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Ung dung vat liéu nano lai Ag-GO trong phat hién p-carotene bing kj thuiat SERS
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Tom tit:

Trong nghién ctru nay, vat li€éu nano lai nano bac (AgNPs) va graphen oxit (GO) ky hi¢u
1a Ag-GO dwoc tong hop va thir nghiém 1am dé tan xa Raman ting cuwong bé mit (SERS)
dé phat hién p-carotene trong miu thue vat. Cac két qua phén tich dic trung cu tric
ciia vat liéu di khing dinh sy hinh thanh thanh cong ciia ciu tric lai, véi sw phan b
hiéu qua ciia AgNPs trén bé mit GO. Chat nén Ag-GO cho kha niing ting cuong tin hiéu
Raman ciia p-carotene cao hon khoang 1,9 1in so véi AgNPs, nho hiéu wng hiép dong
giira co ché ting cwong dién tir cia AgNPs va ting cuong héa hoc ciia GO. Trong diéu
kién t6i wu, dé SERS dwogc phat trién cho dap wng tuyén tinh tét trong khoang nong do
30-300 uM (R?=0,99) véi gioi han phat hién (LOD) dat 19,33 nM. Két qua khao sat trén
mAu thue vit cho hiéu suit thu hoi tir 87,13 dén 119,74% va dd 1éch chuan twong ddi
(RSD) nhé hon 5%, cho thiy tiém niing ing dung ciia vit liéu Ag-GO trong phat hién
cac phn tir sinh hoc trong thue vat bang k¥ thuit SERS.

Tir khéa: p-carotene, dé tin xa Raman ting cuwdong bé mit, nano bac, graphen oxit.
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Abstract:

In this study, the nanohybrid of silver nanoparticles (AgNPs) and graphene oxide (GO),
denoted as Ag-GO, was synthesised and investigated as a surface-enhanced Raman
scattering (SERS) substrate for the detection of B-carotene in plant samples. Structural
characterisation results confirmed the successful formation of the hybrid structure, with
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effective distribution of AgNPs on the GO surface. The Ag-GO substrate exhibited a
Raman signal enhancement for B-carotene, providing an approximately 1.9 times, signal
enhancement compared with AgNPs due to the synergistic effect between the
electromagnetic enhancement of AgNPs and the chemical enhancement contribution of
GO. Under optimised conditions, the developed SERS substrate showed good analytical
performance with a linear response in the concentration range of 30-300 uM (R?=0.99),
with a limit of detection (LOD) of 19.33 uM. Recovery experiments in plant samples
yielded satisfactory recoveries ranging from 87.13 to 119.74% with relative standard
deviations (RSDs) below 5%, demonstrating the applicability of the Ag-GO substrate for
SERS-based detection of biological molecules in plant-related analysis.

Keywords: B-carotene, graphene oxide, silver nanoparticles, surface-enhanced Raman
scattering.

Classification numbers: 1.7, 2.9

1. Pit van dé

B-carotene 1a mot carotenoid quan trong trong thuc vat, tham gia vao qué trinh quang
hop va bao vé bd may quang hop trudc cac tac nhan gay stress oxy hoa. Pong thoi, hop chat
nay con la tién chat ctia mot sd chét diéu hoa sinh trudng thyc vat [1]. Vi vay, su hién di¢n va
ham luong B-carotene thuong dugc xem 13 chi ddu phan 4nh tinh trang sinh trudng va phat
trién cua thuc vat [2, 3]. Do d6, viéc nghién ctru cac phuong phap phén tich va phat hién p-
carotene c6 ¥ nghia quan trong trong linh vure ndng nghiép, sinh hoc va an toan thuc pham.

K¥ thut quang phd Raman ting cudng bé mit (SERS) 1a mot ki thuat phan tich tién tién
cho phép tang cuong tin hi€éu Raman nhd hién tugng cong hudng plasmon bé mat va/hodc
tuong tac héa hoc gitta phan tir phan tich va bé mat dé SERS. K§ thuat SERS cho phép thu
nhan phé van tay phan tir dac trung cua ting chét, tao diéu kién thuan lgi cho nhéan biét va
phan biét chon loc cac chat trong hdn hop phirc tap [4]. Cac nghién ctru gan ddy di cho théy,
SERS di duogc phat trién va tng dung thanh coéng trong theo ddi va phat hién p-carotene trong
thuc vat voi dd nhay cao, kha niang nhan biét phan tir chinh x4c va yéu cau lugng mau rat nho
[5, 6].

