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Tong hop vit liéu nano ZnO pha tap Pr
va ing dung trong phan hity xanh methylene
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Cac hat nano kém oxit (Zn0) pha tap praseodymium (Pr) dwoc tong hop bang phwong phap két tia va nung & cac
nhiét dd 900, 1000 va 1100°C nham khao sat hoat tinh xic tic phan hiy xanh methylene (MB) cta chiing véi 4anh
sang mat troi. Cac dic trweng tinh chat cla cac hat nano ZnO pha tap dwoc xac dinh bang phwong phap nhiéu xa tia X
(XRD), phé hong ngoai bién déi Fourier (FTIR), kinh hién vi dién tir quét phat xa trweorng (FESEM) va phé hip thu UV-
Vis. Két qua phén tich FTIR va XRD chi¥ng t6 c6 cac lién két Pr-0 & cac hat ZnO pha tap Pr, véi ciu triic pha chinh la
wurtzite Zn0 vapha phantanlaPr0, .. Anh FESEM cho thiy, cac hat nano c6 kich thwéc nhé hon 100 nm, tuy nhién
van c6 hién twgng két tu hat sau khi nung. Hiéu suit xiic tic quang ctia ca ZnO don thuén va ZnO pha tap Pr déu giam
khi nhiét dé nung ting tir 900 1én 1100°C. Mau ZnO pha tap 0,5% khdi lwgng Pr va nung & 900°C thé hién hoat tinh
xtic tAc quang cao nhat, dat hiéu suit phan hily MB 13 99,0% sau 5 gi¢ phoi nang. Nhitrng két qua nay cho thay, pha
tap Pr 1a mot bién phap t6t dé cai thién hoat tinh xiic tac quang cua cac hat nano ZnO v&i birc xa mat trovi.

Tir khéa: nano ZnO, pha tap, phan hiy, praseodymium oxide, xanh methylene.
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Abstract:

Praseodymium (Pr)-doped ZnO nanoparticles were successfully synthesised via a precipitation method
and calcined at 900, 1000, and 1100°C to investigate their photocatalytic activity for the degradation of
methylene blue (MB) under sunlight. The properties of the doped ZnO nanoparticles were determined using
X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), field-emission scanning electron
microscopy (FESEM), and UV-Vis absorption spectroscopy. FTIR and XRD analyses confirmed the presence
of Pr-O bonds with wurtzite ZnO as the major phase and Pr O, as the dispersed phase. FESEM observations
showed that the nanoparticles were smaller than 100 nm; however, particle aggregation still occurred after
calcination. The photocatalytic efficiency of both pure ZnO and Pr-doped ZnO nanoparticles decreased as the
calcination temperature increased from 900 to 1100°C. ZnO doped with 0.5 wt.% Pr and calcined at 900°C
exhibited the highest photocatalytic activity, achieving 99.0% MB degradation after 5 h of solar irradiation.
These findings demonstrate that Pr doping is an effective strategy for improving the photocatalytic activity
of ZnO nanoparticles under solar irradiation.
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1. Dat van de

