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ABSTRACT 
Professor Lavinel G. Ionescu was born of Romanian parents in Varset (Vrsac), 
Banat, Yugoslavia on May l9, l943. He attended primary and secondary school 
in Yugoslavia, Italy and Switzerland. He obtained the Bachelor of Science 
Degree in Chemistry in l963 and the Master of Science Degree in l966 from 
the University of New Mexico, Albuquerque, USA and the Ph.D. Degree in 
Physical Chemistry from New Mexico State University, Las Cruces, USA in 
l970. He did postdoctoral work at the University of California, Santa 
Barbara and has. held facuZty positions at universities in the United States 
and Brazil. At the present, he is Professor of Chemistry at the Pontif{cia 
Universidade Catolica do Rio Grande do Sul, Porto Alegre and the Universidade 
Luterana do Brasil, Canoas, RS, Brazil. His research work includes liquid 
scintillators, radioacti~e isotopes, noble gases, solution the'r'modynamics, 
surfactants and micelles, miceZlar catalysis, respiratory pigments, membrane 
models and history and philosophy of science. He has trained more than 
fifty research scientists from different parts of the world, is the author 
of more than two hundred and fifty scientific works and has been the 
recipient of many prizes and awards. 

RESUMO 
Professor Dr. Lavinel G. Ionescu nasceu de pais romenos em varset (Vrsac), 
Banat, Iugoslavia em l9 de maio de l943. Fez os estudos de primeiro e 
segundo grau na IugosZavia, Italia e Sui~a. Ele obteve o tttulo de B.S. em 
Qu{mica em Z963 e o M.S. em Qu{mica em Z966 na University of New Mexico, 
Albuquerque, USA e o Ph.D. em Flsico-Qutmica na New Me$iao State University, 
Las Cruces, USA em Z970. ReaZizou estudos de pos-doutorado Na University of 
CaZifornia, Santa Barbara, USA e ocupou cargos de professor em v5rias 
universidades norte-ameriaanas e brasiZeiras. Na presente data, eZe faz parte 
do corpo docente da Pontif{cia Universidade CatoZica do Rio Grande do sui e 
da Universidade Luterana do BrasiZ, Canoas, RS • As suas atividades de 
pesquisa inaZuem aintiZadores llquidos, gases nobres, iaOtopoa radioativos, 
termodinWnica de solugOes, surfatantes e micelas," cataiise micelar, pigmentos 
respiratorios, modeZos de membranas e historia e fiZosofia da ciencia. 
0 Prof, Dr. L. G. Ionescu preparou mais de cinquenta pesquisadores de varias 
partes do mundo, e o autor de mais de duzentos e ainqUenta trabalhos aient{
fiaos e foi honrado com varios pr8mios e distingOes. 

KEYWORDS History of Chemistry, Liquid Scintillators, 
Noble Gases, Surfactants and Micelles, 
Micellar Catalysis, Solution Thermodynamics. 
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Uma Homenagem ao Prof. Dr. L. G. Ionescu 

Professor Lavinel G. Ionescu was born of 
Romanian parents on May 19. 1943 in varset ~ 
Vrsac, Banat, Yugoslavia. He attended primary 
and secondary school in Simianas (Sarite), 
Alibunar and Uzdtn, Banat, Yugoslavia and com~ 
pleted high school in Rohrbach bei Huttwir~ 
Bern, Switzerland and Trieste, Italy. 

He began his universi_ty studies in 1959 
at Compton College, Compton, California, where 
he obtained the Associate in Arts De'gree - CW!l 
Laude in 1961. Subsequently, he attended the 
University of California at Los Angeles and 
obtained the Bachelor of Science Degree with 
a Major in Chemistry and Minor in Mathematics 
With Honors in 1964 from the University of New 
Mexico~ Albuquerque, USA. 

Prof. Dr. L. G. Ionescu obtained the Master 
of Science Degree with a Major in Physical 
Organic Chemistry and Minor in Physics from the 
University of New Mexico in 1966. His M.S. TheSis 
work dealt with the use of dihydronaphthalenes 
and dihydrophenanthrenes as liquid scintillators 
and was done under the supervision of Professors 
Guido H. Daub and Francis Newton Hayes of the 
Los Alamos National Scientific Laboratory. 

Professor L. G. Ionescu obtained the Doctor 
of Philosophy Degree with a Major in Physical 
Chemist_ry and Minors in Astrophysics and Biology 
from New Mexico State University, Las Cruces, USA 
in 1970. His Ph.D. Dissertation dealt mainly with 
solution thermodynamics, included the study of 
the interaction of leguminuous hemoglobin with 
nitrogen and xenon, the properties of the xenonM 
water clathrate and the solubility of gases and 
was performed under the supervision of Professor 
Gordon J. Ewing. 

Dr. L. G. Ionescu did postdoctoral work. at 
New Mexico State University and the University of 
California, Santa Barbara, where he collaborated 
with Professor Clifford A. Bunton in the area of 
aggregation colloids and rJicellar Catalysis. iHe 
also attended Medical School. 

Professor Lavinel G. Ionescu began his 
academic career as Teaching Assistant at the UniM 
Versity of New Mexico and New Mexico State UniverM 
sity and as Technical Assistant at the University 
of Alabama, Tuscaloosa, USA, positions that he 
held from 1964 to 1970. During the period of 1972 
to 1978 he occupied faculty positions at New MexiCo 
Highlands University, Las Vegas, USA and the Univer
sity of Detroit, Detroit, Michigan, USA. 

In June of 1978, accepting an invitation of 
the Brazilian Minister of Education and Culture, 
Or. L. G. Ionescu went to Brazil and joined the 
faculty of the Universidade Federal de Santa 
Catarina in Florian0po11s as Full Professor of 
Chemistry. Together with American and other 
foreign faculty ~embers, he helped establish the 
Graduate Progra~ in Physical Chemistry and in 
Physics at UFSC in FlorianOpolis. 

tn 1983, Prof. Dr. Lavinel G. Iones~u moved 
to Porto Alegre where he became a faculty member 
of the Universidade Federal do Rio Grande do Sul. 
He occupied the positions of Full Professor of 
Materials Science in the School of Engineering 
and Professor of Chemistry in the Instituto de 
Qufmica.and was instrumental in the establishment 
of the Doctoral Program in Metallurgical and 
Materials Engineering and the Master Program in 
Chemistry. In 1992, after denouncing ecologic 
crfffies, embezzlement of public funds and adminis
trative irregularites he was stripped of all his 
academic rights and dismissed from the faculty of 
UFRGS, in an action that had high political, moral 
and inquisitional connotations and implications. 
. ·Soon afterwards, he occupied the positions of 
Professor of Chemistry at the Universidade Luterana 
cio Brasil, Canoas, RS and the Pontfffcia Universidade 
CatOlica do Rio Grande do Sul, Porto Alegre, positions 
that he still holds at the present date. 

Professor Dr. Layinel G •. Ionescu nasceu de 
pais roroenos ero YArset • Yrsac, Banat, I.ugosliv1a 
no dt! de 19 'de 111ato de 1943. Ele fez os.estudos 
de pr1111etro e segundo grau em Sim1ana_s (Beorite), 
Altbunar e Uzd1"n, Banit, tugoslivta e completou 
a escola secundiirta em Rohrbacff 6et Huttwt1, 
Bern, Suitr;a e Trieste. Itiil1a. • 

Comer;ou os estudos untversitirios em 1959 
em Compton College, Compton. Califdrn1a, USA e 
obteve o grau de AsB"(iotate tn A~ts ~ Cum Lauds 
em 1961. Subsequentemente, ele frequentou a 
University of California at Los Angeles e e1\l 
1964 obteve o grau de Baoheto~ of Soi.enoe -
CW11 Laude da University of New Mexico, Albuquer· 
que. USA, tendo Qufmtca como irea principal e 
Matemiitica como subespec1a11dade. 

O Prof. Dr. L. G. Ionescu o6teve o "titulo 
de M.S. com especia11dade ero f:fsico ... Qufn1Ca••(>rgintca 
e su5especta11dade em Fistca da Untversity of · 
Hew Mexico ero 1966. A sua tese de mestrado teve 
C0100 enfase O USO de dth1dronaftalenoS e dih1dro• 
fenantrenos coroo ctntf1adores lfqutdos e fo1 ela· 
borada ·sol> a orientayio dos· Professores Guido H. 
Daub e Francis ·Newton Hayes do Los Alamos National 
Scientific Laboratory. 

O Prof. Or. L. G. Ionescu obteve o tftulo de 
Ph.D. em ·Ffs1co·Qufm1ca, tendo c0100 materias secunM 
diirtas Astroffs1ca e _Bfologfa, da New- Mexico State 
Unfvers1ty; Las Cruces, USA em 1970. o·.seu~.tra~alho 
de doutorado tratou princtpal111ente da term~dinamica 
de solu~Oe"s, tnc1utndo o estudo da 1ntera~ao da 
hemoglobfna leguminosa com nitrogento e xenOnto, 
as Propriedades do clatrato xenOnio-iigua e a solu· 
b111dade de gases e fo1 executado sob a orientayio 
do Prof. Dr. Gordon J. Ewing. 

O Or. Lavinel G. Ionescu fez estudos de pOsM 
doutorado na New Mexico State University e na Unfver· 
sity of California. Santa Barbara, USA, onde colaborou 
com of Prof. or. Clifford A. Bunton na irea de colOides 
de assocfay8o e catilise micelar.Ele tam5€m estudou 
me di c1 na. 

O Prof. Dr. Lavinel G. Ionescu comeyou a sua 
carrefra academ1ca como Auxilfar de Ens1no e Auxi11ar 
Tii"cnico na University of New MeXfc'o,·New- Me:xi_co State 
University e University of Ala6ama, Tuscaloosa, USA, 
cargos que ele desempenhou entre 1964 e 1970. No 
perfodo de 1972 a 1978 ele ocupou cargos de Professor 
na 'New Mexico Highlands Univens1ty, Las Vegas, USA e 
na University of Detroit, .Detroit, Michfgin, USA. 

Em Junho de 1978, aceitando um conv1te do M1n1stro 
da Educay8o e Cultura, o Dr. Lav1ne1 G. Ionescu veiou 
para o Brasil e ocupou o cargo de Professor Titular 
em-Qufmica na Universidade federal de Santa Catarina em 
Flor1an0polis. Junto com outros ·professores americanos 
e professores estrangefros, ele ajudou establecer os 
Programas de P6s-Graduayio em Ffs1co-QuTmica e em 
Ffs1ca na UFSC. 

Em 1983, o Prof. Or. Lavfnel G. Ionescu mudou
se para Porto Alegre e comecou a 1azer parte do 
corpo ·docente da Urliversfdade Federal ·do Rio Grande 
do Sul. Ocupou os cargos de Professor Titular de 
c1encias de Matertats na Escola de Engenarfa e 
Professor Titular de Qufm1ca no rnstituto de Quf-
111ica e teve um papel mufto tmportante no estable
cimento do Programa de Ooutorado em Engenharia 
MetalUrgica e dos Matertats e do Programa de 
Mestrado em guimtca. Em 1992, depo_1s de denunciar 
o Crime Ecologico do Campus do Vale, desvio de 
dtnhefro p6&11co e virias trregularfdades adm1M 
nfstrat1vas, todos os seus direftos academtcos 
foram cassados e ele fo1 demittdo da UFRGS. rsto 
fof uma ay8o que teve conotayOes altamente polftf
cas morais e 1nqutsitorfa1s e aconteceu num 
perfodo de p1enas lfberdades •democriticasR. 

Logo apOs a sua dem1ssio, o Prof. Dr. Lav1ne1 
G. Ionescu aceitou os cargos de Professor de Qu1-
m1 ca e B1oqufm1ca da Universidade Luterana do 
Brasi 1, Canoas. RS e Professor de Qufmfca da Pon.ti
ff cf a Unfversfdade Cat611ca do Rio Grande do Sul, 
Porto Alegre, funyOes que ocupa ate a presente 
data. 
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Uma Homenagem ao Prof. Dr. L. G. Ionescu 

He has been Visiting Professor at the Un1yers1ty 
of California, Santa Barbara. Universidade de Caxias 
do Sul, Universidade Regional de Blumenau, Unfversf
dade Federal de Santa Maria, Jnstftuto Luterano de 
Ens1no Superior de Manaus, Ama2onas and other unfver· 
sities .fn various continents. 

During almost three decades as faculty roember 
at various universities, Prof. L. G. Ionescu parttcf
pated of a wide number of committees. He was a member 
of the Lfbrar¥ Committee at New Mexico Highlands Uni• 
versfty (NHHU) .,, the University of Detroit (UofO) 
and the Universidade Federal do Rio Grande do Sul 
(UFRGS), Extension, Academic Standing and Scolarship 
Committees at NMHU, UofD, UFSC and UFRGS and Graduate 
Committees at all the universities were he held 
positions. He was Chairman of the Physical Chemistry 
Division at UFSC, Chairman and founder of the Catal)'sis 
Group at UFRGS, Director of the Laboratory of Surface 
Chem:fstry at UFSC and OFRGS and Research -coordinator 
for the area of Physical Chemistry at OFSC.He served 
on the Departmental Council and faculty or College 
Councils at various universities. 

In terms of didactic activities, Prof. L.G:.Ionescu 
teaches or taught mainly courses in physical chemistry 
at all levels and occasionally general chemistry for 
freshmen students, biocherotstry, quantum mechanics 
and history and philosophy of ·science. He was the 
first scientist 1n 8raztl to offer a formal course 
on -matter and niaterie:ls under ext1"eree ceindttfons. 

