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Anh hwéng ciia thoi gian khuay gia nhiét
dén hoat tinh quang xtc tic ciia g-C.N, pha tap Mg
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Trong nghién ctru nay, vat liéu graphite carbon nitride (g-CsN,) pha tap kim loai Mg dwg'c tong hop thanh
cong bang phwong phap héa hoc don gian, véi thoi gian phan &ng tir 3 dén 18 gio, két hop xir ly nhiét &
90°C. C4u tric tinh thé va trang thai héa hoc cua vat liéu dwoc dic treng bang phé nhiéu xa tia X (XRD), phé
Raman va phd quang dién tir tia X (XPS); trong khi dd, cac tinh chit quang hoc dworc danh gia thong qua phd
hip thu UV-Vis va huynh quang (PL). Hoat tinh quang xtic tac dwoc khao sat thong qua qua trinh phan hay
dung dich hitu co' Rhodamine B (RhB) dwéi sy chiéu sang ciia dén Xenon va anh sang mat troi. Két qua cho
thdy, cac mau sau khi pha tap Mg déu thé hién hoat tinh quang xuc tac cao hon so véi g-C;N, tinh khiét. Sw cai
thién nay dworc cho la do sy hién dién ctia ion Mg?* d6ng vai tro “tiAm bay” electron, gitip han ché qua trinh tai
hop cip electron - 16 tréng. Pong thoi, viéc chén Mg vao ciu tric heptazine 1am ting dién tich bé mat riéng,
tir d6 ning cao hiéu qua quang xtc tac cia vat liéu. Két qua nghién ciru cho thay, viéc pha tap Mg véi ham
lwgng 10% vao vat liéu nén g-C,N,, két hop vé&i viéc toi wu héa thoi gian ché tao, 1a diéu kién phu hop nhat
nham nang cao hoat tinh quang xic tac caa vat liéu. Két qua nay cho thay thoi gian tong hep c6 anh hwéng
dang ké dén tinh chit va hiéu suit quang xic tac cia vat liéu.
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Abstract:

In this study, magnesium-doped graphite carbon nitride (Mg-doped g-C3N,) material was successfully
synthesised via a simple chemical method, with reaction times ranging from 3 to 18 hours, followed by
thermal treatment at 90°C. The crystal structure and chemical states of the material were characterised
by X-ray diffraction (XRD), Raman spectroscopy, and X-ray photoelectron spectroscopy (XPS), while the
optical properties were evaluated through UV-Vis absorption and photoluminescence (PL) spectroscopy.
The photocatalytic performance was investigated through the degradation of Rhodamine B (RhB) solution
under irradiation from a Xenon lamp and natural sunlight. The results revealed that all Mg-doped samples
exhibited superior photocatalytic activity compared with pristine g-C,N,. This enhancement is attributed
to the presence of Mg** cations acting as electron “trapping centres”, which suppress the recombination
of photogenerated electron-hole pairs. Moreover, the incorporation of Mg into the heptazine framework
increases the specific surface area, thereby promoting the overall photocatalytic efficiency of the materials.
The results of this study indicate that doping g-C3N, with 10% Mg and selecting an appropriate synthesis
time are effective strategies for enhancing its photocatalytic performance.
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1. Md dau

