
Le	proprietà	fisiche	dell'acqua	
	
	

Conce&	chiave	
•	Le	molecole	d'acqua,	che	sono	polari,	possono	formare	legami	idrogeno	con	
altre	molecole.	
•	Nel	ghiaccio	le	molecole	d'acqua	sono	disposte	a	formare	un	re<colo	cristallino	
ordinato	tenuto	insieme	da	legami	idrogeno,	mentre	allo	stato	liquido	i	legami	
idrogeno	si	rompono	e	si	riformano	rapidamente	originando	un	re<colo	
irregolare.	
•	Le	forze	di	a>razione	che	agiscono	sulle	molecole	biologiche	comprendono	le	
interazioni	ioniche,	i	legami	idrogeno	e	le	interazioni	di	van	der	Waals.	
•	Le	sostanze	polari	e	ioniche	sono	solubili	in	acqua.	



Le	proprietà	fisiche	dell'acqua	
	
	
	Conce&	chiave	

•	L'effe>o	idrofobico	spiega	l'esclusione	dei	gruppi	apolari	come	mezzo	per	
aumentare	al	massimo	l'entropia	delle	molecole	d'acqua.	
•	Le	sostanze	anfifiliche	formano	micelle	o	stru>ure	a	doppio	strato	che	
nascondono	all'interno	i	gruppi	idrofobici	mentre	espongono	all'acqua	quelli	
idrofilici.	



La	stru1ura	dell'acqua	





L'acqua:	formazione	di	legami	idrogeno	



La	stru1ura	del	ghiaccio	



Legami idrogeno di interesse biologico 



Tipiche	energie	di	legame	



Le	interazioni	dipolo-dipolo	



La	solvatazione	degli	ioni	



Il	trasferimento	di	idrocarburi	a	solven@	
apolari	è	termodinamicamente	favorito	



?	

Effe1o	idrofobico	



Effe1o	idrofobico	



Molecole	anfifiliche:	
le	forme	anioniche	degli	acidi	grassi	



Le	molecole	anfifiliche	formano	micelle	
e	stru1ure	a	doppio	strato	



Le	proprietà	fisiche	dell'acqua	
	
	Punto	di	verifica	

•	Disegnate	un	diagramma	di	una	molecola	d'acqua	e	indicate	le	estremità	che	
portano	cariche	parziali	posi<ve	e	nega<ve.	
	
•	Descrivete	la	natura	e	la	forza	rela<va	dei	legami	covalen<,	delle	interazioni	
ioniche	e	delle	interazioni	di	van	der	Waals	(legami	ionici,	interazioni	dipolo-
dipolo	e	forze	di	dispersione	di	London).	



Le	proprietà	fisiche	dell'acqua	
	

	
	Punto	di	verifica		

•	Qual	è	la	relazione	tra	polarità	e	idrofobicità?	
•	Spiegate	perché	le	sostanze	polari	sono	solubili	in	acqua	mentre	quelle	apolari	
non	lo	sono.	
•	Qual	è	il	ruolo	dell'entropia	nell'effe>o	idrofobico?	
•	Spiegate	perché	le	molecole	anfifiliche	formano	in	acqua	micelle	o	stru>ure	a	
doppio	strato.	



Le	proprietà	chimiche	dell'acqua	
	
	

Conce&	chiave	
•	L'acqua	si	dissocia	in	ioni	H+	e	OH–,	con	una	costante	di	dissociazione	di	10–14.	
•	L'acidità	di	una	soluzione	è	espressa	come	valore	di	pH,	dove	pH	=	–log[H+].	
•	Un	acido	è	un	composto	in	grado	di	donare	un	protone,	mentre	una	base	è	un	
composto	in	grado	di	acce>are	un	protone.	
•	La	costante	di	dissociazione	di	un	acido	varia	in	funzione	della	forza	dell'acido.	
	



