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Abstract 

Ionic liquids (ILs) are salts that can affect the 

structure, stability, and function of proteins. 

Researchers have recently been interested in 

finding ionic liquids that increase the stability, 

activity and solubility of enzymes. In this study, 

efforts are made to investigate the effect of 

triethylammonium propionate (TEAP) on the 

function of urate oxidase (UOX). We treated the 

enzyme in different concentrations of TEAP. The 

volume percentages of TEAP in the solvent phase 

are 0.5%, 1%, 2%, 5%, 10% and 15%. The results  

indicate that TEAP has a concentration-dependent 

effect on the activity of UOX enzyme. The use of 

1% TEAP ionic liquid increased the enzymatic 

activity in comparison to untreated enzyme. We 

concluded that  this ionic liquide was able to alter 

the structure of the uricase in a way that increased 

the activity and improve its catalytic efficiency of 

the enzyme. Also the thermodynamic prameters 

such as ΔG#, ΔH#, and ΔS# values indicate that the 

use of 1% of triethylammonium propionate 

increases the thermostability of uricase and 

reduces the conformational changes of this enzyme 

during thermal inactivation process.  

 

Keywords: Ionic liquid,  Thermostability, Urate 

oxidase. 
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�+8,9 #�:+	!+ )EC 1.7.3.3(�  #� �:+�+8,9 �� �$; �

�+8,9 ��#��<�	)��<� � 2�� )Nishimura et al., 

1982; Colloc'h et al., 1997; Caves et al.,. 

2013; Imani & Shahmohamadnejad, 2017;. 

Fouladi et al., 2021( >+� �+8,9 �$(�$�� �$< 

?$7 /< 2�� �@+$A� �B!:B!( 130 �!�B��!0�< .�	�� 

?$7  >+� ���$(!,!(�+8,9 C�@+$A� $(�$�� 32 �!�B��!0�< 

2�� )Pitts et al., 1974; Conley & Priest, 

1980(. �!*<�� D�A�AE� ���+# 	� �	!( >+� �+8,9 

/� F�B� /< �+���$�	�< /� ��!*6 G+ �,�(	�	!�<�"  

�H�I3� �	�� �:�8� 	�� ?�1,� �)� 2�� )Caves 

et al., 2013( .�+8,9 #�:+	!+  8�B���< J6��

K+$I� )��� �)� G+	�   )�B!�>�L!�, 9 �( !�� .>+� 

�+8,9 M�� #� 30 ��� 2�� /<  ������� �:�8� �06 	�

�	�� �,�(	� )Colloc'h et al., 1997; Li et al., 

2017( .�1,9#�?)6 /< ���N� 	� )�B!�  >�*O
� P"� 

)��� G+	� J6��  )��� M+�8"� #� ���, 2�(!
�( ��1+�

 (�
�+	�$Q��) G+	� R$A, �( !�� 

)Schumacher & Chen, 2006; Sherman et al., 

2008; Moore et al., 2014(. M��< P"� )��� 

G+	� J6�� F�:3� ����	!0 !,!( �+)� D�	� �( !�� 

)Imani & Shahmohamadnejad, 2017(. �+8,9 

 FS�T #�:+	!+ #� �$�<�� Aspergillus flavus /�  	!U

6�)
 ��$� ��(	� �
�+	�$Q+��  R$A, ������� 

�( !�� )Pui et al., 2001; Pui et al., 2001; 

Pession et al., 2008; Alakel et al., 2017(. 

�3I� #� 2�< �H�I3� �*�B�� ��$� �%( �#�),� $�;� 

2V0W )��� G+	� 	� �!X  Y�I3� R$A,� �+8,9 

#�:+	!+ 2�� )Gochman & Schmitz, 1971; 

Liao et al., 2006; Li et al., 2017(. D�A�AE� 

���+# /Z, 2��[ \)� ��  >�����+8,9 #�:+	!+ �� \)� 

��1+� ]T $; ���+# ?�1,� �)� 2�� )Huang et 

al., 2004; Zhao et al., 2009; Chen et al.,. 

