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Tém tét:

Phenol I3 mt trong nhimg hop chét doc hai co trong nude thai va nuéc smh hoat doi hoi cdc phuong phép phét hi¢n cé
d6 nhay va d¢ chon lgc cao. pé dép (mg yéu cu ndy, nghién ciru n:iy & xult mot dé SERS dugc ché tao tu cac day
nano CuO dinh hat nano Au bing phuong phép gia nhiét Joule-Lenz va phuong phép phin xa DC. Sau khl che tao, cic
tinh chét cua dé SERS da dugc nghién ciru bang cach st dung phenol lam chat phan tich, Ket qué cho thay clu trac vit
liéu c6 kha niing khuéch dai Raman dang ké, véi gi6i han phat hién thap dat t6i 107 g/L. P& SERS c6 tiém ning trong
viéc phan tich ham lugng phenol trong nudc sinh hoat, dép {mg cAc tiéu chudn an toan tai Viét Nam.

Tir khéa: Déy nano CuO dinh hat nano Au, gia nhit Joule-Lenz, phenol.

GIOI THIEU

Gén ddy, v1¢c tng hop céc vit liéu nano da thu hit
dugc nhiéu syr quan tam cuia céc nha nghién ciru bdi
nhimg wu diém vurgt trdi va mg dung to 16n cia
ching trong khoa hoc va cong nghé. Nho kich
thuéc nhd, hinh dang da dang va thanh phan doc
déo, vt li¢u nano da c6 nhimg tinh chat noi bat hon
so v6i vit liu thong thudmg. Trong s céc vat ligu
nano, ciu tric nano oxit dong (CuO) da tré thanh
mot chi dé nong va thu ht s quan tm nghién ciu
sau rong do céc tinh chét ddc biét cia chung [1 2].
Ciu tric nano CuO dugc nghién ciru rong rdi nho
tinh 6n dinh, kha nang chiju nhiét tot, than thién voi
moi trudmg, d& ché tao va diic biét Ia gid thanh thap
Ngoal ra, CuO 13 mot vit liéu ban din véi nhicu
Umg dung rdng réi trong céc [inh vyc cam bién, moi
truong va thiét bi dién tir [3],... Mot sb g dung
tiéu biéu c6 thé ndi dén nhw: cam blen khi, cdm
bién sinh hoc, siéu ty dién, xir Iy céc chat 6 nhiém
v0 co, quang xic tac,.. . khién né tror thanh lua chon
tiém ndng trong vt lidu ban dan [4].

Phenol 13 gt hop chét dc hai phé bién, thuong co
mit trong nuéc thii tr nhidu nganh cong nghiép
khac nhau nhw luyén thép, san xudt nhva tong
hgp,... Chi véi liéu lrgng tir 50-500 mg/kg, phenol
di co thé gay tir vong & ngudi khi hdp thu qua
duong tiéu héa [5-8]. Do do, viéc phét hi¢n va gidm
sat nong d phenol trong moi truong nude la het
strc cin thiét nhim bao vé sirc khée cong dong. pé
phét hién phenol va céc dan Xult ciia n6 trong méi
truomg nudc véi d§ nhay cao, cic phuong phap
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phan tich hién dai nhw khdi phd, sic ky léng hiéu
ning cao, phuong phép dién héa va dic biét
phuong phép tén xa Raman ting cuong bé mit
(SERS) d4 dugc str dung.

Tén xa Raman ting cuong bé mit (SERS) 12 mét k¥
thudt duge sir dyng rong réi trong nghién ciru céc
hi¢n fuong bé mit. Nho d9 nhay cao, SERS nghxen
clu cau triic clia cdc phén tir hap phu ngay ca o
nong d9 rét thap SERS dua trén viéc st dung bé
mit kim logi dé khuéch dai tin hiéu Raman cua
phin ti tin xa. Su két hop gma dé SERS
nanocomposite ban dan/kim loai quy c6 thé dugc
ti sur dung do c6 kha ndng quang xuc tac [9]. Khi
két hop v6i hat nano Au, CuO c6 thé tao ra mat do
déng ké cic “diém néng”™ noi cuong dd truorng
dién tir khuech dai manh mé. Nhiing “diém nong”
ndy gop phén ting cudng dang ké tin hiéu tan xa
Raman ctia cac phan t&r nam trong ving anh hudng,
tir 46 nng cao d¢ nhay cua phép do, cho phép phat
hién phenol & mirc vi lugng.

