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In this study, we investigated the effect of the molar ratio between KBr
and NaCl on the diameter and properties of silver nanowires (AgNWs).
Here, AgNWs were synthesized via the polyol method, and then
transparent conductive electrodes AgNWs were fabricated by a simple
doctor-blade coating method. As the molar ratio of KBr/NaCl
increased, the diameter of the silver nanowires increased, and the
obtained product contained AgNWs and large AgBriCl, particles.
Moreover, the electrical and thermal properties of the AgNWs
electrode were significantly affected. The sheet resistance decreased
from 8.000 /L] with Br7/CI™ of 0:0 to 24 Q/LJ with Br /CI" of 0.5:1. The
results showed that the optimal KBr/NaCl ratio was 0.5:1. The obtained
AgNWs exhibited high purity, with diameters in the range of 30 — 40
nm, excluding AgBry.4Cly nanoparticles. Notably, Joule heating at 7 V
voltage is approximately 120 °C. These results demonstrate that the
Br/Cl” ion ratio significantly influences the properties of silver
nanowires. Furthermore, the obtained AgNWs show great potential for
application in transparent conductive electrodes.
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In gat

Trong nghién clru nay, chung t6i di khao sat anh huong cua ty 1€ mol
gitta KBr va NaCl dén kich thudc va tinh chat cia cac ddy nano bac
(AgNWs). O day, AgNWs duoc téng hop thong qua phuong phép
polyol, sau d6 dwoc s dung dé ché tao dién cuc trong sudt AgNWs
bang phuong phép in gat don gian. Khi ty 1&6 mol KBr/NaCl ting, dudng
kinh ddy nano bac tang, va san phim thu dugc bao gdbm ca AgNWs va
cac hat tinh thé 16n AgBryCl,. Ngoai ra, cac tinh chat dién va nhiét cua
dién cuc AgNWSs bi anh huong dang ké. Bién tré bé mat giam tir 8.000
Q/11 véi Br/Cl 1a 0:0 xudng 24 Q/(1 véi Bri/Cl 14 0,5:1. Két qua cho
thay ty I¢ mol t&i wu KBr/NaCl 1a 0,5:1. Khi d6, AgNWs thu dugc co
do tinh khiét cao véi duong kinh trong khoang 30 — 40 nm va khong
bao gém cac hat nano AgBr..,Cl,. Pang chi ¥, nhiét d6 Joule do dugc
tai dién 4p 7 V 1a gan 120 °C. Tir két qua thu duoc, ti 16 ion Br/Cl™ anh
huong dang ké dén tinh chat va hinh thai ciia ddy nano bac. Ngoai ra,
AgNWs thu duoc ¢ tiém ning 16n ¢ng dung trong dién cuc dan dién
trong sudt.
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1. Gioi thigu

