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18 & 19 ( The Chemistry of the Main Group Elements

ANSWER KEY STUDY QUESTIONS

1.
Predict the formulas of the compounds that will result when the following elements react:


Na and P4

Na3P

Al and Br2
AlBr3

Ca and O2

CaO

Cl2​ and Si

SiCl4
2.
Write formulas for the following compounds based upon the formulas for elements in the same group that are shown.


a.
Water H2O

hydrogen selenide

H2Se

b.
Ammonia NH3
nitrogen triiodide

NI3

c.
Chlorate ClO3-
iodate ion


IO3-

d.
Triiodide I3-

difluorochloride

F2Cl

e.
Bromine Br2

iodine monochloride

ICl
3.
Which formulas in the following series are incorrect


a.
CaCl2, CaS, KCl, KS


b.
NH3, PH3, CH3, GeH4

c.
C60, S8, P4, O3, Br, Xe

4.
List the methods used for industrial production of the following elements:

a.
hydrogen
methane and water at high temperatures and pressures in presence of a metal catalyst
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b.
sodium


c.
potassium


d.
magnesium


e.
aluminum
Electrolysis of Al2O3 in molten Na3AlF6

f.
silicon
Reduction of K2SiF6 with aluminum or reduction of SiO2 with magnesium

g.
nitrogen
liquefaction of air

h.
phosphorus
2Ca3(PO4)2  +  6SiO2  (  6CaSiO3  +  P4O10    then  P4O10  +  10 C  ( 4 P  +  10 CO

i.
oxygen
Distillation from liquid air

j.
sulfur
melted with hot water and pumped to surface from wells

k.
chlorine
electrolysis of aqueous NaCl

5.
List some of the major uses for the following elements or their compounds:


a.
hydrogen 
currently manufactured from methane gas, but is also produced by the electrolysis of water and aqueous salts. The gas is used to make such key materials as ammonia for agricultural fertiliser (the Haber Process) and cyclohexane and methanol, which are intermediates in the production of plastics and pharmaceuticals. Large quantities are used in the hydrogenation of oils to form fats. It has several other uses, including welding and the reduction of metallic ores, and liquid hydrogen is important in cryogenics and superconductivity studies as its melting point is just above absolute zero. Some see hydrogen gas as the clean fuel of the future - generated from water and returning to water when it is oxidised. Hydrogen-powered fuel cells are increasingly being seen as pollution-free sources of energy.

b.
sodium
The most common compound is sodium chloride, used in our diet and de-icing roads in winter, as well as a feedstock for the chemical industry. It is obtained commercially by the electrolysis of dry molten sodium chloride. The liquid metal is used as a heat exchanger in certain nuclear reactors, and as a reagent in the chemicals industry. Sodium salts such as common salt (sodium chloride) and washing soda (sodium carbonate) are more important than the metal itself.

c.
magnesium
used in flares, pyrotechnics and incendiary bombs and was formerly used in flash bulbs. As it is one-third less dense than aluminium, its alloys are useful in aeroplane and missile construction and in alloys to provide lightweight frames for bicycles, car seats and luggage. It improves the mechanical, fabrication and welding characteristics of aluminium when used as an alloying agent. Grignard reagents, which are organic magnesium compounds, are important commercially.

d.
aluminum
used in an enormous variety of products, due to its particular properties. It has low density, is non-toxic, has a high thermal conductivity, has excellent corrosion resistance, and can be easily cast, machined and formed. It is also non-magnetic and non-sparking. It is the second most malleable metal and the sixth most ductile. Alloys of aluminium with copper, manganese, magnesium and silicon are of vital importance in the construction of all forms of transport, especially aeroplanes. It is lightweight but tough, and is therefore widely used for window frames, aircraft parts, engines, kegs, drinks cans, etc. After the First World War it replaced tin as the metal in ‘tin-foil’ - now known and widely used as aluminium foil. The electrical conductivity of aluminium is about 60% that of copper per unit area of cross-section, but weight for weight the low density of aluminium makes it almost twice as good a conductor – coupled with its cheaper price it is therefore used in electrical transmission lines. Aluminium, when evaporated in a vacuum, forms a highly reflective coating for both light and heat which does not deteriorate as does a silver coating. These aluminium coatings are used for telescope mirrors, in decorative paper, packages and toys, and have many other uses. The most abundant of metals, a lot of energy is needed to extract it from its ores: however, this is worthwhile because it does not easily corrode and is fairly easy to recycle.

e.
silicon
 is one of the most useful elements to mankind. It is used extensively, as the element, in solid-state devices in the computer and microelectronics industries. For this, hyperpure silicon is needed, prepared by thermal decomposition of ultra-pure trichlorosilane, followed by recrystalisation. The silicon is then selectively doped with tiny controlled amounts of boron, gallium, phosphorus or arsenic. Every year, 80,000 tonnes of semiconductor-grade silicon and 8 million tonnes of ferro-silicon (including some metallurgy-grade silicon) are produced for the steel and metallurgical industries. Granite and most other rocks are complex silicates which we use for civil engineering projects. Sand (silicon dioxide or silica) and clay (aluminium silicate) are used to make concrete and cement. Sand is also the principal ingredient of glass, which has thousands of uses. Silicon carbides are important abrasives and also used in lasers. Silicon, as silicate, is present in pottery, enamels, and in high-temperature ceramics.

