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Abstract 

In this paper, using a Hoffmann glass reactor as an electrolysis instrument, the mechanism of 

liquid phase reactions resulting from the application of a DC atmospheric pressure discharge was 

studied experimentally for argon, oxygen, and nitrogen gases in an aqueous solution, and the 

effects of electron and positive ion radiations on the liquid phase were investigated separately for 

plasma anodic and cathodic interfaces. Electrical conductivity (EC), total dissolved solids (TDS), 

the concentrations of hydrogen cations
+

C(H ) , hydroxide anions
–

C(OH ) , and oxygen gas
2

C(O )  

of water were calculated and compared in conventional electrolysis and plasma-liquid anodic and 

cathodic interfaces for short time t=6min in periods of ∆t=2min. The results show that plasma 

anodic and cathodic interfaces can be used as a new electrolysis method to change and control the 

properties of liquids. In addition, nitrogen and oxygen plasmas were observed as a factor in 

increasing reactions and more considerable changes in water properties than argon plasma. That 

was due to the presence of reactive species derived from oxygen and nitrogen feeder gases in 

addition to species of atmospheric gases and water vapor. Further, liquid cathode discharge was 

more effective than liquid anodic discharge at producing more reactive species and changing 

water properties.  
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12�3	  
()�*� ?/� �� (� ���3�@��% ./ �A�%�� ('���� ?�1�� (�6�ABC ��2��� �0�)	3�,)� �B%�	 ���-�,���� D�1 E/�� &��- D� F��C� ./ 

��G5 6���5  �3H��5� ��'1DC FAI� ./ �� 6J	3��- 	 6
��%� �6A@�K ���D�@ ��3� &�K (��AL &�3�5  ��A��M� 813@ ��3N (O)

P�3Q� 	 ���5 &-	3�,)� 	 ���5 6A/ 84R� 3� D�1 E/�� �(�AL (-�@�+S T��� ��3�� ���U� �+5�% 	 �+-K ��� .+-+� &��3 ?/� ��

 &,/3�,)� 8/�+� W�*I5)EC($% � P�+��S  FAI�)TDS(� 6A�5�% 8XY 6J	�+�� ���+
C(H )6A�-K � +��%	�+�� ���

–
C(OH )  D�@ 	� 6
��%

2
C(O )  ZK0�)	3�,)� �� FA�O� T��� 	��� �+-K ���U� �+5�% 	-�D�� �� E/�� &-��D ���min2=t∆ 

��5A% 6��D P+� FAL �� t=6min �� 	 (4��I� &� 6�'- \/��- .+-+� (�/�*� 32/+,/&� (% +B�� D� 6�A5T��� �+5�% 	 �+-K ���

(� ���U� �?/� 3� �	UC .813@ �3 � P�O/�� ]�A^ F3�B% 	 3��_5 8 S ?/A- 0�)	3�,)� <	� 6�ABC ������U�- 6
��%� 	 6J	3��

(� 6A@�K ����U� �� (�/�*� ��(-A@ �AS	 $�)�3��- 	 6
��%� �+BB% (/=_5 ���D�@ D� $`�a 3/=� �B%�	 ����	UC 6J	  3�

(-A@(� ZK ��G� 	 3H��5� ���D�@ D� &��- ����B%�	 �/�01� 3� &��C 6�ABCK 8�`�^ 353�2�'b P�3��_5 	 �� �+��'� Z

��G5 ?�Bc�� .+-+� +5�% E/�� �� +�)A5 (-A@��� �B%�	3/=� 	 3��_5 ]�A^ ZK 353Qd� D� ��G5 +-K E/�� A��. 

���	:��56��  T��� ��+-K T��� ����U��+5�%��G5 � 0�)	3�,)� �6���5   

*�	7� 

   �����U� �	�a 6	3�,)���� 6A/��� &�5� 	 

�&)A,)A� F�,/������ (4�����+/�� 	 �A- �HB��31 

+B���. �D�� ��DK ?/� (-A@�� �� &�K FAI� &�+-�A5 

6A/ +�)A5 ���� 	 FA,)A���� &�K �+/+S e�L &O��	 

D� ���+B/K31 &/����� �� �� D�1 E/�� f�*)� +B%. T��� 

���U�-E/�� ./ T�I� �����  (% 8�� �3/=� �B%�	

6�/3S ��*��� �A4C D� (� 3�B� 6K���+B/K31 g�A-� 

&,/0�1 	 &/����� &��A�. +-A�� (-A@��� &/����� 

�+O�� 	 �+/+���� &,/0�1 �� h3�'� iM� ���U� 	 

                                                           
 A-/�+B� FAj��: mohammadidorbash@yahoo.com 

 

