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ABSTRACT: The encapsulation of organometallic complexes into reticular covalent organic frameworks (COFs) represents an
effective strategy for the immobilization of molecular electrocatalysts. In particular, well-defined polypyridyl Mn sites embedded into
a crystalline COF backbone (COFy, ) were found to exhibit higher selectivity and activity toward electrochemical CO, reduction
compared to the parent molecular derivative noncovalently immobilized on carbon electrodes. In situ mechanistic studies revealed
that the electronic and steric features of the reticular framework strongly affect the redox mechanism of the Mn sites, stabilizing the
formation of a mononuclear Mn(I) radical anion intermediate over the most common off-cycle Mn’~Mn° dimer. Herein, we report
the study of a Mn-based COF (COFppyy,), introducing a larger phenanthroline building block, to explore how tuning the structural
and electronic properties of the lattice may affect the catalytic CO, reduction performance and the mechanism at the molecular level
of the reticular system. The Mn sites encapsulated into the reticular COFypry,, exhibited a remarkable enhancement in the intrinsic
catalytic CO, reduction activity at near-neutral pH compared to that of the corresponding noncovalently immobilized molecular
derivative. On the other hand, the poor crystallinity and porosity of COFpryy,, likely introduced by the lattice expansion and spatial
dynamics of the phenanthroline linker, were found to limit its catalytic performances compared to those of the bipyridyl COFyp
analogue. ATR-IR spectroelectrochemistry revealed that the higher spatial mobility of the Mn sites does not completely suppress the
Mn’—~Mn° dimerization upon the electrochemical reduction of the Mn sites at the COFypp, This work highlights the positive role
of the reticular structure of the material in enhancing its catalytic activity versus that of its molecular counterpart and provides useful
hints for the future design and development of efficient reticular frameworks for electrocatalytic applications.

KEYWORDS: CO, reduction, single atom catalysis, covalent organic framework, structure—activity relationship, spectroelectrochemistry,
mechanisms

B INTRODUCTION the activity and selectivity of catalytic processes. Several efforts

Incorporating catalytic units into reticular frameworks is an
attractive strategy to maximize the number of active sites
supported on an electrode and enhance the electrocatalytic
activity compared with that of solution-based molecular
electrocatalysts and other monolayer immobilization strat-
egies.l_12 In addition, the molecular design of covalent organic
frameworks (COFs) allows outstanding control over the
chemical environment of the catalytic sites in confined spaces
with the aim to stabilize key reaction intermediates and control

have been oriented toward the rational design of COFs by
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Rational design: Structure-activity relationship
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Figure 1. Modular reticular design of COFs by the modification of the polypyridyl linkers.

varying the size, shape, connectivity, and electronic structures of
their molecular building blocks.”*”"*7** In particular, tuning
the electronic structure of the building blocks can strongly
influence the COF performance, mimicking the crucial role of
ligands in molecular catalysis.

In the field of electrocatalytic reduction of CO, to value-
added chemicals, extensive work has been focused on catalyst
incorporation to tune the catalytic performances of reticular
systems.”>> ™ Yaghi and co-workers have demonstrated the
ability to tune the CO, reduction properties of catalytic sites
located at the corners of a COF by modifying the electronic
properties of the linkers, indicating that a long-range electronic
effect can efficiently promote the tuning of catalytic properties.’
Bipyridines have also proven to be functional building blocks for
COFs in electrocatalysis, similarly to porphyrins.”*~*' For
example, Marinescu and co-workers evaluated a COF with both
metalloporphyrin (Co and Fe) and metal bipyridine (Re)

moieties for electrocatalytic CO, reduction, highlighting the
effect of building blocks on the electrocatalytic properties of
COFs and the importance of studying the catalytic activity—
structure relationships of these reticular materials.*’

These findings demonstrate the potential of reticular
materials as efficient and selective electrocatalysts for CO,
reduction. However, the precise mechanisms behind these
catalytic processes and the structure—activity relationships
governing their performances are not yet well understood.
Further research is needed to fully elucidate these fundamental
correlations and develop even more effective catalytic materials.

