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FINDING THE DENSITY OF STEEL: 
AVERAGES AND STANDARD 

DEVIATIONS

The total mass and volume of 10 steel ball bearings were 

measured.

Trial 1 Trial 2

Total mass of ball bearings (g) 780.15 778.90

Average mass of one ball bearing (g)

Total volume of ball bearings (mL) 100.9 100.4

Average volume of one ball bearing (mL)

Density (g/mL)

Average Density and SD (g/mL)



FINDING THE DENSITY OF STEEL: AVERAGES AND STANDARD 
DEVIATIONS

Trial 1 Trial 2

Total mass of ball bearings (g) 780.15 778.90

Average mass of one ball bearing (g) 78.015 77.890

Total volume of ball bearings (mL) 100.9 100.4

Average volume of one ball bearing (mL) 10.09 10.04

Density (g/mL) 7.740 7.757

Average Density and SD

Calculations for Trial 1 only

Average mass of one ball bearing

780.15 𝑔

10 𝑏𝑎𝑙𝑙 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠
= 78.015 𝑔 𝑝𝑒𝑟 𝑏𝑎𝑙𝑙 𝑏𝑒𝑎𝑟𝑖𝑛𝑔

Average volume of one ball bearing

100.9 𝑚𝐿

10 𝑏𝑎𝑙𝑙 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠
= 100.9 𝑚𝐿 𝑝𝑒𝑟 𝑏𝑎𝑙𝑙 𝑏𝑒𝑎𝑟𝑖𝑛𝑔

Density 
78.015 𝑔

10.09 𝑚𝐿
= 7. 740

𝑔

𝑚𝐿



FINDING THE DENSITY OF STEEL: AVERAGES AND STANDARD 
DEVIATIONS

Trial 1 Trial 2

Total mass of ball bearings (g) 780.15 778.90

Average mass of one ball bearing (g) 78.015 77.890

Total volume of ball bearings (mL) 100.9 100.4

Average volume of one ball bearing (mL) 10.09 10.04

Density (g/mL) 7.740 7.757

Average Density and SD 7.749 + 0.012 

Finding the Average Density of the 2 trials

7.740
𝑔
𝑚𝐿

+ 7.757
𝑔
𝑚𝐿

2
= 7.749

𝑔

𝑚𝐿
Finding the SD

7.740
𝑔
𝑚𝐿

− 7.749
𝑔
𝑚𝐿

2
+ 7.757

𝑔
𝑚𝐿

− 7.749
𝑔
𝑚𝐿

2

2 − 1
= 0.012

𝑔

𝑚𝐿



CONVERSION BETWEEN 
CONCENTRATION EXAMPLE:

A solution contains 45.6 g of potassium bromide and 126.8 g of water and has a volume of 157 mL. Find the 

weight percent, the molarity and the mole fraction of potassium bromide.

Weight Percent
45.6 𝑔

45.6 𝑔 + 126.8 𝑔
× 100% = 26.5%



CONVERSION BETWEEN 
CONCENTRATION EXAMPLE:

A solution contains 45.6 g of potassium bromide and 126.8 g of water and has a volume of 157 mL. Find the 

weight percent, the molarity and the mole fraction of potassium bromide.

Molarity

45.6 𝑔 𝐾𝐵𝑟
1 𝑚𝑜𝑙𝑒 𝐾𝐵𝑟

119.0 𝑔
= 0.383 𝑚𝑜𝑙𝑒𝑠 𝐾𝐵𝑟

0.383 𝑚𝑜𝑙𝑒𝑠 𝐾𝐵𝑟

0.157 𝐿 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
= 2.44 𝑀



CONVERSION BETWEEN 
CONCENTRATION EXAMPLE:

A solution contains 45.6 g of potassium bromide and 126.8 g of water and has a volume of 157 mL. Find the 

weight percent, the molarity and the mole fraction of potassium bromide.

Mole Fraction

126.8 𝑔 𝐻2𝑂
1 𝑚𝑜𝑙𝑒 𝐻2𝑂

18.01 𝑔
= 7.040 𝑚𝑜𝑙𝑒𝑠 𝐻2𝑂

0.383 𝑚𝑜𝑙𝑒𝑠 𝐾𝐵𝑟

7.040 𝑚𝑜𝑙𝑒𝑠 + 0.383 𝑚𝑜𝑙𝑒𝑠
= 0.0516



TYPES OF CHEMICAL REACTIONS

Precipitation Reaction

Formation of a solid precipitate

Acid-Base Reaction

Reaction between an acid and a base

Redox Reaction

Reaction that involves the transfer of electrons



PRECIPITATION AND SOLUBILITY RULES

• Precipitates form when a pair of ions in solution form an insoluble compound

• Compounds are soluble when the energy associated with the ionic bond is less 

than the energy associated with hydration



SOLUBILITY 
RULES



SOLUBIL ITY 
RULES



SOLUBILITY EXAMPLE

• Write the molecular, ionic and net ionic equation for the reaction of lead (II) 

nitrate with potassium iodide.

