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SUMMARY

A STUDY OF SYNTHESIS AND INVESTIGATION FOR PHOTOCATALYTIC
ACTIVITY OF Nd* DOPED g-C3N.

Nd** doped g-CsN4 with the diferent content of 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% and 10% mol
have been successfully fabricated by facile chemical method. The crystal structure, absorption spectra,
luminescence spectra and photocatalytic activity were investigated through X-ray diffraction (XRD),
UV-vis absorption and fluorescence (PL) spectroscopy. The results showed that the Nd** impurity was
successfully doped into the g-CsNa crystal, reducing the diffraction intensity and shifting the diffraction
peak towards the large 2theta angle. Photoluminescence intensity decreased when doping rare earth
Nd** and was the smallest for sample CNNd-6 (6mol% of Nd®*). This result is completely consistent
with the photocatalytic activity, showing that the sample CNNd-6 has the highest photocatalytic
efficiency. The photocatalytic enhancement mechanism is appropriately explained through the model
that Nd* plays the role of the electron-captured center, reducing the electron-hole recombination rate
and increasing the photocatalytic efficiency.
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1. MO PAU quang xUc tac cia g-CsNa, mot hudng nghién
Hién nay phuong phap quang xhGc tac 1a ctru htra hen 1a pha céc nguyén té tap chat nhu
phwong phap c6 tiém nang 16n trong van dé xir kim loai chuyén tiép, phi kim, dat hiém nhim
ly chét thai hiru co gdy 6 nhiém moi truong boi tao ra cac tAm tap chat c6 vai tro nhu tam bat
céc vu diém nhu: gia thanh ré, hiéu qua cao va dién tir, gidp ting thoi gian séng cua dién ti,
an toan [1, 2, 3]. Gan day vat liéu g-CsN, duoc giam tdc do tai hop cua cap dién tu - 15 trong.
rat nhiéu nhém quan tdm nghién ciru vi g-CaNg Trong d6, nghién ctu vé viéc cai thién hoat
¢6 do rong ving cam trung binh (2,7 eV) [4, tinh quang xdc tac cua vat lidu g-CsN4 bang
5], thé hién kha ning quang xuc tic & trong cach pha tap nguyén t5 dat hiém con chua
viing &nh sang nhin thay, chiu nhiét tét, tinh on dugc thuc hién phd bién [7]. Do d6, cong trinh
dinh héa hoc cao, an toan va khéng tén kém [4, nay tap trung vao nghién ciru ché tao vat ligu
6, 7]. g-C3Nj pha tap nguyén té dat hiém Nd3* nham
Tuy nhién, vat liéu g-CsN, tinh khiét c6 nhuoc cai thién kha nang quang xuc tac.

diém 1a toc d¢ tai t6 hop dién tir - 15 tréng lon, 2. THU'C NGHIEM

dan toi hiéu suét luong tir thap [8] dan dén lam 2.1. Téng hop g-CsNa pha tap Nd>*

giam higu qua quang xuc tac. Dé ting kha ning
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Mot lugng 0,59 cua g-CsN4 duge hoa trong 20
ml H20 va khudy tir trong 30 phat, thu dugc
dung dich A.

Mot lugng thich hop mudi Nd** (neodymi)
theo ti 1€ 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%,
9%, 10% (ti 1& phan trim theo s6 mol) duoc
thém vao dung dich A, khudy tir trong 15 gio &
90°C thu dugc dung dich B.

Sau d6, dung dich B duoc loc rua 3 lan lién
tiép trong dung méi ethanol. Cho dung dich B
vao 6ng li tam, quay li tim ¢ téc d6 5000 rpm
trong 10 phdt dé tach phan két tia va dung
moi.

Phan két tua dwoc siy ¢ 100°C trong 3 gid, thu
dugc miu g-C3Nj pha tap Nd3* theo cac ti 18 s6
mol: 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,
10%. Pé thuan tién, cac mau duge ki hiéu theo
néng do tap chdt 1a CNNd-1, CNNd-2,...,
CNNd-10 va mau g-C3Ny tinh khiét 1a CN.

2.2. Khao sat hoat tinh quang xuc tac

Cho 0,06 g mau CNNd-x vao 30 ml H,O,
khudy tir trong vong 30 phit ¢ nhiét &6 phong.
Thém vao dung dich trén 30 ml RhB 20 ppm
dé thu duoc dung dich hdn hgp RhB 10 ppm.
Dung dich dwoc khudy tir trong diéu kién
khéng c6 anh sang trong vong 30 phut dé dat
trang thai can bang hap phu - giai hap phu.
Tiép theo, dung dich dwoc chiéu sang dudi dén
Xenon va khudy tir trong 120 phat & nhiét do
phong. Ca mdi 20 phat, 4ml dung dich lai
duoc 1§y ra mot 1an, 1i tim loc bo chit két tua
va do hip thu dung dich con lai dé xac dinh
nong do6 RhB con du.

