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ABSTRACT: Solid “[AuL]” (HL = 3-[pyrid-2-yl]-5-tertbutyl-1H-pyrazole) can be crystallized as cyclic [Au3(μ-L)3] and [Au4(μ-
L)4] clusters from different solvents. The crystalline tetramer contains a square Au4 core with an HT:TH:TH:HT arrangement of
ligand substituents, which preorganizes the cluster to chelate to additional metal ions via its pendant pyridyl groups. The addition of
0.5 equiv of AgBF4 to [AuL] yields [Ag2Au4(μ3-L)4][BF4]2, where two edges of the Au4 square are spanned by Ag+ ions via
metallophilic Ag···Au contacts. Treatment of [AuL] with [Cu(NCMe)4]PF6 affords the metalloligand helicate [Cu2Au2(μ-
L)4][PF6]2, via oxidation of the copper and partial fragmentation of the cluster.

Coinage metal pyrazolate salts adopt oligomeric structures,
with trimeric and tetrameric molecular and 1D polymeric

structure types being well-known in the solid state.1−4 The
[M3(μ-pz)3] (M = Cu, Ag, or Au; Hpz = 1H-pyrazole, or a
substituted derivative) cyclic trimer is the most common motif
in these compounds.4 These are essentially planar, notwith-
standing any peripheral substituents, and often aggregate in the
crystal through short M···M contacts. Such compounds can
show an intense, temperature-dependent emission in the solid
state,5−10 from transitions within the intermolecular metal-
lophilic orbitals.11−13 Similarly, hybrid or soft materials based
on [M3(μ-pz)3] centers can show switchable emission
mediated by reversible supramolecular aggregation pro-
cesses.14−18 Triangular [M3(μ-pz)3] centers with appropriate
substituents can be π-acid hosts for aromatic guest
species,1,4,19,20 and D3h-symmetric synthons in crystalline
frameworks21,22 and in 2D coordination nanosheets.23

Sterically hindered 3-(pyrid-2-yl)-5-tertbutyl-1H-pyrazole
(HL) supports a number of novel metal−organic molecular
architectures.24−28 For example, the silver chemistry of HL
afforded a rare example of metallophilic isomerism in two
polymorphs of [Ag3(μ-Br)(μ-L)2], and the largest known
homoleptic coinage metal pyrazolate cluster [Ag10(μ-L)8]2+.28
We were therefore intrigued to study complexes of HL with
other coinage metals. We report here the isolation of two
clusters [Aun(μ-L)n] (n = 3 or 4) and their further reaction
with other metal sources to form mixed-metal compounds.
This has resulted in a rare postsynthetic metalation of a
preformed gold(I) cluster with Ag(I), without inducing any
further structural rearrangement.29−36

Dropwise addition of NBu4OH solution to an equimolar
suspension of [AuCl(tht)] (tht = tetrahydrothiophene) and
HL37 in methanol affords a clear, pale yellow solution. Storage
of the filtered solution at 255 K for 3 days yields an off-white
microcrystalline precipitate analyzed as [AuL] (1). The
synthesis is unpredictable and sometimes yields colloidal
gold rather than the desired complex 1. Analogous reactions
using different solvents and bases also suffered from this
problem while giving lower yields of 1 when they worked as

desired. Since most gold pyrazolates precipitate cleanly when
synthesized from polar solvents, the sensitivity of this reaction
might reflect the chelating N-donors in [L]−, which could be
incompatible with the preferred linear coordination of gold(I)
in the reaction mixture. Be that as it may, once isolated, 1 is
stable under ambient conditions and soluble in weakly polar
solvents.
Recrystallization of 1 from chlorinated solvents affords

mixtures of colorless crystals and an amorphous material.
Crystals of [Au3(μ-L)3] (1a) and [Au4(μ-L)4]·xEt2O (1b·
xEt2O; x ≈ 0.63) were obtained from two such crystallization
mixtures. The cyclic trimer molecule 1a has crystallographic 6̅
symmetry with a planar, equilateral Au3 core and symmetry-
imposed pyridyl group disorder (Figure 1). The three [L]−

ligands are oriented in a HT:HT:HT (H = head {pyridyl}; T =
tail {tertbutyl}) arrangement. The cyclic tetramer in 1b lies on
a general crystallographic position and has an approximately
planar Au4 core with [L]− ligands alternating above and below
the plane of metal atoms. Interestingly, the disposition of
ligands around this molecule is HT:TH:TH:HT. There are no
close intramolecular steric contacts between the pyridyl or tert-
butyl substituents that might influence the ligand arrangement
in 1b·xEt2O. However, the same isomer is a major component
in solutions of 1, as described below. In contrast, another
[Au4(μ-pz)4] complex with an unsymmetric pattern of bulky
pyrazole substituents adopts the more symmetrical
HT:HT:HT:HT isomer in the solid state.38

The Au···Au distances in 1a are all 3.3529(7) Å, while in 1b
they range between 3.1661(8) and 3.3053(8) Å. These are
typical dimensions for these classes of compounds and imply
only weak interactions between the metal ions in each
molecule. There are no close intermolecular Au···Au contacts

