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Tém tiit:

Trong nghién ciru nay, vét liéu nano ZnO pha tap Ce** (Zn, O: xCe’*) dugc ché tao thanh cong bang phuong phap sol-gel. Két qua phan
tich glan db nhiu xa tia X (XRD) va phd Raman cho thay, P ndng d9 pha tap 1%, ion Ce** da thay thé cho ion Zn?". Tuy nhién khi pha
tap & nong d9 16m hon (3 va 5%), bén canh sy thay thé c6 sw hinh thanh pha méi CeO, ngin can qua trinh Khuéch tan ion Ce** vao mang
nen. Quan sat anh hién vi dién tlr quét phat xa trlro’ng (FESEM) cho thay vt li¢u thu dugc c6 dang hat véi kich thude c& vai chuc nano
mét. Phd tan sdc ning lrgng tia X (EDS) va phd EDS mapping chi ra ring, vt liéu nano Zn_0:xCe* (x=1- -5) thu dwgrc co do sach cao
va nguyen to Ce phan b dong déu trong mau. Phé UV-Vis x4c nhin twong tac manh gllra lon Ce3+ v6i mang nén ZnO din dén tang kha
niang hap thu 4nh sang trong viing nhin thy. Phd huynh quang (PL) ciia ZnO cho thiy ton tai 2 ving phat xa: phat xa trong vung tir
ngoai gan (NUV) xung quanh budc séng 389 nm c6 nguon goc tir qua trinh tai hop giira cic dién tir 6 ving dn v6i 1 trong ¢ viing héa
tri (tai hgp vung - vung: NBE); phat xa trong vung nhm thiy tai cwe dai 650 nm lién quan dén cac  trang thai sai héng nhu nut khuyet
oxy (V) hoac/va nit vj tri dién ké oxy (0). So véi miu ZnO, phd PL ciia miu Zn, O:xCe’* cho thdy phat xa ving nhin thiy xuét hi¢n
dinh méi tai budée song 580 nm lién quan dén chuyen mirc 3d — 4f ciia ion Ce*". Trong khi cwong do dinh 580 nm ting 1én thi cwong do
dinh 389 giam d4ng ké khi ndng d pha tap ting dan tir 1 dén 5%. Diéu nay cé nghia la Ce** di giy tre ché qua trinh t4i hgp NBE ciia

ZnO va do d6 né cé tiém niing lén trong linh vire quang xvic tac dwdi kich thich ciia anh sang nhin théy.

Tir khéa: hat nano ZnO/CeO,, hat nano Zn,_0:xCe*, huynh quang, pha tap Ce*".

