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Hazard and Risk 

Hazard-It is the potential to do harm. 
Risk-It is the chance that a particular activity will do harm. 
While we can't reduce hazard certainly, we can reduce risk by taking specific precautions- 

• Working on a smaller scale. 

• Using alternative techniques like lowering the concentration of hazardous substance. 

• Use of fume cupboards, safety goggles etc when necessary. 

• Changing conditions like lowering the temperature. 

• Using less hazardous substances if possible. 
Organic Compounds 
All organic compounds are derived from a group of compounds known as hydrocarbons because they 
are made up of only hydrogen and carbon. On the basis of structure, hydrocarbons are divided into 
two main classes—aliphatic and aromatic. Aliphatic hydrocarbons do not contain the benzene group, 
or the benzene ring, whereas aromatic hydrocarbons contain one or more benzene rings. 

 
Summary of Organic compounds 

Substance Alkane Alkene Alkyne Alkyl Alcohol 
Halogeno

alkane 
Aldehydes Ketones 

Group 
      

  
General 
formula 

CnH2n+2 CnH2n+2 CnH2n-2 CnH2n-1 CnH2n+2O CnH2n-1X CnH2nO CnH2n+2O 
 

Substance Carboxylic acid Ester Acid chloride Amide amine Nitrile 

Group 
     

 

General 
formula 

CnH2nO2  CnH2nOCl CnH2n-1ON CnH2n+1N CnH2n-1N 

 

Naming organic compounds- 

• The name is based upon the longest carbon chain 

• Any functional and Alkyl Groups should be identified: There Are then added to the name as a 
prefix (-Chloro) or Suffix (e.g: -ol) 

• If there is more than 1 possible isomer then the carbon atoms are labeled with numbers. 
Number starts from the end giving the lowest possible number for any function groups and 
side chains. 

• If there is more than one alkyl or functional group, they are placed in alphabetical order. 
E.g. 1-Bromo-2Chloro-3Fluoro-Pentanol  
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Homologus series: This is a series of compounds in which all the members are similar in constitution 
(i.e. they contain the same functional group, if any) and therefore in chemical properties. 
Each homologous series has a general formula (e.g. CnH2n+2 for the alkanes) and each member of the 
series differs from the next by CH2 unit in all cases. 
There is a regular change in physical properties as one ascends the series for example: methane - gas, 
octane - liquid, and higher alkanes - solid. 
 

Functional groups:  The properties of an organic molecule are predominately determined by the 
properties of the functional group in that compound. Functional groups are atoms or combinations of 
atoms such as OH-, -COOH. 
Once the properties of the functional groups are known then the properties of any molecule 
containing a functional group maybe predicted. 
 

# Bonding of the carbon atom. 
Electronic structure of the carbon atom is 1s2 2s2 2px

1 2py
1. 

The outer electrons are located in orbitals (volumes of electron probability) having the following 
shapes: 
Carbon is unable to take part in ionic bonding since it is not energetically possible to form either C4+ 
or C4-. It must therefore bond covalently by sharing electrons. 
To achieve its maximum valency of 4. The 2s electrons must become uncoupled to give the 
electronic structure: 2s1 2px

1 2py
1 

 
During bonding the 2s and 2p orbitals blend together to form four identical orbitals. This process is 
known as hybridisation. 
 
# Mechanism of bond breaking and making 
A covalent bond can be broken in two ways: 
a) Homolytic fission 

• A:B → Ao + Bo 
Produces free radicals which have an unpaired electron and are very reactive. 
b) Heterolytic fission 

• A:B → A+ + B- 
• A:B → A- + B+ 

Produces ions. 
 
# Organic reagents 

Organic reagents can be classified as either: 
1. Nucleophiles: Attack centres of low electron density (nucleus loving). They possess a lone pair 
of electrons and are usually negatively charged. 
Examples include: H2O, ROH, OH-, RO-, Br-, NH3, RNH2, CN-. 
2. Electrophiles: Attack centres of high electron density (electron loving) The are capable of 
accepting a lone pair of electrons and are usually positively charged. 
Examples include: H+, Br+, R-N=N, CN-. 
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For E/Z Isomerism 

• Z means 
Zusammen (Together) is 
similar to Cis. 

• E means entgegen 
(Opposite) which is similar 
to Trans. 

For this we check for the 
heavier (Smaller) group 
attached to same side 
(Together) or different 
(Opposite) 

 

 

Physical property Change with geometric isomerism 

 

Formula

Molecular

The actual 
number of atoms 
of each element 

in a molecule

C4H10

Emperical

The simplest, 
whole number 

ratio of elements 
in a compound

C2H5

Structural

The minimal 
detail for an 

unambiguous 
structure

CH3CH2CH2CH3

Displayed

The Relative 
placing of atoms 

and bonding 
between them

Skeletal

The carbon 
Skeleton and 

functional groups 
only
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What is structural isomerism? 
What are isomers? 
Isomers are molecules that have the same molecular formula, but have a different arrangement of 
the atoms in space. That excludes any different arrangements which are simply due to the molecule 
rotating as a whole, or rotating about particular bonds. 
There are also endless other possible ways that this molecule could twist itself. There is completely 
free rotation around all the carbon-carbon single bonds.  
If you had a model of a molecule in front of you, you would have to take it to pieces and rebuild it if 
you wanted to make an isomer of that molecule. If you can make an apparently different molecule 
just by rotating single bonds, it's not different - it's still the same molecule. 
What are structural isomers? 

In structural isomerism, the atoms are arranged in a completely different order. This is easier to see 
with specific examples. 
What follows looks at some of the ways that structural isomers can arise. The names of the various 
forms of structural isomerism probably don't matter all that much, but you must be aware of the 
different possibilities when you come to draw isomers. 
 

Types of structural isomerism 
1.Chain isomerism 
These isomers arise because of the possibility of branching in carbon chains. For example, there are 
two isomers of butane, C4H10. In one of them, the carbon atoms lie in a "straight chain" whereas in the 
other the chain is branched. 

