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Table S1. Oxygenated C,,-OS and short-chain OS detected upon heterogeneous OH oxidation of

dodecyl OS, and their relevance to ambient samples

Chemical

Field studies characterizing their

formula Thig;ztslcal szltzcstsegrll?oiis presence as alkyl OS or derivatives of
[M-H]- alkyl OS in atmospheric aerosols
Parent OS: Dodecyl OS
265.1474 Hettiyadura et al.!, Cochran et al.?,
C2H,504S 265.1479 1 Sé m) Blair et al.?, Wang et al.4,
00 PP 0.20-0.65 ng m~ (Kanellopoulos et al.’)
Oxygenated C,,-OS
- 279.1268 Kuang et al.®, Blair et al.’, Wang et al.*,
C12H53055 279.1272 (-1.43 ppm) 3.14-19.56 ng m > (Riva et al.’y:
_ 281.1422 . 3
C12H25058 281.1428 (_213 ppm) Blair et al.
_ 293.1059 6 . 5
C,H,,04S 293.1064 (-1.71 ppm) Kuang et al.%, Blair et al.
_ 295.1215 6 . ;
Co,H»;06S 295.1221 (-2.03 ppm) Kuang et al.%, Blair et al.
i 297.1370 . 3
C,H,506S 297.1377 (-2.36 ppm) Blair et al.
_ 307.0851 6 . 5
C,H405S 307.0857 (-1.95 ppm) Kuang et al.%, Blair et al.
i 309.1006 6 . 5
C,H,,05S 309.1013 (2.26 ppm) Kuang et al.5, Blair ef al.
_ 311.1163 6 . 5
C,H»;05S 311.1170 (-2.25 ppm) Kuang et al.%, Blair ef al.
Oxygenated short-chain OS (Cg- to C;,-OS) (+1 x O)
- 195.0331 6 . 5
C¢H;105S 195.0333 (-1.03 ppm) Kuang et al.%, Blair et al.
- 209.0485 Kuang et al.%, Blair et al.3,
CH15058 209.0489 (-1.91 ppm) Wang et al.*
- 223.0643 6 . 5
CgH;505S 223.0646 (1,34 ppm) Kuang et al.%, Blair et al.
- 237.0798 Kuang et al.%, Blair et al.’, Wang et al.?,
CoH1705S 237.0802 (-1.68 ppm) 9.35-12.40 ng m™3 (Riva et al.”)
Oxygenated short-chain OS (Cg- to C1,-OS) (+ 2 x Q)
- 211.0279 6 . 5
Ce¢H;106S 211.0282 (-1.42 ppm) Kuang et al.5, Blair et al.
- 211.0434 6 . ;
C;H,506S 211.0438 (-1.78 ppm) Kuang et al.%, Blair ef al.
_ 239.0591 6 . 5
CgH;506S 239.0595 (-1.67 ppm) Kuang et al.%, Blair et al.
- 253.0746 6 . 5
CoH;706S 253.0751 (-1.98 ppm) Kuang et al.°, Blair et al.
~ 267.0904 6 . 5
CioH906S 267.0908 (-1.50 ppm) Kuang et al.%, Blair et al.

2 Concentrations in Lahore, Pakistan, quantified using octyl sulfate OS as surrogate (CgH;70,4S7).”

b Concentrations in Lahore, Pakistan, quantified using authentic OS as surrogate (3-pinanol-2-hydrogen sulfate; CoH304S7).”
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Scheme S1. An overview of chemical analysis for the product identification and reaction kinetic

10 determination performed in this study. Experiments on SDS/AS aerosol were only subjected to chemical
kinetics investigation; examination on the effect of AS on products formation was out of the scope in
this study.
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20 Figure S1. Total ion chromatogram (TIC) of (a) SDS aerosols and (c-f) SDS/AS aerosols characterized
by the UHPLC/ESI-QToF-MS.
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Figure S2. Aerosol mass spectra (y-axis in logarithmic scale) acquired by an ultrahigh-resolution mass
25 spectrometer (a) before and (b) after heterogeneous OH oxidation of SDS/AS (1.3 : 1) aerosols. The
m/z of 279 and 281 (I** generation products, in blue) represent C,,H,;05S™ and C,H,505S7; m/z of 293,
295, and 297 (2" generation products, in green) represent C;,H;04S™, C12H,306S-, and C;H,504S;
m/z of 307, 309, and 311 (3" generation products, in yellowish brown) represent C;,H;s0;S",
C1,H;,0,S-, and C,H,30,S, respectively. The peaks in light grey are background ions.
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35 heterogeneous OH oxidation as a function of OH exposure.
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Figure S5. Average closest possible distance between each carbon atom in C;,H,50,S~ and OH for
45 different mass ratios. C, is the n* carbon atom bonded next to —OSOs~ group. The average was carried
out over multiple OH radicals.
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Figure S6. The ion chromatograms (a) before and (b) after OH oxidation of SDS aerosols. Total
quantity of sulfate after oxidation was determined to be small.
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Section S1. Chemical Analysis