Zinc oxide (Zn0) dwoc xem la chat xuc tac day tiém
nang trong viéc phan hiy cac chat mau hiru co cling nhw
Khtt trung nwéc. So voi TiO, vamot s6 oxit ban dan kKhac,
ZnO c6 kha nang xuc tic quang héa cao hon nho kha
nang hip thu birc xa mat troi hiéu qua [1-3]. Tuy nhién,
Zn0 c6 nang lwong viung cAm kha 16n (3,27 eV), twong
rng vé&i ving anh sang cuwc tim, von chi chiém khoang
5% trong phd birc xa 4nh sdng mat trovi, nén hiéu qua xdc
tac quang trong diéu kién anh sdng ty nhién con han ché.
DE& ning cao hoat tinh xic tdc quang va mé rong pham vi
trng dung cta ZnO, diéu cén thiét 1a thu hep dwgc ning
lwgng ving cAm cia ZnO va han ché qua trinh tai hop
giita electron va 16 tréng quang sinh. Mot trong nhitng
phwong phap hiéu qua 1a pha tap (doping) kim loai, phi
kim hodc dong thoi cd hai vao mang ZnO, giup cai thién
ro rét hiéu suit xdc tdc quang cda vat liéu nay. Trén
thé gi¢i cling nhw tai Viét Nam, da c6 nhiéu céng trinh
nghién ctru vé vat liéu ZnO pha tap nham nang cao hiéu
qua quang xuc tac [4-6]. Pha tap dwoc xem la mot trong
nhitng phwong phap hiéu qua nhit trong viéc cai thién
hoat tinh quang xtc tac ctia ZnO. Viéc pha tap kim loai c6
thé lam thay d6i ciu tric viing nang lwong cua Zn0, ddong
thoi tao ra cac khuyét tat tinh thé, dién hinh 1a khuyét
tat 16 tréng oxy (V). Cac ion kim loai pha tap, dic biét la
nhitng kim loai da hoa tri, con c¢6 thé déng vai tro nhw cac
“bay” electron, két hop vé&i cac khuyét tat oxy, gop phan
thic diy qua trinh phén tach hiéu qua giira electron va
16 tréng quang sinh. Bén canh d6, pha tap kim loai con
gitlp m& rong kha nang hap thu 4nh sang cia ZnO sang
vung kha kién, nh& viéc tao ra cdc mirc nang lwong trung
gian trong ving cAm. Diéu nay gép phin ting cwong
dang ké hoat tinh quang xtc tac dudi anh sdng mat troi.
Cac nghién ctru vé ZnO pha tap praseodymium va nghién
ctru kha nang xidc tac quang cia n6 da cho thiy kha nang
xUc tac phan hiy Rhodamine B ctia né dwdi anh sang
mat troi [7]. Nghién cru nay trinh bay viéc téng hop vat
liéu ZnO pha tap Pr bang phwong phap két tia. Cac dic
trung tinh chat va ciu tric cda vat liéu nano ZnO pha
tap Pr cling nhw kha ndang quang xudc tac phan hiy xanh
methylene (MB) duwéi dnh sang mat troi cling dwgc trinh
bay va thao luin chi tiét.

2. \iat liéu va phuong phap nghién cifu
2.1. Nguyén liéu va héa chdt

Nano kém oxit ZnO (nZnO, 99,5%, kich thwéc
hat trung binh 100 nm; praseodymium (III) nitrate
hexahydrate (Pr(NO,)..6H,0, 99,99%) duoc cung cap béi
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Hang Aladdin (Trung Qudc). Diethanolamine (DEA, 99%,
di-etanol amin), dang long, dwoc cung cip bdi Céng
ty TOC Glycol Chemical (Thai Lan). Phenolphthalein
(C,,H,,0,), dung dich amoniac (NH,, 25-28%), xanh
methylene (C, H ,CIN,S, 99%), dwoc san xudt béi Cong

ty Hoa chéat Xilong (Trung Quéc).
2.2. Ché'tao mdu nano ZnO pha tap Pr

Quy trinh ché& tao mAu hat nZnOPr0,5% (bang 1) dwoc
thwc hién nhw sau: 5 g nano ZnO dwoc phan tan trong 20
g nwéc cit va khudy déu trong 20 phut. Tiép theo, 0,133
g Pr(NO,),-6H,0 dwoc thém vao cung vai giot dung dich
phenolphthalein 1% lam chi thi. DEA dwoc nhé dan dén
khi dung dich chuyén sang mau hong nhat, dung dich
duwoc khudy thém 1 gio. Chat ran thu dwoc thu hodi bang
quy trinh ly tdm (6000 vong/pht, trong 6 phtt) va rira
lai 2-3 IAn bang nwéc cat hodc cho dén khi dung dich rira
dat pH 7, sau d6 sdy kho & 110°C trong 24 gi®, nghién
min va nung & 900, 1000 va 1100°C. Mau sau khi nung
ti€p tuc dwoc nghién lai va ry qua sang 160 um, cudi
cung dugc bao quan trong lo kin. MAu nZnOPr3% ciing
dwoc ché tao twong tu.