THUC NGHIEM

Trong nghién cifu nay, cic ddy nano CuO duge tong
hop trén dé dong bing phuong phép gia nhi¢t nhanh
Joule-Lenz. DAu tién, cic dé dong dai 100 mm va
dudng kinh 0,25 mm dugc loai bo khéi 16p oxit bé
mit bang cich ngim trong dung dich HCI 10 %
trong 10 phat, sau d6 rra lién tuc bing axeton,
etanol va nudc cat hai lan, két hop véi xur 1y siéu am
trong 5 phit va shy kho hoan toan. Cac dé dong da
xu ly duge gan trén dién cuc va duoc két ndi véi hé
thong gia nhiét Joule-Lenz. Dé dong dugc gia nhiét
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nhanh trong thdi gian va cwdng d§ dong dién khic
nhau, Sin pham thu duge 13 cdc day nano CuO véi
hinh théi va cdu tric d6ng nhit. D¢ ning €20 hiéu
sufit cla vit ligu trong cdc img dyng cdm bién quang
hoc, djc bigt 14 trong quang phd Raman ting cuong
bé mit (SERS), céc diy nang CuO duge phit mit
16p ving dé tgo thanh céc cu tric nano 16i - vo
CuO/Au bing phuong phap phin xa mét chitu
(JEOL JFC-1200). Céc 16p v vang dugc tao thanh
vai d§ day khic nhau tuong {mg v6i thdi gian ling
dong la 480 gidy, trong diéu klcn dong di¢n 30 mA
v ép sudt chan khong 8 Pa. Céu tric tinh thé cia
cdc miu duge nghién ciru bing phu(mg phap nhiéu
xa tia X (XRD) sir dyng thiét bj PANalytlcal
EMPYREAN. Hinh théi vi kich thuéc clia cic clu
tric nano dugc dénh gia bing kinh hién vi dién ti
quét (SEM) Nova NanoSEM 450, két hop véi phén
tich quang pho tia X tan Xa nang luqng (EDS) dé
xdc dinh thanh phan nguyén t0. Phd Raman dugc
thyc hién trén thiét bj LabRAM HR800 v6i nguon
kich thich laser 632,8 nm dé danh gia cac dic tinh
quang hoc va rung dong cua dé ché tao. D& SERS
dugc ngdm tryc nep trong dung dich phenol, sau do
dé kho ty nhién va phd Raman dugc thyc hién dé
nghién ciru syr tang cuong tin higu.

Hinh 1: Anh chup thiét bj gia nhi¢t Joule-Lenz sir
dung dé ché tao cc ddy nano CuO/Au

KET QUA VA THAO LUAN

Bing 1. Hing s6 mang ciia miu ddy nano CuO ché tao
béing phwrong phap tw gia nhiét Joule - Lenz

Hingsbmang | a(d) | b(A) | c(A) | ()
Miudachétao | 4,683 | 3,423 | 5126 | 99,38
[10] 4,684 | 3423 | 5129 | 99,54

Tir gidn d6 nhicu xa tia X (Hinh 2), c6 thé thay tinh
thé CuOQ duge ché tao o cau tric don ta, véi cic
théng s6 mang tinh thé da tinh todn hoan todn phu
hop véi cau tric va hing s6 mang clia mAu chuan
[10]. Sw xuit hién ctia pha Cu,0 lién quan dén 16p
oxit dugc hinh thanh trong giai doan déu ciia qua
trinh hod [11].
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Hinh 2: Gidn d0 nhifu xa tia X cdia ddy nano CuO
gia nhi¢t sau khi phin xa Au

