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TOM TAT
Vat liéu xic tic quang di thé nano-composit Cu,0/TiO, dugc ché tao theo phwong phép thuy nhiét. Ty 1é
mol ctia Ti** duwge tinh toan thay dbi 1a 10, 30 va 50 % mol (so v6i sé mol clia Cu?*) twong ¥ng. Cac

TU KHOA
Chét xtdc tic quang
Chu trtc di thé

Cu.0 phwong phap dugce sit dung dé nghién citu céc tinh chét cta vat liéu bao gdm: XRD, phé Raman, SEM va

TiO, 2 . < < <

CL (2)/T‘O pho UV-Vis ran. Tinh chat xic tdc quang phan hay chat mau metyl dacam (MO) ctia vat liéu ché tao dugc
! 10,

Chiéu roi 4nh sang nhin thiy khao sat duéi ﬂchiéu xa 4nh sdng nhin thiy ctia dén Osram (250W). Cac miu nanocomposit Cu,0/TiO, déu
¢6 cac tinh thé hinh ciu TiO, pha anata, min bao quanh cdc tinh thé khéi bét dién Cu,O. Kich thuée ctia
cac hat octahedra ~400-500 nm, Kich thudc cta hat TiO2 <50-80 nm. Khe tréng clia cdc miu
Cu,0/10%TiO,, Cu,0/30%TiO, va Cu,0/50%TiO, la tang dan 2,47, 2,67, 2,82 eV. Cdc mau déu c6 tinh
chét xtic tic quang phan huy chit mau MO trong viing 4nh sang nhin thiy. Hiéu sut phan hiy MO cao
nhét 14 92 % sau 40 phit chiéu sang 12 ctia miu Cu,0/10%Ti0,.

KEYWORDS ABSTRACT

Photocatalysis Cu,0/TiO, nano-composite heterostructure photocatalysis materials were prepared by hydrothermal
Heterostructure method. The molar ratio of Ti** was calculated to vary as 10, 30 and 50 mol.% (compared with Cu2+ in
CFZO moles) respectively. The methods used to investigate the properties of materials include: XRD, Raman shift,
Zf:;/ﬂoz SEM and solid UV-Vis spectra. Photocatalytic properties for degradation methyl orange (MO) dye of the

Visible light irradiati fabricated materials were investigated under visible light irradiation by a Osram lamp (250W). The
isible light irradiation

Cu,0/TiO, nanocomposites samples all had of fine, spherical anatase TiO, crystals surrounding the
octahedral Cu,O crystals. The size of octahedral particles was ~400-500 nm, the size of TiO, particles was
<50-80 nm. The band gap of the Cu,0/10%TiO,, Cu,0/30%TiO, and Cu20/50%TiO, samples gradually
increased by 2.47, 2.67, 2.82 eV. The samples had photocatalytic properties for MO dye degradation in the
visible light region. The highest efficiency for MO degradation was 92% after 40 minutes of illumination

that was of Cu,0/10%TiO, samples.

1. GiGi thiéu twong dbi 16n (3,25 eV) nén chi gi¢i han nhitng ng dung kich thich

duge 4nh sang & viing ti¥ ngoai (A< 400 nm). D& khic phuc nhugc

Hién nay nhu ciu vé céng nghé khic phuc lam giam 6 nhiém
moéi trudng ngay cang ting. Pé d4p ¢ng nhitng nhu cAu ndy thi viée
chuyén dbi quang héa bing sit dung ning lwgng mit troi 14 c6 tiém
ning 16n. Do b&i mit tr¥i cung cAp ngudn ning lwgng hitu ich, hiéu
qua va khéng can kiét. Trong d6, quang xtic tic difa trén chit ban din

a «

ludn thu hit dugce sy chd y nhuw 1a mét cong nghé “xanh” cho viée x
1y 1am sach ngudn nuwée, 1am sach khéng khi bing ning lwgng miit
troi [1-3]. Trong s6 d6, chét ban din TiO, da chitng t6 dugc 1a mot
chét xic tic quang tuyét voi cho sy oxy héa nhidu chit hitu co [1,4-

