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TRONG VAT LIEU NA NO Lag 73Cag2,MnOs
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TOM TAT

Pha Griffith va hi¢u ung tur nhiét trong vat liéu nano Lag75Cag,,Mn0O3; da dugc nghién ciru mot
céch chi tiét. Bién thién entropy tir va bién thién nhiét dung riéng da dugc tinh toan bang mo hinh
hién tugng luan, dya trén s6 liéu M(T) cua mau. Gia tri 16n nhét ctia bién thién entropy tir trong tur
truong 12 kOe 13 0,95 J/kg.K. Két qua trén cho thdy vt liéu nano Lag, 78Ca0 22MnO; hira hen tiém
nang ung dung trong ky thuat lam lanh béng tir tinh. Ngoai ra su tring lap thanh duong cong duy
nhét cta bién thién entropy tir tai cac tir truong khac nhau ching t6 chuyén pha tir ciia vat lidu 1a
chuyén pha loai hai. Sy xuit hién pha Griffith da 1am ting cudng hiéu ng tir nhiét trong mau.

Tiwr khéa: vat li¢u tir tinh; nano manganites; pha Griffith; hiéu wng tir nhiét; Lag78Ca2,MnOs.
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ABSTRACT

Griffith phase and the magnetocaloric effect in Lag75Cag2,MnO3 nanoparticles have been studied
in detail. The magnetic entropy change and the magnetization-related change of the specific heat
were calculated using the phenomenological model from the temperature dependence of
magnetization M(T) data of the sample. The maximum magnetic entropy change (—A53**) was
found to be 0,95 J/kg.K for H = 12 kOe, making this material a suitable candidate for magnetic
refrigeration applications. A master curve of the magnetic entropy change confirmed the second
order of the magnetic phase transition. The appearance of Griffith phase enhances the
magnetocaloric effect in the sample.
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1. Gi6i thiéu

Cac vat liéu manganites R;,A,MnO;3, (R va A
la cac nguyén td dat hiém, tuy nhién A ciing
¢6 thé 1a cac nguyén tb kim loai khac) da thu
hut sy quan tdm diac biét khong chi trong
nghién ctru thyc nghiém ma ca nghién ciu ly
thuyét ké tir khi hiéu ung tir dién tré khong 16
(Colossal Magnetoresistance - CMR) dugc phat
hién ra trong ching. Tuong tac trao doi kép,
hi€u ung Jahn-Teller va tach pha da giai thich
thanh cong sy hinh thanh CMR trong céac vat
lidu nay [1-3]. Mot sb nghién ctru gan ddy chi
ra rang do sy tich pha nén su canh tranh gitra
pha kim loai-sit tir va dién moi-thuan tir
khong chi xay ra trong cac vat lidu da tinh thé
ma ngay ca trong vat liéu don tinh thé [4]. B6
sung vao cac loi gidi thich trén, mot vai tac
gia con cho riang hiéu tmg CMR 1a do su dap
tat cac trang thai bat trat tw, do d6 tao nén
nhiing trang thai sit tir cuc bo trong pha thuan
tir [1, 5]. Tinh chat di thudng nay ton tai trong
dai nhigt do TI*™@ < T < T; trong do6
TZ%"% 13 nhiét do bat trat tu phu thude vao
trat tu sit tir va T 13 nhiét do Griffith. Do su
phan tan ctia cac cum spin sét tir trong pha
thun tir nén trat tu sit tir khoang ngén cuc bd
ton tai trong mau va hinh thanh nén mét pha
to méi duge goi la pha Griffith (GP) [6-7].
Griffith da chimg minh vé mat 1y thuyét rang
X4c sudt ton tai cac cum sit tir trong ving
nhiét do Ty < T < Tg 1a c6 thé xay ra va tinh
chat di thuong nay chi ton tai trong cic mau
sit tir Ising pha lodng ngau nhién [8]. Hau hét
cac manganites pha tap 1a h€ tir tinh tuan theo
mo hinh ngau nhién ba chiéu (3D) Heisenberg
hon 1a mé hinh Ising. Diéu nay c6 nghia rang
trong cac hé manganite tron pha, ton tai trang
thai twong tu nhu thuén to Heisenberg trong
khoang nhiét do trén Tc khong thé dugc goi la
pha Griffith theo nghia hep. Tuy nhién nhiéu
bao cdo gan day cho thiy pha Griffith xuat
hién trong cac manganite nhu La;SrMnO;
[9], LaiCayMnO;z [7, 10], LagssSrossMny.
«C0,03 [11], La;«BayMnO; [12], Sm,.
SHMnO;  [13], Lag7xDyxCapsMnO; [14],