 
Be careful not to draw "false" isomers which are just twisted versions of the original molecule. For 

example, this structure is just the straight chain version of butane rotated about the 
central carbon-carbon bond. 
You could easily see this with a model. This is the example we've already used at the 
top of this page. 

 

Pentane, C5H12, has three chain isomers. If you think you can find any others, they are simply twisted 
versions of the ones below. If in doubt make some models. 

 
2.  Position isomerism 
In position isomerism, the basic carbon skeleton remains unchanged, but important groups are moved 
around on that skeleton. 
For example, there are two structural isomers with the molecular formula C3H7Br. In one of them the 
bromine atom is on the end of the chain, whereas in the other it's attached in the middle. 

 
If you made a model, there is no way that you could twist one molecule to turn it into the other one. 
You would have to break the bromine off the end and re-attach it in the middle. At the same time, you 
would have to move a hydrogen from the middle to the end. 
Another similar example occurs in alcohols such as C4H9OH 
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3. Functional group isomerism 
In this variety of structural isomerism, the isomers contain different functional groups - that is, they 
belong to different families of compounds (different homologous series). 
For example, a molecular formula C3H6O could be either propanal (an aldehyde) or propanone (a 
ketone). 

 
There are other possibilities as well for this same molecular formula - for example, you could have a 
carbon-carbon double bond (an alkene) and an -OH group (an alcohol) in the same molecule. 

 
Another common example is illustrated by the molecular formula C3H6O2. Amongst the several 
structural isomers of this are propanoic acid (a carboxylic acid) and methyl ethanoate (an ester). 

 
What are stereoisomers? 
In stereoisomerism, the atoms making up the isomers are joined up in the same order, but still manage 
to have a different spatial arrangement. Geometric isomerism is one form of stereoisomerism. 
Geometric (cis / trans) isomerism 
How geometric isomers arise 
These isomers occur where you have restricted rotation somewhere in a molecule. At an introductory 
level in organic chemistry, examples usually just involve the carbon-carbon double bond - and that's 
what this page will concentrate on. 
If you draw a structural formula, you have to bear in mind the possibility of this free rotation about 
single bonds. You must accept that these two structures represent the same molecule: 

 
But what happens if you have a carbon-carbon double bond - as in 1,2-dichloroethene? 
The carbon-carbon double bond won't rotate and so you would have to take the models to pieces in 
order to convert one structure into the other one. That is a simple test for isomers. If you have to take 
a model to pieces to convert it into another one, then you've got isomers. If you merely have to twist 
it a bit, then you haven't! 
Drawing structural formulae for the last pair of models gives two possible isomers. 
In one, the two chlorine atoms are locked on opposite sides of the double bond. This is known as 
the trans isomer. (trans : from latin meaning "across" - as in transatlantic). 
In the other, the two chlorine atoms are locked on the same side of the double bond. This is know as 
the cis isomer. (cis : from latin meaning "on this side") 

 
The most likely example of geometric isomerism you will meet at an introductory level is but-2-ene. 
In one case, the CH3 groups are on opposite sides of the double bond, and in the other case they are 
on the same side. 
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Summary 
To get geometric isomers you must have: 

• restricted rotation (often involving a carbon-carbon double bond for introductory purposes); 
• two different groups on the left-hand end of the bond and two different groups on the right-

hand end. It doesn't matter whether the left-hand groups are the same as the right-hand 
ones or not. 

 
The effect of geometric isomerism on physical properties 
The table shows the melting point and boiling point of the cis and trans isomers of 1,2-dichloroethene. 

isomer melting point (°C) boiling point (°C) 

cis -80 60 

trans -50 48 

You can notice that: 
• the trans isomer has the higher melting point; 
• the cis isomer has the higher boiling point. 

 

Why is the boiling point of the cis isomers higher? 
There must be stronger intermolecular forces between the molecules of the cis isomers than between 
trans isomers. 
Taking 1,2-dichloroethene as an example: 
Both of the isomers have exactly the same atoms joined up in exactly the same order. That means that 
the van der Waals dispersion forces between the molecules will be identical in both cases.   The 
difference between the two is that the cis isomer is a polar molecule whereas the trans isomer is non-
polar. 
Both molecules contain polar chlorine-carbon bonds, but in the cis isomer they are both on the same 
side of the molecule. That means that one side of the molecule will have a slight negative charge while 
the other is slightly positive. The molecule is therefore polar. 
Because of this, there will be dipole-dipole interactions as well as dispersion forces - needing extra 
energy to break. That will raise the boiling point. 
A similar thing happens where there are CH3 groups attached to the carbon-carbon double bond, as 
in cis-but-2-ene. 
Alkyl groups like methyl groups tend to "push" electrons away from themselves. You again get a polar 
molecule, although with a reversed polarity from the first example. 
By contrast, although there will still be polar bonds in the trans isomers, overall the molecules are 
non-polar. 
This lack of overall polarity means that the only intermolecular attractions these molecules experience 
are van der Waals dispersion forces. Less energy is needed to separate them, and so their boiling 
points are lower. 
Why is the melting point of the cis isomers lower? 
You might have thought that the same argument would lead to a higher melting point for cis isomers 
as well, but there is another important factor operating. 
In order for the intermolecular forces to work well, the molecules must be able to pack together 
efficiently in the solid. 
Trans isomers pack better than cis isomers. The "U" shape of the cis isomer doesn't pack as well as the 
straighter shape of the trans isomer. 
The poorer packing in the cis isomers means that the intermolecular forces aren't as effective as they 
should be and so less energy is needed to melt the molecule - a lower melting point. 
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How the E-Z system works 
We'll use the last two compounds as an example to explain how the system works. 
You look at what is attached to each end of the double bond in turn, and give the two groups a 
"priority" according to a set of rules which we'll explore in a minute. 
In the example above, at the left-hand end of the bond, it turns out that bromine has a higher priority 
than fluorine. And on the right-hand end, it turns out that chlorine has a higher priority than hydrogen. 

