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TOM TAT
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Vit liéu da pha dién tir BaTi;.,Mn,O3 (00 < x < 0) dugc ché tao bang phuong phép phan img pha
rén. Sy chuyén pha ciu tric va tinh chit quang-tir ciia vat liéu da duoc khao sat chi tiét. Két qua cho
thdy, khi Mn thay thé cho Ti, cdu tric cta vat lidu chuyén tir tor gidc (P4mm) sang luc giac
(P6s/mmc). Su xuét hién ciia cac mirc tap chat Mn két hop véi cac muc tap do su khuyét thiéu 6xy,
sai hong mang tao nén sy chong .chdp, mo rong dal hap thu va lam dich bo hip thu ve phia budce
séng dai. Chung t6i ciing chi ra ring, cc ion Mn®** va Mn** da thay thé cho ion Ti*" trong cau triic
tir giac va lyc giac cia vat li¢u BaTiOg, trong do cAu trac luc giac bét dAu hinh thanh khi x = 0,01.

TAt ca cac mau déu thé hién tinh chat sit tir yéu & nhiét do phong. Pac trung st tir cta vat lieu
tang khi x tang tir 0,0 t6i 0,02 va giam khi x > 0,04. Chiing t6i cho rang, tinh chat sit tir ciia vat
lidu BaTi;.,Mn,O3 c6 ngudn gde tir nhitng sai hong mang va tuong tac trao ddi gitra cac ion Mn>*

va Mn*".

Tir Khéa: Vit liéu da pha dién tir, Hap thu, Tinh chat quang-tir

MO DAU

Vit li¢u da pha dién tr (multiferroics) hién
dang thu hit sy quan tdm nghién ctru vi chiing
xudt hién nhiéu hiéu tmg vat 1y phic tap va
htra hen nhiéu kha ning tmg dung trong cac
thiét bi dién tir da chtrc nang [1-2]. Su tich
hop da trang thai trat tu trén cung mot pha
cua vat liéu c6 y nghia quan trong trong viéc
giam thiéu kich thudc cac thiét bi linh kién
dién tir. Nho kha nang chuyén hoa giita ning
luong dién va nang lugng tr nén vat li€u
multiferroics ¢6 kha nang Gng dung trong
nhiéu linh vic nhu: ché tao cdm bién dién tir
c6 do nhay cao, bd chuyén ddi cuc nhanh, bd
loc, ph?m tr nhd nhiéu trang thai, sensor dién
tor hoat dong ¢ nhiét do phong, cac ang-ten,
bo Iuu dir liéu, DRAM, MRAMs, FeERAME...
[1,2]. Mot trong nhimng phwong phap c6 thé
tao ra vat liéu multiferroics dang don chat 1a
pha tap cac ion kim loai chuyén tiép 3d (Mn,
Fe, Ni, Co...) vao cac vat lidu st dién dién
hinh nhu BaTiOs, SrTiO3 .[3-5]. BaTiO; la
vat liéu dién moi, sit dién va ap dién dién
hinh VO’l nhiéu tinh chat thu vi va sy chuyen
pha céu trac rat phirc tap. Khi thay thé mot
phan Mn cho Ti thi hgp chét BaTi;.,,Mn,O; c6
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su chuyén pha cdu tric tir tir giac sang luc
giac va vat li€u co thé dé)ng tdn tai ca tinh
chat sat dién va sat tir [3]. Gan day, nhiéu
nghién ctru cling dic biét quan tim dén tinh chat
quang cua vat liéu nay. Trong bai bdo nay,
chiing t6i trinh bay mot sd két qua nghién ciru
vé su chuyén pha cdu tric va tinh chit quang-tir
cua vat liéu BaTiO; pha tap Mn.

