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ABSTRACT

The source of clean, dry red peony leaves has been carefully packaged
and preserved. Then the red peony leaves were extracted to get the
extracts solution at the optimum extraction temperature, extraction time
and leaves sample weight. The precursor material used to prepare ZnO
nanoparticles with spherical wurtzite structure was zinc acetate
dihydrate salt (Zn(O2CCHs)2.2H20) with the reducing and stabilized
agent being flavonoid extraction from red peony leaves. The structure
and characterizations of the fabricated ZnO nanoparticles were studied
by measurement methods such as XRD, SEM, EDX, reflectance spectra.
The study results showed that the extraction parameters of peony
leaves to obtain the optimal flavonoid extraction yield were red peony
leaves weight of 20 grams extracted in 100 ml of distilled water,
extraction time of 60 minutes and extraction temperature of 70 °C. ZnO
spherical wurtzite nanoparticles were prepared by wet chemical method
at low temperature of 110 °C, with particle size according to SEM were
about of 200-400 nm. The band gap was determined by the Kubelka-
Munk method to achieve Egx 3.05-3.17 eV. The ZnO spherical wurtzite
nanoparticles were prepared in this our study with further purposes will
be modified to reduce the Eg bandgap energy for applications as
highly effective absorbents, photocatalysts in the visible light region.

Gidi thiéu chung

Ung dung quang dién t& budc song ngan [6-8]. Vat
liéu ZnO c¢ lgi thé la co nhiéu dang hinh thai nhat nhu

TU nam 1960 cho dén nay, vat liéu kém oxit (ZnO) cau
trdc nano da nhan dugc sy chud y réng rai do hiéu suét
néi bat trong cac linh vuc dién t&, quang hoc va quang
dién t&, cdm bién, dau do, chat xic tac, pin mat trdi,
m§ pham, Iinh vuc thuée [1-5]. ZnO la chét ban dan co
nang lugng vung cdm réng (Eg= 3,37 eV) va nang
lugng lién két exciton cao (60 meV) thich hap cho cac

day nano, 6ng nano, thanh nano, hinh chép, hinh cau,
rau, hoa,... dugc diéu chinh bdi nhiéu yéu té trong
phucng phap ché tao vat liéu [9-12]. ZnO kich ¢& nano
(ZnO NPs) dugc néi bat nhat véi Ung dung lam chét
hdp phu, hiéu qua hap phu cta vat liéu nay dat cao
hon han so vdi cac chat hap thu khac nhu phét phat,
oxit sat va than hoat tinh déi véi luu huynh @€ loai bo
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cac hgp chét va HzS, do nhiét déng hoc sunfua hdéa
thuén Igi hon [13]. Ngoai ra, trong mét s6 tai liéu cling
dugc bao cao la ZnO NPs con cé tac dung ly thd nlia
dé 1a su hdp thu hiéu qua kim loai nang tU dung dich
nudc [14]. Vat liéu ZnO NPs c6 sy da dang vé phuong
phéap ché tao da dugc phat trién nhu téng hop hoéa
hoc udt, ky thuat sol-gel, phdn (ng pha khi, két tua
hoa hoc, nhiét phan phun, phuong phép thay nhiét,...
[7-10,12-15]. Trong nhing nam gan day, cac Ung dung
phu thudc vao hinh thai hoc, kich thudc cla vat liéu
nano cling dugc quan tdm nghién clu. Sy thay déi vé
hinh théi, kich thudc hat nano cho nhiing kha nang
Ung dung vat liéu khac nhau [15-18]. Viéc ché tao vat
liéu nano ZnO ndi riéng va vat liéu nano ndi chung
trudc day van sit dung phuong phap hoa hoc va
phuang phép vat ly thdng thudng. Tuy nhién, gan day
cac nghién cltu da luu y dén phuong phap téng hop
xanh st dung cac ngudn nguyén liéu tu nhién nhu vi
sinh vat, ndm, chiét xudt tir thuc vat dé téng hop véat
liéu nano, va dugc dé xuét la gidi phap thay thé day
hla hen cho phuong phap hda hoc, vat ly théng
thudng. Phuong phép téng hap xanh c6 dé hap dan
cao do la phuong phép nay don gidn va hiéu qua vé
chi phi, loai bd nhu cau st dung vat liéu & nhiém cho
moi trudng [19-23]. VGi nhitng phan tich trén, trong
nghién cliu nay da tién hanh ché tao vat liéu bt nano
kém oxit (ZnO NPs) theo phuong phép tng hop xanh
st dung dung dich chiét la cay mau don do lam chat
khir va chét én dinh. Mét co ché dudc dé suét cho ché
tao ZnO NPs vdi dich chiét 14 cay mau don dé (ndi
riéng) va dich chiét thuc vat (néi chung) biéu thi theo
Hinh 1 [24-25]. Diéu kién t6i uu dé chiét la cay mau
don do da dugc khdo sat. Cac dac tinh cau trdc va
hinh thai hoc bé mat ctia bét nano ZnO ciling da dugc
khao sat va trinh bay trong bai viét.

