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trong ing dung quang dién hoa tach nwoc

Hoang Nhat Hiéu", Nguyén Ngoc Khoa Trwong', Nguyén Vin Nghia', Nguyén Lé Hién?, P Tién Quang’, Ping Xuan Ky

4

IKhoa Khoa hoc Tir nhién, Truong Pai hoc Quy Nhon, 170 An Duong Vicong, phuong Nguyén Vin Cix, TP Quy Nhon, tinh Binh Binh, Viét Nam
’Truong THCS Nhon Hoi, phuwong Hoi Thanh, TP Quy Nhon, tinh Binh Dinh, Viét Nam
3Truwong THPT Quang Trung, 55 Vé Vian Déng, thi tran Phii Phong, huyén Tay Son, tinh Binh Dinh, Viét Nam
“Truong THPT Dan téc néi trit Dong Gia Lai, phuwong An Tan, huyén An Khé, tinh Gia Lai, Viét Nam

Ngay nhan bai 2/4/2022; ngay chuyén phan bién 5/4/2022; ngay nhan phan bién 24/4/2022; ngay chip nhan dang 27/4/2022
Tém tit:

Céu tric nano xop trat ty 3 chiéu da va dang dwogc xem xét nhu 13 mot thong s6 "chia khéa" dé ché tao nhirng dién
cwre quang cho hiéu suit cao trong ing dung quang dién héa tich nwéc (PEC), nhd vao kha niing hip thu anh sing
cao va s hiru mot dién tich bé mit 16n. Trong nghién ciru nay, ciu tricc CdS/ZnO xop trat tw 3 chiéu dwoc ché tao
theo phwong phap khuén cirng: Piu tién nhirng qua ciu polystyrene (PS) du’0’c ling dong trén dé din ITO (oxit thiéc
indi), sau do vat li¢u ZnO duoc dién diy vao nhirng khe hé giira nhung hat cau sir dung phuo’ng phap ling dong dién
hoa, tiép theo cac hat ciu PS dwgc loai b6 béi nhiét d tai 500°C dé hinh thanh ciu tric xop trat tu 2 chleu Cudi
cung, cac hat nano CdS dwge lang dong trén bé mat cia ZnO theo phwong phap hoéa wét dé hinh thanh céu tric
CdS/ZnO xop trit tw 3 chiéu. Thudc tinh quang dién héa tach nwéc ciia nhirng ciu tric ché tao dwgc nghién ciru va
so sinh mdt cich c6 h¢ thong. Két qua do quang dién héa cho thiy, dwéi birc xa ciia 4nh sing mé phéng dnh sing
mit troi, hi¢u sudt chuyén doi ning lwgng cia ciu triic CdS/ZnO xdp trat tw 3 chiéu t6i wu 1a 3,4%, cao hon gin 1,9

lan so véi hiéu suat 1,8% cia cau tric CdS/ZnO mang moéng véi cung dicéu kién ché tao.

Tir khéa: ciu tric xp CdS/ZnO, ning lwgng H,, quang di¢n héa tach nuéc.