Professor L. G. ronescu 1 s rese.~rch activities 
include liquid sc1nt111ators. fluorescence, uses 
and properties of radioactive isotopes of iron 
and thorium, solution thermodynamics, noble gases, 
particularly helium and xenon. clathrates or gas 
hydrates, respiratory pigments, phosphate esters, 
surfactants and micelles, niicellar catalysts, 
membrane models and history and philosophy of 
science. He has trained more than fifty (50) 
research scientists from all conttnents,is the 
author of approximately two h,undred and fifty (250) 
scientific publications and has written various 
short monographs. Some representative publications 
are _given at the end of this article. 

Amon!} his more important· contributions ·are 
the thermodynamic study of the xenon-water clath
rate, the study of the m1ce111zat1on process in 
nonaqueous polar solvents such as glycerO\;ethylene 
glycol and formamide, the effect of cosolvents on 
mfcelle formation in water, a micelle model. first 
proposed during the 174th American Chemical Society 
National Meeting tn Chicago, Illinois in 1977, a 
classification of solvents using micelles as probes, 
the interaction of po~phyrins with surfactants and 
micellar catalysis under non-conventional conditions. 

We had the privilege to know and collaborate 
with Prof. L. G. Ionescu. especially during his 
tenure at New Mexico Highlands University and the 
University of Detroit. He fs a very hard working 
and kind person and he ts always eager to help 
others. He has an exagerated sense of justice and 
is very harsh with those that act irresponsibly and 
abuse and violate the rules of common senBe and 
human decency. 

Prof. L. G. Ionescu is fluent in many European 
languages including Romanian, Serbo-Croatian, 'Italian, 
French, Spanish, Portuguese, Rhaeto-Romanic, German. 
English and has a reasonable knowledge of Latin, 
Greek. Albanian, Bulgarian and Russian. At times, he 
surprises people conversing in Chinese, Japanese, 
Swahili or Hindi. At the present, he is engaged in 
learning Guarani, the language spoken by the Indians 
of Paraguay, Uruguay, Southern Brazil and Northern 
Argentina. 

He is a widely travelled person and his trips 
included the Arctic Circle, Sonoran Desert, Carpathians, 
the Andes and Aconcagua. the Islands of the Pacific 
and the Amazon. His hobbies include stamp collecting, 
mountain climbing, swimming and astronomy. He is also 
interested fn the history, folklore and tradttfons of 

Ele foi Professor Visitante na University of 
California, Santa Barbara, Universidade· de Caxias 
do Sul, Universtdade Regional de 8Tumenau, Un1ver
s1dade Federal de Santa Maria, Instituto Luterano 
de Ensino superior de Manaus, Amazonas e outras 
unfversidades em virios cont1nentes. 

Durante quase tres decadas como membro do 
corpo docente de virias univers1dadesi o Prof. Dr. 
Lavinel G. Ionescu participou de um numero grande 
de comissOes. Fez parte da Comissio para a Bib11o
teca em New Mexico Highlands University (NMHU} , 
University of Detroit (U of 0) e na Universidade 
Federal do Rlo Gre:nde:-ao' Sul, (OFRG~ )das Comi ssOes 
de Extensio. Avaliacio Acadimica e Bolsas de Estudo 
em NMHU, U of D, UFSC e UFRGS e de ComissOes de 
POs-Graduacio em todas as un1vers1dades onde ocupou 
cargos. Fof Coordenador da Divfsio de F'fsco -Qu'fmica 
na UFSC, Coordenador e Fundador do Grupo de Catilise 
da UFRGS, Diretor do Laborat0r1o de F'fsico-Qu'fmica 
de Superffcies na UFSC e na UFRGS e Coordenador da 
Pesquisa em Ffsico-Qulmica na UFRGS. Serviu no 
Conselho Departamental e Conselhos e CongregacOes 
de Faculdades e Institutos em var1as universidades. 

Em terroos de atfv1dades d_id5't1ces, o Prof. 
Dr. L. G. ronescu leciona ou lec1onou prfnctpal
mente discfpltnas de f'lstco-Qufnitca em todos os 
nlveis e ocastonalmente qufmfca geral para 
ca 1 ouros, flfoqu'fm1 ca, qufmt ca quantt Ca. es trutura 
da matirta e histOrfa e filosofia da etincfa. 
Ele foi o pr1me1ro c1entista no Brasil a oferecer 
uma d1sctplfna formal so5re watirfa e materiais 
em cond1 coes extremas. - · 

As attvidades de pesqutsa do Professor Dr 
~avfnel G. I~nescu a6rangem cr11tais llquidOs,' 
c1nt11adores,:1'fgutdos, fluoreS"cencta, usos e pro
P!iedades ·de ts!:!topos radioattvos de ferro e · 
torio, termodtn!mfca das ~otucOes, gase$ ·nobres, 
espec1alroente helio e xenon1o, clatratos ou hidra· 
tos de gases, pigmentos respiratOrfos. isteres de 
fosfato, surfatantes e mfcelas. catilf se mtcelar 
mo~elos de memfiranas e histOrta e f11osofia da -• 
cienc1a. Ele preparou mats de cfnquenta (_SOJ. 'pesqtJf
sadores de todos os contfnentes • sendo o autor de 
aproxfmadamente du;entos e c1nquenta (250) trabalhos 
cie!!tfffcos e de varfas monograf1as. Algumas· publ.f· 
cacoes representativas estio no ffm deste artfgo 

_ Entre as suas contrfbufcOes mais importanteS 
es!ao o estudo termodinamfco do clatrato de xenOnio 
e agua, o estudo_do processo de micelizacio em sol
ventes polares nao-aquosos como g1ieerol, etileno
glfeol e formamida, o efeito de cossolventes sobre 
a forma~io de m1celas em Agua, um modelo de m1cela. 
proposto durante o l74th American Chemical Society 
National Meeting em Chicago, Illinois, USA em ?977 
a classificacio d£ solventes usando micelas como ' 
son~as. a intera~ao de porfir1nas com surfatantes e 
catali~e mtcelar em condixoes nio-conveneionafs. 

Nos tivemos o pr1vilegio de conhecer e colaborar 
com o Prof; Dr. L. G. Ionescu, especialmente durante 
sua permanencia em New Mexico Highlands University e 
University of ~etroit._Ele i uma pessoa mufto traba· 
lhadora e cortes e esta sempre d~sposto a ajudar a 
outros; Ele tem um senttdo de just1ca exagerado e e 
fmplacave! e severo ~om aqueles que agem de maneira 
irresponsavel ! abusam e violam as regras do bom 
senso e da decencta. 

~Prof. Dr. Lavine} G. !onescu fala muitas lTnguas 
europ!ias 1nclu1ndo romeno~servio-croata, italfano, 
fran£es, espanhol, portugues, reto~romano, alemio, 
ingles e pos~ui u~ conheefmento razoivel de latim, 
grego, albanes, bulgaro e russo. As vezes ele surprende 
as pessoas conversando em ch f ni!s • j apones • swahf ·1 f ou 
hindu. Na presente data ele esti aprendendo guarani, 
a lingua falada pelos Tndfos do Paraguai, Uruguai, Sul 
do Brasil e o Norte da Argentina. 
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many peoples. During his years as a student at 
the University of New Mexico~ h.e w-as a meJ11ber of 
the Kiva Club • Hattve American Students Assoti* 
ation 1 a close fl'i'end_ qf Q!l Qf ~h~ ~2!1.~ ~f ~h~ "' 
Governor of Isleta Indian Reservation and learned 
a lot about the Pueblo lnd1aris, the Hopis and the 
Navajos. Later, while at New Mexico State Uni~er* 
sity, besides astronomy, he had a lot of interest 
in the Mescalero and Jicarilla Apaches and the 
Tarahumara Indiaris, high in the mountains of 
Sierra Madre Ocidental in Chihuahua, Mexico, He 
prides hi~self of knowing many of Geron1mo 1 s 
trails and drinking water from Geronimo's fountain. 

Professor Lavinel G. Ionescu Decame widely 
known throughout Brazil as the Leader of the 
Pl'O-EcoLogia Group of Porto Alegre and Yiamao after 
denouncing the ecologic crime of the Campus do-Vale 
of the Federal University of Rio Grande do Sul .and widespread 
corruption and embezzlement of public funds at the 
same institution. He appeared on all television 
channels and many radio programs throughout Brazil 
and some of his interviews covered entire pages of 
Jornai dfJ Brasit, Brazil's most important news
paper. 

On the streets of Porto Alegre, many people 
recognize him as the "courageous Professor of the 
Instituto de Qulmica Of UFRGS" and in Yiamio, city 
where he lives since 1983, he is considered an almost 
my tho l ogi ca 1 figure and people address him respectfully 
as "Profeeeor 11 or "Profeseor LavineL". Prof. Dr. 
Oimitrios Samios, present Dean of the College of 
Chemistry of the Federal University of Rio Grande do 
Sul has made public depositions considering ,him as 
an arch~type# a model person or prototype that came 
to the wrong place at the wrong time and before his 
time. 

When asked about persons that have marked his 
academic career, Professor L. G. Ionescu always 
remembers two: Dr. Glenn A. Crosby, currently Professor 
of Chemistry and Materials Science at Washington State 
University and Dr. Clyde W. Tombaugh, Discoverer of 
Pluto, Emeritus Professor of Astronomy at New Mexico 
State University, Las Cruces. With Crosby he learned 
quantum chemistry, structure of matter, spectroscopy 
and statistical mechanics and Tombaugh motivated his 
interest for astronomy and astrot>hysics. Both of them 
were real masters, ·taught mainly by their example and 
gave a: few glinipses of what life is really about. 

Prof. Dr. Lavine1 G. Ionescu has received many 
prizes, distinctions and awards, has gtven invited 
lectures in 111ore than twenty dtffere·nt countries 
and organized or helped organize wany scientific 
events a11 over the world. Among them we cite the 
' 1Sympoaium on Ch(fmistzoy in Latin Amezoica" during 
the First Chemical Congress of the North American 
Continent in Mexico City in 1975 '.various IntO-rnatt'.onal. 
Symposia on Surfactants in soiution. 

He is a member of the California Junior Colleges 
Scolarship Federation, Society of'Sigma Xi~ Scientific 
Research Society (USA), Sigma ~i Sigma - National 
Physics Honor Society (USA), Past President and 
Vice-Pres; dent of the Physical Sciences Section of 
the Michigan Academy of Arts, Science and Letters, 
New Mexico Academy of Sciences, New York Academy of 
Sciences, Founding Member of the Amerdcan Romanian 
Academy of Arts and Sciences together with 
Mons. Octavian Sirlea, Hircea Eliade and George Emil 
Palade, Nobel Laureate in Medicine and Fo.undfng 
President of SARMISEGETUSA RESEARCH GROUP of Santa Fe 
and Las Cruces, New Mexico, USA. 

Or. L. G. Ionescu is a member of the American 
Chemical Society since 1965, American Association for 
the Advancement of Science, Astronomical Society of 
Las Cruces, Sociedade Brasfleira de Qufroica, Associa~io 
Brasfleira de Qufmfca, Sociedade Brasfleira de Bioqulmica 
e Biologia Molecular, Sociedade Brasfleira para o 
Progresso da ciencfa and the Planetary Society and 
Sociedade Iberoamericana de Cristais Liquidos. 

O Prof. Dr. Lavinel G. Ion.escu v1ajou JDUito 
e entre ~s regtOes que ele conhece estio o C1rculo 
Polar·~rct1Co, o Deserto de Sonofa, os CirpatOs, os 
Andes e ·Aconcaaua, as ·11has ao Pac1ftco e ·a 
Amaz0n1a. Ele e um colecionador de selos postafs, 
gosta de alp1nisroo e de nata~ao e adorj astronomia. 
Ele tamb~m tero muito interesse na h1stor1a e fo1clore 
tradf¢io de muftos povos. Nos seus anos de estudante 
na' University of New Mexico, ele foi sOcfo do K1va 
Club - Associa~ao dos Estudantes Amer1canos Nativos 
e boro amigo de um dos f11hos do Govetnador da Reserva 
!ndia de Isleta e aprendeu rouitas cofsas sobre os 
tndfos Pueblo, os Hopis e os Navajos. Mais tarde, 
quando estudava em New Mexico State University, alero 
da astronom1a, ele tinha mufto interesse para os 
Apaches das Tribos Mescalero e J1car111a e os Tndfos 
Tarahumara no alto das montanhas da Sferra Madre 
Occidental em Chihuahua, Mexico. Ele esti orgulhoso 
de conhecer mu1tas das trilhas de GerOnimo e deter 
bebido igua da Fonte de GerOnimo. 

O Prof. Or. Lavinel G. Ionescu ficou amplamente 
conhecido no Brasil todo como o Lead(Jz> do Grupo 1-· 

Pr0-Eootogia de Porto Alegre e Vfamio depots de 
denuncfar o Crim(J EcotOgico do Campue do vat(J da 
'1n1verstdade Federal do Rio Grande do Sul e muita 
corrup~io, desvfo de dinhefro publico e 1rregular1-
dades administratfvas na mesma inst1tui~io. Apareceu 
ero todos os canais de televtsio e muftos programas de 
radio no Brasil inteiro e as suas entrevfstas as yezes 
cobriram pigfnas 1ntefras do Jorn.at dfJ Briasit, o d1ir1o 
ma1s importante do Pals. 

