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S.1. Size distribution of GSH aqueous aerosols at varying pH

A fraction of GSH aqueous aerosols generated from the atomizer was directed to the
scanning mobility particle sizer (SMPS, Model 3936, TSI Inc.), from which the size distribution
and the number density of GSH aqueous aerosols at four chosen pH conditions were measured

before entering the AADL system.
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Figure S1 Size distribution of GSH aqueous aerosols at the four chosen pH conditions.

A.pH=1.00, B. pH =2.74, C. pH =7.00 and D. pH = 12.00.



S.2. Relative percentages of different GSH species at varying pH condition

The relative percentages of the seven possible GSH species (structures A to G illustrated in

Scheme 1) at pH = 1.00, 2.74, 7.00, 9.00 and 12.00 are listed in Table S1, calculated based on

the microscopic ionization constants of GSH reported by Rabenstein.'

Table S1. Percentages (%) of the seven GSH species at five representative pH conditions.

A B C D E F G
pH GSH* GSH (Glu_COO’) GSH (Gly_C0O0) GSH GSH? (S) GSH? (NH,) GSH*
1.00 91.81 7.46 0.70 3.26x107°  3.83x10"Y  241x10™ 2.01x10"
2.74 14.38 64.22 5.99 15.41 9.95x10°  6.28x10° 2.87x10"7
700 276x107  225x10°  2.10x10” 98.09 1.15 0.73 6.05 x10™
9.00  7.98x10"  648x10°  6.05x10° 2831 33.26 20.98 17.45
1200 456x10% 3.70x10"7  346x10"  1.62x10" 0.19 0.12 99.69

Note that even though GSH* showed the highest fraction at pH = 9.0 (Figure 5D), two other

GSH charge forms, including GSH™ and GSH™ also account for non-negligible proportions at

this pH (see also Figure 5D at pH = 9). Therefore, while the VUV photoelectron spectra of GSH

have also been measured at pH = 9.00, the photoelectron spectra cannot represent a single major

species due to the compositional complexity at this pH.
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S.3. The nature of aqueous aerosols

The nature of aqueous aerosols can be tackled from several aspects, which indicate that the
aqueous aerosols remain as supercooled liquids at the point of photoionization. First, one may
compare the B.E. of 1b; band of condensed water for aqueous aerosols directly with the
previously reported B.E. values of liquid water and ice water. The B.E. for 1b; band of liquid
water has been characterized via the liquid microjet photoemission spectroscopy by several
research groups with the reported B.E. ranging between 10.92 eV and 11.31 eV.>> As addressed
by Winter ez al,’ the B.E. of water ice is higher than the liquid water. The B.E. of the 1b; band of
water ice was reported to be between 12.3 eV and 11.8 eV.*’ In comparison, the B.E. of the
condensed water is found to be situated at 10.83 % 0.05 eV for the pure water aerosols,® and at
around 11 eV for the solute-containing aqueous aerosols.® Both types of condensed water
features in the aqueous aerosols match the B.E. value for the liquid water, indicating that
aqueous aerosols appear to remain in the liquid phase.

From the second aspect, the aqueous aerosols are subjected to evaporative cooling before
arriving at the photoionization region. The evaporation of water droplets has been considered
previously in the microjet experiments.g’10 According to the kinetic theory of evaporation, the

evaporation rate can be described by the Hertz-Knudsen equation,

LAN g = yd o =—Lefe (Equation 1)
5. Yeobs T leYemax T uation
Adi e = Dk, T d

where A =47 denotes the surface area of the aqueous aerosol; N denotes the number of gas
molecules evaporated from the aqueous droplet; J,, ,»s denotes the observed evaporation rate; J,,
max denotes the theoretical maximum evaporation rate; y. denotes the evaporation coefficient and
P, denotes the equilibrium vapor pressure.lo The 7. value for liquid water has been determined to

be 0.62 + 0.09 by Smith et al.'® The size evolutions of water droplets of various diameters
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ranging between 15.5 pum to 100 nm are thus estimated, expressed in terms of the ratio of
diameters of water droplets before (d,) and after evaporation (d) (Figure S2) as a function of
flight time after exiting the AADL. The droplets of um, which are relevant to the droplets
produced in the microjet technique are also shown here to compare the evaporation of water

droplets of varying size regimes.
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Figure S2. Size evolution of water droplets of varying initial diameters as a result of solvent

evaporation.

