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Ice crystallization observed in highly supercooled
confined water†

E. Stefanutti,a L. E. Bove, b‡ G. Lelong,b M. A. Ricci,a A. K. Soper,c and F. Bruni∗a

We investigate the state of water confined in the cylindrical pores of MCM-41 type mesoporous
silica, with pore diameters of 2.8 nm and 4.5 nm, over the temperature range 160 - 290 K by
combining small angle neutron scattering and wide angle diffraction. This allows us to observe
simultaneously the intermolecular correlations in the local water structure (which shows up in a
main water peak around Q = 1.7 Å−1), the two-dimensional hexagonal arrangement of water cylin-
ders in the silica matrix (which gives rise to a pronounced Bragg peak around Q = 0.2 Å−1), and
the so-called Porod scattering at smaller Q, which arises from larger scale interfacial scattering
within the material. In the literature, the temperature evolution of the intensity of this Bragg peak
has been interpreted as the signature of a density minimum in confined water at approximately
210 K. Here we show that, under the conditions of our experiment, a fraction of freezable water
coexists with a layer of non-freezable water within the pore volume. The temperature dependence
of all three aspects of our data, as well as comparing the data from two different pore sizes, leads
us to conclude that the observed variation in the intensity of the main Bragg diffraction peak is
actually caused by a liquid to ice transition in the freezable fraction of confined water.

1 Introduction
The density maximum of liquid water at 277 K1 is one of the best
known water anomalies as it has a direct impact on our daily life
and on our ecosystem. Water, indeed, as few other anomalous
liquids, displays a maximum density in the liquid phase, related
to a negative thermal expansion coefficient, and implying that the
liquid expands upon cooling or shrinks upon heating. As an ex-
ample, this anomalous expansion plays an important role by only
freezing the upper layer in lakes and rivers, leaving life in the
bottom layers free to develop. Hydrogen bonding between water
molecules and their local tetrahedral arrangement, which char-
acterizes both the liquid and the several crystalline ice phases,
are responsible at a microscopic level for this anomaly. The pres-
ence of a density maximum suggests the possible existence of a
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density minimum in the supercooled region2, because the density
of water decreases rapidly below the temperature of the density
maximum and its value can not go below that of ice.

The quest for this density minimum3–5, as well as for the ob-
served thermodynamic anomalies in the supercooled region, has
prompted the formulation of different hypotheses to describe un-
dercooled water. Among other proposals, of particular interest
is the idea that, at low enough temperatures, there exist two
metastable liquid phases, namely low-density (LDL) and high
density (HDL) water, whose domain of existence is believed to
be separated by a first-order transition line ending in a second
critical point5.

The hypothesis for a liquid-liquid transition in supercooled wa-
ter has been tested in a number of computer simulation studies.
Both the predicted critical temperature and pressure vary quite
widely between the different models6–10. Mean field models
which have a second critical point have also been quite successful
at predicting thermodynamic properties of water, but give a dif-
ferent prediction for the location of the second critical point com-
pared to the computer simulation results11,12. The mW model
of water is particularly interesting in this regard, since it pre-
dicts quite successfully several water anomalies, including a den-
sity maximum at T > 0 and a density minimum in the super-
cooled region, but at low enough temperature the ice nucleation
time becomes faster than the liquid relaxation time, therefore no
liquid-liquid transition is observed13,14. Under the assumption



that there is a second critical point in water, the extension of the
phase boundary into the single phase region of the P−T plane,
the so-called Widom line15, typically intersects the temperature
axis at around 210 - 230 K at ambient pressure. Within this sce-
nario, this latter temperature should be close to that of the water
density minimum.

Experimental evidence for the presence of a density minimum
is hard to obtain. This is because, when cooling the supercooled
liquid, the onset of homogeneous crystal nucleation occurs at a
temperature, TH,∼ 235 K. Attempts to explore the supercooled
region from below, i.e. by melting the amorphous phases, are hin-
dered by the spontaneous crystallization of ice at ∼150 K. These
two temperatures delimit the so-called no man’s land, a region of
the phase diagram where probing bulk liquid water appears im-
possible. However recent X-ray laser experiments appear to have
penetrated a few degrees K into no-man’s land for water16,17. Us-
ing femto-second X-ray pulses and the huge intensity available at
such facilities, it is possible to capture the structure of individual
micron-sized droplets immediately before they crystallize below
TH. The authors of that work claim they have seen a peak in
the isothermal compressibility, at ∼ 229 K, which, if it were true,
could correspond to the crossing of the purported Widom line,
although other explanations of the data cannot be discounted18.