Recently, we have reported the encapsulation of {fac-
Mn(CO),} molecular moieties into a reticular 2D imine-linked
COF with bipyridyl ligands (COFypyp,) as an effective strategy
to enhance the electrocatalytic activity and selectivity of the
prototypical fac-Mn(bpy)(CO);Br molecular catalyst for the
CO, reduction to CO in an aqueous electrolyte.” This study
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Scheme 1. Synthetic Procedure of COFpr and COFpry,
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Figure 2. Characterization of COFpr and COFpryy,: (2) ATR-FT-IR spectra; (b) TGA; (c) PXRD; (d) N, absorption/desorption isotherms at 77 K;

(e) FESEM images; and (f) TEM images.

provides insights into how the extended 7-conjugated character
and structural properties of reticular materials can be used to
enhance their electrocatalytic performance. Compared to the
molecular parent complex noncovalently immobilized on
carbon electrodes, the highly crystalline and porous COFyp,
catalyst showed superior CO, reduction activity and selectivity
while sterically suppressing the Mn°~Mn° reductive dimeriza-
tion typically occurring in nonreticular heterogenized molecular
Mn counterparts. ATR-IR spectroelectrochemistry (SEC)
studies showed that the formation of isolated Mn sites in
COFy,ymy, contributes to the stabilization of a mononuclear,
singly reduced intermediate.

In this context, we aimed to investigate the impact of
structural modifications on the electrocatalytic properties of
COFs by replacing the bipyridyl linker of COFy,p, with a 1,10-
phenanthroline-based moiety bearing phenyl substituents at the
3,8 positions (4,4’-(1,10-phenanthroline-3,8-diyl)-
dibenzaldehyde, PTH°) (Figure 1). The resulting COFpry,
material was thoroughly characterized and evaluated for
electrocatalytic CO, reduction in near-neutral pH in aqueous
media. While COFppyy, shows enhanced intrinsic catalytic CO,

reduction activity compared to that of the nonreticular
immobilized fac-Mn(PT“"°)(CO);Br counterpart (Mn"T),
the comparison of COFpry, with COFy, .y, provides insights
into the correlation between structural aspects of reticular
systems, such as lattice expansion and crystallinity, and their
catalytic activity. Furthermore, ATR-IR SEC was used to
investigate the catalytic mechanism of COFpryy,, revealing that
the expanded phenanthroline derivative influences the inter-
mediates generated during the catalytic cycle. This work
contributes to the understanding of how the reticular structure
affects the CO, reduction performances. Moreover, results
obtained by ATR-IR-SEC show the importance of developing
new analytical tools and techniques to probe the complex
behavior of reticular materials under reaction conditions.

B RESULTS AND DISCUSSION

Synthesis and Characterization of COFy; and COFppy,,.
The 2D COF,y was synthesized following an already reported
procedure™*” based on the two-component condensation
between a terminal tetraamine (4,4',4”,4”-(pyrene-1,3,6,8-
tetrayl)tetraaniline (PyTTA)) and a dialdehyde (4,4'-(1,10-
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Figure 3. (a) FESEM and TEM of COFyp1,INT; (b) cyclic voltammograms on GC of COFppINT ([Mn]op = 900 nmol-cm ™, solid line) and
Mo”7 INT ([Mn] = 900 nmol-cm ™, dotted line) in water (NaHCO; 0.5 M) under Ar (blue, pH 8.4) and CO, (red, pH 7.4) at 100 mV-s™". (c)
CPEs of COFpy,|NT, COFyp0,INT, Mny,,, and Mn""INT on CP (1 cm®) at —1.34 V vs SCE (—0.67 V vs RHE) under CO, in water (NaHCO; 0.5
M, pH 7.4). (d) Faradaic yields and TOF. Generated products: CO (pink), HCOO™ (green), and H, (blue).

