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APPLICATION OF WATER-ALCOHOL MIXTURES
IN VAPOUR PRESSURE OSMOMETRY

J. Szab6-Lakatos and |. Lakatos

(Petroleum Engineering Research Laboratory of the Hungarian Academy of Sciences,
Egyetemvaros, Miskolc)

Received 12 January 1975

W ater-methanol, W ater-ethanol and water-isopropanol mixtures were used in
vapour pressure osmometry. It was found that with binary mixtures the slope of the
analytical straight line obtained for water (molar resistance difference) can be increased,
and the relative error of the method can be reduced to the desired value. A further
advantage of the application of water-alcohol mixtures is that the tendency of the sub-
stance in question to dissociate can be detected, and the most probable molecular weight
can be determined with an accuracy of 2—3 rel. %, even in the case of compounds which
undergo dissociation (association) in water or aqueous medium. Although the measure-
ments are disturbed by the slow establishment of the equilibrium of the liquid-vapour
phase, this unfavourable effect can be eliminated with a longer measurement time and
more frequent solvent exchange.

Introduction

Vapour pressure osmometry is one of the simplest and fastest means of
determining the molecular weights of organic and inorganic substances. The
only requirements of the analytical method are that the solvent and the solute
under investigation should be compatible as regards the colligative properties,
and that there should be a large difference between the vapour pressures of
the two substances. In the case of organic substances these requirements can
generally always be satisfied with pure solvents, and the practical role of the
application of solvent mixtures is slight [1].

The situation is less favourable, however, when water is used as solvent.
The difference between the vapour pressures of solute and solvent is normally
not a problem, but the sensitivity and accuracy of the analytical method are
the lowest in this case, while the dissociation, or possibly association of the
water-soluble compounds in practice prevents exact determination of the
molecular weight. This explains in part why no papers have as yet been pub-
lished on the determination of the molecular weights of inorganic substances
by vapour pressure osmometry. As regards its application in aqueous medium,
only Burge [2] has so far reported data in connection with the determination
of the dissociation constants of compounds with known molecular weights.

The present experiments involve application of water-alcohol (water-
methanol, water—ethanol and water—sopropanol) mixtures in vapour pressure

1 Acta Chim. (Budapest) 89, 1976



2 SZABO-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES

osmometry. A study was made of the relative accuracy of the analytical
method, and the dynamics of establishment of the AR vs. t equilibrium. W ith
water—ethanol mixtures as solvents, an investigation was carried out as to
w hat possibilities exist for the vapour pressure osmometric determination of
the molecular weights of substances which dissociate in water and aqueous
solutions. Ascorbic acid, tartaric acid and succinic acid were used as model
compounds.

Experimental

Measurements were made at 37 °C, with a Hewlett-Packard Model 302
vapour pressure osmometer. The thermistor beads used had hydrophilic sur-
faces for the study of aqueous solutions, and hydrophobic surfaces for organic
solutions. The analytical straight lines were recorded with n-triacontane for
organic solvents, and with saccharose for aqueous solutions and for water-
alcohol mixtures. The solvents used (benzene, toluene, chloroform, carbon
tetrachloride, n-hexane, methanol, ethanol, isopropanol) were Reanal products
of the highest analytical purity. Doubly distilled water was employed to pre-
pare the water—alcohol mixtures. The ascorbic, tartaric and succinic acids
used to study the effect of dissociation were similarly of the highest analytical

purity.

Study of the relative error of vapour pressure osmometry

The relation describing the basic principle of vapour pressure osmometry
was derived by Bonnar et al. [3]; according to this, the resistance difference
of thermistor beads holding a solvent drop in the vapour space of some solvent,
and a solution drop formed from the solvent in question, is given by

AR RT2 M, Mo "
KAH QMrA 7+

For substances obeying the Raoult law, the molecular weight can be
determined with sufficient accuracy if only the first term of the above expres-
sion is taken into account. In this case a plot of AR vs. Cg (generally with
molar solutions) is linear.

For ready comparison of the analytical straight lines measured with a
given calibration material but different solvents, these are plotted for n-
hexane, chloroform, carbon tetrachloride, benzene, toluene and water in Fig. 1,
while the slopes are listed in Table I.

Acta Chim. (Budapest) 89, 1976



SZABO-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES 3

Fig. 1. Analytical straight lines at 37 °C in various solvents

Table |

Slopes of the analytical straight lines on the use
of various solvents

Molar resistance

Solvent difference
ohm ¢mole-1
n-hexane 940
Chloroform 660
Carbon tetrachloride 552
Benzene 465
Toluene 336
W ater 56

The formally defined slope AR/M a gives the molar resistance difference,
which characterizes the analytical method on the use ofthe solvent in question.
The smallest division of the compensating potentiometer of the apparatus is
0.01 ohm (10"4°C), but in an unfavourable case the standard deviation of the
measurements may attain +0.1 ohm (10-3 °C). With the latter taken into con-
sideration, the relative error of the analytical method is given in Table Il for
various solvents and molar solutions.

A partial explanation why vapour pressure osmometry has not become
widespread in the study of inorganic substances is that the analytical straight

1* Acta Chim. (Budapest) 89, 1976
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Table 11

Relative error of vapour pressure osmometry on the application
of various solvents

Relative error, %

Concentre-

tion of solute

mole - dm-3 n-hexane chloroform cart():ﬁ?mitditra— benzene toluene water
0.01 I.n 1.47 1.80 2.20 3.12 18.3
0.02 0.54 0.76 0.91 2.13 2.52 9.1
0.04 0.27 0.37 0.44 0.54 0.77 4.4
0.06 0.18 0.25 0.30 0.36 0.50 3.0
0.08 0.13 0.19 0.22 0.27 0.38 2.2
0.1 0.11 0.15 0.18 0.21 0.29 1.8

lines for aqueous solutions have low slopes, and the analytical method has a
large relative error. In principle, this problem can be got over in two ways:

(a) increase of the concentration (absolute resistance difference) of the
solute under investigation;

(b) increase of the slope (molar resistance difference) of the analytical
straight line.

The fundamental relations of vapour pressure osmometry are valid for
dilute solutions, and this limits the increase of the concentration, particularly
for materials of high molecular weight. In our experience, the upper limit of
concentrations of solutions is 10—15 g «dm-3. In contrast, with aqueous
solutions the small error obtained with organic solvents would he attainable
only if measurements were made on solutions with concentrations about one
order higher. There is thus no possibility to increase the sensitivity of the meth-
od as in (a) above.

Effect of water-alcohol mixtures on the slope of the analytical
straight line

According to relation (1), the resistance (temperature) difference created
by the given molar solution is directly proportional to the molecular weight
of the solvent used, and inversely proportional to the heat of vaporization
and density of the solvent. If the molar resistance difference can be increased
via these factors in such a way that the colligative properties of the solute
remain below 15 g «dm“3for the water-alcohol mixtures in question, then a
favourable result is to be expected from the application ofthe binary mixtures.
Hydrophilic thermistor beads were used to determine the analytical straight

Acta Chim. (Budapest) 89, 1976



SZABO-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES 5

lines for solutions of saccharose in water—alcohol mixtures containing 20, 40
and 60 vol% methanol, ethanol and isopropanol. Those for water-ethanol
mixtures are to he seen in Fig. 2.

Fig. 2. Analytical straight lines in water-ethanol mixtures with various ethanol contents

Those for water—methanol and water—sopropanol mixtures are essen-
tially similar. The slopes (molar resistance differences) of the lines were calcu-
lated, as was the relative error of the analytical method. These results are
listed in Tables 11l and 1Y.

The experimental results lead to the following findings:

(a) The AR vs. M Arelation remains linear within the given concentration
range, even when water-alcohol mixtures are used. (This is a practicable, but
not inevitable requirement.)

Table 111

Slopes of analytical straight lines on the appplication
of various water—alcohol mixtures

Molar resistance difference, ohm «mole-1

Alcohol
content
vol.% methanol ethanol isopropanol
0 56 56 56
20 67 69 72
40 75 81 83
60 91 93 92

Acta Chim. (Budapest) 89, 1976



6 SZABO-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES

Table IV

Relative error of vapour pressure osmometry on the application
of water-alcohol mixtures

Relative error, % in saccharose solutions with concentrations of

Alcohol
Solvent concen- 001 0.02 0.04 0.06 0.08 01
tration
vol%
mole «dm-3
20 15.4 7.7 3.8 2.6 1.9 1.5
W ater-methanol 40 13.3 6.7 3.3 2.2 17 1.3
60 11.8 5.7 2.9 1.9 14 1.1
20 14.5 7.2 3.6 2.4 1.8 15
W ater-ethanol 40 12.1 6.2 3.1 2.1 15 1.2
60 10.7 5.4 2.6 1.8 1.3 1.0
20 14.3 7.5 3.8 2.4 1.8 1.4
W ater-isopropanol 40 12.0 6.2 3.0 2.0 15 1.2
60 114 5.7 2.9 1.9 14 1.1

(b) The slopes of the analytical straight lines, i.e. the molar resistance
difference, increase to a considerable extent.

(c) The relative error of the method decreases in accordance with the
increase of the molar resistance difference.

As regards the analytical method, the use of water-alcohol mixtures
leads to a favourable result overall; with their aid the slope of the analytical
straight line can be increased, and the relative error of the method can be
decreased. Although the molar resistance difference obtained for the binary
water-alcohol mixtures is substantially lower than the values measured with
n-hexane or chloroform, with 60 vol% alcohol-containing solvents the molec-
ular weight and the dissociation or association equilibrium constants can be
determined with an error of < 2 rel. %.

Study of the dynamics of the AR vs. t equilibrium

The processes taking place in the thermostated vapour space of the va-
pour pressure osmometer, and forming the basis of the measurement, were
described in detail earlier [4, 5]. Here it is mentioned only that the variation
in time of the resistance difference provides information on the mass transfer
processes of the vapour-liquid phase, and on the dynamics of attainment of
the equilibrium state.

Acta Chim. (Budapest) 89, 1976



SZABO-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES 7

The dynamics of establishment of the AR vs. t equilibrium were studied
when water-alcohol mixtures were used. For solvents with various alcohol
contents, the change in time of the resistance difference was measured with
0.02, 0.04, 0.06, 0.08 and 0.1 mole » dm -3 saccharose solutions. Figure 3 shows
the AR vs. t curves for 0.1 mole « dm “3saccharose in water—ethanol mixtures.

Fig. 3. Variation in time of the resistance difference in water-ethanol mixtures with various
ethanol contents, with a saccharose concentration of 0.1 mole mdm -3

It is clear that the equilibrium AR value is attained the more slowly,
the higher the alcohol content of the mixture. The temperature difference of
the two drops comes into equilibrium within the 10 min measurement time
only in pure water and the mixture containing 20 vol% ethanol. In the solvent
containing 60 vol% ethanol about 15 min is necessary for the resistance
(temperature) difference proportional to the molecular weight to be established
between the thermistor heads holding solvent and solution drops at the given
saccharose concentration. The corresponding time for pure (one-component)
solvents is 1 3 min.

Our experience to date indicates that the shapes of the AR vs. t curves
always depend on the absolute value of the resistance difference. A study was
therefore made of how the shapes depend on the solute concentration in various
solvent mixtures. Figure 4 shows curves obtained for mixtures containing 40
vol% ethanol at saccharose concentrations of 0.04, 0.06, 0.08 and 0.10
mole mdm “3.

These curves reveal that the greater the absolute value of the resistance
difference determined by the concentration of the substance under examination

Acta Chim. (Budapest) 89, 1976



8 SZABO-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES

(orthe lower the molecularweightofthis substance inthe case ofthe sameweight
concentration), the more difficult it is for thermal equilibrium to be established
in the given system. Similar-shaped curves were obtained for water-methanol
and water—sopropanol mixtures, with the difference that the time necessary
for attainment of the equilibrium value was shorter for the former, and longer
for the latter, than for water—ethanol.

Fig. 4. Variation in time of the resistance difference in water-ethanol mixtures containing
40 vol% ethanol, with various saccharose concentrations

The shapes of the curves in Figs 3 and 4 indicate that a mass transfer
process accompanied by a thermal effect occurs in the environment of the
thermistor holding the solution drop, this delaying rapid establishment of the
temperature difference for the liquid drops on the two thermistor beads. Exclud-
ing the possibility of chemical reaction, this mass transfer process, the rate of
which is highest initially, can only be the vaporization of some component of
the solution drop. Simultaneous vaporization of the solute is not possible, for
the vapour pressure of saccharose is almost zero at the given temperature, while
in the case of simultaneous vaporization of the solute the AR vs. t. curves tend
to decrease exponentially [4].

The cause of the observed phenomenon is as follows. The thermostated
vapour space of the apparatus, filled with vapour from the binary mixture, is
prepared by putting a relatively large amount of solvent in the closed chamber
of the vapour pressure osmometer. When water—alcohol mixtures are used,
apart from the normal processes equilibrium is established between the liquid
and vapour phases during the thermostating period. W ith water—alcohol mix-
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tlrés containing 20—60 vol% alcohol, the alcohol content of the vapour phase
is 40 —80 mole%, compared to 10—50% in the liquid phase [6, 7]. Compared
to the initial state, therefore, (when there is no vapour space above it) the
composition of the liquid phase in the equilibrium state changes infinitesimally,
but definitely. The concentration change is a function of the amount of solvent
put in the osmometer, and the duration of the measurement.

For the above reasons, the alcohol concentration of a solution drop form -
ing during the measurements is not the same as that of the liquid phase in the
chamber. At any event, the difference between the two is sufficient for the
sensitive electronic measuring system of the apparatus to detect and follow
the double mass transfer process in the solution drop: passage of the solvent
into vapour-liquid equilibrium (evaporation of a small amount of alcohol
from the solution drop) and development of a temperature difference between
the solvent and solution drops (mixed condensation). As regards their temper-
ature effects, the two processes are opposing, and the recorded AR vs. t curves
represent the resultant of the two.

Establishment of equilibrium for the solvent composition of the solution
is a diffusion process. This explains why the time necessary to attain the equi-
librium state is the longer

(a) the greater the difference of the equilibrium liquid and vapour phase
compositions; and

(b) the lower the liquid and vapour phase diffusion rates of the alcohol.
The data obtained suggest that the diffusion process in the cases of methanol
and ethanol is fast enough not to extend the measurement time too much. The
slow rise of the curves for isopropanol, however, is unfavourable as regards the
analytical method.

The phenomena discussed above in connection with the shapes of the
AR vs. t curves must he classified as unfavourable for analytical application
of vapour pressure osmometry, for they increase the measurement time.
However, the problems may he eliminated by more frequent solvent exchange,
by careful pretreatment, and by using small solvent and solution drops. In
contrast, there is the advantage that the error of the method can be limited
to the desired value with binary water—alcohol mixtures.

Determination of molecular weight of dissociating compounds with
the use of water—alcohol mixtures

The other great obstacle to the use of vapour pressure osmometry in
aqueous medium is the fact that most water-soluble substances undergo disso-
ciation (possibly association) in water. As a consequence ofthe colligative effect,
the measured molecular weight is therefore less (or more) than the theoretical
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value, and the error of the measurement depends on the value of the dissocia-
tion constant.

Since alcohols and the decrease of dilution are known to repress dissocia-
tion, such effects of water—alcohol mixtures were studied with the model com-
pounds ascorbic, tartaric and succinic acids. Measurements were made on 0.02,
0.04, 0.08 and 0.10 mole «dm-3 solutions. The molecular weights found for
ascorbic acid as a function of the alcohol content of the mixture are given in
Fig. 5.

calcohol vol

Fig. 5. Dependencejof molecular weight measured for ascorbic acid on the alcohol content of
the mixture and the concentration of the solute

It is readily seen that with the increase of the alcohol content and the
concentration ofthe substance examined, the measured molecular weight better
approximates to the theoretical value. It can also be observed that the slope
decreases considerably with increase of the molar concentration. This is of
importance primarily from apractical aspect, for the limiting value of the curv-
es, i.e. the theoretical molecular weight can be extrapolated with the greatest
certainty for the curve of lowest slope, though all curves have the same limiting
value.

This common limiting value can be determined with mathematical ap-
proximation methods. In many cases, however, the extrapolation issimplified by
plotting the measured molecular weight as a function of the logarithm of the
alcohol content. In this case the experimental points for ascorbic acid, for
instance, lie on a straight line (Fig. 6).

The intersection of the straight lines lies outside Fig. 6, showing that in
very dilute solutions acids and bases undergo a certain dissociation even in
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Fig. 6. Variation of the molecular weight measured for ascorbic acid as a function of the log-
arithm of the alcohol content of the mixture and the concentration of the solute

pure alcohol. The intersection is at 179, i.e. a difference of -|-1.7% from the
theoretical value. The molecular weight extrapolated for an alcohol content
of 100 vol%, however, is of acceptable accuracy except for the 0.02 and 0.04
mole ¢« dm-3 solutions. As shown by the data in Table V, the practical require-
ments are also satisfied by the molecular weight measured directly in a mixture
containing 40 vol% alcohol for a 0.10 mole « dm~3solution.

Table V

Dependence of relativ? error on alcohol content of mixture
and on dilution

Relative error, %

Ascorbic acid Tartaric acid Succinic acid
Alcohol con-
Solvent centration 0.02 0.04 0.08 0.10 0.10 0.10
col%
mole dm-3

0 —47.2 —26.8 — 18.7 —15.3 — 149 —10.3

10 — 318 — 17.6 —10.8 — 6.8
W ater-ethanol 20 -23.3 — 131 — 74 — 45 — 99 — 5.2
mixture 40 -15.9 — 85 — 45 — 2.8 — 5.8 — 1.2
60 —11.2 — 6.2 — 34 — 17 — 2.8 + 15

100* — 5.6 — 5.6 — 11 — 0.6

* Extrapolated value
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The tabulated data prove that in the determination of molecular weights
of dissociating substances, increase of either the alcohol content of the mixture
or the concentration of the examined substance has a favourable result. The
two factors act in the same direction, and the considerable reduction of the
error results from repression of the dissociation. At the same time, increase of
the alcohol content leads to an increase in the molar resistance difference (slope
of the analytical straight line), and increase of the concentration of the sub-
stance investigated increases the absolute resistance difference, i.e. it improves
the accuracy of the method.

The results for tartaric and succinic acids by and large agree with those
for ascorbic acid, but semi-logarithmic plotting of the points for tartaric acid
did not give a straight line. This can presumably be explained by the stepwise
dissociation, and the similarity of the dissociation constants. Difficulty in
extrapolation and a further error arise if the substance in question has limited
solubility in water—alcohol mixtures. A positive deviation from the theoretical
molecular weight then results, and the method cannot be used. It must be
noted, however, that molecular weights determined by extrapolation are not
independent ofthe solvent—solute interaction, and within this of the properties
of the alcohol and the substance (e.g. permittivity).

In connection with the accuracy of the analytical method, attention is
drawn to the fact that the relative error arising from the subjective and construc-
tional problems, which is typified by standard deviation in both positive and
negative directions, must be sharply distinguished from the dissociation and
association errors, which cause only negative or positive deviations, respective-
ly. In every case these latter are accompanied by the relative error in the
determination of ZIjR.

In spite of its shortcomings, the method also has to following advantages:

(a) With its help, it can be established whether the substance examined
dissociates in agqueous medium.

(b) If so, then the most probable molecular weight of the substance can
be determined from the limiting value of the M rmeasd vs. cddll)il curves.

(c) The dissociation and association equilibria of compounds of known
molecular weight can be studied with satisfactory accuracy in water—alcohol
mixtures.

Apart from the examined and presented phenomena, the use of binary
liguid mixtures in vapour pressure osmometry does not differ from the appli-
cation of pure solvents.
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Notations

CA concentration of solute g.dm 3
nu heat vaporization of solvent kcal. mole 1
M A concentration of solute mole.dm 3
Mr, 0 molecular weight of solvent
M r.A molecular weight of solute
K constant
R the gas constant kcal.kmole- LK—
Ar resistance difference ohm
T temperature K
t time min
Q density of solvent g.cm-3
R Margules constant [3]
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At about pH 7 hydrogen peroxide is selectively decomposed by catalase in the
presence of peroxo-monosulphuric and peroxo-monophosphoric acid. This observation
can be exploited for analysis of system containing the mentioned substances. In an
aliquot of the sample hydrogen peroxide is decomposed by catalase, and subsequently
iodine liberated by the peroxo-monoacids is measured spectrophotometrically. In
another sample, the total oxidizing capacity is determined in a similar way.

Several methods have been developed for the determination of hydrogen
peroxide in the presence of peroxo-sulphuric acid. Volumetric methods are
known for the determination of greater amounts of hydrogen peroxide [1—5].
However, they can be used only not below the semi-micro scale. For determi-
nations on micro scale, two methods appear to be available. In one of them
hydrogen peroxide is oxidized with cerium(lV) ions at a high concentration
of sulphuric acid (which is necessary to suppress the induced reaction between
peroxo-sulphuric acid and cerium(IV)), measuring the change in the absorbance
of cerium(IV) [6]. Then in another sample the total oxidizing capacity is deter-
mined spectrophotometrically, with the use of iron(ll) ions. In the other
method, hydrogen peroxide is measured as peroxo-titanium(IV) complex by
spectrophotometry, whereas the total oxidizing capacity is determined in
another sample, similarly with the use of iron(ll) ions [7]. The latter method
has the advantage that hydrogen peroxide is complexed by titanium(1V)
instantaneously, and this may serve as an efficient quenching in case of kinetic
measurements. However, both methods have the drawback that the determi-
nations of hydrogen peroxide and peroxo-sulphuric acid cannot be carried
out at the same sensitivity due to differences in the absorbancies and thus the
quantity of peroxo-sulphuric acid obtained as a difference is erroneous. In
addition to that, the above-mentioned micro methods cannot he used for the
analysis of samples containing hydrogen peroxide and peroxo-monophosphoric
acid because both titanium(IV) and the formed iron(l11) react with the phos-
phate ions which are inavoidable components in the samples to be analyzed.
Therefore a new method is required to solve the problems indicated. On taking
into accountthat the colours ofthe peroxo-complexes of other transition metals
are not sufficiently intensive for the determination of hydrogen peroxide at an
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adequate sensitivity, and that also these metal ions form complexes with
phosphate ions, we attempted the determination of hydrogen peroxide as a
mixed ligand peroxo-complex, with the use of a suitable chelating agent. These
results will be reported elsewhere.

As another way of solving the above-mentioned problem we attem pted the
use of the technique suggested by van der Meulen [8]. This consists essen-
tially in the removal of hydrogen peroxide from the system containing peroxo-
disulphate by catalytic decomposition with osmium tetroxide. However,
whereas under such conditions peroxo-disulphate remains in fact unaltered,
peroxo-monosulphuric and peroxo-monophosphoric acid already undergo
decomposition. According to our investigations the rate of decomposition of
hydrogen peroxide catalysed by osmium tetroxide exhibits a maximum at pH
10.6, the autodecomposition of the peroxo-monoacids has a peak value where
pH = pK.The pK value ofperoxo-monosulphuric acid is 9.2 and that of peroxo-
monophosphoric acid is 12.8.

It is known since long that hydrogen peroxide is decomposed by even
minute amounts of catalase at a high rate and with remarkable selectivity.
Thus, we carried out measurements to clear up the analytical applicability of
the enzymatic removal. Catalase can be obtained relatively easily from various
native raw materials, and is available also as a commercial product in solutions
or in a lyophilized form. The dilute aqueous solution of the enzyme can be
stored in arefrigerator for months without considerable change in the activity.
Consequently, catalase appears to be suitable as an analytical reagent, too.

Catalase is known to be a hematoprotein of a molecular weight of about
250 000 containing four protoporphyrin groups in the molecule. The central
iron(l1l) ions are planarly coordinated by the N atoms of the porphyrin ring.
Below and above the plane, the protein is linked to one of the coordination
sites 5 or 6 whereas water or hydrogen peroxide is linked to the other one.
According to some authors [9] the activity of catalase to decompose hydrogen
peroxide isindependent ofthe pH in the pH range between 4—10 whereas other
authors observed the maximum rate of decomposition at about pH 7 [10].
According to the preliminary investigations in unbuffered solutions as well as
in the presence of Veronal buffer the rate of decomposition shows up a maxi-
mum at pH 7.3 with the only difference that the velocity was higher by about
15% than that observed in unbuffered medium (Fig. 1).

The absorption spectrum of the catalase solution with and without
Veronal buffer is shown in Fig. 2 according to which there is a weak optical
interaction at about 265 nm.

In the presence of peroxo derivatives catalase exhibits a peculiar behav-
iour. Peroxo-monosulphuric acid and peroxo-monophosphoric acid can be
stored in a buffered solution at pH 7.3 for a longer period without any decom-
position whereas peroxo-disulphate and to a smaller extent also peroxo-
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Fig. 1. Catalase activity at different pH values. Amount of oxygen evolved in 8 minutes (in
normal cm3); Hydrogen peroxide: 3.9 X10-3 M. Catalase: 1x 10 -8M. Curve 1: in unbuffered
medium. Curve 2: in 0.01 M Veronal buffer

Fig. 2. Absorption spectra of4.10 6M catalase. Curve 1:in water. Curve 2:in a Veronal buffer,
against a reference solution containing Veronal, light path: 0,2 cm.

diphosphate undergo decomposition. In contrast to the inorganic peroxo-
monoacids also peroxo-benzoic acid suffers decomposition. According to our
measurements no gas is evolved during the decomposition of peroxo-disulphate.
— In a slightly acidic medium the concentration of peroxo-acids and the
activity of catalase are decreased by the reaction between the peroxo-acids and
catalase.
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Based on observations mentioned above the following procedure is recom-
mended for the simultaneous determination of hydrogen peroxide and inorganic
peroxo-monoacids. Catalase solution is added to the sample to be analysed and
the mixture allowed to stand in a neutral medium for a period needed for the
decomposition of hydrogen peroxide. When the decomposition is completed
the iodine liberated by the peroxo-acid is determined spectrophotometrically.
In another sample the total oxidazing capacity is determined.

Reagents
0.2 M Na-Veronal
0.2 M HC1
10—6 M catalase, crystalline catalase preparation Reanal (produced from ox liver) dissolved
in water

0.1 M potassium iodide (prepared freshly) solution
0.05 M acetic acid
0.1 M sodium monomolybdate

Procedure

Transfer 2 ml of the Na-Veronal, 2 ml of hydrochloric acid and 5 ml of catalase solution
in a 25 ml volumetric flask. Then add the sample containing the peroxo-compounds to be ana-
lysed (the sum of concentration of peroxides must not exceed to 100 fiM1). Allow the mixture
to stand for 20—30 minutes, then adjust the pH to 3.4—3.8 with acetic acid, add 5 ml of potas-
sium iodide solution. Having filled the volumetric flask allow to stand it for an hour and then
measure the absorbance of the liberated iodine at 400 nm in a cell of adequate light path
(g4°° 51, 6400 dm3 e molt' 'em 1. On using a calibration curve for evaluation more accurate
results can be obtained. Attention must be paid to the fact that acidification with acetic acid
must precede the addition of potassium iodide since otherwise hypoiodite is formed which
attacks the protein and thus the concentration of iodine is decreased.

Total oxidizing capacity is determined similarly but without adding catalase to the
sample. Instead, 0.1 M sodium molybdate is added in order to accelerate the reduction of hy-
drogen peroxide by iodide ions. On measuring light absorption, also water can be applied in both
cases as reference solution.

The data in Table I show that measurement is fairly reproducible. The standard devia-
tion is = +0.39 /.iM, whereas the variation coefficient A% = 0.74.

Discussion

The peroxide-decomposing activity of catalase has its maximum value at
about pH 7 (see Fig. 1). However, it appeared favourable to work at about pH 7
not only to ensure higher rates of decomposition but also because at lower pH
values even the peroxo-monoacids are attacked by the enzyme. Since the pH
changes with the progress of the decomposition of hydrogen peroxide, the use
of a buffer is desirable. For this purpose we found Veronal to be quite adequate.
In our opinion the acceleration ofthe rate of decomposition by about 15% in the
medium buffered with Veronal in comparison to the rate in unbuffered medium
is not due to certain activation of the enzyme induced by the buffering sub-
stance but simply to the alteration of the pH value during the decomposition

Acta Chim. (Budapest) 89, 1976



2%

Applied
XM

97.5
440.0
892.0

499.0
499.0
499.0
100.2
418.0
736.0
998.0

168.0
168.0
168.0
168.0
168.0
168.0
168.0
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Hydrogen peroxide

Found
fiM

0.37
0.36
0.38

Residue
%

0.40
0.08
0.04

Table 1

Applied
oy

Peroxo-acid

Found Deviztion
M 9

Peroxo-monosulphuric acid

28.0

39.2

78.4
117.6
106.5
530.0
883.0
540.0
515.0
515.0
540.0

27.0 —3.4
38.8 —1.0
78.4 0.0
119.0 + 1.2
109.0 + 2.0
523.0 -1.3
916.0 + 35
546.0 + 1.3
519.0 +0.8
519.0 +0.8
541.0 +0.3

Peroxo-monophosphoric acid

23.1
32.2
47.8
70.4
92.3
138.6
690.0
690.0
690.0
690.0
690.0
690.0
690.0

22.9 -1.0
22.9 —1.7
46.6 —2.5
70.7 +0.5
91.9 —0.5
138.0 —0.5
690.0 0.0
691.0 +0.1
684.0 —1.0
692.1 +0.2
690.2 0.0
697.0 + 1.0
692.3 + 0.2
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Table | (continued)

Standard deviation: + 0.387 pM
Variation coefficient: 0.741 %

1 1

Peroxo-disulphuric acid

- - - 91.2 78.7 —13.8
— - — 267.0 282.0 + 55
— — — 430.0 348.0 —195

Peroxo-benzoic acid

- - - 45.6 37.0 —19.0
— — — 150.0 114.0 —24.0
— — — 242.3 223.0 — 8.0
— — — 350.0 280.1 —19.0

process in the absence of a buffer. Namely, the pH of the solution rises with
the decrease of the concentration of hydrogen peroxide and this reduces the
rate of decomposition. It can be seen in Fig. 2 that there a weak optical inter-
action: a small maximum appears at 253 nm between the enzyme and buffer-
ing substance. It is known that the catalase effect is decreased or even inhibited
by strong Lewis bases by occupying one of the coordination sites 5 or 6,
which is essential as regards ofenzyme activity. Obviously, our method cannot
be applied in the presence of substances of this type e.g. of cyanide.

In the behaviour of enzyme against various peroxo-compounds no regular-
ities could be observed. On taking into account that inorganic peroxo-mono-
acids are both potentially and also kinetically strong oxidizing agents it is
quite surprising that the enzyme does not suffer any alterations in their pres-
ence. Otherwise, however, the selectivity is very peculiar in that certain
monosubstituted peroxo derivatives such as peroxo-monosulphuric acid and
peroxo-monophosphoric acid are not whereas peroxo-benzoic acid is decompos-
ed, to an appreciable extent by catalase. Actually, the latter behaviour could be
expected on considering the behaviour of the alkyl hydroperoxides. — Peroxo-
diacids are kinetically weaker oxidizing agents, and therefore their marked
decomposition on the effect of catalase was quite unexpected. However, during
their decomposition oxygen was formed only in a very minute quantity which
points to the fact that the occurring decomposition reaction is not of the cata-
lase type.

The suggested simple method offers over the procedures known up to the
present the advantage that hydrogen peroxide and the peroxo-acids can be
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determined with the same sensitivity. In addition to that, also the determina-
tion of peroxo-monophosphoric acid in the presence of hydrogen peroxide

can

[10]

be carried out by this method.
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The mass spectra of EtSiH 3, PrSiH3and PhSiH3are dominated by the fragment
obtained by the loss of one and two a.m.u. The ionization potentials as well as the
appearance potentials of abundantions (P-1+, P-2+) have been determined and the ionic
bond dissociation energies of Si-H bond are calculated. These data imply certain ioniza-
tion mechanisms for alkyl- and arylsilanes. The problem of determining the D(Si-C)
value on the basis of AP(R+) or AP(SiH3+) is discussed, invoking Stevenson’s rule.
Approximate fragmentation mechanisms are proposed.

Introduction

Organosilicon compounds have been extensively studied by mass spectro-
metry and attention has been focused on energetic data used to obtain Si—H
and Si—€ bond dissociation energies [1—11]. However, energetic data are
often in strong disagreement (see, e.g. the values reported for the ionization
potential of Me4Si) and few attempts have been made to clarify fragmentation
processes by the study of metastable ion transitions and by energetic consider-
ations. This point is of particular interest because organosilicon compounds
may permit a further test of the quasiequilibrium theory of mass spectra, tak-
ing into account the great amount of work already done on analogous hydro-
carbons.

In this study on EtSiH3, PrSiH3 and PhSiH3an attempt is made to clar-
ify their ionization mechanism and fragmentation pathways as a first step
to a QET calculation of their mass spectra.

Results and discussion

In Fig. 1 are presented the 50 eV mass spectra of EtSiH3, PrSiH3 and
PhSiH3together with the corresponding spectra of carbon analogues. The main
characteristics of the mass spectra are the following.

(1) In the silicon derivatives, fragment ions obtained by loss of one and
two a.m.u. carry a large portion of the total ion current.

(2) Upon increasing the hydrocarbon chain, the similarity between the
silicon and carbon derivatives becomes more evident; For example, in the case
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of EtSiH 3the base peak is (P-2)+ while for propane it is (P-15)+; however, for
both PrSiH3 and butane the base peak corresponds to (P-15)+.

3) The ion at m/e = 31, assigned as SiH3+ on the basis of its isotopic

composition, is absent in the spectrum of PhSiH3. In an attempt to clarify

the processes leading to the mass spectra of these compounds, we have deter-
mined the ionization potentials (I.P.) and appearance potentials (A.P.) of
some interesting fragment ions. Moreover, in order to test the consistency of
our experimental data with those found in the literature, we have measured
also the 1.P.’s of methyl substituted silanes. The 1.P.’s (in eV) are given in
Table |I. From the data, it is evident that for the alkyl derivatives, the I.P.’s
decrease with increasing electron releasing effect of the group(s) bonded to the
Si atom.

This trend, together with the lower 1.P. values relative to those of the
corresponding carbon compounds suggests a charge localization on the silicon
atom at least at the ionization threshold. This hypothesis is in contrast with
that of Steele et al. [10] who suggested an ionization from the alkyl groups.
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Table |
lonization potentials (eV)
Compound

This work Literature
Me2SiH 2 10.72 —
Me3SiH 10.22 10.10*, 9.8[1]
Me4Si 9.92**
EtSiH3 10.19 10.18 [10]
PrSiH3 10.04 —
PhSiH3 9.52 9.09a

* Adiabatic value by photoelectron spectroscopy; G. Distefano, S. Pignataro, L.
Szepes, unpublished results.

** This value is in good agreement with the best data of the literature [2—T7].

a Adiabatic value by photoelectron spectroscopy [13]

Some support to our hypothesis comes from the I.P. of PhSiH3: the ionization
potential of this compound is too low to be explained by the electronic effect
of the aryl group on the silicon atom; an ionization from the aromatic ring is
more likely.*

On the other hand the ionization potential of the phenylsilane is higher
than that of the toluene showing that the substitution of a methyl by a silyl
group causes an increase in the I.P. and not a decrease, as would be obvious from
an ionization from the methyl or silyl group.

The appearance potentials are reported in Table II; these data were used
to calculate the bond dissociation energies also shown in this Table; they allow
to establish the nature of the neutrals of some fragmentation processes. The
lower A.P. for the loss of two a.m.u. from the molecular ion (we have found
the appropriate metastable ions which show that these are primary processes)
clearly indicates that these fragmentations are accompained by the formation
of hydrogen molecules. Assuming this mechanism, we can calculate D(RSiIiH —
H)+, also reported in Table Il, from the following relationship:

A.P. (RSiH)+ = I.P.(RSiH3 + D(RSiH2—H)+ + D(RSiH-H)+-D (H -H )

It is also assumed that the two hydrogen atoms come from the silicon atom.
There is no direct evidence for this assumption, but we should like to note that
in the mass spectra of R3SiH type compounds there are no ions formed by the
loss of two a.m.u. from the molecular ion [16].

*This idea is supported by the photoelectron spectrum of phenylsilane whose first
band, extending from 9.0 to 9.8 eV, has been assigned to the uppermost n levels of the benzene
ring [3].
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Table 11
Compound lon A.P. (eV) AP-IP (eV) D(RSiH-H)+(eV)
EtSiH3 EtSiH+ 11.38 1.19**
EtSiH + 10.69 0.50 3.38
PrSiH3 PrSiH + 11.00 0.96**
PrSiH + 10.60 0.56 4.12
PhSiH3 PhSiH + 11.60 2.08**
PhSiH + 11.32 1.80 4.24
EtCH3[15] EtCH + 11.76 0.56* D(RCH-H)+
EtCH+ 12.20 1.00 4.96
D (Si-C)
PrSiH3 C3H+ . 110 3.20 eV =
73.6 kcal/mol

* The suggested structure of this ion is (CH3CHCH?3); according to Vestal [14],
the activation energy for the loss of a terminal hydrogen is 1.14 eV.
** This value corresponds to D(SiH2—H)+

These data, when compared with those for propane, can be used to explain
some features of the mass spectra. It is evident that the activation energy for
the loss of H2is low with respect to both the analogous process in propane
and the loss of a hydrogen atom; in addition, the bond dissociation energies
listed in the last column of Table Il show a higher value for propane. In this
situation it is not surprising that the mass spectra of the silicon derivatives are
dominated by fragments obtained by the loss of one and two a.m.u. In view of
the rather similar Si—H and C-H bond dissociation energies (about 90 and 98
kcal/mol, respecitvely), it seems likely that the differences found in the acti-
vation energies (which in turn determine the differences in the mass spectra)
coidd be ascribed to a preferential charge localization on the silicon atom for the
alkyl derivatives.

In the case of phenylsilane the activation energies for the same processes
are higher than those for the alkyl derivatives and, as a consequence, also the
ionic bond dissociation energies show a trend which is not in contrast with the
differentionization mechanism ofthis compound, suggested before. The positive
charge localization on the benzene ring enhances the stability of the molecular
ion and the Si-H bond energy is lowered less extensively in the ion (see Table 11,
column 4).

It would be obvious to determine the Si—€ bond dissociation energy by
measuring the A.P. of the SiHj" or R + fragment ions. In all cases, except for
the C3H f ion, the ionization efficiency curves show a long tail which excludes
an accurate A.P. determination. For EtSiH3 the ions and SilTjt are

Acta Clim. (Budapest) 89, 1976



INNOETA et al.. MASS SPECTROMETRIC STUDIES 27

Table 111
I.P. of the )
Reaction corresponding Relative abundance

radicals eV i(fi<
CHBSiH + — SiH + + CHS- 8.32 [10] 9.6
CHS5SiH+ — C2H+ + SiH3. 8.78 [17] 558
CHTSIH3 — SiH+ + CH7- 8.32 [10] 4.9
C3H,SiH3 - C3H+ + SiH3. 7.80 [17] 14.4

not suitable for this type of measurements because of two different reasons.
According to Stevenson’srule, the C2H5+ ion should be formed with a consider-
able amount of excess energy (see Table IIl); on the other hand, the SiH3+ ion
can be formed also by secondary processes (see later, the metastable transi-
tions). These two facts are responsible for the long tails observed in the ioniza-
tion efficiency curves of these ions.

The low I.P. of the C3H7 radical indicates that the C3H7+ ion from
PrSiH3 should be formed without excess energy, so its appearance potential
has to provide areasonable value to calculate the Si—€bond dissociation energy.
In fact, the result (3.20 eV = 73.6 kcal/mol) is in good agreement with bond
dissociation energy data for other RSiH3type compounds [10].

The relative abundances of the SiH3+ and R+ ions are governed by the
I.P, of the related radicals, showing that the mass spectra are strongly influ-
enced by the activation energies of the various processes [18]. However, the
mass spectrum of PhSiH 3seems not to follow this pattern: one would expect a
relatively intense SiH3+-fragment ion, owing to the high I.P. of the phenyl
radical (9.89 eV). The very low intensity, or the absence of this ion, implies a
very high activation energy for its formation, attributable to a strong (p~d)n
effect which stabilizes the Si-C bond to a considerable extent. Evidence for
such type of interaction comes also from photoelectron spectroscopy [13].

Table IV

Compound ~ m* Reaction m(calcd.)
C2H5SiH3 56.2 C,H/8SiH+ *m C2HfSill+ + H, 56.07
16.3 CH528SiH+ - 28SiH+ + C2H4 16.29

C3H7SiH3 72.1 C3H,28SiH+ C3H7285iH+ + H2 70.06
27.8 C3H7268SiH+ -v 28SiCH+ + C2H4 27.74

26.8 C3H,285iH+ — 28SiCH+ + C2H4 26.80

16.25 C2H428SiH+ - 28SiH+ + C2H4 16.27

C6H5SiH3 103.0 28SiCcH + A 28SiICeH+ + H2 103.04
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Table IV showsthe metastable transitions found for the compounds stud-
ied. On the basis of energetic considerations and metastable transitions, we
propose the following tentative fragmentation pathways:

C2H5SiH3+ — C2H5SiH2+ + H.

bommomeeee- * e vSiH3+ + C2H4
bemmmmemoeeeees >-SiH+ + H2
CHSSiH+ + H2 P 9-Si+ + H-
= N e — *SiCH3+ + CH3.
“m SiH3+ + C 2H5.
b-mmmmmmme e >-SiH+ + H2
[ e »Si + H-

C3H7SiH3+ — C3H7SiH2+ + H-
bemmomm oo *SiCH5+ + C2H4

U C3HT7SIH+ + H2
- — *——VSiCH4+ + C2H4

bemmmmmmoeeoe e >-SiCH2+ + H2
— C2H4SiH3+ + CH3.
! * *SiH3+ + CH4
J--mmmmmeeee — — >-SiH+ + H2
|--mmm e *Si+ + H.
—» C3/17+ + SiH3-
f-mmmmmme e ,C3H5+ + H2
bommmemeeeneeen >C3H3+ + H2
~SiH3+ + C3HT7.
ke - >-SiH+ + H2
b-mmmmmmmeem *Si+ + H-
CeH5SiH3+ “mSiC6H 7+ + H-
b >-SiCeH5+ + H?2

—4 SiC6H 6+ -f- H2

*Fragmentations proved by metastables.
(a) A.P.(SICH3+ = 12.12 eV; this relatively high value makes this mechanism probable.

It is important to note that the formation mechanism of the last frag-
ment ions is rather uncertain [23]; a serious complicating factor is the strong
randomization of hydrogen atoms [24].
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Experimental

The measurements were performed with an Atlas CH4 spectrometer. The samples were
introduced via a gas inlet system. At the normal operating temperature of the ion source
(*=«150 °C), there was no indication of thermal decomposition of the compounds. lonization
potentials have been determined by the methods of Honig and Lossing et al. [19, 20] and the
appearance potentials by the warren method [21].

Xenon was introduced together with the sample to calibrate the electron energy. The
reproducibility was +0.1 eV.

Silanes were prepared by reduction of the corresponding chlorosilanes with LiAIH4 in
ether solution [22]. Purity was checked by g.l.c. and bulb to bulb destination was made when

necessary.
*

We thank the Ministern per gli Affari Esteri Italiano for a grant to L. Sz. The authors
are grateful to Prof. A. Foffani and Dr. G. Distefano for helpful discussions.
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The magnetization of six different nickel skeleton catalysts has been measured
after heat treatment at 100—400 °C, as a function of the field strength and temperature.
A computer method was applied to calculate the saturation magnetization and the Curie
temperature from these data. Changes in magnetization values have been compared with
the results of thermodesorption and thermal analysis. Relationships were established
between changes in the saturation magnetization of the catalysts and the type and
quantity of desorbed hydrogen, on the one hand, and between the increasé of the Curie
temperature and the change in particle size of the catalyst, on the other hand. From
these findings it has been concluded that the Curie temperature of ferromagnetic nickel
in the skeleton catalysts is significantly lower, owing to the small particle size, than the
Curie temperature of hulk nickel, and that the two types of hydrogen sorbed on nickel
reduce the magnetization of the latter to different extents.

Introduction

As Raney nickel is a widely applied hydrogenation catalyst, its prop-
erties and structure have been extensively studied without, however, the
emergence of a consistent opinion.

The catalytic properties of Raney nickel have been studied in liquid-
phase and gas-phase hydrogenations [1-5]. Its surface area was measured
using physical and chemisorption methods. Its hydrogen content was deter-
mined by means of miscellaneous chemical and physical methods. Its
particle size has been determined by X-ray diffraction, its surface properties
studied with the electron microscope, with electron microprobe analysis and
electrochemically. Finally, the particle size distribution, hydrogen content
and thermal stability of ferromagnetic and catalytically active nickel have
been investigated by magnetic methods [6—13].

The majority of workers agree on the following points:

(i) Raney catalysts contain metallic nickel, nickel-aluminium alloy,
aluminium hydroxides, water, alkali ions and hydrogen.

(ii) 1fonly equilibrium alloy phases were contained in the initial alloy, the
active nickel, according to most investigations, is ferromagnetic.

(iii) Part of the aluminium remaining in the catalyst is present as metal
in the undecomposed nickel-aluminium alloy, while the other part is present
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in the form of aluminium hydroxide. The undecomposed nickel-aluminium
alloy is paramagnetic. The degree of hydration of the aluminium hydroxides
isvarying. The results of thermal analysis (1) indicate that in the case ofextrac-
tion with NaOH, Raney nickel contains mainly hydrargillite.

(iv) Raney nickel contains large amounts of hydrogen (usually >10
cm3g). This is partly adsorbed on its surface, and partly adsorbed in the nickel
lattice.

(v) During heat treatment of Raney nickel, on the one hand, sorbed
hydrogen is removed (the quantity of the removed gas and the characteristic
temperature of desorption can be determined by thermal desorption experi-
ments [11, 12, 13], and on the other hand, metal crystallites in the catalyst
aggregate under the effect of heat [14]. As a result of both processes, the mag-
netic properties of the catalyst will change [14].

The open question in this respect is how hydrogen desorption and in-
crease in particle size affect the magnetic characteristics, namely the saturation
magnetization and Curie temperature.

Data are available in the literature [14, 16—31] on the effect of hydrogen
sorption on the saturation magnetization of nickel catalysts and on the effect
of particle size on the saturation magnetization and Curie temperature.

According to these data, the magnetization of superparamagnetic
nickel, at lower temperatures, linearly decreases with the quantity of sorbed
hydrogen. No unequivocal relationship exists for ferromagnetic catalysts be-
tween the quantity of sorbed hydrogen and magnetic characteristics of the
catalyst. Only the fact that magnetization decreases with hydrogen sorption
eould be established. From the dependence of the magnetization of supermag-
netic catalysts on the field strength and temperature, the magnetic moment
of nickel particles and hence their diameter can be calculated.

No unambiguous relationship between the magnetization and Curie tem -
perature of catalysts containing ferromagnetic nickel particles in the transition
range between superparamagnetic and ferromagnetic states, on the one hand,
and particle size, on the other, has been found. Macnab and Anderson [32]
assert that the Curie temperature of catalysts containing 50 A nickel particles
cannot differ greatly from that of bulk nickel. They therefore attribute the
measured, significantly lower values to the non-homogeneous solid solution of
hydrogen and aluminium in nickel. This explanation is, however, doubtful
since aluminium presentin the catalyst is either aluminium hydroxide or metal-
lic aluminium. The former does not affect the magnetization of nickel, as
demonstrated by studies of catalysts on alumina support. Metallic aluminium,
on the other hand, is present in the form of its nickel alloy, in undecomposed
particles similar in composition to the initial alloy. For this reason, aluminium
can act only on nickel in the alloy, in close contact with it, that is, it can only
reduce the saturation magnetization and Curie temperature of this nickel, but
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cannot affect separate ferromagnetic nickel particles in its vicinity. X-ray
diffraction studies confirm that metallic aluminium cannot he detected
in Raney nickel, only varying amounts of the nickel—aluminium alloy
phase, depending on the extent of extraction.

The effect of hydrogen content in the catalyst on the magnetization of
nickel has been elucidated. Its reducing effect on the Curie temperature has
not been confirmed up to now.

A more probable explanation for the difference between the Curie tem -
peratures of Raney nickel and bulk nickel assumes that a reduction of nickel
particle size is accompanied by the lowering of the Curie temperature, and in
heat treatment, as a result of particle aggregation, the Curie temperature of
the catalyst tends towards the Curie temperature of bulk nickel [15,16, 28,33].

In another paper, Macnab and Anderson [34] attempt to evaluate ex-
perimental results obtained with Raney nickel by assuming that the catalyst
is superparamagnetic and the modified Langevin formula is valid. This assump-
tion is based on nickel particles smaller than 300 A being considered as inde-
pendent Weiss domains, i.e. superparamagnetic. Thus, the 100 A particles in
Raney nickel are thought to belong to this class. This explanation, however,
contradicts earlier findings [32], according to which, the Curie temperature of
nickel particles larger than 50 A is close that of bulk nickel, i.e. that such par-
ticles are ferromagnetic. In one of our earlier papers [33] we have pointed out
the error caused if ferromagnetic nickel catalysts are considered superpara-
magnetic. Another source of error may arise from the fact that the saturation
magnetization of one and the same nickel catalyst is different in the presence of
hydrogen and in the gas-free state. Therefore particle sizes calculated from
magnetic measurements on imperfectly degassed catalysts will not reflect the
true particle size.

We have carried out studies on skeleton nickel catalysts belonging to
different types. We followed the processes taking place during heat treatment
of the catalysts by means of magnetic measurements, thermodesorption meas-
urements, and thermal analysis. From the data obtained, conclusions were
made on the structure of the active catalyst.

Experimental

A Faraday magnetic balance was used for magnetic measurements. The
apparatus allows to vary the field strength in the range of 5to 10 kOe and the
temperature in the range of 25 to 450 °C. Hydrogen and/or argon can pass
through the measuring chamber.

Sample weights were between 2 and 10 mg. The magnetic balance was
calibrated with high-purity metallic nickel. The accuracy of the measurement
was + 1%.
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The catalyst samples were treated in the chamber ofthe magnetic balance
at increasing temperatures, in argon flow. After each treatment, magnetization
as a function offield strength and temperature was measured at the temperature
of the heat treatment and at lower temperatures.

A computer procedure was used to calculate the saturation magnetization
and Curie temperature characterizing the equilibrium state established after
heat treatment [33]. The essence ofthis procedure consists in using the formula
valid for ferromagnetic substances

ffloG + H/Wga

filcTo, = tanh
T/B

(1)

and a modified variant of the procedure of Hooke and Jeeves [35].

In the formula, a is the magnetization at the given temperature and field
strength, (lmthe saturation magnetization at T = O K (in emu g-1cm3), H is
the field strength (O¢), W the ferromagnetic constant, gthe density of nickel
(gcm-3), T the absolute temperature (K), and & the Curie temperature (K).

Thermodesorption studies were carried out in an apparatus fitted with
a catalytic combustion chamber detector. A linear temperature program at
a rate of 8 °C/min was applied and experiments were carried out in an argon
flow. (The apparatus was calibrated with accurately measured hydrogen. The
amount of desorbed hydrogen was determined from the peak area of the detec-
tor signal). The temperature corresponding to the peak maximum was accepted
as the temperature characterizing the desorption of the given type of hydrogen.

Thermal analysis was carried out with a Derivatograph (system Paulik—
Paulik-E rdey, manufactured by MOM). Catalyst samples of about Ig were
dehydrated before an analysis with alcohol. The alcohol was then evaporated
in the chamber of the instrument, in an argon flow at ambient temperature,
thereby preventing oxidation of the catalyst by air in the course ofintroducing
the sample into the instrument. DTA, DTG and TG curves were recorded in
argon at a heating rate of 5 °C/min.

It should be remarked that thermomagnetic analysis served to charac-
terize the equilibrium state established in the course of heat treatment, as
opposed to thermodesorption and thermal analysis recording non-equilibrium
changes taking place at steadily rising temperatures. This may cause some devi-
ation in the values of characteristic temperatures. Nonetheless, we think that
the results obtained in these measurements may be compared.
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Catalysts

One of the samples was a commercial Raney nickel manufactured by
Chinoin, Budapest. The other samples were prepared from 50—50 wt. % nickel-
aluminium alloy, 35—65 wt. % nickel-zinc alloy and 50—50 wt. % nickel—sili-
con alloy. The particle size was <60 pm for all alloys.

The commercial sample, marked CH, is made from a Ni—Al alloy con-
taining 48 wt. % nickel, by extraction at 50 °C with 15 wt. % NaOH.

The catalyst marked RI was prepared from the 50—50 wt. % Ni-Al
alloy by extraction at 90- 100 °C with 25 wt. % NaOH.

The catalysts marked R2 and R3 were also prepared from this alloy, using
a special procedure [36]. These catalysts are so-called high-activity skeleton
catalysts.

The catalysts marked H and E skeleton catalysts with reduced pyropho-
ric properties. They were prepared from the above-mentioned Ni—=Zn and Ni—Si
alloys by partial extraction with NaOH [37].

After extraction with alkali, all catalysts were washed with distilled
water and stored under water. Measurements were performed at least one week
after the catalysts had been prepared.

Results

The Ni-Al, Ni-Zn and Ni—Si alloys used as starting materials were para-
magnetic and contained no ferromagnetic contaminations. The results of ther-
momagnetic analysis for the different catalysts are presented in Figs 1—6.
All samples were heat-treated similarly, in steps of 50 °C, between 100 and 400
°C. The magnetization was measured first at 25 °C before heat treatment, and
subsequently, after heat treatment, at the temperature of the treatment and
at successively lower temperature in steps of 50 °C. The field strength was in
the range of 5 to 10 kOe.

From magnetization, field strength and temperature data, using Eq. (1),
the saturation magnetization exprolated to O K, a,, belonging to the equilib-
rium state (corresponding to the temperature of heat treatment), and the Curie
temperature, O, were computed. The results are presented in Figs 1—6 as a
function of temperature of heat treatment.

The figures indicate that for all catalysts prepared from the Ni-Al
alloy, the value of a,, changes mainly in the 25—100 °C and 200—300 °C
ranges. The Curie temperature increases between 100 and 200 °C, and decreases
by about 20 to 40 °C between 250 and 300 °C.

W ith the catalyst prepared from the Ni- Zn alloy, the decrease of the
Curie temperature takes place already at lower temperatures (150—200 °C).
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1 | 1 |

0 100 200 300 400
°C

Fig. 1. Saturation magnetization and Curie temperature vs. temperature of heat treatment.
Catalyst CH O ------ O &> O -0 &

Fig. 2. Saturation magnetization and Curie temperature vs. temperature of heat treatment.
Catalyst RI O —-—0O &> 0O -—— 0 &

Fig. 3. Saturation magnetization and Curie temperature vs. temperature of heat treatment.
Catalyst R2 O ——O0 [ 0o ©
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Fig. 4. Saturation magnetization and Curie temperature vs. temperature of heat treatment.
Catalyst R3 Q ——0O m J— 0o ©

Fig. 5. Saturation magnetization and Curie temperature vs. temperature of heat treatment.
Catalyst H O ------ 0 O - o © $

Fig. 6. Saturation magnetization and Curie temperature vs. temperature of heat treatment.
Catalyst E O ---- o O-—-——0 ©
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W ith the catalyst prepared from the Ni-Si alloy, the values of both a,,
and O increase monotonically with the temperature of heat treatment.

The thermodesorption diagram for the skeleton catalyst CH is presented
in Fig. 7. The curves obtained with the other catalysts are similar in shape,
so that only the diagram for catalyst CH is shown by way of a typical example.

Fig. 7. Thermodesorption measured on catalyst CH. Quantity of desorbed hydrogen (dectector
signal) vs. temperature

The quantities and types of the desorbed hydrogen and the characteristic
temperatures of desorption are listed in Table I. With the exception of catalyst
E, two types ofhydrogen are desorbed from each catalyst, one with lower bond
strength at atemperature around 100 °C, and one with higher bond strength at
a temperature close to 250 °C.

Hydrogen desorbed attemperature above 400 °Cis negligible as compared
to the former. Apparently this is not adsorbed hydrogen, but is presumably
formed in the reaction of H20 released from aluminium and Zn hydroxides
with the residual aluminium, Zn and nickel.

The results of thermal analysis are presented in Figs 8—10. Catalyst R
prepared from the Ni—Al alloy (Fig. 8) loses the water bound in aluminium
hydroxides in the 200 —300 °C range. The characteristic temperature of water
loss is 250 °C, indicating that aluminium hydroxides are present in the form of
hydrargillite. The magnetic analysis of this catalyst revealed a sharp rise in
magnetization and a decrease of the Curie temperature around 250 °C, and
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Table 1

Thermodesorption of hydrogen

Characteristic peak Total desorbed
Catalyst temrperaturéoe Desn%rbed h?/drogen n@/dro%n
) jem3g catalyst) (cm3g catalyst)
CH 80 14
257 44,3 58,3
R1 95 25
230 47 72
R2 118 18
200 32 50
R3 150 35
268 28 63
H 90 0.56
287 0.7 1.26
E 65 28 28

thermodesorption measurements demonstrated that substantial amounts of
hydrogen are desorbed at this temperature. The DTA curve also indicates the
endothermic loss of water.

Fig. 8. Derivatogram of catalyst Rl. Change in weight (TG), rate of change in weight (DTG
and change in enthalpy (DTA) vs. temperature
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Catalyst H prepared from the Ni-Zn alloy (Fig. 9) loses water between
150 and 200 °C. (A similar process was observed with zinc hydroxide prepared
from pure zinc by dissolution in alkali.) W ith catalyst H, the agreement between
thermomagnetic and thermal analyses was again apparent, since the decrease
of its Curie temperature takes place in the above temperature range.

Fig. 9. Derivatogram of catalyst H. Change Fig. 10. Derivatogram of catalyst E. Change

in weight (TG), rate of change in weight in weight (TG), rate of change in weight

DTG) and change in enthalpy (DTA) vs. (DTG) and change in enthalpy (DTA) vs.
temperature temperature

Dehydration of catalyst E prepared from the Ni—Si alloy starts already
above 50 °C (Fig. 10) and the sample weight decreases monotonically with
rising temperature. Hydrogen desorption also proceeds at a low temperature,
around 65 °C. In good agreement with this finding, the magnetization and
Curie temperature also increase monotonically with temperature.

A comparison of the desorbed quantities of the two types of hydrogen
with the change in saturation magnetization taking place in the approximate
temperature ranges of desorption (Table Il) shows that hydrogen desorbed
at the lower temperature causes an average change of ~0.22 in the number of
Bohr magnetons per hydrogen atom, while the corresponding value for the
desorption at the higher temperature is ~0.55.

In this respect, catalyst H prepared from the Ni-Zn alloy behaves differ-
ently, because its magnetization — in view of its ferromagnetic nickel content
— specifically increases to a multiple of its original value in the course of heat
treatment. This is presumably not exclusively attributable to hydrogen desorp-
tion.
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Table 11

Relationship between changes in magnetization and the quantities
of desorbed hydrogen

| Temperature Ao Dhesgrbed ;
Catalyst range rogen b/H atom*
Y (o(g;) (emu g-1cm3 (cm3yg ce?talyst) "
CH 50-120 1.4 14 0,20
150-400 10.8 443 0.49
R1 25—120 2.8 25 0.22
150-350 13.5 47 0.58
R2 25— 150 3.0 18 0.33
175—300 7.0 32 0.44
R3 25—180 3.5 35 0.20
200-350 10.5 28 0.76
H 25—200 2.6 0.56 9.4
230-350 6.2 0.7 18
E 25—200 3.0 28 0.22

= 1< = number of Bohr magnetons

Discussion

The interpretation of magnetic analysis results is difficult with Raney
catalysts, owing to the complex, multi-constituent systems involved. This is
the reason why we attempted to follow the changes taking place in the catalyst
as a result of heat treatment simultaneously by several different techniques.

The results indicate that the state of the catalysts can be characterized
by their saturation magnetization and their Curie temperature. The deviation
ofthese values from these observed after heat treatment and from those of bulk
nickel may, on the one hand, serve as a measure for the quantity and type of
hydrogen sorbed on the catalyst and, on the other hand, will characterize the
particle size and its changes upon heat treatment.

It may be seen from the data in Table Il that changes in saturation mag-
netization for certain temperature ranges are in good agreement with the
quantity of desorbed hydrogen: the change in saturation magnetization taking
place as the result of the desorption of unit amounts of hydrogen is similar
for the different catalyst types. These data indicate that the type of hydrogen
desorbed at the lower temperature exerts a smaller effect on magnetization
since it is more loosely bound to nickel.
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The significant difference between the saturation magnetization of cata-
lysts treated at 400 °C (i.e. containing only negligible amounts of sorbed hy-
drogen) and that of bulk metallic nickel may presumably be associated with the
significant amounts of undecomposed Ni—Al, Ni-Zn and Ni—Si alloys and hy-
drated Al, Zn and Si hydroxides, contained in the catalysts, so that the per-
centage of ferromagnetic substance is lower.

Our results indicate that the Curie temperature of the catalysts is in
close relationship with the particle size. Reliable X-ray diffraction measure-
ments [14] have demonstrated a particle size increase from 93 to 150 A in
Raney nickel catalysts treated at increasing temperatures (25—600 °C). Our
measurements indicate that the Curie temperature of the catalysts treated
at increasing temperatures tends towards the Curie temperature of bulk nickel,
but does not reach it in either case. It appears therefore that even after heat
treatment at 400 °C, the catalysts are in a finely dispersed state, as also shown
by the diffraction patterns. A further proof for polydisperse fine particles is
that — in agreement with data in the literature [32] — we also found a close to
linear relationship between magnetization and temperature in the vicinity
of the Curie temperature of bulk nickel.

The finding that the Curie temperature of all catalysts prepared by alka-
line extraction from Ni—Al alloys decreases upon heat treatment between 250
and 300 °C is surprising. This decrease took place with the catalyst prepared
from the Ni—Zn alloy between 150 and 200 °C, while no such phenomenon was
observed with the catalyst prepared from the Ni-Si alloy.

The TG curves indicate that in these temperature ranges the catalysts
lose water, i.e. aluminium and zinc hydroxides contained in the catalyst are
decomposed and transformed. Also, substantial amounts of hydrogen are
desorbed. The decrease of the Curie temperature indicates a decrease in the size
of nickel particles. It seems probable that this is due to sintering caused by
water loss from the gel-like, semicrystalline aluminium and zinc hydroxides
which have a stabilizing effect on the structure and can be regarded, in a
manner, as supports, but lose their cohesive effect on nickel particles when they
lose water. This may lead to a change in the spongy structure of nickel and to
a decrease in its particle size. Hydrogen desorption will enhance these processes.

The fact that no decrease of the Curie temperature was observed with the
catalyst prepared from the Ni-Si alloy whose TG curve points to a continuous
loss of water above 50 °C may serve as indirect evidence for the correctness of
the above assumption.

Summarizing the results of thermomagnetic analysis, thermodesorption
measurements and thermal analysis, the following statements can be made:

(i) The major constituent of Raney-type catalysts is finely dispersed,
ferromagnetic nickel containing sorbed hydrogen. The Curie temperature of
the catalyst is substantially lower (by more than 80 °C) than that of bulk nickel.
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The increase of the Curie temperature (i.e. its approach to that of bulk nickel)
with increasing temperatures of heat treatment indicates that the Curie tem-
perature is in close relationship with the size of the catalyst particle.

(if) The interaction of hydrogen desorbed at different temperatures with
the catalyst differs significantly, as demonstrated by magnetic data: the average
change in magnetization is 0.22 Bohr magnetons per hydrogen atom for the
type of hydrogen bound more weakly, and 0.55 Bohr magnetons per hydrogen
atom for that bound with greater strength. Thus, the quantity and nature of
the hydrogen desorbed from the catalyst has a significant effect on the satura-
tion magnetization of the catalyst.

(iii) A decrease of the Curie temperature takes place after heat treatment
at 250—300 °C in the case of catalysts prepared from the Ni-Al alloy, and at
150—200 °C in the case of the catalyst prepared from the Ni-Zn alloy. These
temperature ranges coincide with the temperatures of water loss in aluminium
and zinc hydroxides and hydrogen desorption. From this phenomenon we con-
clude that residual hydroxides have a stabilizing effect on the structure so
that when they become dehydrated, the size of nickel particles in the catalyst
will decrease and the particle will disintegrate.
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The new [Co(Propox mH)ZANO022 complex ion was obtained by a substitution
reaction from [Co(N02),]3_ with methylisopropylglyoxime (propoxime = PropoxeH2).
A series of new salts of this anion has been prepared by double decomposition reactions.
The IR spectrum was recorded and discussed. The aquation kinetics of [Co(Propox ¢H)2
(N022were studied in a wide range of pH and the kinetic parameters compared with
those of the analogous dimethylglyoxime derivative.

The symmetric 3,4-hexanedione dioxime (diethylglyoxime) and five asym -
metric 2,3- and 1,2-hexanedione dioximes have been obtained and characteri-
zed by UV spectra [1—4]. These isomeric dioximes form chelates of the type
[M(diox-H)2] and [M(diox-H)2XY], respectively, with M(ll): Ni, Pd, Co,
Cu, Fe, Pt and M (IIl): Co, Rh, Ir. The coordination chemistry of these
chelating agents was hardly investigated.

In a previous paper [5] the formation of some complex acids of the type
H[Co(Propox-11)2X2] with X = C1, Br, | has been studied.

We have observed that propoxime reacts readily with Na3[Co(NO02e]
in a warm aqueous alcoholic solution:

Na3[Co(N026] + 2 Propox-H2= Na [Co(Propox-H)2 (N022 +
+ 2NaN02+ 2H LW, 1

The aqueous solution of the sodium salt precipitates Ag+, T1+, Cu+, Hga2+ and
Cs+ and the diacido-tetramine type complex cations [M(amine)4X 2+ (M =
= Co and Cr).

Neither the hexamine and monoacido-pentamine type complexes of
cobalt and chromium (e.g. [M(NH36]3+, [M(en)3]3+, [M(NH3)5X ]2+), nor the
di- and trivalent transition metal ions (e.g. Zn(Il), Cd(Il), Co(ll), Ni(ll),
Fe(lll), Cr(l11)) form well-defined compounds with [Co(Propox-H)2(N022]~.
Like other [Co(diox-H)2X2]“ type anions, this complex readily forms
[Co(diox.H)2 (amine)2] » [Co(Propox-H)2N022] type binary salts. The syn-
theses and analyses for 8 compounds of this type are summarized in
Table I1.
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Table |

New derivatives of the complex acid H[Co(Propox mH)2(N02)?2]
with metals and cobalt(lll)-amines

Analysis(%)

No. Formula Mc‘;'k"é‘ \Ej;()l)d Appearance
Calcd. Found
1. TI[Co(Propox < H),(NO,,)2 641.6 10 Long, thin Co 9.18 9.02
yellow needles N 13.10 12.75
2. AelCo(Propox * H),(NO.,),| 544.9 80 Yellow micro-
crystals Co 10.82 10.64
3. Cs[Co(Propox ¢ H),(NO.,),l 570.2 40 Square, yellow Co 10.33 10.15
prisms N 14.73 14.35
4. Hg,fCo(Propox « H),(NO,)).]., 1275.7 85 Yellow micro-
crystals Co 9.25 9.14
5. trails-[Co(en),Cl,,] -
[Co(Propox « H),(N022| 686.9 40 Green-yellow
plates Co 17.15 17.02
6. trans- [Co(en).,BrZ] - Hexagonal,
fCo(Propox « H),,(NO,,),l 775.8 50 green-yellow
plates Co 15.18 15.07
7. trans- [Co(pn)2CI7]. Green-yellow Co 16.48 16.20
[Co(Propox <« H),(N02),] 715.2 50 prisms N 19.59 19.20
8. 1Co(pyridine)4Cl,] Yellow micro- Co 13.34 13.28
[Co(Propox « H)2N 022 883.1 70 crystals N 15.86 15.60

The salts [Co(diox-H)2Xamine)2] « [Co(Propox-H),(NO,)2] and [Co(Pro-
pox-H)2Zamine)Z « [Co(diox-H)2AN022], which can he obtained via analogous
routes, are coordination isomers. They differ to a small extent in their solu-
bility, colour and crystal form.

We observed that in cone, aqueous solutions, in the presence of sulfuric
acid, [Co(Propox.H)2NO022- loses a NO, group and [Co(Propox-H),(NO,)
(H20)] is precipitated. This nitro-aqua nonelectrolyte undergoes a number
of anation reactions with Cl~, Br-, I -, NCS~, NCSe-, N3_, resulting in the
formation of [Co(Propox-H)2NO02X]~ type complexes. In excess KCN
or Na2S03, coordinated NO2 is also substituted.

The [Co(Propox-H),(NO,)X]~ and [Co(Propox-H),(CN)2]“ complex ions
can be isolated as binary salts.The tervalent [Co(Propox-H)2(S03)2]3~ ion can
be separated as [Co(NH3)6 * [Co(Propox «H),(S032] «6H2, [Co(en)3]. [Co
(Propox -H)2(S03)2]-6H ,0 or [Co(NH3)5H2)]-[Co(Propox-H)2S03)o] « 6H,0.

The IR spectrum of K[Co(Propox-H)2NO,),] shows the presence of
strong intramolecular O-H . .0 hydrogen bridges, similarly to the analogous
dimethylglyoxime derivative. [[O—H 2300—2400 cm_1(w), eO—H .. 0O 1700
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Table 11
New binary salts of the type [Co(DH)Zamine)2] [Co(Propox mH)2NO,).Z

) Analysis %
No. Formula Mglﬁﬂc\g_t' Y:;old Appearance

Calcd. Found
l. [Co(DH)ANH32] R 760.2 60 Yellow micro- Co 15.50 15.60
crystals NH3 4.48 4.36
2. [Co(DH)Zaniline)2 <R 912.3 70 Brown dendrites Co 12.91 12.84
N 18.42 18.20

3. [Co(DH),(p-toluidine)? <R 940.3 75 Brown regular
prisms Co 1253 12.40

4. rCo(DH).,(pyridine).,1 « R 884.3 80 Y ellow-brown
needles Co 13.32 13.29
5. [Co(DH)2Am-toluidine)?] « R 940.3 70 Brown prisms Co 1253 12.28
N 17.86 17.60
6. [Co(DH).,, Co 11.70 11.86

(p-phenetidine)?] « R 1000.28 80 Red-brown

prisms N 16.80 16.64

7. [Co(DH).,(o-anisidine)<>l * R 944.3 75 Y ellow-brown
needles Co 12.48 12.50
8. iCo(DH),,(p-Br-anilinefd «+R 1070 85 Brown plates Co 11.01 11.20

N 1570  15.40
R = [Co(Propox *H)2(N022

1770 cm _1(w)]. These hydrogen bridges stabilize the coplanar Co(Propox-H)2
ring system, i.e. the trans geometric configuration of the dinitrocomplex and,
therefore, ligand exchange reactions occur with retention of configuration.

The "C= K stretching, vibrations of the coordinated oxime group have
been found at 1575 cm-1 (s). This band is situated at 1640 cm”~1(m) in the case
of the free, non-coordinated propoxime.

The "N—0 and "N—OH stretching vibrations of coordinated propoxime
appear at 1245 cm-1 (s) and 1120 cm "1 (m). In the case of the analogous dime-
thylglyoxime derivative, K[Co(DH)2(N022], they were found at 1240 ¢cm '1
and 1090 cm-1 as very strong, sharp bands. The “C—H, eCH3and eCH2vibrations
appear at 2990 (m), 2960 (m), 1470 (m) and 1360 80 cm-1. The latter two
bands are overlapped by the strong MW —O stretching vibrations of the coor-
dinated NO, groups. These vibrations [KN -0 (nitro): 1418 1430 cm*“1(s),
wsN -0 (nitro): 1330 cm _1(s), and the eO -N -0 deformational vibration, 824 830
cm-1, and eMN02: 620—630 cm“1(w)] appear approximately at the same
frequencies as in the case of other nitrocobalt(l1l1) complexes. The presence of
the strong jN-0 absorption band at 1330 cm-1 and the absence of a strong
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"N—O (nitrito) band at 1030—1050 cm-1 point to a Co—N 02bonding through
the nitrogen atom.

In aqueous solutions [Co(Propox-H)2(N022]“ undergoes an aquation
reaction, leading to the liberation of NO02~ ions. The kinetics of this reaction
was followed at different temperatures, in a wide pH range. In both acidic
and alkaline media, apparent first order reactions were observed. The rate
constants (ketp) of these reactions are presented in Table I11.

The pH dependence of the aquation rate is very similar to that observed
in the case of the analogous [Co(DH)2N022]~ ion (DH2stands for dimethyl-
glyoxime) studied in our previous papers [10, 11]. According to our previous
data, the influence of the pH on the aquation rate is a result of the protolytic
pre-equilibria established between some conjugate species of the complex stud-
ied, and of the parallel aquation of these species at different rates.

Thus, in acidic solutions the following pre-equilibrium occurs:

[Co(PropoxeH2)(Propox mH)(NO2H)(N02]+ ~ [Co(Propox- H2)(Propox- H)
(N0221 + H+ (1)
whereas in alkaline media the deprotonation of the coordinated dioxime takes

place:

[Co(Propox-H)2AN022]” i fC2[Co(Propox-H)(Propox)(N022]2_ -j- H+ (2)
i

Kx and K2 are the acidity constants of the corresponding species. In acidic
solutions the aquation of the conjugate acid is faster, whereas in basic media
the conjugate base is more reactive. Since the aquation of the complexes
[Co(Propox-H.,)(Propox *H)(N022] and [Co(Propox-H)o(N022]_ can be neg-
lected as compared with that of their conjugate species, the individual first
order rate constant of [Co(Propox-H2(Propox-H)(NO2H)NO02]+ (kL and
[Co(Propox.H)(Propox)(N022]2_ (fe2, and the corresponding-acidity constants
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Table 111

Overall first order rale constants (feexp) of the aquation of [Co(Propox mll),,(NO.),]~
at [i = 1.0 M, at different temperatures and pH values

“exp X 105(s
[H+]xIO!
(M)
18°C 20 °C 23°C 25°C
2 1.48 1.82 2.20 2.88
3 2.00 2.50 3.13 3.94
4 2.54 3.04 3.82 5.05
5 2.91 3.64 4.48 5.81
7 3.57 4.46 5.71 7.25
10 4.24 5.32 6.94 9.01
15 5.13 6.49 8.62 111
20 5.59 7.19 9.52 12.3
30 6.25 8.13 11.4 14.7
40 6.85 8.40 11.9 15.2
“exp X 105(s
[OH-]x 102
M) 35°C 40.5 °C 45°C 50 °C
0.4 1.33 2.08 2.83 3.79
0.8 221 3.13 4.85 7.58
1.2 2.70 4.26 6.21 9.01
1.6 3.07 4.93 7.14 11.8
2.0 3.40 5.62 9.17 13.5
3.0 3.76 6.33 10.0 14.7
4.0 4.39 6.94 11.7 17.8
6.0 4.44 7.98 12.8 20.3
10.0 4.75 14.7 —

Kland K2can be graphically derived from the fcop values determined at differ-
ent pH’s (Fig. 2), by using the following relations [11, 12]

- (3)
~-exp [HT] 1
and

1 = Kw 1

4)
kexp K2k2 [OH-] k2

The values calculated by the least squares method are given in Table III.
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In order to compare the results with those obtained for the analogous
dimethylglyoxime derivative, in Table IV we have summarized the acidity
constants and the kinetic parameters of the species studied.

Fig. 2. Graphical determination of kx and k.

Table IV

Acidity constants and individual aquation rate constants of several conjugate species
of [Co(Propox *H)2N02)2~, at different temperatures and fi — 1.0 M

t(°C) Jax 0% K2x 1022 foxx 104(s_1) fejX10'Fs-1)
18 9.14 - 0.822 -

20 9.56 — 1.05 —

23 12.1 — 1.55 —

25 11.7 — 1.96 —

35 - 1.77 — 0.541
405 — 1.80 — 1.05
45 - 1.86 1.83
50 — 2.00 — 3.13

According to these data, the nature of the coordinated dioxime exerts
only aweak influence on the acidity and the kinetic behaviour ofthe complexes
studied, as has been found in the case of other analogous compounds with vari-
ous dioximes [12, 13].

The deprotonation of the coordinated dioxime occurs more easily in the
case of the propoxime, probably because of the stronger inductive effect of
the isopropyl group as compared with that ofthe methyl group in the coordi-
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nated dimethylglyoxime molecule. On the other hand, the substitution rate of
the NO2group in the deprotonated species [Co(diox-H) (diox)(N022]2_is lower
in the case ofthe propoxime derivative. This also can he explained by the strong-
er inductive effect of the isopropyl group, which leads to an increase of the
electron density on the central atom, thus favouring a-electron transfer to the
NO02group. The more pronounced sa-character ofthe Co-NO2bond in the pro-
poxime derivative is also in agreement with the higher acidity ofthe protonated
N 02 group in this complex.

Table V

Acidity constants and kinetic parameters of various conjugate species
of [Co(diox mH)fNO.,),,]~ type complexes

D fejx1o*. 210\

Complex *85)(%(;2 %Zg olg) (22-"10) ( 3§°C) (keallmol) ('g%_) Ref.
[Co(Propox e« H,)(Propox * H)-

(NO2(NO2H)]+ 117 - 1.96 - 20.9+0.3  -5.2 _
[Co(DH2)(DH)(NO02(NO2H)]+ 723 . 2.23 — 20.9£0.6  -4.9  [10]
[Co(Propox ¢ H)(Propox)(N02o]2- — 1.77 - 0.541 22.6%+0.3 -4.8 —
[Co(DH)(D)(N022p - — 6.56 — 1.22 22.1+0.4 -4.7 [

(DH3= dimethylglyoxime)

The aquation rate as well as the activation parameters of the species
with coordinated NO2H are practically equal, thus it is essentially the Co—N 02
(T-bond that is responsible for the observed differences between the aquation
rates ofthe two deprotonated complexes, since these differences disappear when
the a-character of the Co-NO02bond is diminished by protonation.

No unequivocal conclusions can be drawn about the mechanism of the
reactions studied. On the basis of the above considerations a dissociative path-
way may be assumed, similarly to the case of a large number of complexes of
this type. The clearly negative activation entropy values, however, do not agree
with this assumption. It seems more likely that the mechanism of these reac-
tions is of an intermediate type, in which both the breaking of the Co-N02
bond and the formation of the Co—OH 2bond play a cohsiderable role in the
transition state. A similar kinetic behaviour has been observed in the case of
other analogous [Co(diox-H)2XY] complexes with a-acceptor ligands [14, 15]
in the lrans position.
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Experimental

Synthesis of methylisopropylglyoxime (propoxime)

The isonitrozation of methylisobutylketone (Austranal) with ethyl nitrite, under cooling,
in the presence of HC1 leads to the formation of the monoxime: CH3—C=0—C(=N—OH)—
—CH(CH?3)2(m.p. 74 °C). Upon treating the monoxime with an excess of hydroxylamine hydro-
chloride in sodium acetate buffer solution, the methylisopropylglyoxime separates in sparkling
irregular plates. Yield: 60—70% (m.p. 158 °C)

Na [Co(Propox *H)2(N022] *H20 20.2 Na3[Co(N026 (50 mmol) dissolved in 100 ml
water was mixed with 13.5 g propoxime (100 mmol) in 100 ml 50% ethanol. The mixture
was keptonawarm water bath for 1—2 hrs. Nitrogen oxide evolved and a brown solution form-
ed. An excess of solide NaN 03 was added and after 1—2 hrs the crystalline natrium salt was
filtered and washed with a small amount of ice-cooled water. Trigonal, sparkling brown-yellow
prisms.

Co(CBHUN222(N 022+ NaH2D (478.2)

Calcd. Co 12.32; N 17.56; H2 3.76. Found Co 12.20; N 17.40; H2 3.50%.

K[Co(Propox mH)2(N022 59 Na[Co(Propox *H)AN022] in 30—40 ml water was treated
with 10 g KNO2 The potassium salt precipitates as brown yellow prisms.]

Analysis: Calcd. Co 12.36; N 17.63. Found Co 12.66; N 17.83%.

Synthesis of Me(l) [Co(Propox *H2 (N022 and [Me(lll)(amine)4X?

[Co(Propox- H)2(N022]. 10 mmol MeNO03, or 5mmol of the corresponding diacidotetra-
amine salt in 50—100 m| water was treated with 5 mmol Na[Co(Propox mH)2AN022] in 40—60
m| water. The precipitated crystalline products were filtered after 1/2—1 hr, washed with a
small amount of water and dried in air.

Synthesis of [Co(DH), (amine)? « [Co(Propox e H)2N022 binary salts'

5 mmole of [Co(DH)Xamine)2] acetate (DH2= dimethylglyoxime in 50—100 ml 50%
alcohol was treated with 5 mmol Na[Co(Propox *H)2(N022] in 25—30 ml water. The charac-
teristic crystalline precipitates were filtered after 1/2—1 hr, washed and dried as above.

Analyses. Cobalt was determined complexometrically, using Murexide asindicator. Organic
ligands were destroyed by heating with cone, sulfuric acid and a few crystals of KN03. Nitro-
gen was determined by the micro-Dumas method.

Kinetic measurements. The concentration ofthe liberated N 02~ was determined colorimetri-
cally by means of the Griess—Ilosvay diazotization [16, 17]. Weighed samples of K[Co(Pro-
pox.H)2 (NO22(10~3 mol) were dissolved in pre-heated solutions containing the required
amounts of HC104 (or NaOH) and NaNO03for obtaining constant ionic strength of fi = 1M.
In acidic media, 2.5 X 10 ~2 mol/1 sulfanilic acid was also added to the solutions to prevent de-
composition of the liberated HN 02 Samples of 1—2 ml were withdrawn from time to time and
added to a mixture of 2 ml 2x 10~2 M, sulphanilic acid and 2 ml 2x10~2M a-naphthylamine
in 0.5% acetic acid. The mixture was kept at room temperature for 10 min to allow completion
of the diazotization reaction, then it was diluted to 50 ml with a saturated borax solution.
After 2 min the absorbance of the solutions was measured at 420 nm.
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Normorphine, norcodeine and nordihydrocodeine were allowed to react with
various isothiocyanates to obtain the corresponding thiourea derivatives; the following
compounds have been prepared: N-[N-benzylthiocarbamino]-normophine (1V); N-[N-cy-
clohexylthiocarbamino]-normorphine](V); N-[N-methylthiocarbamino]-norcodeine (VI);
N-[N-phenylthiocarbamino]-norcodeine (VII); N-[N-benzylthiocarbamino]-norcodeine
(VII); N-[N-cyclohexylthiocarbamino]-norcodeme (1X); N-[N-2,3,4,6-tetraacetyl-/?-D-
glucosylthiocarbamino]-norcodeine (X); N-[N-methylthiocarbamino]-nordihydrocode-
ine(X1); N-[N-phenylthiocarbamino]-nordihydrocodeine(X1l); N-[N-benzylthiocarba-
mmo]-nordihydrocodeine(X1l); N-[N-benzylthiocarbammo]-nordihydrocodeine (XLU);
N-[N-cyclohexylthiocarbamino]-nordihydrocodeine(X1V); N-[N-2,3,4,6-tetraacetyl-/3-D-
glucosylthiocarbaniino]-nordihydrocodeine (XV); N-[N-adamantylthiocarbamino]-nor-
dihydrocodeine (XVI).

It is well known that isothiocyanates react with primary or secondary
amines to give thiourea derivatives. The synthesis of several thiourea com-
pounds has been reported by us earlier [1—3].

In the group of morphine alkaloids, Braun [4] prepared two thiourea
derivatives by melting normorphine and norcodeine with phenyl isothio-
cyanate.

In the course of our experiments the corresponding thiourea derivatives
have been synthesized from normorphine (1) with benzyl- and cyclohexyl
isothiocyanate; from norcodeine (I11) with methyl-, phenyl-, benzyl-, cyclohexyl-
and tetraacetyl-/?-D-glucosyl isothiocyanate; and from nordihydrocodeine (l111)
with methyl-, phenyl-, benzyl-, cyclohexyl-, adamantyl- and tetraacetyl-/?-D-
glucosyl isothiocyanate.

The reactions were effected in dry ethanol or chloroform solutions. The
progress of the reaction was checked by thin-layer chromatography.

The compound prepared from norcodeine with phenyl mustard oil accord-
ing to Braun [4] and the product obtained by reaction in solution were identi-
cal on the basis of their physical characteristics.

The structures of the compounds are supported by IR spectroscopy and
elementary analyses.
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Fig. 1

Experimental

M.p.’s are uncorrected.

The IR spectra were recorded in KBr pellets with UNICAM SP. 200 G spectrophoto-
meter.

The progress of the reaction was followed by thin-layer chromatography (Silicagel layer;
benzene : methanol (8 :2) solvent system; detection with Dragendorff’s reagent and iodine
vapour).

Column chromatography (Silicagel, benzene : methanol (8 : 2) was used for the purifi-
cation of the products).

Among the components to he separated the Rfvalue of the mustard oils is the highest,
so that these were eluted first from the column. The Rf values of the thiourea compounds are
also considerably higher than those of the nor-compounds, thus they can be readily separated
The nor-compounds either remain at the start line, or have very low R{values.
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11 Xl R = —CH3

Xl

N-[N-Benzylthiocarbamino]-normorphiiie (1V)

Benzyl isothiocyanate (1.05 g; 0.007 mole) was dissolved in dry ethanol (100 ml) and
normorphine (1.9 g; 0.007 mole) was suspended in the solution. The mixture was stirred for 20
hrs. at room temperature, filtered, clarified, evaporated and purified on the column. The frac-
tion containing the product was evaporated and the residue washed repeatedly with ether to
obtain a white, amorphus substance (0.5 g. 17%), m.p. 129—130 °C.

C24H 24N 20 3S (420.3). Calcd. N 6.66; S 7.61. Found N 6.50; S 7.61%.

IR : Tthioureide | 1530 cm 1; vthiourelde H 1275 cm

N-[N-Cyclohexylthiocarbamino]-normorphine (V)

Cyclohexyl isothiocyanate (1 g; 0.007 mole) was dissolved in dry ethanol (100 ml) and
normorphine (1.9 g; 0.007 mole) was added to the solution. After 30 hrs of stirring at room
temperature, the extent of conversion did not change any longer. Processing was the same as
described above. A slightly yellowish, amorphous substance (0.75 g; 27%) was obtained, m.p.
115—116 °C.

CZBH2BN2 3S (412.3). Caled. N 6.79; S 7.76. Found N 6.44; S 7.68%.
IR* Vfhioureide j 1525 cm !; i*thioureide I 1272 cm 4

*In the IR spectrum, a band (1690— 1672 cm 1]) indicative of urethane impurity wa
also present.
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N-["\- Metlivithiocarbainino[-norcodeine (V1)

Norcodeine (1 g; 0.0035 mole) and methyl mustard oil (0.25 g; 0.0035 mole) were dissolv-
ed in chloroform (30 ml). After standing for a day at room temperature, the mixture was eva-
porated, the residue washed with ether and separated on a column. The thiourea solution
eluted from the column was evaporated, washed with ether, to obtain a white, powdery sub-
stance (0.95 g; 77%), which was found homogeneous in thin-layer chromatography, m.p. 169—
171 °C.

CIH 2N20 3S (358.3). Calcd. N 7.81; S 8.95. Found N 7.84; S 8.84%.

[R: Vthioureide 1 433~ cm * “thioureide 11 1278 cm |.

N-[N-Phenylthiocarbamino]-norcodeine (VI1)

(a) According to Braun [4]: Norcodeine (0.5 g; 0.0017 mole) and phenyl mustard oil
(0,47 g; 0.0035 mole) were mixed and heated for 30 min. on steam bath. The mixture agglomer-
ated to a solid mass, which was broken up, suspended in alcohol (25 ml) and boiled for 40 min.
The white, powdery substance was recovered by filtration. It was found homogeneous in thin-
layer chromatography. Yield: 0.5 g (70%), m.p. 201—202 °C.

C24H 2N 20 3S (420.3). Calcd. N 6.61; S 7.63. Found N 6.50; S 7.50%.
IR: 3300 3340 cm j 1529 cm , “~thioureide 11 1224 cm

(b) In solution: Norcodeine (0.3 g; 0.001 mole) and phenyl mustard oil (0.13 g; 0.001
mole) were dissolved in chloroform (10 ml). The next day, the product was found homogeneous
in thin-layer chromatography. The mixture was evaporated and washed repeatedly with ether
to obtain a white, amorphous substance (0.38 g; 95%). m.p. 201—202 °C.

CAUH2AN20 35S (420.3). Calcd. N 6.61; S 7.63. Found N 6.54; S 7.61%.
IR: 3300 3340 cm j 1529 cm rfom-gi*g U 1224 cm *

N-|N-Bcnzylthiocarbamino|-norcodeine (VI111)

Norcodeine (1 g; 0.0035 mole) and benzyl mustard oil (0.5 g; 0.0035 mole) were dissolved
in chloroform (70 ml). After 2 days of standing, the conversion was found to be complete. The
solution was evaporated, purified on a column, evaporated again and washed with ether. A
slightly yellowish, amorphous product (1.4 g; 93%) was obtained, m.p. 101—102 °C.

CBHZN20 35S (434.33). Caled. N 6.44; S 7.37. Found N 6.42; S 7.45%.

IR : ithiiHireidc | 1530 cm 1: Itili::urcHe 11247 cm

N-[N-Cyclohexylthiocarbamino]-norcodeine (I1X)

Norcodeine (0.5 g; 0.0017 mole) and cyclohexyl mustard oil (0.25 g; 0.0017 mole) were
dissolved in chloroform (20 ml). After 1 day of standing, thin-layer chromatography showed the
presence of a homogeneous product. The mixture was evaporated and the residue washed with
ether. A slightly yellowish amorphous substance (0.7 g; 99%) was obtained, m.p. 100— 103 °C.

C2ZH 3ON203S (426.3). Caled. N 6.56; S 7.56. Found N 6.55; S 7.51%.

IR*: Vthioureidg | 1525 cm 1; tiiii.Qlireide Il 1273 cm L

N-[N-2,3,4,6-Tetraacetyl-jS-D-g!ucosylthiocarbamino] -norcodeine (X)
Norcodeine (0.25 g; 0.0008 mole) and 2.3.4,6-tetraaeetyl-/?-D-glacosylisothiocyanate
(0.4 g; 0.0008 mole) were dissolved in chloroform (10 ml). The next day thin-layer chromato-
graphy showed the presence of a homogeneous product. The mixture was evaporated and the
rﬁsédugB\év%shed with ether to obtain the white, powdery thiourea compound (0.5 g; 93%), m.p.
. C

C32H?%80 IN2S (672.33). Calcd. S4.76; CH3CO 25.58. Found S 4.72; CH3CO 25.01%.
IR: VNH 3405 cm“1; vOH 3460 cm-1; vthioureide | 1540 cm-1.

*The IR spectrum also had a band (1638— 1603 cm *)indicative of urethane impurity.
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N-[N-Methylthiocarbamino]-nordihydrocodeine (XI)

Nordihydrocodeine (1 g; 0.0035 mole) and methyl mustard oil (0.25 g; 0 0035 mole)
were dissolved in chloroform (30 ml). After 2 days of standing, the spot of the starting material
was still visible in the thin-layer chromatogram, yet no further conversion occurred. The mix-
ture was evaporated, the residue washed with ether and separated on a column. An amor-
phous substance with pearly lustre was obtained (0.6 g; 48%), which was homogeneous in
thin-layer chromatography; m.p. 107—108 °C.

CIH 24N 20 3S (360.3). Calcd. N 7.77; S 8.88. Found N 7.63; S 8.70%

IR ; Vthiourelde I 1530 cm 1; rhioureide Il 1274 cm b

N-[N-Phenylthiocarbamino]-nordihydrocodeine (XII)

Nordihydrocodeine (0.5 g; 0.0017 mole) and phenyl mustard oil (0,23 g; 0.0017 mole)
were dissolved in chloroform (10 ml). Conversion was complete by the next day. The mixture
was processed as described above to obtain the thiourea derivative as a white, amorphous sub-
stance (0.7 g; 98%), m.p. 180—181 °C.

CAUH26N20 3S (422.3). Calcd. N 6.63; S 7.57. Found N 6.43; N 7.44%.
IR: vnh 3328 cm * | 1524 cm 1; ~thioureide Il 1267 cm |.

N-[N-Benzylthiocarbamino] -nordihydrocodeine (X111)

Nordihydrocodeine (1.5 g; 0.0052 mole) and benzyl mustard oil (0.77 g; 0.005 mole)
were dissolved in chloroform (30 ml). After two days of standing, the starting materials were
almost completely converted. The mixture was evaporated and separated on a column. Thin-
layer chromatography showed the homogeneity of the white, powdery product (0.9 g; 41%),
m.p. I11—113 °C.

C24H28N20 35 (436.3). Calcd. N 6.41; S 7.33. Found N 6.10; S 7.28%.

IR : Vthioureide 1 1530 c¢m |I; rthioureide 11 1272 cm 1

N-[N-Cyclohexylthiocarbamino]-nordihydrocodeine (XIV)

Nordihydrocodeine (1 g; 0.0035 mole) and cyclohexyl mustard oil (0.5 g; 0.0035 mole)
were dissolved in chloroform (30 ml). Conversion was complete by the next day. The mixture
was processed in the usual way. The product eluted from the column was a homogeneous, slight-
ly yellowish powdery substance (1.4 g; 95%), m.p. 81—82 °C.

C2H 2N20 35 (428.3). Calcd. N 6.52; S 7.45. Found N 6.44; S 7.40%.

IR*: ithiourcide I 1525 cm 1 Vthioureide H 1271 cm 4

N-[N-2,3,4,6-Tetraacetyl-/?-D-glucosylthiocarbamino]-nordihydrocodeine (XV)

Nordihydrocodeine (0.25 g; 0.0008 mole) and 2,3,4,6-tetraacetyl-/S-D-glucosyl isothio-
cyanate (0.4 g; 0.0008 mole) were dissolved in chloroform (10 ml). Standing overnight was
sufficient to attain complete conversion. Processed in the way described, the product was a
white, amorphous substance (0.4 g; 75%), m.p. 118—121 °C.

C32H40N2012S (674.33). Calcd. S 4.74; CH3CO 25.50. Found S 4.84; CH3CO 25.23%.

IR : VthiOUreide 1 1540 cm b

N-[N-Adamantylthiocarbamino]-nordihydrocodeine (XV1I)

Adamantyl isothiocyanate (0.5 g; 0.0014 mole) and nordihydrocodeine (0.2 g; 0.0014
mole) were dissolved in abs. ethanol (30 ml). After 30 hrs of boiling, no further conversion
was observed. The white, crystalline substance after evaporation was recrystallised from etha-
nol to obtain 0.5 g (74%) of XVI m.p. 173—175 °C.

C28H 3N 20 35S (484.3). Calcd. S 6.62; N 5.79. Found S 6.56; N 5.71%.

IR: rNH 3416 cm“ 1 vOH 3593 c¢m *1; nhiourelde 11529 ¢ m '1; nhioureide Il 1260 ™ _1-

*The IR spectrum also had a band (1694 cm ') indicative of urethane impurity.
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Starting with cis and fraras-2-amino-l-cyclopentanecarboxylic acid (2a, 3a), cis-
and trans-2-amino-l-cyclohexanecarboxylic acid (2b, 3b), and with frans-2-amino-
1-cycloheptanecarboxylic acid (3c), a great number of N-substituted cis- and lIrans-2-
amino-l-cycloalkanecarboxamides (16, 17a—17ee, 18, 19a—19h, 20a and 20b) have
been synthesized for pharmacological testing. Further, some N-substituted cis- and
frans-2-formylamino-l-cyclohexanecarboxamides (22a—22f, 23) N-substituted cis-2-
acetylamino-l-cyclohexanecarboxamides (27a—27f), and N-substituted frans-2-acetyl-
amino-l-cyclohexanecarboxamides (28a—28e) have been prepared.

Introduction

For stereochemical studies we have prepared a number of cis- and
irans-2-aminomethylcyclopentanol- [1, 2], cis- and ir<ms-2-aminomethylcyclo-
hexanol- [3—5], cis- and tro7is-2-aminomethylcycloheptanol-[6], and related
derivatives [7]. Since many compounds with acid amide structure are known
to possess hypnotic, anticonvulsive, antidepressant, hypotensive, or other
valuable pharmacological effects [8, 9], we have prepared the N-acyl deriva-
tives of the mentioned alicyclic 1,3-amino alcohols and their analogues, for
pharmacological testing. This work was motivated by the circumstance that
while the N-alkyl- and N-dialkyl-derivatives of aminomethylcyclohexane and
of related compounds substituted in the skeleton are widely studied analgetics
[10], the corresponding N-acyl derivatives have not been investigated.

It has been found [11—13] that the N-cycloalkyl acid amides prepared
by us [14] exert a definite tranquillizing effect upon the central nervous sys-
tem and their therapeutic ratio is high.

*Part XXV: Jancke, H., Engethardt ,G. Bernath ,G., Géndés, Gy., Tichy, M.:

J. prakt. Chem.; 317, 1005 (1975)
** As Part | of this series is regarded: Bernath, G., Cs6kasi, E., Hever,J., Gera, L.,

K ovacs, K.: Acta Chim. (Budapest) 7#, 271 (1971)
*** This paper includes a substantial part of the Doctoral Thesis (Szeged, 1974) o |

L. Gera.
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As acontinuation ofthis work, it was obvious to synthesize also the amide
type derivatives of our stereochemical model substances, i.e. of cis- and
trans-2-amino-l-cyclohexanecarboxylic acid (2b, 3b) and their analogues with
cyclopentane and cycloheptane skeleton (2a, 3a, 3c). By the pharmacological
testing of a great number of structurally analogous compounds differing in
the ring size, the majority of them being stereochemically homogeneous, we
hoped to gain insight into the relationship between chemical fine structure
and pharmacological effects.

Close analogues of the type of compound 1 synthesized by us, are described
as intermediates in a patent specification published not long ago [15], where
the target compounds, i.e. the 2-anilino- and 2-anilinomethyl-lI-cycloalkylamine
derivatives were found to have diuretic and antidiabetic effects.

An analogous aromatic carboxylic acid derivative, o-[3-trifluoromethyl-

(phenylamino)] benzoic acid (flufenamic acid) is a potent antiphlogistic drug
[16, 17].

n= 12,3
R1, R2 R3= H, alkyl, aralkyl or aryl
R4 = H or acyl

Fig. 1

A further incentive to the synthesis of compounds of type 1 was found in
the circumstance that our work aiming at the preparation and study of the
conformations of condensed heterocycles with two heteroatoms [6, 18—20]
prompted the synthesis of 4a,5,6,7,8,8a-hexahydroquinazolin-4(3H)-ones
and related derivatives. The aromatic analogues of these compounds have
been very thoroughly studied [21] from both the chemical and pharmacologi-
cal points of view. 2-Methyl-3-(o-tolyl)quinazol-4(3Ji)-one, Methaqualone,
prepared by Indian authors [22] is a valuable non-barbiturate hypnotic
agent.

Based on the analogy of the generally used methods [21] for the prep-
aration of quinazolones, i.e. the aromatic analogues, it seemed reasonable to
attempt the preparation of the hitherto hardly studied [23], stereochemically
homogeneous hydrogenated derivatives by cyclization of the 2-acylamino-I-
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cyclohexanecarboxamides (1: R1 R3= H; R2= H, alkyl, aralkyl, aryl; R4=
acyl).

It may be worth mentioning that the metabolic product of Methaqualone
discharged by the organism is the corresponding 2-nitro acid amide, i.e. 2-
nitrobenzo-o-toluidide. The study of the acid amide type metabolites of the
related quinazolones is in the foreground also in these days [23].

COOH
NH-Z
2: cis 4: Ccis
3: lrans 5: lrans
a:n=1 6: n=2 c: n= 3

The relationship transcending formal analogy prompted us to study
2-amino-N-cycloalkyl-1-carboxamides in parallel with hexahydroquinazolones.
In this paper the synthesis of compounds oftype 1 will be discussed (1: R1= H;
R2 — alkyl, aralkyl, or aryl; R3= H, R4= H, acyl). Details of the work on
the synthesis of further analogues (1: R1= H, alkyl, aralkyl; R2= alkyl,
aralkyl, aryl; R3= H, alkyl, aralkyl, aryl, acyl; R4= H, alkyl) and of hydro-
genated quinazolones derived from them [24—26] will be published later.

Results and discussion

Since one of the aims of this work was the synthesis of model substances
for the study of the relationship between chemical fine structure and pharma-
cological action, we endeavoured to produce stereochemically homogeneous
compounds. In a synthesis of compounds of type 1, Szmuskovicz Supposed [15]
that the reduction of enamines, prepared from ethyl-2-oxo-I-cyclohexanecarbo-
xylates with amines, gave cis derivatives but the stereohomogeneity of the
compounds, as they were only intermediates, was not proved. He isomerized
the cis isomers with potassium-f-butoxide into the corresponding trans deriva-
tives, which were converted again without evidence for stereochemical
homogeneity — into the required end-products.
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Earlier we have shown [35] that catalytic reduction of the imino deriva-
tive, easily prepared from ethyl-2-oxo-l-cyclohexanecarboxylate with ammo-
nium hydroxide, always yields a mixture of ethyl-cis-, and ethyl-trans-2-amino-
1- cyclohexanecarboxylates. It is also known that the isomerization of alicyclic
1,2-disubstituted systems leads to an equilibrium which assures the presence
chiefly, but not exclusively, of the trans isomer [36]. Therefore we thought it
useful to synthesize the alicyclic N-substituted 2-amino-l-carboxamides (1)
by starting with stereochemically homogeneus cis- and frans-2-amino-I-carbox-
ylic acids (2, 3). The syntheses of these /3amino acids are described in earlier
communications [2, 4, 6].

For the preparation of N-substituted cis- and trons-2-amino-l-cycloal-
kanecarboxamides (1), the methods usually employed in peptide chemistry were
applied. The alicyclic /3-amino acids (2, 3) were treated with benzyl chlorofor-
mate [27] and the resulting 2-carbobenzoxyamino-l-carboxylic acid derivatives
(4, 5) [2-(Z-amino)-l-carboxylic acids; Z = carbobenzoxy] were made to react
with the corresponding amines in the presence of dicyclohexylcarbodiimide
(DDC) as the condensing agent. The desired reactions proceeded, in general, to
give satisfactory yields. However, the attem pted reactions with butylamine and
2- (m,/)-dimctlioxyphenyl)ethylamine led only to the formation of the salts;
no acid amide was obtained.

Besides the required cis-2-(Z-amino)-l-cyclohexane-p-chlorocarboxani-
lide (lIn), the N-acyl-N,N’-dicyclohexylurea derivatives (6) were also produced
when cis-2-(Z-amino)-l-cyclohexanecarboxylic acid (4b) was allowed to react
with p-chloroaniline in tetrahydrofurane. Similar side-reactions are known in
peptide syntheses [28, 29]. The N-acylurea derivative (6) is obtained by O—N
acyl migration from the addition product (7) primarily formed.

