ChemisTry 91910 (2.1) et

Carry out a practical investigation into a substance present in a
consumer product using quantitative analysis

A full description of Achievement Standard 91910 (Chemistry 2.1) can be found at ESA
at www.esa.co.nz

Chemistry terms
Below are some chemistry terms that you should be familiar with.

the smallest particle of a chemical element (shows the chemical properties of that element)

atom e.g. an atom of sodium (symbol Na); an atom of oxygen (symbol O)

two or more atoms (the same or different atoms) which have chemically combined to form a
molecule single unit of a substance
e.g. oxygen molecule O,, carbon dioxide molecule CO,

a charged particle, formed from one or more atoms, that has lost or gained one or more electrons

ion L o .
e.g. sodium ion Na*; oxide ion 0Z; carbonate ion CO3%~
r nce m f a singl f atom
element a pure s.ubsta ce made up of a single type of ato
e.g. sodium metal, Na; oxygen gas, O,
a pure substance made up of more than one type of atom
compound

e.g. carbon dioxide CO,; hydrochloric acid HCI

Quantitative chemistry
Quantitative chemistry is finding out:

*how much is present in a chemical substance, or
* how much is involved in a chemical reaction, for one or more chemicals.

Before considering a practical investigation involving quantitative analysis, it is important to understand some of
the principles of quantitative chemistry.

Significant figures indicate the level of accuracy of the data and/or apparatus. In calculations, final answers
typically include three significant figures, and no rounding should occur until the final answer.

Even small amounts of substances contain very large numbers of particles, e.g. a cup of water contains about
8.3 x 10%* water molecules. Although the number of particles handled in chemistry is very large, the masses of
each of these particles are usually very small. The mass of a chlorine molecule is about 1.18 x 10722 g. It would
take about 1022 chlorine molecules to equal a mass of just 1 g. Since these masses are small, the unit gram
(symbol g) is used.

One cube of sugar contains about 1.4 x 1022 molecules of glucose.
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2 Achievement Standard 91910 (Chemistry 2.1)

Calculations using amount of substance

The mole

When particularly large number of objects are needed, quantities are defined which suit these large numbers.

In chemistry, the quantity chosen to describe the amount of a substance is the mole, abbreviated to mol when
used as a unit. The amount of substance (in mol) is represented by the symbol n (thus n(H,0) means the amount
of water, in moles).

The mole is defined as ‘the amount of substance which contains the same number of particles (atoms, ions or
molecules) as there are atoms in exactly 12 g of carbon-12 ('2C or C-12)".

Examples
12 g of carbon is 1 mol of carbon. 58.5 g of sodium chloride is 1 mol of sodium

The number of carbon atoms in 12 g of carbon chloride.

is: 602 000 000 000 000 000 000 000, or The number of sodium chloride ion pairs in
6.02 x 10?3 atoms. 58.5 g is 6.02 X 107,

12 g of carbon powder 58.5 g of sodium chloride

filter paper

Avogadro’s number
A mole always contains 6.02 x 1023 particles. This is called Avogadro’s number, N,

Ny = 6.02 X 1023 mol’

Avogadro’s number is sometimes approximated to 6 x 1023 mol-'.

Molar mass, M
The mass of one mole of a substance (element,
compound or ion) is the molar mass, M. Molar mass
has the unit g mol-".
The molar mass of any substance is the sum of the
molar masses of the atoms (or ions) in the formula.

The molar mass of a simple ion (e.g. M(Na™) or M(0%))
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Investigation into chemical species present in a sample using qualitative analysis 63

Identifying anions in aqueous solutions

Bubbles of gas
. —
Add red litmus — HACTds:Iﬂ:ifn C05*
* No bubbles
OH-

Litmus remains red
S0,%-, NO5~, CI-, I~
l

Add Ba(NO;), solution =3 Whitesr())resi_pitate
v 4

No precipitate
Precipitate disappears
c-

New |sample

White precipitate indicates CI-=  Add dilute

Add AgNO; solution =3

ipitate indi - NH; solution
* Yellow precipitate indicates T 3 Precipitate remains
No precipitate r
N03_

Identifying ions
Refer to the flow chart for identifying cations in aqueous solutions (on page 62) to answer the following.
Which cation in solution does not form a precipitate when 2 drops of dilute NaOH solution are added?

