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Topic 6D: Halogenoalkanes
30. know that halogenoalkanes can be classified as primary, secondary or tertiary
31. understand what is meant by the term ‘nucleophile’
32. understand the reactions of halogenoalkanes with:
i aqueous potassium hydroxide to produce alcohols (where the hydroxide ion acts as a nucleophile)
ii aqueous silver nitrate in ethanol (where water acts as a nucleophile)
iii potassium cyanide to produce nitriles (where the cyanide ion acts as a nucleophile)
Students should know this as an example of increasing the length of thecarbon chain.
iv ammonia to produce primary amines (where the ammonia molecule acts as a nucleophile)
v ethanolic potassium hydroxide to produce alkenes (where the hydroxide ion acts as a base)
33. understand that experimental observations and data can be used to compare the relative rates of hydrolysis of:
i primary, secondary and tertiary halogenoalkanes
ii chloro-, bromo-, and iodoalkanes using aqueous silver nitrate in ethanol
CORE PRACTICAL 4: Investigation of the rates of hydrolysis of some
halogenoalkanes
34. know the trend in reactivity of primary, secondary and tertiary halogenoalkanes
35. understand, in terms of bond enthalpy, the trend in reactivity of chloro-, bromo-, and iodoalkanes
36. understand the mechanisms of the nucleophilic substitution reactions between primary halogenoalkanes and:
i aqueous potassium hydroxide
ii ammonia
CORE PRACTICAL 6: Chlorination of 2-methylpropan-2-ol using concentrated
hydrochloric acid
39. understand the following techniques used in the preparation and purification of a liquid organic compound:
i heating under reflux
ii extraction with a solvent in a separating funnel
iii distillation
iv drying with an anhydrous salt
v boiling temperature determination
Topic 5: Formulae, Equations and Amounts of Substance
16. understand risks and hazards in practical procedures and suggest appropriate
precautions where necessary
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HALOGENOALKANES

Facer AS Chemistry p265 – 266

These are alkanes in which one or more of the hydrogen atoms have been replaced by a halogen atom.
They can be of three types:-





	Primary (1o)			Secondary (2o)			Tertiary (3o) 

X represents a halogen atom e.g.:- F, Cl, Br, I
R R1 and R2 etc are:-	alkyl groups e.g. CH3- , CH3CH2- etc
aryl groups e.g. C6H5- 
These may be the same or different but must contain at least one C atom.


	Name
	1o, 2o or 3o
	Displayed formulae
	Skeletal formulae
	Name
	Displayed  formulae
	Skeletal formulae

	Chloromethane

	Io
	CH3Cl 
	 (
Cl
)
	1,1-dichloroethane
	CHCl2CH3 
	 (
Cl
Cl
)

	2-bromobutane
	2o
	CH3CHBrCH2CH3 
	 (
Br
)
	1,2-dichloroethane
	 (
Cl
Cl
)CH2ClCH2Cl 
	

	2-bromo-2-methylpropane
	3o
	(CH3)3CBr 
	 (
Br
)
	Z- 1,2-dichloroethene

	CHClCHCl
	

	2-bromo-4-methylhexane
	
	CH3CHBrCH2CH(CH3) CH2CH3 
	 (
Br
)
	E- 1,2-dichloroethene
	CHClCHCl
	



A quiz to check your understanding.
PHYSICAL PROPERTIES OF HALOGENOALKANES
	Facer p 266
If X is an electronegative atom, such as F, Cl, Br or I then the C-X bond is polar.
In the following example, describe the intermolecular forces ..........………………………………



SOLUBILITY
However, halogenoalkane molecules are not polar enough to make even those molecules with the shortest chains soluble in water.  There are no H+ atoms so hydrogen bonding with water cannot occur.  They are immiscible in water.  They will dissolve in organic solvents such as alcohols and ethers.

BOILING POINTS
Study the following data








 (
Boiling temperature of 
1-halogenoalkanes /K
)












What is the trend in boiling point with increased chain length? increases
Explain your answer. Increased chain length  more electrons  stronger London forces.
Require more heat energy to overcome them
What is the trend in boiling point as you go down the halogen group? increases
Explain your answer Increased number of electrons  stronger London forces.
Require more heat energy to overcome them
What is the trend in boiling points 1o  2o  3o ? decreases
Explain your answer. Increased branching  molecules further apart  weaker London forces.  (Also branched molecule  smaller dipole  weaker London forces.)
So less heat energy required to overcome them and separate the molecules  vapour
PREPARATION OF HALOGENOALKANES 
The main methods use nucleophilic substitution reactions of ALCOHOLS (see Facer p267)
Chloroalkanes
1)	e.g. Using PCl5 to make 2-chloropropane
Reagents phosphorus pentachloride 	Conditions room temp 
Equation (displayed formulae) 

