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Tém tat. Trong bai bdo nay, ching tdi trinh bay déc trung quang dién héa ctia mot vai don 16p MoS:
trén thanh nano ZnO (ZnO/MoS:z) dugc tong hop bfmg phuong phap thuy nhiét va lzfmg dong hoi hoa
hoc co kim. C4u triic lai hda nay cho thay kha néng ting cuong sw phan tach cip dién tir - 16 tréng dudi
diéu kién kich thich va t6c d6 truyén cdp hat tai nhanh trong cac t&€ bao quang dién dua vao thé hiéu noi
tai (built-in potential) hinh thanh trén 16p tiép giap gitta ZnO va MoSz. T€ bao quang dién hoéa ché tao
dua trén cau truc ZnO/MoS: c6 méat d6 dong 1,15 mA-cm=2va hiéu suét 0,61% & dién thé cung cap 0,2 V
(cao hon 6,3 Tan so véi t€ bao quang dién hoa khi ché tao khi sit dung thanh nano ZnO). Tt két qua
nghién cttu nay, chung t6i huéng dén kha nang két hop gitta mot vai don 16p MoSz véi céc vat liéu
quang xuc tac truyén thong khac nhu 6 xit kim loai hodc Si nh3m nang cao hiéu suét chuyén doi quang
hoc ctia linh kién quang dién tt.
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Abstract. In this work, we report on the photoelectrochemical (PEC) characteristics of a few-layer MoS:z
deposited on ZnO nanorod (ZnO/MoSz), synthesized with the hydrothermal and the metal-organic
chemical vapor deposition method. This hybrid structure enhances the photoexcited electron-hole pair
separation and the rapid transfer of charge carriers in photoelectrical cells via the built-in potential
appearing on the interlayer between ZnO and MoS:. The PEC cell of ZnO/MoS: photoelectrode exhibits
a current density of 1.15 mA-cm~and an efficiency of 0.61% at a potential of 0.2 V, which is 6.3 times
higher compared with the photoelectrode manufactured from ZnO nanorods. From these results, we
propose a potential application of MoS: hybrid photocatalyst materials with other traditional
photocatalysts, such as metal oxides and Si, for enhancing the efficiency of PEC devices.

Keywords: ZnO nanorod, MoSz, photoelectrochemical, hybrid structure

1 Pit van dé

Ngay nay, nghién cttu tim kiém vat liéu tng
dung trong quang dién hoda (tdch He tir nudc) véi
hiéu suét cao, it doc hai, than thién véi méi treong
nhdm thay thé& cac nguyén nhién liéu héa thach
truyén thong dang la cha dé thu hut nhiéu nha
nghién ctru [1-3]. Céc vat liéu ban dan da cau tric
(ZnO, TiO2, CuO), cling nhw hgp chat cta kim loai
chuyén tiép MX> (M la Mo, W, Ti, Vva X 1a S, Se,
Te), da va dang duwoc mo rong nghién ctru, hita hen
d6i voi ting dung trong quang dién hoa. Chung ton
tai nhiéu trén bé mat trai dat va cho thdy lién két
héa hoc 6n dinh cao, hiéu suat phan tach cao va tdc
do truyén cdp hat tai nhanh duwdi diéu kién kich
thich. Ngoai ra, trong nhitng nam gan day da c6
nhiéu c§ gang trong viéc nghién ctru va tim kiém
cac chat ban dan quang xtc tac véi hiéu suat tach
Ho tlr nu6e cao nham thay thé cac chat quang xtc
tac truyén thong. Trong d6, dac biét vat liéu MoS:
da thé hién nhiéu vu di€ém boi tiém nang ting dung
trong cac linh kién quang dién t&r [4-7]. Duwa trén
hiéu ¢ng giam gitt lwong tk cia mot vai don 16p
MoSz, vat liéu thé hién do linh dong dién ti cao, t6c

16

dd phan tach va truyén cap hat tai 1én, dé dang
diéu khién d6 rong viing cdm thing trong khoang
ttr 1,2 dén 1,9 eV va c6 thé két hgp duoc voi cac hé
vat liéu thap chiéu c6 dién tich bé mit 16n va linh
hoat [8, 9]. Vi thé, cho dén nay tinh thé MoS: da va
dang duoc tong hop, nghién ctu thanh c6ng bang
nhiéu phuwong phap nhu béc mang co hoc [8, 10],
1dng dong hoi héa hoc co kim (MOCVD) [4, 11], béc
mang bang pha léng [7], béc tach bang tia lazer [12]
va thuay nhiét [4, 13, 14]. Trong cac phuong phap
trén thi MOCVD duoc luwa chon hon ca béi vi ¢ thé
tong hop va diéu khién duoc don 16p MoS: véi
luong 16n trén cac bé mdt dé€ khac nhau, dé dang
lai hoa véi cac vat liéu khac va nhiét d¢ tong hop

mau khoéng qua cao.