 
If the two groups with the higher priorities are on the same side of the double bond, that is described 
as the (Z)- isomer. So you would write it as (Z)-name of compound. The symbol Z comes from a German 
word (zusammen) which means together. 
If the two groups with the higher priorities are on opposite sides of the double bond, then this is the 
(E)- isomer. E comes from the German entgegen which means opposite. 
So the two isomers are: 

 
 

Alkanes: 
Physical Properties: 

• First 4 alkanes are gases, 5-15 are liquids at room temp, Rest are solid at room temp. 

• Boiling point increases as the number of carbon atoms increase 

• Boiling temp rises because of the increasing number of electrons. This causes instantaneous 

induced dipole-induced dipole forces of attraction. Stronger intermolecular forces require more 

energy to separate the molecules resulting in higher boiling temp. 

• Branched alkanes have lower boiling points than their straight chain isomers, because there are 

few power points of contact between adjacent molecules – they do not pack so well together. 

Solubility 

- Alkanes are insoluble in water 

- Crude Oil is a mixture of over 100 different alkanes dissolved in each other. 

- When a molecular substance dissolves in water, you have to  

o break the intermolecular forces within the substance. In the case of the alkanes, these 

are Van der Waals dispersion forces. 

o  break the intermolecular forces in the water so that the substance can fit between the 

water molecules. In water the main intermolecular attractions are hydrogen bonds. 

- Breaking either of these attractions costs energy, although the amount of energy to break the 

Van der Waals dispersion forces in something like methane is pretty negligible. That isn't true 

of the hydrogen bonds in water, though. As something of a simplification, a substance will 

dissolve if there is enough energy released when new bonds are made between the substance 

and the water to make up for what is used in breaking the original attractions. 

The only new attractions between the alkane and water molecules are Van der Waals. These 

don't release anything like enough energy to compensate for what you need to break the 

hydrogen bonds in water. The alkane doesn't dissolve. 
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Density: 

- Alkanes are less dense than water. Their density increases as the molar mass of the alkane 

increases. 

Occurrence 

- The major source of methane is natural gas. 

- Crude oil the source of many other alkanes. 
 

Reactions of Alkanes 

Combustion: 

Like all organic compounds, alkanes react with excess oxygen to form carbon dioxide and water.  

Trends ->  

The hydrocarbons become harder to ignite as the molecules get bigger. This is because the bigger 

molecules don't vaporize so easily - the reaction is much better if the oxygen and the hydrocarbon are 

well mixed as gases. If the liquid isn't very volatile, only those molecules on the surface can react with 

the oxygen. 

Bigger molecules have greater Van der Waals attractions which make it more difficult for them to 

break away from their neighbors and turn to a gas. 

Reaction example ->  

 
Alkanes react with limited oxygen to form carbon monoxide (CO) and water. 

Methane and chlorine 
Substitution reactions happen in which hydrogen atoms in the methane are replaced one at a time by 
chlorine atoms. You end up with a mixture of chloromethane, dichloromethane, richloromethane and 
tetrachloromethane. 

 

Substitution : 

- Alkanes react with bright white or ultraviolet light, in which they react with halogens.  

- The reaction involves the replacement of the hydrogen atoms in the alkanes by halogen 

atoms. These are called substitution reaction 

e.g. CH4 + Cl2 -> HCl + CH3CL 

The products are hydrogen chloride and a mixture of chloromethane. 

1. Light provides energy to break the chlorine molecules. They contain an unpaired electrons, 

which are called free radicals. A Chlorine radical attacks methane molecule and removes 

hydrogen from it. The full name of the reaction is now called Free Radical substitution. 

2. In focused sunlight or strong UV light, Chlorine reacts with methane explosively. 

• Alkanes react very slowly with bromine. The bromine colour does NOT decolourise in a 

mixture with alkane. 
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Mechanism -> 
Chain initiation 
The chain is initiated (started) by UV light breaking a chlorine molecule into free radicals. 

Cl2 2Cl  
Chain propagation reactions 
These are the reactions which keep the chain going. 

CH4  +  Cl CH3   +  HCl 

CH3   +  Cl2 CH3Cl  +  Cl  
Chain termination reactions 
These are reactions which remove free radicals from the system without replacing them by new ones. 

2Cl Cl2 

CH3   +  Cl CH3Cl 

CH3   +  CH3 CH3CH3 
Cracking: 
Cracking is the name given to breaking up large hydrocarbon molecules into smaller and more useful 
bits. This is achieved by using high pressures and temperatures without a catalyst, or lower 
temperatures and pressures in the presence of a catalyst. 
The source of the large hydrocarbon molecules is often the naphtha fraction or the gas oil fraction 
from the fractional distillation of crude oil (petroleum). These fractions are obtained from the 
distillation process as liquids, but are re-vaporised before cracking. 
There isn't any single unique reaction happening in the cracker. The hydrocarbon molecules are 
broken up in a fairly random way to produce mixtures of smaller hydrocarbons, some of which have 
carbon-carbon double bonds. One possible reaction involving the hydrocarbon C15H32 might be: 

 
This is only one way in which this particular molecule might break up. The ethene and propene are 
important materials for making plastics or producing other organic chemicals. The octane is one of 
the molecules found in petrol (gasoline). 
Catalytic cracking 
Modern cracking uses zeolites as the catalyst. These are complex aluminosilicates, and are large 
lattices of aluminium, silicon and oxygen atoms carrying a negative charge. They are, of course, 
associated with positive ions such as sodium ions. You may have come across a zeolite if you know 
about ion exchange resins used in water softeners. 
The alkane is brought into contact with the catalyst at a temperature of about 500°C and moderately 
low pressures. 
The zeolites used in catalytic cracking are chosen to give high percentages of hydrocarbons with 
between 5 and 10 carbon atoms - particularly useful for petrol (gasoline). It also produces high 
proportions of branched alkanes and aromatic hydrocarbons like benzene. 
Thermal cracking 
In thermal cracking, high temperatures (typically in the range of 450°C to 750°C) and pressures (up to 
about 70 atmospheres) are used to break the large hydrocarbons into smaller ones. Thermal cracking 
gives mixtures of products containing high proportions of hydrocarbons with double bonds - alkenes. 
Thermal cracking doesn't go via ionic intermediates like catalytic cracking. Instead, carbon-carbon 
bonds are broken so that each carbon atom ends up with a single electron. In other words, free radicals 
are formed. 
Use of different fractions of crude oil- 

• Refinery gas-used as fuel in houses. 

