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The complexation of tetrahydrofuran as well as 1,4-dioxane with water has been investigated by laser light
scattering (LLS). The complexation of cycloethers with water molecules makes the diffusion of water clusters
visible in LLS. The intensity-intensity time correlation function of a simple mixture of water and
tetrahydrofuran (THF) or 1,4-dioxane has two diffusive relaxation modes. The fast mode with a diffusion
coefficient in the range 28 x 1076 cm? s is related to mutual diffusion of the complexes formed between
small water clusters and THF or 1,4-dioxane. The slow mode with a dynamic correlation length-&QD0

nm can be removed by filtration, indicating that the mixing of water and cycloethers is microscopically
incomplete. Further, using a trace amount of spherical pbigopropyl acryamide) microgels as probes, we
indirectly investigated the water/THF interaction. Our results showed that PNIPAM swell in ether pure water
or pure THF but fully collapse when [THF]:[water} 0.05-0.15, in which the water/THF complexes are
nonsolvent for PNIPAM. When [cycloether]:[wateF] ~0.16, water is not able to further complex with
cycloethers added so that extra cycloethers exist as individual molecules to reswell the microgels, indicating
that it is small water clusters, such as the pentamer and hexagon, that solvate PNIPAM.

Introduction generally been recognized that, when the content of alcohol or

. THF is very low, guest molecules can enter the water cages to
It has been generally recognized that water has anomalous, Y 9 g

- . .~ ““form a clathrate structur®:1” The hydrates of cubic structure
properties that can be attributed to the hydrogen-bonding- Il with a hvdrate number (water/auest molar ratio)-af7 was
induced structures (clusters). In principle, each water molecule Wi y u (W gu o)t/ w

can participate to form four possible hydrogen bonds. Two of found at atmospheric pressure in a guasater binary system
them involve the two hydrogen atoms while the other two are If the van der Waals’ diameter of guest molecule is about0.6
related to two lone pairs of electrons of the oxygen atom. It 0.7 nm?®® For smaller guest molec_ules with a dlan_]eter smaller
would be naive to think that all the molecules in the liquid state than 0.58 nm, the hydrate of cubic structure Il with a hydrate
are the same as those in ice and interconnected to be part of &umber of~7 was observeé: Methanol is the smallest alcohol
network. Various structural hypotheses have been proposed forcapable of forming a stronger hydrogen bond with water than
different water clusters. Despite its molecular simplicity, these any other alcohol. It prefers to cluster with water in a one-to-
hydrogen bonds in liquid water are too weak to be measured one ratio, not in a hydrate clathrate-like structure. The chance
even by modern instrumentation. Computer simulation becomesof forming the hydrate clathrate-like structures increases with
a powerful tool in this respect. At the present time, the structure an increasing hydrophobicity and size of guest molectiles.

of liquid water still remains a big puzzle and a scientific  stijllingeri® presented a picture of water structure on the basis
challenge _ ~ of the “molecular dynamics” and “Monte Carlo” simulation. In
Cycloethers, such as dioxane and THF, are macroscopicallyhjs picture, water emerges as a random and three-dimensional
miscible with water at any ratio. Their structures tell us that N0 etwork made of hydrogen bonds in which a large portion of
hydrogen bond can be formed among them, but they can form e ponds are strained and broken, but with local preference
hydrogen bonds with water, disturbing its structure. Therefore, ¢, 5 tetrahedral geometry. Only few free or one-bond water
the investigation of the cycloether/water interaction provides molecules exist in the liquid state. Many of them are short-

an mo_hrec_t approach 1o study the structure of water. Many lived polygons and even polyhedra. For dioxane and some other
investigations have already been conducted, especially on the

} X i alcohols such as ethanol, propanol, tert-buty alcohol the
study of the dioxane/water mixtures, by various methods, such hydrate clathrate-like structure partially remains when the molar
as thermodynamic techniquéspyfrared and Raman spectros- y P y

copies3~S dielectric relaxation spectroscoy’ NMR, 1011 content of alcohoXaiconoliS less tharm-0.171° The concentration