E/�� �/�+�� kSA� �DAa�� +/+S D� &5�*�*I5 �B��D 

T������U� ���-&a�3L �� E/����� &� 6A@�-A@ �A�

]1-4[. $,��3�@ ��G5 6���5 ?�� �	3�,)� �01 	 

iM� E/�� lC�� D�YK �B%�	��� �/��%�-���% �� 

FAI� &��A�. &� �� ���U�&CA- 6�A5 ��	�B1 

6A���+��%� (�13'�� �3% &13O� 0�- (% 6�,�� �/0�5 

P�4�%35 &)K 	 &-+O� �� ZK �� ���31 &��D�� ]5[. 

�+/+���� ��G5 T453� �� 0�)	3�,)�� ��� D� ./ 63N 

��� T�A5 mAB�@A�� e'%  +-+�	 �� ��� 1920 

T�A5 0�)��3�-A@ 	 0�� (�$�nH5 ��A� (O)�M� 	 &��3� 

��3N  +B�13@]6[. �� T��	� 63N ������ pB�,�� 	 
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6���,��  ��&B/02/�S &,/ D� ����	3�,)� +��S �� 

����U� $�,'5 �+� �� iM� �/ $^�� E/��� �� �B��D 

0�)	3�,)� ��G5 6���5 q�2'�� +-�A� ]7-14[ .  

����?/35 gA- ����� T��� ���U�-�E/�� ��G5 6���5 

��'1 �3H��5� �� ./ �	3�,)� &��)	3�,)� 8��.   

���U� �� &�6�A5 �� �0�-A/ 6�3% ./ D�@ &RB^ +�)A5 

�3% (% 3� ?/� s��� ���+O5 D� <	���� 6A���0�-A/ 

D�@ D� (�S ���H��� D� ��G5 D�@ (O�A5 (�1�/+-� .��G5 

D�@  F��C� �� 6�+�� ./&,/3�,)� �� �B��� &1�% (� 

&��a D� D�@  ���/�&��A� �5 �� 6A���0�-A/ ��A^3� 

&-	3�,)� D�@ �&RB^ 8HS 6	3�,)�-6A/ 5+�)A �A�. 

��G5 6���5 �� �����'1 35t�� (�&�G� $��N &������ 

 �3/D 8�� �t�� �����'1 ��&)�2b 6�/3S �/�01� 

&�+��/ �5 6+��� �� (� �-���K ���/� ���+/���-�� 3�B� (� 

F�*�-�  ��G56���5 (�  �A� sAN]15[. �����U� 	 

(�G5�D�@ ��� �� s��5 �� P�O/�� �*- &� �  ���� 

u/��5 <D��3� &/����� 	 P�*�*I5 &�C +-�3% �H/� 	 

3�B� (� e'% �3`�BC 6Ac�� 6A@�K 	 &5�4�%35 

+B-�� 6D�  +-+�]16-17[6���5 ��G5 . ��'1 �3H��5� 

�� E/�� �� s��5� <D�� ��3���% �+�� 	 ���� &/t��m 

���U� v3O� �� wtA�O� �� &O/�� $^�� ��3N &�+-3�@ 

(% (�6�ABC ./ �	3�,)� ���H��� &��A�.  

m+� W�*I5 ?/� D��  �O)�M����-�,� �� &)���a� ���

�� �E/�� iM� 3� 6���5 ��G5 &L �D����� &-��D    

min2=t∆ FAL �� P+�6��D  ��5A%min6t=  D� .8��

?/� 	�8XY1 6A�5�% 6J	�+�� ���+
C(H ) �

6A�-K ��� +��%	�+��–
C(OH )� &,/3�,)� 8/�+� 

2)EC( �$% P�+��S FAI� 3)TDS( 8XY 	  D�@

 6
��%�
2

C(O )  �� �3H��5� ��'1 6���5 ��G5 ��

T��� �6A@�K D�@ (� ��3� ���U� �+5�% 	 �+-K ���

                                                           
1 Concentration 
2 Electrical Conductivity 

6
��%� 	 6J	3��- 4��I�+-+� (  	 32/+,/ �� \/��- 	

 ?�Bc��.+-+� (�/�*� FA�O� 0�)	3�,)�   

���U� +�)A5 D� ���H��� ��  ?�1�� 0�)	3�,)� �A�%�� ./

�� ./ �	3�,)� E/�� 813@ P�A`.   

