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In this study, silver nanoparticles were successfully synthesized via a
green electrochemical route employing an extract of Houttuynia cordata
leaves, and subsequently utilized as a substrate for surface-enhanced
Raman scattering to detect trace residues of the pesticide Thiram. The
resulting silver nanoparticles displayed predominantly spherical
morphology with an average particle diameter of 27.3 nm and exhibited
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high crystallinity - features that contributed significantly to the
enhancement of Raman signal intensity. The sensor achieved an
impressive limit of detection of 1.1 x 10™'" M, indicating excellent
sensitivity. Assessment of the SERS substrate's repeatability and
reproducibility yielded relative standard deviations of 7% and 14.4%,
respectively, underscoring the platform’s analytical reliability.
Application to real samples demonstrated the sensor’s practical potential:
Thiram was successfully detected in green tea leaf extracts at
concentrations as low as 10~° M, with recovery rates ranging from 86% to
128%. These results affirm the sensor’s high performance and its
promising applicability for rapid, sensitive screening of pesticide residues
in agricultural and food products.
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Trong nghién ctru nay, hat nano bac dugc tong hop bang phuong phép
dién hoa xanh sir dung dich chiét 1a diép ca va duoc ung dung lam nén
cho cam bién tan xa Raman ting cudng bé mat nham phat hién du luong
thudc bao vé thuc vat Thiram. Vat liéu nano bac ché tao duoc hiu hét c6
hinh cau véi kich thudc trung binh 27,3 nm, do két tinh cao, gitip ting
cuong dang ké tin hiéu Raman cua Thiram. Gigi han phét hién tinh toan
duogc dat téi 1,1.10 M, cho thiy do nhay cao cua cam bién. Phép do
danh gia do lap lai va do tai 1ap cua nén cam bién ciing cho két qua kha
quan véi do léch chuan twong dbi lan Iuot 1a 7% va 14,4%. Ung dung
thuc nghiém trén miu 14 tra xanh cho thay cam bién co thé phat hign
Thiram & nong do thip téi 10° M véi hiéu suat thu hdi dao dong tir 86%
dén 128%. Két qua nay khing dinh tinh kha thi va tiém niang @ng dung
thuc tién cua cam bién ché tao dugc trong phan tich nhanh du lwong thuée
bao vé thyc vat trong san phim nong nghiép va thuc pham.
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1. Gioi thigu

Phd Raman ting cuong bé mit (SERS) gan ddy di trd thanh mot ki thuat phén tich tién tién
va ¢ do nhay cao, ddc biét phat huy hi¢u qua trong linh vuc an toan thuc phém, dap ung yéu cau
phat hién chinh xéc va si€u nhay cac du lugng hoa chét doc hai [1]- [4]. Kha nang cua SERS
trong viéc cung cap thong tin dic trung riéng ddi véi timg loai hoa chat thong qua cac pho dao
dong Raman cua chung khién né dic biét hitu ich trong viée phat hién luong rat nho cua thude trir
sau, thudc bao vé thuc vat hodc cac kim loai ning trong thuc pham — - nhiing chat c6 thé gay ra cac
rui ro nghiém trong cho strc khoe con nguoi du chi t6n tai v6i nong do rat thip [5], [6]. Tuy
nhién, viéc phat hién chinh xdc cac chét nay van con gip nhiéu thach thirc do thanh phan phirc
tap cua thuc pham gy ra hién tuong nhidu. P9 nhay cao cta SERS lién quan dén sy tuong tac
giita brc xa dién tir chiéu tdi, cac cdu tric hat nano va phan tir chat phan tich, trong d6 cau tric
nano dong vai tro trung tam trong viéc tang cuong hi€u Gng tan xa Raman. Tin hi¢u SERS duogc
tang cuong thong qua hai co ché 1a co ché dién tir (EM) va co ché hoa hoc (CM) [7]-[9]. Trong
co ché ting cudng dién tir, tin hiéu SERS dugc ting cudng do su cong huong dao dong cia cac
electron trén bé mit d& SERS khi bi kich thich boi birc xa laser chiéu t6i (cong hudng plasmon bé
mat cuc bd LSPR). Chinh vi vay, cac hat nano kim loai quy cé cdng huong plasmon manh nhu
vang (Au), bac (Ag), dong (Cu) thuong duoc sir dung dé lam dé SERS [10]-[12]. Mic du hat
nano kim loai Au c6 cong huéng plasmon tét nhat, phi hop dé ché tao cac cam bién sinh hoc do
tinh tuwong thich sinh hoc cao va ddc tinh théip, nhung hat nano kim loai bac (AgNPs) lai dugc
danh gia tiém nang trong viéc ché tao cac cam bién SERS c6 chi phi thip va do nhay cao.

