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 �()� *�+G�&N�� D?!�N� 6�  ����� �O $� �P�� =�F��$� �� =�F��$�� M� #� ��Q�� ���FI%� =�RF�� �� S&���

�
��� � !�"���� ����� � !�" ���� � !�"X���� � !�"
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D�P�T U?��1� $&V� ��&1� #� �N��� � ?2�� ���W 
%�� 
�J1X #� �FN�� �F��P���� 
%�� 
�J1X �Y��)O  :

#$%� � &�'(� �)�*+� ,-. /#)#0.#$%� � &�'(� 1�
23�
4 �5" /#)#0 .

�
5 �" /#6�5�  1�5" �"
78 6.�
5 �" /#6�5�  �3-. �"
78 6.
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 ��# 6�! �Z?2 C@W #� M� [�? CP1!��  G
�� 

�90��1:�5%�� ;<1:�5% � �� ;<
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  G
�� 
�$� ��# 6�! �)��Z #� M� [�? 

#=$>6 ?�'�6 ��"
(
% �)�@ �3 /#��5" 1��"
(
% A�
23�
4�5" :� .

B@� C25��" D"���% 1�:�� �E  �( F3�( A�E  �( �5" :�.

#6� G: �"��? �6 :� #"�
$ �" �
23�
4�5" .

#=$>6 ?�'�6 � H�#�6 /#��5" F3�( � �E  �( F3�( A�E  �( �5" :� .
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  G?2�� ��+�V�$� ���$�  6�$�� �  D?2 \X&� $��% 
�]�^ [�? 

��
3 I�0��
3 J�'K(��
3 H�#�6��
3 L#��0
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  G
�� _�4] C�#���W =&I%&� $� ���)�� 6�@��1� 6��� �`��$ [�? 

c b aI I I〉 ≅c b aI I I≅ 〉c b aI I I〉 =c b aI I I= 〉
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G?2�V�� #�(� ��# 6�@%&I%&� #� M���?  $� �N^�O 6�! b@X

N2HCNCH4CS 2
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 G�&1� C��J� �$ 6� �FB! C�� c]�&; ��&F�� ��# ���1  #� M���?  d�&�

F�. ����1� �)��? B��! /?�#"��54�M B3�N�;O��� ����
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�	��ل، ���ط  �� 
cmدر ��� ����
-1١٢، ١�٧، ١�٩، ١٩١، ٢١٣��
�%ه"! ش"! ا�  . 
���� �'%(Bاي�' 

:    ا�. 
�	��ل -,%رت ا�� از

cm
-1١١ cm

-1٢٢ cm
-1�/� cm

-1�� 
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�� ����� e()W #��� #� b@X �� S&��� <&� �?� U�N^�O �()� *�+$� :
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 ���E� �N^�O 6� ����# 
 �� D#�?�� $����P
��

  G
�� ��&PO � �� �$�RF� D?)^�O M� � �`^ =&I%&� M� $�  

:���3 A ���� �:�*$� /#=4�M Q
K+
� R) :�P
��

Q
K+
� :� �K +�! :� �$���:��� Q
K+
� :
S� �3 �
�T � F4�M :
S� Q
< :� 

:���3 A�O4P
��

 �U 1:
S� �'+
� �� #=K � ,�2$"� �: �)�6�$@�: �K93 /�
;" Q
K+
� :
S� �3 �
�T K �#��3 .

 �54�M 1� �)��? B��! /?�#"� :���3P
��

B@� ��>K) �:
� ���6 :�  .

B@� ?� " 1�$5 3 L�TV<� �3 .

:���3 A�O4 Q
K+
� R) :�P
��

 � F4�M :
S� Q
< :� :���3 A���� �:�*$� /#=4�M :� �K +�! :� �$���:��� Q
K+
� :
S� �3 �
�T

P
��

 �U 1:
S� �'+
� �� #=K � ,�2$"� �: �)�6�$@�: �K93 /�
;" Q
K+
� :
S� �3 �
�T K �#��3  .
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      G?��� �� 6���L� �O � �� #� ���Z f��4�� 
��g Ub^�O 
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F6��F)��%�

�:�� �7$>3 #"
 0 �$2@ �3#=� ��"�  W(
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#� 
�� �$�V� �$�RF� 6� D�;�; =&I%&� $� �F%��?)O �X$�

 �3 �3��3 �:
� ���6 :� �$+�!#=M �.:�( )J +2 2 1B@� .

 1��3 �$+�!#=M �.:�K ≠0 �3 �3��3 ( )J +2 2 1 1��3 � K =0 �3 �3��3 ( )J +2 1B@�  .

 1��3 �$+�!#=M �.:�K ≠0 �3 �3��3 ( )J +2 1 1��3 � K =0 �3 �3��3 ( )J +2 2 1B@� .

 �3 �3��3 �:
� ���6 :� �$+�!#=M �.:�( )J +2 1B@� .

15

,

�

�

�

-

.

.

.

