
  Muzammil SAT Chemistry Notes 

 

Chapter 1 

Matter 

Matter is anything that occupies space and has mass. 

Mass is the amount of matter a substance has. 

(Unit of mass (m) is measured in grams (g)) 

Weight depends on the gravitational force acting on the mass. 

(Mass is constant whereas weight can vary. The ability of mass to resist a change in motion or position is 

called inertia) 

Density is the relationship between mass and the amount of volume of space it occupies. 

(Since matter occupies space, we can compare the mass of a particular substance to its volume) 

(Unit of volume is measured in millilitre (ml) or centimetre cubed (cm3)) 

 

Formulas   

𝒅 =  𝒎/𝒗 𝒘 =  𝒎𝒈 

 

States of matter 

Element is a substance made of only one kind of atom 
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Distinct substances 

composition is 

homogenous and definite. 

Distinct substance can be 

broken down to the 

smallest particle that still contains the properties of the substance. 

 If this smallest particle is the same atom it's an element 

 If this smallest particle is different atoms its a compound 

  The smallest naturally occurring unit of that compound is a molecule. 

 

Mixtures are indefinite and generally heterogeneous in their composition. Mixtures like sugar in water 

is homogeneous as the sugar is distributed evenly throughout the water. 

 

Physical properties 

Usually observed with our senses, for example, physical state, colour, odour, hardness, taste, boiling 

point, melting point, density and solubility in water. 

 

In general, physical changes do not alter the composition of the substance ie breaking glass, cutting 

wood etc. Often the changes can be reversed like water freezing to make ice then melting to make 

water again. The physical properties of water changes as it changed states but the chemical composition 

remained the same. 

 

Chemical properties 

Properties that can be observed and checked to see whether a substance changes chemically or not, for 

example, iron rusting in moist air, nitrogen does not burn, gold does not rust, sodium reacts with 

water whereas silver doesn’t, water can be decomposed by an electric current, 
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Chemical changes both the composition and structure of a substance and they 

are accompanied by energy changes 

 

Exothermic If the new substance’s chemical energy is less than the 

original, then energy is given off (heat, light etc) 

 

 

 

Endothermic The new substance needs to absorb more energy than is 

available from original substances 

 

 

 

 

Law of conservation of energy   energy is neither created nor destroyed. 

Law of conservation of mass and energy energy and mass are interchangeable under special 

conditions. 

      E = mc² [Energy = Mass × (Velocity of light) ²] 

 

 

Length 

10 millimeters (mm) = 1 centimeter (cm) 

100 cm = 1 meter (m) 

1,000 m = 1 kilometer (km) 

Volume 

1,000 milliliters (mL) = 1 liter (L) 

1,000 cubic centimeters (cm3) = 1 liter 

1 mL = 1 cm3 

Mass 

1,000 milligrams (mg) = 1 gram (g) 

1,000 g = 1 kilogram (kg) 
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Chapter 2 

John Dalton’s 5 basic ideas about atoms. 

1. All matter is made up of very small and discrete particles called atoms. 

2. All atoms of an element are alike in weight 

3. Atoms cannot be subdivided, created or destroyed. 

4. Atoms of different elements combine, in simple whole number ratios to form chemical 

compounds. 

5. In chemical reactions, atoms are combined, separated or rearranged. 

 

 

History Timeline 

Greeks (Democritus and Leucippus)     came up with the idea of atoms purely based on thinking and 

reasoning. 

 

1805   (John Dalton)                                  basic assumptions, based on knowledge at the time. 5 basic 

ideas. 

 

1897   (J.J. Thomson) electron beam in a cathode ray tube. 

 

1913   (Neils Bohr) theory about line spectrum of hydrogen. Proposed planetary 

model (electron in specific orbits) 

 

1920-30   (Louis de Broglie) quantum theory showed more probabilistic model of electron, 

theory of orbitals. 

 

 

 Bohr Model 

 
 Positively charged dense nucleus 

 Negatively charged electrons (in specific spherical orbits called shells or levels) 

 Each level has a number, the further away the shell, the weaker the attraction 

Energy level Max number of electrons (2n²) 

1 2 

         2            8 

         3           18 

 

 

Atomic Structure 

 

Nucleons        protons and neutrons are shown in the nucleus as this 

Atomic number       number of protons in the nucleus 

Mass number       sum total of neutrons and protons in a nucleus 
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Isotopes       Atoms of the same element that have different number of neutrons 

Avg atomic mass    is the weighted average mass of the atomic masses of the naturally occurring 

         isotopes of an element 

Atomic Spectra 

 

Ground state       lowest energy level available to the electron. 

Excited state       any energy level higher than ground state. 

 

Formula  

Change in energy = final energy – initial energy 

 

When electron moves ground --> excited = must absorb energy 

   excited --> ground = must emit energy 

This release of energy is the basis for atomic spectra 

 

Methods to identify atomic structures.  

Spectroscopy Light emitted by energised atoms can be analysed via spectroscope. The 

prism / diffracting gradient disperses light into a spectra to allow 

examination. 

 

Mass spectroscopy Different masses cause difference in the degree of bending that occurs 

in a beam of ions passing through a magnetic field 

 

 

Wave mechanical model the atom is mostly space with a small, very dense, centrally located 

nucleus that contains positively charged protons and neutrally charged 

neutrons and is surrounded by negatively charged electrons located in 

orbitals in the electron cloud 

 

Uncertainty principle it is both impossible to know the precise velocity and location of a sub 

atomic particle at the same time. 

 

 

Principal quantum number (n) refers to the principal energy level 1, 2, 3 etc. 

 

Angular momentum quantum  refers to the shape. e = 0 means spherical, e= 1 means dumbbells, 

Number (e) e = 3 means 5 orbital orientation (d orbital) 

 

Magnetic quantum number number of special orientations.  

(mₑ) 

 

Spin quantum number (mṡ) Spin in either 2 possible directions, be either +1/2 or -1/2. 
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Pauli exclusion principal  no 2 electrons can have the same 4 quantum numbers (n, e, mₑ, mṡ) 

 

s orbital is spherical shaped, hold 2 electrons 

 

p orbital is dumbbell shaped, oriented on x, y, z axis and holds 2 electrons in each so 6 in total. 

 

d orbital have 5 orientations, hold 2 electrons each so a total of 10 

 

Aufbau principal  the electron occupies the lowest energy orbital that can receive it 

 

Hund’s rule of Maximum  paring will occur with the addition of 1 or more electron to each  

Multiplicity   orbital 

 

          1s      2s  2p    Atomic number EO Notation 

H       1  1s¹ 

 

N       7  1s²  2s²  2p 

 

Ne       10  1s²  2s²  2p⁶ 

 

 

 

Sub levels and electron configuration 

 

1s²    2s²    2p⁶    3s²    3p⁶    4s²    3d¹⁰    4p⁶    5s²    4d¹⁰    5p⁶    6s²    4f¹⁴    5d¹⁰    6p⁶    7s²   

 

Lewis structures (electron dot notation) 

 Only shows valence electrons. Shows chemical symbol surrounded by dots to show incomplete 

outer level. 

