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Tém tit:

Trong céng trinh trude (Trwong Thi Hanh, 2026), ching t6i di tong hop va khdo sdt cic dic trung
nanocompozit Cul/Cu*—TiO:. Trén co s¢ d6, nghién cieu ndy lam ré moi twong quan gitka nang lwong ving
cam (Eg), hoat tinh quang xiic tdc va hiéu qud khing ndm ciia vt liéu. Gid tri Eg dwoc xdc dinh bang
phiwong phép Tauc. Két qud cho thay, khi ham lwong Cu tang tir 2,73% lén 9,53%, Eg giam tir 2,90 xudng
2,60 eV, dong thoi mép hdp thu quang dich chuyén tir 428 1én 477 nm. Duwéi chiéu xa dén LED, mau 3CuT3
dat hiéu sudt khang nam Magnaporthe oryzae cao nhat (91,55% & 500 ppm sau 10 ngay), cao hon 1CuTI
(78,22%) va 2CuT?2 (83,55%). Su hién dién ciia cdp oxy héa-khir Cu*/Cu?*gép phan thu hep Eg, ting hdp
thu anh sang kha kién, cdi thién su tach cap e /h* va thiic day hinh thanh goc oxy hoat héa (ROS), ning cao
hiéu qud quang xiic tac. Két qua cho thdy, tiém ndng vmg dung ciia Cul/Cu?—TiO: trong kiém sodt bénh dao
on trén hia theo hwéng an toan va bén viing.

Tir khéa: quang xiic tac, nanocompozit Cul/Cu?—TiO:, ndng hrong ving cam, Magnaporthe oryzae

Cul/Cu?*-TiO: photocatalytic nanocomposites for antifungal applications
against Magnaporthe oryzae - the causal agent of rice blast disease

Abstract:

Building on previous synthesis and characterization of Cul/Cu?*-TiO: nanocomposites, this study examines
the relationship between band-gap energy (Eg), photocatalytic activity, and antifungal performance.
Eg values were determined using the Tauc method. Increasing Cu content from 2.73% to 9.53% reduced
Eg from 2.90 to 2.60 eV and shifted the absorption edge from 428 to 477 nm. Under LED irradiation, sample
3CuT3 showed the highest antifungal activity against Magnaporthe oryzae, achieving 91.55% inhibition at
500 ppm after 10 days, compared with 78.22% for 1CuTl and 83.55% for 2CuT?2. The Cu'/Cu’" redox couple
enhances visible-light absorption, electron-hole separation, and reactive oxygen species generation. The
findings demonstrate the potential of Cul/Cu®—TiO: for sustainable rice blast control.

Keywords: photocatalysis, Cul/Cu?*—TiO: nanocomposites, band-gap energy, Magnaporthe oryzae
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1. Pit van dé

Lua gao l1a cay luong thuc chu luc ciia hon mot nira dan sb thé gidi va giit vai tro dic biét quan trong
dbi v6i an ninh luong thyuc ciing nhu nén kinh té Viét Nam. Tuy nhién, bénh dao 6n do nAm Magnaporthe
oryzae gy ra van la mot trong nhitng bénh hai nghiém trong nhét, c6 thé lam giam nang suét lua t6i 50%
(Zhang et al. 2024, Yang et al. 2024). Trong khi do, viéc lam dung thudc bao vé thuc vat hda hoc gay nhiéu
tac dong bét loi dén moi truong va strc khoe con ngudi. Vi vdy, nghién ctru va phat trién cac vat liéu tién
tién, dic biét 1a vat liéu nano c6 hoat tinh quang xuc tac, dang dugc quan tdam nhu mot giai phap thay thé
an toan, than thién voi méi truong va hudng téi nén nong nghiép bén viing.

2. Tong quan va phwong phap nghién ciru

2.1. Tong quan nghién civu

Viéc st dung rong rai thudc bao vé thuc vat va thudce trir nAm hoa hoc da gay ra nhiéu tac dong tiéu
cuc dén mdi trudng, 1am suy giam da dang sinh hoc va gia ting nguy co ddi voi sttc khoe con nguoi.
Diéu nay dit ra nhu cau cip thiét vé cac giai phap kiém soat dich hai an toan va bén virng hon (Zhou et
al. 2025). Trong sb cac giai phap méi, vat liéu quang xuc tac ban dan, dic biét 1a TiO2, dugc quan tim
nho tinh 6n dinh quang hoa, gia thanh thap, than thién voi moi truong va kha niang tao cac gdc oxy hoat
héa (ROS) dé tiéu diét vi sinh vat. Mic du so hitu nhiéu vu diém, kha ning hap thu anh sang kha kién
ctia vat liéu van chua cao. Do d6, cac chién luge nhu pha tap kim loai va thiét ké vat lidu nanocompozit
da duoc nghién ciru rong rai dé ting cudng hoat tinh quang xuc tac. (Zhao et al. 2020, Idrees et al. 2024).

