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ABSTRACT: Solvent-dependent supramolecular isomers of a tripodal ligand incorporating two para-pyridylmethyl arms, N-
naphthylmetyl-N,N-bis(4-pyridylmethyl)amine (L), are reported. A combination of L and copper(II) hexafluoroacetylacetonate,
Cu(hfac)2, in methanol afforded a cyclic dimer complex [Cu2(L)2(hfac)4]·CH3OH (1). In chloroform/methanol, the same reaction
furnished an infinite one-dimensional (1D) complex {[Cu2(L)2(hfac)4]·2CHCl3}n (2). When the cyclic dimer 1 was immersed in
chloroform/ether, its transformation to the 1D coordination polymer 2 was observed in an single-crystal to single-crystal manner. In
silver(I) triflate complexations, three supramolecular isomers (3−5) were isolated. In chloroform/methanol, a multichannel-type
three-dimensional (3D) coordination polymer {[Ag(L)](CF3SO3)·0.5CHCl3}n (3) was isolated. In isomer 3, the Ag atom link L
ligands alternately to form a helix, and these are linked by Ag−Ag contacts to generate an etb topology. In acetonitrile/methanol, a
multichannel-type 3D coordination polymer {[Ag(L)](CF3SO3)·CH3CN}n (4) was isolated. In isomer 4, six Ag atoms and six L
ligands form an Ag6L6 hexagonal unit, and these are linked via Ag−Ag contacts, resulting in a pcu-h topology. In toluene/methanol/
acetonitrile, a cross-linked ladder-type coordination polymer {[Ag4(L)4(CF3SO3)2](CF3SO3)2·3(toluene)}n (5) was obtained. The
isomer 5 is composed of two types of ladders crossed showing a new topology. Considering the formation of the (π−π)-(Ag−Ag)-
(π−π) unit in 3−5, it is suggested that the anion−solvent interaction could be a major reason.

■ INTRODUCTION

Zaworotko has extended the concept of isomerism in
monomeric metal complexes to oligomeric and polymeric
coordination compounds and called it supramolecular isomer-
ism.1−4 Similar to the importance of polymorphism in the
pharmaceutical area,5,6 supramolecular isomerism is academ-
ically challenging and may serve the fundamental understanding
for the development of metal-organic framework-based func-
tional materials.7−35 As controlling factors leading to supra-
molecular isomerism, temperature,7−12 solvent,13−22 tem-
plate,23−25 guest,26,27 pH,28−30 catenation,31 mole ratio,32 and
concentration33−35 have been known in the self-assembly of
metallosupramolecules. However, the role of the solvent in this
area has been less understood than other factors. In some cases,

the solvent-dependent supramolecular isomers show not only
the structural differences but also the dimensional changes.13−16

Over recent years, we have been interested in the tripodal
ligand system incorporating pyridylmethyl arms in conjunction
with their metallosupramolecules.36−39 For example, a series of
chiral bidentate ligands in such systems have been employed,
and their anion-dependent mercury(II) complexes as well as the

Received: January 20, 2020
Revised: March 24, 2020
Published: March 25, 2020

Articlepubs.acs.org/crystal

© XXXX American Chemical Society
A

https://dx.doi.org/10.1021/acs.cgd.0c00084
Cryst. Growth Des. XXXX, XXX, XXX−XXX

D
ow

nl
oa

de
d 

vi
a 

L
U

N
D

 U
N

IV
 o

n 
A

pr
il 

9,
 2

02
0 

at
 0

5:
29

:3
7 

(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="Eunji+Lee"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Haruka+Hongu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Honoka+Temma"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Masato+Toya"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mari+Ikeda"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shunsuke+Kuwahara"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yoichi+Habata"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yoichi+Habata"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.cgd.0c00084&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00084?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00084?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00084?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00084?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00084?fig=tgr1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00084?fig=tgr1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00084?fig=tgr1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.0c00084?fig=tgr1&ref=pdf
pubs.acs.org/crystal?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://dx.doi.org/10.1021/acs.cgd.0c00084?ref=pdf
https://pubs.acs.org/crystal?ref=pdf
https://pubs.acs.org/crystal?ref=pdf


