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Céc nano tinh thé CdS va CdS pha tap Ni (CdS:Ni) véi cac ndng do 1, 5, 10 va 20% da duoc ché
tao bang phwong phap héa u6t trong dung mdi khong lién két ODE. Két qua chup anh TEM cho
thdy céc nano tinh thé CdS va CdS:Ni c¢6 hinh dang tua cau, kich thuéc khoang 6 nm va gan nhu
khong thay ddi khi thay d6i ndng do pha tap Ni. Két qua tir gian d6 nhidu xa tia X cho thiy cac
nano tinh thé CdS:Ni véi ndng do thay déi déu c6 céu trac Zinblende va khong thay di so véi cau
trc tinh thé cua cac nano tinh thé CdS khdng pha tap. Két qua phan tich pho tan sic ning luong
EDX cho thay c6 sy tn tai cua cac nguyén t6 Cd, S va Ni trong cac nano tinh thé CdS:Ni. Phé tan
xa Raman cho thiy cac dinh 1LO va 2LO cua céc nano tinh thé CdS:Ni dich do nhe so véi cac
nano tinh thé Cds, day co6 thé la két qua dong gop cua giam giir phonon quang. Phd huynh quang
cuia céc nano tinh the CdS va CdS:Ni (1-20%) c6 dinh phat xa thay doi trong khoang 474 - 483
nm. Dinh hap thy cua cac nano tinh thé CdS:Ni dich do6 so vé6i dinh hip thu cua cac nano tinh thé
CdS va c6 d6 rong vling cdm nam trong khoang 2,62 -2,72 eV chiing t6 Ni da vao duoc trong

mang nén tinh thé CdsS.

Tir khéa: nano tinh thé, pha tap, CdS, tinh chat quang.

MO PAU

Vit liéu nano c6 céc tinh chat dién va quang
tha vi phu thudc vao kich thuéc, hinh dang va
thanh phan. Cac tinh chét dic biét nay da thu
hat dugc sy quan tdm cua cac nha khoa hoc
cho ca cac nghién ciru co ban va trién khai
ng dung. Trong vai thap nién gan day, cac
nano tinh thé (NC) ban din thuong duoc pha
tap thém céc kim loai chuyén tiép dé tao ra
vat liéu mai, ton tai ddng thoi hai tinh chat
dién tir va quang. Vat liéu méi nay duogc goi
tén 13 ban dan tir pha lodng [1]. Yéu té quan
trong nhat quyét dinh cac tinh chét vat Iy cua
cac NC ban dan pha tap la sy pha tap phai
ddng déu [2]. Nhiéu NC ban dan pha tap kim
loai chuyén tiép (KLCT) da dwoc quan tam
ctru nhu CdS:Mn [3], CdSe:Cu [4], ZnSe:Eu
[5]... Cac NC ban dan pha tap KLCT c6
nhiéu tinh chat thd vi va uu diém ndi bat so
véi cac NC ban dan khong pha tap. Khi pha
tap cac KLCT vao cac NC ban dan s& tao ra
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c4c muc nang lwong nam trong ving cam,
lam thay d6i dang ké budc song phéat xa ma
khong can thay d6i kich thudc, hinh dang hay
tao ra cac cau tric nano phac tap. Su khéc
nhau nhiéu giita ning luong hép thy ciia nén
va phat xa tap chat s& lam giam su tai hap thu
cta nén ddi véi phat xa tap, lam tang cuong
hiéu suét luong tir. Cac NC ban dan pha tap
cling hap dan hon so véi cac NC nén do phat
xa cla tap chit ciing c6 sy 6n dinh quang va
nhiét t6t hon trong nhiéu méi truong khac
nhau. Mot tinh chét th vi nita 1a cac NC ban
dan pha tap Mn, Cu hay Ni c6 thoi gian séng
ting 1én rat nhidu so voi cac NC ban din
khong pha tap [6-8], uu diém nay lam cho céc
NC ban din pha tap KLCT c6 nhiéu tiém
nang tng dung hon trong cac linh vuc quang
dién tir [9,10], quang dién [11] va danh dau
sinh hoc [12].