Nas ruas de Porto Alegre e reconhecido por muita 
gente como "O Pzoofesaor corajoso do Inetituto de Qutmiaa 
da VPRGS" e em Vfamio, cidade onde reside desde 1983> 
ele e constderado uma figura quase mito10g1ca e folclo~ 
rica e as pessoas se direfgem a ele respettosamente 
como "Prof<Jooor 11 ou "Prof<Jooozo Laulnat". 0 Prof. Dr. 
Ofmitrtos Samfos. atual 01retor do Instituto de Qulmtca 
da Unfversidade Federal do Rio Grande do Sul prestou 
depoimentos pfibl 1 cos onde cons1 dera1~ Prof Lavfnel como 
a%'qu6t_ipo# uma pessoa modelo ou protOtipo que veiou ao 
tugar errado no tempo errado e antes da hora certa. 

Quando 1ndagado sobre pessoas que marcaram a sua 
carreira academ1ca, o Professor Lavinel sempre se ·lembra 
de duas pessoas: Or. Glenn A. Crosby, atualmente Professor 
de Qulmica e c1enc1as de Materias em Washington State 
Un1yersfty e Dr. Clyde w. Tombaugh, Oescobridor do 
Planeta Plutao e Professor Emerito de Astronomia em 
New Mexico State University, Las Cruces. Com Crosby 
ele aprendeu quimica quint1ca. estrutura da mater1a, 
espectroscopia e mecinica estatfst1ca e foi Tombaugh 
que motivou o seu 1nteresse pela astronomfa e astro
ffs1ca. Os dois foram verdadeiros mestres, ensfnaram 
principalmente pelos seus exemplos e deram alguns 
v1s1umbres sobre o prop6sito da vida. 

O Prof. Dr. Lavinel G. Ionescu recebeu 
mu1tos ptem1os, honrarias e dfstin~Oes. Ele 
proferiu ·palestras e conferinc1as conv1dadas 
em ma is de vinte paises dfferentes e organizou 
ou a~udou organfzar muttos encontros c1entff1-
em varias partes do mundo. Entre eles cftamos 
o "SimpOslo SoD-:re Qul'11i't.ca na Am6rica Latinan 
durante o Primeiro Congresso Qulmico do Contf
nente Norte-Americano na Cidade do Mexico em 
1975 e virios SimpOeios Internaoionais SoDzos 
Surfatantes am Sol.ugGo. 

Ele i membro da California Junior Colleges 
Scolarship Fe'deration, Society of Sigma Xi -
Scientific Research Society of America {USA), 
Sigma Pi Sigma - National Physics Honor Socfety 
(USAl, Ex-Presidente e Vice-Presidente da 
Sec~ao de Ctencias Fisicas da Michigan Academy 
of Arts. Science and Letters, New Mexico Academy 
of Science, Hew York Academy of Sciences, Hembro 
Fundador da American Romanian Academy of Arts and 
Sciences Junto com Mons. Octavian 84rlea, Mircea 
E11ade e George Emil Palade, Laureado Nobel em 
Medicina e Presidente Fundador do SARMISEGETVSA 
RESEARCH GROVP de Santa Fee Las Cruces, Novo 
Mex1co. Estados Unfdos. 
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Uma Homenagem ao Prof. Dr. L. G. Ionescu 

He acted as Secretary of the Rio Grande do Sul 
Section of the Brazilian Chemical Society from 1987 to 
1990. was Brazilian National Representative ip the 
Commission on Colloid and Surface Chemistry Including 
Catalysis of the INTERNATIONAL UllION OP PURE AND APPLIED 
CHEMISTRr (1983~85), Brazilian Representative for the 
UNESCO erogram for Chemistry in Latin America, member 
of the Escuela latinoamericana de Qufmica Inorganica. and 
Consultant of most - Brazilian Granting Agencies. 

Or. L. G. Ionescu received-the distinctions 
of Paranymph and Honored Professor f!'?m ~~n.y_generations 
of cheNiStS that graduated ·t-rom t·h_e Unfvers!dade 
Federal do Rio Grande do Sul (Uf'RGS). Pontif1cia 
Universidade Cat011ca do Rio Grande do Sul (PUCRS) 
and Univers1dade Luterana do Brasil (ULBRA}. 

He is Researcher IA (highest cathegory) of 
CNPq - National Brazilian Research Cou.ncil and is 
included in American Men and ~omen of Science, Yho 
is Who, Who is Yho in the Worid, Inte~nationai Who 
is who and the Worid Bock of Ioneecu'e. 

In 1965, after graduating with honors fro~ 
the University of New Mexico, Governor Tom Campbell 
declared him an neonorary Citizen of the State of 
He~ Me:icon and during his tenure as a young Professor 
at New Mexico Highlands University, las Vegas (1972-75). 
Or. L. G. tones cu had close ties with the Governor's 
Office and Governor Bruce King's Staff. 

He is the editor of QU1MICO PAMPEANO and the 
SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRI and is a 
member of the Editorial Board of various journals, 
f ncl udi ng the BRAZILIAN JOURNAL ()}' MATERIALS SCIENCE 
AND ENGINEERING. 

We salute Professor Or. Lavinel G. Ionescu on 
the occasion of his fifty-fifth birthday, congratulate 
him for his effort during the last thirty years and 
wish him happiness, good health, good will and success 
for the days ahead. 

o'or. L. G. Ionescu i sOcio da American Cl'terof · 
cal society desde 1g55, American Association for 
the Advancement of Science, 'Astrono131cal Society 
of Las Cruces, Sociedade Bras1le'ira.de Qufmfca. 
Associa~io Brasilefra de Qulmica, Socfedade Brasf 
leira de B1oqulmica e Biologia Molecular, Socieda
de Brasfleira para o Progresso da C1enc1a, The 
Planetary Society e da Sociedade Iberoamerfcana de 
Cr1stafs Liqufdos. 

Ele desempenou a fun~ao de Secretarfo Regional 
da Soci edade Brasileira de Qu1mica de 19B7 a 1990,"
foi Representante Nacional do Brasil na Commieeion 
on Cottoid and Surface Chemaitry Inotuding Catatyaia 
da INTERNATIONAL UNION OF PTJRE AND APPLIED CHEMISTRY 
CIUPAC) de 1983 a 1985, Representante do Brasil no 
Programa de Qufmica da UNESCO para Amirfca Latina. 
membro da Escuela Latinoamericana de Qufmica Inorga
nica e Consu1tor da maiora das agencias de fOTllento 
a pesquisa no Brasil. 

0 Prof. Dr. Lavtnel G. fone·scu fot Paranfnfo 
e Professor Horoenageado 8e ?tiUftas turroas de 
qufmicos fOTmados' na UntversfiJade Yedef'al do Rio 
Grande do Sul. Pont1f1'cta Unfversfdade ·cat8'1fca do 
Rio Grande do Sul e na Universfdade Luterana do 
Brasil. 

Ele e PesqufsadorlIA(categorfa mais al ta} do 
CNPq- Conselho Nac1onal de Desenvolvfmento Cientf
ff co e TecnolOgtco e seu nome esti incluido em 
Amertoan Men and Y?mten of Soienoe, rnio ie HJio, 1!1ro 
ie Jlho in the f!"ot~d, Internatlonai 11110 te Nho e 
The ~rtd Book of rone8cu's. 

Em 1965, de pois de se fornar CWll Laude na 
University of New Mexico, o Go·vernador Tom Campbell 
declarou o Or. L. G. Ionescu nctdadQI) Honorarlo do 
Estado do llovo M6£tco" e durante a sua permanincfa 
como jovem professor na New Mexico Highlands Univer
sity, Las Vegas (1972-75} ele teve lfga~Oes estreitas 
com o Gabfnete do Governador Bruce King e o seu 
Secretarfado. 

Ele e editor do QV!MICO PAMPEANO e. do SOUTHERN 
BRAZILIAN JOURNAL OF CHEMISTRY e faz parte do Corpo 
Editorial de virias revistas e periOdicos. incluindo 
O BRAZILIAN JOVRIJAL OF MATERIALS SCIENCE AND . 
ENGINEERING. 

S~udamos o Prof. Dr. lavinel G. Ionescu na ocas1io 
do seu 559 aniversirio, o fe11ctamos e parabenizamos 
pelo seu esforco:- durante os ultimos trinta anos,e lhe 
desejamos felicidade, saUde,boa vontade e €xito nos 
a nos vindouros. 
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EVALUATION OF AIR QUALITY IN A REGION OF COAL 
PROCESSING AND SIDERURGIC ACTIVITIES IN THE STATE 

OF RIO GRANDE DO SUL, BRAZIL 
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ABSTRACT 

The present work involved the determination of total suspended particles, S02 e N02 

in the municipalities of Charqueadas and Sao Jeronimo, Rio Grande do Sul, Brasil. The 
area is marked by the presence of coal-fired power stations and siderurgic activities. 
The gases S02 and N02 do not affect air quality, but the results revealed contamination 
of air in Charqueadas due to total suspended particles. The presence of Fe, Mn, Cu, Cr 
and Ni, is probably due to the steel industry. On the other hand, Pb and part of Cu and 
Ni can be attributed to the coal- fired power station. 

RESUMO 

0 presente trabalho envolveu a detremina9ao de particulas totais em suspensao, 
S02 e N02 nos municfpios Charqueadas e Sao Jeronimo, Rio Grande do Sul, Brasil. Na 
area estcl inserida duas termo!etricas e uma siderurgica. Os gases S02 e N02 nao 
afetam a qualidade do ar, mas os resultados revelaram contamina9ao do ar em 
Charqueadas devido a partfculas totais em suspensao. A presenqa de Fe,Mn, Cu, Cr e 
Ni sao, provavelmente, originarios da industria siderurgia. Por outro !ado, podem ser 
atribuido a presen9a de Pb e, tambem em parte de Cu e Ni pode ser atribuido a 
termoe!etrica. 

KEYWORDS: Air Quality, Sulfur Dioxide, Nitrogen Dioxide, Suspended Particles, 
Heavy Metals. 
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INTRODUCTION 

The purpose of the present work is to contribute to the understanding of air 
quality in the State of Rio Grande do Sul, Brazil, evaluating the environmental impact 
caused by coal processing and steel production activities and determine the parameters 
that are indicatives of air pollution: S02, N02, total suspended particles and associated 
metals. The region, chosen for this study was the Baixo Jacui(Lower Jacui River) 
including the municipalities of Charqueadas and Sao Jeronimo. 

The use of fossil fuels for energy generation, including coal, is a major source of 
emission of particulate pollutants, S02 and N02. The concentration these pollutants 
depend on the characteristics of the coal (ash and sulfur contents) and on the 
combustion process employed. 

Problems related to the emission of pollutants are not always solved by a 
modification of the combustion process or by the use of controlling devices used to 
attend standards required by specific legislation of each country. 

This legislation varies significantly from country to country and tends to be 
more restrictive as far as air quality standards are concerned. Atmospheric pollutants 
are a major challenge for Brazilian and world wide agencies of environmental 
protection since they still surpass legal limit values of air quality standards and the 
satisfactory reduction of their concentration in metropolitan areas has still to be 
achieved. 

In Southern Brazil, particulate matter and S02 are the object of particular 
concern, since their emission levels are usually high, when compared to standards of 
other countries. This is mainly due to the lack of controlling devices for S02 and the 
low efficiency of the systems used for fine particles, which are generally metal enriched 
and pose a great risk to human heath.1

"
5 

The large scale use of coal in electric energy generation has caused serious 
alterations in the atmospheric environmental quality in various areas of the state of Rio 
Grande do Sul, Brazil. One of them is the Baixo Jacui River Basin, marked by the 
presence of coal-fired power stations, siderurgic industries and deposit of coal and ash 
wastes. The implantation of a new coal-fired power station (Jacui I) will increase even 
more the coal combustion and in all probability will also aggravate the atmospheric 
contamination. 

EXPERIMENTAL 

Air samples were collected during the period of May 1994 to November 1995 on 
every sixth day using a procedure proposed by the United States Environmental 
Protection Agency ( USEP Af Sulfur dioxide, nitrogen dioxide were collected using 
high volume gas (Tri-Gas) and total suspend particles (Hi-Vol) samplers. Samplings 
were done at three different sites: two in the municipality Charqueadas and one in the 
municipality Sao Jeronimo (see Figure 1 ). The selection of these sites followed various 
criteria and included the distance from the sources of pollution, the proximity to the 
center of the two towns and the preferential direction of the winds. 
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Figure 1. Location of Air Sampling Sites - Charqueadas and Silo Jeronimo 
Municipalities, State of Rio Grande do Sul, Brazil. 
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Sulfur and nitrogen dioxide were determined, respectively, by the pararosaniline 
method6 and by a colorimetric method based on sodium arsenite, recommended by the 
United States Environmental Protection Agency7. The concentration of total suspended 
particles was determined according to a procedure given by the same agency8.The study 
of the metals associated to particulate matter, collected with July 1994, started with the 
preparation of samples that consisted of dividing the filter in to four equal parts and 
analyzing only one of them. The extraction of the metals was done according to a 
procedure described by Sanchez and collaborators9 and consisted of extracting the 
metals from the filter paper, adding 20 ml of concentrated HN03 and 20 ml of 30% 
H20 2 into a flask provided with a reflux condenser and heating in a steam bath. 
Subsequently, aliquots of 30 ml of concentrated HCl and 10 ml of concentrated HN03 

were added in diferent steps until the complete elimination of organic matter. The 
determination of metals (Fe, Mn, Cu, Pb, Cr, Ni, Co e Cd) present in the extracts was 
performed by atomic absorption spectrometry. 

