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ABSTRACT:

A molecular dynamics (MD) study of «,w-dimethoxypolyethylene glycol has been
carried out under various conditions with respect to solvent composition, ionic strength,
chain length, force field and temperature. A previous MD study on a 15-mer of
polyethyleneglycol (PEG) suggested a helical equilibrium structure that was stabi-
lized by hydrogen bonding and bridging water molecules. Experiments show that
PEG is highly soluble in water, and indicate that clustering is not favoured. In the
present study using different force fields, the GROMOS force fields 45A3 and 53A6,
a variation on the latter 53A6_OE, and a force field by Smith et al. produced differ-
ent results. For the GROMOS force fields 45A3 and 53A6 no helical structure was
found, but formation of more or less compact random coils in aqueous solution due
to hydrophobic interactions was observed. For the other two force fields used, o,w-
dimethoxypolyethylene glycol stayed flexible and more or less elongated in aqueous
solution, more in agreement with experimental observations and the previous MD
study.
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1 Introduction

Polyethylene glycol or polyethylene oxide (PEG, PEO) is regarded as one of the most
important polyethers [1-6]. It shows interesting behaviour in both solid and liquid
state [7-9]. PEG is extremely well soluble in water [10,11]. It is also soluble in
methanol, benzene, dichloromethane, but is insoluble in diethyl ether and hexane. It
can be coupled to hydrophobic molecules to produce non-ionic surfactants. According
to experimental data, PEG dissolves not only in water but also in numerous organic
solvents [12]. Nuclear magnetic resonance and other spectroscopic measurements
[13-17] show that PEG undergoes significant conformational change when going from
water to organic solvents. Light scattering experiments on high molecular weight
PEG, for instance, show that PEG has a more extended structure in water than
in methanol [10,11]. When moving two surfaces with long PEG chains attached to
them closer together, repulsive interactions between the individual PEG chains could
be observed in experimental studies [18,19]. These experimental observations call
for an investigation of the conformational properties of PEG. A molecular-dynamics
(MD) computer simulation study of PEG [20] suggests that the polymer forms a
helical structure in aqueous solution after 2 ns of simulation. The authors found the
helix to be stabilized by a network of hydrogen bonds formed between solute-oxygen

atoms and water molecules and between water molecules themselves. More recently,



MD simulations of PEG-water solutions of 12 [21] and 54 [22] ether repeat units
for a range of compositions (1-32 polymer chains with 1152-100 water molecules)
and temperatures (298-410 K) were reported. The trajectories were compared to
neutron scattering data [22] and analysed in terms of hydration structure [21] and
dynamics [22]. Another issue is the preference of PEG molecules to spatially cluster
in particular solvents. For low-molecular-weight PEG molecules spatial clustering
observations are still controversially documented in the literature. Some authors
claim that clustering of PEG molecules is caused by impurities [23], whereas other
authors think a chain-end effect is responsible for the clustering of PEG [24].

In the molecular dynamics study presented below, the compaction and aggrega-
tion properties of a,w-dimethoxypolyethylene glycol (PEG) have been investigated as
function of solute composition, chain length, solvent composition, temperature, ionic
strength, and, most importantly, force field. A polymer of PEG, with the number of
units n, is depicted in Figure 1. Unfortunately, the values for n that can be investi-
gated using MD simulation on sufficiently long time scales to observe convergence is
limited due to finite computing power available. Here we use n values ranging from 2
to 46, i.e. low molecular weight PEG. In contrast, experimental studies often involve
high molecular weight PEG, i.e. n ~ 10° — 10%.

When comparing experimental data with results obtained from simulation, one



should keep in mind the differences between the simulated and experimentally inves-
tigated systems. First, in experimental studies generally much longer PEG chains
are present. Second, in the present MD study the chain-terminal groups of the sim-
ulated molecules are methoxy-groups (Figure 1), whereas most experimental studies
have been carried out with hydroxy-groups as chain-terminal groups. Yet, we have
used methoxy terminal groups rather than hydroxy ones, because we wished to keep
chain-end influence upon the conformational behaviour of the chain as small as pos-
sible. This in view of the relatively short chain lengths that could be simulated with
reasonable computing effort and the fact that the hydrogen-bond donor strength of

a hydroxyl group is greater than that of a methoxy group.

