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Hop chit thiéu Lantan La 4Ca‘J LVINO, . da duge ché tao bfmg phu’o’ng phap phﬁn rng pha rin, miu ché
tao dugc la don pha va c6 ciu triic truc thoi. Gia tri khuyét thiéu dxy & va ty s6 Mn*/Mn*" da dugc xic
dinh. Twr cac dwong cong tir d9 phu thugc nhiét d¢ M(T) dwge do trong cac trwong hop co tir trwong (FC)
va khong c6 tir truong (ZFC), cac tic gia da xac dinh dwoe nhiét dd chuyén pha Curie (T,); dwong cong
dién tré phu thugc nhi¢t d§ cho thay cé sw chuyén trét tw di¢n tich tai T_; tir tré' ctia mau ciing dwgc
nghién ctru trong vung tir truwong thap tir -0,4 den 0,4 Tesla.

Tir khéa: cic chuyén pha tiv, hop chit thiéu Lantan, trit tw di¢n tich, tiv tré khéng [o.

Chi sé phin loai 2.5

Research into variations
of the properties in La-deficient
compound La , Ca, MnOQ, .

Summary

The  La-deficient sample of
La Ca ,MnO, has been prepared
by the solid state reaction method.
The prepared sample is at single
state, and its crystal structure is
orthorhombic. The values of oxygen
deficientd and ratio of Mn**/Mn*" have
been determined. From temperature
dependence of magnetization M(T)
curves in the cases of field cooling
(FC) and zero field cooling (ZFC)
measurements, the authors have
found Curie temperature (T_.). The
colossal magnetoresistance (CMR)
has been studied in range of low
magnetic field from -0.4 to 0.4 Tesla.

Keywords: charge ordering, colossal
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pat van de

Heé hop chat La, Ca MnO, ; thuc loai cau trac perovskite ABO,
da duoc Rao va cong sy nghlen ctru chi tiét va thiét lap glan dd pha
voi su thay doi T, theo & [1]. Thyc nghlem da xac nhan rang, khi
thay thé vi tri Lantan 1a kim loai dat hiém c6 hoa tri 3* bang Canxi
1a kim loai kiém thd c6 héa tri 2* s& lam xuat hién céc loai chuyén
pha nhu st tir (FM) - thun tir (PM), kim loai (MT) - dién moéi (IS),
sat tir (FM) - phan st tir (AF) va mot vai hiéu tng c6 kha nang tmg
dung to 16n trong cong nghi¢p dién tir va ky thuat lam lanh tir nhu:
hiéu ttng méo mang Jahn - Teller (JT), hi¢u tng tr nhiét (MCE) va
hiéu ung tu tré 1o6n (CMR) [2-4].

Ly thuyét cho rang, khi Ca?"thay thé vi tri La*" thi truong tinh
thé bat dién MnO, hinh thanh céc trat ty quy dao cua céac dién tur va
su tach muc truong tinh thé gy tac dong truc tiép dén cac dién tir
trén cac muc nang luong t, va e lam thay dbi cac twong tac trao doi
kép (DE) va twong tac siéu trao doi (SE) Vi véy, cac tinh chét cua
hop chat thay d6i manh. Diéu dic biét hip dan 13, trong cac hop chét
ABO, thiéu Lantan c6 nhiét do Curie (T, cao dén nhiét do phong,
c¢6 MCE va CMR 16n thuén loi cho viéc ung dung [4, 5]. Bai bao
di sau tim hiéu vé sy thay d6i mot s tinh chat cua hop chat thiéu
Lantan (La0 5:Ca, , MnO, ) so v6i hop chat du Lantan c6 cung thanh
phan (La,, MnO3_5)

Noi dung nghién ciu

Mau nghién ciru dugc ché tao bang phwong phap phén 1 mg pha rén.
Tir cac oxit va mudi La,0,, MnCO, CaCO, c6 dg tinh khiét 3N-4N

duoc tinh toan va can theo hop thuce danh dlnh La, Ca  , MnO, ;. Quy
trinh cong nghé dugc tién hanh theo 2 budc sau:
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Budc 1: nghién tron cac 6xit va mudi hdn hop tir
40+60 phut. Sdy kho bot hon hop & 950°C tir 9+10
gid. Sau d6 nghién lai bot, ép thanh vién c6 duong
kinh @ = 20 mm va d6 day 1,52 mm. C4c vién mau
dugc sdy kho ¢& 1 gio & 200°C va nung so b & nhiét
d6 1100°C trong thoi gian 2024 gio, sau d6 dé ngudi
theo 10.

