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���������(2#$�� &@A¡L&¢A��%&'£N¤¥DE¦, G�D�

��sX§¨k��©ª��« . ¬­®�ijWX (VB)�����X¯°±(2
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M� mi(k)!Y 0, 1Z 2, H[)*\(#Φ(k)�����ST ui]^ 0, 1Z 2_.

�`a\b�cd
ef�,�ghi, jklm Bartlettn[13]DE`�o"�pq��

. . 0( ) 1 [ ( ) ] / ,T SU E E Dθ θ= + − (7)

��, θ � RHC0 RCN�rs, DE�t*u	, E(θ )�7vq�t*wx(MEP)'y�q�,

ET.S.�z{|�q�, 0 . . HCNT SD E E= − �z{|q�b HCNq�}~.

1.2 ����

��R(d
�� Xiamen package[14], 6-31G��, �, N0 C� 1S��, 7vq�t

*wx��-����MP2/6-31G�y����, �# 1=$, ��, RHC0 RCNH[#$ HC

� 1 �������	
 16 ��
����

���� θ /(°) RHC/nm RNC/nm ���� θ /(°) RHC/nm RNC/nm
A(HNC) 0.(HNC) 0.22059 0.12033 I 80. 0.11683 0.12131

B 13. 0.21481 0.12078 J 85. 0.11502 0.12103

C 30. 0.19194 0.12189 K 95. 0.11229 0.12071

D 60. 0.13050 0.12305 L 105. 0.11050 0.12067

E 65. 0.12559 0.12259 M 120. 0.10884 0.12078

F(CHN) 67.929(T.S.) 0.12335 0.12231 N 150. 0.10733 0.12035

G 70. 0.12195 0.12212 O 167. 0.10707 0.11998

H 75. 0.11913 0.12168 P(HCN) 180.(HCN) 0.10702 0.11984
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�� CN����, θ � HC�� CN����, �	�
��
.

1.3 ���������

������� S = 0���, � 10����, 9�������. ��(5) , !"�#

$��%&�� 5292. �����'�()*+(AHOs)� , ,-./�01)23. �4

)56, 78 9�'�()*+(AHOs)9:0,;<=> H(1s), C(s-pz), C(px), C(py), C(s+pz),

N(s-pz), N(px), N(py)� N(s+pz)?@A, B9:CDEF� 1~9G@. S = 0HIJ�K�*+=

LMN, OP*+QQRS�=)T�. OU, VW��K�*+�� 0, 2, 4, 6, 8, XYZ[

\��, !"� VB%&9:� 126, 1260, 2520, 1260� 126. 0Y]^���%&X]^�9

�_`a]^, b7, cMWdefgh[i_�jk��%&lmn9R<�. op, qr

Q�st: (1) uP��%&mfg=�v�bwx�; (2) yzr{|�}~%&��MO

P��%&. ����, �MR<���%&m�2��V��=������. �p, �Y

Pauling�}~�6[12], ����y8������%&��:

(1) ��]�����Q��K�*+���%&. o�, H, C, N� Pauling���9:

� 2.1, 2.5, 3.0, OHIJr HNC/HCN9�����qr 2�}��, b7, ]�����Q

��K�*+���%&�`a�k, � ��.

(2) ���¡¢£��%&¤X���K�*+¥¦�RS, §¨©ª�QQRS*+

�«¬X, ,� 1-2, 1-9, 5-6RS�=σ �, 3-7, 4-8� π �.

(3) ��,­®¯%°[15]± 1BTSCF/OEOs(H�RS²³�´v��@ SCF µ¶)23�

*+·¸¹�, 
�º» C¡N¥¦��qr[� π �, b7, ¼½R<�}~%&����

�[� π �, 0p, ��23¾R<�}��l�.

(4) rp�¿À, ¢ÁX HNC � HCN ÂÃ&Ä±ÁÅ_&Ä({zÆ�Ç@ 1)�
Èµ

¶ÉÊ, ����¾� 1bA� 31��@´v��µ¶.

