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� ���� ��	  
 ��� 
	��� ��	 ��� �� �� ��)���� ( �	 �
	� 
	�� ���� � ! 
� "� 	
 °C �#$  "�  °C ##$%�&�� � ��� 
�'( �

� ��	�� �)*+,�-.   

      /0	.#�/�      ��	��     3. �/�   ��	��             4. $5/�           ��	��    �. #��	��   

# ����� "� "6-7 ��   � � :�9�:�;<%	 =+���� +��9 > ���� 
�'( 
� �?��� �@A ��	�7 =��
�	�� ���� � ! 
� �?��� � �	 �

B���? ")
� �CD ��,�&	 E  

   /0	– = 1 β+   α      3. = 1 β �  α          4. = 1 β×   α          �. = 1 β÷   α         

G – ��	 #H? I�� � > I-#? I�� � > JK>
��L;�	 I�� �	�. 
� 	
 JM�(
��N� O+)� P-HQ� �0-� I�6 R �+ P-HQ� O&-N� 

  ,�. �?	-S 
��*He = 4 g . mol 
-1

             H2 = 2 g . mol
-1

          O2 = 32 g . mol
-1 

      /0	.          12 g . mol
-1   3.            10 g . mol

-1       4.              8 g . mol
-1              �. 6 g . mol

-1  

T ��	�� 
�   �	�. �	 ��� O�� �+  J	-7 Z@A ��	�7 
-N��( ��
�?��� 
�! ��+ �� ��	�� 	
 �%	� �,�;  

      /0	.S 
�'( > ����H+                       U��   3.S 
�'( > ��� �H+�A ���  

       4.��� 
S �H+S 
�'( > U�� �H+�A ��            �  �.��� 
�A ��U�� 
�'( > �  

� � ����  b�	�� "� V0	>
�%	> "0���� 
� �B� �	 ���? ")
� �WN;� �+,�
	�   

  /0	.% �>�
� �0-X0-� �+             3.0-X0-� Y��. +         

  4.  �Z0-X0-� �	��7                   �. [�\ ��	�%	         

L ��	��   �B� �	 ���? ")
� �� ��%	�C� �0�! �W%�+,�&	 ]0�S �;6   

  /0	.	�. �^+0�W* "� 
�'( > ��� �	 +�� ��%-. ��	�� ��� > _  

   3.	�. �^+0�W* "� 
�'( > ��� �	 +�� �� _��.��  ��� �	 `  

  4.	�. �^+0�W* "� 
�'( > ��� �	 +�� � �.��  ��� �	 �Na� _  

  �.	�. �^+� [bNS	 "� 
�'( > ��� �	 ��� ��� ��� > _��.�� ��  

$ ��? ��� "0���� 
� ��	  
	 �0 =;! �� � ! �� ���N%�& =;! �� 
�'( > �N�6 �Na� 
	��� �-. 
-c)� �-R) �?��� ����  (

. �?	-S 
��*,�  

  /0	. G/L#           3. #G/L       4. G��d × df/�                �.  � �d × d�/�                  

f �H? O&-N� �g�&  ���� 
� I-
   °C #$  ,�&	 
��* )He = 4 g . mol 
-1

    ( ) 
kmol

J

0
    hij/k = R(   

      /0	. m . s 
-1 �GLf         3. m . s 

-1  k�GLf          4. m . s 
-1 $/�#Ld        �. m . s 

-1  k$/�#Ld         

5�K�%	 �� Y-a � 
 �a7	 "& �-X0-� �+^S +  m0-a�� n��� 
�,�&	 
��*  

      /0	. kT�/T           3.  kT�/G                   4. kT�/#                   �.  kT�/�           

�d ��	��   �B� �	 ��? ")�
� �� ��%�X� ����7 �W%��X+,�&	   

       /0	.  d =
dt

dx
        3. d =

dt

dV
               4.d =

dt

dT
                �. d =

dt

dP
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�� – �D�! 
�� 	 P�;<%	 �	� ����7>B)���a? (@A �'��� >� ��	 ��� �-� ����� 
� �� ��
 T J� � ! "� �d0>	 � ! ��	�� � "

,�&	 
��* �-.  

      /0	. RT  G/#�         3.  RT  G/#              4. RT              �.  RT  �   

�# � �	�� 
�  �	�. �	 ��� O�o7 ���K�%	 p	�
%>
� +�?��� 
	 �� �� �)���� (,�&	 �qD �� ��	��  

  /0	.  dV= 0                    3.  0 dP=                        4. 0 dW=                     �. 0 dT=  

�G ��	��  �B� �	 ���? ")
� �� ���9 �W%���>K =�,�&	 J-;��7   

  /0	.   
TP

U









∂

∂              3.  
HP

T









∂

∂                     4.       
TV

U









∂

∂               �. 
HT

P









∂

∂  

�T �  �	���B� �	 ���? ")
� ��� �-C7 
� ��7����	 ��� �� r��D �� ��%��;,  

  /0	.  γ( )
2

1

1

2

V

V

p

p
=          3.   ( ) vC

R

V

V

T

T

2

1

1

2 =        

    4.  ( ) 1

2

1

1

2 −
=

γ

V

V

T

T
           �. ( ) 1

1

2

1

2 −
=

γ

V

V

T

T
         

�� –�	�� �B� �	 ���? ")
� �CD ��,�&	 E  

      /0	. 
1−γ

nR
  Cp=        3.  