Trong cac hé vat liéu nay, TiO: bién tinh bang ddng (Cu) duoc danh gia cao nhd kha ning khang ndm
higu qua dong thoi cung cip vi lugng can thiét cho cay trong. Hoat tinh khang nam ciia dong chii yéu dén
tir cdp ion Cu/Cu®', thuc ddy hinh thanh ROS, gy ton thuong mang té bao va trc ché cac qua trinh trao
d6i chét ciia nAm (Ramos-Zuniga et al. 2023). Tuy nhién, phan 16n cac nghién ciru trudc day chi tap trung
vao h¢ Cu**-TiO,, trong khi vai tro ctia chu trinh oxy hoa-khir Cu”/Cu** trong h¢ di thé Cul/Cu**-TiO, véi
su tach dién tich, ting cudng tao ROS va nang cao hoat tinh khang ndm van chwa dugc lam sang to day du
(Qian et al. 2025, Li et al. 2023).

Trén co s6 cac dic trung hoa 1y cia hé di thé Cul/Cu**-TiO,, nghién ctru nay danh gid anh huong cua
thanh phan nanocompozit, dic biét 1a ham lugng Cu (Cu’/Cu?"), dén hoat tinh khang nim Magnaporthe
oryzae. Pong thoi, mdi twong quan giita nang luong ving cam (Eg) cua vat lidu va hiéu qua khang nim
cling dugc phén tich nham lam rd vai trd ciia Cu trong viée nang cao hoat tinh quang xuc tac.

2.2. Phwong phdp nghién ciru

2.2.1. Tinh néang leong ving cam

Ning lugng ving cam (Eg) duoc xac dinh tir phé UV-Vis bang phuong phap d6 thi Tauc. Di liéu UV-Vis
dugc chuyén d6i thanh nang luong photon (hv) va hé sb hap thu (o), sau do tinh gia tri Tauc (ahv)"®, véi
n =2 cho chuyén tiép truc tiép va n =1/2 cho gian tiép. Gia tri nang luong ving cam (Eg) dugc xac dinh
bang cach hdi quy tuyén tinh trén ving tuyén tinh cua do thi Tauc va kéo dai dudng hdi quy dén khi cit
truc nang luong photon (hv). Giao diém ctia duong hdi quy véi truc hoanh duoc xac dinh 1a gia tri Eg.

2.2.2. Pdnh gid hoat tinh khéng nam ciia keo Cul/Cu’*-TiO, doi véi Magnaporthe oryzae

Chung nim Magnaporthe oryzae dugc cung cp boi Phong Cong nghé Vi sinh, Trung tim Cong nghé
Sinh hoc TP. H6 Chi Minh va duoc nudi cdy trén méi truong PDA (200 g/L dich chiét khoai tay, 20 g/L
glucose va 20 g/L agar). Sau khi méi truong duge 1lam ngudi dén khoang 50°C, keo Cul/Cu**-TiO, dugc
bo sung & cac nong d6 0, 20, 40, 60, 80, 100, 300 va 500 ppm, tron déu va rot vao dia Petri vo triung (90
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x 15 mm). Mdi dia dugc cdy mot khoanh ndm duong kinh 6 mm lay tir ria khuan lac dang sinh truong va
rdi chiéu sang bang dén LED trang (400-700 nm, 20-25 mW.cm 2) trong 30 phut.

Cac dia sau d6 dugc u ¢ nhiét d6 phong trong 10 ngay va duong kinh khuédn lac dugc ghi nhan hing
ngay. Ty 1¢ {rc ché sinh truéng ctia ndm (E, %) duoc tinh theo cong thirc (Perumal et al. 2021):

(d —d)
d

(%) = x100 (1)

trong d6 d_1a duong kinh nam cta mau d6i chimg va d la duong kinh nam ctia mau xar 1y bang
Cul/ Cu*-TiO,.
3. Két qua va thao luin

3.1. Dic tinh quang hoc ciia nanocompozit Cul/Cu**—TiO,

Nhu trinh bay trong Bang 1, ham lugng Cu va I tang ty 1€ thudn voi néng do tién chat Cu* varl, chung
té Cul da tich hop thanh cong vao nén Cuz*—TiOZ. Cu thé, lugng Cu tang tr 2,73% lén 4,04% va 9,52%
ddi voi cac mau ky hi¢u la 1CuT1, 2CuT2 va 3CuT3, tng v6i lugng téng Cu?" 12 0,02; 0,04 va 0,06 mol
trong 25 g nanocompozit tong hop. Tuwong tu, lwong I ting tir 0,64% 1én 1,94% va 8,03%, pht hop vai su
gia tang lugng tién chat KI tir 0,01; 0,02 dén 0,03 mol. Két qua xac nhan sy hinh thanh nanocompozit Cul/
Cu*-TiO,, tao nén tang cAu tric 6n dinh cho hoat tinh quang xUc tac cua vat li€u.

