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SYNTHESIS AND STUDY ON THE CHARACTERISTICS OF NANOMATERIALS
BAMoO, CO-DOPED Eu**, Mn** BY HYDROTHERMAL METHOD
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This article presents the structural and morphological characteristics of
the nanomaterials BaMoO, co-doped Eu**, Mn** (BMEM) which have
been successfully synthesized by hydrothermal method. The X-ray
diffraction (XRD) shows that the materials BMEM have single-phase
crystals and are consistent with the tetrahedral structure of BaMoO,
(according to JCPDS tag number 029-0193). The characteristic modes
and bonding groups of Mo-O, Eu-O, Mn-O and MoO,* confirmed by
Raman spectroscopy demonstrated the successful co-doped of Eu** and
Mn*" into the host lattice. The EDS spectra confirmed the composition,
purity and uniformly distributed density of Eu, Mn, Ba, Mo, O
elements in the host matrix. The field emission - scanning electron
microscope (FE-SEM) and transmission electron microscope (TEM)
images show that the materials BMEM have a relatively uniform
nanoparticle size, which is less than 50 nm. Nanomaterials BMEM
have outstanding properties in terms of morphology, structure and
purity, and have potential applications for white light emitting diodes.
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Thuy nhiét

Bai bao chi ra cac tinh chat dic trung cuia vat liéu nano BaMoO, dong
pha tap Eu**, Mn?* (BMEM) dugc tong hop thanh cong bing phuong
phap thiy nhiét. Gian d6 nhiéu xa tia X (XRD) cho thdy, vat liéu
BMEM két tinh dang tinh thé don pha phu hop Vé6i ciu tric tir gidc cua
BaMoO, (thé chuin JCPDS 029-0193). Cac ché d dao dong va nhém
lién két dac trung Mo-O, Eu-O, Mn-O va Mo0O,* dugc khang dinh bang
phé Raman da ching minh sy ddng pha tap thanh cong Eu®*, Mn?* vao
mang nén. Phd EDS di xac nhan thanh phan, dé tinh khiét va mat do
phan bb dong déu cac nguyén t6 Eu, Mn, Ba, Mo, O trong nén mau.
Anh FE-SEM va TEM cho thay, vat liéu BMEM c6 kich thudc hat nano
tuong ddi dong déu, dudng kinh nho hon 50 nm. Vat liéu nano BMEM
c¢6 nhirng tinh chat ndi bat vé hinh thai, ciu trac va do sach, tiém ning
g dung trong phat quang anh sang tring.
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1. Pit vén dé

Ngay nay, vat liéu nano da trd thanh mét linh vuc nghién ctru siu rong trén toan thé gigi nham
ng dung trong cac linh vic khoa hoc cong nghé tién tién. Cac hudng nghién ciru vé vat liéu
nano phéat quang néi riéng, nhét 1a cac vat lidu nano phéat quang chira dat hiém (RE) véi nhitng uu
diém noi bat 1a on dinh nhiét va 6n dinh hoa hoc cao, chi phi thap va hiéu qua phat quang tuyét
voi dang dugce quan tam [1]-[5].

L. Krishna Bharat va cong su [3] d4 téng hop cac miu BaMoO, pha tap ion Eu®" theo mét quy
trinh don gian. Vat liéu c6 cau trac pha tir giac, hinh thanh céc hat dang thoi. Cac mau pha tap ion
Eu®" c6 thé phat xa t6t khi bi kich thich véi budc song tir ngoai (UV, tir 280 dén 315 nm). Khi
kich thich & 296 nm, thoi gian séng phat quang ciia mau BaMoO,:7 mol%Eu** do tai 611 nm la
0,2356 ms. Cac gia tri toa d6 mau (CIE) duoc tinh toan dua trén phd phat quang (PL) va phd
phat quang catét (CL) twong ty nhau, déu nim trong ving mau dé tuoi 1a (0,659; 0,340) va
(0,669; 0,331), trong tmg. Cac chét phat quang quang BaMoO,:Eu®* ¢6 thé 1a mot tng cir vién
sang gia cho ving mau do dé phat trién dén phat sang trang (WLED) dua trén kich thich UV va
cho cac hé thong hién thi phat xa truong (FED).

Bo Wu va cong su [4] d tong hop BaMoO,:Eu** biang phuong phap phan ung pha rin &
1000 °C trong 3 gid. Tinh thé BaMoO4:Eu®" thu dugc c6 dang hinh ciu, phan bd twong déi dong
déu véi duong kinh trung binh 12 2—4 pm, phu hop Vvéi kich thudc va hinh dang can thiét dé ché
tao WLED. Cac ion Eu®" d thay thé vi tri tr giac (S4) cua ion Ba®* trong mang nén BaMoO,
tao ra vat liéu BaMoO4:Eu®* phat quang mau doé cuong d6 manh & khoang 613 nm duéi kich
thich 394 va 464 nm. CIE cua cac vat liéu nay gan voi cac gia tri toa d6 mau tiéu chuan, rat
hitu ich trong viéc thu dugc anh sang trang.

