RECENT BOOKS FOR
TEACHERS AND STUDENTS

WATER

Revised
1st Ediﬁpn

R OO T
-~

e’ x Franks
o4cover 102 op
53N 2837864732
2-ce £25C 156 00)

This bock cors cers the cresen state of our
know'eage ¢f Cu'd wa'er 's remarksole
phys o ©roper s I°d "ow ‘hese gne nse fo
gunigee structure s onraerce onihe
nteracions berween s Lfes fsroien
maintsining £ oG Sy 32Te struciures s
involvemen® - cremicar teactons and the
probems cosed oy s matagement ancin
provang suffic ert smouns of water of

adegqud’e GuT Ty

An understancing of 'me Lenhavioural
properties of water siuTUamental o ganng
an appreciation ¢f ™ any, sc entfic precesses
and prnciples Scierce students and
teachers wil tresefore F~o Warer not onty
nteresting recarg o 350 T ccnsiderable
relevance 1o the " s'uaies

Contents:

Occurrer.ce imporc e and physical
cropertes Ihe c ace & waterin the general
classihcaten of ' ouds sCropic composition
The structure of tre water ~ciecute and the
nature of the hyarogen nond in water. ice -
s structure ang o .m1mcs Tre structure of
nquid water Tne 3,7 o 2 preperhes of hquid
water Towargs o v os ar aescrphon of
water, AQuecus s oyt fsmple
molecues AJues ss s ihons of electriciytes

Tre roie ot water e s'aoibsation of
Colo@e Ity »gr toar T sTusiures Reachons 0
SGLEL §0 T Trs ANt T the ervronment -

Juanty St ekttt Somrtaarny

o b
o

FOOD
The Chemistry of its
Components

FOAL SOCIETY OF ST

e cheetry of 73 COMpOnents
19 COMLIATE

X -
= 3

by T P Coultate
Softcover 202pp
ISBN 0 85186 483 X
Price £5.95 (§11.00)

This book gives a detailed account of the
chemistry of the principal substances of
which our food 1s composed. Both the
macro-components, the carbohydrates, lipids
and proteins, which can be classified by their
chemical structures, and the
micro-components, the colours, flavours,
vitamins and preservatives, which are
classified 1n terms of function are considered.
Throughout the book. Dr Coultate’s theme is
the relationship between the chemical
structure of a substance and its contribution
to the properties and behaviour of foodstuffs
_ whether observed in the laboratory, the
tactory. the kitchen or the dining room.

Contents:

Introduction. carbohydrates. lipids, proteins,
colours, flavours. vitamins, preservatives, EEC
numbers of food additives. Subject index. This
book will be of particular benefit to students
and teachers of food science and related
courses in universities, colleges of turther
education and schools.
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USING CHEMISTRY CASSETTES

Please read this before you start.

This Chemistry Cassette learning progranime has two components — an audio-
cassette and a workbook. They are designed to be used together so make sure
that you have both of them before you start.

" The cassette will fit any standard audio-cassette player. You will have to turn it

over to Side B when you are about half-way through the programme.

So that you can easily find material in the workbook it has been divided into
numbered sections called ‘frames’. These frames contain diagrams, tables,
problems (questions), etc. Graham and John will give you the appropriate frame
number whenever they want you to look at something in the workbook.

The programme has been designed so that you can use it either in class or on
your own. If you are working on your own you will be able to go through at your
own pace. Switch off the tape player whenever you want time to think, to write
notes, or to answer questions. Use the rewind control if there is something that
you don’t understand on a first hearing and that you want to go over again.

Every now and then you will be presented with a problem. You can either
attempt this straight away or wait until you get to the end of the tape. Each
problem is printed in a relevant frame of the workbook. All the answers are at
the end.



ACKNOWLEDGEMENT

The photograph reproduced in frame 26 was kindly
provided by the British Steel Corporation.

SUMMARY OF THE PROGRAMME

As with other programmes in the series, the authors’
intention is to explore major themes that Link together
several areas of chemistry.

In this programme they Look at entropy, the driving
force behind all chemical reactions, and indeed all
change. o

CONTENTS

One-way processes
Diffusion of gases
- probability and diffusion
= introducing entropy
Entropy and energy
- ways of distributing energy quanta
- entropy applied to distribution of quanta
Standard entropy and entropy changes
- entropies of different substances
- finding standard entropy changes
Total entropy changes
- the importance of entropy changes in the surroundings

= calculating Assurroundings

- calculating total entropy changes
Free energy changes

= introducing free energy

= Ellingham diagrams

- using Ellingham diagrams
Conclusion '



0 Possible arrangements of ten molecules between the
two jars.

ALL in_Left-hand jar L L

ALL in right=-hand jar RRRRRRRRRR

Spread between both
LLLLLLRLLL
LLRLLLLLLR
RRLLRRRLRR
LLRRRLRLLL
RRRRRRLRRL
etc.

