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CHAPTER 1 

Chapter 1. Introduction
1.1 - Why bromine?

Why did we decide to deal with bromine and bromine compounds? What is so 
special about bromine compared to other elements? Why do we dedicate a whole 
textbook to it? The answers to these questions are to be found in this chapter.

You are probably familiar with bromine from previous studies.
- What are the properties of bromine?
- What reactions of bromine do you know?
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Bromine belongs to the family of halogens. The meaning of the name, stemming 
from the Greek, is salt forming. 

The halogens are not found as naturally occurring free elements, but rather as 
different compounds, mostly with metals.
Explain why?

The properties of the different halogens show marked differences as well as 
considerable similarities, due to the identical arrangement of seven valence 
electrons.

The place of bromine in this special group of elements, between chlorine 
and iodine, results in an absence of extreme properties. Bromine is less 
electronegative than fl uorine or chlorine, but its electronegativity is not as low as 
that of iodine and astatine. Nevertheless, bromine is suffi ciently electronegative 
to act as a distinctive non-metal element. 
 

Arrange the halogens according to their oxidation potential.

Halogens are known for their ability to form many inorganic and organic 
compounds, ionic compounds, molecular compounds and even polymers. 
Similarly, halogen compounds possess many different properties and therefore 
have many application areas. 

Make a list of the bromine compounds you know from your studies and arrange 
them according to different bonds:
- ionic compounds
- molecular compounds

35

Br

79.8

electron affi nity
11.81 eV

ionization enegy
-3.36 eV

electronegativity
2.8
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1.2 - Bromine and its properties

The discovery of bromine
Bromine (Br2) was first isolated and discovered in 1825, by the 23-year-old French 
chemist Antoine J. Balard, who passed chlorine (Cl2) gas through a concentrated 
solution of seawater and observed an unexpected formation of a red colored 
substance. After separation of the material Balard found that the new substance 
was a volatile liquid with a pungent smell and a reddish-brown color. Balard 
identified the material as an element and the French Academy coined the name 
bromos, which in Greek means, “foul smelling”.

At the beginning of the 19th century enough knowledge had accumulated to 
distinguish between certain groups of elements that were found to have similar 
chemical reactions. Following its discovery, bromine joined chlorine discovered 
in 1774 and iodine in 1811. The level of contemporary chemical laboratories was 
high enough to perform many different experiments.

The rapid and surprising progress in bromine research was made possible 
because of the great similarity between bromine on the one hand and chlorine 
and iodine, which were already well-known to the investigators, on the other 
hand. Immediately after the discovery of bromine, Balard and many others started 
to investigate its properties.

They prepared bromine compounds with sulfur, phosphorus, chlorine, iodine 
and hydrogen as well as metal bromides and bromates1, and described their 
properties. Likewise, the investigators succeeded in carrying out reactions of 
bromine with organic compounds, such as acetic acid and ethanol. An example 
of how some of these processes were formulated may be seen in the following 
paragraph.

A very interesting document2 is the letter that Dolon sent to Bercellius in July 
1826 in which he wrote:

1 Such as KBrO3 and NaBrO3

2 From the book: Discovery of the Elements, published by the Journal of Chemical Education, 1968
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“And now the news…it is simply a new “body” that will find its place between 
chlorine and iodine. This discovery belongs to Balard from Montpellier. This 
new “body” is found in seawater. Balard extracted it from the mother liquid 
of Montpellier brine by treatment with chlorine, followed by distillation. He 
obtained a dark red liquid that boils at 47ºC. The vapors resemble those of nitric 
acid. The specific density is 3.The material is kept under sulfuric acid. It reacts 
with metals that are partly volatile, for example potassium compounds.”

Read the letter and explain why there are differences between the boiling point 
and the density of the new “body” that Balard found and between the properties 
of the bromine appearing on the next page.

- Why did Balard keep the bromine under sulfuric acid?

- How does bromine react with potassium? Give the equation.

- According to Dolon, the compound of bromine with potassium is volatile. Is 
that true? What could be the reason for this statement?

- What are the vapors that resemble those of nitric acid?
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P r o p e r t i e s
Name of material: Bromine, Br2

Element, Bi-atomic molecules
Color: reddish-brown
Smell: Pungent
Melting point: -7.25°C
Boiling point: 59.5°C
Density: 3.12 gram/cm3 (20°C)
Solubility in water: Low (with reaction)

3.58 gram in 100 cm3 water (at 20°C).
3.52 gram in 100 cm3 water (at 50°C).

