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Hydrogen Bonding in Concentrated Aqueous Solutions of 1,2-Dimethoxyethane: Formation
of Water Clusters
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The hydrogen bonding in concentrated aqueous solutions of 1,2-dimethoxyethane was studied by Raman
spectroscopy of the ©H stretching band of water at various concentrations in the temperature range 218
315 K. The isotropic Raman spectra were analyzed by band decomposition, and two major components were
identified in the spectra. They were assigned to theH3stretching vibrations of water monomers and water
molecules participating in clusters, respectively. The following picture of the hydration structure in the solutions
emerged. Water molecules in concentrated aqueous solutions of 1,2-dimethoxyethane can exist in two stable
configurations-either participating in water clusters enclosed in cavities of 1,2-dimethoxyethane molecules,
or as monomers bridging ether oxygen atoms. The clustering of water is driven by the cooperative strengthening
of the hydrogen bonds in the clusters. The clusters and the cavities are mutually stabilized by the extensive
hydrogen bonding, and the size of the clusters is almost independent of temperature.

1. Introduction 2. Hydration of Poly(oxyethylene)

Poly(oxyethylene) (POE){OCH,CH,—), has various tech- The water affinity is not a constant characteristic of POE. It
nological applicationd2 most of them relying on its easy has been recognized that there is a correlation between the

hydration and unlimited solubility in water. POE is the simplest conformation of the POE chain and its hydratidn:* On the
structure of the water-soluble polymérsand therefore its ~ Other hand, both conformation and hydration depend on tem-
interaction with water can be considered as an elementary modeP€rature and concentration of the aqueous solutions. Further-
of the hydration of more complex biopolymers. For this reason, More, various additives may alter the conformation and the
the hydration of POE has been a subject of ongoing researchhydration of the polymer Ieadlng to structural transformations
for many years. However, a general model of POE hydration of the aqueous solutions. Thus, in some cases POE behaves as
has not yet been fully attained, as the contribution of various & typical hydrophilic polymer, while in others it exhibits some
molecular level mechanisms has to be accounted for. features of the hydrophobic polyméfsProbably the best-known
With the aim of clarifying POE hydration, we have started a manifestation of this dual nature of POE is the phase separation

series of studies on hydrogen bonding in aqueous solutions ofOfh its aqueoustsollétiopi i?]t(t) Water-trL(J:rh and water-depleted
model POE compounds by Raman and IR spectroscopy of theP1ase€s encountered at high temperattres. .

water O-H stretching band:® In the papers on the hydration 2.1. Hydration of Poly(oxyethyle.ne) in Dilute Solutions. .
of diethylene glycol dimethyl ether [GOCH,CH,),OCH]? On a molecular level the POE chain can be regarded as being

. d of hydrophilic units (the oxygen atoms) and hydro-
and 1,2-dimethoxyethane [GACH,CH,OCH;],* we focused composed . .
our attention on dilute and moderately concentrated solutions, phobic units (the ethylene groups). Accordingly, the hydration

which are most relevant to the practical applications of POE. of PO.E in dilute solution; should jnvolve both.direct hydrogen

In a recent paperwe have explored the hydration of crown bonding and hydrophobic hydratlon. Interestingly, at ambient
ethers in the whole miscibility range by IR spectroscopy. During temperatures, these are b_alanced n SUCh. a way that the POE
these studies we found that, with respect to hydrogen bonding chain is eﬁeptlvely hydrophilic. The hydrophilicity is one among
with water molecules, the hydration of POE is practically many peculiar fea’gures of POE. The.structurally relaf[ed poly-
insensitive to the length of the POE chain and actually depends(oxymethylene), with one h){dl’OphOblC ngroup less in the .
only on the mole ratio of water to oxyethylene monomer uhits. onomer unit, and poly(oxytrimethylene), with one hydrophobic