.

www.topsoal.ir

http://topsoal.ir


  ��	
� �
�ط ی���ن �� ����� NOدر ��cmی��
ي 	
/&د (�ج (-,�+
 ��.    (��ه&% ش&% اس"  !٣/٣٢ 1-


ا�
 اس" ��J→32ان-�1ل  �  :

  9.978 cm
-1

 4.989cm
-1

 19.956cm
-1

  39.912cm
-1
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�h�ν∆#� ?)�$�V� \���� �� � &F�� �F�T � � &F�� S&`^ 6���:

B@� B;X� D�
$@� Y
O4 :� � �'=� D�
$@� �$"U Y
O4 :�.

B@� B;X� �� �6 :�.

B@� �'=� D�
$@� Y
O4 :� � B;X� D�
$@�  �$"U Y
O4 :� .

B@� �'=� �� �6 :� .
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        G
�� _�4] �N^�O [�� #��� � �E] �`R� �2�J�$� 
%�� $� �%&I%&� 6��� ��# �$�V� [�? 

Bν∆ = 014Bν∆ = 012Bν∆ = 010Bν∆ = 06
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�  ?)FB! ���$i �@�&���; :

 B�VT �  W( Z.
� /:[ �� �+��;� � /�
3 \ S] �$>6 I ^@� ��
$"�
� �#T 1�:��ψ���7 � .

 B�VT �  W( Z.
� /:[ �� �+��;� � /�
3 \ S] _ " �$>6 I ^@� ��
$"�
� �#T 1�:��ψ���7 �" .

 B�VT �  W( Z.
� /:[ �� �+��;� � /�
3 \ S] �$>6 I ^@� ��
$"�
� �#T 1�:��ψ���7 �" .

 B�VT �  W( Z.
� /:[ �� �+��;� � /�
3 \ S] _ " �$>6 I ^@� ��
$"�
� �#T 1�:��ψ���7 �  .
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   G
�� �)��Z [�?  �� j��`� ����$ �N^�O *�+ 6��� A��F�� ?��&k U�$�RF� D?)^�O =&I%&� M� 6���

, , ; ,J K∆ = ± ± ∆ = ±0 1 2 0 1, , ;J K∆ = ± ± ∆ =0 1 2 0

;J K∆ = ± ∆ =1 0,J∆ = ±0 1
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 #� $&l)�hotbond G
B�O 

 �3 �6:�
" J��(ν ′′ ≠0 �3  �6 `4 J��(ν ′′ ≠0

 �3 �6:�
" J��(ν ≠0 �3  �6 `4 J��(ν ≠0
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 6�! b@X sk&� �O �1���� =&I%&� M� $�1v =∆            G?���Z �� �E] �?2 6�$�� 

er r〈er r〉er r=r =0
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 6�@��� �$&� $� ��# 6�! �)��Z #� M���? ( )G 0 � D0 G?2�V�� _�4] �:�$?�! 6�! t&����� 

)H)(0(G)H)(0(G),H(D)H(D 2
1

2
2

2
1

02
2

0 >>)H)(0(G)H)(0(G),H(D)H(D 2
1

2
2

2
1

02
2

0 <<

)H)(0(G)H)(0(G),H(D)H(D 2
1

2
2

2
1

02
2

0 ==)H)(0(G)H)(0(G),H(D)H(D 2
1

2
2

2
1

02
2

0 =>
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 G
B�O �2�J�$� �()� *�+ $� �F%��?)O #� $&l)�

#=��3 �(��'$� a��(:� 1�$@�: ��� ��>K) ����(:� 1b�"� 1�:�� �� ����(:� c9$2� 1�6#� .

#=��3 �(��'$� a��(:� 1b�"� ��� ��>K) ����(:� 1�$@�: 1�:�� �� ����(:� c9$2� 1�6#�.

#=��3 �(��'$� a��(:� D"���% ��� ��>K) ����(:� 1�$@�: 1�:�� �� ����(:� c9$2� 1�6#�.

#=��3 �(��'$� ��
$"�
� R "�K� �
� d3�( ��� ��>K) ����(:� 1b�"� 1�:�� �� ����(:� c9$2� 1�6#�.
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G�&2 �� D?���� �2�J�$� 6�! ���; ��# 6�! b@X #� M� [�? 

, ,....υ∆ = ± ±2 3υ∆ = ±1

, , ,...υ∆ = ± ± ±1 2 3υ∆ =0
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 =&I%&� $� �Y��)OHCl ����R� eω �e exω�� ����� \���� �� cm
−1099//9x  �cm

−1x0/y0  �X&� �?� U?2�� )��

 \B�cm −1 ( ��]� b@X C���� �� S&���)→0 2 (�� 
�� �����:

�ee�/��e��
/
� �

�/���

�/fe
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 ���N� 
��g C�� �`��$a ���� 
��g � ek G
�� �)��Z [�?  

e

e

D
a

k
=
2e

e

D
a

k
=
2

e

e

D
a

k
=e

e

k
a

D
=
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?2�� ��# �$&] �� AT =&I%&� $� �2�J�$� �X&� ��?�� �Z� :

/ cmω −= 1
3 3755 9         / cmω −= 1

2 1594 7            / cmω −= 1
1 3651 1

 �V� �� b@X c4�( , , ) ( , , )←12 0 0 0 0  (?�)  C��J� �$  .

