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Nghién ctru ché tao cham lugng tir graphene
rng dung lam 16p truyén 10 trong trong pin mat
tro1 hitu co

Hoang Thi Thu*, Huynh Tran My Hoa, Pham Hoai Phuong, Nguyén Hoang Hung,
Lé Thuy Thanh Giang, Tran Quang Trung

Tém tit—Trong bai bio nay chiing tbi da nghién
citu va ché tao chim luwgng tir graphene (GQDs)
bing phwong phip Hummer cii tién két hop khiv
NH;. Puong kinh chim lwong tir thu dwgc khoing 6
nm, dwgc ing dung lam 16p truyén 16 tréng trong
pin mat troi hitu co, nhim ting hiéu sufit lwgng tir
ciia pin mat troi. GQDs théan thi€n véi méi truong,
dwge ché tao ¢ nhiét do thip, c6 thé cé can thanh
dang bdt va hoa tan tét trong cic dung méi phan
cwe. Cham lrong tir graphene v6i ciu tric khong
chiéu (0D) c6 cong thoat phit hop véi vat liéu
polymer din di lam ting dong doan mach (tir 2,41
mA/cm? 1én 4,38 mA/cm?) cho pin mit trdi chuyén
tiép di thé 1am ting hi¢u suit so véi cAu tric pin
truyén théng.

Tir khéa—chim Lrgng tir, graphene, thity nhiét vi
séng, pin mit tréi hivu co, 16p truyén 18 tréng

1. GIOI THIEU

in mat troi hitu co, mac du dang trong giai

doan dau cua sy phat trién song v6i nhing uu
diém ma ching mang lai nhu tinh than thién voi
moi truong, tinh linh hoat co hoc cao, co tam nhin
cho san xuét hang loat va co thé ché tao trén dién
tich 1on (roll and roll), cong nghé san xuit don
gian & nhiét ¢ thip nhu; in, pht quay, phun nhiét
phén...[1-4] pin mat troi hitu co ngay cang dugc
tap trung nghién ciru manh m& hon nham thuong
mai hoa. Tuy nhién, mot trong nhimg nhuoc diém
ma pin mat troi hitu co dang can dugc khic phuc
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d6 1a cuong do dong doan mach kha nho. Mot
trong nhitng giai phap cho bai toan nay la viéc st
dung cac 16p chtic nang chen vao giita cac 16p hoat
tinh cua pin hoac giita cac 16p hoat tinh véi dién
cuc nhdm 1am giam sy chénh rao thé giira cac 16p
nay, muc dich tdng kha nidng thu thap hat tai tai cac
dién cuc [5-8]. Trong xu thé d6, vat liéu graphene
(giai Nobel 2010) da thu hit dugc rat nhiéu sy cha
y trong nhitng nim gan day nhd cac tinh chat dic
biét ciia nd nhu cong thoat cta vat li€u co thé thay
ddi duge nho vao su pha tap cac nano kim loai
khac nhau [9-11], va dac biét do rong vung ciAm
ctia chung c6 thé diéu khién dwogc thong qua diéu
khién kich thuéc hat [12, 13]. Diéu nay rat c6 y
nghia trong viéc tao ra cac muc nang lugng trung
gian phu hop vdi cac mic nang lugng Ec E, cua
céc 16p hoat tinh trong linh kién quang dién dé lam
giam rao thé giita cac 16p hoat tinh véi dién cuc
hoic gitta cac 16p hoat tinh. Chinh diéu nay s& lam
tang kha nang thu thap hat tai tai cac dién cuc
d6ng nghia véi viée ting hidu suit cua pin [14-16].
bay 1a mét huong nghién ctiru kha mdi me, do do
s6 lwong bai bao lién quan dén van dé nay con kha
han ché.