Other studies have lead to the same conclu&iéhThus, the CH, group more, are both hydrophobic and practically insoluble

general features of POE hydration in aqueous solutions are?n water. It has been recognized that the water affinity of POE

already revealed for the shortest POE model compounds is intimately related to a structural similarity between the POE

i i i 5,16 i i
Therefore, in this work, we extend our spectroscopic studies to chain and liquid watef; _Wh'Ch IS not encou_ntgrec_zl for the
concentrated aqueous solutions of 1,2-dimethoxyethane. Our.o'[her polyethers. The basis of the structural similarity concept
primary objective is to clarify some aspects of the immediate is the experimental observation that, when substantially hy-

h . : drated, the POE chain assumes local conformations with most
hydrat f 1,2-dimeth th fl d by the hyd ' .
bﬁn:jairzgnm(/)ith ’watg%o?:zslegne as Infiuenced by the hydrogen of the O-CH,—CH,—O groups in the transgauche-trans

(TGT) conformation. For this conformation, the distances
* Author to whom correspondence should be addressed. Present ad—be'[Ween the nearest neighbor oxygen atoms and the distances

dress: Department of Metallurgical Engineering, University of Utah, Salt bet\’_"een the next nearest neighbor oxygen atoms in the_ polymer
Lake City, UT 84112. E-mail: znikolov@mines.utah.edu. chain almost perfectly match the corresponding distances
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between the oxygen atoms in the structure of liquid water. being present in the solutioA4% When the concentration of
Hence, it is anticipated that the POE chain would be easily water is reduced beyond the concentration of optimal hydration
incorporated into the structure of liquid water with the ether (2:1 mole ratio of water molecules to oxyethylene monomer
oxygen atoms replacing some of the water molecules and with units), the tetrahedral structural pattern of hydrogen bonding is
the hydrophobic ethylene groups being encaged in voids rapidly diminished, evidencing a break down of the network of
between the water moleculé&s. hydrogen-bonded molecules.

The idea that the POE chain can be easily incorporated into  The question how the hydration structure of the solutions
a slightly perturbed water lattice is essential for explaining €volves at higher concentrations of POE has remained unad-
several important experimental results, all of them suggesting dressed in our previous studies on short-chain P&Eur IR
partially hydrophobic-like type of hydration of POE in dilute ~SPectroscopic study on the hydration of crown ethers has
solutions. For example, the partial molar volumes of water in Provided, however, a useful insight into this region of concen-
dilute aqueous solutions of short-chain POEs are slightly larger trations® The IR O-H stretching spectra contain a contribution
than the molar volumes of pure waférl® the rotational from the tetrahedrally coordinated water molecules down to the
mobility of hydration water is reduced; 22 and the tetrahedral  lowest mole ratio of water molecules to oxyethylene monomer
coordination of hydration water is improved up to some critical Units studied, supporting the idea of clustering of the water
concentration of oxyethylene monomer urdifsThe increased ~ Molecules in the solutions. By analyzing the vibrationally
structuring of water is in line with the thermodynamical decoupled G-H stretching IR spectra of aqueous solutions of
properties of the solutiori$. Although it is apparent that the 1,4-d|0x_ane7, which is another simple model of POE, a similar
hydration of POE in dilute solutions and hydrophobic hydration €onclusion has been reached. Smith and co-workers have
bear several common features, they cannot be considered agPProached the same problem by molecular dynamics simula-
fully analogous. The perfection of the tetrahedral coordination 10Ns?>2°The tendency of the water molecules to form clusters
between liquid water molecules hydrating the POE chain is UP to rather high concentrations of POE was clearly seen in the

accompanied by a gradual decrease of the strength of hydrogeﬁimulation_s. As the formati_on of clusters o_f water molecules
bonding between them, while for the typical hydrophobic M&Y contribute to the peculiar phase behavior of aqueous POE

