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THE EXTRACTION OF IRON(III)-SALICYLATE WITH
AN INDIGENOUS SOLVENT TRI-ISOAMYL
PHOSPHATE (TAP)

B. D. Pandey and D. C. Rupainwar®
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Banaras Hindu University, Varanasi-221005, India)
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Accepted for publication March 12, 1981**

The extraction of iron(l11) from its aqueous perchlorate solutions in presence of
salicylic acid into the new and indigenous solvent tri-isoamyl phosphate (TAP) diluted
with carbon tetrachloride has been studied using spectrophotometric technique. The
higher values for the distribution coefficient for iron(lll) are obtained at an initial
pH of 3.15 for the aqueous phase and [H2al] = 0.1 mol dm-3. A dynamic equilibrium,
in the aqueous phase, exists between a number of species containing iron(Ill) and
salicylate anion. The composition of the extracted species is FeSal-Hsal <2TAP.

Introduction

The formation of iron(l1l)-salicylic acid complexes is rather well known
and the concept has been used to develop methods for the quantitative determi-
nation of iron(111), the salicylic acid and even some of its derivatives [1—3].
Salicylic acid (H.,sal), a dibasic acid, may function as a doubly charged biden-
tate ligand (sal-2) or a singly charged monodentate ligand (Hsai-). It forms
complexes with iron(lll) having Fe: ligand ratios of 1:1, 1:2 and 1 :3 [4].
In the extraction of uranium(V1) [5] into methyl iso-butyl ketone (MIBK)
in the presence of salicylic acid the species extracted were found to be
U02(Hsal)2and U(X(Hsal)2eH2sal. However, forTh(IV) the molecular formula
of the extracted moiety was Th(Hsal)4*H2al [6]. The species formed with
beryllium (11) when it is extracted into amyl alcohol has been reported as neutral
Be(Sal) [7]. Ternary lanthanide complexes of the type Mnl(Hsal)3-(TBP)2
following extraction methods have been prepared and characterised [9].
During the partition of cobalt(ll) between its aqueous solution containing
salicylic acid and TBP, it has been suggested that the extracted species is
Co(Hsal),-2TBP [8].

We have prepared the new solvent tri-isoamyl phosphate (TAP) by an
indigenous process and the solvent is much cheaper than TBP. The potentiali-
ties of this new solvent have already been established for the extraction of
trivalent metals, e.g. Ga(lll), In(lIl), TI(IIf) [10] and Fe(lll) [11] from their

*To whom correspondence should be addressed
** In final form accepted September 14, 1981
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hydrohalic acid solutions. The studies were extended to investigate the chelate
extraction system for iron(Ill) in the presence of salicylic acid, and the results
are reported in this communication.

Experimental

Tri-isoamyl phosphate (TAP)

It has been prepared from fusel oil, a by-product of Indian Alcohol Industry [10] and
was diluted with carbon tetrachloride.

Stock solution of iron(l11)

Ferric hydroxide was freshly precipitated by the addition of aqgueous ammonia into a
solution of ferric nitrate (AR, BDH). The hydrated oxide was thoroughly washed to remove
any adsorbed ions and then dissolved in perchloric acid (60% AR) to get a stock solution of
ferric perchlorate. The iron content of this solution was determined spectrophotometrically
by the conventional thiocyanate method [12].

All the other reagents and solutions were prepared from the AnalaR grade chemicals.

Extraction procedure

15 m | of the diluted TAP was pre-equilibrated with an equal volume of the solution
containing the desired amounts of salicylic acid at an appropriate pH but not iron(Ill). It is
observed that extraction of small amounts of salicylic acid takes place and it is pH dependent.
Nevertheless, the distribution curve for salicylic acid is independent of initial [H,Sal]tOtai
provided it is maintained as < 10-1 M (M = mol dm*“3 and the notation is used in all the
figures and the text). Consequently, for all the subsequent extractions of iron(lIl) the
[l1-2Sal Jtotal was taken to be <10_1 M. 10 mb of this pre-equilibrated solvent was then added
to an aqueous layer having identical conditions and desired amounts of iron(I11). The layers
wen- shaken vigorously for 15 minutes (which is sufficient to attain equilibrium) and allowed
to stand and then the layers were separated.

5 mb aliquots from both layers were withdrawn, the organic acid decomposed by treat-
ment with cone. HN 03and finally their iron(I11) content was estimated spectrophotometrically.
The salicylate concentration was evaluated from the spectral data by a method reported
earlier [8] which utilized the formation of mono salicylate iron(l1l1) species showing strong
absorption at 530 nm in the aqueous phase. However, in some cases, the analysis of salicylic
acid was also checked by independent method, i.e. by the volumetric bromometric method
reported earlier [4]. The mass balance for the iron(ll1l) content of the aqueous and organic
layer has been checked.

The pH of the solutions were measured accurately with a standard pH meter (ECIL,
Hyderabad, India). The ionic strength was maintained at 0.5 M throughout these experiments
by the addition of calculated amounts of concentrated solution of sodium perchlorate. It was
further assumed that under these conditions the activity factors are constant and hence
concentrations can be used instead of activities in the system. All the equilibrations were done
in glass stoppered measuring cylinders in a thermostatic bath maintained at 25 + 1 =C.

Results and Discussion

The distribution ratio (D) for iron(lll1) was evaluated at a constant
[H2Sal]totai while the initial metal concentration was in the range of 10~2 —
— 10“5 M. The results (given in Table I) show that at an initial iron(l1l)

Acta Chim. Acad. Sei. Hung. 110, 1982
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Tabic |

Effect of the iron(I11) concentration on the distribution ratio at pH = 3.15
[HXxal]totai = 10-" M, vol. of ag. layer = vol. of org. layer = 10 mb,
[TAP] = 10% vol/vol in CCI4,8 = 05 M

S. No. 1 2 3 4

Fe(lll) cone, in mol dm -3 i.oxio-» 4.0x10-* l.oxio-3 5.0X10-3
Distribution ratio (D) 8.49 8.49 8.49 9.55
5 6 7 8

Fe(Ill) cone, in mol dm -3 8.0x 10-3 1.0 X10-2 2.0x 10~2 5.0x10-2
Distribution ratio (D) 10.18 10.61 11.04 11.67

concentration of less than 10_3 M the distribution ratio is independent of the
iron(l11) concentration. At higher metal concentration the values of D show
slight and gradual increase and the colour of the organic layer changes from
purple to pink. When the spectra of the two layers were taken, the extracts
at low iron(Ill) concentrations showed maximum absorption at 530 uni while
for those with Fe(lll) > 10 3M the Amaxis shifted towards lower wavelengths.
Also the increasing iron(ll1l) concentration would bring the equilibrium pH to
a lower value than that of the initial and this should give decreased value of
D but on the contrary the D values are increased. Hence it is quite evident
that another species is formed at higher concentrations of iron(lll). The fact
that the D values at lower [Fe(lll)] up to 10~3 M are independent of the
metal concentration suggests the extraction of only mononuclear species.

Figure 1 shows the plots oflog D vs. pH at different [H2Sal]totai and if can
lie seen that at an initial pH of 3.15 for [Fe(lll)] = 10-4 M maximum extrac-
tion is observed at [H2Sal]totai 10_1 M. The figure also indicates that the
D values show a gradual increase as the initial pH increases, attain a maxima
and then decrease. However, when the salicylic acid concentration decreases
the maxima are shifted towards higher pH values.

From the already reported values of the equilibrium constants [4. 13, 14]
for this extraction system involving other extractants it appears that below
pH 2.0 the predominant species present in the aqueous phase is Fe(lll) whereas
in the pH range of 2.0 5.0 FeSal+ and FeSab have been found to be the
main species. However, as expected, the extraction of iron(HI) at varying
pH values depends on the salicylate available in the system concerned. The
equilibria, in the aqueous phase, can be represented as follows:

Fe3+ -f H2Sal "FeSal+ + 2H+ (1)
FeSal + + Hsai- 7 FeSal mHsai 2
FeSal+ - Hsai- 7=~ FeSal+ j~H + 3)

1* Ada Chim. Acad. Sei. llung. 110, 1982



4 PANDEY, RUPAINWAR: EXTRACTION OF IRON(III)-SALICYLATE

Therefore, it can be suggested that at low pH the equilibrium shown by
equation (1) is maintained which is followed by the second equation at higher
salicylate concentrations. However, at considerably higher pH, i.e. 6.0 and
above the equilibrium shown in (3) seems to be more predominant in the
aqueous phase.

The increasing trend of the distribution ratios with an increase in pH
(Fig. 1) may be attributed to the fact that at lower pH values the equilibrium

pH

Fig. 1. Fe(lll) extraction as a function of total salicylic acid concentrations [Fe3+] = 10-i iff.
(1) H,sal = 2X10-1M; (2) HXxal = 3.3 X10~2M; (3) H.sal= 4 X10-3Af;(4)H.sal= 10 M;
(5) H,sal = 10-2 M; (6) H.sal = 10“3 M. [TAP] = 10% vol/vol in CCI,

Fig. 2. Extraction of Fe(lll) as a function of log [Hsal~]ag at constant pH. (a) pH = 3.15,
(b) pH = 4.0; [Fe3+] = 10-1 M. [TAP] = 10% vol/vol in CCl,, n = solvation number
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of Eq. (1) is shifted to the left. Asthe pH rises Hsai- participates in the equi-

librium process and allows an increased extraction by giving uncharged species.

However, increasing the pH value still further the D values decrease and this

can be attributed to the hydrolysis of iron(l1l) species. The possibility of the

formation of inextractable polynuclear species also cannot he ruled out.

Further detailed evidence described below indicates that in the pH range of

2.0 —5.0 the anionic species (FeSal**) though exists in the aqueous phase is
not extracted.

Plots of log D vs. log [Hsal-]Jag. are shown in Fig. 2. Thus we may
conclude that the extracted species contains one Hsai- ion per iron atom
and considering that the uncharged species are comparatively more easily
extracted into the organic layer another molecule of Sal2- is associated and
hence the molecular formula of the species can be speculated to be FeSal *Hsai.

The extraction of neutral species viz. FeSahHsal is substantiated by
the absorption spectra ofthe organic layer which shows a sharp peak at 530 nm.
This peak has been reported [4] to correspond with the FeSal+ cation in the
aqueous solution whereas the other species formed, viz. FeSal*" and the FeSalj~,
show absorptions respectively, at 490 and 430 nm. All these absorptions are
related to the charge transfer transition from the phenolic oxygen of the
salicylate group to the metal atom and since there is no shift in the absorption
maxima at 530 nm it may be inferred that the phenolic oxygen of the Hsai-
anion does not coordinate to iron(lll).

Fig. 3. Variation oflog D with log Cj-gp using carbon tetrachloride as a diluent at (a) pH = 3,15,
(b) pH = 4.0. [Fe3+] = 10“4 M, C-pgp = % concentration of TAP in CC14 vol/vol; n =
= solvation number
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Generally, in such chelate extraction systems the behaviour of the metal
depends on its tendency to react with the doubly charged salicylate anion
which in turn depends on the size of the cation. Thus beryllium (1) which has
small ion radius (0.31 A) and large formation constant [7] is extracted into
amyl alcohol as Be—Sal-2H20 whereas the Mn(ll) a larger cation (0.80 A)
with a small formation constant is extracted into TBP as Mn(Hsal)2-2TBP.
The formation constant of iron(l11) (ion radius = 0.64 A) shows clearly that
it readily forms salicylate complexes and the system is very similar to those
for the divalent metals. The formula of the extracted species evaluated in the
system under investigation is further supported by extraction of Fe(lll) into
the TBP where the formation of similar type of species has been established [15].

The effect of varying the TAP concentration (in carbon tetrachloride)
on the distribution ratio is shown in Figure 3, which shows the plots of
log D vs. log CTAp at the two pH values of 3.15 and 4.00. The slope for
both the straight lines shown in Figure 3 is nearly two indicating thereby
that the extracted species is invariably dissolvated and has the formula
FeSal *Hsai-2TAP. Similar results are obtained when TAP is diluted with
benzene instead of carbon tetrachloride.

We are thankful to the Director, I. T., B. H. U., for providing laboratory facilities. One
of us (B. D. P.) is thankful to the C.S. I. R., New Delhi for the award of a Post-doctoral
Fellowship.
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Oxidative decarboxylation of L-cysteine by permanganate in sulfuric acid medium
has been found to be first order in both oxidant and substrate concentrations. Various
hypotheses for the mechanism of acid catalysis have been tested. The energy and
entropy of activation have been calculated as 52.7 and 56.5 kJ mol-1 and 101.7 and
—94.9 J mol-1 K _1 for two stages of the reaction, respectively. A mechanism is pro-
posed, which is in agreement with the experimental data.

Potassium permanganate lias been found to be a good oxidising agent
and the kinetics of oxidation of various organic compounds have been studied
by previous workers [1—5]. However, careful survey of the literature reveals
that oxidative decarboxylation of amino acids by permanganate has received
little attention [6—8]. The present paper deals with the kinetic studies of the
oxidative decarboxylation of L-cysteine by potassium permanganate in sulfuric
acid medium.

L-Cysteine has an —SH group, which is rapidly oxidized by potassium
permanganate to an —SO03H [9—10]. The object of the present investigation
was to study the oxidative decarboxylation, which is a relatively much slower
process as compared to the oxidation of SH group to —SO03H group. The
amount of potassium permanganate required for the oxidation of the thiol
group to sulfonic acid group was determined by adding permanganate solution
to a solution of L-cysteine to give a pink colour (in excess) and titrating the
excess of permanganate against previously standardized hypo solution.

Experimental

L-Cysteine, potassium permanganate and other chemicals used were BDH’AR’/SM’GR”’
grade. Doubly distilled water was used to prepare all solutions. The reaction vessels were
coated with black paint to exclude any photochemical effect.

Solutions of sulfuric acid were standardized against previously standardized sodium
hydroxide solution. Potassium permanganate solution was prepared by the method of
Vogel [11].

The requisite amounts of L-cysteine and sulfuric acid were taken in the reaction flask
and kept in a thermostat at the desired temperature within £0.1 °C. The flask of potassium

*To whom correspondence should be addressed. Present address: 15, Radhey Skyam
Street. Bramh Pole Gate, UDAIPUR (Raj.), 313001 INDIA.
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8 AMETA et al.: OXIDATIVE DECARBOXYLATION OF L-CYSTEINE

permanganate was also kept in the thermostat. Requisite volume of permanganate was then
rapidly mixed. The kinetics of the reaction was followed by estimating unreacted permanganate
iodometrically.

Results and Discussion

Stoichiometry of the reaction was studied. It was observed that two
equivalents of permanganate were consumed by five equivalents of L-cysteine.
Formation of ammonium ions and carbon dioxide was confirmed by usual
tests. 2-Sulfoacetaldehyde was detected as the reaction product. The induced
reduction of mercuric chloride by the reaction mixture indicates the participa-
tion of free radicals [12].

W hen the concentrations of L-cysteine and sulfuric acid were in excess,
the fading of permanganate followed a first order rate law. The pseudo-first
order rate constants, kx and k2, are listed in Table I.

Table |

Variation of 'L-cysteine and permanganate concentrations

c(HxX04= 2.0 mol dm-8 Temperature = 303 °K

KMn04 x 104 c(L-cysteine) j(10-4 s- -48"

C((molndﬁ)-(S) X104 (mol dm-8) AG0-4 5-1) f(10-4 8"1)
4.0 10.0 6.13 3.13
6.0 10.0 6.40 3.06
8.0 10.0 6.13 2.95
10.0 10.0 6.06 2.96
10.0 15.0 9.03 4.80
10.0 20.0 12.80 6.40
10.0 25.0 17.06 8.53
Table I1

Variation of sulfuric acid concentration

- oY mol dm-g; = 108 mol dm-g; TCTPerEUE= 087K
c"HjSO*) mol dm -8 fc,(10-4s-1) kt(10-48"1)

2.0 6.06 2.96

2.5 8.08 3.93

3.0 10.18 4.95

35 12.80 6.40

4.0 17.05 8.83
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The variation of permanganate concentration has practically no effect
on the rate constants, confirming that the order with respect to permanganate
is unity.

The plot of log k vs. log [L-cysteine] was found to be linear and the slope
was unity, indicating that the order of the reaction with respect to the sub-
strate L-cysteine is one. There is no kinetic evidence for intermediate complex
formation between substrate and permanganate [13]. The rate has been found
to increase with the increasing concentration of sulfuric acid. The pseudo-first
order rate constants are listed in Table II.

Further in an attempt to correlate the rate of oxidation with acid con-
centration, various hypotheses for the mechanism of acid catalysis were
tested. In this case, either of two Zucker—Hammett plots [14], are linear,
indicating that the reaction is acid catalyzed, however, none of these plots
produces the ideal slope of unity. In view of these departures of ideal slope
values, applicability of Bunnett’s hypothesis [15] and the Bunnett—Olsen
I.f.e.r. [16], were tested. The values of —H 0 and log aH2 corresponding to acid
concentrations have been taken from Paul and Long [17] and Bunnett [18]
respectively.

The values of Bunnett parameters co, co* and @ were found to be —6.9,
1.16 and 0.85 for the first stage and —6.6, 1.25 and 0.83 for the second stage,
respectively.

Primary salt effect was not observed, but a linear plot of log k against
ionic strength was obtained at higher concentrations of added neutral salts.
This indicated that the reaction involves at least a neutral molecule in the
rate determining step.

Activation parameters

The reaction was studied at different temperatures to evaluate the activa-
tion parameters. The results are summarized in Table III.

Table 111

Activation parameters

c(L-cysteine) = 10-* mol dm~%*; ¢(KMnO,)= 10~4 mol dm- %
c(HtS04) = 2.0 mol dm-«
AE* 1s* pz
Stage (kd mol-1) (3 mol-1K-1) (dm* mol-1 e-1)
First 52.7 101.7 7.995x10s
Second 56.5 -94.9 1.750x10e
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10 AMETA et al.. OXIDATIVE DECARBOXYLATION OF b-CYSTEINE

The information gained from the experimental data leads to the following
probable mechanism, which explains the observed results well.

HjN +CHRCOO- + H+ A~ H3N+CHRCOOH (1)

H+ + MnO"~ HMno04 (2)

H3AN+CHRCOOH + HMn04+ H2 H3N+CHRCO00-+HMnOr+H 30 +
(3)

H3N+CHRCOO - H3AN+CHR + CO02 (4)

H3N +C'HR + HMnOr+ H ,0-~H 2N+=CHR + HMn04_ + H30 +

5
H+ + HMnO04- H2M n04 %6%

2 H2Mn04 "4 0 H - + MnOl + Mn3+ )

H2N+= CHR + H,0 RCHO + H+ + NH3 (8)

where R = —SH (or —SO03H) for L-cysteine (or L-cysteic acid).
The concentration of HMn04 was determined from the equation (9) as

[HMno04] 9
[H+] [M n04]free )

Free [Mn04] can be calculated as
Free [Mn04] = initial [Mn04] — [HMnO04] formed (10)

It will lead to the inclusion of a K2term in the numerator of the rate law.
The rate expression for this mechanism has been derived as

d[Mn04j  k, K2K2[H3N+CHRCOO-] [H+]2[Mn04][HD]
dt 1+ K2[H+]
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Homogeneous solid solutions of calcium, strontium and lead hydroxylapatite
have been prepared over the entire compositional range by the method of co-pre-
cipitation in aqueous media. Frequencies and assignments for the infrared absorption
and the lattice constants of the solid solutions have been measured and found to vary
linearly with composition between those of the pure and members.

Introduction

Calcium hydroxylapatite (CaHA), Cal0(PO46(OH)2, the principal inor-
ganic constituent of human hones and teeth [1, 2] belongs to an isomorphous
series of compounds known as apatites. Calcium hydroxylapatite (CaHA) also
exists in nature as the mineral hydroxylapatite, which is similar if not identical
to that in bone material, it can be prepared in aqueous solutions [3, 4]. The
ionic radii [5] of calcium (0.099 /tm), strontium (0.113 /tm) and lead (0.120 /tm)
are close to each other to enable solid solutions to be formed between iso-
morphous substances containing these ions [5]. Apatite undergoes a series of
cationic and anionic replacement reactions [6]. The Ca2+ —»Sr2+ and/or Pb2+
replacement reactions in CaHA are of extreme biological significance and in
view of its action on calcified tissue is interesting. They form the basis of
incorporation of Sr2+ and Pb2+ into human skeletal system according to the
following equation:

Calo(PO4)e(OH)2+ nSr2+ + mPb2+ —
- Calo_(ntm)SrnPbm(PO4e(OH)2 + (n + m) Ca2”

Solid solutions of calcium, strontium and lead hydroxylapatites were prepared
separately earlier [7] by firing mixtures containing various proportions of
calcium, strontium anti lead hydroxylapatite at about 1300 °C. These samples

*To whom correspondence should lie addressed
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14 PATEL, PANDEY: MIXED HYDROXYLAPATITES

prepared by the solid state reaction were, however, found to be discontinuous
and non-homogeneous.

Now an attempt has been made by the method of co-precipitation [8—10]
to prepare the homogeneous solid solutions of mixed (Ca -f- Sr -f- Pb) hydroxyl-
apatite over the entire compositional range.

Experimental

M aterials

All chemicals used for the preparation of these samples were either AR (BDH) or
E. Merck extra pure grade. W ater used in the preparation and for washing was boiled to
removelJCO02 and then used immediately.

Preparation

Stoichiometric quantities of ammonium dihydrogen phosphate (Solution A) and a solu-
tion containing Ca2+, Sr2+ and Pb2+ ions in the proposition desired for the solid solutions
(Solution B) were prepared separately in carbondioxide free doubly distilled water. The pH
of these Solutions was adjusted above 11 by the addition of ethylenediamine. Then a part of
solution B was put in a flask (2 dm3) fitted with two separating funnels and a delivery tube.
Solution A and Solution B were poured individually into the separating funnels and added
dropwise to the content of the flask simultaneously. Precipitation was carried out in carbon-
dioxide free atmosphere and the mixture was stirred vigorously by bubbling C02 free air to
prevent the formation of carbonato-apatites.

The precipitate and mother liquor were aged by boiling under reflux for 30 min to
improve the homogeneity and crystallinity of the precipitate, and the maintenance of the
desired pH during precipitation was enstired by testing the filtrate after separation of the
precipitate, since any alternation of pH of the medium during precipitation leads to the forma-
tion of calcium deficient apatites [11]. The precipitate was washed thoroughly with doubly
distilled water to free it from ammonium salts. Samples dried at 100 °C for few hours were
analysed colorimetrically [12] and their molar volumes were determined by density method
using toluene [13] as a solvent.

jnfrared absorption techniques

Sample used for infrared studies were acetone washed and air dried. All the bands were
recorded on a Granting Infrared Spectrophotometer model 577 (Perkin-Elmer) in KBr. A few
milligrams of the sample was ground with two drops of Nujol in an agate morta r. About 50 mg
of a fine polythylene powder (VESTOLENA 6016 Chein. Weke Huels, Germa ny) was added.
The resulting paste was melted rapidly at about 140° and pressed between g lass plates to a
slightly wedged-shaped film of an average thickness of 0.1 mm.

X-ray diffraction techniques

Samples dried at 110° for few hours were used for X-ray diffraction. The X-ray diffrac-
tion pattern of the samples were obtained with Siemens Powder diffractometer with NaCI(TI)
counter employing CuKa (Nickel filtered) radiation with a scanning speed of 1 degree (20)
per min (using tube voltage of 30 kV and 24 mA, respectively).

Lattice constant measurements

CaHA, SrHA and PbHA are hexagonal with two lattice constants a0 and c0. These
were determined [14, 15] for all the samples by measuring the diffraction angle 2(~). of the
three planes (312), (213) and (321). Each sample was thoroughly mixed with 25% NacCl
(recrystallized from HC1) which served as a standard. So that the observed values of sin 0 for
the solid solution lines could be corrected directly for absorption and instrumental errors.
The lattice constant of NaCl at 26° was taken to be 0.56403 pm [16]. A least squares calcula-
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tion on the corrected values of sin 0 for the three reflections then gave the two parameters,
a0 and cO, for each sample. The diffraction lines were quite sharp and the diffraction angle
was read by counting over the top of the peak with the scaling unit and estimating the position
of maximum intensity from a plot of intensity against 20. The average probable error in unit
cell parameters is less than + 0.005 /an.

Results and Discussion

The results of chemical analysis of the samples are given in Table I.
Based on the fact that a mole of each sample has a total 10 g-atoms of calcium
and/or strontium and/or lead the molecular formula of the samples was cal-
culated from the results ofcolumn 2—4 and included in column 6 ofthe Table I.
(Ca—+Sr—Pb)

P
from the results of columns 2—5 and given in column 8 of the table. The fact

. .Ca Sr Pb
that the observed value of molar g-atom ratio of —, —— — for the end mem-

Gi4 Srj pjj r P P ) )
hers and ------=--- p --------=- were found to be equal to 1.658 (theoretical 1.67) is

The g-atom ratio in a mole of each sample was calculated

consistent with the formation of homogeneous solid solution [13]. This was
further supported by the closeness of the values of molar volume of the mem-
bers and those of the intermediate samples which lie within the range of end
members.

The formation of solid solutions can be further confirmed by the X-ray
diffraction analysis. It is well established that all the members of the apatite
series exhibit hexagonal-bipyramidal class —6jm (space group PR3 [17, 18].
Lattice parameters showed unit cell dilation consequent upon the introduction
of bigger ions Sr2+ (0.115 /an) and Pb2+ (0.120 /an) in place of Ca2+ (0.099 /an)
ion in the apatite lattice. Such dilation with the proportion of Ca—Sr—PbHA
was evident that the unit cell volume of the samples calculated on the basis
of the experimentally determined lattice constant increased with the propor-
tion of strontium and lead content in Ca—Sr—PbHA. This, of course, is the
real evidence for solid solution in this series and clearly shows that these prep-
arations are not mixtures oftwo components or one component with absorbed
material.

The CaHA and its solid solutions with strontium and lead have hexagonal
crystalline structure and are interesting examples of solid state of fairly simple
molecules of tetrahedral symmetry where bands become allowed due to rela-
tion of the molecular symmetry [19] selection rules due to the influence of
site symmetry. The ideal symmetry of tribasic phosphate ion in the free or
undistorted state is tetrahedral — a member of Td point group. In this ideal
symmetry condition only a few absorption bands corresponding to v4(570 cm J)
and v3 (1075 cm-1) of PO]~ and vx (630 cm-1) and v3 (3450 ¢cm “1) of OH
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| Sample No.

o b w N -

© oo N o

10
11
12
13
14
15
16

Cn

39.88
25.19
21.99
22.86
16.10
13.91
14.67
10.07
6.62
7.40
4.85
231
211

Wt 94

Sr

7.77

6.91
14.44
13.35
12.62
18.64
16.11
14.48
20.87
19.76
17.75
23.53
22.42
59.20

Table |

Chemical analysis of calcium, strontium and lead hydroxylapatiles and their solid solutions

Pb

18.37
25.70
14.25
28.71
33.92
24.57
36.82
45.64
35.78
42.17
49.74
42.55
48.42

77.74

18.51
14.99
13.98
14.95
12.88
12.18
12.97
11.40
10.24
11.07
10.23

9.30

9.79

9.05
12.57

6.95

Molecular formula

Calo(PO4HEOH)2
Ca7.85r1L1Pb11(P04)e(0OH)2
Ca7-35r1,,jPb, 66(P04)60H).
Cii725r206P b0 &(P 0 4)6(0H).>
Ca58Sr22Ph AP 04e(0H )2
Cab.35r22PK, 5(P 04e(0H)..
~2a5.25%r3.05Pbj (P0O4)EO0H )2
Cad4Sr30Pb29PO4EOH )2
Ca3Sr3Pb4(P04)e(0H)2
Ca31Sr4Pb29PO,)60H)2
Ca22Sr4.1Pb3 7P 04EO0H )2
Ca,.155r4 8P b4 P 04EO0II).,
Ca4Sr54Pb3AP 0 40H).,
Sr52Pb,.8P0O4)EO0H )2
"rio(P04OH)2
Pb10(PO4e(OH),

Mol.
vol.

338.32
336.42
335.98
336.18
332.72
340.12
336.84
337.57
339.88
331.32
342.16
344.40
342.56
348.12
364.61
348.96

G-atom

ratio

Ca+Sr+Pb

p

1.665
1.664
1.666
1.658
1.664
1.662
1.660
1.658
1.666
1.664
1.665
1.665
1.665
1.666
1.665
1.664

Lattice

parameter
w
a Cc
0.932 0.686
0.943 0.690
0.949 0.698
0.955 0.707
0.962 0.714
0.968 0.774
0974 0.726
0.986 0.738

Unit cell
volume

0.523
0.531

0.544

0.558

0.572

0.587
0.596
0.621

Frequency (cm-1)

I'Ii a ‘cx 10¢ POj-

570
565

562

560

558

555
550
545

PO*~
v*

1075
1072

1070

1070

1065

1062
1060
1055

OH-
v*

3450
3450

3445

3442

3440

3435
3425
3430
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were observed clearly. From the spectra of the samples, it could be seen that
the v3and v4frequencies corresponding to P04_ ion and vland v3corresponding
to 0 H~ ion are shifted to lower frequencies and the shape of the peaks was
affected by the introduction of strontium and lead ion into the samples. The
shift of the v3 and r4 of P04~ vibrations to lower frequencies may be due to
the effect of binding energy and atomic mass. The lowering of frequency of
v3of OH~ indicates the presence of hydroxyl group in the apatite [20]. This
hydroxyl group in hydroxylapatite lies in the internuclear axis coincident with
sixfold screw axis. In Barnes expression [21].

which gives a relationship between frequency, atomic mass and force constant.
The vibrational frequencies are dependent on the reduction mass /t of the
participating atoms and restoring forces K between atoms, all other terms
remaining constant. When the equilibrium distance between the positive and
the negative atoms of the molecule is decreased K generally increases in the
above equation. This equilibrium distance depends on the ionic radii of the
participating atoms in the molecule. Substitution of Ca2+ with a u ion like
Sr2+ and/or Pb2+ gives rise to stronger coordination ofthe P04~ group through
oxygen. This in turn weakens the P—O bond, lowering K (increasing P—0
bond length) and the frequency is lowered. The PO|~ bonding is normally
around 520 cm-1 and bending modes do not shift very much under these
conditions. But here the substitution is more complex, presumably because of
the splitting of the triply degenerate mode at 600 cm-1 and thus there is an
increase in the frequency from 520 cm -1 to 570 cm-1. This theoretical explana-
tion agrees well with the experimental data.

*

The authors are highly grateful to Prof. G. Ferraris of University of Torino (ltaly)
for X-ray data and Dr. M. M. Dhar, F. N. A, C. D. R. I., Lucknow for Infrared spectra, and the
financial support to the authors by the University Grants Commission is gratefully acknowl-
edged.
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The five-coordinate manganese(ll) and iron(ll) complexes of two new ligands
2,6-(iV,iV’-diacetyl) diaminopyridine, (DAP) and 2,6-(iV,iV’-dibenzoyl) diaminopyridine
(DBP) have the formula (MLX2 where M = Mn(Il) or Fe(ll), L= DAP or DBP;
X = CI-, Br-, NOjf or NCS-. The complexes have been characterised on the basis of
elemental analysis, electrical conductance, spectral (infrared and electronic) and magnet-
ic susceptibility data. All the complexes are high-spin and appear to have trigonal bi-
pyramidal stereochemistry. Both DAP and DBP act as JV,0,0-tridentate chelating
agents.

In recent years, a large number of five-coordinate complexes of the first
transition metal ions have been reported and their thermodynamic, magnetic
and spectroscopic aspects have been dealt with at length [1—9]. However,
relatively a few five-coordinate manganese(ll) and iron(ll) complexes have
been studied [2—6]. It is now well established that the formation of a five-
coordinate complex depends upon the shape and size of the metal ion besides
the ionic radii and nature of the counter ion [2]. Five-coordination can he
achieved successfully by the use of sufficiently bulky ligands in which inter-
donor atom distances and angles closely match the edges of the coordination
polyhedra [1, 2]. Two such ligands conforming to this criteria have been
synthesised by acetylation and benzoylation of 2,6-diaminopyridine. One of
these ligands (DAP) has been found to form five-coordinate complexes with
divalent cobalt, nickel and copper [7]. These studies are none extended to
manganese(ll) and iron(ll) complexes with 2,6-(iV,./V,-diacetyl) diaminopyri-
dine, (DAP) and 2,6(7V,iY’-dibenzoyl) diaminopyridine, (DBP) whose struc-
tures are depicted belowr:

(DAP) (DBP)

*To whom correspondence should be addressed
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Experimental

All the chemicals used were of analytical grade and solvents were dried before use.
The ligands were synthesised by a method described earlier [10]. The ligands DAP and DBP
melt at 203 °C and 176 °C, respectively.

Preparation of complexes

A general procedure was adopted to synthesise the complexes: the iron(ll) complexes
were prepared under a stream of nitrogen.

The appropriate metal salt (0.01 mole), dissolved in sufficient quantity of a mixture of
ethanol and acetone (1 : 1), was mixed with the hot solution of the ligand (0.01 mole) in acetone
(50 mb). The mixture was refluxed for 2 hr on a water bath and cooled. The crystals separated
on cooling were washed with acetone and dried. Yield -7000.

Analytical procedures and physical measurements

The methods used for the determination of C, H and N are the same as described earlier
[7]1. The metal contents were determined by EDTA titration using Eriochrome Black-T and
sulphosalicylic acid, respectively as an indicator. The electrical conductance in dimethyl
formamide were determined on an Elico conductivity bridge type CM82T. The details of
physical measurements are the same as described earlier [10, 11].

Results and Discussion

The analytical data (Table 1) reveal 1 :1 metal to ligand stoichiometry
for all these complexes. The complexes are partially soluble in common organic
solvents, but highly soluble in dimethyl formamide and these complexes are

Table |

Analytical and magnetic data

Calculated % Found, % |_Xeff.
Complex BM
Metal Nitrogen Halogen Metal Nitrogen  Halogen

[Mn(C9H 1IN 30 2)CI2] 17.24 1316 22.25 1658 14.10 22.80 5.84
[Mn(C9H 1IN 30 2)Br2] 13.48 1029 39.21  14.00 10.05  40.00 5.88
[Mn(C9H uN302(N03)2 14.78  18.81 - 15.15  18.25 - 5.80
[Mn(C9H n N30,)(NCS)2] 15.06  19.17 — 15.20  19.52 - 5.86
[Fe(C9H 1IN 30 2)CI2] 17.50 13.12 22.18 17.65 1320 21.88 5.25
[Fe(COHNN30,)Br2 13.69 1026 39.11 1042 10.85 38.65 5.12
[Fe(COH 1IN 30 2)(N 03)7] 15.01  18.76 14.85  19.02 - 5.18
[Fe(C9H n N30 2)(NCS)Z] 15.30  19.12 - 15.05  19.15 — 5.20
[Mn(C19H 13N 30 2)CI2] 12.47 952 16.09 1252 10.00  16.05 5.82
[Mn(C19H 13N 30 2)Br2] 10.37 7.92 3012 8.02 8.00  30.20 5.84
[Mn(C19H 13N 30 2) (N 03)7] 1113 14.16 — 11.80 1450 - 5.83
[Mn(C19H 13N 30 2)(NCS)2] 11.31  14.40 - 11.50  15.00 - 5.87
[Fe(C19H 13N 30 2)CI2] 12.67 950 16.06  13.00 9.20 16.00 5.10
[Fe(C19H 13N 30 2)Br2] 10.54 790 30.13 10.84 7.95  30.00 5.18
[Fe(C19H 13N 30 2 (N 03)7] 1111 14.14 — 11.00 14.82 . 5.25
[Fe(C19H 13N 30,)(NCS)2] 11.49 1435 — 1150 1452  _— 5.24
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non-conducting in this solvent. Accordingly, the complexes may be formulated
as [MLXZ2]. where L DAP or DBP and X = CIl-, Br-, NCS- or NO3.
These formulations are further supported by the infrared and electronic spectra
of the complexes.

Infrared spectra

The infrared spectra of 2,6-(iV,iV,-diacetyl) diaminopyridine has been
recently reported [7]. The present assignments are based on i.r. study of DAP
and other related compounds [12—14] and their complexes. The infrared
spectra of DAP and DBP show bands at 1690, 1520, 1230, 650 and 550 cm-1
attributable to amide-1 (vC~ O), amide-1l (rCN -f- <6NH), amide-Ill (<5NH),
amide-IV (C—O in-plane deformation) and amide-VI (C O out-of-plane
deformation) vibrations, [12—15], respectively. These bands appear in the
1640-1650, 1550-1560, 1250-1265, 655, and 580-585 cm-1 regions, re-
spectively. In the spectra of the complexes, the downward shift in amide-I band
(40 cm-1) and upward shift in the amide-Il and amide-Y| bands are compatible
with the amide-oxygen coordination to the metal atom [14—16]. The hands
occurring at ca. 370 cm-1 assigned to r(M—O0) vibrations, substantiate the
amide-oxygen coordination. The band at ca. 3250 cm-1 occurring in the spectra
of ligands, assigned to VNH, appear in the spectra of complexes as broad bands
at ~3250—3000 cm-1, confirm the amide oxygen coordination in Kketonic
form and rule outthe possibility of keto enol KCONHR’ —-RC(OH) NR’
tautomerisation.

The pyridine ring vibrations most affected on its coordination to a metal
atom include 8a (pyridine ring deformation), 6a (in-plane ring deformation)
and 16b (out-of-plane ring deformation) vibrations. In the spectra of free
ligands these vibrations occur at 1585, 610, and 400 cm -1, respectively. In the
spectra of complexes, these bands appear at higher frequencies ~1605, 630
and 425 c¢m -1, respectively. The upward shift in 8a, 6a and 16b vibrations
indicates the coordination of pyridine nitrogen to the metal atom. This con-
tention finds support by the appearance of r(Mn-py) and v(Fe-py) bands ca.
240 and 250 cm -1, respectively.

The chloro complexes of Mn(Il) and Fe(ll) show medium intensity bands
ca. 260 cm 1land in bromo complexes new bands are observed ~210 cm-1.
These bands may be assigned to r(M—CIl) and v(M—Br) vibrations [18],
respectively. The metal-halogen frequencies observed in the spectra of these
complexes are lower than those observed for four-coordinate complexes and
are much higher than those for high-spin six-coordinate complexes of these
metal ions involving both bridged or terminal halogen atoms [18, 19]. The
intermediate, values of j>(M—X) vibrations suggest that the present complexes
r(M-Cl)
t>(M Br)

are five-coordinate. The ratio in the riresent comEIexes comes out
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to be 0.78 —0.81 and is comparable to other five-coordinate complexes reported
earlier [20].

The thiocyanato complexes show three characteristic bands at 2050, 815
and 485 cm-1 assignable to v(CN), r(CS) and d(NCS) vibrations and are con-
sistent with monodentate N-bonded thiocyanate group [18, 21]. This mode of
coordination is supported by the appearance of new bands at ca. 270 and
275 cm -1 characteristic of rFe —NCS and »Mn—NCS vibrations, respectively.
The nitrato complexes show new bands in the 1460—1475, 1255—1260 and
890 —900 cm -1 regions attributable to different NO stretching vibrations [18].
An additional band at ca. 1750 with a shoulder on the low energy side at ca.
1740 cm “1is also observed in the spectra of nitrato complexes. The presence
of two bands with small splitting (~10 cm*“1) also indicates that the nitrate
groups are coordinated monodentately [22]. The presence of weak bands at
ca. 265 cm “1in these complexes may be assigned to v(M—ON 02) vibrations.

