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In this study, we present the results of investigating the pH effect of
methyl red (MR) on surface-enhanced Raman spectroscopy (SERS)
using the substrate of the silver nanoparticles (Ag-NPs) and silver
plates square (Ag-PS). Ag-PS were fabricated by photochemical
method under green light-emitting diode (LED) irradiation (A = 532
nm) onto a solution of silver nanoparticles. Morphology and size of the
as-obtained Ag-PS were characterized by scanning electron microscopy
(SEM) and transmition electron microscopy (TEM). Optical properties
were characterized by ultraviolet- visible absorption. The crystal
structure of the samples was investigated by X-ray diffraction (XRD).
Surface-enhanced Raman scattering spectroscopy (SERS) was used to
investigate the effect of pH = 2.01; 3.91; 5.1; 6.36 and 8.96. The results
show that when pH < 5 the Raman spectral intensity is strongly
enhanced at 1609 cm™ while at pH > 5 it is enhanced at 1396 cm™.
Interestingly at pH = 2.01, the linear dependence between the logarithm
of the SERS signal intensity (log I) and the logarithm of the MR
concentration (log C) occurred in the range from 3*10° M to 10* M
and detection of limit (LOD) reach 3*10°® M.
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Trong nghién ctru nay chiing t6i gidi thidu két qua khao sat anh huong
ctia d6 pH ciia MR 1én pho tan xa Raman ting cuong bé mat (SERS)
khi ching hap phu trén dé nano bac dang cau (Ag-NPs) va dang tam
vuong (Ag-PS). Cac nano bac dang tim vudéng duoc ché tao bing
phuong phap quang hoa dudi kich thich cua anh sang LED xanh 14 (A =
532 nm) 1én dung dich cac mam nano bac. Cac nano bac sau ché tao
duoc khao sat cac tinh chat nhu: Tinh chat quang bang phé hip thu
(UV-Vis), cdu trac tinh thé bang gian db nhiéu xa tia X (XRD), hinh
thai kich thudc hat bang kinh hién vi dién tir truyén qua (TEM) va kinh
hién vi dién tir quét (SEM). Phd tin xa Raman ting cwdng bé mat
(SERS) dugc sir dung dé khao sat anh huong cua do pH = 2,01; 3,91;
5,1; 6,36 va 8,96. Két qua chi ra riang khi pH<5 cudng do phd Raman
tang cudng manh tai 1609 cm™ trong khi pH>5 thi tang cuong tai 1396
cm. Bac biét, & pH=2,01 logrit cua cudng do Raman tai 1609 cm™ phu
thugc tuyén tinh véi logarit nong d6 va gisi han phat hién 3*10° M.
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1. Giéi thi¢u

Tan xa Raman ting cuong bé mit (SERS) dang duoc cong nhan nhu 13 mot ki thuat phén tich
nhay dua trén dic diém cua “ddu véan tay phan ti” va tin hiéu Raman dugc khuéch dai dang ké
khi chat phan tich hp phu trén d& kim loai c6 anh sang kich thich phu hop, tir d6 c6 kha ning
phat hién ngay ca don phén tir [1], [2]. Cac hiéu tng SERS bit ngudn tir su tan xa anh sang
khong dan hoi cua cac phan tir, duge ting cudng khi c6 vat lidu dé phu hop, do d6 cung cép hoat
dong bé mat cho ca twong tac vat chat nhe va két dinh phan tir. Cac kim loai plasmonic nhu Ag
c6 bé mit xu xi, goc nhon 13 Gmg vién sang gia nhat dé 1am dé do co sy ting cuong trudng dién tir
tao nén lan cin cac “diém néng” manh, tir d6 dan dén su ting cuong SERS dang ké [3], [4]. Viéc
tao ra cic nano Ag c6 hinh dang va kich thudc khac nhau (dang cau, thanh, tim tam giac,
vuong,..) s& mang lai nhiéu loi thé cho tng dung SERS dé phat hién cac chit mau hiru co va chat
bao vé thuc vat [5], [6]. Tuy nhién, su ting cudng SERS cua cac phan tir trén dé kim loai khong
nhiing phu thuge vao ban chat, hinh thai cia ¢é ma con phu thudc vao nhiéu yéu té khac nhu: anh
sang kich thich, c4u trc hinh hoc cia phan tir phan tich, sy dinh huéng cua phan tu khi hap phu
trén bé mat dé,... [7]. Mot trong cac tham sb anh huong truc tlep 1én sy dinh hu6ng phén tur tiép
xuc chinh 1a d6 pH ciia moi trudng chét phan tich [8]. Nhu d6i voi methyl dé chuyén tir dang
trans sang dang cis dudi anh sang kha kién chiéu xa ¢ budc séng 532 nm va chuyén doi tro lai
c4u hinh Trans & 355 nm. Hon nita MR 1a mét chét chi thi acid-baso, ciu trac phé cua MR trong
dung dich va hip phu trén Ag c6 thé thay ddi khi pH thay ddi bang cach quan sat phd SERS véi
cac pic déc trung dugc uu tién.