Bang 1. Thanh phan va khéi lwong (g) cua cac chat dung trong
téng hop cac nano ZnO pha tap Pr.

STT Kyhiéumau ZnO Pr(NO,),.6H,0 DEA  Nwdrccit
1 nZnO 5 0 0 20,0
2 nZnOPr0,5% 5,00 0,133 0,096 20,0
3 nZnOPr3% 4,88 0,798 0,579 20,0

2.3. Ddc trwng tinh chdt

FTIR: Phd hong ngoai bién d6i Fourier (FTIR) cta
mau bot nZnO va nZnOPr dwoc ghi trén may quang phd
hong ngoai bién déi Fourier Nicolet iS10, Hing Thermo
Scientific & nhiét dé phong, trong khoang 4000-400 cm™!
véi @6 phan giai 4 cm™ va 32 lan quét, stt dung phwong
phap ép vién KBr.

XRD: Phwong phép nhiéu xa tia X (XRD) ciia cAc mau
bot nZnO va nZnOPr dwgc phan tich bing may do nhiéu
xa D8-Advance v¢i birc xa Cu K_hoat dong & 40 kV/25
mA véi buédc séng A=1,5406A.

SEM: Hinh thai cdu truc cia miu nZnO va nZnOPr
dwoc quan sat bang cach st dung kinh hién vi dién t
quét phat xa trueong JSM-IT800 Hang Jeol, Nhat Ban.

UV-Vis: May do quang phé UV-Vis S80, Hang Biochrom
dwoc str dung dé phan tich phé hdp thu UV-Vis ctia bot
nZnO ban dau va nZnOPr sau khi nung v&i khodng buéc
séng 400-800 nm, dung moi so sanh la nwéc, ham lwong
chat ran dwoc st dung 12 0,006 mg/ml.



2.4. banh gia hoat tinh quang xiic tdc cta vt liéu
dwdi dnh sang mdt troi

Cac dung dich MB chuin vé&i cic nong dd twong
trng (C,,) duwoc ghi pho hap thu UV-Vis va xac dinh
do6 hdp thu (A) dic trung cia xanh methylene & buéc
song khoang 665 nm. P hip thu A dugc xac dinh bang
khodang cach tir dinh dic trung 665 nm cta phé UV-Vis
dén duong co s& (base-line) tao bdi cac chan day thip
gan nhat véi dinh dic treng nay. K&t qua xac dinh dwong
chudn do hip thu A theo nong do C ctia MB duwoc xac
dinh bé&i phwong trinh A=0,0412xC_, v&i hé s6 twong
quan R?=0,996 (hinh 1).
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Hinh 1. Pwéng chuén dé hap thu A theo ndng d6 xanh methylene (MB).

Cac 6ng nghiém chtra cac chit rdn nZnO va nZnO-
Pr0,5% (0,006 mg/ml) dwoc phoi dwdi 4anh nang mat
troi (trong khoang tir 10A.M-15P.M) vao cic ngdy ning
cho dén khi mat mau. Thoi gian 1dy maula 0, 3, 5 gio. Mau
dung dich dwoc do quang phd UV-Vis va xac dinh cwong
d6 hip thu & budc séng 665
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3. Két qua va ban luan
3.1. Phé héng ngoai ciia mdu nZn0 va nZnOPr

