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�L�  ����� ��# TQ* $� �I��� ����? �� T�%� U'�$�VR 
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 ��%'Y Z��%�� $� �L� N��# 6�HV' �� W��X� /444 #�L [�� � �.* <�I.� \V] ^� =�L.��  CO2  \V] ^� �� T�<+� T��_

 � <*�+� T��  ��%'Y Z��%�� �  ��$.( $� <*��S4 �� ��%'Y <($� CO2 � 14 �� <($� CO=�L.��  <'K N�.* T�<+� 

  ;�.* `��� <��� ��%'Y      ( M C = 12g/mol  ,   M O2= 32g/mol ,  M H = 1g/mol)   

 5CO2 + 6H2O → C5H12 + 8O2 

10CO2 + 12H2O → 2C5H12 + 11O2 

258/585558/258913/133S/S//S
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                       OHOOHC 22262 6472 +→+         

�/���0�/��00�/��00�/����

7

/
��

-

....
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 �L�144 6<�I.� �g�$<�! $�<O� � <'  
 �* ��# a' �� W+h ����# �g�$<�! a' �� $� ���� 
��� �� -.� =�L S4=�L 

;
�� 
��� �� -.� =�L <'K $.% �$ #� �?��] $� ���� $�<O� <*�� 
��� �� -.�
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 N$.% �$ \� $�b4A��� #� <($� A -.�,� �� $.% �$ #� $.+� $�  B $.% �$ #� �?��] ����? $�<O� � �.* �� T�<+�  144
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 #�L �I�JKO2 6��� $�  OC  /44 $�VR �  ./S �R$�&%� r���* $� �.! Nn?�� #�L �  ��$.( $� ;
�� $<OK �EC)��)�E(

�EC)�� \� � ���J�%��� �?$� (<*��   . 

/ , /WO WairM g mol M g mol= =
2
32 29 

4/3532b4/S94b34/2811//4b231
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 ��%� #�L �'�&� $�<O�)CH4  ( oG� �� ���� \� $�544 6��� � �%�I 95
�� �.?.� ���L �%��� �?$�  .�  ��$.( $�

 ���� T]�� W�X� $�VR � A�.� Z��( -d A<�� 6�!#�L �.��_atm9/3b/ ;
�� =�L <'K ���� T]�� ��%� #�L =�? <*��  

) D��  �)�� =�?/1 �g�$<�! � /
�� -.� �� =�L (

 R=0/082056 Lit atm / mol K                                        

354/435/844/144
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 �$�+�nb ;�.* �� ��# �$�.� #� \� =�<  P+� �I��$<��� �I��&� $� 
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 6��� r���* 
,� N�I.� <($� PC��� T�s ��+� �� 6�$�� 6#�L k.���/44 $�VR � ���J�%��� �?$� b4
�� �EC)��  .

  ;
�� P&Q� �%� �%��� <'K r�.%� 6��tY o ��� P��u q����� �I.� oG� $�<O�

3
R=82.06 cm . atm /mol.K
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 6��� $� �%C� ���� \� ��$� 6#�L $�VR25 �� ����� 
��H�$�R �?$� 3S4
�� A.�? �%� ����  .�d $�VR ��<� #� �Y �L�

 ��S/5 ;�.� <!�.] $<OK D�.�  PC� �� �d 6��� N<��� A.�? �%� ���� 
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 ;�.* �� A<���� �K <'  ���+� �� 
��* n��� N�d $� �  �����

4&"?@ *AB%�"C 
 *AB%�"�> *AB%<6�D *AB%
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�� A<* A��� ��� �� $� �'�� �$<�! A��� \� $��� $�VR . $�<O� <�'  B�C� ��# 6�! A��� #� A��E%�� ��P* 6��� $�  54

���L �%��� �?$�  ;
�� $<OK

                                                                                      

0 *
1 1

0 *
2 2

T =8.7 C ,  P = 45 mmHg

T =16.5 C ,  P = 65 mmHg

236/3 mmHg              665 mmHg

263/6 mmHg556 mmHg
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,� N<*�� ��� ��)! $� n��� $��� $�VR #� �%)  $��� �v�? $�VR � <*�� A<���� -��&� �� �&��� �$��G� $� 6#�L A�L�!