Hién nay, vdn dé 6 nhiém méi truedng noi chung, dic
biét 1a 6 nhiém ngudn nwéc néi riéng dang 1a mot trong
nhitng mdi de doa rat1én déi védi cude séng ctia nhan loai.
O Viét Nam, lwong nwéc thai khéng 16 chwa qua xir 1y clia
cac nha may, cac lang nghé xa ra moi trweong, phan 1éon 1a
nhitng chit thai hitu co bén, khé bi phan hiy khi khéng
dwoc xtr Iy triét d€ [1-4]. Trong nhiéu nam qua, hang loat
nd luc nghién ctru da dwoc trién khai nham tim ra mot
phuwong phap x Iy hiéu qua [5, 6]. Trong sé nhirng giai
phép c6 tinh wu viét cao, phai k€ dén viéc sir dung cong
nghé quang xic tac b&i né s& hitu nhiéu wu diém nhw
hiéu qua cao, chi phi ré va than thién véi moi trueong [7].
Vatliéu g-C,N, la mot trong nhirng vat liéu quang xuc tac
tiém ning dang dwoc quan tAm nghién ciru boi day l1a
mot chat ban dan hitu co phi kim loai véi do rong viing
cdm nho (c& 2,7 eV), dd cleng cao, it ddc hai, 6n dinh vé
mat hoa hoc trong méi truedng, dién tich bé mat riéng
16n, twong thich sinh hoc va c6 do hoa tan vwot trdi so
v&i nhiéu loai vat liéu khac [8]. Tuy nhién, theo két qua
nghién ctru cia Z. Mo va cs (2015) [9], vat liéu g-C,N,
tinh khiét c6 nhwoc diém 16n khi trién khai trong linh
vuc quang xuc tac dé 13 téc dd tai t6 hop dién ti - 16
trong 16n va hiéu sudt lwong tir thip, chinh nguyén nhan
nay da lam gidm hoat tinh quang xtc tac ctia vat liéu.

Dé tidng hoat tinh quang xdc tac cia vat liéu
g-C,N,, da c6 rat nhiéu céng b6 nghién ciru nhw pha
tap nguyén td dit hiém nhw Nd, Y [10, 11], kim loai
chuyén tié€p nhw Fe, Co [12, 13], hay kim loai nhém
kiém tho nhw Mg [14]..., v&i muc dich tao ra cac tim
bat dién tw, tir d6 ting thoi gian ton tai cua cdp quang
- dién tr, gidm téc do6 tai hop cla cdp quang dién ti
- 16 tréng. Trong s d6, cac cdng bd chi yéu la nghién
cru vé anh huwdng cia nong do tap chit 1én viéc cai
thién hoat tinh quang xtc tac cua vat liéu g-C,N, [15].
Tuy nhién, anh hwdng ctia quy trinh cong nghé ché tao
dén tinh chit quang xdc tac cta vat liéu Mg pha tap
g-C,N, chwa dwoc quan tam nghién ctru. B so liéu toi
wu vé quy trinh ché tao nhw thoi gian x 1y nhiét, nhiét
do... sé dong mot vai tro quan trong trong viéc lam
cht cdng nghé ché tao vat liéu. Do d6, bao cdo nay tip
trung vao nghién ctru t6i wu anh hwéng ctia quy trinh
ché tao vit liéu thong qua suw thay ddi thoi gian tong
hop vét liéu Mg pha tap g-C,N, véi nong d6 10% nham
tang hoat tinh quang xtic tac cta vat liéu nén g-C,N,.
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2. Thuc nghiém
2.1. Téng hop vt liéu g-CN,

Vatliéu g-C,N, dwoc tong hop tlr hop chit hitu co uré
c6 cong thirc héa hoc (NH,),CO, ngudn gdc xudt xir tir
Trung Quéc. St dung phwong phap nhiét phan uré trong
khong khi: Cho uré vao c6c st dung tich 50 ml va boc kin
bang gidy bac, sau d6 cho vao 10 nung néng trong khong
khi & nhiét d6 550°C trong thoi gian 2 gic. Sdn phadm thu
dwoc sau khilam ngudi tw nhién téi nhiét do phong quan
sat dwgc & dang bot, x6p va cé mau vang nhat.

