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This study analyzes the optical properties and luminescence of nano
BaMoO, co-doped Eu**, Mn?* (BMEM), which have been successfully
synthesized by hydrothermal method. The diffuse reflectance spectrum
(DRS) confirmed that nanomaterials BMEM absorb light in the
ultraviolet region with bandgap energies about 4.0833 — 4.1250 eV.
The photoluminescence excitation and photoluminescence spectra
demonstrated that nanomaterials BMEM have the ability to fluoresce
red with great intensity at about 616 nm, corresponding to the °Dy —
’F, transition of Eu®" ions. Mechanism of fluorescence quenching by
dipole-dipole interaction, the host efficiently transfers energy to Eu®*
jon with a critical distance of 10.62 A, the highest luminescence
lifetime is 1.06432 ms. With the ability to emit high-intensity red light
for a long time, nanomaterials BMEM have the potential to be applied
in the manufacture of white, warm and low-energy LEDs.
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Thoi gian séng

Nghién ciru nay phan tich cac tinh chat va kha nang phat quang cua vat
litgu nano BaMoO, pha tap Eu®**, Mn? (BMEM) duoc téng hop thanh
cong bang phuong phép thiy nhiét. Phd phan xa khuéch tan (UV-Vis-
DRS) cho thy, cac vat lisu BMEM hép thy 4nh sang trong ving tir ngoai
Véi niang lugng ving cim tir 4,0833 — 4,1250 eV. Pho kich thich phat
quang va phd phat quang cho thiy, cac nano BMEM c6 kha ning phat
quang mau do véi cuong do 16n tai khoang budc song 616 nm tuong tng
vai chuyén tiép °Dy — F, cua ion Eu**. Sy dép tit huynh quang theo co
ché twong tic ludng cuc — ludng cuc, mang nén truyén ning luong hiéu
qua dén ion Eu®" vai khoang cach t6i han 1 10,62 A, thoi gian séng phat
quang cao nhat 1a 1,06432 ms. Véi kha ning phat quang anh sang do
cudng do 16n trong thoi gian dai, vat liu nano BMEM c6 tiém ning wng
dung trong ché tao dén Led 4nh sang tring, 4m, tiéu hao it nang lrong.
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1. Pit van dé

Nhu di biét, dic tinh phat quang cua vt liéu pha tap ion dat h1em (RE *) ¢6 thé bi anh huong
manh boi truong tinh thé cia mang nén. Mot trong nhiing mang nén dién hinh, d6 14 molypdate
VGi cac tinh chat vat 1y va hoa hoc tuyét voi phu hop dé tong hop cac vat liéu phat quang
méi. Mang molypdate c¢6 ciu tric scheelite, v6i dai hip thu rong trong Vung cye tim (UV) va co
thé phat xa mau xanh lam, xanh luc dudi k1ch thich UV. Khi dua ion RE* vao mang nén M004 ,
nang luong cod thé duoc truyen tr mang nén sang ion RE3+ din dén su phat xa ddc trung cua
RE*. Do d0, cudong d6 phat xa cao du kién s& thu dugc khi pha tap RE* vao MoO,” duéi kich
thich UV. Céc nghién ctru trudc di cho thdy, vat lieu MoO,” pha tap Eu®* c6 kha ning phat xa
mau dé khi kich thich bang tia (UV), cho cuong d6 mau phu hop va d6 6n dinh vuot troi [1] - [6].