CdS 1a mét hop chat ban dan quan trong trong
nhém A,Bs Véi céc tinh chat vat ly tha vi va
c6 d6 rong ving cam la 2,45 eV [13]. Céac
nano tinh thé (NCs) CdS c6 kha nang phat xa
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trong ving tor ngoai gan va mot phan anh
sang nhin thay nén c6 thé tmg dung trong linh
vuc quang xUc tac [14], nang luwgng mat troi,
danh dau sinh hoc, dan séng va dan quang [7,
10, 12]. Cac NC ban dan CdS pha tap cac
KLCT nhu Cu, Co, Mn, Ag... da thu hut
dugc nhiéu nghién ctu trong nhitng nim gan
day. Cac NC CdS pha tap Mn da xuat hién
dinh phat xa mgi do chuyén muc nang lugng
d-d caa Mn [15]. Chauhan va cé&c cong su
[16] da ché tao cac NC CdS pha tap Fe va
nhan thay dinh hap thu cia cac NC CdS:Fe
dich vé phia budc séng ngan hon khi ting
nong d6 Fe. Cac NC CdS:Fe cd hoat tinh
quang xuUc tac tét hon voi xanh methylene khi
dugc chiéu bing anh sang kha kién. Ma va
cac dong nghiép [17] da nghién ciu va cho
thiy dinh Raman cua cac NC CdS duoc ting
cuong khi ting cuong nong do Ag. Tuy nhién
khong c6 nhiéu nghién ctu vé cac NC CdS
pha tap Ni. Trong bai bao nay, ching tdi ché
tao cdc NC CdS va CdS pha tap Ni (CdS:Ni)
VGi cac nong do 1, 5, 10 va 20%, dong thoi
nghién ctu ciu trdc va cac tinh chat quang
cua chang.

THUC NGHIEM

Hoa chit

Céc héa chat caa Aldrich dung dé ché tao cac
NC bao gdm: bot CdO (99,99%), bot S
(99,98%), 1-octadecene (ODE, 90%), axit
oleic (OA, 90%), mudi Nickel(ll) acetate
(Ni(CH3CO,)»4 H,0, 98%). Cac hda chat
ding dé& lam sach va phan tan cac NC la
isopropanol (98%) va toluene (97%) duoc
mua tir cAc cong ty cia Trung Qudc. Tat ca
cac phan tng hoa hoc xay ra dugc thuc hién
trong moi truong khi Ar (99,995%) siéu sach
dé chdng su oxy hoa.

Ché tao cac nano tinh thé CdS va CdS:Ni

Hoa 0,128 g CdO véi 45 ml ODE va 2 ml
OA, khudy hdn hop trén & nhiét d6 180°C
trong thoi gian 1.5 gio ta thu dugc dung dich
1 chtra cac ion Cd**. Hoa 0,032 g S trong 10
ml ODE, khudy trén hdn hop trén & nhiét do
100 °C trong thoi gian 1 gid, sau khi S tan hét

42

ta thu dugc dung dich 2 chtra cac ion S
Bom nhanh dung dich 2 vao dung dich 1 tai
nhiét ¢ 240°C trong diéu kién khudy tron va
gilr phan tng trong thoi gian 15 phdt, ta thu
dugc dung dich chira cac NC CdS.

Hoa Ni(CH3;CO,),-4 H,O trong 10 ml ODE,
khudy tron hdn hop trén & nhiét do 100°C
trong thoi gian 45 phtt ta thu dugc dung dich
3 chira cac ion Ni**. Khéi luong mubdi
Ni(CH3CO,),-4 H,0 dugc xac dinh tuy thude
vao néng d6 % cua Ni. Tron dung dich 3 vao
dung dich 2 réi bom nhanh vao dung dich 1
tai nhiét do 280 °C trong diéu kién khudy tron
va git phan tng trong thoi gian 1 gio, ta thu
dugc dung dich chira cic NC CdS:Ni. Céac
NC CdS:Ni duge ché tao ¢ nhiét d6 cao hon
va thoi gian dai hon cac NC CdS véi muc
dich d& Ni c6 thé chui vao trong mang nén
cua CdS.

Cic phuwong phap khao st ciu tric va dic
trung quang

Hinh dang va kich thudc cua cac NC duoc
khao sat biang phuong phap chup anh hién vi
dién tur truyén qua (Jeol JEM 1010). Phd hip
thu quang dugc do bing may Jasco 670
(Varian). Phé quang huynh quang va tan xa
Raman duoc do bang may LABRAM-HR800
(Horriba, Jobin Yvon) vaéi budc séng kich
thich 325 nm cua dén laser He-Cd. Céu tric
tinh thé cia cac NC duoc khao sat bang may
nhiéu xa tia X (SIEMENS D-5005).

