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SU THAY POI CAU TRUC VA TINH CHAT PIEN TU CUA HQP CHAT
Pro4 Cags x SrxMnOz; KHI THAY THE Sr CHO Ca
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Nghién ctru nay dugc thyc hién nham khao sat sy thay d6i vé cau tric va tinh chat dién tir ciia hop
chat Pro4Cag g xSr\MnO; khi thay thé Sr (x = 0,0; 0,3; 0,5) cho Ca. Cac mau dugc ché tao bang
phan tng pha rin. Cac phép phan tich cdu trac cho thiy miu la don pha va ¢ cu truc dang
orthorhomobic thudc nhém ddi xing Pnma. Tir tinh ciia cic mau déu ting theo ndng do pha tap
Sr, diéu nay chimg t6, twong tac trao ddi kép chiém wu thé hon trong cic miu pha tap Sr. Tai mot
gid tri nhiét do xac dinh cac mAu pha tap Sr ¢6 dién tré sudt giam rd rét so véi mau khong chira Sr.
Quan sat thdy xuat hién chuyen pha trat ty dién tich tai nhiét d6 Tco (~ 270K) trong mau Pro4
CapsMnO; va trong cac mau con lai cling ¢6 hién twong nay nhung voi Teo thip hon (265 K dbi
v61 mau Prg4Cag 3 Sry. 3Mn03 va mau Pros Cag, 1sro 5Mn03 la Tco =175 K)

Tir khéa: Tuwong tic trao doi kép, nhiét dé chuyén pha sat tir - thudn tir; perovskite; nhiét do
chuyén pha trdt tw dién tich; phwong phdp phan ieng pha rdn

MO DAU

Cac hop chit perovskite ABO; biéu hién
nhiéu tinh chat da dang. Khi thay thé mot sé
nguyén tb khac vao vi tri A hodc vi tri B, tinh
chat cta vét liéu thay doi vo cung hép dén,
dic biét 1a cac tinh chét dién - tir [1]. Nhiing
nim gan ddy, mot sb tac gia nghién ctru anh
huéng cta sy thay thé Co cho Mn trong hop
chat La0,67Pb0,33Mn03 [1-3] di cho thay:
Sy thay thé vao vi tri Mn lam suy yéu tuong
tac trao d6i kép (DE) dan dén sy suy giam
nhiét 46 chuyén pha sat tir - thuan tir (T¢).
bdi véi miu khong pha tap, nhiét d¢ Tc¢ 16n
hon nhiét do phong. Hiéu Gng tir tré khong 16
(CMR) dat tir 15 dén 40% trong tir trudng H
= 1T tai nhiét d6 T = 2 K [3]. Diéu nay di mo
ra kha nang Gng dung 16n cua hé vat liéu
trong viéc 1am lanh tir, ché tao cac thiét bi do
tur truong va trong cong nghiép dién tir [4], ...
Khi thay thé mot luong nhé cua mot vai kim
loai chuyén tiép nhu Cr, Ru.. vao hé
Pro4CagsMnOs, cac tac gia nhan thiy khong
nhing céu trauc vat liéu thay déi ma trang thai
chuyén tiép kim loai - dién moi khi dat trong
tir trudng ciing dan xuét hién [5-7]. Vi vay,
nghién ctru anh hudéng cia cac kim loai thay
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thé dac biét 1a vao vi tri Ca trong hop chat
Pros CagsMnO; van 12 mot dé tai hap dan va
can dugc nghién ciru sdu hon.

Céc két qua nghién ctru duoc chi ra & day dé
cap dén su thay ddi cAu trac, céc tinh chét
dién - tir khi thay thé Sr (x = 0,0; 0,3; 0,5)
cho Ca, dic biét 1a sy thay doi tir tinh, dién
tré suét cling nhu nhiét d6 chuyén pha trat tu
dién tich trong hé hop cht.

