Revision - food chemistry and chromatography

1. A bomb calorimeter, diagram 1, containing
100 mL of water was calibrated by passing a
current of 2.86 amps at 12.50 volts for 25.0 digital temperature probe ——»
seconds through the heating coil. The
temperature of the water was taken every 25
seconds after the power was turned on.
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Results were plotted on the graph shown e
on the right. &
Calculate the calibration factor(Cy) g AT
a. Calculate the calibration factor £ ]
fl‘s g 2 o/ S
Ce=VIit _ 125 X 2.86% 2
AT 2.6 B
23
~ o=\ T —
= 343 3G e SO 100 150 200 250
time (s)

b. A mass of 0.05801 grams of butane gas was burnt in the calorimeter, in excess oxygen,
to change the temperature of the water by 9.03 °C.

i Write a balanced chemical equation, states included, for the complete
combustion of butane gas.

ZC4H10(3) =+ I3CDZCS7 — IOH).O“)* 8C0O2 (g)

ii. Calculate the AH of the combustion reaction.

oM = g= CFx6T = 3433 x .03
= 310y = 510437
- 050 = 3.104 kI
2x4 10
= 3104 %I /Mmool = Awu-= — ¢ 207 kI | mol o7
c. Isthe calorimeter well insulated? Explain Qbove reacho~
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d. Another bomb calorimeter, containing 200 mL of water
at 25 °C was calibrated. A sample of 0.0640 grams of
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liguid methanol was burnt in excess oxygen to raise inlet _\‘
the temperature of the water by 10.00 °C. Stirrer ——
i Calculate the C; of this calorimeter. |
q = AH Xm |—| |
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ii. A pure, 0.04600 gram sample of ethanol was burnt in this calorimeter with
excess oxygen to raise the temperature of the water by 9.40 °C.
Calculate the molar heat of combustion in kJ/mol of ethanol. Give the answer to
the right number of significant figures and show all working out in the space

below.

q/: CF XAT
=0.l45 X 9-40O
= 1.3G06 Ikd

AH= X _ 1366

(0.0%00 )
2x12+6 +1b
= - 1366 kT [mol

iii. On the same day another group also calibrated the same calorimeter, following
the same procedure, but filled the calorimeter with 100 mL of water instead of

200 mL. Are the results that this group obtained for the molar heat of
combustion of ethanol valid? Explain.

Yes - cha,nﬁm'a He Volumg of watres
A\l not c,haha_e 4he CF-



Diagram 2 shows the chromatogram of a mixture
of six compounds, given below, when run through
a HPLC column.

The mixture consists of propane, propan-1-ol,
propan-2-ol, propanone, propanoic acid, pentane.

a. Peak 6 in the chromatogram is identified as
pentane. Is this reverse-phase
chromatography? Explain using the terms
adsorption and desorption.
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b. Identify each peak.

Peak Compound

proponoac acd

'prOpom —1-ol

propan-2-o.

proponone
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c. Peaks 2 and 3 overlap. Which of the following will increase the resolution of the
chromatogram and separate the peaks? Explain why or why not for each.
i Increase the temperature that the column runs at.

NO — oW cause all Ry +o gecrease

ii. Increase the concentration of the mixture

NoO— ol 1 Peouc NZES

iii. Decrease the pressure at which the column runs at.

Yes — wit T RE

iv. Increase the length of the column.
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3. Consider the structural formula of aspartic acid (M=133 g/mol) shown below.
a. Draw the zwitterion of aspartic acid in the box provided.
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b. A dipeptide is formed from aspartic acid (M=133g/mol) and glutamic acid (M=147g/mol)
is called aspartylglutamic acid.

i How many possible isomers exist of aspartylglutamic acid? 2
Q -H -
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iii. Give the molar mass of aspartylglutamic acid? 262 J ol

Give structural formula of the zwitterionic state of the dipeptide at the pH
specified in the boxes below.

At the isoelectric point At pH 12.5
NHz*  and — act as an aa
coo™ COOH

coO ™~
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4. The number of carbon-to-carbon double bonds (C=C) in a molecule can be identified by
reacting the molecule with bromine (Br,) solution. Four unknown acids are to be identified.
A 10.0 g sample of one of the fatty acids listed below was dissolved in an appropriate solvent
and titrated with 3.100 M Br,. An average titre of 42.50 mL was obtained. Identify the acid.
Show all calculations.

