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1. MO PAU

Vat ligu nano ZnS la vt li¢u bén dan c6 bé rong viing cdm khd 16n so véi vat liéu khéi, dat
khoang 3,98 eV ¢ nhiét d6 300 K [1]. Khe ning luong cta cédc vat lidu nano c6 thé diéu khién
duogc bang viée pha tap cdc kim loai chuyén tiép, boc phu polymer hay thay ddi céc didu kién
ché tao [2, 5]. Polymer boc phu cic hat nano ZnS khong nhiing bao vé céc hat nano khong bi
anh huong ciia moi trudong ma con 1a tang cuong ding ké tinh chat quang cta ching, khi céc hat
duoc khuech tdn vao nén polymer véi ham lugng nhét dinh. Didu nay co lién quan dén hiéu ung
giam cAm luong tir va hiéu tmg kich thudc lugng tir cia cdc hat nano ZnS boc phu polymer [1,
13, 7]. Cac nghién ctru anh hudng cta polymer PVA (polyvinyl alcohol) téi tinh chit ciia cdc hat
nano ZnS [12] cho thay hiéu ung giam cam luong ti da lam tang cuong do phat quang va thay
d6i bé rong ving cAm cia vat liéu nano ZnS. Gan diy, nhiéu nha nghién ctru quan tam toi
polymer PVP (polyvinyl pyrrolidone) [3, 4, 11] vi PVP c¢6 anh huong dang ké t6i sy phét quang
clia cila cdc hat nano Zn$ so véi céc loai polymer khdc. Nhitng két qua néi trén dang hira hen
nhiéu kha ning tmg dung khac nhau trong ki thuét va doi séng [1, 8].

Cic két qua nghién ciru trudc ddy vé tinh chit quang ciia mang mong nano ZnS:Mn cho
thdy cuong d6 huynh quang ting dang ké ddi v6i mau c6 ham lugng danh dinh t6i wvu Mn
khoang 9% - 10% [6]. Trong bai bdo nay, chiing tdi trinh bay cdc két qua nghién ciru tinh chét
quang cuda vat li€u nano ZnS:Mn ¢6 ham lugng danh dinh 9% Mn dugc boc phu polymer PVP
véi ham Iugng khiac nhau. PVP la polymer di vong ¢6 chu tric va cong thuc phan tr nhu trong
hinh 1.
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Hinh 1. Céu tric polyvinylpyrrolidone va cong thirc phan tir (CsHoNO),
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2. THUC NGHIEM

Céc vat liéu nano ZnS:Mn dugc ché tao béng phuong phap héa wdt [6] tor nhitng hda chit
¢6 do tinh khiét cao 99.9%. Dung dich I, dung dich II, dung dich III twong tmg la
Zn(CH;C00),.2H,0 0,1 M, Mn(CH5;COO0),.4H,0 0,1 M, Na,S.9H,0 0,1 M. Dung méi dugc
diing 1a CH;OH:H,O (ti 18 thé tich 1 : 1) di v6i dung dich I va IL Nudc cit duge st dung lam
dung méi cho dung dich IIL

Pau tién, dung dich I va II dugc trdon véi nhau theo ti 1€ thich hgp nham tao ra vt liéu
7ZnS:Mn v6i  ham lugng 9% danh dinh Mn. Céac lugng PVP 20%, 40%, 60% 80% mol dugc hoa
tan vao 100 ml hdn hop dung dich I va II. Dung dich hdn hgp c6 PVP dugc nung téi 80°C, rdi
lam lanh t¢i nhiét d phong.

Cic két tia duge khuéch téan trong dung mdéi CH;0H : H,O (1 : 1), sau d6 duoc loc rira
bﬁng mdy quay li tdim. Cdc mang mong ZnS:Mn-PVP duoc ché tao béng phuong phép quay phu
trén dé thiy tinh D véi toe do quay 3000 vong/phit.

Chiing ti dit tén cho cic miu mang moéng ZnS:Mn-PVP c6 ti 1&¢ ZnS:Mn/PVP véi 0%,
20%, 40%, 60% va 80% mol PVP tuong ung 1la M-PVP (5 : 0), M-PVP (5 : 1), M-PVP (5 : 2),
M-PVP (5:3) va M-PVP (5 : 4).