Dé ché tao dé SERS, céac hat nano vang (AuNPs) hoic bac (AgNPs) thudong duoc sir
dung nhim tan dung hiéu tng plasmon manh ctia chung dé ting mat do cac “hot spots” (ving
tang cudng dién tir), tir 6 gitip khuéch dai tin hiéu Raman. Gan day, graphen oxit (GO) d
dugc sir dung nhu mdt tac nhan tdng cudng tuyét voi trong vi¢e tang cuong hi¢u irng plasmon.
GO doéng vai trd hitu hiéu trong viée ting cudng tin hiéu va thu hat cac phan tir phan tich d&én
gan cac diém nong dién tir trén dé SERS. Su két hop gitra cdu trac ky nude va cac nhdm chire
chtra oxy giup GO twong tic manh vé&i cac phan tir thong qua lién két hydrd va twong tac n—n

2



DOI: 10.31276/VJST.2026.3964 Khoa hoc tw nhién | Khoa hoc nano
Khoa hoc ky thudt va cong nghé | Cong nghé nano

[7-9]. Nho nhitng dic tinh trén, GO 1a vat liéu 1y tudng dé phat trién cac tAm nén cho ché tao
dé SERS. T.K. Naqvi va cs (2019) [10] d4 ché tao dé SERS dua trén cdu tric lai AgNPs/GO
cho phép phat hién chat 2,4-DNT ¢ ndng d6 thap dén 102 M véi hé s6 ting cudng tin hiéu
Raman dat ~10' khi so sanh v&i mot sd vat liéu ché tao dé khac. Trong mot nghién ctru khac,
Y. Wang va cs (2021) [11] d3 phat trién thanh cong cam bién SERS str dung vét liéu nano lai
AuNPs/GO dé phat hién khang sinh ampicillin va nitrofurantoin véi gi6i han phat hién thap
twong tng va6i gia tri LOD dat 0,01 va 5 ng ml.

Véi ¥ tuong két hop duge cac dic tinh quy bau ciia ca GO va AgNPs 18n trén cling mot
hé vat li¢u, trong nghién ctru nay, vat li¢u nano Ag-GO duogc téng hop cho thir nghiém kha
nang ung dung 1am dé SERS dé theo ddi, phat hién nhanh su c6 mit ctia B-carotene trong mau
thuc vat. Nghién ctru tap trung thao luan chi tiét anh huéng cua GO va hiéu tng hiép dong
gitta GO va AgNPs ddi voi co ché ting cudng tin hiéu Raman ciing nhu hiéu qua phat hién
clia B-carotene. Nghién ciru nay gop phan danh gia tiém nang Gmg dung cua vat liéu Ag-GO
trong ché tao dé SERS phuc vu phat hién cic phan tir sinh hoc, déng thdi mé ra trién vong
phat trién cac hé cam bién c6 do nhay cao cho muc dich theo doi va phat hi¢én nhanh cac hop
chat lién quan dén qua trinh sinh truéng ciia thuc vat.

2. Vat liéu va phuwong phap nghién ciru
2.1. Héa chit va thiét bi

Thanh Graphit (dang thanh, chiéu dai 8 cm, dudng kinh 5 mm, Trung Qudc), hoa chat
sir dung bao gdom: H2SO4 dic (98%, Trung Qudc), kali penmanganat (KMnO4, 99,5%, Trung
Quéc), hydrogen peroxide (H202, Aladin, 30%), hydrochloric acid (HCl, 36%, Sigma-
Aldrich), L-ascorbic acid (99,7%, Trung Qudc), hydrazine hydrate (HsN2.H0, 80%, Merck),
ammonia solution (NH3.H2O, Trung Quéc), bac nitrat (AgNO3, 99%, Trung Quéc), ethanol
(C2Hs0H, 99%, Viét Nam).

May khudy tir gia nhiét (model: C-MAG HS7 IKA/Malaysia). Nudc cat hai 1an st dung
cho tat ca cac thi nghiém duoc thu tir hé thong Milli-Q, véi dién tré suat dat 18,2 MQ-cm tai
25°C.