phenanthroline-3,8-diyl)dibenzaldehyde) linker (PT<HC, see
Supporting Information for details, Scheme 1).** The Mn sites
were introduced into COFpp by postfunctionalization. COFpy
was reacted with Mn(CO)¢Br at 45 °C for 4 h in diethyl ether,
yielding a dark orange microcrystalline powder, namely,
COFpry

The ATR-FT-IR spectrum of COFpryg, shows the incorpo-
ration of {Mn(CO),Br} moieties into the COFpy backbone in a
fac coordination geometry, exhibiting two prominent CO
stretching frequencies at 2027 and 1922 cm™, which match
the ones of the homologous Mn(PT)(CO),Br (Mn"") complex
(Figure 2a). The CO stretching values for COFpry, are also
very similar to those previously reported for COFy,y, (Figure
$10).> Thermogravimetric analysis (TGA) of COFpryy, displays
two decomposition steps at ~70—180 and ~200—900 °C,
respectively (Figure 2b). The former is likely due to the thermal
release of the CO ligands bound to the Mn centers, while the one
occurring at higher temperatures could be assigned to
decomposition. The TGA profile of COFpy displays a single
continuous material decomposition step.

The powder X-ray diffraction (PXRD) pattern of COFppy,
shows diffraction peaks in the region between ca. 5 and 30°,
matching the pattern of the as-synthesized COFpy (Figure 2c).
This suggests that the framework maintains its crystalline
integrity even after metalation (Figure 2c). Nevertheless, the
lower intensity of the Bragg peaks and the ill-defined character of
the PXRD patterns of both COFpy and COFpryy, indicate less
crystalline character compared to those of recently reported
analogous bipyridyl-based COFs (Figure S11).” Such a
difference in crystallinity may be related to COF formation
and growth, which decrease with potential nonplanar con-
formations of linkers as the 7—x stacking interaction between
interlayers strongly influences the COF formation rate.***° In
the case of COFpy, the PTHO linker planarity is disrupted due
to the free rotation of the phenyl ring, thus hindering the

formation of a crystalline reticular framework.** In addition, the
3C CP-MAS solid-state NMR spectra of the COFs show broad
peaks as expected for the amorphous frameworks (Figure S$12).

In addition to crystallinity, the structural features of the
molecular building block also affect the porosity of the reticular
material. The nitrogen (N,) absorption/desorption isotherms
(77 K) of COFpy and COFpryy, (Figure 2d) indicate indeed
that the materials present low porosity with Brunauer—
Emmett—Teller (BET) surface areas determined to be 130
and 94 m?/g, respectively. The remarkable difference between
the surface areas of COFpy (130 m?/g) and the previously
evaluated COFy,, (2127 m*/g) represents a clear indicator of
the modification of the structural properties of the COF because
of the ligand modification, mainly due to the bigger size and the
nonplanarity of the PTH© linker.

The amount of Mn incorporated within COFpy was estimated
by ICP-OES to be 38 mg/g, corresponding to the metalation of
ca. 36% of the phenanthroline moieties available in the material.
We ascribe the relatively low incorporation of Mn in COFpyyy,
to the low crystallinity of the material, in which the presence of
amorphous and irregular channels reduces the accessibility of
binding sites within the pores. In this regard, high crystallinity
helps to increase the accessible surface area and pore volume of
the COFs, exposing more well-ordered binding sites.”” Addi-
tionally, field emission scanning electron microscopy (FESEM)
and transmission electron microscopy (TEM) images of COFpy
and COFpryy, reveal that the materials tend to form particles of
ca. S00 nm size with tubular morphologies (Figures 2e,f).