Trong nhitng nim gin day, cac chim luong tir
graphene da dugc tong hop bang nhidu phuong
phap hoéa hoc khic nhau [17, 18]. Bdi véi cac
phuong phap tir trén xudng, sir dung céc loai acid
manh dé oxy héa tryc tiép graphite hay Carbon
nanotube (CNT) thanh GQDs thi sau phan tng can
dung NaOH dé trung hoa acid, do d6 san pham
chira mdt luong mudi 16n trong dung dich, lam han
ché tinh mg dung cta GQDs trong linh kién va y
sinh. O Viét Nam, theo hiéu biét cua chung t61, chi
c6 nhoém nghién ctru cua tic gia Nguyén Puc
Nghia (Pai hoc Bach Khoa Ha Nbi) ché tao GQDs
va dung GQDs lam chit khir nano bac tng dung
trong cam bién glucose va H,O; [19], tuy nhién
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nhom tac gia nay ciing di tir tién chat acid citric va
ure, ddy 1a phuong phap dé san xudt GQDs nhung
kho loai bo mubi du sau phan mg, kho co thé tng
dung duogc trong linh vyc linh kién quang dién.
Trong bai bao nay, chiing t6i trinh bay quy trinh
ché tao méi, thong qua mot bude trung gian 1a ché
tao va rira sach graphite oxide tir graphite bang
phuong phdp Hummer cai tién trudc khi dwa
chung vao thity nhiét dé ché tao GQDs. Quy trinh,
khong doi hoi qua trinh loc rira phirc tap can sir
dung cac cong nghé¢ cao. Phuong phap nay don
gian, ré tién, c6 thé trién khai ¢ tat ca cac phong thi
nghiém.
2. VAT LIEU VA PHUONG PHAP

Ché tao vit liéu

Quy trinh ché tao cham lugng tir graphene dién
ra theo ba budc chinh nhu minh hoa trong Hinh 1.
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Dau tién, c4n 0,4 g graphite flake, 0,2 g KMnOy,
0,4 mL HNO; dic theo ti 1& khdi lwong 1a 2:1:2
tron déu trong chén st bang diia thuy tinh trong 2
phut tao thanh mot hdn hgp bot. Hon hop duge
nung trong 10 vi séng cong suat 700 W trong 1
phut. Lan luot cho 0,4 g graphite da tach 16p, 0,2 g
NaNOs va 9,6 mL H>SO4 vao coe thay tinh, sau do6
4,0 g KMnO4 dugc cho tir tir vao hdn hop. Hon
hop nay dugc tron khudy lién tuc & nhiét d6 phong
trong 12 gio. Thém 8 mL nudc cat vao hdn hop dé
phan ung dién ra manh liét hon tir d6 tach hin
thanh cac don 16p cla graphite, tiép sau d6 pha
lodng hdn hop bing 20 mL nudc cat hai lan, cudi
cing cho 10 mL H,0; vao dé hoa tan MnOy va
MnO; mau den thanh ion Mn* hoa tan trong dung
dich, khi nay s€ thu dugc dung dich mau vang
twoi, chinh 1a dung dich graphite oxide (GO).

Graphite

Graphene oxide

Hinh 1. So d6 ché tao chAm lugng tir graphene

Loc bd cac mang graphite chua phan ung (hat
den), sau d6 hon hop s& dugc rira sach acid véi
nude cit hai 1an dé hdn hop trd nén trung tinh,
thuc hién khoang 7 1an véi su hd trg ciia may quay
li tim & toc do quay 7000 vong/phut. Sau do 10
mL GO dugc pha vao 10 mL nudc cat va 5 mL
NH;. Khudy bang may khudy tir trong 1 h sau d6
cho vao binh Tefon va thiy nhiét ¢én 120°C trong
2 h. Dung tai dialysis 2000 Da loc bo tap chat va
cac hat ¢ kich thugc 1on. Dung dich cudi cing
dugc 1 tiép & 80°C trong 5 h dé cho bay hoi hét
NH; du va dé thu duge GQDs dudi dang bot.