Le	proprietà	chimiche	dell'acqua	
	
	

Conce&	chiave	
•	L'equazione	di	Henderson-Hasselbalch	me>e	in	relazione	il	pH	di	una	soluzione	
di	un	acido	debole	con	la	pK	e	le	concentrazioni	dell'acido	e	della	sua	base	
coniugata.	
•	Una	curva	di	<tolazione	dimostra	che	se	le	concentrazioni	di	un	acido	e	della	
sua	base	coniugata	sono	simili,	la	soluzione	è	tamponata	e	il	suo	pH	non	varia	
all'aggiunta	di	un	acido	o	una	base.	
•	Molte	molecole	biologiche	contengono	gruppi	ionizzabili	per	cui	sono	sensibili	
alle	variazioni	di	pH.	





The ionization (dissociation) of water is described by an equilibrium ex-
pression in which the concentration of the parent substance is in the denom-
inator and the concentrations of the dissociated products are in the numerator:

[2-1]

K is the dissociation constant (here and throughout the text, quantities in
square brackets symbolize the molar concentrations of the indicated sub-
stances, which in many cases are only negligibly different from their activities;
Section 1-3D). Because the concentration of the undissociated H2O ([H2O])
is so much larger than the concentrations of its component ions, it can be
considered constant and incorporated into K to yield an expression for the
ionization of water,

[2-2]

The value of Kw, the ionization constant of water, is 10!14 at 25°C.
Pure water must contain equimolar amounts of H" and OH!, so [H"] #

[OH!] # (Kw)1!2 # 10!7 M. Since [H"] and [OH!] are reciprocally
related by Eq. 2-2, when [H"] is greater than 10!7 M, [OH!] must be cor-
respondingly less and vice versa. Solutions with [H"] # 10!7 M are said to
be neutral, those with [H"] $ 10!7 M are said to be acidic, and those with
[H"] % 10!7 M are said to be basic. Most physiological solutions have
hydrogen ion concentrations near neutrality. For example, human blood is
normally slightly basic with [H"] # 4.0 & 10!8 M.

The values of [H"] for most solutions are inconveniently small and thus
impractical to compare. A more practical quantity, which was devised in 1909
by Søren Sørenson, is known as the pH:

[2-3]

The higher the pH, the lower is the H" concentration; the lower the pH, the
higher is the H" concentration (Fig. 2-16). The pH of pure water is 7.0,
whereas acidic solutions have pH % 7.0 and basic solutions have pH $ 7.0
(see Sample Calculation 2-1). Note that solutions that differ by one pH unit
differ in [H"] by a factor of 10. The pH values of some common substances
are given in Table 2-3.

pH # !log 3H" 4 # log 

13H" 4

Kw # 3H" 4 3OH!4

K #
3H"4 3OH!43H2O4

31
Section 2 Chemical Properties of Water

SAMPLE CALCULATION 2-1

10!4 mole of H" (as HCl) is added to 1 liter
of pure water. Determine the final pH of the
solution.

Pure water has a pH of 7, so its [H"] #
10!7 M. The added H" has a concentration
of 10!4 M, which overwhelms the [H"]
already present. The total [H"] is therefore
1.0 & 10!4 M, so that the pH is equal to
!log[H"] # !log(1.0 & 10!4) # 4.

FIG. 2-16 Relationship of pH and the
concentrations of H! and OH" in water.
Because the product of [H"] and [OH!] is a
constant (10!14), [H"] and [OH!] are
reciprocally related. Solutions with relatively more
H" are acidic (pH % 7), solutions with relatively
more OH! are basic (pH $ 7), and solutions in
which [H"] # [OH!] # 10!7 M are neutral 
(pH # 7). Note the logarithmic scale for ion 
concentration.
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TABLE 2-3 pH Values of Some
Common Substances

Substance pH

1 M NaOH 14

Household ammonia 12

Seawater 8

Blood 7.4

Milk 7

Saliva 6.6

Tomato juice 4.4

Vinegar 3

Gastric juice 1.5

1 M HCl 0
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Valori	di	pH	di	alcune	sostanze	comuni	



Costan@	di	dissociazione	e	
valori	di	pK	di	alcuni	acidi	





Equazione	di	Henderson-Hasselbalch	



Acids can be classified according to their relative strengths, that is, their
abilities to transfer a proton to water. The acids listed in Table 2-4 are known
as weak acids because they are only partially ionized in aqueous solution 
(K ! 1). Many of the so-called mineral acids, such as HClO4, HNO3, and
HCl, are strong acids (K "" 1). Since strong acids rapidly transfer all their
protons to H2O, the strongest acid that can stably exist in aqueous solutions is H3O#.
Likewise, there can be no stronger base in aqueous solutions than OH$. Virtually
all the acid–base reactions that occur in biological systems involve H3O# (and
OH$) and weak acids (and their conjugate bases).