Thai Nguyén la dia phuong dung déu ca nudc vé dién tich trong tra voi hon 22 nghin ha, trong
do6 c6 hon 83% dién tich hién dang trong cac glong mdi, 6 nang suét va chat luong cao. Tra Viét
Nam chu yeu dugc ti€u thu trong nudc va mot phan xuat khau. Hién nay, san pham tra ciia Viét
Nam duoc xuat khau di 74 quoc gia va vung lanh tho trén thé giéi. Nhin hiéu “tra Thai Nguyén” da
dugc dang ky bao h doc quyén thanh céng ¢ nhing thi truong nhu My, Trung Qubc, Pai Loan,
Nga, Nhat Ban, Han Quéc va dang dugce tién hanh ¢ nhimg thi truong tiém nang nhu EU, Trung
Dboéng. Tuy nhién, trong nhimg nam gan day, viéc xut khau tra gip nhidu kho khian do du luong
thudc bao vé thuc vat (BVTV) trong san pham cao. Pau ndm 2023, Viét Nam nhan duoc canh bao
vé tra xut khiu sang Hong Kong chita 3 chat cdm va du luong thuéc BVTYV vuot qua quy dinh cta
EU gom: Chlorfluazuron (0,11 mg/kg); Imidacloprid (0,15 mg/kg) va Chlorpyrifos (0,043 mg/kg).
bé nang cao dugc gia thanh xudt khau tra thi chung ta can phai dap ung dugc nhimg yéu cau ngay
cang khét khe vé du luong thudc BVTV, du lwong khang sinh, nAm mdc, V.v. trong san pham Vi
vdy, song song voi viée ning cao nhan thirc ciia ngudi néng dan trong viée str dung thuéc BVTV
thi cac phuong phép kiém dinh t6n du thuéc BVTV trong san phdm nhanh chéng, chinh xac va
hi€u qua trudc khi dua ra thi truong ciing can duoc dic biét cha trong, han ché tbi da viée cac 16
hang xuit khiu bj tra lai. Qua khao sat thyc té qua trinh trong tra tai dia ban tinh Thai Nguyén,
Thiram 1a mét trong nhitng loai thudc BVTV dugc sit dung kha nhiéu. Hinh 1 thé hién céu tric
phan t& cua Thiram c6 cong thic héa hoc CegHiN,S,. Pay la mot hop chét thuéc nhoém
tetraalkylthiuram sulfide c6 tac dung chinh 1a diét trir cac loai nAm.
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Hinh 1. Cdu triic phan tir ciia Thiram
Nhimg phuong phap xac dinh du lugng thudc BVTYV dang dugc st dung hién nay nhu sic ki
16ng, khéi phd déu co chi phi kha cao do thiét bi dét tién va tinh phic tap trong viéc chuén bi mau
va do dac. Trong bai bao nay, chiing t6i sir dung hat AgNPs dugc téng hgp bang phuwong phap
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dién hoa xanh st dung dich chiét‘ cay diép ca dé lam chit nén cho cam bién SERS nham phat hién
Thiram trong 14 tra va ki vong rang ddy s& la mot phuong phap xac dinh du lugng thuéc BVTV
nhanh chong, dé sir dung va c6 chi phi thap.

2. Vit liéu va phwong phap nghién ctru
2.1. Vit ligu

Thiram duoc mua tir cong ty Sigma Aldrich (Dtrc). La tra tuoi va 1a diép ca dugc thu mua tir
cho dia phuong tai tinh Thai Nguyén. Hai thanh bac d6 tinh khiét 99% c6 xuat xir tr Trung Qudc.

2.2. Phwong phap thuc nghiém

* Phicong phdp ché tao e-AgNPs

e-AgNPs duoc tong hop bang phuong phap dién héa xanh tai phong thi nghiém thudc trudng
bai hoc K¥ thuat Cong nghiép, Pai hoc Thai Nguyén, nhu da dugc bao cdo trong mot sb cong trinh
nghién ctru trude day [13], [14]. Mot luong 100 g 14 diép ca tuoi dugc rira sach hai 1an bing nudc
cat, sau d6 duge cit nho va cho vao mét coc thay tinh dung 200 mL nude cit, boc kin béng mang
boc nilong va @ trén may khudy tir co gia nhiét ¢ nhiét d6 70 °C trong 60 phit. Dich chiét thu dugc
dugc dem ly tdm loc bo can va bao quan trong ti lanh & nhiét do 4 OC. Hai thanh bac do tinh khiét
99%, kich thudc 40 mm x 5 mm x 1 mm duoc nbi vao nguén mot chidu, dién ap 12 V, dit cach
nhau 3 cm trong mot cde chira 200 mL dich chiét. Tién hanh dién hoa trong 60 phut, sau do dé
dung dich trong bong ti thém 24 gid dé qua trinh khir ion Ag” dugc triét dé.

