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TOM TAT:

Su gia ting ham luong Agl dan dén sy thu hep dan ning lugng ving cim, tir 2,4 eV ctia nén BiVO,
(BV0) xudng lan lugt 2,35; 2,0 va 1,9 eV (twong tmg véi Agl/BV 1, Agl/BV2 va Agl/BV3), qua d6 cai
thién dang ké kha nang hap thu anh sang va qua trinh van chuyén dién tich. Sy thu hep viing cAm nay
thiic ddy qua trinh tach hiéu qua céc cip electron-15 tréng, tir d6 ting cudng hinh thanh cac gbc oxy
hoat hoa nhu *O,™ va *OH. Mau Agl/BV3 (v6i ham lugng Agl cao nhat) thé hién hiéu suat quang xuc
tac vuot troi, déng thoi co MIC théip nhét ddi véi S. aureus, cho théy hoat tinh khang khuan wu viét. Két
quéa khang dinh tiém ning ctia nanocompozit Agl/BiVO,4 nhu mot chit xtic tac quang hiéu qua; viéc
diéu chinh ty 18 Agl/BiVO, cho phép t6i wu hoa kha nang phéan hity chat 6 nhidm, dic biét trong xir Iy

nude thai y té.

Tir khéa: quang xtc tac, dong két tiia, cau tric di thé, phan hity, khang sinh, MIC.

1. Dit vin dé

Su gia tang vi khuan khang thu6c trong nude thai
bénh vién dang dit ra thach thuc 16n dbi voi moi
trudng va strc khoe cong ddng, trong khi cic phuong
phép xir 1y truyén thong con nhiéu han ché. Quang
xuc tac dugc xem la hudng tiép can tiém ning nho
kha nang tao ra cac gbc oxy hoa manh (ROS) dé tiéu
diét vi khuan va phan hay chat 6 nhiém. Trong nghién
ctru nay, vat liéu nanocompozit Agl/BiVO, duoc lua
chon dé khao sat nham d4nh gia kha nang hap thy anh
sang, tao ROS va hi¢u qua xu ly vi sinh vét trong
nudc thai y té.

2. Tong quan nghién ciru

Nudc thai bénh vién dugc xem la moéi truong 1y
tuong cho su phat trién va lan truyén cia nhiéu tac
nhan gy bénh nhu vi khuin, virus, nAm va ky sinh
trung. Pac biét, loai nudc thai nay con chira du
luong khang sinh ciing voi vi khuan khang khang
sinh, c6 thé wc ché cac vi sinh vat nhay cam va thic
day su lan rong cua cic chung khang thudc trong
modi truong nude (Kaur et al. 2020). Theo World
Health Organization (WHO), nhiéu chung vi
khuan khang khang sinh da dugc xép vao
nhém nguy co cao, tiéu biéu nhu Enterococcus
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khang vancomycin, Enterobacteriaceae khang
carbapenem, Acinetobacter spp., Pseudomonas
aeruginosa da khang va Staphylococcus aureus
khéng methicillin (MRSA) (Werkneh et al., 2023).

Trong bdi canh d6, quang xuc tac ndi 1én nhu mot
giai phap xur 1y hiéu qua va than thién mdi truong nho
kha ning tao cac gdc oxy hda manh (ROS) dé phan
huy chat 6 nhidm va tiéu diét vi sinh vét (Zhang et al.
2023). Nham nang cao hi¢u suét quang xuc tac, nhiéu
chién luoc thiét ké va bién tinh vat liéu nano da duoc
phat trién va ap dung rong rii, bao gom pha tap, tao
khuyét tat, bién tinh bé mit, va dic biét 1a xay dung
céu truc dj thé (Aniket et al., 2024). Cach tiép can nay
gitip cai thién hap thy anh sang, ting cudng tach cip
dién tir - 16 tréng va thiic ddy qua trinh tao ROS, tir d6
nang cao hiéu qua quang xuc tac va hoat tinh khang
khuén (Kato et al. 2024).

Céc vat liéu chira bac nhu AgBr, Ag,0, Agl va
Ag3VO, dugc biét dén véi hoat tinh manh dudi anh
sang kha kién va kha ning khang khuan vuot troi
(Warshagha 2023). Trong khi do, BiVO, 1a chat ban
dan ving cAm hep, c6 kha ning héap thy anh séng tot
va dé hinh thanh céu trac di thé, gitip cai thién hiéu
qué tach dién tich (Xu et al. 2021). Sy két hop giita
Agl va BiVOy, tao nén hé vat liéu compozit c6 kha
nang moé rong ving hap thy anh sang, ting cuong tao
ROS va nang cao hiéu qua xir Iy dong thoi chét 6
nhiém va vi sinh vat.

