Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 5(3):1401-1409

Open Access Full Text Article

Bai nghién ciiu

Nghién citu va ché tao dé SERS Al/Al,03/Ag bang phuong phap én
mon nham phat hién duoc chat ketoprofen
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TOM TAT

Trong bai béo nay, ching téi nghién clu phét trién dé SERS (tan xa Raman tang cudng bé mat) trén
nén vat liéu Al/Al,03/Ag nham phét hién dugc chat ketoprofen & ndng dé thap. Cac hat nano Ag
duagc bién tinh trén dé Al/Al, O3 ti phan tng chuyén vi clia Ag trén phdi nhom. Bang cach thay ddi
ti 1& thé tich gitta dung dich hexadecyltrimethylammonium bromide (CTAB) va dung dich AgNO3
va thay d&i nhiét dé 0, nhdm ché tao dé SERS Al/Al,O3/Ag c6 dién tich bé mat hiéu dung 16n va
mat do "hot-spots" cao trong thai gian ngan. Cau trdc va hinh thai bé mat ctia dé SERS dugc khao
s4t thong qua cac phép do: anh bé méat dugc ghi bang kinh hién vi dién ti quét (SEM), phd tan
séc nang lugng tia X tai mot diém (EDS pointing), nhiéu xa tia X (XRD). K&t qua thuc nghiém cho
thay & diéu kién ché tao vdi ti 1& thé tich gitra dung dich CTAB 0,01M va dung dich AgNO3 0,02M
la 1:1, thai gian thuc hién phan Ung chuyén vi 30 phat, mau dugc 0 & 100 °C trong 2 gid da tao
nén dé SERS Al/Al,O3/Ag c6 bé mét nhu nhiing chiéc 14 co kich thudc nano. Cac hat nano Ag c6
kich thudc tlr 10 nm dén 50 nm phan b6 khdp bé mat mau. Két qua do tin hiéu khuéch dai Raman
cho thay dé SERS Al/Al,O3/Ag da phét hién thudc thir rhodamine 6G (R6G) & ndng do thap 107!
M, véi hé s6 tdng cudng (EF) ~ 8x108. Tir d6, dé SERS nay duac st dung dé phat hién dugc chat
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ketoprofen & nong do thap 10 ppm véi hé s6 khuéch dai EF ~ 1,5x10°.
Tu khoa: SERS, ketoprofen, rhodamine 6G, CTAB, hé s& tang cuang (EF)

GIGI THIEU

Trong nhiing nam gin day, phuong phép nghién ctiu
hiéu ting SERS phit trién ngay cang nhanh chéng va
thu hut su chd y ctia cac nha khoa hoc vi tiém nang to
16n trong ting dung lam dau do y sinh va héa hoc véi
d6 nhay cao, cho két qua nhanh chéng va chinh xac.
Phuong phép nay cé thé xac dinh du lugng hoa chit
c6 trong thudc bao vé thuc vat véi ndong do rt nho.
Céc thong s d€ ddnh gid chat lugng ctia d€ SERS 1a do
nhay cao va d¢ lip lai t6t. Ngudi ta chiing minh dugc
ring hiéu ung SERS hoat ddng dua trén co ché ting
cuodng dién tu (electromagnetic mechanism - EM) va
co ché ting cudng hoa hoc (chemical enhancement
mechanism - CE). Trong khi co ché ting cuong dién
ti lién quan dén ciu tric nano ctia kim loai quy va
12 nguyén nhan chinh cho tin hiéu Raman cao, co ché
tang cudng hoa hoc gan véi qud trinh chuyén dién tich
gitia d€ SERS va cac phén ti hgp chit hiiu co dugc hdp
thu trén dé. Cac nghién ctiu gdn day chi ra ring cac
kim loai quy nhu Pt, Pd, Au, Ag, ké ca Cuva Al, ¢4 ciu
truc lién két § khoang cach dac biét goila “hot - spot”
khoéng 10 nm gén trén canh nhon, go ghé cho tin hiéu
Raman rét t6t. V&ily do nay, hinh thdi bé mit ctia chit
nén SERS, thi du cic hat nano (nanoparticles); cac

déy nano (nanowires); cac tim nano (nanosheets); cac
hoa nano (nanoflowers); cac thanh nano (nanorods)
va cac dang bé mit gb ghé khac nhau dugc nghién ctiu
rong rai 2.

