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Abstract—Literature data on structure of coordination sphere of selected monoatomic cations in aqueous and
methanol solutions have been reviewed and compared. The following structural parameters have been
considered: coordination number, interparticle distances, the second coordination sphere features, and ionic
association type. It has been revealed that for doubly charged ions the parameters of the first coordination
sphere are similar in the both solvents. The second coordination sphere of the same cation consists of fewer
solvating molecules located farther from the ion in the case of methanol as compared to water.
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The structures of the nearest surrounding of most
hydrated monoatomic ions have been studied in detail
both theoretically and experimentally. However,
knowledge of the ions solvation in non-aqueous
solutions is limited. For example, the available
information is scanty in the case of solutions in
methanol, the simplest alcohol. The presence of
hydrophobic methyl group leads to changes of the bulk
solvent structure as compared to water, in particular, to
disappearance of the quasi-tetrahedral spacial organiza-
tion of hydrogen bonds [1]. In contrast to water, in the
case of methanol solutions the association of the
solvent leads to chains, rings, and small clusters of the
hydrogen-bonded alcohol molecules [2—4]. It is natural
that the nearest surrounding of the solvated ions in
water and in methanol solutions can be different.

This work aimed to collect the available data on
solvation of monoatomic cations in methanol solution
and to compare the coordination sphere structures with
those in aqueous solution. As the information on the
ions coordination in methanol solutions was limited,
only selected cations were considered; however, the
review was supposed to predict the structural param-
eters of the solvation spheres of some cations not
studied so far. The data on aqueous solutions to be
used for comparison was extracted from the reviews on
the corresponding cations.

In general, the structure of the nearest surrounding
of an ion in solution is determined by the interplay of
1on—ion, ion—solvent, and solvent—solvent interactions;
consequently, the changes of the pure solvent structure
will induce changes of the ion solvation sphere. As a
reasonable simplification, two effects may be resp-
onsible for the differences to be observed between
methanol and water. First, water molecules form stron-
ger hydrogen bonds than do methanol molecules; thus,
methanol coordination to an ion is energetically more
favorable, and the ion coordination number in
methanol solution may be higher than in water. On the
other hand, methanol molecules are larger; this may
sterically limit the coordination number of the ion in
methanol solution.

As the interaction between metal ions and methanol
carbon is relatively weak, and the carbon position is
usually not fixed, the interparticle distances discussed
below are related to the M""—O(CH;OH) distance, if
not stated otherwise.

Among alkali metal ions, the charge density of Li"
and Na' is the highest, they likely completely realize
the coordination ability in diluted aqueous solutions,
and they can hardly coordinate more of solvent
molecules in methanol solution than they do in the
excess of water. On the contrary, the charge density of
Rb" and Cs" may be insufficient to coordinate all the
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in the
their

geometrically available water molecules
solution; possibly, in methanol solutions
coordination number will increase.

Li" solvation sphere. The coordination number of
Li" in methanol was assumed to be four from the IR
and NMR data [5, 6]. That was later confirmed directly
from MS study of Lil clusters: it was found that in the
most stable clusters methanol molecules were aligned
symmetrically around the cation. When the number of
methanol molecules reached four, the Li'—I" distance
increased sharply, and the ion pair separated [7].

The concentrated solutions of LiBr (25 mol %) and
Lil (33 mol %) in methanol were studied by neutron
diffraction [8]. The following parameters were
extracted: #(Li—O) = 0.197£0.005 nm and N
(coordination number) = 3.0+0.5 (LiBr), #(Li'—0) =
0.193+0.005 nm and N = 1.8+0.5 (Lil). It was assumed
that one or two sites in the cation coordination sphere
could be occupied by the anions. The ab initio
calculations also revealed that in the case of Li
(CH50H),, (n = 1-5) clusters in the gas phase the first
coordination sphere of the cation included only four
methanol molecules [9], while the fifth molecule was
expelled to the second coordination sphere. However,
the above-mentioned findings contradicted with X-ray
diffraction data [10]: for lithium salt solution in
methanol it was determined that with increasing the
salt concentration from 1 to 6 mol/L, the number of
Li'—O coordinations was decreased from 5.9+0.1 to
1.5£0.1 (LiCl) and from 6.2+0.1 to 4.8+0.1 (Lil).
Thus, the coordination number of Li" in diluted
methanol solutions was concluded to be six. The
interatomic distances in the studied solutions were as
follows: 7(Li—0) = 0.206 nm and #(Li'—C) = 0.270 nm
in the case of LiCl, n(Li'—O) = 0.197 nm and
#(Li—C) = 0.290 nm in the case of Lil. The ion
associates were formed in more concentrated solutions.
The results of some other studies of lithium salts in
methanol are summarized in Table 1.

The ion association effect was also examined in
other studies [11, 12]. By means of MS, it was found
that the number of methanol molecules coordinated to
Li" was higher in the case of Lil than in the case of
LiCl; that was explained by weaker interaction
between Li" and I that made the solvation with
methanol more favorable. Furthermore, the coordina-
tion number up to six was confirmed in those reports.

