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General Instructions

1. Read all instructions carefully before answering the questions.

2. This question paper consists of four (04) questions in seventeen (17) pages.
3. Answer all parts of all questions. All questions carry equal marks.
4. The answer for each question should be written in the space provided.
5. Draw fully labeled diagrams where necessary.
6. Involvement in any activity that is considered an examination offense will lead to punishment.
7. Use blue or black ink to answer the questions.
8. Clearly state your index number on all pages of your answer script.
9. Use of non-programmable calculators will be allowed.
10. Mobile phones and other electronic equipment are not allowed. Switch off and leave them
outside.
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Question 1

A Ba(OH), solution with an unknown concentration was given to a student. The concentration
was determined using an acid-base titration. Using a ‘2" mL of 1.00 M HCl stock solution, 100.00
mL of a 0.10 M HCI s solution was first prepared and standardized using a Na,COs3 solution. ‘y’
amount of Na,COs solid was dissolved in 250.00 mL of distilled water to prepare a solution with
0.10 M concentration, which served as the primary standard. emo¢sion wisigerwnal w8
Ba(OH): ¢dwmon Gexeomnd @ 0 @8 ¢Oe-ndd an®omen ©dnewss @osls o
B oo ®0n) @ed. 1.00 M @sdgenwn 08m HCl gdeswdis? 'z mL wdnn @3, 0.10 M HCI 100.00
mL ederen BEwE @d NaxC0s es@®m D anw wdm md®s auy®inmw mm 8. po8m addn
D W eEw B 0 0.10 M wosfcens wlfin o®® Na,CO;3 250.00 mL cdenwst BEousg BT
wewo NaxCOs e Y’ g@renw gogm SEed 2w w0 ¢m.

(i) Calculate the molecular weight of Na;CO3 and report your findings to the fifth significant

o~ [

figure? (Atomic masses: Na-22.98 g/mol C- 12.01 g/mol O-16.00 g mol). NaxCO3 /8

3 FHBIVG GBmH® WO VD ©wwmBO 8uEDB) w8 Grmwd Dalimo ®OsID.

(7 marks)

(ii.)  Determine the ‘y” weight of Na,COs3 required for preparing a 250.00 mL solution of 0.10
M NaxCO3 and report the result to the third significant figure. 0.10 M NaxCO3 250.00 mL
®» D@men wme BBO wewo adon NaxCOs; 8 'y’ 9d Bbosw md o8 8En0 end#
23080 Dolmo mSsID.

(6 marks)
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(ii.)  The precisely measured Na;CO3 weight was 2.70 g. Determine the precise concentration
of the prepared solution, and then report the result to the second significant figure.
B0 08 ¢ NaxCO3 /edmaddde 2.70 g Brt, omed mE cdaned BoDes e53¢emnw
B mOBTD, 9ol gBOE® @cdn e8Gemwd Dr8m mOBIw.

(6 marks)

(iv.)  How much 1.00 M HCI stock solution is required for preparing 100.00 mL of 0.10 M
diluted HCI solution? Report your answer to the fourth significant figure. 0.10 M mzmm
HCl gdemewnsy 100.00 mL of oo 88 eews 1.00 M HCI sozle cod v emn®es
u®enwn gdase? wmEDD B8O mwd Bed BEBS Hulimm mds3n.

(5 marks)
(v.)  Calculate the dilution factor mzy 265 E¢ dm@ ©oHIG ®SBID.

(4 marks)

(OS]
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(vi.) 10,00 mL of 0.1 M NayCOs3 solution and the methyl orange indicator in the Erlenmeyer
flask were titrated with the prepared diluted HCI solution. Write the balanced chemical
equation for the reaction between Na;COj3 and HCL. HCL. 0.1 M NaxCO3 godened 10,00
mlL o e®BE m®E cSame Erlenmeyer 8@3@@82&’ BDED BOD W OB (B¢ BT
HCl go0emw 00w an@iome mdm @& NaxCO3 ww HCl ¢nd B85 wd wews odnfn

JesnwBm w®mcens Sousim.