** insert diagram 

 

Noble gas notation 

 Use [Ne] to represent 1s² 2s² 2p⁶ for example. So Na is [Ne] 3s¹ 

 

 Transition elements 

4s subshell fills first, however in chromium is 4s¹  3d⁵ and copper is 4s¹  3d¹⁰  as 4s and 3d very close in 

energy and there is increased stability in d subshell being half full or full.  

Characteristics of transition metals are 

- Coloured compounds    - Often paramagnetic 

- Varied oxidation states    - Silvery blue except Cu & Ag at room temp 

- At least one form has an incomplete d subshell - Solid at room temp except mercury 

- Good catalysts 

- Form complex ions. 
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Periodic table 

Trends 

 Acid forming properties increase from left to right 

 Base forming activities are high on left, decrease from left to right 

 First ionisation energy increases from left to right across a period 

 Metallic properties are greatest on the left side, decrease from left to right 

 Non-metallic properties are greatest on right, decrease from right to left.  

 

Atomic radius.  

 

Metals  the distance between 2 nuclei in a solid state dividing this by 2 

 

Non-metals pure form as a molecule, distance between nuclei. Half this distance to get covalent  

radius. 

 

 

Trends 

 Atomic radii decreases from left to right across a period 

I. Protons and electrons added as you move left to right 

II. The increased nuclear charge pulls electrons closer together 

III. The increased protons more than overcome the repulsion of increased electrons. 

 

 Atomic radii increase from top to bottom in a group 

I. Addition of a shell / energy level as you move top to bottom 

II. Electrons held less tightly by nucleus as there is another shell 

III. Shielding by core electrons also plays a part 

  

 

Ionic radius vs Atomic radius 

 Metals tend to lose electrons, forming positive ions, less electrons means ionic radius is 

smaller than its atomic radius 

 Non-metals tend to gain electrons, forming negative ions, more electrons means increased 

repulsion so their ionic radius is bigger than their atomic radius. 

 

Electronegativity 

 Is the relative strength in which the atoms of an element attract their valence electrons in a 

chemical bond. 

 Measured on a scale of 0 – 4 

 Electronegativity decreases down a group and increases across a period 

 [ F ] fluorine is the most electronegative and [ Fr ] francium is the most electropositive  

 

 

 

 



  Muzammil SAT Chemistry Notes 

 

238 

92 

234 

90 

234 

91 
-α -β 

Ionisation energy 

 Ionisation of noble gases is very high due to filled p orbitals 

 First Ionisation energy decreases as you move down the group, increased atomic radius, 

shielding. 

 Each successive ionisation energy is higher apart from a dip which occurs due to a lone electron 

in the p orbital. 

 

Nuclear transformation and stability. 

Alpha particles  - positively charged particles of helium nuclei 

Beta particles - streams of high speed electrons 

Gamma rays - High energy radiation 

 

 

 

 Alpha particles Beta particles Gamma rays 

 Ejection – reduces atomic 
number by 2 and atomic 
weight by 4 amu. 

Ejected when a neutron 
decays into an electron 
and proton 

EM radiation, high energy, 
emitted with beta particles 
usually 

 High energy, relative velocity Low energy, high 
velocity 

Velocity as light 

Shielding Skin, thickness of paper 1 cm Al, thickness of 
book 

13 Cm of lead 

Range 5cm (in air) 12 m No specific range 
Interact 100,000 ionizations per cm 100 ionizations per cm Weak, energy to electrons 

which ionizations 
 

  

U     Th    Pa 

 
Methods of detecting Alpha, Beta and Gamma rays 

 Photographic plate 

 Scintillation counter 

 Geiger counter 

 

Half-Life the time it takes for half the of the nuclide atoms to decay. 

Transmutation the conversion of an element to a new element because of the change in the  

number of protons. 

 

Radioactive Dating useful to determine ages of different substances. It is done by comparing  

relative amounts of carbon-12 and carbon-14 in the remains. Carbon-14 has a 

half-life of 5,700 years. E.g. if a sample contained 5g of C-14 and now only 

contains 2.5g, its age is 5,700. 
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Nuclear Fission  splitting of a heavy nucleus into 2 or more lighter nuclei 

 

Nuclear Fusion  the combination of very light nuclei to form a heavier nucleus. 
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Chapter 3 

 

Molecule  the smallest particle of an element, or a compound that retains the characteristics of 

the original substance. 

 

Chemical bond  the attraction between 2 different atoms when sharing valence electrons. 

Chemical bond breaking  energy is absorbed 

Chemical bond forms  energy is released 

 

Monoatomic Noble gases 

 

Tri atomic Water 

 

Noble gases have a stable octet (2 electrons in the s orbital and 6 in the p, apart from helium which only 

has 2 in s) making them monoatomic.  

 

Types of Bonds 

 

Ionic bonds 

 A 1.7 difference in electronegativity between atoms will essentially form ionic bond. 

 More electronegative will borrow electrons becoming an anion 

 Most electropositive will give up its electron becoming a cation 

 This forms the ionic bond between the 2, they no longer retain the properties of original atoms. 

 

Example 

Li + F            Li+ and F-   (Lithium donates an electron and Fluorine receives it) 

 

Properties of ionic substances 

 

I. Solid at room temp, do not conduct an appreciable electric current 

II. Liquid good conductors, but still is much less than metallic substances. 

III. Relatively high melting and boiling points. Eg KI 686°C MP, MgO 2,800°C MP 

IV. Low volatility and vapour pressure, don’t vaporise at room temp 

V. Brittle and easily broken under stress 

VI. Those soluble in water form electrolytic solutions, good conductors. Wide range in solubility of 

ionic compounds. 

 

Properties of Molecular crystals and Liquids 

 

I. Neither liquid or solid conduct an appreciable electric current 

II. Many exist as gasses at room temp and atm and many solids + liquids are relatively volatile. 

III. MP of solid crystals is relatively low, BP of liquids is relatively low. 

IV. Solids generally soft, have waxy consistency 

V. Large amounts of energy often requires to decompose into chemically simpler substances. 
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Covalent Bonds 

I. When the electronegative difference between 2 atoms is 0 or very small <0.4, atoms share their 

valence electrons, this is called nonpolar covalent bond 

 

II. Generally gases, liquids with fairly low boiling points and solids with relatively low melting point 

and also do not conduct electricity. 

