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Photoelectrochemical water splitting to convert solar energy into
chemical energy stored in hydrogen fuel is a challenging task. In this
work, BiVO4 was synthesized by the hydrothermal method. Cu20 was

incorporated with BiVO4 by the reduction of Cu®* with ascorbic acid on
the BiVO4 particles, varying the Cu:Bi ratio in the reaction and reaction
time. The prepared samples were characterized by XRD, SEM and UV-
Vis DRS. Cu20 was formed with a low content and was well dispersed
on the surface of BiVOa4. The synthesized Cu20-BiVO4 can absorb
radiation in both UV and vision ranges with a wavelength less than 465
nm. The incorporation of Cu20 and BiVO4 can lead to an increase in
the photocatalytic performance of the materials with both higher
photogenerated current density and dark current density. The 3:10 Cu:Bi
ratio in the reaction mixture is considered the optimum ratio for better
photoelectrochemical activity of the synthesized catalyst.
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evolution reaction — HER: 2H20 + 2e” — H> + 20H) va
phan Ung thoét oxygen & anode (oxygen evolution
reaction — OER: 40H — Oz + 2H20 + 4e"). Trong do,
OER lién quan dén sy chuyén 4 electron va la giai
doan cham, quyét dinh t6¢c d6 cla phan Ung. Yéu t6

Gidi thiéu chung

Trudc thuc trang nhu cdu vé cac ngudn nang luong
bén ving va than thién véi mdi trudng ngay cang
tang, viéc st dung ndng lugng mat trgi dugc xem la

gidi phap c6 nhiéu trién vong nhét va thu hat dugc rét
nhiéu su quan tdm cla cac nha nghién ctu hién nay.
Tuy nhién, do ndng lugng mat trdi c6 cudng dé thép
va khong lién tuc nén doi hdi can phai cd6 mét chién
lugc thu git va luu trtr hiéu qua. Qué trinh phan tach
nudc quang dién hoa tao nhién lieu hydrogen da dugc
nghién cu nhu mét cong nghé nang lugng day hua
hen va ¢ tiém nang I8n trong tucong lai. Phan Ung
phan tach nudc quang dién hoda la qua trinh doi hoi
nang lugng cao do c6 thé phan cyc la 1,23V, bao gébm
phan Ung thoat hydrogen & cathode (hydrogen

quan trong hang dau anh hudng dén hiéu suét cla
qua trinh OER quang dién héa la vat liéu photoanode
[1]. Trong cac vat liéu quang xuc tac OER dang dugc
nghién ctu, bismuth vanadate (BiVO4) néi 1én nhu mét
trong nhitng vét liéu hta hen nhét lam photoanode
cho qué trinh phén tach nudc do kha néng hép thu
anh séang tét, khodng cach viung cdm hep cho phép
hédp thu anh sédng vung kha kién, gia thanh thap [2-4].
Tuy nhién, vat liéu nay cé téc do tai t6 hop electron —
16 tréng cao. Phuong phap hiéu qud dé khic phuc
nhugc diém nay la két hap BiVO4, chat ban dan loai n,
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vGi mét chat ban dan khac dé tao hé ban dan co kha
nang phan tach electron quang sinh va 16 tréng quang
sinh [4-6]. Trong do, tao hé ban dan di hop p-n dugc
coi la phuong phap dadc biét hiéu qua trong viéc tang
kha nang phan tach dién tich cling nhu tang tudi tho
(giam kha nang tai t6 hgp) cla ching trong cac vat
liéu ban dan [7-8]. Trong cac chat ban dan oxide kim
loai chuyén tiép, Cuz0 dé dang téng hap dugc dudi
dang chat ban dan loai p. Cu20 c6 do réng ving cdm
hep nén nod cé kha nang hap thu va chuyén hoa anh
sang trong vung kha kién mét cach hiéu qua. Hon nira,
Cu20 co gia thanh tuong déi thap, khéng déc hai cling
nhu co thé dé dang ché tao tir cac chat cd ngudn cung
I6n trong tu nhién [9-10]. Nhu vay, viéc két hgp chét
ban dan loai n BiVO4 véi chat ban dan loai p Cu20 hia
hen sé c6 khéd nang lam vat liéu photoanode hiéu qua
cho qua trinh phan tach nudc [11-16]. Tuy nhién, cho
dén nay, viéc nghién cltu sit dung hé ban dan di hop
Cu20-BiVO4 lam xUc tac quang dién cuc cho qua trinh
phan tach nudc van con rat han ché. Chinh vi vy,
nghién cltu nay tap trung vao viéc téng hgp hé xuc tac
di hgp Cu20-BiVO4 Ung dung lam photoanode cho
qua trinh phan tach nudc quang dién hda nham xac
dinh anh hudng cuta sy két hgp Cu20 vdéi BiVOs cling
nhu diéu kién téng hop dén hiéu sudt OER.

