UED Journal of Sciences, Humanities & Education — ISSN 1859 - 4603

NGHIEN CU'U TiNH CHAT CAU TRUC VA TiNH CHAT TU’ CUA PEROVSKITE

o REMnOs (RE=La,Nd,Pr)
Nhén bai:

26 —-08 —2016
Chap nhan ding:

22 -09-2016
http://jshe.ued.udn.vn/

Nguyén Thi M Brc®®", Ngd Thu Huong®

Tém tat: Trong bai bao nay, ching toi d& nghién ctu ché tao hé mau perovskite manganit REMnO; v&i
cac ion dat hiém lan lwot la La; Nd va Pr bing phwong phap phan (ng pha rén. Cac tinh chét céu tric

va tinh chét tir clia hé mau da dwoc khao sét. CAu tric tinh thé clia mau LaMnOs la cubic, trong khi d6,
céu trac tinh thé ctia NdMnOs va PrMnOs la orthorhombic. Ching t6i tién hanh khao sét sy phu thudc
clia tlr d6 vao nhiét do va tr trwdng. Ngoai ra, bai bao con tinh toan nhiét do Curie, nhiét do Weiss va

héng sé Curie clia cdc mau. Chung t6i da phat hién ra sy chuyén pha khéac tai 15.3K va 42.5K dbi voi

mau NdMnOs So sanh céc tinh chat tlr clia cac mau véi nhau. Tir d6, chung téi thao luan vé anh hwéng

cUa ion dat hiém 1én cac tinh chét clia hé mau.

T khéa: tinh chét tiv; perovskite; manganite; pha tap dat hiém.

1. M& dau

Cau tric perovskite do Gustav Rose phét hién lan
dau tién vao nam 1839 trong khoang chit CaTiOj3 [20].
Ngay nay, thuat ngit nay dwoc dung cho cac vat liu cé
codng thac hoa hoc chung la ABOs, trong d6 A 1a cac
cation hda tri 1, 2 hoic 3 nhuw Na'*, K*, Sr?*, Ba*,..., B
la cac cation hda tri 5, 4 hoic twong tng nhu Nb°*, Ti%*,
Eud*,... O vi tri caa O c6 thé la cac nguyén t6 khac (F*,
CI**) nhung phd bién nhit van la oxy. Ciu tric
perovskite 1y tuong ABOs; dugc mO ta nhu trong hinh
1a. O mang co so 1a mot hinh 1ap phuong véi cac tham
somanga=b=cva a = [ =y =90°

Vi tri 8 dinh ciia hinh lap phuong dugc chiém boi
cation A (vi tri A), tm ctia 6 mat hinh lap phuong 12 vi tri
cua anion O (ion ligand) va tdm cua hinh lap phuong la vi
tri cua cation B (vi tri B). Trong cau trGic nay, cation B
duoc bao quanh boi 8 cation A va 6 anion O, con mdi vi tri
cation A dugc bao quanh bai 12 anion O (Hinh 1b) [23].
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Hinh 1. (a) Cau tric perovskite 1y furong; (b) Sw scip xép
cuia cac bat dién trong cdu triic perovskite Iy tieong [23]

Nhu vy, dic trung quan trong cta cau tric
perovskite 1a ton tai céc bat dién BOg noi tiép trong mot
0 mang co s& v&i 6 anion oxy tai cac dinh cua bét dién
va mot cation B tai tam bat dién. Khdi bat dién nay dong
vai tro rat quan trong lién quan tai tinh cht dién cua vat
ligu. Ching ta ciing c6 thé biéu dién cau truc perovskite
nhu 1a bao gom cac bat dién BOs sap xép canh nhau,
Hinh 1b mé ta ciu trc tinh thé khi tinh tién truc toa do
di /2 6 mang.

Hau hét cac vat liéu c6 cau tric perovskite khdng
pha tap déu thé hién tinh dién méi phan sat tir.

Trong bai viét nay, ching tdi tap trung nghién cau
tinh chat ciu trdc va tinh chat tir cua hé vat ligu
perovskite chua pha tap REMnOg3 véi RE=La;Nd;Pr.

2. Thwc nghiém
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Nghién ctu ché tao hé mau REMnOs (RE = La, Pr,
Nd) chua pha tap bang phuong phap gébm hay con goi 1a
phuong phap phan Gng pha rin. So d6 khdi cua quy
trinh ché tao mau dwoc biéu dién & Hinh 2.

