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Selective reduction of nitroarenes via non-contact hydrogenation
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ABSTRACT: In traditional hydrogenation, where Hz and substrates with unsaturated bonds are activated on the same catalyst
(contact mode), competitive hydrogenation of multiple reducible groups often occurs. We introduce a non-contact hydro-
genation method for selective reduction of the nitro group when multiple reducible groups are present. The set-up is based
on an unbiased H-cell that spatially separates Hz and nitroarenes into two chambers connected by a proton-exchange mem-
brane, thus effectively decoupling the steps of H: activation and reduction of unsaturated groups. Through a unique pro-
ton/electron transfer pathway that is specific to nitro functional group reduction to hydroxylamine, side reactions like C=C,
C=0, and C=C bond hydrogenation are fully avoided. Utilizing commercial Pd/C for Hz activation and carbon nanotubes for
proton/electron transfer, we achieve 100% nitro-group reduction selectivity in hydrogenation of a series of nitroarenes, in
sharp contrast to negligible selectivity over the same catalysts in a batch reactor under contact mode. This non-contact ap-
proach offers a strategy for enhancing selectivity in hydrogenation reactions, moving beyond the traditional focus on catalyst

active site engineering.

INTRODUCTION

The selective catalytic hydrogenation of nitroarenes pos-
sessing multiple reducible groups into nitroso, azoxy, hy-
droxylamines, and amines constitutes a critical chemical
process extensively utilized across various sectors, includ-
ing the dye, pharmaceutical, and food industries.!® Typi-
cally, the hydrogenation process involves co-feed Hz and ni-
troarenes in a single reactor where they are activated on the
same catalyst surface, referred to as contact hydrogenation
(i.e., Hz and nitroarenes are under contact with each
other).”-10 However, the reaction often leads to the compet-
itive reduction of undesired reducible groups. To address
this issue, significant research efforts have been dedicated
to developing catalysts to improve selectivity guided by the
Langmuir-Hinshelwood (L-H) mechanism,'’"*5> which sug-
gests that hydrogenation performance is largely deter-
mined by the interaction between co-adsorbed hydrogen
atoms and unsaturated functional groups on adjacent
sites.16-21 A common strategy is to fine-tune the active sites
to favor the adsorption of the nitro group (-NO2) over other
unsaturated groups such as C=C, C=C, -CHO, and -X (X =Cl,
Br, 1) either by electronic or geometric modifications. 2225

On the other hand, it has been demonstrated that nitro
group hydrogenation can proceed via a non-L-H mecha-
nism, namely through a proton-electron addition pathway,
including the decomposition of hydrogen into electrons and

protons at active sites, followed by the direct reduction of
the nitro group through electron capture from the catalyst
surface and protons from protic solvents.2¢-32 Such a mech-
anism removes the need for -NOz and H atoms to be co-ad-
sorbed on the same catalyst surface, paving the way for cat-
alytic systems that facilitate selective hydrogenation of -NO2
group via the proton-electron addition while leaving other
functional groups unaffected. Along this line, thiol mole-
cules have been introduced to cover the Pt, Pd or Ni catalyst
surface, limiting the co-adsorption of H and the substrate,
and thus enhancing selective hydrogenation.33-3¢

While the catalyst development will continue to play a cru-
cial role to the field, there also exists an underexplored op-
portunity in achieving high selectivity without the design of
new catalysts: tailored engineering of catalytic reactors to
favor the proton-electron addition pathway. Compared
with designing catalysts with elegantly controlled structure,
this approach would circumvent the challenges of scalabil-
ity, reproducibility and/or costs often associated with new
catalyst development.

