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1. MO DAU

Trude nam 2000 hau hét cac cong trinh nghién ciru vé tinh chat vat I cia cac hop chit Ry
AMNO; (voi R la dat hiém va A 1a cac nguyén t6 Ca, Ba, Sr,...) [1, 2, 3] déu tap trung vao van
dé tir tré 10n khi nong do pha tap (x) cua cac nguyén t6 thay d01 Dé giai thich van dé nay nguoi
ta van dung co ché tuong tac trao (101 kép (DE) két hop v6i sy méo mang Jahn - Teller xay ra
trong qua trinh pha tap cac nguyén t6 khac vao vi tri R Tuy nhién, cac hiu tmg thay thé truc
t1ep cho Mn trong hop chat nay van con nhiéu van dé chua duoc lam sang t6. Boi vi sy thay thé
vi tri Mn bang mot nguyén t6 khac da anh hudng tryc tiép den b khung cau trac co s¢ do 1a bat
dién MnOs trong hop chit. Trong mot s6 tai lidu cong bd rang: anh hudng cua cac nguyén tb
thay thé vi tri Mn lam suy yéu cuong do tuong tac DE nhung khong dua ra duoc nguén goc cua
van de nay. Nhitng két qua nghién ctru vé thay thé céc kim loai chuyén t1ep 3d cho Mn déu cho
thdy rang: su thay doi cac tinh chat vat Ii cua hé rat da dang. Vi vy, nhleu tai liéu cong bd vé
cac thong sO Tc va ti sd tir trd trong cac hop chit Lay,CaMnOs khong glong nhau [4], dac biét
1a ti s6 tur tr¢ lon nhét thu dugc xung quanh nhiét d6 Curie (Tc), van de nay lién quan dén ban
chat da rang vé su tac dong lan nhau cta Spin, dién tich 1 cac hing s6 mang Diéu dic blet hap
dan khi pha tap cac nguyén to kim loai 3d vao vi tri Mn lam thay d6i ban chat mang Mn*- O -
Mn**. Mot s6 nghién ctru vé cac hop chét pha tap Fe, Co, Ni, Al,... da cho thay [5, 6]: trong
truong hop pha tap Al vao vi tri Mn thi nhiét d6 Tc va nhiét do chuyen pha kim loai - dién moi
(Tp) giam rat nhanh nhung khong gdy tdc dong manh dén tir tro. Trong céc hop chat pha tap Fe
thi tir tré ciia mau tang 1én. Phan tich pho Mdsbauer cho thiy su ton tai cac dam sat tir v6i sy
phén b theo kich thudc khac nhau. Mot sd tac gia con quan sat dugc dac trung dién mdi - phan
sit tir [7] nguoc voi twong tic DE. Céc gia khac lai khang dinh ring trong mau pha tap Fe c6 su
biéu hién cua Spin glass va sy canh tranh giira cac dam sat tir (FM) va phan sat tir (AM) [8]. Két
qué nghién ctru cac hop chét pha tap Co cho thay rang Co lam lodng twong tac DE, lam thay doi
trat ty tir, nhu chuyén trat ty FM sang trt tu thuy tinh ddm FM (cluster- glass). d cic mau pha
tap Ni, cac tac gia cling tim duoc nhiét do Tc giam manh kéo theo su suy giam twong tac DE [9].
Nhu vay viéc nghién ciru dé 1am sang t6 cac nguyén nhan lam thay doi cac tinh chat vat Ii ctia hé
R1,AMNO; 12 cin thiét. Chuing t6i chon hé mau co sé 1a La;,Ca,MnO; dé nghién ctru. Trong
hé nay, mot sé tinh chit t6i wu da duoc thiét 14p. Theo gian dd pha cua Shiffer va dong nghiép
[10] thi voi nong do pha tap Ca (x = 1/3), hop chit s& c6 nhiét do Curie cao, dong thoi cac tinh
chat toi wu khac cling xuat hién. Nhung thay thé Ca cho vi tri La chi 1a tic dong gian tiép 1én cdu
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trac tinh thé ciia vat liéu ¢ vung khong gian xung quanh bat dién MnOe, con thay thé vi tri Mn
moi 12 tac dong truc tiép dén khung cau triic co s cau thanh hop chat. Chung t6i da thay thé mot
lugng nho cua Ca va Zn trong hop chit LaZ/3Ca1/3M NOs.s5 Vi nong do thap (V(n x < 0,2) vao vi
tri Mn dé nghién ctru anh huong ciia cac nguyén t6 nay 1én cac tinh chat chuyén trong hop chét.