2.2. Tong hop vit ligu nano Ag-GO

Vit liéu nano Ag-GO duoc tong hop theo phuwong phap héa hoc 2 budc & nhiét do phong
(hinh 1). Pau tién, (i) GO dugc ché tao theo phuwong phap boc tach dién hoa tir dién cuc graphit
nhu mo ta trong nghién ctru trude day [12]. Budc tiép theo, (ii) 20 ml dung dich GO duoc
phan tan trong 80 ml nudc cat bang phuong phap rung siéu 4m trong 30 phiit nham tao hé
phan tan ddng nhat. Sau d6, 1an luot bo sung 0,24 g L-ascorbic acid, 0,25 ml hydrazine hydrate,
2 ml NH3.H20 va 170 mg AgNOs vao dung dich GO, rdi tiép tuc rung siéu 4m trong 5 phut dé
c4c tién chat phan tn déu trong moi trudng phan Gng. Trong hé phan Gng nay, L-ascorbic acid
va hydrazine dong vai tro 1a tic nhan khir, giup khir ion Ag* thanh Ag® va dong thoi khir mot
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phan GO. Sy c¢6 mit cia NH3.H2O tao méi truong kiém nhe (pH khoang 9-10), thuén lgi cho
qué trinh khtr va hinh thanh hat nano bac trén bé mat GO. Hon hop sau d6 dugc gitt tinh &
25°C trong 12 gio nham tao diéu kién cho qua trinh khir dién ra hoan toan, dong thoi thuc day
su tu léng va phat trién 6n dinh cta cdu trac nano lai Ag-GO [13]. Bic trung cAu truc cua vat
lidu duoc xac nhan sir dung cac phuong phap do phé UV-Vis (SP-300, OPTIMA), Raman
(MacroRaman™, Horiba), va FTIR (Thermo Nicolet 1S20).

L-ascorbic Hydrazine
acid hydrate »
H,O Rungsiéu im pé ling 25°C
i 2 )

y X 30 phut g S trong 12h Te0
1 Ammonia AgNO;
o

, Vit lidu Ag-GO

Hinh 1. Quy trinh tong hop vit liéu nano Ag-GO.
2.3. Quy trinh ché tao dé SERS sir dung chit nén Ag-GO

Quy trinh ché tao dé SERS sur dung chit nén Ag-GO duogc thuc hién trén dé nhom qua
hai budc xir Iy bé mat dé va tao 16p phu vat liéu. Pau tién, dé nhom co kich thude 1,5x1,5 cm
duoc xir Iy bé mit bang cach ngdm trong dung dich HCI 1% trong 10 phut, sau d6 rung siéu
am trong 5 phut nham lam sach bé mit. Pé duoc léy ra, rira lai 5 1an bé“mg nude cat hai lan dé
loai bo hoan toan du lugng axit, va cudi cung dugc séy khé ¢ 50°C trong 20 phut. Tiép theo,
16p phu chat nén Ag-GO dugc tao bang cach nhé 15 pl dung dich vat liéu Ag-GO (ndng d6 20
mg/ml) 1én ving lam viéc cta dé, sau d6 sdy khé ¢ 50°C trong 5 phut. Qua trinh phi nay duoc
lap lai 5 1an dé dam bao tao thanh mét 16p phu dong déu.

2.4. Quy trinh do va thu nhén tin higu quang phé Raman

Tin hi¢u quang pho Raman dugc theo ddi bang may quang pho Raman MacroRaman™
(Horiba). Cac phép do dugc thuc hién vai vat kinh 100x c¢6 khau d6 sé (NA) 0,90. Cong suat
laser str dung trong qué trinh do 1 45 mW véi goc chiéu 45°. Hé quang phd sir dung bo don
sic ¢6 tiéu cy 115 mm va cam bién CCD NIR back-illuminated. Thoi gian phoi sang 14 10
gidy duoc sir dung véi ba lan tich lity. Tai mdi diém do, thi nghiém duoc lap lai ba lan.

2.5. Khdo sdt kha néing phdt hi¢n f -carotene sir dung dé Ag-GO-SERS

Dung dich p-carotene duoc pha lodng thanh cac néng do khao sat khac nhau. Tiép theo,
10 pl dung dich phan tich & mdi nong d6 dugc nho 1én bé mat dé Ag-GO-SERS da dugc ché
tao. Sau khi mau dugc 1am kho ty nhién ¢ nhiét d6 phong, tin hiéu quang phé Raman duoc
tién hanh do va thu nhan.