2 Computational Methods

2.1 Molecular Dynamics Simulations

MD simulations were performed with the GROMOS software package [25-27] using
the GROMOS force-field parameter sets 45A3 [28], 53A6 [29], and 53A6_OE, which
contains a modification of the non-bonded interaction parameters (charges, van der
Waals) of the ether oxygen (OE) in the 53A6 force field. The partial charge of the

ether oxygen OE was changed from -0.32 e (53A6) to -0.42 e (53A6_OE) and the



partial charges of its adjacent CH, united atoms were changed from +0.16 e (53A6) to
4+0.21 e (53A6_0E). The attractive van der Waals parameter (Cg(OE, OE))'/2 for the
ether oxygen was changed from 0.04756 (kJ mol~' nm%)!/2 for the 53A6 parameter
set to the value 0.06313 (kJ mol~' nm®)/2 for the 53A6_OF one. The repulsive
van der Waals parameter (Cy5(OE, OE))'/? for interactions with non-polar atoms
was changed from 1.100x 1073 (kJ mol~! nm!?)!/2 for 53A6 to the value 2.148x 1073
(kJ mol~! nm'?)!/2 for 53A6_OE, while the value for interactions with polar atoms
remained unmodified at 1.227x107® (kJ mol~' nm'?)!/2 for both parameter sets
and the value for interactions with charged atoms was changed from 1.227x1073 (kJ
mol~! nm!2)!/2 for 53A6 to the value of 1.748x 1073 (kJ mol~! nm'2)!/2 for 53A6_OE.
In addition, one other, non-GROMOS parameter set has been used, a parameter set
by Smith et al. [30]. The performed MD simulations are summarized in Table 1.
The initial structure of a,w-dimethoxypolyethylene glycol was chosen to be an
elongated conformation modelled using the INSIGHTII software package (Accelrys
Inc., San Diego, CA). The simple-point-charge (SPC) water model [31] was used to
describe the solvent molecules. In the simulations the solvent molecules were added
around the solute within a cubic box with a minimum distance of 1.4 nm between
the solute atoms and the walls of the periodic box. In some of the simulations,

ions (SO4*~ and Ca®") were included. The initial placement of the ions was ran-



dom. All the bonds and the geometry of the water molecules were kept fixed with
a geometric tolerance of 107! using the SHAKE algorithm [32]. A steepest-descent
energy minimisation without any restraints of all systems was performed to relax the
solute-solvent contacts. The energy minimisations were terminated when the energy
change per step became smaller than 0.1 kJ mol~!. For the non-bonded interactions,
a triple-range method with cutoff radii of 0.8/1.4 nm was used. Short-range van
der Waals and electrostatic interactions were evaluated every time step based on a
charge-group pairlist. Medium-range van der Waals and electrostatic interactions,
between pairs at a distance longer than 0.8 nm and shorter than 1.4 nm, were eval-
uated every fifth time step, at which time point the pair list was updated. Outside
the longer cutoff radius a reaction-field approximation [33] was used with a relative
dielectric permittivity of 66 [34]. Newton’s equations of motion were integrated us-
ing the leap-frog scheme and a time step of 2 fs. The initial velocities of the atoms
were assigned from a Maxwell distribution at 50 K. A 10 ps period of MD simulation
at constant volume was performed, followed by 100 ps of MD. Solvent and solute
were independently, weakly coupled to a temperature bath of the given temperature
with a relaxation time of 0.1 ps [35]. In the further simulations, the center of mass
motion of the whole system was removed every 1000 time steps. The systems were

also weakly coupled to a pressure bath of 1 atm with a relaxation time of 0.5 ps and



an isothermal compressibility of 0.4575 x 1072 (kJ mol™! nm~3)~!. The trajectory
coordinates and energies were saved every 0.5 ps for analysis.

