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Nghién ciru sw thay doi tinh chat tir
trong h¢ hop chat La, ,Pb, MnO, khi thay thé Co cho Mn
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Tém tit:

Hop chitLa, ,Pb, ,Mn,_Co O,dugc thay thé Co cho Mn véi ham lugng x = 0,05 va 0,10. Csic miu dugc ché tao bing
phuwong phap phan wng pha ran. Ket qua nghién ciru nhiéu xa tia X cho thay, cic mau ché tao déu don pha thugc cau
tric perovskite dang hexagonal. Nhiét d§ chuyén pha sit tir - thuan tir (T,) duge xac dinh bang phép do tir o phu
thugc nhiét d¢ cho thay, trén ciac duong cong M(T) xuat hi¢n chuyén pha sat tir - phan sat tir (T) trong vung nhiét
d9 T <T_. Moémen tir trén mdt don vi cong thirc dwge xac dinh tir cic duwong cong M(H) la 3,45 p, cho miu x = 0,05
va 3,42 p, cho mau x = 0,10 ¢ T = S5K. Cac duwong cong M(H) duge 1am khép véi ham M = M (1-a/H").

Tir khéa: Canh tranh twong tic SE-DE, chuyén pha st tiv - thugn tiv (T )» momen tir biio hoa (M ), nhi¢t dp dong bang

spin (° Tf), phuwong phdp gom.
Chi s6 phin logi: 1.3
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Céc hop chat perovskite ABO, biéu hién nhiéu tinh chat
da dang. Khi thay thé mot s6 nguyén to khac vao vi tri A
hodc vi tri B, tinh chat cua vt liéu thay ddi vo cung hép dan,
dic biét 1a cac tinh chat tir [1]. Nhitng nim gan ddy, mot sd
tac gia nghién ciru anh huong cua sy thay thé Co cho Mn
trong hop chét La, Pb ;MnO; [1-3] dé cho thdy: Su thay
the vao vi tri Mn lam suy yéu tuong tac trao doi kép (DE)
dan dén su suy giam nhiét do chuyén pha sat tir - thuan tir
(T,). Trong h¢ hop chat nay, céc tac gia ciing cho thay: D6i
v6i mau khong pha tap, nhi¢t do T 16n hon nhi¢t do phong.
Hiéu ung tu trd khong 16 (CMR) dat tur 15 dén 40% trong
tir truong H = 1T tai nhiét ¢ T = 2K [3]. Diéu nay di mo ra
kha nang Gmg dung 16n cua hé vat liéu trong viéc lam lanh
tir, ché tao cac thiét bi do tir truong va trong cong nghiép
dién ti... Khi thay thé mot lugng nho ciia mot vai kim loai
chuyén tiép nhu Co, Fe cho Mn, cac tac gia nhan thiy ciu
trac vat liéu ciing thay dbi [1]. Vi vay, van d& nghién ciru
anh huong cta cac kim loai 3d thay thé vao vi tri Mn trong
hop chét La,,Pb MnO, van la mot d& tai hip dan va can
duoc nghién ctru sau hon.

Bai béo trinh bay mot s6 két qua nghién ctru vé sy thay
d6i cac tinh chat tir khi thay thé mot lugng nhé Co cho Mn,
dac biét 1a sy thay d6i moémen tir bio hoa trong hé hop chat
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La,Pb,Mn,_Co O, (x = 0,05 va 0,10).
Noi dung nghién ciiu

Cic miu nghién ciru c6 thanh phin danh dinh
La,,Pb, Mn,_Co O, (x = 0,05 va 0,10) duoc ché tao bing
phuong phap phan g pha ran. Thanh phan ban dau gom
cac oxit nhu La,0,, PbO, MnO va CoO c6 d¢ sach 3N-4N
duoc nghién, tron 2 gio, sau do séy kho. Mau dugc ép thanh
vién, nung so bd & 600°C trong 12 gid va dé ngudi theo 10.
Cac mau dugc nghién lai, ép thanh vién, nung ¢ nhiét do
850°C trong 24 gio. Sau d6 nung thiéu két & 1150°C trong
24 gio trong khong khi, i mau & 650°C trong 12 gio va dé
ngudi theo 10 trong khong khi. Ciu trac cia tit ca cac mau
dugc kiém tra bang nhiéu xa tia X (XPD) & nhiét d6 phong,
kinh hién vi dién to quét (SEM), cac tinh chét tir duoc xéc
dinh bang phép do tir ké mau rung (VSM) va gia tri mémen
tur dugc xéc dinh tr duong cong M(H) ¢ 5K.

