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Structures and magnetic properties of four types of 3-D cyanide-bridged bimetallic coordination polymer 

magnets: [Mn(en)]3[Cr(CN)6]2·4H2O (1; en = ethylenediamine), [Ni(dipn)]3[Cr(CN)6]2 ·3H2O (2; dipn = 
N,N-di(3-aminopropyl)amine) [Ni(dipn)]2[Ni(dipn)(H2O)][Fe(CN)6]2·11H2O and [Mn(4dmap)4]3[Cr(CN)6]2·10H2O 
(4; 4dmap = 4-dimethylamino pyridine), were examined under hydrostatic pressure up to 19.8 GPa.  Compound 1 
showed the reversible crystalline-to- amorphous-like phase change and shift of the ferrimagnetic phase transition 
temperature.  The magnetic phase of 2 was reversibly converted between ferromagnetic and paramagnetic-like 
phase while maintaining its crystallinity.  The porous compound 3 was easily and irreversibly amorphized and lost 
the ferromagnetic phase under low pressure.  Compound 4 formed a doubly-interpenetrated-type ferromagnetic 
framework and exhibited a reversible modulation of Tc.  These flexible cyanide-bridged frameworks demonstrated 
well the pressure response depending on the magnetic structure and the framework strength in the GPa range. 
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ïú©¡2345y¡Aê�hëì­Of)y�ïA*�2$ùÔO4-ìÌf}Ó)ë�ïYz

*U±5Â|2Ç5Á#CYA()>~­�)4-zÄ2CD¾¿z�×ÐÑ5+4-CY8 
(molecular-based magnets) ,­O1980 &±2-ÖÁ%ØÃÄÐÃÔ7¯§Ý2§¨ÐÃÔÓ5Á4-
CY8A§¨¬­O¶·|CD{®¯�°z�Æ{2ÓÉ-0}OCDÒ�N0�zåWè2[â¾

¿Y+ÐÑ5Â|Ø$>÷.¬Ç5ÁX84-z°Ó~X8CY8»YMP4-CY8; coordination 
polymer magnetsÀ­OÚÛX8«(A$8¶·­®Øêë¬ÇâO¾Ø{³ÓYM0�¬¶/ÐÃ~
²B¬01h¶·ÙO�0¤ACD«YO6-CYO²êïYìÌ"_\]2Æ5)ë�ïY­O×

GÕ²ßAqcz45ÔÓ5[1-3]ÁX8CY8ACD«Y­O­yïC2Ù�ÚC22#ZhÓÕA
AOHA½ö[¤z3°}~4.�4-2ç5y¡{52ÙO6OZ[h;AïÆ{52³A�'h

\]ØklÐÃ5[4-8]ÁýþÌ­OÂÃ>¬2o�,TUVÚÛ­-�0 [MIII(CN)6]3– (M = Cr, Mn, Fe) 
z°ÓÔOB=h)È¶·z(±5X8CY8z�3}O¶·|CY3çQ)ëA§¨zm5ÔÒ~

[7-14]Á[MIII(CN)6]3– ­ 6æ)2WQzÔÕ¬Ò5+X8YM-,¬ÇâOÂÃ|4\ÐÑ5$�AÚ
ÛX8¢9£�[M’(L)x]m+ AµxYOYMêë,-�AjÙ7PÐz!uYM- L2çóÔ3*±5
Â|¬O8,¶·A­®Øêë¬Ç5Á>~OTUVWQ­CD{®¯�°AÞ9hc;8¬ÇâO

ìòü§¥¦2�¼ÑÔHA0�Wè|+·Ø:y}è5:Ã~01Yz(±5ÁÅ§¨¬­ÂA¶
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·01Y2:!}O¶·3çQCD¶·Aoh5y�ïz°ÓÔOHÃÌAZ[\]z*^ 19.8 GPa 
>¬AZ[e¬¾Ø�;}~[7,8]Á 
 