THUC NGHIEM

Cac mau da tinh thé BaTiy,Mn,O; (0,0 <x <
0,1) dugc ché tao bang phwong phap phan
g pha rin. Cac hoa chat ban du 1a: MnO,,
BaCOs;, TiO, v6i @ sach trén 99,99%. Sau
khi can theo dung hop thitc danh dinh, hon
hop s& duoc nghién tron bang cdi mé nio, ép
vién va nung so bo & nhiét d6 1050°C trong
24 gio. San pham sau d6 dugc nghién tron va
ép vién lan hai, cubi cing dugc ép vién va
nung thiéu két & nhiét d6 1300°C trong thoi
gian 5 gid. Do sach pha va cdu triic tinh thé
cia mau dugc kiém tra bang phuong phap
nhiéu xa tia X. Phép do phd hap thu (UV-Vis)
dugc thuc hién trén hé do JACO V-670. Phép
do duong cong tir tré dugc thuc hién trén hé
do céc tinh chat vat Iy PPMS 6000. Céac két qua
do phohap thy tia X (X-ray Absorption
Spectroscopy) dugc do tai beamline BLO7A
ctia Trung tdm Qudc gia vé Nghién ctru ddng bd
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phéng xa Qudc gia Pai Loan (NSRRC). Tat ca
céc phép do déu thuc hién ¢ nhiét d6 phong.
KET QUA VA THAO LUAN

Hinh 1 1a két qua phan tich gian d6 nhidu xa
tia. X (XRD) cua cdc mau trong khoang
goc 20 tir 20° dén 63°, voi bude quét 0,02°.
Két qua cho thy, cac dinh phd c6 cuong do
manh va rit sic nét ching to cic mau hoan
toan sach pha, két tinh tot va it sai hong. Khi
chua pha tap (x = 0,0) vat liéu BaTiO; c6 ciu
tric tir giac thudc nhom khong gian Pypm. Khi
thay thé Mn cho Ti voi nong do rat nho (x =
0,01), trén XRD bit dau di quan sat thay cac
vach nhiéu xa dic trung cho cAu tric luc giac,
nhom d6i ximg khong gian P63/mmc. Khi x
ting, cuong do cac vach nhiéu xa dic trung
cho pha lyc giac tang dan, cuong do cac vach
nhidu xa dic trung cho pha tir giac giam dan,
chung to ty phan pha tinh thé luc gidc trong
méu ting dan khi X ting.
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Hinh 1. Gidn dé nhiéu xa tia X ciia vdt liéu
BaTi,MnO; (0,0 <x < 0,1)

Pé danh gia mot cach dinh luong su chuyén
pha céu trac tir tir giac sang luc gidc ching toi
sit dung chuong trinh profile dé phén tich ty
1¢ dién tich vach nhiéu xa trong ving goc 26
tuong ung 1a 44° + 46°. Hinh 2 biéu dién ty
phan cta 2 pha céu trac theo ndng do tap Mn
(x). Két qua cho thay, khi Mn thay thé cho Ti
ty phan pha cdu tric ti gidc trong vat liu
giam rat nhanh va chi cdn mét ty 16 Mn rét
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nhé (x ~ 0,02), 50% céu trac tir giac dai
chuyén sang cdu tric lyc giac. Khi x > 0,04 ty
phan pha ciu tric tir giac giam cham va khi x
= 0,1 cu tric tr gidc van chua chuyén hoan
toan thanh cau tric luc giac. Tuy nhién, khi x
= 0,1 ty phan pha tir gidc ton tai trong mau la
rat nho con ty phan pha lyc gidc chiém da
s6. Két qua nay phu hop véi cac cong bd cia
Neungreuthai [4] va Andrei [5] khi ho cho
rang khi Mn thay thé cho Ti ty phan pha ciu
tric tr giac trong vat lidu giam rat nhanh va
chi cdn mot ty 1& Mn rat nho (x ~ 0,05) ciu
tric t gidc gidc di chuyén hoan toan sang
cAu trac luc giac.
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Hinh 2. Ty I¢ hai pha cdu‘ triic ciia vat liéu BaTi;.
«Mn,O3 thay doi theo nong do thay the Mn (x)
Hinh 3 1a két qua do pho hap thu ciia cac mau
trong khoang budc song tir 300 dén 1000 nm.
Ching ta d& dang nhan thdy, mau khong pha
tap biéu hién hip thu chuyén murc thang cho
phép voi bd hap thy tai budc song khoang
400 nm. B9 rong vung cAm cua vat liéu
BaTiO; co thé duoc xac dinh gan dung theo

