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TOM TAT

Cdc hat nano ZnS khéng pha tap va pha tap Mn (ZnS:Mn**) dwoc tong hop bang phwong
phdp két tiia héa hoc tai nhiét dé phong, sir dung PVA (polyvinyl alcohol) nhw la mét chdt bao
bé mat. Cdu triic va tinh chdt quang ciia cdc hat nano ZnS:Mn** sau khi tong hop sé duwoc
khdo sat théng qua cdc phirong phdp nhiéu xa tia X (XRD), anh SEM (FE-SEM), phé tin xa
nang lwong tia X (EDX) va phé quang phat quang (PL). Phan tich XRD cho thdy cdc hat nano
ZnS:Mn** ¢6 cdu triic ldp phiwong véi kich thude tinh thé trung binh khodng 2.2 nm. Phdn tich
ph(f PL cho thd’y cac dinh phat xa tai 436 nm cua vat liéu ZnS va tai 600 nm la do cac ion Mn**
pha tap vao mang tinh thé ZnS va thay thé cdc nguyén tir Zn. Tir cdc két qua tong hop trén cho
thcfy cdc hat nano ZnS:Mn?* 1 vdt liéu cé tiem nang ung dung trong cac linh viec nhw muc in
bao mdt, cac diode phat sang (LED), cling nhu cac man hinh déo phat sang .

Tir khéa: Cac hat nano ZnS, tinh thé nano pha tap Mn, myc in bao mdt

ABSTRACT

Nano-particles of without and with manganese doping zinc sulfide (ZnS:Mn2+) with
PVA (polyvinyl alcohol) as stabilizer were synthesized by chemical precipitation method at
room temperature. The structural and optical properties of the ZnS:Mn nano-particles were
characterized by X-Ray diffraction (XRD), field emission scanning electron microscopy (FE-
SEM), energy dispersive X-ray spectroscopy (EDX) and photoluminescene (PL). XRD analysis
showed the formation of cubic ZnS:Mn2+ particles with an average size of 2.2 nm. The PL
analysis revealed the variation of emission peaks from 436 nm to 600 nm with Mn2+ doping,
which suggested the effective energy transfer from the host ZnS material to the dopant Mn2+
ion. The results indicated that ZnS:Mn2+ can be used in the printing ink of security documents
and labels, light — emitting diodes (LEDs), and also in novel flexible photoluminescent display
screen.
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1. GIOI THIEU

’ Céc tinh thé ban dan hay con goi la cdc  Tuy nhién, nhiing cham luong tir ndy khong
cham luong tr da thu hut nhiéu nhém nghién  phy hop vé6i Gng dung didu ché muc in phat
ctru trong nhirng ndm gan day do cac tinh chat  qyang ciing nhu céc tng dung lién quan dén
quang doc dao va cac ing dung tiém nang cua
chung trong cac linh vuc nhu pin mat troi,
man hinh phing phat sang, cam bién, myc in
bdo mat, quang xuc tac [1,3,5]. Hau hét céac
chdm luong tir duoc khao sat la nhiing vat
liu c6 chira gboc Cd nhu CdS, CdSe, CdTe.

suc khoe con nguoi do do doc hai cua Cd [1].
Vi thé, nhiéu nhom nghién ctru da dua ra cac
phuong phap thuc nghiém dé téng hop cac
cham luong tr khong chira cac ion kim loai
nang nhu Cd.
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Mot trong sb cac vat liéu do6 1a ZnS, cac
chdm luong tr ZnS 14 cac hat nano ban dan
thudc nhom 1T — VI ¢6 ning luong viing cam
rong (khoang 3,6 eV), c6 trang thai bay phat
xa dac trung trong khoang 400 — 500 nm va
didc biét phu hop lam vat liéu chu dé pha tap
céc ion kim loai chuyén tiép nhu Ag?, Cu?,
Mn?*,... [3]. Trong truong hgp ZnS pha tap
ion kim loai Mn?*, cac ion Mn?>" hop nhét véi
céc tinh thé ZnS va hoat dong nhu cic tim
phat quang. Phat xa mau cam dugc quan sat
thay tai budc song khoang 600 nm do sy dich
chuyén tir trang thai ‘T, — °A, cta ion Mn*
trén cac vi tri cua Zn*", tai dd cac ion Mn*
duoc phdi tri tr dién boi ion cac ion S* [4].

Trong bai bao nay, cac cham luong tir
ZnS pha tap ion Mn?* dugc tong hop bang
phuong phap dong két tua, st dung PVA
(Polyvinyl Alcohol) nhu 14 chit bao bé mat,
va cac hat nano sau khi tong hop s& dugc khao
st cu trac va cac tinh chat quang.