RESULTS AND DISCUSSION 

Gases: S02 and N02• Sulfur dioxide concentrations measured over a period from May 
1994 to November 1995 are shown in Figure 2. These results are compared to air 
quality standards established by Brazilian Legislation10. As an be seen, the S02 

concentrations at the three sites were generally low and surpassed the secondary 
standards value(lOO µg m-3

) only at the CORSAN (Water Company Treatment Plant), 
sampling site in Charqueadas, localized close to anthropogenic sources - the steel plant 
and coal-fired power station. The anomaly was verified only on three specific dates 
(September 30, 1994; October 24,1994 and April 1, 1995) when maximum values 
reached 118 µg m-3

, 212.2 µg m-3e 174.2 µg m-3
, respectively. The experimental annual 

mean value for S02 concentration was inferior to the primary annual standard 
(80 µg m "3) for all sampling sites. 

On the other hand, the mean measurement to at the CORSAN sampling site in 
Charqueadas (64.4 µg m"3

) surpassed the annual mean secondary standards(40µg m"3
), 

indicating a slight alteration of air quality, which is likely to worsen with the 
installation of the new coal-fired power station (Jacui I) at a nearly location. Data of the 
present study are in good agreement with those obtained by the 
JICAIELETROSUL/CEEE (Japan International Cooperation Agency/ Centrais Eletricas 
do Sul do Brasil/ Companhia Estadual de Energia Eletrica - RS) 11 monitoring that 
reveals that the air quality in the Charqueadas Municipal has not altered by S02. 

Figure 3 illustrates the concentrations determined for N02 during the period of 
May 21,1994 to November 11,1995 at the three sampling stations. The results are 
compared to the German Standards12, since Brazilian Legislation10 does not establish 
concentration limits for N02 for a 24 hour sampling period. In general, the 
concentrations obtained for N02 were low, fluctuated during the period under 
considerations and the annual average was inferior to the 
German Standard (lOOµgm"3

)
12. These results agree with those obtained by the 
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JICA/ELETROSUUCEEE11 monitoring study performed in Charqueadas and suggest 
that there is no alteration of the air quality due to N02 from local sources. 

Total Suspended Particles. Figure 4 illustrates the results obtained for the 
concentration of total suspended particles for same period described above and for the 
three sampling locations. These results are compared to air quality standards specified 
by Brazilian Legislation10

. Results obtained for the CORSAN sampling station in 
Charqueadas contained values that surpassed nine times the primary standard 
(240 µg m "3) set by Brazilian Legislation and twenty four times the secondary standard 
(150 µg m"3

) during the period under consideration. For the Downtown sampling site in 
Charqueadas, elevated values of total suspended particles were also obtained although 
they are less significant than those of the CORSAN location. At the Downtown 
sampling site, the concentration of particulates surpassed the primary standard only one 
occasion (September,24 1994) and the secondary standard on the different 
opportunities. 

Mean geometrical annual averages for the CORSAN and Downtown stations in 
Charqueadas were superior to both annual primary and secondary standards, 80 µg m·3 

and 60 µg m"3
, respectively. These results show the air quality contamination by total 

suspended particles, suggesting a strong contribution of emission of local sources such 
as the coal-fired power stations (TERMOCHAR) and particularly the steel plant (A9os 
Finos Piratini). This siderurgic has no control for emission 13 and the atmospheric 
pollution can be verified visually by the reddish color of the smoke, the city of Sao 
Jeronimo dues not yet present serious problems of atmospheric contamination by 
particulate material. However, on certain dates (April 24, 1995 and May 28,1995) we 
measured concentration of particulate above the secondary standards (150 µg m"3

)
10

. 

This was probably due to anthropogenic factor located in Charqueadas (coal-fired 
power station and steel industry) and the direction of the winds on those days. 

Metals associated with suspended particles. Table I summarizes geometrical means, 
maximum and minimum values for metals associated with total suspended particles at 
the three sites studied for the periods of June 21,1994 to November 17,1995. Of all the 
metals studied, Fe presented the highest concentration at all sites, the most elevated 
values being those detected at the Charqueadas CORSAN station. The emission of iron 
oxide associated with particulate material could be visually detected by the reddish 
color in the smoke of the steel industry. 

The concentration of the other elements studied was also more elevated at the 
CORSAN station, except for Cr and Ni that presented higher values at the Downtown 
Charqueadas sampling site on certain days. This difference can be explained by 
horizontal movement of air masses containing these elements in association with finer 
suspended particles, that remain in suspension in air for move prolonged periods of 
time. 
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Figure 2. Concentrations ofS02 (µg m·3) determined during the period of May 1994 to 
November 1995 for the three sites studied in of Charqueadas and Sao Jeronimo. 
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Figure 3. Concentration of N02 (µg m·3) determined during the period of May 
1994 to November 1995 for the three sampling stations in of Charqueadas and 
Sao Jeronimo. 



600 

500 

100 

0 

SOUTH. BRAZ. J. CHEM., Vol. 6, N° 6, 1998 

E.C. Tei:cei:ru, J.D. Sanchez & D.M. MigZiavaooa 

°"Y' 

+CORSAN - Cbarqueadas 

-··Downtown - Charqucadas 
+sa:o Jer8nimo 
- Primruy Standard (240 ug m-3)10 

- Socoodary Standard (150 ug m-3)10 

17 

Figure 4. Concentration of total suspended particles-TSP (µg m-3) determined 
during the period of May 1994 to November 1995 for the three sampling 

stations in of Charqueadas and Sao Jeronimo. 
Table I also shows a comparison of our experimental results and those of 

another urban center, Rio de Janeiro, Brazil. As can be seen, Fe and Mn are present in 
higher concentrations in Charqueadas and Sao Jeronimo, indicating atmospheric 
contamination due to the siderurgic industry. On the other hand, the concentrations of 
Pb were lower, also when compared to standards recommended by several countries 
(0,3-2,0 µg m-3

)
12. 

Table 1. Environmental concentrations of metals associated with total suspended 
p · 1 · Cha d dSa J • · M · · r · d R" d J art1c es m rauea as an 0 erommo umc1oa 1t1es comoare to 10 e ane1ro. 

Charqueadas sa:o Jer6nimo Rio de Janeiro 
CORSAN(µg m·') Downtown(µg m·') St!o Jer6nimo(µg m·') Average 

ooncentration in 
urban center • 

<no! m'l 
Mean Max Min. Mean Max. Min Mean Max Min. Mean• 

Fe 15,0 64,4 1,51 6,05 33,3 0,78 2,0 6,26 0,30 12J1n467" 
Mn 0,32 1,4 0,025 0,16 0,80 O,Q15 0,036 0,22 0,002 92 

Cu 0,18 0,44 0,065 0,104 0,27 0,048 O,Q98 0,18 0,48 155 

Pb 0,14 1,2 0,019 0,095 0,87 0,0016 0,052 0,119 0,004 715 
Cr 0,14 1,02 O,Q15 0,063 1,14 0,005 0,022 0,086 0,002 60 

Ni 0,08 0,85 0,003 0,027 1,36 0,0015 0,018 0,134 0,003 52 
Co 0,0084 0,04 0,0009 0,007 0,13 0,0008 0,006 0,043 O,OOIO 39 
Cd 0,0065 0,15 0,0011 0,005 0,013 0,0009 0,004 0,008 0,0007 5,2 
PTS 162 499 29,4 98,97 328 32,24 61,01 197,0 19,2 -

•• Sources . Mean envrrorunental concentration m urban locattons 14 

** Mean envirorunental concentration in an urban center, Rio de Janeiro, Brazil 15 
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This was to be expected, since lead has not been used as a gasoline additive 
(as tetraethyl lead) since 1988, and was the principal source of pollution in urban 
atmosphere. 

Table 2 presents Pearson's correlation coefficient for the concentrations of 
metals, total suspended particles and weather conditions for the three station. Most 
elements studied showed a higher correlation coefficient for the two station in the town 
of Charqueadas. For Fe/Mn and Mn/Cr correlation coefficients were also high for the 
sampling station in Sao Jeronimo. 

Table 2. Pearson's correlation coefficient for the concentration of metals, total 
suspended particles and weather data for the three stations. 

Fe Mn Cu Pb Cr Ni Co Cd PTS 

CORSAN - Charqueadas 
Fe 1.000 0,7372••• 0,7583··· 0,7349••• 0,7356··· 0,4449' -0,2820 -0, 1284 0,1737 

Mn 1,000 0,6851••• 0,7628*•• 0,7397••• 0,5919" -0,ll93 -0,0762 0,0975 

Cu 1,000 0,6519" 0,7149••• 0,4359' -0,3 I I 8 -0,0504 0,0239 

Pb 1,000 0,8507*""' 0,4918' -0,1534 -0,0939 0,0487 

Cr 1,000 0,7574'"-0,1021 -0,0580 0,1609 

Ni 1,000 0,1642 -0,0215 0,0551 

Co 1,000 -0,1108 0,1019 

Cd 1,000 -0,1748 

PTS 1,000 

Downtown - Charqueadas 
Fe l,000 0,7470••• 0,7086••• 0,8158*•• 0,5416' 0,2938' -0,I 134 0,5014' 0,4866' 

Mn 1,000 0,5762•• 0,6961**"' 0,6571'' 0,4773' -0,1462 0,2863 0,3744 

Cu l,000 0,5169' 0,7776••• 0,5942" -0,17% 0,5200' 0,4304' 

Pb 1,000 0,4133' 0,1059 -0,1007 0,5876" 0,2112 

Cr 1,000 0,9094• -0,0213 0,5280' 0,3221' 

Ni 1,000 -0,0712 0,3251 0,2613 

Co 1,000 -0,1458 -0,1281 

Cd 1,000 0,0775 

PTS 1,000 

Silo Jeronimo 
Fe 1,000 0,6828*"* 0,2959' 0,2490 0,4998' 0,2228 -0,17% -0,0297 0,29ll' 

Mn 1,000 0,5274' 0,3201' 0,8571··- -0,0270 -0,2496 0,2367 0,2164 

Cu 1,000 0,2948 0,534 I• -0,1942 -0,2904 0,1668 -0,0989 

Pb 1,000 0,3281' 0,0698 -0,059 0,2719 -0,0994 

Cr 1,000 0,0420 -0,2980 0,1776 0,1523 

Ni 1,000 -0,1768 -0,3038 -0,0589 

Co l,000 0,7349•11'* -0.2118 

Cd 1,000 0,2350 

PTS 1,000 

•• Significance factor at 0, I % •• Significance factor at I % • Significance factor at 5 % 
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These results, associated with the preferential wind direction (E-SE) suggest 
that the steel plant is responsible for the emission of these elements. Its already 
mentioned, this plant dues not have any control system for particulate matter13.0n the 
other hand, Pb is, probably due to the coal-fired power station located nearby. This 
power station is also partially responsible for emissions of Cu and Ni. These elements 
together with Pb are concentrated at the surface of finer ash particles and are hard to 
retain by the electrostatic precipitator. 

The differences determined for metals from one sampling site to another may be 
attributed to their association to different types of particles (probably finer ones) that 
reach more distant sites from the emitting sources. 

Figures 5 to 13 illustrate the annual geometric means for metals for the period 
from May 1994 to November 1995. A difference in the spacial distribution of Fe, Mn, 
Cr and Ni, whose concentrations were higher at the Corsan station was verified. The 
other elements did not show any significant difference, presenting practically the same 
behavior at the three sites studied. 
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CONCLUSIONS 

~ 

lOOO ----r ... -C-O:c:RS-:-AN-. c=h-ar-qu-ea-:da:-s-' 

···Downtown • Charqueadas 
+Sao Jeronimo 

., 100 .... ············· ··················· ··················· 
~ I : : 

10.,., .,., 
~ 

.,., .,., .,., .,., 
$ ~ ~ $ $ ~ 

~ 
... 

°' °' °' °' °' ~ " ~ ~ fr g 
~ ::a § < 0 .... .... ..,, 

Figure 13. Annual geometric mean for TSP(µg m ") 

The experimental results obtained for the period of May 1994 to November 
1995 for the three stations studied (Corsan and Downtown Charqueadas and S~o 
Jeronimo) showed that according to Brazilian and German standards, the air quality is 
not affected by 802 and N02. On the other hand, the municipality of Charqueadas 
showed contamination by total suspended particles, both primary (240 µg m·3) and 
secondary (150 µg m·3) Brazilian standards being surpassed by several orders. Metals 
associated to total suspended particles indicated elevated environmental 
concentrations of Fe due to local anthropogenic sources. Fe along with Mn, Cu, Cr 
and Ni are probably originate from of the local siderurgic industry that does not use 
any controlling systems for particulates. The presence of Pb and part of Cu and Ni 
can be attributed to the coal-fired power station, located near the siderurgic industry. 
Apparently, the efficiency of the particle retaining systems employed decreases for 
finer particle size (< 10 µm). The best correlation for the elements was obtained for 
the CORSAN station for Mn/Fe, Cu/Fe, Pb/Mn, Cr/Ni, Cr/Cu, Cr/Mn and Cr/Fe. For 
the Downtown Charqueadas sampling site the best correlation was obtained for Cr/Ni, 
Cr/Cu and Pb/Fe. These results suggest, that there exist associations of these elements 
to particles of different types and sizes, for the case of total suspended matter. 
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ABSTRACT 

The chemiluminescent emission released by activated polymorphonuclear leukocytes has 
been known for a long time, but its clinical use is still scarce. We suggest the as a 
quantitative measurement of chemiluminescence the stimulatmy index (ratio of the 
chemiluminescence value of stimulated polymorphonuclear leukocytes, to non-stimulated 
leukocytes) obtained for the same individual. The results obtained by a standardised 
simplified technique ji>r more than 2000 individuals (healr.hy persons such as medical 
personnel, athletes, soldier and patients suffering ji-om cardiovascular disease, cancer 
and pneumoconiosi.;) explain the still restricted use of chemiluminescence. There was a 
wide range of individual variations and an overlap of normal physiological and 
pathological values. A significant statistical difference was obtained only for patients in 
the acute phase of the disease. The chemiluminescence measurement of phagocytic 
activity <~{leukocytes is strongly influenced by age, diet, presence of stress and chronic 
inflammations. 

