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9.4 Industrial Chemistry 

9.5.1 Industrial chemistry processes have enabled scientists to develop 
replacements for natural products 

 

9.5.1.1 Issues with shrinking world resources in regard to Natural Rubber, 
it’s replacement material &/or current research in place. 
 

9.5.1.2 Issues associated with the increased need for Natural Rubber, & 
evaluate progress currently being made to solve these problems. 
 

• Natural Rubber - Polyisoprene (an addition polymer) comes from the 
sap (“latex”) of a tree native to tropical South America. 

• Originally Rubber was laminated in the solvent Naphtha, & then in the 
early 1830s was mixed with sulfur & white lead (vulcanisation) to 
prevent melting or freezing in different temperatures. 

• As the demand increased plantations were grown in tropical Asia. 

• In the 1930s the US was using half the worlds natural rubber supply for 
the tyres, footwear, clothing & equipment needed for military. 

• In WWII; Japan had control of the rubber producing areas, & the high 
demands increased the shortages of natural rubber.  



 

 

Other than the war the use of valuable land in the tropics was needed 
for food production, the localised area of production (only in tropics & 
influenced by weather), the qualities of natural rubber were poor & the 
increased use of motor vehicles let to synthetic rubber being developed 
in the 1950s. 

• Synthetic rubber is very effective but not a full solution due to it’s 
relance on petrochemicals. Today it is used for making tyres, medical 
gloves, shoes, wetsuits, valve fittings & toy making. 

• Synthetic Rubber (Styrene butadiene rubber) is formed by: 
 
 
 
 
 

 
 

 

• Synthetic rubber was also vulcanised, by short sulfur chains forming 
crosslinks between polymer chains. This made it more durable & 
resistant to chemical attack. 

• Further Research: into the use of non-petrochemicals (non-renewable 
hence decreasing supplies & increasing cost of petroleum). There is 
progress in using ethanol (but high cost, & land use), or 
biopolymers/cellulose (not quite effective yet). 
 

• Evaluation: The progress made to improve & increase the supply of 
rubber has been very effective & 80% of rubber used today is synthetic. 
It allows production to meet demand at a low cost. Today research 
continues into alternatives for petrochemicals. 

 



 

 

9.5.2 Industrial Processes can involve manipulation of equilibrium  
 

9.5.2.1 Effect of changing factors on identified equilibrium reactions: 
 

• In a closed system a dynamic equilibrium is reached where the forward 
& reverse reactions are occurring at the same rate. 

• Le Chatelier’s Principle “If a system in equilibrium is disturbed, the 
system will adjust itself in the direction which counteracts the 
disturbance.” 

 

PRESSURE/ VOLUME: Decreased volume = increased pressure (same moles 
of molecules in smaller volume). Increased pressure = shifts to side with 
least no. of moles of gas. (if pressure increased with unrelated gas, this will 
increase pressure & hence rate of reaction but NOT change equilibrium). 
 

CONCENTRATION: If reactant concentration is increased, the reaction will 
use up the reactant to counteract the change. (shift to products) & vis versa. 
 

TEMPERATURE: Exothermic: Increased Temp = shifts to left  
(consume added heat & counteracts disturbance to decrease temp). 
Decreased Temp = Shifts to right.      Opposite for Endothermic.        

9.5.2.2 Perform a first-hand investigation to model an equilibrium reaction 
 

Method: A:  
1. add 3L tapwater to the 4L ice cream tub 
2. add several drops of food colouring 
3. One student ‘scoops’ water from ice cream tub with a beaker, the other 

does it from the lab tub. They transfer the water. “transfer cycle” 
4. At every 5th ‘transfer cycle’, accurately recorded the volume of water in 

each beaker, and stop when equilibrium is reached. (beakers equal) 
5. Then add 500mL water to the ice cream tub, & repeat until equilibrium. 
 

B:  Repeat above but start with 3L in the lab tub. 
 

Model:    Water: - chemicals in reaction      Container Size – different volume/pressure 

• Volume of each beaker: -relative K value. i.e. which side it lies towards 

• Adding extra water – disturbing equilibrium once it was reached. 
Benefits: - visualisation for something often too small. Easy to manipulate, safer 
than many chemicals, in control of speed. 
Limitations: -doesn’t show temperature or pressure or catalyst effects,  
Doesn’t reveal multiple products/reactants. 



 

 

9.5.2.3 perform a first-hand investigation to gather information and 
qualitatively analyse an equilibrium reaction  
 

Aim: analyse the equilibrium of cobalt chloride 
Note: Hydrated to dehydrated, but the oxidation state remains unchanged. 

Method: 
1. Add 1cm depth purple cobalt chloride solution to 5 small test tubes (A-E) 
2. Place A in beaker with tapwater. (nothing happens – remains purple) 
3. Place B in a beaker with boiling water (Turns blue) 
4. Place C in a beaker with ice + water (Turns red) 
5. Add 10M HCl (Cl ions) to D. (Turned blue) (shifted to right to remove Cl-) 
6. Add distilled water to E (turns red) (shifted to left to remove H2O) 
Conclusions: 
-Reaction is endothermic 
-If silver nitrate (Ag+) was added, the Ag precipitates with the Cl so it will 
shift to the left & turn red with a white precipitate. 
Note: Qualitatively viewed the change in equilibrium from the colour changes 

9.5.2.4 Interpret the equilibrium constant expression (no units required) 
from the chemical equation of equilibrium reactions 
 

• The equilibrium constant (K), gives an indication of the position of 
equilibrium. (ratio of equilibrium becomes a constant value) 

• ONLY FOR GASES!!! (So if there is a solid, ignore in calculation!) 

• Reaction must be allowed to reach equilibrium at constant temperature, 
in a closed system and independent of any solid present. 

a, b, c, d are the molar 
coefficients. 

 
Concentration in mol.L-1 

 
K Values: LARGE (K>1000)(K>>1) = favours (higher conc.) products. (lies to right) 

SMALL (K<0.001) (K<<1) = favours (higher conc.) of reactants. (lies to left) 

MIDDLE (0.001 to 1000) = roughly equal equilibrium (lies in the middle). 



 

 

Reciprocal values of K 
If an equation is written in reverse then the expression and value of K is the 

reciprocal.              K reverse = 
𝟏

𝑲
                      

 
a) & b) are 
reverse 
reactions 
(approached 
from 
opposite 
direction). 
 