J. C. Sczancoski va cong su [1] d tong hop bot BaMoO, bang phuong phap déng két tia, sau
do thuy nhiét vi song & 140 °C trong cdc thoi gian khac nhau. Gian d6 XRD va ph6 FT-Raman cho
thay rang, cac loai bot nay co cau trac ttr giac kiéu scheelite. Phd FT-IR thé hién mot dai hap thu
l6n nam 6 xung quanh 850,4 cm™, duoc quy gan cho cac dao dong keo gian dbi xung Mo-O trong
nhém [MoO,]. Phd hip thu UV- VIS DRS cho thiy sy giam muc ning luong ving cAm theo sy ting
cua thoi gian xir ly. Cac loai bt BaMoO, khi dugc kich thich véi cac budc song khac nhau (350 nm
va 488 nm) di tao ra cac phd phat quang khac nhau. Hién twong nay dugc giai thich thong qua mot
mo hinh dya trén su ¢6 mit cia cac muic nang luong trung gian (15 sau va 16 néng) trong ving cAm.

Bang phuong phap thiy nhiét két hop véi sir dung trisodium citrate 1am chat hoat dong bé mat,
Guang Jia va cong su [2] da tong hop thanh cong vat ligu BaMoO,: Ln* (Ln = Eu, Tb, Dy va Sm)
Vv6i d6 dong nhat va phan b cac thanh phan nguyén t6 kha tt. Glan d6 XRD di ching minh rang cac
ion EU®, Tb*, Dy** va Sm®" duoc pha tap hiéu qua vio mang nén BaMoO,. Anh SEM va TEM chi ra
réng cac BaMoO4:Ln** thu duoc dang tinh thé nano. Vit liéu BaMoO,:Ln** (Ln = Eu, Tb, Dy va Sm)
thé hién kha nang phit quang manh mau do, luc, luc - vang va cam-do, twong tmg dudi kich thich cuc
tim. Thoi gian séng cua cac BaMoO4:Ln** (Ln = Eu, Tb, Dy va Sm) tai cac budc song 617, 545, 573
va 646 nm tuong tng lan luot 14 0,67; 0,72; 0,18 va 0,62 ms, cd thé tng dung tiém ning trong linh
vuc bot phat quang nhe va cac thiét bi man hinh phing tién tién.

Céc nano két tinh dang hinh thoi cuia BaMoO,:Eu®" da duoc L. Krishna Bharat va cong su [3]
tong hop thanh cong. Vit liéu BaMoO,:7 mol% Eu®" duogc kich thich & 296 nm, cho thoi gian
séng phat quang tai 611 nm 1a 0,2356 ms. Li Songchu va cong su [4] da tong hop cac
MMoO,:Eu** (M = Sr, Ba) bang phuong phap thuy nhiét trong méi trudng cé isopropanol.
Nghién ctru cho thay, ¢é sy anh huong 16n cua nong do CTAB va gia tri pH dén hinh thai hoc va
tinh chét phat quang cua cac vat liéu. Cac vat liéu thu dugc c6 dang hinh cau, kich thudc tinh thé
trung binh tir 29,2 — 93,5 nm. Cuong do twong dbi ciia dai truyén dién tich CTB trong khoang
220 - 350 nm va cac chuyén tiép f-f dic trung ciia Eu®* ciing thay déi theo ndng d6 CTAB va gia
trj pH. Cac vat lidu MMoO,:Eu** déu c6 cac chuyén tiép dic trung *De— 'Fy (J = 1, 2, 3, 4) tai
budc song 598, 620, 655 va 710 nm tuong ung.

O nghién ctru trudc, _chiing t6i da tong hop thanh cong bot vat liéu BaMoO, dong pha tap ion
Eu**, Mn** (BMEM) bang phuong phap thuy nhiét va chi ra cac dac trung chu trac tinh thé tu
giac don pha, hat hinh cau kich thudc nano, d¢ tinh khiét vé thanh phan va sy phan bd déu cac
nguyén t6 chinh Ba, Mo, Eu, Mn va O trong nén mau. Trong cong bd nay, chung toi tiép tuc phan
tich, danh gia cac tinh chéat quang cia nano BMEM, nham dinh huéng wng dung trong chiéu
sang ran va tiét kiém nang luong.

