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Tém tit:

Trong nghién ctru nay, vat li€éu graphite carbon nitride (g-CsN4) pha tap kim loai
Mg dwoc tong hop thanh cong bing phwong phap hoa hoc don gian, véi thoi gian
phin ung tir 3 dén 18 gio, két hop xir 1y nhiét & 90°C. Ciu tric tinh thé va trang
thai hoa hoc ciia vit liéu dwoce diic trung biang pho nhiéu xa tia X (XRD), pho
Raman va phd quang dién tir tia X (XPS); trong khi d6, cac tinh chit quang hoc
dwoe danh gia thong qua pho hip thu UV-Vis va huynh quang (PL). Hiéu suit
quang xuc tac duwge khao sat thong qua qua trinh phan hiy dung dich hitu co
Rhodamine B (RhB) dwéi sw chiéu siang ciia dén Xenon va anh sang mit troi. Két
qua cho thiy, cic miu sau khi pha tap Mg déu thé hién hoat tinh quang xiuc tac
cao hon so véi g-C3Ng tinh khiét. Sw cai thién nay dwoc cho 1a do sy hién dién ciia
ion Mg?* déng vai tro “tam biy” electron, giiip han ché qua trinh tai hop cip
electron - 16 trong. Pong thoi, viéc chén Mg vao ciu tric heptazine 1am ting dién
tich bé mit riéng, tir 46 ning cao hiéu qua quang xic tac cia vat liéu.
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In this study, magnesium-doped graphite carbon nitride (Mg-doped g-CsNa)
materials were successfully synthesised via a simple chemical method, with
synthesis durations ranging from 3 to 18 hours, followed by thermal treatment at
90°C. The crystal structure and chemical states of the materials were characterized
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) spectra. The photocatalytic performance
was investigated through the degradation of an organic Rhodamine B (RhB)
solution under illumination with a Xenon lamp and natural sunlight. The results
revealed that all Mg-doped samples exhibited superior photocatalytic activity
compared with pristine g-CsN4. This enhancement is attributed to the presence of
Mg?* cations acting as electron “trapping centers,” 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.
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1. Mé dau

Hién nay, van dé 6 nhiém moi trudng nodi chung, dic biét 1a 6 nhiém ngu@)n nudc
noi riéng dang 1a mot trong nhitng mbi de doa rat 16n ddi véi cude séng ciia nhan loai.
O Viét Nam, luong nudc thai khong 16 chua qua xir 1y ctia cac nha may, cac lang nghé
xa ra moi trudng, phan 16n 13 nhitng chat thai hitu co bén, kho bi phan huy khi khong
duge xir 1y triét dé [1-4]. Trong nhiéu nim qua, hang loat nhitng nd luc nghién ciru da
dugc trién khai nham tim ra mot phuong phap xir Iy hiéu qua [5, 6]. Trong s6 nhing
giai phap c6 tinh wu viét cao, phai ké dén viéc sir dung cong nghé quang xuc tac boi nd
s& hiru nhiéu wu diém nhu hiéu qua cao, gia thanh ré va than thién véi méi truong [7].
Vit lidu g-CsN4 12 mot trong nhitng vat liéu quang xGc tac tiém ning dang dugc quan
tam nghién ciru bai day 1a mot chat ban dan hitu co phi kim loai véi d6 rong ving cam
nho (c& 2,7 eV), do ciing cao, it doc hai, on dinh vé mat héa hoc trong méi trudng, dién
tich bé mit riéng 16n, twong thich sinh hoc va c6 d6 hoa tan vuot troi so véi nhiéu loai
vat liéu khac [8]. Tuy nhién, theo két qua nghién ctiru cua nhém Z. Mo va cs (2015) [9],
vat liéu g-CsNa tinh khiét c6 nhuoc diém 16n khi trién khai trong linh vuc quang xuc tac
d6 1a téc do tai to hop dién tir - 15 tréng 16n va hiéu suat luong tir thap, chinh nguyén
nhan nay da 1am giam hiéu qua quang xGc tac cua vat liéu. Dé ting hiéu suat quang



