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Mass and Weight. Weighing on the analytical balance. 

 

Theory 

Mass is a fundamental concept in physics, roughly corresponding to the intuitive idea of 

"how much matter there is in an object?" Mass is a central concept of classical mechanics. The 

symbol for mass is m and its SI unit is the kilogram (kg).  

“Kilogram is defined according to the Planck constant (from May 2019) by taking the fixed 

numerical value of the Planck constant h to be 6.626 070 15 10−34 when expressed in the unit J s, 

which is equal to kg m2 s−1, where the metre and the second are defined in terms of speed of light 

in vacuum (c) and the unperturbed ground-state hyperfine transition frequency of the caesium 133 

atom (ΔνCs)”. 

In chemical laboratory, fractions of kilogram are usually used, e.g. 

1 gram (g) = 0.001 kg = 10-3 kg 

1 miligram (mg) = 0.001 g= 10-3 g= 10-6 kg 

While the mass is normally considered to be an unchanging property of an object, at speeds 

approaching the speed of light one must consider the increase in the relativistic mass.  

In physics there are different ways of determining the quantity of mass. Two of the most commonly 

used are inertial mass and gravitational mass. 

Inertial mass is determined by how much the object resists acceleration. For example, if you push 

two objects under the same conditions with the same amount of force, the object with the lower 

mass will accelerate faster. 

Gravitational mass is the mass of an object measured using the effect of a gravitational field 

acting on the object. The concept of gravitational mass is based on Newton’s law of gravitation. 

Let us suppose we have two objects A and B, separated by a distance RAB. The law of gravitation 

states: If objects A and B have gravitational masses mA and mB respectively, then each object exerts 

a gravitational attractive force on the other, of a magnitude 

𝐹 = 𝜅
𝑚𝐴𝑚𝐵

𝑅𝐴𝐵
2           (1) 

where  is the universal gravitational constant (=6.67.10-11 Nm2kg-2). In everyday situation, 

object B is the Earth, with its mass M=5.9721024 kg and the radius R=6371 km. The gravitational 

force G acting on an object with gravitational mass m is then 
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𝐺 = 𝐹 = 𝜅
𝑀𝑚

𝑅2
= 𝑚𝑔  (N)     (2) 

where 

𝑔 = 𝜅
𝑀

𝑅2
= 9.81    (ms-2)     (3) 

This is the basis by which mass is determined by weighing. The weight G of an object is defined 

as the force of gravity on the object and may be calculated as the mass m times the acceleration 

of gravity g, G = mg. Since the weight is a force, its SI unit is the Newton (N). The weight of an 

object with the mass of 1 kg is equal to 9.81 Newtons at standard conditions on the Earth's surface.  

Weighing is the determination of mass of an object using a balance. Balance, as used in 

the laboratory (health club, shops, market, etc.), measures gravitational mass. A classical 2-pan 

balance contains a beam with a weighing pan suspended from one end and a scale pan suspended 

from the other end of the beam (Figure 1). The beam must be in equilibrium at empty balance 

(Figure 1a). By weighing one compares the weight of a sample, placed in a weighing pan with a 

mass of standard weight or combination of standard weights in a scale pan. Standard weights are 

added to the scale pan until the beam is in equilibrium as closely as possible (Figure 1b). Then a 

pointer attached to the beam moves along a scale. The pointer position gives a fine correction to 

the mass value.  

 

 

Figure 1: Classical 2-pan balance.  

a) equilibrium with empty 

pans before weighing,  

b) equilibrium of the weight 

of sample (left) and weight of 

the standard weight. 
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Nowadays electronic balance is commonly used in laboratories. An electromagnet levitates 

the balance’s sample pan above a permanent cylindrical magnet. A ray of light registers the 

position of the sample pan. The amount of light reaching the detector in the absence of a sample 

defines the balance’s null point. Placing an object on the balance displaces the sample pan 

downward by a gravitational force G. The balance detects this downward movement and generates 

a counterbalancing force by increasing the current to the electromagnet. The current returning the 

balance to its null point is proportional to the object’s mass. 

Balances of various kinds are used in the laboratory practice (Table 1), according to the 

maximum weighed mass (capacity) and the accuracy of weighing. The accuracy is always 

inversely proportional to the load.  

 

Table 1 Type of balances with their capacity and accuracy 

Balance Maximum weighed mass 

(capacity) 

Accuracy 

Technical or Practical (precision)   Several kg 

  Down to several g 

 Several g 

 1 mg 

Analytical   200 – 100 g  ~ 0.1 mg 

Microanalytical   Several g or less   10 – 1 g 

Ultramicrobalances   Several mg or less  ~ 0.1 g 

 

Common pharmaceutical laboratory practice uses a mass of substances in order of several 

grams and less at preparation of solutions. The balance of accuracy ~ 1mg and less is a sensitive 

electronic instrument asking for careful handling. One can meet a small difference in procedure of 

weighing using the balance of different production (Mettler, Sartorius, Kern, etc.), but there are 

general rules how to use the balance in safety way:  

1. Never use the balance for weighing of an object of higher mass than is the capacity of the 

balance! Information about the capacity of the balance is usually given in the front panel 

of the balance.  

