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ABSTRACT

On January 4, 2000 Professor Clifford 4. Bunton will celebrate

his 80th birthday, over fifty years of contributions to mechan-
tetie organic chemisitry and more than thirty years of work on

the structure and reactivity of micelles and other association
colloide. He obtained the B.Sc. Degree in Chemistry from Uni-
versity College, London in 1841 and the Ph.D. Degree in mechan-—
istie organic chemistry from the same institution in 1944, He
remained there as Lecturer and Reader until 1963, when he joined
the faculty of the University of California, Santa Barbara,where
he is at the present an Emeritus Professor. Professor C.A. Bunton's
research work centers on physical organic chemistry of carboxylate
and phosphate ester hydrolysis, micellar catalysis, kinetic
isotope effects and reactions of ferrocenyl carbocations. He had
a Large number of students and collaborators from all continents
and all corners of the globe and published hundwveds of scientific
works.

RESUMO

No dia ¢4 de Janeiro de 2000 o Prof. Dr. Clifford A. Bunton vai
celebrar seu octagesimo anzversarzo, _Junto commats de cinquenta
anos de contribuigdes na quimica organica e mais de trinta anos
de trabalho sobre a reatividade e estrutura de micelas e outros
coloides de assoeiagao. Ele obteve o titulo de B.Sc. em Quimica
no University College, Universidade de Londres em 1941 e o Ph.D.
em Quimica Organzca Mecanistica na mesma instituigao em 1944.
Ocupou os cargos de Lecturer e Reader na mesma universidade até
1963 quando foi para a Universidade da California, Santa Barbara
como Professor Titular e onde ainda segue desempenhando as suas
atividades na presente data como Professor Emeritus. 0 trabalho
de pesqutsa do Prof. Dr. C.A. Bunton se concentra na fisico-
quimica organica da hidrdlise de ésteres de ecarboxzilato e fosfato,
catalise micelar, efeitos cinéticos isotdpicos e _reagoes de
carbocations de ferrocenila. Ele contou com um nimero grande de
estudantes e colaboradores de todos os continentes e todos os
cantos do globo terrestre e publicou centernas de trabalhos
citentificos.

KEYWORDS History of Chemistry, Carboxylate and Phosphate
Ester Hydrolysis, Micellar Catalysis, Isotope
Effects, Mechanistic Organic Chemistry
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Professor Clifford A. Bunton was born on January 4, 1920
in England.

He obtained the Bachelor of Science Degree in Chemistry
from University College, London, where he had various distin-
guished teachers, among them E.D. Hughes and C.K. Ingold. In
1944 he earned his Doctor of Philosophy Degree in Mechanistic
Organic Chemistry from the same institution.

Dr. Bunton remained at University College, London as
Lecturer and Reader until 1963. During parts of 1961 and 1963,
he occupied positions as Visiting Lecturer at the University
of California at Los Angeles and Visiting Professor at the Uni-
versity of Toronto, Ontario, Canada.

In 1963 he joined the faculty of the Chemistry Department
of the Unijversity of California, Santa Barbara as Full Professor,
a position that he held until his official retirement on May 26,
1990. On that occasion, he was honored by friends, former
students and associates with a symposium entitled "Quantitative
Treatment of Organic Reactions in Solution™ that included very
distinguished invited speakers, among them Joe Bunnett{(Univer-
sity of California, Santa Cruz), Janos Fendler (Syracuse),

Keith Inglod (NRC, Ottawa), Fred lenger (Emory University,
Atlanta, Georgia), Larry Romsted (Rutgers University,Piscataway,
N.J.) and Jack Shiner (University of Indiana, Bloomington).

His formal retirement in no way hindered his scientific investi-
gations and he continues to be very active in research as an
Emeritus Professor.

During his 27-year tenure as Professor at the University of
California, Santa Barbara, Dr. Bunton participated of a wide
number of committees at the departmental, university, state and
national Tevels. He was a member of the Graduate Committee,
Building, Storeroom, General Education, Science and Engineering
Library and Educational Policy Committees. He served as Chairman

of the Science Policy Committee for the University of Chile/Uni-
versity of California Cooperative Program for many years. From
1967 to 1972, Dr. C. A. Bunton served as Chairman of the Chemistry

Department. Together with Professors Bruce Rickborn, Glyn 0.
Pritchard and Thomas C. Bruice, he may be considered as one of
the pillars of the Chemistry Department of the University of
California, Santa Barbara. :

In recognition of his outstanding research, he was named
UCSB Faculty Research Lecturer. He has been the recipient of
numerous fellowships and plenary lectureships. Dr. Bunton is a
member of the Chemical Society (London), Institute of Chemistry
and the American Chemical Society. He served as referee and was
part of the Editorial Board of many journals throughout the
world and also acted as referee for the Petroleum Research Fund
and most Federal Granting Agencies.

Professor C.A. Bunton's research work centers on the
physical organic chemistry of carboxylic esters and phosphate
ester hydrolysis, micellar catalysis and reaction of ferroceny]
carbocations. He has a continuing interest in models for bio-
logical reactions, mechanisms of oxidation and the use of
isotope tracers in the study of reaction mechanisms.
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PROFESSOR DR. CLIFFORD A. BUNTON

His work on micellar catalyzed reactions provides a
glimpse into the approaches that he has taken in terms of
scientific investigations during a period of continuous effort
that spans more than half a century.

Micelles were used as models for a variety of interfaces
from membranes to enzyme active sites. His early work explored
the effect of micelles on a wide range of reactions including
spontaneous decarboxylations, acid catalyzed acetal hydrolysis,
the benzidine rearrangement and aromatic nucleophilic substi-
tutuion besides reactions of carboxylate and phosphate esters.

Later, Professor C.A. Bunton worked on kinetic models
that led to quantitative interpretations of micellar effects
on rates and equilibria and on probes of micelle structure that
led to a better understanding of the aqueous interface.
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On the more practical side, he opened the pathway for the
use of functionalized micellar solutions for detoxifying people
poisoned by organophosphate pesticides and nerve gases. During
the period beginning in 1963 and up to very recent times Prof.
C.A. Bunton had ample financial support from the Petroleum
Research Fund, the National Science Foundation, National Insti-
tutes of Health, the United States Army O0ffice of Research and
other U.S. Granting Agencies.

We had the privilege to work and collaborate closely with
Professor C.A. Bunton on two occasions.Firstly, as:a Postdoc-
téral Fellow during 1971-72 and secondly during 1982, while a
Visiting Professor at the University of California, Santa
Barbara.

Professor C.A. Bunton is a very kind, fair, considerate
and hard working person and has always treated others with
respect and dignity. He is called "Bumny" by his close.” friends
and associates. Among his hobbies are sailing, mountain
climbing and jogging. He is an excellent connoisseur of wines.
During his frequent frips to Chile, where he was always treated
with admiration and respect, besides the hard work opening the
frontiers of chemistry, he used to do a lot of mountain c¢limbing
in the Cordillera of the Andes. During the noon hour, at times
he used to go jogging on the beach in Isia Vista or Santa Bar-
bara with friends. Among his most frequent companions was Glyn
0. Pritchard, a physical chemistry professor at UCSB. When he
was not jogging, he used to eat lunch in his office and spend
the rest of the noon break reading journals.

Professor C.A. Bunton used to make two daily rounds in
the laboratory, one around 10:00 am in the morning and the
other during the latter part of the afternoon , about 4:30 or
5:00 pm and enjoyed discussing and analyzing new experimental
results with his students and collaborators. One of his
graduate students, who was aTittle bit absent minded, could
not obtain the desired product in a synthesis-after various
attempts. All people in.the laboratory were puzzled, only to
discover days later that the fellow had forgotten to to add
one of the reagents. On another occasion.a postdoctoral fellow
that was working with cyanide wanted to order a few kilograms
from a supplier. Dr. Bunton remarked that with that "bloody
quantity he could kill all the people in Santa Barbara".

He also 1iked to talk about politics. He was no fan of
Ronald Reagan, then Governor of the State of California, a
fellow who trimmed the budget of the University of California
and distributed significant sums to the state colleges.

His typical greeting was “How <s <t going?". The greeting
actually had two meanings and it required two different answers.
The first one is obvious and had to do with one's well being.
The second one was really an implicit question about new experi-
mental results that were obtained during the day. It was a very
elegant way to remind one of his responsibility and at the same
time stimuliate productive research activity in the laboratory.
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Buring our first stay in Santa Barbara as a postdoctoral
fellow, Isla Vista, where the campus of the university is loca--
ted was also one of the national headquarters of the Hippie
Movement. Public disturbances were rather common as was the use
of tear gas by the California State Police. The burning of the
branch of the Bank of America and its rebuilding in a "bunker
style" in the center of Ista Vista is part of the Hippie Legend.
One night, a public protest against the Vietnam War turned into
a_riot and Isla Vista was saturated with tear gas. We did not
sleep all night and cried a good part of it. Early in the
morning we went to the Laboratory on the Campus where there was
a smaller concentration of tear gas. For some good reason, Dr.
Bunton came a 1ittle bit earlier and began his morning round
with his usual greeting: " How is it going ?" We answered that
We were not going very well because of the riot and the tear
gas , that the eyes were red that we did not sTeep all night
and cried a good part of it and did not say anything about the
new experimental results that we had botained. Professor Bunton
listened carefully, shook his head and then patiently said
again: "But I mean how Zs it going?". We than had an interesting

discussion and made a good analysis of the fresh experimetal
" results.,

Throughout the more than fifty years of continuous hard
work, Professor Clifford A. Bunton had a Targe number of .
students and coworkers from all continents and all corners of
the globe, probably more than two hundred of them.

His formal collaborations were manily with the University
of Chile, Santiago, the Univérsity of Perugia and the University
of Rome in Italy and the Universidade Federal de Santa Catarina
and Universidade de Sao Paulo in Brazil. He treated all his
students and coworkers as friends and many of them remember
with pleasure the Christmas parties and the dinners offered in
their home in Santa Barbara by Dr. and Mrs. Bunton. ,

Professor C. A. Bunton is the author of a very large number of
scientific publications and received a large.number of awards,
prizes and distinctions and no attempt will be made to enumerate
them at the present. He is a Member of the Brazilian and
Chilean Academies of Science, Doctor Honoris Causa of the Uni-
versity of Perugia, Fellow of the American Association for the
Advancement of Science and Recipient of the Tolman Medal. He
is a very prolific scientific writer and has published almost
five hundred scientific articles. We shall Tist ony a few
representative publications at the end of this homage. _

On the occasion of his 80th birthday (January 4, 2000)
we pay our modest tribute to Professor Dr. Clifford Allen
Bunton as a scientist, teacher, colleague and friend and
congratulate him for all the accomplishments that he has
achieved during more than half a century of effort, hard work,
diligence and good will. We convey him the best wishes of good
health, happiness and success for the days to come.
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ABSTRACT

Dinuclear Zn(II)-OBISDIEN complexes catalyze hydrolysis of DNA and a
phosphate ester model molecule: bis(2,4-dinitrophenyl)phosphate (BDNPP). The increase
in the rate of hydrolysis of BDNPP at p[H] values above 8.0 is attributed to the presence of
a ternary hydroxide species, in which intramolecular catalysis is favored by the proximity
of the hydroxide group coordinated to the bimetallic center of the receptor complexes, in
agreement with equilibrium results of OBISDIEN-Zn(1)-ATP (1:2:1 molar ratio) system.
In the treatment of pBR322 circular DNA with OBISDIEN-Zn(Il) complexes, the results
suggest that these complexes cleave DNA in a random and nonspecific manner, since no
distinguishable low molecular weight bands were observed after treatment.

RESUMO

Complexos dinucleares Zn(11)-OBISDIEM catalisam a hidrolise do DNA e de uma
molécula modelo: fosfato de bis(2,4-dinitrofenil) (BDNPP). O aumento da velocidade de
hidrolise do BDNPP em valores de p[H] maiores do que 8,0 pode ser atribuido a presenga
de uma espécie ternaria hidroxida, na qual catdlise intramolecular € favorecida pela
proximidade do grupo hidréxido coordenado ao centro bimetalico do complexo receptor,
em acordo com os resultados de equilibrio do sistema OBISDIEN-Zn(II)-ATP (razéo molar
1:2:1). No tratamento do DNA circular pPBR322 com os complexos OBISDEIN-Zn(II), os
resultados sugerem que estes complexos hidrolisam o DNA de uma maneira aleatéria e nédo

especifica, pois ndo foram observadas bandas de pesos moleculares baixos apods o
tratamento.

KEYWORDS: hydrolysis, DNA, bis(2,4-dinitrophenyi)phosphate, ATP
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INTRODUCTION

Metal ions are essential in a large variety of biological processes, including those
with nucleic acids and their derivatives'. For example, both Mg®* and Zn®* are directly
involved in the 3'- to 5'- exonuclease activity of the Klenow fragment of DNA polymerase
1 from Escherichia Coli >*. DNA polymerase contains tightly bound Zn®*, and there is
evidence that this metal ion binds the enzyme to DNA*®,

DNA strand scission reactions are of considerable interest, both in understanding
the ubiquitous phosphate ester hydrolysis reactions carried out in nature and in designing
new artificial restriction enzymes®. Redox properties of a variety of metals have been
exploited as DNA cleaving agents”. The full therapeutic potential of these compounds
cannot be realized because these oxidative cleavage agents require activation by either light
or an oxidant and tend to produce diffusible free radicals and products that are not
amenable to further enzymatic manipulation. Hydrolytic cleavage agents do not require
coreactants and therefore could be more useful in drug design’.

Recently, Cu(ID’", Zn(1D), Ni(l)'"*?, Cd(I)'! and Au(III)"® complexes shown to
hydrolyze DNA, and polyamines also possess potential as catalytic agents, in view of the
propensity of polyammonium species for complexing phosphates and nucleotides'*'’,

Larlgﬁe1 8ring macrocyclic exhibits a range of catalytic ability even in the absence of metal
ion

In order to identify possible mechanisms by which metal ions promote
phosphodiester hydrolysis, model compounds, like bis(2,4-dinitrophenyl) phosphate and p-
nitrophenyl phosphate, have been used to study the reactivity with metal complexes'” %%,

The 24-membered macrocycle 1, 4, 7, 13, 16, 19-hexaaza-10,22-dioxacyclotetraco-
sane (OBISDIEN) has been discovered to be an exceptional mimic for enzymes that
hydrolyze adenosine triphosphate (ATP), i.¢., the ATPases'*®. The protonated forms of the
macrocyclic OBISDIEN catalyze ATPdlzlgrdronsis through a nucleophilic pathway wich

involves a phosphorylated intermediate®*?’.

C

H—N -

1. OBISDIEN

We have previously demonstrated that OBISDIEN-Cu(Il) complex interacts with
dipeptides®® and that OBISDIEN-Zn (II) complexes hydrolyze glycylglycine”. In this paper
we report the discovery that binuclear OBISDIEN-Zn(II) complexes also cleaves DNA and
bis(2,4-dinitrophenyl)phosphate. The formation constant of Zn(II)-OBISDIEN complexes
with ATP were investigated and the results were used to interpret the cleavage ability of
these complexes towards DNA.
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EXPERIMENTAL

The OBISDIEN. 6 HBr in the form of colorless hexahydrobromide was synthesized
by the method described in literature”®. The adenosine 5'-triphosphate disodium salt
hydrate and pBR322 plasmid DNA from Escherichia Coli were obtained from Aldrich
Chem. Co. and used without further purification. The stock solution of ZnCl, was
standardized by titration with EDTA (ethylenediaminetetraacetic acid)so. Carbonate-free
solution of 0.100 M KOH were prepared from Dilut-it (Baker) ampoules and were
standardized by titration with potassium acid phthalate. Potassium chloride, the supporting
electrolyte, was obtained as reagent grade quality.

Potentiometric equilibium measurements

Potentiometric studies of OBISDIEN, in the absence and presence of Zn (II), and
ATP were carried out with a Micronal-B 375 research pH meter fitted with blue-glass and
Ag-AgCl reference electrodes. The potentiometric apparatus was calibrated with standard
HC! and KOH solutions to read —log{H'] directly and pK,, for water at p = 0.100 M was

13.78 . The temperature was maintained at 25.00 °C and the experimental solutions,
adjusted to 0.100 M in ionic strength by addition of KCI, were titrated with 0.100 M CO,-
free KOH solution. Equilibrium measurements were made on solutions containing 2:1
molar ratio of metal ion to OBISDIEN, 1:1 molar ratio of metal ion to ATP, and the ternary
system containing OBISDIEN, Zn (II) and ATP were studied at molar ratio of 1:2:1 with
0.050mmol of OBISDIEN, 0.100 mmol of Zn (II) and 0.050 mmol of ATP. Potentiometric
studies were carried out on 50.00 mL of experimental solution in a thermostated cell,
purged with argon cleaned by an alkaline solution of KOH. Each system was titrated at
least three times. The range of accurate p[H] measurements was considered to be 2.7 — 11.
All stability constants were determined using procedures outlined in detail in the
literature®'.

Computations

Computations were all carried out with the BEST7 program and species diagrams
were obtained with SPE and SPE-PLOT programs™".

Cleavage of bis(2,4-dinitrophenyl) phosphate

The instrument utilized for absorption measurements was a diode array
spectrophotometer (Hewlett-Packard), model 8452A, equipped with a thermostated
compartment at constant temperature (50°C). This instrument was attached to a
microcomputer HP Wectra 386/33N and a HP Deskjet 500 printer.

Samples containing 1mM of OBISDIEN and 1.9 mM of Zn(II) with u = 0.100 M
{KCl) have the p[H] adjusted by small increments of 1.0 M KOH or 1.0 M HCIL After that,
solution of bis(2,4-dinitrophenyl) phosphate (BDNPP) was added to the experimental
solution containing OBISDIEN-Zn. The final concentration of BDNPP was 7.0 x 10”°M.
The absorbance measurements as a function of time were read after addition of BDNPP to
the experimental solutions. The hydrolysis was monitored by following the visible
absorbance change at 400 nm due to the release of 2,4-dinitrophenolate anion.
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Cleavage of DNA and Electrophoresis analysis

DNA degradation assay: Two different sources of DNA, a circular plasmid DNA
(pBR322, Sigma D 9893), or a linear double stranded genomic DNA purified from
mussels, was treated at a concentration of 10ng/ul in a final volume of 400 uf and pH 8.0 at
25°C or 40°C. The OBISDIEN-Zn(1I) concentration varied from O to 25 pM, as indicated
on figure legends. The reaction was stopped with loading buffer 2X (20mM Tris-Cl pH
8.0, 10mM borate, 2ZmM EDTA and 20% glycerol). An aliquot of the sample (10 pul.) was
applied to a 0.8% agarose gel, and an electric field (5V/cm) applied for 1-2h. The DNA was
visualized by ethidium bromide staining or silver staining’”.

RESULTS AND DISCUSSION

Equilibrium measurements in the OBISDIEN-Zn(1I)-ATP system

The protonation and Zn (II) binding constants of OBISDIEN and its interactions
with bromide ions were reported earlier”™’. The protonation constant of ATP and its
binding constants with zinc(II} ion were redetermined under the present experimental
conditions from titration data. Figure 1 shows the titration curves OBISDIEN, OBISDIEN-
Zn(II) 1:2 molar ratio, OBISDIEN-ATP 1:1 molar ratio and OBISDIEN-ATP-Zn(II) 1:1:2
molar ratio. The equilibrium constants determined are reported in Table 1 and 2, which
includes comparison with the values reported in the literature®**.

The equilibrium constants found for the formation of temary systems are defined by
Eqs. (1) — (5), where LZn; is the binuclear OBISDIEN-Zn(XI) complex, the receptor
complex, and A* is the basic deprotonated form of ATP.