 ;�.)� 
�+*� �$ #�L D�� ��.� �� �X���* �K

        *E'!�
 F�"
 "! G"(� H�
 �-�I �%J'E    *E'!�
 F�"
 "! G"(� H�
 4;"I

"
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 $� �.! 
�.h$ �  ��$.( $�oFS2   T  $�VR � mmHg354  �� ����� 14;
�� $<OK �+C� 
�.h$ <($� N<*�� <($�      

   P
*

H20 = 31.8 mmHg

11/3<($� /b<($� 19<($� 1///<($� 
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 W)� �� �!�K #� Bd/44 ����? 
��� �� �%� 14 �  6� A��]s ���� �� ����p �� =�L.��  14$��_ D��# wX� #� ��x�� �%� 

�.* �� �+)�� �$�� .     ;
�� ����p �� -�g <'K ���# �� 
+C� T�C��%Y 6g��� a���R� 
���
281/9 smg =

//33/1//331195881958/8
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��p $�VR $� �  �#� -.� .��  \� �yI�%�d ���z� $�<O�atm/  #� oC544   ��oCb44  
�R�e � �.* �� A��� �$���

  �� ����� �d r�.%� ��$���j/gmol.K94/18  ;
�� -.� =�L.��  �� -�g.��  <'K N<*�� ��  

31007/64 ×3102037/4 ×310096/12 ×3102096/1 ×
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 $�<O� <�'  D��&� N T�QV� �$�<��%�� �yI�%�d #� A��E%�� �� 
0

rH∆    ;
�� -�g .��  <'K ��# a' �� 

3 2 22NH  (g)+3Cl  (g)    N (g)+6 HCl(g)→

         
molKjNH f 0)( 2

0 =∆
      و     

molKjClH f 0)( 2

0 =∆
        

 
molKjNHH f 19/46)( 3

0 −=∆
    و  

molKjHClH f 30/92)(0 −=∆

b11/S8{b11/S882//81{82//81
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:اگر ظرفيت گرمايي ماده اي مانند آمونياك در فشار ثابت و در فاصله محدودي از دما با رابطه زير داده شود

)(103/249/0 4 FT
Flb

Btu
C o

o

m

p

−×+=








Cg بر حسب   Cpعبارتي براي

J
 C º32 را در دمايCp بدست آورده و مفدار عددي ) C) º T و برحسب دماي .�

 
 محاسبه

1J = 9/486 × 10.(نماييد
-4

 BTU(

1-

�,��V� �x�.�

/,84A�)� 

 ��<� $�1444 
�.h$ �� B.K 
��� �� =�L.��  14�� �d 
�.h$ � �.* �� D  \V] A�J%�� �$�� <($�  8

<�$ �� ��#� <($� .<($� o�� � 0� 6�$�� B.K ���  \V] 
H? ��I�� 6�.! (%//5) �� �  N
�� 
�.h$5

�.* �� f$�] D  \V] A�J%�� #� 
�.h$ <($� .�%VL�� ����? ��.'� �� �?��] 6�.! #� 6$�<O� ND)u $�

 <($�  o�� � �� 6�$�� D  \V] �� 6��$� 6�.! �� �.* �� k.��� ��I�� l�$.] �� (%1/5)<*�� 
�.h$ .$�<O�

<���)� �+��,� �$ D  \V] A�J%�� �� �%VL�� 6�.! .

2-/,84A�)� 
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 $�VR 
,� ��.h�� 6�.!mmHg324  6��� � oC31  o'+* �XO� 6�$�� � oF59 �.* �� 6� �}E,� �$��  .�L�

 $�VR 6�$�� �d #� �?��] 6�.!mmHg384  o'+* �XO� � oF/93 6�#� �� A<* A���R� Bd $��� $�<O� N<*�� 

     ;
�� $<OK 6��$� B.h�� 6�.! =�L.��  �!

                                                                         *
2T /F P mmHg= → =0
137 138 و2

*
1T /F P mmHg= → =0
53 10 3                                                        

3-/,84A�)� 

 #�L �L� CO2 6��� $� K944    $�VR � atm84  oG� N<*�� �%*�� -d A<�� ��~ $�%R$ /4$� #�L D�� #� -.� 

<�'  �+��,� �I��$<��� P���u #� A��E%�� �� �$ r���* D��.

 )   L.mol-1=�/��00  L2.atm.mol-2  ,  b = �/�0  a (

4-/,84A�)� 

 �.* �� =�G�� �%VL�� ����? �� A��)! $.% �$ \� $� T��O� a' ��  :  3A + 6B  →    4C + 5D

 �L�A A#�� l�$.] $� 15 T�<+� ����� � <*�� �R�u� <($� B $.% �$ T]�� $� 25��  T�<+� ����� � <($� 

 ����� <'���R T  $� �db4 ����� <'���R #� �?��] 6�HI.� T  �L� D�'�)! N<*�� <($� //215����? � A�.� -.� 

 A��� #� rOR �%VL��B <�'  �+��,� �$ A#�� l�$.] �� �%VL�� ����? 
+C� N<*��  .
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