2. THU'C NGHIEM

Céac mau nghién ctru ¢6 hop thuc danh dinh la LaysCaysMny 4 TMOsz5 (voi TM = Cu, Zn
va x = 0,00; 0,05 ;0,15 va 0,20) duoc ché tao bang phuong phap phan tng pha rin. Thanh phan
ban dau gém cac oxit nhu La,O3, CaCO3, MnO, CuO, ZnO c¢6 d6 sach tir 3N — 4N duoc nghién,
tron vai gio sau do say kho. Mau duogc ép thanh vién va nung so bd ¢ 900°C trong 12 gid va dé
ngudi theo 10. Cac vién mau duoc nghién lai, ép thanh vién, nung thiéu két & 1150°C trong 24
gio, u mau & 650°C trong 12 gio va dé ngudi theo 10 trong khong khi. Cac phép do nghién ctru
v€ cac tinh chat dién tir, cau trac da dugce tién hanh. Két qua thu dugc trén cac cac mau ché tao
cho thdy miu dat chét lugng tot.

3. KET QUA VA THAO LUAN

3.1. CAu tric tinh thé

Céc gian dd nhiéu xa Ronghen (XPD) ctia cic mau Lay;;CaysMny.,Zn,Os. 5 (x=0,00- O ,20)
nhu hinh 1 va Lay;3CayzMny,Cu,Os. 5 (x=0,00 — 0,20) (khong dua ra ¢ day) déu cho biét mau la
don pha va cau trac co sO cla cac mau 1a tryc thoi (orthorhomic) thue nhom khong gian Pnma.
Gia tri cac hing s6 mang xac dinh duoc trong bang 1 va 2 cho thdy rang c6 su gidn nd mang di
kém véi su ting cac goc O va khoang cach trung binh Mn — O trong cau tric tinh thé khi thay céc
Ion Cu va Zn vao vi tri Mn [9].
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Hinh 1. Gian d6 nhidu xa bot Ronghen (XPD) ctia hé mau Lay;;CaysMn,,Zn,Os.5 (X = 0,00 — 0,20)
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Sy gidn nd mang nay di tao nén nhimng Gmg suit ndi tai dong gép manh vao sy thay doi tinh
chit cua cac hop chit va 1am xuit hién sy méo mang Jahn — Teller trong cd 2 hé mau
Lay;sCaysMnO; pha tap Cu va Zn. Thé tich 6 co s& cua cac mau tang nhe theo néng do pha tap:
tr V= 233,72A & mau khong pha tap 1én dén 234,783\ d6i v&i mau pha tap Cu va V = 233,70A°
d6i voi mau pha tap Zn & ndng d6 x = 0,2. Két qua nay 1a hop If boi vi hoa tri cua cac ion Cu va
Zn trong céc hop chat déu 1a 2" (véi ban kinh ion I, = 0,724 va cua ion Zn 1a r,. =074 R)

dugc thay vao vi tri Mn c6hoa trj 3" (v6i ban kinh ion nhé hon 1, ., =0,66 ).

Bang 1. Gia tri hang s6 mang, thé tich 6 co so, ti s6 Mn**/Mn*" va thira s§ dung han cta hé
hO’p chat Lay;CagsMny,Cu,Oss

STT Mau aR) | bA) | ¢ | V(&3 | Mn*/Mn* r=ﬁr2r;r_‘“’m
1 LasCaysMnO; 5459 | 7,756 | 5,520 | 233,72 | 2,000 0,7593
2 | LaysCaysMngosClgos0; | 5,461 | 7,758 | 5518 | 233,78 | 1,478 0,7588
3 | LaysCaysMnoeoClo100; | 5,467 | 7,762 | 5527 | 234,36 | 1,077 0,7583
4 | LaysCaysMnggsClo 505 | 5,465 | 7,764 | 5527 | 23451 | 0,758 0,7578
5 | LaysCaysMnogsClo200s | 5,467 | 7,766 | 5530 | 234,78 | 0,500 0,7573

