Continuing Chemistry

Answers to Section 6

Practicals

The practical part of your chemistry course is an important as the theory. Your examiners expect you
to have done a comprehensive programme of practical work and will test you on your knowledge of
practical chemistry.

Although you may be working in pairs for some of these investigations, it is important that you
make your own observations, record all the results and process the data yourself. Sample results and
model answers to these investigations are on the CD.
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Safety notes

Those substances identified as CORROSIVE will quickly make holesin your skin or clothes. If you get even a
single drop on your skin, wash it off immediately (within afew seconds). Those susbtances identified as TOXIC
are particularly poisonous. You should wash your hands after handling them. Most dilute solutions are safe under
normal circumstances, but can still harm you if you get some in your eye or mouth.

Safety glasses should be worn for all practical work
Alwaysfill pipetteswith a pipettefiller.
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Practicals

Inv 1.1 Redox reactions: some examples

Many redoxreactionsnvolve colourchangesThereactiondelowillu stratethe behaviourof sone
commonredoxreagents.

Carry out each reaction using CLEAN test tubesand SMALL quantities.

Reaction one (iron powder and copper sulfate solution)

1 a

To 2 mL of copper sulfate solution addhalf a spatulafull of iron powder,mix well andallow
to stand.

ObservationsSoluhon chainged from bitetocolourless and o red/brown ppf-forhs.

Use adropper to remove most of the liquid and addit to 2 mL of dilute sodiumhydroxide
solution.

. . . - = 2+ i
Observation and conclusiofid ot green ?vecl?|TM*€ {orns so Fe wresent,

Add two drops of concentrated nitric agidrrosive) to the solid remaining in the test tube.

Observation and conclusiorfh Neown idS \S CS\\)@(\ oﬁl e the (u'czm.c(‘fums

be, The so\d is copper_metal.
What species was oxidised in this reactioﬁ@ To WHF&.;*

Write the oxidation half-equation.

FelsS —> Felloyr 2e

Whatspeciesvasreducedn this reaction?QAi+ Tovhat? Cun
Write the reduction half-equation.
Cu'tyr 25— Culs)
Conbine the two half-equations into anionic equation.
Fe(s) + (W lag) —> Fez*(a?/) * Cn(s)

Reaction two (potassium dichromate and ethanol)

2 a

Place 2 mL of potassium dichromate solution in atest tube, add 2 mL of dilute sulfuric acid
and warmin awater bath for two minutes. Then add 1 mL of ethanol.

Observationsthe orange solution slowly tucas green,

Chromium ions you may have met are: CrO,>~ (yellow), Cr,0;%~ (orange) CF* (green), Cr**
(blue).ldentify thereactingandprodud chromumions for the reaction in a.

. - .
Reactanspecies: C\’.',_D-Z Productspecies: Cctf

Write the ion-electron half-equation for the chromium species and state whether chromium
hasbeenoxidisedor reduced.

Ce,0.7 + 14 H e b = 2C°" + 7H,0 reduced

Assume that the ethanol (CH3CH,OH) reactgto form ethanal CH;CHO). Write the ion-
electronhalf-equatiorfor the conversionof ethanolto ethanhand state whether thisis
oxidationor reduction.

4,8, 00 —3 CH, CHO + 2H" + 2¢ oxidation
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Continuing Chemistry

e

Combine these two half-equations to form an ionic redox equation.
C(?_Dfrz‘-{’alz\“' SCHZGLO Hb\‘{ ) * 8H+(Cf¢'i,) _—>2CV2-}GZ y " gCH?CHU(Q‘i it 7 H70/‘?J

Reaction three (acidified hydrogen peroxide and potassium permanganat€) PowerPoint

3 a

To 2 mL of 6% hydrogenperoxideadd2 mL of dilute sulfuric acidfollowed by afew drops
of potassiunpermanganatesolution.

Observationshe ?mrP\e solith onturas colour less. {gu\&bfes of colour] ess gorswoom@dj.

Manganese species you have met include: Mn?* (colourless/venpalepink), Mn®" (red),
MnO, (brown), MnO4*~ (green), MnO,~ (purple).ldentify the reactanendproduct
manganese Species.

_ - ) 2%
Reactanspeues:m“QH (1&5"12\95 Produclzpeues:mn { coloucless )

Write the ion-electron half-equation for the manganese species and state whether it is
oxidationor reduction.

m\'\DH_-(Gc(,\ + 8H+(<*CJ + Do — mnu/a?/s + HH,O(2) reduction

Hydrogenperoxidecanbe oxidisedto form oxygengasor reducedo form water.Decide
whethert hasbeenoxidisedor reducedandwrite the approprateion-electrorhalf equation.

Dridisedt  H.0, lag) — 01(515 +lH§4.',] XS

Combine these two half-equations to form an ionic redox equation.

IMnDH_tq@\ +L4.0, (q!’) tb H+——>ZMr\Zf(a:r) *50,¢3y * ¥H,0(¢]

Reaction four (iron(11) sulfate and neutral potassium permanganate)

4 a

150

To 2 mL of iron(ll) sulfatesdution adda few dropsof potassium permanganate solution.

Observationshe purple coloug c\(ga?peqrs ond o brown PveQn'l?\"fm‘i'? forae

Add adropof potassiunthiocyanatesolution.
Observation and conclusioﬁcl.,r\-'\ox\-}ums Hoock-rec‘ So Fegf i's Fveso/\'{“.

Refer to 3b to identify thereactanandproductmanganesespecies.

- 2t
ReactanSpecies:m“Ol‘L <.W“P\e> Productspecies: Mo (colourless )

Write the ion-electron half-equation for the manganese species and state whether it is
oxidationor reduction.

a0, (ag) i tagy *3¢ = MaDe 5y * 2O (R reduced
Write therelevantion-electrorhalf equationfor the F€#* reaction.

2% SN kS —_
Fe (q?/\ > FQ [qz; + C

Combine these two half-equations to form an ionic redox equation.
- t C.2t : ; ~ st
N0y ¢y * LiH (ag) * g"eafcr?) > Mady (s> - 21,005 + 2 Fe cqp |
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Practicals

Reaction five (oxalic acid and potassium permanganate)

5 a

To 2 mL of oxalic acid solution (toxic) add2 mL of dilute sulfuric acid solution and warm
in a waterbathfor 2 minutes thenaddafew drops of potassium permanganate solution.

Observation§he solution chdnges From purple 1o colourless + a colourless oue prpeliced.
3 ? " =

Use adropper to take a sample of gas from just above the surface of the liquid. Bubble this
gas through 2 mL of limewater.

Observation and conclusiohipewstes fusns cloudy So Qals (s CoO, .

Refer to 3b to identify thereactanaindproductmanganesespecies.

- 2t
Reactamspecies:mnDL_L (puspe) Productspecies:m.n (colouvless)

Write the ion-electron half-equation for the manganese species and state whether it is
oxidationor reduction.

mv\OH_‘(q%\ + %Hl‘-(q?,\ + Sé o mhz“.(qz) + /‘FH?O(QB ‘_eAVC-I'IIOﬁ
Oxalic acid is present as the C,04*~ ion. What does this ion form in this reaction? COZ

Write the ion-electron half-equation for the C,0,%" reactionandstatewhether it is oxidation
or reduction.

z- g —
C')_Dq_ (mdv\ - Z"COL(S) * Z.(? Ox:'clo‘\'{"noi\

Combine these two half-equations to form an ionic redox equation.

1000, cag) * 510, cans * 16Hiagy =>2Mn'cagy * 100D, 6y + B HO12)

Reaction six (alkaline potassium permanganate) PowerPoint

6 a

To 2 mL of sodiumhydrogensulfite solution add4 dropsof potassiunpermanganate
solutionfollowed by 4 mL of dilute sodiumhydroxidesolution.

Observations’:ff\e solution c_z)OeS -‘s\vom P\Arp\e o green.

In aseparateesttubeplace2 mL of dilute hydrochloric acid and 1 mL of barium chloride
solution. Add a few drops of your solution fran

) L. 2=
Observation and conclusiof: white pvemp\'\ are ‘(t‘ovw\s Nej SOH Presei\T

Write the oxidationion-electrorhalf equationfor alkaline conditions
. - . —_ 2 - . -
H SOZ» [qc{’\ + 30H (o9 § > SOLL (aq s * 2H70/_£3 + Ze

Refer to 3b to identify thereactanndproductmanganesepecies.

— e_.
Reactanlspecies:mo(),_F [pucpie) Productspecies:fY)nO,l( (g reen)

Write the reduction ion-electronhalf equationin alkaline conditions

- Z'_
\‘ﬂnOH (qu\ oo —> N\nO% (as )

Combine these two half-equations to form an ionic redox equation.

- - - 2~ _ -
HSOS (q?/\ - -?>D‘H zat‘zlg +2~mﬂ0;{_ — ..:(azx + ZH,O[[) + Zmn@‘ {qZ ]
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Continuing Chemistry

Inv 1.2 Redox reactions involving the halogens
Groupl7 elenentsareimportantredoxreagentsvhich exhibit arangeof oxidationstates.

Carry out each reaction using CLEAN test tubesand SMALL quantities.
Note ALL observations. Identify new substances if you can.

Reaction one (lead(IV) oxide and concentrated hydrochloric acid) PowerPoint

1 a TolmL of concentratethydrochbric acid(corrosive) in atesttubeadda rice-grain sized
sample of solidead(IV) oxide (toxic) powder.Hold a pieceof damp starch-iodide paper near
the top of the test tube.

Observation and conclusioﬁ:q)as is given ot thoit furns sforch- iodide paper

Hue-Hack then Bleddhes ifukide. (Fis Cly.

b Useadropperto renoveafew dropsof the solutionfrom a then add to them1 mL of dilute
potassium iodide solution

2t
Observation and conclusioﬁ:bd?\\\f LSGHOUU 1‘>1!>‘1‘ forms. Ph™is 'pveSen‘h

Cc Writetwo ion-electron half equations and hence afull ionic reaction for thereactionin a

ZCl‘ImI\ — Clz(@\ v 2e”

PHO, 6y * J'F‘H‘+(q<€\ tle” —> Fﬁthgi + 2H,00¢)
PEO, sy *LClagyt 4lagy —> Pbegd ¢ Cly(yy+ 2H,004

Reaction two (potassium iodide and hydrogen peroxide)

2 a To2mL of dilute potassiumodide solutionadd2 mL of dilute sufuric acid solution
followed by 1 mL of 6% hydrogenperoxide.

ObservationsThe (olourless solution turns a cge“ow-bvowh colour.

b Add afew dropsof starchsolution.

Observation and conclusior) Nue-BacK colous ipdicates T, rs Presp;\‘},

Whatspeciesvasoxidisedduring theaboveredoxreaction? _L —(qz \
d Write the oxidation half equation.
11 (¢ — ‘I’Z_(wp t]le (l—z,(og) + Tapy ~> L5 (ap)

X

e Whatwastheoxidisingagentduringthe aboveredoxreaction? H,0,

Write the reduction half equation.
H.Oq (g * lH+(4q;\ r2e —> JH,0(0

g Combine these two half-equationsto form an ionic redox equation.

’ll_ (agy * HLDz(“f)* ZH-}(G‘L\—\a Lo(ag) 2—”10/2)
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Practicals

Reaction three (sodium thiosulfate and iodine) PowerPoint

3 a To2mL of sodiumthiosulfate add1 mL of iodinesolution.

ObservationsThe LSQUDUJ—bVO(Dh solution Turns colourless.

b Add afew dropsof silver nitratesolution.

Observation and conclusioﬂ:po\\e cge\_\ow Prec(?\i*d\,‘e Sorms so T s PveSec\“}.

C Write the reduction half-equation.

Iz(a1§+ze- —> Utmz)

d S,0:% is oxidisedto thetetrathionatéon, S,0s2~. What colouris this ion? colour les¢

e Writethe oxidation half equation. .-
- —_ -
L5103 (e > S10¢ g3 *Le

f Combine thetwo half-equationsnto a full ionic equation.
- ‘ - -
1.5,0¢ (a9) * IKL(‘?T) — Sk0, (ag) ” AT g §

Reaction four (potassium iodate and sodium sulfite)

4 a Acidify 2mL of potassiumodatesolutionwith 2 mL of dilute hydrodloric acidsolution,
thenadd3 mL of sodiumsulfite solution.

Observationéﬁxe Qolouv\eSS $<>|r) furns c\o\rK own,

b Withdraw 1 mL of solution from aand add it to 1 mL of barium chloride solution.

. 2— )
Observation and conclusioﬁ uJ\"\‘\ € \??+ -\-owws e SO,.,_ Fres:er\‘_h
C Add 1dropof starchto theremaining solutionfrom a.

Observation and conclusioft HM e-\a\ch colour ihc\iCod‘es "ﬁf\ofi' Iz PreSen’j'

d Write theiodate half-equation and state whethertheiodateion was oxidised or reduced.
- + -
2 TOg (ag +12 H [ag\ t10e —  Lz(ag) T 6H,0(¢) reduced

e Writethe sulfite half-equation and state whether the sulfite ion was oxidised or reduced.
1- —_ - t -
SO, _cagy © HeO(0) ~ SOy (agy " 2Hiag) * 2 oxidisd

f Conmbinethetwo half-equationsnto afull ionic equation.
~ a- i
LTOs (q +5SDgtast L Hew—> Toler) + 550, 7apy + 4,00

f&&e: \3‘( cuy So\n wesy co loucless im (o\>,“}‘ne\—| ‘he alis re&dc\-im\\ P\reéuc*( S _T_,ZD'_
Evem o 3<ace o 1wl e blue-tdck ra , but KouT SR Sor () shoud be

IO, + WY v — T + 2HO

—

asd 6—5 IDS" f 35022— . T . gSO*Z_
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Continuing Chemistry

Reaction five (potassium iodide and potassium iodate)

5 a To4 mL of potassium iodide solution add2 mL of dilute sulfuric acid solution followed by
2 mL of potassiumodide solution.

Observations: /I‘—\e cdoowless So|m‘\'(on'\'urr\2 l>\‘ou~m.

b Addadropof starchsolution.

Observation and conclusiort] &\ue-B\ch co(our appedctS So I/; Preserd.

