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CHE TAO PIEN CUC QUANG BISMUTH OXYIODIDE (BiOI)
BANG PHUONG PHAP NHIET DUNG MOI UNG DUNG
TRONG LINH VUC QUANG PIEN HOA

Nguyén Ngoc Khoa Truong!, Ta Thi Mj?, Nguyén Minh Vwong},
Lé Thi Thao Vién!, Nguyén Vin Nghia®*

1B mon Vat ly- Khoa hoc vat liéu, Khoa Khoa hoc tu nhién, Pai hoc Quy Nhon, Gia Lai, Viét Nam
2Trwong THCS Phudée My, Gia Lai, Viét Nam

Tém tat. Mang bismuth oxyiodide (BiOI) da duoc ché tao thanh cong tir tién chat Bi(NOs)s
va KI biang phuong phap nhiét dung méi trong méi trueong Ethylene glycol ((CH2OH)z). Trong
nghién ctu nay, hinh théi va chiéu day cac tim BiOI dugc hinh thanh dong déu trén d&& dan
dién FTO (Fluorine doped tin oxide) tng véi cac nhiét d6 khac nhau. Cac phrong nhiéu xa
tia X va kinh hién vi dién ti quét phat xa truong (FESEM) dugc st dung dé€ nghién cttu cdu
truc tinh thé va hinh thai bé mat cia mang BiOI. Phd hap thu & cac vung UV-vis-NIR ciling
duoc do bang phép do quang phd trong pham vi budc séng tir 300 dén 700 nm dé lam rd cac
ddc tinh cuia dién cyc quang BiOl Tinh chat quang dién cta dién cuc dugc nghién ctu qua
cac phép phd Mott-Schottky (M-S), phd quét dién hoéa tuyén tinh, ... bang hé dién héa ba dién
cuc. Dién cuc ting v6i ndng do tién chat 30 mM Bi(NOs)s 6 mat d6 dong quang cuc daila 0,35
mA.cm? Diéu nay chiing to vat liéu cé tiém ndng tng dung vao linh vic quang dién hoa.

T khoa: nhiét dung moi; BiOI; Nano hai chiéu; quang dién héa

Fabrication of bismuth oxyiodide (BiOI) photoelectrodes via
solvothermal method for photoelectrochemical applications
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Abstract. Bismuth oxyiodide (BiOI) thin films were successfully synthesized from Bi(NOs)s
and KI precursors via a solvothermal method in an ethylene glycol ((CH,OH),) medium. In
this study, the morphology and thickness of BiOl nanosheets were uniformly formed on
conductive FTO substrates at different temperatures. X-ray diffraction (XRD) and field-
emission scanning electron microscopy (FESEM) were employed to investigate the crystal
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structure and surface morphology of the BiOlI films. UV-vis—-NIR absorption spectra were
measured using spectroscopy in the wavelength range of 300-700 nm to clarify the
optoelectronic properties of the BiOI photoanode. The photoelectrochemical characteristics of
the electrode were studied through Mott-Schottky (M-S) analysis and linear sweep
voltammetry (LSV) using a three-electrode electrochemical system. The electrode prepared
with a 30 mM Bi(NOs); precursor concentration exhibited a maximum photocurrent density
of 0.35 mA-cm?, demonstrating the material's potential for photoelectrochemical
applications.

Keywords: solvent thermal; BiOI; Two-dimensional nano; photoelectrochemical
1 Gioi thiéu