xtc tac ctia vat liéu g-CsNa, di c6 rat nhiéu cong bd nghién ciru nhu pha tap nguyén
t6 dat hiém nhu Nd, Y [10, 11], kim loai chuyén tiép nhu Fe, Co [12, 13], hay kim
loai nhoém kiém thd nhu Mg [14] v.v., véi muc dich tao ra cic tdm bét dién ta, tir
d6 tang thoi gian ton tai ctia cip quang - dién tir, giam téc do tai hop cua cdp quang
dién tir - 15 tréng. Trong sd d6, cac cong bd chi yéu 1a nghién ciru vé anh hudng cia
nodng do tap chat 1én viée cai thién hiéu sut quang xuc tac ctia vat liéu g-C3Ng4 [15].
Tuy nhién, anh huéng cia quy trinh cong nghé ché tao dén tinh chat quang xic tac
ctia vat liéu Mg pha tap g-C3N4 chua duoc quan tim nghién ctru. Bo s6 liéu tdi uvu vé
quy trinh ché tao nhu thoi gian xir 1y nhiét, nhiét d6 v.v. s& dong mot vai trd quan
trong trong viéc lam chu cong nghé ché tao vt liéu. Do do, bao céo nay tap trung
vao nghién ctru téi wu anh huong cua quy trinh ché tao vat liéu thong qua sy thay doi
thoi gian tong hop vat liéu Mg pha tap g-CsNa véi ndng d6 10% nham ting hiéu suét
quang xuc tac cua vat liéu nén g-CaNa.
2. Thuc nghiém

2.1. Téng hop vit ligu g-C3Ng

Vit liéu g-C3N4 dugc tong hop tir hop chat hiru co uré co cong thirc hoa hoc
(NH2)2CO, ngudn gbc xuat xir tir Trung Qudc. Str dung phuong phap nhiét phan uré
trong khdng khi: Cho uré vao cbc str dung tich 50 ml va boc kin bang gidy bac, sau d6
cho vao 16 nung néng trong khdng khi & nhiét d6 550°C trong thoi gian 2 gio. San pham
thu duoc sau khi lam ngudi tu nhién tdi nhiét d6 phong quan sat dugc ¢ dang bot, xép
va cd mau vang nhat.

2.2. Tong hop vit liéu g-CsN4 pha tap kim loai Mg

Vit liéu Mg pha tap g-C3Na4 dugc ché tao bang phuong phap nhiét phan don gian
dya trén nguodn vat liéu g-CsNs duoc ché tao & muc 2.1 va ngudn tap Mg tir mudi
magnesium nitrate hexahydrate (Mg(NOs)2.6H20). Quy trinh ché tao vat liéu dugc thé
hién theo cac budc sau: Trudc tién, cho 0,5 g bot g-CsNa vao 50 ml nude cat va khudy
tur trong ntra gio, sau d6 dugc xur ly si€u am trong 1 gio thu dugc dung dich (1). Can mét
luong mudi Mg(NOs)2.6H20 tuong tmg véi ty phan 10% cho thém vao dung dich (1)
khudy tir dudi diéu kién gia nhiét 90°C trong thoi gian X gid, san pham thu dugc dung
dich (I1). Trong d6, thoi gian khudy tir X 1an luot 1a 3 gio, 6 gio, 9 gio, 12 gio, 15 gid va
18 gio. Pem hén hop dung dich (I1) tién hanh loc rira 3 1an trong moi truong con ethanol.
Mau thu duge sau khi loc rira duge dem sy kho trong khdng khi ¢ 70°C trong 24 gio.
Sau d6, mau duoc lam nguoi tu nhién & nhiét do phong thi nghiém, san phém thu duoc
12 mau bot g-C3Na pha tap chat Mg 10% quay tir trong x gid va dugc ki hiéu 12 gCN-
Mg-xh trong cac hinh vé& chu thich mé ta két qua.



