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STUDENT WORKSHEET OF UNDERSTANDING THE SOLUTION CONCEPT 

Basic Competence  

-  Identify and classify the various solutions 

- Understanding of colligative properties of solutions 

- Describe theory of acid bacid with determine solution character and calculate pH of solution 

- Determine hydrolysis of salt, solubility and Ksp 

- Using the units of concentration to make solution                

                                      

A. Quantities of Concentration 

1. Definition of solution 

A solution always consists of a dissolved substance and substance which dissolves it.the 

substance which dissolves other substances in a solution is called solvent. M eanwhile, the 

dissolved substance is called solute. Solution is also called the homogeneus  mixture. 

2. Molarity (M ) 

Molarity is quantity used to represent the concentration of a solution. 

 

M =   or M =  x  

Where : n = mole 

          V = volume 

3. Molality (m ) 

Molality can be defined as the concentration of a solution, expressed as the number of moles 

of a dissolved substance (solute) that can be found in 1,000 grams of solvent. 

m =   or m =  x   

4. Mole Fraction 

Mole Fraction is the ratio of the number of moles of a solute or solvent to the number of 

moles of its solution. 

XA =   and  XB =  

Where : XA    =   mole fraction of solvent 

               XB     =   mole fraction of solute 

                nA    =   the number of moles of solvent 

                nB    =   the number of moles of solute 

Example Problem 

1. Calculate concentration ( molarity ) of the following solutions : 

a. 2 grams NaOH in 2 liters of solution. 

b. 72 grams of glucose ( C6H12O6 ) in 250 liters of solution. 

c. 15 grams of propanol (C3H7OH )in 5 liters of solution. 
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2. Calculate molality of the following solutions : 

a. 4 grams NaOH in 200 grams water 

b. 4.9 grams H2SO4 in 500 grams water 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution : 
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B. Electrolyte and non electrolyte solutions 

 

NO ELECTROLYTE SOLUTION NON ELECTROLYTE SOLUTION 

1 A solution which can conducts 

electricity 

A solution which can not conducts 

electricity 

2 Consists of two kinds : 

a. Strong electrolyte : in water will be 

ionized perfectly ( a = 1 ) 

Examples : HCl, H2SO4,  

NaCl, NaOH, etc 

b. Weak electrolyte : will be dissociated 

partly in water ( 0 < a < 1 ) 

Examples : ammonia  

( NH3 ), cuka (CH3COOH) 

, NH4Cl, etc 

The substance do not ionized ( a = 0 ) 

Examples : gula ( C12H22O11 ), Urea ( 

CO (NH2 )2), Alkohol ( C2H5OH ) 

 

Observing the symptom of electric conduction of electrolyte and non electrolyte solutions 

1. Instruments and materials 

a. Electrolyte tester 

b. Pure water 

c. Well water 

d. Vinegar solution (CH3COOH) 

e. NaCl 

f. HCl 

g. H2SO4 

h. NaOH 

i. Urea solutions 

j. Alcohol 70 % 

k. Chemical glass 

l. Stirring spoon 

2. Activity steps 

a. Test the electric conductivity of each solution, including well water and pure 

waterusing electrolyte tester. 

b. Observe the symptoms happens in the solution and on the indicator ( lamp or 

amperemeter) during tested 
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3. Data Observation 

NO MATERIALS Glowing Lamp Bubble Gas 

1. Pure water   

2. Well water   

3. CH3COOH   

4. NaCl   

5. HCl   

6. H2SO4   

7. NaOH   

8. CO(NH2)2   

9. Alcohol   

 

4. Questions and assignment 

a. What are the symptom observed from testing of each solution? Express in the 

table 

b. Group the substances which in the solution from electrolyte solution and non 

electrolyte solutions 

c. Report your activity result complete with your analysis, discussion and 

conclusion  

 

 

 

 

Activity Result : 
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C. COLLIGATIVE PROPERTIES OF SOLUTION  

 

NO 
Colligative properties of non electrolyte 

solution 

Colligative properties of  electrolyte solution 

1. Vapor 

pressure 

depression 

( ∆P ) 

P = X solvent / pelarut .P
o 

P = Po.  X solute / terlarut = Po( 1 - X solvent / pelarut ) 

P = Po .X solute / terlarut = Po  

P = X solvent / pelarut.. P
o 

P = i. Po. X solute / terlarut = Po( 1 - X solvent / pelarut ) 

P = i. Po .X solute / terlarut = Po  

2. Boiling 

point 

elevation ( 

∆Tb ) 

Tb = Kb . m = Kb . n .  

