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CHEMILUMINESCENCE OF A LUMINOL-FLUORESCEINE AMIDE 

J. NIKOKAVOURAS, C. PAPADOPOULOS, A. PERRY AND G. VASSILOPOULOS 
Department of Chemistry, Nuclear Research Center "Demokritos", Aghia Paraskevi Attikis, Athens, 
Greece. 
(Received November 27, 1975), 

Summary 

The amides resulting from condensation between fluoresceine and luminol and 
fluoresceine and aniline were synthesized and their chemiluminescence was studied in order 
to investigate the possibility of excitation energy transfer via an amide bridge in 
chemiluminescence. The light-reaction's quantum yield is reported, together with the 
chemiluminescence spectrum and the fluorescence spectra of reactants and products. Light 
emission in this reaction results from de-excitation of the substituted 3-aminophthalate ion 
produced in the course of the light-reaction, indicating that there is no energy transfer to the 
fluoresceine moiety. 
Key words: Chemiluminescence, Luminol. 

Introduction 

Luminol(3-aminophthalhydrazide) cherniluminescence has been extensively 
studied in over 500 publications during the last 50 years and although new highly 
efficient light-reactions have been discovered, this reaction still remains one of the 
few highly efficient non-biological chemiluminescent systems known. 

The reaction's product is in this case electronically excited 3-aminophthalate 
ion. De-excitation of this species in protic media gives rise to light emission with h,,, 
in the region of 430nm. If, however, another fluorescent species is present in the 
solution, intermolecular energy transfer can compete with the light-emitting 
de-excitation of the 3-aminophthalate resulting in emission of light whose spectral 
distribution is that of the energy-acceptor's fluorescence, provided of course that 
the excitation energy profiles of donor and acceptor in the medium are compatible. 

Intramolecular energy transfer is also possible in a chemiluminescent system 
as it has been shown by White et d who have prepared and studied substituted 
hydrazides. The energy generating hydrazide was in this case connected with a 
strongly fluorescent moiety such as 9,lO-diphenylanthracene via a methylene 
bridge. In order to investigate the transfer of energy via an amide bridge, the 
strongly chemiluminescent hydrazide luminol (I) was in the present work 
condensed with the highly fluorescent fluoresceine, yielding (11) which in the 
alkaline solutions required for the light-reaction should be visuallized as a 
luminol-uranin amide (W). It should be noted that the hydrazide portion will also 
acquire the form of lurninol di-enolate which is the structure required for the 
chemiluminescent reaction. 
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Results and Discussion 

Attempts to prepare the fluoresceine acyl chloride so that the reaction with 
luminol's -NH2 group would give (IV) failed as reaction with thionyl chloride 
resulted in multiple chlorination at various sites of the molecule, As such behaviour 
has been reported in the past with other similar chlorinating agents, further 
attempts on this route were discouraged. Direct condensation, however, between 
luminol and fluoresceine in the presence of acetic acid proceeded smoothly in 
N,N1-dimethylformamide and (11) was obtained in good yield.. The fluoresceine 
anilide (1II)'was synthesized following the method of 0, Fischer and E. H e ~ p , ~  by 
heating together fluoresceine and aniline hydrochloride in aniline. This method, 
unfortunately, could not be applied in the synthesis of (11) as luminol which is the 
amine in this case is a very high-melting solid. 

The purpose of synthesizing the anilide (111) was the need of a blank in our 
chemiluminescence measurements. Although associated with lower quantum 
yields, fluoresceine, is also chemil~minescent~~~ under the conditions of the luminol 
light-reaction and (111) might also be chemiluminescent. As compounds (11) and 
(111) are identical except that compound (111) lacks the energy generating hydrazide 
moiety responsible for the chemiluminescence of luminol, the light emission of the 
luminol fluoresceine amide due solely to the luminol light-reaction should be 
calculated differentially taking into account the chemiluminescence of (111) under 
identical conditions. In practice, however, matters were simplified when the 
chemiluminescence of (111) was found negligible in comparison to that of (11). 
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FIG. 1. Light intensity-time diagrams of the hemin-catalysed reactions of (I) and (IV) under optimum 
conditions for (IV) chemiluminescence. Each burst of light in (IV) is due to addition of hemin solution. 

Regarding the fluorescence of (II), it should be noted that (a) its intensity is 
very low and (b) its spectral distribution is that of the separate luminol and 
fluoresceine moieties and this is true for structure (11) as well as structure (IV) 
(Solution in aqueous sodium hydroxide, Fig. 2al). The overall low fluorescence 
efficiency of the luminol-fluoresceine amide is most intriguing if one considers that 
the two moieties retain their spectral characteristics while especially in structure (11) 
the rigidity of the molecule is much enhanced, thus reducing the possibility of 
de-excitation through internal conversion. Furthermore, the fluorescence of the 
luminol moiety is not seriously affected in aliphatic acyl derivatives, although the 
chemiluminescence efficiency is much r e d ~ c e d . ~  With the luminol acyl derivatives, 
energy transfer from the excited aminophthalate donor towards the fluorescence 
acceptor moiety should, from the photophysical point of view be even more 
permissible, as the substantial overlap between the aminophthalate emission and 
the fluoresceine excitation spectra is increased on acylation due to a shift of the 
aminophthalate fluorescence maximum towards longer wavelengths. 

The chemiluminescence quantum yield of (IV) was obtained in the present 
work for two light-reactions, i.e. ozonization of a 10-5M solution of (IV) in 0.01N 
sodium hydroxide in the presence of hydrogen peroxide and the hemin-catalyzed 
reaction of the same solution in the presence of hydrogen peroxide. The 
concentration of hydrogen peroxide required was determined by conducting a large 
number of experiments with different hydrogen peroxide concentrations and 
integrating the intensity-time diagrams thus recorded; the optimum concentration 
giving rise to the largest light-sum was 6.5 X 10"M for both types of reaction as well 
as for reaction in the absence of ozone or hemin. The maximum chemiluminescence 
quantum yields were 1.5 X 104 for the ozonization reaction, 2.0 X 10-4 for the hemin 
catalyzed reaction and 1.2 X 104 Einstein - mole-', for the reaction in the absence of 
ozone or hemin. As a reaction is characterized as strongly chemiluminescents if its 
quantum yield is higher than 109 Einstein-mole-'- (W) is undoubtedly a strongly 
chemiluminescent compound. The quantum yield of the luminol (I) hemin 
catalysed reaction measured under precisely the same conditions was found equal 
to 5.4 X 10" Einstein -mole-'. 
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The weaker chemiluminescence of (IV) versus (I) should be attributed to (a) 
the fact that acylation of the -NH2 group of (I) results in reduced 
chemiluminescence efficiency7 and (b) the almost non-existent fluorescence of (IV) 
as well as of the substituted aminophthalate produced from the light-reaction, 
giving rise to a high rate of internal conversion. Thus, even if a high rate of energy 
transfer to the fluoresceine moiety was found, the chemiluminescence quantum 
yield of (IV) ought still to be lower than that of (I). 

A most interesting aspect of the intensity-time diagram of the (IV) light 
reaction is shown in Fig. 1. .Unlike the intensity time diagram of (I) common with 
the majority of known hydrazide chemiluminescent reactions, addition of hemin to 
(IV) results in a flash of light which is repeated on further addition of hemin. The 
fast light build-up and decay as well as the larger amount of hemin required by (IV) 
seems to indicate that in this case, the fluoresceine moiety scavenges most of the 
HO, radicals required for the first step of the hydrazidelbsC decomposition. This iS 
further supported by the 1:6500 molar proportion of H202 required, versus 
1:80-100 adequate for the chemiluminescent reaction of (I). 

Information regarding the emitting species in the (IV) light reaction can be 
obtained from Fig. 2 where the fluorescence and chemiluminescence spectra are 
shown. The fluorescence spectra of (IV) are shown in Fig. 2a where a2 is-the 
fluorescence spectrum of the (IV) aqueous alkaline solution just prior to the 
addition of hernin and a1 is the fluorescence spectrum of the spent reactionmixture 
at the end of the light reaction. Spectrum a2 consists of the emission of luminol at 
about 430 and fluoresceine at about 520nm. respectively, which appear 
independent and unaffected by the fact that the emitting species are integral parts of 
one molecule. It should be reminded here, however, that this statement is true for 
the position of the bands and not the intensity which is greatly reduced. In spectrum 
a1 the fluorescence of the fluoresceine moiety has remained unaltered, but the 
emission band with L, at 430nm has increased in intensity as the hydrazide has 
now been replaced by the phthalate ion, which in alkaline media has the same 
emission spectrum and higher effi~iency.~ The chemiluminescence spectrum as the 
reaction proceeds, shown in b, consists, on the other hand, of only one band, the one 
arising from aminophthalate emission and is the same as that of the luminol light 
reaction. As there is no contribution whatsoever, from the fluoresceine moiety, it is 
obvious that emission during the chemiluminescent reaction of (IV) comes solely 
from the hydrazide moiety and that intramolecular energy transfer via the amide 
bridge cannot take place. 

Experimental 

(a) Synthesis of (D,). 
Glacial acetic acid (0.36g.) was added to a solution of fluoresceine (2g., 6.0 

mrnole) in a few ml. of anhydrous N,N-dimethylformamide and the mixture was 
- heated under reflux. 3-Aminophthalhydrazide (2. Ig., 12 mmole) was then added to 

the boiling mixture in small portions and the resulting mixture was heated under 
reflux for 10 hrs. The mixture was allowed to cool, the dark red precipitate was 
separated by filtration and was washed many times with water followed. by 1% 
ammonium bicarbonate (6 X50 ml.). The precipitate was then dissolved in aqueous 
NaOH and was precipitated as a colloid on neutrallization with hydrochloric acid. 
This was separated by centrifuging and the process was repeated three times. This 
ourification process followed by recrystallization from ethanol ensured complete 



LUMINOL - CHEMILUMINESCENCE 

300 400 500 600 - Wavelength ( nm.) 

FIG.  2. (a) Fluorescence spectra of the reaction mixture of the hemin-catalysedreaction of (IV) before 
(2) and after the lightreaction (l).Excitation L, 355nm. (6) Chemiluminescence spectra o f  (IV) as the 
reaction proceeds. 

removal of unreacted luminol and fluoresceine as verified by T.L.C. on cellulose 
(Merck, 5716) (eluent 0.1N NaOH). Illumination of the T.L.C. plate with strong 
U.V. light reveiled one spot (R, 0.42) plus negligible contamination by a yellow 
fluorescing product at R, 0.56. The product was free of luminol and fluoresceine at 
R, 0.63 and 0.82 respectively. Infrared absorption (KBr) at 1725cm-l (Amide I 
Band) of the hydrazide C=O, 0 - H  at 3420cm-l and N-H at 3200cd  (bonded). 
Visible absorption L,, 500nm., ~ = 3 8 0 0  (solution in0.01N NaOH). Yield: 1.9 g., 
64%. Found: C, 68.35; H, 3.30; N, 8.65%. G,H,,N,o6requires: C, 68.43; H, 3.46; 
N, 8.55%. Attempts to run a mass spectrum failed due to the very low volatility of 
the compound. 

(b) Chemiluminescence Experiments 
(i) Ozone production: A conventional Siemens-type ozonizer was - 

employed1" giving a 0.26% ozone-air mixture5' at a flow rate of 340 ml.min.-l 
(ii) Chemiluminescence Quantum Yields: The experiments were carried out 

with samples 25 rnl., lOS5 M of (11) or (111), in aqueous NaOH 0.01N. The reaction 
vessel (pyrex glass) was securely positioned in front of an E.M.I. 9514B 
photomultiplier tube, fed with 900 V and connected with a VARIAN F 80 X-y 
recorder. The apparatus was housed in a specially constructed light-proof dark 
chamber with suitable inlets for gasses and liquids. In the ozonization experiments, 
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ozone was bubbled through the reaction mixture and the intensity-time diagrams of 
the light reaction were obtained for different H20,-concentrations. In the 
hemin-catalysed experiments the hernin chloride solution, (0.001% in aqueous 
0.01 NaOH) was added dropwise to the reaction mixture through which air was 
bubbled to ensure complete and rapid mixing, with simultaneous recording of the 
intensity time diagrams at various initial H,02-concentrations. The light 
intensity-time diagrams thus recorded were integrated with the aid of a very 
accurate planimeter and the integrals, proportional to the light sums of the reactions 
were compared with the integral recorded during the Standard Luminol Light 
Reaction6 employing the same geometry. In the latter case, the photomultiplier was 
again fed with 900V, but the recorder's sensitivity was reduced by a known factor on 
account of the higher light intensities involved. Corrections due to the 
photomultiplier's spectral response were unnecessary as both the chemilumines- 
cence of luminol and of (11) fall in the same region of maximum spectral response of 
the S-l l photocathode. As the absolute quantum yield of the Luminol Standard is 
precisely known, the chemiluminescnece quantum yield of (11) could be easily 
calculated. 