("#� #

CyAZ[År­OZ[ P Ø P # 1.5 GPa A,ZeÌÊ¬­ Cu-Be �A/.�0Tp0.�2¤
�0Ï�0OP # 20 GPa>¬APZeÌÊ¬­bc2A.-UÒ0�U0<0�0 (DAC; � 1 ) zO
Quantum Design MPMS"XL5R SQUID C=Ö2>(}ÔÌÊ}~Á¤�0Ï�0z°Ó~_�­OØ
�¥0�0AÜ2� 10 mg A*+|OZ[½8|}ÔApiezon-J�-0OZ[Ô���|}Ô Pbz
(ÃÔ!z�ÏOHÃz]eìÌ@0õ9UOOp01O@0õ9U¬"9OÕ?{2$Z}~ÁÖ
wZ[­OPbAbc@Jö�·zÏ¥��|}Ôû�Õó~[15]ÁDACA_�
­O0.2 mm�A Cu-Be� (P # 5 GPa) >~­ Re� (P $ 5 GPa) A#.å£�z
°ÓÔOM� 0.2 mm A,0Ï0./�.2� 4µg A,0Ï0OZ[½8|}
Ô Daphne oilOZ[Ô���|}Ô0<�A$)z¡³(ÃÔO��<£�G
AM�Ø 0.5 mm A.-UÒ0�¬"Ý¬$Z}~[16,17]ÁZ[­O0<�%
6A R1¼ (292.42 nm) AT��2çâO&`< d!/d P;0.364 nm/GPaìÌû�
Õó~[18]Á*+Øø6¬Ç5~5O5 kOeA dcC_e¬*+3çQDAC68
ACyz'b(ßÌÊ}~Á$) X ¼ZÀ (XRPD) AZ[År­ODAC z
°ÓÔP-.0/�$)*§¨)¶»KEKÀ2ÔÌÊ}~ÁDACA��<£�
GAM�­ 0.6 mm¬ÇâO0.2 mm�A Cu-Be�#.å£�z°ÓÔO0.2 mm
�A,0Ï0./�.2$)*+OZ[½8|}Ô Fluorine oil (FC70)OZ[Ô
���|}Ô0<�A$)z(Ã~Á 

 
0"#¡¢£1��4T�#

7eA 4�Ay�ï­O©Ô MII : MIII = 3 : 2 2AX8CY8¬Ç5ØOoh58,¶·|CYz�
±Á8,¶·AêÓ­O0+>¬Ç5ÚÛ-�0üâAWQAj (nM(III), nM(II)) |ÚÛX8¢9£� 
[MII(L)]2+ A$8¶·OCYAêÓ­M(III) |M(II) ¤ACD{®¯�°2á5Á° 12�y�ïA¶
·|CY2òÓÔ>|5O7e¬,�2�¿5Á 
 
 

y�ï Mn(II)Cr(III) (1) Ni(II)Cr(III) (2) Ni(II)Fe(III) (3) Mn(II)Cr(III) (4) 
!uYM- en: 2- dipn: 3- dipn: 3- 4dmap: �- 

nM(II) 4 3 3, 2 2 
nM(III) 6 6, 3 4 3 
[¤± C2/c Pa 3  C2/c R 3  

&· / gcm–3 
»0�.z$ßÀ 1.431 1.420 1.188 1.144 

[/x / % 13.9 5.0 28.2 13.7 
CY �ðpCY dCY dCY �ðpCY

Tc / K 69 42 8.5 17 

dTc/dP / K·GPa–1 19.4  
(# 1.03 GPa) 

5.0  
(# 1.20 GPa) ------- 8.4  

(# 1.00 GPa) 
a / GPa–1 0.28 0.12 ------- 0.49 

8.5 mm

35 m
m

 

� 1  DAC A01 

° 1 �y�ïA#ZeA¶·|CY 
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MnIICrIII �ðpCY8 [Mn(en)]3[Cr(CN)6]2·4H2O (1; en = ethylenediamine) [13] 
y�ï 1¬­ MnII A!uYM-2�-A@U80YM- en z°ÓÔ3âO[Mn(en)]2+ 2­ 4ò
AYMêë,-�ØÇ5 (nMn(II) = 4)Á[Cr(CN)6]32 A 6òATUVÄØ»¼±5 [Mn(en)]2+ 20�}
Ô (nCr(III) = 6)OCr-CN-MnWQ2ç5 3#?8,¶·z+3}ÔÓ5»� 2 ÀÁÂA¶·­O3òA CrIII 
| 4òA MnIIzÒ>2Y}ÔO1òAÒ>| 4òA§ØOn}~ Cr3Mn4ÈÙ©���0¶·ØÄ2

hóÔÓ5Á8,¶·A[/x­ 13.9 %|û�ÕÌÃ5ÁCD{2­OCrIII (d3) |MnII (d5) ­TUV
WQz"}Ô4dCY{2®¯�°}Ô3âO1 ­CD®Jö�· Tc = 69 K 7e¬�ðpCYz�±Á 

 