PROBLEM 1

I1f we had only six molecules in the lLeft-hand jar at
the start, what is the chance that at a given instant
after removing the cover we would find them all in the
left=hand jar?




For 102? molecules in two jars, the number of ways the -
molecules can arrange themselves between the two jars is

W20

1]

© w

Entropy, S
k

number of arrangements
k ln W

1.38 x 103” joules per kelvin

PROBLEM 2

Use the above formula to calculate the entropy change
when 1022 molecules, originally in the Left hand jar,
are allowed to occupy both jars.
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poliutant spread out
‘W Llarge

~:\\\\\\- X

Aok PR IwT LS
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pollutant inside

W small

Possible arrangements for four quanta of energy
shared between two molecules.

Number of quanta possessed by:

Molecule 1 Molecule 2 Total quanta

O =2MNWH
SfUWUN-20O
Lo IR P

PROBLEM 3

What is the value of W

(i) when two molecules share ten quanta?
(ii) when three molecules share ten quanta?

Entropy depends on

1. The distribution of molecules in space.
2. The distribution of energy among molecules.

HOT TEA  cOOL TEA
Energy quanta kept , Energy quanta shared
in tea. with surroundings.

W Low, entropy Low.. W higher, entropy higher.




a Some standard entropie's, S°,' at 298K.

Substance State S?g /J K™! mol™!?
diamond ‘ s 2.4
graphite s 5.7
“dron s 27.2
water (solid) s 48.0
water (liquid) L 70.0
water (gas) g 188.7
oxygen g 205.0
carbon dioxide g 213.6
methane g 186.2
ethane g 229.5
propane g 269.9
PROBLEM 4

(i) Why does diamond have a Lower standard entropy
than practically any other solid, including
graphite?

(ii) Why does carbon dioxide have a higher standard

entropy than oxygen?

PROBLEM 5

in which of the following reactions will there be an

entropy increase?

A CaCO,(s) —> Ca0(s) + €0,(g)

B H,(g) + ClL,(g —> 2HCLl(g)

C 2H,(g) + 0,(9) —> 2H,0(g)

D C(s) + 0,(q) —> (€0,(g)

E 2C(s) + 0,(g) —> 200(g)

F CgH,, (L) + 140,(g) —> 9C€0,(g) + 10H,0(g)

O

The standard entropy change when one mole of diamond burns:

Ces) + 02<g)-—> C02<g>

Standard entropies 2.4 205 - 213.6
/d K- mole-?

AS® = 213.6 - (205 + 2.4) = 6.2 J K-! mole=?

Q PROBLEM 6

Use the data from the table in frame 11 to calculate
the standard entropy change when one mole of methane.
burns to give carbon dioxide and water.

@ The freezing of water.

HZO(l) > HZO(g)
s =70 J K™ mole™? s¥ = 48 J K™ mole™?
As® = =22 4 K~ mole™!

BUT aHT

-6000 J mole™?




energy passed to surroundings - - @
Entropy changes when water freezes.

bttt |

system
WATER ICE v aH® = -6000 J mole~!
decrease in entropy ‘
of system

On a warm summer’s day (T = 300K)

RERR

entropy increase in surroundings -

N : 4
_>(;)<_

AN /

= _M. : -

AS - |
M (surroundings) : = =(= = - -
—_ AS surroundings (-6000) = +20 J K~! mole™?

T 300
o - - - -
AS system = 22 J K~™! mole™!

© = Aa® ©
As'total a8 system *+as surroundings
= =22 + 20 ‘

= =2 J K™! mole

NO FREEZING




@ Sherbet - the reaction of citric acid with -
sodium hydrogencarbonate. ~

O

Entropy changes when water freezes.

Inside a freezer (T = 250K)

o _

Ce¢He0,(aq) + 3NaHC0,(s) ———>

A" P

N\ / : citric acid sodium

solution hydrogencarbonate

3Na+(aq) + CH 05(aq) + 3C0,(g) + 3H,0(L)

© = =(= = -1 -1 sodium citrate
a8 surroundings _SE%%QQL +24 J K™% mole solution
- as® = =22 J K7! mole™!?
system
© = Ac® ©
85 total Aslsystem +8s surroundings PROBLEM 7
= =22 + 24 Try to explain why the above reaction has a large,

positive entropy change, big enough to compensate for

= -1 -1
+2 J K™! mole its being exothermic.

