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Oil platforms in the North Sea
(2007)
982 oil and gas platforms in the 
North Sea. (drilling, service, etc) 
Great Britain and Norway 
own the majority of the oil and 
gas platforms, namely 590 and 
193 respectively. 

The Netherlands:  143 platforms 
Denmark: 53
Germany: 3.



Environmental challenges in oil & gas

• Decrease/optimize the amount of chemicals e.g. 
methanol and glycols (CPA, SAFT)

• Use more environmentally friendly chemicals e.g. 
antifreeze proteins

• CO2 – CCS

Photo: Petrobras



SmartWater project

How injection of water of different salinity or other chemical modifications
can improve oil recovery

• Experimental: wettability alteration of the 
rock – effect of reservoir type

• Experimental: displacement experiments

• Experimental: oil-water interactions, 
emulsions

• Modeling: Flows in porous media with 
chemical transformations

Alexander Shapiro
Kaj Thomsen
Philip Fosbøl

Mærsk
DONG 

Collaboration with DTU-Byg and DTU-Kemi



The book I read during Summer 2013vacations

”The most significant scientific discovery of this century”
”The most interesting science book I’ve ever read”
”As good as a Dan Brown novel”



Outline

• Water (thermo) physical properties
• Water structure and hydrophobic effect

• 1. Monomer fraction data (Experimental)

• 2. Association thermodynamic theories
• Monomer fraction calculations from theories

• 3. A new theory and a new insight
• Conclusions



Lecture messages:
The mystery of water’s structure and 

water’s monomer fraction

• Water is one VERY strange molecule

• Water’s ”experimental” monomer fraction data

• Thermodynamic theories against ”experimental” 
monomer fraction data (XA)

• New theory links dielectric constant with XA resulting 
to alternative ”exper.” XA-data

• How do thermodynamic theories compare to new 
theory’s ”exp” XA-data ? 

• Do all these give us insight into water’s structure ? 



What really matters is the hydrogen 
bonding!

8

potential energy r-6 (charge-dipole)   r-2



Hydrogen Bonds Dominate Properties

Molecule MW Dipole 
Moment (D)

Tb ( oC)

Ethane 30 0 -89

Formaldehyde 30 2.3 -21

Methanol 32 1.7 64

n-butane 58 0 -0.5

Acetone 58 3.0 56.5

Acetic Acid 60 1.5 118

n-Hexane 86 0 69

Ethyl propyl 
ether

88 1.2 64

1-pentanol 88 1.7 137

Israelachvili, 1985. Academic Press



Water is a Liquid !!

http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch14/liquids.php

http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch14/liquids.php
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Water is a VERY strange molecule!

http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch14/liquids.php
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Water – 3D structure

The Physical Picture of Water HB Structure

H2O – liquid

H2S – gas

CH4 – gas

Why ?

0.1 nm

0.176 nm << 0.26 nm (vdW radii)



Water has a high heat capacity

Cp=4.184 J/(g.K) [room T] – it takes a lot of time to warm up and cool down !

Why is Europe
warmer
Than
Northern
Canada ?

Gulf stream + 
Water salt content +
Water heat capacity



Water has a High Surface Tension value
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Water ! High surface tension or what ?

”Jesus Christ” lizards in Costa Rica

Surface layers are less than 1 nm thick

Something more significant than a few extra bonds in thin film seems necessary
to account for water’s unusual surface properties ? (G.Pollack, Ch.16)

Photos from G. Pollack Book ! 



