Amount of substance
A mole of substance

Arorms ave oo anall to be counted so chemise measire the amount of substance
nsing moles. One mole of any substance contains the sine number of particles as
there are carbon acoms in 12.0g of carban-12.

.J MASS OF ONE MOLE OF A SUBSTANCE

=
One mole of carbon has 3 mas of 12,04,

e male of sulfur has 2 mass of 32,1 g
Ome maole of copper has 2 mass of 63.5 g,

| The mass of one mole of any element s it relative aromic mass in grams.

t’t PRACTICE QUESTION

t. 1 Csoulate the mess, ing. of
a 100 mole of magnasium
b 1.00 moie of berylium
& 1,00 mobke of suminium.

B MASS OF DIFFERENT AMOUNTS OF SUBSTANCE

1 j T work out the mass of other amounts of substance, i moles,
. multiply the relative atomic mass in grams by the amount of
substance required in moles.
2.00 moles of carbon has & mas of 120g % 2 = 2.0g
3.00 moles of sulfur has a mass of 3212 % 3 = %3 g
2,50 moles of copper has a mas of 63.5g © 2.5 = 15875 ¢

== PRACTICE QUESTION
2
lal

2 Cakulate e mass, Ing, of
2,00 males of magnasium
1.50 moles of henylium
2.0 micles of slurminium
5.00 moles of cougen
1.50 moles of neon.

T e o

7)) EXAMPLES

JJ The molar mass of cardbon, C, is simply the relative atomic mass of

. catbon, which s 12.0 in unis of gmol ™. So the molar mas of
carbon is 12.0 gmol ™",

IT'he molar mass of water, H,O), & the ol of the relative atomic masses of all the
atoms that make up a relatve formoty unic of HaOL

(2 x 1.0) + {1 x 16.0) = 1B.Dgmol™

& Calcuate the molar mass of:
& sulfur, 5
b sulfur dioxids, S0
& carban dicwida, GO,
d bomn frichionds, Bl
& =Emmonis, NHs.

E PRACTICE QUESTION

'J' LINKING MOLES, MASS AND MOLAR MASS
v

The number of moles (6, the mass of the substance {m) and the
mlar mass () are liwked wgether using n = %

r = ruimisen of males, inomoel
m o~ A of sabsdance, in g
= rnolar ress, i gmal=!

1) Caleulate the number of maoles in 6.0 g of carbon.

— h
=

_ G0g
T 120gmol?
= {1.5 muoles

2) 1.5 mnoles of a substance has a mas of 22 g, Caleulate the malar mass of
the compound,

 220g
~ 0.5 mol
= 4400 gmol

4 Caledte tha amaount, i mal, of:
a %.0g of caon, G
b 3645 of magnesium, Mg
o TBOg of fuxing, Fy

E PRACTICE QUESTIONS

B Calcuato the molar mass of a compountd whean:
a [0.25 moies of a compound has a rmass of 25,09
B 010 moles of a compourd bas a mass of 4,44
o D05 mokes of a compourd bas 8 mass of 504,




Avogadro constant
The amount of substance

Chemists measure the amount of substance 10 moles, Thens 15 the same number of partcles in one
mole of any substance. This number of particles is known as the Avopsdre consmnt, The Avogadro
constane is a large number and 15 normally wrien in standard form as 602 % 107 mol™ to thres
sipniticanr tigures). The symbol for the Avogadm constane 15 N,

1} Calculate the number of atoms e L0 mole of carbon,
1.00 miole of carbon contains 6.02 = 10 atoms.

2} Calculare the number of atoms in 1.00 mole of sodmm.
100 mole of sodium contins 6.02 x 10 atoms,

FINDING THE NUMBER OF PARTICLES IN ONE MOLE

el PRACTICE QUESTION

.' 1 Calculste the number of stoms in:
a 1.00 mole of Bhium
b 1.00 mols of tungsten
& 1.00 moke of geminiem. Givs your srgwer to thres significant figures,

AMOUNTS OF SUBSTANCE

T work ot the number of atoms in other amounts of a subseance, moltiply the numier
of mole (1) by the Avogadro conastant (N,).
Mumber of atoms = w2 N,
Calculate the mumber of asoms in 200 moles of magnesivm atoms.
2.00 moles of magnesium atems = 200 x 602 % 105 = 1.204 » 107" atoms
Maotice that when vou wiite the number in standard form the power i now = 109,

'J FINDING THE NUMBER OF ATOMS IN DIFFERENT
Vi

| 2 Csloulse the rumber of atoms
& L0 moles of carbon
b 2.650 moles of sulfur
& 0,75 motes of magnesium. Citva vour anawwer to thres significans figunes.

L FH'AGTIE‘E ﬂl.lEEﬂﬂH
>

Other types of particle

The Avopadro constant can be used o work out the number of particles in any ype of substance,

1'9'*1 PRACTICE QUESTION

| = Gakulats the ruamber of partckes In
: A 1.00 roie of scdum lons
B 1,00 moieof nirogen mokestles
o 1,00 mobe of agnesum lons, Cakes oL arawer to thres significent figunes.

AMOUNTS OF SUBSTANCE

To work out the mumbers of particles in other amounes of 4 substance, multiphy
the amount of substance, in mol, by the Avogadro constant.

Mumber of particles = % M,

FINDING THE NUMBER OF PARTICLES IN DIFFERENT

i
of paiches

Vi
|

" My

Caleulate the number af iong in 300 moles of aluminiam ions.
Murnber {‘le.arl‘:-l:ﬂt:s [im‘m = FUiM o] = 602 1|_'}35-m¢|['|- = | Rl = 114 A0Ires

PRACTICE QUESTION

& Ceculste the number of particles n:
a 200 moes of elacirons
B 1.50 moles of crkde lons
@ 0.2 moies of lithlurm ions,

STRETCH YOURSELF

Linking the Avogadro constant to the nurmber of grams of a
substance

Thea nurmer of pacdiches ina given mass of o substance can Do caiculaled usng 4
bwo-shapn calCution,

ﬁmmmmmﬂrmmwﬁQn:ﬁ

wiers i is e numier of mokes, o s heomass of tha substanos and M s the molar rmoss

of the subekanos,

Mzl fincd e nuriee of paricies usng:
nurminee o particas = i = N,

Calculata tha rornbeer of partickss in 18,00 of cartbon,

Mumiber of partcles = n o= M,
= 1.50 602 x 0% = 9,03 = 1042

PRACTICE QUESTION
S Calculste the numbsr of particlas in 48,649 of magnesium atomes,




Relative atomic mass

The relative atomic mass A,

Most elements consise of several different isocopes. Each isotope has 3 different mass and each isotope
occurs in a different percentage abundance. The relarive aromic mass, A, i che weighred mean mass of
an atom compared with one-twelfth of the mas of an atom of carbon-12.

PRACTICE QUESTIONS
4 A zampke of titankim contains thres sotopes.

Thgir percontage abundances and reathe masses
are ST on e right.

Caicudabe e refatiée atomic mass of ftandum,
Give your answer 1o thres dgnificant figures.

ot e Rt e

8 A =amphe of sulfur comlairs Thee B0Iees,

R VRTIE: 1.'1'-6 .i'[m*- AT \'U:.[J-r" -:E-"

'J' RELATIVE ATOMIC MASSES (TWO ISOTOPES) Their percentage abundances and relatve masses. [ g | a3
Y 5 () < 25 [} are showm on the right,
iz M ﬂmp]:::-l" shborine coneing 7500 of chlorime-35 el 100~ 11} { 100 ™ J?J T ol s PR &M N Vel 0T SRR :. :
t £ a. ] = o
snid 75,05 of chlorine-37, Girva your grewer bo threa spvcant Bparas,
Calculate the relative atomic mass of chlorine,
the comiributian ¢ the contribaticn Tram
il kemg e L S e gt S STRETCH YOURSELF
Extracting information from graphs
Lidiwn B A= (29 6} 4 B304 9) = 603 g grep
A mmple of ithivm contans 7.0% of kthium-6 and The parcentags sbundance of the differa sotopes in a samoke can be presented using & graph.
93,00 of hthium-7. / \ The ndormastion from the graph can be ussed to deduce the percentage abundance and the
Caleulate the relative atommic mass of Ethaum, G e relztive masa of each isotope. This data can then be used to calculate e refalive stomic mass
the Ithium-5 stoms the fithiurn-7 ators of the alament.
Exam
PRACTICE QUESTIONS e
A sample of copoer was analyaed. Use the information in the graph b cakadate e rdalivg abomic
1 Acsarnoke of boron aoonlaing 20.0% of Bandn-10 and 80,.0% of i
mass - Cihia to th ificans Y
bonan-11. Caiculate the relative atomic mass al boron, Fenene FORRIRE i TR
2 Asample of galium contans B0.0% of gatium-89 and 40.0% of percenbages sberddance, % &9
galliurn-71, Calouate e refatee atomic mass of galfum,
2 A sarmphe of polassiem aonlains 23.0% of pobassium-39 and 7.0% &0 11
af potassium-41. Caculats the relrtive alomic mass of potassurm, a1 A= [mxﬁﬁjl + [ﬁxﬂ] 6362
= 36 (3 sf)
CALCULATING RELATIVE ATOMIC MASSES (THREE ISOTOPES)
A sample of magnesium was malysed and the percentage abundances and reladve mass of che =3 m
sotopes recorded, Caleulate the relative atomic mass of magnesium. Give your answer to three b s
mgmﬂt&m fignres,
PRACTICE QUESTION
L 24 & The graph beknwy shows the percentage abuncance and relative mess of Botopes in a 2ample of
10 28 bromine. Find the relalive atomic mass of broming, Give your Brawer to thee significant figures.
11 26
percenlage atendance) %
A= (55 24) + (g5 28) + (qy o 28) = 2020 s g
the contdbution from e contdbution from the comtribution from
the magnesium-24 the mEgnesliam-25 tha magneslum-26
gboms aboens ghomns
The calculanor anewer of 24.32 ks four significant fgures so the answer is rounded down to 245 o 75 o

three sigmficant Gpares. relalhe s




Moles and gas volumes

Avogadro’s law

Avoynadrod law scates thar equal volumes of pases ar the same temperature and pressune
contain an equal number of moles, Ar room temperature and presure (RTP} one maole
of any gas takes up a volume of 24 dm® or 24 000 cm?, Room temperatone and presure
pre taken to be 25°C and 1 ammosphere. This means that at room emperature and
pressure ane mole of helium atoms takes up a volume of 24 dor* or 24 000 cm?