* Phwong phdp chudn bi dé SERS

Quy trinh chuén bj dé SERS duoc trinh bay nhu trong Hinh 2. Pau tién, tim nhom day 0,2 cm
dugc cit thanh nhimg miéng hinh vudng kich thuéc 1 cm dé 1lam dé SERS. Chinh giita miéng
nhom, khoan mot 16 duong kinh 0,2 cm, sau khoang 0,1 cm, tao thanh vung hoat dong do SERS.
Pé chuén bi dé SERS, 5 uL dung dich keo nano bac dugc nho thanh tirng giot vao ving hoat
dong cta dé SERS va duoc dé kho o nhiét do phong.

Tiép theo miu phan tich dugc chuan bi nhu sau: Mot lwong 100 g 14 tra dugc gid nho, tron véi
300 mL nudc cat, khudy déu bang may tron vortex va xir Iy siéu 4m trong 15 phat. Hén hop thu
duoc sau do dugc loc qua giéy loc va ly tam dé thu phén dich ndi. P& chuan bi mau chiét 14 tra ¢
pha Thiram, mdt lugng chinh xac dung dich chuén Thiram dugc thém vao dich chiét dé tao thanh
hdn hop dich chiét 1a tra pha Thiram nong d6 tir 10* M dén 10° M. Sau d6, mau phan tich s&
duoc nhé giot truc tiép 1én ving hoat dong cuia dé SERS va dugce dé kho tu nhién. Phé SERS
dugc do bang hé thdng may quang phé Raman MacroRamanTM (Horiba) véi vét kinh x 100,
khau do s6 0,90 ¢ tiéu cu 115 nm va st dung laser cong suat 45 mW & goc do 60°. Bude song
laser sir dung 1a 785 nm. Thoi gian phoi sang cho mdi phép do 1 15 gidy. Phé Raman cudi cing
thu duoc sau khi di hiéu chuin voi dudng co so.
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Hinh 2. Quy trinh chudn bi @é SERS véi chdt nén e-AgNPs va chdt phan tich Thiram
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3. Két qua va thio luin