Zn(NO;3), —> - Zn*. + NO:&

I OH
OH O o 2

Quercetin tir dich chiét thwe vt
Chat kiny [Zn(OH):* . ZnO_A+

san pham phu

Flavonoid

Alkaloid”  Chét on dinh

Hinh 1: CG ché dé xuat ché tao ZnO NPs
Thuc nghiém va phuong phap nghién cdu
Héa chat
Kém acetat dihydrat (Zn(O2CCH3)2.2H0 99%, AR-

China); Natri hidroxit (NaOH 98%, AR-China); Axit
clohydric (HCI' 35%, AR-China); Ethanol (CoHsOH

issue 3 (2023) 107-13

99,7%, AR-China), nudc cét 2 lan, 14 cay mau don dé
sach, khd mua trén thi trudng da dong goi can than.

Quy trinh thuc nghiém
Quy trinh chiét dung dich ld mau don dé

Nguyén liéu 1& cdy mau don do dugc dem rifa sach
bang nudc may roi trang lai véi nudc cat. Mau 1a dé
kho & nhiét do phong. Cat nhd déu mau nguyén liéu 14
cay theo kich thudc 10x1 mm roi dem di chiét & céc
diéu kién khac nhau vé khéi lugng, nhiét dé, thai gian.
Nguyén liéu 14 dugc can vdi khéi lugng m (gam) xéc
dinh cho vao céc thuy tinh chiu nhiét dung tich 250 ml
chiia 100 ml nudc cét. Hé cbe thay tinh chiu nhiét nay
dugc dat trén may khudy tir co gia nhiét & nhiét do va
thai gian xac dinh. Sau d6 dem chiét bang binh chiét
thly tinh thu dugc dung dich chiét [a mau don dé. Cac
théng s6 vé thai gian khudy, nhiét do khudy va khdi
Iugng mau nguyén liéu 14 cdy mau don dé dugc khao
sat. Mau dung dich chiét dugc dem do quang phd hép
thu trén may do UV-Vis dé lua chon dung dich chiét
t6i wu chudn bi cho quy trinh ché tao bét nano kém
oxit (ZnO). Hinh 2 la sg d6 quy trinh chiét dung dich la
cay mau don do.
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Hinh 2: Quy trinh chiét dung dich 1& cay mau don do

Quy trinh ché tao bét nano kém oxit (ZnO) véi nguyén
lieu dau la mudi  kém  acetat  dihydrat
(Zn(O>CCH3)2.2H2>0)