At room eemperanure and pressore one mole of coygen molecules also takes up a
volume of 24 dm® or 24 000 cm.

Amount of substance from volome of gas at ETP
' The amount of substance, in moles (4], and the volume of gas in dm® (1}
are finked together by the equadon:

'Jj CALCULATIONS USING dm?®
A J

w= Vim dm’)
240
Number of moles
Caleulate the number of moles of gas in 12dm? of nioogen, N, ar RTP:
) = V(i do)
240

"= 2 = 05mol

1 Calcusabe the nurmber of malkes of gas at BTR in:
a Bam? of cevgen, O, b 3Edrr of carbon diowdde, COL
o 120dm? of water vapour, HyO d 72dm? of carbon dinwids, GO,
& 12dr of water vapour, HaO.

E PRACTICE QUESTION

'J CALCULATIONS USING cm®

‘ Amount of substance from the volume of gas at RTP
The amount of substance, in males (1), and the volume of gas in cm® (1)
are fmked together by the equation:

o I (i oo™

Ly

24 00
Mumber of moles
Calculaee the number of moles of gas in 600 con® of cxygen, O, ar RTE
n= ¥in cm™)
24004}
B0

B 74 000 = 025 mol

2 Calediata the rumbsr of molas of gas at ATR i
a B0C0cm? of carbon dicde, TO; b 7200 o af cartzon monomdds, SO
e 1800dm® of sufur diceacdks, 50y d 12000 cr of cartan monodds, GO
@ 3JE00dm? of sufur dicdade, S0,

E PRACTICE QUESTION

OCCUPIES AT RTP
The volume of gas can be calculated wsing
F (in dm®) = n = 2410
Caleulzie the wolume, in dm?, of 2.75 moles of 2 gas ar RTP
I {in dm®) = 275 ¥ 24.0 = o6 dm’

'Jr‘ CALCULATING THE VOLUME IN dm® THAT AN AMOUNT OF QAS
.

a;r,*-‘. PRACTICE QUESTION

l.‘ 3 Caloulats the voiume, n omé, of thess gazes at ATR:
: a 0,10 mokes of carban doxide, CO; b 250 moks of suffur dowide, 50,
& (L300 miokes af water vepaur, HO d 15.0 maks of suliur choodde, S0,
& 005 mokss of water wapourn H O

STRETCH YOURSELF

Linking the volume of gas to its mass

The mass of & 9as ha gwven volume can be calculated using & two-step calculation,
First work oul the numiber of moles using n = ¥ i dime)

T D
Pt wicrks ol 1he meass of e gas using:
m ==k
Caiculate the mass of 0,60 dm? of caron dicdde, GO,
1 = Vi d
24.0

= OB I o) ommes
240

m=nxhM
m = 0,025 mol % 44gmol~' = 1.1g

PRACTICE QUESTION

| 4 & Calouate the mass of 2,000 of sullur dicige, SO-
b Calouate the mass of 12,006 of carbon diaxide, COs.
© Calouiate the mass of 120,000m7 of ckygen, O;.




Concentration
Making a solution

A soludon 1% made when a soluee dissolves in 2 solvene. The concenmmation of 2 salucion
is & way of saying how much solute, in moles, is dissolved in 1 dm® or 1 lioe of solution.
Concentration i usually messured uging units of mol dm” ¥
The concentration of the amount of substance dissolved in a given volume af a
solution i given by the equarion:

i

* = Viin dm)

Where # s the amount of subsmnee in moles, ¢ 3 the concentmtion and 17§z the
valume in dm?.

1} Caleulste the concentrtion in mal dm ™ of 2 solution ormed when
0.5 males of 2 wolute i dissolved in 2 din® af solution.

et H
T Viin dint)

e =200 = .25 mol din >

m CALCULATING CONCENTRATION

2) Caleulate the concentration in mol dm™ of a solution formed when 0.1 moles of a
solute 13 disgsolved in 500 cm® of soluton,
500 em?® = 0.5 dmt®

Pl n
7 Viin dm)
— 0.1 mal

£ uEd“P=ﬂ.2mnldm"

:’-;_ PRACTICE QUESTIONS
l.‘ 1 Calculate the concantsation, in moldm™, of & soiulion fonmed when 0.2 moles of a
solute & dissolved in 50 e of sohiion,

2 Colculate the concantration, in molom™?, af & solution Boemed when 025 moles of &
solute & dissobed in 0.1 do? of solution.

A Cakvidate the concentration, in moldme?, of & solulion e wihesy 0005 moles of a
aolute s dissolved in 2.0 dm? of solution.

Calculating the amount of substance from the
concentration and volume of the solution

The equation can be rearmanged to calcalate the amoons of mibstance,  moles, from a
Enown volume and concentration of soluban,

n=¢x V{in dm%

w WORKED EXAMPLE

. j Calonlace the pumber of moles in a solotion of sodim hydrosade, NaOH,
25 o of agqueons solution of concentration 0,5 mol dm ™.

n =¥ V(indm"

= 05moldm™ » 0025 dm’ = 0.0125 mol

L]

4 Cakodate the number of moles of MaiH In an aguecus solution of:
a 3form of 0.1 moldm -2
b 26 of 0.5 meldm-32
2 5lerm of 508 mol drne 2.

E PRACTICE QUESTION

Calculating the volume of a solution from a given amount
of substance and concentration

The equaton can be rearranged to cilculate the vohume of a solution from a known |
amount of substance, in males, and the concentration of the soludon.

¥ {in dm’) = =

*, WORKED EXAMPLE
iJj Caleulate the volume, in dm®, of a soludon of concentration 0.5 mol dm > that

comaing (.05 moles of the soluse,

B {in dm®) = T
___005mal
¥ = G Emoldm= 0.1 dm

-_i 6 Calcutate the volume, in dr, of B sclution of concentration 0. 30 mel dm—2 that
contaEns 00 moies of the solute.

8 Calculaie the wohene, indmé, of 8 aohiion of concendration 0005 ol dee? that
contans 0,25 meees of the salute.

,@; PRACTICE QUESTIONS

Linking the mass of a solute to the volume and concentration of 3
solution
Thia mass of a solute in e solution of & gven wolumes and conceniration can be calcuated
uEing & bwo-step cafculation
Firsl wiork oot the numbee of moles eingn = ¢ = Windm®
Miaxl wark aut the masa of the adlute using:

fm=rnxid
winera m & the mass of the aubatance, n s the amount of substanca inmoles and M &
I rofar masss,

Frd tha mass of aodium hydrcedde, MalH, reaured 1o prepare 250 em? of an squenus
soduter with & concartration of 0,10 ol drn=7,

E STRETCH YOURSELF

=¥ ¥iindmd

= 01 moldm ® x 025 = 0.025mol
m=n M

m = Du02%mof = d0gmol-' = 1q

r‘,w PRACTICE QUESTION

| 7 Find the mase of sodium hyoroxide, NaOH, reguired to prapars 100G of an
arsecim 3oktion wish 2 conoemtration of DL2keeddm™=




Titrations
Acid-base titrations

I acid—hase serations a solubdon of an acd reacts with 3 soludon of 3 base. The concentration of one
of the solubons i knowr A titration can be used w work out the concentragon of the other solution,
The amewme of substance in moles (#), the volume of salution in ey’ (1) and the concenmanon () are
hinked rogether by the equation:

¥ cm’)

LT

A student carries our a titradon to find the concentration of some hydrochloric acid.
The student finds that 22 50 cm® of hydrochloric acid was required to nentralise 25.00 cm®
of {110 mel dm ™ agueous sodium vdrosade solution.

HCHag) + MaOH{ug) — NaClizg) + HzOnl)
a) Calculate the mumber of moled of sodiom hydrosdde used,

T lin cm®} A5
o0 F T Tnon

b) Calculate the number of moles of hydrochloric aad used.
From the stoichiomesric equation, the nomber of moles of hydrochloric acd used = 00025 moles.

) Calculare the concentragion of the hydrochloric aad. Give your answer o pwo deciimal places.

o B X 1000 00035 < 1000 1
v 27 50 = .11 mol dm™

v- FINDING THE CONCENTRATION OF A SOLUTION
Vi

o % 0.1 = (L0025 mokes

fy PRACTICE QUESTIONS

I.j 1 A student carmies out & tiration to-find the concantration of some nittic acid, The student finds that
BOcm? of 0,126 madm— aquanua aodium hydroxide salulion was nedtralised oy 22,50 o of the
nitzic acid. Ghe york answers 1o two decimal places.

HNOWiagh + NaOHag) — NaNOgag) + H.O0f
& Caculate the ramber of moles of ecdium yvdredos usad.
b Caiculate the number of moles of nitic acid used,
e Caleulate the concamtration of the nitnic acid,

2 A chamis! camies out & thration ta find the concantration of some fydrochions ackd, 26.00m? of &
stamdand sakdion af 0,20 mal dm = sodum mdroside was placed into conical Task, The chamis]
found that 220 of hedrochiceic acid was raguied for neulrksation.

HCHag) + NalHiag — MaCiac) + Ha00)
B Calcu@ata the number of moles of 2odium hydroeide wesed.

b Calcukia the number of moles of fydochione acikd wsed.
e Calvukds the soncentration of the hydrochionc aod,

A student carries our a titration o find the concentration of some sodinm hydromde solution.
The sudent finds that 2500 cm? of agueous sodium hydreade soluton was
neutralised by 28,00 em® of (.08 mol dm ™ sulfuric acid

H S0 tag) + 2MaOHaq) — NapS0,(ag) + 2H000

J‘ WORKED EXAMPLE

a) Caleulate the number af moles of sulfunc aod vsed.

o Yinomh o om0
1000 S T}

L = 000224 maoles

b) Calculate the number of moles of sodium hydreotide wsed.
From the sioichiometric egquation, the mumber of moles of sodinm hydnooide used = 000448 moles.

