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Tom tat
Tén xa Raman ting cuong bé mat 1a mot trong nhitng phuong phap dang thu hut dwoc  Nhén 02/02/2023
rat nhiu sy quan tam trong linh vic cam bién. Viéc sir dung c6 hiéu qua truong dién  Puoc duyét 10/05/2023
tir trén bé mat cua cac hat nano kim loai quy sinh ra tir hiéu ung cong huong plasmon — Cong b 25/06/2023
bé mit cuc bo 12 mot trong nhitng giai phap hang dau gip cai thién do nhay cua phuong
phép nay. CAc hat nano bac hinh da giac v6i hinh dang va kich thudc dugc kiém soat
dat @6 dong nhat twong dbi tot bang phuong phap khtr hda hoc. Dya trén kha nang lién
két tot giira bac voi cac nhom amin, phuwong phép ché tao 16p pha don 16p tu siap xép
trén dé thuy tinh da duoc sir dung trong nghién ctu ndy véi muc dich tng dung trong  Tir khéa
tan xa Raman ting cudng bé mit va cai thién do on dinh cua 16p phu. Xanh methylene  Tan xa Raman ting
duogc st dung nhu mot chit can phan tich. Giéi han phét hién caa I6p pha Ag trén thity  cuong bé mit,
tinh ddi voi xanh methylene dat khoang 1078 M tuong ng véi hé sb ting cuong 1a  nano bac,
khoang 108 lan; x4c nhan tinh kha thi cua viéc tng dung tan xa Raman tiang cudong bé  xanh methylene,
mit trong cam bién dé phat hién nhanh va don gian cac chét hiru co giy doc trong cac  cam bién
linh vuc thyc pham, mai trudng.
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1 Gidi thiéu vat liéu graphene oxit (GO) va Iép phu dong (Cu) dé
phat hién MB va dat dugc giGi han phat hién (Limit of
Detection — LOD) tai ndng d6 MB khoang 107 M [2].
CAc cau trdc vat liéu phtc tap hon ciing duoc dé xuat
nhu diéu khién cac hat nano vang, bac cé cac hinh dang
dic biét nhu hinh sao, hinh hoa két hop véi cac loai vat
liéu khac tao nén céc vat liéu lai hoac céac I6p pha da
16p [3,4]. Hau hét cac nghién ctru cai thién tinh chét cua
SERS hién nay déu tap trung vao viéc cai tién cau tric
bé mit I6p phu. Biéu nay, mac du cho nhiéu tin hi¢u
tich cuc, nhung dan dén viéc 1am cho cac cau tric nay
ngay cang tro nén phuc tap hon. Viéc sir dung nhirng
c4u triic nay cho muc dich thuong mai 1a mot thach thic
I6n. Chinh vi vay, viéc nghién ciru tao ra SERS vai
phuong phép téng hop nhanh chéng, c6 kha ning tang
cudng tin hiéu SERS tot ma van gitt duoc do 6n dinh
cao can duoc quan tdm hon nita dé thic day viéc ung

Xanh methylene (methylene blue — MB) la thudc
nhudm tong hop thuong dugc tng dung rong réi trong
cac nganh cdng nghiép nhudém va diéu tri mot s bénh
[1]. Tuy nhién, MB thuong thai vao cac thuy vuc ma
khéng qua xtr i nén gay 6 nhiém méi truong. MB gay
ra cac bénh vé mit, da, duong tiéu hoa, hd hap va co
thé méc ung thu néu tiép xuc 1au dai. Do do, viéc xac
dinh MB trong nuéc thai 1a mot nhu cau cap thiét, doi
hoi ki thuat chinh x4c va dang tin cdy, nhiam ngan ngira
cac mbi nguy hai tiém an cho sirc khoe. Trong nhitng
nim gin day, viéc phéat hién MB bang quang phd
Raman dua trén ki thuat tdn xa Raman ting cuong bé
mat (SERS) da duoc nghién ciru trén nhiéu loai vat liéu
khac nhau. Preeti Garg va cong su (2020) da nghién
ctru ché tao bé mit 16p phu SERS duya trén vat liéu bac
két taa nanodendrites (Ag-NDs) phan b trén bé mat
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dung céc két qua nghién cu vao st dung thuc té.
Nghién ctru ndy nham cai thién kha nang ting cudng
tin hiéu SERS cua cac hat nano bac (silver
nanoparticles, viét tit 1a Ag-NPs) hinh da canh, d& dang
tong hop thong qua cic phwong phap khir hda hoc,
trong viéc phat hien MB biang phé Raman. Pay la
phuong phap don gian, khéng can thiét bi phong thi
nghiém cong kénh, tén kém, nhung cho hiéu qua téng
hop nhanh véi s6 mau 16n. Phuong phap ché tao 16p
pht cac hat nano don 16p tu l3p rap (SAM) da dugc dé
XUt trong nghién ciru ndy. Bén canh d6, kha ning ting
cuong tin hiéu SERS cua cac hat Ag-NPs dugc (tng
dung trong viéc phat hién MB, va gia tri phat hién MB
duoc ghi nhan tai nong 46 MB twong ddi thip 108 M.
Két qua nay mé ra xu hudng tong hop “xanh” cac 16p
phi (hat nano kim loai) véi cau trac don gian nham hd
tro viéc ung dung céc thiét bi quang phé Raman phat
hién nhanh cac chit hitu co doc hai trong linh vuc thuc
pham, y sinh, méi truong, ...

