
Solubility Of Compounds 
 
Predicting Solubility of Ionic Compounds 
 
� Remember: Not all electrolytes are ionic compounds.  
 
� Ionic compounds are only good conductors if the compound is soluble. 

 
� Thus, if you’ve determined that the electrolyte is an ionic compound, you must then ascertain 

whether or not it will dissolve in water. 
 

� To do this use the data sheet given on your test, shown below: 
 
 
Solubility Of Ionic Compounds  
 

Solubility Guidelines   Exceptions 
 
  ammonium (NH4

+) 
  alkali metals (Li+, Na+, K+, Rb+, Cs+) 
  nitrates (NO3

-)    none 
soluble  acetates (CH3COO-) 
  perchlorates (ClO4

-) 
  halides (Cl-, Br-, I-)   Ag+, Hg2

+, Pb+ 
  sulfates (SO4

2-)    Ca2+, Sr2+, Ba2+, Ag+, Hg2
2+, Pb2+ 

 
insoluble sulfides (S2-) and hydroxides (OH-)  NH4

+, Li+, Na+, K+, Rb+, Cs+, Ca2+, Sr2+, Ba2+ 
  carbonates (CO3

2-), phosphates (PO4
3-) NH4

+, Li+, Na+, K+, Rb+, Cs+ 
 

 
Problem 1: 
Which of the following compounds is insoluble in water?  
 
A. CuCl2       
B. CaSO4    
C. (NH4)2S    
D. Rb2CO3             
E. NaCl 
 

Answer: B 
 
Solution 
Solubility rules show that sulfates are soluble, with the exception of those cations listed, which 
include Ca2+. Thus the compound is considered insoluble. 
 



Energy Changes in Forming of Solutions 
 
� When a solution is formed, energy is either released or absorbed, as measured by a change 

in enthalpy, ΔH. 
 
� This process can be split up into three parts: 
 
1. Solute particles separate, ΔHsolute > 0 
 
2. Solvent particles separate, ΔHsolvent > 0 
 
3. Solute and Solvent mix, ΔHmix < 0 
 
 
� The total change in enthalpy is called the heat of solution, ΔHsoln. 
 
ΔHsoln  =   ΔHsolute  +  ΔHsolvent  +  ΔHmix 
 
� If ΔHsoln is positive: the process is endothermic and the solute most likely won’t dissolve 

well in the solvent.  
 
� If ΔHsoln is negative, then the substances will readily dissolve. 
 
 
 
Ionic Solids in Water 
 
� When solvent particles surround a solute particle it is referred to as solvation.  
 
� In water, solvation is called hydration. 
 
� For an ionic compound dissolved in water, ΔHsoln can be written as: 
 
  ΔHsoln  =   - ΔHlattice  +  ΔHhydr , 
 
which represents the energy absorbed in breaking up an ionic lattice, and the energy released by 
hydrating the ions. 



Predicting Solubility of Molecular Compounds 
 

• Solutes that are capable of dissociating (breaking up into their constituent ions) in 
solution are often called electrolytes. 
 

• Strong electrolytes will dissociate completely in water and are good conductors of 
electricity. 

 
• Soluble Ionic Compounds are good examples of strong electrolytes. 

 
• However, some molecular compounds are also capable of dissociating (breaking up) in 

solution, and becoming either strong or weak electrolytes. 
 
• Note: Weak electrolytes only dissociate partially and are poor conductors. 
 
• Note: Nonelectrolytes do not dissociate in water and are non-conductors. 
 
• You are expected to be able to classify the relative strength of an electrolyte…. 

 
Flowchart for Identifying Electrolyte Strength 

 

 



Identifying Ionic and Molecular Compounds 
 

• Using the flow chart above, you can determine whether a given species is a strong, weak, 
or non- electrolyte. 
 

• However, this requires that you are able to identify whether a given compound is indeed 
molecular or ionic, and whether is it likely to dissociate or not. 

 
• Acids and Bases are good examples of ionic and molecular compounds that form 

electrolytes in solution, so long as we can identify them. 

 
• The list below classifies Acids and Bases, plus it indicates whether they are strong or 

weak electrolytes: 

 
Analysis of Acid-Base Strength 
 
Strong Acids 
- All strong acids are strong electrolytes 
- Hydrohalic Acids starting with Cl and going down the group (HCl, HBr...etc). 
- Oxoacids where there are at least two more O atoms than there are ionizable H atoms 
(like HNO3 or HClO4). 
- The most popular strong acids you are expected to be familiar with are; 
• HNO3	  	  H2SO4	  	  HCl	  	  HBr	  	  HI	  	  HClO4	  HBrO4	  HIO4	  

Weak Acids 
- All weak acids are weak electrolytes 
- Pretty much all other acids beginning with H that aren’t strong acids 
- acids where H is not bonded to an O or a halide (like HCN). 
- Oxoacids where there are less than two more O atoms than there are ionizable H atoms 
(like HNO2 or HClO). 
- Organic acids (like R-COOH) 
 
 
Strong Bases – (ionic, not molecular) 
- For the most part, all strong bases are ionic compounds, thus they are strong electrotyles (if 
they are soluble). 
- M2O and MOH, where M represents any group 1 metal. 
- M(OH)2 and MO, where M represents Ca, Sr, or Ba. 
 
 
Weak Bases 
- Generally speaking, any compound where N has a lone electron pair is a weak base (like NH3). 



Problem 2: 
Which of the following solutions will not complete an electrical circuit? 
  
