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Main Topics

• Basic notions of thermodynamics and kinetics

• Basic elements of structural and functional biology. 

• Basic elements of cell biology.



Suggested books

• Biophysics: An Introduction by Roland Glaser 

• Biophysical Chemistry by James P. Allen 

•Molecular and Cellular Biophysics by Meyer B. Jackson 



What is Biophysics?

• The subjects of Biophysics are the physical principles underlying all 
processes of living systems. 

• Biophysics is an interdisciplinary science which includes notions of 
biology and physics connected to other disciplines such as 
mathematics, physical chemistry, and biochemistry. 

• Although not all biological reactions can be explained, there is no 
evidence that physical laws are no longer valid in biological systems. 



Thermodynamics Concepts

• Definition: Thermodynamics is the characterization of the states of 
matter, namely gases, liquids, and solids, in terms of energetic quantities.

• Thermodynamic rules are very general and apply to all types of objects, 
ranging from gas molecules to cell membranes to the world. 

• Fundamental thermodynamics state variables are: pressure, iemperature 
and volume



State variables
• A state variable is a property of a system that depends only on the current, 

equilibrium state of the system and  thus do not depend on the path by which 
the system arrived at its present state.

• The state of an ideal gas can be characterized by: 

Pressure (P): is the force applied perpendicular to the surface of an object 
per unit area over which that force is distributed.
Temperature (T): physical quantity that expresses the hotness of matter or 
radiation. It is related to the average kinetic energy of microscopic particle, 
such as atom, molecule, or electron. 
Volume (V): is a measure of the three-dimensional space occupied by an 
object.

• Relationships among the different properties of the system. For an ideal gas 
the relationship between state variable are described by the equation:

 
PV=nRT                  (van der Waals equation)



I Law of Thermodynamics

• The law of conservation of energy states that the total energy of 
any isolated system is constant; energy can be transformed from one 
form to another, but can be neither created nor destroyed.

ΔU is the change in internal energy, w is the work done on (or done by 
the system) and q is the transferred heat.

ΔU = q + w 



Work

w = −FΔx 

w = −FΔx = −(PA)Δx = −PΔV 

The work is performed when a force (F) is used to move an object through 
a distance (Δx), 
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As an example of work, consider a gas inside a cylinder
pushing against a piston (Figure 2.4). As the gas expands
it must move the piston by pushing with a force that com-
petes with the force exerted by gases in the atmosphere.
Work performed by the expanding gas is the product 
of the force and change in position of the piston. The
pressure that gas molecules push against is the force 
per unit area, or equivalently the force is the product of
the pressure and the area. This gives work as being the
product of pressure, area, and displacement. However,
the area times the displacement is the change in volume,
so work can be written as the product of pressure and

volume change, with the sign being negative as the work is defined from
the system’s perspective:

w = −F∆x = −(PA)∆x = −P∆V (2.8)

If the force, or equivalently the external pressure, is not constant, we can
sum all of the products for the different possible volumes in the form of
an integral:

(2.9)

When work occurs in a system with the opposing forces essentially equal,
the work is called re9ersible. A reversible change is a change that can 
be reversed by an infinitesimal alteration of a variable. In the case of the
piston, this happens when the inside and outside pressures are always
equal. For example, heating the gas inside the piston will cause the gas
inside to expand but the piston is continually sliding, keeping the pressure
equal on the two sides. In this case, work can be calculated using the
internal pressure (eqn 2.9). For reversible expansion of an ideal gas, when
the temperature is held constant, the ideal gas law can be substituted,
yielding:

(2.10)

P = nRT/V for an ideal gas.
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Figure 2.4 When
the plunger of the
piston slides during
expansion, it pushes
against a force F
that arises from the
atmospheric pressure
due to gas molecules
hitting against the
piston. In this case,
the work performed
can be written as 
the product of the
pressure P and
volume change ∆V.
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Enthalpy

H = U + PV 

∆H = ∆U + ∆(PV) = ∆U + P∆V          P=constant 

Formally, enthalpy, H, is defined in terms of internal energy, U, and the 
product of pressure P and volume V according to:

∆H = ∆U + P∆V = (q − P∆V) + P∆V = q

At constant pressure, the change in enthalpy is equal to the heat 
transferred. 



