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ABSTRACT: Supramolecular assemblies with two-dimensionakc; s, B

(2D) topology have drawn great attraction in the development of ) & w® S
functional materials through a modular approach. Herein, a '~"<>°eg°=‘°=._-.-°~°§~\, . \ / NH;Q
organic 2D polypseudorotaxane has been constructed on the; “3“‘5*“:"7; ‘W
of cucurbit[8]uril (CB[8]) through host-stabilized charge-transf\‘e\g,ag{“g’ S

(CT) interactions of naphthol-modd porphyrin (TPP-Np) and  “~*o.on // e il o
viologen derivatives (DMV). Interestingly, the 2D polypseudgjfeseuderotaxanes =

otaxanes could serve as a platform for preparation afeuRta “

nanoparticles with favorable and homogeneous dispersion through

a simple self-metallized process, leading to the formation of = 2P supramolecularnanoarchitectures '
supramolecular hybrid materials (PtNPs@(CBJ[8]/DMV/TPP-

Np)). Surprisingly, the PtNPs@(CB[8]/DMV/TPP-Np) could be applied theat electrochemical nitrogen reduction reaction,

with a NH, yield rate up to 23.23 h ' mg,, *at 0.2 V versus a reversible hydrogen electrode under ambient conditions. Notably,
our results not only demonstrate the feasible construction of 2D polypseudorotaxanes but also deepen the understanding
structure activity relationships in supramolecular nanoarchitectures, as well as petiecagnd low-energy input strategy for

arti cial nitrogen xation.

INTRODUCTION proces$’ Although the design and construct of 2D supra-

Two-dimensional (2D) nanoarchitectures have drawn a gre lecular nanoarchitectures of (pseudo)rotaxanes or poly-

deal of attention in nanotechnology and materials scien seudo)rotaxanes have been explored using diverse methods,

because of their fascinating physical and chemical propertie g%r tﬁgiet?]téalzaDs nrgﬁgtsﬂjcrtlsrse;a:\i:zebﬁ?nhftu;éggéggﬁapléitgcg
well as potential application in catalysis, electronics, sensi gnly

separation, and other relateglds: ° To date, numerous siteés, homogeneous features, and large surface areas, which can

e orts have been devoted to the formation and development%%OVIde a well-daed platform for substance formation and

: . hange.
2D nanoarchitectures. Among these various structures, orga n the other hand, integrating building blocks with special

2D nanomaterials constructed through noncovalent interagc- . ? . ;
. 9 ; tures into 2D nanoarchitectures to realize the generation of
tions or supramolecular assembly were considered remarkq e

because of theirexible design routes, potential additional ctional materials is becoming of widespread interest and

functionality, and highly modular natufe Signi cantly general concern. In adial systems, supramolecular assembly
taking adva;ntage of the hagiest intera(':tions for t’he strategies using various noncovalent interactions provide the

. ossibility to achieve optimal performance from simple
formation of stable (pseudofaxanes or poly(pseudo)- glementsy under mild cgnd'm's IOwhich is particularlyIO
rotaxanes, a series of 2D nanoarchitectures with a single-layer .+ ¢ the discussion of structaivity relation-
arrangement and high structural regularity were construct%qﬂps'L_z Porphyrin and its derivatives with unique physical,
For instance, Ll and Zhao reportt_ed remarkable results USIBfemical, biological, and catalytic properties have attracted
mild conditions for the construction of 2D supramoleculal

: ; . rowing interest in theslds of nanotechnology and materials
organic frameworks (SOFs) in solufidoreover, Feng et al. b 9 9y

utilized interface synthesis to obtain the large-area frec——

standing monolayers by hagtest enhanced donacceptor ~ Received: August 22, 2020
interaction$.In addition, our group designed photocontrolled Revised:  September 21, 2020
and interconvertible 2D/1D supramolecular nanostructures

with di erent uorescence enhancemesicts for Nile Retf.