For a water droplet with an initial diameter of ~ 100 nm, which is relevant to the aerosol
size regime of this work, the size decreases abruptly to ~ 96 % of its original size within the first
30 ps after exiting the AADL. In the present experimental setup, the aqueous aerosols of an
initial average diameter of 100 nm are expected to reach the photoionization region after a flight

time of 2 ms after exiting the AADL with a beam speed of 145 m/s, as predicted from the
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Aerodynamic Lens Calculator.'' Accordingly, the aqueous aerosols of an initial average
diameter of ~ 100 nm are expected to decrease to ~ 94 nm at the point of photoionization.
The temperature change of the aqueous aerosols accompanying with solvent evaporation

can be expressed as:

dr AH

= J, A
dl‘ 7/(.‘ e,max C M J

P

vap

(Equation 2)

where AH, =~ (J/mol) is the enthalpy of evaporation; C,(J/mol K) is the constant pressure heat

vap
capacity; M, :%ﬂ(r(f —1;)p, represents the mass of the spherical shell with the width of

(r, — ) and the density of p, 10 By combining Eq. (1) and Eq. (2), the change of temperature of
water droplets can be rewritten as:

ar ____yk AH, 3y
& ik €, G-

(Equation 3)

The Arden Buck equation is used to express the equilibrium vapor pressure P, as a function

12,13
of temperature. =

The Kelvin effect of nanodroplet on the vapor pressure has also been
considered; however, for the size regime of aqueous aerosols studied here, the curvature effect
on the equilibrium vapor pressure is only moderate (~2 %). For the present experimental
conditions, the aerosol temperature has been estimated to be ~193 K at the point of
photoionization, implying that the aqueous aerosols are likely in a deeply supercooled liquid
status.”'®'* While the glassy state of water may exist in nature, which once formed may retain

the liquid-like, disordered structural arrangement while mechanically behaving like a solid,

however, the glass transition temperature of water has been reported to be at 136 K,">'® which
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appears too low for the aqueous aerosols in the present study to reach. Therefore the liquid

nature of aqueous aerosols at the point of photoionization can be justified.

S.4. VUV photoelectron spectra of GSH aqueous aerosols at varying pH — an extended

view

An extended view of the photoelectron spectra of GSH at pH = 1.00, 2.74, 7.00 and 12.00
are shown in Figure S3, where the photoelectron spectral feature of condensed water and
partially the gas phase water are revealed. Resided between the binding energy (B.E.) of 12.6
and 13.5 eV are the ultrafine vibrational structures of the 1b; band of gas phase water molecules.
Though the main spectral feature of GSH demonstrates an explicit pH-dependent behavior, the
B.E. for the condensed water remains unaltered at around 11 eV.

From Figure S3, the intensity of the condensed water feature at around 11 eV appears to
vary with pH conditions of the aqueous aerosols. As discussed in the above section, the aqueous
aerosols are not dried but remain in the liquid phase. Therefore, one possibility that may lead to
such intensity reduction for the condensed water may be attributed to the post-ionization effect.
While the GSH aqueous aerosols are generated with constant output liquid feed atomizer under
the same conditions, the average size of GSH aqueous aerosols at pH = 2.74 appears to be larger
than GSH aqueous aerosols prepared at other pH conditions (see Figure S1A to D for the size
distribution of GSH aqueous aerosols at the four chosen pH conditions). Because the outgoing
photoelectrons must escape the aerosol droplet to be detected, some electrons may undergo
inelastic scattering with other molecules within the aerosol droplet and lose kinetic energy
before escaping the aqueous droplets. Therefore, the relatively weaker intensity of condensed

water feature at ~ 11 eV may indicate that relatively more photoelectrons undergo inelastic

S7



scattering in the larger aerosols at pH = 2.74 before eventually escaping the droplet. The

photoelectrons suffered from inelastically scattering should then contribute to the characteristic

secondary photoelectron feature (not shown in the presented photoelectron spectra).
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Figure S3 Extended views of the experimental VUV photoelectron spectra of GSH aqueous

aerosols at: A. pH =1.00, B. pH =2.74, C. pH = 7.00 and D. pH = 12.00.