Hién nay, cac dién cuc dan dién trong sudt (TCE) nhu indium tin oxide (ITO) van chiém thi
phan 16n trong céc thiét bi quang dién tir nhu pin mat troi [1], man hinh tinh thé long [2], didt
phat quang [3], nho vao dac tinh vuot troi nhu do dan dién t6t va do truyén qua cao [4] Tuy
nhién, ITO ton tai mot s6 nhugc diém, bao gdm gia thanh cao do indium la nguyén t6 hiém, quy
trinh san xudt phtrc tap doi hoi ky thuat cao va trang thiét bi dat tién [4], [5]. Dic biét, mang ITO
¢6 d6 6n dinh co hoc thap va de nut vg, do d6 khong phu hop trong cac ing dung yéu cau do linh
hoat cao. Trong nhiing ndm gan déy, day nano bac (AgNWs) da nbi 1én nhu mdt Gmg vién tiém
nang thay thé ITO nho d6 linh hoat vuet troi, do dan dién tt va do truyén qua cao [6], [7]. Co
nhleu phuong phap dé tong hop AgNWs, chang han nhu phuong phap khuén u6t, phuong phap
tong hop trong dung dich, .... Tuy nhién, hién nay, phuong phap pOIyOI van la phuong phap chu
yéu dé tong hop AgNWs nho quy trinh don gian, chi phi thap, chat luong san phdm va hiéu suat
hinh thanh day cao [7], [8]. P4y la phuong phap khir tién chat AgNOj; trong dung méi ethylene
glycol véi su c6 mat ciia chat hoat dong bé mat 1a polyvinylpyrrolidone (PVP). Trong phuong
phap nay, c6 nhiéu yéu t6 anh huong dén sy hinh thanh AgNWs. Khi dung méi chi chtra chat
hoat dong bé mit PVP, san phim thu duoc thudng bao gdm ca ddy nano va hat nano bac, do qua
trinh tao mam bac chua duge kiém soat hiéu qua [9]. Dé cai thién van dé nay, cac mubi halogen
duoc thém vao dung dich ban dau nhim kiém soat tot hon tdc do tao mam bac. O day, hai mudi
la KBr va NaCl dugc st dung dé bd sung vao dung dich. Khi do, sy hinh thanh cac hat AgBr;.
LCl gitp kiém soat tot qua trinh giai phong ion Ag®, tir d6 giam mat 6 mam Ag hinh thanh ban
dau va kéo dai qua trinh phat trién tir mam thanh day nano [9] — [11]. Chat luong ciia dién cuc
dwa trén AGNWSs phu thudc rt nhiéu vao hinh thai cua diy nano bac. Thong thudng, cac diy co
duong kinh nho va chiéu dai 16n thi khi ché tao dién cuc trong suét s& cho gia tri dién tro' bé mat
thap va do truyén qua cao. Puong kinh nho g1up tang dién tich trong glua cac day, do d6 tang do
truyén qua cua dién cuc. Day co6 chiéu dai 16n gitip giam sé lwong mdi ndi giira cac day v6i nhau,
tir 46 1am giam dién trd bé mat cua dién cuc AgNWs [12], [13]. Vi vdy, muc tiéu khi tong hop
AgNWs la thu dugc san pham gom cac day c6 ty 1é chiéu dai/dudng kinh cao va khong chira cac
hat nano bac. Xuit phat tir co s& trén, trong nghién ctru nay, chung toi tién hanh khéo sat anh
huong cua ty 1€ mol gitra KBr va NaCl dén hinh thai cta cac AgNWs thong qua phuong phép
polyol, tir d6 xac dinh ty 1é mol ti wu gitip tao ra san pham chi bao gom cac day nano tinh khiét.
Cac AgNWs thu duoc c6 dudng kinh tir 30 nm dén 40 nm va chiéu dai 1én dén 30 pm, cho thiy
tiém ning mg dung trong cac dién cuc dan dién trong sudt linh hoat va pin mit troi hiru co linh
hoat, thay thé cho TCE st dung vét ligu ITO truyen thong.

2. Phuong phap nghién ciru

Héa chat: Cac nguyén vit liéu va hoa chit dwoc st dung trong thi nghiém nay bao gdm: Bac
nitrate (AgNO3, > 99,8%, Trung Qudc); Potassium bromide (KBr, > 99%, Kanto Chemical);
Natri chloride (NaCl, > 99%, Shanghai Zhanyun Chemical); Polyvinylpyrrolidone (PVP,
Macklin); Ethylene glycol (C.HsO,, > 99,5%); Acetone (CH3;COCHG;) va isopropyl alcohol (IPA)
déu duoc mua tu Xilong Scientific (Trung Qudc). Tat ca cac hoa chét dung trong thi nghi¢m
dugc dung tryc tiép ma khong can tinh ché thém. Ngoai ra, dung cu va thiét bj déu dugc rira sach
3 lan bang nude khur ion (DI) sau d6 rung siéu am va sy kho tai nhiét do 60 °C.