2010; Bayramoğlu et al., 2011( .	� >+� 

/NB�^(� $[� P+�( �,!+  F��� �$�?!�,!(9 D�,!��$� 

 2�B�N" ��8�($� �	�)+�� #�:+	!+ ��	$� )� .�(D�N+ 

�,!+ G
, ���+ �� _�!X �%( )*,�( 2�B`T ��+#� 

�	�)+�� ��	�$T ��+#� ��+# 2�@^a� ��N��� �$+b� �<  

��  �,��	�$" ���@[ �< 2�� )Park & 

Kazlauskas, 2003(� /< #� �!+ ���+ F�:3� 

�)� ),� /< 	� ��(� c��� /� F:� P+�( �a�� �( )*,�( 

)Jaeger & Pfaendtner, 2016(. �,!+ D�N+�( 	� 

/*�(# ��� �:�8�  �+��
��!�� 8�, �	!( /7!� 	�$a 

/�"$; ),�� _�!X �%,9 J6�� �)� 2�� /< �%,9 

/� ��!*6 G+ R`< #� �`T ��� 8@� 	� $V, /�"$; 

),!� .�`6 $� >+�� �%,9 �`T ��� ��9$�W )*��� /< 

�( ,�!�)* /� ��!*6 G+ 2�@d� �)**< ��$� �$�Xe 

�, !U  #� �fN� D)(>�'�$� �� �	!( ������� 	�$a 

),$�;)van Rantwijk et al., 2006; Kumari et 

al., 2014(.  /��� >+��	�;),�( ��!( #� >�'�$� ��� 

�
%( )*,�( >�'�$� ��� �,�(	� �+ ��N*S �	 M+�8"� 

�( )*�� .��AAE( C�$�X� /a`6 )*( /� >�"�+ D�N+�( 

�,!+ )*��� /< J6�� M+�8"� �	�)+��� 2�B`T  

2�B�N" �+8,9 �� �( !�), )van Rantwijk et al., 

2006( .�!*<��� �	���� �	 $� #� D�N+�( �,!+ �� 

>+� \�)�� 	�< �)� 2��� �X$� #� �%,9 �� ga!�( ��$< 

P
1� ���	��X�� 
+8,9�� �	�)+�� �X$� #� �+8,9 �� �	 

M+�8"� �( )*��� �(� �X$� #� D�N+�( �,!+  J6��

�!���	!��,� 	��X�� �X$� #� �+8,9 �� �( !�), .

>+�$��*�� /NB�^( F(�N� >�� �+8,9  D�N+�( �,!+ ��$� 

YI3( �)� D�$�[h� D�N+�( �,!+ $� 	��X�� �+8,9 

	���� �%( 2�� .�� ��H�� �!:B!( ��� P+�( �,!+ /� 

	��X�� �+8,9� ���$�, >�� �B!:B!( 2�� i!X 

���$��j� �( !�), /< J6�� �	�)+�� �+ �	�)+���, �+8,9 

�( !�), )Kumari et al., 2014(. i	�8; �)� 2�� 

/< D�N+�( �,!+ g0�I( M*:
�$� $� �����( ��� 

>�'�$� ��� g0�I( ),	�� M*:
�$� >+� /1��, /<  ��

 	��X��	� ���$��j� ��1+�>�'�$� ���+ )*,�( �+8,9 �� 

�( !�� )Bihari et al., 2010; Constatinescu et 
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al., 2010; Vasantha et al., 2012( .���,�:( 

k�a� M*<� >�� �!:B!( ��� D�N+�( �,!+  

�+8,9 ��� g0�I( #!*� YI3( 2��,� �$+# $�[h� 

2�@^a� 2V0W� l9 8+$;�  2N�@U �,!+  D�N+�(

�,!+ $� �	�)+��  2�B�N" �+8,9 ��g0�I( �� D���( 

2�� )Arrhenius, 1889; Galani & Apenten, 

1997; Marin et al., 2003; Lou & Zong,. 

2006; Zaboli & Raissi, 2017;. Hashemzadeh 

& Raissi, 2018( .>+�$��*�� ��$� ��	$� $�[h� D�N+�( 

�,!+ D���( $� �	�)+��  2�B�N" 
+8,9�_�X � )+�� 

D�NB�^(  �	 $� �S�H�X��+8,9 ��($V, �	!( ?�1,� 

�!� )Fooladi et al., 2016; Fouladi, 2021(.  

