SECTION A

ANSWER ALL QUESTIONS IN THE MAIN BOOKLET

,'-'""'—.f —

(a,pin’erenﬂate between an orbit and an orbital,

(mgxplain in brief the discontinuities in ionization energy of the
elements in the second period as evidenced in the diagram below
in going across a period

1
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Question A2

(a) Define the photoelectric effect and state one condition that must be
fulfilled for the photoelectric effect to be observed.

(b) The threshold frequency V, for a metal is 6.0 X 10135~1, Calculate
the kinetic energy of an electron when the radiation of frequency

v = 1.0 X 105" hits the metal. 4]
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SECTION B ANSWER QUESTION B1 AND ANY THREE QUESTIONS

S

—

Question B1

In CHE 1000 experiment, the titration using the sequential reaction

below was performed.
H12N4 (ﬂ(}') + 4HCT(EQJ + ﬁHzﬂ({]q) “}

HCl(ag) + NaOH(aq) = NaCl(aq) + H20() (2)
g of general purpose NH4Cl was

4NHCl(aq) + 6HCHO(aq) = Ce

A 25.00 cm® Solution containing 130
pipetted to the conical flask and 5 em3 of formaldehyde, HCHO, Was

added to it. After reaction (1) was completed, two drops of an indicator
were added. The titration required 21.90 em?® of 0.100 mol dm® NaOH

to reach the endpoint.

the titration. [1 Mark]
e apparatus with appropriate
d for rinsing the burette, the

(a)Name the indicator used for
(b) Students were advised to rinse th

solutions. Name the Solutions use
pipetlte, and the conical flask. [3 marks]
(c) From the titration reaction (2), determine the moles of HCl in the
conical flask. [14 marks]
(d)(i) Calculate the moles Of NH4CI that produced HCl in reaction (1)
13 marks
(ii) Determine the mass ofNH4CI [2 marks]
(e) Calculate percent Of NH4Cl in the sample of the general purpose
[12 marks]

reagent used in the titration
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Question A4
The atoms Of N20 (nitrous oxide, laughing gas) are connected:

(a) Draw all resonance structures for N,0 that have minimum formal
charges. Explicitly show (using curved arrows) the electron
movements that transform one resonance structure into the other.
You must explicitly show all non-zero formal charges.

(b)Predict the geometry of this molecule and draw its structure.

[4 Marks]

Question A5

Under standard conditions at 25°C, Zn(s) reacts with C0**(aq) to
produce CO(s)

Co?*(aq) + 2e~ = Co(s) -0.28V

Zn?*(aq) + 2e~ = Zn(s) -0.76 V
(a) Write the balanced equation for the oxidation half reaction.
(b)Write the balanced net-ionic equation for the overall reaction.

(c) Calculate the standard potential, £, for the overall reaction at 25°C
[4 Marks]
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(a) Calcyl
at
e the frequency of light having a wavelength of 456 nm.

(b) Draw
el the Lewis dot resonance structures for the carbonate ion,
3
[4 Marks]

QUESTION A4
Consider the following half reactions and their standard reduction

potentials.

2Cl5 + 12H* +10e” = Cl, + 6H,0, E =147V

S,08" +2e” — 250%", E'=201V

(i) Give the overall cell reaction and e osey
o for the cell reaction at 25°C given that is 0.94 V.
(ii) Calculate AG sz
M WI NS
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(b) Classify the molecule shown below and describe the bony,
group in the box.

'0

[4 Marksl

Question A10
(a) Give the IUPAC name for the molecule shown below:

\ S’_} OH

\ 4

(b) Identify all functional groups in the drug atenolol, used for treatmen
of hypertension (high blood pressure), shown below.

OH H
\A/I
0 N
w/ Y
Hi” At'ﬂ‘tul -

[4]
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USEFUL DATA
Physical sonlenls
Avogndra constant, Na
Acceleration due 10 gravity
Faraday's constant, F

Mass of electron, My
Planck’s constant, h
Rydberg constant, Ru
gpecd of light ¢

Universal gas constant, R

Pressure converiions

| atm = 1,01325 x 10° Pa = 1.01325x 10

| bar = 1.00000 x 10° Pa

« 100000 x 10° Nm”
Other conyersion factors
velC' 1eV=1.602 x10**J
1)=1kgm's®

6,022 x107! mar”!
98ms’

06485 C mol”
9.1 210" kg
6.626x10™ J»
1.097 210" m"
3.00x10" ms”

8.3148 ) mor’ K*
0.083145 L bar mol ' K
0.08206 1, atm mol”' K"
62.364 L torr mol ' K
62.364 L mmHig mol' K’

SN m* = 760 tort = 760 mmiig = 1.0] 325 bar



(c) Calculate the maximum kinetic energy (in Joules) ang velocity of
an

electron ejected from zinc by a 275 nm photon

for Zn 4.31 eV). - (Threshold energy

Report the answer to 3 significant figures [3 Marks]
arks

(d)A water desalination plant is set up near a gt marsh containi
water that is 0.10 M NaCl is completely dissociated, [3 MT:I?S]

(e) Diethyl ether (CH3CH,0CH,CH,) was one of the first chemicals
used as anesthetic, At 34.68°C, Diethyl ether has vapor pressure of
760 torr, and at 17.98°C, it has a vapour pressure of 400 torr Whaf
is the AH of vaporization for Diethyl ether? [3 M'arks]

[Total:15 marks)

Question B3

(a)Due to COVID-19 coupled with erratic power supply from ZESCO,
you decide to play around with galvanic cells and you construct a
zinc—copper battery operating at a zero resistant small light
emitting diode (L.E.D) at 25°C as follows:

Zn|Zn**(0.10 M)||Cu?* (2.5 M)|Cu

The mass of each solid electrode is 2.00 g.

The electrode potentials for the half reactions are:
Cu?* + 2e~ - Cu E° = +03419V

Zn**t +2e~ = Zn E% =-0.7618V

(i) Which of the two is a reducing agent? [1 mark]
(i) Calculate the cell potential when this battery is first connected.
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JESTION B4

5 it rate of the reaction betwee
measlrlfed in a series of experim by
following rate equation was ded::;z

r;pround Xandy Was
Ixed lemperature‘ The

r‘" ;‘-:_. 1 i1 . -
li'-.‘-.‘.l‘f,r_".' LI ‘i“;‘;}ll l:;]}uwl dm' T T )

s} 010l rte (ol
._2._-.__-.-—-".-.- - .-.I '1u x ID‘ r ﬁ ﬁ""u‘_-'-'--l'—— ~ I_H X ID‘ - _.____"‘._- !
4 | : |

s . glqux Iﬁ" —_— :m : Iul o —

What is the value of A, B, and C in the table aboye?

[4 marks)

(b) Calculate the solubility product, K, for Pb3(P0,), solid with a |
<olubllity of 6.2 X 10712 mol/L. Fmaks]

tion containing 0.20 M CH,CO0H
COOH =18 X 10~° |

(6 marks]

(c) Calculate the pH of a buffer solu
and 0.3 M CH3C00Na. K, of CH3

[I'otal: 15 Marks]
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SECTION A

ANSWER ALL QUESTIONS IN THIS SECTION IN THE MAIN BOOKLET

—

question A1

Hemoglobin is the protein that transports oxygen through the blood
from the lungs. In doing so, each molecule of haemoglobin combines
with four molecules of oxygen. - If 1,00 g of Haemoglobin combines
with 1.53 X 107° s of 0, at 310K and 99059 Pa, what is the molar mass
of haemoglobin? [4 Marks)

Question A2

(a) Two factors can determine the size (radius) of an atom. State any
one of them and explain in three lines or less, how it influences the
size of an atom,

(b)ls it more difficult to remove a valence electron from a magnesium
atom or a chlorine atom? Explain in three lines or less. [4 Marks]

Question A3

The following standard electrode potentials are needed for this
question:

E°IV
NO3 + 2H" + ¢ # NO; ~ H:0 + 0.81
Cu* +2¢" = Cu +0,34

Calculate the standard cell emf for the reaction between copper and
nitric acid and derive the balanced reaction equation. [4 Marks]



SECTION B

| NSWER QUESTION B1 AND ANY THREE QUESTIONS
EACH IN A SEPARATE BOOKLET

Qunlllﬂﬂ B1
(a)tn one of the CHE 1000 laboratory back titration was performed, a
method In which the analyte (which Is the limiting reagent) is n .
determined trom the titration reaction with a primary standard 1!:;-..ul
by working back to the original reaction, '
(1) In titration, what Is meant by the term Primary slandard?
[1 Mark)

(ll) In three (3) lines or less, explain the principle involved in a back
[2 Marks]

titration.
(1) An acid and a base were titrated, state the suitable indicator
used and the end- point color expected. [2 Marks]
(iv) The mass of magnesium hydroxide, Mg(OH),, in an indigestion
tablet was determined as follows:
Step 1 The tablet was crushed and dissolved in exactly
40.00 ¢cm® of dilute Hydrochloric acid (an excess).

