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FABRICATION OF MICROFLOWER-LIKE ZnO FOR DETECTING
RHODAMINE B PIGMENT BY SURFACE-ENHANCED RAMAN SCATTERING
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. (EDS). The results showed that the microflower-like ZnO about 110
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eV and luminescence emission peak of 630.6 nm. ZnO-based SERS
substrate could detect RhB at trace concentrations with a limit of
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Rhodamine B micro ZnO ¢6 kich thuéc khoang 110 pm bao gdm céac tim phéng bé
. day 200 nm, cau trac tinh thé dang wurzite, nang luwong vung cam 2,94
Hap thu eV va phat xa ¢ 630,6 nm. Vat liéu hoa micro ZnO dugc dung lam dé
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1. Gioi thiéu

Tan xa Raman tang cudng bé mat (SERS) 13 mot phuong phap quang phé rat hiru ich nhu
khong pha hay mau trong viéc phan tich cac chat hitu co ¢ néng do vét (ppm) khi ching duoc
hap phu trén bé mat cua cac vat liéu c6 cau trac thich hop (goi 1a cac dé SERS) [1]. Tin hiéu
Raman duoc ting cuong manh trén cac dé micro/nano kim loai hodc ban dan so véi khi khong
dung dé. Bé phan tich va phat hién cac chét hiru co, thong thuong dua vao cac dao dong dic
trung cia pho tan xa Raman (dau vén tay phan tir) c¢6 thé xac dinh dugc cac chat dinh danh can
phan tich. Cac vét liéu dang dugc quan tim chu yéu dé 1am cac dé SERS thuong la cac kim loai
quy nhu bac, vang, ddng [2], [3] boi c6 hiéu wng cong huong plasmon bé mat (SPR) sinh ra do
dao dong tap thé cua cac electron trén b& mat kim loai tao ra mot truong dién tir cuc bo ting
cuong (EM), goi 1a cac diém nong (hot spots). Nho d6 ma tin hiéu SERS c¢6 thé ting cuong 1én
dén 10", Tuy nhién, vat liéu ban dan nhu ZnO chua dugc quan tim nghién ctru nhiéu cho tng
dung SERS. Véi vat liéu ZnO c6 nhiéu lgi thé c6 thé khai thac tir cic cau triic micro/nano nay
nhu tng dung rong rai trong cac linh vyc khac nhau dya trén kich thudc va hinh dang cta ching
[4], [5]. So V6i cac dé SERS lam tir kim loai, vat liéu ban dan ZnO ban than ching co cac dic
tinh quang hoc, héa hoc, dién hoc va xuc tac vo cung 1y tha [6], [7]. Hon nita, cac vat liéu ban
dan ZnO cho thidy mot sé dic tinh co thé kiém soat va diéu khién dé dang hon mot sé kim loai
nhu: d6 rong viing cam (Eg), su phat quang, d6 6n dinh va it suy giam hon khi chiéu xa [8].

Do d6, trong bai bao nay, tac gia trinh bay vat liéu ZnO dang hoa cé kich thudc micromet
dugc ché tao bang phwong phap thuy nhiét di tir tién chat ZnSO, véi sy c6 mat cua NaOH. Cac
tinh chat cua vat liéu sau khi ché tao dugc khao sat day du dé boc 16 rd cac tinh chat quang, cau
trac tinh thé va thanh phan hoa hoc cac nguyén t6. Cubi cing vat liéu hoa micro ZnO duoc thir
nghiém phat hién chat mau Rhodamine B (RhB) ¢ nong do thip biang phd tan xa Raman ting
cudng bé mit.

2. Phwong phap nghién ciru

Cho tir tir 30mL NaOH 1,5M vao 50 mL dung dich ZnSO, 0,5M dén khi pH = 8, khuiy 15
phiit. Sau d6 siéu 4m (Elma S10, Dwuc) 30 phit voi cong suét siéu am 550W. Tiép tuc xu 1y thuy
nhiét & 180°C trong 32h, thu duoc két tua trang. Két tua dugc loc rira bang nudc cat va ruou
etylic, sau d6 dwoc siy kho ¢ 100°C thu duoc bot ZnO.

