x‘k';‘. ‘/ v VJ Hﬂ‘fﬁ EM *.—\l—. ﬁ-/-
. " 1 ( T\ e S 17T
j{' ‘1’ 4‘? }t‘ A & The Xiao Group

Organic Electrosynthesis Using Heterogeneous
Catalysts Modified Electrodes

Lecturer: Peng Chen

Supervisor: Prof. Liang-Qiu Lu
Prof. Wen-Jing Xiao

Sep. 10, 2023

i The Xiao Group



Outline

v' Background
B Introduction of electrolytic cell
B Two types of electrolysis
B The representation of heterogeneous catalysts modified electrodes

v Anodic oxidation reaction

v Cathodic reduction reaction

v Summary




Outline

v' Background
B Introduction of electrolytic cell
B Two types of electrolysis

B The representation of heterogeneous catalysts modified electrodes

The Xiao Group



Background

B Introduction of electrolytic cell

v' Electrolytic cell : a non-spontaneous reaction is driven by an external
source of current.

v' The electrode at which oxidation occurs is called the anode; the
electrode at which reduction occurs is called the cathode

M\---% DC P()Vjel' - _ _ 6 RT 1
Oxygen Receivi *  Electron Flow Erogen Receiver AnOde_ (pa —_— (pa, e + na -— (p = Elna + na

”:::::%::::f”" B . — - RT 1
Cathode: (pc—(pc,e'r’c—(pe'ﬁlna_nc

S, omes ©
Electrolyte ° g : C;%o S Eoleoctrolyte
Nl eml ] | Decomposition potential: E4 = @, — @.=E, + n, + n,

o o : 5 ©
o : +| O ]
o O . H o

o0 = = 0

o O @ Q
Anode DQQQ @@ ° athode . P .
= e @2 | : Being oxidized first;
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Background

B Introduction of electrolytic cell

The type of Electrolytic cell Heterogeneous electrocatalysis
A. B.
T current S current Electrode
X K D “r f » M
| | | | :
"\\0(\ o* — Osub : =
C C 60@ reaction + Mass transfer
A A A A oS 5
N T N T o :
Ol . D A |H 0| D A |H X :
D 0 D - o}
E D E . D e Lo .
p+ am#4 E D+ . a4 E T‘ Electrode surface region : Solution
B:. '
\
, \ - Re
polymer membrane/porous aist 5\\
2 So
oxidation (@anode): D — D™ + nee ’o,«,b R* - Ry <
reduction (@cathode): A + me — Al 7 reaction s : Mass transfer
overall reaction: mD +n-A —= mD™ + n-A™

(redox neutral)

€ Undivided cell: a starting material, intermediate, or product is unable to undesired
reaction at the opposite electrode

€ Adsorption and desorption are essential for selectivity

_ BRfE. BZ. kL. EHfT \ The Xiao Group




Background

B Introduction of electrolytic cell- the current density

Anode: M — M#* + z_e"
Cathode: A + z.e-— M~

BUSREF409z, BARIEENQ, KERMAWIFEA
E9n, B/

_ _Q ;. dQ
Q = nzF, orn—zF =
= dn _2Gp) ( F _1,dQ _
dt dt zF dt zF

Surface area (A) needs to be taken into account

o

== =, Jis the current density

zF
€ The current density represents the rate of reaction

€ The potential indicates the difficulty of reaction

g

For example:

~

Current density (mA cm'z)
-l nN W
s 8 8

o

{1 —10mM HMF

1 NiBDC-NF
—no HMF

g

1.4 15 16
E (V vs. RHE)

"
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Background

B Two types of electrolysis

(A) Direct electrolysis

> Redox potential of the substrate

» Limited substrate range
follow-up
N+ reaction(s > Difficult Compatibility of sensitive
Reactive 4L
eaae | T

groups

> Avoid excessive oxidation/reduction
> The selectivity of the product is

follow-up

N+ reaction(s trollabl
_ Reacti ) controlliable
[ cacve l _....

Intermediate Product
> Easy recyclability

__________________________________________________________________________________________

{ Homogeneous electrolysis: diffusion of the electrocatalyst, unrecyclable

Heterogeneous electrolysis: increased active surface area and electron
transfer, recyclability.