• gasoline-used as a fuel in cars,buses etc. 

• kerosene-used as a fuel in aircraft engines. 

• diesel oil-used as a fuel in industrial boilers. 

• residue-it is fractioned to give bitumen (used in road surfacing) and lubricating oils. 
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Alkenes: 
Physical Properties: 
Boiling Points 
The boiling point of each alkene is very similar to that of the alkane with the same number of carbon 
atoms. Ethene, propene and the various butenes are gases at room temperature. All the rest that you 
are likely to come across are liquids. 
In each case, the alkene has a boiling point which is a small number of degrees lower than the 
corresponding alkane. The only attractions involved are Van der Waals dispersion forces, and these 
depend on the shape of the molecule and the number of electrons it contains. Each alkene has 2 fewer 
electrons than the alkane with the same number of carbons. 
Solubility 
Alkenes are virtually insoluble in water, but dissolve in organic solvents. 
Bonding in the alkenes 

Ethene is often modelled like this: 
The double bond between the carbon atoms is, of course, two pairs of shared 
electrons. What the diagram doesn't show is that the two pairs aren't the same 
as each other. 
One of the pairs of electrons is held on the line between the two carbon nuclei 
as you would expect, but the other is held in a molecular orbital above and below 

the plane of the molecule. A molecular orbital is a region of space within the molecule where there is 
a high probability of finding a particular pair of electrons. 

In this diagram, the line between the two carbon atoms represents a normal 
bond - the pair of shared electrons lies in a molecular orbital on the line 
between the two nuclei where you would expect them to be. This sort of 
bond is called a sigma bond. 
The other pair of electrons is found somewhere in the shaded part above and 
below the plane of the molecule. This bond is called a pi bond. The electrons 
in the pi bond are free to move around anywhere in this shaded region and 

can move freely from one half to the other. The pi electrons are not as fully under the control of the 
carbon nuclei as the electrons in the sigma bond and, because they lie exposed above and below the 
rest of the molecule, they are relatively open to attack by other things. 

Isomerism 
Due to its double bond presence it shows geometric isomerism. 
The reactions of alkenes 
Combustion: 
Like all organic compounds, alkanes react with excess oxygen to form carbon dioxide and water. 
Hydrogenation : 
Ethene reacts with hydrogen in the presence of a finely divided nickel catalyst at a temperature of 
about 150°C. Ethane is produced. 

 
Addition reaction (with Halogen): 
In case of reaction of alkene with bromine or chlorine there is  an addition reaction. For example, 
bromine adds to give 1,2-dibromoethane. 

 
The reaction with bromine happens at room temperature. If you have a gaseous alkene like ethene, 
you can bubble it through either pure liquid bromine or a solution of bromine in an organic solvent 
like tetrachloromethane. The reddish-brown bromine is decolourised as it reacts with the alkene. This 
is a test of unsaturation of alkene. 
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A liquid alkene (like cyclohexene) can be shaken with liquid bromine or its solution in 
tetrachloromethane. 
Chlorine reacts faster than bromine, but the chemistry is similar. Iodine reacts much, much more 
slowly, but again the chemistry is similar. You are much more likely to meet the bromine case than 
either of these. 
Addition reaction (Symmetrical alkene with hydrogen halide): 
Hydrogen chloride and the other hydrogen halides add on in exactly the same way. For example, 
hydrogen chloride adds to ethene to make chloroethane: 

 
The only difference is in how fast the reactions happen with the different hydrogen halides. The rate 
of reaction increases as you go from HF to HCl to HBr to HI. 

HF slowest reaction 

HCl   

HBr   

HI fastest reaction 
 

The reason for this is that as the halogen atoms get bigger, the strength of the hydrogen-halogen bond 
falls. Bond strengths (measured in kilojoules per mole) are: 

H-F 568 

H-Cl 432 

H-Br 366 

H-I 298 
 

The mechanisms 
The reactions are still examples of electrophilic addition. 
With ethene and HCl, for example: 

 
All the other mechanisms for symmetrical alkenes and the hydrogen halides would be done in the 
same way. 
 

Addition reaction (Asymmetrical alkene with hydrogen halide): 
An unsymmetrical alkene is one like propene or but-1-ene in which the groups or atoms attached to 
either end of the carbon-carbon double bond are different. 
For example, in propene there are a hydrogen and a methyl group at one end, but two hydrogen atoms 
at the other end of the double bond. 

 
With these unsymmetrical alkenes, it is possible to get two different products during some addition 
reactions. 
During the addition of a molecule HX to propene, you could in principle get either this reaction: 

 
or this one: 

 
It depends on which way around you add the HX across the double bond. 
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In fact, in most cases, it's mainly the second reaction which happens. The hydrogen atom becomes 
attached to the right-hand carbon atom as we've drawn it. 
 

Markovnikov's Rule 
When a compound HX is added to an unsymmetrical alkene, the hydrogen becomes attached to the 
carbon with the most hydrogens attached to it already. 
Remember that the HX has to attach itself to the carbon atoms which were originally part of the 
double bond. So in this case, adding HX to CH3CH=CH2, the hydrogen is attached to the CH2group, 
because the CH2 group has more hydrogens than the CH group. 
Notice that only the hydrogens directly attached count. The ones in the CH3 group are totally 
irrelevant. 
Two possible mechanisms 
In both possibilities, the pi bond breaks and the electron pair swings down to form a bond with the 
hydrogen atom. At the same time, the electrons in the H-X bond are repelled right down on to the X 
to give an X- ion. 
The difference lies in which way the electron pair in the pi bond swings. 
First possibility 
The electron pair moves to form a bond between the hydrogen and the left-hand carbon. 

 
When the second stage of the mechanism happens, and the lone pair on X- forms a bond with the 
positive carbon atom, the product of this mechanism is not the one which Markovnikov's Rule 
predicts. 
Second possibility 
The electron pair moves to form a bond between the hydrogen and the right-hand carbon. 