¢ Whatisformed wheniodideionsareoxidised? Iz

d Whatis formedwheniodateionsarereduced? L7 (o\h& then -T__)

e Writetwo ion-electron half equations and hence afull ionic reaction for thereactionin a
2T (ag ) — 1. (ag ) *+ le”

LITOg (aqy v (2hTag " 10 e” —= Te(ap) + 6H,004)

5T (_éqb\ "'IOZ_@Z\ toHt — 2T, 09y * I, 0

Reaction six (potassium iodide and copper sulfategowerPoint

6 a To2mL of potassium iodide solution add 1 mL of copper sulfate solution. Filter the
resulting mixture.

Observationsthe Hue colour disappectts and a cloudy / o Ky hvown

co \ous QmN\S. 'ﬂ;\e $§\Awo\'\'e S Qvo\hcgel/BVOwn otth a w‘\\'Jre solid

3\71‘760\« o J(‘ne Evowﬁ-sJYqu\eé\ Si\‘\'ev ?o?ev.

b  Copper species you may have met include blue Cui?*(aq), black CuO(s),red Cu,O(s), white
Cul(s) and brown/pink Cu(s). Identify the reactant and product copper speciesin a.

%) . .
Reactant: CLA Hwe Product: CM‘L(Sb wiike

Cc Writeanion-electron half equation for the copper reaction and state whether it is oxidation
or reduction.

- KAy — .
1 ant Cu (a3 " € — Cud sy ve duct on

d Whatisthe product of theiodidereaction? I’)_

e Writeanion-electronhalf equation for the iodide reaction.

?—I~quv\; > It(QtS + 2@_

Conbine the two half equations into onefull ionic equation.

2 ~ . _
2Cu +/q() t H—I (qz> = Z_CmI(s> +_—L-<(qz)

(6“\\50 IL(WIB + Izqt) — IZ th)

154


Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Text Box
PowerPoint


Practicals

Inv2.1 Preparation of standard iron(ll) ammonium sulfate

Iron(l1) ammonium sulfate is suitable as a primary standard for quantitative analysis becauseitisa
stablesolid easilyobtainedn a pure form. It reacts with a numberof oxidising agents. The solution
preparecherecanbeusedto standardis@otassium permanganate solution (Inv 2.2).

=
1 Calculate the molar mass of FeSO4(NH.),S04.6H,0. M(FeSQ(NH,),S04.6H,0) = 37/ g ml
2 What size of volumetric flask will you use? V(FeSQ(NH,)2S04.6H,0) = Z()O'Oan

3 Whatisthe required concentration of theiron(ll) ‘ -
ammonium sulfate solution? c(FeSQ(NH,4)2S04.6H,0) = (- 100 moll

4 Write the formularelating the amount in moles,

concentration and volume. n=cV

5 Cadculate the amount, in moles, of iron(l1) A 7
ammonium sulfate solutionrequired. N(FeSQ(NH4)2S0,4.6H,0) = 0+0 200 mel
(l= C \)
-) -3
-_O.|DOfno|L XZOD’OXIO L
0. OZ_OO n-\ol

m
6 Write the formularelating the amount in moles, n = /7/ m=nl1
mass and molar mass.

7 Cadculate the mass of iron(ll) amnonium sulfate 7
required. M(FeSQ(NH,);S0..6H,0) = /' B4
n=o -
= )- 0200 wol x 3072\3 mol

< 71.8kHq
8 Weighasmall,clean,dry beaker. mass =

9 Add about (within about 0.3 g) the requiredss of
iron(l1) ammonium sulfate required and reweigh. mass =

10 Calculate the mass of iron(ll) amnonium sulfate
used. m(FeSQ(NH,),S0,.6H,0)= |- 7584

11 Calculatethe numberof males of iron(ll) amnonium

sulfateused. 0= ';% N(FeSQ(NH1)2S04.6H,0) = O - O 18 7ol

Q= . 15%2
292 3"00'
=0-:-0187 mol
12 Dissolve the powder in about halbeakerof distilled water.Rinse the clean volumetric flask
with distilled water.Useafunnd to carefullytransfertheiron(l1) ammonium sulfate solution to
the volumetric flask and rinse in anyremainderusingdistilled water. Make sureto washdown
the sidesof thefunnel. Shakeuntil dissolvedandmake up to the mark. Stopperandshaketo mix
thoroughly.

-
13 Calculate the exact concentration of the solution. c(FeSQ(NH,),S04.6H,0)= O- 0787 mor L
c= €
v
- O-0Ol¥9 pol

700D 03 L

= 0+-0%%97 well™
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Continuing Chemistry

Inv 2.2 Standardising potassium permanganate solution PowerPoint

We canusea standardsolutionof iron(ll) amnonium sulfateto find the concentratiorof an
unknownsolutionof potassiunpermanganate.

1 Rinseand fill aburette with the potassium pemanganatesolution (approximately 0.02 mol L™%).

2 Usinga pipettefiller, pipetteout 20.0mL samples of the
iron(I1) ammonium sulfate solution into conical flasks and

156

add 20 mL of dilute sulfuric acidto eachflask.

Whatis the concentratia of thisiron(l1) ammonium sulfate

solution?

Calculate the amount, in moles, of iron(Il) amnonium
sulfate solution used in each titre.
Nn=-c\

= 0098 T ol

= 1197% < 1073 ol

Titrate the permanganate solution into the acidified iron(l1) ammonium sulfate solution until the

' 100x107 L

VY= 20 O

C(Fez+) = 0. 07?7 fho’ L )

n(Fe2+) = I '77(g’< ID-gwml

pink colourremains. Repeauntil 3 concordantesultsareobtained.

1

Burette 1st titration 2nd titration 3rd titration 4th titration 5th titration
reading
Initial .
reading “’1[, gtg 2‘5’7 |7'/ Zg '8 )? ’éﬁ
Fmalreao'l(l\nlg Zg'é j..ﬁé? ’3(38 H-3 g 37.2
e WL | 199|207 | (707 197 | 7.9
Calculate the average of the concordant titres. V(MnOy) = | 7:75 mL
1€ « i+ [T+ (79 - (975

/."_

Theionic equation for this redox reaction is

5F€*(ag) + MnO4 (ag) + 8H"(ag
Whatistheratio of MNO,~ to FE™? n(Fe®y "¢

o (m\"oq.-b =

R

[

-~

- 2t
n ke

—_

_ N0 = oy
Calculate the ampunt, in moles, of permanganate reacting.

g > ~(Fe?)

= 1978 %0 ol

= 595607k

s

mol

Calculate the concentration of the pernanganate solution.
C(mf\OHj> = % .
2 23956 >0 ‘ol
I9.78 <=3 L

n

O~0200 ol L~

5Fe”(ag) + Mn*'(ag) + 4H,0()) ,
n(MnOy) = én(Fez")
n(l\/an4_) = g . ?56 10 —I%MQ,

c(MnO;) = O ©ZOJ wmol L

)
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Practicals

Inv 2.3 Standardising potassium permanganate solution with oxalic acid PowerPoint
Oxalic acid,usedto reducepotassiunpermanganate,is poisonous. Pipette fillers must be used.

1 Weighaccuratelyaboutl.3 g of oxdic acid (toxic) into asmall,

moxdic=_ (3074

2 Dissolvethe oxalic acid in distilled water and transfer the
solution to a 200.0 mL volumetric flask. Rinse the beaker into
the flask several times. Mix well, make up to the mark with -2
distilled waterandmix again. Labelyour flask. V(Fe?) = 200+ 0 >0 L

3 Cadculate the exact concentration of this solution,

M(oxalic acid)= 126 g mol™. c(oxalic) = 005187 pol

C(Ofdl\c&:&l/ - /307, ‘
MV 1263 nd 'r,,zooonlD_LL
*0-051F7 mol A

4 Rinseand fill aburette with the permanganate solution (approximately 0.02 mol L™).

5 Usinga pipettefiller, pipette out 20.0 mL (or 25.0 mL)
sanples of the oxalic acid solution into conical flasks and add
20 mL of dilute sulfuric acid to each flask. Heat each solution -7
on awater bath or over a Bunsen flame until it is about 80 °C. \(oxalic)= 20 0 >/o "L

6 Cadculate the amount, in moles, of oxalic acid used in each i
titre. 0 (oralic) =\ , -3 n(oxalic)= /- 037 x 0 ~ ol
=0-05'87wmolL ' x2D-0x 10 " (.

- ‘ -2
= 1027 2D " pol

7 Titrate the permanganate solution into the acidified oxalic acid until the pink colour remains for
15s. Repeauntil 3 conmrdantresultsareobtaine.

Burette 1st titration 2nd titration 3rd titration 4th titration 5th titration
reading
Irr;g:;:]g 20 mL 6.6yl | 2T b i LIl
Finalreading | g 9 (| ATb ml | A€ kem | 22. Due
Titre }M 21.0pC |20 -8wr | 20 -FmeL
8 Calculate the average of the concordant titres. V(MnOy) = LO-Tx ID_g -

9 Theionic equation for thisredox reactionis
5C,04 + 2MnO; + 16H" < _ 19%02-)+ 2|;/In2++ 8H0
r z

Whatistheratio of MnO,~ to C;04%? (&06:) %) 0(C.07) NMMnO4") = 0-4n(C,04%)
a(MpO) -5 -
10 Calculate the anount, in moles, of permanganate reacting. NMNO,") = 41§ = 1D * ol
11 Calculate the concentration of the permanganate solution. c(MnOy)=0- 0178 mol L™’
C (m“D»-> "‘\nT
< L I <D "ol
L0979 < 1p7%L

20 019% molL™’
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Continuing Chemistry

Inv 2.4 Standardising sodium thiosulfate solution

Potassium permanganate (standardised in Inv 2.2) can be used to standardise sodiumthiosulfate
solutionby combining two redoxreactions.
First, potassium permanganate oxidises iodide ions {J to iodine (12):

2MnO+ 16H" + 10" < _  2Mn*" + 8H,0 + 5,

then the iodine liberated is titrated against the thiosulfate solution:

H 25057 < 217+ S08

Theendpointis foundby addingallittle starchsolution whentheiodine hasfadedto paleyellow.
Starch is blue-black in the presenceof iodine,butturnscolourlessvhenall theiodine hasreacted.

1

158

Whatis the exact corcentration of the potassium
permanganateolutionyou areusing?

-/
C(Mno4_) = 00200 mo! L

Pipette20.0mL samples of standard potassium permanganate

-3
solution into three conical flasks. VIMnOg) = 20 -0 <70 " L
Cal culate(tﬁeoa[rfunt(,in moles, of permanganate used. AMnO;) = 400~ 10% ol
] nU,)=¢

- O+ DL0D A,;DIL", 720-Dx lO-JL

-k
L{.-OO = ID mol

To eachflask, addabout20 mL of dilute sufuric acid solution and about 10 mL of 10%

potassium iodide solution.

Rinse and fill a burette with the thiosulfate solution. Slowly titrate in the thiosulfate solution to
eachflask, addingafew dropsof starchsolutionwhenthe brown colourhasfadedto yellow.
Repeat until three concordant resultsareobtained.

Burette 1st titration 2nd titration 3rd titration 4th titration 5th titration
reading
Initial : 7.2
reading T.3wl | 22.9mL 2 0mC | L10¥ me ml
Final readi ;
inal reading 27.% mL ). 6 i Z!.X,\L RN} Z?.OM«L
Titre 200 mL ﬁ?-gmL 197 mL [T 7 mL )9r3’ML\]
~—~——— =
| ~2
Calculate the average of concordant titres. S0 = 1975 0",
\ S0z /< ‘I‘T.%un-um-mm.s - (975
H-

Fromthetwo equationsabove whatis therelationship

between n(S,05°") and n(MnO;)? n($0:) =9 n(MnOy)

n(SLD;-)x ﬂ_(l"_) = /-Zx £.
o (T2) A(N\no,',') rx
n<5-,_D;") = Ln (lﬂnO,,_-) -2
Calculate the amount, in moles, of thiosulfatepresent. NS,0527) = 2:00 =10 )

"(S057)= 5% J1:00x 107 ol
= 2.00 = 10 ol
Calculatethe concentratiorof the thiosulfatesolution. S0:2)=_0 /101 mol L

/

c(S:0F)=90 . 20010 *mel
.75 vip73 L
= O lol welL™
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Practicals

Inv 2.5 Standardising sodium thiosulfate using potassium iodate PowerPoint

Thiosulfate can be standardised by titrating againstiodine solution.However,iodineis not easyto
prepare as a primary standard because it sublimes as it is being weighed out.
To avoid this problem, we make the iodineduringthereactionasfollows:
A standard solution of iodate ionsis reacted with excessiodide in acid conditions:
IO + 517+ 6H" < - 3H,O + 3l
Theliberatediodineis thentitratedagainsthe unknownthiosulfatesolution.
2 #2505 T 21+ S06”

<

1 Weighoutaccuratelyabout0.71g of dry analyticalreagent
gradepotassiuniodate,K103. miodate) = 0757,

2 Dissolveit in waterin a200mL volumetric flask; shake well
and make up to the mark. Again shake the solution

tho(rog}ghly Calculate the exact conantrationof this solution. €05)= 0:0176% a0l L’

= m O.757
= —— 22— . 20-01769mell”

MY AIH«0g ol ' 200-0 x107"L

3 Pipette20 mL of the solutioninto a cleanconicalflask and
addaboutl.5g of potassiumodide (an excess). Shake to

dissolve then add 15 mL dilute H,SOx. V105)= 20 0~ L
4 Calculate>the amount, in moles, of iodate used. M103) = 3:527 %ip % mel
n(1057)= <\

=0- OHEﬁmo(L xzo O"lD L
= 2.5372x 10 qol

5 Rinseand fill aburette with the thiosulfate solution. Slowly titrate theli beratedodine against
thethiosulfatesolution,addingafew drops of starch solution when the brown colour has faded
to yellow. Repeat until three concordant results are obtained.

