
Journal of Electrochemistry Journal of Electrochemistry 

Volume 23 
Issue 3 Special issue: 15th National Symposium 
on organic electrochemistry and 
electrochemical industry 

2017-06-29 

Ionic Liquid-Supported TEMPO/Polymeric Ionic-liquid/Carbon Ionic Liquid-Supported TEMPO/Polymeric Ionic-liquid/Carbon 

Black Ternary Composites: Preparations and Applications in Black Ternary Composites: Preparations and Applications in 

Electrochemical Oxidation of Alcohols Electrochemical Oxidation of Alcohols 

Xin LIN 

Cao-cao SUN 

Zhi-rong LIU 

Cheng-chu ZENG 
Collage of Life Science & Bioengineering, Beijing University of Technology, Beijing 100124;, 
zengcc@bjut.edu.cn 

Recommended Citation Recommended Citation 
Xin LIN, Cao-cao SUN, Zhi-rong LIU, Cheng-chu ZENG. Ionic Liquid-Supported TEMPO/Polymeric Ionic-
liquid/Carbon Black Ternary Composites: Preparations and Applications in Electrochemical Oxidation of 
Alcohols[J]. Journal of Electrochemistry, 2017 , 23(3): 322-326. 
DOI: 10.13208/j.electrochem.161051 
Available at: https://jelectrochem.xmu.edu.cn/journal/vol23/iss3/8 

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for 
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry. 

https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol23
https://jelectrochem.xmu.edu.cn/journal/vol23/iss3
https://jelectrochem.xmu.edu.cn/journal/vol23/iss3
https://jelectrochem.xmu.edu.cn/journal/vol23/iss3
https://jelectrochem.xmu.edu.cn/journal/vol23/iss3/8


!"#$%&' !"#$%&!"($)*+&

,-./0*1234567897:5;<

! "

!

!#$$

"

!%&'

!

!()*

"#

!

!$%

!"#$%&'()&*" +, -.

&&''!&

#

"$%

/012%&(34&5(617&*" /0

!''!"(

$

=>! 8

(!

9:

"")"*+*+#

;<:=>?:@A:%

(,-.,/012-

&BCDEFGHIJ

/012-

KLMNOPQ

;RSTUVWXY

3/012-,45,67

(

8

"8Z[R<\]^_`

359/7:48;

abcde:c<:f'g

32<<=8

BC

DEFGbE6VWXY

2<<=3/>

"

?8

"hijkl6mano%

@6

&pqrstuvwxyrl[NzE)D

$;

8{[N|E)DB}~��ma��'�" ��G�����X��'&?'�<?:�<�����O�

���������

$;

K���"��'&���"{[N|E)D� ¡8J�¢?'£<?:�<����

�"(FO¤O¥¦§�

A'B

8i"¨©ª«

(

¬����[NzE)DO®¯¦°�

CDE

8i

F

?@A! VWXYHIO

/012-

# ��'�#bE6}~��m#¡®¯O[NzE)D

:BCDE! -+(+;;;;;;;;;;;;;;;;;;;;;;;;;;;!!!!!!!!!! !;;;;;;;;;;;;

FGHIJ! =!!

¯±²³'

"'!+,!!,!D

" ´µ²³'

"'!G,'",!&;;;;H

¶·¸¹"

/IJK;3A+,!'8+G&C+"!!*;0,LM9JK;NIOPQQRSTUVFIWUFQO

º»@¼4&:½¾¿%

?XFY"!"G"'"!

&ÀÁ

+,-

Z-[\?=5;-7;050@/\-@.014:/\]

Â

"&

Ã Â

&

³

"'!G

Ä

+

Å

^XJ$Y"&YYY?X$Y&

ZUO$YY"'!G

'%(! !'$!&"'A_T$IJIQV`XQaIL$!+!'D!

Y)*+, +-*.KY!$Y"#$%&'(%)$*$Y/012*Y+,b&8KY&"",&"+YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY

34+*567 89!!''+,&(G!3"'!G8'&,'&"",'DY

YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY!:++;K__IJIQV`XQaILFcLUFIWUFQO

JÆ�'&�ÇÈÉÊÈËÌÍÎO'&?

