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TOM TAT:

Nghién clru ndy trinh bay viéc tong hop va khao sat cac dic trung hoa 1y ciia nanocompozit
Cul/Cu*-TiO,,. Céu trac di thé dya trén cip Cu’/Cu?* duge ky vong cai thién kha nang tach dién
tich va céac tmh chit quang hoc. Vit lidu dugc ché tao qua 2 bude: nung tao chit nén Cu?'— TiO,
& 550°C, sau d6 két tia Cul bang tac nhan khir NaBH,.

Phan tich EDS xéc nhan sy hién dién cia cac nguyén t6 Ti, O, Cu va I. Két qua XRD va HR-
TEM cho thay su dong t6n tai cia hai pha tinh thé anatase TiO, va y-Cul, chimg t6 da hinh thanh
céu truc di thé. Anh FE-SEM va TEM cho thay, cac hat nano gan nhu hinh ciu, phan bé tuong
dbi dong gieu. Kich thudc hat trung binh cua chit nén Qu2+—T102 duogc xac dinh la 119 + 28 nm
va tang dan theo ham lugng Cul, dat khoang 158 nm d6i v4i mau cd nong d6 cao nhat. Nhitng
két qua nay cung cép co s& quan trong vé cau triic va hinh thai cia vat liéu, lam nén tang cho cac

nghién ctru ti€p theo.

Tir khéa: Cul/Cu**-TiO,, nanocompozit, cAu trac di thé, quang xuc tac, dac trung hoa ly.

1. Tong quan nghién ctru

Viéc sir dung rong rai thudc trir sdu va thude
diét nAm hoéa hoc tong hop da gay ra nhiing lo ngai
nghiém trong vé méi trudng va sirc khoe, suy giam
da dang sinh hoc, 6 nhiém ngudn nudc, thyc phim
va gia tdng nguy co gdy bénh man tinh. Sy tich liy
cac hop chét doc hai nhu DDT, Carbofuran, Atrazine
va Glyphosate cho thiy nhu cau cép thiét vé cac giai
phap kiém soat dich hai bén vimg hon (Zhou et al.
2025). Trong bdi canh dé, biopesticides (ngudn gbc
thuc vat, vi sinh va nano sinh hoc) ndi 1én nhu mot
giai phap thay thé hiéu qua, gitip giam thiéu tac dong
moi truong va han ché tich iy sinh hoc (Ayilara et
al. 2023).

Gan day, cac vat liéu quang xac tic nano va
nanocompozit dugc quan tdm nho kha nang khang
khuan va khang ndm manh. Céc chat ban dan nhu
TiO,, WO3, BiVO,, Fe,03 va g-C3N, ¢6 uu diém
vé d6 6n dinh, chi phi thp va tinh twong thich méi
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truong, nhung bi han ché boi kha ning hip thu
quang chu yéu trong ving tir ngoai. Pé khic phuc,
cac phuong phap nhu pha tap va tao di thé da duoc
phét trién nhim ting hoat tinh dudi anh sang kha
kién thong qua viéc tao cac ge oxy hoat hoa (ROS)
(Zhao et al. 2020). Vi du, khi pha AgNPs va Agl
giup nang cao hi€u qua quang xuc tac (Hanh et al.
2025), trong khi TiO, pha tap (kim loai/phi kim)
thé hién hoat tinh khang khuén va khang nam manh
(Umar et al. 2019). Dic biét, TiO, két hop v6i Cu
mang lai hiéu qua kép trong bao vé cay trong (Gadi
et al. 2009).

Dua trén hudng tiép can nay, nghién ctru hi¢n tai
sir dung TiO, pha tap Cu?* 1am nén dé két hop véi
Cul, tao thanh cdu tric di thé Cul/Cu*~TiO,. Vat
liéu dugc dac trung bé”mg cac k¥ thuat EDX, HR-
TEM, XRD va FE-SEM. Trén co s nay, tinh chét
quang xuc tac va hoat tinh sinh hoc s€ dugc danh gia
trong nghién ctru tiép theo.
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2. Vit liéu va phuwong phap nghién ctru

2.1. Vit liéu

- Bot titanium dioxide (TiO3), CAS 13463-67-7,
do tinh khiét > 98% (Xilong, Trung Qudc);

- Pong(Il) sunfat (CuSO,-5H,0), GRM677-
500G, do tinh khiét > 99,5% (HiMedia, An Do);

- Kali iodua (KI), d6 tinh khiét > 99% (HiMedia,
AnDo);

- Natri borohydrua (NaBH,), GRM10345-100G,
d6 tinh khiét > 98% (HiMedia, An D).

