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CONCENTRATION  

Concentration is the amount of solute in a solution. There are different ways to express 

the concentration of a solution: 

A. Percentage Concentration by Mass(=Weight) (m/m% = w/w%) 

The grams of solute dissolved in 100 g of solution is called the percentage 

concentration of the solution. The percentage of solute in a solution may be calculated 

by this equation: 

 

Exercises: 

1. A salt–water solution is prepared by dissolving 20 g NaCl in 230 g of water. What is 

the percent concentration by mass of salt in the solution?    (8%) 

 

 

 

2. Find the amount of HCl and water in 400g of 30% HCl solution.  (120g & 280g) 

 

 

 

 

3. A solution of NaOH is prepared with water that weighs four times as much the mass 

of solute. Find the % concentration by mass of the NaOH solution prepared. (20%) 

 

 

 

4. Concentrated nitric acid solution has density of 1.42 g/mL and contains 80 % HNO3 by 
mass. How many grams of HNO3 are there in 500 mL of this concentrated solution? 

(568) 
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MIXING OF SOLUTIONS 

m1.C1 + m2.C2 +... = mtotal.Cmixture     

where; m: Mass of solutions  c: Concentration of solutions  

5.  

 

 

After the solutions in the containers are mixed, 100 g of more water is added to the 

mixture. Find the final % concentration.      (24%) 

 

 

 

 

6. We have 200g of 10% salt solution. How many grams of water must be 

evaporated to obtain a solution that is 40%?     (150) 

 

 

 

 

7. If 250 g of water is added into 500 g solution that is 10% NaCl by mass, what will 

be the percent concentration of the new solution by mass?   (6.67%) 

 

 

 

 

 

 

 

 

200g 
40% 
Salt 

solution 

200g 
20% 
Salt 

solution 
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B. Volume Percentage (V/V %) 

When both solute and solvent are liquids, the concentration is stated as percentage by 

volume. Volume percent is defined as: 

 

Exercises: 

1. How many milliliters of water and vinegar have to be used to prepare 900 ml 

solution that is 30% vinegar by volume?    (630&270) 

 

 

 

2. If 300 ml solution that is 20%- and 1200-ml solution that is 30% by volume are mixed, 

what will be the percent concentration of the new solution by volume? (28%) 

 

 

 

 

C. Weight and Volume Percentage (w/V%) 

It indicates the ratio solute weight to solution volume. For example, the weight–volume 
percentage of the solution which is prepared by adding sufficient amount of water on 

30 g alcohol is to obtain 100 mL of solution is 30%. 

 

Exercise: Calculate the percent concentration of the solution, which is prepared by mixing 

150 ml of alcohol and 480 g of water by? (dAlcohol= 0.8g/mL)   

a) v/v          (23.81%) 

 

b) by mass          (20%) 

 
 

c) w/v          (19.05%) 

 



Concentrations of Solutions 

Nihal İKİZOĞLU 4 

Dilute Concentrations Units (ppm and ppb) 

Sometimes when solutions are too dilute, their percentage concentrations are too low. So, 
instead of using really low percentage concentrations such as 0.00001% or 

0.000000001%, we choose another way to express the concentrations. 

The concentration of very dilute solution is expressed in parts per million (ppm) or parts 

per billion (ppb).  

Parts per million, ppm = (mass of solute/mass of solution) x 106 

• The number of milligrams of solute per kg of solution = one ppm, since 1 

mg = 10-3 g and 1 kg = 103 g.  

• Assuming the density of water is 1.00 g/mL, 1 liter of solution = 1 kg and hence, 1 
mg/L = 1 ppm.  

• This is generally true for freshwater and other dilute aqueous solutions.  

