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KEYWORDS material was consistent with the tetragonal structure of BaMoO, (according

to JCPDS card no. 00-029-0193). The characteristic bonding groups of Eu-
Nanoparticles 0, Mo-O and MoO,* confirmed by Raman spectroscopy demonstrated the
BaMoO, successful doping of Eu** ions into the matrix lattice. The Field Emission -
Eud Scanning Electron Microscope (FE-SEM) images show that the BME

material has a relatively uniform nanoparticle size. The diameter is between
Hydrothermal 19.57 nm and 39.62 nm. The Fluorescence spectrum shows that BME
616 nm materials have the ability to fluoresce red with great intensity at about 616
Red nm, corresponding to the *Dy — F, transition. With superior properties in

morphology, structure and red light emitting source, BME nanomaterials
have potential of applications in manufacturing white and warm LED light
with low energy consumption.
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(pha tap 0,1 dén 9,0 mol% Eu*") da duoc tong hop thanh cong bang
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TU KHOA pha phu hop Vi chu tric tir gide cua BaMoO, (theo thé chuan JCPDS 00-
029-0193). Cac nhém lién két dac trung Eu-O, Mo-O va MoO,* duoc

Hat nano khing dinh bing phé Raman da ching minh sy pha tap thanh cong ion
BaMoO, Eu®" vao mang nén. Anh hién vi dién tir quét phat xa truong (FE-SEM) cho
Eud* thay, vét liéu BME c6 kich thuéc hat nano tuong doi dong déu, duong kinh
) » trong khoang 19,57 nm dén 39,62 nm. Pho huynh quang cho thay, cac vat
Thuy nhiét liéu BME c¢6 kha nang phat quang mau do véi cuong d¢ lon tai khoang
616 nm budc song 616 nm twong wng véi chuyén tiép °Dy — 'F,. Vai nhimng tinh
Mau do chat wru viét vé hinh thai, ciu tric va la nguon phat ra 4nh sang do, vat liéu

nano BME c6 tiém ning ng dung trong ché tao dén Led 4nh sang tring,
am, tiéu hao it nang lugng.
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1. Mé dau

Hién nay, vat liéu phat quang da va dang dugc tng dung thanh cong trong nhiéu linh vyc
khoa hoc ky thuat hién dai. Trong nganh khoa hoc vat liéu, cic nghién ctru dang quan tam dén
céc vat liu phat quang dat hiém va dinh huéng ung dung trong cac cong nghé maéi nhu vat ligu
chi thi quang, vat liéu xtc tac, soi quang hoc, ng dung y sinh va ché tao cac thiét bi chiéu sang
[1]-[4].

Trong cac nén vat lidu phat quang, molybdate 1a mot nén vat ligu tiéu biéu véi do bén hoa hoc
va co hoc cao, tinh chét quang on dinh, khong doc hai, gia thanh ré. Ngoai ra, nén MoO,* ¢6 thé
hap thu btic xa kich thich viing tir ngoai va phat xa anh sang kha kién mau cam hozc mau luc, rat
phu hop trong ché tao dén Led va dén Laser [5] - [7].

Céc ion dét hiém Re* (Eu** 0,950 A, Tb* 0,923 A, Dy** 0,908 A....) c6 ban kinh nhé hon Vi
céc ion kim loai M** (Ca®™ 0,99 A, Sr*" 1, 12 A, Ba® 1,34 A,...), nén c6 thé ding dé thay thé ion
M? trong mang nén. Khi pha tap cac Re** vao mang nén MMOO4 va kich thich vat lidu bang tia
UV, sé xay ra su chuyén muc ning lugng gitra M004 va Re*, din dén su phat xa dic trung cia
ion Re® voi cudong do 16n va da mau sic ving kha kién [8], [9]