Hinh 2 13 ph6 hdng ngoai (FTIR) clia mau nZnO va
nZnOPr vé&i cdc ham lwong Pr khac nhau. Hinh 2A cho
thdy dao dong hoa tri (v) ctia Zn-0 trong mang tinh thé
xult hién & 436 cm™ [11]. Cac peak hdp thu & 3448 cm™
va 1634 cm™1a dic trung ctia v(OH) bé mat [11]. Khi pha
tap v6i Pr, ph6 FTIR cta cdc mAu nZnOPr0,5% (hinh 2B)
va nZnOPr3% (hinh 2C) xuét hién thém cic peak hip
thu méi, 1an lwot & 1101 va 984 cm™ (mau ZnOPr0,5%)
va & cac vi tri 1070, 1113 cm™ va 1187 cm™ (v&i mau
nZnOPr3%), cé thé gan cho cac dao dong cua v(Pr-0)
[12]. Biéu nay la do cac hat Pr,0,, da hinh thanh trén bé
mat cac hat nZnO ban d4u. Co ché hinh thanh oxit nay 1a
sw tao thanh Pr(OH), & giai doan dau, sau d6 chuyén héa
thanh Pr 0., trong qua trinh nung & nhiét do cao.

3.2. Phé nhiéu xa tia X ctia mdu nZnO va nZnOPr &
cdc néng dé khdc nhau

Hinh 3 1a c4c phd nhiéu xa tia X (XRD) cia cAc mau
nZnO, nZnOPr0,5% va nZnOPr3%. Hinh 3A cho thiy
cac peak nhiéu xa dic trung clia ZnO (phu hop véi thé
chuén JCPDS 01-082-9744 cta ZnO dang wurtzite, hay
con dwoc goi 1a Zincite) twong ng v&i cdc mat tinh thé
(100), (002), (101), (102), (110), (103) va (11-2). Khi
ham lwgng Pr tang tir 0,5% 1én 3%, cic phé XRD trong
hinh 3B va 3C cho thiy sw xuit hién ciia mot sé dinh

nm. Hiéu suit (H, %) phan
huy MB tinh theo céng thirc:
H(%)=(C,-C)/C,x100%,
trong dé, C_la nong do MB
ban dau, C: nong do MB sau
khi phoi nang va 1y mau
dung dich & thoi diém t (h).
H ciing c6 két qua twong tw
khi tinh thong qua cong thirc:
H(%)=(A -A)/A x100%,
trong d6 A la do cao peak
dac trung & 665 nm cia pho
UV-Vis cila mau & thoi diém
ban dau, A la dd cao peak
dac trung ciia mau dung dich

Pb truyén qua

{A): nZnQ

(B): nZnOPr0,5%

{C): nZnOPri%

sau khi da phoi ning va lay
mau dung dich & thoi diém
t (h) [8-10].
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Hinh 2. Phé FT-IR cia mau nZnO (A), nZnOPr0,5% (B) va nZnOPr3% (C).
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con ré rang nhw & mau ban dau, chirng

+ Zincite g

& PrOy e té qua trinh tong hop hat nZnOPr c6 thé
o Pro, § - g & da lam bién d6i bé mat cac hat nano ZnO,
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o nét goéc canh hon. Hinh 4C thé hién hinh
g N thai bé mit cia mau nZnOPr3% chua
§ —B:nZnOP0,5% . jt }L { + nung, trong d6 ngoai cac hat nano ZnO
© A con quan sat dwgc sy xuat hién cia mot
+ ciu truc hat khac, phin bo xen ké va cé
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Hinh 3. Phé XRD ctia miu nZnO (A), nZnOPr0,5% (B) va nZnOPr3% (C).

nhiéu xa m&i, mic du khong that su ro nét. P6i véi mau
nZnOPr0,5%, cé hai dinh méi tai cac goc 26 la 28,65° va
33,20° (phu hop véi thé JCPDS 01-075-6705 cua Pr0,).
Hinh 3C thé hién rd hon véi bén dinh méi tai cac vi tri
28,25°,32,74°, 46,99° va 55,71° (phu hop véi thé chuin
JCPDS 00-042-1121 ctia Pr,0, ) [13, 14].

