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Tém tit

Trong nghién curu nay, chung 16i ché tao mang a not quang TIO/CdS/CdSe Mn** voi CdSe:Mn** dtrac
ché tao theo hai phicong phdp lang dong hoa hoc va phan iing hép thu cdc ion nhdm cdi thién hiéu sudt cia
pin mdt troi cham lwong tir. Két qua thu dieoc mang TiO, cé cdu triic Anatase, CdS va CdSe pha tap Mn déu
co cdu tric ldp phwong. Dang hinh hoc ciia mang ciing duoc ghi lai bang kinh hién vi dién tir quét dg phan
gidi cao, hat c6 dang hinh cau. Két qua hiéu sudt thu dwoc tir dwong cong mdt do dong va thé doi véi TiO
CdS/CdSe:Mn**-CBD la 4,9% cao hon so yé’i 3,77% cua TiO/CdS/CdSe:Mn**-SILAR. Hon nita, tinh chat
quang hoc, dirong cong mdt dg dong va thé, dién tro dong hoc ciia cac pin mat troi ciing duoc xdc dinh chi
tiét nham gidi thich két qua trén.

Tir khéa: Bdn dan, cham lwong tir, mang mong, pin mat troi.
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Abstract

In this study, we have prepared TiO,/CdS/CdSe:Mn** with CdSe:Mn** photoanode using chemical bath
deposition and successive ionic layer adsorption and reaction methods to improve the performance efficiency
of quantum dot sensitized solar cell. As a result, TiO, thin film has an Anatase structure, both CdS and CdSe
doped Mn have the zinc blende. The morphologies of photoanode, as a sphere, were recorded by scanning
electron microscopy. The current density - Voltaic curves show that the performance efficiency for TiO /CdS/
CdSe:Mn**- chemical bath deposition is 4.9%, which is higher than that of TiO /CdS/CdSe: Mn**- successive
ionic layer adsorption and reaction (3.77%). Moreover, optical properties, current density - Voltaic curves,
dynamic resistances R_, and R_, were determined and explained details.
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1. Mé dau

Trong nhitmg ndm gan day vét liéu ban dan vo co
& kich thuée nanomét nhu chim lugng tir (Quantum
dots, QDs) ndi 1én nhu vt lidu c6 kha nang hap thu
anh sang rat manh sinh ra dién tir ing dung trong
pin mat troi. O’Regan va Grétzel (1991), Poh va cs.
(2021) da ché tao nhidu QDs img dung trong QDSSCs
nhu: CdS, CdSe, PbS, PbSe, InP. Kovalenko (2015)
cho rang cac QDs c6 nhicu wu diém hon so véi cac
phan tir chat mau do chung ta ¢6 thé diéu khién ning
lwgng ving ciAm thong qua qua trinh thay doi kich
thudc hat, theo Lee va c¢s. (2012) thi cac QDs c6 hé
s6 hip thu quang hoc cao hon so v&i céc phan tir chat
mau va sinh ra nhiéu cap dién tir - 16 trong khi hap
thu photon.

Nhin chung cac cong trinh cia Gopi va cs.
(2016), Muthalif va cs. (2017), Firoozi va cs. (2015)
6 dic diém dang luu y déu thuc hién trén don QDs
CdS hodc CdSe nén chi hip thu anh sang mat troi
c6 gidi han, khong tan dung hét ving pho kha kién.
Cu thé budc song hip thu & vét lidu khéi cua CdS
khoang 550 nm va cua CdSe khoang 705 nm. Trong
khi d6 néu & kich thuée QDs, thi bude song hip thu
cua ca hai bé hon nhiéu so vdi céc gia tri trén. Méc
du sau d6 co6 sir dung tac nhan lién két, tuy nhién
két qua hiéu suét ting 1én khong dang ké. Vi vay dé
cai tién hicu suét cta pin mit troi thi van d& dit ra
la phai mo& rong dinh cua phd hap thu vé siu trong
ving anh sang kha kién va han ché tai hop ciing nhu
dong téi. Cac cong trinh cua Dang va cs. (2016),
Shen va cs. (2016), Thao va cs. (2018), Nguyen va
cs. (2018) da mo rong vang phd hap thu anh sang
mit troi bang cach két hop ca hai loai QDs CdS/
CdSe lai v6i nhau da duge nhiéu nhoém nghién ctru,
hiéu suit thu dugc cao hon nhiéu so véi pin mit troi
sur dung don QDs.