In the past decade or so, in order to circumvent such hurdles,
a series of experiments have been performed on water confined
in nanoporous materials. Upon confinement, the melting temper-
ature of water is lowered and apparently crystallization is only
observed, by means of Differential Scanning Calorimetry (DSC),
for pore diameters larger than ∼ 3.0nm19,20. For water confined
in smaller pores the suppression of crystallization would, allow
confined water to remain in the deeply supercooled state below
the homogeneous crystallization temperature of bulk water. This
approach has been used to derive hints of the possible existence
of a liquid-liquid phase transition in the no man’s land of bulk wa-
ter, provided that confined water can be assumed to be a realistic
model for bulk water21,22. Whatever the nature of the surface
of the porous matrix (polar, hydrophilic or hydrophobic), the re-
striction of the accessible space induced by confinement has in-
deed important structural, dynamical and thermodynamical con-
sequences. Despite many experimental and computational stud-
ies, the effects of a specific nanoconfinement on the properties of
water are still largely unknown.

The first experimental claim for evidence of a density minimum
in confined water was obtained with small angle neutron scatter-
ing (SANS) on water confined in the cylindrical pores of MCM-41-
S-15 with nominal pore diameter of 1.5 ± 0.1 nm, arranged in a
2D hexagonal lattice24. The rationale behind this experiment was
to consider the intensity of the (10) Bragg peak, which arises from
the 2D hexagonal array of unidirectional pores, as proportional to
the difference between the scattering density of the confined liq-
uid and that of the confining substrate, under the assumption of
a uniform water density distribution across the diameter of the
pore. This assumption plays a crucial role in the interpretation of
the data, as we shall see in the following.

This first study was followed by other experiments and simula-
tions, which either confirmed the finding or criticized it. Briefly,

supporting evidence has been provided by similar small angle
neutron or x-ray scattering (SAXS) studies25–27. In addition, crys-
tallization at 220 K has been observed for water confined in MCM-
41 with larger pore size (2.4 nm)27. The apparent lack of a liquid
water density minimum in this latter case was considered as an
overall validation of the DSC data and of the method based on the
intensity of the (10) Bragg peak as a probe of water density un-
der confinement. An overview of these findings, discussing both
the density minimum and the hypothesized liquid-liquid critical
point, can be found in reference28. Conversely, atomistic simu-
lations of wide angle scattering data on water confined in MCM
material with nominal pore diameter of 1.5 ± 0.1 nm pointed out
that the water density profile across the pore is not flat and can
change with temperature29. Other simulations of similar systems
also reported a non-uniform density profile, which included the
idea that there is a layer of “bound” water near the pore surface
different from bulk water30,31. It must be also recalled that a
temperature dependent density, in turn, would lead to a change
in Bragg peak intensity, even when the overall density across the
pore stays constant23,32. SAXS experiments on water confined
in MCM-41-S material with pore size ranging from 2.0 to 4.4nm
were used to demonstrate that the scattering data cannot be de-
scribed as resulting from a homogeneous density distribution of
water within the pores33. Interestingly, in the same study33, the
authors reported the presence of a water fraction in the center of
the pore with different properties compared to that at the pore
wall, and identified a density minimum similar to that found by
Liu et al.24. However, at odds with27, density minima were ap-
parently observed33 for all investigated samples, even when wa-
ter was confined in MCM with the largest pore size.

NMR studies revealed that confined liquid water exhibits a
high-temperature crossover of rotational motion at 220ấLŠ230 K,
which coincides with an emergence of solid water, where, most
probably, the liquid and solid fractions can be identified with in-
terfacial and internal waters, respectively34,35.

