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Abstract: Vietnam is one of the ten countries most affected by climate change. The main cause is the
types of waste that humans release into the environment without being treated, mainly toxic organic
substances that are chemically stable and difficult to biodegrade. Currently, the photocatalytic method
is showing great potential in the treatment of organic waste that pollutes the environment due to its
advantages. G-C3N4 is known as a semiconductor material with a narrow band gap (Eg =2.7 eV), has a
special morphology and is highly expected in the field of hydrogen production from water splitting and
the ability to photocatalyze the decomposition of toxic organic substances under the influence of sunlight.
This article presents some improvement methods and results achieved in enhancing the photocatalytic
ability of g-C3N4 material that have been published by scientists to help students have an overview of

research methods to enhance the photocatalytic ability of g-C3N4 material.
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1. Pit vin dé

Viét Nam la mot trong muodi nudc chiu anh
huéng nhiéu nhét cua vin dé bién ddi khi hau.
Nguyén nhan chu yéu 1a do céc loai chit thai ma con
nguoi thai ra moi truong khi chua duge xu i, chu
yéu la céc chét hitu co doc hai bén vé mat héa hoc va
kho phan huy sinh hoc. Viéc tim ra phuong phap XU
Iy cac chat thai hiru co 1a mot thach thirc 16n d6i véi
cac nhom nghién cru. Hién nay phuong phap quang
xUc tac dang thé hién 1a phuong phap c6 tiém nang
16n trong van dé xtr 1y chat thai hiru co gdy 6 nhidm
moi truong boi cac uu diém nhu: gia thanh ré, hiéu
qua cao va an toan.

Gan day, g-C,N, duge biét dén 1a vat liéu ban dan
véi vung cam hep (Eg2 7 eV), c6 hinh thai dac biét
va duoc ki vong nhiéu trong linh vuc san xuat Hydro
tur viéc phan tach nudc va kha nang quang xtic tac
phan hity cac chat hitu co doc hai dudi tic dung ctia
anh sang Mat Troi [1]. Viéc nghién clru ché tao vat
ligu g-C,N, con dugc trién khai theo nhiéu huéng
khéc nhau nhu pha tap chat nhu Fe, Cu, Zn ...[2, 3];
tao composite v&i chit ban dan khac nhu TiO,, ZnO,

..[4-6]; phu cac hat nano kim loai nhu Ag, Au,

[7 9] dé co the thu duoc vat liéu c6 bé rong dai

cAm va tinh chét t6i wu, dap tmg dwoc yéu cau sir
dung anh sang kha kién.

Béo c40 nay trinh bay mot sb phuong phép cai thién
va két qua da dat duoc vé tang cuong kha ning quang
xtc tac cua vat ligu g-C,N, da duoc cac nha khoa hoc
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cong b6 nham giup cac ban sinh vién c6 mdt cach nhin
téng quan vé cac phuong phap nghién ciru ting cuong
kha nang quang xtc tac cua vat liu g-C\N,.
2. N§i dung nghién ciru
2.1. T6 hgp g-C N, véi mpt sé vit ligu khdc

Kha nang quang xuc tac cua vat li¢u g- -C,N, co
thé duoc tang cuong bang cach tao 16p chuyen tlep
v6i cac ban din khac (ban din di thé). Cac ban dan di
thé c6 thé duogc chia thanh 3 loai: Loai I (Hinh 2.1a),
loai II (Hinh 2.1b) va loai III (Hinh 2.1¢) [10].

sc1 SCII scI scit sc1 sci
(b)
A

(@)

A ( 2 f‘
adf
D'y [*
o

Loai I Loai IT

Loai ITI

Hinh 2.1. Céc logi ban dan di thé [10].