0.035mol =
0.036mo| =ii-X3= ]ln lenic acid (M =278 gmol?).23x c=C
arachidic acid (M =312 g molY)ox ¢c= C
arachidonic acid (M =304 g mol?).4x c=C.

W

ol caC|d(M 282 gmol?).Ixc=¢C

= 0. O3 Yi“
|

= Q. 131 mo|

5. Consider the following structures shown on the
right.

a.

To what group of foods do these structures
belong to?
Complete the box relating to each
structure.
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6. Consider the molecule shown on the right.

a.

o

To what class of organic compounds does this

molecule belong to.

tn gl\jcenau

i
HaC—0—C—{(CHy)CHy
‘ 0

HC— (CH,);CH=CH(CH;);CH
)
H,C—XO0— (CH,);CH=CHCH,CH=CH(CH)4CH3

Excluding the C=C, circle and name another functional group shown in the structural

formula. es+er

Name the products expected from the complete hydrolysis of this molecule.

3‘3“"0" + 3 —(‘aﬂ'd acrdy <

alrmitc aad
olerc aud
lhnolec aud

Name the essential fatty acid that is formed from the hydrolysis of organic molecule.

"o et

To what class of fatty acid does the essential fatty acid given in question d. belong to?

cunsatuv o edl

Which one of the products given in c. is most likely to undergo rancidity? Explain.

lnolere atd= has the most C=C

Vitamin C is said to be an anti-oxidant,
capable of slowing down the process of
rancidity. Explain how vitamin ¢ slows down
the process of rancidity.
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Consider the structure of vitamins A and C.

i.  Which vitamin is most likely to be stored
in the lipid tissue of animals? Explain
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ii. Which vitamin is most likely required to be ingested daily? Explain.
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7. The activity of an enzyme is shown by the

graph on the right. 0
ol

clivitw

a. What is the optimum temperature at
which this enzyme functions. 42.°C
0ppox:
b. Explain why the activity of the enzyme is
very low at temperatures around 20°C.
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c. When asked why the activity of the enzyme falls away at temperatures above 40°C a
student wrote “ The enzyme denatures though hydrolysis at temperatures above 40°C”
i. Is the student correct? No.
ii. Explain the difference between ”hydrolys:s and “denaturing”
Hq dvolums- breakmq of lemo.v\\j Shuctore -

Deno\irurmq- permanent cnange 5 ) +erhav\d Structurc
u Y N a) ctve Site

d. With reference to the “active site” explain how enzymes act as organic catalysts for
specific chemical reactions.
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e. Explain with reference to the “secondary” and “tertiary” structures of a protein, why
enzymes have a very narrow pH range in which they perform at an optimum level. Refer
to the type of bonds involved and how they are impacted by pH.
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Sty C:F\J\'? of an ehztuyme Cc‘{n be lmP am—tﬁ'}

\C Sy il
differemt pH__tevels-
o ang-e e o _ [4 ~t 5’2
ctw = 8 in

o ef\‘ltjw .

f. State three differences between an enzyme and a co-enzyme.
e -en red In A vhereay
entume)  Counot -
« coZentymes are required bq entyme, 1o
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Consider the four polysaccharides shown on the
right.
a.

How are glycogen and amylose similar?
bo+th branched o/- qluCOSC

Starch Glycogen Cellulose (fiber)

wlqmers.

Name one similarity between cellulose and amylose.

no _branching (botin Shvaug ht chans of glucase
monomers) v

Name one difference between amylose and cellulose.
celluiose = B - glucse

1 = - l

Explain, with reference to the chemical structure of the polymer, why a plant food high
in amylopectin is considered to be “high GI”.

. _branched a,MUIODCC;hn IS _easier o break down
= Mdro\u&ed Gul Cker 4 cousing Ot &ptke Ia)
cas w +he Yhowr penoct

Raffinose is an oligosaccharide formed from
three monosaccharides.
i. If one of the monosaccharides is HO.. o
galactose, name the other two. w |om
gluCose + Hfrucrose

ii. Circle and name the functional group
linking each monosaccharide to the
molecule.
eihes | alycCos'chT
—UJ

iii. Explain the difference between the hydrolysis of raffinose and the metabolism of
raffinose with reference to the:

- products formed

- type of bonds involved.

o h\xjdwolnjsfs = breQknmg down Into R monosacchande,
by bred/k.wﬁq ether hinlkg-
J \V)

° + IS = uSIn, and ‘o
und—evgo réeseivahon +o preauce

ener G-

oI