 

III. When the electronegative difference is between 0.4 and 1.6, the bond is a polar covalent bond, 

they have unequal sharing of electrons. HCL and H₂O, Cl and O are considered the central atoms 

and as they are more electronegative the bond is closer towards them. Polar molecules can be 

referred to as dipoles.  

 

IV. Some molecules have polar bonds like CO₂ but the bonds are arranged symmetrically so are 

referred to as non-polar molecules. 

 

How is it formed?  Potential energy pulls 2 atoms together, reach lowest potential energy but 

inertia of atoms pulls them even closer, repulsion between forces 2 nuclei into a 

stable position. 

 

 

 

Metallic bonds 

 

Valence electrons become detached, are in a ‘sea’ of free electrons. Strength varies by the nuclear 

positive charge of metal ions and free electrons. The bond between these 2, forms the metallic bond. 

Usually due to this bond metals have: 

 High melting points 

 Great strength  

 Good electrical conductors. 

 

Intermolecular forces of attraction 

 

Van der Waals forces 

 

I. Dipole – Dipole Attraction 

Unsymmetrical distribution in charges in polar molecules leads to positive and negative molecules, 

referred to as dipoles. In polar molecules, dipoles line up so positive pole on one molecule attracts the 

negative pole of another, creating a dipole – dipole attraction. 

 

II. London Dispersion Forces 

Found in both polar and non-polar molecules, due to constant motion of atoms/molecules a temporary 

dipole may be induced, which can cause an adjacent atom to have it nucleus be attracted to the 

negative end of the atom/molecule for example. 

Very weak force. Solids state bound by these forces can be deformed easily, vaporize easily. 
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Hydrogen Bonds 

 

Strong dipole – dipole interaction between an electron deficient hydrogen atom and a lone pair of 

electron on a very electronegative atom, usually oxygen or nitrogen.  

Hydrogen bonds explain, high melting point, low vapour pressure, high heat of vaporization, and high 

boiling point. 

 

Resonance structures. 

Is a hybrid of multiple Lewis structure as one alone can’t represent 

the situation. 

 

This is a resonance structure to show the 2 possible Lewis 

structures of benzene. 

 

 

 

 

2 Theories to explain molecular structure. 

 

VSEPR 

It uses valence shell electron pair repulsion to figure out the molecular structure. Its basis is the fact 

charges will orient themselves in such a way to diminish repulsion between them. 

 

Linear mutual repulsion of 2 electron clouds, forces them to opposite side of a sphere. 

180° 

 

Trigonal–planar minimum repulsion between 3 electron pairs. The pairs are at the vertices of an 

equilateral triangle inscribed in a sphere. 120° 

 

Tetrahedral  4 electron pairs, at the vertices of a tetrahedron inscribed in a sphere. 

 

Octahedral 6 electron clouds at the corners of a octahedral inscribed in a sphere. 90° 

 

VSEPR and Unshared electron pairs 

 

 NH₃ and H₂O are molecules in which the central atom has shared and unshared pairs (lone pairs) 

of electron pairs. 

 

 VSEPR theory postulates that lone pair are like bonding pairs so in NH₃ it would be a tetrahedral 

shape as 3 hydrogen and 1 E (lone pair) but will be referred to as Trigonal–pyramidal with bond 

angles of 107. VSEPR formula for a molecule like this is AB₃E. 
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Hybridization 

This uses changes in orbital of valence electrons. 

 

Sigma and Pi bonds 

 Sigma bonds is between s orbitals or and s orbital and another orbital (like p). It also includes 

bonding between hybrids of s orbitals (like sp²) 

 Pi bonds is when 2 p orbitals share electrons in a covalent bond. 
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Chapter 4 

Category I – Binary Ionic Compounds 

Metallic ions, from group 1 and 2. All have 1 type of charge, binary ionic compounds formed contain a 

cation and anion. Eg CaCl₂ 

 

Category II – Binary ionic 

compounds 

The metal form more than 1 

ion. Eg, Iron (III) and Iron (II). 

 

FeCL₃ = Iron (III) chloride. 

An old method was using –ic 

ending for higher charge and  

-ous ending for lower charge. 

So Fe (III) will be ferric and  

FeCL₃ would be ferric chloride. 

 

 
 

Polyatomic Ions 

 Group of elements predominantly bonded by covalent bonds, however act like a single ion as 

they have an excess charge (usually negative due to extra electrons). 

 Polyatomic atoms often contain oxygen, the one with fewer oxygen atoms ends with –ite and 

one with more ends with –ate. 
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 Sometimes more than 2 variations with different number of oxygen, ClO−, ClO2−, ClO3−, and 

ClO4−. In this case prefixes are used, Hypo- for least, Pre- for most. So in order, Hypochlorite, 

Chlorite, Chlorate and Perchlorate. 

 

Category III – Binary covalent compounds. 

Formed between 2 non-metals.  Prefixes are used to show the number of each element, however mono- 

is never used if there is only 1 of the first element, Eg Carbon monoxide. 

N₂O    Dinitrogen monoxide*    Nitrous oxide 

NO    Nitrogen monoxide*    Nitric oxide 

N₂O₃    Dinitrogen     trioxide 

 

Oxidation states and Formula writing 

To keep track of transfer of electrons in all formulas. Oxidation state can be worked out for every 

member of a formula/polyatomic ion. The rules are as follows 

I. OS of an atom of an element is 0. Eg Na, O₂ 

II. OS of monoatomic ion is the same as its charge eg Na+ is 1+ 

III. OS of Fluorine is -1, Oxygen is -2, and Hydrogen is +1. Exception is when O is bonded to F where 

OS of Fluorine take precedence and n peroxide compounds OS of O is -1 and in hydride O is -1. 

 

Example - Na₂SO₄  Oxygen is -2 so total of -8. Sodium is 1+ so total of 2+. -8 + 2 = -6 so 

Sulfur must be +6 

 

Ternary compound  

Consists of 3 elements, usually an element and a polyatomic ion. Ternary acids usually contain 

hydrogen, a non-metal and oxygen. As the amount of oxygen usually varies,  

 Name for the most common acid end in –ic.  

 One less O then most common ends in –ous 

 One more O than most common ends in –ic with prefix per- 

 One less O than –ous ends in –ous but has a prefix of hypo- 

 

 

Molecular mass   total mass of the compound 

Empirical formula   simplest ration formula.  

 

Rules for salts and acids   Examples 

-ate salts make -ic acids    Sulphate  Sulphuric acid 

-ite salts make -ous acids   Sulphite  Sulphurous acid 

-ide salts make hydro-(stem)-ic salts  Chloride  Hydrochloric acid 
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Chapter 5 

Oxygen 

 Is a gas at normal room temp and pressure.  

 Gas is colourless, odourless, and tasteless. 

 Slightly heavier than air, slightly soluble in water. 