3.1. Hinh thdi va céu triic ciia e-AgNPS
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Hinh 3. Anh SEM (a) va gian @6 nhiéu xa XRD (b) ciia e-AgNPs
Hinh thdi hoc va cdu tric tinh thé ciia vat liéu e-AgNPs ché tao bang phwong phéap dién hod
xanh duogc minh hoa trong Hinh 3. Anh hién vi dién tir quét (SEM) (Hinh 3a) cho thiy vat liéu
gdm cac hat nano bac c6 hinh cau véi kich thu6c trung binh 27,3 nm, phan b kha dong déu va
két tu thanh cac cum xép. Céu trac nay dac biét thuan lgi cho ung dung trong cdm bién SERS do
tao ra nhiéu ving c6 kha ning khuéch dai tin hiéu Raman. Phd nhiéu xa tia X (XRD) (Hinh 3b)
cho thdy cac dinh nhidu xa dic trung tai cac goc 20 ~ 32,4°; 38,2°; 44 A% 64,7° va 77,5° tuong
g v6i cac mat phing (111), (200), (220) va (311) cua bac kim loai co cAu tric 1ap phuong tdm
mat (FCC), phu hop vdi the chuan JCPDS s6 04-0783. Dinh (11 1) c6 cuong do manh nhat, chi ra
su dinh hudng két tinh vu tién theo mit phing nay — mot dic diém quan trong vi mat (111) da
duoc ching minh 1a ¢6 hoat tinh SERS vuogt troi do mat do dién ti bé mit cao [15]. Nhiing Kkét
qua trén khang dinh rang phuong phap dién hod 1a mét ky thuat don gian, hiéu qua va than thién
mai truong dé tong hop AgNPs c6 do két tinh cao va cau trac hinh théi téi wu cho tmg dung lam
nén SERS. Vi dic tinh hinh thai xdp va mat phang két tinh vu thé, vat liéu AgNPs thu duoc co
tiém ning cao trong viéc phat hién siéu nhay cac phan tir phan tich nhu du lugng thudc bao vé
thuc vat, khang sinh hay chat doc hai trong mau thuc pham va méi truong.
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3.2. Vai tro cuia e-AgNPs trong viéc tang cwong tin hi¢u tan xa Raman ciia Thiram
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Hinh 4. (a) Phé Raman ciia bjt Thiram [10] va (b) phé SERS Thiram ¢ nong d 10 M véi vt liéu phi
nén e-AgNPs
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Hinh 4a la phé Raman cta Thiram véi cac dao dong dic trung & cac vi tri 561, 938, 1148,
1386 va 1520 cm™. Dé khdo sat vai tro ctia e-AgNPs trong viéc ting cudng tin hiéu tin xa Raman
ctia Thiram, chiing t6i tién hanh tao dé nhu trong quy trinh da dugc trinh bay trong Hinh 2. Khi
nho Thiram 1én dé nhom thong thuong, két qua cho thiy khong xuét hién cac dinh dao dong dic
trung trong phd Raman ctia Thiram nhu thé hién bang duong mau do6 trong Hinh 4a. Tuy nhién,
trén dé nhom co phu 16p vt lidu nano e-AgNPs (dé SERS), trén phd SERS ciia Thiram, cac dinh
pho dic trung déu xuét hién rd nét. Pinh 565 cm™ dic trung cho dao dong kéo gidn cua lién két
S-S va lién két C-S-S, dinh 944 cm™ biéu thi cho dao dong kéo gian C-S va dinh 1382 cm™ duge
gan cho dao dong kéo gidin cua lién két C-N va mode udn cua lién két CHs [1], [16]. Nhu vay, co
thé théy vat liéu e-AgNPs voi kich thudc hat trung binh 27,3 nm da ting cudng manh tin hi¢u
Raman cua Thiram. Do d6, dau vét cua loai thuéc BVTV nay co thé dugc phat hién bﬁng cam
bién SERS trén nén e-AgNPs.

3.3. Cim bién SERS dwa trén e-AQNPs nham phdt hién Thiram

Hinh 5 minh hoa kha ning phét hién Thiram thong qua phép do SERS véi vat liéu nén e-
AgNPs dugc ghi nhan & cac nong do khac nhau tir 10* M dén 10™° M (Hinh 5a). Cac dinh dic
trung ctia Thiram rat rd nét & cac ndng do cao va bi ti dan khi xuéng dén ndng do thap (tir 107
M) tr& xudng. Tuy nhién, van phat hién dwoc tin hiéu & ndng do 10™° M. Két qua cho thiy dinh
1382 cm™ ¢6 cuong do 1on nhat va van xuat hién ngay ca & nhimg ndng do thip. Do véy, dinh
nay dugc chon dé phan tich. Gidi han phat hién Thiram (LOD) ctia cam bién SERS dugc tinh
theo cong thic (1):

LOD = 10!(Yblank + 3SD)/Yplank—Al/B (1)

Trong do, Ymank va SD la gia tri trung binh tin hiéu SERS va d¢ 1éch chudn ctia mau trang A
va B 1a cac hé sb cua duong chuén Y = A + B x Log(X) nhu dugc chi ra trong Hinh 5b. Gia tri
LOD tinh dugc trong béo co nay 1a 1,1.10""* M. Miac di mét s6 nghién ciru trude d6 da ghi nhén
gi61 han phat hién Thiram thdp hon [17] két qua dat dugc trong nghién ciru nay van rat dang chu
y, do vét liéu nen SERS — e-AgNPs — co thé dugc tong hop d& dang tir cac loai thuc vat dia
phuong, khong cin str dung hoa chét dat tién va an toan, than thién véi moi trudng.
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Hinh 5. (@) Phé SERS ciia Thlmm V6i cde nong dg tir 10 M dén 10™*° M trén nén vit liéu e-AgNPS; (b)
Dai tuyen tinh tai vi tri 1382 em™; (c) danh gia do tai lap thong qua phép do trén 5 dé khac nhau ¢ nong
as 10° M; (d) danh gia do lap lal cia nén thong qua phep do tai 5 vi tri khdc nhau trén cung mot aé ¢
nong dé 10° M
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bé danh gia do tai lap, phé SERS duogc thu nhén trén 5 dé khac nhau (Hinh 5¢). Két qua tinh
toan & nong d6 10° M cho thay do 1éch chuan twong d6i RSD = 14,4%. Nhiéu bao cdo cho cam
bién SERS phat hién Thiram & d6 tai lap cao hon [18]. Piéu nay c6 thé 1a do cac thanh phan phirc
tap co trong dich chiét thuc vat d3 anh huéng manh 1én tin hiéu SERS.