2.3. Mt s6 phwong phap phan tich

Phép do nhiéu xa tia X (XRD) duoc thyc hién
trén hé do D8 Advance diffractometer (Bruker)
sir dung birc xa Cu-K,. Phép do phd nhidu xa
tia X duoc tién hanh tai Pai hoc quéc gia Ha
Noi. Phd hép thu UV-vis duoc tién hanh trén
hé quang phé Jasco V670m tai B mon Vat ly
chét ran — dién tir, khoa Vat ly, truong Pai hoc
Su pham Ha Noi. Hé quang ph Nanolog iHR
320 (Horiba) sur dung birc xa kich thich 350
nm duoc dung dé do phd huynh quang cia hé
mau ché tao. Phép do phd huynh quang duoc
tién hanh tai Vién Khoa hoc vat liéu, Vién Han
lam Khoa hoc va Cong nghé Viét Nam. Nong
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d6 RhB con lai sau mdi thoi gian chiéu sang
dugc xac dinh gian tiép thong qua cuong do
hap thy UV-vis ciia dung dich RhB.

3. KET QUA VA THAO LUAN

3.1. Két qua phan tich ciu tric

o a CNNd-10

Cudng do

20(°)

Hinh 3.1. Gidn do nhiéu xa tia X ciia g-CsNg
tinh khiét (CN) va g-CsN4 pha tap Nd** véi cac
ti 1¢ 2% (CNNd-2), 6% (CNNd-6) va 10%
(CNNd-10)

Két qua do nhiéu xa tia X cua vat liéu g-CsNy
tinh khiét (CN) va g-CsNs pha tap Nd3
(CNNd) v6i cac ndng d6 khac nhau dugce trinh
bay nhu trén hinh 3.1. T4t ca cac miu déu xuit
hién cac dinh nhiéu xa tai cac vi trf 13,1°, 24,9°
va 27,5°. Nhimg dinh nhidu xa ndy thudc vé
cac ho mat phang (100), (101) va (002), phu
hop véi thé chuin JCPDS (87-1526) cua tinh
thé g-C3Ny [9, 10] c6 cau trac luc gidc voi cac
16p xép chdng 1én nhau. Dinh manh nhét (002)

quan sat dugc o vi tri 20 = 27,5° phan 4nh ciu
trac cac 14 xép chdng 1én nhau cia g-CsN,
trong ca mau tinh khiét va mau pha tap.

Gian dd nhifu xa tia X cua g-CsN4 pha tap
Nd3* khong qua khac biét so vdi g-CsNa tinh
khiét. Tuy nhién, cac dinh & vi tri 13,1°, 27,5°,
24,9° ¢6 xu huéng dich chuyén nhe vé phia goc

268 16n hon khi ndng d6 Nd* tang lén. Bén
canh d6, cuong d6 cac dinh nhiu xa cua cac
miu CNNd-x thap hon so v6i miu CN tinh
khiét. Didu nay ching t6 tap chit Nd* da pha
tap thanh cong vao mang tinh thé ciia CN va
gay anh huéng nhit dinh 1én cdu trac tinh thé
cua vat liéu.

3.2. Tinh chit quang

3.2.1. Phé hdp thy UV - vis
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Hinh 3.2. (@) Phé hap thy va (b) biéu dién
(hv )\ theo nang lwong photon ciia cac mau
g-CsN4 tinh khiét va g-CsN4 pha tap Nd véi
nong do tir 1-10%

Hinh 3.2 trinh bay phd hip thy cua vat liéu g-
C3Ny tinh khiét va g-C3Ny4 pha tap Nd3* véi cac
nong d6 khac nhau. Két qua cho thiy g-CsN,
tinh khiét c6 bo hap thu ¢ khoang 450 nm. Khi
pha tap chat Nd3, bo hip thu cua vat lidu g-
C3sN4 khong thay doi dang ké. Do rong ving
cAm ciia cac mau duogc ude tinh bang cach
ngoai suy tuyén tinh duong cong biéu dién sy
phu thudc cta (hva)? theo ning luong photon
(hinh 3.2b), dao dong trong khoang 2,8 eV

dén29eV.

