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Angle distribution and energy consideration

As shown in Figure 1 in the main text, for cis- and trans- isomers there are different
preferable angles between ligands in 2:1 ligand-metal complexes: 6,=120° and 6,=180°
respectively'; while in 3:1 ligand-metal complexes ligands are homogeneously distributed
around the metal with an average angle between any two ligands 6,=120°. In our Monte
Carlo simulations a reversible coordination bond between a metal and a ligand is formed
during a bonding update with a probability proportional to exp(-4F/kT) where AF=AE+T2AS
includes both the enthalpic gain for bond formation and the entropic penalty for bond

orientation. The latter has the following form:
AS = B(1-cos(6-6,)) (1)

where 0 is the angle between the tangential directions of two neighboring coordination bonds
belonging to the same metal and B (in units of Boltzmann constant k) characterizes the
orientational penalty for deviation from the preferable angle (6)). By varying parameter B,
different angle distributions for cis- and frans- isomers can be obtained. Firstly, the angle

distribution around each preferable angle was determined by averaging simulation data over
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Fig. S1 Angle distribution for the cis- (filled symbols) and trans- (open symbols) 2:1 ligand-metal
complexes obtained from normalized simulation data (see text) for oligomer number density
c=3.8x10™ 4 at the stoichiometric composition for the rigidity parameter B=15 (a) and B=5 (b). The

curves are a fit to a Gaussian function.

4x10° Monte Carlo timesteps (MCts). Additionally we need to take into account that in the
bond fluctuation model (BEM)** each monomer has 108 neighbors on the cubic lattice, and
therefore only a range of particular angles (between the coordination bonds belonging to the
same metal) are available (with angle 90° having the largest probability to occur). Thus to
obtain the average angle distribution for each isomer we normalized the corresponding

simulation data by the occurrence probability of each angle in BFM.

The average angle distributions for cis- and trans- 2:1 ligand-metal complexes are shown
in Figure Sla for B=15. As is seen each distribution follows a Gaussian function with
expected average values of 6=120.0° for cis- isomers and 6=180.0° for trans-isomers and
variances 0=15.0° and 0=15.3°, respectively. Smaller B values provide considerably wider
overlaping distributions between cis- and trans- isomers making difficult any distinction

between these two cases (Figure S1b). On the other hand much larger B values lead to more
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narrow distributions limiting the occurrence of 2:1 ligand-metal complexes. It is worthwhile
to note that the peak heights of the angle distributions for cis- and trans- isomers are different
because of the different number of discrete angles (shown as symbols in Figure S1) that

contribute to the distribution.

For the 3:1 ligand-metal complexes, which are similar for both cis- and frans- isomers,
B=5 was chosen, which resulted in a Gaussian distribution (not shown) with a mean value of
6=120.0° and variance 0=24.1°. We note that formation of 3:1 ligand-metal complexes
involves a considerable orientation limitation for the positioning of the ligands involved,
which implies that the strength of orientational penalty, B, cannot be too large for the
corresponding complexes to form. It is important to note that all angle distributions discussed

above are independent of oligomer number density and metal-to-oligomer ratio.

Having set B values related to the entropic penalty and orientational distributions for 2:1
and 3:1 ligand-metal complexes for cis- and trans- isomers, the association energies 4E; for
the formation of the first (i=1), second (i=2) and third (i=3) coordination bond between a
metal and ligands were chosen to represent the equilibrium constants for cis-complexation
between Co’" and 2.2'-bipyridyl* (LogK;=5.81, LogK,=5.5, LogK3=4.87). As discussed in the
main text the equilibrium constants are connected with the association energies and the

fraction of metal-ligand complexes via eq 2. Specifically, K; were calculated from simulation

data using K, =M, K, =M, K, =M (cf. eq 2), where [L], [M], [LM],
[L][M] [L][zM] [L][L,M]

[L.M] and [L;M] is the number density of free ligands, metal ions, 1:1, 2:1 and 3:1 ligand-
metal complexes, respectively. By varying AE; in our simulations and comparing the

equilibrium constants obtained from simulations and the experimental data for cis-

complexation between Co’" and 2.2-bipyridyl®, we determined the association energies
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AE=-8kT, AE,=-10kT, and AE;=-10kT with the corresponding equilibrium constants
LogK=5.9, LogK,=5.7 and LogK3;=5.0. As is seen, with the chosen association energies
equilibrium constants for cis-isomers obtained in our simulations reproduce the experimental
data quite well. For trans-isomer, we applied the same association energies 4E; assuming that
similar to simple ligand case’ the enthalpic contributions to the corresponding equilibrium
constants are comparable, while the main physico-chemical difference in the properties of

cis- and trans- metal-ligand complexes comes from the ligand orientation.