KET QUA VA THAO LUAN

Piu tién chung t6i tién hanh do gian d6 nhidu
xa tia X nham phan tich dinh tinh pha tinh thé
va nghién ctru ciu trac cia cac pha tinh thé
ctia cac NC CdS va CdS pha tap Ni. Gian do
nhiéu xa tia X ctia cac NC CdS va CdS pha
tap Ni dugc quan sat trén hinh 1a. Tir gian do
nhiéu xa tia X ta nhan théy cac dinh nhiéu xa
dugc mé rong chung to cac NC CdS va CdS
pha tap Ni c6 kich thudc kha nho [18]. Két
qua quan sat trén hinh 1a cho thy tat ca cac
mau CdS va CdS pha tap Ni vdi cac ndng do
khac nhau déu xuét hi¢n 3 dinh nhiéu xa voi
cac chi sé Miller: (311), (220) va (111) phu
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hop voi cau triic tinh thé 1ap phuong (cubic)
kiéu ZB, nhom ddi xémg khong gian lam
F43m. Két qua nay chimg to su pha tap Ni
vao CdS khong lam thay d6i cdu tric cua
mang nén. Ngoai cac vach nhiéu xa dic trung
cho pha tinh thé 1ap phuong kiéu ZB, chung
ta khong quan sat thiy bat ky vach nhiéu xa
nao khac trén toan bd gian dd. Picu nay
chung t6 trong cac miu di ché tao khong ton
tai cac pha thi cdp. Hang s6 mang cua céc
NC CdS va CdS pha tap Ni dugc xac dinh tir
d

vh? +k? +1°
1a hing s6 mang va h, k, 11a cac chi s Miller
va d 1a khoang cach giita cic mat phang mang
(h, k, 1.

Tuy nhién khi nong do pha tap Ni ting, cac
dinh nhidu xa cta cac NC CdS:Ni déu dich
nhe vé phia goc 26 16n hon. Nguyén nhén cia
su dich chuyén nay 13 do ban kinh ion cua
Ni?* nho hon cua ion Cd**, phu hop véi su
thay thé nhiéu hon ctia ion Ni** vao cac vi tri
cua ion Cd*[18]. Kich thuéc cua cac NC CdS
va CdS:Ni dugc xac dinh théng qua gian do
nhidu xa tia X bang viéc sir dung cong thic

KA
pcosé

biéu thirc: a = (1), trong d6 a

Scherrer: D = (2), trong do, D la

duong kinh cia hat, K 1a hang s va bang
0,94, A 1a budc song cua tia X, B 1a do rong
ban phd va 0 1a goc nhiéu xa. Kich thudc cua
cac NC CdS va CdS:Ni véi cac nong do 1, 5,
10 va 20% duogc cho trong bang 1, chung to
su pha tap Ni khong la nguyén nhan lam thay
d6i kich thuéc cua cac NC CdS. Kich thude
cua cac NC CdS va CdS:Ni khac nhau 1a do
quy trinh ché tao va sai sb cua qua trinh lam
khdp gian d6 nhidu xa tia X.

Hinh 1b 1 ph tan xa Raman ctia cac NC CdS
va CdS pha tap Ni dugc do tai nhiét do
phong. Véi cac NC CdS ta quan sat thiy 2
dinh 1LO va 2LO tai cac sb song tuong tmg
300 va 600 cm™. Dinh 1LO cua cac NC CdS
dich vé phia sb song nho hon so véi ban din
khdi CdS (tai s6 song 310 ecm™ ) do hiéu tng
giam gitt lwong tir [19]. Khi ndng d6 Ni ting,
dinh 1LO va 2LO ctia cac NC CdS pha tap Ni
dich nhe vé phia s6 séng nho hon so véi cac
NC CdS do ban kinh cta ion Ni** nho hon so
v6i ion Cd** (Ni**=0,62 A, Cd**=0,97A [18,
20]). Cuong d6 tuong tac exciton-phonon
dugc xac dinh boi d6 16n cia ty ) cuong do
gitta cac mode 2LO trén 1LO (I 0/110) [20].
Két qua quan sat trén hinh 1b cho thiy twong
tac exciton-phonon trong cac NC CdS pha tap
Ni giam nhe khi ndng d¢ ion Ni*" ting.