Tinh 6n dinh cua dé SERS duoc danh gia bang cach do 5 diém trén cing mot dé (Hinh 5d).
Chung t6i tinh toan & ndong d6 Thiram 1a 10° M va thu duoc két qua kha quan RSD = 7%. Két
qua nay cho thay d6 lap lai cao ctia @& SERS trén nén vat liéu e-AgNPs.

3.4. Cim bién SERS dwa trén AgNPs phdt hi¢n Thiram trong méu thuc ld tra

Tinh kha thi ciia @& SERS e-AgNPs duoc danh gia thong qua kha ning phat hién Thiram trong
mau 14 tra tuoi. Cac mau 14 tra tuoi chira Thiram véi néng do tir 10 M dén 10°° M duoc nho 1én
dé SERS e-AgNPs, sau d6 pho SERS dugc thu nhan tir cac dé nay. Tir phd raman duoc biéu dién
trong Hinh 6, cc') thé thdy rang cac dinh dic trung ctia Thiram van xuat hién rd nét. Pang cha ¥,
tai nong d6 10° M, dinh déc trung tai 1382 cm™ cta Thiram van con xuat hién, tuy nhién cudng
d6 kha nho. Hiéu suat thu hdi (Recovery) dugc tinh toan va trinh bay trong Bang 1, dao dong tur
86% dén 128%, cho thay tinh kha thi cao cia phuong phap. Nhu vay, dé SERS trén nén vat liéu
e-AgNPs, bén canh d6 nhay va dd tin cay cao, con thé hién tinh ung dung thuc té vuot troi trong
phan tich cac mau thyc.

Cwing d¢ (d.v.t.y.)

T T f
600 800 1000 1200 1400 1600 1800

Dich chuyén Raman (cm)

Hinh 6. Phé SERS ciia Thiram trong mdu thye ld tra xanh véi cdc nong do khdc nhau

Bang 1. Hiéu sudt thu hoi ciia cam bién SERS dua trén e-AgNPs trong viéc phat hién Thiram trong ld tra xanh

Mau Nong d9 thém vao (M) Néng d phat hién (M) Higu suat thu hoi (%)
10° 3,74.107 128
10° 2,64.107 109
L4 tra 107 3,55.10® 106
10°® 2,13.10°® 95
10° 1,61.10°® 86

4. Két luan

Trong nghién ciru nay, ching toi di ché tao thanh cong dé SERS trén nén vat liéu e-AgNPs
dugc tong hop bang phuong phap dién hoa xanh st dung dich chiét cay diép ca an toan va than
thién véi moi truong, phat hién dugc ton du ciia thubc BVTV Thiram & nong do thap véi gisi
han phat hién LOD 1a 1,1.10™ M. Cam bién SERS c¢6 d6 6n dinh va d6 tin cdy cao, thé hién ¢ do
1éch chuén tuong d6i dudi 20% va hiéu sudt thu hdi dudi 130%. Cam bién nay ciing c6 thé phat
hién Thiram trong mau thyc 14 tra xanh v6i ndng do thip toi 10° M. Két qua nay dap tng yéu cau
vé giéi han du luong tdi da (MRLs) ciia Thiram do Hoa Ky va chau Au quy dinh (2-13 ppm,
tuong dwong khoang 7,7.10° M — 5.10-° M). Nhiing két qua nay ching minh vat liéu e-AgNPs
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c6 tiém ning 16n trong phat trién cac cam bién SERS xanh, than thién véi méi trudng va tng
dung thyc té trong gidm sat an toan thyc pham.
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ma s6 T2024-NCS21 cuia truong Pai hoc K¥ thuat Cong nghiép, Pai hoc Thai Nguyén.

TAI LIEU THAM KHAO/ REFERENCES

[1] M. J. S. Oliveira, C. S. Martin, R. J. G. Rubira, A. Batagin-Neto, C. J. L. Constantino, and R. F. Aroca,
“Surface-enhanced Raman scattering of thiram: Quantitative and theoretical analyses,” J. Raman Spectrosc.,
vol. 52, no. 12, pp. 2557-2571, 2021.