2.2. Téng hop vit liéu g-C,N, pha tap kim loai Mg

Vat liéu Mg pha tap g-C,N, dwoc ché tao bang
phwong phap nhiét phan don gian dwa trén ngudén vat
liéu g-C,N, duoc ché tao & muc 2.1, va ngudn tap Mg tir
mudi magnesium nitrate hexahydrate (Mg(NO,),.6H,0).
Quy trinh ché tao vat liéu dwoc thé hién theo cic buéc
sau: trwéece tién, cho 0,5 g bot g-C.N, vao 50 ml nwéc cat
va khudy tlr trong nita gi¢, sau d6 dwoc xir ly siéu 4m
trong 1 gi®, thu dwoc dung dich (1). CAn mot lwong mudi
Mg(NO,),.6H,0 twong trng véi ty phan 10% cho thém
vao dung dich (I), khudy tir dwéi diéu kién gia nhiét 90°C
trong thoi gian x gio, sdn phdm thu dwgc dung dich (I1).
Trong do, thoi gian khudy tir x lan lwotla 3,6,9, 12,15 va
18 gio. Pem hon hop dungdich (I1) tién hanh loc rira 3 Ian
trong mdi trwdmng codn ethanol. Mau thu dwgc sau khi loc
rita dwoc siy kho trong khong khi & 70°C, trong 24 gio.
Sau d6, mau dwoc 1am ngudi tw nhién & nhiét do phong
thi nghiém, sdn phidm thu dwoc 12 miu bot g-C,N, pha
tap chat Mg 10% khudy tir trong x gio va dwoc ky hiéu
la gCN-Mg-xh trong cac hinh vé chid thich mo ta két qua.

2.3. Pdnh gid hoat tinh quang xtic tdc

Pwa 0,06 g mau gCN-Mg-xh vao cdc chira 30 ml nwéc
cit, khudy tir trong 30 phut & nhiét dd phong. Sau do,
nhé thém vao 30 ml dung dich RhB néng d6 20 ppm dé
thu dwoc dung dich hdn hop RhB néng d6 10 ppm. Dung
dich dwoc khudy tir trong diéu kién khong cé anh sang,
trong thoi gian 30 phit, d€ ddm bao qué trinh hap phu
RhB ctia mau gCN-Mg-xh dugc bio hoa. Tiép theo, dung
dich dwoc chiéu sdng dwdi dén xenon trong thoi gian
80 phut hodc dwéi anh sdng mat trdi trong thoi gian 60
phut. C sau khoang 15 phut hodc 20 phut, 2 ml dung
dich lai dwoc 14y ra dé tién hanh ly tAm loc bé chat két
tda. Dung dich RhB sau khi ly tAm loc rita thanh phan
gCN-Mg-xh dwgc do do hip thu, dé xac dinh nong dd RhB



con lai trong mau sau khi xt ly quang xuc tc, tir d6 danh
gia dwoc hiéu suit quang xuc tac ctia vat liéu doi véi cac
mau c6 thoi gian xir ly nhiét khac nhau. Quy trinh danh
gid hiéu suit quang xuc tac dwgc thwe hién tai phong thi
nghiém thudc Trung tdm Khoa hoc va Cong nghé Nano,
Truwong Pai hoc Sw pham Ha Noi.

Phé phat xa cia dén Xenon dwoc ching toi khao
sat bang may quang phd Ocean Optic tai Khoa Vat ly,
Trwong Pai hoc Sw pham Ha Noi trong khodng bwdc
séng tir 200 dén 1000 nm. K&t qua so sanh phd cua
dén Xenon v&i quang phd mét troi dwoc trinh bay trén
hinh 1 cho thiy, hinh dang ctia ph6 dén Xenon twong tw
quang phd cla anh sdng mat troi khi di qua khi quyén.
DPinh phd cé cwong do 16n va rong nhit & buwdc séng
khoang 600 nm, ndm trong vung anh sang nhin thay.
Chung tdi thdy rang, phd clia dén Xenon c6 it thanh
phan tr ngoai hon so v&i ph6 clia &nh sdng mit trod,
vi vay, néu 4nh sang dén Xenon cé thé kich thich phan
rng quang xtc tac thi anh sing mit troi cling sé cho két
qua twong dwong.
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Hinh 1. Quang phé mit tr&i va quang phé dén Xenon (dwéng mau
héng la phd dén Xenon sau khi da cét UV).

2.4. Cdc phép phan tich

Ké&t qua anh hwdéng cta thoi gian xtr ly nhiét dén
hiéu suit quang xdc tac cua vat liéu sé
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phé quang dién tir tia X (XPS) dwoc thwe hién trén may
ESCALab 250 v&i ngudn tia X don sdc clia Al Ka (1486,6
eV), tai Treorng Pai hoc Ewha Womans, Han Qudc; pho
huynh quang cua vit liéu dwgc ghi nhan trong khoang
budc séng 400-800 nm v&i ngudn kich thich laser 355
nm va phé hip thu UV-Vis dwgc thwe hién trén may
Jasco - V670. Cac phép do vé quang hoc nay dwoc thuc
hién tai Khoa Vat ly, Trweong Pai hoc Sw pham Ha Noi.