3.3. Hinh thdi va kich thwéc clia mdu nZnO va
nZnOPr

Hinh 4 12 4&nh FESEM ctia miu nZnO ban d4u (nung
900°C), mAu nZnOPr0,5% (nung 900°C) va maiu
nZnOPr3% chwa nung va sau khi
nung & 900°C. Hinh 4A cho thay
hinh thai bé mit cia mau nZnoO,
trong do cac hat c6 hinh dang gan
véi luc gide. Hinh dang nay phu
hop véi cu tric wurtzite ciia ZnO
nhw da dwoc xac nhan béi két qua
XRD (hinh 3). Dwéi tac dung cda
qué trinh sdy va nung, cic hat
nano ZnO so c4p cé xu hwong két  F i
dinh thanh tirng cum v&i s6 lwong
2-10 hat so cap. Phan 16n hat so
cip c6 kich thwéc nhé hon 100
nm. Hinh 4B la anh FESEM cua
cac hat nano nZnOPr0,5%, trong
do6 phan tng két tlia dan dén sw
tao thanh Pr(OH), tir Pr(NO,), da
xUc tién qua trinh lién két cac hat

9

IMS-NKL 5.0kV 5.3mm x100k S

nano Zn0. Mic du vay, phan l6n
cac hat so c4p van gitt duwoc déu
c6 kich thwéc nhé hon 100 nm.
Hinh dang da giac cia hat khong

JHOAHOC . -

Hinh 4. Anh FESEM ctia m4u nZnO nung & 900°C (A), nZnOPr0,5% nung & 900°C (B), nZnOPr3%
chwa nung (C) va nZnOPr3% nung & 900°C (D).

tir tién chat Pr(NO,), trong qua trinh két
tia, gbép phan lam bién déi dic trung bé
mit so véi mau nZnO ban dau. Cac hat
nano ZnO0 phan b6 kha roi rac, bé mat go ghé va ton tai
nhiéu khoang tréng gitra cic cum hat, ching c6 xu hwéng
két tu nhwng chwa hinh thanh bién hat ré rang. Trong khi
do, hinh 4D 1a danh FESEM ctia mau nZnOPr3% sau khi
nung & 900°C. Sau khi nung, pha Pr oxide gin nhw khong
con quan sat thiy & dang hat riéng ré. Quan sat kj hon
cho thdy céc ciu truc cé thé gan véi Pr oxide da phan bg
& vung bién hat ZnO, goi y rang Pr c6 thé ton tai & trang
thai pha phu rat min hoic da twong tac truc ti€p véi ranh
gi¢i hat ZnO. Cac hat da phat trién 1én hon, bién hat tré
nén ro nét va hién twong két khéi thé hién ro rét, din dén
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ciu truc diac hon. Qua trinh nung ciing thic diy sw két
tinh, khién bé mat hat tr& nén dong déu va gidm dang ké

dd x0p so véi mau chwa nung.