Pro.5sr0_5Mn1.yGay03 [15], Nd0_45Mn1_XGaX03
[16], Lag4BipsMny4Ti,O3 [17] ngay ca khi
tinh chat tir ciia n6 c6 thé duoc md ta bang
cdc mo hinh truong trung binh, Heisenberg
hodac truong trung binh tam t&i han
(Tricritical mean-field model). Tuy nhién pha
Griffith chi xuat hién trong dai nong do thay
thé nhat dinh. Vi du cho La;,.CaMnOs, pha
Griffith chi xuat hién trong dai nong d6 0.18
< x <0.33, ngoai trir mau véi x = 0.20 [10];
truong hop La;,SrkMnOgz, pha Griffith chi
xuat hién trong ving 0.06 < x < 0.16 [9],
trong khi pha Griffith chi xuit hién trong
vung 0.1 < x < 0.33 cho truong hop La;.
Ba,MnO; [12]. Mic dau con c¢6 nhiéu y kién
khac nhau [18,19] song phan 16n cac bao cdo
gan day déu giai thich sy xuit hién pha
Griffith trong cac manganite pha tap 1a do sy
két hop gitra hiéu ung Gmg suat do su khong
vira khép ban kinh ion tai vi tri thay thé va sy
dap tat cac bat trat tu trong mau, diéu nay tao
nén cac spin sat tir trong ving thuan tir [11-
19]. Nhu viy, cac kiéu bét trat tw khac nhau
¢6 thé sinh ra cac trang thai GP khac nhau bao
gém ca do bat trat tu cao cua cac vat liéu da
tinh thé. V& sau, mot $6 bdo céo con cho théy
pha Griffith con xuat hién trong cac vat liéu
nano manganite nhu, Smg;CagoMnO; [19],
Lay4CapsMnO; [20], LagsCapsMnO;z [21],
Lay75Ca02sMn0O; [22], LagsCap,MnO; [23].
Céc hiéu ung bé mit va sy tach pha trén bé
mat cac hat nano tir dugc cho la nguyén nhan
gay ra su xuat hién cua pha Griffith trong céac
hé nano [24]. Tuy nhién theo hiéu biét cua
chdng tdi, cho dén nay chua c6 mot cong
trinh nao nghién ctru vé pha Griffith trong vat
li€u nano Lag 75Cag 22Mn0Os;.

Mot tinh chat tha vi khéc trong cac
manganites 13 ton tai o bién thién entropy tir
16n ngay tai nhiét d6 Curie hon hin kim loai
Gd [25, 26], dac biét su thay d6i nay 1a 1on
nhét trong cac manganite ¢ dic trung tir dién
tr& khéng 16 [27-29]. Do d6 danh gia do bién
thién entropy tir (AS,,) va bién thién nhiét do
doan nhiét (AT,4) cia vat liéu cho phép ta
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xac dinh tiém nang tmg dung cta chung trong
ky thuat lam lanh. Thong thudng cac dai
lugng nay thudong duogc xac dinh thong qua
phép do su phu thudc tir d theo tir truong
M(H) ctia mau. Tuy nhién phuong phap do
nay ton thoi gian va kha tén kém. Vi vay mot
phuong phéap khac hiéu qua va it ton kém hon
la tinh toan céc dai lugng trén thdong qua phép
do su phu thudc tir do theo nhiét do M(T) trong
cac tur truong khac nhau. Phuong phap nay
duoc sir dung trong mot vai cong trinh gan day
va thé hién nhiéu wu thé noi troi [30, 31].

