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Tém tit. Vat lidu phét quang M2ALSiO7 (M: Sr, Ca) don pha tap véi ion europium duoc ché tao béng
phuong phap phan tng pha ran. Két qua khao sét gian ¢ nhiéu xa tia X chiing t6 vat liéu c6 cdu tric
don pha, pha tt gidc. Vat liéu M2ALSiO7 don pha pha tap véi ion Eu?* phat biic xa mau xanh. Pho phat
quang c6 dang dai rdng véi cuc dai 6 510 nm d6i voi mang nén Sr2Al2Si07 va ¢ 521 nm d6i voi mang nén
Ca2AlL2Si0y7. Trong khi d6 phé phat quang cta vat liéu M2ALSiO7 pha tap vé6i ion Eu®* ¢6 dang vach hep,
phét btrc xa mau dé. Vai tro tam kich hoat ctia ion Eu trong mang nén phu thudc rat nhiéu vao diéu kién
cong nghé ché tao mau. Anh hudng trudng tinh thé ctia mang nén Ca:ALSiOr tac dong 1én ion Eu? manh
hon truong tinh thé ctia mang nén Sr2ALSiOr ciing dugc trinh bay va thao luan.
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Abstract. The europium-ion-doped M2AL:SiO7 (M: Ca, Sr) materials with tetragonal phase structure were
successfully synthesized by using the solid-state reaction method. The Eu?-doped M2AL:SiO7 materials
emit green radiation. The photoluminescent spectra have a board band, peaking at 510 nm for the
Sr2AlSiO7 phosphor and 521 nm for the Ca2AlLSiO7 phosphor. Meanwhile, the photoluminescent spectra
of the Eu**-doped M2AL:SiO7 material have narrow lines, emitting red radiation. The role of the europium
activation centers in the lattice greatly depends on the conditions of the sample preparation. The crystal
field effect of Ca2Al:SiOy lattice acting on Eu?* ions is stronger than that of Sr2Al:SiOr lattice.

Keywords: luminescence, M2A1L:SiO7, europium

DOI: 10.26459/hueuni-jns.v129i1A.5661 79



D6 Thanh Tién va Nguyén Manh Son

1 Mo dau

Trong ky thuat chiéu sang va hién thi, vat
liéu phat quang dong vai tro quan trong trong viéc
ché tao cac loai dén huynh quang, den LED. D¢ la
cac loai den chiéu sang c6 hiéu sudt cao va tiét
kiém nang luwgng. Trong s6 do, vat liéu phat quang
pha tap ion dat hiém dwoc st dung rong rai trong
nhiéu ¢ng dung khac nhau do chung khong doc
hai, than thién véi moi treong, c6 do choi va tudi
tho cao [1, 2]. Trong vai nam qua, LED trang kich
thich béi biee xa tit ngoai gan két hop véi cac vat
liéu phat quang mau do, xanh 1a cay va xanh da
thu hat s¢ quan tdm ctia nhiéu nha khoa hoc.
Nhiing vatliéu phat biic xa anh sang nhin thay véi
hiéu suét phat quang cao dudi kich thich ttr ngoai
gan hay anh sang mau xanh da duoc tng dung

trong ché tao LED trang.

Vat liéu phat quang trén nén silicate
alumino kiém thé (M2ALSiO7 v6i M: Ca, Sr) pha
tap cac ion dat hiém da va dang duoc nhiéu tac gia
trong va ngoai nudc nghién cttu do ¢6 hiéu suét
phat quang cao, dac trung quang phd phu hop véi
nhiéu tng dung, dic biét la trong hién thi va chiéu
sang [2-4]. Cac nghién ctru vé tinh chit phat quang
cua cac vat liéu phat quang trén nén (Ca,
Sr)2ALSiO7 pha tap cac ion dat hi€ém c6 nhiéu vu
diém nhu chi phi thap, tinh 6n dinh nhiét va on
dinh héa hoc cao, déc biét la hap thu manh buc xa
0 vung tr ngoai gan, v.v. [5, 6]. Vi vay, viéc nghién
ctu tinh chdt quang cua vat liéu phat quang trén
nén (Ca, Sr)2ALSiO7 pha tap cac ion dat hiém dang
la van dé quan tam va c6 y nghia khoa hoc rat 16n

trong nghién cttu co ban va ttng dung.