Anh SEM (Hinh 3) cho thy 16p v6 Au sau khi dugc
X Iy nhiét cé hién tuqng ¢ lai va tao thanh céc hat
nano phan bd kh4 dong déu trén day nano CuO
Phuong phép gia nhiét nhanh 6 dic diém 1a tc do
tang va gidm nhiét nhanh chéng, gitp kiém sodt tot
qua trinh hinh thanh cdu tric nano. Cac diém khic
ndy chinh 14 nhimg “hot spot” viing ¢6 s khuéch
dai tin hi¢u Raman lén nhiéu l4n. Co ché ndy lién
quan dén hién tugng cong hudng plasmon bé mit
cuc by (LSPR): khi 4nh séng téi twong téc voi hat
nano kim loai Au, cac electron tu do dao dgng tap
thé va cong huorng v6i thn s6 cua song dién tir
ngodi, 1am ting cudng tnr(mg dién tir cuc bo, dic
biét tai céc diém khic giita cic hat nano, tir d6 tin
hidu Raman ctia cic phan tir dugc khuéch dai 1én
nhiéu lan.

Hinh 3: Anh SEM ciia ddy nano CuO/Au
gia nhiét sau khi phiin xa

0 thoi gian phin xa ngin, 16p v6 Au con méng,
hinh thai bé mat ddy nano CuO gn nhw khong thay
do: nhiéu so véi ban diu, do vay mat do hat nano
thép nén cac diém “hot spot cach xa nhau. Khi tang
thoi gian phiin xa, 16p vo Au ting, bé mit tré nén go
ghé va nham, cAc hat nano Au phan b doc theo day
nano CuO tao ra nhiéu vj tri tiép xtc. Tai cic ving
ndy, trrdng dién tir cuc bg dugce khuéch dai manh,
mat d “hot spot” ting cao lam tang cuong tin hiéu
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SERS s0 véi bé mjt phing. Tuy nhién, khi lop vo
Au qud ddy, céc hat nano dé két ty, tao thanh [6p vo
lién tyc hojic cic cym hat lém Ditu ndy lam gném
mit d9 céc diém khc din dén glém higu 1 ing cong
hudmg plasmon va d¢ nhay cua dé SERS ycu Nhu
viy, 40 ddy 16p Au cin duge tdi wu héa nhim khé
ning t’ing cudng tin hi¢u SERS d nhay cao va én
djnh nht.

Cudng 4§ (d.v.Ly)

1200
P} dich Raman (cm™)

600 800 1000 1400 1600

Hinh 4: Phd Raman ciia phenol trén diy nano
CuO/Au gia nhiét sau khi phin xa

Tiép theo, toi su dung dé SERS da xir 1y nhiét sau
khi phun xa dé thir nghu;m nhén biét phenol & ndng
d0 thap. Hinh 4 1 ket qua do Raman ctia dung dich
phenol nong d6 10 g/L do trén ddy nano CuOQ dinh
hat nano Au. Ta c6 thé quan sat dugc cac dinh
Raman dic trung tai 1370 cm’”, 1600 cm’ cua
phenol [10] Két qua thir nghiém ban dAu cho they
tiém ning img dyng cua dé SERS CuO/Au trong
viéc phan tich nhanh ndng d¢ phenol trong nuorc
sinh hoat, thay thé cho phuong phép tmyen thong
HPLC. Tuy nhién, trong diéu k1¢n t6i wu vé hinh
théi bé mat va dg day lop Au, gl(n han phat h1¢n co
the dat dén 10 g/L. § cic méu ¢6 do day 16p v Au
tdi wu va mat do “hot spot” cao, tin hi¢u Raman
duge khuech dai manh hon, cho phép phét hi¢n
phenol & ndng d¢ thip hon mot bc.

