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USING THIS CHEMISTRY CASSETTE

Please read this before you uise the cassette.

This Chemistry Cassette leaming programme consists of an audio-cassette,
this workbook, a set of element cards and a periodic table card. They are
designed to be used together so have them all with youasyou work through the
cassette

You will at some point in the programme be asked to cut up, and reassemble,
the periodic table card. See that you have scissors handy to do this.

The material in the workbook has been divided into numbered ‘frames’, each of
which contains diagrams, tables, equations, etc. Whenever Dr Johnson wants
to refer you to any of this material he will give you the appropriate frame
number.

The programme has been carefully designed for individual, self-paced leamning,
and you can work through it at a rate related to your own needs and
understanding. Switch off the tape player whenever you want to think, to write
some notes, or to answer a question. Use the rewind control to revise or repeat
material that you may not fully understand on a first hearing. Always have pen
and paper with you so that you can make notes to supplement or amplify the
material contained in this workbook - this will enable you to build up a detailed
set of personal notes which will serve as your own authoritative guide to the
subject.
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The pack contains twenty cards. On each one there is the
name and symbol of a chemical element together with some

of its chemical and physical properties. The compounds
whose formulae appear on the cards are well-known hydrides,
chlorides and normal oxides* of the-elements which

exist at room temperature. Sixteen of the cards have

ACKNOWLEDGEMENTS relative atomic masses printed on them, but on four of
the cards the relative atomic mass is missing. To begin

This is my chance to thank Dr Peter Nelson of the | with, set these four to one side and pick up the remain-

University of Hull for sharing with me his interest in | ing sixteen. Now restart the tape.

the periodic law. We have talked and corresponded about

the subject for a number of years, and his views and ' *The phrase normal oxide refers to a class of compounds

criticisms have always helped me enormously. which excludes peroxides and superoxides. Thus, on the
sodium card the normal oxide is Na,0. Sodium peroxide,

I should also like to thank Jack Clegg of the Audio- Na,0,, and superoxide, Na0,, exist but are not included.

Visual Department at the Open University. The , As Mendeleev noted, peroxides and superoxides are easily

combination of technical skill and informality that he distinguished from normal oxides by their chemical

brought to the recording was most sustaining. properties, such as the reaction with acids which gives
oxygen.

Highest hydride

He LiH BeH, (BH,) CH, NH, OH, FH

Highest chloride

He LiclL BeCl, BCL, CCL, NCL, OCL, FCL

Highest normal oxide

He Li,0 (Be,0,) B,0, (C,0,) N,0,

- Formulae in brackets have been obtained by halving or
doubling formulae on the cards.




e He Li Be B ¢ N O F

Ne Na Mg AL Ssi P § Cl

Properties of scandium (scandalum)

Highest normal oxide

Ne Na,0 (Mg,0,) AL,0, (Si,0,) P,0; (5,05 CL,0,

Highest hydride

Ne NaH MgH, AlH, SiH, PH,  SH, . ClH

Highest chloride

Ne NaClL MgCl, ALCL,  SiGlL, Pcly scL, cCL,

Formulae in brackets have been obtained by doubling
formulae on the cards.

NounMPUN -

Element: Scandium
Symbol : Sc

Relative atomic mass: 45.0
Metal

Melting temperature: 1539°C
Boiling temperature: 2831°C
Oxide(s): Sc,0, (solid)
Hydride(s): ScH, (solid)
Chloride(s): ScCly (solid)




Mendeleev's periodic table of 1871.