2. Vit li¢u va phwong phap nghién ctru
2.1. Héa chidt, dung cu thiét bj

Céc hoa chét st dung c6 d¢ tinh khiét phan tich (hing Merck), gom c6: Ba(NOs), 99,5%;
Na,M004.2H,0 99%; MnCl,.4H,0 (99,70%); Eu,03 99,99%; HNO; 68%, C,HsOH tuyét ddi (d
= 0,790 g/cm’®).
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B6 dung cu thiy nhiét (Autoclave); can dién tir 10* g; may khudy tir; tu sdy; 16 nung.
2.2. Cdc phwong phdp nghién ciru tinh chdt vat ligu

Pho phan xa khuéch tan xac dinh budc song hap thu va nang lugng ving cdm E, caa vat li¢u
dugce x4c dinh bang quang pho UV- -Vis-DRS (Carry 5000) (Phong thi nghiém Trong diém Vat
liéu tién tién ung dung trong Phat trién xanh, Truong Pai hoc Khoa hoc Ty nhién, PHQGHN).

Phé ké huynh quang NANO LOG (Horiba, M¥) duoc trang bi dén hd quang Xe 450 W, bo don
sic kich thich kép va khoang cach phan ky 1 0,2 nm, ¢6 kha ning thuc hién cac phép do: buc xa
huynh quang tir 180-1550 nm; hap thu huynh quang tir 250-750 nm; pho kich thich phat quang
dugc do trong khoang 250-550 nm; thoi gian sdng cuia hat tai va cac phép do quang & nhiét do thip
(van hanh tai Vién Tién tién Khoa hoc va Cong nghé (AIST), Pai hoc Bach khoa Ha Noi).

3. Két qua va ban luan
3.1. Nghién ciru phé phan xa khuéch tan UV-Vis-DRS va ning lieong viing cdm

Pho phan xa khuéch tan va dudng cong ning lugng Kubelka-Munk cia vat liégu BMEM 3-x
(x=0,1 - 2,0) dugc trinh bay trong hinh 1.
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Hinh 1. Phé phdn xga khqéch tan va dé thi Kubelka-Munk xdc dinh
doé rong viing cam cua BMEM 3-x (x = 0,1 -2,0)

Quan sat trén hinh 1 cho tha"iy, do dich Chuyén budc song hép thu cua vit liéu BMEM dugc
xéac dinh trong khoang 300-303 nm, do d6 cac vét liéu hap thu manh trong ving 4nh sang tir
ngoai. Puong cong gitra (ahv)? va hv ciia cac nano BMEM duoc tinh toan tir cic gia tri do hip
thu UV-Vis, sir dung phuong trinh dugc dé xuat bai T. ThongTem va cong su [5], [6]:

ahv = (hv - Ey)" (1)

trong do, o la do hap thu, h 1a hang sé Planck, v 1a tin sé photon, Eg 13 d0 rong ving cAm van

1a gid tri lién quan dén hinh thuc Chuyen dbi electron. Khin=1/2; 2; 3/2 va 3, tuong (g Véi cac
chuyén d6i 1a dugc phép truc tiép, dugc phép gian tiép, bi cAm tryc tiép va bi cim gian tiép,
tuong tng. Gia tri nang lugng ving cam duge xac dinh boi phép ngoai suy theo duong tuyen tinh
cia dudng cong t6i khi a = 0. Trong nghién ctru nay, caic BMEM ¢ qua trinh chuyén ddi
electron dugc phép truc tiép (n = 1/2) va nang lugng ving cam (E,) xac dinh dugc trong khoang
4,0833 — 4,1250 eV, 1a thap hon so véi cac cong bd trude [5]-[8]. Phd phan xa khuéch tan chimng
t6 kha nang kich thich phat quang cuia cac vat lidu ndy bang cac birc xa trong ving anh sang ti
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ngoai UV. O day, hién tuong phat quang quan sat duoc la do sy chuyén ddi electron 4f-4f cua ion
Eu®* chir khong phai do sy hap thu ning lugng ving cam cua vat lidu. Nhiing chuyén dbi nay xay
ra trong khoang cach dai cua vat liéu [9], [10].

