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Physical Constants, Units, Formulas and Equations 
Avogadro's constant NA = 6.0221  1023 mol 1 

Universal gas constant R = 1 1 

Speed of light c =  2.9979  108 1 

Planck's constant h= 6.6261  10 34  

Faraday constant  F 1 

Gravity of Earth g = 2 

Standard pressure p  = 1 bar = 105 Pa = 750 mmHg 

Atmospheric pressure 1 atm = 1.013  105 Pa = 760 mmHg 

Zero of the Celsius scale 273.15 K 
 
1 nanometer (nm) = 10 9 m  
1 Da = 1 atomic mass unit 
1 electron volt (eV) = 1.6022 10 19 1 

Energy of a light quantum with wavelength  E = hc /  

Energy of one mole of photons Em = hcNA /  

Gibbs energy G = H  TS 

Relation between equilibrium constant and 
standard Gibbs energy 

 = exp GK
RT

 

Relation between standard Gibbs energy and 
standard emf  = G nFE  

Clapeyron equation for phase transitions  = dp H
dT T V

 

Integrated Clausius-Clapeyron equation for phase 
transitions involving vapor 2

1 1 2

1 1ln  = p H
p R T T

 

Dependence of Gibbs energy of reaction on 
concentration or pressure 

prod

reag

 = ln
a

G G RT
a

, 

a = c / (1 mol/L) for the substances in 
solution, a = p / (1 bar) for gases 

Volume of a sphere of radius R 34
3

V R  

Surface area of a sphere of radius R S = 4 R2 

Hydrostatic pressure p gh 
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Problem 1. Clathrate gun (8 points) 
 

Question 1 2 3 4 5 6 Total 
Marks 2 1 3 5 6 2 19 

 
The only gun that is able to kill all living people in one shot 

 
On the floors of oceans and seas there are vast reserves of methane 
in the form of clathrate compounds called methane hydrates. These 
reserves can be mined and serve as a source of energy or raw 
materials for organic synthesis. However, scientists are seriously 
worried about the possibility of spontaneous decomposition of 
hydrates caused by the raising ocean temperature. It is believed that 
if a sufficient amount of methane is released into the atmosphere, 
the oceans will warm up quicker due to the greenhouse effect, 
further accelerating the decomposition of clathrates. Due to the 
explosion of the resulting methane-air mixture and/or changes in the composition of the 
atmosphere, all living creatures may become extinct. This apocalyptic scenario is called a 
clathrate gun. 
 
Upon decomposition of 1.00 g of a methane hydrate with a fixed 
atmospheric (101.3 kPa) pressure, 205 mL of methane is released. 
 
1. Determine n (not necessarily integer) in the formula of methane hydrate, CH 4 nH2O. 
 
Calculations: 
 
 
 
 
 
 
Answer: 
 
 
Real methane hydrate has a non-stoichiometric composition close to CH 4 2O. At 
atmospheric pressure, methane hydrate decomposes at 
(e.g. on the ocean floor) it is stable at much higher temperatures. Decomposition of methane 
hydrate produces gaseous methane and solid or liquid water depending on temperature. 
 
2. Write down the equation of decomposition of 1 mole of CH 4 2O producing solid water 
(ice) H2O(s). 
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The enthalpy of this process -1. Assume that the enthalpies do not depend 
on temperature and pressure, the volume change upon decomposition of hydrate is equal to the 
volume of released methane, and methane is an ideal gas. 
 
3. At what external pressure does decomposition of methane hydrate into methane and ice 
take place at  
 
Calculations: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Answer: 
 
 
4. What is the minimum possible depth of pure liquid water at which methane hydrates 
can be stable? 
To answer this question, you should first deduce at which minimum temperature methane 
hydrate can coexist with liquid water. Choose the correct answer. 
 
 
                           272.9   273.15   273.4  

 
 
 
Calculations: 
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Answer: 

 
 
Large methane hydrate stocks on the floor of Baikal lake, the largest freshwater lake in Russia 
and in the world, have been discovered in July 2009 by the crew of a deep-submergence 
vehicle -  methane hydrate samples started 
to decompose at the depth of 372 m. 
 
5. Determine the temperature in Baikal lake at the depth of 372 m. The enthalpy of fusion 

-1.  
Calculations: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Answer: 
 

 
Total amount of methane in hydrates on Earth 11 tons. 
 
6. By how many degrees would the Earth atmosphere heat up, if such amount of methane 
is burned by reacting with atmospheric oxygen? The enthalpy of combustion of methane is 

-1, the total 21 -1. 
 
Calculations: 
 
 
 
 
 
 
 
 
Answer: 
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