Parts per million concentrations are essentially mass ratios (solute to solution) x a million 

(106). In this sense, they are similar to wt %, which could be thought of as parts per 

hundred (although nobody uses this term). Other variations on this theme include:  

ppt – parts per thousand (used for common ions in sea water) 

ppb – parts per billion (used for heavy metals and organics) (mass of solute/mass of 

solution) x 109 

pptr – parts per trillion (used for trace metals and trace organics) 

ppm (in the Atmosphere) 

Here is a table with the volume percent of different gases found in air.  Volume percent 

means that for 100 L of air, there are 78.084 L Nitrogen, 20.946 L Oxygen, 0.934 L Argon 

and so on; Volume percent mass is different from the composition by mass or composition 

by amount of moles. 

 

 

 

 

 

 

 

 

 

Elements Name  Volume Percent 

(v/v) 

ppm (v/v) 

Nitrogen   78.084  780,840 

Oxygen   20.946  209,460 

Water Vapor 4.0% 40,000 

Argon  0.934  9,340 

Carbon Dioxide  0.0379  379* (but growing rapidly) 

Neon  0.008 8.0 

Helium  0.000524  5.24  

Methane  0.00017 1.7 

Krypton  0.000114  1.14  

Ozone 0.000001 0.1 

Dinitrogen Monoxide  0.00003 0.305 
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Exercises: 

1. A 2 liters of ground water was found to contain 0,2 mg of Zn2+. What is the 

concentration of Zn2+ in parts per billion?     (100) 

 

 

 

2. A solution is known to have a concentration of 200 ppm. What is the mass of the 

solute dissolved in 1,5 kg of solution?      (300) 

 

 

 

PRACTICE  

1) What is the volume/volume percentage concentration of 500 mL of aqueous ethyl 

alcohol solution containing 200 mL ethyl alcohol?    (40%) 

 

 

 

2) What is the weight/volume percentage concentration of 250 mL of aqueous sodium 

chloride solution containing 5g NaCl?      (2%) 

 

 

 

3) A student needs 109.5 g of HCl for a reaction. What volume of concentrated 
hydrochloric acid solution with a density of 1.2 g/mL and containing 36.5% HCl by 

mass contains 109.5 g of HCl? (HCl: 36.5)     (250 ml) 
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4) Suppose that you have a 160 g of solution that is 20% sugar by weight. Calculate the 

percentage concentration of the new solution resulting after 
a. it is mixed with 40 g of water.  

b. 32 g of water is evaporated from the original solution. 
c. it is mixed with 40 g of sugar.  

d. it is mixed with 40 g water and 40 g of sugar. 

e. it is mixed with 840 g of solution containing 5 % sugar. 

(a. 16%, b. 25%, c. 36%, d. 30%, e. 7.4%) 

 

 

 

 

 

 

 

 

 

5) Calculate each of the following 

a. grams of NaOH in 800 g solution that is 20% NaOH by mass. 

b. the percentage concentration of the solution resulted by mixing 150 g solution that 
is 20% sugar by mass, 50 g of solution that is 30% sugar by mass, 85 g water, and 

15 g of sugar. 

c. the grams of NaCl that must be added to 150 g of 10 % NaCl solution so that the 
percentage of NaCl in the resulting solution is 20%. 

d. the masses of 20% and 40% sugar solutions that must be mixed to obtain 400 g 

of solution containing 25% sugar by mass. 

(a. 160, b. 20%, c. 18.75, d. 300g and 100g) 
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6) Calculate the percentage by weight of solute in each of the following solutions. 

a. A solution prepared by dissolving 20 g sugar in 60 g of water. 
b. A solution prepared by dissolving 20 mL of ethyl alcohol (d=0.8 g/mL) in enough 

water to produce 250 mL of a solution with density of 0.98 g/mL. 

(a. 25%, b. 6.53%) 

 

 

 

7) Concentrated HNO3 solution has density of 1.42 g/ml and contains 72% HNO3 by mass. 

How many grams of HNO3 are there in 500 ml of this concentrated solution?  

