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TOM TAT

Hién nay, pin mdt troi cham leong tir (ODSSC — Quantum Dot Sensitized Solar Cell) mang
mét hira hen ddy tiem ndang cho pin mdt troi thé hé thir ba. Vi thé, trong cong trinh nghién
ciru nay, cham lwong tir CdSe durgc tong hop bang phirong phdp Colloide dwoc sir dung dé
lam chdt nhay quang trong cau tric pin. Cdc dién cie anode quang TZOZ/QDS (Quantum
dots) CdSe/ZnS dwoc ché tao bang phwong phdp ngam, phwong phdp hdp phu va phdn img
cdac 1op ion lién tuc (SILAR — Successive lonic Layer Adsorption and Reaction). Cdc tinh
chdt quang dién ciia dién cuc anode quang TiO /QDs CdSe/ZnS duoc khao sat thong qua
cdc phép do hap thu UV —vis, phé quang phat quang (PL), phé nhiéu xa tia X, phdn tich anh
FE — SEM. Cdc théng sé pin ma chiing t6i tong hop dwoc nhi sau: Ve =033V 1. =226
mA/em?, FF = 0.41, n = 0.31%.

Tir khéa: Cham luwong tir CdSe, pin mat troi cham lwong tur CdSe.

ABSTRACT

Quantum dots sensitized nanocrystalline TiO, solarcells (QDSSCs) are promising third-
generation photovoltaic devices. In this study, CdSe quantum dots (Qds) have been prepared
via a colloidal route using Mercaptoethanol (Thioglycol) (HOCH,CH,SH) as a capping
agent, ZnS/CdSe co-sensitized TiO, photoanodes for QDSSCs were prepared by ionic layer
adsorption and reaction (SILAR) for improving overall photoconversion efficiency. The
structural of materials the TiO /CdSe/ZnS, optical, morphological and photoelectrochemical
properties of anode TiO,/CdSe/ZnS thin films were investigated by optical spectrum, TEM,
FE- SEM, X-Ray.

Keyword: quantum dots, CdSe, CdSe/ZnS, TiO ,Silar, mercaptoethanol, photoelectrochemical
properties, solar cell.

L. GIOI THIEU khic phyc nhiing han ché trén, cham lugng

Pin mit troi chdt mau nhay quang da
dugc nghién cu rat nhidu trong vai thap
ky qua do chung tuong dbi don gian, hiéu
suat tuong dbi cao va co tiém nang ung
dung trong tuong lai. Bén canh d6 van con
mot vai han ché nhu: do bén chit mau nhay
quang chua cao, viung pho hip thu anh sang
ctia chdt mau nhay quang con hep. Do d6, dé

tir CdSe duoc sir dung dé thay thé chat nhay
quang nhim nang cao do bén cua pin ciing
nhu hiéu sut pin do chim lugng tir ¢6 cac
tinh chat doc déo nhu: diéu khién duoc ving
pho hép thu bang cach diéu khién kich thudc
hat, tao ra nhiéu cdp exixton khi hip thu
mot photon téi [1]. Trong cong trinh nghién
ctru ndy, cham luong tir CdSe duoc st dung
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trong cau tric dién cuc gnode quang TiO,/
QDs CdSe/ZnS. Cac cham luong tir CdSe
duoc hap thu 1én mang TiO, béng phuong
phap ngam, phuong phap phan ing, hap phu
16p ion lién tuc (SILAR) nham hép thu dugc
nhiéu chdm luong tir CdSe trén mz‘%ng TiO,.
Theo nhom tac gia [1], thi lugng cham lugng
tir CdSe hap thu trén mang cang nhiéu thi
mat do dong cang cao. Bén canh do, nham
nang cao hiéu sut pin, 16p phu ZnS duoc st
dung dé tao 16p rao thé ngan chin sy tai hop
cua dién tr voi dung dich chét dién ly. Theo
nhom tac gia [7], khi ché tao pin QDSSC co
phu 16p ZnS thi hiéu suét pin di dugc cai
thién dang ké boi vi 16p ZnS c6 day ving
dan cao hon CdSe. Lop ZnS c6 thé dong cac
vai tro sau: hoat dong nhu mot 16p thu dong
bé mat; tao 16p rao thé gitra mat phan cach
giita chAm luong tir CdSe va dung dich chat
dién ly.