K

HL + A*Y =— HJLA™ [H LA™ ()
[H,L][A*]

Hl + HA* === H;LA" [H,LA™] (2)
[H,L][BA* ]

LZo* + A" = LZImA [LZn,Al 3)

LZmA + nH' = H.ZmA™ [H,Zn,A*"] (4)
[LZn,Al[H"

LZmA =— LZn(OH)A" + H' [LZn, (OH)A ][H'] (5)
fLZn,A]

Equilibrium studies of the ternary system show that the binuclear OBISDIEN-Zn(JI)
complexes hold on ATP molecule coordinated in their cavities at p[H] values above 5.5.
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Table 1. Log values of protonation constants of ATP, their binding constants with Zn(IT)
and the stability constants for the complexes ATP-OBISDIEN at 25.0 °C (1 = 0.100 (KC1))

Equilibrium quotient log K
This work Others “***

[HA*V/[AYI[H'] 6.76 (0.01) 6.50
[HATV[AH[HY 4.05 (0.04) 4.00
(AZnY[AY[Z0*) 4.34 (0.13) 4.87
[HAZn J/[AZn*[HY] 4.76 (0.12) 4.57
[AZn(OH)"[H"V[AZn™] -8.36 (0.62) -8.76
[H4LAY/[ HiL][A*] 5.75 (0.02) 4.80
[HsLAJ[ HsL][A*] 7.83 (0.12) 8.15
[HeLAY/[ HeL][AY] 10.14 (0.11) 11.0
[HeLHA)/[ HeL][ HA™] 7.01 (0.06) . . 7.85

Table 2. Log values of protonation and stability constants for the ternary species formed by

Zn(I1) complexes of OBISIDIEN with ATP at 25.0 °C (u = 0.100 (KCI))

Equilibrium quotient log K
[LZnAJ/[LZns" 1{A™] 5.97 (0.18)
[HLZn:A"V/[LZnAJ{H'] 6.98 (0.09)
[HLZn, A J/[HLZn,A™[H"] 6.47 (0.22)

[LZn,A(OHY ] [H')/[LZn2A] -9.50 (0.12)
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Figure 1. Potentiometric p[H] profiles for solutions containing A) 0.05 mmoles
OBISDIEN; B) 0.05 mmoles OBISDIEN and ATP; C) 0.05 mmoles OBISDIEN and 0.1
mmol Zn(Il); D) 0.05 mmoles OBISDIEN, ATP and 0.1 mmol Zn(II) at 25.0 °C and u =
0.100 M (KCl).

This is clearly seen by analysis of the species distribution diagram shown in Figure 2. The
diprotonated species, HoLZno A, is 27 % formed at p[H] = 6.3. Above this p[H] it decreases
giving place to the monoprotonated species, HLZn,A. This species is 31 % formed at p[H]
6.9 and decreases at higher p{H] values. The normal species, LZnyA, is 77 % formed at
plH] 8.2. This species has ATP coordinated to the bimetallic center. The hydroxide species
appears at p[H] values above 8 and it is 38% formed at p[H] 9.8.

The capacity of OBISDIEN in acting as a receptor of anionic molecules is
fundamental on its ability to interage with ATP. The presence of zinc (II) ions in its cavity
facilitates the coordination of ATP, favoring the formation of ternary species at neutral and
alkaline p[H]. N B

Lehn, et al”® and Mertes, et al* relate that OBISDIEN can hydrolyze the
phosphoric ester bond of ATP molecule. In p[H] 7.6 and 70°C the kys = 25 x 107 min™.
However, the OBISDIEN-Zn(lI) at 1:1 molar ratio diminishes the hydrolysis rate of ATP
comparing with OBISDIEN without metal ion (koys = 3.2 x 107 min ). Potentiometric
studies and °C NMR indicated strong interactions between the metal and macrocycle, the
retardation in rates for these ternary macrocycle-ATP-Zn(II) system is probably the result
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Figure 2. Species distribution curves of the 1:1:2 OBISDIEN-ATP-Zn(Il) system in
aqueous solution, at 25.0 °C and p = 0.1 M (KC).

of competitive inhibition. Kinetic studies were done in the 1:1.5:1.5 molar ratio of
ATP:OBISDIEN:Zn(II), respectively. However, our results show ATP coordinated to the
binuclear OBISDIEN-Zn(II) complexes. The two Zn(IT) ions in the cavity of OBISDIEN
are in favorable arrangement interacting with the substrate as in a binuclear arrangement,
predominating species 1:1 molar rate of OBISDIEN:Zn(1I). On the other hand, OBISDIEN-
Zn(Il) system, studied by Mertes, et al, does not have a complex in an appropriate
association with ATP. The binuclear arrangement leaves coordination sites in the metal
center occupied by water molecules that can be substituted by an ATP molecule during its
association.

The results of equilibrium studies of OBISDIEN-ATP-Zn(II) system show the
predomination of two species near physiological p[H] values (Figure 2), LZn;A and
HLZn;A. These results prompted us verify the DNA cleavage by binuclear OBISDIEN-
Zn(1Il) complexes.

Cleavage of bis(2,4-dinitropheny}) phosphate (BDNPP)
The rate of binuclear OBISDIEN-Zn(II) complex promoted cleavage of BDNPP

was monitored by following the increase in the visible absorbance at 400 nm due to the
release of 2,4-dinitrophenolate (see UV-vis spectra in Figure 3) at different pH's. Figure 4
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Figure 3. UV-Vis spectra of a solution containing 1 x 10° M of OBISDIEN, 1.9 x 10° M of

Zn(ID) and 7 x 10° M of BDNPP at pH 8.5, p = 0.1 M (KC1) and 50 °C. Spectra measured
during 7 h.

shows the pseudo-first order plot™ for the hydrolysis reaction in pH 8.5 with a rate of 2.42
x10” s™ and a correlation coefficient R = 0.9998. The observed rate constants determined
in this way are summarized in Table 3.

It is known from the species distribution curves of OBISDIEN-Zn,-ATP system that
as the pfH] is increased above 8, the hydroxide species appears. The normal complex is
maximum near p[H] 8 and below p[H] 7 the protonated species are the major ones. The
increase of rate from p[H] 6.5 to 8.2 is mostly due to increase of binuclear OBISDIEN-
Zn(Il) complexes rather than many differences in the catalytic actives of protonated and
normal ternary complex. However, at higher p[H] values the increase in the rate can be
attributed to the presence of a ternary hydroxide species. In this species intramolecular
catalysis is favored by the proximity of the hydroxide group coordinated to the bimetallic

center. This interpretation is in agreement with potentiometric results of OBISDIEN-Zn(II)-
ATP (1:2:1 molar ratio) system.
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Figure 4. Pseudo-First-order plot for the hydrolysis of bis(2,4-dinitrophenyl)phosphate by
OBISDIEN-Zn. The solution containing 1 x 107 M of OBISDIEN, 1.9 x 10° M of Zn(II)
and 7 x 10° M of BDNPP at pH 8.5, u = 0.1 M (KCI) and 50°C. A represent the

absorbance in infinite time and A the absorbance in each measurement.

Table 3: Observed rate constants for the pseudo-first order reaction of the binuclear

OBISDIEN-Zn(II) (1:2 molar ratio) complex with BDNPP, at 50.0°C, p = 0.100 M (KC1).

p[H] Kobs (10° s7)
6.5 0.80
7.4 1.30
8.2 1.80
8.5 2.42

9.5 522
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DNA cleavage analysis

A typical assay to demonstrate DNA cleavage is the transformation of supercoiled
circular double stranded DNA on its relaxed form by a single strand nick®™**,

In Figure 5 the effect of treatment of pBR322 circular DNA with OBISDIEN-Zn(1II)
complex (25 uM) at 25°C is observed. The supercoiled DNA was transformed to a relaxed
form (single strand nicked DNA) only in the presence of the OBISDIEN-Zn(Il) complex in
a time dependent manner. The effect is also dependent on temperature, at 40°C the DNA is
completely degraded in 1h (not shown). In Figure 6 the source of DNA was a double
stranded, linear genomic DNA, and the complex was also capable of degrading this DNA
as evidenced from disappearance of the high molecular weight band, the reaction was
strictly dependent on OBISDIEN-Zn(II) concentration. The observed smear on the gel is

REACTION TIME (MIN}

0 30 60 360

AL A A
s N N N

MABCD A B CD A B CD A B C D

Figure 5. Plasmid DNA (pBR322) incubated at 25°C for 0, 30, 60 and 360 min as shown. R
and SC at the right of the figure refer to ‘relaxed’ and “supercoiled forms of pBR322. A)
DNA at pH 8.0; B) DNA-OBIS-Zn(II), C) DNA-OBIS; D) DNA-Zn(lI), M) molecular
weight marker (Gibco BRL 1kb ladder).

due to numerous different fragments appearing as a result of OBISDIEN-Zn(II) cleavage
reaction.

As evidenced from these results, OBISDIEN-Zn(II) may be considered a “chemical
nuclease” since it is able to cut DNA directly under physiological conditions by apparently
all positions regardless of the nucleotide linked to the deoxyribose as for example Fe-
EDTAY, various metalloporphyrins® and octahedral complexes of 4,7-diphenyl-1,10-
phenanthroline®'.
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Figure 6. OBIS-Zn{Il) complex treatment on genomic DNA. Various concentrations of
OBISDIEN-Zn(II) (0 to 25 pM) were added to genomic DNA, at 40 °C and incubated for
1h, 0 and 1, on the top of the figure refers to incubation time (h), 0 is the control. At each

side of the figure the molecular weight marker (100bp, Gibco) is observed. On lane 0.5, 1

an artifact of silver staining is observed.

The reaction mechanism of these ‘chemical nucleases’ distinguish them from other
chemical modification reagents widely used in nucleic acid chemistry, for example,
dimethyl sulfate, diethyl pyrocarbonate, osmium tetraoxide, and permanganate react
preferentially with the various bases and do not cause strand scission without subsequent
base treatment (e.g., piperidine as in Maxam-Gilbert sequencing)*.

The results shown suggest that OBISDIEN-Zn(II) cleave DNA is in a random and
nonspecific manner, since no distinguishable low molecular weight bands were observed
after treatment, the staining method employed detected only uncut genomic DNA or the
supercoiled and relaxed forms of pBR322 plasmid DNA, suggesting again the randomness
of the cleavage reaction. Further studies may confirm this hypothesis and should introduce
OBISDIEN-Zn(1II) as a novel footprinting reagent.
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ABSTRACT

We confirmed, on the basis of chemical and physico-chemical (melting points,
IR- and 'H-NMR-spectra) data, that the products isolated by monoacylation of cyclic
maleic- and phthalic-hydrazides have only the O-acylderivatives nature although owing
to tautomerism.these hydrazides may give rise to N- or/and O-acyldenvatives in such
reactions. Simultaneously, we showed that the claims for the obtainment of N-
acylderivatives of cyclic maleic- and phthalic-hydrazides were not valid. Also by
reacting the cyclic maleic-, respectively phthalic-hydrazide, with 4-
chlorobenzoylchleride two new O-monoacylderivatives [3-(4-chlorobenzoyloxy)-1-H-
pyridazin-6-one and 1-(4-chlorobenzoyloxy)-3-H-phthalazin-1-one] were obtained.

RESUMO

Através de estudos quimicos e fisico-quimicos confirma-
mos que os produtos isolados da monoacilagao de hidrazidas
maléica e ftalica ciclicas tem somente o carater de O-acil-
derivados. Devido a tautomerismo, estas hidrazidas podem
resultar em derlvados de N- ou O-acila. Também demonstramos
que as pretensoes de obtengao de N-acil derivados de hidra-
zidas ciclicas maléica e ftalica nao sao validas. A reagao
de hidrazida maléica e ftalica ciclicas com cloreto de 4-
clorobenzoila leva a dois novos O-monoacil derivados: 3-(4-
benzoiloxi)-1-H-piridazina-6-ona e 1l-(4-clorobenzoiloxi)-3-
H-ftalazina~l-ona, respectivamente,

KEYWORDS : O-acyldenvatwes of cyclic maleic- and phthalic-hydrazides.
Melting points, IR- and 'H-NMR-spectra.

b 25



SOUTH. BRAZ. J. CHEM,, Vol. 7, N° 8, 1999

Biologically Active Acylhydrazides
26

INTRODUCTION

i-12 L5,8.9.k2b,c13-16

Many acylated acyclic (1)

semicyclic (2 and cyclic (3,
)P ABIIAIANTS ’ icyclic (2) y 3

* hydrazides of 1,4-dicarboxylic acids have been described. Most of
these have various useful biological actions like: tuberculostatic®, herbicide™, plant

' 10,12,22,254,2 f . .
growth  regulation™ ®'»?225426:3%b303234 ¢ thrombocytes  antiagregation'’,
cytostatic™**", bactericide?”, respectively are intermediary or component parts of some

usefiil products, inclusively biological ones? 1241762630

The structure of these acylhydrazides is uncertain, respectively
controversial ™73 Thys, for the products obtained by the monoacylation of
acyclic hydrazides (5, R' = acyl) with the cyclic anhydrides of 1,4-dicarboxylic acids
(6), some authors assigned an acyclic acylhydrazide (1)**? structure, while others
considered that under given conditions a semicyclic (2, R=H; R'=acyl)!***'*
respectively cyclic (3, R=H; R'=acyl; Y=H, H) (7)**** N-acylhydrazides (for acyl see
the R significances from Scheme 1) would result. According to other authors, the type

7 derivatives have not been isolated till now™™™ contrary to other

affirmations™!¥2426.28,2963032

Likewise, the nature of the obtained products by cyclic hydrazides (8) acylation
with acyclic anhydrides (9) or acid chlorides (10), namely the Q->*120170182021-
BRI Gand  NSHIMRBZIBINL _ociderivatives nature (3, 4, 11), by the
monoacylation, respectively diacylation *P*'7%18202L28 g0 yncertain' M2
controversial.

The possibility of N-(3) or/fand G-acyl (4, 11) derivatives formation from cyclic
hydrazides (8) of dicarboxylic acids is based on their tautomerigm®**!701820.2325.27.33
(see Scheme 1).

The unclear situation and controversies on acylhydrazides structure (1-4, 11),
prompted us to undertake a systematic study on them.

We consider that the study 1s necessary in as much as it concerns substances of
biological interest and a knowledge of the exact structure is an absolute requirement for
establishing structure-activity relationship.

In this paper we discuss the O-acyl derivatives nature (4, R=H) (12) of the
prodli;cts obtained by us’®, by monoacylation of cyclic hydrazides 8 (Y=H, H; maleic;
Y =  ; phthalic) and in this context we deal with all of the monoacylation products of
cyclic hydrazides (8).

EXPERIMENTAL

3b.17a.36 13a.17a

The cyclic maleic hydrazide (13) , the cyclic phthalic hydrazide (14)
and the acid chlorides (10)"7 have been obtained in accordance with cited references.
The cyclic anhydrides (6) were commercial products. The monoacylation products (12)
were prepared by treating to reflux cyclic maleic-(13) or phthalic-(14) hydrazide (0,012
moles), suspended in toluene (30 ml), with acid chloride (0,0133 moles) (10)**. The
mixture was refluxed in addition 2-4 hours, then cooled at room temperature, filtered
off, washed with ethanol and dried (yield 83-87%). The purity was checked by thin
layer chromatography. The elemental analysis data agreed with that of monoacylation
products. Under similar conditions, working instead in the presence of equimolar
quantities of pyridine, one new monoacylation product was obtained from each of cyclic
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— v 4——-—-x’0+1mmm-~—a-x
N—R hod s “CONH-NHR'
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I(R-H) =
I-?
C, C
|
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Scheme 1.
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hydraz:de (13, 14), through their reaction with p-chlorobenzoic acid chloride (10,
R'=0C-CsH,-4-Cl).

6-(4-chlorobenzoyloxy)-2.3-dihydro-3-oxo-pyridazine (12, Y=H, H; R'=4-Cl-
CsH4-CO) formed colorless needles from ethanol. Yield : 77%, m.p. = 227-230°C

Anal. : Calcd. for C11H7N203C1 (250.5); MS 250

C-52.60; H-2.8; N-11.9; ClI-14.5;

Found : C-52.80; H-3.15; N-11.94; Cl-14.4. -

1-(4-Chlorobenzoyloxy)-3 4-dihydro-4-oxo-phthalazine (12, Y=0. : R'=4-Cl-
CsH4-CO) formed colorless needles from ethanol. Yield : 65%, m.p. = 193- 195°C

Anal. : Caled. for C,sHgN,0;Cl (300.5); MS 300

C-69.3; H-4.4; N-8.09; C1-10.3;

Found : C-69.2; H-4.5; N-8.20; Cl-10.23.

In order to determme the spectra of compounds claimed to be O- 232526 (12 or
N1T02402632 (3 R=H) monoacylderivatives of cyclic hydrazides (8), respectively of the
monoacylderivatives of hydrazides (8) with no specified O- or N-derivatives nature’,
we prepared a senes of them using the same conditions described by previous authors.

With the purpose to have spectra for comparison we synthes:zed in accordance
22320 AGK11-B2160 5 series of acyclic hydrazldes (5)°®, their acyclic

with references™
acylation products (1) with dicarboxylic acid anhydrides (6) and also the transformation
products (2, Q, 16) of initial acyclic acylderivatives (1) (see Scheme 1).

The 'H-NMR spectra were recorded with a Brucker Fourier Transform NMR
spectrometer of 90 MHz, respectively Varian FT-80A NMR of 80 MHz, respectively
Varian Gemini 300 (300 MHz), in deuterated solvents at room temperature.

Mass spectra were registered with a Matt 311 mass spectrometer with double
focussing and inverse Nier geometry.

IR spectra were registered as KBr pellets with a UR-20 spectrophotometer (C.
Zeiss-Jena). The melting points are uncorrected.

RESULTS AND DISCUSSIONS

Some of physico-chemical data of the compunds under consideration and other
related ones are presented in Tables 1, 2. Relative to the alkylation products of cyclic
hydrazides — maleic-(13) and phthalic-(14) — the exact nature of N-, respectively O-

alkyl derivative was succesfully established based on structure proof

synthesnsh .40.20.28.35. 38

From hterature works it results that O-alkylderivatives of maleic-(13)
and phthalic-(14) hydrazide have much lower melting points (about 150°C) than the
cyclic unsubstituted hydrazides and lower (about 50°C) than the N-alkylderivatives (see
Table 1). The reason is that O-alkylderivatives are ethers and the initial hydrazides (8)
and their N-alkylderivatives are amides. It is well-known that ethers are a class of
compounds more volatile than amides, the latter having high melting points.

The monoacylated products of maleic-(13) and phthalic-(14) hydrazides also
have much lower melting points (some of them more than 150°C lower) than starting
hydrazides (see Table 1). This situation is more consistent with the O-acylderivatives
(12) than the N-acylderivatives (3, R=H) structure of cyclic monacylated hydrazides
(compare'™). The option for O-acylderivatives (12) takes into consideration their
relation to esters, which are more volatile compunds (se¢*) than amides, to which the
starting hydrazides and their N-acylderivatives (3, R=H, R'= acyl) belong.

4¢.20.28.38
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Table 1. Physical-chemical data of acylhydrazides with controversial structure
and of some related compounds. References are given in square brackets.

