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Figure S1. TGA curve for the cyano-ammonium salts
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Figure S2. DSC for [Ny;;cn][DCA] at 2 °C /min as heating run. This is taken as first
heating (2 °C /min ) and first cooling curve (10 °C/min). A small shoulder appears
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before heating was performed.

during first heating curve with melting peak, while during cooling cycle two
crystallization peaks appear. The sample was held at low temperatures for an hour

Table S1; Ionic conductivities and activation energies (E,) for [Nyj1cn]? salts

Conductivity E,
(S em! at 30 °C) (k J mol )
[NlllCN] [DCA] 3.2x10° 38 (Melt)
[N111en][FSI] 2.1x108 58 (phase I)
[NIIICN] [OTf] 6.7x10° 118 (phase I)
[NIIICN] [BF4] 6.6x108 53 (phase I)
[N111cn][PFe] 7.2x10°10 63 (phase I)
[N111en] [INTH]! 104 at room -
temperature
[N111cn] [CPFSA]? 107 at 60 °C -

The activation energy was calculated from the ionic conductivity data for [N;;;cn][DCA],
[N111en][FSI], [Ni11en][OTS], [Nijien][BF4] and [Nyjien][PFs] (Table S1). Except for
[N111cn][DCA], all activation energies are for phase I. The lowest activation energy is seen for
[N111cn][DCA] because it is in a liquid state. The lowest activation energy in the solid phase |
is seen for [Ny1;cn][BF4], which is consistent with the greater disorder and higher conductivity
compared to the other cyano-ammonium salts.

Table S2: DSC data and ionic conductivities () for lithium-based electrolyte solutions.
Phase transition temperatures includes, glass transition temperature = T, solid-solid
transitions = 7 ; and melting temperature = 7,, and are taken as onset (otherwise
specified as peak). The entropy change (AS) is also calculated for 7, and 7,,.

T, | Tost | AS+ | Too+ | ASP+ | T,+1 | ASP+ G
)| 1 | 10% | 1 | 10% | C) | 10% | (Sem?)
©C) | 0K | C) | QK (J K-
mol!) mol-!) mol!)
10 mol% —68 5 72 45 2.5x10°
LiFSI in
[N111cn] [FST]
50 mol% -54 0.98x1073
LiFSI in
[N111en] [FST]
10 mol% —61 11 77 0.3 2.5x107
LiBF, in
[N111cn][BF4]
50 mol% 53 3 79 11 112 3.1x107
LiBF, in broad
[N111en][BF4] melt
(taken




as
peak)

Table S3: Activation energies (E,) (from ionic conductivities) and glass transition
temperatures (7,) for S0 mol% LiFSI-based liquid electrolytes. IL = ionic liquid and
OIPC = organic ionic plastic crystal

OIPC or IL E, (kJ mol) T, (°C)
[Cympyr][FSI]3 31 -81
(OIPC)
[C,epyr][FSI* 27 -75
(OIPC)
[Csmpyr][FSI]® (IL) 27 -73
[P111ia][FST]® (IL) 33 -71
[C(B)mpyr] [FSI]7 28 -69
(OIPC)
[Ni11en][FSI] 36 -54
(organic salt)
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Figure S3. Comparison of conductivity plot of 50 mol% LiFSI-based liquid electrolytes
in different OIPCs ([C,epyr][FSI],* [Compyr][FSI]® and [C;mpyr][FSI]?) and ILs
(IC;mpyr][FSI]® and [P111i4] [FSI]®).



[NIHCN][BF4]

[Ny 11en][PF]
S
Py [N111en][OTH]
=
8
'E [N} en]IFST]
5 [N} 1en][DCA]
==

e W [Ny 1endll]

4000 3500 3000 2500 2000 1500 1000 500 0
Wavenumber (¢cm™)

Figure S4. FTIR spectra for synthesized cyano-ammonium salts. Y-axis was adjusted
for clarity.
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Figure S5. FTIR spectra for synthesized cyano-ammonium salts. Y-axis was adjusted
for clarity.
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Figure S6. FTIR spectra for synthesized cyano-ammonium salts. Y-axis was adjusted
for clarity.

