Supplementary Information (Sl) for Materials Advances.
This journal is © The Royal Society of Chemistry 2024

Peri-diselenolo-substituted 1,8-naphthalimide derivatives as bipolar matrices for
redox reactions in a non-aqueous electrolyte

D. Marinova,?” L. Borislavov,? S. Stanchovska,? R. Kukeva,? M. Mutovska,® N. Simeonova,? S. Stoyanov,?
Y. Zagranyarski,b* M. Mondeshki,© Y. Danchovski,®? H. Rasheev,>? A. Tadjer® and R. Stoyanova?

3 |nstitute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
b Faculty of Chemistry and Pharmacy, Sofia University "St. Kliment Ohridski", 1164 Sofia, Bulgaria

¢ Department of Chemistry, Johannes Gutenberg University, 55128 Mainz, Germany

*Correspondence: manasieva@svr.igic.bas.bg (D.M); ohjz@chem.uni-sofia.bg (Y.Z.)

Table of Contents:

Figure S1 1H (A), 33C (B) and 77Se (C) NIMR SPECLra Of SEHS...........coiiiieiiei ettt ste et veestre e s veesab e e sabeesaseesrbeessseesaseennes 2
Figure S2 H (A), 3C (B) and 77Se (C) NMR SPECLra OFf SECIA ..........ccoeveeirierierieeeeteeeteeeteeeteecteeeesteeeteeeteeveeraeetsesteesbeenbeensesaeesas 3
Figure S3 H (A), 3C (B) and 77Se (C) NMR SPECLIa Of SEBIA...........c.covveiuieiieerieeeeteeeteeeteeeteeeteseesteesteebeebeeaestsesseesteenseensesaeeses 5
Figure S4 13C cross-polarization (CP) solid state NMR spectra of the SeBr4, SeCl4 and SeH8 derivatives recorded with 2 ms
[ol0]q) Lot 4[4 1= PP PPPP ORI 7

Figure S5 H solid state NMR spectra of the SeBr4, SeCl4 and SeH8 derivatives recorded with background suppression ...... 8
Figure S6 Cycling stability of SeH8, SeCl4 and SeBr4 (80% and 70% active compound) used as electrodes in lithium half-cell
starting with a discharge mode at SCaN rat@ C/10. ......cccuveeiiiiieecie ettt ettt s b e eetreestbeeetaeesabeeeseeessaeenaaeestaeennes 8
Figure S7 NBO charges of reduction (A), without TFSI (B), and With TFSI (C) .....cccccuiiiiiiiieeciee ettt 9
Figure S8 EPR spectra of SeCl4 electrodes discharged consecutively to 1.67 V (A), to 1.50 V (B) and to 1.00 V (C). The EPR
spectra of SeCL4 charged directly to 4.15 V (D) and discharged to 1.5 V first, followed by charge to 4.5 V (E). The EPR
spectra are detected after 24h and 72h of the electrochemical experiments. ........ccccceeceeiiciieeecciee e 12
Figure S9 Linear sweep voltammetry curves of the symmetrical cell Li|Li| LiTFSI-Pyr13FSl|Li (B). Ex-situ EPR spectra of the
separator soaked in the electrolyte solution after the cathodic (A) and anodic (C) scans at the given potential. For the

sake of comparison, the EPR spectra of blank electrolyte (D) and the unsoaked separator (E) are also given.............. 13
Figure S10 Charge/discharge curves of SeCl4, SeBr4 and SeH8 used as electrodes in lithium half-cell starting with a
discharge and charge mode at scan rate C/10 (5™, 10" and 15™ CYCIE). c.uiiviiriiiriiiiirecrece ettt ereens 13

Figure S11 SEM images of SeCl4 (A), SeBr4 (B) and SeH8 (C) electrodes cycled for 50 times in LiTFSI:Pyr; 3FSl electrolyte. .14

Table S1 Dipole moments (in Debye) of the NEULral MOEIS.......ccc.iiiiiiiiiiiieeeeee et 6
Table S2a. Se-Se distance in A as a function of the NUMBET Of INSEITEM Lit..........cuiweeieeeuieeeeeeeeeeceseeeesesse s eseese s sesees s sesens 11
Table S2b The electron distribution of the IMide ChAIN ..o e st st sbe s e enee 12
Table S3 EDS data in at% (averaged values) for the pristine compounds SeCl4, SeBrd and SEHS ..........ccocveveeerrericevrierenesenenens 14
Table S4 EDS data in at% (averaged values) for the electrodes cycled for 50 times in LiTFSI:Pyr; 3FSI electrolyte................. 14


mailto:manasieva@svr.igic.bas.bg
mailto:ohjz@chem.uni-sofia.bg

480
mde
680
L{TTA,
671 \1
0e'T
TE'T 4
TET A ﬁ
€67 4
SE'T
9£'T 4
LET A
6E'T
or'1 4
T
EERE
2914
89T
074