3. Két qua va ban luan
3.1. Gidn dé nhiéu xa tia X

Anh huwéng cta thoi gian khudy tir dén do két tinh
cia mau Mg pha tap g-C,N,, v&i ham lwong 10% duwoc
thé hién trén hinh 2A. Tir gidn do nhiéu xa tia X c6 thé
nhan thay, cAic miu déu xudt hién cac dinh nhiéu xa tai
cacvitrigocla20 =13,11°, 26 =21,69°va 20 = 27,61
phu hop véi thé chudn JCPDS s6 01-087-1526 cla vat
liéu g-C,N, [12]. Qua d6 cho thdy, cac mau vat liéu sau
Kkhi ché tao két tinh t6t véi pha ciu tric luc gidc. Pinh & vi
tri 13,11° phu hop véi két qua nhiéu xa trén mit phang
(001), c6 cwong do yéu, dac trung cho khodng cach gitra
cac mit phang graphite trong tinh thé g-C.N, [12, 16].
Dinh & vi tri 27,61° 1a két qua nhiéu xa trén mit phang
(002), c6 cwong do manh, dic trung cho khoang cach
cua cac don vi heptazine trén mot mat graphite [12, 16].
T gidn dd nhiéu xa tia X clia cic mau gCN-Mg-xh khong
th4y c6 sw xuat hién thém clia cac dinh nhiéu xa méi, la,
chirng té cdc maiu ché tao khong xuat hién cac pha thi
c4p hinh 2B, biéu dién sw phéng dai dinh nhiéu xa tia X
vi tri géc 20 tir 25° dén 29° cho thay, vi tri cia dinh nhiéu
xa (002) dich nhe vé phia goc 26 bé. Két qua nay thé
hién ré rang nhit khi thoi gian kKhudy tir thay doi tir 9 gior
dén 18 gio. Cling trén hinh 2B cho thay sy dich dinh cta
mau gCN-Mg-9h 1a khac biét nhit so véi mau gCN-Mg-xh

dwoc ly giadi thong qua dnh hwéng cia  (a) (B)
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nghé Viét Nam; ph6 tdn xa Raman dworc - )
thuc hién trén hé Labram HR 800 va Hinh 2. Gian do nhiéu xa tia X cia hé mau gCN-Mg-xh theo cac th¢i gian khac nhau

trong khoang géc 26 (A) 10°-60°; (B) 25°-29°. Ngudn: Nhém nghién ciru.

KHOA
&CONGHI\?GCI:-IE

68(8) 8.2026



Khoa hoc Tu nhién | Khoa hoc nano; Khoa hoc Ky thuét va Cong nghé | Ky thuat hoa hoc; Ky thuat vat ligu va luyén kim n—

(x = 3,6 gi®). Sw dich nhe vi tri dinh nhiéu xa c6 thé dwoc
giai thich 1a do cac ion Mg? xen vao khdng gian gitra cac
don vi heptazine, tao cac lién két yéu v&i cac nguyén tir
N, gdy anh hwdng téi cau tric tinh thé g-C,N,.

3.2. Phé tdn xa Raman

Anh hwéng ctia thoi gian khudy trong qua trinh phan
tan ion Mg?* vao cdu tric  g-C,N, dén dao dong mang
tinh thé cta vat liéu nén dwoc thé hién trong hinh 3A,
trong d6 pho tan xa Raman dwgc ghi nhin véi sé séng
400-1600 cm™. Ph6 tan xa Raman cho thay cac mAu gCN-
Mg-xh déu xuat hién cadc mode dao déng c6 cwong do 16m
rng véi cac sd séng 471,708, 1232 va 1310 cm™. Két qua
nay phit hop véi sw xuét hién cdc mode dao dong ciia vat
liéu g-C,N, tinh khiét [17].
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Hinh 3. Phé tan xa Raman cia hé mau gCN-Mg-xh theo cac thoi
gian khac nhau trong khoang sé séng (A) 400-1600 cm™'; (B) 700-720
cm™.