II. THUC NGHIEM

1. Vat liéu
Cadmium acetate dihydrate
((CH,C0O0),Cd.2H,0) cua Merck;

Dimethyl formamide (DMF) (C,H NO)
cua Merck; Mercaptoethanol (Thioglycol)
(HOCH,CH,SH) cua Merck; Sodium
selenite pentahydrate (Na,SeO,.5H,0) cua
Merck, M = 263,02 g/mol.

2. Tong hop cham hrgng tir CdSe

bau tién, hoa tan 1.066 g
(CH3CO0O0)2Cd.2H20 trong 15ml DMEF,
tiép theo cho thém 2ml dung NaOH 1M
vao tao thanh dung dich c6 mau tréng duc
(dung dich nay c6 pH = 8), sau d6 bom
nhanh 0.2ml mercaptoethanol vao dung dich
trén, tuong trng voi ty 1€ mol M = Cd : Se :
Mercaptoethanol 1a 4:1:2.14. Qua trinh nay
duoc khudy tir lién tuc trong 30 phit dé duoc
dung dich phtrc chét trong sudt co chira ion
Cd2+ voi cac ty 18 chit bao khac nhau.

Tiép theo, hoatan 0.263 gNa2Se03.5H20
vao 5 ml nudc cat dé tao dung dich trong
sudt chira ion Se2-. Bom nhanh dung dich

nay vao dung dich chura cac ion Cd2+ bén
trén va khudy tir trong 30 phut, sau d6 hoi
luu nhiét & 90°C trong 3 gid (khong khudy)
dé thu duogc dung dich hat nano CdSe c6
mau vang.

3. Ché tao dién cwc anode quang TiO,/
CdSe/ZnS

Dung dich CdSe duoc téng hop voi ty 18
mol 4:1:2.14 duoc chon dé ngdm mang TiO,.
Sau thoi gian ngam 20 gio, mang TiOz/CdSe
duogc lay ra rira sach bang methanol va say
kho. Sau d6, ching dugc nhung trong cac
dung dich chira cac ion phtrc chit Cd*', Se>,
Zn*" va S*. Trinh tu nhu sau:

e Tao 16p mang CdSe bang phuong phap
SILAR: Dbién cuc anode quang FTO/TiO,/
CdSe s& dugc nhung trong cac dung dich
chira cac ion Cd* ndng do 0.5M trong 5
phut, sau d6 13y ra rira sach bang ethanol.
Tiép theo, dién cuc nay s€ dugc nhing trong
dung dich chita cac ion Se* noéng do6 0.3M
trong 5 phut ¢ nhiét do 50°C, léy ra rira sach
bang nudce cit.

e Tao 16p phu ZnS bing phuong phap
SILAR: Mang FTO/TiO/CdSe (SILAR 2
16p, 3 16p, 5 16p, 7 16p) s€ dugc nhiing trong
cac dung dich ion Zn** ¢6 ndng d6 0.1M
trong 1 phut, rira sach bang nudc cat. Tiép
theo, nhing mang nay vao dung dich chtra
cac ion S* ¢6 nong do 0.5M trong 1 phit,
rira sach bang nude cat. Quy trinh nay dugc
thuc hién 2 lan.

4. Ché tao dién cuc cathode

Mang thuy tinh dan dién dugc khoan hai
16 tron co duong kinh 1mm, khoan tir mat
dan xudng. Khoang cach giita hai 15 khoang
tuy thudc vao kich thude ché tao pin. Dién
cuc sau khi khoan 16 s& duoc rira sach bfmg
nude cit, danh siéu 4m v6i methanol trong
30 phut, say kho. Mang Pt ciing duoc phi
trén d& FTO tur dung dich H,PtCI, bang
phuong phap in lua, mang dugc quét 4 16p,
dem sy & 70°C trong 15 phiit, sau d6 nung &
400°C trong 15 phut.
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III. KET QUA VA THAO LUAN
IIL.1. Khdo sdt cdc tinh chét quang cua
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Hinh la. Ph6 UV — Vis cia cic mang TiO2,
Ti02/CdSe, va TiO2/CdSe/ZnS.
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Hinh 1b. Ph6 UV — Vis cia cdc mang TiO2/
CdSe/ZnS voi cac chu trinh SILAR khac nhau