Chi s6 phén loai: 1.7, 2.5

1. Dt van deé

Quang dién hoa tach nudc (PEC) dya trén nguyén 1y
chuyén d6i ning lugng mit troi thanh niang luong hydrd,
mot nguén nang lugng sach va vo tan dang duoc xem xét
1a ngudn ning luong cua tuong lai [1, 2]. Trong nguyén ly
nay, dién cuc quang dong vai trd rat quan trong, quyét dinh
hiéu suét chuyén déi ning lwong. Mot dién cuc quang lam
viéc hiéu qua phai lién quan dén mot s bude trinh tu nhu
sau: Su sinh ra 16n cac cap dién tur - 15 tréng boi qua trinh
hép thy quang, sy phén tach va di chuyén cua cac dién tich
dén bé mit dién cuc nhanh, va phan Gng oxi hoa/khir nude
v6i cac dién tir - 18 trong sinh quang hiéu qua. Do d6, hau
hét nhitng nghién ctru hién nay 1a tap trung trén viéc tim
kiém vat liéu ciing nhu thiét ké nhiing ciu tric nano phu
hop cho dién cyc quang nham ning cao hiéu suat chuyén
d6i nang luong hudng t6i kha ning tng dung thuc té cua
ky thuat nay. Kém oxit 1a vat liéu ban dan ré tién va sin
¢6, v6i nhitng hinh dang céu trac khac nhau nhu day, ong,
thanh, hodc nhimng cu trac phan nhanh trat tu cao [3-8].
Hiéu suit PEC cua nhiing cAu trac nay da dugc cai thién
dang ké nho vao hidu tmg by 4nh sang cao va van chuyén
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dién tir nhanh. Tuy nhién, kha ning chuyén ddi nang luong
van chua dat cuc dai, do bé day hép thu quang cua dién cuc
van chua hiéu qua. Dé ting cudng kha nang hap thu quang
¢6 thé c6 nhiéu cach nhu: xép chong nhimng céu triic nano
hodc thiét ké nhiing cAu tric chat khit... Tuy nhién, viéc
nay da 1am han ché kha nang tham cua dung dich dién phan
vao bén trong mang dién cuc, lam gidm vung phan ung xtc
tac dién hoa cua vat liéu vdi dung dich dién phan. That may
mén, gan day nhimng ciu tric xOp nano ba chiéu trat ty cao
ctia vét liéu ZnO, ché tao bang phuong phap hd trg khudn
ctmg sir dung nhitng qua cau PS 1am vat liéu khuon, da giai
quyét dugc nhimng han ché néu trén [9, 10]. Céu trac nay da
cho thay, hiéu sudt quang dién hoa tach nudc ting 1én dang
ké nhd vao dién tich bé mat riéng va cac ving phan tmg dién
hoa cuc ky 16n. Do do, cAu trac nay dugc xem la hua hen
cho rng dung trong linh vuc quang di¢n hoa tach nudc. Tuy
nhién, mot han ché 16n cua ZnO 1a kha nang hép thu anh
sang trong ving nhin thay bi gi¢i han boi khe ning luong
16n. Gan day, nhiéu nhom nghién ctiiu thiét ké cac dién cuc
quang két hop nhimg uu diém cua cdu trac trat ty cao voi
cac vat liéu co khe quang thip da cho thiy hiéu suat tach
nuéce cia dién cuc duoc cai thién déang ké [11-15].
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Abstract:

Three-dimensional ordered porous nanostructures have
been considered as a key factor in developing high-
performance photoelectrodes for photoelectrochemical
(PEC) water splitting applications due to their high light
absorption capacity and large surface area. In this study,
the authors design and fabricate the three-dimensional
ordered CdS/ZnO porous structures by the hard mould
method. Firstly, polystyrene (PS) spheres were deposited
on the indium tin oxide (ITO) conductive substrate;
secondly, the gaps among the spheres were filled with
ZnO material using electrochemical deposition; then the
PS spheres were burned and formed the ordered porous
structure of ZnO; finally, CdS nanoparticles were
deposited on the surface of ZnO by wet chemical method
to form a three-dimensional ordered CdS/ZnO porous
structure. The photoelectrochemical water-splitting
properties of the fabricated structures were studied and
compared systematically. The results show that, under
the irradiation of solar simulation, the efficiency of the
optimised three-dimensional ordered CdS/ZnO porous
structure is 3.4%, nearly 1.9 times higher than that of
with 1.8% efficiency of thin-film CdS/ZnO structure at
the same fabrication conditions.

