
PHYSICAL-CHEMISTRY TERMS AND PROPERTIES USED BY THE IMDG 

CODE  

 

 

The objectives of this course are to: 

➢ familiarize with basic knowledge of chemistry to understand the terms used in 

IMDG Code. 

➢ detail and explain the meaning of the main physical-chemical terms from the 

IMDG Code.  

Many chemical terms are comprised in the IMDG Code:  

▪ Elements are the fundamental materials of which all matter is composed and are 

considered  the basics building blocks from which all chemical structures are made. 

They cannot be decomposed into simpler substances by ordinary chemical processes 

and are composed of identical atoms, which are the smallest particles of an element that 

can chemically exist. At present there are 118 known chemical elements. About 20 

percent of them do not exist in nature (or are present only in trace amounts) and are 

known only because they have been synthetically prepared in the laboratory. Of the 

known elements, 11 (hydrogen, nitrogen, oxygen, fluorine, chlorine, and the six noble 

gases) are gases under ordinary conditions, two (bromine and mercury) are liquids (two 

more, cesium and gallium, melt at about or just above room temperature), and the rest 

are solids. 

▪ Mixtures are blended of two or more elements, which retain their individual chemical 

and physical characteristics and can be separated from each other again by physical 

processes. In a mixture, the substances mix with each other, do not lose their individual 

properties and do not change their chemical bonds. They do not have any definite 

melting or boiling point. The composition of mixtures is variable.The main properties 

of mixtures are given below: 

▪ The original properties of a mixture are maintained. 

▪ One can simply separate the constituents of a mixture with the help of 

physical methods. 

▪ The ratio of the constituents can vary in its proportions. 

The mixtures may be: 

▪ Solid: gunpowder is composed from salpeter salt (KNO3), carbon and 

sulphur. 

▪ Liquid: seawater, freshwater 

▪ Gaseous: air (oxygen and nitrogen). 

▪ Crude oil: a mixture composed by organic compounds like 

hydrocarbons. 

▪ Compounds: consist of two or more elements linked through chemical bonds, and the 

properties of the new substance (e.g. molecules or substance) are significantly different 

from the element from which they have formed. Compounds are basically of three kinds 

: 

ionic, metallic and covalent. They are pure substances and their composition is always 
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constant. The compounds have a definite melting and boiling point. A chemical 

compound of hydrogen and oxygen in the ratio of two hydrogen atoms for every oxygen 

atom is known as a water molecule. Sodium chloride is a chemical compound formed 

from sodium (Na+) ions and chlorine (Cl-) ions in a 1:1 ratio, linked by ionic chemical 

bonds. The compounds exemplified above are comprised of the two basic types of 

chemical compounds: molecular (covalent) and ionic. Methane and water are composed 

of molecules; that is, they are molecular compounds. Sodium chloride, on the other 

hand, contains ions; it is an ionic compound. 

▪ Matter: is composed of elementary particles known as protons, neutrons, and electrons, 

which form atoms of the elements of the periodic table, such as hydrogen, oxygen, 

chlorine, helium, sulfur, sodium, etc. The three most familiar forms, or states, of matter 

are: 

o  Solids have a regular shape and are crystalline (common salts). Some solids 

take water from the air and become damp, they are known as crystal hydrates.  

o Liquids have definite mass and volume, but no shape, they are difficult to 

compress. The IMDG code recognizes that increasing viscosity can reduce 

hazards and affect packing. 

o  Gases, like air has a definite mass, but not defined volume and will expand to  

fill the volume of the containment vessel. Some gases, like chlorine are heavier 

than air, others, like hydrogen is lighter. Gases are easily compressed and are 

available in pressure-resistant gas cylinders. 

Heating and cooling a substance may change it from one state to another. When a 

material changes state, its smallest units, called molecules, behave differently. 

However, the material's molecules do not break apart and form into a different material. 

They remain the same. A change of state is a reversible change. 

▪ Substances are elements or compounds, which according to IMDG code, vary 

significantly from one sample to another, from the point of view of chemical 

composition. Exemples: cane sugar, iron, common salt, etc. 

▪ Articles are defined according to IMDG Code as devices that contain dangerous 

substances or mixtures of substances. Examples: fireworks, aerolsols, lighter and 

bombs. 

Dispersed systems 

A system formed of one substance in which there is another substance as small particles is 

called dispersed system. A dispersed system is formed of dispersion environment and dispersed 

phase. Both can be found in one of the three aggregation states: gas, liquid, solid and in particles 

of different dimensions. 