Owing to these side-reactions, the mixed anhydride method [30] proved
more suitable for the preparation of the 2-amino-l-carboxamides. The Z-amino

Fig. 3
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acids (4, 5) were treated in tetrahydrofurane, in the presence of triethylamine,
with isobutyl cliloroformate, and the resulting mixed anhydride (8, 9) was
allowed to react with the corresponding amines at —10 °C. The yields of N-sub-
stituted cis- and (rans-2-carbobenzoxyamino-l-cyclopentanecarboxamides
(10a, 10b, 12a, 12b), cis- and trems-2-carbobenzoxyamino-Il-cyclohexanecarbox-
amides (l1la-ii, 13a-g) and irans-2-carbobenzoxyamino-l-cycloheptanecar-
boxamides (14a, 14b) were between 60 and 80%. As by-products, some carbam-
ic acid esters (15) also formed in these reactions [31, 32]. With secondary
amines (diethylamine, N-methyl-benzylamine) and with cyclic secondary amines
(piperidine, morpholine) the formation of carbamic acid esters was pre-
vailing. Thus the mixed anhydride method proved unsuitable for the synthesis
of derivatives disubstituted on the amide nitrogen.

The undesired preponderance of carbamic acid ester formation when using
secondary and cyclic amines can be interpreted as a consequence of steric hin-
drance during carboxamide formation.

The protecting Z-grup of the compounds 10—14 (Tables I—IIl) was
removed by treatment with hydrogen bromide in glacial acetic acid [33].
Hydrogenolysis wiht palladium-charcoal [27, 34] proved to be unsuitable. The
method actually used had the advantage of directly yielding the hydrogen
bromide salts ofthe 2-amino-l-carboxamides 16 —20 for pharmacological test-
ing. In some cases (hygroscopic substances, difficulties in purification) the base

5 Acta Chim. (Budapest) 89, 1976
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Compound
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lib
1ic
lid
lie
If
Hg

Ilh
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111

Table 1
Melting points and analysis data of N-substituted cis-2-carbobenzoxyamino-I-cyclohexanecarboxamides (1la—I1lii)
Analysis, %
Calculated
Formula M.p., °cC Found
R Molecular weight Solvent
c H N

H cish2003n2 148-149 65.20 7.30 10.14
276.34 ethanol 65.00 7.49 9.70
-CH3 ClcH220 N2 137-138 66.18 7.64 9.65
290.36 ethanol 66.26 7.62 9.74
-CH.,(CH,,),CH3 NIV 101-103 68.64 8.49 8.43
332.45 ethanol 67.76 8.58 8.31
C2H 3003\ 2 164-165 70.36 8.44 7.82
358.48 ethanol 70.00 8.20 7.45
-C cH5 GiHa40 3Nz 172-173 71.58 6.87 7.94
354.44 ethanol 71.52 6.92 7.79
—C6l14CH 3(0) c22h2603n2 169-171 72.10 7.15 7.64
366.46 ethanol 72.42 7.31 7.54
—CeHsCHs(m) DI 186-188 72.10 7.15 7.64
366.46 ethanol 71.97 6.98 7.38
—CGHCHs(p) C2HasOsN2 178-179 72.10 7.15 7.64
366.46 ethanol 72.10 7.18 7.40
—C6H2(CH3)30,0’,p) QH.oCsN\2 198-201 73.07 7.67 7.10
394.52 dioxane 73.23 7.67 7.21
—CcH 3CH3(0)CI(m) c.,.,h,503n,ci 214-215 65.91 6.27 6.99
400.91 dioxane 65.99 6.35 7.09
- C sHaF(m) c1h2sosn 2F 187-188 68.10 6.26 7.56
370.43 ethanol 68.30 6.29 7.55
“ C6H4ClI(o) C2IH 20 3N2C1 175-177 65,20 5.99 7.24
386.88 ethanol 65.69 6.18 7.61

Yield,
%

61.23

65.17

65.25

70.17

72.20

71.15

70.27

72.35

62.51

61.12

65.07

74.20

“le 18 HLYNY3d
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lIn*

llo

lip

Hz
Hapg

lIbb

-C,,H.Cl(m)
—C:H.C1(p)
—CG@:Cl:(0, m)
—GCsHsCl(0)Br(m)
—GH:Br(p)

-C cH:CF:(m)
—CH:OCH:(p)

- C sHsOCHs(0)Cl(m)
—CsH.0C:H;s (p)
—CeH4+(COCH:)(p)

-C SHA(NHCOCHS)(p)

-C oH:NOx(p)
-CH.GHs

-C H:CiH:Cl(p)
-C H »CG4.0CH:(p)

-C H:CH.CGHs

c"HAaPna
386.88

C1H2:0:N,CL
386.88 “

CZIHZZO SNZG.Z
421.33

C1H2.0 :N2CIBr
465.78

C:1H,:0:N,,Br
431.34

C*HnOsNZFs
420.43

c22h 2604n 2

382.46

c22h2504n Zci

416.91

c2sh2s04n2

396.49
G :(HZG'M N.
394.47

C23H:70:Ns
409.49

C21H2305 N3
397.42

c22h2603n2

366.46

CZZHZSO BNZG.
400.91

c2sh2s04n2

396.49
n23128"3"2
380.49

197 199
ethanol

179-180
ethanol

195-197
dioxane

172-174
ethanol

184-185
ethanol

167-169
ethanol

170-172
ethanol

158-160
ethanol

165-167
ethanol

196-198
dioxane

233-236
dimethyl-
formamide

200-202

dioxane
125-127
ethanol

160-161
ethanol

140-142
ethanol

154-155
ethanol

65.20
65.36

65.20
65.41

59.87
59.60

54.19
54.31

58.48
58.24

62.85
62.42

69.08
69.07

63.38
63.42

69.67
69.27

70.02
69.89

67.46
67.80

63.46
63.17

72.10
71.80

65.91
66.47

69.67
69.77

72.60
72.69

5.99
6.16

5.99
5.59

5.26
4.94

4.76
4.64

5.38
5.43

5.52
5.45

6.85
6.94

6.05
5.81

7.21
7.10

6.64

6.68

6.65
7.00

5.83
5.66

7.15
7.34

6.29
6.25

7.12
7.00

7.42
7.38

7.24
7.06

7.24
7.57

6.65
6.56

6.01

6.31

6.50
6.23

6.66

6.61

7.32
7.09

6.72
6.99

7.07
6.78

7.10
7.11

10.26
10.33

10.58

10.66

7.64
7.20

6.99
6.83

7.07
7.05

7.36
6.72

73.15

54.03

60.15

60.27

79.25

64.38

63.10

63.37

62.15

68.39

70.15

47.31

69.36

68.70

65.30

68.45

Yle 1 HLYNY3g
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Compound

llcc
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lift

Hgg

Ithh

IIU

Compound IIn was prepared by the

- CH:CHOHs(OCH),(m,p)
- CH2CH2C6H4(SO2NH2)(p)
/=N

< 0

Table I (continued)

Formula
Molecular weight
Nas™ N5 82
40.54
QsH2sGNsS
459.97
C20H2303N 3
353.42
A2372(5"3M
406.49

C2H7OsNs
381.48

CjsHojOgNgS
359.45

cZn2Bo3 3s
411.53

dicyclohexylcarbodiimide

M.p., °c
Solvent

137-139
ethanol

155-157
ethanol

173-174
ethanol

195-197
dioxane

142-143
ethanol

187-189
ethanol

205-208
benzene

method.

68.17
67.95

60.11
59.70

67.97
68.43

67.96
68.18

69.27
68.90

60.14
60.10

64.21
64.24

Analysis, %
Calculated
Found

H

7.32
7.45

6.36
6.41

6.56
6.62

6.45
6.05

7.13
7.52

5.89
6.01

6.21
5.92

6.36
6.26

9.14
9.19

11.89
11.53

13.79
13.51

11.01
10.90

11.69
11.40

10.21
10.13

Yield,
%

65.40

71.20

70.15

49.57

67.15

68.30

55.20

e 18 HLYNY39
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Table 11

Melting points and analysis data of N-substituted
trans-2- (carbobenzoxyamino)-1-cyclohexanecarboxamides (13a—13g)

Analysis.
Calculated
Com- Formula M.P.,°c Found Yield,
pound R Molecular weight Solvent %
C H N

13a -CH2(CH22CH3 A19H2803N 2 187-189 68.46 8.49 8.43 6113

332.45 ethanol 69.19 8.84 8.92 :
13b A21H 300342 239-241  70.36 8.44  7.82

358,48 ethanol 7041 863 761 0135
13c -C 6H4ACH3(p) c2h 260 3 2 228-230 72.10 7.15 7.64

366.46 dioxane 7232 727 737 0827
13<1 -C 6H4CI(p) c2lh ,3 3 i 242-244 6520 599 724 o

386.88 ethanol 64.80 6.00 7.38 '
13e -C eH 4Br(p) CAH203N2Br  251-253 5848 538 650 . ..

431.34 methanol 58.88 5.91 6.44 ’
13f -CH,CeH5 C92H9gOgN2 223-225 72.10 7.15 7.64 61.20

366.46 ethanol 71.60 7.42 7.36 '
139 -CH2H2CeH & C23H280 3N 2 185-187 72.60 7.42 7.36 63.30

380.49 ethanol 72.90 7.47 7.56 )

Table 111

Melting points and analysis data of N-substituted cis- and trans-2-(carbobenzoxyamino)-I-
cyclopentanecarboxamides (10a, 10b, 12a, 12b), and -1-cycloheptanecarboxamides (14a, 14b)

Analysis, %
Calculated
Com- Configu- Formula M.P.,°c Found Yield,
pound R ration  Molecular weight Solvent %
c H N
10a -C 6H4CH3(p) cis c2lh 240 3n 2 176-178 71.58 6.87 7.95 7153
352.44 ethanol 71.44 6.84 8.19 '
10b - C 6H4CI(p) cis C,0Hn ON.,CI 178-180 64.42 5.68 5.51 7021
377.84 ethanol 63.64 5.71 5.50 '
12a —C6HACH3(p) trans c2lh 240 3n 2 181-183 71.58 6.87 7.95 68.61
352.44 methanol 71.81 6.59 7.95 ’
12b —CeH4Cl(p) trans C20H 210 3N 2CI 198-200 64.42 5.68 7.51 65.74
377.85 methanol 64.68 5.75 7.99 ’
14a —C(H4CH3(p) trans NQ3A_Q8NZ-NAD 206-207 72.60 7.42 7.36 71.32
380.47 methanol 72.56 7.44 7.45 ’
14b —CcHA4CI(p) trans C,.H,,0N,C1 217-218 65.90 6.28 6.98 68.95
400.87 methanol  65.30 6.23 6.90 '

Acta Chim. (Budapest) 89, 1976
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was liberated by means of Yarion-AD anion-exchange resin. Liberation of the
base with sodium hydrogen carbonate was feasible only form the pure salts.
Tables IV and Y give a survey of the cis- and trans-2-amino-l-cyclohexanecar-
boxamide derivatives.

Fig. 9

Some N-acyl derivatives of the cts-2-amino-Il-cyclohexanecarboxamides
were also prepared. Formylation of cis-2-amino-l-cyclohexanecarboxylic acid
(2b) was effected in the usual way [37], with a mixture of formic acid and
acetic acid anhydride. However, the mixed anhydride method [30] failed in the
attempted conversion of cts-2-formylamino-l-cyclohexanecarboxylic acid (21)
into 2-formylamino-l-carboxamide derivatives, therefore we had to use the
longer route, i.e. formylation of the appropriate N-substituted cis-2-amino-I-
cyclohexanecarboxamides. We wish to note here that 2-formylamino-I-cyclo-
hexanecarboxylic acid had been prepared earlier by . . & .1 etal. [38] who ob-
tained the parent acid, i.e. 2-amino-I-cyclohexanecarboxylic acid, by the cata-
lytic hydrogenation of anthranilic acid, and found the melting point of the for-
myl derivative prepared therefrom to be 200 —201 °C. In contrast to this, com-
pound 21 prepared by us from stereochemically homogeneous cts-2-amino-I-
cyclohexanecarboxylic acid (2b) had m.p. 206 208 °C, suggesting that the
catalytic reduction of anthranilic acid had not produced 2b in stereochemically
homogeneous form.

Cis-2-acetylamino-l-cyclopentanecarboxylic acid (24) and the homolo-
gous cis- and trans-cyclohexane derivatives (25, 26) were synthesized by the
usual acetylation procedure [39], from the corresponding, stereochemically
homogeneous amino acids 2a, 2b and 3b.

Acta Chim. (Budapest) 89, 1976
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pound

17a**

17b

17c

17d

17«

17f

179

17h

17i

17i

17j

Table IV

Melting points and analysis data* of N-substituted cis-2-amino-l-cyclohexanecarboxaniides (17a—17ee)

H

-CH,(CH,)XCH3

-CH 2ACH2XH3

=-(=)

-C 6H5
-CoHs
-C 6H4CH30)
-C,H4CH3m)
-C,H4CH3p),
-C eH4CHAD)

-C,H2CH330, o\ p)

. Formula
Form Molecular weight
a c’h Ydon?2
142.20
a cldh Z2on?2
198.31
R C,,H.,3NoClI
234.77
v CI13HZ0NBr
305.27
a C13H180N2
218.30
R
299.22
a C14H 200N 2
232.33
a clh ,Oon.
232.33
a C14H 200N 2
232.33
a CMH,ON.,Br
313.25
Q Cl16H ZONBr
341.30

M.p.,°C
Solvent

125-126
ethyl acetate
39-42
benzene-petroleum
ether

142-144
ethanol-etlier

204- 207 (d.)
ethanol-ether

143-144
ethanol

188 191 (d.)
ethanol

92-93
ether

130-133
benzene

144-147
benzene

200-203
ethanol

275-277
ethanol

59.13
59.15

66.63

65.99

56.27
55.80

51.14
51.67

71.53
72.11

52.19
51.73

72.39
72.34

72.39
72.95

72.38
72.31

53.69
53.77

56.31
55.75

Analysis, %
Calculated
Found

9.95
10.33

11.18

10.82

9.88
10.19

8.25
8.49

8.31
8.33

6.40
6.21

8.68
8.54

8.68
8.56

8.68
8.85

6.76
7.08

7.38
7.17

19.70
19.51

14.13

14.01

11.98
11.78

9.18
9.53

12.83
12.03

9.36
9.18

12.06
11.52

12.06
11.62

12.06
12.21

8.95
8.71

8.21
7.92

Yield,

68.73

54.17

51.27

61.05

68.27

71.02

71.21

67.10

85.25

78.15

61.27

to

e 10 H1YNY34
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171

17m

17n

17q

17g***

17t

17u

17v

17w

17x

17y

17z

-C eH:CHs(0)CI(m)
—CeH.F(m)

-C sH.Cl(0)

- C cH4CI(m)
—C:H«Cl(p)

-C sH.Cl(p)

-C eH.Br(p)
—CsH.CFs(m)
—CH:OCH:(p)

-C cH:OCHs(p)

-C «H«OC:Hs (p)
-C cH«OC:Hs(p)
-CHZ2®H5
-CH:GH:CI(p)

+ CH:G:H.OCHs(p)

—CH:CH:CGHs

B

Cus H.,UON.,CIBr
347.69 “

Ci:H1sON.,BrF
313.25"

Ci:H 1BON.,C|BI’
333.66“

Ci:Hj,ON:CL
252.75

CisH170N,C1
252.75"

ClelaON.,ClBr
333.66

CisH1:ON2Br
297.30

CisHisON.BrF:
367.22

CliH:0 2+
248.83

CisH2:0:N2Br
329.25

cish2202n2

262.36

N-'15M23M202N0r

343.27

C14 HZO ONZ
232.33

CisH1s0N-CL
266.77

CisH,,0,,N.,Br
343.27

ClS HZZONZ
246.36

244 -247
ethanol

207 - 210 (d.)
ethanol

168-170
ethanol

121 -123
benzene

121-123
ethanol

197-200
ethanol

140-142
ethanol

169-172
ethanol

102-103
ether

135-138
ethanol-ether

95-96
benzene

122-126
ethanol

55-57
ethanol-ether

60-62
ethanol-ether

194-196
ethanol

86 -88

ethanol-ether

48.37
48.64

49.22
48.92

46.79
46.39

61.77
61.85

61.77
61.75

46.79
47.20

52.52
52.02

45.80
45.53

67.72
67.98

51.07
51.16

68 .66

68.91

52.48
51.91

72.38
72.03

63.03
63.40

52.48
52.70

73.12
73.24

5.80
5.58

5.72
5.77

5.44
5.75

6.78
6.67

6.78
6.90

5.44
5.80

5.77
5.81

4.98
5.13

8.12

8.45

6.43
6.80

8.45

8.88

6.78
741

8.68

8.53

7.18
7.31

6.75

6.88

9.00
8.81

8.06
7.92

8.83
8.79

8.40
8.30

11.09
10.90

11.09

11.10

8.40
8.19

9.43
9.59
7.64
7.95

11.28
1151

8.51
8.40

10.68

10.56

8.16
7.91

12.06
11.54

10.50

10.86

8.08
8.38

11.37

11.86

60.29

63.17

77.51

69.31

79.31

82.31

75.17

62.27

65.25

70.27

65.31

68.71

71.21

73.23

68.31

69.45

Ui 18 HLYNY3g
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Com-
pound

17aa

17bl.

17cc

17.bl

17ee

- CH2CH2C6H XOCH32Am,p)

ch.-ch”

Notes:

/=N

*a

Q

base, B =

HBr, y =

Form*

Table IV (continued)

Formula
Molecular weight

clth 6o 3 2
306.41

c.,h1lon3
219.29

clbh o n4
271.34

247.34

cloh o n 3
225.31

HCI; ** The lit. m.p. of 17a is

M.p., °C
Solvent

69-71
ethanol-ether

131-133
ethanol-ether

165-167
benzene

60-62
ethanol-ether

156-158
ethanol

66.64
66.25

65.72
65.87

66.41
66.64

67.99
68.40

53.31
53.58

Analysis,%
Calculated
Found

8.55
8.81

7.81
7.60

7.06
6.63

8.56
8.71

6.98
6.98

9.14
9.42

8.04
8.17

20.64
20.37

16.99
16.69

18.27
18.27

124 °C [45]; *** The lit. m.p. of 17s is 99—100 °C [15].

70.15

63.21

51.20

55.30

69.87

Cle 18 HLYNY39g
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Melting points and analysis data of N-substituted trans-2-amino-l-cyclohexanecarboxamides (19a—19h)

pound R
19a  -CH 2ACH2,CH3
19b  -C 6HACH3(p)
19c —CeH|CHJp)
19d  -C Gi4Cl(p)

19e - C,l14CI(p)

19f —CeH4Br(p)

199 -CH XHX6EH5

19h - CH2CH2C6H30CH3)Am p)

*x = base, B = HBr

Form*

Table V

Formula
Molecular weight

CuH20N,,
198.31

CI14H200N2
232.33

CHH2I0N2BTr
313.25

C13H ION,,C1
252.75

CI3H 18ON2CIBr
333.66

CI3H 18ON2Br2
378.12

CI5H20N2
246.36

NLTN26731M2
306.41

M.p., °C
Solvent

72-75
ethanol-ether

140-141
ethanol

206-209
ethanol

161-163
ethanol
228-230
ethanol
255-257
ethanol

98-101
ethanol

120-122
ethanol-ether

66.63
66.49

72.39
72.67

53.69
54.20

61.77
64.41

46.79
46.43

41.30
41.14

73.12
72.83

66.64
66.31

Analysis, %
Calculated
Found

H

11.18
11.40

8.68
8.75

6.76
6.79

6.78
7.05

5.44
541

4.80
4.39

9.00
9.21

8.55
8.39

14.13
13.42

12.06
11.37

8.95
8.70

11.09
11.73

8.40
8.12

7.41
7.44

11.37
11.12

9.14
9.04

Yield,
%

49.11

65.15

78.27

65.25

77.21

70.03

60.21

65.11

Yle 18 HLYNY34
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The attempted GRIMMEL-type phosphorous trichloride reaction [40]
with amines 25 and 26 did not afford the expected hexahydroquinazolone deriv-
atives (29) but gave the N-substituted cis- and trares-2-acetylamino-I-cyclo-
hexanecarboxamides 27 and 28. In the course of the reaction of cis-2-acetyl-
amino-l-cyclohexanecarboxylic acid (25) with amines, small amounts (4—5%)
of N-substituted ir<ms-2-acetylamino-l-cyclohexanecarboxamides (28) were
also formed. The cis and trans isomers could be separated by fractional crystalli-
zation.

0
COCH
(CH2),,
NH—C— CH3 NH—C—CHs
I
24: n= 1, cis 27: n= 2, Cis
25: N 2, Cis 28: n= 2, lrans
26:  n 2, lrans
Fig. 10
29
Fig. 11

It may appear surprising thatthe GRIMMEL-type reaction of 25 and 26
did not give the expected hexahydroquinazolones as it is well known that the
most various N-acyl-anthranilic acid derivatives yield by this reaction quinazo-
lines in very good yields.

The synthesis of hexahydroquinazolones was achieved in another way
[41]. The discussion of this method and the synthesis of the 2-alkyl-, 2-aralkyl-
and 2-arylderivatives of the compounds described in this paper, will be given
in a subsequent publication [42].

Among the compounds mentioned, several cis-2-amino-l-cyclohexane-
carboxamide derivatives show a narcosis potentiating effect. Most potent are
the compounds 17i, 171, 17q (R = COH4X; X = p-CH3 m-F, m-CF3). A dose
of these (50 mg/kg, given orally) protracts, by a factor of about 5, the sleep
induced in mice by a dose (40 mg/kg, i.v.) of venobarbital. Interestingly, this
effect is much smaller, or altogether missing, with the corresponding trans iso-
mers.
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A number of these compounds have antipyretic and/or analgetic effects.
This antipyretic effect is pronounced again with the cis-2-amino-I-cyclohexane-
carboxamide derivatives; the corresponding trans isomers, e.g. 17r and 19f,
R = CeH4Br(p), are ineffective.

The N-acyl derivatives of alicyclic /3-amino acids (24—26) and the cis-
or irares-2-acylamino-l-cyclohexanecarboxamides (22, 23,27, 28) possess no ap-
preciable antiphlogistic or antipyretic action.

The compounds described in this paper form the subject of a patent appli-
cation [43]. Detailed pharmacological results will be published elsewhere [44].

Experimental

C7s-2-carbobenzoxyamino-l-cyclohexanecarboxylic acid (4b)

C£s-2-amino-l-cyclohexanecarboxylic acid (2b) (14.32 g; 0.10 mole) was dissolved, with
stirring in a 21Vsolution of sodium hydroxide (0.10 mole). The solution was cooled to 0 °C in a
salt-ice hath, then benzyl chloroformate (18.77 g; 0.11 mole) and of sodium hydroxide (4.00 g;
0.10 mole, in the form of a 21V solution) were added parallel, by drops, during 30 min.; care was
taken thatthereaction mixture should remain always slightly alkaline. Stirring was continued at
0 °Cfor 1 hr., and for further 4 hrs at room temperature. The excess benzyl chloroformate was
thenremoved from the mixture by extraction with ether. The aqueous phase was cooled in ice and
acidified to pH 2 with a 1 : 1 solution of hydrochloric acid. The precipitate, eis-2-carbobenz-
oxyamino-l-cyclohexanecarboxylic acid (4b) was filtered off and washed with cold water. Re-
crystallization from ethanol yielded a white crystalline substance (23.70 g; 85.5%), m.p.
127 129 °C.

CiSH 104N (277,32). Caled. C64.97; H 6.91; N 5.05. Found C 64.86; H 7.01; N 5.08%.

Trans-2-carbobenzoxyainino-l-cyclohexanecarboxylic acid (5b)

This compound was prepared, in the way described for the cis isomer 4b, from trans-2-
amino-l-cyclohexanecarboxylic acid (3b). Recrystallization from methanol gave white crystals,
m.p. 145—147 °C; yield 93.04%.

C15H 104N (277.32). Calcd. C 64.97; H 6.91; N 5.05. Found C 65.15; H 7.09; N 4.99%.

Cis- and firans-2-carbobcnzoxyamino-l-cyclopentanecarboxylic acid (4a, 5a)

These acids were prepared, in the way described for compound 4b, from cis- and trans-
2-amino-l-cyclopentanecarboxylic acid (2a and 3a, respectively). In the synthesis of cis-2-
carbobenzoxyamino-l-cyelopentanecarboxylic acid (4a), the product of acidification with
hydrochloric acid separated as a viscous oil; this was extracted with ethyl acetate and the
solution dried over sodium sulfate. Evaporation of the ethyl acetate left a product which was
used without further purification for the synthesis of derivatives.

Trans-2-carbobenzoxyamino-l-cyclopentanecarboxylic acid (5a) was recrystallized from
ethanol, m.p. 149—151 °C, yield 87.35%.

C14H 104N (263.30). Calcd. C 63.86; H 6.51; H 5.32. Found C 66.76; H 6.71; N 5.36%.

Trares-2-carbobenzoxyamino-l-cycloheptanecarboxylic acid (5c)

This was prepared, in the way described for compound 4b, from iraras-2-amino-I-cyclo-
heptanecarboxylic acid (3c). Recrystallization from ethanol gave the acid 5¢, m.p. 132—133 °C;
yield 78.23%.

C16H 210 AN (219.34). Caled. C 65.95; H 7.77; N 4.81. Found C 66.14; H 7.39; N 4.22%.

Acta Chim. (Budapest) 89, 1976



78 BERNATH et al.. STEREOCHEMICAL STUDIES, XXVI

Cis-2-carbobenzoxyamino-I-cyclohexane-p-chlorocarboxanilide v. in)

Cis-2-carbobenzoxyamino-I-cyclohexanecarboxylic acid (4b) (41.6 g; 0.15 mole), dicy-
clohexylcarbodiimide (30.50 g; 0.15 mole) were placed in anhydrous tetrahydrofurane (420
ml), and the mixture was allowed to stand at room temperature for one day. The N,N’-dicyclo-
hexylurea which separated was then removed by filtration. Evaporation of tetrahydrofurane
left a yellowish white, sticky mass which crystallized on the addition of ether (80 ml) and stand-
ing. The crystals were collected on a glass filter. TLC (silica gel, benzene ethanol 9 : 1, detection
with iodine vapour) showed two spots. Recrystallization from ethanol (500 ml) gave cis-2-
carbobenzoxyamino-1-cyclohexanc-p-chlorocarboxanilide as white crystals (31.35 g), m.p.
177— 179 °C; yield 54.03%.

C21H 230 3N2C1 (386.88). Calcd. C 65.20; H 5.99; N 7.24. Found C 65.04; H 5.59; N 7.57%.

Evaporation of the mother liquor to about 100 ml gave, after cooling, N-(cis-2-carbo-
benzoxyamino-l-cyclohexylcarbonyl)-N,N’-dicyclohexylurea (6) (15.25 g; yield 21.82%) as
white crystalline powder; m.p. 113— 115 °C (from ethanol).

C28H4104N 4 (483.66). Calcd. C 69.63; H 8.54; N 8.69. Found C 69.22; H 8.65; N 8.65%.

N-substituted cis- and /rans-2-carbobenzoxyamino-I-cyclohexanecarboxamides
(11a—Ilii, 13a—13g)

0.02 mole of cis- or trans-2-carbobenzoxyamino-I-cyclohexanecarboxylic acid (4b and
5b, respectively) was dissolved in pure tetrahydrofurane (70 ml) and this solution was cooled
to —10 °C in a salt-ice bath. With vigorous stirring, triethylamine (0.02 mole) and isobutyl
chloroformate (0.02 mole) were added; after stirring for another 2—3 minutes, the amine (0.02
mole) dissolved in pure tetrahydrofurane (20 ml) and cooled to —10 °C was added dropwise into
the reaction mixture. Stirring at salt—ice temperature was continued for another 5 hrs, then
the mixture was allowed to stand overnight at room temperature. The tetrahydrofurane was
evaporated and, in order to remove the unreacted amine component, the residue was shaken
for 20 min. with an aqueous mixture of an organic solvent chosen for this purpose (petroleum
ether, ether or benzene). The crystalline substance thus obtained was collected on a glass filter,
then shaken for 5 min. in a chilled 10% solution of sodium hydroxide (0.02 mole). The product
was filtered off washed with water until neutral, dried and recrystallized. The data of the N-
substituted cis- and trans-2-carbobenzoxylamino-I-cyclohexanecarboxamides (1la—Ilii,
13a—13g) thus prepared are collected in Tables | and II.

Synthesis of N-substituted cis- and trans-
2-(carbobenzoxyamino)-I-cyclopentanecarboxamides (10a, 10b, 12a, 12b)

These cyclopentane derivatives were synthesized as described for the corresponding
cyclohexanecarboxamides (1la—ii, 13a—g), from cis- and ircms-2-carbobenzoxyamino-I-
cyclopentanecarboxylic acid (4a and 5a) respectively. The derivatives prepared are listed in
Table I11.

Synthesis of N-substituted iraras-2-carbobenzoxyamino-I-cycloheptanecarboxanilides
(14a, 14b)

These compounds were prepared as described for compounds 1la—ii and 13a—g, from
trans-2-carbobenzoxyamino-l-cycloheptanecarboxylic acid (5c). The derivatives obtained are
listed in Table Il1.

Cis-2-amino-I-cyclopentane-p-methylcarboxanilide hydrobromide (16)

This compound was synthesized from cis-2-carhobenzoxyamino-l-cyclopentane-p-
methylcarboxanilide (10a) according to the method used for the synthesis of iraras-2-amino-I-
cyclopentane-p-methylcarboxanilide hydrobromide (18). Recrystallization from ethanol gave
16, m.p. 236—238 °C, yield 72.0%.

CI3HI0ONMBr (299.22). Calcd. C 52.19; H 6.40. Found C 52.15; H 6.71%.

N-substituted cis- ard irous-2-aminc-I-cyclohexanecarboxamides (17a—17ce, 19a—19h)

Four to five equivalents of hydrogen bromide, 20% solution in glacial acetic acid, was
added to the N-substituted cis- or trans-2-carbobenzoxyamino-l-cyclohexanecarhoxamides
(11a—1lii, 13a—13g). Upon admixture with dry ether, the N-substituted cis- or trans-2-
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amino-l-cyclohexanecarboxamide hydrobromides separated, usually as oily liquids which
crystallized on rubbing with a glass rod. The N-substituted cis- or frans-2-amino-Il-cyclohexane-
carboxamides were liberated from the crystalline hydrobromides by treatment with a 10%
solution of sodium hydrogen carbonate.

When the hydrobromides could not be obtained in crystalline form, the bases were liber-
ated by means of Varion-AD ion-exchange resin. Characteristic data of the derivatives prepared
are shown in Tables IV and V.

Tr<ms-2-amino-I-cyclopentane-p-methylcarboxanilide hydrobromide (18)

Four to five equivalents of hydrogen bromide, as 20% solution in glacial acetic acid,
was added to Irans-2-carbobenzoxyamino-I-cyclopentane-p-methylcarboxanilide (12a) and the
mixture was allowed to stand 50 min. at room temperature. On the addition of dry ether trans-
2-amino-1-cydopentane-p-methylcarboxanilide hydrobromide (18, R = C6H4CH3(p) separ-
ated in crystalline form. Recrystallization from ethanol—ether gave white crystals, m.p. 195—
198 °C, yield 62.15%.

CI3H IN2Br (299.22). Calcd. C 52.19; H 6.40; N 9.36. Found C 52.26; H 6.18; N 9.53%.

N-substituted irans-2-amino-I-cycloheptanecarboxanilides (20a, 20b)

These compounds were prepared in the same way as the N-substituted cis- or trans-2-
amino-l-cyclohexanecarboxamides (1la—Ilii, 13a—13g), from ir<ms-2-carbobenzoxyamino-
1-cycloheptanecarboxanilides (14a, 14b).

Traris-2-amino-I-cycloheptane-p-methylcarboxanilide hydrobromide (20a)

Recrystallized from ethanol, 20a had m.p. 159—160 °C; yield 56.29%.
CI5H 220N 2Br (327.27). Calcd. C 55.05; H 7.08; N 8.55. Found C 54.76; H 6.96; N 8.40%.

7Y ans-2-ammo-I-cyclolieptane-p-chlorocarboxanilide hydrobromide (20b)

Recrystallized from ethanol, 20a had m.p. 162—163 °C; yield 47.32%.
C14H,,00ON2CIBr (347.67). Calcd. C 48.34; H 5.75; N 8.05. Found C 48.48; H 5.56; N 8.37%.

Cis-2-formylamino-I-cyclohexanecarboxylic acid (21)

A mixture of cis-2-amino-I-cyclohexanecarboxylic acid (2a) (4.30 g; 0.03 mole), 98—
100% formic acid (5.52 g; 0.12 mole) and acetic acid anhydride (12.35 g; 0.12 mole) was
warmed at 35—40 °C for 1.5 hr. The suspension became homogeneous and a few minutes later
the separation of cis-2-formylamino-l-cyclohexanecarhoxylic acid (21) began. The reaction
mixture was kept at +4 °C for one day, whereupon 3.80 g of white crystals separated. Re-
crystallization from methanol gave 3.30 g (64.2%) of the product, m.p. 206—208 °C (lit. [38]
m.p. 201—202 °C).

C8H 130 3N (171.20). Calcd. C 56.13; H 7.65; N 8.18. Found C 56.33; H 7.76; N 7.72%.

Cis-2-acetylamino-I-cyclopentanecarboxylic acid (24)

Following the method used for the synthesis of cis-2-acetylamino-l-cyclohexanecar-
boxylic acid (25), from cis-2-amino-l-cyclopentanecarboxylic acid (2a) (12.92 g; 0.10 mole) we
obtained 11.35 g (66.30%) of compound crystallizable from ether, m.p. 79—81 °C.

CsH 130 3N (171.20). Calcd. C 56.13; H 7.65; N 8.18. Found C 55.95; H 7.64; N 8.27%.

Cis-2-acetylamino-I-cyelohexanecarboxylic acid (25)

In a three-necked flask equipped with a stirrer and condenser, cis-2-aminocyclohexane-
carboxylic acid (2b) (14.32 g; 0.10 mole) was dissolved in water (60 ml) and, with vigorous
stirring, in one portion, acetic acid anhydride (25.52 g; 0.25 mole) was added. The mixture got
very warm. Stirring was continued for 60 min. then the mixture was allowed to stand over-
night at +4 °C. The crystals which separated were collected by filtration, and recrystallized
from ethanol, to obtain cis-2-acetylamino-l-cyclohexanecarboxylic acid (25) (10.92 g; 58.96%)
as a white crystalline powder, m.p. 149—151 °C. Evaporation of the acid mother liquor and
recrystallization of the residue gave a further crop (3.52 g; 19.01%) of compound 25.

C9H 150 3N (185.22). Calcd. C 58.37; H 8.16; N 7.56. Found C 58.25; H 8.34; N 7.37%.
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Tabic VI

Melting points and analysis data of N-substituted cis- and trans-2-(formylamino)-I-cyclohexanecarboxamides (22a—22f, 23)

Analysis,%
Calculated

. . Formula M.p.,°c Found Yield,

pound K Configuration Molecular weight Solvent %
c H N

22a - CH2CH22CH3 cis C12H 2202N 2 127-129 63.69 9.88 12.38 71.30
226.32 ethanol 63.46 10.03 12.28 ’

22b*  —CeH4C1(p) cis ClH 10 2N 2C1 230-232 59.89 6.10 9.98 5291
280.76 ethanol 60.10 6.38 9.81 '

22¢ -C GH4Br(p) cis CHH IO 2N ,Br 243-245 51.81 5.27 8.62 7827
325.21 methanol 51.69 5.45 9.05 '

22d  -c@HdocHHp) cis ME-A2273N 2 183-185 66.18 7.64 9.65 76,17
290.36 methanol 65.95 7.53 9.89 '

22¢  -CH2CHXGIOCH3Am, p) cis cl18h To4n 2 167-169 64.65 7.84 8.38 68.13
334.42 ethanol 64.47 7.97 8.34 ’

/=N

22f / \ cis c13 o 3 217-219 63.14 6.93 16.99 65.27

247.30 ethanol 62.87 6.93 16.91 '
A\

23 —C6H4CI(p) trans Cl4H 10 N X1 262-264 59.89 6.10 9.98 60.27

1 280.76 ethanol 60.22 6.37 9.95 '

* Compounds 22b and 23 were prepared by refluxing cis- and iraris-2-arnmo-l-eyclohexane-p-chlorocarboxanilide with triethylortho
formate [37].

11k 19 H1VYNY3g
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Table VII

Melting points and analysis data of N-substituted cis-2-acctylamino-I-cyclohexanecarboxamides (27a—27f)

Com- Formula

pound - Molecular  weight

27a  -CH2CH2XH3 clh,oh?
240.35

271. -CeH5 CIBH20N,,
260.34

27¢c - C cH4CL(n) CIEHID N2
294.78

211 -C eH4Br(p) CIH 190 NBr
339.24

27e -CH2ZeH5 CleHZD N2
274.36

27f  -CH,CH,,C»H,(OCH,),(m,p) CI9HZD AN2
348.45

M.p., °C
Solvent.

133-135
chloroform-ether

211 -213
ethanol

234-236
ethanol

237-238
ethanol

191-192
ethanol

166- 168
ethanol

64.95
64.64

69.22
69.27

61.12
61.60

53.11
52.89

70.04
69.29

65.48
64.87

Analysis,%
Calculated
Found

10.06
10.02

7.75
7.82

6.50
6.30

5.65
5.47

8.08
8.19

8.10
7.67

11.65
11.37

10.76
11.50

9.50
9.86

8.26
8.50

10.21
10.21

8.04
7.94

Yield,
%

55.73

70.30

44.70

68.30

71.30

68.20

Cle 18 HLYNY34g
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Table VIII

Melting points and analysis data of N-substituted trans-2-acetylamino-l-cyclohexanccarboxarnides (28a—28e)

Compound R

28a - CH,,(CH.).CH3

28b* -C rH5

28c -C 6H4CI(p)
28d -C fiH4Br(p)
28e -CH.,CH.,CnH,(OCH,),(m,,()

*This is a by-product recovered by fractional crystallization from the synthesis of cis-2-acetylamino-l-cyclohexanecarboxanilide (27b)*
made on the analogy of GrimmeFs quinazoline synthesis [40], using c/s-2-acetylamino-l-cyclohexanecarboxylic acid (25) and aniline.

Formula
Molecular weight

clh ,do.n.
240.35

C15H2002N 2
260.34

c1h 19 2n Zi
294.78

CI5H I 2N2Br
339.24

cIn 2Bo4n 2
348.45

M.p., °cC
Solvent

218-222
ethanol

266-268
ethanol

283-285
ethanol

289-290
methanol

198-200
ethanol

64.95
64.68

69.22
69.60

61.12
60.93

53.11
52.93

65.48
64.98

Analysis, %
Calculated
Found

10.06
10.20

7.75
8.03

6.50
6.60

5.56
5.75

8.10
8.33

11.65
11.19

11.65
10.70

9.50
9.25

8.26
8.32

8.04
8.85

Yield, %

od.JI

i
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Trares-2-acetylamino-I-cyclohexanecarboxylic acid (26)

According to the method used for the synthesis of the cis isomer (25), Irans-2-amino-1-
cyclohexanecarhoxylic acid (3h) (14.36 g; 0.10 mole) gave compound 26 as white, glistening
crystals (14.36 g; 77.54%); recrystallized from ethanol, m.p. 206—208 °C.

C9H 150 3N (185.22). Calcd. C 58.37; H 8.16; N 7.56. Found C 58.57; H 8.41; N 7.58%.

Synthesis of N-substituted
eis-2-formylamino-I-cyclohexanecarboxamides (22a, 22c—22f)

The appropriate N-substituted cis- or f{rans-2-amino-l-cyclohexanecarboxamides
(17b, 17r, 17u, 17aa or 17bb) (0.02 mole) was dissolved in 98— 100% formic acid (0.12 mole)
and acetic anhydride (0.12 mole) was added to the solution. The mixture was warmed at 35—40
°C for 1.5—2 hrs. The white, crystalline product was filtered off and recrystallized from a suit-
able solvent (table VI) until constant m.p. was attained. Table VI gives a survey of the com-
pounds obtained.

Synthesis of N-substituted cis- and trans-
2-acetylainino-l-cyclohexanecarboxamides (27a—27f, 28a—28e)

1.0 mole of cis- or trans-2-acetylamino-I-cyclohexanecarboxylic acid (25 or 26) was sus-
pended in dry toluene, and to this suspension 1.0 mole of the amine, dissolved in anhydrous
toluene, was added in one portion. The mixture was shaken vigorously, and 0.33 mole of phos-
phorus trichloride, dissolved in dry toluene, was added to it. The mixture was then refluxed
for 2 hrs. The solution was decanted and allowed to stand at +4 °C for one day. The crystals
which separated were collected on a glass filter and recrystallized, each from the solvent indi-
cated in Tables VII and VIII, until constant m.p. was attained.

*
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THE MASS SPECTRA OF RUTECARPINE, EVODIAMINE AND 3,14-DIIIYDRORUTE-
CARPINE
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The electron bombardment mass spectra of rutecarpine, evodiamine and 3,14-
dihydrorutecarpine are reported. As shown by the investigations, the molecular ion of
the latter compound undergoes a skeleton rearrangement prior to fragmentation.

The mass spectrometric behaviour of rutecarpine and evodiamine, the
two longest known alkaloids with indolopyridoquinazoline skeleton, has not
been investigated so far. However, the characteristic mass spectral data of
some new members of this group have been published; such compounds are
paraensine (1) [2], euxylophorine-c (lla) and its dihydro-derivative (lib) [4],
as well as hydroxyrutecarpine (I11) [5], isolated by Danieti et al. [1—5] from
Euxylophora paradnsis Hub., a plant of the Rutaceae family.

In our previous papers [6, 7] we reported the synthesis of 3,14-dihydro-
rutecarpine (VI) from which rutecarpine (IV) and evodiamine (V) can readily
he obtained.

In the present paper we report the mass spectrometric behaviour of these
three compounds.

The 70 eV mass spectra of compounds IV—VI are shown in Fig. 1.

The molecular skeleton of rutecarpine (1V), similarly to that of compound
Ila [4] and 111 [5],is very stable against electron bombardment. The only signif-
icant fragmentation process is the loss of a hydrogen atom from the molecular
ion. The high frequency of this process can be explained by the splitting of one
of the protons in /3-position to the Nb nitrogen and by the development of a
stable immonium ion structure, extending the conjugation. Also a competing
loss of CO can be observed, which is accompanied by ring contraction (forma-
tion ofthe mje 259 ion). The ions of m/e 143 and 129, having similarly low inten-
sities, can be attributed to the two types of fragmentation of ring C shown in
Fig. la.

*Part Il1l1: Acta Chim. (Rudapest), 84, 93 (1975)
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v R=CH, V
R=H \Y/|

In the case of evodiamine (V) the molecular ion is less stable, owing to the
disappearance of the continuous conjugation system; nevertheless, it gives the
most intense peak of the spectrum. Immonium ion formation consisting of the
loss of one hydrogen atom is significant, yet, as it is usual, in the case of com-
pounds with tetrahydro-/j-carboline skeleton [8], mainly the splitting off of
the 3-H atom must be expected. The principal fragmentation process of com-
pound ¥ is the o-splitting of the skeleton (see Fig. Ib) which is partly a retro-
Diels-Alder reaction leading to ion of m/e 170, and partly involves H migration,
affording the ion 169 and its complementary ion of m/e 134. Also the formation
of ions 143 attributable to the cleavage ofring C can be observed. The ion types
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Fig. 1. 70 eV mass spectra of compounds IV, V, VI

corresponding to these processes also appear in the spectrum of compound
lib [4].

In contrast to the compounds mentioned above, 3,14 dihydrorutecarpine
(VI) exhibits a surprising behaviour on electron bombardment. The stability
of the molecular ion is very low, and the main fragmentation route is the
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splitting of ring C (formation of ions 130 and 143). The a-splitting which has
been found to be the main splitting process for compound V having an identical
skeleton, does not occur at all in compound VI. On the basis of this unexpected
behaviour, we presume that the molecular ion of VI undergoes the following
molecular rearrangement:

This presumption is supported by the predominance of the formation of
the ions of m/e 143 and 130, which is readily explained if structure B is present;
these ions can also be observed during the fragmentation of N-substituted
triptamines [9]. The ion 143 can be formed from structure B by means of H
migration, through a four- or six-membered cyclic transition state, and the
fragments produced correspond to stable molecules:

The ion of m/e 130 can be derived by the homolytic splitting (/3-splitting)
of the C5-€6bond. The A —=B conversion of the molecular ion of VI and the
suggested mechanism of their further decomposition route are also supported
by investigations with compound labelled by deuterium: on replacing the
active protons of compound VI by deuterium, the molecular weight is increased
by two units, and in the labelled spectrum the deuterium content in the ions
of m/e 143 and 130 is completely identical with that in the molecular ion.

Acta Chim. (Budapest) 89, 1976



TAMAS et al.: ALKALOIDS, IV 89

Experimental

The mass spectra were obtained with an MS-902 spectrometer. The exact mass of the

main ion peaks was determined at high resolution with an accuracy of £+2 ppm.

Samples were introduced by direct insertion. The temperature of the ion chamber was

150 °C, the ionizing electron energy being 70 eV.

The preparation, physical constants and spectroscopic (UV, IR) data of compounds

rutecarpine (IV), evodiamine (V) and 3,14-dihydrorutecarpine (V1) are described in a preceding
paper [7].

Compound VI labelled with deuterium was prepared by dissolving it in D2 + DC1.
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The tautomerism of acrylic esters and acrylonitriles was studied by PMR spec-
troscopy. The existence of the isomers Z and E was established and their relative ratio
determined. By measuring the coalescence temperature, the activation free enthalpy
of the isomerization was determined.

In the course of the synthesis of therapeutically useful 4-hydroxyquino-
line derivatives, the final products were obtained by making use of some inter-
mediates related to acrylic acid.

In his early work craisen [1] described the condensation reaction of
aniline and ethyl ethoxymethylenemalonate (abbreviated in the literature as
EMME) to vyield ethyl a-ethoxycarbonyl-/?-anilinoacrylate. Thereafter this
reaction has found the most widespread application for the preparation of
intermediates of various 4-hydroxyquinolines [2, 3, 4, 5].

The condensation reaction of aromatic amines (1) with EMME, i.e. the
synthesis of the compounds 2a g was effected by boiling the components in
absolute ethanol, or gasoline. By allowing the anilines Ih—k to react with
ethyl oc-cyano-/?-ethoxyacrylate (abbreviated in the literature as EMCE) in
the above solvents, compounds 2h kK were obtained in nearly quantitative
yields. Compound 21 was prepared by the reaction of aniline with ethyl formyl-
succinate [6]. The compounds synthesized are summarized in Table I.

* Present adress: Institute of Organic Chemistry, Semmelweis Medical University,
Pharmaceutical Faculty, Budapest

Acta Chim. (Budapest) 89, 1976



92 FRANK et al.. TAUTOMERISM AND ISOMERISM OF ENAMINES

Table 1

Compounds of type 2

R. R, R3 R. Ref.
a H H CH5 COOCH5 (2]
b OH CHe C,H5 COOC2H5

c Clljcoo CHD CH5 €C00C,H5

d clH 2o C,HD CH5 COO0C,H5 [10]
e 0—CH,-0 CH5 COOC2H5 1
t 0-CH20 CH9 COOC4H9

. O—CH2 0 OHECH2 ~ COOCH,—C&H5

h H H CH5 CN [8]
i OH CHD CH5 CN

; CIH20 CH® CH5 CN [10]
‘ ©,.ss .0 CH5 CN [9]
1 H H . CH5 CHZCOOC2H5 6]

Results and discussion

The compounds oftype 2 can exist in the enamine or ketimine tautomeric
form. According to the literature, in secondary amines which are conjugated
with a keto-, orester- or nitrile function, the tautomeric equilibrium is predom-
inantly shifted towards the enamine form [11, 12]. In agreement with this,
also in compounds 2a 1the enamine tautomeric form is prevailing, as shown
by the IR and NMR spectra, resembling each other to a large extent. As a
model, compound 2e was studied in detail. In its NMR spectrum the NU signal
appears as a doublet &&= 11.1,J = 13 Hz). The signal of the vinyl proton can
be found at b = 8.46, similarly split to a doublet. Upon the addition of D20
the former band disappears, while the olefinic proton becomes a singlet, showing
that the proton exchanged has been in the NH group, located in vicinal posi-
tion to the olefinic =CH. The NH band, appearing at 3260 cm“1in the IR
spectrum similarly proves the predominant character of the amine tautomeric
form.

During the investigation of conjugated enamines it has been established
that as a consequence of extended conjugation, these compounds can be con-
sidered, in good approximation, as planar molecules [13]. As a result, the UV
absorption maximum above 300 nm in the spectrum ofthese derivatives appears
with a very high intensity (e > 104) [13] (see Experimental).

By temperature-dependent NMR studies it has been shown that rotation
is hindered not only around the C= C double bond, but also about the N—C
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bond [13—18]. Furthermore, babrowski €t al. gave evidence for the hindered
character of the rotation aboutthe =C —CO bond in enamino-carbonyl deriv-
atives, and also detected the presence of s-cis and s-trans isomers [13]. The
latter rotation requires the lowest activation energy, while hindrance of the
rotation around the =C —NH bond is more definite, and that about the
—C= C bond is strongest. shvo and Shanan-Atiai [13] as well as Danu-
Quist [20] found the rotation barrier (AG*) of the C= C bond in 1-dimethyl-
amino-lI-methyl-2-cyanocarbomethoxyethylene to be 14.8 kcal/mole, while for
the C—N bond they gave the corresponding value as 10.8 and 12.9 kcal/mole,
respectively. On the basis of what has been said above, the appearance of the
following conformers can be expected (not considering the carbonyl s-cis and
s-trans isomers):

R3 Ri2

The conformers (a—d) are diastereomere; they differ energetically, and conse-
quently their population is also different. If X =Y (e.g. in 2a ¢), the confor-
mers (a—b) and (c—d), respectively, are “degenerated isomers” (topomers),
as X and Y are, from the point of view of the rotation, nonequivalent. A rota-
tion about the C= Cbond means here the exchange of the diastereotopic groups
[21].

The main purpose of the present work was to study the isomerization of
the type Z E, arising from rotation about the C= C bond.

The high value of the coupling constant (Jnh.ch = 13 Hz) suggests that,
as a result of steric factors, the equilibrium of the conformers produced in the
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Tabic 11
E z
gglm_d Solvent Ratio E/Z*
CH NH CH NH

2h  cdci3 8.46(d) 8.7(d) 7.96(d) 10.7(d) 40 : 60
CDC13DD 8.46(s) — 7.96(s) _ - &
C6D6—N 02 8.32(d) 8.95(d) 7.98(d) 10.61(d) 40 : 60

2k  cDc13 8.40(d) 8.6(d) 7.71(d) 10.8(d) 50 : 50
CDC13D 20 8.40(s) — 7.71(e) — 50 : 50
c6d5 no?2 8.28(d) 8.91(d) 7.90(d) 10.74(d) 50 : 50

Cs,—COOCMH5 CA2CO0CMH5

21 CDClg 3.46(s) — —
CDC13D 2 3.46(s) 3.22(s) 30 : 70**
c0d5 no?2 3.61(e) 3.32(s) 95 : 5

* Immediately after dissolution

** After standing for one day

The measurements were carried out at room temperature; the ratio E/Z does not in
each case equal the composition in thermodynamical equilibrium (the latter is shown in
Table I11).

rotation about the N—C= bond is predominantly shifted towards the con-
former containing the phenyl group in trans position related to C= C.

The relative ratio of the isomers Z*=%E was determined by means of their
NMR spectra. The data are summarized in Table Il, in which only the most
characteristic proton signals are shown for the isomerization model compounds
studied.

In the isomer Z, in each case an intramolecular hydrogen bond is formed.
Accordingly, the process of exchange of the NH against deuterium requires
several days at room temperature, while the NH inisomer E is exchanged imme-
diately.

Since the NH signal chelated with the carbonyl group appears at a higher
6 value than that of the free, NH among others this fact also offers a way to
differentiate between the isomers Z and E by NMR spectroscopy.

The isomerism can be best observed on the CH2—COOCZ2H5 signal of
compound 21; the EjZ ratio can also be determined here. The assignment based
upon the NH proton could easily be done, as isomer E of compound 21 could
be isolated and studied in pure form. In deuterochloroform solution the CH?2
signal of this isomer appears at d = 3.46, while the NH signal at 7.7 ppm. Upon
standing acouple of hours atroom temperature, the substance in solution chang-
es into a mixture of the isomers, and the singlet of the CH2—COOC2H5 group
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characteristic of isomer Z appears at g = 3.22, and the NH band at 10.0 ppm.
As the assignment of the signals is in this manner unambiguous, only the data
characteristic of CH2—COOC2H5 are shown in the Table.

The ratio of the geometrical isomers of compound 21 measured immedi-
ately after dissolution undergoes a change with time. Upon standing at room
temperature for three hours in chloroform solution the amount of the origi-
nally pure isomer E is decreased to 60%, and after 3 days the equilibrium is
already shifted towards isomer Z, the isomer ratio being 75 : 25.

The isomerization Z —E of the enamines was studied on the compounds
2a, e, h, kK, 1as well as on the N-methyl derivative of 2h [3]. The IR spectra of
the studied compounds, recorded in KBr pellets, support the results on the
existence and transformations of the isomers. In the spectra several rC=10
bands could be observed, from among which the low frequency value of that
appearing at 1685 cm "1 arises from the hydrogen bond in isomer Z, while the
vC= 0 (ester) band of the isomer E is, in types 2a g, at 1720 cm "1 In com-
pounds 2h Kit appears at about 1710 cm "1, and in 21 at 1712; the band appear-
ing at 1745 cm"1in the case of the latter compound can be attributed to the
j>C= 0 vibration ofthe non-conjugated ester group. (For the detailed, exact data
see Experimental.) .

When the temperature was raised gradually up to 220 °C during the re-
cording of the spectrum, the band characteristic of isomer E became gradually
weaker, while the band characteristic of Z grew stronger.

In the temperature-dependent NMR measurements it has been observed
that the bands separately characteristic of Z and E coalesce above a certain
temperature value (Tc), corresponding to the fact that the isomerization became
unhindered. From the above effect the activation enthalpy of the isomerization
can be determined on the basis of the Eyring correlation [22]. The results of
the measurements are contained in Table II1.

Isomerization around the non-conjugated C= C double bond is at room
temperature mostly hindered, as a result of the great activation free enthalpy
(AG* = 25—65 kcal/mole). In the case of olefins with extended conjugation,
where on one side of the double bond electron-withdrawing, and on the other

Table 111
’Sﬂza Signal evaluated Hz TT°C Kcal/mole Solvent Rg\tizo
2a —OCs-CHs 3.3 88 19.8 GDs—NO,
e —OCs%-CHs 4.1 86 19.5 GDs-NO,
h -OCH2-CHs 6.5 162 23.4 cf5 No2 40 : 60
K —OCsb-CHs 7.0 161 23.3 Cds— NO, 25:75
1 —CHCOO0CGHs 200 25.0 GDs—NO, 70 : 30
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side electron-releasing substituents are located, the activation free enthalpy
may be decreased to such an extent (zIG* = 5 25 kcal/mole), that the inves-
tigation of the rotation by DNMR becomes possible [18].

The isomerization Z*=+E of the enamines can proceed in two ways.
It is possible that it takes place via the ketimine tautomeric form, although this
form could not be detected experimentally, since components being present at
stationary concentrations of less than 1%, cannot be detected by the method
applied. The other possibility consists of rotation around the C= C bond. The
isomerization Z E will take the reaction route which requires less energy.

If the isomerization Z E proceeds via tautomerization, strong proton
catalysis can be expected. It has been shown that the isomerization, e.g. of
enamines and ketenaminals is strongly catalyzed by traces of acid or water in
the solvent [17, 23, 24]. Proton catalysis was also observed in the isomeriza-
tions of the enamines studied in this work. Addition of a catalytic amount of
CFgCOOH to the CDC13 solution increased the rate of isomerization to about
the double, and in nitrobenzene it resulted in a significant decrease in the coa-
lescence temperature Tc. Based on this evidence it can be suggested that in
protic medium the isomerization proceeds predominantly via tautomerization.

For the purpose of studying the non-catalyzed thermal rotation about
the C= C bond, excluding the possibility of tautomerization, ethyl a-cyano-/?-
(N-methyl)-anilinoacrylate (3) was synthetized. This compound had been stud-
ied by Shvo [13], and similarly to our results they concluded that by
introducing the N- CH3group, the equilibrium Z*=+E is shifted to such alarge
extent that the isomerization Z*=tE can no longer be studied.

Another way of avoiding tautomerization is to use an aprotic solvent.
For this purpose the measurements were carried out in pure nitrobenzene
containing no trace of water or acid. In this case the isomerization takes its
course by rotation around the C= Cbond, via a dipolar transition state (B), the
formation of which

V-1 \ 1 ©/
N —C=C N=C —C

/A\ CHE

is influenced by the electron-releasing or electron-attracting properties of the
attached substituents.

Among the obtained data it is striking that upon replacing the ester
group by nitrile, the activation free enthalpy increases, in spite of the fact that
°cn <C °cooch3 According to Shvo [13], however, both the ground and the
excited states should be taken into consideration, and in this manner the
mesomeric part of a is of decisive importance, thus <mCH <7 B TCcoOCHa

On this basis it can also be understood that in the case of the ester side
chain extended by a methylene group (21) the activation free enthalpy is signif-
icantly increased, because eltcHrtoocH5 Ocn-
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In this case of compound 21 the thermodynamically less stable isomer E
could be isolated in pure form, though a mixture ofthe isomers (E :Z = 36:64)
was formed in the reaction. Isomer Z can be separated by fractional crystalli-
zation, and as a consequence of the large value of AG* no isomerization occurs
after precipitation of the crystals.

Experimental

The UV spectra were obtained with a Unicam SP 800, the IR spectra with a Zeiss UR 20
and the NMR spectra with a Perkin-Elmer R12, VARIAN NY-14and a JEOL C 60-HL
spectrometer. The IR spectra were recorded, also at high temperatures, in KBr pellets. In
the NMR measurements tetramethylsilane was used as standard, the values of the chemical
shifts are given on the <$scale. Preparative layer chromatography was carried out on 0.25
mm Kieselgel G (Merck) adsorbent layers on microplates of the size 4 X 7.5 cm. The spots were
detected by using iodine vapour or Draggendorff’s reagent.

Preparation of a-ethoxycarbonyl-/?-anilinoacrylic esters (2a—g)
Ethyl a-ethoxycarbonyl-/?-anilinoacrylate (2a) [3]

M.p. 50—52 °C

UV (ethanol): Amax 313 and 289 nm.

IR (KBr): vNH 3200; vC=0 1700; rC=C 1652; vC=C(ar) 1605, 1590, 1512; rC—O—C
1280, 1260, 1040 cm -1

NMR (CDC13): 11.02 (1, d, NH); 8.48 (1, d, =CH); 7.4—6.9 (5, m, Ar H); 4.28 (2, q,
OCH,); 4.23 (2, q, OCH2); 1.36 (3, t, CH3); 1.32 (3, t, CHJ).

Ethyl a-ethoxycarbonyl-,:i-(3-i'thoxy-4-hyd roxyanilino)-acrylate (2b)

A mixture of 4-hydroxy-3-ethoxyaniline (15.31 g; 0.10 mole) and EMME (26.01 g¢;
0.12 mole) was heated on a water bath for 1 hr. After dilution with gasoline (30 ml) the solution
was refluxed for additional 2 hrs. The material which precipitated upon cooling was separated
by filtration. A sand-coloured substance (27.78 g; 86% ) was obtained, m.p. 80 °C.

CIlgH?2IN 06(323.347). Calcd. C 59.43; H 6.54; N 4.33. Found C 59.57; H 6.61; N 4.30%.

UV (ethanol) :/max 334 and 227 nm.

IR (KBr): rOH 3550; rNH 3270; iXC= 0 1720 and 1665; >C=C 1630; jpC—0—C 1260
and 1160 cm-1.

NMR (CDC13): 11.0 (1, d, NH, J = 14 Hz); 8.48 (1, d, = CH, J = 14 Hz); 7.1—6.5
(3, m, ar-H); 6.0 (1, broad, OH); 4.6—3.9 (6, q, OCH2); 1.6—1.2 (9, t, CH3).

Ethyl a-ethoxycarbonyl-/S-(3-ethoxy-4-acetoxyanilino)-acrylate (2c)

4-Acetoxy-3-ethoxy-aniline (58.56 g; 0.30 mole) was allowed to react with EMME (80.40
g; 0.33 mole) in boiling ethyl acetate (45 ml) for 3 hrs. The product crystallized upon cooling;
the white substance was filtered off and washed with absolute alcohol to obtain a white sub-
stance (98.22 g; 89.6%). m.p. 115 °C

ClgH 2N Oc (365.380). Calcd. C 59.17; H 6.34; N 3.83. Found C 59.90; H 6.60; N 4.01%.

IR (KBr): rNH 3250; rC=0 (acyl) 1770; rC=0 (ester) 1720 and 1670; rC=C 1630;
rC—O—C 1260, 1235 and 1170 cm*“1l

NMR (CDC13: 11.1 (1, d, NH, J = 13 Hz); 851 (1, d, =CH, J = 13 Hz); 7.8—7.1
(3, m, ar-H); 4.6—3.8 (6, q, OCH2); 2.3 (3, s, CH3CO); 1.6—1.2 (9, t, CH3).

Ethyl a-fthoxycarbonyl-/?-(3-ethoxy-4-decyloxyanilino)-acrylate (2d) [10]

M.p. 46 °C.

UV (ethanol): firax 330 nm.

IR (KBr): vNH 3280; v€=0 1720, 1702, 1675; i>C=C 1631; vC=C (ar) 1600, 1530, 1472;
vC—O—C 1260, 1238, 1044 c¢m -1

NMR (CDC13): 12.0 (1, d, NH,J = 14 Hz); 851 (1, d, =CH,J = 14 Hz); 7.1—6.6 (3,
m, ar-H); 4.6—3.9 (8, m, OCH2); 2.0—0.8 (28, m, aliphatic H).
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Ethyl a-ethoxycarbonyl-j3-(3’4-methylenedioxyanilino)acrylate (2e) [7]

M.p. 109—111 °C.

UV (ethanol): /max 332 and 222 nm.

IR (KBr): vNH 3260; rC=0 1717, 1695; vC=C 1650; vC=C (ar) 1610, 1520; jpC—0—C
1280, 1240 and 1040 c¢m 'L

NMR (CDC13): 11.5 (1, d, NH, J = 13 Hz); 843 (1, d, =CH, J = 13 Hz); 6.9—6.3
(3, m, ar-H); 6.03 (2, s, O—CH2-0); 4.29 (2, q, OCH2; 4.16 (2, q, OCH2; 1.36 (3, t, CHJ);
1.30 (3, t, CHJ).

Butyl a-butoxycarbonyl-/3-(3,4-methylenedioxyanilino)-acrylate (2f)

A mixture of 3,4-methylenedioxyaniline, (13.71 g; 0.1 mole) dibutyl ethoxymethylene-
malonate (34.04 g; 0.1 mole) and butanol (6 ml) was boiled for 30 min. The crystals which pre-
cipitated upon cooling were filtered off and washed with cold alcohol. A slightly coloured
product (26.89 g; 74%), m.p. 58—60 °C, was obtained.

CIH2ZN06(363.414). Calcd. C 62.80; H 6.93; N 3.85. Found C 62.27; H 6.81; H 3.82%.

UV (ethanol): Amax 333 nm.

IR (KBr): rNH 3270; rC=0 1700; i-C=C 1650; rC= C (ar) 1610, 1522, 1476; vC— O—C
1250, 1040 cm*“1

NMR (CDC13): 12.0 (1, d, NH, J = 13 Hz); 8.49 (1, d, =CH, J = 13 Hz); 7.0—6.5
(3, m, ar-H); 6.04 (2, s, O—CH2—0); 4.29 and 4.24 (4,t, OCH2; 2.0—0.8 (14, m, aliphatic H).

Benzyl <x-benzyloxycarbonyl-/?-(3,4-methylenedioxyanilino) -acrylate (2g)

3,4-Methylenedioxyaniline (13.71 g; 0.1 mole) was dissolved in benzyl alcohol (15 ml)
and dibenzyl ethoxymethylenemalonate (34.04 g; 0.1 mole) was added to the solution. After
termination of the exothermic reaction, upon cooling, a crystalline substance precipitated.
After a few hours the cooled suspension was filtered and the product washed with alcohol to
obtain a white crystalline material 23.8 g; 55.2%, 121—122 °C.

CBH2N06(431.449). Calcd. C 69.60; H 4.90; N 3.25. Found C 69.23; H 4.79; N 3.22%.

UV (ethanol): Amax 335 nm.

IR (KBr): vNH 3266; j»C=0 1695; vC=C 1640: rC=C (ar) 1610, 1512; jG—O—C 1280,
1235, 1046 cm"1

NMR (CDC13: 11.0 (1, d, NH,J = 14 Hz); 848 (1,d, =CH, J = 14 Hz); 7.5—6.5 (13,
m, ar-H); 5.98 (2, s, 0—CH2—0); 5.33 and 5.29 (4, s, OCH2.

Preparation of ethyl a-cyano-/3-anilinoacrylates (2h-k)
Ethyl a-cyano-/S-anilinoacrylate (2h)

M.p. 109 °C.

UV (ethanol): Amax 318 nm.

IR (KBr): FNH 3210; j>CN 2222; vC=0 1708, 1677; rC=C 1636; rC= C (ar) 1605, 1592,
1500; rC—O—C 1258, 1038 cm"1

NMR (CDC13): isomer Z: 10.7 (1, d, NH, J
isomer E: 870 (1, d, NH, J = 14 Hz); 8.46 (1, d,
4.35 (2, g, OCH2); 1.36 (3, t, CHJ.

14 Hz); 796 (1, d, =CH, J = 14 Hz);
CH,J = 14 Hz); 7.7—7.0 (5, m, ar-H);

Ethyl a-eyano-/?-(3-elhoxy-4-hydroxyanilino)-acrylate (2i)

A mixture of 3-ethoxy-4-hydroxyaniline (3.06 g; 0.02 mole) and EMCE (3.72 g; 0.022
mole) was molten in gasoline (30 ml) and heated on a boiling water bath for 3 hrs. During the
reaction the originally brown oily phase disintegrated to give a light coloured solid. Filtration
gave the product (5.5 g; 99%), m.p. 129— 130 °C.

C14H 16N 20 4(276.294). Calcd. C 60.85; H 5.84; N 10.14. Found C 60.70; H 5.98; N 10.42%.

Ethyl a-cyano-/?-(3-ethoxy-4-decyloxyanilino)-acrylate (2j) [10]
M.p. 112—113 °C. '
UV (ethanol): Amax 334 and 258 nm.

IR (KBr): i>NH 3230; IUN 2226; rC=0 1718, 1680; rC=C 1654; rC= C (ar) 1605, 1537,
1478; vC—O—C 1240, 1042 cm*“1

Acta Chim. (Budapestd 89, 1976



FRANK et al.: TAUTOMERISM AND ISOMERISM OF ENAMINES 99

NMR (CDC13): 10.8 (1, d, NH, J = 13 Hz); 7.82 (1, d, =CH, J = 13 Hz); 7.1—6.5
(3, m, ar-ff); 45—3.8 (6, m, OCH2); 2.0—0.7 (25, m, aliphatic H).

Ethyl a-cyano-/S-(3,4-methylene<lioxyanilmo)-acrylate (2k)

M.p. 158 °C.

UV (ethanol): Amax 332 and 257 nT.

IR (KBr): vNH 3222; rCN 2216; rC =0 1709, 1684; vC=C 1653; vC=C (ar) 1510, 1478;
rC—O—C 1248, 1040 cm*“ 1

NMR (cocis): isomer Z: 10.8 (1, d, NH, J = 13 Hz); 7.71 (1, d, =CH, J = 13 Hz);
isomer E: 8.60 (1,d, NH,J = 14 Hz);8.40 (1, d,=CH,J = 14 Hz); 7.0—6.5(3, m, ar-H); 6.06
(2, s, 0—CH2—O0); 4.22 (2, q, OCH,); 1.37 and 1.34 (3, t, CH3).

Ethyl 3-anilino-/3-ethoxycarbonylvmylacetate (21)

A mixture of aniline (37.24 g; 0.4 mole) and diethyl formylsuccinate (80.82 g; 0.4 mole)
was boiled in benzene (400 ml) for 3 hrs in aflask equipped with an automatic water separator.
The mixture of water and benzene, obtained as the distillate, was removed. The yellow solution
was evaporated to dryness in vacuum and the remaining orange coloured oil was crystallized
by cooling and rubbing, to obtain an apricot-yellow, sticky material (108.4 g; 98.3%), consisting
of a mixture of the isomers Z and E. Recrystallization from acetone or dry alcohol gave snow-
white crystals melting at 100 °C (lit. [6] m.p. 102 °C), representing isomer E. In this manner
one of the geometrical isomers was isolated in a homogeneous, pure form, as proved unambi-

guously by the NMR spectrum and TLC examination (one spot, developed in the solvent mix-
ture benzene: methanol = 4:1).

UV (ethanol): Amax 314 nm.

IR (KBr): rNH 3355; rC=0 1715 and 1685; rC= C 1656; vC=C (ar) 1610 and 1510;
vC—O—C 1250 cm -1

NMR (CCl14): isomer Z: 10.0 (1, d, NH,J = 12 Hz); 7.30 (1,d, =CH,J = 12 Hz); 3.22
(2,s, CH3); isomer E: 8.11 (1,d, =CH,J = 14 Hz); 7.70 (1,d, NH,J = 14 Hz); 3.46 (2, s, CH2);
7.6—6.8 (5, m, ar-H); 4.5—4.0 (4, m, OCH2); 1.5—1.1 (6, m, CH3).

Ethyl a-cyano-|9-(N-methylanilino)-acrylate (3)

N-methylaniline (1.07 g; 0.01 mole) was dissolved in dry alcohol (5 ml), and EMCE
(1.85 g; 0.011 mole) was added. The mixture was refluxed for 3 hrs. The solvent was evaporated,
the residue dissolved in acetone and the product precipitated by the addition of petroleum ether
and cooling, to obtain a yellow substance (0.8 g; 34.8%), m.p. 98 °C.
Recrystallization from an ethyl acetate-petroleum ether raised the melting point to
105 °C.

Ci3H 14N 20 2(230.267). Calcd. C 67.81; H 6.13; N 12.16. Found C 67.39; H 6.09; N 12.26%.

UV (ethanol): Amax 299 nm.

IR (KBr): rCN 2210; rC=0 1710; vC—O—C 1245 cm"1

NMR (CD30D): 8.15 (1, s, =CH); 7.7—7.3 (5, m, ar-H); 4.26 (2, q, OCH2); 3.77 (3, s
N—CH,); 1.30 (3, t, CH3).
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ACTA CHIMICA
TOM 89-BbiM. 1

PE3IOME

MprmMeHeHWe cMeceli BOoabl CO CMMPTOM B OCMOMETPWUM YMPYrocTW MapoB
0. CABO-TAKATOW wn N. NTAKATOLW

Ha ocHOBe aKCMepUMeHTaNbHbIX AaHHbIX, MOAYUYEHHbIX NPU UCNONbL30BAHUN CMeceil BoAbl €
MEeTaHO/0M, BOAbl C 3TAHO/NIOM W BOAbl C M30MPOMNAHOAOM B OCMOMETPUMN YNPYrocTu NapoBs, 6binun
cienaHbl crnefytouine 3aKOYEHUS.

1 HaknoH aHanUTM4YecKoW NpAMON ANS BOAbI, NONYYEHHbIA B GMHAPHbIX CMecax (M3-
MEeHeHUe MONAPHOT0 CONPOTUBAEHUA), MOXET GblTb YBE/IMUYEH U OTHOCKUTENbHAA MOrPewHOCTb
MeTOZa MOXET ObiTb YMEHbLUEHa [0 XEeNaemMoi BeNUUYNHbI.

2. [anbHeWwWnmM NpenMyLLecTBOM MPU MCNONb30BAHUWN CMecCeil BoAa-cnupT fABAseTcs TO,
4yTo MOXeT 6biTb onpefeneHa cnoCcOGHOCTb K AMccOoLMaLMM M3Yy4YaeMOro BeliecTBa, a TakXe
Han6onee BepPOATHbLIA MONEKYNAPHbI/ Bec (C TOYHOCTbH A0 2—3 OTHOCUTE/bHbIX MPOLEHTOB)
BellecTB, NpeTepneBarWmUX guccoymnanmnio (accoymalunio) B BOLe UM BOLHbIX cpefax.

3. BblI0 YCTAHOBMEHO, YTO XOTS MeA/eHHOe yCTaHOBNeHUe (ha30BOr0 PaBHOBECUSA XUA-
KOCTb-Nap MeLaeT MU3MepeHUsM, OfHaKO, TaKOro pofa NOMexu MoryT 6biTb YCTPaHeHbl yBennye-
HWEeM MPOLO/MKUTENbHOCTU M3MepeHunii, 60n1ee 4acTo CMEHOW pacTBOPUTENENA.

Onpe,qeneHvle nepekmncn eBogopoda n HeopraHNM4YeCKmMxX neEPOKCOMOHOKUCIOT Npu nx
COBMECTHOM NpPUCYTCTBUN

N, WHEWAEP, 1. HAAb n . . YAHMU

Bblno HaiijeHo, 4To okono pH = 7 kaTanusa CeneKTWBHO pacliennseT nepekucb BOAO-
poja, B MPUCYTCTBUW MEPOKCO-MOHOCEPHON KUCAOTbl WAM MEePOKCO-MOHO(OCHOPHOWA KUCNOTHI.
9To noBefeHNe MOXeT 6GbiTb MCMONL30BAHO MPW OMpejeneHNN Mepekncu BOAOPOAA W NEpOKCO-
MOHOKMCNOT, NPUCYTCTBYIOLWNX COBMECTHO. lMepekucb BOJOpPOAa, B OAHOM W3 06pasLoB aHanu-
3MpyeMOro BelecTBa, pacliennsaoT ¢ NOMOLW b0 KaTanu3bl, 3 nocne atoro pH pacTBopa AoBo-
ANTCA A0 4 U BbIfENAIOLWMIACA 38 CHET MEPOKCO-MOHOKMCNOT CBOGOAHbLIV 104 M3MepAOT CneKkTpo-
thoTomeTpuyeckn. B gpyrom xe obpasue nogo6HbIM 06pa3om ONpeAenaoT BCIO OKUCAAIO L YO Cno-
CO6HOCTb.

Macc-CneKTPOMETPUYECKOE UCC/IeA0BaHMe CcoeguHeHuin Tuna XSiH3
. UHHOPTA, 1. CEMEW wn M. BOPOLW AU

Bbinn nccnepoBaHbl coegnHenns EtSiH 3, PrSiH3 PhSiH3 B CHATbIX cnekTpax AOMUHU-
pyloT (hparMeHTbl, MONyYeHHble NOTepeii 0AHOTO MAM [ABYX a. M. e. Bbinu onpepeneHbl NOTeH-
LUuanbl MOHWN3ALMM TakXe Kak 1 MoTeHLnanbl NOABAEHUS JOMUHUPYOWMNX NOHOB (P-1+, P-2+) u
GblNN paccyuTaHbl 3HEPrUM fuUccoumaunum MOHHOW cBA3M Si—H. 3TW AaHHble MOAYYeHbl Mpu
MCNONb30BAaHUN MEXaHW3MOB WOHW3ALUM ANS ankun u apun-cunaHos. Mpob6nema onpepeneHns
BennynHbl D(Si—C) Ha ocHoBe AP(s+) nnu AP(SiH3+) obcyxpaeTca, NpuMHUMasa BO BHUMaHue
npaBuno CTWBeHCOHa. MpeAnaratoTcs NpuUBAMKEHHbIEe MeXaHU3Mbl QparMeHTaynu.



KomnnekcHoe wuccrefoBaHne HUKeNeBbIX CKefeTHbIX Katanusatopos, VI

PacnpepeneHne HUKena M cofiepXXaHue BOAOpPOLa Ha CKENEeTHbIX KaTanmsatopax

A. TYHTNEP, N. METPO, T. MATE, N. XENCMAH, W. BEKALW W n 3. YIOPELW

HaMarHMumBaemocCTb LWeECTW Pas/IMYHbIX HUWKeNeBblX CKeNeTHbIX KaTann3aTopoB 6bina
M3MepeHa B 3aBUCUMOCTM OT CU/bl NONSA U TemnepaTypbl. O6pasybl nNpeABapuTeNbHO nojsepra-
nucb Tepmoo6bpaboTke npu 100—400°C. OTctoga C NOMOLWLbIO pacyeTHOro metofa Ha 3BM
6blnn onpejeneHbl HacblleHHas HaMarHuuynBaemocTb U Temnepatypa Kiopu. ameHeHne MarHuT-
HbIX BENWYMH CpaBHWBANOCb C pe3ynbTaTaMu TepMOAeCOP6LMOHHLIX U fepuBaTorpapuuecknx
nccnefoBaHunii. belna onpefeneHa 3aBUCUMOCTb, C OAHOW CTOPOHbI, MeXAY W3MEHEHWEM Hachl-
LW eHHOW HaMarHM4YMBaemMOCTU W «KayeCTBOM» W KONMYECTBOM fAecopbupoBaHHOro H2 a c gpyroi
CTOPOHbI, MeXAYy YBennyeHnem TemnepaTypbl Koopu u n3MeHeHMem pa3mepoB 4acTul, KaTanmsa-
Topa. OTClOfla MOXHO 3aKNIOYNTb, 4TO Temnepatypa Kiopu peppoMarHUTHOro HUKens, Haxo-
fAllerocs Ha CKeneTHbIX Katanus3aTopax, BCMefCTBME MasblX pasMepoB 4acTul, 3HAaYUTENbHO
MeHble [Nf KOMMNAKTHOTO HUKeNs, a Takxe 4To ABe (hopmbl BOAOpoda, COp6MPOBAHHOrO Ha
HWKene, B Pa3NIMUHbIX CTEMEHAX YMeHbLIalT HaMarHMYnBaeMocTb HUKenNs.

Komriekcebl nepexogHbiX MeTa/I/I0B C a-AMOKCUMMUHOM, LI

KomMnnekcaAnHNTpo-6nuc-nponokcumato-kKo6anbTa(l 1)MKMHETUKAETOAKBOTM3AL WY

Y. BAPXEW, 3. PUHTA, A. BEHKB u C. MUXAJNBYA

HoBblli KoMmnnekcHbli nMoH [Co(riponoKC.H)2N022]- 6bin nonyyeH peakuueir same-
WeHNs C MeTanu3onponuUArANOKCMMOM («nponokcum» - NMponokc.H2) m3 [Co(N02)6]-3. Psag
HOBbIX COJ/eli 3TOro aHMOHa 6bIN NPUIOTOBNEH peakyWAMU ABOWHOrO pasnoxeHus. MK cnekTp
3TOr0 coefuHeHns 6bin CHAT M obcyxpaaetca. Kunetnka aksoTmsauum [Co(Mponoke.H)2(1402)2]“
6blna uccnefoBaHa B LUMPOKOM MHTepBane pH M NONyYeHHble KWHETUYECKWE NapaMeTpbl CPaBHU-
Ba/MCb C aHaNOrMYHbIMW WM NapamMeTpamu AnNs AUMETUNTANOKCUMA.

Tuokap6amnHble NPOU3BOAHbIE B MOP(MHOBOM psgy, |

P. BOTHAP, AB. TAAN, N. KEPEKEW , 'L XOPBAT un E. CUKCAMN

N3 HopmMopduHa, HOPKOAEMHA W HOPAUTUAPOKOAEMHA C MOMOLbIO Pa3NMYHbIX M30TUO-
umaHatoB 6blnK NoNydeHbl cnepytoljne TMokapbaMuaHble NMPOU3BOAHbIE:
M-[[U-6eH3unTnokapbammHo]-HopmophuH (1V),
K-[1X-unknorekcuntnokapbamuHo]-HopmophuH (V),
N-fN-beHnnTnokap6amunHo]-Hopkogend (VI),

N-[ N-meTuntnokap6a.muHoj-Hopkogeunn (VI1I1),
N-[N-6eH3nnTnoKap6ammHoHopkogenH (VIII),
N-fN-yuknorekcuntmokapbamuHopHopkogenH (1X),
M-[M-2,3,4,6-TeTpaauleTnn-/3-0-rniokosnntnokapbammHo]-Hopkogenn (X),
N-fN-meTuntnokap6ammHohHopaurngpokogenH (XI),
N-fN-tbeHuntnokapbammHol-Hopgurugpokogenr (XI1I),
N-fN-6eH3nnTMoKapbamumHod-HopaurnapokogenH (XI1I1),
N-fN-umknorekcunTmokap6amumHopHopaurugpokogens (XI1V),
N-[N-2,3,4,6-TeTpaaueTnn-/J-D-rniokosnntnOkapbamMuHoHopanrugpokogend (XV) un
N-[N-agamaHTunTMoKap6amMunHo J-HopaurngpokogenH (XVI).



Crepeoxumunyeckue nccnegosaHusa, XXVII

CWHTe3 NoTeHUMaNbHbIX (hapMakKOHOB Tuna amugoe kKucnot, Il
MonydyeHne NpPOU3BOAHBLIX LKUC- N TPaHC-2-aMUHO-1-UMKNOMNEHTAH, 1-UWKNOTeKcaH
M l-umknorenTaHKap6oOKCUMUAOB

r. BEPHAT, N. TEPA, Ab. TEHAEW u N. NTAHOBWY

Mcxops n3 yuc- M T/WHC-2-aMUHO-1-4MKNONeHTaHKap6oOHOBbLIX KMUCNOT (2a, 3a), uuc- u
TpaHCc-2-wW TH- 1-unKnorekcaHkap6oHoOBbIX KucnoT (28, 3B), a TakXe /npaHc-2-aMUHO-1-
LMKNOorenTaHoBOW KMcnoThl (3¢C), BbINN CUHTE3MPOBAHbLI A4NA hapMaKONOrMYecCKUX nccnefoBaHuni
MHOroYncneHHble N-3aMelleHHble LUWC- W W/MHC-2-aMWHO- 1-yuknoankaHkap6okcamugbl (16,
17a—e, 18, 19a—hv20a, b). Bbinu NonyyeHbl TakXe HekoTopble N-3aMelleHHble LUC- U TpaHc-
-2-(hopmMunnammnHo)-1-umnknorekcaHkapbokcamugbl (22a—f, 23), N-3amel,eHHble LKUC-2-(aLeTun-
aMWHO)-1-unknorekcaHkap6okcamupgbl (27a—f) n N-3ameweHHble TpaHc-2-(aLeTnnamuHo)-1-
-unKnorekcaHkap6okcammnabl (28a—e).

Ankanonfibl €O CKeNneToM WHA0/0|2,3-C)XMHAa30NMHO[3,2-a)nupuguHa, IV

Macc-cnekTp pyTekapnuHa, 3sogmamuHa u 3,14-gurungpopyrtekapnumHa
N. TAMALW, Ab. BYNTALW, K. XOPBAT-AOPA u O. KNAYEP
MpuBoanTCcA Macc-cnekTp pyTekapnuHa, ssoanamunHa v 3,14-gurngpopyTtekapnuHa. Ha

OCHOBe MCCNeAOBaHMWii 6bIN0 HalifeHo, YTO neped (GparmMeHTaLneil MONEKYNAPHbIA WOH nocnea-
Hero coefiMHeHWUs npeTeprnesBaeT NeperpynnupoBKy B CKeneTe.

O TayTOMepuM 1 M3oMepusaLmm 3HaMUHOB aKpMﬂOBoﬁ KUCJ/10Tbl
M. ®PAHK, M. JBOPTWAK, . XOPBAT, 3. MECAPOW wu . TOT

TayToMepus akpunoBbiX 3MPOB W aKPUAOHWUTPUNOB 6blna WUcCefoBaHa C MOMOLLbIO
AMP cnekTpockonuu. bblno onpejeneHo cyuwecrsoBaHne nsomepos Z n E n 66110 onpegenexHo
MX COOTHOWeHNe. M3mepeHuMem TemnepaTypbl KoanecueHUuW Obina onpejeneHa csobogHas
3HTaNbNMA aKTUBaLUM M3OMepuU3aLunm.
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PREPARATION AND MASS SPECTROMETRY
OF MOLYRDENUM AND TUNGSTEN OXYBROMIDES
AND TUNGSTEN BROMIDES
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**Chinoin Works for Pharmaceutical and Chemical Products, Budapest
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Mo02Br2, WO02Br2, WOBr4, WBr, and W2Brewere prepared by the bromination
of the respective metals or metal oxides and studied mass-spectrometrically. The mass-
spectrometric fragmentation of these compounds was determined, the appearance
potentials of the ionic species present in higher relative amounts was measured and
their heats of formation calculated. Some ions were observed whose composition could
be interpreted from the solid phase structure of these compounds. lons originating
from the cluster compound W2Bre were detected in high relative intensities. Some
thermochemical and thermostatic parameters of the compounds under investigation
were calculated from the experimental appearance and ionization potentials.

I. Introduction

The increasing technological importance of molybdenum and tungsten
[1, 2] lends special importance to the study of systems composed of these
metals and halogens. The theoretically calculated high-temperature param-
eters of these compounds were first surveyed by Brewer et al. [3]. Because
of the lack of the necessary experiments, their approximate thermodynamic
data are still used in the literature [4, 5].

Since the discovery of the halogen incandescent lamps [6, 7, 8] the prac-
tical importance of the tungsten—halogen and tungsten—halogen—exygen
systems [9, 10, 11] has increased dramatically. The halogen concentration
needed for the operation of these lamps can be ensured by the introduction
of gaseous halogens into the vapour space of the lamp or by the pyrolysis
of halogenated hydrocarbons within the lamp [12, 13, 14]. The chemical
transport reactions taking place in halogen lamps, the composition of the gas
phase and the heterogeneous equilibria between the tungsten filament and the
gas phase [15, 16, 17, 18] are calculated, owing to the lack of adequate experi-
mental data, either from Brewer’s [3] or the Janaf Tables [19] or from the
theoretically calculated data of Neuman [20, 21]. Only lately has some ex-
perimental work been published on the kinetics of these systems [22, 23, 24,
25, 26] and on the thermodynamics of tungsten halides, and oxyhalides.
These publications will be referred to in the discussion of the experimental
results.
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102 KAPOSI et al.. PREPARATION AND MASS SPECTROMETRY

In this paper we shall describe the results of a mass-spectrometric
investigation of the bromination products of molybdenum and tungsten
oxides and metallic tungsten. These experimental data supplement the high-
temperature chemical [27] and mass-spectrometric [28, 29] parameters of
molybdenum and tungsten oxyhalides determined in the last few years.
The mass-spectrometric studies on tungsten bromides are the first experi-
ments in this field by the given technique.

Il. Experimental

M.1. Instruments

A mass spectrometer equipped with a Knudsen-type effusion cell, built in the Jozef
Stefan Institute (Ljubljana), was employed. In this form the spectrometer was suitable for
measurements at high temperatures [30], i.e. it could be used for the determination of the
heats of sublimation and of other thermodynamic parameters of the oxybromides and bromides
under investigation. These data are of fundamental importance also for the modelling of
halogen-filled incandescent lamps [31]. The mass spectrometer had a Nier geometry, single
focussing and a resolution of about 800. Two oil diffusion pumps provided a vacuum of 10-7
Torr in the ion source. The joint containing the ion source and the vaporization cell could be
baked to 250—300 °C to reduce the background. The Knudsen effusion cell [32] made of
tungsten had an orifice of about 0.3 mm and was heated by a tungsten resistance wire; its
temperature around 100 °C was measured by a CrNi-AINi thermocouple with an accuracy
of 10.5 °C. The instrument was equipped with a Faraday-type collector and an electron
multiplier. The spectra were recorded by a Speedomax Type G recorder.

The ionization efficiency curves were recorded in the usual manner [33], using neon
for calibration. The ion accelerating potential was measured with a digital voltmeter (Fluke
Type 8300 A) with an accuracy of +0-01 V. The curves of ionization efficiency were evaluated
by the electron energy distribution difference method (EDD), as worked out by Winters etal.
[341 The mass scale was calibrated in the known manner with perfluorokerosene. In case
of ions of very high mass numbers (such as e.g. W2BrJ) the spectra were recorded also with
the double-focussing CEC-21-110 C mass spectrometer; this permitted to identify with absolute
certainty the various peaks by means of the isotope distribution calculated from the peak
heights and by the accurate determination of the mass number based on the peak-matching
method [35].

Since the oxybromides and bromides under investigation are highly sensitive to humid-
ity [36], all operations with these compounds were performed in a dry-box under nitrogen.

11.2. Preparation of the compounds

2/a Preparation of molybdenum bromide. For the preparation of Mo02Br2 [36, 37, 38],
the following reaction was utilized:

Mo + 2Mo003+ 3 Br2— 3 Mo02Br2 (1)

The reaction was performed in the apparatus shown in Fig. 1.

The Ar carrier gas entered the reaction space 4 through drying column 1 filled with
dehydrated Mg(C104)2 at a rate measured by rotameter 2, through a system of valves either
through the thermostated (40 °C) storage vessel for Br2 3 (during the reaction) or through a
side-branch (during the preliminary flushing of the equipment). About 8 g of the stoichio-
metric mixture of the metal with the metal oxide was placed into quartz boat 5 which was
introduced into the reaction space through a pipe which could be closed. To remove the last
traces of water, the entire system was carefully heated and the temperature of the reactor
tube kept at 300 °C by means of tube furnace 6 for 1to 2 hrs while the flow of Ar was main-
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tained. At the start of the reaction Ar was allowed to flow through the Br2storage vessel from
where the gas mixture entered the reaction space. The gas carrying the unreacted Br2flowed
through absorber 8 into the pressure-compensating vessel. The hulk of the products of the
transport reaction was collected in vessel 9 which had a neck and could be sealed. The products
condensing in the cooler surfaces of the apparatus fell, when gentle knocking was applied to
the wall, into the collecting vessel. The pressure of the gas mixture was measured before and
after the reactor with manometers 10.

The part of the apparatus between the rotameter to the adsorber was made of quartz.
The quartz—quartz parts were joined by teflon tubing. The temperature of the reaction
tube, measured between the lining of the oven and the reactor tube was 230—250 °C. The

Fig. 1. Apparatus for the production of Mo02Br2

flow rate of the carrier gas was 12—15hrs, its pressure 790—810 Torr. Under these conditions
Mo02Br2was formed at a rate of about 10 g/hr. The product consisted of brown, flat, lustrous
crystals which hydrolized in air with the formation of HBr. The qualities of the materials
were: Br2 analytical grade (Merck), M0o03 analytical grade (UCB, Bruxelles), Mo powder
(Tungsram, Budapest).

2/b Preparation of tungsten oxybromides. The two most importanttungsten oxybromi-
des, W02Br2and WOBTr4have been described [39]. Essentially, two methods are known for
the preparation of WO02Br2: 1/bromination of WO,, thatis, of W + W 03 [40, 41] when the
following reactions take place atl ower temperatures (200—250 °C):

W02+ Br2= WO02Br2 (2)
W + 2WOj + 3Br2= 3 WO02Br, (3)

At higher temperatures the reaction between the components on the left-hand side of Eq. (3)
proceeds according to Eq. (6).

The other method involves the reaction of W 03 with CBr4in a high pressure tube re-
actor at 20 to 30 atm and 440—490 °C [40, 42].

Since beside (4), reaction (5)

2,W03+ CBrd= 2WO,Br2+ CO02 (4)
W03+ CBrd= WOBr4+ CO02 (5)

may also take place, the W 02Br2needed for the experiments was prepared by the bromination
of Wo2.

Because of the high sensitivity of tungsten oxybromides to humidity, water was re-
moved from the bromine reagent and from the reaction space most carefully by means of
evacuation which is a far more reliable method than the one applied in the case of M0o02Br2
when moisture was removed by the carrier gas. The chemical transport reaction took place
in the quartz reactor tube shown in Fig. 2.

The tungsten oxide (Tungsram, Budapest) was placed into section 3, the reactor
evacuated to 10“ 6 Torr and kept at this pressure for several hours, while the tube with the
W 02 was heated by a Bunsen burner to remove the last traces of moisture. From analytical
grade bromine (Merck) the traces of moisture were removed by distillation at —18 °C so that
one branch of an appropriately shaped, closed flask containing the Br2to be purified was kept
at the temperature of the eutectic mixture of ice—salt-water, while the other branch was
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immersed into a Dewar flask filled with liquid air into which the bromine distilled over and
solidified. After several repetitions of this operation, bromine was diluted from P205 into
container 1 of the reactor tube (Fig. 1), by immersing the container into liquid air and keeping
the flask with the purified Br2at room temperature. When somewhat more than the necessary
amount of bromine for the reaction had solidified, the reaction tube was evacuated and sealed
at point a. Then section 3 containing the W02was placed between cand d into the tube furnace
in whose middle section the temperature was 250 °C. In the reaction space containing the
W02 a constant flow of Br2 was ensured by keeping containers 1 and 5 alternately at the
temperature of liquid air and at room temperature. After a fewrhours of the alternating flow

oven

Fi. 2. Apparatus for the bromination of tungsten and tungsten oxides

of Br2 a sufficient amount of orange W 02Br2 crystals for the experiments precipitated on the
cooler walls of sections 2 and 4. Next, the total amount of bromine in 1 was made to solidify
and the reaction tube sealed at its neck. The reaction product was sublimed at 100—150°
into section 5 of the tube and the latter sealed at point e. The ampoule was opened and the
Knudsen cell filled under nitrogen in the dry box.

WOBqgwasprepared similarly to W 02Br2according to reaction (5) [40] or by the bromi-
nation of a mixture of W powder and W 03 [41, 43, 44] according to the following reaction:

2W 4- W03+ 6Br2= 3WOBr4 (6)

However, according to other authors, beside WOBr4, oxybromides of lower valencies are formed
simultaneously [45]. At temperatures above 500 °C WOBr4 is formed also by the decompo-
sition of W02Br2

2WO02Br, = WOj + WOBTr4 Q)

As will be shown later, in agreement with previous observations [47], if tungsten con-
tains some oxides, the products of its bromination at high temperatures include WOBT4.

The apparatus shown in Fig. 2 was also employed for the preparation of WOBTr4, but
in this case reaction space 3 was filled with tungsten wool on which W 03powder was sprinkled
(both W and the W 03 powder were products of Tungsram, Budapest), thereby ensuring a
large surface for the heterogeneous reaction. Otherwise the procedure was the same as before
with the sole difference that the reaction space was heated to 400 °C. By the end of the trans-
port reaction, dark brown WOBTr4 precipitated in the form of needle-shaped crystals on the
cooler parts of the tube (sections 2 and 4).

2/c Bromination of tungsten. It has been demonstrated by other authors [46] that
when metallic tungsten is brominated in the absence of moisture and oxygen, the compo-
sition of the tungsten bromides formed will be determined primarily, by the temperature
of the reaction space. When bromination is performed in a stream of nitrogen at lower tem -
peratures, WBrfiwill be the main product [40, 49], while at 450 —500 °C the reaction proceeds
almost quantitatively in the direction of WBr5 formation [40, 47, 49]. Above 200 °C WBr6
is reversibly converted into WBr5. [40]. Reduction of WBr5with W or Al by the temperature
gradient method leads to WBr4 [50, 54]. A compound of even lower oxidation state, WBTr3,
can be prepared from WBr2by bromination at 50 °C. The WBr3formed in this way decomposes
slowly at 80 °C into WBr2 Br2and WBr5 [51]. WBr2can be prepared either by the dispropor-
tion of WBrd or by brominating W at a ‘sufficiently high’ temperature in a manner similar
to the preparation of W 12[52]. In some of the procedures described forthe W -j- Br2reaction
the conditions are not strictly defined; under the same or very similar conditions different
reaction products were obtained by different authors. An accurate assessment of the facts
is further complicated by the circumstance that the identification of the compounds formed
has not always been convincingly reliable, since in the majority of cases it was performed only
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by the determination of the W : Br ratio by means of classical analysis, The possibility of the
formation of tungsten bromides of an intermediate oxidation state adds to the complexity
of the problem [48, 53].

Thus, it is not possible to prepare pure, homogeneous tungsten bromide by the bromina-
tion of the metal. There are, however, roundabout ways, e.g. for the production of WBr6
via the reaction W(CO)6 Br2[40]. In our present work we have undertaken a mass-spectro-
metric study of the products formed at a relatively high temperature (600 °C) upon the
bromination of tungsten with or without a carrier gas.

For the bromination of tungsten in a carrier gas the apparatus shown in Fig. 1 was
used. In this case about 5 g of tungsten wool was placed into the boat and moisture was re-
moved as described in the paragraph on the bromination of Mo -f- M003. The temperature
of the reaction space was kept at 600 °C. After about 10 min, when the bromination of the sur-
face oxide layer of tungsten could be considered as completed, the process was interrupted and
the products which had precipitated on the cooler walls of the apparatus were sublimed into
the collecting vessel by immersion of the latter into liquid air while the other parts of the appa-
ratus were heated with a Bunsen burner. The product formed upon continued bromination
was collected in another flask. The conditions (except the temperature) were the same as those
employed in the bromination of Mo Mo003. After 3 hrs about 3 g of the tungsten wool
had reacted forming a dark brown crystalline product.

Tungsten was next brominated in vacuum by the method described in the paragraph
on the preparation of tungsten oxybromides (Fig. 2). To remove all the oxide traces, prior to
bromination the tungsten wool has treated in a hydrogen stream at 900 °C for 2 hrs. During
bromination the temperature ofthe tube furnace in the middle of the reaction space was 600 °C
and 200 °C at the two ends. The reaction products sublimed into tube sections 2 and 4. The
reaction involved the distillation of bromine approximately ten times from container 1 into
container 5 and back, after which the bulk of the tungsten wool (about 5 g) seemed to have
reacted. The black crystalline end-product was sublimed in an electric oven (where the tem-
perature in the middle was 250 °C) into section 2 of the sealed reaction tube, so that the re-
action tube was gradually pushed forward in the tube furnace while section 2 was cooled.

I1l. Results and discussion

I11.1. Mass spectrum of Mo00.2Br2

The gas pressure needed for the recording of the mass spectrum was
ensured in the ion source by the evaporation ofthe material under investigation
from the Knudsen cell. The relative intensities of the ions formed by the col-
lision of the gas molecules produced by the evaporation of Mo02Br2 with
electrons are given in Table I. We have listed only those ions whose quantity
relative to Mo02Br** is more than 1Tlo-

The recorded isotope peaks of the Mo02Br® molecular ion in the mass
spectrum are shown in Fig. 3 as a function of the mass number. There is a good
agreement between the isotope ratios calculated from the peak heights and
the theoretically calculated values (Table VII).

The appearance potentials shown in Table | were contained by recording
and evaluating the ionization efficiency curves. Employing w inters’ e-
valuation method [34], A1MOBr2 (where Al is the difference in ion currents
measured at two successive accelerating potentials) was plotted vs. the un-
corrected electron energy (Fig. 4). The ionization potential value obtained
for Mo02Br2 was in good agreement with the published data [28]; for the
appearance potential of the other fragments there are no data in the literature.
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["Fig. 3. Heights of the isotpe peaks (1) of M002BrJ vs. the mass number (m/e)

eV

Fig. 4. lonization efficiency of M0o02Brf vs. the uncorrected electron energy

In the case of M0o02Br2the intensities of the fragments, as measured by us,
are similar to the experimental data of Barraclough [56], while Singleton
observed a less extensive fragmentation [29]. Besides the ions resulting from
the fragmentation of M0o02Br2 we have also detected the ions Mo04Br+ and
M o003Br+. The appearance of these ions can he interpreted in terms of the
crystal structure of M0o02Br2. According to the IR spectra of these compounds
[56], Mo02Br2 and W 02Br2 have structures composed of MO04Br2 (where
M=Mo or W) octahedra linked by O atoms. This oxygen-bridged structure
characterizes also the dimeric molecules in the gas phase [56]; Barraclough
has found peaks of fairly high intensities, corresponding to these ions in the
mass spectrum of Mo02Br2 We have detected the ions Mo204Br™ and Mo20 4Br +
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Table |

Mass spectrum of Mo02Br2
Temperature of the Knudsen cell 320 K

m/e lon m © Probable process ©

288 MoO,Bry 100 11.0 £ 0.2 MoO..Br2— Mo02Br2 126
272 MoOBr+ 4.7 MoOBry + 0

256 MoBr” 3.3 MoBr® + 20

240 Mo04Br+ 3.6

224 MoO.,Br+ 1.1

208 Mo02Br+ 58.4 134+ 0.2 Mo02Br2— Mo02Br™ + Br 154

192 MoOBr+ 225 19.6 £ 0.3 MoOBr+ 0 Br 238

176  MoBr+ 10.1 26.1 + 05 MoBr+ + 20 + Br 328

128 MoOi 145 16.0 £ 0.3 MoOi + 2Br 187

112 MoO + 18.0 229+ 04 MoO+ + 0 + 2Br 314

96 Mo+ 125 (16 +0.5) (M0oO.Br..- Mo+ + Br2+ O, 231)
160 Br+ 1.0

81 HBr+ 9.6

80 Br+ 19.20

(1) Relative intensity, electron energy 40 eV
(2) Appearance potential (eV)
(3) Heat of ion formation (kcal/mol)

AHf (M002Br2(g)) = —127.3 kcal/mol [38]
AHY} (Br) = 26.7 kcal/mol [54]
AHf (0) = 59.0 kcal /mol [55]

only in very low (less than 1%) intensities. The appearance of HBr+ in the
spectra indicates some hydrolysis, which may have occurred during the trans-
fer of the Knudsen cell from the dry box to the mass spectrometer and its
evacuation 5x10~7 torr.

I11.2. Mass spectrum of W02Br2

Part of the mass spectrum of W02Br2with the two most intense peaks
is shown in Fig. 5. There is a good agreement between the isotope distributions
calculated theoretically and obtained from the heights of the peaks (Table
VII). The shape of the peaks of fragments containing odd and even numbers
of bromine atoms (Fig. 5)is very characteristic of tungsten bromides and facil-
itates their identification.