Scheme S1 depicts the overview of the chemical analysis for product identification and reaction
kinetic determination. First, filters were extracted twice with 5 mL methanol in an ultrasonic bath each
for an hour. Extracts were then filtered through a 0.2 um polytetrafluoroethylene (PTFE) syringe filter
and combined. 200 pL of the extract was blown to dryness under a gentle stream of ultrapure N, at room
temperature and then reconstituted in 1 mL methanol-water (1:1 vol/vol). The reconstituted extracts
were subjected to chemical analysis for the detection of reaction products and the quantification of
dodecyl OS. We selected methanol for extraction since it is a standard solvent for mass spectrometry
analysis. We acknowledge that some organic compounds such as carbonyls and carboxylic acids would
possibly react with methanol to form esters, hemiacetals, and acetals during extraction or electrospray
ionization.® We have taken this effect into consideration during product analysis, by confirming that the
detected intensities of these potential products are negligible when compared to their precursors. In
addition to methanol extraction, a set of duplicated filters were extracted in 5 mL double-deionized
water (18.2 MQ cm) in an ultrasonic bath for an hour. These extracts were analyzed by ion
chromatography (IC) for quantification of inorganic sulfates.

Product Identification

To identify the functionalized and fragmented products of dodecyl OS during heterogeneous
OH oxidation, 100 uL of each reconstituted methanol-extract was directly injected using a gas-tight
Hamilton syringe into an ultra-high-resolution mass spectrometer (Thermo Scientific, Orbitrap Eclipse
Tribrid), utilizing electrospray ionization (ESI) source and Orbitrap mass analyzer operating in negative
ion mode. The injection flow rate was 25 uL min~'. The ESI source was operated at negative ion mode
with spray voltage of 3 kV and 325 °C for sheath gas temperature. Since OS are ionic compounds,
negative ions of SDS (C,H,504S"), its functionalized products and fragmented products can be detected
effectively.! % 1 Mass spectra were collected with m/z = 50-1000 at a resolution of about 500,000
FWHM and analyzed using Xcalibur software. The top 50 ions of the highest intensities with signal-to-
noise ratio > 10 were exported. In the Xcalibur software, a maximum of 20 >C atoms, 50 'H atoms, 20
160 atoms, and 2 S atoms were allowed in mathematical deduction of molecular formulas of the
detected ions. The ions with deduced formula of C.H,0,.:4S- were OS. Deviation between the theoretical
mass and detected mass of each derived chemical species did not exceed = 3.0 ppm.

Dodecyl OS Quantification

To quantify the amount of dodecyl OS at each OH exposure, the reconstituted extracts were
injected into an Agilent 1290 UHPLCS5 system equipped with an ESI source, interfaced to an Agilent
6540 Quadrupole-Time-of-Flight Mass Spectrometer (UHPLC/ESI-QToF-MS). 5 uL of each
reconstituted extract was injected and separated by an Acquity UPLC HSS T3 column (2.1 mm x 100
mm, 1.8 um; Waters, Milford, MA) with mobile phase consisting of water (H,O, eluent A) and methanol
(eluent B), each containing 0.1 % formic acid. The flow rate was set at 0.3 mL min~'. Gradient elution
program was optimized as follows: eluent B was initially set at 30 % for the first 2.0 min, and was
gradually boosted to reach 95 % at 10.0 min; then was decreased to 30 % within 0.1 min, and held for
3.9 min. The ESI source was operated at negative ion mode with 2.8 kV for capillary voltage, 120 V
for fragment, 320 °C for sheath gas temperature, 8 L min ! for drying gas flow, and 45 psi for nebulizer
pressure. Mass spectra were acquired across the range m/z 50-700 at 4 GHz, at a resolution of 40,000
FWHM. Data were analyzed using Mass Hunter Qualitative software (version B.07.00 Agilent
Technologies).
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The total amount of dodecyl OS at a given OH exposure was proportional to its peak area in
the chromatogram, and was determined using an external SDS standard calibration curve (R? = 0.99).
The extraction efficiency was determined to be 87.9 + 1.7 % by measuring the recovery of dodecyl OS
standard spiked onto blank filters following the same experimental protocol. It further indicated that
methanol could be considered an effective solvent for extracting dodecyl OS collected on filters. The
uncertainty for the measurement of SDS is determined and discussed in the Section S2. The SDS
concentrations have been corrected for the extraction efficiency.

