
Problemi	e	domande	sulla	
Termodinamica	Chimica	

•	Qual	è	la	variazione	di	energia	libera	di	una	reazione	all'equilibrio?	
•	Scrivete	l'equazione	che	mostra	la	relazione	tra	ΔG°	e	Keq.	
•	Scrivete	l'equazione	che	mostra	la	relazione	tra	ΔG,	ΔG°	e	le	concentrazioni	dei	reagenti	
e	dei	prodotti.	
•	Spiegate	come	i	biochimici	definiscono	lo	stato	standard	di	un	soluto.	Perché	i	
biochimici	e	i	chimici	usano	convenzioni	differenti?	



of the system and ignoring all the stepwise changes in enthalpy and entropy that oc-
cur in between. For example, it is impossible to directly measure the energy change
for the reaction of glucose with O2 in a living organism because of the numer-
ous other simultaneously occurring chemical reactions. But since !G depends on
only the initial and final states, the combustion of glucose can be analyzed in
any convenient apparatus, using the same starting materials (glucose and O2)
and end products (CO2 and H2O) that would be obtained in vivo.

D Free Energy Changes Can Be Calculated 
from Equilibrium Concentrations

The entropy (disorder) of a substance increases with its volume. For example,
a collection of gas molecules, in occupying all of the volume available to it,
maximizes its entropy. Similarly, dissolved molecules become uniformly dis-
tributed throughout their solution volume. Entropy is therefore a function of
concentration.

If entropy varies with concentration, so must free energy. Thus, the free
energy change of a chemical reaction depends on the concentrations of both its
reacting substances (reactants) and its reaction products. This phenomenon has
great significance because many biochemical reactions operate spontaneously
in either direction depending on the relative concentrations of their reactants
and products.
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Section 3 Thermodynamics

SAMPLE CALCULATION 1-1

The enthalpy and entropy of the initial and final states of a reacting system are
shown in the table.

H ( J ! mol" 1 ) S ( J ! K" 1 ! mol" 1 )

Initial state (before reaction) 54,000 22

Final state (after reaction) 60,000 43

a. Calculate the change in enthalpy and change in entropy for the reaction.
b. Calculate the change in free energy for the reaction when the temperature is 4°C.

Is the reaction spontaneous?
c. Is the reaction spontaneous at 37°C?

a. !H " Hfinal # Hinitial " 60,000 J ! mol# 1 # 54,000 J ! mol# 1 " 6000 J ! mol# 1

!S " Sfinal # Sinitial " !S " 43 J ! K# 1 ! mol# 1 # 22 J ! K# 1 ! mol# 1

" 21 J ! K# 1 ! mol# 1

b. First, convert temperature from °C to K: 4 $ 273 " 277 K. Then use Eq. 1-11.

!G " !H # T!S

!G " (6000 J ! mol# 1) # (277 K)(21 J ! K# 1 ! mol# 1)  
" 6000 J ! mol# 1 # 5817 J ! mol# 1 " 183 J ! mol# 1

The value for !G is greater than zero, so this is an endergonic (nonspontaneous)
reaction at 4°C.

c. Convert temperature from °C to K: 37 $ 273 " 310 K.

!G " !H # T!S
!G " (6000 J ! mol# 1) # (310 K)(21 J ! K# 1 ! mol# 1 )

" 6000 J ! mol# 1 # 6510 J ! mol# 1 " # 510 J ! mol# 1

The value for !G is less than zero, so the reaction is spontaneous (exergonic)
at 37°C.
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the surroundings and work (w) done by the system on the surroundings. The
Greek letter ! (Delta) indicates change.

!U " Ufinal # Uinitial " q # w [1-1]

Heat is a reflection of random molecular motion, whereas work, which is de-
fined as force times the distance moved under its influence, is associated with
organized motion. Force may assume many different forms, including the grav-
itational force exerted by one mass on another, the expansional force exerted by
a gas, the tensional force exerted by a spring or muscle fiber, the electrical force
of one charge on another, and the dissipative forces of friction and viscosity.
Because energy can be used to perform different kinds of work, it is sometimes
useful to speak of energy taking different forms, such as mechanical energy, elec-
trical energy, or chemical energy—all of which are relevant to biological systems.

Most biological processes take place at constant pressure. Under such con-
ditions, the work done by the expansion of a gas (pressure–volume work) is
P!V. Consequently, it is useful to define a new thermodynamic quantity, the
enthalpy (Greek: enthalpein, to warm in), abbreviated H:

H " U $  PV [1-2]

Then, when the system undergoes a change at constant pressure,

!H " !U $  P!V " qP # w $ P!V [1-3]

where qP is defined as the heat at constant pressure. Since we already know
that in this system w " P!V,

!H " qP # P!V $ P!V " qP [1-4]

In other words, the change in enthalpy is equivalent to heat. Moreover, the
volume changes in most biochemical reactions are insignificant (P!V ! 0), 
so the differences between their !U and !H values are negligible, and hence
the energy change for the reacting system is equivalent to its enthalpy change.
Enthalpy, like energy, heat, and work, is given units of joules. (Some com-
monly used units and biochemical constants and other conventions are given
in Box 1-2.)
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Box 1-2 Perspectives
in Biochemistry

Biochemical Conventions

Modern biochemistry generally uses Système International (SI) units,
including meters (m), kilograms (kg), and seconds (s) and their
derived units, for various thermodynamic and other measurements.
The following lists the commonly used biochemical units, some
useful biochemical constants, and a few conversion factors.

Units
Energy, heat, work joule (J) kg ! m2 ! s# 2 or C ! V
Electric potential volt (V) J ! C# 1

Prefixes for units
mega (M) 106 nano (n) 10# 9

kilo (k) 103 pico (p) 10# 12

milli (m) 10# 3 femto (f) 10# 15

micro (%) 10# 6 atto (a) 10# 18

Conversions
angstrom (Å) 10# 10 m
calorie (cal) 4.184 J
kelvin (K) degrees Celsius (°C) $ 273.15

Constants
Avogadro’s number (N)

Coulomb (C)

Faraday (f)

Gas constant (R)
Boltzmann constant (kB)
Planck’s constant (h)

Throughout this text, molecular masses of particles are expressed
in units of daltons (D), which are defined as l"12th the mass of
a 12C atom (1000 D " 1 kilodalton, kD). Biochemists also use
molecular weight, a dimensionless quantity defined as the ratio
of the particle mass to l"12th the mass of a 12C atom, which is
symbolized Mr (for relative molecular mass).

6.0221 & 1023 

molecules ! mol# 1

6.241 & 1018 

electron charges
96,485 C ! mol# 1 or 

96,485 J ! V# 1 ! mol# 1

8.3145 J ! K# 1 ! mol# 1

1.3807 & 10# 23 J ! K# 1 (R/N)
6.6261 & 10# 34 J ! s

Chapter 1 Introduction to the Chemistry of Life
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Tabella	finale	riassuntiva	
	
	