 
 
 

b) has K=3.56x103, whereas a) has K=
1

3.56x10^3
 = 2.81x10-4 

Hence both favour the production of N2O4. 

9.5.2.6 temperature is the ONLY factor that changes the value of the K  
 

• For any equilibrium equation at a particular temperature, will have a 
constant value of K. (pressure, volume, & concentration don’t change K) 

• If the temperature changes the value of K will change. (not involved in equation) 
 

Exothermic Reactions 
K decreases as temperature Increases (shifts to left) 

 

Endothermic Reactions 
K Increases as temperature Increases (shifts to right) 

 

• Pressure and volume changes the position of equilibrium, by changing 
the concentration of the gaseous substances. (but when new equilibrium 
is reached, the ratio & thus K is still the same) 

• Eg. N2 (g)  + 3 H2 (g)  2 NH3 (g)  the expression 
[𝑁𝐻3]^2

[𝑁2][𝐻2]^3
 is the concentration 

quotient (Q).    Q=K only at equilibrium.  

• If Q<K or Q>K the reaction is no longer at equilibrium, and according to 
Le Chatelier’s principle, will need to shift to counteract the change in 
concentration, so that Equilibrium constant K is reached again. 



 

 

9.5.3 Sulfuric Acid is one of the most important industrial chemicals 
 

9.5.3.1 Outline three uses of sulfuric acid in industry 
 

Produced on greater amounts than any other chemical, except 
water. Commercial sulfuric acid is generally 98% H2SO4. 
 

Fertiliser Production:  

• Main world fertiliser is “superphosphate”, made from “rock phosphate” 
by treating it with H2SO4.  

• Other important fertiliser is “sulphate of ammonia” ((NH4)2SO4) which is 
made by reacting ammonia with sulfuric acid. 

 

Titanium Dioxide (TiO2) production: 

• Titanium dioxide is a white pigment used in huge quantities in paint, 
paper, plastics, synthetic fibres, cosmetics & zinc cream. 

 

Cleaning of Steel 

• Before galvanizing (coating with zinc for corrosion control), or 
electroplating any steel. Sulfuric acid “eats” surface impurities (rust, 
grease or dirt). 

9.5.3.2 Extraction of sulfur from mineral deposits; the properties of sulfur 
which allow this & analysing potential environmental issues  
 

FRASCH PROCESS 
(not used in Australia) 

- Mineral Sulfur deposits 
(natural deposits from 
ancient volcanism) are 
mined by this process. 

- A Triple pipe is drilled down into 
the sulfur deposit. 

- Superheated water (160C) is 
injected under pressure in one 
pipe. This melts the sulfur into 
molten sulfur. 
- Compressed air is injected in 
another pipe, and forces the 
mixture of sulfur and water up 
through the third pipe. 



 

 

Properties of Sulfur in the FRASCH Process 

• Low Melting Point: Sulfur melts at around 120C, so superheated water 
can liquefy it. 

• Low Density: Sulfur has a low density so that compressed air is easily 
able to force it upwards 

• Solubility: Sulfur is insoluble in water, so the mixture of sulfur & water 
can be slightly cooled so that the sulfur solidifies & settles out. (separates) 

 

• Sulfur is also obtained from metal smelting, producing SO2 (g) which is 
collected. (main source in Australia) 

• Or Petroleum & Natural gas contain hydrogen sulphide, which when 
burnt releases polluting SO2 (g). Thus is converted to solid sulfur. 

 

Environmental Issues of Extracting Sulfur 

• S can be oxidised to SO2 or reduced to H2S gases. Both are air pollutants 
due to their toxic nature (especially H2S) that is a respiratory irritant. 

• SO2 can cause acid rain (look at topic 2)           S (s)  + O2 (g)  SO2 (g) + heat. 
• Water may pick up impurities (eg. arsenic) in the sulfur, & thus needs to  

be purified before being recycled or released into the environment.  

• Thermal pollution can be generated from the superheated steam, so if 
the water is not recycled it should be returned cool and clean. 

• The cavern left after mining is prone to collapse. 
 

9.5.3.3 Steps and conditions necessary for the industrial production of H2SO4  
 

CONTACT PROCESS: (look at diagram) 

1. Molten sulfur is reacted with hot, dry air (prevents sulphuric acid forming 
& corroding wall) in a furnace. (oxidation)     S (s)  + O2 (g)  SO2 (g) + heat 

2. Multi-stage catalytic converter with excess oxygen; SO2 is 
changed/oxidised to SO3 
Excess O2 is ensured by a 1:1 ratio of SO2: O2. 
 

2SO2 (g)  + O2 (g)   2SO3 (g) + heat          (conditions in later dot point) 
 

3. Pure SO3 is absorbed by 99% H2SO4 forming “oleum”. Oleum is then 
diluted with water to give sulfuric acid in a convenient way. 

SO3 (g)  + H2SO4 (l)  H2S2O7 (l)                              H2S2O7 (l) + H2O(l)  2 H2SO4 (l)   
                                              “Oleum” 



 

 

• Although SO3 can react with water to produce H2SO4, the exothermic 
reaction forms droplets of acid vapours & “fog” which is uncontrollable 
and less convenient.                  SO3 (g)  + H2O(l)  2SO3 (g) + heat 

 
• To conserve energy the mixture is heated by exhaust gases coming out 

of the catalytic converter by heat exchangers. 
 

9.5.3.4 Steps and chemistry involved in the industrial production of H2SO4 & 
evidence to predict ways in which sulfuric acid can be maximised. 
 

• Production (above) 

• Sulfuric acid is maximised by the altering of the conditions in the 
conversion from SO2 to SO3. 

• High temperatures and moderate pressures (2 atm) ensure a 99.5% 
conversion of the sulfur dioxide to sulfur trioxide.  

• Furthermore any unreacted SO2 is returned to the catalytic converter to 
achieve maximum sulfuric acid. 

9.5.3.5 reaction conditions necessary for the production of SO2 and SO3 

9.5.3.6 rates of reaction & equilibrium conditions to the production of SO3 
 

• The heat generated in the burning of sulfur can be used to heat the 
oxygen & melt the incoming sulfur. (recycling heat) 

• SO2 is cooled & then converted to SO3 with excess heated oxygen. 