Structure according to The structure Melting point| LR. -vezo | Molecular
reference confirmed for the [°C] with highest | peak from
compound by present wave number| mass
study fem™] spectra
1 2 3 4 5
0=<_->—0H as in first column [35}| 300 [3a,4a] 1660 [15] -
N—N 1676 [4a]
H 13
0-‘—‘(3—001‘13 as in first column 154 [38] - -
N—N [4¢,38]
H
O=<—_>~OH as in first column 210 [38] - -
N—N [4¢,35,38]
i
CH;
ﬂ as in first column .
° ) O GCHs (32,4] 122-123 | 1755 [4a] -
N--N 0 [3a,4]
H
o 3 CH—CZD :
O S OH [3,29¢] i S N—NH—COCH, 164-166 [4a}| 1725 [4a] -
N—N CH—CL 160-162 [3] | 1715 [15]
éocﬂ3 [4a,15}
/ OH {26] . CH—COOH E CH3 176 [26] 1718* fOI‘ -
— G cor—ri—to | 173-175% COOH
éOCH‘;
 Vy—o—c—ocH 118-1207
! il *I asin first column* ]121-122[25b] 1790% 170*
H © s 105-107{25a]
=N o ook 103-105*
el i CHs ) as in first column® | 106-108 [23] 1765% 184*
— O C—C.H 154-156*
ol (||; 75| asin first column* |162-164 [23]]  1745* -
H {23}
o o= *
Ozz(->—OH 02(—>__0_C":—06§}5 154-156% 1745% -
NN sy wooo©
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Table 1 (continued)

' Biologically Active Acylhydvazides

1 2 3 ) 5
e *
% OH = i )
s @_oc@ >210 [32]
c':o—@ H c
{32]
_ *
O . . ] - * * *
ﬂ‘“““‘@*” as 1n first column™ 226-228 1735 250
H W= 2505
new compornd
- *
OH — 144-146*
/ 1770 ]
N OO O{}_OCO‘Q 144-145 [32]
CO‘“@ 1 HCOOC
B32]
~( - *
o oH ‘
4 — 192 [26] | 1710% for ;
_ OH CH—COOH @03 |
I\EI N @) L comni—d 189-191%* COCH
co—{ &
(26]
O\ 0TI as in first column® | 136-138* | 1767* [34] -
H I 341 [3 4]
*
O{}}‘OCO_C““' as 1n first column® 177-178% 1775% 780*
H
O{?’OCO—CIE—O—CJE as in first column® 143-145% 1780 [34} )
. - [34]
Oz{“ﬁ_.\}_m:;i"o{wf\“m as in first column® | 146-147% | 1787* [34] -
' [34]
‘—/——— CHy O - % , \ -
° g—N\ OOO;::!“ i\:j as in first column* 124-126%* 1775% [34]
' [34]
31
o N-N\ Ol as in first column [27]] 344 [4] 1660 [4,27] R
— 341-344[13a]
14
NN
0 N—och, |asin first column [4c] 1{?—;3]9 - -
— c,




SOUTH. BRAZ. J. CHEM., Vol. 7,N° 8, 1999
I. Panea, L. Bodochi, T. Paneg, D. Zinveliu & V. Pgscalqu

Table 1 (continued)

31

P
SN
“ 3 "

SR N
1

1 2 3 4 5
as in first column 22 8'22040 i )
[4¢,202] [4c,20a]
f4¢.20}
N N 175127]
. 172-173 1770 [4a] -
OCOCH
[4,133,182,27) [40,27] 170 [18&]
o \ OCOCH, |as 1n first column [27]]227-228 [27) | 1745 [27] -
- {27
H—
_goce ¢ as in first column* 193-195* 1765* 300*
M=300,5
new compourd
H
N 0CoCHCeH, | 88 in first column*® { 178-180 [34] 1760* -
— (34
ococu as in first column* | 199-200 [34] 1762* 330*
{34]
°“<, ?“°°°¢“2 0 g in first column* | 212-213 [34] 1745% 346%

* Structure assigned (see Discussion and compare also with Table 2), respectively data
obtained, by authors of this work.

**  Among the cyclic phthalic hydrazide monoacylations,
N-acylderivative formation is claimed, but only beside O-acylderivative,

onc

in which the
is the

acetylation [4a, 4b, 13a]. However we point out that in a subsequent work [4c] of Le
Berre and coworkers, concerning this acetylation, there is no reference to the
N-acetylderivative, Other authors [27a] also deny the N-acetylated phthalic hydrazide
formation on the basis of IR data.
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The O-acylderivative nature of monoacylation products of ¢yclic hydrazides (8)
is also supported by the presence of an absorbtion band between 1735-1790 ¢cm™ in their
IR spectra (see Table 1). This band is characteristic for carbonyl stretching frequency
(v.c-0) within a ester group”®*™*  which is present in all O-acylderivatives. The
O-acylderivative nature (12) of monoacylation products is sustained by the parameters
of their "H-NMR spectra too (see Table 2) .

It was found in published *H-NMR data®*® of maleic hydrazide alkylderivatives
(13) that the chemical shift (8) for the olefinic hydrogens signals have bigger and more
differentiated values for O-alkyl than N-alkylderivatives. These chemical shift values
for O-alkylderivatives are also bigger than those of maleic hydrazide. On the other
hand, for N-alkylderivatives, only the chemical shift (8) for olefinic hydrogen of distant
position to N-alkylsubstitute is sometimes slightly bigger than in maleic hydrazide.

In 'H-NMR spectra registered by us for maleic hydrazide monoacylderivatives
(see Table 2) the signals for olefinic protons have sensible differentiated chemical shifts
values (AS~ 0,5 ppm) and are allways bigger than those of maleic hydrazide (13). These
results correlated with the debates upon maleic hydrazide alkylderivatives support the
O-acylderivatives nature (12) for examined monoacylderivatives (see reference 4).

The sensible differentiation of chemical shifts for olefinic protons and their
bigger chemical shift values, especially for the hydrogen atom close to O-substitute in
O-derivatives towards maleic hydrazide and N-alkylderivatives is due to a deshielding
steric effect. In the case of O-derivatives (see 12), the O-substitute is much nearer in
space to olefinic protons than N-substitute in N-derivatives (see 3, R=H). Probably the
N-substitute has no deshielding steric effect upon olefinic protons since for its
manifestation the very close steric proximity is important (see reference 40a).

Also, the O-acylderivative nature of monoacylated cyclic hydrazides-8 is
sustained indirectly by a series of other data. One of these arguments is that the authors
who claimed'™**%%* the obtainment of N-acylated cyclic maleic hydrazide or
suggested' " the N-acylderivatives formation besides O-acylderivatives in the
monoacylation reaction of cyclic maleic hydrazide do not give any proof for their claim
or suggestion. On the contrary, many authorg®™ 202326273338 o claimed only
O-acylderivatives (12) formation, in the monoacylation reaction of cyclic maleic
hydrazide (13), presented more or less convincing proofs for this. In accordance with
the last authors our IR and 'H-NMR spectral data (see Table 1, 2) for cyclic maleic
hydrazide monoacylderivatives, claimed to be N-acylderivatives'’*¥*? or
O-acylderivatives™ ", respectively with unspecified structure®, are compatible only
with O-acylderivatives structures (12). Thus, the monoacylation products of cyclic
maleic hydrazide (13) with carbonic acid monochlorides-monoesters (10, R'=0C-
OCHs; OC-OC;3Hs)y**, o-naphthylacetic (10, R'= OC- o-naphthyl****), benzoic (10,
R'=CO-CsHs™) or 2-carbomethoxy-benzoic (10, R'=CO-CeHu-(2)COOCH3)* chlorides
— reproduced by us under the conditions described by the authors®™? 233234 _ all show
an absorbtion band in the IR, specific of esters ve=¢ stretching vibrations, between
1745-1790 cm™” as well as two 'H-NMR signals, as doublets — for the olefinic
hydrogens — with well differentiated chemical shifts (Ad~0,4ppm) that are bigger than
in maleic hydrazide (> 7ppm).

We point out that regardless the O- or N-acylderivative claimed, respectively
unspecified nature, all the monoacylated cyclic maleic hydrazide compunds show
similar properties: low melting points, IR band specific to ester carbonyl group and 'H-
NMR signals almost identical for each type of olefinic protons (see Table I, 2).
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Table 2. "H-NMR Data (Chemical shift - 8, in ppm, multiplicity*, number of
hydrogens and coupling constant - J, in Hz) of acylhydrazides with controversial
structure and of some related compounds.
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Methylic and Olefinic Aromatic Hydrazidic
Compound Methylenic hydrogens hydrogens hydrogens
hydrogens (NH or OH)
1 2 3 4 5
A NH NH*¥
to—f  Smommmomd Yo - Btins = 6,94 (5) - 11,55 (b)
Pt - Sua = 6,87 (d); 1H
ol N Borx = 3,30 I, = 7,04 (d); 1H - 11,06 (b)
—<=__>= {352,4¢c) ®) Jap=9,4
B A
M B Sua = 7,06 (d); 1H
ne—od N\ o Scws0=3,76 |5, =729 (d); 1H - ]
’ U wa| (O3H Jas=10
B A
N dcnsco = 2,3 |Ona = 7,07 (d); 1H
ool s) 3H Ome = 7,22 (d); 1 - -
H;C'——f(li o—<m>=o @ (s) He 2 (m) H
\f—\"H ** S 397 dua = 6,99 (d); 1H| Scens = 7,33 (5)
- I CH2-CO = 3, _ _ SH .
HyCy H”C_fré o—-(ﬁ)-:o (s) 2H OHa ; 7,i (9(:1)8, 1H
) B A AB ™ 5
N_.x;'“ = _ 6Hx\ = 7,0 (d), 1H 8(:10!1; =
sc—c—o—{ Scha-co = 4,45 S = 7,4 (d); 1H | 7,35-8,2 (m) -
© aTa (s) 2H Jag=9.7 70
< Sun=7,01 (d); 1H|  Spes=
B( pome-c-0— 0| Jaino=506 |8y, =7,44 (d); 1H| 6,85-7,1 (m)
° °©oonA (s) 2H Jap=10 Sup = 7,2-7,4 -
(m)
2H
n_¢ na = 7,0 (d); 1H | 8uc= 7,01 (d);
At Yeomo-cood M0 §euno=5,1(8) {81 = 7,45 (d); 1H 2H -
¢ B A 2H Jag =10 Sup = 7,33 (d);
2H
Jop = 8,5
N Ona = 7,01 (d); TH Sociotr =
I —one-c-o—{ A0} S0 =525 16y, = 7,45 (d); 1H|  7,1-7,9 (m) -
AP I ©) Ton =10 T

2H
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Table 2 (continued)
1 2 3 4 3
o SHa = 7,01 (d); 1H| 8uc = 8,06 (d);
& < > —c—0—{ =0 - Sue = 7,53 (d); 1H 2H -
LRI Jap= 10 3o = 7,63 (d);
2H
ICD = 8,6
COOCH, R 5 3.81(s) 8un = 7,05 (d); 1H dcstzs =
N OCHs ~ 2, Sup = 7,47 (d); 1H| 7,6-8,0 (m) -
G‘ﬁf = 3H Tan=10 4H
0 B A
H** S = 7,0 (d); 1H
SN Socus = 3,81 (5)[5u, = 7,49 (d); 14 - -
. 7 OCH3 > Hp > 2
HJCO——EM . =0 34 Jag = 10
A
,H** ScHs = 1,24 (‘f)
A 3H 8ua = 7,0 (d); 1H
L C—1L,CO—CO— . _ ]
NI <B_..A>= ° | Scmo=423 |0 =749 (d); 1H - 12,8 (b)
() Jap =10
2H
Jep=7T
oy Oy | Sewco =19 | Suns =6,31(s) : 10,1 (o)
Ml—Ml—&,u—\.é:R—COOH (S) 2H
3H
H@ duc =7,85 (d);1H
) F * - - S1ine =6,35 (s) 3 = 6,94 (1);1H| 10,7 (b)
fico—tt Sue = 7,4 (t); 1H
HN—NH—CO—C=CCOOH 2H He =/, >
B A Sue =6,93 (d),1H
]orto = 8
c X Biia = 6,26 (d); 1H| Sye = 7,86 (d);
%%k > 2 2 ?
. °/C O - Sro = 6,41 (d); 1H 2H 10,7 (b)
zcc—mz—co—g;u—g-coon Jag=11 Sro =g£§1 (d);
Jep =87
oc—® v Sttn = 6,32 (d); 1H| 8yc = 7,75-7,85
[ ¥ uu - Sme=6,43 (d); TH|  (m) 2H 10,92 (b)
HN -~ NH~CO—C=C—COOH Jap=12 dyp = 8,7-8,9
B A (m) 2H
7oy 05N L *x dus = 6,22 (d); IH
' HN-NH—C—C—COOK B Sue = 6,4 (d);, 1H - 8,03 (b)
’ Jap =122
& (Z—ul Q Scur0=3,65 | 8y, = 6,6 (d); 1H Socum=6.65- | 10.5®)
i NH—CO—=C—00CH, (s)3H e = 7,0 (d); 1H ;)(5;15 ,5 i >
dcmo0=46(s)| Jap=15,5 ,25 (m)
2H
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Table 2 (continued)
1 2 3 4 5
C P ks Sia = 6,2 (d); 1H | Syce =6,75-7,15
OF —Chy Scrr0 = 4,58 8y, = 6,37 (d); 1H {m) 3H 10,35 (b)
@) ¢ D (s) 2H Jag=12 o= 7,2 (t)
H H
HN—NH—CO—C=C—COOH 2H
- A
B At Sya = 6,82 (d); 1H Socss =
Q—ocaz-g—uu-xchlo Scm-0 = 4,74 Sus = 7,8 (d); 1H | 6,75-7,26 (m) 11,54 (b)
(S) 2H JAB = 5,6 5H
A : docsts =
Q_ocaﬁ; NEL 8cm-o =4,7(s)| Suae=T7,09(5) |6,9-7,0,7,2-7,35| 10,82 (b)
2H 2H (m); SH
NS, ‘\»‘éﬁé e Sux = 6,87 (d); 1H|ORe =702 (9;2H
E_é- o’ B M BCHz-O = 5,32 BH =7 63 (d) 19 SHU '"'7:-’4 (t): 2H -
i Co, (s) 2H 5 T 16 Sue = 7,05 (t);1H

Icl)=8,6', JDE=8

OCOCH,

3
NH

{4, 27b]
nCDCL,

Scus-co = 2,47
(s) 3H

Scerts = 7,80 (m);
3H

8,47 (m); 1H

6&,}{5 = 7,34 (m);

O'—C}'I;""Csfis
Scm-co = 4,14 - °H )
(m), 4H
0—CO—CH, -
¢ 8 | Scuzco = 4,62 B Beorr; Corts = -
X, (s) 25 7,35-8,5 (m);
. 11H
(&)
0—CO--CH—0- e T _ 8CtoH7;CéH4 =
o o | Bemo = 5,50 ) 7,1-8,5 (m); )
e’ (s) 2H 18, (m);
\\/\: 11H
O—CO_OCE . - 8C61~14: CoHs — -
;Em 7:4'8>4 (m):
)
o—oil;xr—i:ﬂs ¥ oo = 4,31 Scern = 8,4 (m)
(9) 2H - 1H -
Mu Scms = 1,3 (1) 7,7-8,2 (m); 3H
3H

Imn=70
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Table 2 (continued)
1 2 3 4 5
co—NH—NH—co—iu,“ Scats = 7,3 (8);
S 8cm-co = 3,56 - SH 10,32 (b)
Cool (s) 2H Scerts = 7,45-7,7
(m); 3H
7,75 (m), 1H
o ** _ Scents =7,3 (s),5H
Cj[ Yru—co—cty | Scraco = 3,72 - Scerts = 7,85 (m);| 11,0 (b)

co Cetly (s) 2H A4

806115 = 7,25-7,4

COOH ** (m); SH
@iz_ : Scm: = 4,32 () ] > -
N >
dcsnis = 7,7-1,75
2H CoH4 s F
Y (m); 3H
7,9-7,94 (m); 1H

* s=singlet; d=doublet; t=triplet; g=quartet, m=complex multiplet; b=broad

CD3SOCD; was used as solvent with two exceptions that are mentioned beside the
respective formula

** data obtained by authors of this article

#*% for this compound Hoffmann and Patel [32] have claimed the N-acylated cyclic
maleic hydrazide structure but the properties of the reproduced compound are
compatible only with 1someric O-acylated structure {see Discussion and also Table 1)
%% for these compounds Kihle [26] has claimed the N-acylated cyclic maleic
hydrazide structure but their "H-NMR spectra show that they are N-acylaminomaleamic
acids {see Discussion)

The cited references are given in square brackets.

Evidently, this indicates the same type of structure, namely that of O-acylderivative
(12).

The fact that the N-acylderivatives (3, R=H) of the cyclic maleic-(13) and
phthalic-(14) hydrazides were not found among the products of reactions that begin by
treating the acyclic hydrazides (35, Rlzacyl) with maleic-, respectively phthalic-
anhydride®'*™*!"**  (see Scheme 1) is another indirect argument for the
O-acylderivatives (12) structure of monoacylation products of cyclic maleic-(13) and
phthalic-(14) hydrazides.

The acylation with maleic-, respectively phthalic-anhydride of alkyl- and aryl-
hydrazines (5, R'=alkyl, aryl) is considered a structure proof synthesis for N-alkyl,
respectively N-aryl- cyclic maleic-'>*%*#"% o phthalic-"™™ hydrazides (3, R=H,
R'=alkyl, aryl). For this reason it was considered that the analogue acylation of
acylhydrazines — namely the acyclic hydrazides (5, R'=acyl) - with dicarboxylic acid
anhydrides (6) led to cyclic N-acylhydrazides (3, R=H)**. Le Berre and co-workers®
contested the statemants of Feuer and co-workers”™'* by invalidation of the
N-acetylated cyclic maleic hydrazide structure (3, R=H, R'=COCHs3) for a product
formed as a result of transformations involving, as a first step, the reaction between
acethydrazide (5, R'=acetyl) and maleic anhydride (6, X=-CH=CH). This polemic and
other dissagrements'*** concerning the structure of compounds formed in the
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reactions that begin by treating substituted hydrazines (5) and maleic anhydride (see
Scheme 1) have determined Feuer research group’™ to reconsidered previous
apreciations. Furthermore, they tried to explain why the formation of some N-
substituted cyclic maleic hydrazide with electron acceptor substitutes, including acyl
groups (3, R=H, R'=acyl) failed!>*,

To check if N-acylated cyclic hydrazides (3, R=H, R'=acyl) can be formed
under Kiihle’s given conditions®® we reproduced his acylation of acethyl hydrazide (5,
R'=COCH;) and of salicylic acid hydrazide (5, R'=0C-CsHy-2-OH) with maleic
anhydride. Our products had the Kithle’s physical constants (melting points, IR spectra)
(see Table 1). Yet, the 'H-NMR spectra of these products (see Table 2) prove
unequivocally their acyclic structure, namely that of N-acylaminomaleamic acids (1,
R'=0C-CHj;; OC-C¢H,-2-OH). Thus, the chemical shift for the olefinic hydrogens
(Sch=cu ~ 6,35 ppm) has a close value to that of maleic acid (Scu=cy ~ 6,2 ppm) and of
other N-substituted maleamic or 3-aminocarbonyl propenoic acids (Ocu=cu= 6,25-
6,7ppm)™'#' 5" On the other hand, for N-acylated cyclic maleic hydrazides (3, R=H,
Y=H, H; R*=acyl) it would be expected that the chemical shift of olefinic hydrogens
(Scu=cu), have values correspondent to maleic hydrazide (13), respectively their N-alkyl
and N-aryl derivatives (3, R=H, Y=H,H; R’= alkyl, aryl) which are about 7 ppm
(see™t? 3P4 Eurthermore, extending the acylation with maleic anhydride, under
Kithle’s®® conditions to other acyclic hydrazides (5, R' = acyl with the meanings from
Scheme 1) we obtained N-acyl-aminomaleamic acids (I, R'=CO-CsH,-4-Cl;
izonicotinyl; OC-NH,) that show in their "H-NMR spectra a pair of doublets, for the

olefinic hydrogens, with a vicinal coupling constant It ., = 11-12 Hz (see Table 2).
This value is known to be characteristic for acyclic olefinic hydrogens with Z-(cis)
configuration™™*. Otherwise, the N-acylated cyclic maleic hydrazide structure (3,
R=H) for Kiihle’s* products is contradicted by the position of IR band, due to ve-o
stretching vibration, recorded by Kithle at 1708 cm™ for the derivative obtained from
p-nitrobenzoic acid hydrazide. This value is characteristic for ve-o within the carboxylic

: a4, 13.390.44
group of o, B-unsaturated acids (see’™ 13704

(1) also belong.