dynamic light scatterind? and computer simulatiot:41t has of relatively unstrained and bulky polyhedra increases with an
decreasing temperatutéThe theoretical calculation indicates
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because of the divergence of the aggregation of water clusters,
which has unfortunately not been confirmed yet.
More recently, Takamuku et &.investigated the mixtures
of water with different cycloethers, such as 1,4-dioxane, 1,3-
dioxane, and tetrahydrofuran, by using X-ray scattering, small-
angle neutron scattering, and NMR relaxation. They found that,
when the molar fraction of cycloetherg) is lower than 10%,
some of cycloethers are embedded inside the water network.
While in the region ofx = 30%, the disruption of the water
network leads to more monomeric water molecules that can t/ ms
interact with oxygen atoms in cycloether molecules through Figure 1. Measured intensityintensity time correlation functions of
intermolecular hydrogen bonding. They also showed that in the mixtures of water and THF, prepared by separate filtration before
intermediate range 0.% x; < 0.3 small clusters made of water  mixing.
and cycloether molecules were formed. These investigations
indicate that cycloethers can break the hydrogen bonding of The resultant precipitate was redissolved in 80 mL of
the water network and replace it with a new hydrogen bonding deionized water and then reprecipitated in an equal volume of
between cycloether and water. It is these new water/cycloethermethanol. To remove the remaining trace amount of SDS and
clusters that cause some abnormal properties of the mixtures.other impurities, the microgels were further purified by three
In this contribution, we not only used a modern state-of-the- cycles of successive centrifugation and decantation until the
art laser light scattering to directly reexamine the solution &-potential of dispersion is close to zero. The solvent was
dynamics of different mixtures of water with THF or 1,4- removed by freezing drying. To prepare a solution mixture of
dioxane but also used a trace amount of spherical poly( water and THF with only a trace amount of the microgels, we
isopropylacrylamide) (PNIPAM) microgels to indirectly probe kept the microgel concentration as low as 0106 g/mL.
the interaction between cycloether and water. This is becauseOn average, each microgel (each monomer unit of microgel
PNIPAM microgels can undergo a reentrant sweHisgprink— chain) is surrounding by-10” water molecules. Therefore, we
swelling transition with an increasing methanol or THF can assume that the existence of such a trace amount of the
content?3-29 |t has been shown that such a re-entrant phase microgels will not disturb the water structure. The dispersion
behavior is related to the cluster formation between water and was clarified by using a 0.4bm filter to remove dust before
methanol or THP® A combination of the solution dynamics the LLS study. Viscosities of the mixtures of water and THF
of the water/cycloether mixture with and without a trace amount or 1,4-dioxane with different molar ratios were measured by
of spherical PNIPAM microgels led us one step forward in a an Ubbelohde viscometer with a flow time of longer than 500
long journey of understanding the structure of liquid water. s for pure water at 25 0.1°C. Therefore, the kinetic energy
correction was negligible.
Experimental Section Laser Light Scattering. A modified commercial LLS

. ) spectrometer (ALV/SP-125) equipped with an ALV-5000
Sample Preparation. Tetrahydrofuran (THF, analytical 1 7 digital time correlator and a HeNe laser (Uniphase,

regent, Labsan Asia Co., Ltd., Thailand) and 1,4-dioxane (Fluka output power 20 mW ati = 632.8 nm) was used. In dynamic
AG, Buchs SG, Switzerland) were used as received. Deionized) | 5 " \ve measured the density fluctuation-induced-intensity
water with a resistivity of 18 M2 cm was used. To prepare the  ,.1ation via a time correlation function. The Laplace inversion

dust-free mixture of water and cycloethers for laser-light o each precisely measured intensitptensity time correlation
scattering, we clarified each mixture in two steps. First, dust- ¢,ction G@(t,g) in the self-beating mode resulted in a

free deionized water and THF or 1,4-dioxane with a desired cparacteristic line-width distributioB(I'). The CONTIN Laplace
molar ratio are separately added in a LLS cell and then i, ersion algorithm in the correlator was used. For a pure
thoroughly mixed by ultrasonic wave for 1 h. Macroscopically, gifysive relaxation,G(I) can be converted to a translation

the solution mixture was clear. Such a dust-free mixture was it sion coefficient distributior&(D) by T" = Dg? or a dynamic
studied by LLS without further filtration after the mixing. In 4 reation length distributioni(¢) or a hydrodynamic radius
the second step, the mixture was filtered once more through Adistributionf(R,) using the StokeEinstein equatiort or R, =
0.2um filter and measured again by LLS. _ ke T/677D. Using a modern LLS instrument, we can measure
The synthesis of spherical poN{isopropylacrylamide) R or ¢ down to a size of~1 nm because of a fast correlator
(PNIPAM) microgels was detailed befoteN-isopropylacryl-  and a powerful laser. All the LLS measurements were done at