lon Eu** ¢6 céu hinh electron [Xe]4f%, do phan 16p 4f chua bdo hoa, nén khi dwoc kich thich
boi tia UV cac electron 4f s& chuyén 1én trang thai kich thich, sau do s¢ chuyén tiép khong phat
xa (°Da, °G4 va °Lg — °D3, °D, va °Dy) va xay ra cdc chuyen tiép phat xa (° Do — 7F v6ij=0,1,2,
3, 4). Do d6, ion Eu®" dugc coi 1a nguon phat quang doi dao va hiéu qua, nhat 1a kha nang phat xa
mau do ung véi chuyén tiép °Dy — 'F, cua cac electron 4f. Do d6, bot vat liéu BaMoO, pha tap
Eu®* s& co kha nang phat quang mau do voi cudong d6 cao. Mac du da co mot s6 nghién ciru vé
pha tap ion Eu®, tuy nhién cac két qua nghién ctru chua day du va hé théng vé cac tinh chét caa
vat liéu BaMoO, pha tap ion Eu** [8] — [10].

Trong bai bao nay, chung toi tién hanh tong hop cac hat nano BaMoO, pha tap ion Eu**
bang phuong phéap thay nhiét. Nghién ctru cac tinh chit hinh thai bé mit, cdu trac tinh thé va
kha nang phat quang cua vat lisu BME, nhim dinh huéng wng dung trong chiéu sang ran va tiét
Kiém nang lugng.

2. Thuc nghiém
2.1. Héa chdt, dung cu thiét bj

- Céc hoa chét st dung c6 do tinh khiét phan tich (hdng Merck), gom co: Ba(NOs), 99,5%;
Na,M00,4.2H,0 99%; Eu,0; 99,99%; HNO; 68%. , ,
- B dung cu thay nhiét (Autoclave); can dién tir 10 g; may khudy tir; ta siy; 10 nung.

2.2. Cic phwong phdp nghién ciru tinh chdt vt ligu

- Pha tinh thé cua vat liéu dugc xac dinh be"mg may do nhiu xa tia X (D2 Phaser, hing
Bruker, Germany), hoat dong & 40 kV va 20 mA va sir dung buc xa CuK,, (1 = 1,54056 A). Budc
nhay quét 0,02° 20 v6i toe do quét 4 °/ phit (van hanh tai Khoa Héa hoc - Truong PHKH, Dai
hoc Thai Nguyén).

- Ph6 Raman (XPLORA PLUS - hing Horiba) dugc sir dung dé xac dinh cic nhom chirc dic
trung bé mat cua vat liéu (van hanh tai Vién khoa hoc va Cong nghé - Truong DPHKH, Pai hoc
Thai Nguyén).

- Hién vi dién tir quét phat xa truong (FE-SEM) tich hop voi phé ké tan sic nang luong tia X
(EDS) va dau do huynh quang catot (CL): JEOL JSM-7600F (M3), dién thé hoat dong 5 kV dé
xé4c dinh vi hinh thai cua vat liéu (van hanh tai Vién Tién tién Khoa hoc va Cong nghé (AIST),
Pai hoc Bach khoa Ha Noi).

- Phé ké huynh quang Horiba (M¥) c6 kha ning thuc hién cac phép do: birc xa huynh quang
tir 180-1550 nm; hap thu huynh quang tir 250-750 nm:; thoi gian song cua hat tai va cac phép do
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quang & nhiét d6 thdp (van hanh tai Vién Tién tién Khoa hoc va Cong nghé (AIST), Pai hoc
Bach khoa Ha Noi).

2.3. Tong hop BaMoO, pha tap ion EU*" bang phwong phdp thiiy nhiét
Quy trinh tong hop vat liéu BaMoO, pha tap ion Eu** dugc thuc hién theo so db hinh 1 [11], [12].