Sau khi khdo sat cac diéu kién chiét 1& mau don do,
dung dich chiét t6i uu da dugc lya chon lam tac nhan
khir trong quy trinh ché tao bot nano ZnO. Bot nano
kém oxit dugc téng hap bang phuang phap téng hop
xanh nhu sau: Mét khéi lugng can chinh xéc 5,48 gam
7Zn(02CCH3)2.2H20 dugc hoa tan trong 50 ml nudc cat
trén may khudy tir dé dugc dung dich kém nitrat 0,5 M
trong sudt. Tiép theo, thém tU tUr dung dich chiét 14
mau don do vai cac thé tich 1an lugt 1a 25 ml, 50 ml,
100 ml vao dung dich mudi kém 0,5 M van dé & diéu
kién khudy tU lién tuc trong thdi gian 4 giG va gia nhiét
3 nhiét d6 70 °C. Sau qué trinh khudy cé gia nhiét,
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dung dich hén hap khudy hinh thanh cac hat dang hat
nho i ti Io Itng trong dung dich va dugc dem sdy & 110
°C trong 24 gid. San phdm cudi cung thu dugc & dang
bét min c6 mau trang nga la cac mau bt nano ZnO.
Cac mau san phdm bét nano ZnO nay dugc ky hiéu
mau tuong Ung vdi cac thé tich dung dich chiét [a mau
don & trén la Z1, Z2 va Z3. Hinh 3 la sa do quy trinh
ché tao bét nano ZnO st dung dung dich chiét la cay
mau don do.

Zn(0pCCHy) 2H:0
(5,48 gam)

[ |

Dung dich chiet la

Dung dich mudi kém 0,5M - .
18 e ' mau dom do (V ml)

G ihabt & 70 0C, 4 pib

Dung dich Zn0 ton tai &
dang huyen phi

Shy 110 %C, 24 gior

Bét nano Zn0
miy tring nga

Hinh 3: SG dd quy trinh ché tao bét nano ZnO (Z1, Z2
va Z3) st dung dung dich chiét 14 cdy mau don dé

Céac dac tinh cla vat liéu ché tao dugc do bang céc
phuong phap vat ly hién dai bao gébm: Phuang phép
nhiéu xa tia X (XRD, X'pert Pro), vdi tia blc xa Cu-K*
(A\=1,54065 A), t6c d6 quét 0.03°/2s, géc quét 20~ 25-
75% phuong phap hién vi dién t&r quét/phd tan xa
néng lugng (SEM/EDX, Hitachi TM4000 Plus); phucng
phép phé phan xa (UV-Vis Varian), st dung qué cau
tich hgp 60 mm (ISV-922), t6¢ db quét 200 nm/min.

Ké&t qua va thao luan
Khdo sdt digu kién téi uu chiét ld mdu don dd

Khdo sdt theo thoi gian: Khéi lugng 1a mau don do cat
nhd dugc 1dy m= 10 gam, nhiét d6 khudy & 70 °C. Thai
gian khudy thay ddi 1a 30 phut, 45 phut, 60 phut va 75
phut. Cac mau dung dich chiét 1a mau don do theo
thdi gian khudy tuong Ung & trén dugc ky hiéu lan luct
3 T30, Tas, Teo va T7s. Thong s6 clia cac mau chiét 14
khdo sat theo thdi gian dugc thé hién & Bang 1. Két
quéa phd hép thu clia cac mau dung dich chiét 14 mau
don do Tao, Tas, Teo va T7s dudc thé hién & Hinh 4a.
Hinh 4b 13 anh chup cac mau dung dich chiét 14 mau
dan do Tso, Tas, Teo va T7s la phan hinh chén trong Hinh
4a. TU két qua khdo sat & Hinh 4(a,b) cho thay: vdi
cung diéu kién chiét va chi thay déi thong s6 thdi gian
thi dinh phé hdp thu dugc tang dan theo thdi gian
khudy 30-60 phdt. Nhung khi thai gian khudy tang dén

75 phut thi dinh phé hap thu lai gidm xuéng. Diéu nay
cho thdy khi tdng thdi gian khudy dén mét khoang thai
gian nhat dinh thi lugng chiét dung dich s& dat dén gia
tri gidi han. Do d¢, thdi gian t6i uu dugc lua chon cho
chiét dung dich 1a mau don do dugc xac dinh 1a 60
phut.

