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Supplemental Information

Differential scanning calorimetry experiments

The principle preparation procedure for the water-in-oil emulsion (w/0) samples was almost identical to the method described
earlier (Dreischmeier et al., 2017). 1 mL of 7 wt% emulsifier Span®65 (Merck) dissolved in 93 wt% of a mixture of 50 vol%
methylcyclopenthane (Acros Organics, 99 %) and 50 vol% methylcyclohexane (Acros Organics, 95 %) was used as the organic
phase. The aqueous phase consisted of 1 mL of an F. cylindrus suspension with a concentration of 1x107 cells mL™!, see Sect.
2.2.2 in the main paper, or alternatively of 1 mL of pure artificial seawater for comparison. The mixtures of the organic and
aqueous phase were subsequently emulsified by stirring with a high-speed disperser (IKA Ultra-Turrax T25 basic) for 10 min
at 20’000 rpm. For a DSC measurement, about 10 mg of such an emulsion was filled into an aluminium pan that was sealed
hermetically and then transferred into the calorimeter. The samples were cooled at a rate of -5 °C min"! down to -60 °C, and

subsequently reheated, first at 5 °C min! and then, in the temperature range between -20 °C and +5 °C, at 1 °C min'.

WISDOM microfluidic device

For the droplet generation, we used two syringe pumps (neMESYS NEM-B101-02 E), one filled with the aqueous sample and
another with an organic phase consisting of 2 wt% Span®80 (Merck) dissolved in 98 wt% of a mineral oil (Sigma-Aldrich,
mineral oil M3516). The microfluidic chip was connected to the pumps with PTFE tubes. The droplets generated within the

chip had diameters of 90 pm £5 pm.



For the freezing experiments, we placed the microfluidic chip after the droplet production on a temperature-controlled cold-
stage (Linkam, BCS 196) attached to an optical microscope (Olympus, BX51 TRF). The temperature of the droplets in the
chip was calibrated with respect to the cooling (or heating) rate as well as to the absolute temperature, and is described in detail
in a previous study (Eickhoff et al., 2019). The freezing of the droplets was observed using the transmission mode of the
microscope and we recorded the images with a digital camera (Q-Imaging, MicroPublisher 5.0 RTV) for later analysis by a
LabView routine that detects a freezing event from the change in grey values of a particular droplet upon freezing. Typical
changes in the droplets’ grey values during freezing experiments are depicted in Fig. S3. In each individual experiment,
between about 45 to 70 droplets were observed simultaneously, depending upon the percentage of droplet-filled microcells
within the droplet array of the chip.

For all F. cylindrus measurements, the chip was first cooled to a temperature of -20 °C at a rate of -5 °C min’!, because no
freezing events were detected in this temperature range. After equilibration at this temperature for 2 min, the samples were
then cooled at a slower rate of -1 °C min' to -45 °C, at which all droplets were frozen. Thereafter, the chip was heated relatively
quickly at a rate of 5 °C min™!, until -10 °C, and after two minutes of equilibration, it was then heated to 5 °C at 1 °C min™".

The detailed temperature profiles for each type of experiment are listed in Table S2.

Evaluation procedure for samples with small INP concentrations

Referring to section 2.3.3 in the main paper, the following Poisson distribution can be used to describe the probability P, (k)

that an individual droplet contains exactly k INPs when the average concentration is A INPs per droplet:

P(k) = '}(—Texp(—)l). (S1)

Note that the derivation of the Poisson distribution contains a simplification that require a larger number of droplets and hence
Eq. (S1) becomes more accurate as the number of investigated droplets increases. For the microfluidic experiments performed

in this work with more than a hundred droplets investigated for each sample the simplification applies.

The average number of INPs per droplet, A, is easily calculated from the concertation ¢ of INPs in the stock solution and the

volume V of an individual microfluidic droplet:

A= Virop. (52)



Furthermore, the droplet volume Vg, can be expressed by the droplet’s radius r or alternatively by its diameter d:

4 1
Varop = 7% = =m-d>. (S3)

Figure S4 shows the calculated Poisson distributions of the number of cells per droplet for four different values of 4 in a
concentration range relevant to this study. For lower values of A, the histograms exhibit the tilted shape typical of Poisson
distributions, while for larger values of 4, the Poisson distribution approaches the more symmetrical shape of a normal

distribution (Koop et al., 1997).