5]. Tuy nhién, TiO, c¢6 nhugc diém 13 c6 d6 rong ving cAm quang
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Link DOI: https://doi.org/10.54772/jomc.04.2022.363

diém nay, cic chit ban din c6 ving cAm quang hep da nhan dugce sy
quan tdm cho nhitng nghién cu ng dung st dung dugc kich thich
clia ngudn anh sang nhin thay. Oxit ddng I (Cu,0) 1a mét trong nhitng
chét ban din c¢6 dd rong ving cAm hep mong muébn (2,17 eV) [6-9],
da duoc stt dung cho nhitng Gng dung 1am cam bién khi, pin mit troi,
quang xic téc,... Tuy vy, Cu,O ciing c6 nhitng mit han ché ndi tai dé
1a sy hoat déng nhu nhitng dién cwc ngén mach, sy tai tb hop dién
tich nhanh khi c6 chiéu sdng ctia cic hat mang dién tich Cu,0. Pay 1a
yéu t6 han ché cho viéc cai thién hiéu qua xtc tic quang ctia Cu,O.
Nhiéu tai liéu d& dua ra cac bién phap dé khic phuc nhitng nhugc
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diém nay nhu: giam kich thuwdc hat nano clia cac vét liéu don pha
TiO,, Cu,0, ZnO...[1,2]; pha tap vao cic véat liéu don pha bdi cac ion
ctia cac kim loai khéc [4,5,7]; hodic ché tao vt liéu composit g6m su
két hop ctia 2 hodc 3 vt liéu pha don [3,7,8]. Muc tiéu 1a nhim lam
giam ning lwgng ving cAm quang (Eg), giam tbi da sy tai két hop
dién tich cta vat liéu khi ¢ chiéu sang [1-5,7]. T d6 c6 thé s& lam
tang hiéu qua xdc tdc quang hodc nhitng ¥ng dung quang héa khéc
ctia vat liéu ban dén kich thich dwgc 4nh séng trong viing nhin thiy.

Vé6i nhitng phan tich trén, trong nghién cu nay da tién hanh
nghién cttu ché tao vat liéu nanocomposit Cu,0/TiO, v&i su pha tap
ctia TiO, vao Cu,0 & céc ty 1é mol 1a 10, 30 va 50 % theo phuwong
phéap thity nhiét. Panh gia kha ning xtc tic quang clia vat liéu ché tao
cho phan huy chit mau hitu co metyldacam (MO) duéi chiéu xa anh
sang nhin théy.

2. Thuc nghiém
2.1. Héa chdt

Hoéa chit st dung trong nghién cttu ddu & dang tinh khiét
khong cin phai ché héa bd sung thém bao gdbm: Pdng sunphat
(CuS0,.5H,0 99,9 %, AR-China); Natri Sunfit (Na,SO; 99,9 %, AR-
China); Titanium Tetraisopropoxide (C;,H,30,Ti -TTIP 98 %, Sigma
Aldrich); Acetylaceton (CsHgO, 99 %, Sigma-Aldrich); Etanol (C,H;OH
99 %, AR-China); nudc cit 2 1an.

2.2. Ché tao vt liéu

Mét dung dich hén hop A gdm: ddng sunphat CuSO,.5H,0
0,1M va natri Sunfit Na,SO,0,1M digc tron 1an theo ti 1& mol 14 1:10,
dung dich hén hop c6 mau mau xanh nhat. Dung dich hdn hop duge
khudy tron ddng déu trén may khudy tit & tbc d6 khong dbi 250 rpm
trong 30 phiit va bit diu gia nhiét dén nhiét d6 90 °C va giit nhiét do
én dinh trong 15 phit. Dung dich hén hgp khac 13 B gdm: titanium
tetraisopropoxide, etanol, acetylaceton va nudc cit 2 1in (dugce lay
theo ty 1& s6 mol twong tng 13 1:10:0,3:1) cho khudy trén ddng déu
trén may khudy tit trong 15 phit. Tiép theo, dung dich hdn hop B
dvgc nhé tif tit vao dung dich hén hop A, vin tiép tuc gia nhiét én
dinh & 90°C va ddng thoi khudy dén khi dung dich c6 két tiia mau nau
dé nhat. H6n hop dung dich dugc khudy tiép tuc thém 15 phit nita.
pé pha tap v&i ham lugng theo tinh todn cua TiO, vao Cu,O tao vit
liéu nanocomposit Cu,0/x%Ti0, thi dung dich hén hop B & trén dugc
14y v&i s6 mol ctia titanium tetraisopropoxide (C,,H,50,Ti) theo 3 ty 1é
10 %, 30 % va 50 % so véi s6 mol clia déng sunphat (CuSO,.5H,0).
Cubi ciing, dem céc hén hop dung dich ndy vio autoclave dé thiy
nhiét & nhiét d6 170°C trong 12 gi&. Két ta thu dugc sau thiy nhiét
duoc ly tAm rita miu vai 1An v6i nude cit va etanol, sau dé6 dem sdy
kho & 100 °C trong 24 gid. San phim thu dwgc 13 cic miu bot
nanocomposit Cu,0/x%TiO, min mau nau d6 nhat, dugc ky hiéu mau
tong #ng 1a Cu,0/10%Ti0,, Cu,0/30%Ti0, va Cu,0/50%TiO,.