Ngoai ra, khi thay d6i thoi gian khudy tir, cic mau ché
tao dwoc khong thiy xuit hién dinh méi. Piéu nay chimg
té rdng, cAc mau ché tao dwoc 1a twong d6i dong déu vé
ciu trac. Pinh c6 cwong do6 1ém tai vi tri sd séng 708 cm™?
dac trung cho dao dong ciia cac don

tir ting dén 9, 12, 15 va 18 gid, cdc mau nay c6 sv dich
khong dang ké vé phia s8 séng nhé. CAc mau c6 thoi gian
Khudy tir 1a 3 va 6 gior thi khong quan sat thiy c6 sw dich
dinh. Tl cac két qua trén chung tdi cho rang, thoi gian
khudy ttr ¢6 dnh hwdng dén sy phin tan cic cations tap
chat Mg* trong mang tinh thé g-C,N,. Do d6, anh hudng
clia tap chat cations Mg? trong mang tinh thé g-C,N,
khién cho cac dao dong cia don vi heptazine khac nhau
va phu thudc vao thoi gian khudy. Diéu d6 cho thiy, qua
trinh cations Mg?* pha tap vao vat liéu g-C,N, c6 thé phu
thudc vao giGi han vé thoi gian khudy tir trong qua trinh
ché tao mAu. N6i cach khéc, thoi gian khudy tir cao chwa
dam bao qua trinh pha tap 12 t8i wu va chat lwong miu
két tinh sau pha tap sé& t6t hon, hay hiéu qua quang xic
tac sé cao hon.

3.3. Phé quang dién tir tia X

D& tim hiéu thém vé thanh phan héa hoc cua cac
mau ché tao dugc, 1am co s& giai thich hoat tinh quang
xuUc tac cta vét liéu, chiing toi tién hanh phép do phd
XPS ctia mau gCN-Mg-9h va mau g-C,N, tinh Khiét. Tir
do6 thi hinh 4 ta thay, cidc nguyén ti C, N va O 1a nhitng
thanh phan chd yéu trong cdc mau. Dinh Cls trén phd
XPS ctia cdc mau tng véi nang lwong khoang 285 eV dic
trwng cho lién két C-C, C=N, N-C=N. Dinh N1s &rng véi mirc
nang lwong khoang 400 eV dac trung cho cac lién két don
va lién két déi: C-N=C, N-(C),, C-N-H [18]. Tlr phép phan
tich ph6 XPS ctia miu gCN-Mg-9h, dinh phé dic trung
cho mrc nang lwong 2p cda Mg c6 cwong do bé dwoc tim
thdy & vi tri khoang 53 eV. V&i mic Mg2p & vi tri nay,
ching t6i nhan dinh rang, tap chat Mg ton tai trong miu
gCN-Mg-9h dwéi dang cations Mg?*.

vi heptazine [10]. Dao dong ciacac  (A) (B)
don vi heptazine chinh la dao dong N1s Mg2p 52,9
clia céc lién két N-(C),. Tuy nhién, S Z
- A 7 ~ 7 2 7 “' 01 >

khi phan tich ky cac dinh tén xa 2 cts .m -
rng véi s6 song 708 cml, ching ;§- Ma2p H <
t0i nhan thdy vi tri dinh dac trung @ | g-CN, > gCN-Mg-9h
nay c6 sy khac nhau theo thoi 8 el

. PN PR o o
gian khudy tt, trong qua trinh /\/\M
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thé hién trén hinh 3B v&i s6 song Nang Iwong lién két (eV) Ning lwong lién két (eV)

dwoc ghi nhan trong khodng twr

Hinh 4. (A) Phé XPS ctia mau gCN-Mg-9h va mau g-C N, tinh khiét; (B) Phé XPS dic trwng cua

700-720 cm™. Khi thoi gian khudy  trang thai Mg2p cia mau gCN-Mg-9h.
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K&t qua nay dwoc cho 1a do sy twong tac cia Cls va
N1svGi Mg2p. Két qua nay phu hop véi cac két qua phan
tich vé cdu tric da trinh bay & trén (XRD, Raman).