Thus, from the reference data it followed that Li"
could coordinate four to six molecules of methanol in
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the first coordination sphere, the distances being in the
range of #(Li'—0) = 0.190-0.207 nm. The second
coordination sphere was observed as well, consisting
of four methanol molecules located at #(Li'—Oy) =
0.420 nm. It could be assumed that in the diluted
solutions the number of methanol molecules in the
second coordination sphere could be up to six. The ion
association was typical for the lithium salts solution in
methanol.

In the aqueous solutions [13], Li" coordinated four
water molecules located at » = 0.195-0.22 nm in the
first coordination sphere; N(Li") could be increased to
six in diluted solutions. Even in the concentrated
solutions, the second coordination sphere was formed
around Li" at the distance of 0.405-0.415 nm. The
number of water molecules was increasing upon
dilution, finally reaching 12. Li" ions did not form ion
associates in dilute solutions; however, depending on
the counterion nature, the solvent separated or contact
ion pairs could be formed in the concentrated solutions.

The following conclusions were made from the
comparison of Li" solvation in aqueous and methanol
solutions.

The coordination number of the cation was the
same in aqueous or methanol media. Noteworthily, this
was also stated basing on the chemical shift analysis
[14].

The distance to the molecules of the first
coordination sphere #(Li'—O) was slightly shorter in
the case of methanol, however, the difference was
within the accuracy of the reported data.

The second coordination sphere consisted of fewer
solvent molecules in the case of methanol as compared
to water. This was in line with the number of hydrogen
bonds formed by methanol molecule (2) as compared
to that in the case of water (4). The solvent molecules
forming the second coordination sphere were located
farther from the cation in the case of methanol
solutions, due to larger volume of methanol.

The ion pairs formation was favorable in methanol,
due to about twice smaller dielectric constant of it as
compared to water.

Na" solvation sphere. The Monte Carlo simulation
of the 1 Na" — 127 CH;0H system revealed six alcohol
molecules in the nearest surrounding of the ion at the
distance of 0.235 nm [15]. It was assumed that the
second coordination sphere consisted of six methanol
molecules as well. The solvation number of six was
confirmed by IR spectroscopy [6] and by the Monte
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Table 1. Structural parameters of the nearest surrounding of alkali metal ions in methanol

System Method Coordination r(M'—0), nm References
number N
Li'~127CH;0H* Molecular dynamics 4 0.190 [16]
Li'-25CH;0H Molecular dynamics 4 0.200 [17]
Li™—225CH;0H Molecular dynamics 4.2 [18]
Na'-127CH;0OH" Monte Carlo 6 0.235 [19]
0.6 mol/L NaCl Molecular dynamics 6 [20]
Na'-215CH;0H Monte Carlo 5.6 [21,22]
Na'-255CH;0H Monte Carlo 6 0.25 [23]
16NaCl-400CH;0H Molecular dynamics 6 0.245 nm [24]
Na'-225CH;0H Molecular dynamics 5.66 [18]
Na'-25CH;0H Molecular dynamics 5 0.240 [25]
K'-255CH;0H Monte Carlo 6.1 0.27 [23]
K'-225CH;0H Molecular dynamics 6.09 [18]
K*-25CH;0H Molecular dynamics 5.41 0.270 [25]

® Ny =4, (M™—Oy)) = 0.420 nm; ® Ny = 6, (M"—=Oy)) = 0.450 nm.

Carlo simulation of the Na'(CH;O0H), (n = 3-25)
clusters in the gas phase [26]. No hydrogen bonding
was found between methanol molecules in the first
coordination sphere. Theoretical study gave the
coordination number of Na“ in methanol of 5.5, the
distance to coordinated molecules being of 0.255 nm
[27]. From molecular dynamics study [28], the
coordination number of Na’ equaled 6, and the
distance to the coordination sphere equaled 0.232 nm
in the case of the system 8 Na” — 8 CI” — 400 solvent
molecules, the solvent being a mixture of water and
methanol. As commented in [29], the introduction of
chloride only influenced the ions solvation state but
had no effect on the bulky solvent structure. Six
molecules of methanol was found to be the limiting
coordination number of sodium ion in the study of the
Na'(CH;0H), clusters [30]. Molecular dynamics
simulation of the 1 Na" — 25 CH;0H system showed
that the average coordination number of the cation was
of 4.4 with »(Na'—O) = 0.237 nm [31], the decrease of
the coordination number being assigned to larger
volume of methanol. The peak corresponding to the
second coordination sphere was observed at r =
0.450 nm; however, its discussion was missing in the
paper. Some other results are summarized in Table 1.

Thus, basing on the above-mentioned results, the
nearest surrounding of Na' in methanol consisted of
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4.4-6 coordinated solvent molecules at a distance of
r(Na'—Oy) = 0.232-0.255 nm. The second coordination
sphere included 6 methanol molecules located at a
distance of 7(Na'—Oy) = 0.450 nm.

According to [32], in the concentrated aqueous
solutions the coordination number of Na™ equaled four,
and the dilution increased N to six. The distance to the
coordinated water molecules was practically in-
dependent of dilution, » = 0.230-0.245 nm. The second
coordination sphere of Na' ion was revealed in the
diluted solutions, at a distance of » = 0.410-0.420 nm.
The number of water molecules (up to 12) depended
on the dilution and on the counterion type. The ion
pairs were only formed in the concentrated solutions.

