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L Stoichiometry and Mode Concept (Part 1)

Learning Objectives:

» define relative atomic mass, A

define relative molecular mass M, and calculate relative molecular mass (and relative formula
mass) as the sum of relative atomic masses

calculate the percentage mass of an element in a compound when given appropriate information
calculate empirical and molecular formulae from relevant data

calculate stoichiometric reacting masses and volumes of gases

(one mole of gas occupies 24.0
dm?® at room temperature and pressure); calculations involving the idea of limiting reactants may
be set

apply the concept of solution concentration (in mol/dm® or g/dm®) to process the results of
volumetric experiments and to solve simple problems

calculate percentage yield and percentage purity

11 Relative‘ Atomic Mass, Ar

o Definition: The relative atomic mass (A,) of an element is the average mass of one atom of

the element when compared with Tli the mass of one atom of carbon-12.

Relative atomic mass, A, = average mass of one atom of the element
',‘lj mass of an atom of carbon-12

e Relative atomic mass is a ratio and has no unit. . :
e The relative atomic masses of some elements are given below:

hydrogen 1.0
carbon 12.0
Oxygen 1;'0 r-é ----- /" '-'-I ---------- X
. i Some A, valu '
chlorine 35 e | t wh ' & ane b
: 24.3 : not whole numbers :
magnesium

e Why are some A, values not whole numbers?
Example: Why is Arof chlorine 35.57

The A, of an element has to take into account the masses of all the isotopes of the element and
their relative abundances.

Chlorine exists as a mixture of two isotopes, 75.0% of chlorine-

35 and 25.0% of chlorine-37.

Hence, the relative atomic mass of chlorine = (0.75 x 35) + (0.25 x 37)

=26.25+9.25

=35.5

—
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1.2 Relative Molecular Mass and Relative Formula Mass, M,

e Definition: The relative molecular mass (M;) of a molecule is the _average mass of one
molecule of a substance when compared with '1"; the mass of one atom of carbon-12.

Relative molecular mass, M, = _average mass of one molecule of an element or a compound

"li mass of an atom of carbon-12

r)loi-g : .
e Relative molecular mass is a _ratio _and has _no _ unit.

e To find the M, of a molecule, we just add up the relative atomic masses of all atoms in the

molecule.

e lonic compounds such as sodium chloride and magnesium nitrate consist of ions and not
molecules. Hence, for ionic compounds, the term relative 5™V * mass (M) is used
instead of relative molecular mass.
ey o

Eﬁmé=?A&mrﬂmwmePmmw PUS

Find the relafive molecular mass/relative formula mass of (

(a) carbon dioxide  (b) ammonia gas (c) sucrose, C12H22011  (d) CuS04¥5H:0
woter ot

(a) M of carbon dioxide = (1 X 12.0) +(2 * 16.0) w%ﬁwgmf;&w
. ~H4n ,
(b) M; of ammoniagas = (| X 14.0) 4 (3%1.9)
= 1%.Q
(c) M, of C12H22011= (12 x12:0) 4 (22 x4 0)+4 C vy x16-0)
= §432.0
(d) M, of CuSO4.5H,0 = (1x63.5) + (1 x32.1) + Ux16.0) t(5%18.0)
=149.6
ﬂQuick Check 1
] : ,
Hcv;mg{ek the relative molecular mass/relative formula mass of the following substances:
m) H.S04 (b) Ca(NOs)2 .
=(Lx 1-0) 1 (1 x3a)+ (4x16-9) = (1 x400) + 2000 x146) +(3x16.92]
= B%.\ = 164.}
(c) (NH4)2Cr207 (d) Cu(NH3)sSO4
= 2uxm00t 4x0)] (1x51.9)+ (# xie0)|= LV X 02.5) +404.0) 4 (ax1) ]+ (3TN E X6 )
=19 = 11350
(e) CHsCOOH (f) Na2C0O3.10H.0 .
= Ux12.0t Qx4 (1x12.0) F(2xi6-0) T(1Xx12.0) =(2 23) 4 (i x12.0) % ’xzxtgmﬂofm\.o)wx 6-0)
=3 =734
(g) KzSO4.Alz(SO4)3.24H20 . 3 . 1
2(2739.0 41 ¥32.0) 1 xte0) F(2x ) “ULUx;;mlwo'u)]f?’i[(2;(1.0}mxs,au
- ¢
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Mr ﬂ Water = 1§.0

21  Composition of Compounds by Masg

The percentage of an element in a Compoung by massg

— No. of atoms of the element in the formuy|a
= X A_of the element

Mr of the compound —_— X100%

Example 1 —
What is the percentage by mass of hydrogen present in hydrogen

Me ¢ 1,0, (2%10) +(Q2x16.0) =34.0
evantage yy wass Ut wydwgen i, 0,

pero)ﬂde, HZOZ?

FER X100k
=5.35°10  (35.0)

Example 2
What is the percentage of water in copper(ll) sulfate crystals, CuSO4.5H,0?

"{Y\U\Wtjt Wwass b water o Cud0y - 54,0

: 5 X 13.0 -
63.5 +32.1 + Wx16.0) +(5%18.0) =My ¢} tuby.5H,0
_Ixgd
e 00

Quick Check2 = 36.19/° (35.4)

1 Calculate the followipg:
(a) percentage of carbon in ethanoic acid, CH;COOH
(b) percentage of water in Na,C0O3.10H,0

Ua) Pevantane ot carban in etmonvic acid | b Perentoge o wartr in Ngy0h ;- 10,0
. 12.0 ¥2 = W'O X\Q ? X '000,0
129 +3%1-0)112.9 16-0%1L.0 1.0 @x 23.0)+ (12.0)1 (3x 16-0) + (10 x18.0)
z 348 0|0 = °
o X100 e = 62.90] , (35D
SPTRYTNS _ Yrenaised if mt 38
: A ,
2 Aniron ore extraction involves the extraction of haematite, which conta

ins Fe-03, and magnetite,

which contains Fe;04. Which has greater percentage of iron by mass, Fe,O; or Fe;0,?

_ (1x5%.%)
% of Fe in Fe;03 = X1Q0Q ofe
(2X55.8)+(3x16.0)

09.9 ofv (35.4)
3 5]

9% of Fe in Fes04 = (3x55.%) !
(ﬁsé )%1§’ (XSS, 80t(axen) VO
Therefore, 8304 contains greater % of Fe, = 12-3 °I* (314)
Note: What is the percentage of oxygen in Fe;0,? Answer: &. 23 3
of percentages of individual elements in compound = doo

Sum %

"
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2.2 Calculating the Mass of an Element/Water of Crystallisation in a Compound

The mass of an element in a sample of a compound

= No. of atoms of the element in the formula x Ar of the element

x Mass of sample

Mr of the compound

Example 1
Calculate the mass of oxygen in 32.0 g of copper(ll) sulfate, CuSQ,.

Mass of oxygen(O) in CuSO, = 4 x Relative atomic mass of O x mass of sample

Relative formula mass of CuS0,
4%17.0

63.5132.1 t 4y ¥ 320

Example 2 =12, y ,B5H
Calculate the mass of water in 12.5 g of hydrated copper(Il) sulfate, CuSO4.5H,0.

Mass of water(Hz0) in CuSO,5H,0 = 5 x Relative molecular mass of H,0
Relative formula mass of CuS045H,0

Ex1g.0

249.6 X 12.5g
Quick Check 3 4 .5 9 (35.4)
1 Calculate the mass of v

(a) calcium in 25.0 g of calcium carbonate;
(b) chlorine in 27.0 g of copper(II) chloride;
(c) water in 54.1 g of FeCl3.6H,0.

— = Av
) M“”r" Lol uvw C“w\r o1 06 o oo ¥ 150

FOTPE - 3.5 X2
\)) Mﬂ”‘]f (/NOV\M in \AC(Q_ \63-51(55.5)(2) X 21,0
b (1%.9)
55.8 (3557 veuge) !

x mass of sample

n

"

¢) Moss ot woser in FeCdy bH,0

= 21,69, ULE) m
2 A sample of iron chloride has the formula FeC/, where n is a whole number e percentage
of chlorine in the compound is 65.5%, what is the value of n?

VQNX\‘\%Q
Whars of hlwine in e (4, = £5.50p

P(’.Yuwmge o onin Fe Cdy 2 100e)o - 45 50fs

JH.5%00 = Bx g = 34.50)0
Jofo 1.6 134 valug ofns 18134 -55.¢
(00 l* =61 161.34 / 3s. S
- 2. Ap)
Chemistry / Stoichiometry & Mole Concept 2-9¢ (4 l, G4



3.1 The Mole and Avogadro’s Number

ch
molecules, ions and electrons. Y chemists for very smal| pPartic
e ltis taken from the Latin word, "moles", Meaning
e One mole of a substance contains the Same
in 12 g of carbon-12. :
e The number of atoms in 12 g of the carbon-12 isotopesg i

Avogadro’s number.

al
Its value is b.02x 0
e The symbol of moleis ™Mo - The SI unit for the amount of Substance is my
_ mole.