Solubility in other solvents: Very soluble in alkanes, alcohols, ethers and carbon 
disulfide.
Flammability: Inflammable
Toxicity: Toxic material, destroys body tissues and causes burns also at low 
concentrations (ppm3), causes irritation of the nose, throat, skin and eyes. 
Typical reactions:
- Reacts with many metals, especially when containing water
- Reacts with many alkali metals
- Causes addition and substitution reactions with many carbon compounds.
Enthalpy change of melting (ΔH°m): 10.57 kJ/Mol
Enthalpy change of boiling (ΔH°b): 30.0 kJ/Mol
Bonding enthalpy: 193 kJ/Mol

Answer the following questions based on the properties of bromine above.

- In what physical phase does bromine exist at room temperature?

- Explain the solubility data of bromine:
 a) in water 
 b) in alkanes 
 c) in alcohols
 d) in ethers 
 e) in carbon disulfide 

3 ppm - parts per million
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- Why is breathing bromine dangerous and why is it a cause of burns of the skin 
and eyes?

- How should a bromine leakage be handled (or how should bromine be 
neutralized)? State the advantages and disadvantages of each method you 
suggest.

- Bromine is a highly corrosive material, especially when it is wet. What is the 
reason for this? What are the consequences?

Corrosion: Deterioration process of solid material (usually metallic) as a result 
of contact with other material(s). Deterioration is usually accompanied by 
formation of holes, cracks or disintegration of the material. The process causes 
a change in the mechanical properties of the material, which may no longer 
suit its purpose.

Chemical reactions of bromine
As already mentioned, immediately after its discovery, studies of the properties 
of bromine started with the preparation of many different bromine compounds, 
and the collection of the information needed to characterize its properties. 
Bromine undergoes oxidation-reduction reactions with a wide range of materials, 
sometimes reacting as an oxidant and sometimes as a reductant. Bromine 
participates in certain auto-oxidation-reduction reactions. In other words, some of 
the bromine atoms act as oxidizing agents (their oxidation state decreases), and 
some act as reducing agents (their oxidation state increases). Some of the more 
important reactions of bromine are described in the following pages.

Reaction with hydrogen:
  1.  H2(g) + Br2(g)  2HBr(g)

Reaction with different metals, such as:
  2.  2K(s) + Br2(l) → 2KBr(s)

  3.  2Al(s) + 3Br2(l) → 2AlBr3(s)

Reactions with different non-metals, such as:
  4.  Br2(l) + Cl2(g)  2BrCl(l)
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  5.  3Br2(l) + 1⁄2P4(s) + 14H2O(l) → 8H3O+
(aq)+6Br

_
(aq)+2H2PO

_
3(aq)

  6.  3Br2(l)+ 1/8S8(s)+11H2O(l) → 7H3O+
(aq) +6Br

_
(aq) +HSO

_
4(aq)

Reaction with ammonia:
  7.  3Br2(l)+8NH3(g) → 6NH4Br(s)+N2(g)

 
Reaction with water:
  8.  Br2(l)+2H2O(l)  H3O+

(aq) +Br
_
(aq) +HOBr(aq)

 
The reaction of bromine in an aqueous solution is pH-dependent and   
accordingly different products may be formed;
In very alkaline solutions (pH>13), the following reaction occurs: 
  9.  Br2(l)+2OH

_
(aq) → Br

_
(aq)+OBr

_
(aq)+H2O(l)

 
In a less alkaline solution (pH<13), the following reaction occurs:
  10.  3Br2(l)+6OH

_
(aq) → 5Br

_
(aq) +BrO

_
3(aq) +3H2O(l)

 
Bromine reacts with many organic compounds, of which we shall mention 
only a few. You can apply your knowledge and add reactions with other   
substances. 

Reaction with acetic acid:
  11.   CH3COOH(l)+Br2(l) → CH2BrCOOH(l) + HBr(g)

Reaction with methane:
             light or heat

  12.  CH4(g) + Br2(g) → CH3Br(g) +HBr(g)

         CH3Br(g) + Br2(g) → CH2Br2(g) +HBr(g)

Reaction with ethene:
  13.  C2H4(g)+Br2(g) → C2H4Br2(g)

Reaction with secondary alcohol, e.g., 2-propanol:
  14.  CH3CHOHCH3(l) + Br2(l) → CH3COCH3(l) +2HBr(g)

Reaction with ketone, e.g., acetone:
  15.  CH3 COCH3(l) + Br2(l) → CH3COH2Br+HBr(g)
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Arrange the above reactions into those in which bromine acts as oxidant, as 
reductant or as both at the same time.
In the reaction between bromine and water HOBr(aq) is formed.

- Explain (in terms of equilibrium) why under very basic conditions OBr -
(aq) ions 

are formed.

