
TOPIC 10 and 11.3  ORGANIC CHEMISTRY 

10. 1  Fundamentals of organic chemistry
E. I.: Organic chemistry focuses on the chemistry of compounds containing carbon 
Nature of science: Serendipity and scientific discoveries—PTFE and superglue. (1.4) 
Ethical implications—drugs, additives and pesticides can have harmful effects on both people and the environment. (4.5) 
	Understandings

· 10.1 U1 A homologous series is a series of compounds of the same family, with the same general formula, which differ from each other by a common structural unit.  

· 10.1.U2 Structural formulas can be represented in full and condensed format.  

· 10.1 U3 Structural isomers are compounds with the same molecular formula but different arrangements of atoms.  

· 10.1 U4 Functional groups are the reactive parts of molecules.  

· 10.1 U5 Saturated compounds contain single bonds only and unsaturated compounds contain double or triple bonds.  

· 10.1. U6 Benzene is an aromatic, unsaturated hydrocarbon.  

	Application and skills

· 10.1 AS1 Explanation of the trends in boiling points of members of a homologous series.  

· 10.1 AS2 Distinction between empirical, molecular and structural formulas.  

· 10.1 AS3 Identification of different classes: alkanes, alkenes, alkynes, halogenoalkanes, alcohols, ethers, aldehydes, ketones, esters, carboxylic acids, amines, amides, nitriles and arenes.  

· 10.1 AS4 Identification of typical functional groups in molecules e.g. phenyl, hydroxyl, carbonyl, carboxyl, carboxamide, aldehyde, ester, ether, amine, nitrile, alkyl, alkenyl and alkynyl.  

· 10.1 AS5 Construction of 3-D models (real or virtual) of organic molecules.  

· 10.1 AS6 Application of IUPAC rules in the nomenclature of straight-chain and branched isomers. 
· 10.1 AS7 Identification of primary, secondary and tertiary carbon atoms in halogenoalkanes and alcohols and primary, secondary and tertiary nitrogen atoms in amines.  

· 10.1 AS8 Discussion of the structure of benzene using physical and chemical evidence.  


A homologous series is a series of compounds of the same family that has the following features:

· share a general formula (i.e. same elements in the same ratio);

· members share the same functional group; a functional group is a group of atoms in a compound with characteristic chemical properties – it is the reactive part;

· whose nearest neighbours differ by a common structural unit, most often  -(CH3  ) group or a -(CH2)- group ;

· have similar chemical properties (same functional group = reactive part of the molecule); 

· show a gradual change (gradation) in physical properties as shown by the table below which shows the boiling points of some alkanes:

· examples of homologous series that you need to know: alkanes, alkenes, alkynes, alcohols, halogenoalkanes esters, ethers, aldehydes, ketones, amines, carboxylic acids, nitriles, arenes and amines. 

Trends in boiling points of members of a homologous series. The functional group in a homologous series has a great and similar effect on the size of boiling points of all members in the series. Trends in boiling points in the same homologous series are then caused by the carbon chains i.e. their number of carbons and their structure or arrangement as shown by the table below.
	name
	molecular

formula
	boiling

point

(oC)
	state at

25oC

	methane

	CH4
	-164

	gas


	ethane

	C2H6
	-89

	
	propane

	C3H8
	-42

	
	butane

	C4H10
	-0.5

	
	pentane

	C5H12
	36

	liquid


	hexane

	C6H14
	69

	
	heptane

	C7H16
	98

	
	octane

	C8H18
	125

	
	nonane

	C9H20
	151

	
	decane

	C10H22
	174

	
	undecane

	C11H24
	196

	
	dodecane

	C12H26
	216

	
	eicosane

	C20H42
	343

	solid


	triacontane

	C30H62
	450

	

	
	
	The table on the left shows a gradual increase in boiling point with increasing number of carbon atoms and therefore increasing molecular mass.   

A trend caused by the fact that as the number of carbon atoms in the molecules increases so does the number of electrons within the compound that creates greater polarity during instantaneous polarisation (which causes the Van der Waals’ forces) and therefore produces greater Van der Waals’ forces. There is also a greater surface area over which instantaneous polarization can occur.
As the molecular mass increases there is also an increase in inertia and therefore more energy is needed to increase motion.


Different formula of organic compounds
	Type of formula
	Description
	Example

	Empirical formula
	Shows most simple whole number ratio of all atoms. 
	CH2

	Molecular formula
	Shows the actual number of the different atoms and how many of each; no information on how the atoms are arranged.
	C6H14

	Full structural formula
	Structural formula show how atoms are arranged together in the molecule; a full structural formula (sometimes called a graphic formula or displayed formula) shows every atom and bond. 


	[image: image1.emf]

	Skeletal structural formula
	Only shows all bonds and atoms of functional groups; carbon atoms are at lines that are at angles to each other; also hydrogen atoms bonded onto carbons not part of a functional group are not shown.
	[image: image2.png]




	Condensed structural formula 
	Structural formula which shows order in which all atoms are arranged but which omits bonds. 
	CH3CH2CH2CH2CH2CH3
       or  CH3(CH2)4CH3 


Different classes of compounds and their functional groups

	Name of class
	General formula
	Functional group
	Name of functional group
	Suffix/prefix in IUPAC name

	alkanes
	CnH2n+2  


	no functional group
	
	-ane

	alkenes
	CnH2n 


	double carbon-carbon bond
	alkenyl
	-ene

	alkynes
	CnH2n-2  


	triple carbon-carbon bond
	alkynyl
	-yne

	halogenoalkanes 
	R-Hal
	halogen
	halogen
	prefix: bromo-, chloro-, iodo-, fluoro-

	alcohols 
	CnH2n+1OH 
	-OH
	hydroxyl
	-anol

	ethers
	
	oxygen atom between 2 carbon chains
	
	-oxyalkane

	aldehydes
	
	CHO
	carbonyl 
	-anal

	ketones
	
	CO
	carbonyl
	-anone

	esters 
	
	-COO-
	ester
	-anoate

	carboxylic acids
	CnH2n+1COOH
	-COOH
	carboxyl
	-anoic acid

	amines
	
	-NH2
	amine
	-anamine

	amides
	
	-CONH2
	carboxamide
	-anamide

	nitriles
	
	-CN
	nitrile
	-anenitrile

	arenes
	
	phenyl ring
	phenyl
	-benzene


Naming of organic compounds: IUPAC rules
When naming an organic compound we want to give a lot of information in its name which is why the name of an organic compound consists of at least two parts: one part to indicate the number of carbon atoms in the compound and the other part to the functional group. Other parts will indicate length and number of branches or if the compound is cyclic or the position of the functional group. You need to be able to name alkanes, alkenes, alkynes and halogenoalkanes up to the prefix hex- (6 carbon atoms in the compound).
	Example:


	eth
	ane

	