				+	PCl5					POCl3(l)   +	HCl(g)

This is not a very economical way to make large quantities as PCl5 is expensive, can you think of another reason? Hydrogen chloride gas produced is corrosive
2) From Hydrogen chloride gas (or conc. aqueous HCl)
This is produced in situ (where needed) from:-
	KCl(s)		+	H2SO4(conc.)			KHSO4(s)	+	HCl(g)
Equation for production of 2-chlorobutane

				    +     HCl(g)	    				  +      H2O(l)

Bromoalkanes 
1) From Bromine and moist red phosphorus (forming PBr3 in situ)
Equation to make PBr3 	P	+	1½Br2			PBr3
Equation for reaction of butan-2-ol + PBr3 using displayed formulae

3					PBr3		3				H3PO3


								Product name: 2-bromobutane
2) From Hydrogen bromide gas produced in the reaction vessel from NaBr + 50% H2SO4
Equation to make HBr NaBr	+	H2SO4		 	HBr	+	NaHSO4
e.g. preparation of 1 bromobutane from butan-1-ol that you will do later (pg 5)
Equation:	CH3CH2CH2CH2OH + HBr	 CH3CH2CH2CH2Br + H2O
Iodoalkanes
These can only be made from Iodine and red phosphorus (PI3 made ‘in situ’)
Equation: 	P	+	1½I2			PI3	conditions warmed + moist
Equation to produce 2-iodobutane using displayed formulae.
					PI3						H3PO3

Preparation of bromobutane
In this activity, you will prepare a sample of 1-bromobutane. This will involve learning new techniques both to carry out the reaction, and to separate and purify the liquid product. You will need to work carefully to obtain the maximum yield possible.

1-bromobutane can be made by heating the corresponding alcohol, butan-1-ol, with a mixture of concentrated sulfuric acid and sodium bromide.

The overall reaction can be represented by the equation:
CH3CH2CH2CH2OH + HBr	 CH3CH2CH2CH2Br + H2O
butan-1-ol		1-bromobutane

You can think of the preparation of an organic compound in four stages:
· carrying out the reaction
· separating the required product from the reaction mixture
· purifying the product
· testing the product to check that it is a pure sample of the required compound

 (
FLAMMABLE
)Carrying out the reaction
 (
X
X
X
X
)
Into a 10 cm3 measuring cylinder, pour about 7.5 cm3 butan-1-ol. 
This will be approximately 6 g of the alcohol. Weigh the measuring cylinder and contents and then pour the butan-1-o1 into a pear shaped flask. Weigh the empty measuring cylinder and record the exact mass of butan-1-ol you have added to the flask.

Mass of measuring cylinder and contents	…………
Mass of empty measuring cylinder		…………
Mass of butan-1-ol added to the flask		…………

Weigh out approx 10g sodium bromide into a small beaker.
Dissolve in 10 cm3 water and add to the pear shaped flask.

 (
CORROSIVE
)Set up the apparatus shown with the flask immersed in a beaker of cold water placed on a tripod.  Clamp the neck of the flask and the top of the condenser, with both clamps attached to the same stand, shown by X on the diagram.   Make sure the condenser water supply is on.  CHECK WITH YOUR TEACHER 
Place 10 cm3 concentrated sulfuric add in the tap funnel.
Gradually add the acid to the reaction mixture over a period of about 5 minutes. After each addition, place a stopper in the funnel, grasp the funnel with one hand and the stand with the other, gently swirl the assembly to help mix the contents of the flask. Remove the stopper before attempting to add more acid.  
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Your teacher will remove the tap funnel and distillation head from the top of the condenser.  Remove the cooling bath from around the flask. Dry the outside of the flask, and add a few anti-bumping granules to the flask. A guard tube filled with soda lime could be fitted to the top of the condenser.

Gently heat the reaction mixture with a micro-burner until it starts to boil and then allow it to reflux for between 30 - 45 min. Condensed droplets should be falling back into the flask during reflux at a rate of about 1 drop per second. (Alternatively, the reaction mixture may be heated using an electric heating mantle.)

Allow the reaction mixture to cool.

Pour your flask contents into the shared class product flask.