'�ÉÏC�" ÐÑÒÓÔÕG'&?'�ÉÏ

C�O���A{¥(OÖ6×Ø" ÙÚBrl

(ÛÜEF)ÝÞ"²ßàyáâOãÚ

d!$"e

F

�JÆ�'&EF�" ää�¡ÔÕ¢å�

�}~��m" æ©B�ç�'&èéYêëJ

ìíOî�ï" }~��mOðñääòóôõ

6Oðñ

F

%ö}~��mO÷�øùGúû#O

üñ" ¨©ýùþO}~��m�èéúää�

�®¯ÿ��"A{î!GF"øù*À#$%a

�&'(�)*

FY

+,"

59VVJI

-.5¸¹/*0E

¸vwGbE6VWXY

2<<=3/>

"

?8!

no|E

)D

d&e

FY

ç|E)DëJ12O6#ï�"�3s

45ôÈï����É

<17

�*¡î�"6æ¡

�¸}~��m

FY

{7"ç|E)D8ô5�ô9

Èï���OCDa¥6:V

FY

;�<r2="h

{|E)Dé�ôJÆ�EF�" ª«

D

¬��

úç|E)DO3sïa®¯¦>J�?@A"

BxGCDO��

F

JÆ�EFE¡FG��È�HIJ7"Ï

¡���'�O÷��KG�EF

FY/012-

¸B

ä�OJÆ��'�" �ÇÈÙ?'B

/012-

f

"

L¡CMNOï¢?'�B¤ÉP

d(%+e

"QR@S

ÙÏCB

/012-.

"¨Iþy�'����

dD&+e

FY

T

UV{" èéú

/012-

WIJ4V

FY6MX

�EF

G

/012-

XIOPQVWXY" ¡8����"

YyG�'�O®¯O¿O" B��'�O��

��Z[G\]^

dG'!"e

F

_`abGëJ}~��mc�a��'ï

�O[N|E)DOvw����O�'&?'

�Oé�

FY

ç|E)DAXIJ��'ï�O

/012-

KLMNOVWXY*ødî�ïObE

6VWXYaef®¯;�Ono0F

FY

K��

�"��'&���"{[N|E)D� ¡8J

�¢?'�lghi�" (F¤O¥¦�

A'B

8

i"Ï¡j¬����"�'�¦>J�?@k

F

1

K L

1<1

MNOPQ

((

9:

)/012-

!lñ

CAB

"mnop]('

4ÝJqrs&"f�]f!tñ

CAB

"mnop]

('4ÝJqrs&"u>!:vt"ºwxy'&

z�Jqrs&"{ST|!tñ

CAB

"}~'&Ý



! "#!$%&'()*

!"#$%!

+%&',-.

!

/0123-456789:;<=>8?@

A

&

B

CDEFG"#

'!

HIJK$LM

()*

%NO=;P

CDEFG"%Q1RSTUVWXY$LM

+)*

%

NO=;PCDEFG"%,Z[\]ZS\^=

_$LM

+)*

%`abOcd=ePDEFG"

,

-./0

9=;fgh$

$12345673893:61;<536:

%i

j"%klmno$

=1;>518?@@8ABC

%pj"

,

!"#

!"#$%

D

"q:r

!EA$%"9F#=G

H

8st

q:r

!"A$%$9F%=I

H

8stuvwxyz

JKL

,8

{|D

/@8<F

}~Z^ST8

D@@8<F

����>

����

H&%M'!EA$%

$

-N8<<7O

%

?,/@8P

"�^�V

^$

-.,N8<<7O

%

/,DD8P

"

,8

�����������

$

-.,N8<<7O

%

-,D)8P

"% ���������

K8Q,8

�

?���%��@�

R/!! /@8<FS

&

D@*

8

'TMU%

/

8

R/!! /@8<FS

&

-8<7O

'

F

(D

8MUO

$

/!! /@8<F

(�&��

R/!

