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SUMMARY

SYNTHESIS, INVESTIGATION OF
OPTICAL PROPERTIES AND PHOTOCATALYTIC ACTIVITY
OF Ce0,:0,04Sm**, xEu** NANOCRYSTALS

In this work, Sm**/Eu®*co-dopped CeO, phosphor was synthesized through sol-gel method combined with
temperature calcination at 600 °C The crystal structure of powders was characterized by X-ray diffraction,
and it revealed that all studied samples were single-phase with the cubic fluorite-type structure and space

group Fm3m. The scanning electron microscopy (SEM), diffuse reflectance spectroscopy (DRS) and
photoluminescence (PL) spectra were employed to characterize the samples. The photoluminescence
measurements displayed that all the samples had excellent optical properties at room temperature. Under
404 nm excitation, the CeO,: Sm®" exhibited typical peaks at 567, 604, and 653 nm corresponding to
transitions *Gs,—°H; (J = 5/2, 7/2, 9/2) of Sm*". Meanwhile, Ce0,:0,04Sm*", xEu®*" phosphors exhibited
strong orange-red emission both Sm** and Eu*. The photocatalytic performance of CeO,:0,045m**, xEu®*
nanocomposites was tested under ultraviolet irradiation on an aqueous solution of methylene blue (MB) dye
using an UV-C lamp. The degree of degradation was monitored by absorption spectroscopy. The
photocatalytic degradation efficiency of Ce0,:0,04Sm®", 0,04Eu*" was above 95% within only 90 min of
irradiation.

Keywords: CeO,:Sm*", Eu** phosphor; Sol-gel method; Photoluminescence; Methylene blue; Photocatalytic
activity.

cam 1on (3,2 eV) va chi hoat dong khi hap thu tia

1. PAT VAN DE Y

’ UV. CeO; c6 nang lugng vung cam nho hon va
Gan day, vat liéu nano CeO, pha tap céc ion dat hip thu mot phan anh sang kha kién. Tuy thudc
hiém c6 nhiéu img dung rong rai dya trén tinh chat vao hinh thai va kich thudc hat, dai cAm ctia CeO,
huynh quang, hoat tinh xuc tac quang,... bién dbi tir 2,9 dén 3,2 eV, dong thoi cac cip

electron-15 tréng ciia CeO, co thoi gian ton tai lau
hon so v6i TiO, [1]. Tinh thé nano CeO, c¢6 dic
diém ndi bat 1a kha niang luu trit oxygen va 15
trng oxygen. Nguyén tir ceri c6 xu huéng chuyén
dbi gitra trang thai oxi héa +3 va +4 nén c6 thé

Trong linh vuc xUc tac quang, cac oxide kim loai
nhu CeO,, TiO,va SnO, duoc sir dung lam xuc tac
phan hay chit 6 nhidm dua trén dic diém ving
cdm cua ching [1-4]. TiO, c¢6 ning luong ving
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trao d6i oxygen théng qua qud trinh khir
Ce*/Ce®, mot yéu t6 chia khéa trong xdc téc. Ban
kinh ion Ce** (128,3 pm) Ién hon déng ké so véi
Ce™ (109,8 pm) va céc 15 tréng oxy lam ting kich
thudc va gy bién dang 6 don vi, dan dén céc
trang thai dién tr doc dao trong vang cam [1].
Ngoai ra, cau tric mang tinh thé CeO, co luong
khuyét oxy cao ciing gop phan hd trg phan @ng
quang xUc tAc oxi héa nudc. Gan déy, kha niang
xic tac quang cua CeO, dwoc ting cuong bing
cach pha tap cac ion dét hiém. C4c ion dit hiém
dong vai trd quan trong cho sy chuyén dién tir, dan
dén sy 1am mat mau nhanh pham nhuém bang x(c
téc quang. Viéc pha tap cac nguyén té dat hiém
lam giam ving cim va ting tinh chit quang xuc
tac cua vat liéu. Vi duy, vat lieu CeO,: Sm®* ¢c6 hiéu
suit phan huy quang xuc tac (photocatalytic
degradation efficiency) ddi véi xanh methylene
(MB) va Bisphenol A lan luot 13 86,667 % va
98,76 % [1]. Tuy nhién, hoat tinh quang xdc tac
ctiia CeO,, co ché phan ¢ng va vai tro cua vat liéu
pha tap it dugc quan tam nghién cuau.

