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ABSTRACT

Mn and Cu doped ZnS nanocrystals were prepared by co-precipitation method in PVA and
PMMA. Morphology and structure of materials were studied by FESEM and XRD. Luminescent
spectra under different excitation wavelengths of 325 nm, 370 nm were investigated. Influence of
activator concentration in ZnS:Cu were studied. Application potential in labeling will be

discussed.

1- DAT VAN BE

Vat liéu nano phat quang nhém A,Bg nhu
Zn0, ZnS duoc quan tam nhiéu trong cdc vat
liéu va linh kién quang va dién huynh quang.
Dac biét ZnS c6 thé phat xa xanh 14 cay véi
ZnS:Cu, Al, xanh da troi véi ZnS:Ag, Cl, vang
da cam vé6i ZnS:Mn, do d6 chiing c6 vai tro rét
quan trong trong Gng dung, nhét la cho cac 6ng
catot. Khi ZnS pha cdc chét kich hoat nhém Ib,
ITb (Cu, Ag) va ITIb (Al, Ga, In) hodc dong kich
hoat VIIb (Cl, Br, I) ching c6 thé phan thanh 5
loai vat liéu phu thuoc ty 1& néng do kich hoat,
dong kich hoat va c6 cdc mau thay déi: do, xanh
14 cay, xanh da troi [1]. Phé kich thich clia nam
loai huynh quang ctia ZnS bao gém hai dai: 325
- 340 nm tuong tng véi hap thu bo va dai thi
hai 360 - 400 nm, dac trung cho cic tam huynh
quang goi 1a dai kich thich dac trung. Vi vay
huynh quang ctia hop chat ZnS rat phong phd va
da dang. Céc hoi nghi quoc t€ vé vat lieu A,B,
gan day (Hoa Ky 2003, Ba Lan 2005, Han Quoc
2007) da trinh bay nhiing két qua nghién ciu
mdi nhat va nhiing tng dung thiét thuc nhat cua
cac loai vat liéu phat quang dac trung nay nhu
céc tinh thé quang tit, cic chdm luong tit, giéng
lugng tlr, cac vat liéu nano.

Hé thong vat liéu nay duogc lua chon vi
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khong doc v6i co thé con ngudi nhung ching lai
c6 thé huynh quang t6t va rat dac trung: nano
tinh thé ZnS:Mn phat quang ving 420 nm, 480
nm va 590 nm, nano tinh thé ZnS:Cu phat 3
vung: luc 420 nm, xanh 14 cay 485 - 525 nm va
d6 cam 570 - 600 nm, day nano ZnS phat viing
450 nm va 520 nm. Day nano ZnS:Cu phét viing
517 nm, 627 nm va 686 nm, day nano ZnS:Ag
ngoai phat xa 510 nm con c6 cdc phat xa 635
nm va 689 nm. Nano tinh thé ZnS pha ion Tb**
phét quang vung 545 nm (xanh 14 cay) va ion
Eu®* phdt quang ving 612 nm (dé). Cic he
thong tem nhin dugc nghién ciu trong cong
nghé in dic biét phat trién & mot s6 nudc nhu
Hoa Ky, Anh Quéc, CHLB Ditc va Nhat Ban.
Cac muc phét quang dugc dung dé in tem nhin
& Anh Quoc thuong diung hé thong kich thich
séng ngian dudi 300 nm cla dén tir ngoai. O
nudc Dic, budc séng dai hon (365 nm) nhu
ngudn kich thich cho cdc muc in mau vang
thuong dugc st dung. Trong bai bdo nay, ching
toi trinh bay mot s6 két qua tdng hop vat liéu
ZnS pha tap ion kim loai Cu*, Mn** bing
phuong phdp héa hoc dong két tha trong moi
truong PVA, nghién ctu cdu triic va phd huynh
quang cua vat liéu nhim tng dung trong ché tao
tem nhan phat quang.



Il - THUC NGHIEM

Dé cac hat nano tao thanh phan b6 déu trong
moi trudng ché tao, ching toi di tién hanh téng
hop nhu sau: Lugng Zn(CH;COO0),.2H,0 va
(NH,),S, (Hoédc Na,S) di dugc tinh theo ty lugng
mol phan tng. Luong mudi Mangan sunphat
(hoic muoi axetat) dugc tinh theo phan traim
pha tap. Mu6i nay dugc hoa tan trong nudc khir
ion ciing v6i kém axetat. Sau d6 dung dich mudi
nay dugc dua vao dung dich PVA
(Polyvinylancol) hoac PMMA
(Polymetylmetacrylat) theo ty 1&: Mudi/PVA
(PMMA) = 1/3 bing cdch vira khuay vira nho
tiing giot vao. Khudy tron trong khoang 1gi¢ sau
dé lai vira khudy vira nhd ting giot dung dich
(NH,),S, hoac Na,S vao, ti€p tuc khudy thém
khoang 1 gio nita. Sau phan tng, san pham duoc
rlra nhiéu 14n v6i nuéc néng va con, sau dé dugc
sdy trong chan khong & 70 - 80°C trong 2 - 3 gio
va cubi cuing dugc u trong khi tro 6 700 - 800°C
dé khir hét keo. Phan ting téng hop ZnS:X (X =
Mn, Cu) theo phuong phdp déng két tia dugc
thuc hién nhu sau:

Zn(CH,CO0), (dd) + XSO, (dd) + 2(NH,),S,(dd)
— ZnS:X{ + 4NH,* + 2CH,COO " + SO*

11 - KET QUA VA THAO LUAN

Hinh la va 1b l1a anh FESEM cua ZnS:Mn
0,025% va cua ZnS:Cu sdy trong budng chan
khong & nhiét do 80°C va u trong chan khong &
700°C thoi gian 30 phit. Cac anh FESEM cho
thdy: mau c6 do hat khd nho va tuong doi dong
déu, c6 kich thudc 1a vai chuc nanomet (& day
vao khoang 20 - 50 nm). Diéu nay ching ching
to vat liéu PVA ¢6 kha nang 1am chat khong ché
kich thudc, tao hat cho vat liéu 1a kha t6t. Ching
toi budc ddu chon nong do pha tap 0,025% Mn
vao ZnS vi theo nhém Bhargava [2] cho biét chi
can mot luong rat nhd % Mn** pha tap vao ZnS,
vat liéu ndy & dang nano da c6 thé phat huynh
quang kha manh.

Trén anh FESEM cho thdy, cdc hat nano van
con két ddm ma chua tao thanh céc hat riéng r€,
nguyén nhan c6 thé do viéc chon thoi gian va
nhiét do khir keo chua da nén su khir keo chua
say ra hoan toan. Tuy nhién, két qua thr nghiém
trong viéc in bao mat ciing cho thdy ring khi sir

dung vat lieu nano ZnS:Mn nay vao in bdo mat
khi vat lieu van con 1an mot lugng keo nhit
dinh, ta c6 thé dem dung ZnS:Mn két tha trong
PVA dugc ngay ma khong can qua giai doan
khtr keo nita. Hinh 2a va 2b trinh bay gian dé6
XRD clia cic miu ZnS:Mn, ZnS:Cu trén nén
PVA. Gian d6 XRD cho thay rit rd nét cdc pic
dugc hinh thanh tai cdc vi tri 20 bang 28,6
47,8" va 56,7° tuong ting v6i cac dinh dac trung
(111), (220) va (311) cha tinh thé ZnS. Qua gian
do, ta c6 nhan xét cdc ion pha tap Mn, Cu da
khuéch tdn vao mang tinh thé clia ZnS, va ZnS
¢6 cdu trdc mang 1a cau tric luc gidc, do ban
rong clia phé trén gidn do kha 16n vé6i dinh phéd
nhon ching té6 mau cé kich thude 1a kha nho. Va
c6 thé két luan ring mau da hinh thanh cau tric
dac trung cha vat liéu.
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Hinh 1b: FESEM ZnS:Cu

Hinh 3 1a phd huynh quang cha miu
ZnS:Mn v6i néng do Mn 1a 2,5.10%(%) dugc
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kich thich bing laser He-Cd c6 budc séng 325
nm. Phé huynh quang cta tinh thé ZnS:Mn da
phat kha manh & ving dnh sdng ¢6 mau vang da
cam vé6i dinh 1a 593 nm dac trung cua ion pha
tap Mn**. Nhu vay, chi v6i mot luong nhd % pha
tap vao mang ZnS, ion Mn** da cho thay kha
nang kich hoat ctia n6 1a rat 16n. Ngudn goc cua
biic xa mau da cam dugc giai thich 1a do su
chuyén dich cta dién tr tr mic *T,(*G) sang
mic °A, (°S) (trong trudng tinh thé clia mang lap
phuong) ctia ion Mn**. Do Mn** va Zn** ¢6 ban
kinh khdc nhau (r,,>* = 74 pm, ry,”* = 67 pm, 1¢"
= 184 pm) nén khi ion Mn** di vdo mang tinh
thé chi ZnS s& lam mang tinh thé bi bién dang,
doéng thoi céc trang thdi electron & 16p d cua ion
Mn** tuong tdc rdt manh véi céc trang thdi
electron s-p cua tinh thé nano ZnS, lam anh
hudng dén ciu tric niang luong ctia ZnS. Cu thé
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la dan dén su tich cdc muc nang lugng cua ion
Mn** trong trudng tinh thé 1ap phuong. Theo céc
nhém nghién citu [4, 6, 7], néu cic ion Mn**
duoc phan tdn vao bén trong tinh thé ZnS thi
phé huynh quang ctia miu cé dai phat xa mau
da cam ving 590 nm, con néu cic ion Mn*
phan tdn bén ngoai mang tinh thé ZnS thi khong
thu dugc dai phat xa da cam ma thu dugc dai
phat xa & 350 nm. Nhu vay, trong mau ZnS:Mn
chiing t6i ché tao dugc, cic ion Mn** da khuéch
tdn vido trong mang tinh thé clia ban din chi
ZnS. Trong phé huynh quang, ta cling thay c6
mot dinh nhé & ving budc séng 510 nm va dugc
ban luan 12 anh hudng cla nén PVA.