2.3. Ddanh gia hoat tinh quang xuc tic

Pua 0,06 g mau gCN-Mg-xh vao viao cdc chira 30 ml nude cat, khudy tir trong 30
phlt & nhiét d6 phong. Sau d6, nho thém vao 30 ml dung dich RhB ndng d6 20 ppm dé
thu duge dung dich hén hop RhB ndng do 10 ppm. Dung dich dugc khudy tir trong
diéu kién khong c6 anh sang trong thoi gian 30 phit dé dam bao qué trinh hap phu RhB
cia mau gCN-Mg-xh duoc bdo hoa. Tiép theo, dung dich dugc chiéu sang dudi dén
xenon trong thoi gian 80 phdt hoac dudi anh sang mat troi trong thoi gian 60 phat. Cir
sau khoang thoi gian 15 phit hodc 20 pht, 2 ml dung dich lai dugc 1y ra dé tién hanh
ly tam loc bo chat két tia. Dung dich RhB sau khi ly tdm loc rira thanh phan gCN-Mg-
xh duoc do d¢ hap thu dé xac dinh ndng d6 RhB con lai trong mau sau khi xir 1y quang
XUc tac, tir 46 danh gia duoc hiéu sut quang xuc tac cua vt liéu d6i véi cac mau co thoi
gian xtr Iy nhiét khac nhau. Quy trinh danh gia hiéu suat quang xtc tac dugc thuc hién
tai Phong thi nghiém thudc Trung tdm Khoa hoc va Céng nghé Nano, Truong Pai hoc
Su pham Ha Noi.

Pho phét xa ctia dén Xenon dugc chung t6i khao sat bang mdy quang phd Ocean
Optic tai Khoa Vat ly, Truong Pai hoc Su pham Ha N1 trong khoang budc song tur
200 dén 1000 nm. Két qua so sanh phd cia dén Xenon v6i quang phd mit troi duoc
trinh bay trén hinh 1 cho thay hinh ding ctia phd dén Xenon twong tuy quang phd cia
anh sang mit troi khi di qua khi quyén. Dinh pho c6 cuong d6 10n va rong nhét ¢ budc
song khoang 600 nm nam trong ving anh sang nhin thy. Chung ti thay rang pho cta
dén Xenon c6 it thanh phan tir ngoai hon so véi phd ciia 4nh sang mat trdi, vi vay, néu
anh sang dén Xenon co thé kich thich phan ung quang xtic tac thi 4nh sang mat troi

cling s& cho két qua twong duong.
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Hinh 1. Quang phé mit troi va quang phé dén Xenon (dudng mau hong la phd dén
Xenon sau khi da cat UV).

2.4. Cac phép phan tich

Két qua anh huong cta thoi gian xir Iy nhiét dén hiéu suat quang xuc tac ctia vat
lidu s& duoc 1y giai thong qua anh huong cua cau tric, hinh thai bé mat, dic trung lién

két cling nhu cac dic trung quang hoc cta vat liéu Mg pha tap g-C3Na. Cau tric tinh thé
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ctia vt liéu dugce xir dung phuong phap nhiéu xa tia X trén may SIEMMENS D5005
Bruker - Germany & nhiét d6 phong vai bic xa Cu K, voi bude song A = 1,54006 A, tai
Vién Khoa hoc Vit li¢u thudc Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam; phé
tan xa Raman duoc thuc hién trén hé Labram HR 800 va phd tan xa ning luong tia X
(XPS) duoc thuc hién trén may ESCALab 250 véi ngudn tia X don sic cua Al Ka
(1486,6 eV), tai Trudong DPai hoc Ewha Womans, Han Quéc; phé huynh quang cua vat
liu duoc ghi nhan trong khoang buéc séng 400-800 nm véi véi nguon kich thich laser
355 nm va pho hap thu UV-Vis duoc thyc hién trén may Jasco - V670. Cac phép do vé
quang hoc nay dugc thyc hién tai Khoa Vat 1y, Truong Pai hoc Su pham Ha Noi.

3. Két qua va ban luin

3.1. Gidn do nhiéu xqa tia X
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Hinh 2. Gian d6 nhiéu xa tia X ciia hé miu g-CN-Mg-xh theo cac thoi gian khac nhau
trong khoang goc 26 (A) 10°-60° va (B) 25°-29°.

Anh huéng cua thoi gian khudy tir dén do két tinh ctia mau Mg pha tap g-C3Na véi
ham luong 10% duoc thé hién trén hinh 2A. Tir gian d6 nhidu xa tia X c6 thé nhan thiy
cac mau déu xuét hién cac dinh nhiéu xa tai cac vi tri goc 1a 20=13,11°, 26=21,69° va