DOI: 10.31276/VJST.2026.3964 Khoa hoc tw nhién | Khoa hoc nano
Khoa hoc ky thudt va cong nghé | Cong nghé nano

3. Két qua va ban luan
3.1. Phén tich dac trung cua vt lieu Ag-GO

Céc dic trung cta vat liéu Ag-GO da tong hop trong nghién ctiru duoc mo ta va xac nhan
thong qua sir dung cac phuong phap phan tich pho UV-Vis, SEM-EDX, Raman va FTIR. Tir
ph6 UV-vis (hinh 2A), c6 thé quan sat thdy pho hap thu cua dung dich Ag-GO véi dinh hap
thu cuc dai tai ~400 nm déc trung cho hi¢n tuong cong hudng plasmon bé mit cuc bd cua cac
hat nano bac (AgNPs). Su xuét hién cuia dinh hap thu nay chtng té ion Ag* da duoc khir thanh
Ag® va hinh thanh thanh cong cac hat nano bac trén bé mat GO. Ngoai ra, vi tri dinh plasmon
nam trong ving khoang 400 nm cing voi dang dinh twong ddi hep cho thay cac AgNPs ¢6
kich thudc nano tuong d6i nho va phan b6 hat kha déng déu trong hé vat li¢u. Su dich chuyén
hodc mé rong dinh hép thu plasmon thuong lién quan dén hién tuong két tu hat hodc su thay
d6i kich thudc va hinh thai cia AgNPs [14]. Két qua nay phu hop véi anh SEM chén trong
hinh 2A, trong d6 c6 thé quan sat thay cac hat sang kich thudc nano phan bé kha dong déu
trén bé mat cac thm GO. Cac hat AgNPs xudt hién véi mat do cao nhung it xay ra hi¢n tugng
két tu 16n, gop phan hinh thanh nhiéu “diém ndng” dién tir, tir &6 thuan loi cho kha ning ting
cuong tin hi€éu Raman cua vat liéu Ag-GO-SERS.

Dé lam rd hon su hinh thanh cau trac lai hoa Ag-GO, phé EDX cua vat liéu duoc trinh
bay trong hinh 2B. Két qua EDX cho thiy, su xuat hién déng thoi cua cac nguyén t6 C, O va
Ag v61 ham luong tuong ing 1a 75,80, 3,03 va 21,17%. Trong d6, nguyén t6 C va O dic trung
cho khung graphene 6xit, con tin hi€u Ag xac nhan sy hién di€n ctia cac hat nano bac trén bé
mit GO. Ham luong Ag twong ddi cao ching to cac AgNPs di duge neo giir hiéu qua trén nén
GO sau qué trinh khir hoa hoc. Ngoai ra, ham lugng oxy twong d6i thap cho thdy mot phan
cac nhém chirc oxy cua GO di bi khu trong qua trinh tong hop bdi L-ascorbic acid va
hydrazine hydrate, gop phan lam ting tinh dan dién va tao diéu kién thuan loi cho sy neo giit
AgNPs trén bé miat GO. Piéu ndy ciing gop phan cai thién hiéu qua ting cudng tin hiéu Raman
cua vat liéu Ag-GO-SERS.
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Hinh 2. (A) Ph6 UV-Vis (hinh chén: anh SEM), (B) Phé EDX, (C) Phé Raman va (D) Phé
FTIR cua vat liéu Ag-GO.

Quan sat tir phé Raman trong hinh 2C c6 thé thay 16 hai dai D va G dic trung cho sy ¢6
mit ciia GO tuong Gng tai vi tri ~1316 va & ~ 1590 cm™! [12]. Bén canh d6, két qua quan sat
pho FTIR trong hinh 2D ciing mét 1an nita xac nhan sy ton tai ctia cic nhom chire chira oxy
trong GO. Trong do, dinh 3309 cm! twong tng vé&i cac dao dong kéo dai ciia cac nhom O-H.
Céc dinh khac tai 2364, 1635 cm™ twong mg véi cac dao dong O=C=0, C=0 [15].

Téng hop cac két qua dic trung vat liéu cho thay sy twong tac va két hop hiéu qua gitta
AgNPs va GO trong cdu tric nano lai Ag-GO. Céc tin hiéu dic trung thu dugc tir cac phuong
phap phan tich khac nhau déu cho thay vat liéu sau tong hop s& hitu day du cac dic tinh ciu
tric, thanh phan va tinh chat quang phit hop cho tmg dung ting cudng tin hiéu Raman bé mit.