BiOI 1a vat liéu ban dan loai p c6 vung cdm hep ¢ mic ~ 1,8 eV. N6 ¢d su hdp thu manh
dudi su chiéu xa anh sang kha kién [1, 2, 3]. Nho déc tinh an toan véi mdi truong so véi cac vat
liéu c6 chira chi, BiOI ¢ thuong duoc ap dung cho phan ting quang xtc tac va thiét bi quang
dién [4, 5, 6]. BiOI ¢6 thé duoc tong hop thanh cong bang cach hdp phu ion lién tiép va phan ting
v6i 16p phti nhiing (nhtng-SILAR) [7], héa chat lang dong bé (CBD) [8], nghién co hoc [9], va
phan ting nhiét dung moi [2]. Trong s cac hinh thai ctia vat liéu BiOl, nguoi ta chti y nhiéu nhat
dén hinh thai 3 chiéu cua BiOIl, nhung chi c6 mét s6 nghién ctru tap trung vao cdu trtc 2 chiéu
cua ching ting dung trong linh vitc quang dién hda. Trong tat ca cac phuong phap, phwong phap
nhiét dung moi duoc cho la phuong phap ¢é nhiéu thuan lgi nhat dé ché tao vat liéu BiOI cadu
tric nano 2 chiéu [10]. Cac dung moéi c6 dd nhét khac nhau, ¢ thé anh huong dén téc dd phan ly
ion va do d6 kiém soat su phaét trién ctia hat. Nguoi ta nhan thay rang d6 nhét ctia cac dung mai

khac nhau anh hudng 16n dén hinh thai bé mat va hiéu suat quang xuc tac.

Trong nghién cttu nay, phuong phap nhiét dung moéi mét budc don gian da duoc st dung
dé tdng hop cac vét liéu BiOI trén d& FTO bang cach stt dung dung mdi ethylene glycol (EG). Muc
dich ctia bai bao nay la nghién ctru anh huong ctia su bién d6i pha 1én cau trac, hinh thai, quang
hoc, va tinh chat quang dién ctia mang mong BiOI duoc ché tao 6 nong do6 tién chat va nhiét do
khac nhau. Két qua nay c6 thé la mot tai liéu tham khao hitu ich cho viéc nghién cttu BiOl trong

cac tng dung quang dién hoa.

2 Thuc nghiém

21 Viatliéu

Tat ca cac hda chat c6 do tinh khiét cao: Ethylene glycol 99% ((CH20H):) (Xylong, Trung
Qudc); Dimethylsulfoxide > 99% (DMSO) (C2HeOS) (Duchefa Ha Lan); Potassium iodode 99%
(KI) (Loba, An D¢); Bismuth (III) nitrate pentahydrate (Bi(NOs)s.5H:0) (Loba, An D¢); D& FTO
(Fluorine doped tin oxide) 7~10 Ohms/sq (Jiangsu, Trung Qudc); Nudc khirion (dién tro ~ 18MQ).
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2.2 Ché tao BiOI trén dé FTO

D& FTO duoc cit thanh miéng nho, c6 kich thudc 20 x 10 mm. Sau d6 d€ FTO duoc lam
sach trong dung dich axeton nudc cat 15 phit bang séng siéu am. Rtra lai bang nude khir ion,
say kho trong tt sdy o nhiét &6 50°C. BiOI trén d& FTO dugc tong hop bang phuong phéap nhiét
dung méi sit dung ethylene glycol lam dung moéi. Quy trinh cu thé nhw sau:

Budc 1: Pha dung dich 10 mM Bi(NOs)3.5H20 va 10 mM KI trong dung modi ethylene glycol.

Budce 2: Tron lan luot dung dich 30 mM Bi(NOs):.5H20 va 30 mM KI theo ti 1€ thé tich la
1:1,2. Hon hop dugc khuay bang méy khudy tir & nhiét o phong trong thoi gian 30 phut dé tao
thanh hon hop dong nhat.

Budc 3: Bién cuc FTO rita sach dugc dinh 6 dinh trén d€ thuy tinh béng bang keo chiu
nhiét d4t vao trong binh Teflon sao cho mat dan huéng xudng tao mot goc 45°. Cho hon hop da
pha ¢ Budc 2 vao binh Teflon c¢6 chira dién cuc. Qua trinh phan tng lan lugt duoc thye hién &
cac nhiét d (130°C, 140°C, 150°C, 160°C) trong 3 gio. Hon hop sau phan ting duoc rira bang nwdc
cat va sdy kho ¢ 90°C trong 15 phut. Ta dwoc BiOI trén d€ FTO. Chang t6i khao sat sw hinh thanh
pha cua BiOlI trén d€ FTO theo cac nhiét d phan tng khéac nhau.

