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Tém tit

Céc nano tinh thé (NC) ba thanh phan CdSe,S1. voi X thay ddi (0 < x < 1) da dugc ché tao bang k¥ thuat bom néng cac
tién chit. Su c6 mit cta cac nguyén t6 Cadimi, Luu huynh, Selen va sy hinh thanh cac NC CdSexS1.x dd duge xac dinh
thong qua phé tan sic ning lugng tia X (EDS) va gian dd nhidu xa tia X (XRD). Céu trac tinh thé cua cac NC thu duge
thé hién pha gia kém. Phd hép thu va huynh quang dwoc sir dung dé phan tich sy phu thudc cia ning lugng ving cim
vao thanh phan x trong NC. Vi cic ty 1 Se:S khac nhau thi nang lugng ving cAm NC CdSe,S1.« thay dbi trong khoang
tir 1,96 eV dén 2,83 eV. Do d6, mau sdc phat xa cua chung ciing bién ddi tir mau xanh sang do khi x thay déi tir 0 dén 1.

Tir khéa: Nano tinh thé; CdSe; CdS; chidm lugng tir; nang lugng ving cAm.

Abstract

CdSeS1« ternary nanocrystals (NC) with x changing in the range 0 < x < 1 have been fabricated via the hot-injection
technique of precursors. The presence of cadmium, sulfur, selenium, and formation of CdSesSix NC have been
confirmed by energy-dispersive X-ray spectroscopy and X-ray diffraction. The crystal structures of the NC show zinc
blende phases. The composition-dependence of band gaps in NC was analyzed by the absorption and fluorescence
spectra. By varying the ratio of Se:S, the band gap of NC was altered in the range of 1.96 eV to 2.83 eV. Hence, the
emission color of NC will change from green to red when x changes from 0 to 1.
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1. Mé& dau

Céc nano tinh thé (NC) ban dan da thu hat
su quan tdm nghién ctru trong nhiéu linh vuc
dién tir va y sinh nho vao cac tinh chat vat 1y,
hoa hoc kha ndi troi so voi vat liéu khdi [1,2].
Tinh chat nay c6 thé dugc didu khién bang cach
thay ddi kich thudc, chiéu giam giit luong tir
trong pham vi nhé hon ban kinh Bohr exciton
hay hinh dang cua chung [3 - 5]. Nhiing nghién
clru trude day chu yéu tap trung vao cac dbi
twong NC hai thanh phan [6,7]. Gan ddy cac
NC hop kim ba thanh phan da bat dau duoc chii
v dén v6i cac tinh chat vat 1y, hoa hoc thu duoc
thong qua su thay doi ty 18 thanh phan phéan bd
clia cac nguyén to hoa hoc bén trong ching [8 -
12]. Cac NC hop kim c6 chung anion hodc
cation dugc ché tao bﬁng cach két hop tir mot
cdp NC hai thanh phan c6 ciu tric ving ning
lugng khac nhau chiang han nhu CdSSe (CdSe,
CdS) [13], CdTeSe (CdTe, CdSe) [14], CdSTe
(CdS, CdTe) [15], PbSeS (PbSe, PbS) [16],
CdznS (CdS, zZnS) [17]. Uu diém cua cac NC
nay 1a c6 nhitng tinh chét thu vi nhu no c6 thé
thu duoc nhimg budc song phat xa thay doi tir
ving tir ngoai dén ving hong ngoai ma kho thu
dugc ddi véi cac NC hai thanh phan khi thay
d6i kich thudc hay hinh dang. Hon nita, tiy
theo hoat tinh héa hoc cia cac tién chit khac
nhau ma kha ning khuéch tan xay ra trong qué
trinh phan tmg c6 thé thu dugc cac NC hop kim
c6 cdu trac dong nhat hay thay doi theo ban
kinh [10,18,19].

Trong cdc NC thudoc nhom A"-BVY! NCs
CdSeS dang 1a mot trong nhing g vién rat tot
v6i tinh chat quang ndi troi (thoi gian dap tmg
nhanh, d6 nhay phi tuyén 16n va quang dan tdt)
c6 tiém niang ing dung trong cac thiét bi quang
dién tir thé hé tiép theo [20] va khoa hoc y sinh,
truyén dan thudc, cam bién sinh hoc, hinh anh
in vivo va danh ddu huynh quang [21]. NC
CdSSe mang céc dac trung ctia cd NCs CdSe va
CdS voi ning luong ving cdm cta ching ¢ thé
thay doi lién tuc tir 1,73 eV (d6i v6i CdSe) dén
2,42 eV (d6i voi CdS) khi thay doi thanh phan

selen hodc luu huynh. Pong thdi mau sic phat
xa cia chung ciing bién thién lién tuc trong
ving 4nh sing nhin thay [16]. Do d6 nhiing
nghién ctru sau sic cac tinh chéat caa cac NC
CdSSe rat c6 ¥ nghia. Hon nita, vé mat thuc
nghiém hién nay van con nhiéu nha nghién ctru
tim cach cai tién cong nghé ché tao cac NC
CdSSe nham dé thu dugc nhiing dic tinh quang
t6t cting nhu diéu khién duoc cac tinh chét nay
mot cach dé dang.

