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* Relative formula mass or formula weight
« Avogadre constant, N, and the mole

* Molar mass )

. m:%:.wmm; formula E‘ﬁ motlecular formuia
¢ Empirical mon#:.m. weight

* Per cent composition

* Quantitative interpretation 0
* Limiting reagent
¢ Gayv Lussac’s law
» Molar volume of a gas .

« Concentration of solutions, meaning of and v
= Molarity, definition and use om .
. Ozmnammm«.m dilution of selutions

[ chemical equations; molecties to moles to mass
of combining volumes and Avogadro’s law (hypothesis)

arious methods for expressing it

Some important equations
1. For the conversions

mass = number of moles = number of atoms or molecules:
) mass R

molar mass

nuinber of moles =

(where molar mass is atomic or molecular weight in grams)

number of \ . [the Avogadro 5D
nuwmther of atoms or molecules = noles constant
; 23 -1
The Avogadro constant, N, = 6022 x 107 mol™.
2. The percentage of A in compound AB,C, is
¥ X (atomic weight of A} X 100 53)

o= molecular weight of A.BC.

pound is A,B; and the molecular formula

1 the empirical formula of a com :
A B, or (A,B.), where i 15 an integer, then
I iz k z

W

= i7i weigh (5.4}
molecular weight n X empirical formula weight (
8

4. The molarity of a solution is calculated from

number of moles of solute (55

e

volume in litres

molarity =

or rearranging, this,

mumber of moles of solute = volume in litres X molarity ... (5.6)

volume tn millilitres

e X, :HQ__E\?.F\_

1000
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nwmber of moles

e e (5.7
mwolarity 67

It

volieme required (In litres)

Atomic and molecular weights

H *(a) An atom of krypton, a noble gas, is seven times as heavy as an atom
of carbon. What is the relative atomic mass (atomic weight) of
krypton?

(b) An atom of helium, ancther noble gas, is one-third the mass of a
carbon atom. What is the relative atomic mass of helium?

H “(a) The atomic weight of titanium is 48. How many times heavier than a
carbon atom is a titanium atom?
(b} Silver has an atomic weight of 108. How many times heavier than a
carbon atom is a silver atom?

H {a) Sificon has an atomic weight of 28 and nitrogen an atomic weight of
14. What does this tell you about the relative masses of silicon and
nitrogen atoms?

(b) Bromine has an atomic weight of 80 and sulfur an atomic weight of
32. What does this tell vou about the relative masses of bromine and
suifur atoms?

H {(a) Molybdenum, used in certain lubricanis, has atoms that are eight
times the mass of carbon atoms. What is the atomic weight of
molybdenum?

(b) A calcium atom is 3.33 times the mass of a carbon atom. What is the
atomic weight of calcium?

EB @ A sulfur atom is twice the mass of an oxygen atom. Given that the
atomic weight of oxygen is 16, what is the atemic weight of sulfur?
(b} An argon atom is twice the mass of a neon atom. Neon has an atomic
weight of 20. What is the atomic weight of argon?

E Calculate the relative molecular mass (molecular weight) or the relative

formula mass of the following:

(a) calcium oxide, CaQ
*(b} barium bromide, BaBrs

(¢} sodium sulfide, Na,5
*{d} aluminium oxide Al,O;

{e) dinitrogen pentoxide, N,Oj5

(f) lead suifate, PbSO,

(g} potassium carbonate, K,CO;

{h) ammonium sulfate, (NH,},S0,

(i} aluminium nitrate, A{NO,)

el
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*(j) iron{il) sulfate, Fea(504)
*(k) sodium carbonate decahydrate, Na,C0;.10H,0

Mass, moles, atoms, molecules

H What is the molar mass of the compounds in *(a), () and (k) of
Exercise &7
E How many moles are there in
*(a) 13 g iron {¢) 1.8 kg aluminium
(b} 0.35 g copper (d) 230 mg sulfur?
EM hat is the mass of
*{a) 3.0 mol zinc
) 0.024 mol lead

E The one cent coin that was in use until recently had a mass of 2.56 g
Assume that it was pure copper. How many afoms were present in it?