We could not obtain'®® N-acylated cyclic hydrazides (3, R=H, R'=acyl) either by
submission the N-acylaminoamic acids (1, Rlxacyl) to some condittons in which the N-
alkyl or N-arylaminoamic acids are cyclocondensed”“*1‘46, for instance, to imides (2),
isoimides (13) or N-alkylated or N-arylated cyclic hydrazides (3, R=H, R'=alkyl, aryl)*
or to conditions under which the N-acylaminomaleamic acids (I, R'=acyl;
X=-CH=CH) transformation — directly’ or through the N-acetylaminomaleinimide (2,
R=H, R'=acetyl, X=-CH=CH)"™ or through the N-acetylaminoisomaleinimide (15,
R'=acetyl; X=-CH=CH)'* - to N-acetylated maleic hydrazides (3, R=H; R'= COCHj;
X=-CH=CH) is claimed. In these experiments we however obtained, in accordance with
Scheme 1 (see Table 2), a series of new N-acylamino-imides (2) and -isoimides
(15)"2*1* respectively oxadiazole derivatives (16)'**¢.

Very probably, the N-acylated cyclic maleic- and phthalic-hydrazides (3, R=H,
R'=acyl) were not found neither in cyclic maleic-(13) and phthalic-(14) hydrazides
acylation experiments, or in acylations of acyclic hydrazides (5, R'=acyl) with

) to which N-acyl aminomaleamic acids

37
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dicarboxylic acid anhydrides (6).This is because of their (3) instability, knowing that
they would correspond to triacylhydrazines (N-acylated cyclic diacylhydrazines®"*")
which are very sensible to solvolysis™™ "%

In conclussion, we have shown that the claims of those who affirmed the
obtainment of N-acylated cyclic hydrazides (3, R=H; R*=acyl) were not valid.

Simultaneously we have confirmed the O-acyl-derivatives nature (12) of the
products isolated by monoacylation of cyclic maleic-(13) and phtalic-(14) hydrazide.
This conclussion is entirely compatible with the melting points, IR and 'H-NMR spectra
of cyclic maleic-(13) and phthalic-(14) hydrazide monoacylation products.

* We must also point out here that there are wrong assignments concerning the 'H-
NMR published data on the products formed in the transformations that begin by
treating maleic anhydride and aryl hydrazine (S, R'=aryl, Scheme 1). Thus, the
characteristic parameters for N-arylaminoisomaleinimides (15, R'=aryl; X=-CH=CH),
respectively for N-arylaminomaleinimide (2, R=H, R'=aryl; X=-CH=CH) (see'™*), are
wrongly assigned™ ** for N-arylated cyclic maleic hydrazides (3, R=H, R'=aryl;
X=-CH=CH).
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ABSTRACT: Samples of six types of soil were tested in a greenhouse. Three doses of
boric acid: 0.0 g (control); 0.10 g and 0.20 g were applied to the prepared soils. Seeds
of cabbage were sown and only two plants remained after cutting. Mehlich 1, HCI 0.05
mol.L' and the saturation extract were used to determine the boron in the soil. After
determmmg the dry matter and calcined the plants ashes were dissolved in HC! 0.6
mol. L. The boron concentration was determined by the Azomethine-H method. The
correlation between boron concentration in the plant (ug.g”") and total boron in the
plant (ug.plant’) versus boron concentratlon in the soil showed that among the three
extractors the HCI 0.05 mol L and saturation extract presented the best correlation
coefficients (r): 0.857 and 0.832, 0.858 and 0.841 respectively. The Mehlich I extractor
presented the lowest correlation coefficients for all conditions studied.

Key words: boron extractors, micronutrient, boron, element extraction, boron in soil.

RESUMO: Amostras de 6 tipos de solo foram testadas em casa de vegetagdo. Nos
solos preparados foram aplicadas trés doses de dcido borico: 0,0 (testemunha); 0,10 g
e 0,20 g. Sementes de couve foram semeadas No desbaste foram deixadas 2 plantas. Os
extratores: Mehlich 1; HCI 0,05 mol L e extrator de saturacdo foram usados para
extrair o boro do solo. Apcs determinar a massa seca, e respectzva calcinagdo, as
cinzas das plantas foram dissolvidas em solugéio de HCI 0,6 mol.L”. 4 concentragéo do
boro foi determinada pelo método da Azometina-H. As correlagfes entre a
concentragiio de boro na planta (em ug.g”) e o total de boro na planta (em pg.plant’)
verso a concentragdo de boro nos solos mostraram que entre os trés extratores o HCI
0,05 molL’ e o extrator de saturagio apresentaram os melhores coeficientes de
correlagdio (r): 0,857 e 0,832; 0,858 ¢ 0,841 respectivamente. O extrator Mehlich 1

apresentou os coeficientes de correlacdo mais baixos para todas as condicdes
analisadas.

INTRODUCTION

Extraction by hot' water is the most widely used method to detect boron
critical content in the plants. Though it is feasible to find in limed soils a better

41
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correlation between boron extracted by CaClz 0.01 mol.L™! and Mehlich 1 extractors and
that absorbed by the plant, this is not a normal condition in the soils routinely® analyzed
in the laboratory.

Boron deficiencies in plants are found when the concentration values
interval of this element in soil ranges from 0.1 to 0.7 ppm >*~.

Using coffee shrub as reference and saturation extract as extractor, it was
verified that for the DRL (dystrophic red latosol) the boron concentrations in the extract
can be considered low when below 0.3 ppm, suitable when close to 0.6-0.8 ppm and
high when over 1.0 ppm®.

Lopes and Carvalho’ summarized the most frequent methodologies used to
determine the boron available for the plants and consider; Ca(H2P04)2.H,O solution, hot
water, saturation extract, H,SO4, HF and HCI diluted solutions as extractors. The
soil/extractor relation varies from 1:1 to 1:2 during a five-minutes to sixteen-hours
shaking period. Up to now the amplitude of critical levels varies from 0.2 to 2 ppm for
the different extractors proposed.

Undoubtedly, hot water is the most appropriate extractor for the
determination of boron available, but it does not allow the use of pyrex-type
borosilicated glasses. Otherwise, it is a laborious technique which makes it difficult to
determine this element in routine laboratory analysis.

With the purpose of dynamizing the routine analysis either as a function of
the time spent or the handlmg of the materials, new exfractors such as Mehlich 1,
diluted acids, 0.5 mol.L”! mannitol + CaCl,, CaCls, and 0.005 mol.L! ¥ are bemg
tested and used. The solution of BaCly. 2H,0 1.25 gL heated in a microwave stove
was also recommended for the extraction of boron in routine laboratory analyses, as
well as, for the determmauon in ICP-AES (Inductively Coupled Plasma -~ Atomic
Emission Spectroscopy)'®. The characterization of these extractors for several types of
soil and plants, and the correlation of the critical levels between them constitutes a vast
field of study.

Our purpose is to study three extractors: Mehlich 1, HC1 0.05 molL” and
the saturation extract using cabbage as a test plant.

MATERIALS AND METHODS
List of soils

Six classes of soils (DRIL-dystrophic red latosol, ERL-eutrophic red latosol,
DRAL — dark red allic latosol, AC-allic cambisol, DSRS-dystrophic structured red soil
and DDRL-dystrophic dark red latosol), already used in a previous experiment to
evaluate cotton plant response to boron'! application, were used in this study.

Preliminary determination in the soil samples

Some conditions of soil fertility which influence boron concentration in soil
was assessed through the routine analysis in the Laborafdrio de Agroquimica do
Departamento de Quimica da UEM (Universidade Estadual de Maringad - Laboratory of

Agrochemistry-Department of Chemistry of the Universidade Estadual de Maringd),
see Table 1.
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The pipet”” method was used for the granulometric analysis in the
Laboratory of Pedology, Sedimentology and Palynology of the Department of
Geography of the Universidade Estadual de Maringa, (see Table 1).

Boron extraction and determination in the soil

The extractors used to classify boron available for the plants in the soils
listed were as follow, with their respective procedures:

HCI 0.05 mol L ¢ to each 10 g of ADFE (air-dried fine earth), add 20 mL
of HC1 0.05 mol.L", shake for 5 minutes and filter in 2 Whatman-42 paper filter.

Mehlich 1% transfer 5 mL of ADFE to a erlenmeyer-container, add 50 mL
of Mehlich 1 solution, (#2804 0.0125 mol.L™ + HC1 0.05 mol.L"), shake for 5 minutes
and decant during one night.

Saturation extract®; transfer 500 g of soil to plastic recipients, moisten with a
determined quantity of distilled water to complete saturation. Then rest it for 12 hours
and vacuum-extract the solution.

The Azomethina-H" colorimetric method was used to analyze the boron in
the respective extracts.

Procedures of the experiment.

The experiment was set up in a greenhouse, using 2.5-liter vases. The
triplicate treatments were 0.0 g, 0.10 g and 0.20 g of boric acid-H3;BO; respectively. For
15 days the vases were filled with water up to 70% retention capacity. Six cabbage
seeds were sown in each vase and after ten days of germination they were pared down,
remaining only two plants in each vase,

The vases were kept in a greenhouse according to a totally randomized
design and regularly watered to maintain humidity.

Collection of vegetal material and soil samples from the vases.

Eight weeks and half after seeding the aerial portion of the plants was close-
cut, washed with distilled and deionized water, dried in a 65 °C hothouse till reaching
their constant weight, ground in a Wiley grinder with a 1mm-mesh sieve and packed in
plastic bags ready for the analysis'*.

After the plant collecting the vases were emptied and the soils air-dried,
ground, in a 2-mm-mesh sieved, homogenized and kept in plastic bags for future
analysis".

Boron analysis in the plants and soils

For four hours'® 0.40 g vegetal material, contained in porcelain vases, was
incinerated in muffle at 550 °C temperature. After cooling 20 mL of HC! 0.6 mol.L™"
were added. Using the complexant Azomethina H™, the boron concentration was
determined in the extract obtained by means of UV-VIS spectrophotometry.

Boron determination in the soils followed the above-mentioned extraction
and complexations.
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RESULTS AND DISCUSSION

Contents of organic matter and clay and pH which characterize the soils
used in the experiment are shown in Table | These factors may influence boron
micronutrient availability in the soils.

According to Table 2, the extractors behaved differently in the boron-
extraction procedure for all types of soil. The Mehlich 1 extractor provided the greatest
quantity of the micronutrient while the saturation extract, the smallest. The HCl 0.05
mol.L”! and the Mehlich 1 extractor removed the same quantity of boron content only
from the DDRL soil, which is a very sandy soil with low content of organic matter as it
can be seen in Table 1.

Table 1 — Characteristics of the soils used in the experiment

Type of soil* pH Organic Clay Silt Sand
{H,0) _ matter

"o dm? % % %
DDRL 72 5.35 9.65 3.35 87.0
DRL 6.2 6.69 65.47 31.53 3.0
ERL 6.3 12.06 59.45 34.56 6.0
DRAL 6.2 5.35 38.77 47.73 13.5
AC, 5.7 28.14 39.57 55.43 50
AC; 57 30.75 52.62 45.38 2.0
DSRS 6.6 18.75 65.40 33.60 1.0

* DDRL - dystrophic dark red latosol; DRI — dystrophic red latosol; ERL — eutrophic red latosol;
DRAL - dark red allic latosol; AC, — allic cambisol; AC; - allic cambisol and DSRS - dystrophic
structured red soil.

The boron extractors HC1 0.05 mol L™ and the saturation extract showed to
be more efficients, as boron extractors, than Mehlich 1 when their respective boron
concentrations extracted from the soils were correlated with the boron concentrations
absorbed by the plants cultivated. The variance analysis was significant on the level of
1% for these extractors once all data were considered in relation to the boron
concentration in the aerial portion in pg.g” as well as in relation to the boron absorbed
by the plant in pg.plant™ with the correlation coefficient of 0.857 and 0.832 respectively
for hydrochloric acid and 0.858 and 0.841 for the saturation extract in Table 3.

Taking into account only the vases that were fertilized with borate (Table 4)
the variance analysis was 1% of significance for the HCI 0.05 molL" and saturation
extractors. For both extractors, the correlation coefficients remained close to 0.8 in
relation to the boron content in the vegetal tissue as well as for the boron absorbed by
the plant. Bartz and Magalhies'’ also found better correlation between the boron
extracted by acid extractors and the boron absorbed by the plants, as compared to boron
fertilized soils. However, Renan and Gupta'® found a positive correlation between the
boron extracted from the soil with HCl 0.05 mol.L™" and that absorbed by the plant in
any class of soil.
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Table 2 - Boron concentration in soils determined by different extractor solutions

Soil* Extractors ng.g” (values intervals) pg.g’ (average)
Mehlich 1 1.00 - 10.60 5.06
DRL HC10.05 mol. L™ 0.03 - 4.57 2.01
Saturation extract 0.06-142 0.54
Mehlich 1 1.16 -7.35 441
ERL HC10.05 mol. L™ 0.23 -2.34 1.37
Saturation extract 0.03-0.52 0.26
Mehlich 1 2.67-6.11 4.16
DRAL HC10.05 mol.L"? 1.00-3.76 2.69
Saturation extract 0.05-0.70 0.32
Mehlich 1 2.15-9.14 6.29
AC, HC10.05 mol L’ 0.16 - 4.25 1.98
Saturation extract 0.19-1.80 1.06
Mehlich 1 3.32-1334 827
AC, HCI1 0.05 mol.L™* 0.84 - 3.00 1.76
Saturation extract 027-2.73 1.28
Mehlich 1 1.45-10.94 5.28
DSRS HC10.05 mol L} 0.03 -3.50 1.61
Saturation extract 0.03-1.01 037
Mehlich 1 047 -8.70 4,53
DDRL HC10.05 mol. L™ 0.38 -8.89 421
Saturation extract 0.13-4.49 1.91

* DDRL - dystrophic dark red latosol, DRL - dystrophic red latosol; ERL — eutrophic
red latosol; DRAL — dark red allic latosol; ACy — allic cambisol, AC; - allic cambisol
and DSRS - dystrophic structured red soil.

For the soils of the control vases the correlation between boron content
extracted by HCl 0.05 mol. L™ and boron concentration in the plant or boron absorbed
by the plant was significant at the level of 5% and the correlation coefficients were
0.627 and 0.523 respectively (Table 4).

The Mehlich 1 extractor showed low correlation coefficients (Tables 3 and
4), verifying the lhiterature on the subject. For the hydromorphic and alluvial soils under
flooded rice cultivation, Paula ef al.'® found correlation coefficients close to Mehlich 1

and hot water extractors, thus indicating the feasibility of replacing hot water by
Mehlich 1,
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Table 3 — Linear correlation coefficients of boron concentration absorbed by the plant in

ug.g! and pg.plant” respectively with the boron content available in the soil in the
extractors used for all data obtained in the experiment.

Extractor Boron concentration in the Boron absorbed by the
plant (ug g™ plant (g plant™)
Mehlich 1 0.342%* 0.411%*
HC1 0.05 mol L 0.857%* 0.832%*
Saturation extract 0.858%* 0.841%*

Levels of significance (* - 5%) (** - 1%)

Table 4 - Linear correlation coefficients of boron concentration absorbed by the plant in

pg.g! and pg.plant? respectively with the boron content available in the soil in the
extractors used before and after fertilization.

Boron concentration in the plant ~ Absorbed boron by the plant.

8gh (ug.plant™)
Extrator Without With Without With
fertilization fertilization fertilization fertilization
(control) (control)
Melich 1 0.389 0.109 0.326 0.177
HC1 0,05 mol.L™! 0.627* 0.874%* 0.553* 0.828%*
Saturation extract 0.226 0.808** 0.283 0.799%**

Levels of significance (* - 5%) (** -~ 1%)

Table 5 - Linear correlation coefficients between contents of soil boron micronutrients
determined by different extractors

Extractor ‘ HCI 0.05 mol.L"* Saturation extract
Mehlich 1 0.527** 0.604**
HC1 0.05 mol.L - 0.800%*

Level of significance (** - 1%)

The variance analysis of the linear correlation between the extractors was
significant at the level of 1% for the Mehlich 1 x HC! 0.05 molL’, Mehlich 1 x
saturation extract and HCI 0.05 mol.L™ x saturation extract correlations of which the
last one showed the best correlation coefficient (0.800) (Table 5).

Figure 1 shows a linear correlation between the boron content absorbed by
the plants and that extracted by the three extractors and their respective equations.

CONCLUSIONS

The Mehlich 1 extractor extracted the greatest amount of boron from the
soils, while the saturation extract, the least.
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concentration in the soil extracted by (a) saturation extract, (b) Mehlich 1 (c) HCI 0.05
mol L.
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Saturation extract and HCl 0.05 molL™ extractors showed the best
correlation coefficients between boron concentration in the plant in pug.g”, and the total
boron per plant, in g/plant x the boron extracted from the soil by these extractors.

The correlation coefficient between the HCI 0.05 mol.L™ and the saturation
extract extractors was the best {0.800).

Taking into consideration the correlation coefficients and execution facility,
the HC1 0.05 mol L™ is the best among all extractors studied.
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ABSTRACT

The chemical composition of the hexane extracts from the rhizomes
and leaves of Dorstenia tubicina Ruiz et Pavon (Moraceae} and four
commercial samples of Dorstenia was investigated by high resolution gas
chromatography-flame ionization detector (HRGC-FID) and high resolution gas
chromatographic-mass spectrometry (HRGC-MS). This is a rapid and sensifive
method for the quantification of furanocoumarins and identification isoprene
derivatives (triterpenes, steroids and vitamins) from apolar crude extracts of
Dorstenia species.

RESUMO

A composicdo quimica dos exiratos hexéanicos das rizomas e folhas de
Dorstenia tubicina Ruiz et Pavon (Moraceae) e quatro amostras comerciais de
Dorstenia foram investigadas por cromatografia gasosa de alfa resofugdo com
defector de ionizagédo de chama (HRGC-FID) e cromatografia gasosa de alta
resolugdo com detector de massas (HRGC-MS). Este é um méfodo rapido e
sensivel para a quantificagdo de furanocumarinas e identificagdo derivados
isoprénicos (triterpencs, esterbides e vitaminas) de extratos apolares de
espécies de Dorstenia.

KEYWORDS: Dorstenia tubicina, furanocoumarins, gas chromatography-mass
spectrometry, steroids, triterpenes, vitamins
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INTRODUCTION

Preparations based on plants used in traditional medicine have been
widely employed in Brazil as an alternative to pharmaceuticals. The cost of
modern pharmaceuticals is probitive for the majority of the population’.

The chemical investigation of medicinal plants often requires the
examination of several related species of one genus. Traditional phytochemicali
procedures of isolation and identification can be very time-consuming and
generaly require considerable amounts of plant material. In the case of closely
related chemical species, however, classical phytochemical methods can be
exchanged for an analytical approach, based on chromatographic analyses and
identification of known compounds using standards and/or spectrometric data.
The process of isolation and identification of minor compounds is often a very
complex matter, because plants usually contain only one major class of
compounds. To detect such minor compounds, there is a need for a rapid
method for the detection of the substances in a complex mixture of other
extractives. The genus Dorstenia (Moraceae) has 37 Brazilian species®. Most
of them are known as “carapid@” or “figueirilha”. Some of them are used in folk
medicine, mainly for skin diseases and as antiophidics®.

Furanocoumarins are the most abundant compounds in these plants.
They have been used empirically for centuries in the treatment of
depigmentations, specially in Egypt’. Derivatives of psoralen, such as
bergapten, are used in therapeutic treatment of psoriasis (buvatherapia) and
mycosis fungoides®. Some of these compounds can be related to the topical
utilization of preparations containing Dorstenia rhizomes in the treatment of
skin diseases such as psoriasis and vitiligo®. Furthermore, these compounds
are responsible for the pleasant odour of these plants, that are mixed to pipe
tobacco’. A number of methods has been described for the analysis of
furanocoumarins, among them high performance liquid chromatography-
ultraviolet (HPLC—UV{; and gas chromatography coupled to a flame ionization
detector (GC-FID)**".

Besides furanocoumarins, terpenoids also occur in the Dorstenia
genus®®. It has also been suggested that the terpenoidal constituents might be
related to the antiophidical activity of some Dorstenia species'"™"*. However, as
most of terpenoids lack a c¢hromophore group, their analysis by
spectrophotometry poses a problem to the analysis of crude Dorstenia extracts.

GC-FID and high resolution gas chromatography - mass spectrometry
(HRGC-MS) have proved to be a valuable tool for separation and identification
of mixtures of apolar furanocoumarins and terpenoids®. Consequently, they are
an useful alternative for the investigation either of new species of this genus
or for the analysis of samples found in local commerce.