C. Shivakumara va cac cong su [5] da tong hop vat lieu BaMoO,:(0-5 mol%)Eu®" bang
phuong phap dot chay gel trong mdi trudong nitrate—citrate. Vat lieu BaMoO, phat xa tring khi
kich thich & budc séng 370 nm. Phd PL caa BaMOO4 xuit hién cac dinh phat xa rong ¢ 465 va
605 nm, trong khi cyc dai phat xa manh & 615 nm (°Dy — ’F,). Céc hop cht dugc két tinh trong
ciu triic tir giac kiéu scheelite véi nhom khong gian 14,52 (88), cac hat hinh cau két tu lai tao
thanh cac hat c6 kich thudc siéu nho, kich thudc tinh thé trung binh 121-136 nm. Ning luong
ving cdm cua cac BaMoO,:(0-5 mol%)Eu3+ xac dinh duogc trong khoang 4,03 to 4,19 eV. Ly
thuyét Judd—Ofelt dugc ap dung dé danh gia cac thong s cuong do (2,, Q) ciia BaMoO,:Eu’,
cho thay xu huéng Q, > Q,, di x4c nhan tinh ddi xtng thap tai vi tri Eu®* va cong hoa tri cao
gitta Eu®" va O%. Toa d6 mau di xac nhan ring cac vat liéu BaMoO,:Eu * ¢6 kha ning phat
quang anh sang do, 1 Gng ctr vién tiém ning cho cac ung dung wLED, céc thiét bj hién thi ciing
nhu cac tng dung laser do.

Li Zhao va cong su [6] di tong hop thanh cong BaMoOy: Sm*" bing phuong phap thuy nhiét ¢
180 °C trong 24 gio. Vat liéu BaMoO,:Sm** tong hop duoc dang tinh khiét don pha vdi cu trac
bat dién va su phéan bd kich thudc hat kha dong déu, trung binh 1a 8,4 um. Cac dinh phét xa chinh
quan sat duoc tai 533, 566, 602 va 646 nm. Vat liéu thé hién hiéu suAt phat quang mau dé & budc
song 646 nm, phﬁ hop voi di-6t phat quang UV-LED va LED mau lam. Cuong d6 phét quang
cia BaMo00O,:Sm*" ting theo ndng d pha tap Sm**va dat gla tri t6i wu tai 3 mol% Sm*, sau do
xay ra hién tugng dap tat huynh quang. Khi st dung ion Li" 1am chat bu dién tich, da lam tang
cuong d6 phat quang va dat t6i wu véi 2 mol% Li*. Vat liéu BaMoO,:Sm*" duoc dleu ché trong
nghién cltu nay c6 thé dong vai tro 1a chét phat quang d6 vuot troi cho dén LED tring, bang cach
phdi tron véi bot huynh quang mau vang YAG:Ce® hoic chip InGaN.

Manjulata Sahu va cong su [7] di tong hop BaMoO4:Eu®" biang phwong phép tring hop phirc
chat véi axit xitric va ethylene glycol & nhiét d6 thap. Két qua cho thiy, ndng do pha tap Eu®* 1én
dén 2 mol% khong lam thay di cau trac tinh thé ciia mang nén. Khi chiéu tia UV, mau BaMoO,
tinh khiét c6 hién tugng phat xa nhiéu mau, su phat xa mau lam va luc duoc quy gan cho qua
trinh chuyén d6i 'T, - 'A; ciia nhém MoO, (khuyét tat nong), trong khi su phat xa mau dé-cam
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ctiia nhém MoOs khiém khuyét (khuyet tat sdu). Cuong do chuyén tiép ludng cyc tr (MDT) dugc
phat hién 1a thap hon cuong do chuyen tiép ludng cuc dién (EDT), cho thidy moéi trudng hudng
tam d6i xang thap cta cac ion Eu®". C6 hai gia tri thorl gian song khac nhau la 11,2 ms (1) (doéng
gop ciia mang nén) va 693 ms (t,) (dong gop cua Eu nam ¢ V1 tri Ba*") véi cuong do lan luot 1a
14% va 86%. Hiéu suat truyén nang lwong tir nén sang Eu®" trong diéu kién chuyen tiép f-f bj
cam dat 12,6% 1a thip hon so vdi 76% trong truong hop chuyén tiép f-f khong bi cam. Khoang
cach truyén ning lwong t6i han cia Eu®* 1a 33,81 A, cao hon 10 A va biéu thi cac tuong tac da
cuc dién 1a phuong thirc truyén ning lwong duy nhét. Gia tri EDT duoc tim thiy 1a cao hon so
v6i MDT trong tat ca cac mau pha tap Eu®*, biéu thi tinh bat ddi xang xung quanh vi tri Eu®*.
Diéu nay ciing duoc phan anh véi tham s6 JO (Judo Ofelt), gia tri ©, 16n hon Q, cho thiy hoéa tri
cao cua Eu® va moéi truong bat ddi xang xung quanh Eu®* trong BaMoO,, diéu nay xay ra 1a do
Eu®* chiém vi tri ciia ion Ba?* bat dbi xtng.