,��8����9� ������  

   FA�O� 0�)	3�,)� ��$,� �1�e)� 3� 	� �	3�,)� +-K 

+5�% 	 �� E/�� (LAY�	 +B��� (% �� F��C� mU�^� 

$��-��� t�� ?���� ����	3�,)� 0�)	3�,)� D�YK &��A�.  ��

T���$,� ����U� �+5�% 	 �+-K ���1(� �Z k�535

� 6K iM� �t�� �E/�� D� 6	3�� +5�% 	 +-K �	3�,)� �

(� &1�,� �D�+-�2mm  W/3L D� ���% D�@ .+-��� ��3N

('�� �)A) �%3�� ��T D� 6	3�� �	3�,)� FAa �$,�

 �� E/��&��50sccm  &� 6�/3S .+��/�BS D� ���	3�,)� 

(� ?��2B5 3MN1.5mm (� �t�� J��)	 �/=_5 E4B�DC 

&� $n�� .+-A� �t�� $��-��� mU�^� F��C� 3Q� ��

�� ���U�  E/�� iM� 	 �	3�,)� ?��(� k�535D�@ T�A5 

&� $�,'5 6
��%� 	 6J	3��- �6A@�K .�A�&)��C� J��)	 

 �� 3��3� W�*I5 $% FAL ��8kV .8�� 

 

 
:1;1. e)�: 0�)	3�,)� FA�O�Z �: T������U� �+5�% 	 �+-K ���-��.E/  

3 Total Dissolved Solids 
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�D�+-� ��+C 3/��*� �3�@pH FAI����  ��pH  3��

) �0��	�WTW Lab-pH Meter inoLab® pH 

7110(  	EC ،TDS  	T (� �� k�535EC  �3��TDS 

&�N \B���� 	 \B� )ezdo 7021 ( .813/=� P�A`

�D�+-� �3�@3� ZK 0�)�-K 8�% D� ���H��� �� 6
��%� 8%

$,� $a�3� &L k��	2 q��-� +�.  

  
:1;2. �D�+-� $a�3��3�@  0�)�-K 8�% D� ���H��� �� ZK �� FAI� 6
��%�

.ZK   

�9�� � �	��� ?�0�@  ��������� �	
�  �

����� �	��- ����  

    �0�)	3�,)� �A�%�� ������� &/�����	3�,)�  m3n� ��

 �J3-�8 S ���/� �B%�	 ��	 ��A� �&/����� E4B� D� 

&S��^ ���H��� &�+B%.  �� 0�)	3�,)�FA�O��  ��

K �/��%�+-K 8�� �� Z� 6A�5�% 6J	�+�� ���+H

 6
��%� D�@ �2O 	  	 6	3�,)� 8�� �� ZK ���% ��

�+5�% 6A�-K +��%	�+�� ���–OH  	 6J	�+�� D�@

2H
 

&� +�)A5 .+-A�6A�5�% 6J	�+�� ���+H � 3�B�

	 �+��� (� 6A�-K +��%	�+�� ���–OH� � k4

N&� ZK 6+� &/��A�-+ ]18[ D� $`�a \/��- .

