Reply to Anonymous Referee #1

We thank the Referee for their insightful comments on our manuscript. Here, we
provide point-to-point response to all the comments. For clarity, the Referee’s
comments are reproduced in blue color text, authors’ replies are in black color and
modifications to the manuscript are in red color text.

In this work the authors carried out quantum calculations to explore the gas-phase and
aqueous-phase reactions of organosulfate (namely methyl sulfate and glycolic acid
sulfate) with dissolved OH radicals. The simulated results clearly demonstrated the
main reaction outcome is formation of inorganic sulfate and carbonyl compounds. At
the same time, the results show that the nature of the substituent have some impact on
the reaction mechanism. The potential reaction mechanisms were discussed in details
and in general agreed with the existing experimental results. The paper is well written
and provides greater mechanistic understanding of the chemistry of organosulfates in
the aspect of inorganic sulfate formation. This work fits well to the scope of this journal
and | recommend publication in Atmospheric Chemistry and Physics, after the
following comments have been addressed.

1 What are the atmospheric concentrations of the reactants considered in this study? Do
the authors think the reactants concentrations would affect the reaction mechanism?

By its principle, quantum chemical (QC) calculations allow to solve for the electronic
configuration of the reacting system and provide the reaction energies at all reaction
states including the transition states, regardless of the reactants concentrations, and to
analyze the reaction mechanisms of the developed reactions. This approach specially
focuses on the electronic interaction between the reactants in order to provide atomic
level insights into the processes driving the reaction. In this regard, QC calculations are
mainly designed to predict and explain unknown reactions and are not affected by the
reactants concentrations. Likewise, the transition states obtained from QC calculations
are not dependent on the reactants concentrations and hence, the latter do not affect the
reaction rate constants.

By default, the rate constant of a reaction in the gas-phase (and aqueous phase,
respectively) (given by Eqg. (3) in the main manuscript) is determined from QC
calculations at a standard pressure of 1 atm (and standard concentration of 1 M,
respectively), with all other parameters being independent of the reactants
concentrations. While the reactants concentrations do not specifically affect the rate
constants, they alter the overall kinetics by affecting the reaction rates, which depend
on the reactants concentrations. The rate constant is a fundamental parameter in kinetics
that represents the constant of proportionality relating the reaction rate to the
concentrations of reactants, while the reaction rate measures the change in reactant or
product concentration per unit time.

The mention of standard concentration of 1 atm in the gas-phase and 1 M in the
aqueous-phase for computing the thermochemistry and the rate constant has already
been made in Section 2.2 of the main manuscript.



In addition to the above explanation, the following is added in the revised manuscript
to highlight the atmospheric concentrations of methyl sulfate and glycolic acid sulfate.

Line 65

“Both organosulfates have been detected at various locations around the world at
concentrations in the ranges 1.08>x106-5.01><107 molecule cm-3 for methyl sulfate
(Hettiyadura et al., 2015; Peng et al., 2021) and 1.16><107-4.71>108 molecule cm-3 for
glycolic acid sulfate (Huang et al., 2018; Hettiyadura et al., 2015; Wang et al., 2021;
Hughes and Stone, 2019; Cai et al., 2020; Liao et al., 2015).”

2 The authors highlight that chemical substitution has some impact on the course of the
reaction. Is there a general rule regarding this?

Different functional groups can exhibit different reactivities depending on the nature of
the substituents and actual environmental conditions. However, as already stated in
Section 3.3 of the manuscript, understanding the segregated impact of different
substituents on the chemical transformation of organosulfates necessitates a deeper
evaluation of the role of molecular structures in their transformation. Given the large
variety of organosulfates in the atmosphere, more studies on their chemical
transformation need to be conducted before a general trend on the effects of chemical
substitution can be observed.

Related to this, the following text has been added in the revised manuscript at line 367:

“A general trend of the effect of chemical substitution can be obtained from segregated
studies of the chemical transformation of different classes of organosulfates derived
from anthropogenic and biogenic precursors.”

3 How do the authors justify their choice of the M062X/6-311+g(2df,2pd) method for
geometry optimizations and frequency calculations in the studied reactions?