Thus, from the comparison of water and methanol
solutions of sodium salts it followed: (1) the first
coordination spheres were similar; (2) the second
coordination sphere consisted of less molecules in the
case of methanol, and the number of alcohol molecules
in the second coordination sphere did not exceed that
in the first sphere; (3) the distance to the second
coordination sphere was longer in the case of methanol
due to steric factor.

K" solvation sphere. In the theoretical study [27]
the coordination sphere of K in methanol was found
to consist of 6.0 solvent molecules located at a distance
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of 0.295 nm. In the study of the M(CH3;0H); clusters
(M =Li", Na', or K") it was confirmed that Na" and K"
accommodated more of methanol molecules than did
Li", and that the second coordination sphere was
absent in the case of K [33]. From acoustic and
synchrotron annihilation studies of KI solutions in
methanol, the coordination number of K* equaled five
[34]. Results of other studies are collected in Table 1.

In the aqueous solution, the relatively unstable first
coordination sphere was formed by K" at a distance of
0.28-0.29 nm [35]. The cation coordination number
likely equaled 8 or 6. The second sphere formation was
not typical for K', whereas both contact and solvent
separated ion pairs were likely formed in potassium
salts aqueous solutions.

Evidently, at that point the clear comparison of K"
behavior in aqueous and methanol solutions could not
be made due to lack of information about methanol
solutions. It seemed that the distance to the
coordination sphere in water was somewhat longer; the
second coordination sphere was not formed in the both
solvents.

Cs" solvation sphere. IR studies of the Cs(CH;OH),,
n = 4-25 clusters in gas phase revealed ten methanol
molecules in the coordination sphere of Cs* [36, 37].
The Monte Carlo simulation of the same clusters
confirmed the coordination number of ten, and the
distance to the coordination sphere was of 0.310 nm
[37]. In the molecular dynamics study of the 1 Cs" —
225CH;0H system the cation coordination number
was of 6.82 [18].

In the aqueous solutions, the relatively unstable
first coordination sphere of Cs™ likely consisted of
eight water molecules at a distance of 0.300-0.320 nm
[35]. The coordination parameters were highly
condition-dependent; in particular, the number of
solvating water molecules was decreasing with
increasing salt concentration. The second coordination
sphere was absent in the case of Cs’. On the contrary,
formation of ion pairs with the counterions was
characteristic of Cs’, the type and quantity of the pairs
being dependent on the salt concentration and the
counterion nature. Although not well supported, it
seemed that Cs” coordination number towards methanol
was higher than that in the case of water.

Ag" solvation sphere. The solvation of Ag” with
methanol was studied in the gas phase, the most stable
complexes included three [38] or four [39] methanol
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molecules. However, the information on such
complexes was very limited; moreover, even the
hydration of Ag" was not studied in detail. Thus, the
comparison of coordination spheres of Ag' in water
and methanol solutions was hardly possible at that
point.

Cu”* solvation sphere. EXAFS spectroscopy study
revealed that Cu®* coordinated 3.8 methanol molecules
in the solution, they were located at equatorial
positions with » = 0.197 nm [40]. The distance to the
axial methanol molecules could not be determined. By
means of EXAFS and XANES spectroscopy it was
found that in 0.1 mol/L solution, Cu®*" ion was
surrounded by five methanol molecules forming a
square pyramid with r(Cuztoeq) = 0.195 nm and
r(Cu*"~0,) = 0.223 nm [41].

In the diluted water solutions, Cu®" coordinated six
molecules of water: four at the equatorial positions
with 7 = 0.196+0.004 nm and two at the axial positions
with » = 0.240+0.010 nm [42]. Ion pairs could be
formed in the copper(Il) salt solutions as well, they
were in the equilibrium with isolated hydrated cations.
The second coordination sphere was observed at r =
0.415+0.010 nm. Likely, no more than eight water
molecules could enter the second coordination sphere,
meaning that two water molecules were bound to each
of the equatorial water molecules of the first sphere.

Similar to the previously reported case of Ag',
. 2% . . .
comparison of Cu”" coordination in the aqueous and
methanol solutions could hardly be made at that point,
due to limited information available. However, the
distance to equatorial molecules was seemingly quite
similar in the both solvents cases.

As the charge density of the alkali earth metal ions
was higher than that of the alkali metal ions, the first
coordination spheres should be similar in water and in
methanol, the second sphere should accommodate less
of methanol molecules as compared to water, the
second sphere should be larger in methanol, and the
ion pairs should be readily formed in methanol
solutions.

Mg?* solvation sphere. X-ray diffraction studies
showed that six methanol molecules at 0.207 nm
formed a relatively rigid octahedron around Mg [43].
Some other related results are collected in Table 2.
From the data presented, Mg®" coordinated six
molecules of methanol in the solutions; the distance to
the coordinated solvent was of 0.200-0.215 nm. The
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formation of the second coordination sphere was
demonstrated in a single work: N = 7, r = 0.400 nm
[47].

The conductivity of MgCl, in methanol [44] and
ultrasound absorption by 0.2 mol/L Mg(ClOy), in
aqueous methanol [45] studies revealed formation of
the solvated ion pairs in those solutions.

In the aqueous solutions, Mg*" coordinated six
water molecules located at the average distance of
0.209-0.215 nm [46]. In diluted solutions, the second
coordination sphere was formed of 12 water molecules
located at » = 0.410 nm. Formation of solvent separated
ion pairs was possible in concentrated solutions.