Ion europium pha vao cac mang nén khac
nhau thuong ton tai hai trang thdi hoa tri la Eu?* va
Eu®, tuy thudc vao diéu kién cong nghé ché tao va
moi truong phan tng trong qua trinh nung mau.
Trang thai hoa tri cua ion kich hoat trong mang nén
duoc xac dinh bang déc trung quang phd. Thong
thuong, ion europium ton tai trang thai hoa tri +2

(Eu?*) khi mau dwgc nung trong méi trieong khte va
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trang thai hda tri +3 (Eu®*) khi mau dugc nung
trong moi truong khong khi. Bai bao nay trinh bay
cac két qua nghién cttu bang cong nghé phan tng
pha rdn nung trong moi trieong khir va mdi truong
khong khi caa vat liéu M2ALSiOz: Eu (M: Sr, Ca)
phat cac bitc xa mau khéc nhau. Bén canh d6, cung
mang nén silicate alumino kiém thg, nhung kim
loai kiém tho khéc nhau (Sr, Ca) thi anh huong cua
truong tinh thé'1én ion Eu?*khéac nhau. Két qua nay

cting duoc thao luan trong bao cao nay.

2 Thuc nghiém

Vat liéu phat quang Ca:ALSiO7 (CAS) va
Sr2AlSiO7 (SAS) don pha tap ion europium duoc
ché tao bang phuong phap phan ting pha ran. Cac
nguyén liéu st dung gom: CaCOs (99,9%, Trung
Qudc), SrCOs (99,9%, Trung Qudc), AlOs (99%,
Trung qudc), SiOz2 (99,9%, Han qudc) va Eu0s
(99,9%, Merck). Hon hop duoc can theo ti 1€ hop
thirc, chat chay B20s duoc thém vao vdi ti 16 4%
khoi lwong san pham. Phéi liéu duoc nghién tron
bang c&i ma nao trong thoi gian 1 gio, sau d6 hon
hop duoc nung ¢ 1280 °C d6i véi vat liéu CAS va
1250 °C d6i v6i vat liéu SAS. Mau duoc nung trong
mdi treong khir khi CO va trong moi truong khong
khi. Cac yéu t6 anh hudng nhu nhiét d¢ nung thiéu
két, thoi gian nung va ham luong chat chay B20s
da duoc khao sét [3, 5, 6]. Gian d6 nhiéu xa tia X cia
vat liéu duoc ghi trén may XRD D8 ADVANDCE,
Brucker (Dtic). Cac phép do pho phéat quang va pho
kich thich duoc thuc hién trén hé do pho ké huynh
quang FL3-22 ctia hang Horiba Jobin Yvon, Hoa
Ky, véi nguon kich thich la den Xenon XFOR-450.

D¢ khao sat sy thay do6i hda tri cua ion
europium trong ho vat liéu silicate alumino kiém
tho khi nung trong 2 moi treong nghién ctru va lam
rd anh hudng ctia hai kim loai kiém tho la stronti
va canxi dén ddc trung quang phd cua ion
europium khi pha tap vao ho vat liéu silicate
alumino kiém tho, chung t6i tién hanh ché tao hai
hé miu SAS va CAS véi ham lwong Eula 0,5% mol.
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3 K&t qua va thao luan
3.1 Cau trac tinh thé ctia vat liéu M2ALSiO;
(M: Sr, Ca) pha tap europium

Gian d6 nhiéu xa tia X ctia cdc mau SAS: Eu
(0,5% mol) nung trong mdi treong khte khi CO va
khong khi duwgc trinh bay trén Hinh 1. Két qua
phan tich cdu tric pha cho thay trén gian d6 xuat
hién cac vach ddc trung cta pha Sr2ALSiO7 véi cac
théng s6 mang: a=b=7,82 A, c=5264 A, a = P=vy
=90°, thudc pha tt gidc (Tetragonal), thé tich 6 co
s V =321,906 A. Mat khac, trén gian d6 nhiéu xa
khong xuat hién cac dinh ddc trung cta cac ion dat
hiém cling nhu cac thanh phan phdi liéu ban dau.
Diéu nay ching to rang cac ion dat hiém khi dwoc
pha tap voi ham lugng bé khong lam thay d6i cau
trac pha cua vat liéu.