For the ice nucleation experiments considered here, only those droplets containing at least one INP and those without any INPs
are relevant, as this determines whether they are subject to heterogeneous or homogeneous nucleation, respectively. Whether
a droplet contains one, two or more INPs is of less importance, as long as every INP is identical and, thus, induces
heterogeneous ice nucleation at the same temperature. The probability that a droplet does not contain any INPs can be

calculated easily by inserting k = 0 into Eq. (S1):

Po(0) =2 exp(=2) = 2exp(~2) = exp(~2). (54)

1

P;(0) is shown as the black-coloured bar in each panel of Fig. S4. The probability that a droplet contains at least one
INP, P, (k = 1), is given by the combined probability of all red-coloured bars in each panel of Fig. S4, and it can be calculated
using the fact that the sum of all probabilities Py (k) for k from 0 to oo must become 1 (see Eq. (S5)):

k
Py(k) = X exp(-2) = 1. (S5)
Hence, Py (k = 1) can be calculated from the following difference:

Pk = 1) = T exp(—2) = Tino e exp(—2) = oo o exp(=2) = 1 = Py(0) = 1 — exp(=A). (36)



Since A can be expressed by the product of the droplets’ diameter and the known concentration of INPs in the stock solution,

¢, (see Eq. (S2) and Eq. (S3)) this yields:

Pk 21)=1—exp(-Z-c-d?). (S7)

The equations above have been derived for applications where the average concentration ¢ of INPs in solution is known.
However, in ice nucleation experiments of natural samples, the concentration ¢ of INPs per volume is often unknown a priori
and other values such as the organic carbon content has to be used for comparison (Gute and Abbatt, 2020; Xi et al., 2021). In
such cases, Eq. (S7) can be used to obtain a rough estimate of A and, thus, ¢ from ice nucleation experiments when a plateau
in the experimental frozen fraction curve is observed. The frozen fraction is defined as the number of frozen droplets relative
to the number of all droplets, at a given temperature (Budke and Koop, 2015). Here, we term the value of the frozen fraction
at the plateau as fj,. If a sufficiently large number of droplets is investigated, then f;., corresponds to the fraction of droplets
that froze heterogeneously and thus may be equated with that fraction of droplets containing at least one INP.

There are two underlying assumptions for experimentally obtaining fi.,. First, every droplet containing at least one INP freezes
heterogeneously, which appears entirely reasonable. Secondly, every droplet containing one or more INPs freezes at a higher
temperature than those droplets without any INP, i.e. the difference between the heterogeneous and homogeneous ice
nucleation temperature is large enough to be easily distinguished in the experiment. With these two assumptions a plateau in
the frozen fraction curve can be interpreted as follows: the fraction of droplets below the plateau froze heterogeneously and
contain at least one INP, and the fraction of droplets above the plateau froze homogenously (when their freezing temperature
is consistent with homogenous freezing) and, thus, do not contain INPs. In practice, this evaluation procedure does not work
if none of the droplets froze heterogeneously or if all droplets froze heterogeneously at the same temperature without any
obvious plateau, i.e. it is only applicable for intermediate average INP concentrations in what we term the “Poisson relevant
range”.

We define this “Poisson relevant range” as the range of average INP concentrations, in which both droplets without any INP
as well as droplets containing one or more INPs occur and, thus, both can be observed readily in the corresponding freezing
experiments. For the experiments presented here, we establish the Poisson relevant range as the area between Py (k = 1) values
of 5.0 % and 99.5 %. The lower limit was set at 5.0% in order to avoid any influence of the freezing of a minor fraction of
droplets induced by impurities and the upper limit corresponds to about one out of 200 droplets not containing any INP and
thus freezing homogeneously, while the highest accuracy can be reached for a value of 50 % (see blue curve in Fig. S5a and
Fig. S6). For higher concentrations, when every droplet contains at least one INP, the above Poisson evaluation is not needed
and the classic method can be used, and so this upper limit sets an endpoint for the Poisson-based evaluation. The classic
method indeed assumes that every observed droplet contains at least one INP and it has been described in detail previously

(Murray et al., 2012; Budke and Koop, 2015).



