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�� ������� �	
��  + ���
 �	�
� ��}[bmim] [AC]{  

: ��	��  

�	��� �� �	�
� ���
 )}����  + !�" ($��%� :VLE {��  !�" &'()! 1- butyl  -3  +)	�,���	-	.	�"/��0�             

)[bmim] [AC]( & �� 1! �,���� 2�, '340 �� ��5� +��,6!� )283& 298& 323 , 348 (�!).
 �� �,�� 2 

$��0�7�8" ����(� �0� ��9 ��	:) .����  + !�"  + !�" ($��%� )VLLE :�! ���0��<  !�"  !�" (6	( �� ���=�0� �� 

>,� '-3� �� ��?@ '.AB �" '0��� ��9 &�0� C!63� , D	.E� �)<)" �� ���� VLE �� ���=�0� �� C���%" ���� $�" 

VLLE ��� D� ��F '4G ���
 �	�
� �� H	7 �� '4	� ���
 �0� .H	7 '4	� ���� VLLE C� /�)I 'F�8J!�"�@ 

+�3(� ��9 �0� .�	��� ���
 �	�
� �� '()! '4G ��  !�" ��F����� ��	�� �	G $)-%"  2�J( �� '" �F� K 
� �� �	�

���
 D� ��9 ��  !�" '()! �� C<�� L�6� &�0� �"� C� '��0 �� �F ��J� ���� M��� �!� �	
�� �� �,�� 20 �I�� 

��: ���
 �	�
� �� �)<, ���� .�!� 2�J( '" �F� C
 ���
 �	�
� �� ��-" �0� �	G ����  �9��, �! ��	�� 
N �� 

 !�" '()! D	�J� ��9 �0� .O�)P '�	"�4!�)"�� '��Q� )&'R���(@ '7,��(@ , �S�(� ���@ TA	: (�� �	0N�  �)<)"

�!�-� '" 4
� .�" �!�4� H!�"�@ �8!� ���� '0��� D	�J�           �	
�� )�! H4
�, ��F '!�	-	9( +�3(�  ����

 N!�& C3	�( ���: C
 1! H4
�, '!�	-	9 U	%Q  V� ���� '�, D	�J� T�.R-
 2,��  C!63� ��J	� " !� &'()! 

�J:�� �!W7 .�0�  

/�-.
 ��	.
: �� �	�
� K���
 K�	���  !�" K'()! C���%" K���� $��%� K��� '!��<  !�" K !�" D	�J� 3" -� 

'�)��)"  

1 C"�X" .  

�����
 ��F U.��" C�0� ��!�< ��  /�A	
��&  !�" '()! �� ��"� Y��� )RTILs(& C� �)Z �����: �� �� �4� $�0 

C�9W: [�\" ��9 �0� .RTILs �� ��"� Y��� 2,�� ��J� ���� & C� D	�� +�] /�A	
�� '�@ ���� )VOCs( 2�)4] C� 

'' $�� 6A0 '' �� �^(  C���:�0� ��9.  
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�� 2�	" ���	�� �� C"�(�� ��F ������
 ��-" RTIL& 1! �����
 D-�E" ���� ��F��: >�� �4(�" ���
 �	�
� ��&  

�	=�)0 2S,��	F , ��:): �	�
� �� �� &��8J!M�7 �P)0 $�G_ &`40 , 6�40 2�!�< &��: �� ���=�0� �� :a!,' ��F 

�bE4" C� ��� cW< RTILs ���� .2�XXE" ��8J(�� &+����)( �	8"& 1(�� , 2����-F & /�%��\" �� �� �)P �4� $�0 

H	7 ��G@ ���
 &�(� , �� $�� ���J	7 +,��" �� �!� C4	"� �4��F& �)\(�-F C
 �� >��6: '4� �)P C� 2�"��0 

�d�=� e	E" ��!� )/���, &�S�(� USA ([�9 �(� ���� ]1 .['�! �� RTILs ���� /�%��\" �	���  �� �	�
�

���
 /��0� 1- butyl  -3  +)	�,���	-	.	�" /��0�&�0� [bmim] [AC]& 2�J( '" �F� C
 �	���  �	�
� ��

���
  M�� ��	���0� .h!��( 2@ �F H4
�, ��F '!�	-	9 ��-" �F� '" 2�J( �� ]1[& C��:� ���� �	��� 'J!�"�@ 

eX� �� 1! C<�� /���� �"�
 �,�E" ��)� �0� .�� �!� &C\��� �		� , 2����-F N��	0 }���
 �	�
� �� +  

[bmim] [AC] + c@ { ��C� 2�)4] c_�< ���
 �	�
� �� )�! ���0��< (�� �A? i���P� /M�!� ��E�" ��54J	7 

���
 �(� ]2.[     

j�F �� C%��\" &�Q�� '0��� ��3" �� /�	k6< C���! ��F �)P �� �	��� ��	�� M�� ���
 �	�
� �� �� [bmim] 

[AC] ,  �����9,� 2�9 �!� N��	0 '!��,� ���< �0� .���� +�3(� �!� &��
 �" ���� l	B� ��F �� �	��� } �$��%  

VLE )����  + !�" { ( ������(� ��	: N!� ���
 .&TR0 �" 1! $�" '�	"�4!�)"�� ���� �!� N��	0 �� ���=�0� �� 

C���%" ����  N!� ���
 Ck���& C
 1! ����� ��� ��	�� ���( �� C.-< ���0��<  !�"  !�" } $��%�VLLE  :)����  + !�" 