Notably, the temperature of the density minimum was found
to depend on the pore size, shifting to lower temperatures as the
pore diameter decreases33. This last result casts some doubt on
the use of confined water as a tool to probe the existence of a
density minimum in bulk water, because such a minimum should
be an intrinsic characteristic of water, not depending on the size
of the confining matrix. Very recently, in a series of measurements
on the velocity of sound in stretched water (negative pressure) in
micron-sized occlusions, a line of compressibility maxima (corre-
sponding approximately to the Widom line) has been identified
which proceeds to lower temperature as the pressure is raised36.
The temperature at which this line would cross the ambient pres-
sure line is unclear at this stage, but, assuming it does continue
into the positive pressure region of the water phase diagram, its
observation is at least consistent with the liquid-liquid transition
hypothesis, though it does not rule out other interpretations ei-
ther. Hence, as it currently stands, it would be fair to state that
the question of the presence of a density minimum in deeply su-
percooled water and the associated crossing of the Widom line,
along with a liquid-liquid transition at lower temperatures, re-
mains unresolved.
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The aim of the present study is to shed light on the above is-
sues, exploiting the possibility offered by the NIMROD diffrac-
tometer37, at the ISIS pulsed neutron source, to investigate a
wide Q range, extending from 10−2 to 30 Å−1, thus combining
traditional SANS and wide angle diffraction in a single experi-
ment. This is of particular importance here, because it means it is
possible to look at the peak (around Q = 0.2 Å−1) resulting from
the (10) plane of the 2D hexagonal arrangement of the water
cylinders in the silica matrix and at the main water peak (around
Q = 1.7 Å−1) at the same time.

As a consequence, we can, simultaneously, tackle the question
of the purported density minimum, check the phase of the con-
fined water, and observe the scattering in the very low Q region.
This latter Q region provides information on the density fluctua-
tions, that are expected when approaching the liquid-liquid tran-
sition temperature.

2 Materials and Methods
We report neutron diffraction (ND) experiments performed on
water confined in MCM-41/C10 (pore size 2.8nm) and in MCM-
41/C18 (pore size 4.5nm) as a function of temperature, in the
range 160 - 290 K. Details on the synthesis procedure are de-
scribed elsewhere38. The smallest pore size was chosen because
no water freezing has been observed with differential scanning
calorimetry (DSC) in MCM-41 with pore diameter ≤ 3nm39,40. To
better exploit NIMROD potentialities and to distinguish features
of the dry MCM material from those due to confined water, three
samples were investigated for each MCM, namely a dry MCM ma-
trix, one filled with D2O, and one filled with a "zero-water" mix-
ture made up of 92% H2O and 8% D2O. The neutron scattering
length of this mixture is such that the average coherent scatter-
ing length of the water molecule as a whole is zero, so that in the
event that the water is randomly distributed and orientated across
the pore there should be no coherent water scattering, which in
turn would mean the scattering signal from this sample should be
the same as the dry MCM-41. MCM samples were carefully hy-
drated up to 90% of the total pore volume available, to rule out
the possibility of observing contributions to the scattering pattern
from water molecules that left the pore volume due to expansion
on cooling, either due to the presence of a density minimum or
due to crystallization.

3 Experimental Data and Discussion
Figure 1 shows the raw scattering data collected at T = 284 K for
the MCM-41/C10 samples (similar data have been collected for
the larger pore size MCM-41/C18). This figure illustrates several
interesting features. First, the steep rise at very low Q values
due to interfacial (Porod) scattering. Second, the peak around
Q = 0.2−1, due to the (10) plane of the 2D hexagonal arrange-
ment of water cylinders in the silica matrix. Third, the water
peak around Q = 1.7−1, which is better visible in the figure insert.
Also to be noted is that the zero-water sample is not identical to
the dry MCM signal, suggesting a non-uniform distribution of wa-
ter across the pore. Finally, we note that, at this temperature, the
main water diffraction peak is at a markedly lower Q value than
is found in bulk water, suggesting that the confined water is on

average at lower density than bulk water.
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Fig. 1 Color On-line. Raw Differential Cross Section (DCS) data of MCM-
41/C10 sample (pore size 2.8 nm), hydrated with heavy water (D2O) or
with the zero-water mixture (92% H2O and 8% D2O) compared to data
obtained for the dry matrix. The zero-water mixture composition was
specifically calculated to suppress the signal from water inside the pores.
The peak around Q= 0.2 Å−1 is due to the (10) plane of the 2D hexagonal
arrangement of water cylinders in the silica matrix. The peak around
Q = 1.7 Å−1, better visible in the figure insert, is ascribed to water.

Following the same procedure described in24, we investigated
the temperature dependence of the intensity of the Bragg peak
around Q = 0.2 Å−1, treating it, as in24, as a direct measure of
the average mass density of water in the pores.

The first step of the procedure requires a subtraction of a power
law decay from each diffraction pattern, in order to remove the
contribution from interfacial scattering. Details on this procedure
and on the data analysis methods adopted to investigate the tem-
perature dependence of the Bragg peak are described in the Sup-
plementary Information.