Which cations in solution form precipitates that will dissolve in excess NaOH solution?

Identify the cation in solution that forms a white precipitate when 2 drops NaOH solution are added
and the precipitate then dissolves in ammonia solution.

Identify the cation in solution that forms a coloured precipitate when 2 drops NaOH solution are
added and the precipitate then dissolves in NH; solution to produce a coloured solution.

Which cations form a white precipitate when 2 drops dilute NaOH solution are added and also form
a white precipitate when dilute H,S0, is added to a fresh solution of the metal ion?

Write ionic equations for:
all cations that form a white precipitate with 2 drops of dilute NaOH solution
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64 Achievement Standard 91911 (Chemistry 2.2)

ii. a cation forming a green precipitate with 2 drops of dilute NaOH solution.

2. Refer to the flow chart for identifying anions in aqueous solutions (on page 63) to answer the following.
a. i. Identify the anion in solution that forms a white precipitate with Ba(NOs), solution.

ii. Identify the anion in solution that forms a white precipitate with AgNO; solution.

ili. Identify the anion in solution that forms a pale yellow precipitate with AgNO; solution.

iv. ldentify the anions in solution that will turn red litmus paper blue.

b. Write an ionic equation for:
i. ananion forming a white precipitate with Ba(NO3), solution

ii. ananion forming a pale yellow precipitate with AgNO; solution.
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Demonstrate understanding of bonding, structure, properties and energy changes

Rules for drawing Lewis structures

The total number of electrons in a Lewis structure must equal the sum of the valence electrons for all the atoms in

the molecule.

The following steps show how to draw Lewis structures.

Examples
Water, H,0
Step 1 2 X H atoms (each with
Count the total number of valence 1 valence e”) 2e”
electrons present. 1 x 0 atom be~
Total valencee- = 8
§
H—O0—H
or
H:O:H

|

Step 4

Check that the structure has

the correct number of valence The central O atom has

electrons and that the valence
shells of all atoms are complete
(octet rule). If they are not, move
non-bonding pairs to form double
or triple bonds.

shell. The H atoms each
have 2 electrons.

8 electrons — a full valence

Carbon dioxide, CO,

2 X 0 atoms (each with

6 valence e-) 12e—

1 x Catom de~

Total valence e~ = 16
0—C—-0

r

0:C:0

|
30—

C
C—0:

Structure shows 16 electrons,

but while the O atoms have

8 electrons, the C atom only has

4 electrons. To complete the ‘octet’
on C, move a pair of electrons from
each O atom so that there are two

double bonds.

:0=C=0_

Both the central C atom and the
two O atoms now have 8 valence
electrons.

There are some molecules that have fewer than eight electrons around the central atom. Common examples are

molecules containing boron and beryllium, e.g. BHs.
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90 Achievement Standard 91164 (Chemistry 2.4)

Lewis structures
Draw Lewis structures for:

1. the fluorine molecule

2. thesilicon hydride, SiH4, molecule

3. the sulfur dioxide, SO,, molecule

4. the ethene, C;H,, molecule

5. the ethyne, C;H,, molecule

6. the nitrogen trichloride, NCl;, molecule
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Demonstrate understanding of chemical reactivity

233

Summary of responses of equilibrium system to changes

Change in conditions Direction of change in equilibrium position
Increase products In the reverse direction
. Decrease products | In the forward direction
Concentration —
Increase reactants | In the forward direction
Decrease reactants | In the reverse direction
Increase In the direction forming the least number of moles of gas
Pressure — :
Decrease In the direction forming the greater number of moles of gas
Increase In the direction of the endothermic reaction
Temperature — : :
Decrease In the direction of the exothermic reaction
No change in equilibrium position or in K; equilibrium is
Catalyst added g SRR AL T e @
reached more quickly (i.e. reaction rate changes).

Determining whether a system is at equilibrium
The reaction quotient, Q, is an expression showing the ratio of reactants and products present in a system. Q uses
the same expression as the equilibrium constant except that Q can have any value under any set of conditions.

If @ = K, then the reaction is at equilibrium.

If Q > K, then the reaction will proceed in the reverse direction in order to reach equilibrium.

If Q< K., then the reaction will proceed in the forward direction to reach equilibrium.