• The small pellets of the porous catalyst V2O5 (Vanadium(V) oxide) 
lowers the activation energy, as the SO2 & O2 are adsorbed (‘contact’) 
onto the surface to weaken their bonds.  (Speeds up reaction rate) 

 

Equilibrium: 

• Reacting at a low temp shifts to right, but this slows down the rate, Thus; 

• The gases are first passed through the catalytic converter (many layers 
of catalyst) at 550C to convert 70% to SO3 at a fast rate. Then this 
repeated at a lower temperature to achieve about 97% conversion.  

• Increasing the reactant concentration & decreasing the product 
concentration pushes the equilibrium to the right. 

• High Pressure favours the right, but the above conditions achieve the 
desired yield & rate. Hence operated just above atmospheric pressure. 



 

 

9.5.3.7 examples of the reactions of sulfuric acid acting as a: 
Oxidising Agent: 

•  In redox reactions Sulfuric acid is an oxidising agent. (causes other 
chemicals to oxidise, while it reduces). 

• It can oxidise reactive metals to produce hydrogen: 

• Zn(s) + H2SO4 (aq) → ZnSO4 (aq) + H2 (g) 

• Whereas, hot, concentrated sulfuric acid is a vigorous oxidising agent. 
Metals above? lead in the standard potentials, SO2 is produced instead 

• (KNOW THIS): Eg. Copper metal reactions with hot, concentrated sulfuric acid: 
( equation in practical) 

Dehydrating Agent: 

•  Sulfuric acid has a great affinity for water, and hence absorbs water 
from other substances. 

• It removes moisture from gases & non-aqueous liquids when they are 
needed in a dry state. 

• It also dehydrates chemical compounds. Eg. dehydration of ethanol. & 
used in the production of esters.   

• When blue (hydrated) copper sulphate is stored in a desiccator with 
concentrated sulfuric acid, the copper sulphate is dehydrated to a white 
powder. 

• CuSO4.5H2O(s) 
H2SO4
→      CuSO4 (s) + 5H2O(l) 

 

(look at HSC Q^) 
 

9.5.3.8 observe the reactions of sulfuric acid acting as: 
– an oxidising agent: 
1. Place 5mL of hot conc. sulphuric acid (18M)(98%) into a test tube. 
2. Add a small piece solid copper metal 
3. Record observations 
Observations: Bubbles of gas observed (tested with moist litmus paper 
which turned from blue to red ie. SO2), & the brown copper became a 
blue/whitish copper sulphate (some dehydrated by acid). 

Copper Oxidises:                Cu(s)  Cu2+
(aq) + 2e- 

Sulfuric acid reduces:        H2SO4 (l) + 2e- + 2H+
(aq)   SO2 (g) + 2H2O(l)  

 

Overall Reaction:    Cu(s) + 2H2SO4 (l)  CuSO4 (aq) + SO2 (g) + 2H2O(l)  



 

 

– a dehydrating agent - Sucrose 
1. Place 2cm of sucrose in small beaker in fume cupboard. 
2. Add 18M conc. H2SO4 until sucrose is completely covered. 
3. Observations: change in colour to black, then bubbling, very exothermic 
reaction, as jets of gases (SO2 & water vapour) & pushed the black 
amorphous carbon to the top & out of beaker. 

C12H22O11 (s) 
H2SO4
→      12C(s) + 11 H2O(l) (steam)  

 

– a dehydrating agent – Copper (II) Sulfate Pentahydrate 
1. Add half a teaspoon of blue copper (II) sulphate pentahydrate 
(CuSO4.5H2O) to an evaporating basin in fume cupboard 
2. Add enough conc. H2SO4 to just cover the blue powder. 
Observations: Blue powder slowly went to light blue (could eventually turn white) 

Equation: CuSO4.5H2O (s)  
H2SO4
→     CuSO4 (s) + 5H2O (l) 

- Enthalpy of Ionisation 
1. Add 100mL distilled water to medium beaker & record initial temp. 
2. Gradually add 5mL conc. sulphuric acid, stir & record final temp. 
Results: Heat was released (T1=25    T2=35) 

9.5.3.9 exothermic nature of sulfuric acid ionisation 
 

• Sulfuric acid is classed as a strong acid because the first ionisation occurs 
to 100% of the H2SO4 molecules. The second ionisation reaches an 
equilibrium so the hydrogensulfate ion (HSO4

-) is a weak acid. 

• H2SO4 (aq) + H2O(l) → HSO4
- (aq) + H3O+

(aq)      (∆H = −90kJ/mol)  K1 very large 

• This enthalpy change depends on the degree of dilution  
 

• HSO4
- (aq) + H2O(l)  SO4

2-
(aq)

  + H3O+
(aq)      K= 1.2 x 10-2 

 

9.5.3.10 safety precautions when diluting & using concentrated sulfuric acid  
 

• DILUTION: If you pour water into concentrated sulfuric acid, the sudden 
heat release in a small volume of liquid can cause the liquid to boil and 
“spit” small droplets of acid, or cause the container to crack. 

• Hence, you ADD ACID (slowly, with stirring) TO THE WATER. 

• This way there is a larger volume of liquid to absorb the heat, & if 
spitting does occur, it is a more dilute acid solution. 

• Safety Precautions: Concentrated H2SO4 is corrosive to skin & clothing. 

• Wear safety glasses, glove, laboratory coat.  



 

 

• Work near a supply of running water, to dilute & wash any spills.  

• Have a supply of sodium hydrogencarbonate (NaHCO3) to neutralise 
floor spills. 

 
9.5.3.11 use available evidence to relate the properties of sulfuric acid to 
safety precautions necessary for its transport and storage 
 

• Dilute Sulfuric acid contains hydronium ions which react corrosively with 
most metals. 

• Hence dilute sulfuric acid transported/stored in glass or plastic. 
 

• Pure sulfuric acid (molecular H2SO4) with no water, has no hydronium 
ions & hence does not react with metals. 

• Hence pure sulfuric acid can be transported in steel tanks. 
 

• The containers must have air-tight seals, to prevent leaks & prevent acid 
absorbing water vapour from the air. (dehydrating agent) 

9.5.4 The industrial production of sodium hydroxide requires electrolysis 
9.5.4.1 difference between galvanic cells & electrolytic cells (energy)  
 

Galvanic Cell Electrolytic Cell 
REDOX reaction converts chemical 
energy into electrical energy.  

Can’t produce electricity. Requires 
energy supply (electricity) for REDOX 
to occur. 

Reaction is spontaneous & 
exothermic. (energy release = electricity)  

Reaction is not spontaneous & is 
endothermic. 

Sum of Standard Half-Cell Potential 
(E⦵) is +ve. 