® One mole of any substance contains 6.02 x 102 particles.

Items Unit used to count | Number of items in one unit
socks pair ]
€eggs dozen
bottles carton
papers ream 500 ‘
atoms, molecules, ions, mole 13
L electrons 6-01 x 1D
Examples : 34
(@) 1 mole of neon, Ne, contains £.02 x 10 neon atoms.
(b) 1 mole of hydrogen gas, Ha, contains 23
| mole of hydrogen molecules or §-92 X 1D ++— hydrogen molecules,
* ___moles of hydrogen atoms or 2a¥ (6.02x[0") hydrogen atoms.
(c) 1 {nole of methane gas, CH., contains )3
mole of methane molecules or §-9) x1( methane molecules,
|__mole of carbon atoms or XA 692 ¥ 105 carpon atoms,

“_moles of hydrogen atomsor 4 x 6.0) x|} > hydrogen atoms.

(d) 1 mole of sodium chloride, NaC/, contains

23
—__mole of formula units(NaC/) or ()N)z ¥ {0 formula units(NaCi),
—— Mole of sodium ions or .02 x 1’ sodium ions,
—— Mole of chloride ions or .Y x | 0" chloride ions.

hstm formula units(MgCl),
moles of Chlor-sm.m ions or 602 x10" magnesium ions,

“le ions or 2 82 xI10** chloride ions
e Since 1 mole of 5 Sub

Stan i
since 1 M% 0cfe COntains 6,02 X 1023
Particleg in g Substan

Particles, we can use a convenient formula to
ce.

ncept

le Co
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Example 1

How many moles of water are there in 3.00 x 10%* molecules of water?
Nuwver gt moles W Wt molt ey
= wumbtr ¢k woker Mote ey
§.0) X 1p2s
= .0 X ‘01\‘
Example 2 .02 x |p*® * A8 mel

How many atoms are there in 0.300 mol of iron?
5 Nuwdte @ ine atawmg 3
. . 2
= nwmY ey \H‘ M\!\U(l" i Mtems X b.b)y x 10

=0-300 X 6.0y x 10?°

“lgr x 407
Example 3 ”

What is the number of (a) ammonia molecules; (b) nitrogen atoms; (c) hydrogen atoms in 0.250 moles

of ammonia gas?
o) Nvmber ¢ ammonia mojewnies O Nvwber of hydrgen atoms

=0.250 x% 6.02 x10%* 20250 *5.0) x)p?3 x3
=1.51 x 1p?? T4 5]y m:g/

b) Nuw bRy (rY» V\‘\’Mjm ntows ’

=0.250 x 6.0 x)p??

L5 xR 1Y

Quick Check 4
1 Calculate the number of moles of atoms in 2.40 x 10%® molecules of hydrogen gas, Ho.

Nwwber ¢ Mo F atomg in 2.40 x 1075 motecules (f H,
2 x2.40 x10°°

6.62 x)0**
: 393 mo) p 205

2 Calculate the number of (a) zinc ions and (b) nitrate ions in 0.500 moles of zinc nitrate.

ANt oF ZNC TS 0.500 x 602107}
2300 X |0”4

p)NuMber 0F nityateions: 0.500 x6.09 x 10" x 2
= 6.01 x 10,

3 Given 0.250 moles of carbon dioxide, calculate
(a) the number of carbon dioxide molecules,

-
-—

;N ‘(b) the number of atoms that are present.
a) Numbey v{ () mole(uies b) Nwmbty v& AYows Hhat ave predent
= 0.250 % 6,02 x 107 = 3 X 1575 ¥V
21.505 x\o“ % i\,g\sy\b”

"

L51 %', (3sh 45y 2w
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3.2 Molar Mass

® Molar mass is the mass of Nt mole of any Substance,

(i) For substances consisting of atoms

The molar mass is the _relative atomic mass_ of the element in grams per moje (o/mo
mol).,
E.g. Molar mass of carbon = 12.0 g/mol

Molar mass of sodium = 23. 09 [mol

(ii) For substances consisting of molecules

The molar mass is the _relative molecular mass  of the substance in grams per mole
—=a1lVE molecular mass _ :

E.g. Molar mass of oxygen gas = 16 x 2 = 32.0 g/mol

Molar mass of water = 18.04q [mol

(iii) For substances consisting of ions

The molar mass is the

relative formula mass of the substance in grams per mole.
—£fative tormula mass

E.g. Molar mass of sodium chloride =23.0 + 35,5 =58 5 g/mol

(132.09/m01 G35.0))
Molar mass of ammonium sulfate = 2014b 4 4x1.0)] 13214 (A4 X)6.0) = 1321 9/mol

® If we know the mass of a substance, we can calculate the number of moles using the formula:

Number of moles of substance = Mass of substance in g

Molar mass of substance in g/mol

mass
Example 1 mInatomic

Calculate the number of moles of atoms in 8.00 g of helium. obiegas) /

. umber | molar
Nuwber Vf Molks "f atoms n 3-003 dﬁ heline of moles | mass
- 8' 00

q.031m\

P 00 Mo‘
Example 2 r1
Calculate the number of moles of molecules in 4.50 g of water.
Nuwt b oy 4M°|Q,¢ k& WMolbwle  fn ‘1.50(7 oy
= 115.“
2(1.0) 16D

= 0-259 mo|
Example .‘f
Calculate the mass of 0.400 moles of iron atoms,

W NM!J& 0. Hqg ¢y «»\\WV\MQW‘;

- 0.400 X 558

= 3
= 1.3 = 22.3g/mel,
Chemistry / Stoichiometry & Mole Concept
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Example 4 /) Catty

Calculate the number of chloride ions in 6.66 g of calcium chloride.
Number of woles ¢} €A™ in 6.665 of calciumt chiovde
= 6.66

20.142(35.5)

= 0. 1005 wmol P (65-f)

Nwwbee o} (47 in ("“J i Cald,

= 01980 x b0) o g2
Example 5 21.22 x ps (35D

0.250 mol of fructose has a mass of 45.0 g. What is the relative molecular mass of fructose?
RRI4ive wmolRtvior masy vF fruitere

Molar masy i} fruityse = :';5%

:ln.wlmﬂ
Relativt Molegutoe WMOSE (f fraruse = 150.0 G (D waits)

Quick Check 5
1 Calculate the number of moles of atoms for each of the following:
(a) 32.0 g of oxygen (b) 8.00 g of calcium
(c) 3.00 x 10% iodine atoms (d) 1.50 x 10%* carbon atoms

a)NUWber (Mo (es o} atows for 32.0g ¢F oxygen | V) Nugwg»:r b wotes o} atowmg for E.00g 0b caltium
- 32.0 =%

- 2x16.0§/m0| x1 HO-{ glmei
= 2.00wmel (35 = 0.200mo| (35-F)
" L 3. {
I Judi - F Atoyms [ .60”0“ 2o
¢) Ny \r&m\emmmsﬁw.wx\o” dintogopy, | d) Nuwber of mvles 0 wtovms f | Carbon aiwms
3.0“ x\“’J = |.50 X'OZ“.
: 6-01)( ‘023 6'01 X ‘0:;
= O-Llol% W\Q\// - 149 wol Lsb

2 Calculate the number of moles of molecules for each of the following:

(a) 32.0 g of sulfur dioxide (b) 20.0 g of nitrogen gas
(c) 2.40 x 102 molecules of hydrogen (d) 12.0 x 10% mo{ecules of ammoni N
b) Nuwber Uhmates it woltaules fov 20.0
a) NV«MW(G mles thmolecuits Py 22034 iy :)\& N Uj V* fiv )
o il 2(14.0) g /ol
(nl)?(x).o)glmol

. = 0114 mo), Qs D)
=049 wmyy , (3506) #

2y
0X
c)wa.ﬂ‘M\cs thwvleumteg fur 2 40%10™ mokewute 4) Nwber o moles u’[ m\twm B k2 12.0% 10
(Hhydngen Mo e mits n: ammoni 0
240 %10 _ 120 x10°Y
] b 02 X101 6.D2 %1023

-

= 0.3 mel, e :

19-9 ol 5, 5D)
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3 Calculate the mass of each of the following:
(a) 0.600 mole of magnesium chloride (b) 2.00 moles of oxygen
(c) 6.00 x10% atoms of copper ) 1.20 x 102 Moleculeg s

(d |
® Mgs o} 0.4 wolg o{w\qgncmn Chlond e [WH M0 o} 2.00munes ot oxygen qqsofchlorlnegas
= (2.00)(16.0x 2)

= (0600) (24,3 +35.5) = 49
= 35.3% M
=35.99 (358

l'
d) Mass W EB L 20 x10*T molecuts b (hioving gy

) Masg e} 600 X 10° atoms ot cupper -
l.2ox )07 x (35.6x2)

= 6 X107 X (43.9) 3

-

24
£5.2%x10 5,

"

W

3.81 ¥10*’

4  How many hydrogen chloride, HC/ molecules would have a mass of 292 g?
Molewwies ot 5q,

Nuwber ¢ wles A Wee = oy
= 200 my) Q30})

N 6 waieqyye, i HiL=

5 What is the number of (a) molecules; (b) atoms in 4.50 g of water?
a) anwv}mnluvfm\umesim 4-50g ﬁ it b) Nwibty (F winley u{ atymd th L"WJ d’ i

2 150
%0 yvyﬂk/ﬂ/ﬁmfuf 1.505 x 107 ¥3
0250 Wl (36-8) g
\ I | .52 0% (35
Mwve 0 Whlew e iy .50 of water 52 « , (359

= FEF 0250 w4y *p??