(15 marks)

(vii.)  He noted that following the three trials of the aforementioned titration, the average
amount of HCI consumed was 20.10 mL Calculate the accurate concentration of diluted
HCI and report the answer to the first significant ‘ﬁgure. QD wcwst gH©Insy REBBT
oD, BEeww mE HCl 8@ wo®wnss 20.10 mL 20 8y wans’ medsw. mmm HCL
8 B8 worsTeens ©enmw 0 B8ENC 68 w38Gremnd Dalim minim.

(10 marks)

(vii.) The Ba(OH); solution concentration was determined using the phenolphthalein indicator
and 20.00 mL of Ba(OH), solution in the Erlenmeyer flask using the secondary standard
of diluted HCI solution concentration above. The table below includes the tabulated results
of three trials. Calculate the transferred volumes in each trial and report them in scientific
format. Show the calculation of the transferred volumes with trial 1. gon 8wdel BEeme
mE s3genw o8n nrym HCl ¢@deas. BendddnlsY ¢csamew wy Ba(OH), ¢demw
20.00 mL = ©08m0 6853 Ba(OH): ¢dened wisicens Bdemw mon 8. ovn Doed
BO modoem e 00, Ot O gfwc NHEe® wibnmo § w880 Ba(OH), wodmn §
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880 wwmme mS D Bensi®m amaBensy Dulmy mosTm. gofve NES | wdw

o8 § u8@dst vemmw mJ erstDym.

Initial burette | Final burette
Trial reading (mL) reading (mL) Transferred
( 0.05 mL) (+0.05 mL) volume
(mL)

1 0.00 30.50

2 - 1.50 23.90

3 10.30 30.40

4 2.30 20.40

(09 marks)

(ix.)  Which transferred volume can be the outlier in this experiment? ©8m0 § m®z 80

o®® g NHEE® & aend®mw Bw wihle?

(1 marks)

(x.)  Write the balanced chemical equation of HCI and Ba(OH): reaction. HCI eseo Ba(OH)»
gm0 BB woed eORBm cwwBm wdmsan Cwrim.

(12 marks)

(xi.)  Calculate the concentration of the sample of each trial from the three volumes you

selected and tabulate the data. Demonstrate one calculation with respect to the one

titration volume you selected out of three and report the answer to first significant figure.
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O 08 g M Be® wdoeE DEL VD endcrns 888 B GeE BTGB OGHDW
D0 eim Dpom OB, B 0nddh 0o Ol 88 DO GeEd wWIsTgenn ®emw BOV
Bosens 06 3G 008010mwd B8EnT Dibmr mosinm.

Transferred
volume Calculated
(mL) Concentration (M)

............................................................................................................

(12 marks)

(xii.y Calculate the average concentration and report the answer to first significant figure.

80253 THEwWE @®)sw ©GHG WO BERT BE ol wd Dalim mInim.

(5 marks)

(xiit.)  Calculate the sample standard deviation for the concentration using the equation given
below. Report the answer to first significant figure. own ¢ ¢ w@moenw
©OHEWSEY I e e Buid ©OOD guedHG VWMDY WOBIB. BEE w8 rmwd

BEnT Db mosin.

s -Standard deviation, xi - observed values, x-sample mean, N - number of observations
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(4 marks)

(xiv.) Report the concentration of Ba(OH); in scientific format. Ba(OH), exnsfgenw Sesosi®m

GaBewsy Do8mo O,

Question 2
Answer both Part A and B.
Part A

(i) Indicate whether the following statements are True (V) or False (X).

swm g oo (V) ¢ guwos (X) ¢ osIs ¢wosis.

(4 marks)

Statements

True (\) or
False (X)

a) You can smell some selected chemicals in the lab. 20 deawsnemded
0 NEw v e endconsd dwiwBm D1 BSvwm O &

b) If you spill acid on your skin immediately wash the affected area with

Seewsy ewd »wisIm

¢) you need to wear safety glasses only when you are doing a chemical
experiment in the laboratory. ®9 Seowmweded e m asfme GO
(experiment) 0z O v®end o8 wedsd oelo gno

d) "Soft" glass is made of borosilicate glass. "®ag" 8¢6; 00fecdBEemld
Beor OEwT woco @

¢) You can place a hot beaker directly on the laboratory desk. @80
Ce0wz®0 @®ww On ¢enu® Imiund mPw B

(15 marks)
7
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(11.)  Identify the four colors of the fire diamond and explain which hazard they represent.