Trong bai béo nay, ching t6i trinh bay cac két
qua nghién ctru vé& sy xuit hién pha Griffith
va hi€u Ung tu nhiét trong vat li€u nano
Lag75Ca02,MnO;. Mbi lién hé gilta chung
duoc phan tich mot cach chi tiét.

2. Phwong phap thuc nghiém

Vit liéu Lag75Ca2,Mn0;5 duge ché tao bing
phuong phap sol-gel (dugc chung t6i mo ta
chi tiét trong [22, 23]). Bot thu dugc sau qua
trinh nay dugc ép thanh vién va nung néng &
nhiét do 900 °C trong thoi gian 5 gio, sau do
1am ngudi vé nhiét d6 phong. Gian dd nhidu
xa tia X (XRD) cho thdy miu c6 cau triic tryc
thoi (orthorhombic). Cac phép do tir do theo
nhiét d0 duogc thuc hién trén hé do cac tinh
chat vat 1y (Physical Property Measurement
Systems —PPMS).

Hinh 1. Anh hién vi dién tir quét phat xa truong
(FESEM) cuia Lag7Cag oMnOs
3. Két qua va ban luin
Hinh 1 trinh bay anh hién vi dién tir quét phat
xa truong cua mau Lag 75Ca92,Mn0O;. Cac hat
tuong dbi dong déu, kich thudc trung binh c&

50 nm. Mot vai hat két dinh v&i nhau tao
thanh cac dam hat. Tuy nhién hau nhu cac hat
déu ton tai dudi dang don, phan tan.

10 \ \ \ ‘ 2000
8
s 1500
_ =
ge &
3 1000 §
s 4 =
=
) 500
0 pEEEEEEE %5 decccoccoed
50 100 150 200 250 300
T(K)

Hinh 2. Su phu thuéc nhiét dé cia tir dé va nghich
dao dé cam tir mét chiéu ciia Lag 75Cag 2,MnO;
do tai 300 Oe
Hinh 2 trinh bay su phu thudc nhiét do cua tir
d6 M(T) va nghich dao do cam tir mot chidu
(#X(T) = H/M) ciia mau duogc do trong tir
truong 300 Oe. C6 thé nhan thiy co sy xuat
hién nhiét d6 khoa (Tg) trén duong M(T) cta
mau. Pay 1a dic trung chung cho cac mau
nano si€u thuan tur [19]. Ngoai ra tir duong
7 1(T) c6 thé nhan thiy trong ving thuan tir,
bat dau khoang tir nhiét do 250 K, hé khong

con tuan theo dinh luat Curie-Weiss:

= &)

trong d6 8y 1a nhiét 40 Weiss va C 12 hing s6
Curie. Sy léch khoi quy ludt tuyén tinh Curie-
Weiss 1a do su xuét hién cac cum st tir trong
vung thudn tur cia vit li€u lam phat sinh mét
pha tir m&i goi 1a pha Griffiths hodc c6 thé 1a
do su ton tai cac polaron tir trong ving nay
[8]. Do d6 dé kiém tra thuc sy day la pha
Giffiths trong mau hay 1a cac polaron tir tinh,
chung t61 sir dung mo hinh pha Griffiths duoc
mo ta boi:

Fia(r-1Fnd) "0z 221
trong do TS and lz‘} nhié‘g do b?it’ trat tu phu
thudc vao trat tu sat tir dé¢ tim ki€ém cac thong
sd ¢6 lién quan. Hinh phu phia trén bén trai
cua hinh 3 la duong lam khép theo phuong
trinh (2). Gia tri tim dugc cua TZ%™® va 2 lan
luot 1a 189 K va 0.77. Gia tri cua A phu hop
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v6i diéu kién xudt hién GP trong cac
mangganites. Sy xuit hién cia GP trong
nano Lap7sCag2Mn0s ¢ thé 1a do sy canh
tranh clia twong tac sat tir va phan sat tir trén
16p vo lam phat sinh nhitng cum st tir trong
vung thuén tir cua vat li€u [24]. Dic biét gia
trj 4m cua By = - 200 K cho thiy du doan nay
1a hoan toan chinh xac.
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Hinh 3. Sy phu thudc nhiét do cia nghich ddo do
cam tir mot chié‘uv cua Lag 78Cag22MnOs do tai
300 Oe. Buong thang la dwong lam khop theo ludt
Curie-Weiss. Hinh phu phia trén chi duong lam
khop theo mo hinh Griffith
Su xudt hién GP trong vat li€u nano
Lag75Ca02,Mn0O; anh hudng nhu thé nao dén
cac tinh chat tir tinh va mdi twong quan cia
n6 voi hiéu tng tir nhiét? Trong phan nay, cac
thong s lién quan dén hiéu ung tir nhiét s&
dugc xem xét danh gia bang cach sir dung 1y