Recently, Scherman and Barrio reported platelet-like aggre-

gates and 2D narmers undergo a stepwise self-assembly
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sciencé? ® Because of sigoant and excellent features, a constants K, 10" M ?);?>?® the electron-rich unit
great deal of porphyrin-based nanostructures have beeaphthalene (Np) in TPP-Np and electroncdmt unit
presented in the past decdté.In our previous work, we methylviologen (MV) in DMV could be simultaneously
constructed a series of porphyrin-based supramoleculncapsulated in the cavity of CB[8] and provide the major
assemblies with well-ded morphologies, taking advantagedriving force for the formation of 2D polypseudorotaxanes.
of hydrophilic hydrophobic as well as hagtiest inter- Construction and Characterization of 2D Polypseu-
actions? 2° Considering the topological characteristics of 2Ddorotaxanes. To ensure the formation of polypseudorotax-
nanomaterials, the design and synthesis of porphyrin-based#i#s, werst explored the hogguest interactions between
supramolecular nanoarchitectures are in high demand. DMV and CBI[8] byH NMR experiments and UV/vis
Herein, we report a convenient, facile, and modulagpectroscopy. As shownFigure S12bthe signals for the
approach for the construction of functional 2D polypseudoprotons of viologen units in DMV were sicamtly shifted
otaxanes in which a stable ternary complex could be formedwm eld by addition of 2 equiv of CB[8]. This phenomenon
the basis of cucurbit[8]uril via host-stabilized charge-transfprovided evidence for the formation of a 2:1 inclusion complex
(CT) interactions of naphthol-modd porphyrin and between CB[8] and DMV, in which the viologen units were
viologen derivatives. Because of the steata macrocycles located in the cavity of the host andienced by the shielding
of cucurbit[8]uril, the 2D polypseudorotaxanes exit as single-ect of CB[8]. The Jdb plot was employed tad the
layer Ims with a lateral size, in which porphyrin units prevenbinding stoichiometry of DMV and CBJ[8]. The top point of
intermolecular aggregation. Interestingly, taking advantagett®¥ curve appeared at the molar frackgne = 0.33,
the photocatalytic properties of porphyrin, the 2D supraindicating the 2:1 binding stoichiometry between CB[8] and
molecular nanoarchitectures can be self-metallized with BMV (Figure S13 which corresponds to the result'idf
nanoparticles, enabling their further use as an excellent catalyl$iR experiments. Furthermore, the association comgjant (
for electrochemical nitrogen reduction reaction with superi@f DMV and CB[8] was calculatedas 2.59x 100 M 1, K,
Faradaic eciency and a satisfactory yield rateCa2 V vs = 212 x 10* M ! according to the result of UV/vis
RHE under ambient conditions, exhibiting high catalysépectroscopic titration&igure S1¢ *H NMR experiments
stability and excellent selectivity. iftgtuFourier transform  were utilized to collect information about the polypseudor-
infrared spectroscopic data indicated that the supramolecutaaxanes. With the addition of TPP-Np to a solution of
system follows the associative mechanism during the nitrogeB[8]/DMV ( Figure S1J¢the signals of viologen units of
reduction reaction process. This work not only deepens th®vV were further shifted wgd and broadened, meaning
understanding of structurctivity relationships in 2D that a higher-level supramolecular assembly was formed.
supramolecular nanoarchitectures but also opens up oppplowever, when the same operation was handlegOin D
tunities for the development of supramolecular polypseudaolution of DMV alone, neither chemical shifts of the protons
otaxanes to realize @ency in electrochemical nitrogen on DMV nor TPP-Np displayed, indicating that there was no

reduction. obvious interaction between TPP-Np and DMV in the absence
of CBJ[8] (Figure S16 According to the above experiment
RESULTS AND DISCUSSION results, we believe that CB[8] can be employed as the module
Design and Synthesis of Naphthol-modi ed Porphyr- of the “molecular handcl to combine the two guest