 It will support combustion but will not burn 

TEST – lower glowing splint into the gas and it should relight. 

 

Ozone another form of oxygen, O₃. Differs in energy content and has slightly different 

properties, called allotropic forms of oxygen. Occurs in small quantities in upper 

atmosphere, made in low by high-voltage electricity (lightning) or using machinery. 

 3O₂ + Electricity  2O₃  

 Ozone protects us from UV rays from the sun, as it’s more reactive chemically. 

 

Hydrogen 

 Is a gas, colourless, odourless tasteless when pure. 

 0.9g per L at 0° and 1 atm, is 1/14 as dense as air, slightly soluble in water. 

 Becomes liquid at -240°C and 13 atm 

 Diffuses (moves place to place in gasses) more rapidly than any other gas. 

 It burns in air or oxygen, gives large amounts of heat making it a good fuel. 

 Does not support ordinary combustion. 

 Good reducing agent (withdraws oxygen) 

 

Measuring the pressure of gas 

Pressure is defined as force per unit. 

 

STP  

Standard temperature and pressure is 273K (0°C), pressure of 1 atmosphere (atm) or 760 mm Hg or 105 

pascals. 

Gas Laws 

 

Graham’s Law of Effusion (Diffusion) 

This law relates the rate at which a gas diffuses/effuses to the type of 

molecule in the gas. 

 

“The rate of effusion of a gas is inversely proportional to the square 

root of its molecular mass” 

 

H has lowest Mr, therefore diffuses more rapidly than other gasses 

under similar conditions, 4 times as fast as oxygen. 
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Charles’s Law (v/t = k) 

Found when heating from 0°C to 1°C, expands by 1/273 and cooling 0°C 

to -1°C contracts same amount. Therefore, if it was cooled to -273°C its 

volume would be 0. 

 

If the pressure remains constant, the volume of a gas varies directly as 

the absolute temperature. Initial      = Final      at constant pressure, V/T = k 

 

Charles’s Law                 at constant pressure is a direct proportion. 

  

 

Examples 

AT 175 K gas occupies 24 L. What’s the volume at 400K 

1) Find out by how much the temp has increased by and times the volume by same amount. 

So 400/175 = 2.29.  

So temp has gone up by 229% so increase the volume by same amount as that’s what Charles 

law says 

24 x 2.29 = 55 L, Answer is at 400k volume is 55 L 

Remember if it was other way it would be 175 / 400 than 55L times that answer as it decreases. 

2) Another way is to rearrange Charles Law formula. In this case we need a new volume so formula 

will be                              so 24L x 400 K = 9600 

                                                         9600 / 175 K = 55 L 

 

 

Boyle’s Law (PV = k) 

“If the temperature remains constant, the volume of a gas varies inversely as the 

pressure changes” 

P₁ V₁ = P₂ V₂   at constant temperature or PV = k 

 

Remember it’s an inverse proportion so if pressure increases by 2, volume drops by 

half. Example  

200ml of gas at 1.05 atm pressure. What’s the volume if pressure is 1.01? 

1) ( 1.05 / 1.01 ) x 200 = 208 

2) P₁ V₁ = P₂ V₂ , P₁ V₁ / P₂ = V₂ , so 1.05 x 200 / 1.01 = 208 

 

Combined Gas Law 

The combined gas law is described as follows, 
𝑃1𝑉1

𝑇1
=

𝑃2𝑉2

𝑇2
 

 

Example, gas at 780.mm pressure and 30°C has a volume of 500 ml. What volume would the gas occupy 

at STP? 

780 x 500 / 303 = 760 x ? / 273 

? = 462.4 mL 
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Pressure versus temperature (Gay-Lussac’s Law)  

At constant volume, the pressure of a given mass of gas varies directly with the absolute temperature. 
Then P1/T1 = P2/T2 at constant volume or P1/T1 = k 
 
Example, Steel tank contains gas at 27°C, 12.0 atm pressure. What’s the pressure if heated to 100°C? 
P1*T2/T1 = P2 so its 15 
 
REMEMBER TO CONVERT TO KELVEN!! 
  
Dalton’s Law of Particle Pressure 
Gas is a mixture of different gasses, total pressure = sum of partial pressure of the gasses. 
P (total) = P (gas 1) + P (gas 2) + P (gas 3)….. 
 
Example, Mixture of gasses is 760 mm Hg, contains 65% N, 15% O and 20% CO₂ by volume. What’s partial 
pressure of each gas. 
760 x 0.65 = 494 mm pressure of N₂ …. Etc. 
 
 
Corrections of pressure 
 
When gas is collected over water 
When collected over volatile liquid eg water, water vapour is present so adds to total pressure. Using a 
table work out the water vapour pressure at the given temp and subtract it from total to find partial 
pressure of the gas. P (gas) = P (atm) – P (H₂O) 
 
Difference in height of the fluid 

1) Level inside is higher than outside tube, pressure inside is less by the height of the excess fluid. 
 
Ideal Gas Law 
PV = nRT n = number of moles  R = ideal gas constant 
Ideal gas constant  R = PV/nT so   R = atm. L / mol. K 
1 mole of oxygen gas collected at 24°C, 1 atm and volume of 23.48 L. 
1 x 23.48 / 1 x 297 = 0.0821 
 
So ideal gas constant is R = 0.0821 L.atm/mol.K 
 
Example, Calculate the pressure, at 16.0°C, of 1.00 gram of hydrogen gas occupying 2.54 liters. 
Moles = g/ram so ½ = 0.50m 
Rearrange PV = nRT , P = nRT/V 
Now put the numbers in so, P = 0.5 x 0.0821 x 289 / 2.54 
          P = 4.66 
Ideal Gas Deviations 
Use of gas laws we assume gasses involved were ideal gasses. In general, low pressure and high temp 
cause the least deviations and high pressure and low temp cause high deviations.  
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Chapter 6 

The Mole Concept 

Avogadro’s Constant   6.02 x 10²³ 

A mole    6.02 x 10²³ particles 

 

  

What is the mass of 1 mole of Oxygen? 

 O = 16 so O₂ = 32. Answer, 32 g 

What is the mass of 1 molecule of oxygen? 

6.02x10²³ molecules of oxygen = 32g. 1 molecule = 32/6.02x10²³ =5.32x10ˉ²³ g 

What is the mass of 1 atom of oxygen? 

O = 16g. 16/6.02x10²³ = 2.66x10ˉ²³g 

  

 

STP molar volume = 22.4 L or dm³ 

RTP molar volume = 24 L or dm³ 

 

Density and molar mass 

Find molar mass of a gas when density = 1.25 grams/litre? 

At STP we know that 1 mole occupies 22.4 litres 

So 1 mole = 28 grams. So molar mass = 28g/mol 

 

3L of a gas weighs 2g, find molar mass? 