Xia Yuhang va cong su [8] da thu dugc vat liéu gém thuy tinh (GC-BaMoO,:Eu®") bang k§
thuat khudy tron ¢ nhiét do thuong va sau d6 gia nhiét két taa trong nén thuy tinh. Ph kich thich
phat quang cia GC-BaMoO,:Eu®" bao gém cac dinh phat xa dic trung cua ion Eu®". Phd phat
quang caa cac GC-BaMoO4:Eu** bao gdm mot sb dai phat xa sic nét & cac dinh lan luot 1a 592,
615, 653 va 702 nm, trong d6 dinh c6 cudng do manh nhat & 615 nm. Két qua nghién ctu gian do
XRD va hién vi dién tor quét SEM cho thziy GC-BaMoOy: Eu®* ¢o ciu trac tir giac, c6 kha ning
phat xa anh sang do ruc ng voi (°Dy — 'F,). Hiéu suit lwong tur cua BaMoO, pha tap 0,7 mol%
Eu* dat 46 3% va thoi gian séng phat quang 1a 2,0716 ms. Két qua cho thay gém thiy tinh GC-
BaMoO,:Eu®" ¢6 tiém ning ¢ng dung cho cac wLED.

Yuhang Xia va cong su [9] di ché tao thanh céng gbm thay tinh trong sudt (GC) pha tap Tb**
va ddng pha tap Eu®*, Tb* (GC-Tb** va GC:Eu**/Tb*) bang ky thuat lam ngudi nong chay va gia
nhiét. Pho phat xa ctia cac GC-Tb** va GC:Eu*/Tb** bao gom mét sé vach phat xa sic nét & 410,
436, 488, 545, 587 va 622 nm. Trong d6, khi pha tap 0,7 mol% Tb*, anh sang xanh luc manh
nhat dwoc phat ra & 545 nm do qué trinh chuyén ddi °D, - ‘Fs caa ion Tb**. Thoi gian séng phat
quang cua cac vat lieu GC:y%Eu**/0,7%Tb* (y = 0 - 1,4) giam tir 2,98 — 0,86 ms. Toa d6 mau
thay di tir mau xanh Iyc nhat (0,3144; 0,3913) dén mau vang (0,4313; 0,4377) c6 thé thu dugc
bang cach diéu chinh ndng d6 pha tap cua Eu®* va Tb*, nhiét d6 mau tuong quan (CCT) trong
khoang tir 6174 K - 3302 K. Nhitng két qua nay chi ra ring cac GC:Eu**/Tb* ¢ thé ung dung
tiém nang trong linh vuc WLED.

Fengjun chun va cong su [10] di ché tao mang méng BaMoO,:Eu®* trén dé Si bang phuong
phap ling dong c6 hd tro polyme (PAD). Mang mong BaMoO4:Eu* ¢6 dang hat cau nhén, hinh
thai dong déu, kich thudc hat trung binh 1a 0,53-0,72 um. Cudng d6 phat xa cia mang mong
BaMoO,:Eu** téi wu khi pha tap 5 mol% Eu®". Thoi gian sdng khi pha tap 1-9 mol% Eu®" trong
khoang 0,6696 - 0,6452 ms. Mang BaMoO4:Eu®* phat xa ¢6 manh & 615 nm (°Dy — 'F,) cua Eu**
v6i CIE 1a (0,6581; 0,3416) va CCT 1a 2922 °C va d¢ tinh khiét mau 1a rat cao (gan 100%).

Fengmin [11] d4 tong hop dugc Cs,Ba(M00,),:Eu* bang phan tng d6t chay ran ¢ nhiét do
cao. Vit liéu thu dugc phat ra anh sang do tuoi & 614 nm vé6i d6 tinh khiét mau cao va sy 6n dinh
nhiét tdt, c6 kha nang ché tao wLED c¢6 chi s6 hoan mau cao.

R. P. Moreira va cong su [12] di tong hop thanh cong cac vat liéu phat quang BaMO,:x
mol%Eu®" (M = Mo hoic W vax =0, 2, 4, 6, 8 va 10 mol%) bang phuong phap ddng két taa &
nhiét d6 phong. Két qua phan tich XRD cho thdy, tinh thé thu dugc 1a don pha c6 dé tinh khiét
cao Vvéi kich thudc tinh thé trung binh khoang 30 nm. Nang lugng ving cam (Eg) cua vat li¢u
molybdate va tungstate co gia tri tir (4,35 — 4,45 eV) va (5,18 — 4,30 V), tuwong trng. Pac tinh
phat quang ctia cac vat liéu nay bi anh huong dang ké bai cac dai kich thich LMCT (O2 — Mo6+
W°®, Eu®) ciing nhu cac dai phat xa d6 dam cta ching duoc gan cho cac chuyén tlep Cua Eu**
Cac gié tri Q, cao hon nhiéu so véi cic gla tri Q4, phu hop thyc té 1a qua trinh chuyén d6i °Dy —

’F, ¢6 cudng d6 cao hon nhiéu so vé6i °Dy — 'Fy, diéu nay cho thay tinh ddi xting thap cuc bd
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xung quanh ion Eu**, do cac bién dang goc trong mang tinh thé. Do do6, nhitng vat liéu molybdate
va tungstate pha tap Eu**, co thé phu hop cho cac (rng dung phat quang.