Electrocatalytic CO, Reduction in Aqueous Near-
Neutral pH. The electrochemical behavior and the catalytic
CO, reduction performances of COFpry,, were explored in an
aqueous 0.5 M NaHCOj; electrolyte. For the electrode
preparation, COFpyy, was supported on a carbon electrode
by drop-casting a dispersion of the catalyst powder, MWCNTs
(NT) and Nafion (COFppp,INT) (see Supporting Information
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Figure 4. (a) Schematic representation of the ATR-IR-SEC cell (see Supporting Information for details) and (b) ATR-SEC of COFpr,INT showing
the precatalyst (blue spectrum), the first reduction process to form a contribution of the radical intermediate [Mn'L*~(S)]° (red asterisk) and the
dimer [Mn°L], (orange asterisks), and the second reduction process to form the anion five-coordinate intermediate [MnL]~ (green asterisks). All

spectra were recorded in CH;CN (0.2 M TBAPF) under Ar.

for details). FESEM images of the functionalized electrode show
a uniform distribution of COFpryy, and NTs on the electrode
surface (Figure 3a). The electrochemistry of COFpry,INT was
studied against the molecular counterpart Mn(PT)(CO);Br,
supported by noncovalently 7—7 stacking interaction on NTs
(Mn"TINT).

Under Ar (pH 8.4), the cyclic voltammetry (CV) of
COFppmINT shows an irreversible cathodic wave (full blue
lines in Figure 3b) at an onset potential of —1.0 V vs SCE,
analogous to that observed for Mn""INT (dashed blue lines,
Figure 3b), describing the reduction of the electroactive
immobilized diimine Mn' centers. The observed current density
also accounts for a partial contribution due to the catalytic H,
evolution reaction (HER), as confirmed by electrolysis experi-
ments (vide infra). On the reverse scan, Mn""INT displays an
intense reoxidation peak at —0.38 V vs SCE, related to the
oxidative cleavage of a Mn’~Mn° dimer species formed upon
the cathodic forward potential sweep.***’ Albeit lower in
intensity, this feature is also apparent for COFppp,INT. The
lower intensity of this redox wave for COFpp,INT may suggest
a partial mechanical constraint of the Mn centers caused by the
framework hindering Mn—Mn dimerization (vide infra).” When
the electrolyte is saturated with CO, (pH ~ 7.4), a 2-fold
increase of the catalytic current is observed at —1.40 V vs SCE
(—0.72 V vs RHE) for COFpry,INT, which indicates a CO,
electroreduction activity. This current increase is higher than the
one shown by the noncovalent Mn""INT electrode (Figure 3b,
red curves).

For controlled-potential electrolysis (CPE), the COFpy,l
NT and Mn""INT catalysts were drop-casted on carbon paper
(CP) (see Supporting Information for details, Figure 3a). For
COFpywINT, the overall faradaic efficiency (FE) for CO,
reduction products at —1.34 vs SCE (17 = 550 mV, —0.67 V vs
RHE) is 45% with CO as the predominant product (FEcq =
30%) and minor HCOO™ production (FEycoo~ = 15%),
whereas the remaining charge accounts for HER (Figure 3c,d).

In a similar manner, Mn"*INT produces ca. 30 and 10% of CO
and HCOOT, respectively (Figure 3d).

However, the electroactive surface concentrations (I, see
Supporting Information for details) of COFppy,/NT and Mn"”|
NT were estimated to be ~4 and 10% of the total Mn deposited,
respectively (Figure S19). Normalizing the observed turnover
frequency for I' (TOFy), the sum of the TOF- values for CO
and HCOO™ formation at —1.34 V vs SCE (—0.67 V vs RHE) is
3-fold higher for COFpyy,/NT than those for Mn""INT (242
and 77 h™', respectively) (Figure 3d). This indicates that the Mn
centers in the reticulated material are intrinsically more active
than those in the molecular parent complex noncovalently
functionalized over carbon electrodes, clearly highlighting the
superior performances of the reticular system. A similar increase
of catalyst activities has also been observed in the case of the
covalent immobilization of Mn(bpy)-type complexes on carbon
electrodes.”””"