Inorganic Sulfate Quantification

The amount of inorganic sulfate formed upon oxidation was quantified using IC method.
Operating conditions have been given by Huang ef al.!' Briefly, the water-extracts were filtered by
PTFE and injected into an ion chromatograph (Dionex ICS-1100). AS11-HC analytical column (IonPac,
4 x 250 mm) and AG11-HC guard column (IonPac, 4 x 50 mm) with 15 mmol L' NaOH eluent were
employed for effective separation of anions.

Justified by our previous study, both retention time and response of sodium sulfate (Na,SOy)
standard in IC chromatogram was identical to that of the sodium bisulfate (NaHSO,) standard.!? As
HSO, is converted to SO,> upon mixing with NaOH, the total amount of inorganic sulfate quantified
was represented by that of SO,>~. Furthermore, the responses of the NaHSO, and Na,SO, standards are
about the same. These would justify the use of the Na,SO, standard for the quantification of HSO,~ and
SO,*". The total amount of HSO,~ and SO,*>  produced upon oxidation at a given OH exposure was
proportional to its peak area in the chromatogram, and was determined using an external Na,SO,
standard calibration curve. The extraction efficiency was determined to be 90.3 £ 1.5 % by measuring
the recovery of the Na,SO, standard spiked onto blank filters.!> The uncertainty for the measurement of
SO4* has been discussed in the Section S2. The inorganic sulfate concentrations have been corrected
for the extraction efficiency.
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Section S2. Determination of Measurement Uncertainties

Uncertainty for quantification of dodecyl OS (C,,H,s0,S7) and sulfate (SO,*") ions

Measurement precisions for the concentration of species i (o¢;) are propagated from precisions
of volumetric measurements, chemical composition measurements, blank sample variability and sample
repeatability, referring to Bevington ef a/.'* and Ellison ef al.'*. For simplicity, the following equations
are used to calculate the uncertainty associated with our filter-based measurements:

M,- B,
Ci=—
(D)

n
1
Bi=£ZBijforBi > aBi
j=1 2)
B;=0forB;, < op
i

3)
1 :
05 =STDp = [mz (B~ BY)” for STDy > SIGy
j=1 “4)
I 3
05 =STDy = [;Z (05, )1 for STD, < SIGy,
j=1 ()
Oy
V =0.05 (6)
GMiZ * UBiz oy (M- B)? %
%= [ 2 4
%4 vV (7)
where
B; = average amount of species i on blank samples
B; = amount of species i found on blank sample j
C; = concentration of species i
M; = amount of species i on the substrate
n = total number of samples in the sum
SIG  =root mean square error (RMSE), the square root of the averaged sum of the squared op;;
STDjp; = standard deviation of the blank samples
Opi = blank precision of species i
Ogij = precision of species i detected on blank sample j
oci = propagated precision of concentration of species i
Oui = precision of amount of species 7 on the substrate
ov = precision of sample volume
v = sample volume

The precisions (o) were determined from duplicate analysis of samples. When duplicate sample
analysis is made, the range of results, R, is nearly as efficient as the standard deviation since two
measures differ by a constant (1.1280,,; = R). Based on the blank samples and duplicate samples,
coefficients needed for determining uncertainty are given in following table:

Species | Quantification | No. of | No. of Blank Duplicate




method Blanks duplicate Precision Precision
standard (05, mg) (oui» mg)
UHPLC/ESI-
Dodecyl OS 3 6 0.000 0.0049
odecy QToF-MS
Sulfate/
e IC 3 3 0.0019 0.0017
bisulfate
170
U . . . Oyield,
ncertainty for yield of j, J
2 2 2 2
O-Dodecyl OSj + O-Dodecyl OSO Usulfatej + asulfateo %