f.
nitrogen
About 50 million tonnes of nitrogen are extracted every year by the Haber Process, mainly for the manufacture of fertilisers but also for making plastics, dyes and explosives. Large amounts of gas are also used by the electronics industry, which uses the gas as a blanketing medium during production of such components as transistors, diodes etc. Large quantities of nitrogen are used in annealing stainless steel and other steel mill products. Liquid nitrogen is used as a refrigerant for storing sperm, eggs and other cells for medical research and reproductive technology etc., for the preservation of food products and for their transportation.  Liquid nitrogen is also used in missile work and by the oil industry to build up great pressures in wells to force crude oil upwards.

g.
phosphorus
White phosphorus is used in flares and incendiary devises. Red phosphorus is the material, mixed with powdered glass, stuck on the side of boxes of safety matches on which the matches must be struck to light them. However by far the largest use of phosphorus is for fertilisers, mainly in the form of ammonium phosphate – they are manufactured from phosphate ores by conversion into phosphoric acids with contaminated calcium sulfate as an unusable waste product. Phosphorus is also important in the production of steel. Phosphates are ingredients of some detergents, but are increasingly being omitted nowadays due to concern that high phosphate levels in natural water supplies cause the growth of undesirable algae. Phosphates are also used in the production of special glasses and fine chinaware.

i.
oxygen
Industrially, oxygen is produced on a large scale from liquid air by liquefaction and fractional distillation.  In the laboratory it can be prepared by the electrolysis of water or by adding manganese(IV) oxide as a catalyst to aqueous hydrogen peroxide. Oxygen is very reactive and capable of combining with most other elements. It is a component of thousands of organic compounds, and is essential for the aerobic respiration of all plants and animals and for almost all combustion.  The greatest commercial use of gaseous oxygen is in the steel industry. Large quantities are also used in the manufacture of epoxyethane, nitric acid, hydrogen peroxide and chloroethene, the precursor to PVC and for oxy-acetylene welding and cutting of metals. A growing use is in the treatment of sewage and of effluent from industry.

j.
sulfur
mostly used in the production of sulfuric acid, which is perhaps the most important chemical manufactured by western civilisations. The most important of sulfuric acid’s many uses is in the extraction of phosphate for fertiliser. Sulfur is used in the vulcanisation of black rubber, as a fungicide and in black gunpowder. Sulfites are used to bleach paper and as preservatives for many foodstuffs. Many surfactants and detergents are sulfate derivatives. Calcium sulfate, gypsum, is mined on the scale of 100 million tons each year for use in cement and plaster.

k.
chlorine
Chlorine gas is made on a large scale from salt (sodium chloride). It is used to sterilise drinking water, to disinfect swimming pools and in the manufacture of many consumer products such as paper, dyestuffs, textiles, petroleum products, medicines, antiseptics, insecticides, foodstuffs, solvents, paints and plastics, especially PVC. It is also used to produce bleaches, chlorates, chloroform, carbon tetrachloride and bromine. A further substantial use for this element is in organic chemistry, both as an oxidising agent and in substitution reactions. As the free element it is very poisonous and was used as a chemical weapon during the First World War.
6.
Classify the following hydrides:


SiH4,  HI,   H2Se 
COVALENT HYDRIDES

CaH2
IONIC HYDRIDES
7.
How does a peroxide or superoxide differ from an oxide ion? Describe the reaction between carbon dioxide and potassium superoxide.

An oxide ion contains 1 oxygen with a 2- charge (O2-), a peroxide contains 2 oxygen each with a 1- charge for an overall charge of 2- (O22-) while a super oxide contains 2 oxygen with a total overall charge of 1- (O21-)
8.
Write formulas for the following compounds:


sodium chloride


NaCl

potassium hypochlorite

KClO

phosphine



PH3

magnesium nitrate

Mg(NO3)2

dinitrogen tetroxide

N2O4

aluminum bromide

AlBr3

sulfuric acid


H2SO4

calcium sulfate


CaSO4

nitric acid



HNO3

methanol



CH3OH

dolomite



MgCO3  · CaCO3

limestone



CaCO3

phosphoric acid


H3PO4

baking soda


NaHCO3
9.  Two known compounds have the formula H2N2O2.  One of them is a weak acid and one is a weak base.  The acid, called hyponitrous acid, has two O – H bonds.  The base, called nitramide, has no O – H bonds.  

a. Draw Lewis structures for these compounds
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b.  Predict whether the acid is stronger or weaker than nitrous acid and whether the base is stronger or 



     weaker than ammonia.  Justify your answer.


The acid is weaker than nitrous acid (HNO2) because of electron donation by resonance in the NO2- anion.  The base is weaker than ammonia because of electron withdrawl by the very electronegative nitro (NO2-) group. 
10.  Co, Fe and Ni are ferromagnetic.  What is the difference between ferromagnetic and paramagnetic?


Ferromagnetic atoms, like paramagnetic atoms have unpaired electrons.  However, in ferromagnetic atoms, these electrons align with  their spin oriented in the same direction, resulting I a permanent magnetic field. 
11.  The first ionization energies of iron, cobalt and nickel are all about the same, but the first ionization energies of osmium, iridium and platinum are substantially greater.  Suggest an explanation for this observation. 


The nuclear charge of the last three is relatively high because the lanthanide series in which the 4f subshell falls between them and the other metals in the group.  
12.  Explain why metals such as Au and Ag are found in their elemental states in nature, but metals like Na and Ca are always found in compounds in nature. 


Au and Ag are found in elemental form because of their low reactivity.  Na and Ca are group 1 and group 2 metals respectively, and are highly reactive as they readily lose their valence electrons to obtain octets.

Sodium, potassium and magnesium are formed from the electrolysis of their molten chloride salt





Hyponitrous acid
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Nitramide
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