 + !�" { (C�P�0 ��9 �0� .VLLE 'J!�"�@ ���� �	�,� ��� �� �!� N��	0 �	!�� ��9 �0� .�,�] �� &�!� C� 4"�)^ 

m�� H4
�, ��F '!�	-	9 '��-��� , �! D	�J� T�.R-
 �� N��	0 �)<)"& �!�4� H!�"�@ �8!� +�3(� ���� �(� :

�P�0 ��� cW< D� ���
 �	�
� �� [bmim] [AC] & , C!63� , D	.E� 2@ �F �� 1H NMR& TGA-IR& FT-

IR , ATR-IR ���� e!��9 U.��" C()-( .'P�� �� $�" ��F �0�4" ���� ����� '!�	-	9 , '�	"�4!�)"�� �!� 

N��	0 '!��,� nE� ��9 �0�.  

2 .'J!�"�@  

1.2. ��)"  
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�� �	�
� ���
 ) ��O).P< 0.9999 (��  !�4I MG )&�	=���	� PA (����!�P �9. [bmim] [AC]                           

) ���P0.95 >,� '"�< & C10H18N2O2& CAS .284049-75-8&  ,�7 ':�44
 S25803 

444&041&302 (�� �
).� )�� T�)� & T	k)0 (C� �0� �"@ .��� '"�< C� 2�)4] ���!�� c@ e0)� 2)	0���	� 

$��
 �J	� ����(� ��	: �9 )$).E" �)
� ���0� c3000&  /�").
 C , A (, C()-( c@  ��J( 1JPppm  4699 

�0� �)<)" .�� [bmim] [AC] 1JP �92 ,  '!��� ��:e0)� �	�,� C�)� CJ	9 �� /��	.	0,�)� �� �,�� 10 +�: 

 !�" '()! , 2�	J
 1! o�P �9�� �� 1! p-7 N:����!� )&�=!�� $�" MVP055-3& NASHUA& NH (�� 

/�" �,�� 3 �]�0 �0� ��9 +�3(�  .�� C.��" &�%� [bmim] [AC] �� ���=�0� �� 1! p-7)��)� )&�=!�� $�" 

071-TSH (�� ��J� �,�� 7-4.10  ).	
 $��0�7 C� �)Z D"�
 C	.�� �9 �� '��� C
 C� �)Z 2�"6-F /���� , 2��� 

2���  !�" '()! �� ��"� �,�� 348 �!).
 ���� 5 �,� �0� ��9 +�3(� .��� '!�5( +�< c@ 2)	0���	� $��
 �J	� 

����(� ��	: , C()-( 1JP �,�� c@ ppm  703 �)�.    

[�9 '.	b=� �� /�6	53� , >,� 'J!�"�@ VLE, VLLE �� >��6: ��F '.AB �" ]3-6 [���� ��9 �0� .&�!����4� 

�54� 1	4�� ��F 'J!�"�@ C!�7 , +�] �	%\B ����(� ��	: Ck��� ��9 �(�.   

2.2 .��8�0� VLE  

�	.��B $�E(� ��: )VLE (�� ���=�0� �� 1! �,���� 2�, '340 ]3 [����(� �0� ��9 ��	: .1! $���G '�)��)" ���� 

jW� �!��X" '-
 c@ �� ���
 �	�
� �� �b( �9 .�� &����� 66.7 '.	" +�: [bmim] [AC] C� j�d C()-( , 

348.15 �!).
 �E� o�P �,�� 9-10 $��0�7�8" C� /�" 10 �]�0 ���� jW� ���X" ��	�� N
 c@ , �! �!�0 

'b��P�( ��F ���� ���W:��� �0� ��9 .+�< '!�5( T7 �� 1JP 2�9 61.5 '.	" +�: C
 �)� 7.8٪  �0� �� 2@ ��

�)� C��� . ���!�� ���X"� c@ ppm4699 ���� �54� 'J�� �� +�< �0� .�" ��X�]� N!��� C
 �� �0� 2��� +�< �� 

C<)� C� �F ,� 'b��P�( ���� , 1�)
 'B�� ��(�" �0� �"� ��J�   ����[bmim] [AC] �	G D��B �9�� '" q�-G�.  

��8�0� IGA003 '" �	(�)� �� �F ,� )2�!�< ��: �-��" (, )2�!�< ��: c,�4�" ( �� ������ 1	���0� C� ��
 (�	:� .

����(� ��	: cW< ,  �� �� ���� 1	���0� �� �!� C%��\" +�3(� �9 .��"� C()-( �� �� 1! i)( D7)
)"�� �� �B�  0.1 
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±  N!� ���
 ��	: ����(� �!).
 .D7)
)"�� �� ���=�0� �� 1! h40�"� �� �",�X" �	��7 ����(��0� ��A	��
 9�� )$�" 

SPRT 5699& ��,�E" 73 �!).
 C� 933 �!).
 (, '(�)P��� )  ��$�" Blackstack 1560 �� $,S�" SPRT 

2560( ����(� ��	: �0� ��9 .��6�� Blackstack , SPRT 1! ����(��0� ��"� C!)(�? �� �B� D��B '��!�� NIST 

��  0.005 ± �4F� '" Ck��� �!).
 .��5� +��,6!� �,�� )283& 298& 323& , 348 (�!).
 �� ��J� 298  ����(� �!).