anion-sensing in CD spectroscopy have been reported.38 A
symmetrical tripodal ligand with three longer arms forms an
anion-coordinated trinuclear-bis(ligand) cage in which the
anion acts as a terminal ligand, and solvent molecules occupy
the cage cavity.39 In connection with these reflections, we are
interested in a tripodal ligand with two pyridylmethyl pendants,
N-naphthlmetyl-N,N-bis(4-pyridylmethyl)amine (L). Because
of the intrinsic semiflexible nature of the two pyridylmethyl arms
in the para-position, the L ligand is expected to behave as a linker
ligand rather than a chelating ligand. So the ligand L seems to
have a potential for the construction of porous coordination
frameworks which have a tendency to maximize their packing
density by occupying guests including solvent molecules
regardless of their coordinative nature. In particular, the
assembled products derived from flexible or semiflexible ligands
that are hardly predictable seem to be sensitive to other factors
including the solvent (or solvation effect).

In this work, by employing the L ligand, we have isolated two
copper(II) complexes and three silver(I) complexes, with the
same formula for each metal complex but displaying different
structural topologies depending on the solvents. Thus, the
influence of the solvents on the formations of supramolecular
isomers became a key issue in this study. In the copper(II)
complexation, copper(II) hexafluoroacetylacetonate, Cu(hfac)2
was employed due to the bidentating ability of the anion.40,41 An
interesting feature of a cyclic dimer and a one-dimensional (1D)
coordination polymer products isolated depending on the
solvents is that the observed dimensional difference is mainly
being dependent on the coordination modes. In solvent
exchange, more interestingly, the cyclic dimer was converted
to the 1D polymer in a single-crystal-to-single-crystal (SCSC)
manner. When silver(I) triflate was used, the results could be
more challenging because of the isolation of three 3D
coordination polymers with different structural topologies.
The details of our investigations are described below.

■ RESULTS AND DISCUSSION
Synthesis of L. The bis(4-pyridylmethyl)amine precursor

642 was synthesized by the reaction between 4-(chloromethyl)-
pyridine hydrochloride and 4-(aminomethyl)pyridine in a high
yield (91%). The ligand L was synthesized by reductive

amination of bis(4-pyridylmethyl)amine (6) and 2-naphthalde-
hyde (yield 65%; Scheme 1 and Figure S1). The structure was
also confirmed by single crystal X-ray analysis (Figure 1). The
single crystals of L were grown by slow evaporation from its
dichloromethane/n-hexane solution. The conformation of L is
basically similar to that of a tribladed propeller, and the distance
between two heteronitrogen atoms in the para-position (N1 and
N3) is 8.37 Å.

Scheme 1. Synthesis of N-Naphthlmetyl-N,N-bis(4-
pyridylmethyl)amine (L)

Figure 1. Crystal structure of L.

Figure 2. Cyclic dimer copper(II) complex 1, [Cu2(L)2(hfac)4]·
CH3OH: (a) top view and (b) basic coordination geometry.

Figure 3. One-dimensional copper(II) coordination polymer 2,
{[Cu2(L)2(hfac)4]·2CHCl3}n: (a) general view, (b) basic coordination
unit (also SBU), (c) local packing structure showing interaction
between chloroform and hfac− ion, and (d) pseudo 2D structure via
cross-linking of chloroform molecules.
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Solvent-Dependent Copper(II) Complexes (1 and 2).
By employing Cu(hfac)2 and the L ligand, we have isolated two
copper(II) complexes 1 and 2, displaying a cyclic dimer and 1D
infinite structures in methanol and chloroform/methanol,
respectively. Slow evaporation of the reaction solutions at
room temperature afforded the products as dark green crystals
suitable for X-ray analysis. The homogeneity of 1 and 2 was
confirmed by powder X-ray diffraction (XRD) patterns (Figures
S2 and S3).
The product 1 on using CH3OH solvent is a cyclic dimer