Magnetic moments and electronic spectra

The magnetic moments (Table 1) at room temperature of manganese and
iron complexes lie between 5.80 and 5.88 and 5.10 and 5.25 BM, respectively.
These values are well in the range of high-spin complexes of these metal ions.
The (ief{ values of iron(ll) complexes are, however, slightly lower than the
predicted (5.1—5.5 BM) values [23].

The electronic spectra of manganese complexes recorded in nujol mull
and dimethyl formamide show bands at ca. 16 500, 19 200 and 22 000 cm -1.
The positions of these bands are comparable to those five-coordinate complexes
for which a trigonal bipyramidal geometry has been established by X-ray
measurement [5, 25]. The weak intensity bands can be attributed to the spin-
forbidden transitions from the ground sextet to the first excited quartet
levels [5].

The iron(ll) complexes show one band in the visible region at ca. 12 000
cm“1 and another in the near i.r. region at ca. 4000 cm “1 The nature of the
latter bands is not certain due to the possibility of absorption by the ligands
in this region. However, the band observed ~#12 000 cm“1 indicates that
iron(l1l1) complexes are also five-coordinated [24]. On the basis of simple
crystal field calculations Ciampolini etal. [5] predicted two spin-allowed-bands
for trigonal bipyramidal complexes. Accordingly, the band ~12 000 cm*“1can
be assigned to 5A— 5K1) and the possible assignment of the band ~4000 cm “1
can be 5E@) +h%5e(2) in trigonal bipyramidal field. The spectra in nujol mull
and in coordinating dimethyl formamide solution are almost similar indicating
penta-coordination in solid state and in solution.

On the bads of magnetic, i.r. and electronic spectral studies it appears
that these complexes are five-coordinate and have trigonal bipyramidal geom-
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etry with the tridentate ligand forming a trigonal base and anions being
present in axial positions. The structure of these complexes may be proposed
as follows:

K X K

*

The authors are thankful to U. G. C. and C. S. I. R., New Delhi for financial assistance,
to C. D. R. I. Lucknow for elemental analyses and to R. S. 1. C,, I. |I. T. Madras for recording
i. r. spectra.

REFERENCES

[1] Muetterties, E. L., Schunn, R. A.: Quart. Rev., 20, 245 (1966); Ciampolini, M,
Nardi, N., Speroni, G. P.: Coord. Chem. Rev., 1, 222 (1966)

[2] Wood, J. S.: Progr. Inorg. Chem., 16, 227 (1972); Furlani, C.: Coord. Chem. Rev., 3,
141 (1968)

[3] Sacconi, L.: Pure and Appl. Chem., 17, 95 (1968), 27, 161 (1977); Trans. Metal Chem.
Ed. Carltin, R. L.: 4, 210 (1968); Coord. Chem. Rev., 8, 351 (1972)

[4] Bertini, l., Morassi, R., Sacconi, L.: Coord. Chem. Rev., 11, 343 (1973)

[5] Ciampolini, M., Nardi, N.: Inorg. Chem., 5, 1150 (1966)

[6] Ciampolini, M., Speroni, G. P.: Inorg. Chem., 5, 45 (1966); Orioli, P. L., Vaira, M. Di,.
Sacconi, L.: Inorg. Chem., 5, 400 (1966)

[7] Rana, Y. B., Sangal, S. K.: Acta Chim. Acad. Sei. Hung., 104, 29 (1980)

[8] Tschitschibabin, Z.: Rviss. J. Chem. Soc., 50, 522 (1920); Chem. Abst., 18, 1496 (1924)

[9] Meyer, A., Tropsh, C.: Montash, 35, 207 (1914)

[10] Rana, V. B., Sangal, S. K., Sahni, S. K.: Acta Chim. Acad. Sei. Hung., 101, 405 (1979)

[11] Rana, Y. B., Sahni, S. K., Sangal, S. K.: J. Inorg. Nucl. Chem., 41, 1498 (1979)

[12] Bould, J., Bridon, B. R.: Inorg. Chim. Acta, 19, 159 (1976)

[13] Nonoyama, M., Tomita, S., Yamasaki, K.: Inorg. Chim. Acta, 12, 33 (1975)

[14] Nonoyama, M., Tomomoto, Y., Yamasaki, K.: Nippon Kagaku Zasshi, 93, 562 (1972)

[15] Sahni, S. K., Gupta, S. P., Sangal, S. K., Rana, V. B.: J. Inorg. Nucl. Chem., 39, 1098
(1977); J. Indian Chem. Soc., 54, 200 (1977)

[16] Brown, D. Il.,, Mac Sween, D. R., Mercer, M., Sharp, D. W. A.: J. Chem. Soc. (A),
1971, 1575; Reedizk, J.: Inorg. Chim. Acta, 5, 687 (1971)

[17] Crark, R. J. H., Williams, C. S.: Inorg. Chem., 4, 350 (1965); Madden, D. P., Damota,
M. M,, Nelson, S. M.: J. Chem. Soc. (A), 1970, 790; Madden, D. P., Nelson, S. M.:
J. Chein. Soc. (A), 1968, 2342

[18] Nakamoto, K.: Infrared spectra of inorganic and coordination compounds. Wiley-Inter-
science, New York 1978

[19] Ferraro, J. R.: Low frequency vibrations of inorganic and coordination compounds.
Plenum, New York 1971

[20] Keeton, M., Lever, A. B. P.: Inorg. Chem., 10, 47 (1971); Beecroft, B., Campbell,
M. J. M., Grazeskoviak, R.: Inorg. Nucl. Chem. Lett., 8, 1087 (1972)

[21] Burmeister, J. L.: Coord. Chem. Rev., 1, 205 (1966), 3, 225 (1968)

[22] Curtis, N. F., Curtis, Y. M.: Inorg. Chem., 4, 804 (1965)

[23] Barefield, E. K., Busch, D. H., Nelson, S. M.: Quart. Rev., 22, 457 (1968); Lewis,
J., Figgis, B. N.: Progr. Inorg. Chem., 6, 37 (1964)

[24] Lions, F., Dance, I. G., Lewis, .1.: J. Chem. Soc. (A), 1967, 565

Sudhir Kumar Sangal
Suresh Kumar Sahni ‘Prakashika’, 184 Abu Lane, Meerut-250001,
Vidya Bhushan Rana India

Acta Chim. Acad. Sei. Hung. 110, 1982






Acta Chimica Academiae Scientiarum Hungaricae, Tomus 110 ()>pp+25 28 (1982)

MODIFIED CROWN ETHERS, |

CARBONIC ACID DERIVATIVES CONTAINING ONE CROWN ETHER UNIT
(PRELIMINARY COMMUNICATION)

B. Agai, |. Bitter, E. Csongor and L. Téke *

(Department of Organic Chemical Technology, Technical University, Budapest)

Received December 16, 1981
Accepted for publication February 3, 1982

Although crown ethers are widely used in chemical reactions as phase
transfer catalysts by virtue of their cation complexing ability, relatively few
examples are published on their application for effecting transport processes
of cations in biological systems [1]. In this respect crown ethers of selective
Na+, K+ and Ca2+ complexing ability and with stability constants of about
log K ~ 5 are regarded to be the most interesting compounds [2]. On the
other hand, the solubility of crowns in water and lipoids seems to be a very
important factor besides stability constants and selectivity. Ligands of ion-
selective membrane electrodes are expected to posses the same features as
mentioned above. In an attempt to satisfy all these demands, we aimed at
preparing new crown derivatives the solubility of which in water and apolar
solvents can be altered over a wide range without considerable decrease of
the stability constant. For this purpose the readily available benzo-15-crown-5
(la) and benzo-18-crown-6 (Ib) were used as starting materials [3].
Nitration of la, b and catalytic hydrogenation of the nitro compounds by
known methods [4]** led to 2a, b [5], which were transformed into 4a, b crown
isocyanates with excess phosgene in boiling chlorobenze. The isocyanate 4c
was prepared from 2a in four steps. The yields or phosgenation were excellent
(87—94%); compounds 4a, b, c were purified by vacuum distillation or recry-
stallization.

The crown isocyanates 4a, b, c readily reacted with alcohols and amines
affording the ureas and urethans 5—25 which had different solubilities and
partition coefficients between water and apolar media (e.g. 14 is soluble in
water, while 24 is dissolved by n-heptane). Additions were effected in dioxane
or methylene chloride solution at room temperature, using 1:1 molar ratios.

*To whom correspondence should be addressed.

** Instead of Pd/C in DMF, described in the literature, we used Raney-Ni in
MeOII-H.,0 solvent.
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Ai—H-3 S= 8.1 ppm, s
Ai—IT O S- 71 ppm,

IR

. v 3 M-p(B p)> oNe=0,
cm-1

a | H 87.0 150-152/0.1 2280

b 2 H 87.4 168-180/0.1 2290

c 1 "o 94.0 116 (petroleum spirit) 2270

The pure products were obtained after recrystallization

S

309
353
354

(%)

(35)
(3.7)
(32)

in yields of

90—93%. In the preparation of the urethans 16—25 a few drops of triethyl-

amine catalyst was used.

Al! new compounds have been identified by correct elemental analysis
and spectral data. The IR spectra have two very intense bands at 1230—
1220 cm”~1 (C—0O—Cas) and 1130— 1115 cm 1 (C—O—Cs), characteristic of
the polyether ring. For the derivatives containing N 02 group, the correspond-
ing regions are 1280—1220 cm" 1 and 1170—1110 ¢ m 1 In the spectra of the
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X—R

NH CH2CH2CHPh,
NH CH2CH2CHPh2
NH —CH2CH2CHPh2
NH CH2CIlI2C,,H3(0CH?3)2 3,4
NH- CH2CH2CcH3(0CH3)2 34
NH - CH2CH2C6H 3(0CH 3)23,4

NH—CH2—CHs—1/

NH CH2CH2N [CH(CH3)2)2
NH CH2CH, OH

NH CH2CH3

OCH3

OCH3

OCH3

OCH(CH3)2

OCH(CH3)2

OCH(CH3),

OCH2CH2N(CH2CH?3)2
OCH2CH20CH2CHjN(CH2CH3)2
OCH2CH20CH2CH20CH3

IR
M.p., vN—G—X, cm-
°c |
0
125 1660*/1630
129 1680*/1635
185 1695 /1640
152 1680*/1640
148 1670*/1630
165 1695 /1640
130 1640
117 1640
88 1640
122 1635
78 1640
128 1720 /1700
83 1720 /1700
147 1740 /1725
139 1700*/1685
104 1690
138 1720
83 1685
75 1685
69 1690
53 1690

Ada Chim. Acad. Sei. Hung. 110, 1982

27



28 AGAI et al.: MODIFIED CROWN ETHERS, |

urethans 16—25 the respective pair of bands can be recognized at 1195
1180 cm-1 and 1110—1090 cm-1. The rCO bonds of the ureas 5—15 appear
at 1630— 1690 cm-1, while those of the urethans at 1685— 1740 cm-1, mostly
with shoulder. In the "H—NMR spectra the O—CH2 groups of the ring and
the chain exhibit a broad multiplet at $= 3.4—4.5 ppm. Only the signals
of CH2 groups attached to nitrogen atom can be distinguished in the spectra
of the ureas 5—15 at 2.8—3.2 ppm.

The complex stability constants were measured in alcohol and, as
expected, the magnitudes were found to be independent of the side chain. The
log K values for Na+ ion were found to be 3.4—4.2, depending on the number
of the ring members. Unfortunately, none of the compounds had any select-
ivity in the complexation of alkaline and alkaline earth metal cations. Since
bis-crown compounds have been reported to exhibit increased selectivity [6],
we decided to prepare carbonic acid derivatives of that type. This trill be the
subject of a forthcoming paper.

Support of this research by the Chinoin Pharmaceutical and Chemical Works is grate-
fully acknowledged.
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In our previous paper [1] we reported on the preparation of urethan and
urea derivatives containing one crown ether unit. These compounds can
advantageously be used for effecting Na+, K + ion transport through artificial
and biological membranes.** Owing to the lack of selectivity of complexation,
however, the compounds are not suitable ligands for membranes of ion-
selective electrodes. Recently, bis-benzo-15-crown-5 [2] and 12-crown-4 deriva-
tives [3] have been reported to exhibit selective complexation of K+ and Na+
tions, respectively. In these ligands the two crown units are linked with a
flexible chain so that the optimal conformation can be achieved during com-
plexation. smida et al. have found [4] that the stability constant of bis [3,4-
-(1’, 4°, 7°, 10’, 13’-pentaoxacyclopentadeca-2-ene)-phenylcarbetoxy] ether in
THF for potassium picrate is much greater than that of the corresponding
monocyclic benzo-15-crown-5 derivative. Japanese researchers have published
the synthesis of bis-crown ethers containing amide and ester moieties in the
chain and their application as ligands of membranes in ion-selective electrodes
[5].

We supposed that the complexing ability and particularly the selectiv-
ity of bis-crown ethers should depend on the length, the number and quality
of the heteroatoms and on the steric orientation of the chain linking the crown
units. Besides these factors we wanted to investigate the effect of substituents
in the aromatic ring, which may influence the selectivity of complexation by
fixing a unique conformation in the complex by means of strong intramolecular
hydrogen bonds. For this purpose the nitro group in ortho position to the chain
seemed to be suitable.

+ For Part |, see Ref. [1]

*To whom correspondence should be addressed

** Measurements have been carried out in a Sartorius apparatus using an artificial
stomach wall membrane. We measured the rate of sodium dinitrophenolate (DNP) transport
in water in the presence of crown ether urethans and ureas. DNP concentrations on both sides
of the membrane were measured by UV spectroscopy.

Acta Chim. Acad. Sei. Hung. 110, 1982



30 AGAI et ah: MODIFIED CROWN ETHERS, II

The crown ether isocyanates 3, 4, 5, prepared by the phosgenation of
the corresponding amines [1], proved to be excellent starting materials, be-
cause they add bifunctional alcohols and amines very readily, affording the
urethans and ureas 6—23 (Scheme 1). The a,co-diamines or glycols were allowed
to react with two equivalents of crown isocyanate in dioxane or chloroform
at ambient temperature (with glycols, triethylamine catalyst was used).

6—23

Scheme 1

Yields are 60—80%. According to Popova’s method [6], we have prepared
tr«ms-4,4’-diaminodibenzo-18-crown-6 and treated it with the isocyanates 3
and 5 to obtain the tris-crown ethers 26 and 27 (Scheme 2).

All compounds were characterized by correct elemental analysis, IR,
UV and JH—NMR spectroscopic data.* The latter are in accordance with
those of the similar mono-crown ether derivatives [1]. Electrochemical measure-
ments have been carried out in order to establish the selectivities of these
compounds for a number of cations. Details will be reported elsewhere; here
we mention that compounds 17, among the other nitro derivatives, exhibits

*IR(KBr): urea 1620/1680 sh (6, 8, 10); 1690 (7, 9) urethan 1735 (11, 14, 17);
1715/1690 sh (12, 13, 15, 16, 18—21)

'H-NMR (60 MHz, CDC13 TMS): NO2 derivatives Ar—H-3 <5(ppm) 8.0—8.1 s,
At—H-6 7.6—7.7, s; derivatives without NO2Ar—H-3 6(ppm) 7.1—7.2 d; Ar—H-5,6 6.7—6.8
dd; O—CH2 3.5—4.5 m.
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27 n=2)
24 (,=1)
25 (n=2)
Scheme 2

. . K . .
very remarkable K+-ion selectivity (joq Na+ 3.0 This value is of the
K+
. . . K w
same order of magnitude as that of valinomycin log 3-4 , but
K k+

ligand is more selective towards NH4 Rb+ and Cs+ ions. The lack of the
nitro group (e.g. 16) dramatically decreased the selectivity. These observations
support our hypothesis on the important role of the nitro group in the forma-
tion of selective complexes.

Support of this research by the Chinoin Pharmaceutical and Chemical Works is grate-
fully acknowledged.
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A series of iV-i8onicotinoyl-3,5-diphenyl-4-(sulfamoylphenylazo)-I,2-diazoles
have been synthesized by the condensation of sulfamoylphenylazo-1,3-diphenyl-I,3-
-propanedione with isonicotinic acid hydrazidc, using glacial acetic acid as the con-
densing agent. Some of the products showed significant antimalarial activity against
Plasmodium berghei KBG 173 in swiss mice.

Introduction

A survey of the literature reveals that diazole derivatives possess various
types of biological activities, viz., potential antituberculous [1], antineoplastic
[2], antidiabetic [3], antifertility [4], antirheumatic, anti-inflammatory, anal-
getic, antipyretic, adrenolytic, narcosis-potentiating [5] and antitumor [6, 7]
actions, etc. Isonicotinic acid hydrazide (INH) is used as an antituberculous
[8] and antitumor [9] agent. In view of these observations, it was thought
desirable to synthesize some new diazole derivatives having the sulfonamide
moiety attached through an azo linkage at position 4 and an isonicotinoyl
moiety at position 1 in the hope that the resulting compounds may prove to
possess valuable pharmacological properties.

The present communication describes the synthesis of TVMsonicotinoyl-
-3,5-diphenyl-4-(sulfamoylphenylazo)-l,2-diazoles of type (A) by the con-
densation of sulfamoylphenylazo-1,3-diphenyl-I,3-propanediones [10] with
INH, using glacial acetic acid as the condensing agent, and the study of the
biological activity of the products. The homogeneity and purity of the com-
pounds were checked by TLC and their structures established by IR, NMR
spectral studies and elemental analyses (Scheme 1).

Experimental

All the chemicals used were either BDH or E. Merck products of Analar grade, except
INH (C. C. P. Najibabad).

3- Acta Chim. Acad. Sei. Hung. 110, 1982



36 SINGH: 1.2-DIAZOLES AS ANTIMALAKIAL AGENTS

where:

X —Cl. —I>r, —F, X002, —('3. —OCbl3, —T0:z2H.

Synthesis of IVi-isonicotinoyl-3,5-diphenyl-4-(X)-azo-l,2-diazoles

A mixture of the appropriate sulfamoylphenylazo-1.3-diphenyl-1,3-propanedione (0.1 g)
and isonicotinic acid hydrazide (0.5 g) in glacial acetic acid was refluxed on an oil bath at
160 — 170 °C for ¢ h and then allowed to stand overnight. The coloured compound which
separated was filtered off, washed well with water, dried and recrystallized from a mixture
of glacial acetic acid and DMF.

By analogous procedures, several substituted 1,2-diazoles have been synthesized, their
characteristics are recorded in Table I. The yields were between 70 and 30%.

IR and NMR spectra

1R spectra in KBr were recorded on a Perkin-Elmer grating IR spectrophotometer.
The spectra had characteristic peaks at 780 cm-: (aromatic ring), 1580 cm-1 ( N=N —)
1600 cm-1 (C—N); 1740 cm-: (C =0 of tert. amide having N in diazole ring) which helped
in establishing the structures of the compounds.

The structures of the substituted diazoles were also confirmed by 'H-NMR spectra
studies. In CDClIs solution, the following 0 (ppm) values were obtained: 7.47 7.50 (2s, 10,

C(CfH5)._): 7.35 (dd, 2, meta to N =N CeH..X,J = s Hz); 7.12 (dd, 2, 4-pyridinecarbonyl,

orthoto C—0,J — 9and 2Hz); 7.93 (dd, 2, orthoto X,J = 9 and 3 Hz); 8.04 (dd, 2, 4-pyridine-
carbonyl, meta to C=0,J = 9 and 2 Hz).

W here X = substituent group.
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Table 1

Characteristics of N I-isonicotinoyl-Z£-diphenyl-b-(X )azo-1,2-diazoles

X

Phenyl
2-Chlorophenyl
3-Chlorophenyl
4-Chlorophenyl
4-Bromophenyl
2,4,6-Tribroinophenyl
3-Fluorophenyl

2-Chloro-4-nitro-
phenyl

2-Nitrophenyl
3-Nitrophenyl
2-Methylphenyl

4-Methylphenyl
2-Methoxyphenyl
4-Methoxyphenyl
4-Aminodiphenyl
1-Naphthyl
2-Naphthyl

4-Carboxyphenyl
4-Hydroxyphenyl
2,3-Dimethyl-I-
-phenylpyrazolone
2-Sulfonainidobenzene

iVI-2-pyridylsulfon-
amidobenzene

iV1-2-pyriiriidylsulfon-
amidobenzene

iV1-2-thiazolylsulfon-
amidobenzene

iV1-2-guanylsulfon-
amidobenzene

1\M1-2(4,6-dimethyl)
pyrimidylsulfon-
amidobenzene

iVi-2-acetylsulfon-
amidobenzene

MP.°C

146
165
203
156
245
249
289

211
274
267
133

173
221
188
265
240
235

275
199

282
191

285

262

215

295

321

278

Colour

dark yellow
pale yellow
light brown
brown
dark yellow
yellow

pale yellow

pale yellow
light yellow
brown

pale yellow
needles

white needles
pale yellow
dark brown
dark yellow
red

yellow
needles

dark yellow

pale yellow

brown

dark yellow
dark yellow
red

pale yellow
needles

pale yellow

pale yellow

brown

Molecular formula

C27H i9N50
C,7H 18NsOCI
c27h 18Bn Goci
c27’h 18n,oci
C27H ]sNBOBr
C27H 16N50Br3
C27H 18NSOF

C2HIINAC1
0*7~18"r,03
C27H IsNf03

c28h 2In 50
c28h 21n 6o
c28h 21n 50 2
c,8h 2In 50 .
c23h 2ln 6o
c3lh 21n 50

c3lh 21n 50
A287M197N513
Q.7h ,9n 602

C32H 20N 702

N27-"20Mr»"3N
c3h 2n,03

C31H 2N 803S

A3dA21770382

c28h 2n 8o 3

C33H2rN 80 3

C2oH2Nd) 45

Nitrogen
Found Calcd.
6 7
16.29 16.31
15.10 15.12
15.10 15.12
15.09 15.12
13.76 13.78
10.47 10.51
15.63 15.66
16.51 16.54
17.63 17.72
17.69 17.72
15.78 15.81
15.79 15.81
15.21 15.25
15.21 15.25
16.14 16.15
14.59 14.62
14.56 14.62
14.78 14.80
15.69 15.73
18.15 18.18
16.52 16.54
16.70 16.75
19.07 19.11
16.51 16.58
20.31 20.36
18.21 18.24
15.21 15.27

37

RfValue

0.8457
0.7079
0.6954
0.7234
0.7534
0.9856
0.8499

0.5683
0.7943
0.8682

0.9160
0.9237
0.8360
0.8860
0.8239
0.5909

0.5448
0.7665
0.7099

0.8091
0.5023

0.6988

0.5838

0.9084

0.6284

0.4511

0.6924
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38 SINGH: 1,2-DIAZOLES AS ANTIMALARIAL AGENTS
Biological assay

All compounds were screened for their antimalarial activity against
Plasmodium berghei KBG 173 malaria in Swiss mice by the Osdene and Kus-
SELL method [11]. Some of the products, namely, iVlisonicotinoyl-3,5-diphe-
nyl-4-(JV1-sulfonamidobenzeneazo)-, -4-(iV1-2-thiazolylsulfonamidobenzene-
azo)-, -4-(iV1-2-pyrimidylsulfonamidobenzeneazo)-, -4-(iV1-2-(4,6-dimethyl)-
pyrimidylsulfonamidobenzeneazo)-, and 4-(7V1-2-pyridylsulfonamidobenzene-
azo)-l,2-diazoles showed significant antimalarial activity.

*

The author wishes to express their cordial thanks to the Sahu Jain College, Najibabad
for laboratory facilities and to Dr. Shyam Singh, CDRI, Lucknow for spectral data and ele-
mental analyses.

The author is also indebted to Dr. T. R. Sweeny, Director, W. A. R. I., Washington

(D. C.), for testing the compounds as antimalarial agents and to CSIR, New Delhi, for
financial assistance.
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Calculations based on statistical thermodynamic methods have been performed
to estimate the preexponential factors of four-center molecular elimination reactions
of dialkyl ethers. The changes in overall symmetry, the number of optical isomers, the
three main moments of inertia and the hindered internal rotations frozen in the activa-
tion process make comparable contributions to the activation entropy. Thus neglect
of the role of the change in overall rotation can only be justified in the differential
method of estimation of activation entropies when the structure of the activated
complex is tight.

Calculations were made for the following ethers (in parentheses are the
Ig(A8D/s- 1 values): methyl ethyl ether (12.6), methyl isobutyl ether (11.7), methyl
(eri-butyl ether (13.6), diethyl ether (13.2), di-n-propyl ether (12.4), di-n-butyl ether
(12.1). The estimated preexponential factors are in reasonable agreement with the data
available in the literature.

Introduction

The thermal decompositions of dialkyl ethers are complicated processes
characterized by the competition of radical and molecular reactions [1—3].
Modelling of the reaction systems is a major method in the establishment of
the relative kinetic roles of the competing processes and in the elucidation of
the possible mechanisms of the reactions. To set up a model, the rate constants
of the elementary reactions of the assumed mechanism, if possible, charac-
terized by the Arrhenius parameters, must be known. Since only a limited
number of rate constants are available for the elementary reactions involved
in the mechanisms of dialkyl ether decompositions, studies to estimate the
Arrhenius parameters are of importance.

The thermochemical calculations outlined below are aimed at obtaining
the estimated activation entropies and, consequently, the preexpo-
nential factors of the reactions characterized by the general equation

H «cCn

RO-C-CH 7 RO + C< ROH + >C = C< 1)
| |

for the customary temperatures of thermal decompositions.

Acta Chim. Acad. Set. Hung. 110, 1982



40 SERES: DECOMPOSITION OF DIALKYL ETHERS

The preexponential factors of uuimolecular reactions are generally
estimated via transition-state theory by a differential method (see e.g. [4, 5]).
In the application of the method the rotational entropy change (zliS°CF) is
usually left out of consideration, since the latter is normally negligible for small
molecules [6, 7]. Since the molecules studied here are of considerable size and
the products of the three principal moments of inertia increase considerably
in the activation process, the omission of dS°® results in an error no longer
negligible. To avoid this source of error, the overall entropies of the models
of the reactant molecules and activated complexes were calculated. This pro-
cedure made it possible to check the probable errors of the calculations by
comparison of the calculated and experimental data for the molecules.

Calculation of A S by a statistical mechanical method*

Ith as been shown by Benson [4] that S° and Cp T can be estimated with
sufficient precision using characteristic frequencies for the individual internal
degrees of freedom, provided the pertinent molecular structure data needed
in the calculation of the contributions of other degrees of freedom are known.
The reliability of the estimation is enhanced by the fact that the contributions
of vibrational degrees of freedom are relatively small in molecules not involv-
ing hindered internal rotations.

The S° and Cpr functions of hindered internal rotations can also be
calculated with high precision, provided the rotors are symmetrical and the
frame they are attached to is rigid.

Although theoretically unjustified, reliable estimations have also been
made for asymmetric, rigid rotors using the equations valid for symmetrical
rigid rotors [4].

In the case of molecules containing non-rigid rotors, the calculation of
S° and CpT for the rotors is theoretically unfounded. If the calculation is made
by using the equations valid for rigid rotors, the thermodynamic functions
are overestimated, since the reduced moment of inertia is also overestimated.
The difference is not important in most cases, however. In the present paper
the S° and CpT functions of hindered rotors are also calculated for rotors
having a loose structure, by using the equations valid for symmetrical, rigid,
coaxial rotors. The method applied gives results with errors not exceding
A1l cal mol 1K 1.

The preexponential factor of a unimolecular rate constant can be cal-
culated from the activation entropy [4, 8] via the equation

* Units of S° and Cp are: cal mol-1 K -1 (e.u.): 1 cal = 4.184 J.

Ada Chim. Acad. Sei. Haag. MO, 1982
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ekT I*a*n as2*ir
""" BT (2)
h an*

(I* is the reaction path degeneracy, a* and a are the overall symmetry num-
bers, while n* and n are the numbers of optical isomers of the activated complex
and the reactant molecule, respectively).

ASy* was estimated by using identical calculation procedures for the
activated complexes and the reactant molecules. The translational entropy
change is zero; however, important changes occur in the vibrational entropy,
the entropies of external and internal rotations, the symmetry and the number
of optical isomers.

In the calculations made for the molecules, some of the rotational bar-
riers of the heavier rotations have been changed slightly to obtain a better
agreement between experimental and calculated overall entropies and molar
heat capacities [1, 13]. Although this procedure may result in sizeable errors
in the calculation of the contributions of indiYddual rotors, it is suitable for
the calculation of the sum of the contributions of heavy rotors. Since the
degrees of freedom of the rotors in the a and B positions to the ether oxygen
are changed in the activation process, even a considerable error in the cal-
culated contributions of the individual rotors is expected to give merely a
negligible error in AS%-* because in all the ethers considered here (with the
exeption of DNBE) heavy rotors are only present in the a and R positions to
the ether oxygens. In the alkyl group not involved in the activation process,
the change in the contribution of the rotor in the a position to the ether oxygen
is small and can he estimated Yvith reasonable precision.

The accuracy of the estimation of AS*-* depends upon the fulfilment of
the following assumptions:

a) Using the characteristic frequencies given by Bexson instead of the
actual values, no major error is committed.

b) Application of the equations valid for symmetrical, coaxial, rigid
rotors for the calculation of the contributions of non-coaxial, asymmetric,
loose rotors of molecules and activated complexes gives a good approximation,
or at least the errors committed are compensated in the calculation of ASy*.
The models chosen are correct; the calculated quantities do not depend much
on the bond distances and angles assigned.

The fulfilment of the above conditions is illustrated in the cases of the
ether molecules, where the agreement between the calculated and experi-
mental data is reasonable (see below). Hopefully, calculations of the S° and
C° T functions of the models describing the activated complexes give results
of similar accuracy.

The contributions of translational, rotational and vibrational degrees of
freedom were calculated by using the following equations of statistical mechan-

Acta Chim. Acad. Sei. Hung. 110, 1982



42 SERES: DECOMPOSITION OF DIALKYL ETHERS

ics [9]:

Sr= A@5InM + 25InT) -2.315, €]
Cptr= 25R. @
S°ot = 2.2878 Ig (IA1BIc 10120) + 6.86341g T - 4.5756 Ig <tex -

6.8966, (5)
C°rot =1.5 R, (6)
"
s°ib — R —In(1 —eU) , and ©)
ell—1
¢ b RU2eU
=P, Vi
P (eU - 1)2 )

where M is the molecular mass, R is the molar gas constant (1.987 cal mol-1
K ~r), lalblc isthe product of the three main moments of inertia, aex is the
external symmetry number and U = hvjkT. The product I AIBIC was cal-
culated by the method of Hirschfelder from the masses and the Cartesian
coordinates of the atoms [10]. The bond distances and bond angles were the
average values suggested for dimethyl ether and paraffins: r(C—H) = 109.4
r(c-o0) 141.6, r(C-C) = 153.7 pm; <(COC) = 3.897, <(HCC) = 3.823,
<(CCC) = 3.821 rad [11].

For the calculation of the S° and C° T functions of internal rotations, the
rotational barriers were taken from the literature or estimated. Corrections
were made in the rotational barriers of some heavy rotors, but these never
exceeded 0.5 kcal mol-1. The calculations were performed with a digital
computer [12].

The assumptions made regarding the structure of the activated complex,
and the calculations performed, are illustrated on the example of DEE
(Table 1).

In the molecular decomposition of DEE, a four-membered activated
complex is formed [Eqg. (1)].

Rotation around the C—C and C—O0 bonds involved in the reaction is
hindered by interaction between the ether oxygen and the hydrogen atom of
one of the methyl groups.

The decomposition ofinternal degrees of freedom into normal coordinates
was performed according to standard procedures [4]. Characteristic frequencies
estimated on the basis of bond length — bond distance correlations (ref. [4],
Table A 13) were used in the calculations. The missing frequencies were cal-
culated via the equation

9
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Table 1

Estimation of the preexponential factor of molecular decomposition of diethyl ether*

DEE DEE*
g vy Sl e vemi 78
Bond stretches Bond stretches
C-H 1 3100 0.00 CeH 1 2200 0.00
0 H 1 2200 0.00
c-0 1 1100 0.06 Ce0 1 r.c —
c-cC 1 1100 0.09 Cc-C 1 1300 0.03
Deformations Deformations
(H—C—O)jw 3 1150 0.16 H c”~c 3 800 0.62
(H—C—0)(w 1 1150 0.05 H C-0 1 800 0.21
H-C-H 2 1450 0.03 Il «C -H 2 1100 0.12
C-0 ¢ 1 400 0.96 C 0 ec 1 280 1.53
C C-0 | 400 096 C-C <0 1 280 1.53
(CH2r L 700 0.31 Heo-c | 800 0.21
(C-0 C)op. 1 170 2.44
Hindered rotations Hindered rotations
CH3~ CHXEt 2 4.16 CH3/ CH,OEt+ 1 2.08
Fo = 3400 cal mol-1 VO = 3400 cal mol-1
Ir = 5.2x10-*° g cm2 Ir = 5.2x10-*° g cm2
Et / OEt 2 11.01 Et / OEt* 1 5.69
VO = 5000 cal mol-1 VO = 5500 cal mol-1
Ir = 3.3xI0-39 g cm2 /r = 4.5+10-39 g cm2
Opt. isomers - Kin2 1.38
ANt 2.02
17.79 17.86
AS°*' = 0.7; dS°*' = -0.75; A00= 10132

*S°’= S°/cal mol-1K _1
** Degeneration

The distances between atoms involved in the ring of the activated complex
are r(0 «H) = 138, r(0 «C) = 223, r(C—C) = 140, r(C «H) = 209 pm,* in
agreement with those suggested in the literature [14]. The changing of the
assumed bond angles within reasonable limits results in a negligible change in
the computed S° and Cp functions.

*r= ro-f- 00 pm, for the breaking bonds; <(H «O «C)= 3.142 rad.
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In the calculations outlined above, the number of different atoms present
in the molecule, the Cartesian coordinates of the atoms, <ex, and the charac-
teristic frequencies of the normal internal degrees of freedom Mere used as
input data. In the calculation of the contributions of hindered internal rota-
tions, the reduced moments of inertia of the rotors, the rotational barriers and
the symmetries of rotations served as input data. The errors caused by the
overestimation of the S°® and C° T functions of the bulky loose rotors and by
the application of the characteristic frequencies of the normal degrees of
freedom are of comparable magnitude for the molecule and the activated
complex (with the exception ofthe two rotors frozen in the activated complex).
Hence, the error committed in the estimation of the activation entropy is
considerably reduced.

In order to decrease the relative error caused by the assignment of the
rotational barrier of the hindered internal rotations, identical barrier heights
were assumed for identical rotors in similar positions.

Results

An examination of the thermochemical feasibility of the molecular elimi-
nation in the chosen group of dialkyl ethers shows (Table Il) that the free
energy changes in these reactions are considerable in most cases. Since the
similar reaction of dimethyl ether is unfavourable because of its large positive
AG®° value, the preexponential factor for this compound was not estimated.

W ith the calculation procedure outlined above, the entropies and molar
heat capacities of the following dialkyl ethers and activated complexes formed
from them were calculated: dimethyl ether (DME), methyl ethyl ether (MEE),
methyl n-propyl ether (MNPE), methyl isopropyl ether (MIPE), methyl iso-
butyl ether (MIBE), diethyl ether (DEE), di-n-propyl ether (DNPE) and di-u-
butyl ether (DNBE).

The rotational barriers assumed for the individual rotors on the basis
of literature data [15] are listed in Tables Il and IV for the molecules and
activated complexes, respectively.

The calculated entropy and molar heat capacity contributions of the
various degrees of freedom are shown in Tables V and VI. A comparison of the
calculated and experimental data demonstrates the reliability of the cal-
culations.

It is to be noted that the contributions of various methyl rotors in dif-
ferent ether molecules can he calculated woth high precision for all the com-
pounds studied. Since the calculation for the methyl rotors present in the
activated complexes gives results of similar precision and (with the exception
of a few rotors) only methyl rotors are present in these species, the sum of the
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Table 11

Examination of the thermochemical feasibilities of molecular eliminations*

Ether ROH Olefin NnHMNO w80 Ke.m

Dimethyl ether (DME)** CH30H : CH2 88.9 40.0 569 4xI10“B
Methyl ethyl ether (MEE) CH30H C,H4 155 343 12.0 28
Methyl n-propyl ether (MNPE) CH30I1l  C3H, 126 35.7 16.0 3.5XI02
Methyl isopropyl ether (MIPE) CH3OIl  c3Hr 16.0 38.3 147 15xI02
Methyl t-butyl ether (MTBE) CH30H i-C,Hs8 16.7 410 16.1 3.9XI02
Methyl isobutyl ether (MIBE) CH30H i-C4H8 11.0 347 —168 6.1x102
Diethyl ether (DEE) CoHjOH C,H4 161 37.1 13.6 7
Di-ra-propyl ether (DNPE) C3H,OH C3H, 122 383 185 1.7X103
Di-n-butyl ether (DNBE) C4H,OH 1-C,Hs8 13.1 381 —174 8.8Xx102

*NUW'0o= dtf°00/kcal mol-1; ZIS8'( = /1S|o0/e.u.; AG°'0 = <4GJ00/kcal mol-1
** <AGoo estimated from dffjegand ,1S)8

Table 111

Calculation of thermodynamic functions of hindered internal rotations;
barriers to rotations and reduced moments of inertia for different ethers*

VI, Ir.l VI, ., Vi, G« Vi Vi, If,
DME 2800  4.82
MEE 3100 5.05 5000 26.8 3400 5.06
MNPE 3100 5.25 5000 34.3 7200 37.6 3400 5.25
MIPE 3400 5.23 5000 34.3 3600 5.20 3600 5.20
MIBE 3100 5.27 5000 42.0 8000 55.3 3600 5.29 3600 5.29
MTBUE 3400 5.27 2500 38.4 4000 5.21 4000 5.25 4000 5.25
DEE 3400 5.24 5000 33.4
DNPE 3400 5.31 5300 52.1 7200 75.8
DNBE 3400 5.33 5300 56.1 7500 95.6 6500 184.4
* K,i= K ,i/cal mol“% Ifj = Jri/l0~,ug cm2;
enumeration of hindered rotations, illustrated on the example of MIBE:
. CH3
H.C-10 - CH,-2-CH r.
CrT,

contributions ofthe rotors frozen in the activation process can also he estimated
with reasonable precision.