Figure 2 shows the temperature dependence of the Bragg peak
after background subtraction, along with the fits obtained with
eq. 4 in the Supplementary Information. We remark the very
good agreement between the model and the experimental data.
The mass density of D2O, extracted as a fit parameter, is plotted
as a function of temperature in Figure 3A, and compared to the
trend reported in24. Even though the absolute values of the mass
density of confined D2O may not be reliable, yet the adopted nor-
malization does not affect its temperature dependence.

The measured apparent D2O density shows a minimum at
about 210 K, albeit less marked compared to previous data24,41.
However, it should be noted that the accuracy of the density val-
ues extracted from the fitting procedure strongly depends on the
background subtraction. Figure 3B shows the temperature depen-
dence of the thermal expansion coefficient αP =−ρ−1

m (∂ρm/∂T )P,
calculated from the data in Fig. 3A. If we compare our results (red
markers) with those obtained in24 (black markers), we can notice
a good overall agreement. The temperature of the density mini-
mum corresponds to the temperature where αP is equal to zero,
and αP is expected to exhibit a maximum crossing the Widom line
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Fig. 2 Color On-line. Analysis of the Bragg peak intensity with the model
given by eq. 4 in the Supplementary Information. Experimental neu-
tron scattering intensity (open symbols) obtained with the D2O-hydrated
MCM-41/C10 sample and fits (solid lines) according to eq. 4 in the Sup-
plementary Information. To make the figure clearer, only some selected
temperatures have been shown. However, the same good agreement
between the model and the experimental data is observed at all the in-
vestigated temperatures.

above the critical point27,42; this implies that both data sets sug-
gest a density minimum in the temperature range 210-215 K, and
a crossing of the Widom line around 240 K at ambient pressure.

As discussed above, if below a second critical point supercooled
water is regarded as a mixture of two states of the same liquid,
differing in density3,28,43–47, then density fluctuations above that
critical point will reach a maximum close to the Widom line. In
principle, this should, in turn, give rise to enhanced scattering in-
tensity at low Q near the transition temperature48. In order to
make this point clearer, we have performed a quantitative, model
free, analysis of the Porod region, looking at the scattered inten-
sity at selected Q values as a function of temperature. The results
(Fig. 4) show a continuous decrease of the scattered intensity
with increasing Q. For Q values below 0.059 Å−1 the scattered
intensity shows no (or very weak) temperature dependence, sug-
gesting the absence of density fluctuations and, in turn, of two
coexisting liquid states. Such a result is remarkable as it clearly
provides evidence that the Widom line is not crossed upon cool-
ing confined D2O at ambient pressure. This result is at odds with
a recent report, based on extremely fast X-ray diffraction in su-
percooled micron-sized water droplets17. However, even in this
latter work the rise in scattering at low Q is very modest in prac-
tice. Interestingly, the drop in intensity with temperature (below
T = 240 K and for Q ≥ 0.059 Å−1) indicates a reduction in com-
pressibility, as it would be expected for a solidification transition.

At this stage, we appear to have two conflicting pieces of evi-
dence: an apparent density minimum at about 210 K, along with
an associated maximum in the thermal expansion coefficient at
about 240 K, on the one hand, and the absence of obviously en-
hanced density fluctuations at low Q at all investigated tempera-
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Fig. 3 Color On-line. (A) Comparison between the temperature depen-
dence of the mass density of D2O calculated in the present work (red
symbols) with those reported in 24 (black symbols). (B) Thermal expan-
sion coefficient, αP = −ρ−1

m (∂ρm/∂T )P, as a function of temperature. αP
has been calculated with the ρm data shown on Fig. 3A; those indicated
with red symbols have been obtained from our experimental data, while
those indicated with black symbols have been calculated using data re-
ported in 24. Lines connecting symbols are guides for eyes.

tures on the other. To reconcile these two observations, we looked
at the short-range correlation of confined D2O. In particular, we
investigated in detail the temperature dependence of the main
water peak around Q = 1.7 Å−1 (see Fig. 1, Fig.1 insert, and Fig.
5), the rationale being that any modifications of the diffraction
profile must come from changes in the state of confined water52.