To investigate hydrophobic interactions between and clustering behaviour of the
chains, simulations of «,w-dimethoxypolyethylene glycol (n = 23) with every third
unit methoxylated (see label ”ome” in Table 1) and simulations of a,w-dimethoxypoly-
ethylene glycol (n = 46) cut into several pieces (see label ”cut” or ”cuts” in Table 1)
were also performed. For the latter the final configurations of the uncut chain sim-
ulations were used as starting configurations, followed by one more round of energy
minimisation and MD equilibration following the above mentioned procedure. For
polyethylene glycol the same starting structures were used for simulations with the
terminal methoxy-groups substituted by hydroxyl-groups.

The free enthalpy of solvation was calculated using thermodynamic integration
(TT) [36]. To remove «,w-dimethoxypolyethylene glycol from the system all non-
bonded interactions involving solute atoms were scaled down to zero in a stepwise
manner as a function of the coupling parameter A. The free-enthalpy change corre-
sponding to the removal of all solute non-bonded interactions was then calculated by
integrating the average value of the derivative of the Hamiltonian of the system with
respect to A. This integral was evaluated using 21 evenly spaced A-values with 30 ps

of equilibration and 160 ps of data collection at each A-value. Soft-core interaction



was used in order to avoid singularities in the non-bonded interaction function at
particular A-values [37]. The free enthalpy of solvation was then calculated as the
difference between the free enthalpy change of letting the solute disappear in vacuo

and the free enthalpy change of letting the solute disappear in solution.

2.2 Analysis

Analyses were done with the analysis software packages GROMOS++ [27] and
esra [38]. Radii of gyration were calculated with respect to a given set of atoms to
observe the level of compactness of the simulated solute molecules. Structural infor-
mation on solutions was obtained from atom-atom radial distribution functions, g(r).
Percentages of intermolecular hydrogen bonds have been calculated using a maximum
distance criterion of 0.25 nm between the hydrogen atom and the acceptor atom, and
a minimum angle criterion of 135° for the donor-hydrogen-acceptor angle. In order to
further investigate the compaction properties of the a,w-dimethoxypolyethylene gly-
col chains solute oxygen-oxygen distance distributions d(0;-0;) and percentages of
water molecules bridging between solute oxygen atoms were calculated. The bridg-
ing waters have been determined using a maximum distance criterion of 0.75 nm
between two bridged solute-oxygen atoms and a maximum distance criterion of 0.36

nm between the solute-oxygen atoms and the bridging-water oxygen atom.



3 Results

In Figure 2 the radii of gyration for a,w-dimethoxypolyethylene glycol (n = 9, 11,
15, 23, 46) are presented for the simulations peg noions.n (n = 9, 11, 15, 23, 46)
and different force fields. For the GROMOS 53A6 force field the radii of gyration of
the chains of different lengths converge to values between 0.50 and 0.75 nm. This
indicates a compaction of the chains, keeping in mind that the initial structures
were chosen to be elongated. At 313 K the compact state is reached faster than at
low temperature due to faster sampling at higher temperatures. The simulations of
a,w-dimethoxypolyethylene glycol with the force field 53A6_OE and that of Smith
et al. show larger, more fluctuating radii of gyration, suggesting that here the chains
remain elongated and do not form compact conformations.

The radii of gyration for a chain of length n = 23 in Figure 3 show again the
compacting behaviour of a,w-dimethoxypolyethylene glycol in water this time for
the GROMOS 45A3 force field. The GROMOS force fields 53A6 (Figure 2) and
45A3 (Figure 3) show similar behaviour, they reach the same radius of gyration, and
converge to a stable value equally quickly. When adding Ca?" and SO4%~ ions to the
solution, a,w-dimethoxypolyethylene glycol also forms compact structures, the radii
of gyration being similar to those of the simulations in pure water (Figure 3, CaSO,).

