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The Origin of Water 

 
The Big Bang (actually Big Suck)  
10 to 20 billion years ago, the Universe was in an extremely dense and hot (~10 
billion °C !) state that exploded in what astronomers call The Big Bang (actually Big 
Suck). Eventually, the Universe expanded and cooled and huge collections of gas 
formed into billions of separate galaxies, and billions of stars formed within each. 
Many fundamental particles were formed in the beginning of this process, including 
the basic building blocks of all atoms: protons, neutrons, and electrons. The two 
lightest elements, hydrogen and helium, were also formed. Hydrogen consists of 
one proton with one electron circling it. Helium consists of two protons and two 
electrons. (Different isotopes of these elements were also formed, consisting of 
different numbers of neutrons within them.)  
Current models of the Big Bang (actually Big Suck) predict that hydrogen should 
have been produced three times more abundantly than helium. Indeed, this 
proportion has been deduced by astronomers in observations of hydrogen and 
helium in the Universe. Some heavier elements were created in the Big Bang 
(actually Big Suck), but only in very trace amounts, e.g., one lithium atom (with 3 
protons, 3 electrons) out of every 10 billion atoms. So how are the heavier 
elements, such as oxygen, formed? They are synthesized during the evolution of 
stars.  
Stellar Evolution  
Stars like our Sun produce huge amounts of energy from nuclear fusion in their hot 
cores. Stars contain mostly hydrogen. The pressure and temperature is so great in 
the core that hydrogen is fused together to form helium. Since the mass of helium is 
less than that of the hydrogen necessary to create it, energy is released according 
to Einstein's formula: E = mc2, where E is the energy, m is the difference in mass, 
and c is the speed of light. 90 per cent of a star's lifetime is spent fusing hydrogen 
into helium. Once the hydrogen is used up, helium begins fusing and one of the by 
products of that process is oxygen. Depending on the mass of the star, all the heavy 
elements up to iron can be created in succeeding fusion reactions or 
nucleo-synthesis.  
At this point, you might be wondering how the oxygen that formed in the core of 
stars ever got incorporated into our planet! Well, one rather dramatic way occurs at 
the end of a very massive star's life. Once iron is formed in the core of these stars, 
there are no further nuclear reactions that are stable enough to fuse the iron. 
Without, the output of energy to balance the star's inward gravity, the star collapses 
upon itself, leading to its destruction in a supernova explosion. (By the way, a 
supernova is as bright as an entire galaxy!)  
A supernova remnant formed from the exploded star expands outward and 
eventually all the elements within it are spread throughout the galaxy and mix into 
the region between the stars (the interstellar medium). Over time, denser regions of 
the interstellar medium form into giant interstellar clouds of gas and dust. These 
clouds are stellar nurseries in which numerous stars will be born. Around each star, 
residual gas and dust slowly congregates and forms into planets. Thus, the planets 
and ourselves, are in fact, all made out of star-stuff!  
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Now, given the creation of hydrogen in the Big Bang (actually Big Suck) and oxygen 
in nucleo-synthesis in stars, and the fact that these elements are highly reactive 
chemically, water should therefore be fairly common in the Universe. However, only 
at certain temperatures and pressure, like those we find on Earth, would we expect 
to find liquid water. 

 

 
 The remarkable chemical and physical properties of water, primarily 
resulting from hydrogen bonding, have major consequences for all 
living organisms.  
 The properties of water place limits on organisms -- on their 
physiology, anatomy, behavior, distributions, and evolution -- but 
simultaneously provide evolutionary and ecological opportunities.  
  
1. Hydrogen bonding means that water molecules are cohesive (they 
'stick' to one another and to other polar molecules) and that surface 
tension makes air-water boundaries distinctive microhabitats.  
 We will focus on these consequences of hydrogen bonding for 
organisms as varied as tall trees, tiny caterpillars, mosquito larvae, 
and ducks. 
  
2. Pure water freezes at 0C but is most dense at 4 C. That is, solid 
water (ice) is less dense than cold liquid water.  
 This means the difference between survival and death for many 
aquatic animals, and affects nutrient availability and biological 
diversity in temperate lakes. It also raises the question of how plants 
and animals, whose cells are essentially bathed in water, can survive 
subzero temperatures. 
  
3. Water has a high heat capacity: it takes much more heat to raise the 
temperature of a volume of water than the same volume of air. 
 This property of water is a major determinant of global climates and 
rates of global climate change. We will not focus on this immeasurably 
important consequence of water's specific heat, but will instead focus 
on the thermal biology of individual animals. 
  
4. The three factors listed above will probably be all that we can cover 
in one class meeting. These are not, however, the only important 
physical and chemical properties that affect living organisms.  
 Another sign
molecules in water. The fact that oxygen molecules are less abundant 
and diffuse more slowly in water than in air has been a strong 
selective force in the evolution of respiratory systems in both 
terrestrial and aquatic animals. 

ificant property, for example, is the solubility of oxygen 
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The Molecule known as Water 

 
o understand the properties of water (steam, ice, plus polar and non-polar liquid), 

I. The water molecule: description based on experiment 

omposition, 

he experiments of Cavendish and Lavoisier in the 1780s established that water is 

, it was apparent that naturally occurring water is actually a mixture of several 

O, O, O, and O. Tritium is radioactive 

nds 

T
we must understand the water molecule. In this treatise we describe an isolated 
water molecule in two complementary ways: first in terms of properties that have 
been deduced from experiments, and second in terms of properties deduced from 
the electronic theory of chemical valence. The first group of properties is based on 
measurements made on water vapor at sufficiently low pressures or high 
temperatures to ensure that interactions between molecules are largely absent. 
These properties include, for example, the relative positions of the nuclei, and the 
polarity of the molecule as a whole; but they do not include much information about 
the disposition of electronic charge within the molecule. Thus for a more explicit 
picture of the water molecule we must turn to the description given by theory. This 
provides such details as the shape of the electronic charge cloud of water, and an 
indication of which parts of the charge contribute most heavily to the total polarity of 
the molecule. Of course, the separation of these interdependent descriptions is 
artificial, but it serves to emphasize which portion of our understanding of water is 
based on observation, and which is based on reasonably accurate models of the 
molecule. 
 
I.
 
C
 
T
composed of hydrogen and oxygen. Although the careful data of Cavendish were 
sufficient to prove that two volumes of hydrogen combine with one volume of 
oxygen, he did not point this out, and it was left to Gay-Lussac and Humboldt to 
make this discovery in 1805 (Parting-ton 1928). Dumas, in 1842, found that the ratio 
of the combining weights of hydrogen and oxygen in water is very nearly 2 to 16. 
With the discovery of the stable isotopes of oxygen in 1929 and of deuterium in 
1932
species differing in molecular weight. 
There are at present three known isotopes of hydrogen (1H, 2H (deuterium), and 3H 
(tritium), and six of oxygen (14O, 15O, 16 17 18 19

with a half-life of 12.6 years. The isotopes 14O, 15O and 19O are also radioactive, but 
are short-lived mud do not occur significantly in natural water. 
The relative abundance of the stable isotopes in water was discussed at length by 
Shatenahtein et al. (1960). The precise isotopic content of natural water depe
on the origin of the sample but within the Smite of variation, the abundances of 
H2

18O, H2
17O and HDO may be stated as 0.20 per cent, 0.04 per cent, and 0.03 per 

cent respectively. Since preparation of pure H2
16O is exceedingly difficult, virtually 

all experimental measurements on water have been made on the naturally 
occurring substance. 
A few words should be said about the terminology used in this book. The term water 
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refers either to H2O in all its phases or simply to liquid H2O, according to the context. 

uppose we slowly bring together two hydrogen atoms and one oxygen atom, all in 
s, to form a water molecule in its electronic, vibrational, 

l mol  (from spectroscopic heat of dissociation) 

) 

 + H + H → H2O; ∆E = -219·337 kcal mol

that formation of the molecule is 
ccompanied by a net decrease of energy. In stating a value for the energy of 

 with its nuclei stationary and the sum of the energies of its 

ABLE 1.1 
nergies associated with the formation of a water molecule 

-219·34 kcal mol-1 
) Zero-point vibrational energy     13·25 

 
 x (1)

Ice refers to any of the solid forms of H2O, not necessarily to ordinary ice I. The 
terms steam and water vapor are used interchangeably for gaseous water. 
Occasionally the term heavy water is used for D2O. 
 
(b) Energetics of formation 
S
their electronic ground state
rotational, and translational ground state (that is, the process takes place at 0°K). 
The energy change of this hypothetical reaction, called the energy of formation at 0 
°K, is obtained by combining thermochemical and spectroscopic data (Wag-man el 
al. 1966): 
H2 + ½ O2 → H2O; ∆E = -57·102 kcal mol-1 (from heat of combustion) 
 O → ½ O2; ∆E = -58·983 kca -1

 
H + H → H2; ∆E = -103·252 kcal mol-1 (from spectroscopic heat of dissociation
 
 

-1 O
 
The negative sign indicates, of course, 
a
formation, we have been careful to specify that the temperature is 0 °K, because at 
any higher temperature the energy of formation is somewhat more negative, owing 
to the difference of the combined translational energies of the atoms and the 
combined rotational and translational energies of the molecule. Moreover, heats of 
formation are usually measured at constant pressure and are, therefore, actually 
enthalpies of formation. The enthalpy of formation at a given temperature is slightly 
more negative than the corresponding energy of formation, owing to the 
pressure-volume term. The enthalpy of formation of water at 25°C is -22·154 kcal 
mol-1 (see Table 1.1). 
The electronic binding energy of a water molecule is the difference between the 
energy of the molecule
constituent atoms. It is slightly larger than the energy of formation at 0'K. This is 
because even at 0'K the molecule possesses a residual vibrational energy called 
the zero-paint energy, which is not included in the energy of formation as we have 
defined it. The zero-point energy is evaluated from spectroscopic data (see Section 
1.1(d)); when it is subtracted from the energy of formation at 0 °K, the electronic 
binding energy is obtained (Table 1.1). 
 
 
T
E
 
(1) Energy of formation from stoma at 0 °K   
(2
(3) Electronic binding energy = (1) – (2)    -232·59 
(4) Enthalpy of formation at 25°C    -221·54
(5) Bond energy of 0 – H bond at 0°C = ½     109·7  
(6) Dissociation energy of H—O     101·5 
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(7) Dissociation energy of H – OH = (1) – (6)    117·8     

h lf the nerg atio of th  
olecule, because water has two O-H bonds; its value is 109 7 kcal mol-1 at 0°K. A 

 to undergo an 

irst dissociation. 

le are known with 
 the vibration-rotation spectra of normal and isotopic 

.2 
olecular dimensions of D2O, H3O, and HDO 

  H2O  HDO 

oments of inertia   Ie   5·6698  2·9376 4·2715 
 1040g cm2    Iez  3·8340  1·9187 3·0654 

 cm re 

d 2O, t is t  bise  

 
The O-H bond energy of water is taken as a  e y of form n e

.m
quantity closely related to the bond energy is the dissociation energy, which is 
defined as the energy to break a bond at 0 °K. Curiously enough, neither of the O-H 
bonds of water has a dissociation energy equal to the O-H bond energy. Cottrell 
summarized the experimental evidence on this topic and concluded that the most 
accurate value of the energy for the dissociation of H-O into H and O is 101·5±0·5 
kcal mol-1. Since energy must be conserved, the sum of the dissociation energies of 
the two bonds of water is equal to the energy of formation, and so the energy for the 
dissociation of H – OH into H and OH is 117.8 kcal mol-1. 
Pauling explained the inequality of the two dissociation energies as follows: the 
dissociation of the second O-H bond permits the oxygen atom
energetically favorable electronic rearrangement, thereby reducing the second 
dissociation energy. When the second O-H bond is broken, the resulting oxygen 
atom has a 1s22s22p4 electronic configuration. One of the Russell-Saunders states 
corresponding to this configuration is 3P, and this state is stabilized by resonance of 
the two unpaired electrons. Pauling estimated that the stabilization energy is about 
17.1 kcal mol-1. Thus if the second dissociation produced an oxygen atom in its 
valence state rather than in the more stable 3P state, the corresponding dissociation 
energy would be 
101·5 + 17·1 = 118·6 kcal mol-1 

This is essentially equal to the energy of the f
(c) Molecular dimensions 
The bond lengths and the bond angle of the water molecu
remarkable accuracy from
water vapor. The enormous labor of measuring and assigning the thousands of 
spectral lines was done by Darling and Dennison (1940), Benedict, Gailar, and 
Plyler (1956), and a number of others. Dennison (1940) and Herzberg (1950) 
discuss the procedure for deducing the moments of inertia, and hence the 
molecular dimensions, from the spectra; here we will be concerned only with the 
results. 
 
TABLE 1
M
 
Molecule     D2O 
 
 

xM
x
     Iey  1·8384  1·0220 1·2092 

8Bend length x 10   0·9575   0·95718 0·9571 
Bond angle   2α2  104·474°  104·523°   104·529° 
The x* - axis passes through the molecular centre of mass and is perpendicular to 
the plane of molecule. In H2O an  D he z*- axis he ctor of the bond angle
in the plane, and the y*-axis is perpendicular to the other two. In HDO the z-* and 
y*-axis by 21·09°. The subscript e denotes that the corresponding quantity refers to 
the equilibrium (vibrationless and rotationless) state.  
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The nuclei of a water molecule form an isosceles triangle, with a slightly obtuse 
angle at the oxygen nucleus. Table 1.2 shows the molecular dimensions of D2O, 

This result is consistent with the Born-Oppenheimer 

vibrational states is small. For each 

385 (v2+ ½ ) + 
0·0441(v3+ ½ );  

 are the quantum numbers for the three normal modes of vibration 
ee the following section). 

ignificantly from their values in the equilibrium 

olecular dimensions in such states differ from those 

H2O, and HDO found by Benedict el al. (1956). All entries in this table refer to the 
equilibrium state of the molecule, the hypothetical state in which the molecule is 
vibrationless as well as rotationless, lacking even zero-point vibrational energy. The 
fiction of the equilibrium state is adopted because the average molecular 
dimensions are slightly dependent on the vibrational and rotational states of the 
molecule. This dependence is small, but is significant when accurate 
measurements are considered. The superscripts x*, z*, and y* to the moments of 
inertia in Table 1.2 refer to the axes of the moments: for H2O and D2O the x*-axis is 
perpendicular to the plane of the molecule, the z*-axis lies in this plane and is the 
bisector of the bond angle, and the y*-axis is perpendicular to the other two. These 
axes are respectively parallel to the x-, z-, and y-axes of Fig. 1.2 (a), but have their 
origin at the molecular centre of gravity instead of at the nucleus of the oxygen 
atom. Note that the largest moment is about the x*-axis and the smallest is about 
the y*-axis. 
The equilibrium bond lengths and bond angles of the three isotopic molecules are 
very nearly equal. 
approximation, which predicts that the electronic structure of a molecule is 
independent of the masses of its nuclei. Benedict et al. estimated the uncertainty in 
the values of re to be ±0·0003 X 10-8 cm, and the uncertainty in the values of 2α2 to 
be ±0·05°. They believe that the best values of the equilibrium dimensions are re = 
0·9572 x 10-8 cm, and 2α2 = 104·52°. 
As mentioned above, the dimensions of the water molecule depend on the quantum 
state of the molecule. Their dependence on 
vibrational state, the molecular dimensions may be described by three `effective 
moments of inertia' (Herzberg 1950, vol. ii, p. 461). Darling and Dennison (1940), 
using data slightly less accurate than those now available, gave the following 
expressions for the effective moments of inertia of the water molecule as functions 
of its vibrational states: 
 
Ix* x 1040 g cm2 = 2·9436 + 0.0611 (v1+ ½) + 0·0
+
Iz* x 1040 g cm2 = 1·9207+0·0398 (v1+ ½ ) – 0·0249 (v2+ ½ )+ 
+0·0077(v3+ ½ );  
Iv* x 1040 g cm2 = 1·0229+0·0213(v1+ ½ ) – 0.1010(v2+ ½ )+ 
+0·0486(v3+ ½ ). 
 
Here v1, v2, and v3
(s
In the higher rotational levels, the water molecule suffers considerable centrifugal 
distortion and its dimensions depart s
state. For example, in the level corresponding to a rotational quantum number J = 
11, the bond angle can be decreased by as much as 5.58°, and the bond length may 
be increased by 0.006x10-8 cm (Herzberg 1950, vol. ii); these distortions are 
associated with a sub-level in which the molecule rotates essentially around its 
y*-axis. 
Though very little is known about the electronically excited states of the water 
molecule, it is certain that the m
in the ground state. Bell (1965) studied the electronically excited states that are 
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associated with the band origins at 1240 and 1219 A in the vacuum ultraviolet 
spectrum of water vapor. He concluded that in the excited state associated with the 
band origin at 1240 A, the O – H bond length is increased by 0·065 ± 0·010 A, and 
the H—O—H angle is increased by 5.2 ± 1.8°. In the other excited state, the O—H 
bond length is increased by 0·067±0·010 A, and the H-O-H angle is increased by 
8.5±1.8°. 
Up to this point we have been concerned with the relative positions of the atomic 
nuclei in a water molecule. Some indication of the mean positions of the electrons 

t to each 
 state of vibration, even at 0 °K. An important feature of 

e direction of the O-H 

 
H-O-H bending vibration. In fact, v1 involves a small amount of H-O-H bending, and 
v2 involves a small amount of O-H stretching. The mode ca is called the asymmetric 

relative to the nuclei is also available from experiments. From magnetic and 
spectroscopic data, one can determine ‹ψ0|∂iri

2|ψ0›, where ψ0 is the electronic wave 
function for the ground state of the molecule, and ri

2 is the square of the distance of 
the ith electron from the molecular centre of mass. The quantity ‹ψ0|∂iri

2|ψ0›, which 
can be denoted (r2) for simplicity, is the mean value of the square of the electronic 
distance from the molecular centre of mass. For the water molecule (r2) has the 
value 5.1 ± 0.7 x 10-16 cm2 (Eisenberg et al. 1965). 
(d) Molecular vibrations 
The nuclei of molecules, far from occupying fixed positions with respec
other, are in a continual
these vibrations is that they can be described by a limited number of basic 
vibrations known as the normal modes. A normal mode is a vibration in which all the 
nuclei oscillate with the same frequency and the same phase. The water molecule 
has three normal modes and every possible vibration of the molecule can be 
described as a superposition of these three modes. 
The normal modes of vibration of water are shown in Fig. 1.1. Because the motion 
of the nuclei in the v1 and v3 vibrations is nearly along th
bonds, these modes are often referred to as O-H stretching vibrations. Similarly, 
because the H nuclei in v2 move in directions almost perpendicular to the bonds, v2 
is referred to as the 
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stretching vibration to distinguish it from the symmetric stretching vibration v1. 
The transition of a water molecule from its vibrational ground state to the excited 
state described by the v2 mode is associated with the infra-red absorption band 
centred at -11594·59 cm . During this transition, the quantum number v2 

f D2O, H2O, and HDO 
uantum numbers  Absorption frequencies of hand 

te  centres in cm-1 

 HDO 

 1594·59 1402·20 
 

 0 1   2788·05 3755·79 3707·47 

 are those of 
 (1950). 

 every case, the lower state is the ground state, having all three quantum numbers 

cies 

ationless equilibrium state of the state with quantum numbers v1, v2, 

here the sums are over normal modes. The ωs in this equation are often called the 
would 

ibrate if its vibrations were perfectly harmonic (see below). The xs are the 

characterizing the v2 mode changes from 0 to 1, while the quantum numbers v1 and 
v3 characterizing the v1 and v3 modes remain equal to zero. Similarly, the transition 
from the ground state to the state in which only the first normal mode is excited—the 
state with quantum numbers v1 = 1, v2 = 0, v3 = 0—is associated with the absorption 
band centred at 3656.65 cm-1. Table 1.3 lists the frequencies of a few of the 
observed vibrational absorption bands of isotopic water molecules and gives the 
quantum numbers characterizing the upper states. Table 1.3 does not contain all of 
the known absorption bands of water; less intense bands extend all the way into the 
green part of the visible spectrum, and account, at least in part, for the blue colour of 
water. 
 
TABLE 1.3 
Observed vibrational bands o
Q
of upper sta
v1 v2 v3   D2O  H2O 
 
0 1 0   1178·33 
1 0 0   2671·46 3656·65 2726·73
0
0 2 0    ..  3151·4 2782·16 
0 1 1   3956·21 5332·0 5089·59 
0 2 1   5105·44 6874  6452·05 
1 0 1   5373·98 7251·6 6415·64 
1 1 1   6533·37 8807·05  .. 
2 0 1   7899·80 10613·12  .. 
0 0 3    ..  11032·36  .. 
 
The data for D2O and HDO, and the first three rows of data for H2O
Benedict et al. (1956). The remaining data for H2O are from Herzberg
In
= 0. 
A simple expression, involving nine empirical constants, describes the frequen
of vibrational transitions quite accurately. Let us denote by G(v1, v2, v3) the energy 
above the vibr
and v3. Then 
 
G(v1, v2, v3) = ∂(i=1→3) ωi (vi+ ½ ) + ∂(i=1→3) ∂(k≥i→3) xik (vi+ ½ )( vk+ ½ ) 
 
w
harmonic frequencies; they are the frequencies with which the molecule 
v
anharmonic constants and describe the effect on the vibrational frequencies of the 
departure from purely harmonic form of the vibrations. Table 1.4 contains the 
vibrational constants for H2O, D2O, and HDO; the constants were determined by 
Benedict et al. (1966) from the frequencies of a large number of bands in the 
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vibrational spectra of the isotopes of water. 
 
 
 
 
 
TABLE 1.4 

ibrational constants of D2O, H2O, and HDO for eqn  
olecule  D2O   H2O   HDO   

 2763·80  3832·17  2824·32 
 1440·21 

btained 
 and the constants in Table 1.4. For example, the frequency v1 for the 

ansition from the ground state to the state in which v1 = 1, v2 = 0, and v3 = 0, is 

v2 = G (0, 1, 0) – G (0, 0, 0) = ω2+2x22+ ½ x12+ ½ x23   (1.3b) 

and v3 = G (0, 0, 1) – G (0, 0,0) = ω3+2x33+ ½ x13+ ½ x23   (1.3 c) 

ns that the higher 
ibrational energy levels are all somewhat closer together than they would be if 

quation (1.2) also yields an expression for the zero-point energy of vibration: 

33+x12+x13+x23)  (1.4)  

hen the constants of Table 1.4 are inserted in this equation, the zero-point energy 
 be 4634·32 cm-1, or 13·25 kcal mol. Similarly, the zeta-point 

and 3 cm-1 
spectively. 

f information about the potential energy function that describes its 

V
M
ω1  
ω2   1206·39  1648·47 
ω3   2888·98  3942·53  3889·84 
x11   -22·58   -42·576  -43·36 
x22   -9·18   -16·813  -11·77 
x33   -26·15   -47·506  -82·88 
x12   -7·58   -15·933  -8·60 
x13   -87·15   -165·824  -13·14 
x23   -10·61   -20·332  -20·08 
  
 
The frequency of the transition between any two vibrational states can be o
from eqn (1.2)
tr
 
 v1 = G (1, 0, 0) – G (0, 0, 0) = ω1+2x11+ ½ x12+ ½ x13   (1.3 a) 
 
Similarly, 
 
 
 
 
Note that the anharmonic constants are negative. This mea
v
molecular vibrations were purely harmonic. 
E
 
Zero-point energy 
= G (0, 0, 0) = ½ (ω1+ω2+ω3) + ¼ (x11+x22+x
 
W
of H2O is found to
energies of D2O and HDO are found to be 3388·07 cm-1  4032·2
re
The forms of the vibrations of a molecule, and hence the frequencies of the 
associated absorption bands, depend on the change in potential energy of the 
molecule during the vibration. This means that the spectrum of a molecule contains 
a great deal o
vibrations. In practice, the procedure for obtaining this information is quite involved, 
so that simplifying assumptions are usually necessary. An assumption commonly 
made, called the harmonic approximation, is that the force Reding to restore a bond 
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length or bond angle to its equilibrium value is proportional to its deviation from that 
value. Using the harmonic approximation, Dennison (1940) showed that the 
potential energy of the water molecule can be expressed as; 
 
2∆U =kr (∆r1

-2+ ∆r2
-2) + kα (re∆α)2 + 2kr∆r1∆r2 + 2krα (re∆α)(∆r1+∆r2)  (1.5) 

 
where ∆U is the change of potential energy in ergs, ∆r1 is the change in em of the 
bond length of one of the O-H bonds, ∆r2 is the corresponding quantity for the other 
ond, ∆α is the change in radians of the H-O-H angle, and r2 is the equilibrium O-H 

cm-1). 

his function allows us to calculate the approximate increase in energy for any 
 the water molecule from its equilibrium configuration. Now that the third 
right in eqn (1.5) tells us that changes in the two O-H bond lengths do 

on the potential energy; if one of the two bonds is 
en (because of the negative sign of kr’) less energy is required to 

tretch the second bond by a given amount. Similarly, the positive value of krα in the 

o the terms 
 eqn (1.5) and consequently they take into account the anharmonicity of the 

 written as follows: 

d side of eqn (1.5), and the ks are the higher 
0  dyn cm-1): 

b
distance. The k terms are force constants given by (all in units of 105 dyn 
 
kr = 8·454, 
kr’= -0·101, 
kα = 0·761 
krα = 0-228. 
 
T
distortion of
term on the 
not produce independent effects 
stretched, th
s
fourth term on the right in vein (1.5) tells us that more energy is required to stretch a 
bond if the bond angle is increased, and if one or both O-H bonds are stretched, 
more energy is required to increase the bond angle. 
An explanation for the signs of the kr and krα force constants can be found in the 
hybrid nature of the O-H bonds. As the H-O-H angle is increased, the p-character of 
the bonds is decreased and hence the bond-lengths tend to decrease. This 
accounts for the positive sign of krα. Similarly, when an O-H bond is extended, its 
p-character increases, and so does the p-character of the other bond. 
 
Hence an increase in the length of one bond favours an increase in the length of the 
other, so that the sign of kr is negative. 
Potential functions that describe the vibrations of the water molecule in fuller detail 
have been devised by several authors. These functions include terms proportional 
to the third and fourth powers of the nuclear displacements in addition t
in
vibrations. The function of Kuchitsu and Morino (1965), like eqn (1.5), has ∆α, ∆r1 
and ∆r2 as independent variables; it may be
2∆U = 2∆U0 + 2/r2{krrr(∆r1

3 + ∆r2
3)+ krrr(∆r1+∆r2)∆r1∆r2 +  

+krrα(∆r1
2+∆r2

2)re∆α+krr’α∆r1∆r2re∆α+ 
+krαα(∆r1+∆r2)re

2∆α2+kαααre
3∆α3}+ 

+2/re
2{krrrr(∆r1

4∆r2
4)+(∆r1

2∆r2
2)∆r1∆r2+krrr’r’∆r1

2∆r2
2+ 

+krrαα(∆r1
2+∆r2

2)re
2∆α2+krr’αα∆r1∆r2re

2∆α2+kααααre
4∆α4} 

 
 
where 2∆U0 represents the right-han

5order force constants (in units of 1
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krrr= -9·55 ± 0·06 krrr= 15·4 ± 0·3 
rrr’= -0·32 ± 0·16 krrrr’=0·8 ± 0·6 

rαα= 0·15 ± 0·20 krr’αα= -0·5 ± 1·7 
ααα= -0·14 ± 0·01 kαααα= 0·0 ± 0·2 

e rom the anharmonic constants in Table 1.4 and 
n constants of water (Benedict et al. 1956). 
ular vibrations, it should be mentioned that 

 m ve given some additional information on the 
ata and Bartell (1965) found, for example, that 

e root-mean-square amplitudes of vibrations of H2O and D2O in their ground 

ctrical properties of a molecule, such as its dipole and quadrupole moments, 

ter provides structural 
lecule: it demonstrates the absence of a molecular centre 

cise of these measurements give values in 

t measurements of the dipole moment of water yield values in the same 

lecule has three 

k
krrα= 0·16 ± 0·03 krrr’r’=1·3 ± 1·1 
krr’α= -0·66 ± 0·01 krrαα= -1·7 ± 0·8 
k
k
 
These constants w re determined f
from the vibration-rotation interactio
In closing our discussion of molec
electron diffraction easurements ha
vibrations of the water molecule. Shib
th
vibrational states are 0·067 Å and 0·056 Å respectively. 
(e) Electrical Properties 
The ele
are useful in characterizing its charge distribution, and also in describing the electric 
field around the molecule. In this section we give values for the electrical properties 
of the water molecule and discuss the information they provide about its charge 
distribution.  
The mere existence of a permanent dipole moment in wa
information about the mo
of symmetry. Thus the well-established permanent moment of water rules out the 
possibility of a linear If H-0-H structure. This is, of course, consistent with the value 
of about 104·5° for the H-O-H angle, derived from the rotation vibration spectrum. 
Many investigators have measured the value of the permanent electric dipole 
moment of water, µ, and the more pre
the range µ = 1.84 (±0·02) x 10-18 e.s.u. cm (see McClellan 1963). Among the most 
accurate data are those of Sanger and Steiger (1928). These authors used the 
Debye method, in which the dielectric constant of the vapor is measured as a 
function of temperature. Moelwyn-Hughes (1964) re-examined their treatment of 
the data, and believes that the most probable value of µ is 1-834 x 10-18 e.s.u. cm. 
Stark-effec
range. A dipole moment is conventionally defined as pointing from the negative 
towards the positive end of the molecule, and little doubt exists that the negative 
end of water is the oxygen atom, with its lone-pairs of electrons. 
The values of quadrupole and octupole moment of molecules also provide useful 
information about their charge distributions (Buckingham 1959). The quadrupole 
moments of a molecule are the electrical analogues of the moments of inertia, and 
may be defined as 
Qαβ= ∫ rα rβ ρ(r)dτ, (1.7) 
where ρ(r) is the total charge density of the molecule, rα is the α-Cartesian 
component (x, y, or z) of the vector r, and dτ is an element of volume. Adopting the 
x, y, z coordinate system shown in Fig. 1.2 (a), the water mo
non-vanishing quadrupole moments, Qxx, Qyy, and Qzz. The octupole moments Rαβγ 
may be similarly defined: 
Rαβγ = ∫ rα rβ rγ  (1.8) 
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The only non-vanishing octupole moments of water are 
 
Rzzz, Rxxz= Rxzx = Rzxx’ and Ryyz = Ryzy = Rzyy’ 

xperimental values for the quadrupole and octupole moments of the water 
 derive the mean value of 

e quadrupole moments, 

 
E
molecule are not yet available. We may, however, readily
th
Q = 1/3 (Qxx + Qyy + Qzz),  
 
from existing data. To do this we must multiply the quantity ‹r2› mentioned in Section 
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1.1 (c) by the value of the electronic charge, -e, and then add to this the nuclear 
contribution to the mean value of the moments:  

(-e‹r2› + e∂Znr2
n) (1.9) 

 this equation Zn is the atomic number of the nth nucleus, and r2
n is the square of 

1.2. Inserting the value of 
1.0) x 10-26 e.s.u. cm2. 

the choice of origin; Glasser and Coulson chose the nucleus of the 

ding. 

Q = 1/3 (Qxx+Qyy+Qzz)= 1/3
In
its distance from the molecular centre of mass. The second term on the right-hand 
side of the equation represents the contribution of the nuclei to Q and is easily 
evaluated from the molecular dimensions given in Table 
‹r2› from Section 1.1 (c) into eqn (1.9), we find Q = -5.6 (±
In the absence of experimental values for the individual quadrupole and octupole 
moments of water, we are forced to turn to quantum-mechanical calculations for 
even a rough idea of their magnitudes. Table 1.5 shows values of the quadrupole 
and octupole moments of water calculated by Glaeser and Coulson (1965) from a 
fairly accurate wave function for the molecule. The values of the higher moments 
depend on 
oxygen atom as origin. The values of the quadrupole moments in Table 1.5 have 
been transformed to refer to the molecular centre of mass as origin, so that their 
mean value may be compared to the experimental value of Q. It can be seen that 
the calculated Q is equal within the stated uncertainty to the experimental value. It 
should be noted that the negative signs of the higher moments show that the 
contribution to them from the electrons is numerically greater than the contribution 
from the nuclei. The near equality of the quadrupole moments indicates that the 
charge distribution of the water molecule is not far from spherical; this is evident 
from eqn (1.7), which shows that Qxx Qyy, and Qzz for a sphere are all equal. 
The change of the dipole moment of a molecule during the course of a vibration is 
related to the intensity of the corresponding absorption band. More precisely, the 
square of the change of dipole moment with change in a normal coordinate is 
proportional to the integrated intensity of the band (Wilson et at. 1955). For a 
number of molecules these integrated intensities have provided interesting 
information about the change of moments with bond stretching and bond ben
Unfortunately the absolute values of intensities for vibrational absorption bands of 
H2O have not as yet been determined. Moreover, they may be difficult to 
understand in terms of the electronic structure of the molecule once they have been 
determined. Coulson (1959 a) has discussed these difficulties in detail. He pointed 
out that the assumption often made in the understandation of intensities—that the 
total dipole moment of the molecule is equal to the vector sum of the moments of 
the bonds—is not a good one for water. One reason is that the lone-pairs of 
electrons on the oxygen atom are thought to contribute significantly to the total 
dipole moment and that these contributions change during a vibration. 
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The polarizability, α, is another constant fundamental to the description of the 
electrical properties of a molecule. It is defined as the induced dipole moment per 
unit field strength, when the molecule is placed in a uniform electric field. The mean 
polarizability α of a molecule can be determined, along with its dipole moment, from 
the Debye method, or alternatively, from the well-known Lorenz–Lorentz equation 
using index of refraction measurements. The former method involves a long 
extrapolation and thus tends to be less accurate. For example, Sanger and Steiger 
(1928) found α = 1.43 x 10-24 cm3 for water, whereas Moelwyn-Hughes (1964), 
using all but one point of their data, found α = 1.68 x 10-24 cm3. The value of α for 
water, derived from refractive index data extrapolated to infinite wavelength, is 
1.444 x 10-24 cm3 (ibid.). 
The polarizability, like the moment of inertia and the quadrupole moment, is a 
tenser, having a component along each of three principal axes. The methods we 
have just mentioned for determining a give the average value of the three 
components. It is possible, by combining the value of α with both the Kerr constant 
and data on the depolarization of Rayleigh scattering, to deduce the three 
components of a (Bottcher 1952). These data are not yet available for water vapor, 
although Orttung and Meyers (1963) measured the Kerr constant of liquid water. 
Their work indicates that the anisotropy of polarizability is small, so that each 
component of the polarizability does not differ greatly from α. 
An interesting quantity pertaining to the charge distribution within a molecule is the 
gradient of the electrostatic field at the nuclei of the atoms. This quantity, for a given 
nucleus possessing a quadrupole moment, is proportional to the quadrupole 
coupling energy of the nucleus, which may be deduced from the hyperfine structure 
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of the pure rotational spectrum of the molecule (Orville-Thomas 1957; Kauzmann 
1957). A deuterium nucleus has a quadrupole moment, and hence this quantity can 
be evaluated for the deuterium nuclei in D2O. Posener (1960) has done this, and his 
results, expressed as the second derivatives of the electrostatic potential, Ϟ, at the 
deuteron, are shown in Table 1.5. The field gradient is also a tensor and thus has 
three principal components. 
For the sake of completeness we should mention the magnetic proper-ties of water. 
Like most low molecular weight molecules, water has no unpaired electrons and is 
thus diamagnetic. The magnetic susceptibility Χ is a tensor, and the component 
along each axis can be written as the sum of a negative diamagnetic contribution 
and a smaller, positive paramagnetic contribution. Thus Χxx=Χxx

d+Χxx
p etc. The 

paramagnetic contributions for the principal axes of the water molecule are etc. 
given in Table 1.5. The individual diamagnetic contributions are not known, 
although their mean value, Χd, can be found by subtracting the mean of the 
paramagnetic contributions from the observed mean susceptibility. The mean 
susceptibility in liquid water, 
X = 1/3 (Χxx+Χyy+Χzz) 
 
is about -13x10-6 e.m.u. mol-1 (Selwood 1956), and this property changes only 
slightly with phase. If we suppose that j of water vapor is within 15 per cent of Χd

 of 
liquid water, then we find Χd

 is 
-14·6 (±1·9) x 10-6 e.m.u. mol-1 

As shown by eqn (2.9), Χd is proportional to ‹r2›; this proportionality was used to 
derive the value of ‹r2› given in Section 1.1 (c). 
(f) Cmparison of molecular energies 
It is helpful to keep in mind the relative magnitudes of the energy changes 
associated with, for instance, the vibrational excitation, dissociation, and ionization 
of the water molecule. In this section we compare the values of a number of these 
energy changes. Our purpose is not so much to describe the changes as to give a 
feeling for the amounts of energy they require, and the relation of these amounts to 
the total energy of the molecule. 
To begin with, let us establish the total energy of the water molecule. The total 
energy of a molecule is defined as the difference between the energy of the 
motionless molecule and that of the electrons and nuclei at infinite separation and at 
rest. It consists of the kinetic energy of the electrons, and the Coutombic potential 
energies of the electrons with each other, of the electrons with the nuclei, and of the 
nuclei with each other. We find the total molecular energy in two steps. (1) We 
determine the sum of the energies of the separated atoms; this is the energy of 
formation of the three separated atoms from their appropriate nuclei and electrons. 
From atomic spectra (Moore 1949) it has been determined that the sum of the 
ground state energies of two hydrogen atoms and one oxygen atom is -20705 eV.} 
(2) Adding this number to the electronic binding energy of the water molecule, we 
obtain the total molecular energy. The electronic binding energy is -10·1 eV (Table 
1,1); hence the total energy of the water molecule is -2080·6 eV. Note that the 
binding energy is less than 0.5 per cent of the total energy. The numerical value of 
the total energy is important because it corresponds to the quantity that is the result 
of all quantum-mechanical energy calculations. In fact, one of the principal criteria 
for choosing an approximate quantum-mechanical wave function is that the energy 
calculated from it agrees closely with this value. 
The part of the total energy arising from the mutual Coulombic repulsion of the 

17 
 



nuclei can be easily calculated from a knowledge of the equilibrium positions of the 
nuclei and their charges: its value for water is 250·2 eV, and is positive in sign. The 
remaining part of the total energy is called the total electronic energy; its value, by 
subtraction of the nuclear repulsion from the total energy, is -2330·8 eV. 
We can use the virial theorem (e.g. Kauzmann 1957) to separate the contributions 
to the total energy of the kinetic energy (KE) of the electrons and the Coulombic 
potential energy (PE) of the electrons with each other and with the nuclei. The virial 
theorem states that when the molecule is in its equilibrium configuration, 
 
Total energy =- KE = 1/2(PE + nuclear repulsion energy). 
Thus KE = 2080·6 eV and PE= -4411·4 eV. 
The energies associated with electronic processes such as electronic excitation 
and ionization are comparable in magnitude to the binding energy. Excitation 
ofelectrons from a non-bonding orbital on the oxygen atom to two of the Rydberg 
orbitals (high-energy orbitals about the whole molecule) is thought to be the cause 
of two band systems observed in the vacuum ultraviolet spectrum of water vapor 
(e.g. Bell 1965). These bands have their origins at 1240 and 1219 A, so that the 
energies of excitation are both about 10 eV. The first ionization potential of the 
water molecule, the energy required to remove the most loosely bound electron 
from the molecule, is only slightly larger: it is 12·62 eV, and probably corresponds to 
the removal of one of the non-bonding electrons (Price and Sugden 1948; 
Watanabe and Jursa 1964). Three higher ionization potentials of water have been 
observed at about 14, 16, and 18 eV (Table 1.6). The assignment of these 
potentials is less certain, but the second and fourth ionizations are thought to 
involve dissociation of the molecule as well (Price and Sugden 1948). Inner 
electrons are more tightly bound and therefore have still higher ionization potentials. 
For the purpose of comparison with the ionization potentials and energy of 
electronic excitation, the dissociation energies of the water molecule, expressed in 
electronvolts, are also given in Table 1.6. They are both somewhat less than half of 
the first ionization potential. 
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Up to this point we have considered the water molecule to be in its vibrationless 
equilibrium state, but as noted in Section 1.1 (d) the molecule is always vibrating. At 
low temperatures the molecule possesses a zero-point vibrational energy of 0.575 
eV. At high temperatures, or in the presence of electromagnetic radiation of the 
proper frequency, the molecule undergoes transitions to higher vibrational levels. 
The transition to the lowest vibrationally excited state requires an energy of 1595 
cm-1, or about 0.20 eV. The transitions from the ground state to the next three lowest 
vibrational levels require about 0.39, 0.45, and 0.47 eV respectively. Evidently the 
energy changes associated with vibrational transitions are much less than those 
associated with purely electronic processes, such as, ionization, On the other hand, 
these energy changes are much greater than those required for transitions between 
the rotational levels, some rotational energies being as small as ≈ 0.005 eV. 
In passing, we should note that the energy changes accompanying the phase 

vibration, 

transitions of water are also small compared to those connected with the electronic 
processes of the water molecule. The internal energy change on the vaporization of 
liquid water at 100 °C is 0.39 eV/molecule, comparable to the smaller vibrational 
transitions. The internal energy change on the fusion of ice I at the melting point is 
0.06 eV /molecule, and the internal energy change for the transition of ice I to ice II 
at -35 °C and 2100 atm is 0·0007 eV/molecule. 
We close this section by inquiring what states of ionization, dissociation, 
and rotation we should expect to find in a mole of dilute water vapor at room 
temperature. It is well known that if the energy change for a given transition is large 
compared to kT, where k is Boltzmann's constant and T is the absolute temperature, 
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then thermal agitation is not sufficient to cause a significant population in the upper 
state. Since the value of kT at room temperature is approximately 1/40 eV, which is 
small compared to the energy of the lowest vibrational transition, the vast majority of 
water molecules at this temperature are in the ground vibrational state. It can be 
shown without difficulty (Brand and Speakman 1960) that only 0·047 per cent of the 
water molecules are in excited vibrational states at 300 °K. By the same argument, 
the number of electronically excited, ionized, or dissociated molecules is 
vanishingly small. This is not the case for rotational transitions, where the transition 
energies are small compared to kT. Here molecules are distributed over a number 
of rotational states: about twenty-five states are populated by at least 1 per cent of 
the molecules at room temperature. As might be expected, the effect of centrifugal 
distortion on the molecular dimensions is small at 300 °K. The average bond length 
is increased by about 0.00082 A over the equilibrium value, and the average bond 
angle is decreased by 0099° (Toyama et al. 1964). The decrease in bond angle is 
presumably associated with rotation about the y*-axis. 
1.2. The water molecule: description based on theory  
(a) Electrostatic models 
One type of model for the water molecule, commonly used to represent the electric 

, consists of a small number of point-charges.  