Tong hop ddy nano bac: Dau tién, AgNO; duogc hoa tan trong 500 ml dung dich ethylene
glycol (EG) véi nong d6 mol 0,25 M. NaCl va KBr dugc hoa tan trong 20 ml EG dé thu duoc
dung dich mubi co nong d6 0,25 M. Tiép theo, 2 g PVP dugc hoa tan trong 50 ml EG trong binh
ba cd, ddng thoi khudy tir v6i tde do cao. Sau do, dung dich mudi (KBr va NaCl) véi céc ty 18
mol khac nhau duoc thém vao nhdm khao sat sy thay d6i hinh thai va san pham thu dwoc sau qua
trinh tong hop. Binh ba ¢ dugc ndi v6i dng sinh han dé han ché su bay hoi ciia dung méi. Khi
nito dugc bom lién tyc vao binh phan (mg nhim dam bao qué trinh xay ra trong moi trudong khi
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tro. Sau khi PVP dugc hoa tan hoan toan, 30 ml dung dich AgNOs 0,25 M dugc nho tir tir vao
binh ba cb. Tiép theo, hé duoc gia nhiét dén 160 °C va tit khudy tir nham tao diéu kién thuan loi
cho qué trinh khtr ion Ag* thanh Ag®. Cac qua trinh phan tmg dugc mo ta va biéu dién nhu sau:
CHon_CHon — CH3CHO + Hzo
2Ag" + 2CH;CHO — 2Ag° + CH;COCOCH,;
Ag’ + Cl & AgCI
Ag” + Br o AgBr

Ché tao dién cuc trong suot AgNWs: Sau khi tong hop AgNWs thanh cong, ta tién hanh chuén
bi dung dich muc in AgGNWs v6i ndng d6 20 mg/ml duoc phén tan trong IPA dé ché tao dién cuc
AgNWs. Day nano dugc phu 1én cic tim lam kinh véi kich thudc 12 5 cm x 2,5 cm bang phuong
phap in gat ¢ nhiét d6 phong. Cac tdm lam kinh duoc rira sach bang chét ty rira, rung siéu 4m
1an luot trong aceton va nudc ct, sau d6 dugc xit khod bﬁng khi nito. Myc in AgNWs dugc in gat
1én bé mat lam kinh bang diia thuy tinh v6i cac s6 1an in gat t6i wu 14 3 1an, sau d6 duoc siy kho
70 °C trong 1 phut trén hot plate nham loai bo hoan toan IPA, va thu duge dién cuc AgNWs.

Cdc phirong phdp phan tich: Trong nghién ctru nay, dic diém ciu tric, thanh phan va pha cta
vat lidu duogc phén tich bang gian do nhidu xa tia X (XRD) trén may D2 Phaser 2nd Gen cua
Brucker (Duc) sir dung dng phat Cu ¢ bude song 1,54184 A, goc quét 20 = 20° - 70° budc nhay
0,01 va toc do quét 0,5 giay/bude quét. Pién tro bé mit (Rgp) cua dién cuc dan dién AgNWs duogc
do bang hé do bén miii do Jandel RM3000+. Phuong phap phd hip thu UV-Vis cia cac dién cuc
duge do bang may UV/Vis (Cary 5000 UV-Vis-NIR). Cubi cung, kinh hién vi dién tir quét
(SEM, Hitachi) cho biét hinh thai ciia AgNWs sau khi tong hop bang phuong phap polyol.

3. Két qua va thao luan
3.1. Phén tich céu triic ciia AQNWSs

Gian d0 nhiéu xa tia X ciia cac mau AgNWs véi ty
1¢ mol KB1/NaCl khac nhau dugc trinh bay trén Hinh
1. TAt c4 cac mau déu xuat hién cc dinh nhidu xa tai
vi tri goc 20 = 38,1° va 44,3°, tuong ung voi cac mat
tinh thé (111) va (200) caa bac (ICSD 98-004-4387).
Tuy nhién, c6 su dich chuyén vé bén phai cua dinh
nhidu xa twong tng mit tinh thé (200). Hién tuong nay
1a do sy thay dbi duong kinh cta cic mau AgNWs khi
thay doi ty 1¢ mol KBr/NaCl. Nhu trong Hinh 1, cac
mau cang it nong do KBr thi dinh nhidu xa ctia mit
tinh thé (200) cang dich vé phia goc nhidu xa 16n hon,
cho thdy sy gia tang vé duong kinh ctia day nano bac.
Ngoai ra, khi nong d6 KBr/NaCl=1:1 va 2:1, bét dau
co su xuét hién ctia dinh nhiéu xa tai vi tri 26 =31°,
day la dinh déc trung cho hat tinh the AgBry.Cly [14]. ] P
Diéu nay co thé 1a do cac mau van con du két tha lussonaloatiTed pmlvocomdeol
AgBr,Cly chua hinh thanh day nano bac. Hat tinh thé 20 30 40 50 60 70

—Ag (111)

KBr/NaCl: 1/0(ml)

-1 AgBr,Cl,(200)
- Ag (200)

e ' ) KBr/NaCl: 2/1(ml)
i b KBrNaCE 1/1(ml)
L. keuNacto51(m)

KBr/NaCl: 0/1(ml)

Cuwdng dod (d.v.t.y.)