 
NiIICrIII dCY8 [Ni(dipn)]3[Cr(CN)6]2·3H2O (2; dipn = N,N-di(3-aminopropyl)amine) [11] 
y�ï 2¬­ONiII A!uYM-2*-A�pU80YM- dipnz°ÓÔÓ5~5O[Ni(dipn)]2+ A

YMêë,-�­ 3 ò2ÉóÔÓ5ØO1 çâµxYAPÓ[¤± Pa 3¬0�y}ÔÓ5Á
[Cr(1)(CN)6]3"| [Cr(2)(CN)6]3" A©ÔATUVÄØ»¼±5 [Ni(dipn)]2+ AU�T�0M20�}ÔO
4òA Cr(1) | 4òA Cr(2) zÒ>2O12A NiII z§AÜ>2Y}~ Cr8Ni12 ���0¶·zÄ2}
~ªæ{h 3#?8,z¶/}ÔÓ5»� 3 ÀÁ[Cr(3)(CN)6]3" ­���0¶·½2rG}Ofacial-µ3 W
QÒ��¬ 3 òA [Ni(dipn)]2+ A-��pU0M20�}Ô3âO8,¶·zçâ3ºhÕA2}Ô
Ó5Á8,¶·A[/x­ 5.0 %|û�ÕÌÃ5ÁÂAy�ï­OCrIII (d3) |NiII (d8) ØCD��A%
&ME2çâdCY{2®¯�°}Ô3âOTc = 42 K¬dCY¾¿z�±ÁöC[­¼¹ì 3 Oe¬
ÇâOªæ{h¶·z4Â}~1CY8¬Ç5Á 

 
 
 
 
 
 
 
 

 
 
 

Mn 

Cr 

Mn 

(a) 
a 

c 0 

(b) 

� 2  [Mn(en)]3[Cr(CN)6]2·4H2O (1) A (a) ÄÅ¶·| (b) 8,¶·»0�.­DEÀ 

(a) 
Cr1

Cr2 
Cr3Ni 

(b)

c 

a 

0

� 3  [Ni(dipn)]3[Cr(CN)6]2·3H2O (2) A (a) ÄÅ¶·| (b) 8,¶·»0�.­DEÀ 
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NiIIFeIII dCY8 [Ni(dipn)]2[Ni(dipn)(H2O)][Fe(CN)6]2·11H2O (3) [9] 
y�ï 3¬­O2|AB2 NiII A!uYM-2 dipnz°ÓÔÓ5ØOoh5¶·z+3}ÔÓ5Á

[Fe(CN)6]3" AG½A 3òATUVÄØ 3òA[Ni(1)(dipn)]2+ 20�}Ô bcG2\Øó~ 2#?T
��¶·z+3}ÔÓ5ÁÐÌ2 [Fe(CN)6]3" A¹MATUVÄ| [Ni(2)(dipn)(H2O)]2+ Ø0�±5
Â|¬OÂA 2#?T��Ø a ¹24óÔì0ÐÃÔO� 0.4 ) 0.4 nm2 A,9�r2��.02
-5z(±5 3#? pillared-layer 2¶·Ø+3ÐÃÔÓ5»� 4 ÀÁ8,¶·A[/x­ 28.2 %
|Oy�ï 1, 2|¾¿Ôìhâ^ÒÓÁ0�.AMN­O[5½¬ÓÎ.��.�}ÔÓ5ÁCD{
2­O,./0 FeIII(d5) |NiII(d8) ØCD��A%&ME2çâdCY{2®¯�°}ÔOTc = 8.5 
K7e¬dCYØËÌÐÃ5Á 

 
MnIICrIII �ðpCY8 [Mn(4dmap)4]3[Cr(CN)6]2·10H2O (4; 4dmap = 4-dimethylaminopyridine) [8] 
y�ï 4 ¬­O�-A/p@0YM- 4dmap z!uYM-2°ÓÔ3âO[Mn(4dmap)4]2+ ­ 2
òAYMêë,-�z(±5Á[Cr(CN)6]3" ­O»¼±5 2 òA [Mn(1)(4dmap)4]2+ | 1 òA 
[Mn(2)(4dmap)4]2+ 2meridional2¬0�}Ô Cr-CN-MnWQz+3}ÔÓ5ÁÒ>2 CrO§AÜ>2 
Mn(1) zYN}~ Cr6Mn(1)6 T¤¥o�,02¶·ØOÐÌ2 Cr-CN-Mn(2) 0�¬oÔ}ÔO6,102 net 
2 3#?¶·z¶/}ÔÓ5»� 5 ÀÁÂÃ­²5Y¶·¬ÇâO0�A&·­ 3çâÕ,ÓØO0
�,-½¬ 2òAç$}~¶·Ø®¯6( (interpenetrate) }ÔÓ5~5O[/x (13.7 %) ­ 1|A
¹·|hóÔÓ5Á®¯6(}~¶·Ai­O4dmapz"}Ô %···%®¯�°}ÔÓ5ÁÂAy�ï­O
1|AB2 CrIII |MnII ¤24dCY{®¯�°Ø5ÒOTc = 17 K¬�ðpCY¾¿z�±Á>~O
CrIII |MnII Aªæ{Ý-YN|µxYAPÓ¶·z4Â}ÔOöC[Øfg.¥A1CY8¬Ç5Á 
 