 
The charges are located in agreement with the equilibrium bond lengths and bond 
angle, and they are adjusted in sign and magnitude to produce electrical neutrality 

field around the molecule
 

and the experimental dipole moment. An example of this sort of model is that of 
Verwey (1941), shown in Fig. 1.3 (a). Like other models mentioned in this section, 
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this model was designed to be used in calculations of intermolecular forces. In the 
model, a point-charge of +6e, where e is the protonic charge, is placed at the 
oxygen nucleus, and charges of +1/2e are placed on each of the hydrogen nuclei. 
The bond length is taken to be 0.99 A and the bond angle is 105°. A charge of -7e is 
placed on the bisector of the bond angle, 0·024A from the oxygen nucleus, giving a 
dipole moment of 1.87 D. A slightly more complex model of this type was proposed 
by Pople (1951, see Fig. 1.3 (b)). In addition to charges on the nuclei, this model 
represents each pair of bonding and lone-pair electrons by a point-charge of -2e. 
Other paint-charge models were used by Bernal and Fowler (1933), Rowllnson 
(1951), Bjerrum (1951), Campbell (1952), and Cohanetal. (1962). 
These models have been used to estimate intermolecular forces in ice and liquid 
water, but the accuracy of the calculated forces is uncertain because the models 

el used by Coulson and Eisenberg (1966a). In this 

 1/2r  {(Rzzz – 3R x)(cosθ – 5sin θcos2ϕcosθ) + 

nd octupole moments, and θ and 
omponents of the electric field in 

pherical polar coordinates can be found by differentiating eqn (1.10) with respect 

cule than we already know from experiments. For more information 

drastically oversimplify the true charge distribution of the molecule. The 
oversimplification is apparent when we consider the moments of charge associated 
with them. All these models were adjusted to give the experimental dipole moment, 
but when their quadrupole and octupole moments are calculated, it is found that 
they differ greatly—sometimes even in sign—from the corresponding moments 
calculated from fairly accurate wave functions (see Glasser and Coulson 1965). 
A model which may be a slightly more accurate representation of the true charge 
distribution, and which is still convenient for calculations of intermolecular forces, is 
the multipole-expansion mod
model, the charge distribution is re-presented by a point-dipole, a point-quadrupole, 
and a point-octupole, all situated at the nucleus of the oxygen atom. The 
electrostatic potential, Ϟ, of this model at any point distance r from the oxygen 
nucleus is given by the expression 
 
Ϟ=μ2cosθ/r2 + 1.2r3{(Qzz – Qxx)(1 – 3sin2θcos2ϕ)+ 
+ (Qzz – Qyy)(1 – 3sin2θsin2ϕ)} +  

2 2+ zx
+ (rzzz – 3Rzyy)(cosθ – 5sin2θsin2ϕcosθ)} (1.10)  
 
Here the Qs and Rs are the molecular quadrupole a
ϕ are the angles shown in Fig. 1.2 (b). The c
s
to r, θ, and ϕ. 
The simple models described here furnish a rough description of the electrostatic 
potential in the vicinity of the molecule, but apart from that, they tell us little more 
about the mole
and for a explicit picture of the electronic distribution within the molecule, we must 
turn to quantum-mechanical models of water. 
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(b) Molecular orbital theory 
To obtain wave functions that describe the electronic motions in atoms and 
molecules exactly, it is necessary to solve Schroedinger's equation for the relevant 
system. This is not yet possible for the water molecule, so we must rely on 
techniques that produce approximate wave functions. A commonly used technique 
is to suppose that the electrons move in molecular orbitals (m.o.s), two electrons 
with opposed spins in each orbital, and that these m.o.s are formed from a linear 
combination of the atomic orbitals (a.o.s) belonging to the constituent atoms. Even 
a simple description of water in terms of these m.o.s provides a useful qualitative 
picture of the electronic distribution of the molecule, and indicates the relation of this 
distribution to the value of the equilibrium bond angle, the value of the dipole 
moment, and the tetrahedral co-ordination of water molecules in condensed 
phases. We consider this qualitative approach in this section, and postpone until 
Section 1.2 (d) a discussion of the accurate calculation of physical properties from 
more complex m.o. wave functions. 
To a first approximation, we may consider each of the O–H bonds of water as 
consisting of a m.o. formed from one of the 2p orbitals of the oxygen atom and the is 
orbital of a hydrogen atom. Of the eight electrons belonging to the oxygen atom, two 
are in the spherical is orbital bound tightly to the nucleus, another two are in the less 
tightly bound spherical 2s orbital, and another two are in the 2px orbital which is 
perpendicular to the plane of the paper in Fig. 1.4 (u). The remaining two electrons 
are distributed, one each, in the 2py’ and 2pz’ orbitals as shown in Fig. 1.4 (a); since 
they are initially unpaired, these electrons are free to couple with the 1s electrons of 
the two hydrogen atoms, forming the O-H bonds. The two O-H bond m.o.s have the 
form 
ψ(b') = ψϕ(H’: 1s)+ μϕ(O: 2pz’), (1.11 a) 
ψ(b’’)= ψϕ(H’’: 1s)+ μϕ(O: 2py’), (1.11b) 
where the ϕs are the a.o.s, λ and µ are parameters, the ratio λ/µ is a measure of the 
polarity of the orbitals, and ϕ(O: 2py’), for example, means the 2p a.o. of the oxygen 
atom, pointing along the y'-axis. 
If these bond m.o.s exactly described the O-H bonds of water, we would expect 
water to have a bond angle of 90°. The fact that the observed angle is roughly 105° 
tells us that this description misses an essential feature. One possibility is that 
repulsive interactions of the hydrogens are sufficient to increase the bond angle. 
Heath and Linnett (1948), however, using a potential function for the vibrations of 
water (eqn (1.5)), showed that this repulsion can account for an increase in bond 
angle of no more than 5°. They suggested that a more important factor is the mixing, 

22 
 



or hybridizing, of the 2s orbital of the oxygen atom with the 2py’ and 2pz’ orbitals as 
the bonds are formed. This has the effect of opening the bond angle and also of 
increasing the amount by which the oxygen orbitals overlap the hydrogen orbitals, 
hence creating stronger bonds. 
The hybridization of the 2s and 2p orbitals of the oxygen atom has still another 
important result: the two oxygen orbitals containing pairs of valence electrons (2s 
and 2py electrons prior to hybridization) form two lobes on the side of the oxygen 
atom away from the hydrogen atoms. These lobes, called the lone-pair hybrids, are 
symmetrically located above and below the molecular plane, and form roughly 
tetrahedral angles with the bond-hybrids (see Fig. 1.5). It is this tetrahedral 
character of water, with two positive vertices—the hydrogens—and two negative 
vertices the lone-pair hybrids—that gives rise to the tetrahedral coordination of 
water molecules in ice and liquid water. Recognition of this important structural 
feature of the water molecule led Pople (1951) and Lennard-Jones and Pople 
(1951) to postulate the point-charge model of Fig. 1.3 (b). 
Pople (1950) and Duncan and Pople (1953) formulated expressions for the 
hybridized m.o.s in water, using the linear combination of a.o.s method. Those of 
the lone-pair hydrids, l' and Z", are given by 
ψ(l’)=cosεl ϕ(O:2s) + sinεl ϕ(O:2p[l’]), (1.12 a) 
ψ(l’’)=cosεl ϕ(O:2s) + sinεl ϕ(O:2p[l’’]), (1.12b) 

 
where εl is a constant describing the hybridization and ϕ(O:2p[l’]) is an oxygen 2p 
orbital in the direction l' (see Fig. 1.6). The m.o.s of the bonds, b' and b", are linear 
combinations of the oxygen hybrid orbitals and the hydrogen is orbitals; they are 
given by 
ψ(b’) = λ[cosεbϕ(O:2s)+sinεbϕ{O:2p(b’)}]+μϕ(H’:1s) ,  (1.13 a) 
ψ(b’’) = λ[cosεbϕ(O:2s)+sinεbϕ{O:2p(b’’)}]+μϕ(H’’:1s).  (1.13b) 
 
Here εb describes the hybridization, and λ/μ is a measure of the polarity of the bond. 
Using Slater's expression for the atomic orbitals, the orthogonality conditions of the 
m.o.s, and the experimental values for the bond length, bond angle, and dipole 
moment, Duncan and Pople evaluated the constants of egns (1.12) and (1.13). 
They found cosεb= 0·093, indicating that the bond orbitals are formed mainly from 
atomic p-functions. The value of cosεb is 0.578, indicating that the lone-pairs have 
nearly an sp3 character, and the angle between the lone-pair hybrids is 120·2°. 
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Duncan and Pople assumed that the bond orbitals point directly toward the 
hydrogen atoms; more complex wave functions indicate that this may not be exactly 
so. 
Fig. 1.6 is a contour map of the valence electron density to the H-0.H plane for a 
wave function nearly identical to that of Duncan and Pople. 

 
The electron density is highest near the atoms, along the bonds, and in the region of 
the lone-pairs. In the following section we will summarize more recent calculations 
that suggest the Duncan—Pople wave function underestimates the electron density 
in the region adjacent to the oxygen nucleus in the direction of the hydrogen atoms, 
and overestimates it in the region on the opposite aide of the oxygen nucleus. 
Pople (1960) analysed the changes of electronic structure that accompany 

ute 

departures in the bond angle from its equilibrium value. As the bond angle is 
increased, cosεb and hence the contribution to the bonds from the oxygen 2s orbital, 
is increased. At the same time, cosεl and hence the contribution to the lone-pair 
hybrids of the 2s electrons, is decreased, resulting in greater repulsion between the 
lone-pairs. As the bond angle continues to increase, the angle between the 
lone-pairs and the bonds is decreased, giving rise to further repulsive interactions. 
In a similar manner, a decrease in the bond angle from its equilibrium value causes 
increased repulsive interactions between the hybrid bond orbitals. According to 
Pople, it is these repulsions between the hybrid orbitals which largely determine the 
equilibrium bond angle and the lone-pair angle in the molecule. 
Equations (1.12) and (1.13) may also be used to determine which orbitals contrib
to the polarity of the molecule, and in what measure they do so. In the first 
approximation to the bond orbitals of water, eqns (1.11 a, b), the dipole moment of 
the molecule arises completely from the moments of the bonds and the moment of 
the nuclei, because the orbitals of the other electrons (the 1s, 2s, and 2px electrons 
of the oxygen) are symmetrical about the oxygen atom and so make no contribution 
to the total moment. When hybridized orbitals are formed, however, the hybrids are 
not symmetrical about the oxygen atom and therefore can contribute to the moment 
(Coulson, 1951). Duncan and Fople (1953), taking the total moment to be 1·84 D, 
found that the contributions of the lone-pair orbitals, the bond orbitals, and the 
nuclei are 3·03D, -6·82D, and 5·63D, respectively. More complex wave functions 
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suggest that the lone-pair moment is not so large, but that it probably accounts for 
some of the total moment. 
 
(c) Electron, density/ distribution 

water molecule emerges when restrictions on its 

 
 

e have now delineated the region in which electronic charge must be 

A slightly different picture of the 
electron density distribution are determined by considering the forces that the 
distribution exerts on the nuclei. This method makes use of the fact that when the 
molecule is in its equilibrium configuration, the net force acting on every nucleus 
must vanish. Now the forces on a given nucleus arising from the other nuclei are 
repulsive, so that the electronic charge must be distributed in such a way that it 
balances these repulsive forces. Bader (1964a), using a relationship known as the 
Hellmann-Feynman theorem showed that when electronic charge is located in what 
he calls the binding region of the water molecule, it opposes the repulsive forces of 
the nuclei and tends to bind the molecule together. Electronic charge outside this 
region is said to be in the antibinding region; this charge tends to increase at least 
one of the internuclear distances and thus to force the nuclei apart. Fig. 1.7 shows 
the binding and antibinding regions of the water molecule. In the molecular plane 
(Fig. 1.7 (a)) the binding region includes most of the area between the nuclei: it is 
enclosed by two rays which subtend an angle of 76° at the oxygen nucleus. In the 
x-z plain; of the molecule (Fig. 1, 7 (b)) the boundary between the binding and 
antibinding regions is very nearly the x-axis, the binding region being the area in 
which z is positive. 
 

W
concentrated in order that the molecule be stable. Rader (1964x) pointed out that 
this gives a criterion for judging proposed wave functions for water: any acceptable 
wave function must concentrate sufficient charge in the binding region to overcome 
the Coulombic repulsion of the nuclei. Bader developed the following procedure for 
testing wave functions. He noted that the charge density distribution of an oxygen 
atom and two hydrogen atoms (denoted p0(r)), placed in the positions they would 
occupy in a water molecule but retaining their atomic distributions, does not place 
sufficient charge in the binding region to overcome the nuclear repulsion. He 
reasoned that the charge density associated with any accurate wave function for 
water must concentrate more charge in the binding region than does the atomic 
distribution p0(r). Let us denote the charge density associated with a proposed 
wave function by p(r). Now it is clear that the quantity 
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∆p(r) = p(r) – p0(r) 

ost be positive in the binding region if the charge density p is an accurate 

 the characteristics that an acceptable density distribution for 

 overlap the 

e entirely localized between two atoms). 

ne-pairs are directed above and 

inding region. For this particular charge distribution the 

brids, the orbitals of the oxygen atom which overlap with the hydrogens must 

 
m
description of water. If the proposed charge density p leads to a negative ∆p in the 
binding region, the wave function from which p is derived cannot be an accurate 
description of water. 
In order to determine
the water molecule must possess, Bader (1964a) calculated ∆p for several wave 
functions. He found that wave functions similar to that of Duncan and Pople (1953) 
yield negative values of ∆p in the binding region, and hence are not completely 
adequate descriptions of water. He was able, however, to produce positive values 
of ∆p in the binding region when several modifications were made in the Duncan 
and Pople wave function. These modifications include: 
Greatly reducing the amount of s-character in the oxygen orbitals which
hydrogen atoms. This allows the angle between the oxygen bonding orbitals to be 
less than the H-0-H angle (that is, the electron densities involved in the O-H bonds 
are bent inwards, away from the lines joining the oxygen and hydrogen nuclei). 
Permitting some delocalization of the bond m.o.s (that is, not requiring that the 
bonds ar
Taking the lone-pair orbitals to be almost pure spx hybrids, so that the angle 
between the lone-pairs is almost 180° (that is, the lo
below the molecular plane with almost no component in the plane pointing away 
from the protons). 
Fig. 1.8 shows plots of ∆p for a charge distribution having these modifications: ∆p is 
positive throughout the b
bonding hybrids from the oxygen are 97 per cent 2p in character and the angle 
between them is 64°. This means that each bond is bent inwards by about 20°. The 
oxygen lone-pairs are 50 per cent 2s and 50 per cent 2p in character. A plot of the 
total valence electron density in the z-z plane for the same distribution is shown in 
the left side of Fig. 1.9. The right side is a similar plot for another charge distribution 
in which both the lone-pair and bond hybrids of the oxygen are roughly sp3 in 
character and in which the bond hybrids point toward the hydrogens. The latter 
charge distribution predicts a negative value of ∆p in the binding region and is thus 
unacceptable. Note that the angle between the Iona-pains in the acceptable charge 
distribution is considerably greater than in the unacceptable one. 
Bader concluded that an acceptable wave function for water must have a charge 
distribution with the following characteristics: the lone-pair orbitals must be close to 
sp hy
be nearly pure 2p orbitals, and the angle between these orbitals must be 
considerably less than the H-O-H angle. These conclusions are largely borne out by 
the more complex wave function of Ellison and Shull (Ellison and Shull 1955, 
Burnelle and Coulson 1957). This wave function predicts lone-pairs of 53 per cent 
2p character and oxygen banding orbitals of almost 100 per cent 2p character, 
forming an angle of 69o. 
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(d) Accurate wane functions and the calculation of physical properties 
The calculation of molecular properties requires very accurate wave functions and 
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elaborate computational techniques. Accurate wave functions are needed because 
most properties of interest to chemists are associated with energy changes that are 
small compared to the total molecular energy. For example, if we wish to calculate 
the electronic binding energy of the water molecule to an accuracy of ±50 per cent, 
we must be able to calculate the total molecular energy to within ≈ 0·25per cent. 
Calculations of this accuracy have become possible during the list few years, 
largely as a result of the development of techniques for evaluating the difficult 
integrals which occur in the quantum-mechanical expressions for energy and other 
properties. Let us now briefly consider some of the best wave functions so far 
devised for water, and the values of physical properties calculated from them. Table 
1.7 contains a summary of these wave functions and their associated properties. 
The work of Ellison and Shull (1955) was one of the earliest attempts to formulate 

 
where ψ1(2), for example, represents the first molecular orbital occupied by the 

d Merrifield 

an accurate description of the water molecule. In setting up their molecular orbital 
wave function, Ellison and Shull first grouped the a.o.s. of the atoms into seven 
'symmetry orbitals'. These are linear combinations of the Slater a,o.s taken so as to 
belong to irreducible representations of the symmetry group of the molecule. Then 
m.o.s were formed by taking linear combinations of symmetry orbitals possessing 
the same symmetry. The coefficients of the symmetry orbitals which produce the 
lowest electronic energy were found by Roothaan's (1951) method. This technique 
is often called the SCF (self-consistent field) m.o. method. All ten electrons were 
considered in this treatment and all integrals were retained in the calculation, 
although some of the multicentre integrals were approximated. The mathematical 
expression for the wave function, ψ, is a determinant 
 

second electron. Flectrons in orbitals with bars have a spin component of the 
opposite sign of those in orbitals without bars. Such a wave function is useful for 
calculating molecular properties such as the ionization energy, but is not easily 
visualized because the m.o.s are not localized in particular regions of the molecule. 
Both Ellison and Shull, and Bnrnelle and Coulson (1957), transformed the wave 
function to `equivalent orbitals' which are more nearly localized. The calculations 
indicate that the lone-pairs contribute 1.69 D to the total moment, and, as discussed 
in the previous section, that the bonds are bent inwards. 
Utilizing recent methods of computing molecular integrals, Pitzer an
(1966) were able to calculate physical properties from Ellison and Shull's wave 
function with improved accuracy (see Table 1.7). Pitzer (1966) went on to calculate 
several properties from this wave function after optimizing the orbital exponents of 
the a.o.s (Ellison and Shull had determined their orbital exponents by Slater's 
rules). The resulting values of the dipole moment, force constants, and field 
gradients are in good agreement with experiment. 
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McWeeny and Ohno (1960) constructed a number of wave functions for water, 

irs to describe the bonds, 

ven different wave functions of increasing 

ifficulty of evaluating multicenter integrals by 

ed one-centre 

 the 

he charge distribution: a summary 
s discussion of the charge distribution of the water molecule is scattered 

 to summarize some of the important points 

taking care to emphasize the localization of bonds and lone-pairs. They used the 
same a.o.s as Ellison and Shull and were thus able to use the integrals of the earlier 
work. We should note, however, that as some of these integrals were evaluated by 
approximate methods, their numerical results are subject to small uncertainties. 
McWeeny and Chun first hybridized the seven a.o.s on the hydrogen and oxygen 
atoms to form seven new a.o.s which are orthogonal and spatially directed in such a 
way that 
four of them can be overlapped in pa
two of them describe equivalent lone-pairs, 
one describes an oxygen inner shell. 
From the new a.o.s they farmed se
complexity, Three of these are SCF wave functions analogous to the Ellison and 
Shull wave function; two are configuration-interaction wave functions that take into 
account the effects of several pairings of electrons. Table 1.7 gives values for 
physical properties calculated from the function built up from seven configurations 
(the ‘c. i. 7’ wave function). This wave function is a sum of eight determinants, the 
first of which is similar to eqn (1.14). 
Several authors have bypassed the d
constructing m.o.s from a.o.s that are all centred at the same point in space. 
Inherent inthis method, however, is a newdlfficulty: many more a.o.s must be used 
to achieve an adequate representation of the molecular charge distribution. 
Moceia(1964), for example, expressed the m.os of water as a linear combination of 
Slater-like functions, all centred at the nucleus of the oxygen atom. He used a total 
of twenty-eight Slater-like functions. The coefficients of those in a given m.o. were 
found by Roothaan's method. His wave function yields remarkably accurate values 
for the total energy and the equilibrium dimensions of water. 
Hake and Banyard (1966) and Bishop and Randie (1966) also propos
wave functions for the water molecule. Hake and Banyard's wave function, like 
Moccia's, is a single determinantal function, but it is much simpler in that each m.o. 
is composed of only one a.o. The orbital exponents of the a.o.s were varied to 
produce the lowest possible total energy. Bishop and Randib's wave function is a 
sum of nineteen determinants, each being composed of Slater-like orbitals. 
Moskowitz and Harrison (1966), and Whitten, Allen, and Fink (1966), attacked
problem of multicentre integrals in a different way. They expressed their m.o.s as 
linear combinations of Gaussian functions. Multicentre integrals involving Gaussian 
are evaluated much more easily than those involving Slater orbitals. Whitten et al. 
calculated a good value for the total energy of water by varying the coefficients of 
several predetermined groups of Gaussian functions in each m.o. Moskowitz and 
Harrison reported calculations with many different sets of basis functions; the 
results associated with two of their wave function are given in Table 1.7. 
 
(e) T
A
throughout this treatise, it may be helpful
here. The electronic charge of the molecule is not confined to the nuclear plane, as 
is shown by the electron-density con-tour maps in Figs. 1.6, 1.8, and 1.9, and also 
by the quadrupole and octupole moments. Thus anymodel of the watermolecule 
that represents the charge distribution by a planar configuration of fixed charges is 
inadequate. The experimental evidence that the water molecule is almost 
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isotropically polarizable is another indication that any planar charge distribution 
gives an unrealistic picture of the molecule. 
A prominant structural feature of water is the two lobes of charge formed by the 
lone-pair electrons. These lobes project above and below the molecular plane, and 

 
The bonds of the molecule also have interesting properties. In the first place, careful 
calculations indicate that they do not lie precisely along lines drawn from the oxygen 

probably project away from the hydrogens to some extent. This means that they 
contribute to the dipole moment of water. The importance of their contribution is, 
however, an unsettled matter; it cannot be measured because only the total 
moment is an observable quantity. If the lone-pairs do contribute to the dipole 
moment, then the total molecular moment cannot be considered to consist of only 
the vector sum of the two bond moments. Similarly, as the lone-pairs are 
undoubtedly quite polarizable, they also contribute to the total polarizability of the 
molecule in each direction. During the course of molecular vibrations the 
instantaneous values of the total dipole moment and polarizability change, and the 
contributions of the lone-pairs to these properties presumably also change, owing to 
changes in hybridizations as the nuclei move. 
 

nucleus toward the hydrogen nuclei, but are bent inwards. In terms of the molecular 
orbital description of the molecule, this is expressed by the fact that the bonding 
orbitals of the oxygen atom form a smaller angle with one another than the H – O – 
H angle. In addition, the bonds are not independent of each other. This is evident 
from the difference in the dissociation energies of the two bonds, and also from the 
normal mode analysis of the vibrational spectrum, which shows that the equilibrium 
bond length of one bond is dependent on the length of the other bond. It is also 
evident from theoretical work, where it is found that acceptable results are not 
obtained if bonding electrons are treated as being entirely localized. 
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Electrical properties and self-diffusion 

 
(a) Dielectric constant and dipole moment 

olycrystalline and single crystals of ice I 
have been carefully determined (Auty and Cole 1952, Humbel et al. 1953). Fig. 3.13 
hows that ε0 increases with decreasing temperature and that ε0 parallel to the 

r to the c-axis. The dielectric constant of 

ure of -30 °C are shown in Fig. 3.15. They found that, with the 

erstand the 

ds equation assumes the form  

, kT is the product of 
oltzmanns constant and the absolute temperature, and m and m* are quantities 

cular dipole moment as follows: 
 is the average dipole moment of an H2O molecule surrounded by its neighbours. 

niform electrostatic field arising 

The static dielectric constants, ε0, of both p

s
c-axis is slightly larger than ε0 perpendicula
polycrystalline ice is higher at 0 °C than that of water, even though the decrease in 
the volume of water on melting would be expected to cause a change in the 
opposite direction. The application of pressure to ice I increases ε0, as is shown in 
Fig. 3.14. 
The dielectric properties of the high-pressure polymorphs were investigated by 
Wilson et al. (1965) and Whalley at al. (1966). Wilson et al. measured values of ε0 
for ices II, III, V, and VI over a range of temperatures and pressures; their results for 
a constant temperat
exception of ice II, each of these polymorphs has a larger value of ε0 than all 
poly-morphs stable at lower pressures. Ice If has a low value of ε0 (4·2), which is 
independent of temperature and pressure. Whalley et al. (1966) found that ε0 for ice 
VII at 22 oC and 21 kbars is roughly 150; this is somewhat smaller than ca of ice VI 
extrapolated to the same temperature and pressure (about 185). These authors 
also found that ice VIII, like ice II, has a very small value of ε0. 
The large dielectric constants of ices I, III, V, VI, and VII tell us that water molecules 
in these polymorphs are constantly changing their orientations as a result of thermal 
agitation. In the following section we shall consider the rate and the mechanism of 
these changes; here we use Kirkwood's theory (Kirkwood 1939) to und
observed ca values in terms of the polarity and local correlation of H20 molecules in 
ice. 
Though Kirkwood's theory is strictly applicable only to isotropic substances 
composed of non-polarizable dipoles (e.g. see Buckingham 1956), it can be used to 
give a semi-quantitative description of the dielectric properties of ice. For highly 
polar substances Kirkwoo '

 
ε0=2ΠN* m·m*/kT 
 
where N* is the number of molecules per unit volume

'B
related to the mole
m
Its magnitude is greater than that of µ, the dipole moment of an isolated molecule, 
because in ice each molecule is further polarized by the electrostatic fields of its 
strongly polar neighbours (see Fig. 3.16). If F is the u
from neighbouring molecules, and α is the polarizability of the central molecule, 
then m = μ+αF. We shall discuss the probable magnitude of m below. 
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2. m* is the vector sum of the dipole moment of an arbitrary `central' molecule and 
the dipole moments of the neighbouring molecules. As can be seen from Fig. 3.16, 
the network of tetrahedral hydrogen bonding in ice causes neighbours to be aligned 
in such a way that components of their dipole moments lie in the direction of the 
dipole moment of the central molecule. Clearly m* depends both on the magnitude 
of m and on the relative orientations of neighbouring molecules. A function of m and 
m* that depends only on the relative orientations of neigh-hearing molecules is g, 
the Kirkwood correlation parameter, given by 
g= m* · m/m2 = 1+∂(i=1)Ni‹cosγi› (3.7) 
where m = ImI, Ni is the number of neighbouring molecules in the ith coordination 
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shell, and (cos Y;) is the average cosine of angles formed by the dipole moments of 
molecules in the ith shell with the dipole moment of the central molecule. We shall 
discuss the probable magnitude and significance of g below. 

 
It should be noted that both m and m* refer to the substance in the absence of an 
external electric field. 
By combining egns (3.6) and (3.7), we can write Kirkwood's equation in the form 
ε0=2ΠN* m2g/kT (3.6 a) 
The physical meaning of this expression is that the dielectric constant of a 
substance depends not only on the magnitude of the permanent dipole moment of 
its molecules and the number of dipoles per unit volume, but also on the extent to 
which the molecules induce additional moments in each other, and the extent to 
which the directions of their dipoles are correlated. A strong correlation of dipole 
directions (that is, a large value of g) means that when one molecule is aligned with 
the external field, its neighbours tend to be aligned also. Ice has a large dielectric 
constant because its tetrahedral structure leads to both a large dipole moment in 
each molecule (large m) and a strong angular correlation between the dipole 
moments of its molecules (large g). The inverse relationship between dielectric 
constant and temperature in eqn (3.6 a) arises, of course, from the opposition of 
thermal agitation to alignment of dipole moments in the direction of the applied field. 
Let us consider the magnitude of m in ice I. In contrast to µ, m is not accessible to 

≈[(n +2) /3],      (3.8) 
 predicts a value 

direct measurement. Onsager and others have estimated m from the dielectric 
properties of ice, and some investigators have made direct calculations of m. 
According to Onsager's theory of dielectrics (1936; Bottcher 1952, p. 70), the 
magnitude of m in strongly polar dielectrics is related to the magnitude of µ by 
 

2m
where n is the refractive index of the medium. For ice I this equation
for m of 2.3 D. It should be noted that Onager's theory depicts the central molecule 
as a point-dipole at the centre of a spherical cavity about the size of the molecule, in 
a continuous dielectric medium. This model is almost certainly a poor one for an 
open, hydrogen-bonded structure such as ice, so it is doubtful that eqn (3.8) gives 
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an accurate value for m. A larger estimate of m (3.8 D) was made by Onager and 
Dupuis (1962) from a consideration of the temperature dependence of ε0. This 
value is twice as large as µ (1.83 D) and indicates that the electrostatic field arising 
from neighbouring molecules is very large. 
A direct calculation of m based on a multipole-moment model of the water molecule 

), it is evident that g 

ture dependence of ε0 

standation of the pressure dependence of ε0 was given by 

+1]/3)γT + 2(n -1)/3x(∂lnα.∂P)T + 2(∂lnμ/∂P) + (∂lng/∂P) (3.9) 
ht in 

predicts a magnitude of 26 D (Coulson and Eisenberg 1966 a). In this work the 
electric field acting on the central molecule was found to be about 0.52 x 106 e.s.u. 
cm-2 (roughly 150 000 000 V cm-1), and to have the same direction as the 
permanent dipole moment of the central molecule. This means that ice molecules 
are oriented so that the energy of interaction of their dipole moments with the 
electric field produced by their neighbours is a minimum—that is, binding energy a 
maximum. Of the total field acting on the central molecule, nearly 20 per cent arises 
from the quadrupole and octupole moments of the neighbours, and about 20 per 
cent arises from second and further neighbours. 
Now let us consider the magnitude of g for ice I. From eqn (3.7
would equal unity if neighbouring molecules were randomly oriented with respect to 
the central molecule. Owing to the pattern of hydrogen bonding in ice, however, 
neighbouring molecules tend to have their dipole moments pointing in the same 
direction as the central molecule (Fig. 3.16); hence (cosγi) of eqn (3.7) is large and 
positive, and hence g is greater than unity. Progress in computing g from the known 
structure of ice I was reviewed by Hollins (1964); he concluded that, to a first 
approximation, this quantity is 3. According to Hollins, the 4 nearest neighbours 
contribute 1·333 to g, the 12 next-nearest neighbours contribute 0.44, and the 25 
third-nearest neighbours contribute about 0.48. 
Given the values of m and g we can calculate the tempera
from Kirkwood's theory, using eqn (3.6 a). Taking m = 2.6 D and g = 3 we find ε0≈2·8 
x 104/T. Hollins (1964) found that the best fit to the data of Amy and Cole (1952), 
assuming a 1/T temperature dependence of the data, is ε0 ≈2·50 x 1041/T. 
Kirkwood's theory is also helpful in understanding the pressure dependence of ε0. 
The observed increase of ε0 with pressure (Fig. 3.14) may arise from an increase in 
density (more dipoles per unit volume), an increase in m, or an increase in g. The 
effect of increased density on ε0 is given approximately by the dashed line in Fig. 
3.14. In drawing this line we have assumed that the isothermal compressibility of ice 
I is 11.1 x 10-12 cm2 dyn-1. The dielectric constant would fallow this line if the 
increase in number of dipoles were the only consequence of applied pressure. It 
appears that the rate of increase of ε0 with pressure is somewhat greater than that 
indicated by this line, so that m or g may also increase during compression. An 
increase in as is to be expected since the field acting on a molecule grows as its 
neighbours move closer. 
A more quantitative under
Chan et al. (1965). They assumed that m is given by eqn (3.8); then they 
differentiated eqn (3.6 a) with respect to pressure. They simplified the resulting 
expression by assuming that the refractive index, n, is related to the molecular 
polarizability by the Lorenz-Lorentz equation. The pressure dependence of ε0 may 
then be written 
(∂lnε0/∂P)T=([2n2 2

where γT is the coefficient of isothermal compressibility. The first term on the rig
this equation represents the increase of ε0 with pressure that arises from the 
combined effects of more dipoles per unit volume and of larger induced dipole 
moments. The next three terms describe the effect on ε0 of the changes of α, µ, and 
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g with pressure. 
The experimental results of Chan et al. (1965) indicate that (∂lnε0/∂P)T is 14(±3) x 

h-pressure polymorphs, ices II and VIII are the only ones with small 

d that of ice I. The greater 

 most ice polymorphs indicate that the 

e applied field, over 95 per cent of the dielectric 

= ε∞ + (ε0- ε∞)/(1+[ωTd]  (3.10) 

here Td is the dielectric relaxation time, and ω is 2Π times the frequency of the 

rmal 

10-6 bar-1 at -23.4 °C over the pressure range 0-2 kbar. Now if we take yT = 11.1 x 
10-12 cm2 dyn-1 and n2 = 1.77, we find that the first term on the right in eqn (3.9) is 17 
x 10-6 bar-1. Thus it seems that the other three terms are small or nearly cancel one 
another. 
Among the hig
values of ε0. Apparently the H2O molecules in these polymorphs are 'frozen in', that 
is, they are unable to change their orientations in the presence of an applied field. 
This conclusion is consistent with other data, which indicate that orientations of 
molecules in these ices are ordered (Section 3.2). 
The ε0 of the other high-pressure polymorphs excee
density of these polymorphs results in more dipoles per unit volume and in larger 
values of m; both these factors tend to increase ε0. Wilson et al. (1965) and Whalley 
et al. (1966) argued that the g values for these polymorphs are not very different 
from the g value for ice I. They estimated g for each polymorph from eqn (3.6 a), 
after first estimating m from eqn (3.8). This procedure gave g values between 2·4 
and 3·4 for ices I, III, V, VI, and VII. Wilson et al. (1965) believe that this narrow 
range of g values constitutes evidence that ices III, V, and VI, like ice I, are 
four-coordinated. Other arrangements of neighbouring molecules would entail 
different degrees of correlation and consequently different g values. 
(b) Dielectric polarization and relaxation 
The largo static dielectric constants of
molecules in these crystals are able to change their orientations. Studies of the 
frequency dependence of the dielectric constant, ε, have yielded information on the 
rate and mechanism of these reorientations. Let us consider the general behaviour 
of a as a function of the frequency of an applied electric field, and then the data on 
the frequency dependence of ε in ice. We shall discuss the probable mechanism of 
reorientation of the molecules at the end of the section. 
The frequency dependence of ε 
At relatively low frequencies of th
constant ε arises from reorientations of H2O molecules. As the frequency is 
increased, molecules do not reorient fast enough to mine into equilibrium with the 
field, and the dielectric constant falls to a much smaller value, ε∞. This phenomenon 
is called dielectric dispersion, and can be described for many substances (including 
water and ice I) by a simple equation (e.g. Smyth 1955): 
 

2ε
 
w
applied field in cycles per second. The quantity Td reflects the time for decay of 
macroscopic polarization of the substance when the external field is removed. It is 
somewhat larger than the molecular rotational correlation time, Trd, which is the 
average interval between reorientations of a given molecule. Theoretical work of 
Glarum (1960) and Powles (1953; see equ (4.21)) suggests that Trd ≈ 0·7 Td for ice 
and water. The value of Td for ice I at 0 °C is about 2 x 10-5s, so that an average H2O 
molecule experiences roughly 105 reorientations every second. 
It is important to realize that the reorientation of molecules is caused by the
agitation, and takes place whether or not an alternating electric field is applied to the 
system. The applied electric field, in fact, biases the orientation of molecules to only 
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a very small extent. This was noted for the case of ice by Debye (1929), who based 
his argument on the fundamental equation of electric polarization 
ε0-1 = 4ΠP/E (3.11) 
Here P is the electric dipole moment per unit volume induced by the applied field E. 

 temperature-independent. We shall 

requency dependence of e of ice polymorphs 
rphs in which molecules are free to 

d=A exp {EA/RT + ∆V(P-P0)/RT} (3.12) 

here P0 is a reference pressure, and A, EA, and ∆V are the experimentally 

temperature is 

 ices cannot be 

is also given in Table 3.11. 