1−γ

γnR
  Cv=      4. 

1−γ

γnR
  Cp=      �. 

1−γ

γR
  Cv=   

�L –�	�� �B� �	 ���? ")
� �  `)�	> �
-� 
� �  2AB(g)    → A2 (g) + B2 (g)  ,�&	 r��D     

  /0	. H = ∆U + RT∆             3. H = ∆U - RT∆     

  4. H = ∆U ∆           �. H - ∆U = 2 RT∆      

�$ –	 "� "6-7 �� � "X)H∆X'7 > s�a0	 �NS-& � �CO2 �� ��	�� TfT/5f�� ��0�� -H
 > �-� �� H∆(	�� �NS-& � > �

X'7� �CO2  ��	��  dG/5T�� ��0��-H
�&	 �-� ��  .�	���B� �	 ���? ")
� �CD ��,�&	 E  

   /0	.(	�� > s�a0	 I�( >� �? ��A�% ���%
	�.           

  3 .(	�� > s�a0	 I�( >� �?��A ��
	�
 ��%
	� J�;X.  

  4 .�A �
	�
� s�a0	 � �	 `(	����&	 �                             . 

   � .�A�
	�
(	�� �	 �Na� s�a0	 ��&	 �.  

�f ��? `)�	> "� "6-7 ��  
� ��	�� ��B� �	 ���? ")
) /0	 ( �7)� (CD�,�&	 E  

 )�(  H° (g) + Cl° (g)  →   HCl (g)                       ∆H = �dG�  kCal 

 )#(  
2

1
H2 (g) + 

2

1
Cl2 (g)  →   HCl (g)                       ∆H = ##�  kCal 

  /0	.K�%	 
A � �-X0-� 
� �%-HCl �� ��	�� �dG� ��0��-H
�&	 �-� �� .  

  3 .K�%	 
A � �-X0-� 
� �%-HCl �� ��	�� ##� ��0��-H
-� �� �&	 �.  

  4.t0�N%� +X'7 � �-X0-� �HCl �� ��	�� �dG�� ��0��-H
�&	 �-� �� .  

   � .t0�N%�+X'7 � �-X0-� �HCl �� ��	�� ## +���0��-H
�&	 �-� �� .  
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�5 –�	�� �B� �	 ���? ")
� �� ���-��7 I>� �D	 �W%����)�,�&	 �  

   /0	.� �D	 ��
K�%	 
&
 > ��J����7 "� .  

  3.��� �D	 
K�%	 
�-Q��-S > 
�? �-C7 J�-� .  

   4.�-��7 _��7 �S�). ���)�X+A>�N%� +�-Q��-S > 
�? �-C7 J�-� .  

   � .�-��7 _��7 �S�).���)�X+A>�N%� +� ��	�%	 > ��
���� 
�? `)�	> .  

#d ��	��  �B� �	 ���? ")
� �CD ��,�&	 E  

   /0	. 
� �C7 �@A �'��� �-�A>�N%� �+�(� J�Z6 �	B(	 `)�� `+ ����.  

  3 . 
��@A �% �'��� �-C7 ��A>�N%� �+�(� J�Z6 �	B(	 `)�� `+ ����.  

  4. 
� �@A �% �'��� �-C7 ��A>�N%� �+�(� J�Z6 �� `?�� `)+ ����.  

   � .H� 
���Z0-C7 "
@A �'��� �@A�% �'��� > ��A>�N%��+�(� J�Z6 ��&	 ���� `). 

#� ��	��  �B� �	 ���? ")
� �CD ��,�&	 E  

   /0	. 
1

2

1

2 lnln
V

V
R

T

T
C

V
+S = ∆              3. 

1

2

1

2 lnln
V

V
R

T

T
C

V
−S = ∆           

  

   4.
1

2

1

2 lnln
T

T
R

V

V
C

P
+S = ∆                  �. 