(iii) Chemiluminescence Spectra. These were obtained with the aid of an 
AMINCO-BOWMAN spectrophotofluorometer with the excitation source off. 
Wide slits and f ast scannings were set while the most flat section of the intensity time 
diagram was employed. 

(c) Spectra: 
Excitation and fluorescence spectra were run on an AMINCO-BOWMAN 

spectrophotofluorometer. Absorption spectra were run on a CARY 14 
spectrophotometer and Infrared spectra on a PERKIN-ELMER 521 Instrument. 
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STRUCTURE-ACTIVITY RELATIONSHIP AND SPECIE S VARIATION 
OF PROSTAGLANDIN E, HOMOLOGUES ON PLATELET FUNC- 
TION IN VITRO 

S. E. PAPAIOANNOU, E.R. WASKAWIC, AND R. N.  SAUNDERS 
Searle Laboratories, P. 0. Box 51 10, Chicago, Illinois 60680 
(Received January 15, 1975) 

Summary 

Prostaglandin El  (PGEl) has been indicated as a potential pharmacological agent for 
the prevention of blood platelet aggregation in lung-heart bypass devices and post-operative 
microthrombi formation. Using a turbidometric assay prostaglandin El  (PGEl), 
20-methyl-PGE,, (d1)-20-methyl-PGE, (d1)-20-ethyl-PGE, and (d1)-20-propyl-PGEl 
have been found to display inhibitory activity against ADP-induced platelet aggregation in 
platelet-rich rat plasma. The relative potencies of these compounds based on dose-response 
comparisons using PGEl as the standard inhibitory agent, were found to be 1.0,4.0,1.6,1.3, 
and 0.16 respectively. The inhibitory effectof PGEl and 20-methyl-PGEl on ADP-induced 
platelet aggregation was found to display a dose-response relationship on platelets obtained 
from various mammalian species. The activity of PGEl for the species studied was 
determined to be, in decreasing order: dog, rhesus monkey, rat, human and pig. In these 
studies, 20-methyl-PGE, was observed to possess inhibitory activity from 1.8 to 22.5 times 
greater than PGE,, depending on the species tested. 

Key words: Prostaglandin El, Homologues, Platelet Aggregation, structure-activity 
relationships, mammalian species. 

Introduction 

Because of the high potency of prostaglandins in variety of biological systems, . 

many synthetic analogues have been studied for the determination of their 
biological activity pr0fi1es.l'~ 

PGE, has been the most thoroughly studied prostaglandin in vitroand in vivo. 
Apart from the potent inhibitory activity on platelet aggregation, PGEl also shows 
other activities in vivo.' Carlson et  aL6 observed that, at infusion rates adequate for 
showing the pharmacological effect of PGE, on platelets in human volunteers, 
severe side effects were encountered. It is possible that other prostaglandins with 
longer half-lives and less pronounced side effects, i.e. separation of activities, may 
be useful as antithrombotic agents. With this in mind, we have tested several PGE, 
homologues and compared their in vitro antiaggregating activities. 

Animal models for in vivo studies are necessary before prostaglandins may be 
evaluated clinically. A determination of the comparative efficacies of 
prostaglandins in different animal species is necessary for the design of studies of 
experimental thrombotic disease states in the most appropriate animal model, prior 
to investigations in humans. Kloeze7 has studied several prostaglandin analogues 
for inhibition of platelet aggregation in rat, pig, and human platelet-rich plasma 
(PRP), while Kinlough-Rathbone et  a1.8 have studied the effects of PGE, on the 
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platelet function of pigs and rabbits in vitro and in vivo. Mason and Read9 have 
extensively studied platelet aggregation at 2.5' C in the plasma of 12 mammalian 
species. Aggregation at 25"C, however, is quite different from that at 37•‹C and not 
representative of in vivosituations. As no comparative study of PGE, homologues 
has been published, especially with the most active 20-methyl-PGEl(2) in different 
animal species, we report here our results of such a study. 

Materials and Methods 

Reagents 
Isotonic saline was adjusted to pH 7.3 with 0.1 N NaOH. Adenosine 

diphosphate (ADP) was obtained from General Biochemicals Co., Ohio and a 
stock solution (10 mg/ml) in saline was stored in aliquots at -20•‹C. One aliquot of 
this stock solution was thawed and kept on ice during one day's experiments. The 
biosyntheticl prostaglandins, PGE, and 20-methyl-PGE, were kindly supplied by 
Unilever Research Laboratorium, Vlaardigen, while the synthetic prostaglandins, 
(d1)-20-methyl-PGE,, (d1)-20-ethyl-PGE,, and (d1)-20-propyl-PGE, were kindly 
provided by Dr. Masateru Miyano of Searle Laboratories. The purity of each 
prostaglandin was over 95%. The prostaglandins were dissolved in isosaline 0.02 M 
CaC1, solution, aliquoted and stored at -20•‹C. All glass surfaces which would 
contact platelets were siliconized. 

Methods 

1). Blood collecting and preparation of platelet-rich plasma (PRP) 
Human subjects and animals were fasted overnight, and the following 

morning (day of the experiment) blood was collected, discarding the first one m1 
after a clean vene-puncture. The blood was drawn into vessels containing 3.8% 
sodium citrate in water (w/v) until the volume of blood was nine times the volume of 
anti-coagulant, and PRP prepared by centrifugation at roootemperature as 
described below. 

Male Sprague-Dawley ratswere anesthetized with ether and blood collected 
by cannulation of the abdominal aorta. For one PRP preparation, the pooled 
citrated blood from five animals was subjected to centrifugation at 200 G for twenty 
minutes, and the upper layer was collected. 

Each of three male mongrel dogs was separately bled from the jugular veqn 
and PRP prepared by centrifugation at 100 G for sixteen minutes. 

Two male pigswere bled from the jugular vein. Each pig was separately bled 
once of 27 m1 blood, and the PRP was prepared by centrifugation of the citrated 
blood at 175 G for sixteen minutes. 

Each of twelve male rhesus monkeys anesthetized with Sernalyn, was bled of 
4.5 m1 blood from the saphenous vein and the PRP was prepared by centrifugation 
of the pooled citrated blood at 175 G for sixteen minutes. 

Two normal human donors, one male and one female, both nonsmokers, had 
taken no medication for at least one week before bleeding. Blood was drawn by the 
two syringe technique from the antecubital vein, and centrifugation (following 
citration) was performed at 100 G for sixteen minutes. 

The PRP preparations were stored at room temperature and used within five 
hours after centrifugation. 
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2). Platelet aggregation procedure 
The turbidometric method originally developed by Born1' and O'Brienl' was 

used with a smaller volume of plasma per sample assayed, and performed on an 
AggregometerR (Chronolog Corporation, Broomall, Pa.). The PRP was adjusted to 
standard platelet counts by dilution with platelet poor plasma, according to the 
instrument instruction manual. Enough PRP was prepared for the assay of all PGE, 
homologues in triplicate by one PRP preparation, in one day. At 37"C, 0.5ml of 
PRP was mixed inside the AggregometerR cell with 0.05 m1 of saline containing 1 
pmoles of CaCl, to correct for the overdose of citration, followed one minute layer, 
by the addition of 0.5 pg ADP in 0.05 ml. The turbidity change was recorded and 
the maximum decrease in optical density, AOD control, was calculated. This value 
was assumed to represent one hundred percent of ADP-induced platelet 
aggregation, which is reversible at this standard concentration of ADP (ie. 1 pg/ml 
PRP). 

Addition of serial dilutions of each prostaglandin in isosaline-CaC1, in place 
of isosaline-control solution resulted in inhibition of platelet aggregation as was 
observed by reduced changes in maximal optical densities, AOD, due to inhibition 
of platelet aggregation. The response expressed as percent inhibition of the 
standard ADP-induced platelet aggregation was calculated by the formula: 
100(AOD control - AOD)/AOD control. Dose response curves were drawn for 
each prostaglandin by plotting the mean percent inhibition of standard 
ADP-induced aggregation, versus the logarithm of prostaglandin dose. From the 
linear parts of the dose-response curves, ED,,, the prostaglandin mean dose which 
reduced the response of the standard ADP dose (1 mg/ml PRP) by one half, was 
determined and the potency of each prostaglandin relative to PGE, was calculated 
from the ration of ED,, for PGE, over that for each of the other prostaglandin 
homologues. 

Results 

1). Effects o f  PGE, homologues on rat platelets 
Typical dose-response curves for PGE, and 20-mwthyl-PGE, are shown in 

Figure 1. 
The mean ED,, values calculated were 0.024 and 0.006 &m1 PRP 

respectively i.e. the relative potency for 20-methyl-PGE, is 4.0. The variability of 
response at one dose and with the same PRP preparation was less than fifteen 
percent. 

On the basis of the dose-response for the other PGE, homologues the results 
in Table I were calculated. The two most active prostaglandin homologues, i.e. 
PGE, and 20-methyl-PGE,, were then selected for study in several species. 

2). Comparative effect of  PGE, and 20-methyl-PGE, on aggregation inhibition of  
platelets from different animal species. 

The standard ADP dose (1 pg/ml PRP) resulted in a reversible aggregation in 
PRP preparations from all species studied, although the degree of maximum 
aggregation and the rate of disaggregation showed minor differences among the 
species tested. 

Animals from each species studied were bled once or more, and the 
dose-response curves for PGE, and 20-methyl-PGE, were drawn. The calculated 
mean ED,, values, and the relative potencies for 20-methyl-PGE, are presented in 
Table 11. 
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DOSE OF PROSTAELANDIN IN ,lJGIML PRP 

FIG. 1 Dose-response curves of PGE, and 20-methyl-PGE, inhibition of ADP-induced platelet 
aggregation in rat PRP. Triplicate determinations were performed for each dose. 

TABLE I. Platelet Aggregation Inhibition Effect of PGEI Homologues on Rat PRP 

EDS0 Relative 

Prostaglandin homologue (pg/ml PRF') Potency 

PGE,, biosynthetic 0.024 1.0 (reference) 
20-methyl-PGE,, biosynthetic 0.006 4.0 
(d1)-20-methyl-PGE,, synthetic 0.015 1.6 
(d1)-20-ethyl-PGE,, synthetic 0.018 1.3 
(d1)-20-propyl-PGE,, synthetic 0.15 0.16 

ED,, represents the mean dose which reduced the response of the standard ADP dose (1 ~ g / d  PRP) by 
one half. 

ED,, for PGE, 
Relative Potency = 

ED,, for each homologue 
The assay for each dose was repeated three times, with response variation comparable to that of Fig. 1. 
(i.e. less than 15%). 

The variability of response from the same dose and PRP preparation was 
again less than fifteen percent, but a higher variation with different PRP 
preparations from the same animal, and species is reflected in the differences of 
ED,, values in Talbe 11. Pooling of citrated blood from several animals, as in the rat 
and monkey experiments, results in less variability of ED,,, than when each 
individual sample of PRP is tested separately. 

The relative potency values for 20-methyl-PGE, within one species vary less 
widely than the ED,, values of either prostaglandin, indicating that the effect of 
lenghthening the W-chain of PGE, by one methylene group enhanced inhibitory 
activity in all species herein studied. 
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TABLE 11. Species variation of the inhibitory effect on platelet aggregation by PGE, and 
20-methyl-PGE, 

E D 5 ~  Relative Potency 
Species Animal No. PRP No. (pg/ml PRP) of 20-methyl-PGE, 

PGE, 20-methyl-PGE, 

Rat Pool from 
five 
animals 

Pig I 
v1 

Rhesus Pool from 
Monkey twelve 

animals 

Human I (male) 

I1 (female) 

ED50 and Relative Potency for 20-methyl-PGEl are as defined in Table I 

Discussion 

The dose-response curves of PGE, homologues for each species are parallel, 
but the slope of the straight line portion of these curves does change from one 
species to the other. This fact limits the validity of ED,, as an absolute criterion for 
platelet sensitivity to prostaglandins, when different species are compared. 