Nhu dugc hién thi trong Hinh 2.1, su truyén va
tach dién tich 1a khac nhau trong ba loai c4u trac di
thé. Loai I cho théy su phan tach dién tich kém nhét
vi ca dién tir va 16 tréng déu duoc chuyén theo mot
hudng téi ban dan SCI, két qua 1a 1am tang tdc do tai
hop dién tich, va do d6 lam giam hoat tinh quang xtc
tac. Voi tiép xtic di thé loai I11, dai hoa tri va dai din
ctia chat ban dan SCI thap hon chit ban dan SCII.
Trong qua trinh quang xuc tac, cac dién tir & CB cua
chat ban dan SCI tai két hop véi 16 trong trong VB
ctia SCII ¢6 kha ning oxy hoa thap hon. Vi véy, cac
dién tir trong CB & ban dan SCII c¢6 kha ning khir
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va 15 tréng trong VB ¢ SCI ¢6 kha ning oxy hoa s&
duogc duy tri. Két qua 13 sy phan tach dién tich trong
tlep xtic di thé loai I1I's& hi¢u qua hon. Tuy nhién, loai
tlep xuc d1 thé nay can c6 chét trung gian hodc cau ndi
dé két n6i hai chat ban dan véi nhau nhiam néng cao
hiéu qua su truyén va tach dién tich. Dbi vé6i di thé
ban dan loai I1, hai chét ban dan lién két voi nhau tao
thanh di thé bén va vi tri VB clia chat ban dan SCII
cao hon chét ban dan SCI. Trong truong hop nay, do
su khac biét vé dién ap, 10 tréng quang sinh di chuyén
tir VB ctia ban dan SCI sang ban dan SCII, dong thoi
cac dién tir cling dugc chuyén tir CB ciia chit ban dan
SCII sang chit ban dan SCI. Sy tach roi cac dién tir
va 15 trong s& 1am giam tdc do tai hop va do do lam
tang thoi gian séng cua céc cap dién tir - 15 trng néy
Do vay, cac nghién ctru vé t6 hop g-C.N, v6i ban dan
khac déu tap trung vao ban dan di thé 10a1 I1. Mot sb
chat ban dan di thé loai IT dya trén g- -C,N, da dugc
nghién ctru nhu tong hop trong bang 2.1 du’cn day
Bdng 2.1. Ddc tinh quang xic tdc cua mot so chit
ban dan di thé dua trén g-CN,[1].

Chit xuc tac Chét | Su ting cang kha nang Tai li¢u

phan quang xtuc tic so véi tham

huy g-C,N, tinh Kkhiét (13n) khiao
Fe,0,/g-C\N, RhB 1,31 [11]
WO,/g-C.)N, MB 2,9 [4]
MoS,/g-C\N, MO 5,9 [12]
O,/g-C)N, RhB 2,5 [13]
Bi,Mo0/g-C,N, | RhB 3 [14]
ZnO/g-C.\N, MB 1,63 [6]
TiO,/g-C,N, RhB 2,25 [5]

Theo cac két qua chi ra trong bang 2.1 thi hau hét
cac vat lidu t6 hop dua trén g-C,N, ndy déu thé hi¢n
hiéu suit xtic tac quang tang cu:ong so voi g-C,N,
tinh khiét.

2.2. Pha tap cdc nguyén 16 kim loai

Pha tap kim loai la mdt phuong phap hiéu qua
trong viéc didu chinh céu trac hinh hoc, cau trac dién
tir va nang lugng ving cam cia g- C3 » 810p m6 rong
pham vi dap ung dnh sang nhin thdy va ting cuong
su phan tach dién tir dé cai thién kha ning quang xuc
tac bang cach ting cudng kha nang hip thu anh sang,
tao diéu kién cho viéc phan tach va van chuyén dién
tich, ting thoi gian sdng cua cac hat mang dién. Do
tinh chat dién tir hoan toan khac nhau cua phi kim va
kim loai, cac nguyén tir kim loai pha tap vao khong
thé thay thé cac nguyén tir C hodc N trong tinh thé
g-CN,. Thérp vao d6, ban kinh nguyén tir cua kim
loai tuong doi 16n, do do trong truong hop cua gh-
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heptazin thi viéc pha tap cic cation kim loai c6 thé
dién ra dudi hai hinh thire khac nhau: pha tap dién k&
(hang dong) hodc pha tap kiéu xen k& giira cac 16p
nhu trong hinh 2.2 [10]. Céc ion kim loai c¢6 thé dugc
dat vao bén trong cac 16 hinh tam giac cta céc lién
két trong mit phang triazine cua g- -C\N bé‘mg cach str
dung cac tuong tac phdi hop manh glua chung va cap
dién tir don 1¢ ctia cac nguyén t N (pha tap dién k&).
Cac ion kim loai chuyén tiép nhu Fe*', Zn?**, Mn**,
Co*, Ni** va Cu?" va cac kim loai quy plasmonic
nhu Au, Ag, Pt va Pd dugc la?'lng dong trén bé mit
g-C,N, thudc kiéu pha tap dién k& nay. Trudng hop
cua cac ion kim loai kiém vi du Li*, Na* va K* thi
pha tap theo kiéu xen k& giita cac lorp Su pha tap
ndy gy ra sy phan bo dién tich khong gian khong
ddng nhat lam ting nong d6 hat mang dién ty do, cai
thién téc do van chuyen va phan tach dién tich. Nhu
vy voi cac nguyén t6 kim loai thi dinh nghia “pha
tap” khong con phtt hop vi cac cation kim loai vé co
ban khong di vao bﬁ:n trong mang cua da 16p g-C,N,
Thay vao d6, su két hgp cua cac cation kim loai véi
g-C,N, thuong dugc mo ta la “trang tri kim loai”.
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Hinh 2.2. Vi tri cua cdc cation kim logi trong cau
tric gh-heptazin cua g-C,)N,: (a) pha tap kiéu dién
ké va (b) pha tap giita cac lop [10].

