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Conceptual Lenses

1 Question: How
are change and
systems defined?

f Change
1 Systems
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TAnswer: Change
Change Is inevitable. Change occurs as things
become different over time. Change can be
positive (good) or negative (bad). Change can
be planned or unexpected. Change can be
linear or cyclic.

TAnswer: Systems
Systems have elements that interact with each
other to perform a function. Systems are
composed of sub-systems. Systems may be
Influenced by other systems. Systems follow
rules.
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\Introduction)
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What do | need
to know about
separation

techniques ?
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By the end of this unit

(a) Describe methods of separation and purification for the components
of the following types of mixtures:
(i) Solid-solid.
(if) Solid-liquid.
(iti) Liquid-liquid (miscible and immiscible).

1 Techniques to be covered for separation and purification include:
(i) Use of a suitable solvent, filtration and crystallisation or
evaporation.
(i) Sublimation.
(iii) Distillation and fractional distillation.
(iv) Use of a separating funnel.
(v) Paper chromatography.
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By the end of this unit vy

(b) Describe paper chromatography and interpret chromatograms
l ncluding comparison with iRkauesyvn o

(c) Explain the need to use locating agents in the chromatography of
colourless compounds.

(d) Deduce from the given melting point and boiling point the identities of
substances and their purity.

(e) Explain that the measurement of purity in substances used in
everyday life, e.g. foodstuffs and drugs, is important.
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Guiding Questions

1 What are the characteristics of a mixture? How do you
recognise a mixture?

{ How do we identify which component of a mixture is
Important?

1 Which physical properties of a mixture allow us to
choose the most appropriate separation technique?

{ Once a mixture has been separated, how do we know
that the products are pure? What is purity? What are
acceptable levels of purity.
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Guiding Questions

1 What are some important separation technigues that
are relevant to our everyday lives?

1 How do separation techniques improve our everyday
lives?

1 What would happen if separation techniques were not
used in our everyday lives?
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1 In the natural world,
almost all substances exist
as mixtures.
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1 Prior Knowledge: Are
these substances
elements, compounds or
mixtures?

1 Essential Question:
Why it is important for
these mixtures to be
free from
contamination?
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What is an
Important
example that
llustrates the
need to purify
chemicals?
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Example: the case of thalidomide.

1 To illustrate why it is important for food and drugs to be
free from contamination, search for information on the
drug thalidomide.

- What condition was thalidomide used to treat?

- What serious health problems arose from the use of
thalidomide? Why?

- During the manufacture of the drug, what could have
been done to avoid these serious health problems?
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Example: the case of thalidomide.

1 Thalidomide was used by pregnant women in the
1950s and 1960s to combat the effects of morning
sickness. The thalidomide molecule exists in two
R\ different forms called isomers.

S
ol
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Example: the case of thalidomide.

1 One of these isomers was successful in reducing the
effects of morning sickness, but the other isomer was
found to be teratogenic (causes deformities in a

R\ developing foetus).

S
ol
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Example: the case of thalidomide.

{ Because the two isomers were not separated from
each other, many of the women who took the drug
thalidomide gave birth to children with serious physical

(S deformities.
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Example: the case of thalidomide.

WARNING: SEVERE, LIFE THREATENING HUMAN BIRTH
% DEFECTS IF THALIDOMIDE IS TAKEN DURING
S
M PREGNANCY.
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In the winter of 2019, a number of children living in India's Jammu region
began falling sick with what many thought was a mysterious illness.

The children, suffering from cough and cold, had been prescribed a cough
syrup by local doctors. Instead of recovering, they fell seriously ill, vomiting,
running high fever and kidneys shutting down. By the time the mystery was
solved, 11 children, aged between two months and six years, had died.

Tests found that three samples of the cough syrup, made by an Indian drug
company called Digital Vision, contained diethylene glycol or DEG, an
industrial solvent used in the making of paints, ink, brake fluids. Kidney failure
is common after consuming this poisonous alcohol.

« India production halted after Gambia child fatalities

Earlier this month, the World Health Organization (WHO) put out a global
warning over four India-made cough syrups thought to be linked to the deaths
of 66 children in The Gambia. Lab analysis of the samples of a syrup made by a
32-year-old firm called Maiden Pharmaceuticals Limited confirmed the
presence of "unacceptable amounts" of diethylene glycol and another toxic
alcohol called ethylene glycol.

The tainted drugs and the tragic deaths again shone a spotlight on India's
$42bn - half of the revenues come from exports - drug manufacturing
industry.

Some 3,000 firms operate 10,000 pharmaceutical factories making generics
(copies of branded medicines that usually sell for a fraction of their price),
over-the-counter medicines, vaccines and ingredients in what is one of the
world's largest drug-making countries. Although India imports 70% of the
active ingredient chemicals for its medicines from China, it is trying to make
more of them at home.

Cough syrup deaths: Why drugs made in India are sparking safety concerns - BBC News



https://www.bbc.com/news/world-asia-india-63226055
https://www.bbc.com/news/world-asia-india-63226055
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Mixtures need to be
separated into pure
substances for:

9 Characterisation.
9 Identification.

9 Production of useful
substances such as
medicines.
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Determination of Purity

To determine the purity of a chemical, the following
experimental technigues may be used:

1 Determination of melting point and / or boiling point.
Note: The melting points and boiling points of pure
substances are unigue.