The relative potencies of W-homo-PGE, (i.e. 20-methyl-PGE,) and 
W-nor-PGE, in rat PRP have been found to be 380% and 50% of PGE, by K10eze.~ 
Our data on 20-methyl-~G~,  (Table I) closely agree with above results. 
Furthermore, we have found that the biosynthetic (l)-20-methyl-PGE, is more 
than twice as active as the racemic (synthetic) (d1)-20-methyl-PGE,, suggesting 
that only the steroisomer resulting from biosynthesis is active in inhibiting 
ADP-induced platelet aggregation. We conclude that the relative potency of 
inhibition is maximal for the PGE, homologue containing nine carbon atoms in the 
w-side chain (i.e 20-methyl-PGE,) and that the potency decreases with decrease in 
this number of carbon atoms (towards PGE, and w-nor-PGE,) or increase (towards 
20-ethyl-, and 20-propyl-PGE,). This structure-activity relationship may also be 
maintained in other species, because as may be seen in Table II,20-methyl-PGE, is 
consistantly more active than PGE, in the five species studied. 

Although the dose-respons$ curves are not parallel among the species of 
Table 11, the ED,, values suggest that the sensitivity of platelets to PGE, increases 
in the following order of species: pig, human, rat, rhesus monkey, and dog. In the 
case of 20-methyl-PGE,, the above order of sensitivity is as follows: pig, rat, 
human, rhesus monkey, and dog. Interestingly enough the relative potency of 
20-methyl-PGE, in human PRP is much higher than in the other species PRP. 
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These results are in general agreement with those of K10eze.~ Using his data 
we have estimated PGE, ED,, values of 0.15,0.02, and 0.015 for porcine, human, 
and rat PRP. The recording of reversible aggregation by the standard dose of ADP 
used in this study (i.e. 1 pglml PRP) varied slightly amon species. One of the 
differences noted is that the rate of disaggregation of porcine PRP was lower than in 
the other species. 

ADP is the final common pathway of irreversible platelet aggregation in vivo. 
In vitro inhibition of ADP-induced platelet aggregation by PGE,, although a 
simplification of the in vivophenomena, has been shown6,12 to parallel the effects of 
PGE, infusion in human volunteers and in rabbits, when the short halflife of PGE, 
in vivo is taken into consideration. As shown by Mills and Smith,13 and Haslam14 
PGE, inhibits platelet aggregation by its effect on the adenyl cyclase/cyclic AMP 
system. 

Pharmacologically, it is not clear if in vitro studies as reported here are 
relevant to the pathogenesis or treatment of thrombotic disease states, but the 
ability of PGE, homologues to exert profound effects on platelets, in vitro and in 
vivo, necessitated more detailed structure-activity studies in the hope of designing a 
useful pharmacological agent. 

Stibbe et al.'' have shown that PGE, has prevented thrombocytopenia in 
human heparinized blood circulating in heart-lung machine in vitro. Our interest in 
studying PGE, homologues as potential antiaggregating agents in heart-lung bypass 
devices and post-operative microthrombi formation in vivo, required the selection 
of appropriate species for experimental studies. From our results it seems that, 
among the species studied, the rhesus monkey is the animal model of choice for in 
vivo evaluation of prosthetic materials. Comparative blood coagulation and 
fibrinolysis studied6 also indicate closer similarity of primates to humans than @her 
species in these respects. The dog would appear to be next in preference, although 
our in vitro studies indicate this species, to be more sensitive to PGE, and 
20-methyl-PGE,. The pig is the least sensitive species studied here. Indeed, 
heart-lung bypass ~ t u d i e s l ' ~ ~ ~  in this species have proven very difficult. 

2xioi~ pazaij-6 Gopfjg xcxi G~dcsrwq bpoildywv zfjq n~ocszayilavGivq~ E, 2ti z6v 
iGiomjzwv z6v cxiponazdicov Gsaqd~ov &$aozix6~ in vitro. 
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Summary 

Quantitation of Monensin, an antibiotic used as anticoccidial and improving feed 
efficiency factor, can be accomplished in situ by densitometric scanning using the reflectance 
technique, after spraying with vanillin color reagent. The technique described was 
successfully applied to analysis of feeds fortified with Monensin. The method is sensitive and 
reproducible. As low as 30 ppm of Monensin can be measured. 

Key words: Monensin, Feeds, TLC, Direct Scanning Spectrodensitometry. 

Introduction 

The control of coccidiosis in animals is a serious problem particular in the 
poultry industry. Monensin, previously referred to as Monensic acid, is a member of 
a family of antibiotics which possesses anticoccidial activity in chickens,' calves2 and 
lambs.3 

Monensin is the major factor of a group of closely related, biologically active 
compounds produced by a strain of Sh-eptomyces cinnamonensi~."~~~ 

The molecular formula of Monensin was determined to be C,6H62011 by mass 
spectrometry. Fig. I shows a planar representation of the ~tructure.~ 

Several methods of analysis have been employed for the determination of 
Monensin in feeds. Kline et proposed a microbiological assay. Kavanagh and 
Willis9 developed an automated photometric microbiological assay in poultry 
rations. Golab et al. employed a colorimetric method.'' Breunig and Klinel' 
described a microbiological assay of Monensin in chicken rations. Donoho and 
Kline12 developed a semi-quantitative thin layer bioautographic procedure for the 
determination of Monensin residue in chick tissues, 

Although the colorimetric method is simple, sensitive and reproducible, it has 
not been definitely established whether the color reaction does or does not occur 
with Monensin degradation or metabolic products;" that is of great importance in 
the case of examination of aged feeds. 

Furthermore, the bioautographic thin layer chromatography (TLC) may be 
the method that permits the detection of the antibiotical action of this compound at 
low levels, but, unfortunately, its application to make quanxitative determination 
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is rather difficult. On the other hand the chemical detection of Monensin on TL 
chromatograms provides no information about the biological activity, but it 
differentiates the degradation or metabolic products and permits the quantitation 
by direct densitometry.13 

FIG. 1. Structure of Monensin. 

In direct densitometry, the reports about the relationship between 
absorbance and the concentration, i.e. the weight of the compound spotted, vary. If 
the Lambert-Beer law were always obeyed, one could expect a linear relationship 
between the logarithm of the concentration applied and the logarithm of the 
integrated absorbance (or fluorecence). Unfortunately, most often this is not the 
case, because the optical phenomenon of the propagation of the light in a high 
scattering medium is quite different from that of the propagation in a clear solution. 
The behavior of light when it falls on an absorbing substance distributed on the 
surface of the layer is more than complex. 

The complicate mathematical treatment of these effects, which have been 
studied in detail by several a ~ t h o r s , ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~  with the help of the 
Kubelka-Munk theory,l5>l6 requires a certain mathematical background that is 
hardly acceptable for daily analysis, as performed by the average laboratory 
personnel. 

An empirical approach to quantitation requires the plotting of calibration 
curves. For a single compound and for each plate, several known quantities of 
standards have to be run and measured to obtain the curve in the desired range. 

Experimental 

Instruments 
The instrument used-in this work was the Schoffel Spectrodensitometer 

Model SD-3000, double beam, that utilizes as light source a 200-watt 
Xenon-Mercury lamp. The radiated light passes through the entrance slit of the 
monochromator, which has a linearly calibrated wavelength selector dial, enabling 
the user t c ~  select monochromatic light in the range of 200-700 nm. 

The, by the TLC plate, scattered light can be detected by photomultipliers 
either directly from underneath the plate (transmittance measurements) or above 
the plate at 45" to the incident light (reflectance measurements). 

The instrument included also a Density Computer, Model SDC-300 with 
100mV chart recorder and Disc Integrator. 
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Reagents and Materials 
a. Acetone, n-Hexane, Chloroform, Methanol, Carbon tetrachloride. All 

analytical grade reagents. 
b. Spray reagent. Dissolve 3.0 gr. vanillin A.R. in 50 m1 absolute methanol, 

add 1 m1 concentrated H2S04 with swirling and dilute to 100 m1 with methanol. Mix 
well and store in the dark. Prepare fresh daily. 

c. Monensin standard solution. Accurately weight enough Monensin sodium 
salt (Elanco Analytical Laboratory. Lilly Research Center) into 100 m1 vol. flask to 
give concentration of 1,6 mg/ml. Dilute to the volume with absolute methanol. 
Store at 5" C; discard after two weeks. 

d. Silica gel G, for TLC, Merck, or equivalent. 
e. Silica gel 60, for column chromatography, 70-230 mesh, activated, Merck, 

or equivalent. 

Preparation of the plates 
TLC plates (250 p) were prepared by mixing 30 g. Silica gel G with 65 m1 

H,O. The slurry was spread over five 20x20 cm glass plates using the CAMAG 
automatic TLC coater. They were left in position for 15 min. to allow the layer to set 
and then were placed in a drying oven at 110" C for 1 hour. The dried plates were 
scored into 10 mm lanes to facilitate double beam operation and were stored to the 
desiccator cabinet until use. 

Application of the sample 
A methanolic solution of Monensin was prepared at concentration of 1,6 

mg/ml and the other solutions were prepared by dilution. Using a Hamilton 
microsyringe (10 pl), samples of 3 yl of the above solutions were spotted to the plate 
on alternate lanes. The solutions should be dropped a little at a time and dried 
between each application with a current of air. Great care must be taken not to 
damage the surface of the layer. The spots must be completely dry before the plate is 
put into the development chamber. 

Chromatography 
The plate was developed in a equilibrated chamber, filled with carbon 

tetrachloride-methanol (80:20 v/v), until the solvent front reached a high of 17 cm. 
The plate was removed and dried with an air drier. 

Visualization of the spots 
After drying, the developed plate was evenly sprayed with the vanillin spray 

reagent and heated for 5 min. in an oven at 110" C. Monensin gives an intense red 
spot with R, = 0.5. Test sensitivity of the system is ca 0.5 yg/spot. 

Densitometry 
The plate was allowed for 30 min in the dark at room temperature in order to 

equilibrated and then was scanned at wavelength of maximal absorption (500 nm) 
in both reflectance and transmittance mode (Monochromator slit 0,5 mm, image slit 
1.0 mm scan speed 10 cm/min, recorder chart speed 3 cm/min, range 0.4-1 O.D. 
units. 

Determination of Monensin in Feeds. 

Extraction 
20 gr. finaly ground sample were weighted into 250 ml. flat bottom, glass 

stopered flask and shaken with 100 m1 acetone in wrist action shaker overnight; 
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then 50 m1 of extract were pipetted into 50 m1 centrifuge bottle and centrifuged at 
3000 c/min for 10 min. The supernatant fluid was transferred into 50 m1 round 
bottom, ground joint flask and evaporated to dryness by rotary vacuum 
evaporation. 

Purification 
Silica gel chromatographic columns were prepared by placing a ball of glass 

wool, losely, in the bottom of a 18x300 mm chromatography tube and adding 
n-hexane until the column is ca V2 full; then were added 3 gr (4 cm section) silica gel 
60, for column chromatography, 70-230 mesh (Merck), under stirring with a glass 
rod to eliminate air bubbles, and 2 cm of anhydrous sodium sulphate to the top of 
silica gel. The hexane was drained to the top of Na2S0,. The extraction residue was 
then applied to the column by dissolving in two 10 m1 portions of n-hexane. The 
column was developed with 100 m1 chloroform and the Monensin was eluted from 
the column with 50 m1 chloroform-methanol (95:5 v/v), collected in 100 m1 round 
bottom, ground joint flask. 

The Monensin eluate was evaporated to dryness by rotary vacuum 
evaporation and the residue was transferred to 5 m1 vial with n-hexane. After 
evaporation of the hexane under stream of NZ, the residue was redissolved in exactly 
1 m1 methanol. The vial was sealed with Teflon screw-cap and shakenvigorously in 
order to dissolve the residue. 

TLC Chromatography 
Portions (3 pl) of the sample were applied, in duplicate, to silica gel TLC 

plates, along with the appropriate standards, and the plate was developed, sprayed 
and evaluated according to the prementioned procedure. 

Results and discussion 

The first step in the present investigation was to establish whether the 
measurements must be cary out by transmittance or reflectance mode. 

