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Tom tat
Tan xa Raman ting cudng bé mit 1a mot trong nhitng phuwong phép dang thu hut dwgc  Nhén 02/02/2023
rat nhiéu su quan tam trong linh vuc cdm bién. Viéc su dung co6 hi€u qua truong dién  Pugc duyét 10/05/2023
tir trén bé mat ciia cac hat nano kim loai quy sinh ra tir hiéu Gmg cong hudng plasmon  Cong bd 25/06/2023
bé mat cuc bo 1a mot trong nhitng giai phap hang dau gitip cai thién do nhay ctia phuong
phép nay. Cac hat nano bac hinh da giac voi hinh dang va kich thuéc duge kiém soat
dat ¢ dong nhat twong d6i t6t bang phuong phap khir hoa hoc. Dua trén kha ning lién
két tét gitra bac v6i cac nhom amin, phuong phap ché tao 16p phu don 16p tu sip xép
trén dé thuy tinh da duoc sir dung trong nghién ciru ndy voi muc dich tng dung trong Tl khoa
tan xa Raman ting cudng bé mat va cai thién d6 6n dinh cia 16p phi. Xanh methylene  Tén xa Raman ting
duogc st dung nhu mot chat can phan tich. Gigi han phat hién ciia 16p phtt Ag trén thay  cuong bé mit,
tinh di véi xanh methylene dat khoang 1078 M tuong tmg voi hé s ting cuong 13 nano bac,
khoang 108 1an; x4c nhan tinh kha thi ciia viéc ng dung tan xa Raman ting cuong bé  xanh methylene,
mit trong cam bién dé phat hién nhanh va don gian cac chat hiru co gy doc trong cac  cam bién
linh vire thue pham, moéi truong.
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1 Gidi thiéu vat liéu graphene oxit (GO) va 16p phi ddng (Cu) dé
phat hién MB va dat dugc gidi han phat hién (Limit of
Detection — LOD) tai nong d6 MB khoang 1077 M [2].
Céc ciu tric vat liéu phttc tap hon cling duogc dé xuét
nhu diéu khién cac hat nano vang, bac c6 cac hinh dang
dic biét nhu hinh sao, hinh hoa két hop véi céc loai vat
liéu khac tao nén cac vt liéu lai hodc cac 16p phu da
16p [3,4]. Hau hét cac nghién ctru cai thién tinh chat cua
SERS hién nay déu tap trung vao viéc cai tién cau trac
bé mit 16p phu. Pidu ndy, mic du cho nhiéu tin hiéu
tich cuc, nhung din dén viéc 1am cho céc cau tric nay
ngay cang trd nén phirc tap hon. Viéc st dung nhiing
c4u tric nay cho muyc dich thuong mai 1a mot thach thirc
16n. Chinh vi vay, viéc nghién cuu tao ra SERS véi
phuong phap tong hop nhanh chéng, ¢6 kha ning ting
cuong tin hiéu SERS tot ma vén giit dugc d6 6n dinh
cao can dugc quan tim hon nita dé thuc day viéc mg

