Tap chi phdan tich Hoa, Ly va Sinh hoc - Tap 29, 56 04/2023

NGHIEN CUU CHE TAO VA TiNH CHAT QUANG
KHU CO, CUA Cu,0/Zn0O

Pén toa soan 17-01-2024

Ta Ngoc Bach', Lé Thi Hong Phong’, Vii Hong Ky', P8 Hung Manh', Ngo Thi Hong
Lé"" Vi Pinh Lam’ Phung Thi Thu® Trinh Xuin Anh*
1. Vién Khoa hoc vat lieu, VAST, 18 Hoang Quéc Viét, Ha Noi, Viét Nam
2. Hoc vién Khoa hoc va Cong nghé, VAST, 18 Hoang Quéc Viet, Ha Noi, Viet Nam
3. Truong Dai hoc Khoa hoc va Cong nghé Ha noi, VAST, 18 Hoang Quéc Viét, Ha Noi,
Viet Nam
4. Pai hoc Bach khoa Ha Néi, 1 Pai Co Viét Viét, Ha Néi, Viét Nam
*Email: hongle@ims.vast.ac.vn

SUMMARY

STUDY ON THE FABRICATION AND PHOTOREDUCTION PROPERTIES OF CO, BY
Cu,0/ZnO NANOWIRE MATERIAL SYSTEM

In this work, we successfully synthesized Cu,O/ZnO nanowire material systems, adjusting the molar ratios
between Cu,O and ZnO using hydrothermal and wet chemical methods. Notably, the Cu,O nanoclusters
displayed a square shape with a size of about 100-200 nm, adhered to ZnO nanowires. The Cu,0/ZnO
composite system, as a photocatalyst, converts CO, into CH, gas in an aqueous environment. The highest
conversion efficiency, at 28.44 umol.gzL .h™, was achieved by the Cu,0/ZnO sample with the highest Cu,O
concentration, surpassing pure ZnO (4.66 umol.g_. .h™) by a factor of six. The enhanced catalytic activity
is attributed to the expansion of the absorption range into the visible light region and the synergic
interaction between ZnO and Cu,O at the interface. Moreover, the surface morphology plays a crucial role
in enhancing the CO, photoreduction activity of the Cu,0/ZnO system.
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tac quang trong phan tng quang xuc tac. Trong sb

céc chat xiic tic quang, oxide ban din k&m (ZnO)
Su gia tang lugng khi thdi carbon dioxide (CO2)  1a mot trong nhitng tmg vién duge nghién ciru phd

1. MO DAU

do cac hoat dong kinh t& gdy ra 1a mot trong bién do c6 hoat tinh xuc tac quang twong ddi cao,
nhiing thach thtrc 16n trén toan thé gioi. ba co dé dang ché tao, khong ddc hai va chi phi san Xuét
nhiéu giai phap tich cyc dugc dua ra, trong s6 d6,  thép [3-5]. Tuy nhién, diém han ché 16n nhat cia
khir CO, thanh nhién lidu co chira carbon, ching vat lidu nay l1a tbc do tai két hop dién tir-18 tréng
han nhu carbon monoxide (CO) hodc methane quang sinh xay ra nhanh. Vi vdy, ai lyc giita bé mit

(CH,), bang ning lwong mit troi tai tao 14 mot CO, va ZnO thip va d6 hap thy anh sang khong di
trong nhitng cong nghé thu hut dugc nhiéu sy dan dén hiéu sudt quang khir CO, cia ZnO tinh
quan tdm nghién ciru [1]. khiét khong dap ting dugc yéu cau thuc té [3]. Dé
Cong nghé quang khir CO, sir dung cic chat xuc vuot qua nhitng tré' ngai nay, cac cau tric nano mot
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chiéu (1D), ching han nhu dng nano (NT), thanh
nano (NR) va day nano (NW) c6 trién vong 16n 1am
chat quang xuc tic do tinh di huéng vén cé cia
ching va sy van chuyén dién tir hidu qua khi & kich
thude mot chiéu [4,5].