Bdng 2. Gié tri hing sb mang, thé tich 6 co s0, ti s6 Mn**/Mn** va thira s§ dung han cua
hé hO’p chat La2,3Ca1,3Mn1_XZnXO3.5

STT Mau aR) | bR) | cR) | V&) | Mn*/mn* T:ﬁr?r:fro)
1 Lay:CaysMnO; | 5,459 | 7,756 | 5520 | 233.72 | 2,000 0,7593
2 | LaysCaysMnossZngesOs | 5,466 | 7,759 | 5524 | 23427 | 1,470 0,7587
3 | LaysCaysMnogoZng 14O | 5,468 | 7,761 | 5,528 | 234,59 | 1,077 0,7580
4 | LaysCaysMnogsZnossOs | 5,470 | 7,764 | 5,531 | 234,90 | 0,759 0,7573
5 | LayCaysMnogZno,Os | 5479 | 7,767 | 5534 | 23550 | 0,500 0,7577

Thura sb dung han tinh dugc thay ddi rat it theo x tir 0,05 dén 0,20, cho théy sy méo mang
trong cac hop chat trong viing ndng do thay thé 1a kha nho. Nhu vy ciu trac truc thoi van con
bén viing. Ti s6 Mn**/Mn*" ctia hai hé hop chat x4p xi nhau cho thdy kha ning thay thé Mn®*" ctia
Cu?* va Zn** 1a twong duong bdi vi Cu va Zn 14 hai nguyén t6 dimg canh nhau trong bang tuin
hoan, c6 cau hinh dién tir giong nhau va ban kinh ion xap xi nhau.

3.1. Sw chuyén pha sit tir - thuan tir va kim loai di¢n méi

Hinh 2a va 2b 1a db thi sy phu thudc do tir hoa theo nhiét do ctia cac hé mau LaysCaysMny.
x T MyO3.5 voi TM la Cu va Zn (x = 0,00 — 0,20) trong tur truong 500 Oe. Két qua nhan dugc trén
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hinh 2 cho thay trén cac duong cong M(T) & ca hai truong hop lam lanh co tur truomg (FC) va
khong tir truong (ZFC) trong viing nhiét d6 77 K — 300 K déu rat gan nhau khong quan sat thay
su tao thanh dam Spin — Cluster hoac Spin — Glass trong cd hai hé hgp chat. Tir cac dudng cong
nay da xac dinh dugc nhiét d6 chuyén pha sit - thuan tir (Tc) thay doi theo ndng d6 pha tap (gia
trj Tc nhan dugce tir viéc ngoai suy duong cong M(T) vé 0).
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Hinh 3a va 3b la cac dudng cong dién trd clia cic mau trong ving nhiét d6 77 K - 300 K
trong cac truong hop tir truong H = 0,0 T va H = 0,4 T cho thdy rang: Tat ca cac dudng cong
dién tro déu co cyc dai tai Tp. PO chinh 1 chuyén pha kim loai - dién méi (hodc kim loai — ban
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Quan sat hinh 3a va 3b nhan thiy cac duong cong dién trd phu thudc nhiét d6 déu cho thay
dién trd cua cac mau tang manh theo néng d6 pha tap Cu va Zn. Vén dé nay co thé 1a do su thay
thé cac nguyén t6 phi tir cho Mn chi lam giam cuong d6 twong tic DE ma khong 1am thay d6i
néng do hat tai. Khi khong c6 tac dung cua tur truong ngoai, su suy giam tuong tdc DE lam cho
céu trac FM kém hoan hdo dan dén do linh dong cua cac dién tir g gidm. Hé qua 1a dién tr¢ cua
mAu ting theo nong do pha tap. Sy suy giam d6 linh dong cua cac dién tir eq kéo theo sy giam do
dan dién cia vat lidu, dong thoi gia ting sy méo mang J — T & ving T < Te.