In order to rationalize the structural effect of the molecular
building blocks on CO, reduction catalysis of COFs, we
compared the catalytic performances of COFpry,INT with
those of the reported analogue COF,,n,[NT (obtained with
the bpy“"'© linker instead of the longer one PT“"°, Figure
3¢,d).” Both parent molecular complexes noncovalently
functionalized over carbon electrodes (Mn"*INT and Mny, |
NT) exhibited similar catalytic performance in terms of either
current density or selectivity (Figure 3c,d). Interestingly, the
electronic and steric differences in the ligand framework have
negligible effects on catalysis at the molecular level. On the other
hand, the reticular COF,\,INT outperforms COFppy,INT,
providing a 2-fold higher overall current density and about an 8-
fold enhancement in the molar yield of CO, reduction products
(77 vs 10 pmol-cm™* CO, Figure 3c,d). Moreover, the selectivity
of COFypninINT (Sco,/m, = 3.5, see Supporting Information for

details) toward CO, reduction over HER is higher than the one
obtained with COFpyp,INT (Sco /1, = 0.6) at —1.34 V vs SCE
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Figure S. Proposed intermediates for COFpryy, are based on spectroelectrochemical evidence.

(=0.67 V vs RHE) in a near-neutral electrolyte. Even
considering the higher Mn incorporation and electroactive
surface coverage (I'yy,) in COFyp\yINT compared to that in
COFprauINT, the former still shows superior performances,
resulting in a 3-fold higher normalized TOFr- for CO production
(Figure 3d).

These results suggest that the structural properties of the
molecular building blocks could be critical for the efficiency and
selectivity of the electrocatalytic CO, reduction of reticular
materials. Indeed, crystallinity reflects the porous structure’s
regularity, which is vital for electrical and mass transport
phenomena.”” The poor crystallinity and porosity of COFpry,
could limit the electroactive Mn sites and hinder the accessibility
of the substrate at the catalytic sites due to stacking faults or
amorphous regions. In contrast, in highly porous and crystalline
COFypymn the self-assembled 7-stacked columns enable
electronic transport across the layers™ and can favor substrate
diftusion, thus increasing the local CO, concentration within the
framework pores. On the other hand, as we mentioned above,
COFypryy, still shows superior catalytic performances compared
to those of the noncovalently immobilized Mn"*INT, showing
significantly higher intrinsic activity of the single Mn sites. Our
analysis suggests that differences in crystallinity likely influence
the catalytic activity of COFs. However, this remains a
hypothesis. The potential impacts of lattice expansion and
ligand variations on modifying the electronic structure and,
consequently, the catalysis cannot be entirely ruled out.
Nonetheless, CV and SEC analyses of the Mn®® molecular
catalyst in a homogeneous solution indicate that ligand
substitution from bipyridine to phenanthroline does affect

catalysis at the molecular level. However, these effects are
relatively minor compared to those observed in COFs (Figure
S23).

After a 1 h CPE at —1.34 vs SCE (—0.67 V vs RHE), no
significant changes were observed for COFpyy,INT in terms of
morphology and elemental composition by FESEM and energy
dispersive X-ray (EDX) analysis (Figure S21a,b). Furthermore,
the Mn coordination in COFypry, is also preserved after the
catalytic test, as confirmed by ATR-IR (Figure S21c), showing
the characteristic v(CO) of {fac-Mn(CO);S} (S = Br, CH,CN,
and H,0). However, ICP-OES of the electrolyte after CPE
indicates that 5 to 18% of the total amount of Mn of the
COPFppyINT electrode leached out (Table S3).” Both the
reduction in the ATR-IR intensity and the amount of Mn
leaching can explain a part of the decrease of catalytic activity.