Biing 2: So sénh giéi han nhin biét ndng d9 chat thir

phenol véi cong bo khac
Bpphintcn | EIVHE | e
Si0,/CNTS/AgNPS{12] 9’4;,_")‘ b,
TiOu[13] 10% gL S:‘cyé‘:g"s'l‘r‘
i e
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KET LUAN

Trong nghién ciru ndy, cic ddy nano CuO/Au duge
ché tao bin phuong ehép Joule Lenz c6 mat dg
cao va do dong déu vé hinh dang, kich thudc tét
hon so véi phmmg phép oxi hoa nhiét truyen thong
Qué trinh gia nhi¢t nhanh c6 tic dung blen dbi tir
cdu triic ddy nano CuO phii Au thanh cau tric diy
nano CuO dinh hat nano Au vi cho thay kha n{mg
ting cuong Raman hi¢u qua. Thir nghiém ban day
cho thy, dé SERS trén co. s& day nano CuO/Au thu
duge sau khi  nhiét c6 thé phét hnen phenol g nong
do 10 g/L, dap {mg dugc yéu cau kiém nghi¢m
chét lugng nudc sinh hoat theo tiéu chudn Viét
Nam, quy dinh bdi B) Y té [14). Céc day nano
CuO dinh hat nano Au sir dyng lam dé SERS véx
kha nidng téng cudng tot, do nhay cao, m& ra tiém
ning djnh huéng (mg dyng trong céc linh vyc khéc
nhu y sinh vd méi truong.

Loi cdm on: Nghién clu nay duoc tii trg boi Quy
Phit trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong dé tai ma s6 103.02-2023.100.
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Tém tit: Nhiét 9 cua plasma la m{t trong nhﬁng tham sb quan trong phan énh ban chét vat

ly cia qua trinh phéng dién va dnh hu(mg trye tlep dén hiéu qua céc img dnng cua plasma khi
ap sudt thwong nhw khir khudn, xir 1y bé mt va xic téc khi Trong nghién ciru ndy, ching t6i
sir dyng phuong phép do phd phét xa quang hoc (OES) & x4c dinh céc nhiét 46 dic tnmg cua
plasma thong nhit do quay cua phén tir Nito. Bing céch sir dung tin hi¢u phét Xa cua N,
(€, - B'I) va N,* (BZ, - X2, chiing t6i xy dymg b thi Boltzmann de tinh todn
nhi¢t d§ quay cua phén tir Nito trong khéi plasma. Nghxen ciru gop phén pht trién phuong
phép khao sét plasma khong xam l4n, dbng thoi cung cép dir hq:u thyc nghiém phyc vy thiét
ké va t6i rru hoa céc hé plasma hoat dong trong diéu kién khi quyén.

Keywords: OES, plasma lanh, nhiét 4§ quay.

Loi cdm on: Nghién ctiru dugc tai trq boi Vién Khoa hoc vét liéu, Vién Han 1dm Khoa hoc v
Céng nghé Viét Nam véi d2 tai ma s6 TXKHTE04.03/25-25.

B-P14

PHOTO-INDUCED ENHANCED RAMAN SPECTROSCOPY ON Au-
ZnO FILMS

Ngu yén Viét Tuyén’, Tran Vin Tan!, Pham N guyen Hai' Nguyen Canh Vigt!,
Tra n Thij Ngoc Anhl Sal Cong Doanhl Nguyen Quang Hoa , Nguyén Trqn§
Tam? Pham Thij Hong', Lé Thi Hai Yén', Lé Minh Phu'(mg , Ngac An Bang