Sum of Standard Half-Cell Potential 
(E⦵) is -ve. (minimum voltage needed) 

Electrons flow from Anode to Cathode 
in external conductor  

External power source pulls electrons 
from the anode (+) & drives electrons 
into the cathode (-)  

Anode (negative electrode)- Oxidation 
Cathode (Positive electrode)- 
Reduction 

Anode (positive electrode) – Oxidation 
Cathode (negative electrode) - 
Reduction 

Two half-cells connected by salt bridge Usually one container & one 
electrolyte 

 



 

 

9.5.4.2 industrial production steps -describe the reaction in terms of net 
ionic and full formulae equations 
9.5.4.5 different products of the electrolysis of aqueous & molten NaCl  
 

Overall reaction:     2NaCl(aq) + 2H2O(l)  2NaOH(aq) + Cl2 (g) + H2 (g) 

Ionic Form:  2Na+
(aq) + 2Cl- (aq) + 2H2O(l)  2Na+

(aq) + 2OH-
(aq) + Cl2 (g) + H2 (g) 

• The sodium ions are spectators & unchanged. 

• The chloride ions are oxidised (lose electrons) to form chloride gas 

• The water is reduced (gains electrons) to form hydroxide & hydrogen gas 

• Industrially these reactions need to be carried out so that the products 
are separated to prevent unwanted reactions & products. 

 

Net Ionic Equations: (Electrolysis in Aqueous Solution) 
At Anode: 
2Cl- 

(aq)  2e- + Cl2 (g)    E⦵ = -1.36V 
OR         2H2O(l)   O2(g) + 4H+

(g) + 4e-    E⦵ = -1.23V 

• There is no clear winner in this situation, so it depends on the 
concentrations of the reactants to which will predominate. In a very 
dilute salt solution, oxygen would be produced.  

• In a more concentrated solution there would be a mixture. But 
industrially, the salt solution Brine is used as this is highly concentrated & 
the gas produced is pure chlorine. 

 

At Cathode:                                                              Electrolysis of aqueous NaCl 
Na+

(aq) + e-  Na(s)     E⦵ = -2.71V                          
2H2O(l) + 2e-   2OH-

(aq) + H2 (g)      E⦵ = -0.83V 

• Hydrogen is more easily produced than 
sodium, so the water is reduced, and if 
sodium did form it would react with the 
water anyway. 

i.e Conc. NaCl: NaOH, H2 (g) & Cl(g) form. 
 

Net Ionic Equations: (Electrolysis of Pure, 
Molten Electrolytes) 

• With molten sodium chloride (no water) sodium is produced at the 
cathode & chlorine gas at the anode, with a total cell potential -4.07V. 
(needs 4.07V to run). This is industrially used to prepare metallic 
sodium. 



 

 

Summary Dilute Concentrated Molten 

Cathode 
reaction 

2H2O(l) + 2e-   
2OH(aq) + H2 (g) 

2H2O(l) + 2e-   2OH-
(aq) 

+ H2 (g) 
Na+

(l) + e-  Na(l) 

Anode 
reaction 

2H2O(l)   O2(g) + 
4H+

(g) + 4e- 
2Cl- 

(aq)  2e- + Cl2 (g) 2Cl- 
(aq)  2e- + Cl2 (g) 

Overall 2H2O(l)   O2(g) + 
2H2(g) 

2NaCl(aq) + 2H2O(l)  Cl2 

(g)  + H2 (g) + 2NaOH (aq) 

2NaCl(l)  2Na(l) + Cl2 (g) 

 
 

9.5.4.4 three electrolysis methods used to extract sodium hydroxide: the 
technical & environmental difficulties involved in each process  
 

Mercury Process: (efficient) 

• The mercury & voltage allows sodium to be reduced to metal Na. 

• The Na combines with mercury to form a liquid alloy called an 
“amalgam”. The Na is carried away before it reacts with the cell water. 

• The mercury is recycled back into the electrolytic cell. 
 

• Anode: 2Cl- (aq)  2e- + Cl2 (g)            Cathode: Na+
(aq) + e-  Na(s) 

• Mercury sodium amalgam is then sprayed into a reactor tank of water. 

• 2NaCl(aq) + 2H2O(l)  2NaOH(aq) + Cl2 (g) + H2 (g) 

• Sodium is collected by evaporation, & Cl & H gases are collected as 
valuable by-products. 

Environment:   

• Despite efforts, some Hg leakages & vapours escape. Mercury then 
enters the food chains & causes bioaccumulation. “Minamata disease” 
was the many deaths caused by mercury pollution from a NaOH plant. 



 

 

 The Diaphragm Process:  

• In an aqueous environment & low voltage the Na+ don’t reduce. 

• The Na+ ions from the salt are attracted to the negative cathode. These 
ions are spectator ions & are washed off the cathode mesh along with 
the OH- ions which form on the cathode. Thus forming NaOH that is 
washed by the condensed steam to accumulate at the bottom. 

• The steam causes the cathode reaction & washes NaOH off.  

• Anode: 2Cl- 
(aq)  2e- + Cl2 (g)         Cathode: 2H2O(l) + 2e-   2OH-

(aq) + H2 (g) 

• The NaOH can be crystallised out. 
 
Problem: 

• It is less efficient than the Mercury process as some Cl- ions seep through 
the diaphragm so the NaOH is contaminated with salt & must be 
purified. 

 
Environment:   

• Asbestos is carcinogenic & a serious health hazard. It’s use is now 
banned much like the mercury process. 



 

 

 The Membrane Process: (efficient & safe) 
• This is the mainly used today, and requires a modern, high-tech polymer 

membrane (Teflon). 
• The Na+ ions can flow through the Teflon but the -ve ions (Cl-, OH-) can’t. 
• The Teflon membrane is hence semi-permeable. 

• Anode: 2Cl- 
(aq)  2e- + Cl2 (g)           Cathode: 2H2O(l) + 2e-   2OH-

(aq) + H2 

(g) 
• The Na+ ions flow through the Teflon to the negative cathode. The water 

around the cathode forms OH- ions which through evaporation of the 
water the Na+ & OH- can be collected as pure NaOH. 

• Only part of the NaOH is withdrawn from the cathode compartment with 
the remainder being diluted & returned to the cathode compartment. 

 

All three processes separate the oxidation product & reduction productions 
differently, as if these are combined undesirable products will form. But the 
overall reaction for all processes is the same. 