+ Mg(OH)2(s) + 2HCl(aq) — MgCly(aq)* 2H,0(1)

Step 2 The amount of hydrochloric acid remaining was

measured by titration with 0.250 mol dm=3 sodium hydroxide
his sodium hydroxide solution was

solution. 22.80 cm® of t
required. Calculate the mass of magnesium hydroxide in the
[4 Marks]

tablet.

Step 2

"OUR TEAM WINS
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Question B2 many hair bleaches is hydrogen peroxide, T,
(a) The ac:::f: :E:rr:glgn perzﬂde 15.8 g hair bleach was determjp,
amoun

(itration with @ slandard potassium permanganale solution:
by utr

4
2Mn0; (aq) +H,0,(aq) +6H* (aq) — 502(g) +2Mn (aq) +8,0(;)
(1) How many moles of Mn were required for the lilraﬂc?n if43.2 my
was needed to reach the end point?
of 0,015 M KMnO, s
(1)) HOW many moles of H,0, were presentin the 15.8 g of hair

bleach? (2 marks)

(1il) How many grams of H,0, were present in the hair bleach?
(1 mark)

(iv) What is the mass percent H,0, in the hair bleach? (2 marks)
(v)What is the reducing agent in the redox reaction? (1 mark)

(b) Consider the following precipitation reaction:
Hga(N0s),(aq) + Ki(aq) — Hg,l,(s) + KNOs(aq)

(i) Balance the reaction (2 marks)
(ii) Write the net ionic reaction. (2 marks)
(ili) Identify the spectator ions. (2 marks)

(c) Determine the oxidation number of the underline atom in each of
the following:

“} H ;5 '04

(i) SbCly (2 marks)

[Total: 15 marks]



(c) Consider the drug atenolol, used for treatment of hypertension
(high blood pressure), shown below:

OH |I1
O\/‘\/
bo H\[/
Atenolol:
2

H;N

(i) \dentify all functional groups in atenolol. (2 marks)
(i) For the labeled atoms & and b, state the kind of orbitals that

overlap to form each bond. (2 marks)

Cs alkane constitutional (structural)

(d) Give the structures for two
(2 marks)

isomers with parent chain name as hexane.

END OF EXAM
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Question A7
of a solution at 298 K conlaining 68 g o

What is the vapour pressu;o g of water? The vapor pressure of pyrq

glucose (M, 180 g/mol) in %,
water at 208 K is 0.03173 bar.

Question A8

for ethanol, given vapor pressure at313 K =

Iculate AH
Calculate AHqp for ethanol is 351 K.

0.19999 bar. The normal boiling point

Question A9
Provide the IUPAC name for each of the following compounds:

(a) e W )

(4]

Question A10
{[::;;ﬂite -lhe line formula for 4-aminobutanoic acid
escribe the highlighted carbon oxygen double bond of the ketene
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question BS
" geveral constitutional isomers ¢an be

writ
(i) Calculate the IHD and state gy Po €N for molecyfay formula

Ssible l“lmpfﬁlallnns
(Il) Draw line-bond formula and give IUPAC na (2 marks)
that is a straight chain acyl chiorige (acid chf;'c':ifm. an isomer
(ill) Draw line-bond formulae for two (2) Isomers Windﬂ}. (3 marks)
as parent chain and state their isomeric relatio th cyclobutene
positional or functional isomers, Nship as chain,

(Iv) One of the isomers decolorizes bromine water, Inte (3 marks)
result and state two (2) other functional grnups'lhat rpret this
present in this isomer, could be

(b)Esters are pleasant sweet-fruity smelling substances frgl zu:“l'l'knj
used in perfumery and food industry. One common ba quently

nana f
used for candy products is prepared by the rea ction shown b:;;:-a

J\m 4 ,a/\/]\ —E::'?i" ,.j\n./\v»l\¢ WO
B

(i) Name the type of reaction.

1 mark
(ii) Give the IUPAC name for B. }2 mark!;)

(c)A frequently used food preservalive, C, is prepared as shown
0

H .
+ KOM —1-{}—"' C (afood proservaitve)

below: .

Identify C (line-bond structure) and circle the most electrophilic cer;:e;
ture. (2 marks

oIS [TOTAL: 15 Marks]

END OF EXAMINATION
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]-h- ey

(b)Consider a compound X, with molecular formula, ¢, 1, 0:

(I) Calculate the IHD (also called DBE ang DU) of X and interpret

it. 2)
(1) Write any two (2) possible structures (line formulae) for X. [2]
(1ii) Given that compound X is a primary alcohol which has 3 vinylic

hydrogens, identify X, give line formula and IUPAC name. [2]
END OF EXAMINATION



w shows a simplified phase diagram for Walgy

(c) The diagram belo
se diagram for waler in your answer bookley .
Nd

Reproduce the pha
the answer (he questions that follow.

1 Atm

Proasure

Tomporature

th the letter A and critical temperature B,

(i) Indicate the triple point Wi
(if)On the Same diagram show the lines for the phase changes when
a solute is added to water. Indicate the triple point for the solution

as C and crilical temperature D Indicate on the diagram the position

(temperature axis) ATy and AT

Question B5
(a) Consider the following reaction:

[ several organic produsts |, graces of N

QyCH, —%{1-- CHyCHBe + e 6 s e
Ethane r
(i) Name the type of reaction. (1]
(i) Provide detailed reaction mechanisms for formation of P from
ethane. [6]
(iil) Propose a possible mechanism to account for the traces of
butane found in the reaction mixture. [2]

36|Page WE ONLY WIN, WHEN OUR TEAM WINS
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Question B5 "
(a) Geraniol, a naturally occurring monoterpenoid, Is found jn fose,
ironella oils. It has rose-like scent and s

palmarosa and ci
food flavours.,

commonly used in perfumes and

/\/l\/\///l\
HO

Geranlol .

(i) Give the complete TUPAC name for geraniol. [2 Marks)
(i)  When reacted with excess hydrogen in the presence of

palladium (catalyst), geraniol gives a prcduct.P, CyoH,,0.

Propose the structure (bond-line) for P and give balangeq

chemical equation for the reaction. [3 Marks]

(b) Several constitutional (structural) isomers can be written for the

molecular formula C,Hg0,. [12 marks)

(i) Calculate the IHD and state all possible interpretations,
(i) One of the isomers, P, decolorizes bromine water. Does this

isomer have a ring? Give a reason. [2 marks)
(iii) Give the bond-line formula and IUPAC name for another isomer

Q, a branched chain molecule, pH = 5.2. (3 marks]
(iv) State the isomeric relationship between P and Q.  [1 mark]

¢) The characteristic flavour of the fruit, pear, is ascribed to the
molecule R, C;H,,0, (‘pearessence'), which is made by the reaction

shown below:

0 /\)\
H,50,
—_ +
)LOH - = R, C;H,40, H,0

'Pear essence’

Acetic acid Isoamyl alcohol
(i) State the type of reaction, shown above
(i) Suggest the structure (bond-line) for R, | {‘11 migﬁ

END OF EXAM

26|Page WE ONLY WIN, WHEN OUR TFAM WINS
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Question A 10

Give a skeletal (line) formula:

(a) Allyl benzyl ether

(b) S-Methylheplane-Z.S-dione

(c) 2-aminobenzenenilrlre (2-aminobenzonilrile).

- -

———

SECTIONB ANSWER QUESTION B1 AND ANY THREE QUESTIONS

e 13

Question B 1

In Experiment 3 — The Stoichiometry of Chemical reaction — one of
the experimental run involved mixing 2.50 mL of 0.500 M barium
chloride, BaC12, and 7.50 mL of 0.500 M sodium sulphate,

Na,50, solution. The height of barium sulphate precipitate formed in

the test-tube was measured.