! /@8<FS

��

,8

s�D ¡#¢�£¤¥}~#¦§

¨©�rª«

H,+)8P

¬®'$>¯'

!

(#°±²

)@,D*,8

D

M8'AV8R?@@8AMCW8UXUO

/

W8YY<SZ8! [8D,--

R:W8KMSW8D,-N8R:W8KMSW8D,K)8R6W8

/

![8DD,K8MCW8-MSWD,+?)

D,+)8R<W8-MSW8?,@-8R:W8-MSW8N,DD*N,DK8R<W8DMS,

{|D

K@8<F

�³8

D@@8<F

����>�

���>¯'

!

$

-8P

#

)8<<7O

(#

'+

S\JK

R@,+-8P

#

DD,-8<<7OS,8)@8"U

´�µ¶�·¸

/K8Q

�#¦§¨

©�rª«8¹¬®'@]º»¼½�# ¾¿

}~ª

-8P

¹¬®'$>¯'

#

(#°±²

.N,/*,

D

M8'AV8R?@@8AMC

#

XA\%,"

K

#

YY<SZ8! [8D,@)8R:W8KMSW

D,DD8R:W8KMSW8D,ND8R6W8

/

![8DD,K8MCW8-MSW8D,))]D,+H8R<W

-MSW8 /,+-8 R:W8 /MSW8 N,@-]N,@.8 R<W8 DMSW8 N,-)8 R:W8 -MSW8

.,..8R:W8-MSW8+,--8R:W8DMS,

{|D

-N8<F

]º8

D@@8<F

������

��>¯'

# RD,@K8P

#

/,-D8<<7OS

#

'T=I

H

8R@,H/8P

#

/,+N8<<7OS

#

K@8"U

´�µ¶�·¸

H)8Q

�# ¾¿#

¿&À¦§¨©�rª«

@,+.8P

¬´Á&'#°

±²

.+,H*,8

D

M8'AV8RH@@8AMCW8XA\%-"

K

W8YY<SZ

! [8@,+.8R:W8KMSW8D,DD8 R:W8KMSW8D,K-8 R6W8

/

! [8DD,K8MCW8

-MSW8D,+/.D,+.8 R<W8-MSW8/,)-8 R:W8-MSW8N,@D/N,@K8R<W8

DMSWN,-D8R:W8-MSW8.,.DR:W8-MSW8+,@N8R:W8DMS,

-

(,s.+%&'

$XX0R!^

-

'S

8st

Â�

F2!I\9

$

-N8P

(�Ã

?@8<F

8©+%�>#

ÄÅ����«�ÆD

$XX08R-?,)8<FS8

8

-@@8<F

©+%��&>#ÇÈÉ��#ÊËÌÍÁÎ

�.#��

/K8Q

#¾¿#ª«*®'@©+%�Ï

»�6ÐÑ}~Ò>

)@8"U

¨�ÓÔÕÖª«

$XX0R!^

-

'S,

/

(12×s458ØÙ

Â�

$XX0R!^

-

'S8RD,-N/8PS

�

!EA$%09F]=I

?

R@,@K?8PS

#�Ã

D@8<F

�³>#��/Ú

R@,@-N8PS

#

ÛÜ

+@8<23

�ª«ÝÞßà8'á

,

?

(âØ9ã9Æ

{|D

D@8<F

12×s45�³�&8Qä

9Æåæç>��7

RD8<<7OS

&��

RD@8<<7OS

#è

¡éêë8ìí²fg9ç�î9ç# ïð²ñ

òóç# ôóõ²

?8I

)

<7O

1D

% 6âØóö²

@,+8_

8µ¶�óÆ

,8

÷�?���%Ä'áøù«�ú

��>% ¦§¨©�rÖûª«ü12×s45

�°.ýt8Ú®'%���þ��Ê°.%¾

¿�%ª«8Ú®'²12×s45%À¾}~

Öû·ÿ!"@%�Ã�³#ûyz��$%

,

N

(°.8&'

îS<I(S)