Trong linh vyc vat liéu phat quang, viéc phat trién
cac chit phat quang phat xa ving mau do dinh
huéng tmg dung cho chiéu sang nong nghiép dang
dugc quan tim nghién ciru. Mang nén ceri dioxid
(Ce0,) ¢6 nang luong photon thip, d6 6n dinh
nhiét cao, it doc hai nén duoc sir dung phé bién
trong linh vuc chiéu sang trang théi ran, cam bién,
thiét bi quang dién tir [6-9]. Trong cic ion dat
hiém, ion Eu®" 14 tdm phat quang phat xa mau do
dién hinh [6-9]. Tuy nhién, cac chuyén mic 4f-4f
trong Eu®* bi cAm theo quy tic loc lya, dan dén
hiéu sut phat xa thip [8]. Pé khic phuc han ché
ny, cac ion ting nhay nhu Tb*, Bi** va Sm*
dugc pha tap vao mang nén dé ting cudng hiéu
suat phat xa cia Eu®* thong qua qué trinh truyén
ning luong [7-12]. B6i véi ion Sm**, sy chénh
léch nang luong muc “Gs;, cua Sm*® so v6i muc
*Dy cua Eu®* kha nhé (~ 600 cm™) nén ion nay c6
kha ning truyén ning lwong hiéu qua téi Eu®* [13-
14]. Hon nita, Sm*" ¢6 thé duoc kich thich bing
ngudn UV, cho thay mot phwong phap hi¢u qua dé
cai thién cudng do phat xa cua Eu®* [15].

Do vay, trong nghién clru nay, h¢ vat li€u nano
Ce0,:0,04Sm**, xEu®* (x = 0,02, 0,04 va 0,06)
dugc tong hop theo phuong phap sol-gel dé khao
sat tinh chdt quang va hoat tinh xic tac quang
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phan hiy MB. Phuong phap sol-gel st dung céac
thiét bi don gian hon, thoi gian tong hop ngan hon
va nhiét d6 nung thap hon so vdi cac phuong phép
cong bd & tai liéu [4-5, 9].

2. PHUONG PHAP NGHIEN CUU
2.1. Téng hop va xac dinh cu tric

Qué trinh tong hop vat lidu sir dung cac hoa chat co
Xuét xir Trung Qudc véi do tinh khiét 99,9%.

Céc budce tong hop vat liéu Ce0,:0,045m**, xEu*

bang phuong phap sol-gel nhu sau:

Buoe 1. Tron cac dung dich Ce(NOgz)s, Sm(NOs)3
va Eu(NOs3); vai ti 1€ hop thirc theo mol twong ung
12 (100 - 4 - x), 4 va x. Thém tiép citric acid, diéu
chinh pH bang dung dich NH,OH dic, khudy tir &
80 °C dén khi toan bo dung dich tré nén dac sanh
o dang gel.

Bude 2: Nung kho toan bd gel thu duoc & 400 °C
trong 4 gio.

Bude 3: Nghién san pham bang tay trong cdi ma
ndo, tiép tuc & nhiét & 600 °C trong 4 gid, thu dugc
vt liéu Ce0,:0,04Sm*", xEu*".

Vit liéu Ce0,:0,04Sm**, xEu®* (x = 0,02, 0,04, va
0,06) dugc xac dinh cdu trac, hinh thai dic trung
va tinh chit quang bang cac phwong phap véi may
do twong tmg nhu sau: gian dd nhidu xa tia X (D8-
Advance Bruker), phd phan xa khuéch tan
(JASCO V-770), kinh hién vi dién t& quét
(HITACHI S-4800), pho tan xa ning luong tia X
(detector HORIBA, model 7593-H gin trén hé
FESEM HITACHI S$-4800) va phé huynh quang
(Nanolog, Horiba Jobin Yvon, ngudn kich thich 1a
den xenon 450 W, L = 250-800 nm).

2.2 Khao sat hoat tinh xtc tac

Qua trinh khao sat hoat tinh x0c tac quang dugc
thue hién theo cac bude sau:

Budc 1: Cho 150 mL dung dich MB 30 ppm vao
dng dong, thém xc tac Ce0,:0,04Sm*, xEu** véi
ham lugng 2 g/L, khudy tir 30 phat trong bong t6i
dé hé dat can bang hap phu.