hydration the strength of hydrogen bonding is preserved or eVensolu.tlons, .It ne.e.ds 'to be furthgr. verified experimentally. In
slightly increased, the latter effect being yet a subject of part|cu_lar, _|dent|f|cat|o_n of t_he_drlvmg force of the water cluster
controversy?324The weakening of the hydrogen bonds between formation in the solutions is important.
hydration water molecules has been clearly evidenced by our
Raman and IR spectroscopic studies on theH3tretching band
of the aqueous solutions of methyl-terminated model POE  3.1. Materials. 1,2-Dimethoxyethane of analytical grade
compounds$:® The same phenomenon has also been confirmed (Katayama Chemical Industries, Osaka) and doubly distilled
by an independent study on the hydration of 1,4-dioxane by IR deionized water were used to prepare aqueous solutions with
spectroscopy of the vibrationally decoupled-B stretching different mole fractions. Solutions of 1,2-dimethoxyethane with
band of water.For low concentrations of POE, the weakening mole fractions of the solute 0.10, 0.20, 0.30, 0.40, 0.50, 0.60,
of the hydrogen bonds can be explained by the expansion of0.70, 0.80, 0.88, 0.95, 0.98, and 0.99 were prepared. The samples
the inherent cavities in the water structure, required to accom- were sealed in glass ampules for the Raman spectroscopic
modate the hydrophobic ethylene and methyl groups of the experiments.
polymer. 3.2. Raman Spectroscopylhe Raman spectra were recorded
2.2. Hydration of Poly(oxyethylene) at Intermediate Con- ~ On @ JASCO NR-1800 Raman spectrometer equipped with a
centrations. While the hydrophobic-like hydration seems to be Princeton Instruments CCD detector. An NEC argon ion laser
a good description of the hydration of POE in dilute solutions, GLG 2162 operating at 514.5 nm was used for excitation. The
this model is not applicable to more concentrated solutions. Our Unpolarized Raman spectra of all samples were taken at room
Raman and IR spectroscopic studies have shown that, for highef€mperature. Polarized Raman spectra were measured at various
concentrations, another model of the hydration of POE should temperatures in the range 21815 K in the conventional 90
be adopted# The most developed network of hydrogen-bonded 9eometry for highly concentrated samples of 1,2-dimethoxy-
and tetrahedrally coordinated water molecules in aqueous ethane with 0.88, 0.98, _and 0.99 mole fractions. The resol_utlon
solutions of POE is formed for a mole ratio of water molecules Of the Raman spectra is 1 cfa The temperature was varied
to oxyethylene monomer units around 2:1. Brillouin scattering by an Oxford Instruments Optistat cryostat. The isotropic Raman
and ultrasonic velocity studi#® have shown that aqueous SPectrawere calculated from the parallel and perpendicutdd O
solutions of POEs with concentrations corresponding to a mole Strétching spectra of the solutions employing the standard
ratio of water molecules to oxyethylene monomer units of 2:1 'elation®” All spectral processing was performed by using the
have the most compact structure. Then, the low number of water GRAMS/32 software package (Galactic Industries, Salem, NH).

molecules hydrating one oxyethylene monomer unit suggests
that the hydrophobic hydration is most probably not relevant
to this range of concentrations. Nevertheless, Raman and IR 4.1. Concentration Evolution of the O-H Stretching

O—H stretching spectra of the solutions indicate that a signifi- Raman Spectra. Examples of unpolarized ©H stretching

cant part of the water molecules still participate in tetrahedral Raman spectra of aqueous solutions of 1,2-dimethoxyethane
structural units and have hydrogen bonding similar to the one with different solute mole fractions from 0.10 to 0.95 recorded
in liquid water3~5 Therefore, an assumption that water mol- at room temperature under the same experimental conditions
ecules have a definite affinity to form clusters in moderately are shown in Figure 1. A substantial contribution to the
concentrated solutions of POE can be inferred. Taking into background of the ©H stretching spectra from the higher-
account the compact structure of the solutions at these concenwavenumber wing of the €H stretching band of 1,2-
trations, the water clusters should be relatively small and dimethoxyethane was observed at high concentrations. Hence,
homogeneously distributed with no large domains of bulk water all our attempts to analyze correctly the spectra in this