 
 
 
 
 
 
 
 
 
 

� 4  [Ni(dipn)]2[Ni(dipn)(H2O)][Fe(CN)6]2·11H2O (3)A(a) b ¹7>�|(b) c ¹7>�»0�.­DEÀ

Fe 

Ni2
Ni1

c 

a 

(a) 

a 

b

0

(b)

� 5  [Mn(4dmap)4]3[Cr(CN)6]2·10H2O (4)A(a)ÄÅ8,¶·A c ¹7>�|(b)�ê®¯6(¶·
»0�.|!uYM-­DEÀ 

c 

a 

(b) (a) 

Mn1 

Mn2 
Cr 
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� 62y�ï 1O2A XRPDAZ[Årz�±Á>~OXRPDA Rietveld#È2çâLU}~,-
ÊjAZ[Årz� 72�±Á 

 

 

y�ï 1¬­OZ[ù$|E2/�¤Ø�¥��2hâOìòP+2T��}ÔÓ5ÁP # 1.7GPa
A'8¬­O,-­ªæ{2!9}O,-8� V ­Z[2µ}ÔM¼{2ÉÊ±5ÁÐÌ2PZ2h
5|Ob, c ¹å|8�­f|Ý;:¼Ì¹2 a ¹ØµÓÔoQ5oæ{h¶·:yz�}ÔÓ5Á,
-8�­O3.2 GPa >¬2� 9%ÉÊ}ÔÓ5Á4.2 GPa 7]AUÍ¬­O./¤�0A�¥��yØ
m9Ofgl�úA�2�0z�}ÔÓ5Á4.5 GPa >¬$Z}~I2Z[zÕ:±5|K5A0�
,-2;ó~~5Ol�úy}ÔÕ Cr-CN-MnWQ¶·­öWÐÃÔÓ5Â|Ø�<ÐÃ5Á19.8 GPa
>¬$Z}~_�­=Y�5zbùÔ}>ÓOZ[zÕ:}ÔÕ?A0�Y­Z>}hÓÁ 
>æOy�ï 2­ 1|oh5Z[\]z�±Á,-8� V ­O0 # P # 3.1 GPaA'8¬­Z[2µ
}ÔM¼{2ÉÊ}O4.7 GP>¬2� 15 %ÉÊ±5Á4.7 GPa>¬A$Z¬/�¤­�¥��y±5
ØOl�úy­}hÓÁÂA_�ÕZ[zÕ:±5|Kk¶·2;5Á 
y�ï 3| 4A$Ze¬A|-h¶·Ó�2­hÓØOy�ï 3¬­Onìh$Z¬QR2Èê?
{hl�úyØ8ÂâOy�ï 4¬­ 1.2 GPaìÌ#Z2;}ÔÕl�úy­8ÂóÔ3Ì¹OKk

� 6 y�ï 1 (a)| 2 (b) AXRPDAZ[År 

(b)(a) 

� 7 y�ï 1 (a)| 2 (b) A0�¡{��N�2AZ[År 

(a) (b)
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¶·|ABAXRPD�2�0z�±Á 
#

R"#T�§B1¢¤��#

y�ï 1 | 2 ACDâ÷OTc 3çQ Ms AZ[Å
rz� 8ã102�±Á 
y�ï1z¤�0Ï�0z°ÓÔ1.03 GPa>¬$Z
±5|OTc ­ 69 K ìÌ 89 K >¬]é±5»� 8aÀÁ
Tc |ù$Z[A¤2­M¼{h®ÇØÉ�ÐÃOdTc 