 �9 ��	:) .10-2 �� 2.0 ($��0�7�8" �� ���=�0� �� 1! D0�)� ,6	7 '�",�X" )Druck& $�" PDCR4010 (�� �B�  

0.8 ± ).	
 $��0�7 ����(� ��	: �9 .$�A" ��J� Druck ����� 1! $�" Paroscientific ��A	��
 ��9 760-6 

�!).
 )&�()"�� WA (��J� )��,�E" 0 $��0�7�8" C� 41.5 &$��0�7�8" $�!�0 .62724 .('F�): ����(��0� ��J� 

C!)(�? NIST �� �B� D��B '��!�� 0.008٪ �� r�	X" D"�
 �0� .�� ��J� M�� �)�
�� ,���� 2.0 $��0�7�8" �)�& , 

�4� ��J=-F �� 2.0 $��0�7�8" )}0.01& 0.05& 0.1& 0.4& 0.7& 1.0& 1.3& 1.5& , 2.0 ($��0�7�8" {�� C%��\" 

�Q�� ����(� ��	: �9 .�� >��6: ��F '.AB �" ]3-6[& ���� 2�4	-Z� �� 2�"� '��
 ���� VLE & �F 1! �� e!��9 

T& P ���� DB��� 3 �]�0 �� 2�"� �s
��� 8 �]�0 t=� �9 .�� �!� &��
 �" C<)�" N!�9 C
 8 �]�0 ���� 2�	0� 

C� $��%� C� O)bP �� )283 , 298 (�)� �0�4" �!).
 .&�!����4� �s
��� 10 �]�0 ���� +��,6!� �� ����(� ��	: 

)298& 323& , 348 (�		%� �!).
 �9 , �s
��� 20 �]�0 ���� +��,6!� 283 '��
 �!).
 ��	( .cW< ,  �� 

+��,6!� �� )283 , 298( �!).
 ����(� ��	: �(�9 , �	
�� ��)" C� �)Z e0)�" ���� cW< ,  �� T& P �� $,�< 

1 2�J( ���� ��9 �0� .+�<  �����
 �	�
� cW< ��9 �� D��X" 2�"� cW< ,  �� H!�"�@ �	� )0 , 1 (��� �� 

298 �!).
 2�J( ��4F� ':�	u	7 '!�	-	9 �J:�� �!W7 �0� & 2�"� '��Q� ���� cW< ���
 �	�
� �� , ��	( C� 

+�: 2��
 C()-( ���� C� �0� 2��,@ 2�-F +�< C	�,�  !�" '()! ��)" ��	( �)�.   

�!� +�] �	%\B ���6�� �� T , P ��  0.1±  �!).
, 0.8± ).	
 $��0�7 �)� .�!� +�] �	%\B v	F �?� D��B '5<)� 

�� ����(� ��	: �	.��B $�E(� ��: ��3!� '-( �4
 .i)-3" +�] �	%\B �� ���� �	��� C<)� C� �F ,� ��F�\P 

'���b� , 1	��-��	0 ��,@�� ��9 �0� C
 ��-
 �� 0.006 ��� '�)" �� ���� T , P C� 6< ���� ���)" C<�� 

/���� �	!�7 )283 �!).
 , 298 �!).
( �0� .+�] �	%\B �� C<)� C� �(�-�7 �	� cW< ,  �� +��,6!� �� )283 , 
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298 (�!).
 �"�
 ��:�6� �0� .'�! �8!� ��  ��4" +�] �	%\B �� H!�"�@ �	��� �)<)" �� C<)� C� [�I� 9�,�4 

�� C!63� , D	.E� ���� �F �0� .C!63� , D	.E� /��?� ��,�49 ��	( C� ����(� ��	: l	B� �� '��8� ��: [bmim] 

[AC] '��8�  !�" , ���
 �	�
� �� ]7[ ���� ./�]�Z�  !�" '��8� ���� [bmim] [AC]  e0)� BASF 

)1.055 +�: '�(�0 ��" �%�" �� 298.15 �!).
 , 1.0192 +�: '�(�0 ��" �%�" �� 353.15 �!).
] (8 [�� 

D	.E� �" ��)" ���=�0� ���B &���: , 2@ �F C� 2�)4] D w�A��� ����4%"� �9���4 )+�: '�(�0 ��" �%�"( '��8�  !�" 

[bmim] [AC] 6	( �� ���=�0� �� 1! '��8� h40 1.0 '.	" ��	� )0.001 ± 1.053 +�: '�(�0 ��" �%�" �� 

298.15 �!).
 (����(� ��	: �9 , C� l��)� '�)P �� ����(� ��	: BASF �	0� .�� ��)" ���
 �	�
� �� cW< �� 

[bmim] [AC] �		x� �� N3� '�)"  !�" �� T ����(� ��	: �9& e!��9 P �� 0٪ �� 36٪ �0� & �� ����(� ��	: 

�?y" �� ����(� ��	: �	��� '!�5( 0٪ �� 2 ٪ )�� $)" �I�� .([�9 '.b=" �� [�I� H(�� , �		x� �� CA0�E" N3� 

'�)"  !�" �� >��6: '.AB �" ]3[ Ck��� �0� ��9 .�	��� [�I� ��9 ���� ��F )P& T& X (�� $,�< 1 2�J( ���� 

��9 �0�.   