3. Experimental Section

4., Results and Discussion
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Figure 1. Examples of unpolarized -©H stretching Raman spectra
of aqueous solutions of 1,2-dimethoxyethane. The mole fractions of
1,2-dimethoxyethane are marked above each spectrum.
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Figure 2. Examples of isotropic ©H stretching Raman spectra of
aqueous solutions of 1,2-dimethoxyethane with mole fraction of 1,2-
dimethoxyethane 0.88. The temperatures in K are marked above each

. . . L. spectrum.
concentration range by Fourier deconvolution and/or quantitative P

band decomposition have failed, because this background could

not be reasonably accounted for in the attempted schemes for
band decomposition. Thus, the unpolarized KD stretching
Raman spectra are discussed here only in a qualitative manner.

At low concentrations of 1,2-dimethoxyethane, the shape of 313
the O—H stretching band is similar to that of liquid water. Three 303
components can be easily identified. They are centered at about 0
3250, 3400, and 3650 crh Water molecules, participating in S 293
tetrahedrally coordinated structures with hydrogen bonding E 283
similar to, but on a scale smaller than, the hydrogen bonding in 3
ice, perform collective ©H stretching vibrations, which are s 273
characterized by the component observed at about 3250 £ 263
cm1.28-30 Water molecules, which are not completely tetra- 8
hedrally coordinated and form less than four hydrogen bonds, = 253
are characterized by the higher-wavenumber component centered
at about 3400 cmt.28-30 The weak shoulder observed at about 243
3650 cn1lis usually assigned to the-€H stretching vibrations 233
of the weakly bonded or “free” ©H oscillators of water
molecules, in which only one proton is engaged in hydrogen 323

bonding31-32 This appearance of the spectra is preserved up to
about 0.3 mole fraction, but the intensity of the component at
3250 c* decreases relative to the one at 3_4()_0hmhovylng Figure 3. Examples of isotropic ©H stretching Raman spectra of
that the tetrahedral arrangement characteristic of liquid water 5qequs solutions of 1,2-dimethoxyethane with mole fraction of 1,2-
is gradually destroyed. dimethoxyethane 0.98. The temperatures in K are marked above each
In the intermediate concentration range from 0.4 to 0.7 mole spectrum.
fractions, the component at 3250 chprogressively disappears.
Meanwhile, the component at about 3400 @rshifts to higher ethane, one may expect that the population of water molecules
wavenumber and evolves into a slightly asymmetric band hydrogen-bonded to other water molecules will be reduced in
centered at about 3530 ¢t This asymmetric band dominates comparison with the population of water molecules hydrogen-
the spectra of the highly concentrated solutions. According to bonded directly to 1,2-dimethoxyethane molecules. Thus, the
our analysis to be described below, the band at about 3530 cm O—H stretching spectra of water at high concentrations should
is actually composed of two components, which we assign to reflect more closely the immediate hydration of 1,2-dimethoxy-
water molecules that form bridges between oxygen atoms of ethane.
1,2-dimethoxyethane molecules and to water molecules that The isotropic O-H stretching Raman spectra of solutions with
form small clusters. The component at about 3650~tm mole fractions of 1,2-dimethoxyethane 0.88, 0.98, and 0.99 were
becomes better defined with increasing concentration and shiftsstudied in the temperature range 28385 K as shown in Figures
to about 3690 cmt for the highly concentrated solutions. 2—4, respectively. Fortunately, the contribution of the back-
4.2. Highly Concentrated Aqueous Solutions of 1,2- ground due to the €H stretching band is highly diminished
Dimethoxyethane.For high concentrations of 1,2-dimethoxy- and is practically absent in the isotropic Raman spectra. Thus,

