
Chemistry Midterm Notes 

 

Average Atomic Mass 

Atomic Mass – weighted average of the respective atomic masses of the natural isotopes in given 
element 

𝑨𝑴 = 𝑴𝟏𝒇𝟏 + 𝑴𝟐𝒇𝟐 + 𝑴𝟑𝒇𝟑 + ⋯ , where:  

M = mass of each isotope. 

f = fractional abundance of that isotope. 

 

Ex) Carbon has two naturally occurring isotopes:  

 𝐶6
12  𝐶6

13  

Mass 12 u 13.00335 u 
Abundance 98.892% 1.108% 

 

The average atomic mass of carbon is: 

(0.98892)(12) + (0.0108)(13.00335) = 12.011 u 

 

Molecular Mass 

For H20: 

Molecular Mass: mass of one molecule 18.015 u 

Molar Mass: mass of one mole 18.015 g/mol 

 

Molecular Mass vs Exact Mass 

Molecular Mass: Use the average atomic mass of each element 

6 x 12.01 + 12 x 1.01 + 6 x 16.00 = 180.18 u 

Exact Mass: Use exact mass of the most abundant isotope of each element  

6 x 12.000000 + 12 x 1.007825 + 6 x 15.994915 = 180.06339 u 

 

 



Polyatomic Ions 

 

 

Naming Inorganic Compounds 

Hydrates: An ionic compound containing a fixed number of molecules of water 

Ex) 𝑀𝑔𝑆𝑂4 ⋅ 2𝐻2𝑂 = 𝑀𝑎𝑔𝑛𝑒𝑠𝑖𝑢𝑚 𝑠𝑢𝑙𝑓𝑎𝑡𝑒 𝑑𝑖ℎ𝑦𝑑𝑟𝑎𝑡𝑒 

 

Naming Acids 

Binary Acids/Hydroacids: Compound with the general formula 𝐻𝑛𝑋. 

Named using prefix hydro- and suffix –ic. 

Ex) HF  Hydrofluoric acid 

 

Naming Oxoacids 

Compound with general formula 𝐻𝑚𝑋𝑂𝑛 that ionizes in water 

Oxoacid = oxoanion + H+ ions 

-ite becomes –ous , -ate becomes –ic 

Ex) ClO⁻ -   Hypochlorite     →        HClO –   Hypochlorous acid 

 

 

 



Percent Composition 

Number of parts of a component in 100 parts of the whole. 

Ex) A rock contains 3.5% gold by mass means 3.5 g of gold per 100 g of rock 

 

 

Stoichiometry 

 

 

Reaction Yield 

The theoretical yield is the amount of product expected if the reactants react to completion (Calculated 
number). 

%𝒀𝒊𝒆𝒍𝒅 =
𝑨𝒄𝒕𝒖𝒂𝒍 𝒚𝒊𝒆𝒍𝒅

𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍  𝒚𝒊𝒆𝒍𝒅
× 𝟏𝟎𝟎%  

 

Chemical Reactions in Solution 

Solution: solute dissolved in solvent to form a homogeneous mixture, Solute: present in smallest 
amount, Solvent: present in largest amount. When the solvent is water = aqueous solutions. 

Concentration: the measure of the amount of solute in a solution. 

𝒏 =
𝒎

𝑴
 

 

%𝒏𝑨 =
𝒏𝑨

𝒏𝑻

× 𝟏𝟎𝟎 

 

𝒏 =
𝑵

𝑵𝑨

 



 

Concentrations of Solutions 

𝑴𝒐𝒍𝒂𝒓𝒊𝒕𝒚 =
𝒎𝒐𝒍𝒆𝒔 𝒐𝒇 𝒔𝒐𝒍𝒖𝒕𝒆

𝒗𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏 𝒊𝒏 𝒍𝒊𝒕𝒓𝒆𝒔
  →   𝑪 =

𝒏

𝑽
  

 

 

 

Dilution: Addition of extra solvent does not change the amount of dissolved solute, therefore:  
𝐶𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑒𝑑𝑉𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑒𝑑 = 𝑚𝑜𝑙𝑒𝑠 = 𝐶𝑑𝑖𝑙𝑢𝑡𝑒𝑉𝑑𝑖𝑙𝑢𝑡𝑒 

𝑪𝟏𝑽𝟏 = 𝑪𝟐 𝑽𝟐  

 

Writing Aqueous Ionic Reactions 

 

 

 

 

 

 

 

 

 

 



Redox Reactions 

 

An oxidation-reduction, or REDOX, reaction involves the transfer of electrons - causes changes to the 

OXIDATION STATE. 

