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Tém tit:

Hé hop chat Nd, Sr MnO, (v6i x =1/3; 0,4 va 0,5) don pha va c6 cAu tric truc thoi. Cac tinh chit tir cia hé da
dwge nghién ctru tir cac dwong cong tir Ao phu thudc nhiét d¢ khi lam lanh khong c¢6 tir trwomg (ZFC) va cé tir
trueong (FC) trong viing nhiét dd 77-350K. Cac so liéu thye nghiém thu dwoc trén dwdng cong M(T) dwoc lam
khép véi dinh luat Block M(T) = (1 - BT*?) trong vung nhi¢t d¢ T <T_. H¢ s0 tir hoa song spin (B) da dwoc xac
dinh. Cac gia tri B két hgp véi ly thuyét vé twong tac trao doi kép (DE) da gidi thich vé sy bén virng ctiia trang
thai sit tir khi ting nong d Sr. Hién twong cluster glass va spin glass ciing dwgc quan sat.

Tir khéa: Céu triic don pha, chuyén pha sit tiv - thugn tir, ham Block, thiiy tinh spin, twong tic trao déi kép (DE),

1y s6 Mn**/Mn*",

Chi s6 phén logi: 2.5

Mot s6 cong trinh nghién ctru anh hudng cua sy thay
thé Sr cho Nd trong hé perovskite Nd, Sr MnO, cho thay,
nhiét do chuyen pha st tir - thuan tir (T ) thay d01 kha phuc
tap. O viing nong do thap (x < 0,1) trang thai phan st tir -
dién moi chiém wu thé, khi ndng do thay thé Sr ting (x >
0,15) thi trang thai sat tir thong tri trong vat liéu [1, 2]. Mat
khac, mot sb tac gia cho thdy hé hop chat nay c6 hiéu tng
tir tr& (CMR) 16n & gan nhiét d6 chuyén pha T. [1]. Glan
d6 pha ctia hé Nd,_Sr MnO, [3, 4] cho biét rang, v6i nong
do Sr tu x=0,3 den x=0,8 trong hé mau ton tai nhleu trang
thai cau tric tu Céu triic thuan tir - dién moi (PM), cdu trac
sit tir (FM), cdu tric phan sat tr (AFM), trang thai trat ty
dién tich (CO), v&i cac kiéu ciu triic phan sat tir A va C [5].
Vi vay nghién ctru anh huong ciia sy thay thé Sr cho Nd
Ién tinh chét tir trong hop chat Nd, St MnO, 1a m6t dé tai
hap dan.

Bai bao trinh bay mot sb két qua nghién ctru ciu tric va
su thay ddi tinh chét tir khi thay thé Sr cho Nd trong hé hop
chét Nd, Sr MnO, (v6i ham luong x = 1/3; 0,4 va 0,5).
Cac phep do mémen tir va xAc dinh nhiét d6 chuyén pha
da duoc thyc hién ¢ ving nhiét do thap. bac biét 1a ngoai
viéc dua vao mo hinh twong tac trao doi kép (DE) dé giai
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thich két qua thu duoc con véan dung 1y thuyét tinh toan,
d6 1a su két hop str dung dinh luat Block [6] va két qua
thuc nghiém dé danh gia cucmg d6 twong tac trao doi.
Trén co so d6 c6 thé giai thich vé sy thay d6i nhiét 46 T.

khi tang ndng d6 Sr trong hé hop chat nay.