Group I Group II :|Group III | Group IV
Series R.0 Ro R,0, RH,, Gr::p v Grg:p VI Grou:HVII Group-VIII
RO s z
2 . R,0, RO, R,0, RO,
1 H=1
2 CLi= Be=9.4 B=11 =12 | H=14 0=16 F=19
3 Na=23 Mg=24.|  AL=27.3 $i=28] =31 s=32|  cl=35.5
b k=39 Ca=40 ~=hb Ti=48 Cr=52 Mn=55 Fe=56 Co=59
_ i} - Ni=59 Cu=63
5 (Cu=63) Zn=65 68 Se=78 Br=80
= =8 2Yt= =9
6 Rb=85 Sr=87 Yt=88 2r=90 Mo=96 -=100 Ru=104 Rh=104
) _ - _ - Pd=106 Ag=108
7 (Ag=108) cd=112 In=113 sn=11 Te=125 1=127
8 Cs=133 Ba=137 201=138 2Ce=140 - _ - -
9 =) - - - -
- - ] - 2 =
10 ?Er=178 La=180 W=184 - 0s=195 Ir=197
1 (Au=199) Hg=200 TL=204 Pb Pt=198 Au=199
12 - - - Th=231 U=240 - - e W




A periodic table of the 1930s.

The relative atomic masses are those used in the

original text. Period 1 contained only the element

hydrogen and has been omitted.

') Vi VII VIII
a b a b a b
7N 80 9F
C 14008 16.0000 19.000
15 P 16 s 17 ¢t
31.02 .06 B.457
23 Vv 24 Cr 25 Mn 26 Fe 27 Co 28 Ni
50.95 52.01 .93 58.69
33 As 34 se 35 Br
.91 .96 7.916
41 Nb 42 Mo 43 Ma 44 Ru 45 Rh 46Pd
%2.91 96.0 101.7 10299 106.7
51 Sb 52 Te 53 1
121.75 127.61 T 1262
73 Ta 74 W 75 Re 76 0s 77 Ir 78 Pt
180.8 184.0 186.31 191.5 193.1 195.23
83 Bj 84 Po 85 -
209.00 210.0 )
91 Pa 92 U
231 238.07

Period 0 b II 111
a b a b a b
2 2 He 3 Li 4 Be 5B
%.002 6. M0 9.2 10.82
3 10 Ne 11 Ha 12 Hg 13 AL
zo- 183_ ) -2- 997 z.sz 25'.97
4 18 Ar 19 K 20 Ca 21 sc
99.944 39.096 40.08 45.10
29 cu 30 zn 31 Ga |
ﬁ-57 65.38 63.72
5 36 Kr 37 Rb 38 Sr 39 Y
83.7 85.48 87.63 88.92
47 Ag 48 ¢d 49 In
107.680 112.41 14.76
6 54 Xe 55 Cs 56 Ba 57 -7
1813 192,91 197.% RARE EARTHE
79 Au 80 Hg 81 TL
197.2 200.61 204.39
7 86 Rn 87 - 88 Ra 89 Ac -
»n2 - : 26.05 227 :
* RARE 57 La 58 Ce 59 Pr 60 Nd 61 IL 62 Sm 63 Eu;
EARTHS 138.22 10.13 wo.2 W27 - " 150.43 ]

10

§:04 Gd 65 Tb 66 Dy 67 Ho 68 Er

156.9 159.2 162.46 163.5

167-6+

11

169.4

69 Tm 70 Yb 71 Lu

173.04 175.0
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I1f we write the formula of the highest normal oxide

as R,0, , then, as we move across any horizontal row
of frame 7 from Group 0 te Group 8, n increases from
zero in Group 0 to eight in Group 8. This trend is

the most perfect of the three that we have encount-
ered. It works for seventy-four of the ninety-one .
elements in frame 7. Seven of the seventeen exceptions
occur in Group 8 where only ruthenjum and osmium form
tetroxides. Other exceptions include oxygen, fluorine,
copper, silver and gold.

If we write the formula of the highest hydride as RH,,

then, as we move across any horizontal row of frame 7

from Group 0 to Group 7, n follows the pattern
0,1,2,3,4,3,2,1.

Notice that, this time, there is no mention of

Group 8: the generalization refers only to

Groups 0-7 inclusive. It works for just over sixty
of the eighty-two elements in these Groups. Fifteen
of the exceptions occur for elements in the a column
of Groups 4, 5, 6 and 7 of frame 7.