Pho DRS UV-Vis cta TiO, va cac nanocompozit Cul/Cu*-TiO, dugc ghi nhan trong khodng 200-800 nm
(Hinh1) dé xac dinh ning lugng ving cAm quang hoc (Eg). Mép hap thu doi do tir khoang 407 nm (TiO,) Ién
477 nm (3CuT3), cho thiy kha nang hap thy anh sang kha kién tang theo ham luong Cu. Gia tri Eg dugc tinh
theo phuwong phap do thi Tauc dua trén phuong trinh (Hanh et al., 2025):

(ahv)"" = B(hv — Eg) (2)

Trong d6, n = 1/2 twong g v&i chuyén tiép gian tiép dac trung ciia TiO-. Gid tri Eg ctia TiO2 12 3,05 eV
(Hinh 2A), phu hop véi gia tri cua TiO: pha anatase. Khi ham lugng Cu tang (2,73; 4,04 va 9,52%; Bang
1), gia tri Eg giam dan tir 2,90 eV (1CuT1) xudng 2,70 eV (2CuT2) va 2,60 eV (3CuT3) (Hinh 2B-2D),
cho thiy sy mo rong kha ning hap thy anh sang ving kha kién.

Pé 1am sang t6 hoat tinh quang xuc tac ciia nanocompozit ban dan, cAn udc tinh thé cta ving din (CB)
va thé viing hoéa tri (VB). Cac thong sd nay c6 thé duoc xac dinh dua trén cac moi quan hé thyc nghiém da
dugc thiét 1ap (Hanh et al. 2025):

E,,=X, - E, + 12E, 3)

Eepy= Ep— Eg ) ) . (4) )

Véi Xm la d6 am dién tuyét doi cua chat ban dan; Ee la nang lugng cta electron tu do trén thang thé
hydro chuan (4,5 eV); va Eg 1 nang lugng ving cdm. Gi tri Xm dugc xac dinh tir trung binh hinh hoc ctia
d6 4m dién cua cac nguyén t6 cau thanh, trong d6 mdi gia tri dugc tinh theo ty 16 nguyén tir ciia nguyén t6
tuong ung trong vat li¢u (Clark-Carter, 2010).

Bang 1. Thanh phin ciia nanocompozit 1CuT1, 2CuT2 va 3CuT3

1CuT1 2CuT2 3CuT3

Nguyén . -
té Khoi lwong Nguyén tor Khoi lwong Nguyén tor Khéi lwong Nguyén tor
(%) (%) (%) (%) (%) (%)

O 37,72+0,21 | 64,85+0,36 | 36,66 +0,21 | 64,23+0,36 | 31,19+0,18 | 60,30 + 0,35
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Ti 58,91 +0,47 | 33,83+0,27 | 57,36 £0,47 | 33,56 +0,28 | 51,26+0,45 | 33,11 +0,29
Cu 2,73+ 0,09 1,18 £ 0,04 4,04 £ 0,11 1,78 £ 0,05 9,62+0,15 4,63 £ 0,07
I 0,64 +0,13 0,14 + 0,03 1,94 £ 0,16 0,43 +0,04 8,03+ 0,25 1,96 + 0,06

Do am dién tuyét ddi cta nguyén to theo Hinh 1. Phé UV-Vis DRS ciia TiO, va nanocompozit

Mulliken () dugc xac dinh bang gia tri trung Cul/Cu”*-TiO0,

binh cta nang lugng ion hda thlr nhat va ai

. 1
luc electron (NCBI, 2025a, NCBI, 2025b): [ P — A
_ ionization electron affinity (5) w5 _///\‘ C——2CuT2 D——3CuT3
X~ 2 I
06 ‘
Gia tri (x, E, and E,, dugc tinh tir nang = 04
lwong vung cAm cua TiO: (Eg = 3,05 eV) va '
Cul (Eg=3,10eV) (Lee et al., 2021). Su pha 0.2
tap Cu*" vao TiO, tao ra khuyét tat oxy, gitip 0
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s = A ; . . . 2 200 300
tang kha nang hap thu anh sang va thuc day

qua trinh van chuyén dién tich. Khi tiép xuc,

Cul va TiO: hinh thanh di thé v&i dién truong noi tai noi bé mit tiép giap, gitp ting cudng su tach cip
electron-16 tréng quang sinh.
Tu cac phuong trinh (3)-(5), E_, E,, cua TiO, dugc xac dinh lan luot 1a —0,22 va +2,83 eV, trong
khi ctia Cul 1a —0,55 va +2,55 eV. Nhu viy, thé ving dan cta Cul (E.y = —0,55e¢V) 4m hon thé khir
Hinh 2. Pé thi Tauc va néing lwong viing cim ciia TiO2, 1CuTl1, 2CuT2 va 3CuT3
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02/+02" (- 0,33 eV), cho phép electron quang sinh khir Oz tao gc *O2~. Pong thoi, thé ving hoa tri cua
TiO: (E, = +2,83 €V) duong hon thé oxi hoa H.0/*OH (+2,38 eV), gitip 16 trong quang sinh oxi hoa
H-0/OH" tao gbc *OH.

