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Tém tat:

Vit lidu Aluminate va Silicate dugc tong hop bang phan tg pha rin, duoc nung trong khong khi hodc trong méi
truong khir bang khi carbon monoxide & 1200 °C trong 1 gid. Dua vao phé kich thich phat quang thuc nghiém dé
tinh tham s Racah B va hé s6 gidn né dam may dién tir f. D6i véi ion Mn*" hodc Cr’* pha tap vao cac mang
nén, tham s6 B tinh toan theo hai phwong phap déu cho két qua gin nhu nhau. Vi vat liéu MgAl,O, don pha
tap ion Cr’* tinh dugc P = 0,64 véi hé s6 P c6 gia tri nho, nén tuong tac giita ddm may dién tir truong ligand va
quy dao dién tir phan 16p d caa ion Cr’* 14 16n. Vat liéu CaSiO5:Mn”" ¢6 hé s6 P 16n tic twong tac giita ddm may
dién tir truong ligand va quy dao dién tir phan 16p d ciia ion Mn®* 1a nho, nhung phd phat quang dich vé phia
mau da cam v6i bude song khoang 600nm, chirng té nang luong da phonon trong mang nén 16n.

Tir khéa: Tham sé Racah B, hé s6 gidn no dam may dién tir, phd kich thich phat quang.

Abstract:

Aluminate and silicate materials were synthesized by solid state reaction, is fired in air or in reduced of carbon
monoxide at 1200 °C for an hour. Based on the experimental photoluminescence excitation spectrum are
provided to calculate the Racah parameter B and the nephelauxetic effect p. For Mn*" or Cr** ions doped in the
host lattice, parameter B is calculated by two methods giving the same result. Materials MgAl,O, singly doped
Cr’" is calculated to be B = 0,64 small values of coefficient p mean that should strong interaction between the
ligand orbitals with the d-orbitals of Cr’” ions. Material CaSiOs: Mn*", large value of coefficient p mean that
should weak interaction between the ligand orbitals with the d-orbitals of Mn®" ions, but shifting toward the
orange luminescence, with a wavelength of about 600nm, demonstrating lattice multiphonon energy in host
lattice is large.

Keywords: Racah parameter B, nephelauxetic effect, photoluminescence excitation.

cam dén do, ion Mn*" trong truong tinh thé yéu

L. GIOI THIEU : , 5 A
: thuong phat quang hong ngoai, voi trudong tinh

Ngay nay vat liéu phat quang da va
dang dugc nghién curu, ung dung trong k¥ thuat
va doi séng. Do d6, cac nhom vt liéu khac nhau
dd duoc tong hop ngdy cang nhiéu, nhit 1a cac
nhom vat li€u aluminate, silicate pha tap ion kim
loai chuyén tiép[1]. Budc song phat quang ctia
ion pha tap phu thudc vao do manh yéu cta
truong tinh thé. Ton Mn®" trong trudng tinh thé
yéu thuong phat quang mau xanh, trong truong
tinh thé manh phat quang trong khoang ving da

thé manh phat ra 4nh sang mau do[2]. Xac dinh
tham s Racah, ciing nhu hé sb gidn nd dam
may dién tir B dé hiéu hon vé twong tac giira ion
tap va truong tinh thé. Do do, trong bao céo nay
tac gia xac dinh tham sé Racah, hé sé gidn nd B
trong cac truong tinh thé khac nhau khi pha tap
ion kim loai chuyén tiép, ciing nhu so sanh hé so
gidn nd dam may dién tir ciia ion Mn”" va ion
Mn** khi pha tap vao mang nén CaAl,Os.
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II. THU'C NGHIEM

Cac mau vat liéu duoc ché tao béng
phuong phap phan Gng pha rin, tai Phong Thi
nghiém Quang hoc- Quang phé Pai hoc Khoa
hoc Hué va Pai hoc Su pham ba meg. Hoéa
chét dung trong thi nghiém duoc liét ké & bang
1, phéi liéu ban dau duoc siy & 70 °C sau d6 can
theo ty 1€ hop thuc, tron thém 4% theo khéi
lugng B,O; dung lam chét chay. Hon hop dugc
nghién trong 2 gid, cac miu dwgc nung trong 1
gio & 1200 °C trong mdi trudng khong c6 chét
khir va méi trudong khir khi CO. Bit dau dua
mau vao 10 khi nhiét do trong 1o dat 1200 °C,
riéng mau CAO duoc nung & 1100 °C, 1150 °C
va 1200 °C. Gian d6 nhiéu xa tia X thyc hién boi
nhidu xa ké Bruker D8-Advance tai Khoa Hoa
hoc, trudong Pai hoc KHTN, Pai hoc Qudc gia
Ha Noi. Pho phat quang (PL) va pho kich thich
phat quang (PLE) thuc hién bang phd ké huynh
quang FL3-22 cta Horiba tai truong Pai hoc
Duy Tan, Viét Nam.

