Discussion

1 Only carbon can do this.

2 ‘Fhe sizes of the atom and bonds are outr of proportion
with the model size. An atom is nov a ball and bonds,
which are formed by overlapping orbitals, are nov like
sticks. The model is static, while the real molecule is
dynamic,

3 Carbon atoms can form single, double and wriple bonds

with cach other and with other atoms. Carbon s four
valency electrons, two in s and two in p orbitals. All
these clectrons can combine in numerous ways to form
compounds 1 straighr-chain or cyclic compounds, or a
combination of hoth.

FOLLOW-UP -]

inot chnoibgy

A risk assessment record is not necessary for this investigation, as no hazardous substances are used,

Hints

* This could be a teacher demonstration if equipment is
limited. Itis 2 good demonstration of fractional distillation
ofa crude oil.

* If the fractionating column is too long, it may be neces-
sary to wrap aluminium foil around it in order to keep it
from cooling too fast.

o "To est for the purity of ethanol, insert one end of a string
into the distiliare and light it with a match, or ignite 10
drops in a crucible or evaporating basin, Pure ethanol will
quickly ignite and burn with a bluish flame. Distiilate is
95% pure due to the alcohol-water binary azeotrope.

."Inue'stigéltiorllgsl 7

Fractional distillation of an
alcoholic drink

Rationale

Students learnn how o assemble fracdonal distllaton appa-
ratus and distil ethanol from an alcoholic drink or ethanol /
water mixture. Students will observe the processes occurring
inside the fractionating column, and learn the difference
between distillation and fractional distillation.

Calculation
. _18.5 mL _ a7y
percentage ethanol = s ml* 100 = 37%

e

Discussion

1 The alcohol content as stated on the bottle is 40%. The
difference is due 1o some alcohol remaining in the mix-
ture due to strong hydrogen bonding berween aleohol and
water. (If more than the stated amount is distilled, the
distillate has too much water i it.)

2 ‘The fiactionating column contains spikes or beads that
slow down and cool oft molecules with higher boiling
points, which rerum to the flask as liquid. Only molecules

Background knowledge

Students have learned about homolagous serics of hydro-
carbons and alkanols and inrermolecudar forces in hydrocar-
bons and alkanols.

TABLE 1
Sy . Observation -

Volume (L}

whisky clear, light reddish-brown liquid; strong, sweet, alcoholic small 50.0
fraction 75-80°C

residue in tha flask

clear, colourtess liquid; sharp alcohol smell 185

darker reddish-brown; mild, sweetish smell not measured
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with a lower hoiling point can escape o the gaseous phase
and enrer the condenser. The condenser is cooled exter-
nally by the flow of cold water in the outer mantle, con-
densing hot gases to liquid.
3 The distillare is not 100% pure because it is collected over
a range of temperatures. 1t contains some water,
4 If the fractionating column s removed, the disdllate
collected would contain toe much water,
5 CHRCH,OH{) + encrgy — CHCHL,OH(g)
6 a Asthe size of the molecules increases, so does the boil-
ing point,
b There are two intermaolecular forces in alcolols: hydro-
gen bonding due to the OH group, and dispersion

forces due to the non-polar hydrocarbon end. As the
size of the molecules increases by increasing the num-
ber of CH, groups (while the number of QT groups
stays the same), the molecules entangle and dispersion
forces increase. This causes a higher boiling point,

7 Hydrogen bonding is stronger between water molecules.
Ethanol has a non-palar hydrocarbon part of the mole-
cuie, separating the OH group in one molecule from the
OFH group in the next molecule. As a result, hydrogen
bonding is not as strong as it is between the smaller water
molecules. Molecules therefore require less energy to
overcome these intermolecular forces (1 c. hydrogen
bonding).

bustron CgHSOHf;Q) + 202(9)

C(s) * COg(g) ¥ 3H2_ (9) ;

A rislcassessment record is not necessary for this investigation, as no hazardous substances are used,

Investigation 18—

Combustion of wood and
candlewax

Rationale

Students will compare the ignition, flame and products of

the combuston of wood and candles, They will make qual-
itative observations and quantitative measurcments of the
changes in mass of the wood and candles while they burn,

: j_SoIve prob.'ems and perform a first- hand mvest;gat;ons
to measure the change in-mass when'a mixture such as
wood is burned in an apen container. Analyse the
structire of.a burning candie teo identify the changes of
state invoived in combustion,
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Background knowledge

Students have learned about combustion, activation energy
involved in combustion reactions, bonds breaking and bonds
forming during chemical reactions. This investigadon may
be suitable as an intreduction to the role of a catalystin com-
busrion reactions.

Hints

* Let students experiment with the best arrangement of
toothpicks for efficient combustion. The best method is
to position sticks in a cross-pile so thar air flows freely
berween the sticks. It is important thar the wood burns
completely and only white powder remains. This powder
may be less then 0.01 g, and the dass balance may not
record it Different groups could vse a variery of woaod
shavings and compare different wood types for residue and
combustion.

The beaker should be placed in the fridge to cool down

before testing for water condensation,
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