Burette 1st titration 2nd titration 3rd titration 4th titration 5th titration
reading
Initial ) : ,
reading D;ML z»%'OmL !'7W\L Zz'%"L
Final reading 93.0 wl /'+5°$M|_ 2l bt e, U7
Titre 277)/'!\'— 22, 23pL | 22.8 w0 | 22 kme
. 2 -3
6 Calculate the average of concordant titres. V(S$,0:) = 124 <10 "L

7 Fromthetwo equationsabove whatistherelationship

between n(S,05") and n(103 S:0:2) =5n(105)

ntsloi’; ) x "‘(-L7-> = in r\(SZO;_J: éxf\(log_)

(T 0 (T07) rol

' . - 3
8 Calculate the amount, in moles, of thlosulfatepresent nS0:%) = 2122 %10 " ol
2(S1057) = 6% 3. 527« o= ol
- Z.IZZx:ogmd .

9 Calculatethe concentratiorof thethiosulfatesolution. dSzogz‘)= Q-0 U] wol L

c($.07) <0 L 2 12508 el

= 0- 0T molL”
\ grh <oz, O OTHImltL
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Continuing Chemistry

Inv 2.6 Analysis of copper

The concentration of a usolutioncanbe foundby reducingthe CU?* to Cu® with iodide, then
titrating the iodine formed with thiosulfate:
26u 41 < _ 2Cul(s) + 1>
2 #2505 < _ 21+ S0

1 Pipette20.0mL samplesof the CU?* solution you have been given into separateonicalflasks.
Use ameasuring cylinder to add 10 mL of 10% potassium iodide solution to each flask.

~I
2 Rinse and fill the burette with sodiumthiosulfate solution. c(82032‘) = 0-102 molL

3 Titrate thiosulfate into the flask until the colour changesto a pale yellow colour. (It will be
cloudy due to the formation of the white Cul precipitate.) Thenaddstarchsolutionandcontinue
to add thiosulfate until the blue colour is gone. (The blue colour will return on standing.) Repeat
until concordant results are obtained.

Burette 1st titration 2nd titration 3rd titration 4th titration 5th titration
reading
Initial ( 23, % 25
readlng D°L{"ML Z'Z r\\L W\L Ig ML
Final readin i
J l(L'lz_vv\L Zg'gmL 253 L /-Lé.?mL
Titre \WML ||‘6'n'— XY ”‘6;.\,!_
, -3
4 Average the concordant titres. VS0:2) = ['S7 x10 L
5 Calculate the amount, in moles, of thiosulfatepresent. N(S0:2) = )+ 180 = 0™ ol
Q= <N «(S$0:7)= 0102 kol x 11:57=107%L
= 1 (8D 71073 mol
6 Complete the expression:
n(Cu) x _ n(ly) = L x|
n(12) n(S:05™) l 2
n(Cw) =_1 xn(S0:%)
A~
7 Calculate the amount, in moles, of Cu?* in solution. (Cwy=_ 180 %107 g
8 Calculatethe congcentratiorof CuP* C)=_0-0590) poir”
c-0  c(G¥)= 11g0xi0 ¥ nol

N 200 %1075 L
9 Assunethat this solutionwaspreparedy dissolvingbrass
in concentrateditric acidand making it up to 1000.0 mL
with water.
What mass of Cu was in the brass?(M(Cu)= 63.5g mol™) mcw)=_ 3-754

M (C?Y i 1000:0ml = S+ 1D % 105 06l
-1
m (W= oM = D DSAD ol X 635 qunel =3-7‘55

10 Calculatethe percentagef coppe in thebrassif it hadamass .
of 5.70g. ¢/ (,\ = w(Cn) 100 Z.755 100 yr ., HCEF 65.7 %

—

wlbrasy | = "Zi70q %

160


Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil


Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil


Owner
Pencil


Owner
Pencil


Owner
Pencil


Owner
Pencil



Practicals

Inv 3.1 Electrochemical cells 1 PowerPoint

All redoxreactiongnvolve election transfer.This canhapperevenwhenthetwo reactantsare
physicallyseparatedsay, electrons transferring from one to another through a wire. This is
what happens in an electrochemical cell.

1 Clean the surface of the metal stripsyou use.

2 Prepare aZn®/Zn half cell by placinga strip of zincinto abeakerof zinc ) Zn(s)
sulfatesolutionsothatthe solutioncoves three-quartersf the zinc strip.
\_Zn’"(aq)
3 Prepare a CU?*/Cu half cell in asimilar manner using a copper strip and 1 [ae [
copper sulfate.
\_Cu'(a)

4 Connect awire from the zinc electrode (strip) to the negative terminal of a multimeter set on

voltage. Record the reading on the meter.D .00 V

5 Connect awire from the copper electrode (strip) to the positive terminal of the meter.

Record the reading on the meter.0: 00 \
6 Placethe half cells nex to eachotherandconnecthem viaa salt bridge.

Record the reading on the meterl: | L

High resistance
voltmeter

Electron flow
MO} U010 3

Salt Bridge

Copper
(positive electrode)

Zinc
(negative electode)

7 Whichway do electrondlow in thecircuit? Left 4o ricS,H (Srom 2o o Cu)

8 Whatis the cathode? RRE (CO‘?\’QV)

9 Whatistheanode? [HE  (Zinc)
10 Write the half equation for the reaction occurring in the Zn?*/Zn half cell.

Lol(s) — 20wy +2e”

11 Isthis oxidationor reduction? Ox\é\d\’(oﬁ
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Continuing Chemistry

12 Write the half equation for the reaction occurring in the Cu?*/Cu half cell.

Cul‘\-/w\r) AN > Cul(s)

13 Is this oxidationor reduction? Teévtc‘\‘\'oh

14 Conbine your half equations from 11 and 13 aboveto give theoverallcell reaction.
7al(s) +Cu(ag) —> 2o (ag) + Cu($)

15 What isthe EMF of theabovecell? /2 V

Inv 3.2 Electrochemical cells 2

We canusethe electrodepotentialsof redoxsystens to determine the relative strengths of oxidants
and reductants. Your teacher will give you a emigoxidantsandreductantgrom which you can
preparedifferenthalf-cells. Electrocherical cells are made by combining two half-cells.

1 Clean the surface of the metal strips you use.

2 Prepare M™/M half cells by placing astrip of metal into a beaker of the metal sulfate solution so
that the solution covers three-quartersof the metal strip.

3 r

M(s)

\_ M™(aq) )

3 Prepare aFe*'/Fe?* half cell using a carbon electrode in equal volumes of iron(11) sulfate and
iron(lll) nitrateandanl,/I ™ half cell usinga carbonelectroddan equalvolumes of iodine solution
andpotassiumodide solution.

C(s) C(s)

\ Fe*', Fe?t ) L I )

162
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Practicals

4 Prepare cells by combining two haf cells, connecting the two el ectrodes with avoltmeter and the
solutions with a salt bridge.

Vs

High resistance
voltmeter

Electron flow
MO|} UoJI® |3

Salt Bridge

(negativeelectode) (positive electrode)

5 For each cell measure the voltage (EMF) and record it in the table shown along with the
direction of electron flow and the oxidant and reductant for each cell.

Cell Cell voltage Electron flow
measured calculate from to Oxidant Reductant
anznil-/(c%hlcu | ' I | \Y , ' ’ \/ LHE RHE CMZ+ Z‘\
IO (1212 | 085V | 16N |LHE [RHE | 20T Mo
e Jcifen| 1980 | LTV | LHE |RHE | Q| My
Z“Jan*;lEZ:'Fe"'f/C' ! T v /53 v LHE RHE F 7+ Zn
ZP/Z //Iz» [.[0V (38V | LHE RHE T, 2~

6 Calculatethecell voltagesfrom E ° values from data tables and compare with the measured
values.Suggesanyreasongor differences.

'V\\E vawmes will e c\\@eteﬁ\'-‘;mm d_GthYCL yalues .‘-Q the concki‘H ons Were st

s’\'o\nc\a\\é _'\g\c\v\(\\(\q cav bor ele o des iwstead a'a\- ‘plo‘« AU ONES,

7 Arrangetheoxidantsin orderof increasing ability to be reduced.
2+ /o /T { EST
Zﬁ \ CLA N —2 N e
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Continuing Chemistry

Inv 3.3 The lead-acid cell PowerPoint

Oneof the mostusefulpracticalelectroctemical cellsis the lead-acid cell used in car batteries. It is
sousefulbecausdts electrodereactionscanbereversedy passinganelectriccurrentbackthrough
the cell.

1 Clean the surface of two lead platesandplacethemin a250mL beaker Add about150mL of
about 2 mol L™ of sulfuiic acid.

2 Connect avoltmeter between the plates and record the voltage.

Voltagereading: 00 V

3 Removethevoltmeterandreplacet with aDC powersupply.Adjustthe supplyto about3 V,
switch on and wait and observe for about 10 minutes.Noteanychangeghattakeplace.

Observations; ®bbles c‘c_\’as are geon ol the \\e&o\'\'\ve e\ecigvode, whwle the poS thve

leXcode 1S coaked in & very Aok brobp substonce,

4 Replace the DC supply with the voltmeter and measure the voltage. (Make sure of the polarity.)
Voltagereading: |- 49 \

5 Replace the voltmeter with a 1.5 V bulb and observe.

Observation: ’fk\e AL \\%\\+S up.

During the charging of the cell the lead,Pb(s),of the cathodds convertedo lead(IV) oxide,
PbQOy(s).

6 Write equationdor thereactionghat takeplaceat eachelectrodeduringdischarg.
Anode: Phisd — Pb¥ ey t Le-

Cathode: __ PL0, (sy + H~H+(qf5\ 12 —> Pb gy + 2H,0(4)
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Practicals

Inv4.1 Heat and phase changes

Whena substancehangestatefrom onephaseto another the temperature remains the same, but
heat is still absorbed or given out in the process.

1 Weighaclean,dry 250mL beaker. m = 76 - 8§ =
2 Add about 200 mL of hot water from the tap (about 55 °C)
andreweigh. m=_290.94
Initial temperatureis: T, = 39°C
The mass of the water added is: Myater = Mp— My
= 2 OO 'Q Sc,
3 Addabout80g of ice, stir andnotethetemperaturewhenall o
of the ice has melted. T, = 13°C
4 Reweighthe beaker and contents to find the mass of ice that
was added. mg = 353.23
The mass of theice added is: Mee= Mg— My
= 563 g
The change in temperature of the water is: DT;:= Tb—-T)
- 26 °C
The change in temperature of theiceis: DT,= T,—0°C
- 13°¢

CalculationsTheheatlost by thewater cooling from its original temperature to the final temperature
isequal to the heat gained by the ice as it melts, plus that gained by the melted ice raising from 0°C
to the final temperature.

Mwater X SPECific heat X DT; = myex latent heat + myee X specific heat x DT>

Heatlost by water: 2.00+ OSE x42x Lb°C = 219845 J (D
Heatgainedby melted icewarning: _ 56:2 ¢ x4.2x_| 2°C = 307% J(@
The difference is the energy required to melt the(ife: (2)=__ [% 77| J

Thisisthe heat needed to melt meei.e._>6'%29  gofice.
5 Calculate the amount of heat neededo melt 1.00 mol of ice.

n(t - 2 . <
(tce) ;76 . Ay B(ice) = %
- ' Vﬂ 1ce
Iﬁsjd—l = I$713 - 6 ) K\\JYV\C)l-J
23.12% wol 2.19¢ mol

6 How doyourresultscomparewith thoseof othea groupsandlatentheatfrom datatables?

/I\’\.Q C\G('\O\ ‘000‘(\ ‘\)O)LAQ S‘ov Ag-‘,g H(\‘QQS= 6‘ 0 Kj N\o] —: \L)lm'cL\ 'S eT'v\al ~"D

TNis ex'?av‘\ww\\#d value. Other qoups 30‘} ‘\)Qﬂi S'\ﬁnil\v\r valwes,
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Continuing Chemistry

Inv 4.2 Heats of combustion

The heat of combustion of a substance is the quantity of heat liberated when one mole of that
substance is burnt conpletely in air (oxygen). Thisis of valuein deternining suchthingsasthe
relativemerits of variousfuelsandin calculatingotherquantitiessuch as heats of formation.

An experimento comparethe energyoutputof different
alcohols can be perfored by using the apparatus shown.

The alcohols to be tested are burnt in asmall spirit burner.

200 g water

With such simple equipment it is not possible to absorb all
theheatproducedpnly afraction of it. Hence everything
must be kept the same, except the fuel, to ensure this fraction
is the same for each of the alcohols tested.

Spirit burner

Ethanol
1 Accurately measure 200 g of tap water into the 250 mL beaker (or conical flask). Clamp in
position and record the initial temperature of the water to the nearest 0.2 °C in Table 1.

2 Place approximately 10 mL of methanol in the spirit burner, replace the top, weigh the burner
and contents, and record this mass in Table 1.

3 Place the burner under the centre of the flask, shield it from drafts and light the burner. Stir
the water with the thermometer and when the temperature has risen 10 °C, extinguish the
burner.

4 Continue stirring for 10 seconds, then record the temperature in Table 1.
5 Re-weigh the burner and record its mass in Table 1.

6 Empty the beaker (or flask) and rinse it with tap water to cool it to room temperature. Discard
the remaining methanol, and sponge the methanol from the lower part of the wick with filter
paper. (Do not disturb the wick protruding through the top.) Now repeatist&ier each of
the other alcohols.

Table 1

Alcohol Temperature of water (°C) Energy Mass of burner and alcohol (g)

— ) absorbed (kJ) i
initial final change initial final loss

Methanol | 72«1 3%~p| |2 9.36%3 |5 6 JH.T75] 0 %6
Ethanol LL.B]%5-g 110 | 9.196 |)b.15]15.50] 065
Propan-1-ol1 274,01 2( , 0| 1.0 | 9.19 | 16.85//6.27 | 053
Butan-1-ol | 727.5| 33,8 | 0.2 | 8.527 |I7.54[17.05| O-HT

7 Calculate the change in temperature of the water, and hence calculate the energy absorbed by
the water in kJ, assuming that 1.0 mL of water requires 4.18 J to raise its temperature by 1 °C.

8 Calculate the mass of each alcohol burnt and record this in column 8 of Table 1, then
calculate the amount, in moles, of each alcohol burnt and record this in column 4 of Table 2.