Keywords: CdS/ZnO porous structure, hydrogen energy,
photoelectrochemical water splitting.
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Trong nghién ctru nay, cdu trac CdS/ZnO xbp nano trat
tu ba chiéu duoc ché tao va ung dung lam dién cuc quang
hiéu suit cao cho tmg dung quang dién hoa tach nudc anh
sang mat troi. Cu tric nay cho hiéu sudt tach nude cao nhd
su két hop cua hai thuan loi: thir nhat 1a kha nang hép thu
anh sang cao cua cAu trac xép trat tu ba chiéu; thir hai 1a ciu
tric nay co6 dién tich bé mit riéng 16n, va kha nang thim cao
cua dung dich dién phan dén toan bod bé mat vat liéu thong
qua céc 16 xp nano.

2. Thuc nghiém
2.1. Chudn bi dién cwc dé dén oxit thiéc indi

Dé ITO dugc cat thanh miéng nho, kich thude 20x10 mm.
Sau d6, duoc lam sach trong aceton, ethanol va nudc ct béng
méy rung rira siéu am trong thoi gian 15 phat mdi loai. Tiép
theo, dé dugc sdy kho trong tii sy & nhiét d6 60°C.

2.2, Ld'ng dong cdu polystyrene lén dé oxit thiéc indi

Qué trinh ling dong cau PS 1én dé ITO dugc thuc hién
bang 2 phwong phép:

Phirong phdp bay hoi tir sdp xép: Tron 1 ml cau PS kich
thude 220 nm (2,5%) v6i 8 ml Ethanol rdi khudy déu. Ngam
dé ITO da l1am sach vao dung dich cdu da pha & trén rdi cho
vao ta sdy ¢ nhiét do 65°C trong 24 gid, cho dén khi dung
dich bay hoi hét, ta thu dwgc mot 16p mang mong mau tréng
duc, d6 chinh 1a ciu PS tu sdp xép trén dé 1TO.

Phirong phdp nhé phi: Dé ITO di lam sach duoc gia
nhiét trudce trén mot dé gia nhiét ¢ nhiét do 60°C. Nho 3 giot
dung dich PS da pha ¢ trén 1én dé ITO, sau d6 dé kho trong
5 phit, ta dugc mang mong cau (PS) trén dé ITO.

2.3. Ché tao dién cuc ZnO cdu triic xép

Mang ZnO cdu tric xdp duoc ché tao bang phuong
phép léng dong dién hoda, st dung hé dién hoa 3 dién cuc
(CS350). B ITO phu PS ché tao & budc trén dugc st dung
lam dién cuc lam viéc, dién cuc dbi 1a day Pt va dién cuc
Ag/AgCl (trong KCI bao hoa) lam dién cuc so sanh. Dung
dich dién héa sir dung 1a Zn(NO,),.6H,0 ndng do 0,1 M.
bién thé lang dong la -1 V, nhiét d¢ dung dich duoc gilt
khong dbi & 70°C, va thoi gian ling dong dién 1a thay dbi
5,7,9 va 11 phit dé khao sat anh huong ciia bé day mang
t6i hiéu suat PEC. Mang méong ZnO trén dé ITO khong ciu
PS cling dugc ché tao voi diéu kién tuong tu dé lam mau
so sanh. Cac mau sau khi ché tao dugc séy kho & 60°C, sau
d6 cac qua cau PS duogc loai bo bang cach: ngdm mau trong
dung dich toluen nguyén chit trong 24 gid va xi Iy nhiét tai
nhiét d6 500°C, thoi gian 1 gid trong khong khi. Két qua ¢
quy trinh nay ta dugc cic mau dién cuc ZnO cau triic mang
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mong, ZnO ciu tric x6p st dung dé cdu PS ché tao bang
phuong phép tu sip xép (ky hiéu mau 1a ZnO-A), ZnO ciu
trac xop st dung dé cau PS ché tao bang phuong phap nho
phu (ky hiéu mau 1a ZnO-P).