Thus, the parameters of the first coordination
sphere of Mg”" were similar in aqueous and methanol
solutions. The second coordination sphere was formed
as well; however, its size in the case of methanol
solution [47] seemed underestimated, as it was hardly
possible that larger methanol molecules were located
closer to the central ion than the smaller water mole-
cules. The ions association was possible in the both
solvents, being more favorable in the case of methanol.

Ca®" solvation sphere. From the measurements of
sound velocity and viscosity of CaCl, in methanol, the
cation coordination number equaled 5.5 [48]. Accord-
ing to the molecular dynamics simulation of EXAFS
spectrum, Ca®" coordination number was of SiX,
r(Ca’*~0) = 0.240 nm [49]. X-ray diffraction studies
of CaCl, solutions in methanol [50] gave following
results. N decreased from 6 to 5.1 as the salt
concentration increased from 1 mol/L to 2 mol/L. It
was commented that coordination number can be
determined by X-ray diffraction only as quite
inaccurate values. The distance to the first coordination
sphere was of 0.239 nm. In the second coordination
sphere, at 7 = 0.455 nm, 11.2 (1 mol/L) and 9.2 (2 mol/L)
methanol molecules were located. In the 1 mol/L
solution, solvent separated ion pairs were detected,
whereas at 2 mol/L of the salt contact ion pairs were
formed with #(Ca*~Cl)) = 0270 nm. The same
solutions were then studied by means of neutron diffraction
and molecular dynamics [51]. The following param-
eters of the first coordination sphere were found: N =
6.10 and » = 0.245 nm (neutron diffraction, 1 mol/L),
N=5.50 and » = 0.243 nm (neutron diffraction, 2 mol/L),
N = 640 and » = 0.242 nm (molecular dynamics,
1 mol/L), N = 5.10 and r = 0.242 nm (molecular
dynamics, 2 mol/L). The second coordination sphere
consisted of 11.5 molecules at » = 0.487 nm (1 mol/L)
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and 9.6 molecules at » = 0.450 nm (2 mol/L). Molecular
dynamics simulation [52] revealed that about 40% of
the cations formed the contact ion pairs in 1 mol/L
solution of CaCl,. With the same method [53] it was
demonstrated that CaCl, addition to methanol had smaller
influence on the solvent structure than in the case of
water, however, the chains of methanol were broken.

From the molecular dynamics study of the 4CaCl, —
400 solvent molecules, the solvent being water—
methanol mixtures with varied components ratio, it
was shown that hydration of Ca®" was favorable over
solvation with methanol [54]. As water was substituted
with methanol, the cation coordination number
decreased from 10 to <8. Furthermore, transition of
methanol decreased the number of solvent molecules
in the cation second coordination sphere and increased
the distance to coordinated molecules. Methanol
molecules coordinated to Ca*" formed less than one
hydrogen bond with the neighboring molecules. Some
other results are summarized in Table 2.

Thus, in methanol solutions Ca®* coordinated 6 to
8 solvent molecules in the first sphere, r(Ca**—0) was
of 0.239-0.241 nm, the highest and the lowest value
being excluded. The second coordination sphere
consisted of 7-11.5 methanol molecules at » = 0.455—
0.487 nm. In contrast to the alkali metal ions (Li" and
Na"), in the cases of Mg®" and Ca*" the number of
methanol molecules in the second coordination sphere
was somewhat higher than that in the first sphere. This
meant that besides hydrogen-bonded methanol mole-
cules, additional solvent was included into the second
sphere. No interpretation of this phenomenon was found
in the referenced literature; possibly that was due to
increased role of the electrostatic interactions of methanol
with more charged alkali earth ions. Ca*" and CI°
formed solvent separated as well as contact ion pairs in
methanol solutions depending on the concentration.

In the diluted aqueous solutions, Ca*" coordinated
seven to eight water molecules, » being of 0.242—
0.246 nm [55]. The second coordination sphere was
formed by approximately 18 water molecules at » =
0.425-0.435 nm. In the concentrated solutions, water
was expelled from the second coordination sphere that
finally disappeared at high concentration of the salt.
Moreover, in the concentrated solutions even the
coordination number of the first sphere could decrease.
Ion association was possible as well with formation of
solvent separated or contact ion pairs.
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Table 2. Structural parameters of the nearest surrounding of Mg** and Ca”" in methanol

System Method Cﬁﬁfﬁ&?t]i\?n H(M**-0), nm References
0.6 mol/L MgCL,* XRD 6.4 206 [47]
Molecular dynamics 6.0 0.200
Mg*'—260CH;0H Monte Carlo 6 0.20 [56]
Mg**—40CH;0H Molecular dynamics 6 0.215 [57]
Ca*-260CH;0H Monte Carlo 7 0.23 [56]
0.25 mol/L CaClL,’ Molecular dynamics 7.6 0.247 [58]
Ca>—40CH;0H Molecular dynamics 6 0.240 [57]
0.05 mol/L CaCl,* Molecular dynamics 8 0.245 [52]
1.0 mol/L CaCl, 7.7 0.245
0.025, 0.2, 2.9 mol/L Molecular dynamics 6.0 0.240 [59]
CaCl, EXAFS 6.9 0.241

TNy =17, r(Mg*-Oy) = 0.400 nm. * ny; = 9.5, (Ca®>*—Oy) = 0.49 nm; ¢ Ny = 7, (Mg>~Oy) = 0.420 nm.

