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TOM TAT

Bai bao nay trinh bay cac két qua ché tao dién cuc cathode graphene oxide khir lién két véi cac
hat nano Cu,S, dugc pht 1én dé dan FTO trong sudt nham dinh hudng tng dung lam dién cuc doi
trong pin mdt trai cham lugng tu thay thé cho cac dién cuc am Pt, CuS, PbS va CupS ma nhém da
ché tao trong cac nghién ctu trudc. Vat liéu rGO-Cu, S dugc ché tao bang phuong phéap thiy phan
va dugc quét [én bé mat dé dan FTO vai su thay ddi ty 1é vé khéi lugng graphene oxide khi lién két
véi nano CupS bang khuén in lua, mang nung & 350°C @€ két tinh. Dién cuc sau khi nung dugc
dem phan tich cdu trdc bang phd nhiéu xa tia X, dugc xac dinh kich thudc hat bang kinh hién vi
dugc t truyén qua, dugc xac dinh hinh thai hoc bé mat mang bang kinh hién vi dién ti quét trén
mé mat, dugc xac dinh loai ban dan va ndng dé hat tai cia mang bang phép do Mott-Schottky va
danh gia kha nang oxy héa khir ctia dién cuc trong hé dién ly polysulfide bang thiét bi dién hoa.
Cac két qua cho théy dugc kha nang hoat dong clia dién cuc am rGO-Cu, S tot hon so véi dién cuc
Cu,S rat nhiéu lan, ching da dugc ching minh théng qua cac két qua do thé vong tuan hoan C-V.
Day la tin hiéu rat tich cuc dé nhém tiép tuc nghién clu dé ché tao pin mat trdi cham lugng tir va

xac dinh hiéu suat quang dién trong cac nhién ctu tiép theo.
Tu khoa: Vat liéu graphene oxide, Graphene oxide khtr, Bién cuc am, Cu2S

MG PAU

Trong nhiing nam gan day vat liéu ban dan vo co &
kich thudc nanomét nhu cic chdm lugng tti (QDs)
ndi [én nhu vat liéu ¢ kha nang hap thu anh sang rét
manh sinh ra dién t Gng dung trong pin mit trgi.
Co6 nhiéu QDs da dugc ting dung trong pin mdt trdi
chim lugng ti (Quantum dot sensitized solar cells,
QDSSCs) nhu: CdS, CdSe, PbS, PbSe, InP"*. Céc
QDs ¢6 nhiéu uvu diém hon so véi cac phéan ti chét
mau do ching ta 6 thé diéu khién ning lugng viung
cim thong qua qua trinh thay d6i kich thudc hat?,
hé s6 hap thu quang hoc cao hon so véi cac phén ti
chét mau*, sinh ra nhiéu cip exciton khi hép thu pho-
ton. Cho dén nay, cic QDSSCs c6 hiéu suét chuyén
d6i quang dién con khd thap so véi QDSSCs chit mau
nhay quang (Dye sensitized solar cells, DSSCs)>~.
Céc cong trinh ”~!! ¢6 dic diém dang luu y déu thuc
hién trén don QDs CdS hodc CdSe nén chi hip thu
anh sdng mat troi c6 gidi han, khong tdn dung hét
ving phd kha kién. Cu thé budc séng hédp thu & vat
liéu khéi ctia CdS khoang 550 nm va ctia CdSe khoang
705 nm. Trong khi d6 néu & kich thudc QDs, thi bude
song hép thu ctia ca hai bé hon nhiéu so véi cac gia tri
trén. Mdc du sau d6 c6 st dung tdc nhan lién két, tuy
nhién két qua hiéu suit tingl1én khong dangké. Vivay
dé cai tién hiéu suat ctia QDSSCs thi van dé dat ra la

phai mé rong dinh ctia phé hép thu vé sau trong vung
4nh sang kha kién va han ché tai hgp ciing nhu dong
t6i. Van dé md rong viung phd hép thu dnh sdng mit
troi bang cach két hop ca hai loai QDs CdS/CdSe lai
v6i nhau da dugc nhi€u nhom nghién ciiu, hiéu suit
thu dugc cao hon nhiéu so véi QDSSCs st dung don
QDs 1215,

Bén canh cdc nghién ctiu vé dién cyc quang andt, cac
nha khoa hoc con tap trung vao ci tién dién cuc am
(counter electrode, CE) boi vi CE rdt quan trong trong
viéc cai tién hiéu suit ctia QDSSCs, né nhan dién ti
ttt mach ngoai hoan lai hé dién ly théng qua qua trinh
oxy héa khti tai bé mét ctia hé dién ly va CE. Do do,
mot cuc 4m cathode cin phéi c6 do x0p cao d€ dién
tich tiép xtc ctia CE v6i hé dién ly 16n, do dan dién
16n, hoat tinh dién héa cao gitip cho céc qua trinh oxy
hoéa khti v6i hé dién ly xay ra nhanh hon, 6n dinh héa
hoc va gi4 thanh thap'®.