. Qua
Cic Nghién Tao winh
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Hinh 2. So d6 khoi qué trinh tgzo cac mau gom REMnOs

Céc miu dugc ché tao bang phuong phap gom tir
cac vat liéu oxit ban dau co6 do sach cao: Pr,0s (99,99
%), La;0s (99,99 %), BaO (99,5 %), MnO (99,99 %),
Nd,0s (99,99 %). Quy trinh ché tao mau duoc thuc hién
theo 4 giai doan:

Giai doan 1: Chuan bi nguyén liéu va can theo hop phan.

Giai doan 2: Qua trinh nghién tron. Nguyén liéu
dang bot dugc nghién min véi thoi gian 1a 8 gid bang
cdi ma ndo dé tang dién tich tiép xuc gitra cac hat, tao
su ddng déu céc chat trong hdn hop.

Giai doan 3: Ep mau. Trudc khi ép, mau duoc tron
cung chat két dinh PVA 2 % voi muc dich lién két tam
thoi cac hat ri rac lai v6i nhau, chét két dinh c6 thanh
phan hitu co nén khi nung thiéu két & nhiét do cao s&
bay hoi hét. Mau c6 dang hinh try, duong kinh 20mm
dugc ép véi &p suét 5 tin/cm?

Giai doan 4: Qua trinh nung: bao gdm hai qué trinh
nung so bd va nung thiéu két.

Gian d6 nung thiéu két mau duoc biéu dién trén Hinh 3:

Nhiét dé

1250°C

Nhigt | Ngudi theo 1o
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phong ‘ e 1

10 gi&r Thi gian

Hinh 3. Gidn do nung c&c mau REMnO;

- Nung so bd: mau sau khi ép dugc sdy kho ¢ 80°C
trong thoi gian 10 gio sau d6 duge nung so bo ¢ 1000°C
trong 10 gio va lam nguoi theo 16 dén nhiét do phong.

- Nung thiéu két: mau sau khi nung so bo lai lap lai
qué trinh nghién tron, ép va say kho nhu trén. Mau duoc
nung thiéu két ¢ 1.250°C va gitt & nhiét do nay trong
thoi gian 10 gio sau d6 duoc 1am ngudi theo 16 dén
nhiét d6 phong.

3. Két qua va thao luan

3.1. Cac phép do

Cac mau sau khi ché tao duoc khao sat ciu tric va
tinh chat tir. O day, ching t6i thuc hién cac phép do
nhidu xa tia X (XRD), phép do hién vi dién tir quét
(SEM), phép do duong tré tir phu thuc vao tir truong
M(H) dugc thuc hién trén tir ké mau rung (VSM), phép
do duong tir d6 phu thudc vao nhiét a6 M(T) duoc thuc
hién trén may SQUID.

Phép do phd XRD cua cac mau duoc tién hanh trén
hé nhiéu xa ké tia X Bruker D5005 (CHLB Dtic). Hé do
str dung dng phét tia X véi anode Cu, budc song tia X 1a
A = 1,54056A. Anh SEM cua cac mau dugc chup trén
thiét bi Nova NanoSEM — 450 — FEI c¢6 d6 phan giai
cao la 1,4nm trong chan khéng cao va 1,8nm trong chan
khong thap. Phép do duong tré tir cua hé mau dugc
khao sat & nhiét do phong trén thiét bi do tir ké mau
rung DMS 880. Cac phép do trén dugc thuc hién tai
Trung tdm Khoa hoc Vit liéu, Truong Pai hoc Khoa
hoc Tu nhién, PHQGHN.

Phép do duong cong tur nhiét M(T) dugc do trén
thiét bi SQUID trong tir truong tir 0 dén 5000e & dai
nhiét do tir 5K dén 350K tai Nhat Ban.

3.2. Tinh chét cau trac

Phé nhiéu xa tia X (XRD) ciia h¢ REMnOs (RE =

La, Pr, Nd) dugc dua ra trong Hinh 4.