- Compare the reaction occurring between bromine and methane with the 
reaction occurring between bromine and ethene with respect to: reaction 
conditions, activation energy, number of products and purity of product.

Ammonia reacts with bromine according to the following equation:
8NH3(g) + 3Br2(l) → 6NH4Br(s) +N2(g)

- What type of reaction (acid-base, oxidation-reduction, precipitation, etc.) is 
this?

- What do you know about the applications of this reaction? (Use other sources 
of information for help.)

- How do you verify that all the bromine reacted and none remains?
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1.3 - From bromine to its compounds

Historical review
Thousands of years before the element bromine was discovered, one of its 
organic compounds, Tyrian purple, was widely used for 3000 years. The material, 
prepared by the Phoenicians around 1500 B.C., was considered to be among the 
most important and expensive dyes. It is therefore not surprising that evidence of 
the existence of Tyrian purple can be found in the Bible. For example, in the Book 
of Exodus, Tyrian purple and biblical blue are mentioned and were, among other 
things, used to prepare the curtain of the Ark and the priests’ clothes. The Roman 
emperors decreed that only members of the royal family had the right to wear 
clothes dyed with Tyrian purple, and it was fittingly called: “The Royal Purple”.
The dye was prepared from a liquid called Murex. This liquid is present in mollusks 
found along the Mediterranean coast. The colorless liquid was converted into the 
purple dye by a secret process known only to very few. Today we known that 
Tyrian purple possesses quite a complicated molecular structure containing 2 
bromine atoms:

Tyrian Purple

Although at that time chemistry was not a “science”, contemporary leather 
workers in the Middle East already knew how to convert Tyrian purple into indigo-
blue. Without knowing its molecular structure, they actually removed the bromine 
atoms from the Tyrian purple molecule and obtained indigo-blue.

Indigo Blue

There is evidence that the process is activated by sunlight and so it is one of the 
earliest industrial photochemical processes in the history of mankind.
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Photochemical process: A chemical process occurring by means of light 
absorbed by the system.

Mollusk used for the preparation of Tyrian purple in antiquity

As mentioned earlier, the discovery of bromine in 1825 was followed by a 
period of intensive laboratory experimentation, leading to the discovery of many 
of bromine’s characteristic reactions. The search for applications for bromine 
and bromine compounds started immediately after its discovery, and the fi rst 
medicines containing bromine were prepared and used as tranquillizers as early 
as 1835. The discovery of bromine took place at about the same time as the 
invention of photography, which triggered off the use of silver bromide, AgBr4. 
Thus bromine emerged for the fi rst time (1840) as an industrial product. As long 
as photographic techniques remained primitive and rarely used, the demand for 
bromine was limited. 

Developments in photographic technology brought about a dramatic change in the 
demand for bromine. The improvements in photographic methods, the invention 
of the fi lm, the movie and X-rays (mainly for medical purposes), increased the 
demand for silver bromide. This was followed by a growing use of fi lm for 
scientifi c purposes, military ends and especially for amateur photography.
In the same period the dye industry also began to use bromine (e.g., for the dye 
Eosine, which is still produced today). All these developments increased the 
demand for bromine.

4 See Section 6.5 Bromine Compounds in Photography, p. 261
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In 1846 the fi rst bromine production plant was opened in the U.S.A. and in 1865 
the fi rst European plant was founded. In 1889 Herbert H. Dow, who is considered 
the father of the modern bromine industry, founded the fi rst big American plant. 

Milestones

1774 – Discovery of chlorine – (C.W. Scheele)

1811 – Discovery of iodine – (Bernard Courtois)

1825 – Discovery of bromine – (A.J. Balard)

1835 – First bromine containing medicines

1840 – Beginning of the use of silver bromide for photography and 
production of bromine containing dyes (Eosine) 

1846 – First bromine production plant in the USA

1865 – First bromine production plant in Europe (Germany)

1886 – Discovery of fl uorine – (H. Moissan)

1889 – Development of novel process for bromine production from seawater 
by Herbert H. Dow (USA), the father of modern bromine industry.