Tb = Tb -Tb
o 

Tb = i. Kb . m = Kb . n .  

Tb = Tb -Tb
o 

3. Freezing 

points 

depression 

( ∆Tf ) 

Tf = Kf . m = Kf . n.  

Tf = Tf
o  - Tf 

Tf = i. Kf . m = Kf . n .  

Tf = Tf
o  - Tf 

4. Osmotic 

pressure  

  = MRT   = i. MRT 

    

i = 1 + (n - 1 ) α 

n =the number of ions 

α = ionization degree 

P0 = the vapor pressure of pure solvent 

P  = the vapor pressure of the solvent in a solution 

X = mole fraction 

n = mol 

Kb = molal boiling point elevation constant 

Kf = molal freezing point depression constant 

Tb = the boiling point of solvent in solution 

Tb0 = the boiling point of pure solvent 

 Tf = the freezing  point of solvent in solution 

Tf0 = the freezing point of pure solvent 

M = Molarity 

R = 0,082 L atm/ mole K(ideal gas constant ) 

T = absolute temperature ( K ) 

 

EXAMPLE PROBLEM 

1. Determine the boiling and freezing points of 0.1 moles of sugar in 500 grams of water. 

Kb = 0.520C/m ; Kf = 1.86 0C/m 

2.  As much as 1.2 grams of MgSO4 is dissolved into water so the volume is 500 Ml. 
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Calculate the osmotic pressure of solution produced if Ar Mg = 24 ; S = 16; O = 16 

 

 

 

 

 

 

D. ACIDS AND BASES 

1. Definition OF ACID - BASE  

NO ACID BASE Neutral 

1. They have sour taste They have bitter taste 

and sleek on the hand 

- 

2. According to Arrhenius : contains H+ 

According to Bronstead – Lowry : 

donate a hydrogen ion ( proton ) 

According to Arrhenius : 

contains H+ 

According to Bronstead 

– Lowry : accept  a 

hydrogen ion ( proton ) 

- 

3. pH < 7 pH > 7  netral =pH = 

7 

4. Examples : HCl, H2SO4, CH3COOH, Examples : NaOH, 

Ba(OH)2, KOH, Al(OH)3 

Examples : 

water ( 

H2O). 

 

2. Acid – base indicators 

a. Artificial indicators 

Litmus red, litmus blue, phenolphthalein, methyl red, and bromthymol blue 

b. Universal indicators 

c. pH meter 

d. Natural indicators 

Example : hibiscus, turmeric, red cabbage, and some other kinds of plants 

3. Determine Acids and Bases Solutions 

i. Instrument and materials 

a. Chemical glass 

b. Litmus red 

Solution : 
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c. Litmus blue 

d. Methyl red 

e. Phenolphthalin 

f. Bromtymol blue 

g. Aquades 

h. HCl 0.1 M 

i. NaOH 0.1 M 

j. Air jeruk 

k. Air kapur 

l. Air cuka 

m. NaCl 

ii. Activity steps 

a. Put in HCl 0.1 M each litmus red, litmus blue, MM, PP, and BTB 

b. Repeated on steps for another materials 

c.  Express in the table 

d. Group the substances which in acid , base and neutral 

iii. Data Observation 

NO MATERIALS 
LITMUS 

RED 
LITMUS 

BLUE 
MM PP BTB ACID/BASE/NEUTRAL 

1. HCl       

2. NaOH       

3. NaCl       

4. Air jeruk       

5. Air kapur       

6. Air cuka       

 

4. The acidity (pH) of ACIDS and BASES 

NO Strong Acid Weak Acid 

1. α = 1 0 < α < 1 

2. [H+] = x.Ma [H+] =  x.Ma 

3. pH = - log [H+] pH = - log [H+] 

4. Example : HCl, H2SO4,HI, CH3COOH,HNO2 

 

NO Strong Base Weak Base 

1. α = 1 0 < α < 1 

2. [OH-] = x.Mb [OH-] =  x.Mb 

3. pOH = - log [OH-] pOH = - log [OH-] 

4. pH = 14 – pOH pH = 14 – pOH 

5. Example : NaOH,KOH,Ca(OH)2 NH4OH 
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EXAMPLE PROBLEM 

Calculate pH of the solution below : 

1. H2SO4  0,02 M 

2. CH3COOH 0,4 M ( Ka = 4 x 10-5 ) 

3. Ba (OH)2  0,02 M 

4. NH4OH  0,4 M( Kb = 4 x  10-5 ) 

5. A weak acid solution has pH = 2. Determine the Ka of the weak acid solution if it has 

0,1 M concentration ! 

