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Abstract: To optimize the surface-enhanced Raman scattering (SERS) with straightforward
approach by synthesizing gold nanoparticles onto nano-sized copper oxide wires, thereby
facilitating dispersion of gold particles on the research surface. Our experimental procedure was
carried out in two stages. First, the thin copper substrate was lightly oxidized with ammonium
persulfate in an alkaline medium, then incubated at 200 °C for 3 hours to form copper oxide
nanowires that exist stably on the surface. Subsequently, highly uniform CuO/Au nanowires were
formed by the chemical reduction of HAuCI, on the surface of the oxidized copper plate. The
results showed that approximately 5 nm of gold nanoparticles were attached to CuO nanowires
with lengths of up to 10 um and a diameter spanning between 100 and 300 nm. The SERS
CuO/Au substrate detecting methylene blue at a low concentration of 9.2 pM corresponding to a
signal at the peak 1625 cm™ as the C-C deformation vibrations of the aromatic ring. The
logarithms of the methylene blue concentrations were linearly proportional to their SERS signal
intensity of methylene blue at the peak of 1625 cm™ with a value R? = 0.96. The signals of SERS
for methylene blue at twelve different points on the material sample showed no significant
differences in both intensity and spectrum shape, with an RSD value of 5.9%.
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Ché tao diy nano CuO/Au trén dé dong umg dung
trong cam bién SERS siéu nhay
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Tém tit: Trong nghién ciru nay ching t6i trinh bay mot phuong phap don gian véi muc dich tdi
ru hién twong Raman ting cuong bé mat (SERS) trén déi tuong hat nano vang. Céc hat nano vang
da duoc tong hop trén bé mit cac ddy dong oxit kich thudc nano nham ting cudng su phan tan cua
hat vang trén bé mat nghién ctru. Mot quy trinh thi nghiém don gian da duoc thuc hién qua hai giai
doan. Tru6c hét, 14 ddng duoc oxi hoa nhe bing ammonium persulfate trong méi trudng kiém, sau
d6 duoc G ¢ 200 °C trong 3 gid tao thanh day nano déng oxit ton tai bén trén bé mat dé. Sau do,
hat nano vang dugc dinh 1én trén bé mit ciia ddy nano CuO bang phuong phap khir hoa hoc. Cac
két qua cho thiy hat nano vang co kich thudc khoang 5 nm da duoc dinh 1én ddy nano CuO c6
chiéu dai 1én dén 10 pm dudng kinh trong khoang 100 dén 300 nm. Dé SERS CuO/Au c6 thé phat
hién methylene blue c6 ndng do siéu thap 1én t6i 9,2 pM dugc xac dinh tir dinh 1625 cm™ tuong
{mg voi dao dong bién dang C-C cua vong thom. Cudng d6 tin hiéu SERS tai dinh 1625 cm™ cua
methylene blue ¢ cac néng d6 dung dich khac nhau thé hién su tuyén tinh véi logarit cuia néng do
v6i gid tri R2 = 0,96. Két qua nghién ctru SERS tai mudi hai diém khéac nhau trén mau vat liéu d6i
v6i methylene blue khong ¢6 su khac biét 16n vé ca cudng do cling nhu hinh déng cta phd véi gia

tri RSD dat 5,9%.

Tur khoa: Tan xa Raman, day nano CuO, 16i-vo.

1. Mé diu

Trong nhitng nim gan day, sy phat trién
manh mé cua qua trinh cdng nghiép hoa va hién
dai hoa da din dén sy 6 nhiém méi trudng ngay
cang ting, dac biét 1a 6 nhiém moi truong nudc
[1-3]. Hang triéu tin nudc thai chua duoc xir 1y
da duoc thai ra moi trudng mdi ngay di giy ra
cac van dé nghiém trong vé sirc khoe dan dén
cai chét cta hang triéu ngudi mdi nam [1]. Do
do, Vén dé kiém soat 0 nhiém moéi trudng nudc
1a rat cip thiét. C6 rat nhidu phuong phép da
dugc dwa ra nhim phat hién 6 nhiém méi
truong nuéc nhu quang phod khdi plasma két
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hop cam ung (ICP-MS), phd hap thu UV-Vis,
phd hap thu nguyén tar (AAS) [4-8],... Cac
phuong phap phéan tich nay c6 kha nang phat
hién cac chat co nong do rat thip trong moi
truong nudc nhung thuong duge ap dung ddi
v6i cac chét vo co va cac phuong phap ndy co
quy trinh thyc hién réat phirc tap, doi hoi doi ngii
chuyén gia c6 nhiéu kinh nghiém [5, 8].
Phuong phap hép thy UV-Vis 1a phuong phap
phan tich twong dbi don gian, ré tién, thoi gian
phan tich ngin nhung do chinh xac, gidi han
phat hién ciing nhu do chon loc thap [6, 7]. Gan
day, phuong phap Raman ting cudng bé mait
(SERS) di dugc st dung ngay cang phd bién do
6 thé khic phuc duoc nhitng han ché néu trén
nhu thoi gian phan tich ngén, d6 nhay va do
chon loc cao [9-12]. Do d6, SERS duogc (g
dung ngay cang rong rdi trong nhiéu linh vyc
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nhu cong ngh¢ nano, sinh hoc, y sinh, khoa hoc
thuc pham, phan tich méi truong,..