TABLE I. Reflectance versus Transmittance 

Sample weight Reflectance Transmittance 
(in (Integrator unitsj 

Table I indicates that reflectance mode is more sensitive than transmittance. 
Figure 2 shows both response curves obtained by reflectance and transmittance as 
well. 



FIG.  2. Response curves for Monensin. Wavelength 500 nm, monochromator slit 0.5mm, image slit 
1 mm, range 0.4-1 O.D. units. 

Figure 3 shows a densitometric scanning of monensin standard. The 
reflectance curve showed a greater response than the transmittance and the linear 
response range was for both nearly the same (up to 2.5 yg). Above this limit the 
curves flattened out. Although transmittance measurements may be theoretically 
superior,13 use of reflectance in the present study was found more advantageous 
because of the greater response and the lower background fluctuations produced by 
stray light on, probably, unevenly coated plates. "Oversaturation" of the spot 
causes the flattening of the curves. By these conditions the optimal working range 
was 0.6-2.5 yglspot. 

The second step was to define the reproducibility of multiple scans of a single 
spot as well as the reproducibility of multiple scans of several spots of the same 
concentration. This was done for levels of concentration in the optimal working 
range with the solutions adjusted so that all samples were applied in 3 p1 volumes. 
Tables 11 and I11 summarise the results. On the other hand, as shown in Table 11, the 
stability of the spot color intensity was excellent during a period of 3 hours at least, a 
period sufficient to scan, in triplicate, three plates with eight samples on each. 



FIG. 3. Densitometric scanning by reflectance mode of Monensin (1.5 pg). 

TABLE II. Reproducibility of scanning of the same spot 

Sample weight Number Mean Integrator Standard Relative Standard 
(in of scans counts Deviation Deviation % 

0.6 5 38 1.3 3.5 
1.2 5 80 0.7 0.9 
1.6 5 101 1.8 1.8 
2.4 5 151 1.0 0.7 

TABLE III. Reproducibility of scanning of the same quantity 

Plate Sample weight Number Mean Integrator Standard Relative Standard 
(in pg) of spots counts Deviation Deviation % 

Following the above described procedure we assayed 25 laboratory samples 
fortified with Monensin in the recommended feeding levels of 30- 130 ppm. Among 
these samples 12 were originated from chicken rations and 13 from feed 
concentrates for ruminants. Table IV shows the precision and accuracy data of the 
method. According to this procedure we also analysed 5 samples of commercial 
type chicken rations containing Monensin. 
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FIG. 4. Densitometric scanning by reflectance mode of a Monensin contained extract. 

TABLE Ill Precision and accuracy data for the 7ZC determination of Monensin by reflectance densitometry. 

Monensin taken No. of Mean Monensin Standard Relative Standard Mean error Relative 
found error 

(in ppm) detns. (in ppm) deviation deviation % % 

30 6 28 1.61 5.75 -2 6.6 
5 0  7 49 5.35 10.90 -1 2.0 
90 6 85 6.77 7.96 -5 5.5 

130 6 128 2.72 2.12 -2 1.5 
Mean 6.70 Mean 3.9 

The purification of the extracts by the modified method of Donoho12 was 
essential to remove interference substances such as lipids, causing a serious 
background shift of the base line during the densitometric scanning. Figure 4 shows 
a densitometric scanning of a feed extract, contained Monensin. 

From table IV one could say that the recovery of Monensin by the method 
described was found to be quite satisfactory (meanvalue 96,1% in the range 30-130 
ppm). Golab e.a.lo reported a recovery of 118,9 gr/lb from a theoretical 
concentration of 110 grAb, whereas Kline e.a.' a mean value of 87,3%. 

By the method described as low as 30 ppm of Monensin could be measured. 
Modifications of the weight extracted and the volume applied to the plate should 
improve marcedly this limit. 
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FIG.  5. Densitometric scanning by the method o f  additions. 

Monensin a d d e d  CPpml 

FIG.  6.  Method o f  additions. Calibration graph. 
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The method of standard additions may be applied as a means of increasing 
accuracy. Figure 5 shows the densitometric scanning of feed extracts in which 
0,20,40 and 80 ppm were added. Figure 6 shows the calibration graph for this 
procedure. 
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POLAROGRAPHISCHES VERHALTEN VON TRIPHENYLAR- 
SINOXID IN WASSER-METHANOL-UND METHANOL-LOSUNGEN. 

D. JANNAKOUDAKIS, P.G. MAVRIDIS und J. MARKOPOULOS 
Physikalisch-memisches Laboratorium der Universitat Thessaloniki 
(Erhalten am 30 Oktober 1975) 

Es wurde das polarographische Verhalten des Triphenylarsinoxids (TAsO) in 
Wasser-Methanol-und Methanol-Losungen bei Abwesenheit und Anwesenheit von 
Protonendonatoren untersucht. 

Es wurde bewiesen, dass das TAsO, sowohl in sauren gepufferten Wasser-Methanol- 
Losungen als auch in Methanol-und Wasser-Methanol-Losungen bei Anwesenheit von 
Benzoesaure, durch Aufnahme von zwei Elektronen und zwei Protonen zu dem 
entsprechenden Triphenylarsin reduziert wird. Es wurde das verschiedenartige 
polarographische Verhalten des TAsO in Methanol-Losungen bei Abwesenheit von 
Protonendonatoren festgestellt. In diesem Fall wird der oben genannte Depolarisator durch 
die Aufnahme von zwei Elektronen und die Abspaltung einer Phenylgruppe zum 
entsprechenden Anion reduziert. 

Die Tatsache, dass das TAsO in den oben genannten Losungs-Systemen bei 
Anwesenheit von Protonen polarographisch zum entsprechenden Triphenylarsin reduziert 
wird, wurde auch auf rein chemischem Weg durch die Reduktion des TAsO mit 
Natriumamalgam als Reduktionsmittel in Methanol bewiesen. Das Reduktiosprodukt 
konnte in der Tat durch IR-Spektroskopie als Triphenylarsin identifiziert werden. 

Einleitung 

In einer fruheren Arbeit1 uber die Wirkung des Triphenylphosphinoxids 
(TPO), des Tri-n-octylphosphinoxids (TOPO) und des Triphenylarsinoxids 
(TAsO) auf die polarographische Reduktion des Nitroathans in sauren gepufferten 
Wasser-Methanol-Losungen (pH=2,2 10% v/v in MeOH), haben wir festgestellt, 
dass das TAsO ein eigenartiges polarographisches Verhalten zeigt. Unter kleinen 
Konzentrationen wirkt es als ein starker Inhibitor; es wird jedoch gleichzeitig an der 
Hg-Tropf-Elektrode reduziert. Seine polarographische Reduktion ist bei 
Abwesenheit anderer Depolarisatoren und bei Anwesenheit von TPO 
diffusionsbedingt. 

Die beobachtete Welle des 'TAsO wurde seiner moglichen Reduktion, in 
sauren gepufferten Wasser-Methanol-Losungen (pH = 2,2), zu dem ent- 
sprechenden Triphenylarsin zugeschrieben. 

Auf Grund dieses eigenartigen Verhaltens, erschien uns sinnvoll das 
polarographische Verhalten des TAsO in Methanol-und Wasser-Methanol- 
Losungen ausfuhrlich zu untersuchen. 
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Experimentelles und Ergebnisse 

Die polarographischen Kurven wurden mit dem Polarographen "Polariter 
P04" der Firma Radiometer aufgenommen. Die Losungen, wie auch die 
polarographische Messzelle wurden bei 25•‹C thermostatiert. Die Entluftung der 
zur Messung bestimmten Losungen erfolgte durch Durchleiten von reinem 
Stickstoff (7 Minuten). Um eventuelle Konzentrationsanderungen zu vermeiden 
wurde der Stickstoff vorher durch eine thermostatierte Waschflasche geleitet, die 
jeweils die zur Messung bestimmte Losung enthielt. Das TAsO, Reinheitsgrad 
"purum" (Schmp. 195,5196" C), wurde von der Fa. Fluka A.G. bezogen. Als 
Grundelektrolyte (10" M) wurden LiCl Reinheitsgrad "purum wasserfrei" der 
Firma Merck, KC1 derselben Firma "pro analysi", (C,H,),NJ der Fa. Fluka 
Reinheitsgrad "puriss" genommen sowie die Puffer-Systeme folgender 
Zusammensetzung: 

a) HCl pH = 2,2 
b) HC1 + KC1 pH von 2,2 bis 2,45 
C) CH3COOH + 'CH,COONa pH von 4,89 bis 6,70 
d) H3B03 
e) NaOH 

t NaOH + KC1 PH von 8,3 bis 9,36 
pH = 12,9 

Abb. 1. Strom-Spannungs-Kurven von TAs0  (1.1 o-~M)  beipH2,2ingepufferten (0,Ol NHCl f 0,09N 
KCl) Wasser-Methanol-Losungen a) 10%, b) 20%, C) 40%, d) 50%, e) 80% v/v H20 
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EK(Volt vr. G K E )  - 
Abb. 2. Strom-Spannungs-Kurven von TAsO ( l . l ~ - ~  M) in gepufferten (0,05N CH3COOH + 0,05N 
CH3COONa) Wasser-Methanol-Losmgen a) 10%, b) ?O%, C) 40%, d) SO%, e) 80% v/v HzO. 

Das Methanol "puriss p.a. absolut und acetonfrei" wurde von der Fa Fluka 
A.G. bezogen. Vor jedem Gebrauch wurde es an einer Saule destilliert. Es wurde 
schliesslich die Fraktion K.p. 64,7" C (760 mmHg) verwendet, nachdem sie vorher 
fur zwei Tage uber Molekularsieben (48;) gestanden hatte. Die Molekularsiebe 
wurden immer vor ihrem Gebrauch bei 300•‹C, fur einen Tag aktiviert. 

Als Inhibitor wurde TOP0 der Firma Merck, Reinheitsgrad "zur 
Extraxionsanalyse7' genommen. 

Alle Potentialangaben beziehen sich auf die wassrige gesattigte 
KC1-Kalomel-Elektrode (G.K.E.) und bei einer Temperatur von 25•‹C. 

In Abb. 1 wird als Beispiel die Gestalt der aufgenommenen 
polarographischen Kurven des TAsO in Wasser-Methanol-Losungen und bei 
einem Wassergehalt von 10% bis 80% v/v, im Puffer-System 0,01 N HCI - 0,09 N 
KC1 (pH = 2,2 im System 80% v/v H,O) gegeben. 

Wir stellen fest, dass die Mehrzahl der oben gennanten Kurven charakteristische 
Maxima aufweisen, ausser in demFall, bei dem der Wasser-Gehalt der Losung 20% 
und 40% v/v betragt. Bei einem grosseren Wasser-Gehalt (80% v/v) haben wir zwei 



252 D. JANNAKOUDAKIS, P. MAVRIDIS, J. MARKOPOULOS 

charakteristische Maxima. Diese Reduktionswellen des TAsO sind diffusions- 
bedingt und liegen bei einem Potential-Wert von ungefahr -0,9 Volt. 

Wellen ahnlicher Gestalt mit charakteristischen Maxima bekommen wir bei 
der polarographischen Reduktion des TAsO in Wasser-Methanol-Losungen bei 
einem Wasser-Gehalt von 10% bis 80% v/v im Puffer-System 0,05N CH,COOH + 
0,05 N CH,COONa (pH = 5,09 im System 80% v/v H20). In Abb. 2 wird als 
Vergleich die Gestalt der polarographischen Wellen des TAsO im oben gennanten 
System wiedergegeben. 
In dem Fall, bei dem der Wasser-Gehalt der Losung 10% und 40% v/v entspricht, 
verschwinden die Maxima vollstandig. Bei einem hoheren Wasser-Gehalt (80% 
V/V) wird nur das zweite Maximum vollig unterdruckt. Auch diese 
Reduktionswellen des TAsO sind diffusionsbedingt und liegen bei einem 
Potential-Wert von ungefahr -1,l Volt. Diese Wellen sind also im Vergleich zu den 
entsprechenden Reduktionswellen des TAsO in sauren gepufferten Wasser- 
Methanol-Losungen (pH = 2,2) zu negativeren Potential-Werten verschoben. 
Diese Verschiebung gehorcht in befriedigender Weise der Gleichung = E" - 
0,06pH. 

