Chemistry Notes on Group 7
The elements in group 7 are called Halogens and are typical non-metals. 'Halogens' means 'salt formers' and the most common compound is sodium chloride which is found from natural evaporation as huge deposits of 'rock salt' or the even more abundant 'sea salt' in the seas and oceans.

Physical features and important trends down the Group with increasing atomic number (see halogens data table below).

They are typical non-metals with relatively low melting points and boiling points. The melting points and boiling increase steadily down the group (so the change in state at room temperature from gas ==> liquid ==> solid), this is because the weak electrical intermolecular attractive forces increase with increasing size of atom or molecule.

They are all coloured non-metallic elements and the colour gets darker down the group. They are all poor conductors of heat and electricity - typical of non-metals. When solid they are brittle and crumbly e.g. iodine.

The size of the atom gets bigger as more inner electron shells are filled going down from one period to another.

Chemical features, similarities, and physical property and reactivity trends

The atoms all have 7 outer electrons, this outer electron similarity, as with any Group in the Periodic Table, makes them have very similar chemical properties e.g.

i) they form singly charged negative ions e.g. chloride Cl- because they are one electron short of a noble gas electron structure. They gain one negative electron (reduction) to be stable and this gives a surplus electric charge of -1. These ions are called the halide ions, two others you will encounter are called the bromide Br- and iodide I- ions.

ii) they form ionic compounds with metals e.g. sodium chloride Na+Cl-. 

iii) they form covalent compounds with non-metals and with themselves. The bonding in the molecule involves single covalent bonds e.g. hydrogen chloride HCl or H-Cl. 

Fluorine forms a fluoride (ion F-), chlorine forms a chloride (ion Cl-), bromine a bromide (ion Br-) and iodine an iodide (ion I-). So typical halogen compound names are,  potassium fluoride, hydrogen chloride, sodium chloride, calcium bromide, magnesium iodide etc.

The elements all exist as X2  diatomic molecules where X represents the halogen atom.

A more reactive halogen can displace a less reactive halogen from its salts. The reactivity decreases down the group. They are all TOXIC elements.  Astatine is very radioactive, so difficult to study. 

	 

	Symbol and Name
	Atomic Number
	Electron arrangement
	State and colour at room temperature and pressure, colour of vapour when heated
	Melting point
	Boiling point
	atom radius pm

	F Fluorine
	9
	2.7
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pale yellow gas
	-219oC
	-188oC
	64

	Cl Chlorine
	17
	2.8.7
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pale green gas
	-101oC
	 -34oC
	99

	Br Bromine
	35
	2.8.18.7
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dark red liquid, readily gives off a brown vapour
	-7oC
	59oC
	114

	I Iodine
	53
	2.8.18.18.7
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dark (~black) crumbly solid, purple vapour
	114oC
	184oC
	133

	At Astatine
	85
	2.8.18.32.18.7
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black solid, dark vapour - highly radioactive!
	302oC
	380oC 
	140


 
As you go down the group from one Group 7 halogen element down to the next .. F => Cl => Br => I ...

the atomic radius gets bigger due to an extra filled electron shell, the outer electrons are further and further from the nucleus and are also shielded by the extra full electron shell of negative electron charge, therefore the outer electrons are less and less strongly attracted by the positive nucleus as would be any 'incoming' electrons to form a halide ion (or shared to form a covalent bond).

SO, this combination of factors means to attract an 8th outer electron is more and more difficult as you go down the group, so the element is less reactive as you go down the group, i.e. less 'energetically' able to form the X- halide ion with increase in atomic number.

Other Reactions of the Halogens

note: fluorine forms fluorides, chlorine forms chlorides and iodine forms iodides

1. Reaction with hydrogen H2
 Halogens readily combine with hydrogen to form the hydrogen halides which are colourless gaseous covalent molecules. 

e.g. hydrogen + chlorine ==> hydrogen chloride

H2(g) + Cl2(g) ==> 2HCl(g)
The hydrogen halides dissolve in water to form very strong acids with solutions of pH1 e.g. hydrogen chloride forms hydrochloric acid in water HCl(aq) because they are fully ionised in aqueous solution even though the original hydrogen halides were covalent! 

Bromine forms hydrogen bromide gas HBr(g), which dissolved in water forms hydrobromic acid HBr(aq). Iodine forms hydrogen iodide gas HI(g), which dissolved in water forms hydriodic acid HI(aq). Note the group formula pattern.

2. Reaction with Group 1 Alkali Metals Li Na K etc.

 Alkali metals burn very exothermically and vigorously when heated in chlorine to form colourless crystalline ionic salts e.g. NaCl 
e.g. sodium + chlorine ==> sodium chloride

2Na(s) + Cl2(g) ==> 2NaCl(s)
The sodium chloride is soluble in water to give a neutral solution pH 7, universal indicator is green. The salt is a typical ionic compound i.e. a brittle solid with a high melting point. Similarly potassium and bromine form potassium bromide KBr, or lithium and iodine form lithium iodide LiI.  Again note the group formula pattern.