2 Thuc nghiém

2.1 Hoa chat

Bac nitrate (AgNOs, 99 %), polyvinylpyrrolidone
(PVP, Mw ~ 55.000), mercaptosuccinic acid (MSA,
HOOCCH(SH)CH2COOH, 97 %), (3-Aminopropyl)
triethoxysilane (APTES, 99 %), MB (C16H1sCINsS, >
95 %) duoc cung cip boi Sigma Aldrich. Ethylene
glycol (EG, C2Hs0O>), sodium sulfide nonahydrate natri
sulfide (Na.S.9H.0O, > 98 %), sodium hydroxide
(NaOH, 96 %), ethanol (EtOH, C,HsOH, 99,8 %) duoc
mua tai Guangdong Guanghua Sci-Tech Co., Ltd.
(China).

Nuéc khir ion (DI) dwoc khir bang may (Thermo
Science Easypure II, Goteborg, Sweden) dwoc sir dung
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trong nghién ctru nay c6 dién tré suit 16n hon 16
MQ-cm™,

2.2 Céc phuong phap phan tich

Phé UV-Vis dugc do bang may quang phd UV-
Vis/NIR V-730 (JASCO, Tokyo, Japan) dé xac dinh
budc séng hap thu cuc dai cua cac hat nano bac trong
ving bude séng tir 300 nm dén 900 nm. May do nhiéu
xa tia X Bruker D8 Advance véi birc xa Cu Ko (A =
1,54178 A) duoc loc Ni hoat dong & 40 kV, 40 mA
(1.600 W) trong pham vi (30-80) d6 duoc st dung dé
xac dinh cau trdc tinh thé caa vat ligu. Kinh hién vi dién
tir quét phéan giai cao (Hitachi S-4800, Japan) duoc su
dung dé quan sat hinh dang, kich thudc va sy phan b
trén bé mit 16p pha caa cac hat Ag-NPs. May quang phd
Raman HORIBA XploRA One (HORIBA Scientific,
HORIBA Ltd., HORIBA Europe GmbH) duoc str dung
dé ghi lai tin hiéu Raman cua MB duoc ting cuong trén
16p phu Ag-NPs. Laser bude song 532 nm duoc st dung
lam ngudn anh sang kich thich cho tat ca cac mau.

2.3 Ché tao dung dich nano bac

Dung dich cac Ag-NPs dugc ché tao bang phuwong phap
khir polyol theo qui trinh duoc mé ta trong Hinh 1: dau
tién, hoa tan 90 mg PVP trong 15 mL EG va cho vao
binh ciu ba cd, dun néng dén 170 °C dugc khudy tir
trong 30 pht & tbe d6 450 vong/phit. Sau do, cho thém
1 mL EG va 96 mg AgNO;3 va 80 u Na,S 1,54 mg/mL
vao binh cau. Khi dung dich trong binh chuyén dan tir
mau cam sang xanh xam, tiép tuc khudy tir & nhiét do
170 °C trong 100 phut. Sau d6, dung dich dugc lam
nguoi khong khudy trong bé nuéc. Khi nhiét d6 dung
dich trong binh gan nhiét d6 phong, thém 30 mL
acetone vao binh cau va quay li tm voi toc d6 5.000
vong/phat dé loai bo dung mdi EG va PVP; phan chit
ran sau li tim dwgc hoa trong 30 mL nudc khir ion va
bao quan trong budng tdi & nhiét d6 4 °C.
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Hinh 1 So d6 md ta qui trinh tdng hop hat nano bac.