 

 

 
 
 
 
 
 
 
 
 
 
 

Mercury Process Diaphragm Process Membrane Process 

-Very Pure NaOH 
 
-Great amounts of 
energy needed 
 
- Mercury cells are more 
expensive to construct. 

Large quantities of NaOH 
& Cl2 
 

-NaOH is contaminated 
with Cl 
 

-less energy compared 
to Mercury process  

-Virtually pure NaOH. No 
Cl contamination, & no 
oxidants in wastes.  
 

-Lowest energy 
requirement 
 

-Very pure brine needed. 

Triglyceride: 3 molecules of “fatty acid” joined to a “glycerol” 

9.5.5 Saponification is an important organic industrial process 
9.5.5.1 Saponification: conversion in basic solution of fats & oils to glycerol 
& salts of fatty acids  
 

Fatty Acid: long hydro-
carbon chain with a 
carboxylic acid group 
(COOH) 

• The hydrocarbon chain is non-polar, the –COOH group is polar 
 
Glycerol: Triple alcohol molecule with 2 OH -“ol” groups 
1,2,3 propanetriol:  
 
 
 
 
 
 
 
 
 

 
 
Saponification: soap (salt of fatty acid) is made by reacting a triglyceride 
(fat/oil) with a strong base (NaOH). 

Triglyceride (fat) + 3NaOH      glycerol + 3 salts of fatty acid (soap) 



 

 

• Triglycerides are formed by esterification. (condensation reaction 
between an alcohol & carboxylic acid) 

 Alkanol    +       Alkanoic acid                                           water + ester       

• The reverse reaction is hydrolysis (add water to split it apart)  

• Triglycerides (fats & oils) are needed in saponification. Fats are solid at 
room temp (beef fat), while oils are liquid at room temp (olive oil). Due 
to the difference in melting point (saturated or unsaturated). 

 
If fatty acid was 
stearic acid 
CH3(CH2)16COOH, 
then the soap 
molecule would 
be sodium sterate 
CH3(CH2)16COOH-

Na+ 

 



 

 

9.5.5.2 Carry out saponification and test the product 
 

Aim: make raw soap and test its ability to lather 
Safety: NaOH is caustic. Don’t use soap on hands (may be some caustic 
NaOH residues.) 
Method:  
1. Set up a water bath on top of a bunsen burner. 
2. Add 4g olive oil and 10mL NaOH(aq) to a test tube. Stopper & shake. 
3. Remove the stopper & heat the test tube in the water bath for 30min 
4. Carefully remove the test tube & let it cool 
5. Pour mixture into a filter funnel with folded paper towel 
6. Rinse the raw soap 
7. Spoon out rinsed soap onto a pad of paper towel & pat to absorb water. 
Test: 1. Weight 0.2g of your soap into a test tube, 0.2g of soap shaved from 
a bar into a second test tube & 0.2g of detergent into a third test tube. 
2. Add 5mL water to each. Stopper & shake all three vigorously for 20sec. 
3. Observe & record the amount & longevity of suds. 
4. Add 5mL limewater (Ca2+ ions) to each. Stopper & shake. (no lather) 

9.5.5.3 saponification in school compared to industrial production 
 

• Overall reaction is the same, but the quantities & scale are different. 

• Industrially, a blended mixture of several fats or oils are used. Eg. 
“Palmolive” – olive oil + palm oil. 

• Industrially, monitoring of cost, efficiency is essential 

• The reaction occurs in two distinct stages. rather than using one step at 
normal conditions, and producing one “batch” of NaOH. 

 
Industrial Process: 

• Step 1: Under high pressure & temp, in the presence of steam & a ZnO 
catalyst the triglyceride molecules are “hydrolysed” (split with water) to 

form fatty acids & glycerol. (reverse of esterification) 

• The glycerol flows down with the water & is collected as a valuable by-
product. 

• Step 2: The fatty acids flow upwards, are dried, & a neutralisation 
reaction occurs (acid + base) when mixed with precise amounts of base, 
to form soap. 

9.5.5.4 identify a range of fats and oils used for soap-making 
 

• The quantities of fats & oils are adjusted to produce varying degrees of 
texture & lathering. Any fats/oils can be used, and most fats/oils are 
composed of many fatty acids. Originally animal fats from meat scraps 
were used. Eg. fat from boiling beef (“tallow”), or pork scraps (“lard”) 
have been the main sources for centuries. 

• In modern industry, vegetable oils are predominantly used as they can 
be more reliably supplied in large quantities at consistent price & quality. 
Eg. palm olive is coconut & soybean oil.  

 

9.5.5.5 account for the cleaning action of soap by describing its structure 
 



 

 

Hydrolysis: 
             ZnO Catalyst! 

• When a soap, eg. sodium stearate dissolves in water, ions are produced 

in solution: CH3(CH2)16COOH-Na+
(s)   CH3(CH2)16COOH-

(aq) + Na+
(aq) 

• The soaps anion’s hydrocarbon chain is non-polar (hydrophobic), & will 
mix with non-polar dirt, grease & oil. At the end of this ‘tail’ is a charged 
carboxylic acid group (hydrophilic) that is polar & interacts by Hydrogen 
bonding & ion-dipole interactions with the surrounding water. 



 

 

• These soap molecules aren’t evenly spread, but in clumps called micelles.  

• A micelle forms when the carboxylic acid group is attracted to the water, & the 
hydrophobic tails are attracted to each other by dispersion forces. The micelle 
forms to prevent the hydrophobic ends interacting with the water & because 
the polar heads repel each other, a circular micelle forms. 

• The hydrophobic tail of the soap dissolves in the 
dirt/grease particle (dispersion forces), & the hydrophilic 
ends are water soluble due to dipole-ionic forces. 
Agitation ensures the dirt is fully covered, forming a 
spherical micelle. These dirt droplets remain dispersed 
due to repulsion between micelles negative surface. 

• When agitated these micelles emulsify the fat in the 
water which then 
flows with the water. 
Hence cleaning the 
substance, as it 
emulsifies the fat.  

9.5.5.6 soap, water & oil together form an emulsion with the soap acting as 
an emulsifier 
 

• Water & oil are immiscible liquids. Oil floats on top on water. Energy 
through agitating mixes the liquids, but then when left they settle out 
again. 

• Soap (emulsifier), water, oil & agitation allows small quantities of oil to 
break up into small droplets & remain suspended almost indefinitely.  