Dorstenia tubicina is an herbaceous plant used in the city of Campo
Grande, Mato Grosso do Sul State, Brazil for the treatment of antiophidics and
vitiligo. There are no phytochemical or pharmacological studies reported on
D. tubicina in the literature.
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In this work we report the identification of the components present in the
hexane extracts of rhizomes and leaves of D. tubicina and in four commercial
samples obtained in the local commerce of Campo Grande and quantification
of furanocoumarins using GC-FID and HRGC-MS.

EXPERIMENTAL

Plant material. The plant Dorstenia tubicina Ruiz et Pavon was
collected in Aquidauana, Mato Grosso do Sul, Brazil in 1996 and identified by
Dr. Jose Pedro Carauta from Jardim Botanico do Rio de Janeiro, Brazil. A
voucher specimen is kept in the Herbarium of the University.

The commercial samples were purchased in the local commerce in
Campo Grande, MS. Standard substances were obtained from a collection of
our laboratory.

Sample extraction. D. tubicina (rhizomes and leaves) and the four
commercial samples were separatedly dried at 37°C for 1 day. A quantity of
1g of each sample was powdered and extracted with 30 mL hexane
(maceration in sonic bath for 30 min). The solutions were filtrared with a filter
paper. The solvents were evaporated under vacuum. One milligramas of each
extract was redissolved with 1 mL of hexane, filtered with a Millex filter of 0.45
um and directly analysed by HRGC-FID with standards and also by HRGC-
MS. Samples were extracted in triplicate.

Extract characterization. GC analyses were performed with a VARIAN
3400 gas chromatograph equipped with a capillary fused silica LM-5 (15m x 0.2
mm i.d., film thickness 0.5 um) and with a flame ionization detector (FID). H.
was used as carrier gas at a flow rate 0.8 mL/min and the injection split ratio
was 1:20. The injection temperature was 280°C. Column temperature was
programmed 150-240 °C, linear increase 10 °C/min, 240°280 °C , linear
increase 5 °C/min, held for 20 min. The detector temperature was 300 °C .
Samples of 1 plL were injected with a 10 uL Hamilton syringe.

The HRGC-MS analysis were performed on an SHIMADZU QP 5000,
with electron impact ionization (70eV), coupled to an SHIMADZU GC-17B gas
chromatograph in the same column and temperature program described
above. Helium was used as carrier gas at a flow rate 0.8 mL/min. The MS scan
range was 45-550 u. Samples of 1 ulL were injected with a 10 puL Hamiiton
syringe.

Determination of the GC-FID detection limit. The GC-FID detection limit
was determined by injecting in triplicate 6 solutions of known concentrations
(1.0 pl each injection), and lowering the concentration of the sample until the
detection of a peak with twice the height of base noise line; the corresponding



SOUTH. BRAZ. J. CHEM., Vol. 7, N° 8, 1999

Determination of Furwiocouwnqring
54

concentration was considered being the minimal amount detectable by GC-FID
for those substances.

Calibration curves. Estimation of the content of psoralen and bergapten
in plant material was performed by external calibration. The compounds were
dissolved separately in analytical grade chloroform in order to obtain the stock
solutions which were appropriately diluted to concentrations ranging from 1-100
ng/mb of compounds. Aliquots (1.0 ul) for seven dilutions of each standard
were analysed by GC-FID. Each determination was carried out in triplicate.

RESULTS AND DISCUSSION

In order to optimize the analyses for furanocoumarins and isoprene
derivatives, several chromatographic runs were made by GC-FID under
different conditions. At the conditions presented, furanocoumarins are eluted
first (tx among 4.0-7.0 min), the monoterpenic furanocoumarin DT is eluted
with tg 16-17 min and isoprene derivatives (triterpenes, steroids, vitamins) are
eluted between 13.0-22.0 min (Fig.1-3,Table }).

The co-injection of authentic standards were also used to confirm the
presence of psoralen, bergapten, a-sitosterol, stigmasterol, a- amyrin, B-
amyrin, o- amyrin acetate, p-amyrin acetate, o-tocopherol, vitamin E. The
presence of DT and isoprenoids (not fully identified) were deduced on the
basis of matching with the NIST 62500 data bank ( with 62235 compounds} and
also by their MS-fragmentation pattern compared to the literature®'*'¢,

The calibration curve was linear in the range 10-100 (R=0,9999) ng/mL
for psoralen and 5-90 pug/mL (R=0,8997)for bergapten. The limits of detection
for psoralen 0.1 ng/mL and for bergapten 0.3 pg/mt.

Table Il shows the contents of furanocoumarins in the Dorstenia
species.

The HRGC-FID and HRGC-MS profile of the hexane extracts of
Dorstenia tubicina showed some differences between the chemical composition
of the rhizomes and ieaves. The major compounds in the rhizomes are the
furanocoumarins, while isoprene derivatives predominate in the leaves.
Furanocoumarin DT is present only in trace amounts in the rhizomes. A
common characteristic observed in the rhizomes and leaves was the presence
of almost equal amounts of o- amyrin acetate and -amyrin acetate. Sitosterol
is present in significative amounts only in the |leaves, where the major
constituent is vitamin E. Some minor compounds were lost because of their
noisy mass reports.

The chemical composition of D. tubicina herein examined showed to be
similar to other Dorstenia species, in which the major compounds are the
furanocoumarins® &7 144,
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Table I. Retention Times of the Components

Peak Compound MW t{min}
1 Psoralen 186 415
2 Bergapten 216 6.25
3 o-tocopherol 416 15.52
4 DT 368 16.55
5 Vitamin E ~ 430 16.67
6 Stigmasterol 412 17.99
7 a-sitosterol 414 18.51
8 B-amyrin 426 18.75
9 c-amyrin 426 19.41
10 B-amyrin acetate 468 20.62
11 o-amyrin acetate 468 21.21

DT=5-{3-(4,5-Dihydro-5,5-dimethyl-4-oxo-2-furanyl)-butoxy]-7H-furo[3-2-g}{ 1]

benzopyran-7-one.

55

Table il. Contents (ug/g) of Furanocoumarins in Dorstenia Species (dry weight)

and in Commercial Samples.
Peak | D.tubicina D.tubicina Sample 1 Sample 2 Sample 3 Sample 4
Rhizomes [ eaves
1 3650 - 3355 3590 1790 1335
2 1770 - 1205 1870 3495 -

Average of three determinations; standard deviation < 5%

{ - ) = Not detected
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The chromatographic pattern of the commercial samples 1 and 2 are
similar to that of D. fubicina, with psoralen as the major compound. Sample 3
also presents these furanocoumarins, but bergapten predominates over
psoralen. The monoterpenic furanocoumarin 4 was found only in sampies 2
and 3. On the other hand, sample nr. 4 presented small amounts of psoralen
and no bergapten, besides other isoprene derivatives in the range of 13.0-22.0
min, among which we could identify a- amyrin and B-amyrin. It is worth noting
that only samples 2 and 3 were sold as the intact rhizome, while samples 1 and
4 were sold as a powder. Indeed, in sample 4 we could verify the presence of
small parts of the rhizomes as well as of the leaves. Such type of addulteration
is frequent and is done in order to increase the weight of the herb.

The sensitivity of the GC-FID and HRGC-MS for both furanocoumarins
and isoprene derivatives allowed the fast chemical characterization of the
constituents present in this yet uninvestigated Dorstenia specie without the
necessity of isolating the individual known substances.

The chromatographic fingerprints of the authentic Dorstenia fubicina
have permited the identification of the constituents from commercial samples
and also the detection of possible adulterations.
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ABSTRACT

Lichens collected in Mato Grosso do Sul, Brazil, were analysed to their secondary
metabolites. The compounds isolated were tested against the phytopathogenic fungus
Cladosporium sphaerospermum, using a bioautography test. Diffractaic acid,
atranorin/chloroatranorin, usnic acid and the technical artifact product ethyl orselinate
inhibited the fungus growth.

RESUMO

Liquens coletados em Mato Grosso do Sul, Brasil, foram analisados quanto aos seus
metabdlitos secundarios. Qs compostos isolados foram testados quanto a atividade de
inibigéio de crescimento do fungo fitopatogénico Cladosporium sphaerospermum
usando a técnica de bioautografia. Atranorina/Cloroatranorina, dcido difractdico,
dcido tisnico e o produto de artefato de técnica orselinato de etila inibiram o
crescimento do fungo.

KEYWORDS : lichens, fungitoxic activity, Cladosporium sphaerospermum, secondary
metabolites.
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INTRODUCTION

The lichens like many plants, were used since antiquity as drugs or sources of
them'. These organisms produce secondary metabolites and many of them are known for
presenting biological and/or phaarmacological activities, such as, antimicrobial*!!, anti-
tumor'>", antioxidant'®, analgesic and antipyretic!” and others.

In spite of these properties, the search of new biological and pharmacological
activities of these compounds remains important. The search of new antifungal
substances has received special attention due to the few drugs existent and which,
besides, are of limited efficacy in the treatment of systemic mycoses'”.

During our studies of lichen specimens we have isolated several compounds
belonging to the classes of depsides, depsidones, dibenzofurans, and bis-xanthones which
have been tested for their biological activities, This paper, describes the results of
fungitoxic activities shown by some of these compounds. Evaluation of this activity has
been determined by a bioautography method, using spores from the phytopathogenic
fungus Cladosporium sphaerospermum Penzig.

EXPERIMENTAL
General Experimental Procedures

All melting points are uncorrected. The IR spectra were recorded in KBr with a
Perkin Elmer 783 spectrometer. The 'H-nmr spectra were measured at 300 MHz and
BC.nmr at 75 MHz using a Brucker DPX-300 spectrometer. Spectra were measured in
CDCl; and CD3;COCDs, with chemical shifts reported in & values (ppm) (using TMS as
the internal standard) and coupling constants in Hz. Mass spectra (MS) were obtained
from the Analytical Center of the Federal University of Paraiba, Jodo Pessoa, PB, Brazil.
Thin-layer chromatography (TLC) was performed on silica gel 60 using the solvent
systems a) benzene : dioxane : acetic acid, 90: 25: 4 v/v/v;, b) toluene : ethyl acetate :
acetic acid, 6 : 4 : 1 v/v/v; and c) toluene : chloroform, 1 : 1 v/v. Spots were visuallized
with MeOH/H;S0; 10% and p-anisaldehyde/H,SO,.

Plant Material

The lichens Parmotrema tinctorum (Nyl.)Hale, Ramalina continentalis Malme,
and Usrnea subcavata Motika were collected in the vilage of Palmeiras and Piraputanga
in Mato Grosso do Sul. A voucher specimen of each lichen is deposited in the herbarium
of the Chemistry Department of the Federal University of Mato Grosso do Sul, Campo
Grande, Mato Grosso do Sul, Brazil.
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Extraction and Isolation

The powder of each lichen (10.0 to 80.0 grams) was extracted in a Soxhlet
apparatus with benzene and then with acetone or with chloroform only. The extracts
were concentrated under reduced pressure on a rotaevaporator. Concentrated benzene
and chloroform extracts obtained from P. dinctorum and R. continentalis were treated
with ethanol several times to remove pigments. After this treatment, the residues were
recrystallized from CHCl;. Fractionation of the benzene extract from U. subcavata was
by chromatography on a silica gel column with pure solvents and mixtures of hexane,
dichloromethane, chloroform, acetone and methanol. The structures of compounds
isolated and purified were elucidated by spectral analysis (IR, "H-nmr, *C-nmr, and MS).

Biossays

Stock solutions of pure compounds were prepared at 500 pg/mL in an
appropriate solvent and were diluted to 250, 50 and 5 pg/mL. 20 uL of each solution
corresponding to 10, 5, 1 and 0.1 pg were applied on a plate of silica gel (Merck). The
plates were sprayed with a spore suspension of Cladosporium sphaerospermum in
glucose and saline solution and incubated for 48 hours in the dark in a moist chamber at
30°CY. The fungitoxic activity was evaluated by comparison of the size (in mm) of the
inhibition zones of fungus growth.

Fungus culture

The fungus Cladosporium sphaerospermum Penzig was cultured in PDA (potato,
dextrose, agar) medium at 28°C in the dark to obtain adequate sporulation. The
maintenance of the innoculum was done according to the procedure described by
Figueiredo and Pimentel”.

RESULTS AND DISCUSSION

The melting points, IR, 'H- and  C-nmr of the crystalline residue obtained from
the benzene extract of P. finctorum were identical to literature data for atranorin 2%,
However the TLC of this residue in toluene-chloroform 1:1 v/v showed two
components; possibly this fraction is a mixture of depsides atranorin (I) [methyl (3-
Jormyl-2,4-dihydroxy-6-methylbenzoyloxy-4°  2’°-hydroxy-3’,6 -dimethylbenzoate)] and
5-chloroatranorin (I} [methyl (3-formyl-2,4-dihydroxy-5-chloro-6-methylbenzoyloxy-4’
2’ -hydroxy-3°,6 -dimethylbenzoate)]. The residue obtained from the acetone extract of
this lichen was dissolved in diethyl ether and treated with NaHCO3/H,SO4 # . By this
procedure were isolated two compounds () and (IV). The IR, ' H- and " C- nmr and
mass spectra of these compounds correspond to those reported for the depside
lecanoric  acid (IID®* (2, 4-dihydroxy-6-methylbenzoyloxy-4'  2’-hydroxy-6 -
methylbenzoic acid) and ethyl orsellinate (IV)* (ethyl 2,4-dihydroxy-6-methylbenzoate).
The last compound has not been cited for P. finctorum and may have resulted from a
technical artifact. The chloroform extract obtained from Ramalina continentalis after
removal of pigments by treatment with ethanol, was recrystallized from CHCl; (mp 202-
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203°C). It gave the same chromatographic behaviour as usnic acid (V) [1,3(2H,9bH)-
dibenzofurandione-2, 6-diacetyl-7,9-dihydroxy-8,9b-dimethyl] , and the IR and ' H- nmr
spectra were identical to literature values™.

From Usnea subcavata we isolated usnic acid and the depside diffractaic
acid (V1) (2,4-dimethoxy-3,6-dimethylbenzoyloxy-4’ 2’-hydroxy-3’,6 '-dimethylbenzoic
acid). These compounds were obtained by fractionation of the benzene extract by
chromatography on silica gel column. The structural elucidation of the diffractaic acid
was carried out by comparison of spectral data (IR, ' H- and ** C- nmr) with literature
values®®?” and with the spectral data of an authentic sample of diffractaic acid.

CHy; ©

COOCH 3

R=H Atranorin (I) Lecanoric acid (11I)
R=Cl 5-Chloroatranorin(il)

CHgq

r/L/ CO()C2H5

HO OH
Ethyl orsellinate (IV) Usnic acid (V)
CH3 O

Diffractaic acid (VI)
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The results of the bioautography test using the fungus Cladosporium
sphaerospermum (Table 1), showed that atranorin/chloroatranorin and usnic acid are
active in concentrations up to 1 pg. Lecanoric acid was not active at the concentrations
tested. Ethyl orsellinate presented an inhibition zone larger that the other compounds at
a concentration of 10 ug, however it was inactive in concentration of 1.0 ug . Although

Table 1. Activities of Compounds Isolated from Lichens Against Cladosporium

sphaerospermum.
Compounds Atranorin (1) / Lecanoric  Ethyl Usnic Diffractaic
Chloroatranorin (II) acid (XIY) orsellinate (IV) acid (V) acid (VD)
concentration
(pg) inhibition halo diameter (mm)
10 11.0 0.0 15.0 8.0 4.0
5 9.0 0.0 8.0 8.0 3.0
1 8.0 0.0 0.0 7.0 0.0
0.1 0.0 0.0 0.0 0.0 0.0

the lichen compounds and phenolic derivatives are known to have activities against
several microorganisms, the results here presented about the fungitoxic activities of
lichenic compounds, and by the technical artifact product, ethyl orsellinate, suggest the
need of additional investigations in order to evaluate the use of these compounds, or
their derivatives, in the treatment of infections caused by these microorganisms,
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ABSTRACT

Four electrodes with liquid membrane, Cu2t selective and Ni2t selective,
not described previously in the literature, were prepared and characterized. From these
electrodes, 1 and 2 are based on simple complexes of Cu(Il) and Ni(II) with 2,3-dithio-
6-nitro-benzoquinoxaline-5,10-dione (dtnbgd), as ligand belonging to the dithiol class.
Electrodes 3 and 4 are based on the corresponding mixed complexes in which the
ammonia molecule acts as the second ligand and 2,3-dithio-6-nitro-benzoquinoxaline-
5,10-dione as the first ligand.

KEYWORDS  copper, nickel, liquid-membrane electrodes, potentiometry,
selectivity. : )

RESUMO

Foram preparados e caracter12ado§+quatro eletrodos novos
com membrana lIquida seletivos para Cu e Ni**, 0s eletrodos
1 e 2 foram baseados em complexos simples de Cu(II) e Ni(II} com
2,3~ditio—6-nitro-benzoquinoxalina-5,10-diona (dtnbgd), um
llgante da classe do ditiol. Os eletrodos 3 e 4 foram baseados
nos complexos mistos correspondentes, onde uma molecula de
amonia age como o segundo ligante e 2,3-ditio-6-nitro-benzoqui-
noxalina-5,10-diona age como o primeiro ligante.
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INTRODUCTION

During the past years, ion-selective electrodes for a large series of cations
and anions and their use in solving various analytical problems, in industrial processes,
the automated control of environmental pollution, biochemistry etc., have been
described in the literature™®.

This study i1s a continuation of our previous work described in earlier

papers " and presents the possibility of obtaining CuZ™ and Ni%* selective electrodes
with a liquid membrane. These electrodes are based on complex combinations of Cu(11)
and Ni(1l), extractable in organic solvents, non-miscible in water.

The response of these electrodes to the concentration of Cu2t (Ni2t) in

solution has been formally attributed to a process of exchange of Cu2™ (Ni2*) ions
between the analyzed aqueous solution and the solution of the membrane in
nitrobenzene.

Considering this thermodynamic hypothesis, the expression of the
membrane potential was derived:

E=E"+RIZFInay 2+ (1)
where ap2” is the activity of the Cu?* or Ni%¥ ions in aqueous solution. The

possibility of using simple and mixed complexes of Cu(ll) and Ni(Il) for obtaining
selective membranes for the copper or nickel ions has thus been proved.

EXPERIMENTAL

Materials. Analytical grade CuSOy4, Ni(NO3), and nitrobenzene with a

purity of better than 99% were supplied by Merck. Water used was doubly distilled and
deionized. The simple and mixed complexes used as ion selective membranes were
synthesized according to a procedure previously described™*® and characterized by
elemental analysis, UV/VIS spectroscopy, IR spectroscopy and ESR.

Equipment. The electrode used for the determinations has been made
according to a procedure previously described by Pleniceanu et al'”.

Construction of the electrode. The body of the electrode is made of a 75
mm long teflon tube (1) (Fig. 1) with an inside diameter of 6 mm at the lower end,
where it is closed with a 15 mm long graphite rod (2). This is impregnated with the
solution of the active substance (10> M) in nitrobenzene. The internal reference solution
(3) is made up of nitrobenzene in which the complex combination is dissolved. The
graphite rod plays both the role of mechanical support for the liquid membrane and
electrical support, taking over the electrical potential of the membrane when this one is
in contact with the aqueous phase.

The internal reference electrode has been eliminated by introducing a 115
mm long stainless-steel wire (4) having a diameter of 1.5 mm. The wire was introduced
inside the graphite rod and makes contact with the connection terminal (6) of the
measuring instrument. '

In order to prevent evaporation of the internal solution and, as a
consequence, any change of concentration in the membrane, the electrode is equipped
with a screwed teflon stopper (5) at the top through which the stainless-steel wire
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Fig.1 Schematic representation of the electrode.

penetrates, the system being perfectly air tight. The teflon stopper is detachable and
allows the filling of the electrode with the organic solution (3).