9 Use your values for column 5 of Table 1 and column 4 of Table 2 to calculate the apparent
DcH for each alcohol (apparent, because we know only a fraction of the energy produced has
been absorbed by the water).
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Practicals

Table 2
Alcohol Molecular | Molar mass | Amount Apparent D¢H | Adjusted DcH | Book DcH
formula (g mol-1) burnt (mol) | (kJ mol-1) (kJ mol-1) (kJ mol-1)
Methanol | CH, OHf 32 00269 | 3113 732 715
Ethanol C2HsOH 46 0-D I §572 1372 1372
Propan-1-ol| (., 4, o4 60 9.07="%| 951 7,000 2012
Butan-1-ol C,Ha OH 74 g0 11073 727710 2670

10 The book value fobcH(ethanol) is 1372 kJ mdl Use your apparemH(ethanol) to
calculate the fraction of energy produced that was absorbed by the water.
_ _DeH(book) - 1571  _ 9 oL
DcH(apparent) b5

11 Multiply your apparenbcH by the fraction calculated b0 to find the adjusteBcH for each
of the other alcohols.

Fraction absorbed

12 Plot a graph of molar mass versus heat of combustion for these alcohols, using your adjusted
values. Draw the line of best.

N0
1700 /

P
it

7
Ke)
e
2
= 1 G0D 4
o
g
3 g N
g IOOD / ﬂD K T An/\l
3 U=
kS / )
5 —
* 500 v
IH-Sy\o\ :
0 10 D 0 o SO 60 70 80

Molar mass (g mol™)

13 Comment on the shape of the graph and the comparison between your values and the book
values.

The d\Kevence hetween qé(‘gc\cen'\' molecules 1S 'CHZ‘. From the Cj;roq}l\

 dNe<ence o \H-ik\o\'[ (Cl—\,B i Q‘Y‘,V\o\\‘l'o about 500 KT ol

The 2xpesimestial values ave close o Yhe book y=lues.
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Continuing Chemistry

Inv 4.3 Finding the enthalpy change for redox reactions

Theheatof reactionwhenonemetal displaces another from a solution of itsions can be measured
and compared to the E ° value for the same cell reaction.

Note: wash your hands after handling metal powders — they can cause eye damage.

1

> 01 B~ WD

10

11

12

168

Use a measuring cylinder to carefully measure out 25 mL of 0.4 mol L™ copper(11) sulfate
solution into a clean polystyrenecup jacketednside anotherpolystyrenecup.

Measure the starting temperature to 0.5 °C ts= l 5 °C
Add 1 g (an excess) of zinc powdandstir thoroughlywith a glassrod.

Record the peak tenmperature. t; = QL5 °C
Determne the rise in temperature Dt = 2.0 °C

Theequationfor thereactioncanbewritten as:
Cu?(ag) + Zn(s) < _ Cu(s) + Zn**(aq)

Calculatethe nurmrberof molesof Cu2 usedlnthlsreactlon i{Cu) = O - 010 wmol

ol )=cV = 0 byl x 25~ 1p~% (.
= O- 00 mso]
Usethefollowing formulato deternine the amountof heat
released in the reaction:
Heat= mass x specificheatx temperaturechange

. . _ 1 —1 S
(where specific heat capacity of water = 4.2°F@ heat = 7271009
and 1 mL water =1 Q) -. y o

heot = 255%/"‘2 °C >‘20C='2.IOOJ

— ~
Calculate the heat released, DH, permoleof Cu DH = 21D w3 wol
HSH= 110073 - 210000 X mal ™
0.010 wol -.’7_ID\A\TN\0|_|

Repeathe aboveexperiment using(a) iron powde and (b) magnesiunpowder or turnings. (For
Mg, 0.5g shouldbesufficient.)
Cell reaction E°(LHE) E°(RHE) E°cell DH
Zn(s) / Znz*(aq) // Cu2*(aq) / Cu(s) -0.76 V +0.34V | | \( 210 KJ wol K
Fe(s) / Fe?*(aq) // Cu2*(aq) / Cu(s) -0.47V +0.34V 08l V|55 «I mol'I
Ma(s) / Mg?*(aq) // Cu?*(aq) / Cu(s) -2.36V +0.34V 2.70\/ hi5 K3 mal”

Calculate thd=°ce; for each reaction using the formula

E°cell = E°rHE — ELHE
Plot theDH values against the°cei for the three cell reactions. The plot should go through
the origin.
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Practicals

Enthalpy DH) vs Cell emf E°)

500

400 //

300 /
200 }/

/
100

/

Enthalpy / kJ mol

0 1.00 2.00 3.00
Emf/V
13 Isthere arelationship between the erergy released as heat, and energy released as electricity?

\II€$ - fhece (s « \\\\ea\' ve\ad'iovws\\\\? Be{‘weeh ‘ﬂ\emb

14 Whatwould happen if the metals were partly oxidisedbeforethe reactions? Explain.
‘g' Yhe me‘\’a\g Werve qu‘\lﬂ ox'lc\isec\ IBQQOVQ the erC‘HOn the heod” ilueh

03% Wold be lessS. 1e the ‘+empew+Mve vice would be less because There would

be \ess metveriol 4o veact. Ahis Seewms o have heippened with the

MAQDeS| Wy,
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Continuing Chemistry

Inv 4.4 Hess’s law: the law of heat summation
The heat of areaction is determined only by the difference in enthal py between the reactants and

productsandis independenof the pathof thereaction and the manner by which it is brought about.
Thisisillustrated by the formation of sodiumchloride by two differentreactionpaths.

A Thetwo-stage path:
1. Thereactionbetweersolid sodiumhydroxideandwater
NaOH(s) + H.O(I) = _ Na'(aq) + OH (ag) DH;
2. Thereactionbetweersodiumhydroxide solutionanddilute hydrochloricacid
Na'(aqg) + OH (ag) +H'(ag) + Cl'(ag) = _  HO()) + Na'(aq) + Cl'(aq) DiH:

B The single-stage path:
Thereactionbetweersolid sodiumhydroxideanddilute hydrochloricacid
NaOH(s) + H'(aq) + Cl'(aq) = H,O(l) + Na'(aq) + Cl(ag) D;H3

<

If Hess slaw is correct then, within experimental error,
DiH1 + DiH2 = D/H3

D/H; heat of reaction for dissolution of sodium hydroxide
1 Place one styrofoam cup inside another one to form a cal orimeter.

2 Place 100 mL of water in the styrofoamcup and note the

temperature. Ti= K -8°C
3 Weighoutrapidly 0.05mol (2 g) of sodiumhydroxide pellets
(corrosive) to the nearest 0.1 g (about 20 pellets). m= 2.1 9
4 Calculate the amount of sodium hydroxide used. nN(NaOH) = O -O5Z5 mal
? NaOH > Uy =
M J+O Smcl
5 Add the solid sodiumhydroxide to the water, stir gently with o
athermometer and record the highest temperature, T,= 20 '2°C
6 Determnetheriseintemperature. DT=__ 5-5°C
7 Heat energy (DH1) = mass of water x temperature rise x 4.2 DH,= Z2Z/0 J
Hectk = lDOc_-L X 56% « J+.]_:\'%"' oc" - 2.3}0 N )
8 Calculatethe heatenergyin joulesfor 1 mole of NaOH D/H; = Mo kX acl
A\'\i_— @:’. Z;lDi :MDDOZ
o D-05 7S wo!

D:H2 heat of reaction of sodium hydroxide solution with hydrochloric acid

9 Rinsethestyrofoan cupandadd50mL of 1 mol L™
NaOH(aqg)(0.05 mol). Measue out50 mL of 1 mol L™
HCl(aqg) (0.05 mol) into a measuring cylinderandrecordboth 1475 °C
temperatures. Theinitial temperature is the mean of the two. T,=

10 Add the acid to the hydroxid®lution, stir gently with a e
thermometer and record the highest temperature. T,= ZH'S C

11 Determne therise in temperature. DT= 7:78°c

170


Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil


Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil


Practicals

12 Calculate the amount of sodium hydroxide used in the n(NaOH) = O-05 mol

reaction. n-= <\l = | molL” x 50 x10% L

= 005 wol
13 Calculate the heat energy released in the reaction: ‘ _
Heat energy (DH,) = mass of solutionx tenperaturerise x 4.2 DH, = $255 J

heak = (50 . 50><3>( 175°C = 4Ly T "= 237553

14 Calculatethe heatenergyin joulesfor 1 mole of reactants DH,= 65 K3 mol B

A(HL - —/‘\(\Q&\- . 52553 =~ 451007 mol™

n 005 mol

D/H3 heat of reaction between solid sodium hydroxide and hydrochloric acid

11 Rinsethestyrofoan cupandadd100mL of 0.5mol L™*

HCl(aqg) (0.05 mol) and record initial temperature. T.= [170%
12 Weighoutrapidly 0.05mol (2 g) of sodiumhydroxide pellets

(corrosive) to thenearesD.1g (about20 pellets)asin 3. m= 2.0 g
13 Add the sodiumhydroxide to the styrofoam cup and stir o

gently with athermometer and recordthe highesttenmperature. T,= 215°¢
14 Determine the rise in temperature. DT= /2.5°C

15 Calculate the amount of sodium hydroxide used in the n(NaOH)=_O 050 mol

reaction. n (NaoW) = = 202 < ). 5L ) mol

H_DS N‘O‘--
16 Calculate the heat energy released in the reaction: B
Heat energy (DH3) = mass of solutionx tenperaturerise x 4.2 DH;= 57500
heet = 100> | 26°%C » 7 1q'C" = 5250 3
17 Calculatethe heatenergyin joulesfor 1 mole of reactants D/H3z = 108 KX wol ™!
/),(\-\ = heat 52503 = | -l
4 = — 05 ooo |
=  0'0SOwol S we

Comparing DyH1 + D;H> to D/H3

18 How doesthevalueof D\H; + D,H, compareto the value of D.H3, consideringpossiblesources
of experinental errorandtheir magnitude?Draw a conclusion.

- _ - __ -
DiHy + DHp= b ¥kE wol™ « $5 K3 wol™ = (09 T pol ™
DiHz = oS K nnol-l
EO’“\ \)Q\V\QS I‘e ic\‘t\-\e Vanq;e \07 K3 H\O\-I + ‘Zc%) W\'\\'C\‘W 3MC5<3Q$1—5' 'ﬂ»e IQW

(s \)d.\‘\é\. )Ii(\e m)e\'c(\n'\vq CY<OoFS o«\é\ acc uvacy c>$ Neasurvivey Qc(\\m.krS,
P) = = [») ~

amé SOth\iOh cohce\—\'\"kt\-mﬁ ase c& '\\\is OTAQT o(ﬁ\ CLQCurqcci.
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Continuing Chemistry

Inv5.1 Transition metal chemistry 1: Manganese
Transitionmetals canhavea nunmber of different oxidation states and their conpounds and
conyplexes are almost always col oured.
1 Manganese (ll) sulfate and potassium permanganate are common laboratory reagents. What are
their colours and what are the oxidation states of manganese in each compound?
mQSOH_ \ Vﬂ_cmiomese (ICJ is “Pq\e P\‘Q&(

mﬂOL(__‘ K\O\ngo\\\ei('" (E) s Pu\rF\e,

2 Add a little dilute NaOH(aq) to about 2 mL of Mng&q) in a test tube. What do you observe?
Q ?q\e ’\D\(\K - (Dl/('q: colour och pveci‘P |"|'0{\'9,

Filter and allow the precipitate to stand in air. What do you observe?

"\'\we colous c% the PT@C(]\:H‘O\*G 108% C\O\VKQ\' Srow,

3 Write an ionic equation for the reaction that occura. in
LA —
0 (o‘\{’S - /Z/OH (q?'> = mf\(O'HB’L (S)

4 MnO(OH) is the product formed in 3. Write an ion-electron half-equation for its formation.

XS @ (o) (g ol —> Mn0(oH)s)* Homte”

QN ?}7/ noM)=(J © (0 \ nUOR)¢) * H,0m)te
)

“ “’5 What is the oxidation state for manganese in MNO(OH)? +3

6 Add a few drops of KMn@{aq) to MnSQ@(aq) in a test tube. What do you observe?

Q bS<own 1‘><ec'\T\;\JVcr\fe %ov“\S.

7 The product formed i6 is MnC,. Write an ion-electron half-equation for its formation from
MnOg-.

(N0, @)k 13 ™= MnOals) + 2H,0(4)

8 What is the oxidation state for manganese in O H

9 Add 3 drops of KMn@(aq) to each of two test tubes containing a few mL of 30% NaOH(aq).
Then add 1 drop of 1 moFLNaHSQ(aq) to one test tube and 5 drops to the other. Carefully
shake the test tubes and leave to stand for a couple of minutes. What do you observe?

| c\\'o-P Q E'Me 5o|u‘\';Q\\ '?otnN\S

B cs\co?s A Green selution, Torwms

10 MnO43Haq) is blue and Mng+(aq) is green. Write ion-electron half-equations for their
formation in9.

- 2-
a0, * Ce” — MaO,
mnOL; e — mnolfz—

11 What are the oxidaton states for the two manganese species foréed in

MaD,” - +5 Moo, " = +4
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Practicals

Inv 5.2 Transition metal chemistry 2: Vanadium

Transitionmetals canhavea number of different oxidation states and their compounds and
conplexes are almost always coloured. Vanadium hasthefollowing: violet [V(I1)], V**;
greenV(Ill)], V*;blue[V(VI)], VO*; yellow/oranggV(V)], VO,

1

Put half a spatula of solid ammonium vanadate;\Wb3, (TOXIC) into a conical flask, then add
about 20 mL of dilute sulfuric acid (2 moti). Swirl the liquid to dissolve the solid.

Colour of the squtionYeL\o w Oxidation state of vanadiu'h{;

Decant off the liquid from 1 into a clean conical flask, add 20 mL of sulfuric acid (2 Hol L
and a spatula of zinc powder. Place some cotton wool loosely in the top of the flask and swirl
the flask gently. Note the colour changes that occur in the mixture.

Colour changesaf_\\ow S qreen 1o Hue o green o ?Mv?le (u{ofe‘D
Leave the flask with the cotton wool plug until the final colour is violet.

Colour: violet Oxidation state of vanadiuTTQ.