Phan (g dién ra trong qua trinh tong hop vat liéu ZnO dugc thé hién nhu duéi day:

Znso, +  NaOH —  Zn(OH), (1)
o]

Zn(OH), L zZo o+ HO @)

3. Két qua va ban luin
3.1. Hinh thdi va kich thudc

Vit liéu ZnO sau khi ché tao duoc quan sat dudi kinh hién vi dién tir quét (SEM) dé khao sat
hinh thai bé mit va kich thudc cta chung. Hinh 1 thé hién anh SEM cua cic micro ZnO dang hoa
¢ cac do phong dai khac nhau. Dé dang quan sat théy cac micro hoa ZnO c6 kich thudc khoang
110 pm (hinh 1a,b), chiung gom tap hop nhing tam ZnO phang ghép lai c6 bé day 'khoang 200
nm (hinh 1d). Xen ke gitra cac tam phang ZnO0 la céac khe trong hep va nhiéu canh sic nhon, day
1a diéu kién thuan loi dé cac phan tir cin phan tich dé dang hap phuy trén bé mat vat ligu.
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Hlnh 1. Anh SEM cua vdt liéu ZnO 0 cdc do phong dai khdc nhau (a) 15kV, (b) 10kV,
(c) 8kV va (d) SkV

3.2. Céu triic tinh thé va thanh phin hod hoc

Dé nghién ctru cAu trac tinh thé cua ZnO, phuong phap gian dd nhidu xa tia X duoc lya chon
1a phtt hop. Hinh 2a biéu dién gian d6 nhiéu xa tia X (XRD) cua vat liéu ZnO sau khi ché tao
dang bot. Két qua phan tich chi ra ring chung cé cau tric tinh thé dang wurtzite luc giac véi cac
thong s6 mang duoc so sanh vé6i thé PDF chuan (JCPDS, No. 790205 cia ZnO) [9], va d6a =b
=0,3242 nm; ¢ = 0,5188 nm; o. = B = 90° y = 120°; thudc nhém khdng gian P6/3mc. 9 dinh chinh
XUt hién & cac goc 260 twong tng; 20 = 31,6; 34,3; 36,3; 47,4; 56,4; 62,7; 66,3; 67,7; 69,1 twong
{rmg cac mit tinh thé (100); (002); (101); (102); (110); (103); (200); (112) va (201). Cac dinh tai
cac mat tinh thé cho thay c6 cudng d6 manh va sic nét, hep ching to cac vat liéu ZnO thu duoc
c6 do két tinh cao, khong c6 cac dinh khac xuat hién trong khoang tir 30° dén 70° khang dinh
rang vat liéu thu dugc c6 do sach cao. Tir d6 ban rong cua cac dinh trong gian d6 XRD, kich
thudc tinh thé (D) duoc tinh theo cong thirc Debye-Scherrer [10]:

_ ka 3
[3cosO @)

Véi k = 0,893 1a hing sé Scherrer, A = 0,154056 nm la budc song cia tia X, p 1a do ban rong
ctia dinh phd (hinh 2b) va 0 1a goc nhidu xa cua dinh tuong Gng. Két qua vé cac gia tri kich thudc
tinh thé theo cac mat (100), (002), (101), (102), (110), (103), (200), (112), (201) nhan dugc twong
tng lan luot bang 48,43; 48,96; 47,32; 43,64; 39,54; 37,89; 41,56; 36,21; 36,91 nm. Két qua nay
kha phu hop véi mot s6 cong bd truge [10], [11]. Dé thay 1 hon céu trac ban dn ZnO va thanh
phan hoa hoc, k¥ thuat phd tan sic nang lugng (EDX) di duoc sir dung. Hinh 2d thé hién pho tan
sac nang lugng cua micro ZnO dang hoa twong Gng ving chup anh SEM trong hinh 2c¢. Cac
nguyén td Zn boc 16 rd & hiéu dién thé 1 keV; 8,7 keV va 9,6 keV trong khi nguyén t6 O c6 mat &
0,55 keV.

http://jst.tnu.edu.vn 5 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 227(16):3-9

600 600
a = b
(@) = R (b) =
500 + a i S 500 S
= g 3 =
A ~i o >
S 4004 & 3 +5 400
= S5 i S
-~ g g
‘,8' 300 g ;g 300
D a8 S o
5 200 g 2 £ £ 200 03
5 9
© 100 l O 1004
0 _JUJ L.JL\A/LA_J\_ 04
30 40 50 60 70 80 35 36 37 38
Goc 2 theta (d6) Goc 2 theta (dd)