Bén canh do, 6 xit kém (ZnO) cling da va
dang dwoc nghién cttu rong rai cho tng dung tach
H> tlt nude. Vat liéu nay cho thdy nhiéu tinh chat
tht vi nhu d¢ linh ddng hat tai cao, hé s6 hap thu
anh sang 16n ttr viing nhin thdy dén vung ttr ngoai,
c6 kha nang két hop dugc voi nhiéu vat liéu quang
xtic tac khac, gia thanh thdp va cé san trén bé mét

trai dat [15]. Tuy nhién, vat liéu nay van ton tai
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nhiéu han ché nhuw tdc d6 tai hop hat tai 1on, do
rong vung cam 16n (3,7 eV) va hiéu suat chuyén déi
quang hoc chua cao. Nham nang cao hiéu suét ctia
linh kién quang dién hoa, da cé nhiéu nghién cttu
duoc cdng bo dua trén sy bién doi cdu triuc cua
ZnO, pha tap cac kim loai quy (Au, Ag, Pt) [16, 17],
cting nhu st dung cdu truc lai hoa véi vat liéu khac
[5, 18, 19].

Trong nghién cttu nay, chung toi tong hop
vatliéu thanh nano FTO/ZnO va lang dong mot vai
don 16p MoS:1én d6 (FTO/ZnO/MoSz) va khao sat
cac ddc trung hinh thai hoc, ciu trig, va tinh chat
quang cua cdu trac lai hoa nay. Tiép theo, ching
t6i nghién cttu kha nang tach Hz tit nwdc ctia té€ bao
quang dién hda ché tao st dung cdu trac
ZnO/MoS: trong dung dich dién ly NaS 0,1 M
cung voi dung dich dém la H2SOs dudi dién thé
cung cdp t -0,6 dén 0,4 V. Cdu trac lai hda
(ZnO/MoSz) nay cho thdy kha nang ting cuong
dong quang dién (6,3 lan) so véi dién cyce chi duoc
ché'tao tir thanh nano ZnO. Két qua trén mo ra mot
hudéng nghién ctru mai, két hgp gitra vat liéu MoSz
vOi cac vat liéu quang xuc tac truyén thong tang

cuong hiéu sudt tach Hz tir nudce trong twong lai.

2 Thuc nghiém

Thanh nano ZnO thang diing dwoc tong hop
trén d€ thi€c 6 xit pha tap flo (FTO) d6 day 500 nm
bang phuong phép thuy nhiét [20, 21] d4t trong
mot cdc Teflon boc bén ngoai bang mot 16p vo thép.
Trudc tién, ching tdi lang dong mang Zn véi do
day 200 nm 1én d& FTO bang may phtin xa dong
mot chiéu mehétron (DC) & cdng suat 50 watts;
khoang cach gitra d€ va bia la 10 cm va thoi gian 1
phat. Mang mong Zn sau d6 dwgc bién tinh nhiét
0 500 °C ngoai khong khi trong 2 gio d€ tao mam
ZnO cho phuong phdp thuy nhiét. Sau do, mot
dung dich gobm Zn(NOs)2 (0,04 M: 091 g
Zn(NO:s)2/60 mL H20) va hexamethylenetetramine
(0,04 M: 0,67 g CsH12N4,/60 mL H20) duoc pha tron
dé tong hop thanh nano ZnO. Sau khi téng hop
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xong thanh nano ZnO, mau duoc dwoc 1ay ra khoi
dung dich va rita sach bang nuéc khit ion nhiéu
lan, sdy kho bang khi N2, nung & 500 °C ngoai
khong khi trong 2 gio voi toc do gia nhiét
8 °C/phut. Mot vai don 16p MoS: duoc lang dong
trén thanh nano ZnO bang phuwong phép ling
dong hoi héa hoc co kim & nhiét d¢ dé200 °C dwdi
&p suat 1 mtorr. C4c tién chat dwoc stt dung dé'lang
dong tinh thé MoSz2 gom Mo(CO)s (hda hoi 6 20 °C)
va khi H2S (thong lugng dong khi 75 scem, tron
cung v6i 5% khi N2). Céc tién chat nay duoc dong
thoi dan qua &ng thach anh nho khi mang Ar véi
thong liwong dong khi 25 scem [6, 22]. Sau khi ling
dong xong MoSz, mau dwoc 1am lanh xudng nhiét
d6 phong. Cac dac trung vé hinh thai hoc, cdu truc,
thanh phan duwoc nghién ctu bang kinh hién vi
dién tx phan giai cao (FE-SEM, Hitachi, Japan S-
4800), pho k& phan tan nang luong tia X (EDS),
nhiéu xa tia X (XRD, ngudn bitc xa CuKa, A = 1.54
A, Rigaku). Tinh chét quang ctia mau dwoc khao
sat bang phd k& Raman (micro-ANDOR), stt dung
bwdc song kich thich 532 nm.