i B
130°C 140°C 150°C 160°C

Hinh 1. Cac dién cuc BiOI trén d€ FTO ¢ nhiét d6 phan ting khéc nhau

Sau khi khao sat ching toi thdy tai nhiét d¢ 150°C, su tao pha BiOlI la hoan toan khong cé
phala. Do d6, nhiét d6 nay duoc chung toi sit dung dé€ khao sat su hinh thanh BiOI trén FTO theo

nong do

Budc 4: Thye hién tuong tu ba bude trén, thay d6i nong d6 Bi(NOs)s.5H20 va KI [an luot &
10 mM, 20mM va 40 mM.

0,01 M 0,02 M 0,03M 0,04 M

Hinh 2. Cac dién cyc BiOI trén d€ FTO 6 cac nong d6 khac nhau
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2.3  Dac trung vit liéu

CAu triic vat liéu dwoc khao sat bang phirong phap nhiéu xa tia X (XRD) bang may Bruker
D2. biéu kién ghi phS do: bitc xa Ka ctia tia X ¢6 budc song 1a 1,5406 A, gbc quét 20 twong ting
v6i mdi chat, tdc dd quét 0,01°/s. Phd UV-Vis-DRS ctia cac mau vat liéu duoc xac dinh trén mdy
Jasco-V770; Hinh thai vat liéu duoc quan sat bang phuwong phép kinh hién vi dién tit quét (SEM)
trén may Hitachi - 54800.

2.4  Khao sat thudc tinh quang dién hoéa (PEC) cta dién cuc

Thudc tinh PEC dugc do bang may phén tich dién héa ba dién cwec CS-350 nhuwe m6 ta trong
Hinh 2.3. Nhitng dién cyc ché tao duoc st dung nhu nhitng dién cuc lam viéc, dién cuc doi la
dién cuc day Pt va dién cuc tham chiéu la Ag/AgCl ngam trong dung dich KCl bao hoa. Dung
dich dién phéan la Na2SOs v6i nong d6 0,1 M va den Xenon 150 W véi ndng suat phat quang 100
mW.cm2 duoc st dung d€ danh gia hiéu suét tach. Dién thé quét tuyén tinh (LSV) dwoc quét tai
toc d6 10mV.s! va dong quang tuong ting theo thé dwgc ghi lai va hién thi trén may tinh.

bién cuc Pién cwec Pt

tham chiéu /

LN
7
DPén Xenon ; i ‘ \
. / ] | cs350

Il

|

Pién cwc lam Hé dién hoa
viéc

Hinh 3. M6 hinh khao sat thudc tinh quang dién héa ctia dién cuc

Trong dién hda d6i voi dién cuc vat liéu ban dan, ph6 Mott-Schottky mo ta s phu thudc
(1/C?) so véi hiéu dién thé. Phé Mott-Schottky dé€ xac dinh cac dac tinh cua hé nhw loai ban dan,
thé dai phfmg, mat do hat tai....
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3 K&t qua va thao luan

Hinh 4 1a gian d6 nhiéu xa tia X ctia dién cuc BiOI/FTO & cac nhiét d6 phan tng khac nhau.

I(a.u.)

20 30 40 50 60 70
20 ()

Hinh 4. Gian d6 XRD theo cac nhiét d6 phan ting

Ttr gian &6 XRD ta c6 thé thay tai nhiét dd 130°C, ta thay chi xuat hién cac dinh nhiéu xa
c6 cuong do bé o goc 20 = 31,60 la dinh nhiéu xa thudc mat mang (110) thudc pha t giac cua tinh
thé BiOI (theo thé chuan s 00-010-0445). Ung véi nhiét dd 140 °C va 150 °C, ngoai dinh nay con
xudt hién dinh 26 = 29,5° ¢ cuong do kha manh. Cuong d6 manh nhét ¢ nhiét do 150 °C. Diéu
nay chiing to tai nhiét dé nay qua trinh két tinh 1a tot nhat. Tai nhiét d6 cao hon 160 °C chung t6i
khong thdy con xuat hién gia tri dinh nhiéu xa dic trung ctia BiOI. Dinh nay dich di mot doan
tng voi cac pha cua tinh thé BisO7I thudc cau tric don ta (theo thé chuan 01-075-1467). Theo
Matiur va cdng sy [11] khi nung BiOI trong khong khi ttr 200°C -300°C sé xay phan ttng nhuw sau:

7BiOI + O2 — BirOvlz +212
5Bi7Ool5 + 202 — 7BisO71 +412

Néu nhiét d6 16n hon thi toan bo sé chuyén thanh Bi2Os. Nhu vay theo ching toi tai nhiét
d6 phan ting trong autoclave 160°C da xay ra phan tng trén. Vi ddc trung cau trac nhu trén,
chtng t6i chon nhiét d6 phan ting la 150°C d€ tién hanh khao sat sw anh huwong nong do6 lén cau
triic va vi ciu trac ctia dién cuc BiOI/FTO.

Hinh 5 trinh bay gian d6 nhiéu xa & cac nong do phan ting khac nhau cta tién chat. Ta thay
trong hau hét cac nong d déu xuat hién cac dinh dac trung Gng voi goc 26 béng 29,40, 32,60, 45,30
va 55,1 [an luot thudc cac ho mat mang (102), (110), (200) va (212) cdu trac ti gidc cua tinh thé
BiOI (theo thé chuan s6 00-010-0445). D€ danh gia su két tinh ciia mdt s6 mat mang & cac nong
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d6 khéc nhau, ching t6i da tinh hé s6 cau truc Tc (viét tat texture coefficient) ctia hai mit mang
déc trung (102) va (110) ctia ciu truc t giac BiOI theo phuwong trinh duwdi day [11]:
| | N
N
_(hikil) 1 (hikil;)
Tc(hiki||) - I Nz I

o(hikil) L To(hikih)

Trong d0 Inikin la ceong d6 ctia dinh nhiéu xa (hikili) trén mau; Togikin 12 cuong do cua dinh
(hikili) trén mot mau hoan toan ngéu nhién 1ay tir thé chuédn; va N =2 la s6 dinh nhiéu xa ta can

phan tich. Két qua dwgc trinh bay trong Bang 3.1.

—0,01 M
—0,02M

I(a.u.)

| Card 00-010-0445
Iy lI .L : 1 .I :. 3 b 3

20 30 40 50 60 70
26 (°)

Hinh 5. Gian d6 XRD ctia dién cwe BiOI/FTO & cac nong d6 tién chét khac nhau

C4c hé s6 TC ctia cac mau déu 16n hon 1 ching to mau két tinh t8t & cac hudng thudc hai
ho mit mang (102) va (110). Mau & nong d6 40 mM c6 hé s3 TC gitta 2 mit mang gan bang nhau
nén khong c6 mat mang nao chiém wu thé. Trong khi ba néng d con lai gia tri TC cia mat mang
(102) cao hon so véi mat (110), nén mat mang (100) chiém wu thé hon trong cac mau nay. Trong
d6 mau tng véi nong dd 30 mM c6 hé s6 TC tng véi hai mit mang nay cao nhat cho thdy mtrc

d6 két tinh cta vat liéu ¢ nong d6 nay la 16n nhat.

Bang 1. Hé s6 Tc ting v6i cac ndng do khac nhau

Noéng dd
Mat mang
10 mM 20 mM 30 mM 40 mM
(102) 2,12 2,22 2,83 1,96
(110) 1,12 1,33 2,01 1,86
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Hinh 6 la &nh SEM ctia cac mang BiOI trén d€ FTO theo cac nong d6 tang dan tir trén xudng
duoi cac do phan giai khac nhau, mang BiOI dwoc hinh thanh bang nhiét dung mdi & 150 °C
trong moi truong ethylene glycol.