 P�3��_56A�5�% 8XY 6J	�+�� ���+C(H ) �

6A�-K +��%	�+�� ���–C(OH ) 6
��%� D�@ 	 �

2
C(O )

 
(� ZK 6��D D� &O��5 P�A`$,� ��3e)�–

 (� 	 Z$% 	 &,/3�,)� 8/�+� 	 P�+��S  FAI�

(� ZK ���� D� &O��5 $,�(T) $,� ��3z)– (� ��

0�)	3�,)� FA�O�  �/��- +5�% 	 +-K �	3�,)� 	� FAa

�+� ����T��� D� $`�a 3/��*� �� \/��- ?/� .+-� ���

	 �+-K ���U� �+5�%–ZK $,� �� ���8-4  (�/�*�

+�+- .�B%�	�� T��� ���+5�% 	 �+-K ��� ���U� 

D� P	�H�� 0�)	3�,)� FA�O� +B��� �3/D ���5 6A/ 

&HB� �84R� (� 6	3�,)� �/iM� E/�� lC�� ���/� &^3� 

�B%�	�� 6Ac�� �(/0�5 �6A���0�-A/ F�*�-� 	 ��� 

3�G45 &��A�. (� (SA5 ��(% (�,- ?/� pH ��/��2) &HB� 

8XY 6A�5�%��� 6J	�+�� T��� �� �� sA,O� ���

6A�5�% 8XY 8�� 32/+,/(� 	 6J	�+�� ��� 6K F�4-�

6A�-K �� +��%	�+�� ���FA�O� 0�)	3�,)�  ?�Bc�� 	

T������ ������U� �+5�% 	 �+-K  	 6J	3��- �6A@�K

 (4��I� 6
��%�+�.+-  
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:1;3. e)� ������A�-: Z �6��D E��5 6J	�+�� 6A�5�% 8XY: 

z �6��D E��5 +��%	�+�� 6A�-K 8XY:  ���� E��5 &,/3�,)� 8/�+�

�: � ���� E��5 FAI� P�+��S $%:  �6��D E��5 6
��%� D�@ 8XY

.&)A�O� 0�)	3�,)� ��  

$,� W4L 3�4T��� 8)�a 	� 3� �� � 	 �+-K ���

 8XY �/�01� �� FA�O� 0�)	3�,)� 6Ac�� �+5�%+H
 

 �+-K 8�� ��pH  8XY ���% �� 	 �+��� ZK+H 

 �+5�% 8�� ��pH .8�� �+� &/��N ZK  
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1 Reactive Oxygen Species 

 

 

:1;4.  �� 6��D E��5 6J	�+�� 6A�5�% 8XY ������A�-

T���e)�) ���–�) 	 �+-K (z- �6A@�K ����U� (� �+5�% (	

.6
��%� 	 6J	3��- 

6��� D� (% (-A@P�3��_5  �� 6J	�+�� 6A�5�% 8XY

�D��  &-��D1-6min  �+��'�&� 8XY 3��_5 6�0�� �A�

 6A�5�%+H  �� ZK ��T��� �+-K ��� ������U�

 6J	3��-FA�O� 0�)	3�,)� D� ��� 6
��%� 	  3/�� 	

T���.8�� �� �3H��5� �3� ����U� (% &M�I� ?�)	� 

�� 6K (S�A� &��A� ��A� 3H��5� 8�� (% �� 6J	3��- 

	 6
��%� �+-D�� 6K �B%�	 6�'- &�+�� . 6A���0-A/ ��

6	3�,)� ����U� $�,'5 	 D�@�� 	 �5���� �0�-A/ 

&�+B-�A5 �� �5���� 32/� ��3��B% (���� 	 ./ �B%�	 

���/� ���'�K +BB%. D�@ �0�-A/ �+B�� $�,'5 ���U� �� 

6A/6	3�,)� 	 &HB� �84R� ������ ��DK
– –+(X , X ,e ) D� ��+*� $��N & SA5 (-A@ F�O1 ���

6
��%� 1)ROS(� 6J	�+�� 2)RHS( 	 6J	3��- 

2 Reactive Hydrogen Species 
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1)RNS( D� ���D�@  �3H��5�2N  	2O 	 ��G� ZK 