Received: May 22, 2023
Published: June 7, 2023

Communicationpubs.acs.org/IC

© 2023 The Authors. Published by
American Chemical Society

9300
https://doi.org/10.1021/acs.inorgchem.3c01667

Inorg. Chem. 2023, 62, 9300−9305

D
ow

nl
oa

de
d 

vi
a 

U
N

IV
 O

F 
L

E
E

D
S 

on
 J

ul
y 

19
, 2

02
3 

at
 1

2:
56

:4
8 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ryan+A.+Smith"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rafal+Kulmaczewski"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Malcolm+A.+Halcrow"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.inorgchem.3c01667&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?goto=supporting-info&ref=pdf
https://pubs.acs.org/toc/inocaj/62/24?ref=pdf
https://pubs.acs.org/toc/inocaj/62/24?ref=pdf
https://pubs.acs.org/toc/inocaj/62/24?ref=pdf
https://pubs.acs.org/toc/inocaj/62/24?ref=pdf
pubs.acs.org/IC?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.inorgchem.3c01667?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/IC?ref=pdf
https://pubs.acs.org/IC?ref=pdf
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://acsopenscience.org/open-access/licensing-options/


in the lattices of 1a and 1b·xEt2O, which presumably reflects
the steric bulk of their tert-butyl groups (Figures S3 and S4).
Bulk samples of 1 are a mixture of at least two phases

determined by powder diffraction, including 1a and a phase
related to 1b·xEt2O. Unfortunately, we have been unable to
purify bulk samples of 1a and 1b for separate characterization.
Some other coinage metal pyrazolate complexes have also

been crystallized in more than one aggregation state,39−43

which can exist in concentration-dependent equilibria in
solution.43−45 However, the ESMS spectrum of 1 shows a
strong molecular ion for [1b + H]+ (m/z = 1589.3473) but no
peak assignable to 1a. Hence, 1a should be a minor component
in solutions of 1, even though it can be crystallized under some
conditions. Other coinage metal pyrazolates with tert-butyl
ligand substituents also prefer tetranuclear over trinuclear
structures, probably on steric grounds.38,46,47 A 1H NMR
spectrum of 1 in CDCl3 demonstrated the presence of three
main species with one, two, and four unique L environments

(Figures S7 and S8).48 For consistency with the mass
spectrum, we assign these to three isomers of tetranuclear
[Au4(μ -L) 4] , respect ive ly wi th HT:HT:HT:HT,
HT:TH:TH:HT (i.e., 1b), and HT:TH:HT:HT pyrazole
substituent patterns (Chart S2).
The disposition of the ligands in 1b places its pyridyl

substituents adjacent to each other across two edges of the Au4
square (Figure 1). That could preorganize them to chelate to
additional metal ions.29,32,35,49−54 We therefore explored
reactions of preformed 1 with additional equivalents of other
coinage metal precursors. No reaction was observed between 1
and [Au(tht)2]PF6, which gave unchanged 1 as the only
isolable product. However, treatment of 1 with 0.5 equiv
AgBF4 per the “[AuL]” formula unit in thf affords a new off-
white product, [Ag2Au4(μ3-L)4][BF4]2 (2).

39 Compound 2 is
soluble in MeCN and MeNO2, but it does not form single
crystals from those solvents. However, single crystals of
formula 2·yC2H4Cl2, y ≈ 3.6) were grown by slow evaporation
of a solution of 2 in 1,2-dichloroethane, in which it is only
sparingly soluble.
The structure of 2 contains a square [Au4(μ-L)4] moiety,

whose geometry and metric parameters are almost identical to
those of 1b within experimental error. However, two adjacent
edges of the square assembly are now spanned by silver ions
(Figure 2). Each Ag(I) ion is coordinated by the pyridyl N-

donor atom from two [L]− ligands, as predicted, with an
additional long contact to a partially occupied, disordered
solvent molecule. The N−Ag−N angle is significantly bent at
135.8(4)°, which orients each silver atom toward the midpoint
of a Au···Au vector. The Ag···Au distances of 2.9344(12)−
2.9346(10) Å lie within the midrange for metallophilic (d10−
d10) bonding interactions between those two metals.55 The

Figure 1. [Au3(μ-L)3] molecule in 1a (top) and the [Au4(μ-L)4]
molecule in 1b·xEt2O (bottom). Only one of the symmetry-imposed
disorder sites for the pyridyl groups in compound 1a is shown.
Displacement ellipsoids are at the 50% probability level, and H atoms
are omitted for clarity. Color code: C, white; Au, green; N, blue.
Symmetry codes: (i) 1 − y, x − y, z; (ii) 1 − x + y, 1 − x, z.

Figure 2. [Ag2Au4(μ3-L)4(ClC2H4Cl)1.2]2+ dication in 2·yC2H4Cl2.
The short Ag···Au contacts are plotted as dotted lines, and only the
major disorder site for the part-occupied 1,2-dichloroethane ligand is
shown. Other details are as in Figure 1. Color code: C, white; Ag,
orange; Au, green; Cl, yellow; N, blue. Symmetry code: (iii).
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Au···Au distances span a narrower range than in 1b, at
3.1645(6)−3.1878(7) Å (Figure S10). The average Au···Au
distance in 2 [3.1762(9) Å] is 0.0753(19) Å shorter than that
in 1b [3.2515(17) Å], implying that metalation of the Au4
cluster in 2 strengthens its metallophilic bonding to a small
degree. The Au−N distances in 2 are equal to each other and
to those in 1b, within experimental error. Hence, metalation of
2 has no detectable influence on the Au−[pyrazolate] bonding.
A 1H NMR spectrum of 2 in CD3CN showed a single

species with two equally populated L environments, which is
the symmetry expected for both 1b and 2 (Figure S13). Silver
complexes of heterocyclic ligands are often labile in
solution.28,43−45,56−60 However, the pyridyl H3 resonances in
2 lie 0.5−0.6 ppm upfield compared to 1b, implying that silver
coordination to those residues is retained in the sample.
Consistent with that, the ESMS spectrum of 2 contains a
strong peak assigned to [AgAu4L4]+ (m/z = 1697.2449), as
well as a peak from demetalated 1b (Figure S14).
Reaction of 1 with 0.5 equiv of [Cu(NCMe)4]PF6 under

similar conditions used to synthesize 2 afforded strongly
colored solutions implying oxidation of the copper reagent to
copper(II). Solid products from these reactions were sparingly
soluble, but milligram quantities of red-green dichroic crystals
of [Cu2Au2(μ-L)4][PF6]2·zEt2O (3·zEt2O; z ≈ 0.8) were
crystallized from 2,2,2-trifluoroethanol/diethyl ether.
The complex in 3 contains a butterfly Cu2Au2 core with Cu