Pour 10 mL of this solution into each of two 100 mL beakers. Leave one beaker exposed to
the air, and the other other add about 10 mL dilute nitric acid (1-2 thanhd swirl the
mixture. Note the colour changes in each beaker.

a In air — colour change ngen Oxidation state of vanddfum

b In HNO; — colour change _ Slie Oxidation state of vanadifn

a Write ion-electron half-equation for the conversion of,¥/@ VO?+.
4 7 BN _ T A
NOy i 2Hi' @~ NOpmgy + H,0¢4)

b What would you see during this reaction?
The Lge\\ow solution would Furn blye,

a Write ion-electron half-equation for the conversion &f ¥ VO2*.
X 2t _
Neg) ' 8,0 ™ NO Ty + ZHT 46

b What would you see during this reaction?

/“We QJ\‘Qeﬂ $c>|qu\oﬁ WGu\d Tuvn BNQ-
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Continuing Chemistry

Inv6.1 Hydrogen bonding

Sone compounds do not follow the sane trend in propertiessuchasboiling point, asdo other
members of their group. Thisis due to avery strongdipole-dipoleforce calledhydrogenbonding.

Group | M, BP Group | M, BP Group | M, BP Group | M, BP
17 °C 16 °C 15 °C 14 °C
HF 20 |f93) |H,O | 18 |[[-®BW)|NHs | 17 |(-96)|CH, | 16 [[-]z)
HCl | 36.5| -85 |H,S | 34 | 83 |PHs | 34 | —88 |SiH, | 32 [-112
HBr | 81 | 67 |H,Se| 81 | —66 |AsHs | 78 | —57 |GeH,| 766 | —88
HI 128 | —35 |H,Te |129.6] —49 |SbH; [125 | —17 [SnH, | 1227 | -52

1 Onthegrid following draw graphs of the boiling points of the 4 groups against their relative
molarmassespsingjustthe dataabove. Use a different colour for each group.

Boiling point (°C)

-100

-120

—-140

-160
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80

60

40

20

o

—-180
0

2 Whattrenddoyou observe?

10 20
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70
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90 100

110

9roap /5
§rou? 17
Gronle

120 130
Relative molar mass

s wolae mass (ncreases the ‘DO\'\\m& po(\\'} \ncreases,

Group 4y
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Practicals

3 Explainthistrend.
The (nccease in boiling point bappens because The molecules ore
1t I

qu\"\ x\i \avq;ev, v\):’“/\ nNos e elec'\'\‘oa\s\' c\\\cl So The I{\+9rm6|eculur

Lorces Lelyean insodaneous digdles and isdused dipoles are stronger,

4 Usingthetrendsandthe graphsyou havedrawn, whatdo you think the missingboiling pointsin
thetableshouldbe?Write your estimationsin thetablein pencil.

5 Theactua boiling points are:HF (19 °C), H,O (100°C), NH3 (—33°C), CH4(-162 °C).
Add thesepointsto thegraphsyou havedrawn.What do you observe?

“the Soi ling poists & BE 1.0 and MH, are Very Wnch I\(%I\ec than The trend

Suc_(geg\g while CHy has a \ower BP 4hdy, the dvend sugqeds,

When hydrogen is bonded to avery electronegativelenent— fluorine,oxygenor nitrogen—the
bondformed is highly polar; the hydrogenis almast a bareproton.Consequentlythe hydrogenof
one molecule exerts a strong electrostatic attractionfor the very electronegativatomin a
neighbouring molecule. Thisinter-molecular bond is called a* hydrogen bond” and the boiling point
is thushigherthanwould be expected.

Inv 7.1 Structures of organic molecules

We usemolecularmoddsto helpusunderstandhe structuresgeonetriesandpropertiesof
moleculesIn most modelsets blackrepresets carbonwhite is usedfor hydrogenyedfor oxygen

andgreenfor chlorine.
1 Build amodel of CH,Cl..
a  Whatis this compound calledﬂ\ﬁ\ lovo methane

b st |scorrpoundpolar’PEpralnyouranswer
€S, The C—Cl bond (s poo\v because Cl s more Qh@‘? ﬂ\QI\C

ad Yhe  shape oF The \Ino\ecu\e Dch's bath dipoles on the same sided

<A bQ“\.
2 Rebuild your molecule putting the chlorinesin differentplaces. fhe car

Is this the samcompound or different? Same

3 Makeamodel of ethane CH3;CHa. Firmly hold oneof the carbonatons. Now try to rotatethe

other CHz group about the C—®ond.lIs rotationpossible? Ye;

4 Build each of the molecules shown on the right. H H cl H
I I I I

a Arethey identical or are they isomers? H—lC—(li—H H—(lt—(lz—H
| den i cal ¢ c H Cl

Explainwhy. Botocrion obedt fhe  C-C bond s possible.

b Istheaboveconpoundpolaror non-polar? Non- PoIO\F
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Continuing Chemistry
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Build each of these moleculesin turn: H O H H
N o
Are the two compounds identical ? 'T 'T 'T 'T H—C—C—C—H
v H-C—C—C—C—H VR
| \ _c_
esS M y H—C—H
H—C—H |
\ _c_
" H ? H
H
Build amodel of ethene CH,CHo.

. |V
a |Is this a planar wlecule? __jes

b Isit possibleto rotateoneendof themoleculeaswith ethane?  [o

C Whatis theeffectof doublebondson rotation? H doul e bawd pr ovents tofation

Replace two hydrogens with chlorines.

How many isomeric molecules can you make of C;H,Cl,? 3

Two of these isomers are cis -1,2-dichloroethene and trans-1,2-dichloroethene. Build both
models.

a Why arethesetwo conmpoundsnotidentical? Toe Aomble l>OhC\ Dyeue&\“\'s VQ-\-QL‘\WOD,

b Whichisomeris polar:cis- or trans-1,2-dichloroethene? c(s ) (L C\\CNoroeThe!\e

The cis andtrans forms are called geometricalisomersof eachother.Build athird isomeric
C:H.Cl, whichis relatedto the abovetwo by structural isomerism.

What is its nare? ¢! Svcoco thewme

Build amodel of butan-2-ol, CH3;CH,CHOHCH3;. Compare your model with those made by
otherstudentsYou shouldfind thattherearetwo distinctgroups.
H H H H H—0
o "* "* "*
H-C—C—C—C—H H-C—C-—C—C—H
\ \ \ \
HoHo oy H H H

These two different molecules are OPTICAL ISOMERS. What isit about these models that
showsthattherearetwo differentcompoundgpresent?

’(\—nou\c(\r\ the atoms oxe (ol ned 1o the some fows [ q cads

ve<siof, ’\*ne 0o iSOMErS ac€ wmitiovT nages & eadh ofher

Q\\é& cO\hV\o“( \-;e guj}e\- \m?oseé\.
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Practicals

Inv 8.1 Oxidation of alcohols PowerPoint

Primary (19, secondary(29 and tertiary (39 alcohols react differently with oxidisingagentsThese
oxidationreactionscanbe usedto distingush between the different types of acohols.

1 Mix 1 mL of ethanol with 5 drops of potassium dichromate solution and 10 drops of dilute
sulphuricacidin atest tube.Place the test tube in a beaker of hot water to warm the mixture.
Whatdo you observe? Note the simell.

The Co)ou\\— o“ the misxture ch\thses '?tom orarge to Cg\‘een/Uue‘

The swell & ethanol C\r\cn\\c_ges (row al chevvy b?uﬂd!““tg?e swell )

2 Repeat 1 usingl mL of propan-2-oinsteadof ethanol.What do you observe’Notethe smell.

The colous S\ the wixturc c_\\cu\cgeg Liow ovange o cz\?’eeh/k,ue.

Toe smell chasges (nowa nad polish rewouex tupe swel ).
3 Repeat 1 thistime using 2-methylpropan-2-ol (tertiary butyl alcohol).What do you observe?

DD \3\%'\\7\6 s'\c&\w oSE (eqc‘\ﬁonl Eo’“‘\ Co\our ow\c\ SlN\,el] (Ahc\\on\ ‘_f;e&

4 Repeat 1to 3 using potassium permanganate solutioninsteadof potassiundichromete
solution.What do you observe?

i ‘ﬂwe Fuvwle Cokou\\- Cl{\cmq»e'i‘\‘OCO\oqvl-QSS as~d
Swel) c\\OL\\Qes as Q‘DCS\\Q

i "r\-we '\‘Dui“?\e co\oux c\\cx\\cSQS‘H: chDU\\‘\QSS Qu\o(

S\ C\\O\hcgas as above,

i o Q\'\d\\%q S Colour o% S\u\en.

A primary alcohol is oxidisedto analdenyde(alkanal)andeventudly to a carboxylic acid. A
secondary alcohois oxidisedto the correpondingketone(alkanone)Tertiary alcohols do not
undergooxidationundertheaboveconditions.

5 Write equations giving the organic reactants and productsfor thereactiors thathave takenplace.

1 CU,cl.oH > CH.CHO T CH,COOH )

2. CHyCHoHcH, —=3 > CHyC- i

6 Givethenane andcolourof theoxidisingspeciesn &achcaseandthe narre andcolourof the
speciego which theywerereduced.

-3 Cc,O—,ZV ovavre IS VQC\\ACG‘&‘{‘O C\'§+ l>|me,/?ve@ﬂ
é\'\c\\co\mcx\'c < hvowiuan (1)

H thH: ‘?‘ﬁr‘?\q S veduced to mn?+ colous legs

pRYT WC)\v\qc\nd’\'Q Nawgafh ese < (\ 5
| S ) -
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Continuing Chemistry

Inv 8.2 Reactions of alcohols with Lucas reagent PowerPoint
A testthatcanbeusedto distinguishbetweenthethreetypesof alcoholis the Lucastest.

1 Putaboutl mL of ethanolin adry test tube Add 10dropsof Lucas reagent (a mixture of
concentratethydrochloricacid(corrosive) and anhydrousinc chloride)andshake to mix well.
Stand the test tube in a test tube rack. What do you observe?

No uisible c\ange

2 Repeat 1usingl mL of propan2-ol insteadof ethanol. What do you observe?

The m'\XJ[LASG %OQS C(Qudli Q‘Q‘\'GF Cx’?QU\J m\moﬁeg
3 Repeat 1, thistime using 2-methylpropan-2-ol (tertiary butyl alcohol).What do you observe?

The m(x'\'\ne q;oes c\oac&u_g c&\mos‘\‘ ('mmeé\'ed‘e'g(e
Leaveanyunreactedesttubesin the rack until the end of the lesson.

4 List thealcoholsin grderof their rate of reactiongvith the Lucas' reagent. PuLthefastest first.

, 3 2 |
]- rne%u)\pso?o(n—z-cl > Propae -2 ol > Q-HI\Q»\\\.Q |
S Putthealcoholsin orderof increasingstrengthof theR- O bond. _

{ ya
2Xhaval > ropan-2-ol > Z-me‘ﬂ-uﬁvao?em-z-o/

6 Write equationsfor reactionof eachalcoholwith concentratethydrochloricacid (the zinc
chlorideis a catalyst).Usestructural formulae and in each case nane both products and

reactants.
2nCl .
CHE_C“Z_OH + HC| Lo s no reaction
Mol
A 2«Cl 3 o~ + H O
CHy- CH-CHy Hcl — > H, E’H ctl, 2
’V(DFO\?—\H"L'Ql Z-chlovo propane
, | iy
C“S 2nCla ) S 7
— — f
W c-cH; + HCI — CHy < . 1,0
(I>H Cl
'Lmé’“\%\\;vo?c!ﬂ'_b ol Z'?k\oro, 2‘}(\6‘1‘\3] PrOpane

7 Usingtheaboveinformation, suggestvhatmight have caused the cloudinessin the reactions.
The haloolkdmes oduced inthe reacton are e miscible in woder

tran the alconels because W\eg do not Torw h\(\clvoieh bonds.
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Practicals

Inv 8.3 Preparation of 2-chloro-2-methylpropane PowerPoint

Haloalkanes can be prepared by nucleophilic substitution of the corresponding alcohol using a
suitablehalogenatingagent
Note: your teacher will show you how to use the equipment safely.

1 Mix 10 mL of methylpropan-2-ol with 20 mL of concentrated hydrochloric acid(corrosive) in a
separating funnel. What do you observe?

Two loayess dre Yormnad ond Yhe Tower (acid) rq:{e'r [poled c|ou({‘:(. Gos evolued.

2 Shakefor 10 minutesandallow the mixtureto settle and leave overnight. Whatdo you observe?

Two A(SA\"\V\C\V lqE()Q“S.

3 Runoff theacidlayerinto abeakeranddiscad it. Slowly add10 mL of sodiumbicarbonate
solution.Whatwasthe purposeof this?What wasthe gasgiven off?

1o newrsalise the excess dcid,

—r\r\c %ds is corxbon di oxicge-

4 Observe the mixture. What do you notice?

Thewe are otill fwo lagers.

5 Shakegentlyandreleasehe pressurduild-upfrequently.Discardtheaqueoudayer.Runthe
haloalkanento atesttube,add a spatulatip of anhydoussodiumsulfate.Stopperthetubeand
shake. What is the purpose of this process?

To absorb any weorer veN\OL'n\(\\j inthe Naloallane |oger,

6 Useadatabookto find theboiling point of 2-chloro-2- Lo
methylpropane. Boiling point: (°c

7 Record the mass of an empl receiving flask ready for
distillation. Mass: 66-7_?

8 Decant the sampleinto a clean distillation flask anddistil it,
collecting the fraction that distils within 2°C of the expected

boiling point. Weigh the flask anddistillate. Mass: (S 9
9 Complete this table with your experimental data.
Volume | Density Mass Molar mass | Amount present
methylpropan-2-ol [Q:Owl-| 0.78 g mL-? "[.gﬂ 741gmolt | D103 o)
2-chloro 2-methylpropane b Sg 926gmolt | O -0 702 my

10 Write an equation for the overall reaction.

(c); Col + Hcl > (cl).CCl *+4,0

11 Calculate the expected yield of 2-chloro 2-methylpropane.

0 (Q(I-\S\SC C I> =0 <(cu3)gco+|> = O+ 105 wdl amount = _O - (05 mo|
12 Calculate the percentage yield of the experiment.
14 = _actual yield 0 a
Percentaggield Sepectad yild x 100% % Vield: b6 T%

= OOTO'L'N" (00 _
= =66.7%

O-105 mol [



Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil


Owner
Pencil


Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Text Box
PowerPoint


Continuing Chemistry

Inv 8.4 Hydrolysis of haloalkanes (alkyl halides)
Haloalkanesanreadilybe convertedo alcohds by substitution and to alkenes by ehation.