2.4. Ché tgo dién cwe CdS/ZnO ciu triic xop

Vat lieu CdS dugc moc trén bé mit ZnO bang phuong
phép hoa uét, quy trinh moc dwoc tién hanh nhu sau: cac
mau dién cuc ZnO mang mong va ZnO-P ché tao & bude
trén dwoc ngdm vao trong dung dich moc CdS, bao gom
0,01 M C,H,NS va 0,01 M Cd(NO,),.4H,0. Qua trinh moc
CdS du(yc thuc hién tai nhiét d6 phong véi th0’1 glan 30 phut.
Mau sau khi moc dugc rira sach véi nude cét va sdy kho &
60°C. Két qua ciia budc nay 1a hinh thanh cac ciu trac CdS/
Zn0 mang méng, CdS/ZnO-P ciu tric xp.

2.5. Do thugc tinh quang dién hoa tach nuwéc (PEC)

Thudc tinh PEC dugc do st dung hé dién hda da
nang (CS350 Potentiostat/Galvanostat). Nhiing dién cuc
quang ché tao dugc su dung nhu nhiing dién cyc lam viéc
(photoanode), di¢n cuc dbi 1a dién cuc day Pt (cathode) va
dién cyuc tham chiéu (reference) 1a Ag/AgCl trong KCl bdo
hoa. Bé danh gia hiéu suat tich nuéc cho nhing cau tric
vat liéu ZnO ta st dung dung dich di¢n phan la Na, SO, véi
ndng d6 0,5 M va nhiing cau trac CdS/ZnO su dung hon
hop dung dich gdbm Na,S (0,25 M) va Na,SO, (0,35 M).
Ngudn anh sang mo phong anh sang mat tr01 tu den Xenon
v6i cong suat 150 W, cuong do 1,=75 W/cm?. Thé quét tuyén
tinh duoc quét tai tbe do 100 mV/ s va dong quang tuong ing
theo thé duoc ghi lai. Hiu sudt quang dién hoa tach nudc
(h%) duoc tinh toan st dung cong thic sau [16].

h(%) =1 (E,, — E, )*¥100/I_

trong d(’)‘: Jp la mat do d(‘)ng quang (mAcm?); I 1a cuong do
cua nguon sang; E_ 1a the tach nude co6 gia tri 1,23 eV va
E.= Emeas -E . la thé dat vao hai dién cuc, trong d6 E ..
la the cta dién cuc lam viéc theo dong quang dugc do dudi
su chiéu sang va E_ la thé cua dién cuc 1am viée dudi diéu

kién md mach.

rev

3. Két qua va ban luan

Hinh thai bé mit cia cu PS ling dong trén dé ITO va
ZnO ciu trac xdp trét ty 3 chidu duoc quan sat trén may kinh
hién vi dién tir quét (SEM, S-4800) tai Vién Khoa hoc Vat
liéu Viét Nam nhu trinh bay trong hinh 1.

Hinh 1A va 1C 1a nh SEM cua cau PS trén dé ITO ché
tao bang phuong phap nho pha va phuong phap bay hoi tu
sap xép theo thir ty. Quan sét cac anh SEM cho thay, d01 voi
phuong phap nho phu cac qua ciu sip xép co do xdp cao
hon, do té¢ d bay hoi nhanh ctia dung moéi trong thoi gian 5
phat. D6i voi phuong phap bay hoi tu sap xép thi su sip xép
clia cac qua cau PS gan nhu xép chat va khit, do thoi gian
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bay hoi cta dung moi 1a kha dai (24 gi®). Tuy nhién, cdu
trac xép chit van chua dugc hoan hao. Anh SEM phong dai
cao xac dinh thém céc hat cdu PS c¢6 kich thugce kha ddng
dang va kich thudc 1a khoang 220 nm.

Hinh 1. Anh kinh hién vi dién tir quét véi cau polystyrene trén dé oxit thiéc
|nd| ché tao boi phu’o’ng phap nho phu (A), ciu tric ZnO-P twong wng (B),
cau polystyrene trén dé ITO ché tao b&i phwong phap bay hoi tw sdp xép
(C) va cu truc ZnO-A twong trng (D).