As the data obtained are used for the calculation of J1S*-*, the error com-
mitted is further reduced, for the contributions of the degrees of freedom not
involved in the activation process cancel out.
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Table IV

Calculation of thermodynamic functions of hindered internal rotations; barriers to rotations and reduced moments of inertia for different cyclic

activated complexes*

Vi., I'r.l Vi, n,, VI., 1#,. Vi,, K.t
MEE 3600 5.18
MNPE 3600 5.23 3900 5.29
MIPE 3900 5.26 3900 5.27
MIBE 3600 5.26 3600 5.29 3600 5.29
MTBUE 4000 5.29 4700 5.28 4700 5.28
DEE 3400 5.24 5500 45.2
DNPE 3400 531 5300 56.0 7700 78.9 3600 5.33
DNBE 3400 5.33 5399 60.4 7500 104.1 7000 155.1
*V'o.i -- V,, ,/cal mmol > I'ri= IrillO 409 cm2; CH3

enumeration of hindered rotations,
illustrated on the example of MIBE:

CH3— U «CH,

Table V
Calculation of entropies and molar heat capacities of different ethers* (298 K)

Sii s°/ s" rot av: exp. cPt ce.r cit v
DME 37.41 20.95 1.34 4.48 64.18 63.83 4.97 2.98 3.51
MEE 38.2 24.03 3.37 9.50 75.08 74.24 4,97 2.98 7.95
MNPE 38.82 25.65 4.26 15.00 83.74 83.52 4.97 2.98 9.97
MIPE 38.82 25.70 4.63 11.61 80.76 80.86 4.97 2.98 9.87
MIBE 39.34 27.10 5.96 15.41 89.83 91.09 4.97 2.98 13.03
MIBE 39.34 26.04 6.55 12.08 84.01 84.36 4.97 2.98 13.37
DEE 38.82 24.13 4.33 15.17 82.45 81.90 4.97 2.98 10.00
DNPE 39.78 26.55 7.18 28.01 101.22 100.98 4,97 2.98 16.50
DNBE 40.50 28.39 9.96 42.06 120.90 119.60 4,97 2.98 22.80

*sv = S/fcal mol 1K-1 Cpli= Cp[ical mol -1 K-i

Vi.,

5800

CpU-Iat
4.30

8.54
8.49
10.51
10.54
8.61
12.96
17.00

60.4

cp, e

15.75
22.33
26.46
26.31
.31.58
31.86
26.56
37.41
47.77

VI,.

3400

Cp. &2

15.73
21.45
26.89
26.55
31.50
32.07
26.89
37.83
48.76
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From the calculated C° values the parameters of the equation
C°= a+ bT+ cT2+ ¢T3 (10)

mwere calculated for the individual molecules and activated complexes by using

non-linear least squares [16]. These values were used to calculate from
the equation

-g-*T (11

298

and the preexponential factor from equation (2) at different temperatures
(Table VII).

The insensitivity of the activation entropy to the structure of the ring
in the activated complex is reflected in the relatively small change in the
intrinsic entropy of overall rotation (0.8 ~ 0.2 cal mol-1 K _1). The absolute
entropy increment is greater by 1.38 cal mol-1 K-1 for the last three com-
pounds (Table V1), reflecting an external symmetry change of 2.

Since two internal rotations are lost in the activation process, a sub-
stantial loss in the internal rotation entropy occurs, especially when both
rotors are heavy.

On the other hand, an increase in the vibrational entropy is observed
mostly due to the two new vibrations replacing the frozen rotors. The entropies
of these degrees of freedom depend on whether or not low frequency vibra-
tions appear. Substitution in a-position to the O-atom in the ring seems to
be very favourable in this respect owing to the presence of C—C-0 low fre-
quency bendings in the activated complex.

On the basis of these considerations the nearly two order of magnitude
difference in the ~-factors of MIBE and MTBE molecular decompositions is
easily explaned: the decrease in the entropy due to the freezing of t-wo rotors
is smaller, the increase in the vibrational contributions and the reaction path
degeneracy are greater in the latter case.

The calculated M-factors can be checked against those reported in the
literature in only a few cases. The ,4-factor calculated for the molecular decom-
position of DEE (lg M/s-1) = 13.2 Az 0.3) is in reasonable agreement with
those determined experimentally [Seres and Huhn [2] (13.9), Foucaut and
Martin [3] (13)], but it is considerably lower then that determined experi-
mentally by Laidler and McKenney [17] (18) and that estimated by Haugen
and Benson [14] (14.4).

The value now estimated for MTBE (13.6) is lower than both the experi-
mental value of Daly and Wentrup [18] (14.4) and the estimated value of
Benson and coworkers [14] (13.9).
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Table VI

Calculation of entropies and molar heat capacities of cyclic activated complexes* (298 K)

~r \Y sp Srot “opti 4:: Qo'tr cp.r cev Cp'L ot cp e
MEE* 38.21) 2481 6.31 1.99 1.377 7331 3.97 2.98 10.48 2.09 20.52
MNPE* 38.82 26.73 8.30 3.92 1.377 79.15 4.97 2.98 13.44 4.20 25.59
MIPE* 38.82 26.35 8.28 3.84 1.377 78.67 4.97 2.98 13.48 411 25.52
MIBE* 39.34 27.83 9.36 6.03 1.377 83.94 4.97 2.98 15.76 6.29 3.000
MTBE* 39.34 26.89 12.45 5.29 1.377 85.35 4.97 2.98 18.11 5.93 31.99
DEE* 38.82 26.15 8.40 .77 1.377 82.52 4.97 2.98 13.72 4.27 25.95
DNPE* 39.78 28.54 11.10 15.92 1.377 96.72 4.97 2.98 19.89 8.47 36.31
DNBE* 40.50 30.51 13.98 28.93 1.377 115.30 4.97 2.98 26.33 12.75 47.03

*Sf' = Sflcal mol-1 K 1; Cpll-rot=C°PiLmtJcal mol-1 K 1

Table VII

Activation entropies and preexponential factors of molecular elimination reactions*

Ether © I AS,* ot N ot it -asie e 10-»* 11D FO-"X/T000»))
MEE 0.78 3.56 —751 - 533 -3.33 -3.60 05 36 3.7
MNPE 1.08 4.04 11.08 -5.97 -5.53 - 579 1 24 25
MIPE 0.65 3.65 - 177 -5.65 -2.65 -2.76 1 10 11
MIBE 0.73 3.40 -9.38 -4.51 - 737 -7.72 05 0.47 047
MTBE 0.85 5.90 - 6.79 -4.39 1.29 1.30 05 36 44
DEE 2.02 4.07 -7.40 - 487 -0.60 -0.75 05 14 15
DNPE 1.99 3.92 -12.09 -7.25 5.63 -5.95 1 22 23
DNBE 212 4.02 13.13 -8.35 -6.57 -6.89 1 14 1.4

*ASp*' = ASt*lcul mol-1 K*1
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On the basis of the above results, the following conclusions are drawn:

a) The estimated values of the A factors are influenced to similar extents
by the number of H atoms present in B position to the ether oxygen, the
number of internal rotations changing appreciably in the activation process,*
the reduced moments of inertia of the frozen rotors, and the change in the
product of the three principal moments of inertia.

b) The activation entropies decrease with increasing temperature. On the
other hand, the A factors are proportional to the temperature [Eq. (2)]. The
resulting compensation effect renders the preexponential factors nearly inde-
pendent of temperature.

c¢) Ofthe 8 reactions studied, the reaction path degenerations calculated
from the symmetry numbers and by simple counting are identical in only
4 cases.

One of the referees** called the author’s attention to the good linear
correlation between the calculated AH°aQ and In Aaog (i.e. AS°*) values (r2=
= 0.84); on the other hand, no such correlations were found between either
ZISgoo and In Aad0 (r2= 0.43) or AGaoo and In Aaoo (r2= 0.15).

The first observation is probably a consequence of the double effect of
chain branching at the C-atom in a-position to the other oxygen:

a) AH?® increases because of the pronounced stabilizing effect of the
O-atom. (The enthalpy of formation is considerably greater in the case of
re-dialkyl ethers.)

b) The ~4-factor increases for the reasons discussed above.

Since most of the effects influencing the magnitude of AS°* have little
effect on zIS°, the absence of a good linear correlation between /ISeoo an(i
In M800 is understandable. The same applies to the possible correlation of
zIGgoo and In A aoo, since the former is considerably dependent on ASg00.

From a comparison of the estimated data and the few experimental
data available, the jiossibility of the presence of a low-frequency pseudo-rota-
tion in the activated complex cannot be exluded. The reality of this assump-
tion cannot be judged without further experimental investigations.
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Based on solubility measurements the existence of a complex containing two
molecules of benzoic acid for one molecule of cyclodcxtrin has been proved in which
the second acid is assumed to be bound by hydrogen bridge. The formation constants
of the 1 : 1 and 1 :2 complexes have been determined.

The solubility properties of several organic compounds are often essen-
tially modified by complex formation with cyclodextrins. The solubility increas-
ing effect may be an important point for the application of cyclodextrins in
the pharmaceutical industry. In most cases only the formation of simple 1:1
complexes is assumed unless the guest molecules are so small that two or more
of them can penetrate into the cyclodextrin cavity at the same time (e.g.
HC1) [1].

It has been observed [2, 3] that the slopes of the solubility vs. cyclo-
dextrin concentration plots are often greater than unity, suggesting that not
only simple binary but also ternary complexes are formed. This suggestion
was supported also by our (preliminary) experiments: complexes of benzoic
acid and cycloheptaamylose (/5-cyclodextrin, /9-CD) were prepared and then
heated at 150 °C for 2 hours in a vessel covered with a cooled lid. A minor
but strict amount of benzoic acid could always be detected on the lid even
if the analytical composition of the sample was 1 : 1, in spite of the fact that
benzoic acid was not released from the inclusion complex until very close to
the decomposition temperature of the /9-CD (~190 °C) as it has been proved
in other experiments.

Our aim was to interpret these phenomena in terms of complex forma-
tion and to determine the stability of the complexes.

Three independent series of experiments were carried out:

the solubility of benzoic acid was measured

1) in solutions of /?-CD and

2) in solutions of carefully prepared /J-CD—benzoic acid complex;

3) the solubility of the /9-CD—benzoic acid complex was measured in
solutions of benzoic acid.

*To whom correspondence should be addressed
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Results and Discussion

The saturation concentration of benzoic acid as the function of the con-
centration of B-CT) or B-CD—benzoic acid complex (series 1 and 2, resp.) is
shown on Fig. 1, while Fig. 2 shows the solubility of the 1:1complex in the
function of the initial benzoic acid concentration.

As it can be seen on Fig. 1 the cHBvs. cCDplots give practically a straight
line but the slope is 1.05, in accordance with the results of Cohen and Lach [2].

Fig. 1. The solubility of benzoic acid plotted against the concentration of 3-CD (1) or B-CD —
benzoic acid complex (2), respectively. cBg is the total concentration of the benzoic acid,
including also the acid content of the complex

mO Ko
[N
31

S

omp

10

Fig. 2. The solubility of the ~-CD —benzoic acid complex in the function of the initial benzoic
acid concentration
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To evaluate the experimental data the following equilibria (with the
correspondent equilibrium constants) were assumed:
dissociation of the benzoic acid

MH+1MB-1

HBA=+xH+ + B- Kd= t-—--——=* (1)7

d [HB]
the formations of 1:1 and 1:2 complexes:

[CDHB]

CD + HB ~ CDHB (2)
[CD][HB]
[CD](HB)2]

CD + 2 HB CD (HB)2 2 (3)
[CD][HB]2

where the square-brackets denote the equilibrium concentrations of the differ-
ent species. So the total concentrations of benzoic acid and [A-cyclodextrin
can be written as follows:

CHB - fc2[HB]/3 + [HB] + A[CD][HB] + 252[CD][HB]2 (4)
cCD= [CD] + [A,[CD][HB] + &[CD][HB]2 (5)

For Kda value of 6x10 5 was accepted from the literature [4]. For
the other equilibrium constants the following values could be calculated (with
the given standard deviations):

log Bi = 2.9 £+ 0.15

log#, = 35+ 0.2

The agreement with the experimental data is fairly good for all the
three series as it can be seen on Figs 1 and 2 where the calculated curves
are drawn in continuous lines. [For the solutions saturated with the complex
(series 3) the solubility product

Kso = [CD][HB]

had to be taken into account as well, and its value has been found to be
pffso = 4.85. Some slight deviation may arise from the fact that minor
phenomena (as complex formation with the benzoate anion and the solubility
of the 1:2 complex) were neglected.] The distribution of O-CD among the
different species is shown on Fig. 3 as the function of the excess benzoic
acid concentration.
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Summarizing the results, beside the simple binary complex the existence
of a complex containing one molecule of /S-CD and two molecules of benzoic
acid has been proved. Since two molecules of benzoic acid can not penetrate
into the /d-cyclodextrin cavity [5] and the second acid molecule is bound
rather weakly as reflected by the low equilibrium constant of the second

Fig. 3. Percentage of tlie different species containing /S-CD as the function of the excess benzoic
acid concentration

complex formation step (logr2 —logR1= 0.6), the second molecule must be
attached to the cyclodextrin surface by hydrogen bonds. (Bonding to the
included benzoic acid is unlikely because its —COOH is hydrogen bonded to
the cyclodextrin OH-groups and so — as it has been shown by potentiometric
measurements [6] — the acidic strength as well as the tendency to dimerize
is decreased.) This structure gives explanation for the sublimation of small but
strict amount of benzoic acid below the decomposition temperature. So in all
other cases when the guest molecule is capable of hydrogen bonding, an “outer
sphere” complex with the composition of 1 :2 can be formed as well and the
properties of such complexes must be highly different from those of real
inclusion complexes.

Experimental

The concentration of /S-CD in the first series of experiments was 0—1.5 X 10-5 mol din-3,
and that of the benzoic acid in series 3, was 0 —2x10-2 mol dm -3.

The /3-CD —benzoic acid complex was prepared by dissolving equimolar amounts of
/?-CD and benzoic acid in hot water and then crystallized by cooling. The composition was
proved to be 1 :1. Its concentration in series 2 was 0—1.33 X10-2 mol dm-3.

The temperature was always kept at 25 i 0.1 °C.

After the solubility equilibrium had been reached (at least 12 hours) the concentration
of benzoic acid was determined by alkalimetric titration and that of the /9-CD by optical
rotatory measurement. (First it was proved that in solution the optical rotatory of /3-CD was
not modified by the presence of the benzoic acid.)
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On the basis of theoretical considerations a relationship was established between
the polarization resistance and the corrosion-current density for the case of metal
dissolution inhibited by an adsorption-type inhibitor. The corrosion-current density
can be evaluated when the potential dependence of the electrode coverage is known in
addition to the polarization resistance and the Tafel slopes.

Introduction

The technique of electrode impedance measurement has become wide-
spread in electrochemical and corrosion studies during the last decades. Imped-
ance diagrams recorded in a wide frequency range are especially useful for the
separation of consecutive and/or parallel processes of different relaxation
times. The analysis of electrode impedance was employed by Gerischer and
Meh1 [1] for the study of adsorbed intermediates in the hydrogen evolution
reaction. Epelboin and his co-workers [2 to 8] investigated the metal dissolu-
tion and metal deposition processes using impedance diagrams. Armstrong
and his co-workers [9 to 18] employed this method for the study of various
electrode reactions. An excellent account of this technique is found in the
monograph of Macdonald [19] on perturbation methods.

Armstrong [9] assumed in his study of the impedance relations of
active to passive transition that the metal dissolution is a simple single-step
reaction which is inhibited only by the geometric effect of oxygen adsorbed
on the surface. The author applied the method of Frumkin and Gaikazyan [20]
in the determination of adsorption impedance.

In this paper the application of the impedance method for the study of
inhibitors is presented basically in accordance with Armstrong’s treatment
assuming the adsorption of neutral molecules and a simple charge transfer
reaction energetically independent of the latter.

+ This paper was presented at the 5th European Symposium on Corrosion Inhibitors at
Ferrara (ltaly), 15- 19. September 1980.
*To whom correspondence should be addressed.
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The electrode admittance

The current density of the adsorption process and that of the charge-
transfer reaction assumed to be energetically independent one from another
are given by the following formulas:

Lo AE AE
jI7 ycorr efa (1)
1 B COIT

the current density of the faradaic process (charge transfer reaction) and

dov

B g df 2)

the current density of the adsorption transient, where jcorr is the corrosion-
current density, Rc and RBa are the Tafel slopes of the anodic partial process
(metal dissolution) and of the cathodic reaction (H + reduction), respectively,
0 is the coverage of the inhibitor, (TMe is the charge density of the electrode
having 0 coverage while and cr, are the charge densities of the uncovered
electrode (0 = 0)and ofthe completely covered (0 — 1) electrode, respectively.
AE = E m Ecoris the polarization.
The admittance of the faradaic reaction is given by

djr d'F 4\— djp do
dAE dAE o d& ne dAE

Employing the treatment of Frumkin and Gaikazyan [19] for the case of
sinusoidal perturbation
AE = AE + UQOeX=t
we obtain
as as 1

o . 4)
dAE dAE ja=0 1 + ion

I Ne
dAE 6=0

where

is the derivative ofthe stationary 0 vs. AE function, cois the angular frequency,
U0 is the amplitude while T = 1/k is the time constant, where k is the rate
constant defined by the equation of a first order kinetic reaction:

do

fc O— Oe)
ot ( (5)
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where Oe is the equilibrium coverage corresponding to the instantaneous
potential.

The faradaic admittance at the corrosion potential JIE = 0 is given
by the following formula taking into account equations (1), (3) and (4)
if1 . 1 1 30 1 1

IU a Rc 1 ®corr dAE}

Yf=Jc 6
The current density [equation (2)] corresponding to the perturbation
of the adsorption process is given by the following equation

(1-0) + -7 0 ) do dAE
IAE (°i —tf2) dAE dt (?)

and the admittance corresponding to the adsorption process when a sinusoidal
perturbation

AE = AE + UOelat
is applied reads

o o 30
Ya= ico T ro"2 )
udi LI 10371 3AE )
where Cdi is the capacity of the double layer:
Q=7 1—04+— ©
dafe A e ©

do- do2

where ". . and
dAE dAE
are the specific double layer capacities ofthe uncovered and completely covered
electrode, respectively.

Separating the real and imaginary parts of faradaic admittance (6) and
of adsorption admittance (8) the real and imaginary parts of the electrode
impedance are obtained

1 1 1 30 1
Y '=jc ! 1t
1 Ra Rc 1 @®corr 3AE 5o 1+ (10,
30
- - ff)
3AE

(eo] 30

%5 ooC L +
a @--23,, 272 d IE g

(")
je< cor 30

1 0M® 1 or T 3AE
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or by simplifying the notations

ft)2r 2
+ 1 ro+
R, Rto |+ oodm2 JfAa 1+ aRT2 1
( )
1 1 1
R, Raw R s Rae 1+ ft2T2
Y'é — coJCdl f- [CAD -j- CtO] (13)
1+ fRT2
The notations of equations (12) and (13) are the following:
= Jc (14)
R-t Fa + b
the charge-transfer resistance of the faradaic process,
(15)

R,, 1-0Oc¢ ANE B0

the additional charge-transfer resistance connected parallelly to the latter at

low frequencies and
d&

R Ao ANE jB O

(16)

another additional charge-transfer resistance due to the effect of the adsorp-
tion process at very high frequencies {cox> 1) which can be regarded from
an electrical point of view as the loss resistance of the adsorption pseudo-
capacity. The latter is given by

Cro K ff2) )Q (17)
ANE o=0

while the pseudocapacity of the faradaic process reads

[-*] 9

1 Or BAE'L R.

The latter are effective when cor <4; 1. In addition formulas

(19)
K R, + Ra-
1 It 1
R K » R a-

Ada Chim. Acad. Sei. Hung. 110, 1982



MESZAROS et al.:. ELECTRODE IMPEDANCE MEASUREMENTS 01

and

CO= {Cl0O+ CAQ)= --~- (21)
no

are introduced, whence the real and imaginary parts ofthe electrode impedance
are obtained
| i i

y 1= - - (22
Rm + RO 1+ co2r2
1 ar
y = cocd| (23)
RO 1+ f)2T2
Rp

Fig. 1. Equivalent circuit of the electrode impedance for the case of a charge-transfer reaction
coupled with adsorption

Equations (22) and (23) are identical to the admittances derived by
Armstrong and Henderson [10] for adsorbed intermediates. The electrode
impedance according to the latter authors can be represented by the equiva-
lent circuit shown in Fig. 1 where

Rn= Rt (24)
Ro+ R°
RO
cP= ' (25)
Rt
ze= zt+iz;= I_ (26)
Ye Yl

The complex plane display of the electrode impedance is shown in Fig. 2 for
some typical cases.

The diagrams generally consist of two fairly well separated semi-circles
if the time constants of the Rx — Cdl and Rp— Cp circuits, respectively,
differ to a sufficient extent.
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Fig. 2. Typical impedance plots of a charge-transfer reaction coupled with adsorption

The point of the diagram corresponding to frequency co= 0 permits the
determination of the polarization resistance using equations (19). (20) and
(24). Hence

+ RP= 1 + 111 (27)
R, Rto

and taking into account equations (14) and (15) we obtain

1 1 1 1, 1 1 1 9&

' o (28)
R, Rt + ;‘)leo LU Rc 1  ®corr [AAE\ g0

Thus the corrosion-current density can be calculated if Tafel slopes 8a and Rc
are known as well as the potential dependence of the coverage with the
inhibitors.

The determination of the corrosion-current [density can he considerably
simplified if the adsorption of the inhibitor does not depend on the potential.
This is the case when e.g. a neutral molecule dissociates in the double layer
and an organic cation is formed which can be contact-adsorbed on the surface.
Thus the repelling effect of water molecules is balanced by chemical binding
forces when the metal surface is positively charged and by electrostatic forces

if the surface is negatively charged. In such cases (- = 0and thus equ-
\BAE «-0
ation (28) becomes

R, = Rt, (29)
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i.e. resistances R+ Rpcorrespond to the charge-transfer resistance (Fig. 2d).
(In this case the slope of the polarization curve obtained under stationary
conditions by using the so-called linear polarization method yields a correct
value for the corrosion current.)

A similar consideration is valid when the corrosion potential is very
nearly equal to or identical with the potential corresponding to maximum

90 1
coverage as in this case (——I m 0 at the corrosion potential or in its
1 pAE In 0

vicinity.
The determination of the corrosion-current density can be simple also,
when the adsorption process is slow. In fact, —— [equation (16)] may he
1 no»
negligible as compared to —- [equation (19)] if rate constant k defined by

equation (5) is small, i.e. time constant T = o is large. In this case R” deter-

mined on the basis of the high frequency semi-circle is equal to the charge-
transfer resistance [c./. equation (19)]:

a» = R' (30)
: (30 ]
Apart from the above special cases, the knowledge of —m and 0 corr
(0AE le_o

is indispensable for the determination of the corrosion-current density. The
coverage prevailing at potential AE can be evaluated on the basis of the
double layer capacity Cdl obtained from the high frequency semi-circle. The
double layer capacity of the electrode of coverage 0 is given by the following
formula in accordance with equation (9)

cd = Cx(l - 0) + C20 (31)

where C2 and C2 are the capacities of the uncovered and completely covered
electrodes, respectively. Hence coverage 0 is

0. £dl —Ci (32)

c2—ct

1 30

\dAE

value of coverage (0corr) determined at the corrosion potential and in its
vicinity according to the above formulas. The corrosion-current density can
be obtained from equation (28) if Raand Rc are known in addition to the above

can be evaluated by a graphical or numerical method using the
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mentioned data

L0 (33)

fia +F 1 ®corr Lgne 0=0

)
AE=

Thus it can be concluded that the knowledge ofthe polarization resistance
and the Tafel slopes is not sufficient for the determination of the corrosion-
current density (except in some special cases), since neither Rn [equation (27)]
nor [equation (19)] can be assumed to correspond to the charge-transfer
resistance (f?;). Except some special cases the results can only be satisfactory
if the adsorption isotherm is known and taken into consideration.

The experimental study of the above theoretical considerations will he
presented in a subsequent communication.
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Biionic and multiionic potentials using various combinations of 1 :1 electro-
lytes at different concentrations across cobalt-sulphide membrane have been measured.
Membrane conductivity values in contact with single electrolyte have been experi-
mentally determined in order to evaluate membrane selectivity using the predetermined
values of intramembrane mobility ratio. The selectivity sequence of the membrane
has been found asK+ >N a+ > Li+, which on the basis of Eisenman —Sherry model
of membrane selectivity indicates the weak field strength of the charged groups attached
to the membrane matrix. Three different methods based on various integrated forms of
Nernst —P1anck flux equation have been used in order to derive the potentiometric

selectivity constant Kfj°l of the membrane. The values of derived from three
methods were closer to each other.

Introduction

In a series [1—8] of communications on the basis of Eisenman —
Sherry model [9, 10] of membrane selectivity and by using theories for
membrane potential based on thermodynamic considerations, we have demon-
strated the small fixed charge density at the skeleton of parchment supported
inorganic precipitate membranes. In this paper the biionic and multiionic
potential measurements for cobalt-sulphide membrane are described for the
evaluation of membrane selectivity for ions. Membrane conductance in con-
tact with various 1 :1 electrolyte solutions have also been experimentally
determined in order to substantiate our findings.

Experimental

The membrane was prepared by the method of interaction suggested by Beg and
Shyam [2]. To precipitate these substances in the interstices of the parchment paper, 0.2 M
solution of sodium sulphide was kept inside the glass tube, to one end of which was tied the
parchment paper previously soaked in water. This was suspended for 72 h in a 0.2 M solution

*To whom correspondence should be addressed.
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Conductivity

Fig. 1. Cell for measuring electrical conductivity of membrane

of cobalt chloride. The two solutions were interchanged later and kept for another 72 h. The
membrane was washed with deionized water for the removal of free electrolyte. The biionic
and multiionic potentials were measured by constructing an electrochemical cell of the following
type using a Pye-precision vernier potentiometer

Hg-HgXlI, | Saturated Electrolyte Membrane Electrolyte  Saturated Hg,Cl2 Hg
1 KCl-agar  solutions solutions KCl-agar
1 AX or BX or
1 (AX+BX) (AX+BX)

The solutions on both sides of the membrane were vigorously stirred by electrically operated
magnetic stirrer to remove completely or to minimize the effect of film controlled diffusion [11].

Electrical conductivity of the membrane was determined by setting up a cell of the
type shown in (Fig. 1) using a conductivity bridge (Cambridge Instrument Co. Ltd., England).
All measurements were carried out at 25 * 0.1 °C. The error in measurement of membrane
potential was within + 1.0% whereas the electrical conductance could be measured to better
than 99.5% accuracy.

Results and Discussion

W hen an ion-exchange membrane is interposed between two solutions
of an electrolyte at different concentrations the mobile species penetrate the
membrane and various transport phenomena are induced in the system [12].
An electrical potential across the membrane is generated which is called con-
centration potential or membrane potential. The sign and magnitude of the
emf give the selectivity of the membrane towards the ions of electrolyte. If the
membrane is used for two separate electrolyte solutions of the type AX and
BX (or AX and AY), the steady potential developed is called biionic potential
EBlIp [13]. The BIP has been considered by Helfferich [14] in accordance
with the concepts of the TMS theory [15, 16] as being the algebraic sum of
two interfacial potentials and an internal diffusion potential. A complete
mathem atical discussion under conditions of (a) membrane diffusion control,
(I») film diffusion control and (c) coupled membrane film diffusion control has
been presented. For a general case involving complete membrane diffusion
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control, the total biionic potential for ions of equal valence is given by

DT

E = ——InD,a, vyj/Dja,y, ()
Zr

where a'Ja'j, Dj/Dj, yt/fj are the activity ratios of solutions, diffusion coeffi-
cient of ions in membrane phase and the ratio of the activity coefficient of
ions; U, T, Z and F have their usual meaning. Equation (1) reduces to the
form (eq. 2) by wyirrie and Kanaan [17, 18].

E = ~ b a-UtajuUj ()
r

provided fi — Ifj and diffusion coefficients are replaced by mobilities [17].
W yrrie [18] expressed the intramembrane mobility ratio as

UJul= W, = 71,9./1;% (3

where tj/tj is the intramembrane transference ratio, mt and rhj are the steady
state equilibrium concentration of i and j in the respective junction zone.
- is the conductivity of the membrane when it is wholly in i form and Syis
the conductivity of the membrane when it is wholly iny form. Further more,
it was shown that m, T)= K mKjj is the selectivity. This on substitution
into equation (3) gives

UJoj= K. (W) (4)

Thus the ratio of mobilities was related to the chemical and electrical properties
of the membrane.

Biionic potential measurements were also carried out by interposing
the membrane between two different electrolyte solutions at the same con-
centration. The values of biionic potentials across parchment supported cobalt-
sulphide membrane with various 1:1 electrolyte combinations at different
concentrations are given in Table I. Equation (2) was used to evaluate the
intramembrane mobility ratio 1/,/fly, given in Table Il. An interesting point
with the values of 17-/17,mis the fact that the mobility ratio goes through a con-
siderable change with the concentration of the external electrolyte solution.

In order to have a knowledge of selectivity Kj, from the predetermined
values of [7-/7y, the ratio of electrical conductivities #/9y as demanded by
equation (4), must be known. Membrane conductance measurements were
carried out when it was wholly in the form i or wholly in the form j. The values
of membrane conductances at various electrolyte concentrations are given in
Table I1'1. The values of membrane conductances are relatively more dependent
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Table |

INORGANIC PRECIPITATE MEMBRANE

Experimentally observed values of biionic potentials E (mV)
across parchment supported cobalt-sulphide membrane

Concentration (M)

0.1/0.1
0.05/0.05
0.02/0.02
0.01/0.01
0.005/0.005
0.002/0.002
0.001/0.001

KC1—NaCl

2.4
3.5
4.8
6.5
7.2
8.3
9.8

Table Il

Electrolyte pair

KCI—LiCl

7.6

8.5
10.1
155
17.6
21.6
23.5

NaCl—LiCl

6.5
7.2
8.5
10.4
115
12.2
15.4

Values of the intramembrane mobility ratios of various 1 : 1 electrolyte ion pairs

Concentration (M)

0.1/0.1
0.05/0.05
0.02/0.02
0.01/0.01
0.005/0.005
0.002/0.002
0.001/0.001

LrK+/t'IN.+

1.09
1.13
1.20
1.28
1.32
1.38
1.46

Table I11

Electrolyte ion pair

L'K+/Lu+

1.34
1.39
1.48
1.82
1.98
231
2.42

Un»+Qii+

1.28
1.32
1.39
1.49
1.56
1.60
1.82

Experimentally observed values of membrane conductance (MHOS) for monovalent

electrolytes at various concentrations at 25° 4; 0.1 °C

0.1/0.1
0.05/0.05
0.02/0.02
0.01/0.01
0.005/0.005
0.002/0.002
0.001/0.001

Netw Chim. Acad. Sei. Hung. 110, 1982

KCL

0.88 X 10-2
0.64 X 10-2
0.34X10-2
2.30 X 10-3
2.00 X 10~3
1.60X10-3
1.18X10-3

Electrolytes
Nd

0.77x 10“2
0.48x10--"
0.25x10-3
1.50x10-3
1.35X10-3
0.90X10-3
0.60X 10“3

Licl

0.67x10-3
0.40X 10-2
0.20x10-3
1.55x10-3
1.30X10"3
0.85X 10“3
0.55x10-3
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upon the concentration of electrolyte within the membrane as depicted in
Fig. 2. This implies that the membrane has a relatively high Donnan uptake
of anion and a low selectivity constant value. The values of selectivity Ku
evaluated from the ratio of electrical conductivity and intramembrane mobil-
ity ratio using the data from Table Il and Il are given in Table IV. The
intramembrane mobility ratio values also refer to the selectivity sequence of
the membrane for the cations as follows;

K+ > Na+> Li+

This order of selectivity on the basis of the Eisenman—Sherry model of
membrane selectivity [9, 10] point towards the weak field strength of the
charged groups attached to the membrane matrix. This is in accordance with

10
8
in
0
X
y
-m 6
K
X
o
C
0
3
§ 2
0
0

- log ¢

Fig. 2. Plots of conductance X103 (MHOS) vs. log C for cobalt-sulphide membrane

Table TV

Values of the selectivity Kji (Ky I/Kij) evaluatedfrom intramembrane mobility ratio and
the ratio of electrical conductivities at various electrolyte concentrations

Concentration (M)

Selectivity
0.1/0.1 0.05/0.05 0.02/0.02 0.01/0.01 0.005/0.005  0.002/0.002  0.001/0.001
1"Na, K 0.95 0.84 0.88 0.83 0.78 0.77 0.79
K u. K 1.02 0.86 0.87 1.22 1.29 1.22 1.21
*ALi, Na 1.12 0.82 0.81 1.01 1.02 0.85 0.97
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an earlier finding of charge density determinations of cobalt-sulphide mem-
brane [2].

A number of methods [19—24] have been suggested for the determina-
tion of potentiometric selectivity constant K”ot using a mixture of electrolytes
on the two sides of the membrane and measuring the potential developed
across it. The general equation for membrane potential (eqg. 5) in an electro-
chemical cell of the type

Electrolyte solution (1) Membrane Electrolyte solution (11)
>+ j) i orj or (i--j)

has been derived following the tenets of the fixed charge theory of membrane
potential and by integrating the Nernst—Pi1anck flux equation for dif-
fusion [16].

8= "1 In](°0Un+ [Kfjoto)li [K T + (Kffaiyi"] ®

where ICfjot = K(Uj/Ut)
If n = 1 and the concentrations on side () are held constant, eq. (5) can be
written as

E = Const -f- c In [a, + (K(jOta;)] . (6)

Various aspects of eq. (5) and (6) have been discussed and reviewed by
Lakshminarayanaiah [25, 26]. Equation (6) has been used in three different
ways for the evaluation of potentiometric selectivity constant Kfjot. In the
first procedure electrical potential across the electrochemical cell, containing
both the primary ions (i.e., i and j) on the side (') and only one type of ion
on the other side (")] (i.e., aj = 0 and i = 1), is measured. For this condition
eq. (6) reduces to

DT
EX= E° A-mm- In ax (7)
F
In another experiment the other ion (i.e.,j = 2) is taken on the side (") (i.e.,
i = 0). Then eq. (6) reduces to
E2= Eo+ M"In X ?0 ‘a2 (8)

r
For the condition al = a2 eqs (7) and (8) give at 25 °C, the relation

log Kff' = E2- EJ59.2 . 9)
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Table V

Values of selectivity constant (Kj30*) for parchment supported membrane obtained employing various
methods

Method
Selectivity constant
| 11 11
Selectivity constant
AK-Na 1.18 1.30 1.15
I"K-Li 1.28 1.60 1.17
JANa-Li 1.13 1.50 1.10

The values of KfjOi derived by this method [23, 24] using eq. (9) for cobalt-
sulphide membrane are given in Table V. In the second procedure [21—25]

the potentials are measured as in the first procedure but the concentration
of the solutions of ion i as well as that ofionj on the side (*)is varied and the

successive potentials E1. .., and E2... are measured. A pair of plots (Fig. 3)
between Exvs. axas well as E2vs. a2are drawn. Now the concentration of the
solution containing ion i and of ion j are so chosen that Ex= _E2 then egs

(7) and (8) give
K™ = aja2 (10)

The values of Kfjot thus derived for the membrane using various 1:1
electrolyte combinations are given in Table Y. In the third method [21—24]

-log a

Fig. 3. Plots of multiionic potentials (mV) vs. logarithm of activity using cobalt-sulphide
membrane
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both the primary ions on the side (") are utilized in the test solution instead
of only one ion used in procedures | and Il. The potential E* developed across
the cell for this type of system, according to eq. (6) is given by

RT
E* = E° + In {ar + KPjota?2).
F

(n)
Combining eqgs (7) and (11) we have
E* . Ei= RT |n (ai + KfjOta2) 12
F ax
which on rearrangement gives an explicit expression for Kfjot i.e.,
{E* —Et)F
exp { RT ) — Kjjot«2 (13)
(E* Ern F

Equation (13) predicts a linear relationship between exp RT

al— ox and a2 the slope of which gives the value of K?°*. The straight line
plots from the experimental data, depicted in Fig. 3, are in full agreement
with the prediction of eq. (13). The values of Kff* (Table Y) derived from the
slopes of the lines are comparable to those derived by the previous procedures.
A little difference may be attributed to the graphical procedure adopted for
the evaluation of the data. It may be concluded that the membrane is weakly
selective and the methods developed recently from the theoretical considera-
tions may he utilized for the determination of potentiometric selectivity of the
membrane-electrolyte systems under investigation and such other systems.
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Iron(l11) forms complexes of general composition FeLjOH with dimethylglyoxime
and salicylaldoxime and FeL,Oll and FeL(OH)2 with 2-hydroxy-3-methoxybenzald-
oxime (all ligands abbreviated as HL). Magnetic moments, infrared spectra and Mdss-
bauer spectra of the complexes have been reported and discussed for iron(111).

Introduction

Considerable interest has been shown in the study of bridged hydroxo
complexes during the last decade because of polynuclear iron clusters having
been recognized as important entities in the metal bonding sites of a number
of proteins and enzymes. The present paper describes hydroxo-bridged iron(l11)
complexes of dimethylglyoxime (Hdmg), salicylaldoxime (Hsai) and 2-hy-
droxy-3-methoxybenzaldoxime (Hhmb). Dimethylglyoxime (Hdmg) has been
the first selective organic reagent used in inorganic analysis. Structural studies
of metal complexes of this ligand have also been performed in detail. Burger
et al. have reported [1] a low-spin octahedral iron(lll) complex of dimethyl-
glyoxime Na[Fe(dmg)2(OH)2] and made also its Mdssbauer study [10]. We have
prepared the complex Fe(dmg)20H which shows magnetic and M dssbauer prop-
erties of a hydroxo-bridged high-spin iron(ll11) complex. Reactions of salicyl-
aldoxime (Hsai) with iron(l1l) have earlier been studied [2] in solution and
the existence of three different complex species [Fe(HL)]3+, [FeLH(OH)2]+
and [FeLH(OH)3]~ at different pH values have been suggested. In the present
studies we have isolated the complex Fe(sal)20H. With 2-hydroxy-3-methoxy-
benzaldoxime (Hhmb), two complexes, viz., Fe(hmb)20H and Fe(hmb)(OH)2
have been prepared under different experimental conditions.

*To whom correspondence should be addressed
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Experimental
Preparation of complexes

Fe(dmg)20H, Fe(sal),OH, Fefhmbj.Ofl

Solutions of iron(11l1) perchlorate (aqueous) and the ligand (ethanolic) were mixed
together in 1:2 metal-ligand ratio. Sodium hydroxide solution was added dropwise until a
dark brown complex separated. It was filtered, washed with water and finally with 50%
ethanol. The complexes were dried in an electric oven at ~70 °C.

Fefhmb) (OH)2

Solution of iron(11l1) perchlorate (aqueous) and the ligand (ethanolic) was mixed in
1:1 ratio and sodium acetate solution was added dropwise until a reddish brown complex
separated. It was filtered, washed with water and finally with dilute ethanol.

The FeL2(OH)-type complexes are insoluble in water and soluble in alcohol and other
common organic solvents while the complex Fe(hmb)(OH)2 is insoluble in water as well as
in chloroform and benzene but partially soluble in alcohol. The elemental analysis data are
presented in Table I.

Physical measurements

Magnetic susceptibility measurements on powdered solid complexes were made at
room temperature (300 °K + 1 °K) on a Gouy balance using mercury tetrathiocyanato cobalt-
ate(l1) (Xg= 16.44X 10_6 e.g.s. units). Infrared spectra were recorded on a Perkin-Elmer 137
spectrophotometer in KBr medium. Mdssbauer studies were carried out by using a 15 mCi Cos7
source (in Pd) held at room temperature. The samples were finely powdered and cooled to
liguid nitrogen temperature in a cryostat. The Mdssbauer absorption spectra were obtained
using a spectrometer in MCS mode in conjunction with a 512 multichannel analyser. The velocity
calibration was done, using an enriched iron absorber (NEN). Sufficient counts teere stored in
each channel and the data from multichannel analyser were reduced by means of a least
square fitting programme run on an IBM 360 computer.