$�,'5 �+�  8��]20-19[.  8XY(-A@ ?/��� (� gA-

 T/�3� 	 E/�� �D�@�G5� &2��� &,/3�,)� E/�� .���� 

�� &�6�A5 (-A@ ?/� ��T�A5 �� ��G5 ��'1  �3H��5�

s��5 �� �� 6K F�O1  �3%]12[.��G5 �t�� iM� E/�� 

(% (�G5 �	3�,)� �� E/�� 0�- �+���- &���A� �� ZK  D�

W/3L �/t T��� FAI� �� &�K (-A@ 	 F�O1 ���

�B%�	3/=� 6
��%� �6J	�+�� (�S D� 	 6J	3��- &BY 

&� .�D��Z�G�-� D�@ ��+BB% (/=_5 3�B� (� ���U� �� 

&@
/	��� ]�^ &��A�. 8�� ��  �� +-KF�*�-� 

/6A���  (� ���U� D� 84R� ZK�B%�	��� 

�%����+�6A &� {�/ .+��-A���0�6A FA,)A��� �

2H O 6A/ +�)A5 kSA� ���
2

+H O  	+
3H O 

 T�A5/6A��� J3-� 3��  iM� �� 	 ZK��A^3���� 

��� F�*�-� &�.�A� 6A/��� 84R�  +` +Bb �5 �J3-�3�

 ��+���� &,/3�,)� 6�+�� T�A5 (% �(�G5 8)	 6	3�,)�

 6���4�� �+5�% ./��5 ��a�- �� �� FAI� iM� +-+�

&�(� .+BB%81� ��a�- &,/�0- $�)� �+5�% (�6�ABC $I� 

?/3�@�0� 81� $��-��� �� 3��3� ��G5  �E/�� (� 6���5

6A/ �J3-�&� (% 8�� t�� ��+B-�A5 �	UC 3� F��45 ��� 

�� �FUa FA,)A���� 6K �� �0�-A/ �/ (/0�5 +-D��.  ?/�

6A/ 8 S &1�% �J3-� �� �� ���A^3� 6A���0�-A/

FA,)A� ���2H O  (���- �� 	 ��3% ��A^3� iM� (�

�B%�	&� D�YK 6A���0�-A/ ���6	3�,)� (% +-A� ���

6	3�,)�) FAI�(� �� ((5��+�� ���(-A@ 6�ABC ���

 iM� ./�0- &-���–
e (aq)  	

2

+H O  +�)A5

&�6	3�,)� .+BB%��� (5��+�� &�+B-�A5 �� ���H��� D� ./ 

+B/K31 (^3b��3�� �� �� �B%�	 ����� E/3� �� 

6A�5�%6J	�+�� ��� +H  F�,/��� $�,'5 	

 &-J	�+��•H (aq) FAI� �� h35 +BB%. ?/� 

F�,/����� �� D�1  D�@•H (g) �+� 3'�B�  (�G5 �� 	

 6A���0�-A/ ��&� �0�-A/ 6	3�,)� ���A^3�?/� .+-A� 

                                                           
1 Reactive Nitrogen Species 

./ ���/� kSA� ���-�,� 6	3�,)�  ��DK–e (g)  6A/ 	

 6J	�+��+H (g) �� D�1 &� (�G5 �� (% �A�

T������-�,� ��+-K ��� ��'�-� 6	3�,)� (/A-�Q D� ./ 

+5�% (� �E/��P��� �+� |U`� �^3b 6�ABC– ��4-�

FAI� �J3-�3� ���5 T�A5 �+�)A5 �6	3�,)� $��@ ��

 ����	� $a �� (^3b ?/� .8�� �+� e�`A5+H (g) 

�� FAI� $��% &� �A�]22[.  �?/� 3� �	UC ���5/6A 

 84R� FUI-� ��xNO �($,� *����� /� Y�*���3�� 

)A5 (� 3�B��+ +H �&.�A�  �3� ����U� ��G5

6A/ ��3H��5� 6
��%� 	 6J	3��- D� $,'�� ���=@ ���

&� +�)A56A/ ?/� 8/� - �� (% +B%(� �� 3�C FAL $�)�

 ��5A%(� ��A^ 8/3��- (� �+��� P�A`–

2(NO )  �/

 P�3��-–

3(NO ) $/+45 ZK �� &-tAL 3�C FAL �� 

&� +-A�]23[. ��3��B% ZK �� ���U�  ���/� kSA�

g�A-� &H�G� D� (-A@��� �J3-�3� 6Ac��  6J	�+��

 +��%�3�2 2(H O )  6D� 	3(O ) &� �A�]24[.

2 2H O &�+-�A5 T�A5  �� �B%�	6A/ ���
2

–NO 

(/0�5  	 �A�
3

–NO  +/��- +�)A5]25[&5�A` �� .  (%

2

–NO �� $��AC +��%� �+BB%  6Ac��2 2H O  	3O 

���+��� (���� �AS	 6��D (�&�a��  (�
3

–NO $/+45 

&� �A�]26[ �+-K 6
��%� 	 6J	3��- ������U� �� .

 ���D�@ D� &��- �+� 3%� ���A� 3� �	UC �+-K 8�� ��

(-A@ �ZK ��G� 	 3H��5� 3/=� �B%�	 	 F�O1 ���

D�@ D� $`�a  �AS	 0�- 6J	3��- 	 6
��%� �+BB% (/=_5

&� (% +-���01� 3� &��C +B-�A5 8XY �/�+H 	 

 W4L 3� .+-A� &13O� ��A� 	� ?/� �� �+��� 8�`�^

$,�5 �+5�% 	 �+-K ����U� 8)�a 	� 3� �� �

 8XY ���% �� FA�O� 0�)	3�,)� 6Ac��–OH  ��

 �+-K 8��pH  8XY �/�01� �� 	 �+��� ZK–OH 

 �+5�% 8�� ��pH .8�� �+� &/��N ZK   
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:1;5. ������A�- 8XY 6A�-K +��%	�+�� E��5 6��D �� 

T���e)�) ���–(z �+-K 	 �)-�+5�% (	 (� ����U� �6A@�K 

6J	3��- 	 6
��%�.  