Nghién ctru thyc nghiém ché tao cac NC
CdSSe lan dau duoc ché tao bang phuong phap
két tia trong dimethyl sulfoxide DMSO véi
kich thudc trong khoang tir 5 dén 10 nm [26].
Sau do, phuong phap hoa udét véi ki thuat bom
néng cac NC hai thanh phan, hodc cho cac NC
hai thanh phan phan ng theo quy trinh mot
bude ciing duoc tiép can dé ché tao cac NC nay
[11,19,27,28]. Tuy nhién, cic quy trinh tong
hop cac NC cta nhom nghién ctu déu duoc
thyc hién ¢ nhiét do tuong ddi cao tir 280°C
dén 320°C. Pong thoi méi trudng phan tng déu
sir dung cac dung moéi lién két va phosphine dé
hoa tan cic tién chat nhu trioctylphosphine
(TOP), trioctylphosphine oxit (TOPO),
tributylphosphine (TPB). Day la nhiing dung
moi rat nhay v&i khong khi, gia thanh cao va
doc hai [29 - 31].

Trong nghién ctru nay, chung t6i di tong
hop ciac NC CdSexSix ¢ nhiét do thip hon va
moi truong phan ung khong s dung cac dung
moi phosphine. Hon nita cac tién chat
chalcogenide khong chura phosphine cé hoat
tinh héa hoc cao hon so véi cac tién chat st
dung phosphine. Piéu ndy c6 y nghia quan
trong trong cong nghé ché tao cac NC c6 cac
ciu trac khac nhau. Tinh chat quang hoc, ciu
trac, thanh phén, kich thuéc va sy phu thudc
vao thanh phan cia ning luong ving cim ciing
da dugc théo ludn chi tiét.

2. Thyue nghiém
2.1. Héa chit

Cadmium oxit (CdO, 99,99%, Sigma -
Aldrich), axit oleic (OA, 99,99%, Sigma -
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Aldrich), bot luu huynh (S, 99,99%, Sigma -
Aldrich), bot selen (Se, 99,99%, Sigma -
Aldrich) va octadecene (ODE, 90%, Sigma -
Aldrich) va mot $6 dung méi lam sach mau nhu
isopropanol, toluene, chloroform.

2.2. Ché tao cdc NC CdSesSi-x

Tong hop cdc tién chdt Se/S-ODE thay doi
theo x:

Tién chat Se duoc ché tao bang cach khuay
gia nhi¢t 0,01 mmol Se v&1 20 mL ODE ¢ nhiét
d6 180°C. Tién chat lvu huynh di duoc diéu
ché bang cach hoa tan (1-x) mmol bot S véi
2(2-x) ml ODE. Sau d6 thém vao 2x ml hén
hop dung dich Se-ODE. Thu dugc céc dung
dich tién chéat Se/S-ODE. Tét ca cac phan tmg
nay déu duge thuc hién trong moi truong khi
nito sach.

Téng hop cic NC CdSexSix

Pau tién ché tao cac tién chit Cd bang cach
khuy hdn hgp gom 30 mg (2,4 mmol) CdO, 90
ml ODE va 2,3 ml OA trong binh cu ba ¢ &
nhiét 6 200°C dén khi CdO dugc hoa tan hoan
toan. Dung dich lic ndy chuyén sang mau vang
chanh, diéu nay da chi ra rang c6 su hinh thanh
hon hop phtrc cadimioleat.

Tiép theo ché tao cic NC CdSexSix, tién
hanh bom nhanh 5ml hén hop Se/S-ODE vao
dung dich cadimioleat dang duoc khudy o
260°C. Qua trinh phat trién hat dugc gitr trong
thoi gian phan tng khoang 180 phut. Nam hé
mau véi cac thanh phe‘in x khac nhau (x = 0; 0,3;
0,5; 0,7 va 1) da dugc thyc hién theo cung mot
quy trinh cong nghé.

Cubi cting cac mau duoc 1am sach bang cach
ly tdm mAau trong dung mdi isopropanol,
toluene v6i tbe do 6000 vong/phut va phan tan
lai trong toluene dé tién hanh do dac khao sat
va phén tich cac tinh chat.

Cac miu NC duoc ky hiéu lan luot 1a SO,
S03, S05, S07 va S1 dé thao luan.