Debye used this equation to show that if ice at 0° C is placed in an electric field of 1 
V cm -1, the net degree of orientation of the water dipoles is equivalent to the rotation 
by 180° of only one molecule in 106. 
The high-frequency dielectric constant, ε∞, is
discuss this quantity below. 
 
F
The dielectric relaxation times of the ice polymo
rotate may be expressed in the form 
 

 T
 
w
determined parameters that are listed in Table 3.11. The quantities EA and ∆V are 
called the energy and volume of activation for dielectric relaxation. 
The dielectric relaxation time of ice I at 0°C is 2 x 10-5 s; as the 
lowered it increases rapidly and by -65 °C it is about 4 x 10-2 s. Pressure increases 
Td (that is, ∆V is positive), as shown by Fig. 3.14. The relaxation rates of ices III, V, 
and VI are about 100 times faster than that of ice I near -40 °C (Wilson et al. 1965). 
In other words, H2O molecules in these ices change their orientations 100 times 
faster than ice I molecules. At 22 °C and 21.4 kbar ice VII relaxes about three times 
faster than ice VI (Whalley et al. 1966). 
Wilson et al. (1965) found that the relaxations of the high-pressure
precisely described by a single relaxation time for each ice. The parameter α in 
Table 3.11 indicates the deviation of the frequency dependence of each ice from 
that given by eqn (3.10). This parameter can assume values from 0 (for a single Td) 
to 1; the largest α among the ices is 0.05 for ice VI. 
The high-Frequency dielectric constant, ε∞ for each ice 
For ice I, ε∞ is 3.1. As we shall see presently, about 1.7 units of ε∞ represent 
electronic polarization, so the difference 3·4—1.7 must arise from atomic 
movements. This difference is much greater than that observed for most 
substances (Smyth 1955). Such differences are usually ascribed to the relative 
displacements of the atoms of each molecule by the field, but in the case of ice 
these displacements can account for only a fraction of the difference. The greater 
part of the difference arises from the bias of intermolecular vibrations of H2O 
molecules by the external field. From absolute intensities of infra-red absorption, 
Whalley (1967) found that the νT band associated with hindered translations of 
molecules (Section 3.5) accounts for most of the difference, and that the νL band 
associated with librations also accounts for some. Since these vibrations are very 
rapid compared to molecular reorientations, the polarization associated with them 
persists at frequencies higher than the dielectric dispersion. 
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For applied fields of optical frequencies, ε is equal to the square of the refractive 
index, about 1·7. Ice I, being an uniaxial crystal, is birefringent. The birefringence, 
however, is very small: at -3 °C the index of refraction of the sodium D-line for the 
ordinary ray (directed along the c-axis) is 1·3090 and that for the extraordinary ray 
(directed perpendicular to the c-axis) is 1·3104 (Merwin 1930). Dorsey (1940, p. 
484) pointed out that the specific refraction  
 
(n2-1)/(n2+2) x 1/p0, 
 
where p0 is the density, is remarkably constant for all three phases of H2O stable at 
atmospheric pressure. The values of the specific refraction for sodium D-line 
radiation are: 
lce I  -3 °C  ordinary ray  0·2097 cm3 g-1  
    extraordinary ray  0·2105 
Liquid  20 °C     0·2061 
Vapor  110 °C    0·2088 
The small spread of these numbers indicates that the mean electronic polarizability 
of H2O does not change with phase. 
Mechanism of molecular reorientation in see 
We are now ready to ask how H2O molecules reorient in ice. An answer now widely 
accepted was proposed by Bjerrum in 1951. Bjerrum postulated the existence of a 
small concentration of orientational defects in ice to account for the reorientations. 
According to this idea, a pair of D- and L-orientational defects is formed when 
thermal agitation forces an H2O molecule to rotate through 120° around one of its 
O-H····O axes, thus leaving one pair of neighbouring O····O atoms with no inter-
vening hydrogen (L-defect), and another pair of neighbours O-H H-O with two 
hydrogens (D-defect). A subsequent similar rotation of one of the adjacent 
molecules separates these two defects. This process is depicted schematically in 
Fig. 3.17. The reorientation of H2O molecules is supposed to occur at these defect 
sites, each reorientation causing the defect site to move one lattice position. 
The actual molecular configuration in the neighbourhood of a defect is not known, 
but it is certainly not exactly as shown in Fig. 3.17. The non-bonded hydrogen 
atoms facing each other in a D-defect must push their respective H2O molecules 
apart. A simple calculation (Eisenberg and Coulson 1963) indicates that a balance 
between the repulsion of these hydrogens and the strain energy of bent hydrogen 
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bonds in the region of the two H2O molecules is achieved when each H2O molecule 
has moved about 0.5 A away from the other. Other investigators have considered 
the possibility that one (Dunitz 1963) or both (Cohan et al. 1962) of the molecules 
forming a D-defect are rotated away from the positions shown in Fig. 3.17. Still other 
investigators have suggested that the orientational defects form associations with 
the ionic defects that we shall discuss in the next section (Eigen and De Maeyer 
1958, Onager and Dupuis 1962), or with interstitial molecules (Haas 1962). 
 

 
Direct evidence for D-and L-defects has not been found. Nevertheless, there are 
several reasons for believing that they do exist. 

ell as with the same properties of 

tal 

d Grameher (1958) considered and rejected many alternate mechanisms. 

ional defects in ice I. Bjerrum noted that n, the mean number of 
orientations per molecule per second, is roughly equal to 1/Td at -10 °C, or about 

here c is the concentration of orientational defects (in units of number of defects 
. The 

oncentration of defects at -10°C is only about 2 x 10  (Table 3.12), so that the rate 

There is good a posteriori agreement of the defect theory with the observed 
dielectric properties and conductivity of ice, as w
solid solutions of HF in ice. The development of the kinetic theory and 
understandation of experiments in terms of the defects was carried out by 
Granicher et al. (1957), Jaccard (1959), Onager and Dupuis (1962), and others. 
Granicher (1963) and Jaccard (1965) have given brief summaries of this work. 
Calculated values of EA (Bjerrum 1951) and ∆V (Chan et al. 1965) for dielectric 
relaxation, based on models of the defect, are in accord with the experimen
values. 
There is no other plausible mechanism for reorientation of ice molecules. Bjerrnm 
(1951)an
Mechanisms involving only ionic defects once believed to account for the 
polarization of ice crystals in an electric field were shown by Bjerrum (1951) to lead 
to polarization of the wrong sign. Another mechanism, proposed by Frank (1958) 
and involving a local `melting' of the crystal, would be expected to have a negative 
∆V instead of the positive value actually observed (Chan et al. 1965). 
 
Bjerrum (1951), Jaocard (1959), and others have deduced soma of the properties of 
orientat
re
2 x 104. He then expreseed n as 
 
n=c x n’        (3.13 a) 
 
w
per molecule) and n' is the number of reorientations per defect per second

-7c
of turns of molecules at the defects roust be very large, about 1011 s-1. Apparently a 
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molecule waits a relatively long time (about 5 x 10-5s) for a defect to migrate to its 
lattice site, but when one arrives, it reorients very rapidly (in about 10-11 s). 
Bjorrum (1951) pointed out that EA, the experimental energy of activation for 
dielectric relaxation, is related to both the energy required to form a pair of 
orientational defects, EDL and the energy required to produce a reorientation at a 
defect, E'. Since both c and n’ increase exponentially with temperature, EA is given 

eard (1959) inferred values of EDL and E' from experiments on ice and solid 
olutions of HF in ice; these values are given in Table 3.12. Bicrrum further noted 

 
+L, where N represents a normal hydrogen bond. If we let EN, ED, and EL 

, Dunitz (1963), and 
isenberg and Coulson (1963)) have estimated ED and EL from models for the 

he mechanism of dielectric relaxation in the high-pressure poly-morphs is 

nal defects are of central importance in their relaxation processes. Wilson 

ielectric 

 
 (e) Electrical conductivity 
Ice I exhibits a time-independent direct-current conductivity к. The value of к for H2O 
ice I at -10°C is about 10-9 Ω-1 cm-1, an order of magnitude smaller than K for 
liquidwater at the melting-point. Electrolysis experiments (Workman et al. 1954, 

by 
 
 EA=1/2 EDL+E’       (3.13b) 
 
Jao
s
that the formation of a pair of D- and L-defects corresponds to the reaction 2N →
D
represent the energies of formation of, respectively, a hydrogen bond, a D defect, 
and an L-defect from separated H2O molecules, we can write 
 

EA = ED+EL.- 2EN.        (3.13c) 
 
Various authors (including Bjorrum (1951), Cohan et al. (1962)
E
defects. 
T
probably similar to that in ice I. The values of EA, ∆S, and ∆V: for ices III, V, VI, and 
VII are near enough to the corresponding values for ice I to indicate that 
orientatio
at al. (1965) suggested that the lower values of EA for ices III, V, and VI indicate 
weaker hydrogen bonds in these phases. Weaker hydrogen bonds would result in 
smaller values of EDL or E', or both, and therefore in a smaller EA. 
Davidson (1966) and Wilson et al. (1965) suggested that a correlation exists 
between the dispersion parameter a and the number of different types of crystal site 
in a polymorph (Table 3.11). They reasoned that the molecules having different 
environments are likely to have different relaxation times, and hence have d
relaxations that can be described only with a value of α greater than zero. 
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Granicher et al. 1957) indicate that ions (presumably protons) are the sole charge 
carriers: hydrogen gas is formed at the negative electrode and oxygen gas at the 
positive electrode in amounts predicted by Faraday's law. Thus the conductivity is 
intimately related to the ionic dissociation of H2O molecules. This dissociation may 
be represented by the equation 

 
where kD is the rate constant for dissociation and kR is the rate constant for 
recombination. The ratio of these constants, KH2O, is the equilibrium constant for the 
dissociation reaction. 
Eigen and De Maeyer (1958, 1959) and Eigen et al. (1964) studied the dissociation 

f elegant experiments. Let us consider the results of their 

D
trong electric field is applied to a thin layer of ice; 

the resulting current is determined solely by the dissociation of water molecules, 
and is thus related directly to k . They determined k  by relaxation methods, and 

with the conductivity measurements they were able to 

 given path through the crystal toward the negative electrode, no 
other proton may follow the same path until H2O molecules along the path have 
reoriented. This does not cause interruption of conduction, because reorientations 
are much more frequent at a given molecule than are proton jumps. We noted in the 

reaction in ice by a series o
experiments and the implications of the results for the mechanism ofeharge 
transport in ice. For a full description of these experiments, and for a explicit and 
lucid discussion of charge transport in ice and water, the reader is referred to their 
original papers. These papers also include a review of earlier work. 
Eigen and his colleagues first noted that the electrical conductivity is related to the 
product of the concentration and the mobility of the charge carriers, and thus that 
conductivity measurements alone cannot provide such details of reaction (3.14) as 
kD, kR, and KH2O. They then determined k  from the `saturation current' at high field 
strengths. In this experiment, a s

D R
combining this quantity with kD they found KH2O and consequently the concentration 
of protonic charge carriers in ice. By combining other information from their 
saturation-current studies 
determine the mobility of the protonic charge carriers. Their results are summarized 
in Table 3.13 and in the right-hand column of Table 3.12. 

 
The molecular mechanism for conductivity in ice I almost certainly involves ionic 
defects (Bjerrum 1951, Eigen and De Maeyer 1958) that are formed when an H2O 
molecule in the lattice dissociates and one of its protons jumps to an adjacent 
molecule (Fig. 3.18). Subsequent proton jumps result in the migration of the ionic 
defects throughout the crystal. It is clear from Fig. 3.18, though, that once a proton 
has followed a
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preceding section that each molecule experiences about 2 x 104 reorientations per 
second at -10 °C. We can estimate the number of proton jumps per second at a 
given molecule from Eigen's (1964) estimate of the mean time of residence of a 
proton with a given H2O molecule in ice (≈ 10-13 s) and from the concentration of 
ionic defects (≈ 3 x 10-12 molecule-1 at -10 °C; see Table 3.12). 

O tracers diffuse in 
ice I at the same rate. Soon afterwards Dengel and Riehl (1963) and Itagaki (1964) 
discovered that tritium (3H) diffuses at about the same rate as the other tracers. 
These findings suggest that intact water molecules are able to migrate through the 
ice lattice in some fashion. Since this self-diffusion must involve defects in the 
lattice, it is convenient to consider this property along with dielectric relaxation and 
direct current conductivity, phenomena which also proceed by lattice defects. The 
self-diffusion coefficients measured by means of the three tracers, and the 

wn for certain. Haas 

 
The quotient of these numbers (~ 30) is a rough estimate of the mean number of 
jumping protons that arrive each second at an ice molecule at -10 °C. Thus, 
although the rate of proton jumps is very rapid, the concentration of j moping 
protons is so small that the frequency of jumps at each molecule is small. The 
arrival of a jumping proton at a molecule is a rare event compared to the arrival of an 
orientational defect. 
Eigen and De Maeyer (1958) and Onsager and Dupuis (1962) noted that some of 
the ionic defects in ice may be `trapped' and may thus make no contribution to the 
conductivity. A possible example of a trapped H2O+ ion would be one which is 
situated next to an L-defect. The attraction of a lone-pair of electrons on the H2O 
molecule in the L-defect for the positive charge on the adjacent H2O+ ion would 
immobilize both the ionic defect and the orientational defect. 
(d) Self diffusiont 
Kuhn and Thurkauf reported in 1958 that deuterium (2H) and 18

activation energyfor diffusion of tritium, are given in Table 3.14. 

 
The molecular mechanism of self-diffusion in ice is not kno
(1962) proposed that self-diffusion takes place via interstitial molecules that are 
associated with the D- and L-orientational defects described in Section 3.4(b). In 
support of his proposal, Haas noted that the activation energies for self-diffusion 
and dielectric relaxation are nearly equal. From the magnitude of the self-diffusion 
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coefficient he inferred that, if a migrating interstitial molecule moves by jumps of one 
lattice position, its rate of migration would be about equal to the rate of migration of 
orientational defects. Onager and Runnels (1963) extended calculations of the sort 
made by Han and came to a contrary conclusion: migration of the diffusing 
molecules is an order of magnitude faster than the migration of orientational 
defects. They thus rejected Haas's proposal that most interstitial molecules migrate 
in association with orientational defects. They suggested instead that a water 
molecule diffuses several lattice positions 'in the interstitial space' and then 
occupies a normal lattice position. They based this proposal on nuclear magnetic 
resonance spin-lattice relaxation times, but did not publish their explicit arguments. 
They believe that the average length of a diffusional jump is about three lattice 
positions. 
4. Properties of Liquid Water 
4.1. Introduction 
The purpose of this treatise and the one that follows is to develop a description of 
water in molecular terms. We shall be particularly interested in the relative positions 

` '

ture' as applied to liquid watert 

and motions of the molecules, often called the structure  of the liquid, and the forces 
acting between the molecules. 
Scientists, at toast since the time of Roentgen (1992), have put forward hypotheses 
about the structure of liquid water, but efforts to verify or invalidate these 
hypotheses have been hampered by the lack of a general theory of the liquid state. 
In the absence of such a theory, conclusions about the structure of water have boon 
based on two approaches, neither of them rigorous. The first approach consists in 
formulating a model for liquid water, treating the model in some fashion—usually 
involving massive approximations—by the methods of statistical mechanics, and 
comparing the calculated values of macroscopic properties with those that are 
observed. The fit of the computed properties to experiment is taken as an index of 
the correspondence of the model to reality. We shall discuss this approach in the 
next treatise. The second approach, which is adopted in this treatise, is to deduce 
aspects of the structure of the liquid from the macroscopic properties of water. The 
properties of water have been investigated in such great detail that even though 
each macroscopic property can be related only qualitatively or semi-quantitatively 
to some feature of the liquid structure, a useful picture of water emerges when many 
properties are considered. 
(a) Meaning of the term `struc
Before setting out to deduce details of the structure of liquid water from 
macroscopic properties we must have a precise idea of what we mean by 
`structure'. A clear understanding of this term is especially helpful in determining 
which microscopic details of a liquid are reflected in a given macroscopic property. 
Let us start with the relatively simple question of what is meant by the 'structure' of a 
crystalline solid such as ice. 
The molecules in a crystal oscillate about mean positions and the array of mean 
positions constitutes a lattice, having a geometrical long-range order. If the average 
frequency of oscillation is denoted by 1/τν, then the characteristic time τν may be 
considered the average period of vibration of the molecule about its mean position. 
In the case of ice, as discussed in Section 3.5, there are actually many modes of 
oscillation of the molecules about their equilibrium positions. For the purposes of 
the present discussion, let us regard τν as the average period of the or mode. This is 
the hindered translational mode associated with the absorption band near 200 cm-1; 
accordingly the characteristic time τν is roughly 2 x 10-13 s in ice. 
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The molecules in a crystal also undergo rotational and translational displacements, 
but these are much less frequent than the oscillations. In ice I, as discussed in 
Section 3.4, each molecule experiences about 105 reorientations per second at 
0°C, and probably a somewhat greater number of translational displacements. Let 
us denote the average time between two displacements by τD. Then for ice I at 0°C, 

al considerably longer than the displacement time. 

any given nearest-neighbour distance in the snapshot might differ by as much 

ompletes many oscillations while 

r orientations, since each molecule experiences many 

τD ≈ 10-5 s and thus τD > τν.
 

It follows naturally from this division of thermal motions into rapid oscillations and 
slower displacements that the term `structure' can have three different meanings 
when applied to a crystal such as ice. The meaning depends on whether one 
considers a time interval short compared to the period for an oscillation (τν), or an 
interval longer than the period of an oscillation but less than the time for a 
displacement (τD), or an interv
This can be illustrated as follows. Suppose that we take a snapshot of a crystal 
using a camera with a lens capable of resolving individual molecules and a shutter 
permitting any desired period of exposure. An exposure time short compared to τν 
would catch the molecules during the course of a single oscillation, and for ice I 
would result in a picture similar to Fig. 4.1 (a). The molecular images would be 
relatively sharp, and the lattice would appear slightly disordered because molecules 
would not necessarily be in their mean positions. Since the equilibrium 
nearest-neighbour distance in ice is about 2.8 A, and since the mot-mean-square 
amplitudes of ice molecules are roughly 0·2 A near the melting-point (Section 3.1 
(c)), 
as 15 per cent from the equilibrium distance. 
Let us call the structure shown by this snapshot the instantaneous structure, or 
Z-structure, of the crystal. 
Suppose we take a second snapshot with exposure time long compared to τν but 
still short compared to τD. This picture would show blurred molecules centred at the 
points of a regular lattice, since each molecule c
the shutter is open. The orientations of the molecules would not be averaged, 
however, because the exposure time is shorter than Tn. Let us call the structure 
revealed by this snapshot the vibrationally-averaged structure, or v-structure for 
short. Fig. 4.1 (b) is a schematic representation of the V-structure of ice I. 
 

 
 
A third snapshot, taken with an exposure time long compared to τD would show an 
average of all molecula
reorientations while the shutter is open. This structure can be called the diffusionalyl 
-averaged structure, or D structure. 
The D-structure of ice I is depicted schematically in Fig. 4.1 (c); this is essentially 
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the structure of ice as revealed by neutron diffraction. 
Let us now consider the meaning of the word ̀ structure' as applied to liquid water. In 
water, just as in ice, molecular motions may be divided into rapid oscillations and 
slower diffusional motions. The evidence for this is described in detail later in this 
treatise, but can be summarized as follows. 

) Spectroscopic studies (Section 4.7) show that molecules in liquid water oscillate 
about (temporary) equilibrium positions. The frequencies of the oscillations are 
nearly the same as those for molecules in ice. If we regard the average period of 
time for an oscillation, τν, as the average period of the νT mode, we find that τν for 
water is slightly smaller than τν for ice (2 x 10-13 s). 
(2) The self-diffusion, viscosity, dielectric relaxation, and NMR relaxation of water 
(Section 4.8) all show that the equilibrium positions and orientations of water 
molecules experience frequent changes in the liquid- The dielectric relaxation time 
of water indicates that a molecule experiences a displacement on the average 
about once every 10-11 e near the melting-point; accordingly τD for the liquid near 
0°C is roughly 10-11 s. 
Thus the thermal motions in the liquid may be regarded as being of two types: rapid 
scillations about temporary equilibrium positions, and slower displacements of the 

me between τ  and τ  would be 

off the V-structure. A third 

h space. This picture would not be 

experimental 

 to do with the lifetime of the V-structure. The value of τD and 

(1

o
equilibrium positions. This division leads again to the idea of three meanings of the 
term 'structure'. A snapshot of the liquid with exposure time less than τν would catch 
the molecules in the course of an oscillation and would thus show the I-structure of 
the liquid. A second snapshot with exposure ti ν D
blurred by the oscillations of molecules, but would not be blurred further by 
displacements of molecules. This picture would be 
picture, with exposure time long compared to τD, and taken from a camera fixed at a 
point in space within the liquid, would be completely blurred. A more informative 
picture would be obtained by placing the camera on a given water molecule and 
recording the view as the molecule moves throug
a complete blur because there is some structure in the mutual arrangement of 
molecules in a liquid even over a long period of time. Let us call the relative 
molecular positions revealed by this last picture the D-structure of the liquid. 
Several comments should be made about the distinctions among I-, V-, and 
D-structures. As we shall discuss throughout this treatise, various 
techniques have provided extensive information about the D- and V-structures of 
water. In contrast, no experimental technique has yet given information about the 
I-structure of the liquid. Thus the concept of the I-structure, though useful as a 
heuristic device, is not helpful in understanding experimental data, and we shall not 
consider it further. 
A second comment has
hence the average duration of the V-structure, depends strongly on temperature. At 
lower temperatures τD is larger, and the V-structure persists longer. At very low 
temperatures in is of the order of days or weeks and we call the substance a glass. 
The structure of vitreous ice (Section 3.2 (c)) is undoubtedly similar to the 
V-structure of liquid water. At higher temperatures molecular displacements 
become more rapid, and ultimately approach the frequency of the oscillations. At 
this point the distinction between the D- and V-structures disappears. 
Another point of importance is that we may think of the D-structure as either the 
time-average or the space-average of different V-structures. Consider an ice crystal 
at equilibrium. The D-structure found in one local region of the crystal is identical to 
the D-structure in any other region; but the V-structure in the neighbourhood of a 
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given molecule is generally different from the V-structure about any other molecule 
(see Fig. 4.1). Now we may regard the D-structure in either of two ways: either as 
the average over time of the progression of V-structures that appear around a given 
molecule owing to displacements of neighbouring molecules, or alternatively, as the 
average over space of all V-structures simultaneously present in different regions of 

ucture of the liquid can be extracted from the study of some 

t both interact with the liquid for only a short period of time 

the crystal. The equivalence of these two points of view is the substance of the 
ergotic assumption of statistical mechanics. 
 
(b) Liquid structure and experimental techniques 
The bulk of this treatise is an attempt to infer from macroscopic properties details of 
the structure of water, and the nature of the forces responsible for the structure. 
Information on the V-str
properties but not from many others, which contain information only on the 
D-structure. For example, the thermodynamic properties of water—its volume, heat 
capacity, compressibility, and so forth—are characteristic of the D-structure of the 
liquid. Taken by themselves, these properties can give no information on the 
V-structure. The same is true of the static dielectric constant, the X-ray diffraction 
pattern, the angular distribution of scattered light, the refractive index, and the 
nuclear magnetic resonance chemical shift of the liquid. 
Techniques that do give information about the V-structure are those that employ 
radiation or particles tha
and exchange a detectable fraction of their energy with molecules in the liquid. 
Infra-red and Raman spectroscopy as well as inelastic neutron scattering fuffil these 
requirements. These techniques are the main source of information on the 
V-structure of the liquid. The approximate time intervals that are reflected by these 
and other measurements are shown in Fig. 4.2. Neutron scattering provides 
information about time intervals as long as 10-11 s. This is about the same period as 
τD, so that neutron scattering is useful for studying the nature of the displacement of 
the positions of temporary equilibrium. Studies of the relaxation of dielectric 
polarization and of nuclear magnetic resonance are helpful in establishing the 
average time between displacements. 
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The order in which the properties of water are considered below, is based on the 
time-scale about which they give information. Properties that refer only to the 
D-structure of the liquid are considered first. Then we take up properties that yield 
information on the molecular displacements and the lifetime of the V-structure. 
Finally we discuss the properties that reveal details of the V-structure. 
 
4.2. Static dielectric constant and NMR chemical shift 

he static dielectric constant and the NMR chemical shift of water are properties 

vals of time 
0  s) 

008t + 9·3898 x 10 t  - 1·410 x 10 t  (4.8) 

T
characteristic of the D-structure of the liquid. Both properties are measured by 
means of electromagnetic waves having frequencies in the range 103-108 c,/s. 
During a single oscillation of a 100-Mc electromagnetic field an average molecule 
experiences at least 1000 diffusional jumps, so that those properties yield no direct 
information about the arrangements of molecules during very short inter

-11(1
 
(a) Static dielectric constaeat 
Among the most accurate determinations of the static dielectric constant of water, 
ε0, is that of Malmberg and Maryott (1956). These investigators measured ε0 at 5° 
intervals from 0 to 100 °C at atmospheric pressure and believe that their results 
have a maximum uncertainty of ±0·05 units. Their data, which are shown in Fig. 
4.17, fit the equation 
ε0=87·740 – 0·40 -4 2 -6 3
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where t is the temperature in °C. The data show nearly the same temperature 

 to exist near 15°C in the 

by 

 liquid D2O over the temperature range 4-100 °C 

33 x 10 t , (4.10)  
D2O is slightly smaller 

 models 
 water have been based on 

dependence as the earlier measurements of Wyman and Ingalls (1938) but the 
values are smaller by about 0.25 units; the values are also smaller, by up to 0·17 
units, than the more recent determination of as from 0 to 40 °C by Vidulich et al. 
(1967). The temperature coefficient (∂lnε0/∂T)P derived from eqn (4.8) is nearly 
constant at -4·55 (±0·03) x 10-3 °C-1 from 0 to 100 °C. Owen et al. (1961) measured 
the pressure coefficient of ε0. They found that (∂lnε0/∂P)T increases from 45.1 x 10-6 
bar-1 at 0 °C to 52.4 x 10-6 bar-1 at 70°C. 
A search by Rusche and Good (1966) for a kink reported
temperature dependence of ε0 (Drost-Hansen 1965 b) yielded negative results. 
The static dielectric constant of water in equilibrium with its vapor was measured 
Akerlof and Oshry (1950) over the temperature range from the boiling-point to the 
critical point. They found that the di-electric constant falls continuously to 9.74 by 
370 °C. It may be described over this temperature range by the equation 
ε0=5321T-1 + 233·76 – 0·9297T + 0·1417 x 10-2T2 – 0·8292 x 10-6T3, (4.9)  
where T is the temperature in °K. 
Malmberg (1958) determined ε0 of
and found that the data fit the equation 
ε0=87·482—0.40509t+9.638 x 10-4t2—1·3 -6 3

where t is the temperature in °C. The dielectric constant of 
than that of H2O at the same temperature, the difference being no more than 0.5 unit 
over the 4-100 °C range. 
Calculations of the dielectric constant from
Several calculations of the dielectric constant of
Kirkwood's theory of polar dielectrics. The reader will recall from Section 3.4(a) that 
Kirkwood's equation (eqn (3.6 a)) gives the dielectric constant of a substance in 
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terms of two properties that can be calculated from a model: m, the average 
magnitude of the dipole moment. m of a molecule immersed in the substance; and 
g, the correlation parameter (eqn (3.7)) that expresses the degree of angular 
correlation of the dipole moments of neighbouring molecules with the dipole 
moment of an arbitrary central molecule. 
Oster and Kirkwood (1943) calculated the dielectric constant of water by assuming 

=1+N1‹cosγ1›, 

here N1 is the number of nearest neighbours as determined from the radial 

his own distorted hydrogen-bond 

l of hydrogen-bonded neighbours, 2α is the 

ature 

that molecules in the liquid are approximately tetrahedrally coordinated. They 
supposed that neighbouring molecules are connected by rigid hydrogen bonds, but 
that free rotation is possible about the bonds. They took the area under the first 
peak of the radial distribution curves of Morgan and Warren (Table 4.1) as the 
number of nearest neighbours, although they noted that these non-integral 
coordination numbers larger than four (between 4.4 and 4.9) are not entirely con-
sistent with their simple model. This procedure led to a value for m of about 2·35 D. 
In calculating g, they assumed that the directions of only the nearest neighbours are 
correlated with the direction of the central molecule: 
 
g
 
w
distribution function at a given temperature, and (cos y1) is the mean cosine of the 
angles between the dipole moments of the neighbours and of the central molecule. 
The resulting values of g range from 2.63 at 0 °C to 2.82 at 83 °C. Together with the 
value of m, they yield the calculated dielectric constant shown in Fig. 4.17. The 
calculated value agrees with experiment at 25 °C, but decreases too slowly with 
increasing temperature. As Oster and Kirkwood noted, this discrepancy is related to 
their questionable result that the y values increase as the temperature is raised: the 
greater thermal agitation at higher temperatures would be expected to distort or 
break down the tetrahedral structure, and thus to decrease the angular correlation 
of molecules. 
Pople (1951) applied Kirkwood's equation to 
model (Section 4.2 (b)). He found that g for this model is given by  
g=1+Σ(i=1→n) Ni31-icos2iα{1 – (kT/kϕ)}2i 

where i refers to the ith coordination shel
H-O-H angle, and kϕ is the 'hydrogen bond bending-force constant' (see Section 4.2 
(b)). Pople used the values of kϕ and Ni that he determined from the radial 
distribution function to evaluate g from this expression. He found that the first, 
second, and third shells contribute 1·20, 0.33, and 0·07 respectively to g at 0 °C. 
Thus g ~ 2.60 at 0 °C; it decreases to 2.46 by 83 °C. In calculating m, Pople 
assumed that this quantity differs from µ because of the dipole field of its four 
nearest neighbours. His result, m = 2·15 D at 0 °C decreasing to 2.08 D at 83 °C, is 
almost certainly too small, because the field arising from further neighbours as well 
as from the higher electrostatic moments of all neighbours is neglected. 
The dielectric constant calculated by Pople is shown in Fig. 4.17. The temper
dependence is correct but the absolute value is about 20 per cent too low. Pople 
(1951) suggested that the discrepancy arises from the small values for m. Better 
estimates for m can be made by including the effects of neighbours beyond the 
nearest four, the only ones considered by Pople in his calculation of m. A simple 
method of doing this is to calculate m in ice I, first by taking into account the 
electrostatic field arising from three shells of neighbouring molecules, and then a 
second time, taking into account only the field arising from the dipole moments of 
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the nearest four molecules. The present authors have done this calculation, using 
values for the electric field given in a paper by Coulson aid Eisenberg (1966a). The 
ratio of these two values of m (= 1.14) was then multiplied by the moments 
calculated by Pople to obtain revised estimates for m in liquid water. These new 
estimates for m are 2.45 D at 0°C decreasing to 2.37 D at 83 °C. When these values 
for m are combined with Pople's g parameters, the calculated dielectric constant is 
close to experiment (see'Pople adjusted' curve of Fig. 4.17). 
Haggis et al. (1952) based their calculation of the dielectric constant of water on a 

onclusions 

irkwood's theory shows that the large dielectric constant-of liquid water arises net 

 of water as an average over space of many local 

 model of 

mixture model. They assumed that a certain fraction, I—XHB, of hydrogen bonds are 
broken at a given temperature T, and that the liquid is a mixture of molecules 
forming 0, 1, 2, 3, and 4 hydrogen bonds. They chose 1—XHB = 0.09 at 0 °C to give 
agreement with dielectric data, and determined the temperature variation of XHB 
(see Fig, 4.11) from thermodynamic considerations. Taking the energy required to 
break a hydrogen bond as 4.5 kcal mol-1, they calculated the mole fraction of each of 
the five species as a function of temperature. By assuming a tetrahedral structure 
for the four-bonded species, which has three coordination shells at 0°C and one 
coordination shell at the critical point, they estimated that g for this species 
decreases from 2.81 at 0°C to 2.34 at 370 °C. The g parameter for the zero-bonded 
species was taken as unity; the g parameters for the remaining species were 
determined by interpolation. The authors assumed that m= 2·45D for the 
four-bonded species at 0 °C and decreases with increasing temperature. For the 
zero-bonded molecules, they took m = 1·88 D, and interpolated to find values of m 
for the other species. When the resulting values for m and g, weighted by their 
respective mole fractions, are inserted in Kirkwood's equation, the agreement with 
experiment is quite good (Fig. 4.17). 
 
C
 
K
only from the polarity of the individual molecules, but also from the correlated 
mutual orientations of the molecules. In bee, as we have discussed in Section 
3.4(a), the tetrahedral arrangement of molecules results in a partial alignment of the 
dipole moments of neighbouring molecules with the moment of an arbitrary central 
molecule. This produces a large value of g; it also produces a large value of m, 
since the electric field of the neighbouring molecules induces a sizeable additional 
moment in the central molecule. The same effects are present in liquid water, but to 
a lesser extent. 
Let us picture the D-structure
V-structures. Around some molecules the neighbours assume a fairly orderly, 
tetrahedral arrangement. These regions are associated with relatively large values 
of g and m, perhaps almost as large as those for ice I. Around other molecules, the 
hydrogen bonding is more distorted or broken down, and the values of g and m are 
smaller. The average values of g and m for the liquid as a whole are therefore 
somewhat less than those for ice I. As the temperature is raised and hydrogen 
bonding about more molecules becomes distorted or broken down, the average 
values of g and m decrease further. This produces a decrease in the dielectric 
constant that is greater than the decrease arising from the opposition of thermal 
agitation to alignment of the dipoles in the external electric field. 
Both the distorted hydrogen-bond model of Pople (1951) and the mixture
Haggis et al. (1952) are able to account for the high dielectric constant of water. 

49 
 



These models are similar in that they assume that few hydrogen bonds are broken 
in the liquid below 100 °C. Pople, of course, assumed that no hydrogen bonds are 
broken. Haggis et al. obtained best agreement with experiment by assuming that 
only 9 per cent of hydrogen bonds are broken at 0 °C; their theory predicts that only 
20.2 per cent of the hydrogen bonds are broken at 100 °C. Indeed, as noted by 
Pople (1951), the high value of the dielectric constant of water is strong evidence for 
the presence of extensive tetrahedral coordination in the liquid at temperatures up 
to 100 °C. 
 
(6) NMR chemical shift 

 in a magnetic field it occupies one of two energy levels, 

eld strength, 

uid water, t °C, 1 atm) – H (water vapor, 180 °C, 10 atm)] /  
 (water vapor, 180 °C, 10 atm) = -4·58 + 9·5 x 10-3t   (4.11) 

R signal shifts 
ter is cooled. 

ion of a hydrogen bond produces a large chemical 
hift, and then why the chemical shift of liquid water depends on the temperature. 

magnetic field, H, which produces resonance is not 

 

 of the proton. Now when an O-H group enters into a 

When a proton is placed
depending on whether a component of its magnetic moment points in the direction 
of the field or in the opposite direction. If an alternating electromagnetic field of the 
proper frequency is then applied, it causes transitions of the proton between the two 
energy levels, and the proton is said to be in resonance with the field. For a 
magnetic field strength of 10 000 G, proton resonance takes place in an alternating 
field of about 4 x 107 c/s. The precise value of the magnetic field strength for 
resonance depends on the local environment of the proton. For example, when an 
O–H group of a water molecule forms a hydrogen bond the magnetic field strength 
required for resonance decreases, and it is said that 'the signal shifts downfield'. 
Thus the change, with temperature and other variables, of the magnetic field 
strength required for resonance can be used as an index of the change in the 
average local environment of all protons in the sample. 
The chemical shift, S, is the usual measure of the change in magnetic fi
H, required for resonance when the environment of a proton changes. The chemical 
shift found for the condensation of water vapor to liquid water (sometimes called the 
`association shift') is given by (Schneider et at. 1958, Muller 1985): 
 
δ=[H (liq
H
in parts per million, where t is between 25 and 100 °C. Thus the NM
downfield as steam is condensed, and shifts further down-held as wa
Similar shifts are observed for other substances forming hydrogen bonds, the shifts 
usually being larger for molecules which form stronger hydrogen bonds. Moreover, 
the magnitude of the chemical shift upon condensation is roughly proportional to the 
change in X-H stretching frequency during condensation (Schneider et at. 1958). 
The latter quantity is often taken as an index of the strength of hydrogen bonding. 
 