6���$,� D� (% (-A@5 &� �+��'� 3��_5 6�0�� �A�

6A�-K 8XY–OH D�� �� 6+� &;��N 	�  &-��D-1
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6min T��� �� +5�% 8�� �� 	 6A@�K �+5�% ���

 	 6J	3��- �� 0�)	3�,)���� FA�O�  32/� ������U� D�

 .8���� ?/� ���A� 3Q� 3� ���5 6	3�,)���� FAnI� 

 D� q�+% 3�+5�% 8�� �� �3H��5� �3� ������U� 

(�iM� �ZK ��+O5 $��N & SA5 6	3�,)����  FAI�
–

e (aq) �� v3O� iM� E/�� ��3N &�+-3�@. 

6	3�,)���� �� v3O� iM� FAI�� (�6�ABC 

6	3�,)���� (5��+�� 8�4R5 &�+-A�. 6	3�,)� ?/� �� ��

FA,)A� �� t�� �J3-� ���2H O �B%�	  	 ���� 6�'-

(/0�5 �./3I5 kSA�  � -K 6A���0�-A/ �/ 	&� .+-A�

3@� �-A@ �32/� �� ZK �AS	 (���+-  +���

6	3�,)� �J3-� �� ZK �� FAI� �5��+�� ��� ?�/��

(� 8C3� ./ ��–
e (aq)  	 32/�

2
H O  �B%�	 D��

 k�%35453��  q	������ q��-�  6A/���%	�+�+ 
–OH (aq)  	 FA,)A���J	�+ 62H (aq) ,'5�$ 

&�B��.+ (�?��� �$�)� 3@� 6	3�,)��� (�(-A@ 6�ABC��� 

�B%�	�+B�� &`� T�A5 ���U� �+5�% T��� (� ZK 

W/�05 �+-A� ZK $/��5 8�� ?/� �� (� &/��N 6+� 

 ����]27[. 6A�5�%��� +H  3Q� �� +-K �A� D� �+���

6	3�,)� �� �B%�	(� (5��+�� ���$,� �5� ���H �

&� &RB^ 8XY 	 +-A�–OH �� F��O5 6A���0�-A/ 

FA,)A���� ZK �/�01� &�+��/. &� ?/�3��B� 8H@ 6�A5

���5 6	3�,)� D� ���U� kSA�  8XY �/�01�

6A�-K+��%	�+�� ��� &� �A�]28[.  

���� �� ,1� D1(� ?��	���� �	
�  �	�� �

�����-����  

   $,�6 8/�+� &,/3�,)� ZK &L �� 6min 

F�O1�D��  	 6J	3��- �6A@�K ����U� (� T�A5

&� 6�'- �� 6
��%�8�)	3�,)� .+����� E/�� �A�C w� 

FAI���� &�K ���+��� ��D�� �/ .�-�� +B���. �� (SA5 

(� �+B/K31 (% 8�)Ua �+���- &���A� ?/� P�4�%35 (� 

6A/ (/0�5 &�+-A�. ZK (� 8�`�^P+� &4MN ����� 

��� �5 +a &�% (���A^ �A^ ./ 8�)	3�,)� 8��. 

(�&5��4C� &/�-��� &5�� �% ZK� ��� 3H`  8��-]29[. 