Trong nhiing ndm qua, cdc nha khoa hoc dang né
lyc tim kiém cac CE dé€ thay thé CE Pt truyén thong
¢4 thé dat dugc cac tinh chét nhu dé cip & trén. Céc
nha nghién ctiu di ching minh ring cac vét liéu kim
loai sul ide nhu: Mo$'7, PbS'8, NiS!%, FeS?°, CuS?!,
Cus'? c6 dap ting dugc cic tinh chat nhu trén va c6
kha nang thay thé CE Pt. Trong nhém vat liéu nay,
doéng sul ide (CuS, Cugf) c6 nang lugng viing cdm

Trich dan bai bao nay: Thu N T P, Thdng B V, Tung H T. Ché tao va khao sat tinh chat cha vat liéu rGO-
Cu,S lam dién cuc pin mat tr&i chdm lugng ti . Sci. Tech. Dev. J. - Nat. Sci.; 6(3):2271-2280.



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2022, 6(3):2271-2280

ti 1,1 — 1,4 eV, hoat tinh dién hoa cao va 6n dinh
trong hé dién ly sulfide thdi gian ngén nén dugc dung
dé nghién ctiu nhiéu hon céc vit liéu con lai trong
nhém??72*, P& ché tao céc cac CE, cdc mang mong
cua dong (brass) cd bé day khoang vai micromét dugc
ngam trong hé dung dich dién ly polysulfide dé tao
nén 16p mang mong CuS hodc Cu,S phu thudc vao
thoi gian, nhiét d6 va moi trudng ngam. Tuy nhién,
cac brass dong sé tiép tuc bi phan hity khi ngdm trong
hé dién ly thoi gian dai (mang CuS hodc Cu;S sé day
1én) gy ra dién tr§16n trong mang, lam giam hé s6 1ap
day va thé mach ho nén hiéu suit cia QDSSCs ciing
bi giam 22724,

Nhiing nam gan déy cac dang carbon nhu: 6ng nano
carbon, graphene, carbon dang x6p... da dugc quan
tdm nghién ctiu nham tao ra dién cuc 4m phu hgp
25-27 rGO (re-
duced Graphene - Oxide) la ting cti vién thay thé cac

nhdm ting hiéu sudt ctia QDSSCs

dién cuc 4m truyén théng vi né cé dién tich bé mit
16n, d¢ dan dién cao, gid thanh san xudt thip va than
tién v6i méi trudng >8. Hon niia, nhiing khiém khuyét
bén trong tinh thé hodc cadc nhém chiic c6 chda oxy
dang ~-COOH hay -OH ddng vai tro quan trong trong
hoat tinh dién héa ctia vat liéu nay?>30. Mit du vay,
graphene c6 ciu tric xép 16p va gitia cac 16p khong ¢
su lién két nao véi nhau, nén kich thudc cua méi 16p
thudng rit mong cofiguyén tti. Vithé, dé c6 dugc dién
cyc am graphene v6i d¢ day da 16n thusng thi ching
ta phai pha tap vao graphene cic vat liéu c6 tinh dién
héa t6t khéc nhu: CuS, CuzS, MoS,...%>?=**. Nhin
chung, su két hgp cac vét liéu rGO va Cu;S c6 nhiéu
uu thé hon so véi cac vat liéu khac theo cac cong trinh
dugc liét ké & trén, nén rét thich hop ding lam cat6t
cho QDSSCs.

PHUONG PHAP NGHIEN CUU

Vat liéu

Céc vat liéu Graphene oxide (GO), Ethylene glycol,
CuCl, Thioure, Polyvinylpyrrolidone (PVP), Ethanol,

Polyethylene Glycol (PEG), d¢ FTO (Fluorine - doped
tin oxide) dugc mua tii hang Sigma ctia Diic.

