
 

 

Chemistry—A European Journal 
Research Article 
doi.org/10.1002/chem.202303781 

 

- ’ ’’

- -

-

- -

-

 

 

 

 

http://www.chemeurj.org/
http://orcid.org/0000-0002-5399-9036
mailto:songliangcai@m.scnu.edu.cn
mailto:Zhengsr@cnu.edu.cn
mailto:xli1@cau.edu
https://doi.org/10.1002/chem.202303781
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fchem.202303781&domain=pdf&date_stamp=2024-01-18


-  - - 

Chemistry—A European Journal 
Research Article 
doi.org/10.1002/chem.202303781 

 

- ’ ’’

-

- -

-

-

- -

-

- - -

-

-

- -

-

-

- - -
’ ’’

-

°

- -

-
-

-

- -

-

- - - - - -

1
5

2
1

3
7

6
5

, 2
0

2
4

, 1
4

, D
o

w
n

lo
ad

e
d

 fro
m

 h
ttp

s://ch
em

istry
-e

u
ro

p
e.o

n
lin

elib
rary

.w
ile

y
.c

o
m

/d
o

i/1
0

.1
0

0
2

/c
h

e
m

.2
0

2
3

0
3

7
8

1
 b

y
 U

n
iv

 o
f C

alifo
rn

ia
 L

a
w

re
n

c
e B

erk
eley

 N
atio

n
al L

a
b
, W

iley
 O

n
lin

e
 L

ib
rary

 o
n
 [1

6
/0

5
/2

0
2

4
]. S

e
e th

e T
erm

s a
n

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/te
rm

s-a
n
d

-c
o
n

d
itio

n
s) o

n
 W

ile
y

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 article

s are g
o
v

ern
e
d

 b
y
 th

e a
p

p
lica

b
le

 C
re

ativ
e
 C

o
m

m
o

n
s L

icen
se 



- - 
- - - - 

Chemistry—A European Journal 
Research Article 
doi.org/10.1002/chem.202303781 

 

- - -

- -

-

- -

- - -

- -

° ° ° °

-

° ° °

° ° 

- -

- -

-

- -

-

-

- - -

- -

-

- -

-
- =

- =

- - -

- -

-

-
-

-

- -

- -

-

- -

- -

=

= -

1
5

2
1

3
7

6
5

, 2
0

2
4

, 1
4

, D
o

w
n

lo
ad

e
d

 fro
m

 h
ttp

s://ch
em

istry
-e

u
ro

p
e.o

n
lin

elib
rary

.w
ile

y
.c

o
m

/d
o

i/1
0

.1
0

0
2

/c
h

e
m

.2
0

2
3

0
3

7
8

1
 b

y
 U

n
iv

 o
f C

alifo
rn

ia
 L

a
w

re
n

c
e B

erk
eley

 N
atio

n
al L

a
b
, W

iley
 O

n
lin

e
 L

ib
rary

 o
n
 [1

6
/0

5
/2

0
2

4
]. S

e
e th

e T
erm

s a
n

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/te
rm

s-a
n
d

-c
o
n

d
itio

n
s) o

n
 W

ile
y

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 article

s are g
o
v

ern
e
d

 b
y
 th

e a
p

p
lica

b
le

 C
re

ativ
e
 C

o
m

m
o

n
s L

icen
se 



- 

Chemistry—A European Journal 
Research Article 
doi.org/10.1002/chem.202303781 

 

 