S8



The electron attenuation length (EAL) and inelastic mean free path (IMFP) of
photoelectrons as a function of electron kinetic energy (eKE) from aqueous droplets and from
aerosol particles has been an issue of concern and has been investigated by several
researchers.'” ™ Suzuki et al experimentally estimated the EAL of electrons in liquid water with
the eKE ranging between 10 and 600 eV,"” while Signorell et al recently studied both the EAL
and IMFP for electrons with low eKE (1-3 eV) in water aerosol droplets. In the present study, as
the condensed water feature has an eKE value of ~ 13 eV (at a photon energy of 25 eV), the
EAL is estimated to be at the order of sub nm."” Nevertheless, in addition to the effects of
aerosol size and eKE on the EAL and IMFP in the aqueous aerosols, it will be of interest for one
to interrogate the possible effects of chemical environment within the aerosol, such as the

presence of charged ion species in affecting the escaping trajectory of ejecting photoelectrons.

S.5. VUV photoelectron spectra of Gly aqueous aerosols at varying pH

Glycine (Gly), the simplest and most well-studied o-amino acid has been the prototype
molecule to study the general properties of amino acids. Although the valence electronic
properties of Gly in the aqueous solution phase remain unavailable, the electronic structures of
Gly have been studied under different phases and ionization sources by several authors. The gas
phase valence electron structures of Gly have been reported via He(I)/He(II) photoemission
spectra.”' > Plekan er al** investigated both the valence and core level photoelectron spectra of
Gly in the gas phase, using the synchrotron-based VUV and soft X-ray radiation as the

ionization sources. The core electronic structures of Gly in the solid state have also been studied

I?° and Zubavichus et al’®*

by Gordon et a using X-ray absorption spectra. However, the
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structural information obtained from the gas phase studies is restricted to the neutral Gly
molecule, and the solid state studies can only provide information regarding Gly in the
zwitterionic form. As for Gly in the solution phase, only the core-level electronic properties were
studied up to date. Grésjo et al*® studied the core-level oxygen and nitrogen K photoemission
spectra of Gly in the solution by resonantly exciting oxygen and nitrogen sites, showing the
dramatic influence of protonation status on the local core electronic structure of Gly in the
solution. Ottosson e al*’ further utilized the X-ray microjet photoemission spectroscopy to
measure the core-level nitrogen and carbon 1s binding energies of solvated Gly and discussed in
details the origins underlying the observed core-level chemical shifts of an aqueous solute in its
various possible protonation states. The valence electronic properties of Gly in the dehydrated
nanoparticle phase were also interrogated by Wilson er al’® by the synchrotron-based VUV
velocity-mapping photoelectron imaging technique, from which the ionization energies and
molecular polarizabilities of dehydrated Gly nanoparticles were reported.

Despite these extensive studies on the electronic properties of Gly, the valence electronic
structures of Gly in the solution phase and its possible evolution remain unavailable. With the
goals to obtain the valence electronic properties of Gly in the solution phase and to access the
possible contribution of Gly to the electronic characters of GSH, here we measure the valence
electronic properties of solvated Gly and its pH dependence for the first time in the form of
aqueous aerosols.