𝑃𝑏 𝑁𝑂3 2 ? + 2 𝐾𝐼 ? → 2 𝐾𝑁𝑂3 ? + 𝑃𝑏𝐼2 ?

𝑃𝑏 𝑁𝑂3 2 𝑎𝑞 + 2 𝐾𝐼 𝑎𝑞 → 2 𝐾𝑁𝑂3 𝑎𝑞 + 𝑃𝑏𝐼2 𝑠

𝑃𝑏 𝑎𝑞
+2 + 2 𝑁𝑂3

−
𝑎𝑞

+ 2 𝐾 𝑎𝑞
+ + 2 𝐼 𝑎𝑞

− → 2 𝐾 𝑎𝑞
+ + 2 𝑁𝑂3

−
𝑎𝑞

+ 𝑃𝑏𝐼2 𝑠

𝑃𝑏 𝑎𝑞
+2 + 2 𝐼 𝑎𝑞

− → 𝑃𝑏𝐼2 𝑠



SOLUBILITY EXAMPLE 2

Write the molecular, total ionic and net ionic equations for the reaction of potassium nitrate with 

silver acetate.

𝐾𝑁𝑂3 ? + 𝐴𝑔𝐶𝐻3𝐶𝑂𝑂 ? → 𝐴𝑔𝑁𝑂3 ? + 𝐾𝐶𝐻3𝐶𝑂𝑂 ?

𝐾𝑁𝑂3 𝑎𝑞 + 𝐴𝑔𝐶𝐻3𝐶𝑂𝑂 𝑎𝑞 → 𝐴𝑔𝑁𝑂3 𝑎𝑞 + 𝐾𝐶𝐻3𝐶𝑂𝑂 𝑎𝑞

𝐾 𝑎𝑞
+ + 𝑁𝑂3 𝑎𝑞

− + 𝐴𝑔 𝑎𝑞
+ + 𝐶𝐻3𝐶𝑂𝑂 𝑎𝑞

− → 𝐴𝑔 𝑎𝑞
+ + 𝑁𝑂3 𝑎𝑞

− + 𝐾 𝑎𝑞
+ +𝐶𝐻3𝐶𝑂𝑂 𝑎𝑞

−

All species are aqueous = NO REACTION



LECTURE PARTICIPATION: PREDICT IF A 
PRECIPITATE WILL FORM

Indicate if a precipitate would form after combining the following solutions

Lead (II) Nitrate + Calcium Chloride

Potassium Chromate + Ammonium Hydroxide



ACID AND BASE REACTIONS: 
ACIDS

Produce H3O
+ ions when dissolved in water.

𝐻𝐴 𝑎𝑞 + 𝐻2𝑂 𝑙 → 𝐻3𝑂 𝑎𝑞
+ + 𝐴 𝑎𝑞

−

Strong Acid = complete dissociation (No HClO4 remains)

𝐻𝐶𝑙𝑂4(𝑎𝑞) + 𝐻2𝑂 𝑙 → 𝐻3𝑂 𝑎𝑞
+ + 𝐶𝑙𝑂4

−
𝑎𝑞

Weak Acid = partial dissociation (Some CH3COOH remains)

𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝐻2𝑂 𝑙 ⇌ 𝐻3𝑂 𝑎𝑞
+ + 𝐶𝐻3𝐶𝑂𝑂

−



ACID AND BASE REACTIONS: 
BASES

Produce OH- ions when dissolved in water.

𝐵 𝑎𝑞 + 𝐻2𝑂 𝑙 → 𝑂𝐻 𝑎𝑞
− + 𝐻𝐵(𝑎𝑞)

+

𝐵𝑂𝐻 𝑎𝑞 → 𝑂𝐻 𝑎𝑞
− + 𝐵 𝑎𝑞

+

Strong Base = complete dissociation (No KOH remains)

𝐾𝑂𝐻 𝑎𝑞 → 𝑂𝐻 𝑎𝑞
− + 𝐾(𝑎𝑞)

+

Weak base = partial dissociation (Some NH3 remains)

𝑁𝐻3 𝑎𝑞 + 𝐻2𝑂 𝑙 ⇌ 𝑂𝐻 𝑎𝑞
− + 𝑁𝐻4

+
𝑎𝑞





POLYPROTIC ACIDS

Monoprotic

𝐻𝐶𝑙 𝑎𝑞 + 𝐻2𝑂 𝑙 → 𝐻3𝑂 𝑎𝑞
+ + 𝐶𝑙−

Diprotic

𝐻2𝑆𝑂4 𝑎𝑞 + 2 𝐻2𝑂 𝑙 → 2 𝐻3𝑂 𝑎𝑞
+ + 𝑆𝑂4(𝑎𝑞)

2−

Triprotic

𝐻3𝑃𝑂4 𝑎𝑞 + 𝐻2𝑂 𝑙 → 3 𝐻3𝑂 𝑎𝑞
+ + 𝑃𝑂4(𝑎𝑞)