Qua trinh ché tao

Lay 12 mg bot graphene oxide (GO) hoa tan trong 8
ml ethanol, hoi hop gom (20 ml ethylene glycol tron
véi CuCl 0,1 M va thioure 0,1 M (cdu truc CH4N»S))
va 0,5 gam PVP thu dugc hon hgp phiic chit, hon hgp
nay dugc khudy trong & nhiét d6 phong trong 30 phut
thu dugc dung dich mau xdm. Ho6n hop tiép tuc dugce
dua vao binh thay nhiét autoclave 6 180 °C trong 24
¢io thu dugc dung dich mau xanh 14 (Hinh 1). Sau d6
dé ty nhién vé nhiét do phong va ria lai véi ethanol va

nudc cit. San ph&m dudc gitt 60°C trong 12 gid trong
tt sdy. Cudi cling san phdm trén dugc tron véi 10 ml
ethanol va 1,2 g PEG trong diéu kién khudy & nhiét
do phong dé tao thanh paste. Sau d6 paste dugc pha
lén d€ dan FTO béng phuong phép in lya, dugc nung
G 350 °C trong 40 phut thu dugc dién cuc cathode
FTO/rGO-Cu,S.

Thiét bi phan tich vatliéu

Chung t6i stt dung kinh hién vi dién ti ¢6 d¢ phan giai
cao quét bé mat vétliéu (FE-SEM) va kinh hién vi dién
tt truyén qua (TEM) nhdm xdc dinh hinh thdi bé mit
va kich thudc hat. C4u tric cta vat liéu ché tao duoc
xdc dinh thong qua nhiéu xa tia X. Ngoai ra phd tan
sdc nang lugng con dugc dung d€ xéc dinh céc thanh
phén, nguyén t6 va phan trdm cdc nguyén t6 trong
mang, két hgp véi XRD sé cho ching ta btic tranh vé
c4u trac vat liéu ché tao. Hé do dién hoéa (Electro-
chemical impedance spectroscopy, EIS) da chtic nang
cho phép ching t6i do Mott-Schottky dé xac dinh loai
ban dan va néng do hat tai trong mang, do dusong cong
thé dién hoa tuadn hoan cta dién cuc cathode trong
dung dich polysulfide $>~/S,?~ nhim xdc dinh kha
nédng hoat dong cta dién cyc dm.

KET QUA VA THAO LUAR

Dé phan tich ham lugng cdc nguyén td trong mau ta
dua vao két qua phuong phap phd tén sic ning lugng
tia X nhu Hinh 2. Trong d6, cic dinh ning lugng
dac trung cho nguyén t6 C va O xudt hién trén phd
EDX tuong ting 2,135 keV d6i v6i nguyén t6 cacbon
va 1,593 keV d6i v6i nguyén t6 oxy. Ngoai ra con co
su xudt hién ctia cic nguyén t6 khac 1a Si tu dé thay
tinh dan, Au va Cu tu cic dién cuyc do dac.

Ti 1é phén trim cdc nguyén t6 co trong mau dugc liét
ké trong Bang 1. Két qua cho thdy mau GO gom 2
nguyén t6 chinh 1a cacbon va oxy. Trong d6 phén tram
khéi lugng ctia cacbon la 4,67 % va ctia nguyén t6 oxi
1a 1,18 %.

Ciu truc ddc trung cta vat liéu nano composite
rGO/Cu, S dugc ché tao bang phuong phép thiy nhiét
G 180° C trong 24 gi¢ dugc nghién ctiu thong qua
phé nhiéu xa tia X. Hinh 3 1a phd XRD cutia vt liéu
rGO/Cu;S & dang bot xudt hién cac dinh nhiéu xa ctia
Cu;,S & vi tri goc nhiéu xa 27,29, 35,77, 48,1¢ ... tuong
ting v6i cdc mit phing c6 chi s6 Miller (100), (102),
(110)... phit hgp véi thé chuidn >, va cic dinh nhiéu
xa ctia CuS 6 vi tri goc nhiéu xa 33,4%, 52,77 ... tuong
ing v6i cdc mit phing c6 chi s6 Miller (103), (108)...
pht hgp véi thé chuén JCPDS s6 79-2321 va cic dinh
nhiéu xa ctia rGO & vi tri géc nhiéu xa 22,87, 41,4 ...
tuong Uing v6i cidc mit phdng co chi s6 Miller (002),
(001)3.



Tap chi Phdt trién Khoa hoc va Céng nghé — Khoa hoc Tu' nhién 2022, 6(3):2271-2280

Thiy nhiét & 180°c | 7 Thioure

trong 24 giir +PVP
. ;itq_
r aP-Bala
bd,gh::i
. " :
1:r ¥ o
+PEG
+ C-H;OH
- Khuiy tir
- Tring lén kinh FTO
rGO/CuaS
- —- ==
FTO

Hinh 1: Quy trinh téng hgp vat liéu rGO-Cu,

Bang 1: Thanh phan cac nguyén té c6 trong mau GO
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Hinh 2: Phé tén séc nang lugng EDX clia mau GO dang bot.
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Hinh 3: Phé XRD ctia mang rGO-Cuj,S trén dé dan FTO
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Hinh 4: Anh TEM cia bot GO & cac thang do khéac nhau.