thuyét truong phan tir.

Theo nhiét dong luc hoc phan ti, bién thién
entropy tur ctia vat li€u tur tinh trong tur trudng
duoc bicu dién boi cong thic:

Hmax (85
ASy = [, (), dH @3)

Tu phuong trinh Maxwell, entropy tir va tu
dd ctia mau lién hé v6i nhau bai biéu thirc:

oM a5
( ar )H = E) T (4)
Tir (3) va (4), bién thién entropy tir dugc tinh boi:
_ [Hmax (3M
ASy = [ (ar)H dH (5)

Mit khac, theo 1y thuyét truong phan ti, su
phu thudc nhiét d6 cua tir d6 trong vat li€u sat
tir duoc cho boi:

M(T) = Ngugtanh(Z2Z7) (6)
[ [ [ [
- @
S| M+ M2
g ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
| | |
T (K)

Hinh 4. Sy phu thugc nhiét do cua tw dj trong tir
trueong khong doi (minh hoa cho dai lwong trong
phuong trinh (7)

Mot cach gan dang, phuong trinh (6) ¢ thé

viét thanh:

M) = (=) tanh [AG, —T)] + BT £ € (7)
M; va M 1a gia tri tir 40 tai thoi diém dau va
cubi cua qua trinh chuyén pha sit tir - thuan
tlr ctia mau nhu dugc minh hoa trong hinh 4.
Ngoai ra, A, B va C trong cong thuc (7) lién
hé v&i nhau béi:

L M ‘
2|B—
dT T:TE-/I

A= (®)
Mi— Mg
= (1) o, ©
Pao ham biéu thirc (7) theo nhiét do ta co:
Z: = —AMsech?[A(T, —T)] + B (10)

-

voilruyla M= ()

Thay biéu thtrc (10) vao (5), ta dugc:

AS, = [[™(—AMsech? [A(T, — T)] + B) dH
11)

Lay tich phan biéu thirc (11), ta dugc:

A5y = (—AMsech®[A(T, — T)] + B)H por (12)

Tai nhiét d6 Curie (T = T¢), bién thién

entropy tur dat cuc dai va c6 gia tri:

ASIe% = (—AM + B)H,pon (13)
Bién thién nhiét dung ctia vat liéu duoc tinh boi:
ACpy=T=H (14)
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Tl phuong trinh (1), ACpg c6 thé duoc xac
dinh boi biéu thirc:
ACy = ~TA(M; = My Jsech? (AT, = T)) x tanh(A(T, = T))H e

(15)
70 ‘ ‘
60 —=—1kOe -
50 —+=—5kOe
= —+H=— 12 kOe
>

| |
150 200 250 300
T(K)

\
50 100

Hinh 5. Sy phu thudc nhiét do cia te @9 cia
Lag 76Cap 2,MnO; trong cac tie triecong 1 kOe, 5
kOe va 12 kOe va dwong lam khop theo phwong
trinh (7)

Str dung cac phuong trinh trén chung ta c6 thé
tinh dugc bién thién entropy tir va bién thién
nhiét dung cda vat li€u. Hinh 5 trinh bay sy
phu thuoc nhi¢t d0 cia tr do cua
Lag 7sCag22Mn0O; trong céc tir truong 1 kOe, 5
kOe va 12 kOe va duong lam khép theo
phuong trinh (7). C6 thé thidy duong lam
khop kha phu hop véi gia tri thuc nghiém,
diéu nay cho thdy mé hinh 1y thuyét trén 1a
phii hop dé tinh toan cac thong s6 cua hiéu
ung tir nhiét. Cac gia tri ctia M;, My, T¢, B va

