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Abstract

Mn*'- doped zine selenide (ZnSc.Mn) nanomaterials have been attracted much attention in recent years for

fundamental propenics and technological applications

In this work, ZnSe:Mn luminescent nanomaterials were

successfully synthesized by co-precipitate method in gather colloida! enviromment mecapto acelic acid al room
temperature The morphology and the structure of the prepared samples were characterized by field ¢mission scanning
clectron microscopy (FESEM) and X-ray dilfraction (XRD). | I-SEM images and XRD diagrams showed that the
matcrials arc in size of 20-50 nm with single phase structurc of ZnSc. Photoluminescence of materials was measured at
room temperature by an 1HR 550 spectrometer using an excilation laser with 266 nm wavelength. [t shows that
ZnSe:Mn nanoparticles materials have strong emission in orange region (with a maximum at 645 nm) which correspond

to the ‘Ty-*A, transition of Mn*’

1. GIOI THIEU

Vit ligu phat quang hiéu suit cao trén co s hop
chdt 11-VI nhu CdSe va CdTe c6 cdu tric 16i/vo (thi
dy: CdSe/CdS, CdSe/ZnS, CdSe/ZnSe, CdTe/CdS)
duoc nghién ciru manh mé trong khoang hai thap ky
qua do trien vong (ng dung trong cac linh vue
quang-dién ur, lam vt li¢u phat quang hiéu suat cao
{1-6] va danh ddu huynh quang y sinh (7, 8). Két quéa
dat duge ¢6 the ché tao cac vat liéu ¢6 d ddng nhat
kich thudc cao (dé sai léch kich thude chi ~5-10%),
cb chét Tugng tinh thé 11, c6 hiéu suét phat quang
rét cao (dat 19§ 50-85%) [9, 10]. Ngay nay, cac vit
liéu kich thude nano thuge nhém nay con duge day
manh nghién ciru ché tao vi ¢0 do phat quang cao
ma céc phuong phip ché 130 ra ching lai khia don
gian. M{t sé loai cham lugng tr (quantum dot, QD)
trén co so ban din hop chat 11-VI da duge ché tao
thanh céng, tr&' thanh thuomg pham nhu CdS, CdTe
va CdSe, diic biét 1a CdSe phat quang trong ving
pho thay doi lu tr ngoai dén hong ngoai vai hi¢u
suat lwong tir rét cao (~30-50%) [9]. Cac ban dan
phat quang tai ba ving pho co ban: lam (~ 480 nm),
luc (~550 nm) va d6 (~610 nm) trén co s& vit ligu
ban din CdS, CdSe dang dugc quan tam nghién cir
ché ta0 tai mot 56 phong thi nghiém va hang thuong
mai trén thé gidi (thi dy tai DRFMC, CEA Grenoble;

uantum Dot co...). Tuy nhién, cac hé vat liéu trén
deu chira Cd, 1a nguyén t5 kim loai néng duoc biét 1A
rit dgc hai khi tich ty trong co thé ngudi. Vi vdy, cac
finh vyc img dung cia cac vit lidu chira Cd bi han
ché, dic bigt ¢ nhiéu nghi ngai khi sir dung dé danh

dau huynh quang trong y-sinh (11, 12].