cong thuc:
34 3
E - E _ 6,625.107".3.10 < 124219 ~31(eV)
) A A(nm)

trong d6 A 1a budc séng hap thu. Két qua nay
hoan toan phil hop véi cac cong bd vé do rong
ving cAm cua vat liéu BaTiOs [3, 6].

Tir Hinh 3 ta thay, bo hip thu cta cic miu
pha tap khong con sic nét va c6 xu hudng
dich vé phia budc song dai, vang hip thu mé
rong vé phia ning luong thap. Vi cac miu
pha tap, trong vung nang lugng nhé hon bo
hap thy con xuit hién duéi hap thy kha dai.
Céc két qua nay ciing dua dén cau hoi 1a: khi
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Mn thay thé cho Ti thi khe ning luong (do
rong ving cam) cua vat liéu BaTiO3 c6 bi
thay doi (giam) nhu quan sat thdy trén Hmh 3
hay khong? Diéu nay rat quan trong vi néu
dung khe niang luong giam khi Mn thay thé
cho Ti trong cau trac thi cac dic trung dién,
tor va quang cua vat liéu BaTiO; sé& thay doi.
Tuy nhién, dé tra 10i cau héi nay can cé
nhing khao sat k§ hon théng qua phép do pho
huynh quang. Boi vi qua két qua XRD chiing
ta thiy rang, c6 sy dong ton tai ciia cAu trac tir
giac va luc giac trong cung mot vat liéu. Theo
[6], su déng ton tai 2 cAu trac nay co thé dan
dén nhoe bd hap thy va gia tri khe nang luong
trung binh s& nam giira hai gi4 tri cta pha tir
giac va luc giac. Mt khac, ngoai trang thai
tap ddc trung ctia nut khuyét 6xy trong vat
liéu BaTi;«Mn,O3 s€ con c6 thém céac trang
thai tap dac trung cua céac dién tir 3d cia ion
Mn. Nhu vay, cac dic diém trén phd hip thu
ciia cic mau pha tap c6 thé duoc giai thich
nhu sau: phd hép thu thu duoc 1a sy tring
chap cua cac chuyén mirc ving - Vung vung -
tap, tap - tap va tap - ving. Khi ndng d6 Mn
hay thé cho Ti ting, cac muc tap chat xut
hién trong ving cAm ting nén mic do tring
chap cua cac chuyén murc vung - tap va tap -
tap tang, dan dén sy mo rong dai hap thy nhu
quan séat thay trén Hinh 3. Chinh su triing
chap va mo rong ving hap thu khi c6 mit cta
cac muc tap nén rat kho dé xéac dinh chinh xac
bo hép thu cling nhu do rong ving cAm cia
cic mAau.
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Két qua do phd huynh quang (PL) ¢ nhiét do
phong, v&i ngudn kich thich laser budc song
266 nm, cia mot s mau dai dién duge trinh
bay trén Hinh 4. Két qua cho thiy, pho PL
cua vat liéu BaTiOj; chi bao gém mot dai phat
xa rat rong c6 cudng do 16n, dinh trung tdm
dat cuc dai tai g'?m 466 nm (2.66 eV). Phd PL
clia cic mau pha tap rat gidng pho PL cua
BaTiOs, va ciing chi bao gdm mdt dai phat xa
rit rong. Cuong d6 huynh quang cua cac mau
pha tap giam manh, két qua nay ciing tuong
dong v6i cac cong bd ciia nhom [3,12]. Khi