RESUMO 

A emissao de quimilwrrinesaenaia por leuaoaitos polimorfonualeares 
ativados e aonheaido ja faz muito tempo, porem.as suas apilaaqoes alini
aas estao muito esaassas. Este trabaZho propoe aomo medido de quimilwrri
nesaenaia 0 tndice estimulatorio (razao do v,aior aa quirni•lwrrinesaenaia 
de ieuaoaitos poUmorfonualeares estimv.fodos e nao~es-timuladosJ. ·p.a:ru um 
mesmo indivtduo. Resuitados experimentais obtidosparamais de 2000 pessoas 
(alguns gozando de boa sail.de aomo at'letas. sold.ados, aompor;_entes do aorpo 
mediao e paaientes sofrendo de doenqas aardiovasa~iare~, <;anaer e pne~
aoniose expUaam o uso aindo restrito do qu~rrn:._iwrnnesaenma. Par~ um numero 
grande de indimdv.os aaonteaeu uma superpos1.:qao & Valaree nomcns e pato
logiaos. Uma dife:renqa estatistiaamente signifiaativ_a foi ob~ez:vaa,i somente 
no caso de paaientes na fase agufla 8a doenqa. A med-id{; & q.t-i;n.a,iae faf]o~ 
attica de ieuaoaitos usando quirniluminescenaia e q.ltamente infiuenaiado 
pela ido&, dicta, presenqa & estresse e infiamaqoes a:rOniaas. 

KEY WORDS: chemiluminescence, phagocytosis, leukocytes. 
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INTRODUCTION 

The phagocytic activation of oxidative metabolic pathways of polymorphonuclear 
leukocytes (PMNL) has been shown to yield electronically excited mok:cules and free 
radicals. These reactive oxygen species (ROS), either by themselves or by interaction with 
cellularcomponents, produce a long lasting emission of chemiluminescence (CL) [2, 3, 4]. 
In spite of the fact that Allen discovered the CL produced by activated PMNL in 1972 [ l ], 
its clinical utilisation is sill scarce [7, 16]. The lack of an internationally accepted 
standardi~ation of the procedure, the final expression of the result of the determination, use 
of various instrumental techniques, interference with ingested antioxidants or drugs and the 
wide range of individual values might explain the limited utilisation of CL for clinical 
purposes. 

Depending on the particular requirements [8, 21] of an assay system whole [20], 
purified PMNL [I, 2, 3, 4, 7], alveolar macrophages [17], or natural killer cells [10] were 
used as a source of CL. The in vitro activation of the phagocytic cells was triggered by 
various stimuli such as: opsonized zymosan [l, 2, 3, 4, 7), or bacteria [18], phorbol 
myrimethionyl-Ieucyl-phenylalanine [ 6]. 

In previous studies [14, 16], we showed that the CL emission of human activated 
PMNLs in healthy individuals depends also on age and the presence of physical or 
psychical stress. We now! propose a simplified procedure for the measurement of the CL 
emission of PMNL in order to make its use more convenient for large clinical scale 
utilisation. 

MATERIAL AND METHODS 

The study was performed on 200 healthy individual~, aged 20-70 years, of both 
sexes and varied occupations. These subjects had normal haematological patterns, 
including the total leukocyte count. 

The study also included 1800 patients, mostly (1100) cardiac catheterised patients 
from Carle Hospita~ Urbana USA, pneumoconiosis (300) and lung cancer ( 400) from 
clinics of occupational di5eases and of Radiobiology, Fundeni Clinical Hospital, Bucharest, 
Romania. 

The suspension of purified PMNL was obtained by using the two step Histopaque 
kit (Sigma Chemical Co. St. Louis, USA, No.1077). The final dilution of PMNL to 1 x 
10

7 
cells/ml was performed by using Hanks' balanced salt medium ( Gibco Life Technol. 

grand Bland, New York). 
We also used a simplified procedure: ten ml whole blood containing 10 units of 

heparin was centrifuged at 700 G for 10 minutes. The supernatant containing the plasma 
was discarded, and its volume was replaced with a cold solution of ammonium chloride 
0.87 %. After thorough mixing, the whole hemolysate was centtifuged for 7 minutes at 700 
G. TI1is procedure was repeated and centrifuged for 5 minutes at the same speed. The 
colourless residue that contained only leukocytes was washed with Hanks' solution. Finally, 
a suspension of l x 107 cells/ml was obtained by using Hanks' solution for dilution. 
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For both procedures, the final suspension contained neutrophils, 90% for the first 
and 70% for the second. For both procedures the blue tripan exclusion test showed approx. 
98% viable cells. 

The detennination of phagocytic capacity of purified PMNL consists in the 
following procedure: For each individual, two samples are used. In each of the tubes I 00 
µI leukocyte suspension (1 x 106 cells/ml) and 100 µl luminol (5-amino-2,3-dihydro-l,4-
phthalazinedione) 0.1 mmol were introduced. In the first tube, nonstimulated, 800 µl of 
Hanhs' solution was added while in the second, stimulated only 700 µl of Hanks' was 
added. Both samples are kept for 10 minutes at 37°C. Then, I 00 µl opsonized zymosan 1 
mg/ml was added only in the stimulated sample. Both samples were introduced in the 
counter or luminometer and the emission of CL was recorded for 30-60 minutes. The 
identical technique was used for both procedures. In healthy persons, the lymphocytes 
which account for approx. 20 % of total leukocytes do not produce CL under such 
conditions, thus are not interfering with the detennination. 

Zymosan was prepared by boiling fresh yeast in alkaline medium in the conditions 
described by the LKB-Wallac (application procedure Nos 513) and was opsonized 
afterward~ with AB serum. The final suspension was adjusted to 10 rnglml and was divided 
into portions of 1 ml and kept at -20 °C until utilisation. 

A Beckman beta Scintillation Counter LS-3801 with special single photon monitor 
equipment was used for measuring the CL emission. The final result for both procedures 
was expressed as the stimulatory index (SI) of phagocytosis obtained from the ratio of the 
CL value at any time of the stimulated sample and the CL value from the same period of 
time of the nonstimulated sample. Thus for each individual, both procedures included two 
samples, both non-stimulated and stimulated and the ratio of the measurement for the same 
period of time provided the SL 

All data were transformed to logarithmic scale in order to fit a Gaussian pattern. 
The calculations were performed using a statistical package from BMDP Statistical 
Software Inc. The significance of the differences between each value presented by two 
groups was evaluated by the Student's t test with p < 0.05, considered statistically 
significant. 

RESULTS 

Comparison of the procedures for obtaining PMNL 

The viability of PMNL is essential in order to obtain a reliable measurement of the 
CL emission. Therefore, the purification of PMNL should not be oflong duration to ha1m 
the cells. This explains why the testing of viability of purified PMNL by trypan blue 
exclusion is so important. 

As can be seen in Fig. l, the difference between the known procedure and the 
simplified variant we proposed is clear-cut. The known procedure is based on a suspension 
of PMNL, where neutroplills are 90 % of the total count, wlille for the second procedure, 
these cells account only for 70 % for a healthy person. This explains why for the same 
number of cells (1 x 106 cells/ml), the first procedure yielded a higher CL. For 
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Fig. l. - The kinetics of chemiluminescence produced by purified polymorphonuclear leukocytes. 
A. The pattern of chemiluminescence mesurement for (2), non stimulated in the first 

procedure, and (J) in the second procedure, and stimulated in the first ( 4) and the 
second (3) procedure. 

B. B The course development of the stimulatory index of phagocytosis for the second 
(J) and for the first (2) procedure. 

Fig.2 . - The variation range of the stimulatory index of polymorphonuclear leukocytes 
for healthy individuals based on measurement of the chemiluminescence emission according to 
the simplified procedure. The whole lot of healthy individuals consisted of four groups of 50 as 
follows: 1. Athlets (swimmers and bicycle runners), 2. Soldiers (18-20 years old), 3. Old persons 
(60-80 years), 4. Medical staff (medical doctors and nurses). 



SOUTH. BRAZ. J. CHEM., Vol. 6, N° 6, 1998 

R. M. Olinescu, M. Greabu, D. Croonan, F.A. Kwrunerow, 
V. Constantinescu & F. Paveliu 

0 250 

0 
d 200 
" e 
tj. 150 a. 
w 
0 z 100 w 
0 
(I) 
w 50 
~ 
::> ..... 

0 ii w 
:x: 
0 

-50 

TIME(min.) 

Fig. 3. - The kinetics of chemiluminescence measurement of phagocytosis in patients 
with pneurnoconiosis. 

Physiological range includes for normal individuals. (I) Non-stimulated and (3) 
stimulated values, 

Patients with pneumoconiosis, (2) Non-stimulated and ( 4) stimulated samples. 
The mean standard error is the result of measurements performed on 200 healthy 

individuals and 300 patients with pneurnoconiosis. 

TABLE J The variations of the stimulatory index (SI) of phagocytosis in some pathological 

CONTROL 
1-------------

PNEUMOCONIOSIS 
LUNG CANCER 

CARDIAC 
CATHETERISED 

PATIENTS 

0 % stenosis 
80-100 % 

stenosis 
760 61 ±17 

29 
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nonstimulated samples, the two procedures provide no significant difference. As seen in 
Fig. lB, where the CL measurement is expressed as the SI (stimularory index) the 
difference between procedures is smaller and statistically non significant. The first 
procedure is more time consuming and this makes it less attractive for a wide range of 
utilisation. 

Physiological range of stimulatory index 

The stimulatory index of phagocytosis is influenced by any chronic inflammation or 
stress condition. As presented in Fig. 2 in a whole lot of healthy individuals, the SI differs 
according to age, being significantly higher to older persons as compared with younger 
ones (athletes or soldiers). 

The second observation is related to the occupational status of individuals. The 
medical staff, that include medical doctors and nurses, exhibits a higher statistically 
significant phagocytosis as compared with tl1c athletes and soldiers groups. The variance of 
the individual values is also higher in tl1e last group as compared with the others. The 
smallest variance was noticed for the soldiers group, which was the most homogeneous as 
compared with others, especially with the first one. 

The determination of the stimulatory index in pathological conditions 

Congenital deficiences of leukocytes, such as chronic granulomatosis disease (lack 
of respiratory burst during phagocytosis) or myeloperoxidase deficiency are tl1e most 
widely known pathological conditions, where no CL emission is produced upon in vitro 
activation [ 7, 21 J. But these diseases are rare, so CL utilisation is scarce. 

Pneumoconiosis, known as inflammation of respiratory pathways and the lungs 
arises mostly following occupational exposure to mineral dust or asbestos. 

As seen in Fig. 3, in patients with different fo1ms of pneumoconiosis (asthma, 
silicosis), a significant increase of CL eniission was observed. \Vhile the CL emfasion of 
nonstimulated s3Ulples might be overlapping with the physiological range, for the 
stimulated samples, the increased values are statistically different as compared with the 
healthy persons. For a significant number of patients investigated, the difference is clear cut 
only in the acute period of the disease. 

The determination of CL emission was pe1fonned before treatment in order to 
avoid the strong influence of drugs. 

As presented in Table l, we extended our study on several groups of patients. In all 
pathological conditions, the SI was increased, but over a wide range. In pneumoconiosis, 
the data were found significantly increaseed as was the case for the patients with 100% 
stenosis. 

For the patients with lung cancer, a wide range of modifications were noticed, but 
in most cases tl1e individual variations were so high, that no statistical interpretation was 
possible. Similar wide ranges of modifications were noticed for patients with 0% stenosis, 
where the presence of acute inflammations might explain the chest pain, as well as tl1e 
higher value of SI. 
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The obtention of data presented in our study performed on a large population of 
2000 individuals was possible only by using a simplified procedure for purifying the 
Pw1NL. As shown in Fig. 1, our simplified procedure is simple, not expensive and reliable 
may be used for a large number of individuals. 

As shown in Fig. 2, the data for healthy individuals are greatly influenced by many 
factors related to age, occupation and exposure to pathogens (medical staft) or stressful 
conditions (athletes, medical staft). The presence of chronic inflammatory ailments could 
not be ignored, especially for aged people or those exposed to pathogens (medical staft), 
mineral dust (miners, workers). Such observation may be extended to stressed people or 
with non defined pain as those 'With 0% stenosis. 

For individual5 with higher levels of phagocytosis, the increased levels of the SI 
suggest a non specific parameter with a strong individual character. As shown in Fig. 3 and 
Table 1 the analysis of the data for a lot of patients did not show its clinical value. The CL 
measurement of phagocytosis should be performed before treatment and as it possesses an 
individual trait. The vaiiation of SI might offer the possibility to monitor the efficiency of 
the treatment and to evaluate the course of inflammations, which very often are present in 
a wide range of pathological conditions. 