Recognizing this potential, we introduce a non-contact hy-
drogenation process aimed at selectively reducing -NO2
groups using common and commercially available materi-
als. Via physically separating Hz and substrates across the
anode and cathode of H-type electrochemical cell (H-cell),
our non-contact hydrogenation process effectively restricts
unnecessary hydrogen-substrate interaction that leads to



non-selective hydrogenation. With Pd as the anode for Hz
oxidation and carbon nanotubes (CNTs) as the cathode for -
NO: reduction, this configuration enables the selective hy-
drogenation of nitroarenes with multiple reducible groups,
such as C=C, C=C and -CHO, into primary hydroxylamines.
Contrastingly, traditional single cell set-up (S-cells) that co-
feed Hz and substrates into one chamber exhibits negligible
selectivity towards primary hydroxylamines using the same
catalyst. Our mechanistic study elucidates that nitro groups
are directly reduced to -NHOH by capturing electrons and
protons from the CNT surface and protonic solvent, respec-
tively, via an out-sphere electron transfer mechanism. This
mechanism eliminates the presence of adsorbed hydrogen
atom on catalyst surface which is essential for the hydro-
genation of C=C, C=C, and -CHO bonds via L-H mechanism.

RESULTS AND DISCUSSION

In conventional contact hydrogenation, H: is dissociated
into hydrogen atoms upon interaction with noble metal sur-
faces, such as Pd. This subsequently leads to the non-selec-
tive reduction of various unsaturated functional groups, in-
cluding C=C and C=C bonds, as well as aldehyde (-CHO) and
nitro (-NOz) groups, on the same metal catalyst surface (Fig-
ure 1Ai). To illustrate this phenomenon, and for comparison
purpose later, we employed an electrochemical single cell
(S-cell) to represent traditional liquid-phase thermal hydro-
genation using PdC as the catalyst. This setup co-fed hydro-
gen and various substrates, such as ethenylbenzene, phe-
nylacetylene, benzaldehyde, and nitrobenzene, into the
same cell. As displayed in Figure 1Aii and Aiii, all four types
of unsaturated functional groups were completely reduced
to their saturated counterparts, exemplifying the lack of se-
lectivity in traditional hydrogenation when a common com-
mercial catalyst such as PdC was used.

Subsequently, we explored the non-contact hydrogenation
of nitroarenes using an H-cell, in which Hz and substrates
were separately supplied to the anode chamber and the
cathode chamber, respectively. As such, the reaction is di-
vided into two distinct electrochemical half-reactions: the
oxidation of Hz to protons and electrons at the anode and
the reduction of substrates through the acquisition of pro-
tons and electrons at the cathode (Figure 1Bi). Initially, we
conducted a confirmatory experiment employing PdC for
the H: oxidation and doped carbon nanotubes (CNTs) on
carbon paper for the reduction reactions at the cathode. As
demonstrated in Figure 1Bii and 1Biii, and further detailed
in Figure S1, the current within the H-cell remained negligi-
ble upon sequential addition of phenylacetylene, eth-
enylbenzene, and benzaldehyde, indicating no product for-
mation. However, when nitrobenzene was introduced to the
cathode chamber, there was a significant increase in cur-
rent, together with the detection of N-hydroxyaniline and
aniline reduction products at the cathode, thereby high-
lighting the exceptional selectivity of the setup towards -
NO: reduction.
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Figure 1. (Ai) Traditional contact hydrogenation using PdC (5
wt.%) in a single electrochemical cell (S-cell), (Aii) and (Aiii)
Product distribution of ethenylbenzene, phenylacetylene, ben-
zaldehyde, nitrobenzene, 4-nitrostyrene, 4-ethynylnitroben-
zene and 4-nitrobenzaldehyde hydrogenation via the contact
mode in the S-cell, (Bi) Non-contact hydrogenation in a H-type
electrochemical cell (H-cell) with PdC (5 wt.%) as anode for hy-
drogen oxidation and CNT as the cathode for the reduction re-
action, (Bii) Current for the H-cell with sequential addition of
phenylacetylene, ethenylbenzene, benzaldehyde and nitroben-
zene, (Biii) and (Biv) Product distribution of ethenylbenzene,
phenylacetylene, benzaldehyde, nitrobenzene, 4-nitrostyrene,
4-ethynylnitrobenzene and 4-nitrobenzaldehyde hydrogena-
tion via the non-contact mode in the H-cell. All experiments
were conducted in 50 vol. % acetonitrile and 50 vol. % aqueous
solution of H2S04 (1 M) mixture electrolyte for cathode side and
aqueous solution of H2S04 (1 M) for anode side.