Trong cac cong trinh tru:orc chung toi da tong hop bot vat lieu BaMoO, va CaMoO, pha tap
don ion Eu**, nghién ctru ciu truc va budc dau danh gia kha nang phat quang mau d6 cua vat liéu
[13], [14]. Tuy nhién, khi pha tap ion Eu®** vao mang nén MMoO,, do su chénh léch dién tich
gitta Eu** va M**, gay nén sy bat d6i xing truong tinh thé. Giai phap dong pha tap thém ion Mn**
cung v6i Eu®, s& tao ra hiéu ung bu dién tich tot va nang cao kha nang phat xa dic trung cia ion
Eu**. Trong pham vi nghién ctru nay, chiing t6i mo ta qué trinh téng hop nano BaMoO, dong
pha tap ion Eu** va Mn®* (BMEM) bang phuong phap thity nhiét va budc dau chi ra cac dic
trung cAu trac, hinh théi cua vat ligu.

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

- Céc hoa chét st dung c6 @6 tinh khiét phan tich (hdng Merck), gom co: Ba(NOs), 99,5%;
Na,M00,4.2H,0 99%; MnCl,.4H,0 (99,70%); Eu,03 99,99%; HNO; 68%, C,HsOH tuyét ddi (d
= 0,790 glcm’®).

- B dung cu thay nhiét (Autoclave); cin dién tir 10 g; may khudy tir; ta sdy; 10 nung.

2.2. Cic phwong phdp nghién ciru tinh chdt vat liéu

- Pha tinh thé cua vat liéu duge xac dinh béng may do nhiéu xa tia X (D2 Phaser, hing
Bruker, Germany), hoat dong & 40 kV va 20 mA va st dung buc xa CuKa (A = 1,54056 A). Buéc
nhay quét 26 1a 0,02° véi tbe dd quét 4°/ phut (van hanh tai Khoa Hoa hoc - Truong PHKH, Dai
hoc Thai Nguyén).

- Ph6 Raman (XPLORA PLUS - hing Horiba) dwoc st dung dé xac dinh dic diém ciu trac
clia cac nhom dao dong dic trung bé mat caa vat liéu (van hanh tai Vién khoa hoc va Cong nghé
- Truong PHKH, Pai hoc Thai Nguyén).

- Hién vi dién tor quét phat xa truong (FE-SEM) tich hop véi phd ké tan sic ning luong tia X
(EDS) va dau do huynh quang catot (CL): JEOL JSM-7600F (M3), dién thé hoat dong 5 kV dé xac
dinh vi hinh thai ctia vat liéu (van hanh tai Vién Tién tién Khoa hoc va Cong nghé (AIST), Pai hoc
Bach khoa Ha Noi). Anh hién vi dién tir truyén qua (TEM) thu duoc bang kinh hién vi JEOL JEM-
1010 (JEOL Techniques, Tokyo, Japan) hoat dong & dién ap 80 kV (Vién vé sinh dich té trung uong).

- EDS (Hitachi TM4000Plus) duoc sur dung dé phan tich thanh phan va sy phan bd céac
nguyén té trong vat lidu (Phong thi nghiém Trong diém Vit liéu tién tién ung dung trong Phat
trién xanh, Trudng Pai hoc Khoa hoc Tu nhién, PHQGHN).

0.15 mmol Euz0z 10 mmol Ba(NOs)z + 10 x=(0,01-0,25
+ 10,0 mI. H20 + | mmol NaiMoOs 2H20 + 30 | | mmol MaCl+ 10,0
1,0 mI HNO3 dac, 7| mL HxO, héa tan, khuiy tir 2 ml H0, khuay tir 2
khuay tir 2 gior & gid & 30 °C giir & 60 °C, dén tan
60 *C, den tan hodn toan, thu dwoc
hoan toan, thu ‘*’ dung dich (II)
duoe dung dich (I) Két tia tring

+ - | Thiy nhiét trong Autoclave
(& 200 °C, 15 gig)

San phim sau thiy nhiét

— | Bié ling, loc, ria 3 lin
x bing (C2HsOH - H20, 1/1)
I San phim thé

Siy (150°C, 2 gidd va

v nung (600 °C, 3 =ib)

Vit litn BaMoOs@3%Eu, x%Mn
(BMEM. x = 0,1 2,5)

Hinh 1. Quy trinh tong hop vdt lieu BMEM bang phirong phdp thiy nhiét
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2.3. Tong hop BaMoO, dong pha tap EU** va Mn®* bang phwong phdp thiiy nhi¢t

Vit liéu BaMoO, ddng pha tap 3% mol ion Eu** va x% mol Mn** (x = 0,1-2,5) dugc tong hop
theo quy trinh mé ta trong hinh 1 [4], [13], [14]. Céc vt liéu duoc ky hiéu dang BMEM 3-x.