Thuc nghiém va phuong phap nghién cdu

Céc hda chat dugc st dung trong nghién clu nay bao
gébm bismuth nitrate pentahydrate, copper sulphate
pentahydrate, ascorbic acid, potassium sodium tartrate
tetrahydrate, sodium hydroxide, nitric acid, ammonium
metavanadate, ethylenediaminetetraacetic acid (EDTA),
acetone, fluorine doped tin oxide (FTO) déu dat tiéu
chuén phan tich va cé xudt x tUr Trung Quéc. FTO
dugc rira sach bang cach siéu am trong 30 phut [&n
lugt v&i acetone, ethanol va nudc cét.

T6ng hgp BiVO4

BiVO4 dudc téng hop bang phuong phép thly nhiét.
Trong quy trinh t6ng hop, 14,52 gam Bi(NO3)3.5H.0
dugc hoa tan vao 45 mL nudc cét, sau do thém 12 mL
HCl, khudy déu dé tao dung dich chtia Bi(NO3)3. 3,48
gam NH4VOs dugc thém vao 60 mL dung dich NaOH
4M, sau do thém 6,00 gam EDTA d€ tao dung dich
chiia NH4VOs. Tiép theo, dung dich chfa NH4VOs3
dugc nhd tu tu vao dung dich cha Bi(NO3)3 va chinh
pH =7 bang dung dich NaOH. Hon hap thu dugc dugc
chuyén vao autoclave va gia nhiét & 180°C trong 24
gi¢. San phdm két tia mau vang duac log, rifa va sy &
60°C trong 12 gic.
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T6ng hgp Cuz0-BiVOq4

Hoa tan cac dung dich: NaOH trong 72 mL nudc cét,
thém C4HsOsKNa; CuSOs trong 72 mL nudc cat; va
ascorbic acid. Sau dé cho 1,00 gam BiVO4 da téng hap
vao dung dich chta C4H4OsKNa; tiép theo, thém dung
dich chra CuSOs4 vao dung dich chlfa C4H4OeKNa, va
ti€p tuc cho dung dich ascorbic vao hé sao cho ti lé s&
mol cac chat nhu sau: CuSO4.5H20 : NaOH : CeHsOs :
CeH1206 : Na2CaH4O6 = 34,9 : 70 :35: 70 : 35 vati 1é s6
mol Cu : Bi dua vao hé phan Ung thay déi tu 0,5:10,
1:10, 2:10, 3:10, dén 4:10. Sau do chinh pH dén 10 bang
dung dich NaOH. Hon hgp phan Ung dugc khudy lién
tuc trong khodng thai gian 2 gid va 15 gid. San pham
thu dugc sau khi dugc loc, rira va lam kho bang
acetone c6 mau cam dac trung clia Cu20 va mau cam
dam dan khi t 1é Cu: Bi tang 1én. Cac mau Cu0-BiVO4
dudc ki hiéu la Cu20-BiVOs-xy-t vd&i xy la ti 1é s6 mol
Cu : Bi dua va hé phan Ung; t la thdi gian khudy tron
hén hop phan Ung tao Cuz0. Mau Cu:0 dugc téng
hop tuong ty, tuy nhién khéng dua BiVO4vao hdn hop
phan Ung ban dau. DE thuc hién cac phép do dién héa
cac mau boét dugc phu 1én FTO bang phuong phép
doctor blade.