KBr/NaCl: 0/0(ml)

AgBr.Cly trong dung dich dong vai tro la mam cho 26 (°)
qua trinh phat trién day nano bac va c6 anh huéng truc  Hinh 1. Gidn dé nhiéu xa tia X cua AgNWs
tiép dén duong kinh ctua day nano bac [14] — [16]. Vdi cac ty 1¢ KBr/NaCl khdc nhau

Nguoc lai, cac mau khong quan sat thiy dinh nhidu xa
tai goc nhidu xa 20 = 31°, diéu nay cho thay cac hat
tinh thé AgBr;,Cl, hiu nhu dd bi khir hoan toan vé
AgP dé tham gia vao qua trinh moc day.
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3.2. Hinh thdi hoc caa AgNWs

Hinh 2. Anh SEM cua cde mau AgNWs Véi ty 1é mol KBr/NaCl khéc nhau \an lwot la
(@) 0:0; (b) 0:1; (c) 0,5:1; (d) 1:1; (e) 2:1 va (f) 1:0.

Hinh 2 trinh bay anh SEM cua cic mau AgNWs duogc tong hop bang phuong phap polyol voi
cac ty 1¢ mol KBr/NaCl khac nhau. Pbi v6i miu khong chira mudi halogen, san pham thu duoc
bao gom cac hat nano bac c6 kich thudc nhé va cac day nano ¢ chiéu dai ngin. Nguyén nhan la
do ion halogen c¢6 kha ning kiém soat tbc do khir Ag" thanh Ag’. Vi vy, khi khong c6 ion
halogen, toc d6 khir Ag® dién ra nhanh trong khi tbc d6 hinh thanh day khong theo kip, dan dén
xuét hién nhiéu hat nano bac. Khi ty 1€ mol KBr/NaCl = 0:1, san phém thu duoc khong bao gém
cac hat nano bac du thira. Pudng kinh ctia day giam dang ké khoang 55 nm va chiéu dai day tang
1 rét. Diéu nay 1a do ion CI” gitp kiém soat qua trinh khir Ag* vé Ag’ thong qua viéc hinh thanh
két tia AgCl tir d6 ngdn chan su két ty va hinh thanh hat nano bac da tinh thé [17]. Tuy nhién,
céc tinh thé AgCl c6 kich thudc 16n hon so véi AgBr, nén cac mam Ag tao thanh c6 kich thudc
16n, dan dén AgNWs thu duoc co6 duong kinh 1én. Tir Hinh 2.c, ty 18 mol t6i vu KBr/NaCl la
0,5:1. Khi d6, AgNWs thu duoc c6 duong kinh nho nhit trong khoang tir 30 nm dén 40 nm, dong
thoi khong co sy xuét hién cta céac hat nano bac. Diéu nay dugc giai thich do sy ¢c6 mat cua d(“)ng
thoi ion Brva CI gitip kiém soat t6t toc do khir ion Ag*" vé Ag® nhd hinh thanh mam AgBr,.Cl,
on dinh. Ngoai ra, ion Br c6 kha ning thu dong hoa mit (100) ciia mam bac, 1am giam duong
kinh dy nano. Do ion Br uu tién bam vao mit mang (100) do lién két gitra Br va mat (100) 16n
hon déng ké so voi mit (111) cua Ag [18]. Khi do, cac hat phan tir, nguyén tr Ag tao thanh
trong dung dich s€ uu tién sap Xep vao mat tinh thé (111) giap day dai ra va phat trlen di huong
hinh thanh day [17], [19]. Khi tiép tuc ting ndng d6 KBr, san pham thu duoc bao gom nhiéu hat
16n AgBry.,Cly va cac AgNWs co duong kinh 16n. O Hinh 2.f, san pham bao gdm rat nhiéu hat
16n, dy nano c6 kich thuéc khong dong déu va duong kinh ting 1én dang ké. Do khi nong do
KBr 16n, cac mat mang cua mam bac duoc bao boc hoan toan, dan dén su két tu va hinh thanh
cac hat 16n AgBr,.,Cl, khéng mong mudn. Dya trén nghién ctru, ching t6i dé xut rang cac ion
halogen c6 ba vai tro sau: (i) tao diéu kién cho sy hinh thanh cac mam AgBr,.,Cly; (i) han ché su
phat trién theo chiéu ngang ciia AgNWs nhd hap phu ¢ chon loc trén mit (100) cia Ag ctia ion
halogen va (iii) hinh thanh cac phirc chit AgBr;.Cly 6n dinh tir d6 1am cham qué trinh khir bac va
dinh hudng cac day phat trién di huéng hidu qua.
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3.3. Ddc tinh quang va dién ciaa AgNWs
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80 Q 106 1 90
=2 - G T
0\\0170 _— :: 105 - 40
S 60 |- E 1ax
c 50 [ @ 10* 4309
“«® i —=— KBr/NaCl : 0/0(ml) ~ . <
> 3
540 |- —e— KBr/NaCl: 0/1(ml) *© 10 - 20
= - ——KBriNaCl: 0,5/1(ml) = i
@ 30 - —v— KBr/NaCl: 1/1(ml) @ 102 110
i —s— KBr/NaCl: 2/1(ml) a
20 B —— KBr/NaCl: 1/0(ml) 10" 1
10 40
_ 10° 1 1 L 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1
400 500 600 700 800 900 0/0 0/1 051 11 2/1 1/0
Buwéc séng (nm) KBr/NaCl