/ cm −1
5350 6/ cm −1

6945 3/ cm −1
7407 0/9001 07

28

,���

-

....

www.topsoal.ir

http://topsoal.ir


"�J�$� *�+ 6�&1� 6�!$�&� $� z �^�2 �P���� ��# 6�! �)��Z #� M���?  Ub^�OR G?2�V�� 

, ,J K υ→ → →2 1 1 2 1 2, ,J K υ→ → →1 1 2 1 2 1

, ,J K υ→ → →1 2 2 1 1 1, ,J K υ→ → →1 2 1 2 2 1
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�4 �
اي ش�	� 
  ن�اره�ي /=�دي (>�دل �� ک&ام 89ی,� اس"؟  Q/�6رت �

[ ]( ) ( )( )Q K A B Kυ υ ′′= + − +0 2 1

[ ]( , ) ( )( )Q J K BJ A B Kυ υ ′′ ′′= − + − +0 2 2 1

[ ]( , ) ( ) ( )( )Q J K B J A B Kυ υ ′′ ′′= − + + − +0 2 1 2 1

[ ]Qυ υ= 0
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 �� ����� ��# c�&� ���# �?� U{���&�T =&I%&� $� �Z�s/
−× 11

2 1 10����� =&I%&� C�� $� �!#��� �PF;�I2 ����� U?2��

G�� 
��

/ GHz21 00/ GHz23 81/ GHz47 61/ GHz95 23
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G?!� �� H$ ���$� ��  A��#�� })� *�+ D�PF�� M� $� sk&� �O

#@�3 g��#! �3 F3�( �h#=���0 �� ���7=6.

#=� �< �: �9)
< � >� F3�( �� ���7=6.

#=� [
'" ��O� 1�:� �3 ��#"� ,�(?�3 �6 :� F3�( 
(�0 �� ���7=6.

#=� �:
4�3 ��O� i
O@ �3 #! �)��? ?� �$�� 1� �)��? BS( /#� /# 3�( F3�( �)��? �� ���7=6.
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"ل '�ر %' 0'%�
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34%�2 ا� "35%
::�ازه%ي ا�5ژي 
;%ز ا:9 ه%ي ه�"روژن 
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C�~�� b)  e!�� 
��z �?2 
EX $� 
��$�LSG
�� ��# 6�! �)��Z #� M� [�?  

���$K+� �6 I ^@� :���3 �h:�3�$>6 �N
� :�3

�)�0 B+�! F)�:U :� �6 Q�$ 3:� ����( ��
3 Q�W��1� �)��? B��! /?�#"� :���3 �h:�3
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 �$&] �� ���W b��$T U#$� e! 6�@���FI%� $� �Z�, ,S P D
1 3 3      G
�� 6:��� C��F1  6�$�� ��1X [�? U?2��  

P
3

S1

D
3#=��; � �"�>K) 1b�"� 1�:�� �@�6 .
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 [&�F�% e�� ���W b��$T �Z�s s
2 1
1 2 �T �F��P���� b��$T � s p

2 1
1 4
�;�� ��Q ���FI%� b@X �� S&��� 6�� U?2�� 

G?2�V�� 6�� [�?  �P����

�9]� 1�@� ( 1�@�@�@� 1�@I�0 1�@
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C�~�� �?2 
EX $� z  G
�� �FN�� ��# 6�@1�� #� M���?  $� �PF;�I2 ����� U
��$�

J
 96)Z=2( _)#@)Z=11(�b�:# 6)Z=1(J
 $ +)Z=3(
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G
�� #�(� ��# ����FI%� =�RF�� [�?  UA��F�� C���&k jV+

2

3

2

2

3

4
PS →

2

5

2

2

1

2
DS →

2

1

2

2

1

2
DP →

2

5

2

2

1

2
DP →
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 G?)I�� �N� �$ 6:��� C��FN�� U��:$?�! e�� $� ��# ����FI%� �Q�RF�� #� M���?  U���?�$ �`��$ j��`�

; ;n n n n n n→ → →5 4 4 3 3 2

n n→3 2n n→4 3

n n→5 4
B@� ��>K) �:
� �@ �6 :�.
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 \��K $�?R�g ��1X 6��� D?�Q S
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پاسخ صحيح

 X 1    الف

 X 2    ج

 X    3 د

 X 4    ب

 X 5    الف

 X    6 د

 X   7  ج

 X  8   الف

 X  9   ب

 X 10    ج

 X  11   الف

 X   12  الف

 X    13 د

 X 14    الف

 X  15   ب

 X   16  الف

 X   17  ج

 X  18   الف

 X 19    د

 X  20   ب

 X 21    الف

 X   22  ج

 X    23 الف

 X 24    الف

 X 25    الف

 X    26 د

 X    27 ب

 X  28   ب

 X 29    د

 X 30    الف

 X  31   ب

 X    32 د

 X   33  ج

 X  34   ب

 X   35  ج

 X  36   الف

 X 37    ب

 X   38  ج

 X 39    الف

 X 40    الف
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