Ngoai bién d6i cau tric hay bién tinh bé mat, ZnO
con co thé duge két hop véi cac oxid khac, trong dé
c6 Cu,0, dé ting cudng hoat tinh quang xiic tac.
Cu,0 1a vt liéu c6 kha ning hép thy tét trong viing
anh sang nhin thiy. Nhiéu cong b6 di chung to
rang cac cu tric p-n két hop tir hai oxid nay réat
thuan loi cho viéc tach dién tich, tir d6 cai thién
hoat tinh quang xuc tac dé kht CO, [2,4,6,7].

Dua trén cac luan diém trén, chiing toi da tién hanh
gan Cu,O trén bé mat diy nano ZnO bang phuong
phép hoa don gian. Cu,O dugc tao ra c6 dang hinh
khdi lap phuong véi kich thude khoang 100-200
nm, duoc bam trén bé médt ZnO. Quy trinh t6i vu da
duoc nghién ctru dé tao ra vat lidu td hop co ty 1€
khdi lugng Cu,0:ZnO khac nhau. Sy c6 mat cia
Cu,O d3 gép phan lam ting cuong kha ning quang
khir CO, 1én gap hon 6 1an so v&i ZnO d6i véi miu
ZnO/Cu,0 tét nhat. Két qua nay 1a do sy tac dong
tuong hd gilta ZnO va Cu,0, vdi vai tro ting cudng
viéc tach dién tir-16 trong quang sinh.

2.THUC NGHIEM
2.1. Ché tao hé vt liéu nano diy ZnO/Cu,O

Cic  hoa  chit gdbm  Zn(NOs),.6H.,0,
Cu(NQ3),.3H,0, NaOH, Na,COs, acid ascorbic,
Ethanol ctia hang Sigma-Aldrich.

Téng hop day nano ZnO: Zn(NO;),.6H,O va
Na,CO; vai ty 1€ mol 1:100 dugc pha trong 40 mL
nu6e khir ion va khudy déu. Dung dich thu duoc
dugc thay nhiét ¢ 120 °C trong 3 gio. Két thiic qua
trinh thuy nhiét, bét mau tréng tao thanh duoc rua
lai nhiéu 1an bang nudc khir ion va sau d6 tién hanh
sdy kho & 70 °C.

Téng hop vat li¢u nano day ZnO/Cu,0O: ba hé mau
ZnO/Cu,O véi ty 18 mol khac nhau lan luot la
Cu,0:Zn0 = 0,5:3; 0,75:3 va 1:3 va dugc ky hiéu
tuong tng 1a ZC1, ZC2 va ZC3. Phan tan bot ZnO
trong 20 mL dung dich Cu(NO3) véi ty 1€ mol nhu
trén. Tiép dén, nho tir tir 20 mL dung dich NaOH
(ty 18 mol Cu?*:NaOH=1:2) vao va khudy trong 15
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phiit & nhiét d6 80°C. Khi chét két tua chuyén sang
mau xanh den thi nho tir tr 10 mL acid ascorbic (ty
16 mol Cu?*: acid ascorbic = 2:1) va tiép tuc khudy
trong 10 phut. Chat két tia dwoc loc va rua lai
nhiéu 1an bang nudc cat va ethanol.

2.2. Thue hién phén ng quang khir CO,

Thi nghiém quang khtr xuc tic dugc thyc hién
trong binh thuiy tinh c¢6 dung tich 100mL: 0,08 gam
bot mau ZnO hodc ZnO/Cu,0 va 30 mL nude khir
ion dugc dua vao binh phan ung. Khi CO, duoc
dua qua binh phan tng khoang 1 gi¢ trudc khi
chiéu sang. Ngudn sang 1a dén thuy ngan co cong
suat 250W c¢6 quang phd gan gidng voi anh sang
mat troi. Phan ng quang xuc tac khu CO, duogc
tién hanh trong 5 gio, tai nhiét d6 phong. Két thiic
phan mg, mau khi dwoc rut ra bang dng xilanh va
duoc phan tich trén may sic ki khi.

2.3. Céc phép do dic trung

CAu trc tinh thé, hinh thai hoc bé mat duge xéc
dinh bang thiét bi do tia X 1a Bruker D8 véi phat xa
Cu-Ka (k = 1,5406 A) va thiét bi kinh hién vi dién
tr quét hiéu tng truong (FESEM). Ph6 huynh
quang cia cic miu duge do bang may quang phd
huynh quang phan gidi cao (iHR550) véi  laze
Photonic Teem ( budc song kich thich 355 nm).
Phé hip thy UV-vis dugc dugc xac dinh bang thiét
bi do quang phé UV-vis—NIR Carry 5000 (Varian,
Palo Alto, CA, USA). MAu khi dugc rut ra tir phin
thyc nghiém quang khir CO; va dugc phan tich trén
may sic ki khi (GC 2010 Shimadzu).

