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ietter to the Editor

Determination of hydroxyl groups and water content in silica by
nuclear magnetic resonance spectroscopy

Sir,

Holik and Matéjkova' recently reported results on the determination of re-
sidual hydroxyl groups on silanized silica gel which differed markedly from our re-
sults® based on a chemical reaction of hydroxyl groups and/or adsorbed water with a
dimethylzinc complex. According to the former authors, the hydroxyl concentration
determined by means of hydrogen—deuterium exchange lies between 4 and 8§ OH
groups per nm? and the water content corresponds to about 1.5-3 H,O groups per
nm=. This water content, determined by the displacement of adsorbed water by deu-
terated wriffluoroacetic acid. was in good agreement with thermogravimetrical
measurements. Our chemical determination® of hvdroxyl groups and adsorbed water
showed 0.1-1.5 OH groups per nm? and 0.5-2 H,O groups per nm?>. Thus the ques-
tion arises. what is the reason for this discrepancy.

First. the recent paper does not mention any drying of samples prior to the
measurements. It is well known that silica gel rehvdrates on standing in air and
rehydrated samples show a high content of adsorbed or even capillary condensed
water. In such cases, concentrations above 8 OH groups per nm? have been found
even using chemical methods®. However, a part of this water is lost rapidly by heating
of samples at 150-200°C. Also unclear is what 1s the ““water content” measured by
means of thermogravimetry'. Owing to the dehydration of vicinal and/or geminal
hydroxyl groups it is almost impossible to distinguish between adsorbed water and
hydroxyl groups using thermogravimetry (TG)*. Moreover, Holik and Matéjkova
reported neither any TG curves nor the conditions of their TG experiments.

Another possible source of the differences between chemical determinations
and the hydrogen—deuterium exchange is well known*. On silanized silica surfaces,
there may be hyvdroxyl groups that are inaccessible to the relatively bulky molecules
of chemical reagents’. although these hydroxyl groups can be determined using deu-
terium-labelled water. the molecules of which are relatively small and readily per-
meative. On the other hand, the molecular size of deuterated trifluoroacetic acid,
which is recommended by Holik and Matéjkova for the quantitative exchange of
adsorbed water, is comparable with the molecular sizes of other chemical reagents.

The chemical determination of surface hydroxyls is believed to be closely de-
pendent on the sorption properties of the silanized silicas, because the chemical reac-
tion as well as the sorption of relatively bulky solute molecules are sensitive to the
accessible hydroxy! groups only. However, there is an additional amount of inac-
cessible hydroxyl groups shielded by bonded alkyl chains. This is also shown by the
results of Holik and Maté€jkova. The relative changes of hydroxyl concentration due
to drying, silanization and capping. which they have reported, are surprisingly low —
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see, for example, Samples 1-4, because they are superimposed on the ““background™
of the unknown concentration of these inaccessible hydroxyls.

The feasibility of the two methods should be judged only on the basis of
relationships between the hydroxyl concentration and the chromatographic proper-
ties of silanized silica gels.
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