JKL8D

M8'AV8R?@@8AMCW8UXUO

/

W8

YY<SZ8! [8/,))8R:W8/MSW8.,@D8R`W8! [8),)8MCW8-MSW8.,)N8

R"W8! [8),?8MCW8-MSW8+,))8R:W8DMSa

(S*

JKL8D

M8'AV8R?@@8AMCW8UXUO

/

W8YY<SZ8! [8

.,?)2.,N-8R6W8! [8.,K8MCW8-MSW8.,K-3.,KN8R6W8! [8.,K8MCW

DMSW8.,))4.,+@8R`W8

/

! [8.,-8MCW8-MSW8D@,@/8R:W8DMSa

îSI(S*

JD/L8 D

M8'AV8R?@@8AMCW8UXUO

/

W8

YY<SZ8! [8-,?KR:W8/MSW8.,/?8R`W8! [8.,K8MCW8-MSW8.,.)

R`W8! [8),@8MCW8-MSW8+,+)R:W8DMSa

¯S<I(S*

JD?L8D

M8'AV8R?@@8AMCW8UXUO

/

W8

YY<SZ8! [8/,)@8R:W8/MSW8.,D@5.,D/8R<W8DMSW8.,//6.,?@8

R<W8/MSW8+,+D8R:W8DMSa

(�º

JKL8D

M8'AV8R?@@8AMCW8UXUO

/

W8YY<SZ8! [8

-,K/8R:W8/MSW8.,?.7.,ND8R6W8! [8.,K8MCW8-MSW8.,N.8.,KD8

R6W8! [8.,-8MCWDMSW8.,+)8R`W8! [8.,K8MCW8-MSa

+*

JKLD

M8'AV8R?@@8AMCW8UXUO

/

W8 YY<SZ8! [ 8

K,K-

,

K,K?8R<W8DMSW8.,-)8R<W8DMSW8.,.-8R<W8DMSW8+,K+8

R:W8DMa8UM%Sa

Z(Sº

JD/L8D

M8'AV8R?@@8AMCW8UXUO

/

W8YY<SZ8!

[8.,?)

,

.,N-8R6W8! [8.,K8MCW8?MSW8.,K-9.,KN8R6W8! [8.,K8

MCW8-MSW8.,)):.,+@8R`W8! [8.,-8MCW8?MS,

#

&'()*

-)D

!EA$%

�./28+%&'

!EA$%;

9F<=I

?

uvwx01st

JKL

,8

23

D

45%67

?=%M>

!EA$%

8^�V^�?dt>¯'

!

% !Ã�³

>8

'?

SIJK�?dt

!EA$%@9FAUO

% 9�8

'T=I

?

:d;+%<=ØÙª«

!EA$%B9FC=I

?

,

+%&',s.8st23

-

45% ,Z[]

IZSI^=_8

F2!I\9

�?dt

$XX0

$

!^

-

'

(%

/-/

! !



! " #

!"#$

!

"#$%&!

%&

"'()*

'(()*+,

!

-./%&

012

3

"(+,)-

+45'6!78"&9

:

./0123

(4$%&56

;3<=>?>:=

-78'(#9):;

<(=>

3>

?@ABC#DEFGAHIJKLM

4#D@:;<(=>JNOPQ.RSNTU#

VW#XYZ[.\]^NGP_`!a

1

"

3

?bcNTdefg

#3!:#>@

:;<(=>.

#;>A8

hi#jk

#;>ABC

#)*&lmn-NTU

2o

3>

?pqcefg

D>AAEF

EFGAHI.

D;>

AAEF

rs

3>

Dtuvw-xy!

D>GA!! D>GA

"Jp

q.zq#{|J}7Nq#~9N�?

;3H>I

�

�NT#�����

D3>

��N�J

:>9

$

AEF

#D

!��

�

J>K

"�#�/)*

J!=

�[-EFGA�F�#

u��Y*

#3!1:>@

-:;<(=># �Y[J

HH=3>

������# @<(=>�����N_

`#����NOPQ#�\]^�"EFGAH

IGPJEFGA�F�

3>

"�Y*-:;<(

=>�� ¡¢£# ?¤¥��.�N�tu-

¦§¨#EFGA�F�-�[©�ª�

J;=

#u

�:;<(=>-�Y[«?