3. KET QUA VA THAO LUAN
3.1. Cac dac tinh cia hé vit liéu

Hinh 1 13 4&nh FESEM cta miu ZnO va Cu,0/Zn0.
ZnO duge ché tao chii yéu co dang day, véi dudng
kinh day dao dong trong khoang 40-100 nm. Bé
mat day dugc ché tao kha nhin. Cu,0 dugc gén
trén bé mat didy nano ZnO trong ca 3 mau ZCl1,
ZC2 va ZC3. Cum nano Cu,O c6 dang gan nhu
khdi 1ap phwong véi kich thuéc khoang 100-200
nm. Bén canh d6, bé mat ddy ZnO ciing tré nén gd
ghé hon. Mat d6 hat Cu,0O giam dan khi dong thoi
d6 nhén trén bé mit diy ZnO ting dan va ti 1& mol
giam dan.
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Hinh 2. Gidn d6 nhiéu xa tia X ciia céc mau
Cu,0/Zn0: ZC1, ZC2 va ZC3

Khi ¢6 Cu,0, mau ZC1, ZC2 va ZC3 déu xuit hién
cac dinh nhiéu xa dic trung cia ZnO, xem hinh 2.
Bén canh @6, cac dinh dac trung cia Cu,O xuét
hién & 20 =29,7°; 42,5° va 61,6 ° tuong tng véi cac
mit phang mang 1a (110), (111) va (220). Pang chu
y, cudng d6 vach nhiéu xa cia Cu,O giam dan.
Gidn d6 nhidu xa tia X cia ZnO va Cu,0/ZnO
duogc trinh bay trong hinh 2. Céc dinh dac trung cho
ZnO dinh vi & vi tri 20 = 31,9°; 34,5°; 36,4°; 47,66°,
56,69°% 63,1° va 3 dinh khac nim trong khoang tir
65 ° - 70 ° twong g voi cac miat phing mang 1a
(100), (002), (101), (102), (110), (103), (200), (112)
va (201). Cac dinh nay cho thay mau thu dugc la
don pha va ¢ cdu trac wurtzite luc giac, phu hop
v6i thé chuin (PDF 00-036-1451). Ngoai cac dinh
dic trung cia ZnO ta khong quan sat thiy bat ky
dinh nao khac, ching t6 miu ZnO duoc ché tao
khong chira tap chatkhi thay déi ti 1& mol
Cu,0:ZnO tir 1:3 vé 0,5:3. Diéu nay 1a phu hop véi
thuc nghiém khi ta giit nguyén khdi lugng ZnO va
giam lugng tién chit dua vao phan tng tao Cu,O.
Két qua nay phu hop véi két qua FESEM. Nhu vay,
c¢6 thé khang dinh ring mau t6 hop Cu,0/ZnO da
duoc ché tao thanh cong.

Hinh 1. Anh FESEM ciia ZnO (a) va Cu,01Zn0O ZC1 (b), ZC2 (c) va ZC3 (d)
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3.2. Tinh chit quang ciia ZnO va Cu,0/ZnO
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Hinh 3. (@) Pho hupnh quang ciia ZnO va cdc mau
ZC1, ZC2 va ZC3, (b)Phé hdp thu va do thi Tauc
dé tinh dg réng ving cdm (hinh nhé bén trong) ciia
Zn0 va cdc mau Cu0/ZnO0.

T
300 400 800

Hinh 3 (a) 1a phd huynh quang (PL) ¢ nhiét do
phong cua ZnO, ZC1, ZC2 va ZC3. Phd huynh
quang ciia ZnO c6 hai ving phat xa. Phat xa gan
viung cdm (380-390 nm) dugc cho 1a do tai hop
exciton ty do (dién ti-15 tréng) va phat xa sau (450-
800 nm) bit ngudn tir cac mirc khuyét tat [7].