10 mmol Ba(NO3)2 + 10 mmol NazMo004.2H20 x = 0,05-0,45 mmol Euz03 + 10 mL Hz0 + 1 mL HNO3 dic, khudy tir
+ 50 mL H:0, hoa tan, khudy tir 2 gior & 30 °C 2 gio & 60 °C, dén tan hoan toan, thu dwgc dung dich trong sudt
1 I |
Két tha trang
v Thiy nhiét bing Autoclave (200 °C, 15 gio)
San pham sau thuy nhiét
\y Pélang, loc, rira nwéc cit 3 lan
San pham thé
W Siy (150°C, 2 gi®) va nung (600 °C, 3 gi®)

Vit liéu BaM00+@x%Eu (BME, x = 0,1 - 9)

Hinh 1. Quy trinh tong hop vit liéu BME bang phirong phép thity nhiét
3. Két qua va thao luan
3.1. Ddc trung céu triic pha tinh thé
Sy hinh thanh pha tinh thé cia mot s6 mau BME dai dién (x = 0,25; 4,0 va 7,0) duoc khang
dinh bang gian do nhiéu xa tia X (hinh 2). Két qua trén hinh 2 cho thay, tat ca cac dinh nhiéu xa
tai cac goc 20 = 26,38°% 27,75°% 29,24°; 31,95; 38,78°; 42,80°; 48,32°; 53,75° va 54,44° tuong

ing voi cac mat phan xa (112), (004), (200), (211), (204), (220), (116), (312) va (224) phu hop
V@i cau trac tir giac cua BaMoO, (theo thé chuan JCPDS 00-029-0193) [13], [14].
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inh 2. Gidn do cua cac BaMoO,@x%Eu’": (a) x = 0,25; x=0,25; 4,0 va 7,0 nung ¢
Hinh 2. Gian do XRD BaMoO,@x%Eu®" 0,25; (b 0,25;4,0va 7,0 600 °C

BMEO0.25

21.95 4280 4g30 5375
3878 4582

Dang chi y 13, khi xuat hién ion Eu** (0,25 - 7,0 mol%) khong 1am thay ddi ciu tric pha tinh
thé cua mang nén BaMoO,, cic vat liéu BME déu két tinh & dang tir giac. Do ban kinh ion Eu®**
(0,95 A) rat gan v6i ban kinh ion Ba’* (1,34 A) h0’n 1a véi ion Mo® (0,41 A), nén ion Eu® di
thay thé vi tri ctia ion Ba*". Piéu nay gitip ion Eu®" pha tap thuan lo1 vao mang nén ‘taora tinh thé
BaMoO,@Eu* voi it khuyét tat, ciing nhu ¢6 kha ning va hiéu suit phat quang tot. Mot s6 goc
nhidu xa khéc tai: 22,64% 35,28% 36,57°% 54,44° 67,21° 68,89° ciing dugc quan sat thdy trén
hinh 2 [15] - [17].
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_Goc B ung voi nira gia tri cuc dai (FWHM) ¢ ba dinh déc trung trén gian dﬂ(k) XRD cua cac

mau BaMoO,@Eu*" duoc chi ra trong bang 1. Kich thudc trung binh cia tinh thé duoc tinh theo

0,891

pcoso

tia X (khi ngudn tia X 1a CuK,, thi 2 =0,1541 nm), 6 la goc nhiéu xa, B 1a 46 rong ing voi nira

chiéu cao cua cuc dai nhiéu xa (FWHM).

Bang 1 cho thay, cac vét liéu BME tong hop duge theo phuong phap th}iy nhiét, c6 kich thudce

hat nanomet, duong kinh trung binh cua tinh thé trong khoang 19,57 nm dén 39,62 nm.

cong thuc: D = . Trong d6, D 1a kich thu6c trung binh cua tinh thé, A 13 budc séng cia

Bang 1. Puong kinh trung binh tinh thé ¢ cdc dinh ddc trung cdc vt liéu BME 0,25-7,0%
voi cac goc FWHM twong wng

Goc 20 = 26,38° Géc 20 = 29,24° Géc 20=42,80°
Vit ligu
FWHM (°) Pwong kinh (nm) FWHM (°) Puwong kinh (nm) FWHM (°) Puwong kinh (nm)
BMEOQ.25 0,2451 32,92 0,2247 36,13 0,2453 34,40
BMEA4.0 0,4123 19,57 0,2049 39,62 0,2245 37,58
BME?7.0 0,2053 39,30 0,2455 33,07 0,2249 37,52