Such interpretation focused on individual level and the monitoring of the evolutive 
course of the disease and treatment is superior to the previous clinical interpretations [ 5, 7, 
9, 11, 12, 13, 15, 19]. According to our data, the CL measurement of phagocytosis is 
related with the acute phase of diseases [22], as well as their chronic evolution. In almost 
all cases, smoking ( present or within last 5 years ) significantly increased the CL 
measurement. The SI is a dynainic parameter that mirrors the response of tl1e phagocytic 
activity of leukocytes to various endogenous situations. 
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ABSTRACT 

Certain species of microorganisms have been found to accumulate 
surprisingly large quantities of important metals, involved in the toxicity provoked by 
human activities (Cd, Pb, Hg) and metals of economic values (Ag, Au). 
Microbiological methods are applied to large-scale recovery or removal of metallic 
ions from aqueous solutions. These apllications involved the removal of heavy 
metals from sewage sludge, industrial effluents and mine or waste waters. This 
process has been developed using immobilized extracellular or cellular ligands or 
more simple chemical models based upon them. The uptake of metal ions on the 
cell surface and their translocations into the cell are well known natural processes. 
These adsorption processes could be expressed using Langmuir isotherms. Fe2

• 

.and Mn2
• appeared to .be the most effective cations for adsorption by Bacillus 

subtilis, Pseudomonas aeruginosa, even by Saccharomyces cerevisiae, while the 
Zn2

• cation, in spite of a great value of maximum adsorption, has a toxic action on 
microorganisms and the ''detoxification" mechanism depends on genetic control. 

Key words: bioadsorption, bioaccumulation, bacterial .species, Langmuir isotherm 
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Algumas especies de microorganismos acumulam quantidades surprenden-
tes de metais envolvidos na toxicidade provocada por atividades humanas 
(Cd, Pb, Hg) e de outros importantes em termos de valor economico (Ag,Au). 
O presente trabalho trata da remogao de metais pesados do esgoto, efluentes 
industriais e aguas residuarias provenientes de mineragao o outros processes. 
Foi estudado o processo de bioacumulagao de metais usando duas especies de bac
terias e uma levedura. 0 processo de adsorgao foi descrito usando isotermas 

• - • . . ., d ++ ++ de Langmuir. A adsorgao mais eficiente aconteceu para ions e Fe e Mn no 
caso das tres especies estudadas, BaaiUus subtiZis, Pseutqrnonas aer>Uginosa e 
Saoahar-omyaes aerevisiae. Por outro lado, o cation de Zn que tern um alto 
valor de adsorgao maxima, exibe um efeito toxico sobre OS microorganismos e 
o seu mecanismo de "detoxificagao" depende de controle genetico. 
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INTRODUCTION 

The processes of accumulation and uptake .of heavy metals by microbial 
biomass are receiving incr.easing attention since the microbe-based technologies 
may provide an alternative to the recovery techniques of heavy metals from 
different materials (waste waters, low-grade ores etc.). Microbial cells (living or 
dead) and the products derived from their metabolism may be efficient 
bioaccumulators, both of the soluble and of the oxidized forms. At the same time, 
the groups with negative charge from the cell-wall components may ensure an 
efficient biosorptive system for metallic cations present in high concentrations in 
solutions. 

The use of microorganisms in "leaching" processes for metal recovery from 
low-grade ores has received much importance in the last decades. The bacterial 
species involved in the biosolubilization processes are adapted to high 
concentrations of metallic cations; e.g. a strain of Thiobacillus ferrooxidans can be 
resistant to high concentrations of u0i2• (0.042 M), Cu (0.87 M), Ni (0.85-1.23 M), 
Zn (1.7 M) 1 or Al (0.37 M), Co (0.17 M), Mn (0.18 M) and Cr (0.1 M) 2 

The present study describes the bioaccumulation properties of two bacterial 
species (Bacillus subtilis, Pseudomonas aeruginosa) and one yeast 
(Saccharomyces cerevisiae) and the biosolubilization properties of Bacillus 
megaterium. The species (B. subtilis, P. aeruginosa and S. cerevisiae) have been 
obtained from the collection of the Department of Microbiology, "Al. I. Cuza" 
University, lasi and B. megaterium has been isolated from soils by the authors. 

B. subtilis, P. aeruginosa and S. cerevisiae proved to have a good 
adsorption capacity for metallic cations from their solutions, a fact which is known in 
the literature, while B. megaterium strain has been tested for the solubilization 
properties of metallic cations: Fe, Cu, Zn, Pb from copper concentrates, a 
phenomenon that has not been reported up to the present in the literature. The last 
aspect has been considered by us recently 3. 

MATERIALS AND METHOD 

In order to obtain young cultures, B. subtilis and P. aeruginosa strains have 
been inoculated on the usual culture media (i.e. broth), while the S. cerevisiae one -
on the Sobourand medium 4. After incubation at 37°C (48 h) for bacteria and 28°C 
(72 h) for yeast, respectively, the cultures have been developed on a special 
medium, to which the solution of cations subjected to analysis has been added, that 
means solutions of 0.2 g.r1 Fe2

• (FeS04. 7H~), Mn2
• (MnS04.4H20) and zn2

• 

(ZnSQ4.7H20). Subsequently, the samples were incubated at 37°C for bacteria and 
28°C for yeast, respectively. 

Bioadsorption of metallic cations has been tested in 250 ml Erlenmeyer 
flasks containing 40 ml culture medium, 10 ml bacterial inoculum and 50 ml solution 
from each cation subjected to analysis (Fe, Mn, Zn). 

Small volumes of solutions have withdrawn every 24 hours, for a period of 6 
days. The samples has been filtered and centrifuged, in order to eliminate the 
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bacterial substratum and the supernatant solutions have been analyzed with an 
atomic absorption spectrophotometer of the Perkin Elmer 3300 type. 

The adsorption capacity of metallic cations to the cell-wall surface of 
microorganisms can be expressed using the Langmuir isotherms in order to obtain 
the informations on "bioavalability" of active positions for metallic ions sites 
coordinations. The Langmuir isotherm may be written as follows 

5
: 

c c 1 -=- +- (1) 
r rmax krmax 

where c=is the concentration of adsorbed species at equilibrium, (mgS
1
), r=is 

the amount of metallic ions adsorbed r,er unit of mass of adsorbent (mg.g·\ 
r max=is the maximum adsorption (mg.g· ), k=the Langmuir constant related with 
the bonding energy. 

The graphical expression of the (cir) function at the equilibrium 
concentration (1/c) is correlated with the maximum adsorption (rmax) fer each 
species. 

RESULTS AND DISCUSSIONS 

Analysing the adsorption capacities of the three cations by the B. subtilis 
species, it may be stressed that the Fe cation is the most adsorbed cation (almost 
90% of the initial amount) a maximum being recorded in the 5th day of the process. 
The Mn cation is well adsorbed too by bacteria, with a maximum values of the 
adsorption process (82,3%) in the second day, while the Zn cation is "tolerated" by 
the bacteria. Because the adsorption of Zn2

+ varied so little from a day to another, 
is demonstrating that the process take place until chemical equilibrium is attained 
between adsorption and desoption. 

Figure 1 shows a plot of the Langmuir isotherm for the Fe cation adsorption 
by B. subtilis. The nature of the graph obtained for the different values of the 
equilibrium concentration, indicates that the process is adequate for a good 
adsorption (r max=0.279), even at high concentrations of the analyzed cation. 
Usually, the solute amount adsorbed on the mass unit of adsorbant, increase in the 
same time with the metallic ion's amount, but not always in direct proportion. This 
thing obviously appeared from the graphical plot of the adsorption of Fe cation by 
P. aeruginosa (Fig. 2) (r max=0.278). where the appearance of a sigmoidal curves 
corresponded to unfavourable adsorption at the highest Fe concentration 6. 

The Fe adsorption process also occurs in good yields in the case of S. 
cerevisiae strain, as bioaccumulator (r max=0.275) (Fig. 3). In the adsorption 
processes, S. cerevisiae is well known for its specificity for UCi2+: at higher 
temperatures and at pH values between 3.0 - 4.0, the cells accumulated about 15% 
of dry weight, but only 32% of cells showed the presence of "uranium dump" 7. 

The main structural component of these bacterial walls, involved in 
bioaccumulation of these cations is peptidoplycan (a repeated dimer of N
acetylglucosamine and N-acetylmuranic acid, linked by a small peptide) 8

•
9

. This 
peptide contain rest of glutamic acid, whose carboxylate groups plays an important 
role in metal-binding. The capacity of B. subtilis to bind the metallic cations is 
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Fig. 1. Langmuir plot of ferrous sorption onto B. subtilis 
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Fig. 2. Langmuir plot of ferrous sorption onto P. aeruginosa 
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Fig. 3. Langmuir plot of ferrous sorption onto S. cerevisiae 
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Fig. 4. Langmuir plot of manganese sorption onto B. subtilis 
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dramatically reduced, if the carboxylate group is esterified 10
. 

The peptidoglycan is followed by a second polymer, teichoic and/or 
teichuronic acid. These two compounds are linear polymers of glycerol phosphate 
and their contents in the cell-wall of B. subtilis is about 55% of dry weight 7

. Cell
walls of other Gram-positive organisms contain teichuronic acid, a carbohydrate 
made up of repeating units of a dissaccharide 7

•
10

. 

The anionic composition of the cell-walls might be varied function by the 
metallic cation's reactivity, which can substitute other metals. In this case, a 
competitivi!Y for the occupancy of "active sites" from cellular walls structure is 
involved M. In Table 1 some classes of chemical compounds from the cell-wall 
composition of B. subti/lis are given 11

. 

In Figures 4 to 6 the Langmuir isotherm for the adsorption processes of Mn 
by B. subtilis, P. aeruginosa and S. cerevisiae, respectively are presented. From 
the calculated values of r max it results that both for B. subtilis and P. aeruginosa, 
the cation adsorptions by these two species, follow the same trends observed for 
the adsorption of Fe and Mn. So, the adsorption capacity of these two bacterian 
species are going on after a favourable mechanism, but there is no specificity for 
any one of the subjected cations. This thing could be explained based on the basis 
of the similar chemical's properties of these two cations (the stability in acidic 
medium, the tendency to form complex or hydratate compounds, close ionic rays, 
oxidability, medium strength after Pearson's theory), but could not be explained 
from the chemical composition point of view of cell-wall (Table 2). 

Theoretically, it is possible that the metallic ions in high amounts to be 
intracellular accumulated, in spite of adsorption process to the cell-wall surface. 
Inside the cell, the cations could be precipitated as an oxalate or polyphosphate 10

, 

but the transmembrane active transport for each cations is still unknown. An 
interesting example of intracellular accumulation is the metabolism-independent 
transport for uranium uptake by P. aeruginosa 7

• In this example, the uranium is 
taken up within 10 sand is localized into the cell, but only 44% of the cell, contained 
visible deposits. 

The adsorption process of Mn by S. cerevisiae (Fig. 6) has developed with 
lower yields, rmax=0,279. In the first two days of determinations the process 
proceeds through the complexation of "active positions" from the cell-wall, after that 
the process develop through repeated sorption and desorption, until ch.emical 
equilibrium is attained. 

The adsorption isotherm for the equilibrium distribution of a solute between 
the adsorbant and Zn solutions is shown in Figures 7 to 9. The values of rmax are 
bigger than that obtained for the other two cations: 0.325, 0.324 and 0.329, 
respectively. This is not surprising because these values didn't show a more 
favourable adsorption compared with those for Fe and Mn cations. This cation 
(beside Cu) may be essential for microorganisms at small concentrations, while at 
high concentrations, he has a potentially action. The larger values for r max for Zn 
adsorption processes are not determined by the ionic speciation, but may be 
explained by the "detoxification" processes of microorganisms. This process is not 
an usual one for microorganisms. It is coordinating by plasmides and is a 
manifestation of their resistance to different external stimuli. Many metallic ions are 
taken up by bacteria and are biotransformed in different non-toxic products 1

•
2

• 
12

. 
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Tab. 1. Chemical compiosition of B. subtilis cell-wall <11
> 

Amino-acids Hydrolysis products Monosaccharides Lipid Chemical 

(g/100 g wall) of teichoic acids present contents (%) composition 

Lysine 6 Alanine 

Histidine 6 Glucose Glucose 
%N %P %S,ed 

Aspartic acid 1 lnorg. Phosphate Galactose 0.7-3 
5.1 5.35 34.0 

Glycine 5 Anhydroribitol Manose 

Tyrosine 1.5 Ribitol 

c 
61) y(gll) 

4.0 

2.0-t-----r---,.--~.---, 
0.0 

Fig. 5. Langmuir plot of manganese sorption onto P. aeruginosa 
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Tab. 2. Chemical composition of P. aeruginosa call-wall <11
> 

Amino-acids Monosaccharides Major classes of cell-

(g/100 g wall) present wall constituients 
Chemical composition 

Alanine 5.1 

Arginine 1.3 Glucose Proteins 
%N %P %S,ed 

Aspartic acid 9.3 Fucose Polysaccharides 
1.4-10.1 1.6-1.7 8.0-12.1 

Phenylalanine 7.3 Rafi nose Lipids 

Glycine 7.1 

5.0 f (gll) 

4.0 

fmax= 0,279 

1.2 1.B ( 6) ·10-3 (mg/1)1 

Fig. 6. Langmuir plot of manganese sorption onto S. cerevisiae 
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c 2.0 y(gll) 
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Fig. 7. Langmuir plot of zinc sorption onto B. subtilis 
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Fig. 8. Langmuir plot of zinc sorption onto P. aeruginosa 
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Fig. 9. Langmuir plot of zinc sorption onto S. cerevisiae 
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Most microorganisms are adopting different strategies for decreasing metal 
ion toxicity, strategies which are almost completely unknown at molecular levels. 
The metal toxicity can be decreased either through extracellular deposition as a 
insoluble form (like sulphide, oxalates, citrates etc.) or by through the intracellular 
deposition in the presence of varied proteins. 

