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Summary 

The physical and chemical properties of hydrogen are described with data. Only those 
properties relating to the use of hydrogen as an energy medium are noted. 
 
1. Introduction 
 
Hydrogen, the simplest element in the universe being composed of only one proton and 
one electron, makes up the major part of the composition of the universe. On the earth’s 
surface, hydrogen exists as a compound with other elements such as oxygen, carbon, 
and nitrogen; most hydrogen is found as a compound with oxygen, in the form of water. 
Normally, pure hydrogen exists in the form of a hydrogen molecule with two atoms, H2. 
 
There are many reports and data on the properties of hydrogen, but the properties most 
related to the applications of hydrogen as an energy medium are described in this 
article. 
 
2. Physical and Chemical Properties 
 
Hydrogen has two isotopes: deuterium (D; atomic weight 2.01410222) and tritium (T; 
atomic weight 3.0160497). Tritium is radioactive and emits very low energy β rays with 
a half-life of 12.26 years. The isotopes have different physical properties but quite 
similar chemical properties. In this article, only H is described, since H2 gas is important 
as an energy medium in hydrogen energy systems. 

2.1 Basic and Chemical Properties of Hydrogen 

A hydrogen molecule consists of two hydrogen atoms. Hydrogen is a colorless and 
odorless gas at room temperature and is the lightest gas, being about 1/14 as dense as 
air. Liquefied hydrogen, which has very low boiling point (−252.88 °C), takes up much 
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less space, about 1/700 times as much space as gaseous hydrogen. But even in liquefied 
state, it is still very light. Its density is about 0.07 g cm−3. Hydrogen itself is a rather 
stable molecule with high bond energy (435.99 kJ mol−1), but it reacts with many 
different kinds of elements to form compounds with them. As is well known, hydrogen 
easily reacts (burns) with oxygen at a wide range of mixing ratios and forms water. This 
makes it possible to use hydrogen as an energy medium. The mixture of hydrogen and 
air can be ignited with very low energy sparks and safety precautions are required. The 
reactivity of hydrogen with other elements is used for various chemical industries, but 
this article focuses on its application as an energy medium. The reactions of hydrogen 
with some organic compounds can be used to store and carry hydrogen. For instance, by 
reacting hydrogen with benzene to make cyclohexane, hydrogen can be stored as 
cyclohexane, which can later be separated to benzene and hydrogen. Ammonia and 
metal hydrides are also applications of the reactivity of hydrogen for storage. For details 
of these processes, refer to each topic of this encyclopedia. The most important 
chemical properties of hydrogen as an energy medium are the ones related to 
combustion. Table 1 shows the basic and chemical properties of hydrogen. 
 

Hydrogen atom 
Atomic number: 1 
Atomic weight: 1.00782519 (on 12C scale) 
CAS Registry Number: 12385–13–6 
Hydrogen molecule 
Formula: H2  
Chemical structure: H–H  
Molecular weight: 2.0159  
CAS Registry Number: 1333–74–0  
UN Number: UN1049 (gas); UN1966 (liquid)  
RTECS Number: MW 8900 000 
Appearance: Colorless and odorless gas at room temperature 
Density (gas): 0.08988 g L−1 (0 °C, 1 atm) 
Relative vapor density (air = 1): 0.07  
Density (liquid): 70.8 g L−1 (at −253 °C ) 
Melting point: −259.35 °C 
Boiling point: −252.88 °C (at 1 atm) 
Solubility in water: 0.0214 cm3 g−1 (0 °C, 1 atm) 
Energy content for 1 kg hydrogen (when reacting with oxygen to form water) 
 Higher heating value: 141 900 kJ; 33 900 kcal; 39.4 kWh 
 Lower heating value: 120 000 kJ; 28 680 kcal; 32.9 kWh 
Auto-ignition temperature: 500–571 °C 
Explosive limits: 4–76% (vol. % in air) 

 
Table 1. The basic and chemical properties of hydrogen. 
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