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Ar#$%&'���(�)*+, 
   -�./��01�2���	 985 
°C320 ~ 42 bar��4���(R1-xCax)2Ba4 

Cu7O15-δ ( R = Ho, Gd, Eu5678 R-247 )
9��2:;<�=
� Ca2+ >?@�

ABC<DE��3:;FG2H(Tc)3I
JK3L�K�M�NOP:;Q�RS, 
����XTUVWXYZ[\] Ca2+ ^NO

_`�(R,Ca)-247a:;<b	cde�f
g h i j 8 (R,Ca)Ba2Cu3O7-δ a ,
(R,Ca)-247 9���klmn(x)op8[
Ho[0.103Gd[0.073Eu[0.04,qr�
Ca2+ >?Cs@�tCsuvwx�Ca2+ y

8 R3+  Ba2+ �z{kl�q|}~

Rietveld`��0,f(R,Ca)-247����
����� �NO\Ca2+ >?fgh�

�,qYZ Ca2+ >?@��RS:;<�

����=��BC<DE, 
    L�KO�./�:;FG2H Tc  

:;<��oK��\ Ca2+ >?�f�g

hj�^b�,������ Tc j��

4[Ho-247[75.9 K ~ 67.9 K5Gd-247[60.5 
K ~ 59.5 K5Eu-247[56.1 K ~ 56.0 K,f
\ Ca2+ �>`�(R,Ca)-247 IJK���
�Y^j�, 
    qr�9������DEo�Y
Z[�� Ca2+ klO����C��8v

 �¡�=��¢£DE5f� Ca2+ k

lO���¤�¥¦£C��C�§�=

¨©j, 

    �(�)*+^��./����t

ª« ¬rTX3I$UV XTUVW
XYZ!"®O8 1100 eV^ Ar#$%
&'��=�8 C4N6H4�o$¯°�±�

�²��(�)*+,q¯°o$³��

´µ¶DE� ·¸m¹º»^β-C3N4^

¼½DE o¾¿�À¯°�^(8Á�

^(ÂÃÄÅ, 
   �Æ2¹��*+�()Ç~ª«T
Xo��8 0.43-0.56�ÈÉ-�./�B¬
rTX��ÊË ÌÍ^ÎÏÐop¤�

� 1383 cm-1   1643 cm-1ÑÒ�qÎÏÐ

yAy	 C-N  C=N stretchingÓÔ�Õ
� 2200 cm-1�Ö×�=ØAy	^ C=N
ÙD^ÎÏÐÚ��qDÛYZ���y

�³ extendedDE^ØÜ(�)Ú�,  
qr�β-C3N4^*+�� XT ÝÞ

ÔI$Y�ß(TEM)^��YZUVÐ
¤�� d = 3.2Å�Ò�qvà TEM¹�
á^(110)UV¶vàaâã��äf*+
��¿åæÚ��DE¨ç^è¡Ca|

éêë,�

�

�	
[�����3β-C3N43(�)

*+3(R1-xCax)2Ba4 Cu7O15-δ3:;FG2

H3�NO3L�K3�DE3¬rTX3

ÝÞÔI$Y�ß�
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Abstract 
   (I) Three series of (R1-xCax)2Ba4Cu7O15-δ 
(R-247; R = Ho, Gd, Eu ) cuprate 
superconductors have been synthesized at 
985°C and under 20-42 bar of oxygen 
pressure. The effect of Ca2+ doping on the 
variation of oxygen content, structural 
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chemistry, and superconductivity was 
investigated. 
   On the other hand, The Tc and 
superconductor volume fraction of (R, 
Ca)-247 phases were found to decrease upon 
Ca2+ substitution, as indicated by magnetic 
susceptibility measurements. The ranges of 
Tc were found to be 75.9 - 67.9 K, 60.5 - 
59.5 K and 56.1 - 56.0 K, for phases with  
R = Ho, Gd and Eu, respectively. No 
systematic variation in normal-state 
resistivity was found for an three series of (R, 
Ca)-247 phases. 
    On the other hand, the microstructure 
analysis indicated that grains appears to be 
layered platelet shape and in the range of 
several tenth microns for phases with low 
Ca2+ substitution, respectively. With higher 
Ca2+ substitution the grains are found to be 
rod shape and no variation in grain size was 
observed. 
    (II) As indicated by Auger spectra, 
TEM, XRD, and IR data, carbon nitride films 
have been synthesized by argon ion-beam 
sputtering from a biomolecular compound 
target, 8-aza-6-aminopurine (C4N6H4).  The 
compound has a six-member ring structure 
similar to that existing in the hypothetical 
β-C3N4.  Except for the target material, no 
other source of nitrogen was used during the 
sputtering deposition.  It was found that 
crystalline carbon nitride with high N/C ratios 
of 0.43-0.56 can be formed at room 
temperature.  The IR spectra of the film 
exhibit two peaks at 1383 and 1643 cm-1, 
corresponding to C-N and C=N stretching 
modes, respectively.  No detectable peak at 
2200 cm-1 (C=N stretching mode) is observed.  
Both X-ray diffraction and TEM show a 
very strong broad peak at 3.2 Å, comparable 
to the d spacing of the (110) orientation in 
the β-C3N4 structure.  Therefore, it was 
suggested that the film presumably contains a 

