Supplementary Materials
Asymmetric Monomer Design Enables Structural Control

of M(Salen)-Type Polymers

Maria Novozhilova !, Julia Polozhentseva ! and Mikhail Karushev 2*

1 Ioffe Physical-Technical Institute of the Russian Academy of Sciences (Ioffe Institute),
26 Polytekhnicheskaya str., 194021 St. Petersburg, Russia

2 Independent Researcher, Astana 020000, Kazakhstan

* Correspondence: mkarushev@gmail.com

Polymer 2 structure analysis was performed in accordance with the methodology
presented in the [1]. 100 mg of polymer 2 have been peeled of a 100 cm? glassy carbon
electrode and stirred in 20 ml of 20% aqueous sulfuric acid for 40 hours at room tempera-
ture. Organic hydrolysis products were extracted 4 times with dichloroethane. Then ex-
tract was vacuum-dried, and the resulting products (35 mg) were collected and dissolved
in de-DMSO for NMR identification.

1H, BC{*H} NMR spectra, experiments were acquired on a Jeol ECX400A spectrome-
ter (400 MHz for 'H nuclei and 100 MHz for *C nuclei) in DMSO-ds. The residual signals
of the solvent (DMSO-ds: 2.50 ppm for 'H nuclei and 39.6 ppm for 3C nuclei) were used
as internal standard.
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Figure S1. Major and minor structures of hydrolysis products.
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Figure S2. 'H NMR spectrum of mixture of 4,4'-dihydroxy-5,5'-dimethoxybiphenyl-3,3'-dicarbalde-
hyde (major) and 4,4'-dihydroxy-5-methoxybiphenyl-3,3'-dicarbaldehyde (minor) in DMSO-ds.
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Figure S3. 'H{"®*C} NMR spectrum of mixture of 4,4'-dihydroxy-5,5'-dimethoxybiphenyl-3,3'-di-
carbaldehyde (major) and 4,4'-dihydroxy-5-methoxybiphenyl-3,3'-dicarbaldehyde (minor) in
DMSO-ds.
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The ratio 1 to 2 is approximately 2.5: 1 and was obtained by integrating the peak
corresponding to the signal of the -OCHs group(s).

1:'H NMR: 3.94 (3H, s, OCH3), 7.46 (1H, d, C2H or C¢H, 4] 2.2 Hz), 7.47 (1H, d, C:H or
C¢H, 4] 2.2 Hz), 10.29 (1H, s, CH=0), 10.31 (1H, s, OH).

1BC{'H} NMR: 56.91 (OCHs), 116.26 (CH Ar), 118.00 (CH Ar), 123.04 (C?), 131.24 (CY),
149.36 (C5), 150.67 (C*), 192.37 (CH=0).

2:'H NMR: 3.92 (3H, s, OCH3), 7.05 (1H, d, C°'H, 3] 8.6 Hz), 7.43 (1H, d, C2H or C¢H,
4/ 2.2 Hz), 7.44 (1H, d, C*H or C°H, ¥ 2.2 Hz), 7.84 (1H, dd, C¢H, 3] 8.6 Hz, 4 2.5 Hz), 7.90
(1H, d, C*H, ¥ 2.5 Hz), 10.28 (1H, s, CH=0), 10.29 (1H, s, CH=0), 10.30 (1H, s, C*-OH),
10.79 (1H, s, C¥-OH).

13C{'H} NMR: 56.83 (OCHs), 115.86, 117.55 (C26), 118.41 (C¥), 122.92, 123.09 (C3%),
127.04 (C%), 130.79 (C Ar), 134.90 (C¥¢), 149.44 (C%), 150.61 (C*), 160.56 (C¥), 192.17, 192.29
(2CH=0).
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Figure S4. Cyclic voltammogram of a poly-[Cu(3-MeOSal-Sal)en] film (at a Pt-coated quartz crystal
electrode (1.37 cm?) in 0.1 mol dm Ets<NBF4/CH3CN at 0.05 V s and a corresponding electrode mass
variation with potential for: (a) polymer 1, (c) polymer 2, (e) polymer 3; a mass—charge plot at 0.05
V s for this polymers (b, d, e).



Table S1. Molar mass of charge-transferring species participating in the polymer oxidation/reduc-
tion process, specific capacity, apparent rate constant and the number of electrons per monomer
unit exchanged during redox processes in the polymer films.