(¢} 9.5 mol helium
(@ 3.2 % 1077 mol calcium?

E Use vour results from Exercise 6 to calculate the number of moles in
*(a) 20 ¢ sodium sulfide (¢) 0515 g potassium carbonate
(b} 36 g aluminium oxide (d) 0.0419 g ammonium sulfate

E Use vour results of Exercise 6 to calculate the mass of
() 7.14 mol barium bromide (¢} 0.0434 mol calcium oxide
{(b) 2.28 mol aluminium nitrate () 2,11 % 10 % iron(lil) sulfate

E What is the mass of
(a} 2.82 mol oxvgen gas
{b) 144 mol chlorine gas

(¢} 0.37 mol helium gas
{(d) 0.078 mol nitrogen gas?

E How many moles (of maolecules) are there in
{a) 3.62 g fluorine (b) 0.415 g hydrogen?

E How many atoms are there in each of (a) to (d) of Exercise 87

E Calculate the mass of one atom of
#(a) aluminium (b} lead (¢} helium {d) sulfur

E How many molecules are there in
*(a) 3.87 g sulfur dioxide {an air pollutant), SO
{b) 4.17 g ethanol (common alcehol), C:HQ
(¢} 0317 g freon-12 (which until recently was used in refrigerators anc
air conditioners), CCLEF;
{d) 300 mg aspirin (common pain reliever}, CyHO.?

IR Calculate the mass of one molecule of
{a) ammonia, NH;  (b) carbon dioxide, CO, (0 vitamin C, CHO;
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E How many molecules are there in 3.8

¢ Huorine gas, F.? How
. : g as, F-? How many
fucrine atoms are there in this sample? i o

E How many atoms in total are there in
{@) 13 g hydrogen sulfide {evil-smelling gas), H,S
{b) 28.2 g potassium bromide, KBr T
(© 0.0177 g sulfuric acid, H,S0,?

E *(a) How many moles of (i} calcium chloride (ii) calcium (iil) chlorine are
there in 0.149 g calcium chloride, CaCls?
(b} How many EoMmm of (i} phosphorus (i) oxygen are there in
24 x 107" g diphosphorus pentoxide, P,057

A Iy CTOS i
E vstal of table sugar {pure sucrose, C;H»O4;) weighs 1.4 mg. How
many molecules are in it? How many atoms in total are present?

Per cent composition

A Calculate the percentage of
*(a) iron in iron{II) oxide, Fe,O-
(b) silver in silver sulfide, Ag,S
(c) uranium in vellowcake, FH,OJ

E Calculate the percentage of each element in
{a) potassium nitrate, KNG,
{b) naphthalene {mothbalis), CHy
(¢} aspirin (common @mwz-wm:m&\ CoH.0,
{d} calcium phosphate (rock mum._oﬁuwmﬁ,.my.ﬂmdcuﬂu%

E How wﬁ:nr iron can be extracted from 1 t {tonne) of iron ore, taken to be
pure iron oxide, Fe,057 \

E Calculate the percentage water in Epsom salts, MgSO,.7H,0.

Empirical and molecular formulae

ﬂ Calculate the empirical formala for each of f i
g of the following s the
molecular formula is given in brackets: wing compaunds; fhe
(a) butane (C,Hy) . (e} glveerol (C:HLO4)
(b} hydrogen peroxide (H>0,) (d) 1,1,1,2-tetraffuoroethane (CoH,F )
E (a) Calculate the percentage of hydrogen and of in each
mmv:oéwbm noBmuoEﬁmuq vdrogen and of carbon in each of the
E ethene, C,H, (1ii} cyclopentane, CsHy,
(i1) propene, ﬂw.m@ {(iv) heptene, Oumﬁ(
{b) What is the empirical formula for each compound in (a)?
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*(c) Use your answers in {a) and (b) to explain why a chemical analysis
which yields results in the form of per ceni compuosition of each
element present can only produce an empirical formula for the com-
pound and not a molecular formula.