Bang 1: Thong s6 clia cac mau chiét 1a mau don do

khéo sat theo thai gian T3o, Tas, Teo va T7s
Miu  Théi gian (phat)  Khéi lwong (gam) Nhiétdd (°C)  Nude cét (ml)

T 30 10 70 100
Tis IS 10 70 100
T 60 10 70 100
Trs 7 10 70 100
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Hinh 4(a,b): a-Phé hép thu clia cac mau dung dich
chiét 14 theo thdi gian Tso, Tas, Teo va Trs; b-dung dich
chiét 14 clia cac mau Tso, Tas, Teo va T7s

Khdo sdt theo khéi lugng: Khéi luong 1& mau don dd
cét nho dugc I3y thay d6i m= 10 gam, 20 gam, 30 gam
va 40 gam, thdi gian khudy la 60 phut, nhiét d6 khudy
70 °C. Cac mau dung dich chiét 14 mau don do theo
khoi lugng tuang Ung & trén dugc ky hiéu lan luct la
Mo, M2o, M3o v& Mao. Thong s6 clia cac mau chiét 14
khao sat theo khéi lugng dugc thé hién & Bang 2. Két
quéa phd hép thu clia cac mau dung dich chiét 14 mau
don dd Mio, Mzo, M3o va Mzo dudc thé hién & Hinh 5a.
Bang 2: Thong s6 clia cac méau chiét 1& mau don do
khao sat theo khéi lugng Mio, M2o, M3o va Mag

Méu Thi gian (phat)  Khéi lwong (gam)  Nhiét dé (°C)  Nude cét (ml)
Mie 10 60 70 100

Mo 20 60 70 100
Mao 30 60 70 100
Mo 40 60 70 100

Hinh anh chup cac mau dung dich chiét 14 mau don do
Mio, M2o, M3o va Mo la phé&n hinh chen trong Hinh 5a
(Hinh 5b). K&t qua cho thdy & khdi lugng chiét 20 gam
cho dinh phé hédp thu cla dung dich chiét la cao nhét.
Khi tang khéi lugng la chiét tir 10 gam 1én 20 gam thi
dinh phé hép thu tang Ién, nhung khi tang khéi lugng
lén 30 gam thi dinh phd hép thu c6 dau hiéu khéng
tang nlfa, khéi lugng tang 1én dén 40 gam thi dinh phd
hap thu giam dan. Do dé khéi luang chiét 1& mau don
do t6i uu dugc lya chon la m= 20 gam.
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Hinh 5(a,b): a-Phd hap thu clia cac mau dung dich
chiét 14 theo theo khéi lugng Mio, Mzo, M3o va Mag; b-
dung dich chiét 1a clia cac mau Mo, Mo, M3o va Mg

Khdo sdt theo nhiét do: Khéi luong 1& mau don do cét
nhd dugc Iy thay d&i m= 20 gam, thdi gian khudy 1a
60 phut, nhiét d6 khudy thay déi 60 °C, 70 °C, 80 °C va
100 °C. Cac mau dung dich chiét 1a mau don do theo
nhiét dé tucong Uing & trén dugc ky hiéu [an lugt 1a Neo,
N7o, Ngo va Nio. Théng s6 clia cac mau chiét 1a khao
sat theo nhiét do dugc thé hién & Bang 3. Két qua phd
hdp thu cta cac mau dung dich chiét Ia mau don do
Neo, N7o, Nso va Nioo ducc thé hién & Hinh 6a.

