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Tom tat

Trong nhitng ndm gan day, cac nha khoa hoc dang tp trung nghién ctru phuong phap ting
cuong tin hiéu Raman bang hi¢u tng cong hudng plasmon bé mat - SERS. Phuong phép nay
6 thé phat hi¢n ra céc hoa chat ton du co trong thudc bao vé thuc vat véi n6ng d6 rat nho, do
vay gitp nhan dang cic phan tir & nong do rat thip, nhung van dam bao khong pha hiy mau
hay 1am phai mau chat do. Vi vdy, phuong phap SERS mé ra mot budc tién méi trong nghién
cuu céc nganh vat 1y, khoa hoc vat liéu, chan doan y khoa, nhan dang céc loai thudc méi...
Trong dé tai nay, chung t6i tap trung nghién ctru ché tao vat liéu ZnO cé cau triic nano bang
phuong phap phiin xa magnetron DC, sau d6 bién tinh hat nano Ag 1én bé mit ZnO bing
phuong phap phiin xa magnetron DC, tir d6 c6 thé danh gia ¢¢ SERS ZnO/Ag qua chét thir
Rhodamine 6G & nong do thap. Két qua thu dugc hé sé khuéch dai EF > 106,

Tir khoa: SERS, Rhodamine 6G, phun xa magnetron DC, nano Ag, ZnO.

1. PAT VAN PE

Quang phé Raman xudt hién khi m3u duoc chiéu xa boi chum laser ¢6 tan s6 Uy, chum tan
xa thu duoc 6 tan sb V£ Ly, goi la tdn xa Raman, trong do u,,, 1a tan s6 dao dong ciia phan tir.
Mic du cudng do tan xa Raman thu dugc rat yéu; nhung viée ghi nhan duogc tin hiéu Raman
clia mau s& nhan biét dugc phan tir (co tan s6 dao dong u,,) cé trong mau [1]. Bé khuéch dai tin
hi€u Raman, cac nha nghién ctru da st dung k¥ thuat plasmonic - dya trén su tuong tac gitra
truong dién tu va cac electron ty do trong kim loai. Céc electron tu do trén bé mat kim loai déng
loat dao dong khi chiu tdc dong bdi truong dién tir ciia anh sang, hién tugng nay goi la plasmon
bé mit. Khi bé mit kim loai 1on, céc electron tu do phan xa anh sang chiéu dén chung. Nhung
khi kim loai c6 kich thudc chi vai nanomet, cac electron tu do bi gidi han trong mdt khong gian
rat nho, han ché tan sb ma ching c6 thé dao dong. Tan s6 cu thé ciia dao dong nay, phu thudc
vao kich thudc cua cac phan tir nano kim loai. Trong hién tuong cong huong, plasmon chi hap
thu mot phan anh sang ti ma dao dong voi cing tan s6 voi tan sb plasmon (phan xa phan con
lai) [4]. Viéc timg dung k¥ thuat plasmonic trong quang phd Raman di khuéch dai tin hiéu Raman
bé mat, hiéu ung nay duoc goi la SERS (Surface - Enhanced Raman Spectroscopy), do k¥ thuat
nay gitp nhan dang cac phan tir & ndng d rat thap. Trong hiéu tmg SERS, cac phan tir ctia chat
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can phat hién thuong phai dugc hép phu trén bé mat kim loai, hodc it nhét 1a rat gﬁn v6i bé mat
kim loai (t6i da 10 nm) [2].

Tin hiéu Raman thu duogc trong phuong phap SERS phu thudc vao ban chat va tinh trang
bé mit cta chat nén. Do voi chat nén la cac kim loai quy nhu Pt, Au, Ag s€ cho tin hiéu Raman
tot, va bé mat 16p dé kim loai cang go ghé thi hiéu ung plasmon bé mat cang thé hién 1. Trong
thoi gian gan day, cac nghién ctru vé ky thuat SERS déu tap trung nghién ciru ché tao ra céac
dé c6 bé mat go ghé 1a nhitng thanh nanorod, nanobelt [7],... nhdm 1 tang dién tich bé mat hi¢u
dung, tir d6 ghi nhan dugc tin hiéu plasmon bé mit cta nhitng mau thir c¢6 nong d6 rat nho
[3, 8,9, 10]. Ngoai ra, hiéu tmg SERS sé& dat hiéu qua cao hon nhiéu khi ¢ su hd tro cta 16p
ban d?m. ZnO 1a mot trong nhirng lira chon t6t dé tao ra dé ban dan trong hiéu tng SERS nay
[5, 6, 7]. ZnO 1a chit ban dan c6 d6 rong ving cam 1én (Eg = 3,3 eV & nhiét dd phong), ning
lugng lién két exciton khoang 60 meV va la chét it doc hai trong qua trinh ché tao va sir dung,
cong nghé ché tao khong qua phtc tap, chi phi gia thanh thap.