5= o dugc chi ra trong bang 1.
o lr=r¢
Bang 1. Cdc théng so rut ra tir viéc lam khop theo
phuwong trinh (7) cho mau Lag 73Cag,MnO;3 trong
cac tuw truong 1.5 va 12 kOe

H M; Mg Te B Sc
(kOe) (emu/g) (emu/g) (K) (emu/gK)(emu/gK)

1 27.384 0.8978 132 0.00749 -0.6129
5 47.647 1.1416 130 0.01483 -1.0102
12 73.175 0.1070 125 0.02994 -1.3522

Su phu thudc nhiét d6 cia AS,cho mau
Lag 7sCap22Mn0O; trong cac tur treong 1 kOe, 5
kOe va 12 kOe tinh tir biéu thirc (12) dwoc chi
ra trong hinh 6. Gia tri cyc dai cua bién thién
entropy tur thu dugc tai tr truong 12 kOe tur
biéu thirc (13) 1a ASI®¥=0.95 J/kg.K. Gia
tri nay gan bang véi gia tri 1.01 J/kg.K trong

tr truong 12 kOe cia mau khbi
Lag gSro0sCag 1sMn0O; [31] va 1.5 J/kg.K trong
tr truong 1 kOe coa miu  khoi
Lag755r0.125Ca0.1255MNO;3 [32]. Ca hai miu déu
dugc ché tao bang phwong phap sol-gel.
Thong thuong sy thay doi 16n cia bién thién
entropy tir trong cac manganite c6 nguon goc
tir tir sy thay d6i nhanh cua tir d6 quanh T.
R rang khi ¢ sy xuét hién GP tai ving thuan
tlr tire 1a ton tai cac cum sat tir trén nhiét do
Tc, su thay doi nay cang xay ra nhanh hon,

nén 1am xuat hién gia tri 16n cia AS. e,
1 [ [ [ [
1 kOe
0.8 5 kOe
F 12 kOe
v
- 06
2
S04
=
o)
<
0.2

0 \ \ \ ]
50 100 150 200 250 300
T (K)

Hinh 6. Su phu thudc nhiét dé cia bién thién
entropy tir cua Lag78Cag,MnO; trong cac tir
truong 1,5 va 12 kOe (tinh theo phwong trinh (12))

25 I I I I
oL 1kOe |
— 5 kOe
v 15 12 kOe
T'm 1
X
= 0.5
o0
O
<-0.5
-1
15 \ | | \
50 100 150 200 250 300
T (K)

Hinh 7. S phu thugc nhiét @ ciia bién thién nhiét
dung cua Lay75Cag2,MNnO;3 trong cac tir tricong
1.5 va 12 kQe (tinh theo phuong trinh (15))
Hinh 7 chi ra sy phu thudc nhiét d¢ ciia ACz 5
duogc tinh tir biéu thie (15). Nhu c¢6 thé nhin
thay trén hinh, gié tri ctia AC; 3 thay doi tir 4m
sang duong quanh nhiét 6 Curie. Tong gia tri
tuyét ddi ctia 2 cuc tri ctia AC; ; cang 10n cang
anh huong dén chu trinh bién ddi nhiét ciia hé
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thong 1am lanh. Trong truong hop cta ching
toi gia tri nay vao khoang 3.5 J/kg.K trong tir
truong 12 kOe. Pay 1a mot gia tri kha 16n néu
S0 sanh véi cac manganites khac [26], do do
vat lidu Lag76Cap2,MNn0; hira hen tiém ning
ung dung trong k¥ thuat lam lanh.