To demonstrate the concentration range suitable for the Poisson method, i.e. the Poisson relevant range, the latter is indicated
in Fig. S5a as the grey shaded area. The solid blue curve shows the values of P;(k = 1) calculated using Eq. (S7) as a function
of the average INP concentration c of the studied sample and a droplet diameter of 90 um. The two dashed lines show the
changes for a deviation of +5 um in droplet diameter.

To verify the procedure, we investigated aqueous suspensions of the well-studied ice-nucleating bacterium Pseudomonas
syringae in the form of the commercial product Snomax (Morris et al., 2011; Budke and Koop, 2015; Wex et al., 2015). The
ice nucleation temperatures of each about 165+15 droplets, from three single measurements with 45 to 70 droplets each,
containing either pure double-distilled water or three different concentrations of P. syringae were investigated, see Table S3.
These concentrations are also marked in Fig. S5a as vertical lines. A similar plot for the . c¢ylindrus diatoms can be found in
Fig. S6. The resulting experimental frozen fraction curves of P. syringae are shown in Fig. S5b. Double-distilled water (black
open symbols) shows a steep increase in frozen fraction below about -34.0 °C, in agreement with homogeneous ice nucleation
rates of droplets of such diameter (Koop and Murray, 2016; Reicher et al., 2018; Eickhoff et al., 2019). Following this
observation, all droplets of the P. syringae samples that froze at around or below this temperature are assumed to have
nucleated homogenously, i.e. they are considered to contain no INPs in the analysis below.

For all P. syringae samples, the first freezing events occur at much higher temperatures of about -8 to -9 °C, and the frozen
fraction curve in each case initially increases strongly before reaching a plateau, and subsequently the remaining liquid droplets
freeze only at very low temperatures. In each sample, the plateau occurs at a different value of the frozen fraction, e.g. fice is
higher the larger the P. syringae concentrations (pink > blue > orange). We determined the corresponding fi, values, as
defined above, from the experimentally obtained frozen fraction curve as the value of the frozen fraction at -34.0 °C, i.e. at the
threshold between heterogeneous and homogenous ice nucleation as defined above. The resulting fi, values for the three
concentrations were 0.99, 0.61, and 0.39, respectively, indicated as the dashed horizontal lines in Fig. S5b. These fir, values
correspond to Py (k = 1)measured and can be used to infer the average INP concentration from Eq. (S7). Because in the current
experiments the INP concentrations are known (i.e., 1.4x107, 2.8x10°. and 1.4x10° mL"!), these experimentally derived fi..,
values can be compared to the expected fi.. values, corresponding to Py (k = 1)cacuated Values calculated from Eq. (S7),
yielding values of 1.00+£0.01, 0.66+0.06 and 0.41+0.05, respectively. These theoretical values are in good agreement (within
experimental uncertainty) with the measured values and thus confirm our approach and the inferred INP concentrations of
1.2x107, 2.5x10% and 1.3x10° mL"! (see Table S3) deviate by about 14%, 11% and 7% from the prepared concentrations, which
is very good given that INP concentrations can vary by orders of magnitude. For further validation that the Poisson distribution
is necessary for a proper evaluation in the above-mentioned concentration range, the cumulative number of active ice-
nucleating sites ny per number of P. syringae bacteria was evaluated and discussed in the following section and the related

Fig. 87.



Determination of INP concentration

Above, we have defined f,  as the plateau region separating heterogeneous and homogenous freezing. Since f,  varies with

the number of droplets containing at least one INP, an experimentally determined f ;Ce value can be used to calculate the

concentration of INPs for unknown samples using a variation of Eq. (S7). Typically, a sample is investigated by means of a
dilution series so that a different INP concentration is scanned in each experiment. If the INP concentration is too large, all
droplets freeze heterogeneously, and if it is too low, no INP-induced heterogeneous nucleation occurs (apart from that induced
by any impurity present) and, thus, all droplets freeze homogeneously. In both these cases, it is not possible to obtain the
desired INP concentration. But if measurements are done in the Poisson relevant concentration range, one can observe both

heterogeneous as well as homogenous freezing of droplets, resulting in a plateau in the frozen fraction curve, as discussed
above. With the frozen fraction value of this plateau, f;ce, and the assumptions that, first, every INP induces heterogeneous

freezing and that, secondly, all heterogeneously frozen droplets freeze before the first freezing of a homogenous frozen droplet,

the following equation can be obtained by rearranging Eq. (S7):

_ _6In(1-P(k21)) _  6In(1-fi,)
- m-d3 - md3 9

A comparison with Fig. S5a implies that f;ce values of about 0.5 will lead to more accurate results than values close to the

limits of the Poisson relevant range, because of the larger slope of the curve at P,(k > 1) at intermediate f ;Ce values.