Science News – On Line, March 1, 2003 Scientific American, Sept. 2003

Johannes M. Holmgren & Johan M. Persson 
M.Sc. Thesis (Lund, 2008)

Super hydrophobic surfaces – simply absence of hydrophilicity ? (Pollack)



Water is not just the medium

Pure Water Water with Salts 
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Presence of ions decreases the 
static permittivity

Ion hydration shells are formed by 
e.g. water surrounding the 
molecules

Primitive models: solvent is a 

dielectric continuum – not 

explicitely treated, only

via its dielectric constant and 

density
Bjørn Maribo-Mogensen



Anomalous dielectric constant of water

Israelachvili, 2011



Water has very high solubility parameter

Solvent Sol.Parameter Polymer Sol.Parameter

MEK 18.5 Teflon 12.7

Hexane 14.9 PDMS 14.9

Styrene 19.0 PE 16.2

Cyclohexanone 19.0 PS 17.6

Acetone 19.9 PMMA 18.6

CCl4 17.6 PVC 19.4

Water 47.9 PET 21.9

Toluene 18.2 PAN 31.5

Solubility Parameter Values in (J/cm3)1/2

”Like” dissolves ”Like” V

RTH
c

vap 


2/1
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But still universal solvent ! (salts,…)



Water has a low free-volume – in the polymer range

Elbro’s free-volume
Vf=V-Vw

Solvents

Polymers



Water – an uncomparable molecule

water density versus temperature
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Full of hydrogen bonds
and much more …

High Tb, Cp

High
Polarity (?)

Very high
Dielectric
Constant

And
Surface
tension

4 C maximum

Tetrahedral structure (4 neighbors/molecule)
Coulombic-type hydrogen bonds – not quasi-covalent

More open
Tetrahedra in ice

More dense 
(broken) tetrahedra in
liquid



Water density anomalies

F.Mallamace et al., 2007, Proc.Natl.Acad.Sci., 104(47), 18387 (MIT)

Maximum
(277 K)

Minimum
(203 K) – also
From MD simulations

Use of
Monomer
Fraction
Data
At all T
(see later)

Scattering
Raman
FTIR
measurements



Oil and Water don’t mix !
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Razzouk et al., 2010
J.Chem.Eng.Data, 55: 1468

Water-hexane LLE

The minimum of the HC solubility in water



Why don’t they mix ?

Prausnitz et al., 1999
Gill and Wadso, 1976

An entropic effect

Almost equal to the water-HC interfacial energy

= -



More structrured water in mixture!

Water alone
5 nearest neighbors

3.0-3.5 H.Bonds/molecule

Water + alkanes

Water MORE structured !

4 H.Bonds/molecule
3 H.Bonds/molecule in water-methanol

Water molecules stick together when the enemies appear !
Water molecules simply love themselves too much !
Water structure more important that the HBs !

Source: Israelachvili, Dixit et al., 2002 (Nature)

Alkane-alkane interaction
Also very strong >> vdW forces in free space
(hydrophobic interaction, ”bond”!)
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The micellization process – an entropic phenomenon 
(understood via the hydrophobic effect)

Surfactant Gibbs energy change 

of micellization 

(KJ/mol)

Enthalpy change of 

micellization 

(KJ/mol)

Entropy change of 

micellization (J/K mol)

SDS -21.9 +2.51 +81.9

C12E6 -33.0 +16.3 +49.3

Dodecyl pyridinium 

bromide

-21.0 -4.06 +56.9

N,N dimethyl 

dodecyl amine oxide

-25.4 +7.11 +109.0

N-dodecyl-N,N-

dimethyl glycine

-25.6 -5.86 +64.9

Disorder Eventhough We Create Micelles ?

STHG 



Micellization is (almost always) an entropic effect, i.e. the driving 
force behind aggregation of surfactant molecules is a large 

positive value of entropy of micellization! Why ?

Water alone

Water + surfactants

Water + micelles 

The protagonist Is WATER !!

micelles

Did 
Water
Remember ?

DS

DS



More maxima and minima in water properties
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http://www.lsbu.ac.uk/water/anmlies.html
Diffusion vs. density
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https://mail.win.dtu.dk/owa/redir.aspx?C=PDaVre2Js02vtR2TBaShpq3-i688d9AI3kIH5r-1N4VNSwACVIsi6qQ1yLY1QcbygCmfvkuUAEg.&URL=http://www.lsbu.ac.uk/water/anmlies.html


Is all water the same ?

Natural water from Venezuela 40 000 more active than ordinary water –
analyzed by Russians biophysicists 

Water structure – water from country of origin – water not the same in all places in 
Earth

”Dead water”  vs. Natural pure water from fountains (Dr. Korotkov)

Any good for ”Frappe” ?