           (511.2g) 

 

 

 

 

8) 10 mol of H2SO4 are used to prepare 1000 ml of 49% H2SO4 solution by mass. What 

is the density of the solution? (H2SO4: 98g/mol)    (2g/ml) 

 

 

 

 

9) 0.4 mol XBr2 required to prepare 200 g 40% XBr2 solution by mass. What is the atomic 

mass of X? (Br: 80)        (40) 

 

 

 

10) How many moles of KOH are contained in 400ml of 28% KOH solution that has a 

density of 1.25 g/ml? (KOH:56)      (2.5) 
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COLLIGATIVE PROPERTIES OF SOLUTIONS 

Some of the properties of solutions depend only on the number of dissolved particles and 

not their identity. Such properties are called colligative properties.  

Colligative properties include: 

• Relative lowering of vapor pressure 

• Depression of freezing point 

• Elevation of boiling point 

• Osmotic pressure 

Freezing-Point Depression 

Addition of a non-volatile solute to a solvent will cause the freezing point of the solvent to 
be lowered. When the temperature of a solution is decreased the kinetic energy of the 

molecules (or the structural units) of the liquid decreases. As the speed of the particles 
decreases the attractive forces between particles become more effective and the particles 

remain together in a certain geometry and the crystals of the solvent are formed (freezing). 

The existence of the solute particles makes difficult 
the probability of solvent particles to become 

together. Solutions, then, freezes at a lower 
temperature than the pure solvent alone. Because of 

the depression in the freezing point, the seawater 

does not freeze as readily as freshwater lakes and 

rivers do. 

An antifreeze (usually ethylene glycol), when added 

to the cooling system of an automobile, protects 
coolant from freezing in cold weather. NaCl, or CaCl2 

are frequently used to melt ice on roads in winter. In 
general, the more solute added per kilogram of 

solvent, the greater is the freezing-point depression 

and the lower is the freezing point. That is, the 
freezing-point depression is directly proportional to 

the concentration of the solute particles. 

 

 

 

 

 

 

 

 

 

Cooling graph of a liquid - liquid mixture 
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Boiling-Point Elevation 

The presence of a nonvolatile solute causes the boiling point of a solution to be raised in 
comparison with the boiling point of the 

pure solvent. The antifreeze added to water 
in car radiators causes the liquid in the 

radiator to boil at a temperature higher than 

100 °C, which is important in summertime 
to avoid engine overheating and radiator 

boil over. Like the freezing-point 

depression, the boiling-point elevation is 
directly proportional to the concentration of 

the solute particles. In this case however, 
the effect is positive; the boiling point is 

raised.  

Exercise:  

1. Compare; 

a. the boiling points of given NaCl solutions below. 

b. the freezing points of given NaCl solutions below. 

 

 

 

 

2. How much does the a) boiling and b) freezing point of water change when 54 g glucose 
(C6H12O6) is dissolved in 250 g of water?  

(C6H12O6:180g/mol, Boiling point elevation=0.52°C for 1mol particle in 1000g water 

and freezing point depression= 1.86°C for 1mol particle in 1000g water) 

(a) 0.61, b) 2.23) 

 

 

 

 

 

 

 

 

 

 
8% 

 
3% 

 
15% 

I II III 

Heating graph of a liquid - liquid mixture 
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Osmotic Pressure 

The other colligative property appears when two solutions of different concentrations are 
separated by a semipermeable membrane, one that allows solvent, but not solute 

molecules to pass through. This process is called osmosis. The movement of solvent 
through a semipermeable membrane from the side of lower solute concentration to the 

side of higher solute concentration is osmosis. The membrane allows solvent molecules to 

pass in either direction, but not the larger solute molecules.  The pressure difference at 
equilibrium is the osmotic pressure, which is defined as the applied pressure required to 

prevent the net movement of solvent molecules. 

