
 

 

ACIDS, BASES AND SALTS  

Properties of Acids, Bases and Salts: 

Acids (Latin word acidus, meaning sour like lemon) 

 Acids taste sour. 
 Their aqueous solutions conduct electric current (electrolyte solutions) 

 Acids turn blue litmus to red. 

 pH less than 7 
 Examples of acids: 

Monoprotic acids 

HNO3 – nitric acid 
HCl – hydrochloric acid 

CH3COOH – acetic acid (ethanoic acid) ➔ (Organic acids contain -COOH group) 
Diprotic acid 

H2SO4 – sulfuric acid 

Triprotic acid 
H3PO4 – phosphoric acid 

 Acids react with bases and form salt and water. This reaction type is called 

neutralization reaction. 

HCl + NaOH → NaCl + H2O 

Bases (Alkali: Arabic word for the ashes that come from burning certain plants; water 

solutions feel slippery and taste bitter like soap) 

 Their taste is bitter like shampoo. 

 Their solutions with water conduct electric current (electrolyte solutions) 
 Bases are slippery. 

 Bases turn red litmus to blue. 
 Bases turn phenolphthalein to purple 

 pH greater than 7 

 They react with acids and form salt and water. (Neutralization reactions) 

The Arrhenius theory: Swedish scientist Svante Arrhenius (1859–1927) proposed a 

theory explaining the nature of acids and bases according to their structure and the ions 

produced when they dissolve in water. 

 Acids are any substances that dissociate to produce hydrogen ions (H+) when dissolved 

in water.  

HA(aq) → H+
(aq) + A-

(aq)   

Hydrochloric acid: HCl(aq) → H+
(aq) + Cl-(aq) 

Nitric acid:  HNO3(aq) → H+
(aq) + NO3

-
(aq) 

Acetic acid:  CH3COOH(aq) →  H+
(aq) + CH3COO-

(aq)  

• In fact the hydrogen ion (H+) will associate with a water molecule to form H3O+. 

One way to write the equation for an acid ‘HA’ dissolving in water is: 

HA + H2O(l) → H3O+
(aq) + A–

(aq) 



 

Nihal İKİZOĞLU 1 

 Bases are any substances that dissociate to produce hydroxide ions (OH-) when 

dissolved in water.  

MOH(aq) → M+
(aq) + OH-

(aq) 

Sodium hydroxide: NaOH(aq) → Na+
(aq) + OH-

(aq) 

Barium hydroxide: Ba(OH)2(aq) → Ba2+
(aq) + 2OH-

(aq) 

Ammonia:  NH3(aq) + H2O → NH4
+

(aq) + OH-
(aq) 

Salts (Ionic compounds) 

 Ionic compounds that can result from the neutralization reaction of an acid and a 

base.  

 They are composed of cations (positively charged ions) and anions (negative ions) 
so that the product is electrically neutral (without a net charge).  

 Ionic compounds are dissociated into ions when they are dissolved in water. 

Sodium Chloride:  NaCl(s) + water → Na+
(aq) + Cl-(aq) 

Magnesium bromide: MgBr2(s) + water → Mg2+
(aq) + 2Br-

(aq) 

Potassium nitrate:  KNO3(s) + water → K+
(aq) + NO3

-
(aq) 

Sodium acetate:  CH3COONa(s) + water → CH3COO-
(aq) + Na+

(aq) 

Exercise: 

Acid name Formula Cation Anion Dissociation rxn  

Nitric acid     

Hydrochloric acid     

Acetic acid     

Hydrobromic acid     

Phosphoric acid     

Hydrofluoric acid     

Perchloric acid     

Hydroiodic acid     

Carbonic acid     

Sulfuric acid     
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Base name Formula Cation Anion Dissociation rxn 

Sodium hydroxide     

Magnesium hydroxide     

Ammonium hydroxide     

Calcium hydroxide     

 

Daily Life Examples: 

 pH Acid/Base/Neutral Phenolphthalein Litmus 
Purple 

cabbage 

Lemon juice      

Vinegar      

Flower 
fertilizer 

     

Sal 

ammoniac 
     

Spirit of Salt      

Detergent      

Soap      

Table salt      

Baking 
powder 

     

Slaked lime      

Bleach      

Drain opener      

 

Acidic Oxides & Basic Oxides: 

Nonmetal oxides: (=Acidic oxides if #Oxygen>#Nonmetal) 

CO2, NO2, N2O3, N2O5, P2O5, SO2, SO3, etc. Acidic oxides form acids when they’re dissolved 

in water. 

