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Units



Gas laws
Give the relationship between the state marker parameters
(pressure (p), temperature (T), volume (V), molar amount (n).
State marker parameters: depend only on the current equilibrium 
state of the system, but not on the path by which the system
arrived at its present state.
Process functions are e.g. mechanical work and heat, they
describe quantitatively the transition between equilibrium states
of a thermodynamic system. 

Boyle’s law: Relationship between the pressure and volume of 
the ideal gas at constant temperature.



Boyle’s law



Question

For a perfect gas, according to Boyle’s law
(where p = Absolute pressure, V = Volume, and 
T = Absolute temperature)

1. V/T = constant, if p is kept constant
2. p V = constant, if T is kept constant
3. T/p = constant, if V is kept constant
4. p/T = constant, if V is kept constant



Question

When two bodies are in thermal equilibrium with a 
third body, they are also in thermal equilibrium with
each other. This statement is called

1. Second law of thermodynamics
2. First law of thermodynamics
3. Kelvin Planck's law
4. Zeroth law of thermodynamics



Question

First law of thermodynamics provides

a. a statement that energy balance occurs when a 
system undergoes the change of state or the process
b. a statement about whether the change of state or 
the process is at all feasible or not
c. both a. and b.
d. none of the above



Question

Which of the following statements best describes the
Second Law of Thermodynamics?

a) The internal energy of the universe is constant.
b) Energy can be neither created nor destroyed.
c) When an isolated system undergoes a spontaneous
change, the entropy of the system will increase.
d) At absolute zero, the entropy of a perfect crystal is 
considered to be zero.



The zeroth law of thermodynamics: If two systems are each in thermal
equilibrium with a third, they are also in thermal equilibrium with each
other (thermometer, thermostat).

The first law of thermodynamics: energy can not be created or
destroyed, just transformed in other types of energy (law of
conservation of energy)

In a closed system the internal energy (E) remains constant till work
(W) or heat (Q) change it: 

Thermodynamics

- Without expansion work: ∆E= QV (QV: reaction heat by constant volume)

- With expansion work: ∆E= Qp - p∆V (Qp :reaction heat by constant pressure)

∆H = Enthalpy change (reaction heat at a constant pressure)

Q: reaction heat



Enthalpy (H) is the measure of the energy of a thermodynamic system





∆Q: reaction heat





Question

The energy of an isolated system

a. is always decreasing
b. is always constant
c. is always increasing
d. none of the above







Which of the following statements will always apply
when a reversible chemical reaction has attained
equilibrium?

a) All reactants will convert to products
b) The reaction proceeds alternately in the forward and 
reverse directions
c) The Gibbs free energy of the system reaches a 
minimum
d) The forward reaction will dominate over the reverse
reaction

Question



Question
Calculate the free energy of the phosphoglycerate kinase reaction 
under standard circumstances! Which partial reaction is exergonic, 
and which is endergonic?





Reaction kinetics





The rate of a reaction
It’s a measure of how fast the changes are taking place in a 
reaction per unit time: 

- increase in the concentration of the product(s) or

- decrease in the concentration of the reactant(s).

It depends on:

• the chemical quality of the reactants

• the concentration of the reactants

• the temperature

• the physical state of the reactants

Rate law:

Equation which describes the rate of the reaction as a function
of the concentration of the reactants. 

Rate limiting step: the slowest step in a reaction mechanism





Nullter Ordnung
Erster Ordnung
Zweiter Ordnung
Dritter Ordnung







Question

Which of the following is true of enzymes?

I. They increase the rate of reaction by stabilizing the 

transition state

II. They raise activation energy to shift the equilibrium to 

favor the products

III. They lower activation energy by altering the products of 

a reaction

A. I only

B. II+III

C. I+III

D. III only



Enzymes



Classification of enzymes



Cofactors



Isoenzymes (isozymes)

Isozymes catalyze the same reaction,

but may differ in: 

• sequence, structure, subunit composition

• encoding gene or even chromosome

• necessary cofactors

• substrate affinity (KM)

• localization (among organs or organelles).



Affinity

KM is numerically 
equivalent to the 
substrate concentration 
at which the reaction 
rate is half of the
maximal (v = ½·vmax), 
which is thus at half
saturation. KM measures
also the affinity of the
enzyme towards the
substrate. 



Enzyme activity is a measure of 

the quantity of active enzyme 

present: moles of substrate 

converted per unit time. 

The SI unit is the katal, the

enzyme amount capable to

convert 1mol substrate in a 

second, but this is an excessively 

large unit. A more practical and 

commonly used value is enzyme 

unit (U), 1 μmol in 1 minute.

Pure enzymes have well-defined 

specific activities on this scale
between 5 and 500 U/mg.

Definition: The activity of a catalyst (a.k.a. catalytic activity) is a 

measure of how fast a catalyst converts starting materials into 
products.



Enzyme inhibitions

Reversible: 
• Michaelis-Menten type:
competitive inhibition
uncompetitive inhibition
mixed inhibition (incl. noncompetitive inhibition)
• Allosteric regulation
• Covalent modification
• Binding protein association
Irreversible: inactivation of the enzyme



Competitive
inhibition



Pharmaceuticals

Glutamine analogues:
inhibitors of glutamine
amidotransferase



Uncompetitive
inhibition



Mixed type
inhibition

Noncompetitive
inhibition



Question

Potassium cyanide is a poison which combines with 
cytochrome a3 to prevent binding of oxygen to the 
enzyme without altering the KM of the reaction with 
respect to reduced cytochrome c. Which type of 
inhibition does this represent?

a. Competitive inhibition

b. Uncompetitive inhibition

c. Noncompetitive inhibition

d. Irreversible inhibition



Summary

• Competitive inhibitors increase the KM-value, but
the vmax remains unchanged. (Active center)

• Uncompetitive inhibitors (rare) bind specifically the
enzyme-substrate complex. They decrease vmax and the
apparent KM-value.

• Mixed type inhibitors increase the KM-value and
decrease vmax.

• As a special case of the mixed type, the
noncompetitive inhibitors decrease only the vmax but
the KM-value remains unchanged. In the case of single-
substrate enzymes, this type does not occur.



Allosteric inhibition (or activation)
• Homotropic – the substrate and the modulator are

the same

• Heterotropic – they are different

Covalent modifications



Binding protein association
(Sequestrational regulation)



In the first step of glycolysis, hexokinase 
produces glucose-6-phosphate. G-6-P itself can 
also bind to hexokinase at the active site, 
blocking access to ATP. This is an example of:

a) allosteric inhibition

b) feedback inhibition

c) noncompetitive inhibition

d) uncompetitive inhibition

Question