 
- - - - - - -

- - -

- - -

-

= =

-

- - -

=

- -

- - -

- - -

°

- -

-

- - -

- -

-

- - - -

-

- - -

- - -

- -
-

- - -

1
5

2
1

3
7

6
5

, 2
0

2
4

, 1
4

, D
o

w
n

lo
ad

e
d

 fro
m

 h
ttp

s://ch
em

istry
-e

u
ro

p
e.o

n
lin

elib
rary

.w
ile

y
.c

o
m

/d
o

i/1
0

.1
0

0
2

/c
h

e
m

.2
0

2
3

0
3

7
8

1
 b

y
 U

n
iv

 o
f C

alifo
rn

ia
 L

a
w

re
n

c
e B

erk
eley

 N
atio

n
al L

a
b
, W

iley
 O

n
lin

e
 L

ib
rary

 o
n
 [1

6
/0

5
/2

0
2

4
]. S

e
e th

e T
erm

s a
n

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/te
rm

s-a
n
d

-c
o
n

d
itio

n
s) o

n
 W

ile
y

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 article

s are g
o
v

ern
e
d

 b
y
 th

e a
p

p
lica

b
le

 C
re

ativ
e
 C

o
m

m
o

n
s L

icen
se 



- - - 
- 

- - 

Chemistry—A European Journal 
Research Article 
doi.org/10.1002/chem.202303781 

 

- - -

- - -

- - -

- -

-

- - -

- -

-

- -

- -

- -

- - -

- - -

- -

- -

-

-

- -

-

- -

-

- - -

- -

-

- -

-

- -

-

- -

-

1
5

2
1

3
7

6
5

, 2
0

2
4

, 1
4

, D
o

w
n

lo
ad

e
d

 fro
m

 h
ttp

s://ch
em

istry
-e

u
ro

p
e.o

n
lin

elib
rary

.w
ile

y
.c

o
m

/d
o

i/1
0

.1
0

0
2

/c
h

e
m

.2
0

2
3

0
3

7
8

1
 b

y
 U

n
iv

 o
f C

alifo
rn

ia
 L

a
w

re
n

c
e B

erk
eley

 N
atio

n
al L

a
b
, W

iley
 O

n
lin

e
 L

ib
rary

 o
n
 [1

6
/0

5
/2

0
2

4
]. S

e
e th

e T
erm

s a
n

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/te
rm

s
-a

n
d

-c
o
n

d
itio

n
s) o

n
 W

ile
y

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 article

s are g
o
v

ern
e
d

 b
y
 th

e a
p

p
lica

b
le

 C
re

ativ
e
 C

o
m

m
o

n
s L

icen
se 



Chemistry—A European Journal 
Research Article 
doi.org/10.1002/chem.202303781 

 

- - -

- -

β

- -

-

-

- -

-
- =

- -
-

- =
- - -

-
- -

= -

- - - -

- - -

- - -

- =
- π π 

- - -

-

-

-

-

-

- -

- - -

- - -

-

- -

-

- -

-

- -

- - - -- - - -

1
5

2
1

3
7

6
5

, 2
0

2
4

, 1
4

, D
o

w
n

lo
ad

e
d

 fro
m

 h
ttp

s://ch
em

istry
-e

u
ro

p
e.o

n
lin

elib
rary

.w
ile

y
.c

o
m

/d
o

i/1
0

.1
0

0
2

/c
h

e
m

.2
0

2
3

0
3

7
8

1
 b

y
 U

n
iv

 o
f C

alifo
rn

ia
 L

a
w

re
n

c
e B

erk
eley

 N
atio

n
al L

a
b
, W

iley
 O

n
lin

e
 L

ib
rary

 o
n
 [1

6
/0

5
/2

0
2

4
]. S

e
e th

e T
erm

s a
n

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/te
rm

s-a
n
d

-c
o
n

d
itio

n
s) o

n
 W

ile
y

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 article

s are g
o
v

ern
e
d

 b
y
 th

e a
p

p
lica

b
le

 C
re

ativ
e
 C

o
m

m
o

n
s L

icen
se 



- 

-  - 

-  - - 

- 

- 

- 
-  - 

-  - - 

- 

- 

-  - 

Chemistry—A European Journal 
Research Article 
doi.org/10.1002/chem.202303781 

 

-

μ

°

°

δ = 

δ = 

= - -

μ

°

δ = 

= 

°

μ

ð - Þ 
¼ 

δ = 

= - -

μ

°

δ = 

= = 
= δ 

 