88  LwdsiBed (fire diamond) 88en wnd weroevs dor Bewltme mon arimdn
81188 mosiv.

Colour/ &8 e Represented Danger /

BCroann D5 guImCow

(iii.)  Identify the correct measuring device you should use to carry out the measurements
underlined in the following procedure.
vwm Fw 80ded wIsY 98 ¢y aB B5® Bg BBO wewn A Wodow ®E Wn BO10E
O® comdens wern Osin.

2.000 g of leaf samples were transferred into the mortar and pestle for the carotenoid
extraction. 1.0 g of Na;SO4 was added to the leaf samples and properly ground. then, 25.0
mL of acetone portions were added to the ground leaf samples. 10 mL of acetone extract
was transferred into a separatory funnel and 25.00 mL of petroleum ether was added.
1@0030NBH Bdwrdwmw waw eme w®ac 2.000 g o D.-onde ww @@f@“@m@ OSelt
0z @& NaxSO4 1.0 g & 05 00@sEdE0 don 3 BB 82 a®d oziown 8. guiued,
vy w@oEOE0 ¢BeddsY 25.0 mL dmn mdn 8. g B8eddsY wdw 10 mL & gBEemd

(separatory funnel ) ®c; »o» ¢ gnd esePEw® End 25.00 mL = dwn md» 8.

Measurement/ &z © Measuring device/ Sm®
CODOEHL

2.000 ¢
1.0¢g
25.0 mL
10 mL
25.00 mL

-~

(15 marks)
8
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Part B

(1) Circle the functional groups and label them in the following molecule.

swm geaedd Bwomb wredd) 6O® wd (circle) wermnonsinm

HO_ O

(ii.)  Three chemical tests are carried out on an unknown compound X.
@NEBIBN CewBm weewdvws (X) @n dwaBlm sdfse nove Be emed.

Test 1:  When Brady’s reagent (2,4 -dinitrophenylhydrazine solution) is added to X, an
orange precipitate is observed. Brady's reagent (2,4-dinitrophenylhydrazine ¢®encs) X
OO vwn g DO, mBE gdfedunwit Blfveans @d,

Test 2: When X is heated with an acidified solution of potassium dichromate(VI), no
change is observed. X, ©®00:80:® 28emde®d (VI) p®Bm cdenny wdw onf we 50
BB 0ODHBE (O 0NE1ED.

Test 3: When X is added to an alkaline solution of iodine, the formation of a pale yellow

precipitate is observed. w@dw gudsl dmwmd X dmn e 80 »v gdfedows

(pale yellow precipitate) @ 88® B8sens @O.

(a) Explain what can be deduced about the functional group present in X, by considering
the results of each of these tests.0®® o= O 8BFeendE yBOE vEm IEe®x X
8 B 5ol wedthu® BENCD Bodme mosin.

Test 1 —

Test 2 —

Test 3-
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(b) Give the chemical formula and the smell of the product with pale yellow precipitate
for test 3. oB8Fven 3 wow DY gdWedvun wBn Cwwd® w.ewlned Jwwdim
QB 0w BOC ECBIB.

(25 marks)
(1) Give the balanced chemical reactions for the following identification tests. ww®m

NN B e® uls s wew wORBED JenwBm §BHwr Busis.

O

2 HoSO4
R/KOH + ROH >

b) o)
Ag(NH3)," + OH + e
e RJ\H

(10 marks)

Question 3
Answer both Part A and B
Part A
A student prepared a Daniell cell during his laboratory experiments. He brings the electrical
connectivity between the two half-cells of the Daniell cell using a salt bridge. 8ge0s ®nod
Oe0wzN®0 giiwen NE® 08 dflewd ewmdowd vmed ®edv. By Do odndwl W
®O8rY BecE emdswnm qld) emds e end ey BO®ITTDDG evd O8.