The Sdom plant in its fi rst years
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The rise and fall of EDB (Ethylene Dibromide)
The First World War and the years following saw the rapid development of the 
automobile industry, especially in the USA. The increasing use of cars led to the 
development of more powerful engines, mainly through stronger air and fuel 
compression. This change posed a problem called “the knocking engine”, which 
is caused by self-combustion of fuel and results in decreased engine efficiency.
Scientists found that the addition of certain substances to the fuel could diminish 
the “knocking engine” problem, and so clear the way for the development of 
more efficient engines and faster cars. The first additives they suggested were 
too expensive or inefficient. In 1922, an American company demonstrated the 
efficiency of the compound Pb(C2H5)4 (Tetra Ethyl Lead or TEL), which became 
increasingly popular because it was relatively cheap.
Although the addition of tetra ethyl lead prevents the fuel’s self-combustion, 
unfortunately its use left a very serious problem in its wake. Simultaneously 
with fuel combustion, tetra ethyl lead is oxidized with the formation of lead 
oxide, PbO(s), which precipitates on certain parts of the engine and obstructs its 
function. Research was now focused on finding materials that would prevent the 
precipitation of lead oxide.
The solution was to find a material that would combine with the lead and form 
volatile compounds, which would be emitted together with the rest of the 
exhaust gases. This approach resulted in the development of 1,2 dibromoethane, 
CH2BrCH2Br (or as it was called: Ethylene Dibromide or EDB), which during its 
combustion forms volatile lead compounds (e.g., PbBr2, PbBr4).

Leaded fuel: Fuel to which tetra ethyl lead is added to prevent self-combustion 
and “knocking engine”. 

-  Is leaded fuel used where you live?

- Why is this?
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P r o p e r t i e s :
Name of material: 1,2 Dibromoethane – CH2BrCH2Br (EDB)
Volatile, colorless, sweet smelling liquid, slowly decomposing in air
Molar mass: 187.88 gram/mol
Melting point: 9.8°C
Boiling point: 132°C
Density: 2.18 gram/cm3 at 20°C
Solubility in water: Low. 0.43 gram in 100 gram water at 30°C
Solubility in other solvents: High in organic solvents
Flammability: Non-flammable and non-explosive
Toxicity: Highly toxic liquid and gas by inhaling and contact with skin and eyes.    
              Safety measures must be taken when handling. 
Typical reactions:
- Reacts with aluminum or magnesium with formation of ethane or polymers. 
- Reacts with strong bases with formation of ethane or alcohol.
- Reacts with strong oxidizing agents
- Reacts with liquid ammonia
- Decomposes under the influence of light or heat
- Can polymerize when exposed to heat and/or light 
Applications: Soil and agricultural pest control, fuel additive and solvent used in         
                      the chemical and pharmaceutical industry. 

Due to the discovery of EDB as an additive improving the efficiency of fuel 
engines and its subsequent production, bromine became a product of great 
strategic importance. Many countries tried to produce bromine and EDB and not 
to be dependent on the supply of foreign countries.

We see here an interesting example of a chain of events in which technological 
and scientific developments go hand in hand and jointly influence social, 
economical and environmental factors. 

In addition to its use as fuel additive, EDB was found to be effective in pest 
control of soil and agricultural products intended for long-term storage (for more 
detailed information see Chapter 6.1, p.208).

The demand for bromine steadily increased and new sources for its production 
were sought. To this end production of bromine from seawater was investigated, 
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and several factories were built in the USA, Europe and, in 1932, Israel5.

Most of the increasing amounts of bromine produced were intended for the 
production of EDB. In the period between 1936 and 1950 the demand for 
EDB increased and gradually rose from 70% to 95% of total global bromine 
consumption. 

Bromine from Israel 5 and its importance in the Second World War 
Before the Second World War there were no bromine factories in England, 
but a few bromine compounds were prepared from bromine imported from 
Israel. During the Second World War England started to produce EDB, which 
allowed it to make more efficient use of its fighter planes and to improve 
their performance. In the process, EDB became a highly important strategic 
product. When the Germans found out that the bromine was used for military 
purposes and could improve the fighting ability of the Allied Forces, they 
ordered the Italians to bomb the ships carrying the bromine on their way in 
the Mediterranean. Because of bromine’s toxicity and its strong corrosive 
effects, the bombings of the ships hit the crews and damaged the metal 
parts of the ships, and transports were stopped. Continuation of the bromine 
supply to England was made possible only by using an alternative method for 
transporting bromine, which was developed by scientists from the Hebrew 
University in Jerusalem and from the Potash Company. By this method 
bromine converted to solid calcium bromide (CaBr2), was safely transported by 
ship to England. Once in England, the calcium bromide was reconverted to the 
bromine needed for the production of EDB.

Look at the Bromine properties on Page 13 (in green) and at the Calcium Bromide 
properties on Page 174 (in green) and answer the following questions:
-  What are the advantages and disadvantages of bromine transportation?
- What are the advantages and disadvantages of solid calcium bromide 
transportation?