amide was recrystallized three times in a benzehekane 25.0+ 0.1°C. The details of the LLS instrumentation and theory
mixture.N,N-Methylenebis(acrylamide) (BIS, from Aldrich) as  ~an be found elsewhefé33

cross-linking agent was recrystallized from methanol. Potassium

persulfate (KPS, from Aldrich) as initiator and anionic surfactant Results and Discussion

sodium dodecyl sulfate (SDS) as dispersing agent were used

without further purification. Into 250 mL of deionized water in Figure 1 shows intensityintensity time correlation functions

a 500-mL reactor fitted with a nitrogen bubbling inlet and outlet, of the water/THF mixtures with different molar contents of THF

a stirring magnet, and a reflux condenser were dissolved 4.0 g(xtue) prepared by separately filtering water and THF before
of NIPAM, 0.076 g of BIS, and 0.076 g of SDS. After the the mixing. Itis helpful to note that the time correlation function
solution was stirred for 40 min at 7@€ under a nitrogen purge,  of either pure water or pure THF within the same delay time
0.155 g of KPS dissolved into 20 mL of deionized water was window is flat and structure-less, the same as the baseline
introduced to start the polymerization. The reaction mixture was parallel to thex-axis. However, it is very different for the
kept at 70°C for 8 h. Unreacted monomer and most of SDS mixture. In the rangeryr < 0.13, there is one dominant slow
were removed by adding the reaction mixture dropwise into relaxation in the mixture. In the rangeys > 0.13, another
250 mL of methanol. fast relaxation mode becomes more obvious. The characteristic

without filtration
after mixing
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Figure 2. THF-content dependence of characteristic decay time Figure 4. Measured intensif_yintensity. time correlation functions Of.
distributionsf(r) of mixtures of water and THF, prepared by separate Mixtures of water and 1,4-dioxane without (open symbols) and with
filtration before mixing. The inset shows THF content dependence of (filled symbols) further filtration after mixing.
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Figure 3. Scattering vectorq) dependence of average characteristic and THF prepared with further filtration after mixing.
line-width (I'gow = 1/EHow) Of slow relaxation in mixtures of water

and THF, prepared by separate filtration before mixing. The inset shows ~ 80 «
corresponding average dynamic correlation lengti@s3) of slow NG Further filtered after mixing
relaxation. g 6ok \

~o‘o \ o
decay time of the slow relaxation and its related intensity g i 14d/
contribution decrease with an increasing THF content, as shown A" +0 \u—/
in Figure 2. It is well-known that THF or dioxane is macro- A THF
scopically 100% miscible with water in any molar ratio. v 2-‘())'0 = /0.4 -

However, Figure 1 clearly shows that microscopically, the

mixture of water and THF or dioxane is not as homogeneous Xrar O Xioxane

as we thought. Recently, Guo et2alshowed that the mixing Figure 6. Cycloether-content dependence of average mutual transla-

of methanol and water is incomplete at the microscopic level tional diffusion coefficient (DL3) of mixtures of water and cycloether

on the basis of their X-ray absorption and emission results. We Prepared with further filtration after mixing.

also tried to study the mixture of methanol and water but failed

because the refractive indexes of methanol and water do notxgexane® 0.55. However, the filtration of such mixtures of water

have a sufficient difference to make them visible in laser-light and THF or 1,4-dioxane with a 0/2n filter can completely

scattering. The appearance of the slow relaxation forces us toremove the slow mode so that only the fast one remains after

guestion the miscibility of water and cycloethers and examine the filtration, as shown in Figure 4 by the filled symbols. Note

the nature of two such relaxation modes. that the slow relaxation was not due to dust because no speckle
Figure 3 shows that for the slow relaxation, its average in the scattering intensity was detected even at small scattering

characteristic line width{{ [ow) obtained from each measured angles.

time correlation function is a linear function of the square of  Figure 5 shows that the plots @F[&s versusg? are also

the scattering vectoigf and the extrapolation aj — 0 passes straight lines passing through the origin; that is, the fast

through the origin, a characteristic of diffusive relaxation. The relaxation is also diffusive, presumably related to the mutual

apparent average dynamic correlation lengho, estimated diffusion of small water/cycloether clusters because the average

from M'4,w ON the basis of the Stokeginstein equation is in dynamic correlation lengthi[gs; is in the range 0.31.0 nm.