Mit khéc, nhiéu nghién ctiu cho thdy cdu tric ctia chat
nén SERS dugc ché tao bing nhiéu phuong phap khac
nhau doéng vai tro quan trong trong viéc ting cudng
tin hiéu ctia cac kim loai quy lam chét nén dé SERS.
Céc hgp chit ban din 1a vat liéu thich hgp nhit dé
lam chét nén SERS. Chét nén ban dan khong nhiing
hé trg cho qua trinh chuyén dién tich gitta d&€ SERS
va cac phén ti hgp chét hiiu co, ma con dinh hudng
hinh théi cfu tric nano cho kim loai quy gén 1én do.
Do d6, chit nén SERS két hgp gitia cac kim loai quy
va hgp chét ban dan c6 cdu truc nano c6 do nhay cao,
vi du nhu ZnO>*, TiO, >, Al,03 %8, CupZnSnSy °,
Fe3 04 10,. ..

Trong bai bao nay, chiing tdi st dung vat liéu nhom va
oxide nhom (Al,O3). Trong khi Al, O3 dugc sti dung
nhu hgp chit ban dan cé cdu truc nano ctia d€ SERS,
phoi Al dugc chon d€ tao ra chit nén ctua d€ SERS do
gid thanh thdp, thoi gian ché tao mau ngdn va dic biét,
ban than Al ciing c¢6 tinh nang hé trg ting cudng tin
hiéu dua trén co ché dién ti. D& SERS dugc ché tao

Trich dan bai bao nay: Huyén L T M, Viét N H, Lua T T, Phéic N T, Nam P V H, Hung L V T. Nghién ctru va
ché tao dé SERS Al/Al,05/Ag biang phuong phap 4n mdn nham phat hién dugc chat ketoprofen. Sci.
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béng phuong phép dn mon phoi Al c6 dién tich bé mat
hiéu dung 16n, tin hiéu Raman tang 1én rét nhiéu lan.
Ngoai ra, qud trinh @ nhiét trong khong khi cling anh
hudng dang ké dén cu tric va hinh thai bé mat cta
mau. Cu thé, kich thudc ctia cic hat nano kim loai sé
co lai, tao thanh cdu trac bén viing hon, ti d6 hé trg
cho sy khuéch dai tin hiéu Raman bé mét ctia cac phan
ti hitu co. Dong thoi viéc 0 nhiét trong khong khi
gop phan gia ting ham lugng oxygen va hinh thanh
cac khuyét tat trong mau. Cac muc nang lugng bay
tit khuyét tat nay sé ho trg cho qua trinh trinh chuyén
dién tich gitia cdc phan tt chat hitu co va chit ban dan.
Chit thu dugc chon dé€ danh gia d6 nhay cua € SERS
la rhodamine 6G (R6G). Sau d6, mau duogc ché tao &
diéu kién t6i vu sé dugc st dung d€ nhan biét hgp
chat ketoprofen (codng thiic phan tit Cj6H;403). Ke-
toprofen la thudc chong viém khong steroid (NSAID)
thudc nhém thay thé 2-phenylpropionic acid. Thudc
hién dang dugc ban trén toan thé gidi dudi cac hinh
thiic: vién nang, dung dich tiém, gel bdi, vién nén.
Ketoprofen c6 hiéu qua trong diéu tri viém khép dang
thdp va viém xuong khép 1.

C4u truc va hinh thdi bé mit cia mau dé€ SERS dugc
xdc dinh bing kinh hién vi dién t&t quét SEM (Hitachi
4700), phuong phdp nhiéu xa tia X (XRD) (Bruker
D8 Advance). Tin hiéu Raman ctia cdc mau dugc ghi
bing mdy quang phd ké Raman (Micro-Raman) véi
laser kich thich c6 buéc song 532 nm.

PHUONG PHAP NGHIEN CUU

Héa chat va vat liéu
Hexadecyltrimethylammonium bromide (CTAB,
99,00—101,00%, HiMedia Laboratories Pvt. Ltd.
An Do), dung dich bac nitrate (AgNO3, 0,1 N,
CEMACO, Viét Nam), thuéc nhuém rhodamine
6G (R6G, CygH31N,03Cl), chudn ketoprofen
(C16H1403), 99,5%, Viét Nam), sodium hydroxide
(NaOH, 96.0%, Xilong Scientific Co.,Ltd, Trung
Qudc), dung dich ethanol (C,HsOH, 99,7%, Quang-
dong Guanghua Sci-Tech Co.,Ttd), dung dich acetone
((CH3)2CO, 99,5 %, Xilong Scientific Co.,Ltd). Nuéc
cit (DI) dé pha céc dung dich va rtta sach phoi nhom.
Phoi nhom (Aluminium foil; 99,99%; Trung Qudc)
dugc st dung dé€ lam vat liéu nén cua dé SERS.