The methoxylated solute shows behaviour similar to that of the unmethoxylated one
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(Figure 3, ome). In the solvents methanol, carbon tetrachloride, and dimethylsulfox-
ide the polymer does not show the compacting behaviour observed in water (Figure
3, CCly, DMSO). The radii of gyration do fluctuate much more than in water and
around a value that is twice as large as the one in water. The force fields 53A6_OE
and that by Smith et al. [30] perform differently from the GROMOS 45A3 and
53A6 force fields in water, but behave similarly in methanol. For the simulations in
methanol the polymer seems to be elongated in all cases.

In Figure 4 the radial distribution functions, g(r), between different atom pairs
are shown for the GROMOS force field 53A6 and the force field by Smith et al. [30].
The solute oxygen atoms (OE) show no coordination with calcium (Ca) or sulfate
ions (SOy4) in any of the simulations, so their g(7)’s are not shown. The g(7) of
calcium and sulfate in Figure 4A shows interesting behaviour: at higher temperature
there is higher coordination of sulfate to calcium in the first two solvation shells. This
indicates entropically favoured clustering of these ions. All other radial distribution
functions have similar shapes at the two different temperatures. Calcium and sulfate
are solvated by water (OW), the first solvation shell of calcium being more structured
(Figures 4B and 4C). The coordination of solute oxygen atoms (OE) with water
oxygen atoms is not significant. This is the case for the GROMOS force fields as

well as for the force field by Smith et al. [30]. The Smith force field shows slightly
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more structured solute oxygen solvation in the first solvation shell at 278 K.

The results of the hydrogen-bond and bridging-water analyses do not bring for-
ward any significant percentage of water molecules that stay coordinated between
different solute-oxygen atoms (Results not shown).

In Figure 5, solute oxygen-oxygen distance distributions d(0;-0;) are shown for
the simulations of a,w-dimethoxypolyethylene glycol. Distance distributions have
been calculated for oxygen atoms belonging to units ¢ and j that have a given dis-
tance n = |i — j| > 2 along the chain from each other. Especially for the oxygen
atoms that are further away along the chain the difference between the simulations
in water and those in methanol becomes striking. Larger distances have a larger
probability to occur in methanol, illustrating the non-compact conformations of the
polymer in methanol. The illustrations confirm the suggestion that with the force
field 53A6_OFE and that of Smith et al. [30] the structure is more elongated, showing
wider distributed end-to-end lengths.

The tendency for compaction of the polyethylene glycol chains when simulated
using the 53A6 force field was investigated by cutting the larger chains into smaller
segments and observing the relative motion of the latter as expressed by the radius
of gyration of the cluster of segments. The radii of gyration calculated from the

53A6 simulations of an a,w-dimethoxypolyethylene glycol (n = 46) molecule cut into
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pieces of different sizes are shown in Figure 6. The radius of gyration calculated
over all atoms reaches a value of about 0.75 nm in the case of 1, 3 and 8 cuts for
a,w-dimethoxypolyethylene glycol, a value very similar to the value obtained from
the simulations of the intact chain. «,w-dimethoxypolyethylene glycol cut into 16
pieces shows diffusive behaviour at 313 K after 2.5 ns. The simulations of polyethy-
lene glycol behave similarly in the case of 8 cuts, only when going to smaller chain
lengths (15 cuts) the solutes show diffusive behaviour, even at 278 K. After 1 ns of
simulation the cluster members start to move away from each other. Of course it is
possible to extend the simulations beyond 3 ns to test whether larger segments will
dissociate on longer time scales, but because the 53A6 force field shows too much
compaction, a further investigation of those properties does not seem warranted.
Because the 53A6_OE and Smith force fields show no compaction for single chains,
an investigation of clustering of smaller segments makes no sense.