Table Il lists the fragment ions formed from W 02Br2at a higher relative
intensity than 1%. The appearance potentials of the ions were determined
from the ionization efficiency curves of the more intense fragments. The
ionization efficiency curve of W02Br” and W 02Br+ is shown in Fig. 6.
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Fig. 5. Part of the spectrum of W02Br2 Height of the isotope peaks of \\ 0 2Bro and W02Br+
vs. the mass number

14.0 14.5 15.0 155
eV

Fig. 6. lonization efficiency of WO02Bri and W 02Br+ vs. the uncorrected electron energy

Like in the case of Mo02Br2, -we have observed more extensive frag-
mentation than other authors [56, 57]. A direct comparison is difficult because
of the different conditions under which the spectra have been recorded (tem-
perature of the sample, electron energy). In addition to the ions in the Table Il
W 03Br» and W 03Br+ were detected in intensities below 1% and W20 4Br»'
in even lower quantities. All these facts suggest a crystal structure such as
already mentioned in the case of M002Br2. The appearance ofthe ditungstenic
ions can be explained by the following process:

2 WO02Br2s) -+ W.2.jBr2() -f Br2(g) (8)
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Tabic Il

Mass spectrum of HO. Hr,
Temperature of the Knudsen cell 300 K

m/e lon o) ) Probable process ®)
376 WO,Brz 100 11.4+0.2 Wwo028Br2— WO,Brz 128
360 WOBT, 6 WOBr+ + 0

344 WBr+ 116 ¥Br.+ = 20

297 WO02Br+ 88 136+ 0.2 WO02Br+ = Br 145
281 WOBTr+ 36.7 19.8 +0.3 WOBr+ + 0 228
265 WBr+ 20.2 25.7 + 0.5 WBr+ = 20 = Be 305
216 WO+- 17.0 158 +0.5 W02 + 2Br 168
200 WO+ 24.0 21.3 + 05 WO + 2Br+ 0 236
184 w + 10.4 W+ + 2Br = 20

160 Br+ 1.6

81 HBr+ 3.2

80 Br+ 13.6

(1) Relative intensity, electron energy 40 eV
(2) Appearance potential (eV)
(3) Heat of ion formation (keal/mol)

AH°f (W 02Br2(g)) = -141.3 keal/mol [41]

This reaction may take place during the preparation of WO02Br2or during its
evaporation. This latter pathway is confirmed by the appearance of Br7 ions
in the spectrum. Since according to the assumed decomposition mechanism,
based on electron collision, no Br2is formed, the bulk of Br*- must originate
partly from reaction (8) and partly from the ionization of Br2formed by ther-
mal dissociation at the cathode of the ion source at 2400 K. The low pressure
during measurement favours the formation of ditungsten compounds by
reaction (8). These experiments seem to indicate that molecules of the formula
M02X2 (where M = W or Mo) are evaporated mainly as M02X2 molecules,
with a minor part in the form of M04X2, offering a direct proof of the octa-
hedral structure, or, depending upon the experimental conditions (pressure,
temperature) as M204X 2 molecules. This last process is accompanied by the
formation of halogen vapour.

It appears from Tables | and Il that the ionization potentials of Mo02Br2
and W 02Br2 due to electron collision are almost the same. Taking into con-
sideration Singleton’s results [29], it appears that the ionization potentials
of the dioxy-dihalides of the elements in group YI/B depend only slightly
upon the nature of the central metal atom.
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I11. 3. Mass spectrum of WOBT,

It appears from the low resolution spectrum of WOBr, (Table III)
that the intensity of the parent ion is only about 1% of the intensity of the
W OBr” base peak. This low intensity is related to the d° structure [28].
The relative intensity distribution of the ions is similar to that reported earlier
[29, 57]. In contrast to the dioxy-dibromides, the intensity of Br*" is high,
amounting in Singleton’s measurements [29] to about 33% of that of the
base peak.

Table 111

Mass spectrum of WOBT,
Temperature of the Knudsen cell 400 K

(mle lon (i) ) Probable process @)
520 WOBTr/ 1.2 WOBr,— WOBT/

504 WBr/ 0.5 WBr/ = 0

441  WOBTr/ 100 105+ 0.2 WOBTr/ + Br 103
425 WBTr/ 7.5 179 +0.4 WBr./ £ 0 = Br 215
360 WOBT/ 39.2 145 +£0.2 WOBTr/ + 2Br 170
344 WBr/ 16.4 209+ 04 WBr/ £+ 0 + 2Br 283
281 WOBr+ 14.7 183 + 0.5 WOBr+ + 3Br 230
265 WBr+ 12.8 26.1 + 05 WBr+ £ 0 = 3Br 349
200 WO+ 5.9 WO+ + 4Br

184 W+ 7.0

160 Br/ 17.0

81 HBr+ 5.3

80 Br+ 23.7

(1) Relative intensity, electron energy 40 eV
(2) Appearance potential (eV)
(3) Heat of ion formation (kcal/mol)

dH°,(WOBTr4(Qg) = -11.2 kcal/mol [41]

The relative intensities of the isotope peaks of WOBTjI vs. the mass
number are shown in Fig. 7. In this case too the isotope ratios calculated
from the Figure 7 are similarto those obtained by theoretical calculation
(Table VI1). The values of the appearance potentials obtained from the ion-
ization efficiency curve (for WOBuU% see Fig. 8) are in good agreement with
Gupta’s results [57], except for the appearance potential of WBr”. The as-
sumed decomposition processes fail to explain the high Brf intensity.
According to the experiments aimed at the clarification of the structure of
WOBTr, [58] in the solid state this last compound consists of chains of WBT,
groups joined by oxygen bridges, thus, like in the case of W 02Br2 [56], di-

Acta Chim. (Budapest) 89, 1976



KAPOSI et at: PREPARATION AND MASS SPECTROMETRY 111

435 440 445
TIr
Fig. 7. Height of the base peak of WOBr4 and of the isotope peaks of WOBTrf vs. the mass
number

Fig. 8. lonization efficiency of WOBTr” vs. the uncorrected electron energy

tungsten compounds and Br2might be formed. (In fact, we were able to detect
W 2Brewith the high resolution mass spectrometer in a relatively high intensity
among the bromination products of tungsten.)

In addition, one should take into account thermal dissociation at the
cathode of the source.

I11. 4. Mass spectrometric analysis of the bromination products of tungsten

The spectra of the products of the transport reaction W Br2in Ar as
carrier gas were recorded by a high resolution mass spectrometer and the
relative intensities calculated from the spectra were expressed in per cent
of the total ion current (Table IY). It appears from the Table that beside
the fragments of tungsten bromides, considerable quantities of ions originating
from tungsten oxybromides are formed, which means that the presence of
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Table IV

Mass spectra of the bromination products of tungsten
(Bromination in Ar stream, temperature of the ion source 373 K)

lons formed, Relative intensity
rale electron energy in % of total
40 eV ion current

584 WBr+ 0.5
536 W O02Br4& 0.1
428 W2Br+ 0.2
520 WOBr4& 01
504 W Br4& 135
457 WO,Brt 0.4
448 W.,Br+ 01
441 WOBTr+ 16.3
425 WBr+ 6.4
392 W O03Br+ 1.6
376 W O .Brj 11
360 W OB ri 8.2
344 WBrz 9.8
312 WO.Br+ 0.6
297 WO02Br+ 0.5
281 WOBT+ 5.1
265 WBr+ 9.3
216 WOt 0.2
200 WO + 3.3
184 W+ 7.3
160 Brz 6.5

81 HBr+ 0.7

80 Br+ 7.1

small amounts of oxygen during the reaction, or that is the bromination
of insufficiently deoxydized tungsten, will lead to the formation of oxybro-
mides. Of course, manipulation of the products might promote the tungsten
bromide —»tungsten oxybromide transformation. Nevertheless, comparison
with the products of bromination in vacuum (when the end-product was
treated and analyzed in exactly the same way) shows that the relatively large
oxybromide contamination must be due to the conditions of preparation.
In the present case (Table IV) the 1ysr,+0\YOBr3 rati° at the beginning of
analysis was about 0.8 then increased after treatment at 100 °C for one hour
to roughly 10,while heating forafew hours in vacuum (in the mass spectrom-
eter) led to evaporation of the total amount of tungsten oxybromides,
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leaving a residue, in whose mass spectrum, dimeric tungsten bromides of
higher mass numbers occur in small quantities together with small amounts
of WBrj" and significant amounts of WBr” and their fragments. This indicates
that the vapour pressure of the oxybromides formed as by-products at the
temperature of measurements considerably higher than that of the corre-
sponding bromides, consequently, the intensive oxybromide peaks represent
in fact relatively low concentrations of the contaminants.

The data in Table IY further show that under the given conditions
of bromination the main by-product is WOBr4 (high WOBr”® peak and high
peaks of its fragments) and less W 02Br2is formed (the peaks of WO.,Br* and
its fragments are less intensive). The appearance of W 02Br]f~ ions and of its
fragments (WO02Br”") is a result of the structure of WOBTr4 [58].

The results of bromination experiments in Ar as carrier gas show that
in the case of halogen lamps, whose conditions of operation are similar to the
conditions of this reaction, first of all the formation of tungsten oxybromides
must be expected. This assumption is supported by the values of the free
enthalpies of these compounds calculated on the basis of theoretical con-
siderations by Neumann and Knatz [20, 59], which show that in these sys-
tems the formation of oxybromides is accompanied by a far greater decrease
in free enthalpy than is the formation of tungsten bromides.

When tungsten is brominated without carrier gas, as a result of the re-
moval of oxides in high vacuum prior to the reaction, the mass spectrum
indicates the formation of tungsten bromides almost completely free of oxy-
bromides. The appearance of a small amount of oxybromide fragments at the
beginning of recording (I\yBr4AwOBr3~10) ,s due to some hydrolysis in the
Knudsen cell. After treatment for 1 hr at 400 K the ions originating from the
oxybromide fragments disappear from the mass spectrum. WBr- was the
monotungsten bromide of the highest mass number and the most intensive
peak pertained to WBr~. The ratio IwBriAwBrs was about 20. This ratio did
not increase when the temperature of the cell was raised to 800 °K, and heat
treatment caused a gradual decrease in the intensity of WBr”' until, after 2
to 3 hrs, the entire amount of WBr5 sublimed, as indicated by its presence
in a relatively small quantity in the reaction product. The ditungsten bromides
were present in readily measurable quantities with the highest mass number
corresponding to W2Br,f. Besides the fragments of WBrj" and W2Brf,intensive
peaks corresponding to Br+ and Buf and less intensive peaks of HBr+ ions
also appeared. At the beginning of evaporation the relative ion currents cal-
culated from the heights of the peaks were:

l\asr4 Asr ~ 0-5; 1\yBr4Asri-~ 12.5

MvBrFAHBr+ ~ 30

Acta Chim. (Budapest) 89, 1976



114

m/e

504
425
344
265
184

m/e

848
768
688
608
528
448
368
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After the sublimation of the oxybromide and WBr5a product spectrum
showing both WBr4 and W 2Bre was recorded (Tables ¥ and VI).

lon

WBTr+
WBr+
WBr,+
WBr+
W +

Table V

Mass spectrum of WBrt
Temperature of the Knudsen cell 800 K

() ) Probable process

44.3 8% +02 WBr4-> WBr+

100.0 112+ 0.2 WBr3 + Br
50.3 151 +0.3 WBr~ - 2Br
65.4 194+ 0.3 WBr+ + 3Br
85.0 23.2 + 05 W+ + 4Br

(1) Relative intensity, electron energy 30 eV
(2) Appearance potential (eV)
(3) Heat of ion formation (kcal/mol)

AHf (WBrl(s)) = -58.6 kcal/mol [21]

3Hsub] (WBr4) = 37.0 kcal/mol [31]

lon

w 2Br+
W2Br+
W2Br +
W2Br3
W,Brz
W ,Br+

W+

Table VI

Mass spectrum of W2Bré
Temperature of the Knudsen cell 800 K

o) @ Probable process
54 9.0+ 0.2 W ,Br6— W, Br+
100 11.0+0.2 W2Br~ + Br
31.4 152 + 0.3 W2Br4& + 2Br
43.8 195 +0.3 W2Br3 £ 3Br
20.4 W2Br+ = 5Br
13.1 W+ + 6Br

6

(1) Relative intensity, electron energy 30 eV
(2) Appearance potential (eV)
(3) Heat of ion formation (kcal/mol)

JH? (W,Br6(g)) = -53.5 kcal/mol [31]

The intensity ratio of the base peaks is

“WBr.+AwiBr, ~ 2-5

The mass spectra of the ions WBr* and W2Br/ recorded
double-focussing mass-spectrometer are shown in Figs 9 and 10.
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Fig. 9. Height of the isotope peaks of WBr/ vs. the mass number

m/e

Fig. 10. Mass spectrum of the molecular peaks of W2BrJ recorded by means of the high re-
solution mass-spectrometer

Fig. 11. lonization efficiency of WBrJ and its fragments vs. the uncorrected electron energy
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There is a fairly good agreement between the isotope ratios calculated
theoretically and obtained from the heights of the peaks (Table VII). Figures
11 and 12 are the ionization efficiency curves of WBr~- and W2Br” and its
fragments, respectively. It appears from these curves that molecular ions of
lower mass numbers than WBr4and W2Bre can be disregarded in the calcula-
tions, i.e. no tungsten compounds of lower oxidation state than WBr4 are
formed in significant quantities during the bromination of tungsten.

90 95+ 105 110 150 LWMOO 195 215 220 226
pV

Fig. 12. lonization efficiency of W2Brjf and its fragments vs. the uncorrected electron energy

The appearance potential of Br2 was determined to give a value of
10.9 3b 0.2 eV. This is in good agreement with the value reported for IP~r”")
[33], confirming that Br2 originates from a chemical reaction (9) rather than
from fragmentation due to electron collisions, since the latter would produce
a far higher AP(Br+) value. The low values of IP(WBr+) (8.2eV) and IP(W.,Br+)
(9.0 eV) unambiguously show the presence of molecular ions, i.e. tungsten
bromides of higher mass numbers, which produce the above ions via frag-
mentation, but could not have been present in any significant quantity at
the time of recording.

Literature data [4, 40, 48] suggest that the bromination of tungsten
at 450—500 °C leads to WBTr5 which is reduced by tungsten to WBr4 under
the effect of the temperature gradient. In our experiments performed without
carrier gas at a temperature gradient of 600—200 °C (the temperature in the
middle of the reaction space was 600 °C and 200 °C at both ends) in vacuum,
in the presence of a large excess of W wool, the reaction

WBr5 WBr4

was almost quantitative. In addition, there is a possibility of disproportiona-
tion of the primarily formed WBr5 since the conditions of high vacuum favour
this process [60]. This proves that WBr” is not a fragment of WBr” and that

Acta Chim. (Budapest) 89, 1976



KAPOSI et al.. PREPARATION AND MASS SPECTROMETRY 117

Table VII

Relative amounts of some intensive isotope peaks
in per cent of the most intensive isotope peak,
theoretically calculated and determined experimentally
from the observed peak heights

Compound m/e Calculated Experimental
MoCbBr. 284 52.0 50.6
286 66.0 66.6
288 90.0 90.7
290 100.0 100.0
292 58.2 57.2
WO,Br., 372 23,4 23,8
372 72.3 73.4
376 100.0 100.0
378 75.1 74.6
380 24.1 235
WOBr3 437 55.1 54.5
439 98.7 98.7
441 100.0 100.0
443 56.5 57.0
WBr4 500 34.6 36.0
502 77.6 76.2
504 100.0 100.0
506 78.5 77.5
508 35.1 35.6
W,,Bré 844 53.2 51.9
846 86.0 84.8
848 100.0 100.0
850 83.7 82.3
852 51.0 50.5

W Br” appears in a very low intensity only, furthermore, after heat treatment
in vacuum it disappears completely from the spectrum.

The appearance of cluster compounds containing metal-metal bonds
also support the formation of WBr4 The formation of such compounds has
been observed with tungsten compounds of the oxidation state of four or lower,
but never in the case of tungsten of higher valency [61, 62]. Rinke and
Schaffer [63] were the first to detect such dimers with metal-metal bonds
in tungsten halides in the form of W2Cl6 by means of mass spectrometry, but
only from WC14 and not from WCI15.
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Our experiments provide unequivocal evidence for the existence of the
cluster compound W2Br6 containing a metal-metal bond.

We have not detected W3Br” ions or its fragments, which would have
indicated the presence of trinuclear clusters. We have assumed that W2Bre
is formed in the reaction

2 WBr4y -* W2Bre(s) + Br2g 9)

This concept is supported by the appearance of Br2in the spectrum, formed
via a chemical reaction. The thermodynamic parameters of this reaction were
determined mass-spectrometrically from the temperature dependence of the
partial pressure of Br2 [31]. It follows from Eq. (9) that decreasing pressure
will shift the reaction in the direction of the upper arrow, resulting in the
appearance of dimeric ions in higher intensities upon bromination without
carrier gas. In our experience higher temperatures of the evaporator also
favour the formation of W.,Bre. In tungsten bromides of lower oxidation state,
polymeric tungsten bromides have also been observed [64], such as the poly-
mer of WBr2 viz. WeBr2which, when treated with liquid bromine at various
temperatures, is transformed into a series of compounds containing the cluster
nucleus WeBr8with an apparent valency of 2.33 for tungsten. We also observed
a conversion of these compounds in vacuum accompanied by the evolution
of Br2

I11. 5. Calculation of thermostaticparameters from the experimentally determined
ionization and appearance potentials

The heats of formation of ions shown in Tables I, Il, IIl, ¥ and VI
were calculated in the following manner: in the general case a fragmentation
reaction due to electron collision proceeds as follows:

RjRj+ e — R+ + R2+ 2e (10)
For this reaction the following correlation is valid:
AP(R+) = /IH= AW A+) + zJHf(R2 - /IHfIRA) i11)

where AP is the appearance potential, AHr the heat of the reaction and ZIHf
the corresponding heat of formation.

From the appearance potentials and heats of ion formation shown in
the Tables conclusions can be drawn on the strength of the various bonds in
the ions, assuming that the ions are formed without excess energy [33].
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In the general case the decomposition of the molecular ion can be mod-
elled by means of the following reaction

RiR2 R+ + R, (12)
D = AP(R+) — IP(RXR+) = zIHf(R+) + zIH (R2 — zIHf(R1R+) (13)
where D is the bond dissociation energy, IP and AP are the ionization and
appearance potentials, respectively, and zJHf are the corresponding heats of
formation. For instance from the reaction
Mo02B ri — MoOIl — 2Br

1/2 D(Mo02— Br2 = 57.5 kcal/mol.

We calculated the bond strengths of individual Br and O atoms in the various
ions and since these showed no significant differences for ions of various com-
positions but containing the same atoms, we took the average bond energy
of the given atom in the ions. The results are summarized in Table VII.

The assumption thatthe bond strengths ofthe individual atoms are equal
in the ions, regardless of the oxidation state of the central atom, that is, e.g.

D(WBr+—Br) = — D(WBr+—Br2) = — D(WBr+—Br3) = — D(W+—Br4)
2 3 4

is only a rough approximation [33, 65], though sufficient (as confirmed by
the data in Table VIII) for the comparison of the average bond strengths of
identical atoms in ions formed from various compounds by electron collision.

Table VIII

Average bond strengths in various ions

lon Bond kcal/mol

MoO02Br” Mo02Br+-Br 56.3
MoOBr*-0O 146.0

\VO.,Bri WO0Br+-Br 50.6
WO0Br2-0 139.0

WOBr3 WOBr»-Br 87.0
WBr+-0 173.6

WBr+ WBr+-Br 86.0
w Bre W ,Br+-Br 80.6
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In addition, since in many cases there is a fairly good agreement between
the average bond strengths in ions and in neutral molecules [33], it is possible
to estimate from the data in Table VIII the bond strengths of Br and O
atoms in the corresponding neutral molecules too.

In order to calculate the average bond strength referred to one Br atom
in the neutral WBr4molecule itis necessary to known the ionization potential
of W and its appearance potential in the spectrum of WBr4. The value of
IP(W +) is 8.0eV [33] and AP(W+) = 23.1 eV (Table V). The calculation is
performed as follows:

~ B r4(g) + 4 ®r(g) (14)
AP(W+) = IP(W+) + 4 D(W—BTI) (15)
23.1 = 8.0 + 4 D(W—Br) (16)

D(W—Br) = 3.8 eV = 87.4 kcal/mol

For 1/4 D(W+—Br4), 86.0 kcal/mol is obtained. The very good agreement
between the two values confirms the validity of our earlier assumption.

Finally, from the values of the ionization and appearance potentials,
with the exception of WOBTr,/- whose ionization potential could not be cal-
culated because of its low intensity, we determined the activation energies
(zIH*) of the decomposition of the molecular ions [33]. In the general case
the decomposition of a molecular ion can be written as

X+ -*Y+ + Z 17)
The sum of the activation energy and that heat of this reaction is
AP(Y +)-IP(X+) = zJHexp (18)

where AP(Y +) is the appearance potential of the ion Y + in the mass spectrum
of X and IP(X+) is the ionization potential of X +, while the heat of the
reaction ZIHR can be expressed as

zZIHr = JH f(Y+) + zIHf(Z) — zIHf(X+) (19)

Hence, the activation energy of reaction (17) is

JHt = AHcalc-zJH R _ (20)

The results are summarized in Table IX. It appears that in the case of the
molecular ions of molybdenum and tungsten oxybromides and tungsten bro-
mides the activation energy of the decomposition accompanied by the for-
mation of Br atoms is zero or a very low positive value.
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Table IX

Activation energy of the decomposition of molecular ions

Process JHIT (keal/mol)
Mo02Br2 — Mo02Br+ -|- Br 1.2
W0Brz — WO02Br+ + Br 4.4
WBr+— WBr+ + Br 0
W ,Bre — W .Brf -f- Br 1

The mass spectra of Mo02Br2, Wo02Br2 WOBr4 WBr4 and W2Bre
have furnished some additional, previously lacking data for inorganic mass
spectrometry. The experimental data permit conclusions with respect to the
evaporation of these compounds and the calculation of thermodynamic
parameters from the values of the ionization and appearance potentials.
The Knudsen effusion mass spectrometry has provided some important
additional thermodynamic data. The results of these experiments will be
reported elsewhere. [31]
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Dehydrogenation of ethane has been studied on a-chromia catalyst, in a cir-
culation reactor, between 0 and 4 kN m- 2 pressures and in the temperature range
between 430 and 580 °C. Several chemical processes take place on the catalyst under
these conditions; in addition to gaseous products (H2 C2H4 ,CH4) surface deposits
are also formed; the composition of the latter depends on the activity of the catalyst
and the temperature. By appropriate pretreatment and regeneration of the catalysts,
itwas possible to perform kinetic experiments on catalysts ofpractically constant activity.
The temperature dependence of the initial rate of dehydrogenation, the kinetic isotope
effect and the relative rates of dehydrogenation and D—H exchange indicate that the
rate of ethane dehydrogenation is limited by the surface reaction.

Introduction

The dehydrogenation of hydrocarbons on catalysts containing chromia
is of considerable interest from both theoretical and industrial viewpoints.
In spite ofthe large amount of experimental data available, there is no uniform
opinion concerning the kinetics of the reactions. Corresponding to practical
requirements, kinetic experiments have been limited to dehydrogenation of
C4 hydrocarbons [1—8] and cyclohexane [9—16].

Dodd and Watson suggested a so-called ‘dual-site’ mechanism for
butane dehydrogenation with the surface reaction as the rate-determining
step [1]. On the other hand, Balandin put forward a ‘single site’ mech-
anism; he believed that the rate-determining step was the associative
adsorption of butane [2, 3]. The work of Carra and Forni [8] supports the
former opinion. Applying the method of stoichiometric numbers to his own
[4, 5] and Balandin’s results, Happel has come to conclusions which differ
from both concepts mentioned. Investigating the dehydrogenation of iso-
butane by the same method, he has found a single rate-determining step,
which is the associative chemisorption of the hydrocarbon [7].

The rate-determining step of the three-step dehydrogenation of cyclo-
hexane [15] is also the adsorption of cyclohexane but there is no uniform
opinion whether this adsorption is associative [13, 14] or dissociative [16];
there were also arguments about the form of the rate equation [8—13].
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The catalysts for the Kkinetic experiments mentioned were different:
partly a-chromia, partly alumina-supported chromia of various origins and
compositions. The preparation and pretreatment of the catalysts used by
different authors show large variations, which may have contributed to the
lack of a common kinetic picture. The chemisorption and catalytic properties
of a-chromia are dependent to a high degree on the method of preparation —
first of all on the conditions of heat treatment [17, 18] and of the activation
in hydrogen [19] as well as on the amount of residual water in the catalyst [20].
For supported catalysts, an additional uncertainty may he caused by the fact
that pretreatment and activation lead to the formation of a solid solution
phase whose composition and dispersity may be different [21]. The catalytic

activity of these is determined by their — various —mchromium contents
[22, 23]. The presence of alkali and alkaline earth metals — which cannot be
avoided in industrial catalysts — leads to other complications [24, 25].

Considering all these, it seemed expedient to study the catalytic dehydro-
genation of hydrocarbons choosing a model reaction as simple as possible, a
reproducible catalyst and reproducible reaction conditions. Although the
equilibrium conversion of the simplest hydrocarbon that can be dehydro-
genated (ethane) is extremely low in the practicable temperature region [26],
the experimental difficulties due to this fact are compensated by the small
number of possible side reactions. Similarly, the knowledge of the structure
and surface properties of a-chromia [19, 27, 28] which can be prepared in a way
producing a uniform structure may compensate the experimental drawback
caused by the relatively rapid deactivation of this catalyst [21].

Experimental

Apparatus

Experiments were carried out in a glass circulation apparatus described elsewhere [29],
having a volume of 204.3 cm3. The temperature of the quartz reaction vessel was maintained
with an accuracy of ~0.5 °C by means of an electrical oven connected to a thyristor control
unit.

Analysis

Sampling was done using an evacuable sampling stopcock 0.34 cm3in volume, installed
into the gas circuit. Upon turning the stopcock, the sample was flushed by a nitrogen stream
(flow rate 0.8 cm3s“ X into a chromatographic column (length: 2 m, 1.D. 5 mm) containing
activated Si02 (Carlo Erba 510/1100). The column temperature was 125 °C. Two detectors,
a katharometer and a flame ionization detector, were connected in series after the column.
The smallest amounts to be measured with a fair reproducibility were: 5.25x10“ 10 mol of
hydrogen and 4.53x10“ 12 mol of ethane. Calibration was done by pressure measurement,
using an absolute manometer; the combined average error of sampling and analysis was
il.6 % onthe F.I.D. and i2.0% on the katharometer. Retention times for the components
in routine kinetic analyses were as follows: H2 48 s; CH458 s; C2H6 125 s; C2H4 185 s.

The analysis of deuterated hydrocarbons was performed on a DuPont 21490 B mass
spectrometer, from the corresponding fraction of the mixture separated on the chroma-
tographic column. Spectrum evaluation was done by a multiple regression computer program,
using an ICT 1905 machine [30].
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Catalyst

The catalyst was prepared by thermal decomposition of (NH4)2Cr20, (“Reanal”, p.a.
grade) in a thin layer; the product was dehydrated in air at 680 °C for 6 hrs. Both DTA and
X-ray diffraction showed that the product was entirely crystalline a-Cr(lll)oxide. Its IR
absorption spectrum corresponded tothat reported by Marsnhatt et al. [31]. Its specific surface
was 16.2 m2g” 1 (determined on a Sartorius microbalance using the BET method, with N2
as adsorbent).

M aterials

Hydrogen: Cylinder hydrogen was deoxygenated and dehydrated by passing through a Pd/Si02
catalyst then cooling it in a liquid nitrogen trap. It was collected in a vessel and passed
through a Pd/Ag membrane before use.

Oxygen: KMn04 (p.a. “Merck”) was thermally decomposed, then the gas condensed into a
liquid nitrogen trap and distilled.

Ethane: FLUKA pss. grade (ethane 98%, impurities: ethylene, propane, propylene), purified
as follows: a “finger” (I.D. 3 cm, length 25 cm) was filled with activated Si02 and e-
vacuated; then ethane was frozen into this vessel. After slow distillation, the middle
fraction (between 25 and 75%) contained less impurities than 0.1 ppm.

Ethylene: FLUKA pss. grade, purified like ethane.

Deuteroethane: “Isocommerz”, Dresden. C2D6 content 92%, the rest mainly C2D5H, and traces
of less deuterated ethane species.

Experimental

0.02—0.1 g catalyst of 0.1—0.2 mm particle size was placed into the upward branch
of a U-shaped quartz reactor tube between quartz wool plugs, slightly pressed, in order to
avoid “channeling”. Preparation and regeneration was carried out as follows.

The catalyst was maintained at 600 °C in an atmosphere of oxygen pressure 7 kN m~ 2
for 3 hrs; C02and H2 produced were frozen in a trap with liquid nitrogen. Afleewards it was
pumped out at the same temperature for 6—8 hrs (final pressure 10-3 N m_2). The catalyst
was then activated in hydrogen (7 kN m 2 at 480 °C for 3 hrs with the water produced frozen
out, then it was pumped out until final pressure reached the value mentioned (3—4 hrs).

The reaction mixture was prepared in the mixing chamber by introducing components
of given pressure: itsexact composition was determined in the chromatograph after homogeniza-
tion for 10—15 min. This was followed by passing the circulating mixture through the catalyst
chamber; the gas composition was followed by sampling at 5 min intervals. The evaluation
of the chromatograms was performed by measuring peak heights since a statistical comparison
of all practicable methods showed this to be the most accurate. A carbon and hydrogen balance
was calculated for each run on the ICT 1905 computer, using corresponding time—peak height
—reaction temperature—room temperature data as input values, together with chromato-
graphic factors checked before each run and considering the temperature gradient in the appa-
ratus as well as the error caused by sampling. The average error of such balances for the empty
reactor was +0.5% . The output of the balance — that is the distribution of the total quantity
of the reaction mixture among the various chemical species — served as the basis for calcu-
lating the reaction rate while the deficit made it possible to determine the amount and compo-
sition of deposits formed on the catalyst.

Results

Temperature and pressure limits of the experiments

The temperature for 50% equilibrium conversion of ethane dehydro-
genation is 720 °C [32]. Chromia catalysts, however, suffer intense ageing
in a reducing atmosphere above 580 °C and this process becomes irreversible
above 650 °C [33]. Consequently, reproducible measurements can only be
performed below 580 °C. Considering, furthermore, that the effect of the
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Fig. 1. Composition of the reaction mixture and the value of the apparent equilibrium constant for ethane
dehydrogenation on a-Cr203. Catalyst weight: 0.125 g, Ethane = 1.30 0.03 kN m*“2 a:t= 450°C;
b: t = 488°C; c: t = 525°C
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reverse reaction can only be avoided if the conversion is below 10% of the
equilibrium value, the equilibrium data permit to calculate the temperature
and pressure range in which the experimental results can be readily evaluated.
On the basis of the experimental error, the lowest conversion to be evaluated
is 1.5% (that is, the equilibrium conversion should exceed 15%) and this may
be realized above 450 °C and below 4 kN m _2 Thus, kinetic experiments were
carried out between 450 and 580 °C and in the pressure range of 0—4 kKN m-2.

Product distribution

Figure 1 shows the transformation of ethane on a freshly activated
catalyst at different temperatures. The data indicate that the overall process
must consist of several reactions. In addition to dehydrogenation, hydrogenol-
ysis and a third, hydrogen-producing process also take place, since ethylene

Fig. 2. Variation of the composition of the deposit for ethane dehydrogenation on a-Cr20

and hydrogen are not formed in a stoichiometric ratio. The latter two side
reactions occur also in the quasi-steady-state region, where dehydrogenation
and hydrogenation are approximately in equilibrium. Therefore, as shown
in the figure, the apparent equilibrium constant is lower than the value
given in the literature [26].

No other product could be found in the gas phase, thus the deficit of
the material balance must be connected with deposits on the catalyst surface.
Its composition, as calculated from the mass balance (Fig. 2), was near to
that of ethane, (H/C = 3) in the initial stages, but as the reaction proceeded,
it contained less and less hydrogen.

The rates of competing processes can be evaluated from selectivity values
calculated from initial reaction rates (Table I).
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Table 1

Selectivity values for different transformation of ethane*

450 °C 488 °C 525 °C
CH4 0.76 0.77 0.46
CH4 0.004 0.015 0.071
dep. 0.23 0.21 0.47
- ntvi i N . i - .
Selectivity: a- where r; is the initial reaction rate; Vj the stoichiometric
rbt

i-i
coefficient of the reaction; n the number of reactions

Catalytic activity

As expected from the high selectivity of deposit formation (a<jep)’ the
catalyst becomes poisoned during dehydrogenation. On evacuating the re-
action vessel after reaction, the catalytic activity decreases to a fraction of its
initial value and even a prolonged activation procedure cannot restore its
original level. It can be concluded, however, from Figure 1 that deposit
formation depends in a reverse sense on hydrogen coverage of the surface.
Evacuation removes mobile hydrogen species from the surface and this, in
turn, may promote further loss of hydrogen from immobile deposits, producing
“coke’4 which cannot be removed by evacuation. Indeed, if the reaction is
terminated by introducing hydrogen in a large excess with simultaneous
freezing out of the hydrocarbons, a considerable activity can be restored.

Figure 3 shows the decrease of the catalytic activity measured at 450 °C
caused by identical amounts of ethane (1 kN m~2 reacting for periods of
various duration. The catalyst was regenerated in a great excess (10 kN m-2)
of hydrogen at the reaction temperature for 1 hr. Disregarding the initial
rapid decay, the catalytic activity decreased in proportion to the reaction
time, with the selectivity unchanged. An oxygen treatment of the catalyst
after about 30 hrs of operation produced considerable amounts of carbon
dioxide, hut the catalytic activity increased only slightly. This indicates that
the activity change observed may be analogous to the activity decrease of
Cr20 3JAI20 3catalysts in a reducing atmosphere [33]. This latter was attributed
— at least partly — to the growth of Cr20 3 crystallites, corresponding to the
decrease of the surface area in the case of a-chromia. It was possible to deter-
mine the BET surface of the catalyst ‘in situ’ in the reaction chamber using
methane as the adsorbate at —196 °C and applying the F.I.D. as the pressure
gauge. Taking the surface requirement of the methane molecule to be equal
to 1.64 x10~19m 2 [34], the surface areas obtained were about 20% less than
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Fig. 3. Rate of formation of ethylene (X), methane (+) and hydrogen (0) (the latter two related
to the former) as a function of the duration of reaction from catalyst activation.
Catalyst: 0.043 g a-chromia, t = 450 °C,
wethane — 1*9 kN m

11A

13

112

mo

Fig. 4. Variation of the composition of the reaction mixture for ethane dehydrogenation on
stabilized oc-Cr20 3.
Catalyst: 0.0689 g (1.12 m2, t = 527 °C,
P = 1.19 kN m~ 2 ethane
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those determined by N2BET, but these values were reproducible within
+2% . On keeping the catalyst in hydrogen for about 500 hrs, the catalytic
activity decreased by about two orders of magnitude but the surface remained
the same within the limits of experimental error.

On repeating several times the catalyst pretreatment described in the
Experimental section, the activity decreased by about two orders of magnitude
as compared with the fresh sample, but the rate of further deactivation be-
came very low. E.g. after repeating a cycle consisting of one hour’s reaction
(525 °C, 1 KN m-2 ethane) and 20 minute’s regeneration (525 °C, 10 kN m-2
H?2 five times, the catalytic activity remained constant within the limits of
experimental error. Figure 4 shows the product distribution obtained on a
catalyst stabilized in this way. It can be seen that dehydrogenation is accom-
panied by a strong deposit formation, the H/C ratio characteristic of this
latter being close to 3. Upon terminating the reaction after 65 min and treating
the catalyst with 10 kN m~2hydrogen at the reaction temperature, the anal-
ysis of the trapped hydrocarbons showed that residues were adsorbed almost
entirely in the form of C2 deposits, as indicated by their desorption as ethane
(data denoted by X in the figure).

Further experiments have been performed on this stabilized catalyst
sample (0.0689 g —% 1.12 m 2); it was regenerated after each experiment in the
way described above.

Temperature dependence of the reaction rates

Deposit formation as well as non-stoichiometric hydrogen formation
lead to the conclusion that no simple expression can be expected to describe
the actual pressure of the components as a function of time. Figure 4 shows,
however, that ethylene formation can be characterized by a monotonic func-
tion, thus the initial reaction rate can presumably be determined by extra-
polating some simple function to zero time. Figure 5 shows the derivative
of the ethylene amount vs. time plot of Fig. 4. The derivation was carried out
according t0 W nitacker and Pickfora [35] by performing a numerical
derivation for the first five points of the integral curve and repeating this pro-
cedure for the 2nd—6th, 3rd—7th, 4th—8th etc. points. This procedure
gives the derivative of a quadratic function fitted to these five points
according to the method of least squares. The error of the middle (third)
points is always the lowest; the Figure shows these third points for each
group of five points, except for the first and last two points. The points shown
are, with a good approximation, on a straight line. The first two points have
been neglected in the extrapolation to zero partly owing to the larger error
mentioned, and partly due to the disturbing effect of adsorption.
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t (min)

Fig. 5. Variation of the rate of ethylene formation during the reaction

The Arrhenius plot of the initial reaction rates is shown in Fig. 6. The
apparent energy of activation has been calculated by the method of weighted

least squares [36]; its value is
E = 1484 ~ 6.5 kJ mol-1

The statistical weights have been calculated from the following equation:

where rT denotes the initial rate at temperature T, and s2(rT) its mean quadratic

spread.

Catalyst: 0.0689 g, Ethane =

Fig. 6. Arrhenius plot of the initial rates of ethylene formation.
1.04 i 0.03 kN m- 2
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The latter value can be determined from the error of numerical derivation
in the calculation of the initial rates [35].

The regression coefficient of the Arrhenius plot for the temperature
range suitable for kinetic experiments (T = 430—580 °C) is r = —0.98,
indicating the independence of the activation energy of the temperature.

Kinetic isotope effect and H-D exchange

Determination of the kinetic isotope effect can provide valuable data
for recognizing the nature of the rate-limiting step. The reaction rates of CoHO
and C2D6 dehydrogenation at 450 °C are significantly different (Table I1).

Table 11

Kinetic isotope effect in the dehydrogenation of ethane and deuteroethane

Pressure (kN m~2)

r°x 10u n
CH, s (mol s-1m~2
1.30 6.73
| 3.06
1.32 2.20
1.25 2.18
11 2.63
1.26 5.73
Average: 2.85

By dehydrogenating perdeuteroethane in the presence of protium and
by analyzing the product samples mass-spectrometrically, it is possible to
study dehydrogenation and hydrogen—deuterium exchange simultaneously
(Fig. 7). Clearly, dehydrogenation is accompanied by an intense exchange
whose rate is higher than that of dehydrogenation on both ends of the kinetic
temperature range. The protium content of the initial deuteroethane can be
found entirely in molecules of C2D5H at the actual maximum conversion of 2%.

Discussion

Experimental evidence has been obtained that the reaction of ethane
on a-Cr20 3has a transient and a quasi-steady-state region (Fig. 1). The transient
region can be characterized by rapid formation of ethylene and hydrogen:
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t (min)

Fig. 7. Deuterium-hydrogen exchange (0) and deuteroethylene production (X) for deutero-
ethane as a function of reaction time at (a) 450 °C; (b) 550 °C. Calalyst: 0.0689 g, -Pc2D6 =
1.32 ~ 0.03 kN m~2 = 2.05i 0.05 kN m_2

the ethylene concentration has a maximum and slowly decreases in the steady-
state region. Ethane dehydrogenation is accompanied in both regions by ethane
hydrogenolysis and the formation of hydrogen-deficient deposits. This latter
process results in hydrogen formation, exceeding the stoichiometric amount.
This excess hydrogen shifts the equilibrium backwards. This fact might have
been the reason of why the ethylene concentration has a maximum but in
this case the mass effect ratio should approximate the equilibrium constant
from the upper side. Actually, the opposite has been observed, indicating that
ethylene or a surface species being in equilibrium with ethylene must be the
precursor of the deposits.

W hen evaluating the composition of deposits, it must be remembered
that it was deduced from the deficit of the carbon and hydrogen balance
hut this deficit contains also reversibly chemisorbed hydrogen and hydro-
carbon. In other words, surface deposits must be more hydrogen-deficient
— especially at lower temperatures — than it seems from Fig. 2.

Both deposit formation and the change of its composition as well as
methane formation are the most rapid in the initial stage of the transient
region (a few minutes) when the catalyst surface has a relatively low coverage.
This indicates that chemisorbed hydrogen must hinder deposit formation.
This is also supported by the fact that deposits corresponding to low conversion
can be removed from the surface via hydrogenation as methane or ethane
(Fig. 4) and further by the decrease of the dehydrogenation selectivity with
increasing temperature, that is, with lower hydrogen coverages.
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As a working hypothesis, the following facts can be stated about the
reactions of ethane on a-Cr2 3.

Ethane molecules chemisorbed on the catalyst surface gradually lose
hydrogen, leading to H/C values down to unity, depending on the temperature
and hydrogen content of the catalyst. Some of the intermediate stages of this
process is accompanied by C-C bond rupture. Two products of this reaction
sequence may appear in the gas phase after desorption and/or hydrogen up-
take: methane and ethylene. The process of interest for us is ethane dehydro-
genation into ethylene; this occurs in the transient stage of the reaction and,
presumably, consists of several elementary steps. The question arises of whether
any of these is rate-determining and if so, which.

The apparent energy of activation is nearly independent of the tem-
perature in the temperature range spreading over 150°. The regression coeffi-
cient of the Arrhenius plot is very close to unity, and this — in spite of the
well-known insensitivity of the exponential function — suggests that a single
rate-determining step exists*.

The numerical value of the kinetic isotope effect is r)= 2.85 at 450 °C;
according to Eybing and cagie, the theoretical maximum at this temperature
is Tmax— 3.5 [37]. As the actual value is close to the maximum, the rate-
determining step may be the rupture of a C—H bond in the activated complex.
Y ung-Fang YuYao has reached the same conclusion for ethane oxidation
on a-chromia [38], for which the kinetic isotope effect is as high as = 2.22.

The process of ethane dehydrogenation involves the cleavage of 2 C—H
bonds. According to generally accepted views, hydrocarbon chemisorption
is dissociative [15, 16, 18], thus the rupture of the first C—H bond occurs
during chemisorption. The problem whether dissociative adsorption or the
subsequent surface reaction involving C—H bond splitting is rate-determining
can be approached by comparing the rates of dehydrogenation and hydrogen-
deuterium exchange for the given hydrocarbon. Assuming that dissociative
chemisorption is an indispensable precondition of H—B exchange (and this
assumption is in correspondence with our present knowledge), no exchange
should be observed at low conversions, i.e. for negligible rates of the reverse
reaction, if dissociative chemisorption were rate-determining. In the opposite
case, the rate of exchange should exceed by several orders of magnitude that
of dehydrogenation. Although exchange can be observed throughout the
whole range and its rate is always higher than that of dehydrogenation (c/.
Fig. 7), it cannot be concluded from these rates only that the surface reaction
is rate-determining. This contradiction can, however, be resolved by con-

*In the opposite case a sum of rate constants appears in the rate expression and, on
a logarithmic scale, this approaches a straight line only if the activation energy of one of the
steps is much higher than those of the others. Since the rates of elementary processes in ques-
tion are commensurable, the probability of this is very low.
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sidering that since molecules reacting on the surface must have been chemi-
sorbed previously, the rate of the surface reaction should be compared with
the combined rates of surface reaction and exchange; on the other hand,
exchange involves more elementary steps with finite rates, thus its overall rate
is necessarily lower than that of chemisorption.

These elementary steps mentioned are: desorption of the exchanged
hydrocarbon and surface migration of H and D. The deuterium eliminated
from the starting hydrocarbon (for technical reasons, the reverse exchange
was studied in our case) should change its place with a hydrogen atom from
the gas phase; this latter then combines with the hydrocarbon residue and the
resulting C2D5H may then leave the surface. Since Conner and Kokes have
shown by a very convincing experiment that “the sites of chemisorption
are discrete and non-interacting” on oxides of zinc and chromium (and, pre-
sumably, on most oxides), unlike on metals, the migration process must be
very slow [39]. Thus, the rate of exchange must be assumed to be much lower
than that of dissociative chemisorption, since the most probable reaction
of chemisorbed molecules is their recombination with their original deuterium
atoms and subsequent desorption.

Considering these, it may be concluded that the rate-determining step
of ethane dehydrogenation on a-Cr20 3must be, in all probability, the surface
reaction subsequent to dissociative chemisorption.
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The kinetics of ethane dehydrogenation has been investigated in a circulation
reactor, in the temperature range of 450 —580 °C and in the pressure range of 0—4 kN
in ~2. Initial reaction rates determined gas chromatographically have been compared
with the appropriate Hougen-W atson rate equations by nonlinear parameter esti-
mation on a digital computer. The kinetic equation found to be most probable statisti-
cally, its sorption and rate constants, as well as the values of activation energy, sorption
enthalpy and entropy determined on their basis support the “dual site” mechanism
of dehydrogenation with the modification that the two catalytic centers in question
are not identical.

Introduction

In a preceding publication, on the basis of a many-sided investigation
of ethane dehydrogenation, it had been established that the rate of dehydro-
genation — in all probability — is limited by a single step on an appropriately
stabilized catalyst -with a reproducible activity, this step being the surface
reaction. This fact permits the application of the Hougen— Watson concept
well proved in kinetic experience [1]. In the present paper, an attempt is
made to determine the Hougen— W atson equation by computer fitting to
our experimental kinetic data and, at the same time, to calculate its reaction
rate and sorption equilibrium constants. These data may provide valuable
help in elucidating the mechanism of dehydrogenation disputed until now.

Experimental

Procedure

The experimental procedure has been described in detail in the first part of the series.
Experiments to be discussed hereafter have been carried out on the same stabilized catalyst
sample (0.0689 g 1.12 m2a-Cr203).

The fact that, before stabilization, the reaction rate exceeded by about two orders of
magnitude that observed in the present series, made it unnecessary to investigate whether
diffusion may play any role.

The activity of catalysts has been checked periodically by control experiments. The
activity decrease during the whole series of experiments was as low as 22%, with unchanged
catalyst surface. For better comparison, the initial rates measured have been referred to the
activity level found at the beginning of the series.
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Calculations

The most probable kinetic equation and its constants have been determined on the
basis of initial rates (r0) and their average error (sr) calculated as described in Part |I. The param-
eters pof the equation ensuring the best fit to n experimental points have been determined
by the method of weighted least squares, by searching for the minimum of the target function

s(?) =F w(rd - n(<p)2 O}

Here iv/ = 1/sfi denotes the statistical weight; r/((p) the i-th initial rate calculated by using

the actual value of parameters ip.
The computer program applied is a modification of the method of Fietcher and

Powell [2] described earlier in detail [3, 4]. This program gives also the error limits
of the optimal parameters ¢ at the minimum S($) of target function (1). These are given at a
95% confidence level. The calculations have been carried out on an ICT 1905 computer.

Results

Initial reaction rate as a function of ethane partial pressure

The results are shown in Fig. 1. If the surface reaction is indeed the rate-
determining step, the experimental data are described by one of the following

two expressions:

kbEpE |
(1 + bEpE)Z
(2)
kbEPE jij
14~ bEpE

depending on whether or not C—H bond rupture requires an adjacent free
active site left by an ethane molecule*. Optimization was carried out for the

Fig. 1. Initial rates as a function of ethane partial pressure

*The symbol rOis related to 1 m2catalyst surface, thus the dimension of both r0and k
is [mol s-1 m-2].
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experimental r0 = f{pp) data obtained at temperatures 450, 528 and 580 °C;
the resulting optimal parameters and the value ofthe residual sum of quadratic
errors are as given in Table I.

Table 1

Best parameters and residual quadratic errors for the optimization
of the experimental results according to two alternative mechanisms

K (mol s_I) m-*)x10i” bR (M2IN_1)x 10* s(i)
Q) I I I I I I
450 3.53+ 0.24  1.20+ 0.28 1.58+0.29 55 1.1 0.1620 0.01106
528 55.7 + 6.2 222 + 2.6  1.26%0.22  3.36+0.64 1.473 1.061
580 292 +37 114 £17 0.94+0.21 2.57+0.65 27.16 21.60
Approximations according to Equation Il give in all cases lower errors

than those according to Equation I, but the difference is not sufficient to favour
the former using the usual statistical method, i.e. snedecor’s F-test [5].

Energies of activation and ethane sorption enthalpies calculated from
the two types of rate constants and sorption equilibrium coefficients according
to the Arrnenius equation using the method of least squares are as follows:

I: E

+

176.3 £ 20 kJ mol-1; LU

—20.0 £ 4.7 kJ mol"1

+

I: E= 179.6 £ 0.1 kI mol"l, <dH = —30.6 + 0.3 kJ mol“1

These values are rather close to each other, but the confidence level of those
calculated with Equation Il is by about an order of magnitude better, indicat-
ing a closer fitting of Equation Il to the Arrnenius equation.

The apparent energy of activation calculated from the expression

E'= E + AH

is E’= 156 kJ mol-1 for Equation | and £’ = 149 kJ mol-1 for Equation II.
The apparent energy of activation determined in an independent series of
experiments (Part I: E'= 1484 ~ 6.5 kJ mol-1) agrees within the limits
of experimental error with the second result only.

These results are already in favour of Equation Il over Equation I; it
can be decided, however, only after careful further studies whether this ex-
pression gives indeed a sufficient agreement with the experimental data.

The theoretical function may be regarded as “well-fitted” to the experi-
mental points if the estimated standard deviation of the fit is about the same
as the average error of the experimental points, and further, if the spread
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of the latter gives a random distribution around the theoretical function.
The first requirement can be investigated by means of the F-test already
mentioned; this gives a reasonable result in our case. The distribution of
experimental points can be best characterized by the analysis of the residuals
[6, 7]. The “residuals” are defined as the differences between measured and
calculated values of the dependent variable. By dividing this quantity by the
variance estimate (this procedure is called standardization) a probability
variable (q) can be obtained, the expectation value of which is 0 and the
variance is 1 [4].This has been plotted as a function of the independent variable
in our case the partial pressure of ethane (Fig. 2). As can be seen, the standard-

15
& 1 i1 v t_
.
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05 -
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x X x
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-2
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Fig. 2. Standardized residuals (gq) and relative weights of experimental points (wTg) as a
function of ethane partial pressure, at 528 °C

ized “residuals” show no definite direction of deviation, the experimental
points are randomly distributed around the theoretical function (q = 0),
except for those related to the lowest pressures. On the basis of the relative
statistical weights shown in the Figure, one can also see that these latter
points have hut a small influence on the result.

Table 11

Optimal values for reaction rate constants
and ethane equilibrium sorption constants

C) K (mols-1 m-2)x 010  ba(m2N-1)x 101
450 1.20+ 0.28 55 +1.1

475 3.28+ 0.64 4.50+0.69
500 8.38+ 0.91 3.97+0.51
528 222 + 26 3.36+0.64
555 526 + 9.8 2.77+0.78
580 114 %17 2.57+0.65
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It can thus be concluded that rate equation Il represents a satisfactory
expression for the dependence of initial rate on the ethane partial pressure.
The optimum constants determined on this basis are summarized in Table II;
the theoretical curves calculated with these are represented by the continuous
lines in Figure 1. The agreement with experimental data is very good at each
temperature.

Initial reaction rate as a function of hydrogen partial pressure

Using identical amounts of ethane (pE= 2.19 0.03 kN m~2 and
hydrogen pressures varying between 0 and 4 kN m-2, the effect of hydrogen
partial pressure could be studied on the initial rate of ethane dehydrogenation.
Results are shown in Fig. 3.

Fig. 3. Initial rates as a function of hydrogen partial pressure

In agreement with the Hougen—Watson concept applied so far and
considering also the dependence of the reaction rate on ethane partial pressure,
the following equations can be proposed for the process in question, depending
on the fact whether the active sites for ethane and hydrogen chemisorption
are identical (a) or different (b):

kbEpE,
1+ bEpE+ bupH

(«)

kbRPR o
(1+ bEpE) (1 + bHpwn) ®)
(3)
kbEp E
P (a)
1"TbEpE + 1bHpH
I
kbEp E
M- (b)

(1 + bEpE) (1 + VbHpH)
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For the equations in Group |, associative, for those in Group 11, dissociative
hydrogen chemisorption was assumed. In order to simplify the calculations,
these two groups can he combined into the following formulas:

—
o
1

fci/(f2 + bHPH)

@

Il: 0= kj(k2+ /bHPH)
where the meaning of k1l and k2 is:
for Group (a): kl = KkbEpE; k2= 1 -(- bEpE;
Group (b): kx= kbEpEI(1 -(- bEpE); k2= 1
Table 111

Optimal parameters and residual quadratic errors for the optimization of the experimental
results according to two alternative mechanisms

i ki x 10D k2

© i T i I

450 2.89+0.84 0.664+0.034 49 +1.8 0.981 £0.057
528 79 £1.3 8.07 +0.69 0.91+0.17 0.83 +0.23

580 301 +3.4 39.00 +0.87 0.83+0.11 0.91 +0.19

BE(TRN_1)x 104 LL)
I I | I

450 83.9 #3.1 30.10 +0.62 193X 10-2 5.04x 10-3
528 4.5%1.2 3.49+ 0.67 1.373 0.4094
580 1.67+0.34 159 +0.10 40.27 5.248

Optimizing these two expressions for the experimental points determined
at 450, 528 and 580 °C, the parameters shown in Table 3 are obtained. It can
be seen from the residual sums of quadratic errors shown in Table IIl, that
Model Il is a better approximation for the experimental results, which can also
be verified by the F-test. The value of k2is close to unity, independently of

the temperature, indicating the validity of Model 11/6. A fixed value of k2
and optimization according to the expression

M= 1+ YeApn <>
results in a minor change in the values of kl and 6H but the residual sum of
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squares remains constant, confirming that the reason why k2 was not equal
to unity was that it has a low grade correlation with the other parameters.

Optimization of all parameters according to expression (5) results in
the curves shown by continuous lines in Fig. 3. The closeness of fit has been
investigated as indicated in the previous section; this gave diagram Il in Fig. 4,
where experimental points show a random distribution around the theoretical
curve. For comparison, the same series of experiments has also been processed

Fig. 4. Standardized residuals (q) and relative weights of experimental] points (irre) &s
a function of hydrogen partial pressure, at 528 °C

according to expression | resulting in diagram | in Fig. 4. Here, experimental
values for low pressures lie below, those for high pressures above the g = 0 line.

The optimum parameters of Eq. (5) are listed in Table 1Y. The third
column contains the reaction rate constants calculated from Aq values using
the values of bb as shown in Table Il, by means of Eq. (4) Group (b). Since
these are in good agreement with the rate constants calculated from the
previous series of experiments, this provides additional support for the cor-
rectness of Equation 11/6.

Table IV

Optimal values for reaction rate constants and hydrogen equilibrium
sorption constants

«(°C) fcjX1010 K(mols-1m-2)X 100  6H (m2N -1 x 101
450 0.677+0.038 1.235+0.070 31.3 £8.4
475 164 £0.13 3.30 £0.026 17.4 +4.2
500 405 +0.24 8.72 +0.51 9.7 x2.4
528 9.68 +0.38 2297 £0.91 50 %1.3
555 195 1.1 51.7 £2.8 3.04£0.63
580 413 £1.9 1148 +5.2 1.85+0.37
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Initial reaction rate as a function of ethylene partial pressure

On admixing various amounts of ethylene to ethane of a pressure of
1.01 i 0.03 kN m-2, and reacting this mixture as before, the initial rate re-
mained unchanged up to a certain ethylene concentration. This is illustrated
by Fig. 5. This finding indicates that ethylene is either not chemisorbed on
the active sites of dehydrogenation in the presence of ethane, or its chemisorp-
tion is so slow that it does not influence the initial reaction rate. If the latter
case were valid, assuming that the rate of ethylene chemisorption is com-

Fig. 5. Initial rates and relative variations of initial rates as a function of ethylene partial
pressure

mensurable with that of dehydrogenation, the rate of dehydrogenation ought
to decrease more rapidly with increasing reaction time in the presence of added
ethylene than without it. Figure 5 contains also the ratios of the slopes of
straight lines serving for the determination of initial rates (cf. Part I, Fig. 5)
at 500°C

(ArO/At)E

{ArJAt)

with various amounts of ethylene added (numerator), and without it (de-
nominator), respectively. The time dependence of the rate of ethane dehydro-
genation is indeed independent of the presence of ethylene up to a partial
pressure of 0.2 kN m~2 but above this value the reverse reaction i.e.
ethylene hydrogenation is not negligible and the reaction rate decreases
faster in the presence of ethylene with higher rates of deposit formation
and hydrogen evolution.
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Table V

Average values of initial rates and reaction rate constants
calculated from them for ethane dehydrogenation in the presence of ethylene

<(°0) r0(mol s-1 m~2 x 1010 k (molS_1m-2) x K010
450 0.44%0.10 1.24+0.28
500 2.43+0.35 83 +1.2
550 100 +1.3 442 5.5

Table ¥ contains reaction rate constants calculated from the average
of initial dehydrogenation rates in the presence of ethylene with the appro-
priate values of bE using Eq. (2)11. Since the reaction rate has been calculated
from the increase in the amount of ethylene, these results are much less
accurate than those obtained so far, nevertheless, the rate constants are in
good agreement with the corresponding data of Tables Il and IV.

The most probable rate equation

From the analysis of the influence of the reactants on the reaction rate
it could be established that the most probable kinetic equation for ethane
dehydrogenation at low pressures is

kbEpE
(1 + bEpPE) (i + YbHpH)
This has been selected from the possible equations (2) and (3) mainly on the
basis of statistical considerations. It is possible, however, to prove the correct-
ness of Eq. (6) experimentally, omitting statistical parameter estimation
from the procedure.

If a series of paired experiments with different amounts of ethane is
carried out where a constant amount of hydrogen is always added to one
member of the pair, the ratio of the initial rates will be independent of ethane
partial pressure only in the case of validity of Eq. (6). This can he visualized
on the basis of the following considerations.

Let us denote the reaction rate in the presence of hydrogen by r0:

kbEpE
(1 + bEpPE) (I +Y 6HpH)
and that in the absence of hydrogen by r0:
r>_ kbEp E
1+ bePe
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If pE = Pei then
— = 1-(-/bHpH= const (pH= const) )
ro
Applying the same considerations to the other reaction rates it is obvious
that none of the other equations suggested:
bbEp E
1+ bEpE+ \bHpH

o

bbEp E
(1 + bEPE+ 1bHpH)2

)

permit the independence of the ratio I'gr0 of the partial pressure of ethane pE.

Results are shown in Table VI. The temperature was 500 °C, the amount
of hydrogen added 1.50 ~ 0.03 kN m~2 The value of bH calculated from the
mean value of ré/r0 (7) was:

bH= (9.97 + 1.12)X 10”1 m2 N-1

which is in good agreement with the corresponding result in Table IV.

Table VI

Reaction rates in the presence (r0) and absence (ro)
of a given amount of hydrogen, and their ratios

CEt(kNm** rox 1010 ri x 100 K/r,
0.57 0.64 1.50 2.34
1.22 1.23 2.75 2.24
2.14 1.60 4.15 2.59
2.39 1.96 3.80 1.94
2.92 2.13 4.29 2.01
3.19 211 4.69 2.23
3.60 2.23 4.94 2.22
Average 2.224+0.068

The Arrnenius plots for the rate constants and sorption equilibrium
constants determined using different methods are shown in Fig. 6. The con-
stants of the plots were determined as described in Part I, by the method
of weighted linear least squares. The kinetic and thermodynamic constants
calculated from these are as follows:
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Energy of activation: E = 1784+ 0.6 kJ mol-1
Preexponential factor: kO = 947 "85 mol s_1 m-2
Sorption enthalpy of ethane: ZIH = — 303+ 14 kJ mol-1
Sorption entropy of ethane: AS = —1045+ 1.7 mol“1K_1
Sorption enthalpy of hydrogen: AH = —111.8+ 0.9 kJ mol-1
Sorption entropy of hydrogen: AS = —2025% 12 J mol"lK*“1

The value of the apparent energy of activation determined earlier
(E') is in good agreement with the sum of the true energy of activation
and the sorption enthalpy of ethane:

E'txp = 1484 = 6.5 kJ mol-1;

E'= E+ ZIH= 1481 = 2.0 kJ mol"1

Fig. 6. Arrhenius plots for rate constants and sorption equilibrium constants of ethane ()
and hydrogen (bu). x o Calculated from dependence on ethane partial pressure; « 4 calculated
from dependence on hydrogen partial pressure; [ calculated from dependence on ethylene
partial pressure; O calculated from the relative decrease of rate caused by hydrogen cf. Eq. (7)

Discussion

Equation (6) characterizing the kinetics of ethane dehydrogenation
seems to supportthe “dual site” mechanism of dehydrogenation. Its classical
interpretation suggested two, chemically identical active sites for the breaking
ofthe C—H bond in the rate-determining step, thus, the kinetics was approxi-
mated with Eq. (8) [8].

Our results show, however, that two, chemically different active sites
participate in the breaking of the bond in question, the surface coverage
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of one of them is determined by the partial pressure of the hydrocarbon, that
of the other one by the partial pressure of hydrogen, (it has to be noted that
different active sites do not mean necessarily different surface ions, they may
represent different co-ordination states of the same type of ion.) The chemical
nature of these active sites can, however, be derived only by indirect evidence,
by comparing the chemisorption properties of chromia described in the litera-
ture and our own results.

Ethane chemisorption on oc-Cr20 3is a heterolytic process [9]; the alkyl
carbanion is bonded to a Cr3+ ion by a cr-bond similarly to the well-known
organic chromium compounds [10], whereas hydrogen is linked to one of the
neighbouring O2- ions.

Differenttypes ofhydrogen chemisorption are possible [11].Burwell etal.
suggests heterolytic chemisorption [12], this is supported by the IR spectrum
of hydrogen chemisorbed on ZnO evidencing the presence of O-H and Zn-H
bonds [13]. On the other hand, Siegel assumed a homolytic hydrogen chemi-
sorption, at least at higher temperatures, mainly on the basis of analogies with
homogeneous catalysis. This would involve the bonding of both hydrogen
atoms to the same surface chromium atom with trigonal or tetragonal co-or-
dination [14]. The heat of hydrogen chemisorption on a-Cr20 3 determined
in a static system was found to be zIH == —113 kJ mol-1 [15], in good agree-
ment with our kinetic result.

On the basis of the probable mechanism of hydrogen and ethane chemi-
sorption outlined above, and considering the sorption enthalpies determined,
the energies ofthe bonds formed can be estimated: @H. H= 2 @H K -f- AHH =
= 435.4 kJ mol-1 [17] for the energy of the H-H bond. Thus, the average
energy of the catalyst—hydrogen bond would be @H_K= 273.6 kJ mol-1.
On the basis of ethane chemisorption: @CH = QC-K, Qh-k b "HE =
= 410.7 kJ mol-1 [16] for the energy of the C2H.-H bond.

Assuming the bond energy of hydrogen originating from hydrogen chemi-
sorption, i.e. = QH-K>we °btaln for the average energy of the catalyst-
carbon bond: @C K = 167.4 kJ mol-1.

Only one literature data has been found for the energy of the Cr—€ bond
[18] according to which the dissociation energy of chromium acetylide per
single bond is 222 i 21 kJ mol-1. As the bond in the acetylide is to some ex-
tent ionic, this value is presumably much higher than that of the chromium-
carbon ff-bond, thus, the assumption that the carbon atom of the chemi-
sorbed ethane is bonded to chromium ion through a cr-bond, does not seem
contradictory, even compared with the estimated value of @c-K’

Hydrogen can be bound to eithera Cr3+ or an O2-ion of Cr20 3 The energy
of the Cr-H bond is 276.8 kJ mol-1 [19], that of O-H bond 427.9 kJ mol-1
[20]. The value found by us is closer to the former one. Although con-
siderations of this type contain several factors of uncertainty, both this agree-
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ment and the square root dependence of the reaction rate on hydrogen partial
pressure support Siegel’s homolytic mechanism for hydrogen chemisorption.

On the basis of the sorption entropy values a rough estimation of the
localization of chemisorbed hydrogen and ethane can he made [21]. In these
calculations the minor contributions of the configurational and vibrational
terms to the sorption entropy are neglected.

The change in entropy for the dissociative chemisorption of hydrogen
at 800 K, assuming the loss of all translational and one rotational degrees
of freedom is equal to:

AS = — 1381 — 398 = —177.9 J mol“1 K-1

The experimental value was AS — —202.5 J mol-1 K_1 indicating localized
hydrogen chemisorption, suggested by Kokes [13].

The entropy change for dissociative ethane chemisorption assuming the
loss of all translational and one rotational degrees of freedom (with respect
to the rotation about the axis perpendicular to the C—€ bond) would be:

AS = —180.5 — 575 = —238.0 J mol“1 K“1

which is considerably higher than the experimental value of —104.5 J mol*“1
K “1 Delocalization of the chemisorbed ethyl radical (i.e. if it were a two-
dimensional ideal gas) would decrease the calculated entropy change by 98.0 J
mol 1 K“1 Thus, agreement between calculated and experimental values
can only be achieved if it is assumed that carbonaceous fragments formed
during ethane chemisorption are to some extent delocalized.

The other product of dehydrogenation, ethylene, does not hinder the
reaction. The rate decrease observed at higher pressures can be attributed to
intense deposit formation involving the abrupt growth of hydrogen partial
pressure exerting a kinetic inhibition even during the initial reaction period
and bringing about detectable ethylene hydrogenation.

These phenomena are in agreement with the picture on ethylene chemi-
sorption involving a loose “-complex type chemisorption on a co-ordinatively
unsaturated Cr3+ ion [13, 15], which makes it obvious why it does not inhibit
ethane dehydrogenation. In the presence of hydrogen, however, the formation
of alkyl radicals with hydrogen uptake is more favourable, this radical will
then be bonded to a Cr3+ through a cr-bond [12, 13, 15]. It has been shown in
Part | that alkyl radicals aré precursors of deposit formation which, in turn,
gives rise to even more hydrogen. This autocatalytic process may be respon-
sible for the abrupt decrease of dehydrogenation activity above a certain
ethylene concentration.
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Raney nickel catalyst samples heat-treated in argon at increasing temperatures
were subjected to thermomagnetic, thermal desorption and electrochemical examina-
tions, — activity and surface measurements, while thermomagnetic analysis and
thermal desorption measurements were carried out on samples polarized electro-
chemically to various extents. The results of electrochemical hydrogen content de-
termination were compared with the results of thermal desorption and magnetic
measurements, and a study was made of the effect of heat-treatment on the catalysts.

It was found that the change taking place in Raney nickel above 200° is funda-
mental: the hydrogen content, the surface, the magnetization and the Curie tem-
perature decrease, and the catalytic activity is eliminated.

In the electrochemically treated samples, nickel with a coarser structure is
formed when the aluminium is dissolved out. The Raney nickel can be polarized by
about 150 mV without oxidation.

There is a correlation between the hydrogen contents determined electrochemi-
cally and by thermal desorption. In sample 3, heat-treated at a higher temperature,
a desorbing hydrogen species appears at > 350°.

A number of procedures have been developed for determination of the
hydrogen content or the hydrogen content vs. electrochemical potential
relation of Raney Ni catalysts [1]. The essence of these is that the catalyst
is suspended in the electrolyte and polarized during stirring. However, the
results are made uncertain by the high contact resistance between the par-
ticles and the electrode. Sturm and Richter [2] have elaborated an electro-
chemical procedure applicable to ferromagnetic catalysts (e.g. Raney Ni,
Fe, Co), the essence of which is that the catalyst is attached to the electrode
by a magnetic force, and thus the duration and strength of contact ofthe elec-
trode and the catalyst particles can he regulated and the contact resistance
can be eliminated. In this way it is possible to determine the double layer
capacity of the catalyst, the exchange current per unit weight, and the poten-
tial vs. hydrogen content (charge amount) relation.

If Raney nickel is connected as anode in alkaline solution, H+ ions
leave the catalyst, i.e. the hydrogen content of the catalyst decreases. The
amount of hydrogen oxidized can be determined from the quantity of charge
passing (if oxidation of the catalyst and impurities can be excluded). First
to be oxidized electrochemically is the hydrogen sorbed on the surface. The

rate of this oxidation is higher than the rate of hydrogen diffusion from the
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interior of the catalyst to the surface, and therefore the surface becomes
poorer in hydrogen and below a certain surface hydrogen content, i.e. electro-
chemical potential, oxidation of the metal begins too.

Raney nickel always contains undecomposed aluminium alloy, oxidation
of which also disturbs determination of the hydrogen content. Sturm and
Richter [2] first remove the aluminium by alternating positive and negative
polarization, and begin oxidation of the hydrogen after this, by waiting for
establishment of the hydrogen equilibrium between the surface and the in-
terior of the catalyst grains before every new polarization.

The Pourbaix diagram of nickel shows that in the case of positive po-
larization in alkaline solution (pH > 12) nickel is thermodynamically unstable.
In contrast, Sturm and Richter [2] demonstrated that after oxidation of
the aluminium, Raney nickel is reversibly polarizable in the range 0—200 mV,
i.e. in this potential interval the catalyst can be regarded as practically stable.
Since neither the literature [2] nor our own (see Fig. 4) charge curves of Raney
nickel exhibit a break indicative of complete oxidation of the sorbed hydrogen
(in the vicinity of 200 mV and above this, nickel and hydrogen are probably
oxidized together), the total sorbed hydrogen cannot be determined by the
method of recording the charging curve. For this reason, the hydrogen content
to be determined in Raney nickel by the electrochemical method was arbitrar-
ily characterized by the amount of charge necessary for polarization of the
catalyst from 0 mV to 150 mV.

In this series of papers, we have so far reported on thermodesorption,
thermomagnetic and thermogravimetric studies of skeleton catalysts pre-
pared in different ways. It is generally characteristic for these that they
can be used to follow changes resulting in catalysts on heat-treatment.

The aims of the present experiments were to compare the results on
the electrochemical determination of hydrogen content with magnetic and
thermodesorption measurements, and to study the effect of heat-treatment
on catalyst samples obtained at the individual temperatures of heat-treat-
ment.

Experimental

The base catalyst was obtained by a special procedure from an alloy
containing 50 wt.% Ni and 50 wt.% Al [10]; this is known as ‘high-activity’
Raney Ni (sample 1). The base catalyst stored under abs. alcohol was treated
for 2 hrs in an argon atmosphere at temperatures of 25, 100, 150, 200, 250,
320 and 400 °C in the apparatus to be seen in Fig. 1, and the heat-treated
samples (samples 2-27) were then again placed under absolute alcohol, to
eliminate contact with air. The catalysts were heated to the temperature
of heat treatment at a rate of at most 2 °C/min, for on faster heating a reaction
accompanied by rapid evolution of gas occurs at temperatures above 100 °C.
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Fig. 1. Apparatus for heat-treatment of catalyst samples.
1. Catalyst, 2. gas inlet tube, 3. thermocouple, 4. glass filter, 5. temperature readout,
6. temperature regulator, 7. heating strip

10

Fig. 2. Apparatus for electrochemical investigations. 1. Calomel electrode, 2. platinum auxiliary

electrode, 3. platinum electrode, 4. electromagnet, 5. stabilized D. C. supply unit, 6. electrom-

eter, 7. pole changer, 8. stabilized D. C. supply unit, 9. ammeter, 10. stirrer and stirrer motor,
11. gas inlet tube, 12. glass filter, 13. catalyst

Electrochemical investigations were carried out in the apparatus shown
in Fig. 2.

Its main parts are the measuring cell with electrodes and a gas inlet,
the electrometer, an ammeter, the magnet and its supply unit, with a stirring
motor and a gas-supply system (H2and Ar bottles, pneumatic supply units,
differential manometers, deoxo contact).
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The measuring cell is a cylindrical vessel of about 600 ml. The magnet
reaches to the outer side of the Pt sheet electrode welded into the wall of
the cell. About 2 mm from the inner side of the Pt electrode is the Luggin
capillary, which is filled with saturated KC1 agar-agar and provides con-
duction to the saturated calomel electrode. The polarizing Pt electrode is in
a side-arm closed by a glass filter, to inhibit mixing of the gases formed on
polarization.

In the 6 N NaOH solution serving as electrolyte, the e.m.f. between
the Raney Ni catalyst saturated with hydrogen and the calomel electrode
was 1100~ 2 mV. The potentials of the catalysts were calculated from the
measured e.m.f., and were always referred to the hydrogen-saturated catalyst,
i.e. to the hydrogen electrode.

The polarizing current was led through a pole changer with a stabilized
supply unit to the electrodes, and measured with an ammeter with an accuracy
of 1 mA. The e.m.f. between the catalyst electrode and the calomel was
measured with an electrometer with an accuracy of ~ 1 mV. H2and/or Ar
could be led into the electrolyte through the gas inlet tube below the mixing
head.

In every case the catalyst sample weighed 0.15—0.20 g (the weight was
determined by drying after the measurement) and covered the surface of the
Pt electrode uniformly. The e.m.f. was measured by connecting the current
of the magnet during constant stirring of the electrolyte; the catalyst adhered
to the electrode, the electrometer reading was taken, and the exciting current
ofthe magnet was switched off. This operation was repeated a number of times,
until the difference between two consecutive readings was less than 1 mV.

The aluminium remaining in the catalyst on preparation was removed
by electrolytic dissolution, the catalyst held on the electrode first being po-
larized by 200 mV in the positive direction (anodically), and then by 200 mV
from the initial value in the negative direction (cathodically), and next being
mixed in the electrolyte. This operation was repeated until the amounts of
charge passed up to the same potential difference in the two directions agreed
within i10% (5—6 cycles). On the final cathodic polarization the catalyst
was saturated with hydrogen electrolytically.

On recording of the hydrogen content vs. potential curve the dissolved
hydrogen was first expelled from the solution with argon, and a charge of
1—3 Cb was then passed through the catalyst (the current was about 150 mA).
The e.m.f. was next measured, the catalyst being stirred in the electrolyte
between measurements. The equilibrium potential of the catalyst was plotted
as a function of the amount of charge passed.* Anodic polarization was con-

*The amount of charge passed was calculated as the product of the polarizing current
and the polarization time.
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tinued until the equilibrium potential of the catalyst differed from that of
the one saturated with hydrogen by 140— 150 mV. The catalysts were sub-
sequently saturated with gaseous hydrogen and the polarization curve was
again recorded. Faraday’s law was used to calculate the electrochemically
oxidizable hydrogen content of the catalyst from the amount of charge passed
up to a potential of 150 mV and from the weight of the catalyst.

Catalyst samples were also prepared which were freed from hydrogen
electrochemically (samples 11—15, from sample 11) only aluminium being
leached out.

The hydrogenating activities of the heat-treated samples were deter-
mined at atmospheric pressure and room temperature, and their specific
surfaces were measured by the physical adsorption of nitrogen. Further, the
hydrogen contents of all the samples (including the electrochemically oxidized
ones) were determined by thermodesorption, and thermomagnetic analysis
was performed. The experimental conditions and the method of evaluating
the experimental data were reported in earlier papers in this series [3—9].

»

Results

The results obtained in the various investigations are listed in Table I.
The saturation magnetizations of the catalysts are given for the states before
(crd) and after (<M00) thermomagnetic analysis, together with the Curie tem-
peratures for the states after heat treatment at 100 (@100) and 400 °C (@400)-
It can be seen from the measured magnetic data that the samples heat-treated
at 250 and 320 °C differ fundamentally from the others: their saturation
magnetizations (cr400) and Curie temperatures (0400) measured after heat
treatment at 400 °C are smaller than those of samples heat-treated at either
lower or higher temperatures. Figure 3 shows plots of the Aa and AG values

100

-20

Fig. 3. Results of thermomagnetic analysis of the heat-treated Raney nickel samples. Changes
in magnetization (Aa) and Curie temperature (A@) as functions of the temperature of thermal
pre-treatment
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Table 1

Results on heat-treated and electrochemically

Electrochemical Catalytic activity

. ﬂ:giz Magnetic parameters e rambars nit%i?eer?gne

lyst ment

No. temp. a 0 0 poten- m| H /g cat. ml )

°C 0 100 400 tial pol. T pol. 22 H2ml cat/min
5 (mV)

1 2 3 4 5
l. 25 18.5 41.7 470 532 55 56 39 35 21
2. 100 13.5 41.3 451 538 7 51 34 24 2
3. 150 12.0 39.6 450 542 85 47 24 22 2
4. 200 16.2 40.8 472 554 120 15 23 23 3
5. 250 13.8 21.7 486 477 146 8 13 0
6. 320 17.0 28.6 465 470 135 9 13 0
7. 400 16.8 36.8 470 534 139 10 16 0
11. — 20.4 37.7 508 598 0 45 - -
12. — 24.9 39.1 523 596 75 39 — —
13. — 20.5 36.7 508 600 119 24 — —
14. — 16.6 35.8 488 593 139 0 — —
15. — 20.7 36.7 501 577 160 0 — —

* There is no sharp maximum, and thus the temperature values are only approximate

(i.e. 0400— a5 and 0 4oo— ©mo) f°r samples 1—7 as functions of the temperature
of the preliminary heat treatment.

There is no significant difference between the magnetic data of the
anodically polarized samples; the nearly identical saturation magnetization
values (tr400) after heat treatment at 400 °C confirmed that the ferromagnetic
nickel contents of the catalysts did not change, i.e. it was not oxidized electro-
chemically.

The electrochemical measurements led to the determination of the
potentials of the individual catalyst samples before the aluminium was leached
out, and then their hydrogen contents, in the electrochemically saturated
state (polarization 1) and the state saturated with gaseous hydrogen (polari-
zation 2). The charge amount vs.potential relation for the base catalyst is shown
in Fig. 4 (curves of a similar nature were obtained for the other catalysts,
and this is therefore presented as a typical example). In the case of the electro-
chemically pretreated samples (11— 15), the potential is the value up to which
polarization was carried out after removal of aluminium, while the hydrogen
content was the value read from the polarization curve of the base catalyst

(Fig. 4).
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oxidized Raney nickel catalysts

Specific Thermodesorption results Magnetic moment
surface Amount of hydrogen (mlg), temp, of desorption leak max. (°C) PB/h atom
28
at H, H, H3
100 °C milg o mifg oc milg oc sum Hi Hi Hs
6 7 8
132 34 60 ’ 41 201 - - 75 0.21 0.75 —
113 10 54 19 186 17 350 46 0.32 1.6 2.4
85 7 73 13 181 9 430 29 0.68 0.95 -
120 8 62 23 233 6 580 37 0.31 0.98 -
5 1 73 5 231 5 (400) 11 — 1.1 —
20 2 90 8 242 3 480 13 - — —
72 1 85 6 238 3 (400) 10 — — —
- 14 62 5 265 - - 19
— 1 76 10 289 — — 11
— 2.5 88 — — — 2.5
200

0 m 100 200 300 400 500
Specific charge [Cb. g'1]

Fig. 4. Charge passed vs. potential for Raney nickel.
a) Polarization (polarization I)in state saturated with hydrogen electrochemically, b) polariza-
tion (polarization 2) in state saturated with gaseous hydrogen

Activity measurements indicated that catalysts heat-treated at tem-
peratures above 200 °C are inactive.

The results of specific surface and thermodesorption hydrogen content
measurements can be seen in the sixth and seventh columns of Table I. In
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addition to the total hydrogen content, the amounts desorbed at the three
different temperatures are also given, together with the temperatures cor-
responding to the maximum rate of desorption.

The last column of the Table contains the values of the ‘magnetic mo-
ment per H atom?’, characteristic of the bond strengths ofthe hydrogen species,
calculated from the amount of hydrogen desorbed and from the increase in
saturation magnetization in the approximate temperature interval of desorp-
tion.

L]
Fig. 5. Hydrogen contents of heat-treated Raney nickel samples, determined by thermo-
desorption, as a function of the temperature of heat-treatment

Figure 5 shows the hydrogen content determined by thermodesorption,
against the temperature of heat treatment of the catalyst; the amounts of
the three types of hydrogen with different bond strengths, and also their
sum, are all plotted separately.

Discussion

In a general evaluation of these experiments it must be emphasized
that systematic differences were observed on comparison of the results ob-
tained in the course of a continuous increase of temperature and results
referring to samples heat-treated at the given temperature and then covered
with alcohol again: equilibrium may be restorted on standing in heat-treated
samples returned to alcohol, while in measurements made with continuous
temperature increase the samples come into a new state within a very short
time.

On the basis of the data obtained by the various measurements, it is
clear that Raney nickel undergoes a decisive change above 200 °C (see Ref.
[9]1); the magnetic parameters (cr and 0) (Fig. 3), the specific surface and the
hydrogen content determined electrochemically and by thermodesorption
decrease, and there is no longer any catalytic activity in room temperature
reactions.
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As indicated by the sharp decrease of Aa and AQ between 200 and 250 °C,
this change means a transformation in the structure of the skeleton nickel,
and an appreciable fall in the hydrogen content; there is a close correlation
between these two factors.

Surprisingly, the Curie temperatures and saturation magnetizations of
samples once heat-treated at 250 and 320 °C do not change at higher temper-
ature and on repeated heat treatment (Fig. 3), indicating that the first heat
treatment has stabilized an intermediate state.

According to the magnetic data for the electrochemically oxidized
samples, when the aluminium is leached out, the resulting nickel has a coarser
structure (0 larger than that of the base catalyst) (Table I, column 3/3,
samples 11—15); further, nickel is not oxidized during the electrochemical
polarization in the examined interval of about 150 mV (<M00is nearly the same
for samples 11—15), and thus the total charge passed was consumed in the
oxidation of the sorbed hydrogen.

The catalytic activities can be brought into parallel with the hydrogen
content and the specific surface area, i.e. the atmospheric hydrogenating
activity at room temperature is bound to a certain surface area and structure,
and to the sorbed hydrogen content.

The potentials measured before the catalysts are freed from aluminium
(Table I, column 4/1) approximately characterize the hydrogen contents of
the samples, i.e. the more the potential differs from that of the hydrogen
electrode, the lower the hydrogen content.

The hydrogen contents determined electrochemically and by thermo-
desorption are in correlation, and nearly agree for samples heat-treated at
higher temperatures.

The thermodesorption results indicate that a desorbing at higher tem-
peratures (>- 350 °C>hydrogen species appears in all ofthe heat-treated samples.
At room temperature this hydrogen species can be found in the
catalysts only after storage for several months. The two hydrogen species
desorbing at 50—100 and at 180—250 °C, respectively, are to be found in all
the samples, which permits the conclusion that the hydrogen remaining in
the heat-treated samples re-immersed in abs. alcohol (from which samples
one or both of these hydrogen species have been desorbed) is distributed
between these two forms, i.e. the individual hydrogen species may transform
into one another.

The tendencies of the temperature of the hydrogen desorption peak
maxima and the increase of the Bohr magneton number per hydrogen atom
desorbed (pB/H atom) show that heat treatment at increasing temperatures
leads to changes in the catalysts, such that the bond strengths of the residual
hydrogen species increase.
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Starting with D-tartaric acid, 1-trihydroxypropyltetrahydroisoquinoline deriv-
atives, readily soluble in water, have been synthesized. The absolute configurations
of the compounds having three chiral centres have been elucidated.

The favourable pharmacological action of tetrahydroisoquinoline deriv-
atives substituted on C-I has been known for a long time [1]. It is also known
that an increase of the water-solubility of the compounds — especially if
independent of the pH-value ofthe medium — has usually a positive influence
on the pharmacological effect.

In the following we report the synthesis of new tetrahydroisoquinoline
derivatives substituted in the C-l position by a 1,2,3-trihydroxypropyl group
(la, b).

These compounds have been synthesized in the way shown in Scheme 1.

0,0-Diacetyl-D-tartaric anhydride (2) prepared by the acylation of
D-tartaric acid was subjected to methanolysis, and the product was treated
with thionyl chloride to obtain the half-ester chloride 3 [2]. This compound
can be used to acylate the appropriate 3,4-dialkoxyphenylethylamine (4)
to give the acid amide (5). The acid amide 5 can also be prepared in a simpler
way and almost in quantitative yield, if the acylation is carried out directly
with the anhydride 2, and the resulting amide-carboxylic acid (6) is methyl-
ated with diazomethane.

Bischler—Napieralski ring closure of the amide 5 afforded the di-
hydroisoquinoline derivative 7 only in the presence of phosphorus penta-
chloride in methylene chloride [3]; compound 8 was obtained on methanolic
deacetylation. Both compounds are stable as salts; liberation of the base is
presumably accompanied by an undesired elimination in the side chain.

It seemed therefore advisable to carry out the hydrogenation of the
C=N double bond of the dihydroisoquinoline derivatives in acidic medium.
Reduction of the dihydroisoquinoline hydrochloride (8) with sodium boro-
hydride in acetic acid, or by catalytic hydrogenation, yielded the tetrahydro-
isoquinoline hydrochloride (9). When basic medium was applied in the course
of the reduction or work up, pyrrolo [2,1-a] isoquinoline derivatives (10 or 11)
having a five-membered lactam ring could be isolated. The reaction of the
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hydrochloride 9 with sodium bis-(2-methoxyethoxy) aluminium hydride
(Red-Al) in benzene or toluene afforded the end-product (1).

The reaction sequence 8 —=9 — 1 can also be achieved in one step by
the direct reduction of the hydrochloride 8 with Red-Al.

The structures of la and Ib have been unequivocally proved by their
NMR and MS spectra, as well as by the elementary analysis and spectroscopic
investigation of their tetraacetyl derivatives.

In giving the exact stereochemical structure of1,the absolute configura-
tions of CI” and C2’ in the side chain are certainly known from the stereo-
chemistry of the starting D-tartaric acid.

In the determination of the absolute configuration of the chiral C-I
atom, the CD curve of the trihydroxypropyltetrahydroisoquinoline derivative
Ib (see Fig. 1) is of assistance.

The negative Cotton effect (ILb-band) observed at about 285 nm proves
the —M helicity of ring B [4]. According to data given in the literature [5],
in the case of tetrahydroisoquinolines substituted on CI, the conformer
having a substituent in quasi-axial position is always preferred. On this basis,
the steric structure of the chiral second sphere responsible for the Cotton
effect appearing at 285 nm and that ofthe CI substituent are shown in Fig. 2.
Thus the absolute configuration of the Cl atom is S. As the conditions of
symmetry in compound la having dimethoxy substituents in the aromatic
ring are identical with those of the ethoxy homologue, it is highly probable
that the steric arrangements of la and Ib are identical, i.e. 1(S), I°(S), 2'(S).
Owing to the correlations between the compounds, the absolute configuration
at Clin 1 and 9, and at CIOb in 10 and 11 is the same. Consequently, an evalu-
ation of the NMR spectra of the diacetyl-lactam 10b (and 10a) gave valuable
data for the elucidation of the steric structure of all compounds (Fig. 3). Peaks
1—7 (3 protons) could be assigned with the aid of the spectrum of the com-
pound having deuterium at carbon atom 10b (Fig. 4). In the latter spectrum
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Fig. 1. CD curve of Ib in methanol

\W-helk'ity

Fig. 2. Projection of compound 1

Fig. 3. Part of the NMR spectrum of 10b (DMSO-dR
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the HA and HB protons give an AB system (JAB= 7.5; 6HA = 5.38; <5HB =
= 5.64).

The seven peaks appearing in the spectrum of 10b at d 4.5—6 can be
assigned by assuming that two peaks due to the HB proton (1,2; 1H) remain
unchanged during the D —%H exchange, whereas the peaks attributable to
HA are further split by the 10b proton (<WX = 4.79; d, Ill, JAX = 7.5 Hz;
peaks 6 and 7), where the coupling constant happens to be the same; this
results in the asymmetric triplet also of 1H intensity (peaks 3, 4 and 5).

AcO Ha H, OAc

6 5 4 8 (ppm)

Fig. 4. Part of the NMR spectrum of 10b-deutero-10b (DMSO-d6)

The coupling constants JAB and JAX give unambiguous evidence for
the /3-orientation of the hydrogen atom attached to carbon atom 10b, i.e. for
the S-configuration of the chiral centre, since the dihedral angles (10b(S):
C—Hx/C—HA~ 150°, C—HA/IC—Hb~ 150° 10b(R): C—HX/C—HA~ 30°,
C—HA/C—HB~ 90°) measured on the Dreiding model of the stereoisomers
10b(S) and 10b(B)'forming a rather rigid ring system, are in good agreement
with the coupling constants of the X —AB system in the former case.

Although the direct conversion of 8 to 1 is less stereoselective than the
indirect way (8 —9 —al), according to our experiments, the former gives the
compounds 1 having 1(S), 1’(S), 2°(S) absolute configuration in higher yields,
as they can be readily separated from the 1(B) stereoisomer by crystallization.

The pharmacological investigation of the resulting compounds la and
Ib, which are excellently soluble in water, is in progress.

Experimental

The IR spectra were recorded in KBr or in a solution with a Spectronom 2000 and a
Perkin-Elmer 221 spectrophotometer. The NMR spectra were obtained with a Perkin-Elmer
R12 (60 MHz) spectrometer; the chemical shifts (&) are given in ppm; TMS was used as internal
standard. The mass spectra (MS) were obtained with an AEI MS 902 instrument (70 eV;
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temperature of the ion source 150 °C; direct insertion). The CD curve was measured with a
JASCO J30 dichrograph in methanol solution (c = 10” 3 mole/l) in a 1-mm cell at room tem-
erature.
P The course of the reactions was checked by qualitative thin-layer chromatography
TLC). Inactive silica gel (Kfeselgel GF254;, Merck) was used as the adsorbent. The following
developing solvent systems were employed:

System A: benzene-methanol 5:1

System B: saturation with NH40H for 5 min, CH2CI2methanol 12:1

System C: CH2Cl2-methanol 5:1

System D: benzene—ethyl acetate 1:1

System E: saturation with NH,OH for 5 min, CH2Cl2-methanol 6 : 1

The chromatograms were evaluated under a UV lamp (A= 254 nm), and by visualizing
the spots in iodine vapour.

1. 2(R), 3(R)-Diacetoxy-3-(N-3,4-dialkoxyphenyl-ethylcarbamoyl)propionic acid (s)

A solution of 2 (21.6 g; 100 mmoles) in methylene chloride (200 ml) was placed in a flask
equipped with a dropping funnel and reflux condenser, and a solution of 4 (100 mmoles) in
methylene chloride (60 ml) was added at a rate to maintain gentle boiling of the reaction
mixture. It was then allowed to stand at room temperature for 1 hr, then in a refrigerator
overnight; the precipitated crystals were filtered off.

The 3/-dimethoxyphenyl derivative (6a) was obtained as colourless crystals (36.8 g¢;
93%), m. p. 220 °C (d.).

CI8H23N 09 (397.37). Calcd. C 54.40; H 5.83; N 3.53. Found C 54.46; H 5.93; N 3.70%.

IR (KBr): 1760 (C =0 ester); 1735 (C= 0 acid); 1640 (C- O amide); 3370 cm 1(NH).

The colourless crystals of the 3,4-diethoxyphenyl derivative (6b) (38.6 g; 91%) melt at
180 —181 °C.

C20H2NO9 (425.42). Calcd. C 56.46; H 6.40; N 3.29. Found C 56.39; H 6.48; N 3.48%.

IR (KBr): 1755 (C= 0 ester), 1740 (C= 0 acid,) 1635 (C= 0 amide), 3370 cm” 1 (NH).

2. Methyl [2(R>, 3(R)-diacetoxy-3-(N-3,4-
dialkoxyphenylethylcarbamoyl)]propionate (5)

2.1, Synthesis of the 3,4-dimethoxyphenylethyl derivative (5a)

2.1.1. The propionic acid derivative 6a (11.91 g; 30 mmoles) was dissolved in a mixture
of methanol (140 ml) and methylene chloride (190 ml) and diazomethane in ether was added
with stirring at room temperature, until the reaction was complete (TLC system A: R"6a 0.1;
Rj5a: 0.52). The reaction mixture was evaporated to dryness in vacuum. The remaining oil.
on treatment with a mixture of ether and hexane, yielded a colourless crystalline product
(12.00 g; 97%), m. p. 81 —83 °C.

CIH2ZN09 (411.40). Caled. C 55.47; H 6.13; N 3.40. Found C 55.70; H 6.34; N 3.55%.

IR (KBr): 1750 (1765 sh., C= 0 esters); 1675 (C= 0 amide); 3370, 3400 cm” 1(NH).

IR (CHC13: 1770 (C= 0 esters); 1700 (C= 0 amide).

NMR (CDC)3): 2.10 and 2.14 s, (3H (each), CH3-CO); 2.80 (m, 2H. Ph-CH 2-);
3.55 (m, 2H, —CHA2—NHCO); 3.79 (s, 3H, C02CHJ); 3.91 and 3.94 (s, 3H (each), OCH3);

5.70 and 5.82 (AB system, 1H (each); J = 2.5; /CH —OAC); 6.30 (1H, broad. NH); 6.85 —
6.89 (3H, aromatic protons). '

2.1.2. Acylation with acid chloride 3. 0,0-Diacetyl-D-tartaric acid semi-chloride
half-ester (3) was obtained according to the method described in the literature [2] in ayield
of 52%, calculated for D -tartaric acid. The latter compound (5.33 g; 20 mmoles) was dissolved
in ether (300 ml) and a solution of 4a (7.24 g; 40 mmoles) in ether (100 ml) was added
under stirring and ice-cooling; the evolution of heat was observed. After stirring for 1 hr
water (100 ml) and methylene chloride (50 ml) were added. The mixture was shaken in a
separatory funnel, then the organic layer was washed with water (2 x 50 ml), dried (MgS04)
and the solvent evaporated. The residue was recrystallized from a mixture of ether and
hexane. The resulting 5a (5.35 g; 65%) proved to be identical in every respect (m. p., IR,
NMR, TLC) with the product obtained in Experiment 2.1.1.
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2.2. Synthesis of the 3,4-diethoxyphenylethyl derivative (5b)

2.2.1. The propionic acid derivative eb (12.75 g; 30 mmoles) was suspended in a mixture of
ether (200 ml) and methanol (5 ml). The procedure of methylation with diazomethane was
the same as for sa (Experiment 2.1.1.) (TLC system A, Rfsb: 0.1; ify5b: 0.53). At the end of
the reaction the suspension cleared up, then the ester 5b started to crystallize. The precipitation
was promoted by adding hexane (100 ml). After filtration and drying, the colourless crystals
of 5b (11.83 g; 90%) 104-105 °C, [a]is-11° (c = 1, methanol).

C21H20N 09 (439.45). Calcd. C 57.39; H 6.65; N 3.19. Found C 57.55; H 6.67; N 3.18%.

IR (KBr): 1765, 1750 (C=0 ester); 1695 (C= 0 chelated ester); 1660 (C=0 amide);
3420, 3270 and 3090 cm+ 1 (NH asymm.).

IR (CHC13): 1770 (C= 0 esters); 1700 cm+1 (C=KO amide).

NMR (CDCls): 1.44 (t, sH,J = 7, OCH2-C 4 3); 2.06 and 2.09 (s, 3H (each), CH3-CO);
274 (t, 2H,J = 7, -C le-CHz-NH); 353 (q, 2H, J = 7, CH2-CA2-T'); 5.64, 5.76

(2H, J — 2.5 Hz, H—CI—O); 6.28 (1H, broad, NH); 6.78—6.82 (3H, aromatic protons).

2.2.2. The acylation of 4b (8.36 g; 40 mmoles) with acid chloride 3 (5.33 g; 20 mmoles) was
effected according to Experiment 2.1.2. Compound 5b obtained in this way (6.05 g; 70%)
was identical in every respect with the product described in 2.2.1.

3. Cyclization with PCls

3.1. Methyl [2(RJ, 3(S)-dihydroxy-3-(6,7-dimethoxy-3,'I-dihydroisoquinoline-I-yl)]propionate(8a\

Phosphorus pentachloride (12 g; 58 mmoles) was dissolved in methylene chloride (90
ml) with stirring and heating. Stirring was maintained and the mixture cooled (precipitation
of fine crystals); then the amide ester 5a (12.33 g; 30 mmoles) in methylene chloride (100 ml)
was added at a temperature of 5—10 °C.

After the reaction mixture had become homogeneous, it was allowed to stand overnight
in a refrigerator. The reaction 5a < 7a could be followed by TLC (System B, Rp5a: 0.60;
Rf7a: 0.50). The majority of the solvent was evaporated in vacuum, methanol (100 ml) was
cautiously added to the residue, and the mixture was refluxed for 30 min. After deacetylation
(TLC system B, Rj7a: 0.50; Rfsa: 0.42), ether was added to the luke-warm solution until
crystallization started. Filtration gave the colourless crystals of the hydrochloride of sa
(9.53 g; 87%), which decomposed at 162—163 °C; [a]f>5-58° (c = 1, methanol).

ClsH20NOG6CI » 1/2 CH30H (361.73). Calcd. C 51.46; H 6.13; N 3.87. Found C 51.78;
H 6.29; N 4.03%. ©

IR (KBr): 1735 (C=0); 1675 (C= N); 1570, 1615 cm* 1 (arom.).

NMR (CDsOD): 3.10 (s, 1,5H, CI?30H); 3.60, 3.70, 3.77 (9H, OCH3); 4.23 (d, 1H

\© | \ o |
“)IN= C—CA—OH); 560 (m, W )C=N-C-4 *“peri”); 6.90 (s, 1H, C5-H); 7.18 (s, 1H,
/ | ' | |
Cs —H). H

Ifthe methanolic treatment after the ring closure was omitted and the oil was repeatedly
precipitated from the reaction mixture with ether, the oily diacetoxy compound 7a could
finally be transformed into a solid foam (10.2 g; 79%).

IR (KBr): 1750 (broad C=0); 1650 (\/C=N(C?;'1555, 1610 (arom.); 1205 cm= 1 (CH3s—
-CO0-0-C).

3.2. Methyl [2(R), 3(S)-dihydroxy-3-(6,7-diethoxy-3,i-dihydroisoquinoline-I-yl)]propionate(8b)

The cyclization of the amide ester 5b (13.17 g; 30 mmoles) was carried out as described
in Experiment 3.1. The crystals of the hydrochloride of eb (8.95 g; 80%), precipitated from a
mixture of methanol and ether, decomposed at 174.5—175 °C; [a]f>°—70° (c = 1, methanol).
C.H,,NOnCI (373.82). Calcd. C 54.62; H 6.47; N 3.75; Cl 9.50. Found C 54.87; H 6.85;

N 3.76; Cl 9.51%. © /
IR (KBr): 1730 (C=0); 1670 (C= N (); 1565, 1615 cm=* 1 (arom.).

NMR (CDsOD): 1.42 and 1.45 (2xt, sH, J = 7, CA3-CH2-0); 3.96 (s, 3H, OCH3);
\©
422 (q, 4H, J = 7, CHs-CH2-0-); 460 (d, 1H, )N=C-Cff-OH); 579 (m, 1H,

© |
/IC=NH —C4A “peri”); 7.11 (s, 1H, C5-H); 7.31 (s, 1H, Cs-H ).
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MS (m/e, %): 337 (M-H C 1, 3); 320 (1); 278 (2); 249 (93); 248 (50); 247 (17); 234 (33);
220 (100); 206 (30); 204 (11); 194 (30); 192 (17).

If the deacetylation step was omitted, the hydrochloride of 7b could be obtained as a
foam (11.4 g; 83%). © /

IR (KBr): 1760 (C= 0); 1655 (C=N\); 1560, 1605 (arom.); 1200 cm~i (CHs CO-
-0-C).

4. Reduction of the dihydroisoquinoline s to the tetrahydro derivative 9
4.1 .Methyl[2(R),3(S)-dihydroxy-3-(6,1-dimethoxytetrahydroisoquinoline-1 (S)-yl)]propionate(9a)

4.1.1. The dihydroisoquinoline 8a (1.08 g; 3 mmoles) was dissolved in methanol (30 ml) con-
taining 1 ml of 1V methanolic HC1, and the mixture was hydrogenated at room temperature
and atmospheric pressure in the presence of palladium-on-carbon (0.8 g). The reduction was
completed in about 3 hrs (hydrogen absorbed 77 ml, theoretical: 72 ml). The solution was
evaporated to dryness and the residue (1.02 g; 100%) was recrystallized from a mixture of
methanol and methylene chloride. The colourless crystals of the hydrochloride of 9a decom-
posed at 186—187 °C, then solidified and melted again at 243—245 °C.

CjsH22N 06Cl1 (347.80). Calcd. C 51.80; H 6.38; N 4.03; Cl 10.20. Found C 51.58; H 6.15;
N 4.07; Cl 10.17%.

IR (KBr): 1730 (C= 0); 1605 (arom.); 3000-3400 cm 1 (broad, OH).

NMR (DMSO-d6): 3.64 (s, 3H, C02CH3J); 3.73 (s, s H, OCH3); 4.12 (broad, 1H, C3-OH);

4.65 (broad, 3H, C2-OH, CH OH); s.86 (s, LI C5-H ; 6.98 (s, 1H, Ca’-H ).

NMR (DMSO0-de+ D 20): The signal at 4.12 ppm disappeared and the intensity of the
group at 4.56 diminished to two.

MS (m/e, %): the fragmentation was the same as observed with compound 11a, indicat-
ing a quick lactam ring closure reaction of the ester under the conditions of measurement
(cf. Experiment 5.1.2.).

4.1.2. The dihydro compound sa (0.36 g; 1 mmole) was dissolved in a mixture of methylene
chloride (s ml) and acetic acid (1 ml), and reduced with NaBHs (50 mg; about 1 mmole) at
5°C. The reaction was followed by TLC (System C, Rysa: 0.58; Ry9a: 0.33). The reaction
mixture was evaporated to dryness and the residue purified by chromatography using solvent
system C on a Kieselgel 60 (0.063—0.200 mm) column. The fractions containing the product
9a were combined, evaporated to dryness and the residue was recrystallized from a mixture
of methylene chloride and methanol. The resulting crystalline product (0.184 g; 53%) proved
to be identical in all respects (m. p., TLC, NMR) with the tetrahydroisoquinoline hydrochloride
9a prepared in Experiment 4.1.1.

4.2. Methyl[2(R),3(S) -dihydroxy-"i-(6,l-diethoxytetrahydroisoquinoline-I(S)-yl)]propionate(91>)

4.2.1. The dihydroisoquinoline hydrochloride sb (1.12 g; 3 mmoles) was reduced catalytically
as described in Experiment 4.1.1. The hydrochloride 9b was obtained as colourless micro-
crystals (1.12 g; 100%) after rubbing with ether, m. p. 170—171 °C (d); [a]ts -f 60° (c = 1,
methanol).

C,,H26NOrCl (375.85). Calcd. C 54.32; H 6.97; N 3.73; Cl 9.43. Found C 54.04; H 6.79;
N 3.91: Cl 9.90%. \©

IR (KBr): 1750 (C= 0); 1620 (arom.); 3200 3500 cm' 1 ( /NHS; OH).

NMR (CD30D + CDC13): 1.41 (t, 6H, J = s; CH3-CH2-0); 3.09 (2H. Ph-CH 2-);
3.34 (2H, -7N—CH2—); 3.78 (s, 3H, CHs0); 4.10 (4H, -CH2-0 -); 4.60 (¢H, broad, OH,
\
NH2 )CH—OH); 6.83 (2H, broad, aromatic protons.).

4.2.2. The dihydro derivative sb (0.37 g; 1 mmole) was reduced with sodium borohydride
according to Experiment 4.1.2. The resulting hydrochloride 9b was in every respect (TLC,
m. p., IR, NMR) identical with the product described in Experiment 4.2.1.
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5. Synthesis of pyrrolo[2,l-a]Jisoquinoline derivatives

5.1. 1(S), 2(R)-Dihydroxy-i,9-dimethoxy-1,2,3,5,6,10b(S)-hexahydropyrrolo[2,l-a]isoquinoline-
3-one (112)

5.1.1. The dihydroisoquinoline hydrochloride sa (0.362 g; 1 mmole) was dissolved in methanol
(8 ml)and reduced with sodium borohydride (cf. Experiment4.1.2.). After the reaction had been
completed, water (10 ml) and 2IVNH40H (0.6 ml) were added to the solution (pH 10) containing
mainly 9a. The solution was allowed to stand overnight, then concentrated. The precipitated
crystalline product was filtered off and washed with water. The colourless crystals of lactam
1la (0.19 g; 68%) had m. p. 243—245 °C. Rt (System C) 0.64.