 
This time, the overall mechanism leads to the correct product. 
Why does one of these work better than the other? 
That's the truth of the situation! One of these mechanisms works better than the other one. The 
second mechanism works much faster than the first, and so most of the product that you get is  
CH3-CHX-CH3. 
There will be small amounts of CH3-CH2-CH2X despite what Markovnikov says! 
The difference between the two mechanisms lies in the intermediates - the things formed at the half-
way stage. 
In the mechanism that works best, you get a secondary carbocation formed as one of the intermediate 
ions. 

 
In the slow mechanism which produces hardly any product, you get a primary carbocation formed 
instead. 

 
It is much easier to form the secondary carbocation because it is more energetically stable. The 
activation energy for the reaction will be less, and so most of the reaction happens via that 
mechanism. 
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Tips: 
Suppose you were asked for the mechanism for the addition of HX to some alkene you hadn't come 
across before. 
First, you need to decide whether the alkene is symmetrical or not. If it is symmetrical, there's no 
problem - it wouldn't matter which way around you added the HX. If it is unsymmetrical, you need 
to decide which way round the HX is going to add. 
For example, supposed you were asked for the mechanism for the addition of HX to but-1-ene, CH3-
CH2-CH=CH2. 
First, use Markovnikov's Rule to decide which carbon to attach the hydrogen to. In this case, the 
hydrogen would get attached to the CH2 end of the double bond, because that carbon has more 
hydrogens than the CH end. 
Now write the mechanism, taking care to draw the curly arrow showing the movement of the pi 
bond so that the hydrogen gets attached to that particular CH2 carbon. 

 
If you are asked why the HX adds this way round, look at the carbocation formed as an intermediate 
and decide whether it is secondary or tertiary. Here it is a secondary ion. Then think about what sort 
of ion would be formed if the HX added the other way around. In this case that would be a primary 
ion. 

 
Then say something like: 
"The secondary carbocation formed in this reaction is more energetically stable than the primary 
one which would be formed if the addition was the other way round, and so less activation energy 
is needed." 
 

THE POLYMERISATION OF ALKENES 
Low density poly(ethene): LDPE, an example of addition polymerisation. 
An addition reaction is one in which two or more molecules join together to give a single product. 
During the polymerisation of ethene, thousands of ethene molecules join together to make 
poly(ethene) - commonly called polythene. 

 
The number of molecules joining up is very variable, but is in the region of 2000 to 20000. 
Conditions 

Temperature: about 200°C 

Pressure: about 2000 atmospheres 

Initiator: a small amount of oxygen as an impurity 

Properties and uses 
Low density poly(ethene) has quite a lot of branching along the hydrocarbon chains, and this 
prevents the chains from lying tidily close to each other. Those regions of the poly(ethene) where 
the chains lie close to each other and are regularly packed are said to be crystalline. Where the 
chains are a random jumble, it is said to be amorphous. Low density poly(ethene) has a significant 
proportion of amorphous regions. 
Low density poly(ethene) is used for familiar things like plastic carrier bags and other similar low 
strength and flexible sheet materials. 
High density poly(ethene): HDPE 
This is made under quite different conditions from low density poly(ethene). 
Conditions 
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Temperature: about 60°C 

Pressure: low - a few atmospheres 

Catalyst: Ziegler-Natta catalysts or other metal compounds 

Ziegler-Natta catalysts are mixtures of titanium compounds like titanium(III) chloride, TiCl3, or 
titanium(IV) chloride, TiCl4, and compounds of aluminium like aluminium triethyl, Al(C2H5)3. There are 
all sorts of other catalysts constantly being developed. 
These catalysts work by totally different mechanisms from the high pressure process used to make 
low density poly(ethene). The chains grow in a much more controlled - much less random - way. 
Properties and uses 
High density poly(ethene) has very little branching along the hydrocarbon chains - the crystallinity is 
95% or better. This better packing means that van der Waals attractions between the chains are 
greater and so the plastic is stronger and has a higher melting point. Its density is also higher because 
of the better packing and smaller amount of wasted space in the structure. 
High density poly(ethene) is used to make things like plastic bottles and similar containers, washing 
up bowls, plastic pipes and so on.  
General reaction  

 
Benefits of recycling polymers- 

• Reduces consumption of finite resources. 

• Reduces need for disposal of plastic. 

• Reduces carbon footprint. 

• Reduces energy consumed in manufacture of the product. 

• Reduces consumption of water during manufacture. 
Test of unsaturation- 
Add bromine water.If the compound is unstaurated then brown bromine water is decolourised. 
Add potassium manganate(VII).If the compound is unsaturated then colour of the mixture changes  
The full equation depends on the conditions. 
Under acidic conditions, the manganate(VII) ions are reduced to manganese(II) ions. 

 
Under alkaline conditions, the manganate(VII) ions are first reduced to green manganate(VI) ions . .  

 
Alcohols: 

Different kind of alcohols: 
Primary alcohols 
In a primary (1°) alcohol, the carbon which carries the -OH group is only attached to one alkyl group. 
Some examples of primary alcohols include: 

 
Secondary alcohols 
In a secondary (2°) alcohol, the carbon with the -OH group attached is joined directly to two alkyl 
groups, which may be the same or different. Examples: 
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Tertiary alcohols 
In a tertiary (3°) alcohol, the carbon atom holding the -OH group is attached directly to three alkyl 
groups, which may be any combination of same or different. 
Examples: 

 
Physical properties of alcohols 
The OH group can take part in hydrogen-bonding, both as a donor (H is sufficiently ∆+) and as an 
acceptor (through the two lone pairs on the oxygen atom). As a result alcohols have higher melting 
and boiling points than hydrocarbons of comparable molar mass. They are also more soluble in water 
because of H-bonding: ethanol is miscible with water in all proportions. As the non-polar hydrocarbon 
chain becomes longer, it becomes harder for water to dissolve the alcohol: from C4 alcohols are less 
soluble, and don’t mix with water. 
Solubility of alcohols in water 
The small alcohols are completely soluble in water. Whatever proportions you mix them in, you will 
get a single solution. 
However, solubility falls as the length of the hydrocarbon chain in the alcohol increases. Once you get 
to four carbons and beyond, the fall in solubility is noticeable, and you may well end up with two layers 
in your test tube. 

