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01.03. Diffusion in gases: the diffusion coefficient of bromine in air

Principle and tasks
Diffusion arises from the flow of
matter down a concentration gradi-
ent. In the evaporation method, a
stationary concentration gradient is
achieved in which the concentration
falls linearly with distance. Under
these conditions the diffusion co-
effiecient of the diffusing substance
may be calculated by a direct appli-
cation of Fick’s first law of diffusion.

H-base -PASS- 02009.55 2

Support rod, l = 750 mm 02033.00 1

Universal clamp 37715.00 5

Right angle clamp 37697.00 4

Tube connector, T-shaped, IGJ 29 35859.00 1

Erlenmeyer flask, 250 ml, IGJ 29/32 46126.00 1

Gas-washing bottle with glass frit, 100 ml, IGJ 29/32 36691.01 1

Gas-washing bottle, 100 ml, IGJ 29/32 36691.00 2

Teflon collars, NS 29 43617.00 1

Security bottle with manometer 34170.88 1

Pinchcock, w = 15 mm 43631.15 1

Water jet pump 02728.00 1

Rubber tubing, vacuum, di = 6 mm 39286.00 3

Hose clips, d = 12…20 mm 40995.00 2

Stop watch, digital, 1/100 s 03071.01 1

Thermometer, -10…+100°C 38056.00 1

Laboratory balance, with data output, 620 g 45023.93 1

Vernier calliper 03010.00 1

Beaker, 400 ml, short 36014.00 1

Glass rods, d = 5 mm, l = 200 mm 40485.03 1

Pasteur pipettes 36590.00 1

Rubber bulbs 39275.03 1

Wash bottle, 500 ml 33931.00 1

Spoon 33398.00 1

Bromine, 50 ml 30046.10 1

Iron(II) sulphate, 500 mg 30072.50 1

Sulphuric acid 95…98%, 500 ml 30219.50 1

Water, distilled, 5 l 31246.81 1
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Diffusion in gases: the diffusion coefficient
of bromine in air P3010301
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What you can learn about

� Kinetic theory of gases
� Transport properties
� Fick’s laws of diffusion
� Self and mutual diffusion

coefficients



Set up the experiment as shown in Fig. 1.
Prepare a 5 wt.-% solution of iron(II) sulphate by weighing out
30 g of FeSO4¥7 H2O into a pre-weighed beaker and adding
water up to a solution weight of 300 g. Add a few drops of con-
centrated sulphuric acid from a Pasteur pipette while carefully
stirring the solution with the glass rod until a clear solution is
obtained. Fill the middle wash bottle with the glass frit with
250 ml of this solution.
Measure the length and internal diameter of the vertical tube of
the T-piece as accurately as possible and calculate the cross-
sectional area. Insert the T-piece in the conical flask, which is
secured to the support rod just like the three wash bottles and
the safety bottle. Pay particular attention to how the wash bot-
tles are connected.
Start the pump and adjust the pinchcock to achieve a moderate
air flow through the horizontal section of the T-piece. Disconnect
the conical flask from the rubber tubing , seal the T-piece with
two pipette bulbs and weigh the sealed flask to a precision of
1 mg. Then remove the T-piece, transfer approximately 50 ml of
bromine to the conical flask, replace the sealed T-Piece and
reweigh the flask.
Once the diffusion front of the bromine has reached the top of
the vertical tube in the T-piece remove the rubber bulbs, recon-
nect the T-piece to the flow line,  start the stop watch and record
the temperature. Monitor the temperature throughout the exper-
iment. After about three hours, stop the watch, disconnect the
T-piece from the flow line and immediately reseal it with the rub-
ber bulbs. Re-weigh the flask to determine the amount of
bromine which has diffused from the flask.

Theory and evaluation
Diffusion is a transport process in which matter is transferred
down a concentration gradient to eliminate that gradient. Its
molecular description is based on the kinetic theory of gases like
that of the other macroscopically observable transport phenom-
ena, such as thermal conductivity and viscosity.
For quantitative determinations of diffusion, we must calculate
the quantity of substance dn that diffuses through the cross-
section A in the time dt. The quantity dn is first dependent on
the concentration gradient. The greater this is, the more mole-
cules migrate in the direction of the lower concentration. Further
to this, dn is dependent on the time dt and the size of the cross-
section A . From this, we obtain FickÕs first law.

(1)

dc/dx Concentration gradient (negative in direction of
increasing x)

D Diffusion coefficient

The diffusion coefficient is numerically equal to the quantity of a
fluid that diffuses through a cross-section 1 cm 2 with a concen-
tration gradient of 1 mol á cm-3 per cm and at the given temper-
ature. It is a constant  for a material, that is dependent on inter-
nal friction of a fluid and also on the temperature, as the internal
friction decreases with increased temperature.

In the evaporation method used here, the concentration gradient
along the vertical tube of length l is stationary in time and the
concentration falls linearly along the length of the tube. At the
bottom end of the tube ( x = 0) the concentration is given by the
vapour pressure of the bromine, at the top of the tube ( x = l) the
concentration is taken to be zero as the bromine is continually
removed by the air flow.

(2)

If bromine vapour is assumed to behave as an ideal gas, the
concentration of bromine at x = 0 (in moles per unit volume) is
given by the ideal gas law:

(3)

Under conditions of a constant concentration gradient the fol-
lowing is true:

(4)

� n Number of moles of bromine which diffused out of the
flask in time � t

� m Mass of bromine which diffused out of the flask in � t
M Molar mass of bromine

which yields the following expression for the diffusion coefficient

(5)

Data and results
Typical results are: l = 201 mm

A = 314 mm2

� m = 0.354 g
� t = 10836 s
T = 20.5¡C

Using M (Br2) = 159.82 g/mol and p0(Br2) = 28.26 kPa at 298.15 K
and assuming that the vapour pressure of bromine at 293.6 K will
not vary significantly from its value at 298.15 K yields a value of
D =  1.12 á 10-6 m2 á s-1 for the diffusion coefficient of bromine in
air. This corresponds well with the literature value of 1.06 á 10-6

m2 á s-1 at 25¡C.
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