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�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É·¥Ì ¸¥·¨° ¶μ·μÏ±μ¢ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ´  ² ¡μ-
· Éμ·´ÒÌ ¤¨Ë· ±Éμ³¥É· Ì ¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö, ³¥Éμ¤μ³ �¨É¢¥²Ó¤ 
¶·μ¢¥¤¥´μ ÊÉμÎ´¥´¨¥ ¸É·Ê±ÉÊ·Ò ±μ³¶²¥±¸  Ì²μ·¨¤  ³¥¤¨(II) ¸μ¸É ¢  CuCl2L, £¤¥ L Å 1,5-¤¨-
³¥É¨²É¥É· §μ². ‚Ò¶μ²´¥´ ¸μ¶μ¸É ¢¨É¥²Ó´Ò°  ´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ÊÉμÎ´¥´¨Ö ¸É·Ê±ÉÊ·Ò, ¶μ± § ¢Ï¨°,
ÎÉμ ¨¸¶μ²Ó§μ¢ ´¨¥ ² ¡μ· Éμ·´ÒÌ ¤ ´´ÒÌ ¸ ¤²¨´μ° ¢μ²´Ò ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö λ = 1,7902 
A
(CoKα) ¤ ²μ ¸É·Ê±ÉÊ·´Ò¥ Ì · ±É¥·¨¸É¨±¨ ±μ³¶²¥±¸ , ¸· ¢´¨³Ò¥ ¶μ ÉμÎ´μ¸É¨ ¸ É ±μ¢Ò³¨ ¶·¨
¨¸¶μ²Ó§μ¢ ´¨¨ ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö ¸ λ = 1,5443 
A.

Three sets of powder diffraction data, obtained by using synchrotron and laboratory powder diffrac-
tion data, were used in the Rietveld reˇnement of the crystal structure of copper(II) chloride complex
CuCl2L, where L is 1,5-dimethyltetrazole. Comparison of the three sets results showed that the use of
laboratory diffraction data for wavelength of 1.7902 
A (CoKα radiation) allowed one to obtain structural
data comparable in accuracy with those for synchrotron data for wavelength of 1.5443 
A.

PACS: 61.10.NZ

‚‚…„…�ˆ…

Šμ³¶²¥±¸ Ì²μ·¨¤  ³¥¤¨(II) ¸ 1,5-¤¨³¥É¨²É¥É· §μ²μ³ ¸μ¸É ¢  CuCl2L (±μ³¶²¥±¸ I) ¨´-
É¥·¥¸¥´ É¥³, ÎÉμ Ö¢²Ö¥É¸Ö ¶¥·¢Ò³ ±μ³¶²¥±¸μ³ 1,5-¤¨§ ³¥Ð¥´´ÒÌ É¥É· §μ²μ¢, ¢ ±·¨¸É ²-
²¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥ ±μÉμ·μ£μ μ¡´ ·Ê¦¥´μ ´ ²¨Î¨¥ ³μ¸É¨±μ¢ÒÌ ±μμ·¤¨´ Í¨μ´´ÒÌ ¸¢Ö§¥°
É¥É· §μ²Ó´μ£μ ±μ²ÓÍ  [1]. ˆ§ÊÎ¥´¨¥ ¸É·Ê±ÉÊ·Ò ±μ³¶²¥±¸μ¢ 1,5-¤¨§ ³¥Ð¥´´ÒÌ É¥É· §μ²μ¢
´ É ²±¨¢ ¥É¸Ö ´  ¡μ²ÓÏ¨¥ É·Ê¤´μ¸É¨ ¶μ²ÊÎ¥´¨Ö ³μ´μ±·¨¸É ²²μ¢, ¶·¨¥³²¥³ÒÌ ¤²Ö ¸É·Ê±-
ÉÊ·´μ£μ  ´ ²¨§ . ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¤ ´´Ò¥ ¸μ¥¤¨´¥´¨Ö Ö¢²ÖÕÉ¸Ö μ¡Ñ¥±É ³¨ ¨¸¸²¥¤μ¢ ´¨Ö
³¥Éμ¤μ³ ¶μ·μÏ±μ¢μ° ¤¨Ë· ±Éμ³¥É·¨¨.
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� ´¥¥ ¢ · ¡μÉ¥ [1] ³Ò ¨§ÊÎ¨²¨ ¸É·Ê±ÉÊ·Ê ¶μ²¨±·¨¸É ²²¨Î¥¸±μ£μ ±μ³¶²¥±¸  I, ¨¸¶μ²Ó-
§ÊÖ ² ¡μ· Éμ·´Ò¥ ¤¨Ë· ±Í¨μ´´Ò¥ ¤ ´´Ò¥ ¤²Ö ¨§²ÊÎ¥´¨Ö CoKα. –¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ
¡Ò²μ, ¢μ-¶¥·¢ÒÌ, ¶μ²ÊÎ¨ÉÓ ¡μ²¥¥ ÉμÎ´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¸μ¥¤¨´¥´¨Ö ¶·¨
¨¸¶μ²Ó§μ¢ ´¨¨ ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö (‘ˆ); ¢μ-¢Éμ·ÒÌ, ¶·μ¢¥¸É¨ ¸μ¶μ¸É ¢¨É¥²Ó´Ò°
 ´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´¨Ö ¸É·Ê±ÉÊ·Ò ¤²Ö É·¥Ì ¸¥·¨° Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ³ É¥·¨-
 ² . �μ¸²¥¤´¨¥ É ±μ¢Ò: 1) ¤ ´´Ò¥, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ‘ˆ; 2) ² ¡μ· Éμ·´Ò¥
¤¨Ë· ±Í¨μ´´Ò¥ ¤ ´´Ò¥ ¤²Ö ¨§²ÊÎ¥´¨Ö CuKα; 3) Ô±¸¶¥·¨³¥´É ²Ó´Ò° ³ É¥·¨ ² ¤²Ö ¨§²Ê-
Î¥´¨Ö CoKα [1].