(1) Draw a schematic representation of the above Daniell cell prepared by the student. &g
B8=Y e Cy® 0, vl MmO 3¢ v iBeuE emfvend Boneamus alsim

(10 marks)

10
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(it.)  Giving reasons, identify the positive and negative terminals. ey ¢8I, Do w0 waes
QYWD VEB OBID),

(05 marks)

(iii.)  Give reasons to explain which direction the electric current is flowing. Bexged 068 O

oB¥esy BB E@dI¢ wriv) S BBOD ey cafdsIy.

(05 marks)

(iv.)  Write down the spontaneous anode, cathode and cell reactions when the terminals are
interconnected. ¢ ¢Bem» O wOITID §) BO e3Dw-BLD aemdde, mendfw wy emdew
0 28TV BB wo Busiz.

(10 marks)
(v.)  Sketcha potentiometer setup that the student can be prepared to measure the electromotive
force (emf) of the above Daniell cell experimentally. ouwn DBewE ondsed

D e®m dce (emf) odode wns®md OB wewr By tem® me wih Bwd®im

(10 marks)

11
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(vi.)  Write down the Nernst equation for the spontancous cell reaction of a Daniell cell in terms
of the concentrations and activity coefficients of ions. ewm» emde wdHHO GoE eomie
g8 0D oy O 8IS0 edmdene 80 apg @it ww gwdoried wfiem
(activities of the species) ¢vewd@ 6 ©BBsT Bwo ¢wdsin.

(10 marks)

Part B

(i.) Write down an expression for the rate of the reaction A +3 B — C + 2 D in terms of
reactants (A or B) or products (C or D). gB&wizmecm (A ewd B) end 8¢ (C ewd D)
©0mewsy A+3 B — C+2D gBBwed B8emdae wew ymamos Gesin.

(10 marks)

3 ol

Therefore, calculate following: A+ 3B — C+2 D g88wd ne B £10de® Bgommdw
1.0 mol dm™ 57! 0®. ©91853 swn sewst ed vame OB

(a) The reaction rate, B8 wied By mdw,

(b) The rate of consumption of A, A D186® Bgnmwdw

.
-
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(c) The rate of formation of D, D e;26® 8gmds.

(15 marks)

(1) Answer both parts

(a) What is an “elementary reaction”? " “gEm gBBwds " wey pOwc?
{5 marks)
(b) The following reaction has an elementary reaction mechanism, with the rate

constant k.

CHsl + CH3CH2O™ — CH30CH,CHs + I- Write down the rate law for the above
reaction. swm qeds BB DS wislyens §E® HBBw@DRB. 0O Byms Bomes
k ©08. gun BB wd wews Bym Bwda (rate law) Easis.

(5 marks)
(iv.)  Answer both parts

(a) Write the Arrhenius equation and define each term. eSewBwes o8m6ens Busis ww
O O wgw BEOOm @ mInym.

(5 marks)

13
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t

(b) The rate constant for the decomposition of a substance is 1.70 x 1072 dm? mol™' s ™!
at 24 °C and 2.01x107* dm* mol™" s™" at 37 °C. Evaluate the Arrhenius parameters (Eq
& A) of the reaction. ¢osom Bewdsms wewm Bym Bomes 24 °C 8 1.70 x 1072 dm?
mol 7' s e 37 °C 22.01x10-2 dm® mol 7! 57! 0. g8Hwed mEewBud 86:88
(Ba 0w A) evwosis

(10 marks)

Question 4

The analysis of sample ‘Z,” which contains a combination of two inorganic salt compounds, is
depicted in the flow chart below. Sample 'Z' contains two different anions and one type of cation.
The addition of water to sample "Z" produced the inorganic salt solution "X" and the white
precipitate of an inorganic salt "Y." The results of various tests on white precipitate 'Y' and
solution 'X" are shown in the flow chart. Answer the following questions using the information
provided. @20 m COw wowd® ecom OO al-@ "Z" wdsced BdeEBens snm Bdow
®ODery BGoero 0med. 'Z' wdsced gones D86 ecmnd wn O mDies DE0w g

©0. "L" Bwo@wd SEw dmn BB "X gmoadm O codans 9 "Y" amadn cHersd
ug gomledoun meim 8. gg gdwedonw 'Y vy gdame X' 88ac 8¢ we 880 udrleamd
YBOE yow dvest qed. wwwr @B EBCHCL YBm WS BB s OED BERC wBwsIs.