FREEZES




H H
o<: H)o = o o
H\O/H H 0 H
AH positive, so Assurroundings negative
Assystem positive
On Earth : Astotal negative - NO CHANGE
On Sun : S, .. positive - WATER ATOMIZES

Atomizing water,

@ Standard molar entropies at 298K:

s®H,) = 130.6 J K- mole
s®N,) = 191.6 J K~! mole
sO(NH,) = 192.3 J K=! mole

Standard enthalpy of formation of ammonia, AH:(NH,(g) )

= =46.1 kJ mole™!?

PROBLEM 9

Use the above information to calculate the total
..standard entropy change at 298K when one mole of-
ammonia is formed from nitrogen and hydrogen.

@ Burning methane.

CH, (@) + 20,(g) —> €0,(g) + 2H,0(L)

| H® = -890.3 kJ mole™?

PROBLEM 8

Use the above information to calculate the standard
entropy change in the surroundings when one mole of
methane burns. Assume the surroundings are at 298K.

Use the answer, together with the answer to problem
6, to find the total standard entropy change on
burning one mole of methane.

Astotal = Assurroundings * A.ssystem '
= =AM Assysten
T
-TAstotaL = aH TAssysten' o
AG = AH TAS

system




@ Some values of AGS o @ Ellingham diagram for carbon oxidation. .
Reaction AG/kJ mole-?

C(s) + 0,(gd) —> C€O0,(g) -394

€0,(g) =—> C(s) + 0,(q) +394 o

H,(g) + %0,(g) —> H,0CL) -237 a6/

kJ per mole

Mg(s) + %0,(g) —> Mgo(s) -569 0 J

2Au(s) + 1%0,(g) =—> Au,0,(s) +76
PROBLEM 10

-200 - 2€0(g) + 0,(g) => 2€0,(g)

Use the above data to find the standard free energy
change which occurs when one mole of methane burns.

C(s) + 0,(9) —> CO0,(g)

=400
-600 -

2¢(s) + 04(g) —> 2C0(Q)

-800 -

-1000

500 1000 1500
T/°C




@ o Aﬁ ElLlingham diagram. ' _. ‘ @ Ellingham diagram for reduction of zinc oxide.

262/ ' 46°%/
kd per mole ,ki per mole
of 0, ot 0, 2In + 0, —» 2In0

2Cu + 0, —> 2Cu0 ﬁ

2In + 0, => 2In0 H

2€0 + 0, —> 2¢0, =200 2¢0 + 0, —> 2€0,

2fe + 0, —> 2Fe0

-400 1_‘: c+0, —> €O,
+ 0y —> CO, 400 o
400 I
: : 2¢ + 0, —> 2¢0
2C + 0, —P 2¢0 =600 " .
)
‘ !
-800 J Y,AL + 0, = %AL,0, : :
-800 < : :
i L
' |
<1000 : H
' '
500 1000 1500 ., -1000 —  ——
. . ¢ 500 1000 1500
. 1200
PROBLEM 11 T/°C
PROBLEM 12

Try to explain

Use the above information to find the temperature at.

(i) why the Lline for zinc/zinc oxide slopes upward,
which carbon will just reduce zinc oxide.

(ii) why the gradient of the Line changes at about
900°C.




@ Will carbon reduce zinc oxide at 500°C?

At 500°C 2In0 —> 2In + 0,; AG° = +590 kJ mole™!
C+0, —> CO, ; 86° = =380 kJ mole™?
o _ -
AGoverall = +210 kJ mole™?
NO!

@ ‘wilt carbon reduce zinc oxide at 1200°C? ‘

At 1200°C 2In0  —> 2Zn + 0,; A6Y = +300 kJ mole™?
C+0, = Co, ; 86% = =380 kJ mole™?
© - - -
AGoverall = =80 kJ mole™?
YES!

o

PROBLEM 13

Use frame 28 to explain why aluminium has to be
. extracted by electrolysis rather than by reduction
with carbon.

ANSWERS TO PROBLEMS

PROBLEM 1

Number of ways 6 molecules can be distributed = 2°¢

= 64
Only one of these has all in the Left-hand jar.
==> (hance is 1 in 64.

PROBLEM 2

S=kilnw

At start, W =1 (6nly one way of having all molecules
in the left-hand jar)

== S§;=kln1=20

For 1022 molecules occupying both jars, W = 21022

== 5, =k ln2°"" = k x 1022tn2 = k x 0.693 x 1022
1.38 x 10~2® x 0.693 x 1022
0.0956 J K-!