”Holly water”, ”Energized water” – do they really 
exist ?

http://www.johanngrander.com/

Johann Grander’s ”revitilized water”

Decorated in Austria

Bread rolls are fresher
Coffee tastes better
Use in air conditioning units
In Austrian Casino
….

Imported and used in Denmark in farms,
By gardeners, and…

http://www.johanngrander.com/


Debated Grander water – Topsøe and Danisco 
also use it ?

• http://ing.dk/artikel/meta-science-vanvid-om-vand-120253

• http://ing.dk/blog/meta-science-uforklarlig-forklaring-126988

• http://ing.dk/artikel/dtu-professor-topsoe-og-danisco-til-grin-med-
informationsvand-122709

• http://ing.dk/artikel/topsoe-og-danisco-jubler-over-rensende-
mirakelvand-122331

• http://ing.dk/artikel/nysgerrige-danske-forskere-vil-teste-mystisk-vand-
117658

• http://ing.dk/blog/vand-med-hukommelse-107016

• http://ing.dk/artikel/importor-af-mystisk-vandteknologi-kildevand-bliver-
behandlet-med-naturmagneter-117616

• http://ing.dk/artikel/uforklarlig-vandteknologi-mystificerer-topsoe-og-
danisco-117567

• http://ing.dk/artikel/ved-stuetemperatur-68350

Very Amazing Discussions



Theories about water : ”The water memory debate”

French scientist Jacques Benveniste  (80’s)
Water seems to retain information from the molecules it interacted
– ”water remembers”

Based on experiments with biologically active substances 
Water still has biological activity even after all biological molecules 
have vanished (full dilution + vigorous agitation!)



”The water memory debate” – cont’d. Nature is upset



”Gas hydrates” by water molecules around small 
dissolved nonpolar hydrophobic molecules

Israelachvili, 2011

Water can 
Participate in up
To 4 H-Bonds

More ordered
Water than in
Bulk liquid



Gas Hydrate Formation and the Memory of Water

” It is widely accepted [1-4] that it is easier (faster) to make hydrates from water that 
has previously been in hydrate form rather than directly from fresh water – i.e. if you 
place gas and water under pressure and cycle the temperature up and down to melt 
and reform hydrates, each subsequent temperature cycle downwards will form 
hydrates more quickly. In fact this is used as an experimental technique to run through 
experiments faster (this phenomenon is termed “memory water” by researchers in 
this field, although the term has none of the negative connotations of this idea in 
other branches of water science)” 

Nicolas von Solms

Why on earth does this happen ?

Ack. Nicolas von Solms

Google: ”Water memory in gas hydrates”. 2 million hits – and heated debate !



Professor
Madeleine Ennis

Tried to disprove
”water memory”
Once and for all
And her results
Showed the exact
Opposite !

”If the results are
Real, she says,
We may need to
Rewrite physics
And chemistry”



Fights about water memory

Martin F. Chaplin (London South Bank U.)
”The memory of water: an overview
Homeopathy, 2007, 96, 143

”Benveniste’s idea
sadly makes no sense
It is a kind of desperation

If H.Bonds are lasting
Only a picosecond
Before they break and
Reform, how on earth
Is the shape going to
Be maintained”?

Philip Ball
2011 Talk to
Royal Society of Chemistry



Explanations for water memory?

Homopathy, 2007, 96, 143

Four very passionate articles on water memory

Yolene Thomas, 2007. The history of the memory of water. Homeopathy, 96, 151

Jose Teixeira, 2007. Can water possibly have a memory? A sceptical view. Homeopathy, 96, 158

V. Elia et al., 2007. The ”Memory of Water”: an almost deciphered enigma. Disspative structures in
extremely dilute aqueous solutions. Homeopathy, 96, 163



Four articles, Same year (2007) – Four opinions ?