Example
The value of the K, for the following reaction is 640 at 25 °C:

N,(g) + 3H,(g) = 2NHs(g)

A mixture of the gases has concentrations given in the table following:

Gas N, H,

NH;

Concentration (mol L) | 0.0821 | 0.0583

0.105

For this system:

0= NH,@F 0.105
~INJ@I [H,@)F ~ 0.0821 x (0.0583)*

= 678

Since Q > K, the reaction will move in the reverse direction.
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234  Achievement Standard 91166 (Chemistry 2.6)

Changing the position of equilibrium
1. The reaction shown in the equation is an example of chemical equilibrium that can be achieved in a beaker —
the colour of each species is shown under the formula of the species:
Fe3*(ag) + SCN-(ag) = [FeSCN]?*(aq)
orange  colourless deep blood-red
Note: The colour of [FeSCN]2*(aqg) is so intense that even at very low concentrations, it dominates the
appearance of the solution.
Describe and explain your expected observation when the changes a.—c. are made to a test tube containing
these species (Fe3*(aq), SCN~(aqg), [FeSCN]?*(aq)) in equilibrium.
a. Water is added to the beaker.

h. Afew grains of solid sodium thiocyanate,
NaSCN, are added to the test tube — the solid
dissolves (and thus provides Na*(aqg) and
SCN=(aq) ions).

c. Afew grains of solid sodium fluoride, NaF, are added to the test tube — the solid dissolves (and thus
provides Na*(aq) and F(aq) ions). Fluoride ions combine with iron(lll) ions to form a colourless iron-
fluoro complex ion.
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Demonstrate understanding of chemical reactivity 247

S05%(ag) + H;0*(@g) = HSO5(aq) + H,0(¢). The equation is balanced.

HSO3; (ag) + H,0(¢) = H,S0s(aq) + OH=(aq). Water is an acid in this process.

2H,0(0) =

H;0%(aq) + OH=(ag). One water molecule is acting as a proton donor in this process.

2H,0()) =

H;0%(aq) + OH=(ag). Neither water molecule is acting as a proton acceptor in this process.

S04%(aq) + H,0(¢)
HSO,(ag) + H,0(¢)
H,S04(aq) + H,0(¢)
NH,*(aqg) + H,0(¢)

fl

HSO,(ag) + OH=(aq)

fl

504*(ag) + H30*(aq)

fl

HSO4(aq) + H30™(aq)

fl

NH;(ag) + H3;07%(aq)

NH,*(ag) + OH(ag) =  NHs(aq) + H,0(/)
Referring to equations a. to e., identify the ten conjugate acid-base pairs in the five equilibria (some
conjugate acid-base pairs appear more than once).

Equation

Conjugate acid Conjugate base

a.
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248 Achievement Standard 91166 (Chemistry 2.6)

Features of the pH scale
The pH scale usually ranges between 0 and 14: k (ﬂ
an acidic solution has a pH number less than 7 -8 ‘ \ .
a neutral solution has a pH number of exactly 7 at 25 °C --““ J
a basic solution has a pH number greater than 7 ‘-““ ‘
The pH scale

L increasing acidity | [[JN[| increasing basicity 3

0 1 2 3 4 5 6 7 8 9 1011 12 13 14

Neutral
Examples
pH of ‘everyday’ substances

Substance pH
0.1 mol L' HCI 1.0
lemon juice 2.5
vinegar 3.0 }
milk 6.8
pure water 7.0 4
blood 7.4
window cleaner 11.0
0.1 mol L~" NaOH 13.0

Measurement of pH values
Universal indicator has a range of colours depending upon the pH of a solution.

Universal indicator produces a series of colour changes across the whole pH range

red orange yellow green greeny-blue  blue purple

I I I I I I I I I I I I I I |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 pHscale

A more accurate value of the pH of a solution is obtained by using a pH meter.

Calculating pH
pH can be calculated from the concentration of hydronium (or hydrogen) ions.

