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Chlorofluorocarbons o
Lesson Objectives:

Chlorofluorocarbons, or C.F( .8, are ¢ Understand what CFCs are and how
they are formed by free radical

halogenoalkane molecules in which all of the . ;
substitution reactions.

atoms have been replaced ¢ Know why ozone is beneficial.
with chlonne and €l . e Understand how CFCs have damaged
the ozone.
atoms. ¢ Recall the equations for the

decomposition of ozone and explain
how chlorine radicals catalyse this

. reaction.
Formation of CFCs

CFCs are formed by the free radical substitution of alkanes, chloroalkanes or fluoroalkanes.

However, for this to happen an excess of chlorine and/or fluorine is needed.

Explain why an excess of chlorine and/or fluorine is needed for this reaction:

To_help ensure thab ﬁ}rﬁu/ subsbbbon reachons occur so Hhak
ol bt had%g alom¢e are (gPlgggoL

Free Radical Substitution & Further Substitutions

Free radical substitution reactions occur in three stages; initiation, propagation and
termination. During initiation the halogen-halogen covalent bond breaks homolytically to

form two halogen free radicals:

CL, > 2CU°

Identify the essential condition required for this reaction and explain why it is needed:

During the first propagation step the halogen free radical produced during initiation reacts
with your starting molecule, removing a hydrogen atom from it to form a hydrogen halide and

an alkyl-based free radical:

C,H, + CL° >+C,H. + HC

2 S
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Then during the second propagation step the free radical formed during the first propagation

step reacts with a halogen molecule to form a halogenoalkane and a halogen free radical:

*CHg + CL, > CHCL+ CL°

2

However, if there is an excess of the halogen present, further substitution reactions can
occur. The halogenoalkane formed during this initial propagation sequence can then undergo

further substitution:
CHsCL + *CL >"C,H,CL + HeL
“CH L+ £ SCHUF+ F-

If there is an excess of chlorine and/or fluorine available then these further substitution
reactions can continue until all the hydrogen atoms have been replaced, eventually forming a

chlorofluorocarbon.

The final stage of free radical substitution is termination. During this stage two free radicals

react with one another to form a stable molecule, and this can occur in one of three ways:

1. Twe holosa'\ radi cals l’er_\clinﬂ toseh)\ef

2. An alkyl radical reacking with a hoioam radical .

3. Two ally) radicals reacking togebnas.

CFCs and the Ozone Layer

CFCs are relatively unreactive, non-flammable and non-toxic substances and as such they
were commonly used as fire extinguishers, propellants and coolants as well as being added to
foam plastics for insulation.

However, in the 1970s it was discovered that CFCs were contributing to the decomposition of
the ozone layer.

Explain why this is a problem:

Ozone. _absorbs  hamfl UV rdiokion the. Sun  which can

skin _cancer.
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When exposed to UV light in the upper atmosphere, carbon-chlorine bonds in CFCs can break,
forming chlorine free radicals. These chlorine free radicals then go on to react with ozone,
breaking it down into oxygen.

Give two equations to show how chlorine free radicals decompose ozone before explaining why the chlorine free radical

is acting as a catalyst:

CL* +0, — O, + CLO*

ClLo + 0, — 20, + CL°

Questions - Fact Recall

1. What is a chlorofluorocarbon?

2. Why is an excess of chlorine and/or fluorine needed when forming CFCs?
To gtibution
_oLsn.ziﬁe:;uenh_pcqaogabim skages
J
3. Why is ozone in the upper atmosphere beneficial?

b ahbsorbs barnfl OV mdiabien fom the Sen.

4. Describe how chlorine free radicals are formed from CFCs in the upper atmosphere.

beeak  homelyb cally
J J

5. Write two equations to show how chlorine atoms catalyse the decomposition of ozone.
Oz + CL+ — O, + CLO-
ClO- + 0, — 20, + CL-

Page 4 www.mrcolescience.co.uk


Mobile User


Learn | Halogenoalkanes |CFCs and Ozone Depletion @ Mr COIQ SClence

Questions - Application

1.

A molecule of fluoroethane, C;HsF, is undergoing further free-radical substitution with
chlorine. Write the equation for the propagation 1 step and the subsequent
propagation 2 step.
C,HoF + Cl* —°*C,H, F + HCL
cC,H,F + CL, — C,H, FCL + (L-

A molecule of C;HsCl undergoes further free-radical substitution. Explain how this
reaction could eventually contribute to the formation of a CFC.
is an excest o lvonne [erne en furk

(V% ) OCLO e VoUOX

Juydmgen akoms with Pluedne and chlodoe. akoms

Explain why a chlorine radical can continue to decompose ozone molecules without

being used up overall.

3

o) ) 7 i

_teformed and so is achng ag a_ cekalust.
J -

Next Steps

Check your work using the Learn
Pack Answers:
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