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This article shows the fabrication of AuR/Ag core/shell structural nanoparticles
with the core of gold nanorods, the shells of silver nanoparticles according to
the reduced method. This work involves two independent processes including
the synthesis and optical properties survey of gold nanorods, then using the
gold nanorods as the core particles for the next stage to form the core/shell
structure AuR/Ag. Using UV-VIS absorption spectra to study the optical
properties of the AuR/Ag core/shell structures and at the same time investigate
the effect of the Ag+ concentration on the formation and optical properties of
the AuR / Ag complex. The results showed that the optical properties of AuR /
Ag strongly depend on the amount of the shell-forming precursor Ag+ ion. The
greater the amount of Ag+, the thicker the silver crust, the plasmon resonance
peaks of the fluid towards the shortwave, and the kinetic moment, the
resonance peak at 353 nm with the contribution of electrons of the silver
oscillating in the horizontal direction of the AuRs.
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Théng tin bai viét Tom tit

Bai bao nay trinh bay viéc ché tao céc hat nano cau trdc 18i/vo AuR/Ag vai 16i

Ngay nhan bai: | thanh nano vang, vo 1a 16p nano bac theo phuong phéap héa khi. Cong viéc

22/3/2021 ndy gém hai qua trinh doc lap bao gdom viéc tong hop va khao sat dic tinh
Ngay duyét ding: v o X L . . X .
3/5/2021 quang cua cac thanh nano vang, sau d6 st dung cac thanh nano vang lam hat

I6i cho giai doan tiép theo dé hinh thanh cau trdc 16i/vo AuR/Ag. St dung phd
hip thu UV-VIS nghién ctu tinh chat quang cuaa cac cau trac 16i/vo AuR/Ag,
Tir khéa: Thanh nano vang,  dong thoi khao sét anh huong cua nong do Ag™ dén su hinh thanh va tinh chat
nano bac, plasmon bé mat, guang cia phic hé AuR/Ag.‘Két qua cho thay tinh chat quang cia AuR/Ag
phu thudéc manh vao luong tién chat hinh thanh 16p vé la ion Ag®. Khi lwong
Ag" cang I6n thi 16p v6 bac cang day, cac dinh cong hudng plasmon cua thanh
dich v& phia séng ngin va dong thoi xuat hién dinh cong hudng tai budc song
353 nm voi su dong gop cua cac dién tir cua I6p vo bac dao dong theo chiéu

cau trac 18i/vé, AuR/Ag.

ngang cua thanh.

1. Téng quan

Géan day, dac tinh cong huong plasmon bé mat
dinh xir cua céc cau trdc nano kim loai dang duoc
cac nha khoa hoc trén thé gigi quan tam nghién ciru
boi nhiéu Gng dung tiém ning cua chdng trong
nhiéu linh vuc, chidng han nhu: cam bién quang hoc
[1], xdc tac [2], cam bién sinh hoc [3], nghién ctu
té bao [4] va hiéu tng chuyén ddi quang — nhiét
[5]... Nhiéu ly thuyét va nghién ctru co ban da chi
ra ring cong huong plasmon bé miat cia céc cau
trdc nano kim loai phu thuéc manh vao hinh dang,
kich thudc va méi trudng bao quanh cac ciu tric
nano kim loai [6]. Cac hat nano kim loai nhu Au,
Ag c6 tan sé cong hudng plasmon nam trong viing
anh sang kha kién nén gay duoc cac higu ung vé
mau sic mang lai nhiéu ung dung [7,8]. Chinh vi
vay, da c6 nhiéu cac cong trinh nghién ctu vé viéc
tdng hop cac hat nano Au, Ag Vvéi cac hinh dang
khac nhau nhu dang cau, thanh, tam giac, dia, hay