�Š‘�…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

‘¨´É¥§. Š 1,1 (0,011 ³μ²Ó) 1,5-¤¨³¥É¨²É¥É· §μ² , · ¸É¢μ·¥´´μ£μ ¢ 30 ³² ¸³¥¸¨ ³¥É -
´μ² Å ¤¨ÔÉ¨²μ¢Ò° ÔË¨· (μ¡Ñ¥³´μ¥ ¸μμÉ´μÏ¥´¨¥ 2:1), ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¶·¨
¶¥·¥³¥Ï¨¢ ´¨¨ ¤μ¡ ¢²Ö²¨ 0,94 £ (0,0055 ³μ²Ó) ±·¨¸É ²²μ£¨¤· É  CuCl2·2H2O, · ¸É¢μ·¥´-
´μ£μ ¢ 10 ³² ³¥É ´μ² . �¥ ±Í¨μ´´ÊÕ ¸³¥¸Ó ¶¥·¥³¥Ï¨¢ ²¨ ¢ É¥Î¥´¨¥ 0,5 Î. �μ²ÊÎ¥´´Ò°
±μ³¶²¥±¸ I μÉË¨²ÓÉ·μ¢Ò¢ ²¨, ¶·μ³Ò¢ ²¨ ¤¢  · §  ¸³¥¸ÓÕ ³¥É ´μ²Ä¤¨ÔÉ¨²μ¢Ò° ÔË¨·
(2 · 25 ³², μ¡Ñ¥³´μ¥ ¸μμÉ´μÏ¥´¨¥ ±μ³¶μ´¥´Éμ¢ 1:3) ¨ ¸ÊÏ¨²¨ ´  ¢μ§¤ÊÌ¥.

�¥´É£¥´μ¸É·Ê±ÉÊ·´Ò°  ´ ²¨§. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ² ¡μ· Éμ·´Ò¥ ¤¨Ë· ±Í¨μ´´Ò¥
¤ ´´Ò¥ ¶μ²¨±·¨¸É ²²¨Î¥¸±μ£μ ±μ³¶²¥±¸  I ¶μ²ÊÎ¥´Ò ´  ·¥´É£¥´μ¢¸±μ³ ¤¨Ë· ±Éμ³¥É·¥
HZG 4A (Carl Zeiss, Jena) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ CuKα-¨§²ÊÎ¥´¨Ö (Ni-Ë¨²ÓÉ·). �·¨¥³´ Ö
Ð¥²Ó Å 0,22 ³³, Ð¥²Ó ‘μ²²¥·  ´  ¶¥·¢¨Î´μ³ ¶ÊÎ±¥, Éμ± ¨ ´ ¶·Ö¦¥´¨¥ ´  É·Ê¡±¥ Å
30 ³� ¨ 40 ±‚ ¸μμÉ¢¥É¸É¢¥´´μ. �¥£¨¸É· Í¨Ö ¤¨Ë· ±Í¨μ´´μ° ± ·É¨´Ò μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¢
¶μÏ £μ¢μ³ ·¥¦¨³¥.

„¨Ë· ±Í¨μ´´Ò¥ ¤ ´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö ¶μ²ÊÎ¥´Ò ¢ ‘¨-
¡¨·¸±μ³ Í¥´É·¥ ¸¨´Ì·μÉ·μ´´μ£μ ¨ É¥· £¥·Í¥¢μ£μ ¨§²ÊÎ¥´¨Ö ´  ¸É ´Í¨¨ ®„¨Ë· ±Éμ³¥É·¨Ö

�¨¸. 1. �±¸¶¥·¨³¥´É ²Ó´ Ö ¤¨Ë· ±Í¨μ´´ Ö ±·¨¢ Ö ±μ³¶²¥±¸  I, ¶μ²ÊÎ¥´´ Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö (ÉμÎ±¨), ¨ · ¸¸Î¨É ´´ Ö ±·¨¢ Ö (¸¶²μÏ´ Ö ²¨´¨Ö) ¢ μ¡² ¸É¨ Ê£²μ¢ · ¸-