So 1 mole occupies 22.4 L. 22.4 / 3 = 7.46 

7.46 x 2g = 14.9g. So molar mass = 14.9g/mol 
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Chapter 7 

 

Liquids 

 A form of matter that has a definite volume and takes the shape of its container 

 Volume of molecules and intermolecular forced between them are very important 

 (Liquid, the molecules make up 70% of volume compared to gas which is 1%) 

 Due to this, liquid expands/contracts very slightly, lacks compressibility of gasses 

 

Kinetics of Liquids 

Though liquids lack volume of space and have intermolecular forces, they are still in motion. 

Particles zigzag path (Brownian movement), supports Kinetic-Molecular Theory. 

Increase temps = Increased kinetic energy. 

If a molecule gains enough KI when it’s near the surface, it can phase change, turn into a gas. 

As fast moving molecules escape, the average energy of remaining is lowered so temps are lower. 

 

Viscosity 

The friction that exists between molecules of liquid as they pass over each other. 

Viscosity depends on IM forces the stronger the IM forces, the more viscous the liquid.  

Liquids with H bonds tend to have high viscosity. 

 

Surface Tension 

At surface molecules are attracted across surface and downwards to centre. Molecules in the centre 

experience uniformly distributed attractive forces. This uneven forces creates surface tension 

 

Capillary Action 

Closely linked to surface tension, the attraction between liquid molecules and molecules found on the 

surface of the tube. Liquid will rise up the tube, against gravity is strong attraction exists. The attraction 

will pull the liquid until weight of the liquid balances the gravitational force. 

Responsible for meniscus, transportation of water in plants and paper chromatography. 

 

Phase Equilibrium 

 First rate of evaporation is higher, after some time, the rate of evaporation and condensation 

equalises. That is Phase Equilibrium. 

 In a closed system, opposing changes taking place at the same rate is a dynamic equilibrium. 

 Vapour molecules in equilibrium with liquid exert a constant pressure at a given temperature, 

called equilibrium vapour pressure at that temp. 

 

Boiling Point 

The point at which the liquids vapour pressure equals the atmospheric pressure. 

E.g. When water is heated,  vapour pressure is increased and is no longer in equilibrium, it reaches 

atmospheric pressure when the heat is 100°C so waters boiling point is 100°C. 
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Critical Temperature and Pressure 

Critical temperature: Above this temp substance can’t exist in a liquid state. 

Critical pressure: The minimum pressure required to liquefy a gas at its critical temp. 

 

 

Solids 

Most ordered system. Can be divided into 3 categories, 

Crystalline solids have 3d representation. They have a regular structure, particles pack in 

repeating pattern from one end to another. 

Amorphous solids “solids without form” have a random structure, little long range order. 

Polycrystalline solids  large number of small crystals, in which structure is regular, but crystals are 

arranged in random fashion. 

 

Particles in solid vibrate in position. 

Some may diffuse through solid (eg gold atoms into lead if clamped together) 

Other will not, have strong ionic or covalent bonds in network (eg diamonds, NaCL) 

 

Sublimation when heated at certain pressures solids vaporise and go directly into the 

gaseous phase. (eg CO₂), usually due to high vapour pressure. 

Melting Point temp where vibrations in solid become so great that the particles break free, 

slider over each other in a liquid state. 

Heat of fusion the amount of energy required at melting point for change in phase to occur 

 

Phase Diagrams 

Triple point the pressure and temperature when all 3 phases of a substance can exist. 

** Get graph 
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Water 

Purification of water 

Distillation, involves evaporation and condensation of water, will 

remove any substance with a higher boiling point than water 

molecules. However any dissolved gases or liquids with a boiling 

point lower than water can’t be removed as they will be carried into 

the condenser and distillate. 

Composition of Water 

 Water can be broken down by electrolysis. 

 2 parts H, 1 part O 

 Synthesis of water can be done by using H and O in a eudiometer over mercury, passing an 

igniting spark through the mixture. 

 In steam-jacketed eudiometer, keeps water formed in steam form, 2 volumes of H combine with 

1 volume of O to make 2 volumes of steam. 

 Dumas experiment, 1g of H combines with 8g of O to make 9g of 

water. 

 Heavy water, the H isotope (Deuterium) has 1 neutron and 1 proton 

 Hydrogen peroxide H₂O₂ 

 Look at sample problems 

 

Water Calorimetry Problems 

 Calorimeter is a container which is well insulated. 

 Ice changing to water and then to steam does not represent a continuous change in temp 

 E.g. a 0°C and 100°C heat is being used to change the state but not the temp of water 

 Heat of fusion (energy needed to change from ice to water) 

 Heat of vaporisation (energy needed to change from water to steam) 

 Amount of heat to melt 1 mole of solid is molar heat of fusion and vaporise 1 mole of liquid is 

molar heat of vaporisation 

 Look at sample problems 

 

 Water’s reaction with anhydrides 

- Certain oxides that react with water to make acid or base 

- Many metal oxide react to form bases (so called basic anhydrides / oxides) 

 Na₂O + H₂O → 2NaOH, sodium hydroxide 

- Many non-metallic oxides react to form acids (so acidic anhydrides / oxides) 

 SO₃ + H₂O → H₂SO₄ sulphuric acid 

 

Polarity and Hydrogen bonding 

- Most liquids contract as they cool and change state to a solid, water most dense at 4°C then 

begins to expand as it gets cooler. This is due to hydrogen bonds. 

- Each oxygen atom is connected by H bonds to 4 other O atoms, this wide structure = low density 

of ice 

H₂ to O₂ 

2 vol : 1 vol (gaseous state) 

1g : 8g (by mass)  

Another definition 

The compound 

obtained by removing 

the elements of water 

from a particular acid. 
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- Heat applied to ice, temp rises and structure collapses but not fully t 0°C. More collapses the 

increased density. Kinetic energy also increases with temp, causes bonds to break but also 

molecules to move further apart. At 4°C these opposing forces balance to give most density. 

 

Solubility  

- Saturated  no more will dissolve 

- Solute   dissolved substance 

- Solvent  dissolving medium 

-  

Accurately judge substances solubility  amount of solute, amount of solvent and temperature 

of solution. 

 

When a solution becomes saturated, remaining solid will not dissolve. Equilibrium set up between 

dissolved solute entering and leaving solid phase. 

 

General Rules of Solubility  

I. All nitrates, acetates, and chlorates are soluble. 

II. All common compounds of sodium, potassium, and ammonium are soluble. 

III. All chlorides are soluble except those of silver, mercury(I), and lead. (Lead chloride is 

noticeably soluble in hot water.) 

IV. All sulphates are soluble except those of lead, barium, strontium, and calcium. (Calcium 

sulphate is slightly soluble.) The normal carbonates, phosphates, silicates, and sulphides are 

insoluble except those of sodium, potassium, and ammonium. 