E A compound of carbon and hydrogen contained 83.8% carbon. Calculate
its empirical formula.
E Three compounds containing carbon, hydrogen and oxygen gave the

following analyses. Calculate the empirical formula of each compound.
(2) 375% C, 12.6% H  (b) 40.0% C, 53.3% (c) 26.1% C, 4.4% H

g A compound of sulfur and chlorine contained 52.6% chlorine. Calculate
its empirical formula. It had an approximate molecular weight of 130.
Caleulate its molecular formula and its accurate molecular weight.

EYA & compound of chromium and oxygen contains 68.4% chromium. Cal-
culate its empirical formula.

Moles-moles calculations

E Butane is the fuel in disposable cigarette lighters and in ‘Handigas’ cans
for camping stoves and hobbvists” blowtorches. Tt burns in air to form
carbon dioxide and water. Write a balanced equation for the reaction of
butane, C,H,y with oxygen. How many moles of oxygen are needed to
react with (2) 1 mol (b) 0.25 mol, of butane? How many moles of carbon
dioxide are formed?

E Common alcohol {ethanol, C;H;OH) is often used by bushwalkers in
spirit burners to heat food and drink. Write an equation for the reaction
of ethanol with oxygen to form carbon dioxide and water. How many
moles of oxygen are needed to react with () 7 mol (b} 0.055 mol, of
ethanol, and how many moles of carbon dioxide are formed?

g Aluminium reacts with chlorine to form alwminium chleride.
{a) How many moles of chlorine are needed to form 16 moles of alumin-

ium chloride?
(b) How many moles of chlorine are needed to react with 0.18 mol

aluminium?

Moies—mass calcuiations
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EA 2 What mass of hydrochloric aci
) acid ken as @ is nee
neufralise (.25 mol barium r,\anoxmwww: % pure HCD s meeded 0
(b) What mass of aluminium sulfate is formed when 0.040 mol aluminium
hydroxide is reacted with just sufficient sulfuric acid to use it all up?
{c) What mass of sulfuric acid (taken as pure FL,SO,) is iust mzmnmﬂ uwmw
use up all the aluminium hydroxide in {b)? o e

Mass~mass calculations

Wh 35 ; is
E S,qmw mass of hydrogen gas is produced when 2.4 g magnesium reacts
ith excess hydrochloric acid? How much magnesium chloride is
produced? i

E Black powdered copper oxide reacts with dilute sulfuric acid to form a
ﬂmmﬂ biue solution of copper sulfate and water. How much sulfuric mnmm
is needed to react completely with 2.64 g copper oxide? How
copper sulfate is formed? ’ 7 : 7 How much

LR How much hydrochloric acid i i
i hy s needed to dissolve (.84 inc?
mass of zinc chloride is formed? > g winet What

E A student spilt 18.6 g hydrochloric acid on the bench. How much bicar-

bonate of soda (sodium hvdr
. vdrogen carbenate) need sprinkle
this to neutralise 1t? i ) needs to be sprinkled on

Limiting reagent
E Copper reacts with nitric acid according to the following equation:
3Cu(s) + SHNOs(ag) — 3Cu(NOsh(ag) + 2NO{g) + 4:L,0()

How many moles of which reactant will b F

3 7li be lett ov ixing
{a) & mol Cu with 15 mel HNO, et over after mixing
{b) 0.25 mol Cu with 0.7 mol HNO,
(¢) 0.5 mol Cu with 0.5 mol HNO,?

E OW nany OH a Qrme 1 OH— ase 1n
c X 7 ;
i J ¥ moies ¢ ri (&) ;m ﬁu re OQ
. . M ead Cas

44, Wm mﬂmoﬁma reaction in the synthesis of nitric acid which is used indus-
rially to make explosives, fertilisers, dyes, plastics and synthetic fibres is

4NH;(g) + 30,(g) — 4NO(g) + 6H,0(g)

- Eimu What mass of lead bromide is formed when 0.050 mol potassium How many moles of nitric oxi . )
. - . _ , X ric o N .
z bromide dissolved in water is added to excess lead nitrate solution? of which Wmmnwmbw are left Oa‘wwaw\mm/ O, are formed, and how many moles
7 {b) What mass of sodium sulfide is needed to precipitate all of the silver (2) 12 mol ammonia with 14 mo vaﬁmmsm
fw)

- iy ; ; ini a7 siver i a7 - . .
(as silver sulfide) from a solution containing 0.033 mol silver nitrate? (b} 15 mol ammonia with 20 mol oxvgen?
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E 2.5 g limestone chips (calcium carbonate, CaCO;) were added to a solu-
tion containing 1.0 g hydrochloric acid, HCL How much calcium chloride
s formed? How much of which reactant is left over?

