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Topic 15 : Carbohydrates Revi sed March 2002

Car bohydrat es are conmpounds which contai n Carbon, Hydrogen and Oxygen.

Exanpl e :
Name Molecular formula
d ucose GH12Gs
Fruct ose C%FHZC%
Sucr ose Ciz*bzc&l
Mal t ose CoH,50 1
Starch Co00M000G500
Cel I'ul ose C6000M10000%5000

d ucose, Fructose, Sucrose and Maltose are sugars : they are sweet
and dissolve in water. d ucose, Fructose and Maltose are all

reduci ng sugars : they turn Benedict's solution fromblue to orange
on heating. Sucrose is a non-reducing sugar : it has no effect on
Benedict's sol ution.

Starch and Cel lul ose are not sweet and do not dissolve in water. \Wen
added to water, Starch forms little clunps of nolecules which 'hang'
in suspension. A beam of |ight passing through this mxture is
scattered by the particles (the beam can be seen). Light beans are
not scattered by sugar solutions. A suspension of one substance in
another is called a colloid. Al colloids scatter light (the
"Tyndal | ' effect).

d ucose and Fructose are isonmers : they have the sanme nol ecul ar

formula but a different structure (do not try to renenber these
structures).
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Simlarly, Sucrose and Maltose are isoners.
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Photosynthesis

Al'l carbohydrates are manufactured in plants. Gucose is formed by a
reaction call ed photosynthesis : in the | eaves Carbon di oxi de and
Water react together, in the presence of the green plant pignment

Chl orophyl | and using energy fromthe sun, to form d ucose and
Oxygen. The reaction is endothermc : Chlorophyll absorbs the energy
required fromthe sun-light and nakes it available for the reaction :

sol ar energy
CG, * H,0 > Ceth2Gs + G,

Chl or ophyl |

Once the G ucose has been fornmed it can be used by the plant to nake
all the other carbohydrates.

Phot osynthesis is therefore very inportant to life on Earth as

car bohydrates are an inportant food for animals. Fruits, root
veget abl es and sugar cane all contain sugars ; cereal crops and
pot at oes contain Starch ; grass and | eaves contain Cellul ose. The
animal first converts the Carbohydrate into G ucose then obtains the
energy it requires to nove, grow and keep warm by burning G ucose, an
exotherm c reaction known as respiration

CeM2Gs * % — &K * H,0

This can be denonstrated as foll ows :

Pot assi um
per manganat e
(gives off Oxygen

when heat ed) Rocﬁsil A ucose
| .
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Notice that this experinent shows that carbohydrates contain Carbon
(the Carbon in the Carbon dioxide could only have conme fromthe

3 ucose) and Hydrogen (the Hydrogen in the Water could only have cone
fromthe G ucose).

Apart from nmaki ng carbohydrates, photosynthesis also takes in Carbon
di oxi de and rel eases Oxygen and thus nmai ntains the bal ance between
these two gases in the atnosphere. Extensive clearing of forests
reduces the amount of photosynthesis possible and therefore endangers
t hi s bal ance.
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Other Carbohydrates M ade from Glucose by the Plant

Fructose

Made by slight rearrangenent of the atons in the d ucose nol ecul e.

Sucrose (tabl e sugar)

Made by a condensation reaction between G ucose and Fructose.
A condensation reaction is one in which a new bond is formed as a
result of the elimnation of a small nolecule - usually Water.

CeM12Gs * CeMoGs -2 C12M201 + KO

d ucose Fruct ose Sucr ose

Ho—~(G)—cH Ho—(F)—oH Ho~(G)-o~(p~oH

We can reverse this reaction in the |aboratory by reacting Sucrose

with Water in the presence of a few drops of Hydrochloric acid
cat al yst

aci d catal yst

CioHo0q + RO -> CeH12Gs + CeH12Gs

d ucose Fruct ose

This is an exanple of hydrolysis : reaction with Water. The product
of a hydrolysis reaction is called the hydrol ysate.

Sucrose + \Water
+ 5 drops acid
cat al yst

[

Heat (for 5 m nutes)

After neutralising the acid catalyst in the hydrolysate with Sodi um
hydr oxi de solution a Benedict's test is positive show ng that the

ori ginal non-reduci ng Sucrose has been converted into reducing
sugars.
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Maltose

Made by a condensation reaction between two d ucose nol ecul es.

CeH12Gs + CeH12Gs -> CoMHo0p, + RO

d ucose d ucose

Ho—~(G)—cH O Ho~(G)-o~(e)-cH

Sucrose and Maltose are often referred to as disaccharides (double
sugars), ducose and Fructose as nonosacchari des (single sugars).

Starch

Made by condensation pol ynerisation between about 100 G ucose
nol ecul es.