complex with the formula [Cu2(L)2(hfac)4]·CH3OH (Figure 2
and Table S3) with two octahedral copper(II) centers with a
Cu1···Cu1A distance of 10.33 Å. The same reaction in CHCl3/
CH3OH solvent instead of CH3OH gave a 1D polymeric
product 2 with the formula {[Cu2(L)2(hfac)4]·2CHCl3}n
(Figure 3 and Table S4), indicating the determinant role of
the solvent condition in forming copper(II) supramolecular
isomers. In both products, each copper(II) center is six-
coordinate composed of four O donors arising from two hfac−

ions in a bidentate manner. The two remaining sites are
occupied by two N donors arising from two different L ligands
adopting a CuN2(hfac)2 coordination polyhedron, with two
pyridine N atoms (N1 and N3A) and two O atoms from two
different hfac− ions (O2 and O4 in 1 and O1 and O4 in 2) form
the square plane, while two O atoms occupy the axial positions
[O3−Cu1−O1 165.0(1)° for 1 and O3−Cu1−O2 171.2(1)°
for 2].
In 1, two copper(II) centers are doubly linked by two L

ligands via Cu−N bonds (Cu1−N1 1.995(4) Å and Cu1−N3A
2.001(4) Å) in a cis fashion (N1−Cu1−N3A 91.5(2)°) (Figure
2b), while the secondary building unit (SBU) in 2 is composed
of octahedrally coordinated copper(II) ions which are linked by
the L ligands alternately via Cu−N bonds (Cu1−N1 2.011(2) Å
and Cu1−N3A 2.000(2) Å) in a trans fashion (N1−Cu1−N3A
177.0(1)°) to form a 1D zigzag structure (Figure 3a,b). Overall,
the octahedral CuO4N2 coordination cores with different
configurations show distinct roles: a corner piece in 1, while a
linker unit in 2. Most copper(II) (d9) complexes with Jahn−
Teller distortion43,44 undergo elongation of the axis, and it may

Figure 4. Comparison of coordination modes of the L ligands (top)
crystal structures and (bottom) schematic representation: (a) closed-
bridging (or cis) mode in 1 and (b) extended-bridging (or trans) mode
in 2. To clarify the structure, some parts of the L ligand were deleted.

Scheme 2. Copper(II) Complexes (1 and 2) Obtained in
Different Solvents and Their Transformation by Solvent
Exchange

Figure 5. (a) Photo of a single crystal of 1 after immersing in CHCl3/
ether (1:5, v/v). (b) Postulated structural conversion process
accompanying the dimensional change from a cyclic dimer (1, cis-
mode) to a 1D coordination polymer (2, trans-mode) by solvent
exchange in the crystalline state. To clarify the structure, anions are not
shown.

Scheme 3. Solvent-Dependent 3D Silver(I) Coordination
Polymers
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occur in the bidentate ligands including hfac− ion whose bite
angle is large. Similarly, the geometry of the Cu1 atoms in 1 and
2 is elongated octahedral; axial bond lengths are 2.279(3) Å
(Cu1−O1) and 2.345(3) Å (Cu1−O3) for 1 and 2.261(2) Å
(Cu1−O2) and 2.300(2) Å (Cu1−O3) for 2, which are longer
than those of the four equatorial bonds (1.982(3)−2.002(3) Å
for 1 and 1.992(2)−2.011(2) Å for 2). In 1, the methanol
molecule in the lattice is disordered and shows no special
interaction with the dimeric product (Figure 2a), while the
chloroform molecules in 2 show cross-linking-type interactions
to the hfac− ions via CH···F H-bonding (2.454 Å) and F···Cl
interaction (3.106 Å) to give a pseudo 2D structure (Figure
3c,d).
Altering the solvent condition from CH3OH to CHCl3/