Xanh methylene (methylene blue — MB) 1a thubc
nhudm tong hop thudng duge tmg dung rong rai trong
cac nganh cong nghiép nhudém va diéu tri mot s6 bénh
[1]. Tuy nhién, MB thuong thai vao cac thuy vuc ma
khong qua x1r li nén gay 6 nhiém mai truong. MB gy
ra cac bénh vé mit, da, duong tiéu hoa, ho hép va ¢o
thé mac ung thu néu tiép xuc lau dai. Do do, viéc xac
dinh MB trong nudc thai 1a mgt nhu cau cép thiét, doi
hoi ki thuat chinh xac va dang tin cdy, nham ngin ngira
cac mdi nguy hai tiém 4n cho strc khoe. Trong nhiing
nim gin dy, viéc phat hién MB bang quang phd
Raman dya trén ki thudt tdn xa Raman tang cuong bé
mit (SERS) di duoc nghién ciru trén nhiéu loai vét liéu
khéac nhau. Preeti Garg va cong su (2020) da nghién
ctru ché tao bé mat 16p pht SERS dua trén vét liéu bac
két tua nanodendrites (Ag-NDs) phan bd trén bé mat
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dung cac két qua nghién ciru vao s dung thuc té.
Nghién ctru ndy nham cai thién kha ning ting cuong
tin hiéu SERS cta cidc hat nano bac (silver
nanoparticles, viét tit 14 Ag-NPs) hinh da canh, dé dang
téng hop théng qua cac phuong phap khir héa hoc,
trong viéc phat hién MB bing phd Raman. Day la
phuong phap don gian, khong cin thiét bi phong thi
nghiém cong kénh, t6n kém, nhung cho hiéu qua téng
hop nhanh vé6i sé mau 16n. Phuong phap ché tao 16p
phii cac hat nano don 16p tu ldp rap (SAM) da duoc dé
xudt trong nghién ciru nay. Bén canh d6, kha ning ting
cuong tin hiéu SERS cua cac hat Ag-NPs dugc ung
dung trong viéc phat hién MB, va gia tri phat hién MB
dugc ghi nhén tai ndng do6 MB twong ddi thap 1078 M.
Két qua ndy mé ra xu huéng tong hop “xanh” cac 16p
phi (hat nano kim loai) v&i cu triic don gian nham h
trg viéc tmg dung céc thiét bi quang pho Raman phat
hién nhanh céc chét hitu co doc hai trong linh vyc thuc
pham, y sinh, méi truong, ...

2 Thyc nghiém

2.1 Hoa chit

Bac nitrate (AgNOs;, 99 %), polyvinylpyrrolidone
(PVP, Mw ~ 55.000), mercaptosuccinic acid (MSA,
HOOCCH(SH)CH2COOH, 97 %), (3-Aminopropyl)
triethoxysilane (APTES, 99 %), MB (CisHisCIN3S, >
95 %) dugc cung cap boi Sigma Aldrich. Ethylene
glycol (EG, C,Hs0>), sodium sulfide nonahydrate natri
sulfide (Na,S.9H,O, > 98 %), sodium hydroxide
(NaOH, 96 %), ethanol (EtOH, C,HsOH, 99,8 %) duogc
mua tai Guangdong Guanghua Sci-Tech Co., Ltd.
(China).

Nudc khtr ion (DI) dugc khir bﬁng may (Thermo
Science Easypure 11, Goteborg, Sweden) dugc st dung
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trong nghién ctru nay co dién trd sut I6n hon 16
MQ-cm™.

2.2 Cac phuong phap phén tich

Phé UV-Vis duoc do biang may quang phd UV-
Vis/NIR V-730 (JASCO, Tokyo, Japan) dé xac dinh
budc song hép thu cuc dai ctia cac hat nano bac trong
ving budc séng tir 300 nm dén 900 nm. May do nhiéu
xa tia X Bruker D8 Advance véi buc xa Cu Ka (A =
1,54178 A) duoc loc Ni hoat dong & 40 kV, 40 mA
(1.600 W) trong pham vi (30-80) d6 dugc st dung dé
x4c dinh cAu tric tinh thé cua vat ligu. Kinh hién vi dién
tir quét phan giai cao (Hitachi S-4800, Japan) dugc st
dung dé quan sat hinh dang, kich thudc va sy phan b
trén bé mat 16p phu ctia cac hat Ag-NPs. May quang phd
Raman HORIBA XploRA One (HORIBA Scientific,
HORIBA Ltd., HORIBA Europe GmbH) dugc sir dung
dé ghi lai tin hiéu Raman ctia MB duoc ting cudng trén
16p phtt Ag-NPs. Laser budc song 532 nm dugc st dung
lam ngudn anh sang kich thich cho tit ca cic mau.