3.2. Pdnh gid khd néng ting cwong tin hiéu Raman ciia chit nén Ag-GO
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Hinh 3. Phé Raman ciia p-carotene, Ag + B-carotene va Ag-GO + B-carotene.
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Hinh 3 trinh bay két qua tin hiéu Raman thu nhan dwogc ctia cac miu p-carotene, Ag + B-
carotene, Ag-GO + B-carotene va mau dé. Cac dinh dic trung ciia mau B-carotene chuin co
thé dugc quan sat rd rang, tuy nhién cuong do tin hiéu Raman thu duge con twong d6i thap.
Khi két hop p-carotene véi AgNPs, cudng d6 cac dinh ting rd rét nho hidu Gmg ting cudng
dién tir dic trung cua céac hat nano bac thong qua hi€u img plasmon bé mat. Pic biét khi B-
carotene dugc phan tan trén vat liéu Ag-GO, phd Raman ghi nhan tin hiéu ting cudng manh
nhat. Su c6 mit cuia GO di giup lam ting cudng tin hiéu Raman 18n 1,9 14n (tai dinh 1250 com
1).

Hiéu Ung ting cudng trén c6 thé giai thich thong qua co ché ting cudng cong huong kép,
trong d6 AgNPs cung cip hiéu tng dién tir manh trong khi d6 GO gitp ting cudng hoa hoc.
Céac AgNPs tao ra cac truong dién tir manh me khi bi kich thich bé“tng laser, tao ra cac diém
nong plasmon lam tang cuong do truong dién tir va tang cuong cac tin hiéu Raman [16]. Ngoai
ra, GO ¢ thé dong gop vao su ting cuong hoa hoc thong qua cic twong tac chuyén dién tich
v6i ca hat nano AgNPs va cac phén tir B-carotene [17]. Cu thé 13, B-carotene c6 hé lién hop ©
manh, cho phép né dé dang tham gia vao cac tuong tac n-m véi cac vat liéu mang cdu trac
vong thom. Khi dugc hap phu 1én bé mat GO, p-carotene hinh thanh twong tac chong n-rt v4i
mang luéi lién hop  cia GO. Su tuong tac nay khong nhiing gitip on dinh qua trinh hap thy
ma con tao diéu kién thuan loi cho qua trinh chuyén dién tich giita GO va B-carotene va tao ra
su ting cuong Raman do sy cong huong dién tich gitta GO va B-carotene trén nén SERS.
Ngoai ra, GO cung cap nhiéu nhom chirc oxy héa (-OH, —COOH, epoxy) gitp ting kha ning
hap phu phan tir B-carotene va tir d6 nang cao hiéu suat phat hién. Hon thé nita, GO con hd
tro gitip phan tan cac hat nano AgNPs déu hon, tao thém va duy tri mat d6 cao cta céac vj tri
SERS hoat dong.

3.3. Khdo sdt anh hwong ciia nong dp chit nén Ag-GO dén dj nhay tin hiéu Raman

Hinh 4 chi ra anh huong ctia ndng do Ag-GO dén d6 nhay cua tin hiéu Raman & dai nong
do 1-10 ppm. Két qua thu dugc cho théy, tin hiéu Raman dat cuc dai & né)ng do 5 ppm va giam
dan ¢ cac gid tri ndng d6 cao hon. Nguyén nhan cua viéc suy giam tin hiéu duoc cho 1a do bé
day ctia 16p vat liéu tang dan dén giam céc vi tri “hot spots”.
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Hinh 4. Anh hwéng ciia ndng dd Ag-GO dén d nhay cia dé SERS.
3.4. Pdnh gid khd néing phdt hi¢n [ -carotene ciia chit nén Ag-GO

Pho Raman cta dung dich p-carotene tir nong do 30-300 uM trén dé Ag-GO dugc trinh
bay trong hinh 5. Trong hinh 5A ba dinh SERS séc nét da dugc quan sat ¢ 1020 cm™, 1165
cm™ va 1520 em™. O ndng do 300 uM céac dinh dic trung cho B-carotene xuat hién voi cudng
d6 manh va sic nét. Khi ndng do cua B-carotene giam, cac dinh dic trung giam dan trong khi
van ¢ vi tri tan xa twong tng cta ching. Pang chu ¥, tai nong d6 thap 30 pM céc dinh van co
thé phat hién duogc. Vé mit dinh luong, cac thong $6 quan trong cua cam bién SERS, bao gém
gidi han phat hién (LOD), pham vi tuyén tinh va phuong trinh tuyén tinh d3 duoc xac dinh
dua trén moéi quan hé giira nong do B-carotene va cudng do dinh SERS tuong tng két qua
duoc trinh bay trong hinh 5.
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Hinh 5. (A) Pho Raman ciia p-carotene trén nén Ag-GO, Pwong chuén tai cwong d dinh
tai s6 song (B) 1020 cm’, (C) 1165 cm™, (D) 1520 cm! ciia B-carotene.