1 Place 1 mL of ethanol into 3 separate test tubes andplacein abeakerof wateratabou 60 °C.

2 Add 5 dropsof 1-chlorobutanel-bronobutaneand 1-iodobutandor similar) into the separate
test tubesfollowed by about2 mL of silver nitratesolution.Shakethetesttubesandleavein the
‘water bath’ and observe over several minutes.Whatdo you observe?

1-chlorobutane: Bec ane o ldtle c\oudg altec = minutes

1-bromobutane. Bec dxe Cloudg O&-%e\- aoout | windte and QQ*I-e\- Iy

ek es a deliadre credin 1‘>\-ec\'—\>('\_'oi‘e had Yormed.

1-iodobutane: 'ch‘?\‘éxl»} :'OV\N\S =3 -Pc\\e Li\’ellow Pvec(‘\?\‘"'or&'e,

3 Using your observations, place the haloalkanesin order of decreasing reactivity.

- { odobufane > - o butase ) - chlovobutene

4 Usingthebondenergiesn thetablebelow,sugget a possible explanation for the different rates
of hydrolysis.

Bond Average bond
energy kJ mol™
C—ClI 339
C—Br 285
C—lI 218

Qg_\'\"\é YeQC\‘(OV‘; inuo\ue bo(\d\ *)\"QO\K'H\Q —H\Q WQQW(QY "I l)Q\\(L S

the wost easJu, broK ey ond the C -l bowd The ledst <asily Y

‘Di‘o(\o_n. The EXDQv\me(\'\'o\l resulls show 1hal the rale o‘\:

<eac&1o<\ = ve\c\'kec\ -ko‘H\e k>0\\<§‘ Q*Vth;ft\ '~_H’\€ N\O“e eo‘g'/‘/

1he Soed (s broen the Sadher the vec\chon rate .
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Practicals

Inv 8.5 Properties of amines PowerPoint

Aminescanbe consideredisderivativesof ammonia with one or more hydrogen atons replaced by
alkyl groups, and they have similar properties. Caution:Amineshavestrong,lingeringsnells.
Take care not to spill the amines, especially on your school uniform.

1 Cautiouslysmell theamnesandammonigprovided. Describe the smells and compare them.

ka\oﬁ\a 'f\d$ &S [o1'S)y) c\\mrac+evt§l'1c HQ\\A\V, ﬂ\\c\m( SW\Q'\ Wlﬁ le ‘H\e

axiaes Sme\ §c a mem\-e Q'Y' -le\\ OL\\C\: QAMMON A,

2 Hold small pieces of dampred and blue litmus above the amines and the ammoniaNote the
results.

Zoth axines avd oweonic Turn ced v l>|ue (ho chqv\ie voi‘l{\
Sue o).

3 Placeadrop of eachamine solutionandammona on separate pieces of universal indicator
paper. Estimate and record the pHs.

Awines ond dymonio ave bth alaline, Bt the atnines have

S\'\q?\)(\q\ k\'\cg\wev ( wove -\‘m‘-?\e> ?\'\; ‘Kwom AN NON (A -

4 Write agenera equation for the reaction of an amine with water to explain the pH values.

Rowp, v U0 == R-NH4," + oK

5 Prepareseparateesttubescontainingcoppersulfatesolution(about 0.5 mL). Add 3 drops of an
amine solutionor amnoniato eachof thetest tubes.Mix eachsolutionanddescribevhatyou
observe.

Q\nmon'\ot ‘P a 'pox\e \>|Ule PV&C\‘?\+d+€ ‘(;owm (CV‘(O sz >

Qmine . O "\?m\le blue Pvec'\??‘l”cﬁe Lorms (CMCOHBz)

6 Now addanexcess of eachamne or ammoniato the appiopriatetesttube,mix the solutions
vigorously, and again record your observations.

Qw\mon\a the pvec\v\thJve ck\ssdues and o c\ee? VO‘(Q\H“@ solutfion 'PQWG,

Qm\‘\Ql‘H‘ve 17\‘Qc-.\7\‘|'o\'\'e A\SSol\JQS on& otéee‘p \‘OL(O\ (bh,(e SO|UI'\"IOl\ ‘(:OWS.

ﬂ\e awnige go\u&\ov vaed\‘s C&O%‘V\QV 'HK\O(\W\G ammonia SQIWH on,

7 Write an equation for the reaction betweerethylamineandCu?*(ag).
C(l agy * H Cq He M, @y - (C“ <C Hs O H >Lﬁj (agq )
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Continuing Chemistry

Inv 8.6 Reactions of aldehydes and ketones PowerPoint

AldehydesarebetterreducingagentghanketonesThis propertycanbe usedto distinguishbetween
thetwo classe®f compound.

1 Tollens reagent: To 1 mL of silver nitratesolutionadd 1 drop of sodiumhydroxidesolutionto
form a precipitateof silver oxide.Add dilute ammoniumhydroxide solution,drop by drop, till
thebrown precipitatgust disappearsPourthis solution into a clean test tube.

Add 3 drops of ethanal (acetaldehyde) and warmthe test tube in a beaker of hot water. What do
you observe? (ﬂ\-\emlﬂu elg o Black presipitate forwrs )

A 'oilves niceor' wWos Soymed onthe jnside wall aF The Testdube .

Writethe half-equation for the reduction reaction.

Qc;(aavs v e — 93(5\

2 Fehlings reagent: To 1 ml of solutionA (copper sulfate solution) add solutionB (analkaline
solutionof sodiumpotassiuntartrate) until the blue precipitatgust redissolvedo give adeep
bluesolution.(Benedict'sreagentcanbe usedinstead.)

Add 3 dropsof ethanalacetaldehye) andboil the mixturefor afew minutes.Whatdo you
observe?

e \7\\/\@ so\u\'\'llor\ C\{\O\NC()QS '&'O Q <Qé\'\>VD‘U"7 PVG’QIF\"i'OF,'@

Write two half-equations, and hence the overall ionic equation for the reaction in alkaline
conditions. (The organic product will be a negative ion.)

C HE CH D{qu) * gO“_Loqv\ — C choo_caq,) + 2 HzO(e)*'Ze'

?_Cuu(qus t ZOH;_%{’.L@' —  CwO¢y * HOcd)
Cl; CHo@y) +7.C£2q@> £ BOHiggy — CHy<cagy * CayOps) * SH,004)

3 To5drops of potassium dichromate solution (or potassium permanganate solution) add 10 drops
of dilute sulphuricacidsolutionfollowed by 5 drops of ethanal. Warm carefully on awater bath.
What do you observe?

The OTange dicheomete soludion fucns ‘ffeQ“.MMe

Write two half-equations, and hence the overall ionic equation for the reaction.

CHECHD(Q‘?‘,> * HLO(,Q\ — CH CODH(‘HS ¥ Zthq) - Ze_
C<107 tagy * 1Higgy * be” 7 2.C<% gy THOUD

gcuﬁcuo(q{> + C‘lo")zc;qv\ + %th(';,\ E— gCHZCOOH(ﬂ?B + ZCT lq‘l‘,) *#”LO([J

4 Repeat the above reactions with using propanone (acetone) in place of ethanal. What do you
observe?

No \)isiB\e c\\o\mch l,b"\J((n e‘\‘“\ev Ox'lckfs‘mg ae&Qh‘_Jr‘
5 Whatdotheabovetestsshow?

Q\&Qk\\(éeS @\ \')Q ox\c\\3<=.ck 'H'th{ OC‘k AS :Qc\ucu\q quh'\'S, U\)‘\ |G‘

\6Q¥Qwa$ ose ot oxidised.
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Practicals

Inv 9.1 Reactions of acyl chlorides (teacher demo) PowerPoint

Acyl chlorides(acidchlorides)arederivativesof carboxylicacids(alkanoicacids).Theyarevery
reactive undergoingexothernic reactionsvith water,alcoholsandammoniato give the
correspondingarboxylicacids,estersandamdes.(Thesereactionsshouldbe donein afume
cupboardor underafumehood.) All acyl chlorides are corrosive.

1

In adry test tubeplace5 dropsof ethanoyl chloridegcetyl chloride). Carefully add 5 drops of
water.What do you observeed ary gasgivenoff with damplitmus.

8 \liC?)ox’ouS reactea witk qas %\\Je“ . The seaction mixture Zew‘s

\)le()‘c\o"f. The c\ot\m? heus turns ok,

Add afew dropsof silver nitratesolution.What do you observe?Vhat doesthis indicate?

d white precipdate fovwes, mA\ccﬁmg the presewce s

C_\_ oS,

Write an equation for the reaction betweenethanoylchlorideandwater

CHCOCh (IS + H0US — CH COOH(agy + Hllcgy

In adry test tubeplace5 dropsof ethanoyl chloride. Carefylladd5 dropsof ethanol.Shake
carefullyfor abouta minuteandthencarefullyadda few dropsof water.Carefully smell the
product. Describe the snell.

A 8&9‘)&‘\\\9&\)6 sval siwmilar Yo 3’\»«6,.

Write an equation for the reaction between ethanoyl chlorideandethanol Name the products.

Y, collrry + CHCHROHALS > CH CooCH.CH, + HCl

@‘“\H)f ethanodte \thc\voi en chloride

(IN A FUME CUPBOARD) Put 10 mL of 0.880 ammoniain a100 mL beaker, then carefully
addafew dropsof ethanoylchloride.What do you observe?

C\ UG OXONS veqc_lﬂon cxhc\ A \(5{" OX‘ U._)\\\Jce -cuw\eg‘
S

Whatarethefumesthataregivenoff?___ S w0 nivie clalovide

Write a balanced equation for the reaction betweenethanoylchlorideandammoniaandnane
the products. o L edvogen chlos: de

CM, coct (LS =mylz<a%> —> CH,Conl, + HC|

ox  CH CONH'CI™ )
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Continuing Chemistry

Inv 9.2 Amide hydrolysis
Amides can be hydrolysed eitherby acidor alkali.

1

10

11

12
13

14
15
16

184

In atest tube place afew crystals of ethanarnde. Add 3 to 4 mL of dilute sodiumhydroxide
solution. Warm gently and then carefully smell the gas produced. Observation:

The qas swels &8 ammonia.

Test the gas with damp red and blue litmus. Observation:
T\—\e Y aus Yurns Slue.

Write an equation for the reaction.

Cool and keep the mixture.

Now add 4 mL, a slight excess, of dilute sulfta@dandwarmthetesttube and smell carefully.
Observation:

|+ syele ogr eharoic acid (\J'\\\ecgq\*\

Whatgasis formed? Heaxoic acid (C\-\SCQC)H)
Whateffect does it have on litmus? (4 -Lmns (&-Hﬁus ved.

Write an equation for the reaction.

C—\’\ZC 60_(“&,\ + H-L(qqu> — (Y, cool (2g) (Sowe cores off as 303)

Takeafreshsanple of ethanande.Add 2 mL of dilute sulfuric acid. Warm gently and then
carefully smell the gas produced. Observation:

H syaells CR' Q'H\‘\cmcic acid,

Test the gas with damp red and blue litmus. Observation:
The bBue [Hnmus Fusos ved.

Write an equation for the reaction.
CH.coONH, sy * Hzo+(dg,\ ——> CH,COOHg) MH;(OI@)

Cool and keep the mixture.

Now add4 mL of sodiumhydroxidesolution.Warm the test tube and smell carefully.
Observation:

There 1 a swel of cimenio,

Whatgasis formed? Aremonian  (KH)

Whateffectdoesit have onlitmus? [t fusws  lifaus Se.

Write an equation for the reaction.

NHH_.FCG!?‘/) * O'H_(a\?> —— A)'Hs SO I‘IZO(L)
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Practicals

Inv 9.3 Identification of organic unknowns

Classes of organic compounds havecharacteristiphysicalandchemical properties due to the
functionalgroup(s)they contain.Unknowncompoundsnay beidentifiedusingthesecharacteristics.

1 Givethephysicalor chemcal characteristicef thefollowing classe®f conpoundsthatwill
allow youto distinguishbetweerthem.

Characteristicof alkanes

[nsoluble 'n water: less dense Than wates ; do nat copduct dectvic ity will

\>v\v(|‘: ﬁeué(\’d\ 'I_ (Qo\c1§9 s\c-ulg) wdk\ \>Tom\'\he " |\_'t§\\\: h()reac‘!‘ioxﬁ \'O\TL KN\u\OH\.

Characteristicof alkenes

Qo dor allanes exocwt — bures widk cwokier $lowe, ro?\‘ék! decolowsos

\M'\“Q w&er D é\qv\é,\ Adecolosises H“/thu:

Characteristics of alkyl halides
l(\sokukv\e \n \MCt\’eX Nakive hud\-ol»(gls Jo qwe % @g (kq} w\ﬂ\

ey wirade SO\U?\’\O"“\

Characteristicof alcohols
Low-wags sdube in wdter, newtsal, cleanHowe, 1° - 1% oxidised by H*/N\“&f or

Ly )G 02 ceactwitk B-(o0l 4e, %W\ esRrs  3°:2°read witk Lucds \‘ed?eld‘

Nest Toll
Characteristicoof aldehydes of oridized b“ OlEnS ov '_QM\NSS SQM“‘\S

L ow-mass soluble in waker, axidised o ﬂ*/l\\\o\;,, K /GZO{") Tollers Fe\\\iM:('S.