Phoi Al c6 bé day 1 mm dugc danh siéu am d€ lam
sach bé mit, ddu tién véi acetone trong 30 phut, sau
d6 véi ethanol trong 30 phut, cudi cing danh siéu am
vGi nudce cit trong 30 phut va sdy kho.

Chudn bi hon hgp cic dung dich CTAB 0,01 M va
AgNO3 0,02 M theo ti 1é thé tich 1:2, 1:1 va 2:1, hén
hop cac dung dich dugc khudy tit lién tuc trong 15
phut. Phoi Al dugc lam sach véi dung dich NaOH
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(10%) trong 2 phut dé€ loai bo 16p tap chét pha bén
ngoai, riia lai véi nudc cit va sdy kho. Sau do, cac phoi
Al dugc nhiing vao hén hop dung dich trén véi cac ti
1é thé tich khdc nhau trong 30 phut & nhiét 4o phong.
T4t cé cac lo dung mau dugc giti ¢§ dinh trong sudt
qua trinh thuc nghiém.

Mau dugc ché tao theo cic ti 1é thé tich CTAB va
AgNOj3 khéac nhau dugc dung dé€ kiém tra tin hiéu
SERS ctia thudc thit R6G. Mau cho tin hiéu Raman
t6t nhét sé dugc su dung d€ khao sat sy anh hudng
cta nhiét d6 va thoi gian @ nhiét 1én hinh théi bé mat
va cdu truc ctia d€ SERS. Cac mau dugc 01 § cac nhiét
d6 khéac nhau 80 °C, 100 °C, 200 °C va 300 °C trong
2 gid. Do nhay tin hiéu ctia §€ SERS sau khi @ dugc
tiép tuc danh gid thong qua thudc thi R6G.

Chuan bi mau do Raman

St dung nguon laser c6 budc soéng 532 nm dé€ do tin
hiéu Raman. Nho mét lugng 5 mL dung dich R6G
v6i cac ndng do khac nhau (tu 1075 M dén 1072 M)
1én cdc d€ SERS ¢4 kich thude 1x1 cm?, doi miu kho
va do phd Raman. D& SERS dugc ché tao & diéu kién
cho d6 nhay tdt nhat dugc stt dung d€ nhan biét cac
dung dich ketoprofen c6 néng d6 gidm dén ti 1000
ppm dén 10 ppm.

KET QUA VA THAO LUAN

Khao sat su anh hudng cua ti I1é CTAB va
AgNO; lén su tang cuong tin hiéu SERS
Hinh 1a-c 13 anh SEM ctia cdc d€ SERS dugc ché tao
bdi phuong phdp dn mon tuong ung vdi cac ti 1é thé
tich gitta dung dich CTAB va AgNO3 tuong tingla 2:1,
1:1 va 1:2. Két qua cho thdy khi giam ti1é CTAB (hay
gia ting ti 1é AgNO3) thi sy én mon ctia phoi Al gia
tang, voi ti 1¢ 1:2 bé mét phoi Al bi &n mon kha 16n,
tao thanh cac 16p nanosheet ¢6 hinh dang nhu nhiing
chiéc 14 ¢6 cu tric nano rit mong, cic hat nano Ag
phan bs déu khip bé mat cta phoi Al (Hinh 1¢). Doi
v6i tilé 1:1 thi bé mat phoi Al bi &n mon ¢6 hinh dang
nhiing chiéc 14 day hon; kich thudc hiéu dung bé mit
do d6 cang ting 1én dang ké; ddc biét cac hat nano Ag
phan bo thanh tiing cum c¢6 kich thudce tii 20 - 80 nm,
khoang cach gitia cac hat nano Ag khd sat nhau d€ tao
nén nhiing diém khuéch dai vung “hot spot” tin hiéu
Raman. Ph§ tan sic ning lugng tia X tai mot diém
(EDS pointing) dugc stt dung d€ ddnh gid mat d¢ phan
b ctia cac nguyén t4 tai cac viing khac nhau dugc lya
chon dua vao anh SEM ctia mau 1:1 (Hinh 1b): ving
c6 nhiéu hat nano két dam (A), viing c6 géc canh ctia
chiéc I4 nano (B) va viing c6 bé mit tron (C). Két qua
anh EDS pointing (Hinh 1f-h) cho thiy nguyén t6 Ag
& vung A chiém ti 1é cao gdp doi ¢ B va gan gép bon
lan & vung C.
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Element | Weight%  Atomick
552 9.28
4423 55.87
45.28 3391
4.97 0.93
100.00