From the comparison of Ca*" behavior in aqueous
and methanol solutions it was clear that the first
coordination sphere was similar in the both solvents.
The second coordination sphere consisted of less of
solvent molecules in the case of methanol, and they
were located farther from the ion as compared with
water (Ar = 0.04 nm).

Sr** solvation sphere. As followed from EXAFS
results, in 0.1 mol/L solution of strontium trifluorome-
thanesulfonate 7(Sr*'—0) = 0.261 nm, »(Sr*'—H) =
0.316 nm, and +(Sr*~C) = 0.365 nm, the number of
respective interactions being of 7.2, 8, and 7.4 [60].
The Monte Carlo method revealed N =8 and » = 0.26 nm
for the 1 Sr*"— 260 CH;0H system [61].

In the diluted aqueous solutions, Sr*" coordinated
eight water molecules in the first sphere, » being of
0.260-0.265 nm [62]. The second coordination sphere
was formed as well at » = 0.491-0.496 nm, consisting
of 18-22 water molecules. Ion pairs were readily
formed by Sr*".

Basing on the Sr** behavior in aqueous solution and
on the above-deduced common trends, its structural
parameters in methanol could be predicted: 7-8 me-
thanol molecules coordinated in the first sphere at
H(Sr**—0) = 0.260 nm; 8 or slightly more methanol
molecules forming the second coordination sphere at
about 0.534 nm; association with counterions was very
likely.

Ba®" solvation sphere. According to the Monte
Carlo simulation of the 1 Ba*" — 260 CH;OH system,
N=9, (Ba**~0)=0.28 nm [61].

In the aqueous solution, the first coordination
sphere of Ba®" consisting of 9 water molecules was
located at » = 0.280-0.286 nm [62]. The second
coordination sphere was found at » = 0.500 nm; it
consisted of 24 water molecules in the diluted solution.
Ion pair formation occurred as well.

Similarly to the discussed above, Ba*" in methanol
solutions likely coordinated 9 alcohol molecules in the
first sphere located at about » = 0.280-0.286 nm. The
second coordination sphere would likely be composed
of 9 or somewhat more methanol molecules located at
r = 540 nm. Evidently, ion pairs should be formed in
methanol solutions.

From similar considerations and the knowledge on
aquatic complexes structure [46] the parameters of
Be”" cation nearest surrounding in methanol solutions
should be as follows: 4 methanol molecules in the first
coordination sphere, at 7 = 0.161-0.167 nm; 4—6 methanol
molecules in the second coordination sphere at
r = 0.410 nm; strong tendency to form ion pairs
depending on the concentration of salt and the nature
of anions. That in methanol solutions N(Be*") = 4, was
confirmed in studies of the corresponding solutions
thermodynamics [63, 64].
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Zn*" solvation sphere. By means of EXAFS spec-
troscopy, 6 solvent molecules were observed coor-
dinated to Zn>" in methanol solution, at » = 0.208 nm
[40]. Quantum-chemical simulation, molecular dynamics,
and EXAFS studies of diluted solution of zinc salt in
methanol [65] revealed that the first coordination
sphere consisted of six solvent molecules at » = 0.204
nm, being very similar to the first aquatic coordination
sphere of the same cation. The second coordination
sphere, located at » = 0.394 nm, consisted of six
methanol molecules as well. It was underlined that the
first coordination sphere in methanol was more
structured than in water, likely due to larger volume of
methanol molecule and thus less density of oxygen
atoms packing. The quantitative analysis of XANES
spectrum confirmed [66] that the structure of the
second coordination sphere was mostly determined by
the solvent—solvent interaction and bulk solvent structure.

In diluted and semi-concentrated aqueous solutions,
Zn*" first coordination sphere of six water molecules
formed an octahedron at » = 0.208-0.215 nm; the
second sphere of 12 water molecules was located at » =
0.420 nm. Ion association process was dependent of
the salt concentration and the anion nature.

Again, the similarity of the first coordination
spheres in water and in methanol was evident, whereas
the second spheres were different.

Ni** solvation sphere. As shown by neutron
diffraction with isotopic substitution, in 1 mol/L solu-
tions of NiCl, in methanol, the cation coordinated on
the average 3.7 methanol molecules and 0.8 chloride
ion; 7(Ni*'~0) = 0.207 nm, #(Ni*'~C) = 0.316, and
r(Ni**~Hp) = 0.262 nm [67]. The formation of the
second sphere was observed as well at » = 0.46 nm, it
consisted of 9.5 methanol molecules. The contact ion
pairs were formed in that solution as well, in contrast
to the case of aqueous solution (in water, no contact
associates were found at concentrations of up to
4.35 mol/L). EXAFS spectroscopy revealed coordina-
tion of six methanol molecules at 7 = 0.205 nm by Ni**
[40]. By neutron scattering from 1.4 mol/L solution of
NiCl, in methanol, five coordinated methanol
molecules were found along with one coordinated
chlorine; {Ni**—0) = 0.2057 nm, A(Ni*'—CI) = 0.2348 nm,
and r(Ni*'~Hp) = 0.2619 nm [68]. The ions were
associated much stronger than in the case of aqueous
solutions. The formation of contact ion pairs in the
same methanol solution was confirmed in [69]. Minor
amount of solvated linear ionic triplets CI—Ni*'—CI-
were observed.
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To sum up, in methanol Ni*" coordinated six
solvent molecules in the first sphere at » = 0.206 nm,
and approximately nine molecules in the second sphere
at » = 0.46 nm; contact ion pairs were observed even in
relatively diluted solutions. In aqueous solutions, the
first coordination sphere was exactly the same as in
methanol solution, whereas the second sphere
consisted of 12 water molecules at » = 0.410 nm; ion
pairs could be formed as well. Thus, comparison of
Ni*" behavior in the two solvents confirms the above-
made deductions.