¸¥Ö´¨Ö 10 < 2ϑ < 60◦ ¶μ¸²¥ ÊÉμÎ´¥´¨Ö ¶μ ³¥Éμ¤Ê �¨É¢¥²Ó¤ . ‚ ´¨¦´¥° Î ¸É¨ ·¨¸Ê´±  ¶·¨¢¥¤¥´Ò

· §´μ¸É´Ò¥ ±·¨¢Ò¥. ‚¥·É¨± ²Ó´Ò¥ ÏÉ·¨Ì¨ ¶μ± §Ò¢ ÕÉ ¡·Ô££μ¢¸±¨¥ ·¥Ë²¥±¸Ò



�¥´É£¥´μ¸É·Ê±ÉÊ·´Ò°  ´ ²¨§ ¶μ²¨±·¨¸É ²²¨Î¥¸±μ£μ ±μ³¶²¥±¸  Ì²μ·¨¤  ³¥¤¨(II) 111

¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö ¨  ´μ³ ²Ó´μ£μ · ¸¸¥Ö´¨Ö¯. ‚ ¨¸¸²¥¤μ¢ ´¨¨ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ·¥´É-
£¥´μ¢¸±μ¥ ¨§²ÊÎ¥´¨¥ ¸ ¤²¨´μ° ¢μ²´Ò 1,5443 
A, ¡²¨§±μ¥ ± CuKα. �¥£¨¸É· Í¨Ö ¤¨Ë· ±Í¨-
μ´´μ° ± ·É¨´Ò É ±¦¥ μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¢ ¶μÏ £μ¢μ³ ·¥¦¨³¥.

“¸²μ¢¨Ö ¶μ²ÊÎ¥´¨Ö ² ¡μ· Éμ·´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ ¤²Ö ¨§²ÊÎ¥´¨Ö CoKα μ¶¨-
¸ ´Ò ´ ³¨ ¢ · ¡μÉ¥ [1].

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ³ ±¸¨³ ²Ó´Ò¥ Ê£²Ò 2ϑ ¢¸¥Ì É·¥Ì ¤¨Ë· ±Í¨μ´´ÒÌ ±·¨¢ÒÌ ¸μ-
μÉ¢¥É¸É¢ÊÕÉ ¡²¨§±¨³ §´ Î¥´¨Ö³ d = λ/(2 sin ϑ), ÎÉμ ¢ ¦´μ ¶·¨ ¶·μ¢¥¤¥´¨¨ ¸μ¶μ¸É ¢¨-
É¥²Ó´μ£μ  ´ ²¨§  ·¥§Ê²ÓÉ Éμ¢ ÊÉμÎ´¥´¨Ö ¸É·Ê±ÉÊ·Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É·¥Ì ¸¥·¨° Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

’ ¡²¨Í  1. �¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ÊÉμÎ´¥´¨Ö ¸É·Ê±ÉÊ·Ò ±μ³¶²¥±¸  I ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
É·¥Ì ¸¥·¨° Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ

‹ ¡μ· Éμ·´Ò¥ ‹ ¡μ· Éμ·´Ò¥
� · ³¥É·Ò ¤¨Ë· ±Í¨μ´´Ò¥ ¤¨Ë· ±Í¨μ´´Ò¥ ˆ¸¶μ²Ó§μ¢ ´¨¥ ‘ˆ

¤ ´´Ò¥ (CuKα) ¤ ´´Ò¥ (CoKα)

‘¥·¨Ö 1 ‘¥·¨Ö 2 ‘¥·¨Ö 3

„²¨´  ¢μ²´Ò ¨§²ÊÎ¥´¨Ö λ, 
A 1,5418 1,7902 1,5443

2ϑmin 10,00 12,00 10,00
2ϑmax 100,00 141,44 100,00
Δ2ϑ 0,02 0,02 0,02

—¨¸²μ ÉμÎ¥± 4501 6473 4501

—¨¸²μ ·¥Ë²¥±¸μ¢ 876 973 876

—¨¸²μ ÊÉμÎ´Ö¥³ÒÌ ¶ · ³¥É·μ¢ 52 52 52

‘¤¢¨£ Δ2ϑ, £· ¤ Ä0,033(3) Ä0,010(2) Ä0,0325(12)

[hkl]-É¥±¸ÉÊ·Ò [100] [100] [100]

G1-É¥±¸ÉÊ·Ò 1,25(3) 1,076(3) 1,062(4)

G2-É¥±¸ÉÊ·Ò 0,00(2) 0,00(1) 0,0391(8)