$,�< 1 .�	��� 'J!�"�@ ���� ��F )P& T& X (���� } + [bmim] [AC]���
 �	�
� ��{  
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3.2. ��8�0� VLLE  

j,�d C()-( �� ��J� M�� �� [bmim] [AC] 1JP �7 �9 , T7 �� ��
 ��Z & ��J�(� �	P� �" ]4&5.[ �� H!�"�@ 

VLLE �� �!� C()-( �F �� ��"� ���? �� �,�� )281& 289& , 292 (�!).
 �� ���=�0� �� >,� '-3� ]4&5 [C�P�0 

��9 �0�. �� >,� VLLE �54� +�< , ����(� ��	: N3� ��)" �0� ��	( , �F C(): >,� '.	.E� ���� �	
�� ��)" 

, �! C!63� , D	.E� N3� �		%� ('- �)9 .C!63� , D	.E� /�	k6< �\P 6	( ��  ��4" ]4&5[ ���� �0� ��9 .��"� 

+�-� �� SPRT D��B '��!�� NIST C
 �AB �
_ �9 ��A	��
 �9 , +�] �	%\B �� ��"� 0.2 ± �)� �!).
 . �!��

�)9 �a!, C<)� �� 2�4	-Z� DI�� �)9 v	F �J(' �� j,�d C()-( V� ('- �F� 0TR �� ���
 �	�
� �� �� J��� M�� 

�7 ��9 �0� .2�, j,�d C()-( �4� ��� DAB �� i,�9 , T7 �� +�-�� H!�"�@ VLLE �� �)9 '" ��	: ����(� 2�4	-Z� 

DI�� �)9 C
 v	F 4��
 �	�
� ��' �� j�d C()-( ���� �0� ��J( z��P .�	4u-F  �0� N5" �.\" �!� �
_C
 

'��8� ��� ���� D"�9 ���
 �	�
� �� �� N50 6	��( [bmim] [AC] �!�� C� '�0�� ���� �� /M��%" C(��)" +�< 

[�9 ���� C
 �)9 ��  ��4" ]4&5 [O�b�P� ���� ��9 �0� .��F�J" �	
�� ���  !�" , N3� ��F '�)" �� $,�< 2 

2�J( ���� ��9.  

4.2. ��8�0� 2�!�< ���
 �	�
� �� , [bmim] [AC]   

1! ��8�0� 'J!�"�@ ��� ����(� +,��" ��: ���
 �	�
� �� �� l!�Z 1! C()-( [bmim] [AC]  & �0��)\(�-F C
 

�� D�9 1 2�J( ���� ��9 �0�. j�F '.I� �� �!� H!�"�@ ���� �	�)� ��)" ) + [bmim] [AC] ���
 �	�
� �� (

���� C!63� , D	.E� ��J	� �)�  .��J� ���
 �	�
� �� �� ���=�0� �� 1! N	^4� ��44
 ,� C.��" �� 2.0 ��� N	^4� �9 .

26�" 1JP �
 )���0��<R   , D& $�" OT3-4& )u(�� &�,��)
 (���� jW� �F C(): 2a	�
� �! ��)Z�  ��

���
 �	�
� , 2�!�< ��: �b( ��9 �)� .C()-( �� �� 10.1816 +�: [bmim] [AC] ��J( 1JP C� 1! T
�	7 

C��Q� ��9 �0�& 10�� �,� �	!�7 �� 1! ��� '�	Z�4x" �� �,� 1! CE=I 2��� ��4F�  /H!�"�: )`4	(�)
& $�" 

PC-220& 2)�
�( �0� C���: ���B .C<�� /���� �� C()-( 0.5 ± 293.2 �0� ��)� �!).
 .��"� �� ���=�0� �� 1! 

D7)
)"�� i)( K , t=� ����(� ��	: �9 , 1! $��4
 ��"� )EUROTHERM& $�" 2416& &L�A�	� VA (
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��,�, �"�: �0� ���
 N	^4� �� .C�)� �M)� �Q `(� �� 1! C(�,� 1�)
 )0.5 '.	" ��" (�� �!� |\0 [bmim] 

[AC] �� �M�� ��� ���� '��%" ��: ���
 �	�
� �� ���, �9 .�M�� 10�� �� 1! >)7�� , parafilm  ��9 C���

�0� .Cu!�� �7 ��9 �� �G,� ��F '(�%" ���� ��	:).< �� �,�,  ��)F��3" C� 10�� �b( �9 .��:  �	�
� ��

���
 �� l!�Z [bmim] [AC] C� /�" 5 �,� ���< �9 .C()-( ���3" 2�, �9 , +�< 0.8403 +�: H!�6�� C���! 

�0� .�� q�� C�4!� H!�6�� +�< �54� C� D	�� cW< ���
 �	�
� �� & �� 27.1 ± 1.0 �I�� '�)" 0.5 ± 293.2 

�!).
 , 1.013 ��� �9�� '" .�!� �� l��)� '�)P �� h!��( �,���� 2�, '340 )0.6 ± 28.4 �I�� '�)" �� 293.2 

K , 1.013 ��� (�0� .�,�] �� &�!� �)� �	0� 1	�0� '-
 �� $)Z C()-( 2�, }	�J� ���� &�9C
 i)B, 'P�� 

H4
�, ��F '!�	-	9 �F� '" 2�J( �� .C()-( C��� ��9 �)� , �� 1! 1JP CA%< ���� C!63� , D	.E� �J	�� e0)� 

1H NMR �)� C���: ���B& C!63� , D	.E� '�����  /2,��" 6"�B )TGA-IR (����58( '" &�)9 D!�A� C!�)� 2,��" 

6"�B )FT-IR (, U	%Q 2,��" 6"�B )ATR-IR( c����� �9�� '" '.
.    