While the M062X density functional has been shown in previous studies to reliably
describe atmospherically relevant reactions and efficiently resolve the transitions states
(J. Chem. Theory Comput. 8, 6, 2071-2077, 2012; Phys. Chem. Chem. Phys. 15, 16442-
16445, 2013; J. Phys. Chem. A 117, 30, 6695-6701, 2013), the 6-311+g(2df,2pd) basis
set is complete enough to satisfactorily account for polarization functions and diffuse
functions to describe weak interactions. The M062X/6-311+g(2df,2pd) combination
has successfully been used in a series of previous studies. Although this has been
clarified in the manuscript, the sentence at line 83 has been modified in the revised
manuscript as follows to further justify our choice

“The M062X/6-311+g(2df,2pd) method has successfully been used in a series of
previous studies (Ding et al., 2023; Wang et al., 2024; Cheng et al., 2022) and proved
to efficiently resolve the transition state configuration. Given the size of the system
investigated here, this level of theory appears to be a good compromise between
accuracy and computation time.”



4 In Figure 6, the mechanism from the intermediate lying at -43.01 kcal/mol to the
product at -93.95 kcal/mol is not clear. Can the authors elucidate further on this?

The reaction step lying from -43.01 kcal mol-1 to -93.95 kcal mol-1 in Figure 6

corresponds to the dimerization of the peroxy radical (HOOC-CH(OOQ¢)-O-S0O3)
occurring through a barrierless process. This process was described in the manuscript,
and it is now labelled as “dimerization” in Figure 6 in the revised manuscript.
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Figure 6: Gibbs free energy changes (in kcal mol?) and optimized structures for all stationary states in the
reaction of HOOC-CH-O-SOs with HOe radicals, and subsequent reaction of the intermediate reactant

complex with Os (red line) and Oz (blue line). The sulfur atom is in yellow, the oxygen atom is in red, the
carbon atom is in grey and the hydrogen atom is in white color.

5 In regards of the high atmospheric concentration of Oy, it is good that they authors
consider this as an important reactant in the intermediate steps of the reactions in the

aqueous-phase. However, why didn’t they examine the reaction of this oxidant (O2) in
the intermediate steps of the reaction in the gas-phase?

Despite previous attempts to investigate Oz reaction with the immediate radical (H2Ce-
0-SO3H-H20) resulting from gas-phase OH reaction with the organosulfate failed
initially, this system has been reconsidered without additional water molecule. Our
calculations indicate that H2C+-O-SOsH would react fast with O, to form a peroxy
radical (¢OO-CH2-O-SO3H). Thereafter, two molecules of this radical would combine
to form a dimer, which can further decompose to generate formic sulfuric anhydride

(HOC-0O-SO3H). The following changes have been made in the revised manuscript to
highlight the outcome of the O + H2C+-O-SO3H reaction.

The sentence at line 19 is modified to the following:



“The primary reaction products are inorganic sulfate, carbonyl compounds and formic
sulfuric anhydride.”

The sentence at Line 21 is modified to the following:

“Additionally, while prior studies suggested O> as primary oxidant in the fragmentation
of organosulfates, this study highlight unveils Oz as a complementary oxidant in the
intermediate steps of this process.”

The following reaction is added at Line 155:
H2C+-O-SOzH:+*(H20)n+1 + O2 = —» HC(0)-O-SOzH, (R5)
The following text is added at Line 222

“Contrary to the self-decomposition of H>C+-O-SO3H and reactions with NO; and Os
that are favorable with H>C-O-SOsH hydrates, we were unable to fully optimize the
O- reaction with H2C+-O-SO3H hydrates. Instead, our calculations indicate that this
reaction could be achieved in the absence of water, exclusively, leading to immediate
formation of the *O0O-CH>-O-SO3H peroxy radical. Two molecules of this radical
recombine thereafter to form a dimer, which can further decompose to generate formic
sulfuric anhydride (HOC-O-SOsH) (reaction (R5)). The latter product has been
identified to enhance new particle formation (An, 2024).”

6 Line 130. Can the authors use a different word than “achieved” at the end of the
sentence?

The sentence was re-written as follows:

“This is likely because for this configuration, the minimum amount of water (2

molecules) necessary to achieve the stability of H3O" in the gas-phase has been reached
(Markovitch and Agmon, 2007; Heindel et al., 2018).”

7 In the caption of Figure 2, itis likely that product (C) is clustered to 3 water molecules.
The caption for Figure 2 has been corrected to:

“Figure 2: Representation of the spin density (blue color) on the electronic states
of the decomposition of (A) H2Ce-O-SOsH-+(H20)s3, (B) *O-H2C-O-SOsH---(H20)2,
and (C) «O-H2C-O-SOsH--+(H20)3. From left to right are the reactant, transition
state and the product complex, respectively. The sulfur atom is in yellow, the
oxygen atom is in red, the carbon atom is in grey and the hydrogen atom is in
white.”