Oyield, = X yield,

+
/- |(Dodecyl 0S, - Dodecyl OSJ-)2 (sulfate,; - sulfate,)*

175 where

Gyield. . . . .
Jj= precision of molar yield on sample j

o
Dodecyl 05;_ precision of dodecyl OS on sample j

o
Dodecyl 05 precision of dodecyl OS on initial sample (before oxidation)

o
Ifate, . .
sulfate;_ precision of sulfate on sample j

asulfate .. C . c -
180 0= precision of sulfate on initial sample (before oxidation)
Dodecyl 0S )
Dodecyl 0S

yieldj:

= the amount of dodecyl OS on sample j
0= the amount of dodecyl OS detected on initial sample (before oxidation)

molar yield for sample j

185

The uncertainty for OH exposure, Texp

2

o, =0.005 X OH exposure x |[16+
P P (OH exposure X ksoz)z

k
where 0.005 is the precision of SO, analyzer (0.5 % of the reading), 502is the second-order rate
190 constant of the gas-phase OH and SO, reaction: 9 x 10713, cm?® molecule™' s7!.

0

The uncertainty for parent decay index, o

195 where I is the concentration of dodecyl OS at a given OH exposure, I, is the concentration of dodecyl

OS before oxidation, °! is the uncertainty of dodecyl OS on sample at a given OH exposure.



The uncertainty for atmospheric lifetime, Ie
Ok,
0,=7|[—

where £ is the fitted heterogeneous OH rate constant.
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Section S3. Molecular Dynamics (MD) Simulations

The simulations aimed to study the interactions between hydroxyl radical OH and a ternary mixture
of sodium dodecyl OS (SDS), ammonium sulfate (AS), and water in a droplet. The effect by AS on the
kinetic enhancement of SDS aerosol was of particular interest, for the purpose of understanding the role
of AS in altering the rate of heterogeneous OH oxidation of dodecyl OS. To investigate, non-reactive
all-atom MD simulations were performed to assist in characterizing the possible interactions between
dissolved ions and OH; combined with ab initio calculations, detailed spatial distributions of OH in
different chemical situation can be calculated. The MD simulations of droplets consisting of varying
amounts of the mixture components were performed in OPENMM 7.5 This section is divided into 3
parts:

1. Simulation setups
2. Adjustment of Force Field Parameters
3. Equilibrium Simulation Details

S3.1. Simulation setups

To investigate the role of AS in the reaction between dodecyl sulfate and OH, all of the carbon sites
in a dodecyl sulfate molecule were analyzed in terms of the distances between the two reactants. Figure
S7 displays the molecular structure of SDS. The carbon atoms in dodecyl OS are labelled such that C,
is the n-th carbon from the sulfate (~OSO5") group.

1 9 1 O\\S,O’ Na*
/\/\/\/\/\/\O

75 3
12 0 8 6 4 2 o
Figure S7. Structure of SDS with labelled carbon numbers.

Electronic polarizability is known to be important in describing ionic interactions in the
presence of the air water interface. The electronic polarizability (o) of each nucleus was computed by
modeled by Drude oscillators.'® The charge of a Drude Oscillator gp is determined by

q DZ
a=—

kp
where kp was set to 1000 kcal/mol. The SWM4-NDP polarizable water model was used in the
simulations.!” Dodecyl OS (C,,H,5S0,"), ammonium (NH,"), and sulfate (SO4>") were parametrized by
GAAMP.'8 Parameters of sodium ion (Na*) were acquired from Yu et al.'®, while those of OH were
fitted as described in S3.2 below.

S3.2. Adjustment of force field parameters

S3.2.1. Hydroxyl radical (OH)

Parameters for the O—H bond and the Lennard-Jones (LJ) interaction were obtained from the
general AMBER Force Field (GAFF).? Atomic polarizability of oxygen was referenced from the
experimental value from CCCBDB database.?! The remaining parameters, being the partial charges of
hydrogen (gy) and oxygen (qo) in OH, were fitted to match the free energy of solvation (AF) of OH
across the air-water interface reported by Roeselova et al.,”> which was computed to be -3.0 £ 0.1
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kcal/mol. In order to replicate the reference value of AF, simulation of the air-water interface system
was performed as shown in Figure S8a. The partial charges of OH were varied to yield different AF by
umbrella sampling 3 as illustrated in Figure S8b. The optimal partial charges of OH at + 0.275 were
found to reproduce the reference AF.
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Figure S8. (a) The simulation box of air-water interface, which the yellow sphere represents OH; (b)
AF of OH achieved by umbrella sampling at different gy and go.