Element | Weight% Atomick
252 448
3493 46.68
6133 48.60
123 0.24
100.00

Hinh 1: Anh SEM cla dé SERS Al/Al,03/Ag dugc ché tao & cac ti 1é thé tich gitta CTAB va AgNO; 2:1 (a), 1:1 (b, d)
va 1:2 (¢, e). Anh EDS pointing ctia Al/Al,03/Ag (ing vdi ti [é thé tich 1:1 ctia CTAB va AgNO; tai cac vung A (f), B

(9) va C (h) tuong Ung trén dnh SEM (b)
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Hinh 2: Gian d6 XRD ctia dé SERS Al/Al,03/Ag dugc ché tao & cac ti & thé tich gitta CTAB va AgNO; 2:1, 1:1 va 1:2
Uing véi géc nhiéu xa 26 tir 100 dén 80° (a) va tir 20° dén 60° (b)

Hinh 2ala gian d6 nhiéu xa tia X (XRD) cdc mau dugc
ché tao boi phuong phdp an mon tuong ting véi cac
ti 1é thé tich gitia dung dich CTAB va AgNOs3 tuong
ting 14 2:1, 1:1 va 1:2 (ing véi goc nhiéu xa tit 100 dén
80°. T4t ci cic mau déu c6 céc dinh nhiéu xa tuong
tng v6i cdc mdt mang (220), (311), (111) va (200) dac
trung cta Al (s6 ma JCPDS 1a 01-089-2769). Ngoai
ra, gidn d6 XRD ctia cdc méu ting véi géc nhiéu xa tit
20° dén 60° (Hinh 2b) cho thdy rét r6 dinh nhiéu xa
tuong ing v6i mat mang (111) ctia Ag va dinh nay cé
cudng d¢ tang dan theo ti 1¢ thé tich ciia AgNO3 so
vGi CTAB. Céc dinh nhiéu xa cta Al ¢6 cudng d6 16n
hon rit nhiéu l4n cudng do6 ctia Ag. Diéu nay chiing
t0 ti1é hat Ag trén phoi Al dugc ché tao bang phuong
phép an mon tuong ddi thdp. Anh XRD khong thé
hién r6 sy hién dién ctia ciu trac Al,O3. Tuy nhién,
phd EDS pointing ctia mau ting véi ti 1é 1:1 cho thdy
c6 su hién dién ctia Al,O3 dua vao cic thanh phan
nguyén td Al, O va Ag (Hinh 1f-h). Piéu d6 chiing to
rdng, trong qud trinh thyc hién phéan ting chuyén vi,

da hinh thanh mot 16p rat mong Al, O3 trén bé mit
Al, cy thé1a tao thanh cdc hat nano Ag trén céc chiéc
14 ¢6 kich thudc nano Al/AlL,O3.

Phan ting chuyén vi gitta phoi Al va dung dich AgNO3
dudi sy ho trg ctia chit hoat dong bé mit CTAB da tao
thanh cac hat nano Ag, c6 thé giai thich dya vao phan
ung:

Al+3AgNO; = 3Ag+ Al(NO3), (1)

Vi Al ¢6 tinh khtt manh hon Ag nén dé dang ddy Ag
ra khoi dung dich AgNO3 dé tao thanh céc hat nano
Ag.