Mot ky thuat cai tién kha nang hip thu anh sang
cua dién cuc a nét quang do6 1a pha tap cac ion kim
loai chuyén tiép vao chim lugng tir nham tao ra cac
mirc ion tap chét trong viing ¢Am quang ctia cic chim
lwgng tir, qua d6 mé rong dinh phd hip thu vé phia
song dai (dich o). Shen va cs. (2016) da nghién ctru
trén pin mit troi chdm lugng tir CdS pha tap Mn dat
duge hiéu suat 3,29%. Su ting hiéu suat 1a do anh
hudng cia ndng do pha tap lam ting kha ning phan
tach va qua trinh truyén dién tich tir cac chim luong tir
qua ban dan TiO, va ra mach ngoai. Tuong ty, nhom
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cua Gopi vd cs. (2016) da pha tap Ni vao chim lugng
tir CdS va cai tién dugc pho hap thu cia cham lugng
tir CdS va han ché duoc tai hop. Do do hiéu suit thu
dugc tang 50% so véi pin mat troi khong pha tap Ni.
Gén day, Muthalif va cs. (2017) di chimg minh cai
thién hiéu suét ciia chdm lugng tir CdS khi pha tap
v&i kim loai déng hay Co pha tap vao chidm luong tir
CdS lam ting hiéu suét 1én 35%.

Trong k¥ thudt trén, chiing t61 thyc hién pha tap
ion Mn?" vio cham lugng tir CdSe nhim mé rong
dinh phé hap thu dich sau vé ving kha kién. Pong
thoi ching t6i ché tao mang CdSe pha tap Mn bing
phuong phép ling dong hda hoc va phuong phap phan
ung, hép thu ion nhdm so sanh hi¢u qua cai thi¢n hiéu
sudt clia pin mit troi.

2. Thwe nghiém

Vit liéu va hoa chat: Fluorine-doped tin oxide,
Cd(NO,),.2H,0, Na,S.9H,0, Mn(CH,C00),.2H,0,
bot Se, Na,SO,, NaOH, Na,SeO,, CdSO,, Na3NTA,
Na,S, S, KCl dugc mua tir hang héa chat Sigma,
nudce Dire.

Mang dan dién (fluorine-doped tin oxide, FTO)
co kich thudc dai va réng 1,2 x 2 cm, c6 dé day 2,2
mm dugce danh siéu am, rira sach b:?mg ethanol va
nudc cat. Keo TiO, thuong mai co kich thudc hat
tir 20 nm déan 40 nm dugce phu 1én mang FTO bang
phuong phap in lya. Sau d6 mang dwgc nung trong
mbi trudmg khong khi & 500°C sir dung cho budc ché
tao tiép theo.

Ché tao mang TiO,/CdS: Mang FTO/Ti0, dugc
nhing vao trong hdn hop dung dich chira ion Cd**
gom (2,665 g Cd(NO,),.2H,0 hoa tan v&i 20 ml
ethanol va nudce cat theo ti 1€ 1:1 vé thé tich) trong
thoi gian 5 phat va duge rira lai bang ethanol dé
loai bo cac phire chit két ty. Tiép theo mang dugc
nhing vao trong dung dich chtra ion S goém (12 g
Na S.9H,0 hoa tan v&i 100 ml methanol va nuée cét
theo ti I¢ 1:1) trong thaoi gian 5 phat va dugc rira lai
bang methanol. Hai bugc nay dugc ky hiéu 1a 1 vong
ctia phuong phép phan tng, hap thy ion.

2.1. Ché tao mang CdSe:Mn?* bing phuwong
phap phin ung, h:’ip thu ion

Mang FTO/Ti0,/CdS tiép tuc dugc nhing
trong hon hop dung dich chira ion Cd** va Mn?*
gdm (0,740304 g Cd(NO,),.2H,0 va 0,154 g
Mn(CH,C00),.2H,0 dugc hoa tan trong 30 ml
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ethanol) trong thoi gian 5 phuat va rira sach lai voi
ethanol d¢ loai bo tap chat. Tiép theo, mang duoc
nhing trong dung dich chira ion Se* (2,27 g bot Se
va 0,6M Na,SO, hoa tan véi 100 ml nude cat, sau
d6 thém 5 ml NaOH 1M trong diéu kién khuay tir
gia nhiét & 70°C trong 7 gi0) trong thoi gian 15 phut
& 50°C va rira lai voi nudce cat. Qua trinh trén dugc
lp lai 3 lan dé nhan dugc do day tbi wu. Cudi cung,
mang dugc nung ¢ 300°C trong chan khong 30 phut
dé dat duoc trang thai két tinh.