/dP = +19.4 K GPa21 ØkÌÃ5ÁCDâ÷2µ±5Ö
ú{Z[wV­O#< (1) 2345 Tc A:yAì�
»µÒ aÀ2çâû�Õ5Â|Ø¬Ò5»� 11À[15]Á
Tc(P) = (1 + aP) ) Tc(P0) ··· (1)ÂA_�­OTc(P0) =69 KO
Tc(1.03) = 89 KçâOa =0.28 GPa21 ØkÌÃ5Á�y
�ïA dTc/dP 3çQ a A¨z° 1 2�±ÁÂA Tc 
A]é­OCr–CN–MnWQA!92·è d%(CrIII) ��
| %*(CN–) ��O#Q d%(MnII) ��| %*(CN–) ��
¤Aêhâ�4A3$2çâOCrIII | MnII ¤A4d
CY{®¯�°Ød>ó~0V¬Ç5Á 

DACz°ÓÔÐÌ2$Z±5|OP = 4.7 GPa¬ Tc 
­ 126 K2;±5»� 8bÀÁP # 3.0 GPaA'8¬­O
Tc ­Z[| dTC /dP = +15.0 K·GPa–1 (a = 0.22 GPa–1) 
A®Çz�±ØOHÃ7]A$Z¬­OTc A]é­f
g@)}ÔÓ5Á0 # P # 4.7 GPaA'8¬OCyA*
^¨­f|Ý;:y}ÔÓhÓÁXRPD¬­O4.7 GPa 
¬­l�úyØm)}ÔÓ5ØOCD{2­CAA4

ð2ç5CyAÉÊz�Ð¹O�ðpCY®zöW}

ÔÓ5Á4.7 GPaìÌZ[zÕ:±5|OXRPDA0V
|AB2ê?{2fgKkACDâ÷2;5ÁÐÌ2

$Z±5|OTc |CyA*^¨ Ms­ÉÊ}O19.8 GPa 
¬­�ðpCYØÞB}#CY®A9Ø×Ã5ÁÂA

çèh:y­OCD�N-0,-CA,e2çâÎÏ

5Â|ØàÌÃÔÓ5[19]Á19.8 GPa>¬$Z±5|O
Z[zÕ:}ÔÕ#CY®A9ØËÌÐÃOKkAC

Dâ÷­8×ÐÃhÓÁÂAÈê?{hCDâ÷A:

y­OCr-CN-Mn 0�ADðz7�l�úyAm)2
ç5ÕA|øùÌÃOXRPDA0V|Þß>Û±5Á 

 
y�ï 2¬­O¤�0Ï�02ç5 1.2 GPa>¬A$Z¬OTc ­ 42 KìÌ 48 K>¬nì2:y}
ÔÓ5»� 9ÀÁ1.2 GPa7]A$Z¬­ Tc 3çQCyA*^¨Ms­ÉÊ2JÏO4.8 GPa¬dCYØ
ÞE±5ÁXRPD¬­0�YzöW}ÔÓ5ÕAAOCD{2­ 1A 15 GPa7]2345l�ú®|

� 8 y�ï 1 ACDâ÷AZ[ÅrV(a) 
¤�0Ï�0F° (~1.03 GPA)O(b) DAC 
F° (~19.8 GPa) 

(a)

(b)

� 9 y�ï 2 ACDâ÷AZ[ÅrV
DACF° (~5.9 GPa) 
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AB2#CY®2:y}ÔÓ5ÁÂÃ­O8,¶·A!92·óÔ Cr-CN-Ni 0�ØGæ}OHA0
V d&(NiII) ��| %*(CN–) ��¤Aêhâ�4A3$2çâ CrIII| NiIIACD��A%&MEØHÃ
Ô4dCY{îïØ3$}~~5|øùÌÃ5Á5.9 GPaìÌZ[zÕ:±5|OXRPD|AB2Kk
ACDâ÷zZ>±5ÁÂAy�ï¬­OZ[2çâdCY|#CY¤zê?{2:Oêë¬Ç5Á 

 

y�ï 3¬­O¤�0Ï�0¬ 0.95 GPa>¬$Z±5|O$Z2·óÔ Tc 3çQ Ms ­ÉÊ}O
0.48 GPa¬#CY®2:y±5Á0.95 GPaìÌZ[zÕ:}ÔÕOKkACDâ÷­Ù©2­8×Ð
ÃhÓÁÂÃ­O2|AB2 Fe-CN-Ni0�A!9|Gæ2çâ FeIII|NiIIACDâ÷A%&MEØH
Ã5Â|2$ùÔO[/xØ^ÒßÔ³Ó²5Y8,¶·Õ>á2âÆÌÃ5Á,./0 FeIIIAÈµ