CONCLUSIONS 

The positive adsorption of these three cations (Fe, Mn, Zn) by the microbian 
species (B. subtilis, P. aeruginosa, S. cerevisiae) followed the Langmuir isotherm, 
indicating a single layer adsorption to the cell-wall surface 6• The process is develop 
by cations substitution from the initial solutions and their concentration to the cell
wall surface (bioadsorption) or inside the cell (bioaccumulation) 7

, until the chemical 
equilibrium between adsorption and desorption is attained. 

43 

The adsorption isotherm may characterize the accumulation processes of 
metallic cations from solutions. Thus, B. subtilis and P. aeruginosa seems to be 
nonspecific for the adsorption of Fe and Mn cations. For Zn adsorption the values 
of r max are bigger as a result of the detoxification process at high concentrations. A 
transmembrane-transport process with precipitation as a metal-protein may occur 
for Zn. 

At high concentration of metallic ions the adsorptions process for P. 
aeruginosa presents a sigmoidal type curve, which show that the kinetics process 
is more complex and the graphical representation followed a different Langmuir 
curve 6. 

Although the adsorption process by S. cerevisiae occurs with good yields for 
the subjected cations, the results obtained by the authors, did not confirm those 
from literature (they present lower values). The literature present S. cerevisiae as a 
good and rapid adsorbant of metallic cations, even at high concentrations. 

The results obtained allow us to conclude that the method may be applied to 
real systems, which involve the adsorption of metallic cations from mine waters, 
waste waters etc. The originality of the work lies in the comparative biosorption 
study of the microorganisms considered for analysis. 
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ABSTRACT 
Liquid-liquid extraction of pigments present in mate (flex Paraguariensis) was studied 

using various organic solvents and different connterions. The best results were obtained using 
diethyl ether and sodium lauryl sulfate. The effect of the addition of ethanol on the extraction 
process was also analyzed 

KEY WORDS: Mate (Ilex Paraguariensis), liquid-liquid extraction, saponins, sodium !amyl 
sulfate, pigments. 

RESUMO 
Foram estudados sistemas de extra9iio liquido-liquido para os corantes da erva mate, 

testando-se varios solventes orgdnicos e diferentes contra-ion~. 0 melhor sistema extrator Joi 
eter dietilico-lauril suifato de s6dio. 0 efeito da adi9iio de etanol sabre o sistema tambem Joi 
estudado. 

INTRODUCTION 
The mate beverage ("mate" or "chimarriio") is widely used in Southern Brazil, Argentina, 

Paraguay and Uruguay and it is an integral part of the "Gaucho" culture. It is also widely used as a 
medicinal plant, having stimulant, diuretic, antirheumatic and antinflammatory properties. The 
genuine mate comes from Ilex Para~ensis Saint Hilaire, a South American native perennial 
tree coming from the holly family. 1 According to Gaucho tradition, the ceremony of drinking 
mate (tea), passing the "cuia" (a receptacle made from a native pumpkin) among the participants 
leads to an atmosphere of respect, friendship and solidarity and at the same time the tea is efficient 
against food intoxications and acts as a general tonic. 1

•
3 

The main active components of mate (erva mate) are saponins, more specifically they are 
glycosides of ursolic and oleanolic acids. 3•

5 Their general structure is given in Figure I. The 
isolation procedure usually involves the extraction of dried and ground leaves by maceration in 
CH3CH20H-H20 followed by successive extraction with CH2Ch and n-butanol and repeated 
column chromatography. The structure determination is usually done using 1H and 13C nuclear 
magnetic resonance, mass spectra and visible and ultraviolet spectroscopy, known secondary 
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metabolites are xanthines (mainly caffeine), flavonoid glycosides (rutin) and caffeoylquinic acid 
derivatives or chlorogenic acids. 3 

The purpose of the present work was to study some rapid methods for the extraction of 
pigmented or colored substances present in mate beverage (tea). It is well Known that compounds 
with formal positive or negative charge can be readily extracted with organic solvents through 
ion-pair formation using connterions. This method has been widell used for the extraction of 
artificial dyes in industrialized foods and in phase transfer catalysis. 7' Surfactants have often been 

. - - 6-9 used as phase transfer agents. - -

J la, J2a, J3a 

Jib, J2b, J3b and l!Btcsaponis l-5 

Strucwres of the saponin.<i is.olatcd from flex paraguarlemb.(3) 

Jla R1=«-l-rhamnopyranosy!{1-+2}<H.-arablnopyranosyl; R,=H 
Jib R1=«-l-duimnopyranosyt{1-+~-erabinopyranosyl; R,=H 
J2a R1=jl-DiJlucopyranosyt{1-+3)-cx-l.-erabioopymnosyl; R,=H 
J2b R1•p.l).g!uoopyranosyt{1-+3)- cx-1.-erablnopyranosy!; R,=H 
J3a R,=«-L..<flamnopyranosyl{1 · >2)-<X-l-erablnopyranosyt; R,=jl
DiJ!uoopyranosyt 
J3b R,=«-l-<hamnopyranosyt{1-+2}<H.-arablnopyranosy!; R,=jl
DiJ!ucopyranosy! 

Matesaponln 1 R1=jl..O-gluoopyranosyt..(1-+3)- a-l
arablnopyranosy! 
R,=ll-01ll"""l"flWIOS 

Matesaponln 2 R1c:p..o..g!ueopyranosyt..(1-)3}-(o:..t
rhamnopyranosyl
(1-+2)J-a-l-arabinopyranosyl; 
R,=ll-01llucopyranosy! 

Matesapon!n 3 R1=fl-O-g!ucopyranosyt{1-+3)- a-l
ara!>lnopyranosy; 
R,=jl-l).g!ucopyranosyt{1->6)-p~osy1 

Matesaponln 4 Rl•fl-0-glucopyranosyt{l-+3)-{ cx-l.
rhamnopyranooyt{1-+2)J-a-l-erablnopyranosy!; 
R,=jl-l).g!ucopyranosyt{1->6Hl-01Jfuoopyranosy! 

Matesaponln 6 R1=p..0.gtucopyranos~1->3H a
rhamnopyranosyt-
(1--+2)j-a-l-arablnopyranosy!; 
R,=Jl-Diiluoopyranosyt{1->4)-ll-O-gluoopyranosyt. 
(1- ->6}-jl-0-glucopyranosy! 

FIGURE. I. General Strutura of the Saponiuns Isolated from !lex paraguariensis. 

Liquid-liquid extraction is on experimental technique where a solution (usually aqueous) is 
placed in contact with a second solvent (usually an organic solvent), essentially immiscible in the 
first one, with the purpose to transfer one or move solutes from the first solvent to the second one. 
The separations are usually simple, clean, rapid and practical. In many cases the separation may 
be done by simple agitation during a few minutes using a separatory funnel. 

One would not expect that it would be possible to extract organic compounds from 
aqueous solutions with organic solvents, because there would be a large loss of energy of 
electrostatic solvation. The most obvious way to make an aqueous ionic species extractable is to 
neutralize its charge. This can be attained by the formation of a neutral metal chelate complex or · 

- by ionic association, i.e., ion-pairing. The more hydrophobic the resulting molecule, the better its 
extraction. 10

•
12 An alternative is the solubilization of the pigments with micelles. 

In spite of the fact the consumption of mate is significant in the southern part of Latin 
America, systematic research in this subject is still in an incipient stage and our effort represents a 
step is this direction. 
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metabolites are xanthines (mainly caffeine), flavonoid glycosides (rutin) and caffeoylquinic acid 
derivatives or chlorogenic acids. 3 

The purpose of the present work was to study some rapid methods for the extraction of 
pigmented or colored substances present in mate beverage (tea). It is well Known that compounds 
with formal positive or negative charge can be readily extracted with organic solvents through 
ion-pair formation using connterions. This method has been widell used for the extraction of 
artificial dyes in industrialized foods and in phase transfer catalysis. 7' Surfactants have often been 
used as phase transfer agents. G-

9 
· -

Jla, J2a, J3a 

Jlb,J2b, J3b and lllltcsaponis 1-5 

Strucrurcs of the ~ponin.~ is.oJated from Hex paraguariemd~(3) 

J1a R1=a.-L-rhamnopyranosyt-(1-+2)-a..t.-arabinopyranosyl; Ri"'H 
J1 b R,=a.-L-rhamnopyra.nosyt.{1-+2}-cx-l.-arabinopyranosyt; Rt=H 
J2.a R1•P-D-glucopyronosyl-(1->3)- a-L-<m>binopyranosyt; R,-H 
J2b R1•p-DiJlucopyranosyl-(1->3)- a-L-arablnopyranosyl; R,=H 
J3a R,-a-L-rhamnopyranosyl-(1- >2)-«-L-arablnopyranosyt; R,=jl-
1).glucopyronosyl 
J3b R1=a:-i..ffiamoopyranosy(-(1-+2)-o...t.-arabinopyranosyl; Rt=tJ.-
1).glucopynmosyl 

MatesaponJn 1 Rt=f3-D-glucopymnosyl-(1-->3)- a-L
arablnopyranosyl 
R,=jl-0-glucopyranosyl 

Matesaponln 2 R1=B-0-glucopyranosyl-(1· >3)-[a-L
rhamnopyranooyt
(1->2)~-L-arabinopyranosyl; 

Rt"'fl-0-gtucopyranosyl 

Matesaponln 3 R1•jl-l).glucopyronosyl-(1->3)- a-L
arablnopyranosyl; 
R,..p-l).glucopyronosyl-(1->6)-P-D1l!ucopyranosyt 

Matesaponln 4 R1=jl-l).glucopyranosyl-(1->3)-{ a-L
rhamnopyranosyl-(1->2)~-L-arabinopyranosyl; 
R,=p-1).g!uoopyranosyl-(1...s)-jl-O-glucopyranosyl 

Matesaponln 6 R1=P-0-glucopyranosyt..(1 -·>3)-( a
rhamnopyranosyl-
(1-·->2)]-a:-t.-arabinopyranosyl; 
R,=jl-1).gluoopyranosyl-{1->4)-ll-D-glucopyronosyl
(1 ->6H-DiJlucopyranosyl 

FIGURE. I. General Strutura of the Saponiuns Isolated from Ilcx paraguaricnsis. 

Liquid-liquid extraction is on experimental technique where a solution (usually aqueous) is 
placed in contact with a second solvent (usually an organic solvent), essentially immiscible in the 
first one, with the purpose to transfer one or move solutes from the first solvent to the second one. 
The separations are usually simple, clean, rapid and practical. In many cases the separation may 
be done by simple agitation during a few minutes using a separatory funnel. 

One would not expect that it would be possible to extract organic compounds from 
aqueous solutions with organic solvents, because there would be a large loss of energy of 
electrostatic solvation. The most obvious way to make an aqueous ionic species extractable is to 
neutralize its charge. This can be attained by the formation of a neutral metal chelate complex or 

· by ionic association, i.e., ion-pairing. The more hydrophobic the resulting mole,;ule, the better its 
extraction. 10

•
12 An alternative is the solubilization of the pigments with micelles. 

In spite of the fact the consumption of mate is significant in the southern part of Latin 
America, systematic research in this subject is still in an incipient stage and our effort represents a 
step is this direction. 
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EXPERIMENTAL PROCEDURE 
Liquid-liquid extraction was performed an "cold tea of erva mate"(aqueous solutions at 

room temperatura) in the presence or absence of ethanol using various organic solvents such as 
diethyl ether, methanol, n-propanol, n-butanol, chloroform, etc and counter-ions of NaLS 
(sodium lauryl sulfate), CPCI ( cetylpyridinium chloride) and CT AB ( cetyltrimethylammonium 
bromide) at concentrations ranging from 0,4 x 10·3 M to 6,0 x 10·3 M. 

All the reagents used were of analytical reagent grade and the water was deionized and 
distilled. The erva mate employed was always of the same commercial brand (Raizes). -- ---

The absorption spectrum of the extracts was determined in the visible region (500-700 nm) 
using a Carl Zeiss spectrophotometer. 

RESULTS AND DISCUSSION 
Typical absorption spectra obtained for the extract using the three different surfactants or 

phase transfer agents are shown in Figure 2. As can be seen, NaLS, na anionic species, is by far 
the most efficient as far as extraction is concerned. The maximum absorption band is present at 
680 nm and was subsequently used as a criterion for the best extraction. 

-•-NaLS 0,0033 M 

1.2 
-•- NaLS 0,0067 M 
-A--NaLS 0,010 M ... 

1,0 

Q) 
0,8 

0 
c: 
(11 

0,6 .a 
'-
0 
Cl) 

~ 0,4 

0,2 

0,0 
500 550 600 650 700 

Wavelength-1'. (nm) 
FIGURE 2. Absorption Spectrum of the Pigments ofErva Mate Using Diethyl Ether 

and Various Phase Transfer Agents. 

Figure 3 illustrates the absorption spectra obtained for the extracts using NaLS (0,003 M) 
and diethyl ether and butanol as organic solvents. 
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-- Diethyl ether 
0,5 --Butanol 

• 
0,4 

Q) 
--0 0,3 c 

<1l .a 
'-

1il 0,2 .a 
<t: 

0,1 

0,0 
500 550 600 650 700 

Wavelength-A. (nm) 
FIGURE 3. Absorption Spectrum of the Pigments ofErva Mate Using NaLS (0,003 M) 

and Diethyl Ether or Butanol as Organic Solvents. 

-•-NaLS 0, 0033 M 

1,2 
-•-NaLS 0,0067 M 
-A- NaLS 0,010 M 

1,0 

(]) 
0,8 

() 
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cu 0,6 .a ..._ 
0 
(/) 

~ 0,4 

0,2 

0,0 
500 550 600 650 700 

Wavelength-A. (nm) 
FIGURE 4. Absorption Spectrum of the Pigments ofErva Mate Extracted with Diethyl Ether and 

Different Concentrations of Sodium Laury! Sulfate (NaLS). 