V. All hydroxides are insoluble except those of sodium, potassium, ammonium, calcium, barium, 

and strontium. 

 

 Temp effect (increasing) Pressure effect 

Solid Solubility usually increases. Little effect 

Gas Solubility usually decreases Directly proportional to pressure applied. 
(Henry’s Law) 

 

Factors increasing rate of solubility 

Pulverising Increases surface area exposed 

Stirring Increases contact between solvent and solid 

Heating Increases solubility and rate of solubility 
(Molecular action, rise o convection currents) 

 

Generally 

 Solutes most likely to dissolve in solvents with similar characteristics.  

E.g. Ionic/polar solutes and polar solvent and non-polar with non-polar. 

1) Molecules that don’t ionize aq solution (sugar), have molecules as solute particles. 

2) Polar molecules that partially ionize aq solution (ammonia) have mix of molecules and ions as 

solute. 

3) Molecules that completely ionize aq solution (HCL) have ions as solute particles. 
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Water Solutions 

Water molecules must overcome forces that hold the molecules together 

E.g. when sugar enters water, water molecules surround sugar molecules, pulling the molecule off and 

dispersing it forming a solution 

Ionic crystal, water orient themselves around ions. Polar ends of water surround the molecule. Once 

surrounded, ion is insulated from other ion. Number of water molecules that surround ion differs. 

Hydrated ion. 

 

Miscible  2 liquids mixed and dissolve in each other. Immiscible is the opposite. 

Alloy  2 molten metals mixed, “solid solution”, allowed to cool.  

 

Continuum of water mixtures 

Solution Colloids Suspension 

… to 1nm 1 to 1000nm 1000nm to ... 

Clear; colour (maybe); 
Particles do no settle; pass 
through ordinary filter paper. 

Particles do not settle. Cloudy; Opaque colour; Particles 
settle; don’t pass through 
ordinary filter paper. 

Pass through membrane Do not pass through semi perm membrane, small pores, animal 
bladder 

Particles not visible Visible in Ultra-microscope 
Show Brownian movement 

Visible naked eye & microscope 
No Brownian movement 

 

Brownian Movement Random movement of particles, caused by collisions with molecules in 

the surrounding medium. 

 

We know colloids show Brownian movement as when bright light is directed at right angles to the ultra-

microscope stage, individual reflections of colloid particles can be observed. 

 

Expression of concentration 

 

Dilute     Small amount of solute in the solvent 

Concentrated  Large amount of solute in solvent 

Unsaturated  More solute can go in solution at that temp 

Supersaturated Saturated at high temp, carefully cooled, so solute in solution, now solution 

holds more solute than it normally would at that temp. 

 

1) Parentage concentration 
 𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒

𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 𝑥 100% 

 

2) Molarity – (M) number of moles of substance per 1 litre of solution 

 

𝑀𝑜𝑙𝑎𝑟𝑖𝑡𝑦 (𝑀) =  
 𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒

1𝐿 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
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3)  Molality - (m) number of moles of the solute in 1000 grams of solvent 

 

𝑀𝑜𝑙𝑎𝑙𝑖𝑡𝑦 (𝑚) =  
 𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒

1000 𝑔 𝑜𝑓 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
 

 

4) Mole fractions 

  

𝑀𝑜𝑙𝑒𝑠 =  
 𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒

𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒 + 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
 

 

Dilution 

M₁V₁ = M₂V₂ 

 

 

Colligative properties of solutions 

 

Colligative properties - depend primarily on conc of particles (ratio of solvent to solute) and not type  

                       of particles 

 

 

Crystallization 

Crystal  repeated pattern structure (coming out of solution) 

Unit cell  smallest portion of the crystal lattice that is repeated throughout the crystal 

Hydrate a substance that holds a definite proportion of water in its crystal structure, (can be heated 

to form anhydrous powder) 

 

Efflorescent                                  lose water of hydration when exposed to air (at normal temps) 

Hydroscopic / Deliquescent      absorb water from air 
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Chapter 8 

1) Heat of combustion of a reaction can be arrived by the following 
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Hydrolysis reaction 

 Opposite to neutralisation reaction. 

 In hydrolysis reaction water and salt react to form an acid and base. 

 The same number of H and OH form so solution is neutral. If both strong or weak 

 If weak acid and strong base then solution will be basic and vice versa 

 

Entropy 

Entropy is the measure of the degree of disorder. 

Reactions are driven by the need of more entropy, more disorder. 

 

Thermochemistry 

 All chemical reaction emit or absorb heat. 

 Virtually impossible to measure total energy of molecules (as you need to sum up its rotational, 

vibrational, translational, potential energy) 

 

 Enthalpy Change 

 
  

Standard stare    25°C and 1tm  

Molar heat of formation  Enthalpy change that accompanies the formation of 1 mole of a 

compound from its elements, in their standard state. 

Heat of combustion Heat released from complete combustion of 1 mole of a substance. 
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Hess Law 

 

 

 

Hess Law of Heat Summation when a reaction can be expressed as the algebraic sum of 2 or more of 

the reactions, the heat of the reaction is the algebraic sum of the heats 

of these reactions. 

First Law of Thermodynamics total energy of the universe is constant, cannot be created nor 

destroyed 

 

 

 

 

 

 

 

 

 

 

 

 



  Muzammil SAT Chemistry Notes 

 

Chapter 9 

Factors that affect rate of reaction 

The nature of reactants Bonds break and form, types of bonds affect rate. E.g. 
reactions between ions in aq faster than reactions involving 
many covalent bonds. 

Surface are exposed More SA, more contact for reaction so faster rate. 

The concentration More conc = faster. E.g. more reactants present so higher 
chances for collision causing reaction. 

The temperature Higher temp = more kinetic energy, particles move faster 
and have more energy, increases successful collisions.  

Catalyst Lowers activation energy, increases rate (positive catalyst). 
There are negative catalyst also which decrease rate. 

 

Activation Energy  the energy necessary to cause a reaction to occur 

Catalyst   speeds up reaction but is not used up 

 

Reaction rate law 

aA + bB  ... 

 
 

                                                      Sum is 1 + 1 = 2, so second order reaction. 

 

 

Reaction mechanism and rate of reaction 

Rate determining step  slowest step in a multi-step reaction. 

 

For example, if step 2 is RD, increased conc of reactants of step 3 will not increase overall reaction rate 

as step 2 is RD. Increasing conc of step 2 will increase rate of reaction.  
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Chapter 10 

 

 

 

 

 

 

 

 

Le Chatelier’s Principle 

If stress is placed upon a system in equilibrium, the equilibrium is displaced in the direction that 

counteracts the effect of the stress.  