Hinh théi cia mau GO dugc dic trung bang phuong
phap TEM (Hinh 4 va Hinh 5) dugc khao sit & cac
d6 phén giai khac nhau. Két qua TEM ctia mau GO
dang bot cho thdy GO cé dang hinh c4u va hinh da
dién, phan bs kha dong déu, kich thudc hat tit 60-110
nm, trong do kich thudc hat trung binh tit 80-90 nm
chiém s6 lugng 16n.

Hinh 613 anh FE-SEM ctia dién cuc rGO-Cu, S, ching
ta dé dang thdy hai loai vét liéu, cdc ddm 16n c6 bé
rong khodng 2-3 um, xen ké khong gian gitia chiung
la cat dam hat nano Cu,S c6 kich thudc trung binh
khoéng 20 nm. Diéu nay cho thiy c6 thé cdc hat nano
Cu;S da phan bd trong mang graphene oxide trong
sudt qua trinh graphene oxide bi khu thanh rGO. Sy
lién két nay tao di€u kién cho viéc truyén dan dién tu
kich thich tii cac hat nano Cu,S sang mang luéi rGO,
va gitp cho qué trinh oxy héa khu gitia bé mat dién

cuc 4m véi hé dién ly polysulfide dugc ting cuong do
su linh dong ctia dién ti kich thich trong mang luéi
rGO.

Mott - Schottky la mét phuong phép xac dinh nong
d0 hat tai va loai ban dafn cta vat liéu ché tao duogc,
va dugc do bing hé dién hoa>>>. Sau khi do Mott -
Schottky xong, chung t6i stt dung phdn mém EC-Lab
dé fit va tim loai ban daf va ndng d6 hat tii tuong ting
v6i dién tich ctia mang ché tao (0,196 cm?).

Cong thiic xdc dinh no6ng d6 hat tai N cia mang theo
phuong trinh 1:

1 2 kT
—5 = E—FEpp—— 1
2, eesgN( FB= 7 ) W

Trong d6 Cy, 1a dién dung ctia mang, € la hang s6 dién
moi va €, 1a hing s6 dién, E la gia tri thé hiéu dung
do dugc ctia dién cyc, Efj, dugc xdc dinh khi dusng
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tiép tuyén véi d6 thi cat véi truc hoanh khi (C=0), k
12 hing s6 Boltzmann, e 1a dién tich nguyén to va T 1a
nhiét do moi trudng.

Tt két qua fit thu dugce tit Hinh 7, nhiét 46 moi truong
25°C, dién tich ctia dién cuc chétao 12 0,196 cm?, E fb
la -1,752 V, tin s6 10,015 kHz, thu dugc néng d6 hat
tai N= 0,466.10%* cm 3 tuong ting vdi ban dari loai n.
Gid tri n6ng d¢ hat tai 16n tao diéu kién cho cic qua
trinh dién hoa & bé mit cta dién cuc cathode vdi hé
dién ly polysulfide dugc tét hon.

Tu cac két qua phan tich cdu tric & trén, chung toi
nhéan thdy rang vat liéu Cu,S da dugc lién két 1én
mang ctia vét liéu rGO va két tinh trén mang FTO.
Dé xdc dinh hoat dong dién hoa cua dién cuc cath-

% 12mg Goi i 18mg GO

Hinh 6: Anh FE-SEM clia mang rGO-Cu,S, a) 500 nm, b) 2 um, ¢) 5 um ctia dién cuc véi 18mg - GO.
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ode, héa trinh oxy héa - khti véi hé dién ly polysul-
fides, chung t6i thuc hién quét thé tuan hoan dién
héa dé€ thu dugc dong va thé tuong ting ctia dién cuc
(Hinh 8). Ca hai dién cuc hoat dong trong dung dich
ctia hé dién ly polysulfide dugc trinh bay & Hinh 8a
va Hinh 8b. Trong phé C-V, dinh duong la qua trinh
oxy hoa ctia ion $?~ sang S,>~, dinh 4m ting v6i qui
trinh khi ctia ion S,2~ sang $2~ 340, Chit lugng ctia
dién cuc dugc danh gid qua d¢ 16n ctia dinh C-V, dinh
cang cao thi kha nang hoat dong trao d6i dién t cta
dién cuc v6i hé dién ly la 16n, gidm dugc cac qué trinh
that thoat dién ti & bé mit dién cyc**2. Nhan thiy
dinh ctia qud trinh oxy héa ctia dién cuc Cu,S khoang
0,8 mA va ctia rGO-Cu;S khodng 24 mA ting 30 lan
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Hinh 8: Két qua do dudng cong C-V dién cuc am (a) Cu,S va (b) rGO-Cu,S