260=27,61° phi hop vai thé chuan JCPDS s6 01-087-1526 cua vat liéu g-C3Na. Qua d6
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cho thiy cac mau vat liéu sau khi ché tao két tinh tot v6i pha cau tric luc giac. Pinh ¢
vi tri 13,11° phu hop voi két qua nhiéu xa trén mit phéng (001), c6 cuong do yéu, dac
trung cho khoang céch gitta cac mit phing graphite trong tinh thé g-CsN4 [12, 16]. Pinh
& vi tri 27,61° 1a két qua nhiéu xa trén mat phéng (002), c6 cuong do manh, dac trung
cho khoang cach cta cac don vi heptazine trén mot mit graphite [12, 16]. Tir gian do
nhiu xa tia X ctia cic mau gCN-Mg-xh khong thay c6 su xuat hién thém cia cac dinh
nhiéu xa mdi, la, ching t6 cac mau ché tao khong xuat hién céc pha thtr cép hinh 2B,
biéu dién sy phong dai dinh nhidu xa tia X vi tri goc 20 tir 25° dén 29° cho thay, vi tri
ctia dinh nhiéu xa (002) dich nhe vé phia goc 20bé. Két qua nay thé hién rd rang nhat
khi thoi gian khudy tir thay doi tir 9 gio dén 18 gio. Ciing trén hinh 2B cho thay su dich
dinh cia mau gCN-Mg-9h 1a khac biét nhét so vdi mau gCN-Mg-xh (x = 3, 6h). Su dich
nhe vi tri dinh nhidu xa c6 thé duoc giai thich 1a do cac ion Mg?* xen vao khong gian
giita cac don vi heptazine, tao cac lién két yéu véi cac nguyén tir N, gay anh huong toi

cAu tric tinh thé g-C3Na.
3.2. Phé tdn xa Raman

Anh huéng cua thoi gian khudy trong qué trinh phan tan ion Mg?* vao cau tric
g-CsNy dén dao dong mang tinh thé cua vat liéu nén dugc thé hién trong hinh 3A, trong
do phé tan xa Raman dugc ghi nhan véi ) song 400-1600 cm. Ph6 tan xa Raman cho
thay cac mau gCN-Mg-xh déu xuat hién cdc mode dao dong c6 cuong do 16n tmg véi
cac s6 song 471 cm®, 708 cm?, 1232 cm?, 1310 cm™L. Két qua nay phu hop véi su xuat

hién cac mode dao dong cua vat liéu g-CsNg tinh khiét [17].
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Hinh 3. Pho tan xa Raman ciia hé miu g-CN-Mg-xh theo cac thoi gian khac nhau
trong khoang s6 séng (A) 400-1600 cm™ va (B) 700-720 cm'™.

Ngoai ra, khi thay d6i thoi gian khudy tir, cac mau ché tao duoc khong thdy xut
hién dinh méi. Piu nay ching t6 rang cac miu ché tao duoc 13 twong ddi dong déu vé

cau trac. Pinh ¢6 cudng do 16n tai vi tri s0 song 708 cm™! ddc trung cho dao ddng cua céc
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don vi heptazine [10]. Dao dong cta cac don vi heptazine chinh 1a dao dong cuia cac lién
két N-(C)s. Tuy nhién, khi phan tich ki cac dinh tan xa tng voi s6 song 708 cm™®, chling
t6i nhan thay vi tri dinh dic trung nay c6 sy khac nhau theo thoi gian khudy tir trong
qua trinh ché tao vat liéu Mg pha tap g-C3Na thé hién trén hinh 3B v&i s song dugc ghi
nhan trong khoang tir 700-720 cm™. Khi thoi gian khudy tir ting dén 9, 12, 15, 18 gio,
cac mau ndy co sy dich khong dang ké vé phia sé song nho. Cac mau c6 thoi gian khudy
tir 14 3 gio va 6 gio thi khong quan sat thdy c6 su dich dinh. Tir cac két qua trén chung
t6i cho rang, thoi gian khudy tir c6 anh hudng dén sy phén tan cac cations tap chat Mg?*
trong mang tinh thé g-CsNa. Do d6, 4nh hudng cua tap chat cations Mg?* trong mang
tinh thé g-CaN4 khién cho cac dao dong cta don vi heptazine khac nhau va phu thudc
vao thoi gian khudy. Diéu d6 cho thay, qué trinh cations Mg?* pha tap vao vat liéu g-
C3N4 c6 thé phu thudc vao gidi han vé thoi gian khudy tir trong qua trinh ché tao mau.
NOGi cach khac, thoi gian khudy tir cao chwa dam bao qué trinh pha tap 13 t6i wu va chat

luong mau két tinh sau pha tap sé& tot hon, hay hiéu qua quang xtc tac s& cao hon.
3.3. Phé quang dién tir tia X

