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Tém tit

Vit liéu phat quang calcium aluminosilicate CazAl2SiO7:x. Ce?*, 0,01Sm®* (CAS) (x=10,0; 0,5;...; 4,0 mol%) dugc ché
tao thanh cong bang phuong phap phan ng pha rdn & nhiét d6 cao. Két qua nhiéu xa tia X (XRD) cho thay vat li¢u
CAS sau khi ché tao hoan toan don pha va c¢6 cdu tric tir giac. Phén tich dic trung phat quang cho thay su chong chap
giita phd phat xa cia Ce3* va phé kich thich cua Sm3* khi don pha tap vao CAS, diéu nay dan dén qu4 trinh truyén ning
luong (ET) gitra chiing khi dugc dong pha tap. Hién twong truyén ning lugng dwoc quan sat thiy khi dong pha tap ion
Ce®* va Sm®* vao vat liéu CAS, trong d6 Ce3* déng vai tro tAm ting nhay va Sm3 dong vai trd tdm kich hoat. Co ché
clia qua trinh truyén niang luong gitra Ce3* va Sm®* trong vt liéu CAS duoc xac dinh chi yéu 1a do twong tac ludng
cuc-ludng cyc bang cach sir dung mo hinh Inokuti-Hirayama (1H).

Tir khéa: Aluminosilicate; samarium; truyén nang luong; dap tit ndng do.

Abstract

Calcium aluminosilicate Ca,Al,SiO7:x.Ce?**, 0,01Sm3* (CAS) (x = 0,0; 0,5;...; 4,0 mol%) phosphors were successfully
fabricated by solid-state reaction method at high temperature. Results of the X-ray diffraction (XRD) showed the
obtained phosphors reach a single phase with tetragonal structure. The analysis of fluorescence feature shows the
overlap between the Ce®* emission and the Sm3* excitation, which leads to the ability of the energy transfer when they
are co-doped in CAS material. When Ce3* and Sm®* ions are co-doped in the CAS phosphor, there is the energy transfer
(ET) from Ce®* ions to Sm®* ions. The mechanism of this ET process is determined due to the dipole-dipole interaction
by using Inokuti-Hirayama (IH) model.
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1. Gigi thi¢u

Cac nguyén té dat hiém (RE) s¢ hiru cac
electron hoa tri ¢ 16p 4f da trd thanh cac Ung
vién tiém nang cho viéc pha tap vao cac vat li¢u
phat quang do ching c6 cac chuyén doi dic
trung 4f—4f hoac 5d—4f, nho do tao ra cac
dic diém huynh quang méi cho cac vat lidu.
Trong nhiitng nim gan diy, mot s6 ion RE®*
phé bién nhu Eu®*, Er¥*, Ce®, Dy®*, va Th% da
duoc déng pha tap vao vat li€u calcium
aluminosilicate (Ca2AlSiO7:CAS) dé nghién
cuu cac dac trung phat quang cling nhu nhiét
phat quang cua vat liéu [1-5]. Bén canh do, ion
Ce®*, Eu?* va Mn?* ciing d3 dugc dong pha tap
vao CAS dé khao sat qua trinh 1an quang [6].
Khi dong pha tap cac ion RE vao vat liéu phat
quang, trong mot sd trudng hop ta cd thé quan
sat thdy hién twong truyén niang luong (ET).
Chang han nhu trong vat litu CAS qua trinh
truyén ning luong di dugc nghién ctru cho mot
s6 cip ion nhu Ce®/Tb%, Ce¥*/Mn?*, va
Tm*/Dy®" [7-9], trong do, Ce3* va Tm®" dong
vai tro 13 tAm ting nhay trong khi Tb%*, Mn?* va
Dy® 1a cac tam kich hoat. Qué trinh truyén
nang lugng ciing da dugc nghién cuu cho cac
ion Bi®*/Tb%/Sm®* dong pha tap vao vat lidu
CAS, trong d6 qua trinh ET xdy ra véi tién
trinh nang luong duoc truyén tir Bi** sang Tb®*
10i truyén sang Sm® [10]. Tuy nhién cho dén
nay chua c6 cong bd nao dé cap dén nghién ctru
qua trinh truyén ning luong giira Ce®* va Sm®*
trong vat liéu CAS. Nhu di biét, ion Sm® khi
dugc pha tap vao vat liéu phat ra birc xa do do
qua trinh chuyén doi 4f—4f dic trung cua dién
tir 16p 4f. Trong khi d6, khi pha tap ion Ce3* s&
cho btrc xa c¢6 cuong do manh va c6 dang dai
rong bit ngudn tir cac chuyén doi 5d—4f cua
Ce®. Cac chuyén doi 5d—4f nay phu thudc
manh vao mang nén va do d6 phat xa ciia Ce®*
c6 thé xay ra & trong ving UV ciing nhu viing
anh sang xanh khi ¢ trong cac mang nén khac
nhau. Trong trudng hop birc xa ctia Ce** &