HH=

DC

3>

¬@

�# @/012®¯-

+45'6!

/0123(4

!

%°2o���±���N.NOP^_-=

>#�£�N�²(+e

3

³´# µ��¶·¸¹º:;<(=>?#

>

a

#>>+45'6$78%&9

:

-(+

9B@3>#>>LMCNKOPBP>E,>+45'6&78'&9

:

>

a

!>>

/0123(4-(+

9B@3>!>>LMCNKOPBP>E,>'(()*+,

!

-./%&

>

a

1>>

:;<(=>»?�EFGAHI-NGP

9B@3>1>>+KO>OFOGNQEERBSTNBEC>E,>!(AONKERMUOCVMF>TFGEKEF>WPBC@>NOQCTQM>GEAXEPBNO

!"#$

%

&

1!:

! !



! "#!$%&'()*

!"#$%!

+%&',-.

!

/0123-456789:;<=>8?@

A

&

B

C

'((

123D458EF

!)*+('((,-./0-12(/3(45-(4-16)12(./78/9:4-

G789=;<=>8?@

+(

HC

;

IJ"6KL

8M=;NOP"Q7#RSTQ7UVWTQ7

XYZ<=[R?8\W]"^_6

<'=(>(<?=

`

V" La12bD458EF_cde

@A=(B-6C

41:-9('!&D+(

f

'"

\g

#

h7ij\W76KLNk

P9la" YZY+m^_[

@E=

8\hni

<;=

8j\Wn"opqrs'tuvX@ew7

8<:"xy@ez7

B-641:-9(F$AD+(

s'txX?

@e{|}~8789:;<:

+(

H��

?

IJ"

��W76KLNkP��

<;=

8��W]"L

a

@A=

��812bD45�mEF

+

!

! "

��)�

!"G$%

8+%&'#,D.+%&

'U/0���12bD45" ���?@m7

89:;<:>

+(

����Cr"p12b-45

uv6���G����9l��6a���

9"��X���

!"G$%

8�:��" ^_¡

�7<:[R?8]¢n

+(

£[¤¥8¦"12b

-456§¨©ª8«¬" X�®¯EF�°

|±@" �:²���r³´µ" EF_¶ e

@A=+

(((((

#$%&

"#$%$&$'($)*+

H'I((G)(J(KB

·¸¹

D+(L641/MN.4:/6(/3(/1O)6:.(-P-.41/.5-7:9412

,N6 Q:-PM(/3(*-6R)PM-52M-S= #)99(/3(./78/9:4-(7)4-1:)PSO ,-./0-12(2:-PMS=

' <; '+;F'

; <E '+;&F T@@

& <' '+;&E T@@

F <E '+;&E T@@

A <' '+;;@ T@@

J/6M:4:/69U(G:V4N1-(/3('(77/P(/3(F%7-45/V2*-6R2P:.()P./5/P()6M('E(77/P(/3(821:M:6-(:6('E(7W(JX

&

JY(Z)9(-P-.41/P2R-M()4( 45-(

./641/PP-M(8/4-64:)P(/3(E+@([(09+(KO(Z:1-\($4(8P)4-9()9(45-(Z/1]:6O()6M(./N64-1(-P-.41/M-9\(KO(Z:1-()9(45-(1-3-1-6.-(-P-.41/M-\(F(^

$

7/P

&'

\(

M:0:M-M(.-PP

C

;((

º.»¼

!)*+(;((_./8-(/3(45-(9N*941)4-9

J/6M:4:/69U(G:V4N1-(/3('(77/P(/3()P./5/P()6M('E(77/P(/3(821:M:6-(:6('E(7W(JX

&

JY(Z)9(-P-.41/P2R-M()4(45-(./641/PP-M(8/4-64:)P(/3(

E+@([09+(KO(Z:1-\($4(8P)4-9()9(45-(Z/1]:6O()6M(./N64-1(-P-.41/M-9\(KO(Z:1-()9(45-(1-3-1-6.-(-P-.41/M-\(F(^

$

7/P

''

\(M:0:M-M(.-PP

`6412 Q:-PMS= ,-./0-12(2:-PMS=

' <' a@A

; <' b@A

& <? c@A

F @E d@A

A <; e@A

? <; f@A

_N*941)4- $1/MN.4

&;A

! !