(a) Write the balanced molecular and net ionic reaction involved in the

experiment. (2marks)

(b) Identify the limiting reagent. Justify your answer by appropriate
calculations. (7 marks)

(c) g:rl;;ugale the mass of barium sulphate (molar mass =233 40 g/mol)
eda. .
(4marks)

d) W i
(d) What was the main source of error in the experiment? (2marks)

4|Page w
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of the di ite wi
1.00 cm h dllult?d. white wine and left unt;
peen completely oxidised. il all the ethanol had
10 cm® (an excess) of -
potassium lodide '
solution was ad
dedto

tep 3 -
flask to react with the remaining potassium dichromate (V1)

the

tep 4 The iodine produced was tit '
itrated with 0.0300 mol dm™=? sodium

thiosulfate solution.
tep o The Pfﬁcedure was repeated twice more. The mean titre of

sodium thiosulfate solution was 9.20 cm®. The equations for the

reactions taking place aré
(aq)*+ — acP*(ag) +11H:00) + 3CH,CO011(a0)

2Cr, 03" (2)* 3C,HsOHM* * 161’
(aq) — ace (2q) + 3(2d)

Cr, 0% (aq) * 14H* (ag) + 61 + TH0()

25,03~ (aq) * 1:(aq) 5,04 (2q) +21"(aw)

. ne to determine the mole ratio of 5,0%71t0
' [2 marks]

ass of ethanol in 5,00 cm’® of the original white
[7 marks]

CamScanner



Question A3

Fe*(aq) + 2e~ & Fe(s)

dox equation for the reaction
the data above to conslruct a re
:::uean Fe3* (aq) and Fe(s), and whether or not this reaction is

feasible. Show your work. [4]

Question A4

Nitrogen monoxide reacts with hydrogen gas to produce nitrogen gas
and water. The mechanism is believed to be:

Step1: 2NO — N, 0,
Step2: N0, +Hy, — N,0 + H,0
Step 3: N0+ H, — N, + H,0

(a)What is the mnleculan'ly of Step 27
(b)What is the balanced net reaction?
(c) Identify any reaction interrnediate( s).

[4]

0lPage we ONLY wiy
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SECTION A

ANSWER ALL QUESTIONS IN THIS SECTION IN ThE
BOOKLET

question A1

A2.009 sample of a compound gave 4.8¢
B ‘80 g €0, a
combustion in oxygen. Find its empirical furmula2 ifr::j 2.03 g H,0 upon
Carbon, Hydrogen and Oxygen, ' only contained
[4 Marks)

Question A2

A sample of sodium azide (NaN;), a com
’ pound u )

bags, was thermally decomposed, and 15.3 mL n;f:g:naummnbile air
collected over water al 25°C and 755 torr, Given the vapu?.:?sl;:zss f
ure o

water at 25°C is 23.6 torr, how many grams of nitrogen were collected?
[4 Marks]

Question A3

Ozone molecules in the upper atmosphere absorb radiation. If the
radiation has a wavelength between 240 nm and 310 nm, the ozone
molecules will decompose into oxygen molecules and oxygen atoms.
The oxygen atoms then recombine with the oxygen molecules to make
more ozone, releasing heat. This converts light energy into heat energy

and insulates the Earth.

(a) What kind of electromagnetic radiation has a wavelength between

240 and 310 nm?
(b)Which wavelength represents the minimum amount of energy

required for this reaction to proceed: 240 nm or 310 nm?

(c) Calculate the minimum amount of light energy that must be
absorbed to convert 1 mole of ozone into oxygen molecules and

atoms. ”
Report your answer in kJ/mol. _ [4 Marks]
49 |Pape WE ONLY WIN, WHEN OUR TEAM WINS
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B? ndstate electronic orbital energy diagram of

o™ - gro :
!.tpraw ﬂas 4 Oxygen atoms using orbital box notation, (3 Mmarks)

W o sentences why the first ionizali
in in . Ion enerqy of
08" " 5y less than et NCLA10 K] mol)destg

3(1338 righest orbitals in N and 0 are in the same energy level

(2 marks)

il galculete € jonization energy of 1H IN K] mol=*. (4 marks)
_g5°C; HBr —~67°C; HL,—-15°C

o trend in boiling points of the following: (2 marks)
I

i) Use Lewis diagrams to illustrate the formation Of HCI from its

Use Hess's Law to determine AH for the reaction C3H,(g) +
2H,(g) = C3Ha(g) (2 marks)

(1) Ha(9) + Y/ 02(9) = H,0MAH = —1 2858 kj
(2) C2Ha(g) + 40,(g) - 3C0,(g) + 2H,0(L) AH =-1937kj
(3) C3Hg(g) +502(9) - 3C02(9) + 4H,0(l) AH = =2219.1kj



- ihe conventional representation for this cell,  (2mar
' arxs)
on equation for the overall cell reaction that would oceur

o voltmeter V shown in the diagram of the cell was rep|
i) nmeter. placed by
o (2marks)

why the ammeter reading would fall to zero after sometime

4plain
(1 mark)

ime.

A curious CHEM 1000 student analysed the 10.00 mL sample of
the solution D to determine the concentration of Fe*ions by
titrating the acidified solution with a standard potassium

permanganate solution
cpel* (ag) + MnO; (aq) + 8H* (aq) — SFe** (aq) + Mn**(ag) +
4H,0(1)

10.0 mL the solution wa

of concentration 0.0200 mo
used for complete reaction was 37.5 mL.

p

s titrated potassium permanganate solution
[-1. Volume of potassium permanganale

Calculate the following:

(i) oxidation state of Mniin potassium permanganale. (1 mark)

(i) number of moles of permanganate jons used (2 mark)
les of iron(ii) ions in 10.0mL of solution. (1 mark)

(iii) number of mo

CamScanner



tion B1 N
O%B}:E 1000 Student, Lydia, trying to determing o, e ——
HCI by titrating it with 0.525mol dm? NagH It takes g;,nﬂenuauon of
mol dm? NaOH solution to neutralize 235 m_ oy oo™ o 20525
(a) Another student, Joseph, carefully pipettes 100 m s?ruz,m

NaOH into a test tube. He places the test yp e of mol drnea

and then pipettes 7.50 ml, of 0,355 mo| dm=3 Hg| ia small beaker

tube. He accidentally knocked the test types while nllo another test

contents combined in the beaker, ' placing,

(i) Is the solution formed from the contents of
acidic or basic?

(i If he added few drops of Methyl Orange indicator what would be
the colour of the solution? (7 marks)

the two test tubes

(b) You are carrying out an acid base titration to determine the
concentration, of the acid. The endpoint of the neutralization is reached
but the stopcock on the burette sticks slightly and allows a few more
drops of acid to fall into the solution. Will this small amount of acid any
effect on the determined value for the concentration of the acid? If so,
how is it affected (Not more than 4 lines)? (4 marks)

(c) Afew small drops of water are left in a burette that is then used to
titrate a base into an acid solution to determine the concentration of the
acid. Will this small amount of water have any effect on the determined
value for the concentration of the acid? If so, how is it affected (Not

more than 4 lines)? (4 marks)
[TOTAL: 15 Marks]

a3|Page WE ONLY WIN, WHEN OUR TEAM WINS
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SECTION A Mmuﬂmm

Question A1

A sample contains 27. 19 of calcium oxide.

(a) Give the formula of calcium oxide.

(b) Calculate the number of moles of calcium oxide in the sample

Question A2
(a) How many grams of carbon dioxide are there in a container with 5

volume of 4.50 L at STP?
(b)How many oxygen atoms are there In this amount of carbon

dioxide?

Question A3

Consider the following redoX reaction.

Br,(aq) + 2v* (aq) + 2H,0() — 2p2* (aq) + 4H* (aq) + 2877 (aq)

Given that Eeey = +1.39V and Epe o = +1.07

(a) Calculate £ for y3'
(b)ls the reaction Spontaneous?

Question A4

(a)Draw a fully labe
electron in the hydro

(b)Does the transition represen

led diagram that shows the transition of an

gen atom fromn=4ton= 2.
t an emission or absorption?

