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THE OPEN UNIVERSITY OF SRI LANKA

FOUNDATION PROGRAMME / STAND ALONE COURSE IN SCIENCE

LEVEL I - FINAL EXAMINATION - 2006/2007

CHEMISTRY I - PSF 1303/ PSE 1303

DURATION « 2% hours

Date: (1.11.2006 Time: 9.30 a m — 12.00 noon

Planck’s constant, h = 6.63x 10775
Velocity of light, ¢
Avogadro constant, L = 6.023 x 10~ mol”
1 atmesphere

. Gas congtant, R .

log,

3x 10% mg™

760 torr = 10° Nmy™
8.314 JK 'mol™
= 2303 logw

]

ANSWER ANY FOUR (04) QUESTIONS

[.{a) (i) Write down the name, symbol and the SI unit of the seven basic physical quantities.fg;

ey

(c)

- (i1). Derive the:Sl.units for the following physical quantities using the basic physical

quantities.
- concentration, pressure, en.,rrfy : X
(iii) The density of gold is 1.3 y/em”. Express the derrxsu} 1 byl
(iv) Calculate the frequency of rudxatmn which gives d spectral line of wavelength
4300 A 5 ('-rl)‘ hldikbj '

A compound of nitrogen (IN) and oxygen(Q) has the weight composition of 1.52 g N and-.
3.47 g O. The molar mass of this compound is known to be between 90 g and 95 . '
Determine the molecular formula of the compound.( N = [4, O = 16)
) (30 marks)
When haematite (Fe;O3) reacts with carbon monoxide in the blast fumace, carbon
dioxide and iron are produced.
(i) Write down the balanced chemical equation for this reaction.
(1) By referring to oxidation numbers identify the type of chemical reaction involved m__;'
the extraction of Fe from Fe,0;. A b
(i) Calculate the mass of Fe that could be extracted fmm 24.6 kg of FeaOs. o
( relative atomic mass of O = 16 ;Fe= 56 ) (25 rnarks)




2 (a) Wnte the ground state electromc conﬁguratlon of each of the followmg atoms/ions
I Phosphorous atom, fluoride, Ca’ 52 Mn** ions .
S Gwe the nimber of unpaired electrons (1f any) in each species. :

(P=15, F 9,Ca=20,5=16,Mn= 25) (25 marks)

(b) 1) Gwe an explanatlon for the geueral increase in the first ionization energies as you
go across the elements in the second period.
(ii) Explain why the first ionization energy of boron is less than that of Beryllium,
{111) Write an equation to tllustrate the second ionization energy of lithium.
(iv) A sodium cationﬂ;nd a magnesium cation have the same number of*electrons. Yet.
the radius of Mg~ is much smaller than Na™. Explain. -

(50 marks}
(c) Explam why the first electron affinity of oxygen atoms,
Og) + e — O{g) is exothermic,
whereas the second stage, ~ :
O{g) + e — Oz'(g) is endothermic. (25 marks)
3. (a) Compare metals and non-metals in terms of the following;
(i) conductivity |
(i) type of oxides formed
(1ii) type of bonds formed (24 marks)

(b) Use CaCl, diamond and H,O as examples to explain the formation of an ionic bond,
a covalent bond and a hydrogen bond.
Use your above knowledge to explain,
(1) the hardness of diamond ...

R i L b Asn A ERAE vt FURRREC ool (P Ervs S 0 LRSS I
(11} high boiling poini of water (36 marks)

fc) Explain the shape of each of the following species, according: to VSEPR theorv
ICl5, SFg : : (’70 marks)

(d} Explain why the shape of the BFy molecule is'different ta that of NF; molecule.” "~
(20 marks)

4. (a) Define the following terms as applied to the given substances, and write down the
relevant balanced chemical equations.