¼ 
ð - Þ 

 
-

- - -

= 

= - -

- - -

¼ þ 

¼ þ 

° ¼ þ 

-

-

-

- - -

1
5

2
1

3
7

6
5

, 2
0

2
4

, 1
4

, D
o

w
n

lo
ad

e
d

 fro
m

 h
ttp

s://ch
em

istry
-e

u
ro

p
e.o

n
lin

elib
rary

.w
ile

y
.c

o
m

/d
o

i/1
0

.1
0

0
2

/c
h

e
m

.2
0

2
3

0
3

7
8

1
 b

y
 U

n
iv

 o
f C

alifo
rn

ia
 L

a
w

re
n

c
e B

erk
eley

 N
atio

n
al L

a
b
, W

iley
 O

n
lin

e
 L

ib
rary

 o
n
 [1

6
/0

5
/2

0
2

4
]. S

e
e th

e T
erm

s a
n

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/te
rm

s
-a

n
d

-c
o
n

d
itio

n
s) o

n
 W

ile
y

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 article

s are g
o
v

ern
e
d

 b
y
 th

e a
p

p
lica

b
le

 C
re

ativ
e
 C

o
m

m
o

n
s L

icen
se 



- 
-  - 

Chemistry—A European Journal 
Research Article 
doi.org/10.1002/chem.202303781 

 

ð - Þ ¼ - 

¼ þ 

-

 

 

 

 

 

 

 

 

 

 

 ’

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
5

2
1

3
7

6
5

, 2
0

2
4

, 1
4

, D
o

w
n

lo
ad

e
d

 fro
m

 h
ttp

s://ch
em

istry
-e

u
ro

p
e.o

n
lin

elib
rary

.w
ile

y
.c

o
m

/d
o

i/1
0

.1
0

0
2

/c
h

e
m

.2
0

2
3

0
3

7
8

1
 b

y
 U

n
iv

 o
f C

alifo
rn

ia
 L

a
w

re
n

c
e B

erk
eley

 N
atio

n
al L

a
b
, W

iley
 O

n
lin

e
 L

ib
rary

 o
n
 [1

6
/0

5
/2

0
2

4
]. S

e
e th

e T
erm

s a
n

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/te
rm

s-a
n
d

-c
o
n

d
itio

n
s) o

n
 W

ile
y

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 article

s are g
o
v

ern
e
d

 b
y
 th

e a
p

p
lica

b
le

 C
re

ativ
e
 C

o
m

m
o

n
s L

icen
se 

https://doi.org/10.1039/C7CC01921A
https://doi.org/10.1039/C7CC01921A
https://doi.org/10.1016/j.chroma.2017.09.007
https://doi.org/10.1016/j.chroma.2022.463155
https://doi.org/10.1016/j.chroma.2022.463155
https://doi.org/10.1021/jacs.7b12110
https://doi.org/10.1021/jacs.7b12110
https://doi.org/10.1039/C8CC06621C
https://doi.org/10.1021/acscatal.9b05470
https://doi.org/10.1039/D3SC01367G
https://doi.org/10.1039/D3SC01367G
https://doi.org/10.1021/jacs.6b09563
https://doi.org/10.1021/acs.chemrev.9b00550
https://doi.org/10.1021/acs.accounts.5b00369
https://doi.org/10.1021/acs.accounts.5b00369
https://doi.org/10.1016/j.matt.2020.09.007
https://doi.org/10.1002/adma.201500124
https://doi.org/10.1002/adma.201500124
https://doi.org/10.1016/j.cej.2020.126333
https://doi.org/10.1021/acsami.8b16877
https://doi.org/10.1021/acsami.8b16877
https://doi.org/10.1021/ja206846p
https://doi.org/10.1021/ja206846p
https://doi.org/10.1021/acsami.9b02640
https://doi.org/10.1021/jacs.5b10754
https://doi.org/10.1021/acsami.6b16423
https://doi.org/10.1021/acsami.6b16423
https://doi.org/10.1039/D0NR03041D
https://doi.org/10.1039/D0NR03041D
https://doi.org/10.1039/D1CE00212K
https://doi.org/10.1039/C4SC02593H
https://doi.org/10.1039/C4SC02593H
https://doi.org/10.1039/C4SC02593H
https://doi.org/10.1021/jacs.8b07120
https://doi.org/10.1021/jacs.8b07120
https://doi.org/10.1021/acsami.0c03280
https://doi.org/10.1039/C8TA07008C
https://doi.org/10.1039/C8TA07008C
https://doi.org/10.1002/ange.201710502
https://doi.org/10.1016/j.cej.2020.127095
https://doi.org/10.1016/j.cej.2020.127095
https://doi.org/10.1021/acsami.0c18808
https://doi.org/10.1016/j.jhazmat.2020.124782
https://doi.org/10.1021/acsmacrolett.1c00607
https://doi.org/10.1021/jacs.8b06958
https://doi.org/10.1021/acs.chemmater.5b04388
https://doi.org/10.1039/C8TA06195E
https://doi.org/10.1039/D2CC02383K
https://doi.org/10.1039/D2CC02383K
https://doi.org/10.1021/acsami.2c17672
https://doi.org/10.1021/acsami.2c17672
https://doi.org/10.1021/jacs.9b05626
https://doi.org/10.1021/acsanm.0c00884
https://doi.org/10.1021/acsami.3c02025
https://doi.org/10.1021/acsami.3c02025
https://doi.org/10.1021/ja206846p