Gan day, Franco va cong su [33] da dé xuét
md hinh hién tuong luan dé nghién ciru ngudn
gbc chuyén pha trong cac vat lidu tir. Theo
mé hinh nay, néu tit ca cac duong cong
A5, (T) tai cac tir truong khac nhau chong lip
vao mot duong duy nhét trong mot hé toa do
thich hop, thi chuyén pha tir tinh ctia vat liu la
chuyén pha loai hai, nguoc lai 1a chuyén pha
loai mot. Do d6 dé kiém tra loai chuyén pha ctia
mau, chiing t6i da su dung hé toa d6 méi véi
g = + 1 dugc mo ta boi phuong trinh:

T —T (T - T T = T,

Ez{ {r—lfc]f:f{;t—zfc]:r:} r; (16)
dé xay dung sy phu thudc ciia AS,, vao nhiét
d6 tuong d6i. O day T, va T, 13 nhiét do tai
gia tri AS;7 /2.

I I I I I I I
1 g@@ O 1kOe
¥ &= (0] 5 kOe
2 0.8+ o - ®  12kOe
EE b ]
Q06 i 5 s
\E P xd
% & o
0.4+ =
< g 8
g g
0.2+ a =
[}
0 | | | |

Hinh 8. Cdc duong cong ciia A5y fAST*trong
cac tir truong 1.5 yd 12 kOe trong hé toa do maoi
cua mau LaojgcaolzzMnO;g
Hinh 8 trinh bay cac duong cong
ﬁSM fﬁs;nﬂx cua Laojgcao_ngnOg trong hé
toa do méi. C6 thé nhan thay rang cac duong
cong nay chong lap 1én nhau chimg t6 chuyén

pha tir ciia h¢ 1a chuyén pha loai hai.

4. Két luan

Tém lai, ching t6i da nghién ctru su xuét hién
pha Griffith va hi¢u ing tir nhiét ctia vat li€u

nano Lag7sCag2,MnO; trong cac tur truong 1,
5 va 12 kOe b?mg mo hinh hién tuong luan.
Pha Griffith d¢a anh huong dén tinh chat tir
clia vat liéu va lam ting cudng gid tri clia bién
thién entropy tir va bién thién nhiét dung cua
vat liéu. DPicu ndy c6 nhidu y nghia trong viéc
ung dung cua vat liéu cho ky thuét lam lanh
bang vat li¢u tr.

L1 cam on

Nghién clru nay duoc tai trg boi Quy Phat
trien khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong dé tai ma sb 103.02-
2016.12.

TAI LIEU THAM KHAO

[1]. A. J. Millis, P. B. Littlewood, B. 1.
Shraiman, “Double exchange alone does not
explain the resistivity of La,,Sr,MnO3z“, Phys.
Rev. Lett., Vol. 74, pp. 5144-5147, 1995.

[2]. Dagotto E. (ed), Nanoscale Phase Separation
and Colossal Magnetoresistance, Berlin: Springer,
1995.

[3]. M. Uehara, S. Mori, C. H Chen, S-. W.
Cheong, “Percolative phase separation underlies
colossal magnetoresistance in  mixed-valent
manganites”, Nature, VVol. 399, pp. 560-563, 1999.
[4]. J. M. De Teresa, M. R. Ibarra, P. A.
Algarabel, C. Ritter, C. Marquina, J. Blasco, J.
Garcia, A. del Moral, Z. Arnold, “Evidence for
magnetic polarons in the magnetoresistive
perovskites”, Nature, VVol. 386, pp. 256-259, 1997.
[5]. J. Burgy, M. Mayr, V. Martin-Mayor, A.
Moreo, E. Dagotto, “Colossal effects in transition
metal oxides caused by intrinsic inhomogeneities”,
Phys. Rev. Lett., Vol. 87 pp. 277202 (4 pages),
2001.

[6]. A. J. Millis, “Cooperative Jahn-Teller effect
and  electron-phonon  coupling in Lal-
AMNO3”, Phys. Rev. B, Vol. 53, pp. 8434-8441,
1996.

[7]. M. B. Salamon, P. Lin, S. H. Chun, “Colossal
Magnetoresistance is a Griffiths Singularity”,
Phys. Rev. Lett., Vol. 88, pp. 197203 (4 pages),
2002.

[8]. R. B. Griffiths, “Nonanalytic behavior above
the critical point in a random Ising ferromagnet “,
Phys. Rev. Lett., Vol. 23, pp.17-19, 1969.