———r ——
3700 3600 3500 3400
Wavenumber / cm™
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between the peak wavenumbers, which is sufficient for distin-
guishing the overlapped components. Hence, the measurement
of the O—H stretching Raman spectra at low temperatures was
crucial in revealing the presence of water clusters (component
310 C) in the highly concentrated solutions (see below).
300 Component F, which is located at about 3690 ¢rat room
2 temperature, is assigned to the stretching vibrations of weakly
5 290 hydrogen-bonded or “free” ©H groups. The very low intensity
E 280 of component F proves that almost all water molecules form
5 two hydrogen bonds with their protons. To clarify the origin of
A 270 components M and C, we have analyzed how their parameters
"ZZ" 260 change with water concentration and temperature.
£ The dependencies of the peak wavenumbers of components
- 250 M and C on temperature are shown in Figures 6. Interestingly,
240 the behavior of the peak wavenumber of component M is the
same for the three solutions of 0.88, 0.98, and 0.99 mole
230 fractions. After a careful examination, component M can also
220 be found in the unpolarized-€H stretching Raman spectra in
Figure 1 for concentrations from 0.4 to 0.8 mole fractions.
3700 3600 3500 3400 Apparently component M does not change its position in these

Wavenumber / cm’ spectra too. Therefore, the water molecules giving rise to
Figure 4. Examples of isotropic ©H stretching Raman spectra of ~component M do not change their hydrogen bonding on
aqueous solutions of 1,2-dimethoxyethane with mole fraction of 1,2- changing water concentration. This fact gives us a reason to
dimethoxyethane 0.99. The temperatures in K are marked above eachassume that component M is due to the-KD stretching

spectrum.
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vibrations of water molecules that do not interact with other
water molecules, namely water monomers. As there are only a
small number of “free” G-H groups, we can conclude that the
water monomer species bridge both oxygen atoms of one 1,2-
dimethoxyethane molecule, or oxygen atoms of different 1,2-
dimethoxyethane molecules. Unfortunately, it is practically not
possible to decide, on the basis of the present experimental
results, which of these bridging configurations is actually
observed.

The peak wavenumber of component C, on the other hand,
depends significantly on water concentratiea trend that is
clear even in the unpolarized Raman spectra in Figure 1. The
lower the concentration of water is, the higher the wavenumber
of component C becomes. Accordingly, we assign component
C to the O-H stretching vibrations of water molecules that
interact with each other and can therefore be considered to
participate in clusters of water molecules. These water clusters
should be smaller than a tetrahedral water pentamer, as the
collective in-phase ©H stretching mode at 3250 crhis not
observed in the spectra.

The formation of water clusters in the aqueous solutions of
1,2-dimethoxyethane can be easily understood. The hydrogen

Figure 5. Examples of band decomposition of the isotropie 1D bond between an ether oxygen atom and a water molecule is
stretching Raman spectra of aqueous solutions of 1,2-dimethoxy- Slightly stronger than the hydrogen bond between two water
ethane: (A) mole fraction of 1,2-dimethoxyethane 0.88 and temperature molecules. This has been evidenced by IR spectroscopic studies
228 K, and (B) mole fraction of 1,2-dimethoxyethane 0.99 and on complexes of dimethyl ether with watgand by ab initio
temperature 230 K. Component C corresponds to clu_stered water, whilemolecular orbital calculatior®:3The hydrogen bonds between
component M corresponds to water monomers that bridge oxygen atoms, ;0 molecules are, however, highly cooperative. As a result,
of 1,2-dimethoxyethane. Component F is associated with weakly the hydrogen bonds in clusters of water molecules are gradually
hydrogen-bonded or “free” ©H groups. - . .