Electrodes employed. Four new Cu®” and Ni** selective electrodes with a
liquid membrane have been obtained and characterised. Among these, electrodes 1 and
2 are based on simple complexes of Cu(ll) and Ni(ll) with a ligand of the dithiol class,
2,3-dithio-6-nitro-benzoquinoxaline-5,10-dione, which has the formula shown below:

NN N\
H )\ .
N NV
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Electrodes 3 and 4 are based on the corresponding mixed complex
combinations with an ammonia molecule, which is present in the structure as a second
ligand, along with the ligand belonging to the dithiol class. The formula of the simple
and mixed complex combinations of Cu(Il} and Ni(II) whose solutions in nitrobenzene
constitute the membrane on a graphite rod for the electrodes under consideration are as

follows:
Electrode 1: [(n-C4Hg)4N]2[Cu(dtnbgd)];
Electrode 2: {(n-CaHo)sN]p[Ni(dtnbgd)o]
Electrode 3: [Cu(NH3)o(dtnbqd}};
Electrode 4: [Ni(NH3 )2 (dtnbgd)].

RESULTS

Response of the electrodes fo the concentration of Cu** (Ni*') ions. Table 1
illustrates the variation of electromotive force obtained with the four ion-selective

electrodes at 25 C and an ionic strength 1t = 0.4 (obtained with KNO; which does not

influence the electrode potential), depending on the concentration of Cu2t and Ni2*
ions.

Table 1

The values of the electromotive force of the Cu”” and Ni¥* selective clectrodes vs. the saturated calomel electrode (SCE) at

25°C, = 0.4 (KNO;) and pH = 4 ~ 4.2

Electrode 1 Electrode 2 Electrode 3 Electrode 4
Cogzq. of E C_Q‘j‘?- of E COﬂl:C: of E Cf'i‘}‘f- of E
Cu (Ngms (mV) Nl( Iv;;ms (mV) Cu( Ma;ms (V) Nl( N;;ms (mV)
107 330.5 10 302 107 420 107 110
10 301.5 107 273 10~ 391 10 381
10 2723 107 244 10 362 10~ 352
107 243.3 107 213 167 333 107 323
107 214.3 107 186 19 304 107 294
10° 206.3 10°% 171 10° 275 10° 265
10° - 107 - 10" 263 10° 251

The influence of pH on the response of the Cu2t (NiZ't)-selective
electrodes was also studied. For very acidic solutions a part of the 2,3-dithio-6-nitro-
benzoquinoxaline-5,10-dione in the mixed complexes is transformed into free dithiol
and the electrode potential measured in acid solution are greater. The electrode
potential measurements. in alkaline solutions have smaller values, because some of the

Cu2t (Ni2™) cations are precipitated as hydroxide in alkaline medium.

The pH of the aqueous solution of Cu2+ (Ni2%) was set at the desired value
by means of Kolthoff and Vleeschhouwer buffer solutions. The pH measurements were
made with a MV 85 pH-meter, using a glass electrode and a saturated calomel electrode.

Variation of pH between 2.5 and 6.35 for Cu2* and 2 and 8.6 for Ni2+ does not affect
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the membrane potential. As a consequence the linear portion of the E-pH curves is a

function of the Cu2* (Ni21) concentration in the aqueous phase (Fig. 2, Fig. 3). All the
direct measurements of the potential were carried out in solutions of CuSQy, and

Ni(NO3), respectively at pH 4 and 4.2, obtained with a CH3COOH 0.2 M +
CH3COONa 0.2 M buffer solution (82 ml CH3COOH 0.2 M + 18 ml CH3COONa 0.2
M for pH = 4; 73.5 ml CH3COOH 0.2 M + 26.5 ml CH3COONa 0.2 M for pH=4.2).

Selectivity of the electrodes. The selectivity constants for the cations
indicated in Table 2 were estimated by Srinivasan and Rechnitz's method”® and checked
by Eisenman's procedure’”.

From Table 2 it can be observed that the newly developed electrodes have a

cationic response AE/Aloge of 29 mV at 25 °C. This value corresponds to a Nernstian
stope of RT/2F. The Nernstian response is obeyed in the concentration range 10-1-10-3

M for electrodes 1 and 2 based on the simple complexes, respectively 10-1-10-6 M for
electrodes 3 and 4, based on the corresponding mixed complexes. Consequently the

Cu2* (Ni27) selective electrodes can be used within these concentration ranges for
potentiometric determination of copper and nickel.
According to the experimental data given in Table 2, by comparison with the

electrodes based on simple complexes, the Cu?™ (Ni2*) selective electrodes based on
mixed complexes have a wider range of linear response and a better selectivity for the
interfering ions.

Dynamic response and reproducibility of electrodes. The response

characteristics of the Cu?¥ (Ni2+) selective electrodes were estimated using solutions of
CuSO0Oy4 and Ni(NO3) having different concentrations, (usually 10 times higher) and by

recording the values of the potentials as a function of time. The response times of the
electrodes in dilute solutions (10-4-10-C M) were of about 2 minutes, whereas for more

concentrated solutions (10-1-10-3 M), the electrode potential reached an equilibrium
value in about 20 seconds. '
The reproducibility of the potential measurements was checked during a

period of 3-5 weeks for the concentration range 10-1-10-> M CuSO4 (NI(NO3)y) in
case of electrodes 1 and 2, respectively, 10-1-10-6 M for electrodes 3 and 4 (1t =0.4),

Table 2

The characteristics of Cu?* (NiZ*) selective electrodes (based on simple and mixed compiexes) at 25 OC, a constant lonic

strength 1= 0.4 (KNO3) and pH =4-4.2

Constants'of selactivity for the cations:

B T e = - ~
selective (mV) o Cu Ni Fe? Co
1 29 10-1-10°5 - 8-10~4 555104 3.12°1073
2 29 10-1.10-3 1.07 1073 - 6.03 104 3021073
3 29 10-1.10-6 - 289104 | 1.89-107% 6.510"4
4 29 10-1-10°0 4.48 10 - 1.19-10% 9.05 104
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Fig.4 The potentiometric titration curves of Cu2t ions with EDTA, obtained by

2+

using the Cu selective electrodes based on simple complex, with a membrane of

[(n~C4H9)4N]2[Cu(&tand)2] (Fig. 4.1), and mixed complex, with a membrane of
[Cu(NHj3)»(dtnbqd)], (Fig. 4.2).

ANALYTICAL APPLICATIONS

The Cu2t (Ni2%) selective electrodes have been used to determine the Cu2t

(Ni2*) jons in aqueous solution both by direct potentiometry and by potentiometric
titration with EDTA.

For the direct potentiometric determination, a calibration curve was used.
This has been obtained by the variation of the electrode potential of the CuZt (NiZ2+)

selective electrodes 1, 2, 3, 4, as a function of —log[M27], versus the saturated calomel
electrode (SCE) as external reference electrode. The experimental data are shown in

Table 1, and are obtained at 25 oC,‘pz 0.4 (KNO3) and pH 4 (4.2). The lower M2
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concentration limit, that can be determined by direct potentiometry is of 10> M with
electrodes 1 and 2 and of 10-0 M with electrodes 3 and 4.

The electrodes were also tested for potentiometric titration with EDTA by
using 10-3 M ftitrated solutions of CuSO4 (Ni(NO3)9). These titrations were based on
well-defined titration curves and a potential change of 162.5 and 160 mV for electrodes
1 and 2 was observed (Fig. 4). In the case of electrodes 3 and 4 much larger changes of
213.5 and 202 mV were obtained (Fig. 5).

Determination of copper and nickel by direct potentiometry in industrial
waters. Samples of water originating from a water treatment station were analyzed; the
concentration of copper and nickel has been determined for every sample by atomic
absorption spectrometry (AAS). The content of copper was determined by direct

potentiometry using the Cu2™ selective electrode No. 3, based on [Cu(NH3),(dtnbqd)].

380 460

240 _9_"\“\ | 420 -
380 -
300 -
> > 340 -
E 260 -] E
“" “ 300 -
220 -
260 -
140 . . 180 ' : :
0 100 200 0 100 200
n% n%
Fig.5 The potentiometric titration curves of Ni%* ions with EDTA, obtained by

using the NiZ* selective electrodes based on simple complex, with 2 membrane of

[(n-C4Hg)4N]o[Ni(dtnbqd),] (Fig. 5.1), and mixed complex, with a membrane of

[Ni(NH3),(dtnbqd)], (Fig. 5.2).
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Table 3
Results of Cu?® (Ni2t) ion determinations in industrial waters
Sample CuZ* (mg LDy NiZt (mg L1
N Potentiometrically, with the _ Potentiometrically, with the
o 2+ calocti By AAS PO By AAS
Cu<"-selective ¢lecirode No.3 Ni<T-sclective electrode No.4
I 1.01 1.06 0.15 0.20
2 1.79 1.80 0.21 0.25
3 0.80 0.79 0.09 0.13
4 1.01 1.10 0.18 0.20
3 1.59 1.65 0.23 0.28
6 3.57 3.70 0.11 0.16
7 3.18 3.27 0.29 0.35
8 2.84 2.91 0.33 (.35
9 2.0] 2.10 0.42 0.46
10 1.27 1.35 0.19 (.20
Table 4

Results of Cu?™ jons determination in industrial waters using the method of standard additions

g Cu?t (mg L°H
ample =
No. Initial Cu?* (AAS cu2t | Theoretical total of | Experimental Cu2*, with electrode
method) added Cu?t No.3
1 0.79 1.00 1.79 1.75
2 1.06 1.00 2.06 2.00
3 1.65 1.00 2.65 2.60
+ 291 0.50 341 3.36
3 3.70 0.50 4.20 4.16
Table 5

Results of Ni2* ions determination in industrial waters using the method of standard additions

NiZtmg L°1)
Sample -
No. Initial Ni2* (AAS | N2+ | Theoretical total of | Experimental Ni2*, with electrode

method) added Ni2* No.4
] 0.20 2.00 2.20 2.17
2 0.25 1.50 175 1.70
3 0.28 1.50 1.78 1.73
3 0.35 1.75 2.10 2.06
5 0.46 1.50 1.96 1.92




SOUTH. BRAZ. J. CHEM,, Vel. 7, N° 8, 1999

Liquid Membrane Electrodes
76

In the same way, the content of nickel was determined by using the Ni2* selective
electrode No. 4, based on [Ni(NH3),(dtnbgd)].

The results of the experimental determinations are given in Table 3,
representing the average values of the 6 measurements. It can be observed that the

results obtained with the CuZt selective electrode No. 3 and the Ni2t selective
electrode No. 4 are in agreement with those obtained by AAS. To certify the advantages

of using the potentiometric method with the mentioned Cu?* and Ni2* selective
electrodes, the experimental data were checked by using the method of standard
additions. The results given in Table 4 and Table 5 indicate a good agreement of the

AAS and direct potentiometric methods. Also, they suggest that the use of the CuZ*

(NiZ*) selective electrodes based on mixed complexes for the determination of cooper
(nickel) ions in industrial waters is very appropriate

CONCLUSIONS

Four electrodes with liquid membrane, Cu2t and Ni2¥ ion-selective
electrodes were prepared and characterized. The following characteristics were studied:

- the electrodes response to Cu? (Ni21) ion concentration;

- the influence of pH on the response of the Cu®™ (Ni?t) selective
electrodes;

- the selectivity of the electrodes;

- the dynamic response and reproducibility of the electrodes;

The analytical applications of these electrodes have also been studied by
using the direct potentiometric and potentiometric titration methods.

The ion selective electrodes based on mixed complexes have been used for
the determination of copper and nickel ions in industrial waters.

The electrodes with mixed complex membranes have a better seiecﬂvxty for
interfering ions and a much larger potential rise on the titration curve. For this reason,
they are of practical interest for copper and nickel ion determinations in solutions that
are more dilute and in industrial waters.
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ABSTRACT

Wastes amalgams were collected from dental cabinets of northwest region of the Parana Slafe
Brazil. Amalgams collected were washed with 0.IM nitric acid and distilled water, dried at 80°C,
and crushed to 100 mesh. Digestion of the brown powder were performed using two types of
reaciors. The first was made of pyrex glass and the second reactor of stainless steel, both
connected to a PVC tube with MnQ, and a vacuum pump. The efficiency observed was higher for
the second reactor, with 96-98% of mercury recovered, and the minimum time necessary for
digestion was 180 minutes. After the digestion, the mercury was transferred to a conventional
apparatus _for mercury distillation and purification. The distillation was performed nvo times and
the final mercury recovered was 99% pure. Silver and tin were also recovered by chemical and
electrochemical methods after the mercury separation

RESUMO

Residuos de amdlgamas dentarias foram coletados em gabinetes odoniologicos na regido
noroeste do Lstado do Parand, Brasil. As amdlgamas coletadas foram lavadas com dcido nitrico
0,1 M e dgua destilada, secadas a 80°C e trituradas a 100 mesh. As digesides dos solidos
escuros foram realizadas em dois tipos de reatores. O primeiro reator foi construido em vidro
pyrex e o segundo em ago inoxidavel e, ambos foram conectados a tubos de PVC, recheados com
dioxido de manganés, e entdo conectados a uma bomba de vacuo. O reator de ago inox mostrou
maior eficiéncia com a recuperagdo de 96 a 98% do mercurio, com o ltempo minimo necessario
de 180 minutos para a digestio. Apos a digestdo, o mercirio foi transferido para um aparelho
convencional de destilagdo e purificagdo do mercirio. Apos a bi-destilagdo recuperou-se o
merctirio com 99% de pureza. A prata e o estanho também foram recuperados por métodos
quimicos e elefroquimicos.

(2) To whom correspondence should be addressed

Key words: dental amalgams; mercury; environment; pollution; metal recovery



' SOUTH. BRAZ. J. CHEM,, Vol. 7, N° 8, 1999

Recovery of Mercury from Dental Amalgoms
80

INTRODUCTION

Amalgams are mixtures of metals and mercury used to fill the teeth ,and wastes of dental
amalgams consist of old amalgam, and pieces of fresh amalgam from procedures to replace
deterioted fillings. Mercury (48-60%), silver {15-37%), tin (12-13%), copper (0-20%), zinc (0-
1%) , and palladium (0-2%) are the average composition of dental amalgams used in dentistry.
Studies performed with dental amalgams using a radioactive mercury isotope (Hg™?) mixed with
dental amalgams fillings, and placed in the teeth of adult sheep, showed that the isotope appeared
in various organs and tissues within 29 days. Evidence of mercury uptake, as determined by
whole-body scanning and measurement of isotope in specific tlssues revealed three specific
absorption sites: lungs, gastrointestinal tract and mandibular tissue'. Once absorbed, high
concentrations of the isotope were found localized 1n the kidneys and liver.

The effect of mercury on the nervous system is a selective inhibition of protein and amino
acid absorption into brain tissue. It inhibits the synaptic uptake of neurotransmitters in the brain
and can produce subsequent development of Parkinson’s disease. Mercury is also nephrotoxic
and causes serious pathological damage®. Chronic exposure to mercury may cause an excess of
serum proteins in the urine which may progress to nephrotic syndrome and pecuhar susceptibility
to infections that break into and modify the course of any pre-existing disease™. Mercury fillings
can contribute to a higher level of mercury in the blood, and can affect the functioning of the
heart, change the vascular response to norepinepherine and potassium chloride, and block the
entry of calcium jons into cytoplasm’. It was also studied that mercury released from dental
fillings by the practlce of using chewing-gun were four times higher compared to the other
patients®. Mercury in human body can contribute to intelligence disturbances, speech difficulties,
Iimb deformity, and hyperkinesia (hyperactivity resuiting from brain damage). Backgrounds
levels of mercury in mothers correlate with incidence of fetal birth defects and still births’.

Wastes of dense, apparently harmless, dental amalgams are usually discarded as refuse in
the environment. Mercury is a heavy metal, liquid at room temperature, and with a2 boiling point
of 358°C. However, even at room temperature, the equilibrium Hggy, = Hg exist and it slowly
evaporates, emitting mercury vapor. Mercury can be converted to methyl mercury [(CH3),Hg] by
the action of anaerobic bacteria such as Methanobacterium omelanskii, and methyl mercury is
by far the most toxic of mercury compounds. On the other hand, dental amalgams are dense
solids, with high consistency and stability, and their boiling points are higher than pure inorganic
mercury. Up to the present there is no clear indication about dissolution and contamination of
water streams by mercury compounds released from dental amalgams. However, serious
environmental problems concerned to dental amalgams are still not clear, because the
temperature of furnace for cremating and solid wastes incineration could be high enough for
dissolution and release of mercury vapor.

The imported mercury used in dental fillings, gold prospection, caustic soda, and chlorine
production in Brazil was approximately 340 ton/year, up to 1993. Besides the amount deducted

from importation, the recovery of mercury is also very important for the protection of our
environment.
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MATERIALS AND METHODS

Dental amalgams were collected by Dr. Jales A. Cardoso ( 15° Regional de Saude de
Maringa) from dental cabinets of 29 municipal districts, including Maringa County, from the
northwest region of Parana State, Brazil. The amounts collected were: 30 kg (1994-1993), 40 kg
(1996), and 70 kg (1997). ~

After washing with diluted nitric acid and distilled water, and drying at 80°C, the solids
were crushed to a fine powder (about 100 mesh). The digestion of the brown powder was
performed in two types of reactors. The first, a 500 mL pirex round-bottom flask was conected to
the botton of a 250 mL pyrex erlenmeyer, and the erlenmeyer was connected to a condenser. The
condenser was connected to a 1000 mL pyrex heavy-wall filtering flask, and it was connected to
a 100 x 10 mm PVC tube with manganese dioxide (MnQ; - TRONA CHEMICALS-USA), and
then to a vacuum pump. As shown in a previous paper’, manganese dioxide is an excellent
material for absorption of gaseous substances including mercury, and was used to protect the
vacuum pump and the environment from mercury contamination (Figure 1). The second reactor
was made of stainless steel as shown in Figure 2, and a 100 x 10 mm tube of PVC with MnO,
was also connected between vacuum pump and the filtering flask.

Powder of dental amalgams, approximately 100 g for the first and about 200 g for the
second reactor, were used for each digestion. The temperature was slowly and progressively
changed, and the dissolution and volatilization of Hg began at ~290-300°C. The distilled
mercury coliected in the filtering flask was transferred to a conventional mercury distillation
apparatus for purification (Figure 6). To the collecting flask of this apparatus a 100 x 10 mm
PVC tube with MnO, was also connected to protect the vacuum pump and the environment from
contamination by mercury vapor. After the second distillation the mercury was transferred to a
narrow-mouth bottle with screw cap and stored.

RESULTS AND DISCUSSION

The main disadvantage of the glass reactor was the amount used (~100 g) for digestion.
Mercury liquefaction in the corner of the erlenmeyer and before the condenser was another
problem observed, and solved by changing of reactor design, as shown in Figure 1. The residue
left after digestion and mercury separation was constituted by the oxides of tin, silver,copper, etc.
Mercury determination in this residue by cold vapor atomic absorption spectrometry was an
important step to calculate the efficiency of mercury separation and recovery. The average
efficiency observed was 95% for the glass reactor and 96-98% using the stainless steel reactor.
The mercury released as vapor and absorbed on MnQ; was also determined by cold vapor
atomic absorption spectrometry.