Trong nghién ctru trude, ching t6i di tong hop
thanh cong nanocompozit Agl/BiVO, bing phuong
phap dong két tia thity nhiét va khao sat cac tinh chat
hoéa ly cua vat liéu (TT Hanh, 2025). Nghién ctru nay
tap trung diéu chinh ham lugng Agl nham kiém soét
cau trac di thé, t6i wu héa ving cdm, ting kha ning
tach dién tich va ning cao hiéu sut quang xuc tac.
Két qua DRS (Diffuse Reflectance Spectroscopy)
cho thdy, su thu hep ving cam, trong khi viéc xéc
dinh vi tri dai nang luong CB-VB xac nhén kha nang
tao cac goc oxy hoat hoa (ROS) duéi anh sang kha
kién. V4t liéu thé hién hoat tinh khang khuédn manh,
voi gia tri MIC thap dbi v6i Staphylococcus aureus,
cho thdy tiém ning mg dung trong xir Iy nudc thai
bénh vién.
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3. Vatliéu va phuong phap

3.1. Tong hop vit ligu Agl/BiVO,

Céac nanocompozit Agl/BiVO, duogc tong hop
bang phuong phap dong két tua. Cy thé, dung dich 1
dugc chuan bi bang cich hoa tan Bi(NOj3);*5H,0
(0,5 mol) va KI (0,005 mol) trong 50 mL nudc cat.
Dong thoi, dung dich 2 gdm AgNO5 (0,005 mol) va
NH,4VO5 (0,05 mol) dugc hoa tan trong 50 mL nuée
cat khac. Dung dich 2 dugc thém tir tir vao dung
dich 1 va khuéy lién tuc, sau do gia nhiét & 60°C
trong 1 gid. Hon hop (pH = 7) dugc chuyén vao
binh phan tng (100 mL) va xu ly nhiét 6 180°C
trong 6 gid. San pham sau d6 dugc lam ngudi, loc,
rira sach va say kho & 60°C.

Céac mau khac ciing dugc tong hop theo quy trinh
tuong tu, trong d6 ndng do Ag* va I duoc diu
chinh lan luogt 14 0,02 va 0,05 mol, trong khi n@)ng do
Bi** va VO3~ duoc gilr ¢b dinh ¢ 0,05 mol. Cac
nanocompozit dugc ky hiéu 1a Agl/BV1, Agl/BV2
va Agl/BV3, tuong tmg v6i nong do Agl 1an luot 1a
0,005; 0,02 va 0,05 mol.

3.2. Pdnh gid chi so MIC

Thir nghiém ndng d6 e ché ti thiéu (MIC)
duoc thyc hién cho BiVO, (BV0) va céac mau
Agl/BiVO, véi cac ty 1€ mol khac nhau. Mau dugc
chuin bj & ndng do gdc 5.000 ppm va cho vao giéng
thir nhat cua dia -96 giéng chira 100 pL moi trudng
Mueller-Hinton Broth (MHB). Tién hanh pha lodng
2 lan lién tiép dén giéng tht 10, mdi giéng chira
100 uL MHB. Sau dé, bd sung 100 pL huyén phu vi
khuan (105-106 CFU/mL) va 40 pL dung dich
resazurin vao mdi giéng.

Pbi ching duwong gdm MHB, resazurin va vi
khuén; d6i chimg 4m gdm MHB va resazurin. Nong
do Agl/BiVO, trong dia dugc trinh bay ¢ Bang 1.
Sau 24 gid 4, mau xanh biéu thi khong c6 sy phat
trién cta vi khuan, trong khi mau hong cho thay vi
khuén séng sot.