Reactions of Alcohols: 

Combustion of alcohols: 

 
With sodium (Na) 

 
the longer the hydrocarbon chain, the less reactive with sodium 
Observation: Sodium fizzes, bubbles form, sodium disappears, and white solid product forms 
Substitution reactions to form halogenoalkanes: 
Alcohols react with PCl5 (Phosphorus (v) Chloride), releasing hydrogen chloride gas which forms 
misty fumes in air   

 
*The OH is swapped for the Cl, and this reaction can be used as a test for an –OH group. The steamy 
fumes that are produced turn blue litmus paper red (because HCl dissolves to form a strong acid) 
* To make a chloroalkane, just mix a tertiary alcohol (most reactive) and hydrochloric acid together. 
This will give an impure chloroalkane which can be purified. 

Other reactions involving phosphorus halides 
Instead of using phosphorus(III) bromide or iodide, the alcohol is usually heated under reflux with a 
mixture of red phosphorus and either bromine or iodine. 
The phosphorus first reacts with the bromine or iodine to give the phosphorus(III) halide. 

 
 

These then react with the alcohol to give the corresponding halogenoalkane which can be distilled 
off. 
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Dehydration: 

 
Here sulfuric acid is dehydrating agent. 
Oxidation of alcohols: 
--primary alcohols react with acidified potassium dichromate(VI) to give aldehyde which is then 
oxidised to carboxylic acid. This is carried out using an oxidising agent: Mixture of sulphuric acid, 
H2SO4 (souce of H+) and potassium /sodium dichromate, K2Cr2O7 

• To stop oxidising at the aldehyde, you must’ allow the product to distil over’ 

•  To get the carboxylic acid, you heat under reflux 

 
  --secondary alcohols react to give ketones. 

 
    --tertiary alcohols don't react. 

 
Esterification : 
The esterification reaction is both slow and reversible. The equation for the reaction between an acid 
RCOOH and an alcohol R'OH (where R and R' can be the same or different) is: 

 
So, for example, if you were making ethyl ethanoate from ethanoic acid and ethanol, the equation 
would be: 

 

Halogenoalkane: 
Different kinds 

Similar to alcohols halogenoalkanes can also be classified as primary secondary and tertiary. 
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Chemical properties of Halogenoalkanes 
Fluoroalkanes are different from the other halogen derivatives, since the C–F bond is so strong that 
they are very unreactive. Most of the discussion here will refer to RCl, RBr and RI.Chloromethane, 
bromomethane, and chloroethane are gases, while the rest are liquids, which do not mix with water 
as they do not have the ability to hydrogen bond.  
Preparation of Halogenoalkanes 
Halogenoalkanes are generally made by reacting the appropriate alcohol it with a halogenating 
reagents. Halogenating agents include phosphorus pentachloride, sodium chloride with concentrated 
sulphuric acid, sodium bromide with concentrated phosphoric acid and phosphorus with 
iodine.Phosphorus pentachloride reacts vigorously with alcohols at room temperature. 

• Chloroalkane 
Same as reaction of alcohol with pcl5 

• Bromoalkane 
To form a bromo- compound, the alcohol is heated under reflux with sodium bromide and 
concentrated phosphoric acid(50% sulfuric acid). The concentrated phosphoric acid reacts with 
the sodium bromide to form hydrogen bromide, and the hydrogen bromide carries out the 
substitution. 

 
• Iodoalkane 

To produce iodo- compounds, the alcohol is mixed with red phosphorus and iodine is added 
gradually. The mixture is then heated under reflux 

 
Reactions of Halogenoalkanes 
With NaOH (aqueous) 
1° uses SN2 mechanism  

 
Mechanism  

 
3° uses SN1 mechanism  

 
Mechanism  
This mechanism involves an initial ionisation of the halogenoalkane: 

 
followed by a very rapid attack by the hydroxide ion on the carbocation (carbonium ion) formed: 

 
This is again an example of nucleophilic substitution. 
This time the slow step of the reaction only involves one species - the halogenoalkane. It is known as 
an SN1 reaction. 2° uses both SN2 and SN1 mechanism  
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With NaOH (alcoholic) 

Halogenoalkanes also undergo elimination reactions in the presence of sodium or potassium 
hydroxide. 

 
The 2-bromopropane has reacted to give an alkene - propene. 
Notice that a hydrogen atom has been removed from one of the end carbon atoms together with the 
bromine from the centre one. In all simple elimination reactions the things being removed are on 
adjacent carbon atoms, and a double bond is set up between those carbons. 
The halogenoalkane is heated under reflux with a concentrated solution of sodium or potassium 
hydroxide in ethanol. Propene is formed and, because this is a gas, it passes through the condenser 
and can be collected. 
With NH3 

The reaction happens in two stages. In the first stage, a salt is formed - in this case, ethylammonium 
bromide. This is just like ammonium bromide, except that one of the hydrogens in the ammonium 
ion is replaced by an ethyl group. 

 
There is then the possibility of a reversible reaction between this salt and excess ammonia in the 
mixture. 

 
The ammonia removes a hydrogen ion from the ethylammonium ion to leave a primary amine - 
ethylamine.  The product can react  2 more time to form tertiary amine. 
With KCN / NaCN 

If a halogenoalkane is heated under reflux with a solution of sodium or potassium cyanide in ethanol, 
the halogen is replaced by a -CN group and a nitrile is produced. Heating under reflux means heating 
with a condenser placed vertically in the flask to prevent loss of volatile substances from the mixture. 
The solvent is important. If water is present you tend to get substitution by -OH instead of -CN. 
For example, using 1-bromopropane as a typical primary halogenoalkane: 

 
You could write the full equation rather than the ionic one, but it slightly obscures what's going on: 

 
The bromine (or other halogen) in the halogenoalkane is simply replaced by a -CN group - hence a 
substitution reaction. In this example, butanenitrile is formed 

  



NEUB CHE 101 Lecture 9: Introductory Organic Chemistry 

Prepared BY 
Shahadat Hussain Parvez  

P
ag

e1
9

 