Bdng 1: Héa chdt dwoc sir dung

Hoa chit D,é tinh Ngudn gbe
khiét (%)
ALO; 99,99 | Han Qudc
B,0, 99,0 | Trung Quéc
CaCoO; 99,9 | Trung Quéc
MnO, 99,99 | An Do
Zn(CH5;C0O0),.2H,0 99,9 Trung Qudc
MgCl,. 4H,0 99,9 | Trung Qudc
SiO, 99,9 Trung qudc
Cr,0; 99,999 Merck

III. KET QUA VA THAO LUAN
3.1. Vat liéu ZnAl,O,: Mn** (ZAOMn2)

3.1.1. Gidn dé nhiéu xa tia X
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Hinh 1: Gian dd nhiéu xa tia X miu ZAOMn2

Mau ché tao dwoc gin nhu don pha, pha
ZnAl,0, chiém wu thé véi cau triic cubic, cb cac
thong s6 mang a = 8,084 A ; b =8,084 A; ¢ =
8,084 A; o= p =y =90°. Bén canh d6, miu van
con xuat hién pha ALO; véi ti 16 rat bé.

3.1.2. Phé PL mau ZAOMn2 (2%mol Mn)
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Hinh 2: Phd PL miu ZAOMn2, véi Aex=425nm

Cudng d§ [ dvid)

Phd phat quang c6 cuc dai dinh ¢ 510nm tmg
voi dich chuyén tr 4T1g—> 6A1g cua ion Mn*"
trong mang nén[2],[3].

3.1.3. Phé PLE mau ZAOMn2 (2%mol Mn)
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Hinh 3: Phd PLE miu ZAOMn2, véi Aem=510nm
Chuyén doi tir trang thai co ban °A(S) d&én cac
trang thdi kich thich *Ty(G), *Ai ‘EG),
“T,(D), “E¢(D)[2], véi cac budc song lan lugt
451, 426, 385, 359 nm.

3.1.4. Tinh tham s6 Racah
Str dung céc cong thure sau:

v, = E[*A, *E((G)] — E[ °A1«(S)] = 10B+5C (1)
v, = E[*Ey(D)] — E[ *A(S)] = 17B+5C #))
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Lay (2) trir (1) tacod: v, -v,=7B (3)

Trong d6 E[ 6Alg(S)] la mirc nang luong O trang
thai c6 ban, E[* Alg El(G)] va E[* E,(D)] la cac
mirc nang luong & trang thai kich thich. Hé sd

gitin né dam may dién tr g— B [41[51.[6] (@)
B

0

Tir phd PLE ta xac dinh cac chuyén doi nhu sau
v, = 23442 cm™, v,= 27817 cm’ thay vao (3) ta
tinh duoc B = 625 cm™, thay B va By vao (4) ta
tinh dugc p = 0,8 v6i B, = 785 cm'[4],[7] la
tham sb Rach cua ion Mn®" tu do.

3.2. Vit liéu CaAl,0,:Mn** (CAOMn2)
3.2.1. Gian @6 XRD

Gian d6 XRD ctia mau CAOMn2 nung & nhiét
d6 1100 °C, 1150°C va 1200°C chi ra trén hinh
4. Céc dinh déc trung cua CaAl,O4 voi goc 20
lan luot 30°% 35,5% 37,5°, cac dinh dic trung cua
CasAlsOys voi 20 lan luot 33°% 59,5° cua AlOs
v6i 20 1an luot 43,4°, 52,4°, 57,4°. Tir hinh 4, t6i
thiy mau nung & nhiét do 1100 °C da c6 xuit
hién pha CaALO, tuy nhién van con xuit hién
pha AL,O5 va CaoAl¢O5 khd nhidu, miu nung &
1200 °C pha CaAlL,O, chiém ti 18 16n, pha
CasAlgO;s gan nhu khong xuit hién. Pha
CaAl,0, cb ciu tric truc thoi, c6 cac thong sb
mang a = 8,740 A;b=28,100 A; c =15,130 A
vaa=y=p=90° [3],[1].
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Hinh 4: Gian dd XRD ctia mdu CAOMn2
3.2.2. Phé PL CAOMn2 (2%mol Mn)