Bdc trung vat liéu

C4u truc tinh thé clia vét liéu dugc xac dinh bang phuong
phap nhiéu xa tia X (X-ray deffraction — XRD) trén may
D8 Advance-Brucker v&i 6ng phat tia CuKo (A=1,544),
cuong dé dong 40mA, gdc quét 26 tir 20-70°, toc dod
quét 0,02 °/s. Hinh thai hoc cla vat liéu dugc xac dinh
bang phuong phap hién vi dién t& quét (Scanning
electron microscopy - SEM) s dung may SEM-JEOL
JSM.5410LV vdi dién thé 5 kV. Kha nédng hdp thu quang
clia vat liéu dugc kiém tra bang phucng phap phé UV-
Vis DRS trén may quang phé UV-Vis PE Lambda 950.
Céc phan tich dugc xac dinh trong khoang 300+800
nm véi guong phan xa chudn BaSOa. Khoang cach
ving cdm (AE) dugc xac dinh theo phuong phép
Kubelka—Munk, st dung d6 thi Tauc:

(@hv)? = Clv—Eg) (1)

Trong dé: h la hang s6 Planck, C 1a hang s6, Eg la nang
lugng ving cam; v la tan s& clia bic xa kich thich.

Cac phép do dién hoa dugc thuc hién trén hé ba dién
cuc st dung may do dién hda da nang Autolab vdi
dung dich chéat dién ly la dung dich dém phosphate
PBS 0,1 M (c6 pH = 7,4) & nhiét dé phong. Tét ca céc
gié tri thé trong nghién clu déu dugc chuyén sang thé
so vdi dién cuc hydrogen thuan nghich RHE theo cong
thic: Erre=Eag/agcl +Eageivs nre + 0.059pH.
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K&t qua va thao luan
Két qua ddc trung xuc tdac

Gian do XRD clia cac méu Cu20-BiVO4 téng hap vdi ti
I& Cu : Bi khac nhau va thai gian tng hgp Cuz0 trong
2 gig va 15 gig dugc dugc chi ra trén hinh 1.
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Hinh 1: Gidn do XRD cua BiVO4; Cu20-BivVO4-0,5:10-2;
Cu20-BiVO4-1:10-2; Cu20-BiVO4-2:10-2; Cu20-BiVOas-
3:10-2; Cu20-BiVO4-4:10-2; va Cu20-BiVO4-3:10-15

Trén gidn do XRD cla BiVO4 quan sat dugc cac pic
nhiéu xa dac trung cho c4u trdc monodlinic clia BiVO4
vdi cac gia tri goc 20 tuong Ung vd&i cdc mat nhu sau:
26 = 18,9° (101); 28,9° (121); 30,6° (040); 34,5° (200);
35,2° (002); 39,5° (21); 40,2° (12); 42,5° (057), 46,8°
(240); 47,3° (042); 50,3° (202); 53,3° (167); 55,8° (257);
58,5° (321); 59,5° (132) (JCPDS 14-0688). Ngoai ra,
khong quan sat dudc cac pic nhidu xa dac trung cho
cau truc tu dién cla BiVO4. Su xudt hién cla cac pic
nhiéu xa Ung vdi cac mat co chi s6 cao nhu (002),
(321), (132) va (121) cho thdy vat liéu t8ng hop dudc
bao boc bdi cac mat tinh thé véi nhiéu chi s6 cao. Trén
gidn do XRD cuia Cu20 quan sat dudc cac pic nhiéu xa
dac trung cho cau trdc 26 = 29,5% 36,4% 42,3° va 61,3°
tuong Ung cac mat (110), (111), (200), va (220) trong cau
tric lap phuong cta Cu20 (JCPDS 65-3288). Tuy nhién,
khi khir Cu®* bang ascorbic acid tao CuzO trén BiVOs,
chi quan sat dugc cac pic nhiéu xa dic trung cla
BiVO4 ma khéng quan sat dugc cac pic nhiéu xa dac
trung cla Cuz0 trén cac gian do XRD clia cac mau
nay. Diéu nay c6 thé do ham lugng Cu dua vao thap
va do CuzO phan tan t6t trén bé mat clia BiVOa.