2.2. Ché tao mang CdSe:Mn* bz"mg phuong
phap ling dong hoa hoc

0,2 M bét Se dugc hoa tan trong nude cit va
0,5 M Na,SO, trong diéu kién khudy & 70°C trong
thoi gian 7 gi¢ thu duge dung dich chira Na SeO..
Hoa tan 80 mM CdSO, vdi 10% nong do mol cua
Mn(CH,COO), trong nudc cét, sau do thém vio 160
mM Na,NTA, 80 mM Na,SeO, khuay déu thu duge
dung dich chira CdSe pha tap Mn*". Mang FTO/TiO,/
CdS dugc ngam trong dung dich trén trong thoi gian
4 gio dudi diéu kién t6i thu duge Mang FTO/TiO,/
CdS/CdSe:Mn*'.

Cudi ctiing hé dién ly polysulfide electrolyte
duoc ché tao béng cach tron hon hop 0,5 M Na,S,
0,2M S, 0,2 M KCl trong nudc cit va methanol theo
ti 1¢ 7:3.

2.3. Cic thiét bi nghién ciru

Pé nghién ciru ciu trac, tinh chit quang, tinh
chét dién, do hiéu suét cua pin mat trdi ching toi sir
dung cac thiét bi sau: Phd nhiéu xa tia X (XRD), phé)
hap thu UV-Vis JASCO V-670, kinh hién vi dién
tir quét FESEM, thiét bj do duong dic trung Volt -
Ampe; phé do dién trg thiét bi EIS.

3. Két qua va thao ludn

# FTO: # Tio:*
CdS: JCPDS No. 41-1049
CdSe: JCPDS No. 88-2346
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Hinh 1. Ph nhidu xa tia X ciia: (a) mang TiO,/CdS/

CdSe:Mn, (b) mang CdSe

Mang mong sau khi nung xong dugc xac dinh
tinh chét cu trac bang phéd nhidu xa tia X, két qua
thu duoc duoc trinh bay ¢ Hinh 1. Tir gian d6 nhiéu
xa ta thay xuat hién cac dinh nhiéu xa & vi tri 43,2 va
50,1 d6 twong mg voi cac mat phang c6 chi sé Miller
(220) va (311) cua céu tric CdSe dang lap phuong.
Két qua nay phu hop véi cac thé chuan JCPDS No.
88-2346 cuia nhom tac gia Song va c¢s. (2010). Bén
canh do, cac dinh nhiéu xa & 30,6, 50,5 va 67,1 do
twong (mg vai cac mit phang mang (101), (112), (203)
cua CdS 1ap phwong, phu hop véi thé chuin JCPDS
No. 41-1019 cua nhom tac gia Song va cs. (2010).
Cudi cung, dinh nhidu xa manh nhét xuat hién ¢ 25,4
d6 tuong (mg voi mit phang manh (101) caa TiO2
dang Anatase theo nhom Nguyen vad cs. (1990). Bé
khéng dinh két qua nhidu xa, chung t6i dang Hinh 1b
cua nhom tac gia Muthukannan va cs. (2014) dé so
sanh. Nhom nay ciling da thuc hién do trong khoang
20 tir 10 dén 80 thu duoc tat ca cac dinh dic trung
ctia CdSe & cau trac 1ap phuong va luc gidc. Két qua
nay hoan toan ph hgp véi vi tri cac dinh trong phd
nhiéu xa cua ching t6i thu dugce.

Hinh 2a va 2b dugc ghi lai bang kinh hién vi
dién tir quét trén bé mat mang & ca hai phuong phap
ché tao. Két qua cho théy cac hat TiO, c6 dang cau,
kich thudc trung binh khoang 40 nm & ca hai mang.
Bén canh do6, bé mit ciia mang kha xdp tao didu kién
cho cac hat chdm lugng tir CdS, CdSe:Mn*" bam lén
trén bé mat ban dan nano Ti0,.