Do do, trong nghién ctru nay ching t61 khao sat anh huong cua pH thay doi tr 2,01 dén 8,36
1én phd SERS khi MR hap phu trén bé mit cac nano bac dang tim vudéng. Cac tAm vudng nano
bac (Ag-PS) dugc ché tao bang phuong phap quang hoa dudi su kich thich ctia anh sang LED
xanh 14 & nhiét @6 phan ung 85°C.

2. Thue nghiém va phwong phap nghién ciru

Céc nano bac dang tim vudng (Ag-PS) duoc ché tao theo phwong phap tong hop quang
plasmon dudi sy kich thich boi anh sang LED xanh 14 c6 budc soéng 532 nm va cong suat 1,2
mW/cm?. Mot s6 hod chat chinh gdm: Bac nitrate (AgNOQ3, 99,92%) duoc sir dung nhu tién chét.
Trisodium citrate (NasCgHs0,.2H,0, 99,96%), sodium borohydride (NaBH,4, 99,93%) c6 tac
dung nhu tac nhan khir va chat 6n dinh. Methyl d6 (2- (N, N-dimetyl-4-aminophenyl) axit
azobenzenecarboxylic), ethanol dwgc chuan bi dé nghién ciru anh huong cia d6 pH 1én phd tan
xa Raman tang cuong bé mat (SERS). Polyvinyl pyrrolidone (PVP, molar weight (MW) 29,000
g/mol) dugc st dung nhu chat hoat dong bé mit va dong vai trd dinh huéng phat trién hat nano
bac. Tat ca cac hoa chét déu c6 ngudn goc tir hing Merck (Ptc). Cac dung dich dugc chuan bi
bang cach sir dung nudc cat khir ion.

Tuong tu nhu quy trinh chat tao cac nano bac dang tAm tam giac ciing gdm 2 budc: (1) ché
tao cac mam Ag-NPs va (2) phat trién mam dudi su kich thich cua anh sang LED xanh la. Tém
tat cac budc ché tao mau dién hinh nhu sau: chuan bi 1 mL dung dich mudi bac AgNO; (0,01
M), 0,2 ml NazC¢H50,.2H,0 (0,3 M), 0,3 mL dung dich PVP (0,1 mM) duoc tron déu, khudy
tir manh (1500 vong/phut, trong 20 phut) trong binh 100 mL nudc cat khir ion. Tiép theo nho
ting giot mot lwong 0,5 mL NaBH, (0,05 M) vao dung dich hdn hop ¢ diéu kién lanh va khuay
tir lién tuc trong 1 gid. Mau caa dung dich binh phan @ng chuyén ngay lap tic tir trong sudt
sang mau vang tuoi khi thém tung giot NaBH,. Py chinh 1a mau cia cac hat keo nano bac
dang cau hay chinh I san pham mam nano bac (Ag-NPs). Cubi cung, 1y 20 mL dung dich cac
nano bac mam (Ag-NPs) trong 6ng thach anh dang hinh tru c6 dwdng kinh 3 cm duoc chiéu
LED va giir nhiét d6 & 85°C trong 70 phut. Dung dich dan chuyén sang mau nau dé - day 1a cac
tam vudng nano bac (Ag-PS).
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3. Két qua va ban luin
3.1. Hinh thdi, kich thwéc va céu tric tinh thé

Cac mam nano bac (Ag-NPs) sau khi ché tao duoc quan sat dudi kinh hién vi dién tir truyén
qua (TEM) nhu thé hién trong hinh 1a. Cac Ag-NPs c6 dang cau don phén tan, kich thuéc nho
(khoang 8 nm) va kha dong déu nhu phan bd trén hinh 1b. Sau khi chiéu LED 1én Ag-NPs, san
pham thu dugc c6 dang phang hinh vuéng (Ag-PS) nho vao quan sat dudi kinh hién vi dién tur
quét (SEM). Hinh 1c,d cho thay cac Ag-PS c6 kich thuéc khoang 55 nm chiém da s6 va phan b
tya theo ham Gauss. Quan sat trén hinh 1c cho thdy xuat hién mot s tim Ag-SP bi kéo dai dang
hinh chit nhat hay dang da giac, day co thé 1a nguyén nhan ciia anh sang LED khong hoan toan
don sac hoac do nhiét d6 ciia dung dich mam trong khi chiéu khong on dinh tuyét ddi.