	· this part tells us how many carbons atoms there are in the molecule; 
· this part could be: 
· meth -  means it has 1 carbon atom

· eth-     =  2 carbon atoms

· prop-  =  3 carbon atoms

· but-    =  4 carbon atoms

· pent    =  5 carbon atoms

· hex     =  6 carbon atoms
· benz-  =  benzene ring
	
	· this part tells us the functional group it has or which homologous series it belongs to;
· the ending could be: 
· -ane which means it belongs to the alkanes  (=homologous series)

· -ene = alkene

· -yne = alkyne

· -anol = alcohol

· -anal = aldehyde

· -anone = ketone

· -anoic acid = carboxylic acid. 
· -anamine = amine

· -anamide = amide

· -anenitrile = nitrile


Position of functional group

If the functional group is not in a terminal position but in the chain, its position is indicated by a number (smallest number) between 2 dashes before the functional group ending e.g. butan-2-one. In some classes the position is indicated at the start of the name e.g. 1-bromopropane – see below. 

Naming of halogenoalkanes
In the case of the halogenoalkanes, the name begins with the name of the halogen and not the number of carbon atoms.  The name should also indicate the position and the number of halides if there is more than two.

For example: chloro, bromo, fluoro, iodo, .. in names such as 2-bromopropane, 1,2-dichloroethane. 
Naming of ethers

Prefix of alkyl group to the left of the oxygen then -oxy- full name of alkyl group to the right of the oxygen.

E.g.: CH3CH2OCH3 = ethoxymethane. 
Naming of esters

The part attached to the second oxygen atom of the carboxyl group comes from the alcohol used to make the ester and this is named first as an alkyl group. The carboxylic acid part that contains the –COO part is given the –anoate suffix.
E.g.: CH3CH2COOCH3 = methylpropanoate.
Branched compounds

See below under the heading naming branched alkanes.
Saturation, unsaturation and aromatic
Saturation = a compound that contains single carbon-carbon bonds only.

Unsaturation = a compound that contains at least one or more double or triple carbon-carbon bond.

Aromatic = compound contains a phenyl ring; - C6H5.
Structural isomerism
Structural isomers are compounds with the same molecular formula but with different arrangements of atoms i.e. different structural formula. 
For instance, structural isomerism in alkanes
There are 3 types of structures in alkanes but you only need to know two as you do not need to know the cyclic structures.

	structure 1


straight-chain: all carbon atoms can be joined by a continuous line.


	structure 2

branched chains: molecules have side groups and these are referred to as alkyl groups. 

alkyl group

formula

methyl

CH3 -

ethyl

CH3CH2 -

propyl

CH3CH2CH2 -

butyl

CH3CH2CH2CH3 -
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C4H10 called n butane or butane

(n means normal straight chain)
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Naming branched alkanes

A branch is a carbon atom or group of carbon atoms bonded onto a larger carbon chain. 

The name of that branch (or side group) should indicate the number of carbon atoms in it and should end with  –yl to indicate it is a branch e.g. methyl, ethyl, propyl.  You need to identify the longest chain in the branched compound and any carbon atoms not in it must be part of a branch.

The name of the branched compound should include:

· the name(s) of the branch (es);
· the number of branches if there is two or more; 
· and, using a number, the position of the branch(es) on the straight chain; the position should be decided from the end of the longest chain which gives the lowest number(s) to all branches; 

· the position of the functional group has priority over an alkyl.
Examples: 2-methylpentane,  2,2-dimethylpentane, methylpropan-2-ol, 2,2,4-trimethylpentane.
Exercise

1. Draw the full and condensed structural formula of all possible isomers  (straight chained and branched) for all alkanes upto C6H12 and name them.

2. Repeat question 1 for all alkenes upto hexenes.

Primary, secondary and tertiary carbon and nitrogen atoms
In certain reactions primary, secondary and tertiary carbon and nitrogen atoms can result in different mechanism and therefore products. This means then we need to be able to recognize them in the structure. If for instance the alcohol has only 1 primary carbon atoms in its molecule than the alcohol is called a primary alcohol; similar with halogenoalkanes or amines.
Primary, secondary or tertiary carbon atoms in halogenoalkanes and alcohols

Based on the number of alkyl groups or carbons bonded onto the carbon that carries the –OH group or the halogen.

In alcohols: 
	primary carbon atom
	secondary carbon atom
	tertiary carbon atom

	Has one alkyl group or 1 carbon atom onto the carbon which carries the –OH group
	Has two alkyl groups or 2 carbon atoms onto the carbon which carries the –OH group
	Has three alkyl groups or 3 carbon atoms onto the carbon which carries the –OH group

	
	
	


This distinction is important as the product of the same type of reaction e.g. an oxidation will be different for each type of alcohol.  As such the three different types of alcohols can be considered different homologous series.

The terms can also refer to actual carbon atoms within an alcohol molecule:  primary, secondary or tertiary carbon atom
As with alcohols, the distinction is again based on the number of alkyl groups or carbons bonded onto the carbon which carries the halogen.

	primary carbon atom
	secondary carbon atom
	tertiary carbon atom

	Has one alkyl group or 1 carbon atom onto the carbon which carries the halogen 
	Has two alkyl groups or 2 carbon atoms onto the carbon which carries the halogen
	Has three alkyl groups or 3 carbon atoms onto the carbon which carries the halogen

	
	
	


Nitrogen atoms in amines

	primary nitrogen atom
	secondary nitrogen atom
	tertiary nitrogen atom

	Has one alkyl group on the nitrogen atom – could be called a primary amine.
	Has two alkyl groups on the nitrogen atom. 
	Has three alkyl groups on the nitrogen atom. 

	
	
	


Structure and bonding in benzene

Benzene, is the parent molecule of all arenes as all arenes are derived from benzene. 
	


	Structure

Benzene has a regular hexagon structure i.e. a hexagon with equal sides. 
A benzene molecule is planar, cyclic, symmetrical and non-polar and has 120( bond angles around each carbon atom. 

(HL: all carbon atoms are sp2 hybridized).



Bonding
· Each carbon has 3 single (sigma) covalent bonds; two to carbon atoms on either side and one to a hydrogen atom.
· In addition, all 6 carbon-carbon bonds also have a delocalized π-bond with a high electron density above and below the ring structure making the 6 π shared equally between all 6 carbon atoms.