 

A process called reverse osmosis is used to remove salts from seawater to make drinking 
water for human consumption. If a pressure greater than the osmotic pressure is applied 

to the solution side, water is forced from the solution (the seawater) to the pure solvent 
(water) side. This process is used industrially for 

water purification. In reverse osmosis, feedwater 

is pumped at high pressure through permeable 
membranes, separating salts from the water. The 

feedwater is pretreated to remove particles that 
would clog the membranes. The filters for 

pretreatment of feedwater must be cleaned 

every few days (backwashed) to clear 
accumulated sand and solids. However, a reverse 

osmosis technology has been developed recently 

that does not require chemical pretreatment.  
 

Osmotic pressure is extremely important in biological 

systems. For example, in trees, it helps in moving liquids 

from the root systems to the tops. Water returns from 

human tissue to blood capillaries because of the greater 
concentration of solutes in the blood. To avoid this, saline 

solution for people who lose excess water are provided. 

The concentration of the water in these kinds of serums is 

close to the concentration of water in the cell. The cells lost 

water return to the old case by taking a small amount of 

water. Thus, excessive water uptake of the cell is 

prevented. 

 

Reverse osmosis 
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Exercise: 

 

In the above container, dilute and concentrated KNO3 
solutions were separated by a semipermeable 

membrane. 

 

 

After a while related to the partitions of container; 

I. The solvent transition continues until the concentrations of the solutions are equal. 
II. Solvent passes from part II to the part I. 

III. The concentration of KNO3 in part I is increased and the concentration of KNO3 in 

part II decreases. 
IV. Higher pressure than osmotic pressure should be applied onto the part I solution to 

make reverse osmosis. 

Which of the judgments are correct? 

 

 

 

 

 

PRACTICE 

1. What is the percentage concentration by volume of the solution prepared using 40 ml 

of water, 10 ml of alcohol?       (20%) 

 

 

 

2. How many grams of NaBr and how many grams of water are needed to prepare 50 
grams of NaBr solution with a concentration of 10%?    

(5 g NaBr and 45 g water) 

 

 

 

Diluted 

salt 
solution 

Saturated 

salt 

solution 

Semi-

permeable 

membrane 

I II 
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3. 200 grams of 20% salty water solution and 300 grams of 40% salty water solutions 

are mixed and 500 grams of pure water is added. What is the % concentration by 

mass of the new solution?       (32%) 

 

 

 

 

4. 600 grams of water is added to 200 grams of a solution containing 20% salt by mass. 

According to this, how many percent of the mass salt are there in the new 

solution formed?        (5%) 

 

 

 

5. The percentage by volume of the solution prepared by 

dissolving 80 milliliters of X liquid in some amount of Y liquid 
as in the figure is 20. So, how many grams of Y liquid are 

there in this solution? (dY: 0.4 g/mL) 

(128) 

 

 

 

6. Half of the water in 200 grams of 25% sugar solution is evaporated. So, what is the 

percentage concentration of the new solution formed by this?  (40) 

 

 

 

 

7. 10 grams of salt is added to 40 grams of 5% saline solution by mass. Accordingly, 

what is the percentage concentration of the new solution?   (24) 
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8. 25 grams of 20% by mass sugary water and 75 grams of 40% by mass sugary water 

solutions are mixed. According to this, what is the mass concentration of the 

final solution?          (35) 

 

 

 

 

9. What is the concentration in ppb of 1 kg solution that is prepared by 

dissolving 6.10-6 grams of Ca(NO3)2 solid in water?    (6) 

 

 

 

 

10. What is the ppm concentration of 1 kg solution prepared by dissolving 4.10-3 

grams of K2SO4 solid in water?       (4) 

 

 

 

 

11. When 1 mole NaNO3 is dissolved in 1 kg of pure water under 1 atmosphere pressure, 
the solution starts to boil at temperature (100+a) °C. According to that, if 2 kg 

K3PO4 is dissolved completely in 2 kg of pure water, what will be the 

temperature (in °C) of solution to start to boil?   (100+2a) 

 

 