"
r!

2 LshY <107y 2
LT x g

6 How i ;
, Y ons are there in 60,0 9 of magnesium chioride?

Nwber ¢} winyeg W fong W 60-93 it WU({

60.9
-\
24.3 t35.5x7)

= 062959 myl

Nuw bty U‘HW\S - 0'510\50\ iy \

-
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3.3 Molar Volume of|Gases)|

volumes of all gases, under the same temperature and

e Avogadro’s Law states that equal

ressure contain the same number of particles. i
S s # S Wil Nt give se Mass-

02 ) H210 - Difperent wmo far Mmass
e® ©9 ve e
CY ) (-7 %
e® Py o e
e oo *° v eu
e e

2 m?'h Equal Volumes and the Same Temperature and Pressure

Molar volume of a gas is the __\QIWMt _ occupied by _0nt Mol of any gas.

At room conditions (i.e. 20°C and 1 atmospheric pressure), one mole of any gas at r.t.p. has
a volume of 24.0 dm?® or 24000 cm?. This volume is called molar volume of a gas atr.tp.

e Examples: Molar volume of oxygen gas atrtp. = 24.0dm®
Molar volume of helium gas atr.t.p. = 24.0 dm?
Molar volume of carbon dioxide at r.t.p. = 24.0 dm?

The conditions of temperature and pressure must be specified.

o If temperature decreases, what happens to the molar volume of gas?
The molar volume degreases

o At standard temperature (0 °C) and pressure (1 bar) (s.t.p.), the molar volume of a gas is
22.7 dm?.

Since at r.t.p., one mole of a gas would occupy a volume of 24.0 dm?3, we can use a convenient
formula to find the number of moles of a gas.

a % Number of moles of a gas = Volume of gas
Molar volume of gas € 24.0 dmdat r.t.p.

Example 1
Calculate the number of moles of carbon dioxide in 3.00 dm? of the gas at r.t.p.

Nwiber (f moles I Carbon dhinxidtin 3.00wm' of Cy wd vt
1.00

24.9

0.125wsl

won

Example 2
Calculate the volume of 0.550 moles of methane gas atr.t.p.

Vommﬂ 0.550 wonts i wethone gns atr.t.p
- 0.550 x24.0

= 13.2 aw® (35.D)

L0
4 nNo. ok woles U 02 = 200y
Calculate the volume of 4.50 g of oxygen gas at r.t.p. =0.140h3wmol
f“"},’f‘go"* 4.509 @ oxygengas M VE-D o Vowmerd g, = 0.4 063 X 240
= 30pb) ¥ A0 dw? D 3.3% dmd
13.3%¢AMJ (:“'.F) :

Chemistry / Stoichiometry & Mole Concept G10
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Example 4
What is the mass of 12.0 dmg of carbon dioxide at r.t.p.?

Numb ey l/l Muies Vl W, »‘o

=0.500m0o|
Mags gt ) =no- o} woles X Mutor MG
=0.500 X [12.0 +(2x15.0))
U500 x44.0
= 12'08‘

Quick Check 6

1 Calculate the volume of the following gases at r.t.p.
(a) 0.200 mol of oxygen,
(b) 3.00 mol of hydrogen
@ (a)Vatume €} 0.200 Mol oxygen atv.t)

= 0.200 ¥ 24. %
= ‘l.XDﬂms,,

b) Volwme (} 3.00 o) ot hydwgen At rp
= 3.90 x )4,

S 1.0dnd,

2 Calculate the number of moles of molecules of the following gases:

(a) 12.0 dm® of nitrogen at r.t.p.,
Q (b) 150 cm? of carbon monoxide at r.t. p.
@) Nuwver dtwoite of wolecutes of L-dowe? of witmgen o 1.1,
_12e
Ty
S Q-S M“ ‘//

py -0 w2 0.5dm’

Number v moles q{,wwlcwll’l 0 1500w o Carbua Movoy ide At vtp
= 0.1s

2o
SRS

3 Calculate the mass of the follo

(@) 12.0 dm? of hydro
gen,
(b) 480 cm? of
(13“)'\*3\\\:\»“ l"r waley o} hydin Carbon dioxide

24.0
= 0-590mo!

Mass of hydwaen: .5y x[t0yx2]
NI} 3 ( 3).{1)
b) NV\NW Rwoles s

—1\40

wing gases at r.t.p,

mol
V\\Q){\l‘“=)0.0 X [|1.01 ().
Mquulmvw\ -, 6.0)7

Chemistry / Stoichiometry & mojg Concept
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\ N '\L‘/)_ v~ \1 %
4 Calculate the volume of the following gases atr.t.p.
(a) 14.0 g of nitrogen,

(b) 3.20 g of sulfur dioxide, 5%
(c) 1.80 x 102 molecules of chlorine gas

¢) Number ¢ wols o} atoms fuy (90 x (0% molecuigs ot chlodne 9as
) N,‘:‘“{,"“ totes 0} wivvagen e g
) 20v.0)g/mo) NPT

= 0.500 MYILSSE)

= 0.20900 wol (55.4)
volume ot 14-0 g} witwgen wray

= b.500 X 24.0 Vow\w\((GHDX\\]NMO\N\A\CNNW’“"‘ 908 wt v.b-p
._uma// = 0.279900 % 24,0

p) Nwwber ¢ moles ik swifwr dioxide = 1.0t dM,

N 3.20

32.1 uub.o)snmf

-

= 0.949q91912 (55.6)

volume ¢t 3-209 ¢b swifur dioxine at vt p
0.04a922 x 24

1.20 am3 (3s.0)

"

5 A sample of carbon monoxide gas has a volume of 6.00 dm3*at r.t.p
Calculate

(a) the number of moles of gas,
(b) the number of molecules, => ™Mb
(c) the number of atoms,

(d) the mass of the carbon monoxide sample
a) Nuwber o} wotes ot gag (h Jawple

600

24.0

b X (602 x10°7)

= 025wl ,
b) Nuwbtr T muiecntes in JOmpLe
= .19 x .01 «x \0”

Z1.505 x 107

= 1.51 x ‘0”/, (354)
() Numbper (. atoms in Jawmple

- L5 x 1077 x2

-~ 3o ox 107 Qe®

7

o) MASS R} +he cavhon mMogoxidt Sample
= 0.25 x 112.0416.9)

= 4.00\7,/(3&“

3T .
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4. Empirical and Molecular Formulae

Chemical
Formula
|
] | — ]
Molecular Formula Empirical Formula Structural Formula
(shows the exact (shows the simplest (shows how the atomg
number of atoms of ratio of the different are joined together ina
each element in a types of atoms in a compound)
compound) compound) —
Example : Ethane
Molecular formula: Empirical formula: Structural formula:
H H
C2Hs CHs [
H—?‘—(,J—H
H H
Compound Molecular Formula Empirical Formula Molecular formula
Jamg i
Water H.O H, 0 — as ts
H empirical formula
Methane CH, 4
Hydrogen Peroxide H20- HO }_ 2"0'?\;1"?‘;{%@“'8 igf
Glucose CesH1206 CH,0 its empirical formula
Ethene C2Ha4 (Ha :
H Different
Propene CaHe > compounds,
Jamt  empirical
formula

4. Calculating the Em irical Formula from Masses of Elements that are combined
fogether

together

e The empirical formula of a compound can be found from the masses of elements that are
combined together.

e The Q_@Q@% of atoms that are combined together are determined.

The empirical formula is obtained using the simplest mole ratio of the atoms.

ncept
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. (3.F)
Exatt
Non-exau:(55-F)

Example 1 ) ] .
To determine the empirical formula of magnesium oxide, magnesium ribbon is heated in a crucible as

shown below.

The following results are obtained:

MAINe4IM

iy tnnglo
Al

T [
orubible ’
Lo oL

F.)