ving 400 nm thi né ¢ thé tr¢ thanh tAm ting
nhay cho ion Sm* do qua trinh truyén ning
luong khi chiung dugc dong pha tap vao chung
mang nén. Trong nghién ctru ndy, Ce®" va Sm®*
dugc ddng pha tap vao vat liéu CAS dé nghién
clru dic trung phat quang va qué trinh truyén
nang luong giira ching, déng thoi co ché cho
qua trinh truyén ning luong ciing dugc xéc
dinh thong qua vi¢c dap dung mo hinh Inokuti-
Hirayama cho két qua dudng cong suy giam
huynh quang cua vat liu.

2. Thuc nghiém
2.1. Ché tgo vit liéu

Vat liéu Ca2Al2SiO7 pha tap Ce®* va Sm®*
dugc tong hop bang phan tng pha rin ¢ nhiét
dd cao. Ti 18 pha tap ctiia Ce®* va Sm®* trong vat
lidu CAS dugc tinh bang mol% va dugc liét ké
& Bang 1. Cac tién chat sir dung gdm c6 CaCOs3
(AR), Al0s (AR), SiO:2 (Sigma), CeO:2
(Merck) va Sm203 (Merck), cac hop chit dugc
can theo hop thirc va duoc nghién tron trong 2
gio. Hon hop sau d6 duoc ép vién va nung &
1280°C trong moi truong khong khi voi thoi
gian 1 gio, tiép theo dwoc lam ngudi dén nhiét
d6 phong dé thu dugc san pham cudi cing.

Bing 1. Ki hiéu miu cho vit li¢u
Ca2AlzSiO7 pha tap Ce®* va Sm®*

Ki hiéu mau  Ce3* (mol%) Sm*
; (mol%)
S10 0,0 1,0
SCO05 0,5 1,0
SC10 1,0 1,0
SC15 15 1,0
SC20 2,0 1,0
SC25 2,5 1,0
SC30 3,0 1,0
SC40 4,0 1,0
C10 1,0 0.0

2.2. Cac ki thudt phan tich

Céu trac ctia mau CAS sau khi tong hop
duoc khao sat bang ki thuat nhidu xa tia X sir
dung thiét bi nhidu xa D8-Advance-Bruker véi
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ngudn bic xa Cu Ka (0.154 nm). Hinh thai
mau duogc ghi nhan bang anh hién vi dién tir
quét SEM-Jeol 6490, JED 2300; Japan. Phd
quang phat quang va kich thich phat quang do
bang phd ké FL3-22- Horiba Jobin-Yvon véi
ngudn kich thich 13 dén Xenon - 450W, thoi
gian séng cta birc xa thu nhan bang thiét bi
Deltahub- Horiba Jobin-Yvon.

