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• Define electrolyte solutions 

• Describe the process by which ionic compounds 
dissolve in water 

• Describe ionic solutions at the molecular level 

• Define molarity and calculate 
moles/volumes/concentrations for various solutions 

• Calculate molarity/volume upon diluting a solution 

• Perform stoichiometry calculations on reacting 
solutions when given volumes/concentrations 
instead of grams or moles. 

 

Objectives 



Water: A Polar Molecule 

Polar covalent bonds  
partial charges on O and H 
 
What interactions do you 
predict will occur between 
water molecules and ions 
in solution? 
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Dissolved ions and molecules 

Ions in 
solution 
VIDEO 

Neutral 
molecules in 

solution 

http://www.youtube.com/watch?NR=1&feature=endscreen&v=xdedxfhcpWo


Strong electrolyte 

(NaCl) 

Weak electrolyte 

(weak acid) 

Nonelectrolyte 

(sugar solution) 

Experimental Observation of Electrolytes 

Electrolyte: Ionic compound or ionizing molecule 
Non-electrolyte: non-ionizing molecule 



Electrolytes 

Strong Electrolytes:  Examples: NaCl, HCl 
Compounds which exist ONLY as ions in solution.  
 

Weak Electrolytes:  Examples: HF, H2CO3 

Mostly dissolved neutral molecules, but some ions 

(e.g., HF and also H+ and F- in solution)   
 

Non-Electrolytes: Examples: CH3CH2OH  
All dissolved molecules are neutral (no ions) 
 

What dissolving looks like: 
http://phet.colorado.edu/en/simulation/soluble-salts 

 

http://phet.colorado.edu/en/simulation/soluble-salts
http://phet.colorado.edu/en/simulation/soluble-salts
http://phet.colorado.edu/en/simulation/soluble-salts


(Covalent) Strong Acids – 100% ionization 

Strong acids dissolve just 
like ionic salts: they 
dissociate completely into 
ions 

 

List of strong acids 
(memorize): 

 HCl  HClO4 

 HBr HNO3 

 HI  H2SO4 
 

HCl  H+ + Cl- 

HCl + H2O H3O
+ + Cl- 

H+

H+

H+
H+

Cl-

Cl-
Cl-

Cl-
Cl-



Weak Acid Ionization ≈ 1 – 3% 

Only 1 – 3 % of weak acid 
molecules ionize in solution 

 

HA  ⇌ H+(aq) + A-(aq) 
 

Result: 

• Weak electrolyte (less ions in 
solution than predicted) 

Identifying weak acids: 

• Most covalent compounds 
whose first element is H 

 

 

 

 

HF(aq) ⇌ H+ (aq) + F-(aq) 

H+

HF

HF

HF

HF

HF

F-



Precipitation –  
Creating Solids via Chemical Reaction 

A classic precipitation 
 

http://www.youtube.com/watch?v=DITY2rX

YU-I&feature=related 

 

Diffusion and precipitation 
 

http://www.youtube.com/watch?v=3xx4AUc

T-D4 

 

http://upload.wikimedia.org/wikipedia/commons/8/80/Lead_(II)_iodide_precipitating_out_of_solution.JPG. Accessed Oct 25, 2010 

http://www.youtube.com/watch?v=DITY2rXYU-I&feature=related
http://www.youtube.com/watch?v=DITY2rXYU-I&feature=related
http://www.youtube.com/watch?v=DITY2rXYU-I&feature=related
http://www.youtube.com/watch?v=DITY2rXYU-I&feature=related
http://www.youtube.com/watch?v=3xx4AUcT-D4
http://www.youtube.com/watch?v=3xx4AUcT-D4
http://www.youtube.com/watch?v=3xx4AUcT-D4
http://www.youtube.com/watch?v=3xx4AUcT-D4
http://upload.wikimedia.org/wikipedia/commons/8/80/Lead_(II)_iodide_precipitating_out_of_solution.JPG


A sample precipitation reaction 
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Guidelines for writing/predicting 
precipitation reactions 

1. Write new ionic salts by swapping the cation/anion 
in each ionic salt.  

 BaCl2 + Na2SO4  

2. Use the Solubility Rules to determine if each 
product is soluble or insoluble. 

3. If at least one product is insoluble, a precipitate 
reaction has occurred: indicate it with (s), then 
balance the equation. If both products are soluble—
both(aq)—then write NR=no reaction. 