Nhim tim kiém vat ligu khdng chira Cd nhumg
6 thé phat quang hi¢u suat cao trong ving ph_o khi
kién véi dinh pho dieu chinh duge theo yéu cau (co
mau sic huynh quang khac nhau) va kich thudc vit
ligu trong viing nand mét (de €6 the sir dung trong
dinh diu huynh quang trén doi tugmg y-sinh). Mgt
s6 phong thi nghié¢m thé gidi dang tich cuc nghién
ciru nhimg hé vit liéu ban din khac nhau. Cic
nghién clru tinh chat quang (cac chuyén dai phit
quang lién quan exciton, hiéu img Stark lugug i,
hi¢u (g dich dinh phd huynh quang trong dung
dich cing nhu phan cyc cua phéi tir (13, 14]) di
duge quan tam thue hién dé lam séng 16 céc qui
trinh quang-di¢n trong cac hé ban dan, lam co s cho
vige trién Khai émg dung. Gan déy, da co mgt 56
cong bb vé hc; ban dan ZnSe, la loai vat lidu cung ho
véi higp chat 11-VI nhung da thay cho Cd bing Zn.
Chm ban dan ZnSe ¢6 the phat huynh quang véi higu
suat ca0 ~44% (15, 16). Nhung ZnSe c¢6 nang lugng
ving cAm ~2,6 eV, khi co higu img giam ham luong
tir thi ban din ZnSe phat quang véi dinh pho trong
khoang 400-440 nm [17] s& khong thudn lgi cho
nhimg tmg dyung c6 yéu clu vat h:;u phat quang ving
kha kién nhu trong linh kién chiéu sang rin va dinh
déu huynh quang y sinh.

Vit liéu ZnSe:Mn ¢6 dé nhay quang rit cao, &
trién vong lam vit li¢u phat quang trong ving phﬂ
vang cam-dd véi hiéu suat huynh quang cao t6i
44%, nén duqc dung chd ycu trong dibt phét quang
Vi Iade dibt (15, 16]. Vit li¢u phat quang ZnSe:Mn,
thye 1é c6 thé didu khién cac chuyen doi dién i
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tuong ing véi huynh quang trong ving phd kha kién
séng dai (~570-750 nm), trén co s higu dng giam
ham lugng tir. C4c hang san xuat hign dang theo
dudi hudng nghién ciru mg dyng Khuyén cao trién
vong sir dung cac ban din CdSe, CdTe, ZnSe:Mn
1am vat lidgu huynh quang trong chiéu sang trang thai
rin hiéu sudt cao (SSL - Solid Statc nghtlng) Do
vay lugng nguyén ligu ban dan can thiét dé sir dung
cho myc dich nay s& |4 rat 1dn, khi SSL khang dinh
dugc thj trudng,.

2. THUC NGHIEM

Héa chat: NaBH,. kém va mangan axetat, bt
selen, mecapto axetic axit (MAA).

Téng hop vt ligu: Trude tién dé cé NakiSe,
ding lugng Se bot duge tinh du phan \ing vai lugng
NaBH, da duoc hoa tan trong nudc. chinh pH cua
dung dich nay dé ¢6 pH = 7, dung dich co mau vang
dén vang dam. Mét hdn hop dung dich thir hai gdm
k&m axetat va mangan axetal di dugc chuin bi &
néng d6 pha tap 12 1% theo mol. Thém MAA vao
hén hop kém - mangan, mecapto axetic axit & day
duge dong lam moi truomg tao keo xung quanh hat
vit ligu Khuéy manh hén hop dung dich kém va
mangan trong MAA rdi nhod timg giot dung dich
NaHSe vao v6i ty 1& Zn(Mn) : Se : MAA = 1: 2: 4,

San phim thu duge la két tha c6 mau vang dén
vang da cam dam tly theo ty 1& Zn/Se tir 0,1-2 sau
d6 duge rira sach bang nuédc va cdn etanol nhiéu lan.

Phan img dé tao ZnSe:Mn dién ra theo phuong
trinh tdng hop nhu sau:

1)Se + NaBH, + H,O — NaHSe + H,BO,
OH
1
2) Zn?*(Mn2*) + HO,C,H,SH —» C=0 +H*
| )an.
CH,-S
oH Ofli
3)NaHSe+C O) (':=O>ZS "
! Zn" nSe.Mn
CH,- 8 CH,- S
+ Na*+OH"

Khi dung etanol v nuée sach é loai keo, t6 hop
MAA - ZnSe:Mn duge ciit mach ra khoi nhau thu
duoc vit liéu ZnSe:Mn. Huyén phit dugc ly tim &
téc do 5800 vong, thu duge bot min mau vang va
dem sy kho trong chan khdng o nhiét d6 70°C.