Article Main Messages

Martin Chaplin, UK No such material as pure water exists
Liquid water always contains other species such as H+ ions
In the absence of other materials and surfaces, the HB 
pattern surrounding a solute does not persist when the 
solute is removed
Numerous ”water memory” stories e.g. gas hydrates, etc
Many explanations for the phenomenon, see previous slide
Glass tubes and dissolved silica is one good explanation
The effect of shaking can be significant

Yolene Thomas, France Very emotional – in favor of J. Benveniste
Refers to Eni’s work, L. Rey and others who have ”proved” 
water memory
Digital Biology story – very exciting story !  But …



Four articles, Same year (2007) – Four opinions ?

Article Main Messages

Jose Teixeira, France Quite critical
No water clusters at all ! Except for micelles
(surfactants)
Any structure has a life of ps order (10-12 s)
Presence of other molecules or dissolved gases
can explain some of the phenomena
Water is not pure water – full of impurities, what
else is there in the so-called ”dilute” solutions ?

V. Elia, E.Napoli, R. Germano, Italy 10 years of experiments proving water memory
due to structuring and non-equilibrium status
(Also many refs to others’ work, ”proofs”)
Impurities have an effect but not the full
explanation
”within the solutions are molecular clusters of 
water molecules with HBs far from equilibrium
conditions”

Water Memory = 463 mil. Hits in Google !



Water structure – A big mystery

• Diverse models for water structure

• Complex – ”even water scientists occassionally have 
difficulties understanding one another’s theories” 

• Most share a common feature: multiple states

• Martin Chaplin (London South Bank U., UK) web-site 
on water: http://www.lsbu.ac.uk/water/

• Rustum Roy et al. model

Ref. G.Pollack

http://www.lsbu.ac.uk/water/


Water – an enduring mystery

• Article in Nature by Philip Ball (2008, 452, 291)

• Lars Pettersson, Anders Nilsson et al. theory in Science (2004, 
304, 995) :  

• ”Molecules in liquid water bind on average to just two others, 
forming chains and rings” (‘string theory’) 

• ”The tetrahedral structure is not the only way to interpret
previous data on water structure from X-ray, neutron 
scattering and IR. The string model fits the results too, they
say”

• ”Two-state model with both classical tetrahedral structures
and chain/rings ones with denser & fewer hydrogen bonds”

• ”Cold water contains microscopic icebergs in a fluid sea” 
(Wilhelm Rontgen, 1982) and similar two-state models later
(Henry Armstrong in 1920s, Oleg Samoilov in 1940s, Wilse
Robinson in 2000)



How the Sweds see water

Y.Zubavicus and M.Grunze, May 2004. Science, 304, 974

Liquid water consists of 
Structures with two strong
Hydrogen bonds of each molecule
To its neighbors, resulting in water
Chains and rings

80% form 2-H bonds in Liquid water
Rather than three or four as 
Assumed in most water-related
Studies

Liquid water resembles top ice layers

More: Chemical Physics Letters
(cover/frontiers article), 2008, 460: 387



Fights in the pages of Science

• Smith et al. [group of Richard Saykally, U.California, Berkeley], 
October 2004, Science, 306, 851 ”Energetics of hydrogen 
bond network rearrangements in liquid water”:  No way! We 
have tetrahedra, Only 10% HB broken – they have 
misintrepreted the data

• Nilsson et al., May 2005, Science, 308, 793a. Comment on 
”Energetics….”

• Smith et al., May 2005, Science, 308, 793b. Response to 
Comment on ”Energetics…”

• My conclusion: Different interpretation of the same 
spectroscopic data ?

• More evidence for two-component water structure using 
femtosecond IR spectroscopy (Woutersen et al., 1997, Science, 
278, 658)



1. The experimental (?) monomer 
fraction data

• The data are shown in the next slides:

• Luck’s ”famous” data (1980)

• More data by other researchers – qualitative
agreement with Luck, showing somewhat
higher monomer fractions

• ”New” data from Mallamace (MIT) showing
very high monomer fractions (do we interpret
the data correctly?)