in (TPP-Np) and Viologen Derivatives (DMV)Synthesis of ~ molecules together to form network-like polypseudorotax-
the guest molecule TPP-Np was performed with commerciamheg-4
available 5,10,15,20-tetra(4-pyridyl)porphyrinc&aln was More detailed information on the polypseudorotaxanes was
conducted in dimethylformamide at @D for 12 h in a  investigated by spectroscopy experiments. As sHagurén
nitrogen environment with 2-(2-bromoethoxy)-naphthalenél, a remarkable intensity decrease was observed at peaks at 219
Subsequently, the counterions were exchanged with chloriied 267 nm in the UV/vis spectra of CB[8]/DMV/TPP-Np
ions and ultimately give TPP-Np in yields of ‘60%other compared to that of the individual components, which are
guest molecule, DMV, was synthesized by the Zinke reacti@ttributed to the naphthalene units and viologen units,
starting with 1,5-naphthalenediamine, which was reacted wigspectively. Moreover, there was an increase in the range of
1-(2,4-dinitrophenyl)-44ipyridinium in ethanol and re- 450 700 nm, exhibiting the formation of the proposed
uxed for 72 h. After methylation with methyl iodide andpolypseudorotaxanes via host-stabilized CT interactions.
ion metathesis procedures, DMV was obtained as a yellowfshiorescence spectra provided further insight into the
solid. The detailed synthesis route of TPP-Np and DMV ifhteractions between each part of the building blocks in the
shown in theSupporting InformatiorCharacteristics for the supramolecular nanoarchitectures. The peaks centered at 680
design of TPP-Np and DMV as building modules, respectivend 720 nm displayed a slight decline with the formation of
include the following: (i) Porphyrin as a functionalized grougpolypseudorotaxanes, also suggesting cucurbit[8]uril is capable
in the center of TPP-Np facilitates polypseudorotaxanes witt drawing close the two guest molecules so that photoinduced
photoactivity performance. (ii) Theexible hydrocarbon electron transfer arises from the porphyrin moieties of TPP-Np
between the porphyrin core and naphthalene periphery to the viologen units of DM\Figure S16°°
TPP-Np enables 2D supramolecular nanoarchitectures withDynamic light scattering (DLS), transmission electron
pliable features. (iii) DMV as the linear connection elemermicroscopy (TEM), and atomic force microscopy (AFM)
with a rigid structure provides the basic prerequisite for theere subsequently utilized to identify the size and morphology
formation of 2D supramolecular nanoarchitectures. Typicallyf the 2D polypseudorotaxanes. The data from the DLS
cucurbit[8]uril, possessing a large cavity, is capable ekperiments indicate that the large size of CB[8]/DMV/TPP-
simultaneously accommodating an electraiedé guest Np formed indeed via CB[8]-mediated hgsest complex-
and an electron-rich guest by host-stabilized CT interactiomsions, whereas there were no detectable signals in the solution
to form a 1:1:1 ternary complex with high associatiomf TPP-Np or CB[8]/DMV {igures S17 and 1BEM is an
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2.0 height of the 2D supramolecular nanoarchitectures was
l — TPPNp symmetrical and uniform. The height of CB[8)/DMV/TPP-
—— DMV . .
——— CBI8JDMV/TPP-Np Np was measured to be2.2 nm at dierent positions,
1.54 —— TPP-Np+DMV (mix) approaching the outer diameter of CB[8], strongly suggesting
0.16 that the formation of single-layer 2D nanostructures resulted
3 1 042 from a cross-link by CB[&]. Meanwhile, the CB[8]
@ 1.0 g l macrocycles ectively prevent the interlayer packing, leading
s £ 008 to the 2D polypseudorotaxanes remaining as singléreyer
FA £ 004 with a lateral size. Moreover, for characterization ohehe
< 0.5- 0.00 = microstructure arrangement inside the CB[8]/DMV/TPP-Np,
' 500 600 700 grazing incidence small-angle X-rayadation (GI-SAXS)
Wavelengih /m experiments were carried out. A sharp scattering peak
corresponding to @spacing of 4.1 nm is observeé&igure
0.04 — T T T T S19 which is assigned to the spacing of the quadrangular pores
200 300 400 500 600 700 800 in the molecular model of the 2D polypseudorotaxanes, which
Wavelength / nm is consistent with the proposed supramolecular assembly mode
(Scheme)l
Figure 1.UV/vis spectra of TPP-Np ([TPP-Np] =510 ° M, blank Preparation and Characterization of PtNPs@ (CB[8]/