! " #

!"#$

!

%&'()*+,-,./0)12,+.2+)3456,78+9:

"#$%&

;<)!""!0)=!>(

%!'))?4@./)3)A:

'()

;<)B@C)D)E:

*+,

;()B9++.)7F.G8+7,70)

H.)+I+9/,./)J9C.G,+9),.)C9/@.,2)7F.G8+7,7%D'()39C/9+77),.)

K8+I,7G9F:

-#./

;<)#LLM<)#N:O;0)!>="!$!(

%O'))PCC)1)D<)Q,)Q)D<)R+./)K)K<)+G)@6()3C6FI+9,2),C.,2)6,S4,T)@.T)

2@95C.) 56@2U) 2CIVC7,G+) @7) @) 9+47@56+) 74VVC9G,./) +6+2W

G9C6FG+0)&CT,J,2@G,C.)CJ)G8+)+6+2G9CT+)749J@2+%D'()H./+X@.W

TG+)K8+I,+)Y.G+9.@G,C.@6)ZT,G,C.<)!N[=<)=\:[!;0)O$\\#O$\$(

%\'))],-U7I@.)H<)&@9,.C$BC.^!6+^)H<)&@,9@G@)Y)3)H<)+G)@6()ZJW

J,2,+.G) @.T) 7+6+2G,_+) @+9C5,2) C`,T@G,C.) CJ) @62C8C67) ,.GC)

@6T+8FT+7) @.T) U+GC.+7) 47,./) 94G8+.,4IabZ&3c) @7) G8+)

2@G@6FG,2)7F7G+I%D'()DC49.@6)CJ)G8+)HI+9,2@.)K8+I,2@6)1CW

2,+GF<)!NN[<)[!O:!M;0)>M!>%>MOO()

%='))dC86I@..)d<)1GCVU@)b<)d,28G+9)?<)+G)@6()Y9C.&2@G@6F^+T)C`W

,T@G,_+) G@.T+I) 9+@2G,C.7) X,G8) bZ&3c) C`C@IIC.,4I)

7@6G70)1F.G8+7,7)CJ)T,8FT9CS4,.@^C6,.+7)@.T)S4,.C6C.+7%D'()

b8+)DC49.@6)CJ)c9/@.,2)K8+I,7G9F<)!N[O<)$M:[!;0)>N=N'

>N>\(

%>'))A,@.)e)E<)D,.)Z)Q<)*@C)e)Q<)+G)@6()K6+@.)@.T)7+6+2G,_+)C`W

,T@G,C.)CJ)@62C8C67)2@G@6F^+T)5F),C.(74VVC9G+T)bZ&3c),.)

X@G+9%D'()b+G9@8+T9C.<)!NN><)>!:\;0)==>)=>!(

%$'))&,G74,)&<)b@U+T@)f<)fC5C9,)P<)+G)@6()g.474@66F)6@9/+)TFW

.@I,2)+6+2G9C.)VC6@9,^@G,C.),.)@.)c

!