3. Két qua va ban luan
3.1. Cdu triic pha tinh thé

o BaMoO,: JCPDS 00-029-0193
(a) S — (b) M3
[ - E =
=S & =5 BES _g
S= 6 5 Sa Y 3
2= oo el S Ay
w2 93 §O g @@
< o a5 © P2
- . B oAb T BMEM 3415
3
@ BMEM 3-2.5
= BMEN 305 ENEN 340
]
[
[b)
= BMEM 3-1.5 BMEM 3:0.1
NN
BMEM 3-1.0
4 P W
l BMEM 3-0.5 _
A A PP N d
BMEM 3-0.1
T T T T T T T T T T T T T T T T T T T ' 1 ’ 1
20 25 30 35 40 45 50 55 60 65 70 75 800 %25 %50
28 (Degree) 20 (Degree)

Hinh 2. Gidn dé XRD cua vt liéu: (a) BMEM 3-x (x = 0,1-2,5);
(b) Phong to dinh chinh cuia XRD (6 20 ~ 26,26°)

Sy hinh thanh pha tinh thé cua mang nén BaMoO, (BMO) va cac mau BMEM 3-x (x = 0,1;
0,5; 1,0; 1,5; 2,0; 2,5), duoc chirng minh bang gian d6 nhidu xa tia X trén hinh 2(a,b). Két qua
trén hinh 2a cho thdy, tat ca cac dinh nhiéu xa tai cac goc 20 = 26,26°% 27,64° 31,92°% 43,62°;
45,73°; 48,16°; 53,61°; 54,35°; 63,95; 67,07°; 68,87°; 73,18° va 73,82° twong (tng Vi cac mat
phan xa (112); (004); (200); (213); (204); (220); (107); (312); (008); (217); (400); (208); (316)
phu hop Véi cau tric tir gide cua BaMoO, (theo the chuan JCPDS 029-0193) [4]- [10].

Quan sat trén hinh 2a nhan thay, tat ca cac mau BM EM 3-x (x = 0,1 - 2,5) két tinh & dang tir
giac, don pha. Khi tang tong nong do dong pha tap cua Eu® va Mn* khéng lam thay d6i ciu truc
tinh thé cta mang nén, tuy nhién, da lam bién dang mang tinh thé, cu thé 1a su dich chuyén cuc
dai ctia mit phang (112) ¢ goc 26,26° vé phia goc 16n hon (hinh 2b). Vi ion Eu** (1,066 A) va
Mn®* (0,670 A) c6 ban kinh nho s& thay thé cho ion Ba®* c6 ban kinh I16n hon (1,340 A), trong
khi ban kinh ion cia Mo® (0,410 A), nén cac ion Eu®, Mn*" di d& dang thay thé vi tri cua ion
Ba™, tao ra tinh thé BMEM it bi khuyét tat, cting nhu co6 cac tinh chét dac trung tdt cua vat liéu
nano phat quang [1], [4], [5].

0,894
pcosé

trong d6, D 1a kich thudc trung binh cua tinh thé, A 1 budc song cua tia X (kh1 ngudn tia X 1a
CuK,, thi A = 0,15406 nm), 0 1a goc nhidu xa, goc B 1a do rong Gmg vi nira chidu cao cua cuc dai
nhidu xa (FWHM). Bang 1 mé ta goc B va dudng kinh trung binh tinh thé cta cac mau BMEM.

Béng 1 cho thay, cac vat liéu BME tong hop dugc theo phuwong phap thiy nhiét, c6 kich thude
hat nanomet, dudng kinh trung binh cua tinh thé trong khoang 15,12 nm dén 45,28 nm.

@)

Kich thudc trung binh cua tinh thé duoc tinh theo cong thirc: D =
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Bang 1. Puong kinh trung binh tinh thé ¢ cdc dinh dic trung ciia
vt ligu BMEM 3-x (x = 0,1-2,5) vdi cac géoc FWHM tuong iing

Goc 20 = 26,26° Goc 20 = 43,63° Goc 20 = 53,69°
Vit liéu 5 j ) 7 ) 7
at g FWHM () Duong kinh FWHM () Duwong kinh FWHM (°) Duwong kinh
(nm) (nm) (nm)
BMEM 3-0.1 0,21117 38,21 0,36816 22,98 0,37723 23,34
BMEM 3-0.5 0,19987 40,37 0,35092 24,11 0,32712 26,91
BMEM 3-1.0 0,17815 45,28 0,34615 24,44 0,32411 27,15
BMEM 3-1.5 0,36689 21,99 0,34370 24,62 0,54663 16,01
BMEM 3-2.0 0,59202 13,62 0,24166 35,03 1,04089 08,45
BMEM 3-2.5 0,53347 15,12 0,35955 23,53 0,33050 26,61
BMEM 325 T8 £ 838
M e BMEM320 = N BMEM 3-25
v BMEM3-15 = =
4 BMEM3-1.0
P77 o BMEM 205 y - i BUEWSES
=] 1.
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o & k
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Hinh 3.

Gian do William—Hall (W-H) cua vdt liéu
BMEM 3-x (x = 0,1-2,5)

Hinh 4. Phé Raman cia BMO va BMEM 3-x
(x=0,1-2,5) nung ¢ 600 °C

Dé nghién ciru sy bién dang c6 trong cac tinh thé BMEM dugc téng hop bang phuong phap

thuy nhiét, chiing t6i sir dung do thi William—Hall (W—H) [6]-[10] theo nhu phwong trinh (2).

BcosO = g(4sinb) + k\/D 2
trong do6: k 1 hé sb hinh dang (k = 0,9); '¢' 1a hé s6 bién dang, phuong trinh (2) biéu thi mbi quan
hé tuyén tinh giira '4sin®' (truc x) va 'Beosd' (truc y) (hinh 3). Do dbc ‘¢’ cua duong biéu thi su
bién dang va phan chin (W/D) cta dudng nay trén truc y s& cho biét kich thuéc (D) cua hat. Gia
tri hé s6 bién dang '€’ cua cac miu trong khoang 1,923.107° - 2,840.10°.