Do nhay ctia d€ SERS Al/Al,O3/Ag dugc ché tao &
céc ti 1é thé tich gitia CTAB va AgNO3 khéc nhau
dugc danh gid thong qua ph6 Raman cta thudc tht
rhodamin 6G (R6G). Két qua do phd Raman ddi
v6i dung dich R6G duge nho trén cdc miu d€ SERS
Al/Al,O3/Ag (v6inéng dd 107> M) va trén dé Al (véi
nong do 10~ M) dugc biéu dién & Hinh 3a. Ti 1é tin
hiéu/ nhiéu (S/N ratio) dugc st dung dé€ so sanh d¢
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nhay ctia cdc d€ SERS dugc ché tao & cac diéu kién
khédc nhau. Béng 1 cho thdy d€ SERS Al/Al,O3/Ag
dugc ché tao & ti 1é thé tich gitia CTAB va AgNO3 1:1
cho tin hiéu SERS manh nhit va ti 1¢ tin hiéu/nhiéu
16n nhét & dinh ph8 609 cm~!. Két qua nay phit hop
v6i két qua SEM va EDS pointing da dugc phan tich &
trén. D& SERS dugc ché tao 6 ti1é thé tich 1:1 ¢ hinh
thdi bé mdt t6t, dap ting yéu cau ctia mot dé€ SERS.
Dé gidi thich co ché tang cudng héa hoc clia d¢€ SERS
Al/Al,O3/Ag 1én céc phan tit R6G, chung toi d€ xuit
mo hinh chuyén dién tich nhu Hinh 3b. Sau khi
nhan nang lugng kich thich tii chum laser 532 nm
c6 nang lugng 2,33 eV, cac electron ¢ ving HOMO
(-5,7 V) ctia phan tit R6G khé chuyén truc tiép lén
ving LUMO (-3,4 eV) do khoang cach hai viing cach
xa nhau. Tuy nhién, céc electron & ving HOMO ctia
R6G c6 thé dé dang chuyén sang mtic Ef clia Ag (-
4,7eV) hodc Al (-4,26 eV), r6i tii d6 1én ving LUMO
ctia R6G. Nhu vdy dé€ SERS Al/Al;O3/Ag da ho trg
cho quaé trinh chuyén dién tich ctia electron tii ving
HOMO lén viing LUMO dién ra dé dang hon, tit d6
lam ting cudng tin hiéu Raman.

Khao sat su anh huéng cia nhiét dé u lén su
tang cuong tin hiéu SERS

békhéo sat sy &nh hudng ctia nhiét do 1én cdu tric va
hinh thai bé mét ctia d€ SERS Al/Al,O3/Ag dugc ché
tao & ti 1¢ thé tich 1:1 gitta CTAB va AgNO3, ching
toi tién hanh 0 nhiét d&€ SERS & cic nhiét do 80 °C,
100 °C, 200 °C va 300 °C trong 2 gi¢. Két qua anh
SEM cho thdy khi 0 mau & nhiét do 80 °C thi bé
mat miu hdu nhu khong thay d6i ca vé hinh thai bé
mait cac nanosheet, 1an kich thudc chia céc hat nano
Ag (Hinh 4a). & 100 °C, c4c nanosheet Al/AL,O3 c6
dang chiéc 14 trd nén day hon, cac hat nano Ag co lai
thanh cum va phan b6 khip bé mit mau, kich thude
ctia nano Ag tit 10 nm dén 50 nm (Hinh 4b). Khi
tang nhiét do 0 mau tit 200 °C dén 300 °C thi bé mit
mau co lai cang nhiéu, cic 14 nanosheet Al/Al;O3 gan
nhu nut gy, hat nano Ag gidm kich thuéc ding ké
va chi xuét hién rdi rdc 6 mot s trén bé mait miu
(Hinh 4c¢,d).

Do nhay ctia cac d€ SERS sau khi @ 6 80 °C, 100 °C,
200 °Cva 300 °C trong 2 gid dugc danh gid v6i thude
thti R6G 6 néng dd 10~ M. Két qua Raman & Hinh 4e
cho thdy d€ SERS dugc 01 6 nhiét d6 100 °C trong 2 gi6
da khuéch dai tin hiéu Raman cua cac phan ti chat
hiiu co R6G 1én manh nhat. Két qua nay phtt hop véi
c4u truc hinh thai bé mit ctia d€ SERS thu dugc tu két
qua chup anh SEM.