6. 6,8 grams of NH3 (Mr = 17 ) is dissolved into water so the solution volume becomes 

1000 Ml, ( Kb = 10-5).Calculate pH of the solution ! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. BUFFERS 

Buffer is defined as a solution containing substances that inhibit the solution’s change 

in pH or hydrogen ion concentration.  

1. Buffers from a weak acid and its conjugate base 

Examples of other mixture systems which can form a buffer from a weak acid and its 

conjugate base are as follows; 

a. CH3COOH + CH3COONa 

Solution : 
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b. CH3COOK + (CH3COO)2Ba 

c. HF + NaF 

d. HF + CaF2 

e. H3PO4 + NaH2PO4  

2. Buffers from a weak base and its conjugate acid 

Examples of other mixture systems which can form a buffer from a weak base and its 

conjugate acid are as follows; 

a. NH4OH + NH4Cl 

b. NH4OH + NH4Br 

c. NH4OH + (NH4)2SO4 

Calculating pH of buffers 

1. Buffers from a weak acid and its conjugate base 

[H+] = Ka x   

                                   pH = - log [H+] 

2. Buffers from a weak base and its conjugate acid 

 

[OH-] = Kb x   

                                   pOH = - log [OH-] 

                                   pH = 14 – pOH 

EXAMPLE PROBLEM 

1. Acetid acid has Ka = 10-5 .If 0.2 moles of this acid is mixed with 0.02 moles of sodium 

acetate in one liter of water, a buffer is formed. Calculate pH of this solution. 

2. When 50 ml of NH4OH 0.01 M (Kb = 10-5 ) is mixed with 100 ml of NH4Cl 0.25 M, a 

buffer is formed. Determine pH value of the solution. 

 

 

 

 

 

 

 

 

Solution : 
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D. THE SALT HYDROLYSIS 

The salt hydrolysis as the reaction of a salt with water causing the decomposition or 

dissociation of the salt. 

 

NO KINDS 
THE PROPERTY OF 

SOLUTION 
HYDROLYSIS PH 

EXAMPLES 

1. Salt from a strong 
acid and a strong 
base 

Neutral Is not 
hydrolysis 

pH = 7 NaCl, KI, NaNO3 

2. Salt from a weak 
acid and a strong 
base 

Basic The partial 
hydrolysis 

pH > 7 

[OH-] =  

                                   
pOH = - log [OH-] 

                                   
pH = 14 – pOH 

 

CH3COONa, 
NaF, CaF2,  
NaH2PO4 

3. Salts from a 
strong acid and a 
weak base 

Acidic The partial 
hydrolysis 

pH < 7 

[H+] =  

                                   
pH = - log [H+] 

 

NH4Cl, NH4Br, 
(NH4)2SO4  

4. Salt from a weak 
acid and a weak 
base 

Determined by the 
equilibrium 
constant of the 
weak acid and weak 
base produced 

The complete 
hydrolysis 

[H+] =  

 

CH3COONH4 

 

EXAMPLE PROBLEM 

1. In a solution there is sodium acetat 0.1 M hydrolyzed according to the reaction 

equation as follows. 

CH3COO-
(aq)  + H2O (l)   CH3COOH (aq) + OH- (aq) 

If Ka = 10-5, calculate pH of the solution. 

2. If Kb = 10-5, calculate pH of the solution of salt NH4Cl 0.1 M . 

3. As much as 4.88 grams of benzoic acid ( Ka = 7.2 x 10-5 ) is dissolved into 100 ml of 

NH4OH (Kb = 1.8 x 10-5 ). Calculate pH of mixture formed. 

 

 

 

 

 

 

 

 

Solution : 
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E. SOLUBILITY AND SOLUBILITY PRODUCT 

1. The definition of solubility 

Solubility is defined as a measure of one substance’s ability to dissolve in a 

specific amount of solvent of another substance at standard temperature and 

pressure. 