Auf Grund der Tatsache, dass das TAsO in DMF-Los~ngen~-~ durch 
Aufnahme von zwei Elektronen reduziert wird, und an Hand eigener 
polarographischen Messungen im selben Losungsmittel berechneten wir den 
Diffusionskoeffizienten von TAsO in DMF und fanden den Wert D = 0,46.10-' 
cm2/s. An Hand dieses Wertes und durch Heranziehen der entsprechenden 
Viskositatskoeffizienten fanden wir fur den Diffusionskoeffizienten des TAsO in 
Wasser-Methanol-Losungen (10% v/v H20)  den Wert D = 0,47.10-' cm/s. Durch 
Einsetzen dieses Diffusionskoeffizienten in der Ilkovic-Gleichung berechneten wir 

Abb. 3. Strom-Spannungs Kurven von TAsO (1.10.~ M) in einer Wasser-Methanol-Losung von 20% 
V/V H20 bei Anwesenheit des Puffer-Systems 0,05N CF&COOH + 0,05N CH3COONa. a)  ohne 
TOPO, b) mit 0,2% TOPO. 
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die Anzahl der Elektronen und fanden, dass das TAsO in sauren gepufferten 
Wasser-Methanol-Losungen durch die Aufnahme von zwei Elektronen reduziert 
wird. 

Bei der Zugabe von TOP0 (0,2%) werden die Maxima in Abb. 2 vollig 
unterdruckt. In Abb. 3 wird als Beispiel die Wirkung des TOP06 auf die 
polarographischen Kurven des TAsO bei einem Wasser-Gehalt von 20% v/v 
dargestellt. 

- Ausser der Unterdruckung des Maximus stellen wir auch eine Verschiebung der 
Welle zu einem negativeren Potential-Wert fest. 

Bei der Untersuchung des TAsO (l.10-3 M) in Wasser-Methanol-Losungen, - immer bei einem konstanten Wasser-Gehalt (40% v/v) und bei Anwesenheit 
verschiedener Puffer-Systemen, beobachten wir eine deutliche Verschiebung der 
Reduktionswelle des TAsO zu negativeren Potential-Werten (Abb. 4) 

Abb. 4. Strom-Spannungs-Kurven von TAsO ( l . l ~ - ~  M) in Wasser-Methanol-Losungen (40% v/v 
HzO) bei Anwesenheit verschiedener Puffer-Systemen a)  pH = 1,5, b) pH=2,39, C) pH=5,93, d) 
pH=8,96, e) pH=9,36, f) pH=12,9. 

Wir stellen auch fest, dass ausser der Verschiebung des Halbstufenpotentials zu 
negativeren Potential-Werten eine deutliche Verminderung der Diffusionsstrom- 
starke der Reduktionswelle des TAsO zu beobachten ist. Bei dem pH-Wert von 
12,9 verschwindet sogar die ganze Reduktionswelle des TAsO. Diese Tatsache 
beweist, dass fur die Reduktion des TAsO in den oben genannten Systemen die 
unbedingte Anwesenheit von Protonen notig ist. 

Wenn die Anzahl der Protonen in der Losung ausreichend ist, wird der 
Depolarisator vollstandig reduziert, und deswegen behalt auch die Diffusions- 
stromstarke der Wellen im sauren Bereich einen konstanten Wert. 

Die Tatsache, dass das TAsO in sauren gepufferten Wasser-Methanol- 
Losungen durch die Aufnahme von zwei Elektronen und Protonen reduziert wird, 
wird auch durch die Untersuchung dieses Depolarisators in Methanol-Losungen in 
Anwesenheit von Benzoesaure unterstutzt. In Abb. 5 werden die polarographis- 
chen Kurven des TAsO in Methanol-Losungen bei Anwesenheit von Benzoesaure 
und mit LiCl als Grundelektrolyt dargestellt. 
Bei Anwesenheit von Benzoesaure treten charakteristische Reduktionswellen bei 
einem Halbstufenpotential von ungefahr -1,l Volt (Abb. 5 )  auf. Durch Erhohung 
der Konzentration der Benzoesaure in der Losung erscheinen polarographische 
Maxima, deren Hohe mit der Konzentration der Benzoesaure in der Losung steigt. 
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Ferner beobachten wir eine lineare Abhangigkeit der Diffusionsstromstarke von 
der Benzoesaurekonzentration. Diese Stromstarke erreicht, wie aus Abb. 5 
hervorgeht, ihren hochsten Wert in dem Fall, in dem das Verhaltnis des 
Depolarisators zur Benzoesaure 1:2 entspricht. Jedes Molekel TAsO wird also 
durch die Aufnahme von zwei Elektronen und zwei Protonen reduziert. Eine 
weitere Erhohung der Benzoesaurekonzentration ruft keine Anderung in der Hohe 
der Reduktionswellen hervor (Abb. 5, Kurve e). 

Die oben erwahnten Feststellungen werden deutlicher, wenn wir die 
elektrochemische Redaktion in Anwesenheit von TOPO (0,2%) durchfuhren, weil 
bei der Zugabe von TOPO die Wellen in eine normale Form ohne Maxima 
ubergehen (Abb. 6). 

Abb. 5. Strom-Spannungs-Kurven von TAsO (1 .10-~  M) in Methanol bei Anwesenheit von a)  5. I O - ~  M 
b) I . IO-~ M, C) 1,5.104 M, d) 2.10" M, e) 4.10" M Benzoesaure. Grundelektrolyt LiCl (10.' M). 

Wie aus Abb. 6 zu sehen ist, behalt die Diffusionsstromstarke in beiden Fallen bei 
Anwesenheit von TOPO einen konstanten Wert. Gleichzeitig ist eine 
Verschiebung der Wellen zu negativeren Potential-Werten zu bemerken. Wir 
stellen also fest, dass bei kleinen Saurekonzentrationen die Hohe der 
Reduktionswelle von der Benzoesaurekonzentration in der Losung abhangig ist; 
dagegen bei grosseren Saurekonzentrationen hangt die Hohe der Reduktionswelle 
von der Konzentration des Depolarisators ab und ist diffusionsbedingt. 
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Ferner wurden -die polarographischen Kurven des TAsO in Wasser- 
Methanol-Losungen (20% v/v H20) bei Anwesenheit von Benzoesaure und mit 
demselben Grundelektrolyten aufgenommen (Abb. 7). Wir stellen fest, dass bei 
grosseren Benzoesaurekonzentrationen als die zweifache Konzentration des 
Depolarisators keine Anderung in der Hohe der Reduktionswellen zu beobachten 
ist. 

Abb. 6. Strom-Spannungs-Kurven von TAsO ( l . l ~ - ~  M) in Methanol bei verschiedenen 
Benzoesaurekonzentrationen in Abwesenheit sowie in Anwesenheit von TOPO (O,Z%) a) 2.10.~ M 
Benzoesaure ohne TOPO, d) mit TOPO, b) 4.10" M Benzoesaure ohne TOPO, b') mit TOPO. 

Auch aus der Hohe dieser Reduktionswellen ist also zu erkennen, dass das TAsO 
durch die Aufnahme von zwei Elektronen und zwei Protonen reduziert wird. Bei 
grosseren Benzoesaurekonzentrationen ist ferner die Erscheinung einer zweiten 
Reduktionswelle bei einem Halbstufenpotential von ungefahr -1,7 Volt zu 
beobachten. Diese Welle entspricht der Wasserstoffabscheidung des Uberschusses 
der Benzoesaure in der Losung. Bei der Aufnahme der Reduktionswelle von 
Benzoesaure in Abwesenheit jedes anderen Depolarisators mit LiCl als 
Grundelektrolyt in Methanol-Losungen, sowohl bei Abwesenheit als auch bei 
Anwesenheit von Wasser (20% VIV) ist in der Tat eine deutliche Welle der 
Benzoesaure in Anwesenheit von Wasser zu erkennen, was in reinem Methanol 
nicht zu beobachten ist? Diese Wellen werden zum Vergleich in Abb. 8 
wiedergegeben. 
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Abb. 7. Strom-Spannungs-Kurven von TAsO (1.1 O3 M)in Wasser-Methanol-Losungen (20% v/vH,O) 
bei Anwesenheit von Benzoesaure verschiedener Konzentrationen a) 5.10' M, b) 1.10 M, C) 1,5.103 
M, d) 2.10" M, e) 4.103 M Benzoesaure. Grundelektrolyt LiCl (10.' M). 

Durch Vergleichen der Hohen der entsprechenden Reduktionswellen, 
sowohl in Wasser-Methanol-Losungen (20% v/v H,O) in Anwesenheit von 
Benzoesaure als auch in sauren gepufferten Wasser-Methanol-Losungen, wird 
noch einmal unsere Annahme, dass das TAsO in gepufferten Systemen durch die 
Aufnahme von zwei Elektronen und zwei Protonen reduziert wird, bestatigt. 

Diese Tatsache wird noch einmal durch die Aufnahme der Reduktionswellen 
des TAsO in Wasser-Methanol-Losungen (20% v/v H,O) bei Anwesenheit von 
KC1 als Grundelektrolyt unterstutzt (Abb. 9). 
Wir stellen wiederum fest, dass bei einer hoheren Benzoesaurekonzentration als 
die zweifache Konzentration des TAsO die Hohe der Reduktionswellen 
unverandert bleibt; sogar bei der zehnfachen Saurekonzentration als diejenige des 
Depolarisators behalt die Hohe der Wellen ihren konstanten Wert. 

Auf Grund der bisherigen polarographischen Untersuchung des TAsO, 
sowohl in sauren gepufferten Wasser-Methanol-Losungen als auch in Methanol- 
und Wasser-Methanol-Losungen in Anwesenheit von Benzoesaure ist das 
verschiedenartige polarographische Verhalten des TAsO im Gegensatz zum TOPO 
und TPO deutlich zu erkennen. Sowohl TOPO als auch TPO werden an der 
Hg-Tropf-Elektrode in den oben genannten Losungs-Systemen nicht reduziert.' 
Dieses verschiedenartige Verhalten des TAsO ist vorwiegend auf die grossere 
Polaritat der Bindung AS-0 - im Gegensatz zur Bindung P-0 -, wegen der 
geringeren p,d, uberlappung des Sauerstoffs und des Arsens, zuruckzufuhren. 
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Abb. 8. Strom-Spannungs-Kurven von Benzoesaure ( 2 . 1 ~ ~  M) in a) Methanol, b) Methanol-Losung 
(20% v/v YO). Grundelektrolyt LiCl (10.' M). 

Abb. 9. Strom-Spannungs-Kurven von TAsO ( l . l ~ - ~  M) in Methanol-Losungen (20% v/v 3 0 )  bei 
verschiedenen Benzoesaurekonzentrationen a) 2.10-3 M, b) 4.10-3 M, C) 1.10-2 M Benzoesaure. 
Grundelektrolyt KCI (10.' M). 
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Diese Tatsache hat zur Folge, dass die Bindungsenergie zwischen Arsen und 
Sauerstoff Meiner ist als diejenige zwischen Phosphor und Sauerstoff. Auf Grund 
dieser Feststellung und unserer oben erwahnten polarographischen Ergebnissen 
kommen wir zu der Behauptung, dass in Methanol- und Wasser-Methanol- 
Losungen in Anwesenheit ausreichender Protonen eine Brechung der As-0 
Bindung und eine Reduktion des TAsO zum entsprechenden Triphenylarsin nach 
dem allgemeinen Schema: 

(C6H5), ASO + 2H+ + 2e 
MeOH 

(C6H5),As + H 2 0  

stattfindet. 
In reinem Methanol mit (C,H,),NI als Grundelektrolyt, der wegen seines 

negativeren Abscheidungspotentials die mogliche Aufnahme einer Reduktions- 
welle des TAsO bei negativeren Potential-Werten als-2,0 Volt erlaubt; 
beobachten wir in Abwesenheit von Protonen die Erscheinung einer 
Reduktionswelle des Depolarisators bei einem Halbstufenpotential von ungefahr 
-2,l Volt. In Abb. 10 werden als Beispiel diese polarographischen Kurven 
wiedergegeben. . 

Abb. 10. Strom-.Spannungs-Kurven von TAsO in Methanol bei verschiedenen Konzentrationen 
a)  1.10" M,  b) 2.10-3 M TAsO. Grundelektrolyt (C,H,),NI (10.' M).  



