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Neutron diffraction with isotopic substitution has been used to investigate aqueous solutions of 2M NaOH
in the liquid state. The data were modeled using empirical potential structure refinement which allows for the
extraction of the ion-water and water-water correlations. The data show that the ion-water radial distribution
functions are in accordance with those found by previous studies on NaOH solutions and follow a trend which
is dependent on the concentration of the solute. In particular, the shape of the hydroxide hydration shell is
found to be concentration independent, but the number of water molecules occupying this shell increases with
dilution. Additionally, the water-water correlations show that there is still a measurable effect on water struc-

ture with the addition of ions at this concentration, as the second shell in the water oxygen radial distribution
function is compressed relative to the first shell. The data are also used to discuss the recent claims that the
published radial distribution functions of water are unreliable, showing that data taken at different neutron
sources, with different diffraction geometry and systematic errors lead to the same structural information when

analyzed via a realistic modeling regime.

DOLI: 10.1103/PhysRevB.74.094201

I. INTRODUCTION

Given the importance of electrolytic solutions in many
biological, chemical, and industrial processes there is not yet
full accordance on the extent to which ions may influence the
structure of water.! A variety of hydroxides in aqueous solu-
tions have been recently studied using neutron diffraction
combined with empirical potential structure refinement
(EPSR) computational modeling.>"* Both the effect of con-
centration and cationic size (Li, Na, K) have been investi-
gated, but only in highly concentrated solutions, ranging
from 4M to 12M. In those studies, the hydration shell around
the hydroxide ion was experimentally determined. The shape
of this hydration shell was found to be independent of the
concentration of the ion, although the number of water mol-
ecules occupying this shell was concentration dependent.
Additionally, a concentration dependent shortening of the
second neighbor water-water distance due to the presence of
the ionic charges was observed at concentrations higher than
4M where all water molecules in the solution are engaged in
the first hydration shells of ions. In order to understand
whether this disturbance to the water structure affects the
molecules in the second hydration shell as well as those in
the first hydration shell, it is important to study solutions at
lower concentrations.

Here we report neutron diffraction experiments on a 2M
NaOH/H,0 solution, corresponding to about 1 solute mol-
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ecule per 28 water molecules, which utilize the technique of
hydrogen isotope substitution to vary the diffraction contrast
for the hydrogen atoms, combined with empirical potential
structure refinement (EPSR) modeling. At this concentration,
not only are both ions fully hydrated but there is also a
sufficient number of water molecules present to ensure that
there are water molecules present beyond the first hydration
shells.

The measurements reported here can be distinguished
from the previous data in that they were measured on a dif-
ferent diffractometer at a steady state reactor neutron source
(the D4c diffractometer at the Institut Laue Langevin,
France), compared to the previous data which were measured
on the SANDALS diffractometer at the ISIS pulsed neutron
source, U.K. These two different techniques of neutron dif-
fraction, the former fixed energy and angle dispersive, the
latter fixed angle and energy dispersive, lead to quite differ-
ent inelastic responses from materials containing hydrogen.
As a result the corrections for these inelastic responses are
different, so these data are invaluable not only in their ability
to provide further insight into the solvation of sodium hy-
droxide in aqueous solution, but also to provide a reliability
check on the interpretation of data collected at different neu-
tron sources, using angle dispersive versus energy dispersive
diffraction, with different sample containment and sizes, and
subsequently modeled using EPSR.

This has particular relevance in regard to a recent study
which, by using reverse Monte Carlo simulation (RMC),
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came to the conclusion that widely different radial distribu-
tion functions (RDFs) could be extracted from analogous
neutron diffraction data on pure water.>® In that work the
reliability of published RDFs of water was called into ques-
tion, and it was stated at the end of the paper that “a defini-
tive set of partial pair correlation functions...of liquid water
may remain hidden for long.” It was also stated in that work
that “a method is needed that could characterize/quantify the
reliability of a given measurement.”> Given the different
source of the data reported here compared to our previous
published results on the NaOH-water system, it would seem
that the present data provide an excellent opportunity to
characterize and quantify the reliability of the measurements.