Hil}h 3.D¢o truyén qua cua cac dién cuc trong Hinh 4. Pién tro bé mat va g}'d tri FOM cua cdc mau
suot AgNWs voi ty 1é mol KBr/NaCl khdc nhau AgNWSs vai s thay doi ty Ié¢ KBr/NaCl

Hinh 3 trinh bay phé truyén qua UV-Vis cua cac dién cuc dya trén AgNWs véi ty 1¢ mol
KBr/NaCl khac nhau lan luot 14 0:0; 0:1; 0,5: 1;1:1; 2:1 va 1:0. Khi ndng do KBr tang, do truyen
qua ctia cac mau gan nhu khong thay 601 do s6 1an in gat 1a nhu nhau. Gia tri d9 truyen qua nam
trong khoang tur 77,60% dén 81,03%. Dbi voi cac dién cuc trong sudt, hai thong sO quan trong
nhat dé danh gia dic tinh quang dién 1a do truyén qua va dién tré bé mit. Trong do, dién tré bé
mat phan anh kha nang dan dién cua dién cyc dan dién trong sudt. Thong thuong, do truyén qua
va d6 dan dién c6 moi quan hé ty 1¢ nghich 1a khi do truyen qua ting thi d6 dan dién giam (hay
dién tro bé mit tang). Vi vay, dé danh gia toan dién chat lugng cua dién cuc trong sudt, nguoi ta

thuong str dung hé s6 chat lugng FOM (Figure of Merit), dugc xac dinh theo cong thic (1):

188.5
FoM =226 %2 (1)

%r Ry (TZ-1)

Trong d6, T 1a d6 truyén qua cua dién cuc AgNWs tai bude song 550 nm, Rg, 12 dién tro bé
mit cua dién cuc, oop 1a 46 dan quang va opc 12 6 dan dién mot chiéu cua dién cuc AgNWs tai
budc song 550 nm. Ty $6 gopl/opc chinh 1a hé sd chat lwgng FOM, duge st dung dé danh gia chat
lugng cua cac dién cuc trong subt. Pdi voi TCE, gia tri FOM cang cao thi chét lugng dién cuc
cang tot.