Chi 6 phin logi: 2.9

1. M6 dau

Kém oxit (ZnO) dugce biét dén 1a chat ban din ving cim thing,
do rong vung cam 16n (~3,37 eV tai nhiét d§ phong), nang luong li¢u
két exciton cao (~60 meV), da dugc nghién ciu trong nhiéu tmg dung
khéc nhau nhu quang dién tir, cam bién, lwu trir ning luong, quang
xuc tac [1-5]. Trong linh vyc quang xuc tac, ZnO dang dugc cac nha
khoa hoc quan tam sau séc béi ddy 1a loai vt liéu c6 d6 bén nhiét cao,
d& ché tao, gia thanh ré va dac bi¢t 1a than thién v6i moi truong [,
4, 5]. Véi ning lwong ving cam 16n, ZnO thuong co hoat tinh quang
xtic tac dudi kich thich ctia 4nh sang ving can tir ngoai (UV). Hon thé
nita, qu trinh tai hop giita dién tir kich thich va 16 trong ¢ ZnO 16n s&
dan dén hiéu qua phan hity chdt mau chua cao [6]. Do d6, dé img dung
loai vat li¢u nay trong linh vuc quang xtic tdc dudi kich thich cta anh
sang nhin thiy, viéc nghién ciru dé dich chuyén bd hap thy ctia ZnO
tir UV vé ving 4nh sang nhin thiy, va dong thoi ngan chan qua trinh
tai hop cap dién tir - lo trong kich thich 1a hai vén dé thach thirc hién
nay. Dé giai quyét van dé nay, cac nghién ctru chi ra rang ¢6 thé lai
hoa ZnO véi cac chit ban dan do rong ving cAm hep hon (dlen hinh
nhu Fe,0 ) [7, 8] hodc pha tap véi cac ion kim loai chuyén tiép hay
klm 10a1 dat hiém [9, 10]. Khi ZnO dugc pha tap ion k1m loai chuyen
tiép hodc dat hiém sé tao ra cac muc ning lvong méi nam gitra chat
ban dan ZnO, hoat dong nhu céc tam biy dién tir hodc bay 16 trdng.
Chinh c4c tim biy nay s& lam cho bd ving hap thu cta ZnO bi dich
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chuyén vé vung anh sang nhin thdy, ngan chin qué trinh ti hop bo
ving va dan dén tang kha nang phén huy chat mau trong moi trudng
nuoc [10]. Trong s6 cac ion kim loai chuyén tiép va dat hiém, cac
nghién ciru chi ra ring, ion Cr** khi dugc pha tap vao cac mang nén
khéc nhau, hdp thu manh & hai ving 4nh sang tim - xanh duong xung
quanh budc song 380-450 nm va vung xanh 14 - d6 ¢ budc séng 500-
600 nm [11], trong khi ion Ce** cho hap thy trong vung xanh duong
& bude song 400-450 nm [12]. Sw dich chuyén ving hép thu gdy boi
céc ion Cr*', Ce* ¢6 thé gy ra e ché tai hop cua cdc cap dién tur - 16
trong bd ving cia ZnO. Diéu nay s& dan dén ting cuong hoat tinh
quang xtc tac [13]. Dién hinh nhu vat liéu nano ZnO:1%Cr** duoc
ché tao bing phuong phap sol-gel c6 thé ting cuong dang ké hiéu suét
phan hiy xanh methylen (MB) tir 59,8% (cho ZnO) 1én dén 93 5%
dudi kich thich ciia 4nh sang nhin thay [10]. Sy tang cudng hi¢u suat
phan hity d3 duoc 1y giai la do Cr** 1am giam sur tai hop cap dién tir - 16
trong kich thich va dan dén kéo dai thoi gian tuong tac giita 16 trong
va chat mau. Mot nghién ctru khac cua S. Kalpana va cs (2018) [14]
d4 nghién ciru anh huong cta ion Cr pha tap dén cau tric, tinh chat
quang va quang xuc tic cua ZnO. Céc tac gia st dung phuong phap
dong két tia dé ché tao ZnO:Cr** va nghién ctru hoat tinh quang xuc
tac ctia nd dudi kich thich ciia tia UV. Két qua cho thay, hi¢u suat phan
hiiy MB cua vat liéu ZnO:Cr** dudi kich thich UV sau 5 gio 1a 92,5%
trong moi truong axit thap. Trong so sanh kha nang phan hiy RhB ciia
ZnO pha tap La, Ce, Pr va Nd, J.C.G. Crisostomo va cs (2021) [15]
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Abstract:

In this study, Ce**-doped ZnO nanomaterials (Zn,_O:xCe* NPs)
were synthesised using the sol-gel method. X-ray diffraction
(XRD) pattern and Raman spectra analysis showed that at 1%
doping concentration, Zn*>* ions were replaced with Ce* ions in
the ZnO lattice. However, at higher concentrations (3 and 5%),
the CeO, phase was formed, preventing the diffusion process
of Ce* ions into the lattice. Field emission scanning electron
microscopy (FESEM) images showed that the obtained material
had a particle size of several tens of nanometers. X-ray energy
dispersive (EDS) spectroscopy and EDS mapping spectra revealed
that the synthesised Zn, O:xCe® NPs had high purity and the
Ce element was uniformly distributed in the sample. UV-Vis
spectroscopy confirmed the strong interaction between Ce** ions
and ZnO lattice, leading to increased light absorption in the visible
region. The photoluminescence (PL) spectrum of ZnO showed
two emission regions peaking at 389 and 650 nm, attributed to
band to band recombination and defect types of ZnO such as
oxygen vacancy (V) and/or oxygen interstitial (O), respectively.
In comparison with ZnO, the PL spectrum of Zn,_Ox:Ce* (x=1-5)
samples showed that the visible region emission appeared at new
peak at 580 nm originating to the 3d — 4f transition of Ce** ions.
As the doping concentration increased gradually from 1 to 5%,
the 580 nm peak intensity increased, and the 389 peak intensity
decreased significantly, indicating that Ce* ions inhibited the
NBE recombination process of ZnO. This study suggested that
Ce** doped ZnO NPs have a great potential for application in
visible-light photocatalysis.