nanocrystalline phase with a crystal structure 
needed to be determined in future 
investigations. 
 
Keywords: High-pressure synthesis, thin 
film, carbon nitride,  cuprates, IR spectra, 
(R1-xCax)2Ba4Cu7O15-δ, Ca-doping, Tc , 
microstructure, magnetic susceptibility,  
oxygen content, TEM, TED 
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(�) >ì� R2Ba4Cu7O15-δ ��íÜ6î 
    ï8 Y2Ba4Cu7O15-δ (Y-247)³�ðñ
YBa2Cu3O7 (Y-123)òCs�¹� c óôõ
50.3 Å5�NO�cde�δ�ö÷8 0.9 ~ 
-0.3�À Tc î	 30 K ~ 95 K�È�oøù
Í[1],úû�ü Y-247 >ì����8
Buckley Pý� 1991 þ¹ê�����8
Ca2+ kl Y BaÑñ��[2],1993þ�
TrisconePý!" XTUV��� Ca2+ k

l^�����w� Ca2+ 	
kl Ba2+(1)
^��5�@�t®Oo�XTo�(Energy 
Dispersive X-ray Analysis � EDAX) �
Triscone Pý���w� Ca2+�kl

Ba2+ ^��[3],1994þ�SchwerPý��
(Y, Ca)-247��w� Ca2+ 8kl Ba(1)  
Y3+ ^��[4], 
    Õ � 1996 þ � Seiji P ý � à
(Y1-xCax)2Ba4Cu7O15-δ aDE� Ca2+ kl

�@Csuv^j���8 Ca2+ �kl

Y3+ ^���À� Ca2+ NO x ≥ 0.09��
Y-247=c����fij8 Y-123a[5],
f� 1998 þ�Yarng Pý���>ì��
���(R1-xCax)2Ba4Cu7O15-δ ( R 8 Dy  
Sm ):;<���tCsuv�j��w�
Ca2+ ykl Y3+  Ba2+ ^��[6,7],�
���(�)*+��� �Q�e�

    ×þÄ�ü³<Ó�v  H!"
#8§^°$%&�G'§^()��à

Sung, [8]Liu  Cohen Pý [9]^*�
β-C3N3 ^Ú��@�+%&�,��^-

.,�àm»/0^*�β-C3N3 y³��
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�1Q32��3234 ;-K5^�

Q�(�)^���·¸m6�7V8'

[10]39:&V3�;&V3#$%<�
[11]3=#$ø>3I?<�=3��@a<
�3�Ü�A�-BPCD.�,ECF

GI$UV(SAED)��YZ*+H�t(
�)�C�I?JCK^ matrix �¹E
��qr§Cv^(�)*+�(NOL

õ 20-30 at.%M�	 57 at.%^N��[10],  
    Diani PýO�²P��¤()Ç8
1.39 ^JCK(�)*+B�N�-de
QQÀ	 600R-B^ C=N �S�qDÛ
TU³ extended DE^(�)�S�Ú
�,[12] Ø�(�)�V³CKW�V8
<XW*+�S�B��.�^
� D

C�ôÜY���Z�[³�\]Q^^

�,�

�
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(�)(R1-xCax)2Ba4Cu7O15-δ������^

��� �Q�e 
  1. t XRD W X ^ o � Y Z [

(R1-xCax)2Ba4Cu7O15-δ ( R = Ho, Gd, Eu )  
9����ì�klmnop� x ≤ 
0.10�0.07 0.04,�ì>`O:�klm
n��(R, Ca)-247W R-247a_c`de�
=Àabij8(R, Ca)-123W R-123a, 
  2.Csuv^o�w�[�klmn��
Ca2+ kl R3+ ^���Õ�:cklmn