2. VAT LIEU VA PHUONG PHAP
TONG HQP
2.1. Viatli¢u

Céc hoa chét dugc sir dung trong nghién
ciru nay bao gdm Zinc acetate dihydrate
(Zn(CH,CO0),.2H,0, 98%), Manganese (II)
chloride tetrahydrate (MnCL.4H,0, 98%),
Sodium sulfide nonahydrate (Na S.9H,0,
98%), keo PVA (Polyvinyl Alcohol), nudc cat

2.2. Phwong phap tong hop

Céc cham luong tir ZnS pha tap ion
Mn?* dugc tong hop bang phuong phap
ddng két tua trong moi truong nude, st dung
PVA nhu la mot chat bao. Cuy thé, dung dich
tha nhat gom 5.92 g Zn(CH,CO0),.2H,0,
MnCl,.4H,0O (ty 1€ mol Zn:Mn thay 601 tu 0
dén 0. 55) du’orc hoa tan trong 100 ml nudce cat
va dung dich keo PVA. Dung dich thtr hai gdm
1,55 g Na,S.9H O hoa tan trong 20 ml nudc
cat duoc phun nhanh vao dung dich thir nhat,
két tua tring dugc hinh thanh ngay lap tic.
Phan tmg xay ra theo co ché sau:

n(Zn(CH,COO0)_2H.0) + n(MnCl_4H,0) +
PVA — PVA — (Zn* + Mn?")_

Intensity (a.u.)
(o]
(]

PVA — (Zn** + Mn*") +n(Na,S.9H O) —
PVA — (ZnS:Mn*")_

Két taa duogc tach ra, rira sach voi nudce
cat va ethanol, say kh6 ¢ 100°C trong 4 gio.
B4t min mau trang thu duoc sau khi sdy s&
duoc khao sat ciu trac, hinh thai va tinh chét
quang.

3. KET QUA VA BAN LUAN
3.1. Khao sat phd nhiéu xa tia X (XRD)
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Hinh 1. Phé XRD cia cdc hat nano ZnS va
ZnS pha tap Mn

Céu trac tinh thé cua cac hat nano ZnS
va ZnS:Mn dugc xac dinh thong qua pho XRD
(Hinh 1). Ba dinh nhiéu xa chinh tai cac vi tri
28.75°, 47.77° va 56.8° tuong ing voi cac ho
mat mang (111), (220) va (311) cua cdu trac
1ap phuong. Sy mé rong cac dinh phé XRD 1a
ban chét cta cac tinh thé nano [1,2,5]. Bén
canh d6, pho XRD ciing cho thiy khong xuat
hién cac dinh phd cta pha tap chat, diéu nay
chung t6 rang lugng ion Mn?* pha tap khong
anh huong dén pha tinh thé cua vat liéu nén
ZnS. Kich thude trung binh cua tinh thé nano
ZnS pha tap Mn khoang 2.2 nm, tinh theo

0.94
BcosO’
v6i D 1a dudng kinh trung binh cua tinh thé, A
bude song clia tia X (1.5406 A), B d6 ban rong
dinh nhiéu xa va 0 géc nhiéu xa Bragg.

thtc  Debye-Cherrer: D =

cong
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3.2. Khaio sat anh SEM va pho EDX
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Hinh 2. (a) Phé EDX va (b) Anh FE-SEM
cua cac hat nano ZnS:Mn

Hinh 2(a) 12 phd phan tan ning luong tia
X (EDX) ctia mau ZnS:Mn*", tir phd EDX cho
thﬁy su hién dién cua cac nguyén td Zn, S, Mn
trong mau, diéu nay ching t6 cac ion Mn**
pha tap hién dién trong pha tinh thé ctia vt
liéu nén ZnS. Bén canh d6 con ¢6 sy hién dién
ctia cac nguyén to C, O c6 thé 1a do cac thanh
phan ctia chat bao PVA. Anh FE-SEM ciia cac
hat nano ZnS:Mn*" duogc théy nhu hinh 2b,
cac hat c6 bé mit Xép va g6 ghé do duoc thu
dong boi chat bao PVA, vi Iy do nay nén rat
kho xac dinh dugc kich thude hat cuia mau.