The dispersed systems are classified according to:  

a) aggregation state of the dispersion environment and of the dispersed phase (see table 

1) 

b) the size of particles of dispersed phase: 

- big dispersions (10-3 – 10-6m), 

- colloidal dispersions (10-6 – 10-9m: micro-and nanodispersions), 

- molecular dispersions (10-9 – 10-10m). 
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Table 1 Dispersed Systems classified after aggregation state 

Dispersion 

medium 

Dispersed 

substance 
Examples 

G 

G Air 

L Fog 

S Smoke, aerosols, dust, smog 

L 

G CO2, HCl solution in water 

L 
Solutions (H2O + HNO3), emulsions, 

gel 

S 
Solutions (H2O + soluble subst.) 

Dispersed systems, colloids 

S 

G N2, H2, dispersed in Fe, Pt, Pd, etc. 

L Inclusions in ores 

S Solid solutions, alloys 

 

1. Big dispersions 

 

 These are heterogeneous systems in which the particles are visible with the eye, the 

magnifying or the glass microscope. They are unstable and have the tendency to separate in the 

phases. Bigger the particles and the specific weight are, higher is the tendency to separate. 

 Depending on the medium and dispersed phase aggregation state there are: 

• emulsions – the medium and the dispersed phase are immiscible (ex: water in oil, 

mayonnaise)   

• suspensions – solids dispersed in liquid (sand in water, pharmaceutical suspensions) 

• aerosols – liquid or solid particles dispersed in gases (fog, foam)  

 

2. Colloidal dispersions or micro and nano dispersions 

 The particles are too small to be seen with a microscope and they pass through the usual 

filters. The colloid particles are bigger than molecules or ions from the usual solutions. That is 

why they diffuse much slower than molecules or ions from usual solutions and they do not 

cross through some membranes, membranes through which the solutions pass easily. In other 

words the colloidal solutions do not dialysis through membranes. (Colloid – greek Kolla = glue 

– Thomas Graham 1861). 



 Solid suspensions are usually called sols. At any sol there is a disperse medium, 

corresponding to the solvent from a usual solution and the dispersed phase corresponding to 

the solute. The amorphous phase isolated from a sol is called gel.  

 The colloidal systems are classified as follows: 

a) After the aggregation state of dispersed phase and the dispersion medium (table 2): 

b) After the mutual character of dispersion medium and dispersed phase 

- lyophobe colloids – dispersion colloids or suspenoids do not exhibit important 

interactions between dispersion medium and dispersed phase because the chemical 

bonds are different (water/oil, metal/colloids). So, the dispersion medium does not 

moisten the dispersed particles (dispersion medium water  hydrophobic colloids) 

- lyophile – They exhibit interactions between the disperse medium and the dispersed 

phase because the chemical bonds are of the same type. So, the dispersion medium 

moistens the particle surface (dispersion medium water  hydrophilic colloids) ex: 

oil – benzene. 

The lyophile colloids can be: 

• association colloids – the union of normal molecules by van der Waals forces 

 emulsions (tension active agents (surfactants), fatty acids, superior alcohols 

– in water formed by stirring colloidal dispersions) 

• macromolecular colloids – the molecules dissolved in a solvent are molecularly 

dispersed, but the size of these molecules is between 10-6 and 10-9m. (“water 

glass”, soluble proteins – albumins, carbohydrates –starch) 

Colloidal properties depend on dispersion degree: 

- Electrical properties: unilateral migration of the colloids under the action of electric 

field to one or another of electrodes. This phenomenon is called electrophoresis. 

- Optical properties:  

o the color of lyophobes colloids is characteristic and this color can be different 

for the same sol depending on the light (direct or reflected) 

o Tyndal effect – specific to colloidal systems; it is a lighted cone when the colloid 

is traversed by a beam of light. 

- Surface properties 

o sorption – appears at very high separation surfaces between colloidal particles 

and dispersion medium: 

▪ adsorption – mobile particles are attached on the colloidal particles 

surface, 

▪ absorption – mobile particles go inside the colloidal particles. 



o coagulation – means the increase of aggregates, which leads to the phase 

separation, 

o peptization – means the obtaining of liophob sol from a coagulated aggregate, 

o jellification – it is a step-in coagulation process in which the system pass in the 

gel phase. Sol-gel transformation determines disappearance of some liquid 

properties (letting out) and appearance of some solid properties (rigidity, 

elasticity, plasticity). 

Practical importance – examples:  

- defectoscopy with magnetic powders uses iron powders of iron dispersed in organic 

medium 

- fabrication of electric contacts for high current intensities and voltages (over 1000A 

and 1000V); one uses finely dispersed alloy powders (W- Cu, Ag – Ni, W – Ag, 

Mo – Ag) in graphite paste, 

- decoration: colloidal gold for ceramic decoration, 

- enhanced oil recovery using microemulsions, 

- cosmetic applications: skin care products,  

- agriculture: micro colloidal aqueous emulsions are used in order to increase the 

efficacy of insecticides, 

- food industry: emulsions like mayonnaise, creams, yoghourt etc, 

- pharmaceutical industry: different suspensions used as drugs. 