II Law of Thermodynamics
• The second law states that if the physical process is irreversible, the 

combined entropy of the system and the environment must increase. 

Ball vs Egg  

For the ball the kinetic energy 
is transformed in potential 
energy. 

For the egg the kinetic energy 
is converted in to heat bu the 
egg is in a more disordered 
state



Entropy
The entropy represents the molecular disorder of a system. The concept of 
entropy is explicitly defined in terms of the  heat and temperature of a 
system.  In an isothermal process, the change in entropy is

For an ideal gas, when temperature is 
fixed, internal energy does not change and 
the heat flow balances the work, yielding: 
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heat and temperature of a system. For a given reversible process, a small
change results in an entropy change, dS, which is defined in terms of the
amount of heat produced, dq, and the temperature:

(3.1)

For a measurable change of an isothermal process, the change in entropy,
∆S, is:

(3.2)

The change in entropy is equal to the energy transferred as heat divided
by the temperature. This definition makes use of heat rather than another
energy term, such as work, as heat can be thought of as being associated with
the random motion of molecules, while work represents an ordered change
of a system. The presence of temperature in the denominator accounts for
the effect of temperature on the randomness of motion, as objects which
are hot have a larger amount of motion due to thermal energy than cool
objects. This definition makes use of the concept of reversible processes,
which refers to the ability of infinitesimally small changes in a parameter
to result in a change in a process. Thermal reversibility refers to the system
having a constant temperature throughout the entire system.

To understand this expression, consider the example of an ideal gas 
inside a piston that is undergoing an isothermal and reversible expansion

(Figure 3.2). In this case, the forces per area on both sides
of the piston head are kept closely matched. As was found
in the previous chapter, the expansion results in work
being performed with a value determined by the volume
change:

(3.3)

For an ideal gas, when temperature is fixed, internal energy does not change
and the heat flow balances the work, yielding:
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Figure 3.2 The
reversible expansion
of an ideal gas with
the external pressure,
Pex, matching the
internal pressure, Pin.
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For ∆T = 0, ∆U = q+ w = 0 and q= −w

The entropy change is proportional to the heat (eqn 3.2) and can be 
written in terms of the volume change:

(3.5)

Entropy is the part of the expression for heat flow that represents the
change in the volume of the molecules in their final state compared to
their initial state. Entropy represents the tendency of molecules to occupy
all of the available space. More generally, entropy represents the tendency
of a system to explore all of the available states.

ENTROPY CHANGES FOR REVERSIBLE AND 
IRREVERSIBLE PROCESSES

As the entropy of a system changes, the properties of the surrounding must
be addressed. The surroundings are generally considered to be so large that
they are isothermal and at constant pressure. Because the surroundings
are at constant pressure, the heat transferred into the surroundings, qsur, is
equal to the change in the enthalpy of the surroundings, ∆Hsur:

dqsur = ∆Hsur (3.6)

Since the surroundings are assumed not to change state when the system
changes, the transfer of heat to and from the surroundings is effectively
reversible, and can be related to the change in entropy using eqn 3.2 regard-
less of how the heat got to the surroundings:

dqsur = TdSsur (3.7)

For a reversible change in the system, the heat coming from the system
has the same value, but the opposite sign, as the heat going into the 
surroundings. Then for an isothermal reversible change the total change in
entropy, dStot, can be written in terms of the entropy changes of the system,
dSsys, and the entropy change of the surroundings, dSsur, yielding:

(3.8)

Thus, for a reversible change in a system, the total entropy change of 
the system and surroundings is zero. So any changes in the entropy of
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III Law of Thermodynamics

• The third law of thermodynamics states that the entropy of all perfectly 
crystalline substances is zero at a temperature of zero Kelvin.  
 
 
In general, as temperature is decreased, random motion due to thermal 
motion is quenched. For a crystal, all of the atoms or molecules are 
located in well-defined, regular arrays and hence spatial disorder is 
absent.  
 
 
From a molecular viewpoint, the entropy can also be viewed as being 
zero as the arrangement of molecules is uniquely defined. 



Gibbs energy
• The Gibbs energy is a quantity that is used to measure the maximum 

amount of work done in a thermodynamic system when the 
temperature and pressure are kept constant. 