In Table 2 free enthalpies of solvation for chains of two different sizes of a,w-
dimethoxypolyethylene glycol (n = 6) are listed. Free enthalpies have been calculated
using the force fields 53A6 and 53A6_OE in the solvents water and methanol. Using
force field 53A6 «,w-dimethoxypolyethylene glycol is better solvated in methanol
than in water, whereas using 53A6_OFE force field it is better solvated in water than

in methanol. The too small free enthalpy of hydration found for the 53A6 force field
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may explain the compaction of the PEG chains observed in the 53A6 simulations in

water.

4 Discussion

In the present work a,w-dimethoxypolyethylene glycol of different chain lengths and
composition has been simulated under various conditions: different force fields, tem-
peratures, and solvents.

The GROMOS force fields 45A3 and 53A6 induce similar behaviour, giving
a,w-dimethoxypolyethylene glycol a rather hydrophobic character, forming compact
structures when simulated in water. The compact structures are not formed due to
water molecules bridging between the solute oxygen atoms of different ethylene oxide
units as is concluded from bridging water analyses. The helical structure found in
the molecular dynamics study by Tasaki [20] was not observed here. This difference
may be due to the different type of force and simulation set-up used in [20]. An indi-
cation of the hydrophobic behaviour of a,w-dimethoxypolyethylene glycol using the
45A3 and 53A6 force fields is that in less polar solvents, such as methanol, DMSO,
and carbon tetrachloride, the molecule does not form a compact aggregate. This
observation is confirmed by the solute-oxygen-oxygen distance distribution analysis:

a,w-dimethoxypolyethylene glycol’s solute oxygen atoms tend to separate further
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from each other in solvents that are less polar than water. Free enthalpies of solva-
tion show that different oligomers of a,w-dimethoxypolyethylene glycol are dissolved
better in methanol than in water using the 53A6 force field. When simulating clus-
ters of a,w-dimethoxypolyethylene glycol molecules of different number and size of
the molecules, the molecules tend to stay aggregated except for very short chains and
very small clusters. When simulating clusters of a,w-dimethoxypolyethylene glycol
trimers and dimers the clusters fall apart. The interaction of «a,w-dimethoxypoly-
ethylene glycol with calcium and sulfate ions is not significant at all, the ions rather
interact with each other than with PEG’s oxygen atoms.

The behaviour of the simulated PEG chains as observed for the GROMOS 45A3
and 53A6 force fields seems different from the behaviour documented from exper-
iment in the literature. We find compact structures for molecules that are ob-
served [10,11] to be well soluble in water. Light scattering of high molecular weight
PEG suggests that PEG is less extended in methanol than in water [10, 11], which
is the opposite of what was found in the present study of low molecular weight
PEG. Another discrepancy between simulation and experiment is that the simu-
lated short PEG chains show tendencies to form clusters, whereas an experimental
study suggested that PEG chains forcibly moved towards each other show repulsive

interactions [18,19]. These discrepancies between simulation and experiment are re-
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solved when using the GROMOS 53A6_OE force field or the one by Smith et al. [30].
They produce markedly different results from the GROMOS 45A3 and 53A6 force
fields. Using the former, the PEG chains prefer elongated conformations, in water
as well as in methanol, thus reproducing experimentally observed data more accu-
rately. The different simulation results, compaction, aggregation, and free enthalpies
of solvation, offer a consistent picture of short-chain PEG conformational properties
in solution. The GROMOS 53A6_OE parameter set is a clear improvement over the
53A6 one. We note that the parameters of the GROMOS 53A6 force field used were
optimised to reproduce thermodynamic properties of a series of small non-polar and
polar compounds representing segments of biomolecules [28,29]. Their solvation free
energies in a variety of solvents, such as the ones used here, do match very well their
experimental counterparts [39]. However, the calibration set of small compounds
did not comprise ether moieties, which may explain the poor behaviour of the 53A6
parameter set for PEG. The results of our comparison of four force fields for PEG
illustrate the importance of using an appropriate force field in molecular simulation

to understand structural behaviour of flexible molecules.
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Table captions

Table 1

Table 2

: Overview of the performed MD simulations on a,w -dimethoxypolyethylene
glycol (polyethylene glycol, PEG). The label "ome” indicates PEG with every
third unit methoxylated. The label ”oh” indicates PEG with hydroxy-groups
at the chain termini. The labels "cut” or "cuts” indicate that the PEG chain

is cut into a given number of separate pieces.