 

Physical-chemistry properties of hazardous materials: 

➢ Boiling point is the temperature at which a liquid boil and begins to turn into 

vapor. It will vary depending upon the pressure applied. The boiling point 

criteria are used together with flashpoint to allocate flammable liquids into 

packaging groups. When allocating flammable liquids upon packing groups, 

boiling point criteria in conjunction with the flashpoint are used. 

➢ Vapor pressure is a measure of the tendency of a material to change into the 

gaseous or vapor state, and it increases with temperature. It is the pressure 

exerted under specified conditions, when the vapor is in equilibrium with the 

liquid or solid form, or both, of the same substance—i.e., when conditions are 

such that the substance can exist in both or in all three phases (gaseous, liquid, 

solid). This parameter is very important to define whether a particular substance 

should be classified as gas and gives information on the toxicity of inhaled 

substances. 

➢ Flashpoint is the lowest temperature of a liquid at which its vapors form a 

flammable mixture with air. A flammable liquid cannot be ignited as long as its 

temperature remains below the flashpoint. (This temperature is known as the 

fire point). 

➢ Auto-ignition point is the lowest temperature at which a material will 

spontaneously ignite under the normal ambient condition without an external 

initiator such as a flame or a spark. These temperatures are critical especially 

for the shipping, storage, and use of various plastic objects and the associated 

fire hazards. Autoignition temperatures are of more prominence for liquid 

materials and gases than solid materials. 



➢ Explosive limit is the percentage-by-volume vapor/air concentration of a 

substance, which is ignitable. There are two types of explosive limits: lower 

explosive limit (LEL) and upper explosive limit (UEL). The explosive limits 

are usually given as the percent by volume of the material in the air (i.e., 7 %). 

Lower explosive limit (LEL) is the lowest concentration of gas or vapor which 

will burn or explode if ignited. Upper explosive limit (UEL) is the highest 

concentration of gas or vapor which will burn or explode if ignited. From the 

LEL to the UEL, the mixture is explosive. Below the LEL, the mixture is too 

lean to burn. Above the UEL, the mixture is too rich to burn. However, 

concentrations above the UEL are still very dangerous because, if the 

concentration is lowered (for example, by introducing fresh air), it will enter the 

explosive range.  

➢ Melting point is the lowest temperature at which a solid will change into a liquid, 

when heated (i.e., the transformation of the ice into the water.). Knowing the 

melting point of a chemical is very important for its storage & transport. This 

parameter is important for transport (from Northern areas to the tropical climate) 

of those solids with relative melting points. 

➢ Density of a sample is measured by dividing its mass by the volume it occupied. 

Relative density is the ratio of the density (mass of a unit volume) of a substance 

to the density of a given reference material (i.e., water). It is usually measured 

at 15 ℃ and standard atmosphere. The United Nations package performance 

test recognizes that product relative density can affect container performance, 

particularly impact strength, and therefore the drop height. Relative vapor 

density is important in storage planning. For example, toxic gas arsine, which 

has a relative vapor density of 2.8 compared to air, is not stored under the deck, 

as it could not easily disperse.  

➢ Solubility-when a solid or a gas is dissolved in a liquid, a homogenous mixture 

or solution is formed. As more solute is added, the solution cannot dissolve 

anymore and is said to be saturated. The miscibility of two or more liquids is 

when the liquids are mixed with each other completely. Miscibility and relative 

density are important parameters used in determining what medium should be 

used in fighting fires involving chemicals. For example, water is not suitable for 

fighting fires involving petrol, because would float on the water and spread the 

fire.  

Water solubility is a measure of the amount of chemical substance that can 

dissolve in water at a specific temperature. The unit of solubility is generally 

measured in mg/L (milligrams per litre) or ppm (parts per million). Water 

solubility is one of the most important characteristics affecting the 

bioavailability and environmental behaviour of chemical substances. Chemicals 

that are water-soluble are more likely to be absorbed by aquatic species such as 

algae and fish. 

➢ Odor, physical state, and appearance are the most basic physical-chemical 

properties available for almost every chemical (including both substance and 

mixtures). Many substances have a characteristic smell, which may be the first 

indication of product escape. Any unusual odour should be treated as a warning 

and appropriate emergency action taken. 



