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Théng tin bai viét Tém tat

Ngay nhdn bai: Vit lidu da pha dién tir BaTil-xFex03 (0,0 < x < 0,18) duogc ché tao bing
06/ "5/ 201 8A 5 phuong phap phan tng pha ran. Sy chuyén pha cdu tric va tinh chat quang -
]]\’jg/cg; 26241):5 t ddng: tr cua Vét’liéu da duogc khao sat chi Eiét. Két qua cho thﬁy, khi Fe thay thé

cho Ti, cau tric cua vat liéu chuyén tur to giac (P4mm) sang luc giac
Tir khod- (P63/mmc). Sy xuit hién ctia cac mirc tap chit Fe két hop véi cac muc tap do

su khuyét thiéu oxy, sai hong mang tao nén sy chong chap, mé rong dai hap
Fe-BaTiO;, vat liéu da pha

dién tr, hdp thu, huynh
quang, tinh chdt quang-tir.

thy va lam dich bd hdp thu vé phia budc song dai. Chung t6i ciing chi ra
rang, cic ion Fe3+ va Fed+ da thay thé cho ion Tid+ trong cdu triic tir giac va
luc giac cua vat liéu BaTiO3. Chung t6i cho réng, tinh chét st tir cta vat lidu

BaTil-xFexO3 c¢6 ngudn gdc tir nhitng sai hong mang va twong tic trao doi

gitta cac ion Fe3+ va Fe4+.

Mé diu

Vit liéu da pha dién tr (multiferroics) hién dang
danh dugc sy quan tdm nghién ctru ctia nhiéu phong thi
nghiém trén thé gidi vi hira hen tiém ning tung dung
trong cac thiét bi dién tt da chic nang [1,2]. Vit liéu
duoc coi 12 multiferroics néu thé hién déng tdn tai ca
tinh chét sit dién va sat tir. Phuong phap tao ra vat li¢u
multiferroics dang don chét 1a dwa cac tap chat tir tinh
vao mang tinh thé cuia vat liéu sit dién [2,3,4]. BaTiO;
(BTO) la mot vat liéu dién moi, st dién va ap dién dién
hinh va ion Ti ¢6 thé d& dang duoc thay thé bing cac
ion kim loai chuyén tiép nhu Fe, Mn, Co... nén la mot
tmg vién t6t cho muc dich nay. Gan day, nhiéu nhom
nghién ctru da thu dugc déac tinh multiferroics cua vét
litu BTO pha tap Fe ¢ nhiét do phong [2,3,4,9]. Tuy
nhién, c6 rit it bao cdo nghién ctru day du tinh chat
quang-tlr ctia vat liéu BTO pha tap Fe khi trong mau
ddng ton tai ca hai pha ciu triic tr giac (t-BTO) va luc
giac (h-BTO), dic biét 1a cac dic trung sit tir & bién pha
hinh thai hoc. Ngoai ra, tinh chit sit tir & nhiét do
phong cua vat liéu BTO pha tap Fe mac du da dugc mot
s6 bao cao dé cap dén [2,3,4,9] nhung con nhiéu diéu

chwa thong nhat. Trong bai bao nay, ching t6i trinh bay
mot s6 két qua nghién ciru tinh chit quang-tir ciia vat
litu BaTiO; pha tap Fe tai ving bién pha cdu tric tir
giac va luc giac.

Thyc nghiém

Cac mau da tinh thé BaTi, Fe,O; ( x = 0,0; 0,08 < x
< 0,18) dugc ché tao bang phuong phép phan tmg pha
ran. Céc hoa chit ban dau la: Fe,Os, BaCO;, TiO, voi do
sach trén 99.99%. Sau khi can theo dung hop thirc danh
dinh, hdn hop s& dugc nghién trén bang cbi mi ndo, ép
vién va nung so bd ¢ nhiét do 1050°C trong 24 gio. San
phdm sau d6 dugc nghién trén va ép vién lan hai, cudi
clng duoc ép vién va nung thidu két & nhiét do 1300°C
trong thoi gian 5 gid. PO sach pha va ciu tric tinh thé
ctia mau dugc kiém tra bang phuong phap nhidu xa tia X.
Phép do phd hip thu duoc thuc hién trén hé do JACO V-
670. Phép do phd huynh quang dugc do & ché do dimg
trén hé do huynh quang phén giai cao cua haing HORIBA
JOBIN YVON. Phép do dudng cong tir tré duogc thuc
hién trén hé do céc tinh chit vat ly PPMS 6000. Phép do
phd cong huéng spin dién tir (ESR- Electron spin
Resonance) duoc thue hién trén hé JEOL-TE300 & tan sb
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kich thich 9,45 GHz (X-band). Tat ca cac phép do déu
thyc hién ¢ nhiét d6 phong.