(1) Standard enthalpy of combustion of C

(ii) Standard enthalpy of formation of H,O

(iii)Standard enthalpy of formation of CH;COOH

(iv) Standard enthalpy of combustion of CH;COOH (24 marks)

B TR i e




Jse e' enthg_lpy dlagram gwen below to calculate the va]ues of the followmg processes
Enthalpy (kJ)" . :

0

Lt}

2C(graphite) + 2Ha(g) + 304(g)

CH;COOH() +20x(g)

-488F
2C0(g) + 2Ha(g) +0s(g)

-T788
2C0-(2) + 2H,0() T
-1360F —

(1) Standard enthalpy of combustion of C

(i1) Standard enthalpy of formation of H,O

(iii) Standard enthalpy of formation of CH;COOH.
(iv) Standard enthalpy of combustion of CH;COOH

(40 marks)
{c) You are provided, the enthalpy changes for the following processes.
Process — Enthalpy change/kJ 1‘110i'i
—2A1(s) + 3/20x(g) — ALOs) T 0 ~1672
2Fe(s) + 3/2 Ox(g) — FeaOs -836
(1) Calculate the enthalpy change associated with the process of producing iron (Fe)

. using Al(s) and FexOs(s).
(i)  Calculate the cnﬂnl‘ﬂ ch anwe when 117 R;: ofTe is prod uu.d by tlus method :
(relative atomic mass o1 Fe = 36) . . (24 marks) -

(d) (i) Define the terms in the following equation
dU = Dg + Dw - L
(i1) What is expressed by this equation? . =" -~~~ =~ " (12 marks) -

5. {a) Consider the following equilibrium system of which the equ:hbnum constant (Kp) at
200°Cis 4 x 10° Pa.
2NOCl(g) === 2NO(g) + Clx(g)

(i) Write down an expression for K;, for the above system, identilying all the terms in it.

(ii) If the pure reactant is taken and mamtamed at 200°C the pamal pressure of Cl, is
found to be 1x 10° Pa, at equilibrium,* ™ B
* ““What is thé partial pressure of NO (g) at equilibrium?
e What is the total pressure of the system at equilibrium?
o  Write any assumptlon you made in this caIculahon" (40 marks)

-_3__



“(b) Gwen below is a hbmogem:.ous liquid system which is at equilibrium at 300K

X0 + 2Y() < XYy

Pure X(1) and Y(!) are mixed with 1: 2 ratio and equilibrated in a 200 cm® vessel at 30
K. 1t was found that 60% of X(I) is left in the mixture at equilibrium.
(i) Write down an expression for K, for the above system
(i1) Calculate equilibrium concentrations of X , Y and XY at equilibrium.
(i) Calculate the equilibrium constant K, at 300 K for the zhove systen.
. s . {40 marks)

(c) Nitrogen gas can be generated using the following reversible reaction, which is

exothermic.
Y

2NO(g) + 2Hi(g) = Na(g) + 2H:O(g)

Indicate howthe temperature and pressure of the system should be changed in order
to obtain higher yield of N; gas. Briefly explain your answer.

(20 marks)

-
-

6. {a) Write down a mathematical expression for the Raoult’s law, as applied to an ideal
‘ " binary liquid system A and B. Identify all the terms in your expression.
(15 marks)

(b) Saturated vapour pressures of benzene and toluene at 300 K are 90 torr and 60 torr

respeulve]y Calculate the following in an equlmclar mixture of benzene and toluene at ff
300 K

W Pamal pressures of benzene and toluene. - e
C (i) Saturated vapour pressure of the mixture at 300 K
(iii}  Mole tractions of benzene and toluene in the vapour phase
{iv)  Write any assumption(s) you make in this CaIgU.laL“I__O_I:},”_,.m._..,_ & .. :
. . cw oy TR L e . : " ' (40 mafks)

{c) A volatile liquid A has saturated vapour sressure 68 torr at 30 °C. 5 g of & non volatile
substance B, 1s dissolved in 150 g of quum A. Then the vapour pressure of the solution is 2
67 torr. Calcuiate the relative molecular/molar mass of B if that of liquid A is 30.
(25 Marks)

(d) Write down the balanced chemical equation for the oxidation of Fe ions to Fe'*ions by
Cr20,""in acidic medium. Calculate the volume of 0.02 mol dm™ K,Cra05 needed to react
completely with 0.005 mol of Fe™ '

{20 marks)
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