Table S4: Names and acronyms for cations and anions discussed in the main text

Name of cation Acronym of cation
Lithium Li
(Cyanomethyl)triemthylammonium [Ni11en]
Tetramethylammonium [Ni111]
Ethyl(trimethyl)ammonium [Ni112]
Butyl(trimethyl)ammonium [Ni114]
Triethyl(methyl)ammonium [N122]
Tetracthylammonium [N222o]
1-Ethyl-3-methylimidazolium [emim]
N-Ethyl-N-methylpyrrolidinium [Compyr]
N,N-Diethylpyrrolidinium [Cepyr]
N-Propyl-N-methylpyrrolidinium [Csmpyr]
N-Isopropyl-N-methylpyrrolidinium [Czympyr]
Hexamethylguanidinium [HMG]
Isobutyl(trimethyl)phosphonium [Py1154]
Tri(isobutyl)methylphosphonium [P1ig44]
[sobutyl(diethyl)methylphosphonium [P122i4]
Polyvinylidene fluoride PVDF
Name of anion Acronym of anion
Bis(trifluoromethanesulfonyl)imide [NTH,]




Bis(fluorosulfonyl)imide [FSI]
Tetrafluoroborate [BF,]
Hexafluorophosphate [PF¢]
dicyanamide [DCA]
Iodide [1]
Triflate [OT{]
1,1,2,2,3,3-Hexafluoropropane-1,3- [CPFSA]
disulfonamide

Table SS. Ionic conductivity and parameters for the calculation of transference
numbers for 50 mol% LiBF4-[N;;;cn][BF4] electrolytes

o*/S cm’! Riy/Q R/Q 1yA 1/A i+

80°C | 3.0x107 2399.1 2289.4 3.97x10¢ 1.77x10¢ 0.04

90°C | 0.78 x 1073 302.6 304.2 16.31x10¢ | 6.88x10° 0.27
* Electrolyte conductivity extracted from Fig. 5d

References

1. M. Egashira, S. Okada, J.-i. Yamaki, D. A. Dri, F. Bonadies and B. Scrosati, Journal
of Power Sources, 2004, 138, 240-244.

2. M. Moriya, T. Watanabe, S. Nabeno, W. Sakamoto and T. Yogo, Chemistry Letters,
2014, 43, 108-110.

3. Y. Zhou, X. Wang, H. Zhu, M. Yoshizawa-Fujita, Y. Miyachi, M. Armand, M.
Forsyth, G. W.Greene, J. M. Pringle and P. C. Howlett, ChemSusChem, 2017, 10,
3135-3145.

4, D. Al-Masri, R. Yunis, A. F. Hollenkamp and J. M. Pringle, Chemical
Communications, 2018, 54, 3660-3663.

5. H. Yoon, P. C. Howlett, A. S. Best, M. Forsyth and D. R. MacFarlane, Journal of
Electrochemical Society, 2013, 160, A1629-A1637.

6. G. M. A. Girard, M. Hilder, H. Zhu, D. Nucciarone, K. Whitebread, S. Zavorine, M.
Moser, M. Forsyth, D. R. MacFarlane and P. C. Howlett, Physical Chemistry
Chemical Physics, 2015, 17, 8706-8713.

7. D. Al-Masri, R. Yunis, A. F. Hollenkamp, C. M. Doherty and J. M. Pringle, Physical
Chemistry Chemical Physics, submitted.

8. H. Yoon, A. S. Best, M. Forsyth, D. R. MacFarlane and P. C. Howlett, Physcial
Chemistry Chemical Physcis, 2015, 17, 4656-4663.

9. G. M. A. Girard, M. Hilder, D. Nucciarone, K. Whitbread, S. Zavorine, M. Moser, M.
Forsyth, D. R. MacFarlane and P. C. Howlett, The Journal of Physical Chemistry C,
2017,121,21087-21095.