Analysis of Sample ‘Z'

[ sample Z - Salid, Lomdm%i
; a taaiane ol \qupULmUb

Add dil HNO, | Add water Addi N,
e ———— NI -Ye o PR § and Immediately . S
V' White [ e : ! bubble through 1 No evolution of 5 gas
DlCCl[JI(dlC ! ¢ X lnorganic v white ! fime water | and ;No T white :
- salt aqueous | | precipitate | precipitate in lime water |
Add dil NH3 { solution [ t But white precipitate Y ,
solution | B T remains i
- I | Group cation analysis: Flame test
| he observation is anly
# fter the addition of NH,Cl/

HaOH (NH)2C 04 Flame test on the
concentrated solution

f W Metal

‘ Apple green
iocolowr flame

; :

I v White
| preciptate
| dissolves
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(1.)  Identify the metal cation ‘W’ and using the flame test and the group cation analysis, Give
reasons to your identification. ew®sd 8 8w w0 meitre® ©Drws @eCEB e On
8O 0wy 0BT, ‘W’ 5@ mDwent ©wEmo OBIB.

(6 marks)

(ii.)  Write a balanced chemical equation to explain how ‘V’ white precipitate forms. “V’ g
gD eds 31065 gmde s RBO0 wOnBn dwndm wdmdamen Bosin.

(12 marks)

(iii.)  Write a balanced chemical equation for the reaction between the white precipitate V and
dilute NHs solution. g¢ gdfedow V' @y nmm NH; obdans g6 BB wd oewm
BORE® Ctnwdw wdmdwmunl Gusis.

(12 marks)

(iv.) Using answers in parts i to iii identify the inorganic salt ‘X’ i 80 iii ¢wl®r EmOLDE
BEnT 90m0 BBedsY gwaBm edwme ‘X’ wemn vsim

(2 marks)

(v.)  Write a balanced chemical equation to describe the formation of ‘U’ white precipitate.
‘U’ ¢ e0Fedns ;20 dadnc B8O adnBn dwrwdm wdmcanns Sbundn

(12 marks)
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(vi.) State two anions that can produce a gas “S” with dil. HNOs. It should also be able to form
a white precipitate “T” with the lime water to turn a lime-water solution milky. »zm
HNO3 238w D29 “S” BoeBw o ¢1590s) 0o 506 0sID. 6€5 SEw gdennn
BB e DO o BBO wewo ney SEw daeme wdo 17 gy edfeduwnn! @80 ¢
oS D @,

(4 marks)

(vii.)  Using one of the anions mentioned above, write a balanced chemical equation between
that anion and HNO; acid. 9un @cwsd me apnes ¢gplsd arpnem e ©dm »08s3,
O® grovwme esn HNO3 ¢®cw v w@nBn dwmedm admoement Bwsin.

(12 marks)
(viit.) Write a balanced chemical equation for the anticipated reaction between the
aforementioned gas ‘S’ and lime water for the formation of precipitate ‘T°. =83 eacewsd
®E Doy S e ey BEw gnd gdweden T 0280 wews ;B ged8n BB wd wews
©ORE® Jewdm v@momun’ Busin.

(15 marks)

(ix.)  dentify the White precipitate ‘Y’. ‘Y’ gy¢ adoduw wesw o5in.

(2 marks)
(x.) How do solubility product (k) and ionic product (IP) affect a precipitate formation?

OB DG BB guBm @Hne gdedowrs 0,800 dewmsiest emeds?

(5 marks)

(xi.)  At25°C, AgNO; has a much higher water solubility than AgCl (Ksp =1.6 1019 M?). Let's
say that 50.0 mL of 0.040 M AgNOj3(q solution is added to 50.0 mL of 0.020 M BaClqg)
solution. Determine the precise weight of the precipitated AgCl from the solution. (AgCl

16