2.3. Cic phwong phdp khdo st dic trung ciu
triic va tinh chit quang

Kich thudc ctia mau duge xac dinh tir hinh
anh hién vi dién tir truyén qua (TEM) sir dung
hé do Joel JEM 1010 hoat dong & 80 kV. Phd
hap thu cia mau dugc thuc hién trén quang phd
ké UV-vis Shimazdu 1800. Pho huynh quang
(PL) dugc do bang may quang phd huynh
quang Jobin Yvon Flurolog FL322 v&i budce
song kich thich 400nm.

Pho tan sic ning luong duoc ghi tir hé SEM-
JEOL JSM-7600F duoc gan hé EDS. Nhiéu xa
tia X (XRD) dugc do trén h¢ Siemen D5005 su
dung buc xa Cu-Ka véi budce song 0,15406 nm.
Déi voi phép do EDS va XRD, cac mau duoc
nho khé trén lam kinh. Cac phép do déu thuc
hién ¢ nhiét do phong.

3. Két qua tinh s6 va thao luan
3.1. Pic trung cdu triic ciia NCs

Pé xac dinh thanh phan nguyén t6 hoa hoc
trong cac NC CdSexSix chung t6i da tién hanh
phan tich phd EDS cta cac mau. Hinh 1 trinh
bay phé EDS cta mau S07 va ty 1& phan trim
cac nguyén td (at %) tinh toan tir EDS duoc liét
ké trong Bang 1. Két qua cho thiy sy c6 mit
ctia cac nguyén t6 Cd, S va Se trong tit ca cac
mau NCs da ché tao. Pong thoi ty 1¢ phan trim
ctia thanh phan Se ting dan twong tng vdi thay
d6i ciia tién chat Se tinh toan thyc nghiém. Ty
1¢ nay ciing kha twong dong nhau diéu nay da
ching t6 rang cac mau NCs CdSexSix v6i su
thay d6i thanh phan x khac nhau da duoc tong
hop thanh cong.

cd

T T T T T T T T T T T T
o0 1 2 3 &4 B L] 7 8 9 10 1" 12 13 14

Hinh 1. Phd EDS ciia NC S07
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Bang 1. Ty 1& cic nguyén t6 Cd, S va Se
trong cac NC CdSexS1x voi thanh phan x khac
nhau dugc xac dinh tir phé EDS

NC at%Cd at%Se at%S Xep  Xcal
S0 52.56 47.44

S03 53.48 10.51 36.01 023 0.3
S05 51.94 25.46 2260 053 05
S07 58.60 26.45 1495 064 0.7
S1  60.40 39.60

Gian d6 nhiéu xa XRD cta cdc NC CdSexS1-
x dugc trinh bay & Hinh 2 (a), két qua cho thay
cic miu déu c6 cdu trac tinh thé véi pha
zincblend. Pha nay dugc thé hién rd nét vai cac
dinh (111), (220) va (311). Cac vach nhiéu xa
ctia cac mau NC S03, S05 va SO07 cho thiy cac
dinh nam giita cdc dinh nhidu xa ciia NC CdSe
(JCPDS sb 19-0191) va CdS (JCPDS sé 80-
0019). Piéu nay ching t6 ring cac NC véi
thanh phan Se khac nhau di duoc tong hop
thanh cong. Hon nira, cac dinh nhiéu xa dich vé
g6c 26 thip hon khi thanh phan Se ting 1én. Su
thay ddi nay cho thdy rang Se dd khuéch tan
vao bén trong cau tric NC [13]. Cac gia tri
hing s6 mang a duoc tinh toan tir gian d6 XRD
minh hoa ¢ Hinh 2 (b). Su tang Ién ctua Se lam
tang gia tri hang s mang vi ban kinh ion cta
Se 16n hon. Mdi lién hé giira thong s6 a va x
gan tuyén tinh [32].

—_
©
N

Cuong do (dvty)

w (110 |

[ | | —— Vegar fit

00 02 04 06 08 1.0
x

Hinh 2. (a) Gian dd nhig‘zu xa XRD cua cac NC CdSe;S-
«; (b) Su thay d6i cia hang sO mang theo thanh phan x.

Anh TEM cua cac NC CdSexSix dugc hién
thi trong Hinh 3.

Hinh 3. Anh TEM va sy phan b kich thugc cta cac NC
(a) SO; (b) S3; (c) S5; (d) S7; (e) S10.

Két qua tir anh TEM cho thdy cac NC déu c6
hinh dang twa cau. Kich thuéc trung binh cta
cac NC khoang 4nm va chénh 1éch khong 16n.
Diéu nay c6 thé thdy duoc rang sy thay doi cua
thanh phan Se khac nhau khong anh huong 16n
dén kich thudc hat. Pay 1a mot trong nhung wu
diém ddi voi cac NC nay chi thay ddi thanh
phan ma khong thay ddi kich thudc van cé thé
thay doi cac tinh chat cua chung.