Unfortunately, the quantitative descriptions of the
coordination of triply charged cations in methanol
solutions were practically absent. The reported studies
were mainly limited to the ion association evaluation
in the cases of lanthanide ions. For instance, the
ultrasound absorption was applied to study aqueous-
methanol solutions of erbium(III) chloride [70], nitrate
[71], and perchlorate [72]. In the cases of nitrate and
perchlorate anions, the ion associates formation was
accompanied with decrease of the coordination
number, whereas such effect was not observed in the
case of chloride. Similar studies of neodymium and
gadolinium chlorides (in 0.2 mol/L solutions) revealed
that the change of coordination number due to ion
association was dependent on the sizes of both cation
and anion [73]. In 1.95 mol/L lanthanum chloride
solution in methanol, the inner sphere associates
LaCl3(CH;OH)s with #(La’~-0) = 0.248 nm and
r(La**—Cl) = 0.295 nm were revealed by combination
of X-ray diffraction and NMR experiments [74]. From
NMR studies of the solutions in the mixed water—
methanol solvent it was concluded that with increasing
the ratio of alcohol in the mixture, formation of the
inner sphere La**—CI ion pairs was enhanced [75].

NMR studies of dysprosium chloride in methanol
revealed the coordination number of eight in the first
sphere: five solvent molecules and three chloride ions
[76]. Similar studies of dysprosium trifluoromethylsul-
fonate in methanol showed that only one or two of
anions were found in the first coordination sphere of
the cation along with the solvent molecules; rest of the
anions were located in the second sphere [77]. In the
aqueous solutions of the both dysprosium salts
mentioned above, the anions were never found in the
first coordination sphere [78].

In general, for triply charged cations the number of
molecules in the second coordination sphere could be
higher than that in the first sphere, due to additional
electrostatic interaction.
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To conclude, the first coordination sphere param-
eters were practically the same in aqueous and
methanol solutions as far as doubly charged cations,
Li", and Na" were considered; slightly higher number
of methanol molecules could be coordinated as
compared to water in the cases of Rb" and Cs'.
Similarity of the first coordination sphere in methanol
and water was also confirmed by EXAFS for Mn®",
Fe?" and Co®" ions [40]. In the cases of alkali metal
ions, the number of methanol molecules in the second
sphere was no more than that in the first sphere;
however, with increasing the cation charge, the
difference of N,,q and Nig would likely increase. The
distance to methanol molecules coordinated in the
second sphere was longer than that in the case of water.
The tendency to form ion associates was more
pronounced in methanol solutions.

REFERENCES

1. Kutepov, AM. (Ed.), Voda: struktura, sostoyanie,
sol’vatatsiya (Water: Structure, State, and Solvation).
Moscow: Nauka, 2003.

2. Guo, J.-H., Luo, Y., Auggustsson, A., Kashtanov, S.,
Rubensson, J.-E., Shuh, D.K., Agren, H., and Nordgren, J.,
Phys. Rev. Lett., 2003, vol. 91, no. 15, p. 157401.

3. Allison, S.K., Fox, J.P., Hargreaves, R., and Bates, S.P.,
Phys. Rev. (B), 2005, vol. 71, no. 2, p. 024201.

4. Ludwig, R., Chem. Phys. Chem., 2005, vol. 6, no. 7,
p. 1369.

5. Symons, M.C.R., J. Chem. Soc., Faraday Trans. I, 1983,
vol. 79, no 5, p. 1273.

6. Robinson, H.L. and Symons, M.C.R., J. Chem. Soc.,
Faraday Trans. I, 1985, vol. 81,n0 9, p. 2131.

7. Martin, T.P. and Bergmann, T., J. Phys. Chem., 1987,
vol. 91, no. 10, p. 2530.

8. Kameda, Y., Ebata, H., Usuki, T., and Uemura, O.,
Physica (B), 1995, vol. 213-214, P. 477.

9. Garcia-Muruais, A., Cabaleiro-Lago, E.M., Hermida-
Ramon, J.M., and Rios, M.A., Chem. Phys., 2000, vol. 254,
nos. 2-3, p. 109.

10. Megyes, T., Radnai, T., Grosz, T., and Palinkas G.,
J. Mol. Lig., 2002, vol. 101, nos. 1-3, p. 3.

11.Megyes, T., Radnai, T., and Wakisaka, A., J. Phys.
Chem. (4), 2002, vol. 106, no. 35, p. 8059.