strengthened on increasing the size of the clustef8.The
it was possible to analyze the spectra by band decomposition.wavenumbers of the ©H stretching vibrations of the clustered
Attempting different schemes for decomposition, we have found water molecules in the concentrated solutions studied are lower
that all spectra can be adequately decomposed into threethan the wavenumbers of the-® stretching vibrations of the
componentstwo Gaussian components denoted here by M and monomer (bridging) water molecules (Figure 6). Therefore, the
C, and one asymmetric log-normal component denoted by F. hydrogen bonding in the observed water clusters is, indeed,
Examples of the band decomposition are shown in Figure 5. stronger than the direct hydrogen bonding between water and
We want to point out that this scheme for band decomposition 1,2-dimethoxyethane. The energy difference between the single
is not apparent in the case of the high-temperature spectra dueand cooperative hydrogen bonds should be the driving force of
to the similar peak wavenumbers of components M and C. On the water cluster formation in the concentrated solutions of 1,2-
reducing temperature, however, a small difference appearsdimethoxyethane. As we have already mentioned, the bigger
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3530 ey these concentrations. This is rather unusual behavior of water
Pamge clusters, but we have a rational explanation for it as described
3520 &o&agﬂ@o ._::.' below.
- 4a S e The water molecules always tend to form the maximum
§ 3510- - ':o' possible number of hydrogen bonds. In agueous solutions of
& am o a 1,2-dimethoxyethane, this may include waterater hydrogen
E 3500 II..‘ ad bonds as well as hydrogen bonds between water molecules and
g ..o. o oxygen atoms of 1,2-dimethoxyethane. Due to its cooperative
§ 3490 e NS nature, the waterwater hydrogen bonding dominates and leads
A“ to water cluster formation. The water clusters cannot, however,
34804 L4 be formed via hydrogen bonding between water molecules only.
as Any water cluster in the solution should always end up with
3470

50 240 280 280 350 350 hydrogen bo'nds with ether oxygens, as otherwise there will be
TIK some dangllng QH groups at the surface of the cluster,
Figure 6. Dependencies of the peak wavenumbers of components M violating the principle of maximum number of hydroggn bonds_.
and C on temperaturea component M for mole fraction of 1,2- | herefore, each water cluster should be enclosed in a cavity
dimethoxyethane 0.88) component M for mole fraction 0.98] formed by ether oxygens. The advantages of this configuration
component M for mole fraction 0.99, component C for mole fraction ~ are 2-fold; from one side the cavity and the water cluster are
0.88,@ component C for mole fraction 0.98, amticomponent C for mutually stabilized by the hydrogen bonds, and from the other
mole fraction 0.99. side the water molecules from the cluster realize the highest

possible number of hydrogen bonds. As a result of the mutual
0.7 s .
e L T stablllzatlt_)n of cI_usters and cavities, the clusters do not break
064" un down on increasing temperature.
..o.'O.o.'o. LIS The wavenumbers of the components of clustered water (C)
05140°° ¢ and of monomer water (M) gradually increase with temperature
(Figure 6), in accord with the inherent decrease of hydrogen
o 0.41 ) .
» bond strength on increasing temperature. The wavenumber of
= 0.3 the O—H stretching vibration of clustered water increases much
aAAAA faster than that of monomer water. This shows that the hydrogen
0.2 AAAAAAAAAA bonds in the clusters weaken faster than the direct hydrogen
01 4 bonds between water and 1,2-dimethoxyethane on increasing
" temperature. Thus, the bridging hydrogen bonding seems to be
0.0 . . . . . more stable with a temperature increase than the hydrogen
220 240 260 280 300 320 bonding between the water molecules in the clusters. It is rather
. . T”f interesting to note that, by extrapolation of the wavenumbers
Figure 7. Dependencies of the ratio of the ared, and &, of of components M and C at 0.98 and 0.99 mole fraction in Figure

components M and C on temperatur& mole fraction of 1,2-

. X ) 6 to temperatures above 320 K, a crossover of the wavenumbers
dimethoxyethane 0.8@® mole fraction 0.98, anM mole fraction 0.99. P

