hai ¢6 cua binh phan tng ludén duoc dong kin bang nip kinh md ngam
trong dung dich EG va PVP, va duoc boc mang parafilm. Khi dung dich dat nhiét do on dinh, 25
mg AgCl méi diéu ché dugc thém vao mot 1an, dung dich c6 mau vang sang. Sau 3 phut, 0,11g
AgNO; dugc thém vao mot 1an va binh day tron cing dugc ddy kin bang nap va boc mang
parafilm. Ctr sau 5-10 phut, 14y 0,1 ml dung dich ra dé thyc hién cac khao sat can thiét. Thoi gian
phan ung khoang 60 phut.

2.3. Phwong phdp do dac

Phé hép thu cong hudng plasmon cua cac dung dich duge do trén hé V-770 UV-Vis c6 pham
vi budc song trong khoang tir 200 nm -1000 nm. Hinh thai, cAu tric cua cac hat nano bac dugc
khao sat trén hé kinh hién vi dién tr quét SEM (Hitachi S4800) hoat dong & 10 kV. Cau tric tinh
thé cua céc hat nano bac duoc xac dinh thong qua quang phé nhiéu xa tia X dugc khao sat trén hé
X-ray (Bruker D8 Advance) véi burc xa Cu-Ka (bude song 0,154056 nm).

3. Két qua va thao luan
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Hinh 1. Phé hdp thu UV-VIS ciia cdc ddy nano bac tong hop & cdc nhiét @ khdac nhau:
140C, 150C, 160°C, 170°C
Tinh chit quang hoc ciia AgNW dugc gidi thich dua vao hiéu tng cong hudng plasmon bé
mat do su tuong tac cua truong dién tir ciia anh sang tdi voi cac dién tir tu do trén bé mat cua day
nano. Su phan bo trurong dién tir cuia anh sang tdi phu thudc rat nhi€u vao hinh dang va cau tric
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clia cac hat nano kim loai. Do d¢, tinh chit quang hoc ciia AgNW phu thudc vao ty 1é cac canh
ctia chiing. Khao sat anh huéng cia nhiét do dén sy sinh trudong va hinh thanh AgNW, ching toi
thuc hién cac thi nghiém véi cung cac thong sd cua cac chat tham gia phan 1'Ing, chi thay doi
nhiét 6. Nhiét d6 phan mg duoc diéu chinh tir 140°C dén 170°C. Hinh 1 cho thay két qua cia
su anh hu:ong ctia nhiét do dén tinh chét quang ctia AgNW. Trong quy trinh tong hop nay EG vura
dong vai tro 1a dung mbi vira dong vai tro 1a chét khir, khir ion Ag” trong tién chat AgNO; thanh
cac nguyén tir Ag” theo cac phuong trinh sau déy:

CH,0H-CH,OH — CH3;CHO + H,0 (1)

2Ag" + 2CH;CHO — 2Ag° + CH;COCOCH; + 2H* (2)

Trong giai doan dau cac nguyén tir Ag két hop lai véi nhau thanh cac hat dang cau. Sau do tuy
thugc nhiét d6 va nong do cac chét tham gia phan tng cac hat nano bac duoc phat trién theo cac
hudng wu tién khac nhau hinh thanh céc ciu triac khac nhau: khi nhiét 6 thap c6 xu hudéng hinh
thanh cac céu tric 1ap phuong, con khi nhiét d6 cao thi hinh thanh cac day nano bac [15].

