
Avogadro number hystorical review

•   1805 Atomic hypothesis by Dalton
•   1811 Avogadro law
•   1814 Ampère proposes de same law
•   1820-1830 The measure of the gaz density gives the atomic weights 
 larger then those  proposed by Dalton. Avogadro is  forced to 
 introduce a new hypothesis:  existence of integrand molecules 
   and elementary molecules. 
•   1836  J.B. Dumas in his lessons at ‘’Collège de France’’ condemns  
   the Avogadro Law as ‘’ trop obscure  et coûteuse en    
   hypothèses’’
•   1853 Gerhardt renews the Avogadro law using for the first time the 
   words atomes and molecules. 
•   1856 Mendeleiev periodic table of elements. 



The question for Perrin is to prove experimentally that the Brownian  
motion is produced by the molecular collissions on the particles

For this he needs to know the value of the Avogadro number

Perrin works



Avogadro number first determination 
Perrin’s works

•  Discussion on how the order of magnitude of the Avogadro 
number can be estimated. 

a) viscosity, mean free path and the density difference 
       between gaz and liquid

    b) from the coefficient of Van der Waals equation

• Experiments on segregation of very small grains (1µm) in water    
  Weight compared to osmotic pressure 

   a) measure of the grain mass 
   c) measure of the grain radius 
       (Stokes law, direct counting) 

   d) Direct counting of grains as function of the height. 

• Experimental test of the Einstein’s law on Brownian motion. 



Estimate the order of magnitude of NA 

From the measure of the gas viscosity  one can determine L



Method to estimate the minimum possible value of NA

D is a function of NA and 
another equation  is needed 

The maximum volume occupied by N molecules 
  is 73% of the   totally  available volume. 
 
If VL is the volume of the gas in the liquid phase  then:  

Difficult to have a precise 
measurement of η



 Gas viscosimeter



Computed values of NA



IInd  method to estimate the value of NA

 where L is determined from 
viscosity measurements 

Van de Waals equation



Measure of gas equation of state



Computed values of NA



Direct determination I

Osmotic pressure 

Osmotic pressure of a colloidal solution of identical grains 

Hp:  1) Because of the shocks with the other grains each 
 layer is submitted to an osmotic pressure

         2) This pressure can be computed as in a gas 



Three  problems:

  how to produce an emulsion of identical grains 

  how to determine the mass of the grains

  how to determine the radius of the grains 

Direct determination II



Preparation of the emulsions 
• Choice of the material. (natural resins such as latex, rubber glue)
• Grain production.   
             a) Dissolution of the resin in methil alcool
             b) Dissolution with water 
  result: white emulsion with almost shperical grains of 
          very different sizes

• Size selection obtained by  a centrifugal process and a dilution  
in water  applied several times

• Measure of the grain density obtained by weight. 
   a) Volume V of the test tube.
   b)  measure of the solution mass m’
   c) drying of the water 
   d) measure of the total grain mass µ



Measure of the grain radius (I)
Two methods are used.

I )  

• Measure of the falling speed in a capillary tube 
    to avoid  convective 
motions

• The measurement is done looking at the transparency 
   of an emulsion  day after day

Problem: Perrin did not know whether  the Stokes 
law can be applied at very small particle  (~1µm) 



II) Direct  counting 

• Use a water-grain solution  with a known mass of grain 
• Add acid to the solution (0.01 mole/litre)  
• Depose a drop of this solution on a microscope test glass
• Wait for  the grain sticking on the glass surface
• Wait for the total evaporation of the water 
• Direct count of the  grain (11000 grains counted) 

Measure of the grain radius (II)

 The agreement of the results of the two methods was the first 
experimental proof that the Stokes law can be used at  small scales

 Perrin in his article comments that it will be interesting 
 to know the limiting scale of this law. 



Perrin’s experimental set-up 

Measure of the density as function of the height

•  Count of the grains number 
    as a function of h 

Microscope features 
• very low field depth

• good horizontal and              
  vertical resolutions

Problem: 
 measure of h 

h

H=100µm
d



Measure of h

Field depth of the objective:  



Image of the grains



Two counting methods

1. Diaphram on the ocular lens. At each value of h  
        a) image taken each 15s 
        b) count of the particle which are seen in the image. 

2. Used  for particles of about 2 or 3 µm.
          Direct count of the particles as a function of  h. 



Measure of the density as 
function of the height



Quantitative measure

What W is ? 

Perrin: ‘’ Si notre théorie cinétique est exacte W ne dépendra 
pas de l’émulsion choisie et elle sera égale à l’énergie moyenne 
d’une molécule quelconque à la même température.  ‘’



Quantitative measure

I ) Linear fit of the data 

 II) Local calculation 

Two methods

log(n) = −ϕg(ρg − ρu) g NA h

R T
+ log(no)



0 20 40 60 80
6

6.5

7

7.5

8
x 10

23

 N
A

  

 h  ( µ  m)



Results
Latex,  particle density = 1.205, radius in micron = 0.14



Latex , particle density = 1.206, radius in micron = 0.212

 



Latex, particle density = 1.3,  radius in micron = 0.29



Rubber glue, particle density = 1.06,  radius in micron = 0.52





Brownian motion

Simple derivation:



Brownian motion



Measure





Linear fit of the data

Avogadro number from Brownian motion



10 times faster than reality

Variance as a function of time

Average on 5 trajectories 

Brownian motion
modern measurements



Camera rapide

AOD
75 MHz

Multiple optical 
traps



Examples of traps