Bang 3: Théng s6 cac mau chiét 1a mau don dé khao
sat theo nhiét do Neo, N7o, Nao va Nioo

Mau  Thoi gian (phit)  Khoi heong (cam)  Nhiétdo (°C)  Nue ct (ml)
Nan 60 2 60 100
Nn 0 2 60 100
Nu 80 2 60 100
Nin 100 2 60 100
20
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Hinh 6(a,b): a-Ph& hap thu clia cac mau dung dich
chiét 14 theo theo nhiét d& Nso, N7o, Nso va Nioo; b-
dung dich chiét 14 clia cac mau Neo, N7o, Neo va Nigo

Hinh anh chup cac mau dung dich chiét 14 mau don do
Neo, N7o, Nso va Nigo la phdn hinh chen trong Hinh 6a
(Hinh 6b). Két qua khao sat cho thdy & diéu kién chiét
70 °C cho dinh phd hép thu cao nhét. Khi tang nhiét
do khudy tir 60 °C 1én 70 °C thi dinh phd hép thu tang
nhanh, nhung khi nhiét d6 khudy dugc tang Ién tiép
tuc dén 80°C trg 1én dén 100°C thi dinh phé hép thuy lai
gidm xudng. Biéu nay chiing t6 & khoang nhiét do tu

80 °C va cao hon la vugt qué nhiét do cho phép dé
chiét dung dich 14. Do d6 lua chon nhiét d6 téi uu dé
chiét 1a mau don dé 1a 70 °C.

Qua trinh khéo sét cac thong s vé thdi gian chiét, khéi
luong &4 mau don dé va nhiét dé chiét cho thu dudc
diéu kién chiét 14 mau don thich hop la khéi lugng 14
mau don do m= 20 gam chiét trong 100 ml nudc cét,
thdi gian khudy 60 phut, nhiét do khudy 70 °C. Tu két
qua phé hdp thu dung dich chiét cho thdy dinh phd
hép thu & vi trf budc séng A= 370 nm tuang Ung vdi
phé hap thu cla chat Quecetin mét dang flavonoid co
trong dich chiét tham gia vao qué trinh téng hgp kém
oxit [19-23]. Hinh 7 I3 biéu dién phd hdp thu Uv-Vis
ctia dung dich chiét 14 mau don do & diéu kién téi uu.
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Hinh 7: Ph& hap thu Uv-vis clia dung dich chiét 14 mau

don dé & diéu kién t8i uu

Khdo sdt cdc ddc tinh ctia mdu bot nano ZnO

Intensity (a.u)

30 35 40 45 50 55 &0 [ 70
2 Theta (degree)

Hinh 8: Phé& nhiéu xa tia X clia cac mau bdt nano ZnO

Két qua phS nhiéu xa tia X (XRD) cla cac mau bot
nano ZnO (Z1, Z2 va Z3) dugc thé hién & Hinh 8. Theo
két qua phan tich phé XRD cho thdy cac mau bét nano
Z1, Z2 va Z3 déu cho phé nhiéu xa vai cac dinh phd &
cac vi trf géc nhidu xa 20~ 31,6° 34,2°, 36,05° 47,8°;
62,6° va 67,7° tuong Ung vdi ho mat mang tinh thé
(100); (002); (101); (102);(110) va (112) cla pha luc giac
Wurtzite ZnO (JCPDS card No. 89-7102). Céc dinh phd
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nhiéu xa déu dugc md rong cho théy 1a vat liéu bot
Zn0O ché tao dugc cd kich thudc nano-mét [16,17].
Ngoai ra, trén gian do phé XRD clia cac mau Z1, Z2 va
73 déu khéng quan sat thdy su xudt hién dinh phd
nhiéu xa nao dudc cho 1a clia nguyén t8 Zn hodc cla
hop chét khac clia Zn. Biéu nay cho thdy cac mau ZnO
da ché tao dugc & dang dan pha Wurtzite ZnO.