:

#

!/;*!<!<><>+b+G9@IW

+G8F6V,V+9,T,.+,#-C`F6) 9@T,2@6) 7F7G+I%D'()b8+) DC49.@6) CJ)

38F7,2@6)K8+I,7G9F)H<)!NN\<)#NM:$;0)##!N.##!>(

%M'))&+8.+9G)K)3<)KCCU)d)H<)],7V+.^,+9+)h)K<)+G)@6()14VVC9G+T)

,C.,2)6,S4,T)2@G@6F7,7)/ @).+X)2C.2+VG)JC9)8CIC/+.+C47)8FW

T9CJC9IF6@G,C.)2@G@6F7,7%D'()DC49.@6)CJ)G8+)HI+9,2@.)K8+IW

,2@6)1C2,+GF<)!NN!<)#!\:\\;0#!LO!0#!LOO(

%L'))&,@C)e)1<)K8@.)b)?()YC.,216,S4,T274VVC9G+T)V+VG,T+)7F.W

G8+7,7)T+IC.7G9@G+T)5F) G8+)7F.G8+7,7)CJ) 6+4:=;3+.U+V8@6,.

%D'()b8+)DC49.@6)CJ)c9/@.,2)K8+I,7G9F<)!NN=<)$N:M;0)O!=#4

O!==(

%#N') B9CG6,)&<) BCGJ9+T7+.) K)?<) d@T+I@..) D<) +G) @6() 38F7,2@6)

V9CV+9G,+7)CJ)VC6F) :+G8F6+.+)/6F2C6;) :3ZB;55@7+T) 9+7,.7)

JC9)2CI5,.@GC9,@6)7C6,T)V8@7+)C9/@.,2)28+I,7G9F0)H)2CIW

V@9,7C.) CJ) 3ZB629C7776,.U+T) @.T) 3ZB8/9@JG+T) 9+7,.7 %D'()

DC49.@6)CJ)KCI5,.@GC9,@6)K8+I,7G9F<)!NNN<)!:!;0)#NM9##L(

%##'))14.)A:

01

;<)Q,4)P)Q:

234

;<)Q4)D)E:

56,

;()HVV6,W

2@G,C.)CJ),C.,2)6,S4,T7),.)+6+2G9C28+I,7G9F%D'()K8+I,7G9F)

*466+G,.):

-#78

;<)!NNO<)>>:!;0)##!:##\(

%#!'))R84)P)B<)R84)P<)R+./)?)P<)+G)@6()H)V9CI,7,./)+6+2G9C;

C`,T@G,C.) CJ) I+G8F6<7457G,G4G+T) @9CI@G,2) 2CIVC4.T7) GC)

@6T+8FT+7),.)@S4+C47),I,T@^C6+),C.,2)6,S4,T)7C64G,C.7%D'()

DC49.@6) CJ) Z6+2G9C@.@6FG,2@6)K8+I,7G9F<) !N#=<) $=#0) #N==

##N(

%#O'))P4@.)P<)18,)E<)Q,4)e()b9@.7,G,C.)I+G@6>J9++)28+IC7+6+2W

G,_+)@+9C5,2)C`,T@G,C.7)CJ)746J,T+7)@.T)@62C8C67)X,G8)VCG@W

77,4I) .,G9@G+) @.T) VF9,T,.,4IG9,59CI,T+) C9) 59CI,.+ %D'()

1F.6+GG<)!N##<)\0)==L?=>\(

%#\'))K@228,)1<)i@59,^,)B<)BC//,@I@.,H()3@66@T,4I@2@G@6F^+T)

7F.G8+7,7) CJ) @6T+8FT+7) J9CI) @9F6) ,CT,T+7) @.T) @2+G,2)

JC9I,2)@.8FT9,T+%D'()DC49.@6)CJ)KCI5,.@GC9,@6)K8+I,7G9F<)

!NN\<)>:=;0)>L!A>L\(

!"#$% &$'($)!*(++",-./ 0123456"789:,$; <"=$;!>$'($?5

@A,B"= C7A;D 0:,=A,8 E"9+"F$-:G 3,:+A,A-$"=F A=?

H++7$;A-$"=F $= I7:;-,";J:9$;A7 KL$?A-$"= "M H7;"J"7F

QYh)E,.

#

<)1gh)K@CB2@C

!

<)QYg)R8,C9C./

#

<)RZhB)K8+./D284

!j

!