2.3. Cdc phuong phdp do ddc tinh ctia vt liéu

Céc dac tinh cta vat liéu dugce xac dinh bdi cac phuong phap:
Phuong phéap nhiéu xa tia X (XRD, X’pert Pro (PANalytical) MPD, Cu-
Ka (A=1.54065 A), téc do quét 0.03°/2s); phrong phap phd raman
shift (LABRAM-1B, A= 633 nm, cong suit laser 6,25 mW, kinh
hién vi soi Leica NPLAN L50x/0.50BD); phwong phap hién vi dién tit
quét (SEM, HITACHI TM4000 Plus); phwong phap phd hip thu UV-Vis
rén (DRUV-Vis, Jasco V-750) st dung qua ciu tich hgp 60 mm (ISV-
922), téc d6 quét 200 nm/min; phuong phap phd hip thu UV-Vis 1ong
(Agilent 8453).

2.4. Khdo sdt hoat tinh xtic tdc quang

Khao st hoat tinh xtic tic quang dugc tién hanh cho phan ting
phan hiy dung dich chit mau metyldacam (viét tit 1a MO, c6ng thic
phén t C,,H,,N;NaO,S va khéi lwgng phan ti 327,33 g/mol). Mbi thi
nghiém khdo sat xic tic quang duoc thye hién véi: khéi lvgng chit
xtic tic dugc ldy 0,02g trong 100 mL dung dich chit mau
metyldacam c¢6 ndng d6 pha sin 10 mg/L. Dung dich H,0, ndng d6
0,028 g/L duge st dung cho mdi phan ng xtc tic quang 1am chét trg
xtic tic. Ngudn dén chiéu anh sang nhin thiy cho phan itng xic tic
quang dugc st dung la dén Osram 220V-250W (buéc séng A= 400
nm). Cac dung dich hén hop phan tng dugc khudy téi 30 phiit dé dat
can bing hip phu- nha hip, sau d6 dugce chiéu sang béi ngudn den
Osram trén. Sau mdi khoang th&i gian chiéu sang 10 phiit, trich ra
mét lwgng dung dich dé do d6 hp thu quang trén may quang phd
Agilent 8453 (budc séng cuc dai ctia dung dich MO la A= 466 nm).
Hiéu suét xiic tdc quang phan hiy chit mau MO dugc xac dinh theo
cong thitc: H (%)= (C,-C)/C, x100 (%) (1). Trong dé: Cy, C 13n luot
12 ndng d6 cua chit phan ¢ng lic ban diu va & thoi diém t (mg/L).

3. Két qua va thao luin

3.1. Tinh chdt cdu tric ctia vt lidu

Hinh 1 13 phd nhifu xa XRD ctia cdc miu vit liéu ché tao
nanocomposit  Cu,0/10%TiO, (a), Cu,0/30%Ti0, (b) va
Cu,0/50%Ti0, (¢) (Cu,0/x%Ti0, (x=10,30 va 50)). Trén hinh phd
XRD cho thy cdc miu déu c6 cac dinh phé (pic) nhibu xa duge m&
rong va xuét hién pic nhiéu xa & cic vi tri géc nhidu xa 20~ 25,2°,
37,5° 48,4°, 53,9°, 62,7° va 74° twong ng v&i ho mit mang (101),
(004), (200), (105), (204) va (303) cuta tinh thé TiO, pha anata (theo
N° card 21-1272) [1,3-5]. Cudng d6 pic dugc tang 1én khi ham lwgng
pha tap TiO, ting tit 10% dén 30% va lai giam di khi ham lwgng TiO,
tang 1én tiép tuc dén 50%. Thém nita, miu Cu,0/10%TiO, (a) cé xuit
hién céc pic & vi tri géc nhidu xa 20~ 29,5°, 36,5°, 42,5°, 62° va 73°
twong &ng v&i ho mat mang (110), (111), (200), (220) va (311) cua
tinh thé Cu,0 (theo JCPDS 05-0667) [3,7,9]. & miu Cu,0/30%TiO,