of the O—H stretching vibrations of the monomer and clustered
. . water will occur somewhere at higher temperatures. Such a
the water cluster_ is, the stronger the hydrogen bonding betwee”crossover would imply that the strength of hydrogen bonding
the molecules in the cluster becomes, the relevantHO  j, yho clusters and the strength of direct hydrogen bonding
stretching wavenumber being lowered accordingly. Thus, the pepyeen water and 1,2-dimethoxyethane would become equal.
progressive red wavenumber shift of component C, observedrhen the energy gain on forming clusters of water molecules
in the isotropic and unpolarized-€H stretching Raman spectra,  \yoyld vanish and the clusters may break down. Unfortunately,
indicates that the water clusters rapidly grow up on addition of thjs interesting temperature region was not accessible in our
water to the solution. The same trend has been observed in theexperiments.
molecular dynamics simulations performed by Smith and co-  Fjnally, it is worth mentioning that, when the number of
workers?>26 hydrogen bonding sites on 1,2-dimethoxyethane molecules is
Although the cluster formation is energetically favorable, substantially reduced, for example by increasing the population
there is always an entropy penalty for it. Thus, at high of the less hydrophilic TGGconformet® on increasing tem-
temperatures, one may expect that the water clusters would brealperature, it may happen that the water molecules are forced to
down into smaller clusters and monomers, increasing the entropyform rather large clusters to realize all the possible hydrogen
of the System_ To ana|yze this poss|b|l|ty, we have examined bonds predominantly between themselves. The formation of
the ratio of the areas of components M and C as shown in Figurel@rge clusters was not observed in the present study, but it may
7, which reflects the ratio of the populations of monomer and everjtually be observed in dilute aqueous solutions of long POEs
clustered water molecules. If there is a breakdown of the water & high temperatures. The natural limit of such cluster growth
clusters on increasing temperature, it should result in a due_to increasing hydrophobic nature of the solute molec_ules
substantial increase of the relative population of monomer water &t high temperatures WQUId be indeed the phase separation of
and a concomitant increase of the ratio of the areas of the solution into water-rich and water-depleted phases.
components M and C. Figure 7 shows, however, that the ratio
of the areas of components M and C is almost constant with
increasing temperature for the solutions of 0.88, 0.98, and 0.99 By employing Raman spectroscopy of the-B stretching
mole fractions. We can therefore conclude that the size of the band of water, new experimental data on the hydration of 1,2-
water clusters is not very sensitive to temperature changes atdimethoxyethane have been obtained. We have shown that water

5. Conclusions
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molecules in concentrated aqueous solutions of 1,2-dimethoxy- (12) Matsuura, H.; Fukuhara, K. Mol. Struct 1985 126, 251.
ethane can exist in two stable configuratiesther participating (13) Goutev, N.; Ohno, K.; Matsuura, H. Phys Chem A 200Q 104,
in water clusters enclosed in c.aV|.t|es of 1,2-dimethoxyethane (14) Israelachvili, JProc. Natl. Acad Sci, U.S.A.1997, 94, 8378.
molecqles, or as monomers bridging ether oxygen atoms. The (15) Blandamer, M. J.; Fox, M. F.; Powell, E.; Stafford, J. Makromol
clustering of water is driven by the cooperative strengthening Chem 1969 124, 222.
of the hydrogen bonds in the clusters. The clusters and the77(%g)5é<le”andeh R.; Florin, EJ. Chem Soc, Faraday Trans. 11981,
CaVItIQS are mUtua.‘"y stabilized by t.he extenslve hydrogen (17) Wallace, W. J.; Mathews, A. lJ. Chem Eng Data 1963 8, 496.
bonding, and the size of the clusters is almost independent of (1) wallace, W. J.; Mathews, A. L. Chem Eng Data 1964 9, 267.
temperature. (19) DouHeet, G.; Davis, M. |.; Fjellanger, I. J.; Hgiland, H. Chem
Soc, Faraday Trans 1997 93, 1943.
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