ITIPf NN




5{[0“ g y sed food '
ntu preservatwe, P.is made a \
s shown below:

IU‘F [(eque
/
0
oM
P - Q
( Name the type of reaction.
(1 mark)
What is the structur
( e of P? (1 mark)
. Give lUPA
() C name for P. (1 mark)
| geveral constitutional (structural) isomers can be written for the
molecular formula CsHeO0BT:
(i) Calculate the DBE (IHD) and state al possible interpretations
iy One of the isomers decolorizes bromine water- Does this
isomer has @ ring? Give @ reason. (2 marks)
(iii) GIve a line fo ula for another isomerihat is a stral ht chain
oyl bromide (acid promi (2 marks)
|
e an WAN 5 H

¥
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USEFUL DAY
Pl sical contonis

Avogadro constant, N,

Acceleration due 1o gravity
Faraday's constamt, F

Mass of electron, m,
Planck's constant, h
R}'ME constant, Ry
Speed of light, ¢

Universal gas constant, R

Lressure conversions

4 3
1 atm ~1.01325x 10° Pa = 1.01325 x 10N m

| bar = 1.00000 x 10° Pa

m 1.00000 x 10* N m”

(nher conversion facters

v=)C* : eV =1.602 x10™°)

l.‘l-lkgma"

6.022 x10" mol’
98 ms?

S0445 C mol™
811 x10™ kg
6.626 x10™ 1
1.097 x10' m”
A 00 w10 m !

£3145 ) mot' K
0.08314% L bar mot" K
0.08206 L atm mot"' K
62364 L torr mol* K
62.364 L maaHi g mot’ |

= 760 tore = 760 mmbig = 1.01325 ber



Question BS
(a) Consider the ketene molecul

H
1
s

Identify the indicated bonds in terms of the types of bongs o,
and the orbital overlaps Involved in bond formation. 2 M;r:l
Y

e shown below:

| Bond

Bond description (a, )

Orbital overlaps involveg—

C=0

C—-H

molecular formula C4HgO;.
() Calculate the IHD and state all possible interpretations,
(i) One of the isomers, B, decolorizes bromine water. Does thig
isomer has a ring? Give a reason,
(iii) Give the line (bond-line) formula and IUPAC name for anothe
isomer C, a branched chain molecule, pH 5.2.

(b)Several constitutional (structural) isomers can be mitleﬁ

[3 Marks)

[2 Marks)

[3 Marks)

(c) The compound with the molecular formula of C, Hg contains three
structural isomers and two E/Z isomers. Draw the E isomers of
C4Hg, and give its IUPAC names.

(d)Draw two additional resonance structures A and B for the structure
shown below, showing the movement of all electrons: [3 Marks])

Blrage

L

Br

[2 Marks]

[Total :15 Marks]

WE 0
NLY WIN, WHEN OUR TEAM WINS
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Question B3

(a) Write an equilibrium reaction equation for the ionization of acetic
acid (CH3COOH) in water and Identify the conjugate acid-base
pairs,

(b)Some solid sodium acetate (CH,COOH Na) is dissolved in 1 mol
dm?® solution of acetic acid.

(i) Write the equilibrium reaction.
(i)  Explain the effect of the pH 0 n the pH of the 1 mol dm?
solution of acetic acid when the (4]
(c)sodium acetate Is dissolved.

§0,Cly(g) — S02(g) + Cl2(9)

At 380 K, the equilibrium constant K;, = 2.5 bar

(i) Write the expression for K, for the equilibrium. [2]

(il) A sample of S02C12 is introduced in an evacuated reaction vessel
and brought to - 0.1 equilibrium at 380 K. Ifthe sample and vessel
are of such size that psoact2 — bar at equilibrium; calculate the
equilibrium values of ps,, and p.,. What is total gas pressure in
the vessel? [6]

Question B4

(a) Calculate the ionisation energy of a hydrogen atom in its ground
state i.e. when the hydrogen's electron is at level 1.

(b)(i) Draw the Lewis structure for the water Ha O molecule and use V
SEP R theory to sketch the arrangement of electron pair in space.
Name the geometrical shape illustrated.

(ii) For the molecule described in b (i) above show whether the
molecule is polar or non-polar. Justify your answer.

35|Page WE ONLY WIN, WHEN OUR TEAM WINS
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25.0°C is 19.3 mm Hg.

is the mole fraction of the solute? (The vapor
pressure of
pure

what
is 23.8 torr at

water
25.0 0C.)

[b)Lisl the foll
CEHH‘ CH4. CHBCGUH and CZH.E.-
(c)Which substance has the higher vapor pressure: CyoHy; or CoH
: CaoHiz O CyoHea?
(4 Marks]

owing molecules in
order of increasi
easing surfa -
ce lension;

Question A8
(a) |dentify the strongest intermolecul

molecules:
(i) CH3C H,0H
(if) CchHzCI

ict which will h
our answer in no

ar force present in the following

ave the higher boiling point: ICI or Br
(4

(b) Pred
t more than two lines.



question A7
por p above a solution of a nonvol
Olalile soly
te at

(a)
25.0°C is 19.3 mm Hg.

is the mole fraction of the solute? (The vapo
F pressure of
pure

whalt
is 23.8 torr at

water

25.0 ocC.)
(n)Llst the following molecules in order of
C3Hg: CH4, CHgCOOH and C,H,. increasing surface lension:

(c) Which substance has the higher vapor pressure: ¢, 1
« Laoliy OF C3|]HH?
[4 Marks)

question A8
(a) |dentify the strongest intermolecular for
ce present in the followi
owing

molecules:

() CH;CH20H

() CH3CHCl

ch will have the higher boiling point: ICI or Br;

(b) Predict whi

Explain your answer in not more than two lines.

Marks] 4
question A9
(a) For compound A, 5-isnpropyl-2.3-dimethy|oct-2-ene;

(i) Draw a line-bond formula.

(i) Give molecular formula.

(iii) State the number of allylic hydrogens in A.

== oUR TEANM WINS



W

B4 :
Question the following reaction in solution which was studied and

[I]'::::iiaermrluvdng data. Determine the rate law,. [5 Marks)

2;-(;“?] +Szﬂ§- — I;(aq) + 250}_(“#}

et SO0 T .

R “on " ke

.l T ook vl | B TS ———

B L N TT T e ——
0.050 | om0 ;_ - ST

Y O L.

| Oow | 6.03) J;“ O

(b)At a particular temperature, 12 mol 50
. ' is |
rigid conlainer, and the S0, djssociale;(i:: th:r:eq Int_u a3.oL

S50;(g) = 250,(g) + 0,

At equilibrium 3.0 mol 50, is presen|
. Cal i
constant, K for this reaction. Fetsthe equﬂlbri;;mm
arks)

(c) The activation energy for the d
ecomposition of 4
I, (_93 is 186 kJ/mol, and the rale constant at 555!((.?; ;351;::9 e
10L/mol.s. What is the rate constant at 645 K? | [4 Marks]

(d)Calculate K, fo i '
sp 107 Pb3(P0O,),(s) with a solubility of 6.2 x 107 2mo/L.
[3 Marks)

[Total: 15 Marks)



sECT
OMN A "U" M

ANSWE
R AL |
LQUESTIONS IN mm sEC
o a8 SOV

e beak
€rs shown below have ditterent pre

o~

\’W "”"‘; K‘ "’

s nree peakers intg
. uppose you pour the wale a 'lhB conlainer "
ontainer. What would be e m figures?
report !s’tﬁ“ L ani igures
ported to the correct number ©
onsanto. has the fory,

, a h tur T

r l'rorn

C3HgNOsP. How many molec
Roundup? l
4 My,
f —
QUESTION A2
n and hydrogenis founqy

ade up of only c2
n 1.50 min. Under the same con

A flammable gas m
rier in
< an equal volume of bromig

effuse through a porous bar
of temperature and pressure.
vapor 4.73 minto effuse throu
mass of the unknown gas.

it take
gh the same barrier.

(a) Calculate the molar

t the name of this gas.

(b) Sugges
4

g2|Ppage WE ONLY WIN, WHEN OUR TEAM ¥



Question B2

Given the following galvanic cell at 25°C and K, for this reacyj
279 x 107, Pe(s)|Cr?* (0.3M), t:r‘“‘(211:'4)1lCO*“'(u.am'u)lca(ml1 ’
s

(a)Draw a fully labeled cell diagram for the above notation
(b)Write a balanced overall cell reaction. ' (€]
(c)Calculate the cell potential € and 13
(d)AG for this reaction at the given temperature. 3
Question B3 13
(a)Hydrogen has a red emission line at 656.3 nm, what is the ener
and frequency of a photon of this light? oy
(b)Refer to the periodic table arrange the following in order of H
increasing atomic radius: Al, C, Si. 13
(c) Show using appropriate orbital energy diagram that the elements C
emical Properties. Justify in one Sentence.

and Si have similar ch

(3)

r the molecule H,0:

(d)Conside
()  Drawthe Lewis structure of the molecule and determine s
geometry about the central atom using the VSEPR madel.
2]
(i) Determine the hybrid orbitals on the oxygen atom using an
me to justify the geomelry

appropriate hybridization sche
identified in d(i) above. 2]

ic acid)
ted

[3]

COOH, also known @5 glacial acet
ration of 17.54 M. If 8.55 mL of pure acid are dilu
the ethanoic acid concentration?