[ Mass of crucible + Iid =2652g
[ Mass of crucible + lid + magnesium =2772¢g
[ Mass of crucible + Iid + magnesium oxide =28.52¢g

Mass of magnesium burnt

Mass of oxygen that combined with magnesium = 28.51- 2%.3

=27.72-26.52=1.20g

2=0.809

Magnesium (Mg) Oxygen (O)
s 2l .20 0.80
Write down the mass of each element (9)
Step 2 2'-,. 3 | (7 .0

Write down the molar mass of each element (g/mol)

Step 3
Divide each mass by its molar mass to obtain the

0-049383 (55.6)

0-9500 (35.F)

number of moles of each element (mol)
Step 4 0.049383 LASOY . (35.8)
Divide each no. of moles by the smallest number 0-049383 ~ 0-049183

Empirical formula of magnesium oxide is hJO

Example 2
30.0 g of aluminium sulfide contains 19.2 g of sulfur. Find the empirical formula of the compound.

Elewent Aluminiuw (A4) Sulfide  (9)
Moss (9 30.09-19.29 19.2
= 10.39

Moiay mass (9/mo]) 2%.0 32.1

, 10-8 2.7
NO. ot woes (Mo)) ﬁ__o = 0.400 T{_‘. 2 0.-59%13
Simpieet vatio 0-400 _ 05988

0409 =1 0400
%)) 1.2 4

Empirical formula of the compound is ’4(1 sd
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4. Calculating the Molecular Formula from Empirical Formuia
The molecular formula can be calculated from the empirical formula ang ,

Example 1
Propene has the empirical formula CH,. The relative molecular mass of pr

Find the molecular formula of propene.

Let the molecular formula of propene be M
My ot (4, =420
[12.0 100 x2)1x W2 42D

= 47.
1.0n fl\-': _'49.01\\.0

ol is C3H
Therefore, molecular formula of propene is 6

Example 2

elatj
ative Molecy,, m
383

Opene jg 420

Caffeine is a compound found in coffee and tea. The percentage composition of caffeine is 49 50,

carbon, 5.10% hydrogen, 16.5% oxygen and 28.9% nitrogen.

The relative molecular mass of caffeine is 194. Determine the
(a) empirical formula
(b) molecular formula

® When percentage composition of the compound is given instead of masses of the elements, we

assume _100 g of the compound is analysed.
e Each percentage then gives the _mass of
compound

Let the mass of caffeine be ‘009

the element in grams in terms of 100 g ofthe

Elemeny c H 0 N
MasS in \009 (g) 4q.5 5"0 '(35 )?cl
Molor wmoss Lglwwl) 12.0 1.0 160 ilt' 0
X (Mo 1) 49.3 I L R e v we L
Ti_Lo =13 T C510 W-I.O‘jl; 1'23) = )06k
Simpiest vo4)0 1.0313 Yooy |
sy - Corg ¥ 2
: — |
(a)  Empirical formylg of caffeine is C‘l Hd ONJ
(b)  Let the molecular formyjg of caffeine be Gy HON,) n
Mr ot (CW“SONQV\:W"\
A t(rhox®) tlp. =
[U2.0X4)4().pxB) VN0 x2)] T 19y
”f?.orﬁlcp}
Therefore, molecular formula of caffeine jg Ml N2y ¥+ a1
Chemistry / Stoichiometry & Mole Concep =
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Quick Check 7
1 Find the empirical formulae of the following: ‘
(a) a compound consisting of 3.50 g of nitrogen combined with 8.00 g of oxygen;

(b) a compound consisting of 5.37 g of iron combined with 4.63 g sulfur.

o) \ b)
Element Nitrng o0 0xygen Element [ ivowm Sulfur
Mass (9) 3-50: B.00 Mass gy | 533 4,63
Molar ! Molar
MAQSsS G L dk 1.5 Mass (gimel) 558 Flad
NO. WDIts (wol No. of
)[ 0.25 0.% Motes omal)[ 9096233 014414
Jimpiest Rodiv | 0.2 0.5 . Simprest  [V.u9b233% 014 Y2
—_— \ u)s o 1 . — —— -’m
0.15 Ratio | U.49623% 0096231 2y
LS =219
Theewpivicar formuia ot tne owmpound is N“’// Theewpivied tovmwa ok wowmgaund s,
-

2 Find the empirical formulae of the following:
(a) a compound with composition 46.7% silicon and 53.3% oxygen by mass;
(b) a compound with composition 10.0% carbon, 0.84% hydrogen and 89.1% chlorine by mass.

2 glomenk Sifoow DX\ v b Blentr | Gwban | Hydngen | Chibdne
legmnge| Ab-F 53.3 AR | e 0.34 891
T v A 6 53.3 " (glwon} 1.0 1.0 3
M;::srs"g\'n) 28. 1 3220 Nxﬂu (WD) :g%;il.izsz 09429 1125 49
A TR | omen | 22z Losisd] | [l |ty [Sene! | vy
il L LB o (‘j;% oY \;szw
Rati0 (6619 1.6619 s | |

| (orbon | Wuohgee| Uhlovivne
L oy ] 1o {0-By R4
Mbtgmy] 20 | 110 ) 31
EV‘\DM(M ﬁfmwlﬂez &109{// ﬂ&“\!‘\% 13313 o5 ],DS\{"\
4 o P X o
okt | Oapr  |OR1 | TEn
= | »| 213
2 r{ s
: : et o ;
_—wu 0o, 0
' i

Yiv
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A carbohydrate contains 54.5% carbon, 9.1% hydrogen the b :
(@) Find the empirical formula of the carbohydrate. . Allgs being OXxygen,
(b) If the relative molecular mass of the carboh

Pertentage o} 0xygev W e cavbyhyolvate ydrate is 88, what is its m°'e°”‘arformu|a?
=100-54.5. 9.
3& Y oofe
LA wmoss W Carbuhy At be 1o0g

11

CyHg > (oM, 0

wEmpivcal Tormul g of carbohydrggg ¢ C, by, f
B\tvievt cerbow hyarogen 0Xy9¢n by Let e ™utewiar frmulg be ’“"M,o)' /
n
$§in 100 B
. d 54.5 1 ™ et & (CHy On = 3
™ol ] .
“”‘t\;ﬁm 12.% 1.0 32.0 (Ztno) 4400+ 32.0): £y
NO-V"MMU a&‘ Cﬂ N oy 607\ 8
tmely | Tae ThsHiey b * T cLI343 RAS Aty
- N7
Simpleet YN 163 8.1 -3 L1335 ‘ - Molcwlay F\,m“ [q
Ra+i0 IETIRRA LI Y I HIT L3~ = (4Hgl,
—=—l4 - /)
4 The following7 results were obtained in an experiment to determine the formula of an oxide of
silicon.
Mass of crucible =15.20g
Mass of crucible + silicon =1548¢g
Mass of crucible + oxide of silicon =15.80g

oy
(@) Find the empirical formula of the oxide of silicon.Ai DJ—
(b) If the mass of 1 mole of the oxide of silicon is 60.0 g, what is its\molecular formula?

a)Mass vf sittvon :W-"\Bg-\%.ms . &)0}_
= 0-1%3
sSituen
MOss o} oxygen ventied with'= 15,70 g-15.18 g
[ {gmmy S Q
ST Lo o
Miormugg | 2§ 1 1. O
i W\H M: 000%.6: -a;}.é =3P
N (h il i llui)‘?réw- e i 0.
, 2001
— — ST
a\M" Oo_‘:.t‘ = ’o',%ﬂ;' &
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ANSWERS TO QUICK CHECK

Quick Check 1 (pg 2)

Quick Check 5 (pg 8 - 9)

(a) 98.1 3(a) 5729
(b) 164.1 3(b) 64.0g
c) 252.0 3(c) 63.3¢
(d) |[227.6 3(d) 142 g
(e) 60.0 4 4.82 x 10
f) 286.0 5(a) 1.51 x 102
(g) 948.6 5(b) 4,52 x 10%
6 1.14 x 10%
Quick Check 2 (pg 3)
1(a) | 40.0%
1(b) |629% Quick Check 6 (pg 11 - 12)
2 69.9 % ; 72.3% ; FesOs; 27.7%: 100% 1(a) 4.80 dm?
1(b) 72.0 dm?
Quick Check 3 (pg 4) 2(a) 0.500 mol
1a) |10.0g 2(b) 0.00625 mol
1(b) | 143g 3(a) 1.00 g
1(c) [216¢g 3(b) 0.880g
2 3 4(a) 12.0dm?
4(b) 1.20 dm?
Quick Check 4 (pg 6) 4(c) 7.18 dm?
1 79.7 mol 5(a) 0.250 mol
2(a) [3.01x10% 5(b) 1.561 x 102
2(b) [6.02x10% 5(c) 3.01 x 102
3(@) | 1.51x10% 5(d) 7.00g
3(b) | 4.52x10%
Quick Check 5 (pg 8 -9) Quick Check 7 (pg 16 - 17)
1(a) [ 2.00 mol 1(a) NO2
1(b) | 0.200 mol 1(b) Fe2Ss
1(c) | 0.498 mol 2(a) SiO2
1(d) | 2.49 mol 2(b) CHCIs
2(a) | 0.499 mol 3(a) C2H40
2(b) | 0.714 mol 3(b) C4HsO2
2(c) | 0.399 mol 4(a) SiO2
2(d) | 19.9 mol 4(b) SiO2




Stoichiometry and Moée Concept (Part 9)

5.1 Calculations from Equations

* A balanced chemical equation provides information on:
> reactants used
> products formed
> ratio of the number of moles of reactants and products j.e. mole ratio

* A balanced chemical equation enables us to calculate -amount of reactants re

N quifEd and
products formed. The amount can be expressed in terms of mass, volume of Number of Moleg
Example methane oxygen carbon dioxide water

CH, 20, co, 2H,0

oo

1 molecule 2molecules 1 molecule 2 molecules

1 mole 2 moles 1 mole 2 moles
The chemical equation tells us that:
> _{_ molecule of CH, reacts with _2 _molecules of O, to produce _ | molecule of CO; and

molecules of H,0.
» 1 x6.02x 102 molecules of CHsreact with _*>  x 6.02 x 1023 molecules of O, to produce

' x6.02 x 102 molecules of COz2and _? x6.02 x 102 molecules of H,0.
> __| mol of CH, reacts with _ 2 mol of Ozto produce ! mol of COzand _2 mol of H,0.