E What mass of hydrogen is formed when 1.7 g zinc is reacted with 22 g
Tw.QHOmEoﬁn acid?

How much copper nitrate, Cu{NOs), is formed when 0.18 g copper
carbonate, CuCOs, reacts with 0.18 g nitric acid, HNG;?

Mass-volume calculations

When 2.5 g zinc is dissolved in excess sulfuric acid, what volume of
hydrogen (measured at 273 K and 101.3 kPa pressure) is formed?

E What volume of carbon dioxide, measured at 25°C and 101.3 kPa, is
formed when 233 g copper carbonate, CuCQs, is reacted with excess
sulfuric acid, H,50,7

E Iron(ll} sulfide, Fe5, reacts with hydrochloric acid, HCJ, to form hydrogen
sulfide, H,S {rotten egg gas). The other product is iron{fl} chloride, Fella.
What volume of hydrogen sulfide, measured at (°C and 101.3 kPa, can

pe formed from 038 g iron(lf) sulfide?

Volume-volume calculations

g The volumes of oxygen that reacted with three different volumes of nitric
oxide, NO, and the volumes of gaseous product that formed are tabulated
below. All volumes were measured at the same femperature and

pressure.
Yolume of NO used (ml.) 84 56 38
Volume of O that reacted with this (ml} 42 28 19
Volume of product formed (ml) 84 56 38

(a) State Gay Lussac’s law and explain how these results agree with it
(b) Use these results to deduce the formula for the product of the
reaction.

ﬁ Nitric oxide, NQ, an air pollutant ﬁnoaﬁnma by motor cars, reacts with
oxygen to form nitrogen dioxide, NO,, another air pollutant. What
volume of oxygen is needed to react with 250 mL nitric oxide and what
volume of nitrogen dioxide is formed? All volumes are measured at the
same temperature and pressure.
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AT F H

53, | Srm.;. volume of oxygen is needed fo react with 3 L methane (major
constituent of natural gas)? The products are carbon dioxide and water
What volume of carbon dioxide is formed? All volumes are measured Jm
the same temperature and pressure. n

E A mixture of 100 mL carbon monoxide (CO) and 100 mL oxygen is
.mwm:\wma to cause reaction {to form carbon dioxide). Calculate the change
i volume resulting from the reaction. All volumes are measured oﬁ
constant temperature and pressure. p

Molarity calculations

The syinbol M is ofterr used as an abbreviation for molarity, mol L o7 mol/L.

E How many moles of solute do vou need t i

. - 4 o A g

following solutions? welgh out o make the
*(a) m.mo L A.um 1.50 M (1.530 mol/L) sedium chloride
.:uv 3.5 L of 0.20 M potassium hydroxide
*{¢) 250 mi of 0.115 M sulfuric acid

E Calculate the M.DOHHE,. of the sdlutions made by dissolving the following
amounts of solute in water and making the volume u 5
Ames lu z o the st '8
(a) 5.0 mol nitric acid in 2.0 L i F srated vaue.
(b} 2.5 mol sodium hvdroxide in §.30 L
*{¢) 0.020 mol sulfuric acid in 100 mL

. How many moles of sclute are there in
*(a) 2.5 L of 1.27 M hydrochloric acid
(b) 1.7 L of 0.047 M sulfuric acid
*cd 30 mL of G.116 M sodium hydroxide?