Figure 2 shows the stainless steel reactor. The main disadvantage was the superficial
corrosion observed after several hours of heating. With 200 g of brown powder inside the reactor,
the temperature was slowly increased and the dissolution and volatilization of mercury began at
290-300°C using the PVC tube with MnO; and a vacuum pump. Without the vacuum pump and
the PVC tube with MnO,, the minimum temperature for digestion and volatilization of mercury
was > 500°C. Figure 3 shows the efficiency of mercury recovered as function of heating time
using stainless steel reactor. The amount of manganese dioxide used inside the PVC tube is very
important. Higher amounts of manganese dioxide required higher temperature for mercury
volatilization as shown in Figure 4, and 25-30g of manganese dioxide should be used and
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Figure 1. Glass reactor used for amalgams digestion. A 500 mL pirex round-bottom flask, with
~100g of amalgam powder (100 mesh), was used as reactor.{a] 10cm PVC tube with manganese

dioxide and glass wool was connected between the vacuum pump and an erlenmeyer collecting
flask.
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Figure 2. Stainless steel reactor used for amalgams digestion. A 10cm PVC tube with manganese
dioxide and glass wool was also connected between the collecting flask and vacuum pump.

a) Rheostat. b) Stainless steel reactor. ¢) Collecting flask. d) PVC tube (10 x 100 mm) with
MnO; . €) Vacuum pump.
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Figure 3. Percent recovery of mercury as function of heating time using a stainless steel reactor.
The digestion temperature using the vacuum pump was 295 + 10°C, and the amount of amalgam
powder used was 200g. The digestion temperature using the vacuum pump was 295 * 10°C, and

the amount of amalgam powder used were 200 g,
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Figure 4. Dependence of Hg volatilization from dental amalgams as function of amount(g) of
manganese dioxide used inside the PVC tube. The experiment was performed using a stainless

steel reactor with ~200g of dental amalgam powder.
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Figure 5. Recovery efficiency (%) of mercury as function of dental amalgam particle size (mesh).
The experiment was carried out using a stainless steel reactor with ~200g of dental amalgams,

and 25g of manganese dioxide inside the PVC tube.



SOUTH. BRAZ. J. CHEM., Vol. 7, N° 8, 1999
R.B. Brasil, C. Rodrigues & J. Nozdk<
85

Figure 6. Apparatus used for final mercury purification after separation of silver, tin, copper,
zinc, etc., from dental amalgams.[a] Flask with mercury to be purified. [b] Heating device. ic]
Condenser. [d] Collecting flask.[e] Vacuum pump. A 10cm PVC tube with manganse dioxide and

glass wool, not shown in the figure, was also connected between the collecting flask and vacuum

pump.

changed after 24 hours of continuous operation. Amalgam particles size are also important, and
higher efficiency was observed with smaller particles size of dental amalgams, as shown in
Figure 5.

The environmental problem by mercury released from wastes of dental amalgams could be
solved using one of the reactors investigated. Recovery efficiency was very high and the main
advantage were low cost, simple operation, and high purity of the mercury recovered. The PVC
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tube with MnQO, connected between the collecting flask and vacuum pump was very important
for the absorption of mercury vapor, that otherwise could cause problems to the vacuum pump
and the environment. However, the amount of MnO, should be carefully investigated, because,
with high amounts of MnO, the efficiency of the vacuum pump will be lower. The digestion
temperature of amalgams was 290-300°C using PVC tube with MnO; and vacuum pump, and at
least 500°C without the vacuum pump.
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HEIGHT MEASUREMENTS OF THE SPECTRUM AS AN ALTERNATIVE TO
CONVENTIONAL SPECTROPHOTOMETRIC ANALYSIS OF A KMnO, -
KzCl‘zO’; MIXTURE

Carmem D. Cardoso, Martha B, Adaime and Nddia S. Viaro
Departamento de Quimica ~ Universidade Federal de Santa Maria
Campus Camobi - Km 09 - CEP: 97.119-900 - Santa Maria - RS - Brasil

ABSTRACT

Quantitative spectrophotometric analysis is generally carried out plotting
absorbance against concentration, for some concentration range, in accordance with
Lambert, Bourger and Bee law. In this work, height measurement of the spectrum was
used to analyse KMnQy and K>Cr.0; mixtures in two different known concentrations.
The experiments were relatively simple to carry out, requiring only standard solutions
of KMnO4, K,Cry0, sample mixtures of the two components, a visible light
spectrophotometer, recorder, ruler and pencil. Comparison of the two methods showed
that the height measurement method is more reliable and versatile as it has no
requirement for the calculation of molar absorptivity, shows less relative error than the
conventional method.

RESUMO

Andlises espectrofotométricas quantitativas geralmente sdo efefuadas
relacionando absorbdncia e concentragdo, segundo a lei de Lambert, Bourger e Beer.
Neste trabalho, usa-se medidas da altura de espectros para analisar misturas de
concentragdes conhecidas de KMnQOs e KoCr07 Os experimentos sdo relativamente
simples de serem desenvolvidos, necessitando somente solugbes padrfes de KMnQ,,
K:Cry07, misturas dos dois componentes, fonte de luz visivel para o espectrofoidomeiro,
registrador, borracha e ldpis. Comparando-se os dois métodos, observou-se que o
método de medida de altura é mais seguro e versdtil, pois ndio necesstita de cdlculo de
absortividade molar, mostrando menor erro relativo do que o método convencional.

Keywords
Height measurements, spectrophotometric analysis, KMnQ4-K:Cr,O7 mixture,
quantification
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INTRODUCTION

During the development of a quantitative method fot the determination of an
unknown concentration of a species using absorption spectrophotometry in the
ultraviolet and visible regions, the first step is the choice of the maximun absorption
wavelength where the measurements are made. At this wavelength the absorbance of
the solution has a linear relation to its concentration within a defined concentration
range, following the Lambert, Bourger and Beer law’. This is the classic method used in
quantitative analysis.

To determine two compounds simultaneously by moiecular absorption
spectrophotometry, these determinations can be made based on absorption
measurements at two selected wavelengths, from which a pair of simultaneous
equations are obtained, taking into account that the absorbance is an additive property”.
It is necessary also to measure (or otherwise obtain) the molar absorptivity of each pure
compound at the two predetermined wavelengths. When there are more than two
compounds in the mixture with superposition of absorption spectrum, more
s1multaneous equations are required and, consequently software is necessary to resolve
them’.

Another quantitative method for mixtures is by using graphs to solve the
simultaneous equations. For mixtures of three compounds, the solution to the problem is
obtained by a triangular diagram for mixtures of four compounds a tridimensional
diagram - a tetrahedron is used".

As an alternative method, when mixtures are involved with overlapping
spectra, many wavelengths must be determined so that linear diagrams can be made
from which the concentrations can, be determined. This method can be applied to
mixtures of two or more components®.

The measurement of the area of the spectrum and the absorbance band
height at different points of the spectrum has also been used sucessfully’.

The purpose of the present work was to show the effectiveness of the
spectrum height measurement for the simultaneous quantitative analysis of a mixture of
KMnQ, and K>Cr,O7 using the spectrophotometric method.

EXPERIMENTAL PROCEDURE

All the reagents were of analytical grade. Stock solutions of 0.01 mol L™
KMnO4 and 0.02 mol L1 K2Cr207 were prepared in previously boiled and cooled
deionized water containing 5 mol L™ H,SO4. The concentration of the KMnQy solution
was determined titrimetically against H,C;04 0.01 mol L™ ¢

Then, 13 standard solutions of the individual components, were prepared in
50 mL volumetric flasks completing the volumes with deionized water.

Sample mjxtures with known concentrations were also prepared as follows:
A -2 ml of 0.01 moI L1 XMnOj solution, 5 mL of 0.02 mol L™ K,Cr,07 solution and
SmL of 5 mol L H,80; solution; B - 1 mL of 0.01 mol L KMnO, solution, 2 mL of
0.02 mol L™ K;Cr207 solution and 5 mL of 5 mol L™ H,SOQ4 solution.

The absorption spectra of each standard solution was measured between 400
to 600 nm on a Perkin Elmer 124 spectrophotometer and recorded on a Perkin Elmer 56
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recorder. A cell of 1 cm was used while the attenuation was 10 mV and the chart speed
was 20 mm.min”

I-Ieight measurements’ were made at 1.1 cm (A=560 nm) from the origin for
the KMnO, spectra (h;) and at 5.3 cm (A=449 nm) of the origin from the K;Cr20;
spectra (hs).

Table I lists the data used to make the plot of the KMnQj standard solutions
while Table II lists the data used to make the plot of the K2Cr207 standard solutions.

~These heights were plotted against the respectives concentrations as shown
in Figures 3 and 4.

The spectra of mixture A and B were also recorded from 400 to 600 nm of
wavelength. Height measurements were made at the same positions as for the individual
solutions.

RESULTS AND DISCUSSION

From height readings® at 1.1 cm from the origin of mixtures’ spectra,
according Figures 1 and 2, the KMnQ4 concentration can be determined directly from
the linear plot of h; (height) x C (concentratlon) Figure 3.In this situation, there was no
mterference from the K2Cr,07 solution, giving a KMnO4 concentration of 4.0 x 10™
mol L for mixture A and, for mixture B, a concentration of 2.0 x 10™ mol L™,

ABSORBANCE (Relative Units)

WAVELENGTH (nm)

Figure 1. Absorption spectrum of the mixture A.
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Figure 2. Absorption spectrum of the mixture B.

KMnO; standard solutions were prepared on the obtained concentrations
from the mixtures and they were used to make the absorption spectra. The heights were
measured on the same wavelength that was measured h. For mixture A, hA it was of
12.5 cm and hoA it was of 0.8 cm and for mixture B, hB it was of 5.1 c¢cm and h;B of

0.35cm.
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Table I. Spectral height data of KMnQ, standard solutions measured at 560 nm.
Volume KMnQs  Volume H,S0; Concentration Concentration  hy(height)
0.01mol L™ 5mol L (x10°mol L)  (mgL™) (cm)
(mL) (L)
04 5 0.8 12.64 1.30
0.7 5 14 22.12 2.30
1.0 5 2.0 31.60 3.15
1.3 5 2.6 41.08 3.80
1.6 5 3.2 50.56 5.25
1.9 5 3.8 60.04 6.00
2.2 5 4.4 69.52 7.40
2.5 5 5.0 79.00 8.10
2.8 5 5.6 88.48 9.50
3.1 5 6.2 97.96 10.75
3.4 5 6.8 107.44 12.15
3.7 5 7.4 116.92 13.15
4.0 5 8.0 126.40 14.30

Table I1. Spectral height data of K,Cr,05 standard solutions measured at 449 nm.

Volume KMnO4  Volume H,S$O4  Concentration Concentration  hs(height)
0.02 mol L™ Smol L™ (x10° moi L' (mg L' (cm)
(mL) (mL)

1.0 5 0.4 117.6 2.8
1.5 5 0.6 176.4 4.0
2.0 5 0.8 2352 5.5
2.5 5 1.0 294.0 6.3
3.0 5 1.2 352.8 8.0
3.5 5 1.4 411.6 9.0
4.0 5 1.6 470.4 9.0
4.5 5 1.8 5922 11.5
5.0 5 2.0 588.0 12.5
5.5 5 2.2 646.8 13.8
6.0 5 2.4 705.6 15.5
6.5 5 2.6 764.4 16.2
7.0 5 2.8 8232 17.6
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Figure 4. Plot of height (h;) versus the concentration of KzCrz07 at 5.3 em. Data from

Table 11,
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Table III. Results for the two-component mixtures by the conventional and the
alternative methods.
Mixtures Calculated Method 1 Relative Method 2 Relative
concentration  (x10° molL™) Error %) (x 10*molL™) Error (%)
(x 10* mol. L'

KMnO4 40 4.0 0.0 5.0 +25.0
AK;CI‘207 20.0 18.0 - 10.0 27.0 +35.0
KMnO4 2.0 2.0 0.0 2.8 +40.0
BKszO'r 8.0 7.3 -8.8 10.0 +25.0

Method 1 - Alternative method (Height Measurement)
Method 2 - Conventional method using simultaneous equations

Considering the total height (h) measured at 5.3 ¢m for the mixtures as the

sums of the contributions from KMnO, and K;Cr207:
h=hy+hs (1)

Then, from: hy=h; - hs, the values of h; were calculed (mixture A, h3=11.7
cm and mixture B, hy=4,75 cm). From Figure 4, the determined KiCryO7
concentrations’ for mixtures A and B were 1,8 x 10° mol L™ and 7.3 x 10* mol L™,
respectivelly. .

Table Il gives comparative data for the conventional and this alternative
method.

The conventional method uses simultaneous equations, so as many
equations as the number of components in the mixture are necessary, requiring values of
molar absorptivity as well as absorbances and known concentrations, The relation
height versus with this concentration brings the reality nearer than the relation
absorbance versus concentration. With this alternative method is not necessary to
calculate molar absorptivity and the relative error is smaller compared to the
conventional method.
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ABSTRACT

The Schiff bases obtained from formylmenthone and o-, m-, p-
toluidine behave as bidentate ligands with O and N donor atoms in NifIl)
and Cu(ll} complexes by the type NiL, and Cul(H;0), The donor atoms
and the possible geometry for the complexes were assigned by means of
chemical, thermodifferential analyses and electronic, EPR and IR spectra.

RESUMO

As bases de Schiff obtidas de o,m, e p-toluidina e
formilmentona agem com ligantes bidentados com atomos
doadores de 0 e N e reagem com Ni(II) e Cu(II) formande
complexos do tipo NiL, e CuL (H _0}_,. A natureza dos atomos
doadores e a geometria e estrutlira®dos complexos foi de-
terminada usando analise quimica e termodiferencial e
métodos de espectroscopia eletronica, infravermelha e ¢z
REP,

KEYWORDS: Coordination compounds of Cu(Il) and Ni(Il}, Schiff bases
derived from formylmenthone
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INTRODUCTION

Our previous paper' has reported the preparation and
characterisation of the coordination compounds of some “3d” metals with
Schiff bases derived from 3-formylcarvone and o-, m-, p-toluidine. The
position of the methyl substituent on the benzene ring has determined the
type of the complex and monodentate or bidentate coordination of the
ligands. It seemed desirable to investigate the coordination ability of the
Schiff bases derived from 2-formylmenthone and o-, m-, p-toluidine on the
same “3d” metals, for purposes of comparison (scheme 1).

Three new ligands able to generate complexes have been
synthesized:

6 - isopropyl — 3 — methyl - 2 - [(2’-methylphenylamino) methylen]
cyclohexan - 1 —one, (ortho - L);

6 — isopropyl — 3 — methyl ~ 2 - [(3’-methylphenylamino) methyien]
cyclohexan - 1 — one, (mera—L);

6 — isopropyl — 3 — methyl — 2 - [(4’-methyiphenylamino) methylen)
cyclohexan - 1 — one, (para - L);

R PII R
e~ O
S —— I:I
0 oy
la 1b

Scheme 1
where R = o-, m-, p- methyl.

The presence of the »C=0 and >C=N - groups lying in ortho-
position with respect to each other favours keto-enolic tautomerism
(Scheme 1). This tautomerism has been attributed to an intramolecular
hydrogen bond and might explain their chelating ability. NMR studies have
shown that such Schiff bases with the carbonyl and azomethine groups
lying in the ortho-position exist in solution as the enolic tautomer (1b)
and that the tautomer distribution was solvent dependent™.
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EXPERIMENTAL

The ligands were prepared according to the literature and
Cu(CH;CO0)2.H,0 and Ni{CH;C00),.4H,0 p.a. Merck were used.

The complexes were prepared by mixing warm aqueous methanol
solution (50%) of metal acetate (1 mmol) and ligands (2 mmols). The
resulting precipitates were filtered and washed with aqueous methanol
solution (50%) and dried at room temperature. The metal content was
obtained gravimetrically.

The electronic diffuse reflectance spectra within 300-1100 nm range
were obtained with VSU-2P Zeiss-Jena Spectrophotometer, using MgO as a
standard.

EPR spectra were recorded at room temperature on polycrystalline
powders, on ART-5-IFA Spectrograph.

The klystron frequency was 9060 MHz and modulation of the
magnetic field 100 KHz. The EPR spectral parameters were calculated
against a Mn(II) standard.

Thermodifferential analyses were carried out with a Paulik-Paulik-
Erdey Derivatograph Q 1500-D MOM. Conditions of measurements:
temperature range up 1000°C, heating program: 10 degree/min., sensitivity
DTA = 1/10, my = 0.0180 g, S = 20 and ms = 0.0372 g, S = 50; atmosphere
over sample air.

IR spectra (KBr pellets) were measured on a BIO-RAD FTS-135
Spectrometer.

RESULTS AND DISCUSSION

Characteristic data for the Cu(Il) and Ni(II) complexes are presented
in Table 1. The elemental and thermodifferential analyses are consistent
with their formulation as anhydrous, monomeric Schiff bases chelates
(NiL;) or hydrated, monomeric complexes (Cul,.(H:0);) with water
molecules either as coordinated or as crystalline water. All the metal
chelates are brownish-red, readily soluble in organic solvents (chloroform,
acetone, methanol), but sparingly soluble in water.

Thermodifferential analysis curves for compounds Cu(para-L),.(H,O), and
Ni(para-L); are shown in detail in Figures 1a and 1b.

97
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Table I Elementary analysis results for the complexes studied

No Compound P CU%‘ Niu/?, H‘)‘O?’ .
‘ound/Caled. | Found/Caled. | Found/Caled.

l. Cu(ortho-1.),.(H:0) 10.37/9.94 - 7.03/5.63

2. | Cu(meta-1.),.(1 igf))g 9.64/9.94 - | m—()ﬂ;(;:;::_

3. Ni{(mera-1.)2 - | 10.14/9.80 -

4. 1 Cu(para-L); (H:0), 10.09/9.54 | - 6.91/5.63

3. Ni(para-1.); 7 - 10.50/9.80 -

For compound Cu{para-L),.(H;O), (Fig.1a) the mass loss observed
within 60-215°C range in the TG curve corresponds to the loss of two water
molecules per molecule of each copper compound. The TG curve shows
that the water molecules are liberated in two steps (weight loss at 170°C,
found: 2.98%, calcd., for H,O: 2.88%,; weight loss at 215°C, found: 7.03%,
caled., for 2H,O: 5.76%). Hence, the two water molecules are present as
coordlnated water, in Cu(Il) complexes.

The results indicate that compound Ni(para-L), (Fig.1b) is stable up
to 150°C, but rapidly looses ligands at 565°C (weight loss at 565°C, found:
88.86%, caled., for 2L: 90.14%).

The electronic diffuse reflectance spectra of the complexes are given
in Fig.2 and 3.

The spectra of the Ni(Il) complexes (3 and 5, Fig.2) are similar and
are consistent with tetrahedral Ni(II) cornplexes The spectra present the
band v; (660 nm) assignable to the *T|(P) « T, transition weak band (760
nm, compound Ni{meta-L),) or the shoulder (760 nm, compound N1(para-
L),) are assigned as spin forbxdden transitions to components of 'D levels®.
The band v, assignable T, « °T, transition (near 500 nm) is covered by a
broad and intense band due to the ligands (500 nm). It is present in the
spectra of the copper complexes, also. The spectra of the copper complexes
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(Culortho-L),.(H2Q), Culmeta-L),.(H,O),, Culpara-L), (H;0)) in Fig3
are similar and present a band at 800 nm that could be assigned to a d-d
transition associated with a distorted octahedron™’. EPR spectra of the three
copper complexes recorded at room temperature on polycrystalline samples
present a similar intense EPR signal characteristic monomeric species of
Cu(Il}) ion with a third order anisotropy for the factor g resulting from
distortion of octahedral geometry (Fig.4).

This anisotropy is compatible with Cu(I) ion in a compressed
rhombic-octahedral geometry™ with R > 1 and supports  the
electronic spectra. In a three g value spectrum with g; < g < g3, the value
of R = (g, — g;Mgs — g2) may be significant’; if R > 1, a predominant dz’
ground state is present and would be consistent with compressed axial or
thombic symmetry with slight misalignment of the axex. f R < 1, a
predominant dx’ — y* ground state is present®*.

The main IR bands and their assignments for the free ligands and the
complexes are shown in Table 2.