��  ZK ?�/�� &,/3�,)� 8/�+� �� ��-��� 6Ab

 +B/K31 �8��- (���/3�,)� 0�)	3�,)�(� q��-� �+B%

&�A��. $,� �� W��M�6 8/�+� &,/3�,)� ZK  ��A� ��

 6A@�K D�@ ����U��� D� 6min F�O1�D��  	

 0�)	3�,)� 6Ac�� �ZK ���� �/�01�FA�O�  3��_5

&� �+��'� �3��% �����U� 3/�� �� .�A� 8/�+�

D� &,/3�,)� ��)	� ��+*� μS / cm116 �/�01�  $��N

8�� (�1�/ & SA5 6�'- (% �+B�� (-A@ +�)A5��� F�O1 

�3�'�� e�G� $`�a D� �B%�	��� ?�� FA,)A���� 

���U� 	 ZK �� T��� ���U�-E/��  &/�-�A5 �/�01� 	

 8�� &,/3�,)� 6�/3S F�*�-� �� ZK]30[. (� P��4C

6A/ 8)�a ?/� �� 32/���� 	 84R� &HB� )ROS(� 

)RHS( 	 )RNS( ��3� D� $`�a ���D�@ �B%

iM� �t�� 6
��%� 	 6J	3��- ���% 	 3H��5��  ZK (�

&� F��C� ?�/�� &,/3�,)� 8/�+� ���	�a ZK 	 +-A� 

6A/ �t�� ��a��� ./ (� T�I� ��-���  &-A/ 8 S

8/�+� ��� &,/3�,)�  $/+45&� .�A� 8)�a ?/� ��

3� �	UC 6��D 8�=@ �� ��� �/�01� �/��3@ 3Q� F	J 

 0�)	3�,)� �� �ASA�ZK $^�� FA�O�� &��- D� 

���U� �/��3@ �� iM� ZK 8�� 0�-. 8/�+� 

&,/3�,)� kY� (% (�6�ABC ./ }^�� D� � � 8XY 

6A/F�O1 ��� �ASA� �� 8�)	3�,)� &� e/3O5�� �A� 

������ D� ����A� (�(� ��*��� �AL$% P�+��S FAI� 

T453� 8��. $,� W4L 3� 	 s��� ?/� 3�7 q��5 �� �

 &�% ��+*� ���� ?�1� t�� �� ���A�TDS  &'/�01� +-	�

 ��+*� en- ~�4/3*5 ��*��� �M��� 	EC .����  
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:1;6. T��� �� ��� E��5 &,/3�,)� 8/�+� ������A�-e)�) ���–

 (z�) 	 �+-K-.6
��%� 	 6J	3��- �6A@�K ����U� (� �+5�% (	  
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:1;7. e)�) �� ��� E��5 FAI� P�+��S $% ������A�-–zT��� ( ���

�) 	 �+-K-.6
��%� 	 6J	3��- �6A@�K ����U� (� �+5�% (	  

 �� �&�"�� 9�5 ?G�H������� �	
�  �

����� �	��- ����  

   6
��%� 8XY ������A�- T��� �� 6��D E��5 ���

 6
��%� 	 6J	3��- �6A@�K ����U� (� �+5�% 	 �+-K

$,� ��8 �+� ���� 6�'-+-� . 6	+� ���C T/�3� ��

ZK �0�)	3�,)� �3� &�+-�A5 6
��%� FAI� �3�'�� 

84�- (� ZK q3@ �� �A^ (2- ����.  ���T��� �� ���

���U� �+5�% 	 �+-K� 6A/���  �&HB� �84R�

6	3�,)���� �5� 	 ��DK �D�@ ��� ���/�&�+-A�  	

T�A5 ���U� (�FAI� 	 &�K�	 �&� �+��+BB%(� . F�4-�

6K �B%�	��� &/�����  D� &CAB�� m3n� 	 +�)A5

 6
��%�&� D�YK+-A�(���- �� . &� 8H@ 6�A5 iM�

 E/�� �� 6
��%� (��A�� �	3�� ��� sA,O� �M��� D�

&�- �A� 	� �� ���A� q��5 �� 6
��%� P�3��_5 .+B%
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(� 32/+,/ sA,O� +5�% 	 +-K.+-+�K 8��  �/�01� ��

 32/� 8�� �� 6K 8XY �A� ./ �� 6
��%� 8XY

&� ���%T��� �3,�C �� .+��/ �� (��'� �+5�% ���

FA�O� 0�)	3�,)��  +5�% 	 +-K 8�� �� 6
��%� 8XY

(� 84�- 32/+,/ D� �3��% mU�^�T��� 8)�a ���

(� (SA5 �� .+-��� �+-KT��� (,B/� �+-K &�+-�A5 2O 

	+H �� P�	��� �	3�,)� 84R� +�)A5  +B%]31[ 

6
��%� 8XY P�3��_5 ?/3�'���  �� +-K 8��

 &'/�01� +-	� �� 6
��%� 	 6J	3��- �+-K ������U�

(� ��� 	 6��D (� 84�-?/� .+-+�K 8�� ?,�� 8�� 

(�$�)�  ���%
2

–NO �� 3O (� 3�B� (% +��� +�)A5 

3

–NO  	2O &� E/�� �� �A�]32[ . �B%�	22H O 

 ��3O  $��%	�+�� +�)A5 (� ���N(OH)� 

 $��%	3�	�+��(H O )
2

 	 2O  ��A��B%�	 	 

2H O �� 3O  ���/� k4� 0�- �A^2O &� �A�]26[ .