3.4. Kha ndng phan hity MB ctia cdc mdu nZnO va
nZnOPr

Hinh 5 trinh bay phd hip thu UV-Vis cia dung dich MB
str dung mau nZnO nung & cac nhiét dd khac nhau (900-
1100°C) lam xuc tic phan hiy, trong khi hinh 6 thé hién
phé h4p thu twong (ng khi st dung mau nZnOPr0,5%
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1am xuc tac quang. Nhin chung, cAc mau nZnO va nZnOPr
déu cho hiéu qua xic tac quang t6t, dd hap thu cda dinh
tai 665 nm déu rit thip va gin nhu bang nhau sau 5 gid
phoi ndng. Tuy vay, kha ning xtic tic phan huy cta ca hai
mAu nZnO va nZnOPr déu c6 xu hwéng gidm, khi tang
nhiét do nung. Sau 5 gi phoi nang, hiéu suit phan hay
MB ctia mau nZnO nung & 900, 1000 va 1100°C Ian lwot
12 58,2; 41,2 va 32,4%. Khi str dung m&u nZnOPr nung &
900, 1000 va 1100°C, hiéu sudt phan hiy MB dat [an lwot
12 63,4; 48,5 va 33,8%. Nhw vay, sau 3 gi¢ phoi ning mau
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Hinh 5. Phé UV-Vis cua dung dich MB chira cac miu nZnO nung & cac nhiét dé khac nhau, trwéc va sau khi phoi ndng (A), hiéu suét
phan hay MB cia cac dung dich chira mau nZnO theo th&i gian phoi ndng (B).
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Hinh 6. Phd UV-Vis ctia dung dich MB chira cac mau nZnOPr0,5% nung & cac nhiét dé khac nhau, trwéc va sau khi phoi ndng (A), hiéu
suat phan huy MB cua cac dung dich chira mau nZnOPr0,5% nung & cac nhiét dd khac nhau (B).
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dung dich chira nZnOPr0,5% nung & 900°C c6 d6 hap
thu A gidm rd hon so véi mau nZnO.

Sau 5 gio phoi nang, hiéu suit phan hiy MB ctia miu
nZnO nung & 900, 1000 va 1100°C Ian lwot 12 98,0; 94,4
va 91,0%. Khi stt dung mau nZnOPr0,5% nung & 900,
1000 va 1100°C, hiéu suit phan huy MB dat l4n lwot
12 99,0; 95,3 va 93,6%. C6 thé thiy, mau nZnOPr0,5%
nung & 900°C c6 do hip thu thip nhit sau 5 gior phoi
nang, MB gan nhw mat mau hoan toan trong 6ng nghiém,
twong &ng véi hiéu suit phan huy tinh dwoc 13 99,0%.
Hiéu suit quang xtic tac cao ciia mau nZnOPr0,5% nung
& 900°C c6 thé duogc ly gidi bdi viéc vat lidu git lai mot
mic do cao cac khuyét tit mang tinh thé, dac biét 1a cac
16 tréng oxy, khi nung & nhiét do twong ddi thip [12].
Nhirng khuyét tat nay déng vai tro quan trong trong viéc
kéo dai thoi gian s6ng ctia cac cdp electron - 16 trong, tir
d6 ning cao hiéu qua quang xuc tac. Két qua nay ciing
goi y rang viéc tiép tuc gidm nhiét dd nung va/hoic toi
wu héa phwong phéap téng hop cé thé 1a huwdéng di tiém
nang dé tiép tuc cai thién hiéu suit xic tic quang cla vat
liéu nZnO pha tap Pr, vi du nhw déng thoi hinh thanh ciu
tric nano cia nZnO va Pr,0, .

4. Két luan

MAu nZnO pha tap Pr (nZnOPr) dd dwgc téng hop
thanh céng bang phwong phdp két tia. Phé FTIR cho
thdy sw xult hién cic peak dic trung cta lién két Pr-
0. Phé XRD cho thdy nZnOPr c6 ciu trdc cha yéu la
hexagonal wurtzite cia ZnO, dong thoi xudt hién Pr,0,,
véi ham lwong nho. Anh FESEM cho thdy vatliéu nZnOPr
thu dwoc & dang hat véi kich thwéce trung binh dwéi
100 nm. Ca hai vat liéu nZnO va nZnOPr déu thé hién
kha nang xtic tdc quang trong phan hiy MB, trong do,
mau nZnOPr0,5% nung & 900°C cho hiéu qud phédn hiy
MB ngoai tréi cao hon so véi cdc mau nung & 1000°C va
1100°C. Sau 5 gi¢ phoi sdng, vat liéu nZnOPr0,5% gan
nhw 1dam mat mau hoan toan MB, véi hiéu suit dat téi
99,0%.