(b)If 26 mL of this diluted ethanoic acid in (a) has pH of 2.74.
he solution? [2]

(i) What is the hydrogen jon concentration int
(ii) Calculate Ka for ethanoic acid. [4]
(c) If 13.29 CH,COOHNa are added to the 800 ™

what is resulting pH?
E ONLY WIN, WHEN OUR TEAM WINS

L, of solution in (b)

16| Page W
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uUESTION AB
und hydrazine, N, M, (structure shown below), is ot
l ‘Qu-.u

The compo
d as a rocke! fuel,

which Is use

N /
N—N
7 N
H H

in the table.

bond enthalpies are given

Some

391

Calculate the enthalpy change for the oxidation of hydrazine (eqy,y;
shown below), using the bond enthalpy values in the table, tion

NoHasn+0200) = N2@o) * 2H,0,

[4 Marky)

—

QUESTION A6

tor of an automobile contains 12.00 L of water, how much
e lowered by the addition of 5 kg of Prestoy
How many Kg of zerone (methyl alcohol,
Id be required to produce the same
constant, Ky = 1.86°C/m.

If the radia
would the freezing point b

(glycol, CzHy, 32.0 g/mol).
CH,0H, M, =320 g/mol) wou
result? Molar freezing point depression

Assume the density of water = 1kg/L.
[4 Marks)

64|Page WE ONLY WIN, WHEN OUR TEAM WINS
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STION B3 :
(:;EA voltaic cell IS based on the ff.-llomng
o 2l e = VOl 100 E =100,
E — -_0.?0 V

Inity +e” 2 2NGs)

The conditions in
20 M), [H*] =005

()

(i)

(b) When 25.0ml
of 0,025 mol of Na

the cell were temperature 25°C, [y o+
M,[VO]** =001 and [Zn®*] = 0’1;

Calculate the Ecell E mﬂrkq
Calculate the reaction quotient. 2 Mafka]
Draw a fully labelled cell diagram of this voltaic ceﬂarks}

[4 Mark,

of 0.025 mol of HCI at 25.0°C Is added to 25 ¢
OH at 25.0°C in a foam cup calorimeter 'a b

reaction occurs.
lpy change (in kJ) during this reaction

(i)

(I

Calculate the entha
the highest temperature observed Is 32.0°C. Assume the

density of the solution is 1.00 g/ml and C,,, of the solution |
g

4,184 J/g°C. [4 Marks]

Redraw and complete the reaction profile diagram for the
above reaction. Include labels showing the standard

enthalpy change of the reaction, , and the activation energy
Ea. [3 Marks]

arhelay ©
£l reed*

m“ﬂﬂw

[Total: 15 Marks]

68|Par
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SECTION B
ANY THREE QUESTIONS |,

B1 AND
msfﬁﬁ‘éﬁi‘é?ﬁme MAIN ANSWER BOOKLET
—

—
QUESTION B1 -« experiment, a 22.5 cm® aqueous Soly

a) In a volumelric = ntration 0. 12 mol/dm?® is til
: oxlde of conce ] rateq
:L g?nd::nhay:‘j cous solution of ethanoic (acetic) acid of unkngy,
concentration ation for the reaction between sogj,

: lanced equ . .
(i) :‘;’&‘fﬂ;g’: :nd ethanoic (acetic) acid Including state

symbols. ;3 Mam]

s of sodium hydroxide in the

Calculate the number of mole
[2 Marks]

iitrated 22.5 cm®.

iy Determine the concentration qf ethanoic (acetic) acid if the
® following set of titres was obtained: (1) 8.82 (2) 8.50 and (3)
8.63 cm?. Give your final answer to three significant figures,

(il

[4 Marks]

(b) Itis not advised to put sodium hydroxide solution into the burette
when conducting a volumetric analysis experiment. However, it
was put in the burette during the back titration experiment.

(i) State the risk that putting sodium hydroxide in the burette

poses.
[1 Marks]

(i)  Mention why this risk arises.
[1 Marks]

(i)  Write an equation for the reaction that produces this risk.
[1 Marks]
(c) In the experiment to determine molar mass of a volatile liquid,

draw a fully labelled apparatus set up for this experiment.
[3 Marks]

[Total: 15 Marks]

1 WE ONLY WIN, WHEN OUR TEAM WINS




a . (ollowing data to answer lhe questions about this reaction

uaa)lh+ 38 (9) = * 2C (g), which is carried oul in a 1.0 L container at

Al

25°C _

o [A] (m) [B] (m) | Initial Rate of

formation of C
(M/min)

—71 0.1 0.1 0.25

—2 . 0.2 0.2 2.0

—3 0.1 0.2 20

-

(a) For experiment |, give the initial rate of disappearance of A and B.

(b)Determine the orders of reaction with respect to A and B.

[4 Marks]

Question A7
Given the following equations and their AH? values;
2CH;0H(I) + 302(g) = 2C0;(g) + 4H,0(g) AH® = —305.4 k)

HCOsH(D) + 1/, 02(9) - €O;(g) + H,0(g) AH® = —65.2 k]
Calculate AH® for the reaction:
CH,0H(l) + 0,(g) - HOH(g) + H,0(g)

[4 Marks]

Question A8

A recent analysis has shown that a certain variety of grapes contains
28% sugar by mass, Assuming that sugar (formula C¢H,;06) is the only
solute present and that water is the solvent, at what temperature will
the grapes freeze? [Note: H,0K, =1.86°C kg/mol] [4 Marks]

S1|Page WE ONLY WIN, WHEN OUR TEAM WINS



USEFUL DATA

Physical constants

Avogadro constant, N,
Acceleration due 1o gravity

6,022 AT E

oy’ - 98my’
Faraday’s constant, | 96485 C mol
Mass of electron, m, 9.1 210" kg
Planck's constant, h 6.626 x10*) s
Rydberg constant, Ru 1.097 x10' m’
Speed of light, ¢ 3.00x10'ms’
Universal gas constant, R 8.3145 ) mol'K*
0,083145 L bar mol 'K
0.08206 L atm mol' K
62.364 L orr mol 'K
62.364 L mmHg mol 'K’
Pressure conversions bas
2760 tory = 760 mmHg = 101325

] atm = 1.01325x 10 Pa= 1,01325x 10N m



pstio” ;S

der re?ctian has a rate constant, k, of 2.00 x 10~’s™"
e the imeé when only 1 percent of reactant remains. |

v

ﬁrSt'o
|5ulal

sostio” AT
5atufat°d solution of Ag2Cr04 has the following equilibrium reaction:

A

Angfoi (5) + Hzﬂ(l) = 2Ag+(aq) + Cr‘z- (aq)

he sol
5ﬂ[ubilit

ubility product .Df Ag,Cr0, is 9.0 x 10-12 at 25°C. Calculate the
y of AgzCr041n 0.0100 M k,Cr0; solution.

auasﬂﬂn A8

NHACl is an acidic salt, K, Of NH is 1.8 X 105, Calculate the pH of
0.010 M NH,Cl solution.

calculate the freezing point in Kelvin of a solution containing 18 @
glucose (Mr 180 g/mol) and 68.4 g of sucrose (Mr 324 g/mol) in 200 9
water. The freezing point of pure water is 0.0 °C and Ky of water is

pound: Z-Bromo-B-chloro-A-

(a)Draw the structure for the following com

(1 -methylpropyl) nonane
(b)Provide the TUPAC name for the following compound:

oH




'

a A photon has both wave-like and particle-like

@) we call this phenomenon? Properties, What do

[1 Mark]

p) What are the possible values of the magnetj
for an electron in a 3p subshell? e quaﬂluﬂgzn;mb:r
arks]

(c) For sodium metal to emit electrons, the metal must be irradi
with electromagnetic radiation that possesses energy o;r:ldllea:?
220 kJ/mol. What is the wavelength of this radiation in meters?