Rp 0,076 0,078 0,111

Rwp 0,108 0,104 0,150

Rexp 0,087 0,136 0,177

RBragg 0,139 0,098 0,062

RF 0,089 0,066 0,069

�·μ¸É· ´¸É¢¥´´ Ö £·Ê¶¶  P 1 P 1 P 1

a, 
A 6,8081(5) 6,8117(4) 6,8112(2)

b, 
A 7,4142(6) 7,4177(4) 7,4188(3)

c, 
A 8,6677(7) 8,6722(4) 8,6725(3)

α, £· ¤ 109,160(3) 109,167(2) 109,1479(17)

β, £· ¤ 105,518(5) 105,528(3) 105,484(3)

γ, £· ¤ 103,110(5) 103,121(3) 103,149(3)

Z 2 2 2

�¡Ñ¥³ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨, 
A3 373,66(5) 374,15(4) 374,31(2)
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‘É·Ê±ÉÊ·´Ò¥ Ì · ±É¥·¨¸É¨±¨ ±μ³¶²¥±¸  I ¶μ²ÊÎ¥´Ò ¶μ²´μ¶·μË¨²Ó´Ò³ ÊÉμÎ´¥´¨¥³
¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò FULLPROF [2]. ‚ ± Î¥¸É¢¥ ´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö ±μμ·¤¨´ É
 Éμ³μ¢ ¡Ò²¨ ¢§ÖÉÒ §´ Î¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¢ · ¡μÉ¥ [1]. �·μË¨²Ó ·¥Ë²¥±¸μ¢ μ¶¨¸Ò¢ ²¸Ö
ËÊ´±Í¨¥° Pseudo-Voigt. �¸¨³³¥É·¨Ö ¶·μË¨²¥° ·¥Ë²¥±¸μ¢ ÊÎ¨ÉÒ¢ ² ¸Ó ¤μ 2ϑ = 40◦.
“ÉμÎ´¥´¨¥ ¢±²ÕÎ ²μ  Éμ³´Ò¥ ±μμ·¤¨´ ÉÒ  Éμ³μ¢, ¨Ì ¨§μÉ·μ¶´Ò¥ É¥¶²μ¢Ò¥ ¶ · ³¥É·Ò,
³ ¸ÏÉ ¡´Ò° ³´μ¦¨É¥²Ó, ¸¤¢¨£ Δ2ϑ, ¶ · ³¥É·Ò Ô²¥³¥´É ·´μ° ÖÎ¥°±¨, ±μÔËË¨Í¨¥´ÉÒ ¶μ-
²¨´μ³¨ ²Ó´μ£μ Ëμ´ , ¶ · ³¥É·Ò ¶·¥¨³ÊÐ¥¸É¢¥´´μ° μ·¨¥´É Í¨¨ ±·¨¸É ²²¨Éμ¢ ¢ μ¡· §Í¥,
¶ · ³¥É·Ò  ¸¨³³¥É·¨¨ ¶·μË¨²¥° ¨ ¨Ì ¶μ²ÊÏ¨·¨´Ò. Šμμ·¤¨´ ÉÒ  Éμ³μ¢ ¢μ¤μ·μ¤  ³¥-
É¨²Ó´ÒÌ £·Ê¶¶ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò SHELXL [3]. �Éμ³´Ò¥
±μμ·¤¨´ ÉÒ ¨ É¥¶²μ¢Ò¥ ¶ · ³¥É·Ò  Éμ³μ¢ ¢μ¤μ·μ¤  ´¥ ÊÉμÎ´Ö²¨¸Ó. “Î¥É ¶·¥¨³ÊÐ¥-

’ ¡²¨Í  2. Šμμ·¤¨´ ÉÒ ´¥¢μ¤μ·μ¤´ÒÌ  Éμ³μ¢ ¢ ¸É·Ê±ÉÊ·¥ ±μ³¶²¥±¸  I, ¶μ²ÊÎ¥´´Ò¥ ÊÉμÎ´¥´¨¥³
¶μ ³¥Éμ¤Ê �¨É¢¥²Ó¤  ¤²Ö É·¥Ì ¸¥·¨° Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ: ¤²Ö ² ¡μ· Éμ·´ÒÌ ¤ ´´ÒÌ
CuKα Å ¢¥·Ì´ÖÖ ¸É·μ± ; ¤²Ö ² ¡μ· Éμ·´ÒÌ ¤ ´´ÒÌ CoKα Å ¸·¥¤´ÖÖ ¸É·μ± ; ¤²Ö ‘ˆ Å
´¨¦´ÖÖ ¸É·μ± 

�Éμ³ x y z

Cu(1) 0,0 1,0 0,0

Cu(2) 0,5 1,0 0,0

0,5820(15) 0,7318(10) Ä0,1121(10)
Cl(1) 0,5848(8) 0,7261(6) Ä0,1161(6)

0,5836(10) 0,7193(8) Ä0,1140(7)

Ä0,0571(14) 1,1627(11) 0,2331(9)
Cl(2) Ä0,0624(7) 1,1695(6) 0,2365(6)

Ä0,0634(10) 1,1744(8) 0,2432(7)