Trong céc loai hoa chat duoc sur dung dé danh gia chét lugng cua dé SERS, chat thur
Rhodamine 6G duoc cic nha khoa hoc dung nhiéu nhat. Rhodamine 6G (c6 cong thirc phan tr
C28H31N203C1) la thuoc nhuém mau cong nghiép, cuc ky doc hai, co thé tan trong nudc,
methanol va ethanol, bi cAm ding trong san xudt thyc pham. Tai Viét Nam, Rhodamine 6G da
duogc str dung mot cach bat hop phap dé nhuém mau thyc phdm, lam cho thuc pham tro thanh
c6 mau do vi du nhu bot 6t, rudc, hat dua,. .. Chat nay tich tu lau ngdy trong co thé s& gay thuong
ton dén gan, than va din dén ung thu. Ngoai ra, Rhodamine 6G con dugc sir dung dé nhudém
vai. Nguoi st dung vai c6 nhudém chét ndy s& mic cac bénh vé da, tham chi bi ung thu da. Vi
Rhodamine 6G gdy anh huong nghiém trong den strc khoe cua con ngudi nén viée phat hién sy
ton du ciia Rhodamine 6G trong thic phim 1a rat quan trong va cép thiét.

Trong dé tai nay, chung toi tap trung nghién ctru ché tao vat liéu ZnO c¢6 cau tric nano bang
phuong phép phin xa magnetron DC, sau d6 bién tinh hat nano Ag 1én bé mit dé ciing bang
phuong phéap nay, tir d6 c¢6 thé phat hién chat thir Rhodamine 6G.

Tin hiéu Raman ctia cac mau duoc ghi bang may quang pho ké Raman (Micro-Raman) voi
laser kich thich c¢6 budc song 532 nm. Bén canh do, cau trac tinh thé, hinh thai bé mat va tinh
chat quang ctia cac mau ciing dugc xac dinh bang kinh hién vi dién tir quét SEM (Hitachi 4700),
may quang phd nhiéu xa tia X (XRD) (Bruker D8 Advance), thiét bi quang phd hap thu phan tur
(UV-Vis) (Model PB - 10, power 200W, Taiwan).

2. THIi NGHIEM

Dé tao dugc mot dé xdp, co bé mat gd ghé, dau tién, mang ZnO dugc ché tao trén dé thuy
tinh bang phuwong phép phun xa magnetron DC ¢ diéu kién ap suat 6.107 torr tir bia Zn (d6 tinh
khiét 99%), khoang cach tir bia dén dé 1a 7 cm, cong suat dong 60W, trong khoang thoi gian 15
phiit, trong méi trudmg hdn hop khi Ar va O, 20%. Sau khi ché tao, mang ZnO x6p dugc nung
& nhiét do 500°C trong 3 gidr dé ting cudng ham luong O, cho mang ZnO. Sau do, st dung
phuong phap phun xamagnetron DC dé bién tinh Ag 1én dé ZnO véi diéu kién dong 15mA,
trong 60 gidy; U nhiét 400°C trong mdi trudng Ar trong 15 phit, ap suat 10 torr. Cac dé SERS
ZnO/Ag duoc nho Rhodamine 6G v6i nong d6 10-° M va kiém tra hiéu img SERS.

CAu tric tinh thé, hinh thai bé mat va tinh chat quang ctia mau ZnO, ZnO/Ag dugc xac dinh
bang may nhiéu xa tia X (XRD) (Bruker D8 Advance), kinh hién vi dién tir quét SEM (Hitachi
4700) - EDS mapping, tinh chat quang ctia dé SERS dugc do bang thiét bi quang phd hap thu
UV-Vis (Model PB - 10, power 200W, Taiwan). Tin hiéu Raman ctia cac mau ZnO va ZnO/Ag
sau khi duoc nho mot luong 50 pL dung dich Rhodamine 6G duoc ghi bang may quang pho ké
Raman (Micro-Raman) véi laser kich thich c6 budc song 532 nm.
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3. KET QUA VA THAO LUAN

Sau khi ché tao mang moéng ZnO bang phuong phap phun xa magnetron DC v6i bia Zn, sau
d6 dugc nung nong o nhlet do 500°C trong 3 glo Két qua chup anh SEM bé mit cho thay cac
mang ZnO ché tao kha xdp, d6 161 16m phan bd dong déu trén mat dé (hinh 1).