 
**Ethanol acts as common solvent and dissolves both the solutions. 
** Tertiary halogenoalkanes take the shortest time to give ppt while primary takes the longest. 
Uses of Halogenoalkanes: 

• Halogenoalkanes are used as fire retardants and refrigerants  

• Chlorofluorocarbons (CFCs) used to be used in the past because of their unique properties 
(non-toxic, non-flammable, unreactive), but it was found that they deplete the ozone layer 
in the atmosphere, so are being phased out (see notes later) 

•  Other halogenoalkanes such as hydrofluorocarbons (HFCs) are now used as safer 
alternatives 

• Used as Fire retardants 

• Used as pesticides 

• Used in aerosols 

• Used as anesthetics 
 

Carbonyl Compounds 
Carbonyl compounds contain the C=O group. When this group occurs at the end of a carbon chain, 
the compound is an aldehyde (RCHO), the name ending in –al. When group occurs within the carbon 
chain, the compound is a ketone (RCOR1), the name ending in –one. 

 
he carbonyl group in polar because of the electronegative oxygen atom. The geometry around the 
carbonyl group is planar, with bond angles of about 120°. 
Physical Properties 
Carbonyl compounds are much more volatile than the corresponding alcohol because, unlike alcohols, 
they do not have any hydrogen bonding. They are less volatile than an alkane of similar formula mass 
because of the polarity of the molecules. 
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Although carbonyl compounds do not have a hydrogen which is directly connected to the oxygen, 
and therefore, they have no hydrogen bonding, when placed in water the oxygen in the carbonyl is 
able to form a hydrogen bond with the hydrogen in the water molecules. This makes the carbonyl 
compounds, especially those with short carbon chains, very soluble in Water. 
Chemical Properties 
Aldehydes and ketones are both attacked by nucleophiles, and can both be reduced to alcohols. 
However, only aldehydes can be readily oxidised, and this is the basis for tests to distinguish between 
them. Aldehydes and ketones are obtained by oxidation of 1° and 2° alcohols, respectively. 
The test for a carbonyl group. 
All carbonyl compounds react with 2,4-dinitrophenylhydrazine (Brady's reagent). 
When a solution of 2,4-dinitrophenylhydrazine is added to a carbonyl, a reaction takes place at room 
temperature producing orange crystals. This is used as the test for the presence of the carbonyl group. 
Ethanal and 2,4-dinitrophenylhydrazine 

 
Propanone and 2,4-dinitrophenylhydrazine 

 
Propanal and 2,4-dinitrophenylhydrazine 

 
Reactions of Carbonyl groups 
Oxidation 
Aldehydes are reducing compounds and can react with some oxidizing agents. Since ketone cannot be 
oxidized, they do not take part in oxidation reactions. 
This is used as a test for distinguishing between aldehydes and ketones. 
Aldehydes will react when heated with ammoniacal silver nitrate solution (Tollen's reagent). This is a 
reaction in which the aldehyde is oxidized, and the silver ions are reduced to silver. 
When carried out in a clean test tube it forms a silver mirror. 

 
Aldehydes will also react with other oxidizing agents. These tests are summarized below; 
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Aldehydes with Fehling’s solution (oxidation) 
Aldehydes (but not ketones) reduce Cu2+ to Cu+ giving a red brown precipitate of copper (I) oxide in 
this test. 
Drops of the carbonyl compound are added to equal volumes of Fehling's solutions A and B. The 
mixture is warmed in a water bath. (oxidation). 

 
Reduction 
Carbonyl compounds are formed by oxidation of alcohols. 
The reverse of this process, reduction, converts carbonyls back into alcohols. 
This reduction can be carried out by reducing agents such as lithium tetrahydridoaluminate(III) 
(lithium aluminium hydride} with dry ether as a solvent or sodium tetrahydridoborate(III) (sodium 
borohydride} in water. 
Note - In equations showing reduction the reducing agent is written as [H]. 
e.g. The reduction of propanal to propan-1-ol.  

CH3CH2CHO + 2[H] → CH3CH2CH2OH 

 
The reduction of propanone to propan-2-ol.  
 CH3COCH3 + 2[H] → CH3CH(OH)CH3  

 
Nucleophilic addition 
Carbonyl compounds with the C=O group, can undergo addition reactions. 
In this case the attack is by a nucleophile being drawn to the molecule by the partial positive charge 
on the carbon. Hydrogen cyanide will add on across the C=O bond. 
To carry out this reaction, a mixture of potassium cyanide and ethanoic acid is used to avoid use of 
the very poisonous hydrogen cyanide. These reactions take place at room temperature with the 
mixture buffered at pH 8. 
Ethanal and HCN 

 
Propanone and HCN 

 
Mechanism 
At first CN- is formed 

 

 



NEUB CHE 101 Lecture 9: Introductory Organic Chemistry 

Prepared BY 
Shahadat Hussain Parvez  

P
ag

e2
2

 

Reaction of carbonyls with iodine in presence of alkali 
Reagents: Iodine and sodium hydroxide.  Conditions: warm very gently 
Only carbonyls with a methyl group next to the C=O bond will do this reaction. Ethanal is the only 
aldehyde that reacts. More commonly is methyl ketones. 

 
This reaction is called the Iodoform test 

 
 

Carboxylic acids 
Carboxylic acids are compounds containing the carboxyl group, CO2H, which consists of the C=O group 
and the OH group on the same carbon.  
The name carboxyl comes from a combination of the names of these functional groups; 
Carbonyl + hydroxyl = Carboxyl 

 
Physical Properties 
The Carboxyl carbon contains two oxygen atoms both of which are electronegative leaving the carbon 
with a partial positive charge. This allows carboxylic acids to form stronger hydrogen than alcohols, 
and they therefore have higher boiling pints than alcohols of similar formula mass. 

 
The structure of the carboxyl group allows carboxylic acid to form dimers 

 
Ethanoic acid has a melting temperature of 17oC, so if the temperature 
falls below this it freezes, and the similarity of frozen ethanoic acid to ice 
has given the pure acid the common name of glacial ethanoic acid. 
The ability of carboxylic acids to form hydrogen bonds means that the 
lower members of the homologous series (those with up to 4 carbon 
atoms) are miscible in all proportions with water. The longer the carbon 
chain, the less soluble in water the carboxylic acid becomes. 
 