0,2789(6) 0,7356(11) 0,3231(8)
N(1) 0,2835(6) 0,7441(13) 0,3294(10)

0,3132(9) 0,752(2) 0,3251(16)

0,4508(11) 0,785(3) 0,2755(18)
N(2) 0,4575(6) 0,8019(17) 0,2868(11)

0,4607(9) 0,813(2) 0,2575(15)

0,4019(11) 0,867(3) 0,166(2)
N(3) 0,4033(6) 0,8720(18) 0,1694(13)

0,3679(8) 0,881(2) 0,1496(16)

0,1926(10) 0,853(3) 0,1392(16)
N(4) 0,1911(5) 0,8496(18) 0,1370(9)

0,1590(7) 0,852(2) 0,1354(14)

0,1267(3) 0,8055(6) 0,2552(4)
C(5) 0,1267(2) 0,8053(5) 0,2549(4)

0,1297(12) 0,782(3) 0,2518(18)

Ä0,0945(12) 0,754(3) 0,256(3)
C(6) Ä0,0950(8) 0,7326(18) 0,2506(17)

Ä0,075(2) 0,722(3) 0,281(2)

0,301(4) 0,658(3) 0,4601(20)
C(7) 0,305(3) 0,6519(19) 0,4562(14)

0,368(3) 0,672(3) 0,4535(20)
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’ ¡²¨Í  3. �¥±μÉμ·Ò¥ ³¥¦ Éμ³´Ò¥ · ¸¸ÉμÖ´¨Ö (
A) ¨ ¢ ²¥´É´Ò¥ Ê£²Ò (£· ¤) ¢ ¸É·Ê±ÉÊ·¥ ±μ³-
¶²¥±¸  I, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É·¥Ì ¸¥·¨° Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´-
´ÒÌ. �·¥μ¡· §μ¢ ´¨Ö ¸¨³³¥É·¨¨: ix − 1, y, z; iix + 1, y, z

ƒ¥μ³¥É·¨Î¥¸±¨°
¶ · ³¥É·

‹ ¡μ· Éμ·´Ò¥ ‹ ¡μ· Éμ·´Ò¥
ˆ¸¶μ²Ó§μ¢ ´¨¥

‘ˆ
¤¨Ë· ±Í¨μ´´Ò¥ ¤¨Ë· ±Í¨μ´´Ò¥
¤ ´´Ò¥ (CuKα) ¤ ´´Ò¥ (CoKα)

Cu(1)ÄCl(1)i 2,772(9) 2,768(5) 2,797(6)

Cu(1)ÄCl(2) 2,173(8) 2,233(5) 2,293(6)

Cu(1)ÄN(4) 2,242(19) 2,248(10) 2,113(14)

Cu(2)ÄCl(1) 2,176(9) 2,231(5) 2,264(6)

Cu(2)ÄCl(2)ii 2,850(9) 2,829(5) 2,842(5)

Cu(2)ÄN(3) 2,153(19) 2,155(12) 2,070(15)

N(1)ÄN(2) 1,355(12) 1,354(10) 1,356(17)

N(2)ÄN(3) 1,30(3) 1,295(16) 1,29(2)

N(3)ÄN(4) 1,355(12) 1,356(8) 1,355(9)

N(4)ÄC(5) 1,319(16) 1,320(10) 1,32(2)

C(5)ÄN(1) 1,344(7) 1,348(8) 1,346(18)

N(1)ÄN(2)ÄN(3) 108,2(10) 108,3(6) 105,9(9)

N(2)ÄN(3)ÄN(4) 104,9(14) 105,2(9) 110,6(12)

N(3)ÄN(4)ÄC(5) 112,4(14) 111,8(8) 107,0(11)

N(4)ÄC(5)ÄN(1) 102,1(7) 102,4(5) 107,2(10)

C(5)ÄN(1)ÄN(2) 109,9(10) 109,4(8) 108,9(13)

¸É¢¥´´μ° μ·¨¥´É Í¨¨ μ¸ÊÐ¥¸É¢²Ö²¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ËÊ´±Í¨¨ Œ ·Ï Ä„μ²² ¸  [4, 5]
¤²Ö ±·¨¸É ²²μ£· Ë¨Î¥¸±μ£μ ´ ¶· ¢²¥´¨Ö [100] ¨£²μ¶μ¤μ¡´ÒÌ ±·¨¸É ²²μ¢.

�¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ÊÉμÎ´¥´¨Ö ¸É·Ê±ÉÊ·Ò ±μ³¶²¥±¸  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.
�  ·¨¸. 1 ¸μ¶μ¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨ · ¸¸Î¨É ´´Ò¥ ±·¨¢Ò¥ ¨´É¥´¸¨¢´μ¸É¨ ¤²Ö
¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö. ‚
É ¡². 2 ¨ 3 ¶·¨¢¥¤¥´Ò ±μμ·¤¨´ ÉÒ ´¥¢μ¤μ·μ¤´ÒÌ  Éμ³μ¢ ¨ μ¸´μ¢´Ò¥ £¥μ³¥É·¨Î¥¸±¨¥ Ì -
· ±É¥·¨¸É¨±¨ ¸É·Ê±ÉÊ·Ò ±μ³¶²¥±¸ . ‚ É ¡². 1Ä3 ¢ ¸±μ¡± Ì ¤ ´Ò ¸É ´¤ ·É´Ò¥ μÉ±²μ´¥´¨Ö
(σ) ¶·¨¢¥¤¥´´ÒÌ ÊÉμÎ´Ö¥³ÒÌ ¶ · ³¥É·μ¢.

Œμ²¥±Ê²Ö·´ Ö £· Ë¨±  ¢Ò¶μ²´¥´  ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò ORTEP-3 ¤²Ö Windows [6].

�…‡“‹œ’�’› ˆ ˆ• ��‘“†„…�ˆ…

’ ± ± ± ¸É·Ê±ÉÊ·  ±μ³¶²¥±¸  I ¤μ¸É ÉμÎ´μ ¤¥É ²Ó´μ μ¶¨¸ ´  ¢ · ¡μÉ¥ [1], ¢ ´ ¸ÉμÖÐ¥°
· ¡μÉ¥ ¤ ¤¨³ ²¨ÏÓ ±· É±ÊÕ ¨´Ëμ·³ Í¨Õ μ ´¥°. ‘μ¥¤¨´¥´¨¥ ±·¨¸É ²²¨§Ê¥É¸Ö ¢ É·¨±²¨´-
´μ° ¸¨´£μ´¨¨, ¶·μ¸É· ´¸É¢¥´´ Ö £·Ê¶¶  P 1. �Ê³¥· Í¨Ö  Éμ³μ¢ ¶·¨¢¥¤¥´  ´  ·¨¸. 2. ‚
¸É·Ê±ÉÊ·¥ ¥¸ÉÓ ¤¢  ´¥Ô±¢¨¢ ²¥´É´ÒÌ  Éμ³  ³¥¤¨, ±μÉμ·Ò¥ ´ Ìμ¤ÖÉ¸Ö ¢ Í¥´É·¥ ¸¨³³¥É·¨¨,
¢¸¥ μ¸É ²Ó´Ò¥  Éμ³Ò Å ¢ μ¡Ð¨Ì ¶μ§¨Í¨ÖÌ. Šμ³¶²¥±¸ Ö¢²Ö¥É¸Ö ±μμ·¤¨´ Í¨μ´´Ò³ ¶μ-
²¨³¥·μ³ Í¥¶μÎ¥Î´μ£μ É¨¶ . ‚ Í¥¶¨, ¶·μ¸É¨· ÕÐ¥°¸Ö ¢¤μ²Ó μ¸¨ a, ¸μ¸¥¤´¨¥  Éμ³Ò ³¥¤¨
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¸¢Ö§ ´Ò ³¥¦¤Ê ¸μ¡μ° ± ± Î¥·¥§  Éμ³Ò Ì²μ· , É ± ¨ Î¥·¥§ É¥É· §μ²Ó´Ò¥ Í¨±²Ò (Î¥·¥§
 Éμ³Ò N(3) ¨ N(4)). �·¨ ÔÉμ³  Éμ³ Cu(1) ¸¢Ö§ ´ Éμ²Ó±μ ¸  Éμ³ ³¨ N(3),    Éμ³ Cu(2) Å
Éμ²Ó±μ ¸  Éμ³ ³¨ N(4) (·¨¸. 2).

�¨¸. 2. �μ²¨³¥·´ Ö Í¥¶Ó ¢ ±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥ ±μ³¶²¥±¸  I. „²Ö  Éμ³μ¢  ¸¨³³¥É·¨Î¥¸±μ°

ÖÎ¥°±¨ ¤ ´  ´Ê³¥· Í¨Ö

�¥·¥Ìμ¤Ö ± ¸μ¶μ¸É ¢²¥´¨Õ ·¥§Ê²ÓÉ Éμ¢ ÊÉμÎ´¥´¨Ö ¸É·Ê±ÉÊ·Ò ±μ³¶²¥±¸  I ¶μ É·¥³
¸¥·¨Ö³ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ, ¡Ê¤¥³ ´ §Ò¢ ÉÓ ¸¥·¨Ö³¨ 1 ¨ 2 ² ¡μ· Éμ·´Ò¥ ¤¨Ë· ±-
Í¨μ´´Ò¥ ¤ ´´Ò¥ ¤²Ö ¨§²ÊÎ¥´¨° CuKα ¨ CoKα ¸μμÉ¢¥É¸É¢¥´´μ,   ¸¥·¨¥° 3 Å ¤ ´´Ò¥,
¶μ²ÊÎ¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ‘ˆ.