Keywords:  Ce’*  doping, photoluminescence, ZnO/CeO,
nanoparticles, Zn,_ O:xCe** nanoparticles.
Classification number: 2.9
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da chimg minh rang, ZnO pha tap Ce ¢6 hiéu suét tt nhat (97,72%)
sau 90 phut chiéu sang UV. O mot nghién ctru khac, vat liéu nano t6
hop ZnO/Ce 0, co thé thu dugc hoat tinh quang xc tac tot dudi anh
sang nhin thay [16].

Trong nghién clru ndy, ching toi trinh bay phuong phap ché
tao cac hat nano ZnO pha tap Ce¥* bang phuong phap sol-gel. Anh
huong ciia ndng do pha tap Ce® 1én cdu tric tinh thé, hinh thai bé
mat, cac lién két, tinh chét quang vat li¢u nano ZnO dugc nghién cuu
théo ludn chi tiét. Md hinh gidi thich co ché phat xa trong vat li¢u
Zn,_O:x%Ce* da dugce dé xuit.

2. Thuc nghiém
2.1. Héa chit

Cachoa chat st dung dé ché tao vat lidu nano ZnO va ZnO pha tap
Ce’ bao gom mudi kém nitrat (Zn(NO,),.6H,0, Xuat xtr Merck voi
do tinh khiét 99,0%); mudi cerium nitrat (Ce(NO ) xuét xtt Merck
v6i do tinh khiét 99,0%); Acid citric (CHO,, xuét xir Merck véi do
tinh khiét 99,5% va nude khir ion.

2.2. Quy trinh thuc nghi¢m

Quy trinh thuc nghiém ché tao an_KO:xCe” bing phuong phap
sol-gel dugc chi ra ¢ hinh 1. Quy trinh gdm ¢6 4 bugc chinh sau: Dau
tién la hoa tan 2,0748 g mu01 Zn(NO,),.6H,0 va khéi lrong Ce(NO,),
tinh toan ty 1& pha tap theo sé mol 1, 3 5% Ce trong 200 ml nudc cat
hai 14n. Thém luong 2,8 g CHO,va khudy tir & nhiét do phong. Sau
d6, khudy tir ¢6 gia nhiét tai 80°C v01 thoi gian 5 gio trong moi trudng
khong khi dé thu duoc gel uét. Trong bude tiép theo, siy gel udt tai
150°C v6i thoi gian 10 gior trong moi truong khong khi dé thu duge
gel kho. Cubi cung 1a thiéu két gel kho tai 400°C v6i thoi gian 12 gio
trong moi truong khong khi thu duge vét liéu nano ZnO pha tap Ce**.
Chu y ring, vét liéu nano ZnO ciing duoc ché tao theo quy trinh ¢ hinh
| nhung khong c6 thanh phan mudi Ce(NO,),.

CH,0, =
\/ Gel wot Gol kiib
¢ Ce(NO,), c
:‘;“' Khudy ti Séy - e
80 °C, 5 gior 150 °C, 10 gio® . 2
Zn(NO,),.6H,0
Thiéu két 12°gi§
v
—————— - - =
| FESEM | ‘ I
XRD __Zno:ce” =3
l EDS/EDS mappmgl | a Ngh|én bang E-
Raman | <co| ma nao
UV-Vis | | [ —
lPr_ J [ |

Hinh 1. Quy trinh ché tao vat liéu nano Zn, 0O:xCe* bang phwong phap
sol-gel.