12. Megyes, T., Radnai, T., and Wakisaka, A., J. Mol. Ligq.,
2003, vols. 103-104, p. 319.

13. Smirnov, P.R. and Trostin, V.N., Russ. J. Gen. Chem.,
2006, vol. 76, no. 2, p. 172.

14. Vogrin, F.J. and Malinowski, E.R., J. Am. Chem. Soc.,
1975, vol. 97, no. 17, p. 4876.

15.Jorgensen, W.L., Bigot, B., and Chandrasekhar, J.,
J. Am. Chem. Soc. 1982, vol. 104, no. 17, p. 4584.

SMIRNOV

16. Impey, R.W., Sprik, M., and Klein, M.L., J. Am. Chem.
Soc., 1987, vol. 109, no. 20, p. 5900.

17. Pagliai, M., Cardini, G., and Schettino, V., J. Phys.
Chem. (B), 2005, vol. 109, no. 15, p. 7475.

18. Chowdhuri, S., and Chandra, A., J. Chem. Phys., 2006,
vol. 124, no. 8, p. 084507.

19. Chandrasekhar, J. and Jorgensen, W.L., J. Chem. Phys.,
1982, vol. 77, no. 10, p. 5080.

20.Marx, D., Heinzinger, K., Palinkas, G., and Bako, I.
Z. Naturforsch. (4), 1991, vol. 46, no. 10, p. 887.

21.Sese, G., Guardia, E., and Padro, J.A., J. Chem. Phys.,
1996, vol. 105, no. 19, p. 8826.

22.Sese, G. and Padro, J.A., J. Chem. Phys., 1998, vol. 108,
no. 15, p. 6347.

23.Kim, H.S., J. Mol. Struct.: Theochem., 2001, vol. 540,
nos. 1-3, p. 79.

24. Hawlicka, E., and Swiatla-Wojcik, D., J. Phys. Chem.
(4), 2002, vol. 106, no. 7, p. 1336.

25.Faralli, C., Pagliai, M., Cardini, G., and Schettino, V.,
Theor. Chem. Acc., 2007, vol. 118, p. 417.

26.Selegue, T.J., Moe, N., Draves, J.A., and Lisy, J.M.,
J. Chem. Phys., 1992, vol. 96, no. 10, p. 7268.

27.Marrone, T.J., and Merz, KM.J.,, J. Phys. Chem., 1993,
vol. 97, no. 24, p. 6524.

28.Hawlicka, E., and Swiatla-Wojcik, D., Chem. Phys.,
1995, vol. 195, nos. 1-3, p. 221.

29.Hawlicka, E., and Swiatla-Wojcik, D., Chem. Phys.,
1998, vol. 232, no. 3, p. 361.

30. Dauster, 1., Suhm, M.A., Buck, U., and Zeuch, T., Phys.
Chem. Chem. Phys., 2008, vol. 10, no. 1, p. 83.

31.Zeng, Y., Hu, J., Yuan, Y., Zhang, X., and Ju, S., Chem.
Phys. Lett., 2012, vol. 538, p. 60.

32.Smirnov, P.R. and Trostin, V.N., Russ. J. Gen. Chem.,
2007, vol. 77, no. 5, p. 844.

33. Wu, C.-C., Wang, Y.-S., Chaudhuri, C., Jiang, J.C., and
Chang, H.-C., Chem. Phys. Lett., 2004, vol. 388, nos. 4—
6, p. 457.

34. Burakowski, A., Glinski, J., Jerie, K., and Baranowski, A.,
Chem. Phys. Lett., 2007, vol. 447, nos. 1-3, p. 49.

35. Smirnov, P.R. and Trostin, V.N., Russ. J. Gen. Chem.,
2007, vol. 77, no. 12, p. 2101.

36.Liu, W.-L., and Lisy, J.M., J. Chem. Phys., 1988, vol. 89,
no. 1, p. 605.

37. Draves, J.A., Luthey-Schulten, Z., Liu, W.-L., and Lisy, J.M.,
J. Chem. Phys., 1990, vol. 93, no. 7, p. 4589.

38. Furukawa, K., Ohashi, K., Imamura, T., Sasaki, J., Judai, K.,
Nishi, N., and Sekiya, H., Chem. Phys. Lett., 2010,
vol. 495, nos. 1-3, p. 8.

39. Koizumi, H., Larsen, M., Armentrout, P.B., and Feller, D.,
J. Phys. Chem. (4), 2003, vol. 107, no. 16, p. 2829.

40.Inada, Y., Hayashi, H., Sugimoto, K., and Funahashi, S.,
J. Phys. Chem. (4), 1999, vol. 103, no. 10, p. 1401.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 83 No. 11 2013



COMPARATIVE REVIEW OF STRUCTURAL PARAMETERS

41. Zitolo, A., Chillem, G., and D'Angelo, P., Inorg. Chem.,
2012, vol. 51, no. 16, p. 8827.

42.Smirnov, P.R. and Trostin, V.N., Russ. J. Gen. Chem.,
2009, vol. 79, no. 8, p. 1591.

43.Radnai, T., Kalman, E., and Pollmer, K., Z. Naturforsh.,
1984, vol. 39, no. 5, p. 464.

44, Broadwater, T.L., Murphy, T.J., and Evans, D.F.,
J. Phys. Chem., 1976, vol. 80, no. 7, p. 753.

45.Silber, H.B., and Pezzica, A., J. Inorg. Nucl. Chem.,
1976, vol. 38, no. 11, p. 2053.