Tét ca thi nghiém duoc thyc hién lap lai 3 1an va
két qua dugc biéu dién dudi dang gi tri trung binh £
d6 léch chuan (SD).
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4. Két qua va thio luin

4.1. Ddc tinh quang hoc ciia nanocompozit
Agl/BivO,

Phd UV-Vis DRS cua cac mau trong ving 300-
700 nm dugc st dung dé xac dinh nang lugng
ving cim (Eg) theo phuong phap Tauc (Hinh 1a).
Két qua cho thdy, Eg cua cic nanocompozit
Agl/BiVO, giam dan theo su gia ting ham luong
Agl, dat cac gia tri 2,35; 2,0 va 1,9 eV tuong tng
voi Agl/BVI1, Agl/BV2 va Agl/BV3 (Hinh lc),
thap hon so véi chat nén BiVO, (2.4 eV, Hinh 1b).
Cac gia tri Eg duoc xac dinh tur dd thi (ahv)? theo hv
bang cach ngoai suy dén diém giao tai (ahv)? = 0
(Hanh et al., 2024).

Cac thé dai dan (Ecp) va dai hoa tri (Eyp) dugc
xac dinh dé 1am rd kha niang chuyén dich electron-
16 trong va hinh thanh cac gbc oxy hoat hoa trong hé
(Chen et al. 2020), theo biéu thtrc sau:

Eyg = X - E; + 12E, €))

Ecg = Eyp — Eq @

Trong do, X 1a do am di¢n tuyét do6i cua chat ban
dan; E, la nang lugng cua electron tu do so voi dién
cuc hydro chuén (~4,5 eV); va Eg la nang luong
vung cam (eV).

Do am dién tuyét dbi coa nguyén td duogc tinh
theo Mulliken (Mulliken et al. 1934 ):

X = l/Z(I_Elonization *+ Eglectron afﬁnity) 3

Trong d6 E ionization l1a nang luong ion hoa va
E electron affinity 1a ai lyc electron, dugc léy tur
cac dit liéu chuan (Hanh et al. 2025). P am dién
ctiia hop chat dugc xac dinh bang phuong phap
trung binh hinh hoc tir cac gia tri nay (Clark-Carter
D.,2010).

D¢ am dién tuyét ddi cua Agl va BiVO, dugc
xéac dinh 1an luot 1a 5,48 va 6,04 eV. T do, Eyg va
Ecp cua Agl tim dugc 1an luot 1a 2,38 va -0,42 eV,
trong khi d6i véi BiVO,, cac gia tri twong tng la
2,74 va 0,34 eV (Bang 2). Trong nghién clru nay,
nang luong ving cim (Eg) cua BiVO, dugc xac
dinh 1a 2,4 eV, con Eg cia Agl dugc tham khao tur
tai licu khoang 2,8 eV (Guo et al., 2019).

Theo Bang 2, thé CB ctia Agl (-0,42 ¢V) 4m hon
BiVO, (0,34 eV) nén electron chuyén tir Agl sang
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Bang 2. Gid tri 46 a@m dién Mulliken (X), thé ving dan (Ecg)
va vung héa tri (Eyg) cua Agl va BiVO,

Element lonization Energy (eV) Electron Affinity (eV) X (eV) Eypg (eV) Ecp (eV)
Ag 7,576 1,30 4,44
[ 10,45 3,06 6,76
Agl 5,48 2,38 -0,42
Bi 7,29 0,95 4.12
\Y 6,74 0,53 3,64
0] 13,62 1,46 7,54
BiVO,4 6,04 2,74 0,34

Hinh 1: Phé UV-Vis DRS (a); Pé thi Tauc cta BiVO 4 (b); va cdc dé thi Tauc cla

Agl/BV1, Agl/BV2 va Agl/BV3 (c)
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H,0/*OH (+2,38 eV), cho phép phan tmg ~ §0 dé 1. Cd ché tao géc -0, va-OH trong qud trinh
oxy hoa tao gbc *OH: quang xuc tac

H,O/0H +h* —» «OH (5)
Co ché quang xuc tac dua trén su hinh @ EQ2'07=-0.33 &V 02
thanh cac gdc hoat hoa (+OH, *O,") phan { C‘{h
huy chat 6 nhiém.
e the b2, VO, N carararars
electron-16 tréng (e-h*). Electron tai CB ﬁ- € e € N e
cua Agl tham gia khir O, tao *O,~, trong khi ECB=034 eV
16 trong tai VB ctia BiVO, oxy hoa H,0
tao *OH (So do 1). Cac gbc hoat tinh nay BiVO4 §= 286V
tiép tuc phan huiy clvlét hitu co thanh CO,, Eg=24eV e
H,O va cac san pham khong doc. Do do, EVB=2.74 eV o BT oF ot o
viéc tang ham lugng Agl gop phan cai thién & v ll:d_I_J
kha ndng tach dién tich, tir 46 nang cao hiéu *OH 9
sut quang xuc tac ciia hé Agl/BiVO4 dudi EH:0/0H=238¢V  H20/0H-