Hinh thai vat liéu c¢6 dang giéng nhu bong hoa, ma cac canh la nhitng tdm nano 2 chiéu
BiOI c6 chiéu day c& vai chuc nano xép lai véi nhau. Ching tdi nhan thdy rang kich thude cac
bong hoa hdu nhw khong thay ddi, nhung chiéu day va mat do cac canh hoa c6 su thay doi ro rét
khi nong d¢ tang lén. Cu thé, khi nong do tang 1én, chiéu day cac tdim BiOlI sé tang lén, mat do
canh hoa trén mét hoa cling tang 1én. Diéu nay sé lam tiang dién tich bé mat. Tuy nhién, luc dé
khoang cach khuéch tan dai hon sé lam tang xac sudt cac tai hop. Mat khac, khi cac bong hoa hinh
thanh trén dién cuc voi mat d6 tang cd thé lam tang bé mat hoat dong cuia dién cuwec, nhung khi

mat d6 qud cao c6 thé lam giam dién tich bé mat hoat dong cuia dién cuec.

Hinh 6. Hinh théi ctia BiOI & cac nong dd tién chat khac nhau: (a) 0,01M; (b)0,02M; (c) 0,03M; (d)0,04M

Hinh 7 trinh bay pho hap thu phan xa khuéch tan ctia dién cwc BiOI ¢ cac nong d¢ khac
nhau. Phd hap thu cho thdy cac mau déu hdp thu 6 viing budc séng kha kién. Dya trén bo hap
thu ctia phd UV-Vis, ta c¢6 thé xac dinh dugc gia tri khe nang luwgng cac mau & cac nong do khac

nhau. Céc gia tri ctia Eg cho cac mau duoc thé hién trong Bang 2.
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Hinh 7. Ph6 UV-Vis ctia cac dién cuc BiOI/FTO 6 cac ndng d6 tién chat khac nhau

Bang 2. Gia tri Eg cua BiOI/FTO

Nong do 10 mM 20 mM 30 mM 40 mM

Eg (eV) 2,03 1,92 1,90 1,90

Cac gia tri khe ndng lwong 16n hon gid tri ctia vat liéu khoi (c& 1,8 eV) ¢é thé do hiéu tng
kich thudce cua vat liéu nano. Bén canh d6 c6 sw giam nhe gid tri khe nang luong khi nong d6 tién
chét tang 1én. Diéu nay c6 thé dwoc giai thich khi nong dd ting dd day moi tim va mat do cac
bong ctia BiOl tang 1én [11]. Diéu nay dan dén ting cuong hoat tinh quang hoc do cé nhigu photon
hon dugc gitt lai va phan chiéu trong nhitng bong hoa.

Gid tri thé dai phang (Vi) 1a dién thé ma tai d6 khong lam mitc nang luong ctia ban dan bi
udn cong tai diém ndi gitta chat ban dan - chat dién phan hoic tiép gidp p-n. Diéu nay xay ra khi
mtic Fermi ctia chat dién phan phai bang mtc Fermi ctia chat ban dan.Thé dai phing caa dién
cic quang ban dan tuong tng véi mikc Fermi ctia né. Phuong trinh Mott-Schottky c6 thé duoc

viét dudi dang [12]:

12 [y _y _K
C* qgeg N A*| ™ L

trong d6 C la dién dung & 16p dién tich khong gian, € 1a hang s& dién moi, €0 1a hang s6 dién moi
trong chan khong, A la dién tich bé madt dién cuc, q la dién tich nguyén t6, Nb la nong d¢ hat tai
dién (trong treeong hop ban dann la nong do dién ti), Vapp 1a dién thé mach ngoai ap vao PEC,
Vi 1a thé dai phéang, ks 1a hdng s& Boltzmann, va T 1a nhiét d6 (27°C). Giao diém doan tuyén tinh
cua do6 thi Mott-Schottky véi truc hoanh cho ta gia trj thé dai phéng va do dbc ctia d6 thi duoc st

dung dé xac dinh mat do cho hat tai.
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Hinh 8 cho thdy cac d6 thi déu c6 hé s8 gdc am dic trung cho chat ban dan loai p. Thé dai
phéng ctia cac mau hau nhu khong thay d6i 6 vi tri +0,16 V (so v6i Ag/AgCl). Diéu quan trong
nita la, hé s6 goc cta cac d6 thi tang dan khi nong d6 tang 1én va 16n nhat ¢ nong d6 30 mM, ndi
cach khac nong do hat tai dién & mau nay la 16n nhat. Diéu nay gitp ta c6 dw doén vé kha nang
quang dién héa ctia mau nay la t&t hon so véi cdc mau con lai.