Hinh 1B va 1D la anh SEM cau triic ZnO xp ché tao
bang phuong phép ling dong dién hoa vai thoi gian 9 phut,
sir dung dién cuc cau PS (hinh 1A) va cau PS (hinh 1C), sau
d6 an mon cau PS trong dung dich Toluen thoi gian 24 gioy
va 1 nhiét & 500°C trong 1 gid, theo thir ty. Long vao 1a cac
anh SEM phong dai cao. T hinh anh SEM cho thiy, ca 2
phuong phap déu cho dang cau tric ZnO 16 xdp nano, cac 16
x0p dugc tao ra boi sy loai bo cac hat cau PS. Tuy nhién, c6
su khac nhau mat it gitra 2 cAu trac. ZnO-P 15 x0p bi co lai,
nho hon so véi kich thude hat ciu PS va bé day vach ZnO 1a
kha day. Trong khi d6, ZnO-A thi kich thudc 16 xdp khong
thay d6i va bé day vach la kha mong. Diéu nay xay ra 1a boi
vi phuong phép nho phu tao mang PS c¢6 khe hé 16n hon, do
d6 bé day vach ZnO day hon, nghia 1a ham lugng vat li¢u
ZnO 16n. Khi @ nhiét & 500°C thi ZnO két tinh va 1am cho
kich thude 16 xdp nho lai. Céu trac ZnO-P dugc mong doi
s& cho hiéu suat PEC 16n hon, nho vao bé day vach day s&
thuén loi hon trong qua trinh van chuyén dién tu. That vay,
két qua do PEC trinh bay & phan sau cho thay hiéu suit PEC
ctia mau ZnO-P cho hiéu suat tét hon. Do d6, phuong phap
nhé phu cu PS duogc chon cho tit ca nhiing budc khao sat
tiép.

Hinh 2 12 anh SEM bé mit ctia ZnO-P véi thoi gian ling
dong dién hoa thay ddi: 5,7,9 va 11 phut theo thir tu, 16ng
vao chung 1a cac anh SEM phéng dai. Két ‘qua anh SEM cho
thiy, bé day vach tang len khi thoi gian lang dong dién hoa
tang va cau tric 16 x6p 6n dinh voi mot bé mat kha bang
phing & thoi gian dién hoa 13 16n hon 9 phut. O thoi gian
dién héa nho hon 9 phut, thi cdu trac vach khd mong va bé
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mit kha 16i 16m. Diéu nay cho thay rang, ¢ thoi gian ling
dong dién héa nhé (5 va 7 phut) vat liéu ZnO chua duogc dién
day hét toan bo bé day 16p cau PS. Nhu vy, ciu tric ZnO-P
hinh thanh t6t ¢ diéu kién thoi gian dién hoa 16n hon 9 phut.

Hinh 2. Anh kinh hién vi dién tr quét clia ZnO-P véi thoi gian lang dong
dién hoéa khac nhau. (A) 5 phat, (B) 7 phat, (C) 9 phat, (D) 11 phut.

Hinh 3A 12 md hinh bé mat ctia mau CdS/ZnO-P véi
30 phat moc CdS. Quan sat mo hinh cho thay, sau khi moc
CdS thi cu trac 16 xdp thay doi rat nhidu, véi bé day vach
day hon va kich thudc 16 x6p nho hon. Quan sat anh SEM
mat cat ngang (hinh 3B) cho thiy c6 hién tuong hinh thanh
hai 16p khac nhau, mot 16p vat liéu xop & dudi co bé day
1,38 mm va mot 16p vat liéu mang két chat & bén trén co
bé day khoang 704 nm. Diéu nay cho thdy, sau mot khoang
thoi gian dau dung dich moc CdS c6 thé tham dén toan bo
mang thong qua céc 16 xop dé moc CdS. Tuy nhién, sau mot
khoang thoi gian nhat dinh CdS moc nhiéu va bit kin cac 156
x6p, khi d6 CdS chi moc & 16p bén trén va hinh thanh ciu
truc hai 16p nhu quan sat théy.