3.2. Nghién ciru phé kich thich phdt quang ciia vt ligu BMEM

Phé PLE caa nano BMEM 3-x tai budc séng kich thich 616 nm, dugc chi ra trén hinh 2. Pho
PLE ciia BMEM 3-x (x = 0,1; 0,5), bao gom hai phan chinh chu yéu: (i) Dai manh trong pham vi
tir 250 nm dén 350 nm, c6 dinh & 287-290 nm, dugc quy gan cho céc trang thai chuyén dién tich
O%/Eu®" (CTB) va su chuyén dién tich theo khoang cach caa Mn?*/Eu®, do su chuyén electron tir
quy dao 2p (oxy) sang lop 4f trong cua Eu®; (ii) Mot s6 vach rd nét khac quan st thiy trong
khoang tir 350 nm dén 550 nm, 14 céc dinh dac trung twong g Véi chuyén tiép 4f — 4f cta ion
Eu®* thay thé tai vi tri Ba(Il) cua ion Ba*

Murc d6 phan tach phd cao trong dai phé tir 350-550 nm duoc tao ra boi trudng tinh thé Ion
ciia mang nén BaMoO,. Cac dinh quan sat duoc chi yéu 1a do su chuyén doi tir mic 'Fo va 'Fy
sang cac mirc nang lugng cao hon cua ion Eu®*: 'F, — °D, (361 nm); 'F; — °D, (366 nm), 'Fo —
°G, (374 nm), 'Fy — °G, (380 nm), 'Fg — °Ds (414 nm) va 'Fy — °Dy (533 nm). Dic biét, c6 hai
cuc dai sic nét c6 cudng do cao ¢ 393 nm ('Fy — °Lg) va 464 nm ('Fy — °D,), trong d6 cuc dai
hap thu & 393 nm manh hon & 464 nm. Do d6, cic nano phat quang BEMM nay phti hop tdt voi
khong chi cho cac chip can UV (Near-UV chips) ma con ca cac chip LED xanh lam (blue-LED
chips) (460 + 20nm) [3] - [9].
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Hinh 2. Phé kich thich phdt quang (PLE) cua
vat lieu BMEM 3-x (x = 0,1-1,5) nung ¢ 600 °C

3.3. Nghién ciru phé phdt quang ciia vt ligu BMEM

Pho phat quang cua vat liéu BMEM 3-x dugc ghi lai bang cach ¢ dinh budc song kich thich
& 290 nm va két qua dugc chi ra trén hinh 3. Sy phat xa rong trong dai 550 - 580 nm, la do su
chuyén electron tir trang thai kich thich sang trang thai co ban ciia mang nén va sy thay dbi
cuong do cta cac dinh da cho thiy qua trinh truyén dién tich tir phdi tir sang kim loai (0* —
Eu®") dién ra rat hidu qua [10] - [12].
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Hinh 3. Phé phdt quang (PL) dwdi kich thich 290 nm
ctia BUEM 3-x (x = 0,1-2,5) nung ¢ 600 °C

Duéi kich thich 290 nm, phé phat xa huynh quang cia BMEM 3-x bao gém mét s6 vach sic
nét, thuoc vé su phat xa dic trung cua cac ion Eu® wng véi chuyén tiép°Dy — 'F, (=0, 1, 2, 3,
4). Trong s6 céac cuc dai nay, mot vach phat xa cam do chuyén ddi ludng cuc tir °Dy — 'Fo (580;
589 nm), vach phat xa yéu (596 nm) twong (g véi su chuyén déi ludng cuc tir (*Dy — 'F;) cua
Eu®* dbi xung tam dao thay thé cho vi tri Ba(I). Cac vach phat xa d6 manh hon & xung quanh
616 nm v&i ba dinh chinh dugc quan sat & (607; 613; 616 nm) duoc qui gan cho su chuyén doi
ludng cuc dién "Dy — 'F,) cua ion Eu®* gdy ra bai su bat dbi xtmg tam dao tai vi tri Ba(ll) va su
pha v& cac quy tic loc lya. Piéu nay cho thy cudng do cua chuyén tiép °Dy — 'F, bi anh hudng
nhidu béi tinh dbi xtmg xung quanh ion Eu®*. Su phat quang manh cta chuyén doi ludng cuc
dién chig t6 cac ion Eu** va Mn?* da thay thé vi tri cua ion Ba®* trong mang nén [12] - [14].