 

BaSO4 + 2NaCl 



Solubility Rules for Ionic Compounds in Water 
  

SOLUBLE COMPOUNDS 

1. Li+, Na+, K+, or NH4
+ ion 

(ALWAYS!)  

2. C2H3O2
–, NO3

–, ClO4
–

  

3. Cl–, Br–, or I–   Exception:  

halides with Ag+, Pb+2, Cu+, 

and Hg2
+2 are insoluble 

4. SO4
2-   Exception: sulfates 

of Ag2SO4, CaSO4, SrSO4, 

BaSO4, PbSO4, and Hg2SO4 

are insoluble 

  

INSOLUBLE COMPOUNDS 
  

1. CO3
2–, CrO4

2–, PO4
3–   

Exception: such compounds  

with Li+, Na+, K+, NH4
+ are 

soluble 

2. S2–   Exception: sulfides of Li+, 

Na+, K+, NH4
+, Ca+2, Sr+2, Ba+2 are 

soluble 

3. OH–  Exception: hydroxides of 

Li+, Na+, K+, NH4
+ are soluble, 

and Ca(OH)2, Sr(OH)2, Ba(OH)2 

may appear cloudy due to small 

amounts of precipitate 



Sample Problem 

Molecular Equation 

ZnI2 (aq) + CuCl2 (aq)  
 

Total Ionic Equation 

Zn2+(aq)  +  2Cl-(aq) + Cu2+(aq)  +  2I-(aq)  

     CuI2(s) + Zn2+(aq)  +  2Cl-(aq) 
 

Net Ionic Equation:  Cu2+(aq)  +  2I-(aq)  CuI2(s) 

 

 

 

•     

CuI2(s) + ZnCl2 (aq) 



Sample Problems 

A. Complete and balance the following reactions: 

1. ____ MgSO4(aq) + ____ NaOH(aq)   

2. ____ CaBr2(aq) +  ____ Pb(NO3)2(aq)     

3. ____ K2CO3(aq) +  ____ NaNO3(aq)    

 

B. Write net ionic equations for each case above. 



Molarity 

Concentration: The ratio of solute to solvent 

Moles solute 
Molarity (M) = 

Liters solution 

Knowing concentration and volume gives us 
moles: 
 
Moles = M * V = (mol/L) * (L) = mol 



Example: Using Molarity 

1. Calculate the molarity of a CaCl2 solution if 35.3 

grams of solid are dissolved in 532 mL of solution. 

 

2. How many moles of CaCl2 are in 290. mL of the 

solution above? 

  



Molarity of IONS in solution 

Ionic compounds separate into their component ions 
when they dissolve in water. 

 

MgCl2(s)             Mg2+(aq)  +  2Cl-(aq) 
 

 

 

 

• If a solution is 1.0 M in MgCl2, it is 1.0 M in Mg2+ and 
2.0 M in Cl- 

• What is the concentration of silver ions in 3.0 M 
Ag3PO4? 

H2O(l) 

For every MgCl2 

formula unit that 

dissolves... 

...you get one 

Mg2+ ion, and... 

... two Cl- ions 

in solution. 