II. THEORETICAL BACKGROUND
A. Neutron diffraction

Neutron diffraction augmented by H/D substitution is the
premier technique by which the structure of hydrogen con-
taining liquids can be determined.”"'# This is largely due to
the fact that hydrogen and deuterium give rise to different
scattering intensities when probed by neutrons. In addition,
and unlike x-ray scattering, both isotopes have scattering in-
tensities of the same order of magnitude as heavier ele-
ments.'> The quantity obtained, after appropriate correc-
tions,'® in a neutron diffraction experiment is the interference
differential scattering cross section, F(Q), which is defined

as

F(Q)= X (2-8.9cacpbabdSap@) 11, (1)

af=a

where Q is the magnitude of the change in wave vector by
the scattered neutrons, Q=41 sin 6/\, c, is the atomic frac-
tion, and b,, is the scattering length of isotope a. F(Q) is the
neutron weighted sum of the Faber-Ziman partial structure
factors, S,5(Q), weighted by their composition and scattering
intensity. S,5(Q) is in turn related to the corresponding site-
site radial distribution function RDF [g,4(r)] via

Sus(0) = ‘% f Heus() — Usin(@Pdr.  (2)

where p is the atomic number density of the sample.

The object of the neutron diffraction experiment with iso-
tope substitution is to vary the scattering contrast in (1) by
substituting different isotopes for some or all of the atoms
and so produce a set of diffraction patterns in which different
partial structure factors have different weights. Then if the
isotope substitutions are chosen carefully some or all of the
partial structure factors can be extracted in favorable cases
by inverting the scattering matrix,!” to yield partial structure
factors or composite partial structure factors as in the previ-
ous work.>* However in the present work the extraction of
partial structure factors has not been performed, but instead
we model the interference differential cross section, (1), di-
rectly and then use the model to extract the relevant site-site
radial distribution functions.

In order to understand the average local structure of a
liquid, g,g(r) can be integrated over a specified distance
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range to give the coordination number of atoms B around «
atoms between two distances, r; and r,, as

r
ng(r) = 47TCBpf galg(r)rzdr. (3)

1

B. EPSR

Empirical potential structure refinement (EPSR) was used
to model the collected diffraction data. EPSR is a computa-
tional device created for modeling disordered materials such
as liquids and glasses,'®!” which allows a three-dimensional
model to be constructed that is consistent with a set of one-
dimensional structure factor measurements. EPSR begins
with a standard Monte Carlo simulation using an initial ref-
erence potential consisting of an intramolecular harmonic
potential to define the geometry of the molecules being mod-
eled, and an intermolecular potential, which in this case con-
sisted of Lennard-Jones 12-6 potentials with appropriate
Coulomb potentials for the site-site interactions. This refer-
ence potential is used to generate a starting configuration of
molecules. EPSR then iteratively introduces a perturbation to
this reference potential to obtain the best possible agreement
between the computed and experimental structure factors. As
is the case with RMC,> EPSR provides a molecular ensemble
which is consistent with the measured diffraction data, but it
does not a priori guarantee a unique model for the structure
of the liquid in question. There may be several distinct struc-
tures which give equally reasonable agreement between data
and simulation.

By definition, ambiguities can only be removed by intro-
ducing as much known information into the problem as pos-
sible. In the present instance, for example, as the intramo-
lecular structure of a water molecule is well known it is not
necessary to rely solely on the diffraction data to provide this
information given that the intramolecular water distances and
standard deviations about these distances are well character-
ized by other measurements and calculations. However the
diffraction data might help to refine that structure. Equally it
seems fairly plausible in the present case that the Na and OH
ions in solution will have charges, and that the water mol-
ecules will form hydrogen bonds with each other and with
the ions. All this information can be built into the reference
potential energy function at the outset. If the assumptions in
this prior information are incorrect, a satisfactory fit to the
data may still be obtained but, as stated above, obtaining a
satisfactory fit to the diffraction data does not necessarily
guarantee that the structure obtained is correct as there may
be structural features which are not well measured using neu-
tron diffraction. For example if the charges on the ions in the
EPSR simulation were removed and the water molecules
were prevented from forming hydrogen bonds, though a sat-
isfactory fit to the diffraction data might be obtained, the
resultant model would be physically meaningless as most of
the known physics of the problem in question would have
been ignored.