$,�< 2 .H!�"�@ VLLE ���� } + [bmim] [AC]  ���
 �	�
� ��{  

  

  

D�9 1 .+��:�!� 1	��-9 �� ��8�0� ���
 �	�
� ��) .1 (��4.	0 ��J� ���
 �	�
� �� & )2 (C.��" N	^4� ��44
 

���
 �	�
� ��&(3)  2a	�
� / c@ 26�" & )4 (��"��,� )5 ( '(�)P���C<�� /���� & )6 (&D7)
)"�� )7 (���� C� 

&��: )8  (26-F  /�
 +�:& , )9 (26�".  
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5.2C!63� . , D	.E� H NMR   

���P�0 '�)��)" [bmim] [AC] e0)� T(�(,�� '�	Z�4x" C��F �� )NMR (�	!~� ��9 �0� .U	Z H NMR 

�� �,� 1! $�" U	Z h40 BRUKER DRX-500 �� 500.993 6��F�8" �� ���=�0� �� �����)k� +��,�.
 

)CDCl3 (C� 2�)4] $�� �A? �9 .C0 C()-( ��)" '0��� ���B &���: [bmim] [AC]   (�
 1JP)& [bmim] 

[AC] )1JP(& , 'J�� �� [bmim] [AC] �� ���
 �	�
� �� D� ��9 �� H�� 4.2 .U	Z 1H NMR ���� 

�F C()-( C��J" �)� .+�G�� N�� 2S,��	F CX.�  )4 , 5 (C� 2S,��	F CX.�  )2 (�� D�9 2  2�J( ���� ��9  ,���� �F 

C0 C()-( 2�-F +�] �	%\B 'J!�"�@ �)� .�!� /��F�J" 2�J( '" �F� C
 �F '-�	(��" C
 i�6�(� �� 2)�,�7 2 D�9 

2 �!�� 1! H4
�, '!�	-	9 'k6< �9�� .nE� , '0��� ��J	� �� ��)" �!� �	%B�, �� H�� 4.2 ���� ��9 �0�.  

  

D�9 2 .���P�0 '!�	-	9 , ���-9 2)�,�7 �F �� CX.� +)	�,���	-!� 2)	(@ , 2)	��
 [bmim] [AC].  

6.2. C!63� , D	.E� TGA-IR  

,� C()-( ��  !�" '()! 300 '.	" +�: [bmim] [AC] )1JP (, 400 '.	" +�: [bmim] [AC] ��  �	�
� ��

���
 D� ��9 �� H�� 4.2 e0)� C!63� , D	.E� '����� 2,��" 6"�B )TGA-IR (���=�0� �9 .C()-( �� CX\4" 

+�: TGA )��6��  TA & $�" Q500 �� ��)
 EGA& &m�@)	( DE (�� DP�� 1! C�)� 6���)
 ���B C���: �0� .C�)� 

�� V�( 2�!�< ���? �� 2S,��	( 1JP C��� , �0� ��9 ����
�7 .C()-( 303.15 �!).
 C� 373.15 �!).
 �� 2�6	" 

�	9   �� 2 CX	B� C8( �!��� .�F��: �� l!�Z 1! $).0 ��: 2,��" 6"�B 20 '�(�0 ��"D"��� � 
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C���! C
 C� �)Z +,��" e0)� U	Z h40 FT-IR )$�" ��)�	( r)��( 670& +�5Z '(,����� &�
�9 &+�5���, MA (

��0� �(�9 .$).0 ��: 2,��" 6"�B �� C<�� /���� �,�� 623 �!).
 ���� ��	:).< �� N
��� /�%\B >)< ��M�� 

t=� �9 .U	Z h40 FT-IR �� 4 '�(�0 ��" D-] .�4
 '"  

[bmim] [AC] 2,�� �� �0� 2��� 2�, D��B }	�J� �)� , �54� ���X" c@ , ���
 �	�
� �� )0.4 '.	" +�:  /

+�: (�� $).0 IR '!�0�49  ,'��!�� �(�9 .[bmim] [AC] �� ���
 �	�
� �� D� ��9 +�< D��B ����(� ��	: �� 

2.7٪ �� �0� �(� ���� .��F��: D"��� C���! D"�9 c@ , ���
 �	�
� �� )26.7 '.	" +�:  /+�:( �4��F& �"� v	F 

�	0� 1	�0� }	�J� ���� (�J� )�� }	�J� �,�� 0.4 '.	" +�:  /+�: �! 0.04٪ .(�.=G �� N50 c@& �!� 2��� 

'4%" �0� C
 ���
 �	�
� �� �� �34!� �� ��)" 24.4 �I�� '�)" D"��� C���! �0� .�!� ���X" �� ���� ��  ��

���
 �	�
� ����(� ��	: )27.1 �I�� '�)" �� H�� 2.4 (�� C<)� C� +�] �	%\B 'J!�"�@ , ��"� eX� �� 373 

�!).
 �)�.  