A

(b) 40

5 10 15
Kich thudc (nm)

45 50 55 60 65
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Hinh 1. (a, b) Anh chup cdc mam nano bac (Ag- NPs) bang kinh hién vi dién ti truyén qua (TEM)
va phdn bé kich thude twong vmg, (¢, d) Anh chup cdc tam vuéng nano bac (Ag-PS)
bang kinh hién vi dién tir quét (SEM) va phén bé kich thude twong vmg

Béy gid chang toi tap trung khao sat cdu trac tinh thé cua cac mau mam Ag-NPs va tim nano
Ag-PS bang nhiu xa tia X (XRD) trén hé D2 cua Perkin Elmer-M§ nhu chi ra trén hinh 2. Gian
dd nhidu xa tia X caa Ag-NPs va Ag-PS gém bdn dinh & goc quét 26 lan luot 1a: 38,04°, 44,06°,
63,78° va 76,74° twong ng Véi cac mat phang tinh thé Bragg, phan xa tir (111), ( 200), (220) va
(311) va ¢o ciu tric 1ap phwong tdm mat (FCC); phu hop voi dit liéu tiéu chuan thé pdf: JCPDS
s6 04-0783. Piéu nay cho thdy Ag da tinh thé va két tinh tét. D& dang thiy riang cac dinh nhiéu xa
ciia 2 mau Ag-NPs va Ag-PS gan nhu khong c¢6 su khac biét. Cudng d6 dinh nhidu xa c6 cuong
do manh nhat & mat phang tinh thé (111) cia pha FCC Ag va giam ¢ mit phang tinh thé (200),
(220) va (311) goi y rang mat phang (111) 1a dinh huéng chiém wu thé hon. Két qua khao sat nay
cho thay khép voi cong bd trude ddy cua nhom chang toi va cong bd cua trudc do [9]. Kich
thuoc tinh thé (D) c6 thé udc lugng dugc khi biét do ban rong phd va vi tri goc 2 theta. Ap dung
cong thirc Debye-Scherrer [10] cho mat dién hinh (111), kich thudc tinh thé trung binh D ciia Ag-
PS1a 16,38 nm.

kA

= 1)
pcosé
trong d6 k = 0,893 1a hiang s Scherrer, A= 0,154056 nm 1a budc song cua tia X, B 1a d6 ban
rong phd (FWHM) cia dinh XRD (rad), 6 1a goc cta dinh twrong ¢ng.
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Hinh 2. Gidn do nhiéu xa tia X ciia mau dién hinh Ag-NPs va Ag-PS

Dé thay rd hon vé chat lugng san pham Ag-PS sau ché tao, chung toi da do phf) tan sic nang
luong (EDX). Két qua nhu dugc chi ra trén hinh 3. Hinh 3b chi ra ving do phd EDX cho thay
mau c6 do sach cao, nguyén t6 Ag chiém dén 100% trong luong nguyén tir & nang luong do 1,8
keV. Piéu nay cho thiy cac Ag-PS c6 chat luong tét sau ché tao.
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Hinh 3. (a) Anh SEM cua Ag-PS va (b) phé tin sd”c nang hrong tuong ing, (c) Phé hap thy ciia cdc Ag-
NPs va Ag-PS, (d, e) dnh chup ky thudt so mau dung dich tuong uing Ag-NPs va Ag-PS