IEo Weight%  Atomic%
T3 40.83 73.82
59.17 26.18

100.00

1 2 3 4 H
ul Scale 1185 cts Cursor: 12605 keV (1 cts)

500 um Electron image 1

Hinh 2. (a) Gian d6 nhiéu xa tia X, (b) B¢ ban réng phé cuc dai dién hinh ¢ mat tinh thé (101), (c,d)
twong ung anh SEM va phoé tdan sac nang lwong

3.3. Tinh chit quang

Tinh chat quang cua vat liéu hoa micro ZnO dugc khao sat bang phd hap thu UV-Vis, phé
huynh quang, phd tan xa Raman va pho hong ngoai bién doi Fourier. Nang luong Vung cam
quang cia mau ZnO duoc xac dinh tir két qua do UV-Vis. D6 hép thy cia cac hoa micro ZnO
dugc do trong khoang tir 300 nm dén 600 nm hién thi trong hinh 3a. Tir hinh 3a cho thay do hap
thu giam manh xung quanh bo hap thy, nang lugng viing cam (Eg) dugc ngi suy tir dinh luat Tau
(biéu thic 3) cho thay E4 nhan gia trj 2,94 eV [12]:

OLhV:A(hV—Eg)n (4)

trong d6 o 1a hang s6 hap thy, h 1a héng s6 Planck, v 1a tan sb cua anh sang t6i, hv la nang
lugng photon (eV), Eg la ndng lugng ving cam, A la hing s6 va n 1a chi s6 mi phu thudc vao ban
dan ving cam thing (n = 2) hoac vung cam xién (n=1/2). Do d6, d6 rong ving cam tryc tiép cua
cac cau tric ZnO c6 thé duoc udc tinh tir cac dd thi caa (ahv)? so véi hv (hinh duge thém vao
trong hinh 3a).

Hinh 3b biéu dién quang pho phat xa (PL) ctia hoa micro ZnO. D& dang quan sat thay mot dai
phat xa hep nam & khoang 385 nm c6 thé dwoc gan cho su phat xa exciton, d6 1a két qua cua su
tai hop cua cac hat mang dién ¢ trang thai bi bay mirc thap M¢t dai phat xa rong ¢ 630 nm la do
cac trang thai khuyet tat oxy cua cu tric micro ZnO. Didu nay phu hop véi cong bd trude day
[13]. Trong cong bd nay, dai phat xa cua cac hat nano ZnO c6 tim & khoang 530 nm ngan hon so
v6i nghién ciru cia chung t6i. Didu nay chung to, khi vat liéu ZnO chuyén sang dang hoa va c6
kich thuéc 16n hon thi dai phat xa da dich d6. Pho phéat xa phu thudc nhiéu vao kich thuéc coa
ciu trac ZnO, va dich v& budc song dai vi kich thudc cua cac hoa micro ZnO 16n hon nhiéu so
v6i kich thudce cua céc hat nano ZnO (dang Cau)

Dé thy rd hon vé cac dao dong trong cau tric nguyén tu cua vat licu, pho tan xa Raman (hay
tan xa khong dan hoi) 1a mot cong cu hitu hidu dé nghién ctru va mo ta cac mode dao dong cua
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Zn0, duoc thé hién trong hinh 3c. Phdé Raman cho thiy cic mode dién hinh dic trung cho cau
trac tinh thé wurtzite. Cac mode dao dong khac nhau tai diém T cua vung Brillouin dugc dy doan
boi 1y thuyét nhom 1a A; + 2B, +E; +2E,. Cac dao dong phonon quang hoc duge phén loai thanh
cac nhéanh chinh: dao dong mang tinh thé bao gom A; (cac nguyén tir chuyén dong song song Vi
truc ¢), E; (cac nguyén tir chuyen dong vudng goc voi truc ¢), mode dao dong tan sb thap E, (dao
dong cua mang phu Zn), mode tan sb cao E, (dao dong cua mang phu oxy) [14]. Ché d6 A, duoc
tach thanh cac mode phonon quang hoc ngang (TO) va quang hoc doc (LO). Mode E; ¢6 lién
quan dén cac khuyét tat nhu thiéu oxy, cac khuyét tat phic tap cua kém [15]. Mode A; va E; 1a
cac mode phan cuc va mode hoat dong Raman. Mode B; 1a mode Raman khong hoat dong do cac
khuyét trong mang chii. Hinh 3¢ biéu dién phd Raman cua vt liéu ZnO, cic mode dao dong khac
nhau tuong Gng véi ZnO duoc quan sat & ~ 95, 334, 440, 581 va 1145 cm™. Hai mode Raman trung
tam hoat dong ¢ trang thai khong phan cuc ¢ 95 va 581 cm™ duge mé ta boi cac quy tic chon loc
Raman cho cau triic wurtzite. Cac cuc dai yéu ¢ 334 cm™ va 440 cm™ tuong (ng véi mode & tan sé
thap va tan s6 cao E, ciia Cau trac wurtzite tuong Gmg. Hinh 3d thé hién phd hong ngoai bién ddi
Fourier (FTIR) tuong Gng. Mot dai rong & 3431 cm™ va 1632 ecm™ dugc quy cho sy c6 mit cua
nhém OH’ do céc phan tir nudc hap thu tir hoi 4m trong qua trinh bao quan va do dac.
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Hinh 3. (a) Pho hdp thu UV-Vis, (b) Pho huynh quang, (c) Phé tdn xa Raman va
(d) Phé héng ngoai bién doi Fourier