J.-B. Chen et al. Chinese Chemical Letters. 2023, 34, 107735-107753
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Background

®m The representation of heterogeneous catalysts modified electrodes

_/

— Anode — Alloy P

—— Cathode —

Alkynes Hydrogenation
(0] N-Heterocycles Hydro-

Biomass Oxidation S genation
Aldehyde Hydrogenation

Thioethers Oxidation
@ B > | Nitriles Hydrogenation

Alcohol Oxidation

Amines Oxidation C Nitroarenes Reduction
Olefines Oxidation = Halides Deuterodehalo-
C-H Functionalization N © genation
L ) Coupling Reaction

Heterogeneous Catalysts

e

J.-B. Chen et al. Chinese Chemical Letters. 2023, 34, 107735-107753

BRfE. BZ. kL. EHfT \ The Xiao Group



Outline

v Anodic oxidation reaction

The Xiao Group



Anodic oxidation reaction

B Two-Dimensional Metal-Organic Layers to Conductivity Constraint

P RVC/CNT/MOL-TEMPO-CO,™ (+) | Pt (-) PN
R” “OH ~ R"So + H
CH3CN/H,0 (8.5/1.5), Bu,;NCIO,, 2,6-lutdone, rt
controlled potential electrolysis up to 99% yield C os,-
Selective oxidation of n-propanol: e'l
H/W\N‘o O 3
. O
)J\ + P o
oH 25% 75%
P U — € Enhancing conductivity by
o decreasing the transport
R distance of the electron
Jv 0% 100% and the hole
MOL/W\N\ Selectivity
0.
¢ CNT/MOL Assembly endowed the selectivity for

primary versus secondary alcohols

C. Wang et al. ACS Appl. Mater. Interfaces. 2018. 10, 36290-36296

BRfE. BZ. kL. EHfT \ The Xiao Group
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Anodic oxidation reaction

m Architecture—Performance Relationship in Bifunctional Multilayer
Electrodes

Pd/Ag/NF o
HO _~,, - Y OoH .,
Electrolysis OH
O High selectivity O high-purity hydrogen 0O high-value-added product
e — 1MEG b| = 300{ —AgNF
g — no EG l‘s_ 250 | —— PdAg/NF
'E 2001 E 2004 ——Pd/NF
i H2 @ g 150
O\/'\o e E 1004 057V 155V % 100 -
F‘ g ]\ N 5 )]
Q\/\O 04 0608 10 12 14 16 1820 0.5060.708091011121314

PdAg/NF
Potential (V versus RHE)

Potential (V versus RHE)

€ Lower than that of the
oxygen evolution reaction

J.-L. Shi et al. Chem Catalysis. 2021,1, 941-955
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Anodic oxidation reaction

B Architecture—Performance Relationship in Bifunctional Multilayer

Electrodes
€ How to prevent further oxidation?

A B

b - Fermi level 1.5k
) > for noble metals
’
’ \ 10k
/ \ .
o " Fermi level
i “ for transition metals 05k
d bands \
\ \ 00
\ \ }
\ \ é
! ' 05

\
\ \, Adsorbate-induced
\ ’ level
7/

———w» Density ofstates |y oy

& KR A TNEFREF L E N
ANEFRE, ¢ AgRYNOA (PdAg/NF)SHZRPIRIdEE I MRE 2K
¢ %ﬁﬁﬁﬁﬂ% AR BEZy, M1.39 eVEI1.44 eV
& EAESTEHKEERETR | € SEEREIEXNTYINIRIEERRK, ZTHE
EBF e I e S~ —
. dﬁgﬁflt\%ﬁﬁ*ﬁgg&' %) & BRI — SR NS "R
FOR B