Ché tao thiét bi

Pé so sanh vai tro cua 16p truyén 18 trong
trong pin mit troi hitu co chiing toi chuan bi 2
cdu tric pin nhu sau: ITO/PEDOT:PSS/

P3HT:PCBM/Al va ITO/PEDOT:PSS/P3HT:
PCBM:GQDs/Al. Hai cau tric pin nay dugc minh
hoa trong Hinh 2.

Hinh 2. Ciu tric pin Organic solarcells (OSC) khong sir
dung va c6 sir dung GQDs 1am 16p truyén 13 tréng
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Hinh 3. So dd ché tao pin mit troi hitu co

Céac budc thuc hién ché tao pin mat troi hitu co
dugc minh hoa trong Hinh 3. Pau tién, dé ITO c6
kich thudc 4x10 mm dién tré mat 10 Q/o duoc rira
sach va duoc xur 1y UV trong 20 phut. Tiép dén,
phu quay moét 16p PEDOT:PSS (Clevios, da loc
bang phéu loc 0,45 pm) 1én dé ITO. Hai 16p nay
dugc nung ¢ 140°C trong 10 phut trong méi trudng
Ar nham 6n dinh mang PEDOT:PSS trén dé ITO.
Sau d6, 18 mg P3HT va 18 mg of PCBM duoc
tron 1an v&i nhau trong 2 mL Dichlorobenzene
(DCB) lic déu ¢ 70°C trong 60 phut. i voi cdu
trac pin st dung GQDs lam 16p truyén 15 trong,
thuc hién viéc pha tap nhu sau: 0,6 mg bot GQDs
s& dugc say kho va hoa tan vao 2 mL aceton va lic
déu, sau d6 hdn hop dugc tron chung véi
P3HT:PCBM theo ti I¢ tuong ung 10:1; 10:2; 10:3
va lic déu & 70°C trong 30 phat. Hn hop
P3HT/PCBM nay dugc phi quay 1én 16p
PEDOT:PSS trong méi truong Ar sau d6 duge dé
im trong dia petri cho bay hét DCB trong 1 h. Tiép
theo chung s& dwoc i & 110 °C trong 10 phuat. Cudi
cung bdc bay dién cuc Aluminum tao ra cic pin co
dién tich 4x2 mm va pin dugc u nhiét 6 100°C
trong 10 phut trong moi truong Ar.

Cac phuwong phap phan tich

Hinh thai hoc cia GQDs dugc do bang kinh
hién vi dién tir truyén qua (TEM - JEOL JEM
1400). CAu trac tinh thé cia GQDs dugc phén tich
bang phd nhifu xa tia X-XRD (D8 ADVANCE,
Cu Ko radiation A = 1,54 A). Céc trang thai dién tir
va céc lién két carbon dugc nghién ciru théng qua
ph6 XPS (do tai dai hoc Chonbok — Han Qudc).
Phd FTIR dugc do trén may Equinox 550. Pho hap
thu cua GQDs trong nudc duge do trén may Jasco
V530. Phd quang phat quang duoc do trén hé do
HORIBA fluorescence spectrophotometer st dung
laser He-Cd 325 nm kich thich. Pac trung J-V cua
thiét bi duoc do boi hé do Keithley 2400.

3. KET QUA VA THAO LUAN

Hinh thai hoc, thanh phin va cu tric cia
chim hrgng tir graphene

Hinh 4 1a anh TEM ctia GQDs ¢ giai do 50 nm
va 20 nm cho thiy GQDs c6 kich thudc trung binh
khoang tir 6-8 nm, cac chdm luong tir graphene
phan tan rat déu trong dung moi nudc. Pay l1a mot
vu diém cua chim lugng tir graphene so véi cic
cham luong tir nhu CdS, CdSe...rat dé bi két tap
thanh dam, kho rng dung trong quang tr va y sinh.
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Hinh 4. Anh chup TEM ciia GQDs minh chimg kich thudc
trung binh khoang tir 6—-8 nm