Mat d6 dong quang di kém véi qua trinh oxy héa nudc duge khao sat bang phuong phap
quét thé tuyén tinh LSV cua dién cye BiOI ¢ cac nong do khéc nhau duwédi anh sang mé phong den
mat troi. Hinh 9 biéu dién duong cong voltammetry quét tuyén tinh (LSV) ghi nhan dwoc tir cac
dién cuc quang ¢ néng do khac nhau. Két qua cho thdy, mat dé6 dong quang tang khi nong do
tang, mat d6 dong quang dat gia tri cuc dai twong ting 0,35 mA/cm? (tai dién thé ngoai 1,23 V vs
RHE (Pién cuc hydro Reversible)), doi v6i nong dd 30 mM. Nhung ndng tang thém thi mat do
dong quang giam. Dong quang cao hon rat nhiéu so v6i nghién cttu cta Shan va cong su, dong
quang cua BiOlI tinh khiét chi dat 6,56 pA/cm? (tai dién thé ngoai 1,23 V vs RHE) khi st dung den
thiy ngan 300 W v6i b loc bude song 420 nm [13] va két qua Cheng 1a 5 pA/cm? [14].
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Hinh 8. Ph6 M-S cac dién cuc BiOI/FTO & cac nong do tién chat khac nhau
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Hinh 9. Sy phu thudc mat d6 dong quangj vao thé ngoai cac dién cuc BiOI/FTO & cdc ndng do tién chat
khac nhau

Két qua nay dwoc giai thich nhu sau: Khi nong d6 tang, lugng vat liéu BiOI trén dé€ sé nhiéu
hon, nén lugng quang dién tich (electron va 1 trong) hinh thanh ting 1én lam ting mat d6 dong
quang dién ctiing nhw hiéu suat chuyén déi quang ciia m6 hinh PEC. Nhung khi nong d6 ting,
luwong vat liéu tdng 1én giam lam giam dién tich bé mat cua dién cuc (két qua & anh SEM). Mat
khac khi 16p vat liéu day lén gay nén mét s6 nhuoc diém nhu dung dich dién phan khong tham
vao sau bén trong dién cuc, han ché s6 photon dén bé mat vat liéu, quang duong di chuyén cua
cac dién tir tang 1én lam ting kha nang tai hop...Két qua nay phu hop véi két qua do phé M-S

cta cac dién cuc. Chinh vi nhitng li do trén lam giam mat d6 dong quang dién cta dién cuec.

4  Kétluan

Chting t6i da ché tao thanh cong vat liéu BiOI cd cau tric nano tdm trén d& FTO bang
phuwong phap dung moéi nhiét. Gian d6 XRD cho thdy BiOI ¢6 cau trtc t gidc tai nhiét do phan
tng 150°C trong mdi truong ethylene glycol. Két qua anh SEM cho thdy vat liéu BiOI c6 dang
bong hoa vdi cac canh 1a cac tdm BiOl. Khao sat thudc tinh quang dién hda cac cuc quang, két
qua cho thdy khi nong do6 tang mat do hat tai cling ting. Mau tng véi nong dd 30 mM cho mat
d6 dong quang cuc dai la 0,35 mA/cm? (tai dién thé ngoai 1,23 V vs RHE). Két qua ctia nghién
ctru g6p phan tim hiéu thém mot vat liéu nén khac lam dién cyc quang ting dung trong hé quang
dién hoa, dong thoi tim ra phwong phap ché tao thich hop d€ tao vat liéu dap tng cac yéu cau

mong mudn.
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