HI.1.1. Khdo sdt phé UV — Vis

_Hinh 2 cho théy mang TiO, ¢6 bo hap thu
nam trong vung UV c6 budc song khoang
339 nm, dién cuc TiO,/CdSe (ngdm mér}g
TiO, trong dung dic}} CdSe 20 gi(‘)’) cho thay
c6 bo hap thu dich vé vung kha kién khoang
510 nm, kich thuéc chim luong tir tinh theo
mo hinh khéi luong hiéu dung khoang 2.2

nm, diéu nay ching to chim luong tir CdSe
da hap thy thanh cong 1én mang TiO, bang
phuong phap ngdm ma khong can cac phan
tir tro lién két nao.

Phé UV — Vis (Hinh la) cho thdy mang
TiO, c6 bo héap thu ndm trong ving UV c¢6
budc song khoang 339 nm, dién cuc TiO,/
CdSe (ngam méing,TiO2 trong dung diCI‘l
CdSe 20 gi0) cho thay c6 bo hap thu dich vé
vung kha kién khoang 510 nm, kich thudc
cham luong tir tinh theo mé hinh khéi luong
hiéu dung khoang 2.2 nm, diéu nay chimg
t6 cham luong tir CdSe dd hip thu thanh
cong 1én mang TiO,. Hinh }b cho thay, déi
voi dién cuc nhung truc tiép SILAR 3 lan
(TiO,/SILAR(3)/ZnS) c6 bo hap thu khoang
632 nm, kich thudc hat khoang 2.5 nm,
ch@ng t6 lwong CdSe hap thu 1én mang TiO,
nhiéu hon so vé&i phuong phap ngam truc
tiép. Hon nira, doi véi dién cuc TiO,/CdSe/
SILAR(3)/ZnS bang cach két hop gitra ngadm
20 gio trong dung dich CdSe va nhung bang
SILAR c6 bo hép thu dich chuyén vé budc
song khoang 655 nm, kich thudc hat khoang
3.4 nm. Cac mau dién cuc tao dén 5 chu
trinh SILAR thi bd hép thu dich chuyén vé
khoang 740 nm, kich thudc hat trung binh
khoang 9.5 nm. Tir phé UV — Vis cho thay,
s6 chu trinh SILAR cang ting thi bo hap thu
cang dich chuyén vé phia budc séng do, diéu
nay rat thuan loi cho viéc ting ving phd hap
thu nham tang hiéu suét pin.

II1.2. Khdo sdt pho XRD
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Hinh 2. Phé nhiéu xa tia X cia (a) TiO2/QDs
CdSe/ZnS, (b) mang TiO2.
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Ph6 nhidu xa tia X ca cac mau (a) TiO2/
QDs CdSe/ZnS, (b) TiO2 trong hinh 2 cho
thiy céc dinh nhidu xa 25.60, 38.050 va
51.70 twong ng v4i cac ho mat mang (101),
(004) va (105) cta pha anatase cua tinh thé
TiO2 [4]. Cac dinh nhiéu xa 25.50, 42.60,
51.40 twong ung véi cac ho mat mang (111),
(220), (311) cta pha cau trac lap phuong
zinc-blende cua tinh thé CdSe [3], [5]. Cac
dinh nhiéu xa 29.50, 48.30 va 54.80 tuong
ung voi cac ho mat mang (111), (220) va
(311) cuia pha cau tric zinc-blende cua tinh
thé ZnS [2]. Tir phd nhidu xa tia X thu duoc,
ching to rang cac chim luong tir CdSe, 16p
phu ZnS da duoc gan két 1én mang TiO2 dé
hinh thanh ciu tric TiO2/QDs CdSe/ZnS.