Free OH groups and percentage monomer fraction for 
pure water as a function of temperature [Luck, 1980]

% X1 = (XA)4

Von Solms et al., 2006, Ind.Eng.Chem.Res., 45, 5368



Water monomer fraction data from various
sources Ioannis Tsivintzelis, 

2013 (unpublished)
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A more recent analysis from MIT

F.Mallamace et al., 2007, Proc.Natl.Acad.Sci., 104(47), 18387 (MIT)

Partially HB

Non HB

Random 3D
(tetrahedral)
Network

LDL

1,2 or 3
Bonds
Not network

Monomer fractions



Water monomer fraction data from various 
sources – cont’d (incl. Mallamace data)

Ioannis Tsivintzelis, 2013 (unpublished)
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How many sites in water ? 

M.Frosch, M. Bilde, O.F.Nielsen, 2010. J.Phys.Chem.A., 114: 11933

Many more
Controversial
Studies – see later

Two-state
Liquid Water
Models

”Room T: 43% of 
water molecules have
4 hydrogen bonds, 

the rest have fewer” 



Answers from molecular simulation ?

15%

5%



More evidence for two-structure liquid water

F.Mallamace et al., 2007, Proc.Natl.Acad.Sci., 104(47), 18387 (MIT)

Partially HB

Non HB

Two different local HB structures: LDA (low density amorphous solid) and 
HDL (high density liquid)
Two different local structures in liquid water: LDL (like LDA) open ”ice like” HB 
Network and HDL (not fully developed tetrahedral HB nextwork)
HDL = NHB + PHB
Above 303 K (stable liquid) there is NO LDL (No ice-type 3D network!)

Tetrahedral



Liquid water: 2, 3 or 4 hydrogen bonds – and 
how much of each one ?



More controversies – effect of salts on water structure

Frosch, M., Bilde, M., Nielsen, O.F., 2010, J.Phys.Chem.A., 114, 11933
& Dansk Kemi, 2011, 92,3, 26 ”Vand – en evig gåde”

% Hydrogen bonds (4 bonds) of water
Increases with salt concentration

b = free water (NaCl-water)/free pure water < 1

Van’t Hoff factor for NaCl dissociation:
i = id /b = (1+a) /b 
a = degree of dissociation 

Clear change of water structure in presence of ions

Including change of
Water structure
Brings van’t Hoff factors
Close to ”independent”
Experimental data



From water clustering to osmotic coefficients

Frosch, M., Bilde, M., Nielsen, O.F., 2010, J.Phys.Chem.A., 114, 11933

Osmotic coefficients from Raman spectroscopy
Agree well with thermodynamic ones – when water structure change is accounted
for (together with electrolyte dissociation) 
Water structure effect crucial at higher concentrations
The minimun explained by considering the dependence of the structure of water on
electrolyte - Similar results for other salts 



Another opinion…

Science, 2003, 301: 347

Y. Zhang and Paul Cremer, 2006, Current Opinion in Chemical Biology, 10: 658
”Ions do not affect the bulk water properties” – numerous evidence for that !!



What’s going on ? 

• Are Luck’s ”famous” monomer fraction data for 
water wrong ?

• Is the tetrahedral structure of water wrong ? 
• Do we have many more ”free” (monomer) water

molecules than originally anticipated ? 
• Should we believe in a one or in a two- or in a 

multi-state structure model for water ?
• What type of structure is consistent with the 

correct description of the thermodynamic
properties of water ?

• ...



2. The theories (SAFT, CPA, NRHB) 
against monomer fraction data

Results summarized in the next slides:

• Theories in qualitative agreement with each other

• Theories not in very good agreement with Luck, etc
data

• All theories predict much ”more” hydrogen bonding or 
less monomer fraction than Luck’s data

• If we want to ”force” the theories to fit the monomer 
fraction data it can be done at the cost of getting i) 
strange parameters ii) poor phase behavior e.g. LLE for 
water-alkanes



The SAFT model

Z = Zattr(disp) + Zrepuls(hs) + Zchain + Zassoc

),(,,, iiii BABA

iii m 
Chapman, Jackson, Radosz and Gubbins 1990

SAFT = Statistical Associating Fluid Theory

Wertheim’s articles in 
J. Stat. Physics (1986, 1987)
(over 3000 citations)