Dai véi viéc ché tao t€ bao quang dién hoa,
ching toi st dung epoxy dé€ che boc nhiing phan
dién tich khong mong mudn; phan dién tich lam
viéc con lai cia FTO/ZnO/MoS21a 0,5 x 0,5 cm. M6t
hé dién hoa Autolab 302N gom ba dién cuc (dién
cyc doi la tdm Pt, dién cuc so sanh la Hg/Hg:Cl
bdo hoa va dién cuc lam viéc 1d mau
FTO/ZnO/MoS: da ché tao) véi van tdc quét 0,01
mV-s'. Dung dich dién ly duwoc sit dung trong
nghién cttu nay la Naz25 0,1 M va dung dich dém
H2SOs. Chuing t6i sit dung mot hé moé phong pho
chudn ph6 mat troi (AM 1,5 G; den Xeon 150 W; bo
loc 4nh sang; cdng suat chiéu sang 100 mW-cm)
va mot nguon dong (Keithley 2400) d€ nghién ctru

cac ddc trung ctia t€ bao quang dién hoa.
3  Két qua va thao luan

Hinh 1b va 1c¢ md ta anh hién vi dién ti phan
giai cao (FE-SEM) ctia mot vai don 16p MoS: lang

17



Bui Thi Thu Hién va CS.

dong lén thanh nano ZnO trong 60 va 90 giay. Tt
anh SEM co6 thé thay d6 day cua 1op MoS: tang 1én
va hinh dang vay 6c hién 1én kha rd khi tang thoi
gian lang dong so véi thanh nano ZnO chua dwoc
phtt MoS: (Hinh 1c). Hinh théi thang dting va mat
d6 cua thanh nano ZnO ciing anh huong dang ké
dén luong MoS: ling dong. Mat do thanh nano
ZnO cao dan dén kho khan trong viéc lang dong
MoS: 1én canh ctia thanh. Nguwoc lai, MoS2 léng
dong chu yéu 1én bé mat d€ FTO va lam bé mat dé€
bi day 1én, can tré qua trinh quang xtc tac. Khi 16p
MoS: ling dong 1én thanh ZnO, chiing sé bién ddi
hinh théi hoc ttr dang nh&n canh sang dang vay &c
doc theo thanh nano (Hinh 1c). BPwong kinh cua
thanh nano ZnO/MoS: dao ddng tir 70 dén 90 nm

e Te : oy e

sau 90 gidy lang dong. MoS: dang vay 6c bam dinh
nhiéu va chit hon trén canh ctia thanh nano so vdi
tai chan thanh ZnO. D& véi thoi gian lang dong 60
gidy (ZnO/MoS:-60s), kho phan biét dwoc sy thay
d6i hinh thai hoc so v6i mau chi ¢ thanh nano
Zn0O vi lwgng MoS: qua it véi hinh dang qua nho.
Tuy nhién, cling 6 thé kiém tra sy c6 mat caa MoS:
lang dong trén ZnO bang cac phuong phap phd
Raman hogc nhiéu xa tia X. Cau tric véi cac 16p
MoS: khi lang dong trong 90 gidy (ZnO/Mo0S2-90s)
c6 dang hinh vay 6c (2D) va chtta nhiéu tam xac
tac & bién canh (edge) sé tang cuong hiéu sudt
chuyén d6i quang hoc ddi véi ting dung tach H ti
nuéc [6, 7, 22, 23].