Š ± ¢¨¤´μ ¨§ É ¡². 1, μ¡· §ÍÒ ¢¸¥Ì É·¥Ì ¸¥·¨° É¥±¸ÉÊ·¨·μ¢ ´Ò μ¤¨´ ±μ¢Ò³ μ¡· -
§μ³ (¨£²μ¶μ¤μ¡´Ò¥ ±·¨¸É ²²Ò ¸ μ¸ÓÕ [100]), ´μ ¤²Ö ¸¥·¨¨ 1 ¸É¥¶¥´Ó É¥±¸ÉÊ·¨·μ¢ ´¨Ö
μ¡· §Í  ´¥¸±μ²Ó±μ ¡μ²ÓÏ¥ ¶μ ¸· ¢´¥´¨Õ ¸ 2 ¨ 3. �μ£·¥Ï´μ¸É¨ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥-
É·μ¢ Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ³ ±¸¨³ ²Ó´Ò ¤²Ö ¸¥·¨¨ 1 ¨ ³¨´¨³ ²Ó´Ò ¤²Ö ¸¥·¨¨ 3. �·¨
ÔÉμ³ μ¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ¸ÊÐ¥¸É¢¥´´μ¥ μÉ²¨Î¨¥ μ¡Ñ¥³  Ô²¥³¥´É ·´μ° ÖÎ¥°±¨
¤²Ö ¸¥·¨¨ 1 ¶μ ¸· ¢´¥´¨Õ ¸ ¸¥·¨Ö³¨ 2 ¨ 3, ¸μ¸É ¢²ÖÕÐ¥¥ ∼ 7−8σ. ‘μ¶μ¸É ¢²¥´¨¥
Ë ±Éμ·μ¢ · ¸¸μ£² ¸μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸¸Î¨É ´´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ
(Rp, Rwp, Rexp, RBragg ¨ RF ) ´¥ ¶μ§¢μ²Ö¥É ¢Ò¤¥²¨ÉÓ ´ ¨²ÊÎÏÊÕ ¸¥·¨Õ ¸ ´ ¨³¥´ÓÏ¨³¨
§´ Î¥´¨Ö³¨ ÔÉ¨Ì Ë ±Éμ·μ¢.

‘μ¶μ¸É ¢²¥´¨¥ ÊÉμÎ´¥´´ÒÌ ±μμ·¤¨´ É  Éμ³μ¢ (É ¡². 2) ¶μ± §Ò¢ ¥É, ÎÉμ ¤²Ö ÉÖ¦¥²ÒÌ
 Éμ³μ¢ Cl ¸¥·¨Ö 1 μÉ²¨Î ¥É¸Ö ´ ¨¡o²ÓÏ¨³¨ §´ Î¥´¨Ö³¨ ¸É ´¤ ·É´ÒÌ μÉ±²μ´¥´¨° ±μμ·-
¤¨´ É,   ¤²Ö ¸¥·¨° 2 ¨ 3 μ´¨ ¡²¨§±¨. —Éμ ± ¸ ¥É¸Ö ¡μ²¥¥ ²¥£±¨Ì  Éμ³μ¢ N ¨ C, ± ±μ°-²¨¡μ
μ¶·¥¤¥²¥´´Ò° ¢Ò¢μ¤ ¸¤¥² ÉÓ ¢¥¸Ó³  § É·Ê¤´¨É¥²Ó´μ.

	�o²ÓÏ Ö Î ¸ÉÓ £¥μ³¥É·¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ±μ³¶²¥±¸  I (É ¡². 3) μ¡´ ·Ê¦¨¢ ¥É ´ ¨-
¡μ²ÓÏ¨¥ ¶μ£·¥Ï´μ¸É¨ ¤²Ö ¸¥·¨¨ 1, ¢ Éμ ¢·¥³Ö ± ± ¤²Ö ¸¥·¨° 2 ¨ 3 μ´¨ ³¥´ÓÏ¥ ¨
¸μ¶μ¸É ¢¨³Ò. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¨§ 16 ¶·¨¢¥¤¥´´ÒÌ ¶ · ³¥É·μ¢ Éμ²Ó±μ ¤²Ö 10 ´ -
¡²Õ¤ ¥É¸Ö ¸μ£² ¸μ¢ ´¨¥ §´ Î¥´¨° É·¥Ì ¸¥·¨° ¢ ¶·¥¤¥² Ì 3σ. „²Ö μ¸É ²Ó´ÒÌ ¶ · ³¥É·μ¢
³μ¦´μ £μ¢μ·¨ÉÓ μ ¸μμÉ¢¥É¸É¢¨¨ ¶ · ³¥É·μ¢ ¢ ¸ÊÐ¥¸É¢¥´´μ ¡μ²¥¥ Ï¨·μ±¨Ì ¶·¥¤¥² Ì.
�ÉμÉ Ë ±É Å ¤¥³μ´¸É· Í¨Ö Éμ£μ, ÎÉμ ¢ ³¥Éμ¤¥ ¶μ·μÏ±μ¢μ° ¤¨Ë· ±Éμ³¥É·¨¨ ¸É ´¤ ·É´μ¥
μÉ±²μ´¥´¨¥ ¶ · ³¥É·  Ö¢²Ö¥É¸Ö ²¨ÏÓ ³¨´¨³ ²Ó´μ° ¢¥·μÖÉ´μ° μÏ¨¡±μ°, ¢μ§´¨± ÕÐ¥°
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¨§ ¸²ÊÎ °´ÒÌ μÏ¨¡μ± [7] ¨ μÉ²¨Î ÕÐ¥°¸Ö μÉ ·¥ ²Ó´μ° μÏ¨¡±¨ ¢ 2Ä3 · § . “¢¥²¨Î¥´¨¥
·¥ ²Ó´μ° μÏ¨¡±¨ ³μ¦¥É ¡ÒÉÓ μ¡Ê¸²μ¢²¥´μ · ¸¸μ£² ¸μ¢ ´¨¥³ ³¥¦¤Ê ¨¸¶μ²Ó§Ê¥³Ò³¨ ³μ¤¥-
²Ö³¨ μ¶¨¸ ´¨Ö (´ ¶·¨³¥·, ¶·μË¨²Ö ·¥Ë²¥±¸μ¢, ¨Ì  ¸¨³³¥É·¨¨, ÊÎ¥É  ¶·¥¨³ÊÐ¥¸É¢¥´´μ°
μ·¨¥´É Í¨¨ ¨ É. ¤.) ¨ ·¥ ²Ó´Ò³¨ ¤ ´´Ò³¨.