(b) thi sé pic nhiéu xa ctia Cu,O giam di, chi con & 2 vi tri géc nhiéu
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xa 20~ 36,5° va 42,5° véi cudng dd pic ¢ vi tri 36,5° giam manh. G
mau Cu,0/50%TiO, (c) thi chi ¢é 1 pic nhiéu xa clia Cu,0 & vi tri 20~
36,5° véi cudong d6 thip. Ngoai ra, & cac miu Cu,0/x%TiO, (x=10,
30 va 50) déu khéng thiy xuit hién pic nio ¢6 lién quan dén Cu hoic
CuO. Piéu nady cho thdy 13 cdc miu vat liéu nanocomposit
Cu,0/x%TiO, ché tao dugce & kich thuée tinh thé ¢& nano-mét va chi
gbm 2 pha tinh thé TiO, anata va Cu,0. Cudng db pic clia pha tinh thé
TiO, anata ting 1én, cwdng dd pic clia pha tinh thé Cu,0 giam di khi
ham lwong mol ctia TiO, pha tap ting 1én 10-50% (so v&i s6 mol ctia
Cu,0) (ky hiéu trén Hinh 1: * 1a pha tinh thé TiO, anata; + la pha
tinh thé Cu,0). Ap dung phwong trinh Scherrer: D= K\/Bcosd (2) & vi
tri pic nhiu xa 20~ 25,2° (tWong (ng v&i mit mang (101) cha TiO,)
va vi trf 26~ 36,5° (twong tng véi mdt mang (111) ctia Cu,0) dé tinh
kich thwéc tinh thé trung binh cta tinh thé TiO, va Cu,0 tuong tng
trong vat liéu nanocomposit Cu,0/x%TiO,. Két qua kich thudc tinh
thé trung binh TiO, va Cu,O cua céc maiu nanocomposit Cu,0/x%TiO,

dugc cho trong Bang 1.

*TiO,

Intensity (a.u.)

T T T T T
10 20 30 40 50 60 70 80
2 Theta (degrec)

Hinh 1. Phd nhiéu xa XRD ctia cic miu Cu,0/10%TiO, (a),
Cu,0/30%Ti0, (b) va Cu,0/50%TiO, (c).

Bang 1. Két qua kich thwgc tinh thé trung binh ctia cdc mu

nanocomposit Cu,0/x%TiO,.

Mau Cu,0/10%TiO, | Cuy,0/30%TiO, | Cu,0/50%TiO,
Kich thuéc tinh
X 6,4 nm 6,7 nm 6,8 nm
thé TiO, anata
Kich thuéc tinh
2 15,5 nm 17,5 nm 17,5 nm
thé Cu,0

3.2. Phdn tich phd raman shift

Hinh 2 13 két qua phd raman ctia cic mAu vt liéu nanocomposit
Cu,0/10%Ti0, (a), Cu,0/30%Ti0, (b) va Cu,0/50%TiO, (c). Trén hinh
phé raman Hinh 2 cho thiy: cdc miu vt liéu ché tao déu c6 dinh phd
dao dong & céc vi tri sb séng 150 ecm™, 220 cm?, 520 cm™ va 641 cm?,
céc vi tri sb séng nay déu twong tng v&i cac dao dong T,,(LO), E, Tog
va T;,(LO) ctia Cu,0 [6,7]. Thém nita, cic miu ciing déu c6 dao déng &
vi trf s6 séng 397 cm™ twong ng v&i dao dong dién hinh By, ctia TiO,
anata [4]. Mt khéc, cac dao dong & vi trf s6 séng 520 cm™ va 641 cm?

(twong Gng véi cac kiéu dao dong Ty, va T;(LO) ctia Cu,0) ciing 1a

triing v&i cic dao déng kiéu A, +B,, va E, tiong Gng cta TiO, anata
[4]. Ngoai ra, trén hinh phé raman khong thiy xuft hién dao déng séng
ndo twong Wng véi kidu dao déng ctia Cu hodic CuO [6,7]. Pidu nay ¢
thé cho khing dinh thém véi phén tich phd XRD & trén 13 cic mAu vat
liéu nanocomposit Cu,0/x%TiO, (x =10, 30 va 50) ché tao dugc cho két
tinh tinh thé & dang 2 pha tinh thé TiO, anata va Cu,O.

gono 190 (@)

{a.u.)
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0+ T i i |
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Hinh 2. Phé raman shift ctia cdc miu Cu,0/10%TiO, (a),
Cu,0/30%TiO0, (b) va Cu,0/50%TiO, (c).