3. Két qua va thao luin
3.1. Nhiéu xa tia X va anh SEM

Dé khao sat ciu trac tinh thé ciia mau sau
khi ché tao, bén mau gom C10, S10, SC10 va
SC40 duoc tién hanh phén tich nhifu xa tia X
trong ving 20°-70°, két qua dugc trinh bay trén
Hinh 1. Nhu c6 thé thdy, tit ca cac dinh nhiéu
xa cla ca bén mau déu phu hop vdi thong sb
ctua pha Ca2Al2SiO7 (JCPDS No. 35-0755) va
hau nhu hoan toan don pha véi ciu tric tir giac.
Diéu nay cho thiy cac diéu kién cong nghé da
duoc lwa chon va sir dung 1a phu hop dé tong
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Hinh 1. Nhiéu xa tia X cua cac mau C10, S10, SC10
va SC40

Hinh thai va kich thudc hat ciia hai mau C10
va SC10 dugc khao sat thong qua anh SEM nhu
dugc trinh bay trén Hinh 2. Két qua cho thay
cac hat khong dong nhit, c6 xu hudng két ty
tao thanh cum c¢ kich thudc 16n.

3.2. Qud trinh truyén ning lugng ciia Ce®* va
Sm®* dong pha tap vit ligu CAS

Ph6 phat quang (PL) va kich thich phat
quang (PLE) tai nhiét d6 phong ctiia mau S10
duoc trinh bay trong Hinh 3(a). Phé kich thich
duogc thu tai birc xa 602 nm (chuyén doi “Gsy
— ®H7i2) ddc trung boi nhidu vach hep trong
ving budc song 300-500 nm, ching c6 ngudn
gbc tir cac chuyén doi kich thich tir trang thai
co ban ®Hspz dén cac mirc kich thich ciia ion
Sm®* trong mang nén CAS. Trong d6, dinh kich

Hinh 2. Anh SEM cta mau (a) C10 va (b) SC10.

thich c6 cuong do manh & budc song 402 nm
bat ngudn tir chuyén doi ®Hsz—*F72 1a bic xa
kich thich t&i wu cho ion Sm®, trong khi cac
dinh kich thich c6 cudong do bé hon tai 360 nm,
375 nm, va 468 nm tuong Gng véi cac chuyén
doi tr mte ®Hsp 18n cac muc “Dar, P72, va
*l1312. Phd phat quang ctia Sm®* kich thich bang
buc xa 402 nm gém ba dai phat xa manh tai vi
tri 565 nm, 602 nm va 648 nm, ching dic trung
cho cac chuyén doi *Gsz — SHsp2, “Gsiz — SHir,
4Gsi2 — ®Hor2 cuia ion Sm** [11, 12].
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Hinh 3. Phd PL va PLE ctia mu (a) S10 va (b) C10.

Hinh 3(b) trinh bay phé PL va PLE ctia mau
C10 do tai nhiét d6 phong. Phd PLE duoc ghi
tai budc song birc xa 420 nm gdém ba dinh kich
dai rong ¢ 244 nm, 278 nm va 350 nm, ching
bit ngudn tir cac chuyén doi dién tir tir trang
thai co ban 4f 1én cac trang thai kich thich 5d
khac nhau ctia ion Ce3*. Dinh kich thich & 350
nm mé rong dén ving gin UV cua quang phd,
didu nay cho thdy vat liéu phu hop cho tng
dung véi dén LED UV. Phé PL duoc thu bang
kich thich dex = 350 nm gém mot dai birc xa
rong voi cuc dai 420 nm, day 1a két qua cua
chuyén doi 5d—4f ctia ion Ce® va dai phat xa
nay bao phu hoan toan dinh kich thich 402 nm
ciia Sm®* trén Hinh 3(a) cho thiy kha ning xay
ra qué trinh truyén ning luong khi hai ion nay
duoc d@)ng pha tap vao vat liéu CAS. bé khao
sat qua trinh truyén ning luong giita Ce®* va
Sm®" trong vat liéu CAS, phé PL ctia cac mau
C10, S10 va SC10 do ¢ cung diéu kién kich
thich (Aex = 350 nm) da dugc thuc hién va trinh
bay trén Hinh 4. Luu y rang, budc song kich
thich & 350 nm la buc xa kich thich tdt cho Ce3*
nhung lai 12 khong phi hop ddi véi Sm®* (xem
lai Hinh 3) do d6 cudong d6 phat xa ciia Sm3*
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Hinh 4. Phé PL caa cac mau C10, S10 and SC10
dudi birc xa 350 nm.