Noi dung nghién ciu

Cac mau nghién ctru c6 hop thic danh dinh Nd,
Sr, MnO (x=1/3;0,4va0,5) du’orc ché tao bang phu0’ng
phap gém. Thanh phan ban dau gdm cac oxit va mudi:
Nd,O, MnO va SrCO, duoc tinh toan chi tiét theo horp
thuc Sau d6 hon hop duoc nghién, tron vai gio, r0i siy
kho trong ving nhiét d6 200-300°C. Hon hop dugc ép
thanh cac vién mau va dugc nung so bo ¢ nhiét &6 900°C
trong 12 gid ¢ diéu kién chudn (p = 1 atm) va dé ngudi
theo 10. Cac vién mau dugc nghién lai khoang 3 gio trong
cbi ma ndo, sau do ¢ép thanh vién. Cac vién mau dugc
nung thiéu két & 1000°C trong 10 gid, rdi ting nhiét
dd nung 1én 1100°C giilr trong 24 gio trong moi trudng
khong khi. Mau duoc 0 u 6 650°C trong 12 gid va de nguoi
theo 10. Tat ca cic mau déu duoc nghién ciru cau trac
bang nhiéu xa tia X (XPD), nghién ctru tinh cht tir bang
tir ké mau rung (VSM) va gid tri B trong cong thirc Block
duoc xac dinh bang phuong phap 1am khép ham sir dung
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Abstract:

The magnetic properties of Nd, Sr MnO, system
(with x =1/3, 0.4, and 0.5) have been investigated with
magnetization curves in zero field cooling (ZFC) and
field cooling (FC) measurements in the temperature
range of 77-350K. It is indicated that the temperature
dependence of magnetization has fitted in the
Block’s law in the region of T < T at all samples.
The magnetoresistance of Nd, Sr MnO, system has
been determined with low magnetic fields of 0.0-0.4T
in low temperatures. It is found that the obtained
magnetoresistance ratio (CMR) has decreased by
increasing Sr concentrations. The maximum values
of CMR (%) have obtained at around the region
of metal-insulator transition temperature (T),).
The dependence of maximum CMR (%) on the Sr
concentrations has been in accordance with the
hyperbola function in this system.

Keywords: Block’s law, Double-Exchange interaction
(DE), ferromagnetic-paramagnetic phase transition,
ratio of Mn®*/Mn*, single phase, spin-glass.
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Céiu tric tinh thé

Gian d6 nhidu xa tia X clia cac mau nghién ciru trén
hinh 1 cho thay: Cac dinh nhidu xa thu duoc rat sic nét
va dugc ddng nhat vé6i cdu tric perovskite dang truc thoi
(orthorhombic). Cac hing s6 mang tinh thé va thé tich
6 co so duogce xac dinh tir gian do nhidu xa tia X cho két
qué 1a: Mau x = 1/3 ¢6 thé tich 6 co s6 V = 226,89 A% va
mau x = 0,5 ¢ V =227,84 A3 (xem bang 1). Sy thay ddi
thé tich 6 co s& ndy c6 nguyén nhan 1a do ban kinh Sr?*
(1,12A) thay thé 16n hon ban kinh Nd** (0,995A) [7] khi
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ndng do thay thé Sr cho Nd ting. Diéu nay c6 thé dan dén
su dan nd hoac méo mang tinh the.
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Hinh 1. Gian d6 nhiéu xa tia X ctia hé Nd, Sr MnO, (x =
1/3,x=0,4vax=0,5).

Tinh chit tiv

Tinh chit tir cta h¢ miu Nd,_Sr MnO, (x = 1/3; 0,4
va 0,5) da dugc nghién ciru trong truong hop lam lanh
c6 tu truong (FC) voi H = 1 kOe va lam lanh khong ¢o
trr truong (ZFC). Hiéu mémen tr AM = M. - M. phu
thudc nhiét do duoc biéu dién trén hinh 2. Gla tri nhiét
d6 chuyén pha sit tir - thuén tir (TC) duogc xac dinh tir cac
duoc cong M(T) (bang 1) cho thiy, nhiét 6 chuyén pha
T tang khi nong d6 thay the Srcho Nd tang. Nguyén nhan
c6 thé 1a do sy din né cdu tric tinh thé va sy rneo mang
Jahn-Teller da anh huong t(n bat di¢gn MnO, kh1 nong do
Sr tang Céc tac gia [8] cho rang, trong ving ndng do thay
thé Sr1a 0,25 < x < 0,5, trang thai st tir - kim loai chiém
uu thé trong hop chat, nén nhiét d6 chuyén pha T. thay
d6i nho khi nong do thay thé Sr tang.
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Hinh 2. Pudng cong FC, ZFC cia hé¢ mau Nd,_Sr MnO,
(@ x =1/3; (b) x = 0,4; (c¢) x = 0,5; (d) hiéu mémen tur
M, M, phu thudc nhiét d§ ctia cic mau nghién ciu.
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Bang 1. Thé tich 6 co s&, nhiét do chuyén pha sit tir -
thuan tir (T ), nhiét d¢ déng bang spin (T) va gia tri B cla
hé Nd, Sr MnO,.
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Miu V (%) T.(K) T, (K) B(x10%
Nd,Sr,,MnO, 226,89 275 220 4,940,112
Nd, Sr, ,MnO, 227,05 278 200 4,240,151
Nd, Sr, MnO, 227,84 280 199 5,3+0,240