In this regard it is important to be quite clear about the
technical distinctions between EPSR and RMC. Although in
principle they are closely analogous, the two techniques are
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in fact approaching the problem from two rather different
viewpoints. EPSR attempts to assume as much prior infor-
mation as possible, in the hope that by pinning down the
uncertainties at the outset, one has less chance of developing
spurious or incorrect structures. RMC on the other hand, as a
general rule, is attempting to assume as little as possible
prior information about the structure of the system before
structure refinement,”>?! and in that sense will produce the
most disordered structure consistent with the data. The RMC
method works well for many atomic liquids and glasses,
where the local structure is well defined by pair correlations.
However when investigating molecular liquids, this approach
runs into difficulties, because the pair approximation is not
usually an adequate assumption in those cases. Molecules are
governed by complex, many body forces, which in general
cannot be defined purely by pairwise additive correlations as
there are almost always significant overlaps between in-
tramolecular and intermolecular distances.

When modeling a molecular fluid with RMC, it is usual
to define molecules via a series of coordination con-
straints,>!322 to account for intramolecular bonds. Such
“square well” interactions are highly unphysical since the
near neighbor intramolecular forces are believed to be quasi-
harmonic in form, and the resulting atom-atom intramolecu-
lar distribution functions are Gaussian in nature.”? Further-
more in RMC the only constraint on atomic overlap is a hard
sphere potential which prevents atoms lying on top of one
another. Yet in water it is widely believed that water mol-
ecules interact via hydrogen bonds. These hydrogen bonds
produce attractive and repulsive forces in different directions
and depending on the orientation of neighboring molecules.
Therefore if the model specifically ignores hydrogen bond-
ing, it is not surprising if the result consists of widely variant
structures which are strongly dependent on the particular set
of data being analyzed. This is because for molecular sys-
tems the one-dimensional diffraction data by themselves,
where only the pairwise interactions are directly measured,
do not contain all the necessary information to characterize
the full three-dimensional and orientational structure, even in
the rare instance that a full set of partial structure factors can
be extracted. This point has been discussed extensively by
many authors—see, for example, the discussion in Gray and
Gubbins,?* and the point was also proven in a recent test.”
Additionally, another recent work?® studied pure heavy water
under extreme pressures and temperatures, but nonetheless
useful data on the site-site RDFs were extracted because the
structural model assumed at the outset that the water mol-
ecules had a specified structure and that hydrogen bonding
would occur between them. Without those assumptions, the
outcome of the structure refinement would have been mean-
ingless. Hence RMC cannot be expected to give meaningful
results when used to interpret molecular diffraction data
without constraints, since in general it ignores fundamental
aspects of the intermolecular forces that might be present
right from the outset. On the other hand when refining a
structure without assuming prior information, RMC can be
very helpful in identifying structural aspects of the system to
which the data are truly sensitive.
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TABLE I. Samples measured by neutron diftraction and the ap-
propriate sample size for each measurement.

Sample size

Sample Composition (nm)
1 2M NaOH in H,O 2.40
1 2M NaOH,,D,, in HDO 4.10
11T 2M NaOD in D,O 4.10

III. EXPERIMENTAL AND MODELING PROCEDURES

Ultra-pure NaOH (99.99%), 40 wt. % NaOD/D,0, and
D,0 (99.8%) were purchased from Sigma-Aldrich Chemical
Company and were used without further purification. The
NaOD solution was diluted to the appropriate concentration
with D,0. The samples measured are listed in Table I where
in each case the concentrations of the solution were 2M giv-
ing the composition of ~1:28 NaOH:H,O molecules. The
samples were measured in cylindrical containers constructed
from a null Ti/Zr alloy. The use of this alloy allows for
minimal coherent scattering from the sample container lead-
ing to a more tractable data analysis for the samples them-
selves. In addition each of the containers was lined with
0.05 mm wall thickness PTFE® tubing. Each sample con-
tainer has a 1 mm wall thickness and the internal sample
diameter of each sample is listed in Table I. Note the differ-
ent sample geometry used in this work compared to the pre-
vious work on hydroxide solutions.>*?’

The neutron diffraction data were collected on the D4c
diffractometer on the high flux reactor source at the Institut
Laue Langevin in Grenoble, France. Measurements were
taken for each of the samples as well as for the empty sample
containers in order to ensure an effective background sub-
traction. The raw data for the NaOH solutions (Table I) have
been converted to the structure factor, after correcting for
absorption, multiple scattering, and inelasticity effects, by
using a program, Gudrun, which is a new version of the
previous ATLAS suite of programs available at ISIS.! In the
diffraction pattern the level of do/d() was checked after the
application of corrections by comparison with theoretical
values based on the known density and composition of the
sample in question.'> In each case the level of scatter was
below the expected level, likely due to machining uncertain-
ties on the interior of the sample container given the PTFE®
liners. For this reason in each diffraction pattern the effective
thickness of each sample was adjusted until the scattering
level was within 1% of the expected value at low Q values.