line), DMV ([DMV] =1 x 10 *M, red line), CB[8]/DMV/TPP-Np DMV/TPP-Np).Size-controlled and cared growth of such
(CBI[8]:DMV:TPP-Np = 2:1:0.5, [TPP-Np] =% 10 ° M, blue line) ultra ne metal nanoparticles have attracted extensive research
and TPP-Np + DMV (TPP-Np:DMV = 0.5:1, [TPP-Np] =80 ° interests because of excellent properties for applications in
M, purple line) in aqueous solution (light path = 1 mm). heterogeneous catalysis and electrocataly3ise porphyr-

; L i in-based and well-deed 2D supramolecular nanoarchitec-

e cacious method to intuitively characterize the morphology,res have potential in the preparation of uléraPt

of the supramolecular assembly. As expected, the TEM imaggg8oparticles through a succession of light harvesting and
of CB[8]/DMy/TPP—Np |nQ|cate the formation ofml_lke photochemical cycleSdheme 33°% First of all, platinum-
structures with some wrllnkles, on account of_ ebgeble I1) solution was prepared by dissolvigBt&l in ultrapure
structure between porphyrin and naphthalene units in TPP-Npaer ynder ambient conditions and was aged at least 24 h in
(Figure 2). The thickness of the nanomaterial is & Veryhe dark. The photoinduced reduction of platinum salts by
CBI[8]/DMVI/TPP-Np was accomplished in the case of

- ascorbic acid as an electrdonor under visible-light
irradiation. Scanning electron microscope (SEM) images and
TEM images show that the Pt nanoparticles were generated
with uniform size (approximately 3 nm) and dispersion
(Figure 3andFigure S20 The high-resolution TEM image
and selected area electronratition pattern exhibit the
polycrystalline nature and characteristiaation rings of Pt
nanoparticles. TEM-EDS also illustrated that Pt nanoparticles
were prepared successfulligre S21 In addition, the Pt

2 content in PtNPs@(CBJ[8]/DMV/TPP-Np) was estimated to

be about 4.17 wt % based on ICP-AES measurement, which is
consistent with the theoretical amount. As shown in FTIR

wug/i

2
=)

8. 2‘93’,7\”:’ spectraffigure S22 the absorption at 3368 chassigned to
T S the N H stretching vibration in porphyrin units was obviously
o attenuated; meanwhile, the peak at 1722 amrresponding
& b. 2.377 nm to C O of cucurbit[8]uril stretching vibration shifted to 1715
ol —— X cm %, suggesting that the Pt nanoparticles were immobilized by

2D polypseudorotaxanes. Furthermore, the Pt nanoparticles

= were characterized via X-ray photoelectron spectroscopy
“ ¢ 2127 nm (XPS). The spectrum in the Pt 4f region showed peaks
or—X v centered at 70.9 eV for Py 4and 74.2 eV for Pt4f, which

could be assigned to Pt(@igure S23** However, no Pt
nanoparticles were observed in the absence of the CBJ[8]/
DMV/TPP-Np or without light irradiation. On the another
hand, the obtained Pt nanoparticles were large in size and easy
to reunite in the case of TPP-Np operating alone. The above
control experiments demonstrated that the photoactivity of the
important parameter to evaluate the 2D nanostructureporphyrin and the two-dimensional cpmation of the
Therefore, the as-prepared solution of CB[8]/DMV/TPP-Np CB[8]/DMV/TPP-Np are both critical for the development
was dropped onto a mica wafer and then investigated oy functional supramolecular nanostructures.

tapping-mode AFM. As can be seernFigure £, the Electrochemical Nitrogen Reduction Performance of
graphene-like nanostructure of CB[8]/DMV/TPP-Np was PtNPs@(CBJ[8]/DMV/TPP-NRecently, the electrochemical
observed by AFM. Cross-section analysis indicated that thiérogen reduction reaction (NRR) to produce ammonia