Questions
a. Write an equation for the reaction of concentrated sulphuric acid with sodium bromide.
NaBr(s)   +   H2SO4(50% conc)      NaHSO4(aq)   +   HBr(g)
 (
-1
) (
0
) (
+4
) (
+6
)b.	Why is it necessary to add the concentrated sulphuric acid slowly and cool the flask in cold water?  To avoid the reaction of 2HBr  +  H2SO4    SO2(g)  +  Br2(g)  +  2H2O(l)
	HBr acts as a reducing agent reducing H2SO4 to SO2 and being itself oxidised to Br2
c	Why is there a tube with an open-side arm between the condenser and the tap funnel?
So it is not a closed system where pressure of vapour could build up.
d	What changes did you see in the flask as you added the acid and then heated the mixture?
Steamy fumes (and orange fumes)
	Can you use your observations to identify any of the products formed?
Steamy fumes of HBr, possibly SO2 and orange fumes of Br2
Are the visible products those expected from the equations? Yes (and no - Br2 and SO2)
e. Explain what is meant by heating under reflux. Why is this often necessary when heating organic liquids?  Heated solution evaporates and vapour rises up vertical condenser.
			Vapour condenses and drops back into the reaction vessel.
			This avoids flammable vapours being released
			It allows a longer reaction time with no loss of flask contents.
f.	What is the reason for including a guard tube in the apparatus during the refluxing stage?
	Contains soda-lime which reacts with any acidic gases (HBr) preventing their release
g.	Why is it necessary to heat the flask for such a long time?
		To ensure complete reaction.



Separation of the product
Look at the cooled class product flask.
The impure product is separated by a process of (steam) distillation
Your teacher will demonstrate this process













Extraction with a solvent using a separating funnel

















Questions
h	Identify where each of the impurities present in the crude reaction mixture has come from. 

	
	Starting material
	Formed during the reaction
	Formed by a side reaction

	sodium bromide              (s)
	√
	
	

	sodium hydrogensulfate  (s)
	
	√
	

	sulfuric acid
	√
	
	

	butan-1-ol
	√
	
	

	hydrogen bromide
	
	√
	

	bromine
	
	
	√



i	What impurities are still left in the mixture after this steam distillation?
	Aqueous layer:	H2SO4, HBr, H2O
	Bromobutane layer:	butan-1-ol, bromine, possibly butene or butoxybutane from side reactions
	Densities of some of the liquids used

	Liquid
	Density  / g cm-3

	butan-1-ol
	0.8

	water
	1.0

	concentrated HCl
	1.2

	1-bromobutane
	1.3


Purifying the product
1) The impure product is shaken with conc.HCl.
Butan-1-ol dissolves in the conc. HCl.
Use the density information to decide which layer to put into a clean separating funnel.
  Label the layers on the diagram.


 (
2)
The impure 
bromobutane
 is then shaken with a saturated solution of sodium hydrogen carbonate.
Label the layers
)
 (
aqueous
butan-1-ol
 + 
HCl
)
 (
3)
Finally the impure 
bromobutane
 is swirled with anhydrous sodium 
sulfate
)

 (
s
aturated
 Na
H
CO
3
(
aq
)
) (
bromobutane
)


 (
bromobutane
)


 (
anhydrous
 Na
2
S
O
4
)


Questions
j	Why are there two layers in the separating funnel when the product is shaken with aqueous reagents? Bromobutane is immiscible in water/aqueous solutions as it only has permanent dipole forces and is unable to break up the stronger H-bonding between water molecules.
k	Suggest a reason why shaking the product with hydrochloric acid helps to remove unchanged butan-1-ol from the impure product.
Butan-1-ol is soluble in HCl because it does H-bonding 
Conc. HCl protonates the butan-1-ol  CH3CH2CH2CH2OH2+, which is ionic and therefore soluble
l	Which impurities are removed by shaking the product with a solution of sodium hydrogencarbonate? Acidic impurities e.g. original H2SO4, HBr from reaction, HCl added
	Why is there a marked build up of pressure during the shaking? CO2 produced
	Write an ionic equation for this reaction 	H+(aq)	 +  HCO3-(aq)   	H2O(l)	  +    CO2(g)
m	Suggest a reason why sodium hydrogencarbonate solution is used rather than sodium hydroxide solution. :OH- would act as a nucleophile substituting for Br   butan-1-ol
n	How did the appearance of your product change when it was swirled with anhydrous sodium sulphate? Cloudy liquid (emulsion) became a clear colourless liquid.
	How do you account for this? Removal of water 
o	Name another drying agent which could be used in place of the anhydrous sodium sulphate.
Anhydrous salt eg. CuSO4 , MgSO4, CaCl2, or silica gel crystals
Identifying the product and testing its purity
All the impurities should now have been removed, except small amounts of organic impurities which will be dissolved in the bromobutane.  These can be separated using distillation.
At first, you will see organic impurities coming out of solution, but nothing will condense in the receiver. Then the temperature of the vapour will rise.  
The boiling point of 1-bromobutane is 102°C, we collect the fraction which distills over in the range 100 °C to 104°C.  
Higher boiling point impurities will remain in the flask