Khi nhiét d6 phan tng 1a 140°C thi phd héap thu ctia dung dich c6 4 dinh hip thu cong hudng
plasmon, trong khi nhiét do ting 1én 150°C, 160°C, 170°C thi cac dung dich c6 dang phd gidng
nhau véi hai dinh cong huong plasmon dic trung cia cdu tric 1 chiéu — day nano bac. Tai 140°C,
su xudt hién cua cac dinh cong hudng & budc song 350 nm va khoang 400 nm dugc quy cho 13 sy
dong gop cua cac thanh nano bac [16]. Trong khi d6, sy xuat hién cta hai dinh cong hudng &
song dai duoc quy cho 1a sy dong gop ctia cac dién tir tw do cuia cac hat nano bac véi cac ciu tric
khéc. biéu nay chi ra rﬁng & 140°C, cac hat nano bac v6i nhiéu hinh dang khac nhau da duogc
hinh thanh trong dung dich. P4i véi nhiét do phan tmg tir 150°C dén 170°C, su dong gop cong
huong plasmon bé mit cua cac dinh cong hudng cing nhu vi tri cua dinh phu thuge vao kich
thudc chiéu ngang va chiéu dai cia AgNW [17]. Phé hap thu cuia AgNWs dugce déc trung boi hai
dinh cong huéng nam & budc song 350 nm va 377 nm. Sy gidng nhau cua cac phd hap thy khi
nhiét do phan tmg tir 150°C dén 170°C cho thay trong dung dich chii yéu ¢ cac day nano bac.
Vai trd cua nhiét d6 d6i voi su hinh thanh va phat trién cua cac day nano bac duoc giai thich
thong qua vai tro cia ion CI” trong dung dich. Hang s6 phan ly ciia AgCl thay doi theo nhiét do.
Khi nhiét d6 nho hon 140°C thi hang sé phan ly ctiia AgCl thip (1 x 10°), din dén phan tng
AdCl — Ag’ +CI 3) dién ra theo chiéu tir trai sang phai. Céc ion CI' trong dung dich lién két
t6t hon voi Ag (100) dan dén sy phat trién cua cac hat nano bac thanh tinh thé kh01 lap phuong.
Trong mdt sO nghién cuu trude day, vai tro cua céc ion Cl trong viée tao ra cac ong nano Ag da
dugc chimg minh rd rang [18]. Nguogc lai, khi nhiét d¢ vuot qua 150°C, phan ung (3) chii yéu
dién ra theo hudng nguoc lai, do d6 lam ting ndng do AgCl trong dung dich. Téc d6 dich chuyén
clia phan ng ting ty 18 thuan voi nhiét d6, dan dén ndng d6 AgCl ting. Piéu nay lam cho toc do
tang truong tir tinh thé nano bac hinh cau thanh AgNW nhanh hon. Két qua 1a AgNW c6 thé
dugc tong hop ddng déu trong vong chua day 10 phat & nhiét do cao 170°C. Su hinh thanh dong
nhét cac day nano bac 1am cho pho cong hudng co cac dinh dic trung cila cau tric bac mot chicu
ddng thoi 1am ting do hap thu. Trong khi cac miu & nhiét do thip ton tai nhidu cdu tric khac
nhau, sy chdng chap phd din dén su xuat hién nhidu dinh cong huéng plasmon va lam giam do
hap thu trong dung dich.

Hinh 2 biéu thi co ché ting trudng cta cac ciu triic nano bac trong dung dich. Sy phu thudc ti
s6 d6 hap thu & budc soéng 350 nm voi do hép thu chuén hoéa tai budc song 404 nm quan lién dén
thoi gian phan Gmg. Su ting dan vé kich thudc cia AgNW dugc quan sat thong qua dong hoc
tang truong cham cia chung Trong g1a1 doan dau ciia phan tmg (ttc 1a 30 phit d6i véi mau tong
hop & 150°C va 20 phut ddi v6i mau tong hop & 160°C va 170°C) cac hat nano bac hinh cau trai
qua qua trinh phat trién cham bat d'fmg hudng dé tao thanh thanh nano bac, sau d6 duoc nhanh
chong thanh AgNW théng qua qua trinh dong hoc & giai doan cudi ciia phan tmg. Téc do chuyén
tir hinh cau sang diy nano bac tang 1én khi nhiét ¢ phan mg cao hon.
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Hinh 3. Anh SEM ciia céc dung dich hat nano bac khi két thiic phan vmg & cdc nhiét @ khdc nhau 140C (a),
150°C (b), 160 C (c) va 170 °C (d) véi dé phong dai 20000 lan, thang do dwoc chén vao cdc hinh la 1 um