ndng do pha tap ting cao, vi tri dinh ciing gin
nhu khong thay d6i chimg to su c6 mit cua
tap Mn chi gdy ra hiéu Gmg dap tit huynh
quang trong vat liéu BaTiOs;. C6 thé khi Mn
thay thé cho Ti trong mang BTO di lam cho
cAu trac tinh thé cua BaTiO; kém hoan héao
(sai hong mang, nit khuyét oxy va cic mirc
tap chat...) 1am xuat hién thém cac kénh tai
hop khoéng burc xa lam gidm cuong d6 huynh
quang. Ngoéi ra, su c6 mit cua tap chat Mn s&
lam xuét hién cic muc tap ngay dudi day
ving dan lam giam do rong ving cam cua vat
lidu BaTiO; va lam bd hip thu trén phd hip
thu dich vé phia budc song dai nhu da quan
sat thay trén phd hap thy.
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Hinh 4. Phé hupnh quang ciia mét s6 mau dai
dién cho hé vdt liéu BaTi; Mn,O3 (0,0 <x <0,1)
Dé co thém nhirng théng tin vé truong dia
phuong, hoéa tri cling nhu vi tri cia Ti duoc
Mn thay thé trong 6 mang... ching tbi sir
dung phuong phap do phd hap thy tia X. Ta
biét rang, dé kich thich duoc dién tir 16p K
ctia Mn 1én 16p vo ngoai cing thi ngudn tia X
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dung dé kich thich can ¢ ning luong ¢& ning
luong 16p K. Pho hap thy tia X khi d6 dugc
ky hi¢u 1a Mn K-edge XAS (Mn K-edge X-
ray absorption spectroscopy). Tur Hinh 5 cho
thiy pho Mn K- edge XAS ciia bot MnzO,,
Mn203, Mn02 va Vélt héu BaTil.XMnX03 (0,02
< x < 0,1) rat khic nhau vé dang trong ca 2
ving lan can bo hap thy, didu do chimg to
truong dia phuong cia Mn trong cic mau
la khéc nhau. Két qua nay mot lan nita khang
dinh c4c mAu ché tao 1a sach pha, trong mau
khong ton tai Mn kim loai hodc oxit cta chung.
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Hinh 5. Phé hdp thu tia X cia vt liéu BaTi,.
MnO; (0,0<x<0,1)
Ly thuyét va thuc nghiém cho thdy, gia tri
ning luong bd hip thy co lién quan dén sb
oxy hoa ciia nguyén tir hap thyu. Trong cac
hop chét chira Mn thi Mn kim loai ¢6 ning
lwong hip thu nho nhat. Khi s6 6xy hoa cia
Mn ting (tirc 1 néu héa tri cia Mn 1a 2+, 3+
va 4+), thi ning lugng by hap thy dich vé
ning luong cao va sd 6xy hoéa ting ti 16 thuan
v6i nang lugng bo hap thu. Nhu vay, dé xac
dinh s6 6xy hoa trung binh ctia mdt miu chira
Mn thi chi cAn do Mn K-edge XAS cua céac
bf)t MH304, ano3, Mn02 va cac rn?lu c6 chira
Mn céan nghién ctru. Sau khi xac dinh gia tri
ning luong bo hip thu (Eo) cia cac miu va
ngoai suy tir cac két qua thu duoc cho bot
MnsQO,4, MN,0O3, MNO; ta s€ xac dinh duoc hoa
tri trung binh cia Mn trong vat liéu. Tur Kkét
qué thu duoc trén Hinh 5 ching ta thiy, gia tri

