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Fig. S 1. Gas phase mass spectrum of [NCy111][NTfa]. m/z = 116 is the cation mass. Peaks at
m/z = 58, 60, 64, 69 result from the fragments Bu+H", N(CH3);+H*, SO and CFj of anion
and cation, respectively. The water, nitrogen and COy signals at m/z = 18, 28, 44 are due to the

background in the QMS chamber.

Mass spectrosocopic measurements This work present a line-of-sight mass spec-
troscopic measurement of the evaporated [NCyi11][NTfy] at an evaporation temperature of
450(1) K. In Figure S1 we show the gas phase mass spectrum of [NCyy1;|[NTf;]. m/z = 116
corresponds to the cation mass. Peaks at m=z = 58, 60, 64, 69 result from the fragments
Bu+ H", N(CHj3)s + H', SOF and CF;" of anion and cation, respectively. The water,
nitrogen and C'O, signals at m/z = 18, 28, 44 are due to the background in the QMS cham-
ber. We observed a signal at m/z = 116 corresponding to the cation as well as fragments of
the anion. After switching off the ionization filament no signal below m/z = 1000 could be
observed. This supports the results of earlier studies that aprotic ILs evaporate in ultrahigh
vacuum as classical ion pairs (see reference 27,74).

IR spectra for the IL using the deuterated cation Figure S2 displays the recorded
IR spectra of the IL building blocks of the deuterated cation dy. From top to bottom: CIVP
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Fig. S 2. From top to bottom: CIVP spectra of the deuterated cation (1,0)-dg; IR spectrum of
[d9g—NCy111][NTf;] measured in helium droplet Helium (1,1)-dg; CIVP spectra of the deuterated
(2,1) and (1,2) clusters and the FTIR bulk spectrum of [dg—NCua;11]|[NTfz], labeled (2,1)-dg, (1,2)-
dg and FTIR (bulk)-dg, respectively. Note that the vertical axes are arbitrarily scaled on either

side of the break in the abscissa. The arrow marks the position of the VITMA measurement.

spectrum of the deuterated cation dy — (1,0). [dg — NCy111][NT f2] ion pair measured in
helium droplet Helium d9-(1,1); CIVP spectra of the deuterated (2,1) and (1,2) clusters
and the FTIR bulk spectrum of [dg — NCy111][NT f2], labeled dg — (2, 1), dg — (1, 2) and room
temperature FTIR dg-(bulk), respectively. Vertical lines, corresponding to the most intense
(dg-(1,0) features, aid to identify spectral changes. IR transitions are arbitrarily scaled on
either side of. The arrow marks the position of the VITMA measurement.

Results of the theoretical predictions in comparison to the experimental re-

sults
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Fig. S 3. Recorded intensity ratio with field on/off as a function of the electric field strength for
the 3054 cm-1 band at an evaporation temperature of 515 K. Results for the laser polarization

parallel /perpendicular to the electric field are displayed in green and red, respectively.



TABLE III. Harmonic frequencies and group assignments obtained by MP2/cc-pVTZ (scaled by
0.94) of the cation in different conformations; cation bands from two harmonic frequency calcula-
tions of an ion pair with the anion in trans ((1,1) ¢trans) and cis ((1,1) cis) and the cation both in

ap/ap conformation obtained by MP2/aug-cc-pwCVDZ (scaled by 0.945).
assignment® ap/ap ap/sc sc/ap ac/ap sc/sc ac/sc |(1,1) trans (1,1) cis
2889 2891 2880 2892 2892 2892 2880 2885
2897 2900 2894 2896 2894 2905 2888 2887

vb 2902 2908 2897 2904 2900 2906 2889 2890
2911 2913* 2911% 2912% 2914* 2914* 2907 2906
2915 2915*% 2914* 2915% 2917*% 2918* 2911 2911
Vsm 2918 2918 2917 2918 2918*% 2918* 2917 2916
2921 2921 2924** 2921 2924* 2922* 2924 2920

2983 2951 2924** 2933 2941 2947 2955 2958
2956 2957 2945 2952 2947 2952 2968 2969
vgb 2975 2978 2974 2974 2971 2972 2976 2979
2979 2981 2979 2976 2978 2978 2995 2986
2991 2987 2992 2991 2987 2989 - -
3018 3018 3017 3019 3017 8018 3015 3015
3019 83019 3018 3020 3018 3019 3019 3018
3023 3023 3022 3023 3022 3023 3025 3024
Vgm 8028 3028 3024 3024 3024 3024 3029 3026
8085 3085 3032 3038 3032 3034 3082 3029
3088 3038 3056 3037 3054 3037 3085 3034
- - 3059 3054

@ The symbols have their usual meaning: v, stretching; 5, symmetric; o, antisymmetric. ~v,b and vym

coupled band. “*vym and v,b coupled band.



TABLE IV. Harmonic frequencies and group assignments obtained by MP2/cc-pVTZ (scaling
factors see computational methods) of the deuterated cation in ap/ap conformation (ap/ap - do);
center frequencies of deuterated cation bands in cm™!. Band frequencies from resonances shifted

due to different local environments are separated by a semicolon. Calculated frequencies are written

in italics.
assignment® ap/ap - dg (1,0) - dg| (2,1) -dg (1,2) - dg Helium (1,1) - dg bulk FTIR - dg
1419 1418 1418 1421
1420 - - -
1461 1455 1455 sh 1455 sh
1461 - - -
om 1470 no data — — no data -
1471 - - -
1491 1467 1470
1493 1476 1476 1476
1508 1491 1491 1492
2082 2078 2078 2078
vsb #104 no data - - no data -
2112 2115 2116 2117
2116 - - -
2177 - 2145 2147
2195 2221 2215 2226
Vgb 2207 no data - - no data -
2210 - - -
2216 2231 2235 sh -
2915 - - - - -
2918 - - - - -
vsm
2920 - - - - -
- 2983 |2976;2980 sh 2976 2974 2972
- - 2994 2994 2987 2983 sh
3018 - - - - -
3019 - - - - -
3023 - - - - -
Vem
3023 3041 3032 3033 3029 -
3035 - - - - -
3037 3055 3043;3049 3055 sh 3044 3049
- - 3059 sh;3064 3064 3059 -

@ The symbols have their usual meaning: § bending; v, stretching; 5, symmetric; ,, antisymmetric; sh,

shoulder.