Hinh 1. Anh SEM bé mdt mang ZnO xdp duwoc ché tao bang phirong phdp
phun xa magnetron DC
Sau d6, chiing toi dd bién tinh nano Ag 1én mang ZnO dé tao thanh cac dé SERS. Két qua
anh SEM bé mit ctia ZnO/Ag cho thdy 16p Ag phan bd kha déu trén bé mit ZnO, bé day 16p Ag
kha mong va két tu thanh hat c6 duong kinh khoang < 50 nm hinh 2 (a, b). Anh SEM cit 16p
ciing cho thay cac hat Ag c6 kich thudc nhé hon 50 nm bam trén bé mat ZnO (hinh 2c).

Hinh 2. Anh SEM bé mit (a,b) va SEM cdt 16p dé SERS ZnO/Ag (c) dwoe ché tao bang
phuwong phap phun xa magnetron DC
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Ngoai viéc chup anh SEM chuing toi ciing da tién hanh phan tich ham lugng cac nguyén tb
trén cac d¢ SERS bang phuong phap EDS. Cac két qua déu cho thay rd sy c6 mat ciia Ag trén
cac d¢ SERS. Hinh EDS Mapping chung té nano Ag dugc phan bo deu trén bé mat dé SERS
(hinh 3).

Weight% | Atomic?

1849 4847
78.55 50.38
2.96 L.15

Electron Energy (keV)
Hinh 3. Anh EDS ciia dé SERS ZnO/Ag dwoc ché tao bang phwong phdp phiin xa magnetron
DC. Anh UV-Vis cho phép xac dinh tinh chdat quang cua dé SERS va mang ZnO xop

Hinh 4a cho thidy mang ZnO c6 bo hap thu khoang 400 nm, trong khi d6 dé SERS hap thu
anh sang kha kién manh hon mang ZnO, dinh hap thu ¢ vung budc song 400 - 412 nm, dac
trung cuia nano Ag, va bo hap thu cua dé SERS dich vé budc song dai.
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Hinh 4. Phé hdp thu (a) va phé truyén qua (b) ciia ZnO va ZnO/Ag dwoc ché tao bang

phuwong phap phun xa magnetron DC

Sau khi ché tao thanh cong dé SERS ZnO/Ag, chiing toi tién hanh khao sat su ting cuong
tin hiéu SERS cua dé ZnO/Ag, chit duoc dung dé thir 1a Rhodamine 6G.

Dé so sanh d6 khuéch dai, chiing t6i tién hanh do phé Raman cua Rhodamine 6G néng d 1M
trén dé thuy tinh trin, Rhodamine 6G ndng do thap 10° M trén dé ZnO, dé Ag va @& SERS ZnO/Ag.
Két qua trén hinh 5 cho thay dbi voi dé thuy tinh tran, tin hiéu Raman chi thu duoc
Rhodamine 6G & néng dd cao. D6i véi dé ZnO, khong thu dugc tin hiéu Raman & néng do 10° M.
Dbi v6i mang Ag thi da khuéch dai dugc tin hidu v6i ndong do thap 105 M. Bé SERS vai su két
hop ctia mang ban din ZnO va nano Ag da cho tin hiéu Raman kha t6t & ndng do thap 10-° M.
Céc dinh phd dic trung ciia Rhodamine 6G tai 609 cm™, 771 em, 1125 cm™!, 1185 cm™!, 1311
cm™, 1360 cm™, 1510 cm™, 1575 cm, 1650 cm! (Hinh 5a).
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Hinh 5.
a) So sanh cwong dg birc xa Raman ciia Rhodamine 6G trén dé thuy tinh tran (IM),
dé ZnO (10° M), d@é Ag (10° M) va d@é SERS ZnO/Ag (10~ M)
b) Cuong dé birc xa Raman ciia Rhodamine 6G trén dé thuy tinh tran (IM), dé Ag (10° M)
va dé SERS ZnO/Ag (107° M) dvorc sur dung dé tinh hé so EF

Pé danh gia hiéu qua cua dé SERS ZnO/Ag duoc ché tao bang phuong phap phin xa
magnetron DC, chung t6i tinh chi s6 ting cuong Raman (Enhancement Factor-EF) theo cong
thire [2]: I

S‘e}"S‘ sers

EF= p JC

base base

Trong d6 Iggrs va Ipgge lan luot 1 cudng do Raman cia mot dinh tin hi¢u cta phén tu
Rhodamine 6G khi c6 dé SERS va khi khong co dé SERS, CsgRrs Va Cpgge twong tmg la nong
d% cua Rhodamine 6G trén bé mit dé SERS va nong dd chuan ctia Rhodamine 6G khi khong co
dé SERS. Trong truong hop nay ching t6i chon dinh ¢ 1360 cm! dé tinh EF.