Die Hohe dieser Reduktionswellen steigt mit der Konzentration des Depolarisators 
und ist auch diffusionsbedingt. Durch Einsetzen des von uns berechneten 
Diffusionskoeffizienten des TAsO in reinem Methanol, D =0,67.10-5 cm2/s, in die 
Ilkovic-Gleichung finden wir, dass die Zahl, der bei dieser Reduktion 
aufgenommenen Elektronen zwei ist. Diese Reduktion ist vollig verschieden von 
der bisherigen Reduktion des Depolarisators in Methanol- und Wasser- 
Methanol-Losungen in Anwesenheit von Protonen und mit LiCl und KCl als 
Grundelektrolyte. Diese Reduktionswellen entsprechen der Reduktion der 
Phenyl-Gruppe nach dem allgemeinen Schema: 

und werden auch bei anderen Arbeiten2-' in DMF-Losungen und beim 
entsprechenden Potential erwahnt. 

Um gleichzeitig beide Reduktionsarten des TAsO, sowohl der As-0 Gruppe 
als auch der Phenyl-Gruppe, polarographisch zu erfassen, haben wir die oben 
genannten Reduktionswellen in Anwesenheit von Benzoesaure aufgenommen 
(Abb. 11). 

Abb. 11. Strom-Spannungs-Kurven von TAsO ( 1 . 1 ~ ~  M) in Methanol bei Anwesenheit von 
Benzoesaure a)  ohne, b) mit 1.10 M C) 2.10-3 M, d) 4.10-3 M Benzoesaure. Grundelektrolyt (C,H5),NI 
(10.l M). 
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Wir stellen in der Tat fest, dass in Anwesenheit von Benzoesaure die Erscheinung 
von zwei Reduktionswellen des Depolarisators zu erkenner ist. Die erste 
Reduktionswelle entspricht der Reduktion des Depolarisators zum ent- 
sprechenden Triphenylarsin und liegt im erwarteten Potentialbereich. Die Hohe 
dieser Welle ist kleiner als die Hohe, die wir bei. einer zweifachen 
Benzoesaure-Konzentration - als diejenige des TAsO - erwarten wurden; das 
wird einer partiellen Aufnahme der Protonen der Saure vom (GH5)4NI 
zugeschrieben. Die zweite Reduktionswelle entspricht der Reduktion der 
Phenyl-Gruppe und erscheint auch im erwarteten Halbstufenpotential. Bei 
grosseren Benzoesaure-Konzentrationen erscheint zwischen diesen beiden Wellen 
auch eine dritte Reduktionswelle, die der Wasserstoffabscheidung der Saure 
entspricht. Wie aus Abb. 11 zu ersehen ist, kann bei hoheren Saurekonzentrationen 
die Reduktionswelle der Phenyl-Gruppe nicht deutlich ausgebildet werden; das 
beruht darauf, dass das Wasserstoffabscheidungspotential der Saure ungefahr im 
selben Potentialbereich mit dem Halbstufenpotential der Phenyl-Gruppe- 
Reduktion liegt. 

Wir kommen also zu dem Entschluss, dass das TAsO in Methanol-Losungen 
bei Abwesenheit von Protonendonatoren nicht zum Triphenylarsin reduzier wird, 
sondern nur eine Phenyl-Gruppe-Reduktion eingeht. Jedoch bei Anwesenheit von 
Protonen und mit dem entsprechenden Grundelektrolyten (GH,),NI bekommen 
wir sowohl die Reduktion zum Triphenylarsin als auch die Reduktion der 
Phenyl-Gruppe. 

Die Tatsache, dass das TAsO in Methanol- und Wasser-Methanol- 
Losungen bei Anwesenheit eines Protonendonators durch die Aufnahme von zwei 
Elektronen und zwei Protonen polarographisch zum entsprechenden 
Triphenylarsin reduziert wird, konnten wir auch durch eine Reduktion des TAsO 
auf rein chemischem. Weg beweisen. Die Reduktion wird in Methanol mit 
Natriumamalgam als Reduktionsrnittel und bei Anwesenheit von Benzoesaure 
durchgefuhrt. Die Benzoesaure wird zugesetzt um ahnliche Bedingungen wie bei 
der Polarographie herzustellen. Fur diese Reduktion wurde ein Amalgam mit 1% 
Natriums bei 601111 Hg, hergestellt. Unter standigem Ruhren und Durchleiten von 
reinem Stickstoff werden dem Amalgam mit einem speziellen Trichter tropfweise 
50ml einer Methanol-Losung, die 0,4gr TAsO und 0,6gr Benzoesaure enthalt, 
zugesetzt. Die Reaktion verlauft bei Zimmertemperatur fur eine Dauer von 
3Stunden und unter standigem Ruhren und Durchleiten von reinem Stickstoff. 
Nach Beendigung der Reaktion wird die Losung, die uber dem Quecksilber liegt, 
abgetrennt und bei 0•‹C abgekuhlt. Der bei der Kuhlung gebildete amorphe 
Niederschlag wird wiederum in reinem Methanol gelost. Die neue Losung wird 
wegen ihrer Trubung filtriert und mit verdunnter HC1-Saure der Anfangskonzent- 
ration 37% bearbeitet. Diese Bearbeitung wird unternommen um das eventuell 
gebildete Triphenylarsin, das im Wasser und HC1-Saure unloslich ist, als 
Niederschlag zu gewinnen und die Nebenprodukte in Losung zu halten. Die neue 
saure Losung, die eine grosse Trubung aufweist, wird fur zwei Tage bei 0•‹C gekuhlt. 
Die kristalline Substanz, die wir durch diese Weise bekommen, trocknen wir in 
einem Trockenexsiccator und identifizieren sie weiter. Es Wurde ein Schmelzpunkt 
von 59•‹C gefunden. Dieser Schmelzpunkt stimmt mit dem Schmelzpunkt von 
Triphenylarsin vollig uberein (58-59" C).9 Auch durch die vergleichende 
Aufnahme der IR-Spektren in Nujol, sowohl dieser Substanz als auch des 
Triphenylarsins, konnten wir deutlich diese Substanz in der Tat als Triphenylarsin 
identifizieren. 
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AbStract 
Polarographic behavior of Triphenylarsinoxide in water-methanol and 

methanol solutions. 
The polarographic behavior of triphenylarsinoxide (TAsO) is studied in 

water-methanol solutions in the presence and absence of proton donors. 
It is proved that TAsO is reduced to the corresponding triphenylarsine in 

acidic buffer water-methanol solutions as well as in methanol solutions, by taking 
up two electrons and two protons, in presence of benzoic acid. 

It is established the different polarographic behavior of TAsO in methanol 
solutions in the absence of proton donors. In that case, the depolarizer is reduced, 
by taking up two eletrons, to an anion by splitting off a phenyl group from the 
molecule. 

The polarographic reduction of TAsO in the presence of proton donors andin 
water-methanol and methanol solutions to the correpsonding arsine was verified by 
chemical means. So, infrared spectroscopic analysis of the obtained product from 
the reduction of TAsO in methanol using sodium amalgam as a reducing agent was 
identified as triphenylarsine. 

Key words: Polarography, triphenylarsinoxide, triphenylarsine, half-wave potential, ihnibition, 
electroreduction. 

Abbreviations: TAsO: Triphenylarsinoxid. TPO: Triphenylphosphinoxid. TOPO: Tri-n- 
octylphosphinoxide. GKE: Gesattigte Kalomel Elektrode. 
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POLAROGRAPHISCHES VERHALTEN VON TRIPHENYLARSINO- 
XID UND BENZOESAURE IN DIMETHYLSULFOXID, DIMETHYL- 
FORMAMID UND DEREN GEMISCHEN MIT WASSER 

D. JANNAKOUDAKIS, J. MARKOPOULOS und P. G. MAVRIDIS 
Physikalisch-Chemisches Laboratorium der Universitat Thessaloniki 
(Erhalten am 3 November 1975) 

Zusammenfassung 

Es wurde das polarographische Verhalten des Systems Triphenylarsinoxid 
(TAs0)-Benzoesaure in DMSO - und DMF-Losungen bei Anwesenheit und Abwesenheit 
von Wasser untersucht. 

Es wurde ein ahnliches polarographisches Verhalten des TAsO in diesen beiden 
Losungsmitteln festgestellt. Sowohl in DMSO- als auch in DMF-Losungen konnte eine 
Reduktion des oben genannten Depolarisators zum entsprechenden Triphenylarsin nicht 
festgestellt werden. In diesem Fall wird das TAsO durch die Aufnahme von zwei Elektronen 
und die Abspaltung einer Phenylgruppe zum entsprechenden Anion reduziert. 

Die Zugabe von Wasser, sowohl in DMSO als auch in DMF, erleichtert nur diese 
Reduktion des Depolarisators und ruft eine kleine Verschiebung der Reduktionswellen zu 
positiveren Potentialwerten hervor. 

Es wurde ferner bewiesen, dass die Benzoesaure in den oben genannten 
Losungsmitteln nicht zu einer Reduktion des TAsO zum Triphenylarsin fuhren kann; in 
diesem Fall haben wir die Erscheinung von zwei Reduktionswellen. Die erste Welle 
entspricht der Wasserstoffabscheidung der Saure, was durch die Aufnahme der 
polarographischen Wellen der Benzoesaure bei Abwesenheit jedes anderen Depolarisators 
bewiesen wurde. Die zweite Reduktionswelle entspricht der Reduktion des TAsO zum 
entsprechenden Anion und erscheint im erwarteten Potentialbereich. 

Einleitung 

In einer fruheren Arbeit1 haben wir festgestellt, dass das Triphenylarsinoxid 
(TAsO), sowohl in sauren gepufferten Wasser-Methanol-Losungen als auch in 
Methanol- und Wasser-Methanol-Losungen bei Anwesenheit von Benzoesaure, 
polarographisch zum entsprechenden Triphenylarsin bei einem Potentialwert von 
ungefahr -1 Volt reduziert wird. 

MeOH 
(C,H,),AsO + 2H' + 2e 5- (C6H5)& 0 + HsO (1) 

Diese Tatsache konnten wir auch durch eine Reduktion des TAsO auf rein 
chemischem Weg beweisen. Die Reduktion des TAsO zum Triphenylarsin wurde 
fast quantitativ mit Natriumamalgam als Reduktionsmittel und bei ahnlichen 
Bedingungen wie bei der Polarographie durchgefuhrt. 

Es wurde ferner bewiesen, dass bei Abwesenheit von Protonendonatoren in 
Methanol-Losungen keine Reduktion des TAsO zum Triphenylarsin stattfindet. In 
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diesem Fall wird der oben genannte Depolarisator bei viel negativeren 
Potentialwerten, von ungefahr -2,l Volt, durch die Aufnahme von zwei Elektronen 
und die Abspaltung einer Phenylgruppe zum entsprechenden Anion nach dem 
allgemeinen Schema: 

MeOH 
(C6H5)&0 + 2e -(C6H,),AsO- + C6H5- (11) 

reduziert. 
Um den Einfluss des Losungsmittels und der Benzoesaure auf die 

elektrochemische Reduktion des TAsO festzustellen, erschien uns sinnvoll im 
Rahmen dieser Arbeit das polarographische Verhalten des Systems TAsO- 
Benzoesaure in DMSO- und DMF-Losungen bei Anwesenheit und Abwesenheit 
von Wasser zu untersuchen. 

Experimentelles und Ergebnisse 

Der experimentelle Teil dieser Untersuchung wird in einer vorigen Arbeit1 
ausfuhrlich beschrieben. 

Das Dimethylsulfoxid (DMSO), Reinheitsgrad "zur Synthese", wurde von 
der Firma Merck bezogen. Vor seinem Gebrauch wurde es am Ruckfluss 8 Stunden 
lang uber Calciumoxid erhitzt und an einer Saule unter Vakuum destilliert. Es 
wurde schliesslich die Fraktion K.p. 60•‹C (5mmHg) verwendet. 

Das Dimethylformamid (DMF) Reinheitsgrad "RPE" der Fa. Carlo Erba 
wurde vor jedem Gebrauch an einer Saule unter Vakuum destilliert. Es wurde 

Abb. 1. Strom- Spannungs- Kurven von TAsO in DMSO a) 5 . 1 0  4M, b) 1 .  10JM, C) 1,5. IOjM, d) 
2 .  10JM, e)  3. 103M TAsO. Grundelektrolyt (C,H,), NI (10-'M). 
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schliesslich die Fraktion K.p. 51,5"C verwendet, nachdem es vorher fur zwei Tage 
uber aktivierte Molekularsiebe (4 A) gestanden hatte. 