Vé mit 1y thuyét, thanh phan chinh cia GQDs
chi gdm ¢6 C va H tuy nhién do sy twong tac giita
cac mat carbon voi nhau va do cac qua trinh khu
tach 16p, cho dén nay, GQDs duoc bao céo déu co
nhitng nhom chirc gén trén bé mat nhu hydroxyl (-
OH), epoxy (-O-), carbonyl (-C=0) va carboxyl
acid (-COOH) [12, 13, 17, 18]. Bé khdo sat cac
nhém chtrc ton tai trong dung dich GQDs, ching
t6i chup phd FTIR cia GQDs nhu minh hoa trén
Hinh 5A. Pho FTIR ciia mdu khir NH; xuét hién
cac dinh phd ¢ 550 cm™, 1250 cm™, 3300-3600
cm’!, 1650 cm™! twong tng voi cac dao dong C-O-
C, C-N trong mit phang, N-H trong dao dong cua
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cac nhom amin, dic biét dinh 1650 cm™' 1a dao
dong dic trung ctia nhom amide-carbonyl, diéu
nay da xac dinh sy hinh thanh cdc nhém amide
thong qua sy twong tac gilta cdc nhdm carboxylic
trong mang tinh thé. Két qua nay kha tuong dong
voi cac nhom tac gia khac [12-13] che tao GQDs
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v6i cung phuong phap (Hinh 5B). Lién két C=C &
s6 song 1637 cm' bi chong chap trong phd nén ciia
nhom chitc -NH-CO- do d6 chung t6i st dung
thém mot phuong tién khao sat khac thuyét phuc
hon cho lién két C=C trong GQDs d6 1a phd XPS
dugc trinh bay trong Hinh 6.
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Hinh 5. A) Phd FTIR ctua mau GQDs khir NH; ¢ 70°C. B) Phé so sanh cia tac gia Hiroyuki Tetsuka [79]
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Hinh 6. Ph6 XPS ciia miu GQDs (A, C) va phd XPS so sanh ciia tac gia Hiroyuki Tetsuka (B, D) [12]

Trén Hinh 6 1a phd XPS ciia chim luong tir
graphene ché tao tir tién chit GO. Pho XPS c6 hai
dinh dac trung cho GQDs d6 1a dinh Cls va Nls.
Pinh Cls cho thiy xuét hién cac lién két C-C
(284,2 eV), epoxy C-O-C (286,4 eV), carboxyl O-
C=0 (288,8 e¢V) déy la nhing lién két dic trung
cua cac dao dong trong GQDs ché tao tir phuong

phap khtr NHs. Binh N1s ¢ 401 eV da minh ching
lién két gitra graphene v6i nhém amine C-NH,,
ching t6 NH; da dinh trén cac mang GO. Cac tac
gia Juan Peng va Hiroyuky Tetsuka [10, 12] cling
cho rang cac hat GQDs dugc ché tao tir phuong
phap héa hoc s& chira ciac nhém chic & bé mit
hodc & cac bién hat. Cac két qua nay ciing tuwong
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dong vé6i cac két qua nghién ctru cia ching toi
(Hinh 6).

Qua qua trinh khao sat chung toi nhan thay ring
s6 lwong nhom chirc con gan trén GQDs giam hin
s0 Vi tién chat GO sau qué trinh thity nhiét trong
mdi truong NH;. Dé tai kiém ching két qua nay,
ching t6i tién hanh xac dinh gian d6 XRD cia
GQDs va so sanh chung voi gian d6 XRD ciia GO
va graphite flake (GF) (Hinh 7A). Cac mat (002)
trong GQDs dd dwoc nghién ciru kha chi tiét.
Khoang cach giita cac 16p trong GQDs phu thudc
manh vao qua trinh khir cia chung, tic 1a cach
chung dwoc gin cic nhom chic nhu hydroxyl,
epoxy, carbonxylic...va cac nhém carboxylic acid
¢6 thé lam ting khoang cach giita cac 16p (002)
cia GQDs. Noéi chung, khoang cach gilta cac 16p
phu thudc nhiéu vao phuong phap ché tao. Trong
phé nhidu xa tia X cia GQDs lam tir cacbon hoa
nitric acid thi khoang cach nay 1a 0,34 nm gan
bang vai graphite dang khdi 1a 0,334 nm, trong khi