E S_Mnmm_n mass of mOT.\;m Q VO T ig S
Q 1 mmﬁm to wel Ww out to gmmﬂm wwnw
& e mOwﬂ.
meH.ﬂva 2071 o

E What mass of solute is present in each solution in Exercise 577

L3 a r , T £ H ~7 M 1t
E {a) How many moles of (i) magnesium chloride (i) magnesium ions

(iii) chloride ions are there in 164 mL 0.117 : 51
chleride solution? . mol/L magnesim

(b} ﬁos, many D._Emm of {i) sulfuric acid (ii) sulfate ions (iii) hvdroeen
ions are there in 14.5 mL 0.056 mol L-! sulfuric acid mo_cmomu ”

E What mass of the indicated sub
stance do vou need to weigh out
the following solutions? ’ gh out tomake

*(a) @mwm::.p Edwoxam to make 0.5 L of 0.060 M hydroxide solution
(b) sulfuric acid to make 250 mL of 0.330 M T%Qn‘ommz ion solution
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Reactions and moles
E In each of the following, how many E&mm 3.. aew mmmﬁnmswmwwsnm Hm
needed to reach the m@:?‘mwmbmm point in a titrabon with the stafec
the second substance? .
%M% OWHMHMMWMW% acid with 0.150 mol sodium .r%maox&m
*(b) zmam acid with 0.065 mol barivm _.Q&o.xam
{¢) hydrochloric acid with 0.25 mol wa.r. oxide
(d) sulfuric acid with 0.15 mol ammorua

What volume of Solution A in the following table is needed fo wmmnwvﬂrm
equivalence point in a tfitration with the stated volume of Solution b

Selution A Selution B

#(a) 0215 M nitric adid 25 mbL 0.334 M sodium r«aﬁox.am
*(b) o”w_m M nitric acid 50 mL 0.103 M barium .gdm.oxam
() G271 ™M hydrochioric acid 50 mi. 0.155 M m:.:.don_m
¢(d) 0450 M hydrochloric acid 50 mL 0.202 M sodium carbonate

E What volume of Sclution A in the following table is needed to react with

: . u
the given amount of substance in Column B?

Solution A Column B

(a) 0.104 M hydrochioric acid 0.150 g sodium r«awowmam

(b) 0.125 ™ nitric acid 2.02 g calcium hydroxide
#(c) 0.186 M hydrochloric acid 0.672 g sodium carbonate

{d) 0.085 M sulfuric acid 0.383 g sodium hydrogen carbonate

E What is the molarity of Solution A in the following table if %m.mwwﬁﬂﬂ
¢ i 3 3 3 1 A1t o
volume is needed to reach the equivalence pomt i a titration with the

amount of substance in Column B?

Solution A Column B

ic aci i honate
*(a) 25.8 mlL hydrochleric acid 1.35 g portassium car
M_uw £9.7 mb. sulfuric acid 0.106 g sedium rwaﬁomm:.nmwwo:mﬁm
(€) 41.8 mL acetic {ethanoic) acid 3.622 g barium hydroxide hydrate,
Ba(OH),8H,C
25 mb 0.262 M nitric acid

(d) 21.5 mL ammonia
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Simple analyses

E ‘Cloudy ammonia’ i often used in the home for cleaning. In order to
determine the concentration of such a solution, a chemist titrated 5.0 mL
of the commercial product with 0.250 M hydrochloric acid; 32.8 mL of
the acid was required to reach the equivalence point. Calculate the
molarity of the ammonia solution. Alse calculate the per cent composition
(that is grams of ammonia per 100 g of solution, which is approximately
grams per 100 millilitres of solution).

(I8 To determine the solubility of calcium hydroxide, Ca(OH),, a chernist
prepared a saturated solution then titrated 25 ml of it with 0.102 M
hydrochloric acid; 8.13 mL of this acid was needed to reach the equiva-
lence point. Calculate the molarity of the calcium hydroxide solution.
Calculate its solubility in grams per 100 millilitres.

E The electrolyte in car batteries is sulfuric acid. A curious student decided
to determine the concentration of this acid in a well-charged battery by
taking exactly 2 mL by pipette (using a safety bulb-filler) and titrating it
with 1.16 M sedium hydroxide solution; 17.1 ml was needed te reach
the equivalence point. Calculate the molarity of the sulfuric acid in the
battery. Also caleulate the concentration in grams per litre.

Dilutions .