II1.3. Khdo sdt pho PL

Phé quang phat quang hinh 3 (a) va (b)
cho ta thdy khi cham luong tir CdSe duoc
hap thu 1én mang TiO2 thi cuong d6 quang
phat quang giam khoang 80 14n so voi cudng
dd quang phat quang ciia mau dung dich
CdSe (hinh 3b). Hon nita, hinh 3 (a) con cho
thiy do dich chuyén Stock giita cac dinh phd
hap thu va phd quang phéat quang ctia mang
TiO2/QDs CdSe khoang 0.54 eV. Khi mang
Ti02/QDs CdSe c¢6 tao 16p phu ZnS (TiO2/
QDs CdSe/ZnS) thi d6 dich chuyén Stock
giita phd hap thy va phd quang phat quang
giam con khoang 0.4 eV. Nguyén nhan giam
nang luong dich chuyén Stock 1a do 16p ZnS
da thy dong hoa cac trang thai bé mit cta
cham luong tr CdSe, giup bao vé QDs CdSe
khong cho chiing phat trién khi xir 1y nhiét
[6], mat khac viéc boc 16p ZnS gitp cho
electron quang sinh ctia CdSe khong dich
chuyén nguoc vé dung dich chat dién ly. Pay
la dac diém rat quan trong trong ché tao pin
mit trdi chAm luong tur nham nang cao hi¢u
suat pin va dé chimg minh diéu nay chung
t6i di vao khao sat cac thong sé ddc trung
ctia pin (phan IIL.5).
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Hinh 3. (a) Phé hdp thy UV — Vis va quang
phat quang cua mang TiO2/QDs CdSe va mang
Ti02/QDs CdSe/ZnS, (b) Phé quang phdt
quang cua dung dich CdSe.
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Hinh 4. Anh FE — SEM ciia dién cuc anode
quang TiO2/CdSe/ZnS duwoc phong dai ¢ cdc
giai do khac nhau (x50,000 va x100,000).

Pé khao sat bé mit cua cac dién cuc anode
quang TiO2/QDs CdSe/SILAR CdSe/ZnS
chung t6i tién hanh chup anh FE — SEM.
Hinh 4 1a 4nh FE — SEM bé mit ctia dién cuc
anode quang c6 cac do phong dai khac nhau.
Dua vao anh FE — SEM ta théy, dién cuc
anode quang van giit dugc ciu trac xop sau
khi tién hanh ngdm mang TiO2 trong dung
dich CdSe va str dung phuong phép SILAR
dé tang luong CdSe hap thu trén mang, kich
thude hat twong dbi dong déu.

1I1.5. Khao sat dwong ddac trung I —V cua
pin
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Hinh 5

T duong dac trung I — V (hinh 5) cho
thdy hiéu sut ciia mau M2 (c6 16p phi1 ZnS)
tang 1én khoang 30 lan, mat d¢ dong ting
hon 10 1an so v6i mau M1. Nguyén nhan
clia viéc ting hiéu suat pin khi ¢6 16p phu
ZnS dugc gii thich nhu phan I, va diéu nay
phu hop véi két qua nghién ciru cia nhom
tac gia [4]. Vi vay, trong phin niy ching
t6i nhan thay rang 16p phu ZnS déng vai tro
quan trong trong viéc ning cao hiéu suét pin
QDSSC. Khi ting sb chu trinh SILAR lén
thi mat d§ dong va hi¢u suit pin tang 1én,
dién hinh mau pin M3 (TiO2/SILAR CdSe
(3 1an) /ZnS) c¢6 1=0.063%, mau pin M6
(TiO2/CdSe/SILAR CdSe (3 lan)-ZnS) c6
hiéu suat n=0.31%.

IV. KET LUAN

Trong cong trinh nghién curu nay, chiing
t6i da tong hop thanh cong pin mit trdi cham
luong tr TiO2/CdSe/ZnS. Cham lugng tir
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CdSe dugc hap thu 1én mang TiO2 bang  thong sé dic trung cia pin do duge nhu sau:
phuong phap ngam va SILAR, 16p ZnS cing VOC =0.33 V, ISC = 2.26 mA/cm2, FF =
duogc tao bang phuorng phép SILAR nhim  0.41, hiéu suat (n) = 0.31%.
tao 16p rao thé dé ting hiéu suét pin. Cac
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