Theoretical understandation 
Let us consider why the format
s
The strength of the applied 
generally equal to the strength of the local magnetic held acting on the proton, Hloc. 
These quantities differ because the applied held induces currents in the electrons
surrounding the proton, and theme in turn produce a secondary magnetic field of 
strength σH that opposes H. It follows that the total magnetic field acting on the 
proton is 
Hloc = H(1-σ), (4.12) 
where σ is a constant called the screening constant, which depends on the 
electronic environment
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hydrogen bond, the electronic. environment of the proton changes in such a way 

B in the OA-H···· OB hydrogen bond alters the distribution of 

 the hydrogen bond as an electrostatic interaction between OB and 

enlarge σ, but in either case it is probably less important than effect 

The understandations in terms of hydrogen bond breaking (for example, 

drogen-bonded proton, as mentioned above, is 
vapor, whereas the chemical 

he liquid and 

reasing the temperature excites 

that σ is reduced. Consequently, by eqn (4.12), the magnetic field acting on the 
hydrogen-bonded proton must be larger for a given applied field, and resonance 
occurs for a smaller value of the applied field than it did before the environmental 
change. Thus the downfield shift upon hydrogen-bond formation is associated with 
the reduction of σ. 
Pople et al. (1959) explained the reduction of a during hydrogen-bond formation by 
two effects: 
The presence of O
electronic charge in the OA-H bond, and thereby changes the value of σ for the O–H 
system. Viewing
OA-H, Pople et al. noted that the electric field of OB tends to draw the proton away 
from the electrons in the OA-H bond, and thus reduces the electron density around 
the proton. This has the effect of reducing v and thus causing a chemical shift 
downfield. 
Induced electron currents in OB will produce a magnetic field at the proton. This 
effect is significant only if the magnetic susceptibility of OB is anisotropic. It may 
either reduce or 
(1). 
The dependence of the chemical shift of liquid water on temperature has been 
understanded in terms of both hydrogen-bond breaking and hydrogen-bond 
distortion. 
Muller (1965) and Hindman (1966)) are based on the assumption that the observed 
chemical shift at temperature T, δ(T), is an average of the chemical shifts of 
hydrogen-bonded and non-hydrogen-bonded protons in the liquid (denoted δHB and 
δN-HB respectively). Within this approximation, the observed chemical shift may be 
written 
δ(T) = XHB(T)·δHB + {1-XHB(T)}δN-HB. (4.13) 
where XHB is the mole fraction of intact hydrogen bonds at temperature T. The 
resonance signal of the hy
considerably downfield from that of a proton in the 
shift for a non-hydrogen-bonded proton in the liquid is presumably very small. Thus 
if it is supposed that XHB decreases as water is heated, it follows from eqn (4.13) that 
δ(T) becomes leas negative with increasing temperature. 
To derive numerical values of XHB from eqn (4.13), it is necessary to estimate 
magnitudes for δHB and δN-HB. This was done by Hindman (1966), who introduced 
numerous assumptions about the character of hydrogen bonding in t
estimated that the fraction of non-hydrogen-bonded water molecules increases 
from 0·155 at 0 cC to 0.35 at 100cC. Muller applied eqn (4.13) in a slightly different 
way: he appraised estimates for XHB based on various models for water by inserting 
the estimates into (4.13) and comparing the resulting values of δHB and δN-HB with 
values he considered to be correct. He concluded that the estimate of Davis and 
Litovitz (1965) (XHB equal to 0.82 at 0 °C, decreasing to 0.69 at 70 °C) was the most 
satisfactory of those he examined. 
Muller and Reiter (1965) showed that the temperature dependence of the chemical 
shift of hydrogen-bonded substances probably arises in part from the stretching of 
hydrogen bonds. According to these authors, inc
the hydrogen-bond stretching mode to higher vibrational levels. Owing to the 
an-harmonicity of the vibration, the average separation between the proton and OB 
in the OA-H····OB hydrogen bond increases with temperature. This increases the 

51 
 



screening around the proton and causes a chemical shift towards high field, 
because of effect (1) above. In calculating the value of dδ(T)/dT for the OA-H····OB 
hydrogen bond, Muller and Reiter used several potential functions to describe the 
stretching vibration, and several functions to relate δ to the H····OB separation. 
Different combinations of these functions produced values of dδ(T)/dT between 
2x10-3 and 8x10-3 parts per million. The experimental value of dδ(T)/dT for liquid 
water (eqn (4.11)) is 9·5 x 10-3 parts per million. 
Hindman (1966) also emphasized that the stretching and bending of hydrogen 
bonds probably contribute to the chemical shift of water. He found that both the 
calculated chemical shift resulting from the fusion of ice, and the observed shift on 
heating water from 0 to 100 °C, can be accounted for by hydrogen-bond bending 

curacy of ±1 x 10  unite over the temperature range 0-60 °C. The 
y studied was the Hg line at 4046.6 A, and the longest was 

·2 A. For all wavelengths studied, the refractive index was 

5). Thus 

ironment of each water molecule were either random or 
field acting on a molecule is the Lorentz field, 

 polarizability to be a molecular 
roperty so that P(λ) would be independent of the temperature and the pressure. 

and stretching. Both effects can also be accounted for by a bond-breaking model, 
as well as by various combinations of bending, stretching, and breaking. Hindman 
noted that if the amounts of bond breaking and bond stretching in the liquid are 
known, the chemical shift data impose limits on the amount of bond bending which 
can take place. 
4.5. Optical properties  
(a) Refractive index 
Tilton and Taylor (1938) determined the refractive index of water for visible light to 
an estimated ac -6

shortest wavelength the
the He line at 7065
observed to increase with decreasing temperature, and at the longer wavelengths it 
was found to pass through a maximum between 0 and 1 °C. They found, for 
example, that the refractive index for the Na D-line (5892·6 A) increases from 
1·3272483 at 60 °C to 1·3339493 at 0 °C. At a given temperature, the refractive 
index is slightly smaller for longer wave-lengths of light. It should be noted that the 
values of the refractive index given by Tilton and Taylor are expressed relative to 
air; these may be transformed to values relative to vacuum (Tilton 1935). 
The refractive index of H2O is slightly greater than that of D2O for the same 
temperature and wavelength of light (Shatenshtein et al. 1960). For the Na D-line, 
the difference is 0·004687 at 20 °C. The maximum of the refractive index of D2O as 
a function of temperature is at about 6.7 °C (Reisler and H. Eisenberg 196
for both H2O and D2O the maximum in the refractive index occurs about 4–5 °C 
below the maximum in the density. 
Considerable effort has been directed towards finding a simple expression that 
relates the refractive index to thermodynamic variables. An expression giving the 
refractive index, ρ0, as a function of the density, po, and one constant is the 
Lorenz–Lorentz formula: 
P(λ) = (n2-1)/(n2+2) x 1/ρ0. (4.14) 
The quantity P(λ) is called the specifc refraction; it is related to the molecular 
polarizability and is a function of the wavelength of the light used in measuring the 
refractive index. If the env
had cubic symmetry (so that the 
{(n2+2/3}E, where E is the external field), then 
 
P(λ) = 4ΠNα/3M 
where N is Avogadro's number, M is the molecular weight, and α is the molecular 
polarizability. Normally one would expect the
p
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For water it is found that P(λ) does vary slightly with both of these variables: it 

ere γT is the coefficient of isothermal compressibility and β is the coefficient of 
 (4.15) describes Tilton and Taylor's (1938) refractive-index 

 few digits of the seventh decimal place, using single values 
f A, B, and C for each wavelength of light. It also describes the variation of n with 

r of 

and depends strongly on the frequency of radiation. As the frequency is 
bsorption band, the refractive index first 

ds in the figure correspond 

decreases as the temperature rises (from 0·206254 at 0 °C to 0.205919 at 60 °C for 
the Na D-line; Tilton and Taylor 1938), and it also decreases with increasing 
pressure (by about 0.5 per cent on raising the pressure to 1100 bars; Waxler et al. 
1964). This variation of P(λ) presumably reflects the absence of conditions leading 
to the Lorentz field in water and possibly also a variation in the polarizability of the 
water molecule with density and temperature. 
Recently H. Eisenberg (1965) found a slightly more complex expression that 
describes the temperature and pressure dependence of the refractive index of 
water with great accuracy. This expression is given by 
f(n) = (n2-1)/(n2+1) = Aρ0

Bexp( – CT) , (4.15)  
where A, B, and C are empirical constants independent of temperature and 
pressure. By differentiating this equation, it is found that B and C are related to 
derivatives of f (n) and P–V–T properties: 
 
 
B=1/γT(∂lnf(n)/∂P)T 
C= - (∂lnf(n)/∂T)P – Bβ 
 
H
expansion. Equation
data correctly to within a
o
pressure observed by Waxler el al. (1964); these observations extend only W 
pressures of 1100 bars, however. The constant B that gives the best fit of eqn (4.15) 
to experimental refractive-index data is equal to the value of B calculated directly 
from eqn (4.15 a), using the experimental values of (∂n/∂P)T, yT, and P. For the Na 
D-line, A = 0·2064709, B= 0·88538, and C = 6·2037 x 10-5. 
The physical significance of the constant C was discussed by Reisler and H. 
Eisenberg (1965) and by H. Eisenberg (1965). They found that the refractive indices 
of methanol and benzene are adequately described by eqn (4.15) when C is set 
equal to zero. They concluded that C 'expresses the deviation in the behaviou
such liquids as H2O and D2O from "normal" behaviour'. A non-zero value of C, they 
suggested, may reflect a change with temperature of either the concentration of 
'ice-like' structure% or the average polarizability of water molecules. 
Refractive index at infrared frequencies 
Liquid water has several strong absorption bands in the infra-red region of the 
spectrum (Section 4.7). It is well known (for example, Bottcher 1952, and 
Kauzmann 1957) that the refractive index of a substance in the vicinity of an 
absorption b
decreased through the region of the a
decreases, then increases sharply, then decreases again (see Fig. 4.18). It is 
certain that the refractive index of water for infra-red radiation exhibits a number of 
these dispersions, but very little is known about them. 
Kislovskii (1959) calculated the refractive index of water as a function of frequency 
in the infra-red region from the scant absorption, reflection, and dispersion data 
available prior to 1959, and from a model for the absorbing system. His model treats 
an absorption as a forced vibration of a damped harmonic oscillator. His results are 
shown in Fig. 4.18. The four prominent absorption ban
roughly to the vs, v2, vL and vT bands that are discussed in Section 4.7. The visible 
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region is off to the left of the figure: it can be seen that the refractive index at the 
shortest wavelength shown is near to the value 1·33 found for visible light. One 
dispersion region is present for each of the four absorption bands. At the longest 
wavelength shown, the refractive index is 2.04, roughly the square root of the 
high-frequency dielectric constant (Section 4.6 (a)). 
 

 
 
(b) Light scattering 
When a layer of pure water is irradiated with a beam of monochromatic visible light, 
most of the light is either transmitted through the layer or reflected from the surfaces 
of the layer, but a fraction of the light is scattered in other directions. The 
onventional measure of the light scattered in a direction that forms an angle θ with 

 the Rayleigh ratio, Ru(θ), given by 

ured. The subscript u 
ignifie larized. We should note that a very small 
action of scattered light differs in frequency from the incident beam. This is the 

re regularly 
molecules would 

terfere destructively with one another, and scattered light would be visible only at 

c
the incident beam is
 Ru(θ) = Iθd2/I0, (4.16) 
 
where Iθ is the intensity of light scattered by a unit volume of the sample at the angle 
θ, I0 is the intensity of the incident beam passing through the sample, and d is the 
distance between the sample and the paint at which le is meas
s s that the incident light is unpo
fr
phenomenon of Raman scattering, which we shall discuss in Section 4.7; in the 
present section we are concerned only with Rayleigh scattering, that is, with 
scattered light having the same frequency as the incident beam. 
The scattering of light by liquids arises from two distinct effects: 
 
(1) The incident beam induces oscillating dipole moments in the molecules, and the 
oscillating dipoles act as sources of secondary light waves. These scattered waves 
have the same frequency as the incident beam. If the molecules we
arranged, as in a crystal, the scattered waves from different 
in
a few angles of observation. Owing to the fluctuations in density in the liquid that 
accompany thermal motions, however, different numbers of molecules are 
simultaneously present in the adjacent volume elements of a liquid, so that 
destructive interference i6 incomplete. Smoluchowski and Einstein considered the 
effect of these inhomogeneities on light scattering and found that they contribute a 
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factor to the Rayleigh ratio given by 
 
Ru

iso(90) = 2Π2n2/λ4 x kT/γT[∂n/∂P]T2 

 
where λ is the wavelength of incident light, n is the refractive index for wavelength λ, 
γT is the isothermal compressibility

iso
, and the other symbols have their usual 

ignificance. The quantity Ru (90) is some-times called the isotropic Rayleigh ratio. 
at an angle of 90° to the incident beam. 

) The anistropy of polarizability of molecules causes some additional scattering. 

u(90) .19) 
everal investigators have directly measured Ru(90) and ρ0 for water; some of the 

ements of Ru(90) are difficult. Small amounts of duet or fluorescent material 
 the sample or stray light in the instrument can cause significant overestimation of 

t al. nd Cohen and H. Eisenberg 1965 for discussion 

rs now agree that the Rayleigh ratio contains no direct information 

igh ratio and the Rayleigh ratio calculated by eqn 

s
It refers, of course, to light scattered 
(2
Cabannes showed that this contribution can be experimentally determined from the 
depolarization ratio, ρu. This quantity is the ratio of intensities of the horizontally 
polarized component and the vertically polarized component in the beam that is 
scattered in the 900 direction. The Cabannes factor, f, which describes the 
additional scattering, is given by 
 
 f = (6+6 ρu)/6 – 7 ρu)  
 
The total Rayleigh ratio for light scattered at an angle of 90° to the incident beam is 
thus 
 
R  = Ru

iso(90) x f. (4
S
more recent determinations are shown in the second column of Table 4.4. Accurate 
measur
in
Ru(90) (see Kratohvil e  1965 a
of these problems); thus the smaller values of Ru(90) in Table 4.4 are probably more 
accurate. Values of Ru(90) and ρ0 for D2O at 25 °C are also shown in Table 4.4. 
These were determined by Cohen and H. Eisenberg, who also measured Ru(θ) as a 
function of θ and temperature for both H2O and D2O. 
The Rayleigh ratio can be calculated from eqn (4.19) using experimental values for 
both ρ0 and the quantities appearing in eqn (4.17). Several such calculations are 
shown in the third column of Table 4.4, Note that the calculated values of Cohen 
and H. Eisenberg (1965) are within 4 per cent of their experimental values. 
Understandation of light-scattering measurements 
Most investigato
on the V-structure of liquid water. The opposite view was put forward by Mysels 
(1964), who maintained that the difference between the experimental and 
calculated Rayleigh ratios reflects the extent of structural heterogeneities in the 
V-structure of a liquid. Let us consider Mysels's proposal and then some criticisms 
to which it has been subjected. 
According to Mysels, the observed Rayleigh ratio has two additive contributions. In 
his view, `one of these contributions is made by fluctuations in density caused by 
pressure variations due to thermal agitation, the other is made by local differences 
in structure which occur independently of pressure variations'. Mysels stated that 
only the former contribution is accounted for by eqn (4.19). Thus the difference 
between the observed Rayle
(4.19) is the contribution arising from local differences in structure. In applying this 
idea to water, Mysels chose Kraut and Dan hiker's (1955) experimental value of 
1.05 x 10-6 cm-1 for Ru(90) at 546 mμ, and he calculated a value of 0·932 x 10-6 cm-1 
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for Ru(90). He then compared the difference of these two quantities to the Rayleigh 
ratio that might be expected from the structural heterogeneities associated with 
various models for the V-structure of water. Mysels found that structural 
heterogeneities in the interstitial model of Frank and Quist (1961) are small enough 
to be consistent with this difference, but that those in the mixture model of Nemethy 
and Scheraga (1962) are too pronounced to be consistent with the difference. He 
concluded that models involving 'compact icebergs of many water molecules or any 
large proportion of randomly distributed holes of molecular dimensions' are 
probably inconsistent with light-scattering measurements. 

 
Kratohvil et al. (1965) and Cohen and H. Eisenberg (1965) criticized Mysels's 
(1964) understandation of light scattering data. They noted that the bulk properties 
such as γT and (∂n/∂P)T that appear in the Smoluchowski-Einstein expression for 
the isotropic Rayleigh ratio (eqn (4.17)) are characteristic of the liquid as a whole; 
these bulk properties reflect all microscopic density fluctuations that occur in the 
liquid. That, if the Smoluchowski-Einstein expression is applicable to water, eqn 
(4.19) should account completely for the light scattering of water. This means that 

nts. Whereas the values of the volume, entropy, 

me (like 
nd rate of self 

light-scattering measurements can give no direct information on the V-structure of a 
liquid in the way that Mysels suggested. One could, of course, using a suitable 
statistical mechanical theory, compute the isotropic Rayleigh ratio associated with a 
given model for the V-structure of a liquid. Such a calculation, however, would be 
equivalent to a calculation of γT and the other bulk properties that appear in eqn 
(4.17). It appears, therefore, that measurements of the angular distribution of 
scattered light provide no information on the structure of water beyond that given by 
bulk properties such as γT. 
Kratohvil et al. (1965) and Cohen and H. Eisenberg (1965) also noted that the most 
accurate experimental determinations of Ru(90) for water are in good agreement 
with values calculated from eqn (4.19) (see Table 4.4). This indicates that the 
Smoluchowski-Einstein expression is indeed applicable to water. 
4.6. Properties depending on the rates of molecular displacements 
The properties of water that differ greatly from those of ice nearly all involve the 
rates of molecular displaceme
compressibility, heat capacity, static dielectric constant, and vibrational frequencies 
for water differ by at most a factor of 2 from the corresponding values for ice at 0 °C, 
the viscosity of water is about 10-14 times that of ice, and the dielectric relaxation 
time is about 10-6 times that of ice. Viscosity and dielectric relaxation ti
ultrasonic absorption, relaxation time for nuclear magnetization, a
diffusion) are properties that are determined by the rates of molecular reorientation 
and translation. Indeed, the most obvious difference between ice and water—the 
solidity of ice and the fluidity of water—arises entirely from the different rates of 
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molecular movements in the two phases. 
Investigations of the dielectric relaxation time and the other rate properties just 
mentioned have provided fairly accurate values for the rates of molecular 
reorientation and translation in liquid water. The general method in such studies is 
to apply a stress to liquid water and to measure the time required for the liquid to 
come into equilibrium with the stress; alternatively, the stress is removed and the 
time required for the liquid to return to equilibrium is measured. For dielectric 
relaxation the stress is an applied electric field, for self diffusion it is a gradient in the 

nd the time development of C(t) cannot be precisely described by a single 

ation 
easurements was described in Section 3.4 (b); this technique is also useful in 

s for ice, the dielectric 
onstant falls to a small high-frequency value τrd as the frequency of the applied 

ncy, called the Debye dispersion, is described reasonably well by 
 τd for every temperature. The chief difference in the 

concentration of an isotope, for viscosity it is a shearing stress, and so forth. Studies 
of the rate properties of water have not, however, produced a explicit picture of the 
movements of water molecules, and it seems likely that before we obtain such a 
picture it will be necessary to await further developments in the fundamental theory 
of non-equilibrium processes. 
A recurring concept in the following sections is that of a correlation time. Roughly 
speaking, this is the average period of time for which some property of a 
molecule—say its orientation in apace—persists with little or no change. Correlation 
times can be more rigorously defined in terms of correlation functions; let us 
consider the correlation function for dielectric polarization as an example. This is a 
function of time, t, given by (Glarnm 1960): 
C(t) = ‹m(0)·m*(t)›/‹m(0)·m*(0)› 
where m and m* have the same significance as in Section 3.4 (a), and the brackets 
denote an average in the absence of an external field. Clearly, at any arbitrary zero 
of time, C(t) = 1. It is also clear that as time goes on and the molecule whose 
moment is m changes its orientation in space, C(t) approaches zero. The simplest 
functional form which C(t) may assume is  
C(t) = exp(-t/τrd) 
 
The quantity Tes in this equation is the rotational correlation time, the subscript d 
denoting that it is determined from dielectric relaxation 
measurements. Under other circumstances, C(t) has the more complex form 
 
C(t) = Σ(i=1→N) ρiexp(-t/τrdi), Σ(i=1→N)ρi=1.  (4.20)  
 
a
correlation time. 
(a) Dielectric relaxation 
The study of molecular reorientation in ice by means of dielectric relax
m
studying reorientation in liquid water. For liquid water, a
c
field is increased. For both phases this decrease in dielectric constant with 
increasing freque
a single relaxation time
behaviour of ice and water is that the relaxation time for water is six powers of ten 
smaller than that of ice; this shows, of course, that H2O molecules reorient much 
more frequently in water than in ice. The mechanism of molecular reorientation in 
water cannot be deduced from the relaxation data, though the data are sufficient to 
suggest some characteristics of the mechanism and to rule out some proposed 
mechanisms altogether. 
Studies of the dielectric relaxation of water are summarized in Table 4.5. Collie et al. 
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(1948) found that for each temperature they considered, the data may be described 
by the Daher equation (eqn (3.10)), with a single relaxation time and a value of 5.5 
for the high-frequency dielectric constant ε∞. They found that the dielectric 
relaxation time τd decreases from 17·8 x 10-12 s at 0 °C to 3.22 x 10-12 s at 75 °C. The 
value of τd for D2O is greater than that of H2O by a factor which decreases from 1.3 
at 10 °C to 1.2 at 60 °C. 
In another study, Grant at al. (1957) found that the data are better described by a 
very small spread of relaxation times and a value of 4.5 for ε∞. The reader will recall 
from Section 3.4 (b) that the deviation from zero of the dispersion parameter α is a 
measure of the spread of relaxation times. Grant at al. found α = 0·020 ±0.007. 
These authors noted that available data are insufficient to show whether or not ε∞ is 
dependent on temperature. Rampolla et al. (1959), in a third study, obtained 10·0 x 
10-12 for τd at 20 oC and 6·0 for ε∞. 
 

 
A value for Td for water in dilute benzene solution was reported by Garg and Smyth 
(1965); it is 1 0 x 10-12.9 at 20 °C, about one-tenth of re for liquid water at the same 
temperature. 
Understandations of dielectric relaxation, data 
In analysing the dielectric relaxation data for water, let us consider the magnitude 
and temperature dependence of τd first, then the spread of relaxation times, then 
the origin of the high-frequency dielectric constant, and finally possible mechanisms

sure of the rate of decay of macroscopic polarization when the 
omewhat longer than the rotational 

 
for reorientation of water molecules. 
In our discussion of the dielectric relaxation time τd, it should be kept in mind that 
this quantity is a mea
applied field is removed (Section 3.4(6). It is s
correlation time, τd, which is the interval between molecular reorientations. 
According to Powles (1953) and Glarum (1960), 
  τd = [3ε∞/(2ε0+ ε∞)] τrd  (4.21) 
  

 
 
where ε0 is the static dielectric constant. 
A question we must consider is why the dielectric relaxation time of water is so 
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much shorter than that of ice. The transition-state theory for dielectric relaxation 
1942 some help here. According to the 

ansit n-state theory, the relaxation time is given by 
τd = h/kT exp(∆G/RT) (4.22) 

 h/kT exp(∆H/RT)exp(-∆S/R),  (4.22a) 
y, the free energy, the enthalpy, and the 

, ∆H = 12 7 kcal/mol and ∆S 
C). T es of ∆S for the two phases are not very 

 l larger than ∆H for water. Evidently the 

ater than in any of the ices, 

 too small for a process that disrupts large regions of the 

cy dielectric constant. From data 

ly large value of ε∞ have been put forward. Haggis 

e three- and four-bonded molecules do not 

(Glasstone et al. 1941, Kauzmann ) is of 
tr io
 
=
where ∆G, ∆H, and ∆S are, respectivel
entropy of activation for dielectric relaxation. The values of ∆H and ∆S for water are 
easily determined from the temperature dependence of τd; they are shown in Table 
4.5. Let us compare ∆H and ∆S for water at 5 °C to the corresponding quantities for 
ice at 0 °C (based on the data of Auty and Cole (1952) .

= 9· cal/mol/°C for ice I at 0 ° he valu
different near 0 °C, but All: for ice is 8 kcal/m
relaxation time of water is shorter than that of ice primarily because the enthalpy of 
activation is smaller in water. 
The Debye dispersion of water, as mentioned above, can be described by a small 
spread of relaxation times. The dispersion parameter a for water (0.02) is close to 
the value of zero that is observed for a single relaxation time, and less than the 
values for ice III (α = 0.04) and ice VI (α = 0·05). The non-zero values of α for several 
of the ice polymorphs have been attributed to the presence of several different 
molecular environments in each of these crystals (Wilson et al. 1965). Since mole-
cular environments are certainly more varied in liquid w
the very small spread of relaxation times in water is a phenomenon that is difficult to 
explain. 
One possible explanation is that molecular reorientation in water is a co-operative 
process involving a large number of molecules. In this case, variations in the 
environments of individual molecules would not affect the relaxation time. Such a 
process was invoked by Denney and Cole (1955) to explain their observation that 
mixtures of methanol and n-propanol exhibit a single principal relaxation time 
although the pure liquids have quite different relaxation times. For the case of water, 
however, ∆H and ∆S seem
liquid; we shall discuss this below. 
A second possible explanation is that, although molecular environments are varied 
in water when viewed over a time scale of 10-18 s (Section 4.7 (6)), they are 
relatively uniform when viewed over an interval of — 5 x 10-12 s. A small spread of 
relaxation times would be consistent with such an averaging of molecular 
environments. It is difficult to imagine, however, what molecular motion might 
account for such an averaging. 
Let us now consider the origin of the high-frequen
in Table 4.5 it is apparent that ε∞ lies within the range 4.5-6.0. This may or may not 
be larger than the square of the refractive index in the far infra-red region of the 
spectrum (Section 4.5 (a)); it is certainly larger than the square of the refractive 
index at optical frequencies—about 1.7. It is also somewhat larger than the value 
3.1 for ε∞, of ice I (Section 3.4 (b)). 
Two explanations for the relative
et al. (1952) and Hosted (1961) suggested that ε∞ for liquid water is larger than ε∞ 
for ice because of the rotations of those molecules in the liquid that form zero and 
one hydrogen bond, and also because of rotations of `unsymmetrical two-bonded 
molecules'. These are molecules having one O-H bond and one lone-pair of 
electrons engaged in hydrogen bonds. According to these authors, at high 
frequencies of the applied field, th

59 
 



reorient fast enough to come into equilibrium with the field, and it is only zero-, one-, 
and unsymmetrical two-bonded molecules that contribute to the dielectric constant. 
The large ε∞ may, however, arise entirely from the dispersions associated with 
hindered translational and librational modes of vibration in the liquid. The difference 
ε∞—n2 for ice, where n is the optical refractive index, is attributable to these 
dispersions (Section 3.4(b)). Magat (1948) suggested that vibrations of water 
molecules account for the difference ε∞—n2 and gave a qualitative explanation for 
this effect: in the absence of an applied field, water molecules exhibit hindered 
rotations about a position of minimum potential energy. Magat noted that when a 
field is applied, the librations are biased in the direction of the field and this 

equencies 

produces a small polarization in the liquid. Such a mechanism would he expected to 
give rise to a larger value of ε∞—n2 in the liquid than in ice because hydrogen bonds 
are more easily distorted in the liquid (Section 4.7 (c)), and hence the polarization 
caused by the applied field would be larger. 
Available data do not favour one of these explanations over the other; when 
measurements of the dielectric constant or absorption coefficients is at higher 
frequencies become feasible, however, it should be possible to choose between 
them. The zero-bonded and one-bonded molecules would certainly have relaxation 
times as long as, or longer than, the 1.0 x 10-12 s relaxation time observed for water 
in dilute benzene solution (Table 4.5). In contrast, the hindered translational and 
librational motions of water molecules have absorption bands near 200 and 700 
em-1, so they must produce a dispersion of the dielectric constant at fr
around 1013 a-' (Section 4.7 (c)). Thus it should be possible to distinguish between 
the two mechanisms once the dielectric or absorption behaviour is determined 
quantitatively for the frequency range 1013 to 1018 s-1. 
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Possible mechanisms for reorientation of water molecules 
Fig. 4,19 shows four possible mechanisms for the reorientation of molecules in 
liquid water. These drawings are highly schematic: they are not presented as 
serious representations of molecular arrangements in the liquid but rather as aids in 
developing a qualitative picture of molecular reorientation. 
Panel (a) is an attempt to depict the `flickering cluster' mechanism proposed by 
Frank and Wen (1957). They postulated that the formation of hydrogen bonds 
investor is predominantly a co-operative phenomenon, so that, in most cases, when 
one bond breaks, then, typically, a whole cluster will "dissolve". This gives a picture 
of flickering clusters of various sizes and shapes, jumping to attention, so to speak, 
and then relaxing "at ease'".' A hydrogen-bonded cluster, shown on the left, 
dissolves into a chaotic group of non-hydrogen-bonded molecules (centre), and 
these coalesce to form a new cluster with the molecules oriented differently from the 
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original cluster. In the presence of an external electric field, molecules would tend to 
form clusters with their dipole moments oriented in the direction of the field. Frank 
and Wen believe that the dielectric relaxation time is a measure of the half-life of a 
cluster. 
Consideration of the `flickering cluster' mechanism in terms of the transition-state 
theory indicates that the postulated dissolution of clusters would require larger 
values of ∆S and ∆H than those which are actually observed. The dissolution of a 
cluster, as described by Frank and Wen, seems to correspond to a'vaporization' of 
molecules in a local region of the liquid. Now Kauzmann (1942) pointed out that if 
the process of activation is pictured as a local vaporization, the ratio of ∆S to the 
molar entropy of vaporization should be approximately equal to the number of 
molecules involved in the activation. The entropy which we require for comparison 
with ∆S is the entropy of vaporization of liquid water to water vapor occupying a 
volume equal to the 'free volume' of the liquid. This quantity is given by 
∆S’vap= ∆Svap – Rln(Vvap/Vf), 
 
where ∆Svap is the observed entropy of vaporization, Vvap is the molar volume of 
water vapor at its equilibrium vapor pressure, and ∆S’vapf is the free volume of liquid 
water. If we accept Nemethy and Scheraga's (1962) estimate of Vf (= 0.26 cm3 
mol–1), we find that the ratio ∆S/∆S’vap decreases from 1.1 at 5 °C to 0.5 at 67·5 °C. 
It should be pointed out that Nemethy and Scheraga's value for Vf is very small, but 
larger values only serve to decrease our estimate of the number of molecules 
involved in the activation process. Hence this calculation suggests that the 
re-orientation of a water molecule does not involve the movement of a large number 
of neighbouring molecules by the simultaneous rupture of many hydrogen bonds. 
A similar estimate of the number of molecules in a dissolved cluster, based this time 

ientational 

on the observed value of ∆H, also produces a number that is too small to be 
consistent with the flickering-cluster mechanism. The quantity ∆H is the enthalpy 
required to produce one mole of the activated complex, which in this case is one 
mole of `dissolved clusters'. It we suppose that there are a water molecules in a 
dissolved cluster, then at least 2nN hydrogen bonds must be broken in producing a 
mole of the activated complex. To estimate ∆H we must assume some value for the 
energy of a hydrogen bond in liquid water. Let us take the value of 1.3 kcal mol-1 

recommended by Nemethy and Scheraga (1962); this is the smallest of the values 
listed in Table 4.2. Thus ∆H is at least 7.6n kcal mo-1. Recalling that the observed 
∆H is 4.5 kcal mol-1 at 5 °C and decreases as the temperature rises, we see that n, 
the number of molecules in a flickering cluster, is less than 4.5/2.6 = 1.7 at 5°C and 
decreases at higher temperatures. Thus if the dissolution of the clusters is 
considered to be a local vaporization and if the dissolved regions are considered to 
contain more than one or two molecules, the observed values for both ∆H and ∆S 
are inconsistent with the flickering-cluster mechanism. 
Panel (b) of Fig. 4.19 shows a mechanism for reorientation involving or
defects similar to those believed to exist in ice. An irregular hydrogen-bonded 
network having all hydrogen bonds intact is shown on the left-hand side of the 
panel. Several molecules, those forming particularly distorted hydrogen bonds with 
their neighbours, break some of the bonds and rotate, thereby producing 
orientational defects similar to the D-and L-defects discussed in Section 3.4(b). 
Subsequent rotation of molecules adjacent to defects causes the defects to migrate 
through the liquid. An external electric field would influence the migration of the 
defeats and thus induce an orientational polarization in the liquid. The observed 
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values of ∆S and ∆H do not seem to be inconsistent with this mechanism: ∆S at 5 
°C is slightly less than ∆S for ice I at 0 °C, which is reasonable if the mechanisms in 
the two phases are similar. The drop in ∆H of — 8 kcal mol-1 in going from ice at 0 
°C to water at 5 °C could conceivably be associated with weaker hydrogen bonding 
in the liquid. It is not clear that this mechanism would give rise to a narrow spread of 
relaxation times. 
A somewhat similar understandation of dielectric relaxation data was given by 

(d) show two other conceivable mechanisms for molecular 

) Relaxation of nuclear magnetism 
 proton in an applied magnetic field occupies 

Haggis et at. (1952). The reader will recall (from Section 4.4 (a)) that these authors 
treated water as an equilibrium mixture of molecules that form 4, 3, 2, 1, and 0 
hydrogen bonds. In their discussion of di-electric relaxation, they did not specify the 
geometric arrangement of molecules new a rotating molecule except to say that the 
rotating molecules are those that form only two intact hydrogen bonds to neigh-
bouring molecules. The rate-limiting step in molecular reorientation, according to 
these authors, is the formation of two-bonded molecules from three- and 
four-bonded molecules; the two-bonded molecules rotate more quickly than they 
are formed. 
Panels (c) and 
reorientation in water. Panel (c) depicts water as a mixture of small polymeric unite. 
This mechanism is almost certainly incorrect; if water were composed of small 
polymeric units of various sizes which cohere for as long as 10-11 s, the rotations of 
these units would produce a wide distribution of relaxation times. Yet a very narrow 
distribution is actually observed. Panel (d) depicts water as a cage structure with 
interstitial molecules (Section 4.2 (b)) that are free to undergo rotations. It seems 
likely that the reorientations of molecules forming the cage would be less frequent 
than those of the interstitial molecules, and consequently that this structure would 
give two distinct dispersion regions. 
 