Next, by using this H-cell setup we proceeded to evaluate
the selective hydrogenation of several substrates contain-
ing various unsaturated functional groups, including 4-ni-
trostyrene, 4-ethynylnitrobenzene, and 4-nitrobenzalde-
hyde. As shown in Figure 1Biii (further details provided in
Figure S2), the nitro groups were selectively reduced to pri-
mary hydroxylamino (-NHOH) together with a minor frac-
tion of amino (-NHz) functionalities while completely pre-
serving the para-group C=C, C=C, or -CHO functionalities. In-
terestingly, the hydrogenation activity increased with the
electron-withdrawing capability of the substituent at the
para position. This suggests that a reduced electron density
on the benzene ring facilitates the nitro group's electron
capture from the electrode surface, aligning with the elec-
tron transfer nature of the reaction. Based on these experi-
ments, it is established that the non-contact hydrogenation
methodology offers high selectivity for reducing ni-
troarenes that concurrently bear multiple reducible func-
tional groups.



Without 3-mercaptopropionic acid

=
P - With 3-mercaptopropionic acid
9 200
\.4) Olf £
E
\S @ @ % 150
S °
‘e c
e .©100
A Tt P ) ]
S Ne pRe R
e 2 g 50
=4 Y
I ! Y

=
o
@
G

th — of7C=es al iS————
< S
. E //// N /
T 06 @ "Siope = 0.014 R? =097 5./ 4
& Bl '9
RT [ o
] =[O 4 — ——NHOH 6 -12
204 R L
u of-cHo___———— d-NO, p—
NG _ g0 0059 a-nHoH = — i
% 02 B0+ 272« pH « Log S22t . // . {
o —NO, + 4H* + 4e~ > —NHOH + H,0 £ 8 0
S.12 /
0.0 3-16 “

1

9 06 -04 02 00 02 06 -04 02 00 02
Potential (V vs. RHE)

5
pH Potential (V vs. RHE)

(D) Adsorption energy

-096eV -1.98eV -0.30eV -0.34eV

i

-0.19eV  -0.010eV -0.024 eV -0.017 eV

Figure 2. (A) (left) A diagram illustrating the active site poison-
ing experiment at the cathode side of the H-cell with PdC (5 wt.
%) electrode and (right) hydrogenation rate comparison of
ethylene, propiolic acid, 4-hydroxybenzaldehyde and 4-nitro-
benzenesulfonic acid hydrogenation without and with the ad-
dition of 20 pL 3-mercaptopropionic acid in pH 1 electrolyte,
(B) Open-circuit potential of the cathode with respect to pH for
4-nitrobenzenesulfonic acid hydrogenation over the PdC (5
wt.%) electrode for hydrogen oxidation and CNT for the reduc-
tion reaction in H-cell, (C) Cyclic voltammetry (CV) curve of
ethylene, propiolic acid, 4-hydroxybenzaldehyde and 4-nitro-
benzenesulfonic acid hydrogenation over CNT electrode in a
pH 1 electrolyte in S-cell, (D) Adsorption energy of the C=C dou-
ble bond, C=C triple bond, -CHO and -NOz on Pd(111) and on
the carbon surface via DFT calculation, and (E) A diagram illus-
trating the non-contact hydrogenation of -NOz to -NHOH in the
cathode.