Cuong do (d.v.ty)

2 0 (Do)

Hinh 4. Phé nhiéu xa tia X ciza hé REMNnO3
(RE=La,Pr,Nd)

Tir gian d6 nhidu xa tia X ta thiy cac dinh nhidu xa
khé sic nét, vi tri ciia cac dinh nhiu xa cua mau triing
khép véi vi tri ctia cac dinh trong céc cong bd trude day
[12, 13, 26]. MAu LaMnO; c6 ciu trdc tinh thé lap
phuong (cubic) con cac mau PrMnO3 va Nd MnOj ¢6 cau
triic tinh thé tryc thoi (orthorhombic), thuoc nhém khéng
gian Pbnm. Céc thdng sb vé& hing s6 mang tinh thé va thé
tich 6 co s& duoc tinh boi phan mém Checkeell va duoc
dua ra trong Bang 1. Trong d6, cong thirc tinh hing sb
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mang cho hé tinh thé lap phuwong (cubic) cua mAu
LaMnOs dugc dua ra & biéu thic (1) [2]:

dhk] = a(h2 + k2 + 12)_1/2 (1)

Véi hai mau PrMnO; va Nd MnO; ¢6 cau trdc tinh
thé tryc thoi (orthorhombic), hing s mang dugc tinh
theo cbng thic (2) [2]:

h? k2 12 2
g = [+ 7+ Sl /2 (2)

Trong d6, dna 12 khoang cach gitra hai mat phang
mang lién tiép duoc xac dinh tir dit liéu cia phd XRD.

Bdang 1. Hang s6 mang va thé tich 6 co s cua hé

REMNOs (RE = La, Pr, Nd)

Miu a (A) b (&) c(d) Thé tich 6 co'sé
V(AY)
LaMnO:s 3,92 3,92 3,92 60,24
PrMnOs 5,54 5,78 758 24272
NdMnOs 5,40 575 7,56 23519

Két qua tinh toan nay 1a kha phd hop véi két qua
nghién ctu vé vat lieu LaMnOs cua tac gia Maryam
Shaterian [13], vé PrMnOs va NdMnOs cua tac gia D.A.
Mota va G. Maris [14, 24].

Bén canh do6, tir s liéu phd nhiéu xa tia X, ta cling
tinh dugc kich thudc hat dya vao céng thuc Debye —
Scherrer xac dinh trong biéu thac (3):

_ 094 3)
pcoso

Trong d6, Acu-ke = 1,54056A 1a budc séng cua
tia X véi anode Cu. Kich thudc hat LaMnOs,
PrMnOs;, NdMnOs tinh toan dugc twong ung la
87nm, 93nm va 65nm.

Céc mau duoc chup anh SEM dé khao st hinh thai
hoc cua ching. Anh SEM cua hé¢ REMnOs (RE = La,
Pr, Nd) duoc dua trong Hinh 5.

Hinh 5. Anh SEM cuia hé REMnOs (RE = La, Pr, Nd)

Nhin vao Hinh 5 trén ta c6 thé quan sat dugc kich
thudc cua dam hat va thiy su phan b cua cac hat 1a kha

dong déu. B& mat cia mau LaMnOs day dac, khé khit.
Con bé mat hai mau PrMnO3 va NdMnOj thi ¢6 do x6p
cao hon so v&i bé mat caa mau LaMnO:s.

3.3 Tinh chét tw
Dé khao sat tinh chat tir caa hé mau, ching toi thuc
hién phép do dudng cong tir tré phu thuoc vao tir truong
M(H) & nhiét do6 phong va tir d6 phu thuoc vao nhiét do
M(T) tai H = 5000e. Hinh 6 la duong tir d6 phu thuoe
vao tir trudng M(H) caa hé REMnO; (RE = La, Pr, Nd)
do tai nhiét d6 phong.
3

= LaMnO3
2F + PrMnOg
4 NdMnOj

M (emu/g)

-3
-15000 -10000 -5000 0 5000 10000 15000
H (Oe)

Hinh 6. Sy phu thugc cua tir dé vao tur truong cua hé
REMNO; ¢ nhiét d¢ phong

T Hinh 6 ta thay duong tir &6 phu thudc vao tir
truong - M(H) tai nhiét do phong c6 dang tuyén tinh nén
tat ca cac mau LaMnOs, PrMnOs;, NdMnO3z mang tinh
thuan tir. Két qua nay 1a hoan toan pha hop véi cac két
qua cua tac gia Tokeer Ahmad [29]. Gia tri tir d6 cuc
dai Mmax ciia cAc mau LaMnOs, PrMnO3 va NdMnOs tai
gié tri tr truong H = 12 kOe tuong tng la 2,32; 1,11 va
0,97 (emu/g). Ta thiy miu LaMnO3 ¢ Mpmax l6n hon
nhidu so V&i Mmax cia hai mau PrMnO; va NdMnOs.
Didu nay c6 thé 1a do c4c spin trong phan mang Mn
dugc gan chat vai cac spin trong phan mang A. Khi dat
Va0 Mau mot tir truong ngoai, cac spin trong phan mang
A khdng bi anh huong tryc tiép boi tir truong ngoai nay,
dan dén gia tri tir tong cong bi giam. Trong khi d6 ion
La®* 1a mot ion khong tir tinh. Picu d6 1y giai vi sao
LaMnOs lai c6 gié tri tir 6 cao hon so véi mau PrMnOs
va NdMnOs [30].