cac cau tric di husng khéc [9-14]. Pac biét, tinh
chat quang cua cac thanh nano vang c6 thé diéu
chinh mot d& dang bang cach thay ddi ti 1 twong
quan gitra kich thuéc cac canh cia thanh [15-16].
Béng cach nay c6 thé tao ra cac thanh nano vang
véi dinh cong huong plasmon nam trong ving hong
ngoai gan — vang hip thu c¢6 nhiéu @ng dung dic
biét Ia cac (tng dung trong y — sinh [17]. Bén canh
d6, cac hat nano kim loai ciu tric I8i/vo ciing co
thé diéu chinh dic tinh quang bang cach thay doi ti
Ié twong quan gitra duong kinh 16i va do day l6p vo
[18-19]. Trong cbng viéc trudc ching toi da bao
c4o V& viéc tdng hop va nghién ciru dic tinh quang
cua cac cau trac 18i/vo vai 16i 1a hat nano silica va
16p vo Au véi muc dich hudng téi sir dung chdng
dé nghién ctru khao sat hiéu tmg chuyén déi quang
nhiét, tiéu diét té bao [20]. Duya trén dic tinh quang
cua cac thanh nano vang va cac hat nano bac, cau
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trdc 18i/vo AuR/Ag hira hen nhirng ung dung trong
viéc ting cudng tan xa Raman bé mat dé phat hién
céac phén tar mau tng dung trong nganh an toan thuc
pham ciing nhu bao vé méi truong. Pong thoi
chiing déng vai tro nhu chat danh dau quang hoc dé
lam dau do phét hién cac té bao ung thu huéng dich
[21-24]. Pd c6 mot sb cac nghién ciru tong hop céc
cau trdc 18i/vo Au/Ag véi cac hinh dang va hinh
thai khac nhau [25-26].

Trong bai béo nay, ching tdi tap trung tong hop
cau trac 16i vo AuR/Ag voi 18i 1a cac thanh nano
vang va lép vo la 16p nano bac. Trén co s¢ do,
nghién ctu sy anh huong cua 16p vo bac dén tinh
chat quang cua phirc hé AuR/Ag thdng qua su thay
ddi nong do tién chat tong hop 1op vo Ag. Cac
nghién ciru nay dugc thuc hién thdng qua céc thdng
s6 trén pho hap thu UV-VIS cua céc dung dich hat
thu dugc.

2. Thuwc nghiém

2.1. Nguyén ligu —hoa chat

Cetyltrimethylammonium bromide (CTAB -
CioH4oBrN), silver nitrate (AgNOs), hydrogen
tetrachloroaurate(l1l) trihydrate (HAuUCI,;-3H,0)
and sodium borohydride (NaBH,) dugc cung cip
bai hang Sigma. trisodium citrate CgHsNaszO; and
ascorbic acid (L-AA CgHgOg) dugc mua cta Merck.
Nuéc khir ion dwoc st dung trong tit ca cac thi
nghiém cung cdp tr may mili- Q. Céc binh thi
nghiém duoc rua sach, khir trung va lam khé trudc
khi st dung.

2.2. Téng hep thanh nano vang

Céac thanh nano vang dugc tong hop theo
phuong phap nudi mam nhu da béo cdo trong cong
viée trudc ddy voi mot chut thay doi nho [27].
Trudc tién, cac hat mam vang duoc tong hop bang
cach st dung 10ml CTAB 0,1 M, 125 ul HAuCl,
0,02 M va 0,5 ml NaBH4. NaBH, pha méi trong

Phuong phap nu6i mam
trong su c6 mat cua CTAB

nudc lanh (4°C) duge dua vao trong hdn hop chira
CTAB va HAUCI, khi dang khudy tir & nhiét do
phong. Dung dich ngay lap tic chuyén tir mau vang
cua phirc CTA-Au®* sang mau néu sang. Day la diu
hiéu cua su hinh thanh cac hat mam Au tinh thé.
Cé4c hat mam nay dugc giit 6n dinh tai nhiét do
phong trong khoang 3h. Sau do6, chung dugc su
dung 1am hat mam dé tong hop nén céc thanh nano
vang. Dung dich nudi hat mam bao gém: 10 ml
CTAB 0,1 M, 150 pl HAuCl, 0,02 M, 75 ul AgNO;
0,1 M, 50 pl L-AA 0,1 M. Cuébi ciing 100 pl dung
dich mam Au tinh thé dwoc thém vao trong dung
dich nudi, duy tri khudy tir khoang 1h tai nhiét do
phong. Ngay sau khi cho L-AA dung dich chuyén
tr mau vang cua phiuc sang khong mau, sau do
chuyén dan sang mau nau do. Bén khi dung dich
dich khong d6i mau la dau hiéu két thic phan ung
(sau khoang 1h).