3. KET QUA VA THAO LUAN
Kich thuéc va hinh thai cia hat vat liéu

ZnSe:Mn dugc xéc dinh bing anh hién vi dién tr
phén giai cao FESEM (Hitachi- $4800). Trén hinh 1

Dinh Xuan Lic va cong sie
dnh FESEM cho thy ro vat liéu di ¢6 hat dang tua

cAu kha ddng déu véi kich thude ¢ khoang 20 nm-
50 nm.

Hinh 1: Anh FESEM cia mAu ZnSe:Mn 16ng hop
bing phuong phap dong két wa

Diéu nay cho thdy r3 tac dyng ctia mbi mmng
keo mecapto nxeuc axit Imng viée khong ché hinh
dang va sy phat triégn mam tinh thé dan dén dd 1on
cua kich thude hat vat ligu.

Mau vat lidu sau dé dugc kiém tra chu trac bang
phuong phap nhiéu xa ta X trén may (XRD-
SIEMEN 5000) c6 éng phat tia birc xa bang CuK,
véi bude song A = 1,5406 A, do & nhiét 4o phong
vai guc quét 0,03 d6 va burde quét 1a 0,7 gmy Trén
gian db X-ray cla vét ligu & hinh 2, ta thay gian a6
chi rd vat ligu ZnSe'Mn da duge tao thanh la don
pha, ngoai pha cia tinh thé ZnSe:Mn khéng con cic
pha la khéc, diéu nay chirng o vét liéu duoc tao
thanh kha 1 tinh khiét. Cac dinh cia vach nhiéu xa
tuong déi manh va m& réng chung to vat liéu cb
kich thude nho, phi hop vai két qua chyp trén anh
FESEM. Khi so sdnh ching t5i 1hay céc dinh XRD &
diy hoan toan tring hgp vai mot 6 cong bb cia chc
nhom trén thé gisi [18, 19]. Phd huynh quang coa
Vit liéu ZnSe:Mn dugc do bing hé do huynh quang
ving kha kién trén hé may iHh 550 v6i dau thu
CCD, duge kich thich bing laser ¢o buéc song kich
thich 266 nm & nhiét do phong. Phé huynh quang
trén hinh 3 cho ta thy r5 c¢6 2 dinh riéng biét. Dinh
phd & ving 461 nm dugc ban thao la dinh phat
quang cla ZnSe.

binh pho huynh quang coa dai phd & ving mau
da cam sam 645 nm dugc ban thio 14 dinh huynh
quang dac trung cia ion Mn?" khi duge pha tap vio
ZnSe. Két qua thu duge khi dc phé huynh quang cla
viit liéu ZnSe:Mn ching 6i tung hop duge nay hoan
toan tring hqp vdi cac cong bé cua cac nhém nghién
ciru trén thé gisi [21, 22] Véi vung dinh phd 645
nm do ¢6 sy djch chuyen vé& viing budc séng dai (14
viing d6) duge ban thao 1a anh hudng cia ty 1€ gitra
Zn/Se. Nhu trén da ndi, khi két tua ZnSe thl bt s&
6 mau thay d8i tir mau vang dén ving da cam dam
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khi ty 1& pitra Zn/Se duge thay ddi tir 0,1 dén 2. Sau
d6 mau cia tinh the 7nSc Mn lai ducc cong hrdng.
thém d§ mau cua Mn®* khi ion Mn®" dugc pha tap
vao lam cho lmh thé ZnSe:Mn cé mau da cam do.
Chiing 16i s tiép tuc khao sit su 'mh huomg cia cac
ty Ie Zn/Se va ty Ic % cua fon Mn’ pha tap vao tinh
thé ZnSe din dén sy |hay d&i miu cia tinh (hé
ZnSe:Mn trong nhimg 1an khao sit sau.