Hinh 5B-5D chi ra méi quan hé gitra gia tri nong do ciia p-carotene va cuong do tin hiéu
Raman tai dinh 1020, 1165, va 1520 cm™. Két qua cho thdy, mdi quan hé giira nong d6 va
cuong do dinh tai 1165 cm™' cho thdy d6 tuyén tinh cao nhat voi hé s6 twong quan tuyén tinh
dat 0,991. Phuong trinh tuyén tinh duge biéu thi la y =28,170x + 11,829 trong do6 x la néng do
B-carotene va y 1a cuong d6 Raman tai 1165 cm™. Duya trén phuong trinh tuyén tinh da néu,
gia tri LOD tinh toan dugc 1a 19,33 uM.

Bang 1 chi ra gia tri LOD va dai nong d6 phat hién cta hé Ag-GO-SERS vdi cac nén
SERS khic nhau da dugc su dung trong phan tich B-carotene nhu CQDs, Ag-PEI, hay
Ag/AAO. Két qua thu duoc cho thdy, gid tri thu dugc trong nghién ctru ndy ciling co su tuong
dong dang ké va tiém can véi cac gia tri da dugc cong bd trudce do.

Bang 1. Kha niing phat hién p-carotene ciia cac dé SERS khac nhau trong mét sé nghién
ciru gin day.

Chét nén LOD Dai nong dd Tham khao
CQDs 8,28 uM 0-800 uM [18]

Ag—PEI 107° M (~10uM) 104-10° M (~10-100 uM) [19]

Ag/AAO 0,63 ppm (~1,2 uM) 0,31-20 ppm (0.578-37,3 pM) [20]

Ag-GO 19,33 uM 30-300 uM Nghién ctru nay
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3.5. Khdo sdt khd néing phdt hién p-carotene trong méu thuwe

Bang 2 trinh bay két qua khao sat kha ning phat hién p-carotene trong mau ca rdt thong
qua phuong phap thém chuin ¢ ba mirc ndng do khac nhau (100, 150 va 200 pM). Két qua
cho thay phuong phap dé xuat c6 hiéu suét thu hoi tét, dao dong trong khoang tir 87,13 dén
119,74%.

Bang 2. Két qua danh gia kha niing phat hién p-carotene trong miu ca rot.

) Ndno db thém vae Nong do phat hién (uM) RSD ] i
Miu ong dg them vao ) Hiéu suét thu hdi (%)
(nM) n=1 n=2 n=3 (%)
100 117,37 11991 121,93 1,91 119,74
% 150 133,88 132,98 12522 3,64  87.13
Carot
200 220,32 22537 213,19 2,79 109,81

Ngoai ra, do léch chuan twong dbi (RSD) ciia cac lan do déu nho hon 5% (tir 1,91 dén
3,64%), chimg t6 tinh 13p lai cao va d6 6n dinh ctia phuong phap. Nhin chung, cac két qua thu
duoc khang dinh phuong phép c6 do tin ciy cao, pht hop dé xac dinh ham lugng B-carotene
trong cac mau nén phirc tap nhu rau, ct, qua ty nhién.

4. Két luan

Vit liéu Ag-GO d3 duogc tong hop thanh céng va ching minh kha ning ting cuong tin
hiéu Raman manh mé thong qua su cong hudng giita hiéu ing plasmon bé mit cia AgNPs va
céc twong tac n—m dic trung ciia GO. Két qua do SERS cho thay, tin hiéu B-carotene dugc ting
cudng rd rét tai ba dinh pho dic trung 1020, 1165 va 1520 cm™, trong d6, dinh 1165 cm™ thé
hién mbi quan hé tuyén tinh cao nhat v4i hé sd tuong quan R?=0,991. Gidi han phat hién
(LOD) dugc xac dinh 1a 19,33 uM, véi dai tuyén tinh trai rong tir 30 dén 300 uM. Thur nghiém
trén mau thyc ciing xac nhan do chinh xac va do lap lai cao ctia phuong phap, cho thay tiém
ning tmg dung rong rai trong phan tich p-carotene trong mau sinh hoc.
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