Results and Discussion

Fe(dmg)20H, Fe(sal)20H and Fe(hmb)20H

These complexes show magnetic moments in the range 4.0—4.3 B. M. in.
contrast to the magnetic moments of Burger et al. [10] for Fe(lll) dmg.
Iron(lll) ion has five d-electrons so that the possible ground states are
(*29)3(eg)2 (S = 5/2), (hg)")1(S = 3/2) and (t29)5(S = 1/2). Magnetic moments
in all the cases are much higher for the doublet ground state. Quartet ground
state in iron(lll1) complexes is not very common and is usually observed for
a specific class of compounds [9], which show Md&ssbhauer properties quite
different from those of the complexes under study. Md&ssbauer parameters of
our complexes are clearly suggestive of high-spin iron(lll). The observed
lower magnetic moments than 5.92 B. M. may arise due to antiferro-
magnetic interaction between iron(lll) centres of S = 5/2. The alternative
possibility of spin-state equilibrium should lead to temperature dependent
M 6ssbauer quadrupole splitting [3b], while the complexes under study show
remarkably temperature independent Q. S. values.

Acta Chim. Acad. Sei. Hung. 110, 1982



RANI et al.. HYDROXO-BRIDGED IRON(IIl) COMPLEXES 77

Table |

Colour, composition and magnetic moment of the complexes

Elemental analysis, found (calculated)

Complex Colour ;
M% c% H% N% BM.
Fe(dmg),OH Dark brown 17.97 31.02 4.55 18.33 4.28
(18.48) (31.68) (4.92) (18.48) (2.1)«
Fe(sal)sOH Dark brown 16.85 48.59 3.59 8.23 4.13
(16.23) (48.69) (3.76) (8.11) (4.9)"
Fe(hmb)20H Dark brown 13.44 47.23 4.20 6.82 4.03

(13.82) (47.40) (4.19) (6.91)

Fe(hmbXOH), Dark reddish

brown 20.80 37.80 3.84 5.39 3.04

(21.87)  (37.50) (3.90) (5.47)

*Data of Burger et al. [10]

Keeping in view the composition of the complexes and the bidentate
nature of the ligands the following dihydroxo-bridged structure may be con-
sidered. Such a structure is quite common in iron(lll) chemistry and is in

line with the existence of the dimer [Fe(H20)4(O0H)2Fe(H20 )4]4+ in aqueous
solution. Dihydroxo-bridging of this type may give rise to moderate antiferro-
magnetic exchange interaction causing only small lowering in the magnetic
moment value as observed in these complexes. This may be further confirmed
by susceptibility data. The characteristic Fe —O —Fe antisymmetric vibrations
in such complexes are known to absorb at *950 cm-1 in the infrared spectra.
Fe(sal)20H and Fe(dmg)20H, both show medium non-ligand bands at 960 cm -1.
The spectrum of Fe(hmb)20H contains strong ligand bands at this position.

Mdssbauer parameters for these complexes are given in Table Il. The
isomer shift values lie in the range 0.54 0.69 mm sec-1 (300 °K), which is
indicative of an S 5/2 iron(I11l1) state [3a]. Quadrupole splitting values
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Table 11

Mdéssbauer parameters

Temp. 1.S.a Q.Sh HWj HW{ HW j

Complex °K) (mm sec-1) (mm sec-1) (mm sec-1) (mm sec-1) HW,
Fe(dmg),OH 300 0.54 (0.17)' 0.70 (0.72)' 0.59 0.70 0.84
78 0.84 (0.28) 0.68 (0.70)’ 0.48 0.94 0.51

Fe(sal).,OH 300 0.63 0.97 0.64 0.57 1.12
78 0.77 (0.77)« 0.94 (0.9)8 0.94 0.77 1.22

Fe(hmb),OH 300 0.69 0.72 0.40 0.50 0.80
78 0.78 0.78 0.46 0.42 1.09

Fe(hmb)(OH)., 300 062 1.33 0.31 0.41 0.76
78 0.78 1.34 0.44 0.38 1.16

“Values are relative to sodium uitroprusside absorber

bl. S.and Q. S. accurate upto ~0.04 mm sec-1

cHW = full width at half height 11\\ j and HWj refer to peaks at high and low energy,
respectively

dError is generally less than 0.04 mm sec-"'

eError is less than 0.1

' Data of Burger etal. [10]

BData of Burger etal. [11] (relative to sodium nitroprusside)

(0.70—0.97 mm sec“1 lie in the range for high-spin iron(l1l) complexes [4, 5].
In iron(l1l) complexes there is no valence contribution to the Q. S. The only
source of Q. S., therefore, remains the lattice contribution arising mainly from
the asymmetry of the ligand field, which is further supported by the tempera-
ture independence of the Q. S. values.

All the three complexes show asymmetry effect in the spectra as expected
for dimeric iron(l1l) compounds [6]. The half width ratios are temperature
dependent for Fe(dmg)20H and Fe(hmb)20H and temperature independent
for Fe(sal)20H. The asymmetry of the quadrupole doublet may be attributed
to the interaction of the nucleus with fluctuating electric and magnetic field.
Fluctuations due to spin-lattice relaxations cause a temperature dependent
and concentration independent asymmetry and those due to spin-spin relaxa-
tion give temperature independent and concentration dependent asymmetry
[7, 8]. Fe(dmg)20H and Fe(hmb)20H for which asymmetry is temperature
dependent, involve spin-lattice relaxation. Since concentration dependence
has not been studied, spin-spin relaxation can also not be ruled out. Fe(sal)20H
shows temperature independent asymmetry and hence involves spin-spin and
not spin-lattice relaxation.

These investigations strongly support the suggestion that dmg can form
high-spin iron(l1l1) complexes besides the low-spin ones reported by Burger
et al. [10].
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Fe(hmb)(OH)2

W hen sodium acetate instead of sodium hydroxide is added to the reac-
tion mixture, a complex of composition FeL(OH)2is obtained in the case of
Hhmb. With Hdmg and Hsai complexes of such composition can not be

prepared. For Fe(hmb)(OH)2 a polymeric structure of the type (1) may be
proposed.

Additional antiferromagnetic exchange interaction via hydrogen bridging
between two adjacent planar Fe(hmb)(OH)2units may account for the lower
magnetic moment value of the complex (Table 1).

M dssbauer parameters for the complex are given in Table Il. The isomer
shift value of 0.62 mm sec-1 (300 °K) is in the range characteristic for high-
spin iron(l1l) compounds [3a]. The quadrupole splitting value is larger than
those for Fe(ligand)2(OH)-type complexes. Comparatively larger asymmetry
of the ligand field is obvious with structure (I1). This complex also shows asym-
metry of the quadrupole doublet, which is temperature dependent. The
observation is suggestive of spin-lattice relaxation of the magnetic hyperfine
interaction in addition to the possible spin-spin relaxation.

Thanks are due to University Grants Commission, New Delhi for awarding J. R. F.
to one of us (Indra R ani).
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Cephalosporin S-sulfoxides and sulfones give 2-exomethylene derivatives under
Mannich conditions, but the corresponding R-sulfoxides fail to react.

It is known that cephalosporin sulfoxides undergo a reaction under Man-
nich conditions to give 2-exomethylene cephalosporin derivatives [1,2]. How-
ever, the R (a)-sulfoxides (le, f, g, k)** (Scheme 1) remained unchanged [3]*
if a mixture of cephalosporin S- and jR-sulfoxides, or pure H-sulfoxide was
heated in the presence of formaldehyde or paraformaldehyde and a secondary
amine hydrochloride or trifluoroacetate [4, 5]x (1 day, in f-butyl alcohol-
dichloromethane 7 : 1 at 65 °C inner temperature).

At a higher temperature both R- and S-sulfoxides are transformed
(TLC). Using Ji-/S-sulfoxide mixtures, the S(/?)-sulfoxides are converted to
2-exomethylene-cephalosporin sulfoxides (2a—d) within 5 hours (in t-butyl
alcohol-dichloromethane-dioxane 4:1:6, inner temperature 85 °C). The cor-
responding i?(a)-sulfoxides react slowly and required 24 hours of heating at
this temperature. However, this reaction gave only the corresponding 2-exo-
methylene-cephem-/S-sulfoxides (2a—d) and some oily decomposition products,
containing no /3-lactam. The question arises, therefore, as to whether an
R —& S-sulfoxide isomerization takes place first [6—8], followed by the known
Mannich reaction of the S(/3)-sulfoxides. Heating of the sulfoxide mixture
without a secondary amine salt and formaldehyde in a refluxing mixture of
t-butyl alcohol-dichloromethane-dioxane (4:1:6) (inner temperature 85 °C)
for 3 days resulted neither in changes of the R/S ratio, nor in decomposition

+ Presented in part at the IUPAC International Symposium on Low Molecular Weight
Sulfur Containing Natural Products, Jablonna/Warsaw, July 6 10. 1976

*To whom correspondence should be addressed

** All the compounds described here gave satisfactory elemental analysis and mass
spectroscopy data; the IR and NMR data are consistent with the proposed structures

*=Bremner and Campbett described similar reactivity differences of cephalosporin
S(R) and R(ot) sulfoxides in attempted diazotransfer reactions [3]

x A similar trifluoroacetate (iV-methylanilinium trifluoroacetate, TAMA) has recently
been described as a useful reagent for the direct synthesis of a-methylene ketones [5]
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of the starting material. No changes were observed either in the attempted
isomerization of pure Ji-sulfoxides under the above conditions. This shows
that the non-cleavable cephalosporin sulfoxides do not undergo thermal iso-

I-TimN L
R R i
Ui PhOH2CO CH:CCls NI no-
b PhCHsCO OIl1.0COOH: L 1. Ho<e>t
1 1,80 ~CH2
‘ PhOCHsCO  CH:CCls o " RAH—I —i
‘ PhOCHsSCO CHsPh/nXOs .3 v -
c PhOCHsCO ( KsPh, XO0s li(") n M e
f  PhOCHsCO  CHjCClj ) -
] PhOHjOO (TIL.CCls IR no— cer
h PhOCH-CO lix . 0 - )
i PhCHsCO CH:CCls sos n ..
a—d, h, i j,
j PhOCHsCO CHiPhpNOa sos n o=
K PhOCHsCO e w v 1-
] PhCH2<> CH.,OCOOWs so* no—
scheme 1

merization. In the presence of a secondary amine salt (diethylamine hydro-
chloride, dibenzylamine trifluoroacetate, dicyclohexylamine trifluoroacetate
etc.) both S- and N-sulfoxides are decomposed upon heating in refluxing
i-butyl alcohol-dichloromethane-dioxane (4:1:6) (inner temperature 85 °C)
for one day.

Having prepared the corresponding pure Ji(a)-sulfoxides (1V,iV-dichloro-
urethane oxidation for the preparation of le [9], Scheme 2 for If [10]) the
attemptedM annich reaction (i-butylalcohol-dichloromethane-dioxane (4 : 1: 6),
85 °C inner temperature, one day) gave only a dark oily complex mixture of
/?-lactam-free decomposition products.

The corresponding sulfones (li, j, 1) undergo a reaction of the Mannich
type in dioxane-f-butyl alcohol-dichloromethane (4:3:2, inner temperature,
64 °C) to give the elimination products (2i, j, 1), similarly to the cephalosporin
S-sulfoxides, and sulfones of other types [12—15].*

*The authors are indebted to Dr. J. Verweij for the unpublished experimental data
concerning the preparation of cephalosporin f?(a)-sulfoxides [11]
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Since the 2-exomethylene-cephalosporin derivatives (2a—d, h) are formed
from the corresponding S-(/?)-sulfoxides only, these findings indicate that the
attack of the Mannich reagents presumably takes place from the less hindered

CHn
9
TMS Txn
| |
(0]
Il,0
9 o)
5 PIOCHf—
Scheme 2

6* Acta Chim. Acad. Sei. Hung. 110, 1982
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a-face of the cephalosporin sulfoxides. Because of the steric sensitivity of the
Mannich reaction, the oxidation needed for activation of the methylene « to
the sulphur prevents the formation of the Mannich base in the case of B-sulf-
oxides. Under more severe conditions an alternative pathway also exists,
leading to decomposition products instead the desired 2-exomethylene cephalo-
sporins.

This reaction is, therefore, not generally applicable to oxidized cephalo-
sporins: 2-exomethylene cephalosporins can be prepared from S-sulfoxides
and sulfones.
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Authors studied the conditions of the applicability of an earlier proposed poten-
tiometric evaluation method [1].

The relationship between the stability constants of equilibrium reactions and
the errors of the determination was shown for cases based on the formation of com-
pounds of the composition 1:1 and 2 : 1. Authors examined also the influence of the
individual experimental parameters exerted upon the error of the determination.

A new potentiometric evaluation method [1] is based on the fact that
reactions characterized by low equilibrium constants can also be used in
potentiometric analysis if the concentration of the hound titrant (and not the
free one) is recorded as a function of the volume of the titrant. Saturation
type curves are obtained in this way and the reaction reaches its saturation
section when the reaction becomes quantitative as defined by the chemical
equilibrium. The saturation value of this curve is equivalent to the concentra-
tion of the substance to be determined. The bound reagent concentration is
obtained as the difference between the total concentration added during
titration and the concentration of the free reagent measured potentiometrically.
Naturally, it has to be corrected also for dilution. Thus the following formula
is used for the calculation of the hound reagent concentration:

Ei-EN v V0
+
}g’_lc_x 10 '
v K
C, - [X] ’ (i)
where Cx is the concentration of the standard titrant solution;
C, is the actual total concentration of the titrant;
[X.] the free concentration of the titrant;
Vi the actual consumplion of titrant and
E, the actual electromotive force value in each titration point;

*To whom correspondence should he adressed
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EO is the formal potential of the system;
S the slope of the indicator electrode response;
n the number of the reagent’s molecules or ions X bound by the

material (A) to be determined (mostly 1 or 2).

The Cj — [X,] value at the saturation part of the curve represents CA,
the concentration to be determined.

The method is to be used when a reagent excess is needed to make the
reaction proceed with analytical accuracy.

On the basis of equilibrium calculations [2] the lower limit of K equi-
librium constant (e.g. protonation or complex stability constant) and the cor-
responding CRreagent concentration in the titrated solution can be computed
which makes still possible a determination of satisfying accuracy. For the
analytical procedure based on the equilibrium

A+ X AX (2)

with an error of A relative % due to the state of the equilibrium, CR can be
calculated by the equation

CR= (100 —A) + CA 3)

A K 100

where CAis the total concentration to be determined and

A= [Al. 100 (4)
CA

Equation (3) defines the magnitude of the reagent concentration needed to
ensure the required A accuracy (K and CAare given). It can be seen that with
decreasing K the concentration of the substance to be determined must
increase in order to keep the error at the same value. So, e.g. if we permit a
1% error in a system characterized by an equilibrium constant K - 103
the measurement can be performed in 0.1 M concentration, while in the case
of K = 10® it can be carried out even in a solution of 10~4 M concentration.

Due to practical causes the determination may in general be performed
if the saturation value of the bound reagent concentration can be attained
with a reagent excess below 100%. If e.g. we have to determine a compound in
0.01 M concentration with a relative error below 0.5% with the help of a
reaction having a K value of 104 (in the case of Vn= 10 cm3) the minimal
CR concentration necessary for the quantitative performance of the reaction
is [on the basis of eq. (3)] 0.029 M. If we perform the titration with a 0.1 M
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titrant, we attain even with a 100% excess only a concentration of 0.0167 M.
A 408.5% excess ofthe titrant would he needed to assure the necessary 0.029 M
titrant concentration. This would make the error in Ct — [X],- very large.
In contrast, if the value of K is 105then the necessary Cu = 0.0119 M. This
can be attained with the 30—40% excess of the titrant, accordingly the mea-
surement can be performed.

The lower concentration limit of the determination can he characterized
also with Y, the concentration ratio of the species formed in the reaction and
that of the free reagent:

y = = cn- [X] 5)
[X] [X]

The value of Y is 1if the analytical error got by the use of this evaluation
method is equal or lower than that of the potentiometric measurement. In this
case from equations (4) and (5) considering that CR — [X] = [AX]

100
A =
~KClI ©®

representing the dependence of A from K and CA.
For analytical procedures based on the two step equilibria

A+ XA AX @)
AX + X A AX, (8)

and using the quantitative formation of AX2for the determination, the values
CR and Y can be derived in a similar way leading to

100 1
4-9
XI+ 00 X 2[X] ©
and
Y = [AX] + 2[AX2 _ CR- [X] (10)
[X] [X]

It is to he seen from (9) that A depends only on K2hut not on Kr, thus A can
be calculated by eq. (6) from the value of former one.

To show the practical applicability of the procedure for such two-step
equilibria the acidimetric determination of the disodium salts of (b)-malic
acid, (D-L)-camphoric acid, succinic acid, and of potassium-sodium tartrate
have been performed using hydrochloric acid standard solutions. The satura-
tion value of CH — [H +] vs. cm3 standard solution curve appeared after the
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coordination of the second proton in each system. As a typical example the
primary titration curve and the derived CH — [H +] vs. cm3titrant curve of
the determination of disodium malate is shown on Fig. 1. The protonation
constants of the compounds are shown in Table I. The analytical errors and
standard deviations of the measurements are summarized in Table II.

It is to be seen, that the results of the determinations are independent
of Kv Every compound could be determined with a good accuracy in 0.1 M
concentration since their IgK2 > 3; the salts of camphoric and succinic acids
also in 0.01 M concentration having 1g.K2 4; none of the compounds in
0.001 M concentration. A similar correlation was shown for one-step equi-
libria in publication [1] presenting the principles of this procedure.

mV

20G)  »(11
00(2)

100-

3

Fig, 1. The primary potentiometric titration curve of 10.00 cm3 0.1 M disodium malate in
aqueous solution with a 0.5 M hydrochloric acid standard solution (1) and the derived curve
Cn — [H +] vs cm3titrant (2)

Table 1

The protonation constants of the dicarboxylate compounds examined [5]
(in IgX values)

Compound igX, Igx
Disodium malate 5.05 3.46
Potassium-sodium tartrate 4.44 2.95
Disodium succinate 5.48 4.19
Disodium camphorate 5.10 4.57
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The effect of the experimental error in the individual parameters on the

final analytical result can be approached,

differentiation of equation (1) according

in the case of small errors, with the

to the examined parameter [3, 4].
These equations are the following:
acA vy, 1 .
dCx VO n )
H-Er
ACA 1 10 s (12)
dv, ~ W-n | x
Ej EO
fCA V-mi0 s CXV, (13)
oK
d | Et-E,
_C/.\ -10 s (F, + KO)(InlO) (14)
i)Ej n-v@Ss
dCA dCA (15)
dEO dEj
_EO
-« .« 10~ N +\H4N10) A A (16)
db ~— n-YO {V \O )

where VO is the original volume of the solution to be analysed.

W ith the help of these equations the effect of the error in Cx (concentra-
tion of the titrant), Vt (volume of the titrant added), VO (starting volume of
titration), Ej (electromotive force), EO (formal potential of the system) and S
(slope of electrode response) could be calculated. The results of such calcula-

tions are presented in Figs 2 and 3 for

two model systems (of equilibrium

constants 105and 106). It is to be seen that identical changes in Cx, V(and VO

Table 11

The analytical results of the measurements

Calculated

Compound concer;\;lration,

Disodium malate 9.82 jo-*
Potassium-sodium tartrate 1.02 io-*
Disodium succinate 9.87 10-*
9.88 i0-3
Disodium camphorate 9.96 i0-2
997 i0-3

Determined Relative Standard

concentration, error deviation
M Io of error

9.67 i0-2 1.61 +0.62
1.00 io-1 -1.82 +1.48
9.94 io0-2 + 0.69 +0.68
9.73 io-3 1.57 +1.23
9.86 i0-2 0.98 +0.81
9.75 i0-3 2.23 +1.03
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caused errors of similar magnitude in Ca (the analytical result), the effect of
the error in Et and E O are the mirror images of each other, the effect in the
error of S has a greater influence than those of E(and EO.

For a better characterization of the effect of the error in the single
experimental data on the final analytical result the magnitude of the experi-

'n cA%

Fig. 2. The effect of the experimental error (1. C~, 2. V/, 3. VO0) on the final result of the
analysis CA(in %)

Fig. 3. The effect of the experimental error on the final result of the analysis CA (in %)
zip: 1. EQ, 3. E(, 5. S (K -=105); 2. EQ, 4. Eh 6. S (K = 108)
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Table I11

The effect of the experimental error causing £1 rel % change in the concentration
CA to be determined

cl V, s E E. S
K mol dm*3 % % 5//0 mv mv mv
103 0.1 +0.45 +0.51 +0.51 +0.3 +0.3 +0.2
104 0.1 +0.90 +£0.91 £0.91 2.5 +2.5 1.2
0.01 +0.45 +0.51 +0.51 +0.3 +0.3 +0.2
0.1 +0.99 +0.99 +1.00 -67 67 -16
+17 17 +6.2
to5 0.01 +0.90 +0.91 +0.91 2.4 £2.4 +0.8
0001 -i-0.45 +0.51 +0.51 +0.3 +0.3 +0.2
0.1 +1.00 +1.00 +1.00 —00 }o0 —00
+40 -40 + 20
10e 0.01 +0.99 +0.99 +1.00 -63 +63 -14
+17 -17 +4
0.001 +0.90 +0.90 +0.91 2.4 £2.4 +0.61
mental errors which caused a relative % error in the final result is presented
in Table Ill. These data reflect clearly the limits of applicability of the new

evaluation method.
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With T1(N03)3 3 H2 in MeOH the title compounds undergo slow oxidation
to give either, as expected, acetals by aryl migration or other oxidation products.

Recently we reported [1] some examples of a novel oxidative transforma-
tion (A —B) and postulated a mechanism for it involving a cyclopropanone-
type intermediate.

In order to explore the scope of this reaction, some analogues, in which
the carbonyl group was part of a ring, were subjected to oxidation by
TTN/MeOH. However, none of the compounds 1 7 showed the expected
behaviour.

The tetralone 1 and the benzofuranone 5 gave the acetals 9 and 10,
respectively, in a low yield, by the well-known aryl migration process [1, 2].
Exchange of the p-methoxyl group in 1 for chlorine (2) rendered the molecule
completely resistant to TTN/MeOH. Replacement of the ring-oxygen by
methylene had the same effect: the indanone 4 also failed to react with
TTN/MeOH. This latter phenomenon was not due to the presence of the fused
benzene ring, since the cyclopentanone 7, though it was oxidized rapidly, did
not undergo rearrangement either, but only a-methoxylation to give 8.

Activation of 4 by a second carbonyl group, as in the indandione 6,
made possible the oxidative rearrangement, which was followed by oxidation
of the acetal group to yield the ester 11 as the final product.

*To whom correspondence should be addressed.
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R’ Rs X v
1 H OMe  CH2 1
2 H cl CH: 1
3 OMe OMe 0 1
4 H OMe CH2 Y)
5 OMe  OMe 0 0
G H OMe co 0

0 OMe

12

Oxidation of the chromanone 3 gave the chromone 12. The formation
of 12 can be readily explained by the mechanism postulated for the oxidative
rearrangement of chalcones [3]. The carbonium ion generated by cleavage of
the primary methoxy-thalliated intermediate is stabilized, not as usual, by
aryl migration, but by the loss of an «-proton (cf. scheme on p. 95).

The structures of all new compounds have been verified by spectroscopic
methods (cf. Experimental).

Experimental

Substances 1 [4], 2 [5], 3 [6], 4 [7], 5 [8], 6 [9], and 7 [10] are known compounds,
and were identified by their m.p.’s and 41 X VIR spectra.
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TI(()\)2)2

General method

The substrate (1.0 mmol) was dissolved or suspended in dry methanol (25 inL),
T1(NO03)3*3H2D (1.2 mmol) was added and the mixture refluxed with stirring. The reaction
was monitored by TLC and, if necessary, more TTN (0.2 mmol) was added after 1 h. After
completion of the reaction, saturated sodium chloride solution (2 mL) was added, the pre-
cipitate was filtered off and the filtrate diluted with water. The precipitate was extracted
with dichloromethane, the extract dried, evaporated and the residue, if necessary, purified
by chromatography.

5-Methoxy-2-(4-methoxybenzylidene)-cyclopentanone (8)

M. p. 78.5-80.5 °C (from MeOH), yield 44%.

*H-NMR (CDC13): $= 1.80 (me, 1H, 4,ans-H), 2.37 (me, 1H, 4ds-H), 2.87 (me, 2H,
3-CH2), 3.52 (s, 3H, 5-OMe), 3.82 (s, 3H, Ar-OMe), 3.8 (q (overlapped), 1H, 5-H), 6.90 (d,
J = 8Hz, 2H, 3'5-H), 7.47 (d,J = 8 Hz, 2H, 2’, 6’-H), 7.45 (me, 1H, = CH -).

C14H leOs (232.3). Calcd. C 72.39; H 6.94. Found C 72.50; H 6.71%.

M+ 232.

2-(Dimethoxymethyl)-2-(4-methoxyphenyl)-1,2,3,4-tetrahyilronaphthalene-l-one (9)

M.p. 114-115 °C (from MeOH), yield 20%.

'H-NMR (CDC13): $= 2.65 (m, 4H, CH2), 3.02 and 3.40 [2xs, 6H, CH(OMe)2, 3.60 (s,
3H, ArOMe), 4.67 (s, 1H, CH), 6.6-7.3 (m, 7H, aromatic-H), 7.95 (me, 1H, 8-H).

C20H,,,04 (326.4). Calcd. C 73.60; H 6.79. Found C 73.74; H 6.71%.

2-Dimethoxymethyl-6-methoxy-2-(4-methoxyphenyl)-2H-3-benzofuranone (10)

M.p. 142-143.5 °C (from MeOH), yield 9.3%.

*H-NMR (CDC13): %= 3.10 and 3.16 [2xs, 6H, CH(OMe)2], 3.82 and 3.89 (2xs, 6H,
ArOMe), 4.52 (s, 1H, CH), 6.55-6.70 (m, 2H, 5,7-H), 6.95 (d, J = 9 Hz, 2H, 3\5°-H), 7.45 (d,
J = 9Hz 2H, 2°,6°-H), 7.60 (d,J = 8.5 Hz, 1H, 4-H).

C,,,H2006 (344.4). Calcd. C 66.26; H 5.85. Found C 66.38; H 5.70%.

2-Methoxycarhonyl-2-(4-methoxyphenyl)-indan-1,3-dione (11)

M.p. 110-112 °C (from MeOH), yield 61%.

*H-NMR (CDC13): = 3.43 (s, 3H, COsMe), 3.72 (s, 3H, ArOMe), 6.80 (d,J = 9 Hz,
2H, 3\5°’-H), 7.34 (d,J = 9 Hz, 2H, 2\6°’-H), 7.9 (me, 4H, 4,5,6,7-H).

CieH”Oj (310.3). Calcd. C 69.67; H 4.55. Found C 69.43; H 4.63%. [£.£
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7-Methoxy-3-[methoxy-(4-methoxyphenyl)-methyl]-4H-I-benzopyran-4-one (12)

M .p. 92 —94 °C (from MeOH), yield 9%.

»H-NMK (CDC13): 6 = 3.37 (s, 3H, CHOAfe), 3.78 and 3.87 (2xs, 6H, ArOMe), 5.49 (s,
1H, CH), 6.88 (d,J = 9 Hz, 2H, 2\6°’-H), 7.97 (d,J= 0.9 Hz, 1H, 2-H), 8.06 (d,J = 9 Hz,
1H, 5-H).

1SC-NMR (CDC13): 6= 55.16 (q, OMe), 55.69 (g, OMe), 56.89 (gq. OMe), 76.76 (d, CH),
100.04 (d, 8-C), 113.72 (d, 3\5’-C), 114.40 (d, 6-C), 117.92 (s, 4a-C), 125.70 (s, 3-C), 127.08 (d,
5-C), 128.37 (d, 2\6’-C), 131.86 (s, 1’-C), 152.56 (d, 2-C), 157.95 (s, 4’-C), 159.13 (s, 8a-C), 163.85
(s, 7-C), 175.51 (s, 4-C).

C19H 180 5 (326.4). Calcd. C 69.92; H 5.56. Found C 69.77; H 5.62%.

The authors are indebted to Dr. D. Korbonits for helpful discussion, and to Dr. P.
Kolonits and Dr. K. Horvath for the analyses of NMR spectra.
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The synthesis of metallic catalysts obtained by supporting platinum on
AlIP04/y-Al20 3and AIP04/Si02systems is described. Their performance in the reduction
of alkenes at low hydrogen pressure (I -5 bar) is reported.

Introduction

Colloidal aluminium orthophosphates [1 -2], AIP04y-Al203 [3] and
AIP04Si02 [4] have been widely used as catalysts in Friedel —Crafts-type
processes in different media. In the present paper, the synthesis and catalytic
performance of metallic systems obtained by supporting platinum on
Al1PO, y-Al203 and AIP04Si02at low metallic loading is reported.

Experimental
Catalysts

The catalysts have been obtained by impregnation of AIP04/Si02 (E) or A1P04A1203
(CB) with an aqueous solution (3.86 X 10~5 M) of hexachloroplatinic acid. The synthesis of the
supports has been described elsewhere [5], and only particles with sizes between 70 200 mesh
cm*2 were used. The catalysts thus obtained contained 1% (wlw) platinum, as determined by
atomic absorption, and have been named PtIE and PtICB. according to the nature of
the support.

The procedure to support the metallic phase was as follows. After standing at room
temperature for 24 h, a suspension consisting of 0.99 g support and 13.27 mb of an aqueous
solution (3.86 X 10~5 M) of hexachloroplatinic acid was evaporated to dryness at 40 °C and a
reduced pressure of 33 mbar. The solid material thus obtained was kept in air at 120 °C for
72 h and then reduced in flowing hydrogen (30 mb min-1) at 250 °C for 2 h. In order to stabilize
the catalysts, and prior to the kinetic studies, they were used to catalyze the reduction of
cyclohexene with hydrogen at 5 bar and 25 °C for 2 h. Surface characterization data are
summarized in Table I.

Chemicals

Linear and cyclic alkenes from Merck or Fluka (99.9%) with boiling points between
37 and 90 °C were used in the reduction experiments, and the solvents were distilled twice
before use.

*To whom correspondence should be addressed
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Table |

Surface characterization data of the synthesized metallic catalyst

Metallic surface  Average metallic H i

Catalyst (m'g.1) diamegter (nm)* Dispersity
PtIE x3 4.8 0.08
PtiCB 65 43 0.09

* As measured by TEM using a Philips EM-300 instrument working at 100 kV

Reaction System

The reduction runs were carried out in a Parr-type system from Gerhardt, which
allows to control the temperature and the shaking velocity, with a total reaction volume of
500 mL. A huilt-in burette permits introduction of the reactants once the pressure in the
reaction vessel drops to 0.33 mbar. The reaction temperature was controlled by means of a
water-jacket system connected to an external thermostat and changes of the pressure in the
reaction vessel were monitored (0.1 bar) with a manometer.

Procedure

0.05 g catalyst is introduced in the reaction vessel and, after standing at 0.33 mbar
for 5 min, a pressure of 5 bar of hydrogen is adjusted and the system shaken (300 min_1) for
10 min; with this shaking velocity, no diffusion effect is observed. Hydrogen is then pumped
off and the alkene, dissolved in methanol, is admitted in the reaction vessel from the burette.
Hydrogen (5 bar) is again introduced and after raising the temperature to the desired value,
a period of 20 min is left for stabilization (no change in the pressure is observed during this
period). Shaking is then started (t = 0) and changes in the gas pressure are monitored at
regular time intervals.

Analysis of products

Analysis of the reaction products has been carried out using a Hewlett Packard 5830-A
gas chromatograph with an incorporated integrator-computer unit. In some of the experi-
ments, simultaneous GC-MS has also been performed using a Hewlett Packard 5552 system.
In all the cases studied, the alkane corresponding to the hydrogenation of the double C—C bond
in the original alkene has been detected as the only reaction product. On the other hand, the
proportion of saturated hydrocarbons, as determined by GC, agrees with that estimated from
the change in hydrogen pressure.

Results and Discussion

Blank experiments carried out without catalyst or with the pure sup-
ports, did not yield any reaction product, even 5 h reaction.

Table Il collects the initial reduction rate of cyclohexene using various
amounts of catalyst, PtIE, and methanol as a solvent.

In Table Ill, the initial reduction rate of cyclohexene is given using,
in the same experimental conditions, catalysts PtIE and PtICB and the com-
mercial catalysts Pt/Al203and Pt/C (Fluka, ref. 80992 and 80982, respectively).
Similar experiments have been carried out with other olefins studied in this
paper. It can he observed that catalyst PtIE shows a larger activity than
that of the commercial catalysts.
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Table 11

Initial reduction rate of cyclohexene

Catalyst: PtIE, solvent: methanol, initial concentration: 2.47 mol L_1, hydrogen pressure: 5 bar,
reaction temperature: 27 °C

Weight of Initial rate,
catalyst (g) r0 (mol/min gpt)
0.15 0.94
0.10 0.93
0.05 0.93
Table 111

Initial reduction rate of cyclohexene

Solvent: methanol, initial concentration: 2.47 mol L_1, hydrogen pressure: 5 bar, reaction
temperature: 27 °C

Initial rate
Catalyst 10 (mol/min gPt)
PtIE 0.93
PtICB 0.37
Pt/Al.,0* 0.20
P'/C* 0.85

*From “Fluka” Ref. 80992 and 80982

Table IV

Dependence of the initial reduction rate of cyclohexene on the nature of solvent

Initial concentration: 2.47 mol L-1, hydrogen pressure: 5 bar, reaction temperature: 27 °C

Solubility r,, (mol/min gpt)
Solvent (mo?lLZO»;)C( 10« PtIE PtiCB

n-Hexane 12.50 1.45 0.63
ieo-Octane 7.80 1.23 0.55
n-Heptane 6.90 1.07 0.47
Cyclohexane 3.80 0.85 0.42
Benzene 2.60 0.50 0.21
Methanol 1.60 0.93

Acetone 2.30 0.81

Tetrahydrofurane - 0.54

JV,7V-Dimethylformamide — — —
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Table V

Initial reduction rate of various alkenes

Catalyst: PtIE, initial reactant concentration: 2.47 mol i ! solvent: methanol, initial hydrogen

pressure: 5 bar, reaction temperature: 27 °C

Reactant Product r,, (mol/min gPt)
Cyclopenteue cyclopentane 0.99
Cyclohexene cyclohexane 0.93
Cycloheptene cycloheptane 0.16
Cyclooctene cyclooctane 0.00
I-Methylcyclohexene methylcyclohexane 0.25
4-Methylcyclohexene methylcyclohexane 0.50
3-Methylcyclohexene methylcyclohexane 0.57
Styrene ethylbenzene 0.46
a-Methylstyrene isopropylbenzene 0.09
E-1-Phenylpropene propylbenzene 0.03
2-Methylphenylpropene isobutylbenzene 0.01
1-Pentene n-pentane 0.16
1-Hexene n-hexane 0.27
I-Heptene n-heptane 1.20
1-Octene n-octane 1.08

In Table 1Y, the initial reduction rates of cyclohexene in several solvents
using both 1% Pt catalysts, are collected.

As can be seen in Table 1Y, when nearly nonpolar hydrocarbons are
used as solvents, the reduction rate changes with the solubility of hydrogen
in these solvents at 20 °C [6]. On the contrary, when highly polar solvents
are used, this relationship is no longer observed, probably because of the
strong structural differences among these solvents.

In Table V, the initial reduction rate of several alkenes using an initial
hydrogen pressure of 5 bar and catalyst PtIE are given.

The results obtained agree with those reported previously by Hussey
et al. [7] for the reduction of alkenes on a Pt/A120 3catalyst, using cyclohexane,
metliylcyclohexane and re-octane as solvents.

Under the same experimental conditions, the initial reduction rate for
cycloalkenes decreases on increasing the size of the ring. On the contrary, for
linear alkenes, the initial reduction rate increases with the chain length,
except for 1l-octene, which exhibits a peculiar behaviour.

The possible steric hindrance due to the presence of substituents on the
ethylenic carbon atoms has been studied in the cyclohexene and styrene series.
The results obtained can be explained if co-planar adsorption of the olefin on
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the metallic surface is assumed. For 1-methyl-l-cyclohexene, the neighbouring
presence of methy | groups prevents adsorption of the olefin, thus leading to a
lower reduction rate than that observed for cyclohexene in the same condi-
tions. However, if substrates with a methyl group in positions 3 or 4 are
reduced, this effect is less pronounced, and the reduction rates are slightly
lower than that of cyclohexene.

On the other hand, in styrene series it is observed that increasing sub-
stitution at the ethylenic carbon atoms markedly decreases the reduction rate
of the hydrocarbon.
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Inorganic Pigments
Manufacturing Processes

Edited by M. H. Gutcho
Noyes Data Corporation. Park Ridge, New Jersey, U.S.A. 1980

The book, appearing as the 166th volume of the series Chemical Technology Review,
includes the part on inorganic pigments from 1975 to 1980 of the American Patent Literature,
the world’s largest collection of this kind.

Inorganic pigments are finely distributed colourless or coloured solid particles (of
micrometer order) of various geometry.

Man has used since several thousand years inorganic pigments for the colouring of
other substances, either by admixing the pigments in uniform distribution, or as paint, mixed
with a suitable vehicle, for the coating of surfaces.

Inorganic pigments are primarily used in the paint, printing ink, plastic, paper, ceramic
and fired email industries, but they find application in all the fields of technology.

Owing to their favourable properties, such as high thermal resistance, tinting strength,
hiding power, colour fastness, chemical resistance, absence of dullness, and last but not least
to their weathering resistance, the importance and field of application of inorganic pigments
steadily increases in the industrial branches mentioned above.

Organized in 12 chapters, the book covers over 487 pages 281 patent specifications
concerning the manufacture of novel types and improved varieties of inorganic pigments, and
the realization of more economic manufacturing and application technologies.

Processes described in the book reflect more and more the endeavour to manufacture
with more economic technologies new inorganic pigments of improved quality, while meeting
the more and more rigorous stipulations of environmental protection and labour safety.

1. Titanium dioxide pigments

Titanium dioxide pigment is considered today as the most important white pigment’
used in steadily increasing quantities by the paint, paper, fired enamel industries, in synthetic
fibre manufacture, titanium metallurgy, steel production, etc.

As inorganic pigment preferably the rutile type is used, because this is photochemically
less active than the anatase form.

Photochemical activity is manifested in the very rapid surface degradation by sunlight
of organic substances pigmented with titanium dioxide.

The rapid degradation of the organic substance by light is caused by the catalytic action
of titanium dioxide. Titanium dioxide catalytically activates air oxygen, which oxidizes then
gradually the organic substance in the environment of the pigment particle. After the degrada-
tion of the organic vehicle at the surface, titanium dioxide pigment particles which were
embedded are set free, and like chalk, can be wiped off from the surface.