· All carbon-carbon bonds have equal strength. 
· All carbon-carbon bonds have a strength between a single and a double bond which is a bond order of 1.5.
· Resonance hybrid structures between two equivalent structures can be drawn.
Chemical and physical evidence for the structure of benzene:
· Relative stability as compared to other unsaturated compounds - it does not undergo the reactions typical of unsaturated compounds like oxidation (by KMnO4) and addition reactions.  This is because of the delocalisation  of electron pairs, there are no fixed distinct areas of higher electron density as in alkenes which means that no electrophiles are attracted strongly enough. 
· Thermochemistry: 
· The experimental enthalpy of formation is less endothermic than the enthalpy of formation based on the alternate single-double bond structure (“cyclohexatriene”); this means that the actual benzene is at a lower energy level and therefore more stable than the cyclohexatriene structure.
· The heat of combustion of benzene is less exothermic; there is less difference in terms of energy between the reactants, benzene and oxygen, and the products, carbon dioxide and water, than if, according to the calculations the cyclohexatriene structure was burned. 

· The heat of hydrogenation of benzene is less exothermic than the heat of hydrogenation of cyclohexatriene’s; in fact the value is between cyclohexene and cyclohexadiene ; 

                                                               cyclohexatriene


     energy

                                                                                               (Hhydrogenation

                                      benzene


                                                      C6 H12
The above diagram shows that benzene is more stable as a result of its structure than the alternate single-double bond.

Physical evidence for the structure of benzene:

· X-ray crystallography showed that all bonds have the same length and strength; an intermediate value between the values for C-C and C=C;

Exercises

1. From the condensed structural formula below, identify the functional groups in the compounds below and draw 
    full structural formula of the compounds.

    a.   CH3COOCH3                   b.  CH3CH2CH(NH2) CH3                    c.  C6H5C2H5                    d.  C6H5NH2
2. Use the condensed structural formula to draw the full structural formula of the following organic compounds and 

    use it to name them:

	(a)  CH3CH2CH(CH3)CH3


	(b)  CH3CHCHCH2CH3
	(c)  CH3CH(CH2CHCH2)CH3

	(d)  CH3CH2CHClCHBrCH3
	(e) CH3CH2CH2OH

	(f)  CH3CH2CH2CH2CO2H

	(g) CH3CHClCH2OH

	(h) CH3CHBrCH2Cl
	(i) (CH3)2CHCH3




3. Write the full structural formulae for:

	(a) heptane
	(b) 2-chloro-3-methyl hexane
	(c)  3-bromo-2-chloroheptane



	(d) pentan-2-ol 
	(e) hex-2-ene
	(f) butanoic acid

	(g) 3-ethylpentane
  CH3CH2CH(CH2CH3)CH2CH3
	(h) 2-methylpropanal  CH3CH(CH3)CHO
	(i) 3-methylbutanoic acid  CH3CH(CH3)CH2COOH

	(j) 2-methylpentan-3-one  CH3CH2COCH(CH3)CH3
	(k) 3-chlorobutan-2-ol
	(l)  2,3-dihydroxybut-2-ene  CH3C(OH)=C(OH)CH3


	(m)  butan-2-ol
	(n) 2-amino-1-chlorobutane
	(o) 2-chloropropanoic acid



	(p)  1,1,2-tribromoethane
	(q) ethane-1,2-diol
	(r) buta-1,2-diene




4.   Draw the full structural formulae of the structural isomers of (a) C3H8O and (b) C4H10O.

5. Draw the full structural formulae of the structural isomers of formula, C4H8Cl2.  

6. From the list of compounds below select the one which is

      (a) an ester  D                       (b) a secondary alcohol  F                       (c) a ketone  C                       (d) an alkene
	(a) CH3CH(CH3)CHO


	
	
	(b) CH3CH2OCH3

	

	(c) (CH3)3COH


	
	
	(d) CH3CH2CH(OH)CH3

	

	(e) CH3CH2COCH3

	
	
	(f) CH3CH2CHCHCH3

	

	(g) CH3CH2COOCH3

	
	
	(h)  (CH3)2CHCOOH
	


·   G

7.  Classify the following halogenoalkanes as primary, secondary or tertiary

(a)  (CH3CH2)3C-Cl  tertiary                      (b)  Br-CH2CH2CH2-Br  primary
8. Classify the following amines as primary, secondary or tertiary.
(a)     (CH3CH2)3C-NH2  primary                (b)  CH3-NH-CH2-C(CH3)3
Harder exercises
	1. Draw the structural and condensed formulae of the following compounds



	a. ethanamide
	b. 2-aminopentane
	c. 1,6-diaminohexane
	d. 2-methylpropanamide

	e. propanamide
	f. 2-ethylbutan-1-amine
	g. phenylamine
	h. ethyl butanoate

	i. propanenitrile
	j. N-phenylethanamide
	k. 2,2- dimethylpropanamine
	l. propyl benzoate

	m. butan-2-amine

    (2-butanamine)
	n. 4-methylpentanenitrile
	
	

	
	
	
	

	2.  Name the following compounds

	a. CH3CH2CH2CONH2
	b. CH3CH2COOCH2CH3
	c. (CH3CH2)2NH
	d. CH3COOCH2CH3

	e. HCOOCH2CH3
	f. CH3(CH2)2COOCH2CH3
	g. CH3C(CH3)2CN
	h. CH3 (CH2)3CN


10.2 Functional group chemistry
E. I.: Structure, bonding and chemical reactions involving functional group interconversions are key strands in organic chemistry. 
Nature of science: 
Use of data—much of the progress that has been made to date in the developments and applications of scientific research can be mapped back to key organic chemical reactions involving functional group interconversions. (3.1)  
	Understandings

 Alkanes: 
· 10.2 U1 Alkanes have low reactivity and undergo free-radical substitution reactions. 
Alkenes: 
· 10.2 U2 Alkenes are more reactive than alkanes and undergo addition reactions. Bromine water can be used to distinguish between alkenes and alkanes. 

Alcohols: 
· 10.2 U3 Alcohols undergo nucleophilic substitution reactions with acids (also called esterification or condensation) and some undergo oxidation reactions. 

Halogenoalkanes: 
· 10.2 U4 Halogenoalkanes are more reactive than alkanes. They can undergo (nucleophilic) substitution reactions. A nucleophile is an electron-rich species containing a lone pair that it donates to an electron-deficient carbon. 

Polymers: 
· 10.2 U5 Addition polymers consist of a wide range of monomers and form the basis of the plastics industry. 

Benzene: 
· 10.2 U6 Benzene does not readily undergo addition reactions but does undergo electrophilic substitution reactions. 