Hinh thai hoc cta vat liéu t8ng hop dugc dic trung
bang phuong phap hién vi dién t&r quét SEM. Két qua
thu dugc dugc chi ra trén hinh 2. C6 thé dé dang quan
sat thdy, BiVO. cé dang khdi khong déng nhét cé kich
thudc khodng 1,0+1,5 um. Bé mat cac khoi kha tron
min. Cu20 t6ng hop dudc hinh thanh dudi dang cac
khéi cdu co kich thudc khong dong déu, tir 200nm dén
1000nm. Trong cac mau di hop Cu20-BiVO4, bén canh
cac khéi BiVOs c6 thé quan sat cac hat Cuz:0 hinh

thanh v&i hinh dang va kich thudc thay déi khi ham
luong Cu20 dua 1én BiVO4 khac nhau. V& mau Cu20-
BiVO4-0,5:10-2 c6 thé quan sat dugc lac dac cac dém
nhd Cu20 c6 hinh dang khéng déng déu vdi kich
thudc nhd, khodng 100-200nm bédm trén bé mat
BiVOa4. Khi tang ham lugng Cuz0, c6 thé quan sét dugc
su hinh thanh cac khéi Cu20 c6 dang cau khuyét bam
lén bé mat BiVOa. Khi tiép tuc tang ham lugng Cu0
dén ti 1é CuBi la 410 c6 thé quan sat dugc su hinh
thanh céc khéi cdu Cu0 cé kich thudc khodng 300nm.
Céc khéi cdu nay déu co bé mat thd va gé ghé. Tuy
nhién, hinh dang khdéi cadu khé hoan hao vdi kich thudc
rat dong déu. Déi vai mau Cu20-BiVOs-3:10-15, khi ti
lé Cu:Bi la 3:10 nhung thgi gian thuc hién phan Ung 1a
15 @iy, c6 thé cling quan sat dugc su hinh thanh cla
cac khéi cdu Cuz20. Nhu vay, khi thai gian va ndng do
Cu?* trong dung dich t8ng hgp du 16n, Cu.0 s& hinh
thanh dudi dang cac khéi cau dong déu xen ké vdi cac
khai BiVOa.

Két qua UV-Vis va két qua xac dinh gia tri khodng céach
ving cdm (AE) theo phuong phap Kubelka—Munk, st
dung do thi Tauc cla cac mau Cu.0-BiVO4-1:10-2;
Cu20-BiVO4-2:10-2; Cu20-BiVO4-3:10-2; Cu20-BiVOa-
4:10-2; va Cu20-BiVO4-3:10-15 dugc trinh bay trén hinh
3. TU cac dudng hédp thu UV-Vis clia cac mau co thé
thdy cac mau vat liéu Cu.0-BiVO4 déu quang hoat va
déu c6 kha ndng hap thu tét & vling buic xa ti ngoai
va kha kién vdi budc séng nhd hon 465 nm. Trén phd
UV-Vis clia cac mau vat liéu téng hop déu xuét hién
pic hép thu trong vung anh sang kha kién vai cuong
dé hdp thu tuong déi I6n & khoang budc song géan
460 nm. Pic hadp thu clia cac mau Cu>0-BiVO4-1:10-2;
Cu20-BiVO4-2:10-2; Cu20-BiVO4-3:10-2; Cu.0-BiVO4-
4:10-2 xudt hién tai cac gid budc song tuong Ung la
461,5nm; 460,5nm; 456,5 nm; va 456nm. Nhu vay, khi
ti 16 Cu:Bi tang 1én 1:10 dén 4:10 budc song cla pic hap
thu giam dan tir 461,5 dén 456 nm. Mau Cu>0-BiVO4-
3:10-15 ¢6 dinh hap thu cuc dai tai 455,0 nm, thdp han
o v&i cac mau cé thdi gian téng hap la 2 gid.