  

;�� � !�
� .  

#$��  

 )��� #� ��:���B�,� )+$; �� G+	!� )���  G+	�

�
Z�� 2<$�-m+	)B� )Sigma-Aldrich(  .)� /�%�

>�(9 �!,��� �$��G�,!��$� )����>���0;� ������ �� 

�n	)�� D���"� )+�$0<	)�� ]+$�� D���� �+)�  

$+�� ��!( �+��
�� ��:���B�,� )+$; ��	�� #� 2<$� 

o$( )Merck( /�%� ),)�.   

  
%&�� '��� ���� ��� ()�$ *�)���+ ,���)�	��  

8�*� �$� F��� ?!�,!(9 D�,!��$� )TEAP (/� p$� 

$+# ?�1,� )� :10 ?$; )067/0 �!( (�$� �!,��� >�(9 

)TEA ( 958/4 ?$; )067/0 �!(  ()��� G�,!��$� 

>+#!�  .)�G+  /� �)� �# G�,!��$� )��� #� ?$;

>�(� �!,��� �$� ��T $+�( >B	� /"�w� �)� >+#!� 

)� .>B	� �	   �(� �$�*<  2�0��a ��$��� G+ �	 $�

	� �8
� /� 8%1( ��(� 80 /7	� 	�$a ����  

D�+!�E( �9 �� 	� rpm 1500 �� $��� �	 $� �8
� 

���U�*j( �� )� ��# .]� #� �)��3( $��j� x,	� 1 

?$; )��� G�,!��$�  ��$� ?#  	�)A( F< #�)

 �*N+8�*�958/4 (?$; /� FX�� G�`" /"�w� )� .

F< 	�)A( )��� G�,!��$� )958/4 ?$;� 067/0 

�0�( �!( (	� D)( 48 26�� 	� ��(� c��� /� >B	� 

$+�( /"�w� )� .]� #� ?�
�� M*<�� #� TLC ��$� 

D�@[� _!0X �!HE( )�$� F��� ?!�,!(9 D�,!��$� (

������� )� .�� /7!� /�  /+  �"�$;!��($< /1��,

o#�, )TLC( ���( YB�X �!� .>+� ���( G+ �!HE( 

/
�, P+�( �!%a �� �$�� o�*@�y �!� .z+��, g�U ��� 

FTIR  NMR 8�, _!0X �!HE( �	 )�+h� �$<.  

  
-��� �)!�./ ��0����  12���)� ��0����	 12����)�

 ()�$ ��� ��*�)���+ ,���)�	��  

2�B�N" �+8,9  /� G+	� )��� F+)@� 	�#�:+	!+

>�L!�, 9� 	� pH /*�%�  ��(� /*�%�  #�:+	!+ 2�B�N"

)PH  $��$�9   ��(�30 /7	� ��,�� ��$; (��Z��� �� 

{!( �!U	�$�(!�"$�:Q�� 293 $�(!,�, �#�),� $�;� 

)� .2�B�N" �+8,9 �� |!0I( ��$< #�:+	!+ )10 

$��B$:�( (	� $"�� )��� G+	!� )710 $��B$:�( �� pH 

$��$� 9 ( �!0E( )��� G+	� )7 $��B$:�(�  ��pH 

$��$� 9 (�	!( M1*� 	�$a 2"$; .G+ )T� #�:+	!+ 

	� $� /A�a� G+ �!($:�( )��� G+	� /� �	 

>�L!�, 9 	� ��(� 30 /7	� ��,�� ��$;  PH $��$� 9 

)��<� �( )*< .	� >+� k�AE�� #�:+	!+ �� 2V0W ��� 

g0�I( P+�( �,!+ �$� F��� ?!�,!(9 D�,!��$� )5/0� 

1� 2� 5� 10  15 )S	� )V/V( )� 	�
�� .2�B�N" 

�+8,9 �)� 	�
�� 	� ��(# ��� g0�I( )5� 10� 15  

20 /A�a� (�#�),� $�;� )� .2V0W P+�( /*�%� �,!+  	�

 �:���B���< 2�B�N" M+�8"��+8,9 	�#�:+	!+ >+� /0T$( 

>��N� )�.  