CO2(g) + H2O(l) → H2CO3(aq) (Carbonic acid) 

SO2(g) + H2O(l) → H2SO3(aq) (Sulfurous acid) 

SO3(g) + H2O(l) → H2SO4(aq) (Sulfuric acid) 

N2O5(g) + H2O(l) → 2HNO3(aq) (Nitric acid) 
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Metal oxides: (=Basic oxides except amphoteric metal oxides) 

Na2O, K2O, MgO, CaO, etc. Basic oxides form bases when they’re dissolved in water. 

Na2O(s) + H2O(l) → 2NaOH(aq) 

CaO(s) + H2O(l) → Ca(OH)2(aq) 

NEUTRALIZATION REACTIONS: 

 Acids react with bases and form salt and water. This reaction type is called 

neutralization reaction and also double-displacement reactions. 
 The number of H+ ions should be equal to the number of OH- ions for neutralization to 

form water (H+OH-). 

HCl + KOH → KCl + H2O 

H2SO4 + 2NaOH → Na2SO4 + 2H2O 

Exercise: 

1. How many moles of NaOH is needed to neutralize 0.5 moles of HNO3? 

 

 

 

2. If 0.2 moles of H2SO4 reacts with 0.5 moles of KOH, how many moles of with substance 

remain without reaction? 

 

 

 

Neutralization Reactions of Oxides: 

Na2O(aq) +  HCl(aq) →  NaCl(aq) +  H2O(s) 

         

NaOH(aq) +  SO3(aq) →  Na2SO4(aq) +  H2O(s) 

         

Na2O(aq) +  SO3(aq) →  Na2SO4 (aq) 
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Exercise: Complete and balance the following neutralization reactions. 

a) Ca(OH)2(aq) + HCl(aq) →  
 

b) H2SO4(aq) + CaO(aq) →  

 
c) H3PO4(aq) + Mg(OH)2(aq) → 

 
d) NH3(aq) + HCl(aq) →  

 

e) N2O5(aq) + HBr(aq) →  
 

f) K2O(aq) + CO2(aq) →  

Acid and Base Strength    

All acids and bases dissolve in water completely, however strong acids/bases dissociate 

completely (100%) in solution, whereas weak acids/bases dissociate less than 100%.  

• For example, HCl is a STRONG ACID and ionizes completely in water to yield H+ and 

Cl-. 

  HCl(aq)  →  H+
(aq) +  Cl-(aq) 

Initial:  1 mole  -   -  

Change: -1mole +1mole +1mole 

Result:     --  1 mole  1 mole 

 

 

Common strong acids are HCl, HBr, HI, HNO3, HClO3, HClO4, H2SO4, etc. 

 

• On the other hand, when HF completely dissolves, only some HF particles ionize in 
water. So, in a solution there will be intact HF particles as well as H+ and F-. Thus, HF 

is a WEAK ACID. 

HF(aq)    H+
(aq) +  F-

(aq) 

Initial:  1 mole  -   -  

Change: -0.01mole +0.01mole +0.01mole 

Result: 0.99 mole 0.01 mole 0.01 mole 

 

 

 

 

 

HCl 

HCl 

H+ 

H+ Cl- 

Cl- 

 

HF 

HF 

H+ 
F- 

HF 
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Exercise: HBr is a strong acid. HCN acid is a weak acid with 8% ionization. If 300 

molecules of HBr were placed in water in Beaker A, and 300 molecules of HCN were placed 

in water in Beaker B, sketch what you would expect to find in each beaker below.  

 

 

 

  

Equation:       Equation:      

In which beaker will you find more H+ cations?    

In which will you find more whole acid molecules?    

 

• NaOH completely dissociates in water to yield Na+ and OH-, so NaOH is a STRONG 

BASE. 