2.4 Ché tao I6p phu nano bac bing phuong phap don
16p tu sap xép (SAM)

Céc lam kinh thay tinh (dé thity tinh) voi kich thuée (1
x 1) cm dugc l1am sach bang siéu am, sau d6 rua lan
luot qua cac dung dich: NaOH 0,5 %, nu6c khir ion,
acetone, ethanol va cudi ciing cac lam kinh duoc lau
bang khan u6t tim dung dich methanol. Quy trinh 1am
sach nay dam bao loai bo céc tap chat hitu co, bui va
chat ban trén dé thay tinh. Sau d6, cic nhém hydroxy
dugc tao ra trén bé mat cua dé thuy tinh bang may oxi
plasma (CUTE-1MPR, Femto Science Inc.) trong 2
phat dé tao thanh lién két Si—-OH. Sau khi hoan thanh
qui trinh oxi plasma, ngam dé thay tinh trong dung dich
chira APTES 3 % trong 2 gio rdi rira nhiéu lan bang
ethanol. Qué trinh nady gidp hinh thanh nhdm NH; trén
bé mit dé thuy tinh. Sau bién tinh amin, mau dugc lam
kho tu nhién va ngam trong dung dich Ag-NPs cd thé
tich ¢b dinh 1a 2 mL cho 1 mau (1 x 1) cm trong 2 gio.
Tat ca cac nhom lién két hinh thanh trong qui trinh da
dugc chirtng minh trong nghién ctru trude do cua tac gia
[5].

2.5 Panh gia kha nang tang cuong tin hiéu Raman va
d6 6n dinh cua l6p phit Ag-NPs trén dé thuy tinh

Dung dich MB ban dau véi nong do 103 M dugc pha
tir bot MB (d¢ tinh khiét > 95 % duoc cung cap boi
Sigma Alrich) trong nudc khir ion. Sau d6, nudc khi
ion tiép tuc dugc sir dung dé pha lodng cac dung dich

MB c6 néng d6 103 M thanh cac dung dich MB c6
nong d6 (1074, 10510, 107 va 10°8) M. Dang micro
pipet nho 20 pL chat phan tich véi cac ndng do khéc
nhau 1én bé mit 16p phu Ag-NPs da duoc chuan bi; thuc
hién do Raman sau khi dung dich phan tich kho.

Tin hiéu ciing duoc ghi nhan tai nhiéu vi tri khac nhau
trén toan bé mat pha dién tich 1 cm? nham muc dich
danh gia d on dinh tin hiéu cua 16p phu.

3 Két qua va thao luan

3.1 Tinh chét cua céc hat nano bac
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Hinh 2 Phd hip thu tir ngoai kha kién (UV-Vis) cua
dung dich Ag-NPs.
Tir phd UV-Vis (Hinh 2), c6 thé thiy phd hap thu cua
dung dich Ag-NPs bao phu tir viing ¢6 budc sdng (400-
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600) nm va dinh hip thu cuc dai cua cac Ag-NPs dic
trung cho tinh chat plasmon cua cac Ag-NPs tai budc
song 442 nm.

3.2 Tinh chat cua 16p phit Ag-NPs trén dé thay tinh
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Hinh 3 a) Gian d6 nhiéu xa tia X (XRD) va b) Anh FESEM cuia I6p phit Ag-NPs trong thoi gian ngam 2 gio.

Quan sét tir gian dd6 XRD (Hinh 3a), c¢6 thé thiy céc
dinh nhiéu xa dic trung cta I6p phi Ag-NPs tai cac goc
2 theta lan luot 38°, 44°, 65° va 79° tuong tng véi cac
mit tinh thé (111), (220), (200), (311) phu hop véi ciu
trdc lap phuong tam mat (FCC) cua bac [6]. Viéc khdng
quan séat thiy cac dinh nhidu xa ndo khéc so véi cac
dinh nhiu xa dic trung cia bac cho thdy 16p phu cac
hat Ag-NPs c6 d6 tinh khiét trong LOD ciia XRD.