2�B�N" #�:+	!+ �� /B��N( $+# �#�),� $�;� )� 

)Ghanbari-Ardestani et al., 2019(:  
Enzyme (units/ml)= 

 

(ΔA293nm/minTest−ΔA293nm/minBlank) (df) 
(12.3) V 

df  V /� K��$� 2a		!�<�" �+8,9  �1T �+8,9 

)�0�( $��B ( )*��� 3/12 K+$w  lb7 �+ �B!(

��!(�X K+$w )��� G+	� 	� {!( �!U 293 

$�(!,�, 2��.  
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���# 3)).�  ��)4� �$�� �)!�./5�%�+.  

2�B�N" #�:+	!+ ��#9 	�
��) #�:+	!+  (�)3,	�
�� �� �)�

2V0W /*�%� P+�( �,!+ 	� ����(� g0�I( �#�),� $�;� 

)� .	� >+� M+�(#9� �!0E(  $"�� #� F:3�( /< �$���!�

�� 2�� G+	�)��� �!0E(  G+	!� )�/�D)( 5  /A�a�

F� �	� 	� ����(� g0�I( )25� 30� 35� 40  45 

/7	� ��,�� ��$;(  ��Z��� #� ������� ��Single cell 

peltier accessory /�!:,� )�� ]� #�  �)� �$Q�

>+� ��(# �1,� �	!( ��(� 	� �!����!:,� >�"$; ?$V,� 

10 $��B$:�(�+8,9 /"�w� F� D�+!�E( /�#�:+	!+ )�  

M��<  2�B�N" /,�3, /< lb7�+8,9 2��� 	� �!U {!( 

293 $�(!,�, �#�),� $�;� )�.  

  
 3)).�PH  �)!�./ �$�� ��)4�5�%�+.  

��$� �#�),� $�;� pH /*�%�� �)��� $"�� ]:�( ) F:3�(

 2V0W /� )+�$0<	)�� ]+$� #�50 �0�(  !(	� 

2V0W /� >���0; 50 �0�(  !(	� ������ �� 

�n	)��  2V0W /� D���"100 �0�(  !(	� D���� 

 2V0W /� �+)�50 �0�(  !(	 (/�%� )�   #� ]Q�

 	� $"�� >+�10  �1T �� �!:B�"50  	�)A( /� $��B �0�(

 )� /�I+	 ���( pH �!:B�" #� ?�)< $� $"��  ��

/� K��$�  #�3  ��12 .)� ��V*�  ��8�( 2�� >+� 	�

 2�B�N"�+8,9   ��#9�+8,9  #� /*�%� 2V0W �� �)�	�
��

 F��� �$�?!�,!(9 	� D�,!��$� pH 	� D���( ���

 {!( �!U293 �#�),� $�;)� ��  ��(# /< D��� >+� ��

$�S #� G+	!� )���$"�� ��7 /� $�(!�"$�:Q�� ��$<

 �� ]:�( $"��pH  .)� ������� g0�I( ���  

  
�)67�./ ���� ���$�8 	1�$2�$ �)9� ����&�$��� 

:)����#����.  

��$� ��	$� $�W ��N" #���  ��	�$T�+8,9 �#�:+	!+ �+8,9 

  ��#9�+8,9 	�
�� �)� �� 2V0W /*�%� �$� F��� ?!�,!(9 

D�,!��$� 	� ��(� g0�I( )40� 50  60 /7	� 

��,�� ��$; (#� 5 �� 60 /A�a� /�!:,� ),)�  ]Q�  /�

G�`" }+ FA�*( ),)� .]Q� 2�B�N" �+8,9 �� �

/�!:,� 	!<b( ����(� 	� �)�  {!( �!U 	�293 

�#�),� $�;� )� .��$� /@��E( �n$,� ��N" #��� )Ea(� #� 

/B��N( R!�,	9 ������� )� )Arrhenius 1889(: 
k= Ae(-Ea/RT) 

 ��9 	� /<k �R �T  A /� K��$�  2��[#� D	�@6

 $�W 26$���N" #�� )T� �� ��#�),� $�;� )min-1(� 

��#�; �,�%7 2��[ )8.314 J.mol-1K(�  k0^( ��(�

 2��[  >+!0<.)*��� R!�,	9 A  Ea /� K��$� #� 

 #� ~$6�)@(  	��!
, ��*( K�� ln(k)  $��$� 	�

 /@��E( >+!0< /� �(� R!:N(�( !� /@��E( #� ]� .),

A  Ea �:�(�*+�!($� g0�I( ���$�(�	�� )Marin et 

al., 2003(  #� /0
79�QB��, )H#Δ( 9��$�, )S#Δ  (

 �n$,�9]@�; ��# )G#Δ�!($" k��^( ( $+# ��� 

 /@��E(�( !�), )Galani & Apenten 1997(.  