NaOH(s) → Na+
(aq) + OH-

(aq) 

• NH3 completely dissolves but partially ionizes in water to give NH4
+ and OH- ions. So, 

NH3 is a WEAK BASE. 

NH3(aq)  NH4
+

(aq) + OH-
(aq) 

Types of Salt: 

Acid + Base → Salt + Water 

Strong acid + Strong Base = Neutral Salt 

HCl   NaOH      NaCl 

Strong acid + Weak Base = Acidic Salt 

HCl   NH3    NH4Cl 

Weak acid + Strong Base = Basic Salt 

HF   NaOH  NaF 

 

 

 

 

A B 
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Exercise: Determine the types of following salts using tables of strengths of acids and 

bases. 

Strong Acids Weak Acids Strong Bases Weak Bases 

HCl HF LiOH NH3 

HBr H2CO3 NaOH  

HI H3PO4 KOH  

HNO3 CH3COOH Ca(OH)2  

H2SO4  Sr(OH)2  

HClO4  Ba(OH)2  

 

- Ba(NO3)2 

- CH3COONa 

- NH4NO3 

- KCl 

- KClO4 

- LiBr 

- Ca3(PO4)2 

- KNO3 

- K3PO4 

- NH4Cl 

- (NH4)2SO4 

- (NH4)3PO4 

- Na2CO3 

- NaHCO3 

- CaCO3 

- K2CO3 

 

OTHER CHEMICAL PROPERTIES OF ACIDS AND BASES: 

 Acids react with all active metals (have higher tendency than hydrogen to be oxidized 

– losing electrons) to produce salt and H2 gas.  

Ca(s) + 2HCl(aq) → CaCl2(aq) + H2(g) 

 Zn(s) + 2HNO3(aq) → Zn(NO3)2(aq) + H2(g) 

 2Al(s) + 3H2SO4(aq) → Al2(SO4)3(aq) + 3H2(g) 
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 There are a few metals that have 

lower tendency than hydrogen to 
lose electrons such as Hg, Ag, Cu, 

Au, Pt, called noble (inert) metals. 

  

 Noble metals don’t react with 

any single acid or base. 

Au + HCl → No reaction 

Pt + H2SO4 → No reaction  

 However, semi-noble metals (Hg, Ag, Cu) react only with HNO3 and H2SO4, but 

because these metals are not active than hydrogen, NO H2 GAS is released.  

Cu + HCl → No Reaction 

  Cu + HNO3 → Cu(NO3)2 + NO/NO2(g) + H2O 

  Cu + H2SO4 → CuSO4 + SO2(g) + H2O 

 

 Amphoteric metals (Zn, Pb, Al, Sn, Cr, Be) also react with strong bases to produce salt 

and H2 gas. 

Zn + 2NaOH → Na2ZnO2 + H2(g) 

Al + 3KOH → K3AlO3 + 3/2H2(g) 

Exercise:  

1. Complete the following word equations. 

a) Lithium + Nitric acid →     +     

b) Sodium + Sulphuric acid →     +      

c)    +     → hydrogen + lead(II) chloride 

d)    +     → water + copper(II) nitrate + Nitrogen dioxide 

e) Iron +     →     + Iron (II) sulphate 

Metals

Active Metals

Active metals  
Amphoteric metals

Zn, Pb, Al, Sn, Cr, Be

Noble Metals

Semi-noble: Hg, Ag, Cu

Noble: Au, Pt

noble (inert) metals 
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2. Now write symbol equations for the above. 

a)  

b)  

c)  

d)  

e)  

3. Complete the table.  

Name of 
metal 

Name of salt formed with these acids 

Hydrochloric acid Nitric acid  Sulfuric acid  

Iron  Iron chloride   Iron sulfate  

Zinc  Zinc chloride  Zinc nitrate  

Magnesium    Magnesium sulfate 

 

4. For each of the metal and acid pairs below predict the products.  

a) _________ + __________ → ___________________ + ___________________  

calcium       + hydrochloric acid  

b) _________ + __________ → ___________________ + ___________________  

nickel         + carbonic acid  

c) _________ + __________ → ___________________ + ___________________  

silver         + sulfuric acid  

d) _________ + __________ → ___________________ + ___________________  

copper        + nitric acid  

e) _________ + __________ → ___________________ + ___________________  

aluminum    + phosphoric acid 
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 Dilute acids decompose bicarbonate (HCO3
-) and carbonate (CO3

-2) compounds and 

liberate carbon dioxide gas.  