Pé tim hiéu thém vé thanh phén héa hoc ctia cac mau ché tao duoc 1am co s& gidi
thich hiéu suit quang xuc tac cta vat liéu, chung t6i tién hanh phép do phd XPS cua
mau gCN-Mg-9h va mau g-C3Na tinh khiét. Tir d0 thi hinh 4 ta thay, cac nguyén tir C,
N va O 1a nhitng thanh phan chi yéu trong cdc mAu. Pinh C1s trén phd XPS ctia cic mau
g v6i ning luong khoang 285 eV dic trung cho lién két C-C, C=N, N-C=N. Pinh N1s
g v6i muce ning lugng khoang 400 eV dic trung cho céac lién két don va lién két doi:
C-N=C, N-(C)s, C-N-H [18]. Tir phép phan tich phd XPS ciia mau gCN-Mg-9h, dinh
phd dic trung cho mirc ning lugng 2p cia Mg ¢d cuong do bé duge tim thiy & vi tri
khoang 53 eV. V&i mitc Mg2p & vi tri nay, ching t6i nhan dinh rang, tap chit Mg ton
tai trong mau gCN-Mg-9h dudi dang cations Mg?*.
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Hinh 4. (A) Phé XPS ciia miu gCN-Mg-9h va miu g-CsNs tinh khiét; (B) Phé XPS
dic trung ctia trang thai Mg2p ciia mau gCN-Mg-9h.

Két qua nay duoc cho 1a do sy twong tac cua C1s va N1s voi Mg2p. Két qua nay
phtt hop véi céc két qua phan tich vé ciu trac da trinh bay ¢ trén (XRD, Raman).

3.4. Phé hupnh quang

Khi electron hap thu photon c¢6 ning lwong pht hop, nd s& but ra dé tao mot
16 trong. Thoi gian sdng cla cap quang - dién tir - 16 tréng nay kha nho, chiing sé
tai hop lai vo1 nhau va phat xa ra photon. Cuong d§ huynh quang cua vat li¢u voi
cung cong suat chiéu xa anh sang kich thich s& cho thong tin quan trong vé kha
nang tai hop ciia cdp quang - dién tir - 16 trong. Hay néi cach khac, bang cach so
sanh cudng d6 dinh phat xa huynh quang c6 thé dy doan vé hiéu suat quang xtic

tac ctia cac mau tir viée so sanh toc do tai hop cip quang - dién tir - 15 tréng [19].
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Hinh 5. Pho huynh quang ciia hé¢ miu gCN-Mg-xh theo thoi gian.

Anh huéng cua thoi gian khudy tir phan tan cations Mg?* trong nén vat liéu g-C3Na
duogc thé hién qua phd huynh quang ciia vat liéu trén hinh 5. Pho huynh quang cua hé
mau gCN-Mg-xh 1a mot dai rong tir 400 nm dén 550 nm. Vi tri dinh ctia cac miu pha

tap c6 xu huéng dich vé phia budc song ngian. Cudng do dinh cia cac mau ciing c6 su
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khac nhau va giam so v6i mau tinh khiét. Cac mau gCN-Mg-xh (x=3, 6h) c6 su dich
dinh va cudng do dinh giam dan so véi mau g-C3Na tinh khiét. Tuy nhién, khi thoi gian
lax =29, 12, 15, 18 gio, cac mau gCN-Mg-xh ¢6 su dich dinh manh nhét va cuong do
dinh phat xa suy yéu rd rét nhat. Diéu nay cho thiy viéc thay doi thoi gian khay tir co
kha niang 1am tang hiéu suat quang xuc tic ctia hé¢ gCN-Mg-xh va chi can khudy tir trong
9 gid, cudng d6 dinh huynh quang di giam rd rét nhat. Sy dap tat huynh quang cua vat
liu dy dodn mau gCN-Mg-9h s& cho hiéu sudt quang xuc tac tot nhat khi téc do tai hop
cap quang - dién tir - 15 trong 13 thap nhat.
3.5. Phé hdp thu UV-Vis
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Hinh 6. Pho hap thu UV-Vis ciia hé¢ miu gCN-Mg-xh.
Phé hap thu UV-Vis ctia cac mau gCN-Mg-xh duoc biéu dién trén hinh 6. Két qua

