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NGHIEN CUU ANH HU(’)’l}IG CUA PAT HIEM Sm LEN TINH CHAT
VAT LY CUA VAT LIEU Bi1xSmxFeOs
DAO VIET THANG, DU THI XUAN THAO, Truong Pai hoc Mo - Dia chat

Tém tit: Vit liéu gom da pha BiiSmFeOs (x = 0,00 + 0,20) duroc ché tao bdng phuong
phdp phan ing trong pha ran. Gian d6 nhiéu xa tia X cho thdy cdu triic tinh thé va phdt hién
tap chadt chira trong vat liéu gom nay. Su thay thé nguyén tir Bi bang Sm da lam giam pha
tap chat trong gom BiFeOs. Hang s6 mang a va ¢ cua 6 mang giam 0 rang khi nong dg ion
Sm3* tang 1én. Phé tan xa Raman do trén cdc mdu BirxSmFeOs & cdc nhiét dg khdc nhau
thé hién mét dinh phé réng c6 cwong do 16n trong khodng so séng 1000 - 1300 cm™. Pink
nay dwoc ghi nhdn la do sw lién két ciia hai phonon trong mdu Bi1xSmxFeQOs, VA md réng khi
gid tri x tang. Sy thay thé Sm®* vao BiFeOs dd lam thay doi pho tré khang cia vit liéu. Két
qua do tir ké mau rung cho thdy viéc pha trén Sm®* cOn dnh huéng dang ké lén tinh chat tir
ciia mau Bi1—SmxFeOs khi do & nhiét do phong ma nguon goc 1a do tir tinh sdt tir yéu ciia

vat lieu nghién cuu.

Tir khoa: BiixSmyFeOs, tro khang, multiferroic, Raman

1. Mé dau

Vat ligu dién tor, vat ligu da pha
(multiferroic) biéu hién dong thoi tinh chat dién
va tinh chét tir. Ngoai ra, chiing con biéu hién
nhu cac cap dién tu, phan cuc tor bo1 mot dién
truong, phan cuc dién bdi mot tir truong [1].
Hién nay nguoi ta da st dung vat li¢u
multiferroic dé ché tao cac dau doc thong tin
siéu nhay, cam bién sinh hoc khong can cip
nguén, cac bd nhd dién - tu khong tu x6a cho
phép ghi bang dién truong chir khong phai bang
tir truong nhu truyén thong. Cac nghién ciu
trude day da xét dén su thay doi cau trac, tinh
chat dién, tinh chat tir cia vat liéu khi thay thé
cac cation kim loai Mn, Sr, K hodc cac cation
dat hiém La, Sm vao vi tri cta Bi [2, 3]. Tuy
vady, cac bao cdo nay chua nghién ctu anh
huong cua chit thay thé Sm 1én tinh chat vat 1y
ctia BiFeOs mot cach tong quat. Hon nira, viée
cai thién tinh chét tir cta vat liéu nay la mdt chu
dé dang dugc quan tdm hién nay. Trong béo cao
nay ching toi trinh bay két qua nghién ctru vé
anh hudng cia su thé Sm 1én tinh chat vat 1y
cua hé BiFeOs,
2. Thuc nghiém

Ching t06i ché tao gbm da pha
Bi1xSmxFeOs (voi x = 0,00 = 0,20) bang
phuong phap phan tmg trong pha ran Cac hoa
chat duoc st dung dé ché tao méu 1a BiO3
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96%, Fe203 99,99%, Sm203 98%, va CHsOH
96%. Pau tién, cac héa chat duoc can theo ding
ty phan, sau d6 dem nghién tron v&i nhau, ép
vién va nung so bd & 600°C trong thoi gian 6
gio. Tiép theo, cAC mdu dugc nghién tron, ép
vién lai va nung thiéu két & 820°C trong thoi
gian 8 gid. Mau thanh pham c6 dang cac vién
nén tron det c¢6 dudng kinh 0,5cm. Gian dd
nhiéu xa tia X duoc thuc hién trén nhiéu xa ké
D8-Advanced cua Puc, vdi buc xa CuKa
(A = 1,54060 A). Pho hip thu dugc thuc hién
trén hé do Jasco. Phép do phd tré khang duoc
thuc hién trén hé do Lecroy ware Jet 332 tai
trung tdm Khoa hoc va Cong ngh¢ nano, truong
DPai hoc Su pham Ha Noi. Pho tan xa Raman
duogc thyc hién trén hé do Jobin Yvon T64000
v6i ngudn kich thich laser Ar co6 budc song
514nm, phép do tr hoa M(H) thyuc hién trén hé
do VSM tai vién Khoa hoc Vat liéu, Vién
KH&CN Viét Nam.
3. Luén giai két qua