ΔH# = Ea−RT . 

ΔS#=ΔH# − ΔG#/T. 
ΔG# = −RT ln(kh/ KBT)  .  

  

 ����	 >+� 	� /<h  KB  2��[ #� D	�@6  

G,`� )J.s
34-10×6262/6 (>(8�B!� 2��[    

)J.K-1 23-10×3806/1�( ( ���.)*  

  

 <�=	  

�;�6 ��)4� ��� ()�$ *�)���+ ,���)�	��  

2�B�N" �+8,9 >�L!�, 9 /� G+	� )��� F+)@� 	�#�:+	!+� 

	� pH /*�%� ��(� /*�%�  2�B�N"�+8,9 )pH  $��$�9  

 ��(�30 /7	� ��,�� ��$; (	� ��(# ��� g0�I( )5� 10� 

15  20 /A�a� ��Z��� �� ( {!( �!U	�$�(!�"$�:Q�� 

293 $�(!,�, �#�),� $�;� )�. ]Q� 2�B�N" �+8,9 

�� �)�	�
�� 2V0W ���$� g0�I( � F��� ?!�,!(9 

D�,!��$� )5/0� 1� 2� 5� 10  15 )S	� v/v (	� 

��(# ��� g0�I( )5� 10� 15  20 /A�a� (�#�),� $�;� 

)� .2V0W /0T$( >+� 	� P+�( /*�%� �,!+  M+�8"�	�

 �:���B���< 2�B�N"�+8,9 1 )S	� >��N� )� .�� /7!� /� 

z+��,� P+�( �,!+  F��� �$�?!�,!(9 $�[h� D�,!��$� 
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/���� /� 2V0W $� 2�B�N" #�:+	!+ �	�� .��8"� 1 )S	� 

�$� F��� ?!�,!(9 D�,!��$� J6�� �!@%� �+�	�< �:���B���< 

�+8,9 �( !�� )F:� 1 .(>+� M+�8"� 2�B�N" �+8,9 

�( ,�!�) /� F�B� D�$��j� ��1+� �	��X���)� ���, #� 

��8"� P+�( �,!+ /� �+8,9 )���.  

  
��# 	 pH  �)!�./ �$�� ��)4�5�%�+ ��)� �� 12�

���� '���  

2�B�N" ��#9 #�:+	!+ 	�
�� #�:+	!+ (�)3,	�
��) �� �)�

�$� /*�%� 2V0W F��� ?!�,!(9 ) D�,!��$�1 )S	�( 

	� ����(� g0�I( �#�),� $�;� )� .	� >+� M+�(#9� 

�!0E( /� �$���!� D)( 5 F� �	� /A�a� 	� ����(� 

g0�I(  ��Z��� #� ������� ��Single cell peltier 

accessory /�!:,� )� �]� #� ?�1,�  �!����!:,� >�"$;

$V, �	!( ��(� 	�� 10 �+8,9$��B$:�(  F� D�+!�E( /�

/"�w� )�  M��< 2�� �+8,9 2�B�N" /,�3, /< lb7� 

	� �!U {!( 293 $�(!,�, �#�),� �$�; )�. $d<�)T 2�B�N" 

+  ��#9 #�:+	!+) �,!+ P+�( �� �)�	�
�� #�:+	!1 )S	�( 

/� K��$� 30 /7	� ��,�� ��$;  25 /7	� ��,�� ��$; 