Hién nay, hau hét cac dé SERS duogc phat
trién trén co s¢ ciu triic nano cua cac kim loai
quy nhu vang, bac, platin [13-16]. Mac du kha
ning ting cuong tin hiéu Raman trén dé SERS
kim loai quy la rat tot, tuy nhién do sy co cum
ngﬁu nhién cua cac hat nano kim loai nén dan
dén han ché trong viéc phan tich tin hiéu. bé
khic phuc nhitng han ché néu trén mot s6 cau
trc nano mot chiéu dinh hat nano kim loai quy
da dugc su dung dé ché tao cac dé SERS nhu
ZnO, TiO, Si, CuO [17-20],... Trong do, cdu
trac mot chidu TiO2, Si, ZnO c6 quy trinh ché
tao rat phuc tap va st dung nhiéu hoa chét doc
hai nhu HF trong qua trinh dn mon, dong thoi
qua trinh xir 1y dé Si sau khi sir dung van gip
rat nhiéu kho khan [10]. Trai lai, cAu tric mot
chiéu CuO c6 quy trinh ché tao don gian, khong
st dung cac chat hoa hoc doc hai va co do déng
déu cao, mat do cao la ung vién tiém nang dé
ché tao dé SERS.

2. Thuc nghiém
2.1. Hoa chat

Trong nghién ciru ndy cac hoa chat duge sir
dung gébm HCI (analytical reagent - Xilong),
acetone (>99,5%, Xilong), NaOH (>97%,
Sigma Aldrich), (NH.)2S:0s (>98%, Sigma
Aldrich), NaBHs (>98%, Sigma Aldrich),
HAuUCl4.3H20 (299,9%, Sigma Aldrich) va la
dong (copper foil >99,9%, Sigma Aldrich),
methanol (>99,5%, Xilong).

2.2. Ché tao ddy nano CuO

Quy trinh ché tao diy nano CuO d3 duoc
bao cdo trong nghién ctru trudc day ctua chung
t6i [21], quy trinh c¢6 thé tom tit nhu sau: tim
ddng kim loai ¢6 kich thudc 50 x 20 mm duoc
rira sach bang nudc khir ion va axit HCI lodng
bang xung siéu am. Tlep theo cac la dong nay
tiép tuc duogc rira nhleu lan bang acetone, sau
d6 14 dong duoc siy kho trong khong khi &
nhiét do phong. Sau khi hoan tit qué trinh lam
sach, cac 14 dong dugc ngam trong hdn hop
dung dich bao gom 100 ml dung dich NaOH

2,5 M va 100 ml dung dich (NH4).S:0g 0,2M
trong thoi gian 60 phat. L4 dong chuyén tir mau
do dic trung cua Cu® sang mau xanh cua Cu"
theo phuong trinh phan tung sau:

Cu + 4NaOH + (NH4)2S:0s = (1)
CU(OH)z + 2Na S04 + 2NH;3 + 2H,0

Sau d6 cac 14 dong nay duoc rira nhiéu lan
bang methanol trudc khi dua vao say ¢ nhiét do
200 °C trong thoi gian 180 phut. Dudi tac dung
cua nhi¢t d6 xdy ra qua trinh nhi¢t phéan
Cu(OH); thanh CuO.

Cu(OH)2 = CuO + H,0 )

2.3. Ché tao ddy nano CuO/Au

Quy trinh ché tao diy nano CuO/Au di
dugc bao cao boi A. K. Mishra va cong su [22],
day nano CuO dugc ngam trong 20 ml dung
dich HAuCl4.3H20 0,25 mM trong thoi gian
30 phat dé day nano CuO tiép xtic hoan toan
voi Au®*. Sau do, 5 ml dung dich NaBHs 1 mM
lanh dugc nho tr tr vao trong dung dich chtra
day nano CuO va HAuUCI,.3H,0. Sau 30 phut 1a
déng dugc ldy ra va rira nhiéu lan bang
methanol dé loai bo cac hoa chit ton du sau
phan tmg trude khi duoc siy kho ¢ 60 °C trong
thoi gian 120 phat.