Két qua xac dinh gia tri khodng cach vung cam (AE) su
dung dd thj Tauc nhu sau: khodng cach ving cadm cla
cac mau mau Cuz0-BiVOs-1:10-2; Cu20-BiVO4-2:10-2;
Cu20-BiVOs-3:10-2; Cu20-BiVO4-4:10-2 lan luct la 2,44
eV; 2,44 eV; 2,41 eV va 2,44 eV. Két qua nay phu hgp
vdi khd néng hép thu anh sang vung kha kién cla
Cu20-BiVOs. Nhu vay, mau Cu20-BiVOs-3:10-2 cb
khodng cach nang lugng viing cdm thép nhét, 2,41 eV.
Mé&c du vay, mau Cu20-BiVO4-3:10-15 hinh thanh vdi
thai gian t6ng hop Cuz0 lau hon, 15 gig, c6 nang
lugng ving cdm thap hon ¢4, 2,39 eV.
https://doi.org/10.62239/jca.2024.085
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Hinh 2: Anh SEM clia Cu20-BiVO4-0,5:10-2; Cuz0-BiVO4-3:10-2; Cu0-BiVO4-4:10-2; Cu0-BiVO4-3:10-15 va Cu20

~~~~~~~~~~~~ Cu20-BiVO4-1:10-2

455 nm

——-Cu20-BiV0O4-2:10-2
----- Cu20-BiV04-3:10-2
----Cu20-BiVO4-4:10-2

(ahv)?

......... Cu20-BiV0O4-1:10-2 —— Cu20-BiV0O4-3:10-15
— —Cu20-BiV0O4-2:10-2

- - - Cu20-BiV0O4-3:10-2

----- Cu20-BiV04-4:10-2 N e
—Cu20-BiV04-3:10-15

250 350 450 550 650 750 ] 219
A (nm)

(a) (b)

Hinh 3: Ph& UV-Vis (a) va do thi Tauc (b) clia Cu20-BiVO4-1:10-2; Cu,0-BiVO4-2:10-2; Cu>0-BiVO4-3:10-2; Cu0O-
BiVO4-4:10-2; Cu20O-BiVO4-3:10-15
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Két qud nghién citu kha néng xdc tdc quang dién héa
cho qud trinh thodt oxygen OER

DéE danh gia kha nang xuc tac quang dién héa cia vat
liéu déi vai qué trinh thoat oxygen (oxygen evolution
reaction - OER), cla phdn Ung phén tach nudc,
phuang phap do dudng cong phan (cuc linear sweep
voltammetry - LSV) dudgc thuc hién véi cac mau va két
qué khdo sat hoat tinh xic tac quang dién hoda cla vat
liéu Cu20-BiVO4-3:10-2 dugc chi ra trén hinh 4.
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Hinh 4: Budng cong phan cuc ctia Cu0O-BiVO4-3:10-2
trong cac diéu kién chiéu sang khac nhau
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Hinh 5: Budng cong phan cuc ctia Cu20-BiVO4-0,5:10-
2; Cu20-BiVO4-1:10-2; Cu20-BiVO4-2:10-2; Cu20-
BiVO4-3:10-2; Cu20-BiVO4-4:10-2 va Cu20-BiVO4-3:10-
15 trong diéu kién chiéu sang lién tuc

D& dang nhan thay, khi khdng dugc chiéu sang, méat
dé dong xudt hién trén dién cuc tdng dan trong
khodng thé tlr 0,6V dén 1,8 V so vdi dién cuc hydrogen
thuan nghich RHE. Tuy nhién, mat dé dong trong
trudng hop nay tuong déi thdp, chi c& pA/cm?. Piéu
nay co thé do trong vat liéu chifa thanh phan dan dién
vdi ham lugng thép. Tuy nhién, trong diéu kién chiéu
sang, mat dé dong tang 1én dang ké. Ngay & thé 1,0V
mat do dong da dat 0,01 mA/cm? Ngoai ra, ¢ thé
nhan thay mat dé dong khi chiéu sang I6n han mat do
dong trong diéu kién khong chiéu sang khodng 0,009
mA/cm? trong toan bd khodng thé khdo sat. DE lam
sang to han diéu nay, dudng LSV dugc xac dinh trong

diéu kién chiéu sang ngat quang. Khi do, néu cung cép
anh sang, mat dé dong I6n hon so vdi khi khéng cung