The EPSR model was begun by building a box of mol-
ecules at the appropriate density, namely 0.1 atoms A~3,
which contained 20 Na*, 20 OH™ ions, and 560 water mol-
ecules. The starting potentials used for the EPSR fits to the
data are listed in Table II where the potentials for NaOH
were taken from Botti et al.®> and the SPC/E potentials were
used for water.?® O,, and H,, refer to the oxygen and hydro-
gen atoms on the water molecule, respectively. The potential
parameters for Na* and OH™ were chosen to ensure that the
charge on the H site in the OH™ ion is identical to the charge
on the hydrogen site in water H,,. The other parameters for
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TABLE II. EPSR reference potentials for fits to the neutron
diffraction data.

Atom e (kJ-mol™) o (A) q.
0O, 0.65 3.166 -0.8476
H,, 0.0 0.0 0.4238
Na 0.125 2.5 0.6791

O 0.87864 2.96 —1.0290
H 0.184 1.443 0.42380

NaOH have subsequently been adjusted accordingly to not
only to charge balance the system but also to drive the simu-
lation towards a good fit. Nevertheless a good fit can also be
achieved by using a different parameter set, given that EPSR
can compensate for small differences in the starting reference
potentials and empirical potential, provided that the refer-
ence potential is reasonably realistic. It should be noted that
the three measured data sets were simultaneously fit by one
EPSR model.

IV. RESULTS

The measured diffraction data F(Q) along with the EPSR
fits to the data are shown in Fig. 1. The EPSR fits to the data
are excellent in each case except at low Q (Q<2.0 A~ in
the hydrogen containing samples (I and II) where the back-
ground and inelasticity corrections to the data are most dif-
ficult to remove. The diffraction data are the sum of all of the
partial structure factors for each atom-atom interaction and it
is not possible to extract each individual structure factor and
thereby atom-atom correlations from measurement of the
data alone. However from the EPSR model it is possible to
extract each of the individual site-site radial distribution
functions (RDF’s) and in the present study the RDF’s rel-
evant to the discussion below are shown.

A. Water structure

Figure 2 shows the RDF’s for the water-water interactions
in the NaOH/H,O system compared with those from pure
water, and Table III shows the respective coordination num-
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10 . 15 20 25
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FIG. 1. Measured diffraction data (circles) and subsequent
EPSR fits to the data (solid line) for (I) 2M NaOH in H,0, (II) 2M
NaOH1/2D1/2 in HDO (+05), and (III) 2M NaOD in D20
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FIG. 2. Water-water RDF’s from the EPSR fits 28:1 NaOH:wa-
ter data (circles) compared with water-water RDF’s for pure water
(lines) (Ref. 7).

bers for these functions.” In each of the three RDF’s the first
peak has become broader and shorter upon the addition of
NaOH. In the go,0.(r) function the first nearest neighbor
distance (2.8 A) is not affected by the presence of the ions.
However the second nearest neighbor peak maximum is at a
shorter distance than in the case of pure water, specifically,
this peak shortens by 0.3+0.1 A upon the addition of NaOH.
Figure 3 shows a comparison between the gq,,0,,(r) function
from the present study (Fig. 2), compared with the same
function for higher concentration solutions measured
previously.>* It is clear from this figure that the second peak
position shortens at higher concentrations and moreover that
this shift is concentration dependent, with the shortest dis-
tance being seen in the 12M concentration. The shortening of
this peak is similar to the effect seen in pure water under

TABLE III. Coordination numbers for the water radial distribu-
tion functions for the NaOH/water system and pure water (Ref. 7).

ng(") ng(") rnﬂlin

RDF water NaOH/water (A)
ngOW(r) "’45—5 42 336
8oww(r) ~1.8 1.6 2.37
gHwHw(r) ~4-5 4.1 2.85
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FIG. 3. go,0.(r) functions for pure water (Ref. 7) and different

concentration NaOH/H,O solutions (4M and 12M are taken from
Ref. 3).