the range 208600 nm, as show in the inset of Figure 3. Enliss For each mixture, an average mutual diffusion coeffici@if,

and Sorenséfalso found that the mixture of water with a small  can be derived from the slope of a corresponding line in Figure

amount oftert-butyl alcohol was also inhomogeneous, visible 5. The results are summarized in Figure 6. The mixture generally

in a laser beam as a soft glow with a dynamic correlation length has a mutual diffusion coefficient smaller than that of either

of ~100 nm but invisible in normal room light. pure water or pure THF or dioxane as well as the diffusion of
Very similarly, Figure 4 shows that the mixture of water and monomer tracers in watéf.It is clear that in the range 0.2

dioxane also contains a slow relaxation mode. In the range xryr < 0.4, D[4, reaches its minimum value, agreeing well with

Xdioxane < 0.1, the slow relaxation mode is dominant with a the maximum static correlation length measured in neutron

dynamic correlation lengthZ(g) of ~200 nm, but the fast mode  scattering and diffractiof?

becomes more obvious with an increasing dioxane content, Our results convincingly reveal the existence of some water

reflecting in the relative amplitude of the two relaxation modes. clusters that are invisible in light. The complexation between

The contribution of fast relaxation reaches its peak value at these water clusters and cycloethers makes them visible because
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Figure 7. Dispersion-temperature dependence of average hydrody-

namic radius [R.[) of spherical PNIPAM microgels in pure water.
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Figure 8. THF-content dependence of average hydrodynamic radius
(R.Oof a trace amount of spherical PNIPAM microgels in mixtures of
water and THF at two different temperatures (15 and@h

cycloethers have different refractive indexes. To have a better
picture of such water clusters and complexation, we used a trac
amount of thermally sensitive spherical PNIPAM microgels to
probe the interaction between water and cycloehters. The
swelling and shrinking of PNIPAM depends not only on the
temperature but also on the cycloether contéhtote that the
microgels concentration used here was so low that eac
monomer unit of PNIPAM was surround by10’ water
molecules. The micogels have no influence on the interaction
between water and cycloether as well as on the water structure
reflecting in no alternation of the fast relaxation mode (not
shown). It is also helpful to note that spherical PNIPAM
microgels swell in either pure THF or pure water. THF is a
slightly better solvent for PNIPAM than water.

Figure 7 shows the shrinking of spherical PNIPAM microgels
in pure water with an increasing temperature. At higher
temperatures, the average hydrodynamic radius of the collapse
microgels decreases t&70 nm. The low critical solution
temperature (LCST) of PNIPAM in pure water 1832 °C.
Figure 8 shows that for a given temperature, the microgels
undergo a shrinking-and-reswelling process with an increasing
THF content Xryr). The addition of a small amount of THF

h

e
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probability of alcohol and cycloether. Thermodynamically, it
is understandable that a mixture of two poor solvents can lead
to a good solvent, but not a mixture of two good solvents to a
poor solvent. The existence of a certain ranggf Or Xdioxane

in which PNIPAM is insoluble, tells us that the mixing is not
as simple as we thought. It indicates the formation of some
water/cycloether clusters that are nonsolvents for PANIPAM.
In other words, the fast relaxation in the mixture of water and
THF or 1,4-dioxane is related to the formation of small water/
cycloether clusters.

After the addition of THF or dioxane, some cycloether
molecules enter the hydrate clathrate cavities, and some are
complexed with small water clusters, such as pentamer and
hexamer. With an increasing THF or dixane content, the hydrate
clathrate-like structures break into small fragments to accom-
modate more guest molecules so that more water/cycloether
clusters are formed. It has been shown that the pentamer
structure is dominated in liquid watéf.Our previous results
also showed that in the range 0.¥7Xnethano < 0.5, methanol
and water molecules can form clusters with a structure gradually
changing from (HO)sm(CHsOH)m to (Hz0)sm(CHsOH)s, via
different intermediates (#0)n(CH3OH), with m/n = 5/2, 5/3,
and5/4 as the methanol content increagés.

