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1 Energy reference

The binding energy of the N 1s signals, specifically the signature of N4, on the freshly prepared ice surface was
determined relative to the O 1s state of the ice film. For this purpose pairs of O 1s and N 1s spectra of the freshly
prepared ice films were recorded at the same photon energy of 650€eV. Fig.[S1] shows representative core-level
spectra of an ice film prepared at —45°C.
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Figure S1: O 1s and N 1s spectra of freshly prepared —35°C ice at 650€V.

The top axis shows the as-measured photoelectron kinetic energy, and the bottom axis the electron binding
energy reference to the O 1s binding energy of water in clean ice at 533.8€V.[2]. These measurements were
performed for all ice films at —23 to —52°C; the binding energy of N 4, was consistently found to be 402.2(2) eV.

For each prepared ice film the cleanliness and stability was checked prior to NH3 dosing by recording alter-
nating O 1s and N 1s spectra. Here, ’stability’ refers to a combination of two paramenters: (i) the establishment
of a steady state of adsorption and desorption of the ice film and (ii) the stabilization of the X-ray-induced
charging of the insulating ice film. The adsorption—desorption equilibrium determines the spatial stability of the
ice surface with respect to the incident photon beam and the entrance aperture of the electron analyzer, and
thus is importantant to ensure a stable photoelectron signal intensity as well as kinetic energy of the detected
photoelectrons. The latter is influences by potential X-ray-induced charging. The degree of charging of the
insulating ice film is dependent on the used photon energy and the total pressure and gas phase composition in
the measurement cell.

In addition to determining the cleanliness and stability of the ice films, the temporal stability of the Ngg,
signature was tested. Fig.[S2] shows representative N 1s spectra of a —45°C ice film prior to NHjs dosing at three
different times after initial film preparation.

The peak position in the spectra was aligned relative to the binding energy scale and the spectra normalized
to the same background intensity to ensure their comparability. Over the course of approximately 8 hours no
changes in the shape or intensity of N,4, were observed within the signal-to-noise level of our measurements.
This observation allows to exclude the possible influence of beam damage on N4, and the adsorption of further
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Figure S2: Evolution of N1s spectra of the freshly prepared ice film at at —45°C prior to NH3 dosing. The
experimental spectra are displayed in conjunction with the overall fit to guide the eye. All spectra have been
normalized to the same background intensity to enable direct comparison of intensities.

Nygv contamination from the residual gas in the experimental cell over the course of the experiments.



2 Adsorption-Desorption

After successful confirmation of the stability of freshly prepared ice films, NH3 was dosed onto the ice surface
via a leak valve connected to a gas system, in which the partial pressure of NH3 could be adjusted. The dosing
process was monitored by alternating O 1s and N 1s spectra. Fig.a) shows the evolution of the N 1s signal
upon the adsorption and desorption of NH3 on ice at —35°C and (b) the corresponding Ny /O ratio as a
function of exposure .
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Figure S3: (a)Evolution of N1s spectra during the adsorption and desorption of NH3 adsorbed on ice at —35°C.
(b) Corresponding Nyyiq;/O ratio and estimated nitrogen concentration as a function of NHj exposure time.
The shaded background area indicate the dosing of NH3. White background indicates the absence of NH3 flow
into the experimental cell. The experimental spectra are displayed in conjunction with the overall fit to guide
the eye. All spectra have been normalized to the same background intensity to enable direct comparison of
intensities.

The spectra are aligned on the binding energy axis and normalized to the same background intensity. The
color gradient indicates the respective order order the spectra from dark to light blue. In addition the temporal
order of the acquisition of the spectra is indicated in Figb) by star symbols. Fig(b) shows that the overall
N 1s intensity noticeably increases upon NH3 exposure. The low binding energy side of the N 1s signal envelope
shows the most prominent increase, correlating with the exposure of the ice surface to NHz(4). This correlation
indicates that the low binding energy peak in the N 1s spectra is due to adsorbed NHs.



3 XPS fit model

Due to the persistent presence of the N,4, signature in all spectra, a detailed discussion of the applied N 1s
fit model is required. Based on the observations in Figs. and (au)7 i.e., the temporal stability of the Ngq,
and the qualitative spectral changes upon NH3 dosing, the simplest model to describe the N 1s spectra uses
two fit components, one attributed to N4, and the other to NHj. Fig.[S4] shows a representative fit using the
two-component model for NH3 /ice at —35°C and py g, = 4.3x1073 mbar.
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Figure S4: N 1s spectrum of —35°C NHj /ice at 650V fitted using only two components (compare to Fig..