In order to verify this method, we determine the concentrations ¢ measured Of the investigated P. syringae samples by using the
already determined values of P;(k = 1)measured, from Table S3, for calculating f;ce. The resulting values for ¢ measurea as well
as the actually prepared concentrations of the samples c, are also listed in Table S4. The comparison shows that there are only
minor differences between the prepared and measured concentrations, supporting the fact that this method provides a suitable
and relatively accurate estimate of the INP concentration of an unknown sample. A similar treatment was performed for the

F. cylindrus diatom samples and the related Fig. S6.

Figure S7 shows the cumulative number of ice-nucleating active sites ny per P. syringae cell. As we will see below, the

Poisson evaluation is required for this type of evaluation. The cumulative number of active ice-nucleating sites is given

formally by Eq. (S9) (Budke and Koop, 2015):

= 20 ) (89)

cV



Here, f ice is the frozen fraction, ¢ is the INP concentration in absolute number of INPs per volume unit (i.e., the number
density), and V is the volume of each individual droplet.

Figure S7 shows that for temperatures lower than about -35 °C, ny obtains values that are larger than one per bacterium cell,
implying that one bacterium initiates ice nucleation in more than one droplet, which is of course unreasonable. Instead, these
high ny values result from homogenous ice nucleation in droplets that do not contain any P. syringae bacteria, which normally
is not considered in the classical ny evaluation. By applying Eq. (S7) on these measurements, the threshold value between
droplets that do contain INPs and those that do not can be determined. This treatment results in maximum values for ny of

about one per bacterial cell, as indicated by the filled and open circles in Fig. S7.

Results of the DSC experiments

For the DSC measurements, an inverse emulsion of pure artificial seawater as a reference was compared with an emulsion of
artificial seawater containing 1x107 F. cylindrus cells mL™!, see Fig. S8. First, the endothermic ice melting signals of the
reference and the sample in Fig. S8a show almost the same signal, indicating that any colligative effect of the diatoms is
negligible when compared to the amount of the dissolved ions in the artificial seawater. This similarity in the ice melting
signals also implies no change in water activity of the artificial seawater upon the addition of the diatoms and, thus, no
colligative effect on the homogeneous ice nucleation (freezing) signals is to be expected

The exothermic freezing signals for both emulsions are shown in Fig. S8b. For the seawater reference, one distinct nearly
symmetrical freezing signal is revealed with a maximum at about -44 °C and an onset, which is defined as the freezing
temperature of the sample, at about -40 °C. In contrast, the F. cylindrus sample shows the same maximum, but in addition a
second exothermic signal in the form of a shoulder at about -42 °C, with an onset at a somewhat higher temperature of -39 °C
when compared to the reference, and with small signals as high as -34 °C. Because of the colligative freezing point depression
of the seawater, the freezing temperatures of the reference and the sample are shifted to lower temperatures, compared to pure
water.

The larger broad signal in both emulsion samples corresponds to the homogeneous ice nucleation temperature of artificial
seawater. This signal is also observed in the F. cylindrus sample because many of the emulsion droplets in that sample do not
contain diatoms. The exothermic shoulder of the signal, which is not present in the reference, is most likely due to the freezing
of droplets containing a diatom cell or fragment, and the shift of the onset to higher temperature is a first indication for the
heterogeneous ice nucleation activity of the diatoms.

Because of the fact that the diatoms are of similar size as the emulsion droplets and the potential of mechanical disruption of
diatom cells during the fast stirring of the disperser during emulsion preparation, these emulsion experiments appear to us as
not suitable for a quantitative analysis of the ice nucleation activity of F. cylindrus. Thus, we employed non-invasive methods

in the experiments described below.