Bang 1. Cdc tham s6 cau tric ciia cae NC CdS va CdS:Ni véi cdc nong dé Ni khdc nhau

Mau Géc 260 (311) Hing s6 mang (A) Puong kinh hat (nm)
Cds 26,367 5,867 5,78

CdS:Ni 1% 26,401 5,852 6,23

CdS:Ni 5% 26,683 5,847 5,89

CdS:Ni 10% 26,817 5,836 5,62

CdS:Ni 20% 27,074 5,81 6,15
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Hinh 1. (@) Gian do nhiéu xa tia X va (b) Phé tén xa Raman ctia cdac NC CdS va CdS:Ni
Dé quan sat hinh dang va xac dinh kich thudc cia cac NC CdS va CdS:Ni, ching t6i tién hanh
chup anh TEM ctia mot s6 mau dai dién 1a CdS, CdS:Ni 5% va CdS:Ni 20%. Tur Hinh 2 nhan
thdy cac NC CdS c6 dang tua ciu, phan bd hat dong déu va cé kich thudc trung binh khoang 6
nm. Vé&i cac NC CdS:Ni thi hinh dang va kich thudc ciia chung gan nhu khong thay doi so véi
cac NC CdS tuy nhién khi ndng do Ni ting thi cac NC CdS:Ni c6 hién tuong dinh lai véi nhau.
Nguyén nhén ciia hién tugng két dinh nay c6 thé 1a do trong qua trinh ché tao, cic NC CdS:Ni c6
sit dung TOP — day 1a mot hoa chit gin két rit manh v6i cac NC va rat kho dé 1am sach bang
phuong phép ly tdm thong thuong.

(a)

Hinh 2. Anh TEM ciia cic NC: (a) CdS, (b) CdS:Ni 5% va (c) CdS:Ni 20%.
Bang 2. Ti [¢ % vé khoi lwong va s6 mol ciia cdc nguyén t6 ¢6 trong cac NC CdS va CdS:Ni

Maiu % khoi lwgng % s6 mol
Cd S Ni Cd S Ni
Cds 76,85 23,15 0 48,65 51,35 0
CdS:Ni 5% 76,05 22,45 15 48,26 49,93 1,81
CdS:Ni 20 % 73,53 21,67 4.8 46,35 47,87 5,78

Nhim xac dinh thanh phan va ti 1& cac chat c6 trong cac NC CdS va CdS:Ni chiing toi tién hanh
do phd EDX cua chung, két qua quan sat trong hinh 3. Tir hinh 3a ta thdy v6i mau CdS thi Cd
chiém ti 16 48,65% con ti 1& cua S 13 51,35%, chung té hoat tinh hoa hoc cia S manh hon ctia Cd.
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Véi cac miu CdS:Ni 5% va 20% (hinh 3b, 3c) ti 1& clia cac nguyén t& Cd, S, Ni 1an luot 1a:
48,26%, 49,93%, 1,81% va 46,35%, 47,87%, 5,78%. Két qua nay chimg to di c6 sy thay thé ciia
ion Ni cho ion Cd. Tuy nhién cic gié tri pha tap Ni x4c dinh duoc bang phé EDX nho hon cac gia
trj tinh toan khi lam thuc nghiém. Cu thé vé&i cac NC CdS:Ni 5% va 20% thi gid tri thuc té do
dugc chi 14 3,75 % va 12,47%. Két qua nay duoc giai thich 1a do mot s6 ion Ni di khong thay thé
duoc Cd, cac ion Ni ndy co thé ndm trén bé mat cta cac NC hodc trong dung dich va da bi loai bd
trong qua trinh li tim. Két qua chi tiét vé % khdi lwong va sb mol ctia cac nguyén td co trong cac

NC CdS va CdS:Ni c6 thé quan sat trong bang 2.
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Hinh 3. Phé EDX cia cac NC: (a) CdS, (b) CdS:Ni 5% va (c) CdS:Ni 20%.

Pé nghién ctru anh huong cia sy pha tap Ni
dén d6 rong ving cdm va kha ning phat
quang ciia cac NC CdS:Ni, ching toi tién
hanh do phd hép thu va quang huynh quang
ctia chung, két qua dwoc quan sat trén hinh
4a. Pho hép thy ciia cac NC CdS véi dinh hap
thy exciton thir nhét kha rd nét tai budc song
khoang 455 nm tuong duong véi d rong
ving cam Eq~ 2,72 eV. D§ rong vung cAm
ctia cac NC CdS 16n hon dang ké so véi do
rong ving cAm cua ban dan khbi CdS (Eg~
2,45 eV) do hiéu tmg kich thuéc [13]. Phd PL
cua cac NC CdS co dinh phat xa ¢ budc song
474 nm va d¢ ban rong khoang 19 nm, ching
t6 cac NC CdS c6 phan bd kich thude hep.
Véi cac NC CdS:Ni, khi néng do Ni ting,