Két qua va thio luin
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Hinh 1. Gidn do6 nhiéu xa tia X cua vat lieu BaTi,.
Fe0;(0,0<x<0,18)

Hinh 1 1a két qua phan tich gian db nhiéu xa tia X
(XRD) cua cic maiu trong khoang gbc26 tir
35° dén 65°, voi bude quét 0,02°. Két qua cho thdy,
céc dinh phd c6 cuong do manh va rat sic nét ching
t6 cdc mau hoan toan sach pha, Kkét tinh tot va it sai
hong. Khi chua pha tap (x = 0,0) vat liéu BaTiO; c6
cAu trac ta giac (t-BTO) thuoc nhom khong gian Py,
Khi thay thé Fe cho Ti cdu tric tir giac dan chuyén
sang cau trac luc gidc (h-BTO) c6 nhéom ddi xung
khoéng gian P63/mmc. Khi x tang, cudng do cac vach
nhidu xa dic trung cho pha luc gidc ting dan, cuong
d6 cac vach nhiéu xa dic trung cho pha tir gidc giam
dan va bién mat khi x= 0,12. Khi ndng d% Fe ting cao
dén 18%, mot sd vach nhifu xa dic trung cho cAu trac
luc gidc bt dau tach thanh hai vach, chimg to c6 su
bién d6i trong cdu tric tinh thé.

Quan sét trén gian d6 XRD ciing cho thay khi ndng
do pha tap c6 gia tri (0,08 < x < 0,11), cac vach nhiéu
xa dic trung cho pha tir gidc c6 cuong do nho, giam dan
va bién mat khi x =0,12, diéu nay goi y rang day c6 thé
1a ving bién pha cdu triic khi cdu trac t-BTO chuyén
hoan toan thanh h-BTO. Véi muc dich xac dinh ro
ving bién pha cdu trac nay, chiung t6i dd tién
hanh danh gia dinh lwong ty phan cua hai pha ciu trac
trong vat liéu theo néng d6 pha tap x. Theo [3, 4] khi x
ting cuong do cac vach nhiéu xa dic trung cho pha h-
BTO tang dan, cuong do cac vach nhiéu xa dic trung
cho pha t-BTO giam dan. Bang cach ldy gi4 tri dién
tich vach nhiéu xa tmg véi cac miu don pha t-BTO
(hodc h-BTO) lam chuin sau d6 so sanh gia tri dién
tich vach nhidu xa ctia miu cin xdc dinh, ta s& tinh
dugc ty phan dong gop ciia mdi pha tinh thé co trong
mau vt liéu. Khi st dung chuong trinh profile phan

tich dién tich vach nhiéu xa trong ving goc 26 thay
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dbi tir 44 + 46° chung t6i da thu dugc két qua nhur trén
hinh 2 (khi tinh toan sb liéu, mau BTO duoc coi 1a chi
ton tai cdu tric t-BTO vai ty 1¢ 1a 100%). Tir hinh 2 ta
thdy, khi x = 0,08 pha h-BTO di hoan toan chiém wu
thé va chiém trén 91%, ty phan pha t-BTO ton tai
trong mau 14 rat nho va chi chiém gan 9%. Khi ndng
d6 pha tap x = 0,12 cAu trac tr giac da chuyén hoan
toan sang cau trac luc gidc. Nhu vay, co thé coi ving
pha tap 0,08 < x < 0,12 chinh 13 viing bién pha cau
tric, noi vira ¢ su déng tdn tai, canh tranh va chuyén
hoan toan tir cu trac t-BTO sang h-BTO.
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—&— Hexagonal

Ty phéan pha (%)