The photostability, hiding power, weathering stability, dispersibility and tinting
strength of titanium dioxide pigments can be improved, their photochemical activity reduced
by the surface treatment of the pigments. From an aqueous suspension silica, Al-phosphate,
Al-silicate, insoluble Zn, Zr, Mg compounds, organophilizing and hydrophobizing agents are
precipitated in a very thin layer at the surface, or rubbed in by dry milling and mixing.

The chapter comprises 34 patent specifications in the following grouping:

Beneficiation of Titaniferous Ores.

Techniques for Improving Photostability of Titanium Dioxide.

Ti02of Reduced Photosensitivity.

Ti02 Pigment of Improved Hiding Power.

Coating Ti02to Enhance Durability.

Modifying Surface Properties of Ti02 Pigments.

Other Processes.
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2. Yellow and green pigments

Of the inorganic pigments of both shades compounds containing chromium are the most
important. Chromates containing hexavalent chromium are of yellow-orange colour, while
trivalent chromium compounds are green.

Chromium oxide green pigments are valuable colouring agents of good thermal and
chemical resistance and durability, in spite of the fact that their tint, particularly that of
Cr20 3, is somewhat dull.

Chromium oxide green can be most simply prepared from ammonium bichromate by
heating:

(NH4)2Cr207 - Cr., 03+ No+ H2

The processes described start also from ammonium bichromate or from a mixture of alkai
bichromates and ammonium salts, which are calcined at about 9S0 °C. then leached with water
and dried.

Alkali bichromates heated at 600 °C with carbon, sulfur or other reducing agents and
leached with water yield also chromium oxide green:

Na2Cr.,07+ 2 C - Cr203+ Na,C03+ CO.

Patent specifications described in the chapter are aimed at the preparation of chromium
oxide green pigments of move vivid colour and higher tinting strength.

Of the inorganic yellow pigments the most widely used are lead chromate pigments,
such as lead sulfochromate, lead silicochromate, orange basic lead chromate, etc. Lead chromate
pigments have very good tinting strength, hiding power and full colour, but they have the
disadvantage of being toxic, and moreover, their weather resistance is limited, particularly
in industrial environment. Relevant patent specifications described several processes, accord-
ing to which the surface of yellow and green pigments is coated with a thin layer of silica,
zirconia, various insoluble phosphates, synthetic resins, oxides or organic organophilic com-
pounds, to improve their quality parameters. In addition, yellow pigments, various titanates,
bismuth compounds, etc., manufactures in smaller quantities for special purposes, are discussed.

The chapter contains 28 patents concerned with the development of yellow and green
pigments:

Chromium Oxide Green Pigment.

Bright Primrose Yellow Monoclinic Bismuth Vanadate Pigment.

Lead Chromate Pigment of Improved Thermal Stability.

Lead Chromate Pigments of Improved Abrasion Resistance.

Other Lead Chromate Pigment Processes.

Additional Inorganic Yellow Pigments.

3. Iron Oxide Pigments

Iron oxide pigments, various kinds of red iron oxide, yellow iron oxides and black iron
oxides are nontoxic, inexpensive pigments with excellent properties, the use of which steadily
gains ground.

Pure, special iron oxides of definite structure are manufactured as paints and plastic
colouring agents, applied in telecommunication and electronics, and to satisfy other special
industrial demands.

Increasing use in a wide field and trends of development of iron oxide pigments are
well reflected by the grouping of the 19 patent specifications, discussed in this chapter of
the book:

Iron Oxide Pigments from Industrial Wastes.

Iron Oxide Pigments via Reduction of Aromatic Nitro Compounds by Ferrous Salts.

Yellow Iron Oxide Pigments.

Red Iron(I1l) Oxide (Hem atite).

Black Iron Oxide.

Acicular Magnetic Iron Oxide Pigments.

4. Carbon black

Of the black pigments, various kinds of carbon black are the most valuable. Carbon
blacks are in general apolar microcrystalline carbon particles of high specific surface (100
170 m2/g) and very fine distribution, contamined by high molecular, multiply unsaturated
hydrocarbons of complicated structure.
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According to their manufacturing technology and the raw materials used channel
black, carbon black and lamp black, furnace black are distinguished.

The 13 patents contained in this chapter concern the improvement of the quality of
furnace black to that of channel black, the modification of the surface of carbon blacks, the
improvement of their dispersibility, the enhancement of the bluish tint and the development
of manufacturing technology according to the following grouping:

Carbon Black from Oil Feedstock for Xerographic Toner Compositions.

Carbon Black Pigments for Waxless Carbon Paper and Printing Inks.

Carbon Black Reinforcing Agents for Rubber.

Other Processes.

5. Lustrous Pigments

Lustrous pigments increasingly command the interest in several industrial sectors, as,
e.g. paint, plastic, cosmetic and other industries.

Typical representatives of lustrous and nacreous pigments are micaceous pigments and
all those pigments which are transparent or translucent and have a planar structure. The
iridescence of mica flakes is caused by the interference of composite light, but thin coloured
metal oxid formed at the surface of the sheets or other insoluble additives with a refractive
index different from that of the base play also a role. Iridescent pigments introduced in recent
years in this special field belong into this group of pigments. The base is generally mica or
a micaceous substance (cryst. alpha iron oxide, lead thiosulfate, bismuth oxychloride etc.),
while the applied very thin layer is usually Ti02 or Zr02 Finally, this thin surface layer is
dyed with a dye dissolved in water, oil or organic solvents to the required tint. The dye is
bound by adsorption.

The 21 patent specifications in this chapter reflect the most recent developments of
lustrous, nacreous and iridescent pigments in the following grouping:

Mica Flake-Based Pigments Suitable for Cosmetic Use.

Lustrous Pigments for Plastics.

Iridescent Pigments.

Other Similar Pigments.

6. Clay pigments

Typical representatives of hydrosilicates with laminar lattice structure, occurring in
nature, are kaolinite, dickite, nacrite and halloysite. In these minerals the layers are separated
by lattice-held water.

In clay minerals, thus in montmorillonites the single inter-lattice ions can be easily
exchanged or fixed within wide limits.

The 10 patent specifications composed in this chapter deal with the purification separa-
tion and possible transformations of clay minerals according to the following grouping:

Improving Properties of Kaolin Clay.

Clay Pigments for Pressure Sensitive Record Material.

Other Clay Pigments.

7. Pigment dispersion

Inorganic colouring pigments or fillers can be used in paints, enamel varnishes or print
ing inks only if the pigments particles are uniformly distributed in aqueous or organic liquids’
in vehicles. The originally dry pigment agglomerates must be comminuted, and the surface
of the single elementary pigment particles must be wetted and coated with a vehicle. This is
the essence of paint manufacture. To wet an inorganic pigment of strongly polar surface with
an organic vehicle of apolar character and to distribute uniformly the pigment in the vehicle
requires relatively high mechanical work. The situation is the same in the opposite case, if a
pigment of apolar character, e.g. carbon black must be distributed in a vehicle of polar (aqueous)
character. The difficulty is caused by the interfacial tension between the pigment particle and
the vehicle. The problem can be solved by the reduction or elimination of interfacial tension.

Another method is the predispersing of the pigment. The surface of the pigments or
fillers is precoated with a thin layer of synthetic resins or substances, which are soluble in most
of the solvents, or are simply miscible, i.e. compatible with most of the vehicles or the
selected one.

The chapter contains 20 patent specifications dealing with this theme in the following
grouping:
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Facilitating Dispersion of Titanium Dioxide and Iron Oxide by Treatment with
Organic compounds.

Dispersing Agents.

Dispersants for High Solids Suspension.

Dry W ater Dispersible Pigment Compositions.

Predispersed Pigments.

Dispersion Stabilizers.

8. Anticorrosion pigments

Of the active corrosion-inhibiting pigments used in practice the most important are
red lead, zinc chromate, strontium chromate, zinc dust, etc.

Owing to their toxicity anticorrosive pigments containing lead or chromate are more
and more banned by environmental protection. The non-toxic, relatively cheap Ca, Mg, Ba
and Zn ferrites with active anticorrosive properties have been developed in recent years. Certain
(Zn, Sr, Ca) molybdates are similarly anticorrosive. The other new non-toxic anticorrosion
pigments are basic zinc phosphate, Ca—Zn phosphate, Mg phosphate, Ti phosphate, Zr phos-
phate, Ca silicofluoride, etc.

The chapter on anticorrosive pigments discusses 18 patents in the following grouping:

Iron Oxide Based Anticorrosion Pigments.

Molybdate Corrosion-Inhibiting Pigments.

Other Anticorrosion Pigments.

Corrosion-Inhibiting Primers.

9. Pigments for synthetic materials

In the pigmentation of apolar thermoplastics, which can be considered as liquids of
extremely high viscosity, similarly as in paint manufacture, the inorganic pigment particles
with polar surface must be wetted, coated with the plastic as vehicle. This operation requires
already such high energy input that the plastics themselves are degraded in most of the cases
by shear force and heat produced in the operation. Owing to all this the reduction or elimina-
tion of the interfacial tension between the synthetic material and the pigment is a task of
particular importance in this case. Here too, surface-treated organophilic pigments, predis-
persed pigments coated with resin and special plastics-coated pigment concentrates represent
the best solutions.

Grouping of the pertinent patents:

Colouring Plastics.

Pigment Composition for Plastics in Bead Form.

Pigmentation of Synthetic Fibers.

Decreasing Photosensitivity of Ti0O2to be used in Artificial Fibers.

10. Improving optical properties ofpaint and paper

To improve surface whiteness, smoothness and brightness, pigments and fillers are
used in the paper industry. Most frequently, the pigment is Ti02 the filler CaC03 BaS04,
talc, caolin, etc.

A long-standing wish of the paper industry is a pigment or a filler, which surpasses in
quality clay minerals, CaC03 and BaS04 but is cheaper than TiO,.

Substances of this kind are, e.g. CaC03 « Mg(OH)2 ultrafine CaC03 clay mineral-sili-
cate compositions, Ti0O2containing chalk, aluminosilicates, Al-monohydrate and several other
combinations, discussed in 17 patent descriptions in this chapter in the following grouping:

Paper Pigments.

Titanium Dioxide-Containing Composites as Paper Opacifiers.

Titanium Dioxide-Composites as Paper Opacifiers.

Aluminosilicate Pigments.

Pigmented Microporous Silicate Microsphere Opacifiers.

Other Paint and Paper Pigments.

11. Pigments for other specific needs

The chapter discusses the possibilities to meet the special demands of modern scientific
technical development concerning inorganic pigments.
Protecting coatings applicable to supersonic and space vehicles, rockets, detector paint
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for toxic chemical warfare agents, coatings for the collectors of solar energy utilization request
the development and application of inorganic pigments of newer and newer kind.

The chapter covers then the development of new easily dispersible pigments, the mode
of manufacture of pigment coatings prepared from their components “in situ” at the surface
to be coated, the elaboration of annealed pigments of spinell structure, the safe manufacture
of toxic pigments and the manufacture of ceramic pigment components.

For the varnishing of wood and furniture, varnishes originally glossy-drying, are modi-
fied by the adding of flatting agents.

The chapter closes with patent descriptions concerning the preparation of pigments
for the painting of concrete structures, for cosmetic-sanitary purposes, for conducting layers,
magnetic layers, photoreceptors in telecommunication, and for other special purposes.

The grouping of the 52 patent descriptions is the following:

Specialized Protective Coatings.

Silica Pigments For Rubber.

Ceramic Pigments.

Flatting Pigments for Use in Nitrocellulose Coating Compositions.

Construction Elements.

Amorphous Precipitated Siliceous Pigments for Dentrifices.

Other processes.

12. Other processes

The 26 patent descriptions comprised in this chapter deal with special pigments and
fillers, which are not manufactured on industrial scale, but require individual technologies.

These include Berlin blue, and in general hexacyanoferrate pigments, antimony pig-
ments, white crystalline CaTiZr309 and CaTiHf309 oxide pigments, metal pigments, hydro-
phobized pigments, and other specific surface treated pigments and fillers .

The specialized grouping of the patents in this chapter is the following:

Berlin Blue.

Antimony Pigments.

W hite Crystalline Compounds Useful as Pigments.

Metal Pigments.

Refractive Index Pigments.

Hydrophobized Pigments and Fillers.

Modifying Rheological Properties.

Company Index

Companies, institutions named in the patent descriptions contained in the book, in
alphabetic order, with page number.

Inventor Index and U.S. Patent Number Index

The book, discussing 281 patents, gives a vast number of new informations, not only
for specialists and researchers of pigments and fillers, but for all those engaged in industrial
research, development and production in the fields to which the patents pertain.

The book gives a realistic picture of the present state and future trends of the scientific-
technical development of pigments and fillers and fields concerned.

The style of the book is the language of patent literature, technically and juristically
simple and clear.

J. SSIHREZ

J. S. Robinson: Spinning. Extruding and Processing of Fibres. Recent Advances

Chemical Technology Review No. 159.
Noyes Data Corp. Park Ridge, N. J., U.S.A,, 1980, pp. 436

This is the middle volume in a smaller series of three within the overall one, which is
about the manufacture and application of polymer fibres, yarns and fabrics. The first volume
of the shorter series has been issued under the title “Fibre-Forming Polymers, Recent Ad-
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vances” the forthcoming third will have the title “Manufacture of Yarns and Fabrics from
Synthetic Fibres”.

The volume under review is a survey of 250 patents granted in the U.S.A., from January
1977 on, for the formation, extrusion, and manufacture of synthetic fibres, including stretching,
heat setting, and dyeing operations, with discussion of the wide range of applications open to
these fibres and yarns.

The patent specifications are grouped in 12 chapters in agreement with the grouping to
be found in technical monographs on the manufacture of fibres. Accordingly, the first three
chapters deal with the formation of fibres from solutions or from melts by means of wet or
dry spinning. The next chapter brings the extrusion of filaments, films and specially shaped
fibres. A separate chapter is devoted to the spinning and extrusion of hollow fibres, glass
fibres, carbon and metal carbide fibres, core yarns and other composite fibres, together with
the production of fibrils and microfibres. A separate chapter again deals with drawing, stretch-
ing, heatsetting, and with dyeing. The last chapter is about methods of how to recover the
polymer substance from fibre waste.

Even this simple enumeration of the chapters suggests that every technical novelty
that isimportant in the field of chemical fibres and of those produced for specific technological
purposes will be found in this book. This initial impression will be reinforced by the perusal of
these chapters.

Though limits of space prevent a detailed review and appreciation of the several chap-
ters, it seems to be expedient to point out the most important technological novelties.

In the first chapter dry spinning of acrylics and modified varieties of these, and the
production of cellulosics, and fibres of other polymers, are discussed. Among the technological
novelties the reader finds new compositions of solvents, descriptions of acrylic fibres with
permanent crimp, of modacrylics with improved coloristic properties, of the novel fibres made
of polypyrrolidone, together with the description of the apparatus and machinery suitable for
the manufacture of these.

The second chapter deals with the wet spinning of acrylics and modacrylics, cellulose
and starch fibres, polyamides and other nitrogen containing polymers and vinyls. The pro-
cesses by means of which quite a number of properties of acrylics can be improved deserve
special attention, as do the processes owing to which it became possible to produce wholly
aromatic polyamide fibres of ever increasing importance.

The third chapter about melt-spinning, is not only the most extensive but also the
most abundant in technological novelties. Most of the processes mentioned serve the production
of polyester fibres, among them the high-speed production of pre-oriented yarns, then here
are discussed further methods for the production of copolymers to reduce pilling, for that of
antistatic fibres, and for that of fibres easier to dye, and more resistant to the effects of heat.
A number of novel features concerning the polyamide fibres, non-wowen webs, and the finish-
ing of fibres are to be found in this chapter, together with new machinery put into the service
of these new technologies.

The fourth chapter, on the extrusion of filaments, films, and shaped articles, offers a
survey of the methods of up-to-date production of fibres. Here we find multilayer extrusion,
preparation of semipermeable membranes, fibrillated polyester fibres, anionic polymerization
of lactams in an extruder, and some more technological novelties.

Many technological novelties concerning the production of hollow fibres are described
in the fifth chapter. Among these novelties we find hollow fibres for ion-exchange, reverse
osmosis, ultra-filtration, and the separation of gases by selective permeability, and high-crimp
and high-strength hollow rayon fibres.

A voluminous chapter, the sixth, treats of both the types, staple and filament, of glass
fibres. These technical novelties are important because glass fibres are used in ever increasing
quantities for the reinforcing of plastics. Not only the various general techniques of production
of glass fibres are mentioned in this chapter but also those which serve the production of
particular sorts of these fibres, e.g. that of glass fibres textured in analogy to other textile
fibres, that of optical fibres, then of new adhesives which effect stable adhesion of polymers
to glass fibres.

Chapter 7 is about carbon and metal carbide fibres. Carbon fibres are widely applied
because they are elastic and show good tensile strength. In this chapter are discussed electri-
cally conductive fibres, heat-conducting polytetrafluoroethylene, reinforcing yarns, and fabrics
made of metal carbides.

Chapter 8 quotes patents for core yarns and composite fibres. The majority of these
patents utilizes the possibilities inherent in the combination of filaments of various characters
into a composite cord, provided that these characters successfully blend to be able to serve
the specific purpose in mind, e.g. for the re-inforcing of tyres. Another method mentioned, of
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manufacturing fibre with specific properties is based upon the principle of bicomponent fibres.
A number of new apparatus for the realization of these novelties is also described.

Products partly applied in the textile industry, e.g. electrostatic spinning, and partly
in other fields, are mentioned in Chapter 9. Several technologies serve the production of fibrils
for paper industry. Hydrophilic fibrils made of polyolefines must be pointed out because these
are noteworthy due to their containing inorganic pigments, on the one hand, and are not pro-
duced by known techniques of fibre formation, on the other. This chapter mentions patent
specifications which describe, in contrast to usual fibre formation techniques, fibre formation
from emulsion.

Some important technological operations relevant to man-made fibres, viz. drawing,
stretching, and heatsetting, constitute the subject matter of the tenth chapter. Not only special
technical processes are presented but also some which achieve the imparting of specific prop-
erties to the fibres by the appropriate selection of the chemical composition of the substances
used for their formation, such as a fibre which is a spontaneously crimping composite of poly-
acrylonitrile.

Novel methods for improving dyeability of synthetic fibres are mentioned in the elev-
venth chapter. Such efforts can be realized in part by the alteration of the morphology of the
fibres to favour their acceptance of the dyestuff, and in part by synthesis of specific dyestuffs,
e.g. ones that are soluble in the spinning fluid. Six patent specifications deal with dyeing of
polyester fibres. There are cases in which apparatus particularly associated to the method
makes dyeing feasible at all.

Recovery of polymer substance is the topic of the twelfth chapter. First of all, regenera-
tion of cellulose and of polyester are mentioned. Increase of the prices of the staple substances
makes these methods important: these offer a way of how to utilize fibre waste.

This volume, like its follows, is completed with the characteristic triple index, i.e. for
company names, patent register numbers, and inventors.

In summary, it can be stated that this volume deserves perhaps more attention than
even the other volumes in this series that already has become, and is becoming ever more,
popular with professional people in Hungary. It offers a rich variety of knowledge in the field
of the manufacture, processing, and application of synthetic fibres. These applications of the
novel products are not confined to the textile industry but penetrate a wider domain, from
the paper industry to the manufacture of artificial leather, of technical applications of all
sorts. The new ideas highlighted in this volume may give new impetus to a somewhat slackened
progress of synthetic fibre manufacture in recent years.

Gy Bertalan

Topics in Current Chemistry, Vols 89 and 90
Plasma Chemistry | —II

Editors: S. Veprek and M. Venugopalan

Springer-Verlag, Berlin, Heidelberg, New York 1980, 143 and 121 pp.

The two volumes contain five review articles in different fields of plasma chemistry.

David smith and Nigel G. Adams: Elementary Plasma Reactions of Environmental
jnterest (43 pages with 8 figures and 219 references).

The progress made in the last 10 15 years in the field of chemistry of the upper reaches
of the atmosphere is reviewed. Data obtained from in-situ ion composition measurements as
well as from appropriate laboratory experiments are summarized. In this review emphasis is
placed on the detailed elementary ionic processes. Individual interactions as binary and ter-
tiary ion-molecule reactions, electron-ion dissociative recombinations, ion-ion recombination»
are discussed separately.

Dieter M. Gruen, Stanislav Veprek and Randy B. W right: Plasma-Materials Interac-
tions and Impurity Control in Magnetically Confined Thermonuclear Fusion Machines (60 pages
with 23 figures, 5 tables and 211 references).

This review deals with one of the problems that have to be solved if controlled thermo-
nuclear fusion is to become an economically and environmentally acceptable energy source
and summarizes the status of this field at the beginning of 1979.

After a short introduction, this review consists of the following sections:
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The physics and technology of controlled thermonuclear fusion.

The role of impurities in TOKAMAKS.

Hydrogen Isotope Recycling.

Impurity release mechanisms.

Impurity control.

In this paper emphasis is placed on the importance of impurity problems, which con-
stitute one of the limiting factors in the performance of present day TOKAMAKS.

This review will be of interest not only for chemists but also for physicists and for
materials scientists.

D. Kappers and H. Lydtin: Preparation of optical waveguides with the aid of plasma-
activated Chemical Vapour Deposition at Low Pressures (23 pages with[21 figures and 24 references).

This review gives an introduction into the preparation of optical fibers by means of the
plasma-activated chemical vapour deposition (PCVD) method.

Deposition of silica, germania, boron oxide from their halides via a microwave oxygen
discharge is discussed. High quality optical fibers have been obtained using the PCVD method.
The PCVD process has now been in operation under pilot plant conditions.

Thus, this review will be important for those engaged in research on this or related
areas and for those who want to obtain up-to-date information on this field of materials science.

Mundiyath Venugopatan, Uptal K. Raychowdhury, Katherina chan and Marion
L. Poor: Plasma Chemistry of Fossil Fuels (57 pages with 23 figures, 21 tables and 313
references).

In this review an attempt is made to summarize the results obtained in the field of
plasma chemistry of fossil fuels between the period from the first efforts till 1978.

Following the introduction, in Section 2 thermodynamic and kinetic aspects of fossil
fuel chemistry are discussed.

Section 3 deals with natural gas and methane gas plasmas. Reaction in low frequency,
trlboelectric and high frequency discharges, in electric arcs and plasma jets are discussed
separately.

Section 4 is concerned with petroleum and petroleum by-product plasmas. The following
topics are discussed: low and high frequency discharges, electrical arcs and plasma jets, sub-
merged arcs in liquid petroleum, laser irradiation, plasma desulfurization of petroleum.

Section 5 gives a survey on the use of plasmas in coal treatment. Low and high fre-
quency discharges, electrical and arc jets, flash and laser radiation of coal, plasma gasification
of coal and plasma desulfurization of coal are discussed separately.

Section 6 deals with other fossil fuel plasmas. This section covers work on tar, heavy
oil sands, oil shales and gilsonite.

In their concluding remarks the authors underline the diversity of results obtained
in the systems considered. According to their conclusion, “further experimental work and
theoretical modelling under more carefully controlled conditions are required for comprehensive
understanding of the behaviour of fossil fuel plasmas4.

Nevertheless, this review offers useful information for those who are working in the
field of hydrocarbon and coal chemistry.

Mario Capitetti and Ettore Motinari: Kinetics of dissociation processes in plasmas in
the low and intermediate pressure range (50 pages with 44 figures, 4 tables and 71 references).

In this review attention is focused on processes of molecular dissociation under non-
equilibrium plasma conditions.

After introduction, Section 2 is devoted to a case study: the dissociation of molecular
hydrogen. Evaluations of the electron energy distribution function (EDF), the pure vibrational
mechanism (PVM), the joint vibroelectronic mechanism (JVE), the direct electronic mechanism
(DEM) have been made and recombination processes discussed.

Section 3 deals with the dissociation of different diatomic molecules as N9 CL, CO
and HF.

Section 4 is devoted to polyatomic molecules. Three cases are examined: dissociation of
carbon dioxide cracking of hydrocarbons, and ammonia decomposition.

In these sections an attempt has been made to compare the rates of selected plasmo-
chemical reactions with predictions by mechanisms (PVM, DEM, JVE) based on the existence
of electronic and vibrational non-equilibrium in the plasma.

In summary the 89th and 90th volumes of “Topics in Current Chemistry” contain
five reviews covering different fields of plasma chemistry. These volumes can give planty of
new information to a broad spetrum of readers and will be important to those who want to be
up to date in this rapidly advancing field.

J. Margitfalvi

Acta Chim. Acad. Sei. Hung. 110, 1982



RECENSIONES 111

L. Pataki and E. Zapp: Basic Analytical Chemistry

Akadémiai Kiad6, Budapest 1980

This book gives a good survey of analytical chemistry in six chapters.

The first chapter deals with chemical equilibria, the concept of acids and bases the
formation of complexes, precipitation, redox reactions, and the theory of partition equilibria.
Qualitative analysis is the subject matter of Chapter 2. Classification according to Fresenius
is discussed in detail, but other possibilities of classification are also mentioned.

In the third chapter various fields of quantitative analysis, viz. gravimetry and titrim-
etry, are treated on the common theoretical grounds to be found in the theory of Bronsted
and Lawry and in the principle of protonacceptors. Thus the fundamentals of the various
methods are easy to retain in memory.

Instrumental methods of analysis are discussed in the fourth chapter. Progress in this
field in recent years has been very rapid, thus it was a rather difficult task for the authors to
acquaint the reader, within this small space at their disposal, with the fundamental principles
at least, of every important method. Perhaps they had to keep in view the interest of non-
chemists who study chemical analysis. Very little place could be allotted to the discussion of
NMR or mass-spectrometry.

Chapter 5 is about methods of separation, with principal emphasis, quite correctly, on
the techniques of chromatography.

The sixth chapter contains analytical methods relevant to organic compounds: this is
a good review of the field.

This book, by L. Pataki and E. zapp, certainly will be very useful for sudents of chemi-
cal analysis, and will offer valuable data to those engaged in analytical practice, considering
that this concise volume exposes most clearly every important branch of chemical analysis.

T. Meisel

Giulio Mitazzo: Elektrochemie: Grundlagen und Amvendungen

Zweite neubearbeitete und erweiterte Auflage, Band |

Birkh&user Verlag, Basel Boston- Stuttgart, 1980, 529 Seiten, 111 Abbildungen

Elektrochemische Methoden werden in sehr vielen und verschiedentlichen Gebieten des
praktischen Lebens verwendet. Dies folgt aus dem interdisziplindren Charakter der Elektro-
chemie. Deshalb kann ein jedes in diesem Gebiet erscheinende Werk auf das Interesse eines
weiten Kreises von Fachméannern rechnen.

Das Ziel des Authors war laut Vorwort des Buches eine mdglichst einfache Zusammen-
fassung der Grundlagen der Elektrochemie zu geben, die auch von nicht-elektrochemischen
Fachmé&nnern gut verwendet werden kann. Dementsprechend behandelt der erste Abschnitt
des Buches die Grundlagen der Thermodynamik und leitet jene Grundbegriffe ein, deren Kennt-
nis der Leser im weiteren unbedingt bendtigt.

Die Diskussion der eigentlichen Elektrochemie beginnt mit dem zweiten Abschnitt.
Hier beschreibt der Verfasser in der konventionellen Weise die Leitung der Elektrolytldsungen
sowie die Eigenschaften der schwachen, starken und Schmelzelektrolyten. Der dritte Abschnitt
befasst sich mit den in den Galvanzellen und an den Elektroden von heterogenen elektrochemi-
schen Systemen sich einstellenden Gleichgewichten. Der vierte Abschnitt behandelt die Pro-
bleme der Elektrolyse sowie die wichtigsten kinetischen Gesetzmassigkeiten der Elektrod-
prozesse. Der finfte Abschnitt des Buches befasst sich mit einem wichtigen Anwendungsgebiet
der Elektrochemie: mit den elektrochemischen Methoden der analytischen Chemie. Der letzte
Abschnitt diskutiert die elektrochemischen Beziehungen der kolloiden Systeme.

Wie aus obigem ersichtlich, folgt der Aufbau des Buches im wesentlichen den Aufbau
friherer elektrochemischer Werke. Die Diskussion der einzelnen Fragen ist klar und logisch,
wobei auch die vecrhaltnissméssig viele Tabellen behilflich sind. In der Bearbeitung der einzel-
nen Abschnitte wiurden auch die berihmten Fachméanner des gegebenen Gebietes einbezogen.
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Dies ist offensichtlich vom Gesichtspunkt der Diskussion des betroffenen Themenkreises vor-
teilhaft, doch verursacht es Schwierigkeiten bei der Vereinheitlichung und Abfassung des
W erkes. So ist z. B. die Bearbeitung der Transporterscheinungen in Verbindung mit den Schmelz-
elektrolyten verhéltnisméssig eingehender und anspruchvoller, als die Behandlung der selben
Eigenschaften von Waéssrigen Elektrolytlésungen. In dem mit Ubertritt-Uberspannung sich
beschaftigenden Abschnitt steht Gberall Stromstdrke 7, wahrend im nachsten Abschnitt, wo
die Diffusions-Uberspannung behandelt wird, Stromdichte j verwendet wird. Laut der wenigen
Hinweise im ersten Band beschéftigt sich der zweite Band mit den Fragen der praktischen
Anwendung der Elektrochemie. Sicher werden dann dort z. B. die Passivierung der Metalle
sowie Verfahren in Verbindung mit der elektrolytischen Abscheidung der Metalle beschrieben.
Es ware daher vielleicht richtiger gewesen, die Fragen der Stromverteilung und der Energie-
ausniitzung dort zu behandeln. Hingegen héatten bereits in diesem Band, in der Beschreibung
der experimentellen Methoden die galvanostatische und die potentiostatische Untersuchungs-
methoden behandelt werden sollen. (Gewisse Anwendungsgebiete dieser Methoden sind bereits
im ersten Band erwé&hnt, s. Seiten 285 und 286.)

Es ist schade, dass Fragen in Verbindung mit der Struktur der elektrischen Doppel-
schicht im Buch nicht diskutiert werden. (Elektrokapillarkurve, Ladungs-Nullpunktpotential
usw.) lch glaube es ware nitzlich gewesen in Verbindung mit der elektrochemischen Kinetik
auch solche Falle kurz zu diskutieren, in denen die Kinetik durch verschiedene Prozesse gemein-
sam beeinflusst wird (Ladungsibertritt, Diffusion, chemische Reaktion), oder in denen sich
an der Elektrode parallele Prozesse abspielen. Wenn man namlich die in der Praxis sich abspie-
lenden Elektrodprozesse betrachtet, handelt es sich stets um verwickelte oder mehrere parallel
verlaufende Prozesse.

Mann kann wohl sagen, dass der Verfasser sein grundlegendes Ziel erreichte, denn auch
nicht-elektrochemische Fachménner kénnen mit Hilfe des Buches die Gesetze der Elektro-
chemie kennenlernen. Ausser den theoretischen Zusammenhéngen werden auch die wichtigeren
konventionellen Messmethoden der Elektrochemie beschrieben.

Es ist bedeuernwert, dass der Verfasser nicht die von der IUPAC empfohlene elektro-
chemische Nomenklatur verwendet hat. Die im Buch enthaltenen Definitionen, Konventionen
und Bezeichnungen weichen an sehr vielen Stellen und in wesentlichen Fragen von der IUPAC-
Empfehlung ab.

L. Kiss

J. K. Paul:Large and Small Scale Ethyl Alcohol Manufacturing Processes from
Agricultural Rate Materials

Chemical Technology Review No. 169, Energy Technology Review No. 58
Noyes Data Corporation, Park Ridge, New Jersey, U.S.A., 1980. p. 576

This volume provides the reader with process descriptions and economic evaluations
for ethyl alcohol manufacturing plants with capacities ranging from 25 gallons per hour to
100 million gallons per year. Most fully described are the 50 million gallon/year and 25 gallon/
hour facilities. The book is divided into four parts. Each part details a specific sized system
from a particular starting material, with possible excursions on additional sized systems.

Part 1. Alcohol manufacture from corn on a 50 million gallons per year scale, with
excursions to 10 and 100 million gallons per year pp. 1 345. The detailed analysis covers
various raw materials, economic evaluation of the procedure, documentation of detailed design
overall material and energy flow, equipment lists, etc., and bibliography 24 references.

Part 2. Wheat straw conversion via enzymatic hydrolysis for a 25 million gallon/year
facility pp. 346 —380. The compilation contains detailed technological descriptions, flow charts*
economic analysis and 41 references.

Part 3. Molasses fermentation to produce 14 million gallons per year pp. 381—427.
The chapter gives only a rough outline of the technology; the economic analysis is, however,
detailed.

Part 4. A guide to small 25 gallons per hour production pp. 428 —509, 14 references.
This section contains technological and economic analysis for small-scale production.
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The book includes discussions of legislation and permit information pertinent to alcohol
plant operation, environmental considerations, plus lists of resources, people and organisations
involved in alcohol promotion. At the end of the volume there are 78 fundamental literature
references.

Interest in the manufacture of ethyl alcohol from agricultural raw materials has
increased during the last few years. The use of ethanol as a gasoline extender gasohol has
focussed attention on methods for both large- and small-scale ethyl alcohol production. A by-
product of alcohol production is distillers dried grain, which could be sold as a protein-rich
feed, thus dispelling fears that alcohol production from agricultural raw materials might be a
threat to the world food supply.

The current volume is a logical supplement to a previous volume of the series which
appeared in 1979 Ethyl Alcohol Production and Use as a Motor Fuel. Energy Technology
Review No. 51. The successive publication of the two volumes also points to the timeliness
and need for the discussion of the problem.

L. Nyeste
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SYNTHESIS OF SOME 3-AROYLFLAVONES
AS POTENTIAL FUNGICIDES
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3-Aroylflavones have been prepared by oxidative cyclization of a-aroylchal-
cones with selenium dioxide. The required chalcones have been synthesized by the
base-catalyzed condensation reaction between to-aroyl-2-hydroxyacetophenones and
aldehydes. The fungicidal activity of all these flavones have been evaluated against
Alternaria brassicae and Helminthosporium oryzae.

Introduction

Flavonoids are invariably present in the heartwood of several plants
[1—3]. The durability and resistance towards the attack of pests of these
woods is perhaps due to the presence of such flavonoid components or com-
pounds related to them. It is significant that most of these compounds contain
the —CO—C=C—0O— moiety [4], and the pesticidal power is perhaps due

1
to this very feature. This assumption is supported by the observation that
natural pesticides like rotenone, chrysin and galangin [5—7] have this struc-
tural feature, characteristic of flavonoids and isoflavonoids.

Despite these observations, data on the pesticidal properties of synthetic
flavonoid compounds are apparently lacking in the literature. In view of these
facts, it appeared worthwhile to undertake the synthesis and investigation of
the fungicidal properties of the title flavones reported herein.

The required co-aroyl-2-hydroxyacetophenones (1) were prepared by
standard methods [8]. The chalcones (Il1) were synthesized by the Knoevenagel
reaction [9] and the 3-aroylflavones were obtained by oxidative cyclization of
the chalcones (Il) with Se02in isoamyl alcohol [10]. The purity of the flavones
was checked by TLC and the Ry values of the individual compounds were
also noted.

The a)-aroyl-2-hydroxyacetophenones (l) were characterized by their
elemental analysis and IR absorption spectra. Significant peaks in the IR
spectrum are 3225 cm -1 (—O—H stretching), 1670 cm -1 (saturated /3-diketone

*To whom correspondence should be addressed
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stretching), 1450 cm-1 (—CH2— bending), and 1600 cm "1, 1590 cm "1, 1370
cm-1 (aromaticity).

The chalcones (Il1) could be recognized by significant peaks in the IR
spectra, viz. 3115 cm-1 (—O—H stretching), 1680 cm-1 (a-/S-unsaturated
acyclic ketone), 1600, 1585, 1450 cm"1 (aromatic ring). The presence of the
y-pyrone ring in the IR spectrum of the flavones (I11) affords evidence for the
cyclization of the chalcones (I1). The IR spectra of the flavones reveal charac-
teristic absorption at 1690 cm "1 (y-pyrone ring); 1710 cm"1(>C =0 stretch-
ing), 1600, 1580, 1445 cm"1 (aromaticity) and 1020 cm-1 (C—0 —C sym.
bond stretching).

The flavones listed in Table Ill have been screened for their fungicidal
activity against two species of fungi, Helminthosporium oryzae and Alternaria
brassicae. It has been found that almost all aroylflavones under investigation
are very active against A. brassicae at all concentrations, but only few com-
pounds are toxic to H. oryzae.

At the same time, the commercial fungicides Bavistin and Dithane
M-45 were found to be quite toxic to both these fungal species when tested
under identical conditions.

[la—d] [1Ta—i]

[1ia —i]

Experimental

Substituted 2-hydroxvacetophenones

2-Hydroxyacetophenone, b.p. 210—212 °C, 2-hydroxy-4-methylacetophenone, b.p.
244 —246 °C, 2-hydroxy-5-chloroacetophenone, m.p. 53 °C and 2-hydroxy-3-chloroaceto-
phenone, m.p. 76 °C were prepared by the Fries rearrangement of the corresponding esters
by a known method [11]. The b.p.’s or m.p.’s of these compounds were consistent with those
reported in the literature [12].

Acta Chim. Acad. Sei. Hung. 110,1382
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co-Aroyl-2-hydroxyacctophenone (I)

These compounds were prepared by Claisen condensation using the appropriate 2-hy-
droxyacetophenones (1.0 mol) and the different aryl esters (1 mol) in the presence of sodium
ethoxide. The reaction mixtures were refluxed for 5 8 h. It is significant to note that the
yield of product was greatly lowered (lc and 1d) when the starting ester also incorporated a

Table |

co-Aroyl-2-hydroxyacetophenones (1)

Com’\;‘)g‘und R R Yi(;l)d, @ Formula C,% H,%
Found Calcd. Found Calcd.
la 5-Cl H 65 87-8 CieHu03Cl 65.57 65.69 3.93  4.01
Ib 4-CH3 H 71 119 cBH3 75.42 7559 538  5.51
Ic H 4-OH 51 109  H 4 7022 7031 458  4.69
Id 3-C1 4-OH 46 105  ClHno04cCl 61.93 62.07 3.66 3.79

hydroxyl group. Attempts to improve the yield by allowing longer reaction times were of
little avail. The compounds prepared were crystallized from aqueous ethanol and are listed
in Table 1.

a-Aroylchalcones (11)

The (o-aroyl-2-hydroxyacetophenone (1 mol) and appropriate aromatic aldehyde (1 mol)
dissolved in absolute alcohol were condensed under the condition of the Knoevenagel reaction,
using a few drops of pyridine, for 10 12 h. After removal of the solvent, the residue was
treated with dilute hydrochloric acid and then taken up in ether. The ethereal layer was washed
with water and dried over anhydrous MgS04. Removal of the ether gave the desired products,
which were recrystallized from ethanol. The compounds prepared are recorded in Table II.

