HONORS TOPIC 2: Atoms & Atomic Theory
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· Dalton’s Atomic Theory

DAT states the following.

1. Elements are made from tiny particles called atoms.

2. All atoms of a given element are identical. (N.B. See Isotopes below).

3. The atoms of a given element are different to those of any other element.

4. Atoms of different elements combine to form compounds. A given compound always has the same relative numbers and types of atoms. (Law of constant composition).
5. Atoms cannot be created or destroyed in a chemical reaction they are simply rearranged to form new compounds. (Law of conservation of mass).
· Structure of the Atom

The simple nuclear model of an atom describes a tiny, dense nucleus containing positive protons and neutral neutrons surrounded by negative electrons. A summary of the particles present is given below.

PARTICLE
CHARGE
MASS
POSITION in atom

PROTON
+1
1u
Nucleus

NEUTRON
0
1u
Nucleus

ELECTRON
-1
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(i.e. very small)
Outside

N.B. (u) denotes atomic mass units (amu).
The atomic and mass numbers that appear on the periodic table have specific meanings. 
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Since all atoms are neutral it also tells us the number of electrons surrounding the nucleus. (N.B. When atoms lose or gain electrons they become charged and form ions).
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· Isotopes

Atoms with the same number of protons and electrons, but different numbers of neutrons are called isotopes. This leads to the modification of Dalton’s Atomic Theory point 2 above, to read. All Atoms of the same element contain the same number of protons and electrons but may have different numbers of neutrons. Since it is the electrons in atoms that affect the chemical properties of a substance isotopes of the same element have the same chemical properties.

Task 2a

1. Which of the following four statements describe isotopes? (There may be more than one correct answer).

i) Atoms of an element having different numbers of electrons

ii) Atoms of an element having different numbers of neutrons

iii) 40K19 and 40Ar18

iv) 90Sr38 and 92Sr38
2. Determine the number of protons, electrons and neutrons in,

i) 210Pb80

ii) 34S16

· Relative Atomic Mass and The Periodic Table

Relative Atomic Mass (RAM)

RAM is defined as the weighted mean of the masses of all the atoms in a normal isotopic sample of the element based upon the scale where the C12 isotope has a mass of exactly 12.00g.

Since atoms are extremely small and therefore extremely light (e.g. H = 1.673 x 10-27kg) and these figures are impractical to use, masses of atoms are determined relative to one another. The scale used is based upon the C12 isotope having a mass of exactly 12.00g.

Since most elements occur in nature as a number of different isotopes they usually have a RAM that is not an integer.

E.g. Chlorine occurs in nature as

75%
Cl 35
25%
Cl 37
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Relative atomic masses are recorded on the Periodic table.

Group
THE PERIODIC TABLE
Group


1A
2A










3A
4A
5A
6A
7A
8A

Period 1

1

H

1

2

He

4

2
3

Li

7
4

Be

9
TRANSITION METALS
5

B

11
6

C

12
7

N

14
8

O

16
9

F

19
10

Ne

20

3
11

Na

23
12

Mg

24

13

Al

27
14

Si

28
15

P

31
16

S

32
17

Cl

35.5
18

Ar

36

4
19

K

39
20

Ca

40
21

Sc

45
22

Ti

48
23

V

51
24

Cr

52
25

Mn

55
26

Fe

56
27

Co

59
28

Ni

59
29

Cu

64
30

Zn

65
31

Ga

70
32

Ge

73
33

As

75
34

Se

79
35

Br

80
36

Kr

84

5
37

Rb

86
38

Sr

88
39

Y

89
40

Zr

91
41

Nb

93
42

Mo

96
43

Tc

99
44

Ru

101
45

Rh

103
46

Pd

106
47

Ag

108
48

Cd

112
49

In

115
50

Sn

119
51

Sb

122
52

Te

128
53

I

127
54

Xe

131

6
55

Cs

133
56

Ba

137
57

La*

139
72

Hf

178
73

Ta

181
74

W

184
75

Re

186
76

Os

190
77

Ir

192
78

Pt

195
79

Au

197
80

Hg

201
81

Tl

204
82

Pb

207
83

Bi

209
84

Po

210
85

At

210
86

Rn

222

7
87

Fr

223
88

Ra

226
89

Ac**

226
104
105
106
107
108
109
110
111
112

*Lanthanides
58

Ce

140
59

Pr

141
60

Nd

144
61

Pm

147
62

Sm

150
63

Eu

152
64

Gd

157
65

Tb

159
66

Dy

163
67

Ho

165
68

Er

167
69

Tm

169
70

Yb

173
71

Lu

175

**Actinides
90

Th

232
91

Pa

231
92

U

238
93

Np

237
94

Pu

242
95

Am

243
96

Cm

247
97

Bk

251
98

Cf

251
99

Es

254
100

Fm

253
101

Md

256
102

No

254
103

Lr

257

The vertical columns on the periodic table, 1A, 2A etc. are called groups (usually it is not necessary to quote the letter A when referring to groups). The elements in these groups are placed together because they have similar chemical properties. Some groups have names.

Group 1 The Alkali Metals, group 2 The Alkali Earth Metals, group 7 The Halogens and group 8 The Noble Gases.