2.2. Téng hop nanocomposite Cul/Cu**- Tio,

Bude 1: Bot TiO, (50 g) dugc phan tin trong 50
mL dung dich Cu? (0 02; 0,04; 0,06 mol), khuay tur
dé hip phu Cu® 1én bé mit. Huyén phu dugc siy &
70°C, sau d6 nung & 550°C dé thu dugc Cu™-TiO,
(ky hi¢u 1CuT, 2CuT, 3CuT).

Budre 2: Tong hop Cul bang két tna tir Cu?* (0,01;
0,02; va 0,03 mol/35 mL) v&i KI (1:1), khir bang
NaBH,. Ket tia Cul dugc tron ngay voi Cu*-TiO,
(25 g mdi mau) dé thu cac compozit 1CuTl, 2CuT2
va 3CuT3 tuong tng véi luong Cul 0,01; 0,02; va
0,03 mol. Hon hop duoc khudy, rira, phan tan trong
ethanol, ly tdm va sdy & 60 °C dé thu nanocompozit
Cul/Cu*-TiO,,.

2.3. Dac trung hoa ly ciia nanocompozit Cul/
Cu**-TiO,

Thanh phan nguyén t& dugc phan tich bang EDS

trén SEM (JEOL JSM-IT200). Hinh thai va c4u trac
mang dugc khao sit bang HR-TEM (JEM-2100,
120 kV). Viéc xac dinh pha tinh thé dugc thyc hién
bang phuong phap nhidu xa tia X (XRD) sir dung
burc xa Cu Ko (A = 1,5405 A) trén thiét bi nhidu xa
ké Bruker D8 Advance. Hinh thai bé mit duoc phan
tich bang FE-SEM (10 kV, 30 mA), véi mau duoc
phu 16p Pt trude khi do.
3. Két qua va théo luan

3.1. Ché tao nanocompozit Cul/Cu?*-Ti 10

Nanocompozit Cul/Cu*-TiO, dugc tong hop
thong qua phan ing két tia giira ion Cu?* va I~ trong
dung dich, st dung NaBH, lam chat khir, sau do tron
voi Cu*-TiO, da dugc nung trude. Phuong trinh
phan ung tong quat nhu sau:

2Cu®t+ 21"+ BH,” + 3H,0 - 2Cull
+ B(OH); + H* + 3H, T (1)

Thanh phan cua nanocompozit Cul/Cu**-TiO,
dugc xac nhan bang phé tan sac nang luong tia X
(EDS) (Hinh 1). Phé EDS xuét hién cac dinh dic
trung cua Ti (0,5 va 4-5 keV), Cu (1 va 8-9 keV), 1
(2-5 keV) va O (dinh manh gén 0,5 keV) Két qua
ndy phu hop voi cac cong b trude day vé hé TiO,
bién tinh bdi Cu va CuO (Ahmadiasl et al. 2022)
(Hinh 1)

Hinh 1. Phé EDS ctia nanocomposite Cul/Cu?* -
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3.2. Nhirng ddc trung hoa ly ciia nanocompozit
Cul/Cu**-TiO,

Anh TEM (H1nh 2a) cho thay nanocompozit Cul/
Cu —TiO, dugc cau thanh tir cac hat nano gan hinh
cu, phan bd kha dong déu trén bé mat. Anh HR-
TEM tuong tmg (Hinh 2b) thé hién rd cac vin mang
tinh thé sic nét, véi khoang cach mit phang 0,353
nm déc trung cho mat (101) cta TiO, pha anatase.
Bén canh d6, khoang cach mang 0,214 nm dugc xac
dinh thudc vé mat (220) cta y-Cul.

Nhiing két qua nay, khang dinh sy dong ton tai
cua hai pha tinh thé trong cau triic nanocompozit da

téng hop. Két qua nay ciing phi hop véi cac bao cao

trude day vé vide xac dinh khoang cach mang trong
céc hé ciu tric nano di thé trén nén TiO, (Zhao et al.
2020, Alam et al. 2023).

Gian d6 XRD cua Cu*™-TiO, (550°C, 3 gio) va
Cul/Cu*-TiO, (1CuT1) dugc thé hién trong Hinh 3a
(20-40°) va H1nh 3b (40-80°). Binh manh tai 25,21°
ung véi mat (101) cta TiO, pha anatase; cac dinh
tai 37,69°, 47,93°, 53,82°, 54,96°, 62,59°, 68,67°,
70,16° va 74,96° 1an luot thude cac mat (004), (200),
(105), (211), (204), (116), (220) va (215), phu hop
dir liéu chuan (JCPDS 00-021-1272) (Umar et al.
2016, Gu et al. 2010).