7.2. C!63� , D	.E� FT-IR  

U	Z 2,��" 6"�B �� ��)�	( �48" U	Z e0)� h40 560 FT-IR )'����� '(,����� �
�9& MA ( -< ��,@ �9 .

$).0 IR ���� �!� /�%��\" ��)" C
 �0� ���=�0� D"�9 1! $).0 ��J� M�� �� ��"� $��4
 ��9 )�-.!,& $�" 118-

11-P& &�()� NJ& USA (�� 13  ·2 '.	" ��" �4(�" 2CaF )$���!�
 ��8J!�"�@ �	� &'..-�� &�.	���: NJ & USA( 

�)�& ���� /�	k6< 'J!�"�@ '��Q�  <�" ]9[ �� �	4	A�.  

 U	ZIR �� 298.15 �!).
 ���� �F ,� [bmim] [AC] )1JP (, [bmim] [AC] �� ���
 �	�
� �� D� 

��9  -< ��,@ �9 .�� )2000 , 4000 ('�(�0 ��" & C.B ��F �!�< 'k6< ���� [bmim] [AC] ��  �	�
� ��

���
 D� ��9 ��  2337 �F�d �9 .�!� �� CX\4" C
 �� 2@ $)��)" ��F i)(  ���� ��� z��P 

�� HJ
 cW< �4(�" /�(�	0,6!�  �)� .���� & <�" ���
 �	�
� �� �� ��� ��: �� '�!�6(  

2360 ]10 [�	4u-F C� z,� �����: �� �F ,� C()-( �� '�!�6(  3350 �)� . 2�J( '" �F� C
 ��)�E" 

c@ M�� C
 �AB �
_ �9 �)<, ���� .��  )900 �� 2000 (& C.B ��F �!�< ��  )1668& 1509& , 
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1324( ���� �)<, .C.B �!�< �)�� 1! 1-( /�	�
)��
  2�J( '" �F� .�8!� C.B H	� ��  

cW< �(�9  &�!����4� ATR-IR ��)" ���=�0� ���B ���: .&�!����4� +�-� C.B �� r�	X" 'B�� '" �(�".  

8.2. C!63� , D	.E� ATR-IR  

���, ATR-IR  DR-0��,�)}	�J� &�	-0� ,  ��)A(�� CT (�� |\0  '0�-�� ,  T(M�� �	.��B )r��%(� (�0� .

 ���,560  �)��( FT-IR ���=�0�  �9 )�
�9 )"�� &2,����� &+�5��, +� ��(.  

U	Z ��F IR �� 296.15 �!).
 ���� �F ,� [bmim] [AC] )1JP (, [bmim] [AC] �� ���
 �	�
� �� 

D� ��9  -< ��,@ �9 .��  )2000 , 4000 (& C.B ��F �!�< �	-F ��
 �� ���� [bmim] [AC] ��  ��

���
 �	�
� D� ��9 ��   2337 �9 �F�d .��  )600 �� 2000 (& C.B ��F �!�< ��  

)1666& 1508& 1323& , 791 (�F�d �9& �)\(�-F C
 �� D�9 3 2�J( ���� ��9 �0� .�!� C.B ��:��0 �� ����(� 

��	: e0)�  FT-IR �9�� '"& C� 6< ���� z,� '��Q� ��  791 .z,�  1173  l.%�" C� 2)	��
 

]bmim [ & �0��� 2@ �� ���	�� �� +)	�,���	-!� �� r�0� /�%!�" '()! �� 2)	(@ ��F U.��" �� ��
 C�9W: ]9 [, 

'" �(�)� C� 2�)4] 1!  <�" �F�d �9 ./�	�
)��
 /��0� ) �	
�� ,  (��  )1578 , 

1379( �0� .'!�0�49 C.B ��  )1666& 1323& , 791 (.�)9 '" +�3(� �� [bmim] [AC] ��  �	�
� ��

���
 D� ��9 , ��  C
 C.B �� '�!�6(  )1620& 1320& , 770 (

]11[ �0� .�!� 2��"� �)<, ���� C
 ���
 �	�
� �� U]��" C� +�5�� '' D"�%� �� 2)	��
 �F ]bmim[  C�9�� �)<,

�9�� ./�9 '.
 U	Z [bmim] [AC] �,�� ���
 �	�
� �� D� ��9 ��-
 �� [bmim] [AC] �)� }��P &  C
 

2�J( '" �F� HF�
 �	%-< '' ]bmim [, ]AC [C(): "'%	AZ" �� C<)� C� �)�� ���
 �	�
� �� �9�� '" .T7 

�� /���� 2��� C� C()-( 323 �!).
& �!� C.B ��F �!�< ��  )2337& 1666& 1508& 1323& , 791 (C� �)Z 

D��B '5<)� HF�
 C���! �(�)�& , �� 352 �!).
& C.B �!�< �-] �)<, ����( , U	Z C	A9   [bmim ] [AC] 
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�)� }��P .�!� U	Z �F �� �	
�� �� h!��( TGA-IR �	!�� ��
�( C
 C.B ��F ��!�< �� ���
 �	�
� �� �� $).E" 

, �� ���
 �	�
� �� �J:�� �!W7 �� [bmim] [AC] , �� ��"� M�� D"��� �(� C���!.  