Budc 2: nghién lai mau, ép thanh vién, sau d6 siy
kho nhu bude 1. Nung thiéu két cic vién mau ¢ nhiét
d6 1000°C trong khoang 10 gio va ¢ 1200°C trong 20
gio, sau d6 i mau ¢ nhiét d6 600+650°C trong 24 gio
va dé mau ngudi theo 16 dén nhiét 6 phong.

Nghién ctru céc tinh chét ctia mau ché tao bang cac
phép do nhiu xa tia X (XPD), phan tich phd tan xa
ning luong dién tr (EDS), do thanh phan khuyét thiéu
oxy (8), duong cong mémen tur (M(T)), dién trd (R(T))
va tur tro (CMR) phu thudc nhiét o trong tir truong tur
-0,4 dén 0,4 Tesla.

Két qua va thao luan
Céu triic tinh thé

Gian d6 nhidu xa tia X cta mau thiéu Lantan
La, 4Ca0 40MnO trén hinh 1 cho thay, cac dinh nhiéu
xa €6 do sac nét cao, khong co cac vach phé img voi
phalava dong nhét véi cAu tric true thoi. Tir cac 6 lidu
thu dugc trén gian dd, chung toi tinh dugc gia tri cac

hang s6 mang a, b, ¢ trong bang 1.
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Hinh 1: gidn dé nhiéu xa tia X ciia mdu La,

5,.Ca, MnO,

Bang 1: gid tri cac hang so mang ciua mau thieu Lantan La, ; Ca, ,MnO, ¢

dem so sanh véi mau du Lantan La,,; Ca, , MnO,

Bang 1 cho thay, gia tri hing s6 mang a, b, ¢ cla
cic mau du va thiéu Lantan gan nhu khong thay doi.
Nguyén nhan c6 thé do su thiéu Lantan ciia mau nghién
ctru 12 nho. Thé tich 6 co so ctia mau thiéu Lantan so
v6i mau du Lantan giam khoang 2,2 A3, C6 thé cho
rang, thé tich 6 co s& cua hop chit thiéu Lantan giam
1a do lugng thiéu hyt Lantan trong hop chat. Mat khac,
con do ban kinh ion Ca** (1,05A) nhé hon ban kinh La**
(1,15A) dugc thay vao vi tri Lantan, din dén khoang
céch higu dung V2 (1, +1,) thay ddi, 1am luc lién két
giita cac ion thay doi. Pay ciing chinh 1a nguyén nhan
gy nén kiéu méo mang Jahn-Teller cuc bo trong cac
hop chét thiéu Lantan, dan t§i mat trat tu vé vi tri va
ndng do tuong tac gitta cac vung la khac nhau.

Phé tdn xa ning lwong dién tiv (EDS)

Gian d6 EDS ctia mau trong hinh 2 cho thdy, miu
khong chita nguyén t6 la ma chi c6 cac nguyén t6 La,
Ca, Mn va O nhu trong thanh phan ché tao. Két qua
phan tich EDS di xac dinh duoc thanh phan thuc cua
cac nguyén t6 La, Mn va Ca trong mau. Cac gia tri nay
dugc dua ra trong bang 2 c6 su so sanh vdi cac thanh
phan cia miu du Lantan ca trong trudng hop tinh theo
hop thic danh dinh.
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Hinh 2: két qua phan tich EDS ciia méu La,; Ca, MnO,