so vdi dién cyc CuyS. Két qué ndy c6 thé khing dinh
rdng tinh chét dién hoa cta dién cuc rGO-Cu;S uu
viéthon so v6i dién cuc Cu;S. Trong nghién ctiu trudc
ctia nhém Tung va cdng su da ché tao thanh céng dién
cuc cathode Cu, S dat hiéu sudt chuyén ddi quang dién
3,77 %, cao hon rat nhiéu l1an cic dién cuc cathode
khac nhu Pt, PbS... %3,

KET LUAN

DPién cyc 4&m rGO-Cu,S da dugc ché tao thanh cong
béng phuong phap thay nhiét va ki thuat in lya trén
nén dé dan FTO, dién tich hoat dong la 0,196 cm?.
Hinh théi hoc ctia mang dugc xdc dinh bing TEM va
FE-SEM v6i bé mit rGO rat x6p, dudng kinh cua cac
16p khoang 2-3 um, cac hat nano Cu;S c6 kich thuée
trung binh khodng 20 nm dugc lién két trén mang

lu6i rGO. Cdu truc cua dién cuc dugce xdc dinh bing
phd nhiéu xa tia X, va EDX. Bén canh d¢, ching toi
stt dung hé dién hoa dé€ do Mott-Schottky xac dinh
dién cyc rGO-Cu;S loai n, v6i nong do hat tai N=
0,466.10%* cm™>. Kha nédng hoat dong cua dién cuc
am rGO-Cu;, S véi dinh ctia mat 46 dong trong dudng
cong C-V bang 24 mA, tang 30 lan so véi dién cuc
Cu,S. Két qua nay cho thdy kha ning vugt trdi clia
dién cyc va sé dugc nhom tiép tuc nghién ctiu d€ ché
tao pin mit troi chdm lugng tl va xdc dinh hiéu suét

quang dién trong cac nhién ctiu tiép theo.

LO1 CAM ON

Nghién ctu nay dugc hd trg boi dé tai ma s6
B2020.SPD.03.
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DANH MUC CAC TU VIET TAT

FTO: Flourine-Tin-Oxide
QDs: Chém lugng tu
TEM: Hién vi dién tt truyén qua

FE-SEM: Hién vi dién tt quét phan gidi cao
EDX: Phd tan xa ning lugng tia X

XRD: Nhiéu xa tia X

C-V: Quét thé dong tuin hoan

GO: Graphene oxide

rGO: Graphene oxide bi khtt

QDSSCs: Pin mit troi chdm lugng tu
DSSCs: Pin mit trgi chat mau nhay quang

PVP: Polyvinylpyrrolidone
PEG: Polyethylene Glycol
EIS: Mdy do tong trd dién hoa
XUNG POT LOI iCH

Nhém tac gia xin cam doan rang khong co bt ky xung

dot lgi ich nao trong cong bé bai bao.

PONG GOP CUA TAC GIA

Nguyén Thi Phuong Thu lap ké hoach va tién hanh cac
thi nghiém; Bui Vin Thing xt li va phén tich cdc két

qua thuc nghiém, cai tién ban thao; Ha Thanh Tung

14p ké hoach va huéng dan cac thi nghiém, xu li va

phén tich cac két qua thuc nghiém, viét ban thao.
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ABSTRACT

This paper presents the results of fabrication of reduced graphene oxide - Cu,S cathode to replace
the Pt, CuS, PbS and Cu,S cathode electrodes in an quantum dot sensitized solar cell. The rGO-
Cu, S material was fabricated by hydrolysis and printed onto the surface of the FTO substrate with a
proportional change in the mass of graphene oxide and Cu,S nano, and then the film was calcined
at 350 °C. The electrode structure after calcination was analyzed by X-ray diffraction spectroscopy,
the particle size was determined by transmission electron microscopy, and the surface morphology
was determined by scanning electron microscopy, semiconductor type is determined by Mott-
Schottky measurement and the redox ability of the electrode in the polysulfide electrolyte system
is evaluated by electrochemical equipment. The results show that the performance of the rGO-
Cu,S cathode is better than that of the Cu,S electrode, which has been proven through the C-
V measurement. This is a very positive signal for the team to continue researching to fabricate
quantum dot sensitized solar cells and determining photovoltaic efficiency in further studies.
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	References


