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Defining Acids, Bases, and Alkalis

Acids Bases Alkalis

Substances that produce Substances that react with Soluble bases that produce
hydrogen ions H*(aq) in water. acids to form salt and water. hydroxide ions OH (aq) in
They are proton donors. They are proton acceptors. water.

For example, in the reaction HCI + H,O — H3;0" + Cl—, water acts as a base. Conversely, in
NH; + H,O — NH, + OH~, water acts as an acid.
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Acid Classification and Strength

HCI (Hydrochloric acid) iEey Chloride ion (C17)
HNOs (Nitric acid) H* Nitrate ion (NO3)
H,S50, (Sulfuric acid) 2H* Sulfate ion (S0O3")
H,COs (Carbonic acid) 2H™* Carbonate ion (CO2")

Acids are categorized by their basicity (number of H+ ions produced): monobasic (e.g., HCI), dibasic (e.qg., H,50,),
and tribasic (e.g., H3PO,).

Strong Acids Weak Acids

Completely ionize in water, producing a high Partially ionize in water, producing a low
concentration of H* ions. They react fast and are concentration of H* ions. They react slowly and are
good electrical conductors. Examples: HCI, HNO;s, poor electrical conductors. Examples: Organic
H,50,. acids like CH;COOH, H,COs.

Similarly, strong alkalis (Group | hydroxides like NaOH, KOH) are highly corrosive, while weak alkalis (Group Il

hydroxides like Mg(OH)s, Ca(OH)s, and NH,OH) are less so.
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The pH Scale and Indicators

The pH scale measures the acidity or alkalinity of a solution, ranging from 0 to 14.

Pracuical

Indicators are substances that change color based on the pH of a solution, helping to differentiate between acidic,
neutral, and alkaline solutions.

Universal Red Orange Green Blue Violet
(ROGBV)

Litmus Red Red Purple Blue Blue
Methyl Orange Pink (red) Yellow Yellow Yellow Yellow
Thymolphthale Colourless Colourless Colourless Colourless Blue
in

The Universal indicator is particularly useful as it provides a wide range of color changes, allowing for the
determination of both strength and type (acid or alkali).
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Colored Substances in Chemistry

While many chemical substances are colorless, certain elements and compounds exhibit distinct colors.

Gases Halogens

Most gases are colorless, with exceptions like Colors darken down the group: Bromine liquid
Fluorine (F:, pale yellow), Chlorine (Cls, greenish (brown), lodine crystals (dark gray), lodine vapor
yellow), and Nitrogen dioxide (NO., red/brown (violet/purple).

fumes).

Metals Ionic Salts

Generally silvery/grey, except Copper (red). Salts of main metals (Na, K, Ca, Mg, Al, ammonium)

are typically white solids and colorless in agueous
solutions.

Transition metal salts, especially hydrated forms or aqueous solutions, are often colored. For instance, Iron(ll)
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sulfate is green, and Iron(lll) chloride solution is reddish-brown.
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Copper(II) Compounds and Notable Solids

Most Copper(ll) compounds are characteristically blue.

Examples include Copper(ll) hydroxide (Cu(OH)2(s)), Copper(ll) sulfate crystals (CuSO, - 5H>0(s)), and various
Copper(ll) solutions like nitrate and chloride.

Exceptions to Copper(II) Colors:

o Copper(ll) oxide (CuO(s)) is black.
o Copper(ll) carbonate (CuCOs(s)) is light green.
e Anhydrous copper sulfate (CuSO4(s)) is White.

Other important colored solids to remember:

e Black solids: Coal (C), Manganese dioxide (MnO:), Copper(ll) oxide (CuO), Astatine (At).
e Green solids: Hydrated Iron(ll) sulfate (FeSO, - TH,0), Copper(ll) carbonate (CuCO3).

Made with GRMIMA


https://gamma.app/?utm_source=made-with-gamma

Solubility Rules and Chemical Reactions

Solubility determines whether a substance dissolves in water. Most metals and covalent compounds are insoluble.
Key solubility rules for ionic compounds:

e All Group | salts are soluble (e.g., K2504, NaCl).
e All nitrates are soluble (e.g., Ca(NOs3)2, AgNOs).

e Most silver and lead salts are insoluble, except their nitrates.
Important insoluble salts include BaSO,, CaCOs;, CuCO3, CuO, and MnO,.