PHUONG PHAP NGHIEN CUU

Céc mau nghién ctru ¢6 thanh phan danh dinh
Pry4Cags xSrkMnO; véi x = 0,0, 0,3 va 0,5
dugc ché tao bang phuong phap phan tng pha
ran. Thanh phan ban ddu gém cac bot oxit
nhu CaCO; (99%), MnO, (99%), Pr,0;
(99,9%) va SrCO; (99%). Can cu vao do
sach, cac nguyén liéu di duoc tinh khdi luong
va dem cén theo ding hop thic (sai sb cua
phép can < 0,1%). Hdn hop dugc nghién
trong 8 h (4 h nghién khé va 4h trong dung
dich cbn — ethanol) bang cbi mi ndo, sau dé
mau dugc nén thanh dang dia hoic tam, nung
s0 by & 1050 °C trong 11 gid va dé ngudi theo
16. Cac mau dugc nghién lai, ép thanh vién,
sau d6 gia nhiét cho qué trinh nung thiéu két,
tdng dan nhiét do tir nhiét do phong 1én 1350
°C, tbc do gia nhiét khoang 200 °C/ gid, duy
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tri nhi¢t d¢ voi thoi gian 24 gid trong khong
khi, sau d6 dé miu ngudi theo 1o. CAu trac
clia tit ca cac mau dugc kiém tra bang nhidu
xa tia X (XRD) & nhiét d6 phong, kinh hién vi
dién tir quét (SEM), céc tinh chét tir duge xac
dinh bing phép do tir ké miu rung (VSM),
phép do dién tré suét phu thudc nhiét o béng
phuong phap 4 mili do trong dai nhiét dj tr
80 -310K tai.

KET QUA VA THAO LUAN

Céu tric tinh thé

Hé mau Pry4 Cagg  SIxMnO; véi x = 0,0, 0,3
va 0,5 duoc ki hiéu lan luot 1a mau 1, miu 2
va mau 3.
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Hinh 1. Anh chup nhiéu xa tia X ctia hé mau
Pry4Cag g SrMnOz véi x = 0,0,0,3va 0,5
Hinh 1 1a gian d6 nhiéu xa tia X ctia 3 mau tai
nhiét d6 phong voi goc quét tir 20° dén 70°,
Tir gian d6 nhiéu xa ta khong thdy xuit hién
céc pha la va cac dinh nhidu xa rat sic nét
chiing t6 cac mau la don pha hoan toan. Céc
mau déu c6 ciu trac orthohombic thudc nhoém
dbi xtmg Pnma véi cac hiang s6 mang cho &
bang 1.
Bang 1. Hang s6 mang tinh thé, thé tich 6 co s
ciia hé mau Pro4Cag g +SrMnOg
Miu aA) bA) cA) ca VA
5,381 5,377 7,568 1,406 218,95
5395 5376 7,376 1,367 213,93
3 5,402 5,397 7,405 1,370 215,89
Céc s6 lidu cho thiy khi pha tap Sr vao vi tri
Ca véi ndng d6 khic nhau hing s6 mang thay
d6i nén thé tich 6 co s ciing thay ddi, mau
ban diu co thé tich 6 co sé 16n nhéat (V =

%

N -~
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218,95 (A)%), mau pha ham luong Sr (x = 0,3)
c6 thé tich 6 co s nhé nhat (V = 213,93
(A)*). Nhung nhin chung, khi pha tap thé tich
6 co so thay doi theo xu hudng giam xubng,
nguyén nhan c6 thé do sy sai khac vé ban
kinh ion khi thay thé (ban kinh Sr®*: 1,44 A,
Ca’*: 1,34 A).

Qua cac anh SEM cua cac mau nghién ctru ta
thdy, ban dau khi trai qua qua trinh nung so
bd cac thanh phan trong miu chua phan tng
hét, bién hat chua dugc hinh thanh. Tiép tuc
tién hanh nung thiéu két voi nhiét do va thoi
gian tuéin theo dung quy trinh ché tao, két qua
cudi cung cho ta mét hinh anh kha tha vi:
kich thudc hat kho dong déu ca ¢ ba mau va
cac hat sap xép kha xit lai nhau (hinh 2).

Hinh 2. Anh SEM ciia hé 3 mau Pro,Caygs-
SryMnO; véi x = 0,0, 0,3 va 0,5.
al, bl, cl: anh SEM cdc mau 1, 2, 3 sau khi nung
so bg tai 1050 °C.
a2, b2, c2: anh SEM cdc mau 1, 2, 3 sau khi nung
thiéu két tai 1350 °C
Trén anh cac hat ciia mau 3 (anh b3) ¢ bot
nhd, con trén ca ba mau xuét hién mot sb 15
trbng nho, theo phan doan cé thé do trong qua
trinh ché tao miu, ham lugng chét két dinh
dugc bd xung qua nhiéu so véi mic binh
thuong dén khi bay hoi chung dé lai cac
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khoang tréng trong mu, tao cho miu tinh
chét x6p va mém hon.
Sau khi tién hanh nung thiéu két & 1350 °C,
quan sat bé mit mau ta théy cac bién hat ¢
day xudt hién kha rd, cc hat tinh thé tuong
dbi dong nhit véi kich thuéc hat dao dong
trong khoang 1 — 2,5 pum.
Tur anh SEM ta xac dinh duoc kich thudc hat
ctia hé mau theo bang 2:

Bang 2. Kich thuoc hat cua hé 3 méu

STT MAiu Kich thwéc  TB
hat (um)  (pm)

1 Pro.4 CagsMnO; 1,15-153 1,34

2 PrgsCagsSrosMnO;  1,34- 2,25 1,80

3 Pry4Cag1SrosMnO; 1,16-2,14 1,65

Dua vao s6 liéu bang trén ta thdy kich thudc
hat ctia hé mau phan bd tir 1,34 — 1,795 pm
ching to kich thudc hat kha déng déu, su sai
khac vé kich thudc chi bién thién trong
khoang nho. Nhung xét cu thé thi mau 1 co
kich thu6c hat nho nhat va ddng déu nhét.
Nghién ctru tinh chét tir

Phép do duodong cong tir nhiét ciia hé miu
Pro4Cagg ,SrMn0Os (x = 0,0, 0,3 va 0,5) trong
tu truong (FC-Field Cooled) va khi khong co
tur truong (ZFC-Zero Field Cooled) sir dung
tir ké mau dung VMS trong dai nhiét d6 rong
v6i tir truong B=1T di cho ta két qua trén
hinh 3.
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Hinlj 3. Puong cong tir d¢ phu thudc nhiét do hé
mau Prg4Cag g ,SryMnO;z (x = 0,0, 0,3 va 0,5)

Nhin vio cic dudng cong trén hinh 3 ta thiy,
cang pha tap thi su tdch nhau cua duong FC
va ZFC cang 16n chimg to ndng d6 pha tap Sr
vao vi tri Ca c¢6 anh huéng lon dén su khac
nhau gitta tir d§ trong trudong hop lam lanh c6
tor truong va khong co tuor trudong, su khac
nhau nay cho thiy sy canh tranh giita pha sat
tir va phan sét tir ting 1én khi pha tap Sr, cling
voi sy canh tranh d6 trang thai spin — glass
(thuy tinh spin) c6 thé xay ra. Dya trén dudng
cong FC, ZFC ta cling xac dinh dugc nhiét do
bat thuan nghich ma ¢ d6 dudng cong FC va
ZFC hoan toan trung nhau.

Tir hinh v& ta thay tir tinh ciia cac miu ting
dan theo néng d6 pha tap. Cu thé, khi mau
khong pha tap Sr (x = 0,0) thi tir d6 ctia mau
rat nho ¢& 10-2 emu/g nhung véi x = 0,3 Va
0,5, tir 46 cua cac mAu ting 1én dén hai cip
(10%). Piéu nay c6 thé giai thich dya trén co
sO: khi thay thé Sr cho Ca do su khac nhau vé
ban kinh ion (ban kinh Sr**: 1,44 A, Ca™":
1,34 A)nén goc lién két Mn** - 0> Mn** va
khoang cach Mn** - Mn* thay d6i theo xu
huéng d& truyén cac dién tir g hon. Cuong do
tuong tac trao d6i kép sit tir (DE) trong céc
mau pha tap Sr ting lam cho tir d9 ting.

Tu d6 thi M(T) ctia hé¢ ta con xac dinh dugc
nhiét d6 bat thuan nghich (T, cta cac mau,
tai nhiét do nay co6 sy tach nhau cua dudng
cong FC va ZFC. Nhiét d6 16n hon T, thi du
nhiét do co tang nhung tir d§ khi lam lanh
khong c6 tur truong va khi c6 tir treong 1a nhu
nhau. Nhung duoi T thi tir d6 khi lam lanh c6
tur truong va khong co tir truong c¢od sy khac
biét, cu thé tir d6 ctia mau khi c6 tir trudng s&
16n hon tr 49 trong truong hop khong cé tir
truong va pha tap Sr voi ndng do cang 16n thi
su chénh 1€ch cang 16n. Nhin chung nhiét do
bat thuan nghich giam dan theo néng d¢ pha
tap Sr.