¢) Calenlate the comeentration of the sodium hydrosdide. Give your answer to twoe decimal places.

_ rx 1000 _ D.00448 x 1000
(= 5 25100 = (3,18 mol dm

PRACTICE QUESTIONS
P A A shadent carmies aul o litkdion o find the concentretion of some sulfue acid, Tre student fnds

that 28,00 o of sulfuric acid was mquired to neutralise 25,00 crd of 0,02 mol dm~* agqueous
pdassm Fedrivace solution,

HpS0uaat + 2K0H ) — KoB0ueq) + 2H00
& Cakzdaba tha number of moles of potassum hydrsce used,
b Cakadaba the number of moles of sulfuric ackd wsed,
¢ Cakadabe the concarration of the sufunc scid. Ghe vour angsver 1o four decimal places.

4 A sludend Carriees out a titration to find the concentration of soeme pitic acid. The student finds that
28,00 err of nitric acid was mquired to neutrels: 50,00 ¢ of 2.00mol dm™? Bouscus potaEaiem
Trydrodide solution,

HMCy{ag) + KOHEg) — FMNOGJan) + H.0
a Cakulats the number of moles of pofassum Fredroxice usad.
& Calcuate the numbar of moles of nifrs ackd wsed,
e Calodate the concanration of the nitie acid, Give wour answer 1o four decmal places,

=5 STRETCH YOURSELF
. —{"| Finding the volume of solution used

In titratiora. chamists must find out exactly hows much zolution is reouired to neutralbe a measired
vahume of & second soltlon. This means thal By rus! repeat the fitration until they are conficent
that they hawve found the comect volurme, Chermists know they heve found that wobme when they
repeat the iitration and get bwo very similar (concaordant) results. The mean average of the concongant
results 2 ugad 1o find the volume that 1= then used in calculations:

Uze the resulis tablke below 1o work out 1he mean average volume of suffurk scid used,

(. 00 + 22600 _

Tre rresan average should only mclude the concordant results = = 22.55 am?

PRACTICE QUESTION
& Lza ihe remuls el balow to work out the mesn sversge volumie of sadium hydnoside ussd.

?‘.

...‘:.,._'-._m , ”u:r-; r'l:':Ewmr:.
- i “Eﬁ'-ﬂ.n'lﬂf‘.ﬂ.#ﬂhvm.:&..fﬁ :rmF-:l-'-luhu-n#'
1 26.40
2 26,30
4 26.30




Mole calculations 1

Reacting masses and gas volumes
The balanced equation for a reaction shows how many moles of each reactant and product are
imvolved in @ chemical reaction,
Sodium rescts with chlorine to form sedinm chloride:
2Niafs) + Clylg) —+ 2NaCl)

The balinced equation shows that rwo males of sodinm react with one mole of chlorine molecales to
form tweo modes of sodiom chlorde,

The molar reacting guantdties can be caleulated wsing the balanced equation.
If the amount, in moles, of one of the neactants or produces is known, the number of moles of the
other reactants and produces can be caleulated.
The numhg ol moles (1), the mas of the substance (ne) and the molar mas (M) are linked rogether
using # = 45
The amount of substance in moles () and the volume of gas in dm? () are linked wogedher by the
EOuation;
V {in dm)

24.0

M

.JrJ USING BALANCED EQUATIONS
=

Magnesivm chloride
A chemist reacted 0.243 g of magnesium with chlorine to produce magnesivm chloride.
Megls) + Clyfg) — MgClyis)
Molar mass of MgCl, # 95.3 gimol ™",
a) Calculate the amount, in mol, of magnesmom that reacts.

b} Calculate the amount, in mol, of magnesiom chloride that was made.
From the balanced equation, the number of moles of magnesium = mumber of maoles of
magnesium chloride = (L01 mol

) Caleutare the mass, in grams, of magnesum chlorde made. Give your answer to three decimal
places.
= nx M= 001x95.3=093g

PRACTICE QUESTIONS
1 Ina reaction, 0.455 g of magresum was adoed 10 oxygen to produce magnesium k.
2Mgis) + Culp) — 2Mgis}
a Caleulate the amount, . mokes, of magnesium that macied.

b Cakculate the smount, in mokes, of magnesium oxide made,
e Galculate the mass, in grams, of magnasium oxdde made.

2 |namacton, 0.115g of sodum was added 1o chioina to produce sodiurm chioncks,
2riais) + Clalg) — 2M=CHs)
@ Calcuate the amount, in motes, of sodium that mactsd,

B Calculsls the amount, inomoles, of sodiurm chiofcs mads,
e Caculate the mass, in grams, of sodivem chicride made.

2 Inameaction, 019550 of potasshim was adced (o chionne o produce potassium chionde.
2kifE) + Ghigh — 2KCAE]

a Cakuatsthe amount, in mcdes, of potassium thal redcied,
b Caldats the amount, inmoles, of pelassium chlorida mada,
& Calouate the meas, ingrems,; of polassium chionde mada.

WORKED EXAMPLE
A student heated 2.50 g of calowm carbonate, which decomposed ag showen in the equation,

CaCOn(x) — CaOE) + COLip)
n) Calculare che amount, i mol, of calerom carbonare chat decomposes.
o 250
Mol (025 mal
b} Calculate the amount, i mol, of carbon dicoode that forimns.

From the balanced equanon, the mumber of moles of calcium carbonate = number of moles of
carhom dhosade = (1025 mel

¢) Calculae the volume, in dm?, of carbon diowide made.
Fimdm®) = n = 24.0 = 0,025 x 24 = (.60 dm®

._' 4 A sludent Peabed 4,25 g of sodum rigrete. Thea equstion foe the decampasition of sodium nifrata i
i besline,
2HaMCs) — kaMCLE) + Culgh
a Calcdate the amount, in modes, of sodium ritrate thal reacted,
b Calcudate tha amount, in moies, of mogen macks.
= Cakadate the valumea, i dm?®, of cevoen made at BTE
8 ADZTE4gsample of polasslm carbonste decompnses on heaking Lo form potassium odoke and
carton diceds,
K COyiE) — Ke0fE + COyig)
a8 Cakulats the amaout, in moles, of pofsssium carborsate that recked.
b Calodats the amount, in motes, of carbon diosice made,
& Cakudats the voluma, in dme, of carbon dosade made al ATR
& A chamist heated 2.022 g of potassium nitrate, Tha egisation far the decomposition of potagsium
ritraEts i
ZRNOgiah — 2KNCuis) + Oyg)
a Cakudats the amount, Inmoles, of polassivm nitrabs hal reactsd,
b Caloulats the amant, In moles, of ceosen mada,
& Cakulats the volume, I am?, of oxygen mads al RTE
T 0.500kg of magnesium carbonale cecomposas an beating to form magnesium odds and carbon
dicedde. Give wour answers o Thres decimal places.
MgCOkls) — MaOis) + COug)
& Calculate the amount, In mdl, of magnesium carbonabe used,
b Cakcudate the amcunt, In mol, of carbon dicsicks produced.
& Cakculate the volure, nodm?, of carbon dicsids produced et ATR

PRACTICE QUESTIONS




Mole calculations 2

Reacting masses and volumes

The balanced symbol equation for a reacdon can be used o work out the quanndes of reactant and
products involved in a reaction.
The mumber of mobes (n), the mas of the subseance (s and the molar mass (M) are linked together
using 1 = .EI!
The amount of substance m males (n), the soleme of soluton incm® {1 and the concentragon (4
are linked together by the equanon;
" (in cm)

T I
In these calculations, first work ot the amount in maoles of one of the substneces involved in the
reaction. Then use the balanced symbol equation s work our the amoune in moles of the desired
substances. Then use this information to solve the last part of the question.

I} CALCULATING THE VOLUME OF SOLUTIONS

L Caleinm carbonate
: Caleium carbonate reacrs with .25 mol dm ™ hydmchloric acid vo make caleium chloride.
Warer and carbon dicxide are also produced. 1.25 ¢ of caloiwm cobopate & wed in che reaction,

CaCOny(s; + 2HCHag) — CaClyfag) + HO) + COyf
a) Caleulate the amonnt, in mol. of calcium carbonate thar reacts.

EB e T
"= T I001 {10125 miol

b} Caleulare the amount, in mol, of hvdrochionic acid that reacts,
From the balanced equation the number of moles of hydrochloric acid = number of males of
calcivm carbonate % 2 = 0.0250 mol.

¢) Caleolate the volume, in e, of hydrochloric acid vsed. Give your answer to three significant fgure:.

=nx1mu=n.r.::z5ﬂx1mu

- a
p 0.5 100 cmy

4

1 A shudens reacted 2.47 g of copper carbomahe with G ol dn= suliune acid.
CulOyde) + H50fae) — CuSOyjad) + HAO0 + OOl
a Calouiate tha amount; in moles. of copper carbonate thal reacted,

b Calouiate the amount, in molas, of sulfure acio used in the macikon,
& Caloulate the wolume, & ond, of suluric aoid ised,

2 |n & reaction 1.68 g of magnesium carbaoresle was reacted with 2.0mol dme? hydroshionc acid.
MaCOyis) + 2HCaG) — MaGllag) + H.O[ + CO:g)
a Calculete the amount, in mokes, of magnesium carbonabe that reacted.
b Caculste the amount, i males, of hvdrochlons acid used 0 the reackion.
@ Cacilate the valuma, in e, of hydrockhlono acd usad,
3 Inareacton 1.254 g of zing calbonats was reackad with 1.0moldm™? Fedrochions ackl,
Zniya) 4 2HCHeg) — ZnChiag) + HOM =+ Ol
& Chalkdate e smount, in moles, of zinc carbonates that reactad,

b Calcudate the smount, in moles, of hydrochlonc eod ussd in tha rescdion,
o Calguate the voluma, in om?, of hydrmchionc acid used,

E PRACTICE QUESTIONS

'J'I CGALCGULATING THE CONCENTRATION OF SOLUTIONS

Reacting masses and concentrations
A sudent reacted 0,403 g of magnesivm made with 25.0cm of nitric acid o
forrm magnesipm mitrare and warer,
MgOish + JHNO(ag) — Mg(MNChptag) + H O
a) Caleulate the amount, in mol, of magnesom oxide that reacted,
p= = DB b ol
M 403 '
b} Calculate che ameoune, in mol, of mitrie acid vsed.
From the balanced equation, the amount of muocc acid = 002 mol

¢} Calculare the concenmation. in mol dm™, of the nimic acid used.
P it rL%li:"I:II:I- . 'I:I.I}Ez};{}{m = 11.08 mal dm =

L h

4 A student macted 4.009 of calcum carbonats with S0om™ of hydrochlons ankd.
Calzurn chlonde, watsr and carbon dicxide wers peoducsd In the resstlion.