Ý-­ d%��2 1ò}ìhÓ~5O2 çâÕQR
2dCYØÞE}ÔÓ5Á 
y�ï 4A Tc ­O1.00 GPa>¬A$Z¬ 17 K ì
Ì 25.4 K>¬M¼{23$}ÔÓ5»dTc/dP = +8.4 
K GPa21Oa = 0.49 GPa21ÀÁ4­�ðpCY8¬Ç5
Â|ìÌOy�ï 1|AB2O$Z2çâ4dCY
{®¯�°Ød>5Â|¬OTc Ø]é}ÔÓ5Á

>~OÂAy�ï­�ê®¯6(2¶·z+3}Ô

3âO8,¤2¶·:yØêëh[¤ØrG}ÔÓ

5~52OîAy�ïçâÕ^ÒhZ[wVz�}

ÔÓ5Á 

 
X"#��_¨©T�ª4¢¤de1ª«#

¶·AdÐ­O° 12ïù~8,¶·z+3}ÔÓ5WQAjO3çQ CN–MII A0�AdÐ2ç
âÁIJ�¬Ò5Áy�ï 1| 2A¶·z¾¿5|O1AæØ nM(II) ­^ÒÓØO1òAÒ>| 4òA
§ØOn}~ÈÙ©���0¶·zÄÅ8,|}ÔÓ5~5Oªæ{h8,A 22¾¿5|Z[AK
õØoæ{2ììâO¶·ØL�Â|¬l�úyØm)±5|`¼Ã5Á>~ONiII|¾¿5| MnII

­-�0>�Ø^ÒßOìò MnII ­X+3}ÔÕYM-_mÊy-.0/�zMÆhÓ~52O

CN–MnII0�­ CN–NiII|¾¿Ô³ßÔ01¬Ç5Áy�ï 3 2òÓÔ­O[/xØ^ÒßOìòT
��½AWQ¶·»nM(II) = 3À2¾¿ÔT��¤AWQ»nM(II) = 2ÀØ³Ó~52ONÓ¶·2hóÔ

� 10 y�ï 1| 2A Tc (a)|Ms (b) AZ[År 

(b)(a) 

� 11 y�ï 1, 2, 4A Tc(P)/Tc(P0) AZ[År 
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Ó5Áy�ï 4A_�­OÄÅ8,­ 3|AB2[/xØPßÔ³Ó¶·»nM(II) = 2À¬Ç5ØO®
¯6(}Ô[/zO55Â|¬l�úyzPÍOê?{hZ[\]zêë2}ÔÓ5|ñù5ÁCD

«Y2µ±5Z[wVz¾¿5|O¶·A!9­CD��Aêhâz3^±5~5O4dCY{®¯

�°2ç5�ðpCY8 1, 4¬­ Tc Ø]é±5`AwVØOdCY8 2, 3¬­dCYØQ=2ÞE
±5KAwVzïùOCD®2År}~RShZ[wVØËÌÐÃ~Á>~OLU}~��N�2 a ­O
Öú{hZ9xz°}Ô3âOHAË>ìÌ­ 4Ø*Õ^ÒhZ[wVz�}~ÁÂA¨­Oãä2
jáIJÐÃÔÓ5X8CY8AZ[wV»P # 1.2 GPaÀìÌLU}~¨|¾¿ÔÕ^ÒßO[/x
A^Òh,#?¶·ACY8zÕ]Z5 [20-23]Á 

 

 
 
W"#_wx'#

oh5 4òA2-ÏATUVWQ 3#?8,¶·z(±5CY8z¾Ø±5Â|¬OCD¶·»�
ðpCY|dCYÀ3çQ8,¶·AGPaAUÍ2345Z[\]³A>!z�;}~Á¶·AZ[
\]2Ç}Ô­MË{hö4ØÇ5ØOWQ¶·AjzÄ2}~¶·AdÐ|+izøT±5Â|¬O

CYAZ[\]A0V|Õ>Û±5�Æ{h#mØkÌÃ~ÁÂACY|¶·A:y­>#®Jö¬

­hÓ~5OCD¾¿®|#CY®O3çQ0�®|l�ú®­\Ó'8¬Er}ÔÓ5ÁçóÔO

HÃÌA¦5­%&2­ÜÊ¬ÒhÓØOy�ï 1–3 ACY|¶·AZ[2µ±5®�­� 12 Aç
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