CH3OH in the complexations of L with Cu(hfac)2 causes a shift
from a discrete to an infinite structure. So, it is important to
understand how the different solvent conditions influence the
topological changes. In 1, for example, the square planar
[Cu(N,N,O,O)] unit has a cis-configuration, and the L ligands
show a “closed-bridging” mode (Figure 4a), while that in 2
[Cu(N,O,N,O)] is a trans-form and the L ligands show an
“extended-bridging” mode (Figure 4b), indicating that the
solvent-dependent local geometrical isomerization and the
different bridging modes cause the formations of topologically
different copper(II) complexes. More remarkably, when the
content of CHCl3 in the CHCl3/CH3OH mixed solvent was
varied from 10% to 90% (v/v), only product 2 was obtained

(Figure S7). Taking the interactions of the chloroform
molecules in 2 into account (see Figure 3c,d), this is likely
due to the cross-linking-type interactions giving a greater
stabilization via the “extended-bridging” (or trans) mode of L
leading to the pseudo 2D structure. The methanol molecules in
1, however, simply occupy the empty space without specific
interaction with the ligand or metal ion which may promote the
“closed-bridging” (or cis) mode of L giving the cyclic dimer
product.

A Single-Crystal-to-Single-Crystal (SCSC) Transforma-
tion via Solvent Exchange. Structural conversion between
products 1 and 2 by solvent exchange was investigated in the
crystalline state (Scheme 2). When the dark green single crystals
of 1 were immersed in CHCl3/ether (1:5, v/v) and left
undisturbed at room temperature, the surface of the single
crystals showed partial dissolution and recrystallization, while
retention of single crystallinity was maintained (Figure 5a).
Surprisingly, single crystal X-ray analysis revealed that the
structure of the single crystal recovered after 24 h was coincident
with that of 2, indicating that the solvent exchange induces the
dimensional change of the products in an SCSC manner
(Figures S8 and S9 and Table S2). The tiny visual change of the
single crystal seems to be associated with the different solubility
or kinetics between 1 and 2 during the partial dissolution/
recrystallization process.45,46Meanwhile, the fresh single crystals
of 2 were dissolved in CH3OH/ether (1:5, v/v) and recrystal-
lized to the single crystals of 1 on standing for 3 days.

Figure 6. 3D silver(I) triflate coordination polymer 3, {[Ag(L)](CF3SO3)·0.5CHCl3}n: (a) single framework (solvents not shown), (b) hexagonal
column part composed of six trifold helices [three right-handed helices (R, green) and three left-handed helices (L, blue)], (c) simplified framework
showing etb topology, (d) core coordination unit (also SBU) showing a Ag−Ag contact, π−π stacking, and the anion interaction, and (e) single trifold
helix interacting with chloroform molecules.
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On the basis of the crystal structures, a stepwise mechanistic
process for the structural change of 1 to 2 exhibiting the
dimensional change from the cyclic dimer to the 1D polymer
was proposed (Figure 5b). Considering the discrete cyclic dimer
1 and the 1D polymeric structure of 2, on immersing in CHCl3/
ether, the cyclic dimer 1 (cis-mode) could be rearranged to give
an acyclic dimer intermediate (trans-mode) via the Cu−N bond
breaking and the rotating of the remaining Cu−N bond. Then,
the acyclic dimer intermediate is considered to be converted to
the 1D polymeric chain by the Cu−N bond making via the
sliding. Among several factors, the transformation might be
driven by the solvation effect mainly because the cyclic dimer
(1) which is more polar includes methanol molecules, while the
less polar 1D polymer (2) interacts with chloroform in the
lattice.
Solvent-Dependent Silver(I) Complexes (Supramolec-