NaHCO3 + HCl → NaCl + H2O + CO2(g)  

Because,             

             

             

             

Complete the reaction: 

CaCO3 + H2SO4 →    +   +    

 Hydrofluoric acid (HF) is an acid which interacts with glass and porcelain. HF is stored 

in plastic containers. HF in the glass industry, used in making shapes on glass. 

Na2SiO3 + 8HF → H2SiF6 + 2NaF + 3H2O 

 

Reactions of Acids and Bases in Daily Life:  

Brass is a copper-zinc alloy, yellow colored, easily 

processable material. Alpha brass contains more than 

62% copper is mainly used for making bolts, pins, 
screws. Beta brass containing less than 55% copper is 

more durable and used in the manufacture of products 
such as faucet valve, door, window handle. Small 

amounts of other elements can be added into the alloy 

to improve the main characteristics of brass. The 
addition of lead increases workability, manganese, 

silicon, nickel, iron addition yield strength, aluminum, 
arsenic, tin addition corrosion resistance (especially 

against sea water) properties. In this way, different 

elements such as tin, lead, aluminum are added to 

obtain the so-called special brass type.  

 

 What happens when spirit of salt is used in large amount every day to clean bath? 
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 What is used to open a clogged sink? How does it work?  

         

         

         

 

 How does the rust form? How to clean from the surface which it is formed? 

        

        

        

        

        

 

 How is white soap produced? What is the chemical property of soap? 

             

             

             

 

 How does lime form in the bathroom? How is this lime cleaned? 
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The Uses of Acids in Our Daily Life: 

Benzoic acid 
(C6H5COOH) 

Its salt are used to preserve food 

Carbonic acid 
(H2CO3) 

To make carbonated drinks, to make baking powder 

Ethanoic acid 
(CH3COOH) 

A main compound of vinegar 

Hydrochloric acid 
(HCl) 

To clean metals before electroplating / household cleaning / 
leather processing / swimming pool maintenance 

Nitric acid 
(HNO3) 

Production of fertilizers, explosives, etching and dissolution of 
metals (purification and extraction of gold) 

Sulphuric acid 
(H2SO4) 

To make detergent, polymer and fertilizers. 

Tartaric acid 
(C4H6O6) 

Manufacturing of soft drinks, provide tartness to food, as an 
emetic (a substance to induce vomiting) 

 

Acids in nature: 

Acids Sources 

Citric acid (C6H8O7) Lemons, tomatoes, orange 

(HOOCCH2C(OH)COOHCH2COOH) 

Acetic acid (CH3COOH) Vinegar, pickle juice, 

Carbonic acid (H2CO3) Soda water 

Hydrochloric acid (HCl) Stomach 

Tartaric acid (C4H6O6) Fruits (Grapes) (HOOCCHOHCHOHCOOH) 

Ascorbic acid (C6H8O6) Citrus fruits (Vitamin C) 

Formic acid (HCOOH) Ants (produced during ant’s bite) 

Folic acid (C19H19N7O6) Strawberry 

Malic acid (C4H6O5) Apple (HOOCCH2CHOHCOOH) 

Lactic acid (C3H6O3) Milk (CH3CHOHCOOH) 
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Some bases which are commonly used in daily life are: 

Bases Uses 

Ammonia 
(NH3) 

Production of fertilizers (ammonium and nitrate salts), used in the 

manufacture of nitric acid, neutralize the acid (in the petroleum industry) 

and prevent premature coagulation in natural / synthetic latex. 

Aluminium 

hydroxide 
(Al(OH)3) 

Manufacture other aluminium compound and to make gastric medicine 
(antacid) 

Calcium 

hydroxide 
(Ca(OH)2) 

To make cement, limewater, neutralize the acidity of soil and application 

of sewage treatment. 

Sodium 

hydroxide 
(NaOH) 

Used in the manufacturing of soaps, detergents, and cleaners. 

Magnesium 
hydroxide 

(Mg(OH)2) 

Suspension of magnesium hydroxide in water are used as an antacid, used 
as an antiperspirant armpit deodorant and as a non-hazardous alkali to 

neutralize acidic wastewater. 