Phé phat quang mau CAOMn2 nung trong moi
truong khtr bang hon hop than ép vién dugce thé
hién trén hinh 5. Pho ¢6 dinh trong viing 545nm
tuong ung voi dac trung phat quang cua ion
Mn*", ngoai ra con xuét hién dinh phd voi cudng

d6 bé trong khoang budc song 650nm tuong Ging
v6i dic trung phat quang ciia ion Mn**, do trong
qua trinh nung chua khir hét ion Mn** thanh ion
Mn*[3]
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Hinh 5: Phd PL miu CAOMn2, véi Aex=425nm

3.2.3. Ph6 PLE mau CAOMn2 (2%mol Mn)
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Hinh 6: Phd PLE miu CAOMn2, A.,=545nm

Tién hanh do phd kich thich phét quang ctia mau
CAOMnN2 nung trong mdi truong khu khi CO
(than) v6i Aey=545 nm duoc thé hién ¢ hinh 6.
Céac dinh xuat hién & phé PLE cia ion Mn*"
tu:0’ng g v&i cac dich chuyén tir trang thai co
ban °A; dén cac trang thai kich thich ng(G)
‘A ¢ ‘E «(G), 4ng(D) ‘E ¢«(D)...Dinh phd ung véi
budc song 425 nm cho vach hep cuong d6 1on,
boi vi mirc co ban °A; va muec kich thich 4E(4G)’
*A,(*G) gan nhu song song.

Ta ¢6 v, = 27739 cm'], v, = 23497 cm’.
Thay vao (3) tinh dugc B = 606 cm™ va C =
3487cm’, thay vao (4) tinh duoc B = 0,77 trong
d6 By =785cm™
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3.3. Vat liéu nén CaSiO;: Mn>* (CSOMn2)

3.3.1. Phé PL mdu CSOMn2 (2%mol Mn)

Pho phat quang cd cuc dai diph 0 600nm, Gng
v6i dich chuyén tir mirc *T, vé mirc °A, ciia ion
Mn®" trong trudng tinh thé silicate. Pho phat
quang c6 dam rdng va dich vé phia budc song

dai hon so v6i truong aluminate.
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Hinh 7: Phé phat quang cia CSOMn2

3.3.2. Phé PLE mau CSOMn2 (2%mol Mn)
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Hinh 8: Phd PLE miu CSOMn2

Céac dinh phd, va cac dich chuyén trang thai
tuong tmg duoc thé hién trén hinh 8. Céac dich
chuyén tir °A (S) dén cac trang thai kich thich
“T1G), *T1(G), *A1,” “E(G), “T1o(D), “Eo(D) v6i
cac budc song 509, 423, 409, 357, 345nm.

Ta c6 v, = 28985 cm™', v, = 24444 cm’. Thay
vao (3) tinh dugc B =649 cm™ va C =3561cm™,
thay vao (4) tinh dugc B = 0,83 trong d6 By =
785cm’™

3.4. Vit liéu CaALO,: Mn*" ( CAOMn4)

3.4.1. Phé PL mdau CAOMn4 (2%mol Mn)

Miu CAOMn4 dugc nung trong moi trudng
khong khi, phé phat quang c6 dam rdng, c6 cuc
dai dinh khoang 650nm tuong ung vdi dich
chuyén trang thai tir mic “E vé *A, dic trung
phat quang cua ion Mn*" Ngoai ra con xuat hién
dinh phé vdi cuong do nho ¢ 545nm, dac trung
phat quang cta ion Mn®", do trong quéa trinh
nung c6 mat s6 ion Mn*" bj khir thanh ion Mn?".
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Hinh 9: Phé phat quang mau CAOMn4 véi
A= 425 nm

3.4.2. Phé PLE mdau CAOMn4 (2%mol Mn)

CLténg d6 PL {dvtd )
]
g

5
a
g

=]

= 1) =T T =0 )
Budc song (nmy)

Hinh 10: Phd kich thich phéat quang Vi A, =650 nm

Tir phd PLE ta thdy phd c6 hai dai rong véi cuc
dai 450 nm va 328 nm Gng véi dich chuyén tir
trang thai co ban ‘A, dén cac trang thai kich
thich *T; va *T, ciia ion Mn*" trong mang nén.