atoms at the wingtips linked to a Au2 hinge fragment (Figure
3). The copper ions are four-coordinate to two chelating [L]−

ligands, with a substantial tetrahedral distortion (τ4 = 0.43).61

The ligands bridge through their pyrazolate groups to near-
linear gold ions. These form a Au···Au distance of 2.9483(4) Å,
implying a significant aurophilic interaction55,62 but are well
isolated from the copper atoms [Au(1)···Cu(2) = 3.8897(7)
Å]. The disposition of the [AuL2]− metalloligands linking the
copper ions affords an unusual type of [2 + 2] helicate
conformation;63,64 the centrosymmetric crystal lattice contains
an equal ratio of Δ and Λ helical molecules.
The absorption spectra of 1 and 2 in MeCN at 298 K are

similar to HL,37 being featureless in the visible region but with
an envelope of intense pyridyl π−π* transitions around λmax =
258 nm. Excitation of 1 at 270 nm yields an intense structured
emission with maxima at λmax = 337 and 385 nm, which is
probably ligand-centered,37,65 and a weaker emission at λmax =

654 nm (Figures 4 and S18). This resembles the orange
emission shown by solutions of [Au4(pztBu2)4] (HpztBu2 = 3,5-

di(tertbutyl)-1H-pyrazole),46 which arises from metal-to-metal
charge transfer (MMCT) transitions within the metallophilic
Au···Au orbital manifold.12,13,33,47 The emission spectrum of 2
(λex = 250 nm) resembles that of 1, but the main visible
emission is slightly red-shifted at λmax = 667 nm. The spectrum
also has weak additional features in the visible region which
may be vibrational structure on the emission bands, reflecting
the greater conformational rigidity of 2.35

A number of [{Au3(μ-L)3}2Ag]+ clusters have been
reported, where [L]− is a substituted pyrazolate or a C,N-
donor 1,2-bridging ligand. These contain a silver(I) ion
sandwiched by two cyclic trigold(I) metalloligands, through
unsupported Au···Ag metallophilic interactions.30−34 The
sandwich assemblies can show enhanced room-temperature
phosphorescence compared to the trigold precursors,33,34

which has been exploited in emissive soft materials14−16 and
silver ion sensors17,18 containing embedded trigold clusters.
Higher nuclearity [Aun(μ-L)n] (n > 3) complexes are less
common, but our synthesis of 2 shows that they can also be
decorated with silver ions, using pendant ligand substituents to
direct the metalation.35,36 This is a promising strategy toward
heterometallic pyrazolate clusters of gold and other coinage
metals.32,35
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Inorganic Chemistry pubs.acs.org/IC Communication

https://doi.org/10.1021/acs.inorgchem.3c01667
Inorg. Chem. 2023, 62, 9300−9305

9302

https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.3c01667/suppl_file/ic3c01667_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.3c01667/suppl_file/ic3c01667_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.3c01667/suppl_file/ic3c01667_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.3c01667/suppl_file/ic3c01667_si_001.pdf
http://doi.org/10.5518/1361
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.3c01667/suppl_file/ic3c01667_si_001.pdf
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?fig=fig4&ref=pdf
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.3c01667?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


■ AUTHOR INFORMATION
Corresponding Author

Malcolm A. Halcrow − School of Chemistry, University of
Leeds, Leeds LS2 9JT, United Kingdom; orcid.org/0000-
0001-7491-9034; Email: m.a.halcrow@leeds.ac.uk

Authors
Ryan A. Smith − School of Chemistry, University of Leeds,

Leeds LS2 9JT, United Kingdom
Rafal Kulmaczewski − School of Chemistry, University of

Leeds, Leeds LS2 9JT, United Kingdom
Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.inorgchem.3c01667

Author Contributions
R.A.S. undertook the synthesis and characterization of the new
compounds, with supervision from R.K. R.K. did the
fluorescence measurements and collected crystallographic
data, while the crystal structure refinements were performed
by M.A.H. M.A.H. conceived the study and wrote the
publication. All authors have approved the final version of
the manuscript.
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
This work was funded by the University of Leeds and the
EPSRC (EP/K012576/1).

■ REFERENCES
(1) Burini, A.; Mohamed, A. A.; Fackler, J. P., jr. Cyclic Trinuclear
Gold(I) Compounds: Synthesis, Structures and Supramolecular Acid-
Base π-Stacks. Comments Inorg. Chem. 2003, 24, 253−280.
(2) Halcrow, M. A. Pyrazoles and Pyrazolides − Flexible Synthons in
Self-Assembly. Dalton Trans 2009, 2009, 2059−2073.
(3) Mohamed, A. A. Advances in the Coordination Chemistry of
Nitrogen Ligand Complexes of Coinage Metals. Coord. Chem. Rev.
2010, 254, 1918−1947.
(4) Zheng, J.; Lu, Z.; Wu, K.; Ning, G.-H.; Li, D. Coinage-Metal-
Based Cyclic Trinuclear Complexes with Metal−Metal Interactions:
Theories to Experiments and Structures to Functions. Chem. Rev.
2020, 120, 9675−9742.
(5) Omary, M. A.; Rawashdeh-Omary, M. A.; Gonser, M. W. A.;
Elbjeirami, O.; Grimes, T.; Cundari, T. R.; Diyabalanage, H. V. K.;
Gamage, C. S. P.; Dias, H. V. R. Metal Effect on the Supramolecular
Structure, Photophysics, and Acid-Base Character of Trinuclear
Pyrazolato Coinage Metal Complexes. Inorg. Chem. 2005, 44,
8200−8210.
(6) Ni, W.-X.; Li, M.; Zheng, J.; Zhan, S.-Z.; Qiu, Y.-M.; Ng, S. W.;
Li, D. Approaching White-Light Emission from a Phosphorescent
Trinuclear Gold(I) Cluster by Modulating its Aggregation Behavior.
Angew. Chem., Int. Ed. 2013, 52, 13472−13476.
(7) Earl, L. D.; Nagle, J. K.; Wolf, M. O. Tuning the Extended
Structure and Electronic Properties of Gold(I) Thienyl Pyrazolates.
Inorg. Chem. 2014, 53, 7106−7117.
(8) Morishima, Y.; Young, D. J.; Fujisawa, K. Structure and
Photoluminescence of Silver(I) Trinuclear Halopyrazolato complexes.
Dalton Trans 2014, 43, 15915−15928.
(9) Woodall, C. H.; Fuertes, S.; Beavers, C. M.; Hatcher, L. E.;
Parlett, A.; Shepherd, H. J.; Christensen, J.; Teat, S. J.; Intissar, M.;
Rodrigue-Witchel, A.; Suffren, Y.; Reber, C.; Hendon, C. H.; Tiana,
D.; Walsh, A.; Raithby, P. R. Tunable Trimers: Using Temperature
and Pressure to Control Luminescent Emission in Gold(I)
Pyrazolate-Based Trimers. Chem. − Eur. J. 2014, 20, 16933−16942.