L &l OH OH Ok _OH ]
‘ A e I | 3 Ag(+)=PAg
~ E[ ‘ . Ag(*) HOCH:C* —_— ‘
¢® Je E* E* ol  Pd(-)->pd X
)b 4 Pd Pd(-) ‘
» L . HOCH:.COOH  HOCH:COOH
“_  HOCH:.CH:OH  HOCH:CH:OH HOCH.C Fi
(0] (o]
T T G RS < i W P S S e a—
B
Ethylene Glycol HO/\/OH — 3 CO —— 3 CO,
Ag+Pd - Pd(-)/ Ag(+) (1) ¢
4Pd(-) + HOCH,CH,OH —> Pd(-)-HOCH,C' = O + 3Pd(-)- H(+)  (2) Glycolaldehyde HO._~,
Pd(-)-HOCH,C" = O + OH - HOCHCOOH + Pd(-) 3) N
3Pd(-)-H(+)+ Ag’ +30H —<—3Pd + Ag + 3H,0 + 2 (4) Glycolic acid O " o o
OH ?—<
HO

)

J.-L. Shi et al. Chem Catalysis. 2021,1, 941-955
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Anodic oxidation reaction

m Architecture—Performance Relationship in Bifunctional Multilayer

Electrodes
HO OH
o Au/Pd o
N > + H2
HO/\@/\O Electrolysis OWO
HMF FDCA (16.4%)

Components >> Architecture >> Performance >

Monometallic films
Pd,,

HMF ,
|/

Bimetallic films m{\é/l
Pd,/Au, ﬂ \ /
w (AuPd),

(PdAu),

@ ranes QAuNps Anode HMF + 60H — FDCA + 4H,0 + 6e”
Cathode 6H,0 + 6e — 3H, +60H"
Overall HMF +2H,0 — FDCA + 3H,

B. U. Kim et al. ACS Nano. 2020, 14, 6812—-6822

BRfE, EZ. KE. EHfT \ The Xiao Group



Anodic oxidation reaction

m Architecture—Performance Relationship in Bifunctional Multilayer
Electrodes

—p Fast = Pd

a U oo J & 2 » Slow u
' \\M %s{ SI A

o. | (o)

O s e — Aok

HMF =\ FFCA FDCA
\ )/
FDA
b C
HO 0 o
[o]
| OH H \ / TOH
2 he
‘H

B. U. Kim et al. ACS Nano. 2020, 14, 6812—-6822
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Anodic oxidation reaction

m 2D MOFs catalyst for electrocatalytic HMF oxidation

o MOF (NiCoBDC-NF) MO OH
et RS - © *He
\ /) O Electrolysis o] \ / o

HMF FDCA (99% yield)
W
e -e e -e
Integrated HER 100 A n repulsion . repulsion
with biomass valorization 1 =1h

electrolysis B

\Ni//ﬁ} o “j--(lk-\Ni’
AN WA

Better Weakere -e-
= donation_.  repulsion

\ P o

1 ——NiBDC-NF
~a—NiCoBDC-NF
1 ——NiFeBDC-NF

Seperator

~+— NiMnBDC-NF A
Ll 1.45 1.55 1.65
E (V vs. RHE) 2 ‘ LN

NiCoBDC-NF
NNOA6H,0 € Best catalyst: € The formation of
| . . ° .

i NiCoBDC-NF high valence nickel
Co(NO3),+6H,0 species

+

Terephthalic acid
+

Nickel foam (NF)

G.-Q. Li et al. J. Mater. Chem. A. 2020, 8, 20386—-20392
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Anodic oxidation reaction

® Ni,P Hollow nanocubes modified electrode for selective thioether

electrooxidation
NiP (+) | NigP (-)

S 1.0 mol/L KOH, H,O/Dioxane, rt o QR
AR undivided cell AR Ar” Yy
controlled potential electrolysis
1 2 3
NioP (+) | NizP (-)
/S\ 1.0 mol/L K,CO3, D,O/Dioxane, heat= (PI N O\\S/CD3
Ar undivided cell Ao cp, Ar
controlled potential electrolysis
O
o Lo oy or O
MeO MeO
92% 90% 87% 86% 91%
('s)' ('s? § 003 CD3
~
N
87% (97% D) 90% (> 99% D) 91% (93% D) 86% (> 99% D) 85% (83% D)

B. Zhang et al. Cell Reports Physical Science. 2021, 2,100462-100479



Anodic oxidation reaction

® Ni,P Hollow nanocubes modified electrode for selective thioether

electrooxidation
= 1l D
1|
Ni,P NiOOH
HNCs 9 surface
H,/D, e S<r2

Ni,P HNCs

€ Ni,P is used as both cathode

7

( ) (R2=CD, in D,0)