VS-NKL 5.0kV 4.2m| 00um | IMS-NKL 5.0kV 4. 4mm x20.0k SE(M)

Hinh 3. Anh kinh hién vi dién tr quét ciia mau CdS/ZnO-P véi thoi gian
moc CdS la 30 phut.

Chu tric tinh thé cta cic mau ZnO-P va CdS/ZnO-P
duoc dic trung boi phd nhidu xa tia X trén may BRUKER
D2 tai Truong Pai hoc Quy Nhon dé chung minh thém su
moc tinh thé ciia ZnO va CdS nhu cho thdy trén hinh 4. Két
qua do phd XRD cuia ca hai mau déu cho thiy xuét hién cac
dinh pho dic trung & 32, 34, 37, 47 va 63°. Cac dinh pho nay
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tuong tmg véi cac mat phang (100), (002), (101), (102) va
(110) tring khép kha tdt véi pha luc giac wurtzite ctia ZnO
khdi (JCDDS: No. 36-1451). Diéu nay chimg t6, mau 14 tinh
thé ZnO c6 chu trac wurtzite. Pong thoi, trén gian d6 nhidu
xa ctia mau CdS/ZnO-P con cho théy cac dinh & vi tri 26, 44
va 52° tuong Gng voi cac mat mang (111) va (220) va (311)
cua CdS voi pha lap phuong cung truc véi pha luc giac cua
ZnO (JCPDS 10-0454). Biéu nay ching to rang CdS dugc
moc thanh cong trén bé mat ZnO.

*ITO
CdS/ZnO-P

Cds (111)
ZnO (100)

'ZrIO (002)
ZnO (101)

Cds (220)

Cudng db (dvty.)

20 30 40 50 60 70
Géc 26 (dd)

Hinh 4. Phé nhiéu xa tia X ctia hai c4u tric ZnO-P va CdS/ZnO-P.

Phé UV-Vis cua cac dién cuc duoe do va thé hién & hinh
5. Két qua do cho thdy, d6i voi miu dién cuc ZnO mang
thi chi hép thu trong ving UV tai budc soéng 380 nm nho
vao khe nang lugng rong (~3,3 eV) (duong mau den). Tuy
nhién, ddi véi mau ZnO-P thi bién hép thu mo rong dén
ving nhin thiy (dudng mau do). Didu nay cho thiy, cau tric
16 x6p c¢6 kha ning ting cuong hap thu quang trong ving
nhin thiy, ¢6 thé 1a nhd vao kha ning biy anh sang trong
cac 16 x0p. Khi CdS moc thém 1én trén cac cau triic ZnO thi
bién hap thy mé rong thém, cu thé véi mau CdS/ZnO mang
thi bién hap thu 1a 520 nm (dudng mau xanh) va CdS/ZnO-P
12 600 nm (duong mau hdng) nhu cho thiy trong hinh 5A.
Diéu nay ching minh vai trd hip thy tdt trong ving anh
sang nhin thdy cua vat liéu CdS nhd vao khe ning luong
nho (~2,4 eV). Khe ning luong hip thu quang ciia cac dién
cyc ciing duge xac dinh bang phuong phap Tauc nhu cho
thy trong hinh 5B. Cu thé khe ning lugng 14 3,3 va 3,1 eV
cho céac dién cuc ZnO mang va ZnO-P, sau khi moc thém
CdS thi khe nang luong la 2,7 va 2,4 eV cho cac dién cuc
CdS/ZnO mang va CdS/ZnO-P theo thir tu.
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Hinh 5. Phd UV-Vis clia cac cau truc.
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Thugc tinh PEC ctia hai cdu triic ZnO-A va ZnO-P duge
do va so sanh nhu thé hién & hinh 6. Hinh 6A 13 dudng
dic trung dong quang theo thé duoc do trong ti va dudi
su chiéu sang ciia ngudn sang dén Xenon 150 W theo mirc
thé tir -0,6 dén 1,2 V, v6i dung dich dién phan sir dung la
Na, SO, nong d6 0,5 M va tuong tng hinh 6B 1a hiéu suét
chuyen ddi quang tuong u‘ng Két qua cho thiy, mat do dong
quang ciing nhu hiéu sut chuyen d6i quang cua ciu tric
ZnO-P cao hon nhiéu s0 voi cau trac ZnO-A. Cu thé, higu
suat PEC 14 0,37% cho cu triic ZnO-P, cao gap 1,7 1an hiéu
suét 0,22% cho cau triic ZnO-A. Piéu nay chung minh, chu
tric vach day ciia cac 16 xdp 1a thuan lgi hon trong qua trinh
truyén dan dién tir.
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Hinh 6. Mat do dong quang (A) va hiéu suat chuyén déi quang (B) twong
{rng ctia hai cAu tric ZnO-A va ZnO-P.