trong mau S10 (chi c6 Sm®") rat bé. Trong khi
d6 cuong d6 cua Sm** trong SC10 (ddng pha
tap Ce®* va Sm®") rit manh, diéu ndy chi ra
rang c6 sy truyén ning luong tir tim Ce®* sang
Sm® trong mau SC10. Bén canh d6, cudong do
phat xa ciia Ce®* tai 420 nm cua mau SC10 bi
suy giam so voi mau C10 mic du ca hai cung
nong do6 Ce® va cung diéu kién kich thich da
khang dinh thém cho qua trinh truyén ning
lugng tir ion Ce®* sang Sm®* trong mau SC10.

Bén canh d6, mot bang chimg khéac cho thay
qué trinh truyén niang luong giita hai ion nay
dugc thé hién qua phd kich thich phat quang
cia hai mau S10 va SC10 thu tai budc séng
phat xa 602 nm cta Sm®* nhu trén Hinh 5. Pho
kich thich ciia mau SC10 & Hinh 5(b) ngoai cac
dinh vach hep tuwong tu nhu Hinh 5(a) dac trung
cho cac chuyén doi f—f ctia Sm®* thi con c6 dai
kich thich rong tng vé&i chuyén doi f—d (cuc
dai ¢ 350 nm) dic trung cho Ce®*. Diéu nay chi
c6 thé xay ra khi co su truyén ning lugng tir
Ce® sang Sm®" trong mang nén CAS nhu dugc
mo ta trén Hinh 6.
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Hinh 5. Pho kich thich ctia (a) S10 va (b) SC10
thu tai budc song 602 nm.

Dé tim hiéu co ché ciia qua trinh truyén ning
lugng tir Ce®* sang Sm** trong vat liéu CAS,
duong cong suy gidm huynh quang theo thoi
gian cua birc xa Ce®" (420 nm) trong mau C10
va SC10 da dugc do va trinh bay trén Hinh 7.
Trong d6, duong cong suy giam huynh quang
ctia mau C10 duoc lam khit tot v6i ham ldy
thira don 1(t) = l,.exp(-/7) cho két qua thoi
gian sdng cua birc xa Ce®* vao khoang 30,8 ns,
gia tri nay phu hop vdi cac quan sat trude day
trong mot s6 vat liéu nhu Li2SrSiOs (39,96 ns),
NaAISiO4 (16,28-45,43 ns), LiYSiO4 (38,1 ns)
va CaSrSiOs (38,9 ns) [13-16]. Trong khi do,
duong cong suy gidm huynh quang ctia miu
SC10 phu hop véi qua trinh 1am khép bang ham
Ity thua kép 1(t) = A .exp(-t/z,)+A, .exp(-t/z,) .
Trong d6 71 Va 7213 hai thanh phan cta thoi gian
song va A1, Az 1a cac hang s6. Thoi gian song
trung binh dugc tinh gan dung bang biéu thirc
T = (Al +A, TD)I(A 1, +A,.7,), va két qua tinh
todn duoc la vao khoang 17,8 ns. Nhu vay cé
thé thay, thoi gian sdng cua buc xa Ce®* trong
méau dong pha tap (SC10) v6i Sm® bé hon so
v6i mau don pha tap (C10) ma nguyén nhan la
do qua trinh truyén ning luong khong birc xa
trong mau dong pha tap giy nén.
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Hinh. 6. M6 hinh truyén ning lugng tir Ce®* sang Sm3*
trong vat li¢u CAS.