	Application and skills

  Alkanes: 
· 10.2 AS1 Writing equations for the complete and incomplete combustion of hydrocarbons.  

· 10.2 AS2 Explanation of the reaction of methane and ethane with halogens in terms of a free-radical substitution mechanism involving photochemical homolytic fission.  
Alkenes:  

· 10.2 AS3 Writing equations for the reactions of alkenes with hydrogen and halogens and of symmetrical alkenes with hydrogen halides and water.  

· 10.2 AS4 Outline of the addition polymerization of alkenes.  

· 10.2 AS5 Relationship between the structure of the monomer to the polymer and repeating units. 

Alcohols:  

· 10.2 AS6 Writing equations for the complete combustion of alcohols.  

· 10.2 AS7 Writing equations for the oxidation reactions of primary and secondary alcohols (using acidified potassium dichromate(VI) or potassium manganate(VII) as oxidizing agents). Explanation of distillation and reflux in the isolation of the aldehyde and carboxylic acid products.  

· 10.2 AS8 Writing the equation for the condensation reaction of an alcohol with a carboxylic acid, in the presence of a catalyst (e.g. concentrated sulfuric acid) to form an ester.  
Halogenoalkanes:  

· 10.2 AS9 Writing the equation for the substitution reactions of halogenoalkanes with aqueous sodium hydroxide. 


Alkanes
Alkanes are a homologous series in which all non-cyclic compounds have the following general formula:  CnH2n + 2.  
Physical properties of alkanes:  melting/boiling points, viscosity, density

Melting points, boiling points, viscosity (resistance to flow) and density increase with increasing number of carbon atoms.
	Explanation:

The larger the molecules (the greater the molar mass)…

· the more sites/surface area there are for intermolecular attraction, …

· or the greater the number of electrons, the greater the polarisation within the molecule, …

· or the greater their mass/inertia …

and therefore the greater the attraction between the molecules, the more energy is needed to increase the motion of the molecules and cause the alkane to melt or boil; the greater the viscosity and the greater the density. 



However, the effect of chain length decreases as the chains get longer.  This is the case because in smaller molecules an additional carbon and its hydrogen causes a much greater % mass increase than in larger molecules.

Complexity of molecules: has a different effect on the melting point than on the boiling point. 

See table below:  Straight chained alkanes have higher boiling points than branched alkanes of similar molecular mass as there is more contact/larger surface area between the straight-chained molecules and therefore more sites for induced polarity and stronger Van der Waals forces; the higher the number of branches, the lower the boiling points.  As branching decreases surface area, it increases volatility and decreases density.

	name
	structural formula
	molecular formula
	boiling point (oC)

	pentane


	CH3(CH2(CH2(CH2(CH3


	C5H12
	36

	2 methylbutane


	CH3(CH(CH2(CH3

           (
           CH3

	C5H12
	28

	2,2-dimethylpropane


	           CH3
           (
CH3(C (CH3

           (
           CH3

	C5H12
	10


However, straight chained alkanes generally have lower melting points than branched alkanes (in particular with symmetrical structures).  Branching increases m.p. as branched molecules can fit more closely together and more energy is needed to separate them; the lattice of a solid straight chained alkane is like wet spaghetti: molecules can easily slide over each other.  
Examples:  melting point of octane, C8H8, is  - 57 (C whilst isomer 2,2,3,3- tetramethylbutane is 121 (C.

Chemical properties of alkanes

Alkanes are unreactive because: 

· Large bond enthalpies:  the covalent bonds between carbon and hydrogen and carbon and carbon have large bond enthalpies; this is because both hydrogen and carbon are small atoms so bonding pairs are attracted strongly by both nuclei.
· Low or no difference in electronegativity:  due to the very small difference in electronegativity between carbon and hydrogen the covalent between the two atoms very low polarity and does therefore not attract other reagents.  
The only reactions they easily undergo are combustion and substitution reactions. 
Combustion of alkanes

· Complete combustion/oxidation: (in plentiful of oxygen) products are water and carbon dioxide; general equation :

                        CxHy   +    (x  +  y/4) O2    ((  xCO2   +   (y/2)H2O        (multiply by 2 if  (x  +  x/4  produces  a 0.5)

     Both carbon and hydrogen are oxidised.    

     Examples:    CH 4     +    2O2    ((   CO2   +   2H2O      and     C3H 8 +    5O2    ((   3CO2   +   4H2O

· Incomplete combustion (carbon is not completely oxidized): products are water and carbon monoxide or carbon (=black smoke) depending on the extent of the lack of oxygen (incomplete oxidation); water is always produced.
Examples:  CH 4 +    1 ½ O2    ((   CO   +   2H2O             and          CH 4 +    O2    ((   C   +   2H2O
                    C3H 8 +    4O2    ((   CO2   +   2CO   +     4H2O

Exercises: 

Write equations for the complete and incomplete combustion of propane and butane.

Substitution reactions of alkanes

Bond fission
When a covalent bond is broken the bonding pair electrons are redistributed between the two atoms; there are two ways of redistributing these two electrons:

	Homolytic fission
* occurs in non-polar bonds or bonds with a very low polarity when bonding electrons are fairly equally shared in the bond

* each atom gets one of the bonding electrons; each atom has now an unpaired electron and is therefore unstable and reactive; such a particle with an unpaired electron is called a free radical  

* free radicals have a strong tendency to react and usually have a short existence; tend to be intermediates in reactions 

                                    A  (  B                 ((       A(         +         ( B 


	Heterolytic fission

* Both bonding electrons go to one of the atoms forming a negative and positive ion for example a carbocation and carbanion
* occurs in polar bonds 

* ions are unstable and highly reactive sites

                                          A  (   B                ((       A+         +          B-


During a substitution reaction, a hydrogen atom on the carbon chain is replaced by a halogen atom. The reaction needs sunlight/UV as UV/sunlight has the corresponding amount of energy to break the halogen bonds; no reaction will occur in the dark.
	Examples of substitution reactions:

	                                                       UV

· CH4  (g)    +       Cl2 (g)         ((    CH3 Cl (g)    +     HCl (g)

       methane    +       chlorine          ((    chloromethane     +     hydrogen chloride

       (substitution with chlorine: tetrachloromethane is formed if proportion of chlorine is high compared to the    

        proportion of methane).  