Khi néng d6 dong pha tap Eu®* va Mn®* ting, kich thudc trung binh tinh thé co xu huéng
giam, diéu nay c6 thé giai thich nhu sau: Khi ion Eu®" thay thé ion Ba*" trong mang nén lam
mang tinh thé co lai (do ban kinh ion Eu®* nhé hon ban kinh Ba®*). Ngoai ra, cac ion Eu**, Mn*
con c6 thé di vao céc vi tri xen k& trong mang tinh thé 1am bién ddi ciu tric mang nén BaMoO,.
Su bién dang caa mang tinh thé s& ¢ ché sy hinh thanh va phat trién cua tinh thé, dan dén giam
kich thudc tinh thé. Mt khac, khi thay Ba®* bang Eu®, mic du c¢6 sy bu dién tich cia Mn**, tuy
nhién van con su chénh 1éch dién tich nén hinh thanh céac 15 tréng oxi. Nhitng khiém khuyét nay
lam tang toan bd chiéu rong P ing vai nira chiéu cao cuc dai nhidu xa (FWHM) [1].

3.2. Phé Raman ciia vit ligu

Phd Raman cua cac mau dugc ghi trong dai s6 séng tir 100-950 an'l ¢ nhi¢t d6 phong dé
nghién ciru cac ché do dao dong (hinh 4). K&t qua trén hinh 4 quan sat thay ¢6 9 ché d6 dao dong
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Raman ctia cac vat liéu BMEM phu hop véi mau nén BMO. Pinh Raman & 893 cm™ duoc quy
gan cho ché do kéo dai d6i xtrmg O-Mo—-O Vi(Ay), trong khi cac dinh Raman & 840 cm™ va 793
cm™ duoc gan cho ché do kéo dai khong dbi ximg O—Mo— O v3(Bg) va vg(Eg) tuong ung. Ché do
quan sat duoc & 362 cm™ co thé dugc gan cho cac ché do ubn khong ddi xing O-Mo—O v(B g Va
v4(Eg). Binh tai 328 cm? duoc coi la che d6 ubn d01 xtmg cua O-Mo-O v,(A,). Cac che do
Raman tai 119 cm™, 141 cm™, 195 cm™ va 278 cm duoc quy cho ché do dich chuyén va xoay
ngoai T(By), T(Ey), R(Ag) va R(Eg) tu:orng ng. Céc_ s6 song dao dong Raman dic trung cho cac
lién két Mo-O, Eu-O va nhom MoO,* trong cac mau BMEM dugc chi ra trong bang 2. Cac két
qua nay khang dinh sy thanh cong khi déng pha tap cac ion Eu**, Mn** vao cdu trac tir dién cua
nén BaMoO, [4] - [14].
Bang 2. Quy gdn cdc s6 séng dao dong Raman ddc trung
cua vdt ligu BMEM 3-x (x = 0,1-2,5)

S6 séng (cm™) Quy gan dao djng
328 — 349 Lién két Mo-O
362 — 399 Lién két Eu-O
433 -519 Lién két Mn-O
695 — 793 nhém tir dién [MoQ,] bat ddi xtmg
840 — 893 nhém tir dién [MoO,] dbi ximg

3.3. Két qud phan tich phé EDS

Ph6 EDS dang thanh phan va dang mapping cua vat lieu BMEM 3-0.5 duoc chi ra trén hinh
5(a, b). Hinh 5a da cho thiy cac nguyén t6 co6 mat trong mau BMEM 3-0.5 gom cd: Ba, Mo, O,
Eu va Mn, véi tong ham lugng 1a 100%, phtt hop Véi cac thanh phan chinh cia mau BMEM 3-
0.5. Phd EDS mapping cua nano BMEM 3-0.5 (hinh 5b) thé hién su phan bd dong déu cua céac
nguyén tb trong mang nén, duoc xac nhan bang mau sic anh xa cua timg nguyén to Eu Mn, Ba
Mo va O (hinh 5c). Két qua nay khang dinh, sy dong pha tap thanh cong cac ion Eu®" va Mn**
vao nén BaMoO, bang phuong phép thuy nhigt, tao ra cac vét li¢u nano BMEM ddng nhat va
khong 1an cac nguyén t6 tap chat khac.

3.4. Hinh thdi vat liéu BaMoO, dang pha tgp Eu** va Mn**

Hinh 6(a-d) trinh bay cac anh FE-SEM va TEM cua cac vat ligu BMEM (x = 1,0 va 1,5) nung
& 600 °C. Anh FE-SEM va TEM cho thiy, cac hat BMEM c6 dang gan hinh cau, hinh thai hat
kha ddng déu trong tirng mau. Tuy nhién, khi tang téng nﬁ)ng d6 Eu®" va Mn?* vao nén, hinh thai
va kich thuéc hat co su thay (101 kha l(m Nguyén nhan c6 thé do su khac nhau kha nhiéu vé ban
kinh ion cuia Mn?* so véi Eu® va Ba®* gy nén su blen dang cia mang tinh thé 1a khong glong
nhau & cac ty 1& dong pha tap. Ngoai ra, khi nung miu, xu huéng nit v& cia céac hat tinh thé 16n
thanh céac hat co kich thudc nho hon. Piéu nay phu hop vai su bién doi kich thudc tinh thé tinh
theo cong thirc Scherre va gian d6 W-H trong bang 3. Anh FE-SEM va TEM cho thdy, céc vat
liéu BMEM c6 kich thuéc hat trung binh nho hon 50 nm.