H,0/D,0, at low potential

S
Membrane-free YUNR?
H,0/D,0 R’-O B

H,0/D,0, at high potential
o_ 0

() N \\S:RZ
12

(R?= CD, in D,0)

In situ surface reconstruction

H,0

NiIOOH@Ni,P

and anode material

(C) Proposed mechanism

0] O\\ //O 0
4 PR &
Ph™™™ _S : Ph7~~
§ NiOOH Phoo~ ,;é\c- NiOOH
&.& &L
S £
&L &
g?\g-’ ph & /Ph
Selective oxidation of -s’ Ph Selective oxidation of z -S\=O
Ph\,r thioether to sulfoxide A HO—‘S- sulfoxide to sulfone o}
HO—/S— at low potential -oH /™ at high potential g -OH"
+ PRt
Ph s~ +oH /( N o5 o
i H OCI ! 1
Oy, NiOOH
%, . Vg )
%o e
' 0 C]
, I (I)
i A
{

€ The selective oxidation is realized by
adjusting the working voltage

B. Zhang et al. Cell Reports Physical Science. 2021, 2,100462-100479
/s 2 S VS AR =
FRE, B=. P Sy T
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Anodic oxidation reaction

® NiSe nanorod modified electrode for primary amines electrooxidation.

NiSe (+) | CoP (-)
R™NH, - R-CN + H
1.0 mol/L KOH, r.t.
controlled potential electrolysis

Representative substrate scope:

CN CN CN N
O O (O e~

99% 97% 96% 96%

Proposed mechanism:

| Il e__"..

OOH .

o R-CN \ Hy

e Wil .

z H™ >

U'J/Ni“ RANHz : H+
anode cathode

B. Zhang et al. Angew.Chem.Int.Ed. 2018, 57, 13163-13166

BRfE. BZ. kL. EHfT \ The Xiao Group



Anodic oxidation reaction

B NiSe NAs modified electrode for electrochemical self-coupling

reaction
s NO,
NiSe NA I bon (-
R—'H‘ NO, iSe NAs (+) | glass carbon (-) - Xy ™
[}
= 1.0 mol/L KOH in H,0, r.t., divided cell \F 2
controlled potential electrolysis S R
(B) Representative substrate scope
NO, NO;
NO
N 2 Cl =X
C NS
T A
< m
R R Cl
R =H, con. 96%, sel. 91% R = CH4, con. 89%, sel. 87% con. 94%, sel. 84%
R = CH3, con. 90%, sel. 87% R =F, con. 85%, sel. 89%
R =F, con. 93%, sel. 91% R = Cl, con. 89%, sel. 87%

R = CI, con. 94%, sel. 88%

et al. Angew.Chem.Int.Ed.2021,60,22010-22016

FR1E, EX. KL, 1T \The Xiao Group




B NiSe NAs modified electrode for electrochemical self-coupling

Se0, Z@NIOOH@NiSe

e e
“ 1l D 2.
1 . | 5903 Ph/“-No
| Surface reconstruction I Ph._-NOy H 2
: Ace | ]’ (NiOOH ) \H*
[ | Ph -
1
(H;0) Soluble reactants | ! ’ -HNO, OH- PhANOZ
I |
(] I .
NiSe NAs |
DS Qg g | 3
£ R + (80C),0 o / | 2 ; )--d
Q o ! - i | NOy
3 [ 1 e i I 2-
o H o u_)\ i 2 : Se0y
> : = : NiSe !
H ; e : - I
N. O R O -
R T \|/ 1A i ‘,Serz |
o} R i | -
| NiOOH - ! ©
(Hy) Precipitated products H | OER
1 |
i I
! |

O Surface Sa0.2 and -NO. adsarntinn nromation

€ - #1 E-nitroethene are similar
Gibbs free energies

@ The preferential adsorption of two
—NO, groups on electrode surface
can dominate the E-isomer product

B. Zhang et al. Angew.Chem.Int.Ed.2021,60,22010-22016

FHE. [EZ%. KL, 1T \ The Xiao Group
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) cataysis catalysis