—_— —_—

The relationship between the number of moles of reactants and the number of moles of products
involved in a chemical reaction is known as its stoichiometry.

Example 1
Calculate the mass of water produced when 0.250 mole of methane is completely burnt in oxygen.

Solution
Step 1: Write the balanced chemical equation.
CH; + 20, — CO; + 2H,0

No. of moles of H,0 2

No. of moles of CH,

No.of mole of H,0 = 1 o, of moles of CH,

—

= 2 %0.1259
= % 0-500wms)

Step 4. Convert the number of mojes of H>0 prodyceq to mass of H,0
Mass of H20 = no. of moles of H,0 x molar mass of H,0 '

0-500 x13
9 -009 (3P

i cept
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Example 2

Iron(I1I) oxide reacts with carbon monoxide to form iron and carbon dioxide.
What mass of iron is produced from 40.0 g of iron(l11) oxide?

Solution
Step 1: Write the balanced chemical equation.

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

Step 2: Convert 40.0 g of Fe2O3 to number of moles of Fe20s
49.9
No. of moles of Fe;O3 = = 0.1606Im
€208 = (% 55.5) Ha x16.0) ekl

Step 3: Find the ratio of the number of moles of Fe to the number of moles of Fe20s.

No. vt wintes 0 Fe i} -
= No- v welu 0 Bey b, ‘

Step 4: Use the ratio to find the number of moles of Fe produced.

No. of moles of Fe produced = 2 no. of moles of Fe,O3 reacted

—

!
=y 0.15063
= 9. 5011 p wol
Step 5: Convert the number of moles of Fe produced to mass of Fe.

Mass of Fe=  0.50/16%55.8
N Qi(,oJ (35.p)

Example 3
Ammonia gas reacts with hot copper(Il) oxide to form copper, nitrogen gas and water.

(a) Write a balanced equation for the reaction.
(b) 1f 2.00 g of copper(ll) oxide is used. find the volume of ammonia gas required at r.t.p.

oo+ J0 T v Ny a3

b) Nwmber v} wotes ¢} (w0 = 290
(63.7416.9)

2 y.01515% vl
Ny -} wolts (ENH;
Y0} vaolrs G} Cud

2
No- o} wales b NRg= 3 x0.02519%
0-01b33 v |

-
"

[

Vot v N 20001533 X240
0403wl W35



—.nu:ll..._llc - ) )
Sodium reacts with water to form sodium hydroxide and hydro

gen gas. Calgy|
that reacts with water to produce 240 cm? of hydrogen at r.t.p. ate the Mass of g, i\
m
INa + 2H,0 = 2NaDH t H,

Nv. it woles o Hy= 240

24000
= 0.0100 Wbl -
No-Hlwoiee RN MNVW“: V- TWOIE X Moty g g
NUe-rtweag W, ~ 7 =0.0200x923.0
2 20-"1503
NO-vh wotes v Nov= 3 xhg.vb ywoles o 14,
= 5 ¥ 00100
=0.0200 Wyl

Quick Check 1

1 Inan experiment, 2.80 g of iron was reacted with excess hydrochloric acid.
The equation for the reaction is

Fe + 2HC/ - FeCL, + H,

Calculate

(@) the mass of iron(ll) chloride produced in the reaction,6.36 ,
(b) the volume of hydrogen gas produced, measured at rtp.(-20dm

) No. i wotes @ Fe = 2.30755.8 b) No.fwoles b, 1
= 0.0501F9Gmo) Nu-ofwmoles phre
o ctweleset Red, Vilme vy = 0070019 x 940
Nu. of wntes o} Fe ’ oz 20dw? (O3
Mo ifwo €5 o Fell, = 0.050[1 G0

M“Su& Ft({z: V.00 79 x(SJ'.x +35.7x2)
= 636\7 (JJ‘f)

2 Magnesium burns brilliantly in a gas jar of carbon dioxide to form magnesium oxide and carbon.
(@) Write a balanced equation for the reaction.

(b) 1f 1.20 g of magnesium is completely burnt, calculate
()  the volume of carbon dioxide used up, atr.t.p.
(i) the mass of magnesium oxide formed.




@ Potassium chiorate(V) decomposes when strongly heated. The equation is

2KC/O3 —» 2KC/ + 30,

Calculate the mass of potassium chlorate(V) required to produce 12.0 dm?® of oxygen gas at

NY- 0 woles o ke L
No-v oy g,
1.0

Nu.ﬂmmvﬂ}; IX o
= 1.50mo|
N\\r‘m\uﬂ K403 = \50x %
%
MASS 1 potassinm thiovate veouired = 2(39. +35.5% 3016.0))
=84 5. Aq

6.1 Calculations for Volumes of Reactin Gases
————=——="2Lyolumes of Reacting Gases

* According to Avogadro’s Law, the volume of a gas in a reaction is proportional to the number of
moles of the gas.

reactants and products, the mole ratio is the same as the

e For reactions involving gaseous
€s are measured at the same temperature and

volume ratio of the gases (provided all volum

pressure).
Example

Nitrogen gas and hydrogen gas reacts to form ammonia.

Nz(g) + 3Hz(g) — 2NHs(g)

Mole ratio 1 3 2 According to the equation,
Volume ratio 1 3 2 No.of moles of H, _ 3
Volume /cm?® 10.0 30.0 20.0 No. of moles of N, 1

According to Avogadro’s Law,

Volume of H, = _3
Volume of N 1

Volume of H, =3 x volume of N,

ey We can extend this to the volume of NH,
,,,,,,, i produced.
L w | W — If 10.0 cm® of N; reacts,
the volume of H, that reacts is 30.0 cm? and
the volume of NH; produced is 20.0 cms3,
- tiiten SNt
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Example 1 _ _
Sulfur dioxide reacts with oxygen according to the equation:

2502(9) +0Ox(g) — 2S04(g)

40.0 cm® of sulfur dioxide reacted with oxygen to form sulfur trioxide.
Calculate
(@) the volume of oxygen reacted.
(b) the volume of sulfur trioxide formed.
(All volumes are measured at the same temperature and pressure,)

Solution
(@) From equation,

No. of moles of O, _ _1_
No. of moles of SO, 2
volume of O, 1
ding to Avogadro’s Law, -
According to g volume of SO, 2

Hence, volume of O, reacted = % x volume of SO, reacted

= % x40.0 cm?3

20.0cm?
(b) From equation,
No. of moles of SO, 1
No. of moles of SO, 1
volume of SO
According to Avogadro’s Law, o : !
volume of SO, ' 1
Hence, volume of SO; formed = 1 x volume of SO, reacted
1
= 309w’
Example 2

Ammonia reacts with Oxygen according to the equation:
4NHs(g) + 50i(g) — 4NO(g) + 6H20(g)

Calculate the volume of ammonia gas that reacted if 100 cm?

of oxygen gas is used.
(All volumes are measured at the same temperatur i

€ and pressure.)
From equation,

No. ot wintes of NH,

— Ll
NO. et MO\t 0y ““‘“‘S”““‘”’“
According to Avogadro’s Law,
Volumt ¢t NH; y
Vo lume vt 02 k.
e o
Volume of N3 Yeaned = 5 x vojyp, @} 0, reoced

FUum 3

i
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ick Check 2 : .
?u":k40.oecc::m3 of ammonia gas was decomposed according to the equation:
ONHa(g) — Na(g) + 3H2(9)

Calculate

(@) the volume of nitrogen gas produced,

(b) thevolume of hydrogen gas produced.

