
Gd Pr Ca

(MRL)

 ( / /  : / /  : )

/z /x OCuBaCaPrGd zxzx )CaPrGd(
OCaCu BaCuO  . SEM XRD

Ca  . Pr-Ca  (<% )
x= Tc(z)  . Tc(x) Tc(x)
Ca Pr Tc(x,z)  .

Pr BaCuO Tc(x)  .
 . CuO

 . mT
 . TAPS AH  .

Ca  . Ca Pr AH
Ca  . Pr

 . Pr

. TAPS GdPrCa-  :

 .

Tc [ ]

 .
 .

 .[ ] K

Tc

 .
 .

 .

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


 .

 .
 .

 .

 .

 . OCuRBa )R(

R .[ ] R

K Pr Pm Tb Ce

+ Tb Ce .

 . Pm

R

R

 . R CuO

 .
R

Pr Pr

 .[ ]
Tc Pr Y

xx PrY x

 .[ ] x= / - /
 [ ]  . Pr

 +
Pr

 .[ ]  + /

[ ] X [ ]
 [ ] [ ]

Pr  +  [ ]
[ ]  .

XPS [ ] NMR [ ] [ ]
 [ ]  [ ] [ ]

 . Pr  +  +
Pr

 .
 (

f CuO

 ( CuO Pr

 . + Pr

 .[ ] YbPrCa-
 . Pr

xx PrGd

 . MRL

Tc(x)  [ - ]
 [ ] (AG) -

 .

 . Pr  +  + /
 .

Tc( ) PrGd Tc(x)

)
Y

Pr

 .

PrGd

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


Gd Pr Ca

 . Pr

Pr

 .
Ca

zxzx CaPrGd )CaPrGd(

 .
 . SEM XRD

 .
zxzx CaPrGd

/z/ /x/

CaCO BaCO OPr OGd

 .  % / CuO

 .
 .

C

 .  .

C

min/C

 .[ ]
 .

 .

 .
XRD

CuK l )
 ( A/ X –

X –  .
 . Rietveld

Ca Pr

 .
(hkl) (a,b,c)

SEM  .
 .

- × × / mm

 .
Lake Shore- / K

 . GaAs Pt

K

 . Hz / mA ac

(displex)

 .

(VSM) K
- emu

 . / T

 . )HM(

 . PUC

 .
PUC

PUC . PUC

M(H)  .
XY –

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


 .

 .

 . K

 .
X –

Pmmm

 .
 .

BaCuO BaOPr

OCaCu

/ / /

Ca Pr

 % OCaCu BaCuO

BaCuO  .[ ]
Ba Pr

Pr  .[ ]

Tc  ( )
 .[ ]

X –

 . Rietveld

Pr X –

Ca

 .
 .  (x= / z= / )

(hkl)

(Ical) (Iobs)

 .

 . JCPDS

Cu( ) O( ) O( ) O( )
O( ) Gd

O( ) O( ) O( )

 . Ca Pr

 (O( ) O( )) CuO

 . O( ) O( )

 .[ ]

(Pr % ) Ca

a

CaPrEr CaPrY

OCuBaCaPrY xx//

a  .[ - ]
 . Pr Ca

Cu( )-O( )
 .

) CuO

 (% ) Pr  .([ ]
Ca

a

Ca

 . a Ca

Pr

 .  (% )
-O( )-Cu( ) CuO

Ca Cu( )
)

a  (

 . CuO

(Tc)

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


Gd Pr Ca

 .Rietveld  (x= / z= / ) Iobs Ical hkl  .
 ( )hklIcalcIobs

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


Ca a  .
 .  . Gdl-zCaz-

 :
 .[ ] a CuO

a

 .[ ] (Overdoping )
Rietveld ( - )

 .

Ca Pr

/ /  .
 .

SEM

)
SEM  .([ ]

 .
Pr

x= Ca

 .
XRD

 .[ ]
/ gr/cm

z= / ) ( ) GdPrCa- SEM  .
 .(× )(x= / z= / ) ( ) (× )(x= /

 .

Tc Pr

 .

Tonset

 .

Pr

Ca  .