ular Isomers 3−5). In an attempt to investigate the effect of
solvent variations on the silver(I) complexation toward L, three
mixed solvents, such as CHCl3/CH3OH, CH3CN/CH3OH,
and toluene/CH3OH/CH3CN, were employed. By utilizing
silver(I) triflate (AgCF3SO3), the L ligand acts as a good linker
to form helix, hexagon, and ladder subunits to yield coordination
polymers 3−5, as shown in Scheme 3. Slow evaporation of the
solutions afforded colorless crystalline products 3−5. The X-ray
analysis reveals that all the complexes are the 3D frameworks of
types {[Ag(L)](CF3SO3)·0.5CHCl3}n (3), {[Ag(L)]-
(CF3SO3)(CH3CN)}n (4), and {[Ag4(L)4(CF3SO3)2]-
(CF3SO3)2·3(toluene)}n (5) whose structural topologies are
dependent on the solvents. The important structural feature of
3−5 is that they are supramolecular isomers with different
topologies connected by Ag−Ag contacts.

In CHCl3/CH3OH, isomer 3, {[Ag(L)](CF3SO3)·
0.5CHCl3}n crystallizes in the rhombohedral space group R3̅
with Z = 9 (Figure 6). X-ray analysis reveals that isomer 3 is a 2-
fold interpenetrated multichannel-type 3D coordination poly-
mer (Figures 6a and S10). The asymmetric unit of isomer 3
contains one formula unit. In isomer 3, the Ag atom link L
ligands alternately via Ag−N bonds (Ag1−N1 2.145(5) Å and
Ag1−N3A 2.138(5) Å) to form a trifold helical -L-Ag-L-Ag-L-
Ag column (Figure 6b).
In the trifold helix, each Ag atom (vertex) is linked to two

other Ag atoms on the same helix and to one Ag atom on a
different helix. Since the Ag atom acts as a 3-connecting node,
the Ag−Ag contact as a linker allows the propagation along the
ab-plane, resulting in the 3D multichannel framework. In the
framework, the right (R)- and left (L)-handed helices are
arranged alternately (Figure 6b). Three asymmetric units (three
ligands and three Ag atoms) define one pitch (21.07 Å) of the
helix. Accordingly, each helix is linked to their three closest
neighboring helices via Ag−Ag contact47 (3.118 Å), and the
linking of six helical columns forms a larger multichannel-type
hexagonal column along the c axis. By considering the Ag−Ag
contact as a linker, the overall topology belongs to an etb48−50

net, which means the linked trifold helices with both hands
(Figure 6c). As we understand, isomer 3 is the first etb topology
whose helices are linked with the metallic contact. As expected,
the para-pyridylmethyl arm acts as a good linker via the N−Ag−
N bonding linkage. Notably, these two parallel linkages are
cross-linked by Ag−Ag contact (3.118 Å) and interligand π−π
stacking (centroid-to-centroid distance 3.982 Å) cooperatively
to form a (π−π)-(Ag−Ag)-(π−π) unit to increase the
dimensionality (Figure 6d). The triflate ions doubly weak
interact with the Ag(I) centers (Ag1···O1 2.756 Å and Ag1A···
O1 2.873 Å). The inside of the helical column is occupied by
chloroform molecules stabilized by CH···O H-bonding (2.292
Å) and Cl···Cl interaction51 (3.394 Å) (Figure 6e).
In CH3CN/CH3OH, isomer 4, {[Ag(L)](CF3SO3)·