Cac cuc dai khac duoc quan sat xung quanh 652 va 656 nm (°Dy — F3); 694 va 702 nm
(°Dy — 'Fy), tat ca déu 1a chuyen tiép ludng cuc dién. Sy xuét hién cac dinh phat xa trén pho PL
da chimg minh rang khi dong pha tap cac ion Eu™, Mn®* vao BaMoO,, xay ra su truyén ning
lwong hiéu qua tir mang nén va ion Mn?" dén cac muc nang hIO’ng 4f cta ion Eu®". Két qua nay
¢6 su phi hop véi cac dinh phat xa do chuyén tiép cua ion Eu** trong cac nghién ctru trude [15].

Ngoai ra, khi so sanh ty 18 cudong do phat xa tai 2 dinh 596 va 656 nm cua tirng mau cho thiy,
mau BMEM 3-1 ¢6 gié tri cao nhat 1 2,9033, trong khi cac mau con lai c6 gia tri nhd hon trong
khoang tir 1,6747 dén 2,8262. Cudng d6 phat quang mau do6 ting dan khi ty 1¢ dong pha tap ting
tir 0,1 mol% dén 1,0 mol% Mn?", sau d6 giam dan khi ndng d6 Mn?* 16n hon 1,0 mol%. Diéu nay
1a do su dap tit huynh quang di dugc mo ta trong nhiéu tai lidu [16].

3.4. Co ché ddp tit hupnh quang theo nong dé dong pha tap

Dé hiéu rd hon vé co ché dap tat huynh quang theo nong d6 dong pha tap, cong thirc truyén
ning luong cua Dexter cho twong tac da cuc va gin ding cua Reisfeld [12], [13], dugc dua ra
nhu sau:

log(1/(0,03+y)) = C - (9/3)10g(0 03+y) 2

trong do, I 1a cudng do phat xa, y la nong do Mn%, C va 0 1a cac hang s6 phu hop. Gia tri cua
hing s6 0 13 3, 6, 8 va 10 tang dan theo thtr ty dbi véi tuong tac trao ddi cap lién két, ludng cuc-
ludng cuc, ludng cyc-tir cuc va tir cuc-tlr cuc, twong tng [15] — [17]. Méi quan hé giita cuong do
phat quang I tai budc song 616 nm va ndng do (0,03+y) dugc thong ké theo phuong trinh (2) cho
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cac mau BMEM va duoc thé hién trén hinh 4. Tir d6 dbc (6/3), ching toi tinh dwoc gia tri 0 1a
5,72 ~ 6, cho thiy co ché dap tit ndng d6 chiém wu thé ciia Eu®* va Mn?** trong BaMoOj, 1a co
ché tuong tac ludng cuc-ludng cuc. Két qua nay cd su phi hop voi cac vat lidu phat quang dat
hiém dugc nghién ctru trude d6 [12] - [16].

8.3
8.2
= 8.1
-+
[0
=
o ]
= 8.0 -
o
—_—
8’ T Egquation ¥=a + b x
—_ FPlot log /(0. 03+yh}h
E - WWeight Mo Weighting
7.9 s
Inte rcept 5.40248 = 0.57681
-1 | Slope -1.90556 = 0.41767
Residual Sum of Sguares 003101
7.8 o [Pearson'sr -0.81588
R-Square (COD) 0.83881 ]
1 Adj. R-Sguare 0. 79851
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Hinh 4. D6 thi log(I/(0.03+y) - log (0. 03+y) VOi cuong o chuyen tiép (I): °Dg — 'F, ciia Eu
trong Bayg g7.y EUg 0sM00,: yMn** va néng do dong pha tap (0,03+y).