N P
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Néng d6 Fe thay thé cho Ti (x)

Hinh 2. 7y [é hai pha cdu triic ciia vat liéu BaTi,.
Fe.O; thay doi theo nong do thay thé Fe (x)

Hinh 3 13 két qua do phd hép thy cua cac mau trong
khoang budc song tir 300 dén 1200 nm. Ching ta dé
dang nhédn thiy, mau khong pha tap biéu hién hap thy
chuyén mirc thing cho phép véi bo hap thu tai budc song
khoang 400 nm. D$ rong ving cam cua vét liéu BaTiO;
¢6 thé duge xac dinh gin ding theo cong thirc:
_hc _6,625.1073.10° 124219

E
) ) A(nm)

=3.1(el)

trong d6 A 1a bude song hap thu. Két qua nay hoan
toan phu hop véi cac cong bd vé do rong ving cdm
cta vat liéu BaTiO; [3, 5].
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Hinh 3. Phé hdp thu cia vit liéu BaTi; Fe,0;

(0,0<x<0,18)

Tir Hinh 3 ta thdy, bo hép thu ciia cic mau pha tap
khong con sdc nét va dich vé phia budc song dai, ving
hép thy mé rong vé phia ning luong thip. Véi cac
mau pha tap trén 10% ving hap thy ving hap thy gan
nhu mé rong trong toan giai budc soéng do. Tuc la cac
méu c6 kha ning hip thu toan bg anh sing trong ving
kha kién va mot phin trong ving anh sang hdng ngoai.
Theo [5], su dong ton tai hai loai ciu tric tir gidc va
Iuc giac trong vat liéu khi (0,08 <x < 0,12) c6 thé din
dén nhoe bd ha‘ip thu. Su dich do cua bo hﬁp thu va su
md rong vung hép thy cua vat ligu BTO, BTO pha tap
Cr, Fe, Mn... cling da dugc cac bao cao [2,3,6] dé cap
dén. Theo d6, két qua do phd hip thy rit phu thude
vao loai ion thay thé, néng do thay thé, diéu kién ché
tao mau... Bén canh do6, su thay dbi trang thai hoa tri
cua cac ion tap chét, su khuyét thiéu oxy do sy c6 mat
clia cac ion tap chat dong vai trd quan trong vao su
dich d6 ctia bo hip thy va sy mo rong ving hip thy
cua vat liéu. Nhu vay, cac dac diém trén phé hﬁp thu
cia cac mau don pha luc giac (0,12 < x < 0,18) ciing
¢6 thé duoc giai thich nhu sau: phd hip thu thu duoc
la sy trung chap cia cac chuyén mic ving - ving,
viing - tap, tap - tap va tap - ving. Khi ndng d¢ Fe hay
thé cho Ti tang cao, cac muc tap chét xuét hién trong
viing cim ting nén mic do tring chap cta cac chuyén
mirc ving - tap va tap - tap tang, din dén sy mo rong
dai hap thu nhu quan sat thiy trén Hinh 3. Chinh sy
tring chap va mod rong ving hap thu khi ¢ mat cia
cac murc tap nén rat kho dé xac dinh chinh xac b hép

thu ciling nhu d¢ rong ving cam cuia cac mau.

30 400 450 500 550 600 650
A (nm)
Hinh 4. Phé hupnh quang ciia mét s6 mau dai dién
cho hé BaTi; .Fe,O; (0,0 <x<0,18)
Dé ¢ thém thong tin gitp tra 16i cau hoi ring khe