Mathematically, pH is defined using logarithms:

pH = negative logarithm of the hydronium ion concentration
pH = —log [H307(aq)] (or pH = —logs [H;0*(aq)])

Example: Calculating pH
Calculate the pH of a solution where [H;0"] = 4.0 x 10~ mol L™
pH = —log [H;07]
=-log 4.0 X 10  substituting
= 4.40
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ANSWERS

Achievement Standard 91161 (Chemistry 2.1)

Molar mass calculations (page 4)
1. M(N,) = 14.0 x 2 = 28.0 g mol-'
M(Sg) = 32.0 x 8 = 256 g mol”'
M(NaOH) = 23.0 + 16.0 + 1.00 = 40.0 g mol-'
M(H3PO,) = (1.0 x 3) + 31.0 + (16.0 x 4) = 98.0 g mol”'
M(CgHy,0¢) = (12.0 X 6) + (1.0 x 12) + (16.0 x 6) = 180 g mol-!
M(CHsOH) = (2 x 12.0) + (6 X 1.00) + 16.0 = 46 g mol-’
M(MgCl,) = 24.3 + (35.5 X 2) = 95.3 g mol™'
M(Mg(OH),) = 24.3 + (2 x 16.0) + (2 X 1.00) = 58.3 g mol-'
M(Fe;(S04)3) = (55.9 X 2) + [3 X (32.0 + 16.0 x 4)]

= 111.8 + 288.0 = 400 g mol~'
10. M(CuSO,4-5H,0) = 63.5 + 32.0 + 4 X 16.0 + 5 x 18.0

=250 g mol’!

e N R WN

Mole calculations (page 5)
1. a. i. m(COy) = 1.00 mol x 44.0 gmol~' = 44.0 ¢

ii. m(CO,) = 1.25 mol x 44.0gmol" =55.0g
iii. m(C0O,) = 30.0 mol x 44.0 g mol' = 1320¢g
b. m(Al,03) = 10.7 mol x 102 g mol~' = 1090 g
c. m(Si0,) = 0.875 mol x 60.1 g mol' =52.6 g

2. a n(Ca0) = % = 2.75mol
8.65
b n(KC) = 7375 g mor = 0.116 mol
4.86
€. n(CaCO3) = 155 g o = 0.0486 ol
0. NNH,C) = 5575 grasy = 0.0447 mol
e. n(CuS0,5H,0) = 253;‘% = 0.0218 mol
3. a. n(Cl) = 0.300 mol
b. n(C) = 0.500 mol
c. n(NaCl) = ssgzen?ol ;= 0.0745 mol, n(CI") = 0.0745 mol
d. n(MgCl) = m = 1.47 mol, n(CI") = 2 x 1.47 = 2.94 mol
e. n(FeCly) = 16023977&2" = 0.00230 mol, n(CF) = 3 x 0.00230
= 0.00690 mol
4 a MX) = 133385n?0| =243 g mol'

0.69
b MIY) = s g = 124 g mott, M) = 124 = 31.0 g mol-

Reacting masses (page 9)

All calculations should show units in calculation steps.

1. n(Cu0) = 75 ¢E"9 = 0.0160 mol, n(Cu) : niC) = 1: 1

n(Cu) = 0.0160 mol, m(Cu) = 0.0160 mol X 63.6 g mol-' = 1.02 g
1.68
2. n(Mg) = Wn?ol’ = 0.0691 mol, n(Mg) : n(MgO) = 1: 1
n(Mg0) = 0.0691 mol, m(Mg0) = 0.0691 mol x 40.3 g mol~' = 2.78 g

3. n(Na,COs) = % = 0.0460 mol, n(Na,CO5) : n(NaHCO3) = 1:2

n(NaHCO;) = 2 X 0.0460 = 0.0920 mol
m(NaHCO;) = 0.0920 mol x 84.0 g mol-' = 7.73 g

4. n(Fe) = ﬁ = 0.0422 mol, n(Fe) : n(FeCly) = 1: 1
n(FeCl3) = 0.0422 mol, m(FeCl;) = 0.0422 mol x 162 g mol~' = 6.84 g
5. a. n@S) = 323;% 0.0713 mol, n(S) : n(FeS) = 1: 1, n(FeS) = 0

0713 mol, m(FeS) = 0. 0713 mol x 87.9 g mol~' = 6.27 g
b. n(S):n(Fe) = 1:1, n(Fe) = 0. 0713 mol, m(Fe) for the reaction to
occur = 0. 0713 mol X 55.9 gmol" =4.00g
excess m(Fe) = 5.749—-4.00g = 1.74¢g
1.76 using unrounded figures.