(10) Tang, W.-J.; Yang, H.; Peng, S.-K.; Xiao, Z.-M.; Huang, G.-Q.;
Zheng, J.; Li, D. Multistimuli-Responsive Behavior of a Phosphor-
escent Cu3pyrazolate3 Complex for Luminescent Logic Gates and
Encrypted Information Transformation. Inorg. Chem. Front. 2023, 10,
2594−2606.
(11) Vorontsov, I. I.; Kovalevsky, A. Yu.; Chen, Y.-S.; Graber, T.;
Gembicky, M.; Novozhilova, I. V.; Omary, M. A.; Coppens, P.
Shedding Light on the Structure of a Photoinduced Transient
Excimer by Time-Resolved Diffraction. Phys. Rev. Lett. 2005, 94,
193003.
(12) Grimes, T.; Omary, M. A.; Dias, H. V. R.; Cundari, T. R.
Intertrimer and Intratrimer Metallophilic and Excimeric Bonding in
the Ground and Phosphorescent States of Trinuclear Coinage Metal
Pyrazolates: a Computational Study. J. Phys. Chem. A 2006, 110,
5823−5830.
(13) Lu, Z.; Vanga, M.; Li, S.; Adebanjo, J. O.; Patterson, M. R.;
Dias, H. V. R.; Omary, M. A. Relativistic Modulation of Supra-
molecular Halogen/Copper Interactions and Phosphorescence in
Cu(I) Pyrazolate Cyclotrimers. Dalton Trans 2023, 52, 3964−3970.
(14) Enomoto, M.; Kishimura, A.; Aida, T. Coordination Metalla-
cycles of an Achiral Dendron Self-Assemble via Metal-Metal
Interaction To Form Luminescent Superhelical Fibers. J. Am. Chem.
Soc. 2001, 123, 5608−5609.
(15) Kishimura, A.; Yamashita, T.; Aida, T. Phosphorescent
Organogels via “Metallophilic” Interactions for Reversible RGB-
Color Switching. J. Am. Chem. Soc. 2005, 127, 179−183.
(16) Lintang, H. O.; Kinbara, K.; Yamashita, T.; Aida, T. Metal-Ion
Permeation in Congested Nanochannels: The Exposure Effect of Ag+
Ions on the Phosphorescent Properties of a Gold(I)−Pyrazolate
Complex that is Confined in the Nanoscopic Channels of
Mesoporous Silica. Chem. − Asian J. 2012, 7, 2068−2072.
(17) Upadhyay, P. K.; Marpu, S. B.; Benton, E. N.; Williams, C. L.;
Telang, A.; Omary, M. A. A Phosphorescent Trinuclear Gold(I)
Pyrazolate Chemosensor for Silver Ion Detection and Remediation in
Aqueous Media. Anal. Chem. 2018, 90, 4999−5006.
(18) Benton, E. N.; Marpu, S. B.; Omary, M. A. Ratiometric
Phosphorescent Silver Sensor: Detection and Quantification of Free
Silver Ions within Silver Nanoparticles. ACS Appl. Mater. Interfaces
2019, 11, 15038−15043.
(19) Titov, A. A.; Filippov, O. A.; Epstein, L. M.; Belkova, N. V.;
Shubina, E. S. Macrocyclic Copper(I) and Silver(I) Pyrazolates:
Principles of Supramolecular Assemblies with Lewis Bases. Inorg.
Chim. Acta 2018, 470, 22−35.
(20) Zheng, J.; Yang, H.; Xie, M.; Li, D. The π-Acidity/Basicity of
Cyclic Trinuclear Units (CTUs): from a Theoretical Perspective to
Potential Applications. Chem. Commun. 2019, 55, 7134−7146.
(21) Pettinari, C.; Tab̆ac̆aru, A.; Galli, S. Coordination Polymers and
Metal−Organic Frameworks Based on Poly(pyrazole)-Containing
Ligands. Coord. Chem. Rev. 2016, 307, 1−31.
(22) Li, Z.; Zhang, Z.; Ye, Y.; Cai, K.; Du, F.; Zeng, H.; Tao, J.; Lin,
Q.; Zheng, Y.; Xiang, S. Rationally Tuning Host−Guest Interactions
to Free Hydroxide Ions Within Intertrimerically Cuprophilic Metal−
Organic Frameworks for High OH− Conductivity. J. Mater. Chem. A
2017, 5, 7816−7824.
(23) Zhu, X.; Miao, H.; Shan, Y.; Gao, G.; Gu, Q.; Xiao, Q.; He, X.
Two-Dimensional Janus Film with Au Nanoparticles Assembled on
Trinuclear Gold(I) Pyrazolate Coordination Nanosheets for Photo-
catalytic H2 Evolution. Inorg. Chem. 2022, 61, 13591−13599.
(24) Jones, L. F.; Kilner, C. A.; de Miranda, M. P.; Wolowska, J.;
Halcrow, M. A. A Hexacopper Fluoro Metallacrown Cavitand and its
Alkali Metal Complexes. Angew. Chem., Int. Ed. 2007, 46, 4073−4076.
(25) Jones, L. F.; Barrett, S. A.; Kilner, C. A.; Halcrow, M. A.
Ammonium, Alkylammonium and Amino Acid Complexes of a
Hexacopper Fluoro-Metallacrown Cavitand. Chem. − Eur. J. 2008, 14,
223−233.
(26) Jones, L. F.; Kilner, C. A.; Halcrow, M. A. A Cobalt
Metallacrown Anion Host with Guest-Dependent Redox Activity.
Chem. − Eur. J. 2009, 15, 4667−4675.