d6 khoang cach giita cac 16p trong GQDs lam tu
CF (carbon fiber) thi 16n hon nhiéu (khoang 0,403
nm). Piéu nay cé thé do su dong gop cua cic
nhom chire chira oxygen da gan vao giita cac 16p
trong qua trinh khir va tach 16p CF bang cac acid
manh va dam dic. Khoang cach gilra cac 16p
GQDs trong phuong phép thiy nhiét trong su co
mat cua NH3 14 0,393 nm [12]. Tém lai, cdc nhém
chtre chira oxygen co thé mé rong khong gian giita
céc 16p trong GQDs nhiéu hay it tuy theo vi tri cac
nhém chirc chira oxy nim trong cac mit phing
giita cac 16p hay 1a nam & canh céc 16p. Gian dd
nhiéu xa XRD ciia GQD dugc chup tai vién dau
khi Viét Nam, phé dugc minh hoa trong hinh 7 véi
mot dinh nhdé va mo rong ¢ 26 = 21,5° twong ung
voi hﬁng ) mang khoang 0,4 nm. Sy md rong
dinh cho thiy cac cham luong tir sap xép khong
trat ty nhung viéc dich dinh tr 10° v& 21,5° cho
thdy co su giam cdc nhom chirc chira oxygen giira
cac 16p carbon [12].
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Hinh 7. A) Gian d6 XRD ciia GF (graphite flake), GO, GQDs. B) Gidn db XRD so sanh cua tac gia Hiroyuki Tetsuka [12]

Tinh chit quang ciia chim lwong tir graphene
Hap thu

GQDs c6 tinh hép thu quang hoc manh trong
ving UV, voi phan dudi kéo dai dén ving anh
sang nhin thdy. Dbi v6i phd hap thy UV-vis cia
mau GO, c6 hai dinh phd dugce quan sat: mot dinh
cao & vi tri bude séng 230 nm do sy chuyén tiép -
m* cua cac lién két C=C trong vong thom, va mot
vai (dinh thap hon) & vi tri 300 nm c¢6 ngudn gdoc
tir su chuyén tiép n-n* cua cac lién két C = O.
Trong trudng hop cia chdm lugng tir graphene,

dinh phd cua chuyén tiép m-n* nam trong khoang
tir 220270 nm va dinh cia su chuyén tiép n-n* &
bude song dai hon 260 nm. Péi khi, chuyén tiép n-
m* rat khé quan sat vi phong nén hip thu qué 16n.

Hinh 8A trinh bay phé hip thu cia GQDs, cho
thdy c6 mot dinh dic trung & 270 nm. Két qua nay
cling tuong tu nhu két qua cua tac gia Juan Peng
[10] (duong A twong Gng vdi hat phat quang mau
blue (kich thudc hat vao khoang 1-4 nm) va mot
s6 nhom tac gia khac [10, 12, 17, 18].
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Hinh 8. Phé hip thy cuia GQDs (A), phé hap thu GQDs cua tac gia Juan Peng [10] (dudng A) (B)

song ngan. Hai dinh thé hién 13 trén phd PL ching
to trong mau GQDs ton tai hai loai hat co kich
thudc khac nhau. Tuy nhién dinh 440 nm chiém wu
thé do do luong cac hat nho chiém wu thé hon.