Két qua nhiéu xa trén Hinh 2 cho thdy céc
mau CAS: Eu (0,5% mol) nung trong moi truong
khtr khi CO (a) va khong khi (b) déu c6 ciu trtc
pha mong muén la Ca2ALSiOy, ¢6 cac thong so
mang: a=b=7,677 A, c=5,059 A, a =p =7 =90°
thudc pha t giac (Tetragonal), thé tich 6 cosd V=
298,182 A. Ca hai vat liéu SAS va CAS pha tap Eu
déu cb cdu trac pha t giac, trong d6 vat liéu CAS

c6 thé tich 6 co s nho hon vat liéu SAS.
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Hinh 1. Gian d6 nhiéu xa tia X ctia vat liéu SAS: Eu nung trong moi truong khtr (a) va khong khi (b)
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Hinh 2. Gian d6 nhiéu xa tia X ctia mau CAS: Eu (0,5% mol) nung trong moi trieong khir khi CO (a) va khong khi (b)

3.2 Dic trung quang phd caa vat M2ALSiOz:

Eu?* (M: Sr, Ca)

Ph6 phat quang (PL) cua vat liéu SAS va
CAS pha tap ion Eu?* (0,5% mol) kich thich bang
btc xa 365 nm thu duwoc trén Hinh 3. Két qua cho
thdy btic xa ctia cac mau SAS va CAS don pha tap
ion Eu* nung trong moi truong khit déu cé dang
dai rong kéo dai tir 400 dén 650 nm, phat birc xa
mau xanh 14 cay. Cuc dai birc xa cta mau SAS pha
tap ion Eu?* c6 budc song khoang 510 nm, trong khi
do btec xa cia Eu?* trong vat liéu SrAl2Os 6 cyee dai
& 521 nm [1]. Cwee dai btic xa ctia hé mau CAS: Eu?

dich vé phia séng dai so v6i phd PL ctia mau SAS:
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Hinh 3. Phd phét quang ctia mau SAS: Eu** (0,5%
mol) (a) va CAS: Eu?* (0,5% mol) (b), kich thich bang
btrc xa 365 nm
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Eu?". C4c pho btc xa nay déc trung cho chuyén doi
btrc xa cua ion Eu?* trong mang nén do dich chuyén
ttr trang thai kich thich v6i cdu hinh dién tw 4f65d!
dén trang thdi co ban vdi cdu hinh dién ti 4f7. Trén
pho PL khong xudt hién cac vach hep dac trung cho
chuyén doi °Do - 7Fj ctia ion Eu®*. Diéu nay ching
t6 rdng ion Eu® da bi khit hoan toan thanh ion Eu?
khi mau duwoc ché tao trong méi trwong khir ctia
cacbon va ion Eu?* déng vai tro la tam phat quang

trong mang nén MAS [7, 8].

Phé kich thich phat quang (PLE) cua mau
SAS: Eu?, do ¢ btic xa véi buede séng 510 nm dugc
trinh bay trén Hinh 4a c6 dang dai rong kéo dai ttr
275 dén 475 nm véi cuce dai ¢ khoang 320 nm. Phd
PLE ctia mau CAS: Eu?, do & btic xa véi buédce song
521 nm (Hinh 4b) trong khoang 240 dén 500 nm

gom nhiéu dai rong vdi cuc dai & khoang 370 nm.

Ph6 PLE ctua MAS: Eu* (M: Ca, Sr) gom
nhiéu dai rong 1a do chuyén doi hap thu tir trang
thai co ban cta cdu hinh dién t& 4f7 dén cac trang
thai kich thich cta ciu hinh dién tir 4f65d ctia ion
Eu?. Két qua nay cho thdy hai vat liéu phat quang
nay déu co thé hdp thu hiéu qua nang luong biic
xa ttr tlr ngoai gan dén mau xanh, ddc biét la vat

liéu CAS: Eu? ¢6 kha ndng hap thu manh trong
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6.0x10° 320

40x10°ﬂ
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Cudng do PL (dvtd)

0.0 T T T
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viung bttc xa mau xanh. Vat liéu c6 kha nang st

dung cho viéc ché tao LED tréng.