Free enthalpies of solvation of a,w -dimethoxypolyethylene glycol (n = 6)
calculated using the GROMOS force fields 53A6 and 53A6_OFE in water and

methanol at 278 K and 1 atm.
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Table 1:

simulation chain number of end force-field simulation
label length counterions groups parameter set solvent length / ns
peg-no_ions_46_53A6 46 0 OCH3 53A6 H2O 5
peg-no_ions_46_53A6_OE 46 0 OCH3s 53A6_-OE Hs0O 5
peg-no_ions_46_Smith 46 0 OCHg3s Smith H;O 4.5
peg-no_ions_23_45A3 23 0 OCHg 45A3 H;O 4.8
peg-no_ions_23_53A6 23 0 OCHg3s 53A6 H;O 4.5
peg-no-ions_23_53A6_OFE 23 0 OCH3s 53A6_-OE H;O 5
peg-no_ions_23_Smith 23 0 OCH3s Smith H;O 5
peg-no_ions_23_53A6_meoh 23 0 OCH3 53A6 CH30H 4
peg-no_ions_23_53A6_OE_meoh 23 0 OCH3 53A6_OE CH30H 5
peg-no_ions_23_Smith_meoh 23 0 OCH3 Smith CH30H 5
peg-no_ions_23_53A6_dmso 23 0 OCHg3s 53A6 DMSO 4.4
peg-no_ions_23_53A6_ccl4 23 0 OCHg3s 53A6 CCly 2.6
peg-no_ions_15_53A6 15 0 OCHg 53A6 H;O 3.5
peg-no_ions_15_53A6_OE 15 0 OCHj 53A6.0FE HO 3.7
peg-no-ions_15_Smith 15 0 OCH3s Smith H;0O 3.5
peg-no_ions_11_53A6 11 0 OCH3s 53A6 H;0 5
peg-no_ions_11_53A6_OE 11 0 OCH3 53A6_OE H2O 3.5
peg-no_ions_11_Smith 11 0 OCHs Smith H>;O 3
peg-no_ions_9_53A6 9 0 OCH3 53A6 H50O 4.5
peg-no_ions_9_53A6_OE 9 0 OCH3s 53A6_-OE H;O 3.5
peg-no_ions_9_Smith 9 0 OCHg Smith H;O 3.2
peg-ome_no_ions_23_53A6 23 0 OCH3 53A6 H>0O 2.4
peg-caso_23_53A6 23 45 Ca?t, 45 SO3~  OCH; 53A6 H>0 4.2
peg-caso-23_53A6_OE 23 45 Ca?t, 45 SO~  OCH; 53A6_OE H>0 3
peg-caso_23_Smith 23 45 Ca?t, 45 5037  OCH; Smith H>0 3.4
peg-no_ions_46_lcut_53A6 2 x 23 0 OCH3 53A6 H2O 2
peg-no_ions_46_lcut_53A6_OE 2 x 23 0 OCH3 53A6_OE H2O 3
peg-no_ions_46_lcut_Smith 2 x 23 0 OCH3s Smith H>O 3
peg-no_ions_46_3cuts_-53A6 2 x 12 and 2 x 11 0 OCHg3s 53A6 H>O 2
peg-no_ions_46_8cuts_-53A6 5x5and 1X6 0 OCHg3s 53A6 H;O 3
peg-no_ions_46_8cuts_Smith 5x5and 1 X6 0 OCHg3g Smith H;O 3
peg-no_ions_46_15cuts_53A6 14 x 3 and 2 X 2 0 OCH3 53A6 H2O 2
peg-oh_no_ions_46_8cuts_53A6 5x5and 1 X6 0 OH 53A6 H2O 2
peg-oh_no_ions_46_15cuts_53A6 14 X 3 and 2 X 2 0 OH 53A6 H2O 2
peg-no_ions_6_free_energy-h20_53A6 6 0 OCH;4 53A6 H,0 21 x (0.03 + 0.16)
peg_no_ions_6_free_energy_-meoh_53A6 6 0 OCH;5 53A6 CH30H 21 x (0.03 + 0.16)
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peg-no-ions_6_free_energy-h20_53A6_OE 6 0 OCH3 53A6_-OE H2O 21 x (0.03 4 0.16)