1624
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Céac Ag-NPs co6 hinh da giac véi kich thuac hat trung
binh khoang 90 nm dugc tinh théng qua anh FESEM
(Hinh 3b). Ngoai ra, két qua FESEM (Hinh 3b) ciing
cho thiy cac Ag-NPs di dugc pha day dic trén bé mit
dé thay tinh.

3.3 Panh gia kha nang phat hién tin hiéu MB cua 16p
phu thay tinh/Ag-NPs

1000 -

y =-207.5x + 1792 §
R? = 0.9902

400 -

-logC

Hinh 4 a) Phé Raman cua MB trén nén thily tinh pha Ag-NPs,
b) Puong chuan tai cudng d6 dinh tai s6 séng 1.624 cm™* ciia MB tir ndng d6 (104-1078) M.

MB di dugc st dung lam chat thir nghiém trong nghién
ctru nay tr ndng do (1074-108) M. Phuong phap phd
Raman duogc sir dung dé phat hién cac dao dong dic

w .
W: Pai hoc Nguyén Tat Thanh

trung cia MB nhu 14 bién dang ctua khung C—-N—C, dao
dong ubn ciia nhém C—H cuing mat phing, bién dang
vong cling mat phang cia C—H, dao dong ddi xtng cua
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nhém C-N, dao dong cua lién két C—C trong vong
thom 6C. Nhitng dao dong nay lan lugt ing vai cac s6
s6ng (448, 501, 770, 1.154, 1.390 va 1.624) cm* [7]
trong két qua phan tich phé Raman caa MB & cac nong
d6 khac nhau (Hinh 4a). Trong d6, dao dong kéo cua
C—C twong tng véi s6 séng 1.624 cm™ ¢o cudng do
manh nhit nén duoc chon dé vé& dudng chuan gitta
logarit caa ndng d6 MB va cuong dd Raman. Mic giam
cudng do cua dinh dao dong tai s6 song 1.624 cm theo
logarit nong d6 ciia MB duoc biéu thi boi ham tuyén
tinh la y = —207,5x + 1.792. Gia tri do tin cay (R?) cao
dat muc 0,9902 cho thiy d6 chinh xac va do tin cay cua
phép do.

a) /
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Cuong do (dvty)

500 1000 1500 2000

S séng (cm™)

Ngoai trir 46 nhay, tinh dong nhat cua 16p pha Ag-NPs
cling 1a nhitng yéu té quan trong trong cac ung dung
thuc té. Hinh 5a cho thay, phé SERS cia MB (ndng do
la 10¢ M) chon ngau nhién 10 diém trén dé thuy
tinh/Ag-NPs c6 dién tich 1 cm? trong d6 cudng do cta
cac dinh dao dong dic trung xap xi nhau tai cac vi tri
khac nhau. Dé so sénh truc tiép sy dao dong cua cac
dinh, su phan b cudng d6 cua cac dinh (448, 501, 770,
1.154, 1.390 va 1.624) cm™* cua phan tr MB tir 10 phé
Raman nay duogc thé hién trén Hinh 5b. Biéu d6 cho
thiy rd hon cudng do cua cac dinh dic trung cia MB
tai s6 s6ng (448, 501, 770, 1.154, 1.390 va 1.624) cm
tai 10 vi tri dugc chon ngau nhién trén dé SERS Ag-
NPs. Két qua nay cho thiy cuong d6 cua cac cuc dai
gan nhu nam trén cing mot duong nam ngang. Céc
dinh Raman dic trung cua MB tai cac s song (448,
501, 770, 1.154, 1.390 va 1.624) cm™ ¢6 d6 léch chuan
tuong ddi (RSD) lan luot 12 (8, 13, 18, 9, 17 va 14) %.