2.3. Cac phép phan tich

Céu triic ctia cac mau nghién ciru dugce xéc dinh théng qua XRD
st dung thiét bi D8 Advance, Bruker. Hinh thai bé mat va thanh phén
nguyén t6 hoa hoc cua cic miu duge quan sat bing FESEM dua trén
thiét bi tich hop FESEM-JEOL/JSM-7600F. Cac lién két ciia vat lidu
dugc xéc dinh bang pho tin xa Raman trén co s thiét bi Spectrum
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Two™ spectrometer (Perkin Elmer, My). Nghién ctru tinh chat quang
ctia vét liéu bang phé phan xa khuéch tan tir ngoai kha kién va PL st
dung thiét bi quang phd JASCO V-750 va Nanolog - Horiba Jobin
Yvon kich thich boi dén Xenon cong sudt 450 W. Tat ca cac phép do
déu dugc thyc hién ¢ nhiét do phong.

3. Ket qua va ban luan
3.1. Xac dinh cdu tric ciia vit liéu

XRD ctia miu ZnO va ZnO pha tap Ce* v6i cac ndng do khac
nhau tir 1 dén 5% mol duoc trinh bay ¢ hinh 2. Trén hinh 2A, nhém
nghién ciru thdy rang, gian dd XRD ciia mau ZnO (dwong mau den)
ton tai cac dinh nhidu xa tai goc 20=31,86, 34,51, 36,32, 47,60, 56,69,
62,94, 66,46, 68,05, va 69,02°, tuong tmg voi cac mit tinh thé (100),
(002), (101), (102), (110), (103), (200), (112) va (201) déc trung cho
vat liéu ZnO véi cdu tric hexagonal (theo thé chuan JCP DS No.
36-1451) [17, 18]. O ndng do pha tap thap, gian d6 XRD cua mau
Zn0:1%Ce** khong xuat hién bt cr pha la no khéac so voi mau ZnO.
Tuy nhién, c6 3 s khac biét trong gian d6 XRD ctia mau ZnO:1%Ce**
s0 voi mau ZnO d6 1a: cuong do cac dinh nhidu xa giam manh; ban
d6 rong vach phé c6 xu hudng ting 1én va co sw dich dinh nhiéu xa
vé phia géc 20 nho. Sy giam manh vé cuong do nhiéu xa va ban do
rong vach pho tang 1én c6 thé 1a lién quan dén giam kich thude tinh
thé ZnO [19]. Trong khi d6, su dich dinh nhidu xa co thé lién quan
dén sy pha tap ciia ion Ce** vao mang nén ZnO. Céc nghién cru trude
déy chi ra rang, khi ion pha tap c6 ban kinh 16n thay thé vao vi tri ion
bén kinh nho hon trong mang nén s& lam dinh nhiéu xa dich vé goc 20
nho. Nguogc lai, ion ban klnh nho thay thé vao vi tri ion ban kinh 1on
s& gay ra su dich dinh vé goc 26 16n hon. Trong truong hop ion pha
tap vao vi tri dién k& ctia céc 0 c0's0 ¢o thé khong gay ra sy dich dinh
nhiéu xa [20]. Co thé thay rang, ion Ce* ¢6 ban kinh 1,03 A 16n hon
50 voi ion Zn?" 13 0,74 A [16]. Do do, sy dich dinh nhidu xa vé goc 20
nho trong truong hop nay 1a do ion Ce** thay thé vao vi tri cta ion Zn?*
trong mang nén ZnO [21].
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Hinh 2. Gian d6 XRD cta mau ZnO va Zn, 0:x%Ce* (x=1-5) ché tao bang
phwong phap sol-gel.

Vi nong do Ce* pha tap 3 va 5%, chung toi nhan thy, gian do
XRD thé hién 3 sy khéc biét sau day: thir nhat 1a xuét hién pha tinh
thé moi CeO, v6i dinh nhiéu xa tai goc 26=28,86°, tuong ung vai mat
tinh thé (11 1) [21]; thir hai la cuong do cac dinh nhiéu xa dic trung
cho vat liéu ZnO giam dan, trong khi ban d¢ rong vach pho tang din
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(hinh 2A); thr ba 14 vi tri dinh nhiéu xa (vi du dinh 101) bi léch manh
vé phla g6c 20 nho hon (hinh 2B). De g1a1 thlch su thay d6i nay, ching
t6i tién hanh tinh toan céc thong s hang sé mang dua trén céc cong
thirc sau [1]:

sin(0) = 2 [£(h? + hk + k2) + £ | (1)

