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ABSTRACT

Piecewise approximation analysis of experimental data for the isobaric
heat capacity Cp = f (T) dependence for water revealed points of the
second-order phase transition (PT2). In the temperature range of 273K —
373K (0°C - 100°N) there were found five such pointsand the temperature
valuesinitiating the PT2 were cal culated. The validity of determining the
critical points is corroborated by the published experimental data on

anomal ous properties of water at these points.
© 2012 TradeSciencelnc. - INDIA

INTRODUCTION

Phasetrangitionsareanatura phenomenonthat is
they arean obj ectivereality observablein natura con-
ditions. Thefirst-order phasetranstionisquitean ordi-
nary thing and can be observed by the naked eye: when
itisraining, itiscondensation™; whenitissnowing, itis
crystdlization; whentherain-wet agphat road isgradu-
aly getting dry, it isevaporation. It ismuch more diffi-
cult towatch the second-order phasetransition, which
isastructura rearrangement of thesystem. Thistrans-
tionisnot so apparent, however it hasfar-reaching con-
sequences. Thegtriking differencein the propertiesbe-
tween diamond and graphiteisdetermined by the dif-
ferencesinther sructurethat isinther lattice structure,
However, to causestructural rearrangementsin carbon
isavery difficult problem, both theoretically and prac-
tically. Both superfluidity and superconductivity are
known to occur asaresult of the second-order phase
trangtion, thoughinitiating such atrangtionisaso adif-
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ficult scientificand technica problem.

Phasetransitionscan be observed whilecontrolling
heat capacity or entropy. Theentropy isafunction of
the system’s thermodynamic state reflecting its struc-
tureand relative postioning of interacting particles. The
function’s value is determined by the set of values of
system-affecting factors, such astemperature, pressure,
chemica potentid, dectricd fiddintensity, magneticfidd
induction, and so on. Assoon as at | east one system-
affectingfactor’s value reaches a certain level there takes
placeaPT2, and thestructure of the system changes?.

The starting point for the second-order phasetran-
sition theory worked out by L. D. Landau isthe co-
presence of at least two structureswithin the system®.

Today, morethan forty variants of water structure
have been theoreti cally substantiated and experimen-
tally supported. The PT2 pointsaremost easily deter-
mined by theanomal ousrun of theisobaric heat capac-
ity function of achangeablefactor, for instance, tem-
perature!l,
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If the systerm comprisesonly two structuresthe heet
capacity function of the changeablefactor hasawell
pronounced extremum due to which the PT2 point,
becauseof aclosesmilarity of thefunction graph’s shape
to the Greek letter “A”, is called lambda-point. But if
withinthe system there coexist severa structuresdis-
tinct extremums may not be observed since heat ca-
pacity of each structure can vary accordingto itsindi-
vidual law, and the system’s heat capacity measured in
the experiment would represent only the superposition
of heat capacitiesof individual structures. Inthiscase
the observed (measured) function may not haveclearly
pronounced extremums, but it will comprise“‘singular
points”, that is the function’s inflection points.

Thedataon localization of “singular points” can be
useful to researchersof thermodynamic properties of
water and water solutions by development of methods
preparation, to thermal engineers at calculation of
thermophysica propertiesof water.

SEARCH OF THE SINGULAR POINTS

Tolocatethe singular pointsin the curve of water
isobaric heatscapacity function of temperatureweused
the method of piecewi se approximation of experimen-
tal databorrowed from reference sources®. Thesearch
techniquewasasfollows: in atemperatureinterval a
group of three heat capacity va uesweretaken and the
approximate equation was sel ected. For this purpose
we used a program that automatically selected “the
best” of the thirty-six approximate equations. Then a
0.1°C step was made and a point was added, and the
approximate equation was again selected. At each step
an equation was sel ected for which the Index of mul-
tiple determination® R? proved tobemaxima, and the
dispersion s proved to beminimad. Theprocessngwas
stopped when adding anew point to thedatefileim-
paired thestatistical findingsfor theapproximate modd.

Theanaysshelped to obtain fiveequationslisted
iInTABLE 1 (wherehegt capacity isgiveninkJ/(kg-K),
andtemperatureisgivenin Kevinunits).

Figure 1 showsheat capacity-temperaturediagram
inarange of temperaturesfrom 273K to 373K.