Table 11

ct-Aroylchalcones (11)

a C, % H, %

Swo R R' R" Yiozd’ Mo’é ' Formula

éz Found Calcd. Found Calcd.
Ha 5cCl H 4-NO. 62 86 C.HHNOsCL 64.02 64.86 3.28 3.44
lib  4-CH3 H 4-NO. 65 89 c,3h o5 69.85 7131 4.32 4.41
lie H 4-OH 4-OCH3 58 108 CBHID5 75.81 76.52 4.66  4.80
lid H 4-OH 4-NO. 60 91 c2Zh 15no6 67.62 67.86 3.69 3.85
He 1 4-OH 4-C1 55 105 C..H104C 69.41 69.84 381 3.96
1If 1 4-OH 2-OH 45 108 9 C.2Hie05 72.84 73.33 4.00 4.17
W 3C1 4-OH 4-OH 42 106  C2HIDECL 66.62 67.01 3.71 3.81
Ilh  3c1 4-OH 2-OH 40 118 C..HID5CL 66.58 67.01 3.65 3.81
Hi  3c1 4-OH 4-NO. 56 78  C,HMNO6Cl 6214 6241 312 331

1
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CoNrr;?d. R
Ilia 6-Cl
I11b 7-cH3
Illc H
Hid 1
lile H
i H
nig 8-Cl
I11h 8-Cl
nB 8-Cl

H
H

4-OH
4-OH
4-OH
4-OH
4-OH
4-OH
4-OH

4-N02
4-N02
4-OCH.;
4-N02
41
2-OH
4-OH
2-OH
4-N02

1 Solvent system: chloroform-benzene (1:2)
1 Solvent system: ethylacetate—ehloroform-benzene (1:3:3)

Table 111
Bb-Aroylflavones (I11)

Mspe Formula

97 C2H 1N 05CL
125 CZBHIN06

109- 10 oM 1605
98 c2Zh 13nob

103 C2H 130 4C1
110 cZn 405
109 C22H 130 6CL
92 C22H 130 5C1
74 C,2H,,N06C1

Rf

0.8H
0.561
0.711
0.591
0.71
0.411
0.6"

0.45"

0.61

Found

64.82
70.98
73.64
68.10
69.58
73.01
66.85
66.78
62.42

C.%

calcd.

65.18
71.68
74.19
68.22
70.21
73.74
67.35
67.35
62.71

Found

2.81
3.82
4.16
3.10
3.22
3.75
3.30
3.26
2.72

H,%

Calcd.

2.96
3.89
4.30
3.35
3.46
3.91
3.31
3.31
2.84

0¢T
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3-Aroylflavones (LU)

A mixture of the appropriate chalcone (1 mol) and selenium dioxide (1.1 mol) was
refluxed in isoamyl alcohol for 14—20 h. The solvent was removed by steam distillation, the
precipitated selenium was filtered off and the residue dissolved in ether. The ethereal layer,
after the usual treatment, gave the desired product, which was recrystallized fromj ethanol.
The compounds prepared are recorded in Table III.

Fungicidal screening
The flavones listed in Table 111 were tested for fungicidal activity using two species of
fungi at three different concentrations, viz. 1000 ppm (103), 100 ppm (104), and 10 ppm (10s).

The average percentage inhibition values obtained with these compounds are recorded in Table
IV and compared with the effect of Bavistin (Carbendazim) and Dithane M-45 (Maneb).

% Inhibition = ~ A X 100

where C = diameter of fungus colony (in mm) in control plate
T = diameter of fungus colony (in mm) in treated plate.
The number of repetitions was three in each case.

Table IV

Fungicidal screening

Averag percentage inhibition after 96 h

Compd. Alternaria brassicae, H. oryzae.
No. Concentration Concentration

1000 ppm 100 ppm 10 ppm 1000 ppm 100 ppm 10 ppm
1Ma 60.67 39.5 28.2 44.8 26.3 19.1
11b 83.9 65.1 40.2 52.3 30.0 25.1
Illc 72.5 60.0 36.2 43.3 22.8 17.5
Hid 73.3 61.2 39.2 82.5 66.0 41.2
Hie 78.5 59.6 39.1 49.3 28.2 20.5
IHf 64.89 36.3 22.8 75.3 52.2 39.8
I1g 76.7 55.2 38.3 46.0 27.4 21.2
W b 90.2 63.3 49.4 63.6 35.2 27.1
i 78.0 60.1 40.3 90.5 69.3 48.2
Bavistin 95.3 81.4 69.8 93.9 77.4 66.9
Dithane M-45 98.6 89.5 77.2 97.5 88.3 73.9

Results and Discussion

A critical examination of the fungicidal data reveals that all flavones
under investigation were active against A. brassicae, while only three com-
pounds (uld, UIf, Ilii) having —OH, —Cl and —NOz substituents were
active against H. oryzae. Compound Illh having one chloro and two hydroxyl
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groups has the highest fungitoxicity of the series. Further tests with this
compound is required. Although all compounds investigated have toxophores
such as —N02 —OH, —CI, none of them are as active as the commercial
fungicides Bavistin and Dithane M-45. This indicates that the fungitoxicity
of a compound will not be the numerical sum of all toxophoric functions
present in the molecule.

The authors express their thanks to Prof. R. P. Rastogi, Head, Department of Chem-
istry, University of Gorakhpur, for providing the necessary facilities. One of us (A. K.
Mishra) is thankful to C.S.I.R., New Delhi, for the award of a Junior Research Fellowship.
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Syntheses of the furanoflavones 1 and 2, constituents of Pongamia glabra were
accomplished starting from 5,7-dihydroxy-3',4'-methylenedioxyflavone and 5,7-di-
hydroxyflavone, respectively.

Furanoflavones such as karanjin are effective against skin diseases like
leucoderma [1]. This prompted us to synthesize naturally occurring furano-
flavones and we have already published the synthesis of some of them [2—7].
We now report the synthesis of 5-methoxy-2-(3,4-inethylene-dioxyphenyl)-
-4H-furo[2,3-ft] [1] benzopyran-4-one (1) and 5-hydroxy-2-phenyl-4fT-furo-
-[2,3-k] [1] benzopyran-4-one (2), recently isolated from Pongamia glabra
[8, 9]. The structures of these furanoflavones have been assigned on the basis
of spectral and degradation studies.

The partial synthesis of 1 has also been reported [10] starting from
5-acetyl-4-hydroxy-6-methoxycoumarone and piperonyl chloride. We now
report the total synthesis of 1 and 2 starting from 5,7-dihydroxy-3',4,-methyl-
enedioxyflavone (3) and chrysin [11], respectively. Compound 3 (prepared

« To whom correspondence should be addressed
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by condensation of phloroacetophenone, piperonyl anhydride and sodium
piperonylate by the Robinson method [12]) on partial allylation with one
mole of allyl bromide, in the presence of potassium carbonate and acetone,
afforded 7-allyloxy-5-hy<Iroxy-3,,4/-methylenedioxyflavone, which on methyla-
tion with dimethyl sulfate, potassium carbonate and acetone, followed by
Craisen migration under reduced pressure, gave 8-allyl-7-hydroxy-5-methoxy-
-3/,4'-methylenedioxyflavone (6).

The oxidation of 6 with osmium tetroxide/potassium periodate afforded
an intermediate aldehyde, which on cyclization with polyphosphoric acid
gave 1. The route described above starting from chrysin [11] resulted in 2
via 7 [2] and 8. The spectral data of the synthetic samples were in complete
agreement with those reported for the natural samples.

Experimental

All m.p.’s are uncorrected. IR spectra were recorded on a Perkin-Elmer IR spectro-
photometer Model-621 (>max in cm”1) in KBr, UV spectra (Amax in nm) on a Beckmann
DU-2 spectrophotometer, and NMR spectra on a Perkin-Elmer R-32 (90 MHz) spectrometer
usinp TMS as internal standard. Chemical shifts are given in $ppm.

Anhydrous sodium sulfate was used as drying agent.

7-Allyloxy-5-hydroxy-3'4'-methylenedioxyflavone (4)

5,7-Dihydroxy-3',4'-methylenedioxyflavone (1.5 g) was dissolved in acetone (100 mL)
and refluxed with allyl bromide (0.5 mL), potassium carbonate (3.5 g) and potassium iodide
(0.5 g) for 4 h. The solid was filtrated off and washed with acetone. The acetone was completely
evaporated and the residue diluted with water. The separated solid on crystallization from
methanol/petroleum ether gave 3 as pale yellow crystals (1.35 g), m.p. 151 —153 °C.

CioH u Oe. Calcd. C 67.45; H 4.14. Found C67.23; H 4.02%. (Acetate, m.p. 143-144 °C))

NMR of acetate (CDC13): 7.6 -7.82 (m, 2H, H-2"6"), 7.2 (d,J = 2 Hz, 1H, H-8), 7.05
(d, J= 8.5 Hz, 1H, H-5", 6.74 (s, 1H, H-3), 6.42 (d, J = 2 Hz, 1H, H-6), 6.05 (s, 2H,
-0Cff,-), 55-5.95 (m, 1H, -CA=CH 2, 5.05-5.43 (m, 2H, -CH=CH,), 443 (d,J = 6
Hz, 2H, —0C4,-CH=CH?2), 2.1(s, 3H, OCOCH3).

5 j7-Allyloxy-5-methoxy-3'4"-methylenedioxyflalone (5)

The flavone 4 (1.2 g) was dissolved in acetone (100 mL) and refluxed with dimethyl
sulphate (0.55 mL) and potassium carbonate (4.2 g) for 16 h. The solvent was evaporated and
water was added to the residue. The separated solid was filtered off and purified by crystalliza-
tion from ethanol to obtain light yellow crystals (940 mg), m.p. 179 °C.

C20H MO«. Calcd. C 68.19; H 4.54. Found C67.82; H 4.43%.

NMR (CDC13): 7.55-7.76 (m, 2H, H-2'6"), 7.15 (m, 2H, H-5'8), 6.66 (s, 1H, H-3),
6.4 (d,J = 2 Hz, 1H, H-6), 6.05 (s, 2H, -0C ff20 -), 5.45-5.9 (m, 1H, -CA=CH 2, 5.05-
54 (m, 2H, -CH=C4H2), 445 (d, 2H, J= 55 Hz, -OCH2-CH =) and 3.98 (s, 3H, OCHJ).

8-Allyl-7-hydroxy-5-methoxy-3',4-'methylenedioxyflavone (6)
The flavone 5 (900 mg) was heated in an oil bath at 190—200 °C under reduced pressure

(12 mm) for 2 h. The resulting solid was dissolved in ethyl acetate and extracted with 2%
aqueous sodium hydroxide (50 mL). The aqueous layer on acidification afforded a solid, which
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was filtered off and crystallized from ethanol to give pale yellow needles (550 mg), m. p.
291 —292 °C. (Acetate, m.p. 171-173 °C))

NMR of acetate: 7.65-7.9 (m, 2H, H-2'6"'), 7.15 (d, J = 9 Hz, 1H. C-5%, 6.7 (s, 1H,
H-3), 6.32 (s, 1H, H-6), 6.15 (s, 2H, —O0CA.0-), 55 6.0 (m, 1H, -CA=CH,), 495 5.4
(m, 2H, CH=CHA2, 3.92 (s, 3H, 0CHA3), 35 (d,J = 6 Hz, 2H, Ar CA, CH ) and 23
(s, 3H, OCOCH3).

5-Methoxy-2-(3,4-methylenedioxyphenyl)-4H-furo [2,3-6] [I]benzopyran-4-one (1)

The allyl flavone 6 (450 mg) was dissolved in ethyl acetate (80 mL) and an equal amount
of water was added. This mixture was treated with osmium tetroxide (50 mg) and stirred for
2 h. During this period potassium periodate (3.5 g) was added to the solution in small portions.
The ethyl acetate layer was separated and the aqueous layer extracted with more ethyl acetate
(100 mL). The combined extracts were washed with water, dried, and the solvent removed
under reduced pressure. The black tarry residue was heated with polyphosphoric acid (15 mL)
on a boiling water bath for half an hour. The resulting mixture was added to ice and allowed
to stand overnight. The black solid, on purification by column chromatography afforded 1 as
a yellow solid (35 mg), m.p. and mixed m.p. 268 —269 °C.

C19H 1206 Calcd. C 67.8, H 3.57 Found C 67.76, H 3.52%.

UV (MeOH): 230, 275 and 330 (qualitative).

IR (KBr): 1640 (C=0), 1590 (C=C), 1465, 1400, 1252, 1202, 1140, 1114, 1060, 1030,
960, 911 (-OCH.O—), 860, 850, 835, 815, 740, 712 (-OCH .0 -).

The NMR spectrum could not be recorded owing to the insolubility of the product

8-Allyl-5,7-dihydroxyflavone (8)

The flavone 7 [2] (1.0 g) was heated under reduced pressure (12 mm) at 190 —200 °C
for 2 h. It was then cooled, dissolved in ethyl acetate and washed with water. The ethyl ace-
tate layer was dried and the solvent evaporated. The purification of the residue by column
chromatography afforded 8 as a cream-coloured solid (600 mg), m.p. 233 —235°.

C18l11404 Calcd. C 73.48; H 4.76. Found C 73.57; H 4.65%. (Diacetate, m.p. 160 161 °C).

NMR of diacetate (CDC13): 7.75-7.98 (m, 2H, H-2'6"), 7.42 7.6 (m, 3H, H-3', 4', 5",
6.88 (s, 1H, H-3), 6.68 (s, 1H, H-6), 5.6 —6.1 (m, 1H, CA=CH,), 4.9-5.25 (m, 2H,

CH=CHA2, 372 (d, 2H,J = 65 Hz, -OC4, CH=CH,), 2.44 and 2.37 (2s, 3H, each,
2 0COCH3).

5-Hydroxy-2-phenyl-4H-furo[2,3-6][I]benzopyran-4-one (2)

The flavone 8 (450 mg) was oxidized with 0s04/K 104 and the aldehyde so formed was
cyclized with PPA to give 2 (40 mg) as mentioned in the case of 6, m.p. 195 197 °C (lit.
[9] m.p. 198 °C).

C17H 100,. Calcd. C 73.38; H 3.5. Found C 73.42; H 3.65%.

IR(KBr): 1650 (C=0) 1608 1595 (C=C), 1450, 1418, 1345, 1290, 1130, 1060, 1055,
800, 760.

NMR(CDC13): 12.8 (s, 1H, OH), 7.68-8.0 (m, 2H, H-2'6"), 7.35-7.62 (m, 4H, H-3,
4',5', 8), 7.05 (m, 1H, H-9), 6.98 (s, 1H, H-6) and 6.65 (s, 1H, H-3).

One of the authors (V.P.P.) is grateful to C.S.I.R. (New Delhi) for the award of Senior
Research Fellowship.
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The potential-depending adsorption of /1-cyclodextrin on the surface of drop-
ping mercury electrode disturbs the determination of guest molecules if E,/., is more
negative then E™A,- The disturbing effect can be eliminated either by adding compe-
titive guest molecule (which forms a more stable inclusion complex with cyclodextrin)
or more conveniently by saturating the mercury surface with /3cyclodextrin. The
linearity of wave height vs. concentration can be restored by this saturation method,
notwithstanding a significant decrease in the slope of calibration curve is observed.

/3-Cyclodextrin (cycloheptaamylose) forms inclusion complexes with many
organic molecules [1] and seems to get interest in pharmacy, too [1]. In
aqueous solutions, the dissociation equilibria of the complexes are attained
rapidly. Analysing such complexes, unexpected problems often arise [2].
Similar to most of the polyalcohols, cyclodextrins are also adsorbed on the
surface of the mercury drop, so it may disturb the polarographic determination
of potential guest molecules.

The adsorption of /3-cyclodextrin depends on the electrode potential
applied, so it can be studied by alternating current polarography. The differen-
tial capacity of the double-layer changes on the adsorption potential so a
peak can be observed on the alternating current vs. potential curve, which
consists of only capacitive current [3, 4]. The adsorption potential is about
—0.1-----0.2 V (vs. S.C.E.); the current vs. concentration curve follows the
Langmuir isotherm. The first part of the isotherm is linear, so the method is
suitable for the determination of small amounts (1—20 /ig *cm-3) of cyclo-
dextrin [3].

Several authors have investigated the polarographic behaviour of cyclo-
dextrin complexes containing electroactive guest molecules, and attempted
to determine stability constants (Matsui and his co-workers [5]: /3-cyclodextrin-
hydroperoxide complexes; Uehara and Nakaya [6]: complexes of azomethin
derivatives; Yamaguchi et al. [7]: hydrogen-peroxide complex). Polarography
was used in the study of ferrocene-cyclodextrin complex, too [8].

*To whom correspondence should be addressed
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The reduction of nitrophenols was studied in the presence of cyclodextrin
[9, 10]. It was shown that the reduction wave of nitrophenol splits into two
waves in the presence of a-cyclodextrin (cyclodextrin, cyclohexaamylose).
This effect cannot be observed with /3-cyclodextrin, but the wave height
decreases with increasing /3-cyclodextrin concentration. It seems to he quite
reasonable that a decrease in wave height is a direct consequence of the
complexation and only the free nitrophenol gives a polarographic wave. Based
on this assumption stability constants were calculated.

Our measurements prove the fact mentioned [3] that decrease in wave
height is caused by the inhibiting effect of the adsorbed /3-cyclodextrin.

Experimental

Measurements were carried out on Radelkis OH-105 and Radiometer PO-4 polaro-
graphs. Dropping mercury electrode was used with S.C.E. as reference. In alternating current
polarography a three-electrode system (with large platinium surface) was used. Supporting
electrolytes were Britton-Robinson buffer of pH = 6.8, and 0.1 M formic acid in acidic media.
It is proved that there is no complex formation with these electrolytes [12].

The tensammetric curve of the supporting electrolyte and that in the
presence of the /3-cyclodextrin is shown in Fig. 1. A well-defined capacitive
peak can be observed at about —0.15 V. Measurements were carried out both
in acidic and in neutral media.

The peak height vs. concentration curve follows the Langmuir isotherm;
the adsorption constant is Kk = 7.6 X 104 M 1in acidic medium, and k = 5.8 X
x 104 M ~4in neutral medium (in good agreement with [3], where K is about
105. The maximum surface coverage is reached at 3x ~4 M /3-cyclodextrin
concentration.

As the usual concentration range is about this concentration in polar-
ographic measurements, it is obvious that the calibration curve of complex
forming depolarizers differs from that obtained in the absence of cyclodextrin.

Fig. 1. Tensammetric curve of cyclodextrin; 1: supporting electrolyte without cyclodextrin,
2: with 10~2M cyclodextrin

Acta Chim. Acad. Sei. Hung. 110, 1982



DARUHAZI et al.. POLAROGRAPHIC DETERMINATION 129

hig. 2. Calibration curves of the K3 vitamin (2), and the 1 : 1 2C3-/?-cyclodextrin complex (2)

When a complex of 1:1 stoichiometry is dissolved, the cyclodextrin
concentration can be obtained from the following equation:

CD.GA"CD + G (1)

(where CD is the cyclodextrin and G is the guest molecule). The formation is
characterized by the equation:

[CD «G]
[CD] [G]

If the stoichiometry is 1:1, the correlation between the total concentration
of the inclusion complex and the free cyclodext.in is not linear as it is shown
in Eq. 3:

[CD.G]T = [CD] + £[CD]2 3)

In most cases stoichiometry differs from simple ratios (eq. 1 :1, 1:2), there-
fore the above equations become more complicated — so it is obvious that
polarographic determinations in these systems are rather difficult. In Fig. 2,
the calibration curves of K3vitamin (2-methyl-1,4-naphtoquinone, menadion)
are shown, in the absence of cyclodextrin (curve 1); curve 2 is the calibration
curve ofthe 1: 1 complex.

Cyclodextrin does not disturb the determination of substances with
more positive half-wave potential than that of the adsorption, but as it was
mentioned, the reduction mechanism may be modified. We observed this
phenomenon with Cu(ll) ion: the half-wave potential of Cu(ll) is more posi-
tive than the adsorption potential so inhibition is not likely, however two
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steps are observed in the presence of /3cyclodextrin. In the first step, Cu (I)-
/3-cyclodextrin complex is formed at —0.05 Y then the complex is reduced at
a more negative potential (—0.37 Y) to yield Cu(Hg)x .

Theoretically there are three possibilities to eliminate the effect of
cyclodextrin:

i to prevent its adsorption with a substance that adsorbs to a greater
extent and more strongly than cyclodextrin,

ii. to reduce the free cyclodextrin concentration with an electroinactive
complex-forming agent added in excess,

iii. to increase cyclodextrin concentration adding cyclodextrin to the
solution to reach maximum surface coverage.

These possibilities were studied through the reduction of Cu(ll) and
K3 vitamin. (The polarographic behaviour of these substances is rather
simple and well known [11].)

The first possibility of the three was examined using gelatine and Triton
X-100 (in 0.02 and 0.1% concentration respectively). It was observed that
these substances form complexes with cyclodextrin and a very compact
layer was formed on the surface. The Cu(ll) wave is reduced by this layer
to one-third of the original value.

The second possibility for hindering the effect of /3cyclodextrin was
examined using aromatic carboxylic acids around pH 7. (They proved to be
the most effective among the studied compounds.) The stability constant of
their cyclodextrin complexes is about 103 L «iVf-1, so it was supposed that
using them in excess, the free cyclodextrin concentration would be decreased
in competing reactions, and if the complex is not adsorbed, the surface cover-
age can be reduced to zero.

Using this method the following problems may arise: a. the complex
can be adsorbed on the surface, as it was observed with benzoic acid; b. if the
complex is adsorbed, a more compact layer forms, so further decrease in the
wave height can be expected (see Table I); c. the solubility of the inactive

Table |
. Decrease in a wave
Anti-guest molecule height (%)
none 0.0
5X10~3M benzoic acid -12.5
5x10~3M salicylic acid - 4.3
5x10~3M anthranilic acid - 29
5X10~3M o-toluic acid -22.5
5x10-3 M m-toluic acid -27.0

K 3vitamin concentration: 10-4 M; cyclodextrin concentration: 3x “3 M
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Fig. 3. Calibration curve in the presence of /J-cycodextrin, 1: K3 calibration curve without
/?-cyclodextrin, 2: with 10~2M /S-cyclodextrin

compounds is usually limited, so it may happen that a great excess in solution
cannot be applied.

Table I illustrates all of the mentioned problems. It is noteworthy at
every depolarizer to be obtained experimentally, and every depolarizer to be
examined would require specific competitive guest molecule. These molecules
cannot be selected theoretically, because in the case of complex adsorption,
there is a complex equilibrium on the surface of the drop that makes evalua-
tion very difficult.

The third possibility is the simplest, and proved to be utilizable in the
majority of the cases examined, so a great excess of cyclodextrin must be
added to all solutions. It is obvious that the original calibration curve recorded
in the absence of cycodextrin cannot be used.

Figure 3 shows that the curve is linear in this case as well, only the
absolute values of wave height are different, and the slope is less steep.
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Fifteen 2-aryl-5-aryl/aryloxymethyl-1,3,4-oxadiazolo[3,2-a]-s-triazine-7-thiones
have been synthesized by the cyclization of iVl-aroyl/aryloxy-acetyl-]V2(5-aryl-1,3,4-
oxadiazol-2-yl) thioureas with POCI3 and PC16. The thioureas were prepared by the
reaction of NH4SCN and aroyl/aryloxyacetyl chlorides.

As examples of an alternative route, six of the oxadiazolo-»-triazines were also
synthesized by hetero Diels-Alder reaction using 5-aryl-1,3,4-oxadiazol-2-aryl isothio-
cyanate and aryl/aryloxymethyl cyanide. Nine representative compounds were evaluated
for their herbicidal and fungicidal activities against two weeds, Argemone maxicana
and Cyperus rotundus, and two fungal species viz. Aspergillus niger and Helminthospo-
rium oryzae.

Based on the screening data, a possible relationship between structure and
pesticidal activity is given.

Introduction

Thioureas are well known to display a wide range of biocidal activities
like bactericidal, fungicidal, herbicidal and insecticidal [1—4] actions. Thus it
was presumed that the thioureas (I1l1) synthesized in this investigation might

17 = aryl/aryloxymethyl

Tliiourea moiety
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have pesticidal activity of high potency by virtue ofincorporating the biologi-
cally versatile 1,3,4-oxadiazole moiety [5—8], urea [10], amide [11—13]
and thiourea moieties at the same time.

The outstanding selective herbicidal properties of s-triazine is well estab-
lished, and several s-triazine herbicides, e.g. Simazine, Atrazine and Prometryn,
have gained major recognition in agriculture. Recently, some thiadiazolyl-
s-triazines (A) have been patented as pre- and post-emergence herbicides to
control crabgrass and wild oats [14]. Keeping these in view, the title oxadiazolo-
s-triazines were synthesized in the hope that the fusion of the biolabile s-tria-
zine and oxadiazole nuclei might result in pesticides, especially herbicides, of
better performance, which have not apparently been recorded in the literature
so far.

The synthesis of the title compounds which constitute a novel hetero-
cyclic ring system is depicted in Scheme 1. The novel |,3,4-oxadiazolo[3,2-0]-s-
-triazine-7-thiones (IV) were prepared by cyclization of iV~-aroyl/Zaryloxy-
acetyl-ivV2(5-aryl-1,3,4-oxadiazol-2-yl) thioureas IIl using POC13 and PC15.

j’1= ;irvl arvioxvmet hvi

Scheme 1

Acta Chim. Acad. Sei. Hung. 110, 1982



BHATTACHARYA et a).. SYNTHESIS OF POTENTIAL PESTICIDES 135

R1= arylaryloxymethyl

Scheme 2

The products IV were also obtainable by an alternative route outlined
in Scheme 2. This route involves the reaction of 5-aryl-1,3,4-oxadiazol-2-yl
isothiocyanates and aryl/aryloxymethyl cyanides; as a result of 1,4-cyclo-
addition, similar to the Diels-Alder reaction, the compounds IV were obtained.
Employing this method, six representatives of the compounds IV were synthe-
sized.

It is evident from the screening data (Table IlIl) that compounds No.
25 and No. 29 (Table Il) exhibited a herbicidal activity similar to that of
Simazine [2-chloro-4,6-bis (ethylamino)-s-triazine] at 1000 ppm against the
test weeds Argemone mexicana and Cyperus rotundus, and inhibited their
germination >50% even at 10 ppm. The compounds Nos 10, 11 and 14
(Table 1) had fungicidal action (Table 1V) comparable to that of Bcnomyl
[1-(IV-n-butylcarbamoyl)-2-(methoxycarboxamido)benzimadazole], against the
two fungal species, Aspergillus niger and Helminthosporium oryzae at 1000 ppm.

2% Acta Chim. Acad. Sei. Hung. 110, 1982
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4b

12

p-chloro

p-chloro

3,5-di-Br-2-OH

3,5-di-Br-2-0Oll

p-chloro

p-chloro

p-chloro

Table |

W-Aroyljaryloxyacetyl-N2(S-aryl-1.3.A-t>xadiazol-2-yl) thioureas

R1

phenyl

p-chloro-phenyl

phenyl

p-chloro-phenyl

phenyl

p-cldoro-phenyl

phenoxy-methyl

p-chloro-phenoxymethyl

o-ehloro-phenoxymethyl

phenoxymethyl

p-chloro-phenoxymethyl

o-chloro-phenoxymethyl

185

2401

162-165

245d

132

155-156

215-218

220

176

128-130

210

180

Yield,
%

85

80

90

82

80

75

76

70

65

80

75

68

Mol.
formula

clh 2n4do.s

Cl6H n CIN40 25

CleH 11CIN40 25

C16H 10C1,N402S

CleH 10Br2N40 35

CleHBr2CIN40 35

clih ¥ndo 3

clh 1xindo 3

cl7h 13cindo 3

cliildcindo 3

clh 1Zi2n4o 3

clih 1xi2n4o 3

nz vz vz Vz VLz Oz VZ OZ OLZzZz Oznz

Analysis 0

Found

17.31
10.00
15.87

8.85

15.66
9.10
14.35
8.26

11.24
6.43

10.65
6.12

15.82
9.01

14.03
8.31

14.41
8.31

14.56
8.24

13.33
7.55

13.24
7.61

Calcd.

17.28
9.88
15.62
8.93

15.62
8.93
14.25
8.14

11.34
6.43

10.52
6.0

15.82
9.04

14.41
8.24

14.41
8.24

14.41
8.24

13.24
7.57

13.24
7.57

9€T
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13 3,5-di-Br-2-OH phenoxymethyl

14 3.5-di-Br-2-OH p-chloro-phenoxymethyl

15 3,5-di-Br-2-OH o-chloro-phenoxymethyl

Significant bands (cm

I) in the IR spectrum

C=N c=0 C—0—c

1640 1670 1230

1020

1643 1678 1230

b 1030
1620 1680 1240

c 1032

Partly melts with decomposition

C=s§

1520

1478
1260

1475
1275

70 C,.H1Br,N404S

60 CIM jjB r2CINA 48

72 CIM u BrsCIN40 45

(in nujol mull)

—NH—

3420

3450
3400

3450
3400

10.52
6.25

10.01
5.32

9.96
5.48

nz unwz wnz

10.61
6.06

9.96
5.69

9.96
5.69

Substituted benzene nucleus

1600,

1650,

1505,

770, 700

1575, 860

1440, 850

“Te 10 VAYVHOVL1LVHY

S3AI211S3d TVILNILOd 40 SISTIHLNAS
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No.

16»

17

18

19b

20

21

22

23

24

25

H

p-Cl

p-Cl

3,5-di-Br-2-OH

3,5-di-Br-2-OH

RI

phenyl

p-chlorophenyl

phenyl

p-chlorophenyl

phenyl

p-chlorophenyl

phenoxy-methy

p-chlorophenoxy

o-chloro-phenoxymethyl

phenoxymethyl

Table 11
2-Aryll5-aryljaryloxymethyl-1,3,9-oxadiazolo[3,2-a]-s-triazine-'I-thiones (IV)

M.p.,

°C

155

210

110 115

205 208

190 195

192

175

165

205'1

170

Yield,
%

80

80

85

70

85

72

80

65

68

Mol.
formula

CleH 10N 40S

C,,HOCINAS

CwH 3C1IN40S

clbh &indos

CleHbBr2N40 25

CielIBr,CIN40.,S

c,hlndo.s

C,HI1N1C10,S

CIHnCLU40 28

CITH hCIN40 25

ZZO ZITO0O ZI0O Z2IT0O ZITO ZR0O ZZ0 ZI@ ZI0 ZTO0

Analysis, %
Found

57.46
2.68
18.26

56.46
2.58
16.72

56.53
2.64
16.55

51.34
2.32
15.02

40.14
1.69
11.67

37.38
1.38
10.87

60.81
3.64
16.67

55.01
3.02
15.00

55.27
3.01
15.12

55.00
3.01
15.13

Calcd.

57.55
2.88
18.30

56.39
2.64
16.45

56.39
2.64
16.45

51.20
2.13
14.93

40.00
1.67
11.67

27.32
1.36
10.88

60.71
3.57
16.67

55.06
2.97
15.11

55.06
2.97
15.11

55.04
2.97
15.11

“le 18 VAYVHOVLLVHE
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27

28

29

30

p-Cl p-chloro-phenoxymethyl 152 68 clm 10ci,n 4o 2
p-Cl o-chloro-phenoxymethyl 150 75 cIth Ici,n 4o »s
3,5-di-Br-2-OH phenoxymethyl 185 60 17i1 10Br2N40 35
3,5-di-Br-2-OH p-chloro-phenoxymethyl 150 75 CIMH 3Br,CIN40 35
3,5-di-Br-2-OH o-chloro-phenoxymethyl 180 75 Cl;H,,Br,C:iN40 35

Significant bands (cm~I) in IR (in nujol mull)

c=N G0—¢ c=s Substituted benzene nucleus
1620 1260 1080 1575, 1470, 760, 710
1030
1620 1260 1115 1480, 865
1035
1620 1270 1100 1480, 855

Partly melts with decomposition

ZIO Z2I0 ZI0O ZITIO Z2IO0

50.37
2.54
13.83

50.61

10.26

40.23
1.75
11.01

37.47
1.75
10.26

37.82

10.15

50.37

13.83

50.37
2.47
10.25

40.00

10.98

37.47
1.65
10.28

37.47
1.65
10.28

Y8 19 VAYVHOVLILVHY

S3AIJ11LS3d TVILNILOd 40 SISIHLNAS
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Experimental

M.p.’s were determined in open capillary tubes and are uncorrected. The IR spectr
were recorded on a Perkin-Elmer Spectrophotometer (Model 527) in nujol mull.

2-Amino-5-aryl-1,3,4-oxadiazoles (M)

These were prepared by oxidative cyclization of the aldehyde semicarbazones with
bromine in glacial acetic acid in the presence of anhydrous sodium acetate, according to the
method of Gibson [15]. All the compounds Il, (R = H, p-Cl and 3,5-di-Br-2-OH) have already
been reported in the literature [15, 16, 20].

JVI-Aroyl/aryloxyacetyl-iV2-(5-aryl-1,3,4-0iadiazol-2-yl) thioureas (111)

These were prepared according to the method of Douglass and Dains [17]. Thus a
mixture of NH4SCN (0.06 mol) and aryloxyacetyl chloride/aroyl chloride (0.06 mol) in acetone
was heated under reflux for 0.5 h followed by the addition of 2-amino-5-aryl- 1,3,4-oxadiazole
(0.06 mol), and the mixture was refluxed for further 2 h. The excess of acetone was evaporated
and ice-cold water was added to the residue.

The product thus precipitated was filtered off, washed with NH40H, then with water,
and recrystallized from acetone-ethanol mixture (50 : 50, vjv). The compounds thus obtained
are recorded in Table I.

2-Aryl-5-aryl/aryloxymethyl-1,3,4-oxadiazolo-[3,2-a] -s-triazine-7-thiones (1V)

The 'Wlaroyl/aryloxyacetyl-iV2(5-aryl-1,3,4-oxadiazol-2-yl) thioureas IlIl (0.015 mol )
were refluxed with a mixture of POCI3 (15 mL) and PC15 (0.015 mol) for 2—3 h. The excess
of POCI3 was removed under reduced pressure, and crushed ice was added to the residue.
The products thus obtained were filtered off, washed with water and recrystallized from
ethanol—ehloroform mixture (60 : 40, vjv). These compounds are listed in Table II.

An alternate procedure for the synthesis of oxadiazolo-s-triazines (1V)

IV-Aroyl ureas (V) were prepared, according to the method of Pear and Ostrogovich
[18, 19].

2-Aryl-/12-1,3,4-o0xadiazolin-5-ones (Via) [21]. Compound V (0.1 mol) was added por-
tionwise, with stirring, to an ice-cold solution of 2 IV NaOH (168 mL) and bromine (17.6 g).
The mixture was poured into water after 15 min to yield the oxadiazolinone Via in 85 —86%
yield, which was recrystallized from ethanol; Via: R = H; jo-chloro (lit. [22]); R = 2-OH-
-3,5-di-Br, m.p. 165—166 °C.

IR: vC=N 1665 cm*“1

C8H4Br2N20 3 Calcd. C 40.66; H 1.05; N 11.91. Found C 40.68; H 1.01; N 11.82%.

5-Aryl-2-chloro-1,3,4-oxadiazoles (VII1) [23]. 2-Aryl-zI21,3,4-0xadiazolin-5-one (Vl)a
(0.1 mol) was refluxed in a mixture of PC15(0.009 mol) and POC13(50 mL) for 5 h at 140 °C
on an oil bath. The excess of POCI3 was removed under reduced pressure and the residue
was treated with ice water to furnish the desired product. It was filtered off, washed repeatedly
with water, and recrystallized from ethanol in 75—85% yield. VII, R—H; p-chloro (lit.
[22]); R = 2-OH-3,5-di-Br, m.p. 145 °C.

IR: vC=N 1660 cm-1, vC—O —C 1270—1040 cm -1, vC—CI 750 cm-1.

C8H 3CNerM 2N2Caled. N 7.99; C1 9.92. Found N 7.91; Cl 9.88%.

Oxadiazolo-s-triazines (V1). 5-Aryl-2-chloro-1,3,4-oxadiazole VII (0.01 mol) and
NH4SCN (0.01 mol) were refluxed in acetone for 1 h and to this reaction mixture aryl/aryloxy-
methyl cyanide (0.01 mol) was added. The mixture was refluxed for 6 h. The excess of acetone
was evaporated and the residue was mixed with ice-water to precipitate the desired product
which was filtered off and washed with dilute NH4OH and then with water. Recrystallization
from ethanol-DMF (50 : 50; vfv) furnished the analytical sample. Employing this procedure,
compounds Nos 16, 18, 20, 22 and 28 (Table Il) were synthesized in 70—80% yields as
examples.
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Herbicidal screening

The test weeds were Argemone mexicana and Cyperus rotundus. The herbicidal activity
was evaluated by pre-emergence tests at three concentrations, viz. 1000 ppm, 100 ppm and
10 ppm, using three replications in each case. Seeds or tubers of the test weeds were soaked
for 24 h in the test solutions or suspensions, and then planted for germination. Simazine
[2-chloro-4,6-bis(ethylamino)-s-triazine] was also tested under similar connditions with a view
to comparing the results. The percentage inhibition produced by the various newly synthesized
compounds are recorded in Table IlI.

% inhibition = — - X 100

where Gc = No. of germinated seeds/tubers in control
Gt = No. of germinated seeds/tubers treated with test solutions/suspension.

Fungicidal screening

The antifungal activity was evaluated by the agar plate technique [24, 25] at three
different concentrations, viz. 1000 ppm, 100 ppm, and 10 ppm. The number of replications
in each case was three. The results were compared with the effect of Benomyl [I-(iV-n-butyl-
carbamoyl)-2-(methoxycarboxarnido)benzimidazole], a systematic fungicide [26], which was
tested under similar conditions. The average inhibition produced by the various compounds
are recorded in Table IV.

Results and Discussion

Out of nine tested substances, the compounds Nos 16, 19, 25 and 29
are by far more active herbicides than the oxadiazolyl thioureas (compounds
Nos 1, 4, 10, 14) against both of the test weeds. The higher activity of the
oxadiazolo-s-triazines (compounds Nos 16, 19, 25 and 29) is in conformity

Table 111

Herbicidal screening

Average percentage inhibition

Compound Weed A. mexicana Weed C. rotundus
No- Concentral ions used Concentrations used
1000 ppm 100 pp>n 10 ppm 1000 ppm 100 ppm 10 ppm
| 45.4 18.3 07.1 51.0 20.2 09.4
4 50.5 20.7 09.3 53.3 22.5 11.3
10 60.1 35.7 17.2 56.2 23.9 12.1
11 66.2 40.3 22.7 60.1 32.0 16.3
14 70.5 43.5 24.9 65.2 36.7 22.1
16 72.3 50.1 35.2 73.2 51.4 36.0
19 80.5 55.6 41.4 82.4 58.3 44.6
25 100 66.3 52.1 85.7 62.4 50.5
29 100 72.6 55.5 90.3 69.2 52.1
Simazine 100 80.2 60.4 91.3 71.4 56.1
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Tabic IV

Fungicidal screening

Average percentage inhibition after 96 hours

Compound Organism A. niger Organism H. oryzae
No. Concentrations used Concentrations used

1000 ppm 100 ppm 10 pdm 1000 ppm 100 p m 10 ppm

I 80.4 48.2 28.6 82.5 45.1 31.9

4 85.5 50.7 38.8 87.6 51.8 39.0

10 98.1 59.4 46.3 94.2 56.1 42.6

11 99.1 63.1 49.2 95.3 60.2 48.4

14 100 68.4 54.6 96.9 65.0 52.1

16 70.3 38.4 20.0 72.4 39.6 22.2

19 76.4 45.3 30.5 74.5 42.0 26.3

25 80.9 50.1 41.3 78.1 45.4 31.8

29 87.6 60.7 44.2 80.7 55.3 39.0

Benomyl 100 80.2 65.2 98.5 70.5 65.8

with the earlier observations that the compact size and planarity of a molecule
often augment its herbicidal activity [27—29]. Further, it was observed that
triazines cause foliar chlorosis followed by death of the leaf including the loss
of membrane integrity and chloroplast destruction [30]. According to the
mechanism and mode of action of triazine herbicides, they could inhibit photo-
synthesis by producing a secondary phytotoxic substance [31—33].