1f we write the formula of the highest chloride as
RCl, , then the trend in n is the same as for the
hydrides in point 2 above. Again, this works for just
over sixty of the eighty-two elements in Groups 0-7.
Eleven of the exceptions occur for elements in the a
columns of Groups 5, 6 and 7 of frame 7.

12

‘Bismuth has a relative atomic mass of about 209. Predict

the formulae of its highest hydride, chloride and normal
oxide. ' o

For the answer turn to frame 10.

13



Frame 7 tells us that bismuth occurs in Group V. Assuming
bismuth is not an exception to the trends in frame 8, the
formulae predicted are BiH,, BiCl, and Bi,0,. The
predictions are correct, although the trihydride cannot
be prepared in lLarge amounts because it decomposes very

easily into bismuth and hydrogen.

Relative atomic masses

argon 39.95 scandium  44.96
calcium 40.08 titanium 47.90
potassium 39.10

14 . 3

At the centre of an atom is a tiny core or nucleus. It
contains two kinds of particle: protons and neutrons. The
atomic number is the number of protons in the nucleus.
Each proton carries a single positive charge, and the
neutron no charge at all. Thus the atomic number is also
equal to the positive charge on the nucleus. In frame 7,
each element is immediately preceded by its atomic
number. So the helium nucleus contains two protons and
its charge is +2; the Lithium nucleus contains three
protons and its charge is +3, and so on. In terms of
atomic structure it is atomic number that distinguishes
one element from another.

In the neutral atom there are electrons moving about the
nucleus. Each electron carries a single negative charge
and the number of electrons is equal to the positive
charge on the nucleus (the atomic number). This ensures
the electrical neutrality of the atom. However, although
the electrons have a huge influence on the total charge,
their contribution to the total mass of an atom is almost
negligible. This is because the mass of an electron is
well under 0.1% of that of a proton or neutron. The mass
of an atom is almost entirely that of the protons and
neutrons in the nucleus.

Now, the proton and neutron have nearly the same mass.
The more protons there are in the nucleus, the higher its
mass will tend to be, so we might hope for a correlation
between atomic mass and atomic number. But this
correlation need not be perfect because the mass depends
upon the number of neutrons in the nucleus as well. By
arranging the elements in order of relative atomic mass,
Mendeleev nearly got them in order of atomic number. But
not quite: at one or two points, Like the argon-potassium
case, the correlation breaks down. Fortunately for
Mendeleev, the number of neutrons in the nucleus tends

to increase as the atomic number rises: if it varied
erratically the correlation would break down more often.
When, in about 1914, it became possible to actually
measure atomic numbers, the elements could then be
arranged in order of atomic number, and the few anomalies
disappeared. For those interested, more information on
this topic_is given in note 2 in this workbook. (p43)
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The exploded Mendeleev table is composed of fourteen
pieces. Cut each pjece out with a pair of scissors, and
. put them back together again to recreate the original

table. To remind you of what it lLooked Like, a copy of

the figure you cut up is shown in frame 14. In frame 14
the pieces are numbered for future reference.

non-metal

Set piece 14 on one side. Rearrange pieces 1 - 13 so that
the following conditions are satisfied:

(i) as before, the elements appear in order of atomic

number;

(ii) each space in the table contains one element;;

(iii) elements in vertical columns in the Mendeleev
table remain in vertical columns in the new table
(take sub-groups a and b to be two different
columns. Thus sodium and potassium fall in the same
column; sodium and copper in different ones);

(iv) in any period, any metals occur on the Left, any
non-metals on the right, and any semi-metals in
between.

16
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Move piece 5 so that pieces 4 and 5 form one long row
with copper (Cu) following nickel (Ni). Now align pieces
6 and 7 in the same way in the appropriate position
beneath pieces 4 and 5. Repeat by putting piece 8 beneath
piece 6 and piece 9 beneath piece 7. Move piece 3 to th:
right so that the haltogens occupy the same column, and
move piece 1 to the right of piece 3 so that neon (not
helium) follows fluorine. Now move pieces 10 - 13 to the
right-hand end so that argon follows chlorine, krypton
follows bromine, and so on.
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