Duya vao hinh 5b dé tinh chi s6 ting cuong EF ddi véi dé Ag 1a 10° con dbi voi dé SERS
ZnO/Ag 12 2.10°. Két qua cho thay dé SERS da lam ting cuong d6 tin hiéu Raman gip hon 20
1an so v6i dé Ag. Nhu vay chung ta thdy, dé SERS ZnO/Ag két hop v6i phuong phap quang phd
Raman vira c6 thé phat hién (dinh tinh) cac loai hoa chét qua cac dinh phd Raman dic trung cta
chung, vira c6 thé dinh luong phét hién nong do hoa chat rat nho. Chung ta hoan toan c6 thé sir
dung dé SERS ZnO/Ag dé phan tich nhiéu loai hoa chét khac voi ndng do thap khoang ppm,
chéng han nhu céc loai hop chét bao vé thuc vat con ton du trong céc loai tréi cay sau thu hoach
nhu Cartap, Abamectin...

4. KET LUAN

Chung toi da ché tao duoc dé SERS ZnO/Ag bang phlr(mg phap phun xa magnetron DC
nham phat hién ra cac hoa chat ton du (Rhodamlne) v6i ndng do rat nho co trong thudc bao vé
thue vat hodc nhuom mau thuc pham. Két qua thu dugc cho thay hinh thai cau truc cia cac hat
Ag bam dinh va phan bd déu trén bé mit 16p mang ZnO xdp va hé s6 ting cudng tin hiéu Raman
1én dén 2.10° 1an. Trong cong nghé SERS, chi sé EF ¢ day duoc danh gia kha tot. Dé SERS
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ZnO/Ag duoc st dung nhu bo cam bién (sensor) ngoai viéc phat hién ra Rhodamine 6G con
phat hién duogc cic chat khac nhu hoat chat Abamectin hay Cartap c6 trong thudc trir sau sinh
hoc thé hé méi. Vi két qua budc dau nay, ching toi s€ tién hanh léy 30 mau thuc phém (ruéc,
6t, hat dua) va Gmg dung dé SERS ZnO/Ag bang phuong phap phun xa magnetron DC nham
phat hién Rhodamin 6G.

Loi cam on: Nhom nghién ciru chan thanh cam on s tai tro cua dé tai Khoa hoc va Cong

Nghé Péc lip Cap Quoc Gia 2019, md sé: DTDL.CN-04/19.
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Summary

FABRICATION OF SURFACE-ENHANCED RAMAN SCATTERING - SERS
ZnO NANOSTRUCTURED/ NANO Ag FOR RHODAMINE 6GDETECTION

Huyen Le Thi Minh', Giang Nguyen Huong?, Tuan Dao Anh’, Tuan Pham Tran? Uy
Vu Hoang’, Viet Nguyen Hoang’, Hung Le Vu Tuan’

!Faculty of Fundamental Sciences, University of Medicine and Pharmacy in Ho Chi Minh
City

’Ho Chi Minh City Center for the Quality Control of Food, Drug and Cosmetics,

Food Safety Management Authority of Ho Chi Minh City

SFaculty of Physics - Engineering Physics, University of Sciences, National University
Ho Chi Minh City
In recent years, scientists have been focusing on ways to enhance Raman signals by surface
plasmon resonance effect - SERS. This method allows detections of trace pesticide residues,
because it helps identifying molecules at very low concentrations without destroying or
discoloring samples. Therefore, the SERS method opens a new step in the study of physics,
materials science, medical diagnostics, identification of new drugs, etc. In this study,
nanostructured ZnO material were manufactured by DC magnetron sputtering method. The
Ag nanoparticles were, then, modified on ZnO surface by DC magnetron sputtering method.
The material was proved to be able to improve the detection of Rhodamine 6G reagent at
trace levels. The enhancement factor of SERS was of more than 10°.

Keywords: SERS, Rhodamine 6G, DC magnetron sputtering method, nano Ag, ZnO.
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