Molecular weight distribution

The weight fraction molecular weight distributions for supramolecular polymers
containing cis- or trams- isomers are shown in Figure S2 for several oligomer number
densities at the stoichiometric composition =2/3 . At low oligomer number density both
types of supramolecular polymers exhibit rather similar profiles of molecular weight
distribution with a slightly broader distribution for cis-isomer-containing polymers. In this

range of number densities the weight fraction w; of the molecules with a molecular weight of

M; decreases exponentially with molecular weight: w, ~ exp(—AM,) with A being the decay

constant. With an increase of oligomer number density the weight fraction molecular weight
distribution starts firstly to develop a plateau and then a maximum, which indicates the
formation of reversible network.®® The development of a plateau occurs at lower oligomer
number density for supramolecular polymers containing cis-isomers (due to a larger fraction
of cis-2:1 ligand-metal complexes). As is seen from Figure S2 the position of the maximum
of molecular weight distribution corresponds to higher molecular weights and the peak itself
is higher and narrower for supramolecular polymers containing cis-isomers. As oligomer
number density further increases the maximum of the molecular weight distribution shifts to

higher molecular weights and the Gaussian-like peak becomes even higher and narrower.
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Fig. S2 Weight average molecular weight distributions for supramolecular polymers containing cis-
(solid curves) or trans- (dashed curves) isomers for several oligomer number densities (shown in the
units of 107a”) at the stoichiometric metal-to-oligomer ratio (+=0.67). Molecular weight is shown in

units of oligomer molecular weight.

Since the peak development indicates network formation,”® the difference in the molecular
weight distributions between supramolecular polymers containing cis- and trans- isomers
indicates that the formation and properties of the network are somewhat different for these

polymers, as discussed in the main text.

Equilibrium elastic plateau modulus

The equilibrium high-frequency elastic plateau modulus G, characterizes the elastic
response of the metallo-supramolecular networks to external deformation. The composition
dependence of Gy is shown in Figure S3a for two oligomer number densities. As is seen, for a

given oligomer number density, the high frequency elastic plateau modulus for the reversible
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Fig. S3 The high-frequency elastic plateau modulus Gy/kT as a function of metal-to-oligomer ratio (a)

at two oligomer number densities ¢=0.0023a” (squares) and ¢=0.00305a" (circles) and as a function
of oligomer number density (b) at the stoichiometric composition for the reversible networks
containing cis- (filled symbols) or frans- (open symbols) isomers. At high oligomer number density
cis-isomer network is noticeably larger than that for the network containing trans-isomers.
This is mainly because of the larger network core fraction. As is seen from Figure S3a the
elastic plateau modulus Gy exhibits a maximum around the stoichiometric composition for

both networks containing cis- and trans- isomers.

For a constant metal-to-oligomer ratio, the equilibrium high-frequency elastic plateau
modulus Gy is larger for the reversible networks containing cis-isomers in the whole range of
oligomer number densities considered. Gy increases with an increase of oligomer number

.64

density, as shown in Figure S3b following a similar scaling dependence Gy~c'®* at high
oligomer number densities for both cis- and trans- isomer networks. The scaling factor 1.64

is rather close to what we reported before for metallo-supramolecular networks containing

lanthanide metal ions (1.8)* or what was experimentally observed (1.8) for supramolecular
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network formed by neodymium(III)-2,6-dicarboxy-pyridine ligands’ and branched worm-like

CTAB micelles, 1.85, (in the presence of salt concentration of 1.5M)™.

Based on the results for the elastic plateau modulus presented in Figure S3, we predict that
a significant change in the elastic properties of the reversible network can be achieved by an

externally triggered isomerization from ¢rans- to cis- metal-ligand complexes and vice versa.
Molecular weight between effective crosslinks

As discussed in the main text (eq 4) the average molecular weight between effective

crosslinks M, can be calculated (in addition to the direct measurements from simulations)

knowing the fraction of 2:1 ligand-metal complexes in the core, M,”*, and the number of

effective crosslinks N,:

M, =1+2M2
3N

X

2

We note that M,” also includes 3:1 ligand-metal complexes in the core that serve as

attaching points of the dangling parts, since these 3:1 ligand-metal complexes merely extend
the effective strands in the core and thus perform exactly the same function as 2:1 ligand-

metal complexes.