Cuong d6 PL cta ZC1 & ving tir ngoai ting 1,2 lan
va & ving kha kién ting 4 1an so véi mau ZnO tinh
khiét. Trong khi d6, cuong d6 PL ciia ZC2, ZC3 &
ving tir ngoai giam 5 va 2,8 lan, ¢ ving kha kién
taing 1,7 (ZC2) lan va gan nhu khong thay d6i
(ZC3) so voi mau ZnO. Sy ting cuong hodc dap tat
cua phat xa PL phu thudc nhiéu vao ciu tric vung
nang luong cua chéat ban dan ZnO va Cu,0, ciing
nhu cac trang thai niang luong phat xa va hudng
truyén nang lugng hodc dién tir gitra hai chit chét
ban dan khac nhau [7]. Sy ting cudng phat xa PL &
ving tir ngoai va kha kién ctia mau ZC1 c6 thé bét
ngudn tir sy két cap giita cac exciton va dién tu-16
trbng & cac tam tap trong Cu,O va ZnO. Do do, ¢o
thé dy doan rang kha ning quang xic tac cua ZCl
thip hon so v6i ZnO [7]. Su dap tit phat xa PL &
vung tr ngoai va tang cuong phat xa PL & ving kha
kién trong mau ZC2 c6 thé lam hoat tinh quang xuc
tac cia mau nay thay dbi khong dang ké so véi
ZnO. Sy dép tit phat xa PL & ving tir ngoai va phat
PL gan nhu khong thay doi ¢ ving kha kién cua
mau ZC3 ¢ thé do sy phu hop giita ning lugng
phat xa cia Cu,0 va ZnO, céc dién tir dé dang bi
kich thich 1én viing din 1am giam tai hop giita dién
tir va 13 trong. Do d6, c6 thé du doan rang hoat tinh
quang xitic tac co thé duoc ting cudng so véi mau
Zn0. Céc thao ludn vé tinh xuc tac quang khir CO,
s& duoc tiép tuc thao luan & phan tiép theo.

Phd hip thu va do rong ving cdm cua ZnO va
cac mau Cu,0/ZnO dugc biéu dién trén hinh 3 (b).
Quan sat hinh 3 (b) cho thiy ZnO hap thu chu yéu
trong ving tir ngoai va bd hp thy nim ¢ budc song
xap xi 400 nm. Ngoai dinh hip thu & ving tir ngoai,
ta cling quan sat thay mot dinh hip thu rong trong
ving budc song nhin thidy trong cic mAiu
Cu,0/Zn0. Két qua nay 1a do Cu,O hép thy chi
yéu trong ving anh sang nhin thay [6,7]. Dinh hip
thu ctia ZC2 cao nhit so v6i ZC1 va ZC3 trong ca
ving tir ngoai va anh sang nhin thiy. Po rong ving
cdm cta ZnO va Cu,0/ZnO dugc chi ra trong hinh
4 (hinh nho bén trong). PO rong ving cdm cua ZnO
xap xi 3,17 eV, do rong nay giam khi gan Cu,O
trén bé mit ZnO, ndm trong khoang tir 2,96 — 3,0
eV. Cac miu ZCl, ZC2, ZC3 Xuét hién thém bo
ving hip thy véi mirc nang lugng 2,39 eV, 2,44 eV
va 2,36 eV . Viung hap thu va dinh hdp thu dich
chuyén vé phia song dai khi pha thém Cu,O. Mau
ZC3 ¢6 ti 1¢ Cu,0:Zn0 1a 1:3 chira lugng Cu,O cao
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nhit c6 bd hép thy dich chuyén vé phia budc song
dai 16n nhat dwoc mong doi ¢6 kha ning quang khir
CO;, tét nhat.