[9]. J. Deisenhofer, D. Braak, H. A. Krug von
Nidda, J. Hemberger, R. M. Eremina, V. A.
Ivanshin, A. M. Balbashow, G. Jug, A. Loidl, T.
Kimura, Y. Tokura, “Observation of a Griffiths

8

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Pham Thanh Phong va Dtg

Tap chi KHOA HOC & CONG NGHE DHTN

208(15): 3 - 10

Phase in Paramagnetic La;,Sr,MnOs”, Phys. Rev.
Lett., VVol. 95, pp. 257202 (4 pages), 2005.

[10]. W. J. Jiang, X. Z. Zhou, G. Williams, Y.
Mukovskii, R. Privezentsev, “The evolution of
Griffiths-phase-like ~ features and  colossal
magnetoresistance in sulator boundary”, J. Phys.:
Condens. Matter., Vol. 21, pp. 415603(15 pages),
20009.

[11]. Y. Ying, T. W. Eom, N. V. Dai, Y. P. Lee,
“Magnetic properties and Griffiths singularity in
Lag 45Sros5sMn;Co,03”, J. Magn. Magn. Mater.,
323, pp. 94-100, 2011.

[12]. W. J. Jiang, X. Z. Zhou, G. Williams, Y.
Mukovskii, K. Glazyrin, “Griffiths phase and
critical behavior in single-crystal Lag;BagsMnOs:
Phase diagram for La;_,Ba,MnO3 x < 0.33”, Phys.
Rev. B, Vol. 77, pp. 064424 (7 pages), 2008.

[13]. P. Tong, B. Kim, D. Kwon, T. Qian, S. I.
Lee, S. W. Cheong, B. G. Kim, “Griffiths phase
and thermomagnetic irreversibility behavior in
slightly electron-dopedmanganites
Sm;_,Ca,Mn03(0.80 < x < 0.92)”, Phys. Rev. B,
Vol. 77, pp. 184432 (6 pages), 2008.

[14]. S. M. Yusuf, J. M. De Teresa, C. Ritter, D.
Serrate, M. R. Ibarra, J. V. Yakhmi, V. C. Sahni,
“Possible quantum critical point in
(La;—4Dyy)07CapsMnO3”, Phys. Rev. B, Vol. 74,
pp. 144427(6 pages), 2006.

[15] A. K. Pramanik, A. Benerjee, “Griffiths phase
and its evolution with Mn-site disorder in the half-
doped manganite ProsSrosMn, ,Ga,0; (y = 0.0,
0.025, and 0.05)”, Phys. Rev. B, Vol. 81, pp.
024431 (5 pages), 2010.

[16]. J. Y. Fan, L. Pi, Y. He, L. S. Ling, J. X. Dai,
Y. H. Zhang, “Griffiths phase and magnetic
polaronic behavior in B-site
disordering manganites”, J. Appl. Phys., Vol. 101,
pp. 123910 (6 pages), 2007.

[17]. Vijaylakshmi Dayal, Punith Kumar V., R. L.
Hadimani, D. C. Jiles, “Evolution of Griffith’s
phase in Lag 4BipsMny4Ti,O3 perovskite oxide”, J.
Appl. Phys., Vol. 115, pp.17E111 (3 pages), 2014.
[18]. E. Rozenberg, “Comment on “Local
structure, magnetization and Griffiths phase of
self-doped La;4MnOs;s manganites™”, J. Alloys
Compds., Vol. 602, pp. 40-41, 2014.

[19]. V. Markovich, R. Puzniak, |. Fita, A.
Wisniewski, D. Mogilyansky, B. Dolgin, G.
Gorodetsky, G. Jung, “Irreversibility, remanence,
and  Griffiths phase in  Smg;CayoMnO;
nanoparticles”, J. Appl. Phys., Vol. 113, pp.
233911(8 pages), 2013.

[20]. C. L. Lu, K. F. Wang, S. Dong, J. G. Wan, J.
-M. Liu, Z. F. Ren, “Specific heat anomalies and
possible Griffiths-like phase in Lag4CagsMnOs

nanoparticles”, J. Appl. Phys., Vol. 103, pp.
07F714 (3 pages), 2008.