Céac mang mong ZnS-PVP véi ti 1€ ZnS/PVP khac nhau dugc ki hi¢u twong ing 1a ZnS-
PVP (5 : 0), ZnS-PVP (5 : 1), ZnS-PVP (5 : 2), ZnS-PVP (5 : 3) va ZnS-PVP (5 : 4). Céc mau
mang moéng polymer PVP, cic loai bot nano ZnS va ZnS:Mn-9% duogc ki hiéu twong tng la
PVP, ZnS va ZnS:Mn-9%

CAu tric vi md, kich thucN'rc hat va ham lugng thuc té Mn** cia miu duoc khao sat béng
phuong phdp phan tich nhieu xa Ronghen (XRD) trén mdy XD8 (Advance Brukeding
Diffractometer) dung birc xa CuK,c6 budc séng A=1.5406A°, chup anh hién vi dién tir
truyén _qua (TEM), phan tich pho hap thu nguyén tir trén mdy AAS- 600. Phd huynh quang cta

cdc mau dugc do bang phd ké huynh quang HP340-LP370 ding ngudn laser c6 budc séng
325 nm ¢ nhiét 46 phong

3. KET QUA VA THAO LUAN

Trong céac két qua nghién cuu trudc day [6], cuong do huynh cia bt nano ZnS:Mn tang
dang ké tng v6i ham lugng danh dinh wu cia Mn  vao khoang 9% - 10%. Nhung diing ki thuat
phan tich phd hip thu nguyén tir, ham lwong thyc t& Mn** xdc dinh duoc trong mau khoang
0,94% nguyén tir va nhé hon nhidu ham Iwgng Mn danh dinh ban dau. Piéu nay c6 thé dugc
giai thich do chi ¢6 mét lugng nhé Mn** tham gia phan tmg dé tao thanh két tia. Con mot luong
16n Mn** ¢6 thé bi mét di trong qud trinh rira va quay li tim dé nhan dugc céc két tia ZnS va
MnS.

Hinh 2 va hinh 3 cho théy phé nhiéu xa Ronghen (XRD) ddi voi bdt nano ZnS, ZnS:Mn-
9%, cdc mang mong M-PVP (5 : 2) va M-PVP (5 : 4) tuong tng.

Cic két qua phan tich cho thiy tit ca cic mau ZnS:Mn-9%, cic mang mong M-PVP (5 : 2)
va M-PVP (5 : 4) déu c6 ciu triic sphalerite gidng nhu mau Zn$ tinh khiét. Polymer PVP khong
anh huong tdi cau tric tinh thé ctia ZnS:Mn. Cic dinh c6 cuong d6 manh twong ng vdi cdc dinh
nhiéu xa (111), (220) va (311) va thé hién c6 su két tinh tbt voi hang s& mang a = 5,4 A’ Kich
thudc trung binh ciia cdc hat ZnS:Mn vao khoang 2 dén 3 nm dugc tinh bang cong thirc
Scherrer. Anh TEM (hinh 4) cho théiy céc hat c6 kich thudc trung binh khodng 10 nm, cé 16p vo
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polymer PVP boc phti bén ngoai cdc hat nano ZnS:Mn. Anh TEM cho thiy két qua thu dwoc phil
hop voi kich thudc hat tinh tir phd nhidu xa Ronghen. Hinh dang cau cia céc hat cho thay PVP
¢6 vai trd cua tic nhin boc phit do twong tic ciia ion Zn** véi cdc nguyén tir O va N ctia polymer
di vong PVP [9, 10].
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Hinh 2. Phé XRD cua bt ZnS (a) Hinh 3. Phd XRD ciia M-PVP (5 : 2) (a)
va bot ZnS:Mn-9% (b) va M-PVP (5:4) (b)
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Hinh 4. Anh TEM ctia M-PVP (5 : 2)

Két qua do huynh quang trong hinh 5 va 6 cho thdy PVP c6 dai phat quang khd gan voi
ZnS nhung dinh huynh quang ciia PVP dich v€ phia séng ngan so vdi dinh huynh quang cia
ZnS.

Bing phép phan tich phd Gaussian, ph6 huynh quang ctia mang PVP 1a sy chong chap cua
cac vach ¢6 dinh phé 400 nm, 424 nm , 462 nm, 534 nm. Nhu trong hinh 1, PVP c6 cic lién Kkét
ngang ¢6 N va C=0 tao thanh su phu nhau cic orbital trong phéan tir PVP. Vi véy theo [4] phd
huynh quang ctia mang PVP dugc quy cho sy hdi phuc birc xa ciia céc electron tir mirc LUMO
t6i mirc HOMO trong PVP. Phé huynh quang ciia Zn$ trong hinh 7 thé hién su chong chap cia
nhiéu vach phd 415 nm, 447 nm, 491 nm va 565 nm dugc quy cho cic chuyén doi *A+'E,
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—%A(S) tmg Vvéi céc co ché tdi hop khadc nhau dic trung cho céc nit khuyét cta Zn, S hay céc
nguyén ti Zn, S gitta cic nut trong mang tinh theé ZnS [6].