The oxadiazolyl thioureas (compounds Nos 4, 10, 11 and 14) are signif-
icantly more toxic to both of the test fungi, Aspergillus niger and Helmintho-
sporium oryzae at 1000 ppm, than their successor oxadiazolo-s-triazines (com-
pounds Nos 16, 19, 25 and 29). The compounds Nos 10, 11 and 14 incorporat-
ing aryl ether moiety have higher fungicidal activity than their aryl analogues
(compounds Nos 1 and 4), against both test fungi at 1000 ppm. They exhibit
a fungicidal activity comparable with that of Benomyl (B), a systematic
fungicide of the benzimidazole group, which decomposes [30] very rapidly
to the active form [34], methyl benzimidalzol-2-yl carbamate (MBC) (C).
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The significant fungitoxicity of the oxadiazolyl thioureas is comparable
with the fungitoxicity of phenylthiourea studied by Sijpesteijn [35]. Phen-
ylthiourea (PTU) can prevent cucumber diseases due to Cladosporium cucu-
merinum by direct interference with the plant—fungus biochemical relationship
and plant metabolism [36]. Three effects of phenylthiourea on cucumber
plant have been recognized [35, 37]. It inhibits polyphenol oxidase activity
in the plant, increases peroxidase activity and causes the lignification of the
plant cell wall in the parenchyma around the penetrating hyphae of fungi [36].

The highest fungitoxicity of compound No. 14 can be explained by its
ability to rob essential metals required in the metabolism of fungi. They cause
a strong inhibition of polyphenol oxidase activity through chelate formation
with the metal containing enzyme system [38—40].

Compounds Nos 25 and 29 were highly active against both test weeds,
Argemone mexicana and Cyperus rotundus, inhibiting their germination >50%
even at 10 ppm. The highest toxicity of compound No. 29 might also be
attributed to some extent to its ability for bivalent chelate formation [41]
with essential metals required in the metabolism of the weeds. A2 :1sym

Br

(D) R1—p-chlorophenoxymethyl

metric metal chelate with compound No. 29, could be formed by two 2-(3,5-
-dibromo-2-hydroxy)-5-(p-chlorophenoxymethyl) - 1,3,4-oxadiazolo [3,2-a]-s-tri-
azine-7-thione rings and one central metal action, as shown in figure (D).
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ment of Chemistry, University of Gorakhpur, India, for providing departmental facilities;
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to the authorities of K.U. Leuven, Belgium for providing a fellowship and departmental
facilities in the Laboratory for Organic Synthesis.
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ELEKTRONISCHE WECHSELWIRKUNG IN
4-SUBSTITUIERTEN 0-DIPHENYLPHOSPHINYL-
-TRANS-STYRENEN UND VERWANDTEN
VERBINDUNGEN*
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Berlin, DDR)
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Es werden die UV-Spektren von ai-Diphenylphosphinyl-irans-styrenen 1 in
Ethanol diskutiert. Mit Einflihrung der Diphenylphosphinyl-Gruppe in ai-Position des
Styrens ist eine bathochrome Verschiebung der 1L(} und der 1lLa-Bande des Styrens
verbunden. Dabei ist die Verschiebung der ‘Ea-Baiule bei Anwesenheit eines 4-stdudi-
gen Elektronendonator-Substituenten X im Styren-Teil des Molekils weitaus groRer
als die der 1L;,-Bande und ausgeprdgt abhangig von der Donator-Féhigkeit von X, so
daB bei X = N(CH?J32eine Vertauschung der Reihenfolge beider Banden im Vergleich zu
Styren erfolgt. Infolge P(0)-Substitution wird im Benzen-Teil von 1 der 'Lj-Uber-
gang ebenfalls gering bathochrom verschoben. Hinweise fiir eine mesomere Wechsel-
wirkung zwischen Benzen- und Styren-Teil wurden nicht gefunden. Es besteht jedoch
eine Wechselwirkung zwischen den n-Elektronensystemen des Styren-Teils und der
P=0-Bindung, so daB sich die P(0)-Gruppe in 1 als selektive Konjugationssperre
erweist.

Eine Interpretation photochemischer Messungen [1] an diphenylphos-
phinyl-substituierten trans-Ethylenen | erfordert Kenntnisse lber den Ein-
fluR des Diphenylphosphinyl-Substituenten auf die Elektronenstruktur des
Grundchromophors. Fir die relativ grofe, tetraedrisch konfigurierte
(CeH52P (0)-Gruppierung mull eine sterische, eine elektronische sowie — bei
photochemischen Umsetzungen — mdglicherweise auch eine schweratom-
bedingte Wirkung in Betracht gezogen werden. Der sterische Einflufl dieser
Gruppierung auf den Grundchromophor zeigt sich deutlich in den Absorptions-
spektren von a-diphenylphosphinyl-substituiertem cis-Stilben 2 und verwand-
ten Verbindungen 3 [2]. Die bei 2 und 3 beobachtete hypsochrome Verschie-
bung der langstwelligen Absorptionsbande im Vergleich zum unsubstituierten
Grundchromophor (z. B. cis-Stilben) muB auf ein verstarktes Herausdrehen
der a-stdndigen Phenylgruppe aus der Konjugationsebene des Grundchromo-
phors durch die raumfillende (CeH52P(0)-Gruppierung zurickgefuhrt wer-
den [2, 3].

In dieser Arbeit wird der elektronische EinfluR der relativ stark elektro-
nenziehenden (CeH52P (0)-Gruppierung auf das sa-System von 4-substituierten

* 25. Mitteilung Uber Darstellung und Eigenschaften donator-akzeptor-substituierter
Aryl-ethylene
** Korrespondenz bitte an diesen Autor richten
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Styrenen sowie vergleichbaren Verbindungen 1 qualitativ diskutiert.1Sterische
Einflisse konnen dabei unbericksichtigt bleiben. Aus der Sicht sterischer
Hinderung fihren weder R in 1 noch die (C6H52P(0)-Gruppierung zu einer
innerhalb der Reihe 1 wechselnden Verdrillung um die C—CAryl-Einfachbin-
dung oder die Ethylen-Doppelbindung.2

0
I
t: ft’= P(C6H&)?2 2: R = C6H5
4: R'= H 3: R = hetaryl
0

I
5: R'= S—CHa

Bei Einfihrung eines Substituenten tritt im allgemeinen keine prinzi-
pielle Verdnderung im Spektrum des Grundchromophors auf [4]. Es kdnnen
sich Lage, Sequenz, Intensitdt sowie Schwingungsstruktur der einzelnen
Aromatenbanden verédndern.3 Im Styren wirkt jeder Substituent vorwiegend
auf ein Grenzorbital, wobei in jedem Falle eine bathochrome Verschiebung
der jr-jr*-Absorptionsbande auftritt. Akzeptor-Substituenten senken vorwie-
gend das tiefste unbesetzte MO ab (LUMO), Donator-Substituenten heben
vorwiegend das hdchste besetzte MO an (HOMO) [5]. Fur die weitere Spektren-
diskussion von la —Ig (siehe Tab. I) kann das Elektronenspektrum des Styrens
als Grundlage dienen. Es besteht im nahen UV-Bereich aus vier jr-jr*-Banden-
systemen mit den Schwerpunkten bei 280 nm, 246 nm, 203 nm und 173 nm
[6], die in gleicher Reihenfolge wie die 1LU, 1La- und 1B6-Banden4des Benzens
auftreten [7, 8],jedoch bathochrom verschoben sind. Die Einflihrung des (C6H 5)2
P(0)-Substituenten in die co-Position des Styrens bewirkt eine weitere batho-

1Die schweratom-bedingte Wirkung dieser Gruppierung soll gesondert besprochen
werden [1]

2Eine Ausnahme konnte bei |h vorliegen, was noch untersucht wird

3Siehe auch Abb. 1in [3]

a Notation nach Pratt [10]
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JIOn nm) JIOn nm)
250 300 400 250 300 400

Abb. 1. Absorptionsspektrum von Styren 4a, co-Diphenviphosphinyl-lrans-styren la,
4-Dimethylamino-styren 4b und I[-Dimethylamino-ai-diphenylphosphinyl-frans-styren Ib in
95-proz. Ethanol bei Raumtemperatur

chrome Verschiebung sowohl der langstwelligen, strukturierten 1L 6-Bande5im
Bereich von 273—291 nm (SO —mSj-Ubergang) als auch der intensiveren 1lLa-
Bande (SO —mS2) hei 248 nm [8]. Die Verschiebung der 1L6-Bande betrégt
bei la in Ethanol gegeniiber Styren 4a 470 ~ 200 cm-1, die der 1LUBande
2600 ~ 100 cm-1. Damit resultiert die ldngstwelligeBande im eo-Diphenyl-
phosphinylstyren la aus einer weitgehenden Uberlagerung von 1Li} und 1La-
Bande (siehe Abb. 1). Das Maximum Amax der registrierten l&ngstwelligen
Bande wird fur la—Ig hauptsachlich durch die Lage der intensiveren 1lLa-
Bande bestimmt. Die Schulter bei 295 nm in la deuten wir als bathochrom
verschobene lidngstwellige Schwingungsteilbande (o0-o-Ubergang) der 1L(
Bande. Diese Deutung wird durch Lage und Struktur der Fluoreszenzbande
bei —196° C in Ethanol gestitzt [9].

ErwartungsgemdR ist die mit Einfiuhrung des (CeH52P (0)-Substituenten
in die co-Position der Styrene 4 verbundene Verschiebung Avla der xLa-Bande
stark abh&ngig von der Natur eines Zweitsubstituenten, wie Tabelle | zeigt.
Die groRten Verschiebungen werden erreicht, wenn die Substituenten in 4-
und co-Position ein Donator-Akzeptor-Paar bilden. Da die Verschiebung der

6 ,A1-* "R, -Ubergang bei ilaherungsweiser Annahme von Qr-Symmetrie (siehe auch
[5]). Bei Symmetriereduzierung zu Cs ergibt sich der erlaubte ,A' — 1A'-Ubergang. Siehe dazu
Diskussion in [6] und [11]
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Tabelle |

Maximum Amax (in nm) und Intensitdt emax (in L mmol~l *cm-1) der langstwelligen

Absorptionsbande fur a>-Diphenylphosphinyl-transethylene R —CH=CH P(0)(C6H5)21

und vergleichbare P (0)-freie Ethylene R CH=CH24 sowie Verschiebung der ILa-Bande
AvLafir die Stryene la Ig (in cm_1 im Vergleich zu 4a)

R 1 ! AvLa
~max Crax Amax Crax
a Phenyl 265 25 900 248  [13] 16 000 [13] 2600
b 4-Dimethylaminophenyl 352 32 300 295 [13] 20 500 [13] 5500
¢ 4-Methoxi-phenyl 287 25 600 259  [13] 19 200 [13] 3800
d 4-Methyl-phenyl 279 27 100b) 252 [14] 3800
2515 [15]
e 4-Chlor-phenyl 272 29 700 253 [13] 19 600 [13]
254  [16] 20 000 [16] 2700
f 4-Cyano-phenyl 280 35 700b) 100°)
g 4-Nitro-phenyl 300 301 [13] 13 800 [13] 0
h 3-Indolyl 315 22 600 282 [17] 9 000

a) Jeweils in 95-proz. Ethanol bei Raumtemperatur; fir 1 Mittelwerte aus 3 Messungen glei-
cher Genauigkeit, Fehler fir 2max 0.5 nm

b) In n-Propanol

c) Berechnet aus dem MeRBwert fir co-Cyano-styren [18] in Methanol (Amaax 274 nm) unter
der Annahme gleicher elektronischer Wirkung der CN-Gruppe in co- und 4-Position; Maximum
der 1La-Bande bei If zu 275 nm aus dem Bandenprofil abgeschatzt

I 6-Bande geringer und weniger substituentenabhdngig ist (z. B. bei Ic und
le nur 230 ~ 100 cm-1), fallen infolgedessen bei Ic bereits 1Lb- und 4La-Bande
zusammen, wéhrend bei Ib die Reihenfolge beider Banden gegeniuber 4a
vertauscht isté (siehe Abb. 1). Der gleiche Befund wird experimentell und
mittels modifizierter PPP-Rechnung an analogen 4-substituierten eo-Methyl-
sulfonyl-styrenen 5 [X = u. a. Cl, OCH3, N(CH3)2] gewonnen [12], die generell
zu 1 sehr &hnliche UV-Spektren aufweisen.

Die durch die (C6H52P(0)-Gruppierung bewirkte Verschiebung Avla
korreliert bei Donator-Akzeptor-Substitution in 1 befriedigend mit der elektro-
philen Substituentenkonstante ap [19, 20] des Donators. Die gleiche Beob-
achtung ergibt sich fir 5 bei formaler Einfihrung der Sulfonyl-Gruppe in
4-donator-substituierte Styrene7 (siehe Abb. 2). Bei Verwendung der Kon-
stanten <p [22] oder <R = 2ap — <Im)/2 [23] ergeben sich fir beide Substanz-
reihen sowie flr einige w-nitro-substituierte Styrene [18] schlechtere Korrela-
tionen. Die in 1 durch die Substituenten in ai-Position und 4-Position gegen-
Uber Styren 4a erzielte Gesamtverschiebung der 1llLa-Bande ist bei

6 Etwa die gleichen Verschiebungswerte fir die Mjj-Bande findet man hei vergleichbar
4-substituierten cu-Methylsulfonyl-styrenen 5 (siehe Tab. IIl in [12])
7Aus Absorptionsspektren von 5 in [21]
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Donator-Akzeptor-Substitution um einen bestimmten Energiebetrag ED_A
groBer als die Summe der Verschiebungen, die jeder Substituent allein am
Styren-Grundchromophor bewirken wiirde (GI. 1). Wie bei 1,4-disubstituierten
Benzenen [24] ist im Falle einer Akzeptor-Akzeptor-Substitution (bei If, Ig)
die Gesamtverschiebung auch fiur 1 etwa so grof3, wie sie durch den
Substituenten mit dem gréReren zdi*xyWert allein erreicht wirde. Die GroRe
von Ed_A ist selbst abhdngig von der Donator-F&higkeit des 4-stdndigen
Substituenten.

= ~<D) + ai(A) + ed_a (1)

ZIi'(D), zli(A) Verschiebung der 1lLa-Bande bei Donator-Substitution in 4-Posi-
tion bzw. Akzeptor-Substitution in m-Position relativ zu Styren

Mx=H o AXH) = AM(x> )

Ax =H) "(X) Wellenzahl fir das Maximum der “*-Bande im Styren (X = H)
bzw. im X-substituierten Styren 4.

-466. 2. Verschiebung des Maximums der 4.,,-Bande Avi_ain Ethanol fiir 4-substituierte lrans-

Styrene 4-X-CeH,-CH=CH Z in Abhéangigkeit von der Substituentenkonstante oi des

Donators X. X = H (a), N(CH3), (b), OCH3(c), CH3(d), Cl (e); Z P(0)(C,H52 (1), Regres-

sionskoeffizienten fir y = ax -f-6: e = —1535 d 735, 6= 2859 f 624, r= —0,968; Z=

SO.,CH3 (2), a— —1800 + 303, 6= 2457 + 258, r= —0,996; Z= NO02(3), n= 1801
1264, 6 = 8086 + 1184, r= -0,974

3 Ada Chim. Acad. Sei. Hung. 110. 1982
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Diese Befunde zusammen weisen auf eine mesomere Wechselwirkung
zwischen (CeH52P(0)-Gruppierung und 4-stdndigen Donator-Substituenten
im Styren-Teil des Molekiils hin. Fur die Methylsulfonyl-Gruppe in 5 ist eine
solche mesomere Wechselwirkung bereits sichergestellt [25, 26]. Das vierfach
koordinierte P-Atom in 1 erweist sich als Konjugationssperre in Bezug auf
die Phenyl-Substituenten. Das Absorptionsspektrum von 1 kann als Summe
der beeinfluRten («gestérten«) Spektren der drei Substituenten am P-Atom
betrachtet werden. Die bei Ib (siehe Abb. 1) und Ih deutlich sichtbare Struk-
turierung im Bereich von 265—273 nm wird durch die intensitdtsschwache
1l Bande des Benzen-Chromophors hervorgerufen. Infolge pji-dn-Wechsel-
wirkung ist —wie im Styren-Teil —eine geringe bathochrome Verschiebung des
IL@Uberganges des Benzens zu verzeichnen. Dieser Ubergang wird bei 11»
separiert durch eine maximale Verschiebung der 1lLa-Bande des Styren-
Chromophors auf Grund des 4-stdndigen Donator-Substituenten, in den ande-
ren Verbindungen 1 jedoch durch die intensive 1L 0-Bande des Styren-Chromo-
phors mehr oder weniger Uberdeckt. Die Zuordnung ergibt sich durch Spektren-
vergleich mit Phenyl-butenyl-phosphinsdure-ethylester 6 und Triphenyl-
phosphinoxid 7 (siehe Tab. Il). Die Bandenlage ist unabhdngig vom Chromo-
phor R2 (Styryl in Ib —Ig, Phenyl in 7, Stiloenyl in 8). Ahnliche Ergebnisse
erbrachten UV-Untersuchungen an 4-substituierten Triphenyl-phosphinoxiden
4-X-C6H4-P(0)(C6H5)2 [29]. Die Trennung der einzelnen Chromophoren Systeme
in 1 durch das P-Atom ergibt sich weiterhin aus unserer Beobachtung, dal} bei
photochemischer Verédnderung im Styren- bzw. im Vinyl-indolyl-Teil bei Ib
und Ih (trans — cis-lsomerisierung) keine nennenswerten spektroskopischen
Verédnderungen im Bereich der 1L(-Absorptionen des Benzen-Chromophors
auftreten [30]. Einen EinfluR Ubt dagegen bei la—Ig der 4-stindige Sub-

Tabelle 11

Vibronische Banden p0_z (in cm~1) des X.b-Uberganges im Benzen-Chromophor von
CG5—P (0)R 1R 2in 95-proz. Ethanol bei 20 °C

R1 R 2 (=3

Ib C6H5 CH=CH C6Hf 4-N(CH32 36 600, 37700

Ic GdE CH=CH CeH, 4-OCH3 36 600, 37 600

a C6H5 CH=CH C6H, 4-NO, 36 400, 37300

Ih ngns CH=CH 3-indolyl 36 700, 37600

6 OC2Hs CH=CH C2H5 35 500, 36 700, 37600, 38 300a>

7 QHS5 cbh 5 36 900, 37 900, 38600 [27]
8 Cr,H5 4-CéHj CH=CH-C6H6 36 600, 37 600, 38500") [28]

a) Im Dampfzustand gemessen
b) Werte fir n-Propanol
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stituent im Styren-Teil auf die P=0-Bindung aus. Wir fanden ndmlich, daR
die Frequenz der P=0-Valenzschwingung mit zunehmender Elektronendona-
tor-F&higkeit des Substituenten von 1202 cm-1 bei Ig auf 1177 cm-1 bei
Ibs vermindert wird [31]. In Verbindung mit 1H- und 31P-NMR-Messungen
[32] schluBRfolgern wir daraus eine Beteiligung polarer Grenzstrukturen am
Grundzustand.

Bei 4-substituierten Triphenyl-phosphinoxiden und-Sulfiden, 4-X-€6H4—
P(Y)(CeH52 mit Y = O, S, weisen gemessene und berechnete Dipolmomente
ebenfalls auf polare Grenzetrukturen mit im Vergleich zur unsubstituierten
Verbindung (X = H) geschwéchter P = Y-Bindung hin, ohne dall jedoch dort
eine deutliche Substituentenabhdngigkeit sichtbar ist [29]. Unsere Versuche
zeigen, daB die P(0)-Gruppe in 1 keine allgemeine, sondern eine selektive
Konjugationssperre darstellt.

Experimenteller Teil

Die Mehrzahl aller Diphenylphosphinyl-Irans-styrene 1 wurde nach der in [33] angege-
benen Methode synthetisiert und ist dort beschrieben. Id, If und Ig wurden via HORNER-
Olefinierung aus 4-substituierten Renzaldehyden und Diphenylphosphinylmethyl-diphenyl-
phosphin (C6H52P (0) CH, —P(C6H6), mit nachfolgender Oxidation des Olefinierungsproduk-
tes mittels H2 2 erhalten [34]. Die Darstellung von Phenylbutenyl-phosphinsdure-ethylester
6 erfolgte nach [35]. Die UY-Spektren wurden mit dem Gerédt Specord UV/VIS (Fa. YER
Carl Zeiss Jena) in gereinigtem 95-proz. Ethanol bei Raumtemperatur aufgenommen.

Die spektroskopischen Daten der Methylsulfonyl-styrene 5 in Ethanol hat uns Herr
Dr. Wegener, Abteilung Instrumentelle Analytik der Sektion Chemie, vor ihrer Publikation
zur Verfugung gestellt, wofur wir ihm herzlich danken. Ebenfalls zu Dank verpflichtet sind
wir Herrn Prof. Dr. H.-G. Henning flr sein forderndes Interesse an dieser Arbeit.
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Paramagnetic ion pairs were investigated by 'H-NMR and Mdssbauer spectros-
copy in chloroform and dimethyl sulphoxide. It has been shown that the chemical
shifts of 'H-NMR peaks arise from a combination of contact and pseudocontact inter-
actions of opposite sign, and the ratio of interactions was definitely influenced by the
extent of solvation. On the basis of Mdssbauer measurements it was shown that the
change of the cation size had an effect on the electron delocalization and symmetry
conditions of iron(lll) in solid samples, too. In concentrated frozen solutions of ion
pairs, different interactions were indicated by Mdssbauer spectroscopy in chloroform
and dimethyl sulphoxide, in accordance with 'H-NMR results. However, in dilute
solution such an anion—solvent interaction was observed directly, which could be shown
by the NMR method only indirectly.

Introduction

Unpaired electrons of transition metals are known to interact with pro-
tons of their environment in complexes via two different mechanism, viz.
contact and dipole interactions [1], both of which may cause signal shifts
in the IH-NMR spectra. The first interaction permits conclusions to be drawn
on the structure of complexes and the delocalization of unpaired electrons,
while the geometry of paramagnetic ion pairs and association constants can he
deduced from the dipolar effects [2].

The chemical shifts due to the above two effects can be separated by
various methods [3—10], but their application gives satisfactory results in
relatively few cases. Some investigations are known on the [(C4H94N] [M X4]
and [(CeH53PC4H 9] [M X4] systems [3, 11, 12], where X is Cl-, Br~, or I-,
and M is Co(ll), Ni(ll) and Fe(ll), containing 2, 3 or 4 unpaired electrons.
From 1H-NMR studies, it was also reported that the spin density removed
from the central metal atom of the anion interacts with the protons of the
solvent, too [13]. However, the problem ofwhether or not the total spin density

* To Avhom correspondence should be addressed
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removed from the paramagnetic center interacts with the associated cation
cannot be solved directly by NMR spectroscopy. It seems that Mdssbauer
spectroscopy gives the possibility to measure the change of spin density depart-
ing from the transition metal directly and thus can contribute to the problem
in question. In connection with our earlier work on paramagnetic ion pairs
[14, 15, 16] the [(C4H9Y3PR][FeCl) and [(C6HE53PR][FeCl4] systems were
investigated in CDC13 and DMSO-d6 with R=Me, Et, Pr, allyl, Bu, Ph and
benzyl.

Experimental

Preparation o/H[FeCl4]

The complex is formed in aqueous solution of iron(lll) chloride upon adding cone.
HC1. It cannot be prepared as a solid so its aqueous solution was used.

Preparation of quaternary phosphonium salts [R3PR']X, was carried out by quaterniza-
tion of tributylphosphine and tripbenylphosphine.

[(COH 93PCHJ]I, [(C4HYPC2H5]I, and [(CHYPCH2CHCH?2]Br were prepared by mixing
tributylphosphine and the proper alkyl halide. Since the reaction was very vigorous, the
components could be mixed in solvent only [17].

[(C6H5)3PCH3]I was prepared by equimolar mixing of triphenylphosphine and methyl
iodide dissolved in benzene.

[(C6H6)3PH]C1 was formed form triphenylphosphine dissolved in cone, aqueous HC1.
It cannot be prepared as solid so its solutions were used.

[(C4H93PC3HT]Br, [(C4H94P]B T, [(CEH5)3PC2H5]I, [(C,H5)3PC3H7]Br, [(CsH5)3PC4H 9]Br,
and [(C6H6)3PCH2CHCHZBr were prepared from equimolar mixture of tributyl or triphenyl-
phosphine and the proper alkyl halide. The mixtures were refluxed for 30 60 min, the yields
were 30 —60%.

[(C,H8)4P]Br was prepared according to the literature [18]. Reaction of tertiary phos-
phines and benzyl chloride occurred quantitatively upon heating to 200 —300 °C of their
equimolar mixtures and cooling the [(C4H93PCH2C6H5]C1 and [(C6H53PCH2CEH5]C1 formed.

The products obtained were purified by washing with diethyl ether.

Preparation of complexes

Since the complexes are soluble in water, aqueous solutions of quaternary phosphonium
chlorides and H[FeCl4] were mixed, and the solutions were concentrated. The precipitated
yellow crystals or powders were filtered and washed with cold cone, aqueous HC1. For this
procedure Br~ and I- ions of some phosphonium salts had to be substituted for chloride ion.
In an aqueous solution of the phosphonium salt, silver chloride was suspended and stirred.
W ithin some hours the substitution had taken place; after filtration the solution is available.

Analysis of the complexes

Phosphorus and iron contents of the complexes were determined. Digestion was per-
formed in a 1 :1 (v/v) mixture of cone. HN 03and HC104. Phosphorus was measured by Woy'’s
method and iron was determined iodometrically. Results are collected in Table I.

N M R spectra were obtained at 60 MHz on a Varian T 60 spectrometer and at 80 MHz
on a Tesla-80 instrument at ambient probe temperature. TMS was used as external reference
in all cases. Spectra were recorded in DMSO-d6and CDC13 The mole ratio method was used
according to the literature [3]. Solutions of the phosphonium halide and the complex were
prepared so that to each phosphonium cation concentration belonged four different mole
ratios of paramagnetic anion. Plotting the measured shifts against the mole ratio of paramag-
netic anion the chemical shiftcould be obtained at a 1 : 1 mole ratio by extrapolation. Although
the mole ratio reached was only 0.30 due to the effect of five unpaired electrons on the high-
spin ferric ion, the approximation was reasonable since the chemical shifts were used to eval-
uate tendencies only.

Mdssbauer spectra were obtained with a 57Co/Pt source moved at constant acceleration.
Activity of the source was 1.1 X 108 Bq. Pulses were detected by a Gamma scintillation counter
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Table |

Elemental analysis of complexes

Formula Symbol Fe, ealed. Fe, found P, caled P. foound

(%) %) %) %)
[(C4H9) 3P CH 3][FeCl4] A, 13.46 13.54 7.46 7.53
[C4H9)3PC2H BI[FeCl4l A, 13.02 13.19 7.22 7.26
[C4H 93P C3H 7] [FeCl4] A3 12.60 12.57 6.99 6.85
[(C4H9)4P][FeCl4l a4 12.22 12.31 6.78 6.71
[(C4H9Y3PCH,CH =CH.][FeCl4l A5 12.66 12.98 7.02 7.12
[(C4H 93P CH 3C6H 5][FeCl4] An 11.37 11.28 6.31 6.68
[(C6HE)3PH1 [Fed,] 0o 12.12 11.95 6.72 6.71
[C6116)3PCH3I[FeCl4] B, 11.76 11.67 6.52 6.50
[(CeH5)3PC2H 5] [FeC14] B, 11.42 11.17 6.33 6.36
[(C6H5)3PC3H 7][FeCl4] B3 11.10 11.13 6.16 6.00
[(C6H5)3PC4H 9][FeCl4] B, 10.80 10.86 5.99 6.02
[(C6H53PCH2CII =CH 2 [FeCl4] B5 11.15 11.40 6.18 6.17
[(CeHB)4P][FeCl4] Bc 10.40 10.38 5.77 5.63
[(CeH53PCH 2CeH 5][FeC14] B7 10.13 9.89 5.62 5.84

(ND 131/F) equipped with a Nal monocrystal of 0.10 mm thickness and a multichannel anal-
yzer. Admeasurements were carried out at 77 K, relative to 67Co-Pt source. Rapid freezing
was performed dropwise. Next drop was added only when boiling of liquid nitrogen due to
the former drop ceased. Spectra were evaluated manually: the errors were estimated.
Reagents

We used analytical grade FeCI3+6 H.,0 (Reanal), pure C.,HSI (Trucizna), CH3l, C3H7Br,
CH,CHCH2Br, C4H9Br, C6H6Br, C6H5CH.,Cf (Reanal), synthesis grade (C6H53P and (C4H93P
(Merck-Schuchardt) without further purification. CHC13 and DMSO (Reanal) were of analyt-
ical grade. CDC13and DMSO-de (both were 99% isotopic purity) were obtained from Zentral-
institut fur Isotopen- und Strahlernforschung, Leipzig. Aqueous solutions of 57FeCI3 were
prepared from 57Fe20 3 (95% isotopic purity) by dissolving in hydrochloric acid.

Results and Discussion

N MR spectra

Designation of the proton groups of the tributyl homologs is:
(G cs G Cys P Cr: Gz cos

Peaks of Cx protons were at the lowest field (2.5—2.9 ppm), those of C2 and
C3protons were mixed generally (1.7—2.0 ppm), and the triplets of C4protons
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was at the highest field and lowest frequencies (1.2—1.4 ppm). Peaks of
C02 and CO03 protons usually could not be identified due to their low intensity,
the COl peaks were between 2.1 and 2.5 ppm.

In the case of triphenyl homologs the designation is:

—P—Ci— C2—C3—C4

Mixed peaks of para and meta protons were between 8.0—8.1 ppm, and the
peaks of ortho protons were between 7.9—8.0 ppm. The peaks of C4 protons
were at an approximately 1 ppm greater frequency (3.7—3.8 ppm) than for
tributyl homologs, indicating that the attracting effect of phenyl groups
changes the distribution of electrons. Positions of peaks of other chain protons
were not changed; C2peaks were at 1.7—2.3 ppm, C3 and C4 peaks at 1.0—

1.3 ppm.
The measured shifts are shown in our following paper, extrapolated chem-
ical shifts are compiled in Tallies Il and Il1l. Chemical shifts are, apparently,

monotonic functions of concentration. Formation of ion pairs is verified by
the existence of chemical shifts, their ratio increasing with increasing concentra-
tion, as shown by increasing shifts. On the basis of these results it can be as-
sumed that shifts are caused by combination of pseudocontact and contact shifts
of opposite sign. Pseudocontact interaction would be not expected, because
the anion is symmetrical, but Walker has pointed out the anisotropy of
tetrahalometalates [3, 19]. It is known that if pseudocontact interaction exists
only, in ion pairs the order of shifts of the alkyl chain protons is Av(C4) >

7> zh>(C2) > Av(C3) ... [7]. Generally in the case of the investigated complexes
this order is not observed.
Furthermore, it can be seen (Tables Il, Ill) that the chemical shifts are

not modified essentially by the change of solvents, although the two solvents
differ in their solvation ability, and in the case of B4 it is especially clear, that
the expected greater shifts belonging to CDC13do not exist. This phenomenon
can be explained if we assume that ion pairs are solvated in DMSO-d6 better
than in CDC13. So in DMSO-e?e the ion pairs are predominantly solvated,
while in CDC13 contact ion pairs also can be found, thus the ratio of contact
to pseudocontact interaction can be supposed to be greater in CDC13than in
DMSO-d6. Then pseudocontact shifts are reduced to different extents by con-
tact shifts, and the measured resultants can be the same in the two solvents.
Analysis of the measured shifts of A4dand A5complexes confirms this assump-
tion (see the following paper). The spin density can be tranferred to the alkyl
chains of cations by several ways [11, 20—22], but it is hard to identify the
proper mechanism. Overlapping of lone-pair orbitals of chloride ligands in
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Table 11

Extrapolated chemical shifts in CDC13

Wl f Av (HZ)
0 10=XCR
compound G (oMo c4 G,
1.0 - 56 35 -
A, 10.0 — 372 250 —
50.0 — 1030 1000 _
1.0 28 34 -66 -
I, 10.0 214 251 52 —
100.0 — 1220 1040 f—
1.0 - 113 107 -
A3 10.0 — 536 507 f—
100.0 —_ 2 «103 3 103 —
1.0 -
A3 1.00 91 61 228
50.0 1099 893 1180
1.0 - 18 16 17
ab 10.0 — 246 163 168
100.0 2920 2180 2340
Gh o} c cf
1.0 -47 - 44
B., 10.0 212 101 12
50.0 1390 6 *103 2190
1.0 11 15 15 15
B3 10.0 192 173 227 63
65.0 1580 —_ 2900 1280
1.0 60 11 Ilb 11
B4 10.0 180 381 215 80
55.0 810 944 711 683
1.0 31
B5 10.0 217 Not evaluated
60.0 1410

"Terminal protons; b C2—C3 protons
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Table 111
Extrapolated chemical shifts in DMSO-<i6

Av (Hz)
compounds G c2-¢3 ¢ C
Ai 1.0 116 47 42 _
10.0 209 162 167 180
50.0 1230 1110 1070 -
1.0 48 45 47 -
A, 10.0 221 232 212 —
100.0 970 980 960 —
1.0 80 55 55 -
A3 10.0 160 160 160 —
100.0 — — - -
1.0 33 34 49 -
ad 10.0 235 257 206 —
50.0 1220 1170 1320 —
1.0 - 42 53 -
a. 10.0 242 155 188 —
30.0 620 500 510 —
Cm-p (€4) C\ Ct
1.0 21 21
B, 10.0 184 193
50.0 817 840
0.67 9 11
B, 5.5 133 142 117 138
333 670 630 790 740
1.0 15 21 60b 60
B, 10.0 236 225 220 234
20.0 460 420 490 460
1.0 13 0
B* 10.0 136 86 Not evaluted
33.3 800 690
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the anion with the empty 4s or 3d orbitals of phosphorus can be supposed but
a hydrogen-bond type interaction between chloride ligands and Cl-protons
is more likely. Shifts of Cj protons being less than the expected values also
point to the latter mechanism as has been pointed out by Brown and D rago
[11].

Mdéssbauer spectra

Solid complexes

Isomer shifts (d) and quadrupole splittings (AE) for the solid compounds
are collected in Table IV. It is obvious that in the [(C6H53PR] [FeCl4] series,
changes of isomer shifts are closely followed by quadrupole splittings. If d
also decreases, AE increases and conversely, showing that if the 3d-electron
density is reduced at the iron(ll1l) nucleus, then the symmetry of the 3d5
shell will also be lower. In the 3d5 shell of iron(ll1l) the change of electron
density is due to delocalization, which also occurs in solid complexes.

In the [(C4H9)3PR'][FeCl4] series the correlation between d and AE
is not too close, which can be caused by too small splittings to be measured
by the available instrument. Since AE of A4is about half of AE of butyl group
containing B4 (Fig. 1), it can be expected that the quadrupole splitting of most

Table IV

Isomer shifts and quadrupole splittings of Mdssbauer spectra
of solid samples. Error of measurements: ~0.07 mm s_|

Compounds Symbol (mnos~|) (mAnESq—l)
[(C4H9PCH3|[FeCl4] n 0.10 0.0
[(C4He)PC2H5|[FeCl4] A2 0.0 0.0
[(C4H93PC3H ][FeCl4] A3 0.0 0.0
[(CaH94P][FeCl4] Al 0.05 0.30
[(C4HYPCH,CH =CHZ|[FeCl4] a5 +0.06 0.35
[(CAH93P CH. CRH5I[FeCl4] AB 0.05 0.0
[(Cell5)3PH][FeCl4] B, 0.08 0.20
[(C6H5)3PCH3][FeCl4] B, -0.17 0.40
[(C«HS)3PC2H5] [FeCl4] B2 -0.05 0.20
I(C6H5)3PC3HT7] [FeCl4] B3 0.06 0.30
[(CeH,)3PC4H ][FeCl4] B4 0.20 0.60
[(CH5)3PCH,CH=CHZ[FeCl4] Bs 0.10 0.20
[(CeH5)4P][FeCl4] B6 0.22 0.20
t(C«Hj)3» CH2 CeH5J[FeCl4] B7 -0.10 0.0
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Fig. 1. M6ssbauer spectra of some solid samples

Ax—Ac complexes will be less than 0.20 mm s-1, which is hardly measurable.
As can be seen in Fig. 1, the broadening of the absorption band of Aa also
indicates a hidden NE.

Frozen solutions

Isomer shifts and quadrupole splittings of B2 in CHC13 and DMSO are
shown in Table Y and Fig. 2.

The chemical shifts recorded are greater in DMSO than in CHC13 at any
concentration. In CHC13 the isomer shifts have a maximum which is hardly
lower than that of the solid sample —0.10 mm s-1 and —0.05 mm s~xrespec-
tively, but in DMSO the increasing curve does not decrease again at higher
concentrations. Thus in the case of very dilute solutions the complex has
similar properties in both solvents; if the concentration decreases, the 3d-
electron density also decreases, and the extent of delocalization increases.
This phenomenon cannot be caused by an ion association of great extent, but
it can be assumed that unpaired electrons of free anions interact with the
protons of solvent molecules [13]. Interestingly, this is directly indicated by
M dssbauer data while from -4I-NMR studies indirect evidences can be ob-
tained only.
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Table V

M dssbauer parameters of B2 in frozen solutions
Error of measurements: iO.10 mm s_I

Solution (mo?ﬂg-l) (mmos “) (m%Es‘l-l)
0.07 0.30 a
0.10 0.25 a
CHCi3 0.175 0.10 a
0.35 0.20 0.91
0.55 0.30b 0.91"
0.07 -0.17 0.98
0.10 -0.07 0.98
DMSO 0.175 + 0.04 1.10
0.36 + 0.08 1.14
0.50 + 0.08 1.14

a Not evaluated, berror 70.15 mm s_I, Oerror 70.20 mm s_|I

Upon the concentration of dilute solutions the decrease of delocalization
of 3d-electrons can be explained by the spherical symmetry conditions of
anions being perturbed by cations, which makes the overlapping of 3d-electrons
with solvent protons less probable. The further increase of concentration leads
again to the spread of electron density via increased association and the forma-
tion of aggregates in CHC13, but intensive solvation hinders this procedure in

Fig. 2. Isomer shifts of a frozen solution of complex B2
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DMSO. This is supported by the fact that in DMSO the chemical shift tends
to a limit.

Quadrupole splitting is increased upon increasing concentration, indicat-
ing also a decrease of symmetry due to the formation of ion pairs.