3.4. Hoat djong SERS

Dé danh gia kha ning hoat dong tan xa Raman ting cuong bé mat (SERS) cua hoa micro
ZnO, mét loat cac dung dich Rhodamin B (RhB) c¢6 ndng dd tir 10 dén 10® M da duoc chuén bj
truéc bang cach pha lodng bang nudc ct. Phan tich SERS cua cic phan tir RhB duoc hap phu
trén ZnO dugc thyc hién bang cach s dung laser 532 nm (xanh 14) kich thich. Cac phép do
SERS dugc thuc hién sau khi dé SERS duoc lam khé hoan toan. Hinh 4a cho thiy phd Raman
ciia RhB (dang bot) trén dé Silic véi cac pic dic trung tir 621 cm™ dén 1650 cm™. Co mot dinh
dang ké trong phé SERS ¢ d6 dich Raman 1650 cm™ dwgc gan cho ché d6 kéo dai cua lién két C
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= C. Cac dinh yéu khac & phé Raman khoang 1200, 1281, 1358, 1507 va 1528 cm™ tuong ting
thudc cac mode dao dong tao vong xanthene, mode uén cau C - C, mode ubn C - H, mode ubn
vong thom C - C va mode vong thom C - H [16]. Cac pic dac trung (dau vén tay phan tir) nay
cling duoc tim thay trong truong hop phan tir RhB hap phu trén d¢é ZnO nhu trong hinh 4b. Trong
do vach ¢ 1650 cm’ ! tan xa manh nhat. Pay ciing 1a vach thuong dugc dung dé phat hiégn RhB ¢
nong do vét. biéu thu vi la cuong do SERS cua RhB trén bé mat ZnO da tang rat manh so véi
riéng RhB trén Silic. Pidu nay chiing to kha ning ting cuong tin hiéu Raman nhd c6 qua trinh
truyén dién tich trong ZnO va phan tir chat mau RhB [17]. Hinh 3b ciing cho thdy khi nong do
ciia RhB dén 10°M thi cac pic dic trung cua tin hiéu Raman khéng con quan sat dwoc nira,
chung t6 rang giGi han phat hién duge RhB trong nghién ciru nay 1a 107 M.
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Hinh 4. (2) Ph tdn xa Raman ciia bot RhB trén dé Silic, (b) Phé SERS cua RhB véi cdc nong do khdc
nhau tir 107 M dén 10 M trén dé ZnO sau khi diroc ché tao

4. Két luan

Céc hoa micro ZnO duoc ché tao bang phwong phap thuy nhiét c6 d6 két tinh cao, véi ning
luong ving cidm 2,94 eV va phat xa quang & 630,6 nm. Vat liéu ZnO tong hop c6 ciu trac
wurtzite va ¢6 do nhay cao trong tng dung phat hién chat mau RhB. Gigi han phat hién phan tir
RhB dat dén nong do vét 10”7 M. Két qua nay cho thay c6 thé sir dung cic hoa micro ZnO 1a cac
cam bién hoa hoc nhim phan tich va phat hién chat mau RhB trong nudc va tién téi trong céac
moi trudng (Mau thuc) vé vé sinh an toan thuc pham.
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