@��8klBa2+ ����W�R3+  Ba2+ 

�z{kl,f�(R, Ca)-247 ����
�������\ Ca2+ >`Od_��4

e^b�, 
   3.L�KO�YZ[¨õklmn�
��Ho ��\ Ca2+ klO^_`�

Meissnerfy�d��b��Õ� Gd��
�ØghQ,f�klmn�@�Ho��
��ï8 R-123 ai��FG2H 
Meissner :;<��oKj`H^kl�
f Gd���\ìklO_`d�,-r�
�(Eu, Ca)-247������Meissnerfy
�\ìklO_`���ØghQ�j

��À:;<��oKZc, 
   4.(R, Ca)-2479��:;a���¨õ
klmn���:;FG2H(Tc,zero    
Tc,mag)\ Ca2+ >?O^_`�f��gh

j�^b�5Õ�klO:cmn�@�

����e^j�, 
   5.(R, Ca)-247DE��\] Ca2+ >?O

^_`�9��:;<��NOZ�gh

��^�m,� Ho, Gd Eu9��>ì
^ R-247 ���NOoøö÷op8[
14.744 ~ 14.442�15.108 ~ 14.573 14.640 ~ 
14.332, 
   6.(R1-xCax)2Ba4Cu7O15-δ aCs�ì#
$ � > ` � n � � � � � �

( orthorhombicity ) �NOÑ0o��,q
YZA R-247 a:;<�ì^>?���
B:;DE�:;QïfpqrY, 
   7.SEM�DEo�YZ[:;C�8t
step growth.Ô�ôfi�^s£DE�
fJ:;a�8cg�¦£5À\ìkl

O_§�C�§�=Ø�Y�©j, 

 
(�)(�)*+��� �Q�e 
  1.ª«I$TXYZ� 1000eV ®O^
Ar#$%&'¹�á���L�( )Ñ
D�o�f���()Ç�~t��@8

0.5,u�Oê����()Ç�A&'#
$%�®O³�vÚQ, 
  2.ÝÞÔ¬rTXYZÊË ÌÍ^Î
ÏÐop¤�� 1383 cm-1   1643 cm-1Ñ

Ò�qyAy	 C-N  C=N stretchingÓ
Ô�Õ� 2200 cm-1�Ö×�=ØAy	^

C=N ÙD^ÎÏÐÚ��qDÛYZ��
�y� extended ØÜ(�)w<Ú�,f
¤�� 2870 cm-1   3400-3500 cm-1ÑÒ

ÎÏÐ�u��8yÄx	��� C-H
  N-H ÙDqDÛYZ���y�yÂ

ÃÚ�, 
  3. I$UV(TED)pattern 8�t���
�	zUV¶c{|^}£UV}¹��

^WX�qvàYZ(�)*+��¹A

y� d-spacing�8 5.57, 3.19, 2.61, 2.07, 
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1.81, 1.60, 1.28Å,qDÛ XTUVWX
ú~UVÐ(110) ¤�� d = 3.20 Å��, 
  4.tSX��YZt 75eV Ar #$%&
'¹�á(�)*+���~�B¹i�

^#$���N:C5N5H5
+ (m/z 135) îd

eX#$� C5N4H3
+ (m/z 119), C4N4H4

+ 

(m/z 108), C4N3H2
+ (m/z 92), C3N3H3

+ (m/z 
81), C2N3H4

+ (m/z 70), C3N2H2
+ (m/z 66), 

C2N2H 
+ (m/z 53), CN2H3

+ (m/z 43), C2NH 
+ 

(m/z 39), m CNH2
+ (m/z 28),Pqr m/z = 

136����Äx	��vfy,   
  5.8
�(�)*+^ÙD£X����
¹�á^��TXYZ�	 1360  
1575cm-1�ÎÏÐ(D G bands) yÅx
	(�)*+���JCK^,[13] 
 
�������� 
   ���
��(�)�4������
�^�� �Q�e�(�)� Ar #$%&
V���(�)*+,�0�����

�(R1-xCax)2Ba4Cu7O15-δ ( R = Ho, Gd, Eu)�
���=
��ì#$^klA R2Ba4Cu7 

O15-δDE :;Q^RS�·¸m=Øa

ü^��ê���������DÛ�q

����Õæ�á@|�?
�,@0�

�p	·¸mu"^.������"�

N()y���^�o$8¯°�`��

#$%&V���β-C3N4 *+�q½��

�³�a�Q,���(��./�Û!

��L�@��� CoMoN3 3NiMoN33

CoWN3  NiWN3 P(���+	���
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