Quang phat quang

Phd PL ciia miu GQDs ché tao & 70°C thé hién
mot dinh chinh vao khoang 440 nm va mét dinh
phu khoang 520 nm (Hinh 9B), thong thudng céc
hat cang nho thi phé PL cang dich vé phia budc
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Hinh 9. A) Phd PL ciia mau GQDs kich thich & budc song 365 nm. B) Phé PL ctia GQDs cua tac gia Shoujun Zhu [20]
1€ pha tap gitra P3HT/PCBM v6i GQDs. Cac thong

s0 khao sat cta linh kién dugc minh hoa trong
Béang 1.

Ung dung chim lwong tir graphene lam 16p
truyén 16 trong trong pin mit troi hiru co

Dé khao sat vai trd ciia GQDs trong viéc lam
16p truyén 15 tréng trong OSC chung t6i thay ddi ti

Bang 1. Téng hop céc thong sé cta pin mat troi khi sir dung va khong str dung GQDs 1am 16p truyén 13 tréng

P3HT/PCBM:GQDs | Isc (mA) | Voc (V) FF
10:0 291 0,55 0

,50
10:1 3,74 0,55 0

31
10:2 438 0,55 0

A4
10:3 4,20 0,55 0

38
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Hinh 10A va Bang 1 cho thay, khi c6 GQDs mat
d6 dong doan mach 16n hon so véi mat do dong
doan mach ctia pin khi chwa pha tap, con thé mach
ho khong thay doi. Ban dau ¢ ti 18 10:0 (tirc 1a pin
tham chiéu) mat do dong doan mach la 2,91
mA/cm?, thé mach ho 0,55 V, thira s6 14p day 0,50
nhung khi pha tap mot lugong thich hgp GQDs thi
dong doan mach cao nhit 13 4,38 mA/cm?, thé
mach ho 0,55 V, thira s6 lap day 1a 0,44 hiéu suat
duoc tang cuong. Dé ly giai diéu nay chung toi
cho rang véi muc nang lugng phu hop, cu thé: E,
p3uT < Ec Gops< Ec pcBm va Ey p3ut < Ev gops < Ev
pcem nhu minh hoa trén hinh 10b GQDs da dong
vai trd nhu mot bac thang ning luong nhim giup
tach dién tir va 15 trong vé hai cuc hiéu qua hon
nho do6 ting dugc dong doan mach va tang hi¢u
suat pin. Theo Zicheng Ding [8], cic nhom chirc
COOH trong GQDs da lam tidng cong thoat cua
GQDs [én 5,26 eV do d6 lam giam su chénh rao
thé gitra cac 16p hoat tinh, ting hiéu sudt pin tir

3,03% lén 6,03%. Theo mdt nghién cuu khac ctua F
¥

—10/0
10/3
—10/2
101

Li [14], v6i cong thoat cao (5,75 eV) GQDs da
dam nhiém t6t vai tro truyén 13 trdng giira cac 16p
hoat tinh v& dién cuc, nhd d6 ting dong doan mach
va ting hiéu sut pin tir 2,61% 1én 5,24%.

Pé tdi wu hoa ti 1¢ pha tap cia GQDs vao 16p
hoat tinh, chung t6i tién hanh ting dan ti 1¢ pha
tap. Theo dic trung J-V trong Hinh 10A cho théy,
khi tang ti 1¢ P3HT/PCBM:GQDs tir 10:1 dén 10:3
thi méat do d(‘)ng doan mach tang 1én cao nhét ¢ ti 1¢
10:2 Va bt dau giam nhe O ti 1¢ 10 3. Chung t01
cho rang khi ting lugng GQDs thi s6 cac mdi nbi
giita P3HT va PCBM duoc GQDs xen vao nhiéu
hon, hay néi cach khac s6 lugng cac 15 tréng va e
chuyén vé cac dién cuc dé dang hon do d6 ting
dong doan mach. Tuy nhién, khi ti I¢ nay ting lén
nira thi khong cai thién duoc dang ké mat do dong
doan mach vi lic nay lugng GQDs nhiéu va kich
thudce cac hat khong déu nhau c6 thé gay ra mot sb
khuyét tat, tao ra cac biy dién tur 16 trong khong
mong muén do d6 mat do6 dong doan mach gan
nhu bio hoa va ¢ xu hudng giam xudng,