Phg Raman ctia dung dich R6G dugc do trén cic dé
SERS trudc va sau khi @t nhiét (Hinh 4f,g) cho théy: dé
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SERS trudc khi @ nhiét chi cé kha nang phat hién R6G
& nong do 1079 M, trong khi mau dugc u & nhiét do
100 °C trong 2 gi¢ c6 kha ning phat hién dugc dung
dich R6G c¢6 nong d6 1én dén 1071 M. O tit ca cac
ndng do tir 107> M dén 10~ M, cudng d6 ph6 Raman
ctia R6G hép thu trén d€ dugc t nhiét 6 100 °C trong 2
gio déu cao hon trén d€ khong G nhiét. Diéu d6 chiing
to rang, cdu tric va hinh thai bé mat ctia d€ SERS sau
khi @ nhiét da gip ting cudng tin hiéu SERS ctia d¢
Al/ALO3/Ag.

Hé s6 tang cudng tin hiéu Raman cta d€ SERS (EF -
Enhancement Factor) dugc xdc dinh theo cdng thic:

_ Isegs

C
_ . CBARE
CsErs

Ipare

EF

2

Trong d6, Isgrs vaIpage 14n lugt la cudng dd Raman
ctia mdt dinh tin hiéu ctia phan ti hiiu co hdp thu trén
dé€ SERS va trén phoi Al (khong phai dé€ SERS), Csgrs
va Cpagg tuong ting 1a n6ng d6 cta chét hitu co hédp
thu trén d€ SERS va trén phoi Al. Trong trudng hop
nay, chon dinh & 609 cm~! ctia phén t&t R6G dé tinh
EE Két qua tinh toan cho thdy, d6i v6i d€ SERS trude
khi @ nhiét, hé s6 EF; ~ 2x107 va d€ dugc G nhiét &
100 °C trong 2 gi&s c6 EF, ~ 8x10%. Nhu vay, & SERS
Al/Al,O3/Ag sau khi G nhiét 6 100 °C trong 2 gid cd
kha niang khuéch dai tin hiéu Raman ctia R6G 1én gép
40 l4n so v6i d€ khong dugc G nhiét.

Nhan biét dung dich ketoprofen bang dé SERS
Al/Al,O3/Ag dugc ché tao & ti 1é thé tich 1:1 gitia
CTAB va AgNO3 dugc 1 6 nhiét d¢ 100 °C trong 2
gio.

Nho mot lugng 5 mL dung dich ketoprofen 1én dé
SERS c¢6 dién tich 1 cm X 1 cm, sti dung laser c6 buédc
séng 532 nm dé€ kich thich cho cdc phan ti ketopro-
fen dao dong. Phé Raman ctia dung dich ketoprofen &
cdc ndng do tit 1000 ppm dén 10 ppm dugc biéu dién
6 Hinh 5a.

Céc dinh phé déc trung ctia dung dich ketoprofen (c6
cong thiic phin ti C;6H;403) 6 céc s6 song 436, 562,
803, 914, 1182, 1386, 1440, 1584, 1615 cm™~'. Céc
dinh phé nay trung khép v6i phé DFT - Raman ctia
ketoprofen dugc cong b6 bai nhém clia M.L.Vueba '2.
Trong d6, cdc dinh phé phat xa nay tuong tGng véi
cac dich chuyén ning lugng dao dong ctia cac lién két
trong phén ti. Cu thé, dich chuyén 439 cm~! tuong
ung v6i dao dong bién dang (bending) ciia nhém =C-
C-OH; 562 cm™ 'tuong ting vé6i bién dang ngoai mit
phing ctia nhém =C-OH; 803 cm™!tuong ting véi
dao dong rocking ctia nhém -CHj; 914 cm™! tuong
ting dich chuyén ctia nhém =CH ra khoi mit phing
bién dang (17a, 17b); dinh 1182 cm™! tuong tng véi
bién dang mach vong; dinh 1386 cm™! tuong ting
v6i sy bién dang d6i xting ciia nhém -CHj3); 1440
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Hinh 4: Anh SEM bé mat ctia dé SERS Al/Al,03/Ag dugc (1 & nhiét @6 80 °C (a), 100 °C (b), 200 °C (c), 300 °C (d)
trong 2 gi®, phé Raman ctia dung dich R6G (1 0~ M) hap thu trén cdc mau (e), phé Raman clia R6G Ung véi cac
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& nhiét (f) va sau khi G nhiét & 100 °C trong 2 gid (g)
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Bang 1: So sanh tilé tin hiéu/nhiéu (S/N ratio) tai dinh phé 605 cm~! ctia dung dich rhodamin 6G trén cac dé

SERS va trén dé nén Al
(Vcras/Vagnos) I(au) S/N ratio
Al/AlO3/Ag 2:1 7605,29 15,23
1:1 8905,08 17,83
1:2 3712,98 7,43
Al 499,31 1

cmfltlidng ting v6i dao dong hoa trj (stretching) =C
- C= (19b); 1584 cm ™! tuong ting v6i dao dong héa
tri=C - C= (8b); dinh 1615 cm™! tuong ting véi dao
dong héa trj =C - C= (8a).