Bude 2: Nhung mét déen UV-C (254 nm, 11W)
vao dung dich, khudy tir & nhiét d6 thuong. Sau
mdi 30 phut, léy ra 5 mL dung dich dé xac dinh
nong d6 MB tai budc song Ans = 660 nm trén
may UV-Vis S60 Biochorom.



3. KET QUA VA THAO LUAN
3.1. Khio sat diéu ki¢n tong hop
a) Anh hwong cia ti I mol k = citric acid/CeO,

Trong phuong phap sol-gel, anh huéng cia phdi
tr tao phirc dong vai tro quan trong. Do vay, ti 1¢
mol k =1,0, 1,5 va 2,0 da dugc khao sat.

‘LJ\ for

Cudng do (a.u)

(331)
20)

3 p400)

2 30 40 50
26 (d6)

0

Hinh 1. Gian do XRD cia vdt liéu CeOZZO,04Sm3+,
0,04Eu*".

Két qua Hinh 1 cho thiy cac vat liéu déu don pha
CeO; kiéu fluorite. Khi ham lugng citric acid ting,
cuong do cac dinh nhiu xa co sy giam nhe. Do
vay, ti 1¢ k = 1,0 dugc lya chon cho cac khao sat
tiép theo.

b) Anh hwong ciia pH

Trong qua trinh tao sol, pH anh hudng quan trong
dén sy tao phuc. Két qua khao sat cho thdy, khi
pH ting, vi tri cdc pic nhiéu xa khong thay doi
nhung cudng do cac dinh nhidu xa c6 xu huéng
giam, cao nhat & pH = 2. Do vay, pH = 2 dugc lya
chon dé tong hop vat liéu.

3.2. Xac dinh céu tric vat ligu

Hé vit liéu Ce0,:0,04Sm**, xEu®*" (x = 0,02, 0,04
va 0,06) sau khi tong hop & diéu kién k = 1,0 va pH
= 2 duoc xac dinh cdu tric bang phuong phép
XRD.

Két qua tir gian d6 XRD cho thy, tat ca cic pic
nhiéu xa déu tring véi thé chuan (PDF # 01-075-
8371) [9], tmg v6i cdu truc lap phuong kiéu
fluorite, nhém khong gian Fm3m va khong c6 1an
pha tinh thé nao khac. Cac pic nhidu xa tng voi
cic miat phang dic trung cua cau tric fluorite
Ce0, gom (111), (200), (220), va (311), (222) va

92

(400) déu quan sat dwoc trén gian dd6 XRD. Piéu
nay budc ddu cho thay, cac ion dat hiém da dugc
pha tap thanh cong vao vao nén tinh thé & vi tri
thay thé ion Ce*". Ngoai ra, cac pic nhidu xa déu
hep va sic nét, ching t6 mirc do két tinh tot ciia
céc chit phat quang Ce0,:0,04Sm**, xEu®.

Tir két qua do XRD, gia tri kich thugc tinh thé
trung binh caa vat liéu Ce0,:0,04Sm**, xEu®* (x =
0,02, 0,04 va 0,06) ciing da dugc xac dinh theo
cong thirc Debye-Scherrer, thu dugc két qua lan
luot 1a 19,0 nm, 19,8 nm va 18,1 nm.

Tiép theo, cac nguyén t6 trong thanh phan vit liéu
dugc xéac dinh bang phép do EDX (Hinh 2).
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Hinh 2. Gidn dé tan xa nang heong tia X ciia
vat liéu Ce0,:0,04Sm**, 0,04Eu*".

Trén gian 40 EDX xuét hién day du cac nguyén t6
trong mau vat liéu Ce0,:0,04Sm*, 0,04Eu** va
khong c6 nguyén tb tap chat. Ti 1¢é phan trim cac
nguyén tir Ce : Sm : Eu gan ding véi ti 1& 0,92 :
0,04 : 0,04 trong thanh phan du kién cua vat liéu
tong hop. Nhu vay, két qua nay cang khang dinh
cac chit phat quang thu dwoc dé tinh khiét cao.