	                                                      UV

· C2H6  (g)    +       Br2 (l)         ((    C2H5 Br (g)    +     HCl (g)

ethane     +       bromine         ((    bromoethane    +     hydrogen chloride




Photochemical homolytic free radical substitution reaction

The sequence of steps/collisions by which substitution reaction takes place is called the reaction mechanism.  The reaction is an example of a free radical substitution reaction. It is also called a photochemical reactions because UV light is needed to get it started.
	step 1: initiation
	The UV light causes homolytic fission of the halogen molecule; each atom takes one of the electrons of the electron pair in the covalent bond.  The two species, in these case atoms, formed are called free radicals.  
A free radical is the name given to a species containing an unpaired electron. They are very reactive, because they have an unpaired electron, and so have a strong tendency to pair up with an electron from another molecule.  A dot is used to represent the unpaired electron.
Using the example of the reaction between methane and chlorine:

  Homolytic fission reaction                    Cl  -   Cl     (     (Cl     +    (Cl          

  to form free radicals                                                          free radicals

 

	step 2: propagation
	Chain reaction during which the free radicals react with molecules forming more free    

radicals and other molecules:

       free radical   +    molecule          ((     new free radical    +    new molecule

Free radical knocks an atom off the molecule which itself becomes a free radical while the radical becomes a molecule.     
In the case of the chlorine and methane reaction:

One of the chlorine free radicals reacts with a methane molecule by substituting itself for a hydrogen atom.  A new free radical is formed (or propagated).

CH4      +      (Cl      (      (CH3      +        HCl

The (CH3 reacts with the Cl2 to form CH3Cl and the free radical (Cl:

(CH3          +        Cl2       (      CH3Cl       +        (Cl


	step 3: termination
	Occurs when two free radicals react to form a stable molecule.
In the case of the chlorine and methane reaction:

(CH3          +        (Cl       (       CH3Cl         or             (Cl          +        (Cl       (       Cl2    or
            (CH3          +        (CH3       (       C2H6

	If excess Cl2 is used further substitutions may take place until all the hydrogen atoms are substituted for:

                                   UV                                                                                                      UV
CH3Cl      +      Cl2       (       CH2Cl2       +       HCl     followed by   CH2Cl2     +      Cl2     (    CHCl3       +       HCl

                                    UV

CHCl3       +      Cl2       (          CCl4       +       HCl


Exercise:   Write the reaction mechanism for a reaction between ethane and fluorine.
Alkenes

	Chemical properties of alkenes

As they are unsaturated alkenes are more reactive than alkanes.  The second bond of the double bond is weaker than a single carbon-carbon bond as it has a lower enthalpy change – less energy needed to break it.
Alkenes undergo addition reactions; atoms are added to the carbon chain using the double bond




Combustion

Exercise: Write equations for the complete and in complete combustion of ethene and propene.
Addition reactions 

It is because of this greater chemical reactivity that alkenes, especially ethene, are important starting materials in organic synthesis of useful chemicals.  

It is important to note that alkenes also easily combust and undergo both complete and incomplete combustion. 

Alkanes undergo addition reaction that means that atoms are added to the molecule at either side of the double bond so any addition reaction increases the number of atoms in the molecule.  During the addition reaction the double bond is converted to a single bond - it is the π bond which is weaker than the sigma bond that breaks.  The π bond of the double bond is replaced by a stronger single bond; this increases the stability of the molecule.

Reactions

The reagents (hydrogen, halogen, water and hydrogen halide molecules) are attracted to the double bond; the double bond breaks open and is replaced by two single bonds to 2 new atoms or groups of atoms that are added to the molecule.  One part of the reagent bonds to one carbon atom of the double bond while the other part of the reagent bonds onto the second carbon atom of the double bond. 

	Reaction with bromine (bromination)
Occurs under normal conditions  (even in the dark); the product is a colourless halogenoalkane.  
Example: equations

Molecular
C2H4  (g)    +       Br2 (l)         ((    C2H4 Br2  (g)
Word
                      ethene     +       bromine         ((    1,2-dibromoethane (g)
Structural (condensed)
Test for unsaturation

The bromination reaction is useful as it can be used to distinguish between an alkane (no decolourization of bromine water occurs as it remains yellow/brown) and an alkene (bromine water which is yellow or brown becomes colourless as 1,2-dibromoethane is a colourless compound).  

The amount of bromine water which decolourizes gives an indication of the degree of unsaturation; the greater the amount of bromine water which needs to be added before it retains its colour means the greater the degree of unsaturation; the greater the number of double bonds.



	Reaction with hydrogen (hydrogenation)
Does not occur under normal conditions but needs a finely divided catalyst (to break the strong H-H bonds), nickel and some heat, 150 (C – 200(C, although it does also occur at room temperature if platinum or palladium are used as catalysts.  



	Reaction with water (=hydration)
Reaction in which H and OH are introduced in the molecule:  needs a strong concentrated acid (e.g. H3PO4 or H2SO4) as catalyst, 300 (C and 70 atm.  The reaction is used to make industrial ethanol.

Example: equations
molecular
C2H4  (g)    +       H2O (l)         ((    C2H5 OH  (l)
word
ethene     +       water         ((    ethanol
structural
Other alcohols:  Write an equation to show the reaction between propene and steam to form propan-2-ol.
[image: image4.png]





	Reaction with hydrogen halides
Concentrated aqueous solutions of hydrogen halide at room temperature; product is a halogenoalkane.

Example:  structural equation of reaction between but-2-ene and hydrogen chloride. 



	Addition polymerization of alkenes    DOUBLE BOND NEEDED!!!
Because they are unsaturated, alkene molecules (or other molecules with double bonds) can also be added onto each other forming longer chains.  When this process is allowed to go on for some time a very much longer molecule called a polymer is formed.  

Addition polymerization = when unsaturated monomers combine to form a large molecule or chain called a polymer.       

Conditions: catalyst + heat + high pressure  (each polymerization has own conditions)

The monomer, which is the small alkene molecule, is the repeating subunit.  The reaction can also be applied to alkenes which have a hydrogen substituted usually by a halogen (chloroalkenes).  This gives a wide variety of addition polymers.

Examples of addition polymers: polythene and polyvinyl chloride (you should be able to draw the monomer and general structure of the each of the above polymer). In addition polymerization, the polymer has the same % carbons as its monomers as no atoms are removed.

Examples of polymerization reactions

monomer

polymer
name

structural formula

name

repeating unit
ethene

chloroethene

propene




As there are many different monomers that can be used in addition polymerization there are many different addition polymers which is why the plastic is so versatile.  
Exercise

Write condensed structural equations for addition reactions between propene and bromine, water, hydrogen bromide and hydrogen.  Name all species and draw any isomers.

Alcohols
Most important alcohol is ethanol that is used as a fuel, solvent, antiseptic, to make esters.