Parametrization of F. cylindrus ice nucleation efficiency

In Eq. (2) in the main paper, we provide a parametrization representing the ice nucleation of the different sea ice diatoms in
shown in Fig. 7 of the main paper in terms of the number of ice active sites per total mass of diatom cells, 1, 1ot We also

derived a parametrization for the individual ice nucleation efficiency of the F. cylindrus diatoms (see Fig. S9), which is given

in the following Eq. (S10):

10810 (M tota1 1) = —0.521789°C™1 - T — 6.1761. (S10)

where T is temperature to be entered in units of °C. For numerical code verification, Eq. (S10) should result in a value for
Nm_total Of 8.2x107 ¢! at a temperature of -27.0 °C. This parametrization is valid over the temperature range between -24.5 °C

to -34.5 °C.



Table S1: Salts used for the preparation of artificial seawater for the F. cylindrus ice nucleation experiments. The amounts of
substances provided for each ion yield a mass of 500 g artificial seawater at a salinity of 34.5.

VWR
11.8446 | 202.68 202.68
Chemicals
VWR
0.3758 5.04 5.04
Chemicals
ITW Reagents | 5.3280 26.21 52.42 157.25
Acros
. 4.4902 27.87 13.94 139.36
Organics
ITW Reagents | 0.7460 5.07 10.15 10.15
double
. 477.23 26490.26
distilled water
500.01 230.55 5.04 26.21 5.07 270.28 13.94 26797.02




Table S2: Temperature parameters used in the microfluidic freezing experiments. The first number in each triplet is the final
temperature of the respective step in °C, the second number indicates the rate of cooling or heating in °C min!, and the third
number indicates the holding time at the final temperature in min. Reference samples were always investigated with the same
parameters as those given for each sample.

-20/-5/2 -20/-5/2 -20/-5/2 -20/-5/2 -20/-5/2 -5/-5/2

-45/-1/0 -45/-1/0 -45/-1/0 -45/-1/0 -45/-1/0 -40/-1/0
-10/5/2 -10/5/2 -10/5/2 -10/5/2 -10/5/2 -10/5/2
5/1/0 5/1/0 5/1/0 5/1/0 5/1/0 5/1/0
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Table S3: As prepared concentrations ¢ of the P. syringae samples, calculated fractions of droplets with at least one bacterium
P;(k = 1)caicuiaed, as well as measured fractions P;(K = 1)measured and experimentally determined concentrations €yeasured
based on the approach outlined above using Eq. (S8).

c/mL! P;(k = 1) caculated P;(k = 1) measured € measured/ ML
1.4x107 1.00%3:99 0.99 1.2x107
2.8x10° 0.66139° 0.61 2.5x10°
1.4x10° 0.4179:95 0.39 1.3x10°

11




Table S4: Shifts in ice nucleation temperature relative to the AT'5, of artificial seawater for the untreated F. cylindrus samples,
as well as for the samples filtered with a 0.22 um syringe filter.

5x107 mL"! 7.2°C 6.4°C
1x10” mL™! 6.0 °C 52°C
2x106 mL"! 54°C 3.1°C
1x10° mL"! 4.8°C 2.6°C
5x10° mL"! 2.8°C 0.0°C

12
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Figure S1: Extraction of the pure F. cylindrus cells by filtration of the stock solution (green). After filtration, the filtrate (purple) should
only contain smaller cell fragments and soluble molecules such as fcIBP, while whole cells and larger fragments remain on the filter (orange
filter). By shaking the filter in artificial seawater (grey), the cells were resuspended (orange solution). As a finally test, filtration of this
suspension (blue) should not show any ice nucleation results different from those of pure artificial seawater.
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Figure S2: Sample preparation for the ice nucleation experiments with the f/2 medium. The spent medium should only contain a few diatoms,
because the diatoms were separated from the medium by centrifugation before (green vial). By filtration with a syringe-filter, we removed
the remaining cells and retained smaller F. cylindrus fragments and the fcIBP in the filtrate (blue solution). The solution was filtered by
centrifugation filtration and the resulting filtrate should only contain soluble macromolecules smaller than 100 kDa, e.g. fcIBP (pink vial).
The fresh f/2 medium (olive solution) does not contain any cells, fragments or fcIBP and was also filtered by centrifugation filtration as a
reference (purple vial).
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T=-35.8°C