Déi voi mang méng, dién tré bé mat 14 ty s6 cia dién tro suat chia cho bé day mang, c6 don vi 1a
Q/1. Y nghia vat 1y cta dién tro bé mat 1a dic trung cho su can tré dong dién dich chuyén theo bé
mit, thay vi phuong vudng goc voi mang (d6 day). Pién trd bé mit ciia mang dugc do bang phuong
phap bdn mili do, sir dung bén dién cuc (1, 2, 3 va 4) duoc dit cach déu nhau va tiép xtic nhe voi bé
mit mang nho hé théng dém 16 xo dé tranh 1am hong mau. Trong d6, hai ddu do ngoai cung (1 va 4)
duoc sir dung dé cung cip dong dién I, trong khi hai dau do & giira (2 va 3) duoc st dung dé do dién
ap chénh léch AV giita hai ddu do nay. Dé thuy tinh sir dung c6 dién tré di 16n do d6 dam bao rang
phin 16n dong dién di qua hai dau do bén ngoai (1 va 4) s& chay qua mang méng. Dong thoi, trd
khang dau vao ctia von ké phai rat 16n so véi trd khang cia mang nhim dam bao khéng cho dong
dién chay qua hai ddu do bén trong. Nhd do, dién ap do dwoc chinh 1a dién ap chénh léch giita hai
dau do 2 va 3. Khi 6, dién tré bé mat duoc xac dinh theo cong thirc (2):

Ry, = m’(fz) =~ 4,53236 2)

Hinh 4 m6 ti mi quan hé giita dién trd bé mit Ry, (thang log) va gia tri FOM cua céac dién cuc
AgNWs véi cac ty 1¢ mol KBr/NaCl khac nhau. Khi KBr/NaCl = 0:0, dién cuc AgNWs c6 Rg, rat
cao va gia tri FOM khé thip (Bang 1). Didu nay 1a do khi khéng c6 ion halogen, qua trinh tao
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mam rét khé kiém soat va qua trinh hinh thanh day dién ra khong thuan lgi. Khi KBr/NaCl = 0:1,
dién tr& bé mit giam dang ké so v6i mau khong c6 cac ion halogen. Khi KBr/NaCl = 0,5:1, dién
cuc AgNWs cho gia tri dién tré' bé mit thap nhat khoang 24 /(] véi gia tri FOM tdi wu nhat
khoang 60. Tuy nhién, khi nong d6 ion Br va Cl ting, dién trd bé mit c6 xu hudng ting rat
nhanh va gia tri FOM thu dugc rat thip. Nguyén nhan 1a do khi ndng d6 ion Br va CI cao khién
nong do ion Ag* trong dung dich ting 1én rat nhanh, dan dén hinh thanh két tia AgBr va tc ché
qué trinh hinh thanh ddy. Ngoai ra, khi ndong d6 ion Br™ 16n, cac mit mang ctia mam bac bi thu
dong hoa hoan toan, tir d6 hinh thanh nhiéu hat 16n lam giam kha nang dan dién cua dién cuc
AgNWs [14], [17]. Bang 1 thé hién gia tri FOM, Ry, va T tai budc song 550 nm tai ti 1& mol
KBr/NaCl khac nhau.

Bang 1. Gia tri FOM, Ry, va d¢ truyén qua tai bucc song 550 nm tai ti 1¢ mol KBr/NaCl khdc nhau

KBr/NaCl FOM Rsh (Q/1) Tss0 (M)
0:0 0,17 8000 77,6
0:1 14,53 117,01 81,03

0,5:1 59,55 24,67 78,55
1:1 20,31 81,22 80,54
2:1 0,06 26370 79,81
1:0 0,00006 24024000 78,65

3.4. Ddc tinh nhiét ciia AgNWs
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Hinh 5. Nhiét d¢ va mdt do dong dién cua cac dién cuc AgNWs vaoi cac ty 1é mol KBr/NaCl khdc nhau:
(a)0/0, (b)0/1, (c) 0.5/1, (d) 1/1, (e) 2/1, () 1/0. Thir tw anh hong ngoqi tir trdi qua phai: & 1V, nhiét do
cao nhat trieoc khi dut gay, sau khi durt gay