Callys) + BHGaG) — CaClian) + HOM + COynl
8 Calcuate the amount, in mol, of calcum carbonate that reacted,
b Calodata tha amount, i mcd, of hydrochions acld that reacted,
¢ Cakeudats the concantraticn of hydrochions ack] Lsed.

E A shadent reactsd 1.6868 g of magnesium carbonata with 50am? of hydrochlons acid,
Macnesum chioride, weter and carbon disedcie were produced In the reacticn.
MOy + 2HCIRG) — MgClilac) + HOf + Clylg)
a Calcutate tha amount, ino mal, of rragnesium carbonate that resched,

b . Calcutate the amount, inomal, of fedrochkon soia thal reacted,
& Calpufate the concentration of the hydrochionc acid used.

6 A ghedent reacted 5.00 g of caloham carbonaie with S0 e of sulluric Bod,
Calciumm aulfate, waterand carbon dioxkle wers prochuced in the raaction,

CalOyls) + HS0 ) - CaSOlaql + HOM + GOl

& Calciate the amaount, B mal, of calciir cabonals thal reasled,
b Calcuate the amount, i miol, of sulfuric ackd that rescled.
& Calouate the concentralion of the sulfuric acd used,

7 Achemst preparsd an sueous solubion of D10 meddm ™ potassum Pydroxide.
What Is the concentratian of 1he soluticn: v gdm ™7

B A chenmst prepansd 80 aqueols solution of 0,20 mal drm? secfurm Fredrosdds,
wWhial s 1he concentration of the seluticn in gdm™=7

B A chemst preparsd a0 sueous sohution of 0.05 mal dm = polassum Mydroxces.
Whial is the concentralion of the solulion i gdm™F Give your arswer o thres
sonificant Rgures,

E PRACTICE QUESTIONS




Empirical formula 1

The empirical formula
The empirical formuls of a compound is the simplest whole nomber ratio of avoms of each of the
elements present in the compound,

Tt can be caleulated fram the mass or the percenege composidon by mass of cach of the elements
present in the compound. The amount of substanee in mol (1), the mass of che substance {m) and the

makar s (M) are linked wogether using v = %

& A sample of @ compound was anatyaed and found 16 confan 0,254 g of coppern, 0,128 of sulhur H
and 0LE56.g of ceopgen. Calculate the empeics formiuta of the conmgound.

W Cu, B35 8, 32.1:0, 1800

A sample of Aanivm oxide was analysed and found to contain 00958 g of draniem and

EMPIRICAL FORMULA FROM GIVEN MASSES
Lo 0L640  of oxymen. Calculace the empirical formula of the compound. (A, T3, 47.9, 0, 16.0]

Ti 0
mass of each element {.95H (1.640
0.958 _ 0640
medar ratio of elements e - 02 e {104
ik 002 b
mext divide by the smallest number oz 1 B 2

The empirical formla 15 Tk,

1 A sample of phospions chloide was analysed and found [ contain 082 g of phosphons and
3.55q of chioring, Calculée the empirical formuda of The compound,
{4 P, 31.0; Cl, 35.5)

2 A sampls of a compound was anatvsed ad found 1o contain 0.070 g of nitrogen and 000169 of
hydrogen. Caleulate the empirical formua of the compound,
(A M, 14.0; H, 1.0)

E PRACTICE QUESTIONS

. The empirical formula is MgS0,.

'J AMALYSING A SALT

1 ﬁumpl:nfamltmsmal}rn:dmﬂﬁ:ﬂnﬂb::unhinﬂ.”ﬁ_gnfwﬂium,ﬂ.ﬂ?ﬂgnfuitugtn
il and 10.240 g of oxygen. Caloulate the empirical formalas of the compound.
(A MNa, 2300 N, 140,00, 1640

L

Bda ] ]
mass of cach element 0115 h, 6700 (L244)
- 0115 arn S -, .
molar patio of elements 230 0005 140 0,003 =T L5
AT {005 0.005 _ (L5
pext divide by the smallese nomber 0005 L | 0005 1 .05 -3

The empirical formula is MaMNCy.

PRACTICE QUESTIONS

.' 2 A eample of 8 matsl carbonate was ansiesad and found 1o cdetain 0,182 g of rragrssum,
{080 g of cedoon and 0,320 g of coygen. Calculats the ampincal formola of the compound,
A kg 243 G 1200 OO 160

1 E PRACTICE QUESTIONS

Percentage composition by mass and empirical formulae

Sometmes the anabnas of 3 compound 15 grven as 8 percentge composinon by mass, The empirical
formula 15 calculated using the same method, Simply use the percentage mas: by composinon instead
of the mass 1 the calculations,

v ANALYSING A COMPOUND

. ‘ A chemist anabysed a sample of 2 compound to find the percentage composinon by nss of
each element They found that it conmined 20.2%% mapnesivm, 26, 74 sulfor and 53.1% owopgen.
{alculate the empirical formula of the compoand.
(A Mg, 24.3:5 321 0 16.0)

{ b

Mg 5 0
percenmage composition b mas M2 26.7 53.1
- W2 _ 267 _ 534 _
molar ratio of elements 383 = (LE31 Rt 832 eo = 3.319
(1 0831 _ 0H3Z 3319
next divide by the smallese number DAL = | 0831 1 e 4

Information in names

Tne name of & compound evesls the elements it B made from. For example, & metal ceide wil
contaln metal and cxygen oy, if the maas of the sample (s known and the mass of the meatel i3
kmosaT:

@ STRETCH YOURSELF

mass of ceygen = mass of compound - mass of metal
Tres mass can then be ussd In calouationa.

A 2869 spmpe of & metal cedde wae anayaed and found to contan 0,254 g of copper.
Calcudate the ermpkical formuls of the compourd, (4.0 Cu, 83.5; O, 16,00,

The mess of oxygen inthis semple = (0.286 — 0254 = (0329

Cu ]
rrass of each sement a25a4d (aEe
D254 _ 0032 _ .
moiar ratia of Semenis aE = L34 60 L0
. Cude oon2
gt clbvicke by the smallest number BonE = 2 B i F
Thie ermplrical formeda s Gus,

8 ADTEEgsampke of a metd odce was anabvsed and found o condain 05589 of son.
Calcutzle the empinical formua of the camgound. (4, Fe, 55.8; O, 16.00

8 A1.268g sample of a medal chionce was analvsed and found Lo condain 0,558 of inon.
Cralculse the empirical Tormusa of the campound, (4, Pe, 55.8; G, 35.5)




Empirical formula 2

y PRACTICE QUESTIONS
Empirical formula and molecular formula i

.’ T Asamoke wes arabysed and fourd Do oonlain 0,300 g of carbon and Q050G of o,
' g Caiculate the amparical ormukeof the compound. & H, 1.0, G 1200

The empirical formula of a compound is the simples whaole number ratio of awoms of each of
the elements present in the componnd.
The mobecular fproula is the actual number of atoms of each element in one molecuale,

The malecular tormula can be caleulated from the empirical formula and the molar mass.

I the empirical formula in grams is equal t the malar mass, then the molecular formula and
ernpirical formuka are the same.

Empirical formulse can also be caleulated by analysing the products of the combustion of
compounds. Complete combustion of carbon produces carbon dioxade, while combustion of
hydrogen produces water vapeur,

. WORKED EXAMPLES
5" 1} A sample was analysed and found to contan 0048 g of carbon and

- 0,016 g o hydrogen.
a} Caleulate the empinical formula of the compound, (A, : H, 10, C, 1200
LB H
mass of each element 0045 0.0Ea
; 0048 ODiG
malar ratio of elements 20 1.0
= {100 = 0016
- 0.004 0,016
next divide by the smallest mumber 0,004 a
. 1 = I

The empincal formuka = CH,.

b} The compound has 2 molar mass of 16,0 gmol ™. Find the molecular formula of the
componnd,
The empirical formula mass = molecolar mass
So the molecular fornmila is the same as the empirical formula, CH,.

2) A second sample was analysed and found to contain 0.240 g of carbon and 0.040 g of

hydirogen.
a) Calculate the empirical formula of the compound, (A, :H, 1.0; C12.0)
s H
mass of each element 24 L0400
: 0024 i
malar ratio of elements 170 0
== (000 = [hidin
o 0,020 00,1400
next drvade by the smallese mamber 0,020 0030
. '1 ="

The empirical formula i CH

b} The componnd has a molar mass of 28,0 g mol™'. Find the molecular formula af the
conpomnd.
The empirical formula mass = 2 = molecular neass
Sa, the molecular formmla is CiH,,

b The compound has a mokr meass of 34,0 mal~, Find the moleadar fanmuda of the
compord.
2 A zampla was analysad and found 1o contain 0.28 g of nitragan and 0004 g of Bydnogen.
a Gakulats tha smprical forrmula of the compound. (& H 1.00 N, 14.00
b The compound hes & malar mass of 32 0g mal™". Find the molecuar formula of e
2 A esampla was ansfysed and found to contasin .18 g of carbon and 0003 g of hydnoger.
& Cakedats the empincal fommula of the compournd, (4, H, 100G, 12.0)
b The compound has 5 melss mess of 38 4gmaol . Fnd the molecular formula of the
compaund.
4 A semple was anaksed and found to contan 00169 of ceygen and 0201 g of hydrogen.
a Calzuiate the empincal formeda of the compound. (&, H, 1.0; O, 16.0)
b The compournd has a molar mass of 34.0gmal . And the maksculsr formulz of the
coampound.