➢ Surface tension is the force that causes the molecules on the surface of a liquid 

to be pushed together and form a layer. Surface tension has the dimension of 

force per unit length (N/m) or of energy per unit area. Water has the highest 

surface tension (72.8 millinewtons per meter at 20 °C) compared to that of most 

other liquids, due to the hydrogen bonds between the water molecules. Water 

surface tension could be reduced by the presence of surfactants. Surfactants are 

used in a great number of formulation applications such as detergent, personal 

care products and pesticides. Most surfactants have a hydrophobic (water 

repellent) part and a hydrophilic (‘water loving’) part. They reduce the surface 

tension of the water so it can wet the fibres and surfaces. They loosen and 

encapsulate the dirt and, in that way, ensure that the soiling will not re-deposit 

on the surfaces. 

Most surfactants are more or less toxic to aquatic organisms due to their surface 

activity which will react with the biological membranes of the organisms. The 

biological degradability varies according to the nature of the carbohydrate 

chain. Generally, the linear chains are more readily degradable than branched 

chains.  

➢ Granulometry is the measurement of the size distribution in a collection of 

grains. It is also called the particle size distribution test. It is often characterized 

by the percentage of particles with certain diameter ranges (in micron meters). 

Solids in fine powder or dusty form are more hazardous because they are more 

likely to enter the air, which may lead to additional hazards such as respiratory 

hazards or explosive dust. 

➢ Oxidising Properties -a substance with oxidizing properties may, when brought 

into contact with chemically oxidizable organic or inorganic substances, bring 

about dangerous reactions causing fire, explosion, or the formation of other 

hazardous substances. Substances with oxidizing properties can give rise to a 

highly exothermic reaction in contact with other substances, with flammable 

substances. They can have irritating effects to skin, eyes and to the respiratory 

tract as they can react with the human tissue under formation of high 

temperatures thus destructing biological material. Shippers need to determine if 

a material belongs to Class 5 dangerous goods (oxidizing substances and 

organic peroxides) or not prior to shipment. Oxidizing substances and organic 

peroxides shall be handled, stored, and transported in compliance with 

dangerous goods regulations. Their hazards shall be communicated in safety 

data sheets. Common oxidizers include hydrogen peroxide, potassium 

permanganate, nitrites, nitrites, perchlorates, persulphates and hypo chlorites, 

and bromates. 

➢ pH value measures the activity of hydrogen ions in a solution, and it is typically 

approximated as the concentration of hydrogen ions. pH value ranges from 0 to 

14. A pH of 7 is neutral (for example, pure water). A pH less than 7 is acidic, 

and a pH greater than 7 is basic. Chemicals that are very basic or very acidic are 

corrosive. They can cause severe burns. 

➢ Reactivity is a qualitative term that refers to the rate at which a compound reacts, 

or tends to react, with substances in the lining of the respiratory tract. Reactivity 
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is usually considered in relation to the rate at which the compound penetrates or 

diffuses through the epithelium.  

➢ Flammability is the ability of a chemical to burn or ignite, causing fire or 

combustion. The degree of difficulty required to cause the combustion of a 

chemical is quantified through fire testing. Usually, materials are rated as highly 

flammable, flammable and non-flammable. 

➢ Toxicity is defined as the amount or degree of a substance needed to be 

poisonous. Toxicity is dependent on the amount and concentration used, 

frequency of use, interactions of the person receiving the substance, and 

individual reaction of the person. Toxicity can be systemic or local. It can be 

reversible or non-reversible. It can be acute, subacute, or sub chronic. Systemic 

toxicity means toxicity at a cell level that causes the organ to fail with the 

possible death of the organism. Local toxicity means the organ responsible for 

absorption and elimination may be severely affected, for example, stomach, 

liver, skin, lungs, or kidney. The effects may be reversible (when the toxic agent 

has been removed) or irreversible. The effects may also be acute, subacute, or 

sub chronic. Acute toxicity describes the adverse effects of a substance that 

result either from a single exposure or from multiple exposures in a short period 

of time (usually less than 24 hours). Acute toxicity tests in animals (i.e, rat) use 

mortality as the main observational endpoint in order to derive a LD50 or LC50. 

Acute toxicity studies usually include 3 routes: oral, dermal and inhalation. A 

common dose-response descriptor for acute toxicity is the LD50 (Lethal Dose 

50%). This is a statistically derived dose at which 50 % of the individuals will 

be expected to die. For inhalation toxicity, air concentrations are used for 

exposure values. Thus, the LC50 (Lethal Concentration 50%) is used. 

➢ Corrosion is defined as the chemical or electrochemical reaction between a 

material, usually a metal or alloy, and its environment that produces a 

deterioration of the material and its properties. Corrosion processes not only 

influence the chemical properties of a metal or metal alloys, but also generate 

changes in their physical properties and mechanical behaviours.  
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