Anodic oxidation reaction

® Mn;O, NPs modified electrode for epoxidation of olefins

— Mn3;O4 NPs (+) | Pt (- O

R/—\R s H,O 304 (+) | Pt () _ . H,

! 2 0.1 mol/L TBABF,4, CH3CN, r.t. R R,

controlled potential electrolysis con.~50%

Proposed mechanism:
H + 2e’ |o ©
= Mn;04 NPs / int.lNl \ ©
' OH
int.ll — —

Platinum Cathode\ /"\l

Carbon Paper Anode

\ it /

R Rz
H,0 —> + H
*" Electricity C)}O ’ int.l

+

S

D.-T. Yang et al. J.Am.Chem.Soc. 2019, 141, 6413-6418



Outline

v Cathodic reduction reaction
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®m Pd-P NNs modified electrode for electrocatalytic semihydrogenation
of alkynes. . . Q—— 5

(A) Reaction conditions 1.0 mol/L KOH ' H H o ' H H .
S G
Dioxane/H,0 i 2t 4 '
Pt (+) | Pd-P NNs (-} RT R GRT M
R'——=——R? ' Z isomer ! (RZ=H) :
r.t, -0.8 V vs, Hg/HgO, ! ' : :
divided cell 05molLK,cO; 1B, P B D
-, = tor ! >=< !
(R2 = H) | 0.5 moliL K,CO3, Dioxane/D;0 1% gzi g1 b i
Dioxane/D,0, beerenenend “mememenanad
2 min
Pt (+) | Pd-P NNs (-) H H
RI—=—p - =
1.0 mol/L Phosphate buffer saline, dioxane, R! D

rt., -0.8 V vs, Hg/HgO, divided cell
(B) Representative substrate scope

Semihydrogenation

92% 89% 90% B2%

Trideuterated alkenes

99% D
99% D gg9, 99% D 99% ° 99% 99% D gg9,
s D \ D
D D
HzN 99% Br 9";’ 99% 99%
93% 83% 90% 78%

B. Zhang et al. Angew.Chem.Int.Ed. 2020, 59, 21170-21175

BRfE, EZ. KE. EHfT \ The Xiao Group



B Asymmetric Cyclopropanation and Cyclopropenation

(C) Proposed mechanism

The incorporation of P into Pd

>_< Pd—P

€ Over hydrogenation : decrease the

number of H atoms
= F’h “H

€ Adsorption of alkyne: more preferential
adsorption of the Pd-P to C=C t bond
than C=C

€ Hydrogenation of alkynes: the stronger
bonding of H*

B. Zhang et al. Angew.Chem.Int.Ed. 2020, 59, 21170-21175

BRfE. BZ. kL. EHfT \ The Xiao Group



Cathodic reduction reaction

m CoS, and CoS,, NCs modified electrodes for selective electrocata
-lytic hydrogenation of a. B-unsaturated aldehvdes.

carbon rod (+) | CoSs NCs (=) @/\AO
-
phosphate buffer (pH = 7), r.t.,

G/MO_ -0.9 V vs. RHE, divided cell HCAL Con.: 90.6%
c Sel.: 91.7%
AL carbon rod (+) | CoS,., NCs (-) @/\/\OH
-
phosphate buffer (pH = 7), r.t.,
. -0.9 V vs. RHE, divided cell HCOL Con.: 92.1%
(B) Representative substrate scope Sel.: 93.0%
Substrate CoS; NCs CoS,., NCs
Con.: 86.3% Con.: 88.1%
Sel.: 88.7% Sel.: 92.6%
- O o™
0
Con.: 72.0% Con.: 76.5%
Sel.: 84.3% Sel.: 84.6%
=
Con.: 87.2% Con.: 90.2%
Sel.: 76.8% Sel.: 89.3%

B. Zhang et al. Cell Reports Physical Science. 2021, 2, 100337-100353.

BRfE. BZ. kL. EHfT \ The Xiao Group



Cathodic reduction reaction

m CoS, and CoS,, NCs modified electrodes for selective electrocata
-lytic hydrogenation of a, B-unsaturated aldehydes.