>��N� )� ) F:�2 -.(gB�   

 ��$��#�),� $�; �pH  2�B�N" ��$� /*�%���+8,9 

 2�B�N" ��8�(�+8,9   ��#9	�
�� �+8,9 2V0W �� �)�

 F��� �$� #� /*�%�?!�,!(9 	� D�,!��$� pH ���

 {!( �!U 	� D���(293 �#�),� $�;)� ��  >+� ��

 ��7 /� $�(!�"$�:Q�� ��$< $�S ��(# /< D���

 �� ]:�( $"�� #� G+	!� )���$"��pH g0�I( ���

 .)� ��������� /7!� /� z+��,� pH /*�%� #�:+	!+  ��#9 

 F��� �$� /*�%� 2V0W �� �)�	�
�� #�:+	!+?!�,!(9 

) D�,!��$�1 )S	�( /� K��$� 9  10 )� >��N� ) F:�

2 -l.( >+� z+��, ��3, �( )�� /< ��8"� �$� F��� 

?!�,!(9 D�,!��$� $� ��(�  /*�%� pH  ��$� /*�%�

#�:+	!+ 2�B�N" $�[h� �	�� .>+� $�[h� 	� �+8,9 	�
���)� 

�( ,�!�) /� F�B� ���$��j�#$� 	��X��	� #�:+	!+ ���, 

#�  F��� �$� ��8"�?!�,!(9 D�,!��$� )���.  

  
�)6 7�./ ���� ���$�8 	 ����&�$��� �0)����#����  

/7!� �� /� z+��,  �)7)1(� �$� F��� ?!�,!(9 

 2V0W �� D�,!��$�1 )S	� J6�� M+�8"� /
�, $
6 

2�B�N" �+8,9 #�:+	!+ �( !��  F:�)3 -(gB� .z+��, 

��3, �( )�� /< 2�B�N" �+8,9 �)� 	�
�� >+� ��  P+�(

#�$�3�� �,!+ �+8,9 ��#9 2�� .	��X�� �+8,9 	� ����(� 

 �� �	!��,� �( !��� �B�T	� /< P+�(  F��� �$� �,!+

?!�,!(9 2V0W �� D�,!��$� 1 )S	� $1*( /� 2(�A( 

 �	�)+�� �+8,9 	� $��$� /7	� D	�$T  ��   ��	�@6 /�

$��$� 	� 2(�A( ��1+� /� $1*()*+�$" �!���	!��,� 

�( !��.   

  

  
 (0�1.  $[�2V0W �� F��� �$� �,!+ P+�( g0�I( �?!�,!(9  2�B�N" $� D�,!��$��+8,9 #�:+	!+ 
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(>!$  

 (? 

(0� 2.  (gB�#�:+	!+ 2�B�N" $� g0�I( ����(� $[�  2V0W �� D�,!��$� ?!�,!(9 F��� �$� �� �)�	�
��  ��#91 )S	��   

(?  $[� pH#�:+	!+ 2�B�N" $� g0�I( ���  2V0W �� D�,!��$� ?!�,!(9 F��� �$� �� �)�	�
��  ��#91 )S	� 

  
 7	2�1. ��N" $�W �:�(�*+�!($� ���$�(�	��  ��	�$T �#��	�
��  ��#9 #�:+	� $
6 /
�, �)�  

 
Ea 

(kj/mol) 
T 

(°C) 
T 

(°K) 
K 

(1/min) 
ΔG 

(kj/mol) 
ΔH 

(kj/mol) 
ΔS 

(j/mol) 
Half-life 

(min) 
UOX 41.32 40 313 0,109~0.1 76.56 38.72 -120.89 6.36 

  50 323 0,206~0.2 83,63 38.64 -139.31 3.3 
  60 333 0,294~0.3 78.87 38.55 -121.09 2.357 
         

1%IL 74.99 40 313 0.1 76.78 72.4 -13.9 7 
  50 323 0.21~0.2 77.33 72.31 -15.5 3.3 
  60 333 0.3 123,45 72.22 -153,84 2.31 
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�� /7!� /�  D�@��E( #� FS�T z+��, ���$�(�	�� 