ATR-IR Spectroelectrochemistry. ATR-IR SEC was
carried out on COFppINT to investigate the effect of the
structural properties of the reticular framework on the molecular
intermediate species involved in the redox mechanism of the
COF systems. The experiments were conducted by using a
homemade ATR-IR spectroelectrochemical cell recently used
for the study of analogous systems (see Supporting Information,
Figure 4a).” Due to the concomitant catalytic HER observed for
COFp,INT at low overpotentials in the near-neutral electro-
lyte, we performed the ATR-IR-SEC measurements in an
anhydrous organic electrolyte (0.2 M TBAPF,/MeCN). In
these conditions, the cyclic voltammogram of COFpry,INT
under Ar shows two cathodic one-electron (1e™) waves at —1.50
and —1.90 V vs Fc*/® (Figure $22), respectively, in agreement
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with the voltammetric profile obtained for the homogeneous
Mn"" complex (Figure $23).

During the SEC experiments, the potential was decreased
stepwise under Ar from the open-circuit potential (Eqcp) to
—2.3 V vs Fc*/? to monitor the redox pathway of COFprp,INT
(Figure 4b). At Eqcp, the ATR spectrum of COFpyp,[NT shows
two £(CO) bands at 2053 and 2028 cm™! as well as a broad
feature at 1937 cm™'. This represents the mixture of two
{Mn'(CO),} species in the fac arrangement containing axial Br~
or a neutral solvent molecule coordinated to Mn due to a
solvolysis equilibrium.***>**>> Analogous species are also
observed in the Egcp spectrum recorded for the Mn"'INT
electrode (Figure $24). Furthermore, the values of the v(CO)
stretches for COFppp,INT are similar to those observed for
COFypn/NT, suggesting a similar electronic Mn environment
in both reticular systems.

Upon the first reduction wave, the decrease in the v(CO)
bands at 2053 and 2028 cm™" of COFpry,INT is accompanied
by the growth of a new peak at 2037 cm ™" and a slight shift of the
peak at 1943 cm™' to lower energies. Analogous behavior was
recently reported for COFy,,v,INT and was rationalized due to
the formation of neutral [Mn'L*~(S)] radical species within the
COF (Figure 4b).” Nevertheless, unlike the bipyridyl derivative,
a new pattern of four new v(CO) stretching modes at 1968,
1931, 1876, and 1854 cm™" is apparent at an applied bias of ca.
—1.8VvsEc™/? (Figure 4b). These bands are consistent with the
formation of a Mn’—Mn" dimeric species, similarly to the typical
behavior reported for homogeneous tricarbonyl Mn complexes
with diimine ligands.’® The characteristic bands of the dimer
tend to decrease at further negative applied potentials, with
concurrent growth of two new v(CO) stretches at 1910 and
1807 cm™!, corresponding to the formation of the five-
coordinate [MnL] ™ anionic species, well-known to be the active
catalyst for CO,-to-CO electroreduction (Figure S, Table
$4).°%*7 For the homogeneous prototypical bipyridyl Mn
complex, it has been recently proposed that the dimeric species
is primarily formed via an initial two-electron reduction of the
Mn' moiety, followed by a fast chemical parent—child reaction
between the resulting Mn anion and the initial neutral Mn'
species.”® This dimerization pathway is also consistent with the
simultaneous observation of [MnL],, [MnL]", and the starting
Mn' species under reductive SEC of COFpp,/NT (Figure 4b,
orange and light green spectra), indicating the mobility of Mn
moieties in the NT environment.

For comparison, we performed ATR-SEC on the nonreticular
Mn""INT catalyst under the same conditions (Figure S24). As
expected, the first reduction event was associated with the
formation of the Mn°~Mn® dimeric species,” with no evidence
of radical formation. The v(CO) bands of the dimer match well
with those observed upon SEC reduction of the reticular
COFprp,INT counterpart. Moreover, the characteristic pattern
of the five-coordinate [MnL]™ anion (1906 and 1802 cm™)
appears to grow at ca. —2.3 V vs Fc*/°.