30

ning lugng bo hip thu cia tit ca cac miu
BaTi;,Mn,0; (0,02 < x < 0,1) déu ndm trong
khoang gitta ning luong bd hép thu cua
Mn,0; (Mn**) va MnO, (Mn*") va rit gan véi
ning luong bo hap thu cia MnO,. Trong d6
cac mau X = 0,02 va 0,04 c6 bo hap thy nam
xa MnO, (Mn**) nhat con cac mau (x = 0,06 —
0,1) ¢6 bd hap thu gan nhu tring véi bd hip
thu cia MnO,. Piéu nay chimg t6 cac ion
Mn* va Mn** ciing t6n tai trong cac mau X =
0,01 + 0,04 trong khi cac ion Mn** gan nhu
chiém wu thé trong cac mau ¢6 X = 0,06 + 0,1.
Do hoa tri ctia Ba va Ti 6n dinh, nén su hi¢n
dién caa Mn*" trong cac mau x = 0,01+ 0,04
s& gdy ra sy thiéu hut 6xy. Ttc 13, vi tri cac
nat khuyét 6xy (Vo) chit yéu ton tai trong céc
mau X = 0,01+ 0,04 va giam manh gén nhu
bang khong khi x = 0,06. Cac nghién ciru
truée ddy déu cho thiy, sé dxy hoa cia Mn
trong BaTiO; rat nhay voi nong do tap Mn va
cac diéu kién ché tao mau. Theo [7], qua trinh
U trong moi truong Oxy kich thich sy dong tdn
tai cua cac ion Mn*" va Mn*". Cac ion Mn?*
chi ton tai trong cac mau duoc @ trong moi
truong 4p suét rat thip. Zhang va cong su [8]
cling khang dinh cac ion Mn*" chiém wu thé
trong cac mau da tinh thé BaTiggeMngo,0s.
Trong két qua nghién ctru cia chung t6i thi
ion Mn** chiém wu thé hoan toan trong céc
méu BaTi;xMnOj; khi X > 0,06.

Pé danh gia anh huong ciia tap Mn ciing nhu
héa tri ciia tap Mn 1én tinh chét tir cua vat liéu
BaTi; xMn,O3; (0,02 < x < 0,1), ching t6i da
tién hanh do duong cong tir tré M(H) cta cac
mau. Két qua trén Hinh 6 cho thiy, tt ca cac
mau déu thé hién tinh chat sit tir yéu & nhiét
d6 phong. Tinh chat sat tir va tir d6 bdo hoa
¢6 xu hudng tang khi x tang tir 0,0 dén 0,02
va giam khi x > 0,02. Pic biét, vdi mau co x
= 0,04, ta thu dugc dudng cong tir tré c6 dang
bat thuong. Theo chung t6i, dang dudng tré
bat thuong ctia mau x = 0,04 c6 thé lién quan
dén sy canh tranh trong twong tac tir giira cac
ion Mn trong cdu tric tir gidc va luc giac khi
ty 1& hai pha cau tric xdp xi bang nhau (~
50%). Cu thé 1a, dbi vé6i pha tir gic, cac ion
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Mn®* va Mn*" s& thay thé mot phan ion Ti*"
trong mang tinh thé ciia octahedra TiOg Va
tuong tac giita cac cip ion Mn*-Mn* Ia
tuong tac sit tir (FM), tuong tac giira cac cip
ion Mn**-Mn* va Mn**-Mn** 1a tuong tac
phan sat tir gidng nhu trong cac vat lidu
manganites ciu trac perovskite [9].
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Hinh 6. Puong cong tir tré ciia vit liéu BaTi.
Mn,0; (0,0< x<0,1)
Khi ty 16 Mn**-Mn*" dat gié tri thich hop (x =
0,02), tuong tac sit tir giita cac ion Mn*'-
Mn*" chiém wu thé va ting cuong do tir hoa
(M). Tai x = 0,02 ciing 1a ndng d6 t6i uu cho
tuong tac sit tir. Ngoai nong do t6i uu nay,
tuong tac phan st tir gitta cac cdp ion Mn**-
Mn** va Mn*-Mn*" s& chiém wu thé va canh
tranh manh vé6i twong tac sit tir cia cip ion
Mn**-Mn** 1am cho tir d6 va tinh chat sat tir
clia miu giam. Mit khac, khi pha luc giac
chiém wu thé thi trong vat liéu BaTiy4Mn,O3
ton tai cac mang octahedral Ti,Og va c6 hai vi
tri ctia Ti 1a Til va Ti2 ma ion Mn c6 thé thay
thé [3, 10,11]. Khi d6 tuong tac giita cac ion
Mn tai cac vi tri Til v6i nhau va cac ion Mn
tai vi tri Til vdi cac ion Mn tai vi tri Ti2 véi
nhau 14 yéu va chi dong gop vao tinh chit
thuan tir. Cac tuong tac giira cac ion Mn tai vi
tri Ti2 v&i nhau (Mn (2) -Mn (2)) ¢6 thé 1a sat
tir hodc phan sit tir. Theo [3], twong tac giita