[4 Marks]

(d) Using noble gas configuration (short hand notation), give the
electron configuration for arsenic. [2 Marks]

(e) From the list of molecules below, select all the polar molecules
and list them from left to right in order of increasing molecular

dipole moment.
[3 Marks]

CHg Cl, CH:; F, CH4 CO;,, CH:; Br

EPR theory, draw and name the molecular shape of the

Using VS
& listed first).

§02- ion (Central atom
[Total: 15 Marks]

EN OUR TEAM WINS
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Question B4
Use the following information to answer questions below.

| $03-(aq) + H,0() + 2¢7 = S0F"(aq) + 2017 ;ut;‘-‘s"ﬁv
= - = Mn0}~(2q) 56
: ::g;‘(?:;::}izqg;t ‘2:'(:-- Mn0,(aq) + 40H™ (aq) +0.59 y
4 Cr,0%(aq) + 8H*(aq) + 5¢” = 2Cr** (aq) + 7H20(1) +1.33y
5 2H" (aq) + Oa(g) + 2¢ # H;0:(2q) +0.68V
6 MnO;(aq) +8H*(aq) + ™ & Mn?*(aq) + 4Hz0() +1.51 v
7 H;0:(sq) +2H'(aq) +2¢ = 2H,0() +1.77y
8 FeD2~(aq)+8H (ag) * 3¢ ™ & Fe**(aq) + 4H:0() ~2.20V

(a)

(i) Give the formula of the species which, under standard
conditions, is the strongest oxidising agent. [2 marks)
(If) Calculate the standard cell potential, £° cell, for the following

reaction.

2Mn0; (aq) + 6H"(aq) + 5H;01(aq) 7 2Mn™"(aq) + 502() + 811,0()
[4 marks)

(b) The mass of ethanol in 5.00 cm ofwhite wine is found by oxidising
the ethanol to ethanoic acid using acidified potassium dichromate(VI)
solution. The excess acidified potassium dichromate(V1) solution is

then determined.

step 1 5.00 cm? of white wine Was diluted to 100.0 crn3 with distilled

walter.
tep 2 10.0 cm® of acidified potassium dichromate (V1) solution, of
concentration 0.0150 mol dm=3, was placed in a conical flask with

CamScanner



TIONA7
he quuid-snlld equilibrium line in the Phase diagrq

Tgative slope and that for €0, slope |s pusiuve? M of waler has a

What does ths imply?
[4 Hark;]

—

~JESTION A8

0 g of substance A decomposes for 3 m;
If 3 a]ﬂing unreacted Is found to be 0-3?56;“\:{:1‘:5 mass of A

m
::actiun if it follows first-order Kinetics? Lis the half-life of this

QUESTION A9 =
Name the functional groups in the following structyres

i \
0 /H,OH (i) Q Y
o HO 0

AR analgesie

[4 Marks]

QUESTION A10
Provide the IUPAC name for each of the following molecules shown

below:
OH

) ~MY " O\/

[4 Marks]

e ONLY WIN. WHEN OUR TEAM WINS
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on A°

g 4 nple decomposition reaction
{h

AVTOREL

U
i -
wisrate = k[AB)?, and the rat
o e constant, k, Is 0. .-
r9 iong Wil take for [AB] to reach 1/3 of its initial conceno 2?2:::;; l'

{’]Expla'.n :m:” Blra;nol (C.HsOH) dissolves in water.
name the tWo ntermolecular forces involv
gissolves in water. ed when ethanol

auasﬂﬂﬂ A7

¢or the reaction: N0,Cl(g) + NO(g) NO,(g) + NOCI(g)

e-exponential factor, A, is 1.00 x 10" M~1s~! and the activation

the PT
of 40.00 k J mol™*

energy
The rate equalion is first order in NO,C! and first order in NO.

a) Write the rate law for the reaction.
(b)Calculate the value of the rate constant, k, at 500.0 K and its units.

Question A8

Calculate the concentration of C0; when a drink

Soft drink fizz opening.
is bottled at 455.76 kPa. For CO, in water, Henry's constant, Ky, is

3,356 x 10~* M/kPa.

13| Page WE ONLY WIN, WHEN OUR TEAM WINS

R __ N



st RS- =
) what are the units of the rate con
* stant for th
— e followi
N0z Rate = k [No,)? 9 feaction?

iculate the rate at wh

P ch N,0, |

\he moment in ti 4 is formed

A -3 time when N0, is bel in the following react
eo

nuestinn AT

consider the following reaction:

0@+ H,0(g) = C02(g) + Hy(9)

has 2.50 mol C0; and 5.00 mol €0, and H; gas al

Ifa 10.00 ! vessel
will the reaction proceed? (ke = 31.4 at 568 k)

g8 k, which way

question A8
If 1529 of NayS04 ar€ dissolved in 8759 of H,0, what will be the
ting solution. Assume 100% ionization

freezingd point resul

Kf = 1.56"(:/1'11
question A
provide the IUP C name for each of the followingd compounds
TL _’j\
o ® =
(»)
2 oH






tlon A9

Quos
de the IUPAC name for each of the molecules shoyy, b
Provi
0
Y M
(@
HO
- b
(b)
[4 M"fks]
Question A10

(a) Write the bond line formulae corresponding to TUPAC nameg,
Ethyl 4-aminobutanoate

(b) Consider the molecular structure of the drug Atenolol, used fo
ireatment of hypertension (high blood pressure).

OH T
N
/W\/O /’0\/]\\/1 \l/
HN Atenolol

Redraw the structure of Atenolol molecule, circle all functional groups
and name them. [4 Marks]

52|Page WE ONLY WIN, WHEN OQOUR TEAM WINS
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n B3
" standard electrode potential, ED, data
(a iential for the following reaction:

l; + 20H~ = Cl™ + ClO~™ + H,0

1o calculate the celi

(2 marks)

) ion Is unstabl
(b)''}l:t:g.“‘:..-.t:‘::1 lorate(fylon s tnstable and decomposes when heated as
shown.

3¢l = 2C1~(aq) + ClO3 (aq)

(i) Calculate the oxidation number of chlorine in each species

3
(i) terms of electron transfer. State what happens to cﬁlnrr?:g:]
die (1 marks)

(c)A half equation involving bromate (V) ions, BroO73, and bromide ions
is shown.

Bry (aq) +3H0(1) +6e™ = Br~(aq) + 60H" (aq) E® = +0.58 v

(i) An alkali solution of chlorate (1), CI~, can be used to oxidize

bromide ins to bromated (V) ions. Write the equation for the
spontaneous reaction, (2 marks)

(ii) Draw a cell in which this reaction will occur and label all the
parts. (5 marks)

(iif) Write the shorthand notation for the cell. (2 marks)
(TOTAL: 15 Marks)

45(Page WE ONLY WIN, WHEN OUR TEAM WINS
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t of temperature on the ra

. t on the effec e0r,
(c) The experimen . The rate law for the rgqq,. ' "acy
was performed in the laboratory “on i 9“‘&?
below:

t 2~
constant _ k[H*]™[S,503 (aq))n
t

(1) In the rate law equation, what is the name of the terp, 0

d side of the equation. ’ 1
(i) LT:at mathematical rule or manipulation is done on the rate . 1)

1 the le.

' = Wlo

obtain a linear equation with y =-Intand x = |/T? [2]

(ili)  Write the Arrhenius equation. . 2
(iv) Given that £, =.801 x 10* J mol

Calculate the slope b in the linear equation, 13
Question B2
(a) State Grahams Law using the formula format.
(b)Nickel forms a gaseous compound of the formula NE(COJX. If
methane (CH,) effuses 3.3 times faster than the Compoung, Under

the same conditions of temperature and Pressure, calcylate the
value of x,

bromine vapor 4,73 min to effuse thro

€ molar mass of the
(1) Suggest the name of thig gas.

34 )|p
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QUESTION AS
Powm hnlnw}. % n l-q.‘“’

Thﬂ com
pound hyd
which Is used n!l,:l ::z::t:.':;'”. (structur® L

H H
~ e
/N--N\_

H H

Some bond enthalpies are given In the table.