For noncovalent immobilization of Mn molecular complexes
with diimine ligands, the Mn’~Mn° dimeric species is the
observed intermediate upon the first reduction event starting
from the Mn' complex. On the other hand, the encapsulation of
Mn bipyridyl units into the highly crystalline and porous
COFy,ymy structure suppresses dimerization and stabilizes the
mononuclear [Mn'L*7(S)]° radical species due to both the
electronic and steric effects of the reticular framework.” In the
case of COFpryy,, the embedded molecular Mn sites are only
partially constrained by the lattice due to the poor crystallinity

and porosity of the COF scaffold, leading to a mixture of
mononuclear and dimeric species upon reduction of the original
Mn' moieties. We hypothesize that the introduction of the larger
and nonplanar PT“M© linker results in a partially amorphous
environment of the Mn-diimine centers, thus increasing the
mobility of the Mn sites.

The voltammetric data of COFprpINT are also consistent
with this interpretation, displaying an oxidative wave at —0.35V
vs SCE (0.33 V vs RHE) upon the backward scan, which is
assigned to the reoxidation of the Mn°~Mn’ dimer formed
during the forward scan (Figure 3b).”> This diagnostic peak
appears to be very intense for the noncovalently functionalized
Mn"" complex (Mn""INT) (Figure 3b), whereas it is almost
absent in the cyclic voltammograms of the fully crystalline
COFyoINT (Figures $23 and $26).”

The proposed reductive mechanism of COFpry, is
summarized in Figure 5. The initial Mn' centers undergo a
two-electron uptake at ca. —1.50 V vs Fc*/°, leading to a mixture
of the lattice-bound mononuclear anion [Mn'L*7(S)]~ and
dimeric neutral Mn"—Mn° species. While the charge delocaliza-
tion effect of the COF structure is similar to the previously
reported COFy,, i, system,” the more amorphous character of
the COFpryy, framework induces a higher mobility of the single
Mn sites, thus favoring a partial Mn’~Mn° dimerization upon
reduction. Further reduction of the dimeric species ultimately
results in the formation of the five-coordinate [MnL]~ anion,
which is the catalytic species reacting with CO, and water to
produce CO and HCOO™.

B CONCLUSIONS

In this work, we followed a modular reticular approach to
synthesize a novel imine-based COF derived by the con-
densation between a pyrene tetraamine linker and the
phenanthroline PTHC structure. The postsynthetic COF
modification ultimately results in the formation of COFppyyy,
in which the Mn sites show an equivalent coordination Mn
environment to the homologous molecular complex Mn"".
COFppy, was found to be an active electrocatalyst for CO,
reduction in a near-neutral pH aqueous electrolyte, leading to
the formation of CO as the predominant product (FE¢q, = 30%)
and minor HCOO™ production (FEycoo~ = 15%). Albeit the
catalytic selectivity of COFpryy, is similar to the one observed for
the parent Mn"" complex noncovalently immobilized on carbon
electrodes, the Mn sites embedded into the reticular COFprp,
framework are 3-fold more active than their molecular
counterparts. The comparison between the catalytic perform-
ances of COFpry, and the previously reported bipyridyl
COF,pymy analogue showed a structure—activity relationship.
We hypothesized that the lattice expansion from COFy,n, to
COFypryy, could be responsible for the reduced crystallinity,
catalytic activity, and selectivity, with COFy, y, being about 3-
fold higher in CO, reduction activity than COFpryy,.
Additionally, by ATR-SEC, two different intermediates were
detected upon the first reduction of COFpry,: the
[Mn'L*~(S)]™ radical anion and the (Mn°L), dimeric species.
These results suggest a direct effect of the mechanical properties
of the reticular platform on the mechanism of CO, reduction.
Therefore, the disorder between the layers of COFpry,, reduces
the mechanical constraint effect imposed by a crystalline
framework, as previously observed for COFy,,, thus resulting
in the partial formation of a detrimental dimeric resting state.
This study supports a COF effect on the electrocatalytic activity.
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