2. Before using the analytical balance, use the practical balance to set the mass of the object 

with an accuracy ~ 1 mg. 

3. Before weighing, the pan(s) must be empty, clean, and the weight knobs (if any) must be 

zeroed.  
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4. Check, and eventually set the position of zero.  

5. The weighing pan(s) of a high accuracy (0.1 mg or better) analytical balance are inside a 

see-through enclosure with doors so dust does not collect and any air currents in the room 

do not affect the delicate balance. Also, the sample must be at room temperature to prevent 

air currents inside the box, affecting the weighing. Never place chemicals or wet objects 

directly on the pan(s)! 

6. Before leaving the balance, the pan(s) must be empty and clean.  

 

The composition of solution can be expressed by several ways. Molar concentration 

(molarity - c) denotes the number of moles of a given substance in one dm3 (1 dm3 = 1 litre) of 

solution: 

V

n
c    (mol dm-3, mol l-1)       (4) 

where n – is the amount of dissolved substance in solution in moles.  

The mole, symbol mol, is the SI unit of 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 mol−1, and is called the Avogadro number. 

Elementary entities can be atoms, molecules, ions, etc.  

The molar mass M of a chemical compound is the mass of one mole of this compound. If we 

have the total mass m of a substance (in grams) and the molar mass of this compound is M (in 

gmol-1), the amount of substance is calculated according to equation: 

M

m
n    (mol)         (5) 

 In this experiment, you need to calculate the mass m of a compound required to prepare 

solution with concentration c and volume V. You can calculate mass (m) from equations (4) and 

(5): 

𝑚 = 𝑛 ∙ 𝑀 = 𝑐 ∙ 𝑉 ∙ 𝑀 (g)       (6) 
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The aim of the work 

Part A 

Determine the mass of a small object and calculate its weight 

 

Part B 

1. Prepare 25 ml of NaCl solution at molar concentration 0.1, 0.15, or 0.08 mol dm-3, respectively 

(following the instructions of the teacher). 

2. Determine the precise molar concentration of the prepared solution, and express the error of 

weighing of NaCl in %. 

 

Equipment 

Practical balance, digital analytical balance, a small objects (ring, coin, part of pen, etc.), 

volumetric flasks 25 ml with tap, NaCl (molar mass M = 58.44 g mol-1), distilled water. 

 

Procedure 
 

Part A Weighing of solid object 

1 Estimate the mass of a small object using the practical balance - mp. 

2 Weigh of the object using the analytical balance - mA. Write the results to the Table 2.  

3. Determine the weight G of objects using the equation (2) - Table 2. 
 

Table 2 Measured results 

Object Practical balance 

mp (g) 

Analytical balance 

mA (g) 

Weight 

G (N) 

    

 

Part B Weighing in pharmacy and preparation of the NaCl solution 

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

equation 6. Write the results to the Table 3. 

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

a) Using the practical balance, determine the mass of empty, dry volumetric flask (
0

pm ). 

(Subscript p abbreviates “practical balance”) 
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b) Determine the mass of the volumetric flask using the analytical balance ( 0

Am ). 

c) Press the button „TARE“ and wait for zero (0.0000) on the display. 

d) Take the volumetric flask from the balance. Put a small amount of NaCl into volumetric 

flask. Weigh NaCl in the flask. Carefully add NaCl or remove NaCl from the volumetric 

flask, until the balance displays the required mass mNaCl. Do not pollute the pan of the 

balance! 

e) Write the results to the Table 3. 

3. Carefully fill the volumetric flask with distilled water approximately to the half of flask and 

dissolve the solid substance. Then fill the flask up to the volume mark. 

4. Calculate the real molar concentration of the prepared NaCl solution (cNaCl). 

5. Express the deviation in weighing (in %) comparing the calculated (mtheor) and the real mass 

(mNaCl) of NaCl: 

          %100
theor

NaCltheor

m

mm
deviation


          (7) 

Table 3 Weighing and calculations 

Value Result 

Calculated mass of NaCl   (eq. 6)                                 mtheor   (g)  

Mass volumetric flask – practical balance                  
0

pm       (g)  

Mass volumetric flask – analytical balance                0

Am       (g)  

Mass of NaCl                                                                 mNaCl  (g)  

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

Deviation of weighing                                                               (%)  

 

Conclusion 

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