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LEC 03 Chemical equilibrium

Principle and tasks
At constant temperature and pres-
sure, a dissolved substance will
distribute itself between two immis-
cible liquids at a constant ratio of
concentration. The equilibrium con-
centrations in both phases can be
determined for substances sensitive
to UV light or dyed substances by
photometric measurements in the
near UV or visible light regions of the
electromagnetic spectrum.

Relationship between extinction E and concentration CA for trans-azoben-
zene in acetonitrile at � = 400 nm (�), � = 420 nm (�) and � = 440 nm (�).

� Phase equilibrium
� Distribution and extraction
� Nernst’s distribution law
� Lambert-Beer law
� Photometry

Spectrophotometer 330–900 nm 35656.99 1

Cells for spectrophotometer 35664.02 1

Laboratory balance, with data output, 620 g 45023.93 1

Weighing dishes, 80�50�14 mm 45019.05 1

Microspoon 33393.00 1

Retort stand, h = 750 mm 37694.00 1

Support ring, di = 80 mm 37721.01 2

Right angle clamp 37697.00 2

Erlenmeyer flask, 1000 ml, narrow neck 36122.00 1

Erlenmeyer flask, 500 ml, narrow neck 36121.00 1

Erlenmeyer flask, 250 ml, narrow neck 36124.00 1

Rubber stopper, 36/44 mm 39262.00 2

Rubber stopper, 29/35 mm 39259.00 2

Volumetric flask, 50 ml, IGJ 12/21 36547.00 4

Volumetric flask, 250 ml, IGJ 14/23 36550.00 1

Funnel, glass, do = 55 mm 34457.00 1

Separatory funnel, 250 ml, pear shaped 36884.00 4

Separatory funnel, 1000 ml, pear shaped 35850.00 1

Volumetric pipette, 10 ml 36578.00 1

Volumetric pipette, 20 ml 36579.00 2

Pipette dish 36589.00 1

Pipettor 36592.00 1

Glass beaker, 100 ml, tall 36002.00 2

Pasteur pipettes 36590.00 1

Rubber bulbs 39275.03 1

Laboratory thermometer 38034.00 1

Wash bottle, 500 ml 33931.00 1

trans-Azobenzene, 100 g 31064.10 1

Acetonitrile, 1000 ml 30000.70 1

What you need:
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Section of the UV/VIS spectrum of trans-azobenzene in acetonitrile before
(�), after single (�) and after repeated extraction (�) for total volume of 
n-heptane.

What you can learn about



Data and Results
Fig. 3 shows the ranges of the VIS spectra of trans-azobenzene
in acetonitrile recorded before and after single and repeated dis-
tribution at T = 299 K.
The extinctions of the marked absorption bands at l = 400 nm
can be read off from these spectra: E0 = 0.385 (before distribu-
tion), E1 = 0.236 (after single distribution) and E3 = 0.216 (after
repeated distribution). Together with relationship (6) or (7), a par-
tition coefficient of kN = 0.631 is obtained for E1 with V = 1 and
n = 1 (single distribution) and, with relationship (7), an approxi-
mately equal value of kN = 0.637 for E3 with V = 1/3 and n = 3
(repeated distribution).
kN = 0.647 was the average value obtained from several calcu-
lations at various wavelengths in the proximity of maximum
absorption.
As a comparison, the concentration ratios calculated for E3 and
E1 using equation (8) give w3 = 0.570 (for repeated distribution)
compared to w1 = 0,620 (for single distribution), which do not
indicate a substantially greater reduction in trans-azobenzene in
the lower phase by repeated distribution with the same total vol-
ume of extraction solvent (n-heptane).

For preparative extraction purposes, therefore, the two-phase
system used here should be replaced by a system with a higher
partition coefficient, and so greater extraction effectiveness.

Note
The graphical evaluation of the measured values can be very
easily carried out by means of ÔMeasureÕ software. A download-
file of this software is available as freeware for use in evaluating
and graphically representing measured values under URL
Òwww.phywe.comÒ. Figs. 2 and 3 were created by this software.
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