”While brilliant are
essentially incomprehensible”
(J.M.Prausnitz)

Michael Wertheim

)1( ijjiij k 



Dec.10, 2010: 100 year anniversary from J. D. 
van der Waals Nobel Prize for Physics

Jose Valderrama, 2010. The legacy of van der Waals

2

RT a
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V b V
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SAFT – a theoretical concept

• Additive contributions from various effects 
(attraction, repulsion, chain, association)

• Wertheim theory for chain and association 
effects

• Segment concept

• Parameters with physical meaning 

• Parameters following smooth trends / can be 
predicted from independent data

Z = Zattr(disp) + Zrepuls(hs) + Zchain + Zassoc



SAFT – a family of models

SAFT Reference Citations (cit/year)

Original SAFT Chapman et al., 1990 943     (38)

Original SAFT (II) Huang and Radosz, 1990 899     (36)

Soft SAFT Vega and Blass, 1997 164     (7)

SAFT-VR Jackson et al., 1997 505    (28)

CPA Kontogeorgis et al., 1996 241    (13)

PC-SAFT
sPC-SAFT

Gross and Sadowski, 2001
Von Solms et al., 2003

755 (54)
88      (7)

Source:  Web of Science, July 1, 2014 



The concept of association – common in all 

models
Proton donor site

Proton acceptor site

….. 2B

3B

…..

…..

….. 4C

Alkanols

R-OH

Primary amines

R-NH2

Water, glycols

….. 1A Aliphatic Acids

R-COOH

Glue-spot



The concept and choice of association sites and schemes

Dimers

Oligomers

3D networks

+ amines

+ glycols

alkanolamines

Water: 3.5 sites ?

H1.5 O

Dixit et al.,2002 (Nature)

Chatzidimitriou-Dreismann, 2004

(Phys.Rev.Lett.)



Acetic Acid (dimers)

Alcohols, phenols, amines (oligomers)

Water – 3D structure
Glycols

Association models describe well
the physics of association (in most cases)



Extensive use of the association term – with 
success

• Water

• Alcohols, glycols

• Amines, organic acids

• Alkanolamines, glycolethers

• Diverse multifunctional (di-acids, 
polyphenolics)

• Exotic: ionic liquids, asphaltenes

70



Three Recent Books with Association Models

2010        2010                        2012
71



Water-hydrocarbon LLE with CPA
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Razzouk et al., 2010
J.Chem.Eng.Data, 55: 1468

Water-hexane LLE

The hydrophobic effect



Water-hydrocarbon LLE with CPA
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Kontogeorgis, Tsivintzelis et al., 2011, Fluid Phase Equilibria, 301: 244



LLE with water and nC6 with PC-SAFT
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Xiaodong Liang, 2012 (unpublished results)



Good new LLE results for water-alkanes with the 
GC-PPC SAFT

De Hemptinne et al. [2011, IECR, 50: 7467]

Water (4C), used water/hexane LLE data for ”fine tuning” (CPA approach)

Good results due to
polarity or ”CPA approach”?



XA – calculations for water with 3 theories (4C)
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% X1 = (XA)4



XA – calculations for water with 3 theories (4C)
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All theories predict more H-bonding than Luck’s data

% X1 = (XA)4



XA – calculations for water with CPA and PC-SAFT (4C)
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Best parameters for water are NOT those that
reproduce the monomer fraction
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Similar conclusion by recent study

Liang et al., 2014 (accepted)
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3. A new theory links dielectric constant
with monomer fraction

• Theory developed by Bjørn Maribo-Mogensen [J.Phys.Chem.B]

• Theory can be used to estimate dielectric constant using
monomer fraction (XA ) from e.g. CPA or SAFT

• Alternatively if dielectric constant and density data are
available, the new theory can be used to generate new ”exp” 
monomer fraction (exp if the theory is perfect!)