A

Step |

y

Step Il

Co-PVP Co(OH),
C 400 100
........ — CoS o—9 CoSzx
P —09 . 100 80 2 -100
i, 80| g = o= pm " .
>~ E = =
-~ Lgo X T 60- 80 2
= 60- r
o Q > 9 60 ‘?
R J— CoS, ® 401 I 5 340- =
3 CoS, + CAL 9 s 2 L40 &
c 40 @ € 5. 2
.......... c°32_x o 204 ° 0 (?J
o g 0 © 20
CoS,, +CAL 0. B
.- / 0 | ES = ES o
1.0 -08 -06 -04 -0.2 0.0 11 09 07 -05 -03 9 -1.1 09 07 -05 -03
- E/Vvs. RHE - E/Vvs. RHE . E/Vvs. RHE
P: Due to the dominant N ) T )
HER P "o . Ph” ""0H |

B. Zhang et al. Cell Reports Physical Science. 2021, 2, 100337-100353.

_ BRfE. BZ. kL. EHfT \ The Xiao Group



Cathodic reduction reaction

m CoS, and CoS,, NCs modified electrodes for selective electrocata
-lytic hydrogenation of a, B—unsaturated aldehydes.

= 3.0 =
=N -+~ CAL CoS, — ——+— CAL CoS,,, E DMPO-C *kk kK k CoS,,,
2.51 \ -o-HCAL a0 2.5+ \ -o- HCAL
120 ‘\ “A=COL /;/ ’ v, 20 - COL N o With electricity|
—_— || e I & — B v : x  la PP A o S
S 15] 5,19 _HSS:!"(( S 15 \ <~ HcoL L g Without electricity
E 4 Nt £ % e £ DMPOH 4 4 4
= b [‘f#’\\ E1.0- N\ g #° #"8 "8 &
) © O N 2
0:5 /vkﬂ/ ,\ s i 0.5 j AN N i ‘ = With electricity,
0.0 Tff»— “'F‘v . ' ‘ . . 0.0 -‘l—cf;—f—w'ﬁhc?‘::ﬂ'f‘ﬂzﬁ-@ - ‘Without electricity
0 45 90 135 180 225 0 45 90 135 180 158 250 202 204
t/ min t/ min
A ———————— - fTTTSTETEOTETE TR O ——— T ——————————— - 1
] CAL— HCAL H 'CAL—> COL _’HCOLI I H and C radical 1
A N
e o Cos, (100) CoS,.. (100) CoS,., (100)
e / AE,,_ =039 eV =071eV AE,, =194 eV
HCAL \ b AE,, s

1
i
1
1
|
o
2e S i !
CAL 4 HCOL ® ® & oI » o @

o esdes oo de kes e e e kel

LMNNWIL%%%WLO&LC‘&LO&LW

@ Sulfur vacancies: Different groups have different adsorption energy

B. Zhang et al. Cell Reports Physical Science. 2021, 2, 100337-100353.

_ BRfE, EZ. KE. EHfT \ The Xiao Group



Cathodic reduction reaction

m CoS, and CoS,, NCs modified electrodes for selective electrocata
-lytic hydrogenation of a, B-unsaturated aldehydes.

Ph H

Ph—y\
CoS, NCs _\—\\ 0052 » NCS
> © HO
& P S ’ \
&3 (
-:? —~ | <
0 CoS, catalyzed ) PhPh CoS,., catalyzed e
.,. & transfer En A\ transfer
ra
z hydrogenation of z| ¢ hydrogenation of
% C=C bond Sf N 33| PRC=CandC=Obonds
o0
) \*‘\\ HT

e- 2 (X ““~oH .
WO H o 4

B. Zhang et al. Cell Reports Physical Science. 2021, 2, 100337-100353.

Fl
_ BRfE. BZ. kL. EHfT \ The Xiao Group




D —\
i-Bu D SOMe Me, HN—( N
o -, /
o ’
\
D / N
N=(
Deutetrab i oo Me
eutetrabenazine .
VMAT?2 inhibitor Deuterated rofecoxib vx-984
(FDA-approved) (COXT1 inhibitor) DNA-PK inhibitor
Pt (+) | Cu NMAs (-)
I/Br - QD
0.5 mol/L K,CO3, CH3CN/D,0, r.t.,
-1.1 V vs Hg/HQgO, divided cell
C-l to C-D: C-Br to C-D:
D AN
o O, ~O=— CC
NH, N
99% 99% 99% 99% 85%
(88% D) (>99% D) (> 99% D) (66% D) (93% D)