(All volumes are measured at the same temperature and pressure.) b

a) Fromtyuation, Frw W'MMM’H
NO. Gwores ot No 1 L fpwste B 0L
No -} Woteg U*N“\g a No. (}‘ moles ¢t NH;
ACiording Yo Avogadvo's Law, Volume o} Ny i ACWMMS 1o Awgmdn'a Law,
Yomme (tNh; & VoumevtHy 3
g 1 W\“W\W\\“\s T
1wt (R hitgen 9as prasviced = 40.0 X
Vilume (} nitrngen 9 3 Votumt 0} hydngen 48 prodvad
= aQ.“\\Mx/ 2
) SH0.UX 3
TR
2 In the motor engine, octane(CsH1s) is burnt according'to the equation:
2CsH1s(g) + 2502(g) — 16CO2(g) + 18H20(9)
VYgases e~

In the hot engine, all the substances in the equation are gases. In the combustion of 40.0 cm?®
of gaseous octane, calculate

(a) the volume of oxygen gas used, 4
(b) the total volume of gaseous products produced. ™ V0luMe i o EY
(All volumes are measured at the same temperature and pressure.)
a)Fraw €qwation, »)
UM woree vt O 25 N moles 0t gaseous pradtu s protuced Wiz J4
o - NU. R woleg VR C S el o 158
No. gy wotes o Cghyy 3 " "M
Auordingto Agudvl 1w, Awrrding o Avgoovod 1aw
Vowne ot 05 a5 = Volumt 74 gaseous p wdutds prdu g
\wwef GgRyg ~ @ NO- o wettd of CgHyg
Volme (O3 wsed: 4o.0 x 3—;— = 3.33
- ]
= 500w, Voluwt, 04 guseouns pruduies produceds “3x H0.0

630‘/\/\43//




71 Limiting Reactant

The limiting reactant is the reactant that is completely

used up in a reactip, 5 . .
amount of products formed. N ang it

Uity ¢,
Example: Reaction between hydrogen gas and chlorine gas to give hydrogen e
Hag) + Ch(g) — 2HC/(g) ehloride gy
~ Hydrogen | Chiorine Hydrogen Unreacted | Unreacted
ey chloride (HC/) | hydrogen | chlorine
1 1 2 0 0
. a® ‘§\f All the reactants are
«@ used up.
TN 2 ] 1 | o
Excess hydrogen is
B e used. Hence, some
oo {l hydrogen is unreacted.
| ee o In this case, chlorine is
| ) the limiting reactant.
| :
| 1| ] 0 K
‘ Excess chlorine is used.
C Hence, some chlorine
ee (o \@ ¢ is unreacted. In this
case, hydrogen is the
| limiting reactant.
; The amount of a product formed in a reaction is always determined by the amount of the
i limiting reactant (the reactant that is used up).
|
5 Example 1 _
; A mixture containing 8.00 g of sulfur and 8.00 g of iron filings is heated to form iron(ll) sulfide.

Identify the limiting and excess reactant and calculate the mass of iron(1) sulfide formed.

Solution + F = FeS
Step 1: Write the balanced chemical equation. S Fe Fe

Step 2: Convert the mass of iron and sulfur given into number of moles.

No. of moles of Fe given = §.00 7 55.§

ﬂ.llIlllllllllllllIl-llIlllllllllllllllllllllllllllll-

No. of moles of S given = §.0073%!

= 0.4t : = 0.4

------ sEEssnusnnns

O . ql;o'nw .WI o “svifuv
W Step 3: Find out which reactant is in excess and w Mclvdles Unreaotest fu

WS o hich reactant is the limiting reactant
ettt Ro.ofmolesof S* py4992
\Ib“m“\ﬁ No. of moles of Fe - M3l T L3433

No. of moles of § heeded if all the Fe is used up = 1- 1473 mv\
Since no. of mole

i s of S given >
S is in excess an 0

no. of moles of S n
d Fe is the seded,

Iimiting reactant.

i ichiometry & Mole Concept
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OR
No. of moles of Fe

%6\

"'%(/em%

%)

No. of moles of S

No. of moles of Fe needed if all the S is used up = 0 14993

Since no. of moles of Fe given < no. of moles of Fe needed,

Fe is the limiting reactant and S is in excess.

Step 4: The number of moles of limiting reactant determines the number of moles of product.
No. of moles of FeS \

No. of moles of Fe

No. of moles of FeS formed = 0.14333

Step 5: Convert the number of moles of FeS formed into mass.

Mass of FeS produced = - 14333} X (5.3 t32.1)

|a-6\¢1

Example 2
A mixture of 125 g of phosphorus and 323 g of chlorine gas are allowed to react to form

phosphorus(III) chloride.
Pa(s) + 6Cl(g) — 4PCli(s)

Calculate the mass of phosphorus(11I) chloride formed.

Solution 15
No. of moles of P« given = —gyg55— (.003 \mol
No. of moles of C/. given = 313 = 4.5493mol
15.5 % 2
No. of moles of P4 _
No. of moles of Cl» G

No. of moles of P4 needed if all the C/2 is used up

]
L o¥ -

45403 = 0. ¥5522wmol

>

Since no. of moles of P4 given is no. of moles of P4 needed,

P4 is in excess and s is the limiting reactant.



OR

No. of moles of C/, - ﬁ,
|

No. of moles of P,

No. of moles of C/, needed if all the Py is used up = £

= 6.0 ] 9‘7
Since no. of moles of C/; given < no. of moles of ¢, Needeq

"00;'

(£, is the limiting reactant and "4 is in excess.

No. of moles of PC/, _ .

e t————————
— s

b

No. of moles of C/,

L'
No. of moles of PC/3 o x4.5493

J.032Y
30319y (3).0 12(35.5)]
$-u329 x133.5

4 AN (35.0)

Example 3 [involving gases]
Propane gas, C;Hs, burns in air to form carbon dioxide and water.

Cng(g) + 502(g) —» 3CO2(g) + 4H20(l)

Mass of PC/;

In an experiment, 10.0 cm? of propane was burnt in 70.0 cm?® of oxygen.

(a) Which of the two reacting gases were in excess? Calculate the volume of the excess gas

remaining at the end of the experiment.
(b) Calculate the volume of carbon dioxide gas produced.

Solution

(a) From equation,
No. of moles of O, -

No. of moles of C3Hs

‘

According to Avogadro’s Law, =
volume of CsHs

volume of O, T
T

Volume of O; needed if all the C,Hs is used up = 50.0 ¢y’

Scince volume of O,given < volume of O, needed,
Mg

——__ISInexcess and 01 Is the limiting reactant.

Volume of excess Oz= Gbv.0+l0 0)-50.9

2 30.0um?
(b)  _number of moles of 1A, & 3
number of moles of ———— B
(;“\3 I
Volume of "> . ?
volume of (y{y it
3
VolumGOfC02= X 1y.9Q

= 1 “ . “\M ]
Chemistry / Stoichiometry & Mole Concept
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Quick Check 3 :
1 3.60 g of magnesium was burntin 2. 40 dm?of oxygen at r.t.p. Calculate the mass of magnesium

oxide formed.

From equation,
No. mewﬂw 0) L
No- B wmblts R Mg~ 2

Atwrading 1 Avogostin’s Law, Volume of 0
Volnme ot Mﬁ

dume VﬁN =3 H0dwmt x &

. ﬁmw‘cs i Mj deﬁ%g‘”w

-Uw\)me'\

i
&

2 15.0 cm? of ethene (C2Hs) was burnt in 80.0 cm? of oxygen. What is the volume of the resulting
gas mixture if all volumes are measured at r.t.p.?
CoHa(g) + 302(g) —» 2CO2(g) + 2H20()



T

8.1 Concentration of Solutions

e The concentration of a solution tells us the amount of solute

N a unj
are two ways of measuring the concentration: tvolumg o

a solutign‘ T
1. The mass (in grams) of solute in 1 dm? of solution (9/ dm?) Bre

A concentration of 10.0 g/dm® means there are 10.0 g of solute ip, every 1 4
C m ()f m()l
et Ut(n

Concentration in g/dm?®= mass of solute in
volume of solution in dm?

2. The moles of solute in 1 dm? of solution (mol/ dm®) is known as the Molar o
NCentray;
on

or molarity.
A sodium hydroxide solution with a concentration of 0.500 mol/dm?

dissolved in every 1 dm?® of solution.
Concentration in mol/dm3= nhumber of moles of solute in molj

has 0.500 moles of NaOy

volume of solution in dm?

e A convenient formula involving molar concentration and concentration in g/dm?3

Concentration in mol/dm® = concentration in g/dm?

molar mass of solute in g/mol

Comparing concentrations

\1 \\1 \\N

50 cm?®

100 cm?®
50 cm®

Solution A Solution B Solution C

> Solution A and B have the same volume, but Solution B has twice the amount of solute as

Solution A and thus has _™iw the concentration of Solution A.

> Solution B and C have the same amount of solute, but Solution C has twice the volume
as Solution B and thus has "2)® _the concentration of Solution B.