Béing 3. Kich thudc tinh thé (D) ciia cdc vat ligu BMEM 3-x
tinh theo phuwong trinh Scherre va gian do W-H

Kich thwéc tinh thé (nm)

x FWHM (°) — -
Mau Cong thirc €
(20 ~26,26) Scherre (1) k.A/D W-H plot
BMEM 3-0.1 0,21117 38,21 1,963.10° 1,938.10° 71,54
BMEM 3-0.5 0,19987 40,37 1,923.10° 1,957.10° 70,85
BMEM 3-1.0 0,17815 45,28 1,932.10° 1,917.10° 72,33
BMEM 3-1.5 0,36689 21,99 2,080.10° 2,040.10° 67,97
BMEM 3-2.0 0,59202 13,62 2,230.10° 2,840.10° 48,82
BMEM 3-2.5 0,53347 15,12 1,948.10° 1,940.10° 71,47
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Cac vat liéu BMEM ¢ dang bot, c6 kich :[hu?c'yc nano, do6 tinh khié:[ cao, sé& tiét kiem khdi lugng
vat liéu khi thir nghiém phu Ién chip Led d€ tao wLED anh sang trang. Chung t6i s& nghién ctu
va chi ra cac tinh chat quang déc trung cua nano BMEM trong thoi gian tiép theo.

Bl Mop Sum Spectruen

(a) = Element Weight, % Atomic, %
EulL 1.07 0.42
0.11 0.11
53.97 23.17
28.98 17.81
15.87 58.49
100.0 100.0

EOS Layerod lrvvage 2

5 O o ] ] - L S e o~ :
: W- : -
— — — - =

Hinh 5. Phé EDS ciia mdu BMEM 3-0.5: (a) Dang thanh phan; (b) Dang mapping;
(c) Anh xa Cua cdc nguyén to: EU — vang, Mn — xanh duong, Mo — xanh ld, O — do, Ba — tim

4 . d

R P i W T £ Zo)

e 5750 . =% =Y TR .
Hinh 6. 4nh FE-SEM cia BMEM 3-x nung ¢ 600 °C: (a) x = 1,0; (b) x = 1,5
va Anh TEM: () x =1,0; d)x=1,5
4. Két luan

Nghién ciru da ché tao thanh cong cac nano BaMoO, dong pha tap 3 mol% Eu®* va 0,1-2,5
mol% Mn?* (BMEM) bang phuong phap thuy nhiét. Gian do XRD cho thay cac nano BMEM ton
tai dang tinh thé t&r giac don pha vdi duong kinh tinh thé trung binh tir 15,12-45,28 nm. Cac anh
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FE-SEM va TEM cho thay cac hat BMEM kich thudc dong déu véi duong kinh nhé hon 50 nm.
Pho Raman di ching minh sy tao thanh cdc nhom lién két Eu-O, Mn-O va O-Mo-O va cac ché
d6 dao dong déc trung, khang dinh thanh cong su ddng pha tap cac ion Eu*" va Mn*" vao mang
nén BaMoO,. Phé EDS dang thanh phan va dang mapping cang khang dinh thanh cong cta su
ddng pha tap cac ion Eu* va Mn®* vao mang nén BaMoO, bing phuong phap thuy nhiét. Cac
nano BMEM c6 tiém ning ng dung trong linh vuc cong nghé cao, trudc hét 1a ngudn phat quang
anh sang do.

TAI LIEU THAM KHAO/ REFERENCES

[1] P. Dixit, V. Chauhan, P. Kumar, and P. C. Pandey, “Enhanced photoluminescence in CaMoO,:Eu** by
Mn** co-doping,” J. of Luminescence, vol. 223, 2020, Art. no. 117240, doi: 10.1016/j.jlumin.2020.
117240.

[2] R. L. Tranquilin, L. X. Lovisa, C. R. R. Almeida, C. A. Paskocimas, M. S. Li, M. C. Oliveira, L. Gracia, J.
Andres, E. Longo, F. V. Motta, and M. R. D. Bomio, “Understanding the White-Emitting CaMoO, co-doped
Eu®, Tb*, and Tm*" phosphor through Experiment and Computation,” J. Phys. Chem. C, vol. 123, pp.
18536-18550, 2019.

[3] L. K. Bharat, S. H. Lee, and J. S. Yu, “Synthesis, structural and optical properties of BaMoO,:Eu** shuttle
like phosphors,” Materials Research Bulletin, vol. 53, pp. 49-53, 2014, doi: 10.1016/j.materresbull.
2014.02.002.

[4] B. Wu, W. Yang, H. Liu, L. Huang, B. Zhao, C. Wang, G. Xu, and Y. Lin, “Fluorescence spectra and
crystal field analysis of BaMoO4:Eu** phosphors for white light-emitting diodes,” Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy, vol. 123, pp.12-17, 2014, doi:
10.1016/j.saa.2013.12.007.