C14H 17N 05 (279.29). Calcd. C 60.20; H 6.14; N 5.02. Found C 59.96; H 6.13; N 4.89%.

IR (KBr): 1695 (C=0 5-membered lactam ring); 1605 (arom.); 3260 and 3380 cm 1
(OH).

NMR (DMSO-d6): 3.92 (s, sH, OCH3); 4.10-4.62 (m, 3H, CHOH and Ph-CH-N);
5.85 (d, 1H,J = 6, CI—OH); 6.31 (d, 1H,J = 6, C2-OH); 6.96 (s, 1H, C7-H); 7.26 (s, 1H
C10-H).

NMR (DMSO-d,. - 3 drops of D20): The two doublets at 5.85 and 6.31 disappeared.

MS (mle; %): 279 (M+, 87); 262(40); 250(29); 248(4); 192(100); 191(96); 176(41):
92(8); 77(10).

5.1.2. The tetrahydroisoquinoline hydrochloride 9a (0.35 g; 1 mmole) was dissolved in a mix-
ture of water (¢ ml) and methanol (2 ml). The solution was filtered and 21V NH40H solution
(0.6 ml) was added. The mixture was allowed to stand at room temperature for 1 hr, then
in a refrigerator for 10 hrs. The precipitated crystals were filtered off. The resulting lactam
11a (0.20 g; 72%) was in all respects identical with the product obtained from Experiment
5.1.1.

5.1.3. The diacetyl-lactam 10a (0.36 g; 1 mmole) was dissolved in warm methanol (5 ml) and
21V aqueous hydroclilorid acid (5 ml) or 21V sodium hydroxide (5 ml) was added to the boiling
solution. After refluxing for 10 min., the solution was neutralized, and the greatest part
of the methanol was evaporated. The crystals obtained on cooling were filtered off, washed
with water and dried. The resulting dihydroxylactam 1la (0.14—0.17 g; 50—60%) was in
all respects identical with the products prepared according to Experiments 5.1.1. and 5.1.2.

5.2. 1(S), 2(R)-Diacctoxy-8,9-dimelhoxy-1,2,3,5,6,10b(S)-hexahydropyrrolo[2,l-a]isoquinoline
3-one (10a)

5.2.1. The diacetoxydihydroisoquinoline hydrochloride 7a (0.430 g; 1 mmole) was dissolved
in methanol (10 ml) and reduced with sodium borohydride. The reaction could be followed
by TLC (System C, Rjla: 0.63). After the spot of the starting material had disappeared, the
solvent was evaporated and the residue extracted with a system of benzene and 0.1N aqueous
N11,011 solution. The benzene solution was washed until it became neutral, dried (MgS04),
and evaporated to dryness. The residue was treated with warm ether, the crystals which
precipitated were filtered off. The colourless crystals of 10a (0.197 g; 52.5%) had m. p. 175 °C
(RylOa: 0.76, System C).

ClsH21N 07 (363.36). Calcd. C 59.50; H 5.83; N 3.86. Found C 59.66; H 5.90; N 3.74%.

IR (KBr): 1740 (C=0 acetyl); 1710 (C= 0 lactam); 1615 cm-1 (arom.).

NMR (CDC13): 2.12 and 2.22 (s, 3H (each), CHs-CO); 3.83 and 3.88 (s, 3H (each),
CH30); 4.38 (m, 1H, C5-H equat “peri”); 4.80 (d, 1H,J = 7.5, C10b-H); 5.43 (t, 1H, JAB =
= 7.5; JAX = 7.5, Cl—H); 5.69' (d, 1H, AB syst., JAB= 7.5, C2-H); 6.70 (s, 1H, C7-H);
6.76 (s, 1H, C10-H).

MS (m/e, %): 363(M+, 7); 320(0.5); 303(66); 261(100); 246(16); 244(52); 192(45); 191(9);

190(7); 176(13); 43(51).
5.2.2. The dihydroxylactam 11a (0.19 g; 0.68 mmole) was stirred in a mixture of acetic anhy-
dride (5 ml)and pyridine (0.1 ml)at 60 °C. After the material had dissolved, this temperature
was maintained for 10 hrs, then the light brown solution was poured into a mixture of ice-
water (20 ml) and methanol (1 ml). A few hours later the crystals of 10a were filtered off and
dried. The resulting product (0.181 g; 73%) was in all respects identical with the diacetoxy-
lactam (10a) obtained in Experiment 5.2.1.

5.3. 1(S),2(R)-dihydroxy-8,9-diethoxy-1,2,3,5,6,106 (S)-hexahydropyrrolo[2\-a\isoquinoline-b-
one (lib)

5.3.1. The dihydroisoquinoline hydrochloride sb (0.374 g; 1 mmole) in methanol (¢ ml) was
reduced according to Experiment 5.1.1. with sodium borohydride. The lactam lib precipitated
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as colourless crystals from the slightly basic solution (0.194 g; 63%), m. p. 195—196 °C; Rj
(System C): 0.66.

Ci6H21N 05 (307.34). Calcd. C 62.52; H 6.88; N 4.56. Found C 62.35; H 6.78; N 4.60%.

IR(KBr): 1680 (C= 0 lactam); 1620 (arom.); 3230 and 3430 cm* 1 (OH).

NMR (DMSO-d6): 1.26 (t, sH,J = 7, CAs-C H 20); 3.96 (q, 4H,J = 7, CHs-C 4 2-0);
426 (d, W,J = 7, C10b-H); 560 (d, 1H, J = 7, CI-OH); 6.05 (d, 1H, J = 7, C2-OH);
6.72 (s, 1H, C7-H); 7.03 (s, 1H, C10-H).

NMR (DMSO-dg -f- D20): The signals of OH at 5.60 and 6.05 are missing from the
spectrum. If the reaction was carried out with sodium borodeuteride, no peak appeared at
4.26 ppm in the NMR spectrum.

MS (mle, %); 307 (M+, 78); 290 (24); 278 (27); 262 (4); 250 (3); 220 (87); 219 (100);
204 (4); 198 (7); 192 (9); 191 (14); 190 (21); 162 (36); 163 (12).

5.3.2. The tetrahydroisoquinoline hydrochloride 9b (0.376 g; 1 mmole) was transformed to
lactam lib according to Experiment 5.1.2. The resulting material (0.173 g; 57%) proved to be
identical in every respect with the compound described in Experiment 5.3.1.

5.3.3. When the diacetyllactam 10b (0.391 g; 1 mmole) was deacetylated according to Ex-
periment 5.1.3., (50—60%), the dihydroxylactam lib was obtained, the product being iden-
tical in all respects with the compounds described in Experiments 5.3.1. and 5.3.2.

5.4. 1(S),2(R)-Diacetoxy-8,9-diethoxy-1,2,3,5,6,10b(S)-hexahydropyrrolo[2,l-a]Jisoquinoline-3
-one

5.4.1. The diacetoxydihydroisoquinoline hydrochloride 7b (0.458 g; 1 mmole) was converted
to diacetoxylactam according to Experiment 5.2.1. (TLC system C, R/7b: 0.73, Rj1ob: 0.86).
The colourless crystals of 10b (0.192 g; 49%) decomposed at 163 —163.5 °C, [a]is + 120°
(c = 2, methanol).
CjolLgNO, (391.41). Calcd. C 61.37; H 6.44; N 3.58. Found C 61.60; H 6.42; N 3.73%.
IR (KBr): 1740 (C=0 ester); 1715 (C=0 lactam); 1615 (arom.); 1230 cm-1
(CH3-C -0-C).

o
NMR(CDC13): 1.40 and 1.42 (2xt, 3H (each), J = 7, CHs-CH ,-0); 2.10 (s, 3H,
Cl—0 —C—CH3);2.18(s, 3H,C 2-0-C -C H 3); 2.6-2.9 (m, 2H, Co-H 2; 3.10 (m, 1H, C5—

0] 0
—Hax); 3.99 and 4.03 (2xq, 2H (each),J = 7, CHs-CA2-0); 4.30 (m, 1H, C5-H equat
“peri”)i 4-67 (d. 1H>J = 7-5, C10b-H); 5.38 (asymm. t, 1H, JAB = 7.5, JAX = 75 CIl-H);
5.64 (d of an AB system,JAg = 7.5, 1H, C2—H); s6.68 (s, 1H, C7—H); 6.75 (s, 1H, CIO—H).
When the reduction was carried out with sodium borodeuteride, the derivative having
deuterium on the C-IOb atom was obtained. The doublet at 4.67 ppm was missing and the
signal system between 5.3 and 5.72 ppm simplified to an AB system.

5.4.2. The dihydroxylactam lib (0.200 g; 0.65 mmole) was acetylated as described in Experi-
ment 5.2.2. The resulting diacetoxylactam (10b) (0.220 mg; s6% ) was in every respect identical
with the compound obtained in Experiment 5.4.1.

6. Synthesis of 1-trihydroxypropyltetrahydroisoquinoline derivatives (1)

6.1. 1fSj-[1YS)- 2'(S), Y-Trihydroxypropyl]-s.7-i/fimethoxy-1,2,3,4-ietra/tyi/roisogninoline (la)

6.1.1. The dihydroisoquinoline hydrochloride sa (3.62 g; 10 mmoles) was suspended with
stirring in a mixture of benzene (20 ml) and toluene (4 ml). A 70% benzene solution of sodium
bis-(methoxyethoxy)aluminium hydride (Red-Al) (30 ml; 75 mmoles) was added to the re-
action mixture while the temperature was maintained under 25 °C. The resulting solution
was heated to 80 °C and stirred for 2 hrs. After cooling to room temperature, cone. HC1 (60 ml)
and distilled water (120 ml) were added to the reaction mixture. The two phases were separated
and the aqueous acid phase was washed with benzene (50 ml). The mixture was made alkaline
(pH > 11) with liV NaOH under efficient cooling, and extracted with methylene chloride
(4x100 ml). The organic layer was dried (MgS04), toluene was added (20 ml) to it, then the
solvent was cautiously evaporated until the precipitation of crystals started, which was
promoted by the addition of ether. The colourless crystals of la that separated from the 1(RJ-
epimel (1.7 g; 60%) had m. p. 169—170 °C.
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[a]lbs + 63° (c = 2, H20). TLC (System E), R/1(R): 0.32; Rtla: 0.46.
IR(KBr): 1610 (arom.); 3240 and 3500 cm=+ 1 (broad OH).
NMR (CDC1s + 3 drops of CDgOD): 3.85 and 3.87 (s, 3H (each), OCHJ3): 3.80—4.60

(9H, NH, )CH-OH, -CH..OH, CI-H); s.65 (s, 1H, C5-H), 6.72 (s, 1H, Cs-H ).

MS (m/e; %): 283 (M+; 0.1); 282 (0.1); 266 (0.1); 265 (0.1); 252 (0.4); 222 (0.7); 221
(0.6); 220 (0.7); 192 (100); 177 (4); 176 (9).

The trihydroxypropyl derivative la was acetylated with acetic anhydride in the presence
of pyridine. The colourless crystals of the tetraacetyl derivative (89%) had m. p. 125—126 °C
(methanol—ether—hexane).

C22H 29N Os¢ (451.46). Calcd. C 58.53; H 6.47 N 3.10. Found C 58.26; H 6.56; N 3.07%.

IR (KBr): 1740 (C =0 ester); 1650 (C=0 amide); 1610 (arom.); 1220, 1250 cm:' 1
(CH3COO-C).

NMR (CDC13): 2.02, 2.04, 2.14 and 2.20 (s, 3H (each), CH3-CO); 3.90 (s, sH, OCHJ);

3.70—4.50 (3H, C3-H 2 CI—H); 5.20-6.00 (4H, CH—OAc, -C H 20Ac); 6.65 (s, 1H, C5-H);
6.78 (s, 1H, Cs-H ). I

6.1.2. The tetrahydroisoquinoline hydrochloride 9a (0.348 g; 1 mmole) was reduced with
Red-Al (70%) in a mixture of benzene (5 ml) and toluene (1 ml). The reaction and work-up
were carried out as described in Experiment 6.1.1. The resulting la (0.140 g; 49%) proved to
be identical in every respect with the product described in Experiment 6.1.1.

6.2. IfSA-fI’fSj, 2YS), Y-Trihydroxypropyl\-(>,l-diethoxy-1,2,3,-tetrahydroisoquinoline (lb)

6.2.1. The dihydroisoquinoline hydrochloride 8b (3.73 g; 10 mmoles) was reduced with Red-Al
according to Experiment 6.1.1. The trihydroxypropyl derivative Ib could be separated from
the reaction mixture containing about 10% of the lb-1(RJ-epimer byrecrystallization (methyl-
ene chloride, toluene and ether) to obtain 1.40—1.90 g (45—61%), m. p. 109 —110 °C. TLC
(System E), RA (R)-epimei: 0.35; Rtlb: 0.41. [a]ff + 69° (c = 2, H20).

IR (KBr): 1615 (arom.); 3300-3450 cm (broad OH).

NMR (CDC13): 1.40 and 1.44 (2xt, 6éH,J = 7, CAs-CH20); 2.70-3.30 (4H, C3- and

C4—I1,,); 3.50-4.50 (13H, -CH=20-, \IH -0 -, OH, NH, CI-H); 6.62 (s, 1H, C5-H);
6.68 (s, 1H, Ce-H). /

CD (ethanol): see Fig. 1.

MS (ml/e; %): 311 (M+, 0.1); 310 (0.3); 293 (0.1); 280 (0.4); 250 (0.6); 249 (0.6); 248
(0.4); 247 (0.4); 246 (0.3); 233 (0.9); 220 (100); 192 (10); 190 (3.5); 176 (5); 164 (s); 163 (s);
162 (7); 147 (4); 134 (4).

The trihydroxypropyl derivative Ib was acetylated with acetic anhydride in the pres-
ence of pyridine. The colourless crystals of the tetraacetyl derivative (96%) had m. p. 127.5 —
129 °C.

C24H33N 09 (479.51). Calcd. C 60.11; H 6.94; N 2.92. Found C 60.29; H 6.82; N 2.96%.

IR (KBr): 1740 (C=0 ester); 1640 (C= 0 amide); 1605 (arom.); 1210 cm-1 (CHs—

-C0-0-C). /
NMR (CDC13): 1.41 (t, sH,J=7, CHs-C H 20); 1.98 (sH, CH3COCH2- and CHsCONA );
I o
2.06 and 2.14 (s, 3H (each), CHsCOCH); 2.86 (2H, C4-H 2); 3.75 (2H, C3-H 2); 4.04 (q, 4H,

\

J= 7,CH3-CH2-0-); 5.10-5%0 (4H, YCH —OAc and -C H 20Ac); 6.58 (s, 1H, C5-H);
6.70 (s, 1H, Cs-H). /

6.2.2. The tetrahydroisoquinoline hydrochloride 9b (0.376 g; 1 mmole) was reduced with
Red-Al (70%, 2.5N) in a mixture of benzene (5 ml) and toluene (1 ml). The reaction and work-
up were carried out as described in Experiment 6.1.1. The resulting trihydroxypropyl deriv-
ative Ib (0.120 g; 38.5%) proved to be identical in all respects with the derivative obtained

in Experiment 6.2.1. .
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CONVERSIONS OF TOSYL AND MESYL
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Pseudocodeine tosylate unknown up to now have been prepared and their nucleo-
philic substitution reactions studied. The structures of the products indicate that
two types (A and B) of compounds are formed depending on the nature of the anion.
The compounds with C-6-iso structure, are most probably formed by S~I’ reaction
whereas the formation of the C-8-pseudo compounds is more likely to follow Sj*I
mechanism with retention.

These statements are based on studies of the comparative solvolysis of codeine
tosylate and pseudocodeine tosylate, and on a kinetic examination of the reaction
between pseudocodeine tosylate and piperidine.

In the course of the preparation of 6-0-tosyl and 6-O-mesyl derivatives
of the morphine group (morphine, codeine, 14-hydroxycodeine and their
dihydro derivatives) and theoretical studies on their nucleophilic substitution
reactions, several new morphine derivatives modified in ring C were prepared
which had been previously unknown, or could only be prepared in a more
complicated way. In addition to theoretical results, several new compounds
of pharmaceutical importance were obtained. In the course of these investi-
gationsthe structure of Pschorr’s“bis-thio derivatives” was elucidated and the
mechanism of their formation was assumed to involve probably Snl reaction
with retention, occurring between the alcoholic potassium sulfide and bromo-
codide or bromomorphide having a pseudocodeine structure [1]. Further
extension of these studies, as well as the confirmation of the above mentioned
hypothetic mechanism required the preparation of pseudocodeine tosylate
unknown up to now, and a detailed investigation of its nucleophilic substi-
tution reactions.

The synthesis of the tosyl ester (Il) of pseudocodeine (1) [2], obtainable
from a-chlorocodide, could readily be achieved by the general preparation
method of tosyl esters (tosyl chloride, pyridine).

In studying the nucleophilic substitution reactions of pseudocodeine
tosylate, the following considerations should be taken into account. Stork
[3] assumed that the ZI6systems (pseudo compounds) are more stable than the

*Part XIV: S. Makleit, S. Berényi, R. Bognar: Acta Chim., (Budapest), (in
press) and Magyar Kém. Foly., 81, 449 (1975)
** 3-Methoxy-4,5 a-epoxy-6,7-didehydro-8/?-tosyloxy-17-methylmorphinan
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A7compounds in this case. Our quantum chemical calculations [4] regarding
morphine alkaloids confirmed Stork’s assumption quantitatively, as shown
by the energy contents of several C-6- (A7) and C-s- (A6; pseudo) substituted
compound pairs, calculated taking into account the ‘core-repulsion potential’
(Erep) values, too. Owing to its geometric properties, the morphine molecule
is not sterically hindered on the ‘iso’ side, where the tosyloxy group is also
situated in pseudoequatorial position in the case of pseudocodeine tosylate,
thus its Sn2 type reaction is sterically hindered. On the other hand, its position
is sterically favourable for SN2’ reactions, on the basis of the so-called ‘cis’
rule that can be considered generally valid. Such reactions are, however,
energetically unfavourable with respect to the facts mentioned above. This is
also supported by the experimental data reported by Stork [3] who obtained
g-piperidocodide in 73% vyield on refluxing a-chlorocodide with piperidine in
benzene solution for 6 hours. In contrast with this, when /?-chlorocodide having
a pseudocodeine structure was refluxed with piperidine in benzene for 238
hours, 6-piperidocodide was obtained in 50% vyield only. It should be pointed
out that, according to the investigations of Stork and Clarke [3], codeine
tosylate and a-chlorocodide react with piperidine in reactions of type SN2
and Sn2’, respectively.

The following reactions were accomplished using pseudocodeine tosylate
as the starting material (Fig. 1).

The conditions and yields for the individual reactions are given below.
(Data for the similar reactions of codeine tosylate are given in parentheses).

Ilia: LiCl, acetone, boiling point, 25 hrs, 16.3%; (4 hrs, 60% [3]).

Illb: [(Bu)sN]F, acetonitrile, boiling point, 29 hrs, 10.2%; (4 hrs, 48.2% [6]).

Illc: Piperidine, benzene, 127 hrs, boiling point, 64.9%; (36 hrs, boiling
point [3]).

IVa: LiBr, acetone, boiling point, 19 hrs, 52.3% (2.5 hrs, 98% [3]).

IVb: Nal, acetone, boiling point, 19 hrs, 25.9% (2.5 hrs, 43% [3]).

IVc: KSCN, acetone, boiling point, 16.5 hrs, 15.3%; (2.5 hrs, 48.7% [7]).

IVd: NaN3 DMF, 100 °C, s hrs, 30.2%; (4 hrs, 65% [s]).

IVe: KSCOCHs3, DMF, 100 °C, 8 hrs, 10.7%; (5 hrs, 57.3% [9]).

According to the data, the reaction of pseudocodeine tosylate with the
various negatively charged nucleophilic reagents does not yield different
products like codeine tosylate; however, more vigorous reaction conditions
must be applied and the yields are also low'er. Thus the use of pseudocodeine
tosylate offers no advantage as compared with codeine tosylate, and these
reactions do not represent a real extension of the scope of our previous work.

However, with respect to the structure of the compounds isolated, studies
on the mechanism of the reactions seemed promising. In view of the previous
experiences, there are two theoretical possibilities for the mechanism of both
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IVe:

TsClI, pyridine

Hac A
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reactions, having direction A or B (Fig. 1). The reactions going in direction
A and vyielding a product with C-s iso structure may occur by either SN1’
or Sn2’ mechanism. On the other hand, the mechanism of reactions with
direction B, resulting in compounds of C-s pseudo structure, is either SN1
accompanied by retention, or a combination of SN2’ and SNi’.

This problem was studied by the following experiments. First of all,
the comparative solvolysis of codeine tosylate and pseudocodeine tosylate
was examined (Table I). As indicated by the data, both compounds undergo
solvolysis in a first-order reaction in the system absolute acetic acid and po-
tassium acetate, in accordance with the literature data reported for-tosyl
esters formed with secondary hydroxyl groups [10]. However, the solvolysis
of pseudocodeine tosylate always takes place more slowly than that of codeine
tosylate though the actual rate naturally depends on the temperature applied;
the difference is also revealed by the activation free energy and the activation
free entropy values (Table 1).

Table |

Kinetic data of the comparative solvolysis
of codeine tosylate and pseudocodeine tosylate

CT: KOAc Ts KO Ac
Temp., conse., cone., K, Error, gg\e., cone. * K, Error,
C mole/l  mole/l min-1 % mole/l  mole/1 min-1 %
50+0.1 0.01 0.01 1.241 10-3 0.01 0.01 3.924 10-4
1.236 10-3 3.732 10-1
60+0.1 0.01 0.01 3.350 + 10-3 0.01 0.01 1.071 10-3
3.346 + 10-3 1.065 10-3
0.01 0.02 1.309 10-2 + 3.96 0.01 0.02 3.997 10-3 — 10.6
0.02 0.02 1.276 « 10-2 +0.79 0.02 0.02 4722 10-3 + 556
70+0.1 0.01 0.005 1.141 10-2 —9.52 0.01 0.005 4,716 10-3 + 5.43
0.01 0.01 1.240 10-2 —1.58 0.01 0.01 4.320 10-3 — 3.40

0.01 0.025 1.347 10-2 +6.34 0.01 0.025 4612 10-3 + 3.10

80+0.1 0.01 0.01 2.578 + 10-2 0.01 0.01 1.134 - 10-2
2.609 - 10-2 1.143 10-2
AEI) = 23.9 Kcal/mole AEt = 27.91 Kcal/mole
dSt = —0.1 cal mole-1 degree-1 dSt= 9.5 cal mole-1 degree-1
CTs = Codeine tosylate yCTs = Pseudocodeine tosylate

Stork and Clarke [3]studied the kinetics of the interaction ofcodeine
tosylate and piperidine, and foundittobean SN2reaction,sincethe product was a
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C-6 iso derivative. We thoughtimportant to examine the kinetics of the anal-
ogous reaction of pseudocodeine tosylate. The results are summarized in
Table Il. On this basis, the reaction follows first-order kinetics, being of either
SN1 or SNT type. In order to decide the actual type, the reaction of pseudo-
codeine tosylate with piperidine had to be investigated preparatively, too.
In this reaction the product was unambiguously e-piperidocodide (lllc), thus
the reaction mechanism must be SN1’.

Table 11

Kinetic data for the reaction of pseudocodeine tosylate
with piperidine

Temperature MCTs cone., Pip. cone., K, Error,
°C mole/1 niole/1 sec-1 %
0.01005 0.01988 1.636 «io-4 —6.08
120+0.1 0.00857 0.01940 1.784 m10-4 + 2.41
0.01000 0.03952 1.684 - 10-4 —3.32
0.00863 0.03920 1.865 - 10“ 4 +7.05
yCTs Pseudocodeine tosylate

Pip Piperidine.

On the basis of the evidence obtained up to now, the reactions going in
direction A very probably occur by sNi’ mechanism, whereas SN1 reactions
with retention are more likely in direction B.

Experimental

M.p.’swere determined in open capillaries, and were uncorrected. The purity of the com-
pounds was checked by thin-layer chromatography (Silicagel G, benzene-methanol 8 : 2,
Dragendorff reagent).

Pseudocodeine tosylate(ll)

Pseudocodeine [2] (5 g; 0.0167 mole), obtainable from a-chlorocodide (I), was dissolved
in absolute pyridine (20 ml) in a three-necked flask equipped with a stirrer reflux condenser
and dropping funnel. The solution was cooled to 0——5°C in an ice-salt cooling bath, and
a solution of p-toluenesulfonic acid chloride (3.5 g; 0.0184 mole) in absolute pyridine (20 ml)
was added dropwise, with stirring. After having completed the addition, the reaction mixture
was stirred for 2 hrs at this temperature, then cooling and stirring was stopped, and the solu-
tion was allowed to stand at room temperature for 24 hrs. The reaction mixture was poured
into water (500 ml), saturated with sodium hydrogen carbonate and extracted with 3 X150 ml
of ether. The combined ethereal extract was washed with water (2x100 ml), dried over
MgS04, filtered, and the filtrate evaporated to dryness in vacuum. The residual syrup was
crystallized from a mixture of ether and petroleum ether to obtain white or slightly pink
crystals (5.8 g; 76.5%), m. p. 108—110 °C, Vg_o 1366 cm-1. CBH2Z05NS. Calcd. S 7.08. Found
S 6.62, 6.69%.
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6-Deoxy-6-chloroisocodeine (llia)

Pseudocodeine tosylate (Il) (0.5 g; 0.0011 mole) was allowed to react with dry lithium
chloride (0.18 g; 0.004 mole) in absolute acetone (20 ml) at the boiling point for 25 hrs, accord-
ing to Ref. [3], to obtain 0.08 g (16.3%) of the product, m. p. 152—154 °C (lit. [2] m. p.
152-153 °C).

6- Deoxy-6-fluoroisocodeine (IHb)

Pseudocodeine tosylate (Il) (0.5 g; 0.0011 mole) was allowed to react with tetrabutyl-
ammonium fluoride (1.57 g; 0.006 mole) in dry acetonitrile (20 ml) at the boiling point for 29
hrs, according to Ref. [6], to obtain 33.95 mg (10.2%) of the product, m. p. 145—146 °C (lit.
[6] m. p. 145-146 °C).

6-Deoxy-6-piperidocodeine (I11c)

Pseudocodeine tosylate (I1) (1 g: 0.0022 mole) was allowed to react with piperidine (3 ml;
0.03 mole) in benzene (37 ml) at the boiling point for 127 hrs., according to Ref. [3], to obtain
0.55 g (64.9%) of the product. Picrate, m. p. 240 —241 °C (lit. [3] m. p. 240 —241 °C).
8-Deoxy-8-bromopseudocodeine (IVa)

Pseudocodeine tosylate (II) (0.95 g; 0.0021 mole) was allowed to react with lithium
bromide (1.25 g; 0.014 mole) in absolute acetone (20 ml) atthe boiling point for 19 hrs, accord-
ing to Ref. [3], to obtain 0.42 g (52.3%) of the product, in. p. 154 —156 °C (lit. [3] m. p.
155-156 °C).

8-Deoxy-8-iodopseudocodeine (IVb)

Pseudocodeine tosylate (Il) (0.95 g; 0.0021 mole) was allowed to react with sodium
iodide (0.32 g; 0.0033 mole) in absolute acetone (50 ml) at the boiling point for 19 hrs, accord-
ing to Ref. [3],to obtain 0.2 g (25.9%) of the product, in. p. 158 —159 °C (lit. [3] m. p. 161 °C).

8- Deoxy-8-isothiocyanatopseudocodeine (1Vc)

Pseudocodeine tosylate (II) (1 g; 0.0022 mole) was allowed to react with potassium
thiocyanate (0.42 g; 0.0042 mole) in absolute acetone (20 ml) at the boiling point for 16.5 hrs,
according to Ref. [7], to obtain 0.1 g (15.3%) of the product, in. p. 110 —112 °C (lit. [7] m. p.
110-111 °C).

8-Deoxy-8-azidopseudocodeine (1Vd)

Pseudocodeine tosylate (I1) (0.5 g; 0.001 mole) was allowed to react with sodium azide
(0.1 g; 0.017 mole) in dimethylformamide (15 ml) at 100 °C for 8 hrs., according to Ref. [8],
to obtain 0.105 g (30.2%) of the product, m. p. 137 —138 °C (lit. [8] m. p. 137—138 °C).

8-Deoxy-8-acetylthiopseudocodeine (IVe)

Pseudocodeine tosylate (Il) (0.95 g; 0.0021 mole) was allowed to react with potassium
thioacetate (0.61 g; 0.0042 mole) in absolute dimethylformamide (10 ml) at 100 °C for 8 hrs,
according to Ref. [9]. The crude product was dissolved in a 9 : 1 mixture of benzene and
methanol and purified on a Silicagel G column by eluting it with the same solvent mixture,
then crystallized from absolute ether; 0.08 g (10.7%) of the product was obtained, m. p. 137 —
138 °C (lit. [9] m. p. 137-138 °C).

Kinetic measurements
(a) Comparative solvolysis of codeine tosylate [11]
and pseudocodeine tosylate (I1)

Codeine tosylate and pseudocodeine tosylate were dissolved separately, together with
anhydrous potassium acetate, in absolute glacial acetic acid; then 6 ml aliquots were transferred
into ampoules of 10 ml volume. Eight samples were taken in each case. The ampoules were
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sealed and placed in an ultrathermostat. Simultaneously, 5 ml of the stock solution was titrated
with 0.021V perchloric acidin absolute glacial acetic acid inthe presence of Bromophenol Blue
indicator. This titration yielded the 0 minute concentration of codeine tosylate and pseudo-
codeine tosylate, respectively. (Blank tests were carried out before each run.) The progress
of the reaction was followed by means of the above titration, assaying 5 ml portions of the
solution in the ampoules removed from the thermostat at different times and placed into an
ice bath to stop the reaction. The reaction time was chosen such as to accomplish the last
titration at about 60% conversion.
The k values were determined graphically.

(b) Reaction of pseudocodeine tosylate with piperidine in absolute toluene

The measurement was carried out in the same way as above, but the progress of the
reaction was monitored by titrating with 0.021V hydrochloric acid solution in the presence
of phenolphthalein indicator.

The authors’ thanks are due to the Natural Science Department | of the Hungarian
Academy of Sciences and to the Alkaloida Chemical Works, Tiszavasvari, Hungary, for sup-
porting this research.

Thanks are expressed to Dr. K. Harsanyi (Chinoin Chemical Works, Budapest) for
valuable scientific discussions.

REFERENCES

[1] Mak1eit, S, Bognar, R., Mite, T., Radics, L.: Acta Chim. Acad. Sei. Hung., 66, 455
(1970); Magyar Kém. Foly., 76, 464 (1970)

[2] smanr, L. F.: Chemistry of the Opium Alkaloids, pp. 221, 223—4. Government Printing
Office, Washington 1932

[3] stork, G., Crarke, F. H.: J. Am. Chem. Soc., 78, 4619 (1956)

[4] Dinya, Z,, Mak1teit, S., Bognar, R., Jéker, P.: Acta Chim., (Budapest) 71, 125 (1972)
Dinya, Z., Makleit, S., Bognar, R.: Kémiai KﬁZi., 39, 141 (1973)

[5] Dinya, Z.: Doctoral Thesis, Debrecen, Hungary, 1972

[6] Bognar, R.,, Mak1teit, S., Radios, L.: Acta Chim. Acad. Sei. Hung., 67, 63 (1971)

[7] Bognar, R., Makiteit, S.,, Mite, T., Radios, L.: Mh. Chem., 103, 143 (1972); Magyar
Kém. Foly., 78, 163 (1972)

[8] Bognar, R., Makieit, S., Mite, T.: Acta Chim. Acad.Sci. Hung., 59, 379 (1969); Magyar
Kém. Foly., 74, 525 (1968)

[9] Bognar, R., Mak1teit, S, Mite, T., Radios, L.: Acta Chim. Acad. Sei. Hung., 64, 273
(1970); Magyar Kém. Foly., 76, 102 (1970)

[10] Pritzkow, W., Schoeppter, K. H.: Ber., 95, 834 (1962)

[ll] Karrer, P., Widmark, G.: Helv. Chim. Acta 34, 34 (1951)

Sandor Makleit
Gabor Somogyi KLTE Szerves Kémiai Intézet H-4010, Debrecen.
Rezs6 Bognar

Acta Chim. (Budapest) 89, 1976






RECENSIONES

K. Ammon and W. Dirscherl: Vitamine, Vol. |1l
Georg Thieme Verlag, Stuttgart 1974

The book gives a comprehensive view of our present knowledge of vitamins. The first
edition, published under the editorship of Professors Ammon and Dirscherl in 1937, has
become a widely applied, most popular handbook, in fact, the best in the field.

After a considerable elapse of time, following the third edition of Vols | (“Fermente”,
1959) and Il (*Hormone”, 1960), the section on vitamins has finally appeared in an enlarged
edition of a two-volume book (Vol. 111, 1—2). In the long run, however, this delay of a decade-
and-a-half proved to he very useful for it allowed the inclusion of the most recent knowledge
acquired in the rapidly developing field of biochemical and biological sciences. Comprising
the work of more than 20 authors, “Vitamine”, Vol. I1l, Part I, summarizes in over approx.
1000 pages our present knowledge of important biochemical substances in the following arrange-
ment:

anti-vitamins; the significance of vitamins in therapeutics and nourishment; Vitamin A,

Vitamin D (Calciferol), Vitamin E (Tocopherol), Vitamin K, Vitamins F (essential fatty

acids), alpha-lipoic acid, ubiquinones, Vitamins Bj and B2(Riboflavin), further Vitamins

B,(pyridoxine,pantothenic acid and other coenzyme components; anti-pellagra vitamin

nicotinic acid and nicotinic acid amide), biotin, the group of folic acids, choline, myo-

inositol, Vitamin C (ascorbic acid) and bioflavonoids (“Vitamin P”).

As is immediately evident from the list of contents, compounds such as lipoic acid and
collin, which have gained significance most recently, have been assigned a separate chapter
and treated in detail.

Substances with controversial vitamin properties, e.g., essential fatty acids and bio-
flavonoids have also been widely discussed and presented in a comprehensive study, giving
a practical guide to their analytical treatment as well.

A further merit of this enlarged edition is that, in addition to offering a comprehensive
review, it discusses in detail the specific properties of vitamins and compounds with vitamin-
like effects, their interactions and relationships with enzymes and hormones. It is, above all,
this Ibiolljcl)gical-biochemical approach that renders this lengthy publication so important and
invaluable.

The hook is well readable, gives an outline of the historical background and treats
under one cover biosynthesis and the elucidation of chemical structure and mechanism. The
data are clearly presented in 109 figures and 155 tables. Another great asset of the book is
the detailed discussion of the therapeutic aspects, helpful for researchers working both in
specialized fields and on adjoining topics.

Part 2 (Vol. 111, Part 2), dealing with the properties of Vitamins B122 and related corri-
noids over 350 pages, with 66 figures and 57 tables, was published in 1975. The special role
and significance of the Vitamin-complex B12 has been described by professor Friedrich in
a similarly intriguing style, with special stress laid on specific features.

J. Hollo
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J. scnhurz: Physikalische Chemie der Hochpolymeren (Eine Einfiihrung)

Springer Verlag, Berlin, Heidelberg, New York 1974, 196 Seiten

Das Buch ist fir Studenten der Chemie und Physik gedacht, die die hdheren Jahrgéange
der Universitat besuchen. Das Buch beschreibt die wichtigsten Prinzipien, Gesetze und
Methoden der physikalischen Chemie von hochmolekularen Stoffen. Der erste Teil beschaftigt
sich mit den Eigenschaften der gelosten, der zweite mit denen der festen Makromolekiile.
Die wichtigsten Abschnitte des Buches beschaftigen sich mit den folgenden Themen:

1. Geloste Makromolekiile

Molekulargewicht und Molekulargewichtsverteilung der Makromolekile. Grundlegende
Charakteristika der geldosten Makromolekile. Thermodynamik der Losungen, Losungsmittel-
Typen vom Gesichtspunkt der Thermodynamik, chemisches Potential und Aktivitat, Mi-
schungs-Enthalpie, Mischungs-Entropie, Mischungs-Entropie bei Polymeren, Mischungs-
warme. Die Flory-Hugginssche Theorie, Wechselwirkungs-Konstante. Kolligative Eigenschaf-
ten, osmotischer Druck. Abweichung vom idealen Zustand, Viralkoeffizient. (Hier fehlt unter
den modernen Methoden die Dampfdruck-Osmometrie.)

Phasentrennung in polymeren Ld&sungen. Mehrkomponentensysteme. Fraktionierte
Prazipitation. (Hier fehlt die Gelpermeations-Chromatographie.) Konformation, Ketten-
endglied-Abstande in Ldsungen.

Rheologie verdinnter Ld&sungen, Viskositatsfunktionen, Bestimmung der Grenz-
viskositatszahl. Molekulargewichtsbestimmung aus der Grenzviskositatszahl.

Stromungsdoppelbrechung. Viskositat der Polyelektrolyte und der geladenen Teile.

Transporterscheinungen. Diffusion, Sedimentation, Elektrophorese. Die Streuung von
Licht- und Réntgenstrahlen. Kleinwinkel-Réntgenstreuung. Streuung des sichtbaren Lichtes.
Kritische Opaleszenz.

Infrarot- und Ultraviolett-Spektroskopie.

Optische Rotationsdispersion und Zirkulardichroismus. Kernmagnetische Resonanz-
Spektroskopie. Elektronenspinresonanz-Spektroskopie.

I1. Makromolekile in festem Zustand

Kristallinitat. Rontgen-Strukturanalyse. Kristalline TeilchengréfRe. Orientation. Roént-
genanalyse der groRen Perioden.

Optische Doppelbrechung.

Morphologie der Polymere: Kristallite, Spharolite, Kettenfaltung (hier fehlt die elektro-
nenmikroskopische Untersuchungsmethode der Polymeren).

Messung der Kristallinitdat mit Infrarot- und NMR-Spektroskopie.

Schmelzpunkt.

Kristallisationskinetik. Glaszustand, Umwandlungspunkt zweiter Ordnung.

Gummielastischer Zustand und seine thermodynamischen Beziehungen.

Phaseniibergange und mesomorphe Zustdnde. Thermoanalyse.

Thermomechanische Kurven. Lineare Viskoelastizitat. Viskoelastische Modelle. Mecha-
nische Spektroskopie. Festigkeit und Reiprozesse.

In der Zusammenstellung der Abschnitt vereinigte der Verfasser mit glicklicher Hand
das fur die Studenten wichtigste Material mit den neuesten Literaturangaben. Natirlich
widerspiegelt die Auswahl die individuellen Interessenkreise des Verfassers, was sich vor allem
auf die Untersuchung der gelésten Makromolekiile bezieht. Dieser Tatsache ist es zuzuschrei-
ben, daR der Beschreibung des Verhaltens von Ldsungen 122 Seiten gewidmet sind, wahrend
die feste Phase, bloR auf 66 Seiten behandelt wird. Die Kleinwinkel Réntgenstreuung wird bei
festen Polymeren eben nur erwadhnt, wahrend die kleinwinklige Lichtstreuung der festen
Polymere gar nicht behandelt wird.

AuRer den bereits erwahnten Ausnahmen enthalt das Buch samtliche Kenntnisse, die
ein absolvierender Chemiker, Chemieingenieur bzw. Physiker Uber die physikalische Chemie
der Makromolekiile bendtigt. Das Buch kann jedoch als erste Referenzquelle mit gutem Nutzen
auch von Diplomierten verwendet werden, die in der Industrie oder auf anderen Forschungs-
gebieten arbeiten, umsomehr, als die Referenzen gut zusammengestellt sind, so dal3 die ein-
schlagige Literatur der einzelnen Themen leicht zu finden ist.

G. Bodor
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D. Dobos: Electrochemical Data
Akadémiai Kiad6, Budapest 1975. (Pp. 339)

Following the intentions of the prematurely deceased Author, this is a modern, English
version of an earlier, very successful edition in Hungarian, augmented and revised according
to the SI system of units, since then officially introduced. As a handbook, this is a valuable
and detailed collection of data. The individual chapters contain the necessary fundamentals.
Chapter 1: fundamental physical constants, conversion tables of the Sl units, relative atomic
masses, the most important electrochemical equations and formula as well as series of data
suggested as suitable for application Chapter 2: conductivity, transference numbers, diffusion
coefficients, thermodynamic data, relative permittivities, relaxation times for various electro-
lyte solutions and ions at various temperatures; Chapter 3: equilibrium data, activity coeffi-
cients, solubility products, pH-values; Chapter 4: data of indicators, measurement of pH, buffer
solutions, dielectric measurements; Chapter 5: electrode potentials, electromotive forces,
diffusion potentials, galvanic cells and storage batteries; Chapter 6: coulometric, electrogravi-
metric, polarographic data, deposition potentials, decomposition voltages important in instru-
mental analyses; Chapter 7: electrokinetic data, and finally (in Chapter 8) titles of the more
important monographs and handbooks on electrochemical theory and analysis, on electro-
plating, corrosion, industrial electrochemistry, electrochemical engineering, primary electro-
chemical supply units, storage batteries, fuel cells and electrochemical calculations.

This book would have been even more useful and up-to-date if in the course of its edi-
tion, besides the consistent use of the Sl system also that of the new electrochemical nomen-
clature and definitions had been observed since in many aspects the latter diverge from the
usual concerning both the names of individual quantities (e.g. specific conductance instead
of conductivity, specific molar conductance instead of equivalent conductivity, ionic molar
conductance instead of relative mobility, etc.) and their definitions (between absolute and
relative activity; use of the corresponding composition variable instead of the word concentra-
tion — if not expressed as e — since concentration c is but one of the composition variables,
viz. the composition expressed in units of the mol/dm3 etc.).

This book is the result of very careful work, well arranged and most serviceable.
In spite of the remarks made, there is no doubt that it satisfies the needs envisaged and attains
the goals set; it justifies the claim in its sub-title, viz. that it is a “Handbook for Electro-
chemists in Industry and Universities”.

E. Berecz

Mdossbauer-Spectroscopy

Ed. Uli Gonser (5th Volume of the series “Topics in Applied Physics”)
Springer Verlag, Berlin, Heidelberg, New York 1975

This book (241 pp., 96 figures) consists of six chapters written by U. Gonser, P. Gut-
lich, R. W. Grant, C. E. Johnson, S. S. Hafner and F. E. Fujita.

Considering the 25—30 monographs published till now in English on Mdossbauer spectro-
scopy, this hook does not seem to aim at the theroetical foundations of the method. Its purpose
is the discussion of the newer fields of application. Besides this, it summarizes the physical
fundamentals necessary for understanding the results presented, and also the applications
that rank already as classical in this field. The book does not assume special preparatory studies
on the part of its readers: it can be used both as an introduction into, or as a monograph on
Mossbauer spectroscopy.

In the first chapter (51 p., 17 figures, 5 tables, and 41 numbered correlations) U. Gonser
illustrates, on the basis of 105 references, how the Mdssbauer effect has expanded into Mdss-
bauer spectroscopy and, as aptly noted, into a gold mine for researchers. The era before the
detection of the Mossbauer effect, the detection of the effect and the specific features of a Mdss-
bauer spectrum are discussed in a very concise manner (intensity and line-width, the isomer
shift due to hyperfine interactions, magnetic and quadrupole splitting). The presentation
with the help of illustrative figures and with well devised comprehensive tables enhances
understanding; the final equations (discussed but not derived) add exactitude. After the dis-
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cussion of perturbation effects consequent upon hyperfine interactions, and after that of
relativistic effects, the principal questions of the method are analyzed; besides transmission,
also scattering technique and Mdssbauer polarimetry are dealt with. Finally, on two examples,
the application of the method to the measurement of biological movements is demonstrated.

In the second chapter (43 p., 12 figures, 6 tables, and 81 references) P. Gutlich dis-
cusses the chemical applications of Mdssbauer spectroscopy. This is one of the best parts of
the book, perhaps also because chemical science offers the most extensive and richest field of
application. (This seemsto be so since most of the physicists who work on Médssbauer spectro-
scopy have some chemical problem as the subject of their studies.) Briefly, yet touching every
important aspect, the physical fundamentals of the parameters of Mossbauer spectra are
summarized. There is some overlap with Chapter 1 as the most important hyperfine inter-
actions are discussed twice, e.g. Equations 1.28 and 2.29, as well as 1.30 and 2.25 are the same.
It should be noted, however, that neither chapter énentions the fact that 1.30, i.e. 2.25, will

be the eigenvalue of the Hamiltonian only if — . Subsequently, P. Guttich illustrates

with carefully selected examples the more important applications of Mdssbauer spectroscopy
in chemistry, primarily in the chemistry of complexes.

In the third chapter (40 pp. 21 figures, 26 numbered equations and 67 references)
R. W. Grant gives a good review of the study of magnetic phenomena by means of Mdssbauer
spectroscopy. After the analysis of the magnetic hyperfine structure of 57Fe, the interaction
of the magnetic and electric interactions is discussed in its essentials, and the determination
of the sign of the magnetic field is shown. In connect with the study of magnetic character-
istics, the determination of the temperatures and types magnetic ordering of by Mdssbauer
spectroscopy and of the local distribution as well as its application for phase analysis and the
study of phase transitions are explained. With the help ofsuitable examples (colinear structure
of Ca2Fe205 noncolinear structure of FeOCI, spin arrangement in ErFe20s) the applicability
of the Mdossbauer effect in the study of magnetic structures is also analyzed and demonstrated.

In the fourth chapter (28 pp., 16 figures, 4 tables, 29 references), by C. E. Johnson,
some biological applications of the method are described. First an evaluation of the spectral
parameters is given with regard to information to be gathered concerning the chemical
bonding, local structure and symmetry of biological compounds. This is followed by results
achieved in the field of iron-containing proteins. For nonproteins the spectral parameters
of low spin ferro-Hb02 and -HbCO are compared with those of high spin ferro-Hb as well as
the parameters of low spin ferri-HiCN, -HiN3, -HiOH with there of ferri-HiF and -HiH2.
Maéssbauer studies on ironsulfur proteins, on rubredoxins which contain one iron, plant ferre-
doxins which contain two iron atoms, and proteins which contain 4 and 8 iron atoms are also
mentioned. As a prospective field of application medical research is indicated.

Nearly every known method of structural analysis has been utilized in the study of
samples of lunar rock. Mdossbauer spectroscopy is eminently suitable for the elucidation of
the oxidation state, chemical surroundings, electronic structure and the crystal structure
of the matrix of Mdssbauer atoms (chiefly of iron) in lunar samples. In the fifth chapter (43 p.,
11 figures, 5 tables) S. S. Hafner reviews 52 papers, a great part of these dealing with the
analysis of lunar samples of American lunar searches and expeditions.

F. E. Fujita, author of the sixth chapter (36 p., 19 figures, 13 equations, 67 references)
summarizes the application of Mdssbauer spectroscopy in the field of metallurgy and metal
physics. The evaluation of spectral parameters with regard to qualitative and quantitative
analysis in metallurgical studies, and the statistical calculation of atomic arrangements in
alloys, are discussed first, then the examination of the various metallographic phases of carbon
steels, as a group of interstitial alloys (with martensitic transformations in a separate sub-
chapter) is described. Concerning substitutional alloys, data on arrangement and separation
are given, then invar alloys are described in a somewhat greater detail. At the end of the chap-
ter, measurements for the determination of texture, oxidation, diffusion and defect structure
are briefly mentioned.

A. VERTES
E. KUZMANN
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C. J. Keattch and D. Dollimore: An Introduction to Thermogravimetry

2nd edition, Heyden and Son, London 1975

The literature about thermal analysis has again been enriched with a new monograph.
This second edition of “An Introduction to Thermogravimetry” by C. J. Keattch and D.
Dollimore, is about three times the size of the first. Arranged in ten chapters, on 164 pages,
it deals with theoretical and practical aspects of thermogravimetry, from fundamental problems
of measurement to a presentation of the theory of kinetic calculations now widely applied.
Other thermoanalytical methods which are often used together with thermogravimetry are
also briefly used.

The concluding part, about one fourth of the book, summarizes the fields of application,
separately treating inorganic, organic and mineral substances.

The principal virtue of this book is its conciseness: every problem is presented in its
essentials only. At the same time, the nearly 400 references substantially facilitate a more
detailed study for those who wish to gain deeper insight in to any particular aspect of this
topic. The hook is a useful help for the beginner as well as for the analyst already versed in
thermogravimetry.

J. Paulik

Thermal Analysis. Proceedings of the Fourth International
Conference on Thermal Analysis. Volumes 1, 2 and 3.

Edited by I. Buzas, Akadémiai Kiad6é, Budapest 1975

The International Confederation for Thermal Analysis (ICTA) organizes a conference
every three years. The steadily growing importance of this field of science is shown by the fact
that whereas only abstracts were published of the papers presented at the Aberdeen conference
(1965) the proceedings of the conference at Worehester (1968) filled two volumes, and the 180
papers read at the third conference, Davos 1971, were printed in three volumes. About 600
participants from 30 countries were present at the conference in Budapest, July 8—13, 1974,
andthe 277 papers presented there occupy about 3000 printed pages arranged in three massive
volumes. These proceedings contain the full text of every paper, in the form of articles for a
journal, complete with references.

In the volumes the arrangement accords with the division of the conference into six
sections. Thus the subject matter is ordered as follows.

Volume 1: Theory
Inorganic Chemistry

Volume 2: Organic, and Macromolecular Chemistry
Earth Sciences

Volume 3: Applied Sciences
Methods and Instrumentation

The papers presented clearly show the wide range and diverse applications of the vari-
ous methods of thermal analysis and demonstrate that these are very important complemen-
tary methods of scientific research.

A table of contents and an author index in each volume help orientation in this extensive
subject matter. Published by Akadémiai Kiad6 within a year after the conference, this work
is carefully edited and beautifully printed.

G. Liptay
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TOM 89—BbIlN. 2

PE3IOME

MonyyeHre 1 Macc-CNeKTPOMETPUYECKOE UCCNef0BaHME OKCMBPOMMA0B MOnbaeHa
1 Bofbpama M 6poMUL0OB BONbpamMa

0. KAMNOWW, T. AENTY, A. MONOBUY n N. NE3QEY

BpomupoBaHMeM MeTa/I/10B U OKMUCNI0B METa/II0B ObLIN NOMYYeHbl U UCCNef0BaHbl Macc-
CMEKTPOMETPUYECKM Criegytolime coefuHeHns: Mo02Br2 WO02Br2, WOBr4, WBr4 n W2Br6.
Bblna onpegeneHa Macc-CNEKTPOMETPUYECKas (parmMeHTaums aTUX COeAUHEHWUI, Obun n3Me-
peHbl NOTeHUMabl NOSBAEHNS MOHOB B 06/1aCTV MOBbILLEHHbIX OTHOCUTENbHbLIX WHTEHCUBHOCTEN
N 6biNM paccumTaHbl MX TensoTbl 0bpasoBaHMs. Habnwganncb TakXke W Takue MOHbI, CocTas
KOTOPbIX 06BSACHACA HA OCHOBE CTPYKTYPbI 3TUX COeAUHEHWIA B TBepaon tase. B obnactu BbICo-
KUX OTHOCUTENbHbIX MHTEHCUBHOCTEN, CPean MPOYMX MOHHBLIX YacTuLl, YAanoCb LeTEeKTUPOBaTb
MOHbI, obpasytomecs u3 knactepos W2Br6. icxoas u3 NoNyyYeHHbIX BeNMYMH  NOTEHLMANoB
nosiBAeHNS, BblNN paccUnTaHbl HEKOTOPbIE TEPMOXUMUYECKUE U TEPMOCTATUYECKME JaHHbIE.

KnHeTunka gerngprnposaHnm ataHa Hag katanusatopom a—Cr203 1

JIuMuTrpytowas cTagusi peakumu
M. KEHUF u M. T3T3HU

Bblna m3ydeHa peakuusa [LervapupoBaHWs 3TaHa Haj Katanusatopom a—Cr) 3 B ump*
KYNAUMOHHOM peakTope nNpu gasneHnn 0—4 k H. m_- n Temnepartype 430—580°C. Mpun Takumx
YCNOBMAX Ha KaTa/usaTope MNpOTeKalT pas/iMyHble XMMUYECKMe MNpeBpalleHus; MnoMMMo 06-
pasoBaHUsA rasoobpasHbIxX NpoAyKToB peakunn (H2, C2H4, CH4) HabnogaeTcs TakXe obpasoBa-
HMe MOBEPXHOCTHbIX OT/IOXEHWUI, COCTaB KOTOPbIX 3aBUCUT OT aKTUBHOCTW KaTanusatopa u Tem-
nepaTtypbl peakunn. Mpu N3yyeHUN KUHETUKWU peakumy nyTem COOTBETCTBYIOLLEN 06paboTKu U
BOCCTAHOB/IEHUSI KaTanmsaTopa yAanocb 06ecrnevmTb NoUTV NMOCTOAHHYI0 aKTUBHOCTb KaTaiusa-
Topa. Ha ocHOBaHWMM 3aBMCMMOCTM HayaslbHbIX CKOPOCTEN peakLuvun LernapoBaHus OT Temnepa-
TYpbl Y HA OCHOBaHUW faHHbIX KUHETUYECKOI0 N30TOMHOr0 aththeKTa, U CONocTaBeHUs CKOPOCTel
D—H o06meHa MOXHO MPeAnooXKUTb, YTO IMMUTUPYIOLLEA cTaameld peakuumn AervapupoBaHms
3TaHa ABMSETCA peaKkumMs Ha NMOBEPXHOCTU KaTanusaTopa.



MpeBpaLLleHnsi TO3UIOBbIX U ME3WSIOBbIX MPOU3BOAHLIX B Psify MOpUHa,

CnHTe3 To3unata MNCEBAOKOAEMHA U W3YyuyeHUEe ero HYKNeo®MUNbHbIX peakumuit

W. MAKNEWT, I. WOMOAW n P. BOFHAP

Bbino nony4yeHo HOBOe COeAUHEHWE — TO3MNaT NCeBAOKOLENHA U ObiNKN uccnefoBaHbl ero
HEKOTOpble peakuuyn HYKNeoPpuNbHOro 3amel,eHns. Ha OCHOBe CTPYKTYypbl NMPOAYKTOB, 3aBUCA-
el oT aHWOHOB, 6bINN NONy4YeHbl ABa MaTepuana A n B. ina obpasoBaHns C-6-u3ocoepnHeHunin
Hanbonee BepOATHbIM ABNAeTCA MexaHW3m SN1,”a B cnyyae C-8-nceBAOCOEANHEHNIA — MeXaHU3M
SN1 c coxpaHeHMeM KOH(Urypayum. 3TN 3aKNOYEHUA OCHOBAHbl Ha CPAaBHUTENbHOM CONbBOAU3E
To3Mnata KofeuwHa W To3unata NceBAOKOAEMHa M Ha KUHETUYECKOM WUCCNefoBaHWWU peakuuu
TO3nnata NCeBAOKOAENHA C NUNEPULUHOM.
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MonyyeHve 1 Macc-CneKTPOMETPUYECKOE UCCNEA0BaHNE OKCMBPOMMA0B MonbaeHa
N Bofibhpama M 6pPOMUAOB BOSbGpPamMa

0. KANOWMW, T. AENTY, A. 1ONOBUY n N. NE3AEY

BpomunpoBaHWeM MeTannoB ¥ OKMCNOB MeTannoB 6biAM NONYyYeHbl W UCCNefOBaHbl Macc-
CNeKTpoOMeTpuyeckn cnepyroume coefuHenuns: Mo02Br2 W 02Br2 WOBr4, WBr4d n W2Br6.
Bbina onpeaeneHa Macc-cnekTpomeTpuueckas qparmMeHTauus 3TUX COeAWHEHWH, 6GblNn n3Me-
peHbl NOTeHLManbl NOABNEHWS MOHOB B 061aCTV NOBbIWEHHbIX OTHOCUTENbHbIX MHTEHCUBHOCTEN
N 6bINN paccuMTaHbl MX TennoTbl obpaszoBaHMA. Habnwoganucb TakXe W Takue MOHbI, cOCTaB
KOTOPbIX 06BbACHANCA HA OCHOBE CTPYKTYpPbl 3TUX COEANHEHU B TBepAol (a3e. B o6nacTu Bbico-
KWX OTHOCUTENbHbIX WHTEHCUBHOCTEN, Cpean MPOUYMX MOHHbIX YacTuUl, YAanocb LeTeKTUPOBaTb
NOHbI, obpasytolwmecs n3 knactepos W2Br6. Micxofa M3 NOAYyYeHHbIX BEAWYWH MNOTEHLManoB
nosBNeHNs, 6bIN pacCuYnTaHbl HEKOTOPble TEPMOXUMMUYECKNE N TEPMOCTaTUYECKNE faHHble.

KnHeTnka JernagpupoBaHnn 3aTaHa Haf KaTasim3aTtopomM a — Cr203, 1

NumuTtupyrow as cTagus peakuum
n. KEHA v n. T9T3HU

Bblna n3yuyeHa peakuus AernjpuposaHus 3TaHa Hafg katanusatopom a—Cr20 3 B ump”
KYNALWOHHOM peakTope npu fasneHnn 0—4 Kk H. mM-2 n temnepatype 430—580°C. Mpu Takmx
YyCNOBUAX Ha KaTanusatope MNPOTeKAlT pasNWyHble XMMUYECKUe npeBpalieHns; NOMUMO 06-
pasoBaHuMA razoobpasHbix NpofykToB peakumn (H2 C2H4, CH4) Habn faeTca TakxXe obpasoBa-
HWe MOBEPXHOCTHbIX OTNOXEHWN, COCTAB KOTOPbIX 3aBUCUT OT aKTUBHOCTW KaTtanusatopa U Tem-
nepatypbl peakuuun. Mpu M3yyeHUM KUHETUKMW peakLWn NyTeM COOTBETCTBYOLU,eil 06paboTKM K
BOCCTAHOBNEHUA KaTanusaTopa yfanocb 06ecneynTb NOYTU MOCTOAHHYK aKTUBHOCTb KaTanu3sa-
Topa. Ha oCHOBaHWM 3aBUCUMOCTM HayanbHbIX CKOPOCTElW peakuun AernapoBaHus oT Temnepa-
TYPbl U Ha OCHOBAHWMMN AaHHbIX KWNHETUYECKOTO N30TOMHOIO ahhekTa, N CONOCTaBNEHNA CKOpOCTel
D—H o6MeHa MOXHO NPeANnONOXMNTb, YTO NUMUTUPYIOLLEH cTaguel peakunuu AernapupoBaHuns
3TaHa ABNfAETCA peakLMa Ha NOBEPXHOCTW KaTanusartopa.



KnHeTuka gervapupoBaHunsa aTaHa Ha KaTaimsaTtope a— Cr203, 11

YpaBHeHME CKOPOCTH

N. KEHWE n N. TETEHN

MN3yyeHa KMHeTMKa peakuuu fernjpuposaHus aTaHa B MHTepBane TemnepaTtyp 450—
580 °C u pfaBneHuit 0—4 KH.m-2.

HenuHelHbIM METOAOM OLEHKM NapameTpoB — NpuMeHasa IBM — pacyuTaHHble 3Ha4YeHN A
HavyanbHblX CKOpPOCTel peakuuu OblAM COMNOCTaBAEHbl C KWHETUYECKUMMW ypaBHeHUAMM Xiore-
Ha—YaTcoHa, NpUMEHAeMbIMU N8 [aHHOW peakuun.

MeTogamMn MaTeMaTM4eCKON CTAaTUCTUKM MONYy4YeHO Haubonee ajjeKkBaTHOe YypaBHeHUe
ckopocTu ferngpuposaHunsi. KOHCTaHTbl CKOPOCTU M KOHCTaHTbl paBHOBECHON agcopbunu AaH-
HOrO ypaBHEHUs CKOPOCTU U pacyMTaHHble 3HAYEHUSA IHEePrun akTMBaLMM 1 3HTanbNuUmM afgcopb-
LN NOATBEPXAAKOT UTO peakunsd AernjpupoBaHna NpoTeKaeT Mo [BYXLUEHTPOBOMY MeXaHU3MY,
npuyem npejnosioraeMble KaTanUuTUYECKN aKTUBHbIE LEHTPbLI OTAKYalOTCA APYT OT gpyra.

KomnnekcHoe wuccnefoBaHWe HUKENEBbIX CKeeTHbIX Katanusatopos, VI

NccnepjoBaHne BNAMAHMA TepMoo6paboTKM Ha HUKENb PeHes C MNOMOLbIO
MarHMTHOTO, 31eKTPOXMMMUYECKOT0O U TepMogecop6LUMOHHOTO MeToA0B

A.TYHTNIEP, N. METPO,T. MAT3, . XEACMAH, ®. BY3/INA n 3. YO PELL

Ha o6pasuax KaTanusatopa HUKens PeHes, NOABEPTHYTbIX TepM0o06paboTKe B yCN0BUAX
NOBbIWEHHOW TemMnepaTypbl U B aproHe, 6binnM NpoBefieHbl TEPMOMarHUTHbIE, TepMOLeCOPOLMOH-
Hble W 31eKTPOXWMUYECKNE W3MepeHUs, U3MEepeHUs aKTUBHOCTM W BENWYUHbI MOBEPXHOCTH,
TEepMOMArHUTHbIA aHanu3 06pasLoB, 3NeKTPOXUMMUYECKN MONAPU3OBAHHLIX B Pas/M4YHON cTe-
NeHu, a Takxe TepMoJecop6LMOHHbIe nccnegoBaHnsa. CpaBHUBAAUCL pe3ybTaTbl 3/1€KTPOXUMU-
4eckoro onpejeneHuns cogepxxaHus BofOpoAa C TEPMOAECOPOLMOHHBIMU U MArHUTHBIMU U3Mepe-
HUAMUK; 6bINO NCCNEJ0BAHO BAMAHME TepMO0O6OPabOTKM Ha KaTanm3aTopsl.

Bblio yCcTaHOBNEHO, 4YTO M3MeHEeHWd, NpoTeKkalwlWwune Ha Hukene PeHesa Bbiwe 200°,
ABNAK TCA rEHepaNbHbIMW: YMEHbLIAITCA COAEpXaHWe BOAOPOAA, BeAWYMHA MOBEPXHOCTH,
HaMarHM4nBaemocTb, TemnepaTypa Kiopu u ncyesaet KaTtanuTmyeckas aKTUBHOCTb.

B o6pasyax, 06paboTaHHbIX 3N1eKTPOXMMMUYECKN, 3a CYET pacTBOPEHUA altloMUHUA 006-
pa3yeTcs HUKenb c ropa3go 6onee rpy6oii noBepxHocTbio. Hukenb PeHesa MoXeT 6biTb NONApU-
30BaH Ha 150 MB 6e3 OKMUCNeHUA.

CofepxaHua Bogopofa, onpefeneHHble 371eKTPOXUMUYECKM U Tepmogecopbuuneir, Ha-
XoAaAaTca B kKoppenauuu. B o6pasue 3, nogBepXXeHHOM TepmoobpaboTke npu 6onee BbICOKOW
TemnepaType, npu 6onee BbICOKMX TemnepaTypax (< 350°) nmosBnserca HOBbIV Tun gecopbupo-
BaHHOro BOAOpOJA.

CviHTe3 NMPOM3BOLAHLIX TPUTNAPOKCUANTKN U30XUHONMHA
r. AEPHEW u Y. CAHTAMN
Ncexopa 3 D-BUHHOKAMEHHOW KUCNOTbl 6blIM CUHTE3UPOBaHbI XOPOLWO PacTBOPUMbIE

Npon3BOAHbIe 1-TPUTMAPOKCUMPONUI-TETPArnApPOU30XMHONMHA. Bbina BbisCHEHAa aGCcoNOTHaS
KOH(UIypayns coefuHeHni, o6nagaolnx TpeMs XUpanbHbIMU LeHTpamMu.



HDEBpaLLI.EHI/IFI TO3MNMOBbLIX N ME3NNOBbLIX MNMPOU3BOAHbIX b

CnHTe3 To3unaTa MCeBAOKOAEMHA W MU3YYEHWE ero Hykm*
W. MAK/IEAT, I. LUIOMOJAW n P. BOTHAP

BblN0 NONYy4YeHO HOBOE COefMHEHME — TO3MNaT NCeBAOKOAENHA U
HeKOTOpble peakLnMn HyKNeohunbHOro 3amelwieHns. Ha oCHOBe CTPYKTyp
Wed oT aHNOHOB, BbINN NONyYeHbl ABa MaTepuana A n B. ina ob6pasoBaH
Hanbonee BepOATHbIM ABNAETCA MexaHnsm S™1,”a B cnyyae C-8-ncesgocoe
SN1c coxpaHeHWeM KOHGUrypauumn. 3TN 3aKN0YEHNA OCHOBAHbl Ha CpaBLU
To3Mnata KofewHa W To3unata NCeBAOKOAEMHA M Ha KWHETUYEeCKOM Mna
To3MnaTa NCeBAOKOAEMHA C NUNEPUANHOM.



The Acta Chiraica publish papers on chemistry, in English, German, French and
Russian.

The Acta Chimica appear in volumes consisting of four parts of varying size, 4 volumes
being published a year.

Manuscripts should he addressed to

Acta Chimica
H-1521 Budapest, Hungary

Correspondence with the editors should be sent to the same address.

The rate of subscription in $ 32.00 a volume.

Orders may be placed with “Kultdra” Foreign Trade Company for Books and News-
papers (1389 Budapest 62, P.O.B. 149. Account No. 218 10990) or with representatives
abroad.

Les Acta Chimica paraissent en franijais, allemand, anglais et russe et publient des
mémoires dn domaine des sciences chimiques.

Les Acta Chimica sont publiés sous forme de fascicules. Quatre fascicules seront réunis
en un volume (4 volumes par an).

On est prié d’envoyer les manuscrits destines & la redaction & Fadresse suivante:

Acta Chimica
H-1521 Budapest, Hungary

Toute correspondance doit étre envoyée & cette mérne adresse.

Le prix de I’abonnement est de $ 32,00 par volume.

On peut s’abonner & I’Entreprise pour le Commerce Exterieur de Livres et Journaux
«Kultdra» (1389 Budapest 62, P.O.B. 149. Compte-courant No. 218 10990) ou & I’étranger
chez tous les représentants ou dépositaires.

{(Acta Chimica» wn3gal0T TpakTaTbl M3 06N1aCTV XMMWYECKON HayKW Ha PYyCCKOM, (paH-
LLY3CKOM, aHTMACKOM U HEMELKOM fi3blKax.

<iActa Chimicat BbIXOAAT OTAEeNbHbIMW BbiNyCKaMMn pa3HOro o6bema. 4 BbiMycka COCTaB-
NAKT OAUH TOM. 4 TOMa NY6NUKYHOTCA B rog.

MpefHasHaueHHble ANA NyG6AMKALWM PyKONWCU cCleAyeT HanpaBnsTb NO ajpecy:

Acta Chimica
H-1521 Budapest, BHP

Mo aTomy >e ajpecy HanpaBnATb BCAKYK KOPPECMOHAEHLWIO ANSA pejakuuu.

MognucHas ueHa — $ 32,00 3a TOM.

3aKasbl NpUHUMaeT NPeANPUHATME NO BHEWHeW Toprosne KHUr u raset «Kultdrap (1389
Budapest 62, P.O.B. 149. Tekyuwmuit cyet Ne 218 10990) mnm ero 3arpaHuWyYHbie NpescTaBu-
TeNbCTBa W YMNONHOMOYEHHbIE.



Reviews of the Hungarian Academy of Sciences are obtainable
at the following addresses:

AUSTRALIA GERMAN DEMOCRATIC REPUBLIC NORWAY
C. B. D. Library and Subscription Haus der Ungarischen Kultur Tanum-Cammermeyer
Service Karl-Liebknecht-Strasse 9 Karl Johansgatan 41—43

Box 4886, G. P. O.
Sydney N.'S. W. 2001

Cosmos Bookshop
145 Acland St.

DDR-102 Berlin

Deutsche Post
Zeitungsvertriebsamt

Strasse der Pariser Kommiine 3—4

Oslo |

POLAND
W#gierski Instytut Kultury

St. Kilda 3182 DDR-104 Berlin Marszalkowska 80
Warszawa
AUSTRIA GEIEUI\::NunZEV[\)/IiESI::]L REPUBLIC BKWZ R.uch
Globus Erich Bieber ul. Wronia 23

Hochstadtplatz 3
A-1200 Wien XX

Postfach 46
7 Stuttgart S

00—840 Warszawa

ROUMANIA
BELGIUM GREAT BRITAIN D. E. P.
Office International de Librairie Blackwell’s Periodicals Bucurefti
30 Avenue Marnix P. O. Box Romlibri .
1050-Bruxelles Hythe Brldge Street Str. Biserica Amzei 7
. Oxford OXI 2EU Bucurefti
Du Monde Entier
162 Rue du Midi Collet’s Holdings Ltd.
1000-Bruxelles Denington Estate SOVIET UNION
London Road Soyuzpechaty — Import
BULGARIA Wellingborough Northants NN8 2QT Moscow
Bumpus Haldane and Maxwell Ltd.  and the postoffices in
Hemus i each town
v Ki 5 Fitzroy Square
gol%i;/ar Ruski 6 London WIP 5AH Mezhdunarodnaya Kniga
Dawson and Sons Ltd. Moscow G—200
Cannon House
CANADA Palrkk Farm Road SWEDEN
Panndnia Books Folkestone, Kent : .
’ Almqvist and Wiksell
P, O. Box 1017 Gamla Brogatan 26

Postal Station “B”
Toronto, Ont. MST 2T8

HOLLAND
Swets and Zeitlinger
Heereweg 347b
Lisse

S—101 20 Stockholm

A. B. Nordiska Bokhandeln
Kunstgatan 4

CHINA . = 101 10 Stockholm | Pack

CN PICOR Martinus Nijhoff

Periodical Department 'T—ﬁengﬁaVu%thOUt 9 SWITZERLAND

;' kQ- Box 50 9 Karger Libri AG.

exing INDIA Arnold-Bocklin-Str. 25
CZECHOSLOVAKIA Hind Book House 4000 Besel 1

) . . 66 Babar Road
Mad’arskad Kulttra New Delhi | USA

Narodni tfida 22
115 66 Praha

PNS Dovoz tisku

India Book House
Subscription Agency
249 Dr. D. N. Road

F. W. Faxon Co. Inc.
15 Southwest Park
Westwood, Mass. 02090

Vinohradska 46 Bombay | Stechert-Hafner Inc.
Praha 2 ) Serials_Fulfillment
PNS Dovoz tlaie ITALY P. O. Box 900
Bratislava 2 Santo Vanasia Riverside N. J. 08075
Via M. Macchi 71 Fam Book Service
DENMARK 20124 Milano 69 Fifth Avenue

Ejnar Munksgaard
Nérregade 6
DK-1165 Copenhagen K

Libreria Commissionaria Sansoni

Via Lamarmora 45
50121 Firenze

New York N. Y. 10003

Maxwell Scientific International
Fairview Park
Elmsford N. Y. 10523

FINLAND JAPAN . Read More Publications Inc.
Akateeminen Kirjakauppa Kinokuniya Book-Store Co. Ltd. 140 Cedar Street
P. O. Box 128 826 Tsunohazu 1-chome New York N. Y. 10006
SF-00101 Helsinki 10 Shinjuku-ku
Tokyo 160-91 VIETNAM

Office International de Tokyo International 100—31 Hanmal a frung
Documentation et Librairie Nauka Ltd.-Export Department
48 Rue Gay-Lussac N

: 2-2 Kanda
Pz?lrls .54 N Jinbocho YUGOSLAVIA
Librairie Lavoisier Chiyoda-ku Jugoslovenska Knjiga
11 Rue Lavoisier Tokyo 101 » Terazije 27
Paris 8 Beograd
Europeriodiques S. A. KOREA Forum
31 Avenue de Versailles Chulpanmul Vojvode MiSida 1
78170 La Celle St. Cloud Phenjan 21000 Novi Sad

30. VIII. 1976

Inc.

Index: 26.007



ACTA
CHIMICA

ACADEMIAE SCIENTIARUM
HUNGARICAE

ADIUVANTIBUS

V. BRUCKNER, GY. DEAK, K. POLINSZKY,
E. PUNGOR, G. SCHAY, Z. G. SZABO

REDIGIT
B. LENGYEL

TOMUS s9 FASCICULUS s

AKADEMIAI KIADO, BUDAPEST

1976

ACTA CHIM. (BUDAPEST) ACASA 2 89 (3) 187—287 (1976)



ACTA CHIMICA

A MAGYAR TUDOMANYOS AKADEMIA
KEMIAI TUDOMANYOK OSZTALYANAK
IDEGEN NYELVU KOZLEMENYEI

SZERKESZTI

LENGYEL BELA

TECHNIKAI SZERKESZTOK

DEAK GYULA é HAEASZTHY-PAPP MELINDA

Az Acta Chimica német, angol, francia és orosz nyelven kozdl értekezéseket a kémiai
tudoméanyok korébél.

Az Acta Chimica valtoz6 terjedelm fuzetekben jelenik meg, egy-egy kotet négy fizet-
b6l all. Evente atlag négy kotet jelenik meg.

A kozlésre szant kéziratok a szerkeszt6ség cimére (1521 Bp., Mlegyetem) kildend6k.

Ugyanerre a cimre kildendé minden szerkeszt6ségi levelezés. A szerkeszt6ség kéz-
iratokat nem ad vissza.

Megrendelhetd a belfold szdamara az Akadémiai Kiad6nal (1363 Budapest, pf. 24.
Bankszamla 215 11488), a kulféld szamara pedig a Kultira Konyv- és Hirlap-Kulkereskedelmi
Véllalatnal (1389 Budapest 62, pf. 149. Bankszdmla: 218 10990) vagy kulfoldi képviseleteinél
és bizoményosainal.

Die Acta Chimica veroffentlichen Abhandlungen aus dem Bereich der chemischen
W issenschaften in deutscher, englischer, franzésischer und russischer Sprache.

Die Acta Chimica erscheinen in Heften wechselnden Umfanges. Vier Hefte bilden einen
Band. Jahrlich erscheinen 4 Bénde.

Die zur Veréffentlichung bestimmten Manuskripte sind an folgende Adresse zu senden:

Acta Chimica
H-1521 Budapest

An die gleiche Anschrift ist auch jede fiir die Redaktion bestimmte Korrespondenz zu
richten. Abonnementpreis pro Band: $ 32.00.

Bestellbar bei dem Buch- und Zeitungs-AuRenhandels-Unternehmen »Kultira« (1389
Budapest 62, P. O. B. 149. Bankkonto Nr. 218 10990) oder bei seinen Auslandsvertretungen
und Kommissiondren.



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 89 (3), pp. 187—202 (1976)

MOR korach|

1888 1975

Kossuth-prize winner and member ofthe Hungarian Academy of Sciences,
internationally recognized authority on chemical technology, distinguished
scientist and indefatigable teacher, great humanist and polyhistor, the Nestor
of the Chemical Section of our Academy, Mér Korach passed from among us.

Mor Korach was born on the sth February, 1888, in Miskolc. He received
his secondary education in Fiume, and proceeded therefrom to Budapest where,
at the Jézsef Technical University he graduated as a chemical engineer, in 1911.
Already as a university student he took part in revolutionary activities and
was, for three years, vice-president of the Galilei Circle; that was the time
he wrote his first paper about the legal proceedings against Galilei. In the
course of his military service he realized that the Habsburg monarchy was
preparing for war, therefore he refused to take the officers’ oath of allegiance.
In the autumn of 1912 he emigrated to Italy. First he worked at the University
of Padova, as an assistant to the socialist professor Panebianco, in the Miner-
alogical Institute. From Padova he went to Faenza where, at that time,
under the auspices of the International Museum of Ceramics, the preliminary
steps for the founding of the first Italian higher technical school and research
establishment of ceramic sciences were in progress. In this Mér Korach
participated as the head of the research laboratory and of the technological
section of the school and, in the rank of director, remained there for ten years,
as the head ofthe research laboratory. In this period he designed and construct-
ed the first Italian ceramics pilot plant, and also designed and put in operation
the first electric ceramic oven. At the same time he continued his studies in
physics and mathematics as a pupil of Righi, Enriquez and Burgatti, but
did German philology as well, and also obtained his diploma at the end of these
studies.

After World War | he resumed relations with his family and friends in
Hungary and, having acquired Italian nationality, he could be of help to the
fugitives ofthe 1919 Hungarian Soviet Republic. He succeded in saving Aladar
KomjAt from the presecution of the white terrorists. The help and protection
he extended to the comrades fled from Hungary to Italy drew the attention
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188 MOR KORACH (1888 —1975)

of the Italian police, later that of the fascists, to Korach’s activities, this atten-
tion being shown by repeated house-raids and corporeal attack upon his
person. These attacks did not cease even after Mér Korach had become, in
1924, professor at the University of Bologna, and later the head of its depart-
ment for chemical industrial machinery.

His researches in the field of the science of ceramics began at Faenza,
and continued in every branch of this science. Following his master, Vince
W artha,the guiding thread of Korach’swork remained the consistent endeav-
our to introduce the scientific method into industrial practice. At that time
this was trail-blazing work in Italian university tuition as well as in research.
Thus close personal connections with industrial product personnel were estab-
lished, and Mér Korach became technical consultant to several factories; he
designed and supervised the operation of several, at that time modern, indus-
trial kilns and manufacturing plants.

His first researches dealt with the colouring techniques for Cassius Purple
and Persian glazes in the domain of fine ceramics, but were soon extended to
include rough ceramics too. As early as 1921 he began a systematic study of
Italian raw materials of the ceramics industry and their utilization; this work
he continued persistently. In this domain his results, being industrial secrets,
could only be published in a small part. The formulation of Persian glazes for
earthenware he worked otxt on the occasion ofthe renaissance of Rhodian faience
industry, to be utilized by the earthenware manufacturing plant designed and
built by him in 1932, and still at work today, in continuation of the Rhodian
tradition.

Mér Korach published two papers on the role of alkaline earth oxides
in ceramics; the first appeared in the Proceedings of the International Chemical
Congress at Palermo, in 1926. Outstanding among his subsequent researches on
Italian ceramic raw materials were those relevant to the china clay deposits in
Sardinia, which induced a country-wide exploration of ceramic raw materials
in Italy, and his work on the application of Piedmont steatites in the manu-
facture of a new type of cordierite soft porcelain; furthermore, the production
of high-frequency insulating materials.

In 1925, M6r Korach was invited to the newly established chair of chem -
ical machinery at the University of Bologna. At that time also this was a
pioneering job, because this was the first university faculty that trained mechan-
ical engineers specifically for the chemical industry and, as Beri1’s fundamen-
tal handbook on chemical machinery had not yet been published, his lectures
had to be based on practice and publications in the various journals. 1928
witnessed to the publication of his first Italian textbook on the technology of
ceramics manufacture.

In addition to his studies and technological work on ceramics, he worked
for some time on the problems of cement manufacture; in this field puzzolane
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cements and calcination were his chief concerns. Together with his pupil,.
Dr. Raimdaccio, he worked out, in experiments continued over five years, a
method for the regeneration of used lubricating oils; this method also found
use in industrial practice.

In 1938, MOr Korach fled to Western Europe where he worked as an
industrial consultant. During World War Il he lived in Italy and took part in
the activities ofthe resistance, the so-called Liberation Movement. He was found
out and imprisoned. As a prisoner in the San Vittore gaol at Milano, he joined
the Italian Communist Party at the beginning of 1945.

In the summer of 1952, at the call ofthe Hungarian government and with
the consent of the Italian Communist Party, Moér K orach finally returned to
Hungary. As of the 1st March, 1953, the Cabinet nominated him for the direc-
torship of the Central Research Institute of Ruilding Materials, to be founded.
Besides this, he was given several jobs. In February 1954, he was made a mem-
ber of the Technical Council of the Ministry of Housing; in May of the same
year he was elected a member ofthe Chief Council for Building Sciences, Depart-
ment of Technical Sciences of the Hungarian Academy of Sciences. On the 6th
October 1955, the vice-president of the Cabinet appointed him member of the
Technical Development Council.

Besides his research and science organization work, he again took part
in higher education. From August 1956 on he was professor at the Chemical
Machinery and Agricultural Industries Department of the Faculty for Mechan-
ical Engineering of the Technical University of Budapest. On the 5th of June,
1957, the Government appointed him a member of the Scientific Council of
Higher Education; also in this capacity he did much active work. On the 19th
July ofthe same year, he became apermanentmember ofthe Expert Committee
of Building Materials of the Ministry of Housing. As taking effect on the 1st
September in the same year, the Minister of Education transferred him from
the Mechanical Engineering Faculty to the Chemical Engineering Faculty of
the Technical University, to act, in secondary employment as the head of the
Department of Chemical Technology.

On the 11th November, 1957, he gave up his directorship at the Central
Research Institute of Building Materials and became scientific adviser to the
Minister of Housing. On the 2nd May, 1958, he transferred from the Ministry
of Housing to the Department of Chemical Technology of the Technical
University of Budapest, but was re-affirmed in his position, in secondary em-
ployment, as a scientific adviser to the Minister of Housing. Besides his zealous
and successful activities as a professor, MOor K orach organized one of the first
research institutes for chemical technology in Middle Europe, to the director-
ship of which he was appointed by the president of the Hungarian Academy
of Sciences on the 25th February 1960. He deserves high credit for the develop-
ment and outlining the scope of this institute. On the 1st March, 1962, the
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Government appointed him a member of the National Council of Technological
Development. In 1963 he retired as a professor, and retained the directorship
of the research institute, which he served as a scientific adviser till his death.

His scientific work in Hungary comprised, first of all, the field of chemical
technology and industrial chemistry. The recognition of several general rules
of chemical technology, e.g. that of the scaling-up effect and cost parameters,
the initiating of process-theoremes and, in this domain, chiefly the utilization
of the graph theory for the systematization of chemical technological processes
are associated with his name. He repeatedly studied mathematical methods
with a view to their applicability in technological sciences. He deserves credit
for the modernization of higher technical education, especially in the training
of chemical engineers. It isowing to him that the curriculum for general chem-
ical technology was elaborated. He insisted that the engineering aspects in
the training of chemical engineers be emphasized. He did much for the carrying
into effect training by technological work in pilot plant, and for the use of
audio-visual methods. For years he studied some problems of heating techniques
in industrial chemistry; he was especially interested in continuous furnaces,
where he introduced sandwich-burning which is now practised the world over.

MOr K orach became private docent of the science of chemical apparatus
and machinery still in Italy. In 1920 he was awarded the gold medal of the
International Museum of Ceramics; in 1925 he was elected fellow of the Inspec-
torate of the International Museum of Ceramics at Faenza. In Hungary, in
1952, he became doctor of the technical sciences; in 1956, a corresponding
member and in 1958 an ordinary member of the Hungarian Academy of Sci-
ences. He was very active and did many-sided work in the Academy; in recogni-
tion of this he was awarded the Gold Medal in 1969.

In 1958 he was honoured with a Kossuth prize Il Class, and the decora-
tion Red Flag of Labour. In November 1958, as the leading member of the
Galilei Circle he was presented with its memorial leaf at the fiftieth anniver-
sary of its foundation; in March 1959 he was presented with the memorial leaf
of the Veterans of the Hungarian Soviet Republic. In 1961 he received the gold
diploma, in 1971 the diamond diploma, of the Technical University of Buda-
pest. In December 1953, the Presidential Council awarded him the Order of
Labour, and in 1968, the gold class of this Order. From the Central Committee
of the Hungarian Socialist Workers” Party he received a memorial leaf in
1965, in recognition of his services to the people. In April 1967, he was awarded
a gold medal for his work in the field of the silicate industry. In 1970 he was
honoured by the Jubilee Memorial Plaque of Liberation, and the Jubilee Plaque
of the City of Veszprém.

His outstanding results in the field of chemical technology and the sili-
cate industry were acknowledged by a doctorate honoris causa conferred upon
him by the Technical University of Budapest, on the 3rd November 1967.
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This high honour was bestoved upon him by the Leningrad Technological
Institute, in 1968; in the same year the Science Policy Foundation, London,
elected him an honorary member. In 1971 he became Hungarian Councillor
ofthe Centre of Logical and Comparative Sciences at Bologna, and an honorary
member of the international Academy of Ceramics at Genova; the Bolognese
Academy of Sciences elected him a corresponding member in 1972; in the same
year he became a honorary member ofthe Italian Ceramical Society at Bologna.
The diploma conferring on him the Freedom of the City of Faenza was pre-
sented to MOr K orach in 1975, during his last illness.

Besides his academical and scientific activities, MOr K oracn did much
work in the Federation of Technical and Scientific Societies. He was for years
president, and then honorary president till his death, of the Society of Silicate
Science and Industry; ofthe Club of Engineers of Fifty Years’ Standing; and of
the METESZ Club of the Science of Sciences.

Academician MOr K orach was an outstanding personality not only in
the field of chemical technology and organisation of scientific endeavours, but
produced lasting work also in the domain of literature and painting. He wrote
24 short stories, 10 prose poems, 49 tales, 10 dialogues, one play, 12 polemical
papers, 8 literary essays, and two on aesthetics. His first collection of stories,
entitled “Il figliuol prodigo” appeared in 1933, the second, entitled “Il volto
umano di Claudio Vasari” in 1961. He studied esperanto as a means of scientific
communication. His portrait of Vince w artna hangsin the gallery of the Tech-
nical University of Budapest.

The wide scope of his life workisreflectedby the bibliography here append-
ed, and by the literary products mentioned, but in addition he is the author of
10 popular scientific papers, 37 communications on economics and politics and
5 illustrated political papers. He wrote 28 critical articles and reviews, and did
24 translations.

It is with a heavy heart that we part from avery gifted, many-sided per-
sonality of our Academy. His many accomplishments and results, the guidance
in his life, and his scientific legacy give us strength for our further endeavours
to achieve progress both in science and higher education.

W ith reverence we shall keep him in our remembrance !

Karoly Potinszky

MOR KORACH’S PUBLICATIONS

A Galilei-por
Vilag, Budapest, 20th Nov., 1910.

Appunti al Geidrovolante’
11 Resto del Carlino, Bologna, 18th Sept., 1917.

Un nuovo apparecchio d’aviazione e i getti dei fluidi entro i fluidi
Il Monitoré Tecnico, 24 (1918.) No. 5. p. 34—39.
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L’opera d’un decennio
Faenza, Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 7 (1919.)

La maiolica di Faenza ed il suo rinnovamento
Le Vie d’ltalia, 4 (1920.) No. 2.

Metodi di Studio Microscopici nella Ceramica
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 8 (1920.) fasc.
3—4. p. 93-95.

D ati statistici relativi all’industria déllé ceramiche (laterizi esclusi) in Italia
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 8 (1920.) fasc.
1—2. p. 40-46.

Sulla porpora di Cassio
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 9 (1921.)

Sulla temperatura déllé formaci di maiolica a fiarma diritta
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza,] 9 (1921.) fasc.
2. p. 43—46., fasc. 3. p. 69—72.

Ancora sui metodi di studio microscopici nella ceramica
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 9 (1921.) fasc.
3. p. 72.

Recenti ricerche sulié paste di ceramica
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 9 (1921.) fasc.
4. p. 101-104.

L’Istituto di ceramica francese
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 10 (1922.) fasc.
1. p. 17

Gli industriali di ceramica inglesi e I’arte
Faenza. Bollettino del Museo Internazionale déllé] Ceramiche di Faenza, 10 (1922.) fasc.
1. p. 17.

Sui forni continui a galleria e sul Sistema Herda
Faenza, Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 10 (1922.) fasc. 1
p. 18-23.

Sul Concetto di rendimento termico di formace, e su alcuni. ..
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 10 (1922.) fasc.
3—4. p. 151-160.
(ua.)
Laterizi ed Affini, 1 (1923.) No. 12. [6 pages]

Relazione del direttore ing. Maurizio Korach suli’ attivitd evolta negli anni 1920—1926.
Laboratorio sperimentale di ricerche termiche e fisico-chimiche applicate alia ceramica. Regia
Scuola di Ceramica in Faenza, 12 (1926.) p. 1—10.

Decomposizione del caleare negli impasti. Atti 11. Congr. Nazionale Chimica Plra e Applicata.
Palermo, 1926.

Lezioni di impianti chimici. Tenute negli anni 1925—26 e 1926 —27 all’ Universitd di Bologna.
Universitd, Bologna, 1927.

Forno elettrico per la cottura déllé ceramiche
Corriere dei Ceramisti, 9 (1928.) No. 1. p. 1—6.

Elementi di tecnologia ceramica | —I11. Ed. del Museo déllé Ceramiche in Faenza. Tip. F. Lega.
1928.

Il probléma dei silicati in Italia
Le Industrie dei Silicati, 7 (1929.) No. 1. p. 3—7.

Industria Ceramica. Manuale dell’Ingegnere ‘Colombo’. Milano, Ed. Hoepli, 1929. p. 51—58.
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Lezioni di impianti chimici. [2. ed.] Universitd, Bologna, 1929 —30.

Forno elettrico per la cottura della ceramica
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 17 (1929.) fasc
1. p. 22—28.
Faenza. Bollettino del Museo Internazionale déllé] Ceramiche di Faenza, 17 (1929.) fasc.
2. p. 48-52.

| caolini e le térré refrattarie della Sardegna. Roma, Tip. Camera Deputati, 1931. p. 47.

Ancora i problemi dei refrattari nazionali
L’Industria del Yetro e della Ceramica, 3 (1932).

Rigenerazione degli olii usati col procedimento [Maurizio)] Korach—[Carlo] Randaccio
Giornale di Chimica Industriale ed Applicata, 14 (1932.) No. 5. p. 228 —252.

Assagi e laboratori d’assaggi per I'industria ceramica
L’Industria del Yetro e della Ceramica, 3 (1932.) fasc. 6.

Esperienze suli’ effetto degli ossidi alcalino-terrosi negli impasti ceramici
L’Industria del Vetro e della Ceramica, 4 (1933.) fasc. 7. p. 10.

La porcellana italiana senza vernice. [Primo] 1° Congresso Internazionale del vetro e della
ceramica, sett. 1933.

La porcellana italiana senza vernice. Teramo, Tip. La Fiorita, 1933.

Una nuova porcellana per isolatori
L’Elettrotecnica, 21 (1934.) No. 5. p. 1—8.

Industria Ceramica. Manuele dell’ Ingegnere ‘Colombo’. [66—70. ed.] Milano, Ed. Hoepli,
1939.

La “Sacra Famiglia” di Carlantonio Grue di Castelli
Faenza. Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 23 (1947.) fasc.
3. 7. pages.

Definizione tecnologica del termine “ceramica”
Faenza, Bollettino del Museo Internazionale déllé Ceramiche di Faenza, 25 (1949.) fasc.
4—6. p. 118-134.

Che accade al telescopio di M[onte] Palomar?
Coelum, 19 (1949.) No. 5—6. p. 1—4.

Sulla cottura a fiimma4 nella ceramica. Atti del Convegno per il Commercio Estero della Cera-
mica, Vicenza, 10 Settemhre 1950. Vicenza, 1950. p. 32—34.
A dolgozok témegeiben teremtdé energia szabadult fel

Ujiték Lapja, 2 (1950.) No. 21. p. 5.

Del concetto di “rendimento termico’4 dei forni
L’Industria della Ceramica e Silicati, — (1951.) No. 3. 2 pages.

Herend és a kerdmiai iparm(ivészet probléméja a népi demokracidban
Epitéanyag, 5 (1953.) No. 1. p. 16—20.

A tudomaény és a termelés szocialista kapcsolatai.
MTA Tarsadalmi-Torténeti Tudoméanyok Osztadlydnak Kozleményei, 3 (1953.) No. 3—4.
p. 434—436.

Az alaglUtkemence és a szendvics gyorségetés
Epit6anyag, 5 (1953.) No. 8—9. p. 262.

Vé!asz Mattyasovszky LA&szlonak és Bréda Gyuldnak.
Epitéanyag, 6 (1954.) No. 1. p. 10—11.

A hazai kutatds probléméja.
Magyar Technika, 9 (1954.) No. 11. p. 646 —650.
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A miszaki tudomanyok szerepe a tudomanyok osztalyozdasaban.
Akadémiai Ertesit6, 61 (1954.) No. 506. 281 —294.

Bevezetés Vandor Jozsef: ,A hatvadnytdrvények és jelent6ségiik a m(iszaki tudoményban” c.
munkéjihoz.
Tudomanyos Kézlemények. Epitdanyagipari Kézponti Kutaté Intézet. (Epitésiigyi Minisz-
térium Miszaki F6osztalya.) 1954. No. 1. p. 3—9.

Uvegol\(asztés szulfatviziiveg segitségével. Epitésiigyi Kiado, Budapest. 1954. No. 2. 66
pages. Epitéanyagipari Kdzponti Kutaté Intézet. Report. No. 8.
Az épit6anyagipari kutatds feladata és modszerei

Epitdanyag, 7 (1955.) No. 1. p. 2—&.

Théorie du four-tunnel et cuisson rapide “Sandwich”. |. P. Essais sur modeles de fours-tunnel
théoriques.
Acta Technica Academiae Scientiarum Hungaricae, 11 (1955.) fasc. 1—2. p. 161 —184.

Szilikatiparunk helyzetérgl
Miszaki Elet, 10 (1955.) No. 9. p. 11—17.

Az alaglutkemence elmélete és a “szendvicsgyorségetés”
Magyar Energiagazdasdg. 8 (1955.) No. 7. p. 246 —257.

Cottura in forni sandwich e in forni a galleria normale [Co-author: G. Silipandril]
La Ceramica, 10 (1955.) No. 8. p. 48 —57.

Mszaki fels6oktatasunk kérdéseihez
Mszaki Elet, 10 (1955.) No. 16. p. 9-13.

Tarsadalmi forradalom és miiszaki forradalom
Ujitok Lapja, 7 (1955.) No. 21. p. 3—4.

Fémkohészat és szilikatkohaszat
Miszaki Elet, 10 (1955.) No. 24. p. 1—4.

Die Technologie der Kervit-Platten-Herstellung
Silikattechnik, 6 (1955.) No. 12. p. 521 —528.

Prodotti Ceramici. Manuale C. Ferbi: “Guida dei principali prodotti chimici”. Bologna, Ed.
Zanichelli, 1955. p. 197—211.

Industria Ceramica. Manuale Colombo. [80. Ed.] Milano, Ed. Hoepli, 1955. p. 1336 —1346.

Az 0j technika alkalmazésa a szilikatiparban
Epitéanyag, 8 (1956.) No. 1. p. 3—®6.

Vandor Jozsef [Necrology.]
Magyar Kémikusok Lapja, 11 (1956.) No. 2. p. 50 —52.

Theorie und Technologie der Kervit-Platten-Herstellung
Acta Technica Academiae Scientiarum Hungaricae, 14 (1956.) fasc. 3—4. p. 439 —462.

Mit jelent szamunkra Wartha Vince?
Természet és Tarsadalom, 95 (1956.) No. 4. p. 215—217. p.

A matematika szerepe a technoldgiai (gyakorlati) tudoméanyokban.
Tudoméanyos Koézlemények. Epitéanyagipari Koézponti Kutaté Intézet. 1956. 2. p.
1-15.

Teorija i tehnologija proizvodsztva keramicseszkoj plitki metodom Litja.
Keramika, (1957.) No. 2.

Essais sur modéles de fours-tunnel théoriques. (Beograd, 1957.) Conférence Mondiale de I’Ener-
gie. 11. session partielle. B. Section, 16. rapport.

A technolégia moédszertana
Magyar Tudomany, 2 (1957.) No. 5—6. p. 205—229.
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The problem of technical teaching
Tudoméanyos Munkésok Vildgszovetségének V. Kozgyllése (World Federation of Scientific
W orkers), Helsinki, 1957.

On methodological problems of technology
Periodica Polytechnica. Chemical Engineering. 2 (1958.) No. 3. p. 145—171.

Az épitéanyagok “forradalma”
Magyar Tudomany, 3 (1958.) 8—9. sz. p. 343—349.

A vegyészmérndkképzés helyzete és kérdései
Fels6oktatdsi Szemle, 7 (1958.) 5. sz. p. 277—282.

Az eégetés hégazdasaga az alagltkemenceben
Epitéanyag, 10 (1958.) 1—2. sz. p. 1—5.

La Révolution Sociale et Culturelle Hongroise d’apres la guerre et les événements d’Octobre
1956
Comprendre. Revue de la Société Européenne de Culture. 19 (1958.) p. 133—141.

Egy mérndk a forradalomban
M(szaki Elet, 14 (1959.) 28th May.

Théorie du four-tunnel et cuisson rapide “Sandwich”. Il. P. Essais sur modeles théoriques de
fours-tunnel de types normal et sandwich.

Acta Technica Academiae Scientiarum Hungaricae, Bp., 25 (1959.) fase. 1—2. p. 25—62.
[the same] Budapesti M(iszaki Egyetem Vizgépek Tanszékének Kdzleményei, No. 47. 1959.

Uber MaRstabeffekt in der chemischen Technologie
Acta Technica Academiae Scientiarum Hungaricae, Bp., 25 (1959.) fase. 3. p. 345—358.

A hazai technolégia-oktatds problémai
Magyar Kémikusok Lapja, 14 (1959.) No. 11. p. 421 —424.

A léptékhatds a kémiai technoldgidban.
MTA Kémiai Tudomanyok Osztalyanak Kézleményei, 11 (1959.) No. 2. p. 205—215.

Kémiai technolégia I. 1. fuzet. Bevezetés a kémiai technolégidba. K&szénipar. K6olaj és fold-
géazipar. Metallurgia. Fels6okt. Jegyzeteli. V., Budapest., 1960. 274 pages. [Co-authors:
Ackermann L., Jécsai L., etc.]

Kémiai technoldgia 1. 2. fiizet. Viz, keramiai anyagok. Epitipari kétGanyagok és vegek.

Szerves szerkezeti anyagok. Atomreaktor fit6éanyagok technoldgidja. Fels6okt. Jegyzeteli.
V., Budapest., 1960. 169 pages. Co-authors: Ackermann L., Déri, M. etc.]

Kémiai technolégia. Fels6okt. Jegyzeteli. V. Budapest.,, 1960. 91 pages. [Co-operative.]

A szervetlen kémiai technoldgia a felszabadulés utéan.
MTA Kémiai Tudoméanyok Osztidlyanak Kozleményei, 14 (1960.) No. 2. p. 201 —204.

A magyar kémiai technol6giai iskola elvei.
Veszprémi Vegyipari Egyetem Koézleményei, 4 (1960.) p. 227—242.

Kémiai technolégia feladatok. Editor: T. Téri 2. revised ed. Fels6okt. Jegyzeteli. V., Budapest.,
1960. 91 pages. [Co-authors: Ackermann L., Szebényil., Vajta L.]

Szerves szerkezeti anyagok technolégidja. Fels6okt. Jegyzeteli. V., Budapest., 1960. 49 pages.
[Co-author: Menyhart, J.]

Kémiai technoldgia I. 2. Abrafiizet. Fels6okt. Jegyzeteli. V., Budapest., 1960. 18 pages.

Einige Probleme der physikalischen MaB- und Einheitssysteme. Fels6okt. Jegyzeteli. V.,
Budapest 1961. 13 pages. Co-authors: Seitz K., Sasvari Gy.]

Prifung ungarischer Flugaschen. (Die Flugasche als Rohstoff.)
Periodica Polytechnica. Chemical Engineering. 5 (1961.) No. 4. p. 341—356. [Co-authors:

Déri M., Sasvari Gy., Moldvai A., Prager |., Ackermann L., Szebényi |.]
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Mszaki tudoméanyok. [Key-word] Uj Magyar Lexikon* 5. Ed. Akadémiai K., Budapest 1961.
p. 84.

Vildgviszonylatban is kiemelked6 teljesitmény a Il. Nemzetkdzi Tudoméanyos Filmfesztival.
Filmfesztival. (Proceedings of the 2nd International Scientific Film Festival.) Gépipari
Tudoményos Egyesilet, Budpest No. 4. sz.

Kémiai technolégia. 1. fiizet. Abrafiizet. SUTO J., Szebényi |. Tankdnyvkiad6, FelsGokt.
Jegyzeteli. V., Budapest 1961. 55 pages.

Kémiai technoldgia 1. 2. fiizet. Abrafiizet a viz, keramiai anyagok, épitSipari kétéanyagok,
szerves szerkezeti anyagok, atomreaktor f(it6anyagok technolégidjahoz. Tankdnyvkiad6, Fel-
s6okt. Jegyzeteli. V., Budapest 1961. 18 pages.

Kémiai technolégiai feladatok. Tankdnyvkiadé, Budapest 1961. 79 [Co-authors: Ackermann
L., Szebényi |., Vajta L.]

Kozlekedéskari kémiai technolégia. Utmutaté. Tankoényvkiadé, Fels6okt. Jegyzeteli. V.,
Budapest 1961. 37 [Co-author: Prager I.]

Kémiai technolégiai Gtmutatéd. Tankdnyvkiad6, Fels6okt. Jegyzeteli. V., Budapest 1961. 34
Co-author [Szebényi I.]

A kémiai technolégia mint tudomany.
A Budapesti Miszaki Egyetem 1961. évi Tudoményos Evkényve, Tankdényvkiadd,
Budapest 1961. p. 186—200.

RoP matematiki v tehnologicseszkih naukah.
Transactions of the Hungarian Institute of Building Material Research, 1 (1961.) p.
19-52.

Beszdmolé az 1959. évi IUPAC Kongresszusrol.
MTA Kémiai Tudomanyok Osztalyanak Kozleményei, 15 (1961.) No. 2. p. 227—236.

L’extension de la notion de modele et ses applications thermotechniques.
Acta Technica Academiae Scientiarum Ilungaricae, 33 (1961.) fasc. 3—4. p. 351 —357.

Théorie du four-tunnel et cuisson rapide “sandwich”. 3. P.
Acta Technica Academiae Scientiarum Hungaricae, 33 (1961.) p. 327 —350.

Hdéenergiagazdalkodas az alagUtkemencében.
Ipari Energiagazdalkodéas, 2 (1961). No. 3. p. 49 —52.

A Magyar Tudoményos Akadémia Kémiai Technolégiai Bizottsaganak Miszaki Kémiai
Ankétja. (Presidential opening address.)
MTA Kémiai Tudoményok Osztalydnak Kozleményei, 15 (1961.) No. 1. p. 77—90

Az oktatési reform és a vegyészmérnokképzés elvi kérdései
Magyar Tudoméany, 6 (1961.) 3. No. 3. p. 153—159.
A kémiai technolégia egyik fejlédéstdorvényérél
MTA Kémiai Tudomanyok Osztalydnak Kézleményei, 16 (1961.) No. 2. p. 163—173.

Porszénhamufajtak technoldgiai vizsgalata. [Co-author Sasvari Gy ]
Epitéanyag, 13 (1961.) No. 4. p. 134—140.