Bang 2: ty phan cdc nguyén t6 La, Ca va Mn tinh theo (%) trén mét don vi

cong thirc
Hiing s6 mang Theé tich
Mau c/a o co' so Mo Tinh toén danh dinh Phin ich EDS
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Béng 2 cho thiy, theo hgp thiic danh dinh thi ty
s6 Ca/La giam theo ty phan tir du dén thiéu Lantan,
nhung theo két qua phan tich EDS thi ty s6 Ca/La ciia
mau thiéu Lantan lai cao hon. Khac biét nay c6 thé 1a
do mat mat trong qua trinh ché tao mau va sai sb cua
phép do EDS. Ngoai ra, tir phép do EDS con cho thy:
& mau thiéu Lantan ty s6 Ca/La cao hon, con luong Mn
thi thap hon nhiéu so véi thanh phan danh dinh. C6 thé
cho rang, nguyén nhan 1a do khi cac ion Ca?* thay thé
La*, sy bién doi tir Mn*" sang Mn** xay ra manh hon &
mau thiéu Lantan. Diéu ndy dugc minh chimg bang ty
s6 Mn**/Mn*" giam di & bang 3.

Xdc dinh thanh phén khuyét thiéu éxy trong méu

Nong do khuyét thiéu oxy (8) trong hop chat
La 4Cao’40MnO3;5 duqc xac dinh bang phuong phap
Dicromat véi chat chuan dugc sir dung la Kalidicromat
(K,Cr,0,). Gia tri 6 thu duoc la 0,022. Ttr gia tri 6 c6
thé tinh dugc ham lugng Mn** va Mn** bang phuong
phap bao toan dién tich. Ty s6 Mn**/Mn** dugc dwa ra
trong bang 3.

Bang 3: gid tri & va ty s6 Mn®*/Mn** ciia mu dii va thiéu Lantan

Méu d Mn?** Mn* Mn*/Mn*
La,Ca, MnO,; | 0018 0,5785 04242 1357
La,Ca, MnO, 0,022 0,4600 0,5400 0,851

Ty s6 Mn*/Mn*" 1a mét thong sé quan trong cho
phép doan nhan mot cach dinh tinh cac tinh chét dién,
tlr ctia vat lidu. Du doan vé cac tinh chat chuyén pha
thong qua ty s6 Mn**/Mn** dugc trinh bay tom tit trong
bang 4.

Bang 4: twong quan ty sé Mn**/Mn** va su ton tai ciia cdc chuyén pha
dién - tir trong vt liéu perovskite manganite

Ty $6 Mn*/Mn* Loai chuyén pha
>4 Phan sét tir - thuan tir dién moi
1/4 Sét tir kim loai - thuan tir dién moi
Sét tir dién moi - thuén tir dién méi va trat
0,25/1 e
tu dién tich ¢ nhiét d thap
<0,25 Phan sét tir - thuan tix

Két qua tir bang 3 va 4 cho thiy, ty s6 Mn*/Mn**
cia mau thiéu Lantan nho hon mau du Lantan. Diéu
nay hoan toan hop 1y, vi khi pha tap thém Ca thi ndng
do Lantan it di, dé dam bao can b:lfmg dién tich trong
hop chét thi mot phan Mn*" phai chuyén thanh Mn*".
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Do d6, ndng do Mn** giam, nong do Mn*" ting lén
va ty s6 Mn*/Mn*" s& giam, dan dén trong hop chat
nay cudng do twong tac trao doi kép (DE) giam va
cudng do tuong tac siéu trao doi (SE) tang 1én. Vi ty
s6 Mn*/Mn* = 0,851 < 1 ¢6 thé dy doan ring, trong
hop chat nay s& c6 ton tai chuyén pha sat tir kim loai
(FM-MT) sang thuan tir dién méi (PM-IS) ma nhiét do
chuyén pha 1a nhiét d6 Curie (T.).

Xdc dinh nhiét dp chuyén pha Curie (T, o

Hinh 3 1a duong cong tu nhié¢t dugc do trong cac
treong hop co tir truong (FC) va khong co tir truong
(ZFC) cia hop chat La ,Ca  , MnO, .
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Hinh 3: dwong cong tir do khi lam lanh co tir truong (FC)

va khong 6 tir truong (ZFC) cua La,,; Ca, MnO, ¢

Puong cong M(T) trong hinh 3 cho thdy, c6 su
chuyén pha st tir (FM) sang thuan tr (PM). Nhiét do
chuyen pha (T.) dugc xac dinh bang giao diém cua
tiép tuyén voi duO'ng cong M(T) cit truc hoanh trong
hinh 3 d61a T, =258 K.