Characteristicof ketones

Low-woss sdublo in wates: Nl exidised by oxiaising agrrts

Characteristicof amines
/\q-?'\c-q\ \DG\S(C \Ijt,?ew‘\\l?s — b‘b‘?‘\b \\'\w\l/S 'QO\K\ SQ\*Q \L)]TLQC(C&) S‘(\Q\\S 0{

oronceciat = Wk, fovees <oval Blue complex wit  Ct
_’ L]

Characteristicof carboxylicacids

/|-\q7\cd\ atc‘\&(c rxo‘PQ\-'\"\ oS (me-qu qotw-\bcx\oé\'es, ||"\m\uxg> miSc(ue (\h
Pl ; X x >

wokes, eacts Wik alconals o forw osters strong s inells,

Characteristicof esters

Nt wiseDr i potes c\Isacteishe $W\‘\-3 swells,



Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil


Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil

Owner
Pencil


Continuing Chemistry

Characteristicof acid chlorides

fuve in ;oist g, v eact Wil watlfe\- Yo ?mcluce “C\(q)> ('ks'\' Wk H\Mus\

<Ci-?‘\3\\v\‘ xo‘“\ eé(ev& vo'\)«\ o\\co\c\o\g,

Characteristicof amides

Low meW v\g-’\yo'\\\)( CO\qs Wousey el readwilkh O 4o piduce A, (dest with

\d \wé\l or with O Lo \?vock\/lCQ cowkcxtg\\'c acids (sl « Lot u.)'dl\ s ) .

2 Usethecharacteristicyou havelistedto idertify eachof the 4 unknowncompoundsyour
teachemill giveyou,labelledW, X, Y andZ. Presenyourresutsin the form of aflow-
diagramor tablethat includesall relevantinformation. Write equations for any chenical
reactionghat occur.

\( turns (l"l'wms Elne,

no t‘l\Q\hZe u{bxﬂ\
O_H\QT$.V

CU QU H,_ Ly + B0y —> QMg CHZA(H‘S”/ML) F O cags

|) Ho\é Cldl‘n\) \‘ec\ l\'\'mms o.‘\><>\)e \( Pﬁ:)hd‘b\o' O{W\l' ne,

- eald\ L\*\V\\A

2) Qdd Twl of Y 4o 2wl of A pale blue pp't Y = awmvnoethone
copper su\tate solution, Torme the duscolues
T~ a TDc(ckl Nue complex

MU CHMHL (S = Cu(agy > LCn(emyCibi )41 cag )

3) A3 | wl oS T NATNNG W dissalueg | (ayer, W= alcohol Ketone
Lqulds eack foLml 4 or aldehyde,
Sbéd uun (’,ot\-‘DO\\c‘{‘e Solu&‘b\\, % 9 I,O\‘/{Q,ll“g X: N\emg\ e%\d//\ch'e
Fa Q\"zzes [ = 'P\‘(Dpahofc ac:'\'o{.

CH,CU, cooHlly K00y = CHyCH,Co0 T (agy U, 0" (ag

7 Urgo-} (a»l/) . Cogz\ [az> — COZ_((S> + gUZO/.ﬁ)

L’-) \}\)Cf\\*m lmL \'\) Wt Ovom\ifa solw “'hty\; W= O\\colqd or
acidilied dichrormate . l'>‘~*f\€~3reeh_ O\L&Q\\\id«e.
';) Wew \N\L_ \N w\l‘H\ S \ver wiveor W = Q’\A’ﬁl"\j&f
To\\e\\s \-eomge(\%. U\}x\*\eﬂ\a&\q,_
WCHo f /C%Of ‘cooH
(A4 (WH,). ]

l4CHO =2 22 HCO®H
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Practicals

Inv 9.4 Making an addition polymer: slime

Vinyl alcohol (or 1-hydroxyethene) undergoes addition He ,OH OHH OHH OHH
polymerisation to form the linear polymer polyvinyl c=cC ~é— —é—é—é—é~
acohol. Slime is made from polyvinyl acohol and borax, H J, ||_| J, ||_| |l| |H
which containgheborateion. The polar—OH grouponthe  vinyl alcohol polyvinyl alcohol
polymer andthe—OH groupon theborateion undergo
hydrogenbonding.Thelinearchainsarethusheldtogether HO._OH

in aloosenetworkwith wate trappedbetweerthem The B

result is a gel-like slime in which the hydrogen bonds can HO” Yo
breakandreform easily. borax

1 Pour50mL of 6% polyvinyl alcoholinto a 100 ni. beaker and add a few drops of food
colouring.

2 Add 10 mL of 4% borax solution ard stir with aglassrod. (It takes afew minutes for the slime
to appear.)

3 Describe the properties of the slime.

It 1S o Yronspacedt thick gel wdh the colons ot the Yood ouging

Wis quIA'\JIG SO{}MS\"ﬂ like vesy pliabe cubbes oc soit Bubblegcm

4 How can the properties of the slime be explainedby its structureandbonding?

/'\f\e po\th\ex m\olecu\\es %ovm |on3 C‘vai\\s u\)h\"\c\\ +O\\\<_§\e

‘LO%Q’k\’\QT as ‘H’\€<3 walle o\c\d ‘bvea!& H%c\\‘ocge(\ }DonJS.

Inv 9.5 Making a condensation polymer: nylon 6, 6 PowerPoint

Nylon 6, 6is onetype of copolymer formed by the condensation polymerisation of two monomers:
hexanedioyladipyl) chlorideand1,6-dianinohexanehydrogenchloridebeingeliminated.

1 Pour 10 mL of adipyl chloride (corrosive) (5% solution in hexane) into a beaker that has been
coated on the inside with paraffin oil. (Dye can be added if desired.)

2 Add 5 g of hydrated sodiumcarbonate and stir with a glass rod.
3 Whatisthepurposeof the sodiumcarbonate?
It will neuksalise 4he HCl oroduced duving the condens<ivion seaction.

3 Carefullyadd10 mL of the 5% solutionof 1,6-dianinohexanesothatthetwo solutionsdo not
mix.

A small amount of solid will form at the interface of the two liquids.

4 Using aglassrod or tweezers, pull out alittle of this solid and carefully wind the thread around a
glassrod. (The thread will go on forming until the solutions are used up.)

5 Write anequationusingstructuralformulae to illustrate this condensatiomeaction.
N, - NH, + Croe(c), ocl — ~[H(CH ) AH - Co(cH, ), Col~ *Thc

I, b Alawise hexane oadivyl c hloride nglon 6 ¢ Eroiginent
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Continuing Chemistry

Inv 10.1 Determination of the solubility of barium hyroxide
The solubility of bariumhydroxidecanbe determined by titration of a saturated solution with
standardsulfuric acidsolution.

Note: barium hydroxide is toxic, and the solid is also corrosive. Do not touch the solid, and
wash your hands after the experiment.

1 Prepareasaturatedolutionof bariumhydroxideby addingabout5 g of Ba(OH).8H,0 to
60 mL of water and shaking periodically for about 10 minutes. Filter the solution and pipette
10 mL aliquots of the filtrate into conicalflasks.

2 Titrate with standard H,SO,4 usingmethylorangeindicator.

Burette reading 1st titration 2nd titration 3rd titration 4th titration

Initial reading 1.7 wl 105wl | 18 H mL 262 L

Final reading 10-3 mL | % ki 26 .1 L ZL;L-OML

Titre YA WL 1.9 wi 17wl 1% wL

. -2
3 Calculate the average of concordant titres. VH,SO) = T:§ >0 C
<!
4 Whatwasthe concentratiorof the sulfuric acidused? C(HxSO4) = O 200 wol L
5 Calculate the amount, in moles, of acid used. f_“;z‘/wl‘ ogen s NHSO0y)=_1:56 = 0" mol
-__ ’ . < 1b” : fol

6 Write abaanced equation for the reaction betwee'rbsériumhydroxideandsulfuric acid.

Ra (6H) (ag\ " H,50, (‘“{VB > RSO, 63 * LH,O (L)

7 Complete the expression:

(Ba(OHY) = '
(H1SOq) f
(Ba(OH)) =_! xn(H2SOs)
8 Cadculate the ampunt, in moles, of Ba(OH), present. C‘% p(Ba(OH)z): 156 *Io-gm
9 Calculatethe concentratiorof the Ba(OH))solution. iﬁ-c(l%a(OH)z): 0:)56 molL”
=0 nolL

10 If the molar mass of the barium hydroxide is 315.5 g mol ™ calculate the solubility ing L™,
- -
S = O'[gémcﬂ(__ *glé’;q wol :

47 lgL”

11 How does this value compare with the data tablevalue?Comnenton anydifference.

The beak value is H-?g /100wl . which 15 LF7gL'i The difference

md\{\>e C\\ie {o 'H\e Qo|u\>iH‘Lj aﬁ C\i‘g}e\-e(\‘\' 'l'@N\‘FQ\'n't'MEQS ar 1o Sone

vedissolved moderiol passing "H\voug\\ the ilter PAPSY,
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Practicals

Inv 10.2 Solubility and solubility products
Silver halides are sparingly soluble in water and silver ions form an ammine conmplex with amnonia.

1 Place2 mL of silver nitrate solution into each of 3 test tubes.

2 Tothefirst tubeadd3 or 4 dropsof potassiunthloridesolution,to the secondaddthe sane
amount of potassium bromide solution and to the third addthe sarme amountof potassiumodide
solution. What do you observe in each case? Write balancedonic equetionsfor anyreactions.

Chioride: A white mec\pﬁmﬁe Sormed.

90 (Gf\ b CL (agy — f')v(|(sJ

Bromide: 8 creon pcOCxPa{’o‘%e 'QoVN\Qc&

QQ (qq\ - B CIA = Q Br ¢s)

lodide: Q Do\e cge_(\ow Dyec \7‘*61'%9 %o\*meé

+ NN
Qc (ag ) + T (apy == Q¢|(s
S V7 74 3
Divide the contentsof eachof the 3 test tubes fro&into 2 equal parts.

4 To thefirst sanple of ead adddilute amnonia solution in excess and shake. What do you
observan eachcaserite balarcedionic equationdor anyreactions.

Chloride: _ The wh de DVQC\')V\'OL'\YQ veéx\SSo\veS

91C\(s> 2NHz/qq\ '<—[’Q (NH >27 (<qy CI_(GZ)
Bromide: 0o visible :ea:—\—«oh - precizdote temaing
lodide: o visiBle vedction —T\xeci?d’oc\e T eNoting

5 To the second sample of each add concentrated ammoniasolution (corrosive) in excess and shake.
What do you observe in each case? Write balanced ionic equations for any reactions.

Chloride: The wihide Dvec\S\'kd\‘e Ais appecits

QaClisy + ZAMg (g s = [ flg (WH; Yy [Tregy* Cliay
Bromide: 'I/L\e cyeors PseC np\{’cc\e A\Saﬂ>\>ecx\~§

Qi%\‘ (e > 7-'\)H (003 — CQq (’\)H D, 7 (ay) * EV_(‘*Q)
lodide: Qo visiSle VQQC‘\'IOh — _ptec \?\'\'O«“‘@ reuwa (png

Thesolubility productsof thesilver halidesare:K(AgCl) = 2 x 107%°, K(AgBr) =5 x 107,
Ks(Agl) =8x 10",

6 Usethe above datato explain your observations.

ﬂ,}’(\; NI\“\ ‘\)\\e i()(@qssef,lf V\s . \S ’ﬂ\e MD& 5o\t4l>\e, lk\l\eh 'n’\e com?\ex‘go:»s EQ?:J Aec‘\-eO\S?S ‘Ib JD(‘\OQ;

% \-A\o\u V\s So ’“ne aq(\ &sso-\les qu< is leSS %’M\Je \Ev\'\' \M'\'“\'“\e Q\’ep'\ﬁ E/\)H Y I conC

dwnen\ & cheos;es the o\\oom\'\ o¥ CON\p‘rQ)( -\:otme& <e<§v\cu\q [Qq ’{ uvv‘r l (P ( Ks ond the Q?K\-

diss o\es, Qii i 50 insoWble *’\\o:\ TV COC AN OTI ckaes nol seduce EQZJ e\\ouz\v\b A.;io\ve
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Continuing Chemistry

Inv 10.3 The common ion effect PowerPoint

If theionic product is greater thanthe solubility productthenprecipitationcanoccur.The
introduction of acommon ion upsets the equilibrium.

1 Pourabout5 mL of saturatedsaltsolutioninto a cleantesttube.

190

How do you know that the solution is saturated?

Because thece is undissdued salf in the baftosn of the

|'>o'“’k€ cg 9@*»1“0(\?8 Sa\* So\u\‘y\ o0,

Add concentratedhydrochloricacid (corrosive) drop by drop.What do you notice?

A whie c,vm)s\’o\\\me so\é tw\meé\a}re(i fasws,

Write the equilibrium equation for the saturated sodium chloride:

Ne Ct (s) — N (238 <+ A\ ™ Cct‘w

Write the expression for the equilibriumconstantKs:

Ke = CNe"I0C]

i = -
List theions present in concentrated hydrochloric acid solution H go '(cr@\ Cl (a1 Ot (042,3

Name the commonion thathasbeenadded: Cl (af/>

Whatdoesthis do to theionic product?
4 iccveases the (owic méu ¥, '\-\a\(\'w)? 7D Es Soapr ecipiate Sovive

Whatcanyou sayaboutthe solubility of acompoundin the presencef anothercompoundwith
a common ion?

’ﬂwe com\vouw} s less ;o\ub\e o Hhe -?veSer\c e oQ‘ ansiher

anw\;ow&\é‘ \}o\”\'\w O COMMNOTM \ONe
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Practicals

Inv11.1 Species in solution
An acidor basecanbeanion or aneutralmolecule.

1 Toeach of the following approxinately equal concentration solutions add 2 drops of universal
indicator.Recordyour observationsn thetablebelow.