3.4.3. Tinh tham sé Racah dwa vao gidan do
Tanabe-Sugano.

Budc song 450nm ta c6 v, = 22190 cm’ |, bude
song 328nm ta cé v, = 30446 cem™ ti s6 cua vy
v; = 1,37. Dya vao hinh v€ 11 ta c6 A/B =27 ,4;
tr dd thi hinh 12 véi A/B = 27,4 ta xac dinh
duoc E/B = 27,4 trong d6 E =22190 cm™ tir ddy
tinh duoc B = 809cm™, A = 22190 cm™.[8]
(Trong d6 cac ky hiéu v va E trung voi nhau).
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Hinh 11: Mdi quan hé giita v,/v, va A/B[8]
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Hinh 12: Gian @ Tanabe-Sugano cho ciu hinh d*[8]

_ 21/12-1—1/22—31/11/2
B 15v,-27v, ta
tinh dugc B = 807cm™'. Hé s6 gian ng B = B/B,
v6i By = 1160cm™'[5],[7] 1a tham sé Racah cua
ion Mn"*" ty do, ta tinh duoc p = 0,7

Tinh theo cong thuc

3.5. Vit liéu MgAlLO,: Cr’* (MAOCTr3)
3.5.1. Gian @6 nhiéu xa tia X mau MAOCr3

Gian d6 nhiéu xa dugc the hién trén hinh 13,
mau MAOCTr3 ché tao dugc kha don pha
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Hinh 13: Gian d6 nhidu xa mdu MAOCr3

Cac pic dac trung cua pha MgAl,O, vdi goc 20
lan lwot 1a 19°, 31,2°, 36,9°, 45°, 69,5°. pha
ALO; cOn xuit hién voi cuong d6 bé do chua
phan tmg hét.

3.5.2. Phé PL mdu MAOCr3 (4%mol Cr)
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Hinh 14: Phé PL miu MAOCT3, véi Aex=365 nm
Mau MgALO,: Cr’* phat quang mau do véi
dam rong, cuc dai ¢ cac budc song : 665nm,
674nm, 687nm, 693nm, 696nm, 706nm, 716nm

3.5.3.Ph6 PLE mdau MAOC¥3 (4%mol Cr)
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Hinh 15: Phd PLE miu MAOCT3, v6i A, =693 nm

Tur phd PLE ta thdy pho c6 hai dai rong véi cuc
dai 530 nm va 390 nm Gng véi dich chuyén tur
trang thai co ban *A, dén cac trang thai kich
thich *T, va *T, Hai dai ph6 nay c6 dang dam
kha rong va cuong do rat 1on. Do 1a vi hai
chuyén doi nay 1a cac chuyén doi cho phép spin
nén cudng do 16n trong khi cac chuyén doi hap
thu dén cac trang thai ’E, °T, va °T, bi cAm spin,
phé co dang dam rong do hai muc T, va *T, ¢6
do ddc rat 16n so véi mic *A,.
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Véi bude song 530nm ta co v, = 18867cm’
budc song 390nm ta co v, = 25641cm™ ti sb cua
v,/ v; = 1,36. Dya vao hinh v& 17 ta ¢c6 A/B =
28.5; tir dd thi hinh 16 v&i A/B = 28,5 ta xac
dinh dugc E/B = 28,5 trong do6 E = 18867cm’™ tur
day tinh dugc B = 662cm™, va A = 18867cm’™.
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Hinh 17: Mdi quan hé¢ gitra v,/v; va A/B

. 207 +v3 -3y,
B= 15v,-27v, ta
tinh duoc B = 657cm™. Hé sb gian no p = B/B,
v6i By = 1030cm'[9][10], ta tinh duoc B = 0,64

Tinh theo cong thirc

KET LUAN

Déi véi cac dién tir & cau hinh d’ ta tinh
toan theo hai phuong phap déu cho két qua tham
s6 Racah B kha gan nhau. Tu:orng tac gitra dam
may dién tr khi pha tap ion Mn*" trong mang
nén CAO manh hon khi pha tap ion Mn**. Vit
lidu CSO: Mn”" hé s B c6 gia tri 16n tuc tuong
tac gitra dam may dién tir ion Mn®" va mang nén
yéu, theo 1y thuyét thi phd phat quang trong
khoang mau xanh 14 cdy, nhung két qua thuc
nghiém pho phat quang lai dich vé phia mau da

cam, do c6 sy mat mat nang lugng phonon trong
nén CSO 16n. Nguoc lai vat liéu MAOCt3 c6 hé
s P c6 gia tri kha nho, diéu d6 chung to dam
may dién tir da gidn né nhiéu, twong tac giira ion
Cr’" v&i mang nén kha manh.
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