nang luong (d6 rong ving cdm) cua vat liéu BTO co

bi thay ddi (giam) khi c6 mit ctia tap chit hay khong,
céc phép do phd huynh quang cua mot sé mau dai dién
cho hé miu da duoc thuc hién. Két qua do phé huynh
quang (PL) & nhiét d6 phong, v6i ngudn kich thich
laser budc séng 266 nm, cua mot s6 miu dai dién
dugc trinh bay trén Hinh 4. Két qua cho thiy, phd PL
ctia mau BTO chi bao gdm mot dai phat xa rit rong c6
cuong d¢ 16n, dinh trung tam dat cyc dai tai gén 466
nm (2.66 eV) va c6 d¢ ban rong khoang 120 nm. Cac
mau c6 sy thay thé ciia Fe cho Ti déu c¢6 cudong do
huynh quang giam manh va thu hep d6 ban rong cua
dinh phat xa trung tm rat rd. Két qua nay ciing tuong
ddng v6i cac cong bd cua nhém [7,8]. Khi ndng do
pha tap tang cao, cuong d PL nho chung té kha ning
phat huynh quang clia cdc mau giam, vi tri dinh ciing
gan nhu khong thay d6i khi x ting. Ching to su co
mit cua tap Fe dd gdy ra hiéu ing dap tit huynh quang
trong vat liéu BTO. C6 thé khi Fe thay thé cho Ti
trong mang BTO di lam cho cdu tric tinh thé cia
BTO kém hoan hao (sai hong mang, nut khuyét 6xy va
cic mirc tap chat...) lam xuét hién thém cac kénh tai
hop khong buc xa lam gidm cudng d¢ huynh quang.
Ngoai ra, trong phép do phdé PL, ning lwong photon
ctia ngudn kich thich 1a khoang 4.6 eV, du 16n dé xay
ra nhitng chuyén doi tryc tiép ving-ving. Phé PL cia
cic miu pha tap rat giéng phd PL cia BTO, chi bao
gdm mot dai phat xa rat rong nén dai phat xa nay phai
tmg voi nhitng chuyén doi truc tiép ving-ving. Vi tri
dinh cua dai phat xa nay ciing gan nhu khong thay dbi
khi x tang, ching t6 khi Fe thay thé cho Ti trong mang
BTO chi lam xudt hién cac sai hong mang, niit khuyét
06Xy va cac muc tap chét... dong vai trd nhu cac kénh
tai hop khong buic xa lam giam cuong dd huynh
quang. Tic 13, sw c6 mit cia tap chit Fe khong lam
giam khe nang lugng cua vét liéu BTO nhu dd quan
sat thay trén phd hap thy.

Dé co6 nhitng thong tin chi tiét v& tinh chét tir cua
vat liéu tai ving bién pha cAu truc, chung t6i da thuc
hién phép do phd cong hudng spin dién tir (Electronic
spin resonance - ESR) véi tan s6 kich thich v = 9,45
GHz. Trong phép do nay, mét lugng miu bot c6 khdi
Iugng 20 mg dugc nap vao mot 6ng thach anh va dat
trong khoang cong huéng, noi tir trudng co thé thay
ddi tir 0 dén 21 kOe. Phd ESR cta mot s miu dai
dién cho hé méu trong vung tur truong tr 2,0 dén 5,0
kOe dugc biéu dién trén Hinh 5. Ta thiy, tit ca cac
mAu pha tap déu ton tai mot dinh cong hudng (ky hiéu

L)), cuong dd cia dinh nay tang va dat gia tri 4n dinh
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khi x = 0,12. Véi cac mau c¢6 0,08< x < 0,11, ngoai L,
con c6 mot dinh cong huong khac cé cuong d9 manh
& vung tir truong thdp (ky hiéu L,). Panh chu y la
cuong do cua L, gﬁn nhu bién mét khi x > 0,12. Ta théiy,
gia tri tir truong cong hudng (H,) cta hai dinh L; va L, ¢6
gia tri khoang 3395 Oe va 2100 Oe. Su dung cong thic g
= hviusH,, (trong d6 g 1a thira s6 Landé, h, v va 1 1a
hing s Plank, tin sb va magneton Bohr tuong (mg), ta
lan luot thu duoc cac gia tri cia g 1a ~ 1,98 va ~ 3,21
tuong ung vaéi hai dinh L; va L,. Nhu vy, dbi véi dinh
cong huong L, gia tri cua thira sé Landé twong duong
véi gia tri cta cac electron ty do (g =2.023) s twong ing
VGi cac tuong tic spin-spin va dic trung cho tinh chét
thuan tir (PM) [9,10]. Nhén dinh nay thé hién rét 15 trén
phd ESR cua cac mau co x > 0,12. Co thé tuong tic
ludng cuc - ludng cyc (nhu Fe® -Fe*") dong gop chinh
vao cong huong L, va 6 lién quan dén cc twong tac sit
tir (FM). Ta thiy L, c6 cudng d6 manh va phd ESR co su
bét dbi xung khi x=0,11. Co thé su df“)ng ton tai cla cac
twong tic FM va PM trong miu di tao ra sy thay ddi
trong vung Hr cta L;.