cho thiy, tat ca cac mau co bd hap thu trong khoang budc song tir 375 nm dén 450 nm.
Dua trén vi tri cua bo hép thu, c6 thé du doan ré“mg budc song cua anh sang kich thich
qua trinh chuyén muc dién tir nam trong vung tir ngoai hoac can tur ngoai. Sir dung
phuong phap Wood-Tauc dé xac dinh d6 rong ving cim ciia vt liéu va udc luong duoc
gia tri dat khoang 2,8 eV. Ciing theo hinh 6, bd hip thu cta cac mau gCN-Mg-xh va
mau g-CsN4 gan nhu tring nhau, diéu nay cho thay viéc pha tap chat Mg vao g-CsNa
kém theo sy thay dbi thoi gian khudy tir hau nhu khong lam thay do6i bé rong viing cam
cua vat liéu.
3.6. Két qua xir Iy quang xUc tac

Khi tiép xUc vOi anh sang lién tyc tir dén xenon hodc anh sang Mat troi, vt liéu
g-CsN4 thé hién hoat tinh quang xuc tic ddng ké trong qua trinh phan hity RhB. Duéi
tac dong ciia birc xa c¢6 niang lugng photon bang hodc 16n hon ving cam (c& 2,7 eV),
electron trong ving hoa tri (VB) duoc kich thich chuyén 1én ving dan (CB), dé lai 16
trong quang sinh trong VB. Céc electron & CB c6 thé tham gia phan tng khir v6i Oz hoa
tan, hinh thanh gbc superoxide (- 03), sau d6 tiép tuc chuyén héa thanh (HO, -), H,0,
va gbc hydroxyl (- OH) c6 tinh oxy héa manh. Dong thoi, cac 16 trong (h*) tai VB ¢6
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kha ning tryc tiép oxy hoéa phan tir RhB hoic phan tmg v6i H-O/OH dé tao ra thém
(- OH), qua d6 thiic ddy qua trinh phan hay. Sy két hop déng thoi ciia cac tac nhan oxy
héa manh (- O, - OH, h*) din dén pha v& cAu triic vong thom va cac nhém chire hitu co

trong RhB, cudi cting khoang hoa thanh CO-, H20 va céc san pham vo co nhé hon [12].

Viéc danh gi4 hiéu suit quang xtc tac ciia hé mau gCN-Mg-xh dugc thuce hién
dué6i anh sang mat troi (trong khoang tir 12 gid dén 13 gio ngay 30/07/2025), vé6i diéu
kién nhiét do0 moi truong la 36°C, cuong do anh sang do dugc trong khoang thoi gian
thue nghiém c6 gia trj trung binh khoang 37665 Ix, két qua dugc trinh bay trén hinh 7A.
Ta thay thoi gian khudy tir trong quy trinh phan tan cations Mg?* trong g-CsNa c6 su
anh huong 1o rét dén hiéu suit quang xuc tac cua vat liéu khi so sdnh voi vat liéu nén g-
CsNa.
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Hinh 7. Hiéu suit quang xuc tic ciia hé miu gCN-Mg-xh. (A) dudi 4nh sang Mat

Troi, (B) dudi anh sang dén Xenon.