With two possible protonation/deprotonation sites, Gly may exist in three different forms
at varying pH conditions, including the protonated Gly*, zwitterionic Gly and deprotonated Gly .
Three representative pH conditions are specifically chosen for the photoelectron spectroscopic

measurements of Gly based on the pKa values of Gly, such that Gly of a particular charged
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status can be measured. The VUV photoelectron spectra of Gly aqueous aerosols at the three pH
conditions, including pH = 1.00 (Figure S4A), 6.22 (Figure S4B), and 12.00 (Figure S4C) are
measured, with each pH condition representing a dominating Gly species. At pH = 1.00 (Figure
S3A), Gly exists primarily (~ 96%) as the protonated Gly" cation. The observed photoelectron
spectrum shows a significant broad spectral feature centering at 9.70 + 0.05 eV and a minor
feature at around 11 eV. The broad feature centering at 9.70 eV can be attributed to the non-
bonding electron on the oxygen atom (denoted as Gly np), while the minor feature at 11 eV is
originated from the condensed water. To extract more insights, the observed photoelectron
spectra of Gly is de-convoluted into several spectral components, including Gly no, (violet
curves in Figure S4), the condensed water (cyan curves in Figure S4) and the gaseous water
(gray curves in Figure S4). The accumulative curves are also shown (pink curves in Figure S4).
At pH = 6.22 (Figure S4B), the Gly zwitterion becomes the dominant form (~99.9 %).
Compared to the Gly photoelectron spectrum at pH =1.00, the B.E. of Gly ng shifts from 9.70 to
9.29 = 0.05 eV, corresponding to a B.E. reduction of 0.41 + 0.05 eV. When the pH value is
increased to 12.00 (Figure S4C), the main Gly feature is evidently further downshifted and
broadened, while the position of the condensed water remains relatively unchanged at around 11
eV.

From the previous soft X-ray emission (SXE) spectroscopic study of Gly by Grasjo et al*®,
the local environments of the amine and carboxyl group were selectively probed by excitation
via either oxygen or nitrogen K edges. The ionization energies of gas phase Gly ny and Gly ng
were thus determined to be 10.00 eV and 11.20 eV respectively, and the highest occupied
molecular orbital (HOMO) for the gas phase Gly was reported to be the non-bonding electron on

nitrogen, Gly nn. Therefore, the broadened Gly feature observed at pH=12.00 should be

S11



contributed from two spectral components, including the Gly no feature and the Gly nn feature

which becomes available for ionization when the amine group is deprotonated.

3 A © pH = 1.00
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Figure S4 VUV photoelectron spectra of Gly aqueous aerosols at: A. pH =1.00, B. pH = 6.22

and C. pH = 12.00. Symbol notation: experiment, -lll-; Gly no, violet curve; Cys ny, blue curve;

condensed water, cyan curve; gas phase water, gray curve, cumulative curve, pink curve.

S12



A new spectral feature of lower B.E. representing the Gly ny feature is thus included in the
deconvolution (blue curve in Figure S2C), and a B.E. value of 8.30 + 0.05 eV is obtained for Gly
ny from the optimal deconvolution.

The lowering of B.E. observed for the Gly ng feature when transformed from the Gly*
cation (at pH = 1.00) to the Gly zwitterion (at pH = 6.22) is likely caused by the shielding effect
of the carboxylate group exerted on Gly np upon its deprotonation, leading to a reduced effective
nuclear charge and a smaller B.E. for Gly np. On the other hand, the B.E. of Gly np does not
appear to alter significantly between pH of 6.22 and 12.00, likely because the main change
between these two pH conditions is mostly on the amine group and the local environment of the
carboxylate group of Gly remains relatively unaffected. The spectral parameters for each
spectral component, including their peak position and bandwidth obtained from the

spectroscopic de-convolution are listed in Table S2.