cép anh séng. Su chénh léch vé mat do dong tang lén
khi thé dat vao dién cuc tdng dan. Budng LSV trong
diéu kién ngat anh sang trung vdi duong LSV trong
diéu kién khong chiéu sang va dudng LSV trong diéu
kién cung cap anh sang kha trung khdp vdéi dudng LSV
trong diéu kién chiéu sang. K&t qua nay ching to rang,
mat do dong xudt hién khi chiéu sang Ién vat liéu la
mat db dong quang, do su sinh ra clia cac electron va
16 tréng khi vat liéu dugc chiéu sang.

Pudng LSV clia cac mau Cu20-BiVO4 trong diéu kién
chiéu sang lién tuc dudc chi ra trén hinh 5. Co thé
nhan thay, khi chiéu sang lén bé mat dién cuc, mat do
dong cla cac mau déu tang khi thé tang. Bong thdi,
dé dang quan sat thdy, mat dé dong cla cac mau
Cu20-BiVO4 déu 16n hon méat do dong clia mau BiVOa4
G tat c& cac khodng thé khao sat. Nhu vay, su két hap
Cuz0 vai BiVO4 da lam tang mat do dong quang sinh
clia vat liéu. Khi thay tang thé tir 0,6 dén 1,23V, khong
c6 su khac biét qua lon gitta Cu20-BiVO4-0,5:10-2 va
Cu20-BiVO4-1:10-2.  Cac mau  Cux0-BiVO4-2:10-2;
Cu20-BiVOs-3:10-2; Cux0-BiVOs-4:10-2 thé hién hoat
tinh vugt tréi so vdi cac mau cod ham lugng Cu thap.
Trong dé méat d6 dong trong khodng thé nay giam khi
tang ti 1& Cu:Bi tir 2:10 dén 4:10; mau Cu20-BiVO4-2:10-
2 cd méat dé dong I6n nhat. Tuy nhién khi tang thé tur
1,2 = 1,8V, mat dé dong lai tang khi ti 1&é Cu:Bi tang tU
0,5:10 dén 3:10 va gan nhu khéng thay déi khi tiép tuc
tang lén 4:10. Cu20-BiVO4-3:10-2 va Cu20-BiVO4-4:10-
2 ¢6 d6 dée clia dudng cong phan cuc Ién, nghia la ¢
méat dé dong tang nhanh khi thé tang, cac mau Cuz0-
BiV04-0,5:10-2 va Cuz0-BiVO4-1:10-2 van cho thdy mat
doé dong tuong déi thdp. Mat dé dong cla Cuz0-
BiVO4-3:10-2 va Cu20-BiVO4-4:10-2 khong co su khac
biét dang chl y & khodng thé dang xét. Nhu vay, khi
tang ti 1&é Cu:Bi, mat d6 dong bién déi theo thé nhanh
hon va mau vai ti1é CuBi la 3:10 cho méat do dong
quang sinh 16n hon trong cd khodng thé tir 0,6V dén
1,8V so v&i RHE. Tai thé bang 1,23 so v&i RHE, mat do
dong clia cac mau co ti 1é Cu:Bi 0,5:10; 1:10; 2:10; 3:10
va 410 lan lugt co gia tri bang 5,87; 6,06; 11,2; 12,3 va
11,8 pA/cm?. So sanh dudng LSV clia cac mau vdi cling
ti 1& Cu:Bi 1a 3:10 va thdi gian téng hgp khéc nhau la 2
gid va 15 gid, Cu20-BiVOs-3:10-2 vd&i Cu20-BiVO4-3:10-
2 cho thdy, mat dé dong clia mau Cu20-BiVO4-3:10-2
lubn I16n hon so vd&i Cu20-BiVOs-3:10-15 trong c3
khodng thé nghién cltu. Mat d6 dong vdi mau Cuz0-
BiVO4-3:10-15 & thé 1,23 V vs RHE co gia tri bang 9,17
pA/cm?. Sy gidm mat do dong khi tang thai gian téng
hop Cu20 c6 thé la do khi thai gian téng hop 16n,
Cu20 ¢b xu hudng hinh thanh cac tinh thé én tao cac
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khéi cdu Cu20 tach ra khdi bé mat BiVO4. Biéu nay co
thé dan dén gidm sy tuong tac gitta Cuz0 va BiVO4, do
dé gidm hoat tinh xtc tac quang dién hda cla vat liéu.

004 | —BiVO4