N—N 158
0=0 __ne
Nt 945 —
H—0 s asA
N 391 |
Calculate the enthalpy chang® for the oxidation of hydrazi
shown below), using the pond enthalpy values in the tabl:: ¢ fequ;-‘.
NoHa+02@ ™ N + 2H20(, |
14 My

—

—

GUESTION A6
mobile contains 12.00 L of water, howm

If the radiator of an auto
be lowered by the addition of 5 kg of Pr:

would the freezingd point
H,, 32.0 g/mol). How many Kg of zerone (methyl alcok
d be required to produce the san

— 32.0 g/mol) woul
ression constant, Kr = 1.86°C/n

result? Molar freezing point dep
[ =1kg/L

[4N:

e
g TEAN W

WHEN ou



gtion ¢ -
Jder the {ollowing Gaseous reaction: '
Gol'l

" 50:(9) + C[;(g}
SGIGHWJ

ant | Initial concentration (moi
W dm™3)

aue

0.100

2

0.300
J

}Dewrm]ne the rate Law for the reaction
3

[b]ca'lculata the rate constant for the reaction solution

ﬂuaﬂlﬂn A6
calculate the enthalpy change, AHR for the reaction

aNH4(g) + C02(9) — NHCONH,(s) + H20(1)

Enthalples of formation
substance AH (1 k.J mol™?
NH5(g) —46.2
€0,(9) - 3935
NH,CONHa(s) ~ 6322
H,0(1) - 2858 4

31|Page WE ONLY WIN, WHEN OUR TEAM WINS
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4 THE wve > =" -
SCHOOL OF NATURAL SCIENCES
D ENT OF CHEMISTY
2 1 ACADEMIC YEAR
FINAL EXAMINATIONS

pUCTION TO CHEMISTRY

=
m
n
P
A
-
=

1.
(2) sections: Aand B

pooklets: )
er consists of two
tions. Questions carry equal

This examination pap
gection A has ten (10) short answer ques

marks.
(To{al marks 40).

ALL QUESTIONS |
KLET

2.
3.

N SECTION A IN ONE SEPERATE MAIN

ANSWER
ANSWER BOO
gection B has five (5

marks.
(Total marks —

ER QUESTION g1 AND ANY THREE QUESTIONS IN
SEPARATE MAIN ANSWER BOOKLET.

EMINDED OF THE NEED TO ORGANISE AND PRESENT

Y AND LOGICALLY.

6. Please be reminded that it is your responsibility 10 ENSURE that you have
Ten (10) printed pages containing questions Al to A10 and B1 to BS.
ADDITIONAL INF RMATION TO THE CANDIDATES:

Useful data is provided on page 11
Periodic Table of Elements is on page 12.

) long answer questions. Questions carry equal

4.

60).
ANOTHER

ANSW

61|Page WE ONLY wiN, WHEN OUR TEAM WINS
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‘

QUESTION BS
(a) Natural gas, @ widely used energy resource, is a gy

mixture of hydrocarbons including largely methane andushb"*

proportion of propane. Give a balanced equation fo o r: :m%‘:

combustion of propane in excess oxygen, 131:4 ey
afkq
(b) Several constitutional isomers can be written for molecuyy

CsHi00- “
(i) Calculate the 1HD for CsHy00 and state all possibje

interpretations, include possible functional groups s ey

(i)  Drawa cyclic secondary alcohol with the molecular formy,
C<Hy00. [2 Markg)

(i)  Draw a ketone with one methyl group as a substituent wi
the molecular formula, CsH00. [2 Marks]

(c) A compound with a general formula, C,H,, may be either an
alkene or a cycloalkane, Some of these compounds exhibit cis &
trans isomerism. Write down 3D-slructures of the isomers (include
the stereochemistry) and give IUPAC names for 2-butene.

[3 Marks]

[Total: 15 Marks]

o

Tnln"lﬂn L -
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Question A7
essure of a solution at 298 K containing gg

What is the vapour pr
)in 600 g of water? The vapor pressure of B

glucose (M, 180 g/mol
water at 298 K is 0.03173 bar. 14

Question A8

Calculate AH,qp for ethanol, given vapor pressure at 313 K =

0.19999 bar. The normal boiling point for ethanol is 351 K,

Question A9

Provide the IUPAC name for each of the following compounds:

(»)
(4]

Question A10
((:; Write the line formula for 4-aminobutanoic acid
Describe the highlighted carb ‘
Eaidsh s ghlig rbon oxygen double bond of the Ketene,
(c) Provide the stereochemical stru ‘
ki hee tan | ct_ure for the Cis-alkene, CyHg,
nylic and six allylic hydrogens. [4]

32|Page we ONLY wpn



Question B 4
(a) For a first order reaction, A C — + D, at 300.0 K, the concentrayy,

of A was reduced to one half of its initial value after 5000,0 s, Ay
310.0 K, the concentration of A was halved after 1000.0 s,
()  Calculate the rate constant for the reaction at 300.0 K ang

310.0 K. (3marks)

(i)  Determine the activation energy of the reaction (Smarks)

(b) Consider the equilibrium reaction below with a K, of 4.68x 10-6 5
25°C
Ca(OH),(s) + H,0(1 = Ca®*(aq) + OH" (aq)

()  Calculate the soulubity of Ca(OH), inmol L™ (4 marks)

(i)  Determine the PH of the saturated solution. (2 marks)



ed killer solution was prepareq by

ulphate, FeS04.7H20, in water, Th
-3 potassium mangangy,

ith 0.0200 moldm i
” Wl:linar of 25.60 cm™>. The half-equations fo,
urring in the reaction between iron (ll) ang
(Vi) in acidic solution are shown beloy,

(b)In the redoX
dissolving hyd
was then titrate
which had average

redox reactions 0cc
potassium manganate

2+ e3t +e”
Fe?*t — F 2+ 4 4H,0

MnOf +8H* +5¢~ — Mn
s not need an indicator

' is titration doe
i} Give a reason why this titration
; [1 Marj|

(i) Deduce an overall equation for the reaction between iron(j),
[2 Mark:

manganate (VIl) ions In acidic solution,
(ili) Calculate the concentration, in g dm-3, of hydrated iron(l|
[3 Marks

sulphate in the weed Killer solution.
[Total: 15 Mark,

Question B2
(a) Explain the decrease in the atomic radii across the periodic from
[2 Marki

Na to Cl.

(b)Modern plasma television screens emit light when mixtures nobi:
gases, such as neon and xenon, are ionized. The first ionization

energies of neon and xenon are shown in the table below.

| Element [ 1% ionization energy /
kdmol=1
Neon +2081
| Xenon +1170

Gi
nE::_; three reasons why xenon has lower first ionization energy than
. [3 Marks

HEN OIIR TFAM WINS
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THE UNIVERSITY OF ZAMBIA

<cHOOL OF NATURAL SCIENCES
2015 ACADEMIC YEAR

FINAL EXAMINATIONS

" \TRODUCTION TO CHEMISTRY

' TRU(;TIONS T0 ;rHE ‘%ANDIDATES

Sl ate your stu ent 1D number and TG num

f T:;wer booklets. ber on ALL your
tis examination paper consisls of two (2) sections: A and B

" eacli has ten (10) short an .
gection A swer questions, Q
’ equal marks. (Total marks = 40), uestions carry

ANSWER ALL QUESTIONS IN SECTION A IN
ANSWER BOOKLET THE MAIN

" section B has five (5) long answer questions,
Questions carry equal marks. (Total marks = 60).

ANSWER QUESTION Bl and ANY THREE QUESTIONS, EACH
IN A SEPARATE ANSWER BOOKLET.

5. YOU ARE REMINDED OF THE NEED TO ORGANISE AND
PRESENT YOUR WORK CLEARLY AND LOGICALLY.

6. ENSURE that you have eight (7) printed pages and Periodic Table.
ADDITIONAL INFORMATION TO THE CANDIDATES:

3. Useful data is printed on page 7 and 8.
_ Periodic table Is printed on the last page
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-
id

Question A9

A sample of 0.500 g Of hemoglobin, & non-electrolyte, was dissolveq i,
water in a volumetric

Nlask to give | .00 L of solution. The osmotic pressure of this solution
was then measured at 250C and found to be 1.776 x10-3atm,
Calculate molar mass of hemoglobin.