trong do: 0 1a goc nhiéu xa (radian); A 1a budc song tia X (trong phép
do nay chiing toi st dung A=1,54 A); a, ¢ 1a hing s6 mang (A) va (h k
1) 14 cac chi s6 Miller. Tir cong thirc (1), chung toi ldy chi s6 Miller (h,
k, 1) trén 2 mit tinh thé (100) va (002), khi d6 cac hing s6 mang (a, c)
va thé tich 6 co s (V) duge xéc dinh bang cac cong thie (2), (3) va
(4). Kich thudc tinh thé trung binh (D) s€ dugc tinh todn dya vao cong
thitc Debye-Scherrer’s (5) [22, 23].

= ﬁ @)
_ A

sino 3)

V = 0866Xa?Xc (4)

= Foss () 5)

V6i B 1a ban do rong vach phd nhiéu xa (radian) va K 1a hing
s Scherrer (¢ day K=0,9). Két qua tinh toan céc thong s6 mang (a,
¢), thé tich V va kich thudc tinh thé trung binh D ciia cac mau lan
lugt 1a ZnO (a=3,246 A, ¢=5,201 A, V=47,646 A, D=27,13 nm),
Zn0:1%Ce* (a=3,251 A, ¢=5201 A, V=47,705 A*, D=19,44 nm),
Zn0:3%Ce™ (2=3,251 A, ¢=5,213 A, V=47,734 A’, D=18,65 nm),
va Zn0:5%Ce** (a=3,251 A c=5 210A V=47,699 A*, D=19,44 nm).
Chung t6i théy rang, 1y 18 hang s6 mang c/a~1,60 cho tit ca cic mau,
didu nay chung to cdu tric ZnO hinh thanh 1a dang haxagonal [17].
So v6i mau ZnO (D~27,13 nm), kich thu6c tinh thé trung binh D cia
ZnO pha tap Ce** giam manh (1%, D~19,44 nm). Cac nha khoa hoc
Iy giai khi Ce** thay thé cho Zn?* trong mang nén ZnO s& hinh thanh
cac trang thai 6xy trén bé mit va 1am giam qua trinh phét trién tinh thé
ZnO [19]. Piéu nay din dén kich thudc tinh thé giam xudng va mo
rong ban do rong vach phé. Nhom nghién ciru ctia T.K. Pathak va cs
(2020) [24] cho rang, khi pha tap Ce** ¢ nong d6 cao s& hinh thanh céc
hat CeO, trén bé mit ctia ZnO va ngdn can sy phat trién tinh thé ZnO.
Trong khi do, L. Wang va cs (2017) [25] chi ra sy giam kich thudc tinh
thé ctia ZnO khi pha tap Ce ¢ ndng do cao la do c6 sy hinh thanh pha
méi Ce(OH), trong mAu.

So v6i mau ZnO, hing s6 mang a, ¢ cua tit ca cac mau ZnO:Ce**
déu ting, dan dén thé tich V ciing 16n hon. C6 thé thy ring, thé tich V
ting manh & nong do 1%, sau do tiép tuc ting nhe & 3% va giam nhe
tai 5%. Su tang manh thé tich V & nong do 1% duoc 1y giai 1a do cac
ion Ce** thay thé cho ion Zn*". Pén ndng do 3% thé tich V tiép tuc ting
nhe co thé vira xay ra sy thay thé cta ion Zn?* boi Ce** vira hinh thanh
cac hat CeO, trén bé mit ZnO. Nhu da bién luan phia trén, cac hat
CeO, s¢ ngan can qué trinh khuéch tan ion Ce** vao mang nén ZnO,
do do thé tich V ¢6 xu huéng gidm khi tiép tuc ting nong do 1én 5%.
Tir cac két qua phén tich trén, ching toi ¢6 thé két luan ring, miu ZnO
pha tap ndng do thép 1%, Ce** da duoc thay thé Zn*, & ndng do cao
hon 3 va 5%, Ce** vira thay thé cho Zn?* va vira tuong tac véi oxy dé
hinh thanh cac hat CeO, trén bé mat ZnO. Két qua nay ciing kha phu
hop voi nghién ciru ciia M.L.A. Letswalo va cs (2021) [26].
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3.2. Xdc dinh hinh thdi bé mdt va thanh phan nguyén té héa
hoc