3.2.2. Phé huynh quang (PL)

Su tai hop cua cap dién tir - 15 trong c6 thé giai
phong niang luong va ¢ thé phat hién duoc
thong qua phat xa huynh quang. Cuong d¢
huynh quang thip gian tiép cho thiy viéc tai
hop dién tir - 15 tréng giam. Két qua do phd
huynh quang ciia cac mau g-CsNy tinh khiét va
pha tap tai cac nong do 2%, 6%, va 10% véi
budce song kich thich 355 nm dugc trinh bay
nhu trén hinh 3.3.
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Hinh 3.3. Phé hupnh quang PL ciia g-C3Ns
tinh khiét (CN) va g-C3N4 pha tap Nd®* véi cac
nong dé 2% (CNNd-2), 6% (CNNd-6), 10%
(CNNd-10)

Két qua cho thiy, phd phat xa huynh quang
cua tit ca cac mau 1a mot dai rong tir 350 toi
700 nm va khong c6 su dich cac dinh phat xa
clia cac mau khi nong do tap chat Nd** ting
Ién. Piéu nay phu hop véi két qua ciia phd hap

thu UV-vis.

Céc mau pha tap Nd3* déu ¢ cuong d6 huynh
quang thap hon so véi mau g-CsNy tinh khiét.
Diéu nay gién tiép cho thiy viéc pha tap Nd3*
da lam giam tbc do tai hop cua cap dién ti - 15
tréng, duoc du doan 1a thuan loi cho qué trinh
quang xuc tac cua vat liéu g-CsN4. Thir tu cac
mau c¢6 cuong d6 huynh quang giam dan 1a CN
> CNNd-10 > CNNd-2 > CNNd-6.

3.3. Kha niing quang xic tac

Kha ning quang xiic tdc cla cic cac mau Q-
C3Ny tinh khiét va g-CsN4 pha tap Nd3* duoc
danh gia thong qua sy phan hdy dung dich
Rhodamine B (RhB) dudi sy chiéu xa ciia dén
Xenon. Téc d phan huy cua RhB duge danh
gia thong qua sy thay ddi cuong do dinh hip
thu tai vi tri budc song 554 nm cua dung dich
RhB va dugc xac dinh dya trén dudng cong
chudn ndng d6 ctua RhB.

fohady 6 Chidusing (b)

T0Ry —=—a_, = = 5 5 = o = w o =
\'- H —s— CN non
= CN
I *_‘ 4— CNNd-2
\ ¥ CNNd-6

X <+ CNNd-10|
08t N

08

C/C“
g
Ay &

04|

Apa
L
AP A

0.2f

A ph

-
T 4 9

0.0 ¥ T
] 50 100 150 200

Thoi gian (phuit)
Hinh 3.4. a,b Si thay ddi ciia C/C, theo thoi
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Hinh 3.4a biéu dién su thay dbi cia C/C, vao
thoi gian chiéu sang. Két qua cho thdy, qua
trinh hip phy dbi véi tit ca cac miu bdo hoa
sau khoang 10 phut khudy trong toi. Doi voi
mau g-C3N, tinh khiét, RhB bi phan hily gan
90% sau 250 phut chiéu sang. Cac mau g-C3Ng4
pha tap Nd3* déu biéu hién hi¢u suat quang xuc
tac 16n hon so véi CN. Trong d6, mau g-CsNg
pha tap Nd3* 6% mol cho két qua quang xuc
tac t6t nhét, sau khoang 200 phat chiéu sang,
mau pha tap 6% Nd®* d phan huy hoan toan
RhB c6 trong dung dich. Thir ty cic mau co
hiéu suit quang xtc tac tir Ion t6i nho lan lugt
& CNNd-6 > CNNd-2 > CNNd-10 > CN. Thi
ty nay phu hop voi két qua do phd huynh
quang. Piéu nay ching to gia thiét vé viéc tap
chat Nd* dong vai trd nhu tdm tap chat bat
dién tir quan phat sinh, lam giam toc do tai hop
dién tr - 16 trong va ting hiéu suit quang xtc
t&c 1a hop 1i.

4. KET LUAN

Nghién ctru da thanh cdng trong viéc pha tap
chat Nd* vao mang tinh thé cua vat liéu g-
CsN4 bang phuwong phap hda don gian. Tap
chat Nd® c6 anh huong nho t6i cau trac tinh
thé cia g-CsNa. Hiéu sudt quang xiic tic cua
vat liéu g-C3Na da duoc cai thién khi pha tap
chat dat hiém Nd*". Mau CNNd-6 c0 hiéu suat
quang xuc tac t6t nhat phan hiy 100% RhB
trong 200 phat chiéu sang trong khi miu g-
CsN, tinh khiét chi phan hay dudi 90% RhB
trong 250 phut. Két qua nay dugc giai thich
phu hop khi gia thiét rang Nd** pha tap vao
mang tinh thé g-CsN4 c6 vai tro nhu tim bit
dién tir, lam giam tdc do tai hop dién tir - 15
tréng, duoc biéu hién thong qua phd huynh
quang. Két qua nghién ctru budc dau cho thiy
giai phap pha tap nguyén to dat hiém vao g-
CsN, kha thi trong viéc ting hiéu suit quang
xUc tac, co tiém ning tmg dung trong thyc tidn.
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