Complete combustion of alcohols

Alcohols can be combusted completely (very exothermic reaction) producing carbon dioxide and water as shown by the symbol equation of the combustion of ethanol.
                    C2H 5OH  +   3O2    ((   2CO2   +   3H2O

Write the equation of complete combustion of methanol and propanol.

Oxidation of alcohols using an oxidising agent

Primary alcohols, such as ethanol, can be oxidised by heating them with an oxidising agent e.g. potassium dichromate(V) or potassium permanganate(VII) which needs to be acidified (e.g. H2SO4) and which goes from orange (oxidation state +6) to green (oxidation state +3). The reaction involves the hydrogen atoms bonded onto the carbon that carries the hydroxyl group.

The oxidation of primary alcohols can yield two different products depending on the conditions under which it is carried out.  

	1.   Partial oxidation to form an aldehyde, e.g. ethanal from ethanol: 

      Heating excess alcohol with oxidizing agent; however, to obtain a high yield of the aldehyde distillation needs 

      to be used to collect the aldehyde (it has a lower boiling point than ethanoic acid) as soon as it is formed as 
      otherwise the aldehyde will oxidize further to a carboxylic acid (full oxidation). 
      Equation for the partial oxidation of ethanol:  

· full equation:  3C2H5OH  +  Cr2O72-  +  8H+ ((   3CH3CHO  +  2Cr3+  +  7H2O
· simpler version:       C2H5OH  +  [O]   ((   CH3CHO  +  H2O



	2. Full oxidation:  if an excess of the oxidizing agent is used and the mixture is heated under reflux, the alcohol oxidises to a carboxylic acid and is then removed using distillation. 
      Equation for the further oxidation from ethanol to ethanoic acid:  

· full equation:  3C2H5OH  +  2Cr2O72-  +  16H+ ((   3CH3COOH  +  4Cr3+  +  11H2O

· simpler version:       C2H5OH  +  2[O]   ((   CH3COOH  +  H2O 



	Write a full structural equation showing the partial and then full oxidation of propan-1-ol.




Secondary alcohols can only be oxidized to ketones by heating under reflux with acidified potassium chromate. This is because the ketone does not have any hydrogen atom left on the carbon of the carbonyl group. 
Write a structural equation showing the oxidation of propan-2-ol.

Tertiary alcohols cannot be oxidized at all as they have no hydrogen atoms onto the carbon that carries the hydroxyl group.
Nucleophilic substitution reactions with acids (esterification or condensation)
Conditions for esterification: heat and concentrated sulphuric acid. 

For example when ethanol and ethanoic acid are heated in the presence of concentrated sulphuric acid an ester called ethyl ethanoate is formed. 

CH3CH2OH  +   CH3COOH   (   CH3CH2OOCCH3  +  H2O

In the above reaction:

· the hydrogen of the hydroxyl functional group in the alcohol is eliminated 

· the hydroxyl in the carboxyl group in the carboxylic acid is eliminated on the acid molecule, It is the carbon-oxygen bond in the acid molecule that breaks.
· the hydrogen and the hydroxyl join to form water whilst the other 2 parts from the ester. 
The above reaction can be started from ethanol only as some ethanol can be oxidized first using an oxidizing agent and heated under reflux.  The ethanoaic acid can be distilled and then heated with new ethanol in the presence of concentrated sulphuric acid.

Esters have sweet and fruity smells and are used in: perfumes, flavourings in food, solvents, pain killers and in the production of fibres e.g. polyester

Exercise:   For the following starting materials write a chemical and structural equation and name the product.
a. propanol and ethanoic acid

b. butanol and methanoic acid

c. propanoic acid and ethanol

Halogenoalkanes

Halogenoalkanes are more reactive than alkanes. This is because of the presence of the halogen atom which is more electronegative than the carbon atom it is attached to; this makes the carbon atom slightly positive or electron-deficient and provides a reactive site in the molecule. As a result this electron-deficient carbon atom halogenoalkanes can undergo (nucleophilic) substitution reactions. A nucleophile is an electron-rich species containing a lone pair that it donates to an electron-deficient carbon.
Nucleophilic subsitution   

Halogenoalkanes react with warm dilute sodium hydroxide solution in nucleophilic substitution reactions. 

In these reactions the hydroxide ion in sodium hydroxide, which is a negative ion, is called the nucleophile as it ‘seeks’ a positive nucleus i.e. the carbon atoms that carried the halogen atom as the bond C-Hal is polar.

A nucleophile is an electron-rich species containing a lone pair that it donates to an electron-deficient carbon.
During a nucleophilic substitution reaction the halogen is substituted by the hydroxide group to form an alcohol. 

Polymers
Addition polymers consist of a wide range of monomers and form the basis of the plastics industry.
Benzene: electrophilic substitution
Because of the stability of the benzene ring as a result of the delocalization of the π electrons benzene does not easily undergo addition reactions. However, the π electron cloud (electron-rich) above and below the ring structure is a reactive site that more readily attracts electrophiles resulting in substitutions of hydrogen atoms on the ring by the electrophiles. 

Electrophiles, like for instance NO2+, have a positive charge or a partial positive charge.

Uses of some of the classes of organic compounds

· Alkanes as fuels

· Ethene in the ripening of fruit

· Alcohols as fuel additives

· Esters in perfumes, food flavourings, solvents, nitroglycerin, biofuels and painkillers.

11.3 Spectroscopic identification of organic compounds

E.I.: Analytical techniques can be used to determine the structure of a compound, analyse the composition of a substance or determine the purity of a compound. Spectroscopic techniques are used in the structural identification of organic and inorganic compounds.

Nature of science
1.8: Improvements in instrumentation – mass spectroscopy, proton nuclear magnetic resonance and infrared spectroscopy have made identification and structural determination of compounds routine.
1.10: Models are developed to explain certain phenomena that may not be observable- for example, spectra based on the bond vibration model. 

	Understandings

· 11.3 U1 The degree of unsaturation or index of hydrogen deficiency (IHD) can be used to determine from a molecular formula the number of rings or multiple bonds in a molecule.
· 11.3 U2 Mass spectrometry (MS), proton nuclear magnetic resonance spectroscopy (1H NMR) and infrared spectroscopy (IR) are techniques that can be used to help identify compounds and to determine their structure.

	Applications and skills

· 11.3 AS1 Determination of the IHD from a molecular formula.