1

2

1

2 lnln
T

T
R

V

V
C

V
−S = ∆                 

## –A>�N%� +H� ��& ]0�S I�;6	 " ������ 
� "� =��� �
,�&	 
��* �&	 ���� 
-H� �X. "� vH^� �qD   

  /0	.        �&	 �qD �	 �N�
B�   3.        �&	 �qD �	 �NX*-�   

   4.>�;� 
       �&	 �qD      �.% "<&�C� ���� ��;  

#G��	��  �B� �	 ���? ")
� �� �� �W%�dH,�&	   

  /0	. TdS + VdP              3. VdP + SdT                   4. - SdT - VdP                 �.TdS - PdV  

#T��	��  �B� �	 ���? ")
� �CD ��,�&	 E  

  /0	.= nF∆E G∆            3. = nF∆E H∆                  4. = - nF∆E H∆             �.= - nF∆E G∆  

#���	�� �B� �	 ���? ")
� �CD ��,�&	 E  

   /0	.                     Kp = Kc RT∆n    3.     ∆G = Rln Kp 
  

   4.             ∆G
°
T = -RT  lnKp(T)     �. Kc = KpRT∆n    

#
��	�� �B� �	 ���? ")
� �CD ��,�&	 E  

   /0	.    
R

S

RT

H
K

ΟΟ ∆
−

∆
=ln                  3.    

R

S

RT

H
K

ΟΟ ∆
+

∆−
=ln

  

  4.      
R

S

RT

H
K

ΟΟ ∆
+

∆
=ln                 �.  

R

S

RT

H
K

ΟΟ ∆
+

∆
=− ln  
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 »&/////////01 23"4////////�	��«   

����� 
� 
  K wddHQ7 �	 VA  � ���� "� [�\ ��0 ��N
 J��� �
	> > df/# I�� PCl5 �x7 > ���6� [�\ 
�'( J� J�. �

"�   atm  LwL/d&
 ��&	 ��.  

	/0.� �	 
� ��Xq7 ��aN!	 ��� �� J�. �PCl50���7 `)�	>  "0���� "� "6-7 �� +               PCl3(g)   + Cl2(g)       PCl5(g)  

,�
	� �-6>    

3.�? 
�'( /0	 �)� 3	-6 J�-� �<y� p
-D 
� 
zB6 + �? � I�;6	 �	 �PCl5  RPCl3 > Cl2 
>� �&�� 	
 � � .  

	 	
 �?����)� {�( �� ����  .0-� I�6+  PCl5 �� ��	��#df> �-� �� I��  lit . atm . mol
-1

 . K
-1

 df#/dR=    

 

#� #dd0 �	 ��� �N���� 
� "� �� ��
 T	
	� 
 
�'( atm f#/d	 
-^� �&	 ��-� ��C� ����7>B
�Z% � ! "� ��. O;<)� +� 

0>	 � ! ��	�� �� J�� �&	 ��. " .&-� ��. I� %	 
���& 
� ��� "H� �N;SI:�'� �&	 
��* + P�;<%	 �ag "� :  

 /0	 –	 p
-x� �@A�% �'��� > ����7>B��  

3.	 p
-x� �@A �'��� > ����7>B��-. I� %	 �. J . mol
-1

 . K
-1

          G�T/f lit . atm . mol
-1

 . K
-1

 =  df#/dR=   

 

G� 
� ��� P�;<%	 ��7����	 ��� �� �� ��)���� ( 
	���
&-� 
�� �� I� %	 ��� "H�N% 
� > �-'�� J�a? "� " �K�%	 �	 J	B
 

%>
�+� "N&�� J� �N% 
� > �-'�	�� " 
 �"^�	
 ��� �-� �
−−−

−== VPddTCUd V �&	 
	����   .)� �����	�� "� �
 

	�    "^�	
 ��� �
−

−
−

=

2

1

1

2

V

V
R

T

T
CV lnln% �,�&	 
	���� B 

 

T� �	 ��� �-� ����� 
� "� �� ��
N%�&�qD �a ! �	�W+  �� ��	�� lit f/TT�&	 "N.	�  �� 
-^��7����@A �'��� > ���C� �
 

0>	 � ! /x% "� J� � ! "� �&	 ��. ��	�N��&
 "��&	 ��.(�\ ��	����� �
0-� +	 � ���� � ! 
� ��� �





 −

VC �� ��	�� 

R
2

3
�.�� . 

 /0	–	B(	 ���� `
,�&	 
��* ���   

 3–	 	B(�                 ,�&	 
��* ��� 
�'( `J . mol
-1

 . K
-1

  G�T/f lit . atm . mol
-1

 . K
-1

 =  df#/dR=  

 

��  �;�	 �-� ����� �� JM
 T 
�'( > P > T% �-� ���� �� JK>�N
 T  
�'( > P 
-: 
 
�'( > ��� "� �%	 ��. P-HQ� 

o7 J>�� �? P-HQ��� �T>  P��� + �&	 ��%�� .  

/0	 – o7��A>�N%� p	�+ ,�&	 
��* P-HQ�  

3. ��� >� �? V)6 ��	 �o7 �-� J�;X��A>�N%� p	�+�  
��* P-HQ� +              ,�. J . mol
-1

 . K
-1

  G�T/fR= 

 

L�)� ���� �� "%-W* "� �+ "0���� �	 ���qN&	 �� J	-7 dG =VdP – SdT��� 
� 
 ���� T  "0���� "� 
2

1

V

V
nRTG ln=∆   


