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An experimental method for investigating the structural water of adsorbents and 
catalyst by treatment with potassium vapours has been developed. Measurement of 
the hydrogen evolved showed a reproducibility of each experiment of the order of 
56%. Within the range of 4097OO”C, investigation of thermally dehydrated silica 
gel by treatment with potassium vapours showed values which were twice as low as 
those obtained gravimetrically; at 809$OO”C, both methods gave equal values. 

The surface acidity of adsorbents and 
catalysts prepared on the basis of SiOz, 
A1,03, Cr,O, etc. is of great importance for 
their activity. This fact has been the 
reason for many investigations aiming at 
the qualitative and quantitative determina- 
tion of the acidity of solid surfaces. Two 
types of acidities are known: protonic 
(determined by the presence of OH groups) 
and nonprotonic (due to Lewis centers). 
This problem has been studied mostly by 
chemical methods. They are based on the 
interaction between a given reagent and 
the surface OH groups of the adsorbent 
or catalyst. The interactions of diborane 
(14, methyl-magnesium iodide and 
methyl-lithium (r-10)) diasomethane (11, 
12), primary alcohols (IS, 14), trimethyl- 
chlorsilan (15, 16)) thionyl chloride (11, 
i7, 18), deuterium or heavy water (19-22) 
with the surface OH groups have been 
studied. In the literature, there are also 
data on some ion-exchange reactions car- 
ried out with aluminum chloride (W), 
basic aluminum chloride (24, 25), and 
calcium hydroxide (26-28). The decrease 
in catalytic activity as a result of ion ex- 
change can also give an estimate of acidity 

(29). Volumetric methods using potassium 
methylate (SO, 81) and butylamine 
(S2, 83) as titrators have also been de- 
veloped. Another way of estimating sur- 
face acidity is that of using adsorption of 
ammonia (34-38)) pyridine (89) etc. 

The chemical methods used for the de- 
termination of surface acidity have some 
weak points. Above all, in most cases, the 
reactions do not take place quantitatively. 
Moreover, the effect of molecular water 
cannot be eliminated. On the other hand, 
the results lack a definite sense due to the 
inaccuracy of distinguishing between 
chemisorption and physical adsorption. In 
some cases, diffusion interferes or the re- 
sults depend on the dimensions of the re- 
agent molecules. For that reason, most of 
the methods have an empirical character 
and their application is’ rather a compara- 
tive test for the samples investigated. 

Significant information gives the study 
of surface acidity by some physical 
methods. Among these, infrared spectros- 
copy gives more detailed and systematical 
results (10, 40-47). Some authors deter- 
mine the OH groups/molecular water ratio 
(45). 

The purpose of the present paper is to 
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To high vacuum 

FIG. 1. Apparatus for the determination of OH groups using potassium vapours: B, balloon, V, diffusion 
pump, M, McLeod gauge, R, reactor; 1. reactor space; 2. capillary; 3. condensel. 

propose a new method for the determina- 
tion of the structural water of catalysts 
and adsorbents as well as to use this 
method for studying the changes occuring 
on the surface of these bodies. 

EXPERIMHNTAL 

The method proposed in the present 
work is based on the interaction of the 
catalyst surface with potassium vapours. 
The presence of both bound and molecular 
water is expected to result in hydrogen 
evolution. Measurement of its amount 
would enable us to estimate the surface 
protonic acidity. At the same time, there 
arise difficulties due to diffusion and the 
incomplete proceeding of the reaction. 
Moreover, the result must not be influenced 
by accompanying adsorption phenomena 
as well as by other processes affecting the 
sample. Another substantial difficulty can 
arise if the formation of potassium hydride 
is not prevented. In order to establish the 
optimum conditions, of the reaction, pre- 
liminary experiments were carried out, an 
ampoule containing potassium and a silica 
gel sample (treated under vacuum at 
250°C) being heated at various temper- 
atures. The change in pressure was mea- 
sured by a glass membrane manometer. It 
w,as established that the gas evolution took 
place with a high rate and reached satu- 

rated values at temperatures about 400°C 
(the dissociation pressure of potassium 
hydride at 411°C is 760 mm Hg) . 