Keét qua va thaoe luan
Céiu tric tinh thé

Hinh 1 la gian d6 nhiéu xa tia X cla cac mau
La, /3Pk3] sMn;_Co O,(0,00=<x< Oi 10). Nhén thay réng: Trén
gian d6 khong co6 cac vach la, dieu nay ching to mau don
pha va cac dinh nhiéu xa dong nhit véi ciu trac perovskite
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Abstract:

The nominal compositions of La, ,Pb, . Mn, Co O, compounds has been substituted by Co for Mn at the concentrations
of x = 0.05 and 0.10. The samples were prepared by solid-state reaction method. The results of X-ray diffraction
showed all the fabricated samples were single-phase perovskites with a hexagonal structure. The phase transition
temperature (T.) from ferromagnetic to paramagnetic states was determined by magnetization measurements
depending on temperatures. It was found that the ferromagnetic-antiferromagnetic phase transition occurred on
M(T) curves in the temperature range of T <T . The saturated magnetic moments of the samples were determined
from the curves M(H) with values of 3.42 p_ and 3.40 p, for the samples of x = 0.05 and x = 0.10, respectively at T =

SK. The curves of M(H) were well fitted with the function of M = M (1-a/H").

Keywords: Double-Exchange interaction (DE), ferromagnetic-paramagnetic phase transition temperature, saturated
magnetic moment, solid-state reaction method, spin-glass freezing temperature.
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dang hexagonal. Tr gian d6 nay, cac thong s6 mang da dugc

xac dinh. Két qua cho thay: Thé tich 6 co s& clia cac mau
giam khi nong do thay thé Co tang. Mau khong pha tap c6
thé tich 6 co s6 V = 356,382 A3, d6i voi mau pha tap Co &
ndéng d6 x = 0,10 c6 V = 354,340 A3. Nhu vay, din né mang

trong cAu trc tinh thé da lam xuat hién sy méo mang Jahn
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mang khi ting nong d¢ Co. Khi thay thé mot lugng Mn bang
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Kich thudce, hinh dang va sy phan bd cac hat trén bé mat
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mau x = 0,00 1a twong d6i ddng déu (hinh 2A), con & cac

B hinh 2B va 2C cho thiy c6 xut hién nhiing 15 hng trén bé

Hinh 1. Gian db nhiéu xa tia X ciia hé hgp chat mit mau. Nguyén nhén c6 thé duge dy doan 1a do nong do

La, /3Pb1 sMn,_Co O, (x =0,00; 0,05 va 0,1 0). pha tap Co tang lam cho mang tinh thé bi din nd manh hon.
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Hinh 2. Anh SEM ctia m4u La, Pb, .Mn _Co O.: (A) véi x

= 0,00; (B) véi x = 0,05 va (C) véi x = 0,10.
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Hinh 3. Pudng cong tif do phu thudc nhiét do hé miu
La,,Pb, . Mn,_CoO,: (A) x = 0,00; (B) x = 0,05; (C) x =
0,10.
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Tinh chit tir

Hinh 3 biéu dién céc duong tur 46 phu thudc nhiét do cua
cic mau La,.Pb Mn Co O, (x = 0,00-0,10) do theo ché
d6 1am lanh c6 tir truong (FC) va lam lanh khong tir trieong
(ZFC). Tét ca cac duong cong M(T) déu ton tai chuyén pha
tir trang thai sat tir sang trang thai thuan tir tai diém chuyén
pha Curie (T,.). Cac gia tri T . duogc xéac dinh tir duong cong
M(T) (xem bang 1) cho thay: Khi thay thé Co cho Mn, nhiét
do chuyén pha Curie (T,) gidm déu tir 355K & mau x = 0,00
xudng 347K ¢ mau x = 0,10. Nhu vay, khi nong d6 Co ting
1én 1am cho ty s6 Mn*/Mn** giam, giy nén qué trinh nhay
dién tir tr mrc ¢ sang murc t, . K&t qua nay lam cho nhiét do
chuyén pha sat tir - thuén tir giam theo sy tdng ciia nong do
thay thé Co [4]. Tir hinh 3 con nhan thiy: Cac dudng cong
FC va ZFC tach nhau 16 rét trong vung nhi¢t do T <T,.. Ban
chit ctia van dé nay 1a do sy khac nhau ctia hai qua trinh 1am
lanh mau khi c6 tir truong va khi khong c6 tir truong. Khi
mau dugc 1am lanh trong tir truong (FC), cac spin hon loan
va linh dong ¢ trang thai thudn tir dugc dinh hudng trong
tu truong. Trong qua trinh mau bi 1am lanh, cic spin nay bi
dong bang nhung van con nhitng dinh huéng cil, nén gia tri
tr do cua duong FC thuong 16n hon gia tri tir d0 cua duong
ZFC. Mat khac, su tach nhau gitta hai duong ZFC va FC ¢
ving nhiét d¢ thap (T < T) con duge ly giai bdi trong mau
con ton tai di huéng tir nguyén thay.