2.3 Ché tao dung dich nano bac

Dung dich cic Ag-NPs duoc ché tao bang phuong phap
khir polyol theo qui trinh dugc mé ta trong Hinh 1: dau
tién, hoa tan 90 mg PVP trong 15 mL EG va cho vao
binh cau ba c6, dun néng dén 170 °C dugc khudy tir
trong 30 phut & tbc d6 450 vong/phut. Sau d6, cho thém
I mL EG va 96 mg AgNOs va 80 p Na,S 1,54 mg/mL
vao binh cau. Khi dung dich trong binh chuyén dén tir
mau cam sang xanh xam, tiép tuc khudy tir & nhiét do
170 °C trong 100 phut. Sau d6, dung dich dugc lam
ngudi khong khudy trong bé nudc. Khi nhiét d6 dung
dich trong binh gin nhiét do phong, thém 30 mL
acetone vao binh cau va quay li tim véi tbe do 5.000
vong/phut dé loai bo dung moéi EG va PVP; phan chét
ran sau li tim duoc hoa trong 30 mL nude khir ion va
bao quan trong budng téi ¢ nhiét d6 4 °C.
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Hinh 1 So d6 mo ta qui trinh tong hop hat nano bac.

2.4 Ché tao 16p phii nano bac bang phuong phap don
16p tu sap xép (SAM)

Céc lam kinh thay tinh (dé thiy tinh) véi kich thudc (1
x 1) em dwogc lam sach bang siéu am, sau d6 rira lan
luot qua cac dung dich: NaOH 0,5 %, nudc khtr ion,
acetone, ethanol va cubi cung cac lam kinh dugc lau
bang khin wét tim dung dich methanol. Quy trinh lam
sach nay dam bao loai bo cac tap chét hitu co, bui va
chat ban trén dé thuy tinh. Sau d6, cac nhém hydroxy
dugc tao ra trén bé mit cua dé thuy tinh bang may oxi
plasma (CUTE-1MPR, Femto Science Inc.) trong 2
phiit @ tao thanh lién két Si—OH. Sau khi hoan thanh
qui trinh oxi plasma, ngam dé thiy tinh trong dung dich
chira APTES 3 % trong 2 gio 1di rira nhiéu 1an bang
ethanol. Qua trinh nay giup hinh thanh nhém NH; trén
bé mit dé thuy tinh. Sau bién tinh amin, mau dwgc lam
kho tu nhién va ngam trong dung dich Ag-NPs c6 thé
tich ¢6 dinh 12 2 mL cho 1 miu (1 X 1) cm trong 2 gio.
Tt ca cac nhom lién két hinh thanh trong qui trinh da
dugc chirng minh trong nghién ctru trude do cua tac gia
[5].

2.5 Panh gia kha nang ting cuong tin hi¢u Raman va
d6 6n dinh ctia 16p phti Ag-NPs trén dé thiy tinh
Dung dich MB ban dau véi ndng d6 103 M dugc pha
tir bot MB (d9 tinh khiét > 95 % dugc cung cdp boi
Sigma Alrich) trong nudc khir ion. Sau d6, nuéc khur
ion tiép tuc duoc sir dung dé pha lodng cac dung dich

MB c6 néng d6 10 M thanh cac dung dich MB ¢6
nong d6 (1074, 1051076, 1077 va 10~8) M. Ding micro
pipet nh6é 20 pL chét phan tich voi cac ndng do khac
nhau 1én bé mat 16p pht Ag-NPs da dugc chudn bi; thuc
hién do Raman sau khi dung dich phan tich kho.

Tin hiéu cling duoc ghi nhan tai nhiéu vi tri khac nhau
trén toan bé mit phu dién tich 1 cm? nhim muc dich
danh gia d6 6n dinh tin hiéu cua 16p phu.