Theo két qua trén hinh 3, cuong do phéat quang t6i da tai 616 nm thu dugc voi mau dong pha
tap 1,0 mol% Mn** vao BaMoO4 0.03EU%, Trong cac nano Bag g7., EUa.0sM0O,:yMn*", ion Eu®* s&
chiém cac vi tri ciia Ba™*, diéu nay dan dén viéc tao ra cac khuyét tat mang dién tich duong vi
dién tich cta cac ion Eu®* va Ba*" 1a khac nhau. Sy dong pha tap ion Mn®* ¢6 thé bu dép cho
nhitng khiém khuyét dién tich duong nay trong hé théng va ting cuong dang ké cudng do phat
quang cia mau BaMo0O,:0.03Eu®". Do ban kinh cua ion Mn?* (0,670 A) va ban kinh cua Ba®
(1,340 A) 1a khac nhau déang ké, nén cac ion Mn*" ¢6 thé dé dang khuéch tan vao mang nén va két
hop véi cac ion Eu™* dé tao thanh cac cap ion Eu**-Mn*" trong mang tinh the. Két qua 1a, khi
ddng pha tap Eu®**, Mn** vao mang nen da gay ra sy bién dang mang tinh thé trong d6i 1on va
lam giam tinh dol Xang cua mang nén, tir d6 1am ting cuong do phat xa twong (ng voi cac
chuyén tiép nhat dinh [10].

3.5. Khodng cdch téi hgn truyén ning lwong R,

Tt hinh 3, ¢6 thé quan sat théy rang, khong c6 nhiéu thay dbi trong cac dic trung phd phat
quang khi thay doi tong nong do dong pha tap cta cac ion Eu® va Mn?". Tuy nhién, cuong do phat
xa bat dau giam sau tong nong do dong pha tap 1a 4,0 mol% va qua trinh dap tat dién ra khi vuot
qua 4,0 mol%. Khi néng do dong pha tap ting, cuong do phat quang giam, 1a do két qua cua su
truyén ning luong cong huong giita cac ion Eu®*, Mn? [16], [17]. Nham lam rd hon vé co ché dap
tat huynh quang theo nong do, khoang cach t6i han (R;) dé truyén nang luong da duoc tinh toan tir
céc yéu té hinh hoc cia mang nén bang cach sir dung phuong trinh (3) do Blasse dua ra [18]:

1
r, =2( v jg (3)
47X N

trong do, R, 1a khoang cach t6i han gitra ion pha tap va vi tri dap tat huynh quang, V la thé
tich ctia 6 mang co so, X, 1a tong nong do ti han cua cac ion Eu®, Mn®* va N 14 s6 luong vi tri
két tinh cua cac ion trong 6 mang co so. Dbi véi mang nén BaMOO4, V =404,91 A, N =4 (bbn vi
tri trén mét 6 don vi) [16] va X, = 0,04. Dya vao cac gia tri trén, khoang cach téi han r, dugc tinh
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theo cong thirc (3) 1a 10,62 A. Trong trudng hop nay, khoang cach Eu*-Mn** 16n hon 10 A. Do
d6, cac tuong tac trao ddi (co ché Dexter) lién quan dén quy dao bi loai trir. Tuong tac dién da
cuc lién quan dén su truyén niang luong khong buc Xa tir chat cho ¢ trang thai kich thich va chat
nhan & trang thai co ban dugc cho 1a phuong thirc duy nhat dé truyén nang luong giita cac ion
Eu**-Mn** trong nano phat quang BMEM.