Trén cac dudng cong ZFC (hinh 3) d6i véi tat ca cic mau
nghién ciru déu quan sat duge mot gia tri cuc dai trong ing
voi nhiét do dong bang spin T.. O ving nhiét d6 thip hon T,
(T <T), vat lieu biéu hién trang thai gibng dam thiy tinh.
Khi T, <T <T_, vat li¢u ¢ trang thai st tir. Biéu hién trang
thai gidng ddm thity tinh & viing nhiét d6 thép (T < T,) duoc
X.G. Li va céac cong su [5] cho la: O nhiét do thép, cac ion
Co* ton tai & trang thai spin thap (LS) v6i cdu hinh tggeg
gidng nhu chit nghich tir. Sy c6 mit cua cac ion Co** dan téi
viéc pha v& trang thai sit tir hodc 1am nghiéng cac spin ngin
can sy hinh thanh trang thai sit tir. Nghia la cac ion Co** khi
thay thé Mn** da lam lodng phin mang tir trong hop chét &
dudi vung nhiét do chuyén pha Curie [6]. Sy tdn tai mot cuc
dai trén cac duong cong ZFC con cho biét ring dudi nhiét
dd T, c6 su canh tranh gitra cac loai twong tac: Tuong tac
siéu trao ddi (SE) va twong tac trao ddi kép (DE), twong tac
phan sit tir va twong tac st tir. Dudi nhiét do T, twong tac
phan sit tir chiém wu thé va tuong tic nay yéu dan vé phia
nhiét d6 cao, thay vao dé 1a trong tac sit tir (DE).
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Hinh 4. Hiéu m6 men t&r MFC - MZFC phu thudc nhiét do
clia h¢ La, ,Pb, .Mn,_Co O,.

Hinh 4 biéu dién hi¢u momen tir AM = M, - M, phu
thudc vao nhiét do. Khi nghién ctru tinh chét tur trong hé hop
chat La,Ca ,;Mn_Co O, N. Gayathri va cong su [6] cho
rang: O duéi nhiét d6 chuyén pha T, trang thai sat tir clia
mau con phu thudc vao AM. Khi AM nho thi trang thai sit
tir bén virng hon va it bi anh hudng do nhiét do. T hinh 4
con nhan thay: Khi nong d6 thay thé Co tang thi AM giam
trong ving nhiét d6 T < 280 K va AM tang dan vé phia nhiét
do thép.

Momen tir bdao hoa

Hinh 5 1a cac duong cong tir d6 phu thudc vao tur truong
cua cac mau La, .Pb, Mn_Co O, (x = 0,05 va 0,10) tai
nhi¢t d T = 5K.. Momen tir bao hoa (M,) da duoc xac dinh
va dua ra trong bang 1. Tir duong cong nay két hop véi ly
thuyét Langevin, ching t6i da xac dinh dugc momen tu hiéu

dung () trong cac mau pha tap.
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Hinh 5. Bung cong M(H) ctia cic mau La,.Pb, Mn, Co O,
tai 5K.

Theo 1y thuyét Langevin, moémen tir cia Mn trong ciu
trac bat dién duoc xac dinh bang biéu thic: p = gs W, Trong
d6, g =2, p, = 9,27.10?' (emu/g). Két qua tinh toan thu
dugc ddi véi mau La, ,Pb, ,MnO, la p = 3,67 p,. Tir dudng
cong M(H) trén hinh 5 va 4p dung cong thirc tinh mémen tir

P . , MW LA
trén mot don vi cong thic p = Ni > vo1 W la khoi luong

AHp

mol cua hop chét, N, = 6,022.10* (nguyén tir/mol) [7],
chiing t6i da xac dinh duoc p . dua ra trong bang 1. Nhén
théy momen tir bdo hoa (M), moémen tir tinh trén mot don vi
cong thue (u_,) déu giam theo su ting cta ndng do Co. Két
qua nay la mét minh chung cho sy suy gidm trang thai tu
trong h¢ La,.Pb _Mn,_ Co O, khi ndng do thay thé Co cho
Mn tang 1én.