Cac nghién cttu chi ra rang bitc xa ctia ion
Eu? trong mang tinh thé phu thudc rat manh vao
ceong do treong tinh thé do cac ion 1an can trong
mang gay ra boi cac ion lan can trong mang. Khi
cuong do truong tinh thé ctia mang tang thi cwee dai
btic xa cta ion Eu?* dich vé phia budc song dai do
sw tach ctia mtec 5d trong truong tinh thé (Hinh 5).
Ion Eu?* v6i cau hinh dién tir 4f7 6 mirc nang luong
857126 trang thai co ban, mic nang lwong ¢Py o trang
thai kich thich va cdc mitc nang luong tng voi cau
hinh dién tt 4£65d". Trong d6, mitc nang lwong cta
ciu hinh 4f65d! bi tach thanh hai mitc eg va tog; sw
tach mitc nay cang manh khi ceong d6 trieong tinh
thé cang manh. Syt chuyén doi ctia cac dién tir trong
ndi cdu hinh 4f khong nhay véi moéi truong xung
quanh va throng c6 dang cac vach hep, trong khi
cac dién tr 5d lai chiu anh huwong 16n cta treong
tinh thé do cdc ion xung quanh gay ra [9, 10]. Cac
trang thai pht nhau cta 4f65d! twong tac manh véi
cac phonon va bi tach boi treong tinh thé. Diéu nay
lam cho ph6 hap thu ciing nhu phé phat quang
twong ung voi cac chuyén doi nay c¢6 dang dai
rong. Day ciing la co s& xac dinh trang thai hda tri

cua ion Eu? trong mang nén.
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Hinh 4. Phd kich thich phat quang ctia mau SAS: Eu (0,5% mol) (a) va CAS: Eu (0,5% mol) (b) nung trong mdi truong
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eg

4f55d

Ning lugng

Tu ngoai

47 v 85

Trudmg tinh thé

Hinh 5. So d6 cac mitc ndng luong 4f7 va 4£65d! anh
hudng béi truong tinh thé

Khao sat phd phat quang trén Hinh 3 cho
thdy cuc dai btic xa cua ion Eu?* trong mau CAS
(521 nm) dich vé phia séng dai so véi cuc dai buc
xa ctia nd trong mau SAS (510 nm). Két qua nay
chiing to treong tinh thé ciia CAS tac dong 1én ion
Eu? manh hon truong tinh thé ctia SAS. Diéu nay
cting phu hop véi cac nghién ctru cdu tric ctia cac
vat liéu. Trong cung cdu truc tinh thé t¢ giac, ion
Eu? thay thé ion kiém thd (Sr, Ca) trong 6 co so v6i
thé tich bé ctia mau Ca:ALSIO7 (V = 298,182 A) sé
chiu tdc ddng truong tinh thé cua cac ion lan can
manh hon so véi truong tinh thé cia mau
SrALSIOr (V = 321,906 A).
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33 Dic trung quang phé cha vat liéu
M:Al:SiO7: Eu3* (M: Sr, Ca)

Hinh 6 trinh bay pho PL cta vat liéu MAS:
Eu?* (M: Sr, Ca) nung trong moi trueong khong khi,
kich thich béng btic xa 365 nm & nhiét do phong.
Ph6 phét quang thu dwoc bao gom céac vach hep
ddac trung cho sy chuyén doi caa ion Eu®, tuong
tng voi cac chuyén doi tir trang thai kich thich 5Do
vé trang thai co ban 7Fy (J = 0, 1, 2, 3, 4). Btkc xa tai
585 nm twong tng v4i chuyén doi ludng cwe *Do —
Fiva 617 nm tuong tng véi chuyén doi ludng cuc
dién 3Do - 7F2 la hai btrc xa v6i cuong dd manh nhat.
Ba dinh bttc xa khac tai 576, 654 va 701 nm la twong
déi yéu, twong tng voi cac chuyén doi SDo - 7Fo, SDo
— 7Fs va 5Do — 7F4, dac trung cho ion Eu3*[11, 12].
Trong phd btic xa cta cac vat liéu MAS: Eu (M: Sr,
Ca) khong quan sat thay dai rong déc trung ctia ion
Eu?. Diéu d6 cho thiy khi Eu?* dugc pha tap vao
hai mang nén CAS va SAS, déu c6 cung cac dich
chuyén ma cyc dai biic xa khéng dich chuyén.
Nguyén nhan la do trong cau hinh ctia ion Eu®, 16p
dién tir 4f chua day, duoc che chin boi 16p dién tr
bén ngoai 5s va 5p lap day; chinh vi vay, su anh
hudng ctia truong tinh thé 1a khong dang kélénion
Eu®[5, 11, 12]. Két qua cling cho thay ion Eu ton tai
& trang thai héa tri +3 trong mang nén khi mau