 

Factors Effects 

Changing temperature If forward reaction is exothermic and temp is increased, equilibrium 
will shift to the left. 

Changing pressure Only effects equilibrium if gasses are either reactants or products. 
Increasing pressure will shift towards side with fewer gas molecules. 
Same number of gas molecules on both side than no difference. 

Changing concentration Conc of reactant increases, forward reaction is increased. 
Equilibrium shifts/displaced to the right. 

 

Equilibrium in heterogeneous systems 

 

Equilibrium constant for system involving solids 

 

This is the equation for the reactipon. 

 

      

Normally this will be the rate equation but it is found at a given 

temp conc of CO2 is constant and that the conc of solids have 

no effect have on the conc of CO2, as long as both solids are 

present.  

Therefore the new rate constant Keq can be this. 
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Common ion effect  

 When reaction has reached equilibrium, if more ions added that are in reaction, causes the 

reverse reaction to re-establish equilibrium. 

 E.g. NaCl – Na+(aq) + Cl- (aq). 

 So if HCL was added, it will increase Cl- ions and cause a shift to the left, more NaCl (NaCl will 

come out of solution) 

 

Driving forces of reactions 

Second law of thermodynamics the entropy of the universe increases for any spontaneous 

process. (so entropy of system can       but the surrounding must 

change to accommodate the change ); ΔS is entropy. 

 

 

 

Conditions where ΔS is positive for a system. 

I. When gas is formed from a solid 

II. When gas is evolved from a solution 

III. When moles of gaseous product exceed from gaseous reactant 

IV. When crystals dissolve in water 

 

 

Gibbs free energy 

ΔG = ΔH − TΔS (T is temp in kelvins) 

 If ΔG is – then reaction is spontaneous (probably) 

 If ΔG is + then reaction is unlikely 

 If ΔG is 0 then system is at equilibrium 
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Chapter 11 

Acids 

 

I. Aq solutions of acid conduct electricity. The degree of conduction depends acid’s degree of 

ionization.  

II. Ability to change colour of indicators. E.g. Litmus paper from purple to pink-red. 

Phenolphthalein from pink (in basic) to colourless (in acid or neutral) 

III. React with metals, to release Hydrogen (metals that are more active that hydrogen ions). Nitric 

acid conc. is strong oxidising agent and will not release hydrogen. 

IV. React with base to form salt + water 

V. React with carbonates to release CO₂ 

 

Arrhenius Theory Acid is a substance that yield hydrogen ions in aq solution. 

 

In aq solution the H ion actually attaches to water to make H₃O+ (Hydronium ion) 

Commonly the equation is written as HX           H⁺ + X⁻ 

But the complete equation will be HX + H₂O          H₃O⁺+ X⁻ 

 
  

Bases 

I. Bases conduct electricity in aq solution 

II. Cause indicators to change colour. Litmus goes from red to blue. Phenolphthalein turns pink 

from colourless. 

III. React with fats to create soaps. 

IV. Aq bases feel slipper, strong bases are very caustic (burn/corrode) to the skin 

V. Bases react with acid to form salt + water 

 

Arrhenius Theory base as a substance that yield OH⁻ in aq solution. 
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The Bronsted-Lowry Theory (1923). 

Acid proton donators 

Base proton acceptors 

 

Conjugate Acid and Bases 

In acid-base reaction, the original acid gives up its proton to become a conjugate base and vice versa for 

base. Involves Brønsted-Lowry acid. 

E.g. 

 

 

 

 

 

 

 

 

 

Strength of Conjugate acid and bases generally observation is the stronger the acid, the 

weaker the conjugate base. 

 And the stronger the base the weaker the conjugate 

acid. 

Another general rule, proton-transfer reactions prefer production of weak acid and base. So reactants 

must be stronger than products to reach completion. 

 

Lewis theory (1916) 

Acid electron-pair acceptor 

Base electron-pair donator 

E.g. 

 
 

Summary 
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Acid as pH  

 −log [H+], where [H+] is the concentration of hydrogen ions expressed in moles per litre. 

** Look at example questions. 

 

Indicators 

 

 

 

 

 

 

 

Titrations 

** Look at sample questions 

 

Buffer solutions 

Equilibrium systems that resist changes in pH when acid and bases are added to them. 

Usually prepared in lab using equal molar quantities of a weak acid and its salt. 

 If a base (NaOH) is added, the OH- is absorbed by the weak acid. This reduction in H+ ions causes 

equilibrium to shift to the right making mire ions and H+ 

 
Each mole of base consumes same mole of HC₂H₃O₂ 

 If an acid (HCL) is added, the H+ reacts with C₂H₃O₂- ions of the salt. 

 

 

Salts 

5 ways to make a salt 

1. Neutralisation reaction (Acid + Base) 

2. Single replacement reaction(E.g. Metal replaces Hydrogen)# 

3. Double replacement reaction (E.g. 2 aq salts make insoluble salt) 

4. Direct combination of elements (Iron + Sulphur) 

5. Metallic oxide and non-metallic oxide (MgO + SiO₂) 

 

Amphoteric Substances 

Can act as either proton donators (acid) or proton acceptors (base). 

HCO₃⁻, HSO₄⁻, H₂O, NH₃ 

E.g.  
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Acid Rain 

Sulphur oxide + water  sulphuric acid (nitrogen oxides is also involved making nitric acid) 
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Chapter 12 

 

Cations  positively charged 

Anions  negatively charged 

 

Water solutions conductivity depends on number of ions in solution. 

 

Oxidation-reduction and Electrochemistry 

OILRIG - Oxidation is loss, Reduction is gain 

Oxidation-reduction reactions involve transfer of electrons. 

 

Voltaic Cells (galvanic cells) 

 O-R reaction, substance that is oxidised during reaction is separating from one that is reduced.  

 This electron transfer is followed by transfer of electrical energy rather than heat. 

 Can use porous barrier to separate substances, wire to transfer electrons. 

 Oxidation at anode, Reduction at cathode 

 

Both solutions conduct electricity so are 

electrolyte. 
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Chapter 13 

Sulphur family 

 

 

 

 

 

 

 

Sulphuric acid 

 

Reactions with sulphuric acid 

 

Oxidising agent 

 

Dehydrating agent (with carbonates) 

 

 

Hydrogen Suphuide 

Colourless gass, rotten egs odour 

Fairly soluble in water 

Poisionous is small concentrations 

Metallic suphuide precipitate recogiseable colours 

 

Sulphur Dioxide 

Colourless gas, suffocating odour 

Good example of resonance structure (as shown) 
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Halogen Family 

 

 

 

 

 

 

 

 

 

Usually oxidizing agents (as they lack 1 outer electron) 

 

Important halides and their uses 

HCL    common acid, prepared by NaCL and H₂SO₄ 

Silber bromide/iodide  used on photographic film 

Hydrofluoric acid  used to frost light bulbs 

Fluorides   used in drinking water and toothpaste 

 

Nitrogen Family 

Nitrogen 

Colorless, odorless, tasteless. 