Cuong do (d.v.ty)

20 25 30 35 40 45 50
H (kOe)
Hinh 5. Phé ESR ciia mét s6 mdu dai dién cho hé
BaTi;  Fe, O3 (0,0< x<0,18)
RAt phu hop véi dit liéu ESR, két qua do dudng
cong tur tre (hinh 6) ciing cho thay chi ton tai tinh chat
sat tr & nhiét do phong trong cac mau pha tap 0,08 < x
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< 0,14). Dya vao hinh dang cua duong cong M(H), ti
tinh cua vat liu BaTi;Fe,O5 (0,0 < x < 0,18) co thé
phéan thanh ba mién dic trung 1a: (i) x = 0,0 + 0,08; (ii)
x=0,11+0,12 va (iii) x=0,14+0,18.
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Hinh 6. Duong cong tur tré cua vat liéu BaTi I
£e0;(0,0< x<0,18)
béi voi ving st tir thir nhét, tir d§ cta cac miu cod
gi4 tri ting dan khi ndng d6 Fe thay thé cho Ti ting.
Theo ching t6i, tinh chat sit tir cia miu co thé lién
quan dén sy canh tranh trong twong tac tir gitra cac ion
Fe trong cAu tric tir giac va luc giac khi. Cy thé 1a, d6i
v6i pha tir gidc, cac ion Fe** va Fe* s thay thé mot
phin ion Ti*' trong mang tinh thé ctia octahedra TiOg
va tuong tic giira cac cap ion Fe’-Fe'" 1a twong tac
sit tir (FM), tuong tac giita cac cap ion Fe’*-Fe'" va
Fe*'-Fe'" [3]. Ngoai su bién dbi cua ty 18 ion Fe'" va

Fe'* trong mau theo ndng do thay thé x, vi tri ciia cac
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ion Fe thay thé vao vi tri ctia Ti ciing déng vai tro
quan trong vao tir tinh cta vat liéu [2]. Khi pha luc
giac chiém wu thé thi trong vat li¢u BaTi; Fe O; tdn
tai cac mang octahedral Ti,Og va c6 hai vi tri ctia Ti la
Til va Ti2 ma ion Fe c6 thé thay thé [2,3]. Khi do
tuong tac gitta cac ion Fe tai cac vi tri Til voi nhau va
cac ion Fe tai vi tri Til véi cac ion Fe tai vi tri Ti2 voi
nhau 14 yéu va chi dong gop vao tinh chat thuan tir. Cac
tuong tac gilra cac ion Fe tai vi tri Ti2 vdi nhau (Fe (2) -
Fe (2)) c6 thé 1a sat tir hodc phan sét tir. Theo [3], tuong
tac gitra cac ion Fe*™ (2) - Fe*' (2) l1a sit tir, twong tac
gitra cac cap ion Fe’* (2) -Fe’" (2) va Fe** (2) -Fe*" (2)
la phan st tir. Vi dir liéu thu dugc trén hinh 6a, chiing
t0i cho rang tir d6 ciia cac miu khi x = 0,08+0,10 chi
yéu 1a do twong tac sit tir cta cip ion Fe’"-Fe* trong
pha ttr giac vi khi d6 ty phan pha ttr giac chiém wu thé
va 16n hon 90% (Hinh 2). Theo [4] s6 6xy hoa clia Fe
dat gia tri 16n nhét tai x ~ 0.11 = 0.12 nén v&i ty 1 pha
tap nay nong d¢ ion Fe*" trong miu 1a cyc dai. Sau d6
néu tiép tuc tang ndng do Fe thay thé cho Ti, s6 oxy
hoa cia Fe va ndng do ion Fe*' trong miu giam.
Chung t6i cho ring, cac dic trung sit tir cia mau khi
0,11< x < 0.12 (mién thir hai) van la dong gop cia
pha h-BTO vi cdu trac h-BTO 1a cau tric ¢ lgi cho
tinh chdt tr cuia vat lieu BaTi,Fe,O [2,3].
Ngoai ra, sy phu thudc cia lyc khang tir He vao x
trong khoang 0,11 < x < 0,12 ciing rt dang chi y. Co
thé thiy ring, Hc dat gia tri cuc dai khix= 0,12 va
giam manh khi x ting, dong thoi tir d6 cia mau ciing
¢ xu huéng giam. Tinh sit tir cia hé mau t6t nhét khi
0,11 £ x<0,12 voi tir d§ bao hoa 16n va lyc khang tr
16n nhit tai x = 0.12 (Hc~3.0 kOe) (xem Hinh 5.b).
Co 1€ khi 0,11 < x <0,12 da tao ra mot ty 1¢ tuyét voi
gifra hai pha cau triic cling nhu ndng do cac nat khuyét
Oxy trong mau ma su déng tdn tai, canh tranh va lai
hoa gitra chung da dan dén gia tri tdi wu cua A va lam
cho twong tac sit tir gitta cac ion Fe* tai cac vi tri
Ti(2) chiém wu thé. Tuy nhién, néu ndng do x tiép tuc
tang cao 0,14< x < 0,18 s& dan dén hién tuong suy
giam manh tinh chit sit tr va vat liéu thé hién nhu
mot vat liéu thuan tir. Co thé c6 hai nguyén nhan dan
dén su giam cua tinh sit tr d6 la: ndng do ion Fe*"
trong miu giam, ndng do ion Fe’* trong mau ting, lam
cho twong tac sit tir gitta cac ion Fe*" - Fe*" giam.
Ngoai ra, khi vat li¢u don pha h-BTO (1a mot pha kém
bén) nén sy loai bo mot hodc tham chi hai ion O(1) tir
cac 16p Ba(1)O(1); 1a can thiét dé 6n dinh pha h-BTO
& nhiét d6 phong [2]. Sy gia tang manh cia cac nut