anh sang mit troi. (So do 1)
4.2. Hoat tinh khding khuin Staphylococcus chi thi resazurin; cot 12 1a d6i chimg am (-), khong
aureus clia Agl/BiVO, ¢6 vi khuan. Mau hong (tring) cho thdy vi khudn
Hinh 2 minh hoa dia 96 giéng véi ddy pha lodng con hoat dong, trong khi mau xanh (den) bicu thi su
hai 14n ctia vat liéu thir. Cot 11 1a déi ching duong  Gre ché sinh truéng. Gia tri MIC duoc x4c dinh dya
(+) gdm S. aureus, mdi trudng MHB, Agl/BiVO, va  trén sy thay doi mau nay.

Hinh 2. K&t qué MIC cia S. aureus véi cdc méu BVO (BiVO,), Agl/BV1, Agl/BV2 vé Agl/BV3
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Mau BiVO, khong chira Agl (I-BV0) cho thay, vi
khuén phat trién ¢ tat ca cac giéng (mau hong-tring).
Khi ting ham luong Agl trong khi gitt nguyén
BiVO,, MIC dugc ghi nhan & cic mau I1 (Agl/BV1),
111 (AgI/BV2) va IV (AgI/BV3), mdi mau chiém 2
hang trén dia. Cu thé, MIC xuét hién tai cac cot 7, 8
va 10, tuong Ung voi cac néng do 78,13; 39,06 va
9,76 ppm cho Agl/BV1, Agl/BV2 va Agl/BV3. Céac
nong do pha lodng dugc xac dinh theo Bang 1.

Két qua cho thay, hoat tinh khang khuan ctia
Agl/BiVO, phu thudc vao ham lugng Agl. Khi ty 1¢
mol Agl tang tir 0,005 (BV1) Ién 0,02 (BV2) va 0,05
(BV3), gia tri MIC giam 10 rét, ching té hi¢u qua
khang khuén duoc cai thién. Mau BV3 c6 MIC thép
nhét, thé hién kha nang trc ché S. aureus manh nhat.

Vai trd ctia Agl trong cau tric di thé da dugc nhidu

TAI LIEU THAM KHAO:

nghién ctru xac nhan thong qua sy hinh thanh cac gbc
hoat tinh (ROS), gop phan nang cao hoat tinh quang
xuc tac, thuc ddy phan hiy chit 6 nhiém va bat hoat vi
khuan gy bénh. Ngoai ra, ion Ag" tir Agl ¢6 thé
twong tic voi protein va tc ché qué trinh sao chép
DNA (Liu et al. 2024).

5. Két luan

Agl/BiVO, dugc téng hop bang phuong phap
dong két tia, cho thay kha ning tao cac gbc hoat hoa
ROS (¢O,7, *OH) hiéu qua. Tang ty 1¢ Agl gitp gidam
nang luong ving cAm, tir 46 ning cao hoat tinh quang
xuc tac va khang khuan. Mau Agl/BV3 dat MIC thép
nhét (9,76 ppm) ddi véi S. aureus. Két qua cho thiy,
tiém ning Gmg dung cua Agl/BiVOy, trong xur ly nudc
thai y té, dong thoi loai bo chit 6 nhidm va vi khuén
khéng thudc m
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ABSTRACT:

Increasing the Agl content in Agl/BiVO. nanocomposites resulted in a progressive narrowing of
the band gap from 2.4 eV for pristine BiVO4 (BVO0) to 2.35, 2.0, and 1.9 eV for Agl/BV1, Agl/BV2,
and Agl/BV3, respectively, thereby enhancing visible-light absorption and charge transport
properties. This band gap reduction facilitated more efficient electron—hole separation, promoting the
generation of reactive oxygen species such as *O,” and *OH. Among the synthesized samples,
Agl/BV3, with the highest Agl loading, exhibited the most pronounced photocatalytic activity and the
lowest minimum inhibitory concentration (MIC) against S. aureus, indicating superior antimicrobial
efficacy. These findings demonstrate the strong potential of Agl/BiVOa4 nanocomposites as effective
photocatalysts and highlight the critical role of compositional tuning in optimizing pollutant
degradation performance, particularly for applications in medical wastewater treatment.

Keywords: photocatalysis, co-precipitation, heterostructures, degradation, antibiotics, MIC.
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