A. 0.1 M HCl (aq)   
B. 0.1 M MgBr2 (aq)   
C. 0.1 M  (NH4)3PO4 (aq)   
D. 0.1 M Ca(OH)2 (aq)    
E. None of the above. 
 
 

Answer: E 
 
 
 
Solution 
Completing an electrical circuit requires the presence of either strong or weak electrolytes. So 
the question is really asking, “which of these is a non-electrolyte?”. 
 
Let’s go through the options, one by one: 
 
A. HCl is a molecular compound, and given that it begins with H, it’s probably an acid. In fact, 
HCl is one of the famous strong acids that we should already be familiar with, and so it is a 
strong electrolyte. 
 
B. MgBr2 is an ionic compound, consisting of Mg2+ and Br1-. To determine if it is a strong 
electrolyte we must first determine if it is soluble in water. Looking at solubility rules, we can 
see that all bromides (Br1-) are soluble and that Mg2+ is not an exception. Therefore MgBr2 is a 
strong electrolyte. 
 
C. (NH4)3PO4 is an ionic compound that breaks up into NH4

1+ and PO4
3-. According to solubility 

rules it is soluble, and so it is a strong electrolyte. 
 
D. Ca(OH)2 is both a strong base, and an ionic compound. To determine whether it actually 
dissociates (dissolves) in solution, we should use solubility rules. The rules say that all 
hydroxides (OH1-) are insoluble, however they list that Ca2+ is an exception to the rule, which 
actually means that the compound IS soluble. Thus the compound is a strong electrolyte. 
 
E. The only option left is to choose E, None Of The Above. 
 
  
 
 



Predicting Solubility 
 
� The most common solutions involve liquid solvents with either liquid or solid solutes. 
 
� To predict if two substances will dissolve appreciably we follow the general rule: 
 

Like Dissolves Like  
 
� This basically means that substances with similar types of intermolecular forces are more 

likely to dissolve in each other. 
 
� You will find then that:  
 - ions and polar molecules will readily dissolve into polar solvents. 
 - nonpolar molecules will readily dissolve into nonpolar solvents. 
 
� This is only a qualitative way to predict solubility. It cannot give you a specific value. 
 
� The type of intermolecular forces present in a solution will directly affect the solubility. 
 
� Intermolecular forces are present in all solutions.  
 
• These forces arranged in order of strength are: 

 - Ion-Dipole 
 

- H-Bond 
 
 - Dipole-Dipole 
 
 - Ion-Induced Dipole 
 
 - Dipole-Induced Dipole 
 
 - Dispersion (London) 
 
� The closer the strength of IMF within the solvent are to the strength of IMF within the solute, 

the more miscible the two will be, and the higher the solubility will likely be. 
 
� To get a clearer understanding, follow the problems below. 
 



Problem 3: 
Arrange the molecules below in order of decreasing solubility in hexane.  

  
A. III > I > II > IV   

B. III > IV > I > II   
C. IV > III > I > II   

D. II > I > III > IV   
E. I > III > IV > II 

 
Answer: D 

 
Solution 

When using “Like Dissolves Like” to predict relative solubility of solutes within a solvent, we 
first need to assess the dominant IMF used by the solvent and each of the solutes. The closer the 
strength of the IMF between solute and solvent, the more soluble it will be. 
The Solvent – hexane: A nonpolar six-carbon hydrocarbon, using only London Dispersion forces 

 
The Solutes: 

Option I: A polar molecule with Dipole-Dipole IMF 
Option II: A non-polar hydrocarbon with London Dispersion IMF 

Option III: A polar molecule with Dipole-Dipole IMF 
Option IV: A polar molecule with H-Bonding 

 
Since the solvent has relatively weak IMF, the most soluble option is II, which uses similarly 
weak London Dispersion IMF. The least soluble option is IV, as it uses H-Bonding, the strongest 
IMF listed among the four solutes. 

The difficulty lies with selecting options I and III. Since both have the same dominant IMF, we 
must consider their secondary IMF, which are London Dispersion IMF. Here we find that option 
I is more similar to the solvent compared with option III, as it has a 5-carbon non-polar region, 
while option III only has a 3-carbon non-polar region. Remember, the solvent is a 6-carbon 
nonpolar chain, and so option 1 is more like the solvent than option III as it has a similar-sized 
nonpolar carbon chain. Thus option I is more soluble than option III. 

 
 



Problem 4: 
Which of the following is most soluble in water? 
 
A. CCl4  

B. Ne  
C. CH4  

D. CH3OH   
E. CH3CH2 CH2OH  

 
Answer: D 

 
Solution 

Once again we need to asses the dominant IMF for both the solvent and the solutes: 
 

The Solvent – water: A polar molecule with H-Bonding as its dominant IMF. 
 

The Solutes: 
Option A: A nonpolar molecule with London Dispersion IMF  

Option B: A nonpolar atom with London Dispersion IMF 
Option C: A nonpolar hydrocarbon with London Dispersion IMF 

Option D: A polar molecule with H-Bonding 
Option E: A polar molecule with H-Bonding 

 
Since like dissolves like, options D and E are the best choices as they both share the same IMF as 
the solvent.  
However, to choose between them, we asses which of the options is most like the solvent. The 
solvent doesn’t have a nonpolar region, so the best solute would option D, which only has a 1-
carbon nonpolar region, unlike option E which has a 3-carbon nonpolar region. Thus we pick 
option D as the most soluble option. 
 

 
 

 
 
 