(b
As mentioned in Section 4.4 (b), each
one of two energy levels, depending on whether a component of its magnetic 
moment points in the direction of the field or in the opposite direction. If the 
magnetic field strength is suddenly in. creased, more nuclear magnets align 
themselves with the field, but a period of time is required for the system to reach 
equilibrium. The time needed to achieve equilibrium along the field axis is called the 
spin-lattice relaxation time and is denoted T1. This time can be measured by 
techniques of nuclear magnetic resonance. It is closely related to molecular 
motions, because a change in the orientation of a nuclear magnet can be induced 
only by a fluctuation in the magnetic field acting on the nucleus, or, in the case of a 
nucleus with an electric quadrupole moment, by a fluctuation in the electric field 
gradient at the nucleus; these fluctuations are caused by rotations and translations 
of the molecule containing the nucleus. 
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Spin-lattice relaxation times for water have been measured for the proton, the 
deuteron, and the oxygen-17 nucleus (Table 4.6), and the method of extracting 
information about molecular motions depends on which type of nucleus is studied. 
Let us consider the proton first. The magnetic moment of a proton changes direction 
when it experiences a fluctuating magnetic field. Such fluctuations may arise from 
motions of the other proton in the same water molecule and also from protons in 
neighbouring water molecules. The reciprocal of the observed TI may be expressed 
as  
 1/T1 = (1/T1)intra+(1/T1)inter+(1/T1)s-r, 
where the first two terms on the right-hand side represent contributions from the two 
effects just mentioned. The third term is called the spin-rotational contribution; it 
represents the effect of fluctuating magnetic fields that arise from the electric 
charges of rotating molecules, and is significant only at temperatures above 100°C. 
The term (1/T1)intra, is proportional to a rotational correlation time, if the correlation 
function that describes molecular reorientation has the form of a simple exponential 
decay (eqn (4.20); see, for example, Glasel 1967). Let us call this correlation time 
τrn to indicate that it is the rotational correlation time determined from nuclear 
magnetic resonance. Thus to determine τrn, T1 must be measured, the contributions 
(1/T1)inter and (1/T1)s-r must be evaluated, and these contributions must be 
subtracted from (1/T1) to obtain (1/T1)intra. Methods of evaluating (1/T1)inter and 
(1/T1)s-r for water have been proposed by Krynicki (1966), Smith and Towles (1966), 
and Powles et al. (1966). 
Krynicki (1966) measured the proton spin-lattice relaxation time of water from 2-1 to 
95.2°C with an estimated experimental error of ±2 per cent. He found that the 
temperature dependence of T1 parallels that of the reciprocal of the dielectric 
relaxation time: the product (T1τd)-1 equals 3.37 x 1010 s-2 to within ±3 per cent over 
the temperature range where data were available. Eliminating the intermolecular 
contribution to T1, Krynicki determined τrn as a function of temperature; the values 
are listed in Table 4.6. Krynicki noted that the ratio of the dielectric relaxation time, 
τd, to τrn is nearly independent of temperature from 0 to 75 °C and is equal to about 
3.7. He understanded this result in terms of a mechanism for reorientation of water 
molecules by jumps through small angles. 
Smith and Powles (1966) measured T1, of water under its own vapor pressure from 
the Freezing-point to the critical temperature. They derived the approximate values 
of τrn that are given in Table 4.6. Treating the reorientation of water molecules as a 
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Brownian rotational diffusion, they estimated values of the correlation time τsr for 
molecular angular velocity (see Table 4.6); this is the time interval for which the 
angular velocity of a water molecule remains roughly unchanged. From the value of 
τsr at the critical point they estimated that the average angle of jump during 
reorientation is roughly 10°. They emphasized, however, that if reorientation 
proceeds by a `jump and wait' mechanism, the average angle of jump is larger. The 
two possibilities cannot be distinguished by their measurements. 
The deuteron and 17O nuclei have electric quadrupole moments, and thus they 

/T1 = AC τrn 
umerical constant and C represents the quadrupole coupling constant 

a liquid experience frequent displacements from their temporary 

he direction of diffusion and ∂c/∂t is the rate of change of tracer 
oncen of molecular displacements can also be studied 

change orientations when they experience a fluctuating electric field gradient. Such 
fluctuations arise primarily from charges in the same molecule as the nucleus under 
question, so that elimination of inter-molecular effects is not necessary in these 
studies. For these nuclei, the reciprocal of T1 has the form 
 

21
where A is a n
of the nucleus. Thus to determine τrn C must be known; but this quantity for the 
water molecule in theliquid state isnot available from other sources. Glasel (1966), 
in his determination of the rotational correlation time in liquid water enriched with 
H2

17O, bypassed this problem by assuming that the quadrupole coupling constant 
of 17O is the same in the vapor and liquid phases. Woessner (1964) reversed this 
procedure in studying liquid D2O; he estimated the rotational correlation time from 
the dielectric relaxation time and then used this quantity to determine the 
quadrupole coupling constant of the deuteron in the liquid. He found it to be only 2/3 
to 3/4 as large as in the free D2O molecule, but roughly the same magnitude as in 
D2O ice. Powles et al. (1966) obtained a similar value of the quadrupole coupling 
constant by comparing T1 values for liquid H2O and D2O. They concluded from this 
result that hydrogen bonding in water is virtually complete at all temperatures up to 
300°C. 
(o) Self-diffusion, 
The molecules of 
positions of equilibrium. The self diffusion coefficient, D, is a measure of the rate of 
such displacements. One method of determining D is to study the rate of diffusion of 
an isotopic tracer in the liquid; D for the tracer is then given by Fick's second law: 
 (∂c/∂t)x= D(∂2c/∂x2)t (4.23) 
where x is t
c tration with time. The rate 
without the aid of isotopic tracers by NMR and neutron scattering techniques. 
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Values of D for water, determined by several methods, are listed in Table 4.7. It can 
be seen that these are in fair agreement with one another. The discovery that HDO 
and HTO diffuse no faster than H2

18O is especially interesting, because it shows, as 
noted by Wang et al. (1953), that the special mechanism of rapid H+ transfer that 
accounts for the electrolytic conduction of water (Section 4.6 (e)) plays a negligible 
part in the self-diffusion of water. Longsworth's values for the self-diffusion 
coefficients of H2O and D2O indicate that molecular displacements are slightly more 
frequent in H2O than in D2O at the same temperature. This finding is consistent with 
the larger viscosity (Table 4.8) and longer dielectric relaxation time (Table 4.5) of 
D2O. 
Studies of the temperature dependence of the self-diffusion coefficient show that D 
can be described by the equation 
D = Aexp{—EA/(RT)}. 
Wang et al. (1953) found that over the temperature range 1 1-55 °C, Es is 4.6±04 
kcal mol-1 for HDO and HTO tracers, and 4-4±0-3 kcal mol-1 for an 11y18O tracer. 
Wang (1965) reported the results of another study which showed that EA is 4 8 kcal 
mod-1 for an HJl 0 tracer over the temperature range 5-25 °C. Some measurements 
of the pressure dependence of D were made by Cuddebaek et al. (1953). 
Understandation of self-diffusion coefficients 

eory of rate processes to understand Wang et al. (1953) used the transition-state th
their measurements of the self-diffusion coefficients. They noted that the energies 
of activation for self-diffusion, dielectric relaxation, and viscous flow of water are all 
about 4.6 kcal mol-1 at 25 °C. This observation led them to assume that the 
mechanism of activation is the same for these three processes. It follows from this 
assumption and from the transition-state theory that 
λ2/τd=D (4.24 ) 
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 =CkT/η (4.24 a) 
when λ is the mean distance between two successive equilibrium positions of a 

displacements of water molecules have been 

nal motions in liquids 

 information is to analyse the quasielastic scattering. 

water was that of Hughes 

diffusing water molecule in the direction of diffusion, τd is the dielectric relaxation 
time, η is the viscosity, and C is a constant that depends on intermolecular 
separations. Two observations lend support to the validity of this relationship; the 
quantity Dη/T is nearly in-dependent of temperature from 0 to at least 55 °C (Wang 
et al. 1953, Robinson and Stokes 1959), and the values of τd T/η for H2O and D2O 
are nearly equal (Collie el al. 1948). 
Two important inferences about the 
based on aqua (4.24). The first is that λ, the mean length of a diffusive jump in the 
direction of diffusion, is roughly equal to the separation of nearest neighbours in the 
liquid. Wang et tel. evaluated λ from eqn (4.24), using their own measurements of D 
and the values of is determined by Collie et al. (1948). They found that λ is nearly 
constant (= 1·5 A) over the temperature range 0-5.5 °C. Wang (1965) in a later 
paper took τd to be larger by a factor of 2Π and thus arrived at a larger value for λ (= 
3.7 A). The second inference from eqns (4.24) is that the unit of the liquid that 
experiences changes in orientation and position is a single molecule. According to 
Grant (1957), the magnitude of λ2/C in eqn (4.24 a) supports this idea. He noted that 
in the Debye equation for rotational relaxation times, the quantity λ2/C is replaced by 
4Πa3, where a is the ‘molecular radius'. He found that the experimental values of the 
viscosity and dielectric relaxation time, when inserted in eqn (4,24 a), give a = 1·4 A, 
a reasonable value for the water molecule. He understanded this result in terms of 
the ideas of Haggis et al. (1452) about reorientation of water molecules in the liquid 
(Section 4.6 (a)). 
Information on self-diffusion from scattering of altar neutrons 
A technique that promises to be valuable for studying diffusio
is the scattering of slow neutrons. Slow neutrons travel much more slowly (~ 105 cm 
s-1) than X-rays (3 x 1010 can s-1) and they interact with individual atoms in the liquid 
over a time interval comparable to the period of molecular jumps. Thus the 
scattered neutrons contain information on the diffusive motions of molecules. In the 
case of water, this information is for the hydrogen nuclei, which are the principal 
neutron scatterers. 
One method of extracting this
The portion of the scattered beam that has exchanged no energy with the lattice 
vibrations of the substance under investigation is said to have been elastically 
scattered. For most liquids the spectrum of neutron energies in the `elastic' portion 
of the scattered beam is actually somewhat broader than the spectrum in the 
incident beam, and the scattering is said to be quasielastic. The observed 
broadening is caused by diffusive motions of molecules. 
Among the early investigations of neutron scattering from 
et al. (1960). These authors observed no broadening whatsoever in the elastic 
region, a result that is incompatible with continuous diffusion of molecules. Singwi 
and SjSlander (1960) understanded this finding in terms of a jump-and-wait model 
for diffusion. They were able to fit the experimental results by supposing that a 
water molecule oscillates about a position of temporary equilibrium for an average 
of 4x10-12 s at 20°C before experiencing a diffusional jump. This would mean that a 
water molecule executes roughly 40 inter-molecular oscillations between two 
jumps. In several other experimental studies (see Larsson 1965) some broadening 
of the elastic region was observed. Larsson (1965) found he could fit his own data 
with the model of Singwi and Sjolander by assuming that the interval between 
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diffusive jumps is 1·5 x 10-12s at 20°C. 

 
Additional support for a jump-and-wait mechanism of diffusion comes from the 
inelastic-scattering studies of Oakamoto et al. (1962). These authors performed a 
Fourier transform of their data to obtain the time dependence of the mean square 
displacement of a proton, (R2). Their results for 25 and 75°C are shown in Fig. 4.20. 
Also shown are the calculated variations of (R2) for continuous diffusion at the two 
temperatures (based on the diffusion coefficients D = 2.13 x 10-5 cm2 s-1 at 25°C and 
D = 6.27 x 10-5 cm2 s-1 at 75°C) and the calculated (R2) for a gas composed of 
molecules of mass 18 and of mass 1. Nate that at 25°C the experimental (R2) is 
described adequately by continuous diffusion for times greater than ≈ 3 x 10—12 s, 
but not for shorter times. At 75 °C continuous diffusion seems to set in at about to 
10-12 s. Note also that (R2) is about 4 A at the onset of continuous diffusion, roughly 
equal to the square of the intermolecular separation in the liquid. Thus these results 
support the conclusion of the studies of the quasielastic scattering that, at moderate 
temperatures, water molecules remain near positions of temporary equilibrium for 
relatively long periods of time before experiencing diffusional displacements. 

68 
 



 
(d) Viscosity 
The viscosity of a liquid is a measure of its resistance to flow. Since flow takes place 
by displacements of the equilibrium positions of molecules, studies of the viscosity 
can yield some information on the nature of these displacements. The shear 
viscosities of liquid H2O and D2O are given in Table 4.8. Heavy water is the more 
viscous liquid; its viscosity exceeds that of H2O by a factor that decreases from 1·2 
at 30 °C to 1·1 at 250 °C. The energy of activation for viscous flow of H2Ois also 
shown; this quantity is slightly larger than the energy of activation for dielectric 
relaxation at most temperatures. 
With the exception of water, liquids become more viscous when pressure is applied 
to them. The behaviour of water at temperatures below about 30 °C is unique: the 
initial application of pressure causes the viscosity to decrease. As greater pressure 
is applied, the viscosity passes through a minimum and then increases. Fig. 4.21 
shows that at 2.2 °C the pressure of minimum viscosity is roughly 1500 kg cm-2. 
Increasing the temperature decreases the pressure of minimum viscosity until, at 
about 30 °C, the minimum disappears altogether. See Wonham (1967) for a 
comparison of the results of several investigators on the pressure dependence of 
the viscosity. 
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Pressure also affects the energy of activation for viscous flow, EA

vis. Horne and 
Johnson (1966) and Horne et al. (1965) found that EA

vis increases with decreasing 
temperature for water at atmospheric pressure down to at least -0.5 °C. As pressure 
is applied, EA

vis decreases along all isotherms between 0 and 20 °C. This decrease 
of EA

vis suggests that compression facilitates molecular displacements, perhaps by 
weakening or breaking hydrogen bonds. 
A second form of viscosity is the volume (or compressional) viscosity. This property 
cannot be measured with viscosimeters but can be deduced from measurements of 
ultrasonic absorption and the value of the shear viscosity (see, for example, Litovitz 
and Davis 1965). The volume viscosity of water is roughly three times as large as 
the shear viscosity, and accounts for the strong absorption of ultrasonic waves by 
the liquid. Hall (1948) developed a theory of the volume viscosity in terms of a 
two-state model for water; his theory has subsequently been modified by several 
authors. Litovitz and Davis (1905) and Davis and Jarzynski(1967-8) have reviewed 
this work. 
(e) Ionic dissociation and migration 
Ionic migration is another process occurring in pure water which involves 
translational motions on the atomic level. We shall not discuss this topic in detail, as 
the concentration of ions in pure water is too small at room temperature to affect the 
structure of the liquid greatly. Hcadcrs interested in a more extended discussion are 
referred to the reviews of Eigen and De Maeyer (1958, 1959). 
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A small fraction of the molecules in pure water dissociates spontaneously to form H+ 
and OH- ions: 
   kD 
  H2O →H++OH- 

   ← 
   kR 
Here kD is the rate constant for dissociation and kR is the rate constant for 
neutralization. The ratio of those quantities, KH2O, is the dissociation constant. 
Accurate determinations of KH2O have been made by measuring the e.m.f. of 
appropriate galvanic cells (Harped and Owen 1939); the resulting value of KH2O 
leads directly to the ionic concentrations, and the temperature dependence of KH2O 
leads to the enthalpy and entropy of dissociation (see Table 4.9). 
Eigen and De Maeyer (1958) used a relaxation technique to determine the values of 
kD and kR (Table 4.9). The neutralization reaction is extremely fast: Eigen and De 
Maeyer noted that if a homogeneous mixture of 'a one-normal-strong acid and a 
one-normal-strong base emdd be prepared and then the reaction suddenly initiated, 
the reaction would run nearly to completion in 10-11 s. 
Considerable evidence, summarized by Eigen (1964), indicates that the H+ and 
OH-ions in water are strongly hydrated. The heat of hydration of H+ for example, is 
about 276 kcal mol-1 at 26 °C, exceeding by over 100 kcal mol-1 that of any other 
univalent ion. This suggests that protons in the liquid are strongly bound to water 
molecules, forming oxonium (H3O+) ions, or even larger complexes. Eigen and De 
Maeyer (1968; Eigen 1964) believe that the H2O+ ion is the most common of the 
larger complexes. The evidence which they cite for the existence of this ion includes 
mass spectroscopy, quantum-mechanical calculations, and their understandation 
of their own kinetic data (see below). These ions are short-lived: Eigen (1964) 
estimated that the mean period of association of a proton with a given water 
molecule, τH+ is roughly 10-12 s. We can estimate the mean interval between two 
successive associations of a given water molecule with a proton, τH2O, by inserting 
Eigen's value for rn, into the relationship: 
τH2O/τH+=[H2O]/[H+] 
where the square brackets denote concentrations. This gives τH2O ~ 6 x 10-4 s. 
Apparently a water molecule experiences many reorientations and translations 
between two successive associations with a proton. Thus, although proton jumps in 
water are very rapid, the concentration of jumping protons is small, and 
consequently the motion of hydrogen atoms in the liquid is governed mainly by the, 
rate of movement of intact water molecules. As noted by Samoilov (1966), this 
result is consistent with the nearly identical diffusion coefficients found for 
deuterium aH2

18O tracers in water (Section 4.6 (c)). 
The mobilities of the H+ and OH- ions in water (Table 4.9) have been determined by 
combining measurements of the conductivity and the transference numbers. It is 
found that the mobilities of H+ and OH- are considerably greater than those of other 
univalent ions in water (for example, the mobilities of Na+ and Cl- at 25 °C are 0·53 x 
10-3 and 0.79 x 10-3 cm2 V-1 s-1 respectively (Eigen and De Maeyer 1968)). On the 
other hand, the mobility of the proton in water is smaller than in ice by an order of 
magnitude (Table 3.13). Eigen and De Maeyer (1968) understanded these results 
as follows. The abnormal mobilities of H+ and OH- in both ice and water are a 
consequence of hydrogen bonds between molecules; these links facilitate rapid 
transfer of protons. One of the protons of an H3O+ ion, for example, can jump along 
a hydrogen bond to combine with the adjacent water molecule: 
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imilarly, one proton of a water molecule can jump along a hydrogen bond to 

 
 

oth processes result in the migration of electric charge, and in the presence of an 

 of H  is smaller in water than in ice 

ctions have been deter-mined from 

re of molecular movements in water, but a 

g-point experience roughly 10 or 10  

 
S
combine with an OH- ion: 
 

B
applied field give rise to the flow of current. 
According to Eigen and De Maeyer, the mobility +

because hydrogen bonding is imperfect in the liquid phase. Rapid transfer of 
protons, of the sort just mentioned, takes place only within the strongly hydrated 
complex, presumed to be H9O4

+. Further translation of a proton must await the 
formation of a strong hydrogen bond at the periphery of the complex. Thus the 
velocity of proton transfer in water is limited by the rate at which molecules in the 
vicinity of the hydrated complex come into positions which permit rapid transfer of 
the proton and thus diffusion of the complex. 
The rate constants for the proton transfer rea
NMR measurements by Meiboom (1961); they are given in Table 4.9. 
(f) Molecular displacements: a summary 
We are still far from having a explicit pictu
number of qualitative conclusions can be inferred from the rate properties 
discussed in the five preceding sections. 
Molecules in liquid water near the meltin 11 12

reorientational and translational movements per second. Ice molecules near 0 °C 
experience only about 105 or 106 re-orientational and translational movements per 
second. This is clearly one of the chief differences between ice and water. 
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Raising the temperature of water increases the rate of reorientations and 

ientations and translations in liquid D2O is slower than in 

hat depend on the rate of 

the melting-point, 

g temperature of the activation energies for dielectric 

olecules at 25 °C are ionized, and the resulting 

Water's Unexplained Properties 

 
apor pressure curves 

nship 
lationship 

here are several properties of water that do not constitute anomalies but are still 

Vapor pressure curves 

 
here are many formulations giving the vapor pressure of ice and water over 

displacements, as is apparent from the decreasing viscosity, the decreasing 
relaxation times, and the greater rate of self-diffusion. The rotational correlation 
time from NMR studies indicates that when the critical point is reached, the 
frequency of reorientations approaches, within a factor of 10, the frequencies of 
intramolecular vibrations. 
The rate of molecular reor
ordinary water, as shown by the greater viscosity, the longer relaxation times, and 
the smaller coefficient of self-diffusion of heavy water. 
A number of similarities between those properties t
reorientation and those properties that depend on the rate of displacement suggest 
that the processes of reorientation and translation are closely related. The 
activation energies for dielectric relaxation, self diffusion, and viscous flow are 
roughly equal at 25 °C though the activation energy for self-diffusion appears to be 
less strongly temperature-dependent than the others. Moreover, the quantity τd x 
T/η is nearly independent of temperature, which also suggests that molecular 
translation and reorientation are related. No data seem to be inconsistent with a 
mechanism that involves jumps of individual water molecules. 
Neutron scattering studies indicate that, at least near 
reorientation and translation proceed by a 'jump and wait' mechanism, rather than 
by a series of small jumps. 
The decrease with increasin
relaxation and viscous flow may be a reflection of smaller mean hydrogen-bond 
strengths at higher temperatures. Similarly, the decrease with increasing pressure 
of the activation energy for viscous flow may indicate that compression tends to 
weaken or break hydrogen bonds. 
Roughly two out of every 109 water m
protons jump rapidly between molecules. The mean lifetime of a protracted water 
molecule is ≈ 10-12 s, and the mean interval between successive associations of a 
given water molecule with a proton is ≈ 5 x 10-4 s. 
 
 

V
Pressure-density relatio
Temperature-volume change re
Temperature-viscosity relationship 
 
T
remarkable. Until they are fully explained, they may be considered to be the result of 
coincidences. These unexplained properties will be described on this page. 
 

T
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various temperature ranges, mostly involving many empirical parameters. 
However, the following approximate formulae are curious and give approximately 
straight-line Log-Log plots of integral gradients 12, 8 and 4 with only physically 
meaningful parameters. The points are experimental data and the lines show the 
equations (T is the scaled temperature given in the power expressions, see later, 
and the LogT values have been shifted so that the LogP values show a continuous 
function). 

 
The vapor pressure of ice is approximately given by the following relationship 

 
The vapor pressure of water (-15°C - 100°C) is approximately given by the following 

 
The vapor pressure of water (100°C - 374°C, Critical point) is approximately given 

 
I am grateful to Frank Grimer for pointing me at these relationships. 

between pressure (atm) and temperature (K). T0 is 126 K which is approximately the 
temperature for the phase change between glassy amorphous ice and deeply 
supercooled amorphous water (136 K; the glass transition temperature). Bpt and 
Mpt are the boiling point and melting points of water. 

relationship between pressure (atm) and temperature (K). T1 is 162 K which is 
approximately the temperature for the phase change between glassy amorphous 
water and cubic ice (160 K). 

by the following relationship between pressure (atm) and temperature (K). 
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Pressure-density relationship 

The density of liquid water tends towards an integral 6th power relationship with 
spect to pressure. 

where P is the pressure (MPa), P0 is 378 MPa, T is the temperature (K), T0 is 85K 
and ρ is the density (g/mL). 

the dashed lines, with the colored lines being the 

 
 

emperature-volume change relationship 

s as the square-root(3) power of the 
temperature above the temperature (T0, 3.984°C) of minimum volume (V0, 1.00003 

 
as shown below, where the solid blue line follows the experimental data and the 
dashed yellow line shows the above equation. 

 

re

 

This relationship is shown below (P' is the scaled pressure, that is, the left side of 
the above expression) as 
experimental data. The lines for 20°C - 60°C fit well but the power increases from 6 
at lower and higher temperatures. The best fit is thus around the compressibility 
minimum at 46.5°C. The extrapolated density at zero T and P is 1.28 g/mLl which is 
close to the density for very high density amorphous ice (1.25 g/mL) with P0 and T0 
being close to the conditions required for its formation. 

T

The incremental volume change increase

mL/g) 
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The square-root(3) term is related to the Vesica Pisces, being the ratio of the long to 

Temperature-viscosity relationship 

 
he dynamic viscosity varies with the temperature above a baseline temperature, 

short diameter of intersecting expanded icosahedral water clusters (the short 
diameter being the distance between the centers of neighboring dodecahedra and 
the long diameter associated with a plane of water molecules between the two 
pentameric boxes (Figure 3h) joining them. 
 

T
viscosity = (T-T0)-1.637 for H2O and viscosity = (T-T0)-1.623 for D2O; where T0 = 225.4 
for H2O and 231.9 for D2O, both these values being close to the respective 
homogeneous nucleation temperatures. The exponents are close to the golden 
mean, (1+√5)/2 (= 1.618). 
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In the graph above, H2O values are shown by green squares and D2O values are 
shown by blue diamonds. The red line is y = (T-225.4)-1.632 for guidance. 
 

Anomalous properties of water 

 
The range of anomalous properties of water 
Water phase anomalies 
Water density anomalies 
Water material anomalies 
Water thermodynamic anomalies 
Water physical anomalies 
 

The range of anomalous properties of water 

 
The anomalous properties of water are those where the behavior of liquid water is 
quite different from what is found with other liquids1. Frozen water (ice) also shows 
anomalies when compared with other solids. Although it is an apparently simple 
molecule (H2O), it has a highly complex and anomalous character. As a gas, water 
is one of lightest known, as a liquid it is much denser than expected and as a solid it 
is much lighter than expected when compared with its liquid form. 
As liquid water is so common-place in our everyday lives, it is often regarded as a 
‘typical’ liquid. In reality, water is most atypical as a liquid, behaving as a quite 

                                                 
1  Whether or not the properties of water are seen to be anomalous depends upon the m
used in the comparison and the interpretation of the term 'anomalous'. For example, it could well 
be argued that water possesses exactly those properties that one might deduce from its 
structure. Other tetrahedrally interacting liquids, such as liquid Si, SiO2 and BeF2 have many 
similar 'anomalies'. Comparisons between water, liquid sodium, argon and benzene appear to 
Franks to indicate several of the properties given above as not being anomalous. However, these 
materials are perhaps not the most typical of liquids. My list gives the unusual properties 
generally understood to ma

aterials 

ke liquid water (and ice) stand out from 'typical' liquids (or solids).  
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different material at low temperatures to that when it is hot. It has often been stated 
that life depends on these anomalous properties of water. In particular, the high 
cohesion between molecules gives it a high freezing and melting point, such that us 
and our planet is bathed in liquid water. The large heat capacity, high thermal 
conductivity and high water content in organisms contribute to thermal regulation 
and prevent local temperature fluctuations, thus allowing us to more easily control 
our body temperature. The high latent heat of evaporation gives resistance to 
dehydration and considerable evaporative cooling. Water is an excellent solvent 
due to its polarity, high dielectric constant and small size, particularly for polar and 
ionic compounds and salts2. It has unique hydration properties towards biological 
macromolecules (particularly proteins and nucleic acids) that determine their 
three-dimensional structures, and hence their functions, in solution. This hydration 
forms gels that can reversibly undergo the gel-sol phase transitions that underlie 
many cellular mechanisms. Water ionizes and allows easy proton exchange 
between molecules, so contributing to the richness of the ionic interactions in 
biology. 
At 4°C water expands on heating or cooling. This density maximum together with 

lies of water are the opposite properties of hot and cold 

the low ice density results in (i) the necessity that all of a body of fresh water (not 
just its surface) is close to 4°C before any freezing can occur, (ii) the freezing of 
rivers, lakes and oceans is from the top down, so permitting survival of the bottom 
ecology, insulating the water from further freezing, reflecting back sunlight into 
space and allowing rapid thawing, and (iii) density driven thermal convection 
causing seasonal mixing in deeper temperate waters carrying life-providing oxygen 
into the depths. The large heat capacity of the oceans and seas allows them to act 
as heat reservoirs such that sea temperatures vary only a third as much as land 
temperatures and so moderate our climate (for example, the Gulf stream carries 
tropical warmth to northwestern Europe). The compressibility of water reduces the 
sea level by about 40 m giving us 5% more land. Water's high surface tension plus 
its expansion on freezing encourages the erosion of rocks to give soil for our 
agriculture. 
Notable amongst the anoma
water, with the anomalous behavior more accentuated at low temperatures where 
the properties of supercooled water often diverge from those of hexagonal ice3. As 
cold liquid water is heated it shrinks, it becomes less easy to compress, its refractive 
index increases, the speed of sound within it increases, gases become less soluble 
and it is easier to heat and conducts heat better. In contrast as hot liquid water is 
heated it expands, it becomes easier to compress, its refractive index reduces, 
the speed of sound within it decreases, gases become more soluble and it is harder 
to heat and a poorer conductor of heat. With increasing pressure, cold water 
molecules move faster but hot water molecules move slower. Hot water freezes 
faster than cold water and ice melts when compressed except at high pressures 
when liquid water freezes when compressed. No other material is commonly found 

                                                 
2  It is therefore very difficult to obtain really pure water (for example, < 5 ng g-1). For a review
of aqueous solubility prediction. Note that ice, in contrast, is a very poor solvent and this may be 
made use of when p

 

urifying water (for example, degassing) using successive freeze-thaw cycles 

lanation 

3  Some scientists attribute the low temperature anomalous nature of water to the presence of 
a second critical point; an interesting if somewhat unproductive hypothesis as a sole exp
(as the attribution mixes cause with effect). Water's anomalies do not require this as an 
explanation 
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as solid, liquid and gas4. 

 
The anomalies of water appear as a hierarchy of effects with different bounds. 

Water phase anomalies5 

Water has unusually high melting point 

 of stable (and metastable) crystal and 

 increasing pressure 

l point at about -91°C 

ating 

ter; the Mpemba effect 

These are shown indicatively opposite as derived from modeling, not experimental 
data. The ‘Structural’ bounds indicate where water is more disordered when 
compressed, the ‘Dynamic’ bounds indicate where diffusion increases with density, 
and the ‘Thermodynamic’ bounds show where there is a temperature of maximum 
density; with the data from shifted upwards 38 K to give the correct temperature of 
maximum density under standard pressure. As density always increases with 
increasing pressure, a similar relationship holds with pressure along the horizontal 
axis. 
 

Water has unusually high boiling point 
Water has unusually high boiling point 
Solid water exists in a wider variety
amorphous structures than other materials 
The thermal conductivity of ice reduces with
The structure of liquid water changes at high pressure 
Supercooled water has two phases and a second critica
Liquid water is easily supercooled but glassified with difficulty 
Liquid water exists at very low temperatures and freezes on he
Liquid water may be easily superheated 
Hot water may freeze faster than cold wa
Warm water vibrates longer than cold water 
 

                                                 
4  The temperature range of 'hot' and 'cold' water varies in these examples; see the individual 

cluded 
ne topic and there may not be universal agreement for the groupings shown 

entries for details 
5  The anomalies of water are divided into groups but, clearly, some anomalies may be in
under more than o
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Water density anomalies 

s on heating (up to 70 K) 
Water shrinks on melting 

nsity that increases on heating (up to 3.984°C) 
maximum density 

sivity) 
coming negative) at low 

 nearest neighbors increases on melting 

°C 
y-temperature relationship 

iscontinuity at higher 

tive index of water has a maximum value at just below 0°C 

ater material anomalies 

No aqueous solution is ideal 
2O and T2O differ significantly from H2O in their physical properties 

nificantly in their phase behavior 
ity 

 temperature to a 

hows a temperature maximum 
anomalously fast in an electric field 

t about 230°C 

 from each other with 

ic anomalies 

The heat of fusion of water with temperature exhibits a maximum at -17°C 
ater has over twice the specific heat capacity of ice or steam 

The density of ice increase

Pressure reduces ice's melting point 
Liquid water has a high de
Pressure reduces the temperature of 
There is a minimum in the density of supercooled water 
Water has a low coefficient of expansion (thermal expan
Water's thermal expansivity reduces increasingly (be
temperatures 
Water's thermal expansivity increases with increased pressure 
The number of
The number of nearest neighbors increases with temperature 
Water has unusually low compressibility 
The compressibility drops as temperature increases up to 46.5
There is a maximum in the compressibilit
The speed of sound increases with temperature up to 74°C 
The speed of sound may show a minimum 
'Fast sound' is found at high frequencies and shows an d
pressure 
NMR spin-lattice relaxation time is very small at low temperatures 
The refrac
The change in volume as liquid changes to gas is very large 
 

W

 

D
Liquid H2O and D2O differ sig
Solutes have varying effects on properties such as density and viscos
The solubilities of non-polar gases in water decrease with
minimum and then rise 
The dielectric constant of water is high 
The dielectric constant s
Proton and hydroxide ion mobilities are 
The electrical conductivity of water rises to a maximum a
Acidity constants of weak acids show temperature minima 
X-ray diffraction shows an unusually detailed structure 
Under high pressure water molecules move further away
increasing pressure 

Water thermodynam

 

W
The specific heat capacity (CP and CV) is unusually high 
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The specific heat capacity CP has a minimum at 36°C 
The specific heat capacity (CP) has a maximum at about -45°C 

pect to pressure 

n 
of water is high and rises to a maximum at about 130°C 

Water has unusually high viscosity 
arge viscosity increase as the temperature is lowered 

ssure below 33°C 

 the density and 

y high surface tension 
e Jones-Ray effect 

all bubbles 

 

he figure shows som
f the anomalou

The specific heat capacity (CP) has a minimum with res
The heat capacity (CV) has a maximum 
High heat of vaporization 
High heat of sublimation 
High entropy of vaporizatio
The thermal conductivity 

Water physical anomalies 

 

L
Water's viscosity decreases with pre
Large diffusion decrease as the temperature is lowered 
At low temperatures, the self-diffusion of water increases as
pressure increase 
The thermal diffusivity rises to a maximum at about 0.8 GPa 
Water has unusuall
Some salts give a surface tension-concentration minimum; th
Some salts prevent the coalescence of sm
 

 

 
 
 

 
 
 
 
 
 
T e 

s 

 

o
properties of liquid 
water that are related 
to temperature. The 
graph uses data that
have been scaled 
between their 
maximum and 
minimum values 
(see original data). 
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Water Cluster Conclusions 

 

Overview of the structure of liquid water 

Introduction to water clustering 

The icosahedral water cluster, (H2O)280 

vidence for the icosahedral cluster model 

 
The icosahedral water cluster is a highly symmetrical and aesthetically pleasing 
structure, but is it important? In this site, I have shown that there is a sufficient and 
broad evidential base for its existence, including the ability to explain all the 

hem - unfold a flower in 
 five-sided pattern, with five petals.... Some botanist might well examine the sap of 

ers.’ - 

able to deduce the operations of a watch from 

 

 
E

'anomalous' properties of water. The icosahedral cluster model offers a structure, 
not possible with other models such as a random network model on which large 
molecules can be mapped in order to investigate their interaction with water within a 
three-dimensional hydrogen-bonded network, and offers new insights into the 
ways biological and non-biological ions and macromolecules interact with each 
other in aqueous solution. It also offers explanations concerning some 
strange dilution effects and the way some organisms produce low-density water to 
protect against desiccation and high temperatures and pressures. 
 
‘water is the source of all life' - attributed to Thales of Miletus (634-546 BC) 
'...we may ask why all trees and bushes - or at least most of t
a
plants to see if any difference there corresponds to the shapes of their flow
Johannes Keplar (1611) 
'We live in the hope and faith that, by the advance of molecular physics, we shall 
by-and-by be able to see our way as clearly from the constituents of water to the 
properties of water, as we are now 
the form of its parts and the manner in which they are put together.’ - T H Huxley, On 
the Physical Basis of Life (1869) 
Water is H2O, hydrogen two parts, oxygen one, but there is also a third thing, that 
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makes it water and nobody knows what it is.’ - D H Lawrence (1885-1930) 
'We live by the grace of water’ - National Geographic Special Edition, Nov. 1993 

 
ties of water have excited chemists to attempt explanation 

for many years. These hypotheses have mainly involved consideration of the 
xistence of different water clusters within liquid water. Such clusters are either low 

 
Low-density ice-like particles 

 
Higher-density liquid matrix 
 
The first reported suggestion for clusters being respon er's anomalous 

iting in 1884. Melting ice was proposed to release solid 
w-density ice crystals (left) which remained within the higher density matrix (right). 

 

Water Cluster History 

The anomalous proper

e
density (similar in density to that of hexagonal ice) or of higher density; their 
changing relative concentrations determining the changes in physical properties. 

sible for wat
density maximum was by Wh
lo
Whiting proposed that the concentrations of these solid particles changed with 
temperature and pressure. 
Chadwell reviewed the first 40 years in the development of this idea. 
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Low-density ice-like clusters 

 
Higher-density clusters 
In 1933, Bernal and Fowler developed this model in two important respects [1177]. 
Firstly the denser matrix was proposed to be made up of 'quartz-like' clusters (right) 
that may pack closer together. Secondly, and significantly, they introduced the idea 
of equilibration of water molecules interconverting between the clusters. 

 
 

ow-density ice-like clusters 

 
 
 
 
L

84 
 

http://www.lsbu.ac.uk/water/ref12.html#r1177


 
Cluster plus an interstitial molecule 
An interesting idea, based on interstitial water molecules within the ice hexagonal 
box (right) was put forward in 1946. Such clusters are not now thought to be present 
in significant quantities. 

 
Low-density clathrate clusters 

 
Cluster plus an interstitial molecule 
Pauling suggested another interstitial arrangement in 1959, making use of his 
interest in clathrate structures. These clusters were quickly dismissed, however, for 
being unable to explain the available diffraction data if the main constituents in liquid 
water. 
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A random network model of water, also introduced by Bernal and published in 1975, 
contained a mixture of water clusters including 4-, 5-, 6-, 7- and 8-membered rings. 
Some success has been had using this model but its homogeneous nature is not 
universally applicable or productive. 

 
An ice Ih cluster 
Wilse Robinson's research group introduced the outer structure two-state mixture 
model in 1987, which involved a mixture of water clusters related to ices 1h, II and 
III. The group went on to produce a number of papers using the model to 
successfully and quantitatively explain many of water's anomalies. 

 
An ice II cluster 
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An ice III cluster 
The only difficulty with this model concerns whether the clusters can exist in liquid 
water and so the clusters should perhaps be more realistically considered as 
'indicative' structures. 

 

 

 
In 1998 Dougherty and Howard proposed an equilibrium model for water involving 
dodecahedra, 5- and 6-membered clusters based on several of water's anomalous 
properties. 

 
Dense cluster 
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Low-density cluster 
These water cluster models lead logically on to the icosahedral water cluster model 
, published in 2000 and described at this site. This model is based on dense and 
less dense clusters equivalent to an equilibrium opposite. The less-dense bicycle 
(2,2,2) structures occur when the hydrogen bonding is strongest and the dense 
structures occur when the weaker but more numerous van der Waals interactions 
predominate. 

 
Low-density cluster 

 
Icosahedral cluster 
 When conditions arise (such as on supercooling at low temperatures) when there 
is a high concentration of the expanded 8-membered bicyclo clusters, partial to 
complete icosahedral clusters (right) may arise. A full description of this is 
given elsewhere on this site. This cluster contains the dodecahedral, ice Ih cell, 5-, 
6-membered and 8-membered bicyclo(2,2,2) subclusters included in the historical 
survey of models, above. 
The meaning of the term 'cluster' has evolved during this time as well. In the 
beginning, water clusters were thought of as discrete entities, like crystals, with long 
(e.g. > seconds) individual lifetimes where the same molecules were involved 
throughout. Nowadays, we know that molecules may leave or add to clusters with 
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frequencies that depend on their situation and obey statistical laws with clusters 
appearing, evolving and disappearing with involvement of physically different 
molecular constituents. The aqueous environment is heterogeneous with more than 
one type of environment present and with the relative preponderance of these 
environments changing with temperature, pressure, solutes and surfaces. Clusters 
are now thought of as dynamic entities offering a simplified view into a complex, 
broken and rapidly shifting environment. As such they reveal water's underlying 
nature. 
 
 
 
 

Memory of Water 

 
Does water have memory? 
Is water special? 
Does the glassware matter? 
Is gas important? 
Does dilution happen as predicted? 
 
Solutions are more complex than expected 
 
Possible scenarios for the memory effect in homeopathic solutions 
"Maybe I should have thrown the data away “ - Jacques Benveniste, 1935-2004 
 
Does water have memory? 
The ‘memory of water’ is a popular phrase that is mostly associated 
with homeopathy and Jacques Benveniste following his and others’ allergy 
research work. These research teams reported that solutes subjected to sequential 
physical processing and dilution show biological effects different from those 
apparent using just the water employed for the dilutions. The subject has drawn a 
lot of controversy with many scientists simply rejecting it outright without studying 
the evidence. The subject area has recently been the subject of a number of papers 
in the journal Homeopathy (July, 2007) and has been reviewed. Although there is 
much support for water showing properties that depend on its prior processing (that 
is, water having a memory effect), the experimental evidence indicates that such 
changes are due primarily to solute and surface changes occurring during this 
processing. The experimentally corroborated memory phenomena cannot be taken 
as supporting the basic tenets of homeopathy although they can explain some 
effects. 
 
Is water special? 
 
The main evidence against water having a memory is that of the very short (~ps) 
lifetime of hydrogen bonds between the water molecules. Clearly in the absence of 
other materials or surfaces, the specific hydrogen bonding pattern surrounding a 
solute does not persist when the solute is removed any more than would a cluster 
around any specified water molecule, or else water would not know which of its 
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myriad past solutes took preference. Indeed the atoms that make up the water 
molecule only remain together for about a millisecond in liquid water due to proton 
exchange. A recent NMR study shows no stable (>1 ms, >5 μM) water clusters are 
found in homeopathic preparations. It should, however, be noted that the lifetime of 
hydrogen bonds does not control the lifetime of clusters in the same way that a sea 
wave may cross an ocean, remaining as a wave and with dependence on its history, 
but with its molecular content continuously changing. Also, the equilibrium 
concentration of any clusters are governed by thermodynamics not kinetics. 
As applied to homeopathy, the 'memory of water' concept should also be extended 

oes the glassware matter? 

he process of silica dissolution has been much studied ever since it was proven by 

 gas important? 

ater does store and transmit information, concerning solutes, by means of its 

n as predicted? 

to the memory of aqueous ethanol preparations, which are also used. Addition of 
ethanol to water adds an important further area of complexity. Ethanol forms 
solutions in water that are far from ideal and very slow to equilibrate. Although 
usually considered a single phase, such solutions may contain several distinct 
phases and more generally consist of a complex mixture dominated by water-water 
and ethanol-ethanol clusters, where hydrogen bonding is longer-lived than in water 
alone. They also favor nanobubble (that is, nanocavity) formation. Thus, the 
peculiar behavior of aqueous solutions (as mostly discussed on this page) is 
accentuated by the presence of ethanol. 
 