Lg[cudng do chuén héa (a.u.)]

Thoi gian (ns)

Hinh 7. Pudng cong suy giam huynh quang cta buc xa
420 nm (Ce**) trong mau C10 va SC10.

Co ché ctia qua trinh truyén nang lugng tir
Ce* sang Sm®* trong vat lidu CAS duoc xac
dinh thong qua mé hinh Inokuti-Hirayama (IH),
trong d6 duong cong suy gidm huynh quang
clia tim tang nhay Ce® trong mau SC10 13 két
qua tuong tac da cuc giita tAm ting nhay Ce®*
va tim kich hoat Sm®* dugc biéu dién bai
phuong trinh [17, 18]:

I(t)=1,exp (T—tj—%rﬁl—g)(r—t] Q)
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nhay va ndéng do t6i han, biéu thirc T'|1-= | Ia
. N L\ s
ham gamma va z = 30,8 ns la thoi gian song
ctia Ce*" khi khong c6 mit cia Sm**. Gid tri
ciia S cho biét co ché cua truyén ning lugng:

Trong d6 Ca va Co 1a ndng do cﬁagﬁmgjmg

s = 6, 8 va 10 twong ung vdi tuong tac ludng
cuc — ludng cuc, ludng cuc — tr cuc va tir cuc —
ttr cuc. Nhu c6 thé nhin thdy ¢ Hinh 7, qua
trinh 1am khép két qua do véi phuong trinh (1)
cho két qua t6t nhat khi s = 6, diéu nay cho thay
qua trinh truyén ning luong tir Ce®* sang Sm**
trong vat liéu SC10 chu yéu thong qua tuwong
tac ludng cuc — ludng cuc.

3.3. Ddp tit hupnh quang ciia vit liéu CAS vdi
cdc nong dp Ce** khéac nhau

Trong phan nay, chang t6i tién hanh khao
sat su thay doi cudng do phat quang cua hé vt
liu CazAl2SiO7:x.Ce®*, 0,01Sm®* vdi cac ndng
d6 Ce®" khac nhau. Trén Hinh 8 1a phd phat
quang ctua hé miu CAS tng véi cac nong do
Ce® khac nhau dugc kich thich bang buc xa
350 nm. Su thay do6i cuong do phat quang Ce®*
& 420 nm va cua Sm** & 602 nm duge trinh bay
& hinh chén thém trong Hinh 8 cho thdy ca hai
buic xa cua Ce®* va Sm®* déu ting 1én khi nong
do6 Ce®* tang tir 0,5 dén 2,0 mol%, sau d6 thi
suy giam khi tiép tuc ting ndng d6 pha tap. Tuy
nhién, nguyén nhan sy thay ddi cua cuong do
phat xa cua Ce®* va cia Sm®' 1a c6 sy khac
nhau: P6i voi truong hop Ce®*, khi ndng do
pha tap Ce®* ting tir 0,5 1én 2,0 mol% lam ting
néng d6 tdm phat quang trong mau, do d6
cuong d6 phat xa ciia Ce®* ting 1én, tiép tuc
tang lugng pha tap thi lam suy gidm cuong do
phat quang ctia Ce®* xuét phat tir qua trinh dap
tit do nong d6. Déi véi trudng hop ciia Sm®, vi
ndéng do Sm** duogc c¢b dinh 1,0 mol% do d6 khi
cudong d6 tam Ce® duoc gia ting thi cling 1am
ting cuong do phat xa cia Sm** thong qua qua
trinh truyén nang luong, va khi phat xa cua
Ce® giam (6 ndng do cao) thi ciing kéo theo sy
suy giam phat xa ciia Sm®". Nhu c6 thé thay &

trong Hinh 8, hién tuong dap tat néng do bt
dau xay ra voi Ce®* ¢ nong d6 2,0 mol%, nod
lién quan dén khoang cach t6i han (Rc) nhu da
dugc Blasse cong bd [19]:

3\/ 1/3
R =2 2
4r.x,.N

Trong do, V 1a thé tich 6 co s, Xc 1a né)ng do
t61 han va N 13 s6 cation trong 6 co so. Ddi véi
vat lidu Ca2Al2SiO7:x.Ce3*, 0,01Sm** thi V =
299,672 A%, xc = 0,03 (Ce** + Sm®), va N = 2
[20], tir day tinh duoc két qua Re vao khoang
11,0 A bang cach sir dung phuong trinh (2). Co
ché cua qua trinh dap tit nong d6 1a do qua
trinh truyén ning luong khong phét xa, no c6
thé 1a tuong tac trao ddi hodc tuong tac da cuc
dién. Tuy nhién, qua trinh tuong tac trao ddi
thong thuong xay ra ¢ khoang cach bé (< 5,0 A),
¢ day khoang cach téi han cho hé CAS vira tinh
dugc 13 11,0 A, vdy nén tuong tac trao ddi
khong thé 13 nguyén nhan cho qua trinh dap tit
cudng d6 huynh quang cia Ce®". Do d6, twong
tac da cuc dién c6 thé duoc xem xét la nguyén
nhan cta qua trinh dap tit nong do trong
Ca2Al2SiO7:x.Ce%, 0,01Sm®" khi ma ndng do
Ce®* thay ddi. Theo Dexter, khi ndng do tap
tang cao du 10n, co ché twong tac gitta cac ion
c¢6 thé xac dinh thong qua mbi lién hé giira
cudong do phat xa va nong do pha tap theo
phuong trinh nhu sau [21-23]:

Ig(lﬂzc—glgx (3)

Voi | 1a cuong d6 phat xa cia Ce®', x la
ndéng do pha tap, ¢ 1a hing s6 va # = 6, 8, 10
twong Ung cho tuong tac ludng cuc — ludng
cuc, ludng cuc — tir cuc va tr cyc — t cyc. Su
dung phuong trinh (3) voi ndong do Ce®* tir 2,0
mol% dén 4,0 mol%, do thi mo ta Ig(1/x) theo
Ig(x) cua vat liéu Ca2AlSiO7:x.Ce®*, 0,01Sm?**
duoc trinh bay trong Hinh 9. Két qua cho thiy
mdi quan hé tuyén tinh gitra Ig(1/x) va lg(x) xap
xi t6t (R? = 0,995) v6i hé sd goc -2,028, tir day
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tinh dugc gia tri cia 8 = 6,056 (= 6). Diéu nay
cho thay twong tac ludng cuc — ludng cuc 14 co
ché chinh giy ra hién tuong dap tit huynh
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Hinh 8. Ph phat quang Ca,Al,SO7:x.Ce*, 0,01Sm?*
v6indng d6 Ce®* thay doi

4. Két ludn

Vit liéu phat quang Ca2AlSiO7 dong pha
tap Ce®* va Sm®* da duoc tong hop thanh cong
bang phuong phéap phan tng pha ran & 1280°C,
vat liéu thu dugc don pha c6 cdu trac tir giac.
Phd phat xa dai rong cua ion Ce®* bao phu tot
dinh kich thich cuc dai ctia Sm® dan dén xuét
hién qua trinh truyén ning luong tir Ce®* sang
Sm®. Két qua phan tich thoi gian séng bang
md hinh Inokuti-Hirayama ctia birc xa Ce®* cho
thidy co ché clia qua trinh truyén ning luong
chu yéu do twong tac ludng cuc-ludng cuc. Qua
trinh dap tat néng do cua bic xa Ce®* cing
dugc quan sat thiy khi ndng do pha tap 16n hon
2,0 mol% va co ché cua qua trinh déap tat dugc
xac dinh do tuong tac ludng cuc - ludng cuc
thong qua mo hinh ctia Dexter.
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