S3.2.2. Ammonium sulfate (AS)

Parametrized by GAAMP initially, NH,* and SO,> were observed to bound too tightly in our
classical MD simulations as shown in the radial distribution function (RDF) between the N atom in
NH,* and S atom in SO,> in Figure S9a. The first peak of the RDF is unusually high and indicates the
unphysically over-sticking problem, which should not exist as AS is readily soluble in water. The
problem was addressed by adjusting the intermolecular interaction parameters (LJ) between the AS ion
pairs to increase the solubility. We adopted the LJ parameters from the work by Lam et a/.?* in our AS
model generated by GAAMP. The final AS model was able to reproduce the first peak of a reference
RDF (Figure S9b) in another study by Gopalakrishnan et al.?> and resolve the over-sticking problem.

(a) (b)

30 - —— before modification —— after modification
10 —— reference RDF
~ 251 -~
% 3 8
201 2
W wn
| 15 I 61
: 5,
o (e)]
5 2
(1) [mminimininininis 0
00 25 50 75 100 125 15.0 00 25 50 75 100 125 15.0
r(A) r(A)

Figure S9. (a) RDF between N atom in NH;" and S atom in SO, before modification on the
intermolecular interaction parameters (LJ); (b) RDF from our modified model and that from the
reference model by Gopalakrishnan et al.? for comparison.



A summary of the partial charges and o is provided in Figure S10a and Figure S10b,

respectively.
(a) Sodium dodecyl OS (SDS)
-0.056
-0.125
0.000 0.062 0.000 e
0,004 0029 0,008 0.031 20,065  0.046 (|?0353 ™
P it PP o Wit W e NP .t o 4
) —S—0 _ Na
g gge afe MR 4R e § 4w
0.117 -0.124
-0.352
-0.101
-0.088
Ammonium sulfate
-0.301
-0.286
0.045 -0.240
H O
|+ — e _
0.045 H—N—Ho.045 02000—S—0 9238
|-0.800 8;3? [ -0.283
0.045 -0.240
-0.327
Carbon (C) T
Hydrogen (H) :
Nitrogen (N) Hydroxyl.radlcal (OH) SWM4-NDP water model
Sulfur (S) O—H 2000
T . -0.2750 0.2750 /O\
one pairs on Oxygen H
Oxygen (O) and others 0.5573 |\ 0.5573
-1.1147
(b) .
Sodium dodecyl OS (SDS)
-0.269
1220 -1226 -1212 -1224 1224 1314 @]
2281 0157,
4479 <1225 <1229 <1225 .119%6  -1.439 -u.go_ ﬁ__gﬁg Na
O
-0.269
Ammonium sulfate (AS)
-0.774
H O
|+ | -
H—N— 0.7714Q—8—(Q 0774
| 0.951 || -2175
H
-0.774
Hydroxyl radical (OH) SWM4-NDP water model
. -0.97825
0—H SO
-0.802 H I H
275 M



280

285

290

295

300

Figure S10. (a) Partial charges and (b) polarizability (o)) within each molecule.

S3.2.3. Interaction between OH and AS

As there were no reference MD interaction parameters of the two ion—radical pairs (NH;*~OH
and SO,>—OH) available in the literature, we ran ab initio quantum mechanical calculations to
parameterize the interactions by matching the potential energy surfaces. The ab initio MD (AIMD)
calculations were performed in CP2K package 2 at the level of calculation of BLYP ?7 with D3
dispersion correction,?® with TZVP basis set and Goedecker-Teter-Hutter (GTH) pseudopotentials.?’
The potential energy (PE) at different configurations at various ion-radical distances d (See Figure
S11) were then evaluated by both our initial classical MD model (before adjustment) and ab initio
calculations. The comparisons of the PE are Figure S12a and Figure S12b.