Phé phan xa-khuéch tan DRS cua cac vat liéu
Ce0,:0,04Sm**, xEu** da duoc ghi lai. Tur két qua
do phd DRS, ning lugng ving cdm cua cac vt liéu
duoc xac dinh bang phuong phap Tauc (Hinh 3).

Két qua Hinh 3 cho thdy, cac vat lidu
Ce0,:0,04Sm**, xEu** hip thu manh photon trong
viing UV do sy chuyén dich dién tich truc tiép tur
orbital 2p cuia O sang orbital 4f cia Ce [11]. Nhu
vay, mang nén CeO, c6 kha ning hap thy budc
s6ng kich thich viing tir ngoai dé cé thé truyén cho
tam phat quang.
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Hinh 3. Phé DRS va nang luwong ving cam cua

vat liéu Ce0,:0,04Sm**, xEu®*,

Bén canh do, trén gian d6 Tauc cho thiy do rong
ving cim it phy thuc vao ham lugng Eu®* pha tap,
nhén gia tri 3,16 eV khi x = 0,02 va 3,13 eV khi x =
0,04 va 0,06. Gia tri nay giam nhe so voi ning
lwong ving cdm ciia CeO, 12 3,2 eV [3].

Hinh thai bé mit cua vat liéu dugc xac dinh bang
phuong phap chup anh SEM. Két qua tir anh SEM
cho thdy cac hat vat liéu c¢6 dang hinh cau véi kich
thude hat trung binh (tinh bang phan mém Image))
khoang 36 nm.

3.3 Tinh chét huynh quang ciia vt li¢u

Pé khao sat tinh chit huynh quang, phd huynh
quang cua cac vt liéu da dugc ghi lai 6 budc song
kich thich 360 nm (Hinh 4).
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Hinh 4. Phé PL ciia vit liéu CeO,:ySm®*.

Hinh 4 cho thiy, dudi kich thich 360 nm, chat phat
quang CeO,:ySm*" ¢ su phat xa dic trung cia
Sm3+ d 573 nm (4G5/2 — 6H5/2), 631 nm (4G5/2*

93

®Hg,) va 660 nm (*Gs—"Hgp) [10-12]. Cuong do
phat xa ctia cac mau dat gié tri cuc dai khi pha tap
4% mol Sm** (y = 0,04) sau d6 giam dan khi ting
ham lwong Sm** do hiéu ing dép tit ndng d6. Mau
Ce0,:0,04 SM* ¢6 cudng dd phat xa cao nhét va
dugc chon dé tong hop chat phat quang
Ce0,:0,04Sm*", xEu*",

oo 360 nm Ce0,:0,04Sm™, xEu™
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Hinh 5. Phé PL cuia vdt liéu Ce0,:0,04Sm®*,
XEu®*,

Tir Hinh 5 cho thay, dudi budc song kich thich 360
nm, cac chit phat quang Ce0,:0,04Sm**, xEu* (x =
0,02, 0,04 va 0,06) phat ra dai mau d6 cam manh &
590 nm (°Dy—"Fy) va 612-632 nm (°Dy—'F,) clia
Eu**. Pang cha y, cudng do phat xa & budc song
573 nm tuong tmg véi qué trinh chuyén dbi ‘Gg, —
®Hs;, cia Sm* ¢ xu hudéng giam khi ting ham
luong pha tap Eu®* dat gia tri cuc dai & muc pha tap
4% mol Eu®. Két qua nay cho thiy ion Sm*®" da
dong vai tro truyén nang lugng cho tim phat quang
Eu®*. Vat lidu thu duoc co phat xa manh trong
viing mau do (600 — 700 nm), trang véi ving hp
thy ciia cdy trong, dinh huéng tmg dung trong
chiéu sang néng nghiép nham thuc thiy qué trinh
sinh hoa cua cay trong [7].

3.4 Hoat tinh xiic tic quang cua vit liéu

Trudce hét, hoat tinh xtc tic chuyén hoa MB ctia hé
vt ligu Ce0,:0,04Sm**, 0,04Eu** dugc khao sat &
cac ndng do H,0, 14 0, 5, 10, 15 va 20 ppm. Két
qua cho thay, hiéu suit chuyén héa MB thap (20%)
khi khéng ¢ H,0,, chuyén hoa gan nhu hoan toan
khi ndng d6 H,0, tir 15 ppm trd 1én. Mt khac, khi
st dung H,O, 15 ppm ma khong c6 vat li€u xuic
tac, hiéu sut dat 40%. Tur d6, qua trinh xdc tac
quang duogc thuc hién véi sy ¢6 mat cia H,O, 15
ppm (Bang 1).