Pé khao sat dic tinh nhiét cua dién cuc AgNWs, cac dién cuc voi cac ty 1é mol KBr/NaCl
khac nhau duoc ap dién voi dién ap khac nhau lan luot1a 1,2,3,4,5,6,7,8 va 9 V duoc duy tri
trong 5 phiit trong diéu kién khong khi. Nhiét do Joule sinh ra trong qua trinh 4p dién duoc do
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béng camera héng ngoai. Hinh 5 mo ta nhiét 9, mat d¢ dong dién va anh camera héng ngoai cua
cac dién cuc AgNWs voi cac ty 16 mol KBr/NaCl khac nhau 1an luot 13 0:0; 0:1; 0,5:1; 1:1; 2:1 va
1:0. Hinh anh camera hong ngoai mé ta lan luot tai nhiét do ban dau, nhiét do cao nhat va hinh
anh duong dut gay (break line) ciia dién cuc AgNWs. O ty 1 mol KBr/NaCl = 0:0, mau c6 kha
ning chiu duoc nhiét va dién ap 16n nhét. Tuy nhién, do  khong c6 cac ion halogen, san pham thu
dugc la cac day nano c6 duong kinh 16n va chiéu dai ngan dan dén s6 diém tiép xtic gitra cac day
tang 1én. Phan 16n dién ap cung cép roi trén cac dlem tiép xtic, gy ra nhiét cuc b va dé gay dut
gdy khi dién ap cao. Két qua thu duogc cho thiy miu c6 thoi gian chiu dién 4p ngén nhét trong tat ca
cac mau, voi tong thoi gian tir lac bit dau dén khi cuong do dong dién vé 0 A 13 khoang 30 phut va
nhiét d6 cao nhat do duogc 1a 263,7 °C. Khi ti 16 KBr/NaCl = 0:1 (Hinh 5.b), ion CI tao két tua
AgCI trong dung dich va giup kiém soét toc do giai phong ion Ag”, tir d6 thuc day sy hinh thanh
day va giam dién tro bé mat. Tuy nhién, nhiét d6 cia mau thép hon so v&i mau khong co mudi
halogen va nhiét d6 cao nhat do dugc 1a 138 °C do dién trd bé mit thip hon. Tai ti 1& mol
KBr/NaCl = 0,5:1, mau c6 mat do dong dién cao nhét & cung mdt gia tri dién ap so vdi cac mau b,
d, e, f. Odiénap 6 V, cac miu b, d, e, f c6 mat do dong dién trong khoang tir 93 - 127 (mA.cm?),
trong khi mau gém 0,5 ml KBr va 1 ml NaCl c6 gia tri mat do dong dién 1én t6i 160 (mA.cm™). Do
do, ty 16 mol KBr/NaCl ti wu dé tong hop diy nano bac bang phuong phap polyol 13 0,5:1.

4. Két luan

Trong nghién ctru nay, chung toi da téng hop thanh cong diy nano bac véi duong kinh tr 30
nm dén 40 nm va chiéu dai co thé 1én t61 30 pm. Dang chu y, san pham thu dugc chi gom day
nano bac tinh khiét va khong bao gdm cac hat tinh thé nano AgBry. ,Cl, khong mong mudn. Két
qua nghién ctu cho thdy cac ion Br va CI” dong vai trd then chét trong qua trinh hinh thanh va
kiém soat duong kinh cua day nano bac. Tuy nhién, khi ndng do6 ion halogen cao, cic hat nano
AgBr. XCI khong mong muén co6 thé xudt hién do ion halogen thu dong hoa toan bd cac mat tinh
thé ciia mam bac. Ty 1& mol tbi wu giita Br va Cl™ 1 0,5:1. O ty 18 nay, day nano bac c¢6 d tinh
khiét cao, duong kinh nho, v6i dién tro bé miat khoang 24 Q/[1 trong khi d6 truyén qua tai budc
song 550 nm xAp xi 80% din dén gia tri FOM cao dat khoang 60. Céc két qua thu dugc cho thay
day nano bac c¢6 d6 dan dién va do truyén qua cao co tiém nang 16n trong viéc thay thé cac dién
cuc trong sudt dan dién truyén thong.

Lo1i cam on

Nghién ctru ndy duoc tai tro boi Pai hoc Bach khoa Ha Noi (HUST) trong d& tai ma sd
T2023-Tb-022.
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