�μ¤¢μ¤Ö ¨Éμ£ ¸μ¶μ¸É ¢¨É¥²Ó´μ³Ê  ´ ²¨§Ê, μÉ³¥É¨³ ¸²¥¤ÊÕÐ¥¥. Š ± ¨ μ¦¨¤ ²μ¸Ó, ¨¸-
¶μ²Ó§μ¢ ´¨¥ ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö (λ = 1,5443 
A) ¶μ§¢μ²¨²μ ¶μ¢Ò¸¨ÉÓ ÉμÎ´μ¸ÉÓ
¸É·Ê±ÉÊ·´ÒÌ Ì · ±É¥·¨¸É¨± ¶μ ¸· ¢´¥´¨Õ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ² ¡μ· Éμ·´ÒÌ ¤ ´´ÒÌ ¸
¡²¨§±μ° ¤²¨´μ° ¢μ²´Ò (λ = 1,5418 
A) ¨ ¢ Éμ° ¦¥ μ¡² ¸É¨ Ê£²μ¢ · ¸¸¥Ö´¨Ö. �¤´ ±μ
¨¸¶μ²Ó§μ¢ ´¨¥ ² ¡μ· Éμ·´ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ¤ ´´ÒÌ ¤²Ö ¡μ²¥¥ ¤²¨´´μ¢μ²´μ¢μ£μ ¨§²Ê-
Î¥´¨Ö (λ = 1,7902 
A, CoKα) ¤ ²μ ·¥§Ê²ÓÉ ÉÒ, ¶μ ÉμÎ´μ¸É¨ ´¥ Ê¸ÉÊ¶ ÕÐ¨¥ É ±μ¢Ò³
¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ‘ˆ. ‚¥·μÖÉ´μ, ÔÉμ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ Éμ£μ Ë ±É , ÎÉμ ¢ ¸²ÊÎ ¥
CoKα-¨§²ÊÎ¥´¨Ö ¨¸¶μ²Ó§μ¢ ´´ Ö μ¡² ¸ÉÓ Ê£²μ¢ · ¸¸¥Ö´¨Ö §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥ (É ¡². 1),
¨ ¶·¨ μ¤¨´ ±μ¢μ³ ¨´±·¥³¥´É¥ Δ2ϑ ¤¨Ë· ±Í¨μ´´ Ö ±·¨¢ Ö ¸μ¤¥·¦¨É ¸ÊÐ¥¸É¢¥´´μ ¡μ²Ó-
Ï¥¥ Î¨¸²μ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ÉμÎ¥± (6473 ¶μ ¸· ¢´¥´¨Õ ¸ 4501). ‚ ±μ´¥Î´μ³ ¸Î¥É¥, ÔÉμ
¶μ§¢μ²Ö¥É μ¶¨¸ ÉÓ ¤¨Ë· ±Í¨μ´´ÊÕ ± ·É¨´Ê ¡μ²¥¥ ¤¥É ²Ó´μ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ ”μ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ -
´¨° �¥¸¶Ê¡²¨±¨ 	¥²μ·Ê¸¸¨¨ (£· ´É º•06�-117) ¨ �μ¸¸¨°¸±μ£μ Ëμ´¤  ËÊ´¤ ³¥´É ²Ó´ÒÌ
¨¸¸²¥¤μ¢ ´¨° (£· ´É º06-02-81033-	¥²  ).
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