peg-no_ions_6_free_energy_meoh_53A6_OE 6 0 OCH3 53A6_OE CH30H 21 x (0.03 4 0.16)
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Table 2:

system force field AGsol'v,water [ICJ/?’TLOZ} AGsolv,methanol [k}J/mOl]
a,w -dimethoxypolyethylene glycol (n = 6) 53A6 -5.6 -43.7
a,w -dimethoxypolyethylene glycol (n = 6) 53A6_-OE -86.12 -86.03
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Figure captions

Figure 1 : Simulated polymers: «,w -dimethoxypolyethylene glycol (PEG), a,w -di-
methoxypolyethylene glycol methoxylated every third residue (PEG_ome), poly-

ethylene glycol (PEG_oh). n indicates the number of repeating units.

Figure 2 : Radii of gyration of chains of different lengths (n) of a,w -dimethoxypoly-
ethylene glycol simulated in water with the force field 53A6 at 278 K (black)
and 313 K (red) and with the force field 53A6_OE (blue) and that of Smith
et al. [30] (green), each at 278 K, as function of simulation time (Simulations
peg_no_ions_n_53A6, peg no_ions n_53A6_OE, peg no_ions_ n_Smith, with n =

46, 23, 15, 11, and 9, see Table 1).

Figure 3 : Radii of gyration of a,w -dimethoxypolyethylene glycol (n = 23) for force
field 45A3 and for various solute and solvent compositions at 278 K: black:
peg_no_ions 23 45A3, red: peg_ome_no_ions_ 23_53A6, green: peg no_ions_23-
_53A6_dmso, blue: peg_no_ions_23_53A6_ccl4, yellow: peg_no_ions_23_53A6-
_meoh, brown: peg -no_ions_23_Smith_meoh, grey: peg no_ions_23_53A6_OF-

_meoh, purple: peg_caso_23_53A6, turquoise: peg_caso_23_Smith.

Figure 4 : Radial distribution functions g(r) for the simulation of «,w -dimethoxypoly-

ethylene glycol (n = 23) in calcium sulfate solutions: black: peg_caso_23_53A6
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at 278 K, red: peg_caso_23_53A6 at 313 K, green: peg_caso_23_53A6_OFE at 278
K. The four plots show the g(7) between calcium and sulfate oxygen atoms (A),
calcium and water oxygen (OW) atoms (B), sulfate and water oxygen atoms

(C), and water oxygen atoms and solute oxygen (OE) atoms (D).

Figure 5 : Distance distributions d(0;-0;4,) for different separations (n = 2 (A), n =
4 (B),n=8 (C),n=12 (D), n = 18 (E), n =20 (F)) of solute oxygen atoms
along the solute chain for solvation in water and in methanol at 278 K and 313
K. Simulations: black: peg_no_ions_23_53A6, red: peg_no_ions_23_53A6_meoh,
blue: peg no_ions_23_OE, green: peg no_ions_23_Smith. Solid lines: 278 K,

dashed lines 313 K.

Figure 6 : Radii of gyration for the simulations of o,w -dimethoxypolyethylene glycol (n
= 46) (peg_no_ions 46 53A6) and polyethylene glycol cut into 2, 4, 9, and 16
pieces (peg_no_ions_46_lcut_53A6, peg no_ions_46_3cuts_53A6, peg no_ions_46-
_8cuts_H3A6, peg no_ions_46_15cuts_53A6, peg_oh_no_ions_46_8cuts_53A6, peg_oh-

_no_ions_46_15cuts_53A6) at 278 K and 313 K.
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