  

D�9 3 .U	Z ATR-IR �� [bmim] [AC]  1JP  , + [bmim] [AC] ���
 �	�
� ��.  

3 .C!63� , D	.E� ���� �F , H	7 '4	� ��F $).E" EOS  

�	��� 'J!�"�@ ���� ��F )VLE , VLLE (�� $,��< 1 , 2 �0� ��9 ���� 2�J( .CI�P C� �)^4" C!63� , 

D	.E� �!� ���� &�F �" 1! i)( RK '.
 /M��%" �%�" ���� )EOS (N!���& C
 C� +�� �!� ���� 1! �	
�� }��P 

C�9)(  �)9 '"]12&13[ :   

  

H�� C����, C� C<�� /���� �� 1! ��"���7 �� EOS ���� /�A	
�� }��P e0)� 'J!�"�@ C� +�� �!� ]12&13 [$�" 

 �0� ��9:  

  

&�!��Q  & ���� �F �	
�� }��P C� ��)Z �		%� '" �)9 C
 ���� �	�)� ��J� ���� �0� .�� �!� &$��  ���� 

/�A	
�� �	G ���� �4(�" /�%!�" '()! �0� C
 �� l!�Z ��4!�� VLE C!63� , D	.E� ���� �F �� ���=�0�  , 
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 �		%� '" &�4
 �)\(�-F C
 �� >��6: '.AB �" ]12&13 [�0� .}��P ��F��"���7 EOS &o6< 

C.-< & �� $,�< 3 ���,@ ��9 �0�.   

TR0 ��"���7 a , b  �����	
��  �54� �� e!��9 ��F��"���7 H4
 C(�:,� ]12&13 [$�" ��9 

�0�.  

  

C
 �� 2@  &   ��"� '(��E� C(): i +� �0� . & ��J� '(��E� C(): i K+�  & ���? ��: 

K'(�5< ,  ��� '�)" C(): i +� �0�.  

�� $�" &Y)� �s
��� ��5� ��"���7 H4
 C(�:,� : ,  ���� �F �=< '!��,� �)<, ���� .�!� �F��"���7 

e0)� D	.E� '\P�	G DB��� /�%��" �� ���� ��F ��4!��  }�J" ��9 �0� .C3	�( ��F��"���7 

C4	5� H4
 C(�:,� �� $,�<  4 C� �0� ��"@ .�!�Q &C�	0�:)� C
 ���� CA0�E" $��%� ��� ��)" ��	( �0� 2�J( 

���� ��9 &�0� , �8!�  ��)� '�	"�4!�)"�� w)��" C� C%��\" �� D�9 |!�I , �9,� ���� EOS ��  <�" ]12 & 

14[ ���� '" �)9.   

$,�< 3 .��F��"���7 EOS }��P ��)" ���=�0� �� D	.E� �)<)"  
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$,�< 4 .��F��"���7 H4
 C(�:,� �� /M��%" )6 (�� )8(  

  

  

D�9 4 .���)-( ���  �� N��	0 } + [bmim] [AC] ���
 �	�
� ��  .{w)\P , �	� C\X( :e0)� 

$�" EOS  CA0�E" ��9 �0� .  

/�A0�E" $�" EOS ���� ��5� NF �"� VLE �� ����  �F�� D�9 4 ��F�J" �0� ��9 .j��E(� ����(��0� �0�4" 

��J� 0.04 $��0�7�8" �)� .�	��,� �(�
 EOS �)<)" VLLE H	7 �� '4	� ���
 �0� )1	�=�  !�"  !�" (�� ��� 

D� 'A(�< '4G �� ���
 �	�
� ��& �)\(�-F C
 �� D�9 4 �� eP C\X( �	� 2�J( ���� ��9 �0� .�!� ����� VLLE 

e0)� H!�"�@ VLLE )�� $,�< 2 (�	!�� ��9 &�0� �!� ���� ��F 'J!�"�@ 6	( �� D�9 4 C�!�X" ��9 �0�.  

4nE� .  
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N��	0 '!��,� }  + [bmim] [AC] ���
 �	�
� ��  {��F����� ���� ��	�� �	G $)-%" 2�J( ���� �0� .�� 

�^.G ���
 �	�
� �� N
 )��-
 �� �,�� 20 �I��(& �	
�� ��F '!��,� C� '��0 �� �F ��J� &���� T�%4" ��44
 

1! c�W< �)B D"�%� �	� ���
 �	�
� �� ,   [bmim] [AC] �0�& �� '��� C
 �� �^.G ���
 �	�
� �� M�� 

)��M�� �� �,�� 70 �I��(& ��� D� ��F ��4!�� ���0��<  !�"  !�" )�! �	G D��B z�6�"� VLLE( �� 2�J( '" �F� .

�	4� ����� ���� ��	�� 2��X�" �� C<)� C� �^.G ��	�� ���( ]15 [&�0� , '�! �� �,�%" C()-( ��F C�P�49 ��9 1! 

N��	0 '!��,� �	0� 1!�.
,��	F , c@ ]15&16 [�0�.   