Table S2. The parameters of each spectral feature derived from the optimized deconvolution of
observed photoelectron spectra of Gly aqueous aerosols at three representative pH conditions,

each corresponding to a dominating charge status.

pH value Gly nO Gly nN Condensed water

Position /eV Width /eV  Position /eV Width /eV  Position /eV ~ Width /eV

1.00 9.70 £ 0.05 1.20 - - 10.95 +0.05 0.85

6.22 9.29£0.05 1.20 - - 11.08 =0.05 0.85

12.00 9.23+£0.05 1.26 8.30+0.05 1.21 11.08 =0.05 0.90
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In comparison with the LE. of the gas phase Gly np at 11.20 eV, the LE. of Gly ng in
aqueous aerosols is measured to be 9.70 eV at pH = 1.00 and 9.29 eV at pH = 6.22,
corresponding to a gas-to-liquid LE. shift of 1.5 eV and 1.9 eV under these aqueous conditions.
Similarly, a gas-to-liquid LE. shift of 1.70 eV is found for Gly ny in the aqueous aerosol
environment, as compared with the LE. of the gas phase Gly ny at 10.00 eV reported by Grasjo
et al®®. 1t is intriguing to note that the scales of gas-to-solution LE. shifts for Gly is very close to

the gas-to-liquid LE. shift observed for water.”®?!

From our previous vibrational-resolved
photoelectron spectroscopic study on the pure water aerosols, the L.LE. of the (0,0,0) feature of
1b; band of the condensed water was observed at 10.83 + 0.05 ev.? Compared to the LE. of the
(0,0,0) feature of 1b; band for the gaseous water molecule, it corresponds to a gas-to-liquid LE.
shift of 1.77 + 0.05 eV. The origins responsible for the gas-to-liquid shift for water have been
discussed extensively by Winter and coworkers.””' The surface dipoles, electronic polarization
and the hydrogen bond-induced molecular orbital character changes have been suggested as the
major factors contributing to the gas-to-liquid shift observed for water.**' From the observed
scale of the gas-to-liquid LE. shift for Gly and the chemical environmental modification
experienced by Gly upon solvation, the major factors governing the gas-to-liquid shift for water

appear to also play roles in contributing to the gas-to-liquid shift for Gly and other solutes under

the aqueous environment.
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S.6. VUV photoelectron spectra of Glu aqueous aerosols at varying pH

Glutamic acid (Glu) is one of the three constituting amino acids of GSH besides Gly and
Cys. To better understand the observed GSH photoelectron spectra and the possible
contributions of Glu to the electronic structures of GSH, it is essential to also have a
fundamental understanding on the valence electronic properties of Glu and their possible
evolutions with varying pH conditions in the same aqueous phase. Aside from being the building
block of GSH, Glu is of substantial biological significance itself. Glu is prevalently distributed in
brain tissues and its biochemical activity is closely associated with the neural activation,
neurotransmission and brain functions.” In specific, Glu serves as the neurotransmitter in the
fast excitatory synapses transmission via interacting with a receptor, which induces a
conformational transition of the receptor to open the gated ion channels. It has been suggested
that Glu is more effective in forming the ligand-operated ion channels at the physiological pH
condition. However, to intrinsically understand the Glu-receptor interaction and the fast
excitatory synapses transmission that Glu participates, it is critical to learn the valence electronic
structures of Glu under the physiologically relevant aqueous condition.

Despite its biological significance, the studies on the electron structures of Glu are
relatively scarce. Deng e al”® have investigated the electronic structures of glutamate dianion
(Glu™) together with the aspartate dianion (Asp™) via the low-temperature negative ion
photoelectron spectroscopy, from which it was suggested that the inherent asymmetry of the
amine group placement leads to different impacts on shorter (Asp) and longer (Glu) chain
species. Theoretically, Meng et al’* characterized the potential energy surfaces of the protonated,
deprotonated and zwitterionic Glu forms in the gas phase at several different levels of theory.

Due to the presence of intramolecular hydrogen bonds of gas phase Glu, different conformers
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may coexist, with each conformer exhibiting its own physical properties, including the rotational
constants, dipole moments, IR spectra and ionization energies>*.