Hinh 1 biéu dién gian do nhidu xa tia X ciia
hé méu Bi1xSmxFeOs (x = 0,00 + 0,20). Két qua
phan tich nhidu xa tia X cho thay c6 sy phu hop
cia cac dinh nhifu xa v6i miu chuin cua vat
liéu BiFeOs. Cac mau tng véi x = 0,00 + 0,20
déu co ciu truc luc giac (hecxagonal) thudc
nhom ddi xtmg khong gian Rac [3].



Can ctr vao ban kinh cac ion va @6 am dién
clia cac nguyén tir chiing t6i du doan rang Sm®*
c6 thé thay thé vao vi tri ctia Bi®*, dé lai cac vi
tri khuyét Bi®*, dan t6i sy thay d6i cta hang sb
mang. Tién hanh tinh toan hing s6 mang ching
t6i thu duoc gia tri cua hing s a vao khoang
0,5578nm va gia tri ciia hang sd ¢ vao khoang
1,3891nm khi x = 0, nhu dugc vé trén hinh 2.
Két qua tinh toan con cho thiy trong bat dién
FeOs do dai lién két Fe - Oy, Fe - Oz gidm khi
gia trl cua x tang 1en, dan dén su giam cua hang
sO mang. Nguyén nhén lién quan t6i sy thay doi
nay 1a do: (i) thira s6 dung han t = 0,96 din dén

BiFeOs khong bén trong ciu trac 1ap phuong;
bat dién FeOs quay theo phuong [111] [am goc
lién két Fe-O-Fe nho hon 180° [1]; (ii) su dao
dong cua cation Fe®* xung quanh tdm cia bat
dién FeOg dan téi su méo mang va lam thay ddi
hing s6 mang [4]; (ii1) anh huong cua trang thai
spin cua ion Fe®': vi trong truong manh ion Fe®*
ton tai trang thai spin thap, con trong truong
yéu ion Fe®* ton tai & trang thai spin cao. Su ton
tai cua cac trang thai spin khac nhau cda ion
Fe®* lam thay doi do dai lién két kéo theo sy
thay d6i ctia hang s6 mang.
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Bao cdo cua Gao va cac dong nghiép [5]
cho thiy hat nano BiFeO3 c6 bé rong vung cam
quang khoang 2,5 eV. Phd hip thu cua
Bi1-xSmyFeO3 duogc chi ra trén hinh 3a. Cac bao
céo trude day [1, 6] da chi ra rang tinh chat dién
cua vat liéu BiFeOs phu thugc manh vao céc
dién tir 16p ngoai cua ion 0% (2p%), ion Bi®*
(6s® 6p°) va ion Fe** (3d°). Dién tir tir trang thai
2p cua 6xy c6 thé chuyén muc thing 1én mirc
6s, 6p ciia Bi*" hodc 1én murc 3d ctia Fe®* va do
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vt liéu duoc tinh toan tur phé hép thy, thay ddi
theo ndng d6 thay thé nhu duogc chi ra trén hinh
3b. Gia tri bé rong ving cAm vao khoang 2,5 eV
khi x = 0 va giam xudng 2,42eV khi nong do
Sm®" thay thé tang lén 0,20. Nguyén nhén thay
d6i nay 1a do su thé Sm®* (4f%) cho Bi®* (65%6p°)
lam cho cdu trac viung ning luong cla
Bi1xSmxFeOs thay d6i. Ngoai ra, bé rong dai
cérp giam c6 thé con lién quan véi cac tam tap
chat.
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Hinh 3. (a) Phd hap thy ctia Bis- xSMxFeOs (x = 0,00 ~ 0,20); (b) bé rong ving cAm thay ddi theo
nong do thay thé

Phd tan xa Raman cia hé BiixSmyFeOs &
cac nhiét do khac nhau duoc chi ra trén hinh 4.
Cac nghién ctru trude ddy cho thdy vat lidu
BiFeO; thuoc nhém ddi xing khong gian
Rgc(Cgv) c6 13 mode tich cuc Raman 1a