3.4. Phé huynh quang

Khi electron hip thu photon cé ning lwong pht hop,
no sé birt ra d€ tao mot 16 trong. Thoi gian séng clia cap
dién tit - 16 tréng nay kha nhé, chiing sé tai hop lai v&i
nhau va phat xa ra photon. Cwong do huynh quang cta
vat liéu véi cuing cong suit chiéu xa anh sang kich thich
sé cho thong tin quan trong vé kha nang tai hop cia cap
dién t - 16 tréng. Hay ndi cach khéc, bang cach so sanh
cwong do dinh phat xa huynh quang cé thé duw doan vé
hiéu sut quang xtc tac cla cAc mau tir viéc so sanh tdc
do tai hop cdp dién tir - 16 tréng [19].

N —s—gCN-Mg-3h
$ N —0—gCN-Mg-6h
—&—gCN-Mg-9h
o—gCN-Mg-12h
¥—gCN-Mg-15h
o= gCN-Mg-18

Cwong do (d.v.ty)

400 450 500 550 600
Bwéc séng (nm)

Hinh 5. Phé huynh quang cta hé mau gCN-Mg-xh theo th&i gian.

Anh huéng ctia thoi gian khudy tir phan tan cations
Mg? trong nén vat liéu g-C,N, duwoc thé hién qua pho
huynh quang cta vat liéu trén hinh 5. Phé huynh quang
ctia hé mau gCN-Mg-xh 1a mot dai rong tir 400 dén 550
nm. Vi tri dinh clia cAc mau pha tap c6 xu hwéng dich vé
phia bwéc séng ngan. Cwong do dinh cta cdc mau ciing
c6 sw khac nhau va gidm so véi miu tinh khiét. CAc mau
gCN-Mg-xh (x=3, 6h) c6 su dich dinh va cwong do dinh
giam dan so véi mau g-C,N, tinh khiét. Tuy nhién, khi
thoi gianlax =9, 12, 15, 18 gid, cAc mau gCN-Mg-xh c6
suw dich dinh manh nhat va cwong d6 dinh phat xa suy
yéu ro rét nhat. Diéu nay cho thiy, viéc thay ddi thoi gian
khudy tir c6 kha ning lam tiang hiéu suit quang xdc tac
ctia hé gCN-Mg-xh va chi cAn khudy tir trong 9 gid, cwong
do6 dinh huynh quang gidm ro rét nhat. Sw dap tat huynh
quang cta vat liéu dw doan mau gCN-Mg-9h sé cho hiéu
sult quang xudc tac tot nhat, khi téc do tai hop cap dién
tl - 16 trong 1a thap nhat.
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3.5. Phé hdp thu UV-Vis

A) B)

gCN-Mg-12h

(ah.v)?

N N N
—— gCN-Mg-3h 20 25 30 35 40
——— gCN-Mg-6h
—— gCN-Mg-9h
—— gCN-Mg-12h

Nang lwgng photon (eV)

~—— gCN-Mg-15h
~— gCN-Mg-18h
~———gCN

., Cwong dod hap thy (d.v.t.y)

00 350 400 450 500 550 600
Bwéc song (nm)

Hinh 6. Phé hap thu UV-Vis ctia hé mau gCN-Mg-xh.

Phd hdp thu UV-Vis clia cac mAu gCN-Mg-xh duoc
biéu dién trén hinh 6. Két qua cho thay, tit ca cAc mau c6
bo hap thu trong khoang buwdc séng tir 375 dén 450 nm.
Duwa trén vi tri cia bor hap thy, c6 thé du dodn rang buéc
song clia anh sang kich thich qua trinh chuyén mirc dién
tlr ndm trong ving tir ngoai, hoic can tir ngoai. Sr dung
phuwong phap Wood-Tauc dé xac dinh do rong ving cdm
cua vat liéu va wéc lwong dwoc gia tri dat khoang 2,7 eV.
Ciing theo hinh 6, b&r hip thu cia cdc mau gCN-Mg-xh va
mau g-C,N, gin nhw trung nhau, diéu nay cho théy viéc
pha tap chat Mg vao g-C,N, kem theo su thay doi thoi
gian khudy tir hdu nhw khong 1am thay déi bé rong ving
cdm cua vat liéu.