Bdng 1. Két qua tinh kich thudc  hat tir cong thitc Scherrer

Tén mau L(nm)
7nS 2,9
7ZnS:Mn-9% 2,85
M-PVP (5:2) 2,07
M-PVP (5 :4) 2,14

) Phd PL cua mang ZnS boc phu PVP v6i cac ham lugng PVP khéc nhau nhu trong hinh 6.
Két qua cho thay c6 sy chong chap pho huynh quang cia ZnS va PVP va cuong do huynh quang cua
cac mau c6 xu huong tang 1én khi tang ham Iugng PVP, nhung khong c6 su dich vi tri dinh huynh
quang.
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Hinh 7. Ph6 PL ctia mang ZnS boc phi PVP Hinh 8. Ph6 huynh quang ciia ZnS:Mn boc pht PVP
véi cdc ti 1¢ khac nhau
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Phé huynh quang cua mang ZnS:Mn boc phu PVP voéi cdc ti 1¢ khdc nhau duoc trinh bay
trong hinh 8. Tt dd thi nay ta c6 thé thay trén phd huynh quang cua mau ZnS:Mn boc phii PVP
xuét hién 2 ddm huynh quang rd rang. Pam tht nhat trai rong trong khoang tir 400 dén 525 nm,
dam thir hai trai rong trong khoang 575 dén 675 nm. Khi ting lugng PVP boc phu thi cuong do
huynh quang dinh thi nhit (442 nm) ting 1én rat nhanh so véi dinh huynh quang thir hai
(602 nm). Nguyén nhan cua su ting nhanh chéng cuong d¢ dinh 442 nm la do phé phét quang
ctia PVP khd gan véi dai phat quang ciia ZnS. Trong khi d6 dinh huynh quang 602 nm Ia do céc
chuyén doi cua cac trang thai dién tir *T-°A, hodc A,-A, ctia cdc ion Mn** da thay thé vi tri cua

* [4, 6]. Cac sb liéu so sanh ti ) cuong do gitta 2 dinh 442 nm va 602 nm I44,/Ig, duoc
théng k& nhu trong bang 2. Diédu nay chung té su dong gép huynh quang cia PVP da gy anh
hudng manh trong viing dnh sdng xanh lam (viing budc séng 442 nm). Do d6 cuong d6 dinh 442
nm ting nhanh hon dinh 602 nm khi ting ndng d6 PVP trong miu.

Bang 2. So sanh ti s6 cuong do dinh huynh quang 442 nm va 602 nm
clia cdc mau mang M-PVP tmg véi ti 1é khac nhau ciia ZnS:Mn/PVP

Mau M-PVP (5: 0) | M-PVP (5: 1)| M-PVP (5 : 2) | M-PVP (5 : 3) | M-PVP (5 : 4)

Ltz om 1443 6277 13517 17313 32170
(don vi tuy ¥)

T6o2 o 5687 9838 15026 17667 24105
(don vi tiy ¥)

Lo/ Tso 0,2537 0,638 0,8995 0,9799 1,335

Dé thém cic thong tin vé huynh quang cua ZnS:Mn/PVP, phé phét quang ciia mang mong
M-PVP(5:4) phu thudc mat do cong suat kich thich dugc khao sit. Hinh 9 1a ph6 phat quang cf}a
M-PVP(5:4) véi budce soéng kich thich 325 nm cé mat d§ cong suat tang tir 0.191W/cm® dén

0.699W/cm®.
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Hinh 10. Su phu thugc cua'ln(y) va Ln(I,,y) v6i cac