∆G = ∆H − T∆S 

∆G = 0 
∆G < 0 
∆G > 0 

Spontaneous process

Equilibrium

Unfavorable process



dG = dH − d(TS) 
dH = dU + PdV + VdP
dU = TdS − PdV         with    q=TdS  and  w= −PdV
dG = TdS − PdV + PdV + VdP − TdS − SdT 
dG = VdP − SdT 
dG = VdP                    T=constant

Gibbs energy for ideal gas
For an ideal gas, the change in the Gibbs energy can be directly 
related to its thermodynamic parameters 
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The first part of this sum, the total energy change, dU, can be related to the
change in entropy and volume:

dU = TdS − PdV (3.25)

Inserting this relationship into eqn 3.19 yields the change in Gibbs energy,
dG:

dG = TdS − PdV + PdV + VdP − TdS − SdT

dG = VdP − SdT
(3.26)

At constant temperature, the change in temperature, dT, is exactly equal
to zero, which simplifies this expression for the change in the Gibbs 
energy to:

dGconstant T = VdP (3.27)

In order to determine the change in the Gibbs energy for a large change,
this expression is integrated from the initial pressure to the final pressure.
This integration shows that the change in the Gibbs energy is directly given
by the thermodynamic properties of the ideal gas, the number of moles,
the temperature, and the change in pressure:

(3.28)

USING THE GIBBS ENERGY

The Gibbs energy can be used to determine whether a process will occur
spontaneously. As an example for the use of entropy and Gibbs energy,
consider the values of these parameters for water. The melting of ice results
in an increase of enthalpy as heat is absorbed by the surroundings in order
to melt the ice:

H2O (solid) → H2O (liquid) (3.29)

∆H° = 6 kJ mol−1

The reaction of water to hydrogen gas and oxygen has a positive entropy
change as expected for the release of gases from a liquid:
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Equilibrium Constant
For any given reaction  A ➝ B with an equilibrium constant K, 
the value of the equilibrium constant can be written in terms of 
the change in the Gibbs energy: 

The equilibrium constant for a reaction is simply an alternative 
representation of the Gibbs energy change. 

K=1  ➞  ∆G = 0 
K>0  ➞  ∆G < 0 
K<0  ➞  ∆G > 0 

Proceeds forward

Equilibrium

Proceeds backward 

(3.17)

Multiplying both sides by −T yields:

−T∆Stot = −T∆S + ∆H (3.18)

Since the temperature is always a positive number, the reaction is spontane-
ous if the term −T∆Stot is negative. If the process is in equilibrium then this
term is equal to zero. The product of temperature and entropy has units of
energy and is related to the amount of energy available to do work. This term,
−T∆Stot, is usually called the Gibbs energy difference, ∆G, and is written as:

∆G = ∆H − T∆S (3.19)

In summary, the Gibbs energy represents the energy available for the 
reaction as it includes both enthalpy and entropy contributions. Since 
biochemical reactions operate at constant temperature and pressure, the
Gibbs energy difference is the energy term that will be calculated to deter-
mine how a reaction will proceed:

• if ∆G is a positive then the reaction is unfavorable and the initial state
is favored,

• if ∆G is zero the reaction is in equilibrium, and
• only if ∆G is negative will the reaction occur spontaneously.

RELATIONSHIP BETWEEN THE GIBBS ENERGY AND THE
EQUILIBRIUM CONSTANT

For any given reaction A ↔ B with an equilibrium constant K, the value
of the equilibrium constant can be written in terms of the change in the
Gibbs energy:

K = e−∆G/kT (3.20)

Thus, the equilibrium constant for a reaction is simply an alternative repres-
entation of the Gibbs energy change. This relationship can be divided into
three regions (Table 3.1). First, spontaneous reactions occur when the Gibbs
energy change is negative; in this case, the association constant is a positive
number greater than one. Second, at equilibrium the Gibbs energy is equal
to zero, corresponding to a value of one for the equilibrium constant. Third,
reactions that are favored to proceed in the reverse direction rather than
moving forward correspond to a positive value for the Gibbs energy change,
or correspondingly, a value less than one for the equilibrium constant.

  
∆ ∆ ∆

S S
H

Ttot = −
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