2.4. Quy trinh phan tich tin hiéu Raman

Cac mau day nano CuO/Au dugc ngam 30
phut trong dung dich MB ¢ cac ndng d6 107%,
107, 10°%, 107, 107'°, 107! va 107> M trong
bong tdi va dugc 1am kho tu nhién & nhiét do
phong trude khi tién hanh ghi pho Raman. Tat
ca cac mau dugc do & nhiét d6 phong boi nguén
laser 632,8 nm, thoi gian thu tin hiéu gitt ¢
dinh 1a 20 gidy cho tat ca cic miu.

2.5. Phuong phap phdan tich

CAu trac tinh thé cia cac mau ché tao duogc
xac dinh boi hé nhiéu xa tia X Empyrean
(PANalytical), hinh dang, thanh phin héa hoc
ctia ddy nano dwoc chup béi kinh hién vi dién
tr quét Nova NanoSEM 450 (FEI), pho Raman
duogc ghi boi thiét bi Labram HR800 (Horiba).
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3. Két qua va thao luin

Gian dd nhiéu xa tia X cua mau day nano
CuO va CuO/Au duogc trinh bay trén Hinh la.
Trén gian d6 nhidu xa tia X chi ¢6 thé quan sat
duogc cac dinh nhiéu xa cua Cu, CuO va Au ma
khong c6 bat ctr dinh nhidu xa ing véi pha tinh
thé la nao khac. Trong do, trén ca hai gian d6
nhifu xa tia X déu xuat hién cdc dinh nhifu xa
¢6 cuong do manh cua dong kim loai trong tng
v6i nhidu xa tir cac mit (111) va (200), cac dinh
nhidu xa nay c6 ngudn gbc tir 14 dong ban dau.
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Céc dinh nhiéu xa dic trung ctia diy nano CuO
tai cac vi tri 1an luot 1a 32,3; 35,4: 38.4: 61,6°
tuong ung voi cac mat (110), (002), (111) va
(113) ctia céu trac tr gic (tetragonal) cia CuO
dugc chi ra trén ca hai phd. Tuy nhién, trén
gian d6 nhidu xa cia miu day nano CuO/Au co
su xuat hién dinh nhifu xa lién quan dén ciu
tric 18p phuong tam mat ciia Au tai vi tri 38.0°.
Phé tan sic niang lugng EDS cta mau duoc chi
ra trén Hinh 1b cho thiy cac miu ché tao chi
chira cac nguyén to dong, vang, oxi va khong
c6 tap chét con ton du sau ché tao nhu Na, Cl.
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Hinh 1. Gian d6 nhiéu xa tia X (a) va pho tan sic nang lugng (b) cta day nano CuO va CuO/Au.

Anh SEM ciia cac mau CuO va CuO/Au di
dugc chi ra trén Hinh 2. Két qua cho thiy day
nano CuO cé chiéu dai lén toi vai micromet,
duong kinh day khoang 100 dén 300 nm. Bé
mat cia day nano CuO tuong ddi min, mat do
day nano CuO 1a kha 16n (Hinh 2a). Tréi lai, bé
mit ciia diy nano CuO/Au tuong d6i nhdm va

Nova N

Chu tric 161 vo ciia ddy nano CuO/Au da
dugc chung minh qua phd tan sdac nang luong

Hinh 2. Anh SEM cua day nano CuO (a) va CuO/Au (b).

c¢6 thé dé dang quan sat dugc cac hat co6 duong
kinh rat nhé bao xung quanh diy CuO, cac hat
nho nay dugc cho 1a hat nano vang (Hinh 2b).
C6 thé thay rang mat d¢ hat vang 1a kha 16n va
phan bd dong déu trén toan bd bé mat cua day,
do d6, day nano CuO/Au co thé sir dung lam
dé SERS.

bang ky thuat line scan (EDS-LS). Hinh 31a
anh SEM cua mét day nano CuO/Au va d6 thi
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phan bd ham luong cla cac nguyén t6 héa hoc
theo bé mit, trong d6 nguyén t6 dong (duong
mau do6), nguyén t6 oxi (duong mau xanh la
cdy), nguyén t6 vang (dudng mau vang). C6 thé
thay rang, tai vi tri bén ngoai cua day nano
CuO/Au (doan AB) khéng cho thiy dau hiéu sy

ton tai ctia cac nguyén té Au, Cu va O. Tuy
nhién ham luong cuia nguyén td Au, Cu va O ¢o
xu hudng ting dan khi tin hiéu dwoc ghi nhan
tir vi tri bién (diém B) dén trung tdm (diém C)
cua day nano CuO/Au.