0,5770,5

Tu cac dudng cong AM =M, .- M, . phu thudc nhiét
do trén hinh 2d cho thdy, dudi nhiét d¢ chuyén pha T,
gia tri AM > 0 va AM ting déan theo su giam cua nhiét
d6. Nghia 1a cac duong cong FC va ZFC tach nhau dan
va cang biéu hién rd khi nhiét do giam. Sy khac biét nay
1a do ban chat ciia hai qua trinh 1am lanh mau khi ¢6 tir
truong va khi khong cé tur truong tac dung (H = 1 kOe).
Mat khéc su tach nhau gitra hai duong ZFC va FC ¢ vung
nhiét do thap (T < T_) con do trong mAu van con ton tai di
hudng tir nguyén thay [7]. Hinh 2d con cho thay, tai mot
nhi¢t d xac dinh dudi nhigt do T, AM giam khi néng do
Sr tang. Két qua nay 1a mot minh chimg cho sy bén vimng
céu trac sit tir trong mau. Boi vi, & dudi nhiét do chuyén
pha T, trang thai st tir clia mau phu thudc vao AM. Khi
AM nho thi trang thai sit tir bén viing hon va it bi anh
hudng do nhiét d6. Nhu vay, c6 thé nhan dinh rang, véi
mau x = 0,5 c6 AM nh6 nhat nén cau tric tir bén viing
hon so v&i mau ¢6 néng d6 x = 1/3 va x = 0,4. Do do6 dé
pha v trang thai sat tir trong mau (x = 0,5) cin mot ning
lugng nhiét 16n hon [am cho nhiét d chuyén pha T tang
chat it khi ndng thay thé Sr cho Nd ting lén.

Hinh 3 dua ra cac duong cong ZFC ddi voi tat ca cac
mau nghién ctru. Nhan thy ring trén cac dudng cong
nay déu xuét hién mot cuc dai twong ung véi nhiét do
dong bang spin T, (defrezing temperature of spin glass).
O vung nhiét d¢ thép hon T, (T < T)), vat li¢u biéu hién
trang thai cluster glass hodc spin glass. Khi T.<T<T_,
vat lidu ¢ trang thai st tir va twong tac trao d6i kép (DE)
chiém wu thé. Gid tri T, da dugc xac dinh va dua ra trong
bang 1. Nhén thay T, gidam manh khi ndng d9 Sr tang tir x
=1/3 1én x = 0,4. Nguyén nhan gay ra hién tugng nay la
do qua trinh bién ddi cua cac ion Mn** thanh Mn** trong
qua trinh thay thé ion Nd* bang Sr**. Sy ¢6 mit ctia ion
Sr?* dan t6i viéc pha v trang thai sat tr hodc da lam
nghiéng cac spin ngadn can qua trinh hinh thanh trang thai
sat tir trong mau [9].
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(x=1/3); M = 0.04T + 18.25
5+ (x=0.4);M=0.036T +19.99
(x=0.5); M =0.013T +9,73
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Hinh 3. Dudng cong ZFC ctia hé mau Nd,_Sr MnO, (x =

1/3; 0,4 va 0,5).