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


Gd Pr Ca

GdPrCa-  .
/ Pr  (% ) Ca

 .x= / / /

 . Ca

 .
Pr Ca

 . Tc

z= / / / Tc(x)

 . Pr

 . AG

Pr Ca

 ( ) Ca

 .  [ ]
x= / / Tc

 .(( )  ( ) )
Pr Ca

Pr

 .
Pr Ca

Ca

 .
 .(( ) ) [ ]

 .
 .z= / / / / Gdl-zCaz-

Pr  .
Ca %  ( ) Ca %  ( ) Ca %  ( ) .GdPrCa-

 .  [ ]  ( )  .

YCa-
( )  ( )  .  [ ] RCa-

Pr

Tc Ca

Ca  . Ca

Tc Pr GdPr-
Ca  .

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


Ca  .
Pr %  ( ) Pr %  ( ) Pr %  ( ) .GdPrCa-

 .

 . Tc

Tc Pr

 . Ca

)
 .([ ]

 .

 .( )
T 1K

 .  .

 .[ ]

 .
(AH) Halperin Ambegaokar

[ ] (TAPS)

 .

Gd / Pr / Ca / -  .

kOe kOe Oe Oe Oe Oe Oe

 . kOe kOe

 .

dc  .

 .
AH

 :

 ( )In

 ( )q

B
t

H
A

Tk
U

I n

A U

 .
cT

Tt H

 . Pr Ca

q Tc H
AC n  :

AH

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


Gd Pr Ca

 .
) n

 (

 .
Gd / Ca /  - Gd-

Gd / Pr / Ca / - Gd / Pr / Ca / -

 :[ ]
n  .

 .(branch )
 . Tonset Tc  .

Gd / Pr / Ca / -
 . mid

cT

 .
C q

-  .
 ( -t) / H= kOe  ( -t) / Gd

 . H= kOe

C q

 . )U(

 .
C q Ca

C  .
 . U

Pr  .
 . q

Gd / Ca / -  ( -t) / H= kOe

 . Gd / Pr / Ca / -  ( -t) /

H-n  .
Gd / Ca / - Gd- n

Gd / Pr / Ca / - Gd / Pr / Ca / -
 .[ ] / / / /

Ca

 .[ ]
C

 :[ ]

 ( )
cB

cj

Tek

a)(J
C

a )(J cj

 .
Gd- Ca  %

/ × A/cm / × A/cm

H= kOe Gd / Ca / - Gd-
Pr /

Gd / Ca / -
/ × A/cm / × A/cm H= kOe

Ca  .

Pr

 .[ ]

 .
 . K

 .
VSM K

Gd-  .
K Gd / Ca / -

 . kOe  - kOe kOe

 .

 . pH

 .
K pH  .

mT Gd-

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


 . T= K Gd / Ca / -  ( ) Gd-  ( )  .
 .

 . mT Gd / Ca / -

 .

 .

low
ClH  :

high
ClH

 .

Gd- K high
ClH low

ClH

Gd / Ca / - mT mT

 . mT mT

 . T cH
high
ClH low

ClH

 .

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


Gd Pr Ca

 .
Tc(x)

xx PrGd -
 . -

 . Ca +

Tc(x,z)

Tc GdPrCa-
 .

Pr Pr

Ca

 . Ca

Pr Ca

Pr CuO

BaCuO XRD  . Pr

 . Ca Pr

Ba Pr

Pr

 .
zzCaGd - X –

a Ca

 .
CuO Cu( )-O( )-Cu( )

 . Ca

Tc(z)

 .
Ca

CuO

 (Overdoping )
Tc(z)

(HCl)  .
 . mT

 . -
-

-
 .
Ca

Pr

 .
Pr

 .

 .

  .

1. J G Bednorz and K A Muller, Z Phys. B 64 (1986)
189; J G Bednorz, K A Muller and M Takashige,
Science 236 (1987) 73.

2. W L McMillan, Phys. Rev. B167 (1968) 331.
3. P H Hor, R L Meng, Y Q Wang, L Gao, J Z Huang,

J Bechtold, K Forster and C W Chu, Phys. Rev. Lett.
58 (1987) 1891.