Figure 2.Characterization of 2D polypseudorotaxanes. (A) TEM
image of CB[8]/DMV/TPP-Np. (B) Molecular size of CB[8]. (C)
Tapping-mode AFM image of CB[8]/DMV/TPP-Np.
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Scheme 1. Schematic lllustration of the Construction of the 2D Polypseudorotaxanes Based on CB[8] via Host-Stabilized
Charge-Transfer (CT)

Host-Stabilized
Charge-Transfer
Interactions

% Host-Guest
Complexation W

o —
i ———— - - -

Average size: 3.12 nm

0 1 2 3 4 5 6 7
Particle size / nm

C

Figure 3.Characterization of 2D PtNPs@(CB[8]/DMV/TPP-Np). (a) Low-magtion TEM image of PtNPs@(CB[8]/DMV/TPP-Np). (b)
Size distribution prte of Pt nanoparticles. (c) High-resolution TEM image of PtNPs@(CB[8]/DMV/TPP-Np). (d) TEM-EDS mapping of
composition elements C, N, Pt, and O.

(NH,) at atmospheric pressure and moderate temperatudd intense researétic Di erent from the current industrial
powered by renewable electricity has been an attractive subjdaber-Bosch process, which producesfiékh N, and H,
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Figure 4.Electrocatalytic NRR activity of PtNPs@(CB[8]/DMV/TPP-Np). (a) Chronoamperometric curves at various poteistalsate

0.1 M KSQ,. (b) NH yields (left axis) and Faradaiciencies (FEs) (right axis) of PtNPs@ (CB[8]/DMV/TPP-Np) at each given potential in

0.1 M KSQ,. The error bars correspond to the standard deviations of measurements over three separately prepared samples under the sa
conditions. (c) Corresponding Nideld rates and Faradaici@ncies in the three electrolytes@® V. (d)*™N isotope labeling experiméht.

NMR spectra for the postelectrolysis 0.1L,80Kelectrolytes withN, and'N, as the feeding gases. Also shown are the spetibiféand

NH** standard samples.

catalyzed by iron-based catalysts under high temperatur@he NH; yield rate was normalized on the basis of the
(350 550 °C) and high pressure (15850 atm), the  weight of Pt loading. The produced ;N&hd NH, were
electrochemical NRR is considered a sustainable amteasured according to the reported indophenol blue method
promising approach for Nigroductiors*>> Recent reports ~and Watt and Chrisp method, respectively (the corresponding
illustrated that various madés including noble metals calibration curves are showfigures S25 and $28"° The
showed favorable activity for Nproductiorr>*’ Signi- production of hydrazine was below the detection limit,
cantly, we found that the Pt-based catalysts, which welglicating high selectivity for Atbver PtNPs@(CB[8]/
thought to not be appropriate for NRR, could eemt NRR ~ DMV/TPP-Np) (Figure S2¢ Time-dependent current
catalyst& Inspired by previous results and PtNPs@(CB[8)/ density curves for 2.5 h from 0 t6.4 V are presented in
DMV/TPP-Np) with high-density andnely dispersed Pt F|ggre 4. The NH vyield and corresponding Faradaic
nanoparticles, extensive explorations and investigations towgrg€ncy revealed that the PINPs@(CB[8]/DMV/TPP-Np)
the catalytic reactivity of hybrid materials for electrochemic}i2S an ecient catalyst for theation of inert himolecules

NRR were conducted. To the best of our knowledge, there 0 valuable Nkl As shown irFigure B, the NH yield

no prior work based on supramolecular nanoarchitectures fBFreased with more negative potential udill V, where the

; . o . : aximum value of the Nifield was calculated as 233 *
?étsrgg(recnh xation, which is challenging but potentially vaIuabI%g)t 1 and the Faradaic eiency displayed the highest value

The N, reduction activity of PINPs@(CB[8)/DMV/TPP- of 10.39% at 0.1 V and then decreased gradually, which was