$�" EOS �)<)" w�A��� �	X�)" �� �6	"@ ���� �	G $)-%" VLE )�	���(& , '�� H	7 '4	� ����� VLLE �� 

�^.G ���
 �	�
� �� M�� ���� .H!�"�@ VLLE ���� �	�,� ��� ���� N��	0 '!��,� �	4� �)<)" H	7 �� '4	� 

���? �0� ���
 .l��)� ���] �	� �!��X" H	7 '4	� ��9 , 'J!�"�@ �)\(�-F C
 �� D�9 4 2�J( ���� ��9 �0� C� 

'�)P C� 2�)4] ��
 '.AB �" ]6 [ ��9 '��%"�0� .�� �!� &$�� �!�� C<)� �9�� C
 N��	0 '!��,� �)<)" ��-" �0� 

C� /�9  ��N��	0  C0 '!�� }+ [bmim] [AC] ���
 �	�
� �� + c@{ �9��& ��)�E" c@ �� [bmim] [AC] 

C� �)� '5<)� D��B 2�6	" .�� C<)� C� �!� &/��?� l��)� �� D�9 4 2�J( ���� ��9 �0� & q�� N��	0 C� 2�)4] CA9 

��4!�� �� EOS , VLLE C!63� , D	.E� �0� ��9 .H!�"�@ VLLE 6	( N3� '�)" H	� �� �!� N��	0 '!��,� 

�F� '" Ck��� ��& , �!��X" '=4" L�6� ��  !�" '()! 2�J( �� '" �F� & C
 �� $,�< 2 2�J( ���� ��9 �0� .N3� 

���!� H	� �� �� ��)" �)<)" �� } + [bmim] [AC] ���
 �	�
� ��  {��	�� C	A9 C� h!��( ��
 ��F '.AB �" 

�� ��: ���
 �	�
� �� ��  [hmim] [Tf2N] ]6 [, ���
,�).�,��	F  +[bmim] [PF6] ]4&5[ �0�.   

�)\(�-F C
 �� M�� �
_ &�9 N��	0 �)<)" ����� /�"�%� �	� '�)��)" �)B �0� .'�! �� �!��5� ��� �F �!�]� �	4� 

��F����� �0� C
 ��  ��)� '��Q� '�	"�4!�)"�� �9�� '". D�9 5  ��)� '��Q� )�S�(� ���@ TA	: H	� �� �� & 

&'R���(@ '7,��(@ (�� 298 �0� �!).
& CA0�E" �� r�0� $�" EOS �0� .+�-�  ��)� '��Q� '=4" C� 6< �^.G  ��

���
 �	�
� M�� &�4��F C3	�( [)Q, 2��"� D�J� ��F ��	u	7 '�)��)" , �! H4
�, ��F '!�	-	9 J( ��2� '" �F� .

�� �!� &C\��� �	8" ]1 [1! H4
�, '!�	-	9 ���� �!� N��	0 '!��,� ��54J	7 �0� ���
 �)\(�-F C
 �� �9D 6 
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2�J( ���� ��9 �0� .$)bE" H4
�, �	0� 1	�0� , 1! �	
�� '��Q� ���!�7 /�	�
)��
 +)	�,���	-!� ��0 .�!� 

H4
�, C� $�-��� ��	�� ��!� �� ��� Y�=�� '" &���� �� '!�3(@ C
 �" ��  B�,  �)� �	0� 1	�0� �� H�� 2.4 �
_ 

��9 .�� �!� &$�� ���X" 1! H4
�, '!�	-	9 �!�� C� ,� D	�� 'k6< �9�� .&$,� �:� 2)�,�7 2 )D�9 2 (�0� C
 jW� 

�A�( +�G�� 1H NMR )CX.� 2S,��	F ����� 4 , 5 C� 2S,��	F CX.� 2 (�!�� +�84F C�!�X" [bmim] [AC] 

)C
 �� D�9 6 2�J( ���� ��9 �0� (H!�6�� ���!  &U	Z �� D��X" [bmim] [AC] �� U	Z ���
 �	�
� �� D� 

&��9 �"� 2@ �� �9��( .&+,� TGA-IR �	0� 1	�0� �� ��,�E" }	�J� ��	(.  

  

D�9 5 .O�)P '��Q� )&'R���(@ &'7,��(@ , �S�(� ���@ TA	: .(w)\P :CA0�E" ��9 e0)� $�" EOS �)<)" �� 

T = 298  �!).
 , P = 6.434 $��0�7�8".  

  

D�9 6 .���54J	7 H4
�, '!�	-	9 �	8" ]1.[  

5��	: C3	�( .  
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�	��� M�� ���
 �	�
� �� �� [bmim] [AC] �� /M�X" ]1&2 [C�P�49 ��9 �0� .�� �!� &$�� >��6: w�X( 

�	��� ��	�� �,�E" �0� .�" ����� ���� �!� N��	0 '!��,� �� �� /�	k6< ��J	� ����,� ��)" '0��� � ���BN!��& , 

C<)�" N!�9 C
 ����� ���� l.%�" C� 1! ��)" ��	�� ���( K�0� �	��� ���
 �	�
� �� �� C<)� C� �^.G  ��

���
 �	�
� )�! ��	�� $).E" �! �	G D��B z�6�"� (��	�� 2��X�" �0� ./�"�%� c�W< �	� '�)��)" �)B ,�)< C�9�� 

�0�& , D�9 ��	: '�)��)" ��	u	7 & �!�9 '�� �� 1! H4
�, '!�	-	9 'k6< �)5J" �0� .�!� C])-3" "'�)��) 

 /�)I C��J:�� �!W7 2�J( ���� ��9 �0�.    
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