pressure.'$%° Figure 4 shows the equivalent pressure which
needs to be applied to pure water in order to obtain the same
shift in the peak position. Structurally, there is little differ-
ence between the water-water correlations in the 2M electro-
lytic solution under ambient pressure and pure water under a
pressure of ~100 MPa.39 Moreover, the net electrostrictive
pressure on water molecules increases with increasing con-
centration of ions,* until the number of water molecules is
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FIG. 4. Equivalent pressures for different NaOH solutions vs
molarity calculated according to Ref. 2; the 2M solution is com-
pared with points obtained from Ref. 3.
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FIG. 5. Na*-water RDF’s from the EPSR fits to the diffraction
data.

unable to fully hydrate all the ions present in the solution at
which point the pressure reaches a plateau. It should be noted
that the 12M concentration is quite concentrated and as such
there are insufficient water molecules present to solvate each
ion.

B. Ion-water interactions

Figure 5 shows the RDF’s from the EPSR fits to the data
for the Na*-water interactions and Table IV shows the coor-
dination numbers for these functions. The first peak in
gnaow(r) is located at ~2.4 A, while the first peak in
gnarn(r) is around 3.0 A, similar to the previously reported
4M solution. In the higher concentration solutions
(4M —12M) there was a small feature present in the gy, (7)
function before the main peak at 3 A which increased in
intensity with increasing molarity. This peak was attributed
to water molecules being shared between the two hydration
shells, namely the OH™ first hydration shell and the Na* first
hydration shell as a result of the high concentration. This
peak is completely absent when the solution is diluted to 2M;;
implying that each ion is fully hydrated.

Figure 6 shows the RDF’s from the EPSR fits to the data
for the hydroxide-water interactions and Table V shows the

TABLE IV. Coordination numbers for Na*-water RDF’s.

RDF ng(r) T'min (A)
gNan(r) 5.3 324
gNan(r) 15.2 3.87
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FIG. 6. OH -water RDF’s from EPSR fits to the data.

coordination numbers for these functions. The first peak in
2oow(r) appears at 2.3 A while the second peak is located at
~4.4 A. The coordination number for the first peak is 4.2
(Table V) showing a higher coordination than is seen in the
more concentrated solutions where the coordination number
of the first peak in the ggo,,(r) function varies from 3.9 at
4M to 2.9 at 12M. Additionally there is a small feature
present in this function between the two primary peaks at
approximately 3 A. The coordination number indicates there
is one water molecule present at this location. This water
molecule contributes to the intensity of the broad peak in the
g1on(r) function, starting from 2 A, which can be attributed
to the hydrogen bonding distance between hydroxide hydro-
gen and the water oxygen (O,,). This hydrogen bond is weak,
as was shown in the previous studies,* given its distance,
compared to the hydrogen bond length seen in water.'8

V. DISCUSSION

In the results presented here we have deliberately re-
frained from repeating material already published in the pre-
vious papers in this series, unless it is pertinent to the present
discussion. For example the spatial density function of water
around the hydroxide ion is not shown in the present work
though this function is similar to what has been shown pre-

TABLE V. Coordination numbers for water-OH-RDF’s.

RDF ng(r) Tmin (A)
goow(r) 4.2 2.82
5.2 33
grow(r) 7.4 3.69
gomw(r) 4.1 2.10
9.9 3.15
graw(7) 5.9 2.58
19.8 4.05
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viously. What is of primary importance here is that the
present solutions contain a lower concentration of sodium
hydroxide than has been measured previously. Additionally,
the data in the present study were measured on a different
neutron source with angle dispersive neutron diffraction in-
stead of energy dispersive neutron diffraction, and are none-
theless consistent with the previous data measured. Also, in
this case the F(Q) diffraction data have been fitted by the
EPSR model as opposed to the composite partial structure
factors in the previous studies on these systems.* However,
it has recently been shown that both of these functions can be
fit with equivalent accuracy, and lead to equivalent structural
conclusions.?! Moreover, the EPSR model of the diffraction
data shows trends with increasing dilution which are consis-
tent with the previous results on the NaOH in aqueous solu-
tion. In particular, the effect of reduced electrostriction in
these more dilute solutions can be clearly seen (Figs. 3 and
4), a trend which is closely mirrored in a first principles
computer simulation study of hydroxide ions in solution.*?
The trend in hydroxide hydration with increased dilution is
towards larger coordination numbers, rather than smaller co-
ordination numbers as has been predicted in some cases.’33*
This therefore reinforces the ideas of Tuckerman et al.®
based on ab initio simulations that the nature of proton ex-
change with a hydroxide ion is different compared to the
proton in solution, and does not follow the traditional view
that the two types of exchange should be symmetric with
each other, involving just three water molecules around both
hydroxide or hydrogen ion.3%3*