5 During the Second World War, Israel was a part of the British mandatory territory of Palestine.
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In the years after the Second World War more and more EDB was used, reaching 
its peak in the seventies. Many countries built factories to produce the material 
and it became the most important bromine product. At the same time there was a 
gradual increase in the use of bromine and bromine compounds and production of 
additional bromine products. In 1976 EDB represented only about 70% of global 
bromine production.

At the end of the seventies it was realized that lead compounds are highly 
toxic especially those lead compounds that are emitted together with exhaust 
gases during the combustion process of engine fuel. The growing awareness of 
pollution problems led to a public demand to prevent the use of lead compounds 
as fuel additives. Several countries issued regulations prohibiting their use for this 
purpose.

Unleaded fuel: Fuel without the addition of tetra ethyl lead.

From 1983 onwards the use of this material was prohibited in the USA and other 
developed countries followed suit. Since then, global production of EDB has been 
decreasing and many factories produce less of the material or close down. 
The following graph shows the amount of bromine needed for the production of 
EDB in the USA between the years 1938 and 1984.
 

Graph No. 1.1. Bromine consumption for production of fuel additives in the USA
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Today the use of EDB as a fuel additive is declining, while the use of unleaded fuel 
is on the increase, despite the fact that it is more expensive. Likewise the search 
is on for suitable alternatives to improve the quality of the fuel. Also the use of 
EDB for pest control in agriculture is gradually declining, because it was found 
that the material seeps into the groundwater.
The following graph gives data on global EDB production for all uses between the 
years 1965-1998:
 

Graph No. 1.2. Global EDB production for all uses

In 1990 total global EDB production was about 55,000 tons, an amount close to 
production in 1944, when only 20%-30% of global bromine consumption was 
used for this purpose. This decline occurred despite the significant rise in fuel 
consumption over this period. This fact very dramatically illustrates the fall of 
EDB from its peak. From 1990 onwards the decrease in global EDB production 
continues. In 1998 global EDB production stood at about 34,000 tons, which 
is less than 10% of total global bromine production. It may be assumed that 
production will continue to decrease as environmental awareness rises and more 
countries prohibit the use of Tetra-ethyl lead containing fuel. 
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Different types
of gasoline for sale
Different types
of gasoline for sale

The following scheme presents the connection between science, technology and 
environment and shows how the solution to one problem may generate another one.
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Today there are cars that are driven by solar or electrical energy (batteries). Other 
fuels and additives are also being tested. The search for better and more effi cient 
solutions continues.

Milestones
1922 -  Mixtures containing EDB for elimination of lead residues in car 

engines
1923 -  Establishment of giant companies for bromine production in the USA
1940 -  14 bromine producing plants worldwide
1944 - 93% of global bromine production intended for production of EDB
1950-60 - Additional factories for bromine production in Europe, Japan, South-

Africa and Israel (1959). Introduction of new bromine containing 
products. 80%-85% of global bromine production for EDB.

1975 - Every new car in the USA uses only unleaded fuel. Only 70% of 
total global bromine production intended for EDB.

1983 -  Use of EDB prohibited in the USA and other developed countries.
1988 -  Steep decline in EDB production. Only 20% of global bromine 

production for EDB. The amount of bromine used for EDB 
production decreases to same amount at the end of the Second 
World War.

1998 -  Global EDB production is only 34,000 tons per year, less than 10% 
of total global bromine consumption 

Electrically driven car

Is there a future for bromine after EDB?
On the face of it, it might be expected that the decline in EDB consumption from 
1980 onwards would have decreased the demand for bromine, spelling the end 
of prosperity for the bromine industry. But this did not happen! The decline in 
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EDB did not detract from the importance of bromine itself. The special properties 
of bromine and the special and wide-ranging properties bromine imparts to its 
compounds gave rise to the preparation of numerous compounds with many 
different applications. 

Today many different bromine compounds are produced and many compounds 
have multiple applications.

The scheme below depicts some of the major uses of bromine and bromine 
compounds.

Bromine compound applications

The scope of this book does not permit us to show all possible bromine 
compounds and not even all that are produced in Israel. We shall show a few 
examples of compounds, some of which you may be familiar with.
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Table No. 1.1. Some Bromine Compounds

Name of
material

Formula Marketed as: Special
properties

Main uses

1. Hydrogen 
bromide

HBr Aqueous 
solution, gas

Strong acid Bromine source for 
industrial processes

2. Sodium
bromate

NaBrO3 Solid-powder Strong oxidant Hair waving and 
textile dyeing 
processes

3. Potassium 
bromate

KBrO3 Solid-powder Strong oxidant Food industry 
additive, especially 
for help in making 
dough rise 