Characterized by an additional carboxylic acid functional group at its side chain (denoted
as y-COOH), Glu is a highly acidic amino acid. With an isoelectric point of 3.16, Glu exists
mostly in the negatively charged, deprotonated anionic form under the physiological pH
condition. With three possible protonation/deprotonation sites, including the a-amino group, the
a-carboxylic group and the side chain y-carboxylic group, Glu may exist in four possible charge
states at varying pH, including the protonated Glu®, the neutral Glu zwitterion, the negatively
charged Glu™ anion and Glu® dianion (see Figure 5C). To obtain the valence electronic
structures of Glu and their evolutions with varying charge status, the VUV photoelectron spectra
of Glu have been measured for the first time in this study in the aqueous aerosol phase at four
pH conditions, including pH = 1.00 (Figure S5A), 3.16 (Figure S5B), 7.56 (Figure S5C), and
12.00 (Figure S5D). These pH conditions are chosen according to the pKa values of Glu such
that each chosen pH condition can represent a dominating Glu charge species.

The experiment procedures to obtain the VUV photoelectron spectra of Glu aqueous
aerosols are kept the same as those adapted for GSH aqueous aerosols, except that 0.05 M of Glu
solution were sent to the constant liquid feed atomizer to generate Glu aqueous aerosols due to
the smaller solubility of Glu. At pH value of 1.00, 3.16, 7.56 and 12.00, the dominating charge
species are Glu®", Glu, Glu" and Gluz', respectively. The molecular structures of the
corresponding dominating species at each specified pH are illustrated along with the

photoelectron spectra in Figure S5.
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Figure S5 VUYV photoelectron spectra of Glu aqueous aerosols at: A. pH =1.00, B. pH = 3.16,
C. pH = 7.56 and D. pH = 12.00. Symbol: experiment, -m-; Glu ng, violet curve; Glu ng’ (side
chain), purple curve; Glu ny, blue curve; condensed water of Glu solution, cyan curve; pure

condensed water, green curve; gas phase water (only shown partially), gray curve, cumulative

curve, pink curve.
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The photoelectron spectral features between 11 and 7 eV (Figure S5A to D) are originated
from the Glu photoelectron signals. Similar to the observed electronic evolutions for Cys® and
Gly aqueous aerosols, the main spectral feature of Glu progressively shifts towards lower B.E.
with increasing pH. To extract further insights from the observed photoelectron spectra of Glu,
the spectroscopic deconvolution is also performed.

With the fully protonated Glu® cation as the dominating species (~94 %) at pH = 1.00, the
non-bonding electrons on the oxygen of carboxyl groups are the outermost electrons to be
removed upon ionization. However, due to the presence of the additional side chain carboxyl
group (y-COOH) and its considerably different local environment from the regular a-carboxyl
group (0-COOH), two different spectral components have been taken into consideration in the
spectral deconvolution, including the non-bonding electron on the oxygen of a-COOH (Glu np)
and that of y-COOH (Glu np’). These two carboxyl groups exhibit distinct pKa values, with the
a-carboxyl group deprotonates first (pKa = 2.19), followed by the subsequent deprotonation at
the y-carboxyl group (pKa = 4.20). Though it is not immediately straightforward to distinguish
the two spectral components from the Glu photoelectron spectra, hints may be obtained by
tracking the evolution pattern of these two spectral features along with the corresponding local
environmental change of Glu as the pH evolves.

From the optimal spectral deconvolution, the spectral feature initially centered at around
B.E. 0f 9.32 £ 0.05 eV at pH =1 (violet curve in Figure S5A) is downshifted to 9.13 +0.05 eV at
pH = 3.16 (violet curve in Figure S5B), and further to 9.05 + 0.05 eV at pH = 7.56 (violet curve
in Figure S5C). However, when the pH is further increased from 7.56 to 12.00, this feature does
not appear to change significantly. On the other hand, the spectral feature centered at around

10.30 + 0.05 eV at pH = 1.00 (purple curve in Figure S5A) first stays unchanged when pH is
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adjusted from 1.00 to 3.16, but begins to shift to 10.23 + 0.05 eV when pH is increased to 7.00.
It remains at 10.23 £ 0.05 eV when pH is further increased to 12.00. Considering that the o-
carboxyl group deprotonates prior to the y-carboxyl group, the non-bonding electron originated
from the oxygen of a-carboxyl group is expected to first experience the structural perturbation at
lower pH than that of the y-carboxyl group. Since the spectral feature of 9.32 eV at pH = 1.00
already shifted to 9.13 eV when pH is adjusted from 1.00 to 3.16, one may thus assign the
feature of lower B.E. to the non-bonding electron on the oxygen of a-COOH (Glu no, violet
curves in Figure S5) and the one of higher B.E. to that of y-COOH (Glu no’, purple curves in
Figure S5).