B. Zhang et al. Angew. Chem. Int. Ed. 2020, 59, 18527 — 18531.

_ BRfE, EZ. KE. EHfT \ The Xiao Group



Cathodic reduction reaction

m Cu NWAs modified electrode for radicals coupled reaction

=—¢ |||| e Oxidant-free paired anodic oxidation

< > - : NH, : OH NH
I
i » 5a,5b, 5c 5a 5b 5c
NH, i
\ g |/ /O ~ N
) : o~ O
/ |f —|—:-O ﬂ)n- | Z
2
Z 6a 6b. 6c 6a, Con. 98% 6b, Con. 97% 6¢, Con. 99%
L NHp ] - Sel. 99% Sel. 99% Sel. 60%
<+ ¢ - -
DMPO-H With electricity
H /.\ * + ¥ 2% T *
l 020 Ozf 3:
R = -X~ . S Without electricity
R—X — IR—x] —» R >
— : stepwise A ‘» |omPO-C With electricity
......... e.-X.....concerted i S #o##H# B #
& =
l R_X\/R Without electricity
- — Radicals coupling r r r r r
L g gl . 3465 3486 3507 3528 3549
/7 N . Magnetic field / G

B. Zhang et al. Angew. Chem. Int. Ed. 2020, 59, 18527 — 18531.

BRfE, EZ. KE. EHfT \ The Xiao Group




Outline

v Summary

The Xiao Group



Summary

Alloy P

Se

N
Heterogeneous Catalysts

S

¢ Integrating heterogeneous electrocatalysts into electrode surfaces expands the
range of traditional organic electrosynthesis

€ Heterogeneous electrocatalysts can be specifically and rationally designed to
incorporate catalytic sites and have broad application prospects

€ Despite there are some difficulties to overcome, heterogeneous electrocatalysts
provide a promising platform for advancing electrocatalytic conversions of
organic molecules to value-added products

The Xiao Group



Thanks for your kind attention /
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Anodic oxidation reaction

B GF-CoS, /CoS anode for electrocatalytic epoxidation

o)
©/\ GF-C0S2/CoS) (+) | C (-)
+ NaBr >
MeCN/H,0, 30 mA, 4 h, 30 °C
Undivided cell
Sel. 97%
Proposed mechanism:

............................................... —

Sr.
no. Scavenger Mediator Conditions Epoxide%
1 Divided cell NaBr Air 0%
2 — NaBr Argon 51%
3 — Na,SO,  Air 0%
4 — Na,50, Argon 0%
5 — Na,SO, O, 4%
6 p-Mannitol (OH" radical) NaBr Air 42%
7 BHT (common radical) NaBr Air 0%
8 Peroxidase (H,0, NaBr Air 72%
degradation)
9 TEMPO (common NaBr Air 5%
radical)

Oxygen Redox H,0,

/\ \O il - o Pathway 2
2¢

0O,

athway 2 + Surntie ) \
Br S D
/\\\ /\OH— gy )__\ Oxygen Redox
Br. . Species
L@ | OH
P 5 (b1)

athway 1 HBr OH- H,

@)—\ b3)
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Figure $5. Crystal structure diagram of the 2D MOFs NiBDC with the molecular formula
of [Ni3(OH),(1,4-BDC),(H,0)4]-2H,0.
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There are two other efficiencies calculated based on the energy
changes of the water electrolysis reaction, known as the Faradic
efficiency and the thermal efficiency. They use the Gibbs free energy
change and enthalpy change of water decomposition reaction as
the energy input, respectively. Both ngiradic and %thermar adopt the
theoretical energy requirement plus energy losses as the energy
input. As shown in Equations (7) and (8).

Traradic = AG 1 Losses E ol (7)

AH  Eay
AG + Losses  E_q

(8)

NThermal —
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a Hypothesized Mechanism for a-Nitrotoluene Electrooxidation to E-Nitroethene
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