A szilikattechnol6gia perspektivai.
Epitanyag, 13 [1961.] p. 439 —441.

Une 16i du dévéloppement de la technologie chimique
Chimie et Industrie [Suppl. “Génié Chimique”], 86 (1961.) No. 5. p. 132 —137.

Az atomkérdésrél
A Budapesti Miszaki Egyetem Vegyészmérnéki Karanak Tudomanyos Evkényve, Tan-
koényvkiadé, Budapest 1962. p. 167 —177.

Altalanos kémiai technolégia | —I1. Tankényvkiad6, Budapest 1962. 266 pages. Ed. Sikios
P., Suts J.)
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Kémiai technolégiai Gtmutaté és vizsgalati modszerek. Tankonyvkiadé, Budapest 1962.
69 pages. [Co-authors: Szebényi |., Ackermann L.]

Kémiai technoldgiai gyakorlatok. Tankényvkiadd, Bp., 1962. 35 pages. [Co-authors:
Ackermann L., Kiss L., Moser M.]

Aktuelle Fragen der Silikatwissenschaft und Perspektiven der Silikatteehnologie
Silikattechnik, 13 (196 2.) No. 2. p. 43—44.

Die Trocknung in der Keramik
Acta Technica Academiae Scientiarum Hungaricae, 39 (1962.) fase. 1—2. p. 195—214.
[Co-author: Sasvari Gy.]

Anpritott halmazok elosztasa
Epitdanyag, 14 (1962.) No. 3. p. 81—86.

Kerdamiai kromatografia
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23-25. 1962.

Sandwich-Schnellbrennen und W irtschaftlichkeit der Tunneldfen
Berichte der Deutschen Keramischen Gesellschaft, 39 (1962.) No. 12. p. 583 —589.

Die Prifung ungarischer Flugaschen. Kalkgebundene Flugaschenkdrper.
Periodica Polytechnica. Chemical Engineering. 6 (1962.) p. 21—34. [Co-authors:
Déri M., Sasvari Gy., Prager I. etc.]

Grain Size Distribution of Crushed Products.
Proceedings of the 6. Conference on the Silicate Industry. Akadémiai K., Budapest 1963. p.
221 —230.

Ceramic Chromatography
Proceedings of the 6. Conference on the Silicate Industry. Akadémiai K., Budape 1963. p.
231 —243. [Co-author: Moldvai A]

Behaviour of silicon carbide in the burning space
Acta Chimica Academiae Scientiarum Hungaricae, 35 (1963.) fasc. 3. p. 321 —350. [Co-
author: Menyhart M.]

Keramicseszkaja hromatografija
Acta Chimica Akadémiaé Scientiarum Hungaricae, 37 (1963.) fasc. 3. p. 261 —278.
[Co-author: Moldvai A.]

A koéznyelv és a miszaki tudoméanyos nyelvek kapcsolata
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Ziegelindustrie, 13 (1963.) p. 485—487.

Altalanos kémiai technolégia. I1l. rész. Az alapanyagok kémiai technoldgidja. 2. (Ed.
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Kémiai technoldgia. Tankdnyvkiadé, Budapest 1963. 218 pages. [Co-authors: Bucsy I,
Keszthelyi K., Szebényi |I., Wiener G.]

Kemencék. Tankényvkiadé, Budapest, 1963.

A méréstan néhéany ismeretelméleti kérdése
Magyar Filozé6fiai Szemle, 7 (1963.) No. 2. 177 —198.

Problem! e prospettive della ceramica vicentina
Vicenza Economica, 1963. No. 1. p. 11—14.
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Filmfesztival. (Proceedings of the 3rd International Stientific Film Festival.) Gépipari
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Gaetano Ballardini
La Ceramica, 1964. No. 9. p. 62.

M{velet, folyamat, eljarés
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[2.] Penguin Books, Ltd. Pelican Book, London, 1966.

[3.] Nauka o nauke. (Szbornik sztatej) lzd. Progressz, Moscow, 1966. p. 217—235. [the
same] Ed. by Simon and Schuster, New York, 1966.

Gaetano Ballardini
Faenza. Bollettino del Museo Internazionale delle Ceramiche di Faenza, 50 (1964.) fasc.
4-5. p. 103-109.
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p. 13-22.
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Ujitok Lapja, 17 (1965.) 11. sz. p. 7.

A rhodoszi fajanszok keramiai szinezékeirgl.
Kolorisztikai Ertesit6, 7 (1965.) No. 7—8. sz. p. 222—224.

Systématisation du génié chimique. Congrés International de Chimie Industrielle, Beograd.
Sept. 1963.

22 —29. Recueil des Conférences Pleniéres, Beograd, 1965. p. 81 —87.

A Miszaki Kémiai Kutatd Intézet 5 éve és a magyar m(szaki kémiai kutatas.
MTA Kémiai Tudoméanyok Osztalydnak Kozleményei, 24 (1965.) No. 2. p. 159—172.

Verteilung von Zerkleinerungshaufen
Silikattechnik, 16 (1965.) No. 1. p. 12—16.

Zakljucsitel’'nij otcset. [A KGST 8. sz. szilikatipari téméjanak zérdjelentése.] Bp., 1965.
[1966.] 155 pages.

A miszaki kémiai kutatds helyzete és eredményei Magyarorszagon.
Magyar Tudomany, 10 (1965.) No. 10. p. 645—653.

Die Wechselwirkung zwischen Chemie und Maschinenbau-, Chemie- und Elektroingenieurs-

W issenschaften.
Periodica Polytechnica. Chemical Engineering. 9 (1965.) No. 4. p. 263—274.
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Baustoffe der Zukunft?
Technische Gemeinschaft, 13 (1965.) No. 12. p. 24—26.

My observation on the economic and cultural development of moderately advanced countries.
Tudomanyos Munkéasok Viladgszévetségének Szimpdziuma, Sept. 20—23. 1965. (Sym-
posium of the World Federation of Scientific Workers), p. 1—3. p.

Process, Flow, Method. Conference on some aspects of physical chemistry. Il. General section.
Budapest, 1966. p. 1—13.

Résultats d’expériences aérodynamiques sur modéles de fours tunnel.
Acta of the World Power Conference, Tokio, Oct. 16—20. 1966. Section III/A. p. 1—11.

Kémiai technol6giai feladatok. 3. Revised ed. Tankdnyvkiad6, 1966. 119 pages. [Co-authors:
Ackermann L., Szebényi |., Vajta L.]

Megjegyzések a “Science of Science” vitdhoz
Magyar Tudomany, 11 (1966.) No. 10. p. 632 —639.

Some principles of flow engineering
Acta Chimica Academiae Scientiarum Hungaricae, 50 (1966.) [Jubilee issue.] p. 457 —470.

| maggiori problemi dell’estetica ceramica-Faenza
Faenza. Bollettino del Museo Internazionale delle Ceramiche di Faenza, 52 (1966.) fasc.
4—5—6. p. 75—82.

Ujabb keramiai kromatografiai kisérletek
Kolorisztikai Ertesit6, 9 (1967.) No. 3—4. p. 50—62. [Co-author: Motdvai A.]

A tudoméany tudomanya
Elet ¢s Tudomany, 22 (1967.) méj. 5. p. 843 —845. [Co-author: Szante L.j

Un antico documento sulla porcellana cinese in Europa
Faenza. Bollettino del Museo Internazionale delle Ceramiche di Faenza, Faenza, 53 (1967.)
fasc. 2—3—4—5.

Technological research and technical development
Scientific World, 11 (1967.) No. 4. p. 16 —20.

A kutatds mddszertana a technoldgidban. Bevezetés az ipari kutatomunkéaba. Budapest, 1967.
(Editors: Gillemot L., Mészaros S.) (Mérnoki Tovabbképz6 Intézet el6adassorozata. 4572.
sz.) Chapter 11. p. 235—263.

Wartha Vince. [Bevezetés Méra Laszl6: W artha Vince a hazai kémiai technolégia megalapi-
téja (1844—1914.) c. konyvéhez. Budapesti M(szaki Egyetem Kozponti Kényvtara Mszaki
Tudoménytorténeti Kiadvanyok. 15 .sz.] Tankényvkiad6, Budapest., 1967. p. 7—09.

La scienza dell’industria
Sapere, Milano, (1967.) No. 12.

Kémiai technolégia. Revised ed. Tankdényvkiad6é, Budapest., 1967. 204 lap. [Co-author:
Bucsy I.]

A “Science of Science” meghatarozéasa.
Magyar Tudomany, 13 (1968.) No. 1. p. 40—42.

Vincenzo Wartha fondatore della technol6gia scientifica ungherese.
Faenza. Bollettino del Museo Internazionale delle Ceramiche di Faenza, 54 (1968.) fasc.
1. p. 9—13.

Kémiai technoldgiai folyamatok graf-elméleti leképzése
Kémiai Kozlemények, 29 (1968.) No. 3. p. 263 —290. [Co-author: Haské L.]

Teoreticseszkie osznovi himicseszkoj tehnologii
Akadémia Nauk U.S.S.R., Moscow, 2 (1968.) No. 3. p. 346 —364. [Co-author: Haskoé L.]

Un effet thermique des fours-tunnel
Acta Technica Academiae Scientiarum Hungaricae, 61 (1968.) fasc. 1—2. p. 137 —154.
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Az alaglutkemencék egy hétechnikai effektusatol
Epitdanyag, 20 (1968.) p. 245—252.

On a heat engineering effect of continuous kilns
Proceedings ofthe 9. Conference on the Silicate Industry, Budapest., Akadémiai K., 1968. p.
77 —93.

Feuerfeste Stoffe in der keramischen Chromatografie .
Silikattechnik, 19 (1968.) No. 10. p. 312—313 [Co-author: Moldvai A.]

W artha Vince
Epitdanyag, 20 (1968.) No. 11. p. 409—411.

A Miszaki Kémiai Kutatéd Intézet perspektivaja.
Evi kutatasok. MTA Mdszaki Kémiai Kutatd Intézet. Veszprém—Budapest.,, 1968. p.
1—5.

A technologia térvényeirdl
Evi kutatdsok. MTA Miszaki Kémiai Kutaté Intézet. Veszprém —Budapest., 1968. p.
6—14.

Kémiai technolégia. Revised ed. Tankdnyvkiadé, Budapest., 1968. 198 pages. [Co-author:
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Valésag, 12 (1969.) No. 1. p. 56 —61.
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Evi kutatdsok. MTA Miszaki Kémiai Kutaté Intézet. Veszprém—Budapest., 1969. p.
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Az alagltkemencék egy hétechnikai effektusaroél.
Evi kutatasok. MTA Miszaki Kémiai Kutaté Intézet. Veszprém—Budapest., 1969. p.
22 —30. [Co-author: Fulep J.]

Mire emlékeztet a Tandcskoztarsasag?
Fels6oktatasi Szemle, 18 (1969.) No. 3. p. 129 —136.

[Rév.] Reényi Alfréd: Dialogusok a matematikardl. Akadémiai K., Budapest., 1966.156 pages
and Levelek a valészinlségrél. Akadémiai K. Bp., 1967. 103 lap.
Magyar Tudomaény, 14 (1969.) No. 5. p. 324 —327.

[Rév.] Gerecs Arpad: Einfithrung in die chemische Technologie. Tankényvkiadé Budapest.,
1968. 583 pages.
Periodica Polytechnica. Chemical Engineering. 13 (1969.) No. 3. p. 281 —282.

A miszaki kémia altalanos terminoldgidja.
Evi kutatdsok. MTA Miiszaki Kémiai Kutatd Intézet. Veszprém—Budapest., 1970. p.
5—29. [Co-author: Polinszky K.]

Programozott oktatdas vagy Ontevékeny, de irdnyitott tanulas?
Természet Vilaga, 14 (1970.) No. 3. p. 131 —132.

A magyar szilikatipar fejl6dése a felszabadulas ota.
Mszaki Elet, 25 (1970.) No. 7. p. 4.

Nuovi sviluppi nella cottura ceramica ed il ruolo di Faenza in tale camp
Ceramica Informazione, 1970. No. 5. p. 179 —186.

Atti del 1° convegno sulié moderne techn. cer. Faenza, May. 28—29. 1970. Necrology.

Hevesi Gyula. [Necrology.]
Magyar Tudomany, 15 (1970.) No. 7—8. p. 570—575.

Progressi nella cottura ceramica
Ceramica Informazione, 1970. No. 7.
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Keramiai kromatogréafia
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A Magyar Tudoményok Tudoméanya Csoport torténetéhez
Tudomaénytani Szemelvények, 1 (1971.) p. 39 —41.
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CONTRIBUTIONS TO THE KINETICS OF THE REACTION
OF DICHLOROGALLANE AND ETHYL IODIDE, I

A. Meszticzky, D. kK nausz, B. Csakvari andJ. Emmer

(Department of General and Inorganic Chemistry, L. E6tvos University, Budapest)

Received April 6, 1975

The reduction reaction of ethyl iodide with dichlorogallane has been investigated,
using one of the reactants (ethyl iodide) as a solvent. The progress of the reaction has
been followed by measuring the volume of ethane formed during the reaction. The
activation energy of the reaction is —6.5 + 1 kcal, the enthalpy of activation —6.8 + 1
kcal and the entropy of activation — 101 + 4 cal/K. Conclusions concerning the pre-
sumed mechanism of the reaction have been drawn according to these data.

We have established in our preliminary communication [1] that ethyl
halides are reduced by dichlorogallane to ethane. The objective of the present
work has been the kinetic investigation of the reaction between dichlorogallane
and ethyl iodide.

The reaction GaHCI2 - C2H5l = GaCl2l -|- C2Hs can be studied in a rela-
tively simple way by measuring the volume of the ethane evolved. The
reaction is carried out expediently in a liquid phase. Quite a number of ex-
periments were made in order to find an adequate solvent for this reaction. The
difficulty of the problem was that dichlorogallane is only poorly soluble in
apolar solvents, and thus its concentration can be varied in solvent of this type
only in a very narrow range. It is, however, known from literature [2] that
dichlorogallane forms stable complexes with polar solvents (alcohols, ethers,
amines etc.) whereas an undesired side-reaction occurs with higher hydrocar-
bons, particularly with aromatic hydrocarbons. Therefore, instead of using a
separate solvent, ethyl iodide — one of the reactants — was used as a solvent.
This necessarily implied that in the initial stage of the reaction the dissolution
run parallel to the reduction reaction. However, the results were not affected
markedly by this fact since the dissolution was completed within 1— 2 seconds.

Experimental

The preparation and purification of dichlorogallane and the analysis of the products
have been described in our preliminary communication [1]. On starting from gallium (of
99.99% purity), it was converted with elementary chlorine into gallium trichloride and the
product purified by sublimation. A partial reduction was carried out with trimethyl silane, and
trimethyl chlorosilane was removed from the formed dichlorogallane by vacuum distillation.
Since both gallium trihalides and dichlorogallane are highly sensitive to atmospheric oxygen
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and to air humidity, the procedures of preparation and purification, and the reaction were
carried out in an atmosphere of high purity (99.99% by volume) nitrogen. The reaction was
carried out in the apparatus shown in Fig. 1.

The temperature of the dichlorogallane crystals prepared previously in reaction flask
“A” kept in a nitrogen atmosphere and of ethyl iodide liberated from iodine and placed in
dropping funnel “B” was adjusted to the desired temperature with the use of thermostat “D”
packed with dry ice. The reaction was started by the addition ofethyl iodide to dichlorogallane.
The reaction mixture was shaken continuously. The volume of the ethane evolved was measured
in gas burette “E” attached to the reaction flask. During the measurement, the pressure of
the gas was continuously made equal to the atmospheric pressure with the use of levelling
flask “F”.The time of addition of ethyl iodide was chosen as the starting time of the reaction.

Fig. 1. Diagram of the apparatus used for the preparation of GaHCI2 and for carrying out
the reaction. A: reaction flask, B: dropping funnel, C: attachment to the vacuum pump,
D: condenser packed with dry ice, E: gas burette, F: suction flask

Our measurements were carried out in the temperature range between —25 °C and
—40 °C at various concentrations of dichlorogallane (from 0.1 to 1.0 M). Under such condi-
tions the reaction proceeds with well measurable rates.

Evaluation of the results of measurements

Since during the measurement the reaction was followed by varying
the quantity of a single component, the determination of the order of the
reaction required particular care. Therefore, the order of the reaction was cal-
culated from the data of experiments carried out at the same temperature at
various concentrations of dichlorogallane. This resulted in an average value of
2.1 % o0.2. Subsequently, it was examined whether the same order is obtained
in experiments where the temperature is varied. In fact, the order of reaction
Yvas found to be 2.0 dr 0.2 on the basis of experiments carried out at various
temperatures as nearly identical concentrations of dichlorogallane. The reac-
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tion is second order in respect of dichlorogallane and the reaction is pseudo
zero order in respect of ethyl iodide, the latter being in an about 20-fold excess.

Since the reaction is of second order in respect of dichlorogallane and
that the volume of the ethane evolved has been measured, the following rate
equation can be described.

— = k' (V,, — V)2
o1 ( ) (1)

where Vm is the volume of ethane at the completion of the reaction,
V the volume of ethane evolved during time t,

k' K VM

K rate constant expressed in units of concentration,

¥YM mole volume at the temperature at which the gas volume has been
measured,

t time needed for the evolution of volume V of ethane.

On integration of equation (1) we obtain

V= Vij «k' mt 2
1+ e k' ot

The algebraic transformation of equation (2) affords

P ©)

V1 mk' t

On plotting the values of-p- against — on the basis of Eq. (3), V,, and

k' can be determined (see Fig. 2).

In several cases Vmwas determined also experimentally, by measuring
the volume of the ethane evolved after long reaction periods (of several hours).
V,, measured experimentally and that calculated on the basis of Eq. (3),
showed a rather good agreement:

Voo (extrapolated)

V,, (experimental)

The value of V,,can be determined also from the initial weight of gallium.
However, these values are not reliable because the losses occurring during the
purification of gallium trichloride and the preparation of dichlorogallane cannot
be taken into account.

The k' values calculated on the basis of Eq. (3) are presented in Table 1.
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Fig. 2. Determination of V,, and k\ T=248 °IC. Fig. 3. Determination of the activation
Number of curve 1 2 2 energy of the reaction by means of the
Concentration of: temperature dependence of the rate

GaHCI2 M 0.5025 0.7708 0.9283 constant
E*= —6.5 + 1kcal/mole
Table |
Concentration
Temegrature, OfMGaHCIjj K' Kinean

0.5025 0.01642

—25 0.7708 0.01436 0.0146
0.9282 0.01310
0.1984 0.0188

—30 0.2115 0.0168 0.0182
0.2190 0.0189
0.1942 0.0275 B

—35 0.2920 0.0222 0.0239
0.5183 0.0220
0.1257 0.0365

—40 0.2125 0.0294 0.0336
0.2177 0.0245

The activation energy of the reaction can be calculated from the tem-
perature depencence of the rate constant (Fig. 3).
By using the relationship

K HA* AS* R
T 2303 x RT 2.303 X R h
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— where JTH”" is the enthalpy of activation, AS" the entropy of activation,
R the universal gas constant, k* the Boltzmann constant, h the Planck con-
stant, K the rate constant and T the absolute temperature, «— the enthalpy of
activation and the entropy of activation of the reaction were calculated, plot-

K' 1 5
ting the relationship Ig (Fig- 4)

The negative activation energy and the highly negative entropy of acti-
vation allow the conclusion that probably a complex formation preequilib-
rium is involved in the path of the reaction.

Fig. 4. Determination of the enthalpy of activation and of the entropy of activation
AH* = —6.8+1 kcal AS* = —101+4 cal/°K

Mechanism of the reaction

Since the reaction is second order in respect of dichlorogallane and that
the activation energy and the entropy of activation of the reaction are negative
the following mechanisms can be presumed:

1. (GaHClyz 2 GaHCL, |
(GaHClaz+ 2C2HA |  (GaClzH)2+2 CzH 5l I
t

(GaHCl2)22 C2H 5I (GaHCl22+ 2 C2He 11

On assuming that all the equilibria are rapid and they are shifted in the
direction of dimer formation and complex formation i.e. Kk k3 ki k2 Agand
ks fed, the following equation can he derived for the rate of evolution of

ethane, with the use of the method of quasi-steady states:

3[C2Hc] = K A [C2H sl 12 [GaHClI2)2
3t k4 Aq
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2. (GaH(:IZ)zK 2 GaHCI2 1Y
GaHCIl2+ C2H51 K GaHCl2+C2H 5 \Y
GaHCIl2+C2HSEl + GaHCI2 GaHCIl2+ GaCl2l + C2He Yl

Conditions: ki fe k3 ki and k' k3 ki, consequently, [(GaHCLj)2] ~ 0.
Using the method of quasi-steady states, the following equation
is obtained for the rate of evolution of ethane

= fc' W. [C2H Y] [GaHCIZ]2
K\

ot
01 H 01 H oL H
(38v \Géll } (a,
CI/ \ |—C2Hs cl/ V 01 1 02HR
Ga—H (+Ga...4 HI"” /Ga{
01/ \ 01 01/ \ 014 01 01

Fig. 5. The charge transfer complex presumably formed during the reaction

Both relationships derived from the two types of conditions represent
rate equations that are second order in respect of dichlorogallane, quite in
accordance with the fact that the values obtained for the activation energy and
for the entropy of activation were negative. However, the mechanism described
in point 1isin contrast to the data of literature [2, 3, 4] according to which the
dimers (GaCl32 and (GaHCI2)2 are split to monomers on complex formation.
The reaction described by equation VI may be interpreted by the formation
of a charge transfer complex (see Fig. 5).
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The synthesis of antimony(Ill) Schiff base complexes of various co-ordination
numbers is reported. The syntheses have been performed by interacting antimony(I11)
isopropoxide with monofunctiona] bidentate Schiff bases, having the general formula

CH3

CrHSCH=NROH (where R is -(CH22, -CH2-CH- and -(CH23), in different stoi-
chiometries. The reactions at mole ratios of 1:1, 1:2 and 1:3 yield 8b(OPr’)25B),
8b(OPr')(8B)2 and Sh(SB)3 type derivatives, respectively (where SBH is the mono-
functional bidentate Schiff base). In the resulting derivatives, the central metal atom
appears to be in tetra-, penta- and hexacoordinate environment, respectively as indi-
cated by the monomeric nature of the compounds in boiling benzene. The infrared spectra
of these derivatives have been recorded and tentative assignments are made.

Introduction

During the last decade, alkoxides of Sb(Ill) and Sb(V) as well as their
derivatives with a variety of ligands have been described [1—4]. Recently, the
reactions of antimony(I11) ethoxide with glycols [5] and oximes [6] have been
described. In the present work antimony(ll1l) Schiff base complexes of the
types Sb(OPr')2SB, Sb(OPr’) (SB)2 and Sb(SB)3 have been synthesized by the
reaction of antimony(lll) isopropoxide with monofunctional bidentate Schiff
bases (I) obtained by the condensation of benzaldehyde with aminoalcohols
such as 2-aminoethanol-I, I-aminopropanol-2 and 3-aminopropanol-I in 1 : 1,
1:2 and 1:3 mole ratios.

where R = —(CLlU)—2,
CH3
—CHr—CH— and
—(CHr)3—
* Chemistry Department, R. B. S. College, Agra, India.
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Experimental

Materials and methods

The reactions were carried out under strictly anhydrous conditions. Isopropanol (BDH)
was dried over sodium wire and then fractionated over aluminium isopropoxide. Benzene
(BDH) was dried in the same manner, followed by azeotropic fractionation in the presence of
ethanol. Antimon isopropoxide was prepared by the sodium chloride method [7] and was
distilled (105 °C/14 mm).

Sb(OPr*)3 Calcd. Sb 40.75% Found Sb 40.39%.

Preparation of Schiff bases
Schiff bases of benzaldehyde were prepared by taking equimolar amounts of amino-
alcohol and benzaldehyde in benzene and refluxing for several hours, followed by the removal

of water-benzene azeotrope. These Schiff bases were distilled before use; their analyses and
physical characteristics are listed in Table 1.

Table 1

Physical properties and analyses of the Schiff bases

Analysis (%)

No. Schiff base State (2nc(; m.p. b.p. (°C)/pressure c "
Found Found Found
(Caled.) (Caled.) (Calcd.)
| Benzylidene-2-
-hydroxyethyl-
amine Orange 98-100/0.1-0.2 72.36 7.35 9.25
(C»HuNO) (72.46) (7.43) (9.38)
2 Benzylidene-2- Colourless
-liydroxy-1- solid 95—97/0.3—0.4 73.41 8.12 8.45
-propylamine 64-66 (73.58) (8.03) (8.59)
(CI10H 13N O)
3 Benzylidene-3- Yellow
-hydroxy-1- liquid 103—104/0.3—0.4 73.39 8.15 8.51
-propylamine (73.58) (8.03) (8.59)
(CI0H 13NO)*

* Used to distinguish between compounds of the same molecular formula.

Preparation of complexes

Reactions of antimony (I11) isopropoxide with the Schiff bases in mole ratios 1:1,
1:2 and 1:3 were carried out. Antimony(Ill) isopropoxide was dissolved in benzene and then
a calculated amount of the Schiff base was added. The mixture was then refluxed and the prog-
ress of the reaction followed by estimating the isopropanol fractionated azeotropically. The
resulting derivatives in the form of liquids and semi-solids were isolated after removing the
volatile fractions under reduced pressure; they are soluble in common organic solvents. Their
analyses, physical properties and molecular weights are given in Table II.
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No.

Anti-
_mony
isoprop-
oxide (g)

1.92

1.44

0.77

1.44

1.40

0.75

1.48

1.46

Schiff base (g)

C9HuNO
0.96

C9Hu NO
1.44

CO9HuUNO
1.17

C10H 13NO
0.79

C10H 13NO
1.54

C10H 13NO
1.23
C10H J3NO*
0.91

CI10H 13NO*
1.61

C]..H]3NO*
2.40

Table 11

Synthese and characteristics of antimony (111) Schiff base complexes

Isopropanol
Mole Conditions i in azeotrope

ratio and time (hr) Compound, yield (g) nature Fo(gzwd
(Calcd.)

1:1 Refluxing Sb(OPr9)2(C9H I0INO) 0.37
1 (2.44), yellow liquid (0.38)

1:2 Refluxing Sb(OPri)(C8H10NO)2 0.59
3 (2.31), yellow semisolid (0.58)

1:3 Refluxing Sh(C9H 10N O)3 0.45
4 (1.48), yellow semisolid (0.47)

1:1 Refluxing Sb(OPri)2(CIOH 12NO) 0.30
5 (1.85), yellow liquid (0.29)

1:2 Refluxing 8b(OPr‘)(C10H 12140)2 0.60
6 (2.29), yellow semisolid (0.56)

1:3 Refluxing Sh(C,0H12NO)3 0.43
5 (1.53), yellow semisolid (0.45)

1:1 Refluxing Sh(OPr;)2(C10H 12NO)* 0.32
3 (2.20), yellow liquid (0.33)

1:2 Refluxing 3b(OPr!)(cl0H 12rra)2 0.66
(2.38), yellow semisolid (0.59)

1:3 Refluxing Sb(C]JOH 12N O)3 0.85

4 (2.98), yellow semisolid (0.88)

Analysis (g5)

Sb
Found
(Calcd.)

31.46
(31.39)

25.68
(25.54)

21.10
(21.53)

30.01
(30.31)

23.91
(24.13)

19.65
(20.04)

29.72
(30.31)

23.90
(24.13)

19.86
(20.04)

N
Found
(Calcd.)

3.46
(3.61)

5.71
(5.87)

7.26
(7.42)

3.30
(3.48)

5.48
(5.55)

6.68
(6.91)

3.36
(3.48)

5.40
(5.55)

6.73
(6.91)

Molecular
weight
Found
(Calcd.)

394
(387)

386
(476)
528
(565)
425
(401)
490
(504)

592
(607)
435
(401)
483
(504)

583
(607)
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Analyses and physical measurements

Antimony was estimated as antimonous pyrogallate [8], while nitrogen by Kjeldahl’s
method. Isopropanol was determined bv the oxidimetric method [9] using NK2Cr20 7in 12.5%
H2504.

Molecular weights were determined ebullioscopically in boiling benzene. I. R. spectra
were recorded in the range of 4000—400 cm-1 with a Perkin Elmer 337 Grating Infrared
Spectrophotometer.

Results and discussion

The reactions in mole ratios of 1 : 1, 1 : 2 and 1 :3 (Sb(Ill): Schiff base)
liberate 1, 2 and 3 mol of isopropanol, respectively, as shown by the equation

Sb(OPrys + nSBH Sb (OPr93., (SB), + nPrOH

(where n= 1, 2 or 3)

The isopropanol was collected azeotropically with benzene and then
estimated. The resulting complexes were isolated in the form of yellow deri-
vatives and found to be soluble in benzene.

The ebullioscopic determination of molecular weights has shown that the
complexes are monomeric (Table Il), indicating tetra-, penta- and hexaco-or-
dinate [10—12] environments for the central metal atom (I, 11, IV).

On comparing the I. R. absorption bands ofthe Schiff bases with those of
their metal complexes, it can be inferred that chelate formation probably takes
place through the oxygen (alcoholic) and the nitrogen of the vC = N group
of the ligand moiety. This is evidenced by the disappearance of the OH bands
in the 3350—3100 cm -1 region and by the appearance of bands in the 605 i 5
cm-1 region for the metal complexes. However, the v C = N absorption band
remains almost unaffected and appears in the region 1635 i 5 cm-1 in the
ligands as well as in the metal complexes, probably owing to the stronger force
existing in the ¢ C = N group. Similar observations has been made by other
workers [13—17] as well as Sharma and Bailar [18].

Recently, Biradar and Kulkarni have also reported that thevC = N
frequency undergoes very little change in tin(1V) [19] and lead (IV) [20] com-
plexes. Owing to the lack of facilities for recording the spectra in the lower
region, the Sn N band could not be observed in these complexes.

*
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Two plating baths, an acidic bath containing cadmium sulfate and sulfuric
acid, and an alkaline bath containing cadmium sulfate, ammonium hydroxide and ammo-
nium chloride were investigated. The influence of sinusoidal a.c. superimposed on d.c.
on the anodic and cathodic polarization were traced in these baths. Results show that
the effect of a.c. depends on the nature of the bath. In the acidic bath, a.c. shifts
the anode potential of cadmium in the negative direction and increases the cathodic
polarization, while in the alkaline bath, the shift occurs in the positive direction, which
favours passivation of the electrode and depolarizes the cathode.

In addition, the effect of superimposed a.c. on the distribution of direct current
and the distribution of metal on two parallel cathodes were investigated. In both
plating baths examined, a.c. increases both the current and metal distribution ratios
and, therefore has an unfavourable effect on the throwing power.

In previous reports [1—sg] the effect on electrode potentials of a sinu-
soidal a.c. superimposed on d.c. was studied. The a.c. depending on its density
and frequency — affects the rate of electrode processes taking place at a given
potential. The observed effect of a.c. was ascribed to the asymmetric polariza-
bilities of the electrodes. Thus, the electrode potential changes with time and a
distorted sinusoidal signal appears. Therefore, it might be expected that the a.c.
would influence the distribution of d.c. between two parallel planar cathodes.
This would result in changes in the metal distribution ratio and hence the
throwing power of the bath.

In continuation of our previous work on the influence of superimposed
a.c. on the behaviour of plating baths, we now report the results on some plat-
ing baths of cadmium.

For measuring the anodic and cathodic polarization, the circuit described
earlier [9] was used, in which a cadmium anode (BDH) and a steel cathode were
used. The area of each electrode was 7.5 cm2. At the required d.c. and a.c.
(50 Hz) densities (I=and U), the time average of the periodically changing
potential of the working electrode was measured relative to a saturated calo-
mel electrode using a potentiometer (Radelkis O. P. 201/1).

For measuring the current distribution ratio (CDR) and the metal
distribution ratio (MDR), the electrode circuit described [10] was used, in
which three parallel sheet electrodes, a cadmium anode and two steel cathodes,
were used. The area of each electrode was 7.5 cm2 and they had five identical
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circular holes, each of which was 0.5 cm in diameter. The electrodes were ar-
ranged and fixed in arectangular plating cell in such a manner that the distance
between the anode and the nearer cathode was 2.5 cm, while that between the
anode and the farther cathode was 5 cm in the same direction. Each cathode
was connected in series with a copper coulometer. The a.c. passed through the
cell via two auxiliary platinum electrodes. The required total d.c. (It) and a.c.
(17) densities were conducted through the cell for 75 min. From the weights of
the metal Wnand WTf deposited on the nearer and farther cathode, respectively,
the MDR could be determined. The coulometers were used for calculating the
individual d.c.’s, (In) and (If), passing through the nearer and farther cat-
hode, respectively, and hence the CDR (i. e., In/If).

All solutions were made from AnalaR chemicals using distilled water.
The baths used were as follows:

Acidic bath: CdS04 «8/3 H20, 0.8; H2S04 0.05 M;

Alkaline bath: CdS04 «8/3H20, 0.2; NH40H 3.3; NH4C10.1 M.

Prior to each run, the electrodes were polished and cleaned using the recom-
mended procedure, In each run, a freshly prepared solution as well as a new
set of electrodes were used. All experiments were carried out at 25 + 0.5 °C
in an air thermostat.

Figure 1 presents the effect of superimposed a.c. on the anode potential
of cadmium in the acidic bath. The characteristics of these curves were found
to depend on both the d.c. and a.c. densities. At a given d.c. density, the
anode potential suddenly shifts to a more negative value and then levels off
with increasing a.c. density. This value decreases with increasing d.c. density.
On the other hand, Fig. 2 shows the anode potential of cadmium in the acidic
bath when the a.c. was kept constant and the d.c. density was varied. It
can be seen that, at sufficiently low d.c. densities, the potential shifts sharply
in the negative direction and then reaches a potential minimum. Following
this, the potential of the anode shifts slowly in the positive direction with
increasing d.c. density. The higher the a.c. density used, the greater the poten-
tial minimum. The results can be ascribed to the asymmetric polarizability
of the electrode. Therefore, the periodical change of the electrode potential
caused by superimposed a.c. has the form of a distorted sine wave. On compar-
ing the anodic polarization curve (curve a in Fig. 2) and the cathodic polari-
zation curve (curve ain Fig. 3) under d.c. conditions, it is clear that the cathodic
polarization is greater than the anodic polarization especially at sufficiently low
d.c. densities. According to the non-linear characteristics of the electrodes, the
cathodic polarization during the cathodic half-cycle is greater that the anodic
polarization during the anodic half-cycle of a.c. Thus the mean average po-
tential of the anode becomes more negative than its static potential. As the
ratio of d.c. to a.c. density increases, the anodic polarization becomes the pre-
dominant factor after the potential minimum.
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(mA/ cm2)
Fig. 1. Effect of a.c. on the anode poten- Fig. 2. Effect of a.c. on the anode poten-
tial of cadmium in the acidic hath: curve tial of cadmium in the acidic hath: curve
(a) 1==20 mA/cm2 (b) 1==40 mA/cm1l (a R = 0, (b) 1~ = 10 mA/cm2 (c) I™ =

= 20 mA/cm2

I_ (mA/cm2) I, (mA/cm?2)
Fig. 3. Effect of a.c. on the cathode poten- Fig. 4. Effect of a.c. on the CDR for the
tial in the acidic bath: curve (a) 1 = 0, acidic bath: curve (a) 1~ = 0, (b) 1~ =
(b) 1~ = 10 mA/cm2 (c) 1~ = 20 mA/cm2 50 mA/cm2, (c) 1*, = 100 mA/cm2

(d) 1~ = 40 mA/cm2

Figure 3 illustrates the effect of superimposed a.c. on cathodic polariza-
tion during the deposition of cadmium from the acidic hath. As expected, a.c.
shifts the cathodic polarization in the negative direction.

Figure 4 shows the variation of CDR as a function of total d.c. density It
under the influence of a.c. in the acidic bath. The results reveal that the total
d.c. is inequally distributed between the parallel cathodes with a greater por-
tion of the current flowing through the nearer cathode. This disproportion
slightly increased with increasing d.c. density. This can be explained by the
fact that the cathodic polarizability of the electrode is greater at smaller d.c.
densities than at higher d.c. densities. Therefore, with increasing total d.c.
density, the increase in polarization of the nearer cathode becomes smaller
than that of the farther cathode. Since the potentials arising at junction points
should be equal to each other in every branch of the circuit according to Kirch-
hoff’s law. Therefore, with inreasing total d.c. density, a greater portion of
the current will flow through that branch of the circuit where this causes the
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smaller increase in polarization. The Figure also shows that a.c. increases
the CDR. The greater the a.c. density, the greater is the CDR at a given d.c.
The effect of a.c. may be ascribed to its effect on the polarization of each
cathode to an extent depending on its density.

Figure 5shows that the variation of MDR as a function of It for the acidic
bath runs parallel to that of CDR. The two ratios are interrelated by the
following equation:

MDR = Wn/Wf=CDR EnE,

The total cathodic efficiency Et and the individual cathodic efficiencies on
each cathode, Enand Ef are approximately the same over the whole d.c. and
a.c. density range used (curve ain Fig. 10). Accordingly, the MDR is expected
to be same as the CDR. It should be noted that the lower the MDR, the better
is the throwing power. Figure 5 shows that superimposed a.c. has an unfa-
vourable effect on the throwing power.

Figure e presents the anodic polarization curves of cadmium in the
alkaline bath under the influence of different d.c. and a.c. densities. All the
curves have the same general features and are characterized by the presence
of a critical transition current density (lc) (active-passive transition). In
absence of a.c. the potential increases very slowly and at the Icwhere passiva-
tion takes place, the potential rises steeply with increasing d.c. density. During
the active region (before Ic) Cd2+ions are released into the solution and finally a
supersaturated solution of Cd(OH)2 is formed in the vicinity of the anode
surface. The subsequent adsorption and precipitation of Cd(OH)2 on the anode
surface results in a drop in the dissolution rate, passivation starts and the
potential rises abruptly. Supersaturation is required to form nuclei in the
initial stages of precipitation. As the potential rises, passivation is effected
through the formation of CdO which starts to build up in the pores of the
Cd(OH)2 film [11—12]. Superimposed a.c. shifts the anode potential in the
active region to the more positive direction. As the density of a.c. increases,
anodic polarization increases. Also the Figure reveals that a.c. lowers the
value of Ic and favours passivation of the cadmium electrode. The greater
the a.c. density, the loweris the Icvalue. The results may be due to the forma-
tion of a compact, uniform layer of Cd(OH)2 under the influence of superim-
posed a.c., whereas with d.c. alone, the coverage is not uniform even through
dissolution ofthe metal is greater than in the presence of a.c. [13].

Figure 7 gives the effect of superimposed a.c. on the course of cathodic
polarization during the deposition of cadmium from the alkaline bath. Super-
imposed a.c. decreases the cathode potential. The depolarization increases
with increasing a.c. density.

Figure 8 illustrates the effects of superimposed a.c. on the CDR as a
function of It for the alkaline bath. The d.c. has no significant effect on the

Ada Chim. (Budapest) 89, 1976



ABD EL REHIM, HELMY: INFLUENCE OF SINUSOIDAL A.C.

219
20 -
6 7 8 9 o M 12 13
I, (mA/cm2) I.(mA/cm1!)
Fig. 5. Effect of a.c. on the MDR for the Fig. 6. Effect of a.c. on the anode potential
acidic bath: curves as in Fig. 4 of cadmium in the alkaline bath: curve (a)
I_ =0, (b) = 5 mA/cm2 (c) I_ = 10
mA/cm2 (d) 1* = 20 mA/cm2
20
15 o . c
______ o___*x o |
T o
o
5 Nmmmm N-----
n 1 1
I, (mA/cm2)
Fig. 7. Effect of a.c. on the cathode poten- Fig. 8. Effect of a.c. on the CDR for the
tial in the alkaline bath: curve (a) 1~ = 0, alkaline bath: curve (a) 1~ = 0, (b) 1~ =
(b) 1~ = 10 mA/cm2 (c) I = 15 mAlc 50 mA/cm2, (¢) 1~ — 100 mA/cm2
~ m2 (d) = 20 mA/cm2
Fig. 9. Effect of a.c. on the MDR for the Fig. 10. Et vs. It relation: curve (a) acidic
alkaline bath: curves as in Fig. 8 bath, 1 = 0, (b) alkaline bath, I = 0, (c)

alkaline bath, 1~ = 100 mA/cm2

CDR, but a.c. increases this ratio in such a manner that as the a.c. density
increases, the CDR curves shift upwards.

The data in Fig. 9 show that the MDR curves shift upwards with increas-
ing both d.c. and a.c. densities. The lower value of the MDR at low d.c. den-
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sities may be attributed to the dependence of the current efficiency on d.c.
density in the alkaline solution. Curves b and cin Fig. 10 give the total cathodic
efficiency Et as a function of It. The efficiency decreases with d.c. density. At
low d.c. densities, this decrease is large but becomes smaller with increasing
d.c. density. At low d.c. densities, therefore,the MDR is lower, i.e. the throwing
power is better than at higher d.c. densities. The favourable effect on throwing
power of the decrease in current efficiency with d.c. density is reduced with
increasing d.c. density. Superimposed a.c. increases the cathodic efficiency
over the whole d.c. density range used. This is apparently due to the formation
of a metal hydroxide during the anodic half cycle of a.c., which is subsequently
incorporated in the deposit.
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W ith the aim of determining thermochemical data for hromo-substituted
methanes, a study was made of the mechanisms of their pyrolytic decompositions as
a result of electron impact and on a tungsten spiral.

A previously developed experimental method was used to determine the appear-
ance and ionization potentials of the products formed in the decompositions of CHBr3
and CBr4. From the temperature dependence of the pyrolysis, the activation energies
of the heterogeneous pyrolysis of the bromo-substituted methanes were determined,
and were found to decrease in the direction CH3Br— CH2Br2 CHBr3-t- CBrd It
was concluded from the activation energies that on a tungsten surface the bromo-
substituted methanes decompose in catalytic processes, by radical mechanisms.

The dissociation energies of the C-H and C-Br bonds were calculated for the
bromo-substituted methanes; these were observed to decrease in the same direction
as in the case of the activation energies. This phenomenon was interpreted qualitatively
by quantum-chemical reasons.

Mass spectrometry is one of the most suitable procedures for the
determination of thermochemical data (heats of formation, bond dissociation
energies) of molecules. The method in essence requires study of the electron
impact fragmentation, the determination of the appearance potentials of the
ions formed, and the measurement of the ionization potentials of the com-
pounds and radicals.

On this basis, therefore, radicals must be produced; this can be achieved
most simply by pyrolysis of the compounds under investigation. Accordingly,
study of the pyrolysis of CHBr3 and CBrs4 is of fundamental importance as
regards calculation of thermochemical data on these compounds. At the same
time, as will be seen later, study of the heterogeneous pyrolysis of brominated
methane derivatives on a tungsten filament is also of practical importance.

Following the pioneering work of Ertetsn [1l], Robertson [2] and Le
Goff [3], many pyrolytic reactions on incandescent metal surfaces were
subjected to mass-spectrometric study. The experiments have shown that
under such conditions most organic molecules decompose via the formation of
free radicals. Hence, study of the mechanisms of these processes requires that
the analytical apparatus used, have to be suitable for the detection and iden-
tification of both stable molecules and free radicals, while the kinetic measure-
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ments necessitate determination of the concentrations of the individual prod-
ucts too [4]. These tasks can he conveniently solved by use of the mass spec-
trometer even if there is a difference of several orders of magnitude between
the concentrations of the components. Further, the low pressure in mass
spectrometers and the possibility of extremely rapid detection of the reac-
tion products are very favourable factors as regards study of the processes.

Our earlier mass-spectrometric experiments [5, 6] have shown that the
pyrolysis of methyl bromide and methylene bromide on an incandescent tung-
sten surface proceeds in catalyzed processes, by radical mechanisms. As a
continuation of that work, we have now carried out a similar study of the
pyrolysis of bromoform and tetrabromomethane. The mass-spectrometric
measurements permitted the calculation of some theoretically important
thermochemical data on the brominated methane derivatives, at the same time
providing important practical information on the mechanism and tempera-
ture dependence of pyrolysis in connection with halogen lamps [7, 8]. As it is
well-known, in place of gaseous halogen a brominated methane derivative is
added to the gas space of bromine cycle lamps [9]; during the operation of a
lamp, this brominated methane derivative decomposes, partly in homogeneous
[10], and partly in heterogeneous processes. For this reason, these experiments
contribute to the description and understanding of the complex chemical pro-
cesses taking place in halogen lamps.

Experimental

Depending on the reaction under investigation, the aim to be achieved, and the type
of mass spectrometer used, many different kinds of reactors have been employed for the mass
spectrometric study of heterogeneous kinetic processes [11]. In our experiments a modified
Le Goff type reactor [12] was built into the ion source of an M1 13— 11 mass spectrometer
Fig. 1).

Fig. 1. Outline of the pyrolysis reactor and the ion source
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A 12 ¥ tungsten spiral (W) was incorporated into this open reactor type [6]. The tem-
perature dependence of pyrolysis was examined under conditions ensuring molecular flow in
the reactor. The reactor was situated in the immediate vicinity of the ionization chamber [6];
its time constant was very small, and it was thus suitable for the study of radicals with very
short lifetimes too.

In the study of fragmentation due to electron impact, the spiral was not heated. Intro-
duction of the CHBr3sample into the mass spectrometer, conditioning of the spiral, measure-
ment of the temperature, and determination of the appearance and ionization potentials were
carried out as reported previously [5, 6]. Since the vapour pressure of CBr4 is substantially
lower than those of the other bromo-substituted methanes, the ampoule containing CBr4
was connected directly to the ion source by inserting a needle valve.

The CHBr3 (Reanal) and the CBr4 (BDH) were of analytical purity. Before use, the
compounds were purified by repeated vacuum distillation.

Results
1. Study of the decomposition of CHBr3 and CBrs upon electron impact

1.1. Low-resolution mass spectra of CHBr3and CBrA

The low-resolution mass spectra of CHBr3 and CBr4, recorded at an
electron energy of 70 eV, are given in Table 1.

The data show that the intensity of the molecular ion is very low for
CHBTr3, and even more so for CBr4. In the former case the base peak is that of
CBr2, and in the latter case that of CBra. If the data are compared with the
mass spectra of CH3Br [6] and CH2Br2 [5], it can he seen that the relative
intensity of the molecular ions of the bromo-substituted methanes decreases
with increasing number of Br atoms.

The list (Table Il) of the probabilities of decomposition of the molecular
ions [13, 14] serves for a numerical comparison of the differences under frag-
mentation conditions.

It can be seen from Table Il that, at a given electron energy, the proba-
bility of decomposition ofthe molecularions of the bromo-substituted methanes
increases rapidly in the direction CH3Br —-CBr4. In the case of CBra4its value is
almost 1 even at an electron energy of 15 eV. As will be seen later, this fact is in
close correlation with the strengths of the bonds in the individual brominated
methane derivatives.

1.2. Fragmentation processes of CHBr3 and CBri resulting from electron impact

Table | shows that, as a result of electron impact, both CHBr3 and CBr4
decompose to a very large number of ions. The unimolecular decomposition
paths may be determined as described earlier [5, 6].

The principle of the procedure is the determination of the appearance
potentials of all the fragments, and the ionization potentials of the radicals
formed during the pyrolysis. The literature data on normal heats of formation,
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Table 1

mresolution mass spectra of CHBr3 and CBri at an electron energy of 70 eV
CHBr3 CBr4

fon Peak intensityas per cent of

total ion total ion

current base peak current base peak

c+ 0.32 1.17 0.71 2.92
CH+ 0.68 2.48 — —
T9Br + 5.22 19.10 5.71 23.50
H7Br+ 2.63 9.63 — —
8IBr + 5.22 19.10 5.60 23.05
H8IBr+ 2.59 9.49 — —
CTBr + 5.35 19.60 4.20 17.28
CHT®Br + 3.11 11.40 — —
C8IBr+ 5.27 19.30 4.12 16.95
CHB8IBr+ 3.11 11.40 — —
Br+ 0.72 2.63 1.06 4.36
MB8IBr+ 1.38 5.05 2.07 8.52
8IBr+ 0.71 2.58 1.02 4.20
CTBrE 13.38 49.10 2.87 11.81
C798IBr+ 27.20 100.00 5.67 23.33
C8IBr+ 13.20 48.40 2.76 11.36
CTBr+ — — 8.35 34.36
CH7Br+ 1.25 458 — —
COM8IBr+ — — 24.30 100.00
CH77981Br+ 3.68 13.50 — —
CT98L8IBr+ — — 23.68 97.45
CH78L8IBr+ 3.60 13.20 — -

C8IBr+ — — 7.75 31.81
CHB8IBr+ 1.17 4.29 — —
CTBI+ — — 0.01 0.04
(N19797981Rr + _ — 0.04 0.17
("79,7981.810r+ — — 0.06 0.25
Qr9.81,81,811r + — — 0.04 0.17
C8IBr+ — — 0.01 0.04

), are used to calculate the possible appearance potentials. Those of the
processes is accepted as most probable, the appearance potential of
;s closest to the measured value.
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Table 1l

Probability of decomposition of the bromo-substiluted methanes (Wz) as a function of the
electron energy

W,,

Electron

energy
(eV) CH,Br CHtB2 CHBr8 CBr4
15 0.085 0.401 0.843 0.998
17 0.165 0.420 0.867 0.997
20 0.310 0.524 0.910 0.998
25 0.409 0.599 0.905 0.999
30 0.466 0.627 0.911 0.999
70 0.555 0.663 0.920 0.999

Fig. 2. Variation of the intensities of the ions formed from CHBr3 as a function of the
corrected electron energy

lonization efficiency curves were recorded and evaluated as previously
[5, 6]. The ionization efficiency curves for the ions produced from CHBr3 and
CBrs are shows in Figs 2 and 3, respectively. The appearance potentials were
determined from the efficiency curves by the method of linear extrapolation
[15]. The electron energy scale was calibrated with argon (ionization potential
= 15.75 eV) and helium (ionization potential = 24.48 eV).
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cv

Fig. 3. Variation of the intensities of the ions formed from CBr4as a function of the corrected
electron energy

The ionization efficiency curves for the radicals formed during pyrolysis
of the bromo-substituted methanes are to be seen in Figs 4 and 5. When
recording the efficiency curves, the spiral was heated to 1800—2000 K, and the
ion currents were measured as a function of the electron energy under the
appearance potential.

Figure 3reveals three break-points in the ionization efficiency curve of Br.
Extrapolation of the linear sections leads to appearance potentials of 14.5,
18.9 and 20.6 eV, as an indication of the fact that Br is formed via at least
three different processes in the decomposition of CBrd. The appearance poten-
tials for the three decomposition processes, calculated from the heats of forma-
tion reported in the literature, agree well with the measured data (Table IIl).

Table Il lists the measured appearance potentials ofthe fragments formed
from bromomethanes the ionization potentials of the molecules and of the
radicals produced in the pyrolyses, and the heats of formation calculated from
our own and literature data [5,6,].

To facilitate the survey of the possible decomposition processes of CHBr3
and CBr4 it is convenient to employ the fragmentation mechanism matrix
described earlier [5, 6]. The stoichiometric matrices are given in Tables IV and
V. The elements of the matrices are the stoichiometric coefficients of all of the
components of all of the possible decomposition reactions. The positions of the
zero elements are denoted by points.
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Fig. 4. lonization efficiency curve of the radicals formed in the pyrolysis of the bromo-substi-
tuted methanes (1). lon current intensity in arbitrary units; electron energies are corrected
values

Fig. 5. lonization efficiency curve of the radicals formed from the bromo-substituted
methanes (1)
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Table 111

AH®°, IP and AP values offragments formed in

IP (eV)
Radical keal/mol

CHB8Br CH2Br2 CHBIr3 CBr(
C(g) 175 — — 11.1 £+ 0.2 11.1 + 0.2
CH 143 — — 111+ 0.3 —
CH2 84 — 10.8 + 0.4 — —
CH3 38 9.6 + 0.3 — — —
Br(g) 19 — 122+ 0.3 — _
Brz(g) 3 — — 10.7 £ 0.3
HBr —15 — 119+ 0.3 119+ 04 —
CBr 144 — 122+ 05 — 10.6 £0.3
CHBr 96 — 11.7 + 05 ‘|":'[ O —
CH2Br 51 8.3+ 0.1 8.7+ 0.3 — —
CH3Br —38 105+ 0.2 — — _
CBr2 98 — — — 10.0 £ 0.2
CHBr2 44 — 84+ 0.1 — —
CH2Br2 0 105+ 0.1 — —
CBr3 44 — — — 91+ 0.2
CHBr3 0 — 10.7 £ 0.3 —
CBr4 24 — 10.8 £+ 0.3

By comparison of the calculated appearance potentials for the individual
decomposition routes with those found experimentally, we may select the most
probable decomposition processes. The appearance potentials measured for
CHBr3 and CBr4, and the calculated values approaching most closely to the
measured values, are listed in Table VI. On the basis of the good agreement of
the values, the most probable decomposition routes may be chosen unam-
biguously.

The ion-forming fragmentation processes determined in this way are
shown in Tables VII and VIII for CHBr3 and CBr4, respectively.
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decomposition of bromomethanes

lon

ct+

CH+
CH+

CH+

Br+

Br+
HBr+
CBr+
CHBr+
CH2Br+
CH3Br+
CBr+
CHBTrJ
CH2Br+
CcB4
CHBr+

CBr+

1.3. Activation energies of

IH°
keallma]

427

398
340

255
308

240
266
390
364
238
234
337
239
243
254
251

268

substituted methanes

CHgBr

229+ 05

21.7+0.3

14.7
18.2

0.5

+
+ 05

128 + 0.3

158 + 0.5

159+ 0.3
18.8 + 0.3
16.3 £ 0.5
13.4+ 0.3

105+ 0.2

CH2Br2

227+ 05

220+ 05

171+ 0.3

20.7 £ 0.5

18.2 £ 0.2

19.6 + 0.3

16.0 + 0.5

111 +0.2

156 + 0.5

105+ 0.1

AP (V)
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CHBr,

236+ 05

205+ 05

151 + 0.3

147 + 0.3

16.2 + 0.4

174+ 0.4

13.0+ 0.3

10.7 £ 0.3

CBr,

23.0+ 0.5

14.5
18.9
20.6

+ + +

17.2 +

+
°
w

193+ 0.4

114+ 0.3

10.8 + 0.3

the decomposition of molecular ions of bromo-

229

In certain cases decomposition of the molecular ion requires activation
(excess) energy [15], which is transferred to the neutral molecules by the ion-
izing electrons in the course of impact. In such cases the energy corresponding
to the appearance potential must cover not only the ionization energy and
the dissociation energy, hut also the activation energy. After the ionization and
decomposition processes, this excess energy will he present in the form of the
kinetic and excitation energies of the particles formed.
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Table IV

The activation energies of decomposition of molecular ions may be cal-
culated from the ionization potential and appearance potential data [6]. The
activation energies of the decompositions of the molecular ions of bromo-
substituted methanes involving formation of HBr and Br, calculated from
earlier and present experimental data, are given in Table IX.zIH in the Table IX
is the total energy necessary for the decomposition, AHr is the reaction heat,
and AH* is the activation energy.

Table IX shows that, in accordance with expectations [15], the molecular
ions decompose in endothermic processes, and the endothermicities of decom-
position processes involving formation of HBr are higher than those of proces-
ses leading to Br. (In a study of the absolute values, attention must be paid
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The positions of the zero elements are denoted by points

Br,+ HBr+ CBr+ CHBr+ CBr,+ rCHBiy* CBr3+
1 1 | 1 1 1
1 1 | 1
1 2 2 1 2 1 | 1
| 2 1 1
1 1 1
1
1
1
-1 —1 -1 -1 -1 -1 -1 —1 -1 -1 -1 -1 -1 -1 -1 -1
1 .
1 1 1 1
| 1 1
1 1 1
1 1
1 1
|
1
21.3 16.4 148 19.2 18.8 20.3 149 23.2 19.1 16.8 15.8 17.2 17.1 13.4 11.0 13.1

to the accuracy of the experimental appearance and ionization potential data
used in the calculations, which is on average d; 0-2 eV). Table I1X further per-
mits the conclusion that the activation energy of decomposition of a bromo-
substituted methane molecular ion is very close to zero (the difference from
zero lies within the order of the experimental error), and thus neglect of the
kinetic and excitation energies could not have involved a large error.
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Table ¥

Stoichiometric matrix of electron-impactfragmentation of CBrA The positions of the zero elements are denoted by points

ct+

C | 1

Br 2 4 3 1

Br2 2 1 1 1
CBr 1
CBr2

CBr3

CBr4 —1 -1 —1 -1 —1 -1
ct+ 1 1 1

Br+ 1 1 1
Br’

CBr+

CBr+

CBr+

APtheor- (e”) 174 191 221 222 207 185

Br+ Br+ CBr+ cert CBrg+
1 1
2 1 2 1 3 1 2 I
1 1 1
1 1
1 1
1
-1 —1 -1 -1 —1 -1 —1  — -1 —1 -1 —1
1 1 1
1 1 1 1
| 1
1 1

150 172 141 192 172 171 141 19.8 16.5 149 141 114

“le 39 1SOdV s:e]
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Table VI

233

Measured appearance potentials for CHBr3 and CBrt, and calculated values most closely
approaching the measured values

c+

CH+

Br+

HBr+
CBr+
CHBr+

CBr+

CHBr+
CBr+

Probable ion formation processes for CHBr3 in the case of electron-impact ionization

lon

Measured

23.6
20.5

15.4

14.7
16.2
17.4

11.1
13.0

lon

c+
CH +
Br+
HBr+
CBr+
CHBr+
Br2+
CBr2+
CHBr2+
CBr3+

CHBIr3 CBr4
calcd. Measured
(eV) (eV)
23.2 23.0
19.6 —
18.9
15.3 145
20.6
14.9 —
16.8 19.3
17.2 —
14.8 17.2
13.4 145
11.0 —
13.1 11.4
Table VII

Decomposition reaction

CHBr3-> C+ + H + 3Br
CHBr3 CH+ + 3Br
CHBr3-t- Br+ + CHBr2
CHBr3-> HBr+ + CBr2
CHBr3-» CBr+ + HBr + Br
CHBr3 CHBr+ + 2Br
CHBr3-» Br2+ + CHBr
CHBr3— CBr2+ + HBr
CHBr3— CHBr2+ + Br
CHBr3-> CBr3+ + H
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Table VIII

Probable ion formation processes in unimolecular decomposition of CBrt in the case of electron-
impact ionization

lon Decomposition reaction

c+ CBr4-v C+ + 4Br

fBr+ -f- CBr P Br2
Br+ CBr4-*- |Br+ J-CBr3
[2 Br+ -f Br2-f C

CBr+ CBr4— CBr+ + 3Br
CB tBr2+ + cBr 4 Br
Br2+ |Bra+ + Br2+ 8
cerzr G IRNy gH
CBr3+ CBr4-> CBr3+ + Br
Table IX

Activation energies of decomposition of molecular ions of bromo-substituted methanes (kcal/mol)

Process AH -ffl* A‘K
CH3Br+— Br + CH3+ 53 54 —1
CH2Br2+->- Br + CH2Br+ 14 24 —10
CHBr3+ — Br + CH2Br2+ 7 19 — 12
CBr4+ — Br + CBr3+ 18 34 -16
CH3Br+->- HBr + CH2+ 99 91 8
CH2Br2+ — HBr + CHBr+ 126 115 11
CHBr3+ — HBr + CBr2+ 85 67 18

2. Study of the heterogeneous pyrolysis of CHBr3 and CBr4
2.1. Temperature dependence of the pyrolysis of CHBr.n on a tungsten spiral

In the study of the temperature dependence of the pyrolysis, the temper-
ature ofthe spiral ofthe reactor was varied while the electron energy was main-
tained constant.

Choice ofthe magnitude ofthe ionizing electron energy was guided by the
following principles: (1) The pyrolysis may be investigated with the application
of high electron energy. In this method fragmentation arises jointly on the
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surface of the incandescing spiral and as a result of the ionizing electrons. In
this case the change occurring in the relative intensity isprimarily a consequence
of the pyrolysis. (2) The other possibility is to work with a low ionizing electron
energy (below the appearance potential), when there is little disturbance from
electron fragmentation. At low electron energies, however, the ionization
cross-section decreases strongly, and very small ion currents must be measured
(particularly in the case of radicals) [16].

In our earlier measurements [5, 6], the temperature dependence of the
pyrolysis was studied at an electron energy of 70 eV. However, as can be seen
from Tables | and 11, at higher electron energies the intensities ofthe molecular
ions of CHBr3 and CBrs are very low, and thus the decomposition of these
compounds resulting from pyrolysis cannot he studied at high electron energy,
since the electron fragmentation overlaps the effect of pyrolysis. Accordingly,
in the present pyrolysis experiments the spectra were recorded at 15 eV.

In pyrolysis, the mass spectrum also changes slightly in its temperature
dependence because of some other effects. One of the causes is chemical in
nature; this is manifested in the fact that the surface composition of the spiral
changes in the course of pyrolysis, as a result of tungsten carbide formation.
This effect may be reduced by conditioning the spiral [3, 17, 18]. In addition,
also physical interactions affectthe intensity of the molecular beam, and hence
the heights of the spectral peaks [19]. Examples of such interactions are the
temperature-dependent diffuse vaporization and mirror reflection of the gas
molecules from the incandescent surface [20, 21], and the change in internal
energy of the gas. These effects are augmented by the fact that the gas pressure
in the reactor increases during pyrolysis as a result of a rise in the number
of molecules. Further, at high temperatures the molecular beam passes through
the ionization chamber more rapidly, and thus the probability of ionization
falls. This latter effect is not too large, since the temperature of the ionization
chamber is not influenced to a great extent by the temperature of the reactor,
while at a constant molecular flux the peak height is merely a square root
function of the translational temperature of the molecules [22]. As a conse-
quence of all these effects, the heights of the individual peaks of the spectrum
vary in almost the same proportions, and thus, if the relative intensities are
expressed as a percentage of the total ion current measured at the individual
temperatures, even in spite ofthe above physical interactions a realistic picture
may he obtained of the temperature dependence of the mass spectrum and the
pyrolysis.

Figure s shows the temperature dependence ofthe quantities ofthose ions
appearing with higher relative intensities in the mass spectrum of CHBTr3
while Fig. 7 gives the corresponding dependence for ions detected in lower
relative intensities. The temperature dependence of the ion intensity, or of the
pyrolysis, is even more striking in a plot of AI/AT vs. T (Figs 8 and 9).
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T, K

Fig. 6. Temperature dependence of the ion current of radicals formed in the pyrolysis of
CHBr3 Electron energy 15 eV

1000 1200 WOO 1600 1800 2000 2200
T, K

Fig. 7. Temperature dependence of the ion current of decomposition products formed in
lower relative intensities in the pyrolysis of CHBr3 Electron energy 15 eV

T. K T«

Fig. 8. Temperature dependence of the Fig. 9. Temperature dependence of the

quotient of differences of the ion current
of the products formed in the pyrolysis of
CHBIr3
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The Figures reveal that, with this reactor type, the pyrolysis of CHBr3
begins to a detectable extent at about 800 K, while Figs 8 and 9 show that the
degree of pyrolysis varies most intensively in the temperature interval 1600—
1800 K. The main decomposition products of CHBr3 are Br, CBr2and probably
H, though the latter could not be detected with our apparatus. The amount of
HBr formed was much less than in the pyrolysis of CH3Br and CH2Br2 [5, 6].
As a consequence of futher decomposition, the relative amount of some of the
radicals occurring with lower intensities (HBr, CHBr and CBr) increase, while
that of CHBr2 decreases as the temperature rises. The amount of C detected in
very low intensities in the pyrolysis is almost constant, since the rise of tem -
perature leads to an increase in the rate of tungsten carbide formation similar
to that in the deposition of C.

2.2. Temperature dependence of the pyrolysis of CBri

Figures 10 and 11 present the temperature dependence of the spectral
peaks detected in higher, and in lower relative intensities, respectively, on
pyrolysis. Figures 12 and 13 show the extents of the temperature dependent
changes as a function of temperature.

It can be seen from Figs 10— 13 that the temperature dependence of the
pyrolysis of CBrais similar to that observed for CHBr3. The main products of
pyrolysis are the Br, CBr3, and CBrz radicals. lons indicative of the formation
of CBr and Br2 were detected in much lower relative intensities. The curve for
Br2 has a maximum at about 1500 K, for at temperatures higher than this Br2
begins to dissociate to atoms.

2.3. Activation energies of the heterogeneous pyrolysis of bromo-substituted
methanes

We have seen that the fragmentation resulting from the ionizing electrons
can be eliminated if the ionizing electron energy is lower than the appearance
potential of the decomposition products under study, but higher than the ioni-
zation potential of the radical. Thus, the values of the ion current are naturally
very small, and the accompanying experimental difficulties reduce the accuracy
ofthe measurements. If the pyrolysis unavoidably taking place on the cathode
is taken into account, together with the small extent of electron fragmentation
occurring because of the inhomogeneity of the electron energy [15], i.e. the ion
current observed at the cold reactor spiral is subtracted from the measured
ion currents, then we obtain the ion current originating only from the ioni-
zation of the radicals formed during pyrolysis. Hence, Fig. 14 shows the tem -
perature dependence of the per cent increase in the ion current due to the reac-
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tions of the Br atoms formed in the pyrolysis of CHBr3 and CBr4, while Fig. 15
shows the corresponding dependence in the case of HBr formed in the pyrolysis
of CHBr3. The amounts of Brand HBr formed on pyrolysis increase rapidly with
the rise of temperature.

T.K

Fig. 10. Temperature dependence of the ion current of radicals formed in the pyrolysis of
CBr4. Electron energy 15 eV

T, K

Fig. 11. Temperature dependence of the ion current of decomposition products formed in
lower relative amounts in the pyrolysis of CBr4. Electron energy 15 eV

If the ion current of the radicals formed in the pyrolysis are expressed
in arbitrary units, logarithms are taken, and these are plotted as a function of
1/T, the activation energy ofthe decomposition process resulting in the product
in question may he calculated from the linear Arrhenius plot obtained. In
combination with the results of earlier measurements [5, 6], Fig. 16 gives the
Arrhenius plots for the decomposition reactions of the bromo-substituted
methanes leading to formation of Br, and Fig. 17 those of the heterogeneous
decomposition processes accompanied by formation of HBr.
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Fig. 12. Temperature dependence of the quotient of differences of the ion current of the
products formed in the pyrolysis of CBr4

Fig. 13. Temperature dependence of the quotient of differences of the ion current of the
products formed in the pyrolysis of CBr4

The activation energies calculated for the heterogeneous pyrolysis from
the straight lines are listed in Table X. The cause ofthe limited accuracy of the
measurements is that the surface state of the tungsten spiral has a decisive
effect on these pyrolytic processes. As has already been pointed out, the surface
composition changes during pyrolysis. In order to reduce this effect to a mini-
mum, the pyrolysis of the bromo-substituted methanes were measured one
after another on the same, well-conditioned spiral (covered with tungsten
carbide).
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Fig. 14. Temperature dependence of the Fig. 15. Temperature dependence of the

percentincrease of the ion current originat- per cent increase of the ion current originat-
ing from ionization of the Br atoms formed ing from ionization of the HBr formed in
in the pyrolysis of, CHBr3 and CBr4. Elec- the pyrolysis of CHBr3

tron energy 13 eV

Fig. 17. Arrhenius plots of the ion current
of the HBr formed from the decomposition
of bromo-substituted methanes

Fig. 16. Arrhenius plots of the ion current
of the Br formed from the decomposition
of bromo-substituted methanes

Table X shows that the activation energies of the heterogeneous de-
compositions of bromo-substituted methanes leading to formation of Br and
HBr are the smaller, the more H atoms in the molecule are replaced by Br.
There is a systematic decrease in the activation energy values in the direction
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Table X

Activation energies of pyrolytic decompositions of bromo-substituted methanes on a tungsten
surface, with theformation of Br and HBr (kcal/mol)

D ecomposition process AKi
CH3Br Br+ CH3 15.0 + 3.0
CH2Br2— Br + CH2Br 13.0 + 3.0
CHBr3— Br + CHBr2 105 % 25
CBr4— Br + CBr3 8o 2o
CH3Br-# HBr + CH2 8.6+ 2.0
CH2Br2-> HBr + CHBr 7.4 % 15
CHBr3— HBr + CBr2 6.3+ 15
CH3Br---—-----—-- >CBr4. It can also be seen that decomposition processes accom-

panied by HBr formation require less excess energy than the decompositions of
the same molecules to Br.

If the above activation energies are compared with those to be found in
the literature [23, 24] for homogeneous pyrolytic decompositions, it is observed
that although these values vary according to similar regularities, their nu-
merical values are substantially higher (about 5times), and it follows from this
that on tungsten the bromo-substituted methanes undergo pyrolysis in cata-
lytic processes involving radical mechanisms.

A regularity similar to that for the activation energies also emerges from a
comparison of the thermodynamic data relating to the bromo-substituted meth-
anes. If the free energies of formation of the bromo-substituted methanes are
examined [25] (Table X1), itisobserved that these compounds are not too sta-
ble thermodynamically; their stabilities decrease with increasing number of Br
atoms (the free energy of formation is slightly negative for CH3Br and CH2Br2,
and positive for CHBr3 and CBr4). At room temperature, however, they are

Table XI

Free energies offormation of bromo-substituted methanes (kcal/mol)

Compound AF°
CH3Br (g9) —6.2
CH2Br2 (g) —1.4
CHBr3 (g) 3.8
CBr4 (g) 8.6
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nevertheless stable, for their decomposition requires activation energy. The
activation energy required for decomposition is the smaller, the thermodynam -
ically more labile the molecule.

From all this, the practical conclusion can be drawn that if it is wished to
produce halogen for halogen lamps by either homogeneous or heterogeneous de-
composition of bromo-substituted methanes, it is energetically more favourable
to employ those containing more Br atoms (CHBr3 or CBr4). Because of the
high operating temperature (ca. 2800 K) however, in the case of incandescent
lamps, the energetic questions are overshadowed by technological factors. It
is much more convenient to use CH3Br, and even more so CH2Br2, to fill the
lamps, the vapour pressure of the latter at room temperature being the desired
few Torr.

3. Determination of bond dissociation energies of bromo-substituted methanes

In our earlier [5, 6] and present experiments, the energies necessary to
split the C-Br and C-H bonds of the bromo-substituted methanes were calcu-
lated from the ionization potentials of the radicals formed on pyrolysis, and
from the appearance potentials measured in the fragmentation resulting from
electron impact [15]. Table X Il contains the measured appearance and inoni-

Tablc X1l

Measured appearance and ionization potentials of bromo-substituted methanes, the heats of radical
formation (AH®) and bond dissociation energies (Dmeascj.) calculated from these, and the literature
bond dissociation energies (D”.)

AP 1P Ameasd Dm Radical
Bond (kcalimol) V) V) (keatimot) (kcal/mol) Sionlraon”

CH3—Br 38 12.8 9.6 74+5 66.5
CH2Br—Br 51 11.1 8.3 65+4 62.5
CHBr2—Br 44 11.1 8.4 62+4 55.5
CBr3—Br 44 11.4 9.1 53+3 49.0
CH2Br—H 51 13.4 8.3 118+6 106.8 —15
CHBr2—H 44 13.2 8.4 111+6 101.1 —8
CBr3—H 44 13.0 9.1 90+5 91.1 + 19

zation potentials, the calculated heats ofradical formation and bond dissociation
energies. The bond dissociation energies were calculated by the following
relationship

AP(R+) = IP(R) + D(R—X)
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where AP isthe appearance potential, IP isthe ionization potential, and D is the
bond dissociation energy (where X = Br or H).

The Table also gives the experimental data of senon and szwarc
[23, 26], who studied the homogeneous pyrolysis of bromo-substituted meth-
anes by atoluene radical-trapping technique, and from the results calculated
the C—Br bond energies. We calculated the literature C—H bond energies from
data on the heats of formation [15], using the relationship

D(R-H) = Z)H,(R-) + AHf(H) — ZIHf(R-Hr)

where AHf is the appropriate heat of formation.

It can be seen from the Table that, even though the agreement between
the measured and the literature data is not too good in certain cases (owing to
the limited accuracy ofthe appearance and ionization potentials), nevertheless
it can he established quite clearly in both cases that the strengths of both
the C-Br and the C—H bonds decrease with increasing number of Br atoms in
the molecule. This tendency may also be observed from a comparison of the
mass spectra of CH3Brand CH2Br2[5,6] and those of CHBr3zand CBrareported
here (Table I). The spectra reveal that at a given electron energy the relative
intensity of the molecular ion decreases in the direction CH3Br------- >-ClI2B r2—>
— iCHBr3------- >-CBr4. This is understandable if it is considered that the H
atoms are progressively replaced by much larger Br atoms [27]. This has the
result, that with increasing number of Br atoms, the repulsion between the Br
atoms also increases, and thus the C—Br and C—H bond strengths decrease.

Decreases in the same direction are also exhibited by the thermodynamic
stabilities of the bromo-substituted methanes (Table X1), and by the activa-
tion energies of the pyrolytic decompositions directly connected with the bond
strenglits (Table X).

Besides the repulsion between the Br atoms, the effect of the resonance
stabilization of the radicals formed on the dissociation energy of the C—Br
bond must also be taken into account [23]. This means that the p electron ofthe
C atom of the free radical formed from the bromo-substituted methane is
uncompensated, and an interaction arises with the p electrons of the Br atoms,
thereby resulting in stabilization of the radical. The stabilization increases
with the number of Br atoms, and is greatest in the case of the CBr3 radical.
Stabilization ofthe radical is also caused by the decrease ofthe repulsion energy
during formation of the radical. This occurs when the group (CBr3) formed from
the originally close-packed, tetrahedral molecule is converted to a planar
structure during the formation ofthe CBr3radical.

The measure of complete stabilization of the radicals is defined numeri-
cally by the difference D(CH3-H) — D(R-H) [28, 29], where R is the radical
formed from the bromo-substituted methane. The larger this difference, the
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higher the stability ofthe radical formed. The value of D(CH3—H) is 103kcal/mol

[26]. Hence:
D(CH3-H) — D(CH2Br-H) = — 15 kcal/mol
D(CH3-H) — D(CHBr2-H) = — 8 kcal/mol
D(CH3-H) — D(CBr3-H) = + 13 kcal/mol
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A study was made of mixtures of n-butylamine and n-propylamine with alcohols
and with water, with regard to the correlation of the electric conductance and the con-
centration. It was found that the variation of the specific molar conductance as a func-
tion of the concentration can be interpreted by a simple association model. In this model,
ion formation is conceived as the dissociation of complexes of the type AnB, containing
a single amine molecule and several solvent molecules. The experimental data permit
conclusions as to the average degree of association. The values of this for both alcohols
and water fit well into the series obtained for the degree of association by other methods.

We have been studying the association conditions of alcohol-amine
mixtures in the liquid phase for an appreciable time. These investigations have
revealed that numerous physico-chemical characteristics of the mixtures and of
the pure components are so closely correlated with the association phenomena
that their study can be utilized to refine and supplement the physical picture
of association. We are attempting to obtain information on the association
conditions with as many methods of examination as possible, for these inde-
pendent methods permit us to check the assumptions made during the inter-
pretation of the experimental results. In our earlier publications on this topic
we have dealt with the study of the vapour—tquid equilibrium of alcohol-
amine mixtures, their heats of mixing, dielectric properties, viscosities, and the
activation energy of viscous flow, and with the interpretation of the results
[1—se]. Finally, in the most recent publication in this series [7], a study was
made of the specific electric conductance and its dependence on the concent-
ration and temperature, in mixtures of n-butylamine with methanol, ethanol,
1-propanol and 1-butanol. The qualitative evaluation of the results has shown
that in that concentration range where we can speak of amine dis- solved in
alcohol, i.e. when the mixture contains much alcohol compared to the amine,
the association and electrolytic dissociation can prob ably be described by the
following equilibria:

(ROH), + R'NH2”~ (ROH)n_1ROH3NR'A R'NH3 + (ROHARCT

It was assumed that primarily the mixed associated species (consisting of
both alcohol and amine molecules) containing the more alcohol molecules are

Acta Chim. (Budapest) 89, 1976



246 RATKOV1CS et al.. PROPERTIES OF ALCOHOL-AMINE MIXTURES, VIII

capable of electrolytic dissociation. In the present paper an account is given of
further experimental results, and an attempt is made to draw quantitative
conclusions from the electric conductance data as to the average composition
of the associations (or ion pairs) capable of electrolytic dissociation.

Experimental

The available experimental results were supplemented with new measure-
ments, made as described previously [7]. A study was made of the electric
conductance in n-propylamine-methanol, n-butylamine-water and n-propyl-
amine—water mixtures. The results are given in Tables I —IV.

Table 1

Specific and molar specific conductance of n-propylamine-methanol mixtures at 20°C

Concentration X Nw
(mol 1-9) @jus cm-1) (Q-1am)

0.576 178.0 3.09X10* 1
1.100 199.0 181 XI10~"
2.020 186.0 9.20X10-*
2.790 156.5 5.60x10-*
3.460 136.5 3.94x10-2
5.040 76.8 1.52x10-2
6.590 48.8 7.40X10-2
8.800 20.6 2.34x10-3

12.100 0.279 2.30x10-2

Table 11

Specific and molar specific conductance of n-propylamine-water mixtures at 20°C

ORI s B i {dg

0576 2930.0 510
1.100 3070.0 279
2020 2420.0 120
2790 1835.0 6.58x10-"
3.460 14100 4.07x10-"
5.040 5710 1.13x10-
6.590 180.0 2.73x10-2
8.800 535 6.08x10-3

12.100 0279 2.30x10-3
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Table 111

Specific and molar specific conductance of n-butylamine-water mixtures at 20°C

Concentration

(mol 1-1)

0.481
0.631
0.918
1.680
2.330
2.880
3.880
5.050
6.220
8.420
10.10

'y
@iS cm-1)

2745
2910
2790
2420
1720
1535
838
212
111
17.9
0.18

Table IV

nr
(f1-1 cm*)

5.70

4.61

3.04

144

7.35 X10* 1
5.31X10-1
2.16x10-!

420x10~2
1.78x10* 2
2.12x10-3

1.78x10-«

Specific and molar specific conductance of n-butylamine-water mixtures at 0°C

Concentration

(mol 1-3)

0.631
0.918
1.200
1.680
2.330
2.880
3.880
5.050
5.050
6.220
8.420
10.10

X
(ju& cm-1)

1780
1910
2120
1445
1115
865
534
200
200
58.6
11.15
0.40

Am
(0-1cm*)

2.82

2.08

177

8.60x10*!
4.78X10-!
3.00x10-!
1.38x10-*
3.96x10*2
3.96 X10-2
9.40x10-3
1.32x10-3
3.96X10-5

In the Tables cis the concentration of the amine, while Wis the specific,
and JlaT the specific molar conductance. In these latter calculations the amine

was regarded as the solute.
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Discussion

The experimental results show that there is barely any difference between
the concentration dependencesofthe specificconductance of aqueous or methan-
olic solutions containing re-propylamine and re-butylamine. It appears, there-
fore, that in this respect the decisive role is played not by the dissolved amine,
but by the properties of the solvent. The results obtained with the aqueous
solutions fit in with the series of measurements made in mixtures of various
alcohols with re-butylamine [7], since the nature of the curves describing the
conductance as a function of concentration is the same in every system exam-
ined. Similarly as in alcoholic solutions, the maximum in the specific conduct-
ance is to he found at an amine concentration of about 1 M in aqueous solu-
tions. Thus, in the evaluation, water was regarded as the first member of a
solvent series consisting of alcohol homologues. (In this conception, the alco-
hols are regarded as derivatives of water, in which one of the hydrogens of the
water has been replaced by an alkyl group.)

Evaluation is facilitated by considering the correlation between the spe-
cific molar conductance and the amine concentration. This was not dealt with
in the preceding paper [7]. The earlier data supplement the more recent results
given in Tables | —1Y, and thus the evaluation can he extended to every amine-
alcohol mixture investigated to date.

The first question to which an answer was sought was whether the electric
conductance ofthe amine-water and amine—alcohol mixtures can he interpreted
in the classical way, i.e. by the assumption of a formal dissociation equilibrium
such as can be written e.g. in the case of ammonium hydroxide. In the present
case, the equilibrium in question would be:

ROH3NR' RCT + R'NH3

where R and R' are any alkyl groups or hydrogen. For the equilibrium constant
of the dissociation we may write:
kd

1 a (i)
where Kdis the dissociation constant, and a is the degree of dissociation, which
can be expressed by the specific molar conductance. The amines involved are
not strongly basic, and therefore the dissociation is presumably only slight, so
that:

n,
<1 (2)
Nam, ®

Thus:
(3)
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It follows from Eqs (2) and (3) that:

K~Aflam,® = fNlaT C (4)

This indicates that, at a given temperature, the product of the concentration
and the square of the specific molar conductance is constant. In practice, it
was found that for the solutions examined this correlation does not hold, for
the above product varies considerably as a function of concentration. As
examples, data on the n-butylamine—water and n-butylamine—methanol sys-
tems are presented in Table Y.

Table ¥

Value of the product /1| m ¢ in aqueous and methanolic solutions of n-butylamine, as a function
of the concentration (c) at 20 °C

Water Methanol
(mole 1-1) Aam ¢ (moICI-],) ram ®

0.481 15.70 0.481 6.97 x10“2
0.631 13.45 1.082 4.74X10-2
0.918 8.49 1.683 2.11X10-2
1.680 350 2.754 551x10~3
2.330 1.26 5.050 4.04x10-*
2.880 818x 10 1 6.730 6.73X10-6
3.880 181x 10-1 7.855 3.99x10“°
5.050 8.90OXIO- 3 8.978 4.85X10-8
6.200 1.97x10~3

8.420 3.79XI0“6

It can be seen that the value of the product JlaTt c decreases rapidly with
increasing amine concentration, and thus the value of the dissociation constant
defined in the above manner is strongly concentration-dependent. This finding
can be explained in several ways, but it does not contradict our earlier concep-
tions, for those investigations carried out earlier by other methods [2—4] led
to the conclusion that the associated amine—alcohol species, whose dissociation
is used to interpret the conductance, do not generally consist only of one alco-
hol and one amine molecule, but contain several alcohol molecules. Thus, the
association process we assumed was the following:

(ROH)n+ H2NR'~ (ROH),-! ROH3NR'

where the value of n giving the degree of alcohol association may be 1, 2, 3, . ..
etc. We assume that the mixed associated species (or the ion pair formed from
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it as described in the literature) may dissociate in the following manner:

(ROH)n_1ROH3sNR' A [(ROH)n_1RO_][+H3NR']7 "~ (ROH”RO," +

+ R'NH3

If it is taken into consideration that the mixed species is held together by
three hydrogen bonds when n = 1 [8], whereas if n]> 1 then the number of
hydrogen bonds linking the nitrogen and oxygen atoms is at most two, it must
be concluded that mixed species containing more alcohol molecules are more
likely to dissociate. It must be noted here that essentially the same assumption
is accepted for water, when the high ionic mobilities of H+ and OH" are ex-
plained by the prototropic conductance mechanism, and these ions are conceiv-
ed of as a cluster of water molecules with a proton excess or deficiency. This
conception is not contradicted by the assumption of the solvation of the RO"
ions, for if the solvation is accompanied by the formation of hydrogen bonds,
then the final product is the assumed anion (ROH),_1tRO". Solvation of the
cations R'NH” may also be considered, but the formation of such a solvated
R'NH” ion would imply dissociation of the alcohol-amine mixed species in
such a way that the alcohol molecules would separate into two groups: either
bound to the cation, or forming an independent anion. The possibility of this
cannot be excluded, but we do not regard it as probable, since the assumption
of such a separation of the alcohol molecules is in contradiction with the find-
ing that the pure alcohols are very poor conductors, for the very reason that
the alcohol associations do not separate into groups with either proton excess
or proton deficiency, i.e. into ions. (The specific electric conductances of the
pure alcohols are at least one order of magnitude smaller than those of the
solutions examined.) From all these considerations, therefore, the above disso-
ciation equilibrium is regarded as the most probable.

An attempt was made to use the physical picture outlined above to form
a model for the interpretation of the phenomena studied: a model which also
allows conclusions to be drawn as to the average compositions of the alcohols
and the associated alcohol—amine species.

The fact that the association conditions of alcohols can by no means be
regarded as clarified, compels us a priori to make assumptions with respect to
alcohol association. However, this does not exclude the possibility of applying
a model, as numerous examples can be found in the literature where a given
phenomenon can be equally well interpreted by different association models.
(For example, the wvapour-liquid equilibrium data for n-propylamine-n-
hexane mixtures can be calculated with practically the same accuracy with the
Mecke —Kempter model, which assumes an infinite chain association for the
amine, or with the model based on the assumption of cyclic tetramers [9].)
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In these models it is customarily assumed that the associated species and the
monomers form ideal mixtures with each other [10].

On the above basis, the mixed clusters of the alcohol-amine mixture
should be replaced in the model by an association complex of composition
AnB, consisting of n molecules of alcohol and one molecule of amine (A and B,
respectively). Thus, the electric conductance of the mixture may be attributed
to the ions formed upon dissociation:

AnB An -f- B+

(It must be noted that the number, n, of alcohol molecules forming the
assumed anion is definitely closely connected with the average degree of asso-
ciation of the mixed species formed in the actual system, although it is not
necessarily identical with this, for it is conceivable that the species AB disso-
ciate to a lesser extent than the species ArB (n 1) and thus the average
number of alcohol molecules in the mixed clusters differs from the average
number of alcohol molecules comprising the anions. In the case assumed here
the latter quantity is larger than the former.)

The dissociation constant of the complex described in the model is:

W [B+4]
[AnB]

Kd=

©)

where a is the degree of dissociation, presumably much less than unity, and c
is the concentration of the mixed complex AnB. If the degree of dissociation is
expressed in terms of the specific molar conductance:

Nn X
(6)
nT n, c
and thus:
KAl » —
c (?)

where J1 is the molar specific conductance of the mixed complex, and /1,, is
the same quantity at infinite dilution.

Let us regard the alcohol as an ideally associated mixture as proposed
by Prigogine [10], i.e. let us assume that the associated complex and the
monomer in the pure alcohols form an ideal mixture with each other. We may
then write the equilibrium constant, Kn, for the association reaction ofthe alco-
hol in terms of the concentrations of the complex, An, and the monomer, AX:

Kn [” 1
[nr

(8)
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The equilibrium constant of mixed association can be written in a similar
manner, assuming that the previous model for the alcohol is valid in the pre-
sence of the amine too:

[ArB] _ [AB] .
[Ad[Br]  Kn[AX*[BJ ©)

where [Bj] is the concentration of the monomeric amine molecules. As regards
the concentrations of monomeric alcohol and amine, these are proportional to
the nominal concentrations of the components, calc and cam, since our viscosity
measurements [4] show that in an amine—alcohol mixture the average degree
of association of the mixture decreases monotonously and almost linearly, on
proceeding from the pure alcohol towards the pure amine. Accordingly, the
equilibrium constant of association can be given in terms of the nominal con-
centrations too.
To a first approximation, let:

[Ai] — kacaic (10)
[BJ = ~bcam (11)
and thus, from Eq. (9):
K, [AnB] (12)
B~nkaca\Jtbcam

If the constants are combined: KaKnkakb = [, and if the substitution [AnB] =
= Rcl\ccan cis performed, taking into account Egs (12) and (5), since in
the sense of (6)a = x/cA”,forthe degree of dissociation ofthe mixed association
we obtain that:

a= (13)
AooR2icca
Hence, on the basis of Eq. (5):
K2 A A
AlKd am (14)
am cam R°alc

The first factor on the right-hand side of this relation is the square of the spe-
cific molar conductance calculated with the nominal concentration, i.e. the
square of Aam given in the Tables, and thus:

calcBKdA i = A lncam (15)
Taking logarithms in Eq. (5):
Mbg Cilc + log(RKdA*) = log(.1amCam) (16)
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It follows from Eq. (16) that if the model is suitable for describing the
phenomenon, then the expression log (Almcam) will give a straight line as a
function of the logarithm of the alcohol concentration, and the slope of this
straight line will yield the number of alcohol molecules in the mixed complex
assumed in the model, i.e. the value of n.

For purposes of clarity, the simplifying assumptions made in the course of
the derivation of (16) are listed below:

1. It was assumed that the electric conductance of the amine—alcohol
mixtures is due to ions formed from the mixed complex of type AiB.

Fig. 1. fi\og(Aam cam) vsml°g "solvent plots for n-butylamine alcohol and re-hutylamine-water
mixtures. Data measured at 0 °C (O methanol, x ethanol, O 1-propanol, 4 1-butanol, « water)

2. In the model employed to interpret the conductance the various
complexes A®B were replaced by an association complex of composition AnB.

3. It was assumed that the ideally associated mixture model proposed
by Prigogine [10] is valid in the amine-alcohol mixture and in pure alcohol
too.

4. It was assumed for the degree of dissociation of the mixed complex
than « <M 1.

5. It was assumed that to a first approximation the concentrations of
the monomeric alcohol and amine molecules in the alcohol mixture are propor-
tional to the nominal concentrations of the alcohol and amine.

The —Ilog(/lamcam) vs. log calc plots of the experimental results are shown
in Figs 1 3.

The diagrams reveal that, in accordance with expectations, these plots
are linear for the various alcohols and for water too. The deviations from linear-
ity can be attributed partly to errors in the measurements, and partly to the
simplifying assumption that the concentrations of the monomers of the
solvent and solute in the mixtures in question vary linearly as a function of the
nominal concentrations. In the alcoholic solutions there is a larger deviation
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only for log caic< 0.4, i.e. when the mixture consists predominantly of amine
and not of alcohol. In this range it can no longer be expected that a significant
amount of mixed complex AnB be formed. This is also indicated by the fact
that mixtures containing little alcohol have very low electric conductances.

Fig. 2. |ttlog (/Lam Cam) vs. log csolvent plots for re-butylamine-alcohol and re-butylamine-water
mixtures. Data measured at 20 °C (o methanol, x ethanol, O 1-propanol, g 1-butanol, « water)

Fig.3.jUlog (Aam cam)vs. log Csolvent plots for aqgueous and methanolic solutions of n-butylamine
and re-propylamine. Daca measured at 20 °C (x n-butylamine in methanol, g4 n-butylamine in
water, ¢ propylamine in methanol, O n-propylamine in water)

The results obtained in methanolic solution show that in solutions con-
taining little amine (log caic > 1.2) the value of nis larger, and becomes similar
to the value observed in the other alcohols only in systems containing more
amine. This was not taken into consideration in the evaluation, but the average
value of n was determined.

By the exchange of roles of the solvent and solute we can probably also
explain the fact that the temperature coefficient of the specific conductance
changes its sign in roughly this concentration interval [7].
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The data measured in aqueous solution give a straight line only for log
Cwater <C 1.3, i.e. up to a concentration of 20 M. This can probably be explained
by the significantly different association properties of water and the alcohols.
The negative slopes ofthe straight lines in the Figure give the number of solvent
molecules participating in the assumed association reaction. These are listed
in Table VI.

Table VI

Negative slopes (n) of the —iog(/Ijm eam is. log csOlvent plots

—tan6=n

e 0 0°0
n-butylamine-I-butanol 5.10 4.43
rc-butylamine-I-propanol 5.34 4.54
n-butylamine-ethanol 5.60 4.62
n-butylamine-methanol* 6.55 6.25
n-butylamine- water 10.30 10.20
A-propylamine-methanol 6.55 -
n-propylamine-water 10.30 —

* Average value over the range studied

Figure 3 depicts the results obtained for methanolic and aqueous solu-
tions of n-butylamine and n-propylamine. It appears that the results for the
two amines do not differ with regard to the solvent: the data for aqueous and
methanolic solutions lie on one straight line for a given amine. Accordingly,
in agreement with our conceptions, the phenomenon under examination
depends primarily on the association properties of the solvent.

If the data of Table VI are inspected, two tendencies can be established.
It is clear that the number of solvent molecules involved in the assumed
mixed association increases with the decrease of the molar mass of the solvent;
it also decreases to a slight extent with the decrease oftemperature. The values
of n from 4.43 to 6.55 agree with the results of our earlier investigations by
a different method. Viscosity measurements gave a value increasing from 3.24
to 3.70 upon going from 1-butanol to methanol for the average degree of asso-
ciation of the alcohol. The activation energy of viscous flow yielded results
increasing from 3.66 to 4.43 for this same quantity. If we set out from the con-
sideration mentioned earlier, that, as regards the mixed complexes, those
containing several alcohol molecules will have lower dissociation energies than
AB, it appears understandable that we obtain results somewhat higher than
the average degree of association of the alcohol for the value of n on the basis
of the electric conductance data.
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W ith regard to the aqueous solutions, data suitable for such a comparison
were not found, hut various authors [11—14] maintain that in this tempera-
ture range the number of hydrogen bonds broken at a given instant can be
estimated as about 10—15% of the total number of possible hydrogen bonds.
This physical picture can be compared with the value of n = 10.3 which we
determined.

The similar nature of the properties of alcoholic and aqueous solutions
permits the conclusion that in the amine-containing solutions in question the
relatively high electric conductance in both aqueous and alcoholic solutions
can be explained by the high mobilities of the anions. It follows from this,
however, that the prototropic conductance mechanism may play an important
role in alcoholic solutions too. It seems very probable that a significant propor-
tion of the electric conductance of the amine alcohol mixtures stems from the
phenomenon that an alcohol complex deficient in one proton, and acting as an-
ion, acquires a proton from a neighbouring neutral molecular cluster, thereby
becoming neutral, while the previously neutral species takes over the role of
anion as aresult of its proton deficiency. This physical picture is in agreement
with the finding that at lower temperature, where the average degree of asso-
ciation of the dissociating mixed complexes is smaller (see Table VI), in the
concentration range considered the specific conductance decreases with the
decrease oftemperature [7]. With regard to why the mixed complexes contain-
ing fewer alcohol molecules dissociate to a larger extent at lower than at higher
temperature, we cannot as yet give a definite explanation, but we consider it
possible that the phenomenon is connected with a change in the association
conditions of the alcohols, with enhanced ring-formation, and hence with the
decrease average number of monomers in the alcohol clusters.
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Solute-solvent interactions were studied by viscosity measurements in the
aqueous solutions of methanol, ethanol, i-butanol-glycerol, dioxan, methylcellosolve,
acetone, acetonitrile and dimethylsulfoxide. Molecular complexes can he detected in
all systems. The data were discussed in the light of Harms’ theory.

Introduction

In recent years several publications appeared concerning the nature of
the intermolecular structure of water. The main assumption involved was
that liquid water exists in the form of aggregates, in which water molecules
are connected into a network-like structure through hydrogen bonds. The
aggregates which may take different shapes can be dimers with a structure
similar to that of diborane, or rings of 3, 4, 5 or 6 molecules as suggested by
Ageno [1], who developed structural models based on tbe assumption that
each oxygen atom has four tetrahedral orbitals. Each collective bond involves
one lone and one occupied orbital. Thus, each molecule of water can participate
in no more than two hydrogen (collective) bonds. On the other hand aggregates
may assume the “iceberg” form suggested by Franks and Evans [2] OF the
“cluster” form as proposed by Nemethy and scheraga [3]. These authors
based their suggestions on the “flickering-cluster” model of Franks and
Wen [4].

On mixing alcohol with water, contraction in volume is observed in many
systems [5—11]. This contraction can be attributed to the occupation of free
volume or cavities in the open solvent structure by the other component, and
can be expressed by the relationship:

= M,
AV XIM1+ X2M 2 _ M + X2 (1)
12 dl

Thus, a plot of A V vs. xr (the mole fraction of the solute) shows a minimum
at which the organic solvent—water “complex” is assumed to be present.
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In this paper these studies will be extended to viscosity measurements
in various organic solvent—water systems. Use is made of the data in the
literature as well as those obtained in this laboratory. This study includes the
following systems:

(1) MeOH—H2 [12], (2) EtOH—H20 [13], (3) t-BuOH—H2 [14],
(4) glycerol (GOH)—H20 [7], (5) dioxane (D)—H2 [8], (6) methylcellosolve
(MCS)—H [11], (7) Me2CO—H2 [13], (8) MeCN—H20 [15], and (9) Me.,.SO—
H20 [16].

The suggested “complex” formation will be discussed in the light of
Harms’ [17] theory.

Results and discussion
I. Absolute viscosity vs. mole fraction curves

Figure 1 shows the variation ofthe absolute viscosity of the mixture with
the mole fraction (aq) of the organic component for the & systems. As can be
readily seen, maxima are observed with the exception of system (4). These
maxima can be attributed to the variation of water structure upon the addition
of alcohol, since the structure collapses owing tothe breaking of H-bonds in the
water aggregates. The maxima represent a 1:2organic solvent-water “com-
plex”.

Ageno [18] explains the presence of a maximum in the MeOH—H20
system assuming that, at this concentration, all hydrogen bonds available in
water at the given temperature are saturated by alcohol molecules. If the
alcohol concentration is further increased, the viscosity of the mixture should
decrease toward that of pure methanol.

Kay et al. [19] studied systems (2) and (5) and suggested that the struc-
tural effect is a maximum at low ethanol concentration, and the composition
corresponding to the viscosity maximum is the result of two conflicting effects
much like the maximum on the density curve of pure water.

Franks [10] have found that in the case of system (2), drj/dc increases
with increasing concentration, indicating an increased structural effect,
which reaches a maximum, whereas according to Kay and Broadwater [20],
drjldc decreases with increasing dioxan concentration for system (5). Franks
[10] put forward an explanation for these two types of behaviour. Small addi-
tions of non-electrolytes to water cause an increase in long-range order or an
increase in the half-life of the structured entities existing in water. Through
hydrogen bonding, the structural integrity of liquid water is probably en-
hanced. The maximum occurring in systems (2) and (5) was attributed to
structure promotion.
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However, in glycerol-water the “complex” cannot he detected from the
7N vs. xxplot. On the basis of the /1 V vs. plot it should have the composition
[GOH-3(H20] [7]. On the other hand, parbari €t al. [21] studied the sound
adsorption in this system and deduced the formula [GOH-6(H20)].

Fig. 1. Variation of absolute viscosity with composition

Apparently, systems (5) and (6) show viscosity variations similar to those
observed for alcohol—water systems. This behaviour is expected since hydrogen
bond formation would be strong with structures containing more than one
oxygen atom.

Figure 2 comprises a second group of systems (7—9), in which the

Me”
organic liquid possesses unsaturation at a carbon atom M c=0 a nitrogen
e_
Me

atom (Me—C=N), or at a sulfur atom 38 =

The “complex” [1 organic solvent-6(H20)] can be easily detected from
Figure 2 in systems (7) and (8). At the same time the data of Cowie and To-
porowski [16] show that probably a Me2S0-2(H20) “complex” is formed.
These authors have found that the maximum on the viscosity isotherm de-
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creases with increasing temperature. This led them to suggest that “the system
Me2SO—H 20 ” belongs to the class of solutions possessing numerous solute
water bonds which are stronger than the hydrogen bonds between water
molecules. The “complex” formed is thermally labile and would only be expect-
ed to exist in a completely undissociated state at low temperatures.

Fig. 2. Variation of absolute viscosity with composition

Il. Deviations in the viscosity of binary mixtures

Many authors [22—31] have suggested equations which correlate the
viscosity of binary mixtures with those of the components. The conclusion
drawn was that viscosity is a non-additive property and there is always
deviation from linear additivity.

Harms’ et &l. [17] suggested the following relationship for the viscosity
of a binary liquid mixture:

Vmu = *1 [ML+ Xx2r]M,, (2)

where r/mis the molar viscosity representing the force which acts via the linear
velocity gradient on a stationary plane of area V%3 at a distance Vm3

(Vm is the molar volume). It isindependent of the state of matter and the type
of the molecules and is given by

Vm = V UNus e 3)
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Fig. 3. Variation of Arjfnlt with composition

Fig. 4. Variation of Ar)” with composition

The divergence from linearity (Ar]mlr) can be obtained from the relationship

AriMit = tfalcd- — rf*P«-
= + X2j2V A — 11V An 4)
Figures 3 and 4 show variation of the deviation Ar]mla with xv As
can be readily seen, a maximum is only observed in the case of system (4).

The minima in the other systems occur at mole fractions approximately equal
to those corresponding to the maxima in the r]vs. x2 plot. Also, it is obvious
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that the depth ofthe minimum can be regarded as a measure of the interaction,
which decreases in the following order

D-H20 > i-BuOH-H20 > MeOH-H20 > MCS-H2 > EtOH-H2 .

For the unsaturated organic solvent—water systems the following order
is obtained

Me2C0-H,0 > Me2S0-H2 > MeCN-H2 .

Harms’ et al. [17] obtained positive Ar}mR2 values for the systems CCls
with hexane, CS2 CoH6, EtOH, PrOH and BuOH, benzene with MeOH,
EtOH, BuOH or Me2CO, EtOH with CS2 or dioxan, and acetone with hexane,
where maxima were always observed. No negative values of Ayjw2were reported
by these authors. Positive and negative Ar]m2values were explained by Harms’
etal. [17] in the light ofthe molecular theory of internal friction (or lubrication)
due to mixing. They considered the mixing of two liquids, one consisting of
molecules with free polar groups which form large molecules (e. g. alcohols),
and the other consisting of non-polar molecules which do not tend to associate.
On dilution of the polar with the nonpolar component, association and/or
dissociation of the aggregates occur. With further dilution, the equilibrium
between these two processes will be shifted towards the formation of simple
molecules. Therefore, they were able to explain the viscosity data in terms of
two possibilities:

1. Single, large polar molecules which interact but weakly with the mole-
cules of the nonpolar component. Through breakdown of the large aggregates,
the number of loose positions increases thus the internal friction will be small.
The mixing process is generally associated in this case with enhanced internal
lubrication.

2. Single, large polar molecules interact strongly with the molecules of
the nonpolar component. Through breakdown of the large units of the polar
component, a number of new loose positions appears. On the other hand, a
great number of the loose points already present are fixed through interaction
between the large polar molecules and the molecules ofthe nonpolar component
(solv ation).

According to this concept, it is clear that internal lubrication occurs in
the GOH-H 20 system and, at low water concentrations, also in the t-BUuOH—-H20
and MeCN—H2 systems, while negative Ar]mR2values enhance internal friction
in the other systems. It is very difficult to predict whether molecules in a given
pair of liquids will facilitate or hinder each other’s hydrodynamic motion.

It can be suggested that Harms’ theory is applicable to systems in which
both components are polar liquids.
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HETEROCYCLISCHE /5-ENAMINOESTER, 161

ZUR REAKTION HETEROAROMATISCHER 3ENAMINOESTER
MIT MALEINSAUREANHYDRIDEN
DIE PHOTO-DIMROTH-UMLAGERUNG VON 5-AMINO-4-ATHOXYCARBONYL-]-
PHENYL-1,2,3-TRIAZOL

G. Szitagyi* und H. Wamhoff
(Organisch-Chemisches Institut der Universitdt Bonn D 5300-Bonn, Max-Planck-Str. 1)

Eingegangen am 10. Januar 1975

2-Amino-3-athoxycarbonyl-4,5,6,7-tetrahydro-benzothiophen 1 und 5-Amino-
4-athoxycarbonyl-pyrazol 4 reagieren mit Maleinsdureanhydriden unter Bildung
substituierter Maleamidsdure-Derivate (3, 5). Die Reaktivitat von 3 und 5 sowie die
Bereitschaft zu RingschluRreaktionen werden untersucht. 5-Amino-4-athoxycarbonyl-
I-phenyl-1,2,3-triazol 12 lagert sich photosensibilisiert in das 5-Anilino-4-athoxycar-
bonyl-1,2,3-triazol 14 um.