2 �����

2.1 	


ËC'�()*+(AHOs), 31BTSCF/ AHOs µ¶b2� HNC � HCN W�9:�

−92.884724�−92.918340 a.u., ÌÍÎY HFµ¶Ï(−92.811472�−92.821110 a.u.). O@Ìb

�� 31 ��@Ð��;<���¤�W, V7ÑÒÓfg HNC/HCN Ô/Õ���Ö&)W

� 88.16 kJ/mol, ÎY MP2�µ¶Ï 95.85 kJ/mol, ×¸YØÊÏ(61.86Ù8.36) kJ/mol[16]. � 2

m 31BTSCF, MP2� HFµ¶�Ú)ÛWÜ¹�. Ý¾ÞÜ&Äθ = 60°~100°ßàá, 31BTSCF

�Ú)ÛWÜ¹¡MP2�{âRS, �MP2Ü¹¡ HF�rã�
�Á»�$qrÌÍä:.

op, åæËCçè��é�çê���%&V7´[ëìíµ¶%°, î�, 0Y���J

RïrY=����]mW�dð, ��¤ñb�� 31BTs V7òó[�½§H�Ö&)Á

»�9��=�v����fg.

2.2 VB ����

�ô]^9�{z&Ä8õ���%&�öR÷), øNr HNC ÂÃ&Äù, �« 11,

12, 15, 16� 19} 5� VB%&�öRèY 0.1, � VB%& 3( H : C N :+ − ≡ )� 4( : C N H≡ − )

�öRÚ� 0.03~0.04. O@Ì HNC� CN�çVWmLR��]múûÀü��ýR�. þ
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�� , � V B �� 1 8 ( +: C=N H−

��
)	

28( π: C : N H− −
��

)�������� . ����

��� D � , V B �� 1 5 ( : C=N H−�� )	

16( : C=N H−
��

)���� �! 0, � VB ��

1( H C N:− ≡ )�
�"#$%. ���� D &

', �� 1, 2, 3, 5, 6, 7, 8, 9, 10, 21, 26	 27�


�($)*+. ,- HCN./���, ��

1( H C N:− ≡ )�0���12, 3��! 0.19,

4 HNC ./����� 4( : C N H≡ − )���

50 0.15. 678 HCN 9:; C <:= N <

:>�σ ?:@A124 HNC��B. 6C&DE!FG HCN9:� CNH4 HNC9:�

CNHI, &J HCN9:4 HNC9:KL.

� 2 31BTSCF, MP2 � HF ������	
�

�
���θ ����
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2.3 HNC ↔↔↔↔ HCN ��������

2.3.1 H-C �� H-N � �� H-C �� H-N ����, �	
 31 ���
� 6 �, ��

� H-C, H−C+, H+C−, H-N, H−N+, H+N−. ����, H+C−��������� H−C+��.  !"

#, H+N−�$%&��� H−N+��. '()* +,� Pauling-.�/0"1, !2, HNC


,� H-N34��)5$%� 0.638, HCN
,� H-C34��)5$%� 0.705. �67

89:��;, <=��>,��?�>,)5(H−A+� H+A−, A = N, C)�$%@A, BC

H-C�>,�� 0.064, D H-N�>,�� 0.290. E
>,� 34�$%FGH9I, HCN


,� H-C �34�� 0.917, D HNC 
,� H-N �34�0� 0.688, J, HCN 
,K�

HC��34�� HNC
,K� HN��34

�� 0.229. &L�M, HCN 
,� HC ��

HNC 
,� HN �NO<. '� HCN 
,�

HNC
,O<�P9�+Q.

R 3� H-C� H-N�)5$% STU�

θ �VFWX. YR 3 Z[, \]5I^_K,

H-C��$%`abcde, D H� N�"f

7ghihj. !2, \θ = 30°kθ = 75°@l,

H-N � H-C �)5$%m9nopI, '�q

\^r�st H-C�u�D H-N�vw.