Hién vi dién tir quét (SEM) clia cac mau bét nano ZnO
(21, Z2 va 73) dudc thé hién trén Hinh 9. Theo két qua
hinh SEM (Hinh 9) cho thdy: cac mau Z1 ¢ hinh thai
hat tinh thé dang gan hinh cau va cé su két dam lai véi
nhau. Mau Z2 cé hinh théi hat tinh thé dang hinh cau
r& nét hon han vdi su phan bé kich thude hat tuong
déi dong déu, kich thudc dusng kinh hat tinh thé hinh
cau nay c& khoang ~0,4-1 um. Mau Z3 thi céc hat tinh
thé & dang tdm co su két dam vai nhau. Nhu vy, mau
bét nano ZnO vdi thé tich dung dich chiét 1 mau don
dd 14 50 ml (m3u Z2) da tao dudc nano ZnO hinh
dang cdu ré nét. Cling trong nghién clu trudc cla
chiing t6i, vdi viéc st dung chét hoat déng bé mat la
HMTA d& ché tao dugc hat nano ZnO & dang thanh
nano vdi bé day thanh ~200-300 nm, chiéu dai thanh
~1-2,5 um [18].

Hinh 9: Hién vi dién tir quét (SEM) clia cac mau bot
nano ZnQO (Z1, Z2 va Z3)
Diéu nay cho thay la hoan toan co thé diéu chinh dugc
hinh dang hat tinh thé, thich thudc hat tinh thé trong
nghién cltu ché tao vat liéu nano ZnO ndi riéng va vat
liéu nano oxit ban dan khac noi chung. Béc tinh cé thé
diéu chinh dugc hinh dang hat tinh thé, thich thudc hat
tinh thé 1a diéu mong mudn trong nghién clu ché tao
vat liéu nano dé dat dudc nhiing tinh chét ing dung
theo mong mudn [1,15-18]. K&t qua khao sat phd tan xa
nang luong tia X (EDX) clia cac mau bot nano ZnO (71,
72 va 73) dugc thé hién & Hinh 10. Trén hinh phé EDX
(Hinh 10) cho thdy cac mau Z1, Z2 va 73 déu co cac
dinh phé dac trung clia cac nguyén t6 Zn, O. Ngoai ra,

trén phd EDX khéng thdy co xuét hién dinh phé cia
nguyén t& la nao khac ntta. Nhu véy trong mau ché
tao bt nano thu dugc chi cd nguyén té Zn va O. Vay
o thé théy la vat liéu ché tao dugc 1a bét nano ZnO di
tir dung dich chiét 1a 14 cady mau don dé. Thém na,
két qua EDX con cho thdy cac mau bét nano ZnO ché
tao khdng cé chifa tap chét trong thanh phan cau tao.
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Hinh 10: Ph& tan xa nang lugng tia X (EDX) cla cac
mau bdt nano ZnO (Z1, Z2 va Z3)

