Article

Mass and charge transfer in a polymeric NiSalen complex at subzero temperatures

Elena V. Alekseeva*, Julia V. Novoselova, Dmitrii V. Anischenko, Vasiliy V. Potapenkov, and Oleg V.
Levin*

1 Institute of Chemistry, Saint Petersburg University, 7/9 Universitetskaya nab., St. Petersburg 199034,
Russia

Normalized Current / mA (Vs™')™

Normalized Current / mA (Vs™")™

Normalized Current / mA (Vs™')™

-2

Scan rate, mVs™'

10

20

50
——100
—— 200
——500
— 1000
—— 2000
—— 5000
—— 10000

-2

-4

T T T
-0,25 0,00 0,25

Potential / V (vs Ag|Ag")

(@)

Scan rate, mVs™'

10

20

50
——100
—— 200
—500
— 1000
—— 2000
—— 5000
—— 10000

0,‘00 0,‘25
Potential / V (vs Ag|Ag®)

()

T
-0,25

Scan rate, mVs™'
10
20
50
——100
——200
——500
—— 1000
—— 2000
—— 5000
—— 10000

O,E)o o,'25
Potential / V (vs Ag|Ag")

(e)

T
-0,25

Normalized Current / mA (Vs™')™

Normalized Current / mA (Vs™')™

Normalized Current / mA (Vs™')™

-4

Correspondence: E.A. e.v.alekseeva@spbu.ru; Tel.:+7-921-655-74-97; O. L. o.levin@spbu.ru

Scan rate, mVs™’

154 10
20
50
——100
1,0 { —— 200
—— 500
——1000
——2000
0,5 4 —— 5000
—— 10000
0,0
-0,5
-1,0
T T T T 1
-0,25 0,00 0,25 0,50 0,75
Potential / V (vs Ag|Ag")
6+
Scan rate, mVs™'
10
20
50
49 ——100
——200
——500
——1000
5 ] ——2000
——5000
——10000
0 4
_2 -
T T T T 1
-0,25 0,00 0,25 0,50 0,75
Potential / V (vs Ag|Ag®)
2 Scan rate, mVs™"
10
20
50
——100
14 ——200
——500
——1000
——2000
——5000
0 4 ——10000
_1 -
_2 -
T T T T 1
-0,25 0,00 0,25 0,50 0,75

Potential / V (vs Ag|Ag®)

()



Fig. S1. Cyclic voltammograms of poly[Ni(CH3Salen)] films synthesized and cycled in 0.1M MesNBF4/AN (a) 0°C,

(b) —20°C; in 0.1M BusNBF4/AN at (¢) 0°C, (d) —20°C; 0.1M BusNTFSI/AN at (e) 0°C, (f) —20°C; sweep rates from
0.01Vs™' to 10Vs™".

We used widespread approach for determination of the apparent diffusion coefficients for materials undergoing ion

intercalation [1s-3s ]. Diffusion coefficients of all samples and their dependence on the electrode potential were
determined from PITT measurements using the Cottrell equation (eq.1s.)
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Where AQ is the charge caused by a potential step, Dagp is the apparent diffusion coefficient, (| \/f Jyax is the
maximum value of the plot (st vs. t), L is the film thickness, 7 is 3.14.

Here we provide an example of a current transient (I vs. t) of poly[Ni(CH3Salen)] synthesized and measured in 0.1M
BusNTFSi/AN electrolyte solution at 0°C. Transient recorded at 0.290 V vs. Ag|Ag™.
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Fig.S2. | vs. t of poly[Ni(CHsSalen)] synthesized and measured in 0.1M BusNTFSi/AN electrolyte solution.

Transient recorded at 0°C, 0.290 V vs. Ag|Ag". Thus, by integration of the transient one gets the AQ value, which
can further be substituted in eq.1s. For given step AQ = 0.0043mC.

In order to find (| \/E )wax » one should plot I+t¥2 vs. t dependence (Fig.S3).