Chung ta biét rang, viéc xac dinh hinh thai bé mat va cac tinh
chét cua vt liéu co ¥ nghia hét sttc quan trong trong dinh hudng
nghién ctru img dung cta ching. Do d6, chung t6i tién hanh do
anh FESEM cua mau ZnO, ZnO:x%Ce* (x=1, 3 va 5) va két qua
dugc trinh bay ¢ hinh 3. Tir hinh 3A ¢6 thé thy rang, cac hat
ZnO ché tao bang phuong phap sol-gel ¢c6 dang gan cau, phan
b6 kha dong déu. Kich thudc cac hat ZnO thu duge véi dudng
kinh hat tir vai dén vai chuc nano mét va c6 xu hudng co cum/két
tu tao thanh cac dam hat véi kich thudc 16n hon. Ching t6i nhan
thdy rang, khong c6 sy thay d6i nhiéu vé hinh thai bé mat cia mau
Zn0:x%Ce* (x=1, 3 va 5) so v6i mau ZnO.

Hinh 3. Anh FESEM cta miu ZnO (A) va Zn, 0:x%Ce* (x=1-5) ché tao
béng phwong phap sol-gel: 1% (B), 3% (C) va 5% (D).

Dé xac dinh do sach cua cac miu nghién ciru, ching toi tién
hanh do phd tan sic ning lugng tia X. Anh FESEM tuong tmg véi
phd EDS, EDS mapping ciia mau Zn0:5%Ce* dugc trinh bay ¢
hinh 4. Anh FESEM trén hinh 4A chi ra ving do ph6 EDS (khung
vién mau xanh) va tuong tmg v6i két qua phd EDS chi ra trén
hinh 4B. C6 thé thdy rang, pho EDS cho thay chi ton tai 3 nguyén
t6 Zn, O va Ce v6i ty 1é phan trim nguyén tir 1an luot 1a 68,18,
26,76 va 5,06% ma khong phat hién bat ky nguyén t6 nao khéc.
Diéu nay chimg t6 miu nghién ctru ciia ching toi ché tao c6 do
sach cao. O phép do tinh té hon, phdé EDS mapping cho phép xéc
dinh sy phan bd cac nguyén td trong mau. Hinh 4C trinh bay két
qua phan tich phé EDS mapping ciia mau Zn0:5%Ce*". Quan sat
pho tong trén hinh 4C cho thay, c¢6 3 mau xanh lyc (Zn), xanh 1a
(O) va mau do (Ce) duoc phan bd trong toan bo mau. Hinh anh
cac nguyén to riéng 1¢ ciing dwoc minh chimg bang cic mau xanh
luc, xanh 14 va mau do théng qua hinh 4D. Két qua EDS mapping
mdt 1an nita khang dinh, miu Zn0:5%Ce* do nhém nghién ctru
ché tao c6 do sach cao va cac nguyén t6 pha tap Ce dugc phan bd
ddng déu trong mau.
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Hinh 4. Anh SEM (A), phé EDS (B), phé EDS mapping (C-F) nhan dwoc
cla mau Zn0:5%Ce*.

3.3. Phé Raman va UV-Vis

Hinh 5A trinh bay két qua do phd Raman ciia mau ZnO va
7Zn0:5%Ce** ché tao bang phuong phap sol-gel. O ddy ching toi
mudn nhan manh ring, trong két qua XRD di khing dinh vat li¢u
ZnO va ZnO:Ce** déu c6 cu tric hexagonal va thude nhom khong
gian P [27]. Do do, theo }5/ thuyét cac n}ét (}ao dong phonon
quang cua vat li¢u trong phd Raman cé thé biéu dien boi cong
thuc sau [28]:

A +2B +E +2E, 6)

trong do: A, E, lan lugt 1a mét phonon quang ngang (TO) va
quang doc (LO) B, la mdt Raman tinh (not Raman act1ve) E, ton
tal hai mét véi tan so khéc nhau, mot mét véi tan sb cao co nguon
gdc tir nguyén tir 0, (E,;,) vamot mdt dao dong v6i tin sb thap lién
quan dén nguyén tr Zn (E,)-