3.2. Ddc trung Raman cua vt liéu

Phoé Raman ciia cac mau dugc ghi trong dai s6 song tir 10-1000 cm™ & nhiét d6 phong dé
nghién ciru cac ché do dao dong. Trong 26 ché do dao dong ciia BaMoOy,: (I' = 3Ag+ SA, +
5By + 3B, + 5E4 + 5E,), c6 8 dao dong (4A, va 4E,) ddc trung cho vung hdng ngoai va 13 dao
dong (Ag, By va Ey) 1a dac trung Raman cua vat liéu. Cac s6 song dao dong Raman dic trung cho
cac lién két Mo-O, Eu-O va nhom MoO,* trong cac mau BME duoc chi ra trén hinh 3 va bang 2.
Két qua nay khiang dinh su pha tap thanh cong cua ion Eu** vao cdu trac tir dién cua nén
BaMoO,. Ngoai ra, trén phé Raman khong quan sat thiy bét ky su thay ddi nao trong cac dai lién
quan dén lién két cia Mo va Eu voi O [12], [16].
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Hinh 3. Phé Raman cua cdac BME 0,25 — 9,0% nung ¢ 600 °C
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Bang 2. Quy gdn cdc s6 séng dao dong Raman ddc trung cia vt liéu BMEO0.25 — 9.0

S6 séng twong ng (cm™) Quy gan dao djng
322,1 Lién két Mo-O
355,8 Lién két Eu-O
(692,1 - 789,4) nhém tir dién [MoO,] bét ddi ximg
(835,7 - 888,3) nhém tir dién [MoO,] dbi xing

3.3. Hinh thdi hat cua vt ligu BaMoO4 pha tap ion Eu®*

SR S TR G
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Hinh 4. Anh FE-SEM ciia cdc BME nung ¢ 600 °C véi: (a) x = 0,25; (b) x = 4,0

Hinh thai hat ciia cac mau BaMoO,@x% Eu** (x = 0,25 va 4,0) nung & 600 °C duoc khao sat
thong qua anh FE-SEM (hinh 4). Anh FE-SEM cho thdy, cac vat liéu BME c6 hinh thai hat dong
déu, kich thudc hat trung binh nho hon 25 nm. Khi vat liéu tao thanh & dang bot va kich thudc
hat nho, thi khéi lugng vat liéu can ding dé phii 1én chip Led sé it va tiét kiém hon.

3.4. Nghién ciru phé phdt quang ciia vt ligu BaMoO, pha tap ion Eu**

Phd phat quang cua vat liu BMEOQ.5 dugc ghi lai bang cach ¢ dinh budc song kich thich &
290 nm va két qua dugc chi ra trén hinh 5. Sy phét xa rong trong dai 535,8 - 592,4 nm, la do sy
chuyén electron tir trang thai kich thich sang trang thai co ban cua mang nén va su thay dbi
cucmg dd cua cac dinh di cho thiy qua trinh truyén dién tich tir phdi tir sang kim loai (0% —
Eu®) dién ra rat hiéu qua [8] — [10].

Du6i kich thich 290 nm, pho phat xa huynh quang cia BaMoO4@Eu bao gom mot
s vach sic nét, thuoc V& su phat xa déc trung cuacic ion Eu** ang voi Chuyen tiép
Dy — 'F, (= 0 1, 2, 3, 4). Trong sb céac cuc dai nay, mot vach phat xa cam do chuyén dbi ludng
cuc tir °Dy — ‘Fo (592 4 nm), hai Vach phat xa yeu (535,8 va 555 nm) tuong (ing voi sy chuyén
ddi ludng cuc Dy — F; tai vi tri Eu®* bét di xtng tam dao. Cac vach phat xa d6 manh hon &
xung quanh 616 nm véi ba dinh chinh dugc quan sat ¢ (607; 613; 616 nm) dugc qui gan cho
su chuyén d6i ludng cuc °Dy — 'F, ctia ion Eu** gy ra boi su bét doi Ximg tim dao tai vi tri
Eu® va sy pha v& cac quy tac loc hya. Biéu ndy cho thiy cudng do °Dy — 'F, bi dnh hudng nhiéu
béi tinh d6i xtng xung quanh cua ion Eu®*. Su phat quang manh cua chuyén doi ludng cuc dién
chimg t6 cac ion Eu®* da thay thé ion Ba** trong mang nén.