Die cyclophile Doppelbindung des Maleinsdureanhydrids und seiner
Derivate reagiert bei UV-Bestrahlung mit zahlreichen Doppel- und Dreifach-
bindungen unter 2 + 2 —*4 Cycloaddition [2]. Es lag daher nahe, die photo-
chemische Reaktivitdt der Doppelbindung eines heterocyclischen /3-Enamino-
carbonyl-System gegeniiber diesem Cyclopliilen zu untersuchen [3]: Wie wir
friher berichten konnten [4], reagiert /3Amino-crotonsdureadthylester mit
M aleinsdureanhydrid anstatt einer Cycloaddition unter Bildung von 3-Athoxy-
carbonyl-4-carbomethoxy-2-methyl-2-pyrrolin-5-on.

Bei der UV -Bestrahlung der heterocyclischen O-Enaminoester (wie z. B.
1,2,3-Triazolyl-, 1,2-Oxazolyl-, 4,5-Dihydro-furyl- und Thienyl-, 1-Methyl
(oder Phenyl)-pyrazolyl- und 4,5,6,7-Tetrahydro-benzthienyl-) in Gegenwart
von Maleinsdureanhydriden 2a—c konnten wir jedoch keine Photo-Reaktion
feststellen. Diese geringe cyclophile Aktivitat der heterocyclischen /3-Enamino-
ester gegenuber dem Maleinsdureanhydrid erkldren wir mit der /3-Enamino-
carbonyl-Struktur: die nukleophile Kraft der Aminogruppe ist zu schwach
ausgebildet (nukleophiles Zentrum: C—3 Atom [5]). Die Reaktivitdt der olefi-
nischen Doppelbindung ist zudem wegen der “piish-pull”-artigen-Resonanz-
stabilisierung nur maRig ausgebildet.

Bei der thermischen Umsetzung &quimolarer Mengen von 2-Amino-3-
&dthoxycarbonyl-4,5,6,7-tetrahydro-benzothiophen 1 [6] mit Maleinséure-
anhydrid 2a (in Tetrahydrofuran) bildet sich — nach nukleophilem Angriff
der Aminogruppe an ein Anhydrid -C=0- N-(3-Athoxycarbonyl-4,5,6,7-
tetrahydro-2-benzthienyl)-maleamidsdure 3a. Mit Dibrom-maleinsdureanhydrid

*Stipendiat der Alexander von Humboldt-Stiftung von Febr. 1972 bis Mai 1973.
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2b und Phatalsdureanhydrid 2c reagiert 1 ferner zu den entsprechenden Deriva-
ten von 3:

o T o

T T D

T T
==

= —(CH=CH—OH=CH) —

Auf analoge Weise reagiert 5-Amino-4-4thoxycarbonyl-pyrazol [7] 4
mit 2a und 2c zum Derivat 5:

cox
2a,c
\\ AH.

b R= R'= —(CH=OH—CH=CH)—

Nach Hydrierung (6) (Pd/C) erh&lt man unter nachfolgender Decarboxy-
lierung die Propionamido-Derivate 7.

Mit Methanol/Borfluorid-athylatherat [s] gelingt eine Uberfiihrung von
3a, b, 6 in die Methylester sa-c. 3areagiert mit Thionylchlorid und anschliefend
mit Allylamin zu dem Allylamido-Derivate 9 (s. Tab. I).

a €
6 CH:CH.CO:H

(. et
7 CHCHs
« d r
8a OH=CHCOXCH3
b CNr= CB:CO:MH3s
|« da e
¢ CHrCHrCOrCHs

o 1 01—3
9 CH = CHCONH -ally!
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Verb.

3a

3c

5a

5b

8a

8b

8c

R1

R1

R1

R2

R2

R1

R1

R1

R1

R1

CH=CH

CBr=CBr

o mC6H 4

CH=CH

0 *C6H4

CH,-CH,

CH2—cH?2

CH=CH

CBr=CBr

CH2CH,,

CH=CH

Ausbeuten, Schmelzpunkte und analyt. Daten von 3a—c, 5a—b, 6, 7, 8a—c, und 9

COA
CO,H
CO,H
CO,,H
COH
COH

H
coZH3
COZH3
coZH3

CONH-allyl

Ausb.

79,0

62,3

32,2

54,0

46,2

38,5

40,5

86,0

52,0

64,5

21,0

Tabelle |

(0]

R—NH—-C—B—C

Schmp.

181—183°

178—180°

172—174°

182—184°

161—163°

165—168°

210—212°

119—120°

146—148°

93— 96°

192—193°

Summenformel
(Mol.-Gew.)

c15h 17/n o 5
(323,36)

C15H 15Br2N 058
(481,18)
c1% 19 o 5s
(373,42)
clhun3o5
(253,21)
cl4h 13n 0 5
(303,27)
cJ5h 19n o 5
(325,38)
cl4h 9no >
(281,37)
c16h 19n 0 5s
(337,39)
Clr,H,,Br,140,8
(495,20)
c16h 2In 0 5s
(339,41)

c18h 2n 20 4s
(362,44)

Ber.
Gef.

Ber.
Gef.

Ber.
Gef.

Ber.
Gef.

Ber.
Gef.

Ber.
Gef.

Ber.
Gef.

Ber.
Gef.

Ber.
Gef.

Ber.
Gef.

Ber.
Gef.

55,71
55,45

37,44
37,38

47,43
47,49

Analyse

H

5,30
5,18

3,14
3,20

4,38
4,41

4.33
4,32

2,91
2,84

3,75
3,75
16,60
16,82

13,86
13,88

4,30
4,28
4,98
4,79
4,15
4,15
2,82
2,82
4,13
3,99
7,73
7,30

T9T 'YILSIONINVNIE FHOSITOAD0YILIH H4OHINVYM ‘TADYTIZS
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Verb.

3a

ba

8a

SZILAGYI,

uv
(in Methanol)3
“max H

339, 263, 214

343, 262, 216

331, 263, 256, 227,

208

272, 212

263, 223, 207

315, 261, 253,
226
319, 261, 255, 226

340, 263, 213

355, 239, 215

319, 263, 255, 227,

207

357, 263, 218

a in 96% Athanol
b in CHC13
¢ in d6—DMSO

WAMHOFF: HETEROCYCLISCHE /3-ENAMINOESTER, 16*

IR (cm-) m KBrb

KC_0 (Ester)

3400—2300M 1725
(3160)

3500—2300d 1710
(3140)

3500—2300" 1740
(3280)

3300, 3220d 1725

3600— 1750d 1705

(3310, 2500)e

1900

3400—3000d 1680

(3280, 3190)
~3240 1685
<--'3220 1725,1675
~3150 1740, 1660
~3260 1735,1680
~3390 und 1715
73450

d Uberlappt von FgH(—CO02H), breit
e = NH+ (Zwitterion)-—--—--

-0 (Amid)

1670

1655

1650

1670

1675

1650

1660

1650

1655

1660

1635,1620

Tabelle U

Spektroskopische Daten

ACO(OH)

1715

1670

1700

1735

t’asCO0<:

1600— 1640

~1600

Cyclisierung von 3a mit Essigsaureanhydrid fiihrt zu 3-Athoxycarhonyl-
2-(I-maleinimido)-4,5,6,7-tetrahydro-benzothiophen 10:
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von 3a—c, 5a,b, 6, 7, 8a—c, und 9

Ha

8,60 t
(71
8,65t°
(71

T

8,75t°
(7]

8,75°
(71

8,60t
(71
8,65t°
(71
8,60t
(71
8,65t
(7]
8,65t
(71
8,70t°
(71

LT Q

6*

NMR (TMS: = 10) (J in Hz) in CDCIS

Hb He Hd

5,60q 2.4
[71

5,65q 1,9 _
[7]

5,75q 0,25'
[7] 1,60

5,75q —06 3,34
[7]

5759 - 01
[7]

5,65 ~0,5f
7] —14

5,65( i1 ~»7.a4dl
[71

5,65 —16 3,50h
[71

5,65 -~ —22 —
[71

11 R— 14
[7]

5,70q N —13
[71 + 1,2*

NH und OH
NH (Seitenkette)
AB-Spektrum
Uberlappt von H(
tberlappt von Ha

T—

i

Hd’

3,50s

2,4m

3,61d

[12]

2,3m

7,20s

8,65ti

3,70h

[12]

7,20s

2,95s

6,20s

6,10s

6,30s

ej 6,15m
e242 m
e348 m

7,3m

AT,3m

AT,3m

1,90s

1,95s

NT7,35m

A7 .,4m

NT,25m

~7,25m

~7,35m

NT7,35m

269

A8 ,2m

~8,25m

~8,25m

-'-'8,2m

~8,25m

~8.,2m

'---'8,2m

~8,2m

~8,3m
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Im Falle von 5a ist es auch unter Verwendung zahlreicher Konden-
sationsmittel (z. B. DCC, POCI3 PPA) nicht gelungen, einen weiteren Ring
anzukondensieren. Mit Essigsdureanhydrid gewinnt man 11, dessen Entste-
hung durch Abspaltung der Seitenkette und nachfolgende Acetylierung zu
deuten ist. In Schmelzpunkt und IR-Daten stimmt 11 mit einer von Hartke
[9] durch Acetylierung von 4 erhaltene Verbindung uberein:

1

Photo-Dimroth-Umlagerung von 5-Amino-4-athoxy-
carbonyl-lI-phenyl-1,2,3-triazol 12 [10]

Wie in der Literatur bekannt ist, reagieren einige 1,2,3-Triazole hei

UV-Bestrahlung unter N2-Abspaltung zu Ketene-iminen [11] oder zu Aziridi-
nen [12— 14]. 12 alleine bestrahlt wurde, in samtlichen Losungsmitteln, ohne
dall wir eine N2-Entwicklung beobachten konnten.
12 reagiert mit 2a weder unter thermischen noch photochemischen Bedingun-
gen. Bei UV-Bestrahlung (Quarzapparatur/Dioxan) in Gegenwart von Tri-
phenylen als Sensibilisator lagert sich 12 in 5-Anilino-4-4thoxycarbonyl-
1,2,3-triazol 14 [15] um. Diese Reaktion stellt das erste Beispiel einer photo-
induzierten Dimroth-Umlagerung dar. Diese Reaktion wurde bisher stets
thermisch unter in wélrigem oder basischem Milieu durchgefihrt [15, 16].
Parallel-Versuch (= Rihren ohne Licht) ruft keine Umlagerung hervor, womit
sichergestellt wird, daR es sich hier tats&chlich um Photo- und nicht Thermo-
Reaktion handelt.

Die Reaktion fihrt zu einem Gleichgewicht [17] zwischen 12 und 14.
Als ersten Schritt diskutieren wir eine Homolyse zwischen N— und N-=2
(12 —»13) gefolgt von einer Umlagerung -|- Rekombination zum isomeren
Dimroth-Produkt 14.

Die Strukturen der erhaltenen Verbindungen befinden sich im Einklang
mit den spektroskopischen Daten (s. Tab. II).
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Experimenteller Teil

Fir die spektroskopischen Untersuchungen dienten folgende Gerdte: UV: Cary 15 und
Unicam SP 700, IR: Perkin-Elmer 237 und 457, NMR: Varian A 60 und A 60 D.

Allgemeine Vorschrift zur Darstellung der Maleamidsauren 3a-c und 5a, b: 20 mmol 1
(oder 4) und 20 mmol 2a-c werden in 50 ml Tetrahydrofuran bei Raumtemperatur gerihrt
und eine Nacht belassen. Das Produkt wird abfiltriert und aus Athanol umkristallisiert (Daten
s.Tab.l.).

N-(3-Athoxycarbonyl-4,5,6,7-tetrahydro-2-benzthienyl)-berusteinamidsaure 6: 10 mmol
3a wird in 50 ml Athanol in Gegenwart von 10% Pd/C bei Raumptemp. hydriert. Nach der
Aufnahme eines Moles H2 wird der Katalysator abfiltriert, das Lésungsmittel abgezogen und
der Riickstand aus Athanol umkristallisiert (Daten s. Tab. I).

3-Athoxycarbonyl-2-propionamino-4,5,6,7-tetrahydro-benzothiophen 7: 20 mmol 6 wer-
den auf 250— 270 °C erhitzt, nach der Beendigung der C02Abspaltung wird der Riickstand
abgekihlt und aus Isopropanol umkristallisiert (Daten s. Tab. I).

Allgemeine Vorschrift zur Veresterung von 3a, b und 6: 10 mmol 3a, b oder 6 werden
in 50 ml Methanol in Gegenwart von 2 ml Borfluorid/Athylatherat 3 h zum Sieden erwarmt.
Das Losungsmittel wird in Vakuum entfernt und der Riickstand aus Athanol umkristallisiert
(Daten s. Tab. 1).

N-Allyl-N’-(3-athoxycarbonyl-4,5,6,7-tetrahydro-2-benzthienyl)-maleinsdurediamid (9):
4,1 g (12 mmol) 3a und 4,1 ml SOCI2werden in 30 ml Benzol gelést und 1 h zum Sieden erhitzt.
Das Reaktionsgemisch wird in Vakuum eingeengt, in 30 ml Dioxan geldst und innerhalb 0,5 h
zu einer Ldésung von 1,71 g (30 mmol) Allylamin in 30 ml Dioxan zugetropft. Das Gemisch
wird 6 h bei Raumtemp. gerihrt, in Wasser gegossen, mit 3x50 ml Benzol extrahiert und
Uber MgS04 getrocknet. Der Riickstand (nach dem Abdampfen des Lésungsmittels) wird aus
Athanol umkristallisiert (Daten s. Tab. I).

3-Athoxycarbonyl-2-(I-maleinimido)-4,5,6,7-tetrahydrobenzothiophen 10: 3,23 g (10
mmol) 3a werden in 16 ml Essigsdureanhydrid 4 h zum Sieden erwdrmt. Nach Abkihlen wird
das Reaktionsgemisch in Wasser gegossen, mit Ammoniak neutralisiert, mit Chloroform
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extrahiert und Gber MgS04 getrocknet. Nach Verdampfen des Losungsmittels wird der Rick-
stand aus Athanol umkristallisiert. Ausbh. 1,0 g (33%) vom Schmp. 134—136 °C.

UV (96% C2H60H): Amax 409, 347, 256, 217 nm.

IR(KBT): v C=0Imi§ 1800, 1780 und 1705, v C= OEster 1710, v C= C 1655,
1635, 1560 und 1530 cm-1.
NMR(CDC13): Ester r 865t u. 15,68 q (7,0 Hz),

C-Hvinyir 3,33 d u. r 2,64 d (5,0 Hz),
CH25,6) r 82 m (4,0 Hz) u. CH2(4,7) r 7,3 m (4,0 Hz).
C16H 16N 04S (305,34) her. N 4,59, S 10,50, gef. N 4,69, S 10,29.

5-Acetamido-4-athoxycarbonyl-pyrazol 11: Aus 5a ausgehend, nach der Vorschrift
10, erhé&lt man 11. Ausb. 0,57 g (29%) vom Schmp. 201—202 °C (Lit [9] 200 °C).

IR(KBT): v NH 3340 und 3250, vC =0 1695 und 1680 cm*“1

(Lit [9] Nujol) 3340, 3250, 1700 und 1680 cm“1).
NMR(deeDMSO): Ester r 8,72 t und 175,71 q (7,0 Hz),

GHsAcetyl T7>87 s, C-H r 2,0 s, r N-H 0,3.
C8HNN303(197,19) her. C 48,72, H 5,62, N 21,31,

gef. C 48,61, H 5,67, N 21,24.

Photo-Dimroth-Umlagerung von 5-Amino-4-athoxycarbonyl-lI-phenyl-1,2,3-triazol 12:
4,64 g (20 mmol) 12 werden in ca. 220 ml Dioxan geldst, 10 mg Triphenylen als Sensibilisator
zugefiugt und in einer Bestrahlungsapparatur (mit Wasser gekihlter Quarzfinger) unter ma-
gnetischem Ruhren mit einem Hg-Hochdruckbrenner (Philips HPK 125 W) bestrahlt. Der
Reaktionsablauf wird mit DC verfolgt (System Benzol/Aceton 80:20). Nach 36—48 h Be-
strahlungsdauer wird kein weiteres Photoprodukt mehr gebildet. Nach dem Verdampfen des
Losungsmittels wird der Riuckstand an Kieselgel in Systemen steigender Polaritdt chromato-
graphiert (1. Benzol, 2. Benzol/Essigester 9:1). 14 fallt als Feststoff an, der aus Athanol um-
kristallisiert wird.

Ausb. 1,77 ¢ (38,0%) vom Schmp. 136—138 °C (Lit. [15] 129— 130 °C).

IR(KBr): vNH 3380 (Ph-NH) und 3500—2600 (3150, 2940) (Azol-NH), vC=0
1700, aromatische und heteroaromatische CH-Schwingungen +/S NH-Banden 1620, 1590,
1545, 1490, 1475 und 1440 cm’ 1 (Lit. [18] 3455, 3280, 1712, 1620 und 1560 cm "1 fur 12).

NMR(CDC13): Ester r 8,52 t und 71543 q (7 Hz), Ph-NH 14,6, Azol-NH r 2,1.

ChHIN40 2 (232,24) her. N 24,25, gef. N 24,17.

*

G. Sz. dankt der Alexander von Humboldt-Stiftung fiur ein Forschungsstipendium.
Herrn P. Sohar danken wir fiir wertvolle Diskussionen, der Deutschen Forschungsgemeinschaft
fir Sachbeihilfen.
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CONVERSIONS OF TOSYL AND MESYL DERIVATIVES
IN THE MORPHINE GROUP, XVI*

NEW DATA TO THE MECHANISM OF ALLYLIC REARRANGEMENT

S. Makleit, T. Mile and R. Bognar
(Department of Organic Chemistry, L. Kossuth University, Debrecen)

Received May 28, 1975

Additional evidence is presented for the complex (8a-2 S.yi’) mechanism of
the transformation of the allylic system occurring in morphine alkaloids. Starting
with codeine tosylate, alteration of the reaction conditions made possible the prepa-
ration of both chloro derivatives, a- and /S-chlorocodide; the isolated a-derivative was
isomerized into the [-derivative under similar conditions as for the preparation of
the later.

Theoretical considerations and experimental observations during our
previous work [1, 2] led to the conclusion that those nucleophilic substitution
reactions of the pseudo-equatorial tosyloxy group in codeine-, 3-0-acetylmor-
phine- and 14-hydroxycodeine tosylates which yield “pseudo” compounds
(e-8 substituted derivatives), can be described by a combined SN2-\-SNV
mechanism.

In the present paper further experimental evidence is presented in con-
nection with this problem.

It has been described in the literature that codeine tosylate (3-methoxy-
4.5a-epoxy-6a-tosyloxy-7,8-didehydro-17-methylmorphinan) (I) reacts with
lithium chloride in acetone solution to yield a-chlorocodide (3-methoxy-4,5-
a-epoxy-6/?-chloro-7,8-didehydro-17-methylmorphinan) (Il1); the reaction has
Sjy2 mechanism [3].

On the basis of earlier observations [1, 2], this reaction was examined
in detail and it has been found that relatively slight changes in the experimen-
tal conditions are sufficient also in this case to allow the preparation of both
the a- (C-6) (II) and the 8- (C-8) (Ill) isomers, and to convert the isolated
¢ —6 isomer, which is a kinetic product, into the C-s8 thermodynamic isomer,
by applying similar conditions as for the synthesis of the (1-isomer (3-methoxy-
4,5a-epoxy-6,7-didehydro-8/?-chloro-17-methylmorphinan) (I11).

The transformations are shown in Fig. 1.

Recently, the s-deoxy-e-thiocyanato derivative [1] (called product a
in the reference cited), whose formation had been assumed in the course of the

*Part XV: S. Makleit, G. Somogyi, R. Bognar: Acta Chim. (Budapest) (in press
and Magyar Kém. Foly. 81, 517 (1975).
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conversion of codeine tosylate into the s-deoxy-s-isothiocyanate derivative,
could also he isolated under special conditions and its isomerization (C-6 —C-8
transition) has been achieved [4].

The isomerization of 6-deoxy-6-azido-14-hydroxyisocodeine to s-deoxy-
g-azidopseudocodeine has also been reported by us [2].

Fig. 1

The SINT part-processes in the two latter reaction have been explained
by a [3,3] -suprafacial sigmatropic rearrangement proceeding through the
formation of a quasi-cyclic intermediate [4].

The reaction of codeine tosylate with potassium thiolacetate in DMF [5]
yielded the s-deoxy-s-acetylthio derivative. The corresponding e-deoxy-6-
acetylthio derivative has not been isolated, but the SN2 mechanism of its for-
mation was assumed, and its transformations by S”i’ reaction was suggested
to take place probably through a tight ion pair [4].

The Sjv’ partial mechanism in the transition Il —=111 can also be explain-
ed similarly by the formation of an ion pair, since the chlore derivative
was obtained exclusively, even on the addition of foreign anions (Br~, N3_) [6].
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Experimental

@Chlorocodide (I1)

6-0-Tosylcodeine (4.0 g; 8.8 m.moles) and lithium chloride (1.36 g; 32 m.moles)
were dissolved in dry DMF (120 ml) and kept at 40 = 2 °C for 5 hrs. The reaction mixture
was poured into ice-water (600 ml) and extracted with benzene (3 X 100 ml). The benzene
solution was washed with water saturated with sodium chloride (2 X 50 ml), dried over
magnesium sulfate and evaporated to dryness. The residue was crystallized from ethanol
to obtain 2.13 (76%) of the product, m.p. 152 °C (lit. m.p. 151— 154 °C [3]; mixed m.p.
151— 152 °C.

3-Chlorocodide (I11)

6-O-Tosylcodeine (3.0 g; 6.6 m.moles) and lithium chloride (1.02 g; 24 m.moles) were
dissolved in dry DMF (90 ml) and kept at 120 + 4° C for 5 hrs. The reaction mixture was
processed as described above, to obtain 0.7 g (33.3%) of the product, m.p. 155—157 °C (from
ethanol) (lit. m.p. 153—154 °C) [3].

Conversion of () into (111)

Compound (Il) (1.5 g) was heated in DMF (30 ml) at 120 °C for 10 hrs; the progress
of the reaction was followed by TLC. After the disappearance of the spot due to Il, the reaction
mixture was processed as above, to yeield 0.62 g (41.2%) of the product, m.p. 155— 156 °C
(mixed m.p. 155° C).

The authors’ thanks due are to the Natural Science Department | of the Hungarian
Academy of Sciences and to the Alkaloida Chemical Works, Tiszavasvari, for supporting
this work.
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SYNTHESIS OF SOME COUMARIN-AMINO ACID
METHYL ESTER DERIVATIVES

A. M.Ei1-Naggar, M. H. A.E1-gamat1, B. A.H. E1-Tawil and F.S. M. Anmed

(Chemistry Department, Faculty of Science, Al-Azhar University, Nasr-City, Cairo and
Nat. Res. Centre, Dokki, Cairo, Egypt A.R.E.)
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Coumarin-3-CO-Gly-OMe (Il) and the corresponding L-Ala, L-Leu, L-Ser, D-Val’
L-Tyr, D-Phe, L-Pro, L-Trp, L-Thr and /3-Ala methyl ester derivatives (I11—XIV) have
been synthesized by the action of coumarin-3-acid chloride (I) on amino acid methyl
ester hydrochlorides in dioxan containing Et3N. Hydrazinolysis of coumarin-3-CO-
-L-Leu-OMe (1V) in dioxan gave the corresponding hydrazide in 85% yield. 3-[5-(6,7-
-dimethoxybenzofuryl)] propenoyl-Gly-OMe (XVII) and the corresponding L-Ala,
D-Phe, L-Tyr, L-Thr, L-Trp and L-Ser-methyl ester derivatives (XVII—XXII) have
been prepared by the reaction of 3-[5-(6,7-dimethoxybenzofuryl)] propenoic acid
chloride (XVI1) with the appropriate amino acid methyl ester in dioxan containing E t3N.

Introduction

The coumarin group of natural products has aroused in the past twenty
years considerable interest on account of various aspects of biological activity
[1, 2]. It seems therefore desirable to synthesize some coumarin-amino acid
derivatives which may be of verified or intensified pharmaceutical effects.
In continuation of our previous work [3, 4], the synthesis of coumarin-3-CO-
amino acid esters (11— XIV) and 3-[5-(6,7-dimethoxybenzofuryl)] propenoyl-
amino acid esters (XVII—XXIII) is described in this paper.

Results and discussion

For the preparation of the title compounds, | [5] was treated with the
appropriate amino acid methyl ester hydrochloride (1:1.2 mole) in dioxan—
Et3N medium to afford coumarin-3-CO-amino acid methyl esters (II—XIV).
Coumarin-3-CO-Gly-OMe (Il) was successively synthesized and the product
easily isolated, purified and recrystallized.

The reaction of I with Ala- or 8-Xx\&, Val, Leu, Phe, Glu and Pro was
carried out under the same conditions as used for the preparation ofthe glycine
derivative, and the time required for completion of the reaction (5 min, —
2 hrs) was monitored by TLC.

Acta Chim. (Budapest) 89, 1976



280 EL-NAGGAR et al.: COUMARIN-AMINO ACID METHYL ESTER DERIVATIVES

In the preparation of the Ser, Tyr, Thr and Trp derivatives (V, IX, XIJ
and XI1I1), the coupling reactions did not require the prior protection of the side
chain group of the amino acid, and no side reactions were observed.

Most of the products were obtained in crystalline form in 50—85%
yield. The compounds (I1—XI1V) were chromatographically homogeneous and
gave negative ninhydrin reaction.

(Structure 11—XV)

(Structure XVI—XXII)
t

The electrophoretic mobility (E) was found to he zero for all derivatives
indicating the high purity of the products from any unreacted amino acid
esters.

The IR spectrum of coumarin-3-CO-Gly-OMe (Il) in KBr showed the
characteristic hands at 3460, 3340 and 3040 (NH and CONH); 1740, 1650 and
1560 (a-pyrone); 1655, 1520 and 1280 (amide I, II, I11); 1445, 1360 (-COOCH3J)
and 1690 (r C=0) cm-1, thereby supporting the structure of II.

The IR spectra of the other compounds (I11—XI1V) had analogous peaks,
confirming the structures of these compounds.

The UV spectra of II—XIV in ethanol showed Amax (log e) at 210 nm
(4.55) and 295 nm (4.43), characteristic of the coumarin residue.

The attempted coupling reaction of coumarin-3-carboxylic acid with
amino acid esters in DMF, benzene or THF using the dicyclohexylcarbodiimide
method was fruitless. The azide method also failed owing to the unstability
of the coumarin ring towards hydrazinolysis reaction in ethanol.

Treatment of coumarin-3-CO-L-Leu-OMe (IV, 1M) with a 0.5M (or 1M)
solution of hydrazine hydrate in ethanol at 20° C (or even at 5°C) for 2 hrs
lead to the destruction of the a-pyrone ring as indicated by the UV data.
However, when IV was refluxed (90 °C) with 0.5M hydrazine hydrate in dioxan—
ethanol mixture for e hrs, the desired hydrazide (XV) was obtained and no
side reactions were observed. The stability of the a-pyrone ring was established
by the UV spectrum, elemental analysis, chromatographic studies and the IR
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spectrum. Similarly, some authors [e, 7] found that the a-pyrone ring in other
coumarins was cleaved by treatment with hydrazine hydrate, when toluene,
benzene, xylene, acetic acid and alcohols were used as the solvent. However,
when phenetole or tetraline were applied instead of the mentioned solvents,
no detectable destruction of the coumarin molecule was observed.

Several 3-[5-(6,7-dimethoxy-benzofuryl)] propenoyl-amino acid esters
were prepared by the reaction of XVI with the amino acid methyl ester, using
the procedure described for the preparation of II—XIV. The time required
for completion of the reaction (35 min —2 hrs) was found out by TLC.
However, coupling reactions with L-Ala, L-Tyr and L-Trp yielded products
which contained small traces of undesired by-products. Compounds XVIII,
XX and XXII were isolated and purified by preparative TLC and repeated
recrystallizations. In general, the desired 3-[5-(6,7-dimethoxybenzofuryl)]
propenoyl-amino acid esters were obtained in crystalline form in 30—80%
yield.

The IR spectrum of XVII in KBr had the characteristic bands at 3260,
3040 (NH and CONH); 3165, 1560, 1030 (benzofuran system); 1670, 1550,
1280 (amide I, Il and IIl1); 2920, 2820, 1450, 1340 (Ar-OCHJ3); 1120, 1240,
1735 (COOCHg); 1620, 1450,1220 cm -1 (C=C) thereby confirming the structure
of XVII. The UV spectra of XVII—XXII (in EtOH) showed Amax (log e) at
248 nm (4.46) and 285 nm (4.48) characteristic of the benzofuran structure.

Compounds I1—XV and XVII—XXIIl were prepared and characterized
for the first time. The biological and pharmacological properties of the synthe-
sized compounds are still under screening.

Experimental

Optical rotations [oc]o® were measured in DMF (unless otherwise stated). The Rj values
(TLC) were determined on silica gel, developed with benzene-ethyl acetate (1:1) and detected
with iodine in KI solution (20%) as the spraying agent. Benzidine, ninhydrin, silver nitrate
and hydroxamate reactions were used for detection of the amino acid derivatives on paper
chromatograms (spot reactions) [8]. The electrophoretic mobilities, E, were measured with
1000 V, 2 hrs in pyridine-acetate buffer [8]. UV spectra were taken in ethanol and the IR
spectra in KBr pellets.

Couinarin-3-acid chloride (I)
This compound was synthesized from coumarin-3-carboxylic acid using the procedure
described in [5].
General procedure for the synthesis of coumarin-3-CO-amino acid methyl esters (I11—XIV)
Coumarin-3-acid chloride (1) (0.63 g; 0.003 mole) was dissolved in dioxan (20 ml) and
added to a solution of the amino acid methyl ester hydrochloride (0.0036 mole) in dioxan

(20 ml) containing triethylamine (1 ml). The reaction mixture was stirred at room temper-
ature followed by refluxing until completion of the reaction as checked by TLC. After cooling
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Table 1

Coumarin-3-CO-amino acid methyl esters (I1 —XV)

Elementary uialysis, %

C&fgp. R= rpe\sni‘(mg acid Yiozd’ M.p.,°c */ Mb" Mol. formula Found Calculated
c H N c
n Gly-OMe 65 193-195 0.63 - CI3HuUNOS 60.27 4.37 5.19  59.77 4.2
hi L-Ala-OMe 60 108-110 0.70  + 49.7(c, 0.64) CjaHijNOj 61.24 4.94 492  61.09 4.7
v b-Leu-OMe 70 120—122 0.81 + 51.4 (c, 0.5) cl?lh o5 64.62 6.06 456  64.34 6.04
\Y L-Ser-OMe 50 98-100 0.71 + 105.4 (c, 0.4) CHHINOP 58.21 4.9 457 57.73 45
Vi D-Val-OMe 70 91- 92 0.68 +47.8 (c, 0.7) cuh1mob 63.36 5.74 4.7 63.36 5.61
+ 15.2 (c, 0.5
acetone)
VIl L-Val-OMe 85 85— 87 0.68 +60.8 (c, 0.5); Cigfli7TN05 63.87 5.64 434  63.36 5.61
—17.2 (c, 0.5
acetone)
Vil L-Glu-OMe 70 103-105 051 + 17.3 (c, 0.5) clth1ino7 58.95 5.03 6.06 58.78 4.8
X L-Tyr-OMe 65 95- 98 059 +72.1 (c,0.5) A207M17NO 6 65.41 4.7 3.84 653 4.6
X D-Phe-OMe 30 105—107 0.68 + 17.7 (c, 0.6) 68.48 4.93 3,59  68.37 4.8
Xl L-Pro-OMe 82 145-147 0.82 —33.3 (c, 0.6) cl6h I5n 0 5 63.56 4.88 481 63.78 4.98
X1 L-Trp-OMe 55 107—109 0.70 +74.8 (c, 0.5) C2H]8”20 5 67.68 4.88 7.66  67.69 4.6
X111 L-Thr-OMe 30 160—162 0.47 + 58.5 (c, 0.7) Cl6HuNOe 59.23 5.08 476  59.01 491
X1V /3-Ala-OMe 75 150-152 0.48 — cldh B3hob 61.38 5.05 4.99  61.09 4.7
XV L-Leu-N2H3 85 225-226 090 +7.2 (c, 05 H IliH 19N 30 4 60.77 7.12 135 60.5 6.9

acetone)

5.3
5.0
4.41
4.82
4.62

4.62

4.03
3.8
3.9
4.6
7.2
4.5
5.09
13.2
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Comp.
No.

X
XV
XX
XX
XXI1
XXI1

R = Amino acid

residue

Gly-OMe
L-Ala-OMe
D-Phe-OMe
L-Tyr-OMe
L-Thr-OMe
L-Trp-OMe

Table 11

3-[5-(6,7-Dimethoxybenzofuryl) Jpropenoyl amino acid methyl esters (XVII- XXII)

Yield,

%

40
66
64
30
82
35

152—153
105—107
147—150
135—137
183-185

95- 97

0.43
0.56
0.73
0.58
0.26
0.65

[«IK

+75.0 (c, 0.53)
+103.3 (c, 0.7)
+ 18.0 (c, 1.4)
+46.0 (c, 1.7)
+23.0 (0.78)

Mol. formula

Ci6H17/NOe
c16h 19n 0 6
c2h Bnob
cBh Bno7
N1872INO7

A"25-N24M216

60.31
59.95
67.98
64.95
59.85
66.96

Found

5.75
5.96
5.91
5.93
5.94
5.95

Elementary inalysis, %

4.53
4.49
3.48
3.39
3.93
6.55

60.18
59.81
67.48
64.9
59.5
66.96

Calculated

5.32
5.91
5.62
5.41
5.78
5.35

4.39
4.36
3.42
3.29
3.85
6.25
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of the reaction mixture, Et3N ¢« HC1 was filtered off and a benzene-ether mixture (250 ml)
(1:1) was added. The reaction mixture was washed with H2, 10% NaHCO03, H2 and dried
over Na2S04. Evaporation of the solvent in vacuum gave a solid product which was recrystal-
lized from ethanol, methanol, hexane or their mixtures. Compounds (I11—XIV) were chromato-
graphically homogeneous when detected with benzidine, iodine solution, hydroxamate
reactions, and all gave negative ninhydrin test. E = zero (for compounds I1—XIV) (c./.
Table I, Compounds 11—XIV).

Synthesis of coumarin-3-CO-L-Leu-N2H3 (XV)

Coumarin-3-CO-L-Leu-OMe (IV) (1 g) was dissolved in dioxan (25 ml) and hydrazine
hydrate (0.88 ml) (0.5 M) dissolved in a mixture of 15 ml ethanol and 20 ml dioxane was
added. The solution was refluxed for 6 hrs at 90 °C. The time required for the formation of
the hydrazide was established by TLC. Evaporation of the solvent in vacuum gave a solid
material which was recrystallized from abs. ethanol. The material was chromatographically
homogeneous and gave positive reaction with silver nitrate (c.f. Table I, Compound XV).

General procedure for the synthesis of 3-[5-(6,7-dimethoxybenzofuryl)]propenoyl-amino acid
methyl esters (XVII—XXII)

(a) 3-[5-(6,7-Dimethoxybenzofuryl)]propenoic acid chloride (XVI): 3-[5-Dimethoxy-
benzofuryl)] propenoic acid (0.55 g) was dissolved in chloroform (20 ml), PC15 (1.5 g) was
added, and the mixture refluxed for 1 hr; the excess PC16 was then filtered off. Evaporation
of the solvent in vacuum gave the acid chloride (XVI) as a hygroscopic crystalline material
(0.533 g; 90%).

(6) Synthesis of XVII—XXII:

Compound XVI (0.533 g; 0.002 mole) was dissolved in dioxan (20 ml) and added to
a solution of the amino acid methyl ester hydrochloride (0.0024 mole) in dioxan (20 ml)
containing triethylamine (2 ml). The reaction mixture was refluxed for a period of 30 min
to 2 hrs; the time required for completion of the reaction was determined by TLC. The same
procedure was then followed as described for 11—XIV. The compounds (XVII—XXII) were
recrystallized from petroleum ether, ethanol or methanol, to obtain well-crystallized sub-
stances. All products were chromatographically homogeneous after their isolation and
purification (c.f. Table Il, Compounds XVII—XXII).

*

The authors are greatly indebted to the NRC, Cairo, Egypt, for laboratory facilities.
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Gy. Szekeér: Significance of Aluminium in Technical Development

(Advances in Chemistry, Vol. 25)

Akadémiai Kiadé, Budapest 1975, 194 pages

The series “Advances in Chemistry” gives information not only about basic research
and not only summarizes the technological and operational results but discloses the full and
easily intelligible notion of an economic matter — as it is done in this present work, too.

The review starts with the presentation of the importance of aluminium which is best
reflected by the slogan: “Aluminium is the X Xth century’s metal”. Here is about the career
aluminium has made and makes in several fields of its application.

The description of bauxite, the main mineral of aluminium, and the aluminium
production from it not only gives a possibility for specialists to survey the problem but is
readable for the public as well.

The aluminium is a world economical factor. We gain a picture of the part played
by the capitalist companies in such a deepness like dual pricing system, which gives an idea
about the industry-politics of world concerns.

The chapter about the situation of the Hungarian bauxite-aluminium industry is
especially of historical interest. In it the author presents the development and results contrib-
uted by domestic research. During the last decade this developing tendency has speeded
up as a result of the close socialist co-operation. Concerning the entire industry we have
reached the world standard and Hungarian scientists definitely take a prominent part in
solving futher problems, too.

The intellectual export transacted by ALUTERYV s a striking eloquent proof of this.
The comment upon the future tendency of development, the objective criticism of some
almost phantasmagorial ideas concludes the book.

There is a little flaw: in the names of American companies Aluminium is used instead
of Aluminum.

Z. G. Szabo

Structure and Bonding, Vol. 21

Springer-Verlag, Berlin, Heidelberg, New York, 1975. 144 pages

The continuous increase of the number and size of chemical periodicals is slowly
becoming hard to grasp even by the aid of reference journals. Doubtless, this is in connection
with the fact that the periodicals themselves, but even more so the referring abstracts
— aspiring after entirety — accomplished their work with less criticism than needed. This
is the reason why already decades ago the publication of annual reviews and reports was
started, which informed on the most significant results of each field. Structure and Bonding
is one of these, and in fact is one of the most successive and most useful summaries. This
enterprise is problem-oriented and from time to time summarizes the theoretical and exper-
imental results of different topics. The fact that it is dealing with the correlations between
macroscopic, i.e. classical chemical, and microscopic, i.e. atomic phenomena makes this
review exceptional. The opinion becomes more and more general that we have made
considerable progress toward being able to deduce the properties of bulk substances from
atomic and structural parameters.
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The first review of volume XXI, “The Study of Covalency by Magnetic Neutron
Scattering” by B. C. TcFIELD (Bell Laboratories), summarizes those results published on the
application of magnetic neutron scattering since 1965 when Hubbard’s and Marshall’s
paper was printed. The study of neutron scattering has provided numerous and interesting
results that could not have been obtained in any other way. This new technique makes possible
to study the covalency in metals, alloys, semi-metals as well as in insulators. As the author
himself expresses, his main purpose is to draw attention and interest to this new technique.

The second review of the book is on the superheavy elements. B. Fricke very prac-
tically describes those efforts which aim at the prediction of chemical and physical properties
of elements following the second rare-earth group. Actually this is not only a new adaption
of the more than 100 years old Mendeleev idea but an up-to-date and complete formulation
of it.

Numerous efforts have quite unanimously lead to the statement that the 6d transition
metal group and even further elements up to atomic number 172 have not at all monotonous
by decreasing stability but certain nuclei with large atomic numbers — around 112-114 —m
and with neutron numbers of 178-184 have additional stability and therefore their production
by bombarding two heavy nuclei with each other is an effect that bids fair prospects. The
fact that the relativistic effect, too, was taken into consideration in the ab initio calculations
contributes to a better estimation of the atomic stability.

A surprising result is that with the increase of the atomic number and of the shells,
the size of the atom does not monotonously increase, moreover, it actually shows a decreasing
tendency already from cesium. In other words cesium seems to be the largest atom in the
entire periodic system. JOrgensen’s work made in this field on the legitimacy of extra-
polations should be especially emphasized. In these the double series of magic numbers has
given a great assistance.

The predictions may, or rather must be taken sceptically if they are not made on such
a sound scientifical basis.

Z. G. Szabe

Inorganic Chemistry, Series Two, Volume 10, Solid State Chemistry

Butterworths, London, University Park Press, Baltimore, 1975. 264 pages

Since the revival of inorganic chemistry, the far reaching development has at the
same time started a great number of new pediodicals and summarizing series, too. One of the
most excellent representatives of these is, within the framework of the “International
Review of Science”, the “Inorganic Chemistry Series” which now in its second serial volume
10 gives a review about the chemistry of solid phase.

These series compile the new results of topics in inorganic chemistry in field-oriented
chapters. The fact that H. J. Emeteus is the Consultant Editor! of the publication auto-
matically garantees the high level of the compilation.

The present volume consists of 7 reviews by the following authors:

High-pressure studies of electronic structure in solids

H. G. Drickamer, University of Illinois

Oxide glasses

T. I. Barry, National Physical Laboratory, Middlesex
Crystallographic shear structures

R. J. D. Tittey, University of Bradford

I11—Y Compounds and alloys

G. B. Stringfellow, Hewlett-Packard Laboratories, California
Decomposition reaction of solids

A. K. Galwey, Queen’s University, Belfast

Mass transport in ionic solids

B. C. H. Steele and G. J. Dudltey, Imperial College of Science and Technology, University
of London

Oxide bronzes and related phases

P. G. Dickens and P. J. Wiseman, University of Oxford
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Though the titles are speaking for themselves, those extremely interesting results
must be emphasized according to which the application of high-pressures (over 100.000 atm)
may resultin radical changes of the physical and chemical properties of solid phases. A pressure
of such an order of magnitude already influences the structure of atoms, the electron zones
melt together and there is a significant shift in the energies.

Glass can show numerous excellent characteristics of single crystals such as homo-
geneity, transparency and high mechanical strength without the difficulties of single crystal
production. It has not only theoretical but continuously increasing practical importance,
too. The short-range order can be easily influenced and therefore the productiom of glasses
appropriate for particular applications has become possible. The production of crystals or
glass from melt depends on the rate of nucleation and growth and these are exactly the
parameters that can be easily influenced. Apart from the previously used glasses of simple
composition based mainly on silicic acid today practically all the semi-metals play a part
in the formation of glass, moreover further elements such as Ga, In have joined them, too.

Galway’s extremely useful summary on decompositions in solid phases clearly
emphasizes those mechanistic possibilities that we have to regard as first elementary steps
in these transformations.

To this are added the chapters on crystallographic shear structures and mass transport
in ionic solid phase. These together provide a clearer picture for the better understanding
of these processes than ever before.

Z. G. Szabo

J. C. Johnson: Antioxidants. Syntheses and Applications

Park Ridge, New Jersey, London, England, Noyes Data Corporation 1975. 320 pages

The Chemical Technology Review series of Noyes Data Corporation is an undertaking
extremely useful to practical experts. This Volume is member 44 of the series. As mentioned
by the editor in the preface of the volume, the basic source of the work of practical experts
is patent literature. This idea may have guided the publishers in their decision to review
the US patents on a given topic at intervals of 4—5 years. The present volume is a review
of US patents published between 1966 and 1974. It discusses a total of 247 patents, classified
according to two principles. The first principle of classification is the chemical structure of
antioxidants, the following groups being discussed:

Phenol antioxidants,

Sulfur-containing phenol antioxidants,

Nitrogen-containing phenol antioxidants,

Amine and imine antioxidants,

Triazine and cyanurate antioxidants,

Phosphorus-containing antioxidants, and

Miscellaneous antioxidants.

The second principle is the application of antioxidants. Accordingly, the head titles are:

Stabilization of petroleum products,

Antioxidants of lubricants,

Antioxidants of elastomers (antiozonants),

Antioxidants of polyolefins,

Antioxidants of other polymers,

Antioxidants in food industry.

The practical applicability of the volume is very wide. It is useful for experts dealing
with the preparation of antioxidants as well as for those utilizing antioxidants. It is the
merit of the editors that the legal formalities that make patent specifications only harder
to understand have been peeled off, and the text contains only the detailed description of
preparation and application methods. For those who wish to study the literature of this
field it takes only some hours to gather the information from this volume that would require
the hard wor @f days, or sometimes weeks, if it were to be collected from reference periodicals.

B. Losonczi
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ACTA CHIMICA

TOM 89 - BbIl. 3

PE3IOME

KnHeTuKa peakumun, NPoTeKaloLen MexXay ABYX/TOPUCTbIM Fa/lIMeM U NOAUCTbIM
aTunom, |

A. MECTUUKW, . KHAYC. b. HAKBAPU n A- SMMEP

Bblna uccnefosaHa peakuus BOCCTAHOBNEHMSA, MpoTekatolwas MexXAY ABYXNOPUCTbIM
ranamem u NOAWUCTbIM 3TUAOM, UCNONbL3YSA B KauyecTBe pacTBOpUTens W36bITOK OQHOTO U3 peak-
LMOHHBIX NapTHEpPOB, a UMEHHO NOAUCTbLIN 3TUN. Cnef3a peaklmneid ocywecTBUACA C MOMOLLbIO U3-
MepeHus obbema o6pasytoljerocs aTaHa. Ha oCHOBe HalW WX U3MepeHUn 6biaM NoAyveHbl CNepy-
loume pe3ynbTaThl: 3HEPrua akTueauuu paBHa —6,5 + 1 KKan/mMonb, aHTanbNuUa akTMBaLuu
paBHa —6,8 £+ 1KKan/mMmonb v aHTponua akTusauum pasHa — 101 + 4 kan/°K. Ha ocHOBe 3aTux
faHHbIX 6bINN cAenaHbl 3aKN0YEeHUA OTHOCUTENIbHO MeXaHn3Ma peakuuu.

Komnnekcbl cypbMbl(LL) ¢ ocHoBaHuAMUM LLngda, nonyyeHHbIMU K3
GeHsanbgernga U ammHOCNUPTOB

O. M. CUHI n 0>X. n. TAHOOH

CoobuiaeTcs CMHTE3 KOMMIEKCOB CypbMbl (LU ) clunhoBbIMW OCHOBAHWAMMW C PA3NUYHbIM
KOOPAWHALWOHHBIM 4YucnoM. OHM 6biAM CUHTE3WpPOBaHbl B3aumModelicTBMEM M30NPONOKCKHAA
cypbMbl(LU) ¢ MOHODYHKLUMOHANbHbIMW OCHOBaHuaMKU LWudda ¢ ABYMS KOOPLUHMUPYHOLWUMN
mMecTamu, uMmetowme ocHoBHyto dopmyny CBH5CH : NROH (rge R = —(CH22, —CH2CH(CHYJ)-
n (CH23) c pany4yHoi cTexumomeTtpueii. NMpoBefeHne peakumm ¢ MONAPHLIMU OTHOLWEHUAMMN
KoMnoHeHToB 1:1, 1:2n 1:3 npuBognT K 06pas3oBaHunto cneaytowmx npon3sogHbix Sh(OPr>)2
(SB), Sb(OPr*) (SB)2 nu Sb(SB)3 (rae SBH — monekyna MOHOPpYHKLWHANbHOrO OCHOBaHWA
Wndda ¢ 4ByMA KOOPAUHUPYOLW MMM MecTamMn), COOTBETCTBEHHO. B o6pasytoWwmnxcs nponsBos-
HbIX LeHTpanbHbI/i aTOM MeTanna oka3blBaeTcs B TeTpa-, NeHTa- W rekca-KoOOpPAMHWPOBAHHOM
OKPYXEeHWUN, COOTBETCTBEHHO, YTO CMeAyeT M3 UX MOHOMEPHON MPUpOAbl B Kunsawem 6GeH3one.
Bbinn cHATBL MK cnekTpbl 3TUX MPOM3BOAHbLIX U CAENaHbl BO3MOXHble acCUTHaLUK.

Bnunaxwne CMHyCOMaa/ibHOro nepemMeHHOro Toka Ha noeefAeHMe ra/ibBaHNYECKNX
BaHH /11 KaaMWeEBbIX I'IOKprTI/II7I

C. C. AbJ 3/lb PEXM n M. T. XE/IMUA

BbinM uccnepoBaHbl fABa TWNa raNbBaHWYECKWX BaHH: KuWcCNas BaHHA, cojepixalyas
cynbdaT KaAMWUS U CEPHYI KWUCNOTY, W WieN04YHas BaHHA, cojepiXalias cynbhat KagMmus, ruj-
POOKMCb aMMOHUS U XNOPUCTbIA aMMOHWIA. BbINO U3YUueHO BAUSHUE CUHYCOUAANLHOIO nepe-
MEHHOI0 TOKa, HaNoXEeHHOr0 Ha NOCTOSHHbLIA TOK, HAa aHOAHYK W KaTOAHYK Monspusayuto.
Pe3ynbTaTbl yKa3blBaldT Ha TO, 4YTO IM(EKT MEPEeMEHHOro TOKa 3aBWCUT OT NPUPOAbI BaHHbI.
B KucNoii BaHHEe NepeMeHHbli TOK CABWTaeT aHOAHbLIN NOTeHUMan KagMUSA B HANpaBNeHUU MeHee
6naropofHbIX MeTanoB W yBeNWUNBaeT KAaTOAHYH MONSPU3aLUI0, B TO BpeMs KaK B LLeN0YHOI
BaHHE MepeMeHHblii TOK CABUIaeT aHOAHbIN MOTeHLWAN KagMus B HanpaBfeHUn 6onee 61aropoa-
HbIX MeTannoB U 61aronpuaTCTBYeT NaccMBayumn 3N1eKTPOAA, a TakXe AenonNsapusyeT KaTOLHbI i
noTeHuman.



MoMUMO 3TOro 6bl1 M3ydeH 3MMEKT HanOXEeHHOro MNepemMeHHOro TOKa Ha pacnpepeneHue
MOCTOSAHHOMO TOKA, a TAKXe Ha pacnpefeneHne meTanna Mexay AByMs napanfnenbHblMn KaToga-
MWU. B 060MX M3YUYEHHbIX FafibBaHUYECKUX BAHHAX MEPEMEHHbIN TOK YBEAMYMBAET ONN pacnpe-
fAeneHns Kak TOKa, Tak U MeTan/ia, U TeM cCaMblM, He6/1aronpuUATHO CKa3blBaeTCA Ha paBHOMep-
HOCTU MOKPbLITHS.

OnpegeneHve TePMOXUMUYECKUX faHHbIX Monekyn CHBr3u CBr4c nomoLsio
Macc-CNeKTPOMETPUM Ha OCHOBE UCC/IeA0BaHUA Pa3N0oXeHNS 3a CHET 3NIEKTPOHHbIX
CTONKHOBEHWI A M TeTeporeHHoro nuponmsa

O. KAMowwn, M. PUAENDb, K. BALLU-BAJIbTA3AP, P. CAHYES n /1. NTEJZIVK

C uenblo onpejeneHns TepMOXUMUYECKUX AaHHbIX GpoMMeTaHOB 6bln mMccnefoBaH Me-
XaHW3M pas3noXXeHWs 3a CYeT 3NEeKTPOHHbIX CTONKHOBEHWWA WM NUponM3a Ha BONbPPamMOBOIi
cnupanu.

C nomouwbio MeTofa, pa3paboTaHHOro aBTopamu paHee, 6binM onpeaeneHbl NOTeHUManbl
NoOSBNEHUA U MOHM3ALUWM NPOAYKTOB, o6pasywwmxca npu pasnoxeHun CHBr3 m CBrd. Uc-
X0 W3 TemnepaTypHON 3aBUCMMOCTU Nuponusa, 6biAnM onpedeneHbl 3HEPrUyU akTUMBaLUKU reTe-
pPOreHHOro nuponusa 6pomMmMeTaHOB U 6bIN0 HalgeHO, YTO OHW YMEHbLIATCA B HanpaBneHU:
CH3Br CH2Br2-» CHBr3 >m CBr,. Ha OCHOBe BENIMYMH IHEPTUIA aKTUBALUWN MOXHO 3aK/to-
YNTb, 4TO OpOMMETaHbl KaTalMTMYECKW pasfaraldTcAa Ha MOBEPXHOCTW BONb(pama cOrnacHo
pafjuKanbHOMY MexXaHU3My.

Bbinn paccuuTaHbl aHeprum guccoumauum csazen C—H n C—Br B 6pommeTaHax u gns
HWX Habn fanacb Ta e camMan NOHMXKaloLWan TEHAEHLMNA, KaK N B CAyYae IHEpPrnini aktueayum.
KonnyecTBEHHO 3TO ABNEHME UHTEPNPETUPYETCA Ha KBAHTOBOXMMMWYECKUX OCHOBAX.

CaoiictBa cmecein cnunpT-amuH, VIII

BnnaHune accomaunun panTBopuTens Ha 3aBUCUMOCTb 3/1EKTPONPOBOAHOCTU OT
KOHUEeHTpauwunn aona cuctem aMmMH — CNUPT U aMUH — BOfAa

®. PATKOBNY, M. JIAC/1O n T. LLANTAMOH

BblNM nccnefoBaHbl CMecM H-G6YTUA W H-MPOMMIAMUHOB CO CnUpTaMu U BoAoi. Bbina
M3MepeHa UX 3MeKTPONPOBOAHOCTb B 3aBUCHMOCTU OT KOHLUEHTpauuu. BbiNo yCTaHOBEHO,
UTO M3MEHEeHUe YAeNbHOW MONAPHOW 3NeKTPONPOBOAHOCTM B 3aBUCUMOCTU OT KOHLEHTpauuu
MOXeT 6biTb 06bACHEHO Ha OCHOBE MPOCTON accouuayMoHHOR Mopenu. O6pasoBaHWe MOHOB
Tuna A,B fABnseTcs pes3ynbTaToM AuccoLMayMyM accouuaToB, COAEPXalWUX efWHCTBEHHYIO
MONeKyny amumHa u 6onee MONeKysn pacTBOpUTens. Ha OCHOBe faHHbIX W3MEPEeHU’ MOXHO
6blf0 cpenaTbh 3aKNOYEHUs OTHOCUTENbHO CpefHeli cTeneHW accoumauuu. dTa BeNMUYUHA
ANS CNUPTOB U BOAbl XOPOWO YKMaAblBaeTCs B TOT pAf [AaHHbIX, KOTOPbIA 6bIN MOAydyeH
ANs cTeneHel accouuauuyW c NOMOLWb APYFMX MeTOAOB.

BSE\I/IMO,D,GVICTBI/IFI PacTBOPEHHOI0 BELLECTBA C PaCTBOPUTESIEM B BOAHbLIX pacTBOpax
HE3/NIEKTPO/INTOB

A heKkTbl BA3KOCTH

A M. XA®PE3 n X. CAIJEK

B3aumogeiicTBUS MeXAYy pacTBOPeHHbIM BEL eCTBOM U pacTBOpuUTeneMm Gblnu uccnepoBa-
Hbl Ha OCHOBE WM3MepeHUs BA3KOCTU BOAHLIX PACTBOPOB MeTaHO/a, 3TaHONa, Tpew-6yTaHona,
rnuuepuHa, AMOKCaHa, MeTULENN030/1bBaA, aleToHa, aleTOHUTPUAA U AUMEeTUNCY b oKenaa. Bo
BCEX CMUCTeMax OblNn [eTeKTUPOBaHbl MOMEKYNAPHbIe KOMMNeKChl. [laHHble 06cyxpaalTcs B
cBeTe Teopum Xapmca.



B3avMmogelicTBMe reTepoapoMaTUyeckmx /3-3HaMUHO3(UPOB C MasIEMHOBbLIM
aHrapuaom

doTto [AumMpoT npeBpaw,eHns 5-aMMHO-4-3TOKCMKap6oHMN-1,2,3-Tpuasons
r. CUIAON n X. BAMXO®PD

2-AMUHO-3-3TOKCUKap6oHWUN-4,5,6,7-TeTparngpo6eHsoTnoder (1) M 5-aMUHO-4-3TOKCKU-
Kap6oHunnNupasonb (4) pearupylT ¢ MaNeMHOBLIM aHTMAPWUAOM, AaBas Mpu 3TOM NPOU3BOAHbLIE
3amelleHHo MmaneamuaHoi kucnotol (31 5, cooTBeTCcTBEHHO). BbIAN MCCNEA0BaHbl PEAKLMOHHAS
CNOCOGHOCTL COeAWHeHUN 3 U 5, a Takxe MX CKNOHHOCTb K LUKAM3AUUW. 5-AMUHO-4-3TOKCH-
Kap6oHun-1-peHnn-1,2,3-tpnasonb (12), noAaBep>XeHHbI GoToCeHCMOBMUNMN3aLUmn, NpespalyaeTcs
B 5-aHWNMHO-4-3TOKCMKap6oHun-1,2,3-Tpnasons (14).

MpeBpaLLeHnst TO3UOBbLIX M ME3U/IOBbIX MPOV3BOAHLIX B psgy MopduvHa, XVI

HoBble faHHble B CBA3M C MEXAHWU3MOM annunbHOM neperpynnupoBKH

L MAKNEWT, T. MUNE n P. BOFHAP

MpnUBOAATCA HOBble faHHble, JOKa3biBal e CNOXHbIA Mexaunsm (SS2 + S§°) annuns-
HO NeperpynnupoBKM B CNydae MOP(UHOBLIX ankanouaos. Mcxoas U3 Tosunarta KogeumHa u ¢
HEKOTOPLIMU MOAMGUKALUAMU YCNOBUA peakummn, 6biNM NPUrOTOBAEHbI 06a M30Mepa XJ/OPHbIX
NPOM3BOAHBIX, T. Ha3., a-U /S-X0POKOANUAbI. V30NnpOBaHHOE a-NMPON3BOAHOE BbISI0 M30MEPN30BA-
HO B /3-NPOU3BOAHOE, UCMONb3YA YCNOBUA CUMHTE3a /3-NMPOU3BOAHONO.

CVHTE3 HEKOTOPbIX MPOU3BOAHBLIX METWIO0BbLIX 3(MPOB KyMapUHAMUHOKUC/OThI

A. M. 3/Ib-HATAP, M. X. A. 3J/IbFrAMAJ1b, 6. A. H. 3/1b-TABW/T n ®. C. M. AXME/[

KymapnH-3-CO-Gly-OMe (Il1) wn cooTBeTcTBYlOWMe MeTunoBble adpupbl (I11—XIV)
L—Ala, L—Leu, L—Ser, D—Val, L—Tyr, D—Phe, L—Pro, L—Trp, L—Thr n/?-Ala 6binu
CMHTEe3MpOBaHbl feicTBMeM Xnopupa KymapuH-3-kucnotbl (1) Ha rugpoxnopuabl MeTUNOBOTO
apupa amMMHOKWCNOTHI B fUOKcaHe, cogepxawem Et3N. KymapuH-3-CO-L-Leu-OMe (IV) B
LVOKCaHe 6bln npeBpaweH ¢ BbixofoMm 85% B cooTBeTcTBYHOWMIA rugpasmg: 3 [5-(6,7-Aume-
TokcmbeHnsodypun)] nponeHonn-Gly-OMe (XVII) n cooTBeTCTBYKLWME MeTUNOBble 3UPbI
(XVIHI—XXI1I) L-Ala, D-Phe,L-Tyr, L-Thr, L-Trp n L-Ser 66111 NpUroToBAEHbl C NOMOLLbIO
B3ammopeinctema xnopmnaa 3[5-(6,7-gumetokcnbeHsodypun)] akpunosoi kucnoTbel (XVI) ¢ me-
TUNOBbLIM 3()MPOM COOTBETCTBYIHOLLE aMUHOKUCNOTLI B fUOKcaHe, coaepxaliem Et3N.
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ANWENDUNG DES HYDROPYROLYSE-VERFAHRENS
ZUR BESTIMMUNG DES HAUOGENGEHAUTS
ORGANISCHER VERBINDUNGEN

L. Mazor

(Lehrstuhlfar allgemeine und analytische Chemie, Technische Universitat. Budapest)

Eingegangen am 18. Juni 1975

Werden Ddmpfe oder Pyrolyseprodukte von organischen Halogenverbindungen
mit Hilfe eines mit Wasserdampf geséttigten inerten Gasstroms durch eine Platin-
katalysatorschicht der Temperatur 800 —1100 °C geleitet, so zersetzen sie sich vdllig
unter Bildung von Halogenwasserstoff und Kohlenoxiden. Das im Kihler kondensierte
und aufgefangene Destillat hat ein verhaltnismaRig geringes Volumen und ist von sté-
renden lonen frei; die Halogenwasserstoffsauren oder die Halogenidionen kdnnen darin
mittels geeigneter volumetrischer oder sonstiger analytischer Verfahren genau be-
stimmt werden.

Einleitung

Das Hydropyrolyse-Verfahren wird bereits seit mehr als 30 Jahren ver-
wendet, besonders zur Bestimmung des Fluor- und Chlorgehalts von Scliwer-
metallsalzen (z. B. Uranfluorid) und Silikaten [1].

Unter der Einwirkung von Wasserdampf (und Sauerstoff) wird der
Halogengehalt (X) dieser Verbindungen bei Temperaturen tGber 1000 °C nach
dem folgenden Reaktionsschema frei:

MeX2n+ nH.,0 # MeO, + 2nHX.

Der mit dem W asserdampf abdestillierende Halogenwasserstoff kann im
Destillat acidimetriscli oder nach einem fir die Bestimmung von Halogenid-
ionen geeigneten Verfahren erfallt werden.

Entgegen dem zur Trennung und Anreicherung geringer Fluoridmengen
in anorganischen Stoffen friher Ublichen Verfahren von wittarad und winter
[2] besteht der Vorteil der Hydropyrolyse-Destillation darin, dal die Anreiche-
rung viel stérker ist und die Halogenidionen im Destillat in Abwesenheit
storender lonen bestimmt werden kdnnen.

Literaturiiberblick

C. A. Horton [3] machte den Versuch, das Hydropyrolyse-Verfahren
zum Bestimmen von Fluor in organischen Verbindungen zu verwenden; der
Erfolg blieb jedoch aus, die Dampfe bzw. Pyrolyseprodukte der organischen
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Stoffe durchliefen das leere Hochtemperaturrohr, ohne vollkommen zersetzt
zu werden. Unsere Versuche zeigten, daB durch das Einsetzen einer Platin-
katalysatorschicht in den geheizten Rohrteil die Dampfe bzw. Pyrolyse-
produkte der Fluor- oder sonstigen halogenhaltigen organischen Verbindungen
selbst bei Temperaturen unterhalb von 1000 °C véllig zersetzt werden. Auch
Methan und Benzolddmpfe wurden wahrend des Durchgangs durch die ca.
100 mm lange Platinkatalysator-Schicht (Durchmesser ca. 8 mm) bei einer
Temperatur von 1000 °C vollkommen verbrannt, die D&mpfe wurden in einem
mit Wasserdampf gesattigten inerten Trdgergasstrom (Stickstoff, Argon) mit
einer Geschwindigkeit von 3—4 cmamin durch das Rohr geleitet. Die Kataly-
satorschicht bestand aus einem locker zusammengedrehten Netz, gewoben
aus dunnem Platindraht. Bei der gleichen Versuchsanordnung wurden Fluor-
verbindungen bei 900— 1100 °C, Chlorverbindungen bei 800—900 °C, Brom-
verbindungen bei 700—800 °C vollig zersetzt. Die Zersetzung von Jodverbin-
dungen erfolgte bei noch niedrigeren Temperaturen. Die Gegenwart von
W asserdampf verhinderte den Zerfall des Jodwasserstoffs, es wurde kein
elementares Jod gebildet.

Theoretische Grundlagen des Vorganges

Die Hydropyrolyse ist ein komplexer Vorgang, in dem — in Abhé&ngig-
keit von den Eigenschaften der sich zersetzenden Verbindung — gleichzeitig
und nacheinander zahlreiche Elementarvorgdnge verlaufen, bis endlich die
Molekile der Verbindungen in ihre elementaren Bestandteile bzw. einfache
anorganische Zerfallsprodukte zersetzt werden.

Zahlreiche Halogenverbindungen reagieren mit den polaren Wasser-
dampfmolekilen in einer nukleophilen Substitutionsreaktion unter Bildung
von Halogenwasserstoff bereits bei Temperaturen von 200—400 °C, z. B.

CHJCH,X + -OH...H+ — CH3CH20H + HX,

CéH3X + -OH..,H+ — CeH50OH -f HX .

Solche nukleophile Substitutionsreaktionen gehen besonders leicht vor
sich bei Verbindungen, deren Halogenatom durch die Wirkung eines elektro-
philen Substituenten gelockert ist. Jedoch reagiert z. B. Chlorbenzol mit
W asserdampf nur bei Temperaturen um 450 °C, unter Bildung von Phenol
und Salzsaure (Raschigsches Verfahren zur Herstellung von Phenol).

Jedoch zersetzen sich im allgemeinen auch solche Verbindungen unter-
halb von 500 °C, die nicht zu nukleophilen Substitutionsreaktionen neigen.
Diese Vorgénge verlaufen auf sehr komplexe Art, es sind nur allgemeine Prin-
zipien ihres Ablaufs bekannt. Bei Halogenverbindungen kénnen Eliminations-
reaktionen auftreten, bei denen auch Halogenwasserstoff als Zersetzungs-
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produkt erscheint. Der Energiebedarf von thermischen Zersetzungsvor-
gangen ist von der Energie der Kohlenstoff-Halogen-Bindung sowie von
der Grofle und Struktur des Molekiuls abhdngig. Bei zunehmender Temperatur
entstehen stets kleinere und wéarmebestdndigere Zersetzungsprodukte; diese
Regel ist fir sdmtliche Halogenverbindungen gultig. Aus Jod- und Brom-
verbindungen entstehen — infolge der verhdltnisméaRig geringen Energie der
Kohlenstoff—Jod- bzw. Kohlenstoff-Brom-Bindung — nur selten stabile ther-
mische Zersetzungsprodukte. Der aus Chlorverbindungen und besonders der
aus Fluorverbindungen entstehende Tetrachlorkohlenstoff bzw. Tetrafluor-
kohlenstoff gehdrt infolge seiner symmetrischen Struktur zu den wéarme-
bestdndigsten Verbindungen. Aus den niedermolekularen w&rmebestadndigen
halogenhaltigen Zersetzungsprodukten kann das elementare Halogen oder der
Halogenwasserstoff nur mittels einer Oxidationsreaktion freigesetzt werden.
Eine solche Reaktion verlduft auf der Oberflache des Platinkatalysators bei
entsprechend hoher Temperatur unter Teilnahme des Sauerstoffs des W asser-
dampfes, wobei anstelle der Kohlenstoff-Halogen-Bindung die energiereichere
Kohlenstoff-Sauerstoff-Bindung gebildet wird. In dem allgemein bekannten
Vorgang der Wassergasherstellung tritt die Reaktion bereits bei 450 °C unter
Bildung von Kohlenmonoxid und Wasserstoff ein, und die Gleichgewichts-
konstante der Reaktion erreicht bei 830 °C den Wert 1. Als Ergebnis dieser
Reaktion entsteht aus den Halogen—Kohlenstoff Verbindungen Kohlen-
monoxid, Kohlendioxid und Halogenwasserstoff. Bei Temperaturen unterhalb
von 900 °C erscheint bereits das Methan, und bei der Pyrolyse von cyclischen
Verbindungen auch das Benzol in dem (hinsichtlich der Reaktion inerten aus
dem Rohr austretenden) Trégergas.

Apparatur

In unseren Hydropyrolyse-Yersuchen verwendeten wir die in Abb. 1 gezeigte Apparatur.
Diese ist zweckmaRig so aufzustellen, daf? das Rohrsystem in Richtung des Kihlers etwa 5°
abféllt. Dadurch_wird erreicht, daR das in den kalten Teilen des Rohrsystems kondensierte
Wasser zu den Ofen abfliet und dort verdampft.

Der wesentliche Teil der Apparatur ist das etwa 400 mm lange Quarzrohr mit einem
inneren Durchmesser von 8—10 mm, an dessen rechtes Ende sich das Zwischenstiick 5, 6,
an das linke Ende der Liebigkiihler 10 mit Schliffen anschlieft. Das vierfach verzweigte
Zwischenstiick kann aus Glas verfertigt sein; der zweig 6 dient zum Einfuhren des Tragergases,
welches das Rohr nach auBen hin spilt. Im horizontalen Zweig 5 befindet sich der mittels
eines Magneten von auBen her verschiebbare Stab, dessen Kopf aus Eisen ist. Das in das
Brennrohr eindringende Ende des Stabes ist schaufelformig ausgebildet; auf dieses Ende wird
das Schiffchen mit der Einwaage der zu untersuchenden Substanz aufgesetzt. Wird eine fliich-
tige Flussigkeit untersucht, so wird sie auf die tbliche Weise in eine Kapillare gewogen und
diese mit threr Offnung in Richtung zum beweglichen Ofen indas Schiffchen eingesetzt. Mit
der Apparatur konnen auch gasférmige Substanzen untersucht werden. Die Gase werden mit
Hilfe einer durch den PTFE-Stopfen im Stutzen 5 durchgestochenen Injektionsnadel in das
Rohr eingefihrt. Eine andere Moglichkeit besteht darin, das Gas im Glasbehalter gemal
Abb. 2 zu wégen und mit dem Tragergas in die Apparatur zu spilen. Ein ahnlicher Behalter,
der leichter ist als 20 g, kann auch auf einer Mikrowaage gewogen werden.

Der dritte Zweig des Mittelstlickes schlielt sich an die Wasserdampfquelle an; in dieser
taucht eine aus Widerstanddraht hergestellte Spirale passender Abmessung in destilliertes
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Abb. 1. Schema der Hydropyrolyse-Apparatur; Aufsicht: 1 Druckausgleichgefal3, 2 Rotameter,

3 Rohrofen fiir die Gasreinigung, 4 Wasserdampfentwickler, 5 vertikaler Rohrstutzen mit

PTFE-Stopfen, 6 Einweghahn zum Einleiten des Spilgases, 7 beweglicher elektrischer Rohr-

ofen, 8 Schiffchen aus Platin, 9 Katalysatorschicht (zusammengerolltes Platinnetz), 10 Liebig-
Kihler. MaRbezeichnungen in mm

Abb. 2. Gefall zum Einwagen gasformiger Substanzen. MalRbezeichnungen in mm

Wasser. Der Heizstrom der Spirale wird mit einem Toroidtransformator geregelt, so daB —
durch starkeres oder schwacheres Sieden des Wassers — die nétige Wasserdampfmenge her-
gestellt wird. Der Wasserdampf wird durch das Tréagergas in die Apparatur transportiert;
dieses wird aus einer Stahlflasche oder einem Gasometer zuerst in den gegen Uberdruck si-
chernden Behalter f, und anschlieend in das Rotameter 2 (5—25 cm3 Gas/min) gefuhrt. Das
Gas gelangt dann in den Rohrofen 3. Das Rohr des Ofens ist mit Stiickchen aus metallischem
Kupfer gefillt und entfernt bei einer Temperatur von ungefahr 450 °C die Sauerstoffverunrei-
nigung des Tragergases.

Es wird so viel der zu priufenden Substanz in das Schiffchen eingewogen, daf ihr Halo-
gengehalt 2—5 mg betragen soll.
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Durchfiihrung der Prifung

Die Apparatur wird zuerst mit einem schnellen (10—15 cm3min) Trégergasstrom 10—
20 Minuten lang gespult, wobei das Wasser des Wasserdampfentwicklers in lebhaftem Sieden
gehalten wird. Zugleich wird der groBe Ofen auf die nétige Temperatur aufgeheizt. Tempera-
turen Uber 1100 °C erwiesen sich selbst bei der sehr schwer zersetzbaren Trifluoressigsaure als
unnotig. Der bewegliche Ofen wird mit einer Temperatur von etwa 500 °C in Betrieb gesetzt
und mit seiner Hilfe das im Rohr kondensierende Wasser verdampft. Danach wird der be-
wegliche Ofen vom Rohr abgenommen (dieser Ofen kann auseinandergeklappt werden). Nach
dem Abkihlen des Rohres wird der Stopfen des Zwischenstiicks entfernt und das Schiffchen
mit der Einwaage in das Rohr geschoben. Inzwischen wird der Hahn 6 des Zwischenstiicks ge-
offnet und die Luft im Rohr mit dem Tragergasstrom verdrangt. Dann wird das Rohr mit dem
Stopfen verschlossen und das Schiffchen mit Hilfe eines Magneten so weit im Rohr vorgescho-
ben, bis es sich etwa 30 mm vor dem groflen Ofen befindet. Inzwischen wird die Tréagergas-
geschwindigkeit auf 5—7 cm3min herabgesetzt und das Wasser im Wasserdampfentwickler
in nur schwachem Sieden gehalten. Unter das Ausflurohr des Kihlers wird ein kleiner Titrier-
kolben gestellt. Dann wird der bewegliche Ofen auf das rechte Ende des Brennrohres aufge-
setzt und mit einer Geschwindigkeit von 0,5—1 cm/min in Gang gesetzt. Sobald der Ofen ei-
nen Abstand von 1—2 cm vom Schiffchen erreicht hat, wird seine Geschwindigkeit verringert,
oder er wird von Hand mit einer Geschwindigkeit von einigen mm pro Minute vorgeschoben.
Die Art des Pyrolysierens hangt tUbrigens — wie bei allen &hnlichen Brennverfahren — von
den Eigenschaften der untersuchten Substanz ab. Es ist wichtig, daB die Dampfe bzw. Pyro-
lyseprodukte der untersuchten Substanz langsam und gleichmaRig in die Katalysatorschicht
gelangen. Sobald der bewegliche Ofen die Front des groBen Ofens erreicht hat, wird etwa 10
Minuten lang gewartet, bis die Pyrolyseprodukte mit dem mit Wasserdampf gesattiampfent-
gergas die Katalysatorschicht durchlaufen. Danach wird das Wasser im Wasserdgten Tra-
wickler in lebhaftes Sieden gebracht und im Laufe von etwa 15 Minuten wird so viel Wasser-
dampf durch die Apparatur getrieben, daB ungefahr 10 cm3 Wasser im Titrierkolben gesam-
melt werden. Diese Wasserdampf- bzw. Wassermenge ist ausreichend, um den Halogenwasser-
stoff aus der Katalysatorschicht und dem Kuhler zu spilen. Werden Fluorverbindungen un-
tersucht, so ist das Kihlerrohr aus Quarz angefertigt und mit Quarzstiickchen geftllt, wahrend
das Sammelgefal? aus Quarz oder Kunststoff (z. B. Polyathylen) bestehen kann.

Die Gesamtdauer der Bestimmung hangt davon ab, wie schnell die Pyrolyseprodukte
der untersuchten Substanz durch die Katalysatorschicht getrieben werden kénnen. Der hdchste
Zeitbedarf tritt bei der Analyse von Eluorverbindungen auf, besonders bei Verbindungen,
aus denen im Laufe der Pyrolyse Trifluormethyl-Gruppen enthaltende Zersetzungsprodukte
entstehen. Zur volligen Zersetzung von Verbindungen mit solchen Gruppen (z. B. Trifluor-
essigsaure) sind selbst bei Temperaturen von 1000 1100 °C Verweilzeiten von 10—15 Minuten
in der Platinkatalysatorschicht notwendig. DemgemaR kann die Dauer der Bestimmung 35—
45 Minuten betragen, wahrend Chlor-, Brom- und Jodverbindungen im allgemeinen im Laufe
von 25—35 Minuten bestimmbar sind. Bei der Analyse von organischen Verbindungen mit
hohem Jodgehalt (z. B. Jodoform) ist es empfehlenswert, 50—70 mg eines wasserstoffreichen
Zusatzstoffes (Dodecylalkohol, Paraffindl) in das Schiffchen zu geben, damit aus dem freiwer-
denden elementaren Jod sofort Jodwasserstoff gebildet wird.

Im Destillat wird der grof3te Teil des Fluors in Form von Wasserstoffsilikofluorid vor-
liegen. Diese Verbindung kann z. B. mit einer 0,02 n NaOH-MeRIésung unter Anwendung eines
saureempfindlichen Indikators (z. B. ein Mischindikator aus Methylrot und Methylenblau)
titriert werden. Genauere Ergebnisse werden jedoch mit fir Fluorid-lonen spezifischen MelR-
methoden erhalten. So kann man z. B. mit 0,02 n Thoriumnitrat-MeRlésung, unter Anwendung
von alizarinsulfosaurem Natrium oder Methylthymolblau als Indikator titrieren, oder es kann
der Titrationsendpunkt mit Thoriumnitrat potentiometrisch, mit Hilfe einer fiir Eluoridionen
spezifischen Elektrode, angezeigt werden [4]. Die aus Chlorverbindungen entstehende Salz-
saure kann acidimetrisch titriert werden, oder es kann das Chlorid-lon mit Silbernitrat-MeR-
I6sung, mit potentiometrischer Endpunktsanzelge unter Anwendung eines fir Chlorid-lonen
spezifischen Membranelektrodensystems titriert werden. Ahnlich werden Bromidionen bzw.
Bromwasserstoff titriert. Die potentiometrische Titration von Jodidionen mit spezifischen
Membranelektroden ist infolge des hohen Potentialsprungs recht empfindlich, es kann selbst
mit einer 0.005 n Silbernitrat MeRlosung auf einen Tropfen genau titriert werden. Jedoch ist
— wenn keine Elektrode zur AErfiigung steht —auch die jodometrische Methode ahnlich emp-
findlich. Dabei wird in das Sammelgefal eine natriumacetathaltige Bromlésung in Eisessig
gegeben, welche die mit dem Destillat zutropfenden Jodidionen sofort zu Jodationen oxidiert.
Nach dem Entfernen des Bromuberschusses wird aus der mit Schwefelsdure angesauerten L6-
sung mit Jodidionen Jod freigesetzt, das mit 0,02 n Natriumthiosulfat-MeRI6sung titriert wird.
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Ergebnisse
Mit dem beschriebenen Verfahren untersuchten wir zahlreiche Fluor-,

Chlor-, Brom- und Jodverbindungen. Die Einwaage lag zwischen 2 und 15 mg.
Die Ergebnisse sind in den Tabellen I—IV angefihrt.

Tabelle |

FluorVerbindungen

Mittelwert
) 1 Theoretischer ~ der Ergebnisse Streyung
Verbindung F-Gehalt, % von 10
' Bestimmungen
%
Triamcinolonacetonid C2HZ20 6 4,67 4,67 0,35 (0,075)
Haloperidol C2IH230 2NFC1 5,05 5,12 0,16 (0,031)
3-Chlor-4-bromfluorbenzol C6H3CIBrF 9,07 9,03 0,44 (0,049)
p-Fluoranilin HAN .C8H4.F 12,87 12,83 0,36 (0,028)
Freon 12 CFXCI2 31,40 31,23 1,41 (0,045)
Polytetrafluorathylen (CF2—CF2n 75,88 75,99 2,32 (0,030)
Tabelle 11
Chlorverbindungen
Mittelwert
) Theoretischer ~ der Ergebnisse Streuung
Verbindung Cl-Gehalt, % von 10 %
Bestimmungen
%
2,4-Dinitrochlorbenzol (02N),,C6H3CL 17,42 17,55 0,35 (0,020)
3-Fluor-4-chloranilin H2N . CeH3-C1 24.22 24,19 0,24 (0,01)
p-Chlorphenol HO.GaH4CL 27.57 27,46 0,38 (0,014)
Monochloressigsaure CH2CICOOH 37,53 37,41 0,64 (0,017)
Hexachlorcyclohexan C8H6CI6 75,60 75,13 0,80 (0,010)
Chloroform CHC13 89,08 88,70* 0,86 (0,010)
Tetrachlorkohlenstoff CCl4 92,18 91,33* 1,12 (0,013)

* Mittelwert aus 5 Bestimmungen.

Der in Klammern angefiihrte Wert in der Spalte Streuung ist die sog.
relative Streuung, d. h. die Streuung dividiert durch den W irkstoffgehalt,
in Prozenten. Die relative Streuung charakterisiert die Genauigkeit des Ver-
fahrens besser als die Streuung selbst.
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Tabelle 111

Bromverbindungen

Mittelwert

Verbindung Theoretischer  der Eigetiisse

’ Bestimmungen,

%
a-Brom-iso-valerylkarbamid
(CH32CHCIIBrCONHCONH 35,83 35,85
N-Bromsuccinimid (H2C—CO)2=NBr 44,89 44.83
p-Bromphenol HO.C6H,Br 46.23 46,17
p-Bromanilin HAN.C6H4Br 46,46 46,49
Brombenzol CIH3Br 51,10 51,16*
Bromoform CHBr3 94,85 94.72
* Mittelwert aus 5 Bestimmungen.
Tabelle 1V
Jodverbindungen

Mittehvert

Verbindung 'E?ézrhe;ilfchozr der V%rgekl)glsse

' Bestimmungen

%

7-Jod-5-chlor-8-hydroxychinolin JCINH4C10H 41,55 41,49
Jodvanillin JC6H,OH.CHO.OCH3 45,65 45,54*
p-Nitrojodbenzol OjN.CRHjJ 50,96 50,77
p-Jodanilin H2N.C6H4) 57,95 57,98
Monojodessigsaure CH2JCOOH 68,15 67,82*
Jodoform CHJ3 97,05 96,23

* Mittelwert aus 5 Bestimmungen.
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PHOSPHATE FROM AN AQUEOUS PHASE
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The extraction of Pr with TBP solutions in CCl, from an aqueous phase contain-
ing mixtures of NaClO,, and NaN03 NaClO, and NaSCN, or NaN03 and NaSCN has
been investigated. In the presence of salt mixtures the extraction of Pr was found to
increase. The highest increase was observed on the addition of small quantities of
NaSCN to NaCIO) and NaNO03.

The investigations show that the increased extraction is associated with increased
activity coefficients in the presence of mixtures of NaC104 and NaN03 and also with
the formation of mixed complexes in the presence of NaSCN and NaClO, or NaSCN
and NaNO03

Introduction

In recent years there appeared a number of publications [1—14] on
the extraction of various metals from an aqueous phase containing mixtures
of mineral acids or salts. The investigations have shown that in most cases
the extraction of the metals studied is increased, as compared with their
extraction from an aqueous phase containing a single inorganic anion. In some
of the papers cited above, it has been pointed out that the increase of extrac-
tion is due to an increase in the activity coefficients [7— 13], while others
[4—s6, 14] state that this increase is due to the formation of mixed complexes
containing both anions from the aqueous phase. The third concept [1—3] is
that the increase of extraction is caused both by the increase of the activity
coefficients and the formation of mixed complexes.

The present work was carried out for investigating the extraction of Pr
with tributyl phosphate (TBP) solutions in CCls from an aqueous phase con-
taining mineral salt mixtures, and to determine their influence the extrac-
tion of Pr.

Experimental

Reagents
All chemicals employed were of analytical grade (p. a.): TBP (“Fluka”) was purified

before use [15]. In all experiments the concentration of Pr was 3.55 X 10~4 M. To avoid hydrol-
ysis, the pH was maintained at 2.
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Procedure

10 ml each, of the aqueous and the organic phases, were shaken for 30 min. As established
beforehand, this time is sufficient for equilibrium to be reached. After standing for 1 hr, the
phases were separated. The concentration of Pr was determined photometrically with Arsenazo
111 [20]. To determine Pr in the organic phase, a back extraction was first carried out.

In the photometric determination of Pr, its concentration was maintained within the
limits of the optimum [20], so that maximum accuracy (offered by the method) could be at-
tained.

Results and discussion

The distribution coefficients, D, obtained for the extraction of Pr from
an aqueous phase containing either the individual salts NaN 03, NaC104 and
NaSCN or their mixtures are given in Figs 1—3 and Tables I—IIIl. Figures

Fig. 1. Values of D for the extraction of Pr with a 2 M solution of TBP in OCl4from an aqueous
phase containing NaC104 (1), NaNO03 (2), and their mixture (3): NaC104+ NaNO03= 3.6 M

24 26 28 30 NaCIOjM]
06 04 02 0 NaSCN [M]

Fig. 2. Values of D for the extraction of Pr with a 1.5 M solution of TBP in QCl4from an aque-

ous phase containing NaSCN (1) and a mixture of NaSCN and NaClO, (2); NaSCN -~ NaC104 =
= 30M
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Fig. 3. Values of D for the extraction of Pr with a 1.5 M solution of TBP in CCl4 from an
aqueous phase containing NaSCN (1) and a mixture of NaSCN and NaNO03 (2); NaSCN +
+ NaN03= 3.0M

Table 1

Distribution coefficientsfor the extraction of Pr with a 2 M solution of TBP in CClifrom an aqueous

0 N o o w N -

phase containing NaCl0o4 (Dt), NaN03 (D2 and their mixture

NacClO,
[M\

3.6
3.2
24
20
1.6
12
0.8

Di

4.10
1.70
0.70
0.44
0.27
0.16
0.10

NaNo03
[M]

0.4
12
1.6
2.0
24
2.8
3.6

0.05
0.18
0.25
0.38
0.55
0.78
157

Table 11

NaClO, + NaNO,

NaClO, [M]

3.2
24
2.0
16
12
0.8

NaNo03 [M]

0.4
12
1.6
2.0
24
2.8

(Dn)

D12

3.62
3.20
3.00
2.78
2.50
2.20

Distribution coefficients for the extraction of Pr with a 1.5 M solution of TBP in CCl4from an
aqueous phase containing NaN03 (DJ, NaSCN (l),,j and their mixture (D12

No.

0 N o g b~ W N -

NaNOg
M]

3.0
2.9
2.8
2.7
2.6
25
24
2.3

Di

0.40
0.37
0.33
0.30
0.27
0.24
0.21
0.19

NaSCN
[M]

0.1
0.2
0.3
0.4
0.5
0.6
0.7

0.01
0.12
0.42
0.94
1.44
2.08
3.35

NaN03+ NaSCN

NaNo03 [M]

29
2.8
2.7
2.6
25
24
2.3

NaSCN [M]

0.1
0.2
0.3
0.4
0.5
0.6
0.7

16
31
5.8
7.6
115
151
18.0
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Tabic 11

Distribution coefficients for the extraction of Pr with a 1.5 M solution of TBP in CCli from an
aqueous phase containing NaCIlOt (1f), NaSCN (D,,) and their mixture (Dn)

NaC104 - NaSCN

Naclo, NaSCN
" 1 o ) > NaClO, [M] NasCN [M] b
1 3.0 0.25 - - - - -
2 2.9 0.23 0.1 0.01 29 0.1 11
3 2.8 0.20 0.2 0.12 2.8 0.2 3.7
4 2.7 0.18 0.3 0.42 2.7 0.3 79
5 2.6 0.15 0.4 0.94 2.6 0.4 111
6 25 0.12 0.5 1.44 25 0.5 19.6
7 24 0.10 0.6 2.08 2.4 0.6 29.3

2 and 3 do not show the extraction from an aqueous phase containing only
NaC104 or NaNO03 because, under the experimental conditions, it is negligibly
small. From the data indicated in Figs 1—3 and Tables I—I111, it is evident
that on using salt mixtures the extraction of Pr is in all cases under considera-
tion greater than the sum of effects, due to the same salts employed separately.
This is a peculiar kind of synergic effect, caused not by the presence of mix-
tures of the extracting agent in the organic phase, but rather by the presence
of salt mixtures in the aqueous phase.

The investigations made so far offer no possibility to explain the increased
extraction. This requires some additional studies.

I. Extraction from an aqueous [»base containing mixtures of
NaClOj and NaNO03

One of the problems in the present work was to establish whether mixed
complexes are extracted with NaC104and NaN 03 present in the aqueous phase.
In principle, the increased distribution coefficient of Pr for extraction from an
aqueous phase containing mixtures of the two salts (Fig. 1 and Table 1) may
be explained either by the increase of the activity coefficients or by the for-
mation of mixed complexes containing anions of both salts. Let us assume
that the better extraction is due to the increase of the activity coefficients,
i.e. no mixed complexes are formed and the complexes extracted contain
only one of the anions present in the aqueous phase. It has been found [16, 17]
that these complexes are ofthecompositionPr(N03)3.3TBPandPr(C104)3.6TBP.
In this case

D = K3o[TBP13|N03],7is3 + Ko3[TBP]« [CIOHVsi (2)
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In the above expression K30 and Ko3 are the extraction constants for
the complexes Pr(N 03)3.3TBP and Pr(C104)3.6TBP, respectively, while yl+
and y21 stand for the mean activity coefficients.

In order determine the validity of the above assumption it is necessary
to measure the activity coefficients of Pr(N03)3 and Pr(C104)3 in a solution
of NaN 03 and NaClOj. The isopiestic method [21] was employed for the pur-
pose. It was established that with a total concentration of 3.6M the activity
coefficient of Pr(N 03)3 changes from 0.165 (in a solution of NaNO03) to 0.631
(in a solution of NaClO,), while the activity coefficient of Pr(C1043is changed
from 0.821 (in a solution of NaC104) to 0.231 (in a solution of NaN03).* Sub-
stitution of the above values into expression (1) leads to a satisfactory agree-
ment with the data on the extraction of Pr from an aqueous phase containing
mixtures of NaNO03 and NaClOj. Therefore, one may conclude that the en-
hanced extraction is due to the change in the activity coefficients. However,
the possibility of formation and extraction of mixed complexes cannot be
excluded as this has been found in Refs [1, 2] for the extraction of Zr and Hf
withTBP. Nevertheless, in our case the influence of mixed complexes on the
increase of Pr extraction must be insignificant.

Il. Extraction from mixtures of NaSCN—NaClOj and NaSCN—NaNO03

A strong influence of NaSCN on the extraction of Pr is observed in both
cases under consideration. Figures 2 and 3 and Tables Il and Il make evident
that the addition of small amounts of this salt leads to strongly increased
extraction. In our opinion this increase is due primarily to the extraction of
mixed complexes as the concentration of added NaSCN is too small to cause
(at a constant ionic strength) a significant increase in the activity coefficients.
However, before considering the influence of these mixtures, it is necessary
to investigate the extraction of Pr from an aqueous phase that contains only
NaSCN and to determine the solvation number of the extracted complex,
because the data available in the literature are quite diverse [s, 18, 19]. The
authors of Ref. [18] have found that La, Eu, and Lu form complexes which
have solvation numbers of 5, 4 and 3, respectively. Our investigations (Fig. 4)
have shown that the extracted complexes have a solvation number of 5, i.e.
their composition is Pr(SCN)3.5TBP. An extraction constant of K3 =1.2
was established.

To determine the solvation number of the assumed mixed complexes
for their extraction from an aqueous phase containing NaC104 and NaSCN,

*The complete data on the investigation of the activity coefficients will be the subject
of a separate communication.
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the dependence of Ig D on log [TBP] was studied at NaSCN concentrations
of 1.8 M and 0.9 M and at 0.9 and 1.8 M NaClO,, respectively (Fig. 5). In
both cases linear relationship with a slope of 5, were obtained which indicates

Fig. 4. Dependence of Ig D on Ig [TBP] for the extraction of Pr from an aqueous phase contain-
ing 21 M NaSCN

Fig. 5. Dependence of Ig D on Ig [TBP] for the extraction of Pr from an aqueous phase contain-
ing NaSCN and NaCICh: 1. NaSCN = 1.8 M, NaC104= 0.9 M; 2. NaSCN = 0.9 M, NaC104 =
= 18 M

that only penta-solvates are extracted. Presumably, it would impossible to de-
tect the complex Pr(C10,,)3 6 TBP, it being extracted to a lesser extent. The
availability of only the penta-solvates reduces the number of probable com-
plexes to three, namely, Pr(SCN)3.5TBP with an extraction constant of
K.jo; Pr(SCN).,(C10,).5TBP with an extraction constant of K21, and Pr(SCN)
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(C104)2.5TBP with an extraction constant of KJ2. If the activity coefficients
remain constant, the distribution coefficient will he determined by

D = K30[SCN-13[TBP]s + K21[SCN-]2[C104 ][TBP]5 +

+ K12[SCN-] [CNON2-[TBP]5 (2)
On dividing both sides of Eq. (2) by [TBP]4, one

D/[TBP]4=<[TBP] {K30[SCN- 13+ K21[SCN-12[CIO,]+ KI2[SCN- ] [CIO*]2}

®)

Fig. 6. Dependence of D/[TBP]4 on [TBP] for the extraction of Pr from an aqueous phase
containing NaSCN and NaClO,: 1. NaSCN = 1.8 M, NaCIO, = 0.9 M; 2. NaSCN = 0.9 M,
NaC104= 18 M

As [SCN~] = const and [C104 ] = const, Eq. (3) corresponds eq. to a straight
line passing through the origin of the co-ordinate system. If the assumption
made about the complexes existing in the organic phase is correct, then — at
a definite and constant ratio of the two salts — the experimental data should
confirm the above considerations. It is evident from Fig. ¢ that the depend-
ences of D/[TBPj4 on [TBP], obtained with two ratios of NaSCN and NaClO,
give straight lines passing through the origin. This is additional evidence for
the extraction of penta-solvates and at the same time it proves the absence
of tetra-solvates. If the latter had been available, the straight lines would
have been characterized by an intercept on the ordinate axis. This is observed
in Fig. 7, which illustrates the dependence of D/[TBPjs4 on [TBP] for the
extraction of Pr from an aqueous phase containing NaSCN and NaNO03.
The experimental results indicate that with 1.8- M NaSCN and 0.9 M NaNOs
only penta-solvates are extracted, while at concentrations of 0.9 M NaSCN
and 1.8 M NaNOstetra-solvates are extracted together with the penta-solvates.
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The data illustrated by Figs. 6 and 7 permit some further conclusions.
The slope of curves 1 in both figures is approximately the same. These curves
correspond to 1.8 M NaSCN and the to 0.9 M NaCIlOj or NaNO;i. Hence,
the exchange of NaC104 for NaN 03 affects the extraction but very little. This
fact indicates that at high NaSCN concentrations, it is the complexes
Pr(SCN)3.5TBP that are predominantly extracted. In this case, constants K21
and K2 in the right-hand side of Eq. (3) will have a small value, as compared
with K3o hut the relationship will remain a straight line. At the same time,

Fig. 7. Dependence of D/[TBP]4 on [TBP] for the extraction of Pr from an aqueous phas>'
containing NaSCN and NaNO03: 1. NaSCN = 1.8 M, NaN03= 0.9 M: 2. NaSCN = 0.9 M,
NaN03= 18 M

the data for curves 2 in Figs. 6 and 7, obtained for 0.9 M NaSCN and 1.8 M
NaC104 or NaN O3 differ appreciably. The different slopes of the straight lines,
as well as the differences in the distribution coefficients permit to assume the
extraction of mixed complexes with solvation number 5 when NaSCN and
NaC104 are available in the aqueous phase, and of mixed complexes with
solvation number 4 in the presence of NaSCN and NaNO03.
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The caloric changes of cis-2,4-dimethyl-2,4,8,8,10,10-hexaphenyl-spiro(5,5)
pentasiloxane were investigated by the DSC technique. It has been found that the
melting of this compound is accompanied by a recrystallization process, in which the
original compound transforms into a modification with a higher melting point. The
polymerization of the above compound in the presence of various amounts of KOH
as catalyst has also been studied. The process was found to be a complex, multi-step
reaction. The characteristic temperatures, and the heats of polymerization and melting
were determined from the calorimetric curves. The activation energy of polymerization,
calculated by approximate methods, is 30 kcal/mol.

Owing to the easy deformability of the O—Si—O valence angles, the
structures of organosilicon polymers and oligomers depend very strongly on
the nature of the substituents. The medium also plays an important role, and
these factors may exert a major influence on the thermal changes, such as
phase transitions or polymerization.

The accurate measurement of these thermal changes permits to study
the polymerization process and the resulting isomers, stereoisomers and con-
formers.

In this respect cis-2,4-dimethyl-2,4,8,8,10,10-hexaphenyl-spiro(5,5)-pen-
tasiloxane (1) is a very interesting compound since it contains di- and tetra-
functional units and has a spirocyclic structure. This compound is solid and
crystalline at room temperature, but is also capable of phase transition and
polymerization, and thus it can be used to adventage. The substance was
prepared [1] via the reaction given in Fig. 1. The reaction conducted in solu-
tion phase at room temperature yields the pure cis isomer shown in the Figure.

This spirosiloxane compound can be regarded as a condensation product
of two trisiloxane (D3)rings. Its infrared spectrum is, like that of D3, consid-
erably different from those of simple, linear polysiloxanes.

The thermal effects were measured with a Perkin—EImer DSC-1B instru-
ment, the maximum sensitivity of which is 1 mcal/sec. First the process of
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Bn 9% Ph2 u Me Ph2
'ASi— OH 0—Si 9%0Si---- -Si
. \ . m°\ NN
M e OljSI\ / 0 — 0S VI Si iy}
Si—OH 0—Si sic BV st
1. Ph2 Ph2
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Fig. 1. Synthesis of compound I

Fig. 2. Melting curve of | in various specimen holders.------ - Pt holder, sample weight
3.340 mg; --—--—--- Al holder, sample weight: 3.199 mg; Zffix Z1H2= 11.35 cal/g; heating
rate () = 8 °C/min

melting was studied, mainly in order to determine the stability ofthe compound
at its melting point and in molten state. As the compound produces a fairly
sharp peak, it is sufficiently pure, and does not decompose during melting.
Figure 2 shows two melting curves, corresponding to aluminium and platinum
specimen holders, respectively. Both the shapes of the curves and the heats
of melting obtained, which agree to within two decimals, indicate an excellent
reproducibility. The shift in the location of maximum is due to the fact that
the two curves were measured on two subsequent days, and the instrument
was not re-calibrated, i.e. the curves were plotted against the same temper-
ature scale.

If a sample once melted (a) is cooled and remelted, the curve shown in
Fig.3 can be obtained.

As can be seen, in the second melting process (b) an extra peak appears
at higher temperatures, which becomes the only peak in the third melting (c).
It may be assumed as an explanation that in the melt — owing to the remark-
able temperature dependence of the substituent effect known in silicon
chemistry — the original cis form is converted into the trans derivative with
a higher melting point. It cannot be excluded, however, that the two melting
peaks correspond to the same molecular form, but to two crystal modifications.

Upon the effect of a catalyst (0.02% KOH), the spirosiloxane undergoes
polymerization [1], which can be monitored through the increase in molecular
weight or the extensive changes in the infrared spectrum. This catalytic poly-
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A01.2

400 K 370

Fig. 3. Melting curve of 1 in repeated melting. Sample weight: 3.199 mg, B = 8 °C/min

merization, with an essentially ionic mechanism, is widely known for siloxanes.
It is also well known that these reactions, unlike several organic polymerization
processes which are controlled kinetically, tend towards thermodynamic
equilibria, i.e. after a relatively short time they reach an equilibrium molec-
ular weight distribution corresponding to the given temperature.

The polymerization performed at various temperatures (120, 130 and
150 °C [1]) was found to occur quite rapidly, which is easy to understand if
it is taken into account that the spirocyclic compound is also a strained system
of D3 type. However, to follow the process of polymerization, the gel content
of the resulting product was also measured besides the above measurements.
This proved to be necessary, because these molecules, unlike the simple starting
compounds of types D3, D4 etc.,, which contain only bifunctional units, also
include one tetrafunctional segment (Q) per molecule, which makes the mono-
mer itself tetrafunctional if both rings are opened. The extent of cross-linking
increases monotonously at 120 and 130 °C, as shown by the gel content data,
passes a maximum at 150 °C, and then decreases to a very small value. The
latter phenomenon can be attributed to the substituent effect, by assuming
that, instead of the disordered cross-linked structure, spirocyclic chain poly-
mers are formed, which are soluble again in the organic solvent employed.

These processes can be illustrated by the following scheme:

D—D I)—1)-ms
| \ )—

\ /

D—M 1)—N)—
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It is of particular interest whether these delicate transformations in
molecular structure, which do not exceed the low energies associated with
phase transitions, can be detected. The DSC technique appeared to be prom-
ising for this purpose. The polymerization was therefore performed in the
DSC apparatus using various catalyst concentrations and heating rates. The
measurements were similar to the melting experiments on the crystalline
monomer, first with a catalyst concentration of 0.02% (as employed in Ref. [1]),
and then with potassium hydroxide concentrations of 0.03, 0.05 and 0.2%.

The results can be summarized as follows. At low concentrations (0.02,
0.03 and 0.05%) and high heating rates two or three small but unambiguously
observable exothermic peaks could be measured after the melting peak
(cf. Figs 9 and 10).

W ith regard to the relative complexity of the system and to the unexpect-
edly varying nature of the DSC signal, it had to be proved that this DSC
curve is really characteristic of the process. All measurements performed by
the non-isothermal technique are open to justified doubts, since it is known
that “apparent” peaks may often occur due to certain steady states caused
by accidental phenomena. The interpretation of DSC measurements deserves
particular care, since in this case the above difficulties are multiplied by the
perturbation effects of the small amount of sample, the transition thermal
resistance and other experimental parameters. As indicated by Fig. 4, the
reproducibility on two different samples is quite perfect, proving that accidental
effects do not play a role.

Figure 5 illustrates the result of an experiment in which the instrument
was set at isothermal mode after the melting. The exothermic signals are still
clearly observable, although they are, of course, less expressed than in the non-
isothermal mode. Accordingly, as also proved by the isothermal measurement,
the exothermic peaks are real, and can he attributed to the polymerization
process.

In further measurements low catalyst concentrations were employed
again, and we studied the effect of heating rate on the nature of the DSC
curve. Figure 6 shows the result of a measurement in which the sample con-
tained 0.02% of catalyst and the heating rate was 2 °C/min. The shape of the
curve isremarkably different from that recorded at a heating rate of 32 °C/min
(Fig. 4), insofar as two endothermic melting peaks appear, similarly to the
melting curves obtained in the absence of catalyst. However, the extra peak
appears already in the first experiment, whereas with the systems containing
no catalyst the substance of higher melting point is produced only after the
second or subsequent heating runs. Unlike with the simple melting curves,
there is a sharp exothermic peak here between the two endothermic peaks,
with an area approximately equal to that of the second melting peak. Conse-
quently, upon the effect of catalyst a phase transition takes place, which cor-
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3915

Fig. 4. Polymerization of I in the presence of 0.05% KOH;------ — sample weight: 3.328 mg,
--------- sample weight: 3.665 mg, B = 32 °C/min

387.5

15min

500 391 400 320
K

Fig. 5. Polymerization of I in the presence of 0.02% KOH as catalyst. Sample weight: 9.326 mg;
3= 8 and 0 °C/min

401

450 400 350
K

Fig. 6. Polymerization of | in the presence of 0.02% KOH. Weight: 8.260 mg, /3= 2 °C/min

responds presumably to the crystal modification of the trans form, and the
rate of this transition, relative to the melting process, is increased by the cata-
lyst to such an extent that its thermal effect, the heat of transition, becomes
readily measurable.
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To decide whether the peaks at 385 and 401 K correspond to the spiro-
cyclic monomer, the samples were cooled abruptly after the second melting
peak, and their infrared spectra were recorded. The spectra show the invariable
presence of the monomer, indicating that the two endothermic peaks and the
exothermic peak correspond, even in the presence of catalyst, to the phase
transition preceding the polymerization. It is worth noting that, similarly
to the endothermic peaks, the exothermic peak located between them at 386 K
is also reproducible in position.