2. Solubility Product (Ksp) 

Example ; 

a.  AgCl(s)   Ag+
(aq) + Cl 

                                            s           s           s  

Ksp AgCl = [Ag+] [Cl-] 

                                      = s x s = s2 

b. CaF2(aq)  Ca2++(aq)+ 2F-
(aq) 

    s                 s             2s  

Ksp CaF2 = [Ca2+] [Cl-]2 

    = s x (2s)2= 4s3 

Example problem 

1. Determine solubility product (Ksp ) for the following salts in their saturated solution. 

a. AgCl            b. Ag2CrO4             c. Ca3(PO4)2  

2. Given that Ksp of CaF2 = 3.2 x 10-11, determine : 

a. solubility of CaF2 in water 

b. concentration of Ca2+ and F- ions at saturated condition 

c. mass of CaF2 in 100 ml of the solution ( Mr CaF2 = 78 ) 

 

 

 

 

 

 

 

 

 

F. Determining Concentration of a solution Using Titration Method 

1. Instrument and Materials 

a. a burette 

b. an erlenmeyer flask (100 cm3) 

Solution : 
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c. a pottery flask  (100 cm3) 

d. a chemical glass (200 cm3) 

e. a funnel 

f. a volumetric pipette (10 cm3) 

g. vinegar ( acetic acid ) 

h. NaOH 0,1 M solution 

i. phenolphthalein 

j. distilled water 

2. Activity steps 

a. take a vinegar of 5 ml using a volumetric pipette and drop it into a pottery flask and 

add distilled water until the sign of boundary 

b. take the vinegar solution which has been diluted of 25 ml and fill it into Erlenmeyer 

flask, then add 2 drops of phenolphthalein. 

c. use NaOH 0,1 M solution to titrate the vinegar solution and stop it when the 

solution has changed in colour to be pink 

d. repeat the titration until you obtain the result which is relatively constant 

e. calculate the content of vinegar by assuming the pure vinegar has molarity of 17.4 M 

3. Questions and Assignment 

a. what is the content of vinegar from your calculation 

b. make a report based on this activity supplemented whit an analysis, discussion, and 

conclusion 

 

 

 

 

 

 

 

 

COMPREHENSION AND EXERCISE EVALUATION 

1. Calculate concentration ( molarity ) of the following solutions : 

a. 9.8  grams H2SO4 in 1 liters of solution. 

b. 1.8  grams of glucose ( C6H12O6 ) in 200 ml of solution. 

Activity Result : 
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c. 6.0  grams of propanol (C3H7OH ) in 5 liters of solution. 

2. Calculate molality of the following solutions : 

a. 0.2 grams NaOH in 100 grams water 

b. 0.49 grams H2SO4 in 200 grams water 

3. If it is found 0.46 kg of ethanol, C2H5OH (Mr = 46 ) dissolved in water (Mr= 18 ) as much as 7.2 kg, 

what is mole fraction of the substance ?  

4. Calculate pH of the solution below : 

a. H2SO4  0,04 M 

b. CH3COOH 0,1 M ( Ka = 10
-5

 ) 

c. Ba (OH)2  0,01 M 

d. NH4OH  0,1 M( Kb = 10
-5

 ) 

e. A weak acid solution has pH = 3. Determine the Ka of the weak acid solution if it has 0,1 M 

concentration ! 

f. As much as 1.96 grams of H2SO4  is dissolved in water so the solution volume becomes 5 liters. 

Calculate pH of the solution  ! 

g. How many grams of Mg(OH)2 dissolved in 200 ml water of with pH = 10 (Ar Mg = 24; O = 16 ; H 

= 1 )   

5. Calculate pH of a buffer made by mixing 50 ml of CH3COOH 0.01 M solution ( Ka = 1.8 x 10-5 ) and 50 

ml of CH3COONa 0.1 M solution 

6. Calculate pH of a solution made by mixing 100 ml of NH4OH 0.1 M solution and 50 ml of HCl 0.1 M 

solution. (Kb = NH4OH = 10-5 ) 

7. As much as 1.07 grams of NH4Cl is dissolved into water until 400 ml in volume. If Kb NH4OH = 2 x 10-

5, calculate pH of the solution 

8. If 200 ml of NH4Cl solution has pH = 4 and Kb NH3 = 10-5, determine quantity of the ammonium 

chloride dissolved in the solution 

9. Determine solubility product (Ksp ) for the following salts in their saturated solution. 

a. CuCl 

b. Fe(OH)3 

c. Al2(CO3)3 

10. Given that Ksp Ca(OH)2 = 8 x 10-6 , determine : 

a. Solubility of Ca(OH)2 in water 

b. Mass of Ca(OH)2 (Mr = 74 ) dissolved 

c. Solubility Ca(OH)2 in a solution with pH = 13 
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ANSWER SHEET : 

 