0,0030
0,0028 -
0,0026
0,0024

00022 ------
0,0020 ﬁ
0,0018
o,(:rma-'l,f‘I

0,0014 -

0,0012

0,0010 -

0,0008

0,0006

0,0004

0.0002

0,0000 -

-0,0002 1+
0,01

th1.l'2 / mA*S'IFE




Fig.S3. I+t'2 vs. t of poly[Ni(CH;Salen)] synthesized and measured in 0.1M BusNTFSi/AN electrolyte solution.
Transient recorded at 0°C, 0.290 V vs. Ag|Ag". For given step (| \/f) vax = 0,0022 [mAss'?].

Estimations of the film thickness gives L based on the charge spent on the synthesis gives ~800 nm. Therefore,

substituting ( | \/f )uax » AQ and L values into the eq.1s, one gets the value of the apparent diffusion coefficient Dagp

=5:10"° cm?/s.

EIS was used for charge transfer resistance and double layer capacitance determination (Fig.S4). One may notice
that impedance spectra of polymers have inclined straight-line instead of pure capacitance n/2 vertical line at low
frequencies. Additionally, spectra do not contain n/4 typical Warburg line. Hence, extracting diffusion characteristic
by means of EIS are complicated. Use of anomalous diffusion or modified restricted diffusion can, in theory, help
extracting diffusion characteristics from EIS [4s-6s]. However, interpretation and reliability of these approaches are
still questionable as they provide different results and have multiple possible good fits for almost each spectrum.
That is why we decided to use relatively simple equivalent scheme (Fig.S5) to avoid interpretational issues and
reliability issues. However, the immediate drawback of the scheme Fig.S5 is that it approximates experimental data
with a good quality only at high and medium frequency regions (Fig.S4, at low frequencies the discrepancy between
the data and the fit is growing). However, one can still focuses on high and medium frequencies of impedance
spectra in order to determine Rer and Cepr of the polymer film. We used the following equivalent scheme for Rer
and Cgpr determination (Fig.S5).
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Fig.S4. Nyquist plot of the poly[Ni(CH3Salen)] film synthesized in 0.1M MesNBF4/AN solution. Recorded in 0.1M
MesNBF4/AN solution at 0°C at 0,190 V vs. Ag|Ag". The fitted values of parameters are following: charge transfer
resistance Rer =673 Ohm, electric double layer capacitance Cepr, = 108mPF, solution resistance Rgor, =320 Ohm,
characteristic diffusion time tq = 0,067 s, diffusion resistance Rq =271 Ohm. Electrode potential 0.190V.
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Fig.S5. Equivalent scheme used for Ret and Cepr. determination. Rsor is the resistance of the electrolyte solution; M
is the restricted diffusion element, which accounts for the fact that diffusion occurs within the finite film media; this
element includes two parameters: diffusion resistance Rq and characteristic diffusion time tq.
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Fig.S6. Examples of impedance spectra of poly[Ni(CHsSalen)] film recorded in BusNBF4/AN solution at different
temperatures at 0.200 V vs. Ag|Ag". The resistance of the solution Rsor was subtracted for all temperatures and
samples for the convenience of Rcr comparison.

: /]
§ 1500 .
~ / | ////
8 /
8 /F // w
oY |
£ 1000 / / .
E // u /
E 4 || /.
; ./ //=/
s e —u—+20 °C
i 500 - | | _ m— O oC
o)) /
g -4;'./- —m—-20°C
© ] > -40 °C
<
ol f
0 T T T T T T T 1
0 300 600 900 1200

The real part of impedance / Ohm

Fig.S7. Examples of impedance spectra of poly[Ni(CHsSalen)] film recorded in MesNBF,4 /AN solution at different
temperatures at 0.190 V vs. Ag|Ag". The resistance of the solution Rsor, was subtracted for all samples for the
convenience of Rcr comparison.

Fig.S6 demonstrate EIS spectra of the sample electrodeposited and tested in 0.1M MesNBF4/AN solution (the one
with small pores). One can see that charge transfer related resistance Rcr of the sample is strongly dependent on
temperature. Rcr grows and order of magnitude with the 60°C decrease in temperature. Fig.S7 demonstrates EIS
spectra of the other sample (electrodeposited and tested in 0.1M BusNBF4 /AN solution, the one with big pores).
One can see that charge transfer resistance of this sample demonstrates rather moderate dependence on the
temperature. Rcr grows ~2 times with the 60°C decrease in temperature.
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