3.3. Panh gia hoat tinh quang khir CO; ciia ZnO
va Cu,0/ZnO

Két qua quang khir CO, duoc trinh bay ¢ hinh 4.
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Hinh 4. Biéu dé ham luong khi metan thu dwoc sau
qud trinh quang khir CO,

Két qua nay cho thdy hé mau ZnO va hé mau t6
hop ZnO/Cu,O quang khir CO, cho ra dugc san
pham khi duy nhat 1a CH,. Mau ZC3 cho nong do
khi CH4 1a 16n nhét trong cic hé mau, 1a 28,44
pmol.gzk .h™ ting hon 6 14n so v6i miu ZnO. ZC2
cho ndng do khi CH, 1a nho nhét trong cac hé miu
t6 hop, 1a 5,44 pmol.gzk .h™. Co ché quang khu
CO, dugc b thé duge giai thich nhu sau [2]: (i) vat
liu Cu,0/ZnO hip thy anh sang & ca ving UV va
kha kién twong ung véi ZnO (Eq = 3,17 eV) va
Cu,0 (Ey = 2,74 eV, dbi v6i mau ZC3). Trong cau
truc ndy, cac dién tr dwoc chuyén tir ving dan cia
Cu,O sang ving din cua ZnO, diéu nay dan dén
viéc tach mét cach hi€u qua cac dién tir bi kich
thich & viing dan cua ZnO véi cac 18 tréng & ving
ho tri ciia Cu,O. Céc dién tir bi kich thich dén bé
mit hap phu CO, va cac 16 tréng chuyén dén cac
phéan tir nudc; (i) ZnO cb hang s dién moéi thap va
d6 linh dong dién tir cao nén toc do tai két hop dién
tir - 15 trdng thap hon so v6i cac chat ban dan khac
[8]. Nang lugng bd vung hoa tri cia ZnO (2,8eV vs
NHE) thdp hon nhiéu so v6i thé oxi hoa cua nuéc
(0,82V vs NHE) [2]. Trong khi d6, Cu,0 ciing uu
viét hon so voi CuO do Cu,O c6 ning lugng bo
ving din cao hon [9]. Do d6, su két hop giita ZnO
va Cu,O tao ra so do ving ning luong 1y tudng cho
quang khir CO,. Sy hinh thanh nay tao diéu kién dé
dang dé chuyén dién tir va 16 tréng dén chat phan



ung. Khi Cuy0/ZnO dugce dua vao trong nudc, qua
trinh chuyén dién tir xdy ra tai bé mit tiép xtic gitra
chat ban dan va dung dich do can bang mat d6 dién
tich gitra hai pha. Dan dén viéc hinh thanh mot
truong dién tir trén bé mat chat ban dan. Cac dién
tr quang sinh di chuyén dén bé mat ZnO va thyc
hién qué trinh khir CO,. L tréng di chuyén dén bé
mit Cu,0 va oxi hod nudce. Ngoai ra, c6 thé thiy bé
mit ciia ZnO trong mau ZC3 x6p hon so véi hai
mau con lai, vi vdy ma cac phan tir CO, ciing duoc
du doan 13 bi hép phu nhiéu hon, din dén hoat tinh
quang khir cao hon so véi cac mau to hop khéc.

4. KET LUAN

Trong nghién ctru nay, ching toi da tong hop thanh
cong hé vat liéu day nano Cu,0/ZnO bing phuong
phap thuy nhiét két hop voi phuong phap hoa uot.
Cum nano Cu,0 c6 kich thuéc khoang 100-200 nm
dugc gin trén bé miat ciia diy nano ZnO c6 dudng
kinh tir 40 — 100 nm. Két qua quang khir CO, cho
théy su ¢6 mét cua Cu,O lam tang cuong kha nang
quang khir. Két qua nay 1a do su mé rong ving hép
thu sang ving anh sang nhin thdy va tac dong cia
hoat dong twong hd ¢ 16p tiép xuc gitra ZnO va
Cu,0. Do @6, viéc chuyén dién tich trong
Cu,0/ZnO dién ra nhanh hon, din dén qué trinh tai
két hop dién ti-15 trong quang sinh suy giam. Tuy
nhién, ham luong Cu,0O anh huéng dén hiéu qua
quang khit CO, cua hé vat ligu day nano
ZnO/Cu,0, theo tht tuy ZC3 > ZC1 > ZC2, ham
lwong Cu,O cao nhét cho hiéu qua quang khir cao
nhit (28,44 pmol.gzL .h™), gip 6 lan so véi day
nano ZnO tinh khiét (4,66 pmol.g-L .h™). Két qua
nay cho thiy tiém ning tmg dung cua hé vat liéu
day nano Cu,O/ ZnO trong quang khir CO, thanh
nhién li€u hiru ich.
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