A second feature of this study is that in spite of the dif-
ferent data correction regimes between the two types of neu-
tron diffraction techniques,'” the outcome after empirical po-
tential structure refinement is quite consistent with previous
analyses on similar solutions. This is in contradistinction to
the analysis of Pusztai,> which concluded after RMC simu-
lation that a range of quite different site-site RDFs might be
consistent with the available diffraction data on pure water.
The obvious difference between the previous RMC anal-
yses>0 and the present EPSR analysis is the reference poten-
tial which in RMC contains limited prior information about
both the molecular structure and the interactions between
molecules. In fact in our earlier study of pure water we
deliberately omitted one or more of the diffraction data sets
for the structure refinement, and found that unless the hydro-
gen bonding interaction was included in the reference poten-
tial, attempting to refine the structure with only one or two
data sets could indeed lead to spurious results. This does not
negate the structure refinement method but rather reinforces
it. Structure refinement in such cases serves to provide infor-
mation on the dependency of the diffraction data on the site-
site RDF’s.

It is undoubtedly true that most neutron diffraction data,
particularly those from materials containing hydrogen, are
subject to systematic uncertainties. These are believed to
arise primarily from the inelastic response of the material to
collisions with the neutron. The theory of neutron scattering
states that these inelasticity effects will appear as a back-
ground to the interference diffraction pattern being sought,!”
Eq. (1) and Fig. 1. Since they are not structural in origin,
they are generally unlikely to be fit by a structural model of
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the system. For pulsed neutron diffraction the inelasticity
effects appear mostly as a rise in the scattering at small Q
(0<2 A™"). In fixed incident energy, angle dispersive, neu-
tron diffraction data these effects appear as a very marked
fall off in the scattering level at high scattering angles. Cur-
rently it is difficult or impossible to estimate these inelastic-
ity effects with sufficient accuracy to be able to remove them
quantitatively, and typically the procedure is to use a poly-
nomial or equivalent expression to remove the main inelastic
contribution approximately, with the aim that any residual
inelastic scattering in the data will not cause an excessive
perturbation to the refined structural model. Here we have
used a completely different data set from a different source,
compared to the previous work on this system, and obtained
results that are clearly consistent with the previous analysis.
Since the inelastic contributions in the present work are dif-
ferent in nature to those of the earlier work, yet the outcomes
are similar, this lends support to the idea that EPSR with its
heavily constrained molecules and starting reference poten-
tials is able to extract useful structural information concern-
ing the local order in solution, even in the presence of sys-
tematic inelasticity effects in the data. Without these
constraining potentials and defined molecules, it is likely the
outcome would be far less certain as was demonstrated by
Pusztai.>®

VI. CONCLUSIONS

In comparison with more concentrated solutions of NaOH
previously measured by neutron diffraction,>* the number of
water molecules in the 2M NaOH solution is sufficient in
number to fully hydrate both ions as well as providing
enough molecules for a second hydration shell. The effect of
adding these ions to water results in a marked compression
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of the second shell towards the first and by comparison
with the analysis of the previously measured concentrations
shows that the degree of this compression is concentration
dependent.

The hydroxide ion hydration shell, as described by the
present data, confirms previous results,> namely that the first
hydration shell of water molecules directly bonded to the
hydroxide oxygen contains about four molecules at lower
concentrations and one water molecule weakly bonded to the
hydroxide hydrogen. This is particularly relevant because it
is known that the water molecule at this location plays a key
role in the transport mechanism of hydroxide ions in water,
as predicted by ab initio simulations.’ There is no sign of
the predicted decrease in this coordination number with in-
creasing dilution.>* The measurements presented here are in
agreement with the trends seen in the water-water correla-
tions and the solute-solvent interactions upon the addition of
NaOH to water in previous work. They demonstrate the con-
sistency not only of the experimental data on isotopomeric
samples collected on different diffraction sources but also of
the EPSR method itself. The previously reported concentra-
tions were collected at the ISIS spallation source with flat
plate sample geometry, while here the samples were of a
cylindrical shape and measured at a reactor source. This is
indicative that the structures of hydrogen containing fluids as
measured by neutron diffraction and when interpreted via a
realistic modeling regime are indeed reliable.
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