2.3.2 C-N � �6xy C-N �\z�]5IST^_K�{�, �	�� CN ����


 31���%
� 6�, |��� C N,≡ C+ = −N} C− = +N, H-C = N, C = N-H,
π

C N= �

π

C N− . � 2 ~�6�� CN�\����ST��d 16 ���)5$%�. 
���: ��

C N≡ �� VB)5$%��ST�8{`a�bc����. \ HNC��5�, C N≡ )5

$%��� 0.07, Dk� HCN��5��, 0��e� 0.31. )*�q: HCN
,� CN�%

��
� HNC 
,����. x�k�%�Y 1 �σ � 2 � π ���, � , �%��
�,

� 2 �� C-N ������	


����/VB ���� C N≡ C+ = −N
C− = +N

H-C=N C=N-H C = N C−N

A(HNC) 0.070 0.012 −0.002 0.523 0.205 0.192

B 0.073 0.012 −0.002 0.523 0.199 0.194

C 0.080 0.011 0.000 0.524 0.190 0.194

D 0.251 0.014 0.262 0.127 0.120 0.226

E 0.257 0.027 0.266 0.129 0.097 0.224

F(CHN) 0.250 0.033 0.269 0.133 0.092 0.223

G 0.258 0.039 0.282 0.127 0.063 0.230

H 0.269 0.045 0.289 0.116 0.064 0.217

I 0.271 0.050 0.301 0.115 0.054 0.210

J 0.271 0.052 0.299 0.119 0.060 0.200

K 0.274 0.057 0.311 0.114 0.057 0.187

L 0.274 0.072 0.301 0.112 0.061 0.181

M 0.280 0.080 0.316 0.095 0.047 0.182

N 0.300 0.161 0.245 0.087 0.064 0.142

O 0.308 0.171 0.237 0.089 0.067 0.128

P(HCN) 0.305 0.166 0.246 0.086 0.067 0.130

� 3 H-C � H-N ���	

����θ ���

π π 
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����σ ����	
�. �
��, HCN���� C� N���σ ���. ����, �

����� !, "#$% 2&�� !, '(, HCN���� CN)*��+*,- 0.471,

.HNC���/�0� 0.389. 12, 345678, HCN����CN)*�9�.��, 6

: C� N��σ ��	
��, ; HCN��� CN�<. HNC��� CN�<=�>?, @

; HCN��. HNC��AB�>?��.

C% 3~5& CN�+*�DE���FGHIJ7K. L% 6&�DEMNOP34QR

H CN�S-�TUV. DEWX, HCN��� HNC���Y* π �( πC N− )�MZ+*�[-

0.192� 0.130. \]Z^_/`a�, b HNCcdZe AfghZe G�ijk, l&MZ

+*0mno<. pqb HZers+*0tu, vf HCNcdZe. wx_/`a�� CN

��y<z=S-{��|, "_/rs}~, CN�y<, f`����qz=, vf_/M

�. wB���H CN ���<x C, N �� π ����	
�k\��: � C x N ���π
����	
������, CN �y<; _�, � C x N ���σ����	
���, CN

�z=.

2.3.3 ���� � 4-���_/�� H, C, NI������,^. �� 4��, �_

/��θ = 0°~80°�, ��θ o�, H������I , 2q, ���¡¢o<. C����,

^O5�£~¤J: θ = 0°~30°�, ���¡¢o<; θ = 30°~67°�, �����o<; θ =

67°~120°�, ���\ 4.0¥¦; 2q, ���§¨©ªo<. x H� C�_, N����\«

¬_/`a�g­Y®tu, ¯©��°±�²³- N´H� N´C. b� 4(c)µ5¶, �θ =

30°~67°�, N���0��tu; �θ = 67°~180°�, N���0¡¢·¸. w¯©, \_/¹

º`��6», >�����°±{���, ��°±�¼W½\θ = 30°~67°ij, L¹º`

��6q , °±`aO.�¡¢ . _/¹º HCN cdZe� , ���¾- H(+0.167e),

C(−0.041e), N(−0.126e), x Pauling��¿�ÀO�Á.

� 4 �������	
��
�����

(a) H ��, (b) C ��, (c) N ��; ������	
�, ����
���θ

3 ��

MÂ Pauling �ÃÄÅK, ÆÇÈÉH�ÊËÌ�ZÍÎ�ÏÐ��²Ñ. Ò`lÑÂÅ

ËÌ*¼�Î�MZ, ÓÔ¸Õ�¯�56Ö×5Ø����ÙÚ. PÛH H-C, H-N � C-N

�����ÚÕ_/���Î�¤J. �×MNÜÝH HCN. HNCAB, \`���� C-N
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