—— CU20-BIVO4-0,5:10-2 ;
003 | Cu20-BIVO4-110-2 ,
N - CU20-BIVO4-2:10-2 7
g ——— Cu20-BIVO4-310-2 /
< 002 Cu20-BivO4-4:10-2
< Cu20-BIVO4-3:10-15
0,01
0

06 08 1 1,2 4 16 18
E (V vs RHE)

Hinh 6: Budng cong phan cuc clia Cu20-BiVO4-0,5:10-
2; Cu20-BiVO4-1:10-2; Cu20-BiVO4-2:10-2; Cu20-
BiVO4-3:10-2; Cu20O-BiVO4-4:10-2 va Cu0-BiVO4-3:10-
15 trong diéu kién chiéu sang ngat quang

Hoat tinh quang xUc tac cla vét liéu dudc thé hién ré
hon trén dudng LSV khi chiéu sdng ngdt quang nhu
trén hinh 6. Khi chiéu sang, mat do6 dong clia cac mau
tdng khi thé tang, khi dung chiéu sang, mat dé dong
clia BiVOs bang 0, chiing t& mat dé dong trén dién
cuc BiVO4 hoan toan la dong quang sinh. Khi ngting
chiéu séang, mat do dong clia cac mau Cu0-BiVOa
giam dang ké nhung Ién hon 0. Nhu vay, ngoai dong
quang sinh, cac mau Cu0-BiVO4 con co dong clia vat
liéu dan. Mat do dong dan tang 1én khi ham lugng Cu
tang. Ngoai ra, mat dé dong quang sinh (chénh léch
gitta mat dé dong khi chiéu sang va khi ngling chiéu
sang) clia cac mau CuzO-BiVO4 cao han mat dé dong
quang sinh clia BiVO4. Cé thé théy, kha nang hép thu
quang cua vét liéu tang khi két hap Cu20 véi BiVOa.

Két luén

Trong nghién clu nay, Cu20 va BiVOs dugc két hop
vdi nhau tao thanh hé di hap Cu20-BiVO4 lam xUc tac
quang dién cuc cho qua trinh OER cla phan Uing phan
tach nudc. Khi ti 1é Cu:Bi trong hdn hgp phan Ung thay
déi tir 0:10 dén 4:10 va thai gian tdm-khir la 2 gic va 15
gig, Cu20 hinh thanh bam trén bé mat BiVOs dudi
dang cac khéi cau vai do phan tan tét. Vat liéu Cu20-
BiVO4 thé hién khd nang hdp thu anh sang tét & viing
buic xa UV-Vis cé budc séng nhd han 465 nm. Vat liéu
di hop dong thai c6 mét dé dong quang sinh va méat
d6 dong dan khi khéng chiéu sang 1én hon ctia BiVOs.
Khi thay déi khi ham luong Cuz0 trong hé vat liéu, ca
méat do dong quang sinh va méat do dong dan déu
tdng theo chiéu tang ti 1é Cu:Bi. Ti 1é Cu:Bi t&i uu trong
https://doi.org/10.62239/jca.2024.085
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diéu kién téng hap 1a 3:10 va thai gian téng hgp Cu20
t6i uu la 2 gi. Mu c6 hoat tinh xuc tac quang dién
héa t6t nhét trong diéu kién téng hop la Cu20-BiVO4-
3:10-2 v&i mat do dong tai thé 1,23 V vs RHE I3 1,23
uA/cm?. Nhu vay, véi cac két qua thu dugc, cé thé
nhan dinh rang, vat liéu xuc tac di hgp Cu.0-BiVOs cé
tiém nang Ién trong viéc Ung dung lam vat liéu dién
cuc cho qué trinh phan tach nudc quang dién hoa.

L&i cdm on

Nghién clu nay dugc tai trg bdi B6 Gido duc va Bao
tao trong dé tai méa s6 B2022-SPH-15.

Tai liéu tham khao

1. S. Manna, AK. Satpati, C.N. Patra, AK. Tyagi, ACS Omega.
9(6) (2024) 6128. https://doi.org/10.1021/acsomega.3c07867

2. K. Ren, J. Zhou, Z. Wu, Q. Sun, L. Qi, Small 20(1) (2024).
https://doi.org/10.1002/smll.202304835

3. S. Xia, F. Xu, B. Weng, J. Mater. Chem. A 12 (2024) 4635-
4642 https://doi.org/10.1039/D3TA06532D