Chemical reactions, especially acid reactions, are often exothermic and result in neutralization. There are four main
types of acid reactions:

e Acid + Metal: Produces salt + hydrogen gas (e.g., Magnesium + HClI — Magnesium chloride + Hydrogen).

e Acid + Metal Oxide (Base): Produces salt + water (e.g., Potassium oxide + H,SO, — Potassium sulfate +
Water).

e Acid + Metal Hydroxide (Base): Produces salt + water (e.g., Calcium hydroxide + HNOs; — Calcium nitrate +
Water).

e Acid + Metal Carbonate (Base): Produces salt + water + carbon dioxide (e.g., Calcium carbonate + HCI —
Calcium chloride + Water + Carbon dioxide).

Neutralization is a reaction between an acid and a base (metal oxide, hydroxide, or carbonate).

Made with GRMIMA


https://gamma.app/?utm_source=made-with-gamma

Displacement Reactions and Observations

Displacement reactions are typically exothermic and redox processes where a more reactive element displaces a
less reactive element from its compound.

Reactive

Least Reactive

/]
L
—

Highly Reactive

Less Reactive

o Metal Displacement: A more reactive metal displaces a less reactive metal from its salt solution. For example,
Zn(s) + CuSO04(aq) — ZnS0O4s(aq) + Cu(s). Observations include the silvery metal turning red, the blue solution
fading, and heat evolution.

e Non-Metal Displacement: A more active non-metal displaces a less active non-metal from its aqueous solution,
often resulting in a color change from colorless to red-brown. For instance,
Cly(g9) + 2NaBr(aq) — 2NaCl(aq) + Bry(aq), Where the colorless solution turns red-brown.
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Salt Preparation: Titration Method

Salts can be prepared by three main methods: titration, neutralization, and precipitation. Titration is an accurate
method for preparing soluble salts using an acid and a soluble base (alkali).

The process involves:

1. Using a pipette to measure a precise volume of the alkali solution into a conical flask.
2. Adding a few drops of an indicator to the alkali.

3. Titrating the acid from a burette until the indicator changes color, signaling the neutralization point. The volume
of acid used is recorded.

4. Repeating the experiment without the indicator, using the precise volumes determined in the previous steps, to
obtain a pure salt solution.

5. Crystallizing the salt solution to obtain the pure solid salt.

This method is highly accurate due to the precision of instruments like pipettes and burettes. The Universal
indicator is not ideal for titration due to its gradual color change over a wide pH range.
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Salt Preparation: Neutralization and
Precipitation

The neutralization method uses an acid and an excess of an insoluble base to prepare salts.

CuO (s) + HzS04(aq) — CuSO4(aq) + H20 (D

Copper (II) Sulfuric Copper (II) Water

Oxide Acid Sulfate

warmed mixture -

1- Add excess copper (II) of acass ba filter paper to
oxide to a beaker half ( ) ifsoluble base
filled with sulfuric acid. mixture of |

: excess ba%e \Jtarfunnel

2- Heat gentle and stir and salt sol ution

3- Filter the mixture. 0 " aqueaus sat

4- Crystallize the salt ‘ ﬁ@/gﬁﬁiﬁﬁign
solution to get the pure

Stage 1 Stage 2

salt.

Key steps include heating and stirring to speed up dissolution, using excess insoluble base to ensure complete acid
consumption, and removing the remaining excess base by filtration.

Precipitation is used to prepare insoluble salts by mixing two soluble salts, typically a nitrate and a Group | salt, to
form an insoluble product.

For example, preparing silver chloride (AgCl):

1. Add potassium chloride to a conical flask and gradually add silver nitrate solution; a white precipitate forms.
2. Continue adding silver nitrate until no more precipitate is formed.

3. Filter to separate the insoluble silver chloride residue.

4. Wash the residue with distilled water.
5

. Dry the silver chloride in an oven.

The ionic equation for this reaction is Ag™(aq) + Cl~(aq) — AgCl(s).
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