We further conducted non-contact hydrogenation of eth-
ylene (C=C bond), propiolic acid (C=C bond), 4-hydroxyben-
zaldehyde (C=0 bond), and 4-nitrobenzenesulfonic acid (-
NO2z) employing PdC or PtC at both the anode and cathode.
The purpose is to systematically compare the catalytic per-
formances under non-contact (in the H-cell) and contact (in
the S-cell) hydrogenation modes across a wide pH range of
1-13. These experiments were conducted in kinetic regions
with negligible hydrogen mass transfer limitations (Figure
S3). Activity and selectivity findings are compiled in Figure
S8, with detailed product analyses available in Figures S4-
S7. Not unexpected, hydrogenation products were detected
for all four substrates in both modes. Importantly, the selec-
tivity to acrylic acid and 4-hydroxybenzyl alcohol remained
consistent in two reactor setups, suggesting identical reac-
tion pathways under both contact and non-contact hydro-
genation modes. However, selectivity towards 4-(hydroxy-
amino)benzenesulfonic acid during 4-nitrobenzenesulfonic
acid hydrogenation in the H-cell was significantly higher

than that in the S-cell, indicating a contact-mode-dependent
mechanism for -NO2 group reduction compared to the other
functional groups. These data suggests that the L-H mecha-
nism predominates for C=C, C=C, and C=0 bond hydrogena-
tions for both contact and non-contact hydrogenation. For
the latter (non-contact hydrogenation), the combination of
protons and electrons to form surface-adsorbed hydrogen
atoms is required. Thus, this hydrogenation pathway can be
blocked in non-contact hydrogenation if cathode is not able
to convert proton and electron to surface hydrogen. On the
other hand, the -NOz group reduction plausibly follow both
L-H and proton-electron addition pathways, with the latter
becoming more prevalent in the non-contact mode.

To confirm this, 3-mercaptopropionic acid (MPA), known
for its strong binding that block Pd active sites,3’40 was
added to the PdC electrode in the cathode chamber in non-
contact hydrogenation. Indeed, a notable decline in reaction
rates for ethylene and propiolic acid hydrogenation were
detected following MPA addition (Figures 2A and S9), while
a full deactivation was observed for 4-hydroxybenzalde-
hyde hydrogenation. In sharp contrast, approximately 50%
of the initial activity for 4-nitrobenzenesulfonic acid hydro-
genation persisted. Even when PdC was replaced by Pd
plate, about 25% activity remained (Figure S10). After poi-
soning the PdC electrode, the only product is 4-(hydroxy-
amino)benzenesulfonic acid, which is a four-electron reduc-
tion product of -NOz2.

Subsequent open-circuit potential (OCP) tests were con-
ducted under varying pH conditions using an Ag/AgCl ref-
erence electrode, aiming to further elucidate half-reactions
under the non-contact hydrogenation mode. PdC and CNT
were used for the anode and cathode, respectively (Figures
2B and S12). For ethylene, propiolic acid, and 4-hy-
droxybenzaldehyde hydrogenation, the pH-OCP curve
slopes were approximately 0.29 mVepH-!, suggesting that
the possible cathode reaction is a two-electron reduction
reaction according to the Nernst equation.*!#5 In stark con-
trast, the slope for 4-nitrobenzenesulfonic acid hydrogena-
tion approximated 14.8 mVepH-1, indicating a four-electron
reduction on the CNT surface, corroborating the activity test
results where hydroxylamine was predominated. These
findings further align with cyclic voltammetry (CV) out-
comes using a CNT electrode under a nitrogen atmosphere
in the S-cell (Figure 2C), where a reduction peak near zero
potential (vs. RHE) was observed for 4-nitrobenzenesul-
fonic acid due to electron consumption. No such feature was
observed in the presence of other functional groups.