Két qua nghién ciru cho thdy c4c mau gCN-Mg-xh véi thoi gian x = 6, 9, 12, 15
10



gid ¢6 hiéu suat quang xuc tic tvong duong nhau va cao hon han so véi mau tinh khiét.
Chi sau 45 phut chiéu sang béng anh sang mat tro1 ty nhién, dung dich RhB da duogc cac
mau nay khir hoan toan. Riéng mau gCN-Mg-3h, hiéu suat chi dat t&i 95% va mau
gCN-Mg-18h hiéu suét lai giam xudng con khoang 90% sau 45 phut chiéu sang. Két
qua vé hiéu suit ctia hai mau nay phu hop vé6i két qua phan tich ciu trac tir pho tan xa
Raman (khong thay su dich dinh cta hai mau nay). Trong khi ¢4, mau tinh khiét g-C3N4
chi dat hiéu suat khoang 70%. Su bat thuong nay dugc cho 14 c6 mot giéi han vé thoi
gian khudy tir khi ché tao mau. Két qua trén ciing duoc ching toi kiém tra lai bang cach xir
Iy quang xuc tac ctia hé mau dudi su chiéu sang ciia dén Xenon. Két qua kiém tra duoc trinh
bay trén hinh 7B. So sanh hai két qua nay co thé thay su phu hop giita hai cach thi nghiém
duogc thé hién tuong dbi r6. Két qua trén hinh 7B cho thay, cac mau gCN-Mg-xh (x=9,
12, 15h) thé hién hiéu suit quang xGc tic tot nhat sau 60 phut chiéu sang dudi dén
Xenon, dung dich RhB di dugc cac miu trén khir hoan toan. Tuy nhién, dbi véi mau déi
chtirng gCN-Mg-3h, hiéu suat dat khoang 95% va véi mau gCN-Mg-18h, hiéu suét lai
giam xudng con khoang 90%. Nhu vay, khac voi két qua trén hinh 7A, thoi gian khir
hoan toan 13 45 phut. Piéu nay cho rang, hiéu suit quang xtc tac bi anh huong manh
boi cudng do anh sang chiéu t6i trong qué trinh quang xac tac. Khi xir Iy quang xtc tac
dudi anh sang mit troi, chung toi do dugc thong lwong anh sang tai thoi diém lam thi
nghiém 13 37665 1x, 16n hon thong lugng sang dén Xenon (34450 Ix). Do vay, hiéu suit
quang x{c tic ciia cidc mau trong hé c¢6 sy khac nhau nhu trén. Tir su khac nhau vé hiéu
suat quang xic tac cia cac mau cé thoi gian khac nhau va cac phép phan tich vé cau
tric, tinh chat quang néu trén, chlng toi cho rang khi thoi gian khudy tir 13 9 gid thi hé
mau cho hiéu qua quang xuc tac hiéu quéa nhat.

4. Két luan

Nghién ciru di ché tao thanh cong vat liéu g-CsNs pha tap kim loai Mg 10% va
thay d6i thoi gian gia nhiét bang phuong phap héa hoc don gian. Tir gian dd XRD va sy
dich dinh nhiéu xa ctia cac mau gCN-Mg-xh cho thay nguyén t6 Mg c6 trong thanh phan
mau lam thay d6i khong dang ké dén cau tric tinh thé ctia g-CsNa. TUr pho huynh quang,
ching toi du doan khi thoi gian khudy tir 9 gid trd' di, cic mau c6 kha niang cho hiéu suat
quang XUc tac cao nhat. Két qua pho tan xa Raman va pho XPS cho thay cac ion tap chat
khi duoc pha tap vao vat lidu s& xen k& vao cac vi tri trong giita cac don vi heptazine
trong vat liéu g-CsNa, tham gia lién két yéu vé6i cac nguyén tir C, N & gan, dan dén su
thay doi nho cac dao dong ctia cac lién két co ban trong cau trac mang tinh thé g-C3Na,
két qua nay phi hop voi gian @6 XRD va pho huynh quang. Higu suat quang xiic tac cua
vat liéu g-C3N4 da duoc cai thién dang ké khi thay doi thoi gian ché tao tir 3 dén 18 gid
khi pha tap 10% Mg. Mau gCN-Mg-xh (x=9, 12, 15h) c6 hiéu suat quang xuc tac tot
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nhat phan huy 100% RhB sau 45 phut chiéu anh sang tu nhién cia mat troi va sau 60
phut chiéu sang bang dén Xenon va hi¢u suat cao hon han so voi mau g-CsNg tinh khiét.
Tir cac két qua néu trén, ching t6i cho rang thoi gian ché tao dé miu cho hiéu suat cao
la x=9h. Két qua nghién ciru ndy cho thay, giai phap pha tap nguyén t6 kim loai Mg 10%
trong vat liéu nén g-CsNs va lya chon thoi gian ché tao phu hop 14 lya chon tdi wu dé
lam tang hiéu suét quang xuc tac. Tu do, h¢ vat ligu ché tao duoc s& co tiém nang ung

dung trong thyc tién.
LOI CAM ON

Nghién ctru nay dugc tai trg bo1 Truong Pai hoc Giao thong Van tai trong dé tai
mi s6 T2025-CB-004. Nhom tac gia xin trin trong cam on.
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