CH3CN}n crystallizes in the rhombohedral space group R3̅
with Z = 18. The asymmetric unit of 4 contains one formula unit.
Again, 4 shows a multichannel-type 3D structure (Figure 7a),
but its connectivity pattern is different from that of 3. In 4, six Ag
atoms and six L ligands form an Ag6L6 hexagonal unit via Ag−N
bonds (Ag1−N1 2.136(7) Å and Ag1−N3A 2.149(7) Å) along
the ab-plane (Figure 7b), and these further linked up and down
via Ag−Ag contact (3.309 Å) along the c axis, resulting in the 3D
framework. The overall topology belongs to a 3-connected
uninodal pcu-h52 net, which is quite rare in coordination
polymers (Figure 7c). Formation of this preferred well-aligned
hexagonal columnar structure in 4 is also stabilized by
interligand π−π stacking interactions (centroid-to-centroid
distance 3.759 Å, dashed lines in Figure 7d) in addition to the
Ag−Ag contact (3.309 Å). Again, the formation of the (π−π)-
(Ag−Ag)-(π−π) unit contributes to increase the dimension-
ality. Similar to isomer 3, the triflate ions in 4 interact with the
Ag(I) center (Ag1···O1 2.677 Å). Six acetonitrile molecules fill
the inside of the hexagonal metallacycle via CH···O (2.695 Å,
125.5°) and CH···F H-bondings (2.262 Å, 155.3° and 2.642 Å,
125.0°).
I n t o l u e n e / C H 3 O H / C H 3 C N , i s o m e r 5 ,

{[Ag4(L)4(CF3SO3)2](CF3SO3)2·3(toluene)}n crystallizes tri-
clinic space group P1̅ with Z = 2 (Figure 8). X-ray analysis
revealed that 5 is a 3D coordination polymer (Figure 8a), and
the asymmetric unit contains one formula unit. The overall
structure of 5 can be considered that two types of ladders (ladder

Figure 7. 3D silver(I) triflate coordination polymer 4, {[Ag(L)]-
(CF3SO3)·CH3CN}n: (a) top view of the 3D framework composed of
the hexagonal channels filled with acetonitrile molecules (anions not
shown), (b) single hexagonal channel interacting with anions and
acetonitrile molecules, (c) simplified framework showing pcu-h
topology, and (d) core coordination unit showing Ag−Ag contact,
π−π stacking, and anion interaction.
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A and ladder B, see Figure 8b) generated from same components
(L and Ag atom) are crossed perpendicularly to form a 3D
framework. The unusual 3,3,4-connected network 5 is made up
of trigonal nodes of two Ag(I) atoms (Ag1 and Ag3) and one
square planar node of one Ag atom (Ag2) created by the Ag1−

Ag2−Ag3 contact. As far as we understand, this is a new
topology with point symbol {62·104}{62·10}{62·8}2 net, which
was analyzed using TOPOS53 (Figure 8b).
In ladder A, the Ag1 atoms link the L ligands via Ag1−N4

bonds (2.140(6) Å) to form a -Ag1-L-Ag1-L- rail (Figure 8c).
Similarly, the Ag3 atoms link other L ligands to form a −Ag3-L-
Ag3-L- rail. Two such parallel rails are cross-linked by Ag1−
Ag2−Ag3 contacts as “rungs” (Ag1−Ag2 3.102(1) Å, Ag2−Ag3
3.093(1) Å, and Ag1−Ag2−Ag3 166.1(1)°), while ladder B has
two identical -(Ag2-L-Ag4-L)n- rails cross-linked by Ag4−Ag4A
contact (3.178(1) Å) as rungs (Figure 8d). So, the (π−π)-(Ag−
Ag)-(π−π) unit also exists in part (ladder B), similar to 3 and 4.
As mentioned, ladders A and B share the Ag2 atom as a 4-
connecting node (Figure 8e). Among the four triflate ions in the
asymmetric unit, two of them are bound to the Ag3 and Ag4
atoms (Ag3−O1 2.586(6) Å and Ag4−O4 2.527(1) Å). Two
remaining triflate ions interact with Ag1 and Ag2 atoms (Ag1···
O10 2.746 Å and Ag2···O7 2.872 Å). The triflate ions also
interact with toluene molecules via CH···F H-bonding (2.373
and 2.710 Å) (Figure 8f).
From the structural comparison of isomers 3, 4, and 5 in terms

of the role of solvents, some considerable results were found. (i)
the core coordination unit is mainly composed of a tight (π−π)-
(Ag−Ag)-(π−π) unit. (ii) The solvent molecules including