[5] C. Shivakumara, R. Saraf, S. Behera, N. Dhananjaya, and H. Nagabhushana, “Synthesis of Eu**-activated
BaMoO, phosphors and their Judd-Ofelt analysis: Applications in lasers and white LEDSs,”
Spectrochimica Acta, Part A: Molecular Spectroscopy and Molecular Biology, vol. 151, pp. 141-148, 2015,
doi: 10.1016/j.saa.2015.06.045.

[6] Z. Li, Y. Wang, J. Cao, Y Jiang, X. Zhao, and Z. Meng, “Hydrothermal synthesis and luminescent properties
of BaMoO,:Sm®* red phosphor,” Journal of Rare Earths, vol. 34, no. 2, pp. 143-147, 2016, doi:
10.1016/S1002-0721(16)60006-6.

[7] M. Sahu, S. K. Gupta, R.M. Kadam, and M.K. Saxena, “Dopant Concentration induced optical changes in Ba,.
«Eu,M00,: A green and facile approach towards tunable photoluminescent material,” Journal of
Luminescence, vol. 188, pp. 67-74, 2017, doi: 10.1016/j.jlumin.2017.03.063.

[8] Y. Xia, X. Zou, H. Zhang, M. Zhao, S. Meng, C. Su, and S. Jing, “Luminescence properties of Eu** doped
BaMoO, transparent glass ceramics,” Journal of Non-Crystalline Solids, vol. 500, pp. 243-248, 2018, doi:
10.1016/j.jnoncrysol.2018.08.007.

[9] Y. Xia, X. Zou, H. Zhang, M. Zhao, X. Chen, W. Jia, C. Su, and J. Shao, “Luminescence and energy transfer
studies of Eu**-Tb** co-doped transparent glass ceramics containing BaMoO, crystallites,” Journal of Alloys
and Compounds, vol. 774, pp. 540-546, 2019, doi: 10.1016/j.jallcom.2018.10.071.

[10] F. Chun, W. Deng, B. Zhang, W. Li, M. Xie, C. Luo, and W. Yang, “Grain-orientation-engineeredtextured
Ba1MoO4:Eu3+ luminescent thin film,” Ceramics International, vol. 46, pp. 27238-27243, 2020, doi:
10.1016/j.ceramint.2020.07.208.

[11] F. Song, “Synthesis and luminescence of new Eu®"red-emitting phosphorus Cs,Ba(MoQ,), activated with
high color purity for white LEDs,"” Journal of Luminescence, vol. 239, 2021, Art. no. 118324, doi:
10.1016/j.jlumin.2021.118324.

[12] R. P. Moreira, L. H.C. Francisco, I. F. Costa, H. P. Barbosa, E. E.S. Teotonio, M. C.F.C. Felinto, O. L.
Malta, and H. F. Brito, “Luminescence properties of BaMO,:Eu®* (M: Mo or W) phosphors derived from
co-precipitation reaction,” Journal of Alloys and Compounds, vol. 937, 2023, Art. no. 168408, doi:
10.1016/j.jallcom.2022.168408.

[13] M. N. Chu, T. T. Nguyen, H. T. Nguyen, T. B. D. Hoang, and T. H. T. Do, “Synthesize and study structure
and luminescence properties of nanoparticles BaMoO, doped Eu®* by hydrothermal method,” TNU Journal
of Science and Technology, vol. 227, no. 16, pp. 100 — 106, 2022, doi: 10.34238/tnu-jst.6559.

[14] M. N. Chu, L. T. H. Nguyen, X. T. Mai, T. H. Do, T. T. A. Duong, L.T.T. Nguyen, H. V. Pham, M. N. Ha,
V. H. Nguyen, H. D. Chau, and T. K. N. Tran, “Temperature affects on the photoluminescence and Judd-
Ofelt intensity parameters of CaMoO4:Eu3+ nanophosphor,” Journal of Luminescence, vol. 258, 2023, Art.
no. 119776, doi: 10.1016/j.jlumin.2023.119776.

http://jst.tnu.edu.vn 229 Email: jst@tnu.edu.vn


https://doi.org/10.1016/j.jlumin.2020.117240
https://doi.org/10.1016/j.jlumin.2020.117240
http://dx.doi.org/10.1016/j.materresbull.2014.02.002
http://dx.doi.org/10.1016/j.materresbull.2014.02.002
http://dx.doi.org/10.1016/j.saa.2013.12.007
http://dx.doi.org/10.1016/j.saa.2013.12.007
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S138614251500760X&orderBeanReset=true
http://dx.doi.org/10.1016/j.jlumin.2017.03.063
https://www.sciencedirect.com/journal/journal-of-non-crystalline-solids
https://doi.org/10.1016/j.jallcom.2018.10.071
file:///C:/Users/Acer/Dropbox/PHUONG/KHOA%20HỌC%20TỰ%20NHIÊN/KET%20QUA%20PHAN%20BIEN/%237795/Ceramics%20International,%2046,%202020,%20pp.%2027238–27243
https://doi.org/10.1016/j.ceramint.2020.07.208
https://doi.org/10.1016/j.ceramint.2020.07.208
https://doi.org/10.1016/j.jlumin.2021.118324
https://doi.org/10.1016/j.jlumin.2021.118324
https://doi.org/10.34238/tnu-jst.6559