 

Oxidation State vs Charge 

 

Assigning Oxidation States 

 

 

 

 

 

 

 

 

Tips:  

If two rules contradict 

each other, follow the rule 

that appears higher in the 
list.  

For a multi-atom species, 

label the easy oxidation 

states, and solve for the 

unknown atoms. 

 



Deriving Oxidation States 

 

 

 

 

 

 

 

Redox Reactions 

LEO GER (Loss Electrons = Oxidation  ,  Gain Electrons = Reduction)  

 

Oxidizing Agent (Oxidant): Oxidation state decreases in a redox reaction (reduced). 

Reducing Agent (Reductant): Oxidation state increases in a redox reaction (oxidized). 

Ex)  

 

 

 

 

 

 

Half Reactions 

 

 

 

 

 

 

 



Balancing Redox Reactions 

The Half-Equation Method: 

The overall reaction is separated into two half-reactions – an oxidation and reduction. 

Each half-reaction is balanced. 

The balanced half-reactions are then added to give the overall reaction. 

 

 

 

 

 

 

Balancing in Acidic Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

Basic Solution 

When reaction is basic, STEP 5 is modified as follows: 

 

Step 1: Write out the net ionic form of the reaction. 

Step 2: Separate into two half reactions. 

Step 3: Balance all elements except O and H in the half reaction. 

Step 4: Add enough molecules of H₂O to balance the O atoms. 

Step 5: Add enough H⁺ ions to balance the H atoms. 

Step 6: Balance the net charge on each side by adding electrons.  

Step 7: If necessary, multiply the half-reactions by the lowest 
common denominator. 

Step 8: Add the two half-reactions together and simplify. 

Step 9: Verify your final reaction. 

For every H⁺, add an OH⁻ on each side of the half-reaction. 

Where H⁺ and OH⁻ appear on the same side, combine these two ions to make H₂O. 

 



Gas or Vapour? 

A gas is a substance which is normally gaseous under regular temperature and pressure conditions. 

A vapour is the gaseous form of a substance which is normally a liquid under regular temperature and 

pressure conditions. 

 

Concept of Pressure 

𝑷 =
𝑭𝒐𝒓𝒄𝒆

𝑨𝒓𝒆𝒂
  

  

Manometer 

 

 

Ideal Gas Law 

𝑷𝑽 = 𝒏𝑹𝑻  

 

Boyle’s Law 

𝑃1𝑉1 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 𝑃2𝑉2  

𝑷𝟏 𝑽𝟏 = 𝑷𝟐 𝑽𝟐  



Charles’s Laws 

T (Kelvin) = 273.15 + T (Celsius) 

𝑉1

𝑇1
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 =

𝑉2

𝑇2
  

𝑽𝟏

𝑻𝟏
=

𝑽𝟐

𝑻𝟐
  

 

Avogadro’s Hypothesis 

Equal volumes of gases at the same T and P have the same number of molecules.  

𝐕

𝐧
= 𝐜𝐨𝐧𝐬𝐭𝐚𝐧𝐭  

 

The Gas Law and Stoichiometry 

 

 

 

 

 

 

 

 

The Ideal Gas Law 

An ideal gas is a gas whose P, V, and T obey the ideal Gas Law 

1. No attraction or repulsion between the molecules of an ideal gas  [Breaks down at low T] 

2. The volume occupied by the gas molecules themselves is negligible with respect to the gas container 
(i.e., the space in the container is empty) [Breaks down at high P] 

This approximation of an ideal gas works best at high temperature and low pressure 

 

 

 



Standard Temperature and Pressure 

STP: Reference points for normal temperature and pressure conditions 

P = 1 bar = 0.987 atm  T = 0°C = 273.15 K 

Experiments revealed that, at STP, the space occupied by one mole of gas is: 

1 mol gas = 22.7 L    ← Molar Volume 

 

Another Form of PV=nRT 

In cases where the number of moles of gas is constant: 

𝑷𝟏𝑽𝟏

𝑻𝟏
=

𝑷𝟐𝑽𝟐

𝑻𝟐
  

 

Dalton’s Law of Partial Pressures 

𝑷𝒕𝒐𝒕𝒂𝒍  𝒊𝒏 𝒈𝒂𝒔 𝒎𝒊𝒙𝒕𝒖𝒓𝒆 = 𝑷𝑨 + 𝑷𝑩 + ⋯  

Dalton’s Law: Total P is sum of PARTIAL pressures. 