The apparatus used had to satisfy the 
following conditions: 1) to allow treat- 
ment of the sample under vacuum and dur- 
ing heating; 2) to ensure removal of the 
hydrogen evolved during the reaction; 3) 
to ensure measurement of this hydrogen. 
For this purpose, we used an apparatus 
which was connected with a standard 
vacuum equipment fitted with a mercury 
diffusion pump. Figure 1 shows the scheme 
of our apparatus. The reactor given sep- 
arately consists of reaction space (1) hav- 
ing a volume of 3 cm3, a 0.05 X 30 mm 
capillary (2) and a condenser (3). 

The sample and an ampoule containing 
potassium under vacuum were placed in 
the reaction space, heated under vacuum 
for 6 hr at 25O”C, then the ampoule con- 
taining potassium was broken (stopcock 
K, remaining closed) and the temperature 
raised to 400°C. The hydrogen evolved 
during the reaction was pumped off t,hrough 
the capillary and collected in balloon B 
which was attached to the measuring part 
of the apparatus. Stopcocks K, and K:: 
were then closed and the pressure in the 
apparatus measured by a McLeod gauge 
(M). The low pressure of the vapours of 
potassium under the reaction conditions 
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and its much greater atomic weight facili- 
tate the hydrogen to come out mainly 
through the capillary. The small amounts 
of potassium crept into the capillary are 
quickly cooled by the walls of the con- 
denser, which decreases the possibility of 
the formation of potassium hydride. The 
latter is formed at temperatures above 
200°C. 

INVESTIGATION OF THERMALLY DEHYDRATED 

SILICA GEL AND DISCUSSION OF THE RESULTS 

carried out 3-5 times. The results obtained 
as well as the results of thermal treatment 
are given in Fig. 2. The course of the de- 
hydration curve (I) is similar to that ob- 
served by other authors (48). In the range 
between 400 and 7OO”C, curve II (obtained 
by treatment of the samples with potas- 
sium vapours) shows values’ which are 
twice as low as those given by curve I, 
whereas at 800 and 900°C both curves 
coincide. 

Let us discuss the possible reactions in 
Commercial silica gel of medium po- the system under consideration. In the 

rosity was used for the initial sample. It presence of molecular water, the following 
was treated several times w,ith hydro- process will take place: 
chloric acid (A.R.) and washed with twice 
distilled water until no more chlorine K + Hz0 = KOH + +Hz (1) 
ions were present. Definite amOUIltS Of this The OH groups will also take part, in 
silica gel were heated in air at temper- 
atures of 400, 500, 600, 700, 800 and 900°C 

reaction (2) : 

for 48 hr. These conditions are believed 
to ensure a constant content of structural 

I I 
K + HO-F- = KO-y- + $Hz (2) 

water at each temperature (48). The 
I 

structural water was determined for each Under these conditions, a partial reduction 
sample by heating at 1100°C. The partially of SiOz is also possible, whereas the inter- 
dehydrated samples thus prepared were action of K,O w,ith SiO, may result in a 
treated with potassium vapours in the way silicate. 
described above. Each determination was As is evident from reactions (1) and 

1 , I I 
400 500 600 700 000 900 

10 c 

FIG. 2. Curve I, hydrogen content accordin, w to the dehydration curve; Curve II, hydrogen evolved 

during treatment with potassium vapours. 
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(2), when molecular water is present, the 
amount of hydrogen evolved is twice as 
low as in the case when one molecule of 
water is in the form of two OH groups. To 
determine the conditions under which one 
or the other process may prevail, we shall 
consider some data obtained from the IR 
spectra on the nature of water present in 
silica gel. According to Baverez and Bastik 
(45), at 240°C the molecular water should 
be removed. Fraissard and Imelik (47) 
have found that at 1640 cm-l, the line of 
bending vibration of the water molecules 
disappears altogether in the spectra of 
samples dehydrated at 6OO”C, which in- 
dicates the presence of molecular water up 
to t#his temperature. The same authors 
show that after dehydration at temper- 
atures up to 8OO”C, the OH groups inter- 
act with each other by means of hydrogen 
bonds. Above this temperature, free OH 
groups are observed. On the basis of this 
picture, we suggest the following explana- 
tion of the results obtained. For samples 
dehydrated at temperatures below 8OO”C, 
the amount of hydrogen evolved (curve 
II) is tw.ice as small as that determined 
gravimetrically, due to reactions (1) and 
(3) taking place: 
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