100 GsHy G S GoooMho00G%00 + 100 H,O

Q- 1@t ro-@-on  —o@-0-@-0-F0—

Starch is therefore a natural condensation polyner made from @ ucose

nononmers. W can reverse this reaction in the |aboratory by reacting

Starch with Water in the presence of a few drops of Hydrochloric acid
catal yst (hydrol ysis)

aci d catal yst

Go00Mh000%500 + 100 H,0 -> GeHh2Gs

W can test whether hydrolysis has occurred by testing the

hydr ol ysate either for reducing sugars (Benedict's test - renenber to
neutralise the acid) or for lack of Starch (Starch would turn |odi ne
bl ue/ bl ack if present).

This hydrolysis also occurs in our intestines (Digestion). The Starch
nol ecul es are broken down into snmaller ducose nol ecul es which can
pass through the gut wall. The body's catalyst is an enzyne, a
natural catalyst. Enzynes are |large, coiled-up protein nolecul es

whi ch have grooves on the outer surface. The Starch nol ecul es fall
into these grooves. The -O links are strained and therefore break
nore easily. Water attacks. d ucose is forned.

— o090 0{e-0— H0 —> (oo

ENZYME
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Enzymes are highly specific catalysts. Each enzynme does ONE specific
job only. There is another enzyme, in saliva, called Salivary
Anyl ase. This converts Starch, by hydrolysis, to Maltose.

0@ 0@ 0@ @0 Ho —> W@ oo

[\» ENZYME fw

W can carry out this reaction in the laboratory by mxing a little
Sal ivary anylase with sone Starch in Water. By withdrawing a few
drops every mnute and testing for reducing sugars (Ml tose) and | ack
of Starch we can tine how |l ong the reaction takes.

Cellulose

Made by condensation pol ynerisation of ducose and so has a simlar
structure to Starch. Many nore (about 1000) G ucose nol ecul es are
pol ymeri sed so the Cellul ose nolecule is nuch | onger than Starch.

Starch and Cellulose are often referred to as Pol ysaccharides (nmany
sugars)

Alcohols

Al cohol can be regarded as a food, drug or poison. It nmakes us feel
good. It can lead to aggressive behaviour. It slows down our reaction
times and can lead to accidents. It destroys the liver and ki dneys.

It can becone addictive and it can kill.

Al cohol can be nmade fromany fruit or vegetable which is a source of
Starch or sugars. The type of al coholic drink depends on the source
of carbohydrate. Wne can be made from grapes and other fruit. Wi sky
can be made frombarley :

1. The barley is allowed to sprout when an enzyne, Di astase,
present in the barley, catalyses the hydrolysis of Starch to
Mal t ose.

D ast ase
Ce00H1000%500 + H,0 ok C12H01
2. Yeast, a living plant, is added to the Maltose solution. The

enzynme, Maltase, present in the yeast, catal yses the hydrolysis
of Maltose to d ucose.

Mal t ase
SPLUPISE] + H,0 "> CeHi20s
3. The enzyne, Zymase, present in the yeast, catal yses the

conveysion of d ucose intp al cohol and Carbon di oxi de, a
reaction called fernentation

Zynmase

CHi2Gs -> G HOH + o,

Al cohol
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To enable the enzynes to work properly the foll owi ng conditions
shoul d be net

1. The pH should be around 7 ; enzynes are attacked by acids or
al kal i s.
2. The tenperature shoul d be around 30-40 OC ; enzyme nol ecul es

break down at hi gher tenperatures.

The fermentation of G ucose can be carried out in the |aboratory :

Ar lock ———> ) Leave for

t hree days
in awarm
pl ace

d ucose +
Water +
Yeast

o«—— Car bon di oxi de

© g—\Water

The air lock is necessary to keep out Oxygen (Al cohol reacts with
Oxygen to formvinegar, a dilute solution of Ethanoic acid)

The fernentation stops when the al cohol concentration reaches about
7% This is because, at this concentration, the alcohol kills the
yeast. The al cohol solution we obtain is therefore nostly VWater !
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The concentration of al cohol can be increased by distillation :

Fractionating Condenser

col umm

N\ 95% al cohol

Wt er ,f:,/
Al cohol + \ : .
Wat er

HEATER

As the mi xture boils, both al cohol and Water vapourise. The vapour
contains nore al cohol than Water since al cohol has the | ower boiling

point (78 0C). As the two fractions begins to rise up the
fractionating colum and begin to cool, the Water, with the highest

boi ling point (100 0C), condenses first and drops back into the
flask. As the vapour noves further up the colum it becones nore and
nmore enriched in alcohol. Wen it reaches the top the vapour is 95%
al cohol. It then enters the condenser, cools and becomes a |iquid.

The thernmoneter reads 78 OC until all the al cohol has been distilled
then begins to rise.

Alcohol content of drinks

Ci der, Babycham 2-7 %
Beer 3-6 %
Sherry 20 %

Spirits (Wiisky, Gn etc) 30-60%

Other alcohols

The al cohol produced by fernentation is Ethanol. Ethanol is the
second nenber of the al cohols (al kanols) honol ogous series :

Name Molecular formula
Met hanol CH;OH
Et hanol G HOH

etc.



