
2 WEIGHING AND PREPARATION OF AQUEOUS 

SOLUTIONS 

 

Theory 

In chemistry, solution is a homogeneous mixture composed of two or more substances. In 

such a mixture, a solute is dissolved in another substance, known as a solvent. An aqueous 

solution is a solution in which the solvent is water. 

Concentration is the measure of how much of a given substance (solute) there is mixed with 

another substance (solvent). There are many different ways to quantitatively express 

concentration; the most common are listed below. They are based on mass or volume or 

both. Depending on what they are based on it is not always trivial to convert one measure to 

the other, because knowledge of the density might be needed to do so. At times this 

information may not be available, particularly if the temperature varies. 

Mass can be determined at a precision of ~ 0.1 mg on a routine basis with an analytical 

balance. Both solids and liquids are easily quantified by weighing. 

Some units of concentration - particularly the most popular one (molarity) - require to 

express the amount of substance in the moles.  

The mol is the SI basic unit that measures an amount of substance. 

„One mole contains exactly 6.022 140 76 × 1023 elementary entities. This number is the 

fixed numerical value of the Avogadro constant, NA, when expressed in the unit mol−1 and is 

called the Avogadro number.“ 

When the mole is used to specify the amount of a substance, the kind of elementary entities 

(particles) in the substance must be identified. The particles can be atoms, molecules, ions, 

etc. 

The atomic molar mass of a chemical element is the mass of NA atoms (=1 mol) of this 

chemical element. The atomic masses of the elements (in gmol-1) are included in the periodic 

table of the elements. The molecular molar mass of a substance is the mass of NA molecules 

of this substance. The molecular molar mass of a substance is equal to the sum of the atomic 

molar masses of its constituting atoms. The atomic or molecular molar mass expressed in g 

mol-1 numerically equals to relative atomic or molecular mass (Ar(X)), but the latter is 

dimensionless.  



For example, table salt is sodium chloride (NaCl). The atomic molar mass of sodium, 

given in the periodic table is 22.990 g mol-1, and that of chlorine is 35.453 g mol-1. The 

molar mass of NaCl is, therefore:  M(NaCl) = 22.990 + 35.453 = 58.443 g mol-1. 

The molar mass M of a molecule, multiplied by the number of moles n, is equal to the total 

mass m (g) of the substance: 

          nMm           (g or kg)                                                                                              (1) 

In contrast to mass, a substance's volume is a variable depending on ambient temperature 

and pressure. The volume of a liquid is usually determined by calibrated glassware, such as 

burettes and volumetric flasks. For very small volumes precision syringes are available. 

 
Figure 1 Volumetric flask 

 

Volumetric flasks (Fig.1; volume V= 1 l, 500 ml, 250 ml, 100 ml, 5 ml, etc.) are calibrated 

at a standard state temperature and pressure (20 °C, 101.325 kPa). (The measurement of 

mass does not require such restrictions.) The use of graduated beakers and cylinders is not 

recommended for solution preparation as their indication of volume is rather approximative, 

not suitable for precise quantitative purposes. The volume of solids, particularly of powders, 

is often difficult to measure, which is why mass is used more frequently, than volume to 

measure them. 

 

Composition of solutions: 

Molar concentration (molarity – c) denotes the number of moles of a given substance 

dissolved in one dm3 (1 dm3=1 l) of solution. We can calculate it when divide the number 

of moles (n) of solute by the volume (V) of the solution: 



           
V

n
c         (mol dm-3)                                                                                             (2) 

When discussing the molarity of minute concentrations, such as in much pharmacological 

research, molarity is sometimes expressed in milimolars (mmol dm-3) or micromolars (1 

mol dm-3, millionth of a molar). 

Preparation of a solution of known molarity involves adding an accurately weighed amount 

of solute to a volumetric flask, adding some solvent to dissolve it and filling the volume with 

solvent up to the mark indicating the exact volume. 

Molal concentration, (molality – b) denotes the number of moles of a given substance 

dissolved in one kilogram of solvent (not solution). We can calculate it when divide the 

number of moles (n) of solute by the mass (mS) of the solvent. 

          
Sm

n
b           (mol kg-1)                                                                                            (3) 

The determination of molality only requires a high quality balance, because the masses of 

both solvent and solute can be obtained by weighing. Using a balance is often more precise 

than working with volumetric flasks, burettes and pipettes. Another advantage of molality is 

that it does not change with the temperature as it uses the mass of solvent, rather than the 

volume of solution. Volume typically increases with increase in temperature resulting in 

decrease in molarity. Molality of a solution is always constant irrespective of the physical 

conditions like temperature and pressure. 

In a dilute aqueous solution near room temperature and standard atmospheric pressure, the 

molarity and molality are very similar in value. This is because 1000 g of water roughly 

corresponds to a volume of 1 liter at these conditions (supposing the density of water 

1gml1). If the concentration of solution is low, the volume of the solute is negligible in 

comparison to the volume of solvent. Then the volume of solvent is approximately the same 

as the volume of the solution. However, in all other conditions, this is usually not the case.  

The mole fraction – x, (also called molar fraction) denotes the number of moles of 

solute as a proportion of the total number of moles in a solution. 
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where  i = A, B, C,....are components of solution. 

          1
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Mole fractions are dimensionless quantities.  