Hinh 7 1a duong cong tir d§ phu thugc vao nhiét d6 -
M(T) ctia hé REMnOs (RE = La, Pr, Nd) tai H = 500 Oe.
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Hinh 7. Sy phu thugc cua tir &6 vao nhiér @ cua hé
REMNO3

Thong thuong vat liéu manganite khdng pha tap
nhu LaMnO3 mang tinh phan sét tir do La la chat khéng
c6 tir tinh con ion Mn®* mang tinh phan sit tir. Quan sat
Hinh 7 ta thiy duong tir d6 phu thudc vao nhiét o cho
thiy su ton tai cua ca hai pha st tir va phan sat tir ma
ion Mn** quyét dinh tinh sat tr va ion Mn3* quyét dinh
tinh phan sét tir. Biéu d6 ching to sw ton tai cua ca ion
Mn** va ion Mn®* trong phan mang.

M3au PrMnOs ciing cho thiy sy ton tai cua ca hai
pha st tir va phan sét tir nhw mau LaMnOs. Do ion Pr3*
1a ion dét hiém c6 tir tinh nén pha sit tir cia PrMnOs
cang thé hién rd nét hon.

Dbi voi mau NdMnO; ciing cho thiy su ton tai cua
ca hai pha st tir va phan sét tir nhung quan sat duong
M(T) thay xuét hién hai dinh tai T = 15K va T = 75K.
Diéu nay duoc ly giai 1a do anh huong boi trat ty xa cua
ion Nd®* tai T = 15K. Khi nhiét do ting 1én, momen tir
giam xudng dot ngot do trat tw xa cua ion Nd** nay
khong con nita. Tai T = 75K duong M(T) ciia NdMnOs
xuat hién dinh tht hai. Diéu nay dugc ly giai 1a do sy
anh huong cua trat ty tr do ion Mn3*. Theo Iy thuyét,
khi spin & trang théi cao s€ san sinh ra mét momen tu
hiéu dung c& 6,09us, con khi spin & trang théi thap thi
momen tir hiéu dung ¢& 4,59ug. Trong khi d6, momen
tir hiéu dung tinh toén theo thyc nghiém 1a 6,1ps. Diéu
nay cho thay két qua tinh toAn momen tir hiéu dung theo
thuc nghiém va momen tir hiéu dung khi spin ¢ trang
thai cao la xap xi voi nhau. Khi cac ion Mn®* ¢ trang
thai cao s& quyét dinh tinh phan sat tir trong phan mang.

Tir sb liéu cua @6 thi sy phu thudc cua tir do vao
nhiét d¢ tai tir truong H = 5000e (Hinh 7) ta c6 thé xéac
dinh duoc gi tri do cam tur  theo cong thuc:

- M (@)

X= %

Khi tinh duoc y thi ta ¢6 duoc dd thi sy phu thudc

cua d6 cam tur vao nhiét @6 x(T) va nghich dao cta nd y

(T) dwoc dua ra trén Hinh 8a, 8b, 8c twong Gng véi lan
luot c&c mau LaMnOs, PrMnO; va NdMnOs.
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Hinh 8. Sy phu thugc ciia dé cam tir vao nhiée o x(T)
va y’{(T) ciia mdu REMnO;z a.La;b.Nd; c.Pr

Quan sét Hinh 8a, 8b, 8c ta thay do cam tir i giam khi
nhiét do tang trong khoang nhiét d6 tir 100 + 160K (LaMnOs),
50 + 90K (PrMnOs) va 18 + 32K; 75 + 95K (NdMnOs).
O tai nhitng vuing nhiét d6 nay, cac mau thé hién tinh sit
tir manh. Puong ¢(T) 1& mot dudng tuyén tinh cho thiy
cac mau mang tinh thuan tir ¢ nhiét do trén nhiét do
Curie. Két qua nay Ia pha hop véi dinh luat Curie -
Weiss & vung thuan tur:

c
_ = 5
X~ 178 ©)
_1:__9 Z 6
X —t (6)

Trong d6 y 1a do cam tir, ' 1a nghich déo do cam t,
C 1a hing sé Curie va 0 1a nhiét do Weiss. Bang cach fit
duong tuyén tinh & ving thuan tir, ta c6 thé tinh duoc gia
tri caa nhiét &6 Weiss. Tur gié tri hang sb Curie ta tinh ra
dugc do tir tham hiéu dung e boi cng thic sau:

N.u2
c = ZHeff (@)
3kp



ISSN 1859 - 4603 - Tap chi Khoa hoc X& héi, Nhdn vdn & Gido duc, Tap 6, sd 3 (2016), 1-6

Trong d6 N 1a s nguyén tir trong mot don vi thé tich, C
1a hang sé Curie.