khuyét oxy s€ lam cho cac ion Fe** bi co lap, cac
twong tac trao ddi thong qua 6xy bi xda sd va lam cho
tinh chét sét tir giam manh. Sy gidm manh cua trit ty
sit tir chia vat liéu da tinh thé BaTiy;Fe,0;, don ciu
trac h-BTO khi néng d6 Fe thay thé cho Ti rat cao (x
=0,7) ciing dugc quan sat thiy trong mot cong bd gin
day cua Lin va cac cong su [2].

Két luan

Bing phuong phéap phan tmg pha rén, ching t6i da
ché tao thanh cong vat ligu da pha dién tr BaTi,.
Fe03 (voi 0,0 < x < 0,18) hoan toan sach pha va
dung hop thie danh dinh. Cac phép do XRD, phd hip
thu UV-Vis, phd huynh quang, phd cong huong spin
dién tir va tir @6 cho thiy cac ion Fe d thay thé cho Ti
trong cAu tric cua vat liéu BaTiO;5 va gay ra su bién
dbi céu tric tir tor gidc sang luc giac. Tai ving bién
pha cAu tric sy xuét hién cua tap Fe Kkét hop voi su
khuyét thiéu 6xy, sai hong mang.. dd anh huong
manh Ién tinh chét quang va tu cua vat liéu BaTiO;.

Loi cdm on

Nghién ctru nay dugc tai trg boi dé tai cap Qubc
gia thuoc Chwong trinh phat trién Vat Iy dén nam
2020, ma s6 PTDLCN.35/18.
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Multiferroic BaTil-xFexO3 (0,0 < x < 0,18) materials were synthesized by
the solid-state reaction method. The influence of Fe substitution for Ti on the
crystalline structure and opto-magnetic property of BaTil-xFexO3 samples
was investigated. The results revealed that, the structure of the material
sensitively depended on Fe dopant content, x, and transformed gradually
from the tetragonal (P4mm) phase to the hexagonal (P63/mmc). The presence
of Fe 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 Fe3+ and Fe4+ ions substitute for Ti4+ and prefer
locating in the tetragonal and hexagonal BaTiO3 structures, respectively. It
seems that, ferromagnetism in BaTil-xFexO3 is related to lattice defects
and/or exchange interactions between Fe3+ and Fe4+ ions.
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