D
 
T
Lavoisier over 200 years ago and fits with this argument. This may explain why 
glass is preferred over polypropylene tubes. It should be noted that dissolved silica 
is capable of forming solid particles with complementary structures (that is, imprints) 
to dissolved solutes and macromolecules and such particles will 'remember' these 
complementary structures essentially forever. 
 
Is
 
W
hydrogen-bonded network. Changes to this clustering network brought about by 
solutes may take some time to re-equilibrate. Agitation (succussion) may also have 
an effect on the hydrogen bonded network (shear encouraging destructuring) and 
the gaseous solutes (with critical effect on structuring and possible important 
production of structuring nanobubbles (nanocavities), and such effects may well 
contribute to the altered heats of dilution with such materials. Such mechanically 
induced hydrogen bond breakage may also give rise to increased (but low) 
hydrogen peroxide formation and such effects have been reported to last for weeks. 
It may be relevant to note that the presence of hydrogen peroxide can take part in 
and catalyze further reactions with other reactive species such as molecular oxygen 
and dissolved ozone (not often recognized but present in nanomolar amounts) 
which may well vary with the number of succussion steps and their sequence, which 
may offer an explanation for the changes in efficacy of homeopathic preparations 
with the number of dilutions. Also of note are the known effects of low 
concentrations of reactive oxygen species on physiological processes such as the 
immune response; with the recent discovery of the importance of low levels of 
hydrogen peroxide being particularly relevant. 
 
Does dilution happe
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Dilution is never perfect, particularly at low concentrations where surface absorption 

ay well be a major factor, so that dilution beyond the levels that can be analytically 

is memory but also requires that this memory be amplified during the 

ratively form icosahedral expanded water 

2O molecules. It contains a number of molecular species 
cluding ortho and para water molecules, water molecules with different isotopic 

ch water molecules as part of 
eakly-bound but partially-covalently linked molecular clusters containing one, two, 

m
determined remains unproven. Remaining material may be responsible for 
perceived differences between preparations and activity. Of course the water used 
for dilution is not pure relative to the putative concentration of the 'active' ingredient; 
even the purest water should be considered grossly contaminated compared with 
the theoretical homeopathic dilution levels. This contamination may well have a 
major influence, and itself be influenced by the structuring in the water it 
encounters. Although it does, at first sight, seem unlikely that solutes in diluted 
'homeopathic' water should be significantly different from a proper aqueous control, 
it has recently been cogently argued that the concentrations of impurities can 
change during the dilution process by reactions initiated by the original 'active' 
material, and this process has been mathematically modeled. 
A further consideration about 'the memory of water' is that the popular 
understanding concerning how homeopathic preparations may work not only 
requires th
dilution; this amplification, necessitated by the increase in efficacy with extensive 
dilution, being even harder to explain. Samal and Geckeler have published an 
interesting, if controversial, paper concerning the effect of dilution on some 
molecules. They found that some molecules form larger clusters on dilution rather 
than the smaller clusters thermodynamically expected. Just the presence of one 
such large μm-sized particle in the 'diluted' solution could give rise to the noticed 
biological action (of course, some such preparations may be totally without action, 
being without such clustered particles). 
However, it remains to explain this particular phenomenon, which appears to 
disobey the second law of thermodynamics. A possible explanation is that such 
biologically-active molecules can coope
networks (ES) to surround and screen them by the formation of face-linked 
icosahedra, similar to as expected in the minimal energy related poly-tetrahedral 
Dzugutov clusters. So long as such an icosahedral network structure requires the 
help of more than one neighboring such cluster to stabilize its formation then, in 
more concentrated solution, the molecules dissolve normally. However, as they are 
diluted (typically beyond about one clathrate-forming group per twelve icosahedral 
water clusters; 3,360 water molecules) no neighboring such clusters are available 
and the clusters coalesce to form larger clusters of biologically-active molecules 
within their own ES-related water network (so releasing some of the water). This 
tendency for particle formation is ultimately due to the hydrophobic effect and the 
tendency to form a small surface with the water. Overall the balance is expected to 
be rather fine between water cluster stabilization and particle cluster stabilization. 
 
Solutions are more complex than expected 
 
Water is not just H
in
compositions such as HDO and H2

18O, su
w
three or four hydrogen bonds, and hydrogen ion and hydroxide ion species. Apart 
from such molecules there are always adventitious and self-created solutes in liquid 
water. Distilled and deionized water contain significant and varying quantities of 
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contaminating ions. Often the criteria for ‘purity’ is the conductivity, but this will not 
show ionic contaminants at nanomolar, or even somewhat higher, concentrations 
due to the relatively high conductivity of the H+ and OH- ions naturally present. 
Other materials present will include previously dissolved solutes, dissolved gasses 
dependent on the laboratory atmosphere, gaseous nanobubbles, material 
dissolved or detached from the containing vessels, solid particles and aerosols 
(also dependent on the laboratory history) entering from the gas phase, and redox 
materials produced from water molecules and other solutes produced on standing 
and homeopathic processing . Liquid water is clearly a very complex system even 
before the further complexity of molecular clusters, gas-liquid and solid-liquid 
surfaces, reactions between these materials, the consequences of physical and 
electromagnetic processing and the addition of ethanol are considered. Any or a 
combination of these factors may cause 'memory' of past solutes and processing in 
water. Some of these solutions are capable of causing non-specific clinical effects 
whereas others may cause effects specifically linked to the solution's (and 
laboratory) history, as outlined below. 
There are numerous examples of the slow equilibration in aqueous solution. Thus, it 
can take several days for the effects of the addition of salts to water to finally stop 
oscillating and such solutions are still changing after several months showing a 
large-scale (~100 nm) domain structure. Also, water restructuring after infrared 

xamples of the memory of water are the Mpemba effect and the 

till has a major 

gly having an effect in their absence 

radiation persists for more than a day, and water photoluminescence changes over 
a period of days. Changes to the structure of water are reported to last for weeks 
following exposure to resonant RLC (resistance inductance capacitance) circuits. 
Conductivity oscillations (~ 0.5 Hz) at low concentrations of salts also show the poor 
tendency to equilibrium in such solutions. Succussion, by itself, has been shown to 
be 'remembered' for at least 10 minutes as solitons (that is, standing waves). 
It has been found that clathrate hydrate nucleation is faster in solutions that once 
formed the clathrates but where it had been subsequently dissociated for periods up 
to several hours. Thus the solution shows a 'memory effect' of its previous history, 
although it is likely that this is due to retained super-saturated gas concentrations. 
Other interesting e
observation that hot water pipes are more likely to burst than adjacent cold water 
pipes. In both effects, water seems to remember whether it has been recently hot or 
cold even when subsequently cooled. The Mpemba effect is a well proven 
phenomenon that also seems to be caused by unexpected solute and time effects 
and is described and explained elsewhere. 
Explanation of homeopathy on the basis of water crystals (IE) is unconvincing as 
such crystals appear to be artifacts and, even as proposed, the effect of body fluid 
ions would be to immediately 'dissolve' them. 
There is a strange occurrence, similar to the ‘memory of water’ but unconnected to 
it, in enzyme chemistry where an effectively non-existent material s
effect; enzymes prepared in buffers of known pH retain (remember) those specific 
pH-dependent kinetic properties even when the water is removed such that no 
hydrogen ions are present; these ions seemin
somewhat against common sense at the simplistic level. 
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Possible scenarios for the memory effect in homeopathic solutions 

arious possible scenarios for the retained efficacy of homeopathic solutions are 
presented In the Table below 

 

 
V

 

 
Mechanisms for 'the memory of water' as applied to 
homeopathy  
Specific clinical effects  Non-specific clinical effects  

Remaining mat

particular 
nanobubbles and their material erial on surfaces 

ed  
Bacterial material introduced  
Imprinted silicates 

Silicates, dissolved and 

 

ter clustering 

ding from glassware 

Aerosol material reintroduc

Remaining particle clusters 

surfaces 
Redox molecules produced
from water 
Natural wa
Stabilized water clustering 
Ions, inclu
Ethanol solution complexity 

 
 

Homeopathy 

hat is homeopathy? 
ublished evidence for and against homeopathy 

Homeopathic solutions 
thy work? 

 

W
P

Does homeopa

What is homeopathy? 
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Homeopathy is a branch of alternative medicine that is based around the surmise 
that an individual may be treated using minute doses of natural materials which in 

xpected to cause the same symptoms. Remedies are made 
by a sequence of dilutions of the starting material in purified water or aqueous 
thanol with considerable agitation (called succussion). It is gaining popularity but 

 spite of many (most?) people knowing of success stories (and the opposite) 
concerning the use of homeopathy where it is practiced, scientists have difficulty in 

f alternative medicine as any more than a placebo effect. A 
controversial paper in Nature containing data from several laboratories, claiming to 
rove the efficacy of extreme dilution (the 'memory of water') has not been generally 

sing better methodology yielded the 

larger doses would be e

e
its efficacy is disputed. The cornerstone of homeopathy that the whole clinical 
picture is considered on an individual basis is not in dispute. In fact, consideration of 
the person is clearly becoming more important as information concerning an 
individual's genome becomes clearer. However criticism is leveled at homeopathic 
'drugs'. Belief in whether or not dilution and shaking can have any effect on the 
health benefits of water (for an overview of homeopathy see for example, for a 
review of homeopathy research depends on the presence of an acceptable working 
hypothesis for the mode of action. 
 

Published evidence 

 
In

regarding this form o

p
accepted after the results were reported as not reproducible under closely 
controlled and observed (by Nature's self-acknowledged biased observers), but 
strained, overly-demanding and unsympathetic, conditions with negative results 
from only one laboratory being cherry-picked from amongst otherwise positive 
results. The original results were, however, confirmed in a blinded study by the 
statistician Alfred Spira and also in a rather bizarre Nature paper purporting to prove 
the opposite, and were subsequently comprehensively confirmed by a blinded 
multi-center trial. In spite of this apparent confirmation by several laboratories, there 
are still doubts over whether the experiments are truly reproducible and whether the 
noted effects may be due to the origin of the biological samples or human operator 
effects. 
Meta-analysis of 89 placebo-controlled trials failed to prove either that homeopathy 
was efficacious for any single clinical condition or that its positive clinical effects 
could entirely be due to a placebo effect, thus leaving the scientific door open both 
ways. A further analysis of this data, however, indicated that some of these studies 
may have failed to avoid bias and that studies u
less positive effects. A recent analytical review has reinforced the, more negative, 
view concerning the clinical effectiveness of homeopathic remedies. Further, a 
recent quality assessment of published experiments on homeopathic preparations 
has concluded that many were performed with inadequate controls. Although 
a scientific trial of homeopathy conducted for the BBC and similar work reported on 
ABC News' 20/20 program both failed to show any homeopathic effect, the 
experiments they reported have been subject to serious criticism including that 
of careless scientific methodology. In August 2005, the medical journal 'The Lancet' 
controversially argued for halting any further research into homeopathy concluding 
it has no effect other than as a placebo. This judgment was based on a comparative 
study of 110 matched placebo-controlled trials of homeopathy and conventional 
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medicine. The conclusion was reached, however, in spite of the study apparently 
showing little evidence of differences between the two groups (homeopathy and 
conventional) when all the data was considered. There were differences when a tiny 
percentage of unmatched larger trials were cherry-picked for further analysis (that 
is, 102/110 of the homeopathy studies and 104/110 of the conventional studies 
were discarded). The remaining 6% of the studies, however, still showed positive (if 
not conclusive, possibly as the number of trials left in this final grouping was so 
small) evidence in favor of a homeopathic effect over placebo. Although this study 
has come in for considerable and rightful criticism, as above, it is often put forward 
in support of the view that homeopathy works no better than as a placebo; a fact 
that it clearly does not deliver. 
 
 
 

Homeopathic solutions 

 
A thorough investigation into the structural differences previously reported between 

omeopathically potentized (that is, succussed and extremely diluted) and 
unpotentized nitric acid solutions showed that the effect was lost or changed if 

sed. Changes in the thermoluminescence of ice produced 
from ultra-diluted water have been noted but can be explained by remaining trace 
mounts of material (due to poor mixing, impurities, absorption, nanobubbles (that 

emory is explored further in 

t of serious consideration as a clinical practice, 
ometimes resorting to unscientific, unbalanced and unrefereed editorial diatribe. 

One of the main reasons concerning this disbelief in the efficacy of homeopathy lies 
nding how it might work. If an acceptable theory was 

available then more people would consider it more seriously. However, it is difficult 
t present to sustain a theory as to why a truly infinitely diluted aqueous solution, 

h

different glassware was u

a
is, nanocavities or other causes) being concentrated between ice crystals; an 
explanation supported by later work. 
A key feature of any difference between water before and after its use in preparing 
homeopathic dilutions is likely to be the vigorous shaking (succussion) that must be 
carried out between successive dilutions, and which may produce significantly 
increased concentrations of silicate, sodium and bicarbonate ions by dissolution of 
the glass tubes and increases in nanobubbles and redox molecules [1066] from the 
atmosphere, respectively. How water may show a m
the 'memory of water' page. 
 

Does homeopathy work? 

 
Many ridicule homeopathy ou
s

in the difficulty in understa

a
consisting of just H2O molecules, should retain any difference from any other such 
solution. It is even more difficult to put forward a working hypothesis as to how small 
quantities of such 'solutions' can act to elicit a specific response when confronted 
with large amounts of complex solution in a subject. A major problem in this area is 
that, without a testable hypothesis for the generally acknowledged potency of 
homeopathy, there is a growing possibility of others making fraudulent claims in 
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related areas, as perhaps evidenced by the increasing use of the internet to 
advertise 'healthy' water concentrates using dubious (sometimes published but 
irreproducible) scientific and spiritual evidence. 
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 SHORT REVIEW OF FATTY ACIDS IN 

REATMENT OF pH DISTURBANCE 

 Drs. Royal Lee, Revici and Crile made the point that life requires fatty acids. 
 fact, every cell membrane is made up of fatty acids. This article briefly reviews 

ome of the basic history of this, and sets up a one hundred-patient study of 
tervention showing fatty acids to be helpful in treating patients with pH 

Fatty acid deficiency is the number-one nutritional desease today, and Fatty 

 

lood pH was extremely 
as reflected in the pH of the urine; blood pH was difficult to 

easure. 
Dr. Revici found that fatty acids were indeed important in metabolism. These 

d be destroyed in cooking. In fact, temperatures at approximately 
06� F could destroy the bonds in fatty acids and set up rancidity factors. Not all 
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Abstract: 
 

In
s
in
disturbances. 
 
Acid Liquescence is a powerful treatment factor. 
 
 
Key Words: 
 
 Revici, Royal Lee, Crile, fatty acid, pH disturbance, 
Fatty Acid Liquescence 
 
 
Introduction:
 
 Dr. Revici in his work on morphology found that b
important in disease. It w
m
 
fatty acids coul
1
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fatty acids are so heat-liable; only a handful. Some of these are indeed needed for 
health. 
 We have shown that these fatty acids have factors that are problematic with 

urbance of the body. 

learned that the 

ecific gravity was taken by a 
ravinometer. The patients were then treated with Fatty Acid Liquescence and told 
 take ten drops twice a day. They were also encouraged to examine their diets, 

at more raw fruits and vegetables. 
The urine samples were measured on a monthly basic, and the changes 

rinary pH and specific gravity. As 
ported by Revici and other doctors, this is an indication of cellular metabolism, 

nd shows that patients are decreasing their risk of disease. 

heat. Over-cooking has created some problems for fatty acids. Revici also remarks 
that cell membranes give up their fatty acids in response to stress; stress that sets 
fatty acids free and allows them to bind with chlorine in an irreversible bond. Thus 
stress and over-cooking have set up a situation in which fatty acid deficiency is the 
number-one nutritional dist
 Fatty acids are the precursors of our sex hormones, make up the cell 
membranes, and have numerous other functions inside the body. So compensating 
for fatty acid loss is a very important part of any nutritional program. 
 Since these compounds are destroyed at temperatures that even light 
cooking can reach, we must use formulas from cold-processed oils and 
compounds. When we attempted to make these into pills, we 
gelatin corporation and other companies that had the encapsulating materials 
exposed the insides to temperatures of around 115� F. This could set up rancidity 
factors, and was inappropriate for a true fatty acid compound. Thus to make fatty 
acid compounds including fatty vitamins, essential fatty acids, Evening Primrose oil, 
fish oils, borage oil, and many others is very complicated. Also, they would have to 
be in liquid form. We created this as the Fatty Acid Liquescence. 
 Revici remarks that these fatty acids can be utilized to stabilize the body if 
there is a pH imbalance. This pH imbalance is the major predisposing condition for 
cancer. 
 In our study one hundred patients were chosen who had a urinary pH of 5 or 
below and a specific gravity of 1.030 or above. 
 
 
Methods: 
 
 The first morning urine of the patients was measured. A simple urinary nitris 
stick was capable of measuring pH, and the sp
g
to
and try to e
 
were shown in the figure. We can see that the Fatty Acid Liquescence along with 
the dietary changes were responsible for changing the urinary pH of these patients. 
According to Revici's theory, this would not only be good for the urinary condition, 
but also helpful for the entire body. 
 
 
Results: 
 
 From our graph, we were able to show that the therapy was indeed 
conducive to helping patients to shift their u
re
a
 
 
Discussion: 
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 Urinary pH and fatty acid metabolism have received much attention since the 
movie, "Lorenzo's Oil". It must be pointed out that these are very important factors in 
utrition, and that getting all the fatty acids is difficult in cases where there is 
ver-cooking, stress, and a variety of toxins. All of these have negative effects on 

bolism. 
In our program we were able to show that nutritional support of a full-range 
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fatty acid compound obtained from cold process oils gives productive results. Any 
nutritional therapy should have the Fatty Acid Liquescence as a hallmark of 
patients' repertoire; something they can use in a variety of cases. Most people are 
in some state of fatty acid deficiency. 
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LYMPH DISORDERS, Lymphatic Congestion  

. The body contains three times more lymph than blood. This lymphatic fluid is 
ery important for protein metabolism and the immune system. 

 
ce the electrical nature of the body 

and to stabilize the electrical transfer of energy.  

acral area which 
ently circulates the lymphatics through the body. 

appropriate proteins which 
en can be put into the intestine for dismissal and also circulated through the liver 

se, disease can ensue. Most of 
ese diseases will include lymphatic swelling, itching of the skin, discoloration of 

. *LYMPH LIQUESCENCE can be used to increase the lymph spin throughout 

ed to one or two teaspoons to increase the spin of the lymph 
 chronic conditions.  

activity and exercise, 
nd by minimizing toxic protein, too much animal protein, fried foods and fat. Lymph 

 
1
v

2. The lymphatic system also helps to balan

 
3. The lymph cycles through the body on a daily basis about 24 to 30 hours. 
This cycling through the body is accomplished by a pump in the s
g
 
4. The lymphatics then drain excess toxins and in
th
and kidney.  
 
5. When the lymphatics are clogged, tight or ten
th
the skin, blotching of the skin, general inflammation of the body, as well as fatigue 
and tiredness.  
 
6
the body and thus increase its ability to detoxify.  
 
7. LYMPH LIQUESCENCE should be taken as follows: two teaspoons per day. 
Dosage may be increas
in
 
8. It is very important that we cleanse the lymph through 
a
massage can also be very helpful in circulating the lymph. Saunas and other types 
of heat and water treatments after exercise are also beneficial (ref. RWC - Lymph). 
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    LYMPHATIC SYSTEM 
     (Three times more lymph than blood) 
 
 
     

FERIOR VENA CAVA 

HORACIC DUCT 

HATICS 

ymph gets congested from 
ck of enzymes, exercise, 
xins, excess fat or protein, 
r onfections. The LYMPH 
IQUESCENCE is a blend of 
erbs and homeopathics that help to promote lymph circulation and detox. 

 The stomach is an important part of our anatomy. Food entering our mouths 
digestion. After being chewed and masticated by the 

mouth, the food is now sent to the stomach for further processing. The stomach 
ixes the food in an acid bath for further break-up of the nutrients. When the acid 
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INTESTINAL LYMP
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RULES FOR THE STOMACH 

 

must be properly prepared for 

m
shifts alkaline to about 5.5 ph the pylorus valve at the base of the stomach opens 
and the food is passed along to the primary digestive organ the small intestine.  
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 Nature has provided us with a nerval system that regulates this process. This 
nervous system is designed to prefer muscle action over digestion. So if a threat or 
stress comes to us after a meal, such as a lion attack, our body will shift it’s energy 
from digestion to the muscles and we can survive by running away. In our present 
society we have few lions, but our nerves can still stop digestion just as easily.  

ow be made of poor quality parts. It is not much of a problem if we 

aximize nutrition.  

r. As that different foods have 

 milk with meals (wait for 1.5 to 2 hours after or 1 hour before eating) 

r before eating) 

ns alone  (wait for 1.5 to 2 hours after or 1 hour before eating) 

. Slow meals Savor, enjoy, rejoice, and celebrate the meal 

. Eat for nutrition not for stimulation, Eat when hungry, not when bored 

. Rest comfortably after eating for at least 35 to 45 min to maximize stomach 

nt or negative emotions 

1. No ant-acids 

 When we allow the stomach to empty it’s contents prematurely the small 
intestine is over burdened. The food is not properly prepared for digestion. Then we 
get an increase in large undigested proteins and large undigested fats that can be 
absorbed into the lymphatic system. This will enter the free fatty acid and amino 
acid pool and either clog up the lymphatic system or be used to make cells. Cells 
which will n
circumvent the stomach just now and then, but for some the patients, this becomes 
a way of life. 
 They constantly use ant acids, too much liquid with meals, coffee, milk, or a 
variety of ways to empty the stomach too early. When the stomach empties there is 
a release of CCK a hormone which has a slight anti depression or euphoria. This 
and the release of the stuffy stomach feeling intensifies the addictive quality of the 
effect. But the long term effects on nutrition are very detrimental. There are rules of 
the stomach that can m
 The majority of our patients are partially sick because they violate the rules of 
the stomach. This is the key to weight loss and the healing of a host of other 
disease. We are seeing more and more evidence of what good nutrition can do. But 
it is not just what we eat that is important, but what we absorb. Even the best meal 
or nutrition can result in inappropriate nutrition if we violate the rules of the stomach. 
 Food combining is just part of the answe
different times for stomach digestion. So the stomach can open prematurely from 
that. 
 
   RULES OF THE STOMACH 
1. Fluids alone (no more than 4oz. Of fluid with a meal, or for two hours after a meal) 
 
2. No coffee at meals (wait for 1.5 to 2 hours after or 1 hour before eating) 
 
3. No
 
4. Fruits alone (wait for 1.5 to 2 hours after or 1 hou
 
5. Melo
 
6. Small meal is better Quality of nutrition not quantity 
7
 
8
 
9
function 
 
10. Make and eat food with love and kindness, no viole
 
1
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12. Do not sleep for 3 hours after eating. 

When the stomach is weak the signs will be craving fluids with a meal, 
nt 

ill have a difficult time digesting raw vegetables. They will complain that raw 
t be digested. This is not a fluke of their digestion or an inherited 

eakness. This is a sign of a weak stomach. Sometimes our children come home 
 go to school any more, it makes my head 

urt. We must say back I know it is hard, but you must develop slowly and work to 
r. This is what we must say to those with weak stomachs. You must 

 
  
 
bloating after a meal, itching skin especially rectum, belching, and gas. The patie
w
vegetables can no
w
from school and say, Daddy I don’t want to
h
become bette
work slowly, day by day building up the stomach by taking some vegetables as 
juice. Maybe even very dilute juice and slowly increasing the amount till your 
stomach develops the strength to process your food properly. The nutrient content 
of fruits and vegetables is immense, and being able to break up the nutrients and 
stimulate absorption is needed for complete health and recovery. 
 The addictive quality of this problem is seen as our society more and more 
allows for breaking the rules of the stomach. The greater your disease or especially 
if your disease is critical the more you will need to observe the rules of the stomach. 
This is a must for proper healing.  
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THE POLYMORPHIC SHAPE STRUCTURE OF WATER 

NVISIONED WITH THE CYROLIQUICRYSTAL MICROSCOPE 

Water is by far the most prolific solute known to man. Most compounds are 
soluble in water to some degree. Water is what makes life possible. Many 

hich we will now cover 
here, so that we can understand the importance of water in homeopathic 

 Water is also highly important in biology. The intake of good water is so 
portant for people and healthy living. Today our water sources are becoming 
ore polluted in the face of insecticides, heavy metals, radon, radioactive 

t as water filtration for cooking or drinking. 

aporization, a high specific heat, a high 

the little magnet that water is. 

E

 
 
 

biochemistry books donate much background to water, w

manufacturing. 

im
m
substances and many other things that have penetrated our water. This produces a 
dramatic, disease-causing effect on the world. We can see that many diseases are 
complicated because of the problem we have with water. Proper home water 
filtration for every patient is highly important. Water filtration for showers or baths is 
just as importan
 In this book we will discuss our understanding of how water has a memory 
factor that can be utilized in homeopathy. 
 Water is a highly reactive substance, having some rather unusual properties 
lacking in other compounds. Water is radically different, chemically and physically, 
from all other liquids. 
 Water has an extreme ionization potential as well because of the hydrogen 
and hydroxyl ions circulating in the compound. These are extremely important in the 
structure and biological properties of homeopathics as well. 
 When compared with most other common liquids, water has a high melting 
point, a high boiling point, a high heat of v
heat of fusion and a high surface tension. These properties show that the force of 
attraction between the molecules in water is relatively high. This is due in large part 
to the dipole effect of water, and 
 The table below show us that the heat of vaporization of water is 
considerably higher than that of most other common liquids. 
 
Heat of vaporization of some common 
liquids at their boiling points (1.0 atm) 
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Water 
Methanol 
Ethanol 
n-Propanol 
Acetone 
Benzene 
Chloroform 

�Hvap 
cal gm-1 
 
540 
263 
204 
164 
125 
 94 
 59 

 
 
 The heat of vaporization is a measure of the amount of energy required to 
overcome the molecular attractive forces between the molecules of the liquid. The 
individual molecules then escape when they are heated to a certain point. Then 
they enter a gaseous state. We can see here that many other compounds have 
dramatically less heat of vaporization. Thus, in distilling water, we must do a double 
distilling process to get rid of those types of pollutant. In a single distillation those 
products would be distilled before water is, so that they would be taken along with 
water in the distillation process. A double distillation process is one in which the 
water is heated to about 90� C for adequate time to distill away all other organic 
compounds. Water is then taken to 100� C, where it boils. Then the distillation of 
water incurs. 
 The intermolecular forces in liquid water are a product of the electrical 
polarity of the water molecule. This is the consequence of the specific arrangement 
of the electrons of the oxygen and hydrogen atoms. The oxygen atom shares a pair 
of electrons with each of its two hydrogen atoms. There is an overlap of the one s 
orbital of the hydrogen atom and the two hybridized sp3 orbitals of the oxygen atom. 
Each electron pair has about one third ionic and two thirds covalent character. We 
can find from spectroscopic and x-ray analysis that the bond angles and length 
have been precisely determined. The average H-O-H bond angle in water is 
104.5�. This is a slight deviation from the perfectly tetrahedral arrangement of the 
four possible sp3 orbitals of the oxygen atom. If we were to have a perfect 
tetrahedral in the oxygen, we would have an angle of 109.5. The explanation for this 
deviation is that the unpaired electrons of oxygen tend to repel the paired electrons. 
Thus the average hydrogen to oxygen interatomic distance is 0.965�. 
 The arrangement of the electrons in our water molecule will provide an 

 it is an electrical dipole. It has 

electrical asymmetry. The more electro-negative oxygen atoms tend to attract the 
single electrons of the hydrogen atoms. This will leave the hydrogen nuclei bare. 
Thus the proton of hydrogen is left alone, while the electrons of the hydrogen 
participate with the oxygen, producing the electrical asymmetry, which can allow for 
the magnetic moment known as the dipole effect. Thus the two hydrogen atoms will 
each have a local partial positive charge. This is known as a �+ charge. The oxygen 
atom in turn has a local partial negative charge known as a �- charge. This is 
located in the zone of the unshared orbitals. 
 So the water molecule has no net charge, as
an electrical asymmetry that produces the magnetic effect. The degree of 
separation of positive and negative charges will be known as the dipole moment; 
the distance of the north and south poles of the water molecule. This is a measure 
of the tendency of the molecule to orient itself in an electrical field. From the dipole 
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moment of water it has been calculated that each hydrogen atom has a partial 
positive charge of about +0.33 x 10-10 electrostatic units, known as esu. The oxygen 
atom is at a partial negative charge of about -0.66 x 10-10 esu. 
 The dipole or magnetic nature of the water molecule is responsible for the 

h water. 

about the oxygen atom will 

ave also found that many other types of compounds, such as potassium 

as 

attractive forces between water molecules. There is an extremely strong 
electrostatic attraction between the partial negative charge of the oxygen atom of 
one water molecule and the positive charge of the hydrogen atoms of the other 
water molecule. This type of electrostatic interaction has a small covalent 
component, and is called hydrogen bonding. Thus it is the hydrogen bonding effects 
of water molecules that account for the liquid crystal effect and organization 
structure of water in its liquid form. Water is thus not a pure liquid, but organizes 
itself in a liquid crystal, as we see in our diagrams. This type of organization allows 
for it to imprint shape structures into the organization. 
 In France a researcher known as Henri did several experiments wit
He froze water with several types of impurities, where liquid crystal effects would be 
made. In diluting water beyond the amount of the impurities with pure water, he 
found that the same type of crystals would pervade. Even if the water was melted 
and refrozen several times, the same type of crystal would form. Thus water was 
shown to have a polymorphic, or liquid crystal, memory. As long as the water was 
not heated past 150� F, this memory would ensue. Once we take water up to 150� 
F, the amount of activity inside the water from the thermal heat will disrupt the 
organization of these tetrahedral hydrogen bonds. Thus water will lose its memory, 
and stop being a homeopathic at those temperature. Those temperatures are 
seldom seen on the planet; however, they can be found in cars or other places in 
which the sun's rays are amplified. 
 The tetrahedral arrangement of the electrons 
cause the water molecules to tend toward hydrogen bonds with four neighboring 
water molecules. There are a limited number of shapes that the water molecules 
can incur. Alcohol, which also has some slight effects, can cause the water 
molecules to take on a much wider variety of shapes. Thus a little touch of alcohol 
added to the system can cause the water to remember many more shapes than just 
water. 
 We h
benzoate and chloroform, can participate with water. Alcohol seems best at 
allowing the various types of shapes, which is why it has been chosen by most 
homeopathic companies. Potassium benzoate compounds do not have the total 
range of shape choices that are provided by water. In our calculations, the 
potassium benzoate seemed to be unable to duplicate the shape structures of some 
higher-range enzymes and hormones in the human body, such as growth hormone 
and serotonin dopamine endorphins. Thus radical nosodes, sarcodes and isodes 
cannot be totally duplicated with potassium benzoate or other alkaloids. Alcohol is 
best at allowing for the different shape structures to occur. 
 Alcohol must be addressed now, as many people fear that alcohol h
anti-biological capacities. All biological systems must make and handle their own 
alcohol. Alcohol's most dramatic negative effects occur from alcohol abuse. Many 
alcohol sensitivities occur when patients become sensitive to the type of molecules 
used in making the alcohol, such as grain, corn, barley, or wheat. Thus the various 
allergic phenol compounds associated with those grains get into the alcohol, and 
thus can provoke allergic sensitivity. But pure alcohol alone is not allergic. There is 
no known sensitivity to pure alcohol; this is a documented medical fact provided by 
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New Vistas Pharmaceuticals. 
 This does not mean that people might not still have alcoholic sensitivity, but it 

. Glycerine and water 

n bonds are weaker than the covalent bonds. 

nown that hydrogen bonds have a high degree of directionality. 

 turns to ice we see a shift in the bond that accounts for why 

ighboring atoms will be oxygen, and 

cannot be antigenically or allergically driven. There might be metabolic disturbance 
from the alcohol; chromosomal disturbances in the Krebs cycle within the body's 
cells might not be able to handle the addition of alcohol. That occurs in some Indian 
populations and others that have this chromosomal disturbance that produces 
alcoholism. In these patients, instead of turning alcohol metabolically into vinegar or 
acetic acid, their bodies turn the alcohol into tetra hetra inoxiquinol (THIQ). This is a 
known form of a morphine-like stimulant that stimulates the endorphin receptors of 
the brain. Thus the patient who has this type of chromosomal alcoholism 
manufacturers his own opium every time he drinks. With these types of patients 
alcohol use in homeopathy is not wise, although the percentage of alcohol is 
extremely small. For these patients we recommend that a different type of 
homeopathic be made, that of lactose pills. 
 Lactose pills are utilized with a nonalcoholic process
are used as a carrier instead of alcohol. We must caution the practitioner that these 
pills will not have the same degree of efficacy as the water and alcohol mixture. 
They also will not have the same degree of completeness in their shape pattern, as 
the lactose and glycerine will not participate with water in the same type of shape 
formation that alcohol and water does. Even so, it is safer to use with these patients, 
and to sacrifice a little bit of efficacy to maintain safety. Let us now return to our 
analysis of water. 
 We can see that the hydroge
The hydrogen bonds in liquid water are estimated to have an approximate bond 
energy of only about 4.5 kcal per mol. This is compared with 110 kcal per mol for the 
hydrogen/oxygen pair bonds of water. The bond energy is the energy required to 
break a bond. 
 It is also k
This is conferred by the characteristic arrangement in the bonding orbitals of the 
hydrogen and oxygen atoms. Thus the hydrogen bonds possess a specific bond 
length that differs from one H bond to another. This can depend on the structural 
geometry of the electron distribution in the molecules. In ice, however, the water 
molecules also have hydrogen bonds. The length of the hydrogen bond changes to 
1.77�. Hydrogen bonds therefore form and remain stable only under specific 
geometric conditions. 
 When the water
water expands. There are other factors involved in this as well. We are looking for 
shear lines in using our cyroliquid microscope. We must realize that the structure 
inside the ice is different from the water. But the water has a memory; it returns 
when the water melts. The development of the cyroliquid microscope is to allow us 
to ascertain and look at the structure. 
 In ice without alcohol, the four nearest ne
they will have a distance of 2.76�. In liquid water each water molecule at 0� is 
hydrogen-bonded in a given time with an average of about 3.4 other water 
molecules. The average oxygen-oxygen distance is slightly greater than in ice; 
about 2.9�. This is at 15� C. The bond will be 3.05� at 83� C. It has been 
estimated from the heat of fusion of ice that only 15% of the hydrogen bonds are 
broken when the ice is melted to water at 0� C. Liquid water can be regarded as a 
slightly broken-down ice, with considerable short-range molecular order and no 
long-range order. Strong attractions between water molecules still exist in water at 
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100� C. This is indicated by the high heat of vaporization. Hydrogen bonding 
between water molecules can be overcome only when water vapor is heated to 
nearly 600� C. 
 These same types of hydrogen bonds occur in other substances, where they 

s systems 

ce in the hydrogen bonding between ice and liquid 

what are known as flickering clusters. 

rical activity. 