nung trong moi treong khong khi.
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Hinh 6. Phd phét quang ciia mau SAS: Eu®* (0,5% mol) (a) va CAS: Eu® (0,5% mol) (b), kich thich bang btrc xa 365 nm
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Pho PLE ctia MAS: Eu® (M: Sr, Ca), do & bitc
xa phat quang véi budc séng 617 nm, dugc trinh
bay trén Hinh 7. Trén phé PLE cta vat liéu xuat
hién mot dai rong trong vung tr ngoai va mot sd
vach hep trong khoang 330-580 nm. Phd PLE bao
gom hai phan chinh: (1) dai hdp thu réng trong
vung 220-300 nm, dwoc goi la dai truyén dién tich
(CTB) do su tuong tac Eu? — O%, xudt hién do s
truyén mot dién t tie quy dao 2p cua oxy dén lop
v 4f6 ctia ion Eu®; (2) cac vach hep tir 330 dén 580
nm, duoc gan cho su chuyén doi kich thich f - f cta
ion Eu® [5, 11, 12]. Vach c6 cuong do manh nhat tai

5x10°
(a)
0 393 161
=]
é 3507 4 CTB
-
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2 o
210"
an 531
)
=
] c 360351
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U T T T T T T T
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393 nm twong ting véi chuyén doi 7Fo— 5Le ctia ion
Eu®. Cac dinh kich thich yéu khac tai 360, 381, 413,
461, 531 va 575 nm dwoc cho 1a két qua ctia qua
trinh chuyén doi ndi cau hinh 4f — 4f cta cac ion
Eu® trong mang nén va c6 thé duoc gén cho cac
chuyén doi twong tng "Fo— 5Ds, 7Fo — 5Gs, 7Fo—>

5Ds, 7Fo —> 5Da, 7Fo — 5D1, 7Fo— 5Do [5, 11] (Hinh 8).
Khi bj kich thich, cac ion Eu®* dich chuyén tir trang
théi co ban 7Fo dén cdc trang thai kich thich khac
nhau, sau d6 hoi phuc khong bikc xa vé trang thai
kich thich thdp nh4t >Do. Ttr ddy, cac ion Eu3* dich
chuyén vé cac trang thai co ban 7Fy d€ phat ra biic
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Hinh 8. Cac chuyén doi hdp thu va btic xa ctia ion Eu®*
trong mang nén M2ALSiO7[11, 12]
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4  Kétluan

Vat liéu M2ALLSiO7: Eu (M: Ca, Sr) da duoc
ché tao thanh cong bang phuong phap phan tng
pha ran trong mdi truong khtt va moéi truong
khong khi. Khi nung mau trong mdi treong khi thi
ion Eu cd hda tri +2 va pho biic xa c6 dang dai rong.
Khi nung mau trong mdi treong khong khi thi ion
Eu c¢6 hoda tri +3 va ph6 c6 dang cac vach hep.
Truong tinh thé cua mang Ca:ALSiO7 tac dong 1én
ion Eu? manh hon truong tinh thé ctia mang
Sr2ALSIO7, 1am cho cuc dai biec xa caa ion Eu?*
trong vat liéu Ca2ALSiO7: Eu?* dich vé phia song

dai so vdi cuee dai btee xa cua ion Eu?* trong vat liéu
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Sr2ALSiO7: Eu?t. Céc vat liéu thu duwoc hap thu

manh birc xa vung t& ngoai — mau xanh va phatra

bitc xa mau xanh 14 cay nén c6 kha nang st dung

trong viéc ché tao LED tréng.
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