Potassium 
hydroxide 

(KOH) 
Fire wood ash- filtered wood ash is used for washing clothes in rural areas. 

 

SUMMARY 

 Acids  Bases 

pH < 7 pH > 7 

Turn blue litmus into red. Turn red litmus into blue. 

React with metals to give salt and 

hydrogen gas. 

Normally do not react with metals. Only 

some metals like Zn, Al, Pb, Sn react to 
give hydrogen. 

Are corrosive to skin. Are slipper to touch. 

Are sour in taste. Are bitter in taste. 

React with bases to give salt and 
water. 

React with acids to give salt and water. 

Aqueous solutions of acids contain 
replaceable hydrogen ions. 

Aqueous solution of base contains 
replicable hydroxyl ions.  

Give no color with phenolphthalein. Give red color with phenolphthalein. 

 

 



 

Nihal İKİZOĞLU 13 

Some salts and their uses are given below: 

Salts Formula Uses 

Sodium chloride  Edible salts (table salt, rock salt) 

Sodium carbonate  Washing powder, soften water 

Sodium bicarbonate  Baking powder 

Calcium carbonate  

Effective dietary calcium supplement, 

antacid, phosphate binder, or base material 
for medicinal tablets. 

Ammonium chloride  

Acidifying agent that has expectorant and 

diuretic effects. Also used in etching and 

batteries and as a flux in electroplating. 

 

HAZARD WARNING SYMBOLS  

The hazard signs for irritant, harmful and corrosive are those most appropriate when 

dealing with acids and alkalis 

 

Irritant: Most acidic and alkaline solutions unless very dilute, VERY 

small quantities of acidic gases like chlorine, sulphur dioxide, nitrogen 
dioxide, very dilute bleaches. These may not be that corrosive BUT 

they will cause irritation of the skin and reddening and blistering. 

 

Harmful: Some acids e.g. nitric acid; acidic gases like chlorine, 

sulphur dioxide, nitrogen dioxide; bleaches; heavy metal ions e.g. of 

lead, barium; some salts e.g. silver nitrate, copper sulfate. They are 
not quite as harmful as toxic chemicals but they can certainly make 

you ill. 

 

Corrosive: All concentrated acidic and alkaline solutions will attack 
many materials and destroy living tissue too! 

 

Toxic: Chlorine, sulphur dioxide, hydrogen cyanide can cause death if 

breathed in with sufficient quantity, absorbed through the skin or 
ingested by swallowing. Salts of hydrogen cyanide e.g. potassium 

cyanide are highly toxic – you only have a short time to take an 
antidote mixture! 
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PRACTICE  

1. Name the following acids:  

a) HF        

b) HBr        

c) HCl        

d) H2SO4        

e) H2CO3        

f) HClO4        

g) H3PO4        

 

2. Name the following bases:  

a) NH3         

b) Mg(OH)2       

c) LiOH        

d) Ba(OH)2       

 

3. What is the molarity of an NaOH solution if 48.0 mL is needed to neutralize 30.0 mL 

of 0.2M H2SO4? 

 

 

4. How many L of 0.8 M NaOH solution is required to completely neutralize 1.2 L of 0.2M 

HCl solution? 

 

 

5. Determine the volume (in mL) of 0.2 M KOH solution required to neutralize 185 mL of 

0.125 M H2SO4. 

 

 

6. In one titration, 45.7 mL of 0.500 M H3PO4 is required to neutralize a 20.0 mL sample 

of NaOH solution. What is the concentration of the NaOH solution? 
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7. Scientific diagrams are always simplifications designed to highlight some aspects of 

the system represented. The diagrams in this exercise show simplifications of real 
solutions. 

For example, the concentration of acids varies over many orders of magnitude, and an 
accurate diagram of a very dilute solution would need to show many thousands of 

water molecules for each H+(aq) ion. 

Only four types of particle are shown in these diagrams. The following key is used to 
distinguish between the different particles: The size (and shape) of acid molecules 

varies greatly, and they are often much larger than a water molecule. 