2.3. Phii hat nano kim logi Ag lén bé mdt vit ligu

g'CsN 4

Két hop kim loai quy vé&i g-C,N, 1a phuong phap
hiéu qua dé cai thién hoat tinh quang xUc tac cua vat
li¢u nén g-CN, [8]. Nguyén nhén lam tang hi¢u sugtt
quang xUc tac cua cac hat nano kim loai quy chu yéu
1a do: 1. Sy hap thu ning lwong anh sang & ca ving
tr ngoai va vung nhin théy; 2. Khi chiéu xa anh sang,
cac dién tir trong dai dan sé tao ra cac dién tir nang
lwong cao dé kich hoat cho cac phan tmg quang héa;
3. Trong cac h¢ quang xuc tac phu kim loai quy, ca
qué trinh hip thy anh sang va xtc tac déu dién ra trén
bé mit cac hat nano kim loai quy; 4. Mat do cac dién
tir quang sinh trén bé mat kim loai quy cao hon nhiéu
s0 Vi cac chat ban dan do cac kim loai nay co tinh
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dan dién tdt; 5. Quan trong nhét 1a trén bé mat céc
kim loai quy thuong xay ra hién tugng cong hudng
plasmon bé mat [7].

Tac gia Zhang va cong sy da nghién cuu ting
cuong hoat tinh quang xtc tac cua g-C,N, thong qua
kha nang phan huy Diclofenac (DCF) bang cach phu
cac hat Ag 1én trén bé mat cua g- CN,. Cac chat xuc
tac quang hon hO‘p Ag/ g-C\N, voi phan tram Ag khac
nhau duoc diéu ché thong qua phuong phép phan
ung quang hoa. Sy pha tap kim loai Ag khong anh
huong dén hinh thai va ciu triic tinh thé ctia chat xic
tc quang g-C,N,. Vat lidu tong hop Ag/g-C ,N, cho
thiy kha ning hap thu 4nh sdng manh hon va hoat
tinh quang xtic tac t6t hon so voi g- C,N, tinh khiét
trong qué trinh phan huy DCF dudi anh sang nhin
thdy (Hinh 2.3a). Su phan hiy quang hoc DCF tudn
theo dinh luat dong hoc bac nhat va gia tri hing sb
tbe do cua su phan huy DCF so voi Ag/ g-C.N, (54%)
16n gap 3,1 lan so véi g-C ,N, tinh khiét. Hoat t1nh
xUc tac quang tang cuong cua Ag/g CN bat ngudn
tur hiéu ung plasrnon bé mit clia cac hat nano Agva
su tiép giap di thé t6t glua Agvag-C\N N, (Hinh 2.3b).
Trong vt liéu nay, cac 13 trong phat smh quang dong
mot vai tro quan trong va cac dién tir dong vai tro
nho trong phan ung phan huy DCF.
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Hinh 2.3. (a) Kha ning phdn hity DCF va (b) co ché

tang cuong hoat tinh quang xuc tdc cua g-C3N4 phii Ag.
Trong mot nghién clru cua tac gia Sun va cong sy,
nhém téc gia da cong bd r‘almg vat lieu g-C.N, phu Ag
c6 kha nang phan huy gan nhu hoan toan RhB sau
120 phut chiéu sang. Két qua ctia tac gia Li va cong
su lai cho thay g- C,N, phu Ag c6 thé phan huy duoc
90% RhB 10 ppm ch1 sau 30 phut chiéu sang.
3. Két luan
Theo cac két qua nghién ctru trén, co thé nang
cao kha nang quang xuc tac cua vat li¢u g-C,N béng
nhiéu cach khac nhau, nhu tao vat liéu t6 hop voi
cac ban dan khac, pha tap kim loai hodc phi cac kim
loai quy. Tuy nhién vi¢c Iyra chon phwong phap tong
hop dé dat dugc mau co chét luong tét, cho kha nang
quang xdc tac cao con phu thudc vao nhiéu yéu t6
nhu tién chét va diéu kién phong thi nghiém.
Tai liéu tham khao
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