The pH of a Solution Is Determined by the Relative Concentrations of
Acids and Bases. The relationship between the pH of a solution and the
concentrations of an acid and its conjugate base is easily derived. Equation 2-5
can be rearranged to

[2-7]

Taking the negative log of each term (and letting pH % $log[H#]; Eq. 2-3)
gives

[2-8]

Substituting pK for $log K (Eq. 2-6) yields

[2-9]

This relationship is known as the Henderson–Hasselbalch equation. When
the molar concentrations of an acid (HA) and its conjugate base (A$) are equal,
log ([A$]![HA]) % log 1 % 0, and the pH of the solution is numerically equiv-
alent to the pK of the acid. The Henderson–Hasselbalch equation is invaluable
for calculating, for example, the pH of a solution containing known quanti-
ties of a weak acid and its conjugate base (see Sample Calculation 2-2).
However, since the Henderson–Hasselbalch equation does not account for
the ionization of water itself, it is not useful for calculating the pH of solu-
tions of strong acids or bases. For example, in a 1 M solution of a strong
acid, [H#] % 1 M and the pH is 0. In a 1 M solution of a strong base,
[OH$] % 1 M, so [H#] % [OH$]!Kw % 1 & 10$14 M and the pH is 14.

C Buffers Resist Changes in pH
Adding a 0.01-mL droplet of 1 M HCl to 1 L of pure water changes the pH
of the water from 7 to 5, which represents a 100-fold increase in [H#]. Such
a huge change in pH would be intolerable to most biological systems, since
even small changes in pH can dramatically affect the structures and functions
of biological molecules. Maintaining a relatively constant pH is therefore of
paramount importance for living systems. To understand how this is possible,
consider the titration of a weak acid with a strong base.

Figure 2-17 shows how the pH values of solutions of acetic acid, 
and ammonium ion vary as OH$ is added. Titration curves such as
these can be constructed from experimental observation or by using the
Henderson–Hasselbalch equation to calculate points along the curve (see
Sample Calculation 2-3). When OH$ reacts with HA, the products are A$

and water:
HA # OH$ ∆ A$ # H2O

1NH#
4 2 H2PO$

4 ,

pH % pK # log 

3A$ 43HA 4
pH % $log K # log 

3A$ 43HA"

3H# 4 % K  

3HA 43A$ 4
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Chapter 2 Water

SAMPLE CALCULATION 2-2

Calculate the pH of a 2 L solution contain-
ing 10 mL of 5 M acetic acid and 10 mL
of 1 M sodium acetate.

First, calculate the concentrations of the
acid and conjugate base, expressing all con-
centrations in units of moles per liter.

Substitute the concentrations of the acid
and conjugate base into the Henderson–
Hasselbalch equation. Find the pK for
acetic acid in Table 2-4.

 pH % 4 .06
 pH % 4 .76 $ 0 .70
 pH % 4 .76 # log 10 .005 ! 0 .025 2 pH % pK # log 1 3acetate 4 ! 3acetic acid 4 2

0.005 M
Sodium acetate: 10.01 L 2 11 M 2! 12 L 2 %

0.025 M

Acetic acid: 10.01 L 2 15 M 2! 12 L 2 %
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Acids can be classified according to their relative strengths, that is, their
abilities to transfer a proton to water. The acids listed in Table 2-4 are known
as weak acids because they are only partially ionized in aqueous solution 
(K ! 1). Many of the so-called mineral acids, such as HClO4, HNO3, and
HCl, are strong acids (K "" 1). Since strong acids rapidly transfer all their
protons to H2O, the strongest acid that can stably exist in aqueous solutions is H3O#.
Likewise, there can be no stronger base in aqueous solutions than OH$. Virtually
all the acid–base reactions that occur in biological systems involve H3O# (and
OH$) and weak acids (and their conjugate bases).