Hinh 5c cho thdy gian d6 XRD cua dé SERS
Al/Al,O3/Ag dugc ché tao & ti 1é thé tich 1:1 gita
CTAB va AgNOj3 trudc va sau khi G nhiét 6 100 °C,
trong 2 gio, & moi truong khong khi. D& SERS sau
khi @ & nhiét d6 100 °C da xuit hién thém cic dinh
méi tuong ting véi mdt mang (400) va (221) ctia 0
- ALO3 '®. DPiéu nay c6 thé dugc giai thich 1a khi 4
mau & nhiét 9 100 °C, nhd ¢6 sy dong gop ctia oxyen
trong khong khi nén da tang cuong qua trinh oxy hoéa
trén bé mat mau, ti d6 xudt hién cic dinh phé cta
0 - Al,O3 trong anh XRD. D€ giai thich cho vai tro
ctia 0 - A, O3, Al va Ag trong viéc hé trg qua trinh
chuyén dién tich ctia céc phan tt ketoprofen dugc hip
thu trén dé€ SERS Al/Al,O3/Ag, chung toi d€ xuat so
d06 chuyén dién tich nhu Hinh 5d. Nang lugng cua
laser 532 nm (2,33 eV) khong du 16n d€ chuyén cac
electron tli viing HOMO 1én viing LUMO ctia keto-
profen, nhung cdc electron tu do ctia Ag khi hép thu
néng lugng kich thich da dé dang chuyén tit miic Ep
(- 4,7 eV) lén mtic Ep ctia Al (- 4,26 V). O sau trong
ving cdm ctia 6 - Al, O3 c6 muc nang lugng by dugc
hinh thanh ti cic khuyét tit mang do 16 tréng oxygen
giy nén. Muc nang lugng 16 tréng oxygen (-2,7 eV)
doéng vai tro quan trong trong viéc ho trg cho cic elec-
tron dé dang chuyén 1én ving dan cta 6 - Al,O3 dé
1én viing LUMO cua ketoprofen.

Tuong tu nhu viéc xdc dinh hé s6 EF ctia d¢ SERS
Al/Al,O3/Ag d6i véi R6G, hé s6 EF clia dé SERS
Al/Al,O3/Ag d6i v6i dung dich ketoprofen dugc xdac
dinh bang cach nho 5 mL dung dich ketoprofen c6
noéng d6 10 ppm 1én d& Al sau khi da dugc xit Iy
bé mit va 5 mL dung dich ketoprofen 10 ppm lén dé
SERS. Két qua Raman do dugc & Hinh 5b. Hé s6 EF
dugc tinh tai dinh ph6 1615 ctia dung dich ketoprofen
c6 gid tri gin bing 1,5x10°.

Nhu véy, dé€ SERS Al/Al,O3/Ag dugc ché tao bing
phuong phdp 4n mon véi ti 1€ thé tich 1:1 gitia CTAB
va AgNOs, u nhiét § 100 °C trong 2 gid da phat hién
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dugc ketoprofen & néng do thép, budc dau gép phan
dinh huéng nghién ctu trong viéc ché tao d€ SERS
nhdm phét hién céc dugc chat c6 nong do thip.

KET LUAN

Trong nghién ctiu ndy, chung t6i da ché tao thanh
cong d€ SERS Al/Al,O3/Ag bing phuong phép an
mon héa hoc nhdm phat hién dugc chét ketoprofen c6
noéng do thap. Bé mat cia d€ SERS c6 dang nhu nhiing
chiéc 14 nanosheet Al, O3 trén nén Al, cac nano Ag co
kich thuéc nho c6 mét do va khoang cach thich hgp,
tao nén nhiing ving “hot spot” hd trg khuéch dai tin
hiéu Raman. Do khuéch dai tin hiéu Raman EF cta
phan t& R6G 1a 2x107 1dn. O diéu kién @ nhiét dé
SERS & 100 °C trong 2 gi¢ cho tin hiéu Raman ctia
R6G t6t nhit, hé s6 EF trén R6G dat dugc 1én dén
8x108. Khi xac dinh dugc chat ketoprofen, d€ SERS
6 thé phat hién ¢ n6ng do thdp hon 10ppm, hé s6 EF
~1,5%10.