Questions
p.	Explain the term ‘fraction’ to describe the sample of product collected during the final distillation.
	Part of the whole sample having a narrow specified boiling point range
q	How does the final stage allow you to check the identity and purity of your product?
Should all distil over at 102oC, any impurities will lower the B.Pt.
r	When this synthesis was carried out, the yield was 6.8 g of 1-bromobutane from 7.5 cm3 butan-1-ol.  The density of butan-1-ol is 0.81 g cm-3.  Calculate the percentage yield:-
i)	Write a balanced equation for the production of 1-bromobutane from butan-1-ol
	CH3CH2CH2CH2OH(l)   +   HBr(g)      CH3CH2CH2CH2Br(l)   +   H2O(l)
ii)	What is the mass of butan-1-ol used?
mass = density x vol = 0.81 x 7.5 = 6.075
iii) 	What is the maximum mass of bromobutane that could be produced for this?
moles butan-1-ol = 6.075 = 0.08209
				    74
moles bromobutane = 0.08209		molar ratio = 1 : 1

Mass bromobutane = 0.08209 x 136.9 = 11.239

iv)	Finally, % yield = 6.8 x 100 = 61%
				   11.239
s	Experience suggests that you will do well to get a yield over 50 %.
What reasons can you think of to account for a yield well under 100 %?
Reaction may not have gone to completion, side reactions produce other products, lengthy separation and purification process result in losses during transfer.
t	Look carefully at the equation for the preparation of 1-bromobutane.  What type of reaction is this?  Nucleophilic substitution
SUBSTITUTION REACTIONS OF HALOGENOALKANES
Refer to Facer AS Chemistry p267
Most reactions of halogenoalkanes are nucleophilic substitution reactions.
 (
A substitution reaction
Reaction where one atom or group of atoms is replaced by another atom or group of atoms.
)


 (
A nucleophile is
An atom or molecule with a 
lone pair of electrons
 
They will attack a 

+
C and form a new (dative) covalent bond
e.g.
:
OH
-
:
NH
3
HBr
:
:
CN
-
  H
2
O
:
  
:
Cl
-
)


Reaction with aqueous alkali
Reagent:	Dilute NaOH(aq) or KOH (aq) and the halogenoalkane e.g.chloromethane
 (
solvent
)Conditions: Dissolve halogenoalkane in ethanol and heat (60oC) with dilute aqueous NaOH/KOH
Structural full equation for reaction of chloromethane with aqueous sodium hydroxide:
 (
showing
 
all
 bonds
)CH3Cl(ethanol)  +   NaOH(aq)      CH3OH   +   NaCl
 (
leaving
 out spectator Na
+
)Displayed ionic equation 

				+ 	OH-   				+	Cl-

NUCLEOPHILC SUBSTITUTION MECHANISMS – SN1 AND SN2
The mechanism for the reaction of a halogenoalkane with a strong nucleophile such as OH- depends on the type of halogenoalkane. (primary, secondary or tertiary)
SN1 mechanism
Tertiary halogenoalkanes react with the SN1 mechanism which is a 2-step mechanism with 
only 1 molecule involved in the slow step of the mechanism
e.g the reaction of 2-chloro-2-methylpropane with aqueous NaOH solution

step 1 (slow step)


step 2 (fast step)


What stabilises the intermediate carbocation formed after step 1? Methyl groups tend to donate electrons so stabilising the tertiary carbocation
SN2 mechanism
Primary halogenoalkanes react with aqueous NaOH by the SN2 mechanism which is a 1-step mechanism with 2 species involved in the slow step of the mechanism
e.g the reaction of chloroethane with aqueous NaOH solution



Strength of the C-X bond
Refer to Facer AS Chemistry p268
	Bond
	Bond dissociation enthalpy/kJ mol-1

	C-F
	+484

	C-Cl
	+338

	C-Br
	+276

	C-I
	+238


The nature of the bonds between carbon and the various halogens is seen clearly in the bond dissociation enthalpies:- 








Would you expect substitution reactions to happen more readily or less readily as you progress down the halogen group? More readily.
Explain your answer Strength of the C-halogen bond decreases on descending the group. Larger halogen radius, more shielding of shared pair of electrons from the halogen nucleus, so shared pair of electrons held less strongly.
Experiment to investigate the reaction with aqueous alkali


 (
HARMFUL
)

 (
FLAMMABLE
)


 (
CORROSIVE
)
Hydrolysis:-
· Put 1 cm3 of 20% potassium hydroxide in ethanol into a test tube add an equal volume of water.
· Add 3 drops of 2-bromo-2-methylpropane and shake the tube from side to side for a minute.
To test for bromide ions:-
· Acidify by adding an equal volume of 2 M nitric acid to neutralise the potassium hydroxide (test with indicator paper to ensure that your solution is acidic)
· Add a few drops of 0.02 M silver nitrate. If bromide ions are present a cream coloured precipitate of silver bromide will appear
What new organic compound has been formed? Alcohol
Why was ethanol included in the reaction mixture? To act as a solvent for the halogenoalkane
Write an ionic equation for the formation of the precipitate:
Ag+(aq)   +   Br-(aq)      AgBr(s)
Write an ionic equation using displayed formulae for the reaction of the halogenoalkane:

				+	:OH-					+	:Br-


 (
HARMFUL
)A comparison of halogenoalkanes
1. Effect of the nature of the halogen 
·  (
FLAMMABLE
)Arrange three test tubes in a row and add three drops of halogenoalkane.
· Add 4 cm3 of 0.02 M silver nitrate to each halogenoalkane.
· Without delay, put all three test tubes simultaneously in a hot water bath.
· Time how long it takes to produce a precipitate

	

	1-chlorobutane
	1-bromobutane
	1-iodobutane

	Observations


	White ppt
	Cream coloured ppt
	Yellow ppt

	Order in which ppt appears
	3
	2
	1



Which is the most polar halogen–carbon bond? C+-Cl-	Which is the biggest halogen–carbon bond energy? C-Cl	Which factor appears to be the most important when considering the rates of reaction? Bond enthalpy is more important.

2. Effect of nature of the carbon skeleton (primary, secondary or tertiary)
In this experiment the halogen is the same.

	
	1-bromobutane
	2-bromobutane
	2-bromo-2-methylpropane

	Type of halogenoalkane
	1ry
	2ry
	3ry

	Observations


	cream coloured ppt
	cream coloured ppt
	Cream/yellow coloured ppt

	Order in which ppt appears
	3
	2
	1


State the order of rate of reactivity of halogenoalkanes tertiary>secondary>primary
What is the nucleophile in these reactions? H2O Is this nucleophile stronger or weaker than the OH- ion? weaker Because the nucleophile is weak the mechanism here is SN1 .  Use this mechanism to explain the order of reactivity. C-X bond breaks leaving a carbocation, tertiary carbocations are more stable and exist long enough to react with H2O nucleophile
Why was it not necessary to acidify these solutions as you did in the reaction with NaOH?
Alkali was not added so there would not be a precipitate of silver oxide.
Explain why adding ethanol to the silver nitrate before adding the halogenoalkane would have been a good idea. To dissolve the halogenoalkane and improve reaction rate.
OTHER NUCLEOPHILIC SUBSTITUTION REACTIONS
Reaction with ammonia
Reagent:	Excess NH3 and halogenoalkane
Conditions:	alcoholic NH3 (i.e ammonia dissolved in ethanol) heated in a sealed tube
General equation
R-X		+	NH3			RNH2		+	NH4X

Mechanism for the reaction of chloroethane and excess ammonia:						
Reaction with water = Hydrolysis 
Reagent:	H2O and halogenoalkane
Conditions:	Dissolve halogenoalkane in ethanol, add H2O and warm.
General equation
R-X		+	H2O			ROH	+	HX
Displayed equation for 2-iodopropane and water

			+							+     HI

										       yellow ppt + AgNO3
ELIMINATION REACTION   ALKENE
Refer to Facer AS Chemistry p273-274
If a halogenoalkane is strongly heated with excess concentrated alkali dissolved in ethanol (not water) as a solvent then an elimination reaction occurs and an alkene is formed.
 (
Elimination reaction 
is
 the 
removal of one or more groups or atoms from adjacent C atoms forming an unsaturated molecule.
)


Reagent: Conc. KOH dissolved in ethanol
Conditions: Heat under reflux 


						+		

In this case the OH- ions act as a base removing H+.
(KOH is the reagent of choice as it is more soluble in ethanol.)
Circle the two atoms removed from 2-bromopropane
Would 1-bromopropane give the same product? ……Yes. Can you see why?
Write out the reaction for 2-bromobutane with conc. KOH in ethanol using displayed formulae.  Name the three possible products (hint – 2 geometric isomers + 1 structural isomer) 
 (
cis
 and trans but-2-ene
)

		or       cis / Z		trans / E	+  HBr ( KBr + H2O)
 (
2-methylpropene
)
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Reaction with concentrated alkali in ethanol


HARMFUL

halogenoalkane


FLAMMABLE

halogenoalkane
ethanol

Gentle heat

CORROSIVE


MethodKOH

· Put 2 cm3 of 20% potassium hydroxide in ethanol into a boiling tube
· Add 0.5 cm3 of 2-bromo-2-methylpropane and push a loose plug of ceramic fibres into the mixture.
· Arrange the apparatus for collection of gas. 
· Heat gently and collect two to three test tubes of gas. 
· Prevent suck-back by remove delivery tube from water before stopping heating.
· Test the gas for flammability; observation yellow flame at mouth of test tube
· Test it with bromine water, observation orange bromine water decolourised on shaking
· Test it with KMnO4 + H2SO4, observation purple manganate(VI) decolourised on shaking
So >C=C< functional group
What new gaseous compound has been formed? alkene

What type of reaction has taken place? Elimination of HBr from bromoalkane

An oily film may appear on the water surface, suggest what it is and how it got there.

unreacted halogenoalkane which has vapourised and passed down the delivery tube.