3.2. Phé hdp thu

Tinh chét quang cua miu sau ché tao duoc khao sat bang phé hap thu tir ngoai kha kién (UV-
Vis) trong khoang budc song tir 250 nm - 900 nm cua hé Jasco V770. Hinh 3¢ biéu didn phd hap
thu clia cac mam nano bac Ag-NPs va tdm vudéng nano Ag-PS. D& dang nhan thay phd hap thu cua
Ag-NPs chi gém 1 dinh duy nhit & budc song 398 nm trong khi mau Ag-PS c6 hai dinh & 396 nm
va 558 nm. Diéu nay cho thiy cac mam Ag-NPs c6 dang hinh ciu va kich thuéc nho, va Ag-PS ¢6
dang tam phang vudng 1a phu hop voéi ly thuyét Mie va Gans [11]. Mau sic ciia dung dich mam c6
mau vang tuoi trong khi Ag-PS c6 mau do6 man mot lan nira khang dinh thanh c6ng cua phuong
phap ché tao (hinh 3d.e). Mot cach chi tiét hon, phé UV-Vis cua hat mam Ag trude khi chiéu anh
sang LED cho théy cuc dal hép thu & Amax = 398 nm, co thé gan cho cong hudng ludng cyc mat
phang ngoai ciia hat nano Ag. Khi c6 anh sang kich thich c6 budc song gan voi cong huong
plasmon bé mat (SPR) s& 1am cho cac dién tir trén bé mat kim loai dao dong manh hon va déng pha
tao nén mot ché do cong huong plasmon bé mit dinh xt (LSPR) [12]. S6 cuc dai va vi tri cua
LSPR phu thugc vao kich thudc va hinh dang ciia nano bac [13]. Khi chiéu anh sang LED mau
xanh 14 vao dung dich mam Ag-NPs, tir mau vang tuoi chuyén thanh mau nau do da xuat hién thém
mot cuc dai hap thu & Anax = 558 nm. Diéu nay ngu ¥ c¢6 sy hinh thanh va phat trién cua cac nano
dang tim vudng twong timg dao dong cua ludng cuc doc phu hop véi cong bo trude [14].
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3.3. Anh huéng dp pH ciia MR 1én SERS

Nhu chiing ta biét, methyl ¢6 (MR) 1a mét chi thi mau pH, dung dich c6 mau dé & pH dudi
4,4 va mau vang ¢ pH trén 6,2 va mau cam véi pH = 5,1. D¢ thiy rd diéu nay, phd hap thu va pho
huynh quang cua dung dich chira MR & cac pH khac nhau dugc ghi lai (pH = 2,01; 3,91; 5,1;
6,36 va 8,96). Trén hinh 4a,b biéu di&n pho hap thu va phd huynh quang véi pH thay dbi cua MR.
Dé& dang thay rang khi pH thip (moi truong axit), pH = 2,01; 3,91; 5,1 dinh phé hap thy tuong
ng ¢ budce song 517 nm, 505 nm va 408 nm, phu hgp voi nghién ctru cua Zhang Jain-Hua [15].
Dai hip thu nay thudc vao ving do tuong ung Voi mau sic caa dung dich & hinh 4c. Khi pH ting
trong khoang 6,36 dén 8,96 dinh pho hap thy & 408 nm thudc ving vang va tuong (ng véi anh
chup ciia mau dung dich trong hinh 4c. Anh thém vao trong hinh 4c 14 cau trac phan tir hod hoc
ciia MR. Hinh 4b cho thiy cac dinh phat quang c6 su dich nhe vé song ngin tir 567, 556, 555 va
551 nm theo thi ty do pH tang dan 2,01; 3,91; 5,1; 6,36 va 8,96. Khi pH 16n tir 6,36 va 8,96 thi
phat xa gan nhu khong thay d6i & 551 nm va xuat hién vai nho & 464 nm.
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Hinh 4. (a, b) Phé hap thy va phé huynh quang cua MR theo pH thay doi tir 2,01 d‘en 8,96; (c) Anh chup
mau dung dich MR Vé&i pH thay déi twong img tir 2,01 dén 8,96, phan thém vdo la cdu triic hod hoc cia
phdn tir MR; (d) Phé Raman ciia MR dang bgt

Tir phd Raman trén hinh 4d chi ra cac dinh dic trung nhit cho phan tir MR dang bot & cac sb
song 840, 929, 1117, 1153, 1200, 1244, 1280, 1399, 1465 va 1618 cm™. Cac dinh dic trung nay
rat gan véi thé dinh danh da duQc cong b trude day [16]. Trong d6 1399 cm™ 1a dinh néi bat
nhat. Dai manh nhat & 1399 cm™ dugc gan cho mode dao dong rung N = N, dai ¢ 1618 cm’ ! dugc
gan cho d6 rung C = C va C = N cua hé thong vong quinonoid [17]. O cac sb song 1280 va 1200
cm™ lan luot dugc gan cho d6 kéo cang C-N, uon cong trong mat phang vong C va udn cong N-N
[18]. Cac dai & 840 cm™, 1117 ecm™ duoc quy cho ché d6 vong N-N, dinh & 929 cm™ thudc vé
lién két C-N-C.