3.2. Hinh thdi hoc bé mdt vt liéu

Hinh 3 13 anh hién vi dién t& quét (SEM) cta cic mau vat liéu
nanocomposit Cu,0/10%TiO, (a), Cu,0/30%TiO, (b) va Cu,0/50%TiO,
(). Trén Hinh 3 cho thy & miu Cu,0/10%TiO, c¢6 cac hat tinh thé hinh
bat dién (octahedra), duge cho 1a cac hat tinh thé Cu,0 [9]. Kich thude
clia c4c hat octahedra ¢& khoang 400 dén 500 nm. Bao xung quanh céc
hat tinh thé octahedra 12 cc hat dang hinh cAu min dwgc cho 12 hat tinh
thé TiO, [1,4-5], v6i kich thwée nhé min ¢ <50-80 nm. & miu
Cu,0/30%TiO, cho théy 1a cac hat tinh thé octahedra dugc bao xung
quanh bé&i cdc hat dang hinh cAu min véi mat d6 day dic hon so v6i
mau Cu,O pha tap 10 % TiO,. Kich ¢& cta hat composit c& khoang 500-
1000 nm. G miu Cu,0/50%Ti0, cho thiy 14 c4c hat cAu min, x8p, dwgc
cho 1a c4c hat tinh thé cta TiO, dé che 14p hoan toan céc hat octahedra
(duge cho 14 cac hat tinh thé Cu,0). Kich thuéc cdc hat ciu min, x6p
nay c& khoang <50-80 nm.

Cu,0/30%Ti0, (b) va Cu,0/50%TiO, (c).
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3.3. Két qud phé Uv-vis rin

Phd hép thu UV-vis rin cta cdc miu vat liéu nanocomposit
Cu,0/10%Ti0, (a), Cu,0/30%TiO, (b) va Cu,0/50%Ti0, (c) dugc thé
hién & Hinh 4. Hinh phd hip thu cta cic miu nanocomposit
Cu,0/x%TiO, cho théy d&u c6 bo hip thu duge mo réng vé ving anh
sang nhin thiy véi bude séng A= 640-720 nm. Miu nanocomposit
Cu,0 v6i ham lwgng pha tap TiO, ting lén 10-50% thi by hip thu
cang dugc md rong nhidu hon vé ving 4nh sang nhin thdy (= 720
nm). Vi dic tinh 1am m& réng bo hap thu ctia vat liéu ban din (nhuw
TiO, don pha v6&i A< 380 nm chi hip thu 4nh séng ti ngoai [1,4-5])
vé viing 4nh sang nhin thiy sé tao kha ning cidc miu nanocomposit
Cu,0/TiO, ché tao cé tinh chét xidc tic quang trong viing 4nh sing
nhin thiy. Ning lugng viing cAm (Eg) clia cic miu vt liéu duge xac
dinh dya trén db thi quan hé theo phwong trinh Taus (Hinh 4):
(ahv)?*= B(hv-Eg) (3).

Absorbance (a.u)

|

4 L x X : H X T AP PAR SR S e b e
300 100 500 600 700 800 900 12 16 20 2.4 28 32 3.6 40 44 48 52

Wavelenoth 2 (nm) hy

Hinh 4. Phé hép thu UV-Vis rin cia m4u nanocomposit
Cu,0/10%Ti0, (a), Cu,0/30%TiO, (b), Cu,0/50%TiO, (c) va dd thi
quan hé theo phiong trinh Taus ctia (ahv)? véi nang lwong hv.