The pH of a Solution Is Determined by the Relative Concentrations of
Acids and Bases. The relationship between the pH of a solution and the
concentrations of an acid and its conjugate base is easily derived. Equation 2-5
can be rearranged to

[2-7]

Taking the negative log of each term (and letting pH % $log[H#]; Eq. 2-3)
gives

[2-8]

Substituting pK for $log K (Eq. 2-6) yields

[2-9]

This relationship is known as the Henderson–Hasselbalch equation. When
the molar concentrations of an acid (HA) and its conjugate base (A$) are equal,
log ([A$]![HA]) % log 1 % 0, and the pH of the solution is numerically equiv-
alent to the pK of the acid. The Henderson–Hasselbalch equation is invaluable
for calculating, for example, the pH of a solution containing known quanti-
ties of a weak acid and its conjugate base (see Sample Calculation 2-2).
However, since the Henderson–Hasselbalch equation does not account for
the ionization of water itself, it is not useful for calculating the pH of solu-
tions of strong acids or bases. For example, in a 1 M solution of a strong
acid, [H#] % 1 M and the pH is 0. In a 1 M solution of a strong base,
[OH$] % 1 M, so [H#] % [OH$]!Kw % 1 & 10$14 M and the pH is 14.

C Buffers Resist Changes in pH
Adding a 0.01-mL droplet of 1 M HCl to 1 L of pure water changes the pH
of the water from 7 to 5, which represents a 100-fold increase in [H#]. Such
a huge change in pH would be intolerable to most biological systems, since
even small changes in pH can dramatically affect the structures and functions
of biological molecules. Maintaining a relatively constant pH is therefore of
paramount importance for living systems. To understand how this is possible,
consider the titration of a weak acid with a strong base.

Figure 2-17 shows how the pH values of solutions of acetic acid, 
and ammonium ion vary as OH$ is added. Titration curves such as
these can be constructed from experimental observation or by using the
Henderson–Hasselbalch equation to calculate points along the curve (see
Sample Calculation 2-3). When OH$ reacts with HA, the products are A$

and water:
HA # OH$ ∆ A$ # H2O

1NH#
4 2 H2PO$

4 ,

pH % pK # log 

3A$ 43HA 4
pH % $log K # log 

3A$ 43HA"

3H# 4 % K  

3HA 43A$ 4
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SAMPLE CALCULATION 2-2

Calculate the pH of a 2 L solution contain-
ing 10 mL of 5 M acetic acid and 10 mL
of 1 M sodium acetate.

First, calculate the concentrations of the
acid and conjugate base, expressing all con-
centrations in units of moles per liter.

Substitute the concentrations of the acid
and conjugate base into the Henderson–
Hasselbalch equation. Find the pK for
acetic acid in Table 2-4.

 pH % 4 .06
 pH % 4 .76 $ 0 .70
 pH % 4 .76 # log 10 .005 ! 0 .025 2 pH % pK # log 1 3acetate 4 ! 3acetic acid 4 2

0.005 M
Sodium acetate: 10.01 L 2 11 M 2! 12 L 2 %

0.025 M

Acetic acid: 10.01 L 2 15 M 2! 12 L 2 %
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I	tamponi:	
curva	di	@tolazione	dell’acido	ace@co	



Le	proprietà	chimiche	dell'acqua	
	
	

Punto	di	verifica	
•	Quali	sono	i	prodoY	della	ionizzazione	dell'acqua?	In	che	modo	le	loro	
concentrazioni	sono	correlate?	
•	Descrivete	come	calcolare	il	pH	a	par<re	dalla	concentrazione	di	H	o	OH.	
•	Definite	il	conce>o	di	acido	e	base.	
•	Qual	è	la	relazione	tra	la	forza	di	un	acido	e	il	valore	della	sua	pK?	
	



Le	proprietà	chimiche	dell'acqua	

Punto	di	verifica	
•	Che	cosa	deve	contenere	una	soluzione	per	tollerare	le	variazioni	del	pH	dovute	
all'aggiunta	di	un	acido	o	di	una	base?	
•	Perché	è	importante	mantenere	le	molecole	biologiche	in	una	soluzione	
tamponata?	