Rather Inactive (N₂ covalently bonded) and 4/5 of earth’s air. 

Nitrogen is fixed by bacteria and lighting fixes and causes nitrogen oxides. 

 

Nitric Acid 

Making dyes, celluloid films. 

Colorless liquid, ½ times as dense as water, BP of 86°C (Pure).  

Miscible with water (commercial 68% pure). 

 

Rarely produces H when reacting with metal. 

Unstable and decomposes, makes it a good oxidizing agent. 

 

 

Conc NA with metal makes NO₂ (nitrogen dioxide) 

Dilute NA with metal makes NO (nitrogen oxide) 

More dilute NA makes N₂O (nitrous oxide) 

 

Aqua regia HNO₃ and HCL mixed can dissolve gold. 
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Metals 

Physical 

Conduct electricity and heat. 

Malleable (pounded into sheets) 

Ductile (drawn into wires) 

Non soluble in solvent without chemical change. 

 

Chemical 

Electropositive 

More active metal oxides form bases 

Amphoteric hydroxides (acid and bases) 

 

Iron 

Refined by reduction in a blast surface, 

Iron ore (hematite, Fe₂O₃), limestone and coke 

 

Molten iron from blast surface is called pig iron. 

From pig iron, molten metal may undergo 3 steel-making 

processes, that burn impurities and set contents of C, Mn, S, 

Ph and Si. 

 

Basic Oxygen Furnace 

Molten pi iron poured into lined “pot. High speed jet of 

oxygen blown into top of the pot. This burns impurities to 

make batch of steel rapidly and cheaply 

Open Hearth Furnace 

Large oven containing dish-shaped area to hold pig iron, scrap steel + other additives. Alternating blasts 

of flame over surface of molten metal. 

Electric Arc Furnace 

Large amounts of electricity through graphite cathode, lowered into molten iron to purify and make high 

grade steel. 

 

 

Alloys 

Mixture of 2 or more metals 

 

 

Melting point   the melting point of an alloy is lower than that of its components. 

Hardness   an alloy is usually harder than the metals that compose it. 

Crystal structure  the size of the crystalline particles in the alloy determines many of the physical 

properties. The size of these particles can be controlled by heat treatment. If 

the alloy cools slowly, the crystalline particles tend to be larger. Thus, by heating 

and cooling an alloy, its properties can be altered considerably. 
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Metalloids 

 Elements which are neither distinctly metallic 

or non-metallic (E.g carbon making diamond 

and graphite) 

 Metalloids may form ionic or covalent 

compounds 

 Conduct electricity poorly (semi-conductors) 

 Metalloids located along the heavy black line 
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Chapter 14  

Carbon 

 Occurs mainly is allotropic forms (E.g. diamond, graphite, amorphous, fullerenes) 

 Diamonds use sp³ hybrid orbitals to explain its tetrahedron structure. 

 Graphite uses trigonal sp² hybrids 

 Common forms of amorphous (charcoal, coke, bone black, lampblack) 

 

CO₂ 

Test, turns limewater cloudy. 

In lab can be made by carbonate + acid 

 

Important uses 

a) CO₂ (g) + H₂O( ) → H₂CO₃ (aq) (when CO₂ reacts with soft drinks) 

b) Solid CO₂ (-78°C) dry ice, used as refrigerant (as not melting to liquid, sublimes absorbs heat) 

c) Fire extinguishers use CO₂ (don’t support ordinary combustion, 1 ½ heavier than air) 

d) Photosynthesis in plants. Chlorophyll (catalyst) Sunlight (energy source) 

 

 

 

Organic Chemistry 

 

Hydrocarbons 

Compounds containing hydrogen and carbon in their structure. 

Alkanes 

 Saturated hydrocarbons. Cn H2n+2. 

 First 4 alkanes are gasses, then they become liquid, as the chain gets longer become more 

viscous 

 Complete combustion to make water and carbon dioxidet 

 React with halogens (hydrogen replaced) to make alkyl halides 

 

 

 

 

 

 

 

Cycloalkanes  
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Differences in boiling point of different alkanes (due to non-polar HC chains) allows fractional 

distillation. 

 

Alkene 

Unsaturated hydrocarbons, Cn H2n 

2-ethyl-1-pentene 

Double bond – 2 p orbitals attach above and below making pi bond. 

sp² orbital between carbons (each with H) are sigma bonds. 

 

 

 

 

 

 

Alkyne  

Unsaturated hydrocarbon (triple bond), CnH2n-2 

 

 

 

 

 

 

Aromatics 

Unsaturated ring structures. Cn H2n-6. 

Simplest is benzene C6H6, also a resonance structure. 

 

 

 

 = 

 

 

C6H5 is phenyl (structure of benzene with 1 H missing)   Naming 

2 other members of benzene family series If there are only 2 groups on the 

benzene ring then only 3 possible 

positions so use ortho- meta- para- 
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Isomers 

Same formula but different structure. 

 

Hydrocarbon derivatives  

 

Alcohols 

Have hydroxyl group –OH (functional group) 

Methanol simplest, colourless, flammable liquid with a BP of 65°C, miscible with water, poisonous 

(blindness), used as fuel and solvent 

Ethanol colourless, flammable liquid, BP of 78°C, miscible, antifreeze and good solvent. 

 

 

 

 

 

 

Aldehydes 

Functional group of HC=O (CHO), 

prepared by oxidation of alcohols.  

End with –al 

 

 

 

 

Carboxylic Acids 

Functional group of –COOH, carboxyl group. 

Perpared by mild oxidation of an aldehyde. 

Ends with –oic 

 

Ethanoic acid (acetic) can be conc to make 

Galcial acetic acid used to make cellulose 

acetate. Vinegar is 4%-8% acetic acid.  

Ethandioic acid  

 

Summary 
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Keytones 

Funcional group of R(C=O)R. Formed by oxidising 

secondary alcohol. 

End with –one 

 

 

 

Ethers 

Functional group R-O-R.  

Formed when primary alcohol is 

dehydrated with sulphuric acid. 

Add –oxy for naming. 

 

Amines and Amino acids 

Functional group of NH₂⁻ (amide) is found in amide ion. 

Amide group replaces H on a hydrocarbon making an amine (-amine) 

Amino acids are organic acids that contain 1 or more aminio groups. 

E.g NH₂CH₂COOH. 

 

 

 

 

Esters 

Made by reacting carboxylic acid and 

primary alcohol. 

Ends in  –ate.  

RO-H (alcohol) + RCO-OH (ca)  RCOO-R 

(ester) + HOH (water) 

 

 

 

 

 

 