Inorganic Chemistry pubs.acs.org/IC Communication

https://doi.org/10.1021/acs.inorgchem.3c01667
Inorg. Chem. 2023, 62, 9300−9305

9303

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Malcolm+A.+Halcrow"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-7491-9034
https://orcid.org/0000-0001-7491-9034
mailto:m.a.halcrow@leeds.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ryan+A.+Smith"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rafal+Kulmaczewski"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01667?ref=pdf
https://doi.org/10.1080/02603590390464225
https://doi.org/10.1080/02603590390464225
https://doi.org/10.1080/02603590390464225
https://doi.org/10.1039/b815577a
https://doi.org/10.1039/b815577a
https://doi.org/10.1016/j.ccr.2010.02.003
https://doi.org/10.1016/j.ccr.2010.02.003
https://doi.org/10.1021/acs.chemrev.0c00011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.0c00011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.0c00011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic0508730?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic0508730?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic0508730?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201308135
https://doi.org/10.1002/anie.201308135
https://doi.org/10.1021/ic4031365?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic4031365?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C4DT01978D
https://doi.org/10.1039/C4DT01978D
https://doi.org/10.1002/chem.201404058
https://doi.org/10.1002/chem.201404058
https://doi.org/10.1002/chem.201404058
https://doi.org/10.1039/D3QI00313B
https://doi.org/10.1039/D3QI00313B
https://doi.org/10.1039/D3QI00313B
https://doi.org/10.1103/PhysRevLett.94.193003
https://doi.org/10.1103/PhysRevLett.94.193003
https://doi.org/10.1021/jp0605146?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp0605146?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp0605146?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D2DT03725D
https://doi.org/10.1039/D2DT03725D
https://doi.org/10.1039/D2DT03725D
https://doi.org/10.1021/ja010426t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja010426t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja010426t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0441007?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0441007?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0441007?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/asia.201200041
https://doi.org/10.1002/asia.201200041
https://doi.org/10.1002/asia.201200041
https://doi.org/10.1002/asia.201200041
https://doi.org/10.1002/asia.201200041
https://doi.org/10.1021/acs.analchem.7b04334?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.analchem.7b04334?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.analchem.7b04334?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsami.9b01224?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsami.9b01224?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsami.9b01224?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.ica.2017.07.015
https://doi.org/10.1016/j.ica.2017.07.015
https://doi.org/10.1039/C9CC02969A
https://doi.org/10.1039/C9CC02969A
https://doi.org/10.1039/C9CC02969A
https://doi.org/10.1016/j.ccr.2015.08.005
https://doi.org/10.1016/j.ccr.2015.08.005
https://doi.org/10.1016/j.ccr.2015.08.005
https://doi.org/10.1039/C6TA11242K
https://doi.org/10.1039/C6TA11242K
https://doi.org/10.1039/C6TA11242K
https://doi.org/10.1021/acs.inorgchem.2c02359?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.2c02359?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.2c02359?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.200700584
https://doi.org/10.1002/anie.200700584
https://doi.org/10.1002/chem.200701318
https://doi.org/10.1002/chem.200701318
https://doi.org/10.1002/chem.200802368
https://doi.org/10.1002/chem.200802368
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.3c01667?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(27) Henkelis, J. J.; Jones, L. F.; de Miranda, M. P.; Kilner, C. A.;