dinh PL va dinh hap thy exciton thir nhit bi
mé rong va dich nhe vé phia budc song dai so
v6i cac NC CdS. Binh PL ctia cac NC CdS:Ni
v6i cac ndng do 1, 5, 10, 20% lan luot tai cac
budc song 477, 480, 480.4 va 484 nm. Dinh
hap thu ctia cac NC CdS:Ni dich dan vé phia
budc song dai khi nong do Ni tang ching to
d6 rong vung cim cua cac NC CdS:Ni giam
khi ting nong d6 pha tap, twong tu cac két
qua dugc quan sat boi M. Thambidurai va cac
cong su [18]. Su thay ddi vi tri dinh phat xa
va nang lugng ving cim ciia cac NC CdS:Ni
theo néng do Ni duoc quan sét trén hinh 4b.
Khi ting nong d6 Ni, do rong ving cdm cua
cac NC CdS:Ni giam dugc giai thich do d¢
rong ving cam cua NiS nho hon CdS [21].
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Hinh 4. (a) Phé hap thu va hupnh quang cua cac NC CdS va CdS:Ni, (b) Su phu thugc cia dinh phat xa,
hinh bén trong biéu dién sw thay doéi do réng ving cam ciia cdc NC CdS va CdS:Ni khi nong dé Ni thay déi

KET LUAN

Chung t6i da ché tao cac NC CdS va CdS:Ni
V6i cac nong d6 1, 5, 10 va 20% bing phuong
phap héa wét. Cau trdc va hinh dang cua céc
NC CdS va CdS:Ni da duoc nghién ciru qua
gian do nhiu xa tia X va anh TEM. Két qua
phan tich cho thdy cac NC CdS va CdS:Ni
déu c6 cau tric Zinblende va hinh dang tua
cau. Phan tich thanh phan cac nguyén té bang
phd EDX cho thay hoat tinh hdéa hoc cia S
manh hon cta Cd, cac ion Ni*" d3 chui vao
mang tinh thé thay thé cac ion Cd** voi ti 1¢
nhé hon so véi tinh toan ly thuyét. Binh phd
tan xa Raman, hap thu va huynh quang cua
cac NC CdS:Ni déu dich do nhe so véi céc
NC CdS khong pha tap. Két qua nay dugc
giai thich do su déng gop cua giam giir
phonon quang va xuét hién mac tap cia Ni
trong viing cam cua cac NC CdS.

LOI CAM ON

Nghién ctru nay dugc tai tro boi Quy Phat
trién khoa hoc va cong nghé Québc gia
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ABSTRACT
FABRICATION, STUDY OF STRUCTURAL AND OPTICAL PROPERTIES OF
UNDOPED AND NI-DOPED CDS NANOCRYSTALS

Nguyen Xuan Ca', Nguyen Thi Hien'", Nguyen Thi Luyen', Pham Truong Tho®,
Pham Minh Tan? Vuong Thi Kim Oanh® and Phan Van Do*

YUniversity of Science — TNU, 2University of Technology — TNU,

3Institute of Materials Science — VAST, “Thuyloi University, Hanoi

Undoped and Ni-doped CdS (CdS:Ni, with concentrations of 1, 5, 10 and 20%) nanocrystals (NCs)
have been prepared by wet chemical method in ODE solvent. The results of TEM imaging show
that undoped and Ni-doped CdS NCs have a spherical shape, about 6 nm in size and almost
unchanged when changing doped concentrations of Ni. The XRD results indicated that all undoped
and Ni-doped CdS NCs crystallize in the cubic phase with zinc-blende structure. The energy
dispersive X-ray analysis (EDX) has demonstrated the presence of the Cd, S and Ni elements in
CdS:Ni NCs. Raman spectra shows that 1LO and 2LO peaks of the Ni-doped CdS NCs are slightly
red shifted when compared to that of undoped CdS NCs. The peaks of fluorescence spectra of CdS
and CdS:Ni (1-20%) NCs change in the range of 474 - 483 nm. The absorption peaks of Ni-doped
CdS NCs are found to shift towards the lower energy (red shift) when compared to that of undoped
CdS and the bandgap is observed to lie in the range of 2.62 -2.72 eV. This result proves that Ni*
ion has entered into the crystal lattice of CdS.

Keywords: nanocrystal, doped, CdS, optical properties
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