Preparation of carboxylic acids 
Carboxylic acids can be prepared by 

• Oxidation of primary alcohols 

• Oxidation of aldehydes 

• Hydrolysis of nitriles 
Preparation from primary alcohols 
When a primary alcohol is heated under reflux with potassium dichromate and sulphuric acid a 
carboxylic acid is produced. 

RCH2OH + 2[O] → RCO2H + H2O 
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Preparation from aldehydes 
When an aldehyde is heated under reflux with potassium dichromate and sulfuric acid a carboxylic 
acid is produced. 

RCHO + [O] → RCO2H 
Preparation from nitriles 
Carboxylic acids can be formed by hydrolysis of nitrile (RCN) compounds. The hydrolysis can be carried 
out by heating the nitrile with acid or alkali.  
Hydrolysis using dilute hydrochloric acid. 

RCN + 2H2O + HCl → RCO2H + NH4Cl 
Hydrolysis using aqueous sodium hydroxide produces the salt of the carboxylic acid. 

RCN + H2O + NaOH → RCO2Na + NH3 
The acid can be obtained from the salt by adding a strong acid. 

RCO2Na + HCl → RCO2H + NaCl 
Chemical Properties 
Reduction 
Carboxylic acids are formed by the oxidation of primary alcohols, and can be converted back to these 
compounds using lithium tetrahydridoaluminate(III) (lithium aluminium hydride} as a reducing agent. 
The acid is treated with lithium aluminium hydride in ether, followed by the addition of water. 

 
Reaction with alcohols 
Carboxylic acids react with alcohols in the presence of concentrated sulphuric acid to form water and 
an ester. The carboxylic acid is mixed with alcohol and concentrated sulphuric acid is added. The 
mixture is then warmed. 

 
The reaction is reversible. The reaction is quite slow and needs heating under reflux, (often for several 
hours or days). Low yields (50% ish) are achieved. An acid catalyst (H2SO4) is needed. 
The general naming scheme of Ester is Alkyl alkanoate Esters are named from the alkyl group of the 
alcohol and the –oate from the carboxylic acid. 

 
Reaction with phosphorus pentachloride 
The -OH group in the acid will react with halogenating reagents, such as phosphorus pentachloride in 
the same way as the OH group in alcohols. These reactions occur at room temperature. 
The organic product of these reactions are acyl chlorides (or acid chlorides). This functional group 
has the structure shown below. 
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Neutralization reactions 
Carboxylic acids react with alkalis, carbonates and hydrogencarbonates to form salts. 

 
Such reactions, using titration with a known concentration of alkali and appropriate indicator, can be 
used to determine the quantity of acid present. For example this technique can be used to find the 
quantity of citric acid in fruit. 
 
 

Derivatives of Carboxylic acids 
Organic compounds made from carboxylic acids are called derivatives of carboxylic acids. This includes 
acyl chlorides and esters 
Esters 
The ester functional group is 

 
Esters can be hydrolyzed by boiling with acid or alkali. When hydrolyzed by acid, the alcohol and the 
carboxylic acid are reformed. This is a reversible reaction, so does not go to completion 

 
Uses of Esters 
Esters are sweet smelling compounds that can be used in perfumes and flavourings.  
Esters can be used as solvents for polar organic substances Ethyl ethanoate is used as a solvent in 
glues and printing inks 
 
Acyl chlorides 
The acyl chloride functional group is 

 
Acid chlorides are highly reactive compounds. 
They are readily hydrolyzed at room temperature and will fume in moist air due to this reaction. 
Important reactions of acyl chlorides are; 

• Hydrolysis (reaction with water) 

• Reaction with alcohols 

• Reaction with concentrated ammonia 

• Reaction with amines 
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1. Give the structural and skeletal formulae of a)ethane-1,2-diol b)2-iodopropane  
c)cyclohexanol  d)hexane  e)2,2-dimethylpenatane   

2. Give displayed formula of all the isomers of butene. 
3. Why alkanes are less reactive than alkenes.  
4. Define cracking. 
5. Why alkenes form geometric isomers but alkanes don’t?  
6. Illustrate the mechanism of relation between methane and chlorine and explain why the 

reaction doesn’t take place in a dark room. 
7. Illustrate the mechanism of reaction of ethene with hydrogen chloride. 
8. Discuss the drawbacks of using plastics made from chemicals that are derived from crude oil. 
9. Illustrate the mechanism of nucleophilic substitution. 
10. Explain if we can do test of halogenoalkanes without any alkali. 
11. Give the observations when sodium reacts with an alcohol. 
12. What should we do to produce a carboxylic acid from a primary alcohol? 
13. Define tertiary alcohols and draw and name one of them.  
14. Write the reaction of ethanol with phosphorus (v) chloride including state symbols. 
15. Give the uses of halogenoalkanes. 
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16. Draw the Displayed and Skeletal formula of 
a. Propane to Decane 
b. Propene to Octene 
c. Butanol to Hexanol 
d. Methanol to hexanal 
e. Propanone to Octanone 
f. Methanoic Acid to Pentanoic Acid 

17. Write down the reaction and name the product when the following compounds reacts. 
a. Propanol and ethanoic acid 
b. Methanol and butanoic acid 
c. Ethanol and Ethanoic acid 
d. Propanoic acid and PCl5 
e. Butanol and PCl5 

18. Explain the difference between acid hydrolysis and base hydrolysis 
19. Outline some uses of Esters 
20. Explain why carboxylic acids have higher melting and boiling temperatures than other organic 

compounds with similar number of carbon. 
 

 

 

 

 

 

Reference books 
The following Books are main textbooks that will be followed throughout the course 

1. General Chemistry – The Essential Concepts, Raymond Chang and Jason Overby, 6th edition. 

2. General Chemistry, Darrell D. Ebbing and Stephen D. Gammon, 9th edition. 

If you find the above books difficult, your HSC chemistry books may be handy at times. 