As to the further shape of the curve, the third, smallest polymerization
peak is absent, like on all the curves recorded at low heating rates, and after
the second melting peak there are only two well-defined exothermic peaks.
These signals are different in shape from a sharp melting curve, and their
flatness is characteristic of chemical reactions or processes involving mass
transfer.

As indicated by Figs 7 to 10, at a potassium hydroxide concentration
ofo0.02%, and higher heating rates, the relative proportions of the two melting
peaks vary in favour of the first one, and the height of the exothermic peak
between them also decreases significantly.

These facts are apparently easy to interpret if it is assumed that the
catalyst plays a role not only in the polymerization but also in the isomeriza-
tion process.

The specimen was cooled abruptly after the first and second polymeri-
zation peaks, respectively, and the infrared spectra of these samples were
found to be identical. It is possible that the third exothermic peak is con-
nected, in fact, to the formation of the cyclolinear polymer, which is soluble
in organic solvents. Its thermal effect is, however, so small that it could not
be investigated so far in detail. The observability of the third peak depends,
owing to its low intensity, on the heating rate. Namely, when the effects become
more prolonged at low heating rates, the third step may easily merge with the
base line, as a result of the limited sensitivity of the equipment.

It is interesting to investigate whether our hypotheses concerning the
shape of the curve are supported our measurements at higher catalyst con-
centrations.

It is apparent from Figure 11 that under such conditions the second
melting peak is absent, but the second exothermic polymerization peak is also
suppressed, indicating that there is a close correlation between them. Thus,
at sufficient rates of polymerization there is no time for competitive isomer-
ization and phase transition and the sample becomes cross-linked in a single
step.

The following experiments were aimed as checking the results and the
relationship between the catalytic effect and the DSC curve. The potassium
hydroxide content was again 0.02%, but the sample was exposed to air for
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Fig. 7. Polymerization of | in the presence of 0.02% KOH. Weight: 4.840 mg, B = 4 °C/min

382.5

500 450 K400 330

Fig. 8. Polymerization of | in the presence of 0.02% KOH. Weight: 4.629 mg, /5=8 °C/min

R e B e N L L

540 500 K 400 330

Fig. 9. Polymerization of | in the presence of 0.02% KOH. Weight: 5.461 mg, /9=16 °C/min

393

Fig. 10. Polymerization of I in the presence of 0.02% KOH. Weight: 3.726 mg, B = 32 °C/min
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a longer period, during which the potassium hydroxide catalyst could cer-
tainly carbonize upon the effect of atmospheric carbon dioxide, and there was
a possibility for incidental room-temperature reactions. The measurements
on these samples gave results identical, to the finest details, with of those the
measurements on catalyst-free samples, proving that the mixing involves no
changes in the heat capacity or specific heat function, and no chemical change
occurs, either, at this temperature. At a catalyst concentration of 0.01% no
catalytic effect can he observed at all.

Fig. 11. DSC curves of the polymerization processes in the presence of low and extremely high
amounts of catalyst. /3= 4 °C/min. Upper diagram: 0.2% KOH, lower diagram: 0.05% KOH

In the next experiments attempts were made to determine the character-
istic temperature and characteristic heat by varying a sufficient number ol
parameters, relying on the fact of good reproducibility. Some informative
kinetic calculations were also performed on the data obtained. It must be
emphasized that these calculations are only approximate, semi-quantitative
in nature, because the processes are complex and partly overlap each
other.

Kinetic calculations can be based only on the characteristic temperature
which belongs to the maximum of reaction rate (peak temperature), in this
respect the DSC technique is very convenient, because the reaction rate (more
particularly the proportional amount of heat evolved), and not the conversion
is measured directly. Under the conditions of the given transformations, there-
fore, we must be satisfied with varying the heating rate systematically at fixed
other parameters, and determining the shift in the maximum temperature.

The data obtained are shown in Table 1.
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Sample
weight

(mg)
8.622
4.649
5.086
4.629
4.285
4.123
3.472
3.726

8.005
4.379
4.479
4.906
3.462

8.020
4.666
4.613
6.123
3.825
8.095
8.002
8.143

6.314
6.354
6.199
6.319

KOH (%)

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

0.03
0.03
0.03
0.03
0.03

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.02
0.20
0.20
0.20
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Heating

16
32

16
32
32
32
32

A~ BN

Tums.
®

388.1
388.6
391.1
389.1
3895
390.4
389.6
390.3

388.2
388.6
388.6
388.1
389.1

388.0
388.3
388.7
389.5
389.6
391.2
391.2
391.2

386.5
387.8
387.3
388.6

Table |

A2 m.p.
(K)

402.7
402.8
402.0

402.8
402.3
402.0

402.7
402.3

~ 1Pol
(K)

416.7
422.0
432.0
430.0
439.0
440.0
449.0
456.0

415.0
420.0
431.0
441.5
448.0

410.3
415.0
421.0
434.0
399.0
454.0
454.0
454.9

399.6
406.0
405.0
407.0

)

443.8
457.0
467.0
467.0
481.0
481.0
493.0
496.0

440.0
452.0
467.0
482.0
487.0

446.0
457.0
476.0
491.0

504.0
504.0
504.0

(cal/g)

10.0
10.3
11.0
10.7
11.2
112
11.8
115

11.6
10.6
117
117
11.6

114
115
114
112
11.8
11.6
11.7
11.6

9.9
10.6
11.2
105

315

£nHpo!
(eal/g)

9.1
9.8
9.7
9.3
9.0
9.5
9.8
8.6

6.8
8.8
9.3
9.2
9.5

8.8
9.9
9.4
9.8
8.8
9.6
9.2
9.8

7.4
8.2
8.1

Since the maximum temperatures in the curves were reproducible within
the accuracy of the measurements, the reference method [2] could be applied.
The basic equation of this method is as follows:

E

NRT max

Xmax

ldx |
| dij

(n

where X is the reaction coordinate, the other symbols have the conventional

meaning, and subscript “max” refers to the maximum reaction rate.
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Eq. (1) can be rewritten, after well known simplifications, as

dlg' 10*—|: _I'bﬂ4(‘5I}E_ (2)
no1 R

where e, T and r have the conventional meaning and ¢ is the heating rate.

Figure 12 illustrates that the correlation given by Eq. (2) really holds.

For both polymerization processes E = 30 kcal/mol can be obtained from
Eq. (2), which can be considered as reasonable.

16 -
u

12

<= 10
a
08 -

06 -
0A -

02

D 20 22 2A 2.6
V 103
Fig. 12. Plot of 1st 10R against I/T. x - 0.02% KOH, o - 0.03% KOH, o0 - 0.05% KOH

It can be stated as a conclusion that the DSC technique, as indicated
by the reaction investigated, can be applied to advantage in quantitative
studies on ionic polymerization processes in organoelement chemistry.

The results support our statement that the process is very complex and
proceeds in several steps. It has also been clarified that there is a very close
relationship between the phase transitions observed during the melting of the
monomer and the polymerization processes.
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The reaction of osmium tetroxide and ammonia in a medium containing potas-
sium hydroxide leads to potassium nitridoosmate(VIll), whose nitrogen content can-
not he measured by the Kjeldahl method directly, only after reduction with Devarda’s
alloy. The nitridoosmate(V 111) ions exert a catalytic action in the course of the digestion
by concentrated sulphuric acid applied in the nitrogen determination according to Kjel-
dahl, provided the mixture contains also potassium sulphate, an additive raising the
boiling point. Under these conditions ammonia is oxidized to nitrogen. As long as am-
monia is present in the system, nitridoosmate(V I11), or more likely the compound formed
from it, containing osmium of a lower oxidation state is present. However, after the
ammonia has been completely oxidized to elementary nitrogen, the catalytic osmium
compound is removed from the sulphuric acid medium, presumably as 0s04. The extent
of oxidation depends on the HSOj" to H2S04 mole ratio and attains its maximum when
this ratio becomes equal to unity. Osmium tetroxide does not show a catalytic effect
of this type. When, however, prior to digestion with sulphuric acid, nitridoosmate(V I11)
has been formed, it may interfere with, or even completely inhibit the nitrogen deter-
mination according to Kjeldahl.

Introduction

Of the compounds of osmium(VIIIl), mainly osmium tetroxide has been
studied from the aspect of reactions with ammonia. These investigations were
concerned with the formation ofnitridoosmate(V I11) in an alkaline medium [1]:

0s04+ NH3+ OH- — OsO3N- + 2H2

and with the elucidation of its structure [2]. The reactions of solid 0s04 with
gaseous and liquid ammonia have also been studied [3]. Under these condi-
tions, the product is first yellow then becomes brown and finally black. Based
on the composition of this product, Watt and Potrafke [4] described the
reaction by the following equation:

30s04-f 9ONH3 — 0s3N709H21 + N2+ 3H2

The reaction of potassium nitridoosmate(Y Ill) with ammonia has been
studied by Watt and McMordie [5]. Solid K0sO3N and ammonium iodide
were dissolved in liquefied ammonia at —70 °€. On heating the yellow solution
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to room temperature, a dark brown precipitate, later turning black, was ob-
tained and nitrogen gas evolved. The composition of the product, insoluble in
water and various organic solvents, was identical with that of the trinuclear
osmium complex in the above equation:

3NH40 sO03N + 3NH3- OsIN709H2L + N2

The formation of the osmium(VI) complex involves the oxidation of
a part of the ammonia to nitrogen. In a strongly alkaline media, only part of
the nitrogen content is deaminated from the trinuclear osmium complex,
i.e. the Os—N bonds are not all identical.

Our present experiments aimed at elucidating whether a chemical reac-
tion occurs between 0s04 or KOsO3N and ammonia under the conditions of
the Kjeldahl nitrogen determination and whether this reaction affects the
determination of ammonia. Concerning potassium nitridoosmate(VIIl) we
have previously found [e6] that it mnitrogen content is not deaminated in
alkaline media even at higher temperatures and its nitrogen content cannot
be measured even after digestion with concentrated sulphuric acid as performed
in the Kjeldahl method. However, it can be determined quantitatively as
ammonia, on reduction in alkaline media with Devarda’s alloy. In possession
of the above informations, the experiments were carried out as follows.

Experimental

Os04was a Merck product of analytical purity; K0s03 was prepared in this laboratory
by reacting osmium tetroxide with ammonia in an alkaline medium [7] followed by repeated
recrystallization. All the other chemicals were Reanal products of analytical purity.

Mixtures of a volume of 7.5 cm3 were prepared for the experiments. The mixtures con-
tained 2 X 10“ 2mol/dm3 ammonia, 2x10-3 rnol/dm3 0s04 or K0OsO3N and 0.05—4.0 mol/dms
potassium hydroxide. First the osmium compound and subsequently the required amount of
potassium hydroxide was added. The closed flasks were kept in thermostat at 20 °C. Some of
the samples withdrawn periodically were treated with 2 cm3concentrated sulphuric acid and
then boiled until they became colourless (for about 4 hrs). The sulphuric acid solutions were
made alkaline and ammonia was determined in a Parnas type distillation apparatus. Titrations
were performed with 1/70 N sulphuric acid and a mixture of Methyl Red and Methylene Blue
indicator.

The other samples were directly transferred from the thermostat into the distillation
apparatus and the amount of ammonia determined as specified above.

Rcsuits and discussion

In the case of mixtures of various alkalinity, containing osmium tetroxide
and ammonia, a deficiency of ammonia was observed in both series of experi-
ments. When boiling with sulfuric acid was not applied, the ammonia deficiency
was 2 X lo-3 mol independently of the concentration of alkali, i.e. identical
with the amount of Os04. Under such conditions nitridoosmate(V 111) is formed.
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This is proved among others also by the observation that, on adding Devarda’s
alloy to the alkaline mixtures obtained after the removal of ammonia, the
amount of ammonia appearing previously as a deficiency can be quantitatively
removed by repeated steam distillation.

In the mixtures which contained 2x10-~3 mol of 0s04 but were boiled
with concentrated sulphuric acid (after being keptat 20 °Cin amedium of0.05 —1.0
molar potassium hydroxide) an ammonia deficiency of 3xH -3 mol was
observed as a limit. This amount of nitrogen could not be found even after
reduction with Devarda’s alloy (after the boiling with sulphuric acid). The time

Fig. 1. Amount of ammonia appearing as deficiency, against the time and the concentration
of potassium hydroxide

required for the nitrogen deficiency to develop depends strongly on the con-
centration of potassium hydroxide hut the limiting value is independent of this
concentration (Fig. 1).

The amount of ammonia added can be quantitatively removed from the
mixtures containing potassium nitridoosmate(V1Il) and ammonia by steam
distillation applied after keeping the samples at 20 °C. When, however, boiling
with concentrated sulphuric acid is also applied, 1X10-3 mol of the excess
ammonia cannot be determined because of the 2x10+3 mol KOsO03N, present
provided the concentration of the initially applied potassium hydroxide does
not exceed 1 mol/dm3. The amount of ammonia deficiency is, up to this value,
quite independent of the alkali concentration and, according to our findings is,
just the same also in a medium free of potassium hydroxide. Even the reaction
time is independent of the alkali concentration, within the periods tested in
the experiments. Namely, when the solution of K0sO3N is added to the
ammonia solution and immediately also concentrated sulphuric acid is added,
the ammonia deficiency mentioned is detectable even in such cases.

In our experiments carried out thus far, at KOH concentrations between
0.05 and 1.0 mol/dm3, ammonia deficiences corresponding to the ratio
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20s04 : 3NH3 and 20s03N~ : 1 NH3 were observed. On increasing the con-
centration of potassium hydroxide in the mixtures, the ammonia deficiency
increases after boiling the mixtures with 2 cmsof concentrated sulphuric acid
(Fig. 2).

If the mixtures containing 0s04and ammonia, or K0s03N and ammonia,
were 4.0 molar with respect to potassium hydroxide, the ammonia could not
be determined after boiling with 2 cmaconcentrated sulphuric acid even if the
ammonia concentration was a hundred times higher than that of the osmium
compound.

Fig. 2. Limiting value of the ammonia deficiency against the concentration of potassium
hydroxide

In the mixtures containing osmium tetroxide and ammonia, a deficiency
of ammonia was observed only in the case when o so 4 had been previously
contacted with ammonia in an alkaline medium, i.e. the formation of nitrido-
osmate(VIIl) ions had been possible. If ammonia is treated first with con-
centrated sulphuric acid, then with osmium tetroxide and finally with the
required amount of potassium hydroxide, the quantity of ammonia added can
be measured quantitatively after boiling the system.

According to our investigations, the reaction leading to ammonia defi-
ciency occurs during the boiling with sulphuric acid provided that0s03N~ ions
are present. As in mixtures containing potassium hydroxide, HS04 -ions are
formed on the addition of excess sulphuric acid, the ammonia deficiency depends
obviously on the mole ratio HSO,” : H2S04. If this mole ratio is low,an ammonia
deficiency corresponding to the ratio 20s03N- : 1NH3 appears. (It may be
presumed that under these conditions a dinuclear osmium complex is formed
in which N plays the role of a bridging ligand and, under the conditions men-
tioned this nitrogen cannot be measured similarly to the nitrogen content of
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Table |

Changes in the amount of measurable ammonia as a function of the HSOjIH2SOt
mole ratio

Composition of the mixtures: 0.03 mmol K0s03N; 5.8—23 mmol K2504; 36 —72 mmol H2504

. Amount of ammonia added (mmol)
Mole ratio

HS07/HzS04 0.052 0.104 0.210 0432 0.864
0.24 0.044 0.088 0.196 0.416 0.850
0.36 0.039 0.087 0.182 0.370 0.793
0.48 0.032 0.083 0.160 0.308 0.719
0.60 0.027 0.081 0.144 0.275 0.640
0.75 0.026 0.059 0.130 0.170 0.414
1.00 — 0.007 0.010 0.015 -

1.10 — — — _

the nitridoosmate(V 111) ion.) When the HS04 : H2S04mole ratio is sufficiently
high, the catalytic effect of OsO3N~ ions will prevail.

Mixtures containing KO0sO3N and great amounts of ammonia were
boiled, to which potassium sulphate and concentrated sulphuric acid were added
in various mole ratios. At the same time also mixtures containing no nitrido-
osmate(Y Ill) ions were also investigated for the sake of comparison (Table I).

The amount of ammonia which can be determined decreases with in-
creasing HS04 : H2S04 mole ratio. If this ratio is equal to unity, no ammonia
can be measured at all after digestion with sulphuric acid.

As regards the catalytic effect of OsO03N~ ions it is irrelevant whether
the mixtures have been boiled in an oxygen or nitrogen atmosphere.

Concerning the fate of ammonia during the catalytic reaction, the experi-
ments with Devarda’s alloy indicated that nitrite or nitrate is not formed,
and no nitrogen oxides could be detected either. Subsequently, oxidation to
elementary nitrogen appeared to be likely. In order to obtain information on
this point, the reaction was carried out in a closed system and changes in the
gas volume were measured.

The mixtures examined were transferred into 50 cm3 Kjeldahl flasks
connected with traps containing a potassium hydroxide solution. To the trap
placed at the greatest distance from the boiling flask, a gas burette was at-
tached in order to determine the gas volume. For the sake of comparison also
mixtures without potassium nitridoosmate(V 111) were investigated (Table I1).

Thus, according to our investigations, at a HS04 to H.,S04 mole ratio
of 1 ammonia is oxidized to elementary nitrogen at the boiling temperature
of the mixture, under the catalytic effect of OsO3N~.

Subsequent to the reaction, in the mixtures digested in open flasks until
they became colourless, no osmium content could be detected by polarography
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Table 11
Amounts of N,, measured during digestion carried out in a closed system

Composition of mixtures: 0.03 mmol K0s03N; 2.58 mmol of NH3; 11.5 mmol K2S04; 36 mmol

H2504
Calculated Measured
amount of N2 amount of N2
(cm3 (cm3)
(20 °C, 1 atm) (20 °C, 1 atm)
16.8 15.7
14.6
15.1
31.0 28.5
30.5
28.8

[8] or by the spectrophotometric method developed by us earlier [9]. When
however, digestion was interrupted prior to the complete decolouration of the
system, a part of the ammonia and also certain part of the osmium could be
determined. For example, in samples which still contained 20—30% of the
initial amount of ammonia, about 60—70% of the initial osmium could be
determined.

Thus, while ammonia is presentin the system, also the nitridoosmate(VIII)
or more likely the compound formed from it, containing osmium of lower
oxidation state, will be present. However, after the ammonia has been oxidized
completely to elementary nitrogen, the catalytic osmium compound will be
oxidized in concentrated sulphuric acid to osmium tetroxide or to another vola-
tile compound, and will leave the open system. In investigations carried out
in a closed system, the vapours of the volatile osmium compound can be con-
densed and the osmium can he detected.

These observations direct attention to the fact that the presence of even
relatively small amounts of certain osmium compounds may interfere with,
or inhibit nitrogen determinations according to Kjeldahl.
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The dipole moments of secondary amines such as diethyl-, di-n-propyl- and di-ra-
butylamine, decrease with increasing temperature. This phenomenon can be interpreted
by the self-association of secondary amines and the parallel alignment of the associated
molecules. The heat of formation of N—H. ..N bonds is ca. 2 kcal/mole according to
calculations based on the Mecke—Kempter model. The dipole moments of tertiary
amines increase with increasing temperature. This behaviour indicates a strong inter-
action between the molecules in the liquid phase, and suggests that this interaction
causes an antiparallel alignment of the molecules.

The data published so far on secondary and tertiary amines and their
mixtures do not permit to determine unambigously whether the hydrogen-
bonded association of secondary amines yields cyclic or linear polymers. The
data are also insufficient to determine wdiether the molecules of tertiary amines
are oriented to an observable extent by polar interactions. Since the knowledge
of the association conditions of the pure components is a prerequisite for
a study of alcohol-amine mixtures, we have investigated the relative permittiv-
ities of some secondary and tertiary amines in the liquid phase as a function
of temperature. The question to be answered is whether the species formed in
the self-association of diamines are predom inantly cyclic or linear, and whether
they are of antiparallel or parallel alignment. The investigation of tertiary
amines is also concerned with the parallel or antiparallel character of the
orientation caused by the interaction.

The relative permittivity was measured with a precision dielectrometer
of type OH-302 in a static frequency range (3—4 MH2z), between +50 and
—40 °C. The sample cell was provided with a thermostating jacket, and the
thermostating liquid was water above 20 °C, and methanol below is temper-
ature.

The density measurements were performed with a digital densitometer
DMA 02C, in the above temperature range. As reference, methanol was used;
its density data are known from the literature [1].

The refractive index was measured with an Abbe-type refractometer.
The measured data are shown in Tables 1 —III.
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Table |1

Static relative permittivity and density of triamines as a function of temperature

Diethylamine
relative. density
perm(l(t(;lvny e (g/cm3
3.289 0.67241
3.374 0.68472
3.520 0.69618
3.680 0.70340
3.906 0.72494
4.110 0.73446
4.185 0.73803
4.380 0.75392
4.530 0.75955
4.670 0.76562
4.890 0.77224
5.120 0.77893

Di-n-propylamine

relative

density

permittivity e (glcmd
M

2.785 0.70958
2.824 0.72031
2.881 0.73019
2.923 0.73751
3.040 0.74881
3.130 0.76002
3.210 0.76427
3.252 0.76892
3.274 0.77523
3.380 0.78029
3.443 0.78540
3.508 0.79322
Table I

Static relative permittivity and density of

t (°C)

20
15
10

5
0

-5

10

-15

20

-25

-30

-35

-40

Triethylamine

2.418
2.412
2.413
2.417
2.424

2.450
2.453
2.468
2.477
2.497
2.521
2.540

Q(g/cma

0.72908
0.73379
0.74022
0.74573
0.75104
0.76039
0.76670
0.77138
0.77716
0.78284
0.78852
0.79282
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Tri

£

2.380
2.378
2.355
2.354
2.350
2.342
2.340
2.326
2.323
2.323
2.325

Di-n-butylamine

relative
permittivity

2.603
2.650
2.697
2.765
2.841
2.910
2.935
2.970
3.020
3.065
3.075
3.085

density
€ (g/cm3

0.73515
0.74423
0.75248
0.75814
0.77434
0.78439
0.78975
0.79273
0.79954
0.80330
0.80758
0.81310

triamines as a function of temperature

-n-propylamine
0 (g/an3

0.75611
0.76065
0.76686
0.77102
0.77571
0.77984
0.78364
0.78959
0.79404
0.79804
0.80444

Tri-n-butylamine

e

2.340
2.342
2.343
2.344
2.346
2.345
2.345
2.346
2.349
2.348
2.346
2.346
2.344

€ (g/cm3)

0.77809
0.78164
0.78633
0.79078
0.78996
0.79162
0.78954
0.79317
0.79496
0.79458
0.79690
0.79787
0.79932
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Table 11l

Refractive indexes (nD) measured at 20 °C

Compound nD
Diethylamine 1.3851
Di-rc-propylamine 1.4046
Di-rc-butylamine 1.4183
Triethylamine 1.4008
Tri-n-propylamine 1.4171
Tri-n-butylamine 1.4297
n-hexane 1.3750

The results were interpreted on the hasis of Eq. (1), corresponding the
Kirkwood—Froantich theory [2]:

)(2e0 - £,) 2 3VkTeO

A = Rf
® l 3en N (1)

where figis the vapour phase dipole moment of the molecule, N is the number
of molecules in volume V, K is Boltzmann’s constant, £o is the static relative
permittivity, £°is the absolute permittivity of vacuum 8.85415 X 10~ 12 Fm _1),
foo is the square of the intrinsic refractive index (Era—»nl), and fx/ is the
effective dipole moment of the liquid. Factor g in Eq. (1) is used to take into
account the rotational barrier formed by the intermolecular interactions that
may also lead to association. The dipole moment generally increases if the
orientation of the molecular dipoles is parallel. In these cases g is greater than
unity. For antiparallel orientation g is less than 1.

The determination of g involves, in practice, two difficulties. The first
one is the determination of n”, i.e. the intrinsic refractive index. If n,, cannot
be determined experimentally or theoretically, it is most convenient to measure
the refractive index with respect to the Na D line (nD), and to use it in place
of nm [2, 3].

The second problem is posed by the determination of /g occurring in
Eq. (1). The most widespread method is to determine the orientation polari-
zation as a function of concentration in a dilute solution of some non-polar
solvent, and to extrapolate to infinite dilution. According to Onsager, the
resulting dipole moment and the dipole moment in the vapour phase are
related by the equation [3]

(£, + 2)(2e,, + 1) Rg
3(2e0+ e~)

(2)

where £0 and £» refer to the non-polar solvent.
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The effective dipole moments were determined from Eq. (1) as a function
of temperature, n« being replaced by the corresponding reD values given in
Table IIl. The results are shown in Table IV. The variation of the dipole
moment with the temperature is illustrated in Fig. 1. It can be seen from the
diagram that the dipole moments of diamines and triamines change with the
temperature in opposite directions.

Fig. 1. Effective dipole moment of tertiary and secondary amines against the reciprocal ab-
solute temperature. (1) triethylamine, (2) tri-n-propylamine, (3) tri-n-butylamine, (4) diethyl-
amine, (5) di-n-propylamine, (6) di-n-butylamine
Table IV

Dipole moment of di- and triamines as a function of temperature

t (°C) Diethylamine prop[)yil;xnr% ine but5|iar?nrine Triethylamine pro;yﬂﬁnn; ine bulTyrI:rr:{ine
50 1.155 1.026 0.978
40 1.158 1.025 0.991
30 1.179 1.032 1.002
20 1.204 1.031 1.026 0.738 0.774 0.772
10 1.255 1.060 1.043 0.716 0.731 0.758
0 1.229 1.073 1.055 0.707 0.709 0.747
-10 1.281 1.097 1.063 0.707 0.689 0.732
-20 1.310 1.114 1.080 0.701 0.649 0.720
-30 1.363 1.126 0.699 0.634 0.702
-40 0.706 0.684

The decrease in the dipole moment of diamines with increasing temper-
ature is due probably to the presence of association polymers in parallel
alignment. The result of two opposite effects can be observed: the energy of
thermal motion, which tends to break this parallel alignment, acts against the
parallel orientation produced by the association. For this reason the parallel
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alignment becomes less preferred at higher temperatures, and thus the dipole
moment decreases with increasing temperature. It is obvious for similar reasons
that the result of the interactions of triamincs is a slight antiparallel alignment,
and thus their dipole moments increase with increasing temperature, i.e. with
a decrease in the orientation effect.

We have determined the variation of Kirkwooda’s g factor as a function
of temperature. The vapour phase dipole moment of diethylamine and
the dipole moments of di-n-propyl and di-re-butylamine in infinitely dilute
solution were taken from the literature [4]:

fis (in n-hexane)
for di-n-propylamine 0.99 D
for di-n-butylamine 1.00 D

The data were converted to vapour phase values by means of Eq. (2); the
following values of fig were used:

fig (DEA) — 0.920 D
fig (DPA) — 0.915 D
fig(DBA) = 0.905 D

Provided that the association model of Mecke and Kempter [5] holds,
the following relationship connects the equilibrium constant of association (K)
with the g factor [s]:

KCn=IiL=X (3)

4
where Co is the nominal concentration. Eq. (3) can be used to determine

graphically, by means of a log (g2 — 1) vs. 1/T diagram, the heat of association
(Fig. 2). The calculated data are given in Table VY.

Fig. 2. The Iog-§--:—lvs. 103T diagrams of secondary amines. (1) diethylamine, (2) di-n-pro-

pylamine, (3) di-n-butylamine
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Table ¥
The Kirkwood g-factors of diamines
o) 103_]_ Diethylamine Di-n-propylamine Di-n-butylamine
() log («! — 1) s log(gZ— 1) g logOP-1)
50 3.096 1.576 0.1714 1.258 -0.2343 1.167 -0.4410
40 3.195 1.583 0.1778 1.253 -0.2441 1.200 -0.3556
30 3.300 1.643 0.2276 1.271 -0.2111 1.227 —0.2959
20 3.413 1.713 0.2865 1.269 -0.2197 1.286 -0.1851
10 3.534 1.790 0.3432 1.342 -0.0969 1.328 -0.1163
0 3.663 1.860 0.3909 1.374 -0.0516 1.360 -0.0706
—10 3.802 1.939 0.4409 1.432 0.0216 1.376 —0.0492
—20 3.953 2.029 0.4937 1.481 0.0766 1.423 0.0116
-30 4115 2.195 0.5818 1.514 0.1113
The changes in the enthalpy of association were calculated on the basis
Fig. 2. The values obtained are —2.01 kcal/mole for diethylamine, —2.00

kcal/mole for di-n-propylamine and —2.15 kcal/mole for di-n-butylamine,

in

good agreement with the enthalpies of formation of the N—H. ..N bond

obtained by other authors using other methods, varying between —2.0 and
—2.3 kcal/mole [7].

[1]
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The variation of average degree of association as a function of the temperature
has been investigated by measuring the viscosity of di-n-propyl and di-n-butylamine
in the temperature range from —20 to 80 °C. It has been found that the activation
enthalpy of viscous flow and the average degree of association increase rapidly with
decreasing temperature. This phenomenon can be interpreted in terms of the-Mecke-
Kempter model, assuming infinite chain association. The enthalpy of formation of the
hydrogen bond, calculated from viscosity data, is —2.4 kcal/mol, in good agreement
with the values calculated from the dielectric data.

In the liquid phase secondary amines form associates in which, accord-
ing to dielectric investigations [1], the molecules are mostly in parallel position.
The most obvious reason for such dipole orientation might be the formation
of chain-type association polymers. The present communication reports on
further studies aimed at the elucidation of the cyclic or chain-like structure of
the associates. Viscosity and the activation enthalpy of viscous flow are related
to the degree of association of the polymers formed by liquids [2, 3]. Viscosity
measurements as a function of the temperature make thus possible to follow
changes in the average degree ofassociation,and thereby to determine indirectly
also the enthalpy of the association reaction and to draw conclusion on the
cyclic or chain-like structure of the associates. In addition, by measuring
the viscosity of secondary amines we also intended to check whether the conclu-
sions from dielectric and viscosity measurements are consistent.

The viscosities of di-n-propylamine and di-n-butylamine have been
determined.

The dynamic viscosity of the components investigated has been measured
at atmospheric pressure, with a Hopplet type rheoviscosimeter in the tempera-
ture range between —20 and —80 °C. Our results are summarized in Table 1.

It can be seen from Fig. 1that a plot of the logarithm of the dynamic
viscosity against the reciprocal absolute temperature does not give straight
lines for the two diamines, as opposed to the alcohols investigated earlier [2].
W ith decreasing temperature, a steadily increasing deviation from the Arrhe-
nius-Andrade linear ralationship can be observed. This means that the activa-
tion enthalpy of viscous flow is not constant, decreasing with increasing temper-
ature.
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It has been shown in our investigation of alcohols [3] that the activation
enthalpy of viscous flow is proportional to the average degree of association,
at least in the case of low molecular weight alcohols. The slope of the log ] vs.

— curves changes with the temperature in the case of diamines, thus these

components probably form associates in which the number of the components
varies within wide limits. This qualitative finding is indicative of chain
association, and is thus in accord with conclusions drawn form dielectric prop-

Table 1

Dynamic viscosity as afunction of temperature

Dynamic viscosity (cP)

Temperature
di-n-propylamine  ili-n-butylamine
253 1.12 2.37
263 0.91 1.65
273 0.73 1.26
283 0.60 1.02
293 0.50 0.85
303 0.44 0.73
313 0.39 0.64
323 0.36 0.55
333 0.32 0.49
343 — 0.43
353 — 0.39

Acta Chim. (Budapest) 89, 1976



RATKOVICS, SALAMON: ALCOHOL-AMINE MIXTURES, X 333

erties [1]. In the case of formation of cyclic association polymers, the maxi-
mum possible degree of association is determined by the number of monomers
participating in the ring. Since this number can be estimated to be not larger
than four, for such cyclic structures, the average degree of association may vary
only between 1 and 4.

It is known that in the case of chain association, the model introduced
by Kempter and Mecke [4], assuming ideal, infinite chain association, descri-
bes the experimental results rather well, and is based on a physical concept
closely approaching the real situation. We have attempted therefore to in-
terpret the results in terms of this model and on the basis of the linear relation-
ship found between the activation enthalpy of viscous flow and the average
degree of association.

According to the model, the standard enthalpies and entropies of con-
secutive association reactions are identical

A H°

A H° (independent of i), (1)

A S°

A S° (independent of i), 2)

i. e. the changes in enthalpy and entropy accompanying the formation and
rupture of hydrogen bonds, do not depend on the number of monomers consti-
tuting the association multimers. It follows from relationships (1) and (2)
that the equilibrium constants of consecutive association reactions are also the
same, so that association equilibrium can be unequivocally described by a
single equilibrium constant, independent of the value of i.

K=Ki=~ 1. i=1.2..) (3
= A (i ) ()

where X is a real mole fraction and i the number of monomer units forming
the associate.

Using van’t Hoff’s equation, the temperature dependence of the equi-
librium constant can be expressed as

dinK  Z7H
dT RT A

Integration under the assumption that A H is constant yields

In K = - AR - C (5)
RT

Where K is the association equilibrium constant defined by relationship (3),
T the absolute temperature. R the universal gas constant, A H the enthalpy
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of formation of the hydrogen bond, and Cis a constant. The equilibrium con-
stant decreases with increasing temperature because the hydrogen bonds are
ruptured and the degree of association diminishes.

In addition to this, the correlation found between the average molecular
weight of the associates and the activation enthalpy of viscous flow, discussed
in our earlier communications [2, 3], has been used for the interpretation of
the experimental results. Accordingly

*= ~ = AJAUV+ B1 (6)
Mi

where a is the average degree of association, M the average molecular weight
of the associates (M = X/M,), Mrthe molecular weight of the monomer, while
AT and B1 are constants.

In one of our earlier communications [3], the following relationship has
been found between the average molecular weight of the pure substance and
the equilibrium constant of the Mecke—Kempter model

M
*= . = K+1, @
M1

Thus, using Eqs (s) and (7), the relationship between the activation
enthalpy of viscous flow (A H,.) and the equilibrium constant (K) is,

nH,= A2+ BX (s)

where the new constants are denoted by A2and B2 From the definition of the
activation enthalpy of viscous flow, we have

dinn Hs
dT ~ RT2

and from Eqs (5) and (8), the following relationship is obtained
. b
Ing=a-4——>bce RT 9)

where 1 is the dynamic viscosity (cP)
T the temperature (K)
A H the enthalpy of the hydrogen bond (cal/mol)
R the universal gas constant (A 1.98 cal/mol K)
a, b and c are constants.
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To check the validity of the relationship deduced from the model, the
bonding energy of the hydrogen bond has been calculated from the dynamic
viscosity in temperature data in Table I, using relationship (9). Calculations
were performed on an ODRA computer. For the energy of the hydrogen bond,
a value of —2.4 kcal/mol has been obtained in the case of both di-n-propyla-
mine and di-n-butylamine. These results agree well with the bonding energies
0f—2.00 and —2.15 kcal/mol, respectively determined by dielectric measure-
ments for the two compounds and also with the data of other authors obtained
by measuring the heats of mixing [5]. The variance a2 determined from
the differences of the measured and calculated values of In 1j is 0.00092 and
0.00110, respectively.

Both model calculations and a qualitative evaluation of experimental
results show that in the pure liquid state di-n-propylamine and di-n-butyl-
amine presumably form mainly chain associates. The enthalpy of formation
of the hydrogen bonds is about —2.0 to —2.5 kcal/mol. The charge with tem -
perature of the activation energy of viscous flow is consistent with the change
in the average degree of association.

On the basis of this, the probable structure of the associates is

R R R
] 1
N-H ..N-H..N H

Py
-

It seems that the above method for the evaluation of the results of viscosity
measurements is in accord with the dielectric properties and may be suitable
for the distinguishing ring and chain-type polymers association as well as for
the determination of the enthalpy of the association reaction.
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The 7-electmnic structure and spectra of disubstituted benzene derivatives
containing an electron donor and an acceptor group have been calculated by the Pa-
riser—Parr - Pople method. The applicability of a uniform parameter system to a wider
range of benzene derivatives is discussed in detail. The calculations give good results
for the spectral characteristics, ground state charge densities and bond orders. Com-
parison is made with other a-electron calculations reported in the literature.

Several papers have been published on sa-electron SCF MO calculations
for limited groups of donor-acceptor disubstituted benzenes. Primarily nitro-
benzene derivatives e.g. amino- [1—5], hydroxy- [4, 6], and halo-nitrobenzenes
[7, 8] have been investigated. Less information is available on benzaldehyde
and benzoic acid derivatives. The electronic structure and spectra of methyl-
[9], hydroxy- [10], and halo-benzaldehydes [11] have been studied as well as
the steric hindrance in methylbenzoic acids [t2], and the intramolecular
hydrogen bonding in hydroxybenzaldehydes and -benzoic acids [13] were
investigated.

The aim of the present work is a systematic study of the sa-electronic
structure and spectra for a larger number of disubstituted benzene derivatives
containing an electron donor and an acceptor group. The method used has been
the Pariser—Parr—Pople (PPP) approximation [14] with the same starting
values worked out for the monosubstituted compounds [15] and applied for
derivatives containing two donor [16], and two acceptor [17] groups. The
applicability of uniform starting parameters to the description of a-electron
properties of a wider range of compounds has been investigated.

Method of calculation

The details ofthe PPP method, as used in this work, are given in Ref. [15].
The fluoro, chloro, hydroxy and amino groups were considered as donors,
and the formyl, carboxy and nitro groups as acceptors. The sa-electronic struc-
ture and spectra of all possible disubstituted benzenes built up with the above
substituents have been calculated. Throughout the calculations, the starting
values giving best fit for the spectral data of the monosubstituted derivatives
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Table 1

Starting parameters of the substituents

Atomic parameters

Atom 3R (eV) Ap (eV)
F 34.00 12.61
Cl 24.37 11.34
o] 30.07 10.83
N 25.73 8.97
C 11.16 0.03
N 14.12 1.78
0 17.70 2.47

Bond parameters
Bond RV (a) RFIV (en )

C—C aromatic 1.397 2.39
C-F 1.30 2.2
c-Cl 1.69 2.2
C—O0 hydroxy 1.36 2.5
C—N amino 1.38 2.3
C—C exocycl. 1.50 2.39
C=0 carbonyl 1.215 2.7
C= 0 carboxy 1.245 2.6
C—O carboxy 1.31 2.5
C—N nitro 1.38 21
C—O nitro 1.21 3.0

have been used. The atomic and bond parameters of the substituents are col-
lected in Table I.

Planar molecular structures were assumed in each case. With the benzal-
dehyde and benzoic acid derivatives the calculation was performed for all
planar conformations. In this paper, as in the calculation of the di-acceptor
derivatives [17], only the O-cis forms are considered. The reason for giving
preference to this rotamer in the study of carboxylic acids is the smaller steric
demand of the carbonyl group and the greater separation of identical hydroxy
groups in the O-cis form. For comparison the same conformer was considered
with the corresponding aldehydes. The PPP calculation gives the O-cis form
as the more stable conformer of aldehydes, and the O-trans form as that of
carboxylic acids, because of the proximity of large Tt-charges. According to
the experimental results, the O-trans form generally predominates except for
derivatives containing groups giving rise to intramolecular hydrogen bonding
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and for the bulky halogen substituents preferring the o -ci's form [18, 19].
The results of calculations with different rotamers will be given in a sub-
sequent paper [20].

Some control calculations have been carried out with variation of the
parameters adopted in this work, or with some other starting values, respec-
tively, on some derivatives, primarily on the nitroanilines, in order to check
whether our parameter system really gives the most acceptable results. The
sensitivity of the calculation to molecular structural data was checked by the
variation of the C-N bond distances. Both the bond distance characteristics
of aromatic amines (1.38 A) and those of aromatic nitro compounds (1.46 A)
was used. The results show that the method is not very sensitive to changes
in the bond distances. For instance, the calculation of the nitroanilines was
performed using 1.38 and 1.46 A for both C-N distances. The largest difference
in charge density is 0.0088 (on the amino nitrogen atom of the o-derivative),
and that in transition energy 0.025 eV (for the first band of the m-derivative).
In the calculation of fluoro- and chloronitrobenzenes with the same C—N bond
distances the difference was always smaller than the figures given above.
Throughout this paper 1.38 A was used for the C-N distances.

The method is much more sensitive to the one- and two-center integrals.
The variation of the resonance integrals (BuM) demonstrates that the changes
in the B values of the bonds involving the substituent atoms influence the
calculated transition energies to a smaller extent than does the variation of
the ring Boac parameters because of the repeated occurrence of the latter. The
results for the nitrophenols, nitroanilines and fluorobenzaldehydes show that
the transition energies are changed only by some hundredths of an eV as a
result of the change of/?c-ck/?2c—Nand Bc-F by 0.2 eV.The reasonable 8”interval
of 1.0 eV usually produces changes of 0.1—0.2 eV in the transition energies.
This means that deviation from the experimental value by 0.3—0.4 eV (e.g. in
p-nitroaniline) cannot he eliminated in this way. The agreement can further
be improved by changing the ring Bcc by 0.1—0.2 eV, the separate fitting of the
ring resonance integrals would, however, remove the generality of the treat-
ment.

In order to get information on the reliability of the atomic parameters
given in Table I, calculations have been performed with a different set of ioni-
zation potentials (Ig) and electrons affinities (Ap)for the atoms contributing
two electrons to the a-system. The values taken from Hinze’s tables [21]
were considered, which produce much less satisfactory restilts: the transition
energy of the first band for o- and m-nitroaniline is by about 0.05 eV higher,
that of the second band by 0.5—0.6 eV lower, and the energies of the first
two bands for the p-derivative are by 0.1—0.2 eV lower. Comparison with
the experimental data shows that the agreement is better only for the first
band of p-nitroaniline (the calculated value is 3.982 instead of 4.206 eV).
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it is, however, worse for the second band of the p-isomer (4.241 instead of
4.348 eV), and for the first three bands of the o- and m-derivative. Similar
deviations are obtained with nitrobenzene and the other derivatives investigated.

The results for benzene derivatives containing atoms contributing two
electrons show that the transition energies obtained in most cases differ by
several tenths of an eV from the experimental values when using % and
values evaluated from Hinze’s tables [21]. Satisfactory results are produced
by the reduced I and A” values, suggested by Baitey [22] and adopted in
our calculations.

The parameter control outlined above seems to be convincing as to the
applicability of the parameters selected.

Results and discussion

Spectral data

Table Il contains the calculated and experimental spectral data (singlet
transition energies, oscillator strengths and polarization directions) for the
three isomers of fluoro-, chloro-, hydroxy- and aminonitrobenzenes. The
results for the benzaldehyde and benzoic acid derivatives are given in [20].
The agreement for the transition energies is satisfactory, the deviation does
not exceed those of the calculation for the di-donor and di-acceptor compounds.
The largest deviation for the first band was found with o-nitrophenol (9.608%),
that for the second band with p-nitroaniline (7.408%).

The experimental oscillator strengths were evaluated by the equation
e = 41 700 f [27]. There is no numerical correspondence between the calculated
and experimental oscillator strengths. The calculation reproduces, however,
for most molecules, the intensity ratios of the different bands.

There is an overall agreement between the calculated and experimental
values within the series of the three isomers and within the series of the four
donor groups.

The calculated polarization directions are given as a, which measures
the angle from the y axis in clockwise direction, the bond between the substit-
uent and the ring carbon atom in position 1 lying on the positive y axis
(the coordinate system and the numbering of atoms is given in Fig. 1). The
calculated polarization directions correspond to those expected from the vec-
torial addition of the components of the transition moment.

The experimental determination of the polarization vectors was reported
for p-nitroaniline by Tanaka [28]. In place of the longest wavelength band of
the solution spectrum, two bands appear: the high-intensity charge transfer
(CT) hand near 320 nm polarized in the y direction and a weak band at 264 nm
corresponding to the Xx polarized benzenoid transition. The results of our cal-
culation on p-nitroaniline are in complete accordance with the experimental
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Nitrobenzene

o-fluoro-

m-fluoro-

p-fluoro-

o-chloro-

m-chloro-

p-ehloro-

KISS, SZOKE: NMI-ELECTRON SCF-MO CALCULATIONS

E v

4.213
4.931
5.703
5.991
6.161
6.900

4.283
4.993
5.705
5.990
6.111

6.900

4.545
4.724
5.788
6.086
6.304
6.938

4.027
4.878
5.582
5.864
6.104
6.675

4.172
4.960
5.574
5.921
6.009
6.684

4.524
4.559
5.718
6.089
6.210
6.772

Table 11

Calculated and experimental spectral data

Calculated

/

0.123
0.265
0.074
0.142
0.501
0.625

0.073
0.320
0.138
0.173
0.433
0.629

0.004
0.499
0.071
0.386
0.086
0.845

0.149
0.177
0.149
0.301
0.405
0.420

0.082
0.269
0.286
0.256
0.327
0.239

0.002
0.562
0.113
0.366
0.011
0.870

136.0
182.7

32.6
142.0
217.5
281.0

53.3
181.5
148.8

90.1
332.2
243.3

90.0
180.0
90.0
90.0
180.0
0.0

132.8
181.0
21.7
191.0
54.5
265.4

232.8
183.4
329.7
157.7
1145
228.8

90.0
180.0
90.0
90.0
180.0
0.0

Experimental®

E ev)

4.460
5.123

4.366
4.959
5.904

~4.428
4.843

4.335
5.081
5.904

4.275
4.881
5.821

4.275
4.678
5.794

0.044
0.174

0.044
0.204
0.192

0.228

0.031
0.096
0.384

0.032
0.187
0.456

0.072
0.288
0.257

341

Ref.

[23]

[23]

[23]

[24]

[24]

[24]
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Nitrobenzene

o-hydroxy-

m-hydroxy-

p-hydroxy-

o-amino-

m-amino-

j?-amino-
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E (ev)

3.916
4.871
5.516
5.805
6.118
6.715

4.030
4.937
5.480
5.852
6.011
6.633

4.490
4.493
5.652
6.111
6.150
6.815

3.537
4.738
5.284
5.442
6.073
6.289

3.666
4.821
5.220
5.457
6.003
6.052

4.206
4.348
5.437
5.838
6.116
6.677

Table Il (continued)

Calculated

f

0.172
0.156
0.104
0.360
0.336
0.557

0.098
0.208
0.294
0.329
0.291
0.215

0.556
0.000
0.155
0.371
0.005
0.980

0.184
0.041
0.057
0.611
0.076
0.495

0.096
0.056
0.512
0.406
0.128
0.099

0.616
0.009
0.186
0.020
0.333
0.857

139.1
184.4
21.4
186.1
56.5
275.2

48.5
185.1
156.1
151.8
111.9
228.8

180.0
270.0
90.0
90.0
180.0
0.0

137.2
176.7
357.3
208.0

69.8
247.4

48.8
217.1
160.9
136.0
107.1

95.0

0.0
90.0
270.0
0.0
270.0
0.0

Experimental®

E v

3.573
4.592
5.876

3.948
4.805
—5.585

4.350

5.661

3.280
4.592

5.438

3.583
4.592
5.438

3.850
—4.696
5.462

a) The experimental data refer to cyclohexane solution.
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0.089
0.174
0.348

0.053
0.148

0.148

0.229

0.103
0.101

0.456

0.049
0.098
0.417

0.355

0.186

Ref.

[25]

[25]

[25]

[25]

[25]

[25]
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assignment. The calculation of p-nitrophenol gives similar spectral character-
istics. The calculated energy difference between the first two bands of these
compounds is considerably smaller than the experimental value. Parameter
variation as outlined in the preceding section, does not alter essentially this
picture.

It should be mentioned that the deviation of the calculated energy from
the experimental value for the first transition is larger than expected with
o-nitrophenol, and the situation is the same, although to a smaller extent,
with o-nitraniline and o-hydroxybenzaldehyde. The difference between the
calculated and experimental value is larger than 3% for the above compounds,
with o-hydroxy and o-aminobenzoic acid, on the other band, it is smaller

" 8

X 112
1]

Fig. 1

than 2%. This behaviour may be attributed to intramolecular hydrogen bond-
ing which is stronger in the former and weaker in the latter molecules, and
tends to lower the transition energy. This effect was not included in the original
framework. The effect of hydrogen bonding may be considered by alteration
of the ionization potentials (7*) of the atoms involved [13]. By inclusion of
this modification better agreement was reached.

It may be concluded from the above discussion that the calculated spec-
tral characteristics are in overall agreement with the experimental interpreta-
tion of the spectra.

It is of interest to compare our results with some other PPP calculations
given in the literature. The calculation by Lutskii and Gorokhova [5, 6]
with similar parameterization except for the 7~ and A" values of atoms contri-
buting two electrons to the jr-system, produced smaller transition energies for
the nitroanilines and nitrophenols than did our calculation. Their values are
larger for the first band and smaller for the second and third bands than the
experimental energies. They obtained better agreement for the first band of
p-nitroaniline but in all other cases their calculated energies and intensities
show larger deviations from the experimental values. The experimental data
cited in Refs [5, 6] are taken partly from vapour spectra, partly from spectra
in polar solvents. In the latter case, large shifts can be observed, e.g. the band
near 5.0 eV in the spectra of o- and m-nitroaniline, and that at 5.3 eV with
0- and m-nitrophenol [29] do not appear of the same energy in nonpolar sol-
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vents, the bands near 5.6—5.8 and 5.45 eV, respectively, may correspond to
them. Accepting the latter values, the present calculation seems to give better
results.

Ghirvu and Gropen [7] obtained nearly identical results for chloro-
nitrobenzenes, using a different parameterization scheme. Their calculated
transition energies are somewhat higher for the o- and m-isomers, and lower for
the p-isomer than in our calculation. The energies calculated by Lutskii and
Gorokhova [8] are considerably lower both for fluoro- and for chloronitro-
benzenes because of the use of the atomic parameters (J* and Ay) of Hinze’s
tables for the halogen atoms just as with the hydroxy- and aminonitrobenzenes.
These deviations justify the use of Bailey’s [22] parameters.

It seems that detailed calculations are not available for the benzaldehydes
and benzoic acids. The present calculations on the 0-cis conformers give satis-
factory results: the deviation from the experimental transition energies is
always smaller than the highest deviation given for the nitro-compounds.

The calculations [10] for the O-cis form of the hydroxyhenzaldehydes
produced somewhat smaller transition energies than the present work. The
situation is the same as with the nitro derivatives. The transition energies
calculated by Lutskii et al. [11] for halogenobenzaldehydes are larger than the
experimental values. Our results are in general smaller than the experimental
values, but thev seem to give better agreement except the o-derivatives.

Charge densities and bond orders

The charge densities of the characteristic substituent atoms and of the
unsubstituted ring carbon atoms are given in Table 11l for the nitrobenzene
derivatives.The complete moleculardiagrams canbe found in the Appendix [26].

The charge density increases on the donor atom, and decreases on the
oxygen atoms of the acceptor carbonyl and nitro groups in the order ortho,
para, meta. In the molecules investigated the charge density of the donor
substituents is smaller, and that of the acceptor atoms larger than in the cor-
responding mono- and homo-disubstituted derivatives. The order of increasing
->-M effect of the donor groups (F, Cl, OH, NH 2 corresponds to that expected.
The charge density on the ring carbon atoms and the bond orders vary in
accordance with the substituent effect.

The charge densities calculated for the fluoronitrobenzenes are in good
agreement with the n-charge densities from CNDO/2 calculations [30]. The
latter calculations produce somewhat larger interactions, i.e. the differences
between the charge densities of the ring carbon atoms are somewhat larger.
The deviation is 0.01—0.02 charge unit.

For the chloronitrobenzenes Ghirvu has recently reported CNDO/2 and
PPP calculations [31]. From a comparison of the charge densities, it can be
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Table 111

Charge densities of nitrobenzene derivatives

C; P.. g8 Riolo
o-fluoro- 1.0121 0.9560 1.5118 1.9083
m— 0.9857 0.9826 1.4981 1.9208
p- 1.0326 0.9553 1.5011 1.9150
o-chloro- 1.0165 0.9569 1.5149 1.8929
m- 0.9868 0.9864 1.4989 1.9109
p- 1.0357 0.9563 1.5025 1.9030
o-hydroxy- 1.0254 0.9540 1.5225 1.8414
m 0.9840 0.9966 1.4995 1.8642
p- 1.0555 0.9532 1.5046 1.8539
0-amino 1.0337 0.9533 1.5312 1.7797
m- 0.9840 1.0057 1.5007 1.8159
p- 1.0663 0.9531 1.5075 1.7998

concluded that our PPP results give a slightly better agreement with the
CNDO/2 calculations (our PPP values are by several hundredths of a charge
unit lower) than cnirvu's PPP results. A calculation of bond distances from
our bond orders by the formulas given in Ref. [31] gave results in good agree-
ment with Gnirvu’s results.

n-dipole moment

The dipole moment contribution of the sa-electrons (pf) is increasing
in the order ortho, meta, para with all the investigated molecules. The experi-
mental dipole moments vary in the same order for the hydroxy and amino
compounds but in the reverse order for the halogene derivatives.

In series of compounds containing the same acceptor but different donors,
the calculated pn varies in the experimental order F < Cl< OH NH?2
except for the o-derivatives. In series with an identical donor group, the experi-
mental order is COOH <C CHO-<NO2with the exception of the fluoro deriv-
atives. The calculated order is CHO < COOH < NO2 the p,, value of the
carboxy compounds being relatively too high. The same order holds both for
the O-cis and O-trans conformers, only the magnitude of pnis larger in the
latter case. The situation is the same with the monosubstituted aromatic
carbonyl compounds (CeHsCOX). The value increases in the given donor order,
i.e. CHO < COCl < COOH < CONH., the experimental order being COOH <
<C CHO < COC1l <[ CONH2 The trends are the same except for the location
of the carboxy derivatives.
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The present calculations of the a-dipole moments of benzenedialdehydes
are in good accordance with the PPP calculation by Kirabunn et al. [32].
The a-dipole moments of the nitrophenols and nitroanilines were calculated
by Lutskii et al. [33]. Their calculations gave better results for the nitro-
anilines and poorer ones for the nitrophenols.

It can be established that reduced 1" and values used in our calcula-
tions give the spectral data in better agreement with the experiment than
the a-dipole moments. The reason is that the starting parameters are fitted
to spectral data which seem to be the better comparable experimental value.

The detailed results of the calculations are collected in Ref. [26].
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AQUIDENSITOMETRIE - EINE METHODE ZUR
BEURTEILUNG DER STRUKTUR VON PLASMEN, IIP

BEURTEILUNG DES GALLIUMARSENID- UND GERMANIUMDIOXID-
GLEICHSTROMBOGENPLASMAS DURCH AQUIDENSITOMETRIE
VON MONOCHROMATISCHEN BOGENPHOTOGRAPHIEN

K. Dittrich, H. RoBrer und K. Niebergaltl

(Sektion Chemie der Karl-Marx-Universitat Leipzig, Leipzig, DDR

Eingegangen am 20. November 1975

Die Charakterisierung des Gleichstrombogenplasmas, welches durch Verdamp-
fen von Galliumarsenid oder Germaniumdioxid entsteht, erfolgt auf experimentellem
Weg durch spektrale Photographie und photographisch-aquidensitometrische Auswer-
tung der erhaltenen Photogramme. Es ist mdglich, qualitative Aussagen Uber die Axial-
verteilung der Elemente zu gewinnen.

Es konnte gezeigt werden, daf® sich die Verteilung sowohl der Matrixelemente
als auch der Spuren nach dem jeweiligen lonisationspotential richtet. Elemente mit
niedrigem lonisationspotential reichern sich an der Kathode, Elemente mit hohem
lonisationspotential an der Anode an. Sowohl die Temperatur des Plasmas als auch
die Matrix sind von EinfluB auf die Verteilung der Teilchen im Plasma. Die Ergebnisse
werden ausfuhrlich diskutiert.

1. Einfihrung

Das Galliumarsenid- bzw. Germaniumdioxid-Gleichstrombogenplasma,
welches bei Verdampfung eines Galliumarsenid- bzw. Germaniumdioxid—
Graphitpulver-Gemisches aus einer Graphit-Kraterelektrode in einem Gleich-
strombogen erhalten wird, hat eine komplizierte Zusammensetzung und
Struktur.

Die Heterogenitdt der Zusammensetzung nimmt noch zu, wenn sich im
Galliumarsenid bzw. Germaniumdioxid Nebenbestandteile oder Spuren anderer
Metalle befinden. Die Heterogenitdt des Plasmas ist auf die unterschiedliche
Verdampfung der Teilchen, ihre Konvektion und Wanderung im elektrischen
Feld des Gleichstrombogens und auf chemische Reaktionen zuriickzufiihren.

Die rechnerische Ermittlung der Zusammensetzung eines solchen Viel-
komponentenplasmas ist wegen der groBen Zahl von EinfluBgréBen praktisch
nicht maoglich. Sie ist aber fur die analytische Spektrochemie — besonders
fir die Spurenanalyse — von Bedeutung. Wir wandten auf die Behandlung
dieses Problems die von uns entwickelte und beschriebene Methode [1, 2] der
Kombination der Photographie im monochromatischen Licht mit der photo-
graphischen Aquidensitometrie an. Diese Methode gestattet es, qualitative
Aussagen uUber die Verteilung sowohl der Matrixelemente als auch der Spuren-
bestandteile im Plasma zu machen.

*Teil Il. Spectrochimica Acta, im Druck
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2. Experimentelles

2.1 Herstellung von spektral aufgelésten Photogrammen des Galliumarsenid- und
Germaniumdioxid-Gleichstrombogenplasmas

Die Photogramme wurden, wie in unserer Il1. Mitteilung beschrieben, unter Verwendung
des Plangitterspektrographen PGS 2 (VEB Carl Zeiss Jena) hergestellt.

Am Plangitterspektrograph wurde der Spalt und der Spaltkopf entfernt und durch
einen ZentralverschluB mit 5 mm Durchmesser ersetzt. Die abzubildenden Lichtbégen wurden
mit einem Achromaten (f = 75,8 mm) im Verhaltnis 5 : 1 verkleinert und scharf in der ehema-
ligen Spaltebene des Spektrographen abgebildet.

Die Anregungs- und Aufnahmebedingungen sind in Tabelle 1 zusammengefa3t. Die
Vorbrennzeit von 20 sec wurde nach Auswertung der Fahrspektren gewahlt. Diese zeigten

Tabelle 1

Anregungs- und Aufnahmebedingungen

Spektrograph Plangitterspektrograph PGS 2
Gitter 651 Strich/mm, Blaze 1020 nm
Dispersion
(Plattenmitte) 0,235 nm/mm 3. Ordnung (315 nm)
0,176 nm/mm 4. Ordnung (236,3 nm)
Ordnungsfilter UG 5
Anregung Universalbogenimpulsgenerator UBI 1
Stromstérke 6 und 12 A Gleichstrom
Elektroden sieche Abb. 1
Elektrodenabstand 3 mm, von Hand nachgeregelt
Probematerial GaAs (Matrix), je 500 ppm Al, Sn, Ge, Mg
Ge02 (Matrix), je 500 ppm Al, Sn
Probemenge 20 mg Matrix-Kohlepulver-Mischung (1 :3)
Atmosphare Luft oder
Argon-Sauerstoff (3 :2) (120 1/h : 80 1/h)
Vorbrennzeit 20 sec
Belichtungszeit 0,5 sec
AulRenoptik Achromat (f = 75,8 mm), Direktabbildung, Mafstab 5 : 1
Spektralplatten ORWO WU 3 spektralblau, extrahart
Entwicklung 4 min, ORWO MH 28 (1 :4), 19°C
Unterbrechung 10 sec 5%ige Essigsaure, 19 °C
Fixierung 6 min ORWO A 304, 200 ¢/1, 19 °C
Wassern 10 min
Trocknen 25 min, 27 °C

Abb. 1. Elektrodenkombination (MalRangaben in mm)
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Abb. 2. Originalnegativ von Lichtbogenphotogrammen
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sowol I fir die Matrix als auch fiir die Spuren ein Verdampfungsmaximum nach 20 sec Brenn-
dauer und danach einen in Abhangigkeit von der Stromstarke mehr oder weniger steilen In-
tensitatsabfall an.

Die Abbildung 2 zeigt eine typische Aufnahme. Es ist zu erkennen, daB bei Verwendung
der 3. oder 4. Ordnung des Gitters fast keine Uberlappungen auftreten und eine geniigende
Anzahl freiliegender Bogenabbildungen vorhanden ist.

2.2 Herstellung der Aquidcnsiten

Die Herstellung der Einzelaquidensiten erfolgte auf ORWO-Planfilm FTJ 5 gleichzeitig
flir die gesamte Pbotoplatte auf halbautomatischem Weg [3].

Die exakte Zuordnung einer Schwarzung des Originalphotogramms gelingt durch
Mitaquidensitometrieren eines graduierten Graukeils. Die Montage der Einzelaquidensiten zu
einem Gesamtaquidensitenbild erfolgte in der bereits beschriebenen Weise [2].

3. Ergebnisse und Diskussion
3.1 Ergebnisse

Die Abbildungen 3,4, 5,6, 7,8 und 9 zeigen die Aquidensitogramme fir
die Ubergange verschiedener Atome und lonen in Luft- bzw. Argon-Sauerstoff-
Atmosphére.

Tabelle 11

Wellenléngen, Intensitaten und Anregungspotentiale der mit Hilfe
von A quidensitogrammen untersuchte Ubergange

Ubergang Relative Anregungs-  lonisations-

Element in nm ilrl;tegzigls; p(i)rgeneSal p(;;enet\i/al
Al | 308,215 800 4,02 5,98
Sn 1 317,502 500 4,33 7,33
Ge I* 303,906 1000 4,96 8,13
As I** 289,871 25 — 9,81
Ga I** 287,424 10 4,29 5,99
Q  J=== 247,857 400 7,69 11,26
Mgl 309,689 150 6,72 7,64
Mg Il 280,269 150 4,42 15,03

* Sowohl Matrix als auch Nebenbestandteil im GaAs.
** Matrixelemente.
*** Elektrodenmaterial.

Die verwendeten Ubergange sind in der Tabelle I1l1 naher charakterisiert.
Die Aquidensite hochster Schwérzung in jedem Bild ist mit einer Zahl gekenn-
zeichnet, die eine Zuordnung zur Originalschwérzung ermdglicht (siehe
Tabelle I11). Die auBerste Aquidensite eines jeden Bildes tragt die Zahl 1.
Die Aquidensiten 2, 6 und 11 wurden wegen der geringen Schwairzungsunter-
schiede zu den jeweils vorher liegenden Aquidensiten nicht mit eingezeichnet.
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AAGa6

Abb. 3. Monochromatische Aquidensitogramme fiir die Matrixelemente Gallium (in GaAs)
und Germanium (in Ge02
AL Gab6: anod. Verdampfung in Luft bei 6A fir Ga | 287,424 nm
AA Gab: anod. Verdampfung in Ar/02 bei 6A fir Ga | 287,424 nm
AL Ge6: anod. Verdampfung in Luft bei 6A fur Ge | 303,906 nm
AA Ge6: anod. Verdampfung in Ar/02 bei 6A fir Ge | 303,906 nm

Abb. 4. Monochromatische Aquidensitogramme fiir die Elemente Gallium und Arsen (in
GaAs) (Photomontage von Gesamtaquidensiten des Ga und As) AL Ga6, AA Ga6: siehe Er-
lauterung Abbildung 3
Ga I: 287,424 nm, As | 289,871 nm

Mit Hilfe der Tabelle I11 ist es auBerdem maoglich, den einzelnen Aquidensiten
relative Intensitdten zuzuordnen. Dazu war es erforderlich, die Plattengrada-
tion in Abhéngigkeit von der Wellenldange mit Hilfe der kontinuierlichen
Spektren ndherungsweise zu ermitteln (siehe Abb. 2). Es kann eingeschatzt
werden, dall die Schwdarzungswerte der Tabelle IlIl mit einem absoluten
Fehler von etwa 20,02 behaftet sind. Die Elektroden wurden in die Aquiden-
sitogramme nachtréglich eingezeichnet.
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11,26 eV

Abb. 5. Monochromatische Aquidensitogramme fiir die Nebenbestandteile Aluminium, Zinn,
Germanium, fiir Arsen und Kohlenstoff (Matrix GaAs) in Luft
AL Gab6: anod. Verdampfung in Luft bei 6A fir GaAs
AL Gal2: anod. Verdampfung in Luft bei 12A fur GaAs
Liniencharakteristik siehe Tabelle 11

AGZ6

Abb. 6. Monochromatische Aquidensitogramme fiir die Nebenbestandteile Aluminium und
Zinn und fur Kohlenstoff (Matrix Ge02 in Luft
AL Ge6: anod. Verdampfung in Luft bei 6A fir Ge02
AL Gel2: anod. Verdampfung in Luft bei 12A fir Ge02
Liniencharakteristik siehe Tabelle 11
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8,13 eV 9,81 eV 11,26 eV
AL Gal2 ALGa12 ALG2
vV o |/

Abb. 7. Monochromatische Aquidensitogramme fir die Nebenbestandteile Aluminium, Zinn.
Germanium, fur Arsen und Kohlenstoff (Matrix GaAs) in Argon Sauerstoff-Atmosphéare (3 : 2)
AA Ga6: anod. Verdampfung in Ar/02 bei 6A fiir GaAs

AA Gal2: anod. Verdampfung in Ar/02 bei 12A fiir GaAs
Liniencharakteristik siehe Tabelle 11

AAGe 6 AAdle

AAGe 12

Abb 8, Monochromatische Aquidensitogramme fiir die Nebenbestandteile Aluminium und
Zinn und fur Kohlenstoff (Matrix Ge02) in Argon-Sauerstoff-Atmosphéare (3 : 2)
AA Ge6: anod. Verdampfung in Ar/02 bei 6A fir Ge02

AA Gel2: anod. Verdampfung in Ar/02 bei 12A fir GeO2
Liniencharakteristik siehe Tabelle 11
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Tabelle 111

Aquidensiten-Nummern, Schwarzungen S und spektrale relative Intensitaten |

Aquiden-
siten- s w0 MM “gonm
Nummer

| 0,20 1,937 2,104
) 0,23

3 0,28 2,193 2,382

4 0,33 2,371 2,571

5 0,42 2,729 2,952
(6) 0,43

7 0,46 2,904 3,140

8 0,52 3,192 3,444

9 0,62 3,721 4,018
10 0,72 4,355 4,677
(H) 0,73

12 0.81 5,012 5,370
13 0,93 6,039 6,457
14 1,00 6,730 7,195
15 1,11 7,998 8,531
16 1,20 9,205 9,795
17 1,32 11,09 11,88
18 1,40 12,56 13,30
19 1,52 15,17 16,00
20 1,68 19,45 20,46
21 1,83 24,55 25,76
22 1,91 27,86 29,17
23 2,13 39,26 40,83
24 2,33 53,58 55,99

Alle Abbildungen zeigen deutlich eine Struktur des Plasmas, wobei aller-
dings zu berucksichtigen ist, dafl es sich um Fldchenprojektionen eines rdum -
lichen Strahlers handelt.

Eine ndhere Beurteilung der Radialverteilung der Teilchen ist wegen
des radialen Temperaturgradienten nicht mdglich. Die qualitative Beurteilung
der Axialverteilung — besonders durch Vergleichsbetrachtungen — ist mdglich.
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ALGq 6 ALGab

Abb. 9. Monochromatische Aquidensitogramme fir die Magnesiumatome und -ionén in Luft
und Ar/02 (Matrix GaAs und Ge02)
AL Gab, AL Ge6, AA Gab, AA Geb6: sieche Abb. 3
Liniencharakteristik siehe Tabelle 11

3.2 Aquidensitogramme von Ubergéngen der Matrixelemente Gallium,
Arsen und Germanium

Die Abbildung 3 zeigt Aquidensitogramme fir Ubergdnge des Galliums
und Germaniums. Es sind deutlich Unterschiede zu erkennen. Das Gallium
reichert sich an der Kathode an, das Germanium ist Gber die gesamte Bogen-
sdule homogen verteilt. Die Abbildung 4 zeigt 2 Aquidensitogramme des
Galliums und Arsens (aufgenommen als Galliumarsenid). Hier ist ebenfalls zu
erkennen, dal das Gallium aus Kathodenné&he, das Arsen jedoch aus Anoden-
nédhe strahlt. Ein Einfluf der Atmosphére (Luft oder Argon : Sauerstoff 3 : 2)
ist kaum feststellbar. Lediglich im Falle des Arsens macht sich die hdhere
Temperatur des Argon—Sauerstoff-Plasmas in einer Zunahme der Strahlungs-
intensitdt bemerkbar. In den anderen Féllen ist nur eine geringfiigige Bogen-
aufweitung zu erkennen.

Die Ursache fir dieses unterschiedliche Verhalten der Elemente ist in
ihren lonisierungspotentialen zu suchen (s. a. Tab. I1). Damit 4Rt sich zeigen,
dall ein dem bereits 1931 von Mannkopf und Peters [4] gefundenen Katho-
denschichteffekt &hnlicher Effekt auch bei Matrixsubstanzen auftritt. Die
Verdampfungsraten betrugen in unserem Fall etwa 3 mg/min. Eine weitere
Erhdhung der Verdampfungsgeschwindigkeit wurde nicht vorgenommen.
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Abb. 10. lonisierungsgrad in Abhangigkeit von der Temperatur bei einem vorgegebenen Elek-
tronendruck von 4x10“4 at fur verschiedene Elemente

Es ist weiterhin zu schluBfolgern, dak auch in Bégen mit hohen Metall-
dampfkonzentrationen der lonisationsgrad wesentlich zur Verteilung der
Elemente im Plasma beitrdgt. Berechnetman den lonisationsgrad des Galliums,
Arsens und Germaniums und flr einige andere Elemente fiir verschiedene Tem-
pelaturen bei einem vorgegebenen (nicht ermittelten) Elektronendruck, so
ergeben sich die in Abbildung 11 gezeigten Kurven. Die fiur die Berechnung
bendtigten Werte wurden der Literatur entnommen [5].

Die Temperaturen der Bogenachse wurden durch Messung der Inten-
sitdtsverhéltnisse von Linien der 420 nm Bande des Cyanradikals bestimmt
[6, 7]. Fur die Temperaturbestimmung wurden Linien-Querspcktrogramme
aufgenommen. Die aus den Schwdrzungen errechneten relativen Intensitdten
wurden mit Hilfe der Abelschen Integralgleichung in relative Radialintensi-
tdten umgerechnet. Die fur das Zentrum der Bogenachse erhaltenen Werte
wurden zur Temperaturberechnung benutzt. Der Argon-Sauerstoff-Atmosphére
wurde fur die Temperaturbestimmung eine geringe Menge Stickstoff zugefigt
(105 1/n Ar, 75 1/h 02, 20 1/h N2). Diese Menge genugte einerseits fur die Bildung
des Cyanradikals in der erforderlichen Konzentration, andererseits werden
die Verhdltnisse eines reinen Argon—Sauerstoff-Bogens nicht wesentlich ver-
&ndert. Die gemessenen Werte sind in der Tabelle IV zusammengefalt.

Der Tabelle IV ist zu entnehmen, dafl die Temperatur des Germa-
niumdioxid-Bogens um etwa 500 °C hdoher liegt als die des Galliumarsenid-
Bogens und daB zwischen den Luft- und den Argon-Sauerstoff-Bdgen ebenfalls
eine Differenz von etwa 500° liegt.
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Abb. 11. Radialverteilung der Leuchtdichte (relative Volumenstrahlintensitdaten) im GaAs-

Gleichstrombogen fir verschiedene Elemente

GaAs
GaAs
GaAs
GaAs
Ge02
GeO,

M atrix

Tabelle IV

Plasmatemperaturen der Bogenséule

Luft
Luft
Ar/0,,
Ar/0,,
Luft
Luft

Atmosphare

Stromstarke

A

12

12

Temperatur

K

5450
5800
5850
6350
5950
6400

Entnimmt man der Abbildung 11 bei den gemessenen Temperaturen

die lonisationsgrade, so erhdlt man fir Gallium etwa 80%

(Luft) und 90%

(Argon-Sauerstoff), fir Germanium etwa 40% (Luft) und 65% (Argon-Sauer-

stoff) und fir Arsen etwa 2% bzw. 4%.

Damit ist u. E. erwiesen, dall die axiale Verteilung der Matrixelemente
unter unseren Bedingungen wesentlich von der Transportgeschwindigkeit und
damit vom lonisationsgrad beeinfluBt wird. AulRerdem spielen natirlich die
lonenbeweglichkeit und die Feldstarke eine Rolle [s].
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Abb. 12. Radialverteilung der Leuchtdichte (relative Volumenstrahlintensitaten) im Ge02-
Gleichstrombogenplasma fiir verschiedene Elemente

3.3 Aquidensitogramme von Ubergéngen der Nebenbestandteile
in Galliumarsenid und Germaniumdioxid in Luftatmosphare

Nach den fir die Matrixelemente gefundenen Ergebnissen war anzu-
nelimen, dal auch das lonisationspotential der Nebenbestandteile einen Ein-
fluR auf die Verteilung der Spezies im Plasma hat (s. a. [2]), denn besonders
fir Spuren hatten Mannkopf [7] und auch Vukanovic [8] eine Verstarkung
der Atomspektren in Kathodenné&he festgestellt.

Die Abbildungen 6 und 7 stellen entsprechende Aquidensitogramme fir
Nebenbestandteile im Galliumarsenid bzw. Germaniumdioxid bei zwei Strom-
starken dar.

Arsen wurde hier ebenfalls abgebildet, da es entsprechend seiner hohen
Verdampfungsgeschwindigkeit und des bei 1000 °C nahezu vollstdndigen ther-
mischen Zerfalls des Galliumarsenids zum Zeitpunkt der Aufnahme nur als
Nebenbestandteil vorhanden war. Die Emission der Kohlenstofflinie wird
durch sublimierten Kohlenstoff der Elektroden verursacht.

Die Abbildungen zeigen deutlich, dall sich die Verteilung der Leucht-
dichte nach dem lonisationspotential der Elemente richtet. Der eigentliche
Faktor dlrfte dabei wieder der lonisationsgrad des jeweiligen Elementes und
die sich daraus ergebende Transportgeschwindigkeit im elektrischen Feld sein.
Es ist sicher auch der in Kathodenn&he hohere Elektronendruck (s. a. 3.6),
der zur verstarkten Bildung freier Atome fihrt, zu berlicksichtigen.
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Zur quantitativen Charakterisierung der Leuchtdichteverteilung im
Bogen wurde das Verhdltnis der relativen Intensitdten des Kathoden- bzw.
Anodenbereiches zur relativen Intensitdt der Bogenmitte (jeweils auf der
Bogenachse) gebildet.

C'el. Kath. nrT? frei. Anode _ vitrl
“ = 7 t1]"ath. — v Anode

frei. Mitte frei. Mitte
VF = Verstarkungsfaktor.

Diese Verstdrkungsfaktoren sind ein MaBR fur die Leuchtdichteverstdr-
kung oder -abschwécliung in den entsprechenden Bogenzonen. Sie sind unab-
h&ngig von den Unterschieden der Intensitdten der einzelnen Linien und lassen
somit einen besseren Vergleich zu.

Tabelle V

Verstarkungsfaktoren der relativen Intensitaten in Luft

V F Kathode v FAnode
Stromstarke Element

in GaAs in GeOa in GaAs in Ge02
6 Al 1,52 3,08 0.68 i,i6
6 Sn | 1,20 1.98 0.74 1,16
6 Ge | 1,00 — 1,00 —
6 As | 0,88 — 1,08 -
6 c 1 3,03 2,20 1,59 0,92
12 Al 1,74 3,56 0,43 1,48
12 Sn | 1,30 2,50 0,52 1,40
12 Ge | 1,01 — 0,75 —_
12 As | 0,73 — 1,24 —
12 c 1 121 1,00 1,21 1,99

In der Tabelle V sind die ermittelten Verstarkungsfaktoren zusammen-
gefallt. Trdgt man die Verstdrkungsfaktoren der Elemente gegen die lonisa-
tionspotentiale in einem linearen MaRstab auf, so kénnen die Punkte durch
eine Gerade verbunden werden. Die Verstarkungsfaktoren des Kohlenstoffs
sind mit den anderen nicht vergleichbar, da sowohl die Kathode als auch die
Anode aus Kohlenstoff besteht.

Vergleicht man die Verteilung der Elemente Aluminium und Zinn im
Galliumarsenid- und Germaniumdioxid. Bogenplasma miteinander (Abb. 5
und 7 und Tabelle V), so stellt man im Germaniumdioxid-Plasma eine stér-
kere Anreicherung an der Kathode und einen gréfReren Verstdrkungsfaktor
fest. Dieses Ergebnis erkldren wir damit, daB der Elektronendruck im Germa-
niumdioxid-Bogen trotz der héheren Temperatur infolge des niedrigen loni-
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sationsgrades niedriger als im Galliumarsenid-Bogen ist. Dies fihrt zu einer
stdrkeren lonisation des Aluminiums und Zinns und damit zu einem starkeren
Transport.

Bemerkenswert bei der Abbildung 6 ist noch die starke Asymmetrie des
Bogens. Zum Zeitpunkt der Aufnahme des Photogramms erfolgte bei Ver-
lagerung des Kathodenbrennfleckes an die Kante offensichtlich eine Eruption
des Plasmas. Die Temperatur dieser Plasmawolke reichte besonders zur wei-
teren Anregung der leicht anregbaren Teilchen aus. Die Andeutung eines zwei-
ten Leuchtdichtemaximums in Anodennéhe ist offensichtlich auf die bei der
Stromstdrke von 12 A stark zunehmende Verdampfung zurickzufihren.

Auch die Kontinuumstrahlung der Elektroden nimmt, wie an den oben
und unten gelegenen parallelen Aquidensiten zu erkennen ist, mit Temperatur-
zunahme stark zu.

34 Aquidensitogramme von Ubergéngen der Nebenbestandteile
in Galliumarsenid und Germaniumdioxid in Argon-Sauerstoff-Atmosphare

Argon- und Argon—Sauerstoff-Atmosphdren werden in der analytischen
Spektrochemie oft zur Vermeidung der stérenden Cyanbanden und auch zur
Erhéhung der Plasmatemperatur angewendet. Aus diesem Grund unter-
suchten wir den EinfluR der Argon-Sauerstoff-Atmosphdre auf das Gallium-
arsenid- und Germaniumdioxid-Gleichstrombogenplasma.

Die Abbildungen 7 und s stellen die Aquidensitogramme verschiedener
Nebenbestandteile in Galliumarsenid bzw. Germaniumdioxid dar.

Ahnlich wie in Luftatmosphédre ergibt sich auch in Argon-Sauerstoff-
Atmosphére eine Leuchtdichteverteilung in Abhédngigkeit vom lonisations-
potential des jeweiligen Elementes. Dies ist besonders deutlich beim Gallium-
arsenid-Plasma sichtbar.

Infolge der héheren Temperatur dieses Plasmas (s. Tabelle 1V) im Ver-
gleich zum Luftbogen ist eine Verschiebung des Leuchtdichtemaximums des
Germaniums im Galliumarsenid zur Kathode zu erkennen. Die hdhere Tempe-
ratur bewirkt eine stdrkere lonisation und somit eine solche Verteilung.

Die Verhdltnisse im Germaniumdioxid-Bogen liegen offensichtlich etwas
anders als im entsprechenden Luftbogen. Es ist gegeniber dem Luftbogen
eine deutliche Schwachung der Maximalintensitdten und eine Homogenisierung
des Bogenplasmas eingetreten.

Es ist weiterhin zu erkennen, dafl der Kohlenstoff kein Anodenmaximum
mehr aufweist, obwohl entsprechend dem lonisationspotential des Kohlen-
stoffs im Anodenbereich sehr intensive Strahlung auftreten sollte. Wir fihren
diesen Effekt auf den erhdhten Partialdruck des Sauerstoffs in dem verwen-
deten Gasgemisch zuriick. Da wir auBerdem feststellten, dal der Abbrand der
Elektroden im Argon-Sauerstoff-Gemisch schneller erfolgt, mufRte eigentlich
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eine starkere Konzentration von Kohlenstoffatomen im Plasma sein und ein
starkes Anodenmaximum auftreten. Da dies nicht der Fall ist, nehmen wir an,
daB durch den hohen Partialdruck des Sauerstoffs der Abbau der Anode
hauptsédchlich durch Oxydation und nicht durch Sublimation erfolgt. Das
gebildete CO trdgt jedoch nicht zur Kohlenstoffatomemission bei.

Tabelle VI
Verstarkungsfaktoren der relativen Strahlungsintensitaten in Ar/02
v "Yathock M Aok
Stromstarke Element
in GaAs in Ge02 in GaAs in Ge02
6 Al l 1,43 1,24 0,83 1,06
6 Sn | 1,36 1,17 0,85 117
6 Gel 1,02 — 1,00 -
6 As | 0,74 — 117 —
6 C 1 2,14 1,84 0,68 0,83
12 Al l 1,48 2,28 0,81 2,28
12 Sn | 1,26 2,21 0,86 2,21
12 Gel 1,10 — 0,86 —
12 As | 1,00 — 1,14 —
12 C 1 1,98 1,43 0,63 0,57

Errechnet man die Verstdrkungsfaktoren (siehe Tabelle V1), so sind die
genannten Tendenzen eindeutig ablesbar. Die Darstellung der Verstdrkungs-
faktoren gegenuber dem lonisationspotential der einzelnen Elemente liefert
im Falle des Galliumarsenid-Bogens wiederum Geraden.

3.5 Radialverteilung der Leuchtdichte der Nebenbestandteile
des Galliumarsenid- und Germaniumdioxid-Bogens

Die Radialverteilung ist aus den Aquidensitogrammen nicht ohne weiteres
ablesbar. Eine Mdglichkeit, qualitative Angaben zu erhalten, besteht darin,
mit Hilfe der Abelschen Integralgleichung die aus den Schwdrzungswerten
der Aquidensiten erhaltenen relativen Flichenintensitidten in relative Volumen-
strahlintensitaten umzurechnen.

Die erhaltenen Ergebnisse sind in den Abbildungen 11 und 12 dargestellt.
Fur die Ermittlung der Volumenstrahlintensitdten wurde jeweils die Bogen-
mitte gewdahlt. Es zeigt sich, dal die Leuchtdichte des Aluminiums und Zinns
Uber einen groBen Querschnitt homogen verteilt ist. In einigen Féllen nimmt
die Strahlungsintenstitdt zum Bogenzentrum sogar ab. Im Falle des Germa-
niums, Arsens und Kohlenstoffs ist eine starkere Abhé&ngigkeit der Volumen-
strahlintensitdt vom Bogenradius erkennbar.
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Vergleicht man diese Kurven mit den dazugehérigen Aquidensitogram-
men, so sieht man, daR die Aquidensitendichte im Zentrum der Bogensaule
zur qualitativen Beurteilung der relativen Volumenstrahlintensitdt heran-
gezogen werden kann. Hohe Dichte bedeutet ein starkes Maximum, geringe
Dichte im Zentrum und hohe Dichte in den AuRenbezirken bedeutet homogene
Verteilung der Volumenstrahlintensitdt in einer relativ breiten Bogenséule.

Eine Aussage Uber die Verteilung der Teilchen ist aus diesen Angaben
wegen des steilen Temperaturgradienten nicht mdéglich.

3.6 Vergleich der Aquidensitogramme von Ubergingen der Magnesium-
atome und -ionén im Galliumarsenid- und Germaniumdioxid-Gleichstrombogen-
plasma

Der Vergleich der Leuchtdichteverteilung von Strahlungen von Atomen
und lonen wurde am Beispiel des Magnesiums (s. Tab. 2) sowohl im Luftbogen
als auch im Argon—Sauerstoffbogen durchgefiithrt. Die entsprechenden Aqui-
densitogramnie sind in Abbildung 9 dargestellt.

Sowohl fur die Leuchtdichte der Atom- als auch der lonenlinie hat sich
ein Maximum vor der Kathode ausgebildet. GroRere Unterschiede sind vor
allem bei der lonenlinie in Abhéngigkeit von der Matrix und der Atmosphére
nicht zu erkennen.

Die Reduzierung der Leuchtdichte der Atomlinien des Magnesiums beim
Ubergang von der Galliumarsenid- zur Germaniumdioxid-Matrix und beim
Ubergang von Luft- zu Argon-Sauerstoff-Atmosphéare ist auf die damit ver-
bundene Temperaturerhohung zurickzufiithren, die der Rekombination der
lonen zu Atomen entgegenwirkt. Infolge des niedrigeren Elektronendruckes
im Germaniumdioxid-Plasma ist die Rekombination nur noch in unmittel-
barer N&he der Kathode zu beobachten.

4. Allgemeine SchluBfolgerungen

Das Verfahren der Kombination der spektralen Photographie und der
photographischen Aquidensitometrie erwies sich als nitzliches Hilfsmittel fir
die Charakterisierung des Galliumarsenid- und Germaniumdioxid-Plasmas.

Es konnte gezeigt werden, dafl sowohl fir die Matrixelemente als auch
fir die Nebenbestandteile eine axiale Verteilung der Atome im Plasma in
Abhéngigkeit vom lonisationspotential erfolgte.

Bei niedrigem lonisationspotential existiert sowohl fiir Atome als auch
lonen ein Leuchtdichtemaximum an der Kathode, bei hohem lonisationspo-
tential ist ein solches an der Anode vorhanden, bei mittleren lonisationspoten-
tialen bildet sich eine homogene Bogensdule aus.
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Der Elektronendruck, der durch die Matrix hervorgerufen wird und die
durch ihn und die Atmosphére und Stromstarke hervorgerufenen Temperatur-
&nderungen beeinflussen diesen Effekt.

Im Falle héherer Temperatur wird der Verstarkungsfaktor an der Kathode
im allgemeinen gréBer, weil in den Ubrigen Teilen des Bogens die Leuchtdichte
stark reduziert ist. Einen EinfluB hat dabei auch der Elektronendruck, der
im wesentlichen durch die Matrix bestimmt wird. Diese Ergebnisse stimmen
damit Gberein, dall der Kathodenschichteffekt vor allem fir Spuren im Kohle-
lichtbogen von Bedeutung ist.

Die im matrixbeeinfluBten Bogen erreichten Verstarkungsfaktoren von
etwa 2 bieten trotzdem die Mdglichkeit zur Verbesserung des Linie-Untergrund-
Verhdltnisses bei der spektrographischen Spurenanalyse.

*

Herrn W. HOGNER vom Zentralinstitut fir Astrophysik der AdW der DDR Karl-
Schwarzschild-Observatorium Tautenburg danken wir hiermit fir die Anfertigung der Aqui-
densiten.
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AQUIDENSITOMETRIE - EINE METHODE ZUR
REURTEILUNG DER STRUKTUR VON PLASMEN, IV

UNTERSUCHUNG DER LEUCHTDICHTEVERTEILUNG IM GLEICHSTROMBOGEN-
PLASMA BEI KATHODISCHER VERDAMPFUNG DER ANALYSENSUBSTANZ
IN GEGENWART UND ABWESENHEIT EINES MAGNETFELDES

K. Dittrich, K. Niebergall und H. RosBler

(Sektion Chemie der Karl-Marx- Universitat Leipzig, Leipzig, DDR)
Eingegangen am 20. November 1975

Die Charakterisierung von Gleichstrombogenplasmen, die durch kathodische
Verdampfung von Lanthansesquioxid, Galliumarsenid und Germaniumdioxid in Gegen-
wart und Abwesenheit von homogenen Magnetfeldern entstehen, erfolgt auf experi-
mentellen Wege durch spektrale Photographie und photographisch-aquidensitome-
trische Auswertung der erhaltenen Photogramme. Es ist mdoglich, qualitative Aussagen
Uber die Axialverteilung der Elemente zu gewinnen. Es konnte gezeigt werden, dal}
sowohl in Gegenwart als auch in Abwesenheit des Magnetfeldes ein Leuchtdichtemaxi-
mum vor der Kathode vorhanden ist. Die Grof3e der kathodischen Anreicherung richtet
sich nach dem lonisationspotential des Neben- und Hauptbestandteiles.

Der EinfluR des Magnetfeldes macht sich besonders bei schwerer ionisierbarer
Matrix in einer Bogenaufweitung bemerkbar.

1. Einfihrung

In der Literatur ist beschrieben [1, 2], daB bei kathodischer Verdampfung
gegenilber der anodischen Verdampfung bei stark reduzierter Probemasse
gleiche, zum Teil auch verbesserte Nachweisgrenzen fir die Bestimmung von
Spurenbestandteilen erzielt werden kénnen.

Bei unseren Untersuchungen ber die Anwendung des homogenen Ma-
gnetfeldes auf ein Gleichstrombogenplasma, das eine groRe Menge leicht ionisier-
barer Teilchen enth&lt, die anodisch verdampft werden, stellten wir fest, daf
kein stabiles Bogenplasma erhalten werden kann. Bei Anwendung der katho-
dischen Verdampfung fir einen magnetfeldbeeinfluften Gleichstrombogen war
das Plasma stabil und es wurde ein gleichmé&Biger Abbrand erzielt.

Aufgrund dieser Ergebnisse stellten wir uns die Aufgabe, die Verteilung
der Leuchtdichte der einzelnen Plasmabestandteile in diesen Bogenplasmen
mit Hilfe der von uns entwickelten Methode der Kombination der spektralen
Photographie mit der photographischen Aquidensitometrie zu untersuchen
[3, 4, 5]. Diese Methode gestattet es, qualitative Aussagen Uber die Axial-
verteilung der Elemente in einem Bogenplasma und uUber die Bogengeometrie
zu machen. Die Untersuchungen wurden an Bogenplasmen durchgefihrt,
die weitgehend durch die kationischen Bestandteile der Matrixsubstanzen
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Lanthan (La.,03), Gallium (GaAs) und Germanium (Ge02 bestimmt nvurden.
Es wurde in der Hauptsache die Leuchtdichteverteilung der in diesen Matrix-
substanzen vorhandenen Spurenbestandteile untersucht.

2. Experimentelles

2.1 Herstellung von spektral aufgeldésten Photogrammen

Die Photogramme wurden, wie in unserer Il. Mitteilung [4] néher beschrieben, unter
Verwendung des Plangitterspektrographen PGS 2 (VEB C. Zeiss, Jena) hergestellt. Die An-
regungs- und Aufnahmebedingungen sind in Tabelle 1 zusammengefal3t. Die Vorbrennzeiten
wurden so gewahlt, daR jeweils in einem Verdampfungsmaximum aufgenommen werden
konnte.

Die in Abbildung | dargestellten unterschiedlichen Elektrodenkombinationen und
-formen sind fir die Erzeugung eines stabilen Bogens und eines gleichmaRigen Abbrandes
erforderlich. Eine breite Gegenelektrode ist in Gegenwart des Magnetfeldes notwendig, weil
durch die infolge der Rotationsbewegung des Bogens verdanderten AuflRenstromungen nur bei
dieser breiten Auflage ein stabiler Bogen erhalten wird. Ohne Magnetfeld fiihrt jedoch diese

Tabelle 1

Anregungs- und Aufnahmebedingungen

Spektrograph | Plangitterspektrograph PGS 2
Gitter 1 651 Strich/mm, Blaze 1020 nm
Dispersion
(Plattenmitte) 1 2. Ordnung 0,370 nm/mm (410 nm) fir Ca und (650 nm) fir La

1 3. Ordnung 0,234 nm/mm (315 nm) und
I 4. Ordnung 0,176 nm/mm (236,4 nm) fur Ga und Ge

Ordnungsfilter WGL1 fur 2. Ordnung, UG 5 fur 3. u. 4. Ordn.
AuBenoptik Achromat (f = 75,8 mm), Direktabbildung MaRstab 5 : 1
Anregung Universalbogenimpulsgenerator UBI 1

Stromstérke 10 A fur La, 6 A und 12 A fir Ge und Ga
Magnetfeld 0—350 G, homogen, axial

Elektroden siehe Abbildung 1

Elektrodenabstand 3 mm, von Hand nachgeregelt

Probematerial La2 3 (Matrix), 1000 ppm CaO,

GaAs (Matrix), je 500 ppm Al, Sn, Ge, Mg

Ge02 (Matrix), je 500 ppm Al, Sn
Probemenge 40 mg La03:C (1:1)

20 mg GaAs :C (1:3)

20 mg Ge02 :C (1 :3)
Atmosphare Luft
Vorbrennzeit 10 A La, 150 sec

10 A Ca, 90 sec

6 Aund 12 A Ga und Ge, 20 sec
Belichtungszeit 10 A La 0,1 sec

10 A Ca 0,2 sec

6 A und 12 A Ga und Ge-Matrix 0,5 sec

Spektralplatten ORWO WP 3 rot extrahart fir La Ca
ORWO WU 3 blau extrahart fir Ga und Ge

Entwicklung 4 min ORWO MH 28 (1 :4), 19°

Unterbrechung 10 sec, 5%ige Essigsaure, 19°

Fixierung 6 min, ORWO A 304, 200 g¢/1, 19°

Wassern 10 min

Trocknung 25 min, 27°
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breite Gegenelektrode zu einem »wandernden« Bogen. Die als Kathode eingesetzten Becher-
elektroden hatten sieh bei analytischen Bestimmungen in La2 3Matrix bzw. GaAs- und Ge02-
Matrix bewahrt. Die groRere Wandstarke des Bechers fur die La20 3Matrix erwies sich wegen
des geringen Kohlenstoffanteils in der La20 3Kohle-Pulvermischung fur einen gleichmaRigen
Abbrand als vorteilhaft.

Zur Ermittlung der Plattengradation wurde ein Kontinuum mit der Xenonbogenlampe
XBO 500 und einem 6 Stufenfilter aufgenommen.

Abb. 1. Elektrodenkombinationen: 1 fir La20 3, 2 fir La20 3im Magnetfeld, 3 fir GaAs und
Ge02 4 fur GaAs und Ge02im Magnetfeld

2.2 Herstellung der Aquidensitcn

Die Herstellung der Einzelaquidensiten erfolgte auf ORWO-Planfilm FU 5 gleichzeitig
fur die gesamte Photoplatte auf halbautomatischem Weg (6) wie in der Ill. Mitteilung be-
schrieben.

3. Ergebnisse und Diskussion

3.1 Ergebnisse

Die Abbildungen 2, 3 und 5—10 zeigen die Aquidcnsitogramme fir
Ubergénge verschiedener Atome und lonen in Luftatmosphédre in Gegenwart
und Abwesenheit eines homogenen Magnetfeldes bei kathodischerVerdampfung.
Die verwendeten Ubergidnge sind in der Tabelle Il naher charakterisiert.
Die Aquidensite héchster Schwérzung in jedem Bild ist mit einer Zahl gekenn-
zeichnet, die eine Zuordnung zur Originalschwdrzung (s. Tabelle Ill) ermdg-
licht. Die duBerste Aquidensite tragt die Nummer 1. Zwischen diesen Werten
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Abb. 2. Monochromatische Aquidensitogramme fiir das Matrixelement Lanthan, den Neben-
bestandteil Calcium und das Cyanradikal bei kathodischer Verdampfung in Luft
KL 10 Lal: kathod. Verdampfung in Luft bei 10A fir La 654,315 nm
KL 10 Lall: kathod. Verdampfung in Luft bei 10A fur La 652,699 nm
KL 10 Cal: kathod. Verdampfung in Luft bei 10A fir Ca 422,673 nm
KL 10 Call: kathod. Verdampfung inLuft bei 10A fur Ca 396,847 nm
KL 10 CN: kathod. Verdampfung in Luft bei 10A fur CN 421,6 nm

Abb. 3. Monochromatische Aquidensitogramme fiir die Nebenbestandteile Aluminium, Zinn
und Germanium und fir Arsen und Kohlenstoff (Matrix GaAs):
KL Gab6: kathod. Verdampfung in Luft bei 6A in GaAs Matrix
KL Gal2: kathod. Verdampfung in Luft bei 12A in GaAs Matrix
Liniencharakteristik siehe Tabelle 11
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Tabelle 11

Wellenléngen, Intensitaten und Anregungspotentiale der mit Hilfe
von Aquidensitogrammen untersuchten Ubergange

Ubergang Relative Anregungs- lonisations-
Element in nm Intensitat potential potential
in Bogen in eV in eV
La | 654,315 125 2,23 5,61
La Il 652,699 125 2,13 11,43
Ca | 422,673 500 R 2.93 6,11
Call 396.847 500 R 3,12 11,87
Al l 308,215 800 4,02 5,98
Sn | 317,502 500 4,33 7,33
Ge | 303,906 1000 4.96 8,13
As | 289,871 25 — 9,81
C 1 247,857 400 7,69 8.13
Mgl 309.689 150 6,72 7,64
Mg 11 280,269 150 4,42 15,03
ist entsp rechend der Tabelle 111 zu numerieren. AuBerdem ist es mit Hilfe der
Tabelle 111 mdglich, den einzelnen Aquidensiten relative Intensitdten zuzu-

ordnen. Dazu war es erforderlich, die Plattengradation in Abh&ngigkeit von
der Wellenldnge mit Hilfe der kontinuierlichen Spektren zu ermitteln. Die
Elektroden wurden nachtrédglich im entsprechenden Maflstab eingezeichnet.
Es wurde keine kegelférmige Gegenelektrode (Anode) verwendet, da der
Abbrand infolge der hohen Temperatur zu gro war und ein gleichbleibender
Elektrodenabstand deshalb nicht eingehalten werden konnte.

3.2 Aquidensitogramme von Ubergéngen des La I, La Il (Matrix),
Cal, Call und CN bei kathodischer Verdampfung

Die Abbildung 2 stellt Aquidensitogramme fir Lanthan- und Calcium-
Ubergdnge und des Cyanbandenkopfes bei kathodischer Verdampfung dar.

Im Gegensatz zu den Ergebnissen bei anodischer Verdampfung [4] ist
die Strahlung der Metallatome und -ionén auf den kathodischen Raum be-
schrankt. Der Aquidensite fiir den Cyanbandenkopf ist zu entnehmen,
dal zum Zeitpunkt der Aufnahme ein vollstindig ausgebildeter Lichtbogen
existierte. Der Lanthanlbergang, der mit dem Cyanbandenkopf Uberlappt,
zeigt die gleich»; Struktur, wie sie bei den freiliegenden Ubergdngen zu be-
obachten ist. Wir sind der Auffassung, daB sich ein Gleichgewicht zwischen
dem Teilchentransport durch Diffusion und Konvektion und dem Teilchen-
transport durch Wanderung im elektrischen Feld einstellt. Im Gegensatz zur
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Aquidensiten-Nummern, Schwarzungen S und spektrale relative Intensitaten |

z

SX

| 0,2
2 0,22
3 0,27
4 0,35
5 0,41
6 0,48
7 0,53
8 0.70
9 0,74
10 0,82
11 0,92
12 1,01
13 1,03
14 1.12
15 1,22
16 1,3
17 1,53
18 1,67
19 1,85
20 1.97
21
22
23
24
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l39s M

1.819
1,841
1,911
2,067
2,196
2,356
2,486
2,929
3,024
3,279
3,529
3,777
3,819
4.093
4,352
4,57

5,188
5,609
6,034
6,369

Tabelle 111

Y0um

1,896
1,899
1,974
1,958
2,023
2,175
2,281
2,705
2,791
2,997
3,266
3,515
3,579
3,831
4,132
4,369
5.071
5,523
6,08

6,467

SI Angaben fur La-Matrix und Ca.
S Angaben fiir Ga und Ge-Matrix und Nebenbestandteile.

Die Aquidensiten Nr. 2, 6 und 11 wurden wegen ihrer Ahnlichkeit mit Nr. 1, 5 und 10
nicht in die Aquidensitogramme eingezeichnet.

anodischen Verdampfung sind diese Transportfaktoren bei kathodischer Ver-

M

1,818
1,841
1,874
1,98

2.091
2,241
2,347
2,721
2,809
2,978
3,203
3,401
3,44

3,631
3,834
3,973
4.394
4,656
4,931
5,112

S,

0,2

0,23
0,28
0,33
0,41
0,43
0,46
0,52
0,62
0,72
0,73
0,81
0,93
1,00
1,11
1,20
1,32
1,40
1,52
1,68
1,83
1,91
2,13
2,33

~280 M

1,937

2,193
2,371
2,729

2,904
3,192
3,721
4,355

5,012
6,039
6,73
7,998
9,205
11,09
12,56
15,17
J9,45
24,55
27,86
39,26
53,58

lsi0 NMM

2,104

2,382
2,571
2,952

3,140
3,444
4,018
4,677

5,370
6,457
7,195
8,531
9,795
11,88
13,30
16,00
20,46
25,76
29,17
40,83
55,99

dampfung entgegengesetzt gerichtet. Infolge der hohen Frequenz, mit der sich
das dynamische Gleichgewicht zwischen Atomen und
sich dieser Faktor sowohl auf die Verteilung der Strahlung der neutralen
Atome als auch der der lonen aus.
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3.3 Aquidensitogramme von Ubergangen der Nebenbestandteile
des Galliumarsenid und Germaniumdioxid bei kathodischer Verdampfung

Ahnlich wie bei der anodischen Verdampfung (5) wurde festgestellt, daR
das lonisationspotential sowohl des Matrixelementes als auch der Spuren-
bestandteile einen EinfluB auf die Leuchtdichteverteilung der Spurenelemente
im Gleichstrombogenplasma hat. Die Abbildung 3 zeigt die Aquidensito-
gramme fir die Nebenbestandteile Aluminium, Zinn und Germanium im
Galliumarsenid und fur Arsen und Kohlenstoff in Gegenwart dieser Matrix
bei zwei Stromstdrken. Mit zunehmendem lonisationspotential, d. h. schwa-
cherem lonisationsgrad des Nebenbestandteils unter den gleichbleibenden
Bedingungen der Galliumarsenidmatrix streckt sich die Strahlungsverteilung
von der Kathode zur Anode. Das ist wiederum erkl&rbar durch die Reduzierung
des feldbedingten Transportes zur Kathode fir die schwerer ionisierbaren
Teilchen. Die Temperaturerhbhung beim Ubergang von & A auf 12 A ver-
groRBert die Verdampfungsgeschwindigkeit, so dafl eine Homogenisierung
des Bogenplasmas erkennbar ist. Berechnet man jedoch die Verhdltnisse der
relativen Lichtintensitdten des kathodischen Raumes zur Bogenmitte, so ist
kein wesentlicher Unterschied zwischen den Plasmen bei 12 A und s A zu
erkennen (s. Tabelle 1V). In beiden Fdllen ist eine Korrelation mit dem loni-
sationspotential festzustellen (s. Abb. 4). Eine Ausnahme bilden die Kohlen-
stoffdquidensitogramme und deren Verstdrkungsfaktoren. Im Fall des s A
Bogens ist die Temperatur im Plasma so niedrig, dal zu wenig Kohlenstoff
von der Kathode und gar kein Kohlenstoff von der Anode verdampft. Im Fall
des 12 A Bogens verdampfen nennenswerte Mengen Kohlenstoff von der Anode
und Kathode. Das ist zu berilicksichtigen, wenn man die richtige Tendenz des
Verstdrkungsfaktors 1,2 beurteilt.