So sanh nhiét do chuyén pha sét tir - thuén tir (T¢) va nhiét d6 chuyén pha kim loai — dién
moi (Tp) cho thay Tp thong thuong c6 gia tri nho hon Te. Vén dé nay dugc Mahediral va cong su
[2] gidi thich rang: chuyén pha kim loai - dién moéi tai Tp dugc quyét dinh boi trat ty tir cuc bo,
con T 1a trat tu sit tir trong toan bo méu. Pudng cong dién tré quan sat dugc co thé phu thude
vao cac dong gop tir cac dam st tir kim loai cuc bd va cac bién hat mang tinh dién méi. Khi kich
thudc hat tinh thé nho, sy dong gbp ctia phan dién moi khong 16n dan dén Tp thap hon.

Bdng 3. Gia tri nhiét 6 T, va Tp thay ddi theo néng d6 pha tap X cta cac hé¢
La,3CaysMn0Os pha tap Cu vazn

« Laz3CaysMnyCuxOs. 5 Laz3CaysMny xZn,O3 5
Tc (K) Tp (K) Tc (K) Tp (K)
0,00 255 250 255 250
0,05 240 210 230 200
0,10 235 195 215 180
0,15 220 165 205 160
0,20 210 150 200 125

Tir bang 3 nhan thay ring trong ca hai hé mau nhiét do chuyén pha T¢ va Tp. Diéu nay c6
nguyén nhan sau xa do6 1a sy thay doi ti s6 Mn**Mn*" ¢ nhitng murc pha tap khac nhau 1a khac
nhau dan dén su thay d6i cuong do tuong tac DE va SE trong cac hop chat. Thém vao d6 su suy
giam Tc va Tp nay con vi su twong tac gilra cac nguyén t6 pha tap Cu va Zn v&i cac ion Mn dan
dén sy thong tri cta tuong tac phan sat tir SE [11], mat khac con vi sy gian doan tr tinh cuc bo
gilra cac Spin cua cac dién tir tpg trong cac hop chat [12]. Néi cach khac, do cau hinh dién tr cia
chung da bi thay d6i [12]. Bang 3 con cho thay céc gia tri Tc Va Tp cia hé mau pha tap Cu c6 su
suy giam manh hon so v6i hé mau pha tap Zn. Chiing t6i cho rang c6 thé do cac dién tir s trong
cau hinh dién tir ciia Cu va Zn gdy nén khi xdy ra tuong tac trao doi véi cac dién tir tpg cua Mn**.
Vi Cu ¢6 c4u hinh dién tir 3d"%4s’ con cdu hinh dién tir cia Zn 1a 3d'°4s? va ciu hinh dién tir cua
Mn 13 3d*4s®. Mt khéac cac gia tri Tp c6 lién quan dén chuyen pha kim loai — dién mdi va su
thay ddi trang thai kim loai - dién méi dugc quyét dinh béi ti s6 Mn*/Mn**. Béi vi ndng do pha
tap trong hop chat tang 1én thi sy chuyén cac ion Mn®*" thanh ion Mn* ciing tang 1én lam cho
tuong tac DE suy yéu kéo theo ca su suy giam Tp.

3.1.1. Te tro
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Tir tro ciia cac mau nghién ctru dugce tinh theo hé thic:
R(H=0T)-R(H=0,4T)
R(H=0T)

Céc két qua do tir tré' ctia cac mau trong viing tir trudng H = 0T dén H = 0,4T & nhitng nhiét
d6 khong doi dugc trinh bay trén hinh 5.

CMR (%) = .100% .
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Nhén thiy rang gia tri CMR cua cac mau ting theo ndng d6 pha tap. Dbi voi mau pha tap
Cu: CMR ting tir 16,7 % & mau x = 0 1én 23,4 % & mau x = 0,20 trong tir trudng H = 0T - 0,4T.
Dé giai thich sy tang ti sO tir tré ndy c6 thé sir dung co ché suy giam twong tac DE va sy méo
mang Jahn — Teller. O phan trén d3 chirng minh sy giam d6 linh dong cua dién tir ey da lam tdng
dién tré va lam giam do dan dién cta vat liéu theo néng d6 pha tap x. Thém vao do6 ban kinh cta
c4c ion Cu* va Zn®* 16n hon so vé6i ban kinh ciia cac ion Mn** di gdy nén hiéu mg giin
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mang lam ting g suat ndi trong cau tric tinh thé dan dén lam ting mic d6 xodn ciu tric nghia
I lam tang sy méo mang Jahn — Teller.