Look carefully at the four diagrams and see if you can tell what the differences between 

them are meant to indicate. 

a) What is the difference between a 

strong acid and a weak acid? 

 

b) What is the difference between a 

concentrated acid and a dilute acid? 

 

 

 

c) If you could see the particles (molecules, ions etc) in an acidic solution, how would 

you decide whether it was a solution of a strong acid or a solution of a weak acid? 

The diagrams are meant to 

represent a concentrated solution 

of a strong acid, a dilute solution 

of a strong acid, a concentrated 

solution of a weak acid and a dilute 

solution of a weak acid. Use the 

table below to show which 

diagram is meant to represent 

each of the four solutions – write 

the number of the appropriate 

diagram in each box. 
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8. Fill in the blanks.  

Word Bank: 7 acidic alkaline ammonium bases chloride color dissolve dissolves filters 

H+ H2O hydrogen indicator neutral neutralized nitric OH- oxides pH salt water 

a) When a substance dissolves in water it forms an aqueous solution which may be 

acidic,    or neutral.  

 

b) Water itself is   . An     can be used to show how acidic 

or alkaline a solution is. The    scale is used to show numerically how 

acidic or alkaline a solution is. If the pH=   the solution is neutral, if the pH 

is over 7 it is    and if it is less than 7 it is   .  

 

c) Hydroxides of alkali metals called    . Salts can be made by reacting 

their solutions with acids. In these neutralization reactions: acid + alkaline 

hydroxide solution → a neutral   solution +     

 

d) The particular salt produced in any reaction between an 

acid and an alkali depends on the acid used and the 

metal in the alkali. Neutralizing hydrochloric acid 

produces a    ,     acid 

produces a nitrate and neutralizing sulphuric acid 

makes a sulfate compound. Ammonia also dissolves in 

water to produce an      solution. 

This can be neutralized with acids to produce  

   salts. In the salt preparation an indicator 

can be used to show when acidic and alkaline solutions 

have been completely     to produce a neutral    

solution.  

 

e) Salts of transition metals, as with some 

other metals, can be made by reacting 

their     or hydroxides with 

acids. Transition metal oxides and 

hydroxides do not     in 

water and are called insoluble  

  . To produce a solution of 

a soluble transition metal salt, the metal oxide (or hydroxide) is added to an acid 

until no more will react. The excess metal oxide (or hydroxide) can then be  

   off. The fact that no more      tells you all the 

acid has been    .  
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f)    ions (H+
(aq)) make solutions    . Hydroxide ions (

 (aq)) make solutions    . So, any substance dissolved in water 

forming H+ ions is acidic and anything dissolving in water forming    ions 

is an alkali. In neutralization the ionic reaction is:  

 (aq) + OH-
(aq) →  (l)  

 

9. Answer following questions about oxides. 

a) What is an oxide?  

            

b) What are the 4 types of oxides? 

            

c) How are acidic oxides formed?  

            

d) Name 3 acidic oxides and give their chemical formula. 

        

        

        

e) Write the chemical equations of the 3 oxides mentioned above with water. 

        

        

        

f) What happens when acidic oxides are added to acids?  

            

            

g) What happens when acidic oxides are added to alkalis?  
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h) Metals react with     to produce metal    . They are 

always solids and react with water to produce    .  

 

i) Pure iron will form several oxides if left exposed oxygen. The most common is 

simply called rust. A 139.6g sample of pure iron will weigh 199.6g if it forms rust, 

which is iron, and oxygen bonded together. What is the formula of rust?  

 

 

 

j) Iron will also form another oxide. If the oxide weighs 26.74 grams, the purified 

iron would weigh only 22.34 grams. What is the formula of this iron oxide?  

 

 

 

k) Silver only forms one oxide. If 167.13g if silver oxide is weighed, only 11.54g of 

the oxide would come from the oxygen. What’s the formula of silver oxide?  

 

 

 

 

l) Calcium only forms one oxide. When 8.86g of calcium oxide is separated into 

calcium and oxygen, only 6.33g of calcium remains. What is the formula for calcium 

oxide?  

 

 

 

m) Sodium also forms only one oxide. If 104.13g of sodium oxide were separated, 

26.88g of oxygen could be collected. What is the formula for sodium oxide?  

 

 

 

 


