Unravelling the role of additives in the structure of non-aqueous media at the electrode surface under potential control
The in situ VSFG spectra and measured current obtained under potential control for 0.1 M solutions of TBA PF6 in mixtures of acetonitrile, N-methyl-2-pyrrolidone (NMP) and water (detailed below). The current and spectra were measured at a thin film gold electrode, at potentials going from +0.3 V to -0.6 V vs an Ag wire reference electrode, prior to any other potential being applied to the working electrode (except for the spectra recorded in the CO spectral region). Some spectra are reported at an 800 fs MIR-NIR delay, for which the data has been smoothed using a 7-point rolling average of the raw spectra. Other spectra have been reported as a ratio of the spectra at 0 fs delay vs the spectrum at 0 fs delay at +0.3 V vs Ag wire. For these spectra, the unprocessed spectra at 0 fs, and the ratio spectra smoothed using a 3-point rolling average have been provided. The provided wavenumber axis given in each of the spectral files is in MIR wavenumbers after subtracting the calibrated NIR wavenumber.
The file titles are made up of a string of notations which indicate which data is in the file. A description for each file is described below, with the origin of the notations highlighted in bold:
Fig2A_Dry_AN_CA_800fs.csv
A matrix of spectra measured for the dry sample (300 ppm), with no added NMP (AN), collected during chronoamperometry (CA), at a delay to the NIR pulse of 800 fs. This data has been smoothed using a 7-point rolling average and was used to construct Figure 2a.
Fig2B_Undried_AN_CA_800fs.csv
A matrix of spectra measured for the undried sample (2100 ppm), with no added NMP (AN), collected during chronoamperometry (CA), at a delay to the NIR pulse of 800 fs. This data has been smoothed using a 7-point rolling average and was used to construct Figure 2b.
Fig2C_Wet_AN_CA_800fs.csv
A matrix of spectra measured for the wet sample (24000 ppm), with no added NMP (AN), collected during chronoamperometry (CA), at a delay to the NIR pulse of 800 fs. This data has been smoothed using a 7-point rolling average and was used to construct Figure 2c.
Fig4A_Dry_NMP_CN_CA_800fs.csv
A matrix of spectra measured for the dry sample (420 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CN spectral region, at a delay to the NIR pulse of 800 fs. This data has been smoothed using a 7-point rolling average and was used to construct Figure 4a.
Fig4B_Dry_NMP_CN_CA_0fs_as_collected.csv
A matrix of spectra measured for the dry sample (420 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CN spectral region, at a delay to the NIR pulse of 0 fs. This data was unprocessed (as collected), it was then processed to construct Figure 4b.
Fig4B_Dry_NMP_CN_CA_0fs_div_by_0.3V
A matrix of spectra measured for the dry sample (420 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CN spectral region, at a delay to the NIR pulse of 0 fs. These spectra are the ratio of the spectra recorded at 0 fs vs the spectrum recorded at 0fs at 0.3 V (div_by_0.3V). This data has been smoothed with a 3-point rolling average and was used to construct Figure 4b.
Fig4C_Dry_NMP_CO_CA_0fs_as_collected.csv
[bookmark: _Hlk215495255]A matrix of spectra measured for the dry sample (420 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CO spectral region, at a delay to the NIR pulse of 0 fs. This data was unprocessed (as collected), it was then processed to construct Figure 4c.
Fig4C_Dry_NMP_CO_CA_0fs_div_by_0.3V.csv
A matrix of spectra measured for the dry sample (420 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CO spectral region, at a delay to the NIR pulse of 0 fs. These spectra are the ratio of the spectra recorded at 0 fs vs the spectrum recorded at 0fs at 0.3 V (div_by_0.3V). This data has been smoothed with a 3-point rolling average and was used to construct Figure 4c.
Fig4D_Wet_NMP_CN_CA_800fs.csv
A matrix of spectra measured for the wet sample (25000 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CN spectral region, at a delay to the NIR pulse of 800 fs. This data has been smoothed using a 7-point rolling average and was used to construct Figure 4d.
Fig4E_Wet_NMP_CN_CA_0fs_as_collected.csv
A matrix of spectra measured for the wet sample (25000 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CN spectral region, at a delay to the NIR pulse of 0 fs. This data was unprocessed (as collected), it was then processed to construct Figure 4e.