Standard Solution

§\
A standarg o ‘ % §
sol i {
ution is a solution of known concentration. R

e tis usually made b

volume of solution i, 5 volumetric flagk

Chemistry / Stoichiomet™y I Cotieop:

G29

po(aSSi

Soluti
(a) C

(D)



Example 1 )
A 200 cm? solution contains 10.0 g of potassium hydroxide, KOH. Calculate the concentration of

potassium hydroxide in (a) g/dm?, and (b) mol/dm?.

Solution mass of solute
(a) Concentration of KOH solution = ““'\‘}‘(‘)"l‘h"rhé"‘6f"§6|"u'ti’6h“”“ L
» 10 27%%
, 3
= §50. 03 fdwm

(b) Molar mass of KOH = 39.1 + 16.0 + 1.0 = 56.1 g/mol

concentration in g/dm?
molar mass

§0.9
S 5“
0-§ 9imol jdw?

Concentration of KOH solution

(c) Alternative answer

mass
molar mass
10.9

39.1416.011.0

Number of moles of KOH

= 0-13§35wmoj (65f)
number of moles of solute
volume of solution

Concentration of KOH solution

0-13 82%
= 0.2
= 0-891mol /& dwmd (2 D
Example 2
What mass of H.SO4 must be dissolved in 250 cngf solution to prepare a 0.200 mol/dm? solution?
Y-
No. of moles of H.SO4 = concentration (mol/dm?) x volume
0200 % 0.39
20.05me\

Mass of H,SOs = no. of moles x molar mass
~ .05 ¥ [aU.D) 4321 14006.0)]
i L‘ # (1 0 5 3 V4
Quick check 4
1 Calculate the concentration of the following solutions, in mol/dm?®:

(@) 0.200 mol of potassium hydroxide in 4.00 dm? of solution.
(b)  0.0100 mol of sulfuric acid in 50.0 cm? of solution.

‘ 0.300
) Concenteation it KON polwtion: 55—

= 00500 mof foiw?

h) Concenirmti jon: (REs) + ’
notion @ H,80, selwions (g ) 7 009

0.0 00 il [de))
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Calculate the number of moles of

(a) NaOH in 25.0 cm? of 0.400 mol/dm® NaOH
(b) NaC/in 500 cm? of 0.0200 mol/dm?® NaC/
(c) H2SO04in 2.00 dm? of 4.90 g/dm? of H.SO,

o) Nwmp ¢y (r} Mot § ‘ﬂ No DY
= 35.0
Tooy FV-HNY

= 0.0100wmi,
)Nwebee ek mules ff Nt

=300
T ¥ V-vau

=\).mwm\,/

OMalar con centration 0§ Had0
- 4.90
(X101 3204 yxivv)

0049049 moljdAwmS S

NO- 0 wol i HaS0y
= NQNTrOion x Volume

=0.04999499 x5
3 Calculate the mass of = (.0999 Mo

(@) HCIin 200 cm® of 1.00 mol/dm?® hydrochloric acid.
(b) HNO3 in 1000 cm? of 0.100 mol/dm? nitric acid.

0) Moloy a5y U"» Wi{~ 349 W) 1) 0w’ = dwm}
gldw’ K- 365 W00 Molae wass ¢+ HND,

= 3\:.‘)3!“«\3 =63
0N ? = V-3 dw? ol dw? 8 HNO; = 63 % 0.0
Mm&\J\\MP 10-9% V.3 = §.3
""337 Mats O Hay, = b- 3 xy

. \)30(3,,

4 What mass of potassi . , _
molldm® sqiutier s UM hydroxide must be dissolved in 100 cm?
0 "‘N“W\“\!d‘“J

l““&““- “.\(Aﬂl

of solution to prepare a 0.400

IV iy h Wules oy Rquired = 0.4 X (0.1)
) 1.04 00 |
Mo\ssd\ AN INIT
= d-3H49
] J
2.4

O Uy.]f‘)
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9 Percentage Yield and Percentage Purity

9.1 Percentage Yield

(d) The amount of product formed in a reaction is known as the yield.
(e) The theoretical yield is the amount of product calculated from the equation.

() The experimental yield is the amount of product that is actually obtained in the experiment.
(@) In any reaction, the experimental yield is almost always lower than the theoretical yield.

Percentage yield = _Experimental yield x 100 %
Theoretical yield

Example 1

128 g of sglfur dioxide, SO,, was reacted with oxygen to produce sulfur trioxide, SOs.
The equation for the reaction is:

2S04(g) + O2(g) — 2S0s(9)

140 g of SOs was produced in the reaction. Calculate the percentage yield of the SOa.

Solution
128 }
No. of moles of SOz = J1Hfilly") = 11 o)
no.ofmolesof SOs - % . L
(

From the equation,

no. of moles of SOz
[ % 1-1964
= |,°\°Haﬂv~10\

Theoretical mass of SOs produced = no. of moles x molar mass
= 1996 x (2.1 +3xI60)

No. of moles of SOs

> IBQ-ﬁlfj

Experimental yield of SOs y 100 %

Theoretical yield of SOs

40 Y Q
{ﬁ'is 1002

§1.3¢°

% yield of SOs

9.2 Percentage Purit

e Sometimes, substanc y needs to be calculated.

es are not puré and the percentage purit

mass of pure substance . 400 9%

Percentage purity =
mass of impure sample




Example 1

An impure sample of calcium carbonate (CaCOs) contains calcium Sulfate g

excess hydrochloric acid was added to 6.00 g of the sample, 1200 Cmf an imp“rity-v\/h
(measured at r.t.p.). of gas werq prﬁn
Uceq
Calculate the percentage purity of the calcium carbonate sample.
Solution H
Cat0y + 2H(A Sy 1+ M0+ Coy
Equation @ ... i

Question : Why is hydrochloric acid added in excess? To enswrt o)) the Caln; is e (t40)

TRTRER 6 Skt nts STk Y pie M e
No. of moles of CO2 produced = )M\nrw\'umt

“;ﬁ-‘ﬂ 20-95%0mo|
From equation, N0 of moles of CaCOs = L

I

no. of moles of CO;

|
no. of moles of CaCOs reacted = Y 0.050 hunvl

= 0.9500 mut

Mass of CaCOs reacted = no. of moles x molar mass
= 0.0500 X (40.1%13.0 +3X16.9)

= 50059

% purity of CaCOs in sample = __Mass of pure CaCls 100 %

mass of impure sample

3005 Qe
-0V

3.4+

Quick Check 5
1 Inthe oxidation of 1 mole of ethanol (C:HsO), 1 mole of ethanoic acid (C2H4O>) is obtained.

! :
If 9.20 g of ethanol is used and the mass of ethanoic acid obtained is 9.00 g, calculate the
| percentage yield of ethanoic acid.

Nwwb o} wgies ¢ Cotlg 0 1
NuwilofY % wavs o (a0, T
Maiy
Nuekvates o G0, Pwdvud = molar mass
.00
SAUFAR IR a(\{,;o)

edel yield & Mhomivagd = V15vomo)

T qa0 - PRrwntnag yield ¢} efhomvic aud

R TR \9\ O L50Y .
DSTITN ougy” MDY

= 3hole G33

-
-

= “.&Q\NW\“\&

le C
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2 0.500 g of impure sodium carbonate is dissolved in excess dilute hydrochloric acid.
The vplume of carbon dioxide collected, measured at r.t.p., is found to be 105 cm®.
What is the percentage purity of the sodium carbonate?
Na,COs + 2HC/ — 2NaC/ + COz + H,0
Volume
N\)_\l“m\(s V‘ AN YWO\V\UQ = T Mol volume
0.105
a4 .9
0.0043750mul 41889

7!

10.1 Volumetric Analysis - Calculations for Titration

Titration is a method of volumetric analysis. It is used to determine the concentrations of
solutions.

Titration involves measuring volumes of solutions and calculations using

. a solution of unknown concentration;

. a solution of known concentration.

Refer to Acid, Bases and Salts chapter on salt preparation using titration method.

Example 1
30.0 cm® of 0.100 mol/dm?3sodium hydroxide solution reacted completely with 25.0 cm? of sulfuric acid

in a titration. Calculate the concentration of sulfuric acid in
(@) mol/dm?,

(b) g/dm*.
Solution
Step 1: Write the balanced chemical equation.
INaOH A Hp80y = M0t M0y
Step2:  Find the number of moles of NaOH » 300 wd= 0,03 i

No. of moles of NaOH = concentration (mol/dm?) x volume in dm?
- 0,100 X 0-0399

= V. 9N 3IND v
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Step 3: Find the ratio of the number of moles of H,SO4 to the NUmber of mojeg

No. of moles of H,SOq4 . ! of Naoy
No. of moles of NaOH +
Step 4: Use the ratio to find the numb'er of moles of H2SO4 produced. i
No. of moles of H:SO4 = _:’_ x no. of moles of NaOH c

1]

Lo X %.9v300
FY

= 0.0 UISy My

Step 5: Find the concentration of H.SO4 in mol/dm?3.

no. of moles of H.SO4 + volume in dm?