For instance: 2 mole of solute A is dissolved in 6 moles of solvent B. Mole fractions:   
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This measure is used very frequently in the construction of phase diagrams. It has a number 

of advantages: the measure is not temperature dependent, does not require knowledge of the 

densities of the phase(s) involved, a mixture of known mole fraction can be prepared by 

weighing of the appropriate masses of the constituents. As both mole fractions and molality 

are only based on the masses of the components, it is easy to convert between these measures. 

Other, commonly used expressions of concentration are mass percentage (denotes 

the mass of a dissolved substance as a percentage of the mass of the entire solution); mass-

volume percentage, volume-volume percentage. 

In common chemical practice, one frequently needs to prepare a new solution by dilution 

of the stock solution. This can be done following the mixing rule: 

           𝑐1𝑉1 = 𝑐2𝑉2                                                                                                         (7) 

where V2 is a volume of the stock solution at concentration c2 and V1 is a required volume of 

a final solution with its final concentration c1. 

The following example shows how to prepare 50 ml (V1) of 0.1 mol dm-3 (c1) solution by 

dilution of the stock solution at concentration c2 = 1 mol dm-3: According to the mixing rule, 

we need the volume V2 of a stock solution with concentration c2: 

            𝑉2 =
𝑐1

𝑐2
𝑉1 =

0.1

1.0
∙ 50 = 5 𝑚𝑙                                                                              (8) 

Therefore, we pour a small amount of the stock solution into a beaker and transfer 5 ml from 

it into 50 ml volumetric flask using a pipette. Solution with concentration c1 = 0.1 mol dm-3 

is then obtained by filling the flask with distilled water up to the 50 ml mark. 

 

The aim of work 

1. Prepare 50 ml of NaCl solution (A) of concentration 0.2 -0.6 mol dm-3, according to the 

decision of the teacher. 

2. Determine the precise molar concentration of solution (A), and express the error of 

weighing of NaCl in %. 

3. Calculate the volume of solution (A) required to prepare 25 ml of diluted NaCl solution 

(B) at final concentration according to the decision of the teacher  

  



Equipment 

Practical balance, analytical balance, 2 volumetric flasks (50 ml and 25 ml), NaCl (M =58.44 

g mol-1), distilled water (M=18 g mol-1), pipettes (2 ml, 5 ml), weighing dishes, funnels. 

 

Experimental 

 

Preparation of the solution A (fill Table 1): 

1. Calculate the mass of NaCl (mtheor) required for the preparation of solution A. 

2. We will learn, how to prepare solution using the method of differential weighing: 

a) Using the practical balance, determine the mass of empty, dry weighing dish 

(
0

pm ) (superscript P denotes “practical balance”) and write it in the Table 1. 

If the mass is in the limit of the capacity of analytical balance, continue using 

the analytical balance. 

b) Calculate the weight of the dish + NaCl, and fill the dish with NaCl in an 

amount approximately equal to the calculated mass. Determine the mass of 

the dish + NaCl using the analytical balance (
0

lANaCm ) (subscript A denotes 

“analytical balance”). 

c) Carefully transfer the NaCl from the weighing dish to the volumetric flask 

using a funnel. Do not lose any substance!  

d) Wash carefully the funnel with a small volume of distilled water, to dissolve 

NaCl. When the funnel is clean and the NaCl is dissolved, fill the volumetric 

flask carefully up to the 50 ml mark. 

e) Determine the mass of the weighing dish (together with eventual residues of 

NaCl) using  analytical balance ( 0

Am ).  

f) Calculate the precise mass of NaCl, mNaCl. 

3. Calculate the precise molar concentration of the prepared NaCl solution (cNaCl). 

4. Express the deviation in weighing (in %) by comparison of the calculated (mtheor) 

and the real mass (mNaCl) of NaCl according equation: 

%100
theor

NaCltheor

m

mm
deviation


       (9) 

  



Table 1 Measured and calculated values – solution A 

Value Result 

Calculated mass of NaCl                                              mtheor         (g)  

Practical balance – weighing dish                               
0

pm             (g)  

Analytical balance weighing dish + NaCl                   
0

lANaCm       (g)  

Analytical balance weighing dish                                0

Am            (g)  

Mass of NaCl                                                                 mNaCl        (g)  

Molar concentration (molarity)                                  cNaCl (mol dm-3)  

Deviation of weighing                                                                    (%)  

 

Preparation of the solution B (fill Table 2): 

Calculate the volume of the solution A (VA) required to prepare solution B, using the 

equation (7), and the precise concentration of A. 

Prepare the solution B, following the procedure of mixing described above. 

 

Table 2 Measure and calculated values – solution B 

Value Result 

Concentration of solution A                                 cANaCl        (mol dm-3)  

Required volume of solution A                         VA               (ml)  

Concentration of solution B                                 cBNaCl         (mol dm-3)  

 

Conclusion 

Assess the precision of your work – precision of the concentration of prepared solution 

(A). 

 

References: 

Moore W. J.: Physical Chemistry, Prentice-Hall Inc., New Jersey, USA, 1972, p.245 

http://urila.tripod.com/mole.htm 

http://en.wikipedia.org/concentration 

Oremusová J., Vojteková M., Sarka K: Fyzika – laboratórne cvičenia pre farmaceutov UK 

Bratislava 2009 (in Slovak). 

 

Manual writen 

RNDr. Alexander BÚCSI, PhD., doc. RNDr. Jana GALLOVÁ, CSc., Ing. Jarmila 

OREMUSOVÁ, CSc., prof. RNDr. Daniela UHRÍKOVÁ, CSc 