The Partial Pressure of a gas, A, PA, in a gaseous mixture is: 

𝑃𝐴 =
𝑛𝐴𝑅𝑇

𝑉
  

The law of partial pressures says that the total pressure of the mixture is given by:  

𝑷𝑻 = (𝒏𝑨 + 𝒏𝑩 + 𝒏𝑪 + ⋯ )
𝑹𝑻

𝑽
= 𝒏𝑻

𝑹𝑻

𝑽
  

 

Molar Fractions 

The mole fraction of gas A in a mixture, xA, is: 

𝒙𝑨 =
𝒏𝑨

𝒏𝑻
=

𝒏𝑨

𝒏𝑨+𝒏𝑩+⋯
  

Therefore, according to the law of partial pressures: 

𝑷𝑨 = 𝒙𝑨 𝑷𝑻   

 

 

Ex) 2 H₂O₂ (l) → 2 H₂O (g) + O₂ (g) 

        1.1g           0.32 bar      0.16 bar 

Therefore, 𝑃𝑡𝑜𝑡𝑎𝑙 = 0.16 𝑏𝑎𝑟 + 0.32 𝑏𝑎𝑟 = 0.48 𝑏𝑎𝑟 



 

 

 

 

 

 

Kinetic Molecular Theory 

In an ideal gas, there are no attractions or repulsions between the gas molecules, therefore the energy 

of the gas must entirely come from the kinetic energy of the individual gas molecules. 

The kinetic energy of a molecule depends only on its mass and velocity.  

The Assumptions of the Theory: 

1. The volume occupied by the molecules is negligible. 

2. There are no attractive or repulsive forces between molecules; all collisions are perfectly elastic; thus 

the average kinetic energy is constant. 

3. Gaseous molecules are in constant, random, straight-line motion in all directions; they collide 
fleetingly and frequently with each other and the walls of the container.  

 

Kinetic Energy of Gas Molecules 

Kinetic energy of an object:  𝑬𝒌 =
𝟏

𝟐
𝒎𝒗𝟐 

Average kinetic energy of the ensemble of molecules: 𝑬𝒌
̅̅̅̅ =

𝟏

𝟐
𝒎𝒖𝟐̅̅̅̅  

Where 𝑢2̅̅ ̅ is the mean-square speed: 

𝒖𝟐̅̅̅̅ =
𝒖𝟏

𝟐+𝒖𝟐
𝟐+⋯+𝒖𝑵

𝟐

𝑵
  

 

More Equations: 

𝑬𝒌
̅̅̅̅ =

𝟑

𝟐
(

𝑹

𝑵𝑨
) 𝑻      𝑬𝒌

̅̅̅̅ =
𝟏

𝟐
𝒎𝒖𝟐̅̅̅̅  

 

 

At constant m: 

𝑇 ↑  𝐸𝑘
̅̅ ̅ ↑ 𝑢 ↑ 

At constant T: 

𝑚 ↑ 𝑢 ↓ 



 

 

 

 

 

 

Root-mean-square Speed, urms 

√𝒖𝟐̅̅̅̅ = 𝒖𝒓𝒎𝒔 = √
𝟑𝑹𝑻

𝑴𝑴
  

The root-mean-square, urms, increases when T increases or MM decreases. 

Usually, urms is in m/s, so MM must be in kg/mol (SI) and R is 8.3145 Pa m³ / mol•K (SI). 

 

Gas Diffusion and Effusion 

Effusion: Movement of molecules through a small hole into an empty container.  

Diffusion: Gradual mixing of molecules of different gases. 

 

Gas Effusion 

Graham’s Law govern effusion of gas molecules: 

𝒆𝒇𝒇𝒖𝒔𝒊𝒐𝒏 𝒐𝒇 𝑨

𝒆𝒇𝒇𝒖𝒔𝒊𝒐𝒏 𝒐𝒇 𝑩
=

(𝒖𝒓𝒎𝒔)𝑨

(𝒖𝒓𝒎𝒔)𝑩
= √

𝑴𝑴𝑩

𝑴𝑴𝑨
  

 

Deviations from Ideal Gas Law 

We account for volume of molecules and intermolecular forces with VAN DER WAAL’S EQUATION: 

(𝑃 +
𝑛2 𝑎

𝑉2
) (𝑉 − 𝑛𝑏) = 𝑛𝑅𝑇  

Rate of effusion is inversely proportional to the square 

root of the gas particle’s molar mass. 

Correction for 

intermolecular forces 

Correction for 

volume 

a & b must be determined 

experimentally. 