STRETCH YOURSELF
Combustion analysis
A anganic coempaund A was anablysad and found to contaln hydnogsn and carbom cnby
A samgke of compounc A was bumt i excess cwygen and the proccs of combustion wers
anatsed and Tound to contaln 0220 g of carbon diowde and 0180 g of Weter vepour.
Whiatl ks the empincal formus of compound A7
Thez mokar mass of caron dioside = 44,00 rmoi!
Tz numiter of modes 0], the mass of the substanca im) and the molar mass (W ame inled
teggether using n = 1

e 1]
Thez arnount of carpon dioxide, '”m'ﬂ_adfn:jih'.f"‘u'mm|

Thaa miols mass of water = 18.0gmal~’

. paeog
The amaunt of waler, o mol = Wr—ﬁ.ﬂ-lﬂm

Each moclecule of carbon dioside, T, confains ong alam of caron So oompound A rst
cortain OU00E miches of Sartson.

Each meleculs of water vapour, H-O, containg two alorm of bydrogen S0 compound A mist
cortan 0010 « 2 = 0,080 rhokes al Fydrogen,

Lo H
malar ratic of skermants 0.005 0.020
. i (.00 .00

The empirical formula of compound A is CH,.

PRACTICE QUESTION

£ A pompound X was anafysed a5 found o contan ydrmgent and carbion anky A Samgae of
cognpourd ¥ was bumd in axeess oeygen and the products of combostion were anabsec
and found to conbain 0,176 & of carbon dioxdde ad 0.0549 g af wador wapaxain, Wt is tha
ampirical formuk of conpound X7




Water of crystallisation

Hydrated salts

Hydrated salts are crysalling compounds that contaim water molecules, for example,
hydrated coppern} sulfate, Hydrated coppenn) sulfate has che chemical formla

CuS0 3H00 The las part of the name refers to the water of copseallisadion. This is the
water mobecules that an: found within the grystalline soucture of the hydrared salc
Copperiin) sulfate also exises in an anhydrous form. The anhydrous form of the
commipand does not contin waser molecules,

The molir mass of anhydoous coppen) sulfate = 1596 g mol ™
The molar mass of hydraced copper{n) sulfate = 15%.6 + (5 x 18.0) = 2496 gmol ™!

Determining the chemical formula of a hydrated sale
When a sample of a hydrated sale is heated sorongly, the
water of crystallsation can be driven off and evaporated.

As this happens the mass of the sample decreases.

The sample can be repeatedly heared and then im mass
messured until, eventually, the mass remains constane,

When this happens all of the warer of crystallisation has
been removed from the hydraced sale

Thas meethod 15 only surtable for salts where the anhydrous
form of the compound does not decompose on heating,

The table below shows a sample set of readings from
an experiment to find the formula of ydraced sodinm

cruciie

e |3y tRANER

carhonate.
Maas of sample before heating’g 5,720
Mass of sample after heating/g 2120
Maze of water lost during healing/g 3,800

Matice herw all the readings are given to the same mumber of decimal places,
The mass of the sample before heating is the mass of che hydrated salt,
The mass of the sample after heating is the mass of the anhydous sl

FINDING THE FORMULA OF A HYDRATED SALT

A ‘ Use: the informarion in the mble above o find the formula of the hydmted sl
: Mumber of moles (i), the mass of the substance (r) and the molar mass (M)

arul'inh:dtugtthﬂusingﬂ=ﬁ
2120

The smount, in meol, of anlydrons sodiom carbonage = W = (L2 mol

The gmaount, I mol, of water = ;!]"E'E;} = (.M mal
The molar ratio of MagCOy (H0Y is

Na, O, H.O

miclar ramto {L02 020
. ¥ (02 0. 20

next divide by chie smallest number e 002

The formula of hydrated sodium carbonare & NayCO, 10H.O)

1 Asampl of ydated magresEorm sulfabs wees strongly haadesd, The meass of he

PRACTICE QUESTIONS

magnaesium suifate befor and after haading wera recordsed in the bie below,

Mass of sample before hesting'g 1.232
Mass of eample aftar heating/g 0602
Mass of water lost during hesting/a

a Copy and oompiets he lable Lo shcer e meuss of walar [esl during haaling,
B Calculats the amound, in mol, of anfrdioos magnasiom susle produced,

e Cakculats e amourl, in mel, of wabes

d Calkcudats tha formula of hedraled magresum sulfates,

2 A zample of hydrated zing sulfate was stongly heated, The mias: of tha zins sulale

before and afier heating ware recorded it tha table beloe

Mass of sample bafors heating'y 2875
Mass of sample after haating/g 1.615
Mass of waker lost during heating/g

B Cogy and complets the bablke ta show the mass of waber ksl during hesding,
B Caloculie the armount, 11 mal, of srfwdrous dnc suliate producsd,

¢ Calculate the amount, in mol, of water.

d Caloulsie the formui of hydrated znc sulfate.

2 A aample of hydrated magnesiom chiorde was stronghy beatad. The mass of tha

magnasium chicrds bafons and after heatirig wans recorded in thi table balow,

Mass of sample before heatinga 3,708
hﬁ&snfmplaaftarhaail@ 1806
Mass of water lost during hiting'g

a Copy and completa tha tabla o show e meass of watar esl during Peatieg,
b Caludets the amount, in mel, of anbydous magnesiom sulflade groduoced,
& Caleuats tha amount, in mol, of wakar,

d Calcuats tha fomrmula of bydrated magnesom chionde.

STRETCH YOURSELF
Empirical formula and dot formula

A= wedl ag bsing found in watera of crystallization, cxygen s also fourd in sulfats,
50,7 carbonata, 00 and nitrate, MOy~ ions.
Ciremiats uss the ydrogen atomes to work out the numiber of waters of crystallsstion.

Worked axampla

A compound of 3 hydrated aal hes an emgirical formulas of CuBSH, 0.
Wirita the dat formuls for the compound.

it thers ars 10 Fydrogen atoms, thes as 5 waters of cryetalisation (5HO,
Tris leaves CuS0), 30 the dog formuia B CuS05HO.

PRACTICE QUESTION

4 Write the dot tarmida far a hydrated asft with the ampircal formuia:
& CoCLH, Oy
I CaiHal4y
€ N SH 0.




Group 7
Good oxidising agents

Group 7 cloments are called halogens. They are found in the p-block of the periodic
table. Aroms of Group 7 ebements have seven electrons in their cuger shell, Durmg
chemical reactions atoms of Group 7 elements typically gain one electron w form
halicde 1oms with an coddaton number of —1.This megans that Groop 7 elemenis ane
poaxd paidising apents.

Reactions with metals
Gronp 7 elernents react with metals to form metal halides,

WORKED EXAMPLE

Potmssiom and chlorine
Porassaum reacts wach chlorme o form potassiom chloride.
2K (s) + Cla(g) — 2KClis)
a) Write separate half equations for thas reaction,
JE — 2Kt # 207
Cho#+ 2™ = 2C1
b) Use caodation numbers to identify which species are cxodised and reduced in this

reacton.
The mddadon number of potassium increases from O ro + 1 so the potassium is
ouddised.
The cddadon number of chlorine decreases from 0 to —1 so the chlorine i
reduced.

c) ldentity the oxidising agent and the reducing agent in this reaction
The potassium reduces the chlorine, so the porssimn is the reducing agenc.
The chlarine cxidises the potassium, so the chlorine is the oxidising agenc.

1 A chamist reacts sodium with fluorins to form sodiom fluanida,
2Nafs) + Fylo) — 2MaFig)
8 LU=ss owdstion numbars to ident$y which spesias heva been oxidizad and
reducad in this reaction.
b Ident#y the ceddising agent and tha mducing sgent in this esction.
Z A chemist reacts potassium with fluchne to form potassum fluands.
2KIg) + Flg) — 2KFE)
a8 LUss cwidstion numbers ta ident$y which specias heve been oxidized and
redunsd in this reaction.
b Identify the cxidising agent and the reducing sgant mthis resction.

PRACTICE QUESTIONS

Redox reactions

Group 7 clements become less reactive going down the groep, A more reactave halogen
wiill macidise a less reactive halogen and displace it from a solutdon of its salt.

'J_ WORKED EXAMPLE

: Chlorine reacts with an agquepus splution af pogssium bromede o focen
- potassium chlonde and bromine,
Clafag) + 2KBr{aq) — 2ZKCHaqy + Brylag}
a) Write separate half equanons for this reaction,
 IBr — B, + 2
Ch + 2 — 2CI

b} Use oxddadon numbers to identafy which species are oxidised and reduced in ths
foaComn.
The ceidadon mumber of bromine increases from =1 1o 0 50 the bromine 15 coadised,
The oxidadon mumber of chlonne decreases from O to = 1 so the chlorme 1 reduced,

¢) Tdentfy che oodidising agent and reducing agent in this reacton.
The bromine reduces the chlorine, so the potssium bromide is che
reducing agent. The chlorine cxidises the bromine, so the chlorine is
the oxidising agenc.

j,ﬁ PRACTICE QUESTIONS
l’.' 4 Broming reecte with Bn anuscus saldion of potassium iodids to form potassium
hromics and iodine.
Brylao) + &ksg) — ZHBriagl + ld=q)
& LUsa guidation numbers to identify wisich species am oxidized 2md mduced in
the reacton.
b ldentdy the meddising sgent snd the reducing agent.

& Chigrine reects with &n agueous scddion of potsssium lodids to form potasem
chicrice and lodine.
Chiaql + 2Klag) — 2KHag) + |fag)
& Lise owiclstion reenbsrs fo dentify which specias are axldiesd and reduced in
the reaction,
B Ichentify the odcksng agant and the recucing agent.

STRETCH YOURSELF
Disproportionation reactions

Iry disproporicralion reactions a specks |5 sirmufaneaisly caclsed and ecucsd.