Metals, non-metals and metalloids

Metals are good conductors of heat and electricity are malleable, ductile and are usually shiny in appearance. On the main section of the periodic table above, metals are shown by the shading,

11

Na

23

Non-metals generally lack the properties of metals and show a greater variation in properties. On the main section of the periodic table above, non-metals are shown by the shading,

16

S

32

Metalloids (semi-metals) exhibit properties common to metals and non-metals. On the main section of the periodic table above, metalloids are shown by the shading,

85

At

210

The relative masses of atoms shown on the periodic table can be used to determine the relative masses of molecules and ions by simple summation.

Relative Molecular Mass (RMM) or Molar Mass

Found by adding all the individual RAM’s together in one molecule of a compound.

Relative Formula Mass (RFM)

Found by adding all the individual RAM’s together in one formula unit of an ionic compound.

· The Mass Spectrometer and spectra

The mass spectrometer can be used to measure the RAM’s, RMM’s and RFM’s and to aid the identification of organic compounds. When analyzing individual elements the spectrometer will record all the isotopes present. These data can then be manipulated to calculate the RAM of the element. The workings of a typical machine are explained below.
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Heated filament gives off electrons.

The sample to be analyzed is injected into the ionization chamber where the electrons collide with the molecules, fragmenting the molecules and removing electrons therefore forming positive ions.

The ions are accelerated through an electric field.

This magnetic field causes the ions to be deflected and depending upon the mass: charge (m/e) ratio the deflection will be to differing degrees

These ions have the correct path to pass through the slit and arrive at the detector
The amplifier turns the charge into an electric current

A pen recorder makes a trace.

By keeping the magnetic field constant and varying the accelerating voltage one ion after another is deflected onto the collector and a complete trace is obtained.

Interpretation of mass spectra

1. A line denotes the existence of an isotope or a fragment of that mass.

2. The height of the line (i.e. the intensity) shows the abundance of that particular isotope or fragment.

3. The peak furthest to the right on the m/e axis (provided it is significant) is the heaviest atom or in the case of molecules the heaviest molecule or in the case of molecular compounds, the molecular ion. (The molecular ion is the complete compound with only an electron removed).

E.g. the following is the mass spectrum of chlorine, Cl2.
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There are a number of clues to look for.

(i) Lines close together (i.e. fragments with similar m/e ratio’s) often show the existence of isotopes. Here Cl35 and Cl37.

(ii) The height of the peaks shows the relative abundance of those isotopes. Here the line at m/e 37 is only 1/3 of the height of the line at m/e 35. This indicates the Cl35 isotope is three times more abundant than the Cl37 isotope.

(iii) The peak furthest to the right on the m/e axis (provided it is significant) is the heaviest molecule. Here a chlorine molecule, Cl2, made up from two Cl37 isotopes.

By convention the species responsible for the peaks are recorded as positive ions in square brackets. Here 35, [Cl35]+, 37 [Cl37]+, 70 [Cl35-Cl35]+, 72 [Cl35-Cl37]+, 74 [Cl37-Cl37]+.
Task 2b

1. Neon has three isotopes of masses 22, 21 and 20. If the isotopes have the abundance 8%, 2% and 90% respectively, what is the average relative atomic mass of neon?

2. A naturally occurring sample of rubidium consists of two isotopes, one of mass 85 and one of mass 87. The ratio of abundance of these isotopes is 72:28. Calculate the average relative atomic mass of rubidium.

3. If 69Ga and 71Ga occur in the ratio 62:38, calculate the average relative atomic mass of gallium.

4. Naturally occurring Chlorine molecules, Cl2 have masses of 70, 72 and 74. They occur in the ratio 9:6:1. What is the average relative atomic mass of chlorine atoms? What is the relative abundance of 35Cl and 37Cl isotopes?

5. The following shows the mass spectrum of magnesium. Calculate the mean relative atomic mass of magnesium.
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· The Mole and the Avogadro constant

In chemistry amounts of substances are measured in moles (mol). The mole is a standard number of particles (atoms, ions or molecules) and can be defined as, the amount of any substance that contains the same number of particles, as there are C12 atoms in 12.00g of the C12 isotope. The actual number of particles in a mole, known as the Avogadro constant or number is found to be 6.022 x 1023 mol-1. E.g. One mole of atoms = 6.022 x 1023 atoms.

The average Relative Atomic Mass (RAM) of each element is given on the periodic table. The figure shows the average mass of one mole of atoms of that particular element. This leads to the relationships below.


[image: image10.wmf]RAM

sample

 

of

 

mass

Element

 

an

 

of

 

Moles

 

of

 

Number

=



[image: image11.wmf]RMM

sample

 

of

 

mass

compound

 

Molecular

 

a

 

of

 

Moles

 

of

 

Number

=



[image: image12.wmf]RFM

sample

 

of

 

mass

compound

Ionic 

 

an

 

of

 

Moles

 

of

 

Number

=


Task 2c

1. What is the mass of one mole of?

i) Sodium chloride, NaCI

ii) Potassium atoms, K

iii) Hydrated copper (II) sulfate, CuSO4.5H2O

iv) Carbon dioxide, CO2
2. Calculate the mass of the following

i) 2.5 moles of Ammonia molecules, NH3
ii) 0.3 moles of Rubidium atoms, Rb

iii) 1.51 moles of Bromine molecules, Br2
iv) 4.275 moles of hydrated sodium carbonate, Na2CO3.10H2O

3. How many moles are there in?

i) 140g of Calcium atoms, Ca

ii) 8.34g of Silicon dioxide molecules, SiO2
iii) 0.522g of Copper (II) bromide, CuBr2
iv) 3g of hydrated copper (II) sulfate, CuSO4.5H2O

4. How many particles are present in each of the chemicals in question 3 above?
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