· 11.3 AS2 Deduction of information about the structural features of a compound from percentage composition data, MS, 1H NMR or IR


Index of hydrogen deficiency (IHD): information about the degree of unsaturation 
In a hydrocarbon where all the carbon atoms have only single bonds the compound will have the maximum number of hydrogen atoms; that can be determined using 2n+2 for a n number of carbon atoms. The 2n+2 gives the saturated target for the molecule of the compound.
If any of the bonds are replaced with double or triple bonds or if rings are involved, the compound will have a “deficiency” of hydrogen atoms. 

By determining the index of hydrogen deficiency (IHD), we can tell from the molecular formula if there are any multiple bonds or rings in the molecule and how many. The IHD is the number of hydrogen molecules it would take to make the structure of the compound saturated.
The IHD or degree of unsaturation can be determined from a molecular formula by:

1. Calculating the maximum number of hydrogen atoms a molecule should have by applying 2n+2 with n being the number of carbon atoms in the molecular formula of the compound e.g. the saturated target of C3H6 is C3H8 so the maximum number of hydrogen atoms C3H6 should have is 8.
2. From the maximum number of hydrogen atoms calculated in step 1 deduct the number of hydrogen atoms that are in the formula and ….. 
3. you divide the number in step 2 by 2 because the index is for the deficiency of hydrogen molecules!!! Example: in C3H6: 8H – 6H = 2H, divide by 2  = 1 so the IHD is 1  
4. What if there are other atoms in the molecule? Before you divide by 2 you should do the following
a. Subtract any halogen atoms as they are treated as hydrogen atoms – halogens make 1 bond with a carbon atom just like hydrogen and do not use up any extra valence electrons/cause any unsaturation.  

b. Ignore any oxygen atoms – make 2 bonds/presence has no impact on IHD
c. Add 1 to the number of hydrogen atoms obtained at the end of step 2 for each nitrogen atom in the molecule – nitrogen atoms add to the unsaturation of a molecule.
Interpreting the IHD:

· One IHD could be a double bond (not necessarily between 2 carbon atoms) or a ring structure

· Two IHD is a triple bond 

· Three is an aromatic ring
Examples

	IHD of C3H6 is:  

1. Maximum number of hydrogen atoms is 8

2. There are 6 in the formula so 8 – 6 = 2
3. Divide 2 by 2 = 1

	IHD of C6H12N2Br2 is:  

1. Maximum number of hydrogen atoms is 14
2. There are 12 in the formula so 14 – 12 = 2
3. Add 2 for the 2 nitrogen atoms: 2 + 2 = 4 
4. Deduct 2 for the 2 bromine atoms: 4 – 2 = 2 
5. Divide 2 by 2 = 1


Exercise: Determine the IHD of the following compounds
a. C17H21NO4                           b. C27H46O                          c. C6H7N                        d. C15H10ClN3O3       
Infrared spectroscopy

Spectroscopy is the study of how matter interacts with radiation within the electromagnetic spectrum. 

Infrared radiation occurs at a frequency that causes or increases molecular vibrations in some covalent bonds – not all but luckily in most of the bonds that occur in functional groups. There are 3 types of vibrations: symmetric stretch, asymmetric stretch and symmetric bend. For a vibration to be able to absorb IR it must result in a change in the molecular dipole.
Infrared spectroscopy is used to identify different functional groups in an organic compound as each functional group has its own covalent bonds and therefore each functional group has its own narrow frequency or wavelength range which is shown by the dips in an infrared spectrum (transmittance mode). The transmittance mode shows how much of all the wavenumbers in the IR spectrum have been absorbed; a 93% at 4000 cm-1 means that 93% of the radiation at that frequency has passed through the same sample and 7% has been absorbed. 
Each functional group has been given a frequency range and not a precise number as the actual frequency or wavenumber at which absorption occurs depends on the other atoms/bonds in the molecule. Often the frequency range is also expressed in unit of wavenumber which is the number of waves per cm.
The functional groups you need to be able to recognize in an IR spectrum are in section 26 in the IB Data booklet: 
-C-H, O-H, C-Hal, -COOH, C=O, CHOH, C=C, -C C-, C-O and –NH2. The infrared data concerns stretching vibrations only. Each bond also has own intensity that can also be used to recognize it.
Extra information:

All molecules have vibrational energy as the COVALENT bonds within the molecule vibrate permanently (i.e. they stretch and bend).  Each type of bond does this at its own natural frequency.  These vibrations are quantized, which means that there are fixed differences between the vibrational energy levels each bond within a molecule can occupy (just like electron energy levels in an atom).  

The energy needed to make covalent bonds in a polar molecule vibrate more i.e. get to a higher vibrational energy level can be measured and is always within the infrared spectrum region of the electromagnetic spectrum (non-polar bonds do not absorb in the infrared spectrum).  The infrared region is a low-energy region so the energy is not enough to cause the bonds to break so this measurement does not cause a decomposition of the compound.

Just like the electrons within an atom, a bond can only absorb waves which have a frequency (corresponding to a fixed amount of energy) which matches the difference in vibrational energy levels of the actual bond: each polar bond can only absorb a certain quanta of vibrational energy in the infrared spectrum.  The frequencies at which absorptions take place appear as dips on an infrared spectrum
The vibrational energy levels and therefore the frequency or wavelength absorbed by a bond depends on:
· The length and strength of the covalent bond which in its turn depends on the atoms involved in the bond; example a triple bond is stronger than a double bond and therefore needs to absorb waves of a higher frequency to increase its vibrations. The stronger the bond the higher the frequency needed to cause that bond to go to a higher vibrational level.
·  The surrounding atoms as they interfere with the vibration of a polar covalent bond. – this is a reason why  
       there is a range in the frequencies rather than a precise wavenumber.
Infrared spectroscopy is used to determine functional groups in organic compounds as each functional group has its own covalent bonds and therefore each functional group has its own narrow frequency or wavelength range which is shown by the dips. Each functional group has been given a frequency range and not a precise number; the actual frequency or wavenumber at which absorption occurs depends on the rest of the molecule.

Each bond also has own intensity that can be used to recognize it.
Infrared spectra allow the identification of functional groups in an organic molecule but on their own the IR spectra do not indicate the position of these functional groups or the chain length.

However, an IR spectrum exists for most organic compounds of which the position of the functional group is known.  The chain length can be derived from mass spectroscopy.
Mass spectroscopy
Using mass spectrometry it is possible to determine the molecular mass and the molecular formula of an unknown organic compound.  The structure of the molecule is determined by breaking the molecule into ionised fragments with the aid of an electron gun and then piecing these fragments (fragmentation pattern) together from the mass spectrum that was obtained. The electron gun both ionises (removes an electron) and fragments (causes the rupture of bonds; more easily to break single bonds as they are weaker).
The identity of the ionized fragments can be determined from their mass. Each ionic fragment shows as a peak in the mass spectrum and the intensity of the peak indicates the abundance of that fragment.  Usually, the most intense peak in the mass spectrum is called the base peak and is assigned a value of 100% intensity or relative abundance.  