Alle Messungen wurden bei einer Temperatur von 25•‹C durchgefuhrt. 
In Abb. 1 werden die polarographischen Kurven des TAsO in DMSO mit 

(GH,),NI als Grundelektrolyten und bei verschiedenen Depolarisatorkonzen- 
trationen wiedergegeben. 

Wir stellen fest, dass das Halbstufenpotential der Reduktionswellen ungefahr 
bei einem Wert von -2,3 Volt liegt. Die Reduktion des TAsO in DMSO findet also, 
im Vergleich zu seiner Reduktion in sauren gepufferten Methanol-Losungen, bei 
viel negativeren Potentialwerten statt. Das Reduktionspotential des TAsO in 
DMSO liegt wiederum sehr nah am entsprechenden Reduktionspotential des 
Depolarisators in Methanol-Losungen bei Abwesenheit von Protonendonatoren 
(Gl. 11). Wir kommen also zu dem Entschluss, dass in diesem Fall das TAsO nicht 
zum entsprechenden Triphenylarsin reduziert wird, sondern eine 2e-Reduktion 
zum entsprechenden Anion nach Gleichung I1 eingeht. 

Die Tatsache, dass das TAsO in DMSO-Losungen durch die Aufnahme von 
zwei Elektronen reduziert wird, geht auch aus der Ilkovic-Gleichung hervor. Auf 
Grund des Diffusionskoeffizienten des TAsO in Methanol1 und der 
entsprechenden Viskositatskoeffizienten finden wir, dass der Diffusionskoeffizient 
des TAsO in DMSO den Wert D = 0,19 . 10-5cm2/s haben muss. Mit diesen Wert 
und auf Grund unserer polarographischen Angaben berechneten wir die Zahl der 
aufgenommenen Elektronen bei der Reduktion des TAsO in DMSO und fanden 
den Wert n = 2. 

Die Hohe der Reduktionswellen (Abb. 1) steigt mit der Konzentration des 
Depolarisators und ist vollig diffusionsbedingt. In Abb. 2 wird die Abhangigkeit der 
Stromstarke dieser Wellen von der Konzentration des Depolarisators 
wiedergegeben. 

Abb. 2. Abhangigkeit der Diffusionsstromtarke von der Konzentration des TAsO in DMSO. 



Die Zugabe von Wasser in DMSO-ruft nur eine kleine Verschiebung dieser 
Wellen zu positiveren Potentialwerten hervor. In Abb. 3 werden als Beispiel die 
Reduktionswellen des TAsO (1 .104M) in DMSO bei Abwesenheit und 
Anwesenheit von Wasser wiedergegeben. 

Abb. 3 .  Strom-Spannungs-Kurven von TAsO ( 1 .  I O - ~ M )  in DMSO-Losungen bei Abwesenheit und 
Anwesenheit von Wassera) 100% DMSO, b) 20% V/V 3 0 ,  C) 40% v/v 30. Grundelektrolyt (C,H,), 
NI (10.'M). 

Abb. 4. Strom-S~annungs-Kurven von TAsO (1. I O - ~ M )  in DMSO bei Anwesenheit von Benzoesaure 
verchiedener ~ckzentrationen a) l.lO.", b)'1,5.-10"~, C) 2 .  103M Benzoesaure. Grundelektrolyt 
(C2HJ4 V1 (10-'M). 
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Wir stellen fest, dass die Reduktion des TAsO bei einem negativeren 
Potentialwert als -2 Volt stattfindet. Die Verschiebung der Wellen, bei 
Anwesenheit von Wasser zu positiveren Potentialwerten beruht auf der 
Verminderung der inhibierenden Wirkung des Losungsmittels2 bei steigendem 
Wasser-Gehalt der Losung. Diese inhibierende Wirkung des organischen 
Losugsmittels ist um so kleiner je kleiner die Losungsmittelkonzentration in der 
Losung ist. Die Zugabe also von Wasser erleichtert nur die Reduktion des TAsO 
gemass Gleichung 11. 

Bei Anwesenheit von Benzoesaure, immer bei konstanter TAsO- 
Konzentration, stellen wir in DMSO die Bildung von zwei Reduktionswellen fest. 
Die Hohe der ersten Welle ist proportional der Benzoesaurekonzentration in der 
Losung, die Hohe jedoch der zweiten Welle behalt, in befriedigender weise, einen 
konstanten Wert (Abb. 4). 
Die zweite Reduktionswelle enspricht also der Reduktion des TAsO zum 
entsprechenden Anion (Gl. 11) und erscheint im erwarteten Potentialbereich. Die 
erste Reduktionswelle dagegen entspricht der Wasserstoffabscheidung der 
Benzoesaure, was auch in der Tat bei der Aufnahme der polarographischen Kurven 
von TAsO verschiedener Konzentrationen und bei Anwesenheit von Benzoesaure 
konstanter Konzentration zu sehen ist (Abb. 5). 

Abb. 5. Strom-Spannungs-Kurven von TAsOin DMSO bei Anwesenheit von Benzoesaure konstanter 
Konzentration (1 .1 03M) a) 5 - 10aM, b) 1 - 10"M, C) 2.10"M TAsO. Grundelektrolyt (C,H,), NI 
(10 'M). 
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Wir stellen in der Tat fest, dass die Hohe der ersten Reduktionswelle konstant 
bleibt, und dass die Hohe der zweiten Welle mit der TAsO-Konzentration in der 
Losung proportional steigt. 

Dass die erste Reduktionswelle, bei einen Potentialwert von ungefahr -2,l 
Volt, tatsachlich der Wasserstoffabscheidung der Saure entspricht, wurde auch 
durch die Aufnahme der polarographischen Wellen der Benzoesaure bei 
Abwesenheit jedes anderen Depolarisators und mit (GH,), NI als Grundelektrolyt 
bewiesen (Abb. 6.). 

Abb. 6.  Strom-Spannungs-Kurven von Benzoesaurein DMSOa) 1 . 1 0 - 3 ~ ,  b) 1 . 5 . 1 0 " ~ ,  C) 2 .  104M, d) 
4.10"M Benzoesaure. Grundelektrolyt (C,H,), NI (10.' M). 

Wir stellen fest, dass die Hole der Reduktionswellen mit der Konzentration der 
Saure steigt; die Hohe dieser Wellen ist in befriedigender Weise diffusionsbedingt. 

Auf Grund der bisherigen Messungen kommen wir also zu dem Entschluss, 
dass die Benzoesaure in DMSO-Losungen nicht zu einer Reduktion des TAsO zum 
Triphenylarsin fuhren kann; im Potentialbereich von ungefahr -1 Volt wurde bei 
Anwesenheit von Benzoesaure keine Welle, die der Reduktion zum Triphenylarsin 
entsprechen wurde, festgestellt. 

Es wurde weiter das polarographische Verhalten von TAsO und 
Benzoesaure in DMF-Losungen mit (C&), NI als Grundelektrolyt untersucht. 

In Abb. 7 werden als Beispiel die polarographischen Kurven des TAsO in 
DMF mit (GH,), NI als Grundelektrolyt und bei verschiedenen Depolarisatorkon- 
zentrationen wiedergegeben. 
Wir stellen fest, dass die Hohe der Wellen proportional mit der TAsO- 
Konzentration in der Losung steigt. 



Abb. 7. Strom-Spannungs-Kurven von TAsO verschiedener Konzentrationen in DMFa) 5 .  104M, b) 
I .10-", C) 2 .10"M TAsO. Grundelektrolyt (C,H,), NI (10-'M). 

Das Halbstufenpotential dieser Wellen, ungefahr bei einem Wert von -2,3 
Volt, stimmt in befriedigender Weise mit dem von H. Matschiner, A. Tzschach und 
A. Steinert3 angegebenen Reduktionspotential des TAsO im selben Losungsmittel 
uberein (-2,330 Volt). Wie schon erwahnt, wurden in DMSO mit demselben 
Grundelektrolyten ahnliche Reduktionswellen des TAsO ungefahr beim selben 
Potential festgestellt. 

Auf Grund der Literat~rangaben~.~ und unserer eigenen Messungen 
kommen wir zum Entschluss, dass die Reduktion des TAsO in DMF durch die 
Aufnahme von zwei Elektronen gemass Gleichung I1 stattfindet. In diesem Fall 
betragt der Diffusionskoeffizient des TAsO in DMF 0,46.10'5cm2/s. 

Bei Anwesenheit von Benzoesaure und immer bei derselben TAsO- 
Konzentration stellen wir in DMF die Bildung von zwei Reduktionswellen fest, was 
auch in DMSO-Losungen der Fall war (Abb. 8.). 

Auch in diesem Fall entspricht die zweite Welle der Reduktion der Phenyl-Gruppe 
(Gl. 11), was auch bei den entsprechenden ReduktionsweIlen in DMSO festgestellt 
wurde, und erscheint auch im erwarteten Potentialbereich. Die erste 
Reduktionswelle entspricht auch in diesem Fall der Wasserstoffabscheidung der 
Benzoesaure, was wiederum durch die Aufnahme der polarographischen Kurven 
von TAsO verschiedener Konzentrationen und bei Anwesenheit von Benzoesaure 
konstanter Konzentration bewiesen wird (Abb. 9). 

Wir stellen fest, dass die Hohe der ersten Welle konstant bleibt, und dass die Hohe 
der zweiten Reduktionswelle mit der TAsO-Konzentration in der Losung 
proportional steigt. 
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Abb. 8. Strom-Spannugs-Kurven von TAsO ( 1 .  103M) in DMF bei Anwesenheit von Benzoesaure 
verschiedener Konzentrationen a) 1 . 10JM, b) 1,5. 10-3M, C) 2.10"M Benzoesaure. Grundelektrolyt 
(C2H5)4 NI (10-'M). 

Abb. 9. Strom-Spannungs-Kurven von TAsO in DMF bei Anwesenheit von Benzoesaure konstanter 
Konzentration (1 .103M) a)5. 10-4M, b) 1 . 104M, C )  2 .  10-3M TAsO. Grundelektrolyt (C,H,), NI 
(lO-'M). 
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Die Aufnahme der polarographischen Wellen der Benzoesaure bei 
Abwesenheit jedes anderen Depolarisators und mit (GH,), MI als Grundelektroly- 
ten ist auch ein Beweis dafur, dass die erste Reduktionswelle in Abb. 9, bei einem 
Potentialwert von ungefahr -2,l Volt, der Wasserstoffabscheidung der Saure 
entrspricht (Abb. 10). 

Abb. 10. Strom-Spannungs-Kurven von Benzoesaure in DA@ a) 1,5.10aM, b) 2 .  m3M, C) 4. 10JM 
Benzoesaure, Grundelektrolyt (C,H,), NI (10-'M). 

Wir stellen fest, dass die Hohe der Wellen mit der Konzentration der Saure steigt; 
die Hohe der Reduktionswellen ist in befriedigender Weise diffusionsbedingt. 

Auch auf Grund dieser Messungen konnen wir also behaupten, dass die 
Benzoesaure in DMF-Losungen, ahnlich wie in DMSO-Losungen, nicht zu einer 
Reduktion des TAsO zum Triphenylarsin fuhren kann. 

Die Zugabe von Wasser in DMF ruft auch in diesem Fall, ahnlich wie beim 
DMSO, nur eine kleine Verschiebung der Reduktionswellen zu positiveren 
Potentialwerten (Abb. 11). 

Die Reduktion des TAsO findet also weiterhin bei einem negativeren Potentialwert 
als -2 Volt statt. Die Zugabe von Wasser erleichtert nur die Reduktion des TAsO 
zum entsprechenden Anion (Gl. 11), was auch in den entsprechenden 
Wasser-DMSO-Losungen festgestellt wurde. 
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Abb. 11. Strom-Spannugs-Kurven von TAsO (1 .1 U3M) in DMF-Losungen bei Abwesenheit und 
Anwesenheit von Wassera) 100% DMF, b) 20% v/v Y O ,  C) 40% v/v Y O .  Grundelektrolyt (C,H,), NI 
(1 O-lM). 

Abstract: 

Polarographic behavior of triphenylarsinoxide and of benzoic acidin DMSO, 
DMF and in their aqueous mixtures. 