Tinh chit quang hoc ciia mang & ca hai phuong
phép le'ing dong hoa hoc va phuong phap phéan img,
hép thu ion dwge ghi lai bang thiét bi do phd hap
thu. Tir Hinh 3, ta thdy duong cong hip thu cua
mang duge ché tao theo phuong phap ling dong hoa
hoc ¢ cudng do hip thu cao gan gap hai lan va co
dinh hap thu mé rong sau hon trong ving kha kién
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50 v&i mang duge ché tao bang phuong phap phan
ng, hip thy ion. Nguyén nhén la do kich thudc hat
CdSe:Mn*" thu dugc ¢ ca hai phuong phap la khac
nhau. Két qua nay con dugc khing dinh thong qua
d6 rong ving cAm quang ciia mang tir Bang 1: mang
CdSe:Mn*-CBD c6 d¢ rong vung cdm 1a 1,73 eV,
trong khi mang CdSe:Mn**-SILAR ¢ d¢ rong ving
cAm 1a 1,8 eV. D6 rong ving cdm cua CdSe:Mn2*
cang bé thi kha ning hap thu cang nhiéu photon &
cac ving khac nhau trong ving kha kién. Ngoai ra do
phwong phap ché tao khic nhau va khic nhau & mét
s6 hoa chit ngudn nén dan dén cuong d6 phd hép thu
ctia phwong phap ling dong hoa hoc cao hon so véi
phuong phap con lai.

Hinh 2. Anh FESEM ciia mang TiO ,/CdS/CdSe:Mn*
(a) phwong phap ling dong héa hoc va (b) phuong
phap phian ing, hap thu ion
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O day dé xac dinh dd rong viing cim quang cua
CdSe:Mn?" chuing t6i sir dung phuong trinh Tauc va
cs. (1966).

ahv=a, (hv—Ek)”. (1)

Trong dé o la hé sé hép thy, Av 1a nang lugng
photon den a, la hang s6. Poi v6i CdSe 1a ban dan
cO vung cam truc tlep nén n=0,5. P réng vung cdm
cua mang dugce xac dinh theo cong thire 1. Ching toi
da sir dung cong thirc 1 dé v& dd thi mdi lién hé gitra
(ahv)? véi ning luong cua photon dén, dudng thing
tiép tuyén tai bo hap thu cit truc hoanh sé& cho ching
to1 thu dugc gia tri d rong ving cAm.

1.2 T "
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Hinh 3. (a) Phé hip thy UV-Vis (b) dd thi mdi quan
hé gilra (ahv)’ véi ning lugng ciia photon téi ciia
mang TiO,/CdS/CdSe:Mn** dugc ché tao biing hai
phuong phap khic nhau
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Bing 1. Céc tham sd quang hoc, dién hoc va tong tré cia

Pin mit tréi chim lwgng tir £, (:ﬁ/ FF Voc N Ra R

’ : (eV) cn®) V) (%) Q) Q)

TiO,/CdS/CdSe:Mn*-CBD 1,73 12,65 0,58 0,57 4,9 1,91 96,51

TiO,/CdS/CdSe:Mn**-SILAR 1,8 18,99 0,381 0,52 3,77 24,65 204,5
20 chung ta co thé cai thién duge hé sd lép déy va thé
o mach ho do d6 hiéu suit pin mat troi dbi véi phuong
E ) phép ndy dat rat cao. Trong khi d6 doi véi phuong
< 151 phap SILAR thi h¢ so lap day qua bé, mat du co su
E ) ) cdi thién vé mat do dong dién nhung hig¢u suat thu
& - @) duoc th’étp hon. Céc’ ket q}]é cua chung t6i chQ thay
= hiéu suat cao hon rat nhiéu khi so sanh véi két qua
g ] pha tap cta nhém Shen va cs. (2016), nhom nay da
g 5] ” pha tap Mn vao CdS va dat hiéu suat chuyén doi
& | (m-moyicdsiCdSe:Mn™ -CED quang dién 3,29% bang phuong phap phan tng va
= (2)_Ti02.'CdS.'CdSe:Mn2+-SILAR hap thy ion. Trong khi ching t6i str dung so sanh ca
02 0.4 06 hai phuong phap lang dong hda hoc va phan Gmg hap