�:�(�*+�!($�� #�:+	!+ 	� 	!fT  F��� �$�?!�,!(9 

D�,!��$� 1 )S	� �( ,�!�D	�$T $��$� 	� )  $� �� ���

.)�)� ��3, 2(�A( �n$,� ��#9 ]@�; )ΔG#( 

��3, �)*�� 	�)A( �n$,� ��$� $�W��N" #��� �+8,9 

2��  >�*O
� �$3�� ��8�( /,�3, /��!X ��!X 

),	 $�W��N" #��� 2�� )Hashemzadeh & 

Raissi, 2018( .	� 2A�AT� �n$,� ��#9 ]@�; $� ��� 

�	�)+�� $�3�� �+8,9 �	 	� $��$� ����(� $� �� ��3, 

�( )�� )Zaboli & Raissi, 2017( .	�)A( >+� 

$�(�	�� ��$� #�:+	!+ #�:+	!+  ��#9 	�
���)� ��3, 

�( )�� /< ��$� $�W��N" #��� ��	�$T �+8,9 

	� �)�	�
�� /�+�A( �� �+8,9 ��#9 /� �n$,� �$�3�� 

.2��#��, >+�$��*� 	�)A( $�3�� $�(�	�� >+� ��$� #�:+	!+ 

�)�	�
�� ��#9 #�:+	!+ /� 2@�,� D�@[ �$+b� 

#�:+	!+$�3�� �)� 	�
�� �	 2��[ �( )*< ) F:�3 -(l .

�n$,� ��!�$�3�� /< 2�� $<e F��a ��#9  ��$� ]@�;

�+8,9  �)�	�
�� ��8�( �� F
E� $���+# 	� $��$� 

$�W��N" #��� ��	�$T |�@�	� �	�� )Shikha et al., 

2017(. �����$�(�	 ΔH#  ΔS# D�$��j� 9�QB��,  

��$�,�  	�)*+�$" $�W��N" #��� ��	�$T )*��� .

$�(�	�� D�$��j� ΔH# ��3, �)*��  	� D�$��j� #$�

���( M*<  �	��X�� FX�� ����+8,9 /0
7 #�  	� $��j�

���),!�� �,n	)��� G������$�:B�  FN"  D �N�,� 

 ]B�	),� /,�3, D�$��j� �	��X�� �+8,9 2�� 

)Grunwald, 1997; Liu & Guo, 2001(.  F��a

$+��A( /� /7!� �� /< 2�� $<e 2@d( ΔH# 

�!���	!��,� #�:+	!+ G+ M*<� 2��#�($;. /�+�A( 

���$�(�	�� ΔH# #�:+	!+ 	�
��  ��#9�)� 2��[ �( )*< 

/< #�:+	!+  F��� �$� �� �)�	�
��?!�,!(9  �� D�,!��$�

 2V0W1 )S	� ��	�� 	��X�� �$� �<�$�( 2@�, /� 

	��X�� �+8,9 ��#9 2�� ) F:�3-({ .  

  

 
�$#��3. >!$( ��$�$
6 /
�, z+��, /�+�A( �+8,9  ��#9�+8,9  2V0W /� �,!+ P+�( �� �)� 	�
��1%  

  

  
�$#�� 3. ?(  z+��, /�+�A(�:�(�*+�!($�$�(�	�� ΔG# ��$� �+8,9  ��#9�+8,9 	�
�� 2V0W /� �,!+ P+�( �� �)�1%  
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 �:�(�*+�!($� ���$�(�	�� D�@��E( z+��, /� /7!� ��

>+� /< �+8,9 �)�	�
�� 	� �U FT�$( $�W ��N" �#�� 

��	�$T /� )+�� 2��	�)+��  >�
� F�B�	��X��  �$�
<�$�(

�!:B!( �� ��H�� $[� 	� /< )���  ?!�,!(9 F��� �$� ���

2�� �)� FS�T M+�$� D�,!��$�. $�(�	�� ΔS# 

�"��H� ��!� ����� �	 ��3, �( )��. ΔS# ����� 

�(�Z*� $��j� �( )��+ /< 	��X�� �+8,9 #�  �N�@U	��X��

i�!X {	�X  �!�)Alakel et al., 2017( .�`6 $� 

>+� � 	�)A(ΔS# D�$��j� �	��X��  \�^N,� �$+b� 

�	��X�� �+8,9 �	 ��3, �(  )��)Middleton et al., 

2002( .$�(�	�� z+��, �)� ��*( F�B�ΔS# �1*+� 	� 

>:
( 2�� /� F�B� M+�8"� �V, ����� #� k+$U )*+�$"  