Practice: Molarity Calculations 

1. A student dissolves 25.8 g of NaCl in a 250.00 mL volumetric flask.  
Calculate the molarity of this solution. 

2. Find the mass of HCl required to form 2.00 L of a 0.500 M 
solution of HCl. 

3. A student evaporates the water from a 333 mL sample of a 0.136 
M solution of NaCl.  What mass of salt remains? 

4. Find the molarity of sodium ions in a 0.841 M solution of Na2SO4. 

 

 



Dilution Calculations 

What happens to the amount of solute when water is 
added to a solution? 
 

 
 
 
 
 
moles solute before = moles solute after 
 

M1  V1 
M2  V2 



Dilution Calculations 

M1V1 = M2V2 
 

where 
 

M1  = concentration of starting solution 
V1  = volume of starting solution 
M2  = concentration of final solution 
V2  = volume of final solution 
 
n remains unchanged: 
 

M1V1 = n = M2V2 

 



Dilution Practice 

How much 7.10 M stock solution is needed to prepare 
50.0 mL of a 3.00 M solution of NaOH? 
 
(50.0 mL)(3.00M) = (7.10M)(x mL) 
 
x = 21.1 mL of the stock solution 



 What is the volume of a 2.00 M NaOH solution 
needed to make 150.0 mL of a 0.800 M NaOH 
solution? 
 
 
 
 
 
 
 
 

 Ans: 60.0 mL 

Dilution Practice 



Concept Review: Ion Molarities 

Which of the following solutions contains the 
greatest number of particles? Justify your 
answer with a simple calculation. 

 

a. 400.0 mL of 0.10 M sodium chloride 

b. 300.0 mL of 0.10 M calcium chloride 

c. 200.0 mL of 0.10 M iron(III) chloride 

d. 200.0 mL of 0.10 M potassium bromide 

e. 800.0 mL of 0.10 M sucrose (table sugar) 

Source: Zumdahl, Chemistry, 8th ed 



Solution Stoichiometry 
Most modern chemistry happens in solution: 
• Respiration / Glycolysis 
• Ocean acidification 
• Drug manufacture 
• Neurotransmitter reaction/transferral 
• Bone deposition / crystallization 
 
Still, non-solution reactions are also amazing: 
• Ozone depletion (gas phase chemistry) 
• Diamond formation (geology) 
• Steel forging (metallurgy) 
• Fuel reactions (combustion, rocketry) 
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ACTIVITY WRAP UP 
 

1. If you did not finish problem 2, tear 
off that page, finish problem 2 on 
your own, and turn it in with your 
post-activity on MONDAY. 
 

2. Stay tuned – tomorrow in lab I will 
give you detailed instructions on how 
to evaluate your performance in your 
group today. 
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Score 

Exam 1 Scores 
Average: 40.7, St. Dev: 10.7 



Concept Review: Electrolytes 

Label each of the following statements as true 
or false. Explain your answers and provide an 
example for each that supports your answer. 

 

1. All non-electrolytes are insoluble. 

2. All insoluble substances are non-electrolytes. 

3. All strong electrolytes are soluble. 

4. All soluble substances are strong electrolytes. 

Source: Zumdahl, Chemistry, 8th ed 



Practice: Solution Stoichiometry 

Consider the following balanced equation: 

CaCl2 (aq)  +  2AgNO3 (aq) → 2AgCl (s)  +  Ca(NO3)2 (aq)  

1. Find the mass of silver chloride formed from 33.2 mL of a 
0.100 M solution of silver nitrate added to 200.0 mL of a 
0.200 M CaCl2 solution (CaCl2 is in excess). 

2. After reaction, what is the concentration of a) Ca2+ and b) Cl- 
in the new solution? 

 

Answers:  1) 0.476 g AgCl form;   2) 0.172 M Ca2+(aq), 0.329 M Cl-(aq) 







Types of Chemical Reactions 

1. Precipitation 
 

2. Acid-Base  (Proton transfer) 
HCl(aq) + NH3(aq)  NH4

+(aq) + Cl-(aq) 
H2SO4(aq) + 2NaOH(aq)  2H2O(l) + Na2SO4(aq) 
 

3. Oxidation-Reduction  (Electron transfer) 
2Na(s) + Cl2(g)  2NaCl(s)     
Fe2O3(s) + 2Al(s)  Al2O3(s) + Fe(l)  
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related 

 

http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related


Acid-Base Reactions 

Acid  Proton donor 
Base  Proton acceptor 
 

HCl(aq) + NH3(aq)   NH4
+(aq) + Cl-(aq) 

acid     base  clear solution!  
 