In the present study, as shown in Figure 8, the addition of a
small amount £4—8 mol %, depending on the temperature)
of THF leads to the full collapsing of the microgels. This
indicates that, on average, each THF molecule complexes with
24—12 water molecules. In the range 0.¥5xrr < 0.25, the
microgels reswell with an increasing THF content. Whene
> 0.25, the swelling stops and reaches its maximum, just as in
pure THF. Similar results were also reported by Winnik et%al.,
but their interest was focused on the LCST of PNIPAM, not
the water structure. The present study and previous results reveal
that whenxrye > 0.25, PNIPAM are essentially solubilized by
free individual THF molecules. In other words, water cannot
complex with all the THF molecules whe&ur > 0.25. From
the fully reswelling point, we estimate that one THF molecule,
on average, complexes with3 water molecules, similar to the
low-density clusters in supercooled wate?! indicating that
water contains short-lived polygons and even polyhedra. The
addition of guest molecules in water could strengthen and
rearrange these structures. It should be stated that PNIPAM in

C}he mixture of methanol and water reaches its full reswelling at

a higher atXmethanoi0f ~0.52238 This is because each water
pentamer can complex with five methanol molecules.

Next, let us examine the complexation between water and
dioxane. As shown in Figure 6, in the range 08Xgioxane <
0.6, i.e., [dioxane]:[waterf1:2 to 3:2,[D[4, reaches a minimum.

results in dramatic shrinking of the swollen microgels. In the One dioxane molecule has two oxygen atoms that can form up

range 0.05< Xrue < 0.15, the microgels remain in the collapsed  to four hydrogen bonds with water molecules. If the interaction
state. Further addition of THF leads to reswelling of the Of dioxane molecules with the water pentamer is similar to that

microge|s in the range 0.15 X7ue < 0.3. Previous|y, Winnik between water and methanol or THIE)% should reach its
et al?® found that, in the rangeqys < 0.13, the LCST of minimum at a much lower value &fjoxane The actual minimum
PNIPAM decreases sharply from32 °C in pure water to-1 located in the higher range 0.33 Xdioxane < 0.6 indicates that
°C with an increasing THF content. Mukae ef&btudied the dioxane might affect the pentamer structure of water. Note that
Swe"ing and Shrinking of PINPAM microge|s in the mixture at 25°C, the microgels do not shrink in the mixture of water/
of water and alcohol and also found a swelling minimug,J. dioxane. Similar results were also reported by Schild &P al.
Their results showed that in the mixture of methanol and water, They showed that the LCST of PNIPAM was nearly indepen-
Xmin &~ 0.17, while in the mixture of ethanol and watef,i dent of the amount of dioxane added upiRxane < 0.35 and
decreases te-0.07.Xmin further decreases in the mixture of water then increases sharply wheoxane > 0.35.
and 1-propanol otert-butyl alcohol. Satoru et af.indeed showed that, whib&jioxane > 0.17, the

On the basis of this study and previous resuis, is found pentmar structure of pure water was broken so that water
to decrease with an increasing size and hydrophobicity of molecules could form micelle-like clusters with dioxane mol-
molecules added into water, consistent with the hydrate clathrateecules. A possible composition would be that each dioxane
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molecule forms two hydrogen bonds with two water molecules. (4) Errera, J.; Gaspart, R.; Sack, 81 Chem. Phys194Q 8, 63-71.
Figure 6 shows that the clusters formed in the mixture of water 38(15) Tominaga, Y.; Takeuchi, S. M. Chem. Phys1996 104 7377~

and THF have a smalléD[, or a larger size, in comparison (é) Clemett, C. J.; Forest, E.; Smyith, C.P.Chem. Phys1964 40,
with those formed in the mixture of water and dioxane, which 2123-2128.

further supports that the pentamer structure of water was broken  (7) Garg, S. K.; Smyth, C. Rl Chem. Phys1965 43, 2959-2965.
in the presence of dioxane. This explains Wiy} in the 1999)96'\/'2;2?%3;'_""'”“' N.; Yagihara, S.; Higasi, &. Chem. Phys
mixture of water and dioxane is always larger (smaller size and  (g) Atkinson, G.: Rajagopaian, S.; Atkinson, B..L.Phys. Chem981,
moving fast) than that in the mixture of water and THF for a 85, 733-739.

given concentration, even though dioxane is larger than THF. _ (10) Hindman, J. C.; Svirmickas, A.; Wood, M. Phys. Cheml968

. (11) Goldammer, E. V.; Hertz, H. G. Phys. Cheml97Q 74, 3734
Conclusions 3755.