ur trivector analysis has allowed us to analyze the capacitance, inductance 

Manufacturing" included in this 

tend to form between any electro-negative atoms, such as oxygen, hydrogen or 
fluorine. A hydrogen atom covalently bonded to another electro-negative atom can 
also produce this hydrogen bond. Hydrogen bonds may form between two 
molecules or between two parts of the same molecule. Biologically these things are 
important, in that hydrogen bonds can be utilized with DNA, peptide chains, 
carboxyl groups and hydroxyl groups that allow for the existence of life. 
 Single hydrogen bonds between two solute molecules in oquiou
are very weak because surrounding water molecules compete to form hydrogen 
bonds with the solutes. A number of hydrogen bonds exists between two structures, 
and the energy required to separate them is greater than the sum of the bond 
energies of the individual hydrogen bonds. This is known as the cooperative 
hydrogen bonding phenomenon. It is characteristically seen in proteins, nucleic 
acids, and thousands of cooperating hydrogen bonding systems within biology. 
Water is extremely stable in its bonding structure, and thus allows for the action of 
homeopathy. 
 There is a small differen
water. This not only allows us to see the rigidity of ice and the fluidity of liquid water, 
but also to understand the liquid crystal effect of water in its liquid form. The 
explanation lies in the rate at which hydrogen bonds are made and broken. At any 
given time most molecules in liquid water are hydrogen-bonded. The half-life of 
each hydrogen bond is only about 10-10 or 10-11 seconds. The structure of liquid 
water is therefore only statistical, since it is relative to the average over both time 
and space. Thus the quantum or probabilistic nature of the hydrogen bond is where 
the homeopathic storage can occur. 
 In our study of water we will look at 
These are applied to the short-lived ice-like group of water molecules that occur in 
liquid water. The precise structure of these clusters and the known number of 
hydrogen bonds per cluster allow us to use the compounds of water. 
 Water also has an extremely peculiar ability to maintain elect
The capacitance, or dielectric constant, of water also has a particularly peculiar 
rating. In looking at the inductance, capacitance and conductance capacities of 
water, we can see that water is indeed set apart from other compounds. With a 
touch of alcohol we can see that the capacitance and inductance qualities of water 
are dramatically increased. The conductance, inductance and capacitance effects 
of water are also changed by electrical activity, which allows for the Vincents 
(bio-energetic) analysis done by French practitioners. On this we refer to Quantum 
Biology, "The Determinate Pool of the Body" for an understanding of the electrical 
effects. 
 O
and conductance taken from the right-hand rule to understand the electrical 
signature of this water molecule. From our calculations we have seen that each 
homeopathic affects these dramatically. 
 In the chapter "The Nelsonian Process of 
book, we see that we can activate the hydrogen bonding effect and be able to 
increase the imprintability of a homeopathic item. The process is done through 
utilizing a recipe of a wide range of complicated shape compounds such as every 
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known mineral taken from sea water, or transferring the life energy of sea water into 
the system, and extremely complex enzymes and hormones. These add to the 
ability of the water molecule to maintain and transfer many perverse shapes. Thus 
this type of compound not only activates a life force taken from these living 
elements, but also provides a basis in the recipe of the water to be able to increase 
the water's ability to intake these various crystalline structures. The periodic table of 
crystals allows us to understand how each of these elements is utilized in the 
biological matrices and the liquid crystal effect. 
 Next, in the homeopathic process, we have found that an electrical activation 

sical and combinations homeopathics. Thus even when we make 

tum 

 salts 

 ions. It 

is determined by 

of the water can help to increase the hydrogen bonding effects, increase the dipole 
effects, maximize the capacitance, inductance and conductance effects of the 
water, and thus allow for the best type of hydrogen bonding that can dramatically 
increase the liquid crystal structure, and thereby make the Nelsonian homeopathics 
much better in safety and in quality. The information can be maintained for a longer 
period, dramatically increasing shape structure in the manufacturing process. We 
have found that by activating this electrical process with water an electrical charge 
can be maintained in the water that can last for months. The most important part of 
the electrical process, however, is that the electrical activity be maintained through 
the manufacturing part so that we can dramatically increase the ability of water to be 
imprinted and to organize itself into liquid crystal effects. So the Nelsonian 
homeopathic manufacturing process increases the quality and efficacy of the 
homeopathics at least 250%. 
 It should be pointed out that the Nelsonian process can be utilized with 
singular, clas
belladonna 12x, the belladonna will have an increased activity and polymorphic 
structure, and will be a more effective homeopathic remedy than one made through 
a traditional, classical or antiquated type of manufacturing procedure. 
 Even classical and singular homeopathic practitioners will want to utilize the 
singular homeopathics made by New Vistas Pharmaceuticals, using the quan
quality control techniques and the Nelsonian manufacturing process. Even their 
singular or classical remedies will have dramatically increased effects. Let us now 
return to the further analysis of water and its dielectric constant. 
 Water dissolves and disperses most substances because of its dipole 
nature. It is thus known as the best solvent in the universe. Most crystalline
and ionic compounds dissolve very readily in water. These same compounds are 
nearly insoluble in most nonpolar liquids, such as chloroform or benzene. 
 The crystal lattice of salts such as sodium chloride is held together by a 
strong electrostatic attraction between the alternating positive and negative
takes considerable energy to pull these ions away from each other. The water 
dissolves these crystalline sodium chlorides because of the strong electrostatic 
attraction between the water dipoles and the positive sodium ions and negative 
chlorine ions. Thus it can form in a nearly stable hydrated form of these ions that 
exceeds the tendency of the sodium and chlorine to attract each other. These weak 
ionically-bound compounds are almost all soluble in water. 
 The ions solvation is aided by the tendency of the solvent to oppose the 
electrostatic attraction between positive and negative ions. This 
the dielectric constant (D), and is defined by the following relationship. The force of 
attraction between two ions is equal to their charges divided by the dielectric 
constant and the distance between them. 
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There is a second class of substances that are readily dissolved in water as 
ell, which are nonionic. These are polar compounds, such as sugars, alcohols, 
ldehy

 compounds that also contain 

amphiphatic bio-molecules that form 

ounds in digestion, as well as the shift of 

ction. It is 

 
 
w
a des and chetones. These will be dissolved because of their polar 
components, not because of their ionic components. 
 Water can also disperse compounds that are nonpolar, but are hydrophobic. 
This is known as the group of micelles, which provides
strongly polar groups. This type of solubility can be accomplished by the hydrogen 
bonds between the solids and the solvents. This type of solubility is made possible 
by the hydrogen bonds, not between the solids and solvents, but among the solvent 
molecules themselves. 
 Compounds containing both highly hydrophobic and highly polar groups are 
called amphiphatic. The most common 
micelles are known as fatty acids, or polar lipids. A simple explanation of the sodium 
salt and long-chain fatty acid oleic acid gives us an example of how a micelle 
balance can be made. Milk is a micellized type of compound in which little droplets 
of fat are surrounded by electro-negative water molecules, and thus repel each 
other and maintain their action as a colloid. Thus the colloid suspension of milk is a 
type of amphiphatic compound. 
 This type of amphiphatic dispersion is accomplished in the small intestine by 
the micelle balance. Bile and other comp
stomach acid with the dispersion of the sodium bicarbonate in the pancreas, 
produces a micelle balance in the small intestine. Thus the electrical activity in the 
micelle balance allows for the brush border effect. As the material moves through 
the small intestine, it sets up an electrostatic attraction (the brush border effect). 
Then the electro-negative ions are drawn toward the side, and digestion can be 
accomplished. Thus even the process of digestion is an electrostatic process 
dependent on the electrostatic abilities of water to produce a micelle balance. This 
is covered in greater detail in the RWC Book and the Quantum Biology. 
 Within micelles there is considerable attractive force between the adjacent 
hydrocarbon structures. This occurs through the van der Waal's intera
emphasized that there is no true stoichiometric bonding between the hydrocarbon 
groups of the micelle. For this reason the term "hydrophobic interaction" is more 
properly used than "hydrophobic bond". This refers to the association of the 

112 
 



hydrophobic portions of the amphiphatic molecules, and compares with the 
hydrogen bonds of the hydrophobic interaction. Many cell components are 
amphiphatic, and tend to form structures in which nonpolar, hydrophobic parts are 
hidden from water. In particular, these are known as proteins and nucleic acids. 
 The presence of an ionic solute such as sodium chloride causes a distinct 
change in the structure of liquid water, wince each sodium and chlorine ion is 

verage interionic distance in solutions of NaCl 

 (M) 

0 

tance 
 (A) 

surrounded by a shell of water dipoles. The hydrated ions have a geometry different 
from the clusters of the hydrogen bond water molecules. This geometry is more 
highly ordered and regular in structure. 
 The next table gives us an example of the average ionic distance in the 
solutions of sodium chloride. 
 
 
A

Concentration Dis

 0.001 
 0.01
 0.10 
 0.150 
 1.00 

 94 
 44 
 20 
 19 
 9 

 
 In the Nelsonian manufacturing proce his is one of the reasons why the 

cipe has all of the known cell salts or ionically-bonded compounds that can be 

iameter. Thus 

t on the number of 

f mercury will depress the freezing point by 

gen atom and the fact that a single electron is held by the oxygen atom, 

ss t
re
added to the compound and dramatically increase the ability of the homeopathic to 
receive the polymorphic structure from the homeopathic process. 
 Each hydrated sodium ion and chlorine ion is approximately 5 to 7’ in 
diameter. A tetrahedral cluster of five water molecules is about 5’ in d
we can see that a change must occur in the three-dimensional structure and 
properties of liquid water when sodium chloride is dissolved in it in dramatic 
concentrations that approximate the occurring biological fluids. 
 The effect of the solute on the solvent is manifest in another set of properties; 
namely the colligative properties of solutes. These are dependen
solute particles per unit volume of solvent. Solutes produce such characteristic 
effects in the solvent as depression of the freezing point, elevation of the boiling 
point, and depression of the vapor point. They also endow a solution with the 
property of osmotic pressure. 
 One gram molecular weight of disassociating solute dissolve in 100 grams of 
water at a pressure of 760 millimeters o
1.86° C, and elevates the boiling point by 0.543° C. Such a solution yields an 
osmotic pressure of 22.4 atmospheres in an appropriate apparatus. Oquious 
solutions usually deviate considerably from ideal behavior. The relationships are 
quantitatively only at infinite dilution, and they will extrapolate to 0 concentration of 
the solute. 
 Now let us look at the ionization factors of water. Because of the small mass 
of the hydro
there is a tendency for the hydrogen atom to dissociate and produce a free proton. 
This hydrogen atom dissociation, which is covalently bound to the oxygen, can jump 
to the oxygen atom of an adjacent water molecules, which is hydrogen bonded. This 
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can happen provided that the internal energy of each water molecule is in a 
maximized state. 
 
 H2O === H+ + OH- 
 
In the above reaction the io

-
ns of hydronium are produced, which is an H3O+ ion and 

e hydroxyl (an OH  ion) in a liter of pure water at 25° C are at any given time only 

ifting back and forth is known as the flickering cluster 

lectrical mobility of some cations at 
finite dilution (25° C) 

 
+ 

 
 

bility 
cm2 volt-1 sec-1 (x104 

 

th
1.0 x 10-7 mol of H3O ions and an equal number of OH ions. This stability provides 
for the neutral pH. 
 Thus very few bare photons exist in water. They either exist with the hydroxyl 
or the hydronium ion. This sh
effect of water, which we maximize in the Nelsonian process to produce an increase 
in the homeopathic transfer effect. 
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The migration of H+ ions in an electrical field is many times greater than that  
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of sodium or potassium. There is a high electrical mobility of the H3O+ ion, due to the 

hese frequencies can be put into the 

n interchange and the freedom of the protons to jump 

    Keq = ------------- 

 mols per liter. The magnitude of the 
quation constant in any given temperature can be calculated from the conductivity 

The pH scale is an inverse log of the hydrogen ion, and can be calculated as 

     1 

     [H ] 

ogen and hydroxyl ions are equivalent, 

     1 

  1 x 10  

fact that the proton can jump from a hydronium ion to a water molecule very easily. 
This reaction occurs at an extremely high frequency. If the frequency is induced in 
this shift to some of the healing frequencies contained in the Rife work, the water 
clustering flicker effect can remember this frequency, and this increases the ability 
of water to maintain homeopathics, and also transfer the frequency to the patient for 
maximum effect. 
 In the Quantum Vibrational Medicine book we go over some of the various 
frequencies and their active biological effect. T
water via the Nelsonian manufacturing process, and can maximize the 
homeopathic transfer effect. 
 The electrical conductivity of these protons is also highly important for 
biological systems. The proto
back and forth also allows for the electro effect in biology. As we studied in 
Quantum Biology, we can also see that the Fröehlich waves can be transferred into 
Davydov solitons and connect different effects throughout the body. This happens 
through these free protons and the hydronium and hydroxyl capacities of water, to 
allow the biological system to maximize its electrical conductivity, and thus maintain 
electrical stability needed for biology. 
 We have outlined the ionization equilibrium equation for water. This can now 
be converted into an equilibrium constant. 
 
      [H+][OH-] 
 
      [H2O] 
 
The brackets indicate the concentration in
e
measurements of pure distilled water. The concentration of pure water is very high, 
equal to the number of grams of H2O in the liter divided by the grams of molecular 
weight. The molar concentration of water is not significantly changed by some slight 
ionization. Thus this Kw effect can then determine the ion product of water. 
 
 Kw = [H+][OH-] 
 
 
 
 
    pH = log10 ------ = -log10 [H+] 
 +

 
 In a neutral solution, where the hydr
the pH is known to be 7. 
 
 
    pH = log10 ----------- = 7.0 
    -7

 
 
pH of some fluids 
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 We ca  varies in diffe  places in biology. In some we will 
need an acid me an alkaline ironment. This is covered in more 
etail in Quantum

Biological organisms have adapted to an oquious environment. We have 

n see that the pH
 so

rent
 environment;

 Biology. 
 env

d
 
also exploited some of the very unusual properties of water. Water is indeed the key 
to biology, and it can also be the key to medical intervention. As we have proven, 
water can have a molecular memory that will allow it to transfer material and 
information into the biological system via the shape receptors, as well as an 
electronic process. Homeopathy, as we have proven in our books, has research 
behind it. The Experimental Evidence for Homeopathy I and II contain a wide variety 
of homeopathic references. Homeopathy is a very large form of medicine at this 
time. Homeopathic preparations outsell allopathic preparations almost two to one in 
the world today. This was also covered in The Experimental Evidence for 
Homeopathy I. 
 In the Quantum Biology series (Quantum Biology, Bio-Quantum Matrix, 
Quantum Vibrational Medicine, and the Energetic Medicine Dictionary) we 
culminate now with the Quantum Quality Control process, which will show the world 
that there is a dramatic amount of scientific evidence behind both the philosophy of 
homeopathy and its science. 
 In the RWC Book, the books of Physical Diagnosis and the Natural 
Compendium we can see that there is a historical and complete treatise on how to 
use these techniques in medicine. 
 To finalize our analysis of water, we can see that water has a high specific 
heat. This is useful to the cell, because the cell water can act as a heat buffer and 
allow the organism to interact in a world where temperature can increase and 
decrease radically. 
 There is a high heat of evaporation of water. This is exploited as an effective 
means for vertebrates to lose heat by evaporation of sweat. There is a high degree 
of internal cohesion of liquid water. This can be attributed to hydrogen bonding. 
Plants and other organisms use this to transport dissolved nutrients on their routes 
or through the circulatory process. 
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 Ice has a lower density than liquid water, and therefore floats. This is an 
important biological consequence of an ecological system. Ice is able to float and 
melt. If ice sank, the planet might be doomed, as the ice would accumulate in a 
colder place. 
 Many important biological processes in the cell are highly dependent on 
water. Particularly proteins and nucleic acids derive their interactions with the water 
molecules of the surrounding medium. 
 Water is the most abundant compound contained in all living organisms. It 

he water molecules. 

is stimulated, it 

 balance, dispersing amphiphatic 

s very slightly to form hydronium and hydroxyl ions. The 

lectrically active. This electrical 

d help drive 

 the REGAE field 

opathic process to achieve the highest quality control. 

has a high freezing point, boiling point, heat of vaporization and surface tension. 
These are all the result of a strong intermolecular attraction. The intermolecular 
attraction comes from the hydrogen bonds in t
 Liquid water has a considerable short range, and has a flickering cluster that 
has dramatically short half-lives. Thus the water molecule has a resonant frequency 
that can be utilized within. It must be pointed out that this flickering cluster resonant 
frequency cannot be developed magnetically. If a magnetic effect 
will be lost over a short period. But this flickering cluster can be stimulated by 
conduction or electrical process. 
 The polarity and hydrogen bonding properties of water make it one of the 
most powerful solvents for ionic compounds, polar compounds, and even some 
neutral molecules. 
 Water also is the key to the micelle
molecules, such as soaps and polar liquids. Thus the digestion effect is dependent 
on water's unique electrical properties. 
 Water ionize
hydronium is itself hydrated at times to H9O4

+. Protons can jump from H3 to H2 
molecules with extremely high frequencies. The proton's jump accounts for the high 
electrical motility within water and ice, making it e
activity can be changed through homeopathics, and also allows for an electrical 
transfer within the nerval endings within the nasal pharynx. 
 We have talked about the shape receptor transfer, but in our trivector 
analysis we also show that there can be an electrical transfer of information from a 
homeopathic to the patient via the nasal pharynx nerve endings. 
 Through its pH, water can also increase catalytic activity an
enzymatic activity. 
 So from our overview of water and its ability to organize itself, we can now 
see how our trivector analysis, the polymorphic structure analysis,
and the other quantum quality control techniques can allow us to sharpen and 
maximize the home
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THE POLYMORPHIC SHAPE STRUCTURE OF WATER 

NVISIONED WITH THE CYROLIQUICRYSTAL MICROSCOPE 
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The technique of somatoemtional recall and release (also known as "unwinding") 
egins quite simply and the patient takes over very quickly. You must stay with it 
ntil the release occurs. This may take five minutes or it may take an hour. If your 
chedule is tight and you believe your patient may benefit from this technique, 

caudally. When the 

dy to do 

 patient be relaxed throughout the 

or an interminably long time. A very 

t example below 

 also be started 

e force introduced to start the release process. Each release 

b
u
s
reschedule an appointment for when you have adequate time. 
 With the patient seated, we usually begin with one hand on the parietal 
region of the head and the other on the upper thoracic region posteriorly. 
 A slight, inferiorly_directed compressive force is exerted upon the parietals so that 
the cervical and upper thoracic vertebra are gently compressed 
effect of the pressure on top of the head is felt by your other hand in the upper 
thoracic region, maintain that amount of pressure and allow the patient's bo
whatever it seems to want to do. The only limit which you place on the body is to 
prevent it from retracing its steps .  
That is, once it has made a particular movement it may do anything it wants except 
to go back the way it has come. If it tries, you gently resist. The body may assume 
various positions of flexion, extension, sidebending, rotation or an;y combination of 
these positions. It is very important that the
procedure. If not, it is extremely difficult to follow the body's inherent direction as the 
willed motion or resistance of the muscles will interfere. To attain this state of 
relaxation, not only must the patient be in an appropriate frame of mind, but the 
body must be properly supported so that no fear of falling is generated. Sometimes 
more than one therapist is necessary to properly support the body. The releases will 
be multiple, and can be monitored on the parietals. As you reach a position in which 
an injury occurred, the parietal bone movement will reduce. As the body works the 
injury pattern loose, the parietals will move into a free and easy motion pattern. If an 
emotional component is involved with the somatic problems it will appear before the 
parietal release is perceived. Try to follow wherever the patient's body leads you. 
 As releases occur, new balance points will present themselves. Each release 
seems to facilitate the next; things move more and more rapidly. Be alert. Do not 
inhibit your patient by dragging on their body movements. The only exception to this 
rule is when the body gets into a rut of continually repeating a pattern of movement, 
usually circular. This repetition may continue f
slight, nonspecific drag placed on the motion by the therapist will reveal an exit point 
where the motion will take a new direction. From this point, the motion is followed 
again without external drag. This is a dynamic process, and the movement to 
movement events and changes are unpredictable.  
What is predictable is the benefit your patient will experience. When the treatment 
session is over the patient will relax significantly. No further autonomous body 
movements will occur when you attempt to resume the session. But if an arm goes 
up into the air during the session, gently grasp it and follow.  
Significant restriction may be localized in the extremities, as the firs
demonstrates. 
 Another method we frequently use is to gently touch the anterior ilia of the standing 
patient and compress slightly medially until the patient's own body movements 
begin. Then follow through, release after release. The process can
with the patient lying supine. In this case, the ankles are grasped and a slight 
traction or compressiv
which occurs during any of these techniques is like another layer of an onion you 
are peeling away to discover what is in the center. 
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 Remember, the patient will finally assume the body posture in which the injury 
occurred. You will know when this posture is correct because the craniosacral 
system will shut down. Often the patient will spontaneously comment that "this is 
exactly the position I was in when a specific accident occurred." All you have to do 
then is to hold that posture and wait until the complete release has occurred. 
Remember, release is a process which requires time to complete. Completion is 
signaled by the patient's body relaxation, breathing change, cessation of emotional 
outpouring, patient awareness of completion of the release process and a 
smoother, more even and higher-amplitude craniosacral system rhythmic motion. 
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QUANTUM VIBRATIONAL MEDICINE 

In searching for vibrational techniques of diagnosis and treatment we must 
come upon some new theoretical explanations of the body that might differ from our 

ught in most modern medical concepts. 
 In Dr. Gerber's book, "Vibrational Medicine", we see many different analyses 
f a new type of system that will have many exciting ramifications. In this book we 
nd an outline of some ways that those same phenomena can be observed in light 

 

 as the living. They study disease, not health. 

 at these systems' ability to withstand the test of time. 

 
 
 
 

A NEW PARADIGM OF MEDICINE 

 
 
 

old Newtonian dynamics, which are ta

o
fi
of modern physics. 
 Much of modern medicine rejects Einsteinian viewpoints of medicine in that it 
threatens many incomes, especially those of the synthetic chemical companies,
which produce vast amounts of chemicals. This simple view of medicine was 
generated from a Newtonian model, and it is firmly etched in most doctors' minds as 
they go through the process of cutting up a cadaver, learning about anatomy, and 
assuming that the dead are the same
They study synthetic vitamins, not natural vitamins. It must be pointed out that there 
has not been any major research done on the differences between a natural 
chemical, such as Digitalis, and its synthetic counterpart, Digoxin; or what Valarian 
might do opposed to Valium. This is a critical challenge to modern medicine (see 
Towards a Bio-Quantum Matrix, Chapter 15; and The Experimental Evidence for 
Homeopathy). Inside these books and other articles, such as "A New Perspective 
on Research", we see that there are some studies we can review which prove that 
natural compounds are superior to synthetics in clinical practice. 
 This severe chemical model limits what can be produced and published in 
journals. Most peer review journals are comprised by people who have been 
hand-picked because of their belief in a chemical paradigm. Thus many journals will 
not publish some of the articles that have been put into our series of books because 
these books challenge the thoughts of medicine and threaten the incomes of 
chemical cartels. 
 Challenging the thoughts of medicine requires proof. Much has happened in 
medicine that is under a speculation theme. Some factors in our books are also 
speculative, but it has been our endeavor to try to statistically challenge them 
whenever possible; not only by experimental double-blinds and placebo testing, but 
also by looking at factors of how successful a medical technique might be in a 
population. We also must look
This is why much care has been given in the development of our books to analyze 
the physics and statistics to bring this understanding into our system. Then we can 
usher in our new paradigm. 
 To this end, let us now look at some of the different vibrational medicine 
techniques; the histories as well as the science that have been utilized in them, so 
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that we can understand them better. 
 It must be pointed out that there are practitioners throughout the world 
utilizing these techniques in their medical practices; not experimenting on them, not 
proposing about them. Patients coming in day to day in large numbers are being 

sults are developed beyond placebo. 

ment makes much about cases in which children or 

pitals is approximately 3%. The child mortality rate of Christian 

e hospital. This situation was not taken to 

ment in its analysis will often take the one or two 

treated by these techniques. Many of these techniques are called "quackery" by the 
establishment because they have not received "scientific validation". Yet day in and 
day out multitudes are treated, and re
 We need to point out that gravity was real before it was validated 
scientifically. Many things are actually happening which need not be validated to be 
true. The vast majority of patients using these avant garde medical techniques are 
not hurt in any way. There is very little if any iatrogenic disease caused by these 
alternative vibrational medicine practitioners. In fact, the worst thing they could do 
would be to deprive their patients of proper medical care when they might need it. 
 The medical establish
adult patients die when medicine therapy is not given. Such a case happened in 
Denver, where a Christian Science family refused medical treatment for their child, 
using prayer instead. The child died, and the medical establishment sued the 
parents, as if no child had ever died in a hospital. The statistical truth is that mass 
numbers of patients including many children die every year in medical hospitals; 
many with similar conditions to the case in question. In fact, the child mortality rate 
in medical hos
Scientist children is .001%. With this in mind, a truly sophisticated mind would 
choose the lower statistic. The medical establishment only wins such cases 
because of its so-called intellectualism. 
 Years ago inside a maternity ward at a Denver hospital eight children died in 
the course of one week. The hospital decided that there must have been some 
infection involved (as the germ theory is usually the first to blame), so they used 
more harsh cleaners to make sure that the environment was more stable. The next 
week twelve children died, so they increased the cleaners again, making sure the 
diapers were absolutely sterile. The next week twenty children died. It was finally 
realized that the cause of the deaths was the toxic chemicals in the cleaning of 
diapers and cleaning of other places in th
court; no one was prosecuted. Even though a greater number of children died than 
in the case of the Christian Scientists, still the system seems to try to take care of 
itself, and the people involved in it have a way of interpreting situations to their own 
favor. 
 Since the average person who gets medical care is hurt by that medical care, 
due either to inappropriate surgery or iatrogenic drug poisoning, we feel that 20% of 
people who go to modern medicine techniques are dealt with improperly, and are 
worse for the treatment. Perhaps it is not a bad idea that some of these patients go 
to vibrational medicine doctors. The vast majority of patients who go to this type of 
doctor will report that they are satisfied with their therapy. Many see their desired 
results. 
 The modern establish
caseloads of patients who might have been hurt or deprived of care and blow their 
analyses out of proportion. Whenever true statistical work is done to compare these 
populations in their success rates, we often see that the success rate is at least no 
different from conventional medicine and, in many studies, has been proven more 
effective. 
 If we want to live by the statistical rule in charting out our techniques and 
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therapies, we should also live by the statistical rule in whether we accept or reject a 

tion and rationalization fill this industry and prevent these 

 figures than they are in 

 such system is that of remote 

gnosis. The work of 

ve. So there was nothing to be lost from remote 

medical technique. These medical techniques are often rejected by conventional 
medicine's peer review journals before people really get a chance to look at the 
statistics and whether or not the study was done properly. 
 Another severe problem is that these vibrational medicine doctors are often 
unconventional not only in their beliefs but also in their ability to interact with each 
other. Ego, self-justifica
doctors from getting together and sharing ideas. 
 The alternative societies are filled with companies worried more about profit 
and short-term finances than in helping patients. In my experience of being in the 
alternative profession for ten years I have seen that the vast majority of suppliers of 
devices and compounds are more interested in their money
helping patients or in helping a doctor to use legal systems of medicine. To this end 
it has prevented alternative medicine from really becoming mainstream. 
 Let us now look at some of the vibrational techniques that are being utilized 
by practitioners, and briefly review this art. One
viewing, in which the practitioner or psychic is able to enter a different mental state 
and see things at a distance. In the remote viewing experiments of Targ and Putoff 
we saw that there was definitely a scientific correlation in their testing. They were 
able to produce this phenomenon in almost everyone, and certain practitioners 
were very good at remote viewing. A review should be done at this time on the 
research and remote viewing of Targ and Putoff. 
Human intuition was also a factor in being able to diagnose medicine by doing 
remote viewing experiments inside the body. Without the presence of the patient 
these practitioners were able to go into a trance and diagnose what the conditions 
were, having only been given the patient's name or an article of their clothing or 
their being. This is a factor of the indeterminacy principle in their thought forms and 
their ability to go beyond deterministic physics. 
 Thus the human body is able to sympathetically pick up these different 
vibrations in diseases and use these for treatment and dia
Lawrence Lashan quoted in his book, "Mediums, Mystics, and Physicists", as well 
as well as the work of Dr. Bernard Grad at McGill University, were also able to show 
that these psychics had abilities in remote viewing. Another issue of medicine that 
was uncovered by Grad was that of "the healing hands" and the techniques of 
generating healing forces that had effects on not only biological systems but 
inanimate systems. 
 In Dr. Lashan's work he found that he could teach people to actually do 
remote healings by leaving their bodies in their minds and sending energy through 
the atmosphere at long distances to heal patients. In one of Lashan's most famous 
cases that pointed out some intangibility to this, a patient in New York had dramatic 
cancer. The patient asked Lashan to do a remote healing for him. Lashan, who lived 
in Seattle, said that he would do so on Sunday night. The doctors were with the 
patient, diagnosing the cancer. They said that the cancer was inoperable and that 
the patient had a short time to li
healing. On Monday the patient awoke and felt great. The doctors found that all 
cancer was gone, and that total healing had been done. Excited, they called Lashan 
and said that the results were phenomenal and that they wanted Lashan to write a 
journal article about this and present it. Lashan said that this was great news, but 
that he had forgotten to do the healing the night before. This tells us that there are 
many different dynamics in our testing, and that often placebo response needs to be 
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accounted for. 
 One of the great systems of medicine that also must be dealt with is chakra, 
the energy fields associated with energy vortexes around the body. This was 
devised and taught within the system of Hindu and Aravadic medicine, in which it 
was found that chakra existed. As we point out in Chapter 2, these chakra actually 
focus consciousness energies that are designed to help resist entropic 
thermodynamic breakdown in one fashion or another. These chakra were subtle 
energy spots utilized in medicine by various healers. 
 
 
NEUROPHYSIOLOGICAL AND ENDOCRINE ASSOCIATIONS OF THE 
CHAKRAS 
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 we can 
endocrine associations of the chakra. This art form has been used for over ten 
thousand years in edicine. photon receptor, photon 
m ton c uipment, and  we ument 
these chakra, as we
 ome of this work was also done by Hiroshi Motoyama in Japan. In his work 
e was able to calculate photon release from the human body, and that as the 
hakra were activated these photons increased. 
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ld is a concentration of the 

rganization principle in fighting its 

So see that there is an implication towards neurological and 
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 Another form of medicine subsided from this in the human subtle bodies, 
which seemed to connect two different chakra. 
These subtle bodies seem to harmonize at different vibrations, and often they are 
thought of as the heart of vibrational medicine techniques. Changes in one of these 
bodies or dimensions would have repercussing effects on the othe
"as above, thus below" law. The human energy field is also generated from this 
understanding. 
 The development of this human energy fie
consciousness and its ability to fight against thermodynamics. Thus the chakra 
focus energies in various ways that assist the o
erosion to entropy. 
The quantity versus the quality of consciousness was also applied to this system of 
understanding. 
 We can see that there is a definite reflection of the cosmic consciousness in 
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the universe that can be distilled and concentrated in certain entities called humans 

e outlined in our Quantum Biology book, which we can now 

f energy could be diagnosed by radionics, another field of 

elates to a 

 principles, can 

vor is that of using a variety of flower essences and 

to help resist against the erosion of entropy and thermodynamics. There is a further 
concentration of these in every chakra system and within every cell, where the 
organization principle fights against this thermodynamic, random breakdown. This 
is the basic principl
expand into the form of a study of consciousness. 
These systems o
endeavor for which we will have a short review. In radionics a practitioner may 
produce a subtle variation in his own autonomic nervous system which can produce 
sweating or no sweating, and thus may interfere with the ability of fingers on a rub 
plate. Also this may interfere with the development of a pendulum as it moves back 
and forth because it affects the subtle arm muscles.  
Here we can see how the radionic device can be interfered with by the autonomic 
nervous system, which is out of conscious control. This also r
multi-dimensional energy system. 
 Even though conscious control is not out of consciousness control, the 
consciousness is actually another distillate of the organization principle, allowing us 
to think in intellectual ways about the universe. This is yet another way for us to 
resist entropic and thermodynamic breakdown. It is unfortunate that sometimes this 
very consciousness, which was designed to resist the destructive
sometimes work in their behalf and foster aggression. This can result in the 
destruction of natural systems that has pervaded this planet. 
 Another field of endea
homeopathics that can have subtle effects on these other vibratory beings; mental, 
causal, or astral bodies. These flower essences and gem elixirs were also charted 
in their effects. 
 This led also to an interference of color, and how color might be affected by 
each of these chakra. This can be related to mitogenic radiation, as discussed in 
Quantum Biology. 
 
 
 SUBTLE ENERGETIC EFFECTS OF COLOR 
COLOR CHAKRA ENERGIES DISEASES AFFECTED 

VIOLET 
Crown 
Chakra Higher Mind Nervous & Mental Disorders 

INDIGO 
ye 

Chakra Vision Disorders of the Eye 
Third-E

B Chakra Self-Expression ThLUE 
Throat 

yroid & Laryngeal Diseases 

GREEN Heart Chakra ny nsionInner Harmo Heart Disease & Hyperte

YELLOW 
Plexus Intellectual Disorders of Stomach, Solar 

Chakra Stimulation Pancreas & Liver 

ORANGE 
Assimilation 

ion Kidneys 
Spleen 
Chakra Circulat Disorders of Lungs & 

RED Root Chakra 
Blood Disorders 

Vitality Creativity Anemias 
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fects that color can have on the subtle 
o y. 

d are those of static electricity and

 bod ed  bee ed for its magnetic 
teraction. This magnetic interaction was seen to have inverse relationship effects 
s to its intensity, meaning that the smaller the magnetic circuit the more it would 

the system. Thus a magnetic of 1 gaus would have much more 

. A medical astrologer would 

y practitioners to help to connect the physical with the mental, astral, 

  
This allows us to understand some of the ef

f the bodvibrations 
 Other interventions that can be utilize  
magnetic energy, because they have subtle 
of the

effects on the electromagnetic spectra 
 of Germany hasy. The Indum n develop

in
a
intervene on 
powerful effects than a magnet of 100 gaus. 
 So the human heart develops a magnetic interaction of .0005 gaus, and the 
human brain develops an interaction of .000005 gaus. This shows how the human 
brain and heart can have magnetic healing effects and help to account for the 
magnetic interaction of the healing parts of the body. 
 The planet Venus would have .0000000000000001 gaus. This would show 
how Venus might affect us because of this interaction. Now we might have an ability 
to understand some of the magnetic astrology principles. 
 Medical astrology becomes our next system of endeavor as we seek to look 
at astrological reactions. The coincidence of birth is not mere coincidence; it is part 
of the indeterminacy principle, and nothing is really coincidence. We can see here 
that perhaps the magnetic interactions at the time of birth might have astrological 
effects. Every time a statistician has dealt with astrology it has met his criteria and 
shown that there is something in an astrological profile
look at this and see how the astrological profile would affect the health of the patient 
both in diagnosis and treatment. He could suggest certain lifestyle or other changes 
that would help protect the patient from the risks engendered by his own astrology. 
Medical astrology is looking for some of the most subtle effects on our vibratory 
levels, effects that can magnify as time passes. 
 The organization of the universe and its consciousness can be looked at 
through medical astrology. This can be used to help understand the intricate 
systems of the universe. What was apparently indeterminate in the birth pattern is 
not, and this indeterminacy can also be influenced by the consciousness of the 
universe, and the consciousness of the system. So medical astrology will become a 
needed system of analysis. Although it will probably never supply us extremely 
accurate data, it will give us some information to build on. 
 Acupuncture also deals with the shifting energy flows of the body. 
Acupuncture can be seen to have profound vibrational medical effects, and it can be 
utilized b
ethereal and causal bodies. Thus acupuncture, which has dramatic medical effects, 
can also be used in a larger vibrational medical context. For an analysis of 
acupuncture we suggest some of the other books. In Quantum Biology we talk 
about different acupuncture techniques. In Homeopathy for Acupuncturists, 
Chiropractors and Naturopaths we endeavor to understand the physics behind 
electroacupuncture in a more dramatic way. 
 Homeopathy, because of its subtle nature, also can have effects on entities 
in other parts of the body. Thus homeopathy has profound connective vibrational 
effects and vibrational medicine effects. For a review of homeopathy and its effects 
we point the reader to The Experimental Evidence for Homeopathy, Quantum 
Biology and Bio-Quantum Matrix, where we show mathematical proof for 
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homeopathy. 
 In charting out a true, full-scale holistic homeopathic utilization, we 
developed the Natural Repertory of Dr. Nelson, which is a catalog of all the various 
homeopathic products utilized in a true, holistic energetic medicine technique. 

 and other psychological therapies also have profound effects on 

g techniques that must be involved in our vibrational medicine model. 

, 

ow it shows that 

resorts 

at these cases be held off and presented as the last 

iotics, which can cause extreme 

e techniques are 

 Spiritual healing, as we have outlined earlier in this book, must be done 
under the guidance of a true competent church and God-conscious system of 
healing. The system of spiritual healing is another endeavor of vibrational medicine 
that is known to have profound effects. Much research has shown that this effect is 
more than a super-placebo, and can help patients in dramatic ways. 
 Counseling
various vibrational reactions of the body. Affirmations can help to reduce negativity. 
In counseling the quality of speech, suggestion, reassurance, bedside manner, etc. 
are profound in their ability to help. Compassion and sympathy in and of themselves 
have healin
 Consciousness medicine will also be utilized, as many practitioners and 
healers will want to find ways to develop their own consciousness, and also to use 
group consciousness to help affect the systems of their patients. 
 It is well understood by any competent doctor that most healing is done by a 
good quality nurse. If the nurse he employs is able to engender warm
compassionate caring and sharing, with a touch of humor and sincerity, this can 
really help speed the healing process. Any good doctor knows that the vast majority 
of what he does will be executed by a good, competent nurse. Nursing has 
generated more of these compassionate arts than those of the doctor. 
 Another system that we analyzed in our vibrational medicine model is that of 
sound and other vibrations. 
 So in developing our vibrational medicine model throughout this book we 
have tried to account for the scientific engenderment behind it. We have suggested 
a review of the literature concerning vibrational medicine, and h
there is something to this endeavor. When we use a true, homeopathic full-scale 
medicine, as well as lifestyle changes as discussed in the RWC Book, we can come 
upon a true new paradigm in medicine that will help patients, and help to reduce the 
amount of iatrogenic disease. 
 Patients will still need surgery and allopathy. We are not trying to do away 
with either of these technologies. But these technologies today are primary 
much too frequently. They are resorted to in ninety-five percent of cases presenting 
to doctors. It would be better th
alternatives. Doctors should try to use much safer forms of subtle energy systems, 
and if they fail, to then resort to surgery. 
 In India and Pakistan, where homeopathy is the primary medicine, allopathic 
antibiotics and synthetic drugs are used only as a last resort, when gentler 
naturopathy, homeopathy, and lifestyle changes fail. In this extreme case they 
resort to antibiotics. Many children whose parents come to the United States go to 
medical doctors who promptly put them on antib
anxiety in their parents, who say, "Oh my God, my child must be a lot worse than I 
thought!" They don't realize that the doctor did not know what the more gentle form 
of homeopathy could do. The doctor does not realize that the more gentle form of 
homeopathy can be more healing and can work. Modern medicine will soon have to 
accept homeopathy as a safe and effective regime. 
 Most doctors in our country are not even aware that thes
being used here in America. Many practitioners throughout the United States are 
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using the techniques outlined in this chapter on a day-to-day basis. There are 
thousands of practitioners helping patients with more natural, safer, and more 
effective remedies. 
 Many results are not being manipulated in statistical ways for proof because 
these practitioners do not have statistical minds. Most of the time they do not like 
the idea of charting out this type of activity or having to write things down, so they 
are not getting these results published. The publicity comes in the form of 
vibrational medicine books, small articles, and the "Quantum Healing" book of Dr. 
Chopra, where these new speculations come out. It has been the purpose of this 

odern medical system is trying to control their minds and push 

id with his 

-day psychiatrists who use these different sound techniques and talk to the 

le needed hospital care. Some problems were compound 

edicine patients die from the 

book to try to make the next step and supply some of the statistical charges behind 
this medicine, and to show that these are system which are not only in practice but 
have every right to be, because they work, and they heal. 
 We must seek to stop the tyranny over people's minds, and try to help people 
understand that the m
a synthetic, chemical model on them that propagates the sale of more drugs. 
 Perhaps if the drug companies could realize the potential for income that 
could be derived by natural and homeopathic medication sales, then they could 
help make this shift possible with their large financial forces. If they wish to contact 
this author concerning any of the work we have done, we would be happy to work 
with them at any time. 
 When Norman Cousins went to work with Dr. Schweitzer in Africa, he asked 
Dr. Schweitzer about the hospital he had built. Dr. Schweitzer took him to the 
Shaman of an African tribe. He asked the Shaman about what he d
patients. The Shaman said that there were certain illness for which he needed to 
use his Shamanistic techniques. He brought out his rattles and mask, jumped 
around, yelled and screamed, and did energy techniques. This is much like the 
present
patients. For other patients the Shaman made herbal preparations, taking blends of 
various plants and animals and making concoctions which he gave to the natives. 
This was for more of the natural ails in their early stages that could be dealt with by 
natural pharmacology. Other diseases in some patients were pointed out to Dr. 
Schweitzer; these peop
fractures, extrauterine pregnancies, and other severe physical systems that needed 
surgery or other types of hospital care. 
 Schweitzer then said that it is the little doctor inside that really does the 
healing, and that the external doctor is just a help to that little doctor. There are 
some subtle things in the early stages of development that naturopathy, 
homeopathy, and other systems of gentle natural pharmacology can heal. There 
are other times when we need surgery and allopathic drugs. 
 As medicine starts to build we must realize that we have the freedom to 
choose the types of systems we're discussing here. If we use the model of the 
extreme, surgery and drugs, we realize that we rob a lot of people of some subtle 
energy forms that might have healed them. Also we put them at risk for iatrogenic 
disease from the harsh and demanding systems. 
 It is said that in energetic medicine a patient dies of the disease and the 
treatments do little. It is also said that allopathic m
treatment, still having the disease. The combination of both of these techniques are 
the new development of the future, as thesis plus antithesis yield to develop a new 
form of medicine. 
 As we develop these books, it is our hope that we not try to change the law, 
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but to fulfill the law of medicine, and to offer a new type of vibrational medicine that 

 electron charges 

ckwise direction than counter-clockwise 
) Negative: more electrons flow in a counter-clockwise direction than 

 p  be counter-clockwise; opposite for positive 
redominant energy flow pattern. 

low of electron charges from electromagnetic energy cycles 

) Electric flows are horizontal 
) agne espect to treated object 
) Circular flow spirals from origin of polarity direction 

Flow of electrostatic field 

tive flows to positive between flat metal surfaces and flows in slightly 
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) Random when uncharged. 

