
96 PHYWE Systeme GmbH & Co. KG · D-37070 GöttingenLaboratory Experiments Chemistry

07.04 Absorption spectra and pKa values of p-methoxyphenol

Principle and tasks
For weak acids HA, the position of the
Ka and pKa values, which characterise
the dissociation equilibrium, can be
determined in the ground state via
photometric measurements in solu-
tions having different pH values.
Beyond this, the pKa* value for the ex-
cited state is accessible from spectro-
scopic data.

The absorption spectra from p-
methoxyphenol in diluted HCl, NaOH
and 5 different borate buffer solutions
having known pH values are recorded
in the near UV-region. From the mea-
suring results, the pKa and pKa* values
of the system can be calculated.

Absorption spectra of p-methyoxyphenol at different pH values.

Spectrophotometer 190 – 1100 nm 35655.97 1
Cells for spectrophotometer 35664.02 1
pH-potential meter, hand-held 07139.00 1
pH-electrode, gel-filled, BNC 46265.15 1
Protection sleeve for pH-electrodes 37651.15 1
Laboratory balance, with data output, 620 g 45023.93 1
Weighing dishes, 80�50�14 mm 45019.05 1
Retort stand, h = 750 mm 37694.00 1
Burette clamp, roller mounting 37720.00 1
Burette, 50 ml, with Schellbach line 36513.01 1
Volumetric flask, 50 ml 36547.00 7
Volumetric flask, 100 ml 36548.00 5
Volumetric flask, 250 ml 36550.00 1
Volumetric flask, 1000 ml 36552.00 1
Volumetric pipette, 5 ml 36577.00 1
Pipettor 36592.00 1
Pasteur pipettes 36590.00 1
Rubber bulbs 39275.03 1
Funnel, glass, do = 55 mm 34457.00 2
Microspoon 33393.00 1
Laboratory thermometer, -10… +50°C 38034.00 1
Wash bottle, 500 ml 33931.00 1
Buffer solution pH 10.01, 1000 ml 46272.70 1
Buffer solution pH 7.01, 1000 ml 46271.70 1
p-Methoxyphenol, 5 g 31055.02 1
Hydrochloric acid, 0.1 M, 1000 ml 48452.70 1
Sodium hydroxide, 0.1 M, 1000 ml 48328.70 2
Boric acid, powder, 250 g 30044.25 1
Potassium chloride, 250 g 30098.25 1
Water, distilled, 5 l 31246.81 1
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What you can learn about

� Ground and excited states of
molecules

� Jablonski diagram and
Förster cycle

� Henderson-Hasselbalch
equation

� Lambert-Beer law
� Photometry

Graphic determination of the pKa value of p-methoxyphenol.



Data and results
The absorption spectra recorded at T = 300 K are shown in
Fig. 3.
For the extinctions measured at l = 300 nm for 2 á 10-4 molar
solutions of p-methoxyphenol in 0.1 molar HCl (El ,HA = 0.230),
0.1 molar NaOH (El ,A- = 0.571) and the five borate buffers with
pH = 9.0...11.0 (El = 0.254, El = 0.285, El = 0.356, El = 0.467,
El = 0.550), and using the evaluation procedure resulting from
Fig.3, the acid constant in the ground state is found to be p K a =
10.21. The average value of this from several calculations at var-
ious wavelengths is pK a = 10.19 (literature value at T = 298 K:
pK a = 10.210).
It follows, with the positions determined for the absorption max-
imums of the acidic ( l max = 287.0 nm; = 3.484 á 106 m-1)
and basic solutions (l max = 305.4 nm; = 3.274 á 106 m-1),
acc. to (6.2), that with pK a* = 5.83 for the excited state, the acid-
ity is considerably higher, which is in agreement with the ener-
getic states shown in Fig. 4.

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
Ôwww.phywe.comÕ. Figs. 2 and 3 were created by this software.
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Fig. 4: Fšrster diagram
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