Np) was carried out at room temperature and atmos herlascribed to the competitive selectivity toward the hydrogen
P P PREN& olution reaction (HERY.For determination of the active

pressure di% an I\I;;shapec:) electrochemical cell, which (‘j’vé\?es of PtNPs@(CBJ[8]/DMV/TPP-Np) for electrocatalytic
separated by a membrane at room temperature an NRR, bare Pt nanoparticles and 2D polypseudorotaxanes as

atmospheric pressure. The NRR activity of the electrode Was, controlled samples were also studied at the same catalytic
evaluated using controlled potential electrolysis with Npotential Figure S28 The results commed that the Pt

saturated electrolytes. All potentials mentioned in this WOWanoparticIeS with high density ame dispersion in

were gonverted as the value versus RHE unlesedpeci pinps@(CB[8)/DMV/TPP-Np) was the actual active sites
otherwise. The linear sweep voltammetry (LSV) curves @by electroreduction of ,Nunder ambient conditions.
PtNPs@(CB[8]/DMV/TPP-Np) exhibited dérent current  According to a previous report, Pt nanoparticles were stabilized
densities in the range from 0 t6.70 V in 0.1 M kSO, by oxygen atoms at the edge of macrocycle structures of CB[8]
solution with Ar-saturated and,-$turated electrolytes, and displayed positive charge, which can favorably chemisorb
respectivelyHigure S24 The current density inMaturated  and activate the ;N° In addition, macrocycle structures of
electrolyte is higher than that in Ar-saturated electrolyteB[8] provided locally hydrophobic sitéswhich is
indicating that PtNPs@(CB[8]/DMV/TPP-Np) possesses unfavorable to the HER process. As showigine 4, the
catalytic activity toward, Mlectrochemical reduction. ndings of the electrocatalytic behaviors of PINPs@(CB[8]/
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Figure 5.Stability tests. (a) Time-dependent current density curve. (b) Recycling test of PtINPs@(CB[8]/DMV/TPRONpY atnder
ambient conditions.

DMV/TPP-Np) in di erent N-saturated electrolytes reveal For investigation of the activation gfdd the surface of
that, compared with that in neutral electrolyte (0.1L30K PINPs@(CB[8]/DMV/TPP-Np) in our workin situtime-

pH 7) at 0.2V, the NHyield and the Faradaic@ency of resolved Fourier transform infrared (FTIR) spectroscopy was
PtNPs@(CB[8]/DMV/TPP-Np) were much lower than those employed to demonstrate time-dependent changes of the N
in acid (0.05 M E5Q,, pH 1) and basic electrolytes (0.1 M contained after injection of,.NAs shown irFigure @, the

KOH, pH 14), indicating that,BQ, should be a promising absorption band that can be assigned\ii, intermediates
electrolyte for electrochemical NRR because ofeitive gradually enhanced, exhibiting that dsn be eciently
suppression of HERFigure S20 Therefore, all of the adsorbed and activated on the surface of the PtNPs@(CB[8]/
following NRR experiments were conducted in 0.39@K  pMV/TPP-Np). More concretely, absorption bands appearing

To conrm the origin of the produced NHve carefully  jn the range from 1050 to 1500 éman be assigned to H
examined the nitrogen source through control experiments.

First, the PtNPs@(CBJ[8]/DMV/TPP-Np) was immersed in a
N,-saturated electrolyte without applied potentials, and no
NH; was detected using the indophenol blue method.
Furthermore, the control experiments were carried out in Ar-
saturated electrolyte ad.2 V in 0.1 M KSQ, solution, and

only negligible NEcould be detected{gure S30 And the
pristine carbon paper was used as a working electrode in N
saturated electrolyte a0.2 V in 0.1 M KSQ, solution; no

NH; was detected. The above experiment results suggest that
the NH; was produced from electroreduction of by
PtNPs@(CB[8]/DMV/TPP-Np). In additiont>™N (99 atom

% 1N) isotopic labeling experiment was executed as an
alternative method to verify the nitrogen source of the
produced NH generated in our experimental condifions.
As shown inFigure 4, the standard samples illustrated a
triplet coupling fot™NH," and a doublet coupling fSNH

in 'TH NMR spectra. WheliN, or N, was supplied as the
feeding gadNH," or ™™H," could be detected, respectively,
suggesting that the produced ;Nétiginated from the
electroreduction of Nnstead of decomposition of catalysts
or other contaminations.