3.6. Két qua xir ly quang xtic tdc

Khi ti€p xtc v&i anh sdng lién tuc tir dén xenon hoic
anh sang Mit troi, vat liéu g-C3N, thé hién hoat tinh
quang xdc tac dang ké trong qua trinh phin hady RhB.
Duéi tac dong clia birc xa c6 ning lwong photon bang
hodc 16n hon ving cAm (c& 2,7 eV), electron trong viing
héa tri (VB) duoc kich thich chuyén 1én viing dan (CB),
dé 1ai 16 tréng quang sinh trong VB. Céc electron & CB c6
thé tham gia phan ng khit v&i 0, hoa tan, hinh thanh
goc superoxide (- 03), sau d6 tiép tuc chuyén hda thanh
(HO,"),H, 0, vagochydroxyl (-OH) c6 tinh oxy héa manh.
Dong thoi, cac 16 trong (h) tai VB c6 kha nang truc tiép
oxy héa phan tir RhB hodc phan &ng véi H2,0/0H™ dé
tao ra thém (-OH), qua dé thuc ddy qua trinh phan huy.
Su két hgp déng thoi clia cac tic nhan oxy héa manh
(- 03, -OH, h*) dan dén pha v& ciu tric vong thom va
cac nhém chirc hitu co trong RhB, cudi cing khodng hoa
thanh CO,, H,0 va cic san phdm v6 co nho hon [12].
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xudng con khoang 90%. Nhu vay,

(A) : B
1,0 - Sang (B) ’
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—a— gCN-Mg-6h
=== gCN-Mg-9h
== gCN-Mg-12h
0,2 | |~ gCN-Mg-15h
—— gCN-Mg-18h|

0,0F

khac véi két qua trén hinh 7A,
thoi gian khi hoan toan la 45
phit. Biéu nay cho thiy, hiéu suit
quang xuc tac bi anh hwéng manh
bdi cwong do anh sang chiéu tdi
trong qua trinh quang xuc tac. Khi
xtr ly quang xdc tac dudi anh sang
mat troi, ching téi do dwoc thong

-30 -15 0 15 30 45 60 -20
Theoi gian (phut)

Hinh 7. Hiéu suét quang xtc tac cia hé mau gCN-Mg-xh. Dwéi anh sang mit troi (A), dwéi anh

sang den Xenon (B).

Viéc danh gia hiéu suit quang xtc tac cia hé miu
gCN-Mg-xh dwoc thyc hién dwdi anh sing mat troi (trong
khoang 12 dén 13 gitr ngay 30/07,/2025), v&i diéu kién
nhiét dd moi tredng 1a 36°C, cwong do anh sang do dwoc
trong khoang thoi gian thwe nghiém c6 gia tri trung binh
khoang 37665 Im (hinh 7A). Ta thiy thoi gian khudy tir
trong quy trinh phén tan cations Mg** trong g-C,N, c6
sw dnh hwdng ro rét dén hiéu suit quang xic tac clia vat
liéu khi so sanh véi vat liéu nén g-C,N,.