4. Ammonium
bromide

NH4Br Solid-powder Releases 
bromine vapors
at high 
temperatures

Flame retardant 
for textiles, wood 
and paper, photo 
emulsions and 
developers and drug 
industry

5. Potassium 
bromide

KBr Solid-powder 
granules

Releases bromine 
vapors at high 
temperatures

Photo emulsions and 
developers, and drug 
industry

6. Sodium
bromide

NaBr Solid-powder 
granules

Releases bromine 
vapors at high 
temperatures

Photo emulsions 
and developers, 
drug industry and oil 
drilling

7. Calcium
bromide

CaBr2 Aqueous 
solution 52% 
solid-powder

High density
High viscosity

Oil drilling
Preparation of
solutions for oil
drilling. Drug industry

8. Zinc bromide ZnBr2 In solution 
with calcium 
bromide, 
solution

High density
High viscosity

Oil drilling

Batteries

9. Lithium
bromide

LiBr Aqueous 
solution

Releases 
bromine vapors 
on strong heating

Air conditioners

10. Monobromo 
acetic acid

CH2BrCOOH Solid Corrosive, 
decomposes at 
high temperature

Intermediate for 
biocides and drug 
industry

11. Bromomethane 
(Methyl bromide)

CH3Br Dense liquid Extremely toxic Disinfectant for
soil and seeds
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Name of 
material

Formula Marketed as: Special
properties

Main uses

11. Bromomethane 
(Methyl bromide)

CH3Br Dense liquid Extremely toxic Disinfectant for
soil and seeds

12. Dibromomethane CH2Br2 Liquid Decomposes 
on burning and 
releases bromine

Intermediate in the 
synthesis of biocides 
and insecticides, 
organic solvent

13. Bromochloro-
methane

CH2BrCl Liquid Decomposes at 
high temperature 
and releases   
toxic bromine and 
chlorine gases

Intermediate in 
organic processes, 
organic solvent

14. α-Bromo
propionic acid
(α-BPA)

CH3CHBrCO2H Liquid Corrosive agent, 
decomposes 
readily at high 
temperatures

Intermediate 
in synthesis of 
medicines

15. BBAB Liquid Corrosive agent, 
decomposes at 
high temperature

Biocide

16. 1-Bromo-
3-chloro-5,5 
dimethyl- 
hydantoin 
(halobromine)

Solid-tablets Decomposes 
above 160°C and 
releases toxic 
gases

Biocide for 
disinfection of water

17. 2,2-dibromo-
3-nitrilopropio-
namide 
(Biobromine DBNP)

Solid-powder 
Aqueous 
solution

Decomposes 
above 160°C and 
releases bromine 
and HBr vapors

Sensitive to heat 
and light, biocide 
for industrial water6, 
cooling towers etc.

18. Dibromo 
neopentyl 
glycol (DBNPG)

 Solid-powder Low solubility 
in water, highly 
soluble in polar 
organic solvents

Flame retardant

19. Tribromo 
neopentyl 
alcohol 
(TBNPA) 

 Solid-powder Low solubility 
in water, highly 
soluble in polar 
organic solvents

Flame retardant

20. Hexabromo 
cyclododecane 
(HBCD)

Solid-powder Negligible solubility in 
water, slightly soluble 
in organic solvents, 
highly soluble in 
alcohols

Flame retardant

6 Insoluble in water. Made soluble by addition of ethylene glycol.
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Look at the data in Table No. 1.1 and answer the following questions:

- What compounds in the Table dissolve well in water but not in non-polar 
solvents? Explain.

- What compounds in the Table are more soluble in non-polar solvents? Explain.

- Now check if the selection you made agrees with the different uses of the 
materials? 

Some of the compounds are rather complicated molecules and you may even 
think that they have very odd structures.

For example, Structure 19 in Table 1.1 has a formula rather like a drawing.

This material can be added to various polymers as flame retardant. This will be 
reviewed in greater detail in Chapter 6.
A closer look at the table tells us that molecules that differ only in one atom may 
be completely different and therefore possess totally different properties and 
applications. 

- Can you find examples for this in the Table No. 1.1 on Pages 28-29? Explain.

It is thus not surprising that there is virtually no limit to the variety of design and 
preparations of new and different compounds. This issue too shall be dealt with 
in the following chapters.
The decline of EDB did not in fact wipe out the bromine industry. On the contrary, 
it even boosted the production of new compounds and opened a new avenue for 
novel applications of bromine and bromine compounds. 
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1.4 - Bromine throughout the world

Distribution of bromine
As mentioned before, natural bromine, like other halogens, is found mainly in 
metal compounds. 

- What halogen compounds are found in the earth’s rocks? Give examples.