(�$�)� 8���� �A�5�2-	3�,)� 6	3�,)���� �� �  �+BB%

2O �� ��� ����U� 6	3�,)� ��  8XY2O �M��� 

sA,O� ����. �� D�1  �D�@T�����+5�% ��� 6	3�,)��� 

 (�2O $n�� &�+-A� �5 6A�-K F�,/���  +��%�3�A�
–•

2(O ) �� $�,'5 �+B�� (% ��� 6	3�,)���� ���U� 

�� ���% 	 ���� ���N (� $a 6+� +B��� E/�� ��.  q+C

k��B5•

2

–O  ��2H O $,� (� 3�B� �3�@2O �

6A�-K+��%	3�	�+�� ��� 
2

–HO  	–OH &� �A�

]33[F�,/��� .��� +��%�3�A� &� �+�)A5 D� +B-�A5

+B��/ �A�a 0�- +-K 8�� �� �8�)	3�,)� W/3L 	 �� 

�A�a +H � w�4N�O��22H O  	2O �� $�,'5  +B��

]34[. T��� �� 6+� q3@ 	 6��D 8�=@ �� �+5�% ���

�FAI� 2O (�&� z��^ FAI� D� D�@ P�A` 	 �A�

(�&� 3X- 8C3� �/ 6�0�� +�� &L �� 6K +�)A5

�B%�	���  �/ 3��% �D����DK ?/� �� (�/�*� �� e�G�

 .8�� 0�b�-  
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:1;8. e)�) �� 6��D E��5 6
��%� 8XY ������A�-–T��� (z �+-K ���

�) 	-.6
��%� 	 6J	3��- �6A@�K ����U� (� �+5�% (	  

*J�D
 � K$�� �5  

   (��AL (`U^ 6�'- �/��� (% T��� 	 �+-K ���

�+5�% (�6�ABC &,� D� 0�)	3�,)� (�13@ 3X- �� 

&�+-A�.  ��T��� ?/��� F�*�-� �J3-�� 6A/ 	 84R� ���

6	3�,)��� 	 ��*)� (���- �� �B%�	��� &/�����	3�,)� 

�� FAI� (� (% +B��� $�^� �/0�5 FA,)A���� FUa 

(�(-A@�B%�	 ���&� .�% 3/=�B%B3��� 	 + �+/+S 

D� &���	3�,)� 3� s��� �B%�	��� ?�� 6	3�,)���  	

6A/84R� ��� ���U� D� $`�a 	 (-A@ ���

�B%�	�+�)A5 3/=� E/�� ��  �����/� &�/��-+. �� ���H��� 

D� T������ ���U� �� gAB5 �D�@  ������U� +�)A5 	

�e�G �P	�H�� ]�A^ �� &�D� 6�A5 $��-��� � -K 

(�6�ABC <	� +/+S (nG'� 3��_5 	 0�)	3�,)� ���

P�O/�� $% �&,/3�,)� 8/�+� ��D�� 	 �+��� (�S D� 

P�+��S ����A^3� P�O/�� �� �ASA� 6
��%� 	 FAI� 

+�.  (% +� ���� 6�'- W�*I5 ?/� �� ������U�

 6A@�K ����U� �� (�/�*� �� 6
��%� 	 6J	3��-

 ���/� E/�� �� �� �3�'�� P�3��_5&�B%+B  (% ?/�(� $�)�

6A/ &HB� 	 84R� ���8�� �B%�	 3� �	UC (% ���

(/0�5 	 6A���0�-A/ ���� F�*�-��  3/�� (� ���N �A^

�B%�	(-A@ �� ���B%�	 ��� E/�� �� $`�a 3/=�

�	UC .+B���?/�3�� ��G5 +5�% E/��  ��G5 �� (�/�*� ��

���/� �� E/�� +-K (-A@��� �B%�	 	 3/=� P�3��_5

(nG'�ZK ���  353Qd�+B���.  
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