E The volume of solution in Column A was diluted to the volume in
Column B. Calculate the molarity of the diluted solution.

Column A Column B
*(a) 50 mL 0.242 ™M hydrochioric acid 500 mL

(b) 25 mL 0.152 M sulfuric acid 20L

{c) 10 mL 0.114 M sodium hydroxide 250 mi

(d) 37.5 mL 0.024 M ammonia 10C mi

[ What volume of Solution A in the following table is needed to prepare
the solution in Colurmn B?

Sclution A Column B

(a) 0.282 M hydrochioric acid 500 mL 00282 M
{b) 0.282 M hydrochloric acid 250 mi G.O1T3 ™
{c) 2.42 M sulfuric acid 2oL 0I21 M
{d) 0.318 M sodium hydroxide 1.0 L0300 M
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(1) iron{ll) carbonate and iron(ll) hydroxide, Fe{OH})

() K- i

(d) Ag-, Fe', K- ) .

537. (a) hydrogen: Fe(s) + 2HClag) — FeClylay) * Halg

(¢} Fron and sulfur react to form iron{ll) sulfide.
Fe{s) =+ S{s) — FeS(s) , )

(d) hydrogen sulfide: FeS(s) + ZHCHag) — mm@.m?: + H.5(9) ] ;

(e} Wm would have gone black, because lead sulfide would have formed.
Pbi{ag) + H,S{g) — PbSis) + 2H (ag)

CHAPTER 5:
FORMULAE AND EQUATIONS—QUANTITATIVE

ASPECTS
1. {a) sec Complete Working (b) 4
2. {a) see Complete Working (b) 9

3. (a} Silicon atoms are twice as heavy as nitrogen mmnogm.
(b) Bromine atoms are 2% times heavier than sulfur atoms.

4, (a) 96 (b} 40
5. (a) 32 (b} 40
6. ib), {d), (j) and (k) see Complete Working B o

(ay36.1 {0781 (e) 108.0 (£} 3033 (g 1382 (h} \U: JE 213.0
7. ta) see Conplete Working (e} 108.0 m,\gow k) 3423 m\EmM, .
8. {a) see Complete Working  (b) 8.6 X 107" {c} 67 (d) NM\ bt w_o,
5. {a) see Complete Working  (b) 50 ¢g ©2¢g d) 13 %107 g
10. 242 % 107 B \ o ..
11. {a) see Complete Working (b} 0.35 () 373 X107 (d) uwf 21077
12. (@) 212X 10°%g (b) 486 g (c) 243 g (d) o.mvt g
13. {a) 902 ¢g (b} 102 g (cr 152 (@ 22¢g
14. {a) 0.0933 (b} 0.205 ) N R
15. (a), (¢} see Complete Working  (b) 5.2 x 10°1  (d) 432 x 10
16. (a) see Complere Working n o .

B) 344 x107g (o) 664X 10 g () 533X 102 g
17. (a) see Conplere Working ] .

(b) 5.45 x 10% (¢} 1.58 x 107 (d) 1.00 x10%
18. (a) 282X 105 g thy 7.3 %186 % ¢ {c) 292X 10+ g

19. see Complete Working

20. (a) 6.89 x 10% {b) 2.85 x 10 ) ﬁn.v w..mwx .Euc.,
21. (a) see Complete Working {b) (338 X 10°° iy 8.45 X 10-°
220 246 x 10, 111 % 160

23. (a) see Complete Working {b) 87.1% (<) 84.8%

24, (a) 387% K, 13.8% N, 47.5% (b} 94.1% C, 3.9% . ‘
(c} 80.0% C, 45% H, 35.53% Q (d)y 38.8% Ca, 20.0% P, 41.3% O