Example
Chkarre reacls with wabes ba Tomn chioric)} scid and bedrochiontc: ackd.

Clsfad) + HoO0) — HCIOG@) + HOEad)
Ui cpciation numbers 0 proned that s is o dsproporionabion resaction,
Thi eecicdation rmber of chicring increases fram 0t 41 o chiaacl) ackd), whiks the
aeddation number ol chlorne decresises fram 0o —1 dn hwoochions acd), Sa chlong
5 simultareousty oxidised and reduced.

E PRACTICE QUESTION

B Copparf) owide rascts to Torm copor) axide and copper,
CuseDh — Gl + Gy
Lisa cuidation rumbsers bo show thal this is 8 dsoroporicnation reacton.




Enthalpy changes 1
Enthalpy changes, AH

Enthalpy, H, is the heat coneent that is stored in a chemical system. Enthalpy change, AH, can be
caleulated from experimental data.

In exothermic reactions, hear s lost by the chemical system and gained by the surroundings so a

emperature rise is observed. The enthalpy change for an exothermic reaction has a negarive sign.

In endochermic reactions, heat i gained by the chemical syscem from the surroundings so a
remperature tall i observed The enthalpy change for an endothermic reaction has a posicive sign.

Heat exchanged

The hear gained or lost by che surroundings can be caleubared vsing the relarionahip:
0= micAT

where () is the heat exchange measured in [,

1 i3 the mas of the surmoundings imvolved in the hear exchange

measured in g,

¢ 18 the specific heat capacity, the amount of energy required Lo raite the

temperamure of 1 g of the substance by 150, Ivis measured in Jg™ K™,

AT ia the change in temperature:

the final tempersture — the initdal temperatere {measured in *C)

v_ WORKED EXAMPLE
o } An excess of magnesium is added to 50 om® of aqueoes copper sulfate solution.

The wmperature of the seluton inceases from 21 °C w 32 °C,
Caleudate the heat exchanged in this reaction,
Specific heat capacity of the solation, r, 5 4.18] ¢ "K™,
The solution has a density of 1.00 gom ™,
Q= meAT = 50 % 4,18 ¥ 11 = 2209]

% PRACTICE QUESTIONS

1 Anexcess of #ing & aoded 1o 1000m? of diite sulfunic acid, The emperalura of the salidion
InCreases from 19 °C o 2470,
Chalcukate the heat exchanged In this meacion,
Speiiic heal capacity of the sokition, & s 318097 1K-",
The sokdion has a density of 1.00g.0m™,

2 An excess of ron & adced 1o 1500m? of dikite copper sufale solution, The temperatures of
the scaulion increases rom 18°0 o 32 °C,
Calcutaie the heat exchangad in s reacton,
Specific heat capactly of the soltion, ¢, i 4180971 K-,
The soltion has & density of 1.00gom™=,

Determining the enthalpy change of reaction

The enthalpy change of a reaction can be caloulated from the hear exchange and the amownt of
substance, in mol, that has reacted.

j An exeess of mon i added o 50 cn? of 2.0mol dm™ agueous copper(in sulfate selution.
' Feisy + CuS00aq) — Fel0, 0y + Culs)

The temperature of the soluton Increases from 22 90 to 35 9C,

Specific heat capacity of the solution, ois 4.18] 7' K™,

The soluton has a density of 1,00 gon™,

@) Find the energy exchanged in this reacnon,
= peAT = 50 % £18 2 13 =2717) or 2717 K]

b)) Find the amount, i mol, of copper(n) sulfate solunon used 1o the reaction.
a = |7 (in dm') % concentragon = (.05 x 2.0 = {_10 mel

e} Calculate the enthalpy change in kJ mol™.
To scale up the enthalpy change to kfmol™ =

CALCULATING AN ENTHALPY CHANGE
)

evergy exchange () __ 27174
amount of substance (mol) ~ 0.10mal
Aa the temperature of the surroundings increased, heat was lost by the chemical sysem and gained by
the surroundings. This means the reacdon was exothermic and the enthalp change of the reaction has
i negative sign.

The enthalpy change is —27.17 k] mol ™.

= 27.17kj mal ™'

w_ PRACTICE QUESTIONS

!.j & An excess of magneaium & added to 100 o of 1.00'maldm# hydrochlons acid.
The termperature nomeass from 1995 to 27 0
Mgial + 2HCleq) — MgShiadg) + Hag)
Specific heat capaciy of the sciution, o, iB4.18dg "K 1,
The eciution hae & deraity of 1.00gem =
a Calculats the snsrgy change for tha reaction.
b Cakudats the amount, in mol, of wdrochiono acid Lsed.
& Cakadats the entralpy change for the reaction,
4  Anoexcess of 2nc g added to 180 cre? of 1.00 mod dm== nhinc ackd. The ferrpesatiune
ncraeses from 22 °Cta 2970
Zng] + 2HMCL A — ZniNCLidagh + Halg)
Snecic haal capachy of the gochtion, o, s 48097 K-0
The soktion has a dengity of 1.00gem-?,
& Calcuiate the energy chanoe for the reaction.
b Calcutate the amaount, i maol, af mearochlons sod usao.
& Calcuiate the enthaipy change for the reaction.

Experimental and theoretical values

The enthaloy change calcutated rom expandmantal resuts & Bss exotfenmic of iBss
endotnernic than the theoratcal walue for the reaction, This i due to heal loss from the
siroundings, This rechuces the fermperaiure change That i detected durdng the expenmend.

PRACTICE QUESTION

B How coidd & student rechuce Real I0ss duning an expetinment 1o detaming the entfalpy changs of
reaction Detwean inon and an aguecds solition of coppen) sifate?

E STRETCH YOURSELF




Enthalpy changes 2

Standard enthalpy change of combustion, AH®

The standard enthalpy change of combustion, AH?, is the enthalpy change when one mole of 3 subsmnce
completedy burnt in cacygen, under standard conditions with all reactants and products being in their standard scaees,
Enthalpy changes of combustion are alwavs exothermic so the
sign for enthalpy change of combustion reactions is negative,

The chemical equation for the standard enthalpy change of combustion
of methane js:
CH,g) +20x0) — COyg) +2H000

The enthalpy change of combastion can be determined from
experimental dara.

A knowmn meass of Rigl is burnt and heats up a known volume
of warer. The temperature change of the water is found.

Heat exchanged

The hear lost by the system and gained by the surroundings can be calculated using the relationshig:
Q= meAT

where )i the heat exchange measured m |,

#d is the mass of the water involved in the heat exchange measured in g

¢ is the specific heat capacity of water, the amount of energy required to raise the temperature of 1 g of the
substance by 1°C. It has a value of 4. 18] g7 K"

AT is the chinge m temperatre of the warer:
the final temperature — the innal temperamure {measured in )

s0ird b

i CALCULATING HEAT EXCHANGE

(/| Baring cdhanol
: During the combustion of 4 sanypde of ethanol, 100 cm? of water wad heated from 21 °C w 35°C
Caleulate the heat exchanged in this reacoon,
Specific heat capacity of water, cis £.08] g ' K™\
Water has a density of 1.00gmol ™.
AT=1735—21 =l4K
(3= meAT = 100 % 4.18 x 14 = 5852 or 5.852k]

1 A shudent bums a sample of propan-1-ol. Doning the sxperiment the femperatune of 250
Of walar increases from 1850 1o 24 °C.
Calzdata tha haat ewchangsd in this reaction.
e hsat capacily of water, ¢, is4.78Jg K.
Water Fas g density of 1.00gmel™7.
2 During combustion of & sampks of ethancl the termperaiurs of 150 crr? of waker increassd Fom
2470 03870,
Cakadats the heat awchangsd in this reaction.
Specfic heat capacty of watsr, c, s 4.18Jg "KL
Wiater hays 8 darmity of 1.00gmal .

E PRACTICE QUESTIONS

3 Dwring combustion of & sampks of Butan-Z-ol the termperalurs of 200 o of water incrassad from
1500 27 L.
Cabcylats tre haat sxchanged in his rection,
Specific heat capacity of water, ¢, is 2,189~ K-,
Vilster has a density of 1.00gmoi,

Determining the enthalpy change of combustion

The enthalpy change of o combustion meaction can be calculated from the heat ganed by the
surrounding: and the ameunt of substance, in mol. that has been burne.

" CALCULATING THE ENTHALPY CHANGE OF COMBUSTION
Jj Dhuring combustion, 0.46 g of ethanol, CuH;OH, heated 800 cm® of water, The emperature
o of the warer increased from 22 %0 to 48 50,

Specific heat capacity of water, 1 is 4.18] g7 TK™ L

Warer has a density of 100 gom ™,

a) Find the energy exchanged in this reaction.
(= mcAT = 100 = 4,18 = 26 = 10868 ] or 10868 k]

b} Find che amoune, in maol, of ethanal that was used in this reacdon.
Molar mass of ethanol, C-H;OH = 46.0 gmaol ™’

—m _ 46
H—M—%I{I—U.ﬂ'lmul

£} Calculare the enthalpy change in k] mel ™!
Ta scale up the enthalpy change to kK mol™!:
energy exchange (kT e 10,865 k)
amoont of substance {maol) 0,07 mol
The enthalpy change 3= — 1086.8 k] mol™,
d) What is the significance of the sign for the enthalpy change:
The negative sign shows the reaction s exothermic,

= 10868 k]maol ™!

y-. PRACTIGE QUESTIONS
M 4 During comoustion, 1809 of propsn-1-of, GH,0H, heated 200cm® of water. The temperature of
the weater Increased from 20°0 o 510,

Specific hsal capactty of water, cis 4.18Jg "KL

Wster has a denaity of 1.00gom™2,

Give your arswers 1o three slgnifizant figunes.

a Firdd the heat snargy chanoe o es eadtion,

b Fired the armaunt, 7 mal, of propan-1-of waed.

& Find the entheloy change for this rasction in kKdmol=

d What is the sigrificance of the sign of the enthalpy changa?
B [uring combustion, 2.30 g of atfancl, G;H;OH, heated 100cm® of water. The temperaturs of the

water incragsed rom 2070 1o &2 0.