2.3. Tong hep cdu trac 16i/vé AuR/Ag

Céc cau trac 18i/vo AuR/Ag dugc tong hop
ciing theo co ché nudi mam. O day, cac thanh vang
dong vai trd lam mam dé cho cac ion Ag* bi khir
trén d6, hinh thanh Iép vo bac. Bé khao sat anh
huong cua tién chat ion Ag*, 9 binh phan tng da
duoc chuan bi. Trong mdi binh chira 1ml dung dich
thanh nano vang, 4 ml dung dich trisodium citrate
15%. Sau d6, thém vao vao mdi binh cic lugng
AgNO; 1 mM tuong ung: 0,1 ml; 0,2 ml; 0,3 ml;
0,4 ml; 0,5 ml; 0,8 ml; 1 ml; 1,2 ml; 1,4 ml. Cudi
cung 0,5 ml L-AA 5% duoc thém vao trong khi
khudy tir tai nhiét do phong. Sau khoang 5 pht khi
thém L-AA mau cia dung dich thay d6i tir tim,
sang nau, xanh d6, vang... tuy thudc theo luwong
AgNO; va L-AA dua vao. Khoang 10 phat khudy
tr mau cua dung dich khong thay déi la diu hiéu
phan ng két thuc hoan toan. Nhu vy, c6 thé mo ta
qué trinh téng hop ciu tric 18i/vo AuR/Ag theo so
d6 hinh 1.

2AgNO, + CH O — 2Ag+ CH. O +2HNO,

Mam vang

Thanh nano vang

Trong sy c6 mat clia CGHSNaSO7

CAu trac 161 /vo
AuR/Ag

Hinh 1. So' @6 nguyén 1y téng hop cdu trdc 18i/ve AuR/Ag
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2.4. Phuong phap khdo sat do dac

Céc dung dich hat sau khi tong hgp duoc nghién
ctu tinh chat quang bang phd hap thu UV-VIS trén
hé may UV-2600 cua hang Shimadzu véi budc
s6ng khao sat tr 200 nm dén 900 nm. Hinh théi,
kich thugc cta cac thanh nano vang duoc quan sat

i A
So

Au - Rod - 20.002
Print Mag: 80400x @ 51 mm 100 nm

D6 hép thu (d.v.t.y)

gua anh bang kinh hién vi dién to truyén qua
Model. Jem 1010 hing JEOL — Nhat Ban bang cach
trai hat trén ludi dong phu cacbon va duoc gia toc
voi thé 80 kV.

3. Két qua va thao luan

3.1. Thanh nano vang

25 (b)

20+ —— Mam Au
—— Thanh nano vang
15
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Hinh 2. Anh TEM cua cac thanh nano vang (AuR) véi dg phong dai 40000 lan, thang do 100nm (a),
phé hdp thu UV-VIS cua hat mam vang (dwong den) va thanh nano vang (duong do) (b).

Céc thanh nano vang duoc tong hop theo
phuong phép nuéi mam tir céc tinh thé vang mam
V6i su cO miat cua chat hoat dong bé mat va dinh
huéng su phét trién caa thanh CTAB [28-29]. Hinh
2(a) la anh TEM cua céc thanh nano vang véi do
phong dai 40 nghin 1an. C6 thé thay cac thanh nano
don phén tan trong dung dich, chiéu dai thanh trung
binh khoang 40 — 45 nm, chiéu rong khoang 10 nm.
Anh TEM nay thu duoc sau khi mau da duoc xu ly
rat sach CTAB bang céch li tam voi téc d6 cao
nhiéu lan véi nuoc khir ion. Tinh chat quang cua
cac hat mam tinh thé va cac thanh nano vang duoc
khao sat bang phé hap thu UV-VIS (hinh 2b). C6
thé thay, pho hap thu cua céc tinh thé nano vang la
mot dai rong gan nhu khong ¢ dinh hap thu. Pay
1a dang phd dic trung cua cac hat nano vang kich
thudc nho dudi 10 nm do dao dong cua tap thé cac
dién tir dan trén bé mat hat bi dap tat nhanh chéng
boi bién hat. D6 hap thu tai ving tir ngoai cua céc
dung dich cao la chu yéu do CTAB, diéu nay di
dugc ching toi khao sat mot cach doc lap va duoc
dé cap dén trong tai liéu [30]. Pho hap thu cua cac
thanh nano vang dwoc dic trung boi hai dinh hip
thu twong (ng va&i hai mode dao dong cua dién tir.
Dinh cong huong tai budc sng ngén twong ng Voi
dao dong cua dién tur theo chidu ngang cua thanh va