3.6. Phé thoi gian séng ciia vit ligu BMEM

“Hinh 5 trinh bay pho thoi gian song phat quang cua cac vat ligu BMEM, ang véi chuyén
tiép °Dy — 'F, cua ion Eu®* tai bude song 616 nm.

1.8>=10°%
1.6=10°%
1.4=10% -
S 1.2=10° |
w© ] ) -
— 1.0=10° o BMEM 3-2.5 = 0.26194 ms
B a ]
5 8.0=10%
= o104 4] BMEM 3-1.5 71— 0.93410 ms
' 1 BMEM 3-1.0 71 =1.06432 ms
4.0=10% y BEMEM 3-0.5 1 =1.00790 ms
2.0=10% BMEM 3-0.1 T=0.93114 ms
0.0 ] BMO T=0.21584 ms
’ T T T T T
0.5 1.0 1.5 2.0 2.5 3.0

LifeTime (ms)

Hinh 5. Puong cong suy giam phat quang cua
vat lieu BMEM 3-x (x = 0,1-2,5) nung ¢ 600 °C

Két qua trén hinh 5 cho thdy, khi ting ndng d6 pha tap ciia Mn?* tir 0,1 dén 2,5 mol% thi thoi
gian phat quang cia cac BMEM 3-x (x=0,1-2,5) co xu hudéng tang tr 0,93114 ms 1én 1,06432
ms, sau d6 giam xuong con 0,44616 - 0,26194 ms khi noéng d6 Mn®* cao hon 1,0 mol%. Qua do6
nhan thiy, thoi gian song cua tat ca cac vat lidu BMEM 3-x (x = 0,1- 2,5) tong hop theo phuong
phap thuy nhiét 1a kha t6t va cao hon so véi cac cong b trude [3], [7]. Khi dong pha tap Vao nén,
ion Mn?* ¢6 vai tro bu dién tich do sy khac nhau gitta dién tich cua jon Eu®* va ion Ba*" duoc
thay thé, lam tang hiu qua truyén ning luong tir nén sang 1on Eu®*

Hiéu suat truyén nang luong () tir BaMoO, sang ion Eu** ¢6 the dugc tinh theo phuong trinh
(4) nhu sau [16]:

=1- 11 (@)

trong do, to va T twong Ung la thoi glan song phéat quang ctia mang nén khi khong va c6 mit

Eu®". Thoi gian séng clia mau BaMoOj, trang 14 0,21584 ms va mdu BMEM 3-1.0 1a 1,06432 ms.

Gia tri cua 1 tinh dugc trong truong hop ndy theo cong thirc (4) 1a 79,72%. Diéu nay di ching
minh qua trinh truyén ning luong tir mang nén sang Eu®" 1a ¢6 hiéu qua tot.

4. Két luan

Vit liéu BaMoO, dong pha tap Eu®* va Mn**, hp thu ning luong ving tir ngoai véi ning luong
ving cim khoang 4,0833 — 4,1250 eV. Du6i kich thich 290 o, cac BMEM c6 kha nang phat xa 5
vach dic trung ctia ion Eu** ung véi cac chuyeén tiép °Dy — FJ (J 0- 4) trong do vach phat xa
cuong do manh nhat & 616 nm (mau dé ruc) tng véi Chuyen tiép °Dy — 'Fo. Su phat quang & 616
nm t6i wu khi pha tap 3,0 mol% Eu® va 1,0 mol% Mn** & nhiét do nung mau 600 °C. Trong céc
nano BMEM, mang nén truyén nang lugng hiéu qua (79,72%) dén ion EU** theo co ché tuong tac
ludng cuc-ludng cuc va thoi gian song phat quang cao nhat dat 1,06432 ms. Cac két qua nghién
ctru cho thay, vat lisu BMEM c6 tiém ning ché tao bot huynh quang phat xa do cudng do cao, dinh
huéng tng dung trong ché tao dén Led anh sang trang 4m va tiét kiém ning luong.
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