Question A10
(a) Provide a line-bond structure for 4-tert-butyl-7-methylnona-1 3.

dien-8-yne. * '
(b)Give the IUPAC name for the following molecule:

ge 'WE ONLY WIN, WHEN OUR TEAM
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¢ Lab you performed a chem|
h the rate of ¢

" perature on ea
temP

0 ction at different temperayre
rga

cal kinetics ex
Clion. In tha ex

S Was given by

periment on the effect
periment, the rate of

stant .
teo = = - K" (aq)]ps,s02 (ag)]5
pa

In the experiment, how was the reaction time, 1. changing with “[;
@ increase in temperature?

ith
identified in (b) Wi
' equation that relates the Pafiaf:‘:;e;;ﬂ:ﬂon_
(D)WI‘I[B anlure T and define the terms In
temperalure,

1 f — 4.71“ x

a gradient 0 5

f a graph of - In (t) versus 13{1-0? ?:: reagction. (5)

AP |ate the activa
103 Calcu
INS
) wHEN OUR TE
\ 1t M



Quostion B3 )
(a) The diagram below shows a cell that can be used to meagyyg
potuntlal for the half-reaction Fe'* (aq) 4 e

andard electrode
s;ei*(nq) In this cell, the electrode on the right-hand side s

posilive.

H:lw /

~£3
FexSO(eq)
~="J FeSO,(=q)

l L ) e \

Loft hand side Right hand side v

and give its concentration. State one other
for the operation of the standard electrode that
(2 marks)

(i) Identify solution A
essential condition
forms the left-hand side of the cell.

(ii) Identify the material from which electrodes B is made. Give two
reasons why this material is suitable for its purpose.  (2marks)

*". (iif) Identify a solution that could be used in C to complete the circuit.
Give two reasons why this solution is suitable for its purpose.

—_—

(2marks)

CamScanner



jon B2 —~

ost
au ing the VSEPR model, write {hq mole

a)U®

( o Culay 060y

on solving the Schrddinger's wave g o Vo o2ep,,
quallﬂn fol. hydr [2 marh!]

eta number of wave functions wh

ich ar 0gen
quantum numbers. In brief, state ang ) e Charactefiz(}d .
three quantum numbers, XPlain the meg / thre
se the spdf notation (conden

sed -
hromium (Cr). ) o write alions O
(d)BrlefIy State and explain the trend in ionizajo 1 mary
n

radius across a period and down a group ENergy and atom,e
B A 16 marks)

()Y
C lhe coﬂflgm

question B3
(a) (
i) The normal boiling points of die
th
are given below: ¥hether, ethanol ang wae

Diethyl ether 34.6 °C
Ethanol 78.3 °C
Water 100.0 °C

Give an explanation based on intermolecular forces for the
observed trend in the boiling points of the liquids. [6 marks]

wn compound exhibits a vapor pressure of 183,800
Pa at 25.5 °C and 329,840 Pa at 48,8 °C. What is AvapH of

this substance? [3 marks]
(b) The osmotic pressure of a 0.010 mol dm™3 aqueous solution of
CaCl, is found to be 68,293 Pa at 25°C. [3 marks)
(i) Calculate the van't Hoff factor, |, for the solution.
(ii) How would you expect the value of i to change as the solution
becomes more concentrated? Explain. [3 marks]

(i1) An unkno

HEN OUR TEAM WINS
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DDITIONAL INFORMATION TO THE CANDIDATES:
is printed on page 8.

le Is printed on tho last page
SECTIONA

i AHSﬂEBALL_Qu_ESILQHS
Question A 1

the mass of sodium hydroxide needed to make a 5,00 L
rity of 0.400 M.

1. Useful data
2. Periodic tab

Calculate
solution with @ mola

Question A2
wavelength of a helium atom of atomic mass of

What is the de Broglie
a velocity of 1000.0 m s1?

4.003 amu travelling at

Question A3
m of an element, state the quantum numbers that defines an

In an ato
atomic orbital and their allowed values.

Question A 4

ﬁ 500. g copper forceps was accidentally left on a heating mantle until
it had a temperature of 35°C. A student then placed the forceps in 70
ofwater at 22°C to cool it off. Calculate the specific heat capacity of thg
copper forceps if the final temperature of the water was 27°C :

(Specific heat capacity of water is 4.18 J/g. °C).

Question A S

Calculate the cell potenti
ial (£°) for the reacti
wh S eaction belo 1
ether it will proceed in the direction in which it is uTritE::: deLermme
under

standard conditions.

2N
aCl0;(aq) + Cly(g) = 2€10,(g) + 2NaCl(aq)



Question A4
wn to be zero order in A and have a rate

Consider the reaction kno '
constant of 5.0 X 10-2 Ms~! at 25°C. An experimenl was run at 25ec
where [A]o = 1.0 x 10 -3 M.

e integrated rate law for this reaction.

his reaction.

(a) Write th
0-3 s has elapsed. [4 Marks)

(b)Calculate the half-life for t
(c)Find the concentration after 1.0 X 1

Question A5
-3 of Na; PO, . What is the

tion of
[4 Marks]

A solution contains 1.0 x 10~° mol dm
required concentration of AgN03 that would cause precipita

Ag3P04 (K, 1.8 x 1071%)?

Question A6
(a) The enthalpy of formation of NH; is — 46 kJ/mol. Calculate the

enthalpy change for the reaction 2NHzg) — N2(g) + 3H; (9)

(b)When 285 J of heat is added to 33.6 g of hexane, (M, 86.06 g/mol)
the temperature increases by 3.74°C. Calculate the molar heat

capacity of hexane. [4 Marks]

CamScanner



nB5
,a'*“oque“l ysed food preservatiy
p e, P, is made as shown be
low.,

) A

0
+ NaQH ———
P - Q

0 Name the type of reaction.

(1 mark)
(i) What is the structure of P?

(1 mark)
i) Give IUPAC nam
( e for P. (1 mark)

Several constitutional (structural) isomers can be written for the
molecular formula CsHgOBT.

(i) Calculate the DBE (IHD) and state all possible interpretations.

the isomers decolorizes bromine water. Does this

(i) One of

isomer has @ ring? Give @ reason. (2 marks)

(iii) Give 2 line formula for another isomer that is a straight chain
acyl bromide (acid promide). (2 marks



SECTION B
ANSWER QUESTION B1 AND ANY THREE QUEST
IONS
EACH IN A SEPARATE BOOKLET

.r-"".— N

question B1
(a)The reaction of concentraled sulphuric acid with water is hiqh,
exothermic. Describe In one sentence how to dilute the acid

(b)In the |laboratory, redox titration was performed involving the
following reaction;

MnO; (aq) + 5Fe?* (aq) +8H* (aq) = Mn** (aq) + 5Fe** (aq) + aH,0(1)

The reduction reaction takes place in an acidic medium (H*). In the
experiment sulphuric acid was added to Fe?* solution in the conical
flask. At the stoichiometric point or equivalent point, Fe?* completely
reacted with potassium permanganate. The same redox reaction above
can be used in a galvanic cell under condition of dynamic equilibrium,

(i) Describe in one sentence, in terms of number of moles, the effect
of adding sulphuric acid to Fe2* solution in the conical flask. (2]
(if) Name the indicator in the titrate on and how the end-po int s

detected? . | 12
(i) Listthree chemicals in the half cell reduction reaction below,
required for the half cell to be in dynamic equilibrium. [2)

MnO; (aq) + 8H*(aq) + 5¢” = Mn**(aq) + 4H,0(1)

33|Page WE ONLY WIN, WHEN OUR TEAM WINS
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SECTION A ANSWER ALL QUESTIQN e

Question A1
A sample of nitrogen gas, N,, is collected in a 100 cm? container g .
temperature of 565 °C. How many gram.

pressure of 91,726 Pa and a
of nitrogen gas aré present in this sample?
Question A2

of helium in the morning when the

A balloon is filled with 35.0 dm?
he temperature has risen to 45,0°C

0°C . By noon t

temperature is 20.
lume of the balloon?

What is the new VO

Question A3
e wavelength of light required to excite the

Calculate the energy and th
hydrogen atom from level n=1 to level n=2.
' 1 +

1

Question A4
) are shown below. Which

Two structures of sulphuric acid (a) and (b
structure is the correct One? Justify in one line.

() =p
HYH 1
T r 10:

10:

Question AS
The rate law for the reaction, 2Cl,0 = 2Cl; + 02 at 200°C is found to
be, rate = k[Cl,0]?. Let the initial concentration of Cl,0 to be 0.10M

(a) Calculate the rate of the reaction, if the concentration of [Cl,0] is
reduced to one-third of its original value?

(b) Determine the concentration of [Cl,0]), if the rate is doubled.
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