Then we analyzed the geometric configuration and adsorp-
tion energy of the C=C, C=C, -CHO and -NO: groups on
Pd(111) surface and on the carbon surface via DFT calcula-
tions (Figure 2D). The four functional groups would tightly
chemisorb on the Pd surface and form chemical bonds with
Pd atoms, while they would physisorb on the carbon surface
with a distance around 3 A from molecules to the carbon
surface. Consequently, the four-electron reduction of -NO2
to -NHOH on CNT surface depends on the outer sphere elec-
tron transfer without the chemisorption of -NO2z (Figure 2E).
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Figure 3. (A) Reaction rate change of 4-nitrobenzaldehyde hy-
drogenation to 4-(hydroxyamino)benzaldehyde and 4-amino-
benzaldehyde without and with the addition of K2S20s as elec-
tron scavenger at the cathode side of H-cell using CNT as cath-
ode and PdC (5 wt. %) as anode, (B) Isotope effect of 4-nitro-
benzaldehyde hydrogenation and (C) Reaction order of hydro-
gen and 4-nitrobenzaldehyde using PdC (0.04 wt. %) electrode
for hydrogen oxidation and CNT for the reduction reaction in
the H-cell and (D) A diagram illustrating the hydrogenation of -
NOz2 to -NHz in the cathode.

It is noteworthy that the selectivity of -NOz hydrogenation
differs markedly between contact and non-contact modes.
In contact hydrogenation when PdC is used as the catalyst,
the primary product is the amine (-NHz). Conversely, in
non-contact hydrogenation, with PdC as the anode and car-
bon nanotubes (CNT) as the cathode, hydroxylamine (-
NHOH) predominates, with only a minor fraction of amine
product. This discrepancy suggests disparate reaction path-
ways for the formation of amine and hydroxylamine. To val-
idate this, we carried out non-contact hydrogenation tests
using 4-nitrobenzaldehyde as the substrate, with PdC as an-
ode and CNT as cathode within the H-cell. Adding K2S20s as
an electron scavenger into the H-cell cathode chamber en-
tirely inhibited the production of 4-(hydroxyl)aminoben-
zaldehyde (Figures 3A and S13), while retaining over 50%
activity for 4-aminobenzaldehyde formation. This demon-
strates that the conversion of -NO2 to -NHOH entirely relies
on capturing electrons from surface, whereas the transition
from -NOz to -NHz does not.

Further insights were gained from isotope experiments
conducted within the H-cell under conditions where mass
transfer limitations are eliminated (Figures 3B, S14, and
§15). Replacing H* with D+ at the cathode resulted in a ki-
netic isotope effect (KIE) of 1.09 for -NHOH formation, com-
pared to 1.53 for -NHz, suggesting that proton capture is not
rate-determining for -NHOH synthesis but directly impacts
-NH: formation. Meanwhile, substituting Hz with D2 at the
anode similarly reduced the production rates of both -NH2
and -NHOH. Within this non-contact hydrogenation frame-
work, the reaction orders for hydrogen in producing -NHOH
and -NH: at the anode were 0.88 and 1.09, respectively, in-
dicating similar dependency rates. Conversely, at the cath-
ode, the reaction order was zero for 4-(hydroxyl)aminoben-
zaldehyde formation, but -0.93 for 4-aminobenzaldehyde
(Figure 3C and S15), suggesting that high concentration of
4-nitrobenzaldehyde inhibits -NH2 production but not -

NHOH. These findings corroborate that -NHOH formation
follows a distinct proton-electron transfer pathway,
whereas -NHz synthesis follows the classical L-H mecha-
nism. In the H-cell configuration, a small fraction of protons
generates adsorbed hydrogen atoms on the CNT defect sites
at the cathode, which then interact with -NO2 to form -NH:
(Figure 3D), in a similar way as reported on defect-contain-
ing graphene materials. 447
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Figure 4. (A) Initial, transition and final state structure and en-
ergy profile for nitro hydrogenation via proton-electron addi-
tion (Only the nitro moiety, hydronium and a water molecule
that assists the reaction are drawn with ball and stick models
while other atoms are shown by sticks only.), and the potential
energy profile is evaluated by the grand canonical DFT method
fixing the electrode potential as approximately +0.6 eV (vs.
SHE). (B) Stability of mono-hydrogenated products at U=0 vs.
SHE evaluated using the computational hydrogen electrode
method and implicit solvation. The red, white and blue balls are
oxygen, hydrogen and nitrogen atoms respectively.

