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THE STRUCTURE OF WATER A D 

TIIE THERIVIODYNAMIC PROPERTIE OF 

AQUEOUS SOLUTIONS 

GEORGE NEMETHY 

The Rockefeller Unir:ersily, Ne to York 



In recent years a ,great deal of progress has been made conceming the 
structure oj watér, aqueous solutions, and as.,ociations of organic molecules 
in solution. 

One oj the imporuwt results of $uch studies, using both experimenu and 
theoretical models, has been to increase our knowkdge of the conformotion 
of proteins in solution. In this way, Jundamerual data for a hetter under
stancling of the biological properties o.f proteins have been obtaùwl cmd tllis 
is basic to cell biology arzd ph,ysiology. 

Prof. George Némethy, of the Rockf'jeller University, N. Y., is recogni:ed 
as one o.f the most important scientists who have contributed to the development 
of.new conupts and ideas on the structure ofwater, and thermodynamic properties 
of aqueous solutions. Pro.f. Némethy delivered a series of lectures on this topic 
a t the I stituto Superiore di Sanità in the autumn 1970. The prest>nt m{)nograph 
originated from these lectures, and it is a great privilege to present it as a 
_çpccial issue of the Annali dell'IstitLtto Superiore di Sanità. 

The Istituto uperiore di Snnità is pleased to have been able, in collaho
rntion with the ltalian Research Natùmal Cotmcil (CNR); the Theoretical 
Chemistry Group, the lnstitute of Chemical-Physics, and the Institute of 
Physics of the University of Palermo: the l mtt:tttte of Physics, Faculty of 
};:ngi!Leering of the University of Rome, to olfer to young Italian :;cientists 
the opportunity o.f personal contact and discus$ion with Pro{. Németh.v. 

G. B. MAru.NI-BETTÒLO 

George Xénu:thy wus boru in 1934 in Uullupcst, II1Lngary, where he l.ived unti! 1951. 

Since 1954, he liw:s in thc United States. He received t.bc H. A. degree in cllemistry io 
1956 a t Lincoln Univcr~ity, und the Ph. D. ùegree tn physical cbenùstry in 1962 uL Cornell 

Uuiversity, with u thesis on « TheStructure of Water and IIydrophobic Bonding in Protcins». 
In 1962-63, he work!'d as phy.ical cbemist at the Generai. Electric R esearcb Luboratory 
in Ncw Y ork. Since 1963, be is assista n t professar of biophysical cbemistry a t tbe Rocke· 
feller University in ~,.w York. 

He has cru-ried out re~earcb wo·rk in the foUowing nreru~: atructure of water an d nqueo~ 
solutions, tbeo.rcticnl treatments of noncovaleut internctions and of conformationnl stubility 

of proteins, theoreticnl rnodels for allosteric iuternctions, experimental und tbeoretical 

work on tbc ns110ciution of organ.ic molecu.les in aqucous 5olution. 
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This surv(:y of the s tructure of water and of aqueous solutions is based 
on the materia! presented in a series oflectures held a t the Istituto Superiore 
di Sanità in Rome, under tbe auspices of the Laboratori di F isica, from 
September 18 to October 26, 1970. It is not lintended to present bere an 
exhaustive review of the subjects covercd, inasmucb as there ex.ist several 
rccent, detailed, and authoritative reviews on water (KAVANAU, 1964, 
BERENDSEN, 1967; HORNE, 1968; FLETCHER, 1970; HORNE, 1971; and otbers), 
first and foremost tbc excellent monograpb The Structure and Properties of 
Water by ErsENBERG & KAUZl\tANN (1969) . l am particularly indebted to 
tbe lattcr for many useful insigbts obtained from tbc perusal of tbcir book. 
A criticai and lucid evaluation of tbe current standing of structu.ral studies 
in water was presented recently by FnANK (1970). 

Some topics are discussed bere whicb seemed to me of grcatest actuality 
and interest at tbe time of writing. Often only selected examples are 
used, instcad of tbc detailed survey of a particular field. Tbis may bave 
led to incompleteness and some subjectivity. On tbe other band, it is 
bopcd tbat tbc empbasis on topics of current interest can offer some helpful 
guidelines in studies of tbc vast literature (*) on water structure. 

Througbout this su.rvey, those tbermodynamic and related physico
cht!micai aspects of the properties of water are emphasized which lead to 
the generally acccptcd concept of liquid water being a more ordered sub
stance than most other liquids. Ohviously, other points of view are possi
hle as wcll, as indicated very poignantly by the following inscription, disco· 
vered in Rome while preparing these lectures: 

<< Il disordine è nell'acqua, 
l'equilibrio nel vino». 

(Anonimo romano) 

(*) A thorough bihliography of publications on the structure and physical properties 
of pure liquid water, published between 1957 aud 1968, has becn compiled by TunNER (1969). 
lt coutains 1643 entries. 
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