The stability of the PtNPs@(CB[8]/DMV/TPP-Np) for
electrochemical NRR was assessed by consecutive recycling
electrolysis at0.2 V. Under sustained f§as ow, no obvious
change in current density could be observed during electrolysis
within 8 h. Furthermore, the catalytic activity displayed only a
slight decrease in Nhtields and Faradaic @encies during
eight consecutive cyclefigure 9, suggesting that
PtNPs@(CBJ[8]/DMV/TPP-Np) maintained satisfactory elec-
trocatalytic activity. According to the high-resolution Pt XPS
'SI'FI)DeI;:-tII;Iupr;]éltrzgsr:e(ri:]aeignelgallmsgﬁgigog dF:fl:leF;se(l@e(C?rigzﬂig)'\lﬂs\i/s/ Eﬁiﬁure 6.(a) Electrochemica! in situ time-rgsolved Eourier transform

’ 2 ared (FTIR) spectra for nitrogen reduction reaction (NRR) on the
NRR (Figure S31 The good stability of PtINPS@(CB[8)/ p\ps@(CB[8)/DMV/TPP-Np) electrode. (b) Schematic illustra-

DMV/TPP-Np) may be attributed to the strong hgstest  tion of the possible NRR process on the PtNPs@(CB[8)/DMV/
interactions. TPP-Np) electrode.

F https://dx.doi.org/10.1021/acs.chemmater.0c03425
Chem. MaterXXXX, XXX, XX¥XXX


http://pubs.acs.org/doi/suppl/10.1021/acs.chemmater.0c03425/suppl_file/cm0c03425_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.chemmater.0c03425/suppl_file/cm0c03425_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.chemmater.0c03425/suppl_file/cm0c03425_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.chemmater.0c03425?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.chemmater.0c03425?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.chemmater.0c03425?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.chemmater.0c03425?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.chemmater.0c03425?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.chemmater.0c03425?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.chemmater.0c03425?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.chemmater.0c03425?fig=fig6&ref=pdf
pubs.acs.org/cm?ref=pdf
https://dx.doi.org/10.1021/acs.chemmater.0c03425?ref=pdf

Chemistry of Materials pubs.acs.orglcm

N H bending (1450 cm), NH, wagging (1301 cr, conducted at 0.2 V vs RHE for 6 h in 10 mL of 0.1 MSK,
adsorbed NK{(1200 cml), and N N stretching (1070 CH’D aqueous s_olution_ in a circulation setup. Then 0.5 mL of the above
models of N,H, intermediates, respectively. The in situ time-Solution mixed with 0.05 mL @fDMSO was used fdH nuclear
resolved FTIR data provide strong evidence that the nitrog%‘@%’&%‘é ”rleggga'\r}lilez)(NMR) spectroscopy measurement  (Bruker
reduction reaction on PtNPs@(CB[8]/DMV/TPP-Np) surfa- '

ces follows an associative mechdnispecically, the
possible NRR process over PINPs@(CB[8]/DMV/TPP-Np) . ASSOC_:IATED CQNTENT
cathode can be reasonably deduced, as showarin®. N, Supporting Information

molecules wererst adsorbed on the surface, and then the! "€ Supporting Information is available free of charge at
adsorbed preacted with the dissociated protof) ffom the https://pubs.acs.org/doi/10.1021/acs.chemmater.0c03425

electrolyte to form intermediates, resulting in the facilitation of ~ Characterizations of 2D polypseudorotaxanes and NRR

dissociation of NN triple bonds. catalytic performance of PtINPs@(CB[8]/DMV/TPP-
Np), including NMR spectra, MS spectra, UV/vis
CONCLUSIONS spectra, and uorescence spectra, SEM and AFM

In conclusion, novel 2D polypseudorotaxanes have been images, FT-IR and GI-SAXS patterns, LSV curves, and
constructed by host-stabilized charge-transfer interactions by XPS spectraPDOF)

CB[8]. The functional and structural features allow the 2D

supramolecular nanomaterial to be used as a platform for AUTHOR INFORMATION
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