Hinh 2: XRD ciia miu vat licu ZnSe:Mn téng hop
bing phwong phap dong két taa
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Hinh 3: Phé huynh quang cia miu vt li¢u ZnSe:Mn
téng hop bing phuang phap déng kéi tha

4. KET LUAN

. ba mng hop thanh cong vat liéu nano ZnSe:Mn
bang phuong phap dong két (ia trong méi truomg
keo tu mecapto axetic axit c6 kich thude wong déi
nhé, véi kich thude hat & khoang 20-30 nm.

Vit liéu ZnSe:Mn léng hop dugc 1a tinh thé don
pha phzl huynh quang manh & ving dic trung cia
ion Mn”* pha tap, v6i lugng pha tap 14 1%.

Lién h¢* Pinh Xuin Lic

Tzfng hop vét ligu phdt qu;g nano...

Livi cAm on: Cong trinh duge hé trg kinh phi 6
Vién Khou hoc Vit ligu - Vién Khoa hoc va Cong
ngh¢ Vigt Nam, va dugc thire hién tai Phong thi
nghiém trong didm vé Vat ligu va Lmh kién d:en i

Vign Khoa hoc Vit ligu. Cém on tién st Nguyen Dirc

Viin vét thae st D6 Himg Manh dd nhiét tinh giup da.

TAILIEU THAM KHAO

C B. Murray, D. J. Noris, and M G. Bawendi,, J,
Am. Chem, Soc. 115, 8706 (1993).

B. O. Dabbousi, J. Rodriguez - Vicjo, F. V. Mikule,
J. R, Heine, et al, J. Phys. Chem. BI0I, 9463
(1997).

Lianhua Qu, Z. Adam Peng, and Xiaogang Peng,
Nano Leit. 1,333 (2001).

Joel Bleuse, Sophic Carayon, Peter Reiss., Phys E 21,
331 (2004).

N.C Greenham, X Peng, and A. P. Alivisatos. Phys.
Rev. B 54, 17628 (1996).

Patrick T K Chin, Jan W Stouwdam, Svetlana Svan
Bavel, and Rene A J Janssen., Nanotech 19, 205602
(2008).

A. Paul Alivisatos, et al., Rev of Bio. Eng, 7. 5§
(2005).

H. Kobayashi, Y. Hama, Y. Koyama, et al., Nano
Let.. 7, 1711 (2007).

A. F. Van Dricl, G. Allan, C. Delerue, P. Lodah, W.
L. Vos, D. Vanmaekelbergh., Phys. Rev. Lett, 95
236804 (2005).

. C. A. Leatherdale, M. G. Bawendi., Phys. Rev. B 63,

165315 (2001).

. P. Reiss, J. Bleuse, A. Pron., Nano Len., 2, 781

(2002).

. Guo-Yu Lan, et al. ». Mater. Chem., 17, 266

(2007).

. Hsuch-Shih Chen, Bertrand Lo. Jen-Yu Hwang,

Gwo-Yang Chang, Chicn-Ming Chen, et al., J. Phys.
Chem B 108, 17119 (2004).

J.J. Andrare. et al., Microelec. J 40, 641 (2009).

. Zheng Fang, Ping Wu, Xinhua Zhong, et al.

Nanotec., 21, 305604 (2010).

. ). F. Suyver, ct al,, Phys. Chem. Chem. Phys., 2.

5445 (2000).

. Dongmei Han, et al.. J. Nano Mater., Vol 2010,

article 1D 290763 doi: 10. 1155/(2010)/290763.

Vién Khoa hoc Vit li¢u, Vién Khoa hoc va Cong nghé Viét Nam

18 Hoang Quéc Viél, Cau Gmy, Ha Nai.
Email: locdx@ims.vast.ac.vn

692


mailto:iocdx@ims.vast.ac.vn