Tran Thj 'Ha®

IKhoa V3t ly, Trudng Dai hoc Khoa hoc Ty nhién - Dai hoc Qudc Gia Ha Noi,
S6 334 Nguyén Trai, Ha Noi;
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Lé Tran, Hai Phbng, Viét Nam
* Truomg Pai hoc M6 Dia Chét, 18 Ph Vién, Dirc Thang, Bic Tir Liém, Ha N§i.
*Email: nguyenviettuyen@hus.edu.vn
Abstract: We developed an efficient method for preparing surface-enhanced Raman
scattering (SERS) substrates using ZnO@Au thin films. This was achieved through radio
frequency magnetron sputtering and post-annealing. Our study thoroughly investigated
the photo-induced enhanced Raman scattering (PIERS) effect using both experiments and
simulations. In-situ UV irradiation boosted SERS intensity fourfold, allowing us to detect
thiram down to 10° M. These substrates are highly durable and can be recycled while
maintaining excellent performance over time. The combination of experimental and
simulation results offers a comprehensive understanding of the PIERS effect, showcasing this
method's potential for sensitive, reliable, and versatile analytical applications.
Keywords: SERS; ZnO; recyclable; plasmon; photo induced.

B-P15

DEVELOPMENT OF Au NANOPARTICLE-ENHANCED Cu0Q
NANOWIRE-BASED SERS SUBSTRATE FOR DETECTION OF

PHENOL IN DRINKING WATER
Lé Minh Phwong', Nguyén Viét Tuyen Tran Viin Tanl, Pham Nguyén Hai',
Ngac An Bang', Tran Thij Ha?

IKhoa Vit 1y, Truomg Dai hoc Khoa hoc Ty nhién - Dai hoc Qudc Gia Ha Noi,
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*Email: nguyenviettuyen@hus.edu.vn

Abstract: Phenol is one of the toxic compounds present in wastewater and domestic water,
requiring detection methods with high sensitivity and selectivity. To meet this requirement,
this study proposed a SERS substrate fabricated from CuO nanowires decorated with Ay
nanoparticles by Joule-Lenz heating and DC sputtering methods. After fabrication, the
activities of the SERS substrate were studied using phenol as an analyte. The results showed
that the material has a significant Raman amplification ability, with a detection limit as low as
10® g/L. The SERS substrate has potential in analyzing phenol content in domestic water,
meeting safety standards in Vietnam.

Keywords: CuO/Au nanowire, Joule-Lenz heating, phenol.

B-P16

ENHANCED RAMAN SIGNAL INVESTIGATION BASED ON
SnO,/Au NANOSHEET AND Sn NANODENDRITE MATERIALS

Pai Ngoc Pd', Nguyén Viét Tuyén', Trin Vin Tan', Pham Nguyén Hai', Bui
Thj Huyén Trang’, Ngac An Bang’, Trin Thj Ha

'Khoa V4t Iy, Truomg Dai hoc Khoa hoc Ty nhién - Dai hoe Quc Gia Ha Noi,
$6 334 Nguyén Trai, Ha Noi;
“Truimg Dai hoc M6 Dja Chét, 18 Pho Vién, Dirc Thing, Bic Tir Liém, Ha Noi.
*Email: nguyenviettuyen@hus.edu.vn

Abstract: Sn nanodendrite structures fabricated by an electrochemical method and SnO/Ag
nanosheet structures using the Joule-Lenz self-heating effect were used as SERS substrates
for low-concentration substance detection. The effects of current intensity and time on the
structure and Raman enhancement ability of Sn nanodendrites and SnO, nanosheet structures
were investigated. The morphology and structure of the products were studied by scanning
electron microscopy (SEM), X-ray diffraction (XRD), and Raman scattering measurements.
Electromagnetic field and light scattering theories were used to calculate the points with good
enhancement capabilities, which makes it easier for the measurement of enhanced detection
of substances. The simulation was performed using COMSOL MULTIPHYSICS software.
The results show that the SnO,/Ag nanosheet can detect Thiram at a concentration of 1078 M
and MB at a concentration of 10™"' M. Meanwhile, the pure Sn nanodendrite structure can
also detect MB at a concentration of 10*M, which opens up the potential for the fabrication of
SERS substrates with a simple process, low cost, friendly materials, and easy accessibility.
Keywords: nanosheet SnO,, nanodendrite Sn, SERS.
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