H2SO4(aq) + 2NaOH(aq)  2H2O(l) + Na2SO4(aq) 
acid              base   clear solution! 

 

Bronsted-Lowry 
definition 



Acid-Base Titrations 

Titrant 
 
 
 
 

Analyte 

Indicator shows excess 
base in solution 



• Titration – delivery of a measured volume of 
a solution from the buret (the titrant) into 
another solution in a flask below (the 
analyte). 

• Equivalence point – when enough titrant 
added to react exactly with the analyte. 

• Endpoint – artificial color change in the 
solution, caused by an added indicator, that 
visually marks the equivalence point 

Acid-Base Titrations 



Hint: Write the balanced equation 



Oxidation-Reduction Reactions 

Oxidized (lost electron)   (LEO) (OIL) 
Reduced (gained electron)  (GER) (RIG) 
 
2 Na(s) + Cl2(g)  2NaCl(s) 
 
Oxidizing Agent  Electron acceptor 
Reducing Agent  Electron donor 
 

 



Reaction of Sodium and Chlorine 
http://www.youtube.com/watch?v=Mx5JJWI2aaw 

 

 

http://www.youtube.com/watch?v=Mx5JJWI2aaw


Aluminum and Bromine 
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related 

 

Aluminum and Iodine 
http://www.youtube.com/watch?v=3wmeKHSx8co&feature=related 

 

Aluminum and Iron (III) Oxide (Thermite) 
http://www.youtube.com/watch?v=rdCsbZf1_Ng 

 

 
 

 

 

Other Fun “Redox” Reactions 

http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=3wmeKHSx8co&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=rdCsbZf1_Ng
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related
http://www.youtube.com/watch?v=uryb9-TFJMM&feature=related


1. Oxidation state of an atom in an element = 0 
2. Oxidation state of monatomic ion = charge of the 

ion 
3. Oxygen = -2 in covalent compounds (except in 

peroxides (O2
2-)where it = -1) 

4. Hydrogen = +1 in covalent compounds 
5. Fluorine = -1 in compounds 
6. Sum of oxidation states = 0 in compounds  
7. Sum of oxidation states = charge of the ion in ions 

Identifying Electron Transfer 
Rules for Assigning Oxidation Numbers 
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 Find the oxidation states for each of the elements in 
each of the following compounds: 

 

• K2Cr2O7 

• CO3
2- 

• MnO2 

• PCl5 

• SF4 

K = +1; Cr = +6; O = –2 

C = +4; O = –2 

Mn = +4; O = –2 

P = +5; Cl = –1 

S = +4; F = –1 

Practice: Oxidation Numbers 





Zn(s) + HCl(aq)  Zn2+(aq) + 2 Cl–(aq) + H2(g) 

    0          +1, -1          +2              -1             0 

  

1. What are the oxidation states for 
each atom?? 



Zn(s) + HCl(aq)  Zn2+(aq) + 2 Cl–(aq) + H2(g) 

    0          +1, -1          +2              -1             0 

  

2. How are electrons gained and lost? 

The oxidation state of chlorine stays the same 

2 electrons lost 

1 electron gained 



Zn(s) + HCl(aq)  Zn2+(aq) + Cl–(aq) + H2(g) 

    0          +1, -1          +2              -1             0 

  

3. What is oxidized/reduced? 

Oxidizing Agent = H 
Reducing Agent = Zn 

Zn is OXIDIZED 

H is REDUCED 