Cuong d6 (d.v.t.d)

125 250

375 500 625

Kich thudc (nm)
Hinh 3. Anh SEM va ph tan sic ning lugng (line scan) trén day CuO/Au.

Hinh 4a 12 phd Raman cua MB & cic ndng
d6 khac nhau trén ¢&¢ SERS CuO/Au. Trén phd
Raman chi c6 thé quan sat duge cac dinh dao
dong dic trung tai vi tri 1395 va 1625 cm™! voi
néng d6 MB trong khoang 107 dén 107! M.
Trong dod, cac dinh dao dong manh & vi tri 1395
va 1625 cm™! twong ung voi dao dong bién
dang C-H va C—-C cua vong thom. P thi su
phu thudc cua cuong do dinh 1625 cm™ vao
logarit cua nong d6 MB duoc chi ra trén Hinh 4b
v6i hé sb tuong quan R? = 0, 96 trong do I la
cuong dd cua dinh 1625 cm™. Gidi han phat
hién (LOD) MB ctia dé SERS CuO/Au duoc
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uée luong 14 9,2x1072 M véi ti 1¢ tin hiéu nhiéu
la 3 (S/N=3). Pé khing dinh sy dong déu cua
mau chung toi da tién hanh ghi phé Raman cua
MB ¢ nong d6 107 M trén dé SERS CuO/Au &
muoi hai vi tri khidc nhau. Cuong d dinh 1625
cm™' cia MB ¢ ndng d6 1075 M duoc sir dung
dé xac dinh gia tri ctia do léch chuan (RSD). Gia
tri cia RSD duogc xac dinh tir Hinh 4c 1a 5,9%,
diéu nay co thé cho thdy rang ¢¢ SERS CuO/Au
¢6 do dong nhat va hoan toan c6 thé img dung
cho viéc phan tich. Nguong phat hién MB cua
dé SERS CuO/Au c6 thé so sanh véi cac dé
SERS khac nhu dugc chi ra trén Bang 1.
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Hinh 4. Phé Raman ctia MB trén dé SERS CuO/Au & cac néng d06 khac nhau (a}), su phu thu(f)p cua cuong do
dinh tai vi tri 1625 cm™ vao logarit cua MB ¢ cac nong do khac nhau (b), phén bo cuong d ph6é Raman cua dinh
1625 cm* (c) va pho Raman ctia MB & nong dd 10 M & cac vi tri khac nhau (d).

Hau hét cac nghién ctru déu cho ring qua
trinh hinh thanh day nano Cu(OH); duoc cho la
lién quan dén qué trinh oxi hoa dong thanh Cu?*
bdi (NHa)2S20s trong moéi truong cdé pH cao
[23-25]. Qué trinh nay tao thanh 16p dung dich
chira Cu?* ngay trén bé mat cua 14 dong, khi
néng do cua Cu?* dat trang thai bdo hoa cac ion

nay sé két tua tré lai trén bé mat cua 14 déng ]
dang Cu(OH).

Nhimng diém nay s& tiép tuc phat trién dé
hinh thanh day nano Cu(OH), cho dén khi cac
day dat trang thai cyc han [25]. Cudi cung, cac
day nano Cu(OH), duoc 1 nhiét dé hinh thanh
day CuO.

Bang 1. Ngudng phat hién MB ciia mot s6 ¢é SERS

STT Dé SERS Ngudng phat hién TLTK
1 Hat nano bac 1uM [13]
2 Ong nano carbon/Ag 1uM [26]
3 Tam ZnO/Ag 1nM [27]
4 Thanh nano ZnO/Au 1pM [17]
5 Day nano CuO/Ag 1nM [28]
6 CuO/Au 9,2 pM Bai b&o nay

4. Két luan

Dé SERS CuO/Au dd duge ché tao thanh
cong bang phuong phap khir hoa hoc don gian.
Céu trac vé Au bao phu day CuO da dugc chi
ra bang anh SEM va phd tan sic ning luong tia
X (EDS). Bé SERS CuO/Au ddng déu va co
mat do cao da dugc st dung dé phat hién MB
trong dung dich c6 nong do thap 1én t6i 9,2 pM.

Loi cam on

Tap thé tac gia xin chan thanh cam on Khoa
Vit 1y, Truong Pai hoc Khoa hoc Ty nhién, Pai

hoc Qudc gia Ha Noi dd hd tro cac phép do
phan tich. Nghién ctru nay dugc tién hanh trong
khuoén khd dé tai QG.23.12 cua Pai hoc Quéc
gia Ha Noi .
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