Conclusions

Information about association conditions of ion pairs can be obtained
more directly by Mdssbauer than by NMR spectroscopy, which has been used
in this area widely and almost exclusively. Furthermore, the interpretation
of the NMR spectra requires in many cases extrapolation and lengthy calcu-
lations, but the changes of Mdssbauer parameters can be directly interpreted.
Although, due to the limit of solubility and detection, we coud investigatel
a narrow concentration range only, changes in the association conditions were
detected by Mdssbauer spectroscopy, which were not indicated at all by
NMR studies.
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On the basis of measured shifts of '"H-NMR peaks of paramagnetic ion pairs,
association constant were calculated according to Drago’s method. The 1 :1 associa-
tion model is valid over a wider range of concentrations in DMSO-</6 than in CDC13.
A modified method was developed for estimating the distribution of contact and
pseudocontact interactions according to chemicl shifts, assuming o delocalization
along the alkyl chains. The effect of changing the concentration and solvent is demon-
strated by properly chosen models.

Introduction

In our previous work [1] detailed NMR studies were carried out by
the mole ratio method on ion pairs containing high-spin iron(l11) [2]. On the
basis of chemical shifts obtained ion pairs were qualitatively found to have
both contact and pseudocontact interaction. Two solvents, CDC13 and
DMSO-d6 were used with different solvation ability, but the expected differ-
ences in the extent of chemical shifts were not significant. This could be
interpreted by the greater amount of contact ion pairs in the less solvating
CDC13. Thus, contact shifts, decreasing the pseudocontact shifts, would be
greater in CDC13, and the actual chemical shifts cannot increase to a large
extent. In the present paper we wish to support this assumption by mathe-
matical analysis of actual data and to make conclusions more quantitative.

Procedure and Discussion

Calculation of association constants

According to Lim and Drago [3], the association constant of a 1 : 1 ion
pair can be given by the following equation:
A i "Avi
- (1)
Av, Atipi
where
association constant calculated from the chemical shifts of the i-th

proton set (kg ¢ mol-1),

* To whom correspondence should be addressed
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Table 1
Measured shifts for

Symbols: COconcentration of cation (mol kg-1); n mole ratio of paramagnetic anion; C-
a: overlapped peaks.

[(CHp).PCHS][FeCL](TY)

CDC13 DIVISO,
Co (@) n
c. C3 C4 d -G C.
0.02 1 1 0.02 2 2
0.03 3 2 0.05 5 2 4
0.01 0.01
0.10 6 4 0.10 11 6 5
0.20 11 7 0.20 — 8 10
0.02 i 9 0.02 6 5 3
0.05 20 15 0.05 10 10 7
0.1 0.1
0.10 34 27.5 0.10 25 21 20
0.20 77 48 0.20 41 34 33
0.02 19 21 0.02 25 26 24
0.5 0.5
0.05 57 50 0.05 69 61 59
0.10 101 — 0.10 122 —
[(CH,)PC,H,][FeClj;("s)
coci3 DMSO-d,
(@] n Q n
c,-¢c, C G C—, C,
0.02 15 1 0.02 0 0.5 1
0.05 5 5 0.05 0 2
0.01 0.01
0.10 11 9 0.10 0 4 5
0.20 24 19 0.20 3 9
0.02 4 7 0.02 2.5 35
0.05 15 26 0.05 6 9 8
0.1 0.1
0.10 44 48 0.10 21 16 17
0.20 69 84 0.20 32 33 33
1 0.02 44 64 1 0.02 22 31 34
0.05 — 0.05 7 — —
0.10
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paramagnetic ion pairs

165

the t-th proton set. Ph phenyl protons; Cp_m para and meta protons: Cor ortho protons;
Shifts are in Hz

Co

0.01

0.1

0.01

0.1

0.5

0.02
0.05
0.10
0.20

0.02
0.05
0.10
0.20

0.02
0.05

0.02
0.05
0.10
0.20

0.02
0.05
0.10
0.20

0.02
0.05
0.10

12
18
44

22

12

24
59

20
52

22.5
60.5

CDC13

o b~ wWw N

21
51
92

[(CH,),PC,HI][FeCI,]JH,)

8.5
1

21
52

I(C.H.).PI[FeCL) (A))

19

21

Co

0.01

0.5

CO

0.01

0.1

0.5

0.02
0.05
0.10
0.20

0.02
0.05
0.10
0.20

0.02
0.05
0.10

0.02
0.05
0.10
0.20

0.02
0.05
0.10
0.20

0.02
0.05
0.10

23
50
94

24
65
120

DMSO-t/,

¢,—¢,

6.5
12
23
46

22
48

13
28
50

25
58

25
4.5

10
22
42

22
48

25

10

12
22
40

25
66
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Table 1
[CH,)PCHTH= CHt] [FeCI( (A.)
cDC13 DMSO-d0
CD n CO n
c c2-C3 C C C,-c, c
0.02 1 0.5 - 0.02 — 2 1
0.05 1 1 - . -
0.01 0.01 005 3 3
0.10 2 2 — 0.10 — 7 6
0.20 4 4 — 0.20 — 13 n
0.02 4 3 0.02 12 5 6
o1 0.05 6 13 8 o1 0.05 20 12 12
) 0.10 16 26 19 ' 0.10 28 19 19
0.20 2 48 33 0.20 K3 27 31
0.02 48 39 42 0.02 6 12 11
0.05 117 109 — 0.05 26 24 24
1.0 0.3
0.10 50 52
[(C.HBPC,H,][FeCL] (B.)
CDClg DMSO-d,
n n
c0 Ph o3 c o} < Ph G, o]
0.02 05 — - - 0.02 1 _ _
0.05 1 B - - 0.05 2 — -
0.007
0.01 0.10 2 — — — 0.10 1 — —
0.30 — — — — 0.20 2 — —
0.02 17 2 5 2 0.02 2 9 3
0.05 27 13 1 5 0.05 6 12 7
0.1 0.055
0.10 36 15 23 10 0.10 12 15 13
0.30 — — — 18 0.20 26 30 27
0.02 47 34 — 34 0.02 15 18 16
0.05 85 — - - 0.05 41 41 37
0.65 0.333
0.10 165 — — — 0.10 68 73 —
0.20 345 — — — 0.20 131 — —
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0.01

0.1

0.55

0.01

0.1

0.55

0.02
0.05
0.10
0.30

0.02
0.05
0.10
0.30

0.02
0.05
0.10
0.30

0.02
0.05
0.10
0.30

0.02
0.05
0.10
0.30

0.02
0.05
0.10
0.20
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Ph

1.5
1.5
-13

8.5
17
67

36
108
139
262

Ph

12
17

23
36
77

30
57
101
178

[(C.H.),PC H.][FeCI(](B))

CDCI3

) » O O

1
22
66

17
40
72

C,

1.5

13

43

296

48
115

Co

0.1

0.5

[(C.H5),PC,H ]J[FeCIl,1(B,)

0.01

0.1

0.2

0.02
0.05
0.10
0.20

0.02
0.05
0.10
0.20

0.02
0.05
0.10
0.20

21
45

24
48
91
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0.02
0.05
0.10
0.20

0.02
0.05
0.10
0.20

0.02
0.05
0.10
0.20

19
43

23
41
84

DMSO-d,

Ph

Ol = N =

18
36

24
55
102
210

DMSO-d,

11
24
44

12
25
46

167

15
31

36
76

10
23
46

10
18
51
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Table I (contd.)

[(C.H),PCH,CH = CH][FeCL] (»5)

cocl, DMSO-A
c n c n
Ph Q-m for alkyl
0.02 1 0.02 0 — —
0.05 2 0.05 0.5
0.01 0.067
0.10 4 0.10 1 — —
0.20 7 0.20 2 — —
0.02 7 0.02 5 5
0.05 13 0.05 8.5 8
0.1 0.10 31 0.055 0.10 12 9 10
0.20 52 0.20 28 20 25
0.02 40 0.02 24* 22
0.05 68 0.05 41 37
0.5 0.10 144 0.333 0.10 74 74
0.20 264 - —
AO — concentration of anion (mol «kg-1),
C0 — concentration of cation (mol *<kg-1),
Avp] — shift of the i-th proton set arising in a pure paramagnetic environ-
ment (Hz),
Av, — measured shift of the £-th proton set (Hz).

During the studies chemical shifts have been obtained for each complex
at 3 cation concentrations and 3x4 anion concentrations (according to the
mole ratio method), thus the 1 : 1 association constants and the area of their
validity can be established. Data are collected in Table I.

Upon rearragement Eq. (1) can be written as

~r~ (MY + (Krl+ A - Co)Av, - AOAvpt= 0 (2)
Avp,

Considering that to each CO there belong four different AgS, Eq. (2) can be
given as the following vector—ector function:

M z
Avis
Av,4

— F(CO,[AOLA 02, A 03 A 0i],K,, Avpi) ©)
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Fig. 1. [K;; Avp(] vectors of complex B4in DMSO-d6

A set of [Kj, Avpi] vectors can be assigned to each [CO, A0l A 02 AQ03 Aoi]
vector which provides Avicaled fitting Avimd rather well, the [Kt, Avpi] set
can be represented by a line in the plane of K( and Avpi. Thus, drawing the
lines belonging to the different cation concentrations, the area of best fit in
the plane of Kt and Avpi can be visually determined, and the optimum can be
easily obtained for each compound by the gradient method. In the case of
complex B4the procedure is demonstrated in Fig. 1.

Calculations have been carried out using a Hewlett—Packard desk-top
computer. The results — summarized in Table Il — show that the model is
valid over a wider range of concentrations in DMSO-dc than in CDC13. The
solvation ability of the two solvents proved to be different also in the case of
the present systems. It can be supposed that in DMSO-de 1 : 1 ion pairs exist
also at higher concentrations, while in CDC13 aggregates are formed which
decrease the chemical shifts due to the increase of contact interaction.

Association constants are always greater in CDC13 as is expected, and
generally greater for complexes B2—B5than for the respective A2—A3species
in agreement with data on the association conditions of other aromatic
cations [4].

Distribution of contact and pseudocontact interactions

On the basis of chemical shifts the rates of contact and pseudocontact
interactions also can he estimated, contributing to the picture about the role
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of the solvent. Complexes A4 and A5were chosen for investigation, because
the shifts of several of their proton groups were readily evaluated.

A rigid model was used, which permitted the internal motion of alkyl
chains. Such an orientation was chosen that three butyl chains were in proxim-
ity of the anion, the fourth one (butyl or allyl) was on the opposite side
along the symmetry axis of the ion pair. Our earlier results supported this
orientation [5] especially since “trapping” was not likely for longer chains [6].

The origin of polar coordinates was placed at the phosphorus nucleus
and the polar axis coincided with the symmetry axis and pointed toward the
anion. Due to the symmetry, it was sufficient to investigate one butyl chain
only, and the plane projection of proton groups was considered to simplify
calculations. Considering the large freedom of motion of a butyl chain, in

Table 11

Association constants according to the 1 : 1 ion pair model

Concentration

Complex Solvent rl?:?ietttehdazccir)] (kg/mol) (ﬁ)z*))
) CDC13 0.01-0.10 1.25 2000
Al DMSO-4 0.10 0.50 0.74 2100
A CDCL 0.01-0.10 1.3 2000
’ DMSO-1/6 — —
CDCL
A3
DMSO-rf6 0.10 1.0 15 1000
CDCL 0.10 0.50 1.4 640
A4 DMSO-rf6 — —
5 CDCL 0.0i o0.i0 2.6 750
a
DMSO-(/f 0.10- 0.30 1.05 1200
B CDC1, 0.10-0.55 1.2 1000
' DMSO-de 0.10 0.50 0.9 1500
CDCL 0.01-0.10 2.9 850
& DMSO-d6 0.0067 0.05 2.1 1000
CDCL
B4
DMSO-de 0X1 0.20 2.2 700
B5 CDC1] 0.01-0.10 4.5 500
DMSO-de 0.007-0.33 15 1000
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Table 111

Residence area of the butyl proton sets

Polar

coordinates G C.-C, c.
A(pT) 180-300 200 500 350- 600
& (degree) 45-70 70 -120 70 110
Table 11l are summarized the ranges accepted for real residence areas of
proton groups according to known C—C and C—II bond distances. Since the

C2—C3 protons did not offer essential additional information, only the condi-
tions of shift and position of C4 and C4 proton sets were investigated.

Our method can be summarized as follows.

The residence area of C4 protons was fixed and the arguments were
varied to determine the ranges of independent variables over which the cal-
culated and real positions of set C4overlap. As is known, the interionic distance
in ion pairs generally ranges between 700—1100 pm [2, 7—13] and in the
case of a delocalization the spin density, away from the central atom of the
cation, decreases dramatically along the alkyl chain [14—16].

Thus five ionic distances (700, 800, 900, 1000, 1100 pm) and three
different decays of contact shift (contact shift of the C4 set was considered
0, 5, 10% of the contact shift of set C4) were assumed.

Pseudocontact shifts of two different proton sets are [10, 15, 17]:

A = F(g\\rgi) [G.F.]j (4)
v0

" = F(gungl) [G.F.], (5)
Vo

where F(g,,, gL) is the same, since the two equations refer to one ion pair.
Thus for the ratio of shifts it can be written that

AvJpc [G.F.], 3 cos20, -1 Rf

, , (6)
Avjpe [G.F.], 3 cos20, 1 Rj

Since in the present case chemical shifts generally have contact components,
too, assuming that
A\Mimd ANDC ?

and introducing factors a and R.

Av-C a
8
AV, pc ®)

Ada Chim. Acad. Sei. Hung. 110, 1982



172 VINCZE, PAPP: CALCULATION OF ASSOCIATION CONSTANTS

Avic = BiAvlc 9)

Equation (6) can be rearranged to

Avimd AvIimdRBi
3c0s204—1 RI

3c0s204- 1 LW

(10)
Avimd + ~ vimd

Since chemical shifts are known, the term on the left depends on a4 and /&4
only, and the equation can be symbolized as

= FdR%e,], [f?4,04]) (11)

where [f?-;0,] is the position vector of the i-th proton set. Considering that
[174; 0 4] is the dependent variable, and assuming that Rxand 0 4are functions

Fig. 2. Empirical distribution functions (¢ of the ratio of contact and pseudocontact
interactions (a)
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of ionic distance A, one can write that
5 = 0(G\(zL,Ri),[RI(A); 6>1(M)]). (12
04.

Replacing the symbols of internal functions, one obtains
0(<xLBi,A). (13)

Equation (13) is nothing else but the transformation of the plane of C4protons
to the area of C4set against a4, R4and A. The transformation was investigated
for all 15 combinations of R4 and A, thus a4 intervals were obtained, over
which the transformed C4 area overlaps with the real C4 area. Since there is
no reason to prefer any combination of R4 and A, histograms without weight-
ing were plotted according to a intervals. Empirical distribution functions of
x1were obtained for different solvents and concentrations. Results are shown
in Fig. 2. As can he seen, in line with experiments, the ratio of the contact
and the dipolar interactions depends mainly on the solvent and to a minor
extent on the concentration, but these results can be elucidated better if
they are interpreted in terms of a distribution function rather than of a single
number only.
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Alkali metal iodates M 103 (M = Li, Na, K) were oxidized in the presence of
hydroxides MOH in molten nitrates MNO3with oxygen or ozone. The folowing products
were precipitated at variable MOH : M 103 ratios and then separated from the melts
and identified after purification with liquid ammonia: Li5106, Na4lOs, NaslOe. K/104.
K 3105 Two of these substances, Na4dl05and K2104 contain formally hexavalent iodine
and were studied by X-ray powder method, IR spectroscopy and measurements of the
magnetic susceptibility. Their thermodynamic stability was also investigated. Perio-
dates Na5106 and K3lOs have been prepared for the first time from a homogeneous
mixture by precipitation with an oxidizing agent.

Introduction

The existence of products having an average oxidation number of iodine
4- VI was observed by Dratovsky at the thermal decomposition of some
types of periodates (especially M2H3I0e and Mj'LOg *xH2) and has been
reported in the literature [1—6]. Composition of such products corresponds
mostly to the formula M2104 and Mn104. Some of these products were para-
magnetic, the paramagnetism was, however, caused by adsorbed molecular
oxygen (i.e. M204-402 and Mnl04-*02) [7]. The products either did not
exhibit any X-ray diffraction lines at all, or their diffraction lines correspond-
ed to those of iodates of the same metal, so that their chemical individuality
could not be proved by X-ray diffraction method. The materials mentioned
were decomposed by water into a mixture of iodates and periodates and there-
fore could not be prepared in a crystalline form from an aqueous medium.

Also the thermogravimetric study of the thermal decomposition of the
corresponding periodates did not give any proof on the thermodynamic stabil-
ity of products with hexavalent iodine. The record with a plateau corre-
sponding to these products was obtained only at increasing temperature, the
products, however were not stable at constant temperature, at which they
arose [7].

For this reason experiments were performed with the effort to gain the
products containing IVL from a homogeneous medium of molten salts by

*To whom correspondence should be addressed
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oxidation of iodates, and to reveal their thermodynamic stability, and prepare
them in a crystalline form. Our attention was directed especially to the salts
of alkali metals because of the relatively low melting points of the alkali
metal nitrates.

Beside products of IVl also anhydrous periodates can be formed by
oxidation of iodates in the medium of molten nitrates. Following anhydrous
periodates of Li, Na and K are known: Lil04, Li5I06 NalO4, Na5l06 K104
K420 9 and K3I05 [8].

Experimental

Chemicals and analytical methods

All chemicals were of A. R. grade. Periodates not available were prepared according
to the literature [8—11].

The iodine content of the compounds was determined by argentometric titration after
reducing them to iodide. Potentiometrie indication was used. The oxidation number of iodine
was determined iodometrically.

Alkali metals were determined gravimetrically as chlorides or sulfates. Sodium and
potassium were determined also by the AAS method (Varian Techtron).

Nitrates were reduced to ammonia and then determined by the distillation method.
Traces of nitrates were also identified by IR spectroscopy.

Physical measurements

X -ray powder diagrams were taken on a Mikrometa equipment with a Chirana chamber
(0 57.3 mm). CuKa radiation (A= 154.18 pm) was passed through a nickel foil filter.

Infra-red spectra were run on a double beam IR spectrophotometer UR 20 (Carl Zeiss,
Jena) within 40 —400 mm-1 in a nujol suspension. Magnetic susceptibility was measured by
the Faraday method on a magnetic balance constructed according to the Terry principle [12].

Results and Discussion

The oxidation of alkali metal iodates was carried out in molten nitrates
of the corresponding alkali metals. It has been found that the nitrates are
sufficiently stable at the temperature of preparation and do not decompose
to nitrites. The following results have been obtained by the study of the
solubility of iodates and periodates in molten nitrates:

1. lodates Lil03 NalOsand K103 are sufficiently soluble in molten
nitrates. By the addition of the corresponding hydroxide the solubility of
Nal0O3 and K 103 decreases, and that of Lil03 increases until a limit value
(Table 1).

2. Periodates M 104 are decomposed in molten nitrates into iodates and
oxygen. Periodate K4209is also decomposed under oxygen evolution.

3. Periodates Li5106, NaslOe and K3l05are insoluble and do not decom-
pose in the corresponding molten nitrates.

4. From the mixtures of iodates and periodates (Li5I06-f- Lil03;
Na5l00-)- Nal03; K3I05— K 103) the iodates are dissolved while the perio-
dates remain insoluble in the melt.
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Table |

Solubility of iodates M 103, in molten nitrates, MNO03,
in per cent, in dependence of the molar ratio MOH : M 103
(M = Li, Na, K)

Ratio MOH : MI10,

Substance 0 1:10 1:5 1:2 101
Lil03 5.5 11.9 135 14.0 14.0
Nal03 40.5 27.7 24.7 22.7 21.7
Kt 3 22.3 14.0 13.0 12.4 12.0

The oxidations of iodates, M 103, in molten nitrates, MNO3, were carried
out in the presence of hydroxides MOH under the following conditions:

Li Na K

Temperature range (K.) 545 —550 590-603 623—643
Range of molar ratios MOH : M 103 0.3—7.0 e 0.2—7.0

Both oxidizing agents, oxygen and ozone, were used with the same
result. During the course of oxidation precipitates appeared at the following
molar ratios MOH :M103=1.0 and higher for M = Li, and at all ratios
used for M = Na, K. Dependences of the average oxidation number of iodine
in the precipitations on the MOH : M 103 ratio are illustrated in Fig. 1.

All the precipitates were separated from the melts by sedimentation
during heating. Despite this separation, precipitates were consideralby con-
taminated with nitrates. To remove nitrates, some of the precipitates were

Table IN
Analyses of substances obtained by the oxidation of iodates,
M 103
% 0A< % | % M
Substance found calc. found calc. found calc.

Li510e 21.60 2171 49.10 49.22 13.48 13.57
Na4l05 16.01 16.05 42.61 42.47 29.92 30.77
Na5l0,, 16.56 16.57 37.45 37.57 3415 34.02
KJ04 17.40 17.84  46.05 47.21 28.77 29.00
K 3106 17.25 17.28 39.19 39.20 36.16  36.11

+ Of — the active oxygen determined iodometrically and corresponding to the oxidation
number of iodine (Ivil: Og= 1:35, Ivl:0g= 1:3.0, Iv :0Oa= 1:25)
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A

Fig. 1. Dependence of the oxidation number of iodine (B) on the MOH : M 103molar ratio (A).
ayM= Li,b)M= Na,c) M= K

washed with liquid ammonia (dried over sodium) either at laboratory temper-
ature and high pressure (0.85 MPa) in sealed ampules, or at normal pressure
and low temperature (b.p. of ammonia). Some samples containing Lisl06
were washed with water. The washed substances were then analysed (Table I1).

The following conclusions can be made from the data obtained:

1. Li506 periodate is formed by the oxidation of the iodate Lil03 at
LiOH :Lil0O3ratios > 1.

2. The oxidation of Nal03 gives Nadl05containing formally hexavalent
iodine at NaOH :Nal03 ratios between 1.5 and 2.5, while the periodate,
Na3l06, is formed at NaOH : Nal03 ratios >-3.
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3. By the oxidation of K103, K204is formed containing formally hexa-
valent iodine at KOH : K103 ratios between 1.5 and 4.5, while periodate
K305 is formed at KOH : K103 ratios > 6.

The mentioned periodates were identified roentgenographically. The
X -ray diffraction patterns of the product Na4lOsand K210 4were characterized
before washing with ammonia (i.e. contaminated with about 50% of nitrate)
by distinct diffraction lines, which did not belong to nitrate, iodate and perio-
date. After washing off nitrates with ammonia the diffraction lines became
diffuse in case of Na4l05 and changed in case of K204. The latter product
exhibited — after washing — the diffraction lines of K103. Asimilar phenom-
enon was observed several years ago [1, 3] with M2I04arising by the thermal
decomposition of periodates M2H3106 (M = Li or Na). X-ray diffraction lines
are presented in Tables IlIl and IV.

All the products studied — periodates as well as products with hexa-
valent iodine — were diamagnetic. Such behaviour does not correspond to the
assumption of one unpaired electron of hexavalent iodine, as is (probably in-
correctly) claimed by Sanyal and Nag [13]. It is however difficult to explain
such a contradiction, because an assumption of polymeric anions containing
pentavalent and heptavalent iodine atoms fails too. In such polymeric anions
such a high oxygen to iodine ratio cannot be assumed as is required by the
formula 104~ and 10*- .

An attempt has been made to solve the structure of the products with
formally hexavalent iodine by means of their IR spectra. This method has
been used also as a tool for the identification of traces of NO” in the products
studied. Table V presents results of these measurements. Observed bands
corresponding to O—I—O or I—0 —I and to I—O vibrations cannot be
assigned to tetrahedric structure of supposed anion 104_. Frequencies of the

Table W

X-ray diffraction lines of K210 4 before washing with
liguid ammonia

I d (pm) I d (pm) I d (pm)
7 444 7 218 2 152.3
3 404 4 204.9 1 149.7

10 375 5 193.3 1 140.6
4 316 2 183.4 3 135.9
7 300 1 178.4 1 132.6
4 274 2 168.6 2 125.1
9 264 1 163.4 2 119.4
2 233 1 158.0
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Table IV
X-ray diffraction lines of Na4lOs

a) before — b) after washing with liquid ammonia

a) b)
1 i (pm) 1 d (pm) 1 d (pm)
6 495 6 140.9 6 498
8 427 5 135.6 10 435
10 305 1 130.1 3 338
8 272 1 122.6 3 318
5 253 3 117.6 9 294
10 243 1 108.2 7 274
5 212 3 105.2 4 248
7 189.2 2 95.9 5 235
2 179.4 1 90.8 1 213
9 166.1 5 79.3 2 189.2
2 183.4
3 178.7
8 166.7
1 148.0
Table V

Assignments of absorption bands in the IR spectra
of K210 4 contaminated with 2.0% KNO03

Frequency (inm Vibration type
42.0 (s) <5(102), resp. (I—O —1)
61.5 (m) t'(1-0O)

66.5 (w) *1-0)
72.0 (w) (nujol) + <5(NO%)
76.5 (vs) *1-0)
81.0 (w) w(NO")
138.0 (m) (nujol) + r(NO-)
147.0 (in) (nujol)

absorption bands of K204 correspond to the broad absorption band (42.5—
80.0 m m 'l), observed earlier [14] at Na204prepared by the thermal decom-
position of Na2H3l106. In the case of our product K210 4the broad absorption
band is splitted into 4 sharper bands.
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Studies on isomers of dichloro-JV-sulfinylanilines were made by the use of X-ray
powder diffractometry. Interplanar spacings, Miller indices and relative intensities
were calculated for 2,3-, 2,4-, 2,5- and 2,6-dichloro-JV-sulfinylanilines. All of them
were hexagonal. The lattice parameters a and ¢ were calculated.

Recently, the structure of some aromatic JV-sulfinylamines has been
studied [1, 2, 3], however, the crystal structure type was not determined.
The aromatic JV-sulfinylamines Ar—N =S = 0, are liquids or low-melting
crystalline substances [4], which are very susceptible to moisture, in the pres-
ence of which they are subjected to hydrolysis to form the amines and SO02
The study of the crystal structure of isomeric dichloro-JV-sulfinylanilines
seemed to be useful as an addition to configurational investigations of these
compounds.

Experimental

Equipment and parameters

Manganese filter designed to eliminate the radiation; anode voltage of the X-ray
tube Faoo 35 kV; plate current Ja= 6 mA; electronic computer measurement range 400
imp/sec; goniometer radius 180 mm; speed of the counter travel 2°/min; recorder tape feed
rate 0.5 mm/s; temperature 20° + 1 °C; silica glass cells.

Sample preparation

2,3-, 2,4-, 2,5- and 2,6-dichloro-iV-sulfinylanilines were investigated. The compounds
were synthesized according to Michaelis [5]. Their purity level was checked by gas chroma-
tography before and after the measurement [6]. The crystalline substances were powdered
to obtain a grain size of 100 300 fini and were introduced into the silica glass cell, which
was fixed in a goniometric attachment. The thermal stability was also examined.

Measurements

The study was made by the Debye-Scherrer method using a “DRON-2.0" X-ray
diffractometer equipment with a scintillation counter. Since the peaks occurred at small
angles 2 M Mn-filtered Fe Ka radiation was used. The focussing was done by the Bragg
Brentano method. The slit used was 2, 4, 0.25. The Soller slit divergence was 2.5°. The mean

*To whom correspondence should be addressed
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Table |

Relative intensity of diffraction lines and interplanar of2,3-dichloro-N-sulfinylaniline

. Relative Interplanar Miller indices
Line intensity spacings

e
| 50 908.5 2 0 1
2 50 886.9 1 1 2
3 52 731.4 1 1 3
4 58 707.4 1 2 0
5 80 496.9 0 0 6
6 20 467.8 4 0 0
7 22 454.7 1 1 6
8 17 410.4 3 2 2
9 15 397.8 1 1 7
10 15 390.0 2 0 7
11 16 379.7 4 1 3
12 76 364.7 2 1 7
13 13 357.9 3 3 1
14 100 352.9 3 0 7
15 41 340.8 3 1 7
16 53 324.4 3 3 4
17 21 318.2 5 1 3
18 12 313.4 2 0 9
19 29 302.5 3 2 7
20 33 294.5 4 1 7
21 51 288.7 4 2 6
22 26 282.5 3 2 8
23 45 280.2 6 1 2
24 24 260.3 4 4 3
25 7 2'39 4 4 4
26 6 299 5 1 8
27 6 1179 7 1 10
28 15 243.0 2 2 11
29 12 239.3 6 0 8
30 14 227.0 6 0 9
31 10 223.6 5 1 10
32 18 208.3 7 0 9
33 7 205.1 8 0 7
34 6 202.4 7 3 4
35 8 193.7 7 4 1
36 8 187.3 5 5 8
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Table 11

intensity of diffraction lines and interplanar
icings of 2A-dichloro-N-sulfinylaniline

Relative Intcrplannr Miller indices
Line intensity spacings
imb< wf/Amax
%) (pm) h K '
i 4 1003.3 2 1 o
2 6 744.0 3 1 0
3 5 690.8 3 1 1
4 4 581.4 4 1 0
5 6 542.7 1 1 3
6 40 504.9 2 1 3
7 32 468.5 2 2 3
8 16 454.7 5 0 2
9 13 441.9 3 3 2
10 100 422.6 3 2 3
11 60 393.2 5 0 3
12 7 380.4 2 2 4
13 42 373.7 4 4 1
14 25 346.1 7 1 1
15 10 339.2 6 2 2
16 15 336.8 5 0 4
17 29 332.9 6 3 1
18 22 314.9 — —
19 6 305.9 8 1 1
20 292.7 8 1 2
21 7 283.7 7 2 3
22 22 272.6 3 1 6
23 34 270.4 6 4 3
24 5 255.1 6 2 5
25 16 251.1 6 5 3
26 23 2445 5 4 5
27 4 234.8 4 0 7
28 4 232.7 4 4 6
29 13 186.9 8 4 6
30 3 178.7 5 5 8
31 3 173.2 2 1 10
32 2 152.2 6 4 10
33 2 149,4 8 7 8
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wave length was assumed to be A= 193.728 pm. The measurement was carried out with a
GUR-5 type goniometer and a GP-4 attachment. The calculations were done using a MERA-
217 type computer.

Results and Discussion

Based on the results obtained from X-ray powder diffractometry the
angular position of each diffraction line was measured. Interplanar spacings,
dhhi, which fulfill Bragg’s conditions were calculated [8]. The intensities were
taken equal to the height of the diffraction lines (Figs 1,2). It was found
that all four compounds, i.e. 2,3-, 2,4-, 2,5- and 2,6-dichloro-!V-sulfmylaniline,
crystallized in the hexagonal system. The result of indexing which was done
by the analytical method is a proof for the inherence of hexagonal system.

Table 111

Relative intensity of diffraction lines and interplanar spacings of 2,5-dichloro-N-sulfinylaniline

Relative Interplanar Miller indices
nlj_ni]nbeer mter:TsEl;y sp?rhzlkr:gs
%) (pm) " « !
| 27 663.8 | 0 2
2 1 519.3 | 1 1
3 100 470.9 0 2 0
4 1 417.6 0 2 2
5 1 371.8 0 2 3
6 13 359.7 0 0 5
7 37 331.3 2 1 2
8 19 325.7 0 2 4
9 1 313.4 0 3 0
10 29 297.5 0 3 2
11 18 259.7 3 1 1
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Table IV

Relative intensity of diffraction lines and interplanar
spacings of 2,6-dichloro-N-sulfinylaniline

_ Relative Interplanar Miller indices
Line intensity spacings
number max dhkl h « /
(%) em)
| 23 716.4 2 0 0
2 21 681.6 0 0 2
3 33 615.8 1 0 2
4 19 495.6 2 0 2
5 14 402.9 1 1 3
6 18 393.5 3 0 2
7 100 360.4 4 0 0
8 33 343.6 3 1 2
9 80 333.9 1 0 4
10 14 329.9 3 0 3
11 14 309.8 2 0 4
12 63 279.8 5 0 1
13 7 266.8 4 2 1
14 6 249.2 4 0 4
15 12 243.3 2 1 5
16 20 241.1 5 1 2
17 8 226.2 3 1 5
18 8 218.6 6 1 0
19 6 206.9 4 4 0
20 8 180.8 6 3 0
21 8 177.3 5 4 2
Table V

Lattice parameters of 2,3-, 2,4-, 2,5- and 2,6-dichloro-N-sulfinylanilines

Lattice parameters
Dichloro-iV-sulfinylaniline

a (pm) ¢ (pm)
2,3-dichloro-1V-sulfinylaniline 2157.7 2992.1
2,4-dicldoro-iV-sulfinylaniline 3069.4 1756.4
2,5-dichloro-1V-9ulfinylaniline 1091.8 1787.6
2,6-dichloro-1V-sulfinylaniline 1656.3 1369.0
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The said indexing was done for each diffraction line which is characteristic
for this lattice type [9]. The results obtained are shown in Tables I, Il [l
and IV. Using the first approximation method [7, 8], parameters a and ¢
ofthe unit cell ofthe hexagonal lattice ofthe dichloro-iV-sulfinylanilines studied
have been calculated (Table V).

The authors wish to thank doc. dr. W. Lenkow, Head of the Solid-State Physics
Department, Pedagogical University at Czestochowa, for his help in making it possible to do
the measurements and for his valuable comments.
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A voltametric method (chronoamperometry with linearly changing potential
at carbon paste electrode) has been worked out for the determination of the concentra-
tion of bisulphite ion in dissociation equilibria with glycolaldehyde and DL-glyceral-
dehyde bisulphites. The method is based on the distinct oxidation voltametric wave
of the HSOj ion at pH 4 5 buffered aqueous media. The oxidation results in an irre-
versible chronoamperometric wave, the oxidation product is sulphate.

The systematic error observed at the titrimetric determination of differ-
ent monomer as well as dimer hydroxyaldehydes stable in their cyclic half-
acetal forms, is mainly due to the stability of their bisulphites, when hydro-
gensulphite is added for their volumetric determination [1, 2].

According to K erp the aldehyde bisulphites decompose according to the
following equation [3]:

R-CHOHSO07 ;+ R-CHO + HSO03

Knowing the equilibrium concentration values, the dissociation constant
can be written:
. [Ale[B]e
[AB]e

K

where

[AB]e is the concentration of aldehyde bisulphite

[A] e isthe concentration of dissociated aldehyde and

[B] e iSthe concentration of dissociated hydrogen bisulphite in equilibrium.
In the knowledge of the total concentration of the aldehyde bisulphite

in the solution investigated [AB]T, Kd can be calculated according to the

following equation:

[B]le
d= (2)
[AB]T — [B]e

*To whom correspondence should be addressed
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Consequently either the [A]eor [B]leconcentration should be determined
in the solutions of different known [AB]T concentrations in order to calculate
the Kdvalue of a given aldehyde bisulphite by using equation 2.

The stability of aldehyde bisulphites is strongly influenced by the pH
of the solution [2, 4]. In strongly acidic or basic solutions their decomposition
is fast. According to our investigations the decomposition ofthe glycolaldehyde

Fig. 1. The percentage distribution of different equilibrium species of S02—H20 system as
a function of pH. (1): S02, (2): HSOj", (3): SO§_

Fig. 2. The oxidation chronoamperometric curve of free bisulphite formed by the dissociation
of glycolaldehyde bisulphite. Glycolaldehyde bisulphite concentration: 1X 10-4 M/dm3. Base
electrolyte: 0.2 M sodium acetate — acetic acid buffer, pH = 4.6
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Fig. 3. A plotted calibration curve taken by recording the chronoamperometric oxidation
curves of known concentrations of HSOj. Base electrolyte: 0.2 M sodium acetate — acetic
acid buffer, pH = 4.6

and DL-glyceraldehyde bisulphites is very slow in aqueous solutions of pH
4 —5. Under such conditions the only stable species of the pH dependent forms
of HSO-f ion, as it can be seen in Fig. 1, isthe HS03 ion and its pH depen-
dent equilibria can be neglected.

For the accurate measurement of HSO.f arising from the dissociation
of aldehyde bisulphite, the various titrimetric methods are less applicable
because of the danger of shifting of the equilibrium during the titration process
[3, 5]. This was the reason that a voltametric method has been worked out
for the determination ofthe concentration of HSO"~. The basis of the determina-
tion is that the bisulphite bonded in the aldehyde bisulphite can be oxidized
only at higher positive potential than the free hydrogensulphite species.

The latter ones in pH 4—5 aqueous solutions give a well-developed
voltametric wave at the carbon paste electrode, which is well-separated
from the oxidation current of aldehyde bisulphite. The study of the volta-
inetric behaviour of HSO” at pH 4—5 shows an irreversible two-electron
oxidation process at C.P.E. resulting sulphate ion as an oxidation product.

Acta Chim. Acid. Sei. Hung. 110, 1932



194 BALOGH et al.. VOLTAMETHIC DETERMINATION

In the experiments a carbon paste electrode prepared with silicone oil
has been used [6].

The oxidation current-voltage curve can be recorded either using arotated
carbon paste disc electrode or chronoamperometry with linearly changing
potential.

It is interesting to note that after each recording the electrode surface
must be removed otherwise a rather serious filming effect is observed in the
pH range used.

During the experimental work it was proved that the dissociation rate
of both aldehyde bisulphites investigated is very low compared to the rate
of polarization used and accordingly the real equilibrium concentrations can
be determined. The current is diffusion controlled and is not affected by the
dissociation kinetics. This was proved by checking the current peak depen-
dence on the square root of the polarization rate and this function remained
linear at as low as 0.4 V/min polarization rate.

A typical linear chronoamperometric curve recorded in a solution contain-
ing dissociated free bisulphite is shown in Fig. 2.

The equilibrium free bisulphite concentrations were determined by
plotting a calibration curve, and its points in buffered NaHSO03 solutions;
see Fig. 3.

The applied polarization rate for each recorded curves was 0.8 V/min.
The measured Kdresp. pK values at 251 0.5°C are summarized in Tables |
and I1.

The systematic error of the volumetric determination based on bisulphite
addition of the relatively stable solids of dimer hydroxyaldehydes is determined
not solely by the stability of their bisulphite derivates but that of their cyclic

Table |

Glycolaldehyde bisulphite

(%% =8 pK

50x 10~5 1.24x10-° 4.90
10x 10_4 148X 105 4.82
5.0X10-4 7.39x10-° 513
1.OxI0-3 5.25x10-° 5.28
2.0x 10-3 1.56x10-° 4.80
5.0x 10~3 142x 10-5 4.84
1.0x10'2 154x 105 4 81

-Kdhean— 1.15x10 5 pKmean — 4.94
Ks = 371X104 Stdev. 0.18
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Table 11
DL-Glyceraldehyde bisulphite

(n[/lA/dBr]nTs) 1= Kz(é °C PK
5.0x 10~* 1.82x10-* 4.73
l.oxio-4 2.87x10-* 4.54
25XI10-1 2.16x10-* 4.66
5.0x10 4 4.57x10-* 4.34
l.oxio-3 6.20x10-* 421
2.0x 10"3 5.07x10-* 4.29
5.0X10-3 5.62x10-* 4.25

Itdmt;,!! = 4.04 X 10 5 pKmean - 4.39
Ks = 2.47x104 stdev. 0.21

half acetals, too [7]. The dimer glycolaldehyde in aqueous solution forms a less
stable cyclic half acetal than DL-glyceraldehyde. As a consequence of that
for example in the case of glycolaldehyde 99% meanwhile in the case of
DL-glyceraldehyde only 96% titration degree can be achieved.

The elaborated voltametric method can be applied in a more thorough
study of aldehyde—bisulphite equilibrium in aqueous solutions.

Experi