4A; + 9E. Phan 16n cac bao céo trudc diy déu
nghién ctru ¢ ving s séng thap hon 700 cm™
va & nhiét do cao. Két qua nghién ciru cua
chung t6i trong viing s6 song thap ciing cho két
qua tuong ty véi két qua cia céac tac gia trude
[7, 8]. Cu thé 1a cac mode xuét hién & cac vi tri
tuong ng véi cac sd song 238 Ai(LO), 275
E(TO), 312 E(TO), 355 E(TO), 377 E(TO), 443
E(TO), 477A1(LO4), 531 E(TOg), 615 E(TOo).
Tuong tu nhu vay, (101 v6i ving sb séng cao
(> 700 cm™) chii yéu 1a do déng gop cua hai
phonon, d6 la cac mode 834 E(TO), 1096
2A(LO4), 1155 2E(TOg) va 1267cm™ 2E(TOg)
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[8]. Trong d6, mode 2A(LOa) lién quan vai lién
két Bi - O; con cac mode 2E(TOs) va 2E(TOy)
lién quan véi lién két Fe - O1 va Fe - Oz [8, 9].
Khéo st dinh 1an can s6 song 1267 cm™ & cling
nhiét do cho thy vi tri dinh dich chuyén vé
phia sé song thap khi néng do thay thé ting.
Nguyén nhan 1a do Sm®* thay thé vi tri Bi®* da
lam thay d6i d6 dai lién két Fe - O, két qua nay
cling phu hop voi két qua do nhidu xa tia X da
dé cap ¢ trén. Pho tan xa Raman & nhiét do
13 K duoc chi ra trén hinh 4f cho thay, trong
ving sd song 200 ~ 600 cm™ phd tan xa co su
thay ddi manh céac dinh phé, cu thé 1a co su
giam vé sé luong dinh khi ndng do thay thé
tang 1én. Nguyén nhan cua sy thay d6i nay cé
thé 1a do trong vat li¢u con tdn tai mot pha la,
cO su mat trat tu va cling khong loai trur co6 tdn
tai mot chuyén pha cau trac nao do, can dugc
tiép tuc nghién ctru sdu hon dé khang dinh.
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Hinh 4. Phé tan xa Raman & cc nhiét do khac nl}au cua Bi1xSmxFeOs3 Ydi a) X = 0,00; b) x = Q,OS;
¢)x=0,10;d)x=0,15; e) x=0,20 va f) phd tan xa Raman thay do6i theo nong dg thay thé
o nhiét @6 13 K

Hinh 5 biéu dién dudng cong tir héa M(H)
clia vat liéu Bi«SmxFeOs. Két qua thé hién 5
rang tinh chét st tir & cac mau khi do ¢ nhiét do
phong. Tuy vay, cic miu co nong do thay thé
x < 0,10 khong c6 hién tuong tir tré; ddi véi cac
méiu c¢6 nong do thay thé x > 0,10 dudng cong
tir hoa co hién tuong tré, chimg to vét liéu thé
hién dic trung cua sit tir. Diéu nay cho ta thy
viéc pha tap ion kim loai thuoc nhém dat hiém
Sm3*(4f°) vao BiFeO3 da lam cai thién tinh chat

sat tir cua vat liéu nay. Ching t6i da xac dinh
duogc gia tri cac dic trung tor (He, Mr, Ms) cua
mau X =0,15 va x =0,20 va trinh bay trén bang 1

Bang 1: Gia tri Hc, My, Ms clia cac mau x =0,15

vax=0,20
Hc M; Ms
X | (0e) | (emulg) | (emulg) He.Mr
0,15 | 625 0,066 0,38 41,27
0,20 | 195 0,092 1,21 17,94
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Két qua trén cho théy khi x > 0,15 vat liéu
thé hién tinh tir mém. Ngudn gdc sit tir ctia vt
liéu co the do cac nguyén nhén sau: (i) dong
gop chu yéu vao tinh st tir ciia vat liéu 1a do su

sap xép cua cac dién tir cla Fe3+(t29 eg) va

Sm3*(4f°). Theo 1y thuyét dong gép momen tir
nguyén tir cua Fe** 1a Sps va Sm** 1a 2,5us.
Hon nita, khi Sm® thay thé cho Bi®* s& dé lai
cac vi tri khuyét Bi**, vi vay lam cho Ms va M,
tang theo nong do thay thé; (ii) su dao dong cua
cation Fe®* 1éch khoi tm cua bat dién FeOs dan
dén sy méo mang tinh thé. Két qua lam thay doi
trat ty cta hé vat liéu [10]; (iii) do twong tac
siéu trao doi giita cac ion tir tinh Fe®* thong qua
su pht nhau cta cac ham séng dién tir cua ion
khong tir tinh O%",

Khi lién hé voi két qua tan xa Raman ¢
nhiét do thap, ta thdy c6 su phu hop véi du doan
trude do. Tuc 14, khi x > 0,15 trong vat li¢u ton
tai mot pha la.