Halcrow, M. A. Two Heptacopper(II) Disk Complexes with a
[Cu7(μ3-OH)4(μ-OR)2]8+ Core. Inorg. Chem. 2010, 49, 11127−
11132.
(28) Henkelis, J. J.; Kilner, C. A.; Halcrow, M. A. New Insights into
the Aggregation of Silver Pyrazolides Using Sterically Hindered
Bidentate Pyrazole Ligands. Chem. Commun. 2011, 47, 5187−5189.
(29) Vicente, J.; Chicote, M.-T.; Lagunas, M.-C.; Jones, P. G. A New
Class of AuI2AgI Cluster. J. Chem. Soc. Chem. Commun. 1991, 1991,
1730−1731.
(30) Burini, A.; Bravi, R.; Fackler, J. P., jr; Galassi, R.; Grant, T. A.;
Omary, M. A.; Pietroni, B. R.; Staples, R. J. Luminescent Chains
Formed from Neutral, Triangular Gold Complexes Sandwiching TlI
and AgI. Structures of {Ag([Au(μ-C2,N3-bzim)]3)2}BF4·CH2Cl2,
{Tl([Au(μ-C2,N3-bzim)]3)2}PF6·0.5THF (bzim = 1-Benzylimidazo-
late), and {Tl([Au(μ-C(OEt)=NC6H4CH3)]3)2}PF6·THF, with
MAu6 (M = Ag+, Tl+) Cluster Cores. Inorg. Chem. 2000, 39, 3158−
3165.
(31) Osuga, T.; Murase, T.; Fujita, M. Triple-Decker Au3−Ag−
Au3−Ag−Au3 Ion Cluster Enclosed in a Self-Assembled Cage. Angew.
Chem., Int. Ed. 2012, 51, 12199−12201.
(32) Osuga, T.; Murase, T.; Hoshino, M.; Fujita, M. A Tray-Shaped,
PdII-Clipped Au3 Complex as a Scaffold for the Modular Assembly of
[3 × n] Au Ion Clusters. Angew. Chem., Int. Ed. 2014, 53, 11186−
11189.
(33) Ni, W.-X.; Qiu, Y.-M.; Li, M.; Zheng, J.; Sun, R. W.-Y.; Zhan,
S.-Z.; Ng, S. W.; Li, D. Metallophilicity-Driven Dynamic Aggregation
of a Phosphorescent Gold(I)−Silver(I) Cluster Prepared by Solution-
Based and Mechanochemical Approaches. J. Am. Chem. Soc. 2014,
136, 9532−9535.
(34) Ruiz, J.; Sol, D.; Mateo, M. A.; Vivanco, M.; Badıá -Laiño, R. A
New Approach to the Synthesis of Trinuclear Gold(I) Imidazolate
Complexes and Their Silver(I)-Induced Photoluminescence Behavior.
Dalton Trans 2020, 49, 6561−6565.
(35) Jahnke, A. C.; Pröpper, K.; Bronner, C.; Teichgräber, J.;
Dechert, S.; John, M.; Wenger, O. S.; Meyer, F. A New Dimension in
Cyclic Coinage Metal Pyrazolates: Decoration with a Second Ring of
Coinage Metals Supported by Inter-ring Metallophilic Interactions. J.
Am. Chem. Soc. 2012, 134, 2938−2941.
(36) Postsynthetic metalation of gold phosphine clusters bearing
pendant pyridyl groups, with other coinage metals, has also been
achieved. Examples are in refs 49−54.
(37) Yu, W.-S.; Cheng, C.-C.; Cheng, Y.-M.; Wu, P.-C.; Song, Y.-H.;
Chi, Y.; Chou, P.-T. Excited-State Intramolecular Proton Transfer in
Five-Membered Hydrogen-Bonding Systems: 2-Pyridyl Pyrazoles. J.
Am. Chem. Soc. 2003, 125, 10800−10801.
(38) Fujisawa, K.; Ishikawa, Y.; Miyashita, Y.; Okamoto, K.
Pyrazolate-Bridged Group 11 Metal(I) Complexes: Substituent
Effects on the Supramolecular Structures and Physicochemical
Properties. Inorg. Chim. Acta 2010, 363, 2977−2989.
(39) Murray, H. H.; Raptis, R. G.; Fackler, J. P., jr. Syntheses and X-
ray Structures of Group 11 Pyrazole and Pyrazolate Complexes. X-ray
Crystal Structures of Bis(3,5-diphenylpyrazole)copper(II) Dibromide,
Tris(μ-3,5-diphenylpyrazolato-N,N’)trisilver(I)-2-tetrahydrofuran,
Tris(μ-3,5-diphenylpyrazolato-N,N’)trigold(I), and Hexakis(μ-3,5-
diphenylpyrazolato-N,N’)hexagold(I). Inorg. Chem. 1988, 27, 26−
33. The hexanuclear cluster [Au6(μ-pzPh2)6] (HpzPh2 = 3,5-diphenyl-
1H-pyrazole) in this reference has a cyclic Au6 core with a figure-eight
topology, which is different from the [Ag2Au4(μ3-L)4]2+ core in 2.
(40) Raptis, R. G.; Fackler, J. P., jr. Structure of Tris((μ-3,5-
diphenylpyrazolato-N,N’)tricopper(I). Structural Comparisons with
the Silver(1) and Gold(I) Pyrazolate Trimers. Inorg. Chem. 1988, 27,
4179−4182.
(41) Ardizzoia, G. A.; Cenini, S.; La Monica, G.; Masciocchi, N.;
Moret, M. Synthesis, X-ray Structure, and Catalytic Properties of the
Unprecedented Tetranuclear Copper(I) Species [Cu(dppz)]4
(Hdppz = 3,5-Diphenylpyrazole). Inorg. Chem. 1994, 33, 1458−1463.
(42) Masciocchi, N.; Moret, M.; Cairati, P.; Sironi, A.; Ardizzoia, G.
A.; La Monica, G. The Multiphase Nature of the Cu(pz) and Ag(pz)