Write an equation for the reaction using displayed formulae
will react with KOH to form KBr + H2O



										+	HBr
						2-methylpropene

Write equations for the reactions of the product with bromine and with acidified KMnO4
			bromine water
			+	HO-Br					1-bromo-2-methylpropan-2-ol




			KMnO4/dilH2SO4
			+	[O]	+	H2O				2-methylpropan-1,2-diol



NUCLEOPHILIC ADDITION REACTION (and increasing the carbon chain length)
Reaction with potassium cyanide
Reagent:	KCN and halogenoalkane
Conditions:	alcoholic KCN (i.e potassium hydroxide dissolved in ethanol) heated under reflux
General equation
R-X		+	KCN			R-CN 		+	KX
Makes a ‘nitrile’ group
Complete the reaction between bromoethane and potassium cyanide in ethanol:


The product would be called propanenitrile – this is an example of where the carbon chain length has increased – from 2 carbons to 3.
Draw the reaction between 1-chlorobutane and potassium cyanide in ethanol, and name the product:




						pentanenitirle
Draw the reaction between 2-iodopropane and potassium cyanide in ethanol and name the product: 


[image: New exercise]




							2-methylpropanenitrile


[image: New exercise][image: New Reference]REVISION/SUMMARY PAGE	Facer p186
Write out a summary of the key points either as bullet points/mind map/spider diagram etc:-.
Physical properties 
Equations and brief outline for preparation of halogenoalkanes.
Reactions(reagents and conditions)	Nucleophilic Substitution	NaOH(aq)
									NH3
									Hydrolysis
									Mechanism
			Elimination	conc. KOH(ethanol)
Uses and drawbacks of halogenoalkanes
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Test yourself website






Multiple Choice Exam Questions
1.	Which of these compounds is a secondary halogenoalkane?
A	CH3CH(OH)CH3W09 2 12

B	CH3CCl(CH3)CH3
C	CH3CHClCH3
D	CH3CH2CH2Cl
(Total 1 mark)
2.	The best method of converting ethanol, C2H5OH, into iodoethane, C2H5I, is to
A	heat iodine and ethanol under reflux.S10 2 14

B	react ethanol and potassium iodide in the presence of dilute acid.
C	heat potassium iodide and ethanol with concentrated sulfuric acid.
D	heat red phosphorus, ethanol and iodine under reflux.
(Total 1 mark)

Do not write in the margin


















3.	This question concerns the preparation of 1-bromobutane from butan-1-ol, 50% sulfuric acid and sodium bromide. The mixture was placed in a flask and heated under reflux for ten minutes.SP 2 22

	
	Boiling temperature / °C

	1-bromobutane
	100

	butan-1-ol
	118


(a)	The reason that 50% sulfuric acid was used rather than concentrated sulfuric acid is because concentrated sulfuric acid
A	would oxidise some of the bromide ions to bromine.
B	would cause the reaction to go too fast.
C	would react with the bromide ions to produce hydrogen bromide.
D	is too hazardous a chemical.
(1)
(b)	The reaction mixture was distilled. The impure distillate did not contain
A	butan-1-ol
B	1-bromobutane
C	sodium bromide
D	hydrogen bromide
(1)
(c)	The impure 1-bromobutane was washed with concentrated hydrochloric acid and shaken in a tap funnel with a base to remove acidic impurities. Which of the following would remove acidic impurities without reacting with the 1-bromobutane.
A	calcium hydroxide solution
B	sodium hydroxide solution
C	calcium chloride solution
D	sodium hydrogencarbonate solution
(1)
(d)	The 1-bromobutane was washed with water, dried and distilled. Which of the following is the correct procedure?
A	heat the liquid to 118 °C and collect the substance given off
B	heat the liquid to 100 °C and collect the substance given off
C	boil the liquid and collect the fraction that boils off between 116 and 120 °C
D	boil the liquid and collect the fraction that boils off between 98 and 102 °C
(1)
(Total 4 marks)
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4.	Chloroethane reacts with aqueous potassium hydroxide solution, producing ethanol as the organic product.
(a)	The hydroxide ion is acting as
A	an electrophile.W10 2 15

B	a nucleophile.
C	an oxidizing agent.
D	a reducing agent.
(1)
(b)	Which of the following shows the correct electron-pair movements in this reaction?
[image: ][image: ]
