{ Chromatography.
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Determination of Purity

= 3 A pure chemical
- has a sharp
0 melting point and

a sharp boiling
point.
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Determination of Purity

Adding an impurity
to a pure chemical
will lower the
melting point of
the chemical.
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Determination of Purity

"~ Adding an impurity
to a pure chemical
will lower the
melting point of
the chemical.
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Determination of Purity

Adding an impurity
to a pure chemical
will increase the
boiling point of the
chemical.
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Determination of Purity

Adding an impurity
to a pure chemical
will increase the
boiling point of the
chemical.




Separation Techniques 1 Change & Systems

80 A

C
* sample 2

temperature
/°C
sample 1

«—D

40

time /s

1 Two samples of stearic acid were heated until they melted.

1 The liquids were allowed to cool. As they cooled, their temperatures
were measured at regular intervals and plotted on a graph.

Qu. What state is the stearic acid between A- B,B- C,C- D?

>\ Qu. Which sample is pure T sample 1 or sample 2? Explain why.
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80 A

C
* sample 2

temperature
/°C

sample 1

«—D

40

time /s

Qu. What state is the stearic acid between A- B,B- C,C- D?
Ans. A - B =liquid only, B - C liquid and solid, C - D solid only.
Qu. Which sample is pure i sample 1 or sample 2? Explain why.
Sample 2 is pure. It changes from a liquid to a solid (solidifies)
at a fixed / constant / sharp temperature.
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Determination of Melting Point

Thermometer

Boiling Tube
Temperature
at which the
Stearic Acid — > /( Stearic Acid
Clamp Starts to

BrinEsn Solidify
Burner Tripod Stand

9 Heat the solid until it has all melted.

9 Allow the liquid to cool to room temperature while recording its
temperature at regular time intervals.

Water Bath

1 Find melting point from the graph of Temperature (to the nearest
0.5 C) against Time (to the nearest whole second).
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Determination of Melting Point

. Thermometer
Boiling Tube
Temperature
Water Bath at which the
- Stearic Acid — > /( ) Stearic Acid
00:0:0.90.0:0.0:0:0" Clamp Sta rtS tO

S Solidify
Burner Tripod Stand

Question: Why is the chemical heated inside a water bath?

)

A
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Determination of Melting Point

» Thermometer
Boiling Tube
Temperature
Water Bath at which the
Stearic Acid —> _MD  stearic Acid
Clamp Starts to

. Solidify
Burner Tripod Stand

Question: Why is the chemical heated inside a water bath?

- To supply the heat to all parts of the chemical.

- To ensure that the substance is not decomposed
by strong heating.
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Determination of Purity

Question: The melting point of
resorcinol (formula: C;HO,) Is
111 C. An unknown chemical
also has a melting point of
111 C. What can you conclude
about the unknown chemical?

Resorcinol T C4HgO,
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Determination of Purity

Question: The melting point of
resorcinol (formula: C;HO,) Is
111 C. An unknown chemical
also has a melting point of
111 C. What can you conclude
about the unknown chemical?

The unknown chemical could
be resorcinol.

.

Resorcinol T C4HgO,

The unknown chemical could
be a different substance that
happens to have the same
melting point as resorcinol.




Separation Techniques 1 Change & Systems

Determination of Purity

Question: How can you confirm
whether or not the unknown
chemical is resorcinol?

Resorcinol T C4HgO,
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Determination of Purity

Question: How can you confirm
whether or not the unknown
chemical is resorcinol?

1) Add pure resorcinol to the
unknown chemical and find the
melting point of the mixture.

2) If the melting point of the
mixture is exactly 111 C, then
~ the unknown chemical is

‘ resorcinol.

3) If the melting point of the
mixture is lower than 111 , then
the unknown chemical is not
resorcinol.

Resorcinol T C4HgO,
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Question: Why is table salt (sodium
chloride) added to water that is used for
cooking?
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Question: Why is table salt (sodium
chloride) added to water that is used for
cooking?

Answer: The sodium chloride Is an
iImpurity that will increase the bolling point
of the water. The food will cook at a faster

rate.
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Question: Why is table salt (sodium
chloride) added to snow and ice on frozen
roads during winter time?
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Question: Why is table salt (sodium
chloride) added to snow and ice on frozen
roads during winter time?

Answer: The sodium chloride is an
iImpurity that will decrease the melting
point of the ice. The ice will therefore melt,
even at temperatures below 0 C, thus
making the roads safer to drive on.
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{ Scientists at the National and Space Administration
(NASA) believe that these channels on the surface of
Mars maybe due to the flow of liquid water.

1 But how can liquid water flow on the surface of Mars
when its average surface temperature isi 60 C*?

| Scientists believe that salts (impurities) dissolved in
the water may significantly lower its freezing point, thus
allowing water to exist in its liquid state at temperatures
below O C.

* The surface temperature on Mars varies between +20 at the equator during
the Martian summer and 1125 C at the poles during the Martian winter.
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Essential
understanding!

1 Chemicals can be
separated because of
differences in their chemical
properties and / or physical

properties.
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Essential
understanding!

1 For example, a mixture of
sodium chloride (table salt)
and sand can be separated
by adding water, stirring
and filtering because
sodium chloride is soluble

In water while sand is
Insoluble in water.
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Essential
understanding!

1 To make your
understanding of
separation techniques
easier, make links to what
you already know about

Chemistry.
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Essential
understanding!

1 For example, distillation is
essentially the process of
boiling a liquid followed by
the process of condensing

a vapour.
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4 )
Magnetic
\Attractlon/
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Magnetic Attraction

A magnet can be used to attract a
magnetic substance away from a
non-magnetic substance.