In order to compare the average molecular weight between effective crosslinks for the

networks containing cis- (M ") or trans- isomers (M) one can consider the following

inequalities:
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Fig. S4 M7/ M3 —as a function of the ratio of the effective crosslinks N, /N_,  in the

2cis 2 trans
reversible networks containing cis- or trans- isomers. The results (symbols) are shown for several

oligomer number densities (with metal-to-oligomer ratios varied) and for »=0.67 (with the oligomer

.. . . . core core  __
number densities varied). The solid line corresponds to M 7"/ M3%* =N_. /N_, . .
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In Figure S4, we plot the ratio of M5 /M5 =~ versus the ratio of N, /N, ... for the

2 cis 2 trans

reversible networks composed of cis- or trans- isomers for several oligomer number densities

and metal-to-oligomer ratios. As is seen, in all cases M7 /M7 <N . /N_,. ., implying

that M <" is smaller than M "™, as discussed in the main text.
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Fig. S5 The average mesh size r,, for the reversible network containing cis- (filled symbols) or trans-

(open symbols) isomers versus the average molecular weight between effective crosslinks M, for

Mesh size

Mesh size r, is the average distance between two adjacent effective crosslinks. It was
calculated by averaging over 4x10° MCts the end-to-end distance (Reng) for the effective
strands connecting two neighboring effective crosslinks. The mesh size for the reversible
networks containing cis- and frans- isomers r,, is plotted (in a log-log scale) in Figure S5 for
different oligomer number densities (and different metal-to-oligomer ratios) versus the
average molecular weight between effective crosslinks (M,). r, is generally larger for the
reversible networks containing trans-isomers (similar to the average molecular weight
between effective crosslinks, as discussed in the main text, Figure 7). The mesh size for the
reversible network containing either cis- or trans- isomers follows almost the same scaling

0.48 . . 0.49 . .
dependence: r,~M, ™ (for network with trans-isomers: r,~M, = and for network with cis-
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Fig. S6 Dependence of the weight fraction of the network core on the fraction of trans-isomers in the

network at different metal-to-oligomer ratios for oligomer number density ¢=2.29x107a".

isomers r,~M,"*"). This implies that the isomerization only slightly affects the chain
conformations in the core of the reversible network. This scaling dependence is similar to
what we previously reported for metallo-supramolecular networks containing lanthanide

0475y8 and it is close to that for the end-to-end distance for a linear chain of

metal ions (7,~M,
a molecular weight M in a polymer melt (Ren~M""). As we discussed in our earlier paper®,

the observed dependence is likely due to the high polymer density in the network core.

Mixture of cis- and frans- isomers: network core fraction

The core of the reversible network contains the effective crosslinks and elastic strands,
which define the elastic properties of the metallo-supramolecular network. The weight
fraction of the network core is shown in Figure S6 as a function of the fraction of trans-

isomers fyqs in the system at different metal-to-oligomer ratios for oligomer number density
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¢=2.29x107(a”). As is seen, the core fraction decreases in a linear manner with an increase in
firans for all the metal-to-oligomer ratios considered. The maximum value of the weight
fraction of the core is reached at the stoichiometric composition (similar to the elastic plateau

modulus, Figures 6 and Figure S3).
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Fig. S7 The average molecular weight between effective crosslinks (M,) as a function of frans-
isomers fraction in the network at metal-to-oligomer ratios 7=0.67 (solid symbols) and =1.0 (open

symbols) for oligomer number densities ¢=2.29x10” ¢~ and ¢=3.05x107 a”.

Mixture of cis- and trans- isomers: average molecular weight between effective

crosslinks (M,)

Figure S7 shows the dependence of the average molecular weight between effective
crosslinks (M,) on the fraction of trans-isomers. As is seen, for the stoichiometric
composition, the average molecular weight between effective crosslinks (M,) is rather small

and increases nearly linearly with an increase in the fraction of trans-isomers. For metal-to-
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oligomer ratio equal to 1.0, the average molecular weight between effective crosslinks
decreases at a low degree of conversion of cis- to frans- isomers and reaches its minimum at
an intermediate value of f;,,; and then increases with further increase of f;,,,. It is interesting
to note that the minimum value of M, is smaller than in either system containing only cis- or
only trans- isomers. The difference in the behaviour of the M, at different metal-to-oligomer

ratios is due to the different morphologies of networks as discussed in the main text.
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