¥

60'p
D—.wv
f182

£9°4
89°L v

878
0E'R

Ip-aUeY}e0J0|YIRIIe |

b-f

10€

Foror

Foare

Fooz

Feor

Feor

0.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05
f1 (ppm)

9.5

13.0 125 120 11.5 11.0 105 10.0

T —
L8TE
e g
L6°LZ %
aT'6z
LT6L
0LTE ¥4

2y —

Zp-aueyja0Jo|ydel}aL

a8 —
L5121 —

08°TET
S0°ZET
759ET —

Te'zZst —

POEST =—

-10

210 200 190 180 170 160 150 140 130 120 1150( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

220




512.55

Se Se
1000 950 900 850 800 750 700 650 600 550 f 5(300 ) 450 400 350 300 250 200 150 100 50
ppm
Figure S1'H (A), 3C (B) and 7’Se (C) NMR spectra of SeH8
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Figure S2 1H (A), 13C (B) and 7’Se (C) NMR spectra of SeCl4
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Figure S3 1H (A), 13C (B) and 7’Se (C) NMR spectra of SeBrd

Table S1. Dipole moments (in Debye) of the neutral models

neutral
SeH 7.1
SeCl 5.1

SeBr 5.2
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Figure S4 13C cross-polarization (CP) solid state NMR spectra of the SeBrd, SeCl4 and SeH8 derivatives recorded with 2 ms contact time
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Figure S5 'H solid state NMR spectra of the SeBrd4, SeCl4 and SeH8 derivatives recorded with background suppression
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Figure S6 Cycling stability of SeH8, SeCl4 and SeBr4 (80% and 70% active compound) used as electrodes in lithium half-cell starting with

a discharge mode at scan rate C/10.



NBO charges reduction




NBO charges without TFSI
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NBO charges with TFSI

Figure S7 NBO charges of SeH, SeCl, and SeBr after the reduction with 2Li, 4Li and 6Li (A). NBO charges of SeH, SeCl, and SeBr after the
oxidation without TFSI- (B), and with TFSF (C)

Table S2a. Se-Se distance in A as a function of the
SeH 2.37 3.68 3.76
SeCl 2.39 3.14 3.66
SeBr 2.39 3.13 3.66
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Table S2b The electron distribution of the imide chain

SeH -0.40 -0.33 -1.05 -1.38
SeCl -0.36 -0.37 -1.06 -1.48
SeBr -0.37 -0.37 -1.05 -1.46
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Figure S8 EPR spectra of SeCl4 electrodes discharged consecutively to 1.67 V (A), to 1.50 V (B) and to 1.00 V (C). The EPR spectra of SeCL4

charged directly to 4.15 V (D) and discharged to 1.5 V first, followed by charge to 4.5 V (E). The EPR spectra are detected after 24h and
72h of the electrochemical experiments.
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Figure S9 Linear sweep voltammetry curves of the symmetrical cell Li|Li| LiTFSI-Pyr13FSI|Li (B). Ex-situ EPR spectra of the separator
soaked in the electrolyte solution after the cathodic (A) and anodic (C) scans at the given potential. For the sake of comparison, the EPR
spectra of blank electrolyte (D) and the unsoaked separator (E) are also given.
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Figure S10 Charge/discharge curves of SeCl4, SeBr4 and SeH8 used as electrodes in lithium half-cell starting with a discharge and charge
mode at scan rate C/10 (5th, 10t and 15t cycle).
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Figure $11 SEM images of SeCl4 (A), SeBr4 (B) and SeH8 (C) electrodes cycled for 50 times in LiTFSI:Pyr; sFSI electrolyte.

Table S3 EDS data in at% (averaged values) for the pristine compounds SeCl4, SeBr4 and SeH8

Table S4 EDS data in at% (averaged values) for the electrodes cycled for 50 times in LiTFSI:Pyr, sFSI electrolyte

C
N
(o)
cl
Se
Br

78.27
2.89
8.98
4.88
4.99

76.46
3.59
7.55
6.36
6.94

82.10
2.99
8.80

6.12

38.06
2.88
39.19
10.73
2.60
4.53
0.65
1.34

44.27
6.31

27.95
12.29
0.79
7.57

0.29
0.53

47.95
6.46
22.63
12.89
0.78
7.70

1.01
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