• The soap’s ionic ends sticking out of the oil layer are water soluble. The 
long, hydrocarbon tails remain in the oil droplet (dispersion forces). 
Hence creating a layer between the oil & water, & prevents droplets 
joining together. 

 

9.5.5.7 properties of a named emulsion and relate these to its uses 
 

• Two types: oil phase dispersed in water, or water phase dispersed in oil. 

• Milk, cream, butter, mayonnaise, water based acrylic paint are common 
emulsions at home.  

• Acrylic paints are a mixture of colour pigments & polymer compounds  
emulsified in water. (oil in water emulsion) 

Soap micelle 

Note: always mention hydrophobic/ 
hydrophilic & intermolecular forces in answer! 
& make it clear that it’s the SOAPs ion 
 



 

 

Property Relation to Use 

Water-based Convenient for washing brushes 

Emulsion is very stable & doesn’t 
separate easily 

Remains liquid & coloured for easy 
application & attractive appearance 

As water evaporates polymers & 
pigments form a solid film on the wall 

The layer of dried paint is durable & 
washable & lasts for many years. 

 

9.5.5.8 demonstrate the effect of soap as an emulsifier 
 

Method: 1. Add a 5 drops of olive oil & 10mL of water to two test tubes  
2. Add a little soap solution to one. 
3. Add a stopper & agitate both test tubes. 
4. The oil droplets rapidly join together, forming two layers in one, while in 
the other the oil is emulsified & remains emulsified in the soap solution. 
Emulsion Definition: Two immiscible liquids are combined so that they form 
a stable, uniform mixture that doesn’t separate. It’s not a solution but a 
suspension where tiny droplets of one liquid are dispersed uniformly 
throughout the other. To achieve this, an emulsifier (chemical) is needed to 
stop the droplets joining together.  

9.5.5.9 distinguish soaps & synthetic detergents in terms of: 
– the structure of the molecule 

• Structure is similar in the hydrophilic head & hydrophobic tail, but are 
also different. 

• Soaps have an anionic head, whereas detergents have many types. 



 

 

– chemical composition 
Property Soap Detergent 

Sources Made from 
plant or 
animals fats 
(natural) 

Made from petroleum fractions. (synthetically 
made) (long hydrocarbon – from an alkane, the 
ring structure comes from benzene, the end group 
is derived from H2SO4) 

Cleaning 
Power 

Less powerful More powerful 

Use Not very 
versatile 

Very versatile for different fabrics, washing temps 
& conditions 

Additives No additives Additives added to improve use, eg. fragrances & 
colour; Enzymes to digest proteins & enhance feel 
of fabric 

– effect in hard water 

• Hard water with Ca2+ & Mg2+ ions cause the build up of mineral deposits. 
It also prevents soap from emulsifying or cleaning. These ions react with 
the soap molecules (locking them up) & forms insoluble precipitates that 
cling together forming soap scum. This doesn’t wash away easily & is 
visible on clothing. Detergents ion (akyl-benzene sulfonate ion) remains  

9.5.5.10 distinguish anionic, cationic & non-ionic synthetic detergents  
– chemical composition      -uses 

Anionic (-mostly used) Cationic Non-ionic (alkanol) 

-Sulphate (SO4
2-) or 

sulfonate (SO3
-) head. 

-Modified ammonium ion 
as active site.  

-Not as lathering as ionic 
detergents.  

-Some substances 
have negative 
molecules so 
detergent is repelled 
& washes away easily 
(bringing emulsified 
dirt). 

-Emulsify fats well, but cling 
to positively charged 
glass/fabrics with the fat & 
don’t wash away easily. 
-Thus leaving it greasy. 
-Thus used once a substance 
is clean, making the 
substances (hair) lie next to 

-Contain polar sections 
within the molecule 
which form H-bonds with 
water. 
-These are not as 
lathering as ionic 
detergents as they don’t 
form ions. 

in solution & doesn’t precipitate with these ions. 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
Anionic
  
 
 
 
Cationic 
 
 
 



 

 

each other. This makes hair 
manageable & shiny, & 
fabrics soft.  

-Thus used in things 
where no foam is wanted 

-Hence used for 
dishwashing, laundry, 
liquid soaps, 
shampoo, toothpaste. 

-Hence used for 
conditioners & fabric 
softeners 

-Hence used for 
dishwashing machines, 
floor cleaning, cosmetics, 
car shampoos. 

 

 
 
 
 
Non-ionic 
 
[look at comparison in 
booklet (26a)] 



 

 

9.5.5.11 discuss, using examples, the environmental impacts of the use of 
soaps and detergents 

• Soaps are made from natural organic chemicals (fatty acids) that 
bacteria can decompose. Hence “biodegradable”. They don’t produce 
any pollution & hence have no impact on the environment. 

 

• Early detergents were made from branched chain hydrocarbons, that 
bacteria could not decompose, & hence were “non-biodegradable”. 

• This resulted in waterways being filled with foam & the emulsifying 
power of detergents built up & caused damage to plants/animals. 

• This was solved in the 1970’s by “biodegradable” linear chain molecules 
 

• The main impact of detergents was the additives that made detergents 
work better. Phosphate compounds were particularly effective with this. 

• This use of phosphate compounds was a major contributor to 
eutrophication. Since the 1980’s phosphate use in detergents have been 
greatly reduced or eliminated.  

• Some replacements for this are toxic & need to be removed before 
sewage is released into the environment, but some still get through. 

-Non-ionic detergents with a greater cleaning power than anionic detergents 
are also now used more (don’t produce foam) 
 
 



 

 

9.5.6 The Solvay process has been in use since the 1860s 
9.5.6.1 Raw materials used in the Solvay process & their products 
 

Raw Materials:  

• Sodium Chloride (NaCl) (brine) from seawater 

• Calicum Carbonate (CaCO3) - limestone(an abundant rock in some places) 

• Ammonia (NH3) – re-generated during process so no net usage 
Products: 

• Sodium Carbonate (Na2CO3) the desired product 

• Calcium Chloride (CaCl2) - waste product (no value), & disposed in landfill 
Overall Reaction: 
2NaCl(aq) + CaCO3 (s)  Na2CO3 (s) + CaCl2 (aq) (equation allows theoretical yield 
to be calculated) Look at palm card 
 

1.Limestone is roasted in a kiln to form CO2 CaCO3 (s)  CaO(s) + CO2 (g) 
2. Brine (from sea) is purified (remove ions by crystallising or precipitating out) 
3. Brine with dissolved ammonia & bubbled CO2: NaCl + NH3 + H2O +CO2  NH4Cl + NaHCO3  

4. NaHCO3 is crystallised out at 0C, filtered & heated to decompose to Na2CO3 (s) 

5.the CaO forms Ca(OH)2 with water so that it reacts with NH4Cl to recover NH3 

9.5.6.2 The uses of sodium carbonate 
 

Sodium Carbonate, Na2CO3: 

• Glass making – common window & bottle glass is made by melting a 
mixture of sodium carbonate, calcium carbonate & silicon dioxide (silica) 

• Water Treatment: In hydrated form (Na2CO3.10H2O) Small amounts of 
Na2CO3 is added to precipitate Ca & Mg ions to soften the water. 
(preventing mineral deposits & helps soaps) & used in laundry detergent 
as a softener. 