(Hpz = Pyrazole) Systems: Selective Syntheses and Ab-Initio X-ray
Powder Diffraction Structural Characterization of Copper(I) and
Silver(I) Pyrazolates. J. Am. Chem. Soc. 1994, 116, 7668−7676.
(43) Lv, X.-P.; Wei, D.-H.; Yang, G. Hexameric Silver(I) Pyrazolate:
Synthesis, Structure, and Isomerization. Inorg. Chem. 2017, 56,
11310−11316.
(44) Krishantha, D. M. M.; Gamage, C. S. P.; Schelly, Z. A.; Dias, H.
V. R. Structures of Silver Pyrazolates in Hydrocarbon Solutions via
Vapor-Pressure Osmometry. Inorg. Chem. 2008, 47, 7065−7067.
(45) Scheele, U. J.; Georgiou, M.; John, M.; Dechert, S.; Meyer, F.
Combining Pyrazolate and N-Heterocyclic Carbene Coordination
Motifs: Synthesis and Characterization of a Double-Crowned Silver
Complex. Organometallics 2008, 27, 5146−5151.
(46) Yang, G.; Raptis, R. G. Synthesis, Structure and Properties of
Tetrameric Gold(I) 3,5-Di-tert-butyl-pyrazolate. Inorg. Chim. Acta
2003, 352, 98−104.
(47) Watanabe, Y.; Washer, B. M.; Zeller, M.; Savikhin, S.;
Slipchenko, L. V.; Wei, A. Copper(I)−Pyrazolate Complexes as
Solid-State Phosphors: Deep-Blue Emission through a Remote Steric
Effect. J. Am. Chem. Soc. 2022, 144, 10186−10192.
(48) Solutions of most coinage metal pyrazolate complexes give just
one ligand environment by NMR. However, at least one other gold
complex of a sterically hindered pyrazolate is a mixture of species in
slow chemical exchange in solution, at room temperature: Bonati, F.;
Burini, A.; Pietroni, B. A.; Galassi, R. Gold(I) Derivatives of Furan,
Thiophene, 2-Mercaptopyridine, and of Some Pyrazoles. Mass-
Spectrometric Evidence of Tetranuclear Gold(I) Compounds. Gazz.
Chim. Ital. 1993, 123, 691−695.
(49) Wang, Q.-M.; Lee, Y.-A.; Crespo, O.; Deaton, J.; Tang, C.;
Gysling, H. J.; Concepcion Gimeno, M.; Larraz, C.; Villacampa, M.
D.; Laguna, A.; Eisenberg, R. Intensely Luminescent Gold(I)-Silver(I)
Cluster Complexes with Tunable Structural Features. J. Am. Chem.
Soc. 2004, 126, 9488−9489.
(50) Mo, L.-Q.; Jia, J.-H.; Sun, L.-J.; Wang, Q.-M. Solvent-Induced
Intercluster Rearrangements and the Reversible Luminescence
Responses in Sulfide Bridged Gold(I)−Silver(I) Clusters. Chem.
Commun. 2012, 48, 8691−8693.
(51) Pei, X.-L.; Yang, Y.; Lei, Z.; Wang, Q.-M. Geminal
Tetraauration of Acetonitrile: Hemilabile-Phosphine-Stabilized
Au8Ag4 Cluster Compounds. J. Am. Chem. Soc. 2013, 135, 6435−
6437.
(52) Yang, Y.; Pei, X.-L.; Wang, Q.-M. Postclustering Dynamic
Covalent Modification for Chirality Control and Chiral Sensing. J.
Am. Chem. Soc. 2013, 135, 16184−16191.
(53) Lei, Z.; Pei, X.-L.; Jiang, Z.-G.; Wang, Q.-M. Cluster Linker
Approach: Preparation of a Luminescent Porous Framework with
NbO Topology by Linking Silver Ions with Gold(I) Clusters. Angew.
Chem., Int. Ed. 2014, 53, 12771−12775.
(54) Catalano, V. J.; López-de-Luzuriaga, J. M.; Monge, M.; Olmos,
M. E.; Pascual, D. Copper(I)-Assisted Red-Shifted Phosphorescence
in Au(I)···Cu(I) Heteropolynuclear Complexes. Dalton Trans 2014,
43, 16486−16497.
(55) Sculfort, S.; Braunstein, P. Intramolecular d10−d10 Interactions
in Heterometallic Clusters of the Transition Metals. Chem. Soc. Rev.
2011, 40, 2741−2760.
(56) Hannon, M. J.; Painting, C. L.; Plummer, E. A.; Childs, L. J.;
Alcock, N. W. Competing Supramolecular Interactions Give a New
Twist to Terpyridyl Chemistry: Anion- and Solvent-Induced
Formation of Spiral Arrays in Silver(I) Complexes of a Simple
Terpyridine. Chem.�Eur. J. 2002, 8, 2226−2238.
(57) Zibaseresht, R.; Hartshorn, R. M. Coordination Chemistry of a
Terpyridine-Tris(Pyrazolyl) Ditopic Ligand. Dalton Trans 2005,
2005, 3898−3908.
(58) Carrión, M. C.; Ortiz, I. M.; Jalón, F. A.; Manzano, B. R.;
Rodríguez, A. M.; Elguero, J. Ag(I) and Cu(I) [2 × 2] Chiral Grids
Containing Pyrimidine Ligands with Camphor Moieties. Arene
Encapsulation. Cryst. Growth Des. 2011, 11, 1766−1776.
(59) Borrajo-Calleja, G. M.; de Julian, E.; Bayon, E.; Diez, J.; Lastra,
E.; Merino, I.; Gamasa, M. P. Synthesis of Silver(I) and Gold(I)