25. 0.70 £ (700 kg
26, see Comiplete Working
27. (2) CoHs (b} HO () CsHy (d) CHF,
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28. (@) 14.4% H and §5.6% C for all four compounds
(k) CH, for all four compounds
() An analvsis gives the proportions (or ratios) of the elements in the compound
by mass. By dividing by atomic weights, these ratios by mass can be converted
to ratios by atoms, so analysis leads directly k> the empirical formula, However
an analysis in terms of per cent composition cannot tell us how many atorms of
any one element are present in one molecule of the compound and so cannot
give us the molecular formula. The results in (a) and (b) iHustrate this: the four
different compounds have the same empirical formula and so give the same
analysis.
29. see Conigplete Working
30. (a) CH,O (b) CH,O {c} CH,O,
31. see Complete Working
32 Cr Oy
33. see Complete Working
34 GHZOH + 30, 2C0; + 3H,0
{@) 21 mol Oy, 14 mol CO,  {b) £.165 mol Oy, 0.110 mol CO;
35. see Complete Working
36. (a) See Complete Working (b} 1.29 g
37. (@) 18 g b) 68 ¢ () 59¢
38. see Complete Working
39. 3.25 g H.80,; 530 g CuSO,
4t 047 g HCL; 1.75 ¢ ZnCl,
4. 28 ¢
42. see Comiplete Working
43. {@ 3.75 {b) 0.167 " (c} 0.125
44 (2} 11.2 mol NO formed, 0.8 mol NH; left over
(b} 15 mol NO formed, 1.25 mol O, left over
45. see Conplete Working
46. 0033 g
47. 0.27 g
48. see Complete Working
49. 0.462 L (462 mL)
5. 0.097 L (97 mL)
S1. see Complete Waorking
52. see Compiete Workinng
533. 6 L Oy 3 1L CO,
4. see Complete Working
55. {a} and (¢} see Complete Working (b} 0.70
56. (a) and (¢} see Complete Working (b} 5.0 mol/L
57. ta) and (¢} see Complete Waorking (b} 0.080
58. (a} ser Complete Working by 39 ¢ c} 282 ¢
59. {a) see Complere Working b) 78 g (c) 0232 2
60. (@} see Complete Working
(b} () 8.12 X 10" mol H,50, (i) 812 x 10"* mol SOT-
(iii) 1.62 x 10" mol H-
61. (a} see Complete Working by 305 g

ok

ARt

% e S
s s
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62. (a) and {b) see Compleic Working () .50 (dy 0075
63. (a) and (b) sev Complete Workmng (¢} 286 ml  Ady 9 mlL
6. (a) 36.1 mlL (b} 43.6 mL
() See Compivie Working  (d) 26.8 mbL
65. {a) see Complete Working (b) 00320 M (0 0350 M {d) U305 M
66, see Conmplvte Working
67. 00166 M; 0,123 g/108 mL
65. 196 M; 186 g/L

5

60, {a} see Complete Working (b) 1.90 X 10 *M (0456 X 10 3 (9.0 10 T M
70. ta} 3 mbl (p) 10 mL (c) 100 mL (dy 0943 L
71. {a) see Complete Working (b) ) 0.0707 M (i) 0.0693 M {iHy 0211 M
7oA 73. C 74. B 73 A 76. C 77. B
78. D 79. A 80. D 81. B 82, A
83, {ay N;Os NoOs {b) dinitrogen trioxide, dinitrogen pentoxide
) 1261 ¥ g
84. (@) 1186 (b) tin {c) 1506
85. (a) Zn{s) + 2HCHag) — ZnClyaq + Haly

143
(b) 011t g
86. {a) The temperature passes through & maximum, because that combination of
volumes contains stoichiometric proportions af the two reactants; that is the
amounts of potassium iodide and lead nitrate in the solutions are such that
thev exactly react with each other with none of either of them left over. For all
other combinations of volumes of reactants, one reactant will be in excess which
means that less product will be formed than from the stoichiometric mixture;
this means that the temperature rise will be less,

(b} The stoichiometric mixture (the mixture that produces the maximum emper-
ature rise) is 100wl lead nitrate and 200 mL potassium indide; that is 0.10 mol
lsad nitrate and 0.2 mol potassium iodide. The formula is therefore Pbls.