K&t qua nghién ctru cho thiy cAc miu gCN-Mg-xh véi
thoi gian x = 6,9, 12, 15 gi¢ ¢6 hiéu suit quang xuc tac
gan nhu twong dwong nhau va cao hon hin so véi mau
tinh khiét. Chi sau 45 phtt chiéu siang bang anh sing
mit troi tw nhién, dung dich RhB da dwoc cdc mau nay
khtr hoan toan. Riéng mau gCN-Mg-3h, hiéu suit chi dat
t&i 95% va mau gCN-Mg-18h hiéu suit gidm xudng con
khoang 90% sau 45 phut chiéu sang. K&t qua vé hiéu
sudt ctia hai miu nay phu hop véi két qua phan tich ciu
tric tir phd tan xa Raman (khong thay sw dich dinh cia
hai mau nay). Trong khi d6, mau tinh khiét g-C,N, chi
dat hiéu suat khoang 70%. Sw bat thwong nay cho thiy
c6 thé ton tai mot gidi han vé thoi gian khuly tir trong
qué trinh ché tao mAu. Két qua trén ciing dwgc ching toi
kiém tra lai bang cach xir ly quang xuc tac cia hé mau dudi
sw chiéu sang ctia dén Xenon. Két qua kiém tra dwoc trinh
bay trén hinh 7B. So sanh hai két qua nay c6 thé thiy sw
phu hop gitta hai cach thi nghiém dwoc thé hién twong
d6i ro. Két qua trén hinh 7B cho thiy, cdc miu gCN-Mg-
xh (x = 6,9, 12, 15gi) thé hién hiéu suit quang xuc tac
t6t nhat sau 60 phut chiéu sang dwdi dén Xenon, dung
dich RhB d3 dwoc cdc miu trén khitr hoan toan. Tuy
nhién, d6i véi mau d6i chirng gCN-Mg-3h, hiéu suit dat
khoang 95% va véi mau gCN-Mg-18h, hiéu suit lai gidm
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lwong anh sang tai thoi diém 1am
thi nghiém la 37665 Im, 1é6n hon
thong lwong sang den Xenon
(34450 Im). Do vay, hiéu suit
quang xuc tac cla cAc mau trong
hé c6é sw khac nhau nhw trén. Tlr sw khac nhau vé hiéu
suit quang xuc tac cia cdc miu cé thoi gian khadc nhau va
cac phép phan tich vé ciu truc, tinh chit quang néu trén,
ching tdi cho rang khi thoi gian khudy tir 12 9 gior thi hé
mau cho hiéu quéa quang xtc tac hiéu qua nhit.

20 40 60 80

4. Két luan

Nghién ctru da ché tao thanh cong vat liéu g-C,N,
pha tap kim loai Mg 10% va thay doi thoi gian tong hop
bang phuwong phap héa hoc don gidn. Tl gidn do XRD va
sw dich dinh nhiéu xa clia cdc miu gCN-Mg-xh cho thay
nguyén td Mg c6 trong thanh phin maiu lam thay déi
khong dang ké dén cdu tric tinh thé cda g-C,N,. Tir pho
huynh quang, chting t6i dw doan khi thoi gian khudy tir 9
gior tré di, cAc mAu c6 kha ndng cho hiéu suit quang xtc
tac cao nhat. K&t qua ph6 tan xa Raman va phé XPS cho
thiy cac ion tap chat khi dwoc pha tap vao vatliéu sé xen
ké vao cac vi tri tréng giira cac don vi heptazine trong
vat liéu g-C,N,,
C, N & gan, dan dén su thay ddi nhé cac dao dong clia cac
lién két co ban trong cau tric mang tinh thé g-C,N,, két
qua nay phu hgp vi gidan do6 XRD va phé huynh quang.
Hiéu suat quang xuc tac cla vat liéu g-C,N, da dwoc cai
thién dang ké khi thay ddi thoi gian ché tao tir 3 dén 18
gi¢r khi pha tap 10% Mg. MAu gCN-Mg-xh (x = 6, 9, 12,
15h) ¢6 hiéu sudt quang xuc tac tét nhat, phan hiy 100%
RhB sau 45 phut chiéu 4nh sdng tw nhién cia mat troi va
sau 60 phut chiéu sang bang dén Xenon va hiéu suit cao
hon hin so véi mau g-C,N, tinh khiét. Tir cac két qua néu
trén, chung toi cho rang thoi gian ché tao dé mau cho
hiéu suat cao la x = 9h. K&t qua nghién ctru nay cho thay,
giai phap pha tap nguyén t6 kim loai Mg 10% trong vat
liéu nén g-C,N, va lya chon thoi gian ché tao pht hop l1a

tham gia lién két yéu véi cac nguyén ti



lwa chon t6i wu d€ lam ting hiéu suit quang xdc tac. T
dé, hé vat liéu ché tao dwgc sé c6 tiém nang ng dung
trong thuc tién.

Nghién ctru nay dworc tai tro béi Trwong Pai hoc Giao
théng Van tai trong dé tai ma sé T2025-CB-004. Nhom
tac gid xin tran trong cam on.
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