Hinh 10. A) Khao sat ti 1¢ pha tap GQD Ién dac trung J-V ciia OSC. B) Gian dd nang lugng trong pin mat troi ¢6 st dung GQDs

Nhu vay, voi mot ti 1& pha tap t6i uu
P3HT/PCBM:GQDs 1a 10:2 ching t6i da tao ra
duoc mot ciu tric pin mat troi c6 hiéu suét cao
hon so véi pin khi khong pha tap.

Viéc ung dung GQDs lam 16p truyén 18 tréng
(HTL) hodc tach 15 tréng (HTL) nham ting hiéu
suat ciia linh kién da bat dau duoc cha y trong
nhitng nim gan day théng qua viéc kiém soat cong
thoat tuong ung cia GQDs [5-9, 14-16]. Trong
nhitng cong trinh nay, cong thoat ciia GQDs c6 thé
dugc didu khién thong qua cac nhom chirc hoidc
thong qua kich thudc hat, tuy nhién, cac két qua
clia cac bai bao van con mang tinh cha quan va
chua c6 1y thuyét chung cho viéc diéu khién cong
thoat cia GQDs. Viéc nghién ctru lam rd vai tro
ctia 16p truyén 15 tréng GQDs trong céu tric pin
can c6 nhitng nghién ciru, phan tich tong quat va

dﬁy du hon dwa vao cac thiét bi hién dai nhu phé
UPS két hop chit ch& voi phd XPS...Tuy nhién, &
Viét Nam, cic may moc ndy con han ché, do d6
v6i nhitng nghién ctru ban dau vé GQDs con kha
méi mé & Viét Nam nhat 1a trong linh vuc linh
kién quang dién, chung t6i hi vong day sé la nhung
dong gop hitu ich trong viéc cai tién hiéu suét cho
dong pin mit trdi hitu co truyén thong nay.

4. KET LUAN

Trong dé tai nay, chung t6i di tong hop thanh
cong chdm lugng tir graphene tir vat litu dau
graphite ré tién v&i phuong phap kha don gian.
Dic biét chiing toi co thé ché tao GQDs dudi dang
bot. Véi mot cu trac ving ning lugng thich hop
GQDs d3 dam nhiém tot vai trd truyén 16 trong
trong pin mit trdi hiru co ting hiéu sut pin dang
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ké so véi pin truyén thong, di€u nady md ra mot
hudng nghién clru mai trong viéc gidi bai toan cai

tién

dong doan mach cta pin mat troi hitu co

truyén thdng.

Loi cam on: Dé tai duoc thuc hién dudi sy ho
tro kinh phi ciia Pai hoc Quéc gia TP. HCM vii
md s6 dé tai C2017-18-25.
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The research and fabrication of graphene
quantum dots applied as the hole transporting
layer in polymer solar cells
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Abstract—In this report, we studied and
fabricated graphene quantum dots by improved the
Hummer method using NH: reducing agent. The
diameter of graphene quantum dots was
approximately 6 nm, applied as the hole transport
layer in organic solar cell to improve the quantum
efficiency of solar cells. GQDs were very friendly
with environment, made at low temperatures and
might be dried into powder form and dissolved well

in polar solvents. Graphene quantum dots with a 0D
structure had the workfunction suistable for the
conductive polymer which increased the short
current (from 2.41 mA/cm? to 4.38 mA/cm?) of
polymer solar cells. They improved the performance
significantly compared to conventional solar cells.

Keywords—quantum dot, graphene, micro wave,
polymer solar cells, hole transporting layer