Hinh 3 thé hién anh SEM cua hat nano bac duoc téng hop ¢ cac nhiét d6 khac nhau khi Kkét
thic phan ung. Co thé théy dugc su anh hudng cia nhiét do dén hinh dang ciing nhu hiéu suét
téng hop cua day nano bac. O 140°C, két qua cho thiy trong dung dich ¢ cac thanh nano bac,
céc cAu tric bac 1ap phuong va mot s it ddy nano bac. Ngoai ra ciing ¢6 thé thidy mot sé cau trac
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khac cta hat nano bac. Diéu nay ciing di duoc phan 4nh & dang phd hép thu cua dung dich sau
phan tng (Hinh 1). Khi nhiét d6 phan tng la 150°C, sé lugng cac day nano bac trong dung dich
tang 1én 10 rét, cac day nano bac la san pham chi yéu khi phan tng két thuc. Tuy nhién, trong
dung dich van cé mot s it cac cdu triic khac cua hat bac. Didu nay giai thich tai sao phd hap thu
cong hudng plasmon cua dung dich thu duoc khi tong hop ¢ 150°C c6 dang dac trung cua céc
day nano bac nhung do hap thu khong cao va do rong phé 16n. B6 1a do sy chong chap phd cia
céc day nano bac véi cac cau tric dang khac. Tiép tuc ting nhiét d6 phan g, trong (dung dich
thu dugc cac day nano bac voi hi¢u sudt cao co _duong kinh khoang 20 nm va chiéu dai gip
khoang hon 100 lan duong kinh. Sy dong dang vé hinh dang, kich thudc cia cac ddy nano bac
thé hién trong hinh 3¢ va 3d cing nhu pho hép thu plasmon ciia chung trong Hinh 1.

Hinh 4 bi¢u thi gian d0 nhiéu xa tia X (XRD) ctia AgNW khi két thuc phan tng & bon nhiét do
(140°C, 150°C, 160°C va 170°C). Tai cac nhiét do, gian dd nhidu xa déu xuét hién 4 dinh ¢ goc
20: 38,18°, 44,47°, 64,02° va 78,23° twong ng vdi vi tri cic mdt phang mang (111), (200), (220)
va (311) cua tinh thé nano Ag [19]. Tuy nhién, tai nhiét d6 140°C, va 150°C thi cuong do nhiéu
xa tai cac goc 64,02° va 78,23° quan sat dugc yeu hon so vo1 khi nhiét d9 cao. Ty 1¢ tuong d01
ctia cuong do nhidu xa tai cac dinh cta mat phang (111) va mit phang (200) dbi v6i chét tong
hop dwgc mau & 140°C, 150°C, 160°C va 170°C tuong tng 1a 3,81, 4,86, 6,62 va 6,12. Chiing t6
su ting truong doc theo chiéu dai ngay ciia AgNW trén mat (111) thé hién mutrc d6 cao nhit dbi

v6i mau tong hop & nhiét d6 160°C, va 170°C. Cac miu tong hop ¢ nhiét do thip hon ngoai cac
dinh nhidu xa dic trung cta tinh thé bac con c6 thém dinh nhifu xa tai Vl tri (*) voi goc 20 la
32,25°. Pbay la dinh dac trung cua AgCl (JCPDS no.14-0255). Co thé noi rang, trong cac mau nay
AgCl bi hoa tan va tham gia vao sy phat trién cia AgGNW theo thoi gian phan tng.
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Hinh 4. Gidn dé nhiéu xa tia X ciia cdc ddy nano bac téng hop ¢ cac nhiét d¢ khdac nhau
170°C, 160°C, 150 va 140°C
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4. Két luan

Céc day nano bac dd duoc téng hop theo phuong phap Polyol str dung AgCl tuoi voi nhiét do
phan tng khao st trong khoang tir 140°C dén 170°C. Két qua cho thiy rang nhiét do phan tmg
anh huong rat 16n dén su hinh thanh va phat trién ciia cac day nano bac. O 140°C, cac day nano
bac dd dugc hinh thanh nhung n6 c6 thé coi 1 san pham phu ciia phan @mg boi cic san pham
chinh tao thanh chu yéu 1a thanh nano bac va céc céu tric bac vuong. Khi nhiét d6 tang 1é€n cao
hon tir 150°C dén 170°C, cac day nano bac da duoc téng hop véi hiéu suét cao. Nhiét do phu hop
nhét cho qué trinh tong hop day nano bac 1a tir 160°C -170°C vi ¢ nhiét do nay gan nhu khong co
san phém phu, cac ddy nano bac dugc tao thanh mot cach déng nhét vé ca hinh dang va kich
thudc. Nhiét dd cao hon nita khién qué trinh thyc hién tré nén khé khan hon vi vay ngudng
170°C 1a phit hop cho phan tng tong hop vira dam bao hiéu suat vira dam bao an toan trong thuc
nghiém. Cac két qua phén tich con cho thiy khi nhiét d6 cao qua trinh hinh thanh diy nano bac
nhanh hon, AgCl trong dung dich sém duogc st dung hét dé tham gia vao su phat trién dinh
huéng hinh thanh cac day nano bac.

Loi cam on
Bai bao dugc sy hd trg kinh phi tir dé tai cap co sé ma sé6 TNUE-2023-07.
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