Figure 5 shows the scattering data in two Q regions, namely
in the low Q region of the (10) Bragg peak, and in the region
of the main water diffraction peak (1 ≤ Q ≤ 6 Å−1, right hand
graphs), for both MCM-41/C10 (top row) and MCM-41/C18 (bot-
tom row). Starting from the left, plot (A), we notice that the tem-
perature dependence of the (10) Bragg peak in the 2.8 nm pores
of MCM-41/C10, already discussed above and shown in detail in
Figure 2, goes along with a change in position and reduction in
width of the main water peak on cooling below 240 K, as shown
in plot (B). The observation of a peak narrowing strongly sug-
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Fig. 4 Color On-line. Temperature dependence of the Porod region of
DCS obtained with D2O confined in MCM-41/C10 sample at several Q-
values. For each Q value the DCS data have been normalized to their
value at T =280 K. The figure shows that below Q = 0.59 Å−1 the scat-
tered intensity does not depend strongly on temperature.

gests crystallization or solidification of at least a fraction of con-
fined water (more on this issue below). At temperatures below
210 K further changes are relatively small. The situation is simi-
lar for the larger pores of MCM-41/C18, plots (C) and (D). Also
in this case, the temperature dependent decrease of intensity of
the Bragg peak is accompanied by a sharp change in the position
and width of the main water diffraction peak between T = 240 K
and T = 230 K, with minor changes below 230 K. Once the sub-
stantial background from Porod scattering at very low Q has been
removed (see Supplementary Information for a detailed descrip-
tion of this procedure), for both MCM materials the intensity of
the (10) peak drops as the temperature is lowered: by a factor
of ∼ 50% for 2.8 nm pores, and ∼ 33% for 4.5 nm pores. The
drop in intensity levels out at the temperature where crystalliza-
tion or solidification reaches completion in both cases (230 K for
4.5 nm pores, 210 K for 2.8 nm pores); notably this is the tem-
perature at which a density minimum in the confined water has
been reported.

The comparison between MCM-41/C10 and MCM-41/C18 re-
garding the temperature evolution of the water main diffraction
peak, points to a more sudden change with temperature and a
sharper main peak at the lowest temperature for water confined
in MCM-41/C18. These observations can be accounted for by con-
sidering the larger constraints imposed by confinement of water
in MCM-41/C10 and the substantial pore size broadening in this
latter case. However, the narrowing and shift of the main peak is
unequivocal for both pore sizes.

Remarkably, the main diffraction peak of water confined in
MCM-41/C10 no longer appears as a single peak below 240 K,
but rather looks like the convolution of substructures, located ap-
proximately between 1.5 and 1.9 Å−1. These substructures were
not present in the liquid phase, and can be assigned to the forma-
tion of stacking faults ice49 albeit with a change in intensities due
to the likely partially oriented nature of the growing crystallites.
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Fig. 5 Color On-line. Comparison between the differential cross sections
of D2O in MCM-41/C10 and MCM-41/C18 in the low Q−region, plots (A)
and (C), and in the range of the main water diffraction peak, 1 ≤ Q ≤ 6
Å−1, plots (B) and (D). Details on the procedure adopted to remove the
substantial background from Porod scattering at very low Q, particularly
evident in plot (C), are given in the Supplementary Information.

The observation of stacking faults ice I formation when water
crystallizes at low temperature is a well known phenomenon ob-
served when water freezes from vapor deposited nanodroplets50,
or from salty solutions51, as well as in other environments fa-
voring deep undercooling49. Interestingly, the intensity of these
small features does not appear to grow as the temperature is low-
ered, suggesting they do not arise from water extruding from the
pores as proposed by26, but may arise from a small amount of
water in larger interstices in the MCM structure. However, the
assignment of the freezable fraction of water to a homogeneous
ice structure is not straightforward.

We report in Figure 6 a comparison of a diffractogram of stack-
ing faults ice I, as shown in Figure 5 of ref.49, and the diffraction
pattern of D2O confined in MCM-41/C10 and MCM-41/C18 at
209 K. We can easily recognize stacking disordered ice I main
peaks at 1.6, 1.7, 2.8 and 4.3 Å−1. The lack of some - minor - re-
flections in the black curve in Fig. 6 (D2O in MCM-41/C10) with
respect to the reference diffractogram can be attributed to the non
perfectly powdered nature of the ice growing in the nanopores.
Moreover, stacking sequences can be significantly different de-
pending on the thermal history of the ice sample. The comparison
here with stacking faults ice I obtained by crystallization of recov-
ered ice V is therefore only indicative. The difference in stacking
sequences (see ref.49) can also explain why ice I structure ob-
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Fig. 6 Color On-line. Comparison between the diffractogram of stacking
fault ice I (data taken from ref. 49, blue line) with the experimental differ-
ential cross-section of D2O confined in MCM-41/C10 (pore size 2.8 nm,
black line) and in MCM-41/C18 matrix (pore size 4.5 nm, red line). The
diffraction patterns have been arbitrarily shifted along the vertical axis in
order to have the same offset with respect to the origin of the reference
frame.

served in the larger pores of MCM-41/C18 shows a slightly dif-
ferent diffraction signature, which is indeed more similar to the
one observed for stacking faults ice I obtained on warming up
fast quenched amorphous salty solutions above their glass transi-
tion temperature51. This observation suggests that the effect on
water structure imposed by the template (namely, the pore sur-
face) depends on pore size, being larger for the smaller pores of
MCM-41/C10. In turn, this would imply that a uniform ice struc-
ture, starting from a disordered template, can be found only after
a number of stacked disordered ice layers is present in the pore
volume, in agreement with recent simulation studies54.