• Soap Making: is used to make soaps & detergents. 

• Pollution Control: coal-burning power stations. Na2CO3 is used to “scrub” 
the exhaust gases to remove the SO2:       Na2CO3 + SO2  Na2SO3 + CO2 

• Baking soda Making: (NaHCO3) for cooking & fire extinguishers. 
• Cheaper & safer Base alternative to NaOH. 



 

 

9.5.6.4 Identify, given a flow chart, the sequence of steps used in the Solvay 
process & describe the chemistry involved in:  
-brine purification: 

• Deep underground salt water storages (brine wells), underground rock 
salt deposits or the sea are sources of brine. 

• Brine needs to concentrated to at least 30% salt by sun evaporation. 

• Impurities are removed by precipitation: Carbonate can precipitate Ca2+ 
ions, and OH can precipitate other ions (Mg2+ & Fe3+) 

• The resulting brine is filtered. (include equations in answer) 
 

Crystallisation: Warmed to evaporate liquid, then cooled to crystallise the solid. 

-Sodium Hydrogen carbonate formation: 
• Crushed(surface area) limestone is heated in a kiln to make CO2 (g) & CaO is used later 

• CaCO3 (s)  CO2 (g) + CaO(s)  (900C) 

• The purified brine then has ammonia dissolved in it. It enters a carbonator 
where CO2 from limestone has dissolved to form a weak acid, and then reacts 
with the weak base, NH3.  

• CO2 (g) + H2O(l)  H2CO3 (aq) 

• H2CO3 (aq) + NH3 (aq)  NH4
+

(aq) + HCO3 
-
(aq) 

• The sodium ions & hydrogen carbonate ions then crystallise (reaction at 0C). 
Na+

(aq) + HCO3 
-
(aq)  NaHCO3 (aq)         NaHCO3 (aq)  NaHCO3 (s) 

• The 3 reactions favour the right as the NaHCO3 crystallises out. The 
crystals are then vacuum-filtered & removed from the carbonator. 
Overall Reaction: CO2 (g) + NaCl(aq) + H2O(l) + NH3 (aq)  NaHCO3 (s) + NH4Cl(aq) 

-Formation of Sodium Carbonate: 

• Impurities are removed & recycled from the NaHCO3. Then by heating in 
a Kiln at 300C it decomposes into Sodium Carbonate. 
NaHCO3 (s)  NaCO3 (s) + CO2 (g) + H2O(g)                (CO2 is recycled) 

-Ammonia Recovery  

• ammonia used is worth more than the products, thus the process would 
be economically impractical if the ammonia wasn’t recovered. 

• Calcium Oxide (from Limestone Kiln), reacts with water: 
CaO(s) + H2O(l)  Ca(OH)2 (aq) 

• This is then reacted with ammonium chloride to recover/re-cycle NH3 
Ca(OH)2 (aq) + 2NH4Cl(aq)  CaCl2 (aq) + 2H2O(l) + 2NH3 (aq) 



 

 

9.5.6.3 Risk factors & carry out a step in the Solvay process, identifying any 
difficulties associated with the laboratory modelling of the step 
 

Aim: Model part of the Solvay process & identify hazards & difficulties 
Modelling: 1. CaCO3 (s)  CO2 (g) + CaO(s)  (900C) 

2. CaO(s) + H2O(l)  Ca(OH)2 (aq) 
 

Hazard: CO2 gas – good ventilation or Fume Cupboard-poisonous in high 
quantities. 

CO2 gas & heat – could explode 
Method: 
1. Select 2 similar flat marble chips (large surface area). Place one in an 

evaporating basin & weigh. Heat strongly with a blue Bunsen flame for 
10 minutes. After the chip has cooled, reweigh it. (3g to 2.6g –loss of CO2 

2. A) Transfer heated/cooled chip to test tube. Add 5mL water & five drops 
of universal indicator. Shake. It turns purple – Ca(OH) is alkali 
B) Transfer the unheated chip to a test tube. Add 5mL water & five drops 
of universal indicator. Shake. It turns yellow/green – CaCO3 is a weak 
solution of carbonic acid. 

Difficulites: 
-Can’t perform at 900C, therefore difficult to obtain accurate results & 
observations, as the changes are so miniscule. 
-Does not work fast enough for the significant change either due to the lack of 
heat. 

 
9.5.6.5 Solve problems & quantitatively analyse the relative quantities of 
reactants & products in each step of the process 

• On palm card 
 

9.5.6.6 discuss environmental issues associated with the Solvay process & 
explain how these issues are addressed 
 

Heat Produced: 

• Heated water from exothermic reactions disposed of in water systems, 
increases temperature which reduces DO & disrupts reproduction 

• Thus water from nearby lakes & rivers are used as a coolant in heat 
diffuser towers to absorb waste heat. Or air-cooling towers are used. 

Calcium Chloride: is produced in vast quantities. It can be used in concrete 



 

 

Mixtures, as a drying agent, for de-icing of roads, & soil treatment additive. 
Although its production far exceeds it demand. 

• It can’t be dumped into rivers/lakes as the increased levels of dissolved salts 
can affect the ecosystem. Thus either returned in a slurry/solution (diluted) to 
the sea (less impact), but preferably dried to form a solid that is disposed in 
landfill. This at the moment seems like the best solution (more costly), but 
future effects on underground water are unknown. 

Calcium Hydroxide:  

• Excess must be neutralised (with HCl in storage lagoons) before being released. 
Solid Wastes: 

• Originally put in waterways – silted up water ways that caused problems. 

• Unburnt Calcium carbonate, sand & clays from the kiln need to be disposed. 
While non-toxic, it forms an unsightly sludge. Now used in brick making, 
landfill or road base which has less consequences.  