(a) (b)
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d [ ¥8 d “W
999%" > Q&i >

C ~
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Figure S11. Snapshot of the pair of (a) NH, —water cluster and (b) SO,>—water cluster separated from
OH by a distance d.
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Figure S12. Potential energy (PE) curves calculated from ab initio molecular dynamics (AIMD) and
from our classical model on: (a) NH,*~OH, (b) SO,>—OH pair.

We can see from Figure S12b that our initial classical model did not capture the repulsion between
SO4% and OH in AIMD (i.e. PE increases as the distance decreases). To match the AIMD curve as
much as possible, the WCA potential 3° was utilized to replace the LJ potential for the intermolecular
interaction between SO,* and OH. The WCA potential is essentially a modification of LJ potential by
truncation at its potential minimum at ry = 2 and an upward shift by ¢, which is a repulsive potential
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as illustrated in Figure S13a. The functional form of WCA potential Uy, is described in Equation

S1.
1
46((g)12 - (3)6) +€ 1r<2 /s o
Upca(r) = r r
Y
0 ,r>2""0 (Equation S1)

The WCA potential was adopted between O atom in SO,> and O atom in OH. The parameters
were optimized that ¢ = 1.5 kcal/mol and o = 2.68 A. After replacing the LJ potential by the purely
repulsive WCA potential, there is now stronger repulsion between SO,>~ and OH as shown in Figure
S13b and they no longer stick together.

(a) (b)

50 —— AIMD
40 —— Classical model
—— Classical model (WCA)

Uwcalr)

Potential energy (kcal/mol)

r 3 4 5 7 8 9 10

6
d (4)

Figure S13. a) WCA potential, which is purely repulsive; b) The PE curves of SO,>—OH pair computed
using LJ potential in AIMD, WCA potential, and the classical model.

S3.3 Equilibrium simulation details

Simulating a macroscopic atmospheric aerosol with diameter of hundreds of nanometers to a
few micrometers by atomistic MD simulation is computationally challenging. Our solution to this size
problem was to approximate part of the aerosol as a slab system, illustrated in Figure S14. The
simulated water slab consisted of OH with dissolved ions from SDS (Na*, C;,H,50,4S°) and AS (NH,*,
SO).

Dodecyl OS (C,,H,50,57)
Sodium (Na*)
Ammonium (NH,*)

Sulfate (SO,*)

Water (H,0)

Figure S14. Illustration of a slab system in our MD simulation consisting of all components.
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OH radicals were positioned in the water based on our previous observation that most reactions
should occur after OH radicals are adsorbed into the aqueous phase and diffuse near OS for reaction.?*
31 To build the slab system and to qualitatively highlight the role of AS in enhancing the OH reaction
kinetic of SDS, different numbers of molecules were studied. The difference in numbers of water
molecule in the bulk sought to mimic different mass fractions of aerosol constituents, that may vary due
to hygroscopic growth of aerosol under different RH. The changes in SDS—OH distances as a function
of AS concentration was assessed to rationalize the ionic effect of dissolved AS on enhancing or
suppressing the reaction kinetics. Using the same approach by Faust and Abbatt 32, the mass fractions
of water, SDS, and AS in aerosols at 80 % RH and 298 K for different SDS/AS aerosols were estimated
by E-AIM I1.33 Based on the modeled mass fractions, simulation slab systems were built (Table S3).
The mass fractions used in our simulation were as close to those modelled by E-AIM II as possible.

Table S3. Slab systems built in equilibrium MD simulation.

Mass Fractions of Slab system (mass fractions modelled by E-AIM)
AS : SDS
Water SDS AS
0 0.61 0.39 0
1:6 0.58 (0.57) 0.36 (0.37) 0.06 (0.06)
1:3 0.55 (0.57) 0.34 (0.33) 0.11 (0.10)
1:14 0.58 (0.57) 0.24 (0.25) 0.17 (0.18)

The time step of the simulations was 1 femtosecond. During simulation, each system was first
equilibrated for 10 ns. Then production data was collected and averaged from 10 independent 5-ns
production runs with different equilibrated configurations. Both equilibration and production runs were
performed under constant NVT dynamics with Langevin thermostat for Drude oscillators. Periodic
boundary conditions were applied to all dimensions of the simulation box. Except that the WCA
potential had a cut-off of 0.3 nm, all LJ interactions as well as the real space of the particle-mesh Ewald
were assigned a cut-off distance of 1.0 nm.,
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