We conducted DFT calculations to analyze the reaction
mechanism of nitro group hydrogenation on carbon elec-
trode from a molecular perspective. The simulation exploits
the grand canonical DFT method to control the electrode
potential approximately at +0.6 eV (vs. SHE), being con-
sistent with experiments. A single layer of graphene is ex-
ploited as the model for CNT cathode. Besides nitrobenzene,
additional 16 water molecules are used as explicit water
solvents. Implicit solvent is also located above the waters to
screen the electrostatic field. The detailed theoretical set-
ups are described in SI. In the initial structure (Figure 4A),
both hydronium and nitrobenzene only physically interact
with the carbon surface, with distances of around 5.4 A and
4.4 A from the nitro group and the hydronium to the elec-
trode, and the electrode has approximately 0.1 excess elec-
tron per surface unit cell. During the reaction, a Grotthuss
mechanism occurs: the hydronium donates a proton to the
nearby water molecule which simultaneously gives a pro-
ton to the oxygen of nitro group, combined with 0.3 elec-
trons transferred from the electrode to the reactant. The en-
ergy barrier between the initial and transition state is
around 0.9 eV, and the energy of the final state is 0.49 eV
higher than that of the initial state. The first hydrogen addi-
tion is probably the rate-determining step for -NO: to -
NOHH, because the following steps are highly exothermic as
seen in Figure S16. Therefore, the hydrogenation of -NO2
could be accomplished via outer sphere electron transfer in
solvent environment without the chemical adsorption from
the theoretical viewpoint.

We also tried to explore the hydrogenation pathways for
benzaldehyde, ethylene, and acetylene on the carbon elec-
trode, but it is not possible to locate stable structures after



the first H atom addition (e.g. benzyl alcohol radical, ethyl],
and vinyl) in the presence of electrode potential (+0.48 eV)
and water environment. The structures of the proposed in-
termediates always dissociated into proton, electron and
reactants spontaneously during the structure optimiza-
tions. Therefore, we evaluated the stabilities of the corre-
sponding product radicals by the computational hydro-
genation electrode method as displayed in Figure 4B. The
first H atom hydrogenation of nitrobenzene is endothermic
with energy about 0.18 eV at U=0 (vs. SHE), which increases
to 0.66 eV at the experimentally measured potential
(U=0.48 eV). In contrast, the energies of benzyl alcohol rad-
ical, ethyl, and vinyl are rather high, around 0.5 eV at U=0
and 1.0 eV at the working condition, which questions their
stability and restricts their hydrogenation process on the
carbon electrode. Their reactants or products weakly phy-
sisorb on the carbon surface at a distance larger than 3.0 A.
When comparing with the energies of intermediates with-
out electrodes (Figure S17), this shows that the carbon elec-
trode only acts as an electron conductor and does not
change the stabilities of reactants/products.

For comparison, we investigated the hydrogenation of the
aldehyde group on Pd surface with CH20 as an example of
substrates, as shown in Figure S18. Upon CH20 hydrogena-
tion reaction to form a new O-H bond, the electron-proton
addition bears a low barrier, about 0.27 eV. The quenched
structure of CH20H in water could not form stable hydrogen
bond between hydrogen atoms and carbon atom of CH20H,
therefore the formation of C-H bond via proton-electron ad-
dition has to undergo an unfavorable reorganization of the
hydrogen bond network, leading to an extremely high en-
ergy barrier of 1.67 eV. As a comparison, the energy barriers
are 0.65 and 1.01 eV for hydrogen atom addition to oxygen
and carbon via surface L-H pathway. Hence, hydrogenation
of the aldehyde group likely follows a hybrid mechanism,
with the proton-electron addition to the oxygen and the H
atom addition to the carbon.*8-50