Nong do MB tai 108 M la ndng d6 thap nhat ma c6 thé
ghi nhan duoc phé Raman ciaa MB trén nén thay tinh
phi Ag-NPs twong (g véi hé sé ting cudng cua cac
Ag-NPs ddi voi MB dat gia tri ~ 108 lan duoc tinh theo
cbng thirc

ISERS CRaman

EF =

IRaman CSERS
trong d9, Isers 1a cwong do dinh tai s6 séng 1.624 cm™
tai ndng d6 108 M do trén lop phu thay tinh/Ag-NPs
VA lraman cuong do cua dinh Raman tai s6 song 1.624
cmt cta bot MB dugce do trén dé thay tinh; C 1a ndng
do caa MB tuong l’rng VGi lraman V@ lsers.
3.4 Do 6n dinh tin hiéu cua I6p phu thay tinh/Ag
b)
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S6 vi tri
Hinh 5 a) Phé Raman cia MB tai ndng d6 107 M va b) D6 léch chuan cta cuong d6 dinh tai sé song 1.624 cm™?
tai 10 vi tri khac nhau.

Do léch chuan tinh duoc tir nghién ciu ndy thip hon
nhiéu so voi bao cao cua tac gia Natan trén tiéu chuan
khoa hoc (20 %) cuia ciu tric nano lién két [8]. Két qua
nay chieng to 16p phi Ag-NPs c6 tinh ddng nhat va kha
nang tai 1ap v6i do léch chuan khong vurot qué 17 %, tir
d6 1am tang do tin cay cua céc thiét bi cam bién.

4 Két luan

Trong nghién cau nay, cac lop phu Ag-NPs da dugc
ché tao trén dé thuy tinh giup ting cuong tin hiéu
Raman trong phat hién MB. Cac Ag-NPs vai kich
thudc trung binh khoang 90 nm, tinh dwoc tr anh
FESEM, dugc pha déu va day dic trén bé mat dé thuy
tinh. Céc két qua phdé Raman thir nghiém véi MB cho
thiy kha ning ting cudng tin hiéu Raman cao cua l6p
phi Ag-NPs duoc ché tao. Trong nghién ctru nay, LOD
MB duoc thuc hién tai cac dung dich MB ¢c6 nong do
khéc nhau tir (104-108) M va LOD MB do duoc thap
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nhat dat gia tri khoang 108 M tuong ng hé sb ting
cuong tinh duoc 1a khoang 108 lan. Pdng thoi, do tin
cay cua cam bién SERS ciing dwoc ching minh bang
do tai 1ap do tai 10 vi tri khac nhau trén 16p phu khi ma
tin hiéu Raman twong d6i dong nhat vai do léch chuan
tuong d6i (RSD) < 17 %. Két qua nghién ciru ndy gop
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doc hitu co trong c&c linh vuc: méi trudng, thuc pham,
chan doan y sinh, ..., trong cac nghién ctu tiép theo.

Loi cdm on
Nghién ctru duoc tai trg bai Quy phat trién Khoa hoc
va Cong nghé — Pai hoc Nguyén T4t Thanh, ma dé tai

phan phat trién cam bién SERS nham phat hién cac chat ~ 2022.01.126/HD-KHCN.
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Synthesis of nano silver coating for surface-enhanced Raman scattering application for methylene
blue detection

Dinh Duc Anh, Nguyen Tran Truc Phuong, Nguyen The Duy
Hitech Institute, Nguyen Tat Thanh University
ddanh@ntt.edu.vn

Abstract Surface-enhanced Raman scattering is one of the methods that is attracting a lot of interest in the field
of sensing. The efficient use of the electromagnetic field on the surface of precious metal nanoparticles resulting
from the LSPR effect is one of the leading solutions to improve the sensitivity of this method. Polygonal silver
nanoparticles with controlled shape and size achieve high homogeneity by chemical reduction. Based on the good
binding ability between silver and amine groups, the self-aligning monolayer coating method on glass substrate
was used in this study with the aim of enhancing the SERS signal of the substrates and improving the stability of
the SERS substrate. Methylene blue was used in this study as an analyte. The detection limit of glass/Ag substrate
calculated for methylene blue was ~ 108 M corresponding to the calculated enhancement factor of ~ 108 times.
This is an affirmation of the feasibility of applying SERS in clinical sensors to quickly and simply detect toxic
organic substances in the food and environmental fields.

Keywords Surface-enhanced Raman scattering, nano silver, SAM, methylene blue
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