• Basic equations:

𝑔 =
1

𝜇0
2

2𝜀𝑟 + 𝜀∞ 𝜀𝑟 − 𝜀∞
𝜀𝑟 𝜀∞ + 2 2

9𝜀0𝑘𝐵𝑇𝑣

𝑁𝐴

1 − 𝑋𝐴 =
𝑔 − 1

𝑧𝑐𝑜𝑠 𝛾 − 𝑔 − 1 𝑐𝑜𝑠 𝜃

𝜀∞ − 1

𝜀∞ + 2
=

1

3𝜀0

𝑁𝐴
𝑣
𝛼0



Bjørn Maribo-Mogensen, 2014 PhD Thesis

New theory predicts more H-bonding for water – in agreement to 
Association thermodynamic theories
But NOT in agreement to Luck data



New theory vs. PC-SAFT vs. Luck

Xiaodong Liang, 2014, PhD thesis
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Some conclusions from monomer 
fraction study

• New theory for estimating dielectric constant can be
alternatively used for estimating monomer or site fractions

• For methanol & water the theory yields lower XA values (more 
H-bonding than Luck); for ethanol it is the opposite

• XA for water from new theory are in better agreement with 
CPA + PC-SAFT values than with Luck data

• New theory can be used to obtain monomer fraction data for 
important compounds e.g. glycols for which no such data is 
available

• More input to water studies maybe can be obtained from 
measurements of the hydrophobic effect/free energy of 
hydration combined also with interfacial energies for water-
alkanes



Water – some personal final thoughts

• Monomer fraction data of water could give / 
could have given an idea about its structure

• I am not sure this is the case! (uncertainties in 
measurements and interpretation)

• Modern association theories can describe very
well many thermodynamic properties of water
including phase behavior (e.g. LLE water-alkanes)

• Association theories can predict the monomer 
fraction of water

• Poor agreement with ”published” monomer 
fraction data using the ”best” parameters for 
phase behavior



Water – some personal final thoughts

• Recent theory relating dielectric constant and 
monomer fraction provides ”more” evidence
that association theories and the tetrahedral
structure are correct

• Other experimental studies disagree on which
water structure is the correct

• Describing phase behavior or some of water
properties does not necessarily mean we
understand very much the water structure



What have we learnt ?

• Water is a very/far too complex molecule – it should be
very hard to describe all properties with one theory

• Water – 4C  is ”for us” still the best choice (CPA, SAFT 
association theories) – for phase equilibrium calculations

• (Maybe) No reason to re-think the water parameters 
”from the practical point of view”

• (Maybe ) More advanced water theories can wait…

• (Maybe) Understanding of water structure is far more 
difficult than previously anticipated ?

• Maybe I have asked more questions than provided
answers (about water’s structure)



David Chandler, UC Berkeley



From C&EN, 14.12.2009    cont’d 

Prof. Pavel Jungwirth (Academy of Sciences, Czech Republic): 

”The primary problem with Pollack’s research is that it employs
macroscopic experiments to draw conclusions about water
structure. Instead, microscopic tools such as spectroscopy and 
molecular simulations are the proper tools for investigating the 
molecular structure of water”



From C&EN, 14.12.2009    cont’d 

Prof. Pavel Jungwirth (Academy of Sciences, Czech Republic): 

”The primary problem with Pollack’s research is that it employs
macroscopic experiments to draw conclusions about water structure. 
Instead, microscopic tools such as spectroscopy and molecular
simulations are the proper tools for investigating the molecular
structure of water”

Oh, Really !

Come On Now  !!!



We need more collaboration

“It is about time to get real practical answers. This 
center will provide answers to questions about 
water’s structure and its implications by (i) bringing 
together top scientists from Denmark and abroad in 
water research, working with “conventional” and 
with “provocative” theories, (ii) allowing ideas to be 
challenged and (iii) combining a multi-level 
approach which includes experimental, molecular 
simulation, theory (statistical mechanics) and 
modeling research.”

Application to DGF 
”The proposed research  ideas were not well developed”



Socrates

Ἓν οἶδα ὅτι οὐδὲν οἶδα

"The one thing I know is 
that I know nothing" 