Thesingular pointswerefound by joint solving of
the equationsfor the adjoining temperature spans. The
critical pointsfound and thetemperatureintervalsbe-

TABLE 1: Analytical representation of isobaric heat capacity
of water asafunction of temperaturein therangeof 273K to
373K

Multiple Root-
_ Correlation mean-square
Nee Cp=1(D coefficient,  deviation,

R? 1+skJ/(kg'’K)

1. C,=T?(-21806 + 144.60-T) 0.99988 0.00010
2. C,=TA(-21262 + 142.64°T) 0.99996 0.00004
3. C,=(470.97/T) exp (3.2633-10%T)  0.99978 0.00023
4. C,=1/(0.24309 - 1.2028-10°5-T) 0.99770 0.00029
5. Cp = 1/(0.25009 — 3.3226:10°% T) 0.99972 0.00028
6. Cp=(516.48/T)exp (2.9849-10°T)  0.99997 0.00013
Cp = (T, K)
4.220
4.215 J
4.210 l
4.205 l
4.200 \ /
4.195 \ l
4.190 \ /
4.185 \ /
4.180 \v/
4.175 T T T T T r :
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 ¢

Figurel: Changeof water isobar heat capacity building-up
temperature

TABLE 2: Critical pointsfor water inthetemperaturerange
of 273t0 373K

Span Temperature

Critical point  Critical point

NeNe  interval, K ordinate, (K) ordinate, (°C)

1 273-278

2 278 - 287 277.32 417
2 278 - 287

3 287 - 307 286.48 13.33
3 287 - 307

4 307 -330 306.10 32.95
4 307 - 330

5 330345 329.80 56.65
5 330345

6 345- 372 343.16 70.01

tweenthosepointsarelistedinTABLE 2.

Thus piecewise approximation of the Cp =1 (T)
function helped to reveal theinflection points. There
weredsofoundthecritical pointsat which theretakes
place arestructuring of the system, i.e. the second-or-
der phasetrangtion. Sinceat these pointsphys cochemi-
ca (thermophysicd) propertiesof the system undergo
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changes, it can behd pful to recdl what weknow about
the anomal ous pointsof water properties.

Repeated experimental research helped to estab-
lish certain particul ar areas of anomalous changesin
water propertieswhile changing thewater’s tempera-
ture. At around 4°C water has maximal density and
minimal heat capacity at around 34.5°C!".

Someresearchersfound the minimumsof isother-
mal (&% and adli abatic’® compressibility inthetempera-
turerange of 30°to 35°C, and minimal heat capacity
and viscosity at around 30°CIY,

Particular points of magnetic relaxation for water
protonswere found at the temperatures of 15°C, 30°
to 35°, 40° to 45°, and 60°C*?, Anomal ous points of
refraction and el ectronic polarizability werefound at
the temperatures 55°C to 57°C*3l,

CONCLUSIONS

1. Thesecond-order phase transition (PT2) takes
placein nature at adefinite set of values of the
factorsthat determinethermodynamic state of the
system, such astemperature, pressure, chemica
potentia, dectrical fieldintensity, magneticfield
induction, tc.

2. Withtwo structures co-present withinthe system
thetransitionfrom onestructuretotheother (PT2)
iIsmanifested asan extremum in the curve of the
entropy (heet capacity, evaporation heat) function
of thefactor vaue, that isasA-point.

3. Inassociated liquids, wherewater belongs, there
can coexist morethan two structures, thereforein
the curve function of the thermodynamic state
extremumsmay not beobserved, butinstead there
can beobserved singular points, or thefunction
inflections.

4. Piecewiseapproximationanaysisof thepublished
experimental datafor the function of water iso-
baric heat capacity of temperaturein thetempera-
turerange of 0°to 100°C (273K to 373K) helped
toreved fivesngular pointsat thetemperaturesof
4.2°,13.3°, 32.9° 56.7° and 70.0°C. We inter-
pret these points as PT2 that is structural rear-
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rangement inwater.

5. Alotof researchersobserved certainangular prop-

ertiesof water at thetemperatures of 4°, 15°, 30°
to 35° 40° to 45° and 60°C.

6. Someindigtinctnessasregardsthe PT2 tempera

turesfor water can be accounted for by at |east
threereasons:

- there has been observed a certain
superpositioning of heat capacitiesof individual
sructurd fractions(clusters), whose s ze-distribu-
tion functionisnot constant;

- under natural conditionswater isan open dy-
namica systemwhosestateisuncontrollably af-
fected by variousfactors, such aselectromagnetic
radiation, themagneticfield of the Earth and the
gravitationd field; and

- the method of measurement employed affects
thecluster structure of water.
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