Here, only the width of N4, was constrained to the previously determined value for the freshly prepared ice
film. The amplitude and position of N, 4, as well as the NH3 peak were free paramenters. The resulting optimized
fit describes the experimental data reasonably well and allows the quantification of the NH3 contribution to the
N 1s spectrum. However, it consistently slightly overestimates the intensity around a binding energy of 404 eV
and thus fails to capture the additional intensity observed in the spectra of co-adsorbed NH3 and CH3COOH
on ice (see below in Fig.. Moreover, changes to N,4, are not immediately discernible. Therefore, a different
fit model was used to evaluate the N 1s spectra of all prepared NHj /ice films consisting of three contributions:
(i) an invariant N4, contribution, (ii) adsorbed NHs, and (iii) an additional contribution describing adsorption-
induced changes in the N4, region denoted as AN do,NH

In the following the applied fit routine will be introduced. It was systematically applied to all data sets
recorded for ice films over the temperature range between -23°C to -52°C. For each ice film, N1s and O1s
spectra were recorded to characterize the initial state of the ice film. A representative N 1s spectrum obtained
on a freshly-grown ice sample is shown in Fig.[SH

The spectrum is fitted using a single Gaussian distribution attributed to N4, on a linear background. From
this N 1s spectrum and accompanying O 1s spectra the N /O ratios were determined to estimate the concentration
of Nggy on the ice film. Given the observed invariance of the N4, signal (see Fig.[S2)), its width o and amplitude
in relation to the background intensity I“:‘BG were set as constraints in the further analysis of the respective
data set.

In a next step in the analysis the degree of X-ray-induced charging of the insulating ice film is estimated
from O 1s spectra. Fig. shows the O 1s spectra of the freshly-grown ice film and the NHjs /ice film at —35°C
at a function of the photoelectron kinetic energy.

The relative shift between the two spectra is defined as the change in X-ray-induced charging (Agx,qy) and
is used as a constraint in the further analysis of the NHjs/ice data set. Given the accuracy of 0.2€V in the
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Figure S5: N 1s spectrum of freshly prepared ice at —35 °C ice, taken at an incident photon energy of 650 V.
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Figure S6: O 1s spectra of freshly-prepared ice at —35°C ice and NHjs adsorbed on ice, taken with a photon
energy of 780eV.

determination of O1s and N 1s for the binding energy calibration, we estimate an accuracy of 0.4eV for the
respective value of Agxyqy-

The N 1s spectra of NH3 adsorbed on ice were fitted using the three peak components N,4,, NHs, and
AN, g0 N H with the constraints used for Ng4, (with oy, , = const.). The other two peaks were described by
Gaussians of equal width. A representative example of this fit model is displayed in Fig.[S7
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Figure S7: N1s spectrum of NHj3 adsorbed on ice at —35°C ice. The spectrum is fitted with 3 components
(compare to Fig..

For the evaluation of the two additional signal contributions one crucial assumption was made: NHj in
aqueous environment is in equilibrium with its conjugate acid NH; . Hence the notation AN, do,NH} for the third
signal contribution as it is assumed that changes in the spectral region associated with N4, could be attributed
to the formation of NHJ}. Therefore, the relative splitting A; between the two additional contributions was
constrained within the ranges reported for NH3 and NHZ in aqueous solutions.[3] 4, Bl [I] The relative splitting
Ay between Ngg, and AN, do,NH} Was used as additional diagnostic parameter to test whether the fit results
for Nyg, and ANadv,NHj are within the energy ranges defined relative to the O 1s binding energy of 538.1(1) eV
in liquid water.

The systematic application of this fit routine to all data sets resulted in the determination of binding energies
of 400.7(2) eV for NH3 and 402.5(2) eV for ANadu,NHj with respect to the O 1s binding energy of ice.[2] The
presented values represent the average binding energies and standard deviation determined from all measure-
ments summarized in Table 1 in the main text. The largest source of uncertainty is the position of N4, due to
X-ray-induced charging of the ice film; we estimate this to be of the order of 0.4¢eV.



4 Co-adsorption of NH3; and acetic acid

Co-adsorption experiments of NHs and acetic acid (CH3COOH) were performed on a NHs/ice film at —29°C.
Fig.[S8 shows the N 1s spectra of NHj/ice (bottom) and (NH3+CH3COOH)/ice (top), including the deconvolu-
tion of the individual signal contributions.
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Figure S8: Deconvolution of N 1s spectra of NHjz/ice and (NH3 + CH3COOH) /ice, measured at -29 °C.

While for the case of NH3 adsorbed on ice the signature of adsoebed NHj is more pronounced compared to
AN, do,NH > their intensities are reversed in the presence of CH3COOH. Since the acid-base reaction of NHj
with CH3COOH is an established route for the synthesis of ammonium acetate [NH4|[CH3COO], the presence
of NHJ can be unambiguously shown to constitute a part of the AN, do,NH} signal.
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