[21]. M. Pgkata, J. Szydtowska, K. Pgkata, V.
Drozd, “Griffiths like phase in nanocrystalline
manganite LagsoCags0MnO; studied by magnetic
susceptibility and electron spin resonance”, J.
Alloys Compds, Vol. 685, pp. 237-241, 2016.

[22]. P. T. Phong, L. T. T. Ngan, N. V. Dang, L.
H. Nguyen, P. H. Nam, D. M. Thuy, N. D. Tuan,
L. V. Bauy, L. J. Lee, “Griffiths-like phase, critical
behavior near the paramagnetic-ferromagnetic
phase transition and magnetic entropy change of
nanocrystalline  Lag75CapsMn0Os”, J.  Magn.
Magn. Mater., VVol. 449, pp. 558-566, 2018.

[23]. P. T. Phong, L. T. T. Ngan, L. V. Bau, N. X.
Phuc, P. H. Nam, L. T. H. Phong, N. V. Dang, I. J.
Lee, “Magnetic field dependence of Griffiths
phase and critical behavior in LaggCag,MnO3
nanoparticles”, J. Magn. Magn. Mater., Vol. 475,
pp. 374-381, 2018.

[24]. S. Zhou, Y. Guo, J. Zhao, L. He, L. Shi,
”Size-Induced Griffiths Phase and Second-Order
Ferromagnetic  Transition in  SmgsSrosMnO3
Nanoparticles”, J. Phys. Chem. C, Vol. 115, pp.
1535-1540, 2011.

[25]. M. —-H. Phan, S. C. Yu, “Review of the
magnetocaloric effect in manganite materials, J.
Magn. Magn. Mater., Vol. 308, pp. 325-340,
2007.

[26] P. Sarkar, P. Mandal, P. Choudhury, “Large
magnetocaloric effect in Smg5,Sry4MnO;3 in low
magnetic field”, Appl. Phys. Lett., Vol. 92, pp.
182506 (3 pages), 2008.

[27]. S. B. Tian, M. -H. Phan, S. C. Yu, N. H. Hur,
“Magnetocaloric effect in a Lag;Cay3MnQ; single
crystal”, Physica B, Vol. 327, pp. 221-224, 2003.
[28]. Z. M. Wang, G. Ni, Q.Y. Xu, H. Sang, Y. W.
Du, “Magnetocaloric effect in perovskite
manganites Lag74Nd,Cag sMnO; and
Lay7CapsMn05”, J. Appl. Phys., Vol. 90, pp.
5689-5691, 2001.

[29]. L. Si, Y. L. Chang, J. Ding, C. K. Ong, B.
Yao, “Large magnetic entropy changein
Nd,;3Sr;sMnQO3”, Appl. Phys. A, Vol. 77, pp. 641-
643, 2003.

[30. M. A. Hamad, “Prediction of
thermomagnetic properties of Laggs;CagssMnOs
and Lagg7Sro33Mn0O5”, Phase Trans., Vol. 85, pp.
106-112, 2012.

[31]. P. T. Phong, N. V. Dang, P. H. Nam, L. T.
H. Phong, D. H. Manh, N.M. An, l.-J. Lee,
“Prediction of magnetocaloric effect in Lagg
Sr,Cap,.xMn0O; compounds (x=0.05, 0.1 and
0.15) with a first-order magnetic phase transition”,
J. Alloys Compds, Vol. 683, pp. 67-75, 2016.

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/

Pham Thanh Phong va Dtg Tap chi KHOA HQOC & CONG NGHE PHTN 208(15): 3- 10

[32]. Z. B. Guo, Y. W. Du, J. S. Zhu, H. Huang, [33]. Franco et al., “Field dependence of the

. « : magnetocaloric effect in materials with a second
W. P. Ding, D. Feng, “Large magnetic entro e
ne g g & by order phase transition: A master curve for the

change in perovskite-type manganese oxides” magnetic entropy change” Appl. Phys. Lett, vol.
Phys. Rev. Lett., Vol. 78, pp. 1142-1145, 1997. 89, pp. 222512, 2006.

10 http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