Pién thé (V)
Hinh 4. Prong dic trung dong va thé ciia mang

TiO,/CdS/CdSe:Mn** duge ché tao bing hai phuong
phap khic nhau

O day chiing t6i sir dung thiét bi do duong cong
dong va thé cua pin mat troi chim lugng tir trén co
s& mang Ti0,/CdS/CdSe:Mn?' st dung ngudn
Keithley 2400 dudi dién ki¢n chicu anh sang dugc
chuan hoa theo phd mit troi. Cac két qua mat do dong
dién, thé mach ho, hé s6 lap day va hiéu suit cua pin
duoc trinh bay trong Bang 1. Tir Hinh 4 chung ta thay
¢6 hai su khac biét tir dudng cong nay: Thir nhat 1a
mat do dong cua phuong phép ling dong hoa hoc
(12,65 mA/cm?) nho hon so voi mét d dong cua
phuong phap phan ting, hap thy ion (18,99 mA/cm?).
Thtr hai 1a nguoc lai, thé mach hé cua phuong phap
CBD (0,57 V) cao hon so v6i thé mach hé cta phuong
phap SILAR (0,52 V) va hé sé lap ddy cia phuong
phap CBD gén gap hai lan so vi phuong phap

[_\.(.XVU(.XFF, I 1a
P SC

in

SILAR. Theo cong thirc 7= % .

mat d¢ dong dién, V__ 1a thé mach hé con FF 1a hé
s6 14p diy. Két qua thu duoc hiéu suat chuyén d6i
quang dién cia pin mat troi theo phuong phap CBD
(4,9%) cao hon so voi phuong phap SILAR (3,77%).
Két qua nay chi ra rang ddi v6i phuong phap CBD

thu ion, hon nira ching t6i pha tap Mn vao CdSe va
dat hiéu suét rét cao (4,9%).

1004 (1)_TiO,/CdS/CdSe:Mn>"-CBD
80 _ (2)_TiO,/CdS/CdSe:Mn> *-SILAR
E 60.
1 (2)
S ]
= 404
N 1 (1)
20+
(1 s ——
0 50 100 '1 50 200 250
Z Ohm,

Hinh 5. Phé tong tré dién héa ciia mang Ti0,/CdS/
CdSe:Mn** duge ché tao bing hai phuwong phap
khac nhau

Mosa - Sero va cs. (2000) dd kham pha ra phd
tong tro' dién hoa, duge dung dé xac dinh dién tro
qua bé mat tiép xtic, dién tré khuéeh tan trong mang
TiO,, dién tré khuéch tan qua hé dién ly, dién tré t6
hop trong cac cham lwong tir CdS, CdSe:Mn?*, ching
duoc ky higulaR  vaR ,. T Hinh 5 chung ta thay
vong cung cta pin mit troi TiO,/CdS/CdSe:Mn? -
CBD b¢ hon nhiéu so v4i vong cung cia pin méit troi
Ti0,/CdS/CdSe:Mn*'-SILAR. Diéu nay chi ra rang
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cac gia tridién tro6 R vaR_, cta phuong phap ling
dong hoa hoc bé hon so vai phirong phap con lai. Nhu
vdy, phuong phap CBD di tao ra céc vat liéu cham
lugng tir CdSe:Mn*" ¢6 tinh thé hoan thién hon, vi
thé ma dién tré dong hoc cia phuong phép nay bé
hon phuong phap SILAR. Két qua nay ciing phtt hgp
vi két qua do hiéu suat pin, pho UV-Vis ctia nhom
Shen va cs. (2016).

4. Két lujn

Pin mit trdi cham lugng ti trén co s& mang
TiO,/CdS/CdSe:Mn** durgce ché tao t}}énh cong theo
hai phuong phap CBD va SILAR. K&t qua thu dugc
c6 su cai thién vé hiéu suét cua pin dugc ché tao bf‘mg
phuong phap CBD cao hon rét nhiéu so v6i phuong
phép SILAR. Két qua nay 1a do c6 sy ting cuong do
phé hip thy, ting hé sé 1ip diy va déng thai giam
duoc dién tro dong hoc trong pin. Két qua ciia nghién
clru nay 1a co s cho viée chon lya cac phuong phap
ché tao hiéu qua cho cic nghién ciru tiép theo cua
nhém nhiam tirng budc nang cao hiéu suit cua pin
mat troi chdm lugng tir.
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