Hinh 9. Phd PL ciia M- PVP(S 4) phu thudc mat

d06 cong suét kich thich dinh huynh quang 444 nm va 600 nm
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Khi ting mét do cong suét kich thich Ji tir 0.191 W/ecm® dén 0.699 W/cm? thi vi trf cia
céc dinh 444 nm va 600 nm hau nhu khong thay d6i nhung sw phu thude ctia Ln(Jy,) va Ln(I,y) cta
mét do cong suéit kich thich Ji, va cuong do cc dinh huynh quang I, tai cc dinh 444 nm va 600 nm c6
dang gan dung 1 céc dudng thang (hinh 10). Do viy, cuong do dinh huynh quang 444 nm va 600
nm cua mau tang 1én tuin theo quy luat Ing = A.(Jx )". Vi tri dinh 600 nm déc trung cho birc xa
clia cdc tim kich hoat Mn®* trong trudng tinh thé ZnS. Vi tri dinh 444 nm dic trung cho huynh
quang cia ban dan chi ZnS c6 sy déng gép ciia PVP, ‘nhung khong bi dich khi tang cong suat
kich thich. Piéu ndy ching t6 sy tang mét do cong suét kich thich trong khoang trén van chua
lam thay d6i déng ké nhiét d6 dia phwong ctia mau, do d6 do rong viing cim cia né van khong
thay doi.

Tt cdc phan tich trén, rd rang 1a PVP khong dnh hudng t6i cAu vi mo ciia ZnS:Mn, nhung
PVP ciing phét quang va c¢6 vai trd nhu nhing 16p bao vé va lam thay d6i ddng ké tinh chat
quang cta cic hat nano ZnS:Mn. Huynh quang cta cic mau ZnS:Mn-PVP dang ké khi thay ddi
ham luwgng PVP. Khi cédc hat nano ZnS:Mn dugc khuéch tan trong nén PVP, kich thuéc cdc hat
chi khoang 2-3 nm, do d6 hiéu tmg giam cim luong tir va hiéu tng thay doi kich thudc lugng tir
¢6 thé xuét hién trén hé miu nay [1, 2] va ciing 1am thay d6i ddng ké tinh chit quang ciia ching.

4. KET LUAN

Ching t6i da ché tao thanh cong cdc mau bot va mang moéng ZnS:Mn-PVP véi ham
Iwgng PVP khac nhau. Kich thudce trung binh cta cac hat ZnS:Mn vao khoang 2 dén 3 nm dugc
tinh béng cdng thic Scherrer. Kich thudc trung binh céc hat trong anh TEM khoang 10 nm, véi
16p v6 polymer PVP boc pht bén ngoai céc hat nano ZnS:Mn. Hinh dang ciu cua cic hat cho
thdy PVP c6 vai trd cta tdc nhin boc phii do tuong tic ciia ion Zn** véi cdc nguyén tir O va N
ctia polymer di vong PVP. Dai phét quang ctia PVP khd gan voi ZnS va déng gép huynh quang
cia mang mong ZnS:Mn boc phu PVP. Céc tinh chat quang cua cia ZnS:Mn-PVP duogc ting
cuong dang ké con c6 thé lién quan tdi cac hiéu tng jgiam cam luong tur, hiéu Gng kich thudc
luong tir ciia cdc hat nano ZnS khi ching dugce khuéch tan trong nén PVP. Diéu nay can c6
nhiing khdo sat tiép theo nhu: phé h?ip thu quang, phé kich thich huynh quang...

Loi cam on. Cong trinh nay duoc sy hé tro ciia Quy phat trién khoa hoc & céng nghé québc gia
(NAFOSTED), ma s6 103.02.2010.20.
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SUMMARY

THE OPTICAL PROPERTIES OF THE POLYVINYL PYRROLIDONE (PVP) CAPPED
ZnS:Mn NANOCRYSTALLINE SYNTHESIZED BY CHEMICAL METHOD

This study has been carried out on the optical properties of PVP (polyvinyl pyrrolidone)
capped ZnS:Mn nanocrystalline powders and thin film. The influence of the concentration of
PVP capping polymer on the optical properties of the PVP capped ZnS:Mn nanocrystalline thin
films synthesized by the wet chemical method with the optimal Mn concentration was studied.

The microstructures of the samples were investigated by the X-ray diffraction (XRD)
patterns, the atomic absorption spectroscopy AAS-600, and transmission electron microscopy
(TEM). The results showed that the prepared samples belonged to the sphalerite structure with
the average particle size of about 2 - 3 nm. The optical properties of samples were studied by
measuring photoluminescence (PL) spectra in the wavelength range from 325 nm to 700 nm at
300 K. The luminescence spectra of PVP showed the blue emissiom with maximum of 425 nm.
While the PVP coating did not affect the microstructure of ZnS:Mn nanomaterial, the PL spectra
of the samples were found to be affected by the PVP concentration.

Keywords. PVP-capped ZnS:Mn nanocrystalline thin film, photoluminescence spectra, TEM.
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