  

P
1� ���),!�� >�� �B!:B!(  �	�  �B!:B!(

)Pession et al., 2008(  F�B� /� >�*O
� M��< 

\�^N,� �$+b� 	� 	��X��  )��� �+8,9)Lohrasbi‐

Nejad et al., 2016( .>�*O
� �/�+�A( ���$�(�	�� 
#

ΔS #�:+	!+ �)�	�
��  ��#9 �( 2��[ /< )*< 	��X�� 

�+8,9 ��#9 \�^N,� $�$+b� #� 	��X�� �+8,9 �)� 	�
��  2��

 F:�)3 -(� .>+�$��*�  D�@��E( z+��, /� /7!� ��

$+��A(ΔG # �ΔH#   ΔS# �( 2��[ �1*+� 	� /< �!� 

������� �,!+ P+�( #� �$� F��� ?!�,!(9  �� D�,!��$�

2V0W 1 )S	� J6�� M+�8"� ��	�$T 2(�A( #�:+	!+  

M��< D�$��j� �	��X�� >+� �+8,9 	� �U )*+�$" $�W 

��N" �#�� ��	�$T �( �!�.  

  
	��!
,3. { . z+��, /�+�A(�:�(�*+�!($�$�(�	�� ΔH# ��$� �+8,9  ��#9�+8,9 � 2V0W /� �,!+ P+�( �� �)� 	�
�1 )S	� 

  

  
�$#��3. #( �:�(�*+�!($�$�(�	�� z+��, /�+�A( ΔS# ��$� �+8,9  ��#9�+8,9 � 2V0W /� �,!+ P+�( �� �)� 	�
�1 )S	�  
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 � >?�9@�=	 ���A  

>+� k�AE� /� 	!V*( ��	$� D�$[� P+�( �,!+ 

�$� F��� ?!�,!(9 ��8�($� D�,!��$�  2�B�N"�+8,9  #�:+	!+

  �	�)+�� $�	!<b( �,!+ P+�( $[� ��	$� >�*O
�

 ��	�$T 2(�A(�+8,9 ?�1,� )� . 	�
���+8,9  �$� �� ��#9

 F���?!�,!(9  2V0W �� D�,!��$�1 )S	� J6�� �!@%� 

�+�	�< �	8�B���< #�:+	!+ �( !�� .>+�$��*� >+� 2V0W  #�

P+�(  l!�E( /*�%� 2V0W ��,!+�( !�� .z+��, ��$1� 

��3, �( )�� /< ��8"� �$� F��� ?!�,!(9  �� D�,!��$�

 2V0W1 )S	� $� ��(� /*�%�  pH  2�B�N" ��$� /*�%�

�+8,9 #�:+	!+ $�[h� �( �	�b; .D�$��j� 	� 	��X��  #�:+	!+

C �
�T� J6�� M+�8"� 2�B�N" #�:+	!+  �!@%� �+�	�< 

  �(� $��j�  �	8�B���<pH  /*�%��+8,9 2�� .>�*O
� 

���$�(�	�� /@��E( �:�(�*+�!($� )*,�( ΔG#� ΔH#  

ΔS#  2��[�( )*< /< ������� #� �$� F��� ?!�,!(9 

 2V0W �� D�,!��$�1 )S	� J6�� M+�8"�  2(�A(

��	�$T #�:+	!+ �( !��. 	�)A( �n$,� $�3�� ��#9 ]@�; 

)ΔG#��$� ( #�:+	!+ �)�	�
�� ��#9 #�:+	!+ /� 2@�,� 

D�@[ �$+b� #�:+	!+$�3�� 	�
���)�  ����(�$��$� 	� �	

$� �� 2��[ �( )*<. $�(�	�� D�$��j� ΔH# ��3, �)*�� 

 	� D�$��j� #$����( M*<  �	��X�� FX�� ����+8,9  #�

/0
7 ���),!�� 	� $��j� �,n	)��� G������$�:B�  

FN"  D �N�,�  ]B�	),� /,�3, D�$��j� �	��X�� 

�+8,9 /�+�A( .2�� ���$�(�	�� ΔH# #�:+	!+   ��#9
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