Concentration of H.SO4

V-901%0= 0.03

0-95 mot/ohwm?

Step 6: Find the concentration of H,SO4 in g/dm?®.

Concentration of H,SO4 (g/dm®) = concentration of H,SO,4 (mol/dm?) x molar mass

005 maljodwd x (Ax1.0 #3210 t 4 x/6.p)

= €. 89 J/4M3

Example 2
In a titration, it was found that 15.0 cm? of a solution of hydrochloric acid will exactly neutralise 25.0

cm?® of a 1.20 g/dm?® solution of sodium hydroxide. Find the concentration of the hydrochloric acid
solution in mol/dm3.

Solution

Equation: H(t + NaOH = Hy0 t Np(e

Concentration of NaOH (mol/dm?®) = concentration (g/dm?) + molar mass

WrAOglA™m? = (33,6 & ih g vy
= 0.9 300mol /ol w3

5 0.02f !
3
) X volume (dm?)

U—UJUb M’/AMJ % 0.035 dml

No. of moles of NaOH = concentration (mol/dm

No. of moles of HC!

—— = ‘

_\
No. of moles of NaOH

Chemistry / stoichiometry & Mole Concept

G35



no. of moles of NaOH f

No. of moles of HCI =
= 0. 000315 wmol

Concentration of HC/ = no. of moles of HC/ + volume in dm?

_ 0. 0036wl ALY
0.5 w|/dn’

Example 3
2.80 g of an acid, HsX, were dissolved in water and made up to 250 cmd. A 25.0 cm? portion of this

solution was neutralised by 28.6 cm® of 0.300 mol/dm? sodium hydroxide solution according to the

equation:
HsX (aq) + 3NaOH (aq) — NasX (agq) + 3H0 ()

Calculate

(@) the mass of the acid in 1 dm?® of solution,

(b) the number of moles of the acid in 1 dm® of solution,
(c) the relative molecular mass of the acid.

Solution

(@) Mass of acid in 1 dm®= mass + volume in dm?®
=9.30 = 0.35
= 3 9

(b) No. of moles of NaOH = concentration(mol/dm?) x volume in dm?
= 0-9300 x 0.p246

0.00858'\_\“'

!

No. of moles of HsX
= —_—_’_—————_

No. of moles of NaOH

%x 0.0085%

0-000akL Mol

No. of moles of HaX

no. of moles + volume in dm?

9.00pag b= 0-097
_ 0wy | (D

0.11e ™o L})"F)
V4

concentration(g/dm?) * concentration(mol/dm?®)
1.8 0144

13.9 9 o)
Relative molecular mass of HaX = 1% . %

" No. of moles of HaX in 1dm?

(c) Molar mass of HaX
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Example 4 , : ,
16.0 g of impure sodium carbonate aré dissolved in 1 dm® of solution, A 25

solution required 30.0 cm?® of 0.200 mol/dm3 hydrochloric acid for reaction in
Calculate the percentage purity of the sodium carbonate.

L
a tltratio“ p0rtmn oy,
: y

Solution Na,COs + 2HCI — 2NaCl + CO, +H,0

No. of moles of HC/ = concentration (mol/dm?®) x volume in dm?® = 0.200 X0, Ui

U . 'L"’
No. of moles of NazCOs -

A
ol

No. of moles of HC/

1L
> X U.00vedD
V- V0 30pwmol

No. of moles of pure Na,COs in 1 dm? of solution = n(c,J. of r(T;oJIeos +volume in dm?
' .U o

0.0250
= 0.190mo|

No. of moles of pure Na;COs in 25.0 cm?® of solution

Mass of pure NaCOs in 1 dm® = no. of moles in 1 dm?® x molar mass
0.100 x (axd3.0)t (12.0)1 (16 Xx0.3)
0-130X 106

(a.‘ma

% purity of Na,COs in sample = _Mass of pure Na:COs 40 o,
mass of impure Na,CO3

= (3;_12 x JODYfe
16.90

o 'y
-5 /W

Quick Chec 0.033 dw?

1 32.0 cm® of 0.100 mol/dm?
concentration of the HC/ in (

NobW + Hy - Hy0 ¢ ¥ Nace
Mber o} ke ok NagH = 1asa V- \0y

= Ny
ok ey ¢t g i - = . ox (101 37.5)

Neofwo dlaay, ~ 5

1 “) :.NQ»“M‘\Q m‘\'\uz D'Q“S)M,\
7 (ongentrodion o} W (e T

NaOH reacts with 25.0 cm® of HC! in a titration. Calculate e
a) mol/dm3, and (b) in g/dm?.

k) UWnantratioy 0 W (Cin it
Mty Olo\wx‘

= K012 e 8-/0(&4«3/7

280

U hsas (R
N \).\t',tgm\lo\w3



2

Mogy ¢ Nabh:
Aoy

4

\

A solution of NaOH contains 6.00 g/dm? of NaOH. 20.0 cm?® of the NaOH re

40.0 cm? of HNOs. Calculate

(a) the concentration of NaOH in mol/dm3.
(b) the number of moles of HNOs in 1 dm?.
(c) the mass of HNOs in 1 dm®.

Nob 4 HND, - NaNOz + H,0

20.0
oy

0-1)3

acts completely with

Yb-'\)i)sl dn'’

7.49 g of a sample of_impure potassium carbonate was dissolved in water and made up to 1
dm>. 2.0.0_ cm?® of this solution required 19.80 cm?® of 0.0500 mol/dm® sulfuric acid for
neutralisation. What is the percentage purity of the potassium carbonate?

KOOI R

In a titration experiment, 22.5 cm® of 7.00 g/dm? nitric acid neutralised 20.0 cm?® of an alkali,
XOH, containing 5.00 g of alkali per dmd. Calculate the relative atomic mass of X.

Chemistry / Stoichiometry & Mole Concept G38



ANSWERS TO QUICK CHECK

Quick Check 1 (pg 21 - 22)

1(a) | 0.0500 mol/gms
152; ?:gg gm“ 1(b) | 0.200 mol/dm?
2(a) 2Mg + CO2 — 2MgO + C 2(a) 0.0100 mol
2(b)(i) | 0.593 dm® 2(b) | 0.0100 mol
2(b)(ii) | 1.99 g 2(c) 0.0M
3 409g 3(a) 7.30¢g \1
3(b) [6.30¢g |
Quick Check 2 (pg 24) 4 224 ¢ \
1(a) 20.0 cm® . \
1(b) [60.0 cm® Quick ChW
2(a) | 500 cm® 1 75.0 % \(gg\\
2(b) | 680 cm? 2 92.8 % |
\
Quick Check 6 (pg 37 - 3g) —
Quick Check 3 (pg 28) 1(a) | 0.128 mol/dm? \R
1 5974 1(b) [ 4.67 g/dm?
2 65.0 cm® 2(a) 0.150 mol/dm? T
2(b) | 0.0750 mol
2(c) | 4.73g
3 92.4 %
4 23.0 —




Mole Concept Summary Exercise

Mass of oxygen in the sample

16-V
W :;‘o 0) X 13.0
wolgr wes § " Y
& A Al My . K'Hﬂ
Molar mass of the Percentage of carbon
compound in the sample

pL2.0)11a(10)16(16.0)
= \SOj/MDI

M x 1000 7 L;Q,oo(c

130.9

Number of molecules

Molarity of the solution
in the sample

(mol/dm?3)
0-400 GAXT 010D %502 x10?
250Xy} g -~ aH0 ¥ X \023
- Lo molfdw? = aMt X0 moktuig
Number of moles of molecules
of the compound
Dissolve in 250 cm’ 2.0 Number of atoms
of water to form solution : A ——
bU120) +1208) 16060 JAOY x 6.02 10 ¥ gH
- N |
Concentration of the = 0- 400V wmol < BA§x 107
solution in g/dm®
.o X ' §D-0
R 1 N ) dV"‘s
complete combustion with oxygen
¢ to form carbon dioxide and water only
()
Equation: Cb“n 0, 60y = (0 + {Ha0 J

Volume of carbon dioxide
produced (at r.t.p.)

Volume of air needed No. ¢} "‘“\“0"\ U;b P?:‘:("d

assuming air contains Tpy 4OV T i : Mass of

20% oxygen (at r.t.p.) ¥ Vilvmt (& ()\h\)y\) o\v\dd water
L U“()?;V\tcd ed = §x0.40p xa 40 ZaHUA Y0 2 BTG Aw 3 ‘produced
Volumt ¢k 0g “ 340 x24.0 = 53 - b

L Ny v onutes @ Th0 prudueed =px 0400
VoMt v = S30 4 —V{ P 2240 g |
= x1%.0
T Mogs & H3 0 prudu@d 2249
ole Concept L
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