O,+e¢e — O] (6)

HO/OH" + h* — -OH (7

Do d6, cac gdc *Oz~ va *OH dugc hinh thanh hiéu qua trong qua trinh quang xtc tac, gép phan ning
cao dang ké su phan huiy cac chit 6 nhiém va hoat tinh sinh hoc cua vat liéu.

3.2. Higu lyc khdng ndm ciia nanocompozit Cul/Cu*— Tio,

Hoat tinh khang nam ctia cac nanocompozit Cul/Cu**-TiO, dbi voi Magnaporthe oryzae, tac nhan gay
bénh dao 6n lta, duoc danh gia trén ba mau 1CuT1, 2CuT2 va 3CuT3 véi ham luong Cu va I ting dan
(Bang 1). Nhu thé hién ¢ Hinh 3, hé soi ndm trén dia ddi chimg (Control) phat trién manh va lan kin bé
mat dia, trong khi su phat trién ciia ndm bi tc ché rd rét & cac mau chira Cul/Cu**-TiO,. Mirc d¢ tic ché
tang theo néng d6 vat liéu, thé hién qua sy giam dan duong kinh hé soi nim; & néng d6 500 ppm, hé soi
phat trién rat it va moi truong nudi cdy chuyén sang mau nau nhat.

Dang chu y, 6 ndng d6 500 ppm, dudng kinh khuén lac ctia M. oryzae trén cic mau 1CuT1, 2CuT2 va
3CuT3 lan luot 1a 16, 12 va 7 mm, thép hon dang ké so véi 75 mm ctia mau ddi chung. Hi¢u suét tc ché
tinh theo Cong thirc (1) dat 78,66%, 84,00% va 90,66% tuong ung véi cac mau 1CuT1, 2CuT2 va 3CuT3,
két qua nay cho théy, hoat tinh khang nidm duoc cai thién khi ham luong Cut+/Cu?* trong vt li¢u tang 1én.

Hinh 3. Anh hwéng ciia nanocompozit Cul/Cu”*-TiO, dén sw ting truwéng ciia M. oryzae
¢ cdc nong dp 25-500 ppm sau 10 ngay nudi cdy

Control 25 ppm 50 ppm 75 ppm

1CuT1

2CuT2

3CuT3

Nanocompozit Cul/Cu**-TiO, thé hién hoat tinh khang nam vuot troi dudi chiéu xa dén LED. Ion Cu'/
Cu?* giai phong tir vat liéu c6 thé pha huy thanh va mang té bao nam, dong thoi gy rdi loan hoat dong
enzyme, ho hap té bao va can bang oxy hoa-khir (Chang et al., 2021). Duéi chiéu xa anh sang kha kién,
vét liéu thuc day su hinh thanh cac gdc oxy hoat hoa (ROS), tir 46 gép phan nang cao hoat tinh khang ndm
cua vét liéu (Wang et al., 2024).

5. Két ludn

Su két hop ctia hé Cu*/Cu?* gitip ting cudong kha nang hap thu anh sang kha kién va cai thién hiéu qua
tach cap dién tu-15 tréng (e /h*). Hoat tinh khang ndm ctia nanocompozit Cul/Cu**-TiO, chu yéu duoc quy
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cho tac ddng cong hop gitra chu trinh oxy hoa-khir Cu’/Cu?* va sy hinh thanh cac gbc oxy hoat héa (ROS),
chu yéu 12 0> va «OH, tir d6 ton thuong té bao nAm M. oryzae.

Nhin chung, nanocompozit Cul/Cu**-TiO, la vat li¢u quang xuc tac dap (g 4nh sdng kha kién v&i hoat
tinh khang nim cao, cho thiy tiém ning tng dung trong phat trién ché phdm bao vé thuc vat nano phuc
vu nén nong nghiép bén virng. Trong tuong lai, can tiép tuc danh gia do 6n dinh, do an toan méi trudng
va hiéu qua cua vat liéu trong diéu kién dong rudng, dong thoi lam sang to hon co ché khang nam cuia hé
nanocompozit nay m
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