Trong phan tiép theo cac dung dich MR & céc pH trén duoc khao sat bang phd tan xa Raman
tang cudng bé mat voi dé Ag-NPs va Ag-PS. Hinh 5 thé hién pho SERS ciia MR & nong d¢ 5*10
>M c¢6 pH thay d6i 2,01; 3,91; 5,1; 6,36 va 8,96 trén Ag-NPs va Ag-PS. Ca 2 loai dé Ag-NPs va
Ag-PS déu cho cudng dd6 SERS manh nhat khi pH cua dung dich MR & 5,1 va giam khi pH giam,
ngoai trir truong hop pH = 6,36 va 8,96. Tuy nhién c6 hién tu0’ng ly thi 1a & ca 2 dé khi pH =
2,01 va 3,91 (tir pH<4) thi cudong d6 SERS & s6 song 1609 cm ! ting manh, trong khi 3 gia tri pH
con lai (5,1; 6,36 va 8,96) thi cuong d6 manh nhat ¢ 1396 cm™. Sy thay ddi vé uu tién cuong do
0 cac dai phé dac trung khac nhau do pH gay ra c6 thé duoc giai thich nhu sau: cac dai pho duoc
tang cuong manh ¢ xung quanh Vung 1609 cm™ do ¢6 sy xuat hién proton hoa khi luong H* ting
dan. Hinh 5a,c cho thay, tai 1609 cm™ (dao dong bién dang trong mat phing N,-H ciia nhom azo
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proton) va 1600 cm™ (C- vong C=C dao dong). Sy tang cuong cua hai dai ndy ¢ pH 2,01 ndi bat
hon d4i v6i p-MR hon hai dong phén con lai. N6 ngu y rang p-HMR co6 thé hap phuy trén bé mat
céc hat Ag voi cac mat phang phan tir. Theo quy tic chon loc SERS, duong bao quang pho hap
thu phu thudc nhiéu vao sy dinh hudng cua truc phan tir chinh ctia n6 dbi véi bé mat bi hap phu
[19]. Cac ché do co thanh phan phan cuc vudng goc cao hon ddi véi bé mat s& co ting cuong lén
hon. Nhu vay, ddi voi phan tir c6 vong benzen mit phang nam trén bé mat Ag, cac dai trong mat
phang tang cuong do twong d6i cua chung bang hiéu ng bé mat. Khong xuat hién sy ting cuong
vé cuong do Cua cac dai ngoal mat phang dugc quan sat. Khi pH tang tur 2,01 1én 8,96 Vung sO
song 1396 cm™ va 1609 cm™ ¢6 su dich chuyén nhe tuong tng 1én 1an luot 14 3 va 9 cm™. Hién
tugng dac biét hon cho o-MR (ortho MR), hai hién twong déng phan con lai c6 thé dugc quy cho
hé qua cua lién két hydro. Déi voi p MR (para- MR) mic du su thay doi tan sb 1a khong 13 rang,
cuong do twong d6i cua 1609 cm™ va 1396 cm™ bj dao nguoc kh1 pH tang tir 2 1én 8,96. Dang
chi y 1a, & pH 16n hon 5,1, chi con lai 1 pic nho canh 1613 cm™. Piéu nay ngu y rang p-HMR
khong c6 nhidu tir -COO™ nhém dugc gan vao C-vong (C-ring). Mit khac, trong o-HMR va m-
HMR, con c¢6 sy giao thoa (lién két hydro) tir nhom -COO™ van & pH > 5,1. Dai phd manh quan
sat dugc trong p-MR ¢ 1396 cm™, duoc 4n dinh cho N=N dao dong kéo dai cua nhom azo 1a 20
cm™ cao hon so v6i quan sat & 0-MR va m-MR [8]. N6 chi ra rang nhém N=N c6 thé bi xao tron
boi lién két hydro véi -COO™ va do d6 mét dic tinh trong o-MR vd m-MR. Quang phd SERS
ciing cho thay hai dai 1an can & 1392 (v(C-N=)) va 1362 cm™ (V(®cC-C), vong C, kéo dai C - C)
khi pH = 2 01 & p-MR trong khi ddi véi 0- va m-MR, bing tan v(dcC-C) chuyen sang khoang
1366 cm™ ma khong tang cuong d6 dang ké. Sy khac biét ndi bat trong mién nay cho thay rang
dinh huéng céu trac phéan tir va hip phu trén bé mat Ag rat nhay véi d6 pH. N6 cho thiy ring ché
d6 kéo cing N=N c6 thé dang ké voi ca dao dong vong N va vong C cho p-MR [20]. Sy tang
cuong l6n cua cdc ddi nay 1a mot déc diém cua mat phang azobenzene trong hap phu p-MR song
song hozc gan song song vai bé mat Ag [21].
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Hinh 5. Phé SERS ciia MR (5%10° M) thay déi theo pH tir 2,01 dén 8,96 hdp phu trén dé:
(a, b) Ag-NPs; (c, d) Ag-PS