PhS phan xa cla cac mau vat liéu bét nano ZnO (Z1,
72 va 73) dudc biéu dién theo Hinh 11a. Trén hinh phd
phan xa Hinh 11a cho théy: trong ving budc séng 300-
400 nm doé phadn xa nhd, dugc tang tur 5-25%. Trong
vung budc song khodng 400-800 nm thi dé phan xa
tdng nhanh lén dén 52-55%. Diéu nay cho thdy cac
mau bét nano ZnO phan xa manh trong ving anh
sang kha kién phu hgp vaéi do phéan xa cla vat liéu
Zn0O theo cac tai liéu tham khao [1,6-8,10-12].
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Hinh 11(a,b,c,d): Phé phan xa clia cac mau bodt nano
Zn0O (21, Z2 va Z3) (a); dd thi phu thudc clia ham
(F(R)hv)"? theo ndng Iugng song anh sang hv clia cac
mau Z1(b), Z2 (c) va Z3 (d)
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Mau Z2 c6 db phan xa thdp hon mau Z1, Z3 trong
vung budc song kha kién 400-800 nm, cho thay la do
hdp thu clia mau Z2 16n hon cac mau 71, Z3 trong
vung anh sang kha kién. Phuang phép Kubelka-Munk
[17,19] dugc st dung dé xac dinh dé réng vung cdm
quang (Eg) clia cac mau Z1, Z2 va 73 theo do thi phu
thudc clia ham (FR)hw) - hv (Hinh 11(b,c,d)) véi dtr
liéu dua trén phé phan xa. Tiép tuyén dugc ldy tai ving
tuyén tinh nhét cla do thi (FR)hv)"? - hv cat giao vdi
truc néng lugng hv cho xac dinh gia tri cla dé réng
vling cdm quang. Theo dé, gia tri Eg clia cac mau Z1,
72 va 73 dugc xac dinh 1an lugt 1a 3,10, 3,05 va 3,17 eV.
So vdi gia tri Eg clia mau ZnO ché tao theo phuong
phap thong thudng 1a 3,37 eV [1,6-8,10-12] thi cac mau
Zn0O ché tao vdi viéc st dung dung dich chiét tir 14 cay
mau don dé cé gia tri nang lugng ving cdm quang
dugc lam hep han. Viéc lam gidm nang lugng ving
cam quang ciing la mét trong nhiing dac tinh mong
mudn trong nghién ctu ché tao vat liéu nano ZnO NPs
[1,7,12].

K&t luén

D3 khao st dugc diéu kién t6i uu dé chiét dung dich 14
cay mau don do lam lam chat khir va chat én dinh
trong ché tao bét nano ZnO (khéi lugng 1& 20 gam,
thdi gian chiét 60 phut va nhiét @6 chiét 70 °C). Vdi thé
tich dung dich chiét thay déi 25 ml, 50 ml, 100 ml d
ché tao dugc bét ZnO don pha Wurtzite kich thudc
nano-mét. O thé tich dung dich chiét nha 25 ml, 50 m
d& tao dugc ZnO & hinh dang hat tinh thé hinh cau.
Hat tinh thé hinh cau rat r6 nét dat dugc clia mau
nano ZnO vdi dung dich chiét & mau don dé la 50 ml
(mau Z2), véi kich thudc hat phan bé tuong déi dong
déu va kich thudc dudng kinh hat tinh thé hinh cau
~0,4-1 um. Cac mau bot nano ZnO ché tao co phd
phan xa manh (d6 phan xa t&i 52-55%.) trong vung
anh sang kha kién. D6 réng vung cdm quang (EQ)
dugc xac dinh theo phucng phap Kubelka-Munk c6
gia tri trong khoang 3,05-3,17 eV dat nhd hon so vdi
vat liéu ZnO (Eg=~ 3,37 eV) dudc ché tao theo phuong
phap thdng thuong.

Ldi cdm an

Nghién cu nay dugc tai trg bdi Trudng Dai hoc Bach
Khoa Ha N&i (HUST) cla dé tai khoa hoc va cong nghé
cép BO ma s¢ CT2022.04. BKA.05.

Tai liéu tham khao

Z. L. Wang, J. Phys.: Condens. Matter 16 (2004)
R829-R858.

https://10.1088/0953-8984/16/25/R01

VD Mote, Y Purushotham and BN Dole, J.
Theoretical and Applied Phys 6 (2012) 8 pages.
https://10.1186/2251-7235-6-6

L. Wu, Y. Wu, X. Pan and F. Kong, Opt. Mater. 28
(2006) 418-422. Doi:10.1016/j.0ptmat.2005.03.007

L. Wu, Y. Wu and W. LU, Physica E: 28 (2005) 76-
82.

https://10.1016/j.physe.2005.02.005

Paula Judith Perez Espitia et al., Food Bioprocess
Technol 5 (2012) 1447-1464.
https://10.1007/s11947-012-0797-6

J.L. Gomez and O. Tigli, J. Mater. Sci. 48 (2013) 612-
624.

https://10.1007/510853-012-6938-5

P. Dhiman, R. Rani and M.Singh, Solid State Physics
1447 (2012) 307-308.

https://10.1063/1.4710002

M. Silambarasan, S. Saravanan, T. Soga, ChemTech
Res. 7(3) (2015) 1644-1650. International Conference
on Nanoscience and Nanotechnology-2015 SRM
University, Chennai, India.