We evaluated the stability of the system for 4-nitrobenzal-
dehyde hydrogenation using 5 wt.% PdC and CNT as elec-
trodes within the H-cell configuration. As displayed in Fig-
ure 54, the production of 4-(hydroxyl)aminobenzaldehyde
remained consistent after a 30-hour test without changing
membrane or electrodes. On the other hand, the yield of the
minor product, 4-aminobenzaldehyde, diminished after the
second cycle, which may be attributed to the degradation of
active sites. This observation aligns with the proposed
mechanisms: outer sphere electron transfer mechanism for
-NHOH generation and L-H pathway for -NH2 production.
From a practical perspective, this is intriguing since catalyst
selectivity improves with repeated use. After the stability
test, the morphology and structural quality of the CNT
didn’t change, as shown in Figure 5B.
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Figure 5. (A) Stability test for 4-nitrobenzaldehyde hydrogena-
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Raman spectra of CNTs before and after the stability test, (C)
Activity of different materials for the cathode side with PdC (5
wt.%) as anode and (D) Activity of different materials for the
anode side with CNT as cathode for 4-nitrobenzaldehyde re-
duction in the H-cell. All experiments were conducted in 50 vol.
% acetonitrile and 50 vol. % H2S04 solution (1M) mixture elec-
trolyte for cathode side and H2S04 solution (1M) for anode side.
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Based on the above mechanism studies, materials with good
electron conductivity and poor chemisorption of -NO2
would facilitate the selective reduction of -NO: via proton-
electron addition. We further explored various conductors
and semiconductors as cathode materials for nitro-group
reduction while maintaining PdC as the anode for H: activa-
tion (Figure 5C and Figure S19). Indeed, Au, Cu, Ti, W, MoS:
and TiOz, in particular Au, show higher selectivity compared
to that of Pd and Pt. On the anode side, the primary function
is hydrogen oxidation into protons and electrons. Hence,
materials effective in hydrogen activation, such as PtC, RhC,
MoSz, and NiP>, exhibited satisfactory performance for -NO2
hydrogenation in the H-cell with CNT as the cathode, with
PtC showing the highest activity (Figure 5D and Figure $19).

These findings indicate that in non-contact hydrogenation,
the activation of Hz and substrates can be finely tuned inde-
pendently. Further, the insights gained from these tests pro-
vide a rationale for the widespread use of Pt/Au bimetallic
catalysts in -NOz hydrogenation?5'-5¢ and provides an expla-
nation why its activity is severely restricted in aprotic sol-
vents®6-58, Drawing from these results, we propose several
guidelines for identifying suitable materials for the selective
hydrogenation of nitroarenes via proton-electron addition,
including effective hydrogen activation, poor chemisorp-
tion of -NO3, excellent electron conductivity, and the use of
protic solvents. These factors are beyond the scope of con-
ventional approach in catalyst design.

CONCLUSION

In this study, we introduced and studied non-contact hydro-
genation for the selective reduction of nitroarenes. By em-
ploying an H-cell configuration, we physically separated Hz
and substrates into distinct chambers, thereby decoupling
H: activation from substrate reduction. This methodology



effectively eliminates the competitive hydrogenation typi-
cally observed with unsaturated bonds such as C=C, C=C,
and C=0, thus achieving complete functional group selectiv-
ity in the hydrogenation of various nitroarenes using com-
mercially available PdC for Hz activation and CNT for selec-
tive proton/electron transfer. Further mechanistic study
highlights that -NO2 reduction to -NHOH is driven by an
outer sphere electron transfer mechanism, which is the
dominant pathway for non-contact hydrogenation that fea-
tures much higher reaction barrier for other functional
groups. Overall, our work provides a rare example of
achieving selective hydrogenation avoiding the design of
catalysts, and also offers insights into hydrogenation mech-
anisms of nitroarenes. Looking forward, non-contact hydro-
genation allows for the independent optimization of H ac-
tivation and substrate reduction, which facilitates targeted
catalyst customization.
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_ Pdc PEM CNT 2%
® Decouple thermo-hydrogenation into H, activation
and substrate reduction
® Realize selective hydrogenation of nitroarenes