The polarographic behavior of the System triphenylarsinoxide (TAs0)- 
benzoic acid is studied in DMSO and DMF solutions in the presence or absence of 
water. - 

A similar behavior of TAsO in these two solvents is observed. No reduction of 
the depolarizer in question to the corresponding triphenylarsine in DMSO as well as 
in DMF solutions has been detected. In that case the depolarizer is reduced to an 
anion, by taking up two electrons through splitting of a phenyl group from the 
molecule. 

The addition of water into DMSO as well as DMF simply facilitates the above 
reduction of the depolarizer and causes a shift of the polarographic waves to more 
positive potentials. 

It is further proved, that in the presence of benzoic acid in the above Systems, 
no reduction of TAsO to the corresponding triphenylarsine takes place; in that case 
two reduction waves are observed. The first wave corresponds to the acid hydrogen 
deposition, which was proved by taking the polarographic waves of benzoic acid in 
the absence of any other depolarizer. The second wave refers to the reduction of 
TAsO to the corresponding anion and it is observed at the potential expected. 

Key words: Polarographie, triphenylarsinixide, benzoic acid, triphenylarsine, half-wave 
potentiel, electroreduction. 

Abbreviations: TAsO: Triphenylarsinoxid. GKE: Gesattigte Kalomel Elektrode. DMSO: 
Dimethylsulfoxid. DMF: Dirnethylformarnid. 
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Summary 

Thermal degradation of petroleum asphaltenes, or of chlorinated petroleum 
asphaltenes, in the presence of chlorine, affords significant amounts of carbon tetrachloride, 
hexachlorobenzene and other low molecular weight chlorinated hydrocarbons. 

Introduction 

The traditional uses of petroleum involve the production of a variety of grades 
of fuels and the derivation of chemicals fro& the oil during the refining operation. 
However, with the onset of the present "energy crisis," refinery operators are, of 
necessity, having to produce higher yields of gasolines and fuel oils at the expense of 
the petrochemicals, and it is quite conceivable that at some time in the future, a 
shortage of the chemicals normally derived from petroleum could become evident. 
In previous communications from these labaratories, we have indicated how the 
macrostructure of a petroleum asphaltene may be modified by simple chemical 
conversions such as oxidati~n,'.~ sulphonation and sulphomethylati~n,~ 
hal~genat ion~,~,~ and phosphorylation6 to mention only a few. The resulting 
products, in which the macrostructure of the asphaltene has gmerally been 
preserved, will be tested for a variety of uses, but, to date, our main tests have 
centred around the sulphonated and sulphomethylated materials and their 
derivatives which have satisfactorily undergone tests for drilling mud thinners 
giving results comparable to those obtained with commerical thinners6 In addition, 
the ability of these materials to lower surface tension in aqueous solution indicates 
that these compounds may also find use as emulsifiers for the in situ recovery of the 
Athabasca b i t ~ r n e n . ~ ~ ~  In fact, variations on this theme are multiple. 

We now report preliminary investigations into the more complete 
degradation of asphaltenes to well-defined low molecular weight materials through 
the agency of high temperatures. More particularly, we describe the formation of 
low molecular weight chlorinated materials, including carbon tetrachloride, by 
chlorinolysis using a simple flow pyrolysis technique. We briefly note here that 
carbon tetrachloride is usually produced by chlorination of methane or carbon 
disulphideg* and that, at the beginning of the decade, use of carbon tetrachloride in 
Canada exceeded thirty-five million pounds* * annually.'O We are therefore of the 

* In the present circumstances, the authors consider this to be the wasteful use of a good fuel gas 
and of a good solvent. 
* *  1 pound = 0.4536 kg 
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opinion that alternate routes to materials of this type would be beneficial, especially 
when the precursor (asphaltenes) is considered useless (except as an on-site fuel) by 
many workers. Thus, the present communication relates to the role of petroleum 
asphaltenes as a raw petrochemical feedstock from which attempts to produce 
significant yields of well-defined chemicals are described. 

Experimental 

Asphaltenes were separated from Athabasca and chlorinated with elemental 
chlorine by procedures which have been described previi~usly.~,~~ Athabasca 
asphaltenes (5 g) were also chlorinated in a fluidized bed by passage of chlorine gas 
(50 to 70 cc/min) at room temperature for 2 hours. Initially the reaction was 
exothermic and precautions to control overheating were necessary. After passage 
of air to expel excess chlorine gas, the material was dried to constant weight in 
vacuo, and yielded 6.908 of a product containing 28.1% w/w of organically - bound 
chlorine. The asphaltenes (C, 79.7%; H, 8.1%; N, 1.2%; 0,3.5%; S, 7.5%) and the 
chloro-asphaltenes (C, 52.9%; H, 5.0%; N, 0.6%; 0 ,  1.8%; S, 5.0%; Cl,  34.7%) 
were pyrolyzed in a conventional flow system at specified temperatures either in an 
atmosphere of dry nitrogen (150 ml/min) or chlorine (150 ml/min) until no further 
volatile material appeared to be evolved from the residue. Volatile products were 
collected in a series of traps maintained at room temperature, O0C, and -78•‹C: After 
removal of chlorine, product compositions were estimated by gas-liquid 
chromatography and mass spectroscopy. Pyrolysis-gas chromatography was carried 
out by inserting the sample into a pyrolyzer attached to a Varian Aerograph gas 
chromatograph. The temperature of the pyrolyzer was raised from ambient to 
500•‹C over 30 minutes and the products determined in the usual manner by 
comparison of the retention times with those of known materials. 

Results 

Exporatory experiments using a pyrolysis-gas chromatographic technique 
produced a variety of interesting well-defined products. Thus, thermal degradation 
of Athabasca asphaltenes resulted in the production of a considerable amount of 
gaseous material which contained minor amounts of hydrogen and carbon 
monoxide with some sulphur dioxide and carbon dioxide as the non-hydrocarbon 
material. The aliphatic hydrocarbon products ranged from methane to nonane as 
well as substantial amounts of isobutane; aromatics such as benzene, toluene, 
ethylbenzene and higher methylated benzenes were also present together-with 
considerable amounts of ethylene. Pyrolysis of the chloro-asphaltenes under similar 
conditions also produced these same products, but in overall lesser quantities as 
significant proportions of olefins higher in the series than ethylene (propene to 
hexenes) were also present in the product mix. There was also some evidence of 

- chloro-carbon formation insofar as methyl chloride, propyl chloride and butyl 
chloride occurred as trace amounts in the gaseous mix: Thermolysis of the 
asphaltenes and chloro-asphaltenes in an atmosphere of nitrogen in a silica tube 
afforded similar results. Again, normal paraffins (to C,,) were identified as the 
major products with, in the case of the chloromaterial, lesser amounts of olefins 
having up to eight carbon atoms per molecule; naphthalene and hexachlorobenzene 
were also identified as products of these reactions (Table I). 

The thermal degradation of Athabasca asphaltenes and chloroasphaltenes in 
the presence of chlorine were also of interest insofar as the major identifiable 
product of the reactions was carbon tetrachloride (Table 11). Thus, thermal 
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degradation of the asphaltenes in the presence of chlorine in a simple flow system 
produced a solid residue and a liquid product mix containing liquid chloro-carbons 
from carbon tetrachloride to chlorobutanes, which could be separated by 
distillation in vacuo, and a solid which collected in the colder parts of the pyrolysis 
tube. Mass spectroscopic analysis indicated the major component (>60%) of the 
residue to be tetrachloronaphthalene(s). Thermal degradation of the chloro- 
asphaltenes under similar conditions also yielded a solid residue and a liquid 
product mix which again contained substantial amounts of carbon tetrachloride, 
and othex low boiling chlorocarbons up to the chlorobutanes. As before, a solid 
product was also isolated, which was shown by mass and infrared spectroscopy to be 
substantially pure (ca 80%) hexacklorobenzene. 

Discussion 

The results indicate that it is indeed possible to produce, and identify, 
well-defined compounds by thermal degradation of petroleum asphaltenes. It is 
worthy of comment at this point that whilst considerable portions of n-paraffins 
were produced during each pyrolysis, we do not feel that it is possible at this stage to 
comment on their exact mode of formation. We also note that, without exception, 
isobutane formation accompanied n-paraffin production, and we hope to elucidate 
the mechanisms by which there materials are produced by further work. We 
presume that free radical intermediates are involved as we havc previously noted12 
that thermal degradation of chemicallyreduced asphaltenes affords higher yields of 
the lower molecular weight peraffins with a corresponding decrease in the higher 
molecular weight material. 

Thermal degradation in the presence of chlorine afforded easily identifiable 
products. The production of carbon tetrachloride is most noteworthy as it perhaps 
affords an laternate route to this valuable chemical from what has been considered 
as undesirable materials by many in the industry. It also affords a use of the material 
precipitated during the deasphalting process when metal chlorides are employed as 
the precipitating agents.13 Carbon tetrachloride has also been produced during the 
chlorinolysis of coa114,15 and whilst the chlorinolysis of petroleum asphaltenes has 
been reported to produce hexachlorobenzene,16 we are of the opinion that the 
conditions employed were not conducive to the detection of carbon tetrachloride 
and the like. 

The formation of tetrachloronaphthalene(s) during the thermal degradation 
may at first seem surprising but, a f t e~  due .consideration, explanations can be 
offered. The formation of naphthalene during the pyrolysis of a wide variety of 
aromatic, aliphatic and carbonaceous materials has been established in our 
laboratories,17 and one may assume formation of the tetrachloronaphthalene(s) by 
either of the following routes: 

A asphaltenes + 1.chlorine addition 
2. A,-HCl 

C1 C1 

C1 
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TABLE I. Thermal degradation of asphaltenes in nitrogen 

Products, w/w % of C Residue 
Temp. 

Material ("C) n-Paraffins* Oil Olefins Other* (w/w%) (%Cl) 

Asphaltenes 350 
(untreated) 
Asphaltenes 350 

(chloro) 
Asphaltenes 500 
(untreated) 
Asphaltenes 500 

(chloro) 
Asphaltenes 750 
(untreated) 
Asphaltenes 750 

(chloro) 

3 38 trace naphthalene, 42 0 
2 

1 23 ca 0.5 hexachloro- 58 12 
benzene, 2 

5 .  40 trace naphthalene, r, 41 0 
L 

2 25 1 hexachloro- 54 10 
benzene, 2 

9 39 trace naphthalene, 39 0 
2 - 

5 24 3 hexachloro- 51 9 
benzene, 3 

* Up to, and including CI2 
* *  Identified by mass spectroscopy 

TABLE 11. Thermal degradation of asphaltenes in chlorine 

Products w/w % of C Residue 
Temp. 

Material ("C) CC1, Oil Other (w/w%) (%Cl) 

Asphaltenes 350 5 26 tetrachloronaphthalene*, 2 54 17 
(untreated) 
Asphaltenes 350 6 23 hexachlorobenzene**, 3 72 31 

(chloro) 
Asphaltenes 500 8 25 tetrachloronaphthalene*, 3 52 16 
(untreated) 
Asphaltenes 500 10 21 hexachlorobenzene* *, 4 70 3 1 

(chloro) 
Asphaltenes 750 10 20 tetrachloronaphthalene*, 4 50 14 
(untreated) 
Asphaltenes 750 12 22 hexachloronzene*", 4 68 28 

(chloro) 

* Identified by mass spectroscopy 
* *  Identified by mass and infrared spectroscopy 

If the mechanisms of formation of hexachlorobenzene and the tetrach- 
loronaphthalene(s) involve similar pathways, the absence of any trichloroben- 
zene(s), tetrachlorobenzene(w) and other partially chlorinated benzenes in the 
hexachlorobenzene mix would tend to lend evidence to the occurrence of the four 
chlorine atoms in one ring. 

Finally, we note that, even after correction for chlorine content, the presence 
of chlorine in the starting material or during the thermal degradation markedly 
increased the amount of residue. rresumably, the chlorine acts as a coupling agent 
and, hence, assists coke formation. Further work is proceeding when we hope to 
produce some indication of the mechanism of these reactions which hopefully will 
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lead to a better understanding of the processes involved and allow us to 
substantialIy increase the yields of the various products. In this latter respect we 
particularly look to reactions involving the use of higher pressures. 

We thank Syncrude Canada Ltd. for gifts of dry bitumen. 
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