Also noticeable is the main Glu feature at pH = 12.00, which appears not only shifted but
also broadened when compared with the photoelectron spectra of Glu observed at other pH
values. Considering that the amine group of Glu becomes deprotonated at pH = 12.00, the non-
bonding electron on nitrogen of the amine group becomes subjected to ionization under this pH
condition. Thus, an additional component representing this molecular orbital has been included
in the spectral deconvolution of Glu photoelectron spectra (denoted as Glu ny, blue curve in
Figure S5D), and a B.E. of 8.40 = 0.05 eV is obtained from the optimal spectral deconvolution.

Due to the lower solubility of Glu, the signals of condensed water are much more intense
than that observed for GSH and Gly aqueous aerosols. Also, sharp and partially vibrational
resolved condensed water feature, similar to that observed for the pure water aerosols has been
observed in the Glu photoelectron spectra. This is likely so as a certain portion of condensed
water in the dilute Glu aerosol may experience relatively weak solute-solvent interaction and
behave almost likely the pure condensed water. In contrast, only the solute-containing condensed

water feature is present in GSH, Gly and Cys aqueous aerosols, as nearly all condensed water in
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these aqueous aerosols of sufficiently high concentration of solutes “senses” the presence of the
solute and thus experiences considerable solute-solvent interaction.

Therefore, two types of condensed water components have been considered for
deconvoluting the Glu photoelectron spectra, including a sharp and intense peak, corresponding
to the pure water aerosol signals which are likely present when they evaporate from the surface
of the dilute Glu aqueous aerosols (green curves in Figure S5), and a broader condensed water
band (cyan curves in Figure S5) corresponding to the condensed water feature from the solute-
containing aqueous aerosols. The spectral parameters derived from the optimal spectral

deconvolution of Glu photoelectron spectra are listed in Table S3.

Table S3. The parameters of each spectral feature derived from the optimized deconvolution of

observed photoelectron spectra of Glu aqueous aerosols at specified pH conditions.

T Gy
Position /eV \2%;1] Position /eV Width /eV  Position /eV Width /eV  Position /eV Width /eV  Position /eV Width /eV
1.00 9.32+£0.05 095 1030 £0.05  0.88 - - 1095 +£0.05  0.15 11.25+£0.05  0.80
3.16 9.13+£0.05 095 1030 £0.05  0.95 - - 1098 £0.05  0.15 11.22+£0.05  0.80
7.56 9.05 £0.05 1.05 10.23 £0.05 1.05 1098 £0.05  0.15 11.25+£0.05  0.80
12,00  9.05+£0.05 095 10.23 £0.05 1.00 8.40 £ 0.05 1.05 1096 £0.05  0.15 11.20£0.05  0.80
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S.7. Parameters for the spectral components of Cys aqueous aerosols at varying pH

Table S4. The spectral parameters of each spectral feature derived from the optimized
deconvolution of observed photoelectron spectra of Cys aqueous aerosols at four specified pH

conditions, adapted from Su et al®.

pH value CysnS Cys nO CysnN Cys nS' Condensed water
Position /eV. Width /eV  Position /eV Width /eV  Position /eV  Width /eV P‘)/j{if’“ Width /eV  Position /eV Width /eV

100 898005 120  10.01+005  1.00 - - - - 1L10+£0.05  1.00

490 898+005 097 9724005 092 - - - - 11.10+£005 095

9.00  857+005 096  933+005 095  10.11+005 095  697+005 130  1L10£005 095

1248 852+005 098 9334005 096  10.11£005 095 6974005 101 11102005 097
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