T hinh 5A c6 thé thay rang, phd Raman ctia ZnO ton tai cic
mdt dao dong tai cac s6 song 99, 245, 330, 441 va 548 cm. Cac
mdt dao dong tai s6 song 99 va 441 cm! ¢6 ngudn gde twong tng
v6i E, va B, [28]. Trong khi do, mdt dao dong tai 245, 330 va
548 cm! lién quan dén B1, A (TO) va E, (LO) [27, 29]. So sanh
véi mau ZnO, phd Raman ciia cac mau Zn0:5%Ce* cho thdy xuat
hién thém mét dao dong méi tai $6 song 463 cm’. Mbét dao dong
nay duoc cho 1a lién quan dén ciu trac fluorite cua CeO, c6 khong
gian doi xtng F2g trong 6 bat dign [CeO,] [30]. Két qua Raman
thu duge ching to ton tai cac hat CeO, bam trén beé mgt ZnO va
khé phu hgp vai phan tich XRD ¢ hinh 2.
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Hinh 5. Phé Raman (A), phd phan xa khuéch tan tir ngoai kha kién (B),
dwong cong Kubelka-Munk (C) ctia mau ZnO va ZnO pha tap 5% Ce** ché
tao bing phwong phap sol-gel.

Dé nhan biét dugc thong tin hip thy anh sang ctia vat lidu, ching
t61 tién hanh do phd phan xa khuéch tan tr ngoai kha kién. Déi véi
Zn0, d6 rong ving cdm quang c6 thé dugc xéc dinh dya theo cong
thirc sau (7) [24].

F(R) x hv = A(hv - E )’ 7

trong do: F(R ); hv (eV) lan lugt 1a ham Kubelka-Munk va ning luong
photon; A 13 hing s6 Tauc va E, (eV) la nang lugng vung cam quang.

Hinh 5B va 5C trinh bay két qua nhan dwgc phd phan xa khuéch
tan tir ngoai kha kién va dudng cong Kubelka-Munk ctia mau ZnO
va ZnO pha tap 5%Ce*. Quan sit duong phd mau xanh trén hinh
5B chung t0i thay rang, pho phan xa khuéch tan tir ngoai kha kién
cua ZnO c6 sy tang manh cuong d6 phan xa tai budc song 1on hon
380-800 nm, nghia 1a mu s& hap thy manh budc song nho hon 380
mn (UV) va hip thu yéu hon nhiéu trong ving 380-800 nm. Phan hép
thu manh trong ving UV dugc giai thich 1 hép thu ving - ving cua
ZnO do chuyén mirc dién tir tir NBE 1én ving dan cta ZnO [31]. So
sanh voi miu ZnO, phd phan xa khuéch tan tir ngoai kha kién ciia mau
7Zn0:5%Ce*" trén hinh 5B cho théiy hai su khac biét o rét, do 1a su
dich chuyén ba ving hip thu vé phia budc song dai va cuong do phan
xa yéu hon trong Vl‘mg nhin thay. Két qua néy cho the"iy bo hép thy bi
thu hep va mo rong vé phia ving nhm thiy, cla mau ZnO: 5%Ce*".
Thye vdy, dé x4c dinh do rong viing cAm cua hai mau nay chung toi str
dung phuong phap Kubelka - Munk biéu didn mdi lién hé giira [F(R).
hv]>va hv, két qua duogc chi ra trén hinh 5C [24]. Khi d6, chiing toi
tinh gia tri 4o rong ving cim (Eg) ciia mau ZnO va Zn0:5%Ce** c&
3,19 va 3,06 eV. Su giam Eg ctia mau Zn0:5%Ce** so véi ZnO ching
t6 ¢ sy twong tic manh giita ion pha tap Ce®* va mang nén ZnO. Su
twong tic manh nay c6 thé do ion Ce** da dugc thay thé cho ion Zn?*
trong mang nén ZnO nhw mot s6 két qua trudc dy di cong bo.
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3.4. Phé hupnh quang (PL)
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Hinh 6. Phé PL va cac dwong fit cia mau ZnO (A va B), phd PL ctia mau
Zn0:1%Ce* va Zn0:x%Ce** (x=0-5) (C va D).