Tinh chat quang dién hoa tach nuéc phu thude thoi gian
lang dong ctia cac miu ZnO-P ciing duoc do dé t6i wu hiéu
suit PEC theo bé day (hinh 7). Hinh 7A 14 cac dudng cong
J-V ctia cac mau ZnO-P véi thoi gian moc thay ddi va cia
mau ZnO mang mong ché tao v6i cung didu kién va thoi
gian moc 1a 9 phuat, tvong tng hinh 7B 1a hiéu suat PEC
tinh toan tir duong cong J-V. Két qua, hiéu suit PEC dat cuc
dai v6i mau ZnO-P9 (0,5%) cao hon gap 1,3 lan hiéu suat
(0,4%) cia mau ZnO mang mong. Nguyén nhan co thé dugc
giai thich v6i 2 1y do: 1) Cau trac x6p hdp thu quang manh
hon trong viing anh sang nhin thiy, do d6 sinh ra nhiéu hon
cac cap dién ti-15 tréng; 2) Co ty sb dién tich so voi thé
tich cuc ky 16n, do dé tao ra nhidu vung xtc tac dién hoa.
Thém nita, cdu tric 16 gitp cho cac chét dién phan tham
dé dang dén toan bd bé mat mang, didu nay ciing lam ting
thém ving xtic tac dién héa. So sanh hiéu suat PEC ciia cic
céu trac ZnO-P véi thoi gian dién hoa khac nhau cho thiy,
& thoi gian moc thip (<9 phut) thi hidu suat PEC thap hon.
Cu thé, hiéu suat 0,39% cho mau ZnO-P5 va 0,46% dbi véi
ZnO-P7. Két qua nay kha phu hop v6i su quan sat mo hinh
bé mit, & thoi gian moc nay, cau trac chua 6n dinh va vat
liéu chua du nhiéu dé hap thu toan by anh sang chiéu t6i
va cac vach chua du day dé van chuyén dé dang cac hat tai
dién. Cﬁng vay, khi thoi gian moc qua dai thi hiéu suat PEC
cing giam. Cu thé, dién cuc ZnO-P11 hiéu suit PEC giam
xudng chi con 0,39%. Piéu nay c6 thé 1a do dién tir bi tai
hop khi van chuyén dén dién cyc v6i quing duong di dai.
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Hinh 7. Bwéng cong J-V (A) va hiéu suét chuyén déi quang (B) clia cac
céu triic ZnO mang va ZnO-P v&i cac thoi gian ldng dong dién khéac nhau.

Hiéu sut quang dién hoa tach nudc dugc ting cudng
bdi moc thém vat liéu CdS c6 khe quang hep trén dién cuc
ZnO-P9 dé hinh thanh ciu tric CdS/ZnO-P9 va mot mau
dbi chimg CdS/ZnO mang moéng ciing duge do va so sanh
nhu trinh bay ¢ hinh 8.
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Hinh 8. Brong cong J-V (A) va higu suét chuyén déi quang (B) twong (rng
cua cau tric CdS/ZnO mang méng va CdS/Zn0O-P9.