Inorganic Chemistry pubs.acs.org/IC Communication

https://doi.org/10.1021/acs.inorgchem.3c01667
Inorg. Chem. 2023, 62, 9300−9305

9304

https://doi.org/10.1021/ic1020093?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic1020093?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c1cc00054c
https://doi.org/10.1039/c1cc00054c
https://doi.org/10.1039/c1cc00054c
https://doi.org/10.1039/c39910001730
https://doi.org/10.1039/c39910001730
https://doi.org/10.1021/ic991492n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic991492n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic991492n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic991492n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic991492n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic991492n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201207619
https://doi.org/10.1002/anie.201207619
https://doi.org/10.1002/anie.201404892
https://doi.org/10.1002/anie.201404892
https://doi.org/10.1002/anie.201404892
https://doi.org/10.1021/ja5025113?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja5025113?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja5025113?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D0DT01246G
https://doi.org/10.1039/D0DT01246G
https://doi.org/10.1039/D0DT01246G
https://doi.org/10.1021/ja211549e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja211549e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja211549e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja035382y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja035382y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.ica.2010.05.014
https://doi.org/10.1016/j.ica.2010.05.014
https://doi.org/10.1016/j.ica.2010.05.014
https://doi.org/10.1021/ic00274a008?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00274a008?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00274a008?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00274a008?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00274a008?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00274a008?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00296a018?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00296a018?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00296a018?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00085a039?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00085a039?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00085a039?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00096a025?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00096a025?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00096a025?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00096a025?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.7b01717?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.7b01717?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic801141s?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic801141s?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om800487e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om800487e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om800487e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0020-1693(03)00150-6
https://doi.org/10.1016/S0020-1693(03)00150-6
https://doi.org/10.1021/jacs.1c13462?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c13462?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.1c13462?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja048091d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja048091d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c2cc33446a
https://doi.org/10.1039/c2cc33446a
https://doi.org/10.1039/c2cc33446a
https://doi.org/10.1021/ja402352c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja402352c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja402352c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja4075419?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja4075419?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201406761
https://doi.org/10.1002/anie.201406761
https://doi.org/10.1002/anie.201406761
https://doi.org/10.1039/C4DT02154A
https://doi.org/10.1039/C4DT02154A
https://doi.org/10.1039/c0cs00102c
https://doi.org/10.1039/c0cs00102c
https://doi.org/10.1039/b509324d
https://doi.org/10.1039/b509324d
https://doi.org/10.1021/cg101709q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cg101709q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cg101709q?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.6b01323?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.3c01667?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Complexes Containing Enantiopure Pybox Ligands. First Assays on
the Silver(I)-Catalyzed Asymmetric Addition of Alkynes to Imines.
Inorg. Chem. 2016, 55, 8794−8807.
(60) Capel Berdiell, I.; Warriner, S. L.; Halcrow, M. A. Silver(I)
Complexes of Bis- and Tris-(Pyrazolyl)Azine Derivatives − Dimers,
Coordination Polymers and a Pentametallic Assembly. Dalton Trans
2018, 47, 5269−5278.
(61) Yang, L.; Powell, D. R.; Houser, R. P. Structural Variation in
Copper(I) Complexes with Pyridylmethylamide Ligands: Structural
Analysis with a New Four-Coordinate Geometry Index, τ4. Dalton
Trans 2007, 2007, 955−964.
(62) Mirzadeh, N.; Privér, S. H.; Blake, A. J.; Schmidbaur, H.;
Bhargava, S. K. Innovative Molecular Design Strategies in Materials
Science Following the Aurophilicity Concept. Chem. Rev. 2020, 120,
7551−7591.
(63) Lam, M. H. W.; Cheung, S. T. C.; Fung, K.-M.; Wong, W.-T.
Synthesis and X-ray Crystal Structure of a Triple-Stranded Helical
Supramolecular Complex Formed between Tris(3-(pyridin-2-yl)-
pyrazole)ruthenium(II) and Copper(I). Inorg. Chem. 1997, 36,
4618−4619.
(64) Cámara, V.; Masciocchi, N.; Gil-Rubio, J.; Vicente, J. Triple
Helicates with Golden Strands: Self-Assembly of M2Au6 Complexes
from Gold(I) Metallaligands and Iron(II), Cobalt(II) or Zinc(II)
Cations. Chem. − Eur. J. 2014, 20, 1389−1402.
(65) Yeh, Y.-S.; Cheng, Y.-M.; Chou, P.-T.; Lee, G.-H.; Yang, C. H.;
Chi, Y.; Shu, C.-F.; Wang, C. H. A New Family of Homoleptic Ir(III)
Complexes: Tris-Pyridyl Azolate Derivatives with Dual Phosphor-
escence. ChemPhysChem 2006, 7, 2294−2297.

Inorganic Chemistry pubs.acs.org/IC Communication

https://doi.org/10.1021/acs.inorgchem.3c01667
Inorg. Chem. 2023, 62, 9300−9305

9305

 Recommended by ACS

Silver(I) Sulfide Clusters Protected by Rhodium(III)
Metalloligands with 3-Aminopropanethiolate
Nobuto Yoshinari, Takumi Konno, et al.
JUNE 05, 2023
INORGANIC CHEMISTRY READ 

A Rigid Linker for Site-Selective Coordination of Transition
Metal Cations: Combining an Acetylacetone with a Caged
Phosphine
Hans Gildenast, Ulli Englert, et al.
FEBRUARY 09, 2023
INORGANIC CHEMISTRY READ 

Biphenyl Au(III) Complexes with Phosphine Ancillary
Ligands: Synthesis, Optical Properties, and
Electroluminescence in Light-Emitting Electrochemical Cells
Jeannine Yang, Benoît Bertrand, et al.
MARCH 10, 2023
INORGANIC CHEMISTRY READ 

Heterometallic Au(I)–Cu(I) Clusters: Luminescence Studies
and 1O2 Production
Guillermo Romo-Islas, Laura Rodríguez, et al.
MAY 16, 2023
INORGANIC CHEMISTRY READ 

Get More Suggestions >

https://doi.org/10.1021/acs.inorgchem.6b01323?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.6b01323?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C8DT00640G
https://doi.org/10.1039/C8DT00640G
https://doi.org/10.1039/C8DT00640G
https://doi.org/10.1039/B617136B
https://doi.org/10.1039/B617136B
https://doi.org/10.1039/B617136B
https://doi.org/10.1021/acs.chemrev.9b00816?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.9b00816?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic970537m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic970537m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic970537m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.201303744
https://doi.org/10.1002/chem.201303744
https://doi.org/10.1002/chem.201303744
https://doi.org/10.1002/chem.201303744
https://doi.org/10.1002/cphc.200600461
https://doi.org/10.1002/cphc.200600461
https://doi.org/10.1002/cphc.200600461
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.3c01667?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01309?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04101?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.2c04293?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
http://pubs.acs.org/doi/10.1021/acs.inorgchem.3c00046?utm_campaign=RRCC_inocaj&utm_source=RRCC&utm_medium=pdf_stamp&originated=1689750679&referrer_DOI=10.1021%2Facs.inorgchem.3c01667
https://preferences.acs.org/ai_alert?follow=1