Hinh 3 con cho thr?iy, O vung nhiét do T < TC co
su tach nhau giira hai duong FC va ZFC. Con ¢ vung
nhi¢t @6 T > T thi tir d§ giam dan vé khong. Tur do
trong truong horp ZFC thap hon trong trudng hop FC.
S¢ di nhu vay 1a vi, trong mau duoc 1am lanh c6 tir
truong ngoai, cu hinh mémen tir duge dong bang theo
dinh huéng ctia tir trudng 1am lanh mau, do d6 tir do
M, (T) luén cao hon MZFC(T) Khi T > T, thi m6 men
tu’ giam dan vé khong. Di€u nay c6 thé glal thich nhu
sau: ¢ nhiét do thap, cac mo men tir dong bang theo
tir truong bén ngoai nén moémen tir 14 16n nhat. Khi
nhiét do tang, nang luong kich hoat nhi¢t 16n c6 xu
huéng pha v& ciu triic dong bang theo tir truong, 1am
cac momen tir trd nén hon loai va mémen tir ctia mau
giam dan. Nhiét d¢ cang tang, nang lugng nhiét cang
16n, 1am cho cdc momen tir tré nén hdn loan hoan toan,
trang thai sat tir bi phé v&. Do d6, md men tir ciia mau
= 0 va hop chét ¢ trang thai thuan tir (PM).
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Hinh 4: dwong cong dién tré ciia mau La,;

4caa,4rfM n 0375

Hinh 4 12 dudng cong dién tré cia mau nghién ciru.
C6 thé thay rang, dudng cong dién tré ciia mau co6 biéu
hién glam dot ngdt khi nhiét do tang. Nhu Vay, vat liéu
da chuyén tir trang thai kim loai trong viing sit tir sang
dién moi trong vung thuan ttr. Hinh 4 con cho thay, su
giam dot ngot cua duong cong dién trd khi nhiét do
tang. D6 1a bang ching vé sy ton tai trat ty dién tich
trong mau tai T, =112K.

Tir tré khong 16 (CMR) trong La,,, Ca, ,MnO,

Hinh 5 mé ta sy phu thudc tir tré ciia mau
La ,Ca 49Mn0 trong tir truong thap (-0,4 dén 0,4
Tesla). Két qua cho thdy, tai cac nhiét do xac dinh, d6
thi CMR(H) 1a mdt duong cong 2 nhanh c6 dang chir
V va ty 1€ thuan véi tur treong. Chung t6i thu duoc gia
tri tr tré cuc dai ctia mau 1a 12,3% tai tir truong 0,4 T.
Biéu dién gia tri tir tro theo cac nhiét d xac dinh trong
hinh 5 ta dugc CMR(T) giam gan nhu tuyén tinh theo
su tdng ctia nhiét do (hinh 6).
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CMR e = 12,3%
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Hinh 5: d6 thi CMR(H) ciia mau La

theo tir trurong
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Hinh 6: su thay déi tir trér ciia mau La, Ca, MnO, theo nhiét d¢
trong tir truong H =04 T

Két luan

Ching t6i da ché tao dwoc miu thiéu Lantan
La ,Ca , ,MnO, ; don pha co cdu tric truc thoi. D3
phat hién duoc chuyen pha sét tir kim loai sang thun
tr dién moi tai T, = 258 K, gia tri nay thip hon gia
tri trong hop chat du Lantan c6 cung thanh phan
La ,,Ca , MnO, . Trong mau con ton tai trang thai
trat tu dién tich tal T, = 112 K. Gia tri khuyét thiéu
oxy xac dinh duoc 1a & = 0,022. Ty s tir tro cuc dai
CMR(T) dat duogc tai T = 95 K 1a 12,3%, gia tri nay
giam di khi nhiét d0 tang l1én.

Céc sb liéu thuc nghiém cho théy, khi thay thé Ca?*
cho La* di co6 sy thay doi manh tir cac ion Mn’* tr&
thanh Mn*". Biéu d6 da lam ting cudng do tuong tac SE
trong mau thiéu Lantan. Sy canh tranh gitta cac tuong
tac DE va SE la nguyén nhdn co ban lam thay ddi tinh
chat trong hop chat thiéu Lantan La ,Ca  , MnO, .
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