Figure S3: Optical photomicrographs of the freezing of microfluidic droplets during one of three freezing experiments with unfiltered F.
cylindrus suspensions in artificial seawater (concentration of 2x10° cells mL). The white scale bar in the top left indicates a length of 500
um and is the same for all three images. The droplets’ diameter is about (90 +5) um. a: At a temperature of -32.8 °C all droplets are still
liquid. This is the last picture before the freezing of the first droplet during this experiment. b: At a temperature of -34.6 °C some droplets
are already frozen (black), while other droplets are still liquid (white). c: At a temperature of -35.8 °C all droplets are frozen. This is the first
picture after the freezing of the last droplet in this experiment.
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Figure S4: Calculated probability P;(k) of the number k of INPs per droplet for different values 4 of the average cell concentration per
droplet. The black-coloured bars indicate the probability for the occurrence of droplets without any INPs, while the red-coloured bars indicate

the combined probability P,(k = 1) for droplets containing at least one INP. The corresponding values for P;(k > 1) are annotated in each
panel for different values of A.
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Figure S5: (a) Fraction of droplets containing at least one INP, P;(k > 1) as a function of INP concentration in the investigated P. syringae
sample. The solid blue curve represents the values of P;(k = 1) for the droplets in the WISDOM experiment with a diameter of 90 pm,
calculated using Eq. (S7), the dashed curves indicate the uncertainty for a variation of 5 um in droplet diameter. The grey shaded area
shows the Poisson relevant range, with the lower and upper limits at the concentrations corresponding to P(k = 1) =0.050 and P, (k > 1)
=0.995, respectively. The coloured vertical bars mark the experimentally investigated concentrations of P. syringae: 1.4 x 10 mL! (orange),
2.8 x 10° mL-! (blue), and 1.4 x 107 mL"! (purple) and pure water (black). A comparable plot for the F. cylindrus diatoms can be found in
Fig. S6. (b) Fraction of frozen droplets as a function of temperature for different concentrations of P. syringae bacteria in double-distilled
water (coloured) and pure double-distilled water (black) for reference. The horizontal lines mark the values for P;(k = 1)measured, S€€ text.
Data points of frozen fractions are binned in temperature intervals of 0.5 °C (intervals without freezing events are not shown). Filled circles
represent droplets containing P. syringae cells (based on calculations for P,(k = 1) with Eq. (S7)), in which freezing was induced
heterogeneously. Open circles represent droplets that should not contain P. syringae according to the calculations and, thus froze
homogenously.
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Figure S6: Fraction of droplets with at least one INP, P,(k = 1), as a function of INP concentration in the investigated samples. The solid
blue curve represents the values of P;(k = 1) for the droplets in the microfluidic experiment with a diameter of 90 um. The dashed curves
indicate the values for a variation of 5 um in droplet diameter, i.e. 85-95 pm. The calculations of these curves are based on Eq. (S7). The
grey shaded area shows the Poisson relevant range, see main text for definition, with the lower and the upper limits at the INP concentrations
corresponding to P,(k = 1) = 0.050 and P;(k = 1) = 0.995. The vertical bars mark the concentration of the F. cylindrus diatom
suspensions used in the experiments: 5x10° mL! (dark red), 1x10° mL™! (bright red), 2x10° mL"! (yellow), 1x10” mL! (green) and 5x107
mL! (purple) and pure seawater (black).
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Figure S7: Cumulative number of ice nucleating active sites, ny, for three different P. syringae bacteria suspensions with colours indicating
the respective concentration. Filled circles represent droplets containing bacteria, as calculated from Eq. (S7), while open circles represent

droplets devoid of INP.
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Figure S8: Comparison of DSC thermograms of water-in-oil emulsions containing pure artificial seawater and artificial seawater with F.
cylindrus cells. (a) The endothermic melting-signals are almost identical for pure seawater and seawater containing diatoms. (b) Exothermic
freezing signals for pure seawater and seawater containing diatoms. While the seawater emulsion shows only one freezing signal, the
emulsion containing F. cylindrus shows the same signal but with a shoulder and smaller signals at higher temperature, indicative of diatom-

induced heterogeneous ice nucleation.
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Figure S9: Measured values for n, yoia1 of F. cylindrus diatoms. The solid line represents a fit of the experimental 1, ¢, values (blue
symbols) for the F. cylindrus diatoms. The parameterization of the fit is given in Eq. (S10). The dotted lines indicate to the upper and lower
20 prediction bands of this fit. The temperatures are corrected for the freezing point depression of artificial seawater and, thus, represent ice
nucleation temperatures in pure water.
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