LO1 CAM ON

Nghién ctru nay dworc tai trg bdi B Khoa hoc va Cong
nghé (MOST) cho dé tai véi ma sé PTPLCN.22/23. Cac

tac gid xin chan thanh cdm on.

%H%-IE 68(8) 8.2026

TAI LIEU THAM KHAO

[1] N.T. Huong (2012), Preparation and Optical Properties of
Zn0 Nanomaterials, Master's Thesis, Vietnam National University
(in Vietnamese).

[2] F. Moosavi, G. Neri (2023), “Effect of Pb doping on the
structural, optical and electrical properties of sol-gel ZnO
nanoparticles”, Discover Materials, 3(1), DOI: 10.1007/s43939-
023-00066-2.

[3] R. Ullah, J. Dutta (2008), “Photocatalytic degradation of
organic dyes with manganese-doped ZnO nanoparticles”, Journal
of Hazardous Materials, 156(1), pp.194-200, DOI: 10.1016/j.
jhazmat.2007.12.033.

[4] N.T.T. Loan, N.Q. Hai (2014), “Study the -catalytic
decomposition of phenol red ZnO nanomaterials doped Ce
and Mn”, Journal of Analytical Sciences, 19(4), pp.39-43 (in
Vietnamese).

[5] PT.L. Huong, L.T. Thao, T.T.M. Man, et al. (2023), “Synthesis
of Cr* doped ZnO nano materials for visible light photocatalytic
applications”, Journal of Science and Transport Technology, 3(4),
pp.1-7, DOI: 10.58845/jstt.utt.2023.vn.3.4.1-7 (in Vietnamese).

[6] D.T.B. Hop, N.V. Cuong, H.Q. Thuan, et al. (2023), “Effect
of the Ce®* concentration on the crystallite structure and optical
properties of ZnO nanomaterials synthesised by sol-gel method”,
Vietnam Journal of Science and Technology-MOST, 65(11), pp.63-
68, DOI: 10.31276/V]ST.65(11).63-68 (in Vietnamese).

[7] J.L. Chen, N. Li, N. Devi, et al. (2018), “Synthesis of Pr-doped
ZnO nanoparticles: Their structural, optical, and photocatalytic
properties”, Chinese Physics B, 27(8), DO0I:10.1088/1674-
1056/27/8/086102.

[8] N.T. Dung (2006), Analytical Chemistry, Part IIl: Chemical
Quantitative Methods, Vietnam Education Publishing House,
318pp (in Vietnamese).

[9] V.D. Do (2001), Physical Analytical Methods in Chemistry,
Vietnam Education Publishing House, 217pp (in Vietnamese).

[10] T.T. Hieu (2003), Spectrophotometric Analysis by UV-Vis
Absorption, VNU Publishing House, 226pp (in Vietnamese).

[11] Z.L. Wang (2004), “Zinc oxide nanostructures: Growth,
properties and applications”, Journal of Physics: Condensed.
Matter, 16(25), DOI: 10.1088/0953-8984/16/25/R01.

[12] B. Matovic, J. Maletaskic, M. b. Prekajski, N. Radmilovi¢,
D. Bucevac, T. Minovi¢, M. Cebela (2013), “Synthesis and
characterization of Pr,0,, nanopowders”, Ceramics International,

39, pp.3151-3155. DOI: 10.1016/j.ceramint.2012.09.098.

[13] A.B. Djurisi¢, Y.H. Leung (2006), “Optical properties of
ZnO nanostructures” Small, 2(8-9), pp.944-961, DOI: 10.1002/
smll.200600134.

[14] 1. Aritman, H. Gergeroglu, N. Sakar (2021), “Comparative
study on structural and optical features of undoped and Eu** doped
Pr,0,, synthesized via sol-gel and flame spray pyrolysis”, Open

Ceramics (5), p-100038. DOI: 10.1016/j.oceram.2020.100038.

13