3 Két qua va thao luan

3.1 Tinh chat ctia cac hat nano bac
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Hinh 2 Phé hép thy tir ngoai kha kién (UV-Vis) ctua
dung dich Ag-NPs.
Tir phd UV-Vis (Hinh 2), c6 thé thdy phd hip thu cua
dung dich Ag-NPs bao phu tir viing c6 budc song (400-
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600) nm va dinh hép thu cuc dai cua cac Ag-NPs dac
trung cho tinh chéat plasmon ciia cac Ag-NPs tai budc
song 442 nm.
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3.2 Tinh chit cuia 16p phit Ag-NPs trén dé thuy tinh

b)

Hinh 3 a) Gian d6 nhiéu xa tia X (XRD) va b) Anh FESEM cua 16p phi Ag-NPs trong thoi gian ngam 2 gio.

Quan sat tir gian dd XRD (Hinh 3a), c6 thé thiy cac
dinh nhiéu xa dic trung cua 16p phu Ag-NPs tai cac goc
2 theta 1an luot 38°, 44°, 65° va 79° twong ing vadi cac
mit tinh thé (111), (220), (200), (311) pht hop véi céu
tric 1ap phuong tam mét (FCC) ciiabac [6]. Viéc khong
quan sat thdy cac dinh nhiu xa nao khac so vdi cac
dinh nhiu xa dic trung ciia bac cho thay 16p phu cac
hat Ag-NPs c6 d¢ tinh khiét trong LOD cua XRD.
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Céac Ag-NPs c6 hinh da giac véi kich thude hat trung
binh khoang 90 nm dugc tinh thong qua anh FESEM
(Hinh 3b). Ngoai ra, két qua FESEM (Hinh 3b) ciing
cho thdy cac Ag-NPs da duoc phu day dic trén bé mat
dé thuy tinh.

3.3 banh gia kha nang phat hién tin hi¢u MB cua 16p
phu thay tinh/Ag-NPs
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Hinh 4 a) Ph6 Raman cua MB trén nén thuy tinh phu Ag-NPs,
b) Pudng chuin tai cuong do dinh tai s6 song 1.624 cm™' ctia MB tir ndng d6 (1074-107%) M.

MB di duoc sir dung 1am chét thir nghiém trong nghién
ctru nay tir ndng do (1074-107%) M. Phuong phap phd
Raman dugc st dung dé phat hién cac dao dong dac
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trung cia MB nhu 13 bién dang cua khung C—N—C, dao
dong udn cta nhoém C—H cing mit phang, bién dang
vong cung mit phiang ciia C—H, dao dong dbi xtng ciia
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nhém C—N, dao ddng cua lién két C—C trong vong
thom 6C. Nhirng dao dong nay lan lugt tng véi cac sd
song (448, 501, 770, 1.154, 1.390 va 1.624) cm™' [7]
trong két qua phan tich phd Raman ctia MB & cac ndng
d0 khac nhau (Hinh 4a). Trong do, dao dong kéo cua
C—C tuwong Ung v6i sb song 1.624 cm™ ¢ cuong do
manh nhéit nén dugc chon dé vé duong chuin gitia
logarit ctia nong d6 MB va cudng dd Raman. Mic giam
cuong d6 cia dinh dao dong tai s6 song 1.624 cm™! theo
logarit ndng d6 ciia MB duoc biéu thi béi ham tuyén
tinh la y = —207,5x + 1.792. Gia trj d6 tin cdy (R?) cao
dat muc 0,9902 cho théy dd chinh xac va d¢ tin cdy cua
phép do.
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Ngoai trur d§ nhay, tinh déng nhat cia 16p phti Ag-NPs
cling 1a nhitng yéu t& quan trong trong céac tmng dung
thyc té. Hinh 5a cho thy, phd SERS cua MB (ndng do
12 10 M) chon ngiu nhién 10 diém trén dé thuy
tinh/Ag-NPs c6 dién tich 1 cm? trong d6 cuong do cua
cac dinh dao dong dic trung xap xi nhau tai cac vi tri
khéac nhau. Dé so sanh truc tiép su dao dong cua cac
dinh, su phan b cudng do cua cac dinh (448, 501, 770,
1.154, 1.390 va 1.624) cm™! ciia phan tir MB tir 10 phd
Raman nay duoc thé hién trén Hinh 5b. Biéu d6 cho
thdy rd hon cudng d6 cua cac dinh dic trung caa MB
tai s6 song (448, 501, 770, 1.154, 1.390 va 1.624) cm ™!
tai 10 vi tri dugc chon ngﬁu nhién trén dé SERS Ag-
NPs. Két qua nay cho thdy cuong do cua cac cuc dai
gan nhu nam trén cing mot dudng nam ngang. Céc
dinh Raman dic trung ciia MB tai cic s song (448,
501,770, 1.154, 1.390 va 1.624) cm™' ¢6 d6 léch chuan
turong ddi (RSD) 1an lugt 14 (8, 13, 18,9, 17 va 14) %.