At this point, there is strong evidence that confined D2O under-
goes a crystallization transition around 240 K, and, consequently,
the maximum of the thermal expansion coefficient appearing at
240 K (Fig. 3B) is not related to the crossing of the Widom line
but rather to the onset of a crystallization event. Based on the un-
certainties associated with the measurement of the pore size39,
being sensibly dependent on the particular method adopted to
determine it, one may argue that a pore diameter of 2.8 nm, as
in MCM-41/C10, is too close to the reported value of 3 nm rep-
resenting the largest size below which no water freezing can in-
deed be observed by DSC39. In addition, it has been shown that
the freezing temperature of water can be lowered by about 60 K
when confined in MCM-41 with pore diameter ∼ 3 nm40, a freez-
ing point depression clearly not consistent with our observations.

All these issues can be rationalized as follows. The
confinement-induced shift of the melting temperature, ∆Tp =

T0−Tp, where T0 is the freezing temperature of bulk water and Tp

the freezing temperature of water confined, in a series of MCM-
41 material, was studied using DSC40. It was found that ∆Tp can
be related to the pore radius R by a modified form of the Gibbs-
Thomson equation:

∆Tp =
CGT

R−λ
(1)

where CGT is a constant value40, and the parameter λ takes
into account the presence of a layer of non-freezable water at
the pore walls. In the Supplementary Information the procedure
to obtain the thickness of λ based on our diffraction data is de-
scribed in detail.

We have estimated λ = R− (CGT /∆Tp): for R = 1.4 nm, we ob-
tain λ = 0.38 nm, that is very reasonable and in agreement with
literature data for this sort of porous matrix, implying between 1
and 2 mono-layers of non-freezable water at the pore wall39,53.
These results suggest a coexistence between freezable water, in
the center of the pore, and non-freezable water at the pore wall
below 240 K. A rough estimate of the fraction of non-freezable
water, φ , corresponding to a layer with thickness λ = 0.38 nm
gives φ = 1− (1−λ/R)2= 47%.

This outcome has several consequences. First, we can safely as-
sume that changes in shape and position of the D2O peak around
Q = 1.7 Å−1 can be interpreted as a freezing phase transition of a
not negligible fraction of water confined in MCM-41/C10 matrix.
This, in turn, implies that the density of water inside the pores
cannot be considered as constant across the pore, and therefore,
the approach based on the Bragg peak intensity to determine the
homogeneous density, ρm, of confined water has no ground. This
observation rules out the existence of a minimum density of con-
fined water as determined by SANS technique. The temperature
dependence of ρm reported in Fig. 3A should be then interpreted
as resulting from a temperature-dependent rearrangement of a
constant number of water molecules in the available pore vol-
ume, possibly due to increasing hydrogen-bonding upon cooling.

4 Conclusions

In conclusion, we have found that a non negligible fraction of wa-
ter confined in MCM-41/C10 (pore diameter 2.8 nm) crystallizes
at 240 K as a stacking faults ice I at the center of the pore. This
fraction coexists with about one or two layers of non-freezable
water at the pore wall. As a result, variation of water density
across the pore cannot be considered as unchanging with tem-
perature, and previous work,24–26,41, which appears to be based
on this assumption, needs to be revisited. This conclusion nei-
ther implies that a density minimum in supercooled water does
not exist, nor that there is no liquid-liquid transition to explain
the water anomalies, but rather demonstrates that the claim of
a density minimum in confined liquid water at 210 K, as deter-
mined looking only at the temperature dependence of the inten-
sity of the (10) Bragg peak of the 2D hexagonal internal structure
of the porous matrix, is incorrect. Moreover, extension of the in-
vestigated Q region both to lower and to higher Q values, allows
us on the one hand to rule out the presence of a maximum in
density fluctuations, expected if a Widom line were being crossed
in confined water, and, on the other hand, to identify a crystal-
lization or other solidification event starting at about 240 K.
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