[()!"#$$% $& '#()*+,-./ 0*$%$1. 2 34,(-*4%+ !"*(5"(/ 64+, '#*54 75*8(-+*,. $& 9("#5$%$1./

:45"#451 OONN[O<);*451 <*<)'#*54k)!()'$%%41( $& =*&( !"*(5"( 2 >*$(51*5((-*51/

>(*?*51 75*8(-+*,. $& 9("#5$%$1./ >(*?*51<)'#*54<)[NN[!\

"

HBF-,A;-G

bC)+JJ+2G,_+6F)9+2C_+9)9+TC`)2@G@6F7G)@.T)74VVC9G,./)+6+2G9C6FG+<)@).C_+6)G+9.@9F)2CIVC7,G+)2C.7,7G,./)CJ),C.,2)6,S4,TE

74VVC9G+T)bZ&3c<)VC6FI+9,2),C.,2F6,S4,T)@.T)2@95C.)56@2U)X@7)V9+V@9+T()b8+),C.,2G6,S4,T)74VVC9G+T)9+TC`)2@G@6F7G)bZ&3cHYQI

*i

\

) X@7) J,97G6F) 7F.G8+7,^+T) J9CI) \J8FT9C`FK!<!<><>LG+G9@I+G8F6V,V+9,T,.+MhNC`F6<) @.T) JC66CX+T) 5F) G8+) 9+@2G,C.) CJ) VC6FT,I+G8F)

6T,@66F6@IIC.,4I)286C9,T+):3]]H;)@.T)5,7:G9,J64C9CI+G8@.+;746JC.,I,T+)6,G8,4I)7@6G):Q,bi1Y;)GC)JC9I)VC6F%T,@66F6T,I+G8F6@IIC.W

,4I5,7:G9,J64C9CI+G8@.+746JC.F6;,I,T+'):3]]H:bJ

!

h;;()H)2CI5,.@G,C.)CJ)G8+)@5C_+)I+.G,C.+T)GXC)7F.G8+7,^+T)I@G+9,@67)@.T)2@95C.)

56@2U) @JJC9T+T) GC) C5G@,.) G8+) G+9.@9F) 2CIVC7,G+<) X8,28) X@7) 47+T) @7) G8+) 9+2C_+9@56+) 74VVC9G,./) +6+2G9C6FG+) @.T)I+T,@GC9) JC9) G8+)

+6+2G9C28+I,2@6)C`,T@G,C.)CJ)@62C8C6()b8+)9+746G7) ,.T,2@G+)G8@G)_@9,C47)@62C8C67)2C46T)5+)C`,T,^+T)+JJ,2,+.G6F)GC)G8+)2C99+7VC.T,./)

@6T+8FT+7)C9)U+GC.+7)X,G8)G8+)IC9+)G8@.)MNl)F,+6T7),.)G8+)V9+7+.2+)CJ)G8+)G+9.@9F)2CIVC7,G+)4.T+9)+6+2G9C28+I,2@6)2C.T,G,C.7()Y.)

@TT,G,C.<)G8+)2CIVC7,G+)2C46T)5+)9+2C_+9+T)X,G8)L=m)9+2C_+9F)F,+6T)@JG+9)5+,./)47+T)JC9)\)G,I+7),.)+`V+9,I+.G7()b8+)T+_+6CVI+.G)

CJ)G8+)G+9.@9F)2CIVC7,G+)V9C_,T+7)@.)+JJ,2,+.G)@.T)747G@,.@56+)@VV9C@28)JC9)G8+)9+2C_+9F)CJ)74VVC9G,./)+6+2G9C6FG+)@.T)9+TC`)2@G@6F7G(

N:8 O",?FG

,C.,2)6,S4,TO74VVC9G+T)bZ&3ck)9+TC`)2@G@6F7Gk)VC6FI+9,2),C.,2)6,S4,Tk)9+2C_+9@56+)G+9.@9F)2CIVC7,G+

O!>

! !


	Ionic Liquid-Supported TEMPO/Polymeric Ionic-liquid/Carbon Black Ternary Composites: Preparations and Applications in Electrochemical Oxidation of Alcohols
	Recommended Citation

	tmp.1677736592.pdf.yEdqz