Trén hinh 6 biéu dién pho tré khang & nhiét
do phong cua vt liéu BiixSmxFeOs trong vung
tan s6 thap tir 10 Hz dén 5 MHz. Phén tich phd
tré khang cho thiy trong ving tan s nay trd
khang c6 sy dong gép cua ndi hat va bién hat.
Pong gop cua bién hat tang, ndi hat giam khi
nong do thay thé ting [11, 12]. Khi quan sat
tinh tr¢ khang ctua cac mau ¢ cung tan 80, tré
khang thay doi theo cliing quy luat khi nong do
tang, co su thay d01 manh ¢ nong do x > 0,15
dic biét & ving tan s6 thap. Két qua duoc chi ra
trén hinh 7.
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Hinh 6. Pho tré khang ctia mau BiixSmxFeOs
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Hinh 7. Tré khéng cta BiixSmyFeQjs thay ddi
theo nong do thay thé ¢ cac tan sé khac nhau
Nhu vay, bang viéc thay thé mot phan Bi®*
trong vat liéu BiFeOs boi ion Sm®* ¢ ndng do
> 0,15 c6 thé cai thién tinh chat tir dong thoi
van dam béo tinh chat dién modi cua vat lidu.
Nhu da xét trong phd hap thy khi ndng do thay
thé tang be rong dai cam gidam. Thém nira du
doan vé ton tai pha la khi nghién cuu tan xa
Raman & nhiét do thép. O day tinh sét tir caa hé
vat lidu tang khi ndng do thay thé ting. Két qua
nay cho thay c6 su phu hop véi két qua do phd
hap thu va pho tan xa Raman.



4. Két luén

Bang phuong phap phan tmg trong pha rin
chung t6i dd ché tao duoc gébm da pha
Bi1xSmxFeOs (x = 0,00 + 0,20). Phan tich nhiéu
tia X da cho théy héng sb mang cua hé vat liéu
giam khi nong do thay thé tang. Pho hap thu va
phd tan xa Raman dd dugc khao sat theo ndng
d6 thay thé, két qua cho thiy & nhiét do phong
Bi1xSMxFeOs ¢6 cau tric tinh thé thudc nhém
khﬁng gian Rsc. Bé rong ving cim giam khi
noéng do thay thé tang. Su thay d6i nay dan t6i
sy thay doi tinh chat tir ciia vat lidu. Duya vao
két qua do tinh chat tir chung t6i cho rang &
nong do thay thé x > 0,15 co thé cai thién duoc
tinh chét tir ctia hé vat liéu. Trd khéng cua vét
liéu c6 sy dong gop cua noi hat, bién hat va phu
thugc manh vao vung tan sb, dic biét & tan sd
thip. Dya theo cac két qua thu dugc & tren
chung t6i dy doan ton tai mot pha la khi nong
d6 thay thé x > 0,15, tuy nhién van dé nay can
tiép tuc duoc nghién ciru.
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SUMMARY
Study the effect of rare earths Sm over physical Bi1-xSmxFeOs of materials
Dao Viet Thang, Du Thi xuan Thao, University of Mining and Geology

Multiferroic Bi;—xSmxFeOz (x=0.00, 0.05, 0.1, 0.15, 0.2) ceramics were prepared by
conventional solid state reaction method. X-ray diffraction measurement was carried out to
characterize the crystal structure and to detect the impurities existing in these ceramics. The
substitution of rare earth Sm for Bi was found to decrease the impurity phase in BiFeO3s ceramics.
There is strong evidence that both lattice constants a and c of the unit cell become smaller as the
Sm?" content is increased. The effect of introducing Sm** is shown to decrease the optical band gap
for doped sample Bii-xSmxFeOs. Additionally, the temperature-dependent Raman measurement
performed for the lattice dynamics study of Bi;—xSmxFeOs samples reveals a strong band centered at
around 1000 - 1300 cm™! which is associated with the resonant enhancement of two-phonon Raman
scattering in the multiferroic Bi;—xSmxFeO3s samples. This two-phonon signal is shown to broaden
with increasing x. Sm®" doping has changed the impedance spectroscopy of BiFeOs. Magnetiztion
measurements at room temperature show a significant effect of Sm** on the magnetic properties of
Bi1-xSmxFeO3 samples. The origin of weak ferromagnetism was discussed in this report.
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