3. Reaction with other metals

If aluminium or iron is heated strongly in a stream of chlorine (or plunge the hot metal into a gas jar of chlorine carefully in a fume cupboard) the solid chloride is formed.

aluminium + chlorine ==> aluminium chloride(white solid)

2Al(s) + 3Cl2(g) ==> 2AlCl3(s)
iron + chlorine ==> iron(III) chloride(brown solid)

2Fe(s) + 3Cl2(g) ==> 2FeCl3(s)
If the iron is repeated with bromine the reaction is less vigorous, with iodine there is little reaction, these also illustrate the halogen reactivity series.
Chemistry notes on Period 3

	Properties of Period 3 Elements

	Name of Element
Symbol
Sodium
Na
Magnesium
Mg
Aluminium
Al
Silicon
Si
Phosphorus
P
Sulfur
S
Chlorine
Cl
Argon
Ar
Atomic Number, z
11
12
13
14
15
16
17
18
Electronic Configuration
2,8,1
2,8,2
2,8,3
2,8,4
2,8,5
2,8,6
2,8,7
2,8,8
Atomic Radius (picometers)
186
160
143
118
110
102
99
192
1stIonization Energy (kJ/mol)
502
744
584
793
1017
1006
1257
>1526
Electronegativity
0.9
1.3
1.6
1.9
2.2
2.6
3.2
-
Melting Point (oC)
98
639
660
1410
44
113
-101
-189
Boiling Point (oC)
883
1090
2467
2680
280
445
-35
-186
Metallic Character
metal
metal
metal
semi-metal (metalloid)
non-metal
non-metal
non-metal
non-metal


	 

	

	


Periodic trends Na[image: image1.png]


Ar (the third period)
	Characteristic
	Trend (left to right)
	Reason

	Atomic radius
	decreases in size from left to right
	increased attractive force (acting on the same energy shell) from the nucleus as the number of protons (and hence the nuclear charge) increases

	Ionic radius
	decreases across the period until formation of the negative ions then there is a sudden increase followed by a steady decrease to the end
	In general as above. The sudden increase on formation of negative ions is due to the new (larger) outer shell

	Electronegativity
	Increases
	More electron attracting power of the larger nuclear charge as we move to the right

	Metallic character
	Decreases - Na, Mg, Al metals; Si metalloid; P, S, Cl, Ar non-metals
	Metallic character is a measure of the ease of loss of electrons from the outer shell. This decreases with increasing nuclear charge.

	Oxides
	Na, Mg - alkaline
Al - amphoteric
Si, P, S, Cl –acidic
	 

	Chloride character
	NaCl - ionic
MgCl2 - some covalent character
AlCl3 - covalent
The remainder covalent
	Increasing charge density of the positive ion polarises the chloride ion as we move to the right hand side

	Melting point
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Al steady increase

Increasing availability of electrons in the metallic bonding associated with greater charge density of the metal ion

Si massive increase

Si giant macromolecular structure

P large decrease

P4 molecules

S small increase

S8 molecules

Cl [image: image3.png]


 Ar decrease

Cl2 molecules and Ar atoms






Properties of Oxides and Chlorides of Period 3 Elements

 
	Element
	Sodium
	Magnesium
	Aluminium
	Silicon
	Phosphorus
	Sulfur
	Chlorine

	Chloride formula
Oxide formula
	NaCl
Na2O
	MgCl2
MgO
	AlCl3
Al2O3
	SiCl4
SiO2
	PCl3
P4O6
	SCl2
SO2
	Cl2
Cl2O7

	Chloride melting point (oC)
Oxide melting point (oC)
	801
920
	712
2800
	193
2045
	-68
1700
	-92
420
	-80
17
	-101
-92

	Chloride bonding
Oxide bonding
	Ionic
Ionic
	Ionic
Ionic
	Covalent
Ionic
	Covalent
Covalent
	Covalent
Covalent
	Covalent
Covalent
	Covalent
Covalent
	 

	Chloride conductivity of liquid
Oxide conductivity of liquid
	Good
Good
	Good
Good
	Poor
Good
	Nil
Nil
	Nil
Nil
	Nil
Nil
	Nil
Nil
	

	Chloride acid-base behaviour
Oxide acid-base behaviour
	Neutral
Basic
	Neutral
Basic
	Acidic
Amphoteric
	Acidic
Acidic
	Acidic
Acidic
	Acidic
Acidic
	Acidic
Acidic
	

	
	 
	