4. X Fan, Q Chen, F. Zhu, T. Wang, B. Gao, L. Song, J. He, Molecules
29(2) (2024) 372. https.//doi.org/10.3390/molecules29020372

5. Song, Y. Zhang, Z. Li, J. Hu, Mater. Sci. Eng. B. 302 (2024)
117241, https://doi.org/10.1016/j.mseb.2024.117241

6. Song, P. Bogdanoff, A. Esau, I. Y. Ahmet, I. Levine, T.
Dittrich, T. Unold, R. van de Krol, S. P. Berglund, ACS
Appl. Mater. Interfaces 12(12) (2020) 13959-13970.
https://doi.org/10.1021/acsami.0c00696

7. S. Liu, W. Wang, Y. Cheng, L. Yao, Y. Liu, M. Lin, H. Chen,
Y. Liang, J. Fu, L. Wang. Ceram. Int. 48(6) (2022) 7613-
7621. https://doi.org/10.1016/j.ceramint.2021.11.305

8. S. D.Tilley, ACS Energy Lett. 8(5 (2023) 2338-2344.
https://doi.org/10.1021/acsenergylett.3c00578

9. J. Cheng, L. Wy, J. Luo, Chem. Phys. Rev. 3 (2022) 031306.
https://doi.org/10.1063/5.0095088

10. M. Ma, L. E, D. Zhao, Y. Xin, X. Wu, Y. Meng, Z. Liy,
Colloids Surf. A: Physicochem. Eng. 633(1) (2022) 127834.
https://doi.org/10.1016/j.colsurfa.2021.127834

11. J. Jian, R. Kumar, J. Sun, ACS Appl. Energy Mater. 3 (2020)
10408-10414. https://doi.org/10.1021/acsaem.0c01198

12.S. Bai, J. Han, Y. Zhao, H. Chu, S. Wei, J. Sun, L. Sun, R.
Luo, D. Li, A. Chen, Renew. Energy 148 (2020) 380-387.
https://doi.org/10.1016/j.renene.2019.10.044

13. H. Kim, S. Bae, D. Jeon, J. Ryu, Green Chem. 20 (2018),
3732-3742. https://doi.org/10.1039/C8GC0O0681D

14. M. Liagat, T. Igbal, Z. Ashfaqg, S. Afsheen, R. R. M. Khan, M.
A. Sayed, A. M. Ali, J. Chem. Phys. 159 (2023) 204704.
https://doi.org/10.1063/5.0176106

15. S.S.R. Raghavan, N.G. Andrews, R. Sellappan, Catalysts 13
(2023) 144. https://doi.org/10.3390/catal13010144

16. H. Jeong, H. Ryu, J. S. Bae, J. Ind. Eng. Chem. 104 (2021)
416-426. https://doi.org/10.1016/) jiec.2021.08.037


https://doi.org/10.1021/acsomega.3c07867
https://doi.org/10.1002/smll.202304835
https://doi.org/10.1039/D3TA06532D
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://doi.org/10.3390/molecules29020372
https://www.sciencedirect.com/journal/materials-science-and-engineering-b/vol/302/suppl/C
https://doi.org/10.1016/j.mseb.2024.117241
https://doi.org/10.1021/acsami.0c00696
https://doi.org/10.1016/j.ceramint.2021.11.305
https://doi.org/10.1021/acsenergylett.3c00578
https://doi.org/10.1063/5.0095088
https://www.sciencedirect.com/journal/colloids-and-surfaces-a-physicochemical-and-engineering-aspects/vol/633/part/P1
https://doi.org/10.1016/j.colsurfa.2021.127834
https://doi.org/10.1021/acsaem.0c01198
https://www.sciencedirect.com/journal/renewable-energy
https://www.sciencedirect.com/journal/renewable-energy/vol/148/suppl/C
https://doi.org/10.1016/j.renene.2019.10.044
https://doi.org/10.1039/C8GC00681D
https://doi.org/10.3390/catal13010144
https://www.sciencedirect.com/journal/journal-of-industrial-and-engineering-chemistry/vol/104/suppl/C
https://doi.org/10.1016/j.jiec.2021.08.037