 (1)
(Total 2 marks)
5.	When chloroethane is heated with a concentrated solution of potassium hydroxide in ethanol, the reaction which occurs is
A	substitution.W10 2 14

B	elimination.
C	hydrolysis.
D	redox.
(Total 1 mark)
6.	What colour precipitate would you expect to see if 1-bromopropane was heated with a solution of silver nitrate?
A	OrangeS09 2 04

B	White
C	Yellow
D	Cream
(Total 1 mark)
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Structured questions
1.	1-bromopropane may be prepared from propan-1-ol using the following method:
•	Propan-1-ol, water and solid sodium bromide are mixed in a flask and 50 % sulfuric acid is added, a little at a time, with cooling.W08C.3B.03

•	The mixture is heated under reflux and then distilled.
•	The distillate is mixed with sodium carbonate solution in a separating funnel and the lower organic layer removed.
•	Solid anhydrous calcium chloride is added to the organic layer, which is finally distilled. The distillate boiling in the range 70–72°C is collected.
	The reaction may be represented by the following equation:
	CH3CH2CH2OH + HBr → CH3CH2CH2Br + H2O
	Hazard information about 1-bromopropane
•	flammable
•	harmful by skin absorption


(a)	(i)	Why is the mixture cooled while the sulfuric acid is added?
			Reaction exothermic or Reactants might evaporate	1
Accept prevent oxidation of HBr or Br– (to bromine or Br2)
Reject vigorous or violent or Side reactions occur
(1)
(ii)	Draw a labelled diagram of the apparatus used for heating under reflux.
Heated round or pear-shaped flask (1)
Correct vertical condenser inc. water direction (1)
Gas-tight joint & open apparatus (1)	3See p5

	
Accept Heat
Accept horizontal lines on flask (at joint) Accept just arrows to indicate water direction
Reject just  or just ‘heat’ or direct heating with a Bunsen or conical flask
Reject horizontal lines at the top of condenser
Reject distillation

(3)
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(iii)	What property of 1-bromopropane allows it to be separated from the sodium carbonate solution using a separating funnel?
Immiscible (with water) or do not mix
Accept immiscible with aqueous solution Accept insoluble in water
Reject “Different densities” on its own				 (1)
(iv)	What is the purpose of the anhydrous calcium chloride?
	Drying agent or to dry product
Accept to remove water
Reject Dehydrate or Dehydrating agent					(1)
(v)	Suggest a safety precaution (other than the use of a fume cupboard, laboratory coat or safety goggles) that would be appropriate for this experiment.
Give a reason for your choice.
Either Use electrical heater or sand bath (1)
1-bromopropane is flammable (1)
Accept water bath
Accept flammable mixture OR propan-1-ol flammable
Reject keep away from naked flame as 1-bromopropane is flammable
Or 	wear gloves (1)
1-bromopropane harmful by skin absorption (1)	2
Accept sulphuric acid corrosive (1)
Reject organic liquids flammable
Reject 1-bromopropane is harmful to skin
	2nd mark conditional on 1st
(2)
(b)	(i)	Calculate the theoretical maximum mass of 1-bromopropane that could be obtained from 7.55 g of propan-1-ol.
	[Molar masses/g mol-1 : propan-1-ol 60.0, 1-bromopropane 123]
		Moles propan-1-ol = [image: ] (1)
	Mass 1-bromopropane = [image: ] = 15.5 g (1)	IGNORE SF	2
7.55 × [image: ] = 15.5 g scores full marks
Accept correct answer with some working
Reject 15.4 (from 7.5/60 or truncated)					 (2)
(ii)	In the actual experiment 8.30 g of 1-bromopropane was obtained.
Calculate the percentage yield of the reaction.
	100 × 8.3 ÷ 123 × [image: ] = 53.6 %	IGNORE SF	1
Accept 100 × [image: ] = 53.5%	Accept ECF
Reject yield > 100%							(1)
(iii)	Suggest a reason why the yield is less than 100 %.
	Transfer losses or other products formed or side reactions or (reaction) not complete	1
Reject experimental error or spillages Reject evaporation (from reflux) 	(1)
(Total 12 marks)
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2.	A halogenoalkane, P, has the molecular formula C4H9X, where X represents chlorine, bromine or iodine. P reacts with a hot aqueous solution of silver nitrate to form a yellow precipitate very quickly.
(a)	(i)	Give the formula of the yellow precipitate.S08N.2.01