Hinh 1. (a) Anh hién vi dién tir quét (SEM) ctia mau thanh nano ZnO va mau ZnO/MoS: dugc ling dong véi thoi
gian (b) 60 gidy, (c) 90 giay

Hinh 2 m6 ta két qua do phé nhiéu xa tia X
ctia cadc miu thanh nano ZnO va ZnO/MoSz. Cac
dinh XRD ¢ vi tri 20 = 31,749; 34,420; 36,230; 47,526;
56,544; 62,855; 67,918; 69,01; 72,56 va 76,920° duoc
xac dinh twong tng la cdc mdt mang tinh thé (1 0
0),(002),(101),(102),(110),(103),(112),(20
1), (00 4) va (2 0 2) ctia vat liéu ZnO (theo thé chuin
JCPDS No. 036-1451). Trong khi dinh XRD ¢ vi tri
260 =14,19° dugc cho la méat tinh thé (0 0 2) cia MoS2
(theo thé chudn. JCPDS No. 037-1492) [24]. Mgc du
anh hién vi dién t&r quét ctia mau thanh nano
ZnO/Mo0S2-60s va mau ZnO 1a khé phan biét s
khéc nhau, nhung dinh nhiéu xa XRD ctia mau
ZnO/MoS: van thé hién rd rét vi tri dinh nhiéu xa
mat (0 0 2) ctia MoSz. Cuong d6 ctia mat (0 0 2) la
16n va ting theo thoi gian lang dong MoSz. Diéu
nay chitng to rang qua trinh tong hop tinh thé MoS:
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Hinh 2. Gian d6 XRD ctia mau thanh nano ZnO va
ZnO/MoS: véi thoi gian lang dong 60 va 90 giay
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Hinh 3 1a két qua do phd ké phan tan ning
lwong tia X (EDS) ctia mau thanh nano ZnO/MoS:-
90s. Két qua chi ra rang mau chi c6 cc thanh phan
kém (Zn), 6xi (O), molypden (Mo) va ltu huynh (S)
véi thanh phan khéi luong twong tng la 67,04,
30,55, 1,16 va 1,25% ma khong c6 thanh phan
nguyeén td tap khac. Két qua nay cho thdy tinh thé
ZnO/MoS: ché tao c6 dd tinh khiét cao va khong
1an tap chat.

Raman vé cac dao dong tan so cua tinh thé ZnO,
Topt=1A1+2B1 + 1E1 + 2E2[25]. O day, céc dao dong
Ay, E1 va 2E2 (EV, EJ'E"
ngang (TO), dao dong quang doc (LO), tan s6 dao

) la cac dao dong quang

ddng phonon ctia nguyén tr 6xi va mang tinh thé
nguyén ttr Zn ning. Cac dao dong 2B1 (Bl°V, B"8")
la nhiing dao ddong Raman phu thudc vao khuyét
tat [25]. Do d6, tan s6 phonon ¢ vi tri 95,8; 202,6;

276,6; 322,7; 434,8; 538 va 579,7 cm™! twong tng voi

high p,high
Bén canh d6, chung t6i cling tién hanh do cic dao dong Ex", 2E°", B*™, 2E2,E,", B'®
ph6 Raman ctia cic mau thanh nano ZnO va va 1E1(LO).
ZnO/MoS: (Hinh 4). Theo m6 hinh ly thuyét
20 TTTE Weight (%) Atomic (%)
18 | | | OK_series 30.55 63.95
Mo L_series 1.16 0.40
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Hinh 3. Phé nhiéu xa phan tan nang lwong tia X cta mau ZnO/MoS2-90s
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Hinh 4. Phd Raman ctia cac mau ZnO/Mo$S: véi thoi gian 1ing dong 60 va 90 gidy
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Trong khi d6, cac tan s6 phonon & vi tri
378,09 va 405,04 cm™' tewong tng la dinh dao dong
cia Ej,; va Ay cua tinh thé MoS.. Cac vi tri voi
tan s6 Aj va E;, duoc xac dinh la dao dong bén
ngoai mat phang (out-of-plane) va trong mat
phéng tinh thé (in-plane) ctia cic nguyén tir S-Mo
va lueu huynh (S).

Hinh 5 la két qua khao sat tinh chat quang
dién héa ctia cdc mau ZnO/MoS: st dung chat dién
li Na25 0,1 M cung véi dung dich dém H2SOs va
quét thé tir 0,6 dén 0,4 V vodi téc dd 10 mV-s. Qud
trinh khao sat dwgc thuc hién trong diéu kién