Spectic hest cepadty of wetar, c, is 4184977 K7,

Water has a dersily of 1.00gom=.

C3ive your answers 1o three aignificant figures,

a Find the heat anangy change in this reactian.

b Fd the amaunt, in mol, of ethanol wssed,

& Find tha enthalpy change tor this reacton In kdmal .




Bond enthalpy 1

Exothermic and endothermic reactions

Energy is released when bonds are made and required when bonds are broken. Bond
enthalpy i the enthalpy change when one mole of a given bond in 4 gaseous malecule i
broken by homolvoc fsson,

Bometimes the same bond, e C—H, can be found in many differene molecules. The exact
value of the bond enthalpy varies shighthy from one molecule to another. The average bond
enthalpy s the avemge enthalpy change for breaking cne mole of the bond in a variety of
grsenus molecules,

The enthalpy change for all exothermic reactions has a negative sign. Mose enengy s released
when pew; stronger bonds are formed chan was requined oo break the ald, weaker bonds,
Iy cantrast, the enthalpy change for all endothermic reactions hag a positive sign. More

errergy 18 required to break the old, stronger bonds dhan i released when the new, weaker
bonds are formed.

'J CALCULATING THE ENTHALPY CHANGE FOR REACTIONS

/| Formation of hydrogen chloride
““ Determine the enthalpy change for the reaction hetween hydrogen and chlorine to
produce hydmogen chloride using the bond enthalpies shown in the table,

H; + Cl; — 2HC(]

"'i'?."‘tl"-":ﬁl.-d" ||"'|'I:'=rl H

3 1.-\1 P RET R T T -
H—H +436
H—CI +432
C—Cl +243

H—H + Cl—C] —= H—C
H—Cl
The bonds broken in this reaction =1 ¥ H—H = 1 % 436 = 436k] mol™! and
1xC—Cl=1x 243 = 243k mol™!
The rotal amount of energy required = 436 + 243 = 479 k] mol !

The bonds made in this reaction = 2 x H—C1 = 2 x 432 = 864 k] mal ™"

The total amount of energy released = 864 k] maol ~!

5o the enthalpy change for the reaction = total energy required — energy released
= (79 — f6d = —185 k] mol™

Combustion of methane
Determine the enthalpy change for the complets combustion of methane using the bond

l:ntha-lpins in this table.

I“‘i'""-—“’-'ﬁa-“n-ﬁ-: P
l Ledie == i i
D=0 + 407
G + 505
CO—H +AES

During combustion, methane reacts with oxyvgen o form carbon diosdde and warer,

CH, + 20, — CO, + 2H,O

H 5

| 0=0 a7 “H
—C—H + — O=0(=0 + Q.

| Q=0 H H

The bonds broken in this reaction = 4 % C—H = 4 % 413 = 1652 k| mol™" and
2xO0=0=7x497 = 994k mol™

- The woral amount of energy required = 1652 + 994 = 2646 k] tnal*

The bonds made in this reaction = 2 # C==0 = 2 = #05 = 1610k mel ™ and
4 % O=—=H = 4 % 463 = 1852 k] mol™!
The total amount of energy released = 1610 + 1852 = 3462 kf mol ™'

S0 the enthalpy change for the reaction = total energy required — cnergy released
= 2546 — 3462 = —§16 k] mol ™!

PRACTICE QUESTION

1 Lise the bond erdhaloy wakees in the table bl to detarmine the enthaipy change for
the fofowing reactions:
a The compdete combustion of athena
g, + 30, -« 2005 + 2HaO

HH /'H A

Cemt’  +30=0 —20=C=0+23H" "H

e ™,
H H
b The reaction bebween ethene and hydrnogen to prockuice athanes
CaHy +Hz — Gy
H H
HHC=C/H+ H—H —= H—J‘—l!"—l—T
H;"’ MT—I | |
H
& Tha maction between cxgygen end hydrogen o prodice wabes
L+ 2Hy — 2H:0

G +612




Bond enthalpy 2
Energy and bonds

E“'rﬂ" is rebegsed when bonds are made and required when bonds are broken,

An unknown bond enchalpy can be caleulated o the enthalpy change for the
reacton and the other bond enthalpies imvolved in the neaction are known,

.J FINDING AN UNKNOWN BOND ENTHALPY VALUE

Hydrogen bromide
A chemist adds lnvdrogen to bromine to produce hvdrogen bromide.
H_1+BI'1_"2-I"]BE

H—H + Br=—DBr ==

The enthalpy change for the reaction 15 =99 k] mol™".
Pretermine the bond enthalpy walue for the Br—DBr bond vsing the bond enchalpy
vahues shown in the table below:

H—H 438

H—ar +384
The bonds braken in this reaction = 1 x H—H = 1 % 436 = 436 k] mol ™" and

1> Br—Br=2?
The total amount of energy required = 436 + Br—Br kI mol™
The bonds made in this reaction = 2 ®x H—Br = 2 x 364 = 728k mol ™!
The total amount of energy released = T2BE] mol ™!
5o, the enthalpy change for the reaction = total energy required — enengy released
—¥W = [§¥ +B—Br - TZB
Sa, Br—Br = 193k} mol ™!
Combustion of methane
A studdent burnt methane to produce carbon dicsade and water,
CH, + 20, — CO, + 2HO
L)
0=0 A
H—C—H + — O0=C=0+ _O
0=0 T

The enthalpy change for che reacdon is —810 k] mol ™',
Determine the bond enthalpy vahie for the C—H bond wsing the bond enthalpy
walues shown in the mble belosr,

The bomds bioken in this reacdon = 4 = C—H
2 0=0 = 2 x 500 = 1000 k] mol ™!
The toml amount of energy required = 4« C—H + 1000 k] mol ™
The bonds made in this reaction =2 % C=0 = 2 x 805 = 1610 %] mol !
4 ¥ 0—H = 4 % 463 = 1852k mal ™!

The total amount of energy released = 1610 1832 = 62 k] mal ~!
5o, the enthalpy changze for the resction = total enerpy requined — enerpy released

—8l0 = 4 X C—H + 100 — Hed
4 C—H = 1652k] mol™!
S0 C—H -E = 413 k] mal ™

= L -

E.'miim I#ﬁm Mmuw
wwnmm sing Eversge bond enthelpy. Tha calculations u=e
1 average band enthalples, which are average  for & particutar bond In & veriety of different
mmmmmmmmhaﬂmwmumm

w PRACTICE QUESTIONS

!.. 1 1 A chamist adde hydrogen to chlonine to maks hydrmoosn chiode,
s The mection |2 shown beloe.
H, + Gl — 2HCI
The enthsipy change for the reaction & found to bs - 183 kdmol .
Lisa tha bord enthepy vafuas shown in the teble below o detesrmming the
t:-cn:!errrrdpy'.'aluainrmaﬂI—CtUDnd

2 A chenist adds fydrogen 1o ethens 1o make elhane,
The: reaction i shown beiow,
H; + CaHe — CaHy
The erhilpy cherge fior the reaction is fourd to ba —119kd ma1,
Lize the band anthalpy valuss shown in the tabis below to determing the
bond anthaky vake for the C—G bond.

. k
C=C P12
(C—H 410
[H—H 1436
3 A chamist adds hydhogen to lodne to makes fydrogen iodide,
Thea reaciion s snown below,
Hy + by —+ 2HI

The enthslpy changs kar ihe reaction & found 19 B =7 kimal='.
s the bond enthaipy vailues shown 0 the table below 10 determing tha
bond antr'ﬂp-:-' walue for the — band.




Percentage yields
Actual and theoretical yields

Chepists can predict the amount of product made in a reaction.

The percentage yicld links the acmal amount of product made, in moles, and the theoredcal yicld,

in moles. T actual amount (in moles) of product
o theorencal amount {in moles) of product

el 11

"t CALCULATING THE THEORETICAL YIELD
J‘ When caleinm carbonare is heaged it decomposes to form calcinm odide and carbon
dicaide.
CaCOufs) — CaOls) + COulg)
A chemist used 75.1 g of calcium carbonate, CaCOy, in this reaction.

a) Calculabe che amount, in mol, of calcium carbonate that reaces.
Ry R o
by Calculate the amount, in mol, of calcium oxide that was made.
From the balanced eguation:
the amount of calcium carbonate, in mol = amount of calcium oside, inomol = 0750 mo]

c) Caleulare che ris, in grame, of cleium oxide made. Give your antwer o three decimal places,
m=h X M=075x51=4921g

L3

The actual yield

However, in practice chemists often find that the experiment actually makes 2 smaller amount of

product than they had anticipated.

This could be becawse:

8 other reactions take place which produce an alternative product

s the reaction reaches an equilibrivm and so does not go o complenon

o some of the prodoct 15 lost during transfer or puritication, for example, dunng Altermg or
distiltation,

CALCULATING THE PERCENTAGE YIELD
L.

A stupdent added ethanol to propanoic acd o make the ester, ethyl propancate, and water,
C;H.OH + CH,COOH — CGH,COOCH; + HO
The expeniment has a theoredcal vield of 5.00g,
The actual vield 1 4,50,
The molar mas of CH,COOCH; = 102.0gmol ™"
Calculate the percentage yield of the rescton,

Aceual amount of eehy] propanaate, n = o = % = 0441 mol
Theoretical amount of ethy] propancate, n = 3 = % = 00490 mol

Percentage yield = 255 % 100% = 90%

1 Calculaia the percantans visld of a reaction that hae a theorstiog yvissd of 4.75 mobee of product

E PRACTICE QUESTIONS

and an actual vield of 3,79 meolas of product. Gees your srawssto thres slgnificent figursa.

2 Calouiaie the percentans yieid of a reaction that hes a theoretiost weid of 3.00 mabkss of product

and g achal wield of 275 moles of product, Gie your anawser to three sgnificant figures.