LO1 CAM ON

Nhoém nghién ctiu chan thanh cdm on sy tai trg clia
dé tai Khoa hoc va Coéng nghé Poc lap cdp Qudc gia
2019, ma s6: DPTDL.CN-04/19.

DANH MUC CAC TU VIET TAT

SERS (Surface-Enhanced Raman Scattering): tan xa
tang cudng bé mat.

XRD (X-Ray Diffraction): Nhiéu xa tia X.

EF (Enhancement factor): Hé s6 ting cuong.

NPs (Nanoparticles): Cac hat nano

CTAB: Hexadecyltrimethylammonium bromide.
R6G: rhodamine 6G.

EM (electromagnetic mechanism):
cuodng dién tu.

Co ché ting
CE (chemical enhancement mechanism): Co ché ting
cudng hoéa hoc.

XUNG POT LO1 iCH

Nhom tdc gid cam két khong mau thuin quyén lgi va

nghia vu ctia céc thanh vién.
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Hinh 5: Phd Raman cia dung dich ketoprofen & cac néng d6 khac nhau hap thu trén dé SERS Al/Al,03/Ag (a), phd
Raman cla dung dich ketoprofen dung dé tinh hé s tdng cudng tin hiéu EF (b), anh XRD cta Al/Al,03/Ag trudc
va sau khi ¢ nhiét (c) va so d6 chuyén dién tich gilia ketoprofen va d@é SERS sau khi G nhiét & 100 °C trong 2 gid (d).

PONG GOP CUA CAC TAC GIA

Lé Vi Tuén Hung: Huéng dan, danh gia két qua, sta
bai bdo.

Lé Thi Minh Huyén 1én y tuéng nghién ctu, tong hop,
phén tich va viét bai béo.

Phan Van H6 Nam: Tu van lya chon dugc chat keto-
profen d€ nhan biét bang dé€ SERS.

Nguyén Hoang Viét, Tran Thi Lua, Nguyén Thanh
Phtc: Tién hanh thyc nghiém.
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Fabrication of Al/Al,03;/Ag SERS substrate by the corrosion
method to detect ketoprofen

Le Thi Minh Huyen'-2"*, Nguyen Hoang Viet', Tran Thi Lua’, Nguyen Thanh Phuc', Phan Van Ho Nam?,
Le Vu Tuan Hung'

]
- \\_= =1
%\\\:F ABSTRACT
:IIEH'. 3 In this work, we studied and fabricated SERS (surface-enhanced Raman scattering) substrates based
Y on Al/Al,O3/Ag to detect ketoprofen solution at low concentrations. Silver nanoparticles were dec-
Use your smartphone to scan this orated on Al,O3/Al substrate due to a displacement reaction. By changing the volume ratios of
QR code and download this article hexadecyltrimethylammonium bromide (CTAB) to AgNO3 and annealing temperature, the SERS

substrates were fabricated with the large effective surface area, high density of ““hot-spots. The
structure and surface morphology of these SERS substrates were investigated by measurements
such as surface image recorded with scanning electron microscopy (SEM), energy dispersion X-ray
spectroscopy at a point (EDS pointing), and X-ray diffraction analysis (XRD). The results showed that
in the experimental condition of the ratio volume 1:1 between CTAB 0.01M and AgNO3 0.02M solu-
tions, and the displacement reaction time of 30 minutes, annealed samples at 100°Cin 2 hours were
formed Al/Al,03/Ag SERS platforms with nanostructure leaf-shaped. The Ag NPs with sizes of 10 -
50 nm were distributed homogeneously on the surface. The Raman signal of the sample showed
that Al/Al,O3/Ag SERS substrates could detect rhodamine 6G (R6G) at a very low concentration
at 10~ 1'M, analytical enhancement factor (EF) of ~ 8x108. From that, this SERS substrate could be
used to detect a ketoprofen solution at a concentration as low as 10 ppm with the enhancement
factor of ~ 1.5x10°.

Key words: SERS, ketoprofen, rhodamine 6G, CTAB, enhancement factor (EF)
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