Két qua cho thdy mat d¢ dong quang phu
thuéc manh vao sy c¢6 mat cuia MoS: trén thanh
nano ZnO. Dién cuc véi ZnO/Mo0S2-90s c6 mat do
dong quang dién 16n nhat (1,15 mA-cm, hiéu sudt
n =0,61%), trong khi d6 dién cuec chira thanh nano
ZnO chi ¢6 mat d6 dong quang khoang 0,18
mA-cm=2 & cung ¢ dién thé cung cdp 0,2 V. Chung
toi cling tién hanh khao sat véi mau ZnO/MoS: véi
thoi gian ldng dong MoS: dai hon (120 gidy). Cé thé
thay khi tang thoi gian lang dong MoS: thi mat do

dong quang dién giam va két qua nay hoan toan

khong chiéu sang va chiéu sang. Hinh 5(a) mo ta
co ché phan tach cdp hat tai va truyén cdp hat tai
tdi cac dién cuwec. Dudi diéu kién chiéu sang va thé
cung cap, trén bé mat dién cuc Pt, cac dién ti (e")
chuyén vé tham gia qua trinh tach H20, tao thanh
khi Hz (phuwong trinh 1). Trong khi d6, trén bé mat
dién cuc lam viéc (ZnO/MoS2) céc 16 trong (h?)
chuyén vé tham gia vao qua trinh tach H20 thanh
khi O2 (phuong trinh 2).

2H* +2e- — Hz 1)

H:0 +2h* — -0z +2H" @)

twong dong voi mot cong bo trude day [26]. DE giai
thich cho hién twong tang/giam dong quang cua
dién ciee ZnO/MoSe, can phai hi€u co ché phéan tach
va truyén cdp hat tai dwa vao dién thé ndi tai (built-
in potential) hinh thanh gitta MoS2 va ZnO [6, 22,
26]. Bén canh d¢, cdu tric 2D ctia MoS: (gém cac
pha 2H va 3R la khac nhau khi quay va dich
chuyén cta 16p S-Mo-S ¢ gitra cac don 16p) duoc
cau tao tr 1-5 don 16p MoS: xép chong 1én nhau,
do d6 2D MoS: chira cac tam xtc tac & bién canh

(edge). Cac tam xuc tac nay tham gia qua trinh
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3.0 )
! 4 e e
{10 { e\’gB’ g 1.0 120 Sec
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Hinh 5. (a) Co ché hoat dong cua t&€ bao quang dién hda; (b) Mat d6 dong quang dién cua ctia cac
mau ZnO/Mo$S: véi thoi gian lang dong MoS: 60 va 90 giay
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phan tach va truyén hat tai nhanh dwéi tac dong
ctia &nh sang kich thich. Khi tang thoi gian lang
dong, s6 don 16p MoS: xép chong 1én nhau ting
lén, lam thay d6i cu trtic pha 2H va 3R ctia 2D
MoSz, dan dén lam gidm cac tdm xdc tac 6 bién
canh va cudi cung lam giam kha ndng phan tach va
truyén cdp hat tai so voi cac 16p 2D MoS: mong
hon. Két qua la dong quang dién giam khi tang thoi
gian ling dong MoS: (mau ZnO/MoS:-120s) [22,
27]. Tuy nhién, van dé nay can duoc nghién ctru ty
my va chi tiét hon. Tir &6 tim d6 day t6i wu cua 16p
MoS: khi két hop vat liéu voi cac 6 xit kim loai

quang xuc tac khac.

4  Kétluan

Chung t6i da tong hgp thanh cong ciu tric
nano MoS: dang vay 6c trén thanh nano FTO/ZnO
bang phuwong phép thuy nhiét va lang dong hoi
héa hoc co kim. Nghién cttu sy thay d6i thoi gian
lang dong MoS: 1én thanh nano ZnO anh huéng
dén hiéu sudt chuyén déi cua dién cuc quang ché
tao béng thanh nano ZnO. Dién cyc ché tao tir
ZnO/Mo052-90s ¢ mat do dong quang dién 1,15
mA-cm2 (hiéu sudt 0,61%) ¢ dién thé cung cdp 0,2
V, cao hon dién cuc quang chi c6 thanh nano ZnO
6,3 Ian ¢ cung diéu kién khao sat. Dién cuc quang
c6 mat do dong cao hon la do mat do tam hoat
dong 6 bién canh cua MoS: cao hon, gay ra qua
trinh phan tach nhanh cdp hat tai va hiéu suat
truyén cdp hat tai cao hon thong qua 16p di cau trac
cua MoS2-ZnO. Tt két qua trén, ching t6i dé xudt
mot phrong phap lai héa gitta MoSz2 va cac vat liéu
quang xtc tac khac bang viéc két hop phuong phép
thuy nhiét va lang dong hoi héa hoc co kim nham

nang cao hiéu suét cua t€ bao quang dién hda.
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