. . . . . (12) Sorensen, C. Ml. Phys. Chem1988 92, 2367-2370.
A simple mixture of water and cycloethers is not microscopi- (13) Cadioli, B.; Gallinella, E.; Coulombeau, C.; Jobic, H.; Berthier, G.

cally homogeneous. There exists some large-scale concentratior. Phys. Chem1993 97, 7844-7856.
fluctuation with a dynamic correlation length 6200—-600 nm. (14) Srajbl, M.; Baumruk, V.; Floria, J.J. Phys. Chem. B99§ 102,

. . . . : ., 1314-1319.
Such concentration fluctuation (microscopically imperfect mix- (15) Ripmeester, J. A. IiGas Hydrates. Challenges for the Future

ing) can be removed by a simple filtration of the mixture with  Holder, G. D., Bishnoi, P. R., Eds.; Annals of the New York Academy of
a 0.2um filter. It indicates that the filtration can homogenize Sci(em):e; NeWkYork Academy of Science: New York, 2000; \liﬁl. ?]12.
; ; ; ini 16) Manakov, A. Y.; Goryainov, S. V.; Kurnosov, A. V.; Likhacheva,

the mixture ar_1d b_regk microscopic cy_cloet_her droplets remaining A.Y.: Dyadin, Y. A Lationov, E. G.J. Phys. Chem. B003 107, 7861
after mechanic stirring or ultrasonic vibration. The present study 7gg6.
together with previous results reveals that in liquid water water ~ (17) Murthy, S. S. NJ. Phys. Chem. A999 103 7927-7937.
molecules exist as a mixture of small clusters, such as pentramer 883 ,\SA“”'EQEF’ Fs H,;/?C'enCNe?g% 209, ;f?lglggg- 99, 0874-9861

. ashnimo, S.; Miura, . em. Y A .
and hexamer. The cycl_oether molecules gdded can complex with (20) Errington. J. R.: Debenedetti, P. G.: TorquatoPBys. Re. Lett.
these water clusters via hydrogen bonding as well as enter thexpo2 89, 215503(1-4).
cavities of the water structure. The complexation makes the (21) Giovambattista, N.; Buldyrev, S. V.; Starr, F. W.; Stanley, H. E.

i ; i i Phys. Re. Lett. 2003 90, 085506(14).
water clusters visible in laser light scattering. The water/ (22) Takamuku, T.. Nakamizo, A: Tabata, M.; Yoshida, K.; Yamaguchi,

cycloether complexes are nonsolvents for psijgopropyl- 1. "otomo, T.J. Mol. Liquids2003 103 143-159.
acrylamide) (PNIPAM) microgels even though both pure water  (23) Amiya, T.; Hirokawa, Y.; Li, Y.; Tanka, TJ. Chem. Phys1987,
and pure cycloether are good solvents at lower tempera'[ures.igy8 2317;5'—36313;225223'&”1& S.; Hirokawa, Y.; Tanka, Nlacromolecules
The average mutual_d_lffusmn coefficiedD} of these water (24) Hirotsu, S.J. Phys. Soc. Jpri987, 56, 233-242; Hirotsu, S.J.
clusters reaches a minimum@jcioether~ 20% andx 33%, for Chem. Phys1988 88, 427-431.
the water/THF and water/dioxane mixtures, respectively. The (25) Asano, M.; Winnik, F. M.; Yamashita, T.; Hirotsu, Klacromol-

; ecules1995 28, 5861-5866.
facj[ that PNIPAM.T]mrogeIs can reswell to a fully swgllenostate (26) Mukae, K.: Sakurai, S.: Sawamura, S.: Makino, K.: Kim, S. W.
as in pure THF with an increasing THF contenkéir ~ 25%  yeda, I.; Shirahama, K. J. Phys. Cheml1993 97, 737-741.
indicates that each THF molecular can, on average, complex (27) Otake, K.; Inomata, H.; Konno, M.; Saito, acromoleculed499Q
only with three water molecules. Whe®r > 30%, some of 23 28}2h89- _ loid Interf _
THF molecules added exist as individual molecules. It is these 35§28) Zhu, P.W.; Napper, D. H. Colloid Interface Scil99§ 177, 343~
free THF m0|eCU|eS that I’eSO|VBlte PNlPAM The m|n|mum (29) W|nn|k’ F.M.; Ottaviani’ M. F.; Bossmann, S. H.; Pan, W.; Garcia-
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