4. Z Fisk J. D. Thompson, E Zirngiebl, J L Smith and
S W Cheong, Solid State Commun. 62 (1987) 743.

5. L Soderholm K Zhang, D G Hinks, M A Beno, J D
Jorgensen, C U Segre, I V Schuller, Nature 328
(1987) 604.

6. J K Liang et al., J. Phys. B 69 (1987) 137.

7. Y Dalichaouch, M S Torikachvili, E A Early, B W
Lee, C L Seaman, K N Yang, H Zhou and M B
Maple, Solid State Commun. 65 (1988) 1001.

8. J J Neumeier, T Bjornholm, M B Maple, J J Phyne
and J A Gotaas, Physica C 166 (1990) 191.

9. J S Kang, J W Allen, Z X Shen, W P Ellis, J J Yeh,
B W Lee, M B Maple, W E Spicer and I Lindau, J.
Less Common Metals 148 (1989) 121.

10. L Soderholm and G L Goodman, J. Solid State
Chem. 1 (1989) 121.

11. G Collin, P A Albouy, P Monod and M Riboult, J.
Phys. (Paris) 51 (1990) 1163.

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html


ÒÍÀ¦ºs¦�v°p¯ Â�°º�Äz§Z� ÁvÀ°oÎ ¨°Z°� �¿º��v¬k

��� -� )LQN�� 1� 1XNHU�� +� 5RPEHUJ��0�$OH[DQGHU��0�%
0DSOH�� -� - 1HXPHLHU� DQG� -�:�$OOHQ��3K\V��5HY��%
��� ������������

��� (� ( $OS��*�.�6KHQR\��/�6RGHUKROP��*�/�*RRGPDQ�
'� * +LQNV��%�:�9HDO��3�$�0RQWDQR�DQG�'�(�(OOLV�
LQ� 3URF�� 056� 6\PS�� RQ� +LJK�7HPSHUDWXUH
6XSHUFRQGXFWLYLW\ �%RVWRQ������������

��� $� 0DWVXGD�� .� .LQRVKLWD�� 7� ,VKLL�� +� 6KLEDWD�� 7
:DWDQDEH�� DQG� 7� <DPDGD��3K\V��5HY��%��� ������
�����

��� -� -� 1HXPHLHU�� 7� %MRUQKROP�� 0� %� 0DSOH�DQG�,�.
6XFKXOOHU��3K\V��5HY��/HWW���� ������������

��� $� 3� *RQFDOYHV�� ,� &� 6DQWRV�� (� %� /RSHV�� 5� 7
+HQULTXHV�� 0� $OPHLGD� DQG� 0� 2�)LTXHLUHG��3K\V�
5HY� %��� ������������

��� $� 3� 5H\HV�� '� (� 0DF/DXJKOLQ�� 0�7DNLJDZD��3�&
+DPPHO�� 5�+�+HIIQHU��-�'�7KRPSVRQ��-�(�&URZ��$
.HEHGH�� 7�0LKDOLVLQ�DQG�-�6FKZHJOHU��3K\V��5HY��%
�� ������������

��� 6� +RUQ�� -� &DL�� 6�$�6KDKHHQ��<�-HHQ��0�&URIW��&�/
&KDQJ� DQG� 0� /� 'HQERHU�� 3K\V��5HY��%��� ������
�����

��� ,� )HOQHU�� 8� <DURQ�� ,� 1RZLN��� (� 5� %DXPLQJHU��<
:ROIXV�� (� 5� <DFRE\�� *� +LOVKHU� DQG 1� 3LOPD\U�
3K\V��5HY��%��� ������������

��� &� 7KRPVHQ�� 5� /LX�� 0� &DUGRQD��8�$PDGRU�DQG�(
0RUDQ��6ROLG�6WDWH�&RPPXQ���� �����������

��� =� <DPDQL� DQG� 0� $NKDYDQ��3K\VLFD &���� ������
���

��� 0�$NKDYDQ��3K\VLFD &���� ����������
��� +� 6KDNHULSRXU� DQG� 0� $NKDYDQ�� 6XSHUFRQG�� 6FL�

7HFKQRO���� �����������
��� =� <DPDQL� DQG� 0�$NKDYDQ��3K\V��6WDW��6RO���D�����

�����������
��� $� $� $EULNRVRY� DQG� /� 3�*RU¶NRY��=K��(NVS��7HRU�

)L]�� �� ������� ���� >6RY�� 3K\V�� -(73 �� ������
����@�

��� =� <DPDQL� DQG� 0� $NKDYDQ�� 6XSHUFRQG�� 6FL�
7HFKQRO���� �����������

ÁZ.º�³¦®��°ºº�Äz§Zº� ÁvººÀ°o��v�°¦�¾�Z´�°Z§�¶¯Z³�ÀZ¿Z� �ÏÔ
¾cZº¤À¤pc�ÁZ.º�¿Z¯±¡��¦¿|Àº� Áv¨º�³¦®���¿zºº� ¾d�´�

��ÎÐÔÔ���05/� ~À�Z´�¯
��� %� 2NDL�� 0� .RVXJH��+�1R]DNL��.�7DNDKDVKL�DQG�0

2KWD��-SQ��3��$SSO��3K\V���� �������/���
��� 5� *� .XONDUQL�� 5� /� 5DLEDJNDU�� *� . %LFKLOH��,�$

6KDLNK�� - $�%KDORGLD��*�-�%DOGKD�DQG�'�*�.XEHNDU�
6XSHUFRQG��6FL��7HFKQRO��� �����������

��� 9� 3� 6� $ZDQD�� 6� .� 0DOLN� DQG�:�%�<HORQ��0RG�
3K\V��/HWW��%� ����������

��� *� &DR�� <�� 4LD�� +� :X�� =� &KHQ� DQG�<��=KDQJ��-�
6XSHUFRQG�������������

��� 0� +�:KDQJER��'�%�.DQJ�DQG�&�& 7RUDGL��3K\VLFD
&���� �����������

��� 0� +� :KDQJER��'�%�.DQJ�DQG�&�& 7RUDGL��6FLHQFH
��� ������������

��� 0� $NKDYDQ� DQG� =�<DPDQL��0DW��DQG�0DQX��3URF��
�� �����������

��� +� 6KDNHULSRXU� DQG� 0� $NKDYDQ��LQ�3URFHHGLQJV�RI
WKH� )LUVW� 5HJLRQDO� &RQIHUHQFH� RQ� 0DJQHWLF� DQG
6XSHUFRQGXFWLQJ� 0DWHULDOV� �060������ HGV�� 0
$NKDYDQ�� -� -HQVHQ�� .� .LWD]DZD�� YRO�� $� �:RUOG
6FLHQWLILF��6LQJDSRUH������������

��� /� &� 7XQJ�� -� &�&KHQ��0�.�:X�DQG�:�*XDQ��3K\V�
5HY��%��� ������������

��� *� .� %LFKLOH�� 6�'HVKPXNK��'�*�.XEHUNDU�DQG�5�*
.XOODUQL��3K\VLFD &���� �����������

��� +� 6� *DPFKL�� *� -� 5XVVHO�DQG�.�1�5�7D\ORU��3K\V�
5HY��%��� �������������

��� 9�$PEHJDRNDU�DQG�%�,�+DOSHULQ��3K\V��5HY��/HWW����
������������

��� +� 6KDNHULSRXU� DQG� 0� $NKDYDQ�� 6XSHUFRQG�� 6FL�
7HFKQRO���� �����������

��� +� 6KDNHULSRXU� DQG� 0� $NKDYDQ��LQ�3URFHHGLQJV�RI
WKH )LUVW� 5HJLRQDO� &RQIHUHQFH� RQ� 0DJQHWLF� DQG
6XSHFRQGXFWLQJ� 0DWHULDOV� �060������ HGV�� 0
$NKDYDQ�� -� -HQVHQ�� .� .LWD]DZD�� YRO�� $� �:RUOG
6FLHQWLILF��6LQJDSRUH������������

D
ow

nl
oa

de
d 

fr
om

 ij
pr

-o
ld

.iu
t.a

c.
ir 

at
 1

8:
34

 IR
S

T
 o

n 
S

at
ur

da
y 

Ja
nu

ar
y 

9t
h 

20
21

https://ijpr-old.iut.ac.ir/article-1-176-fa.html