Anh huéng ctia ham lugng pha tap Cu®* Ién
phd huynh quang clia tinh thé ZnS ciing da dugc
khdo sat bang cich tang din néng do Cu®* pha
tap vao mang tinh thé ZnS.

Hinh 2a: Gian d6 XRD cia miu ZnS:Mn
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Hinh 3: Ph6 huynh quang ctia bot nano ZnS:Mn
nong do 0,025% U chan khong, kich thich laser:
325 nm

Hinh 4 1a phé huynh quang cuia bot nano
ZnS:Cu v6i cdc mau ¢6 néng do 0,1; 0,125 va
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Hinh 2b: Gian d6 XRD ctia miu ZnS:Cu

0,15 % Cu*, & chan khong, va duoc kich thich
bang LED & budc séng 370 nm.

Két qua cho thdy cuong do huynh quang
manh nhat khi néng do Cu** pha tap 0,125% va
¢6 2 dinh 1a 439 nm va 465 nm. Véi néng do
Cu** pha tap 0,15% thi c6 dinh manh nhit &
khoang 556 nm. Hinh 5 cho thdy phdé huynh
quang cuia mau ZnS:Cu khi dugc u trong Argon
& nhiét do 800°C, ving phat quang c6 mot dam
rong v6i cuong do 16n, mau xanh 14 cay &
khoéng 523 nm dac trung cho tam Cu** khi dugc
kich thich bing nguén tir ngoai c¢6 budc séng &
365 nm. Cic mau bot ZnS:X dang dugc ching
toi nghién ctu Gng dung trong ché tao tem nhan
phét quang. Pac biét mau ZnS:Cu (2.10™) phat
mau xanh 14 cay & 536 nm, phat manh dudi kich
thich dén t&r ngoai thuong mai (dén thuong ding
dé kiém tra tién that, tién gi).
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Hinh 4: Ph6 huynh quang ctia bot nano ZnS:Cu
¢6 noéng do 0,100; 0,125 va 0,150% 1 trong
chan khong, kich thich bang LED: 370 nm

Hinh 6 cho thdy phé huynh quang clia miu
ZnS:Cu thuong mai va ZnS:Cu trong kep chi cua
co quan Hai quan khi dugc kich thich & budGe
séng 325 nm, ching ta thay so v6i phd clia miu
ZnS:Cu ché tao duoc (hinh 5) 1a twong ty nhu
nhau.

Hinh 7 1a anh d6i chiéu giita mau ZnS:Cu
ch€ tao dugc ¢6 mau xanh 14 cay, so sanh véi
ving ddnh dau huynh quang cua to tién polyme
c¢6 ménh gid 50.000VND. Mau c6 cudng do
phat quang tuong duong khi chi can st dung
luong nho bot ZnS:Cu.
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Hinh 5: Phé huynh quang ctia ZnS:Cu kich thich
365 nm
KET LUAN

Ching toi da téng hop dugc cdc mau nano
ZnS:Cu, ZnS:Mn béng phuong phdp héa hoc
doéng két tha trong moi trudng keo PVA va

PMMA. anh huéng ctia néng do Cu pha tap dén
phd huynh quang ctia ZnS da dugc khao sét. Cdc
ion pha tap da khuéch tdn vao mang tinh thé
wurtzite cua ZnS. Da ch€ tao thanh cong mau
ZnS:Cu tuong ty mau ZnS:Cu thuong mai va
budc dau cé két qua tot trong viéc in tem nhan
bao mat.

Aeyc=325 nm

482 nm
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Hinh 6: Phé huynh quang ctia ZnS:Cu thuong
mai va ZnS:Cu pha vao kep chi hai quan

Hinh 7: Cdc miu tem nhan ding bot phdt quang
ZnS:Cu so sédnh v6i méu tién
polyme 50.000 VND

Hinh 8: Mau bot phit quang ZnS:Mn in trén
gidy in danh thiép dugc kich thich bang dén soi
tién 365 nm
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Loi cam on: Cong trinh duogc hé tro kinh phi tir
dé tai nghién ciiu Khoa hoc Cong nghé cdp Vién
Khoa hoc va Céng nghé Viét Nam. Cam on GS
Vién sT Nguyén Vdan Hiéu Vién Khoa hoc va
Cong nghé Viét Nam va co sd in Du Ddng Lu dd
nhiét tinh gitp do.
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