Tir cac s6 liéu thyc nghiém trén duong cong ZFC cua
cac mau, trong vung nhiét do T < T, chung toi da lam
khép cac gia tri momen ttr voi ham bac nhat: M(T) =a.T
+ b (hinh 3). Cac két qua hé sb goc a xac dinh duoc cho
thay, gia tri a giam tir 0,04 (VO’l X= 1/3) xudng 0,013 (voi
x=0,5). Diéu nay ching t6 ciu truc sit tir trong hop chét
6n dinh va bén viing khi ting ndng do Sr.

Dinh ludt Block

Cac két qua M(T) thu dugc trong ving nhiét do T < T,
¢ thé duoc biéu biéu dién theo dinh luat Block

M(T)
MO

_1-BT" (1), 6 day M_ la tir d§ bao hoa khi mau &

nhiét 46 0K va B 1a hé sb tir hoa song spin O nhiét do
thip. Nghién ctru su thay d6i hang s6 B trong cong thic
(1), cac tac gia [6] nhan thiy ring, gi tri B lién quan dén
cuong do twong tac trao dbi kép (DE) trong miu va nd
anh hudng t6i nhiét do chuyén pha sét tir - thuan tir (T,).
Khi B giam, cuong d¢ tuong tac DE ting, kéo theo nhiét

d6 chuyén pha T. tang.

Xuat phat tir mo hinh séng spin & ving nhiét do T <
T, ching t6i nghién ctru chi tiet cac dudong cong M(T)
trong truong hop lam lanh co6 tir truong ¢ vung nhiét do

T <170K.
Hinh 4 trinh bay ty s6 ——

( )

phu thudc vao T*?

trong

vung nhiétdo T< 170K (101 Vo1 hc hop chat Nd, Sr MnO.,.
Nhan thay rang, cac so li€u trén cac duong cong nay
trang khép v6i dinh luat Bloch. Ding phan mén Origin,
chung t6i da xac dinh dugc gia tri B trong cong thire (1)
va dua ra trong bang 1. Nhan thay, gi4 tri B giam va nhiét
do T, tang twong Umg véi ndng do Sr tang tir x = 1/3 1én
X = 0 ;4. Tuy nhién ¢ x = 0,5, gia tri B va T, tang chut it.
Nhu vy, cac két qua thuc nghiém cia chung toi ligt ké
trong bang 1 phii hop vé6i nhitng phan tich tir 1y thuyét
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clia cac tac gia [6] & ndng do thay thé x < 0,5. Két qua xac
dinh hang s6 B trong truong hop x=0,5 cho théy, su thay
d6i nhiét do chuyén pha T cua mau khong thé dira hoan
toan vao mé hinh tuong tac trao doi kép (DE) hay su thay
doi ty so Mn*/Mn* ma can phai tim hiéu thém vé& cac
ung xuat ndi tai do cac ban kinh ion khac nhau dugc thay
thé trong cau trac tinh thé [10].
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Hinh 4. Sy phu thudc clia ty s6

Horp chét Nd, Sr MnO, (x=1/3; 0,4 va 0,5) da du:oc
ché tao va anh huong cua su’ thay thé Sr cho Mn 1én céu
tric va tinh chat tir cia hé da duoc nghién ciru. Két qua
cho thay, nhiét do chuyen pha sat tir - thuan tir (T,) tang
dang ké va trang thai st tir bén virmg hon theo nong do
thay thé Sr. D quan sat thdy su tao thanh cac dam thuy
tinh (cluster glass hoac spin glass) trong viung nhiét do T
< 220K. Buong cong M(T) trong vung nhiét d0 (T <
170K) dugc lam khép véi ham Block. Cac gia tri B xac
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dinh tir ham Block két hop v6i tuong tac DE c6 thé giai
thich cho sy thay doi T . theo nong do Sr (x <0,5).
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