Su thay d6i ciia moémen tir phu thudc vao tir truong &
nhiét @6 T = 5K da duogc chiing t6i lam khop voi ham M =
M (1-a/H") v6i céc gia tri a va n dugc xac dinh bang phan
mén Origin. Két qua tinh toan duoc dua ra trong bang 1.

Bang 1. Gia tri mdmen tir bao hoa (M), mémen tii tinh trén mot don vi cong thic (u ) va nhiét do chuyén pha T, clia

hé La, Pb, .Mn,_CoO, (x = 0,05 va 0,10).

Miu M, (emu/g) B (1) T. (K) a n
La, ,Pb, ,MnO, 77,9 3,66 355 - -
La,Pb Mn ,.Co,,.O, 72,8 3,45 350 0,0193 0,91
La,Pb Mn,, Co, O, 72,0 3,42 347 0,0425 0,99
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Gia tri cua a phu thudc vao néng do thay thé Co, no lién
quan t6i su 6n dinh ctia pha tir trong hop chét [7]. Véi mau
La, .Pb, Mn 95CoO 0505 do ¢6 a nho nén duong cong M(H)
tang manh va gan nhu vudng goc voi duong momen tur khi dat
dén trang thai bao hoa. Do6i voi mau La, ,Pb, /3Mn0 00C9 1,05

c6 a 16n hon nén trang thai bao hoa trong mau xay ra chdm

hon.

Céc két qua nghién ctru trén hé hop chét La, Pb, .M
Co O, (x=0,0; 0,05 va 0,10) da cho thay vai tro quan trong
trong thay do6i cau trac va sy méo mang Jahn-Teller cua
khung bat di¢gn MnO, khi thay thé Co cho Mn. Sy thay thé
tryc tiép nay da lam anh hudng ro rét toi tinh chat tur trong
hé hop chit. Po 1a trang thai sét tir giam, dan dén co su canh
tranh céc tuong tac SE va DE lam cho nhiét d6 chuyén pha
T, giam. Chung t6i da xac dinh dugc mémen tir bdo hoa
(M) va mémen tir tinh trén mét don vi cong thire (n ) tai T
= 5K. Nhén thay rang cac gia tri nay giam khi nong d¢ thay
thé Co tang. Két qua nay khing dinh sy suy giam trang thai
sit tir trong sy canh tranh tuong tac SE-DE khi thay thé Co
cho Mn.

TAP CHI

HOA HOC

ONG NGHE I} Nam 60(1) 1.2018

Khoa hoc Tu nhién n—

TAI LIEU THAM KHAO

[1] N. Dhahri, et al. (2010), “Structural, magnetic and electrical

properties of La, Pb . .Mn, Co O, (0 < x < 0.3)", Journal of Alloys and

Compounds, 496, pp.69-74.

[2] G. Gritzner, et al. (2008) “Preparation, structure and properties
of La,.Pb,,,(Mn, Co)O,.”, Applied Physics A: Materials Science &

0.67 0.33 35 7/

Processing, 90, pp.359-365.

(3] M Zentkova, et al. (2010), “Pressure effect on magnetic properties
of La (Co Mn, High Pressure Research, 30(1),

067 0.5.5

pp.12-16.

)0, ceramics”,

[4] V.V. Khai, et al. (2008), “Electronic and magnetic properties of
La,,,Pb, .Mn, Co O, compounds”, VNU Journal of Science, Mathematics-
Physics, 24(1S), pp.224-228.

[5] X.G. Li, et al. (1999),
glass to ferromagnetic state in La_Sr ,

Physics, 85(3), pp.1663-1666.

“Field-induced crossover from cluster-
Mn, .Co, ,0,”, Journal of Applied

0373 7/

[6] N. Gayathri, et al. (1997), “Electrical transport, magnetism,
and magnetoresistance in ferromagnetic oxides with mixed exchange
interactions: A study of the La, ,Pb, .Mn, Co O, system”, Physical Review
B, 56, p.1345.

[7] S.L. Young, et al. (2010), “Magnetization Processes of
(La,,Pb, ,Mn0O,), (SiO,) Composites”, Journal of Superconductivity and

Novel Magnetism, 23, pp.953-956.