3.2. Tinh chit quang

Chung t6i da nghién ciru quang pho UV-vis
ciia cac NC dé phén tich sy phu thudc vao
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thanh phan cua niang lugng ving cidm (Eg).
Hinh 4 (a) trinh bay phd héap thy cua cac NC
CdSexS1x. Gia tri Eg dugc xac dinh tir dinh hép
thu dau tién bang phuong phap dao ham bac hai
ciia phd (Bang 2). Két qua cho thay vi tri dinh
hap thu dich vé phia ning luong thdp khi Se
tang. Vi S ¢6 dd am dién cao hon Se, nén Eg
ctia cac NC CdSexS1x ¢6 chira Se déu thap hon
so v6i cac NC CdS. Hon nira, Eg giam phi
tuyén khi ting thanh phan Se duoc thé hién &
Hinh 4 (b). Pudng mau dé biéu thi cac gia tri
dugc lam khop theo dinh luat Vegard [32]:

CdSe,S, , _ Cdse cds
E, =XE;™ +(1-X)E;” —bx(1-X),

trong d6 E;***1a ning lugng ving cAm
ciia cac NC hop kim ba thanh phan, E.™ la
ning lugng ving cdm cua CdSe, Ey® la nang
lugng ving cdm cua CdS va b 1a hé sé udn
cong ving cAm ning lugng. Gia tri b ~ 0,28 eV
dugc xac dinh tir lam khép theo phuong trinh
(1), gia tri ndy ciing gan bang vdi cac bao cio
1y thuyét va thuc nghiém [18,20].
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Hinh 4. (a) Pho hap thu chudn héa cia cdc NC CdSeSi-
x; (b) Xu hudng thay d6i ctia Eg theo thanh phan x

binh PL FWHM
NC Eg(eV) (eV) (nm)
SO 2.83 2.76 21
S03 2.61 2.52 31
S05 2.49 2.39 35
S07 2.23 2.16 35
S1 1.96 1.94 26

Hinh 5 (a) trinh bay phd phat quang (PL)
cua cac NC CdSexSix vdi bude song kich thich
400 nm. Vi tri dinh PL va d6 ban rong phd

(FWHM) duogc dua ra & Bang 2. Tat ca cac NC
duoc tong hop déu phat xa trong ving nhin
thdy. Vi tri dinh PL dich do khi Se ting 1én. Do
dich Stock khoang 0,09 eV, két qua nay chi ra
rang sy phat xa c6 ngudn gbc tir sy tai hop
vung vung bén trong NC [24].

Su 4anh huéng cua thanh phan Se khac nhau
1én FWHM ciing da duoc quan sat. FWHM dbi
v6i cac NC S1 va SO hep hon so voi cac NC
S3, S5 va S7. FWHM 16n hon nay la do su
khuéch tan cia Se dan dén sy phan bd ngau
nhién gitta cac anion Se/S va nhitng sai hong
bén trong NC [12].

Gian dd toa do mau biéu dién cho dai phat
xa clla cac mau cé thanh phan Se khac nhau
dugc thé hién ¢ Hinh 5 (b). Khi x thay ddi tir 0
dén 1, mau phat xa thay doi tir xanh (blue) sang
do.
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Hinh 5. (a) Phd PL cua cac NC CdSe,Six V6i bude song
kich thich 400 nm, (b) Toa d6 mau cuia mau sac phat xa
cua cac NC voi thanh phan Se khac nhau.

4. Két luan

Céc NC CdSexSix véi thanh phan Se thay
d6i (0 < x < 1) da dugc ché tao bang k¥ thuat
bom néng tién chét anion khong chtra cac dung
moi phosphine doc hai. Sy thay doi thanh phan
Se va sy hinh thanh cdu trac tinh thé da duogc
chting minh qua phd EDS va gian d6 nhiéu xa
XRD. Kich thuéc hat trung binh gitra cac NC
c6 sy chénh 1éch khong dang ké khi x thay doi.
Véi ty 18 Se:S khac nhau thi hang sb mang thay
d6i gan nhu tuyén tinh, trong khi ning luong
ving cam thay d6i phi tuyén trong khoang tir
1,96 eV dén 2,83 eV duoc 1am khép theo dinh
luat Vegard. Su phat xa quang trong vung nhin
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thdy thay d6i tir mau xanh (blue) dén mau do.
Két qua nay kho thu duoc & cac NC hai thanh
phan, didu nay c6 trién vong cho tmg dung
trong danh dau sinh hoc hay quang dién tu.
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