3.3. Khao sat pho PL
3.3.1.Khdo sat anh huwéng cua ty 1€ Zn/S
1én cwong do pho PL
Cac hat nano ZnS va ZnS:Mn?* s& duoc
khao sat phd quang phat quang (PL) dudi
nguon laser kich thich c6 budc song 325
nm nham nghién ctru tinh chat quang va cac
khuyét tat cia chung. Pho PL cta cic chdm
luong tir ZnS tong hop véi cac ty 1¢ mol Zn/S
khac nhau dugc thay nhu hinh 3. Ty 1& mol

83

Zn/S tang tu 1: 0.25, 1:0.5 va 1:1, cuong do
pho PL giam twong ting. Dinh phat xa cia ZnS
khoang 436 nm, dinh nay xuat hién do su tai
hop cua céc electron tai mtrc donor khuyét S
v6i bay 16 trdng tai muc aceptor khuyét Zn
[6,7]. Cudng d6 phd PL cao nhit ung véi ty
1¢ mol Zn/S = 1;0.25, khi ty 1¢ S ting dan dén
nhiéu nguyén tr S nam trén bé mit cac chim
luong tir ZnS, chung sé& bi oxi hoa va két qua
1a dap tit phd PL [8]. Ngoai ra, sy mo rong
phd cta tit ca cac mau vé phia budc song hon
500 nm 1a dic trung cia cac trang thai khuyét
S trong mang tinh thé ZnS [7]. Vdy trong phan
nay ching t6i da tim duogc ty 18 Zn/S tbi wu 1a
1:0.25, ty 1¢ nay s€ dugc chon dé khao sat anh
hudng ciia luong Mn?* pha tap dén cudng do
phé PL trong phan 3.3.2.
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Hinh 3. Phé PL tai buéc song kich thich 325
nm cua cdc hat nano ZnS dwoc tong hop voi
cac ty lé Zn/S khac nhau

3.3.2.Khdo sat anh hwéng cﬁaon(‘“)ng do Mn
pha tap 1én cuwong do pho PL
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Hinh 4. Phé PL tai budc séng kich thich 325
nm cua cdc hat nano ZnS:Mn’* voi cdc ty l¢
Mn** khac nhau
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Hinh 4 cho thdy pho phat quang tai nhiét
d6 phong cua céc tinh thé nano ZnS:Mn?* véi
néng d6 pha tap Mn?* khac nhau (0, 2.79,
4.34, 591 va 7.61%). Cac mau ZnS:Mn?* ¢
hai dinh ph6 phat xa PL tai hai ving budc
song khac nhau. Pinh phat xa thtr nhat tai
budc song khoang 436 nm 1a cia vat lidu nén
ZnS nhu d3 giai thich ¢ phan 3.3.1. Pinh phat
xa thu hai tai 600 nm dugc dac trung bdi sy
dich chuyén ‘T, — °A, cua ion Mn** trong vét
liu nén ZnS [6,7], khi ting ndong do Mn?* tir
2.79 — 7.61%, cudng do phod PL cia Mn** (*T,
—%A,) cling ting dan va dat gia tri 16n nhat tai
nong d¢ pha tap 4.34%. Tuy nhién, khi ty 1¢
ndéng do pha tap cao hon thi cudng do phat
quang giam, nguyén nhan 1a do khi tiép tuc
tang néng d6 Mn?" s€ tao ra mot luong 16n cac
tam phat xa Mn?* trén tinh thé va sy tuong tc
cua cdp Mn** - Mn?** lam gia tdng qua trinh
phan huy khong phat xa ciia Mn?* ¢ trang thai

kich thich, ddn dén giam cudng do phat xa cua
Mn?* [8]. Ngoai ra, khi ndng dd6 Mn*" pha tap
tang, nhiéu ion Mn?" di vao tinh thé mang chu
ZnS va lam khong gian chtra cac ion tré nén
nho hon din dén sy gia ting trudng tinh thé
va nang luong dich chuyén giita cac mirc T, -
°A, cﬁa} Mn?* giam, gy ra su dich chuyén d6
cua pho PL [7,8,9].

4. KETLUAN

Céc hat nano ZnS:Mn?* dugc téng hop
thanh cong bang phuong phap dong két tua
trong dung mdéi nudc, st dung PVA nhu 1a
chit bao bé mit. Cac hat nano ZnS:Mn2* ¢cb
cau trac 1ap phuong. Sau khi pha tap Mn?',
dinh phé phét xa clia cac ion Mn?* tai 600 nm
tang dan va dat gia tri cao nhit tai ndng do Mn
pha tap 1a 4.34%. Tir cac két qua phan tich
trén cho thay, cac hat nano ZnS:Mn*" ¢6 tiém
ning tmg dung trong diéu ché muc in bao mat
va cac man hinh quang dién.
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