Fig4E_Wet_NMP_CN_CA_0fs_div_by_0.3V.csv
A matrix of spectra measured for the wet sample (25000 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CN spectral region, at a delay to the NIR pulse of 0 fs. These spectra are the ratio of the spectra recorded at 0 fs vs the spectrum recorded at 0fs at 0.3 V (div_by_0.3V). This data has been smoothed with a 3-point rolling average and was used to construct Figure 4e.
Fig4F_Wet_NMP_CO_CA_0fs_as_collected.csv
A matrix of spectra measured for the wet sample (25000 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CO spectral region, at a delay to the NIR pulse of 0 fs. This data was unprocessed (as collected), it was then processed to construct Figure 4f.
Fig4F_Wet_NMP_CO_CA_0fs_div_by_0.3V.csv
A matrix of spectra measured for the wet sample (25000 ppm), with 10% added NMP, collected during chronoamperometry (CA), in the CO spectral region, at a delay to the NIR pulse of 0 fs. These spectra are the ratio of the spectra recorded at 0 fs vs the spectrum recorded at 0fs at 0.3 V (div_by_0.3V). This data has been smoothed with a 3-point rolling average and was used to construct Figure 4f.
FigS15A_Dry_AN_Currents.csv
The currents measured during chronoamperometry, while spectra were obtained for the dry sample (300 ppm), with no added NMP (AN). The data is displayed in Figure S15a, and spectra obtained during these measurements are displayed in Figure 2a.
FigS15B_Undried_AN_Currents.csv
The currents measured during chronoamperometry, while spectra were obtained for the undried sample (2100 ppm), with no added NMP (AN). The data is displayed in Figure S15b, and spectra obtained during these measurements are displayed in Figure 2b.
FigS15C_Wet_AN_Currents.csv
The currents measured during chronoamperometry, while spectra were obtained for the wet sample (24000 ppm), with no added NMP (AN). The data is displayed in Figure S15c, and spectra obtained during these measurements are displayed in Figure 2c.
FigS16A_Dry_NMP_CN_Currents.csv
The currents measured during chronoamperometry, while spectra were obtained for the dry sample (420 ppm), with 10% added NMP. The data is displayed in Figure S16a. The spectra obtained during these measurements were recorded in the CN region and are displayed in Figure 4a and 4b.
FigS16B_Dry_NMP_CO_Currents.csv
The currents measured during chronoamperometry, while spectra were obtained for the dry sample (420 ppm), with 10% added NMP. The data is displayed in Figure S16b. The spectra obtained during these measurements were recorded in the CO region and are displayed in Figure 4c.
FigS16C_Wet_NMP_CN_Currents.csv
The currents measured during chronoamperometry, while spectra were obtained for the wet sample (25000 ppm), with 10% added NMP. The data is displayed in Figure S16c. The spectra obtained during these measurements were recorded in the CN region and are displayed in Figure 4d and 4e.
FigS16D_Wet_NMP_CO_Currents.csv
The currents measured during chronoamperometry, while spectra were obtained for the wet sample (25000 ppm), with 10% added NMP. The data is displayed in Figure S16c. The spectra obtained during these measurements were recorded in the CO region and are displayed in Figure 4f.
Computational Study
The results of the computational study are given in a separate directory “Computational”, containing 3 subdirectories. Details of how to read the data are given below.
---HARMONIC_VIB_DATA (Figure 3a, Tables S 2-3)
> Input data:  POSCAR (selective dynamics constraints included)
> Output data: CONTCAR

---MD_DATA (Figure 3b, Figure S22)
> Input data (VASP):  POSCAR
> Input data (TRAVIS): input.txt 
> Output data: sumXDATCAR, power spectrum .csv files
> Trajectories are given VASP format in the concatenated sumXDATCAR files.
> Output power spectra denote the position data of the molecules they use as input via labels in square brackets
(e.g. power_spectrum_[C2H3N_CHN].csv uses all C, H, N atoms of the CH3CN molecule,
 whereas power_spectrum_[C2H3N_C1N1].csv uses only atoms C1 and H1, i.e. the CN group atoms).

---EADS_DATA (Figure 3c,d , Tables S4, S7, Figure S23)
Contains geometry information at each potential level (OCP, -0.5 V, -1.0 V) for CH3CN, NMP and H2O
> Input data: POSCAR
> Output data: XDATCAR
> Additionally, raw output data for the E_ads, E_vdw results in Figure 3d is included in each potential set
> For NMP and CH3CN only, raw Q_Bader data used for Table S7 is available 
> Results for the NMP rotation study in Figure S23 are included in the subdirectory NMP_ROTATION_STUDY