Poly-[Cu(Salen)] Poly-[Cu(3-MeOSalen)]

Potential range, V' 0+1.40 0+0.80 0.80 + 1.40
Molar mass of charge-transfer-

. . iy 514 4544 97+4

ring species, g mol
Number of electrons per a mono-
mer unit

Specific capacity, Cman/mdh g 80 125
Apparent rate constant, ke./s”! 1.1,0.9 0.9, 1.1

1.0£0.1 1.8+0.1
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Figure S5. Cyclic voltammogram of a poly-[Cu(3-MeOSal-Sal)en] film at a Pt-coated quartz crystal elec-
trode (1.37 cm?) in 0.1 mol dm EtsNBF4+/CH3CN recorded at different scan rates: polymer 1 (a), polymer
3 (b); dependencies of log (Ip*) and log (Ir°) on log vs. for polymers: polymer 1 (c), polymer 3 (d).

We conducted a series of cyclic voltammetry measurements at different scan rates.
Fig.S2 (a, b) illustrates CV curves for scan rates in the range 0.01-0.2 Vs.

Testing at different potential sweep rates: peak currents proportional to the potential
sweep rate in consistence with the absence of the diffusion limitations for charge transport
(fig. S2). For thin film of poly-[Cu(3-MeQOSal-Sal)en] and for all scan rates a linear depend-
ence of anodic and cathodic peak current on the scan rate is observed (log i versus log v
plots have slopes close to unity; Fig. S2 (c, d)), which indicates a thin layer/surface-type
regime for charge transport. The reaction is limited only by electron transfer.

The apparent rate constants electrode materials were calculated from the dependence
of the peak potential on logarithm of the potential sweep rate using standard method [2,3].
The rate constants for poly-[Cu(Salens’)] have close values to the rate constant and poly-
[Ni(Salens’)], showing that the electron transfer proceeds by the same mechanism. Thus,
poly-[Cu(Salens’)] exhibit fast charge transport kinetics in the fully oxidized state.
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Figure S6. UV-vis spectra of a poly-[Cu(3-MeOSal-Sal)en] film at an ITO-coated glass electrode ac-
quired during redox switching in 0.1 mol dm EtsNBF4/CH3CN: polymers 1 (a), polymers 3 (b),
polymers 2 (c).
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Figure S7. UV-vis spectra of a poly-[Cu(3-MeOSal-Sal)en] film at an ITO-coated glass electrode ac-
quired during redox switching in 0.1 mol dm EtsNBF4/CHsCN: polymers 1 (a), polymers 3 (b),
polymers 2 (c), referenced to the spectrum of the polymer at -0.3 V.
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Figure S8. Cu2p XPS spectra of the polymer films.

Scheme S1 (a) shows the electronic structure of the 3d orbitals of the copper atom. It
can be seen from the diagram that there are three spin-allowed transitions. The d,2_,2
orbital has the highest energy, it is elongated along the coordinate axis, and it is directed
toward the ligand. This orbital is most susceptible to destabilization, it is exposed to the
field of ligands. The orbital d,2 depends on the environment, as it lies in the xy plane. If
the complex is coordinated along the z axis, then the orbitals d,2, d,, and d,, will be
destabilized, their levels will increase, and the transition to dxz_yz will require less en-
ergy. An electron poor ligand can lower the energy of the highest occupied molecular
orbital and thus stabilize the Cu(IlI) state.

Oxidation of such systems can give one of three electronic states: 1) complex 3d®
Cu(Ill)-Salen (5=0), diamagnetic [4,5]; 2) Cu(Il) complex antiferromagnetically bound to a
phenoxyl radical (5=0), such a complex has disturbed symmetry, so we exclude it from
further consideration (taking into account the orthogonality between the metallic 3d,z2_,2
and the phenolate-based orbital, the antiferromagnetic Cu(Il) radical form can be ex-
cluded). 3) Cu(ll) ferromagnetically bonded to the phenoxy radical (5=1), paramagnetic.
Quantum chemical calculations using the TDFT method showed that the most preferred
state is 1, since it has the lowest energy [6]. The energy of the highest occupied molecular
orbital (HOMO) on the ligand decreases and, thus, the Cu(Ill) state stabilizes. The authors
of [7] also exclude the antiferromagnetic Cu(II) radical form and prefer the ground triplet
state. In poly-[Cu(3-MeOSal-Sal)en] both states can be realized, and it is possible that it is
in equilibrium and depends on conditions. The environment of the central atom also af-
fects the geometry of the molecule and thus can shift the equilibrium.
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Figure S9. Scanning electron micrographs of poly-[Cu(3-MeOSal-Sal)en] films deposited on a Pt
electrode: polymer 1 (a), polymer 2 (b), polymer 3 (c).
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