Bang 1. Hiéu sudt chuyén hoa MB trén vat liéu
x(c tac Ce0,:0,04Sm**, xEu®*

Thoi gian (phat) | O | 30 | 60 | 90
x=000 | - 0 | 1983 87
x=002 | @4 0 | 22|91 95
x=004 | 3 0 | 27 92| 9%
x=006 | T 0 | 28|94 98

Két qua cho théy, tit ca cac vat liéu

Ce0,:0,04Sm*", xEu®*" déu chuyén hoa trén 80%
MB chi sau 60 phut chiéu sang. Hon nita, hiéu
suat chuyén hoa MB c6 xu hudng ting khi ting
ham lugng pha tap Eu®, ti 18 véi sb luong 15 trong
oxy duoc tao ra (Theo li thuyét, cir 2 ion Eu** pha
tap thay thé cho 2 ion Ce** trong mang nén sé tao
ra 115 tréng O%) [16].
Co ché cua qua trinh xuc tic quang cua vit liéu
ban dan trén nén CeO, dugc giai thich nhu sau.
Khi vat liéu x(c tac duoc chiéu tia UV cua dén tir
ngoai, C&c electron (e7) bi kich thich tir viing hoa
tri (valence band, VB) l1én ving dan (conduction
band, CB):

CeO0, + hv — CeO,(e™ + h")
Céc 16 tréng duong (h") tao ra trong VB két hop
v6i cac phan tir H,O va ion OH™ dé tao thanh céac
gbe tur do *OH:

h* + H,0 - H" + -OH
h* + OH™ — «OH

Céc electron trén CB bi thu giit & cac vi tri 16
tréng oxy, sau d6 phan ung véi O, [2], tao thanh
ion superoxid:

e + 15 trong — 15 trong(e")

0, + 15 tréng(e”) — O,~
Ddng thoi, € con bi giit boi Ce** va O, bi thu giit
boi Ce®*:

Ce* +e —Ce*

Cce* +0,— Ce* + 0,”

Nho 6, su tai hop electron-16 tréng duogc han ché.
Khi ting s luong 16 trong, do linh dong cia ion
oxy ting, kha ning di chuyén cua ion oxy nit mang
tang, hi¢u qua xic tac tang.

Trong h¢ xuc tac, H,O, cling dong vai tro thu giir
electron ving dan, tao thém céac gdc hydroxyl:
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H,O, + ¢ — «OH + OH™

Cubi ciing, cac phan tir MB bi oxi ho6a, tao thanh
san pham [2]:

h*/ O,/ *OH + MB — San pham.
4. KET LUAN

Trong nghién cu nay, hé vat liéu nano
Ce0,:0,045m*", xEu®* (x = 0,02, 0,04 va 0,06) da
duoc tong hop thanh cong bang phuong phap sol-
gel. Vat lidu thu dwoc déu don pha véi cdu triic 1ap
phuong kiéu fluorite. Cac hat vét liéu c6 dang hinh
cau, phan bd kha rdi rac véi kich thude trung binh
khoang 50 nm.

Hé vat lidu Ce0,:0,04Sm**, xEu®" thé hién hoat
tinh quang xtic tac tot, lam mat mau trén 95% MB
khi c6 mat H,0, sau 90 phut chiéu dén UV.

Hé vat liéu Ce0,:0,045m**, XEu** c¢6 kha ning
phat xa manh & ving mau do ¢ 590 nm (°Do—'Fy)
va 610-631 nm (°Dg—"F,) cua Eu**. Cuong d6 phat
xa & budc séong 573 nm (‘Gg, — *HY?) cia Sm®
giam va cudng d6 phat xa ciia EU®* tang cho thay
c6 su truyén niang lugng tir Sm®* sang Eu®*. Bot
phat quang mau d6 thu dugc co thé dinh hudng
g dung trong chiéu sang nong nghiép.
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