Nong d6 MB tai 1078 M 1a ndng d6 thip nhit ma c6 thé
ghi nhan duoc phé Raman ciia MB trén nén thuy tinh
phi Ag-NPs twong tng véi hé sé ting cuong cua cic
Ag-NPs d6i véi MB dat gia tri ~ 108 1an dugc tinh theo
cong thirc

Iskrs _ Craman

o IRaman CSER,S

trong do, Isers 1a cuong do dinh tai s6 song 1.624 cm™!
tai ndng do 108 M do trén 16p phu thity tinh/Ag-NPs
va Iraman cuong do cua dinh Raman tai sb song 1.624
cm! cua bot MB duge do trén dé thuy tinh; C 1a néng
do cia MB tuong ng v&i Iraman va Isers.

3.4 D6 6n dinh tin hiéu cua 16p phi thuy tinh/Ag
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Hinh 5 a) Phé Raman ctia MB tai néng d6 107 M va b) Po lech chuén cua cuong do dinh tai sb song 1.624 cm™!
tai 10 vi tri khac nhau.

Do léch chuan tinh dugc tir nghién ctru nay thap hon
nhiéu so v&i bao céo cua tic gia Natan trén tiéu chuan
khoa hoc (20 %) cuia cAu tric nano lién két [8]. Két qua
nay chimg to 16p phit Ag-NPs c6 tinh dong nhat va kha
nang tai lap vdi d6 1éch chuin khong vuot qua 17 %, tu
d6 1am tang do tin cdy cua cac thiét bi cam bién.

4 Két luan

Trong nghién ctru nay, cac 16p phu Ag-NPs da duogc
ché tao trén dé thuy tinh giup ting cudng tin hiéu
Raman trong phat hién MB. Cac Ag-NPs voi kich
thudc trung binh khoang 90 nm, tinh dugc tor anh
FESEM, duogc phii déu va day dic trén bé mat dé thiy
tinh. Cac két qua phd Raman thir nghiém v6i MB cho
thdy kha ning ting cudng tin hiéu Raman cao cua 16p
phit Ag-NPs dugc ché tao. Trong nghién ciru nay, LOD
MB dugc thuc hién tai cac dung dich MB c6 néng do
khac nhau tir (104-10%) M va LOD MB do duoc thap
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nht dat gi4 tri khoang 108 M tuong tng hé sb ting
cuong tinh dugc 1a khoang 108 lan. Dong thoi, do tin
cdy cta cam bién SERS ciing duoc chiing minh bang
do tai 1ap do tai 10 vi tri khac nhau trén 16p phu khi ma
tin hi¢u Raman tuong dbi déng nhét v&i d6 1éch chuin
tuong d6i (RSD) < 17 %. Két qua nghién ctru nay gop
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ddc hitu co trong cac linh vuc: moi truong, thuc phém,
chan doan y sinh, ..., trong céc nghién ciru tiép theo.

Loicam on
Nghién ctru dugc tai tro boi Quy phat trién Khoa hoc
va Cong nghé — Pai hoc Nguyén Tat Thanh, ma dé tai

phan phat trién cam bién SERS nhidm phat hién cac chdt  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 ~ 107® M corresponding to the calculated enhancement factor of ~ 10® 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

@ Pai hoc Nguyén Tat Thanh

NGUYENTATTH