46. Smirnov, P.R. and Trostin, V.N., Russ. J. Gen. Chem.,
2008, vol. 78, no. 9, p. 1643.

47. Tamura, Y., Spohr, E., Heinzinger, K., Palinkas, G., and
Bako, 1., Ber. Bunsenges. Phys. Chem., 1992, vol. 96,
no. 2, p. 147.

48. Wahab, A. and Mahiuddin, S., J. Chem. Eng. Data,
2001, vol. 46, no. 6, p. 1457.

49.Dang, L.X., Schenter, G.K., and Fulton, J.L., J. Phys.
Chem. (B), 2003, vol. 107, no. 50, p. 14119.

50.Megyes, T., Grosz, T., Radnai, T., Bako, I., and
Palinkas, G., J. Phys. Chem. (4), 2004, vol. 108, no. 35,
p. 7261.

51.Megyes, T., Balint, S., Bako, 1., Grosz, T., Radnai, T.,
and Palinkas, G., Chem. Phys., 2006, vol. 327, nos. 2-3,
p. 415.

52.Kosztolanyi, T., Bako, I., and Palinkas, G., J. Mol. Ligq.,
2006, vol. 126, nos. 1-3, p. 1.

53.Owczarek, E., Rybicki, M., and Hawlicka, E., Chem.
Phys., 2009, vol. 363, nos. 1-3, p. 78.

54. Owczarek, E., Rybicki, M., and Hawlicka, E., J. Phys.
Chem. (B), 2007, vol. 111, no. 51, p. 14271.

55.Smirnov, P.R. and Trostin, V.N., Russ. J. Gen. Chem.,
2009, vol. 79, no. 8, p. 1600.

56.Kim, H.S., J. Mol. Struct.: Theochem., 2001, vol. 541,
nos. 1-3, p. 59.

57.Faralli, C., Pagliai, M., Cardini, G., and Schettino, V.,
J. Chem. Theor. Comput., 2008, vol. 4, no. 1, p. 156.

58.Owczarek, E., and Hawlicka, E., J. Phys. Chem. (B),
2006, vol. 110, no. 45. p. 22712.

59.Dang, L.X., Schenter, G.K., Glezakou, V.A., and Ful-
ton, J.L., J. Phys. Chem. (B), 2006, vol. 110, no. 47,

1975

p- 23644.

60. Roccatano, D., Berendsen, H.J.C., and D’Angelo, P.,
J. Chem. Phys., 1998, vol. 108, no. 22, p. 9487.

61.Kim, H.S., Phys. Chem. Chem. Phys., 2000, vol. 2,
no. 13, p. 2919.

62. Smirnov, P.R. and Trostin, V.N., Russ. J. Gen. Chem.,
2011, vol. 81, no. 2, p. 282.

63. Warminska, D., Wawer, J.,, and Grzybkowski, W.,
J. Chem. Thermodyn., 2010, vol. 42, no. 9, p. 1116.

64. Wawer, J., Warminska, D., and Grzybkowski, W.,
J. Chem. Thermodyn., 2011, vol. 43, no. 11, p. 1731.

65. Migliorati, V., Chillemi, G., and D'Angelo, P., Inorg.
Chem., 2011, vol. 50, no. 17, p. 8509.

66. Migliorati, V., Zitolo, A., Chillemi, G., D'Angelo, P.,
ChemPlusChem, 2012, vol. 77, no. 3, p. 234.

67.Powell, D.H. and Neilson, G.W., J. Phys. Condens.
Matter., 1990, vol. 2, no. 26, p. 5867.

68.Kalugin, O.N., and Adya, A.K., Phys. Chem. Chem.
Phys., 2000, vol. 2, no. 1, p. 11.

69. Adya, A.K. and Kalugin, O.N., J. Chem. Phys., 2000,
vol. 113, no. 11, p. 4740.

70.Reidler, J. and Silber, H.B., J. Phys. Chem., 1974,
vol. 78, no. 4, p. 424.

71.Reidler, J. and Silber, H.B., J. Inorg. Nucl. Chem., 1974,
vol. 36, no. 1, p. 175.

72.Silber, H.B., J. Phys. Chem., 1974, vol. 78, no. 19,
p- 1940.

73. Silber, H.B., Bouler, D., and White, T., J. Phys. Chem.,
1978, vol. 82, no. 7, p. 775.

74.Smith, L.S.Jr., McCain, D.C., and Wertz, D.L., J. 4m.
Chem. Soc., 1976, vol. 98, no. 17, p. 5125.

75.McCain, D.C., J. Inorg. Nucl. Chem., 1980, vol. 42,
no. 8, p. 1185.

76.Chen, Z., van Westrenen, J., van Bekkum, H., and
Peters, J.A., Inorg. Chem., 1990, vol. 29, no. 25, p. 5025.

77.van Loon, A.M., van Bekkum, H., and Peters, J.A.,
Inorg. Chem., 1999, vol. 38, no. 13, p. 3080.

78.Ruas, A., Guilbaud, P., Auwer, C.D., Moulin, C.,
Simonin, J.-P., Turq, P., and Moisy, P., J. Phys. Chem.
(4), 2006, vol. 110, no. 41, p. 11770.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 83 No. 11 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