[2] A. M. Ondieki et al., “Fabrication of surface-enhanced Raman spectroscopy substrates using silver
nanoparticles produced by laser ablation in liquids,” Spectrochim. Acta Part A Mol. Biomol. Spectrosc., vol.
296, 2023, Art. no. 122694,

[3] A. L Pérez-Jiménez, D. Lyu, Z. Lu, G. Liu, and B. Ren, “Surface-enhanced Raman spectroscopy: benefits,
trade-offs and future developments,” Chem. Sci., vol. 11, no. 18, pp. 4563-4577, 2020.

[4] R. Panneerselvam et al., “Surface-enhanced Raman spectroscopy: bottlenecks and future directions,” Chem.
Commun., vol. 54, no. 1, pp. 10-25, 2018.

[5] J. Zhu, M.-J. Liu, J.-J. Li, X. Li, and J.-W. Zhao, “Multi-branched gold nanostars with fractal structure for
SERS detection of the pesticide thiram,” Spectrochim. Acta Part A Mol. Biomol. Spectrosc., vol. 189, pp.
586-593, 2018.

[6] J. Lu et al., “Silver nanoparticle-based surface-enhanced Raman spectroscopy for the rapid and selective
detection of trace tropane alkaloids in food,” ACS Appl. Nano Mater., vol. 2, no. 10, pp. 6592-6601, 2019.

[7] J. Langer et al., “Present and future of surface-enhanced Raman scattering,” ACS Nano, vol. 14, no. 1, pp.
28-117, 2019.

[8] S.-Y. Ding, E.-M. You, Z.-Q. Tian, and M. Moskovits, “Electromagnetic theories of surface-enhanced
Raman spectroscopy,” Chem. Soc. Rev., vol. 46, no. 13, pp. 4042-4076, 2017.

[9] S.-Y. Ding et al., “Nanostructure-based plasmon-enhanced Raman spectroscopy for surface analysis of
materials,” Nat. Rev. Mater., vol. 1, no. 6, pp. 1-16, 2016.

[10] G. Kumar and R. K. Soni, “Silver nanocube-and nanowire-based SERS substrates for ultra-low detection of
PATP and thiram molecules,” Plasmonics, vol. 15, no. 6, pp. 1577-1589, 2020.

[11]V. Eskandari et al., “Surface-Enhanced Raman scattering (SERS) filter paper substrates decorated with
silver nanoparticles for the detection of molecular vibrations of Acyclovir drug,” Spectrochim. Acta Part A
Mol. Biomol. Spectrosc., vol. 298, 2023, Art. no. 122762.

[12]M.-H. Lin, L. Sun, F. Kong, and M. Lin, “Rapid detection of paraquat residues in green tea using surface-
enhanced Raman spectroscopy (SERS) coupled with gold nanostars,” Food Control, vol. 130, 2021, Art. no.
108280.

[13]T. A. Nguyen et al., “Eco-friendly copper nanomaterials-based dual-mode optical nanosensors for
ultrasensitive trace determination of amoxicillin antibiotics residue in tap water samples,” Mater. Res. Bull.,
vol. 147, 2022, Art. no. 111649.

[14]L. N. T. Nguyen et al., “Novel eco-friendly synthesis of biosilver nanoparticles as a colorimetric probe for
highly selective detection of Fe (III) ions in aqueous solution,” J. Nanomater., vol. 2021, pp. 1-17, 2021.
[15]T. T. P. Nguyen et al., “Functionalized silver nanoparticles for SERS amplification with enhanced
reproducibility and for ultrasensitive optical fiber sensing in environmental and biochemical assays,” RSC

Adv., vol. 12, no. 48, pp. 31352-31362, 2022.

[16]S. Sanchez-Cortes, C. Domingo, J. V Garcia-Ramos, and J. A. Aznarez, “Surface-enhanced vibrational
study (SEIR and SERS) of dithiocarbamate pesticides on gold films,” Langmuir, vol. 17, no. 4, pp. 1157—
1162, 2001.

[171M. B. Bhavya et al., “Femtomolar detection of thiram via SERS using silver nanocubes as an efficient
substrate,” Environ. Sci. Nano, vol. 7, no. 12, pp. 3999-4009, 2020.

[18]H. A. Nguyen et al., “Gold nanoparticles-based SERS nanosensor for thiram and chloramphenicol
monitoring in food samples: Insight into effects of analyte molecular structure on their sensing performance
and signal enhancement,” Appl. Surf. Sci., vol. 584, 2022, Art. no. 152555.

http://jst.tnu.edu.vn 311 Email: jst@tnu.edu.vn