dinh cong huong tai budc song dai twong ung vai
dao dong cua dién tir theo chidu doc cua thanh [30].
Céc thanh nano vang dugc s dung nhu la cac hat
mam moéi dé lam vat liéu 16i cho qua trinh hinh
thanh cau trac 18i/vo AuR/Ag.

3.2. Cdu truc 16i/vé AuR/Ag

Trong nghién ciru cua chdng toi, 16p vo bac chi
c6 thé hinh thanh trén hat 16i 1a cac thanh vang
trong diéu kién méi trudng c6 chat hoat dong bé
mat CTAB, vi vay, dung dich AgNO; dugc dua vao
trong dung dich thanh nano vang khi chua loai bo
CTAB. S¢ di nhu vay la vi CTAB trong dung dich
thanh nano vang cung cp ion Br dé hinh thanh
AgBr dé diéu khién toc do khir cua ion Ag* thanh
céc nguyén tir Ag’. Trong qué trinh hinh thanh cac
nguyén tir Ag®, AA dong vai tro 1a chit khi, phan
ung khir Xay ra theo phuong trinh sau:

2AgNO; + CgHgOg — 2Ag + CeHeO5 + 2HNO;

Trong thi nghiém nay dung dich trisodium
citrate 1a dé tao moi truong ¢6 pH phi hop cho
phan ung khir cia CgHgOg va AgNO3. Vi viéc hinh
hanh 16p vo Ag phu thugc vao tde do phan tng khir
tec 12 phu thuéc vao ndng do cac chéat tham gia
phan tng, do d6, chiing t6i khao sat anh hudng cua
ndng do ion Ag* 1én tinh chat quang cua AuR/Ag.
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Hinh 3. 4nh TEM cua cac hat cau tric 16i/vé AuR/Ag Véi thang do 14 20 nm (hinh tréi)
va hinh phong dai mgt hat (hinh phdi).

Hinh 3 1a anh TEM cua cac ciu trac 16i/vo
AUR/Ag v6i lugng AgNO; 1 mM dugc st dung la
0,5 ml. Qua anh TEM c6 thé thay duoc ciu tric
I16i/vo cia AuR/Ag, cac hat nano bac da bao boc
bén ngoai thanh nano vang mot 16p c¢6 @6 day kich
thudc nano mét. Viéc boc nay kha dong déu trén
thanh nano vang, tuy nhién Ag bam it hon & céac
déau cua thanh, tao ra cac hat cau trac 16i/vo c6 dang
thudn dai ¢ hai dau. Diéu nay la do mat d6 cac phan
tir CTAB trén thanh nano vang & hai dau 1a nhiéu
hon so véi & cac mat bén cua thanh, ching phan
nao han ché sy di chuyén cua cac nguyén tir Ag vao
hai dau thanh nano vang [31]. Anh TEM cho thay

—— 100Ag
—— 200Ag
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cac hat cau tric 16i/vo da dwoc ché tao thanh cong
bang phuong phap nay. Tuy nhién, c6 mot thuc té
1a trong dung dich hat cd thé hinh thanh mét sé it
cac hat nano bac véi cac hinh dang khac nhau, va
mot s6 thanh vang khong dwoc boc boi cac hat nano
bac. Piéu nay c6 thé quan sat trén anh TEM (Hinh
3). Céc cau tric nano 18i/vé AuR/Ag trong dung
dich thu dwoc theo phuong phap ling dong tai nhiét
d6 phong, vi ching c6 trong lugng lén hon cac hat
khéc tao thanh trong dung dich.