SAA. Azzez et al, International Conference on
Nano-electronic Technology Devices and Materials
020034 (2015) (1-5).

https://10.1063/1.4948852

K.Edalatia, A.Shakibab, J.V.Khakia, S.M.Zebarjad,
Mater. Research Bulletin 74 (2016) 374-379.
https://doi.org/10.1016/j.materresbull.2015.11.001

X U. Ozgur et al,, J. Appl. Phys. 98 (2005).
https://10.1063/1.1992666

CH. Lu, CH. Yeh, Ceram. Int. 26 (2000) 351-357.
https://10.1016/50272-8842(99)00063-2

K.H. Hassan, Z.AA. Khammas, AM Rahman, Al-
Khwarizmi Eng. J. 4(3) (2008) 74-84

X.B. Wang et al,, J. Mater. Chem. , 20(39) (2010)
8582-8590.

https://10.1039/C0JM01024C

S.S. Alias et al., J. Alloys Compd. 499 (2010) 231-237.
https://doi.org/10.1016/j jallcom.2010.03.174
Mritunjaya Parashar, Vivek Kumar Shukla, 3rd
International Conference on Condensed Matter and
Applied  Physics  (2220)  020143-1-020143-3.
https://doi.org/10.1063/5.0005478

R. Bhardwaj et al, Heliyon e00594 (2018) (1-21).
https://10.1016/j.heliyon.2018.e00594

Nguyen Thi Tuyet Mai, Dang Thi Minh Hue, Tran
Thi Thu Huyen, Nguyen Thi Lan, Nguyen Kim Nga,

https://doi.org/10.51316/jca.2023.055
12


https://doi.org/10.51316/jca.2023.055
https://doi.org/10.1016/j.materresbull.2015.11.001
http://dx.doi.org/10.1016/S0272-8842(99)00063-2
http://dx.doi.org/10.1039/C0JM01024C
https://doi.org/10.1016/j.jallcom.2010.03.174
https://doi.org/10.1063/5.0005478

19.

20.

21.

Vietnam Journal of Catalysis and Adsorption, 12 —issue 3 (2023) 107-113

Trinh Xuan Anh, Ta Ngoc Dung, Huynh Dang
Chinh, Nguyen Cong Tu, Luu Thi Lan Anh, Vietnam
J. Catalysis and Adsorption 10(3) (2021) 34-39.
https://doi.org/10.51316/jca.2021.047

J.O. Primo et al., Frontiers in Chemistry Vol 8 (2020)
Article 571790.

https://10.3389/fchem.2020.571790

H. Agarwal et al, Efficient Technologies 3 (2017)
406-413.

https://10.1016/j.reffit.2017.03.002

N. Matinise, M. Maaza, Elsevier Limited 406 (2017)
339-347. D0i:10.1016/j.apsusc.2017.01.219

22. T.

23.

24.

25.

Prasad, Materials Science in
(2015)  55-61.

Bhuyan, R.
Semiconductor  Processing 32
https://10.1016/j.mssp.2014.12.053
K. Ali, M.S. A. Said, J. Colloid and Interface Sci. 472
(2016) 145-156.

https://10.1016/}.jcis.2016.03.021

H. Agarwal et al., Resource-Efficient Technologies 3
(2017) 406-413.

https://10.1016/j.reffit.2017.03.002

K.M. Ezealisiji et al., International Nano Letters 9
(2019) 99-107.

https://10.1007/s40089-018-0263-1

https://doi.org/10.51316/jca.2023.055
13


https://doi.org/10.51316/jca.2023.055
https://doi.org/10.51316/jca.2021.047