AgI Or AgI(s)/(ppt)	1
Accept Ag+I–ie any correct answers with both charges
Reject Silver Iodide Reject Ag+I, AgI+, AgI–
(1)
(ii)	Write the ionic equation, including state symbols, for the formation of this yellow precipitate.
	Ag+(aq) + I–(aq)  AgI(s)
Accept TE of Cl, Br, X from (i) 						(1)
(b)	(i)	Write a balanced equation for the reaction of the halogenoalkane, P, with water.
		C4H9I + H2O  C4H9OH/C4H10O + HI/IH
	IGNORE states	1
Accept “H+ + I–” for “HI” Accept Cl, Br, or X instead of ISee p13

Allow combination of X on the left with I, Br, or Cl on the right
or X on the right with I, Br, or Cl on the left
 (1)
(ii)	State the type of reaction which has occurred in (b)(i).
Substitution
(1)
(iii)	What type of reagent is water in this reaction?
	Explain why water can act in this way.
	Nucleophile – can be awarded from (ii) (1)
	Because of nonbonding/unbonded /lone/unshared pair
of electrons (on oxygen/water) (1)	2
Reject just “pair of electrons”	Reject ‘spare’ pair of electrons
Reject unshared pair of electrons on the hydroxide ion/OH		(2)
(c)	The halogenoalkane, P, reacts with a hot concentrated solution of potassium hydroxide in ethanol very quickly, to form methylpropene.
(i)	Draw a fully labelled diagram of the apparatus you would use to carry out this reaction and collect the methylpropene gas formed.See p14

[image: ]		ceramic fibre in horizontal tube (1)
Accept mineral/glass/cotton wool Reject steel wool
	soaked in reagents /reactants/halogenoalkane and (alcoholic)
KOH with heat/Bunsen (1)
Accept vertical flask/side arm test tube/boiling tube and reagents with heat for 2nd mark Accept heat indicated anywhere along the test tube.Reject arrow without heat
collection over water (1)
(3)
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(ii)	Deduce the displayed formula and the name of the halogenoalkane, P.
[image: ]



Name 2-iodo(-2-)methylpropane / (2-)methyl-2-iodopropane (1).
(2)
(d)	Explain why the halogenoalkane, P, reacts very quickly with water.
	Three attached methyl groups /tertiary (1)See p12

Accept two attached methyl groups /secondary (1)
	Weaken/weaker/weak C–I/C–X/C–halogen/ C–Cl/C–Br bond
Or Carbocation stabilised (1)	2
Accept the iodine /halogen/chlorine/ bromine/X bond is weak
(2)
(Total 13 marks)


3.	(a)	The table below gives the boiling points of three organic compounds.S05N.2.3A modified

	Compound
	Boiling point /K

	chloroethane
	285

	1-chloropropane
	320

	2-chloropropane
	309


(i)	Explain why 1-chloropropane has a higher boiling point than chloroethane.
			1-chloropropane has more electrons than chloroethane (1)
	So van der Waals’ forces (between molecules) stronger/greater
OR More/greater van der Waals’ forces (1)
	OR reverse argument
		If dipoles are mentioned they must be temporary /induced / transient / fluctuating / flickering
 (2)
(ii)	Explain why 1-chloropropane has a higher boiling point than its isomer, 2-chloropropane.
Molecules in 2-chloropropane make less contact / pack less well /
can get closer together OWTTESee p3

	ACCEPT annotated diagram
	If the explanation about van der Waals’ forces is given here
allow it in (i) UNLESS incorrect intermolecular force mentioned
in (i)
(1)
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(b)	Both chloroethane and iodoethane react with aqueous potassium hydroxide solution to form ethanol. The hydroxide ions act as nucleophiles.
(i)	What is a nucleophile?
Reagent with a lone pair of electrons
OR
Pair of electrons which it can use to make a bond
OR
Reagent which attacks species with a (δ) + chargeSee p10

	NOT “attacks nucleus” on its own
NOT “species with a negative charge”
(1)
(ii)	Explain why iodoethane reacts faster than chloroethane with aqueous potassium hydroxide, under the same conditions.
C-l bond is weaker than C-Cl
Must say which bond is weaker.See p11

(1)

	(c)	Give a mechanism for the reaction of iodoethane with aqueous potassium hydroxide
See p10














(3)
(d)	(i)	Under what conditions does chloroethane react with potassium hydroxide to form ethene rather than ethanol?
Use ethanolic KOH/KOH in alcohol/KOH in ethanol/
(and raise temperature).See p13

(1)
(ii)	Name the type of reaction in which ethene is formed from chloroethane.
Elimination (1)
IGNORE comment on what is eliminated
IGNORE qualification eg electrophilic..
(1)
(Total 10 marks)
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Table 30.1 Boiling temperatures of
1-halogenoalkanes/K

Halogen
Parent
alkane F Ci Br I
Methane 195 249 273° 315
Ethane 135* 285 312 345
Propane 276° 320 332 363
Butane 306 351 374 403

Increasing 7,

*=gas at room temperature (298 K)
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