- What halogen compounds, are found in seas and lakes? Give examples.

- Search different sources for information on the relative distribution of different 
halogens on the earth’s surface.

Bromine and chlorine are found together both on land and in water. Since the 
radius of the bromine ion (1.96ºA) is close to that of the chlorine ion (1.84ºA), it 
can replace the latter in many ionic compounds. 
As can be expected, bromine on land exists as sparsely soluble ionic compounds. 
On the other hand, in water bromine appears as soluble bromide ions Br -(aq). It 
may be assumed that in the geological past, bromine was on land and due to 
erosion of the rocks the bromides passed into the earth’s aqueous systems 
(oceans, different seas, wells, springs, etc.). The ionic concentration of bromine 
in the different aqueous systems varies from very low concentrations, such as 
for example in river water, to higher concentrations in saltwater, in which large 
amounts of salt accumulated over the years.
Bromine forms easily soluble compounds with most metals. It is therefore not 
surprising that the first bromine-containing mineral discovered (in Mexico in 1841) 
was a sparsely soluble mineral, called bromirite, AgBr.
Although in nature most bromine is found in rocks, its concentration is relatively 
low and does not exceed 10 milligram per kg. Very few bromine compounds are 
known that may be considered minerals7 and most resemble bromirite. They are 
silver-containing minerals with different halogens, e.g., Ag(Br, Cl) and Ag(Br, I)8. 
These minerals were apparently formed by reaction between soluble halogen 
salts and silver minerals.
It should be noted that in all natural minerals the chlorine concentration is 100-300 

7 Mineral: a natural ionic compound.
8 This type of  a formula has a mineral composition containing Ag+, Br - and Cl - ions, which is actually 

a mixture of AgBr and AgCl.
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times larger than the bromine concentration, while the iodine concentration is 
much smaller than that of bromine.
A similar picture exists in the water sources, but there are differences in the 
concentrations and ratios of chlorine and bromine (the chlorine concentration is 
200-700 times larger than the bromine concentration).
The next table contains data on chlorine and bromine from different sources.

Table No. 1.2. Sources of bromine

Source Bromide concentration Main producing countries

Rocks and salt mines About 10 mg/kg (after 
separation of potash a solution 
is obtained containing 1-3 
g/liter bromides)

Germany, France

Seawater and oceans 65 mg/liter England, France, Japan, Italy, 
Spain, India

Underground brine 3-4 g/liter USA (Michigan and Arkansas), 
Russia (Black Sea area)

Salty seas and ponds 2-6 g/liter Israel, Dead Sea, 5-6 g/liter 
(after removal of potash 10-12 
g/liter), USA

- Which sources are advantageous for bromine production? Explain

- What are the considerations for profitability of bromine production?

- For which countries would the production of bromine be worthwhile?

- Search through different sources for information on what are the largest 
bromine producing countries in the world.
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Global production of bromine
A number of factors, some of which were referred to earlier in this chapter, 
determine the profitability of bromine production and influence the decision on 
its production:

-   Applications boosting the demand for bromine
-   The existence of suitable sources for bromine
-   Technological capability
-   Financial means

Earlier, we discussed the first factor (Section 1.3) extensively, and pointed out 
the steps leading from the discovery of bromine to the preparation of bromine 
compounds, and the use of bromine and bromine compounds for different 
purposes. We mentioned that the USA was the first country to start bromine 
production due to the fact that it fulfilled all four conditions listed above.
Because of the importance of bromine compounds for different industrial sectors 
and military purposes, many countries followed in the footsteps of the USA and 
built factories for bromine production. 
Not all countries had natural resources suitable for the production of bromine and 
only some of them possessed rich bromine sources.

The production process of bromine from seawater or other sources relatively 
poor in bromine is more complicated than the same process started from 
concentrated solutions. Usually the production process includes a number of 
preliminary steps to obtain more concentrated solutions from which to produce 
bromine.

- Suggest ways to increase the concentration of solutions containing bromine 
ions

- What, are the advantages and disadvantages of the methods you suggested? 
Explain.
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Table No. 1.3. Global Distribution of Bromine Production

Country 1978 1982 1988 1992 1994 1997 Source

France 16.2 9.1 15 3.2 2.2. 2.2 Seawater, end solutions 
from potash production 
plant

West 
Germany

3.9 3.1 2.8 - - - End solutions from potash 
production plant

India 0.5 0.3 0.8 1.3 1.4 1.5 Seawater

Israel 34.5 69.8 118 135.0 135.0 184 Dead Sea, end solutions 
from potash production 
plant