Figure 8. 3D silver(I) triflate coordination polymer 5, {[Ag4(L)4(CF3SO3)2](CF3SO3)2·3(toluene)}n: (a) 3D polymeric structure (solvents,
noncoordinated anions, and naphthyl groups not shown), (b) simplified framework showing new topology with 3,3,4-c net, (c) ladder A, (d) ladder B,
(e) core coordination unit, and (f) inside of framework filled with toluene molecules.

Figure 9. Solid state photoluminescence spectra of 1−5 at room
temperature (λex = 340 nm).
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(CHCl3, CH3CN, and toluene) are aprotic rather than protic
(CH3OH and H2O). (iii) The solvent molecules in the voids
interact through the anion (CF3SO3), which interacts with the
metal center directly. From the monitoring of the listed aspects
(i−iii), it is suggested that the anion−solvent interaction (or
anion solvation) which could act as the template to drive the
formation of each structure is a major reason, at least in this case,
although the origin of the topological differences depending on
the solvents is not so clear.
Thermal Stability. Thermogravimetric analyses (TGA)

were performed in order to investigate the thermal stabilities of
1−5 (Figures S11−S15). The TGA curves revealed that the
copper(II) complexes 1 and 2 are stable up to 175 and 140 °C,
respectively, while the thermal stabilities of the silver(I)
coordination polymers 3, 4, and 5 are not significantly different.
The TGA curve for 3 indicates no loss of solvent molecules and
maintaining of their original weight until 190 °C. For 4, a weight
loss of 6.1% was observed in the range of 30−192 °C, indicating
the loss of one acetonitrile molecule (calcd 6.4%). For 5, a
weight loss of 10.3% was observed in the range of 30−205 °C,
due to the loss of three toluenemolecules (calcd 10.4%). Further
heating of each silver(I) complex up to ∼450 °C resulted in
decomposition.
Photophysical Properties. The photoluminescence prop-

erties of L and its copper(II) and silver(I) complexes 1−5 were
also examined in the solid state (Figure 9). The ligand L shows a
blue emission, but its copper(II) complexes 1 and 2 are
nonemissive. Meanwhile, silver(I) complexes 3−5 display blue
photoluminescence probably resulting from the π−π* transition
in the respective aromatic moieties. The emission spectra of 3, 4,
and 5 show maxima at 419, 421, and 422 nm, respectively.

■ CONCLUSION

Using a semiflexible tripodal ligand (L) incorporating two para-
pyridylmethyl arms, solvent-dependent supramolecular isomers
including two copper(II) complexes and three silver(I)
coordination polymers were prepared and structurally charac-
terized. In the systematic investigation of the copper(II)
complexes, it was found that the interactions of solvent
molecules likely contribute to the influence to the topological
structures of the resulting frameworks. We have also
demonstrated the conversion of a discrete cyclic dimer complex
1 to a 1D coordination polymer 2 via an SCSCmanner simply by
dipping the parent species in CHCl3/ether. On the basis of the
both crystal structures, a mechanistic process involving the
conversion of the cis-mode to the trans-mode via the bond
breaking-making was proposed. In the case of silver(I), we were
able to prepare the 3D coordination polymer with different
topologies. In CHCl3/CH3OH, for example, a supramolecular
isomer (3) with a 2-fold interpenetrated multichannel-type 3D
structure was obtained. In addition, when CH3CN/CH3OHwas
used, a hexagonal multichannel-type 3D isomer (4) was isolated.
In toluene/CH3OH/CH3CN, on the other hand, a cross-linked
ladder-type 3D isomer (5) was prepared. The solvent-depend-
ent structural differences between the three supramolecular
isomers are considered to be associated with the anion−solvent
interaction (or anion solvation) which acts as the template.
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