(0.0956 - O J K

0.0956 J K=!

|~
w
L]
w
»
]
(7]
[ ]
([}




PROBLEM 3

(i) For 2 molecules sharing 10 quanta:

molecule 1 molecule 2
10 quanta 0 quanta
9 1
8 2
7 3
6 4
1 9
0 10

11 ways in all.

(i1) For 3 molecules sharing 10 quanta:

molecule 1 molecule 2 molecule 3
10 0 0
9 1 0
9 0 1
8 2 0
8 1 1
8 0 2
0 1 9
0 0 10

66 ways in all.

PROBLEM 4

(i) Diamond has an extremely regular crystalline
structure, in which the number of ways of distributing
particles and quanta is comparatively small.

(ii) Carbon dioxide has a more complex molecule than

oxygen, so there are more ways of distributing quanta
within the molecule. '

PROBLEM 5
Entropy increases are expected in reactions A, E and F,
because in these reactions the number of moles of gas

jncreases. (There are, in fact, also increases in
reactions B and D.)

PROBLEM 6

CH, (@) + 20,(g) —> C0,(g) + 2H,0(L)

452 = §%€c0,(g)) + 25°H,0(L)) - s®(cH, (@) - 25%¢0, (g
(213.6 + 2 x 70.0 - 186.2 - 2 x 205) J K=! molL~?

-242.6 JI K=! mol-!




PROBLEM 7

PROBLEM 9

As the table below shows, the products include larger Y-

numbers of gaseous and liquid molecules and hydrated 4N, (g) + #H,(g) —> NH,(g) ; AH™ = -46.1 kJ mol

jons than the reactants. Thus the entropy of the products o - _ 1c® '\ _ 3@

is considerably higher than that of the reactants, giving Assystem = $7(NH,(9)) *S (N (g)) = 457(H,(9))

a large, positive entropy change. (192.3 = 4x191.6 - $x130.6) J K-'mol-!
-99.4 J K='mol !

reactants products
as° dings = ~(-46.1 x 10°)/298 4 K-'mol=?

moles of hydrated 1 4 : surroundings
molecules or ions . = 154.7 J K-! mol-!?
moles of gaseous o R -3 e
molecules 0 3 = Astotal - Assystem * Assurrou’ndings
moles of liquid = (-99-4 + 154-7) J Kleo'.'.'l
molecules 0 3 ‘ = =55.3 J K='mor-!
PROBLEM 8

CH.(g) + 20,(g) —> CO,(g) + 2H,0CL) ;aH® = -890.3 kJ mol-!

e

. =AH/T
surroundings

-(-890.3 x 10%)/298 J K~*mol=!?
+2988 J K-'mol™?

AS

From problem 7,
o

= - -1 -1
Assystem 242.6 J K mol
=y e ot
= 85,5tal T Assystem * Assurroundings

(=242.6 + 2988) J K-! mol-!?
2745 J K=! mol~!




PROBLEM 10

e

CHo(g) + 20 ,(g) —L23CETON 5 ¢4 (g + 2H,0CL)

e ©

86 (CH A (g)) AGZ(C0,(g)) + 246 5XH 0(L))

C(s) + 2H,(g) + 20,(g)

- .S o s
reaction = 365(C02(g)) + 246 (H,0(L)) = A6 (CH,(g))

(=394 + 2 x (-237) = (=51)) kJ mol-!
=817 _kJ mol -*

From problem 8,
.3

Astotal = 2745 J K 'mol=! for this reaction
o - T O
46 =-T stotal

= =298 x 2745 J mol™!

= -818010 J mol-!
= -818 kJ mol-!

j.e. the two values are almost equal, as you would expect.

PROBLEM 11

AG" = aH® - Tas®

=b gradient of graph of 46% vs T is -as®

(i) For 2Zn(s) + 0,(g) —> 2Zn0(s) , as® is negative,
because there is 1 mole of gas in reactants, and none in
the products. '

Hence the gradient of the graph is positive, i.e. the
ElLingham diagram Line slopes upward.

(ii) The grédient of the Line changes around 900°C because

this is the boiling point of zinc, so above this
temperature zinc is a gas.

PROBLEM 12

The temperature at which carbon will just reduce zinc

.- oxide corresponds to the point at which tgg two bold

Llines cross, because at this point the AG™ values for
the two reactions are equal. This occurs at just below
1000°c.

PROBLEM 13

Carbon will not reduce alumimium oxide below the

- temperature at which the AL/AL,0, and C/CO lines cross.

This does not occur until over 2000°C, which is too high
a temperature to be practically possible in a blast
furnace.