Concentration of solutions (page 11)

. 1y 1
Concentration (g L™') = 4.00 g X 57007

=40.0gL"
ii. M(NaOH) = 23.0 +16.0 + 1.0 = 40.0 g mol”’

4.00
n(NaOH) = WH?OH

= 0.100 mol
V=10.100 L
n _ 0.100 mol

€TV 7T o100l

=1.00 mol L
i 1
h. i. Concentration (g L") = 4.00 X —— 0 020
=200gL"
ii. M(KOH) = 39.1 + 16.0 + 1.0 = 56.1 g mol~!

4.00
PKOH) = 55 7 g g

= 0.0713 mol
_n _ 0.0713mol _ -1
€=y 02001 0.357 mol L
c. i. Concentration (g L") = 2.00 g x 0
=10.0gL"
[2 X (12.0 + 2 x 16.0 + 1.0)]
+[2 x (2 x 1.0 + 16.0)]

1. a. i

1
200 L

i, M(H,G,0,) =

= 126.0 g mol™

200
26,0 gmol” — 0.0159 mol

c=n —00159 mol _
v 0.200 L

d. i. Concentration (L") = 2.12¢ X ——

=212gL"

ii. M(Na,CO3) = (2 x 23.0) + 12.0 + (3 x 16.0)
=106.0 g mol™'

m_ 212g
M = 706 g mol = = 0.0200 mol
n _ 0.0200 mol _
% 0.100 L

e. i. Concentration (g L") = 0.67 g X
=134¢gL"

n=

0.0794 mol L™

O100L

n =
c= 0.200 mol L™

1
0.0500 L
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acid-base reaction 238

acidic solutions 238

acidified (dichromate) 284

acids 238

activation energy (Ep) 117, 217,
220

addition (alkenes) 167

addition polymers 167

alcohol 150

aliquot 19

alkane 149, 150

alkene 150

alkyl groups 152

alkyne 150

allotrope 109

amphiprotic 246

anions 81, 84

aqueous solution 10

aspirin 38

atom 1, 3,73,79, 147

Avogadro’s number, N, 2

balanced equations 73

bases 238

basic solutions (salts) 244

bond energy 125

bond enthalpy 125

bonding electrons 87

bonding electrons (carbon) 148

bracket form (condensed structural
formula) 149

burette 19

carbon atoms (tetravalent) 148
carboxylic acid 150, 189
cations 81, 84

chemical bonds 87

chemistry 74

chemistry formulae 73

cis isomers 165

closed system 224

collision theory 217

colour changes (redox) 291

complex ions 225

compound 1, 73,79, 147

compounds 105

concentration (acid/base) 253

concentration (of a solution) 10,
213

concordant 19

condensed structural formula 149

conical flask 19

conjugate acid 246

conjugate base 246

constitutional (structural)
isomers 152

covalent bond 87, 147, 148

covalent bonding 87

covalent network (solid) 105

deliquescent 22
delocalised electrons 108, 111
displacement reaction 275
dissociation (acidic solution) 238
dissociation constant (of

water) 249
double bonds 88
ductile 111
dynamic (chemical

equilibrium) 224

efflorescent 22

electron 79

electron configuration 79
electronegativity 92
element 1,73, 79, 105, 147

elimination reaction (alcohols) 186
empirical formula 47

end point 19

endothermic 115, 125
endothermic energy diagram 117
endothermic reaction 117, 213
energy diagram 117

enthalpy change 116

enthalpy, H 116

equilibrium constant 227
equilibrium expression 227
equivalence point 19

ethanoic acid (acidic solution) 239
exothermic 115, 125

exothermic energy diagram 117
exothermic reaction 117, 213

formula equation 55

fuels (hydrocarbons) 165
functional group 147
functional group (alcohols) 185

g mol" 2

gas 105

geometric isomerism 165
gram (symbol g) 1
groups (periodic table) 80

haloalkane 150, 175
halogenation (alkenes) 167
heat (enthalpy) of reaction 213
heat of reaction 116
homologous series 149
hydrated ions 103

hydrated salt 51

hydration (alkenes) 167
hydrocarbon 147

hydrogen bonds (alcohols) 183
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