Hinh 8A la dudng cong J-V dugc do trong mirc thé tir
-1,6 #n 0,6 V, dung dich dién phan st dung 1a Na,S (0,25
M) va Na,SO, (0,35 M) va tuong ung hinh 8B la hleu suét
PEC tinh toan duge. Két qua cAu tric mang mong sau khi
moc thém CdS thi hiéu suét tang tu 0,4 1én dén 1,8%, tang
lén gip 4,5 lan. Diéu nay chl'rng minh, vai tro hip thu anh
sang manh trong Vung nhin thay cua vt liéu CdS trong Vlec
nang cao hiéu sudt PEC. Trong khi d6i VO‘I chu triic xdp,
hiéu sudt tang tir 0,5 1én dén 3,4%, tang gap 6,8 1an. So sanh
hiéu suit PEC giita 2 loai cdu trac ciing cho thy, véi cdu
trac CdS/ZnO mang moéng hiéu suat 1a 1,8%. Vi cau triic
CdS/ZnO-P9 xdp thi hiéu suat 1a 3,4%, ting gip 1,9 lan.
Hiéu sudt PEC dat duoc 1a kha cao sau khi moc thém CdS
1a nho vao su két hop cua hai Iy do: thir nhdt 1a kha nang
hap thu quang tot ctia vat liéu CdS va thir hai 13 trat ty sip
xép dai nang luong cua CdS so véi ZnO 1a kha thuan lgi cho
véan dé truyén dan hat tai. Mrc ning luong cia dai dan va
dai hoéa tri cia CdS ndm cao hon ZnO, cho nén dién tir tao
ra tir dai din ctia CdS d& dang véan chuyén dén dai dan cua
ZnO va 16 tréng di chuyén t6i bé mit trung gian giira CdS-



electrolyte. Diéu nay co thé tach hiéu qua cac cap dién t
16 trong tao ra va do d6 ngan chan qua trinh tai hop. Su sap
xép phi hop cdu tric dai nang lugng cua hai vat ligu c6 thé
dugc mo ta ¢ hinh 9.
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Hinh 9. Mb ta sy sap xép phu hop dai niang lweng cua hai vat liéu ZnO
va CdS.

4. Két luan

Nhoém nghién ctiru da ché tao thanh cong cac vat licu dién
cuc quang ZnO, CdS/ZnO ciu tric xdp trat ty 3 chiéu bang
phuong phap dién hoa két hop v6i phuong phap hoa udt.
Két qua do thudc tinh PEC cho thdy, dudi birc xa cia anh
sang den Xenon (md phong anh sang mat troi) thi dién cuc
vat lidu ZnO véi 9 phat moc dién hoa cho hi¢u suét téi uu 1
0,5%. Dién cyc nay sau khi dinh thém cac hat nano CdS vai
thoi gian 30 phit bang phuong phap thay nhiét thi hiéu suét
dat 3,4%, tang gan 2 1an so véi ban dau chi c6 ZnO. Pay la
gi4 tri kha cao so véi nhirng nghién ctru gan ddy vé mo hinh
16i vo CdS boc ZnO. Hiéu sut cao dat duoc cia cac dién
cuc ché tao c6 thé duge giai thich véi cac 1y do sau: 1) Kha
ning ting cuong hip thu quang trong ving nhin thiy cua
cAu trac 13 trat tu cao va vat liéu CdS, van dé nay da dugc
chimg minh tir ph6 hap thy tir ngoai kha kién; 2) M6 hinh 15
x6p trat tu 3 chiéu co ty sd dién tich bé mit so vai thé tich
16n, diéu nay khong nhiing tao ra nhiéu ving phan tng dién
héa ma con tao diéu kién thuan loi cho qua trinh moc CdS
trén toan bd bé mit vat liéu mang nho vao kha nang tham
cao cua dung dich.

LO1 CAM ON

Nghién ctru duge thyc hién véi sy hd tro kinh phi ctia dé
tai nghién curu khoa hoc cép B6 Gido duc va Pao tao ma sb
B2021-DQN-03. Cac tac gia xin tran trong cam on.
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