Trong d6: B 12 hing sb, hv 14 ning lwgng ctia photon, a 12 hé sb
hip thu [4,8]. Ning lwong ving cim quang (Eg) dugc 1iy 1a giao
didm ctia duong tiép tuyén véi doan tuyén tinh nhit ctia dd thi
(ahv)?- hv véi truc ning lwong hv. Theo dd thi quan hé (ahv)?- hv xac
dinh duwgc Eg cua céc Cu,0/10%Ti0,,
Cu,0/30%TiO, va Cu,0/50%TiO, tuong tng la: 2,47 eV, 2,67 eV va
2,82 eV. Nhut vy, ¢6 thé thdy véi ham lwgng TiO, pha tap vao Cu,0

miu nanocomposit

ting 1én (10-50%) thi ning lwgng ving cAm quang ciing ting lén
(2,47-2,82 eV), gié tri Eg cta vat liéu nanocomposit Cu,0/x%TiO, 1a
16n hon Eg clia Cu,0 tinh khiét va nhé hon Eg ctia TiO, tinh khiét
(Egcu20~ 2,17 eV; Egrioo~ 3,25 V) [1,4,5,7,9].

3.4. Khdo sdt tinh chdt xiic tdc quang

Do thi khao sit hoat tinh quang xtc tic phan hity dung dich
metyldacam (MO) ctia cic mau
Cu,0/10%Ti0, (a), Cu,0/30%TiO, (b) va Cu,0/50%Ti0, (c) dugc thé
hién & Hinh 5. Trén dd thi khao sit Hinh 5 cho thiy, sau 40 phit
chiéu 4nh sing nhin thiy ctia dén Osram 250W: miu Cu,0/10%TiO,

lam gidam mau dung dich MO nhiéu nhit va dat hiéu suit phan hay

chit mau nanocomposit

chit mau MO 13 92 %; miu Cu,0/30%TiO, dat hiéu suit phan hiy
90,5 %; mau Cu,0/50%TiO, dat hiéu suit phén huy 84 %. So sanh v§i
mau TiO, tinh khiét thi khong 1am phan hity dugc chit mau trong
viing 4nh sang nhin thiy [1,4,5]. Nhu vay, véi su pha tap ham lvong
nhét dinh TiO, vao Cu,O dé tao nanocomposit Cu,0/x%Ti0, da lam
giam dugc ning lwgng viing cAm Eg~ 2,47-2,82 eV va 1am cai thién
duogc tinh chit xiic tic quang 1am phén hiy chit mau MO kich thich
dugc & viing anh sang nhin thdy (A= 400 nm).

1004  —=— Cu20M10%TiO2
& Cu20/30%Ti02
—a— Cu20/50%Ti02

304

204

0

0 0 20 30 0

Théri gian chifu sang (phit)

Hinh 5. D6 thi hiéu sult xtc tic quang phan hily chit mau metyldacam
(MO) ctia cadc mau nanocomposit Cu,0/10%TiO, (a), Cu,0/30%TiO,

(b), Cu,0/50%Ti0, (c) dudi chiéu xa anh sdng nhin théy.

4. Két luan

Pa téng hop duge cic mAu vt liéu nanocomposit
Cu,0/10%Ti0,, Cu,0/30%TiO, va Cu,0/50%TiO, bang phuong phip
thily nhiét. Céc nanocomposit Cu,0/x%TiO, d8u do cac hat tinh thé
TiO, anata dang hinh cAu min, x6p bao xung quang céc hat tinh thé
Cu,0 octahedra. Kich thuéc ctia cac hat octahedra ¢ ~400-500 nm,
kich thuéc cac hat nhé min TiO, ¢& <50-80 nm. Khi ham lvgng pha
tap TiO, cang ting 10-50% thi mat do cic hat dang hinh cAu min bao
xung quanh cdc hat tinh thé octahedra cang day dic hon. Kich thuéc
ctia hat nanocomposit ciing ting 1én c¢& ~500-1000 nm. Néng lugng
ving cim quang Eg clia cic miu nanocomposit Cu,0/10%TiO,,
Cu,0/30%TiO, va Cu,0/50%TiO, ting din 2,47 eV, 2,67 €V va 2,82 eV,
nhung vAn nho hon Eg ctia TiO, tinh khiét (3,25eV) va 16n hon Eg cia
Cu,0 tinh Kkhiét (2,17 eV). Cac miu nanocomposit déu ¢6 tinh chét xdc
tic quang phan hiy chit mau MO trong ving dnh sang nhin thiy. Hiéu
suét phan huy chit mau MO dat cao nhét 14 92 % sau 40 phit chiéu
sang 12 ctia mau Cu,0/10%TiO,. Hiéu suit phan hity chit mau MO thip
nhét 12 84 % 14 ctia miu Cu,0/50%TiO,.
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