Ammonia: (apart from profit loss) 

• Some inevitable losses occur & Ammonia is an atmospheric pollutant. 
Overall: 

• Process has now been replaced with the crushing/heating of mineral Trona. 

9.5.6.7 Criteria used to locate a chemical industry & Solvay process example 
 

Factors include: (eg. Solvay process) 

• Availability & cost of land & infrastructure (eg. unwanted land) 

• Availability & cost of energy supply (eg. doesn’t need a lot of this) 

• Availability of reactants (raw materials) (eg. Brine & Limestone) 

• Labour supply (eg. relatively close to population – engineers, chemists) 

• Accessibility to markets (use) (eg. glass making or transport to use) 

• Transport availability (eg. train)  

• Waste disposal issues/sites (eg. not too close to city (NH3 & close 
to/transport to landfill/sea) 

• Environmental issues, Social & safety issues 
 

Solvay Process: Often on outskirts of large cities, near reliable sources of 
salt (sea) & limestone. 
Eg. Adelaide: on coast for sea water into evaporation pans (good climate for 
it). Limestone deposit close by with a train link & close to Adelaide 
population. Development near by needs landfill (thus CaCl2 can be disposed 
of in landfill & Solid wastes in the bricks). Good train links to Glass making. 



 

 

9.5.2.4 K- Equilibrium Constant, Q – Reaction Constant 
 

• Each reaction has its own equilibrium constant at a particular temp. 

• DON’T involve solids, or liquids in equilibrium constant 

• Not possible to assign a value of K above for which reactions go to 
completion, & vise versa. 

 

K: Equilibrium Constant: ratio between the EQUILIBRIUM concentrations of 
products & reactants is the equilibrium constant. 
Q: Reaction Constant: ratio between product & reactant concentrations 
under any conditions. (i.e not just at equilibrium) 
 

-If Q<K (concentration of products will increase & reactants will decrease 
until equilibrium is established & Q=K) 
 

Concentration/Pressure Changes: 

• If the concentration of one species changes, the system re-adjusts to 
establish a new equilibrium. But the concentrations measured in the new 
equilibrium are in the same ratio & thus K is the same. 

9.5.2.5 Quantitatively Analyse an Equilibrium Reaction (don’t need to know??) 
 

Aim: Analyse the equilibrium reaction of a weak acid – ethanoic acid 
Method: 
1.Start with 6.005 g of ethanoic acid solution. – To have 100mL of 1M acid. 
2. Add 6.005g of ethanoic acid solution, and fill up with distilled water to 100mL. 
3. Add exactly 10mL of the 1M solution to the second measuring cylinder. Add 
distilled water to the 100mL mark. This is 0.1M ethanoic acid 
4. Add exactly 10mL of the 0.1M ethanoic acid to the 3rd & fill up to 100mL, with 
distilled water. This is the 0.01M ethanoic acid 
5. Add exactly 10mL of the 0.01M ethanoic acid to the 4th cylinder & fill up to 
100mL with distilled water. This is the 0.001M ethanoic acid. 
6. Use pH meter to record each pH. 
Results: should all be the same                         should become smaller 

Solution pH measured [H+] = 10-pH % ionisation = [H+]/[acid] x 100 K= [H+]2/ [acid] 

1.0M 2.2 10-2.2 10-2.2/1x 100=  0.63% 4x10-5 

0.1M 3.2 10-3.2 10-3.2/0.1x 100=  0.63% 4x10-6 

0.01M 4.5 10-4.5 10-4.5/0.01x 100=  0.31% 1x10-7 

0.001M 5.6 10-5.6 10-5.6/0.001x 100=  0.25% 6x10-9 

Same ionisation, but less acid to start with so less product thus K decreases. 



 

 

Electrolytic Cell  
-notice how the 
electrons go from the 
anode (+) to positive 
terminal of battery, & 
leave negative terminal 
of battery to go to the 
cathode (-). 
 
 
 
 
 
 
 
 
 
 
 

RHS: (“-“ electrode) (cathode – water reduced) turns purple, thus OH- ions  
RHS: Pop Test for H2 (g) – Place test tube on top & open valve (collects H2 (g) 
that is lighter than air). Light a splinter and place near test tube – the flame 
rushes in (implosion) and has a “pop” sound. Thus H2 (g) was present. 
LHS: (“+“ electrode) (Anode – Chloride oxidised) Solution turned colourless. 
Damp (ions form) Blue litmus paper, in contact with the gas turns red & 
then is bleached white, hence Cl2(g) is produced. (the odour of chlorine too)  
 

Anode: oxidation of chloride ions: 2Cl- 
(aq)  2e- + Cl2 (g) 

Cathode: reduction of water: 2H2O(l) + 2e-   2OH-
(aq) + H2 (g) 

 

Note: electrons dragged into “-“ & pushed out of “+” 
 

• Dilute Salt Solution (just sea water):          at “-“ electrode – same results 

9.5.4.3 perform a first-hand investigation to identify the products of the 
electrolysis of sodium chloride 
 

Products (concentrated salt solution): NaOH, H2 (g) & Cl(g). (same industrially) 
Aim: Electrolyse sodium chloride & identify the products 
 

Hazards: Perform in a fume cupboard, to prevent inhalation of Cl2 (g). & 
collect only one tube of H2 (g) (explosive gas) to prevent explosion, & small 
amounts. Wear safety glasses (splashes) & dispose of correctly (neutralise) 

• Method: (concentrated salt solution) 
1. Set up a voltameter (Hoffman’s voltameter) with a retort stand. 
2. Make a saturated salt solution by adding 80g of NaCl to distilled water, & 
stir until as dissolved as possible. (concentrated aqueous solution) 
3. Add 5 drops of universal indicator to the solution. 
4. Pour into voltameter until full, then switch off valves, & fill top bit. 
5. Connect to the positive and negative DC terminals of a power pack. 
6. The solution was electrolysed at 8V for 30min, after which time the power 
pack was turned off. 
7. Identification of Products:  
Extra Sulfuric Acid Notes: 
 

- Acid + metal oxide  salt + water 

- Acid + Hydrogen carbonate  salt + water + Carbon dioxide 



 

 

-at “+” electrode red indicator shows production of acid (H+ ions) & the gas 
re-ignites a glowing ember (oxygen gas) 
 
Note: The state of the NaCl needs to be changed from aqueous to molten 
for Na metal to be produced at the cathode rather than H2 (g) 



 

 

  

 