Sw phu thudc ciia dién tré suét cia hé ba
mau vao nhiét do ( p(T))

Trong pham vi nghién ctru nhom tac gia khao
sat sy phu thudc dién trd sudt vao nhiét do
trong khoang tur 30K~ 310K.
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Hinh 4. Si phu thudc dién tré ciia hé mau Pro,Cagg.
SrMnO; (x = 0,0, 0,3 va 0,5) vdo nhiét do
Nhin vao d0 thi ta thdy nhin chung d6 16n cua
dién tré suit cua vat liéu nay giam theo néng
do pha tap Sr. Puong cong p(T) ciia cac miu
pha tap Sr c6 dang diéu nhu ciia mau khong
pha tap trong khoang nhiét do tir 100 K — 300
K nhung bi tinh tién di vé phia nhiét d¢ thap

va dich vé phia dién tro suét giam.

Khi néng dd pha tap ting, nhiét do trat tu dién
tich cia cdc mau giam dan, cu thé & mau
1(x=0,0) ta thdy c6 sy xuét hién cua nhiét do
Tco=270 K), ddy 1a nhiét d6 ma dién tro suat
tang manh khi nhiét d6 giam. Mot diéu khing
dinh 16 hon cho sy tdn tai Tco & mau 1 1a khi
ta v& dd thi su phu thudc cua bién thién dién
tré suat theo nhiét do (dLn(p)/dT), ta thay tai
T = 270 K dién tr& sut bién thién cuc dai,
tuong tmg v4i nhiét d6 tai d6 xay ra chuyén
pha trat tu dién tich (Tco = 270 K). Thyc hién
tuong tw dbi voi miu 2 va méu 3 ta ciing thu
duge cac két qua lan lugt 14 265 K va 175 K.
Nhu vay 6 cung mét nhiét d9, d6 16n p giam
1d rét, v&i mau khi khong pha tap Sr, dién tré
sudt ciia mau 1a trong ddi 16n, nghia 1a d6 din
dién nho va do dan cta cac mau tdng dan véi
noéng do pha tap. Didu niy ciing c6 thé giai
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thich nhu sau: khi pha tap lwong hén hop
Mn®*- Mn** thay d6i theo xu hudng thuén loi
hon cho twong tac trao d6i kép (DE) xay ra.

KET LUAN

Céc phép phan tich cau tric cho thdy hé mdu
Pro4Cage xSriMnO; (x = 0,0, 0,3 va 0,5) don
pha va c6 céu triic dang orthorhomobic thudc
nhom d6i ximg Pnma.Tu tinh cia ciac miu
déu tang theo ndng do pha tap Sr. Cic miu
pha tap Sr ¢ dién tré sudt giam rd rét so voi
mau khong chtra Sr. Nhiét d6 chuyén pha trat
ty dién tich Teo (~ 270K) v&i mau Prgg,
CaggMnO; va trong cac miu con lai Teo thip
hon (265 K dél vOi mau Pro.4Cags SrgsMnO,
va mau Pro4 Cag1SrosMn0O, la Tco =175 K)
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ABSTRACT
CHANGE IN STRUCTURE AND ELECTROMAGNETIC PROPERTIES OF
Pro4Cagg -« SIxMnO3; COMPOUND WITH THE SUBSTITUTION OF Sr FOR Ca

Pham The Tan'", Nguyen Van Hao?
'Hung Yen University of Technical Education,
2University of Sciences - TNU

This study was conducted to investigate the change in structure and electromagnetic properties of
Pro4Cags xSryMnO; compound, in which Sr (x = 0.0; 0.3; 0.5) substituted for Ca. The samples
were prepared by solid-phase reaction method. Structural analysis showed that the sample is
single-phase and an orthorhomobic structure of the symmetric Pnma group. The magnetic
properties of samples increased according to concentrations of Sr doped, it indicated that the
double-exchange interaction was more dominant in Sr-doped samples. At a given temperature, the
resistivity of Sr-doped samples decreased compared to those without Sr. It is observed that the
charge ordering phase was stransited at Tco (~ 270K) in Prg4CageMnOs, and the same
phenomenon in other samples, but lower Tco (265 K in Pry 4Cags SrozsMnO; and 175K in
Pry.4Cag.1SrosMnQs).

Keywords: Double-Exchange interaction; ferromagnetic-paramagnetic phase transition temperature;
perovskite; charge-ordering phase transition temperature; solid-state reaction method
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