The peak with the highest mass/charge ratio (m/z) is formed by the loss of one electron from the molecule is called the molecular ion or parent ion (M) and indicates the molecular mass of the compound; the other peaks are the ionized fragment peaks that always have a mass less than the molecular ion.  All the peaks on the mass spectrum and their relative abundance together form the fragmentation pattern that is used to identify the structure of the compound and determine the molecular mass.
However, not all fragment ions form with equal ease as double and triple bonds are difficult to break.

Common fragments which you need to know well – there are more in section 28 in the data booklet.
	fragment
	is identified by the following mass/loss in mass

	CH3+
	15

	H2O+
	18

	CH3O+
	31

	COOH+
	45

	CH3CH2+
	29

	CHO+
	29


You also need to appreciate the following:

· When a molecular ion fragments it splits into a positive ion and a neutral piece of atoms; the new smaller positive ion continues towards the deflector and detector and will be detected whilst the neutral particle does not so…

· if you are asked to identify/name the fragments in the mass spectrum that means the fragments that have been detected on the screen than they should have a positive charge as in the table above.

· if you are asked for the fragment that has been lost then write the fragment without a positive charge.
Proton nuclear magnetic resonance spectroscopy (1H NMR): informs about the different hydrogens
1 H NMR detects:

· The number of 1 H atoms in a molecule (isotopes other than 1H can also be used for this technique)

· The group of atoms or environment the 1H atoms occur in e.g. the functional group. 

It works on the principle that some atomic nucleii like hydrogen (only atomic nuclei with odd mass numbers such as 1H), just like electrons, have a magnetic spin which gives rise to a magnetic field making the nucleus behave like a small magnet.  As there are two directions in which a nucleus can rotate (clockwise and anticlockwise) there are 2 spin states.  When no external magnetic field is applied, both spin states have equal energy (equivalent).  

However, when an external magnetic field is applied, the spin states split in terms of energy as one of the spin states will now be aligned with the external magnetic field and the other spin state will not (non-equivalent)  
The two spin states within a magnetic field are: 

· a low spin state/low spin energy level/low energy alignment:  the magnetic field of the rotating nucleus or proton is aligned with the external magnetic field (most stable!).
· a high spin state:  the magnetic field of the rotating nucleus is aligned against the external field.  

In a normal sample of a substance exposed to a magnetic field there are always more nuclei (although not that many more) that are in the lower energy state i.e. aligned with the external magnetic field. Such nucleii can be made to change their spin state to the high spin state by radiating these nucleii with radiation of a frequency that corresponds to the difference in energy between the two spin states.  

When this frequency is applied, the nucleus or proton is brought into resonance, radiation is absorbed and the nucleus flips (= goes to higher spin state).  The frequency of the radiation absorbed is recorded on a chart.  The process of absorption of energy to make the nuclear spin flip to the non-aligned spin state is called nuclear magnetic resonance.  The frequency for most 1H nucleii is within the radiowaves spectrum.

Resonance (= transfer of energy from the radiation to the nucleus) occurs when the frequency is correct for the size of the magnetic field applied at the time and the identity of the nucleus; when this is the case, energy is transferred to the nucleus to change its magnetic spin hence nuclear magnetic resonance occurs.  

So, the actual frequency of the radiowave absorbed in 1H NMR depends on:

· The type of hydrogen atom in a compound; equivalent (in terms of environment) hydrogen atoms need the same frequency (also equivalent in energy).
· The electron density of the environment of the hydrogen atom: e.g. a hydrogen atom part of a CH3 -group absorbs a different frequency - there is a different energy gap between the low spin state and the high spin state - than a hydrogen nucleus attached to a carbon for instance in a ring structure or a hydrogen near an oxygen or a nitrogen atom.  This is because:

· The spin of any other hydrogen in the environment affects the spin of the original hydrogen.  

· The shielding effect: 

· Electrons in surrounding atoms also have a magnetic spin that affects the energy level of the spin state of the hydrogen atom.
· Electrons shield the hydrogen nucleus from the effects of the external magnetic field – lower difference in energy.
· The larger the number and the closer the electrons are to the hydrogen nucleus the more it is protected or shielded from the external magnetic field i.e. in the OH group the electronegative oxygen pulls electrons towards it (away from the hydrogen nucleus) exposing the hydrogen more to the external magnetic field causing a lower shielding effect.
· Also double bonds can cause a change in shielding effect.
· The lower the shielding effect, the greater the amount of energy needed to cause a flip.

· The strength of the external magnetic field.

The particular position of absorption on the 1H NMR chart/spectrum corresponds to a hydrogen or proton in a certain chemical environment e.g. in the OH group; the number of signals recorded at that position indicates the number of hydrogen atoms that are in that same chemical environment.  The number of each type of hydrogen is obtained from the relative areas underneath each of the peaks in the 1H NMR spectrum.
In summary, the 1 H NMR tells us the chemical environments the hydrogen nuclei or protons are in and how many types of protons or hydrogen atoms there are in each environment.

Chemical shift

A reference compound is added to every sample to be tested, in most cases TMS (tetramethylsilane) because:

· contains 12 hydrogen atoms that are equivalent so it gives a large single line/signal which is always at a lower frequency than most other types of organic protons – the hydrogen atoms in TMS experience greatest shielding due to least polar bonds.  The TMS absorption spectrum (1 line) is used to establish the zero point or reference point on the scale.   
· Signal is also ‘away’ from other signals so easy to identify in spectrum

· non-toxic/unreactive

· volatile – easily removed from sample
The signals from the hydrogen atoms of the compound to be tested are measured in chemical shift and expressed in ppm. The chemical shift is a value relative to the signal of the TMS; it indicates the number of units that the signal is shifted from the signal of the TMS which has a very strong single peak to the right in the 1 H NMR spectrum.  The higher the shielding effect, the lower the chemical shift. 
The chemical shift for a number of different protons are in section 27 in the data booklet.
Interpretation of the 1 H NMR spectrum

The ratio of the areas under all the peaks is the ratio of the number of protons of each type in the compound. These ratio’s are processed by a computer in an integration trace which is placed on the spectrum in which the height of each step/type of proton in the trace represents the area of a peak indicating the relative number of that type of proton. 
In the integration trace, the ratio is usually expressed with the first number indicating the number of hydrogen atoms or protons of the peak the nearest to the 1 H TMS.
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