Italy 0.6 0.6 0.3 0.3 0.3 0.3 Seawater

Japan 12.0 12.0 20.0 15.0 15.0 15.0 Seawater

Spain 0.4 0.4 - 0.25 0.2 0.2 Seawater

England 24.2 29.8 27.0 29.9 33.8 28.0 Seawater

Soviet 
Union

15.0 68.0 50.0 24.0 15.0 12.0 9 Underground brine

USA 202.5 181.9 200 171.0 195.0 250.0 Underground brine

China - - - 16.6 31.4 30.0 Underground brine

Global 309.8 375 433 397.0 429.0 523.2

Study the table above and indicate the countries in which bromine production:
- Increases over the years
- Decreases over the years
- Remains constant over the years
- What are the reasons behind this data in each case?

The table shows that in most countries bromine production decreases or remains 
almost unchanged, except in the USA and Israel, while recently China has also 
entered the picture.
The method of bromine production depends of course on the quality of the 
source and the concentration of its bromine ions. The lower the concentration of 
bromine ions, the more difficult and expensive its production. Thus production of 
bromine from ocean water (England and France) is almost twice as expensive as 
production of bromine from brine (USA) or salty water (Israel).

9 Based on three sources: Azerbaijan (2.0), Turkmenistan (7.0) and Ukraine (3.0).
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The main factors infl uencing the cost of bromine production are:

-   Production costs from a source containing bromine in ionic solution are 
lower than those where the source consists of rocks.

-   Production costs from a surface source are lower than those from an 
underground source. An underground source requires drilling, and the 
deeper the drilling, the higher the costs.

-   Production costs from a low-bromine ionic solution are higher than those 
from a high-bromine ionic solution.

-   Since the production of bromine consumes energy (as detailed later), 
cheap and available energy reduces production costs.

-   Production costs from a source containing organic matter (due to contact 
with an oil layer) are high.

Any combination of these four main factors infl uences the profi tability of bromine 
production and limits the number of bromine producing countries.
These considerations explain Israel’s clear advantage of  in bromine production:

-   The Dead Sea is a surface sea.
-   The concentration of bromine ions in the Dead Sea is the highest in the world
-   The Dead Sea is situated in a hot region with a high evaporation rate and 

solar energy available all year round, greatly reducing the production costs 
of bromine.

-   The concentration of organic materials is very low.

Studies and calculations have shown that there is no danger of a decrease of 
the bromine content in the Dead Sea, requiring a change in production methods. 
Moreover, calculations have shown that even if bromine production increases, 
there is no risk of depleting the bromine “reservoir” for as long as 800 years and 
more. 

The Dead Sea Works at Sdom
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Global production of bromine compounds

Bromine itself has very little use. It is mostly used for production of compounds, 
some of which have been mentioned. Earlier we described the development of 
the synthesis of bromine compounds, starting from the discovery of bromine and 
the production of the first bromine compounds until the production of EDB, which 
for a long period was the most important bromine compound.
The production of bromine compounds can be divided into the following periods:

Table No. 1.4. Bromine Compound Applications

Period New applications Main application(s)

1825–1900 Tranquillizers
Dyes
Photography

Photography

1901-1950 EDB as fuel additive (1922)
Agricultural products
Water disinfection

Fuel additive

1951-1970 Water disinfection
Mines (Lead separation)

Fuel additive

1971-1990 Flame retardants
Oil and gas drilling

Agricultural uses
Flame retardants
Fuel additive (decreasing)

1991-1998 Cooling systems
Fine chemicals

Flame retardants
Liquids for oil drilling
Agricultural uses
Water disinfectants (Biocides)

And where are we going from here? That question is hard to answer. However an 
idea of what the future holds is given in Table No. 1.5, which shows the changes 
in the global production of bromine compounds during the period 1970-1997.
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Table No. 1.5. Changes in global production of bromine

Year 1970 1980 1985 1988 1997

Annual production of bromine 
compounds (thousands of tons)

375 295 350 388 531

Use (Material) Relative  part (%)

EDB
Agriculture
Flame retardants
Fluids for oil drilling

67*
20
-
-

32
19
20
7

21**
20
23
11

13
15
25
19

5
14
33
24

Photography
Medicines
Dyes
Water disinfection
Coolants

13 22 25 28 24

We see that from 1980 onwards there is a tendency not to focus on one product, 
but to spread the production over a variety of products for different uses. This 
trend is also visible in the distribution of products of the Dead Sea Bromine Group 
depicted in the scheme below for 1998:
 

 Graph No. 1.3. Distribution of Bromine Group products according to sales (1998)

*   Most EDB is used in agriculture for pest control.
** Only 1% is used as a fuel additive.
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