Solution Colour in Universal Indicator pH
Ammonium chloride
NH.CI orange 5
Sodiumhydrogen carbonate . > G
NaHCO; H/ote-cgv?e\\
Sodiumdihydrogen phosphate
NaH,PO, L(el\ovu é
Sodium carbonate N
Na,COs pucple |l
Sodium sulfite
Na,SO; Mvwie- green 7
2 Whichionsbehaveasacidstowardswater? “H:(d,vs and H,? O$—(az)
3 Whichionsbehaveasbasestowardswater?  HcC Oy (o) CO;—(qu\ and SO (ag )
4 Whichion isthe strongest aci® NLTARETR
5 Whichionisthe strongest bas@ CO—;_ (a1}
6

Write balancedonic equationgo represent the proton transfer reactions that occu when:

a NaHCO; dissolvesin water
WOy (@g) *WoUld = HCO3(wgy + OM cay)

b NaH,PO, dissolvesin water
- _ 1= +

¢ NaCOsdissolvesn water )
CO:-(o\q\ + l’\v_o(l) - HCOZ. (e9y * Ofl (ar)

d NaSO; dissolvesn water
—_—

SOZ-(Q?/S A H-LO(LB — HSOg_(q1> + OH_(QZS
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Continuing Chemistry

Inv11.2 Determination of K, and K,

If thetotal concentratiorof aweakacidis known,thena deterninationof the[Hz0"] at equilibrium
will give the concentrations of all speciesin the equilibrium expression. A nunerical valueof K, can
then be calculated. Similarly Ky can be determined for a base.

1 Standardise the pH meter (or probe)with a suitableacid buffer (potassium hydrogen tetroxalate
— pH 2.16).

2 Rinsetheelectrodghoroughlyin distilled waterthenmeasurehe pH for the following in the
ordergiven. Thoroughly rinse the electrode between each measurement.

Solution pH [H30] Ka a
(see 3 below) (see 5 below)
. -3 (1x1p73)% -4 [ =073
0.0 mol L HoooH | 3:0 | | x 10 _oT) = b e = O
. (2-1610"3)2 | 26 <107% _

0.1mol L"*HCOOH | 2+5 |31 %™ —5 = | T —— = 003
- ) % 107EH? ) ) 1D )

1mol L*HCOOH | 2.0 | % 107 <—,— /x| —— = 0.0

3 FromthepH valuesmeasuredor eachof the 3 differentHCOOH solutions calculatethe
equilibrium[H30"] andhencevaluesfor K, (methanoicor formic acid) usingthe following:
HA + HO == A™ + HO'
Ka=[A"][H30"]
[HA]
Assunption: atequilibrium[Hz0'] = [A7]

4 Compare the 3 values for K, obtainedandcommenton how well theyagree.

‘“r\e 2 \)a\MQS ar@ +\\e Sawne Withia Yhe ACS USolc iy o'% the

M ¥1eoS U eva ests.
\

5 Fromthe pH values measured for HCOOH, calculate for each of the three solutions the degree of
ionisation, a=[Hz0"]/y (wherey = total acid concentration). Comnent on the trend in values of
a.

The wore concerratied the solution the lowes the dezree & ionfsdtion.

(JD‘\\\AM\E:) om acld incredses the éeivee o \onisation,
6 Standardise the pH meter with a suitablebasicbuffer (borax—pH 9.18).

7 Rinsetheelectrodethoroughlyin distilled water thenmeasurehe pH of 1 mol L™ NH; solution.

pH=_ A h

-g _
8 Calculate [OH ]. [OH = 25 =iy pels”
Cn0tl= 0™ CoHd= /xn™
z 0 A4
= o~ Tk Clﬁojm=
- = | %i0°
= 3-9% xiD 'z\_om" 2.9 ~ 15710

= 7.5) %10 > ol L™
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9 Use the information below to calculate a value Kgr
B + HLO = BH" + OH"
Kp = |BH+ | [OHT]

Bl
Assunption: atequilibrium[BH] = [OH]

NH;(d‘{,B +HO00 == NH oy + OH ag 3
Ko = CangICed™]

- KH
Bssince CrotgL=CoH] | [ ot ] .
CNI'\Q = |W|L-I K\D = EQHJ
< (I'ZSAIO\S)-L
i

S 6 x o

Kb =
10

Inv 12.1 Buffer action

Practicals

63~ 17"

This experiment demonstrates the buffer action (or lack of it) for selected systems when small
amounts of astrong acid or strong baseareaddedo thesesystens andthe changan pH noted.

1 Measure the pH of aliquots (measuring cylinder) of thefollowing solutionsandnotethe change
in pH afteradditionby pipetteof 1 mL of strongacidand/orstrongbase(2 mL of NaOH for the

lasttwo) provided.

Solution pH pH after adding 1 mL
of 0.2 mol L™ HCI

13

40 mL distilled water 1.0

40mL of 102 mol L*HCl | 20

pH after adding 1 mL
of 0.2 mol L™* NaOH

S

100 mL of seawater
[HCO3]=0004 mol ” * and

Sedwoaiter ¥ 1f

0.1 mol L~* ammoniasolution

[COs*]1=0006mol L™ [orbomaie Cagbonote .
40 mL of 0.1 mol L™

ethanoic acid /0.1 mol L™ H% L S0
sodiumethanoate solution

40 mL of 0.1 mol L™

ammonium chloride/ 9.5 9.3 7.7

2 How does the behaviour of buffer solutions differ from that of other solutions?

\h VJG\'kcv aod in é\‘\u\’re acd dfkc&i‘\\'ot\ °S; | Wl o{: acid or base PTD&"IC‘PS

o |d‘<'q)e c\\o«-\?)e = ?H- ‘)u{‘( in each a‘g ‘H'\t EM'%\'Q\' N\(X‘HA(eS Gc‘c‘\'“ol\

& the came amouss o deid ox bose proguces Oﬂ\\ul siall

cl\qwies iN ?H

c§x 0\-\\\th~?, ~ O'H 4‘7“ u\ﬂi)f’ss
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Continuing Chemistry

3 Write abrief explanation for their buffer action.

@u&%ens coctain o weak gcid avd its comugete bose , o5 o wedK bose and
[ IS} J

'A-g CO\'\LL}AZQ&Q CAC'\A. F““@\ﬁ . nop ‘\X?" Q9xCesS Hzo‘*‘ o OH~ b! CO\\IUQV-HDQ
ocid Lo base o Hase o aeld,

- i + —_ -+
e‘_:() NH?)(QQV> ol HBO (qq’v> = NHN_ GQ?,\ r H70(/és

M“L:(O\q“l\ ‘ OH-(G(@\ == MH-z(O\‘fl\ + Hlo(/é)

4 Milk containsjn additionto fatsandproteins,a mixture of lactic acid (CHz;CH(OH)COOH),
calcium and potassium lactates, amino acids, H,PO,~ and HPO:*". Will it show buffer action?
Explainyour answer.

\fcgl Secause condtasms lachc dcid (llac) and ladtdtes (Lac).

HlLac + OV —= Lac™ H,0

Lac™ * H,0' = Hla * HD

Inv 12.2 Titration curves PowerPoint

During an acid-base titration the pH changes in a characteristic way. A titration curveis agraph
which showsthe changpin pH asthetitration proceeds.

1 Fill aburette with sodium hydroxide solution (0.1 mol L™).

2 Pipette20 mL of hydrochloricacid (or(ethanoic acid),)0.1 mol L™} intoa100mL beakerPlace
a megnetic stirrer in the solution and place on a hotplate/stirrer.

Usea pH meteror pH dataloggerprobeto measureghe pH atthestart. pH = 29
4 Add2.0mL of thesodiumhydroxidesdution and measure the pH. pH = 2%
5 Continue to add the sodiumhydroxide solution 2. 0 mL at atime and record the pH each time.
Volume of H Volume of H Volume of H
NaOH (mL) P NaOH (mL) P NaOH (mL) P
0 19 10 H-r 20 %9
2 1% 12 Haq 22 (1.7
4 L2 14 5| 24 120
6 [N 16 Sy 26 120
8 Lg 18 S.9 28 170
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Practicals

6 Onthegrid belowplot agraphof pH (verticd axis) against volume of sodium hydroxide added.
Join the points with a smooth curve of best fit.

14

13

12 /(_H(- \ <

11

10

8 /
pH 7

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Volume of sodium hydroxide added / mL

7 Whatistheinitial pH of theacid? pH=_ 27
8 How many mL of sodiumhydroxidewereaddedattheequivalence V(NaOH)=_20-0nL
int?
point: (.0 Sex W)
9 WhatisthepH at the equivalence point? pH= ‘1‘0

10 Name a suitable indicator for the reaction. V‘c\eno\ p\\‘\«wo\\ein

(\‘)Tb\f\‘b'“'“g\’\oi blue x‘oc Hel Pbcohion)
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Continuing Chemistry

Inv 13.1 A back titration
Many reactions are not suitable for analysis by a standardtitration, perhapgecause the reaction is
very slow, or becaus®therreactionproductsform that get in the way of an exact result.

Chanmists often avoid these problems by doing a back titration.
Calciumcarbonates acommoningredientin indigestiontablets. It reactswith acid,butthe
reaction with solid CaQ0O; takes time, and the CO, produceds acidic.
Thesefactorsmake a directtitration difficult. Insteadwe reactthe crushedabletswith aknown
volume of excessof standardHCl, heat the mixture to remove al CO,, ard thentitrate in standrd
NaOH until the rest of the acid has reacted.

1

other tablets.

Pipette20.0mL (excesspf standarchydrochloricacidinto eachflask.

Boil the mixtures for 2 minutes to remove all the CO,, andallow to cool..

4 Write anequationfor thereactionbetweerHCI andCaCQ.

CO\(Oz (35 1 2HC|(q<{/) — ch'z(G?) t Hzo(l) * 601(3}

Crush a Quick-Eze tablet and transfer conpletely to a 100 mL conical flask. Repeat for two

5 Writeanequationfor thereactionbetweerHCl andNaOH.
NO\OH(QQ> + HC((qq» —> MQC|(02§ 1 (‘JzO()é)
6 Titratetheexcessydrochloricadd againststandardsodiumhydroxide from the burette using
phenolphthaleimndicator.
Burette 1st tablet 2nd tablet 3rd tablet
reading
Initial reading L2 L VT wl Sl
Final reading |77 ml 479 i 24 .0
Titre ,%'}-{JY\L l%'thL, '%'6ML_
1st tablet 2nd tablet | 3rd tablet
7 | Record the concentration }
of hydrochloric acid C(HCI) = |\ O7% w0l | /D73 mell” | 10073 ol L™
added.
8 | Record the volume of .
V HCl = ¢ x 3 1 x -3 \ X —g
hydrochloricacidadded. T(HC) = 1200271 2010 w3 L | 2000 <1070
9 | Calculatetheanmountof _ |2, 0olLexi0t., |L-0Mkex0 2-0l1gb = 10" o
HCI) = [2'01L6>10 4y pol mo
hydrochloricacidadded. Mra(HCD) "
10 | Record the concentration : | , ol A oIl
of NaOH used. C(NaOH) | 0 H3kwol L' | O 4Bk wol L | O- 48l wolL
11 | Record the volume of — 19l xip? i -2 -3
V(NaOH)= | \%-L-*o 7 L ) x IS 6 x|
NaOHrequired. (NaGH) ' 9Lxi0L | 13-bxi07L
12 | Calculatetheanmountof _ -2 -3
NaOH)= Lo 1d : 9007 %
NaOHrequiredfor each N(NaOH)= 1490 x15 ol | 8 807107y OOZ %10 )
tablet.
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Practicals

13 | Usethetitration datato Nunreacted(HCI) = 0912 2
calculatetheampuntof a(NeOH) = | 3706073, 380910 ol | T00Lx10" ol
HCI reacting with the
NaOH. (Scow 10)

14 | Calculatethe amountof n(HCl) = Lo : - .
HCI reacting with the nfﬂ'(“(\)-ﬂbi(mnéa&)(i-\(|) 12} x 10 2'“0! 118 = i0 2 ol I Uk xio 1“‘1
CaCOs in the tablets. Yox T-10

15 | Calculatetheamountof n(CaCQ) = 3 ‘ 3 STt
CﬁCOg prwt In ea:h );L ,-.L\,\(\) - ;'blx 10 N\o‘ gb—l *10 ol 5 G o ol
tablet.

16 | Calculatethe massof m(CaCQ) =
calcium carbonate in A - 0561 ¢ 0:6674 0-5574
each tablet. M(CaCQ) =
100.0g mol ™.

17 Calculate the average mass of calctarbonaten the Quick-Ezetablets.

va (CQC05> =

05624 + 0-S674 +0-LS

2

73» = 05613

Inv 13.2 Colorimetric analysis

Brassis analloy of copperandzinc. It dissolvesn nitric acid. The anount of copper in asanple can
befoundby colorimetry.

1
2

Weighaccuratelyaboutl g of brass.

m(brass) = | ‘ OD 33‘

Dissolve the metal in concentrated nitric acid (corrosive) using the minimum amount of acid
possible. WORK IN A FUME CUPBOARD.

Transfer the solution to a 100.0 mL volumetric flask and make it up to volume with dilute

sulfuric acid.
Use a standard 0.100 mol L™ copper sulfate solution to prepare standarapperion solutionsas
shownbelow
Concentration (mol L™) 0.010 | 0.030 0.050 0.060 0.070 | 0.090
Volume of 0.100 mol L™) 1mL 3mL 5mL 6 mL 7 mL 9mL
solution required
Volume of dilute 9mL 7 mL 5mL 4 mL 3mL 1mL
sulfuric acid required

Measure the absorbance of each standard solution, and the sample, using a colorimeter with ared
filter. Set the colorimeter to 0 absorbance, or take the base measurement, for the dilute sulfuric

acid.
Solution (mol L™) 0.010 | 0.030 | 0.050 | 0.060 | 0.070 | 0.090 | Sample
Absorbance 0~\7 |0"34F |0+5kD| 068D | 0320 |1-040 |0-918
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Continuing Chemistry

6 Plotacalibrationcurveof your results and use it to determine the concentratiorof copperionsin
the sample solution

1T

Y’

lho —

g
R
\

S
o-

Absorbance

\

0D oot 0-0K- 0-06 00§ 0'io
concentration of copper / mol L™

c(Cw) = 0033 ol L~

7 Calculate the amount, in moles, of copperin the 100.0mL flask.

n=cy

ﬂ(C&‘) * 0-083mol L x j00-0x)0 % L

= 0/00%2 mol

8 Calculate the mass of copper in the brass sample.

\’\’\-nf‘/’

M (Cu)= 0 00%2 mol x 635 g mel”’

O' 527q

9 Calculatethe percentagef copperin thebrass.

o/oCUl: m(Cm)

™ (b(G\Sﬁ}

= 05275 100 = 529,

1'0036 |
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