Nhan thay rang: cac duong cong tir trd phu thudce tir truong déu co dang chir V. Dudi tac
dong cua tir trudng ngoai, trang thai FM s& dugc tai thiét 1ap hoan hao hon 1am cho d9 linh dong
cua cac dién tu € tang 1én va lam gidam d6 méo cau trac. H¢ qua 1a dién tr¢ cua mau giam di
dudi tac dung cua tir truong. Nhu vay co thé cho rang: ba nguyén nhan chu yéu dan dén sy gia
tang ti s0 CMR 16n 1a trat ty tr FM kém hoan hdo, d¢ linh dong cua céc dién tir eq thap va mirc
d6 méo mang Jahn - Teller cao khi khéng c6 tir truong tac dung.

4. KET LUAN

Vi nong d6 pha tap x = 0,00 — 0,20 cia Cu va Zn cho Mn trong hop chat La2/3Ca1/3M nOs 5
d3 1am dén né mang tinh thé va gay nén Gng sudt nd tai dong gop vao su thay 6101 cac tinh chét
ctia hop chit. Tuy nhién trong viing ndng d6 pha tap nay chua gy sy thay doi cdu truc tinh thé
trong hop chat.

Cac nhiét do chuyén pha T¢ va Tp da dugc xac dinh déu phu thudc vao néng d6 pha tap x.
Nhing thay di cac nhiét do nay lién quan dé ti s6 Mn*/Mn** va cac tuong tac DE va SE. C4c
két qua da phan anh su thay doi cau hinh cau hinh dién tir trong hai hé pha tap Cu va Zn.

Két qua do tir tré dd din dén nhan dinh: C6 3 nguyén nhan chu yéu lam thay ddi ti sd, tir trd
(CMR) theo nhiét do 1a trat tu sat tir kém hoan hao khi thay thé kim loai phi tir, d6 linh dong cua cac
dién tir e suy giam va mic @ méo mang Jahn — Teller cao khi mau d3t trong tir truong H = OT.

Loi cdm on. Céng trinh nay dwoc tai tro cia dé tai ‘National Foundation for Science and
Technology Development (NAFOSTED) for funding this work within project 103.01.77.09’.
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SUMMARY

STUDY ON PHASE TRANSITION, ELECTIC AND MAGNETIC PROPERTIES OF
La2/3Ca1,3Mn1_XTMxO3_5 (TM = Cu and Zn) COMPOUNDS

The perovskite La;Ca,MnO; system has many particular properties with x = 1/3. At this
doping concentration, the ferromagnetic-paramagnetic (FM-PM) phase transition temperature
(Tc) and the metallic-insulator (M-I) phase transtion temperature (T,) of the compound reach to
maximum values. Besides, magnetoresistance effect of the compound is large at low magnetic
field. To develop Mn-based perovskite compounds, direct substitutions of Mn by other 3d
transition metals (TM) in the Lay3CaysMnO; compound have been made. The previous studies
show that the electronic and magnetic properties of LaysCajsMny,TM,O; compounds are
variously changed in comparison to these of the La,;sCa;sMnO; compound, but explanation in
literature are not enough to shed light on physical mechanisms of these changes.

This paper showed new results of the electronic and magnetic properties of Lay3CayzMn;.
«T MOz (with TM = Cu and Zn) compounds, in order to clarify more about physical mechanisms
underlying the various changes in properties of the compounds by substituting other TM for Mn.
It is found that there are three important reasons to explain the changes in the electronic and
magnetic properties of LaysCaysMny,TM,O3 compounds: (i) imperfect ferromagnetic ordering,
(it) decreasing mobility of ey electrons, and (iii) increasing strength of Jahn-Teller distortion by
substituting Cu or Zn for Mn.
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