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aZ (a) Given NO;, HSO; andCHgCOOH, selectthespeciesthatbehaveas

(i) Bronsted-Iowry acid
(ii) Bronsted-Lowry base
(iii) Both Brsnsted-Lowry acid and base.

(3 marks)

O) (r) Definethetermpll
(1 mark)

(ii) Find the pH at 25 "C of 2.00 x l0-3 M HCl.
(2 marks)

(iii) Calculate the [Otf], ffi, pH and pOH of 2.50 x 10-2 M NaOH at25 "C.
(K*=1.oxlo-ra)

(8 marks)

(c) A voltaic cell utilizes the following redox reaction:

Bi(s) + 3Fe3*1a4 -+ 3Fe2*1a41 + Bit.(uq)

(t) Identifu the anode and catlrode and write the half-cell reaction at the anode
and cathode.

(4 marks)
(ir) Write the cell diagram forthe voltaic cell.

(2 marks)
(iii) Calculate the standard cell potential, Eog"1, for this electrochemical cell.

(Eo*rr: 0.308 V , Ei"r*1p"r.: 0.771 V)

(3 marks)
(iv) State whetherthe reaction is spontaneous ornon-spontaneous and give

your reasons.

(2 marks)



COI\TFIDENTIAL DAS 12203

SECTION B

Q3 (a) Mandelic acid is an organic acid composed of carbon (63.15 %), hydrogen (5.30%)
and oxygen (31.55 %). Determine the

(i) empirical formula of mandelic acid
(4 marks)

(ii) molecular formula given its molarmass is l52.Oglmol.
(Relative atomic mass : H : 1, C : 12, O : 16)

(a marks)

(b) Find the mass of solute present in I13.0 mL of 1.43 M Na2CO3.
(Relative atomic mass : C: 12, O : 16, Na:23)

(4 marks)

(c) 2.O0L of a gas is collected at25.O "C and 745.0 mmHg. Determine the volume at
STP.

(5 marks)

(d) 1.40 g of sodium bicarbonate (NaHCO3) was allowed to react with HCI as shown in
the equation:

NaFICO:(s) + HCI(aq) -+ NaC(aq) + H2O(t) + COde)

(i) Find the number of moles ofNatICOr.
(Relative atomic mass : H: 1, C: 12, O : 16, Na:23, Cl : 35.5)

(ii) calculate the volume of co2produced at 0.95 atm and !7 oc. 
(3 marks)

(R : 0.0821 L.atm/mol.K)
(5 marks)

Q4 (a) Determine the number of orbitals that correspond to the following designations.

(i) n:5
(ii) %
(iii) 3p
(iv) 5d
(v) 6f

(5 marks)

O) G) Write the full and abbreviated electron configrnation for silicon, Si (Z: l4).
(2 marks)r

(ii) Give the set of 4 quanfum numbers (n,1, m2, m") forthe valence electrons in Si.

(5 marks)',,

, , ;"1.1
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(c) Giventhelmts Be, N andNa

(t Determine thir rcspective gloup and p€riod
(Atomic nrmber, Z z Be: 4, N : 7, Na : I l)

(6 nnt$)
(ii) Arrugetteeletocm inorderof.*trygradius.

(2 mdt$)
(iil) IdentiStheelementthat hasthe lowest imizationenergy. brphinyorr

arNwer.
(3 nilks)

(rg State tbelmt{nt is mostelo@ative.
(2 na*s)

a5 (a) Define:

(t Anionicbond
(2 na*s)

(ii) Aoovokatbod 
(2mails)

O) Using sitable combindims of the elements II, Li d F, use kwis dot sJnnbols to
showthe formationof

(r) Anioicbond
(3 mnts)

(ii) Acovalentbond
(3 nilts)

(Atomic number, Z:H: l, Li : 3, F:9) 
,

(c) Draw tb l€s'is surrchlr€ of OSCIz (urh€rc S is thc @tral a[m) ad calculate formal
chrg€s.
(Atomic ntmber, Z: O:8, S = 16, Cl : l7) 

(5 mflts)

riHlr f{fJjll0lr 3r; HrliqAe .Httl
rEtl$mR

'..:snr!$t 
fies fifrc {5rr&

smnil rniFfrt*Q tsauQ

a.t:irii6lvi fin0' nilteuH auT ititlttnt'
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(d) (i) The thermochemical equation for the combustion of nitrogen is

Nz(g) + OzG) + 2NO(g), AfiP" = 180.5 kJ

Find the heat absorH when 5 moles of NO is produced during a lab test.
(2 marks)

(ii) Deterrrine the heat of formation of ethanol, CzFIsOH from the following
information.

C2HsOH (t') + 3 Oz(g) + 3 I{rO([) + ZCOz(e)' AIf": - 1366.8 kJ

AIi"(H2O([)): - 285.8 kJ/mol, AIf(Oz):0 kJ/mol,

A/f(CO2(g)): - 393.5 kJ/mol
(a marks)

(iir) Calculate the heat of reaction for the fomration of sulfur trioxide, SOs.

S(s) + '1oz(d -+ sOrG)

Given the following thermochemical equations

S(s) + Oz(g) -+ SOz(g), AIfoo:-296'8kI
Z SOz(e) + Oz(g) -+ Z SOs(g), AIf,,o,: - 197.0 kJ

(a marks)

Q6 (a) The reaction A -+ 2B + C is found to be second order with respect to the reactanL A.

(i) Writetherate law.
(1 mark)

(ii) Find the value of the rate constant when the concentration of A is 0.01M and

the rate is 1.0 x l0-2lWmin.
(3 marks)

(iii) Calculate the new rate when the concentration of A is increased to 0.05M.

(2 marks)
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O) Forthraction2l.IO(g) + HzG) -+ NzO(g) + H2O(g),thefollowingrat€d8ta
l'verc collect€d:

Experiment Initial INOI/IVI Initial ttlzlAd Initial rate[VIsl

I 0.60 437 3.0 x 10-r

2 1.20 0.37 l.2x l0'z

3 1.20 4.74 l.2x l0u

(r) Dst€mine tbe order of [NO] ud [Hz].
(7 madls)

(ii) Writ€tberdelawequation
(1ma*)

(iii) Detsmine the value ofthe rate constant, t(oomplete with units).
(4 na*s)

(c) The reastion, A -+ B, is firstorderwith ahalf-life of2.75 days.

G) Findtre re consffi, t
(2 ma*s)

(ii) Deternire the timc to redrrce &e concffation of A ftrom 1.0 M to 0.03 IU.

(5 nrlrs)

.EIiII) OFQTIESIION.

fllu; Hiljt!08r lTg Hr;llr? .HLH

*bnrrais ntr.-,-fHJm
Irrtotrttr nriirgmq t5?uq

idrlltirt nfiO nigdl$H ruT itial$riilU
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