Die Abbildung 5 zeigt die Aquidensitogramme fir Aluminium und Zinn
und auch fir Kohlenstoff in einer Germaniumdioxid-Matrix. Im Vergleich

Tabelle IV

Verstarkungsfaktoren der relativen Strahlungsintensitaten des kathodennahen Raumes
bezogen auf die Bogenmitte fiir die kathodische Verdampfung

Stromstérke 6 A 2 A
Matrix GaAs Ge02 GaAs Ge02
Element | kathodische Verstarkungsfaktoren VF™atjl-
Al 1 2,20 3,20 2,60 3,85
Sn i 1,75 2.90 1,90 3,42
Ge | 1,59 — 1,65
As 1 1,28 — 1,35
c 1 1,57 1,00 1,20 1,00
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Abb. 4. Abhéangigkeit der Verstarkungsfaktoren vom lonisationspotential fir Aluminium,
Zinn, Germanium und Arsen (Matrix GaAs) bei kathodischer Verdampfung in Luft

Abb. 5. Monochromatische Aquidensitogramme fiir die Nebenbestandteile Aluminium und
Zinn und fur Kohlenstoff (Matrix Ge02)
KL Ge6: kathod. Verdampfung in Luft bei 6A Matrix GeOa
KL Gel2: kathod. Verdampfung in Luft bei 12A Matrix Ge02
Liniencharakteristik siehe Tabelle 11

zum Gallium-Bogen sind die Bestandteile noch starker auf den kathoden-
nahen Raum konzentriert (s. a. Tabelle IV). Dies kommt besonders bei der
Stromstarke von 12 A zum Ausdruck. Auch dieses Verhalten 148t sich mit
Hilfe der unterschiedlichen lonisationspotentiale und lonisationsgrade erkla-
ren. Der lonisationsgrad fir Aluminium und Zinn wird in der schwerer ionisier-
baren Matrix Germanium hdéher als im Gallium sein, so da der feldbedingte
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Transport grofRer wird. Allerdings ist in diesem Fall auch die geringere Ver-
dampfungsgeschwindigkeit der Matrix zu berlcksichtigen, denn der Siede-
punkt des elementaren Germaniums liegt mit 2700 °C um etwa 700 °C hdher
als der des Galliums.

Der Abbildung 5 ist auch zu entnehmen, dal es sich um eine echte
Konzentrationsabnahme im Plasma handeln muf und nicht nur um ver-
&nderte Anregungsbedingungen, z. B. einen axialen Temperaturgradienten, denn
fur den Kohlenstoffibergang ist eine homogene Leuchtdichte-Verteilung
erkennbar. Diese homogene Leuchtdichte-Verteilung widerspricht eigentlich
wegen des sehr hohen lonisationspotentials des Kohlenstoffs dem bisher
Gesagten. Es ist hier jedoch zu berlcksichtigen, daf auch die Anode aus
Kohlenstoff besteht und auch dort eine Verdampfung mdglich ist. Auch im
Galliumarsenid-Bogenplasma ist die Homogenitdt der Leuchtdichteverteilung
des Kohlenstoffs bei 12 A erkennbar. Bei einer Stromstarke von 6 A reicht
offensichtlich die Temperatur der Anode fiir eine nennenswerte Verdampfung
des Kohlenstoffs nicht aus.

3.4 Aquidensitogramme von Ubergéngen der Magnesiumatome und -ionén
in Galliumarsenid- und Germaniumdioxid-Plasmen bei kathodischer
Verdamp fung

Auch in der Galliumarsenid- und Germaniumdioxid-Matrix sollte der
Einflul des lonisationszustandes der Nebenbestandteile auf deren Leucht-
dichteverteilung bei kathodischer Verdampfung untersucht werden. Als Bei-
spiel wurde wie bei der anodischen Verdampfung (s. a. (5)) ein Atom- und ein
lonenibergang des Magnesiums ausgewé&hlt. Die erhaltenen Aquidensito-
gramme sind in der Abb. 6 dargestellt. Entsprechend dem lonisationspotential
des Magnesiums lassen sich die Aquidensitogramme von Mg | zwischen Sn |
und Ge | einordnen (s. a. Abb. 3). Da diese Aufnahmen bei einem zweiten
Bogenabbrand erhalten wurden, wird durch dieses Ergebnis die Objektivitat
der Methode bestatigt. JDer Vergleich der Magnesium I-Aquidensitogramme
fur die Galliumarsenid- und die Germaniumdioxid-Matrix zeigt ebenfalls, dal
sich die Magnesiumatome in der Matrix mit hoherem lonisationspotential
starker vor der Kathode konzentrieren.

Sowohl in der Gallium- als auch in der Germanium-Matrix weisen die
Magnesium Il1-Ubergédnge ein starkes Maximum in Kathodenn&he auf. Die
im Vergleich zum Magnesium I-Lbergang hdhere Intensitdt bestdtigt den
hohen lonisationsgrad.

Der Vergleich der Aquidensitogramme des Magnesium Il-Uberganges
in Gallium- und Germanium-Matrix bei 12 A zeigt, daB die Annahme, daf
der lonisationsgrad des Magnesiums im schlechter verdampfenden und schwe-
rer ionisierenden Germanium hoher liegt, richtig ist, denn in der Germanium-
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Abb. 6. Monochromatische Aquidensitogramme fiir Magnesiumatome und -ionén
KL Ga6: kathod. Verdampfung in Luft bei 6A Matrix GaAs
KL Gal2: kathod. Verdampfung in Luft bei 12A Matrix GaAs
KL Ge6: kathod. Verdampfung in Luft bei 6A Matrix Ge02
KL Gel2: kathod. Verdampfung in Luft bei 12A Matrix Ge02

Tabelle V

Verstarkungsfaktoren der relativen Strahlungsintensitaten des kathodennahen Raumes
bezogen auf die Bogenmitte fir die kathodische Verdampfung

Stromstérke 6 A 2 A
Matrix GaAs Ge02 GaAs Ge02
Element kathodische Verstarkungsfaktoren V F]~7
Mgl 1,64 2,70 1,46 3,20
Mg |11 1,86 4,32 1,56 4,60

M atrix ist das kathodennahe Maximum der Leuchtdichte viel ausgeprdgter.
Die Verstarkungsfaktoren fir diese Ubergédnge sind in der Tabelle V zusammen-
gefallt. Sie bestdtigen die gezogenen SchluRfolgerungen.

3.5 Aquidensitogramme von Ubergéngen von Atomen und lonen in Lanthan-,
Gallium- und Germanium-Matrix im magnetfeldbeeinfluften Bogen
bei kathodischer Verdampfung

Es ist bekannt, daB die intensitdtsverstairkende Wirkung eines homo-
genen Magnetfeldes durch einen Konzentrationsanstieg der Elemente vor der
Kathode und durch verstdrkte Anregungsprozesse infolge von Temperaturer-
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Abb. 7 Monochromatische Aqgnidensitogramme fiir das Matrixelement Lanthan, den Neben-
bestandteil Calcium und das Cyanradikal im Magnetfeld
KM 10 La I, II: kathod. Verdampfung in Luft bei 10A und 200G fir La
KM 10 Ca I, 1lI: kathod. Verdampfung in Luft bei 10A und 20G fur Ca
KM 10 CN: kathod. Verdampfung in Luft bei 10A und 200G fiir CN
(Cyanbandenkopf bei 421,6 nm)
Liniencharakteristik siehe Tabelle 11

libhung verursacht wird [6]. Da bei anodischer Verdampfung einer leicht ioni-
sierbaren Matrix bei Anwendung eines homogenen Magnetfeldes von uns keine
Linienverstarkung beobachtet und kein stabiler Bogen erhalten wurde, setzten
wir die kathodische Verdampfung in Verbindung mit einem Magnetfeld ein.
Orientierende Versuche von Leushacke [6] hatten ergeben, dafR bei kathodi-
scher Verdampfung ein noch ausgeprdagteres Maximum der Intensitdt vor der
Kathode erhalten wird.

Wir untersuchten diese Plasmen ebenfalls durch Aquidensitometrieren
spektraler Photographien.

Die erhaltenen Aquidensitogramine werden in den Abbildungen 7,8, 9
und 10 dargestellt. Wir verwendeten als Gegenelektrode Kohlestdbe mit einem
Durchmesser von 8 mm (s. Abb. I),um die durch das Magnetfeld und die Kon-
vektion hervorgerufenen Strémungsverhdltnisse glinstig zu beeinflussen.

Im Falle der Lanthan-Matrix (Abb. 7) ist im Vergleich zum magnet-
feldfreien Bogen eine starke Aufweitung besonders bei La Il infolge der durch
die Helixbildung bedingten Bogenverldangerung und infolge der verdnderten
Strémungsbedingungen zu beobachten. Diese Bogenaufweitung drickt sich
in einer axialen Streckung des strahlenden Plasmagebietes und in der auf-
tretenden Pinch-Konfiguration aus. Auch die von Brit und Mitarbeitern [7]
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Abb. 8. Monochromatische Aquidensitogramme fiir die Nebenbestandteile Aluminium, Zinn
und Germanium, fur Arsen und Kohlenstoff (Matrix GaAs) bei kathodischer Verdampfung
in Luft in Gegenwart eines Magnetfeldes
KM Ga6: kathod. Verdampfung in Luft bei 6A und 350 G fur GaAs
KM Gal2: kathod. Verdampfung in Luft bei 12A und 150 G fur GaAs
Liniencharakteristik siche Tabelle 11

beschriebene anodische Brennfleckaufspaltung im magnetfeldbeeinfluRten
Bogen ist deutlich im Fall der Lanthan-Aquidensitogramme zu erkennen.

Beim Vergleich der Abbildungen 2 und 7 ist auBerdem zu sehen, daf
sich das Maximum der Strahlungsintensitat des Cyanradikals von der Anode
zur Kathode verlagert hat. Daraus geht hervor, daf auch bei Anwendung
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Abb. 9. Monochromatische Aquidensitogramme fiir die Nebenbestandteile Aluminium, Zinn
und fir Kohlenstoff (Matrix Ge02 bei kathodischer Verdampfung in Luft in Gegenwart eines
Magnetfeldes
KM Ge6: kathod. Verdampfung in Luft bei 6A und 350G Matrix GeOa
KM Gel2: kathod. Verdampfung in Luft bei 12A und 150G Matrix GeO»
Liniencharakteristik siehe Tabelle 11

eines solchen Plasmas fir analytische Bestimmungen der Einsatz von Inert-
gasen von Vorteil ist.

Auch in Gegenwart der Gallium-bzw. Germanium-Matrix wird eine typi-
sche Pinchkonfiguration des Bogens erhalten. Der Bogen verbreitert sich von
der Kathode zur Anode. Er brennt stabil, die Rotation der Helix erreicht einige
Umdrehungen pro Sekunde. Bei der gewé&hlten Schaltung wirken die Kon-
vektion und die magnetfeldbedingte Strémung in der gleichen Richtung, d. h.
von der Kathode (unten) zu der Anode (oben). Die Pinchkonfiguration ist hei
hoher Feldstdrke (¢ A, 350 GaulB) stdrker ausgepragt als bei niedriger Feld-
starke (12 A, 150 GauR). Die unterschiedliche magnetische Feldstdrke muRte
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KM Ga 6 th

Abb. 10. Monochromatische Aquidensitogramme fiir Magnesiumatome und -ionén bei katho-
discher Verdampfung in Gegenwart eines Magnetfeldes
KM Ga6: kathod. Verdampfungin Luft bei 6A und 350G Matrix GaAs
KM Gal2: kathod. Verdampfungin Luft hei 12A und 150G Matrix GaAs
KM Ge6: kathod. Verdampfungin Luft bei 6A und 350G Matrix GeO,
KM Gel2: kathod. Verdampfungin Luft bei 12A und 150G Matrix GeO.,
Liniencharakteristik siehe Tabelle 11

gewdhlt werden, da nur so ein stabiles Bogenplasma bei unterschiedlichen
Stromstdrken erhalten werden konnte. Das Aquidensitogramm des Kohlen-
stoff-Uberganges zeigt auBerdem mehrere Maxima vor der Anode. Diese werden
durch die Rotation des anodischen Brennfleckes hervorgerufen.

Die schon bei der kathodischen Verdampfung ohne Magnetfeld beobach-
tete Anreicherung der Spurenelemente vor der Kathode ist auch in Gegenwart
eines Magnetfeldes zu beobachten (vergleiche Abbildung 3 mit 8, 5 mit 9
und 6 mit 10). In den meisten Féllen ist die VolumenvergréRBerung des magnet-
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feldbeeinfluBten Bogens zu erkennen. Wiederum sind Unterschiede in Abhé&n-
gigkeit von der M atrix zu erkennen. Lm Galliumarsenid-Plasma wird dieLeucht-
dichteverteilung der Nebenbestandteile kaum durch die Gegenwart des Magnet-
feldes beeinfluft. Im Gerinaniumdioxid-Plasma ist fur Aluminium und Zinn
eine starke VergrofRerung des Strahlungsbereiches in axialer Richtung zu erken-
nen. Dies gilt ebenfalls fir die Atom- und lonenibergdnge des Magnesiums in
dieser Matrix.

Es ist bekannt, dal das Magnetfeld bei anodischer Verdampfung beson-
ders dann einen linienintensitat erhdhenden EinfluBR ausubt, wenn die Matrix
ein hohes lonisationspotential besitzt, z. B. bei der Bestimmung von Spuren-
elementen in Graphit.

Auch bei der kathodischen Verdampfung hat offensichtlich das lonisa-
tionspotential der Matrix einen entscheidenden EinfluR auf die Leuchtdichte-
verteilung der Nebenbestandteile in einem magnetfeldbeeinfluBten Bogen-
plasma. So ist im leicht ionisierbaren Gallium kein und im schwerer ionisier-
baren Germanium ein EinfluR des Magnetfeldes auf die Leuchtdichteverteilung
erkennbar.

Die entsprechenden Verstarkungsfaktoren sind in der Tabelle VI zusam-
mengefalit.

Tabelle VI

Verstarkungsfaktoren der relativen Strahlungsintensitdten des kathodischen Raumes
bezogen auf die Bogenmitte fir die kathodische Verdampfung in Gegenwart eines Magnetfeldes

Strom starke 6 A 12 A
Magnetfeld-
starke 350 jauR 150 &auB
M atrix GaAs Ge02 GaAs GeOz
Element kathodische Verstarkungsfaktoren V F~ath.
Al 1l 2,55 4,24 2,40 3,33
Sn 1,79 2,35 221 2,12
Ge | 1,36 _ 1,36 _
As | 1,17 - 1,33
c 1 122 2,25 1,00 1,11
Mgl 164 1,96 2,00 3,75
Mg Il 2,60 2,89 1,65 2,42

4. Allgemeine SchluRfolgerungen

Die kathodische Verdampfung der untersuchten Matrizes fuhrt infolge
des geringen Abbrandes je Zeiteinheit zu einer Verdnderung der Bogenbedin-
gungen. Durch die Umkehrung der Elektrodenpolung &ndert sich die Richtung

Acta Chim. (Budapest) 89,1976



380 DITTRICH et al.. AQUIDENSITOMETRIE, IV

des feldbedingten Transportes der lonen. Die Ergebnisse zeigen die Mdglichkeit
einer gezielten analytischen Anwendung des Gleichstrombogens mit kathodi-
scher Verdampfung fiir die untersuchten Matrizes auf. Dabei miRte der Bogen-
bereich erhdhter Leuchtdichte direkt auf dem Spalt abgebildet werden. Der
Vorteil eines solchen Verfahrens ldge nicht zuletzt darin, daf nur geringe
Probemengen bendtigt werden.

Die Anwendung eines Magnetfeldes auf ein solches Bogenplasma wird
in den meisten Fdllen keine zusdtzliche Verbesserung der Intensitdt bringen.
Genaue Aussagen lUber die Verbesserung von Nachweisgrenzen lassen sich mit
dem vorliegenden M aterial nicht geben, da hierfiir genaue Untersuchungen des
Linie-Untergrund-Verhdltnisses erforderlich sind.

Es kann jedoch festgestellt werden, dall die &quidensitometrische Aus-
wertung von spektralen Photographien derartiger Plasmen gute qualitative
Uberblicke tiber die axiale Teilchenverteilung liefert.

*

Herrn W. HOGNER vom Zentralinstitut fur Astrophysik der AdW der DDR, Karl-
Schwarzschild-Observatorium Tautenburg danken wir hiermit fiir die Anfertigung der Aqui-
densiten.
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The electronic absorption spectra of some diarylidenecyclohexanones and cyclo-
pentanones have been studied in organic solvents and buffer solutions. The spectral
shifts are discussed in terms of solvent effects and in relation to the molecular structure.
The acid dissociation constants of the compounds containing OH groups were deter-
mined from measurements in buffer solutions. The important hands in the IR spectra
are assigned and discussed in relation to the molecular structure.

Introduction

Diarylidenecyclanones containing a hydroxyl or amino group are con-
sidered to function as acid-base indicators, owing to their ability to capture
or release a proton [1, 2j, however, the pKa values of such compounds have
not been determined. Some diarylidenecyclanones were found to exhibit some
biological activities [3]. These properties attach interest to the chemistry of
this class of compounds. The spectra of a series of diarylidenecyclanones were
the subject of some investigations [4—7], however, few attempts have been
made as far as hand assignment and solvent effects are concerned.

In the presentwork, the electronic absorption spectra ofsome diarylidene-
cyclohexanones and cyclopentanones have been studied in organic solvents
and buffer solutions with the aim to throw light on the spectral behaviour of
these compounds. Also the important IR bands are assigned and discussed
in relation to the molecular structure.

Experimental

The compounds used in the present investigation were prepared by the condensation
of cyclohexanone or cyclopentanone with different aldehydes under suitable experimental
conditions as given by other authors [6, 8]. The products obtained were crystallized from an
appropriate solvent. The compounds had the following structures:

* Present adress: Chemistry Department, Faculty of Science, Tanta University, Tanta,
Egypt
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where X = H (a); p-OCH3 (6); p-OH (c); p-N(CH3J), (d); p-Cl (e); m-N02(/); 0-OH (g); p-OH-m-
OCHa3 (/i) and 0-OH-m,m-diBr (i).

The solvents used were purified according to recommended procedures [9]; the buffer
solutions were prepared as given by Britton [10].

The absorption spectra were recorded on a UNICAM SP 8000 spectrophotometer using
1 cm matched quartz cells. The PH measurements were carried out with the aid of a RADIO-
METER pH-meter, Model 28.

Results and discussion
(A) Spectra in organic solvents

The absorption spectra in organic solvents (Tables | and 11; Fig. 1) mostly
display two bands. The shorter wavelength hand within the range 215—270 nm
is due to the n — n* transition of the aromatic system (lLa+- 1A), whereas

Table |

Results obtained in organic solvents for series |
Amax(nm) and emax *HO*4 (mole“1ecm2

CC14 CHC13 Ether Ethanol
Compound Assignment
Naax 1 emex Yrex emax Yrex enmex Mrax enmex
* 230 1.94 230 0.66 q - >
332 3.73 322 2.45 320 3.62 330 0.94 CT.
(b) 238 1.61 243 2.35 1 —a*@
350 3.94 332 1.45 347 3.01 364 4.12 CT.
(c) 242 S 245 191 A- 8%@
355 S 360 s 350 s 375 3.72 CT.
(d) 268 1.92 272 1.59 270 s 270 1.06 71—
320 0.77 320 0.40 325 s 330 0.21 a- a<b
410 4.09 435 2.97 407 s 447 3.9 CT.
) 234 2.00 238 1.92 - a*M
330 3.34 334 3.46 325 4.01 332 3.61 CT.
(0 220 s 225 2.11 a—a*@
270 2.18 275 1.98 272 s 278 1.82 a- a*(b>
313 3.86 314 3.12 310 s 315 2.77 CT.
(b) 252 s 255 1.13 n—n*n
365 1.79 370 2.91 365 s 390 3.25 CT.

S saturated solution used
@ILa*--—-—- 1A
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Results obtained in organic solvents for series 11
max(nm) «mex * 11 4 (mole*“1ecm?

QL
Gorpourd
fbax enax Vax
(«
343 417 350
©)
373 4.65
«
385
(d)
w
348 3.35 355
()
315 s 325
366 s 380
(&)
390 s 395
0

310 0.56 310

For symbols, see Table |

aias

Ether

Ethanol

X X emax Yrex

3.59

7.13

0.55

230
338

240
370

235
375

270
325
363

237
345

234
255
320
367

250
395

215
258
310

2.39

4.65

S

S

1.49
0.40
4.85

1.53
3.39

230

354

243

394

245
395

270
330
476

238
358

238
260
332
390

248
410

220
258
310

erax

1.66

4.38

2.65
4.49

8.98
2.83

1.84
4.32

1.64
1.29
1.87
4.32

161
4.72

5.72
2.36
0.67

Assignment

n—71n
CT.

A- A<>
CT.

q - *o(o)
CT.

- *<e>
n-
CT.

A- >
CT.

- a<>
q- <>
CT.
CT.

L— 7
CT.

;‘ -
L—71
CT.

383

the longer wavelength band is assigned to an intramolecular charge transfer.
The charge transfer involves the transition of an electron from the highest
filled energy level of the aromatic system to the lowest vacant level of the

C =0 group. The mesomeric shift, representing such a charge transfer can be
formulated as follows:
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The charge transfer character of the electronic transition is supported
by the high extinction and broadening of the band. It is also substantiated
by the fact that the band position is markedly influenced by the nature of the
substituents. The band is shifted towards red in the case of electron donor
substituents, while electron acceptors cause a blue shift (Tables I and II).

The plot of Amax. vs. a (Hammett constant of the substituent) reveals a more
or less linear relation.

Wavelength, nm

Fig. 1. Spectra of Ic

The charge transfer band shifts towards red with increasing solvent
polarity in the order CCla—»CHC13 —»ethanol. In ether, however, the band is
mostly blue-shifted in comparison to CC14, though the latter has lower polarity.
The charge transfer band also shifts towards red on going from cyclohexanone
derivatives to the cyclopentanone series. This is in accordance with the pre-
vious observation [11] that cyclopentanone derivatives absorb at longer
wavelengths as compared with cyclohexanones.

The short-wavelength band exhibits no apparent shifts with solvent pola-
rity, indicating that it is due to a localized transition. The shift towards red
observed in some cases is of low magnitude in comparison with the charge
transfer band.

The spectra of compounds 14 . 117 1l,, and Il, show a small band within
the 250—330 nm range, which can be assigned to the lowest energy transition of
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the aromatic nucleus (H/* <—1A). This band acquires a small red shift with
increasing solvent polarity denoting that it corresponds to a n — n* tran-
sition.

The spectra of I1g are characterized by a broad band in the 330 nm
region. The band exhibits the character of charge transfer bands as far as the
solvent shift, hand broadening and extinction are concerned. The appearance
of two charge transfer hands in the spectra of this compound may be explained
by the possibility of two intramolecular charge transfer interactions. The first
originates from the phenyl ring, being enhanced by the substituent OH group

The second transition does not involve an interaction with the OH
group, and recalls the case of the non-substituted compound, characterized
by the mesoineric shift (A).

(B) Spectra in mixed organic solvents

The shift of the charge transfer band towards red in ethanol is much
higher than corresponding to the change of solvent polarity. The application
of the equation given by Gati and Szalay [12]

fin2 1 D- 1
(a by + b
I 2n2-f-1 BPTT
i . : i ID— -
did not yield a linear relation between Av and . The shift is thus due
IdT t

not only to changes in the dielectric constant of the medium or altered solva-
tion energy, but also accounts for the possible hydrogen bond formation
between the solute and solvent molecules. Hydrogen bonding occurs probably
between the C= 0 group of the solute molecules and the protons of ethanol.
This type of bonding lowers the charge density on the C= 0 group, hence
increases its electron accepting character. The change in excitation energy
on going from the low polarity solvent to ethanol amount to 2.5—3.7 kcal/mole
(Table 11).

The formation of intermolecular hydrogen bonding is supported by the
spectra taken in low-polarity solvents containing increasing quantities of
ethanol. The spectra represented in Fig. 2 reveal that the charge transfer band
is generally shifted towards red with increasing ethanol concentration A clear
isoshestic pointisobserved indicating that an equilibrium is attained in solution
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between the molecules solvated by the low-polarity solvents and those bonded

to ethanol through intermolecular hydrogen bonds, forming asort of molec-
ular complex.

S+ nROH~A(ROH),,...S
For this equilibrium reaction

K _ [(ROH),,...S]
1 [S] [ROH]"

Fig. 2. Spectra of Ilg in ether-ethanol solvent mixtures

The value of Kf can be determined from the variation of absorbance with the

ethanol concentration at a given wavelength. The equation used is that given
before [13], namely

bg Kf log A AD

° 1 +

I°g Croh n g n A - A,

where AO = absorbance in the low-polarity solvent,
A/ = limiting absorbance in the presence of excess ethanol,
A = absorbance in the mixed solvent.

The values of Kf, AG*, n and AE obtained for some compounds are listed in
Table I11. The results indicate that the molecular complex is formed through
a weak intermolecular hydrogen bond and has the stoichiometric ratio 1 : 1.
The value of Kf is dependent on both the solute and the low-polarity solvent
used. This is an accordance with previous observations [13].
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Table 111
Results obtained in mixed organic solvents

Com- AG*, AE,
Solvent system A, nm n log Kf Kt

pound kcal/mole kcal/mole
id QCl4—Ethanol 460 0.70 0.55 3.55 - 0.74 3.58
QCl4-Ethanol 370 0.62 0.17 148 -0.23 3.54
ih CHC13-Ethanol 390 0.66 0.31 2.04 -0.42 2.70
Ic CHCls—Ethanol 385 0.70 0.17 1.48 -0.23 2.54
le Ether-Ethanol 380 0.60 0.50 3.16 -0.67 3.70
Mg Ether-Ethanol 390 0.55 0.45 2.82 -0.61 3.00

(C) Spectra in buffer solutions

The spectra of the compounds with OH-group were studied in buffer
solutions containing 30% (by volume) ethanol. The addition of ethanol was
necessary to increase the solubility of the compounds, permitting the recording
of spectra with measurable absorbance, especially at low pH values, where the
compounds exist as non-ionic species.

The spectra in buffer solutions, represented in Fig. 3, show the normal
behaviour. Solutions of low pH display a band with Amax at shorter wavelengths
corresponding to the absorbance of the non-ionic form. With increasing pH,
the absorbance of the band decreases, while another band is developed at
a longer wavelength. The absorbance of this band is due to absorbtion by
the ionic species, and itattains a more or less constantvalue at high pH. Com-
monly two isosbestic points are observed, within the pH ranges 2— 8 and s —12.
In a few cases the second is not observed, hut the spectra at higher pH deviate
from the isosbestic point observed in the lower pH range. The absorbance vs.
pH curves (Fig. 4) are typical dissociation curves with a small inflection on
the rising part. This denotes that the two protons are dissociated in a step-
wise manner from the solute molecule, leading to two equilibria

H,B H++ HB-
HB- H++ B—

This pH -titration of some compounds revealed that two moles of sodium
hydroxide are consumed in the neutralization reaction. Also, the titration
curve is characterized by two, hut not well defined, inflections. Accordingly,
it can be concluded that the two OH-groups are not simultaneously dissociated.
The stepwise dissociation of the OH-groups indicate that the ionized part can
hinder to some extent the intramolecular charge transfer from the non-ionized
OH-group.
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Fig. 3. Spectra of Ic in buffer solutions

Fig. 4.

The dissociation constants of the compounds were determined applying
the methods discussed previously; in the main they were the following:

(1) Half-height method [14].

12) The limiting absorbance method as modified for stepwise equi-

libria [14].
3) The Colleter [15] method modified for acid-base equilibria
The results obtained are shown in Table 1Y. These values indicate that

{h) has a higher pKathan (c) due to the presence of the donor OCH3s in the
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Table IV

Results obtained in buffer solutions

Com- Non ionic form lonic form Ph\ Pk r

pound Mmax Emax' 10 4 Mmax  %ax Wiov | 2 3 Meam 1 2 3 Mean
Ic 357 4.28 460 3.66 8.75 8.75 8.65 8.72 9.50 9.50 9.45 9.47
ih 395 3.58 490 5.45 8.90 8.92 8.85 8.89 9.80 9.97 9.70 9.82
He 405 4.02 495 5.26 8.60 8.55 8.52 8.56 9.40 9.35 9.45 9.40
Dg 395 3.09 490 3.19 8.95 8.97 9.00 8.98 9.95 9.95 10.05 9.98
Ih 410 4.13 505 5.44 8.60 8.65 8.70 8.65 9.58 9.66 9.70 9.65
Hi 310 4.23 405 4.73 7.60 7.80 7.70 8.75 8.30 8.27

former. Also (g) has a slightly pKavalue than (c), indicating a lower partici-
pation of the 0-OH group inthe intramolecular charge transfer. The presence
of the two acceptor Br atoms in (i) lowers pKato a measurable extent.

(D) Infrared absorption spectra

The infrared spectra of the compounds under investigation were recorded
in the 4000—400 cm~1 region in KBr pellets. The present discussion is pri-
marily concerned with the bands influenced by the molecular structure,
mainly the C= 0 bands (Table Y). The bands corresponding to the OH stretch-

Table V

Solid stated infrared spectral data” for series I and Il

Se-
rigs («) ) M (<0 ) 0) *) w (0 Band assignment

- - 3300 - - - 3450 3400 3420 rOH
1665 1660 1657 1650 1670 1672 1660 1640 1700 vC=0
| 1612 1600 1600 1605 1610 1615 1605 1600 1610 vC=0
1585 1575 1580 1580 1580 1580 1570 1580 1590 vC=C skeletal vibr.
1500 1505 1520 1520 1495 1490 1485 1510 1490 vC=C skeletal vibr.

1450 1450 1450 1450 - 1440 1450 1450 1460 i>C=C skeletal vibr.
— — 3320 - - - 3300 3400 3440 rOH

1686 1683 1680 1675 1690 1650 1650 1690 1660 j>C=0

1635 1625 1630 — 1630 1630 — 1620 1610 vC=C

n 1610 1600 1610 1590 1600 1610 1605 1600 1590 vC=C skeletal vibr.
1500 1510 1520 1520 1480 1490 1490 1520 1480 vC=C skeletal vibr.
1450 1450 1445 1440 1450 1452 1460 1450 1450 vC=C skeletal vibr.

(@) In KBr pellet
(b) Absorption band frequencies, cm*“1
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ing frequency of compounds (c), (h), (g) and (i) are observed within the range
3300— 3450 cm-1. The low values indicates that the OH group is probably
involved in an intermolecular hydrogen bonding. This band will shift to lower
frequencies on going from I, to I,, I, and I..

The band due to the stretching vibration of the C=0 group appears in
the 1700— 1640 and 1690— 1650 cm-1 regions for compounds of the series |
and |1, respectively. For one and the same series, the band is shifted to lower
frequencies as compared with the parent compound when the aromatic system
has an electron donor substituent, and it is shifted to higher frequencies when

ti
Fig. 5. PO (Hammett) plots

the substituent has electron acceptor character. Obviously, the electron
donating groups favour the polarization of the carbonyl group through their
enhancement of the charge transfer from the phenyl ring, while electron
attracting groups oppose this polarization. The spectra of I, and Il, show this
band at 1700 and 1660 cm-1, respectively. The band is thus shifted to a lower
frequency compared with Ig and Ilg, i.e. the compounds without bromine
substituents. This indicates a decreased polarization of the C= 0 band owing
to the influence of the acceptor character of the bromine atoms.

Generally, it can be stated that the position of the carbonyl stretching
frequency band is influenced by the charge transfer from the phenyl ring,
i.e. by the nature ofthe substituent attached to the aromatic system, especially
in the para position. The plots of rC= 0 as a function of a (Hammett constant),
(Fig. 5) show linear relations for each series.

The rC=0 band of llais located at a higher frequency than that of la.
The red shift and the strengthening of the bond is due to the strain in the five-
membered ring. It seems to be part of a general phenomenon which appears
to have its basis in the sp hybridization ratio changes of the carbon a valence
orbitals, with the result that all bonds directly attached to a strained ring
become stronger, whereas the bonds of the ring itself become weaker [16].
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Transformations of three deuterium-labelled diols, viz. [,3-butanediol-[3-2IL]
(1), I,4-pentanediol-[4-2H] (I1) and 3-methyl-2,4-pentanediol-[0,0°-2H2] (HI) have been
studied over Cu/Al and Cu catalysts, at 200 and 205 °C in order to obtain a deeper in-
sight into the mechanism of processes revealed earlier. The mechanism of the main
processes represented by these three diols (dehydration into oxo compounds and oxa-
cycloalkanes containing the same number of carbon atoms as the original diols, as well
as fragmentation) have been elucidated and the importance of metal-catalyzed hydro-
gen transfer processes is demonstrated.

Introduction

Transformations of diols over metal catalysts have been reported in
some of our earlier papers [1—3]. Raney copper (hereafter Cu/Al) induces the
following reactions in various types of diols:

—C—(CHS,
OH OH
<+
- cl—(CHZ),,—c- -C—(CH2),_,— CHS (CH.),,
0 0 N
o=cC

No reaction occurs when n = 0; ifn = 1, oxo compounds as well as fragments
are formed, whereas in the case of n = 2 or 3, dehydration into cyclic ethers
can be observed.

The following suggestions can be put forward with respect to the mecha-
nisms of the above transformations, considering literature data as well as other
evidences.
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Transformation into oxo compounds can be visualized as shown in
Scheme (2) describing the reaction of 1,3-butanediol as an example. A direct
transformation of diols can be assumed via hydrogen migration in a six-
membered, cyclic transition state, with the participation of both hydroxyl
groups:

The formation of oxo compounds can, in principle, be interpreted in
terms of further reactions of various primary products from diols:

IH2—CH.—<H-0Hs3

OH OH

The following three possibilities can be presumed for diol fragmen-
tation:
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CHs
|

CH3—CH-CH-CH-CHs

OH OH

(4)

The formation of cyclic ethers may occur via a four-membered cyclic
intermediate involving the two hydroxyl groups:

JCHO2 (CH2)2 7 -CH,
H2C CH—CHs ' V- H CH ~H*°r \
N H.C CH—CHs
0. [N 04 .O-H
N o
H

At the same time, another transition state is also conceivable, based on
the concepts of saranain

et al. [4]:
jC'Hsh
_HY
H2C CH-CHs H 2¢ C— CHs
OH \)H oH 4)
HA ) 0H 2
ICHs
+H
Hx c |
V. na@ H2cC LCH— CHs ©

The actual probabilities of the various mechanisms will be

discussed
later.

In the present work, we report on a study of the mechanism of the above
three processes by means of deuterated starting substances. The model com-
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pounds were selected so as to ensure the predominance of one of the possible
processes in each case. Thus, the characteristic reaction of 1,3-butanediol-
-[3-2H] is transformation into an oxo compound, that of I,4-pentanediol-[4-2H]
is production of a cyclic ether, whereas 3-methyl-2,4-pentanediol-[0,0’-2H 2]
gives mainly fragments. The interpretation of the mechanisms will be done
considering our previous results, too.

Experimental
Syntheses of model compounds

1,S-butanediol-[3-2H] (I) was synthesized by reacting I-hydroxybutanone-3 with
LiAID4. The product contained 90% of I, as shown by mass spectrometry.

l,4-penianedioZ-[4-2H] (I1) was prepared by reducing I-hydroxy-4-pentanone with
LiAID4. The product contained 90% of Il(determined mass spectrometrically).

3-methyl-2A-pentanediol-[OrO>2i2] (111) was prepared by means of deuterium exchange
between 3-methyl-2,4-pentanediol and D according to Ref. [5]. The product was analyzed
by 1R spectroscopy and contained 85% of IlI.

Ethanol-[0-ZH] was obtained from sodium ethylate and D20 according to Ref. [6].

Methanol-[2H4] was a commercial product (BDH).

Catalysts

The Cu/Al catalyst wes obtained according to Ref. [7], with the following modification.
The fraction of a 1 : 1 Cu -f- Al alloy between grain sizes of 0.63 and 1 mm ws treated with
25% KOH for 24 hrs (ice-cooled initially), then washed free of alkali. Bulk density after drying:
1.8 g cm-3.

g Cu catalyst. The 0.63—1 mm fraction of CuO obtained from “Merck” CuO powder by
pressing, grinding and screening, was reduced by heating in a hydrogen stream of 60 ml min-1
up to 190 °C during 1 hr. The sample was kept at this temperature for 2 hrs, then at 200 °C
for further two hours. This was followed by heating up to 250 °C (heating period 1 hr) and re-
duction for 2 hrs; the same procedure was repeated with 290 °C as the final temperature. The
catalyst was stored in hydrogen after reducing and activated for 2 hrs before use in a hydrogen
stream of 60 ml min-1, at the temperature of the experiment. Bulk density: 2.2 g cm-3.

Procedure

Experiments were carried out in a glass reactor tube at 200 and 205 °C. 12.5 cm3of the
Cu/Al or 7.5 cm3 of the Cu catalyst was placed into the reactor tube under a glass bead layer
serving for evaporation. The temperature was controlled by a temperature regulator and
measured by a thermocouple placed into a 3 mm I.D. pocket in the center of the reactor.
The sensor was placed in at half height of the catalyst layer.

Diols were introduced into the reactor by a glass syringe driven by an electric clock-
work. A feed rate of 2cm3hr-1 of liquid was maintained for the Cu/Al catalyst, whereas this
value was 1.2 cm3hr-1 for the Cu catalyst; these values gave identical space velocities in both
cases (0.16 hr-1). Since, apart from hydrogen, no gaseous products formed, evaluation, identi-
fication and calculation of the composition were carried out on the basis of the liquid products.

Investigation of deuterium exchange was carried out under conditions identical with
those applied for diol reactions (200 °C, 2 ml hr-1 for Cu/Al and 205 °C, 1.2 ml hr-1 for Cu
with both ethanol-[0-2H] and methanol-[2H4] as starting materials). Reactions and sampling
were carried out with the exclusion of air humidity.

The isotopic purity of starting materials was checked by mass spectrometry and IR
spectroscopy; the deuterium content and distribution of products were measured by mass
spectrometry. A FINNIGAN 1015 S/L. GC -~ MS device served for the latter purpose.

In one case, an NMR spectrum was recorded on a JEOL C60 HL spectrometer in order
to determine the position of deuterium in deutero-2-methyltetrahydrofuran.
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Products of catalytic reactions were identified by gas chromatography, using reference
substances. The conditions of chromatography were as follows. Column: 2 m packed with
0.2—0.3 mm Merck Kieselguhr coated with 15% diphenylformamide; carrier gas: hydrogen,
40 cm3min-1; temperature: 65 °C; detector current: 180 mA; apparatus Carlo Erba FRACTO-
YAP Model P. (For Fig. 5: stationary phase CARBOWAX 1500, flow rate 60 cm3 min-1,
t= 80 °C).

Results

First, the activity of the catalyst in deuterium exchange was checked.
Ethanol-[0-2H] was used to study exchange in the O—B group and metha-
nol- [2H 4] exchange in the C-D group.

On the Cu/Al catalyst, ethanol-[0-2H] transformed almost completely
into “light” ethanol; at the same time the C—B bonds of methanol-[2H4]
showed no reaction; consequently, deuterium in the hydroxyl group isexchanged
rapidly over this catalyst, whereas that bonded to of carbon atom is not
reactive. This is obviously due to the fact that part of the aluminium is trans-
formed into A1203 during dissolution of the alloy and remains in the catalyst;
this component brings about deuterium exchange. Consequently, this catalyst
is not suitable for the study of 3-methyl-2,4-pentanediol-[0,0°-2H,] (i.e. the
model substance for fragmentation); this was the reason why we prepared the
other Cu catalyst causing no deuterium exchange in either the C—b or 0D
bonds.

In order to determine the extent of deuterium exchange between the
oxo compounds formed and the alcoholic hydroxyl group, 1 :1 mixture of
methyl ethyl ketone and ethanol-[0-2H] was introduced onto the Cu catalyst
and the deuterium content of methyl ethyl ketone determined. The latter
value was about 10% and the deuterium contents of both alkyl groups were
nearly equal. Since the effects observed during in the reactions were consid-
erably larger than the extent of exchange, the latter was assumed not to
influence significantly the correctness of the conclusions.

The two catalyst types were compared by determining the temperature
dependence of the transformation of 1,3-butanediol on them. Figures 1 and
2 show at lower temperatures both catalysts are very similar, giving practically
identical products in nearly identical amounts, presumably formed via iden-
tical mechanisms. Figure 3 shows the chromatograms of the products from
3-methyl-2,4-pentancdiol formed on both catalysts. The conclusion may he
similar to that drawn before, but fragmentation is even more selective on Cu.
At the same time, no cyclic ether is formed on the Cu catalyst, instead, a lacton
is produced; therefore, this compound could be investigated with respect to
cyclic ether formation on the Cu/Al catalyst (Fig. 4).

The dehydrogenation of primary and secondary alcohols shows about
the same yield over both catalysts at 200 °C; e.g. n-propanol gave about
10—15% of propionakichyde and i-propanol about 50—60% of acetone.
No dehydration could be observed on the Cu catalyst up to 290 °C in contrast
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Fig. 1. Transformation of 1,3-butanediol as a function of the temperature, over Cu and Cu/Al

catalysts (100% conversion in every case).--—--—-—-—- transformation over Cu/Al catalyst,------------

transformation over Cu catalyst; O# products with the same carbon number as the diol;
N Afragmentation products

Fig. 2. Chromatogram of products obtained in the transformation of 1,3-butanediol; a: Cu/Al,
200 °C; b: Cu, 205 °C. 1 acetaldehyde; 2 acetone, 3 ethanol, 4 butyraldehyde, 5 methyl ethyl
ketone, 6 2-butanol, 7 1-butanol

Fig. 3. Chromatogram of products obtained in the transformation of 3-methyl-2,4-pentane-
diol; a: Cu/Al, 200 °C; b: Cu, 205 °C. 1 acetaldehyde, 2 ethanol, 3 methyl ethyl ketone, 4 2-bu-
tanol, 5, 6, 7, 8 unidentified products
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Fig. 4. Chromatogram of products obtained in the transformation of 1,4-pentanediol over a
Cu/Al catalyst, at 200 °C. 2 2-methyltetrahydrofuran, 1 and 3 unidentified products

Fig. 5. Chromatogram of products formed in the reaction of a 1 : 1 mixture of methyl vinyl
ketone and 1-propanol, a: Cu/Al, 200 °C; b: Cu, 205 °C. 1 propionaldehyd, 2 methyl ethyl
ketone, 3 methyl vinyl ketone, 4 1-propanol

3

Fig. 6. Chromatogram of products formed in the reaction of methyl vinyl ketone and 2-pro-
panol (1 : 1 mixture), a: Cu/Al, 200 °C; b: Cu, 205 °C. 1 acetone, 2 2-propanol, 3 methyl ethyl
ketone, 4 methyl vinyl ketone
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with the results of Tetenyi etal. [8] who have found dehydration of secondary
alcohols over a Cu sample prepared similarly, i.e. by reduction of CuO.

The catalysts were observed to behave similarly in hydrogen transfer
processes, too: different catalysts gave identical amounts of methyl ethyl
ketone from methyl vinyl ketone in the presence of 1-propanol and 2-propanol
(Figs. 5 and ).

The results concerning deuterium-labelled compounds are summarized
in Table I.

Discussion

On the basis of our previous [1, 2, 3] and present results, the following
conclusions can be drawn with respect to the alternative mechanisms described
in the Introduction.

Mechanism of oxocompound formation

W ith reference to Scheme (3), isomerization of the unsaturated alcohol
(a) and dehydrogenation of the saturated alcohol (d) are rapid but the forma-
tion of these compounds is very slow, because the elimination of the primary
hydroxyl group and its hydrogenolysis are both very slow. Thus, the highest
overall probability can be attributed to process b, i.e. 1,3-rearrangement via
a cyclic ether or a cyclic-ether-like transition state, as well as to reaction c,
provided that the hydroxyoxo compound formed is consumed in a reaction
whose activation energy is lower than that of the hydrogenolysis of the hydro-
xyl group, which is a slow process.

Both catalysts produced unlabelled methyl ethyl ketone but almost
completely deuterated butyraldehyde; thus it can be concluded that process ¢
is actually more likely to take place than process b. Had the reaction involved
a cyclic ether as an intermediate, both compounds should have been labelled,
since they would have formed via intramolecular deuterium transfer from the
cyclic ether.

Consequently, the first step of the process is dehydrogenation, producing
an unstable /i-hydroxyoxo compound, which undergoes thermal decompo-
sition, giving an unsaturated oxo compound by water elimination. This,
in turn, gives an aldehyde or ketone in hydrogen transfer processes with the
participation of the unreacted diol:

CH3—CD—CH2—t f Il:* - CH2CIl)=CH—d f — CHj—CDH—CH2— "
H L\ H H
ch3 cd- ch2 ch2
- H>
OH OH (—+HD)
CH3—0—CH2CH?2 CHj-C —CH=C1 0H.3—C— CH,—CHs3
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The primary step of the sequence — i.e. diol dehydrogenation — is
initially a purely catalytic reaction, but, as it can be concluded from the facts
mentioned, during further stages also unsaturated oxo compounds acquire
some role, and saturated oxocompounds can be transformed into alcohols via
hydrogen transfer. With respect to the last step, it is well known from the
literature that a,/3-unsaturated aldehydes can be converted into saturated
aldehydes in the presence ofalcohols over copper catalysts [9]. The mechanism
of the process has been confirmed recently by an isotope technique in
connection with the isomerization of unsaturated alcohols [10].

Other pieces of evidences in support of the above mechanism are as
follows:

(i) the catalytic conversion of an equimolar mixture of methyl vinyl
ketone and 1,3-butanediol gives 100% methyl ethyl ketone;

(ii) methyl vinyl ketone gives methyl ethyl ketone in the presence of
both primary and secondary alcohols with simultaneous dehydrogenation of
the alcohol;

(iii) when 1,3-butanediol is reacted at high space velocities, 1-hydroxy-
-3-butanone as well as methyl vinyl ketone are found among the products [2];

(iv) the ratio of the two oxo compounds formed is in good agreement
with different reactivities of the two diol hydroxyl groups in the first step,
i.e. dehydrogenation;

(v) this mechanism offers an explanation for the phenomenon that
very low conversions can be observed for transformations of 1,2-diols — except
for pinacoline — over metal catalysts [1]. Dehydrogenation of these diols
gives a-hydroxyoxo compounds, the water elimination of which is much slower
than that of the /1-hydroxyoxo compounds produced from 1,3-diols.

The copper catalysts studied participate in the first and third step of the
dehydration of diols into oxo compounds, i.e. in the dehydrogenation and
hydrogen transfer processes, whereas, the dehydration step itself occurs
— according to our opinion — without participation of the copper catalyst.

Mechanism of fragmentation

Of the mechanisms put forward in Scheme (4), process a, i.e. dealdoliza-
tion of the O-hydroxyoxo intermediate can be regarded as the most likely
explanation for fragmentation on the basis of our experiments. Process b has
a low probability over copper since at temperatures similar to those in our
experiments, no chemisorbed hydrogen should be present on copper [11].

The product composition observed is against mechanisms b and c. These
latter processes should lead to 2-butanol and acetaldehyde; at the same time,
nearly equal amounts of acetaldehyde and ethanol have been found, with only
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traces of 2-butanol. Under the conditions applied, 2-butanol is dehydrogenated
into methyl ethyl ketone with a conversion of about 50—60%, therefore,
the ketone obviously cannot be formed via this route, neither can the presence
of ethanol be explained by these mechanisms. Dealdolization cannot be respon-
sible for ethanol formation either, indicating that even if the process involves
a /9-hydroxyoxo compound as an intermediate, the products must participate
in secondary processes.

Based on experiments with 3-methyl-2,4-pentanediol-[0,0°]-2H 2], as
well as on other observations, the following pathway can be suggested for
fragmentation:

CH, CH3

;0
-CHa CH3CCH,CH3+ CH 3 (8)

L %) H

oD oD OoDO

The first step is dehydrogenation into a /S-hydroxyoxo compound, simi-
larly to the transformation leading to the oxo compound. The subsequent
reaction of this compound is the reverse process of aldolization (dealdolization),
giving two oxo compounds. The detailed mechanism of this process still remains
unknown, therefore, it is not clear how deuterium enters into the methyl ethyl
ketone molecule. It is unlikely that deuterium in the hydroxyoxo compound
could jump over to the neighbouring carbon atom, simultaneously with C—€
bond fission. It would be more likely that H and D atoms produced on the
catalyst surface during dehydrogenation participate in the process or, even-
tually, deuterium transfer from another diol molecule takes place.

The two oxo compounds produced may react with the diol in hydrogen
transfer processes giving the corresponding alcohol.

Thus, it has been proved that the primary step ofboth the transformation
into on oxo compound and the fragmentation involve the formation of a /1-hyd-
roxyoxo intermediate. The subsequent reaction is determined by the structure
and reactivity of this intermediate. In cases when water elimination from the
hydroxyoxo compound is hindered by the presence of substituents (in all prob-
ability, it is a thermal cis-elimination), the process manifests itself as dealdo-
lization leading to two oxo compounds.

Mechanism of formation of cyclic ethers

Experiments have shown that the product formed from 1,4-pentane-
diol-[4-2H] over the Cu/Al catalyst contains both deuterated and unlabelled
2-methyltetrahydrofuran; on this basis, one could conclude that both mecha-
nisms suggested are actually involved in the cyclization into cyclic ethers
(process (5) gives a deuterated, whereas process (6) an unlabelled product).
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The fact, however, that I-pentanol-4-one does not give a cyclic ether either
with a primary or a secondary alcohol as hydrogen donor, contradicts this
hypothesis and indicates that mechanism (s) is not likely. The lower deuterium
content can be explained in terms of deuterium exchange of the product,
supported also by the formation of two types of labelled ethers: in addition
to 50% of 2-methyltetrahydrofuran-[2-2H], 20% of methyl-deuterated cyclic
ether has also been produced. At the same time, the elimination of deuterium
in the following process observed with other diols is also possible, leading to
unlabelled diol in the carbon chain:

CH2CH2CH2CCH3 + CH,CH2CH2CDCH3 CH2CH2CH,CHCH3
©)
OH O OH OH OH oD
*

The authors wish to express their gratitude to Dr. Istvan Szitagyi for kindly perform-
ing and evaluating the mass spectrometric measurements.
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NONAACETATE

SYNTHESIS OF THE CARBOHYDRATE COMPONENT OF
RHAMNAZIN-3-0-TRIOSIDE
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A robinobiose derivate (3) was synthesized by way of condensation of 1,2,3,4-
di-O-isopropylidene-a-D-galactopyranose (1) with 2,3,4-tri-O-acetyl-cc-L-rhamnopyra-
nosyl bromide (2) in benzene :nitromethane (1 : 1) solution, in the presence of Hg(CN)2
The disaccharide was characterized as the crystalline robinobiose heptaacetate (5). The
product (3) of the first condensation was deacetylated by Zemplen’s method allowed
to react with acetone to give 6. The second condensation of 6 with 2 resulted in the pro-
tected trisaccharide derivate (7). The title compound (8) was obtained via deacetylation
and hydrolysis of 7 followed by acetylation.

From the fruit of Rhamnus petiolaris (Bois) Wagner et al. [1] isolated
two flavone glycosides. One of these glycosides is a rhamnazin-3-0-trioside
which — on the basis of chemical and spectroscopic evidence — proved to
be rhamnazin-3-0-[a-L-rhamnopyranosyl-(I —*4)-a-L-rhamnopyranosyl-(I —a
— 6)]-*3-D-galactopyranoside. The trisaccharide was called rhamninose. Gly-
cosides of this trisaccharide were also found in the fruit of Rhamnus tinctoria
and Rhamnus infectorius L. (xanthorhamnine) [2] and Rhamnus catharticus L.
(catharticine) [3]. The structures of xanthorhamnine and catharticine were
studied by Schmidt et al. [4], and on the basis of mass spectrometric investi-
gations they postulated two alternative structures for rhamninose, namely,
0-a-L-rhamnopyranosyl-(I —4)-0-a-L-rhamnopyranosyl-(l —m6)-D-galactose or
0-a-L-rhamnopyranosyl-(I —»5)-0-a-L-rhamnofuranosyl-(I —» 6)-D-galactose.
The isolation of robinobiose (0-a-L-rhamnopyranosyl-(I —6)-D-galactose) as
a partial hydrolysis product of the rhamnazion-3-O-trioside seemed to make
sure that rhamninose is 0-a-L-rhamnopyranosyl-(I —»4)-0-a-L-rhamnopyra-
nosyl-(I —6)-D-galactose.

The subject of our recent work was the proof of the structure of this tri-
saccharide by synthesis. For that purpose it was necessary to prepare a suitable
protected derivate of robinobiose as the starting material of the synthesis.

The first synthesis of robinobiose, reported by Zempltén et al. [5], did
not provide a suitable starting compound for the synthesis of the trisaccharide,
as it seemed impossible to obtain aproduct with selective protection containing
free hydroxyl group only at the Csposition of the rhamnose moiety.
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Thus the choice fell on 1,2;3,4-di-0-isopropylidene-a-D-galactopyranose
(1) [6]1 which was made to react with acetobromorhamnose (2) [7] in a mixture
of benzene and nitromethane (¢ :1), in the presence of Hg(CN)2 catalyst.
Traces of the starting materials and the decomposition products of 2 were
removed by short-column chromatography [8] and the disaccharide (3) was
obtained in a yield of 76%.

The IR and NMR spectra of 3 unequivocally support the expected struc-
ture; the Cj-proton of the galactose moiety appears with a chemical shift of
b = 552 ppm and with a coupling constant ofJ = 5 Hz, indicating its quasi-
equatorial position (in 4C1 (D) conformation) in the tricyclic ring system. At the
same time, according to the data of the chemical shift (b = 4.56 ppm) and
the coupling constant (J = 1.5 Hz) of the Cr proton of the rhamnose moiety,
the position of this proton must also be equatorial in the 4CX(L) conformation.
A similar synthesis of 3, under diverse reaction conditions, was previously
reported by Japanese authors [9] in 38% vyield, but the compound was not
fully characterized.

By saponification of 3 using Zemplén’s method, 4 was obtained, which
contained free hydroxyl groups only in the rhamnose moiety, all the hydroxyl
groups of the galactose moiety being protected. The structure of 4 was also
supported by its IR spectrum. On the hydrolysis of 4 with 50% acetic acid
free rohinobiose was obtained, which was acetylated without isolation by
means of acetic anhydride in pyridine to yield the know rohinobiose hepta-
acetate (5).

The reaction of 4 with abs. acetone in the presence of sulphuric acid gave
1,2;3,4;2°,3’-tri-0-isopropylidenerobinobiose (6). The analysis of the gas chro-
matogram [11] of the alditol acetate mixture — obtained by methylation of 6
using Kuhn’s method [10], followed by acid hydrolysis, reduction with NaBH 4
and subsequent acetylation — showed only the presence of 4-O-methylrham-
nitol besides galactitol. Deacetylation of 5 followed by treatment with ace-
tone— sulphuric acid gave also 6. The reaction of 6 with 2 in a mixture of
benzene—itromethane (1 : 1) in the presence of Hg(CN)2 catalyst resulted in 7
in a yield of 62%. The crude 7 was purified by short-column chromatography
to obtain the pure product as a white amorphous powder.

In the case of 7 the anomeric configuration of the interglycosidic bond
between the two rhamnose moieties was questionable. Calculations based on
the optical activity made the k-L-configuration probable, which structure was
then unequivocally supported by the NMR spectrum of 7. The signals of
the three anomeric protons appeared with the following chemical shifts and
coupling constants: b= 558 ppm (J = 5 Hz); b= 501 ppm (J = 15 Hz)
and b= 4.63 ppm (J = 1.5 Hz).

Compound 7 was deacetylated by zempi1en’s method and the isopropyli-
dene groups were hydrolyzed with 50% acetic acid. The free trisaccharide
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obtained after evaporation of the hydrolyzate was acetylated with pyridine-
acetic anhydride mixture to give the nonaacetate (8), which was isolated in
crystalline form from 70% aqueous ethanol.

Experimental

M. p.’s were determined on a Kofler hot-stage apparatus and are uncorrected. Optical
rotations were measured with a Polamat (Zeiss) automatic photoelectric polariméter. NMR
spectra were recorded on a Jeol MH-100 (100 MHz) instrument using TMS as internal standard.
1R spectra were obtained with a Perkin—Elmer instrument, Model 700, in KBr discs.

1,2;3,4-Di-0-isopropyliilene-6-0-(2,3.4-tri-0-aeetyl-a-L-rliamnopyranosyl)-a-D-
galactopyranose (3)

1,2;3,4-Di-0-isopropylidene-a-D-galactopyranose (5.20 g; 0.02 moles) (1) [6]and
Hg(CN)2(5.10 g; 0.022 moles) were dissolved in a mixture of abs. benzene (70 ml) and nitro-
methane (70 ml) and the solution was concentrated at atmospheric pressure to about 60 ml.
After cooling to 45 °C, 7.13 g (0.022 moles) of a-acetobromo-L-rhamnose (2) [7] was added,
and the mixture was stirred in the absence of moisture. After 2 hrs TLC indicated the dis-
appearance of the starting compounds. The mercury salts which precipitated were filtered off
and the filtrate evaporated in vacuum. The residue was dissolved in chloroform (250 ml),
filtered again and successively washed with 5% K1 solution (5 x 20 ml) and water (3 x 100 ml).
The neutral solution was dried over Na2S04and evaporated to dryness. The syrupy residue was
purified by short-column chromatography on Kieselgel G (350 g) with 9 : 1 benzene-methanol
as the eluant, to give a syrupy product which solidified to an amorphous mass after standing
a few days (8.16 g; 76.6%). [aj™ —93.2° (c = 0.81, chloroform). Rf 0.60 (benzene-methanol,

9:1> MR (in CDC13): 6 = 5.52 ppm (d, 1 H, Ct-H,J = 5 Hz); 5.35—3.50 (m, 10 H, skeleton
protons); 4.56 (d, 1H, CrH, J = 15 Hz); 2.15, 2.08, 1.99 (ss, 9 H, 3 Ac); 1.58 1.14 (m, 15 H,
2 C(CH3>and 1 CH3.

CNH3013 (532.5). Calecd. C 54.12; 1l 6.81. Found C 55.10: H 7.02%.

1,2;3,4-Di-0-isopropylidene-6-0(cc-L-rhaimiopyranosyl)-a-D-galactopyranose (4)

A solution of 3 (0.50 g) in abs, methanol (20 ml) was deacetylated with 0.5 ml of 0.1 M
NaOCH3. After standing for 24 hrs at room temperature, the reaction mixture was neutralized
with Dowex 50 (H+) ion exchange resin, filtered and evaporated to give 0.32 g (84.2%) of
syrupy 4, which solidified to a pulverizable amorphous glassy product, [ajp —70.5° (c = 1.39,
pyridine). Rf 0.08 (benzene-methanol, 9 : 1).

CisHs0°io (406.4). Calcd. C 53.19; H 7.44. Found C 53.90; H 7.60%.

Robinobiose heptaacetate (5)

Compound 4 (0.50 g) was dissolved in 50% aqueous acetic acid (25 ml) and heated at
85 °C (bath temperature) until the complete hydrolysis of the isopropylidene groups was at-
tained. As checked by TLC (benzene-methanol, 9 : 1), the hydrolysis was complete after
6 hrs. The reaction mixture was evaporated in vacuum and the traces of water were removed
by repeated addition and distillation of abs. benzene (5x 20 ml). After drying over P25, the
hydrolyzate was acetylated with a mixture of acetic anhydride (5 ml) and pyridine (5 ml) at
room temperature for 24 hrs. The mixture was then evaporated to 3—4 ml, poured into crushed
ice (25 g) and the product crystallized from 75% aqueous ethanol. The yield of the microcrystal-
line acetate was 0.70 g (92.1%), m. p. 80—82 °C (lit. [9] m. p. 84.5—85 °C); [a]8 —8.9° (c =
= 0.9, chloroform). Rf 0.50 (benzene-methanol, 9 : 1).
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1,2;3,4-Di-0-isopropylicleiie-6-0-(2,3-0-isopropylidene-a-L-rhamnopyranosyl)a-D-
galactopyranose (6)

Compound 4 (2.70 g) was dissolved in 90 ml of abs. acetone containing 0.27 ml of cone,
sulphuric acid. After shaking for 2hrs, the reaction became nearly complete (*80%, as shown
by TLC) and this ratio did not alter even on further shaking for 1 hr. The mixture was then
neutralized with cone. NH4OH, filtered and evaporated. The residue was dissolved in chloro-
form (100 ml) and then unreacted 4 was removed by extraction with water (3x20 ml). The
organic layer was dried over CaCl2and evaporated to obtain 1.87 g (63.1%) of chromatographic-
ally homogeneous, pulverizable, glassy 6: [a]D —80.6° (c = 0.64, chloroform). Rf 0.34 (ben-
zene-methanol, 9 : 1)

C2IH 3010 (446.5). Calcd. C 56.48; H 7.67. Found C 57.40; H 7.82%.

50 mg of 6 was methylated with methyl iodide (0.1 ml) and Ag20 (0.1 g) according to
Kuhn’s procedure. The thin-layer chromatographically homogeneous syrup obtained after the
methylation (Rj 0.52, benzene-methanol, 9 : 1) was directly hydrolyzed with 0.5 M H2S04
(2 ml) at 100 °C for 6 hrs. After dilution with water (5 ml) the reaction mixture was neutralized
with BaCO03 and evaporated. The hydrolyzate contained an equimolar amount of D-galactose
and 4-O-methyl-L-rhamnose (PC solvent: n-butanol-ethanol-water, 5:1:4, RTmg 0.07 (ga-
lactose), 0.56 (4-O-methyl-L-rhamnose)).

10 mg of the hydrolyzate was reduced with NaBH, (30 mg) in water (2 ml) by letting
the mixture to stand overnight. It was then neutralized with acetic acid and re-evaporated with
methanol. The residue was acetylated with acetic anhydride (0.5 ml) and pyridine (0.5 ml) for
15 min at 100 °C. The alditol acetates formed were directly injected to a GC apparatus (Rj>
8.2 min (4-O-methyl-L-rhamnitol), 44.6 min (galactitol)). The standard 4-O-methyl-L-rhamnose
was prepared according to [12].

1,2,;3,4-Di-0-isopropylidene-6-0-[2,3-0-isopropylidene-4-0-(2,3,4-tri-0-acetyl-a-L-
rliamnopyranosyl)-a-L-rhamiiopyranosyl] -a-D-galactopyranose (7)

Compound 6 (1.80 g; 4 « 10“3 moles) was dissolved in a mixture of benzene (50 ml
and nitromethane (50 ml), and the solution was concentrated at atmospheric pressure to 35—
40 ml. After cooling to 45 °C, Hg(CN)2(1.23 g; 4.2 « 10“ 3moles) and a-acetobromo-L-rhamnose
(2) (1.48 g; 4.2 « 103 moles) were added and resulting mixture was stirred for 8 hrs until the
starting material disappeared. The reaction mixture was then cooled, filtered and evaporated.
The residue was dissolved in chloroform, filtered, the filtrate was successively washed with
5% K1 solution (3x30 ml) and water (4x20 ml), dried (CaCl2) and evaporated to dryness.
The syrupy 7 was purified by short-column chromatography on Kieselgel G (solvent system :
benzene-methanol, 9:1). 1.78 g (61.5%) of amorphous 7 was obtained, [aJg —94.5° (c =
= 1.85, chloroform). Rj 0.66 (benzene-methanol. 9 : 1).

NMR (in CDC13: 6 = 552 ppm (d, 1 H. C-H, J «< 49 Hz); 5.40-3.40 (m, 16 H,
2 anomeric and 14 skeleton protons); 2.16, 2.07, 1.98 (ss, 9 H, 3 Ac); 1.60—1.12 (m, 24 H,
3 C(CH32 and 2 CH3.
C3BH6D 17(718.7). Caled. C 55.14; H 701. Found C 55.82; H 6.83%.

4-0-[2,3,4-Tri-0-acetyl-a-L-rhamnopyranosyl] -(1->4)-[2,3-di-0-acetyl-a-L-
rhamnopyranosyl]-(1 “m6)-1,2,3,4-tetra-0-acetyl-D-galactopyranose (8)

Compound 7 (1.26 g) was dissolved in 20 ml of abs. methanol and deacetylated with
1M NaOCHS3 solution (0.2 ml). The reaction mixture was neutralized, evaporated, and the
residue (By 0.46, benzene-methanol, 8 :2) was hydrolyzed with 50% aqueous acetic acid
(30 ml) at 80 °C for 36 hrs. The product obtained after the concentration of the hydrolyzate
was dried and acetylated with acetic anhydride (5 ml) in pyridine (5 ml) at room temperature.
The solution was poured into ice-water and the solid product which precipitated was crystal-
lized from 70% aqueous ethanol to give 1.35 g (90.6%) of 8, m. p. 82—84 °C. [a][) —30.5°
(c = 0.59. chloroform). Rf 0.40 (benzene-methanol, 9 : 1).

C3H50023 (850.8). Calcd. C 50.82; H 5.92. Found C 51.20; H 6.10%.
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Advances in Polymer Science

(Fortschritte der Hochpolymeren Forschung) Yol. 17

Springer Verlag, Berlin—Heidelberg—New York 1975, 103 pages

The volume contains the following review articles:

A. Casale—R. S. Porter: Mechanical synthesis of block and graft copolymers.

The paper of 71 pages is written in English. It contains 32 figures, 23 tables and 113
references.

Block and graft copolymers are manufactured and used today already on an industrial
scale. In their preparation, the properties of the starting polymers can be modified within wide
limits. One of the methods for their preparation is the mechanochemical approach. Concern-
ing the mechanochemistry of polymers, several excellent monographs have been published,
so that the authors of the present paper do not discuss the subject on the basis of the equip-
ment used, but primarily on the basis of the physical state of the starting polymer. Thus, the
preparation of block and graft copolymers by the mechanochemical route from solid polymer,
polymer in rubber-elastic state, molten polymer and polymer in solution is described.

The survey is based primarily on the works of Baramboin and his school, and
Simionescu and his school. Therefore, more than half (56.6%) of the references concerns the
work of Soviet and Rumanian authors.

The material compiled is fairly known and rather old, which is indicated also by the
fact that 69 references from before 1965, 34 papers cited were published between 1965 and
1969, and only 10 in 1970 or later.

The authors often use as source the first English edition of the book of Baramboin
(published in 1964, see: references [11]) though a second edition (in Russian) is also known
since 1971.

It would have been more useful to survey the development in this field on the basis
of publication appearing after 1970 and embracing an as wide as possible domain.

As concerns the lucidity of the compilation, its usability is made difficult and its value
diminished by the inconsequent use of symbols (polymethyl methacrylate: PMMA or PMM.
methyl methacrylate: MMA or MAM, acrylonitrile: AN or ACN, ethylene diamine: ED or
ETDA, etc.), incomplete figures (Fig. 1: horizontal axis missing of dimension, Fig. 8: arbitrary
curves, Fig. 15: PMM. Figs 27 and 28: incorrect coordinate indication, Fig. 31: arbitrary
drawing of the curve, etc.), inexact formulas and citations (among the references, 15 were
observed to be inexact or faulty).

The paper contains many missprints. These could have been eliminated by more
careful proof reading.

W. H. Sharkey: Polymerization through the carbon-sulfur double bond.

The paper of 31 pages is written in English. It contains 4 tables and 70 references.

The survey gives a clear picture on the preparation of compounds containing C-S group,
liable to polymerization, and on their polymerization. Primarily, the following compounds
are discussed: thioformaldehyde, thioacetophenone, 1-thioacyl aziridines, further thiocarbonyl
fluoride, perfluorated thioacid halides and perfluoro thioketones. Among these compounds,
polythioformaldehyde seemed to be promising, owing to its high melting point and crystal-
linity, but similarly to the other H-containing derivatives with substantially lower melting
points, its stability is poor. Therefore, it is not used in practice. Fluorine-containing polymers
are rubber-elastic. Since they possess a series of valuable properties, the present research is
aimed at the preparation of a product, in which the disadvantageous properties (trend for
recrystallization, etc.) are eliminated.

With the exception of a few missprints and inaccuracies (e.g. references 22 and 23
in the list of references are nowhere mentioned in the text, etc.), the paper gives a useful sum-
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wary evaluation on the present state of our polymer chemical knowledge concerning thio-
carbonyl compounds.

Beginning with the present Volume 17, the Publisher changed (enlarged) somewhat
the format of the volume, owing to financial reasons. At the same time, to facilitate an easy
survey, a cumulative author index of the volumes published so far (1—17) has been added to
this volume.

I. Géczy

Topics in Current Chemistry, Vol. 57. Cyclic Compounds

Springer-Verlag, Berlin, Heidelberg, New York, 1975, 143 pages

The volume contains two monographs.

The first part is Structure and Reactivity of Cyclopropenones and Triafulvenes by
T. Eicher and J. L. W eber. Research into the macrocyclics, which is of increasing importance
from both theoretical and preparative aspects, dates back barely more than ten years. As this
excellent review shows, however, this short past has revealed many interesting features. After
a brief introduction, the work (109 pages) discusses the chemistry of the cyclopropenones and
triafulvenes in four chapters. These deal with the syntheses, structural and electron-
structural characteristics, spectroscopic (UV, IR and NMR) and mass-spectro scopic investi-
gations, and finally with their high reactivities. This illustrative and well-constructed work
includes ample literature references (303).

The second review of the volume is The Higher Annulenones by M. V. sargent and T. M.
Cresp. It deals with the structures of completely conjugated inonocarbocyclic ketones, cyclic
compounds the necessarily containing odd numbers of carbon atoms (4n 3, n= 2
4n4-1,n=3;4n+ 3,n= 3;4n L n = 4;4n - 1, n = 5), and annulenediones, and with
studies of the diatropic and atropic properties of the rings, mainly based on NMR spectroscopy,
together with the synthetic availability of the compounds (32 pages, 64 references). This va-
luable review demonstrates that numerous questions remain to be solved in this field.

Both parts of the volume comprise worthy contributions to this high-quality series.
It is particularly praiseworthy that both monographs refer to publications appearing up to the
middle of 1974. This volume is invaluable for both the organic chemist and the spec-
troscopist.

K. Hideg

G. W. Gibson: Mastering Chemistry

W. B. Saunders Co., Philadelphia, London, Toronto, 1975, 468 pages

The noun is a collection of general chemical examples, containing more than 1000 ex
amples in 20 chapters. The solution is given for every example, and in many cases the results
are supplemented by a few words of explanation. The subject matter of the book embraces
virtually the whole of general chemistry: it contains an abundance of examples for every topic,
starting from the atom and proceeding via thermodynamics and solutions to complex ions and
the various equilibria.

In the first two chapters one can find examples connected with the use of numbers
and equations: after examples dealing with logarithms, powers, the normal forms of numbers,
roots, etc., problems are given relating to the interconversion of various units and to the ac-
curacy of data. The problems involving the accuracy of the starting data and the calculated
results are particularly valuable. The chapter dealing with the atom contains examples con-
nected with the elementary particles and electron configurations. The chapter on compounds
deals with ionic and covalent bonds, the valence bond and molecular orbital theories, the geo-
metries of molecules, hybridization, and terminology. This is the longest chapter of the book.
The topics in chapter 5 are atomic weight, molecular weight, the concept of mole and chemical
formulas. Chapter 6 contains problems connected with chemical equations and stoichiometry.
The subsequent chapter features thermochemical equations and the calculation of reaction
heats, followed by two chapters with problems on the first and second laws of thermodynamics.
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Chapter 10 contains examples connected with the gas law. In chapter 11 we find problems re-
latirg to the heats of vaporization and boiling points of liquids, and the bonding forces in
liquids. Chapter 12 discusses the solid state, and phase diagrams and changes of state feature
among the problems. The chapter on solutions deals with the different concentration units,
their interconversion, and the laws of dilute solutions. The chapter on reaction kinetics contains
examples on reaction rates and rate constants. The subsequent chapters provide examples
dealing with equilibria of gases, the solubility product, chemical equilibria of acids and bases,
and pH calculations. The topics of chapter 18 include electrochemical redox processes, electrode
potentials, galvanic cells, electromotive force, and electrolysis. Chapter 19 contains examples
connected with complex ions. The theme of the final chapter is organic substances: 85 exam-
ples deal with organic processes, various reactions, isomerism, and nomenclature. The book
Is supplemented by an 8-page index.

To summarize, it may be stated that the book uses examples to treat most areas of ge-
neral chemistry in a well surveyable form. In every chapter numerous problems are to be found
which are provided with detailed explanations, while the processes of solving the problems are
also described.

J. Nagt

Henry M. Drew: Metal-based Lubricant Compositions

The book of H. M. brew on metal based lubricant compositions has been published
in 1975 by Noyes Data Corp. in NewrJersey and London. The book treats over 349 pages the
relevant U. S. patent literature of recent times. The number of patents discussed is 257, begin-
ning with registration number 3.265.621 and closing with number 3.853.772. The book contains
309 tables and 2 figures.

The selection of themes is based on the more important additive groups of lubricants,
comprising the organometallic compounds and the metal soaps of organic acids.

The substances are discussed in three principal groups. The first group contains the
metal based additives of lubricating oils, the second of cutting liquids, and the third of lubricat-
ing greases.

Among the lubricating oil additives, the metal phenates, sulphonates and carboxylates,
and within these, mainly the calcium, magnesium and zinc derivatives are discussed. It is
actually difficult to class the other groups of the lubricating oil additives discussed within the
subject matter of the book, because their important part essentially does not contain a metal
ion. This chapter deals with the succinimide derivatives, i.e. with the ash-free dispersant addi-
tives on nitrogen basis. For the sake of completeness, the so called low-ash dispersant additives,
e.g. certain barium, calcium and zinc derivatives are also classed into this group.

In the third group of lubricating oil additives, oxidation and corrosion inhibitors, used
primarily as additives of motor ails, first of all phosphorus and sulphur containing substances,
such as zinc dialkyl dithiophosphoric acid derivatives and related compounds are discussed.
Aluminium and lithium derivatives are also treated in this part, and surprisingly, ferrocene
derivatives are also classed into this group.

The next part of the main chapter dealing with lubricating oils describes rather different
products, e.g. copper powder, lead, zinc and nickel salts, further heat-carrying liquids, such as
germano siloxane polymers and related compounds, which actually do not belong to the group
of lubricants.

Finally, extreme pressure (EP) additives of lubricating oils are discussed. Among these,
molybdenum derivatives are described, out of which molybdenum dithiophosphates and mo-
lybdenum naphthenates are novelties worth of attention. Novel types of lead compounds,
considered already as classical, thus e.g. lead thiosulfates, further recent trends of developments
in the field of the similarly classical zinc compounds are discussed. New types of EP additives
of fundamental interest are gold salts, antimony salts, titanium complexes, but also such simple
compounds as calcium nitrate, further alkali borate dispersions.

A separate chapter deals with the auxiliary substances of metal working. These are not
grouped according to the type of the additive, but according to the character of the working
process. Auxiliaries of metal working, cutting oils, forging lubricants and lubricants of con-
tinuous casting, quenching oils, hydraulic liquids, elastomer inhibitors, emulsion inhibitors
are discussed here, further a few solid lubricants, which again do not fit closely in the topics of
the book, e.g. sodium fluoride-graphite mixtures, boron nitride-sulfur mixtures, the mixtures
of metal fluorides and aluminium phosphates, etc.
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The third main chapter of the book discusses lubricating greases grouped according to
the base. Primarily, the most widely used lubricating greases, lithium based greases are dis-
cussed, and as contrary to customary practice, here the gel forming component of the grease,
soap, is also considered as additive. Thus, the process of lubricating grease manufacture proper
is also discussed. Next, the additives increasing the film strength of lithium based greases are
discussed, and the corrosion inhibitors of lithium based greases.

In accordance with their importance, the other types of lubricating greases are dealt
with briefly. This involves aluminium and calcium based greases, and recent results achieved
in the field of sodium based greases, on the way of becoming obsolate. This is followed by the
description of development work concerning lubricating greases jellyfied with various gel
formers, such as bentonite, polymers and similar substances. The main chapter on lubricating
greases closes with the description of silicone greases, synthetic lubricating greases containing
ester oil, and certain lubricating greases containing synthetic oils of other type.

This brief description of the contents of the book shows that the selection of the topics
of the hook is more or less arbitrary, but it is based anyway on a tribological concept. Accord-
ingly, basic knowledge can hardly be gained from the book, moreover, the author assumes that
the reader is already well versed in this field. The purpose of the book is to acquaint the reader
with the newest pertinent patent literature, since, according to the opinion of the author, this
is the largest and all-embracing collection of technical-scientific literature in the world. In this
literature, more practical information is collected, than in all the other sources. In general,
his information is not taken into consideration and missed by those, who rely only on literature
in journals, though a precondition of the publication of this type of information is the very
fact to contain something new. Therefore, patent literature is never of summarizing or repe-
titive character. Moreover, patent literature always gives very good ideas for the starting of
further research.

In addition to the above considerations of the author, it has to be established that orien-
tation in patent literatur is actually circumstantial, strenuous, time-consuming and difficult.
Therefore, a periodic treatment of patent literature according to subject, facilitating greatly
the information of those interested in the single topics, must be approved of. This is the chief
merit of the book.

At the same time, both author and reader must be aware of the fact that an information
source of this type becomes most quickly obsolete, because the predominant part of technical-
scientific principles is more or less durable, while technical skill, i.e. practical technical know-
ledge becomes today very quickly obsolete. Thus, reviews of this kind furnish information of
merit for 5, but at the most for 10 years.

Conform to several books published in the USA literature, a characteristic feature of
the book is that it is not critical and does not take a stand. Patents of different importance are
discussed and considered at equal length and without a critical comment on their true utility.
However, an important advantage of the book, as compared to other similar works is that it
gives a summary picture on the state of art in the discussion of the single patent groups, and
ranges new knowledge within this frame.

A further limiting factor of the book is perhaps that it deals exclusively with U. S
patent literature, and limits thereby the usability of the hook, particularly for Europeans,
to a certain degree.

In summary, the book gives valuable technical information, without a claim to critical
evaluation or fundamental scientific consideration, mainly for practical specialists, interested
in process technology and application techniques.

E. Vamos

International Revieiv of Science, Inorganic Chemistry, Series Two,
Volume 4. Organometallie Derivatives of the Basic Group Elements

Edited by B. J. Aylett, Westfield College, University of London. Buttetworths. London, Uni-
versity Park Press Baltimore

The book is one of the complementary volumes of the series Inorganic Chemistry Series
One, consisting of eleven volumes, terminated in 1972. The purpose of the volume is to give
a review and a survey for universities and researchers on the results attained in organo-ele-
ment chemistry in the period 1971—72.
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The aim of the authors was to report those new7results of the organic compounds of
elements belonging to the main groups of the periodic system, which are of importance from
the point of view of preparative chemistry, spectroscopy and molecular structure.

The book consists of eleven chapters. The chapters were written by world-wide known
experts of the corresponding fields of organo-element chemistry.

The first chapter deals with the chemistry of organo-alkali metals. It describes primarily
the preparation and use of organolithium compounds. A separate part covers spectroscopical
studies. The possible reactions of various organic compounds with lithium and the further
usability of the compounds formed are described in detail. Of particular interest is the de-
scription of organo-element compounds containing also lithium. Special attention is paid to
the reactions of organolithium compounds and derivatives of the elements of the IV main
group. The discussion of the organolithium compounds of transition metals is also noteworthy.

The second chapter deals with the organoboron compounds and their chemistry. A gen-
eral description of organohydroborans and organohalogenborans is given and their prepara-
tion and structure are discussed.

Triorganoborans and organoboron chalcogen derivatives are treated in a separate part.
Within this part, boron-sulfur and boron-selenium systems are also covered.

The main part of the chapter concerns with boron-nitrogen chemistry. A detailed de-
scription is given of the chemistry of borazines, of imine boranes and of organoboron nitrogen-
containing heterocyclic molecules.

The author discusses anions of borate type, and a separate part deals with organoboron
metal compounds.

The third part treats recent results of tin- and leadorganic chemistry.

The organotin and -lead compounds are described, and the decomposition reactions of
the tin-carbon and lead—earbon bonds and organic tin and lead radicals are discussed.

Hydrides, halogenides and pseudo-halogenides, compounds formed with the elements
of the VI/1 and V/I groups, and the derivatives of tin and lead formed with the elements of
other main groups and with transition metals are described, each in a separate part.

The fourth chapter discusses the organic compounds of aluminium, gallium, indium
and thallium. In the first place, the compounds of aluminium are described, hut the derivatives
of the other elements of the 111/l group are also dealt with. After the introduction of structural
problems, the preparation of the corresponding organo-elements, reactions with various com-
pounds, and the description of compounds formed with other elements are covered.

The great number of publications, which appeared in recent times on organosilicon
compounds justifies that in the present hook two chapters are devoted to organosilicon com-
pounds.
The fifth chapter concerns with silicon-carbon chemistry, various substituted silanes,
siloxanes, cyclic compounds, their preparation and reactions, and discusses in detail the chemi-
cal properties of silyl-substituted carbon compounds and silacycloalkanes containing double
and triple bonds.

The sixth chapter reports the results of physico-chemical investigations achieved in
organosilicon chemistry, and discusses then compounds containing a silicon-nitrogen bond.
In recent times the chemistry of silicon-nitrogen organocoinpounds underwent a rapid de-
velopment, and this field of chemistry is covered in this chapter.

Silylazenes containing nitrogen-nitrogen double bond, silyltriazenes containing three
nitrogen atoms next to each other, and organosilicon compounds containing phosphorus and
arsenic are described. The author of the sixth chapter reports also on organosilicon peroxides
and ozonides prepared very recently. Researches the organosilicon compounds of sulfur, se-
lenium and tellur is also briefly discussed.

The next chapter deals with the chemistry of organogermanium compounds. After
discussing the preparation and reactions of compounds containing germanium-carbon bond,
the author describes the organo-element germanium-metal compounds, then the derivatives
containing elements of the V/I groups, and finally cyclic organogermanium compounds.

The eighth chapter reports on the present state of research in the field of organic zinc,
cadmium and mercury derivatives. Of particular interest are organomercury compounds,
which steadily gain ground in modern organo-element chemistry. The author lists a wide range
of organic compounds containing mercury, and discusses also their structural problems.

The ninth chapter reports on recent research and results attained in the field of the
organic compounds of arsenic, antimony and bismuth, the tenth chapter on those of the or-
ganic compounds of beryllium, calcium, stroncium and barium. Both chapters discuss in detail
the preparation, properties and reactions of the corresponding compounds, and even the com-
pounds formed with other elements.

The last chapter deals with organomagnesium compounds. After the discussion of the
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molecular structure and spectroscopic results, the applicability of Grignard reagents in almost
all the fields of organic chemistry is shown.

The last chapter is followed by a subject index.

The book of 417 pages contains a total of 2764 references. With the aid of the index,
this kook which can be regarded as a handbook will be of particular value to all those who
intend to obtain informations on recent development in organoelement chemistry.

J. Nagy

Transition Metal Chemistry

The importance of transition metals in various fields of chemistry is not of recent origin,
but it increased in the last two-three decades abruptly, and presumably, this development
will still increase in the future. They are widely used in inorganic, organic, organometallic,
physical, polymer and biochemistry. Their application in the chemical industry stimulated
the interest of scientists. The number of scientific publications increased in recent years
almost explosively, and became more and more difficult to survey. This difficulty was further
increased by the fact that the great number of papers has been published in the most various
journals.

A newly published international journal

Transition Metal Chemistry

is intended to ease this situation.

The first issue of the English-language journal of nice presentation has been published
in the care of Verlag Chemie; GmbH in Octobre 1975. The editors promised 5 issues for
1976, and following this, bimonthly publication.

In accordance with its title, Transition Metal Chemistry will publish papers dealing with
the preparation of transition metal-based compounds, the determination of their structure,
physical and chemical properties, the use of these metals in chemical syntheses, the study of
their role in natural substances and their analytical determination. The field the new journal
is designed to deal with is clearly determinad. This permits to hope that its aims will be
satisfactorily attained, and scientists engaged in transition metal chemistry will be informed in
the future in an easier way on the most important new results in their field.

B. Heil
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PE3IOME

anIMeHEHI/Ie METOda ruaponnponnsa Onda OrpeaeneHna copepXXaHuna rasioreHa
B OpraHN4ecKmnx coegnHeHnax

1. MA3OP

Mapbl OpraHMYecKUX ranOUAHbIX COEfWHEHUA WMNW NPOAYKTbl MUPONN3A, HaCbIL EeHHbIe
BOAAHLIM Mapom, B MOTOKe WHEPTHOro rasa npu temnepatype 800— 1KO0°C Ha nnaTMHOBOM
KaTanmsaTtope MOMHOCTbIO pasnaralTca [0 ralouMaoBOAOPOAHLIX KUCNOT U OKWCNOB yrnepopa.
OVNCTUNNAT COAEPXUT KUCAOTbl UK FanoreHnaHble MOHbI B OTHOCUTENbHO He60NbLIOM 06beME,
CBOBOJHO OT APYTrUX WOHHbLIX MOMeEX, T. 0., OHU MOTYT OblTb KONMYECTBEHHO ONpefjesneHbl C Mo-
MOLbO 06BbEMHOI0 MW ApPYroro MeToja aHanusa.

JKCTpaKums npaseoguma TpubyTuadochaTom U3 pacTBOPOB, COAEPXALLMX CMECU
MVHEPa/IbHBIX COJei

N. TEHOB n N. AYKOB

WccnepoBaHa aKCTpakuma npaseofnma pactsopom Tpubytundocharta B CCl4 3 BoAHOIN
thasbl, cogepxaweir cmecm NaCl04wm NaNO3; NaClO4 n NaSCN wunu NaN03u NaSCN. Mo-
KasaHo, 4YTO MPU HaNM4YuM 3TUX CMecell aKCTpaKLuMs npaseofuma yBenuuymBaeTcs.

O6Hapy>XeHO, 4TO yBeNWYeHWe IKCTpakLumn onpepensetcad yBennyeHnem KoaphuumeHToB
aKTUBHOCTMW, ecnn B BOoAHOW hase Haxogmtcas NaCl04 n NaNO03 n obpa3oBaHWEeM CMellaHHbIX
KOMNNeKkcoB ecnn B BoaHoM (hase Haxoamtca NaClO, n NaSCN nnn NaNO03u NaSCN.

KanopnmeTpnyeckoe wuccregosBaHve nonvmepusaumm  uuc-2,4-gumetnn-2,4,8,8,
10,1-rekcateHun-cnupo (5,5)-neHTacu nokeaHa

T. CEKEN, M IEHALE, B. C. MAMKOB, A. B. 3AUEPHIOK, A. A )KJAHOB u. K. A AHOPVUAHOB

Cnepgs 3a KanopuiiHbIMW  WM3MeHeHWaMM uuc-2,4-pumetnn-2,4,8,8,10,10-rekcadpeHunn-
cnupo(5,5)-neHTacnnokcaHa ¢ nomouwbto ACK MukpokanopumeTrpa 6blN0 YyCTaHOBNEHO, 4YTO B
X0fie nnaBneHWa npoTekaeT npouecc MNepekpucrannusauuu, T. K. UCXOfHas MoaudukKauus
npespawaeTca B Mmogndukaumno, nnaeawycs npu 6onee BbICOKOW TemnepaType. bbina nccne-
foBaHa MONMMepu3alumnsa BbllleyKa3aHHOro MOHOMepa B MNPUCYTCTBUM pPasnUUHbiX KONW4YeCTB
kaTanusatopa KOH. Bblno ycTaHOBMEeHO, 4YTO peakLUWs ABNAETCA CNOXHOW M npoTekaeT Ha
HECKONbKUX CTyneHAaX. Ncxoas u3 KanopuMeTpUUYECKUX KPUBbLIX, OblNN onpefeneHbl BEAUUYUHbI
XapaKTepucTnyeckmx TemnepaTyp, a Takxxe TeNNOTbl NNasNeHns u nonumepusanmn. C nomMoLybo
npu6ANXKEHHbIX METOA0B OblNa paccyMTaHa 3aHeprusa akTuBaLum noanuMepu3aLmm, Kotopas okasa-
nacb pasHoW 30 Kkan/monb.



Peakumn coegnHeHnin ocmusa (VI ¢ ammmakom
A. HANALWLL v M. OPLUOLU

B xopje peakuuu, npoTekawleil Mexay TeTPaoKWCblO OCMWUA W aMMUakoM B cpefe rup-
pookucu kanus, obpasyetca KanmitHuTpugo-ocmat (V 111), cofgepxaHue a3oTa B KOTOPOM Henb3s
M3MepuTb C NOMOLWbI0O MeTofa Kbenbaans, a OHO MOXeT OblTb ONpPefeneHo NUWb Nocne BoccTa-
HOBNeHMs co cnnasBoMm [Jbtoapa. CornacHo Hawum pesynbTataMm, MOHbl HuUTpupoocmata(Y L)
NPoOABNSAIOT KaTanuTUYeckoe BAMAHWE Ha NpOLecC Pa3NoXeHUSA KOHLEHTPUPOBAHHOW CepHOI
KUCNOTOW, MCNONb3yeMO Npu onpefeneHun azota metogom Kbenbpans, B cnyvyae NpMMeHeHWA
cynbata Kanma Kak 06bIYHOrO areHTa, MOBbIWAKLWEr0 TeMNepaTypy Kunenns. B Takux ycno-
BMAX aMMMWaK OKMCNAeTCcAa [0 3NeMeHTapHOro asorta. oka B CUCTeEME HAxo[MTCA aMMuak, Tam
MOXEeT NpUcyTCcTBOBaTb M MOH HuTpupgoocmata(Y L), Ho 6onee BepoATHO, obGpasytolieecsd M3
Hero coefuHeHne ocMusa ¢ 60nee HU3KON CTeneHb okucneHus. Ecnu, ogHako, amMuak non-
HOCTbIO OKWCAWACHA [0 3/IeMEHTapHOro asoTta, TO KaTanu3mpyrliee coefuHeHWe oCMUA yaans-
eTca U3 cpedbl KOHLEHTPUPOBAHHONR CepHON kucnotbl B hopme OSO4 CTeneHb OKUCNEHUS 3aBU-
CUT OT MONAPHOro cooTHoweHus HSO4 :H2504 n Torga CTaHOBUTCA MaKCUMManbHOMN, Korjga
BeNMYMHa 3TOro OTHOWEHWA paBHa 1 TeTpaoKWCb OCMMA He NPOABNAET TAaKOro KaTanutun-
yeckoro atdekta. Ecnn, ogHako, nepef pasNoXeHWeM CepHOW KMCNOTOW 6Gblna BO3MOXHOCTb
nna obpasoBaHuMs HuTpupoocmarta(YLWl), To ero npucyTcTBUE B CUNbHON Mepe MewwaeT npu
onpejeneHnn azota no Kbenbganto, gaxe Boob6lWe nocnefjHee MoXeT U He yjaTbCsA.

CeoiicTBa cmeceit cnupT-amuH, IX
®. PATKOBWY 1 1. JOMOHKOLL

OVNonbHbIA MOMEHT BTOPUYHBIX aMWUHOB B C/Ay4Yae XUAKUX AUITUN-, AU-H-MPONUA- K
AN-H-6YTUNAMWHOB YMeHbLIAeTCA C yBeNMYeHUeM TemnepaTypbl. 3To fABNeHMe 06bACHAETCA Ha
OCHOBE camoaccouuayuu n napannenbHOro pacnonoXeHUs MoneKyn B accolmarax. dHTanbnus
o6pa3oBaHuA BOAOPOAHbIX cBA3ell N—H ... N, paccyntaHHas Ha oCHoBe mojenu Tuna Meke—
KemnTep, paBHa 2 Kkan/mMonb. [AWNOAbHbIA MOMEHT TPETUYHbIX aMWUHOB yBenu4uBaeTCa C Mo-
BblWEHWEM TemnepaTypbl. 9To ABNeHMe yKa3blBaeT Ha CUIbHOE B3auMoZeicTBME MeXAY MONeKY-
namu B XUAKON (hase, a TakXe Ha TO, 4TO BCMeACTBME 3TOr0 B3aUMOAEWCTBUA MONEKyNbl pac-
nonfaralTcs aHTUNapannenbHo N0 OTHOLWEHWIO APYT K APYTY.

CaoiicTBa cmeceil cnupT-amuH, X

BsaskocTb BTOPUYHbLIX aMWUHOB
. MATKOBNY wn. T- LLUAJTAMOH

Ha ocHOBe u3MepeHuWii BA3KOCTW [W-H- NpONWA -U AW-H- GYTWUNAMUNOB B MHTepBane
Temnepatyp —20— |-80°C, 6blnn nccnefoBaHbl M3MEHEHUA cpeAHeil CTeneHW accouunauum B 3a
BUCUMOCTW OT TemnepaTypbl. Bblno 06HapyXeHO, 4TO C YMeHblIeHNEM TeMnepaTypbl 3HTaNbNMUA
aKTWBaLWM NaMUHAPHOTO TeYeHWH, a BMeXTe C Hel W CpefHAs CTeneHb accoumaymm CUNbHO
BO3pacTalT. OTO ABAEHWE MOXHO MHTepnpeTupoBaTb HAa OCHOBe Mofenn Meke - KemnTepa,
NCXOAALW e N3 6eCKOHEYHON Lenun accoymannmn. AHTanbnmsa o6pa3oBaHna BOAOPOAHOI0 MOCTHKA
yaccymTaHHana U3AaHHbIX N3MEpPeHUii BA3KOCTU, paBHa— 2,4 KKan/Monb, 4TO XOPOLWO cornacyert-
CA C pacyeTHbIMW BENWYMHAMMN AaHHbIX AUENeKTPUYECKUX U3MePEeHUA.



PacueT N>3MEeKTPOHHOI CTPYKTYpbl MPOM3BOAHbLIX [AU3aMELLEHHOro 6eH30/1a,
cofeprkalinx AOHOPHbIe M aKUENTOPHbIe rpyrnbl, ¢ nomMowbio Metoga MMMN—MO

A. KAWL n . CEKE

A-ONeKTPOHHAA CTPYKTypa W CNeKTPbl MPOMU3BOAHbIX AM3aMelleHHOro 6eH30Na, cofepxa-
WKUX 31eKTPOHOAOHOPHYIO U 371eKTPOHOAaKLenTOPHY rpynnbl, 6bliN paccuyMTaHbl C NOMOLLbLIO
metopa Mapusep—Mann—IMonna. B getanax o6cyXxpAaeTca NPUMEHUMOCTb O4WHAKOBOW cuc-
TeMbl NapameTpoB K 6o0/ee WWPOKOMY KPYyry Npou3BOoAHbiX 6eH3ona. PacyeTbl faloT xopoLliune
pe3ynbTaTbl ANA CMeKTpPanbHbIX XapakKTepUCTUK, NNOTHOCTeN 3apsfa OCHOBHOIO COCTOSHMUA W
nopsfka csaseil. MpuBoOAATCA CPAaBHEHUA C APYTUMU NUTepaTypHbIMU pacyeTaMmn s-3fe KTPOH-
HON CTPYKTYypbI.

OKBULEH3NTOMETPUA — METO/ OMpefenieHna CTPYKTypbl nasavel, IV
K. ANTPUX, K. HUBEPFA/ u X. PECC/EP

OnucbiBaeTCH 3KCNepuMeHTanbHas XapakTepucTuKa AYroBblX Maa3M MOCTOAHHOrO TOKa
ona La203 GaAS u Ge02 Bbin Mcnonb3oBaH HOBbI MeTof, 06beAMHAKWMNIA CNeKTpanbHYyo
toTorpaduio ¢ oTorpauueckoil 3kBugeH3UTOMeTpuel. Y fanocb MNONYYUTb KauyeCTBEHHbIE
pe3ynbTaTbl OTHOCUTENbHO aKCUanbHOro pacnpefeneHns B nnasme. lnasmbl 6bIAU reHepupo-
BaHbl McCnapeHWeMm KaTtofa B MPUCYTCTBUM MM OTCYTCTBUM MarHUTHOro nons.

Moka3aHo, YTO MakCUMyM pajunalumn BCerfa Haxo[uTca nepef KaTofoM Kak B OTCYTCTBUM,
Tak A B MPUCYTCTBMWN MArHWTHOro nons. BennunHa kaTofHOro oGoraweHns 3aBMCUT OT NOHMU3A-
LMOHHOrO NoTeHLMana MaTpulbl 1 cnefoB. BAnsHue MarHUTHOrO Nofs NposABASeTCS B cayyae
TPYAHO MOHWU3YEMbIX MaTpuL.

OKBUIEH3UTOMETPUSA — METO/, OMpefeneHns cTpyKTypbl nniasmel, 111
K. AUTPUX, X. PECCJIEP u K. HVBEPT A/l

OnucblBaeTcsa 3KCNepuMeHTanbHas xapakTepuCTMKa AYroBbiX Njaa3M MNOCTOAHHOrO TOKa
ona GaAS u 0e02 Bbln ncnonb3oBaH HOBbIV MeTof, KOMOUHUPYOLWMUIA cnekTpanbHyl ¢oTo-
rpauio ¢ oTorpauyeckoii IKBMAEH3IUTOMETPUE. Y fanocb NONYYNTb KayeCTBEHHble AaHHble
OTHOCWUTENbHO aKCUaNbHOrO pacnpefeneHns 3eMeHTOB B Nnasme.

Bblno nMokasaHo, 4TO pacnpefefieHne 31eMeHTOB MaTpuLbl U CNef0B 3aBUCUT OT MOHMU3A-
LMOHHOro noTeHymnana. Katon oborawjaeTcsd aneMeHTaMn C HU3KUM MOHWU3ALMOHHbLIM NOTEHLMa-
NOM, a aHOJ, — 3/1eMEeHTaMM C BbICOKUM WOHM3aLMOHHbLIM NoTeHUManoM. TemnepaTypa nnasmbl u
mMaTpuubl BNUAET Ha pacnpejeneHune yactuy. PesynbTaTel Nogpo6Ho obcyxjaoTcs.

GHEKTpOHHbIe CMEKTPbI NMOrnoweHnA HEKOTOPbIX ANapuIngeHoB LUMKIOMEHTaHOHa
N UnKnorekcaHoHa

P. M. ICCA, C X. UTAMB, N. M. NCCA n A. K. Wb-LLA®U

BblAM CHATbI 3NEeKTPOHHbIE CMEKTPbl MOTNOLWEHUA HEKOTOPbIX AMapUNWNAEHOB LMUKIO-
reKCaHoHa W LMKNOMEHTaHOHAa B OpraHM4eckux pacTBopuTensax u 6ydepHbiXx pacTBopax. Cnek-
TpanbHble CABUTM 0GCYXAATCA CTOYKN 3peHUs apdekTa cpefbl U MONEKYNAPHOWA CTPYKTYpbI.
KNCnoTHbIe KOHCTaHTbl fuUccoLmaLmnmn coefuHermnit, cogepxawinx rpynnsl OH, 6binu onpegeneHsl
Ha OCHOBE M3MepeHWii B 6ydepHbIX pacTBopax. BblM acCUrHOBaHbl BaXKHelWlWw e Nonocbl NOrno-
weHns MK cnektpos. MocnefHue 06CyX/[alOTCA C TOUKN 3PEHUSA MONEKYNAPHOW CTPYKTYpbI.



XUMUA MOSI0B U LIMKINYECKUX 3thMpoB, XXXIX

MexaHW3m geruapatayum AMONOB Ha MeJHOM KaTanusatope
A. MOJIBHAP 1 M. BAPTOK

Bblnu uccnefoBaHbl NpeBpalieHNsa Tpex, MeyeHHbIX felitepuem fguonos (1,3-6yTaHgmon
-[3-H2](1), 1,4-neHTaHgnon-[4-H2](M), 3-metun-2,4-neHtaHamon-[0,0-H22](LU) Ha kKaTanusa-
Topax Cu/Al n Cn npu Temnepatypax 200 n 205°. Llenbto nccnepgoBaHunini 66110 BbIACHEHUE MeXa-
HU3Ma YyXe paHee M3y4YeHHbIX MNpoueccoB. Bbia ycTaHOBNEH MeXaHW3M OCHOBHbIX MPOLECCOB
npespaljeHunii (gerngpaymns ¢ o6pasoBaHneM OKCOCOEAMHEHWUN W OKCOLWUKNOANKaHOB C TEM Xe
camblM YMCNOM YTNepofHbiX aTOMOB KaK M B funofax, u hparmeHTayns), AeMOHCTPUPYeMblii Ha
Tpex Agnofax, Bbljenss nNpu aTom onpejenatollyto ponb nNpoLecca nepeHoca BoJ0OpoJa, KaTannmsn-
pOBaHHOrO MeTan/lioM, B JaHHbIX peakLuusx ANONOB.

HoHaauetaT 0-X-b-pamHonupaHo3us-(1-*4)-0-x-b-(1-+6)-0-ranaktonupaHosbl
CnHTe3 Kapb6ormapaTtHoro KOMMNoOHeHTa pamMHa3nH-3-0-Tpuosunga
X. BAFHEP, A. JINATAK n M. HAHALUN

MponssogHoe po6UHO6MO3bI (3) 6bISI0O CUHTE3MPOBAHO NyTeM KoHaeHcauun 1,2 : 3,4-au-0O-
-nsonponunnpex-a-L-ranaktonmpaHossl (?) ¢ 2,3,4-tpu- O-aueTtun-a-b-pamHonupaHosnn6épo-
mMugom (2) B pactsope cMmecu 6eH3ona ¢ HuTpometaHom (1 : 1) u B npucytcteumn Hg(CN)2 Auca-
Xxapug 6bln oxapakTepu3oBaH KakK KpucTannuyeckuid rentaaueTtat po6uHo6uosbl (5). MpoaykT
nepBoit KoHAeHcauuu (3) 6bin geauMTUNMpOBaH MeTOAOM 3eMMieHa 1 3aTeM MOABEPrHyT B3anMo-
felcTBUIO C aueToHOM, faBas 6. BTopas KOHAeHcauus coefnHeHWs 6 W 2 NPUBOAMT K 06pa3o-
BaHWI0 3alMLLeHHOro NpPoOM3BOAHOr0 Tpucaxapupga (7). 3arnaBHoe coefuHeHne (8) 6bin10 nony-
YeHO 4epes fealUTUANPOBaHWE U TUAPONN3 COEAUHEHNA 7 C NOCNeAYIOWNUM aLeTUIMpoBaHNEM.
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This book is the first attempt to survey this rapidly developing field of struc-
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