PL cta mau ZnO dudi kich thich ctia budc song 325 nm dugce
trinh bay ¢ hinh 6A. C6 thé thdy rang, ph PL ciia ZnO ton tai 2 ving
phat xa chinh tai budc song 389 va 650 nm. Ngoai ra, chung toi con
quan sat thdy mot b vai tai bude song 550 nm, Dé xac nhan diéu nay
ching t6i fit phd PL theo him Gauss v6i 3 dinh va két qua thu dugc
¢ hinh 6B. Dinh phat xa trong NUV tai budc song 389 nm dugce ly
giai 14 do qué trinh tai hop giira dién tir trén ving dan voi 16 tréng &
NBE [32]. Hai dinh phat xa tai 550 va 650 nm con lai duoc cho la
6 nguyén nhan tir nt V, va oxy dién k& (0, do qué trinh tong tong
hop vat liéu gay ra. So sinh véi ZnO, phd PL nhan dugc cia mau
Zn0:1%Ce* c6 2 sw khac biét 1 rét [32]. Thir nhét 1 thém mot bo vai
phat xa mi xung quanh bude song 580 nm, thir hai 1a cuong do phat
xa NUV giam manh. Dinh phat xa méi tai 580 nm ¢4 nguon gde tir s
chuyén mirc dién tir tir obitan 5d xudng 4f ciia ion Ce** trong mang
nén ZnO [33]. Su giam manh cudng do phat xa NUV 1a minh chimg
cho thdy dién tir khi duoc kich thich lén ving dan thay vi tai hop v6i
16 trong & NBE chiing dich chuyén vé obitan 5d ciia ion Ce™* dé gy
phét xa 580 nm, nhu dugc giai thich trong m hinh giai thich co ché
phét xa ¢ hinh 7 [33]. Anh huong ctia nong do Ce** 1én tinh chét cia
vat liéu ZnO dugc chi ra ¢ hinh 6D. Dinh phat xa 580 nm c6 xu hudng
tang dan khi ndng do Ce** ting 1én tir 1 dén 5%. Diéu nay s& dan dén
qué trinh tai hop NBE bi trc ché va c6 thé lam tang hoat tinh quang
x(ic tac cua loai vat liéu nay.

‘580 nm

———4f

‘ Vung dan
4 E
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3.19 evI o ©
|
|
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Hinh 7. Co’ ché phat xa chi ra ngudn géc cac dinh phat xa trong vét liéu
ZnO:Ce*.
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4. Két luan

Nhom nghién cuu da xay dung thanh cong quy trinh cong nghé
ché tao ZnI_XO:)‘(Ce“ bé‘mgﬂphu(mg phép sol-gel. Béng phan tich anh
FESEM, gian d0 XRD, pho Raman va EDS cho thay, mau vat li¢u thu
dugce c6 dang hat véi kich thude vai chyc nano mét, do sach cao, c6
cau tric haxagonal va ion Ce** di dugc thay thé cho ion Zn®* trong
mang nén ZnO. Két qua phan tich ciing chi ra ring, ¢ nong do pha
tap cao (3 va 5%), bén canh su thay thé con ¢ su hinh thanh pha méi
CeO, va gdy can tro dén qua Frinh khuéch tan ion Cef* vao mang nén.
Nghién ctru pho phan xa khuéch tan tr ngoai kha kién cho thay co su
tuong tac manh giita ion Ce** din dén ting kha nang hap thy anh sang
trong ving nhin thiy. So sanh véi ZnO, PL cia mau ZnO:Ce** xéc
nhén su ton tai dinh phat 580 nm déac trung cho chuyén murc 5d — 4f
ctia ion Ce** va cuong d¢ dinh phat xa ndy ting dan theo nong d¢ pha
tap tang tir 1 dén 5%. Dong thoi, ion Ce** ciing gy e ché qua trinh
tai hop ving - ving (NBE) va ¢6 thé lam ting hoat tinh quang xic tic
cua loai vat li¢u nay.

Nghién clru nay d}roc tai trg boi Truong Dai hoc Cong nghé Giao
thong Van tai trong dé tai ma so DPTTD2022-02. Céc tac gia xin chan
thanh cam on.
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