3−



POLY-BASIC BASES

Mono-basic

𝑁𝑎𝑂𝐻 → 𝑁𝑎+ + 𝑂𝐻−

Diprotic-basic

𝐶𝑎 𝑂𝐻 2 → 𝐶𝑎2+ + 2 𝑂𝐻−

Triprotic-basic

𝐴𝑙 𝑂𝐻 3 → 𝐴𝑙3+ + 3 𝑂𝐻−



NEUTRALIZATION REACTION

𝐴𝑐𝑖𝑑 + 𝐵𝑎𝑠𝑒 → 𝑊𝑎𝑡𝑒𝑟 + 𝑆𝑎𝑙𝑡

Molecular Equation

𝐻𝐶𝑙 𝑎𝑞 + 𝑁𝑎𝑂𝐻 𝑎𝑞 → 𝐻2𝑂 𝑙 + 𝑁𝑎𝐶𝑙 𝑎𝑞

Total Ionic Equation

𝐻 𝑎𝑞
+ + 𝐶𝑙 𝑎𝑞

− + 𝑁𝑎 𝑎𝑞
+ + 𝑂𝐻 𝑎𝑞

− → 𝐻2𝑂 𝑙 + 𝑁𝑎 𝑎𝑞
+ + 𝐶𝑙 𝑎𝑞

−

Net Ionic Equation

𝐻 𝑎𝑞
+ + 𝑂𝐻 𝑎𝑞

− → 𝐻2𝑂 𝑙





GAS FORMATION DURING AN 
ACID BASE REACTION

𝑆𝑜𝑑𝑖𝑢𝑚 𝑏𝑖𝑐𝑎𝑟𝑏𝑜𝑛𝑎𝑡𝑒 + 𝑎𝑐𝑒𝑡𝑖𝑐 𝑎𝑐𝑖𝑑 → 𝑤𝑎𝑡𝑒𝑟 + 𝑐𝑎𝑟𝑏𝑜𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 + 𝑠𝑜𝑑𝑖𝑢𝑚 𝑎𝑐𝑒𝑡𝑎𝑡𝑒

𝑁𝑎𝐻𝐶𝑂3 𝑎𝑞
+ 𝐶𝐻3𝐶𝑂𝑂𝐻 𝑎𝑞 → 𝑁𝑎𝐶𝐻3𝐶𝑂𝑂 𝑎𝑞 + 𝐻2𝐶𝑂3 𝑎𝑞

𝑁𝑎𝐻𝐶𝑂3 𝑎𝑞
+ 𝐶𝐻3𝐶𝑂𝑂𝐻 𝑎𝑞 → 𝑁𝑎𝐶𝐻3𝐶𝑂𝑂 𝑎𝑞 + 𝐻2𝑂 𝑙 + 𝐶𝑂2 𝑔



ACID BASE 
TITRATION



TITRATION EXAMPLE 1

Find the concentration of sulfuric acid if 35.89 mL of 0.905 M NaOH is needed to titrate 25.00 mL acid.

1. Find the balanced equation

2. Find number of moles of base

3. Find number of moles of acid

4. Find concentration



TITRATION EXAMPLE 1

Find the concentration of sulfuric acid if 35.89 mL of 0.905 M NaOH is needed to titrate 25.00 mL acid.

𝐻2𝑆𝑂4 𝑎𝑞 + 2 𝑁𝑎𝑂𝐻 𝑎𝑞 → 2 𝐻2𝑂 𝑙 + 𝑁𝑎2𝑆𝑂4 𝑎𝑞

35.89 𝑚𝐿
1 𝐿

1000 𝑚𝐿

0.905 𝑚𝑜𝑙𝑒𝑠

𝐿
= 0.0325 𝑚𝑜𝑙𝑒𝑠 𝑁𝑎𝑂𝐻



TITRATION EXAMPLE 1

Find the concentration of sulfuric acid if 35.89 mL of 0.905 M NaOH is needed to titrate 25.00 mL acid.

0.0162 𝑚𝑜𝑙𝑒𝑠 𝐻2𝑆𝑂4
0.02500 𝐿

= 0.650 𝑀 𝐻2𝑆𝑂4

𝐻2𝑆𝑂4 𝑎𝑞 + 2 𝑁𝑎𝑂𝐻 𝑎𝑞 → 2 𝐻2𝑂 𝑙 + 𝑁𝑎2𝑆𝑂4 𝑎𝑞

0.0325 𝑚𝑜𝑙𝑒𝑠 𝑁𝑎𝑂𝐻
1 𝑚𝑜𝑙𝑒 𝐻2𝑆𝑂4
2 𝑚𝑜𝑙𝑒𝑠 𝑁𝑎𝑂𝐻

= 0.0162 𝑚𝑜𝑙𝑒𝑠 𝐻2𝑆𝑂4



REDOX 
REACTIONS



OXIDATION NUMBER: 
KEEPING TRACK OF YOUR ELECTRONS



FIND THE OXIDATION NUMBER OF 
EACH ATOM IN THE COMPOUND
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