() Ph{NOshlag) + 2K1{ag) — Pbly(s) + 2KNO:{a)

87. (a) C3H:O {b) 111 g/mol € CH..Ox
83. {a) 39 (b) 205 % 1 (c) 1.02 % 10%
89. (a) Cu-S {by CusS

90, {b) 0130 M (¢) 311 g/100 mL

91. {b) 0.052 M
92. (b} Allow the precipitate in (a) to settle then add a drop of fairly concentrated
potassium bromide (1 or 2 M) to the clear solufion and observe the development
of some turbidity (formation of a precipitate of silver bromide).
{0 Lég
93. {a) Cay(POJH(s) + 2H50,(ag) — Calth,POyhlag) + 2Ca5015)
(b) 0632 ¢

91, (a) CH: (by C,H,
95, {a) CHN,O (b) 97 ¢/mol
96. (b) 00113 mol {e) 0.0115 mol {d) 35.6%

{e) Bubble it through limewater; the clear solution goes miiky.
97. (a) Provided that sufficient calcium carbonate is used to react with all the hydro-
chloric acid in the 30 mb of solution, any extra calcium carbonate will not
produce any additional carbon dioxide. Therefore starting with small amounts
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of solid, the volume of carbon dioxide increases as the mass of calcium carbon
o L , e - a8 ! 55 & Y CATDOn-

ate increases until that sufficient amount of calcium carhonate js reached. At
‘ e u.,J fent i S red L Abte
that the volume of carbon dioxide produced remains constant -
rains stant.

. MWW NMV 4 (c) 0.0180 mo!
- Aa) KH{CH,Ou¥ag) — NaHCO5ag) — KNalC,H. + : 3
P s} alCH O Mag) + HOU) = COuy
99. (a) CCIF, {by C,CL.F,; 171

Anv Mwﬁw .,um_r._m oﬁﬂﬂmmwmmmmCﬁszm:méwmmmmggmns.,omm_#ommr_slscc.q.
35.5. In En.ﬂ there are no chlorine atoms with this mass; rather there are two
_u».umomumu with masses of 35 and 37. This means that in the mass spectrum there
AT J RS ~ "1 (>S 1 - £
will 1Mum. peaks :arc:rutojn:sm to masses 100 {for C,F) +
35 35 =170, 100 + 35 + 37 = 172 and 100 + 37 + 37 = 174. o

100. (b} Sb,O4

(c} straight tine g.)%o:mr the origin, but with a larger slope; it passes through the
point, mass ot antimony = 15 g, mass of oxygen =350 g "
- AT o

CHAPTER 6:

ENERGY AND CHEMICAL REACTIONS—BASIC

IDEAS
L (a), (d} and (2} see Complete Working {b) 2.9 x 107 3% ]
B a 3 ety By 2, 10 ¢y 1.95 x 10°
2. 30107 u Wl
3086 K Pgt
4. see Complete Working
5. (@) m;n& (c} see Complete Working (b} 31 1P K] (@84 & (13K
6. see Complete Working : ,
7. 115K
8. see Complete Working
9. 17 .
10. 41 kJ mol !
13 ) 618 st (o) 42 K] moi!
12. A—B  gas cools from starting temperature to its boiling point
B—C gas .nrm:mmm to liquid (condenses) at its boiling point
C—D  liquid cools to its melting point
D—E  liguid changes to solid (fr 5) at lis i i
g ¢ eezes) at its melting point
E->F  solid cools =P
There are two horizental portions because these correspond to changes of state.
Latent heat is M.Ejoe.mm to condense the vapour and to freeze the :QME but the
i temperature a.omm not fall until ali the sample has liquefied or frozen. .
13, (a) Exothermuc (i), {iv); endothermic: (i), (iii)
(b M.w%%@mﬁ:m would increase for (i), (iv); temperature would decrease for (i)
111, ‘
16. (a} and (b} see Complete Working
{0 NH,CHs)— NHslg} ~ HCl(g) aH = +178 kj/mol

fotd

() NaOHtag) — HClng) ~— NaCl{ag) + H,00 A = —35 k
17. (@) see Complete Working u_ 0 A 7 Kol
(b) 8.1 k] absorbed () 8.3 kJ absorbed d 37
L3 d 7k 2I2ase
18. (@) +114 kJ/mol {b) ~37 k]/mol ) 37 K] released
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