Cac cue dai khac dwoc quan sat xung quanh 655 nm (°Dy — 'Fs); 6944 va 701,8 nm
(Do — Fy), tat ca déu 1a chuyén tiép ludng cuc dién. Sy xuét hién cac dinh phat xa trén phé PL
da chimg minh rang khi pha tap ion Eu** vao BaMOO4, xay ra su truyén ning luong hiéu qua tir
mang nén dén cac mirc nang lu(mg 4f cua ion Eu®*. Két qua nay c6 sy phu hop véi cac dinh phat
xa do chuyén tiép cua ion Eu** trong cac nghién ciru trude [15] - [17].
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Hinh 5. Phé phdt quang (PL) ciia BME4.0 6 600 °C, duwdi kich thich UV tai 290 nm
Nhu vay, khi kich thich & 290 nm, cac vat liéu BME c6 kha nang phat ra anh sang do voi
cuong d6 16n dic trung cua ion Eu®* ¢ bude soéng 616 nm.
Thur nghiérp chiéu dénNUV vao cac mau vat liéu sau khi nung & 600 °C, két qua phat xa mau
do cuong do tot cia cac mau BaMoO, pha tap 0,25%; 4,0% va 7,0% Eu®* duoc chi ra trén hinh 6.

(@) (b) (©

Hinh 6. Sir phat quang mau do cua cac vt lieu BMEO.25; BME4.0 va BME7.0
nung ¢ 600 °C khi chiéu dén UV

Két qua chi ra trén hinh 6 cho thiy, kha nang phat quang cua cac Vét liéu BaMoO,@Eu** ¢6
xu hudng dat cuong do tot nhit ¢ khoang nong do pha tap 4.0% Eu®". Diéu nay duoc giai thlch
dua trén co s0, khi tang nong d6 Eu®" qua cao, s¢ tang su truyén ning luong gura cac ion Eu®* véi
nhau, dan dén sy dap tat huynh quang 6 cac nong d¢ pha tap cao hon 4% mol Eu*

Duya vao nhimg phan tich tur phd huynh quang (hinh 4) va thir nghiém chiéu tia UV (hinh 6), cac
két qua bude dau da chimg minh vat liéu BME co kha nang phat quang anh sang do cuong do t6t.
Tuy nhién, can xac dinh thoi gian sdng phat quang ciia vat liéu dé c6 thé dua ra dugc nhitng nhan
dinh tiép theo. Chung t6i s& tiép tuc md rong nghién ctru thém van d& nay trong thoi gian t6i.

4. Két ludn

Nghién ctru di ché tao thanh cong cac vat ligu BME pha tap 0,25-9,0 mol% Eu®*" bang
phuong phap thiy nhiét. Gian dd XRD cho thiy cac mau BME tdn tai dang ta giac tinh thé don
pha véi c6 duong kinh tinh thé trung binh tir 19,57-39,62 nm. Anh FE-SEM cho thiy cac hat
BME kich thudc dong déu c6 duong kinh nho hon 25 nm. Phé Raman da chung minh sy tao
thanh cac nhom lién két Eu-O, O-Mo-O khang dinh sy pha tap thanh cong ctia cac ion Eu®* vao
mang nén BaMoO,.
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Vit lisu BaMoO, pha tap ion Eu®*, ¢6 kha ning phat quang anh sang mau do véi cuong do cuc
dai tai budc song 616 nm &ng véi chuyén tiép Dy — 'F, ctia ion Eu**. Sy phat quang toi wu khi
pha tap 4,0% mol Eu** khi nung mau ¢ 600 °C. Két qua nghién citu budc dau cho thay, vat ligu
BaMoOﬂ,@Eu3+ ¢6 tiém ning ché tao bot huynh quang phat xa d cuong d6 cao, dinh huéng ung
dung trong ché tao dén Led phat anh sang trang 4m va tiét kiém nang luong.
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