Y-

Complex g, g, Qs
Cu(brﬂn-L)?_(HZO}aﬁ}t%Ok 20439 124586

Culmeta-L)H0L{2)|19806 120605 | 24586
Culpara-U(H,0,(4)] 19959 |20605 | 24466

Fig.4. EPR spectra and SPR spectral parameters of:
Cu(ortho-1.)2.(1:0). (1),
Cu(meta-L) (H:0)2  Q2);
Cu(paf'a—i.,)g.(I-bO)z (4)

101
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Table I1. The main bands in the IR spectra (cv™') and their
assignmenls
o e e e s e - et e R e e e e
No. Licompound Voit Vo Ve HO
R S . ) o tcoord
Ortha oL 3200-3320m } 70tsh 330, 1390, 1630vs -
i Culortho-1),.(1,0); 34235 - T358. 1615y Phidw
I — S N R U DR |
Aera-L 3310, 3430m 1700vw 1560, 1620, 16403 -
2. Culmera-1.)2.(11,0), 3395 - [557s, 16]10vs OGS
3. Ni(mera-1), 3398m | - 15435, 1510vs. 16355
Para-L 3300, 3100m 1700vw 1320, 15380, 1630s
4. Culpara-1.),.(11,0), 3399m - ESTdvs, 15455 1613310110 w
5. Ni{para-L), 3422m - 1510, 1343 1558m 4
A - ~ R R

$ = strong; m - medium; w - weak: sh - shoulder; v - very

The keto-enolic tautomerism is supported by presence of the bands
due to vou and ve-o. The band due to ve=o (1700 cm™) occurs as a very
weak band or a shoulder. The band due to vey occurs as a broad band
(3200-3600 cm™ range) with two unresolved peaks. The band due to vy
occurs as a broad band (1500-1600 cm™ range) with three unresolved peaks.
A comparison of the position of the bands in spectra of the complexes with
their position in the IR spectra of free ligands shows changes of the bands
due to vou and ve-n. Upon coordination, the stretching frequencies, ve=y are
shifted to lower values and stretching frequencies voy are shifted to higher
values. These changes are generally noticed upon coordination of the SChlff
bases containing an N and O donor atoms, by the both donor atoms®. The
new band near 1111 em™ occurring in the IR spectra of the three copper
complexes only could be aSSIgned to the coordinated water molecules in
agreement with Fujita'® and is be consistent with the results of the
thermodifferential analysis.
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On the basis of elemental, differential analyses and spectral
measurements, we conclude that Cu(Il) ion is hexacoordinated in a
compressed rhombic geometry, while Ni(l) ion is tetracoordinated in a
tetrahedral geometry.

The ligands acted bidentately with both O and N donor atoms by
deprotonation of the OH group making evident the participation of the
ligands in the enolic tautomeric form.

Cu(II) coordinates by atom donors, N and O In a plane and by
shorter bonds to axial water molecules in a compressed thombic geometry

(Fig.5).

R
H
H
C=N ?2 ©
\Cu
/ *
A =
0”7 HO i
R

Fig.5. Structural formula proposed for the Cu(ll) complexes

The tetrahedral environment of the Ni(Il) ion suggested by electronic
spectra is obtained by both donor atoms, N and O.

We may conclude that the metallic ion determines the type of the
new complexes.

The arguments for the structure of the new chelates were fully
supported by the spectral data (electronic, EPR and IR spectra).
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ABSTRACT

The micellization of cetyldimethylethylammonium bromide (CDEAB) in water was
studied by means of surface tensiometry. The critical micellar concentration (CMC) was
determined at 25°, 32° and 40 °C and thermodynamic properties such as the free energy of
micellization (AG®,), enthalpy (AH° i) and entropy (AS°.wi0) of micellization were measured.
The CMC ar 25 °C was 9.05 x 107 M and the corresponding values of the thermodynamic
parameters were: AG’ e = -4.15 keal/mol, AH? e = -1.37 keal/mol and AS e = + 9.33 e
Micelles of the surfactant CDEAB were good catalysts for the alkaline hydrolysis
of  p-nitrophenyl diphenyl phosphate (NPDPP) with a maximum catalytic factor of
approximately 80, comparable to that of CTAB. Typical activation parameters measured
for 0.005 M NaOH were: E, = 9.0 kcal/mol; AH” = 8.4 kcal/mol; AG®” = 19.2 keal/mol and
45°7 = -36.3 e.u. The kinetic results were also analyzed in terms of the pseudo-phase ion
exchange models (PPIE) and showed that the model is applicable and gave reasonable fits.

KEYWORDS: cetydimethylethylammonium bromide; micellization; micellar catalysis;
phosphate esters

RESUMO:

A micelizagdo do brometo de cetildimetiletilaménio (CDEAB) em dgua foi estudada por
métodos de tensiometria superficial. A concentragdo micelar critica (CMC) foi determinada a
25% 32° e 40 °C e propriedades termodindmicas tais como a energia livie (4G°ni) de
micelizagdo, entalpia (AH i) € entropia (AS ) de micelizagdo foram medidas. A CMC a 25
°C foi 9,05 x 107 M e os valores correspondentes para os pardmetros termodindmicos foram os
seguintes: AG’pie = -4,15 keal/mol; AH® pic = ~1,37 keal/mol e AS® i = +9,33 e.u. Micelas do
surfactante CDEAB foram bons catalisadores para a hidrélise alcalina do p-nitrofenil difenil
Josfato, com um fator catalitico mdximo de aproximadamente 80, compardvel ao do CTAB.
Pardmetros de ativagdo representativos medidos experimentalmente para 0,005 M NaOH
foram: E, = 9,0 keal/mol; AH" = 8,4 kcal/mol: AG®” = 19,2 kcal/mol and AS°” = -36,3 e.u. Os
resultados cinéticos também foram analisados em termos do modelo de pseudo-fase de troca
idnica (PPIE) e mostraram que o modelo é aplicavel e satisfatorio.
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INTRODUCTION

The present paper deals with the study of the micellization process of surfactant
cetyldimethylethylammonium bromide or hexadecyldimethylethylammonium  bromide
[CDEAB, CH;CH;N'(CH3),CH2(CH2)14CH; Brijand its use as a catalyst for the alkaline
hydrolysis of p-nitrophenyl diphenyl phosphate.

In the past, as a part of our systematic investigation of the process of micellization we
have studied many surfactants in water, non-aqueous solvents and water solutions containing
various co-solvents or additives by means of a variety of experimental techniques including
surface tensiometry, nuclear magnetic resonance (NMR) and quasi-elastic light scattering
(QELS)'.  The surfactant CDEAB was chosen because of its similarity to
cetyltrimethylammonium bromide (CTAB).

Phosphate esters are compounds with interesting biological and physiological properties
and are widely used as pesticides, drugs and nerve gases. Their accumulation and their effect in
the environment are of paramount importance'*'®

In studies reported in the literature we have shown that the hydrolysis of di- and tri-
substituted phosphate esters is catalyzed by micelles of cetyltrimethylammonium bromide
[CisH33N(CHsz)s Br], N,N-dimethyl-N-hydroxyethyldodecylammonium bromide [DHEDAB,
n-C12HzsN(CH;3),CH,CH,OH Br] and N,N-dimethyl-N-hydroxyethylcetylammonium bromide
[CHEDAB, n-CisH33N'(CHs),CH,CH,OH Br1". The last two, CHEDAB and DHEAB are
among the first examples of surfactants that form functional micelles.

Micellar aggregates of DHEDAB and CHEDAB are excellent catalysts for the
hydrolysis of both lithium p-nitrophenyl ethyl phosphate (LiIPNEP) and p-nitrophenyl diphenyl
phosphate (NPDPP) in the presence of hydroxide ions, with over a 300-fold rate enhancement
for the hydrolysis of the triaryl phosphate in the presence of CHEDAB. The dependence of the
reaction rate on hydroxide ion concentration and the catalytic effect have been explained in
terms of nucleophilic participation of the alkoxide ion of DHEDAB and CHEDAB, with pK. of
12.4 and 12.9, respectively for the ionization of the hydroxyl groups'’. For reactions with
fluoride ion, the hydroxy-substituted surfactants are no better catalysts than the corresponding
alkyltrimethylammonium bromides, suggesting that electrophilic catalysis is relatively
unimportant. Cetylpyridinium bromide [CPBr, CsHsN'CiHsz Br] is similar to CTAB at low
hydroxide concentration and has a slightly more pronounced effect with fluoride ion.
Zwitterionic surfactants such as lauryl carnitine chioride (LCCI) and palmityl carnitine chloride
(PCCI) have little effect on the rate of hydrolysis of LIPNEP'®*|

The addition of primary amines enhanced the rate of reaction in the presence of CTAB
and CHEDAB for the triaryl phosphate, but much of the increase was due to attack by amine on
the aryl group. In the absence of micelles, amines increased the overall rate of the reaction by
attacking the aryl group without markedly catalyzing hydrolysis™.

The micellar catalyzed oxidative cleavage of a carbon-carbon bond in Dicofol™? and
the micellar catalyzed dehydrochlorination of 1,1,1-trichloro-2,2-bis(p-chloro fhenyl)ethane
(DDT) and some of its derivatives have also been subject of our investigations In recent
studies we have reported results obtained for the hydrolysis of p-nitrophenyl diphenyl phosphate
in aqueous solutions in the presence of micelles of diethyl heptadecyl imidazolinium ethyl
sulfate (DEHIES) and CTAB, sodium hydroxide and dimethylsulfoxide (DMSO) and analyzed
the effect of internal pressure of the medium, dielectric constant, donor number and polarity of
the solvent and the effect of DMSO on micellization®*?®.
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The present paper deals with the study of the hydrolysis of p-nitrophenyl diphenyl
phosphate (NPDPP) in the presence of micelles of cetyldimethylethylammonium bromide
(CDEAB) in aqueous solutions containing NaOH, as illustrated by the following scheme:

A ° o)
/ NaOH C> 0\ Vs
— e e () O
ON O =R CDEAB N * O/P\O_

0 o

EXPERIMENTAL PROCEDURE

Materials. The p-nitrophenyl diphenyl phosphate (NPDPP) was prepared using standard
methods®®. A sample was also obtained from Prof. Fred Menger, Emory University, Atlanta,
Georgia, USA. The surfactant cetyldimethylethylammonium bromide (CDEAB) was purchased
from Chem. Service, West Chester, Pa., USA. The sodium hydroxide was analytical reagent
grade and was purchased from Merck Co.

Surface Tension Measurements. All solutions were prepared volumetrically with
deionized double distilled water and contained a series of at least fifteen different concentrations
of CDEAB. The surface tension of the CDEAB-H,O solutions was measured at 25°, 32° and 40
°C by means of a Fisher Model 21, Semi-Automatic Tensiometer. Ten milliliters aliquots of the
solutions were placed in a Petri dish with a diameter of 6 cm. The temperature of the solutions
was brought to the chosen temperature using a water bath and the Petri dish was kept at the
desired temperature by placing it in a container through which water was circulated from the
constant temperature bath. The tensiometer was set a constant height. The final surface tension
of any solution was the average of at least three independent measurements.

The critical micellar concentrations (CMC's) were determined from plots of the surface
tension of the solutions versus the concentration or log concentration of CDEAB. The marked
change in the plots was taken as an indication of micelle formation and the inflection point was
considered to correspond to the CMC.

The thermodynamic parameters AG’mic, AH’mic and AS°mic were determined using
standard equations’'? derived on the basis of the assumption that the process of micellization
involves the formation of a distinct micellar phase at the CMC and that the concentration of
monomers in solution is constant, once micelles are formed. The experimental accuracy in the
values determined for AG®nic is about + 100 cal/mole. On the other hand, AH mic and AS®n;c are

more approximate since they were calculated on the basis of measurements at three temperatures
only.

Kinetic Measurements. The hydrolysis of p-nitrophenyl diphenyl phosphate was
studied spectrophotometrically by measuring the rate of appearance of the p-nitrophenoxide
anion at 4030 ‘A with a Varian DMS-80 spectrophotometer equipped with a temperature
controlled cell compartment. The reaction was studied at 15°, 25° and 35°C at various
concentrations of NaOH and CDEAB. The pseudo-first order rate constant (ky), in s, was
determined from linear plots of logarithm of absorbance versus time and the second order rate
constants (kam) in the micellar phase and (k°) in the aqueous phase, in s"M”, were calculated

3
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from ky, and the hydroxide ion concentration. Activation parameters such as the activation
energy (E.), the activation entalphy (AH™) and the activation entropy (AS™) were determined

from experimental k, values measured at three different temperatures using the following
equations.

Inky = In A - (EJR) (V/T) (1)
AH*” = E, - RT 2)
AS® = 4,576 (log ky - 10.753 - log T + E,/4.576T) (3)
AG* = AH™ + AS™ (4)

where, R corresponds to the gas constant and T to the absolute temperature.

RESULTS AND DISCUSSION

Some typical experimental results obtained for the surface tension of CDEAB in water
solutions at 25° and 32°C are illustrated in Figure 1.

75.0
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&
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=
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% 55.0 - ®
- 1 @
3 ° o
50.0 -
3]
= cb0
3 1 >
45.0 - 6‘:8“
0 %2 4
. o
40.0 s s e}
0.0 03 05 0.8 10 4.3 1.5
Concentration of CDEAB (M x 103)

Figure 1. Plot of Surface Tension versus Concentration of Cetyldimethylethylammonium
Bromide (CDEAB) in water at 25° and 32°C.

All plots of surface tension versus the concentration of CDEAB exhibited initial marked
drops and subsequent leveled off. The inflection point in the given curve was taken as the CMC.
At times, plots of surface tension versus the logarithm of the concentration of surfactant gave a
better determination for the CMC. Such results are shown in Figure 2 for the same temperatures.



SOUTH. BRAZ,. J. CHEM., Vol. 7, N° 8, 1999

L. ¢. Ionescu, S. Dani & E. F. De Souza
109

65.0

€ 25°C
® 32°C

60.0 +

151

th

=]
I

Surface tension (dynas/cm)
S
o

N

e

o
1

40.0 : + : + : f ¢
-3.60 -3.40 -3.20 -3.00 -2.80
Log concentration of CDEAB (M x 103)

Figure 2. Plot of Surface Tension versus Logarithm of the Concentration (M x 107) of
Cetyldimethylethylammonium Bromide (CDEAB) in water at 25° and 32°C.

The experimental values determined for the critical micellar concentration (CMC) are
summarized in Table I and compared to cetyltrimethylammonium bromide (CTAB). Table 11
illustrates the experimental values obtained for the thermodynamic functions, i.e., the standard
free energy of micellization, AG’yi., the enthalpy, AH’n., and the standard entropy of
micellization AS°me at 25°C, again compared to CTAB™'*'4 As expected, the difference
between the experimental values obtained for the CMC and the thermodynamic properties is
very small; the difference in the structure of the two surfactants being only the substitution of
one of the head CH3- groups by an ethyl group.

Table Y. Critical Micellar Concentration (CMC) of Cetyldimethyethyllammonium Bromide
(CDEAB) in Aqueous Solutions Compared to CTAB™ _

Surfactant Temperature (°C)
25 32 40
CDEAB 9.05x 10*M 930x 10" M 10.0x 10*M
CTAB 920 x 10*M - 10.0x 10°*M
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Table II. Some Thermodynamic Properties for the Formation of Micelles of
Cetyldimethylethylammonium Bromide (CDEAB) in Water at 25 °C Compared to

CTAB"
Free Energy of Enthalpy of Entropy of
Surfactant Micellization at 25 °C Micellization Micellization at 25 °C
AG’nic (kcal/mole) AH’i (keal/mole) AS’nic (e.1.)
CDEAB -4.15 -1.37 +9,33
CTAB -4.14 -1.03 +10.43

Typical profiles for the pseudo-first order rate constant, ky, as a function of the
concentration of CDEAB for the hydrolysis of p-nitrophenyl diphenyl phosphate (NPDPP) at

25°C in aqueous solutions containing various concentrations of NaOH, ranging from 0.001 M to
0.010M are shown in Figure 3.

= NaOH
w 1204 B 0.010 M
< A0.005M
o ©0.003 M
S 100 ©0.002 M
A0.001 M

o
[ =]

60

40

29

1
i

0.0 1.5 3.0 4.5 6.0
Concentration of CDEAB (M x 103)

Pseudo-first order rate constant - k

Figure 3. Rate Profiles for the Hydrolysis of p-NitrOphenyi Diphenyl Phosphate in Aqueous
Solutions of NaOH and Various Concentrations of CDEAB at 25°C.

The experimental rate profiles obtained are characteristic of micellar catalyzed reaction
in aqueous solutions with a maximum at 2.0 x 10° M CDEAB, similar to that measured for
CTAB. The addition of CDEAB to the reaction medium causes an increase in the rate of
hydrolysis up to a point (the maximum in rate) where there is total incorporation of the substrate

6
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in the micellar phase. Subsequent addition of the surfactant causes a decrease in the reaction
rate, probably due to the dilution of the reactive counter-ions in the Stern layer of a higher
number of micelles.

Typical activation parameters measured for the reaction with CDEAB are shown in
Table IIl. As can be seen from the analysis of the results the activation parameters for the two
surfactants are very similar and comparable to others measured for micellar catalyzed reactions.
The addition of the surfactant in the form of micelles causes a decrease of approximately 5
kcal/mol in the activation energy.

Table III. Activation Parameters for the Hydrolysis of p-Nitrophenyl Diphenyl Phosphate in
Aqueous Solutions of 0.005 M NaOH in the Presence of CDEAB and
CTAB*® at 25 °C.

Concentration E. AH™ AG™ AS™

Surfactant (M x 10% (kcal/mole)  (kcal/mole)  (kcal/mole) (e.n.)

- - +152 +14.6 +21.3 222

CDEAB 18 + 9.0 + 8.4 +19.2 -36.3

CTAB 15 +11.4 +10.8 +18.7 26.6

CTAB 20 +10.5 + 9.9 +18.8 .29.9
3138

Most of the models proposed for micellar catalysis™ ~° consider the partition coefficient
for the substrate between the micellar and aqueous phase and the distribution of the reagents
between the two phases. The hydrolysis of NPDPP with hydroxide ion in the presence of
CDEAB may be considered a bimolecular reaction of OH" ion and the substrate. Since the
concentration of OH in the micellar phase is dependent on the concentration of both bromide
ions and surfactant, a quantitative treatment of the reaction rate must consider ion exchange on
or near the micellar surface. For the reaction under consideration, the model proposed by Quina
and Chaimovich®® reduces to Equation 5, that gives the theoretical dependence of the pseudo-
first order constant, &, as a function of the total hydroxide ion concentration

v Lo/ V) KsKopp: [(Br)/(Br)] + 5% (OH)r )
M (1+ K¢Cp) [1+ Kowe: (B (Br),]

where, Cp is the concentration of micellized surfactant, V is the molar volume of the reactive
region at the micelar surface, 4, is the pseudo-first order rate constant, % is the second order
rate constant in the micellar phase, £ is the second order constant in the aqueous phase, Kown:
is the ion exchange constant, K; is the binding constant for the substrate, (Br)m is the
concentration of Br” in micellar phase, (Br),, is the concentration of Br” in aqueous phase, (OH)r
is the total concentration of hydroxide ions and V is the molar volume of surfactant. ‘

With substrates such as p-nitropheny! diphenyl phosphate that are very insoluble in
water and are solubilized by CDEAB the expression for kycan be reduced to a simpler form

given by Equation (6):
Kom Kot [(BDw/(B)w]
=—=—- (OH
b= TV O T Ko @O (B0 ®
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The concentration of Br in the micellar and aqueous phases can be obtained using the
following equations®>*%:

A; =Cp + CMC + Kown: (OH)t + (1 - o) Cp Komer )]
 (A)+ (A +4 (1 - Kowsr) (OH)r Ko (1 =) C 1%
(OFn = 2 (- Kown:) ®
Bom=(1-0) Cp - (OH)m )
(Br)y = & Cp + CMC + (OH),, (10)

where CMC is the critical micellar concentration, ¢ is the degree of ionization of the micelle
and {OH),, is the concentration of OH in the micellar phase. .

We have calculated the theoretical values of &, for the reaction discussed above using V
= 0.37 Vmol; Kowms: = 0.08; o = 0.20 and various concentrations of CDEAB and NaOH. The

results obtained for the calculated values of ky, using different values for kan compared to the
experimental data are illustrated in Figure 4.

10 10
0.601 M NaOH u 0.002 M NaOH
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Figure 4. Experimental and Theoretical ky Values for the Hydrolysis of p-Nitrophenyl Diphenyl
Phosphate in Aqueous Solutions of NaOH and Various Concentrations of CDEAB at
25°C. '

The best fits between the experimental and theoretical k,, values are obtained using a
variable kam, between 0.028 M’s? and 0.145 M's? indicating that the pseudo-phase ion
exchange model (PPIEM) gives a reasonable agreement for this micellar catalyzed reaction.
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