A Calculste the parcentans ekl of a rmaction that has & thednstical weld of 12.00 moles of
procict and an sctual ek of 6.25 males of product, Ghee your answer 1o thres slgnificant
Buras,

Limiting reagents

In somie reactons, one of the reactancs 15 stated as beang in exces, The other reactant 15 said o he
the lumiting reagent. The hmiting reagent will be used op finst,

An excess of magnesiom is added to 30 cm? of 1.0 mel dm™ copper(i) suffate solution,
Mgis) + CuSOylaq) — MgSQ.aq) + Culs)

2.54 g of copper ia produced,
Caloulate the percentage vield of this reacdon.

g‘ WORKED EXAMPLE

The amoune, in mol, of CuSO, wsed,n = VA0 o) o ?—.g] s 1.0 = 0.05mol
1000 3

The theoretical amount, in mol, of copper produced in this reacdon is also D05 mal.

The actual amount, in mol, of copper made = ﬁ = %ﬁ% = (304 mol

Perceritage vield = % w1 = Hi,

PRACTICE QUESTIONS

4 Anexoess of #nc s added o 250 cm® of 1.0mal dm ¥ irenfl] sulfate soastion.
Znlg) + FEE50ag) — ZnS04eq) + Falg)
1.1 16 g of Inon s produced.
Crakadats the percentage visld of thiz reaction.
B Anoewcess of magnesium s edded to 50.0cm of 1.0maldm # squeous vdrochlonc ecid
solution,
Miglg) + ZHCHag) — MoCliag) + Hailo)
953 g of magnesium chionde ls produced.
Calcuiate the percentaos yissd of this rsaction,
B Anexcess of magnesium e added 1o 1000 cm? of BSmaldme ¥ ironfi) suffate soiution.
Mais) + Fel0,lag) — MgS0,ad) + Fela
(L5689 of iron is produced,
Caclate the pecentzge yekd of this reaction.

Finding the reagent that is in excess

T sormee Teactions the amount, 0 moles, of both reactants muse be worked ou The balanced

equation 15 then used o work out which of the reagenes 15 inexcess and which & the limiting recagenc



Atom economy
Wanted and unwanted products

Chemical reactions often produce more than ooe product, The product we want to produce s che
desired product. The other {unwanted) products made i the reaction are called by-products.
Atorn econonty i & way of measuring the proportion of desired produect compared with the ool
amount of product made in 2 reaction,

molar mass of the desired product
SR enGatay = molar mass of all the products

Some by-products are of no wse and have to be disposed of This can be expenste and adds to the
onverall costs of the process. In addifion there are only a limited number of landfill sites available.
Chemists oy to find uses for by-producs. If cthe bv—produces can be sold on, it not oty has cconomic
benefis but it also means thar natural resources are comserved for fumire use and the amount of wasge
for landfill sites is reduced

# 10

' WORKING OUT THE % ATOM ECONOMY
R j Addition reactions

== In addition reactions, reactants join cogether to form just one prodoct.
Bromine is added to ethene to produce 1,2-dibromoethane.

e SN o 1 5
f{::E\‘x + Bi—B —* Bi—L—L=H
H H 1! renctions heve & % lom

Metermine the ¥ atom economy of this reaction. mﬁui fan r jﬂ";' "]! NI
The molar mass of 1,2-dibromoethane = 187.8 gmaol ™" In v degired product.
molir mas of the desired product 1878 =
= i e molar nrass of all the products X 100 187.8 x 100 = 100%

PRACTICE QUESTIONS
1 A chemist acdoed chioming to ethene 1o peoduce 1,2-gichioroethane,
H H
H
KC_ IH + Cl— 'E:]—ll"—llz—f:]
p C.\ ; | |
H H H H

Determing the % atom ecananmy of this reacton,
T maitar mass of 1,2-dichlomethans = 808.0gmal-"

2 A chemist acds Dramine 1o propene (o produce: 1,2 -0iDromograpand,

H H H Br oOH

S R
Br—Br + l-]—l::—ll:=l!:~~~~ —_— T—I—{‘—T—T—H

H H H H H

Detarmine the: % alom econormny of this msaction,
The makar mass of 1,2-dibmmopropans = 207,85 gmol-!

™73 FURTHER EXAMPLES
J 1) A sudent heared 2.5 g of calcium carbonate. It decomposed to form 1.2 of the desired
. product, caleium oxide.

CaCOhyis) — Calds) +CO4g)
Dretermine the % arom cconomy of this reaction.
Grive vour amwer o three significant figures.
Molar mass of Ca(r = 56.1 gmol !
Molar mas of GOy = 440gmol !
T atom eronoemy = % 100 = 56,04 _
2) A chemst decides w prepare potassivm nitrite, KNOw, by decomposing potassium nitrate, KNOy.
The equation for the resction b
2KNQO, — 2ZENC, + Oy
Determune the % atem economy of this reaction.
Give your answer to three significint fgueres.
The molar mass of KINO, = 85.1 gmel™!
The molar mass of O, = 32.0gmol ™!
‘Total molar mam of KINCH in the meaction = 170,2

Molar mass of all che products = 22,2

Y atom economy é:;gg * 100 = 34,20

a",w PRACTICE QUESTIONS
I.." 8 A studen! preparss a sampe of e ester ety elhancate by reacting ethancl and etranclc acki.
CoHyOH + CHCOOH — CHICO0CH, + HO

The molar mass of ety etharosle = B0 g mal™’

The molar mass of water = 18,09 mgl™

Dretarning the % atam ecanarnmy of this reaction,

Giva your answer (o three significant fgunss,

& A chamiat prepares a sample of propan-1-01 by reacting 1 -chioroompane with sodium mydrosce
Eoition.
H H ol H H OH

|| |
H—clg—rlz—(l:—u + NaOH —» 1-1—-cl‘.~|:|:—c—|—r + NaCl

H H H H H H
Distarmmmea the % atom economy of thes maction.
Cive wour anawer to thres significanl figures.
& A chemist prepares B sample of ethandl by reactig sodiom fndnesds soldion with bromoethene,
HalH + CH.CH,HBr — CHyTH;OH + MaBr
Dietermins the % stom sconoemy of this reacton,
{(Gres your srawer 1o three sgnificant fipures.




Percentage error in apparatus
Calculating percentage error

The percentage error of 3 measurement 15 caloulated from the maxamum error for che
piece of apparatis bemg used and the valoe measored.

ITRALITRNTE ST w 100%

eI = neasared value

.J'. PERCENTAGE ERROR
g An excess of zine powder was added to 50 cm? of copper(n) sulfate solution o

prrduce zinc sulfate and copper.
Znis) + CudOyfagl — ZnS50ylag) + Cols)
The minal and final cemperature of the solution was recorded and wsed to work out the
temperature change. The experiment was completed by four stodents who recorded their
results in the table belos

s e el
.

A 21.0 240 3.9
B - 2.2 25.0 4.8
L 21.0 265 55
(] Z1.1 25,1 4.0

a) What 15 the advantage of comparing the results of four ses of experimens?
S0 you can spot any anomalous resalts.

b} What 15 the average cemperature change for this reacdon?
Resule © appears to be anomalous resuls so should not be included in the average.

_ P+ IB+Al .
The average = 3 = 395

¢) The messunng cylinder meed to measure the copper{n) sulfate solution has a maximem
ermor of *2 cm?,

Caloulare the percentage error.
P:lr:nta.g:ﬂrnr=:j]'1{1m%=4%

d) A chermometer has 2 maodmom error of =005 ",
1) Calculate the percentage ernor when the thermometer is used to recond a

temperature of 25.0°C.

AL 2
Percentage error = 551 10 = 0.2%

i) Calculate the percentage ervor when che thermometer is used o record a
temperamre rise of 3.9 °C Give your answer 1o three sigmificamt fgures,

= (.05
Percenmage ermor = . 15 :—llﬁi 1e = L.56%

Motice that oo temperatures are required w calculate the emperature change so
the maximum error i doubled.

= PRACTICE QUESTIONS
m 1 A messunng cviinder has a masirren aror of 21 o, Calculata the madmum ence when

mecording these vahses, Giva your Bnssars to three significant figurse.
a 250cm? b B0.0cn? e 3Hocn

2 A thernometer bas a masimom smor of 2005 %2, Caloulsds the maximum emor when ecording
trese values, Giva wour angwers to thres significent figures.
a 10:0°G b 150°%C & 8300

4 A gas syrings has a maximum amor of 20.5om?. Calouate the measimum aror when reconding
theas values. Giva your ansywers to thres significant figures.
B 20dcm b 26.0cm® e 43.0cm 3

& A thamometer hes & mesimum eror of 20,5 %0, Caloulate the maxmum e when ressding
theas temparaturs risas. Give your answsrs 1o thires sigrificant fcures.,
m 12.40°C B 21.0C & 3Te

A chemist carries out a titaton between sodiem hydrosade solugon and hydrochloric acid.
HCHag) + NaOH{ag) — NaCl (aq) + HO{)

A piperte is used v transfer 25.0 om® ofsodiom hydrosgde solution to a Aask The pipecte has a
maNitinm ermor of =03 e,

PERCENTAGE ERROR IN TITRATIONS
&

The resules firr the amount of hydrochloric acid regquired in the titraton are shown below, The
burette has a maximum error of 2005 cm®.

s oo et b oo

22,20
2 21.80
3 21.70

a) What 15 the average volume of lvdrochloric acid used?
Feesolt 1 appears to be anomalous results so should not be included in the average.
180+ 21.7
The average = E—ED'}- =21.75cm’

b) Calculate the maximum percentage error in the measurement af the volume of bydrachloric
acid. Give your answer to three significant figures.
Two volume readings are required o caleulate the volume of hydiochloric acid added from the
burette. Calculating the percentage error in the volume of hvdrochioric acid used n the finst
CXperinene:

Pe gt feky 100} = (3, 4500
rn:tutagt: CEROE = T - =11,

s PRACTIGE QUESTION
l’ S  The axperment sbova was mpested by another

[ | i i il e e e Sl jl_..._. | Volume of |
a ‘What ia the average volurms of ydrochions i
umad? 2 21.70
b Ceiculats the masimum emor in s 3 21.30

mesadremant of the walume of yarochlonc
acid in Expariment 1. Give your anawer to three significant figures,
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