DPbi voi Cul/Cu*-TiO,, cic dinh nhidu xa phan

Hinh 2. Anh TEM (a) va HRTEM (b) cla nanocompozit Cul/Cu-TiO, (2CuT2)
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Hinh 3. Gian dé XRD cua TiO, va Cul/Cu*-TiO, tai (a) 20= 20-40° va (b) 40-80°
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Hinh 4. Anh FE-SEM va phén bé kich thuéc hat cla TiO2 (a), 1CuTI1 (b), 2CuT2 (c)
va 3CuT3 (d)
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16n trung véi TiO, do su chong lap véi y-Cul. Céac
dinh tai 25,24°, 53,94°, 62,70°, 68,81° va 75,08°
dugc quy cho cac mit (100), (222), (400), (420) va
(422) cta y-Cul; trong khi cac dinh méi tai 42,21° va
50,07° twong tmg véi (220) va (311). Két qua nay
xac nhén sy df‘)ng ton tai cua 2 pha tinh thé.

Kich thuéc hat trung binh cia nanocompozit
Cul/Cu**-TiO, duoc xac dinh tir anh FE- -SEM bing
cach do 100 hat ngiu nhién bang phan mém ImageJ,
nham dam bao tinh dai dién.

Mau Cu**-TiO, sau nung c6 dang gan hinh cau,
két tu nhe, voi klch thude trung binh 119 £+ 28 nm
(Hinh 4a). Khi Cul hinh thanh théng qua phan ung
két taa giita ion Cu?* va I, kich thudc hat ting dan
theo ham lugng Cul; xu hudng nay lién quan truc
tiép dén sy gia tang nong do Cu?* va I~ trong quéi
trinh tong hop. Cu thé, cac mau 1CuT1 va 2CuT2 co
kich thudc trung binh khoang 140 nm (Hinh 4b, 4c¢),
trong khi mau 3CuT3 (ham lugng Cul cao nhét) dat
158 + 51 nm (Hinh 4d) va phan bd kich thuéc kém
ddng déu hon. Mic du vay, cac mau van thé hién do
phan bd kich thude twong ddi hep, cho thiy do dong
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déu tbt ctia h¢ hat. Xu huéng nay phi hop véi cac
béo cdo trude ddy vé nanocompozit oxit kim loai két
hop véi pha kim loai hoac oxit kim loai khac (Li et
al. 2023, Tang et al. 2021).

4. Két luan

Nghién ciruditong hop thanh cong nanocomposite
Cul/Cu*-TiO, v6i cau trac di thé théng qua quy
trinh 2 budc gdm nung va két tua hoa hoc. Sy hinh
thanh cap Cu’/Cu?* gop phan cai thién kha ning tach
dién tich va dinh hudng thu hep ving cdm. Két qua
EDS xé4c nhén sy hién dién ctia cac nguyén té Ti, O,
Cu va I, trong khi XRD va HR-TEM chting minh
su dong ton tai ctia 2 pha tinh thé anatase TiO, (mat
phang (101)) va y-Cul (mat phang (220)).

AnhF E-SEM va TEM cho thay, vat liu gom cac
hat nano gan hinh cau, phan b tuong d6i dong déu.
Kich thuéc hat ting tir khoang 119 nm (Cu**-TiO,)
1én 140-158 nm khi ham lugng Cul tang. Nhimg déc
trung cAu tric va hinh thai nay tao nén tang quan
trong cho kha ning hinh thanh cac gbc oxy hoat hoa
(ROS), md ra tiém ning tng dung trong quang xiic
tac va khang nim & cac nghién ciru tiép theom
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PHYSICOCHEMICAL CHARACTERIZATION
OF Cul/CU*-TiO, NANOCOMPOSITES
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Science and Technology Advanced Institute, Van Lang University

ABSTRACT:

This study reports the synthesis and comprehensive physicochemical characterization of Cul/
Cu**-TiO: nanocomposites. The engineered heterostructure, exploiting the Cu'/Cu?" redox pair, is
designed to enhance charge separation efficiency and modulate optical properties. The materials
were prepared via a two-step route comprising calcination of Cu*—TiO: at 550 °C, followed by Cul
deposition using NaBHa4 as a reducing agent. Energy-dispersive spectroscopy (EDS) confirmed the
presence of Ti, O, Cu, and 1. X-ray diffraction (XRD) and high-resolution transmission electron
microscopy (HR-TEM) analyses demonstrated the coexistence of anatase TiO. and y-Cul phases,
evidencing successful heterostructure formation. Field-emission scanning electron microscopy
(FE-SEM) and transmission electron microscopy (TEM) revealed near-spherical nanoparticles with
relatively uniform dispersion. The average particle size of the Cu**—TiO- precursor was 119 + 28 nm
and increased progressively with higher Cul loading, reaching approximately 158 nm at the highest
concentration. These results elucidate the structural and morphological evolution of the composites,
providing a robust basis for subsequent investigations into their functional performance.

Keywords: Cul/Cu*—TiO,, nanocomposite, heterostructure, photocatalysis, physico-chemical
characterization.
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