Chemistry—A European Journal 
Research Article 
doi.org/10.1002/chem.202303781 

 

 

 

 

 

 

 

’

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
5

2
1

3
7

6
5

, 2
0

2
4

, 1
4

, D
o

w
n

lo
ad

e
d

 fro
m

 h
ttp

s://ch
em

istry
-e

u
ro

p
e.o

n
lin

elib
rary

.w
ile

y
.c

o
m

/d
o

i/1
0

.1
0

0
2

/c
h

e
m

.2
0

2
3

0
3

7
8

1
 b

y
 U

n
iv

 o
f C

alifo
rn

ia
 L

a
w

re
n

c
e B

erk
eley

 N
atio

n
al L

a
b
, W

iley
 O

n
lin

e
 L

ib
rary

 o
n
 [1

6
/0

5
/2

0
2

4
]. S

e
e th

e T
erm

s a
n

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/te
rm

s-a
n
d

-c
o
n

d
itio

n
s) o

n
 W

ile
y

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 article

s are g
o
v

ern
e
d

 b
y
 th

e a
p

p
lica

b
le

 C
re

ativ
e
 C

o
m

m
o

n
s L

icen
se 

https://doi.org/10.1016/j.jssc.2022.123644
https://doi.org/10.1039/C6SC05673C
https://doi.org/10.1039/C6SC05673C
https://doi.org/10.1021/acsnano.7b06871
https://doi.org/10.1039/D1NR05758H
https://doi.org/10.1002/anie.202013377
https://doi.org/10.1002/anie.202013377
https://doi.org/10.1039/C8SC02842G
https://doi.org/10.1021/acsami.9b07779
https://doi.org/10.1021/acsami.9b07779
https://doi.org/10.1021/jacs.8b08452
https://doi.org/10.1021/jacs.8b08452
https://doi.org/10.1002/anie.202106389
https://doi.org/10.1021/acsami.1c03170
https://doi.org/10.1021/jacs.3c03831
https://doi.org/10.1021/jacs.3c03831
https://doi.org/10.1016/j.powtec.2020.10.084
https://doi.org/10.1016/j.powtec.2020.10.084
https://doi.org/10.1016/j.clay.2023.107003
https://doi.org/10.1039/C9DT04175C
https://doi.org/10.1039/C9DT04175C
https://doi.org/10.3390/nano11081917
https://doi.org/10.1021/acs.inorgchem.9b01959
https://doi.org/10.1021/acsomega.0c04904
https://doi.org/10.1021/acsomega.0c04904
https://doi.org/10.1039/C9TA06214A
https://doi.org/10.1016/j.seppur.2022.120673
https://doi.org/10.1016/j.seppur.2022.120673
https://doi.org/10.1016/j.poly.2020.114685
https://doi.org/10.1016/j.poly.2020.114685
https://doi.org/10.1016/j.apsusc.2018.01.258
https://doi.org/10.1021/jacs.9b02706
https://doi.org/10.1021/jacs.0c00555
https://doi.org/10.1021/jacs.0c00555
https://doi.org/10.1016/j.cej.2023.142706
https://doi.org/10.1016/j.cej.2023.142706
https://doi.org/10.1021/jacs.0c00555