Cudi cuing, khao sat gidi han phat hién (LOD) dugc khao sat véi dung dich MR ¢6 pH = 2,01
tuong (ing voi céc nong d6 3*10° M, 107 M, 5¥107 M, 10° M, 5*10°M, 10° M, 5*10° M va 10°
‘M déi v6i @& Ag-PS. Phd SERS cua cac néng d6 nay nhu duoc chi ra trén hinh 6a. Dé dang
thay rang cuong do pic déc trung ¢ 1609 cm™ giam dan khi ndng d6 MR giam. Hinh 6b thé hién
méi quan hé tuyén tinh giita cudong do logarit (logl) va nong do logarit (logC) cia dinh dic trung
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& 1609 cm™ trong pham vi nong d6 tir 3*10° M dén 10* M. Nong d6 ciia dung dich MR c6 thé
dugc xac dinh nho méi quan hé tuyén tinh log-log theo biéu thuc:
Log1=0,44*LogC+5,4 2
Quan sét thdy rang, khi nong do MR & 3*10® M ngoai trir pic & 1609 cm™ thi cac pic con lai
khong thé hién rd rang. Do d6, trong khoang néng do khao sat gisi han phat hién MR 1a 3*10°
M. Nhu vay, trong khoang nong d6 tir 3*10° M dén 10 M cac tim vudng nano Ag c6 thé ding
nhu nhitng cam bién SERS dé dinh luong ndng dd6 MR trong ethanol.

5000
(a) Néng d& MR trén dé Ag-PS (b) 38

—10%m

36 = Thyc nghigm
4000 - ua ] Lam khép tuyén tinh

=
o 32 []
g 3000 iy []
s & 28] .
%ﬂ 2000 26 ] . i
3 20 .
1000 221 - Logl=0,44LogC+5,4
204 . RZ=0,996
0F / s : 18 , , , ;
400 600 800 1000 1200 1400 1800 1800 -80 -75 -70 85 60 -55 -50 45 -40 -35
S8 séng (cm) Log C

Hinh 6. (a) Phé SERS ciia MR & cdc nong do 3*10°M dén 10™*M trén dé Ag-PS;
(b) s phu thugc tuyen tinh logarit cuong do vao logarit nong do twong ng

4. Két luan

Céc tAm vudng nano bac (Ag-PS) di duoc ché tao thanh cong bang phuong phap quang hoa
dudi sy kich thich cua anh sang LED (budc séng 532 nm) dé hoat dong tot V6i cac phén tt MR ¢
nong do thap. Bang phuong phap pho tan xa Raman ting cuong bé mat cac tim vudng nano bac
da duoc sir dung nhu nhitng cam bién dé thir nghiém véi cac phan tir MR c¢6 d6 pH khac nhau tir
2,01 dén 8,36. Két qua ciing da chi ra sy anh huéng cia d6 pH 1én phd Raman 13 rd rét. Day la
mét trong nhitng bang chiing cho thiy su dinh hudng phan tir khac nhau trén dé Ag khi pH khac
nhau. Pac biét tha vi hon, cac nano Ag PS rat nhay khi sir dung lam cac dé SERS phat hién phan
tir MR dat gi¢i han (LOD) dén 3*10°® mol/L khi pH = 2,01. C4c c4u tric nano bac nay co nhiéu
hira hen trong viéc tng dung lam cac cam bién SERS dé phan tich va phat hién cac chat hiru co
kho phan huy & nong do vét trong nude va trong thuc pham.
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