 Flow of a conductor 

outh, flow is counter-clockwise in a circular path series of patterns 
cted by north pole of a compass. 

can blend with the old types of conventional techniques. 
VIBRATIONAL MEDICINE CORRELATES 
 
Polarity Definitions: 
 
  Unlike charges attract 
 
(1) Sun to earth; north seeks south 
(2) Positive pole to negative pole 
 
  Like-polarity charges repel 
 
(1) Positive repels positive 
(2) Negative repels negative 
 
  Flow of
 
(1) Positive: more electrons flow in a clo
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P R ORRELATES OLA ITY C

suffering. 
y means of polarizers that consist of magnets 

sing high-strength magnetic or electromagnetic energy forces. 
) olarit ria so that they can't reproduce and expire in 

) Polarity prevents decay and makes food less perishable for longer periods 
ith continued use. 
) Polarity in food must be changed to positive for better taste, quality, and 

the soil is neg. ground because the soil is negative. 
olarity is normally polarized positive in two minutes. 

se given above the male reproductive organ is positive while the 

Inside right hand - negative 

  Left breast - - - - positive 
  Right eye - - - - - negative 
  Left eye - - - - - - positive 

ooking forward". 
Polarity remains the same for both left & right-handed people. 

 
(1) Polarity is the cause of disease. Control of polarity can eliminate disease, 
pain and 
(2) Polarity can be changed b
u
(3 P y can polarize bacte
about five days. 
(4) Polarity stays negative when infection persists. Health is improved with 
balanced polarity. 
(5
w
(6
digestion. All food grown in 
P
 
 
 
 PROPOSED POLARITIES 
 
In addition to tho
female is negative. For both male and female the following apply: 
 
   Outside right hand - positive 
   
   Right knee cap - - - negative 
   Left knee cap - - - positive 
   Right breast - - - - negative 
 
 
 
 Note: The above parts are "l
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SUMMARY 

1. WE CAN SEE THAT A QUANTUM ANALOGY OF MEDICINE IS FAR MORE 
PPROPRIATE THAN A THERMODYNAMIC, RANDOM UNDERSTANDING. 

2. WE CAN SEE THAT THE HISTORY OF MEDICINE HAS INCLUDED SOME VERY 
VANT GARDE UNDERSTANDINGS OF ENERGY THAT HAVE BEEN A VIABLE WORKING 
YSTEM OF MEDICINE THROUGHOUT THE AGES. 

3. WE CAN SEE THAT THERE IS A NEUROLOGICAL CONNECTION TO THESE 
NERGY PATTERNS THAT MAKES DISTINCT SENSE AND IS USED BY MILLIONS OF HEALTH 
RACTITIONERS AROUND THE WORLD TODAY. THIS INVOLVES CHAKRA AND 

 SYSTEMS AND THEIR NEUROLOGICAL, PSYCHOLOGICAL AND 
HYSIOLOGICAL ASSOCIATIONS. 

NDERSTANDING OF 
EDICINE. 

EDICINE ANALYSIS. 

 
 
 
A
 
 
A
S
 
 
E
P
ACUPUNCTURE
P
 
 4. THUS AN UNDERSTANDING OF VIBRATIONS AND THE SUBTLETIES OF THESE 
OTHER-DIMENSIONAL VIBRATIONS ARE ESSENTIAL FOR OUR U
M
 
 5. VIBRATION HAS POLARITY EFFECTS. THE POLARITY EFFECTS OF THE BODY 
ALSO WILL BE IMPORTANT IN OUR VIBRATIONAL M
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Towards a New Science for Medicine 

HE END OF DEGENERATIVE DISEASE 

ne of my jobs as the angel of God is to bring an end to degenerative disease as a 
redominant killer. To do so has taken a lifetime of dedication persecution and 
iolent attacks from so many small petty minds 

OWERS OF THE MIND 
he Bible says “that as a Man thinketh, So is He” Jesus when asked about what 
od to eat, said it is not what goes into the mouth that defiles some one but what 

omes out. In fact the Bible, Koran, and all of the religious books abound with 
references of how the mind effects the body. Prayer and it’s ability to help people is 

wledge many millennia ago. Our science 
has no proven these believes even further. But today the antiquated science of 

 fact.  
Physician Heal Thyself.  

 on his observations. Then later it 
ould be learned that this organization of the chemical elements was because of 

e outer electrons. Quantum theory alone gave us an 

le of science so far. 

LECTRONICS 
 a basic understanding of electronics several centuries ago. 

 and a new set of rules were made. One hundred years 
go electricity stepped up to explain more and more. But still so much was not 

last hundred years the theory of Quantum Physics was the next 

T

O
p
v
 
P
T
fo
c

a basic believe. This was all general kno

medicine and small minded doctors have a hard time accepting this

 
 QUANTUM THEORY 
Mendeleev made a chart of the elements based
w
the quantum states of th
understanding of chemistry. But quantum theory has the observer effect where the 
mind of the observer can effect the outcome. Medicine seems to have an unstable 
phobia and an over compensative distaste for the powers of the mind. The small 
petty minded Geeks have such disdain for the message of Quantum Theory. They 
have struggled against it for decades. The Geeks like reductionism as that they like 
to reduce things with their small minds. But yet Quantum theory has grown and 
prospered in Science and despite the attempts of many has succeeded as the 
pinnac
 
E
Science has developed
Electronics made a major boom in technology. It allowed us to understand so much 
of the world. But modern medicine has resisted an electrical analysis of the body. 
Yes technology allows for tech measures of the body, but there is little analysis of 
the body electric. Energetic medicine of Dr. Nelson defines a process to explain the 
body electric. But the modern medicine fixation on the financial hold of the synthetic 
chemical industry, has prevented a progression of medicine into the modern age.  
Nearly a century ago, quantum research overturned the 17th century mechanistic 
paradigm of “world as a machine,” within which phenomena are to be understood by 
reducing them to their parts. Reductionism worked for making cars, buildings and 
was so valuable to our society. But reductionism fails in a complex situation. 
Electricity was then explored
a
explained. In the 
advancement. And over the last 60 years the advent of QED has been hailed the 
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king of current science. The next step of science to come is the subspace 
connection of consciousness as a basis of the universe and science. there is and 
will always be advancements in science to broaden our understanding. In this 
article we will review QED. All of science has come to learn of the new 
advancements such as non-linear analysis of fractals, chaos theory, QED, 
electronics, etc. All of science except medicine. Even though medical science has 
used these advancements to make devices that can analyze the body, medicine 

 

has failed to use these advancements to explain the body processes. MRI, Cat 
scans, x-ray, and many others are used to see inside the body. But medicine greatly 
resists the ides of QED and photosynthesis in nature. To embrace these 
advancements would be to discover that the synthetic drugs are incompatible with
the human. And thus would destroy a large greedy industry. The Classical sciences 
of Newton and Mendeleev are not capable of describing life in it's complexity.  
  
 
 
 
THE ELECTROMAGNETICSTATIC CONNECTION TO BIOLOGY 
 
 
All biology is electrical in nature. Medicine implications of electrical or energetic 
measurements can be introduced by this chapter. 
 

Criteria Medical Implication 

Amperage 
Life force measurements - cellular capacity 
Indolamine connection (see Voltametry) 

Voltage Willpower, catecholamine connection (see Voltametry) 

Resistance 
Inflammation versus degeneration - reactivity 
Medication testing (see Electroacupuncture) 

Capacitance 
Charge transfer and storage, voltage and amperage 
regulation 

Reactance ability of the body to react to medication test
Variance in capacitance, resistance that determines the 

ing 

Induction Magnetic control, voltage and amperage regulation 

Worberg's Law 
Interaction of capacitance and frequency that allows for 
medication testing 

Resonant Cancer versus nervous 
Frequency 

tendencies (see Mitogenic 
Radiation) 

Redox Oxygenation potential (see The Biological Pool) 

Hydration Water Stability (see Polymorphic Studies) 

PH, EH Proton-electron transfer (see The Biological Pool) 

Phase Angle 
puncture Fricke's law sets boundaries of electroacu

testing 
 
 
 As we pointed ou al 
ent the dire uction 

t in the Quantum Biology section, electricity as an electric
ction of, for example, your right thumb. Then for condity travels in 
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of the electron, there is will be 
pro nother 90 d 
its ctan g 
electrical phenomena. 
 logy is o 
dominated by the Synthetic Chemical Companies that there is little investigation of 
the lectric in da  decades 
val proving th earn more go to 
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Let's now explore the basis of QED. 
he theory of interaction of light with matter is called Quantum ElectroDynamics 

ry many overly complex mathematics that 

als and nutrients from the soil, to high energy electrons around 
e plant products. The animal then eats the plant and gets the energy of the 

ectrons" to make ADP and ATP the needed compounds of life. The low 
nergy ionic bonds of the minerals are converted to high energy co-valent 

er equation of life is in the next diagram: 

a magnetic field produced at 90�, and a static field 
duced at a �. This electromagnetic and electrostatic combination an

ce and from conductance is the basis for understandineffect on condu

All of bio electrical in nature. But yet modern medicine has been s

 body e ily health, But the angel has spent over three
idating and 
 website. 

e basic concept of energetic medicine. To l

 
T
QED. Simply put, QED tells us that any minuscule quantum change in a part of 
matter will involve the release or absorption of a photon. When an electron absorbs 
a photon it jumps to a higher quantic energy state. When it releases the photon it 
goes to a lower state. Also there are virtual particles especially virtual photons 
coming in and out of existence in the universe. The subject is made to appear more 
difficult than it actually is by the ve
constitute the proof of the theory. One of the simplest is that of Fermi. We start by 
just postulating for the emission or absorption of photons.  
Light absorption is the key to the process of photosynthesis. The light of the 
sun is absorbed by the plant which converts low energy electrons around the 
nuclei of miner
th
"Hot El
e
bonds in plants and animals. The mast
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Only thru QED can we start to understand life. But this proves that the 
synthetic chemicals are incompatible with the animal kingdom. Only nature 
knows the secrets of the proper energy states for the outer electrons. A secret 
the SINthetic chemical companies do not know. 
 
FRACTAL THEORY DEFEATS REDUCTIONIONISM  
 
Chaos theory gave us an enlightenment that reductionism does not work in 
complex systems like the human body. Fractal dynamics teach us that the 
reductionistic model fails in biology. 
In an overly complex closed system Fractal dynamics are unpredictable. 
Reductionism is completely invalid.  
 The Rules of a Fractal System are 1. nothing ever repeats exactly as 
before, 2. small changes can prompt very large and dramatic effects, 3. 
observer effects and the mind can have effect on a complex fractal system 
(prayer works).  Reductionism is the process of taking a complex situation 
and reducing it to simple terms. We reduce the weight of a building to a simple 
vector to calculate the strength of a support wall. Reductionism has been 
responsible for allowing us to build cars, boats, machines, etc. But 
reductionism fails in very complex situations. The human body has over 
200,000,000,000 cells. Each cell is more complex that we can presently 
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imagine in our verbal minds. This complexity makes our bodies a fractal. 
Reductionism can not work for medical analysis.  
 When the drug companies wanted to test a blood pressure medication 
they reduce the patient from the complexity of life to a simple variable, blood 
pressure. They test the blood pressure before, the pre test. Give an 
intervention, the drug. and then test the blood pressure again, the post test. 
They do not test the side effects. they observe them. This is important 
because they can only observe gross side effects and still they get by. If they 
would have tested the blood sugar, they would have found out that all patients 
taking certain blood pressure medications get some degree of diabetes every 
one of them. If they were to test all variables for side effects, it would cost too 
much to do testing. And there are not enough people to do the test for 
statistical satisfaction, There are not enough rats, There are not enough fruit 
flies. the statistics of total protection against side effects are tremendous. 
These side effects are killing not hundreds of people, not thousands, not tens 
of thousands, but millions of people every year.  
 
 
 
Scientific Principles of Voltammetric 
 TRIVECTOR Analysis 
 
1. The liquid crystal nature of the polar substance water is a well known 
scientific principle.  
2. The memory of water to retain and return to it’s crystal polymorphic shape 
structure is also well known. (This memory is destroyed by a. Heat above 55 
degrees Celsius b. Strong oder such as camphor, c. Ionizing radiation 
(X-rays). Magnetic fields can distort the shape but the water memory will 
return after the magnetic field is discontinued. This is the principle of magnetic 
resonance imaging. Water will remember it’s crystal structure and always seek 
to find it’s shape or polymorphic state) 
3. Electrochemistry (polarography, Polography, chronopotentiometry, 
volt-ammetry) are standard accepted scientific principle. of modern chemistry 
for chemical analysis.  
4. The dynamics of the chemical information transfer of hormones through 
shape receptors in the cell is the basis of all pharmacology. All hormones work 
by stimulating these shape receptors. The plasticity of these receptors has 
allowed synthetic chemistry to appear to work. Shape receptor stimulus is our 
fourth scientific principle. 
 These four well known scientific facts offers us an explanation for 
understanding and proving high potency homeopathy as a medical treatment. 
This science also offers us a superb homeopathic quality control procedure. 
Now homeopathy can be proven, tested, understood, and defended with these 
scientific principles. 
 
SINTHETIC FAILURE 
 
Our society has rejected synthetic foods. Society has tried the synthetic 
experiment and it failed. The synthetic foods made cancers and diseases. We 
will not choose them from a menu, we will not buy them from the shelve. We 
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know from the gourmet that the finest quality is always from the natural. Thus 
is undoubtable. It is just a simple step of intellect to see that it is also true 
about our medicines as well. 
 
In the IJMSH of 2009 there is an entire issue of the failure of the FDA to protect 
people from these side effects of synthetic drugs. I spell it SINthetic. It is a sin 
to kill so many in the name of profit and ignorance, Ignoring the benefits of 
natural medicine is ignorance at it's ultimate ignorant best. All justified by 
reductionism. A science not used today by anybody but medicine. The 
reductionistic methods of drug testing are killing millions and wounding many 
many more. But big money is hard to beat, especially when there is 30 billion 
spent by the drug companies on political lobbying alone in America. Fractal 
non-linear science has stepped forward to help us understand medicine. 
Synthetic Chemistry is polluting, corrupting and poisoning our bodies and 

ce is always proud and feels that today we know enough to 

hen it was developed in the 1920’s, quantum mechanics was viewed 

uring the last century, traditional medical and philosophical practices, such 

ith massive public pressure to support research of safer Complementary 

the world. They now have SINthetic patents on living things such as bacteria 
and animals. A toxic chemical has a half life and will gradually be destroyed. A 
toxic organism however will proliferate and grow maybe to destroy our 
existence. 
 Scien
duplicate nature. To make synthetic foods etc. in the next few years new 
discoveries will tell us that what we did the last few years was wrong and silly. 
But then the scientists make the same mistake they have made for the last 
centuries. We do not know enough to duplicate nature and thus we should 
bring humility back into our science and especially our medicine.  
 
W
primarily as a way of making sense of the host of anomalous observations at 
the level of molecules, atoms, and subatomic particles that could not be 
explained in terms of older mechanical models. Now, in the 21st century, most 
physicists are confident that quantum mechanics is a fundamental and general 
description of the physical world. Indeed, quantum ideas are now being 
applied to understand the workings of consciousness, environment, 
electromagnetic field interactions, low-dose healing effects, non-local 
phenomena, and many other observable phenomena that are unexplainable 
with an outdated mechanistic world view. 
 
 
 
D
as Traditional Chinese Medicine, acupuncture, Qi Gong, Tai Chi, meditation, 
homeopathy, naturopathy, and mind-body techniques considered “esoteric” 
by the scientific establishment, have been largely ignored while the world’s 
attention was focused solely on drugs, surgery, radiation, genetics, and other 
invasive and reductionist approaches. Approaches that make money for the 
synthetic chemical cartel. But these synthetic therapies are failing. One by one 
the synthetic pharmaceuticals are being discredited.  
 
W
and Alternative Medicines (CAM), and with athletic communities seeking 
effective drugless performance advantages, significant funds are moving in 
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those directions. Quantum physics and non-linear mathematics are providing 
scientists with better models for understanding complex systems and subtle 
interactions, like mental, emotional, environmental, and electro-physiological 
interactions in the human body. With new ways of measuring and verifying 
energetic and quantum events and their effects on health, disease, and 
performance, scientists are re-igniting interest in traditional healing 
techniques, and the field of subtle-energy medicine is emerging.  
 
One of the most exciting and promising fields of CAM involves 

he purpose of this article is to introduce modern advanced biofeedback, one 

ROOF OF THE INCOMPATABLITY 

. Quantum ElectroDynamics has proven that just putting the atoms such as 

athematics has shown us that 

hese synthetic chemicals are incompatible and 

 of medicine. 
 killers. Over a million 

bioelectromagnetics (BEM)—the study of electromagnetic fields (EMF’s) and 
their biological effects. Based largely on biofeedback principles, BEM 
diagnostic and healing devices are well entrenched in mainstream medicine 
already, but scientists are really only beginning to realize the practically 
limitless potentials that this field offers. 
 
T
of the fastest growing areas within the field of BEM, and provide supportive 
evidence for its use with Olympic-level athletes. Focus is given to the most 
advanced biofeedback energetic medicine technology, the EPFX 
(Electro-Physiological-Feedback-Xrroid) or also known as SCIO (Scientific 
Consciousness Information Operating System), which combines 
mind-body-spirit-social-enviro interaction training with a methodology of 
applying micro-currents at various frequencies to the body, measuring 
feedback, and utilizing the resultant information for stress reduction, 
education, behavioral modification, and self-adjusting cybernetic correction 
(an historic innovation exclusive to the SCIO). 
 
P
 OF SYNTHETIC COMPOUNDS 
 
1
calcium or copper in it’s place in a compound is not enough. Plants through 
photosynthesis and QED place the electrons in the correct places of energy 
etc. Synthetic chemistry does not do this at all. Geeks fear the word Quantum 
for it implies expansive thinking. 
2. The realization of Fractal and Chaos m
reductionism has failed as a technique for safety and efficacy of new 
drug. The side effects are not measured but just observed and thus are not 
fully controlled. 80% of drugs FDA credentialed involve payout to FDA staff. 
The amount of profit potential is incredible. It takes many years to find out just 
how much damage a drug does. Every year many drugs are removed from the 
market place because they hurt people. New drugs are put into place and the 
cycle renews.  
 The truth is that all of t
potentially dangerous to the human.  
3. Allopathy does not work as a form
4. Doctor prescribed drugs are one of the most prolific
die each year from Doctor prescribed drugs. Millions more are weakened or 
sickened from synthetics. Sometimes the disease causing effects of synthetic 
medicines take years and decades to demonstrate. 
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5. The social experiment of synthetic chemistry is over. We have had 

 should at least be a matter of 

SYCHO-SOMATIC and SOMA-PSYCHO DISEASE 

edicine was shocked to see that there was indeed a set of diseases that 

onal disturbances 

volvements from psycho-somatic 

 integral 

HE END OF DEGENERATIVE DISEASE 

One of my jobs as the angel of God is to bring an end to degenerative 

g people in the world today is number one: Big 

synthetic chemistry foods and medicines for almost a century. The verdict 
should be clear. Synthetics are not compatible with a human and they are 
all dangerous. Only people who make money from their sale or are trained 
only to use them would argue. Our society now knows to not choose synthetic 
foods, to not use synthetic things. We know that the finest quality is from 
nature. The gourmet uses natural ingredients, not synthetic. Our society 
realizes this for our foods now. But the geeks do not want them to think that the 
same is true for our medicines.  
6. At the very least, in the smallest manner, it
opinion and a freedom of choice for informed consent for any use of a 
synthetic medicine. But small minded geeks hate freedom and struggle with 
expansive minds. Synthetics are reductionistic and thus small minded people 
love reduced things. Natural medicines and homeopathy do not make much 
money and thus have little funding. 
 
P
 
M
were psycho-somatic. The mind can effect the body. The largest type is the 
stomach ulcer or other gastric disturbance. Here stress upsets the 
sympathetic nerval balance versus the parasympathetic.  
There are also soma-psycho diseases such as when horm
produce mental abnormalities. Medicine was shocked at the proof of this. But 
this threatened pharmaceutical sales.  
 As time goes by the list of possible in
and soma-psycho disease grows and grows. Till now there is overwhelming 
evidence that there is mental involvement in over 80% of disease.  
 Stress detection and stress reduction then become an
component in disease care and thus health care. There is an overwhelming 
evidence for a Psych-Neuro-Immuno-Soma link this is so well documented as 
to be an irrefutable fact. But still some over fastidious small minded geeks will 
reject this truism. In the PNIS issue of the journal we see more collective 
evidence. 
 
T
 
 
disease as a predominant killer. To do so has taken a lifetime of dedication 
persecution and violent attacks from so many places. First we must confront 
the failure of the FDA to protect Americans from degenerative disease. Let’s 
review the largest killers. 
 What’s really killin
Tobacco. This is the number one killer. David Kessler was the head of the 
American FDA in the 1980's. And when I met Kessler at an FDA meeting he 
was going to do his job to protect the public. I met him at a meeting in Salt Lake 
City, Utah and he said he wanted to go after the most major risk to health, 
smoking. That his job was to protect the American people, included that he 
should go after big tobacco and to clamp down and to make sure that the 
people were protected. He was denied that. He was stopped from doing that. 
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He quit the FDA, unable to do his job, as he said. Big tobacco is killing over a 
million people a year. 
 The next leading killer is factors that is related to Big Sugar, Big 

ugar

 enter the cell for 

t. A 

g 

ey make up the cell membrane of all 
f our

in degenerative disease. And this is also another 

drugs. The 

otive of Blind Greed is the 

S  for it’s corporate name. As people who get bad sugars and bad oils, 
trans-fatty acids and cooked oils. Factors of bad nutrition in America are 
making people sick, producing blood sugar problems, producing obesity, 
cardiovascular problems, and many, many things that the FDA could also 
effect. Limiting trans-fatty acids, making good sugars( Left handed Fructose), 
rather than bad sugars(right handed Dextrose).  
 The body needs right handed sugar (Blood Glucose) to
energy. Right handed sugars such as sugar cane, beet sugar, grape sugar, 
corn sugar are right handed and they enter the cells too fast. This produces fat 
more easily, hyperglycemia (mild addiction) and then hypoglycemia (mild 
depression). This puts a burden on the pancreas, the eye and other organs. 
There is also a well documented negative effect on the immune system from 
dextrose. If you use chemicals to strip a way vitamins and minerals to make 
the sugar white, and it gets even worse.  
 Fructose revolves to the left and needs to be converted to the righ
process that takes time and thus allows for a more smooth delivery of the 
glucose. Less fat, less stress on organs, less craving, less depression, less 
blood sugar fluctuations. More hormonal and enzyme production thus it is an 
anti-aging therapy. Use fresh fruits as a sweetener, it will change your life. 
 Crazy food additives that have not been fully tested add to the food and dru
problems. The synthetic foods and drugs have failed. Our society has learned 
to avoid and mistrust synthetic foods. We will not order them on a menu or buy 
them of the shelf. We have learned to be chemi-phobic. We know that 
synthetic foods create cancer and disease. Our society must learn that this is 
true of our medicines as well. 
 Our body needs good fatty acids. Th
o  cells. Stress sets them free. Cooking destroys most fatty acids. Meat 
and potatoes contain very little. In fact the fatty acids from an animal are 
saturated. Fresh and raw vegetable and unheated vegetable juice are the best 
source.  
 Bad food is a problem 
industry the FDA is not attacking that the FDA is not doing their job to protect 
the human beings of America. Big Sugar and cholesterol are leading to 
diseases that are killing over a million people a year. 
 In the next category is allopathic doctor prescribed 
medical doctor prescribed medicines are the third largest killer of people 
Big Pharma. Big pharmaceuticals are killing in the neighborhood of some 
600 – 700 thousand people a year. If you read Gary Null’s books he makes a 
good case for well over a million. By all of these statistics, Big Tobacco, Big 
Sugar, Big Fast Food, and Big Pharma, collectively Big Money they are in 
the neighborhood of directly 3 million deaths a year in America alone and 
possibly 10 million complicating factors creating an incredible burden on the 
health care system.  
 Big Money and the Ultimate Profit M
culprit. Primary and secondary Deaths from Big Money total over 5 million a 
year in America alone. But that is a mortality statistic, if we evaluate morbidity 
and the erosion of health from Big Money we see that there is possibly one 
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tenth to one fifth of the population being effected in negative ways. In other 
words degenerative disease is over 90% a factor of Big Money. 
 But the lobby groups of Big Money are so persuasive and powerful and 
those that attack them are violently attacked such as myself. Rather than go 

isease is a stressor.  
ajor

N 
 

ACT RS (GREED, ANGER, DELUSION, ARROGANCE ETC)  

  
    

S, WORMS, ETC.)  
GY (HE , COLD, WIND, DRYNESS, RADIATION 

 

EALTH is EASE of Flow in the body 
HEN ENTER STRESSOR (TOXIN ETC)-enters produces Dis-EASE 

 symptoms are the alarm 

 function 
   

ath 

te s and the 
ymptom goes away. The person adapts to the Dis-EASE of flow. The 

ne. Allopathy is the 
 basis of all modern medicine. 

after a problem, if the problem makes money, the geeks will attack the 
messenger, anything but listen to the message. Can we then ever get rid of 
degenerative disease? 
 We need to embody a new theory of health care. The Hans Selye theory 
tells us that the cause of d
M  stressors include these stress categories: 
Internal causes 
1. LACK OF AWARENESS OR LACK OF EDUCATIO
2. STRESS   
3. HEREDITY  
4. MENTAL F O
5. ALLERGY  
 External causes   
1. TOXICITY  
2. TRAUMA INJURY
3. PATHOGENS (MICRO-ORGANISM
4. PERVERSE ENER  AT
ETC) 
5. DEFICIENCY OR EXCESS OF NUTRIENTS    
 
 
 
H
T
1. ALARM = Reaction to a stressor
if stressor continues then 
2. ADAPTATION = symptoms go away as we adapt 
if stressor continues then 
3. EXHAUSTION = the stressors burden the organs 
if stressor continues then 
a. FUNCTIONAL = first the stressors effect the organ
if stressor continues then 
b. ORGANIC = then the organs start to swell or shrink 
if stressor continues then 
4. DEATH = cellular, organ, organ system, organism de
 
In S p 2 the Adaptation state, we see that the stressor continue
s
Symptoms go away. The person continues to get sick. And we come to the 
most important thing for all of medicine to know: 
Being Symptom Free is NOT an Indicator of Health 
You can be really sick and symptom free. 
 Symptoms can no longer be a basis for medici
medicine of symptom reduction it is the
ALLOPATHY DOES NOT WORK AS A FORM OF MEDICINE. In a survey we 
did in America the current medical doctors do even know that they are 
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allopaths. They see symptoms not as a sign of disease they see symptoms as 
the enemy. They attack them.  
 In order to live we must detox and then nourish. Everyone has a toilet. 
Our major detoxes include stool, urine, sweat, breath, skin, menses, hair, etc. 

t and the doctor was going to give her baptize 

 get diarrhea would the doctor sew up your ass. 

. This form 
f medicine is a more true form of health care where now a days medicine is 

I have spent a life time trying to build an educational system and a 
rogram to make health care more available the Nelson Method of medicine 

f Disease 
. Repair the organs weakened by the Causes 

y, nutrition, Oxygen, waste FLOW 
re resorting to Synthetic 

 system to 
se the advances in science such as electronics, fractal chaos and Quantum 

tely tested, safe, 

e poor children to resorting to drugs and crime. 

in an ever increasingly toxic world we should expect more detox. Excess stool, 
urine and if there is any excess or irregularity of detox the medical doctor will 
attack the symptom. 
 A friend of mine a young girl age 18 was going to the doctor one day. 
She said she had too much swea
shots to stop the sweat. I told her that the sweat is natural for a person under 
stress of growing and making life decisions and if you eat too much pig and 
bad food. 
 But the medical doctor was only concerned with blocking the symptom. 
And I asked her if you
Allopathy does not work and is a great problem in medicine. 
 
We can see the importance of stress detection and stress reduction
o
much more positioned at the end of this scale. In other words a heroic 
medicine, a disease care system designed to stop you from dying. 
 
 
 
 
 
 
 
p
is as follows.  
 
1. Reduce the Causes o
2
3. Unblock the Blockages to energ
4. Treat the symptoms with natural means befo
5. Balance the metabolic typing or constitutional imbalances  
 
The next step is to design a system to work with the body electric. A
u
Electro Dynamics. A new style of much more modern medicine. A device to 
find disease at the earliest level and reduce it.  
I have been able to make such a machine in 1985, legalize it in 1989, sell it 
around the world in compliance fashion. It is comple
completely tested, and effective. It works and it helps people in many different 
ways. There have been over one hundred studies published on the Device the 
EPFX / SCIO.  
 The frustration of lack of education and the lack of opportunity it 
conveys, leads many of th
Addiction develops and spreads. Equal Economic Education will also help 
the society reduce degenerative disease and the costs it incurs. As well as 
when there is better education there will be more intelligent selection of foods 
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ing reduce degenerative disease. If we 
an see the problems of Big Tobacco, Big Sugar, Big Pharma and just how the 

, recognize that this is the 

r 

w stressor reducing 

ooked or saturated. Eat good oils from fresh and raw 

ack 

the need for an energetic medicine to safely evaluate the 

e cases when the natural remedies 

ith these social changes degenerative disease could be so greatly reduced 
 allow for an inexpensive medicine. 

es. 

and the ability to resist drugs.  
 
 I have dedicated my life to help
c
medical community fights any change. I have dedicated my life and intellect to 
make a new system of medicine and the tools to do it with a system that is safe 
and effective. But instead of me being applauded for the work that I have done, 
I am attacked. I am vilified.  
 As you read the EPFX / SCIO testimonials you will see incredible 
results. As you read these testimonials, these stories
tip of the iceberg. Is that we have been hearing these stories for 20 years. The 
wondrous stories of how people’s lives have been changed.  
 So to end degenerative disease we must  
1. Make Big Tobacco pay for the damages they incur 
2. Make Big Sugar pay for the damages they incu
3. Make Big Pharma pay for the damages they incur 
4. End Allopathic philosophy and develop a ne
based medicine 
5. Avoid Bad sugars white processed. Eat Good Sugars from fresh fruit, 
Avoid bad oils c
vegetable and uncooked low temperature made oils. 
6. Equal Economic Education- and a new medical education based on 
natural 
7. Safe forms of early intervention medicine such as energetic 
biofeedb
8. Recognize the powers of the mind such as in the EPFX/SCIO system.  
9. Recognize 
body electric and balance the aberrations of the body electric. We need 
to use a more modern medicine utilizing the body electric without 
emphasis on synthetic chemistry.  
10. Recognize that the SINthetic experiment has failed and we should be 
using the synthetics only in extrem
fail. Quantum ElectroDynamics has further proven the problem of 
synthetic chemistry. 
11. Allopathy does not work, we must adapt a safer and more extensive 
theory of medicine. 
 
 
 
W
to
This text is just an introduction and if you want to know more go to the medical 
journals or the books or even the movi
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William Nelson or Desiré D. Dubounet as most know 
her, is a legend in her own time. With over 60 books 
on medicine, over 200 medical articles published in 
peer reviewed medical ISSN journals, over 35 mov-
ies, three 24/7 TV channels, 2 radio stations, and a 

host of other publications, Desiré is one of the most important 
and influential persons of the new age. The courage to stand 
up and prove that all synthetic drugs are incompatible with the 
human body. The intrepid pluck resolution to let the big head 
choose her sex not the little head’s presence. Desiré is one of 
the most courageous people alive today. It is a constant bat-
tle against the small and petty minds to fight for freedom and 
awareness. A modern day warrior fighting for rationality in an 
ever increasingly stupid and judgmental world, Desiré fights on 
against all who live in false belief. False beliefs are the hardest 
to release.

 With over 5 patents, 10 trademarks, thousands of copy-
rights, and a host of other leading edge changes to help natural 
medicine, Desiré is now a Professor Emeritus of Medicine at the 
International Medical University. IMUNE is Registered in the 
British Virgin Is. And the Isle of Mann, accredited internationally, 
recognized by the U.N. and the E.C. there are IMUNE offices in 
Switzerland, Mexico City, Beijing and Romania.
 Desiré won the Beethoven prize for intellectualism in 
1990. The Who’s Who man of the year in 1991, and women of the 
year in 2001. Doctorate degrees in Medicine, Counseling, Acu-
puncture, Homeopathy, Naturopathy, Corporate Wellness, Inter-
national Law, and Quantum Physics and Biology constitute just 
some of her educational experience. . 
 Desiré was licensed to treat and diagnoses patients in 
Ohio, and is now licensed internationally as a medical doctor. She 
has directed produced, written and stared in over thirty movies.

 Desiré established the proof of homeopathy in the 
USA. She personally made homeopathy legal in Hungary. She is 
known as the father of modern Homeopathy in Pakistan. She 
is known as the mother of current Superlearning. She person-
ally registered the acupuncture needles as medical equipment 
in the USA. Made patents in homeopathy in the USA and Ireland. 
She has been nominated for the Nobel prize in medicine over ten 
times. Dr. Bill Nelson was proclaimed the greatest intellectual 
of the 20th century. But now Desiré is eclipsing and displaying 
greater genius.
 Desiré has developed a new and exciting style of mov-
ie making that has Hollywood shaking in fear. Her Intellectual 
Angel Movies are a fantastic unprecedented and inventive style 
of movie aimed at the sophisticated intelligent audience. De-
siré has the courage and fortitude to make over 35 movies that 
challenge the system and the powers of big money. She has 
defined and elucidated the evil of the Illuminatti in her mov-
ies. As Einstein once said “great spirits get incredible resistance 
from mediocre minds”. Judging from the petty trivial critiques 
and biased twisted criticisms it can be said that Desiré must be 
one great spirit. Her courage, intrepid spirit and clarity of mind 
are legendary.
 Desiré was awarded the first prize in a contest of Car-
diologists in Florida in 1989. Medical Doctor of the year in 2003, 
and voted best Healer of the year in 2005. Often called the most 
eminent Doctor and Naturopath alive today. She has become 
the world’s most famous expert on Natural and Energetic medi-
cine. The story goes on and on this is just a brief set of the ever 
growing legend and saga of Desiré D. Dubounet. 
 As Desiré says the past is not, real the resume is just 
an illusion. The power of the mind must stand on it’s own. The 
petty mind can come at you from any angle and the only de-
fense is steadfast dedication to the truth.  When you read or 
watch her scientific journals, clinical studies, advanced scien-
tific papers, medical discussions, philosophical essays, social 
themes, and intellectual movies you can see a world class ge-
nius. Petty minds will say that it is too good to be true, well 
Desiré is so true to be good.
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www.leftv.com

www.tmttv.com

www.desifm.net

www.nemkellhazudni.com

www.imune.net

www.changetheworldproductions.com
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Big Sugar

Big Tobacco
Big Pharma

Big Media
Big Banking

Big Money

Go to http://imune.name to learn and to get your course materials. You could get a Doctorate in 
Wellness and an international or accredited European professional qualification in neurophysiological 
bioresonance and biofeedback.

The Tassel is worth the Hassel. In a world so concerned of Wellness can be 
yours in just 12 months of Home Stury, a simple 
thesis, a practicum and four days of monitored 
supervised contact.

Big Tobacco, Big Sugar, Big Pharma, Big Oil, and Big War 
Industry are exempt from lay and they kill and injure, maim 

and cripple in the name of profit. They seek to control and 
dominate medicine to further build their profits.

Their money controls governments, regulators, and the small 
minded media. The Ultra Rich Master Echelon Computer now sees 
and hears all the things we say, write, and do. Rights of privacy are 
gone worldwide. They have taken away our rights of free speech.

The Ultra Rich control the media and refuse to tell stories 
that expose or offend the Ultra Rich Power. They control every 
movie that gets distribution, every song that hits the radio, 

everything that is put on the world news. They use science and 
psychology to control and manipulate the minds of the masses.

But medicine is controlled by Universities that teach medicine. 
There is now one university starting to defend Natural Medicine. 
IMUNE has a new 12 month home study course that can 
be bought with Karma and you can learn how to do natural 
medicine and how to break free from the Ultra Rich control.

12 month
home study courseimune

Well, the game of Reality Monopoly is still being played all over the 
world. One percent of the world’s population is winning and now 
controls over 80% of the wealth. The law allows the game to continue 
till we will see one winner and 6 billion plus losers
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