3.3. Anh hwong ciia néng dg Ag” 1én tinh chat
quang cia AuR/Ag
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Hinh 4. Phé hap thu UV-VIS cia dung dich thanh nano vang va cac dung dich AuR/Ag véi cac thé tich dung
dich Ag* khac nhau (a) va su phu thugc ciia dinh céng hweng plasmon theo chiéu doc cia thanh (b).

C6 thé thay, tinh chit quang cua céc dung dich
hat thu dwoc phu thuéc manh vao luong tién chét la
cac ion Ag®. Cac thanh nano vang véi hai dinh cong
hudng ddc trung tai bugc séng 828 nm va 517 nm
dugc s dung lam 15i dé tao cau trac 18i/vo
AUR/Ag. Céc céu trac I8i vo duoc tao ra voi luong
ion Ag* thay ddi tir 100 pl dén 1400 pl trong thé
tich 5 ml dung dich nudi. Trén phd hip thu (Hinh

4a) cho thay, phd hap thu cua cac hat ¢ dang dic
trung cta cau tric 16i/vo voi hai dinh cong huong
plasmon. Cac dinh cong huong déu dich vé phia
s6ng ngan so Véi cac dinh cong huong plasmon cia
thanh nano vang. Pong thoi, lugng AgNO; cang
tang thi cac dinh cong huong cang dich v& phia
s6ng ngin, dong thoi d6 hap thu ciing tang (gan nhu
ti I¢ thuan véi su tang cua thé tich AGNO; Hinh
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4b). Khi thém 100 ul AgNO; vao dung dich nano
vang thi dinh cong hudng theo chiéu doc cua thanh
dich vé phia séng ngan 78 nm trong khi dinh cong
huong theo chiéu ngang cua thanh chi dich 18 nm.
Su dich vé phia séng ngan cua cac dinh cong huong
plasmon c6 thé duoc giai thich véi hai ly do sau:
mot 13, khi ting luong AgNO; lam giam ti 1é cac
canh cua thanh; hai 13, hing sé dién moi gitra 16p
chuyén tiép 16i vang va vo bac thay ddi theo chiéu
day cua I6p vo [32-33]. Su ting cuia cudng do hip
thu la do thudc tinh noi tai cia Ag gay ra vi thanh
phan ao trong do dién tham cua Ag I6n hon Au
[34]. Dong thoi, khi thém AgNO; vao dung dich
trén phd xuat hién thém dinh ¢ vang 353 nm. Pay
la dong gop cua cac dién tir theo chiéu ngang cua
16p vo bac, 16p vo bac cang day thi dinh cong
huong nay c6 cuong do cang lon.

4. Két luan

Céu tric 18i/vé AuR/Ag di duoc téng hop va do
day 16p vo bac da duge diéu chinh bang cach thay
ddi lugng AgNO; khi dwa vao dung dich chua
thanh nano vang. Budgc séng céng huéng plasmon
theo chiéu doc cua thanh giam 280 nm tir 826 nm
dén 546 nm, dong thoi xuat hién dinh cong huong
plasmon theo chiéu ngang do dao dong cua cac dién
tu cta 16p vo bac tai budc séng 353 nm. Pay ciing
1& mot minh chang cho viée da téng hop duoc 16p
Vo bac trén thanh nano vang. Piéu nay da duoc giai
thich 1a do khi bé day I6p vo bac ting 1én lam giam
ti 16 cac canh cia thanh ddng thoi lam thay doi
hang sé dién mai gitta 16p tiép giap gitra 18i vang va
vo Ag. Do hap thu cua cac dung dich chtra cac hat
cau trdc 16i/vo tang khi lugng AgNO; dua vao dung
dich tang 1én vi dong gop cua 16p vo bac trong qua
trinh twong tac véi anh sang.

5. Cam on

Bai bao duoc hoan thanh nhd su hd tro cua dé
tai cap Bo ma sé B2018-TNA-03-CtrVL
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