cac ion Mn** (2) - Mn** (2) 1a sit tir, tuong
tac gilta cac cap ion Mn** (2) -Mn** (2) va
Mn* (2) -Mn** (2) 1a phan sét tir. Véi dir liéu
thu dugc trén Hinh 6 (a va b), chiing t6i cho
rang tr 46 ctia mau tang khi x = 0,02 chu yéu
la do twong tac sit tir ciia cip ion Mn**-Mn**
trong pha tir giac vi khi d6 ty phan pha ttr giac
chiém wu thé va 16n hon 50% (Hinh 2). Khi x
> 0,02 c4c ion Mn** chiém uu thé va twong
tac phan sat tir gitta cac cip ion Mn*-Mn*
trong pha luc giac chiém uu thé nén tir do va
tinh chat sét tir cia vat liéu giam.

KET LUAN

Biang phuong phap phan tng pha ran, ching
t6i da ché tao thanh cong vat liéu da pha dién
tir BaTiy.«Mn,O3 (vdi 0,0 < x < 0,1) hoan toan
sach pha va ding hop thic danh dinh. Céc
phép do XRD, phd hip thu UV-Vis va phd
hap thy tia X va tir 46 cho thiy cac ion Mn da
thay thé cho Ti trong cu tric cua vat licu
BaTiO; va giy ra sy bién ddi cdu tric tir tir
giac sang luc giac. Su xuét hién cua tap chét
Mn két hop véi sy khuyét thiéu oxy, sai hong
mang... cling anh huong manh 1én tinh chat
quang va tir cua vat liéu BaTiOs.
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AND OPTO-MAGNETIC PROPERTIES OF MN-DOPED BATIO;

Nguyen Chi Huy, Nguyen Thi Ngoc Mai, Lai Thi Hai Hau, Nguyen Van Dang”

University of Sciences - TNU

Multiferroic BaTiy4Mn,O; (0.0 < x < 0.1) materials were synthesized by the solid-state reaction
method. The influence of Mn substitution for Ti on the crystalline structure and opto-magnetic
property of BaTi.xMn,O3 samples were investigated. The results revealed that the structure of the
material sensitively depended on Mn dopant content, x, and transformed gradually from the
tetragonal (P4mm) phase to the hexagonal (P6s/mmc). The presence of Mn impurity levels
combined with the complex levels due to lack of oxygen defects and lattice defects created
overlapping lattice, expanded the absorption band and provided the absorption edge toward longer
wavelength. We also point out that Mn®* and Mn** ions substitute for Ti*" and prefer locating in
the tetragonal and hexagonal BaTiO; structures, respectively, in which the hexagonal phase
constitutes soon as x = 0.01. Particularly, all the samples exhibit roomtemperature ferromagnetism.
Ferromagnetic order increases with increasing x from 0.0 to 0.02, but decreases as x = 0.04. We
think that ferromagnetism in BaTi,,Mn,O; is related to lattice defects and/or exchange

interactions between Mn** and Mn*" ions.
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