Tir d6 thi sy phu thudc cia do cam tir vao nhiét do
tai tir truong H = 5000e (Hinh 8a, 8b, 8c) ta sé& xac dinh
dugc dd thi dy/dt (Hinh 9) cia hé REMnO; bang cach
lay vi phan (T).

0.25
1 REMnO; m LaMno,
® PrMnO,
v A
< NdMno,
S o.00}
e A
£
g
s |+ ®
A
= |
= 0.25
=
© A
_0.50 1 1 1 1
0 100 200 300

T(K)
Hinh 9. Duong dy/dt ciia hé¢ REMnOs (RE = La, Pr, Nd)

Tir diém cuyc tiéu trén db thi dy/dt (Hinh 9) ta tim ra
gia tri nhiét d6 Curie T, cua cac mau mot cach chinh
xé&c. CAc gid tri hang s Weiss, nhiét ¢6 Curie va hang
s6 C coa lan lugt cac mau LaMnOs, PrMnOs va
NdMnO3 dugc dua ra trong Bang 2.

Bdang 2. Giad tri Te, 1, Mt V& hang sé Curie cua hé
REMnO; (RE = La, Pr, Nd).

Mau Tc(K) 8 (K) C (emu-K) e
LaMnOs3 147 162 495 6.29 ug
PrMnOs 69 89.8 5,11 6.39 ug
NdMnO: 84 583 4,66 6,10 ug

Khi so sanh véi két qua peff coa mau LaMnO3
duoc ché tao theo phuong phéap héa cua tac gia Tokeed
Ahmad & 773K va 1173K Ian luot 1a 4,60ps va 4,05z,
Gia tri Merr giam do ti 1& caa Mn**/Mn® ting 1én [29].
Trong khi d6, mau LaMnOs cia ching t0i CO et =
6,29us. Diéu nay c6 thé Iy giai la do ti I& Mn*/Mn3*
nhé hon so véi ti 16 Mn**/Mn%* trong mau LaMnO; cta
tac gia Tokeed Ahmad dan dén gia tri ciia perr tang 1én.
Vi vay mau mang tinh thuan tir. Mau NdMnO; dugc ché
tao bang phuong phap gdm cua tac gia Fang Hong cing
cac cong su cho thiy petr = 6,0us [7] kha twong dong

vGi gid tri momen tir hiéu dung tinh toan theo thuc
nghiém cuia ching toi I plest = 6,10ps,

4.Két luan

Pi ché tao duoc hé mau perovskite REMnO; véi
RE=La;Nd;Pr va nghién ctru c4c tinh chét cau tric va
tinh chat tir ciia hé vat liéu. Qua d6 phét hién dugc mot
sb tinh chat khac biét khi thay thé RE bang cac nguyén
t6 dat hiém khac nhau nhu La; Nd va Pr. Huéng phéat
trién caa nghién ctiru ndy pha thém tap vao vi tri A cua
phan mang nhu Ba hay Sr dé nghién ctu anh huong cua
céc ion tap chit d6 1én tinh chit ciu tric va tinh chét tir
caa no.
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RESEARCHING STRUCTURE AND MAGNETIC PROPERTIES OF PEROVSKITE REMnO;
(RE=La,Nd,Pr)

Abstract: This paper presents our study on the production of a sample system of perovskite manganites REMnO; with rare
earth ions RE=La,Nd,Pr respectively by means of a solid-state reaction technology. The structure and magnetic properties have been
investigated. The crystal structure of LaMnOs is cubic, whereas the crystal structures of NdMnO3; and PrMnO; are orthorhombic. We
have investigated the dependence of the magnetic temperature on the samples’ temperature and the magnetic field. In addition, we
have calculated the Curie and Weiss temperature as well as Curie constants of the samples. We have discovered other transition at
15.3 K and 42.5 K for the NdMnO3; sample. We have compared the magnetic properties of the samples, thereby discussing the impact

of rare earth ions on the properties of the sample systems.

Key words: magnetic properties; perovskite; manganite; RE doped.
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