The effect of the concentration of sodium lauryl sulfate (NaLS) on the extraction process is 
shown in Figure 4. In all cases shown in the figure, the surfactant is present in concentrations 
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above the CMC (critical micellar concentrations). However we also observed extraction when the 
surfactant was below the CMC, indication the ion-pair formation and subsequent phase transfer is 
also important. 

The effect of the addition of ethanol on the extraction of pigments with diethyl ether and 
sodium lauryl sulfate (NaLS) is illustrated in Figures 5 and 6. 

0,7 

0,6 

0,5 

Q) 
(.) 0,4 c: 
t1l 
..0 ,,_ 
&l 0,3 

~ 
0,2 

0,1 

0,0 
450 500 

·-----·----
--Ethanol o %byvol. 
-•-Ethanol 1,7 % by vol. 
-.A-Ethanol 3,3 % by vol. 
-Y.--Ethanol 5 % by vol. 
--Ethanol6,7 % by vol. 

550 600 

Wavelength-A.( nm) 
650 700 

FIGURE 5. Absorption Spectrum of Pigments Extracted from Erva Mate Using 
Diethyl Ether, Sodium Laury! Sulfate (NaLS) and of Low 
Concentrations of Ethanol. 

The experimental results clearly show that the addition of ethanol at low concentrations 
(around 5 to 6 percenthy volume) improves the extraction process. At higher concentrations 
however, (more than 100/o) the extraction process is hindered. The effect of ethanol may be 
explained by its effect on micelle formation. 
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-•-Ethanol 0 % by vol. 
-•-Ethanol 5 % by vol. 
-&-Ethanol 1 O % by vol. 
-T- Ethanol 15 % by vol. 
--Ethanol20 % by vol 

0,0-+-~--r~~~~-.-~-....~~~~~~--.~~...-~-..-~--.~---. 

450 500 550 600 650 

Wavelength-:.. (nm) 

FIGURE 6. Absorption Spectrum of Pigments Extracted from Erva Mate Using 
Diethyl Ether, Sodium Laury! Sulfate (NaLS) and a Wide Range of 
Concentrations of Ethanol. 

CONCLUSION 

700 

It may be concluded that the pigments of erva mate may be extracted easily from aqueous 
solutions by using sodium lauryl sulfate, diethyl ether and low concentrations of ethanol. Further 
studies are in progress to elucidate the structure of these colored substances. 
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1-(2 -Benzthyazolyl)-3-methyl-4-azo-(4 -nitrophenyl)-Pyrazolyn-5-one 

• 
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Faculty of Chemistry.Bucharest University,Dumbrava Rosie 23,sector 2, 70609 Bucharest,Romania 
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ABSTRACT 

1-(2 ·-Benzthyazolyl)-3-methyl-4-azo-( 4 ··-nitrophenyl)-Pyrazolyn-5-one 
(HL) possesses a chelating behaviour.Its chelates with a number of trivalent lanthanide 
ions Pr(lll), Sm(lll),Gd(lll), Ho(lll),La(lll) of the type Na1[Ln(L)i(OH)4] have been 
isolated and characterized on the basis of their elemental analyses,IR and visible 
spectra, magnetic and molar conductance studies, thermal and X-ray analysis and 
molecular weight determinations.All chelates have a monomeric octa-coordinated 
stn1cture and square antiprismatic (C;J symmetry. 

KEYWORDS Lanthanides complexes; Azodye; Pyrazolyn-5-one; UV-VIS; 
IR spectroscopy. 

RESUMO 

1.-(2 '-Benztiazoli 7,)-3-metiZ-4-azo-( 4 "-nitrofenil)-pirazolin-5-ona (HL) e 
wn bom Zigante. Forma aomplexos do tipo Na;/Lnt2(0H) ,/ aom tons trivalentes 
de lantan{deo& aomo Pr( III), Sm( III), Ho(III) e La(IlI). Estes aomplexos 
foram isolados e aaraaterizados usando analise elementar, determina'1ao de peso 
moleaular, espeatrosaopia no vistvei e infravermelho, aondutanaia magnetiaa e 
molar, roios-x e analise termiaa. Todos os quelatos tem estrutu:ro oata-aoorde
nada e possuem simetria quadrado antiprismatiaa (C2J. 
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A perusal ofliterature1
•

4 reveals numerous ligands containing azogroup-N=N-,the 
nitrogen of which coordinates to the metal ions. The arylazopyrazolones are commonly used in 
food coloring and in the production of magenta dyes in various color photographic processing5

· 
6.The effect of various types of Lewis bases in combination with 4(p)-nitrol>enzoyl-2,4-
dihydro-5-methyl-2-phenyl-3H-pyrazol-5-one (NMPP) on the extraction ofEu(Ill) and Nd(III) 
has also been studied 7• 

A method has been developed for the rapid determination of small amounts of 
Nd.,Ho,Er,Tm in a mixture oflanthanides with arylazopyrazolones derivatives•·•. 

The survey of the literature data revealed that hardly any data is available on the 
stereochemical properties of these complexes but a study of their spectral and magnetic 
behaviour10-"can poit out some of these properties. 

In the present investigation,anumber of five trivalent lanthanide ion complexes of 1-
(2' -Benzthyazolil)-3-methyl-4-azo-(4' -nitrophenyl)-Pyrazolin-5-one structure (I) were prepared 
and characterized by a variety of spectral and analytical methods to clarify the structure as well 
as the nature of the bonding in these complexes in the solid state. 

Structure (I) 

This ligand is a good pigment for rubber,and we expeet semiconductor properties for 
these complexes. 

Experimental 

Apparatus and Reagents 

Elementary analyses were obtained with a CARLO ERBA EA I lOS.Ln3
+ 

concentrations were determined by gravimetric methods. 
Magnetic moments were determined by Gouy's technique and diamagnetic 

corrections were calculated from Pascal's constans. 
Conductivity measurements were carried out using a Wescan 212 conductivitity 

meter in N,N-dimethylformamide (DMF} l0"3M at room temperature. 
Molecular weights were determined in chloroform at 37°C with a Mechlorab Model 

301A vapor pressure osmometer.The concentration of the solution were in the range of 10·3_ 

Hr4M. 
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The electronic spectra of all compounds were obtained by the diffuse-reflectance 
technique,dispersing the sample in MgO ,with a Specord M 400 Carl Zeiss Jena 
Spectrophotometer. 
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The IR spectra were run with a Perkin Elmer FT-IR spectrophotometer in the range 
of 4000-200 cm·' in KBr pellets and in the range of 12000-4000 cm·' in solid state with a Cary 
l7D (NIR). 

The gadolinium complex was studied by thermogravimetric{TG) and differential 
thermal analysis (DTA} in a static air atmosphere, with sample heating of 5° /min using a 
MOM-Budapest OD l 03 Paulik Evdey derivatograph. 

The final residue was studied with X-rays using a HZG Diphractometer, with CoK" 
radiations and Cu, Fe filter and TUR-M 62 generator, v---0.5° /mln,6* l04imp/min. 

All compounds and solvents were pure BDH grade chemicals. The ligand used was 
prepared according to a method described in the literature 12

• 

Preparation of lanyhanide complexes 

Aqueous solution oflanthanide (III) chlorides (1.5x!0-3mole and 5 ml H10) were 
mixed with ethanolic suspensions of the ligand (3x l0"3mole in lO ml ethanol} in a ratio 
M:L=l:2.After half an hour the pH of the reaction mixture was adjusted from 4.5 to 8 with 
aqueous CH,C00Na.3H20(3x Hr3mole } and the reaction mixture was refluxed for an 
hour.After an hour of reflux the pH of the reaction mixture was adjusted to 9 - 9 .5 with aqueous 
solution 4% NaOH and was refluxed for half an hour.The product obtained on cooling was 
filtered off, washed succesivelly with ether and finnaly was recrystallized from an mixture of 
water: ethanol,! ;2(v/v). 

Results and Discussion 

Elementary analysis shows a ratio lanthanide :ligand of l :2.The molar 
condunctance values ( 200-240 n·' cm 2 mol ·1} in DMF 10 ·3 M shows a l/3 electrolyte 
behavior of the complexes. The analytical results shows a geneal formula 
Na,[Ln(C11H11N60,S)2(0H).J for the complexes .,where Ln=Pr(III),Sm(III),Gd(III),Ho(III)and 
La(III) (Table I). 

The thermal decomposition(Figure l} is in good agrerneent with literature data 14
•
15 

and shows no coordinated water molecules, because in the range 120-l90°C there isn't a 
Loos through an endothermicprocess.In the third stage there are two exothermic effects 495°C 
And 5 !0°C which represent NaOH elimination.In the third stage there are two exothermic 
effect at 560°C corresponds to Gd20 3 formation. 

The X-ray spectrnm (Figure 2)is in good agreement with the presence of Gd20,. 
Magnetic moments .Allcoordination compounds under study except the La(III)

complex are paramagnetic while the latter is diamagnetic because of the presence of unpaired 
electrons in the 4fsubshells,wich are shielded by 5s,5p and 5d orbitals .This makes it very 
difficult for the ligands to attack the inner 4f electron . Therefore ,the magnetic moments of the 
complexes should be affected to a lesser extent as compared to that of the metal salt itself. There 
is a slight variation in the experimental magnetic moment values (Table 1) which may be due to 
the thermal population of excited states whose degenerate levels have been split by the crystal 
field16

• 

The molecular weight determinations show the complexes to be monomers . 
The JR spectra of the bidentate azodye ligand and its complexes are quite 

informative .The IR spectra of the ligadd16(Table 2} shows a band at 1642 cm·' due to v(C=O} 
group of the pyrazolone ring and a strong band at 1526 cm·' due to [v(N=N)+v(C=N)} and a 
band at 1433 cm·' assigned as v.,(N=N).The positions of these bands are highly influenced by 
the nature of the substituent in the aryl ring. Their shifts to longer wavelengths are due to 
increasing overlap of the molecular orbitals of the N=N system.The strong band at 1343 cm·' 



Table I. Analytical, molar conductance, magnetic moments data of the trivalent lanthanide ions complexes 

Complex Microanalysis Results 'A ~leff 
n-lcm2mor' (BM( 

c % H % N % Ln % 

Na,[La (C 17H 11 N603S)z (OH)"] (39.46)* (2. 12) (16.24) (13.43) 240.01 (-) 
40.0l 3.00 16.25 13.50 0.25 

Na,[ Ho (C17H 11 N603S)z (OH)4) (33.30) (1. 79) (13.71) (13.46) 220.42 (4.89) 
33.75 2.00 13.82 13.63 4.60 

Na,[Gd (C 17H l l N603S)z (Ol-1)4) (38.77) (2.09) (15.96) ( 14.94) 235.40 (7.94) 
39.05 2.85 16.01 15.02 7.86 

Na.,[Sm (C17H1 lN603S)z (OH)4) (39.02) (2. l 0) ( 16.07) ( l 4.38) 236.80 (5.91) 
40.0l 2.55 16.00 14.65 5.82 

Na,[ Pr (C17H I 1 N603S)z (OH)-i] (39.38) (2.12) (16.21) (13.60) 238.75 (2.83) 

40. l l 2.70 16.45 13.82 2.78 

* (Calculated ) Experimental 

Table 2. The IR (cm'1
) spectral data of the UL ligand and the Na3(Ln(Lh(OH)4] 

complexes (Ln =Lam, Pr111
, Sm 111

, Gdm, Ho111
) 

ConuJGunds 

Mol Powder 
wt colour 

1033.91 orange 

1224.86 bronn -orange 

1052.25 bro\,·n -orange 

1045.35 brown -orange 

1035.91 bro1111 -orange 

Assh1 nc1ncnts !IL Na,1La(Ll2!0H).,I Na,IPr!L),!Olll.1 Na.11Sm!L)2(01 ll.11 Na.ilGd!Ll,fOHl.11 Na,ilHo!L \21011\:;i 
i·(C-0) oi' 16·12 - - - - -

nvra1,olon rillQ 
i·(C-N )I \'(C~O) 15.2(1 1•167 (468 l·lf18 1470 1470 

\':h({'-:-:()) 1-L\.\ 

\·(<lll) in hydro:-.:o - .\445 .1442 .1·1'H .14·M .1•145 
l'OlllJliCXCS 

('\(M-0-H) - 118.1 118.1 118.l 1183 1183 

\'(C=()) cnolic - 1.120 1322 1322 l.l24 1.124 
coorJi11;.1tc<l 

0-1 L .. N .1457 - - - - -
l'(M-Ol - 470 472 475 475 475 
,·cM-Nl - 529 530 530 530 530 

~ 
r.f1 
0 
~ 

& 
.., 

~ 
;= 
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(\) ::i:l !Ii > 
"' t"" 
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~ 
("l 
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~ '!-• 
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T= Temperature 

T Range: 309C - 10009C 

·--~-------

Figure I.The differential thermogravimetric (DTG), thermogravimetric (TG) and differential, . 
. ?thermal (ATD)analysis of the K[Gd(L2)(H20)i} complex. 

Figure 2.The X-ray spectrum of the K[Gd(Li)(H20hl complex. 
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can be attributed to the stretching v of the (C-OH) group .The broad strong band at 3457 cm·' is 
explained by the presence of an associate NH and OH hydrogen bond . It is elear from these 
data that the ligand certanly exists as azoenol -hydrazoketo tautomeric structures: 

Azoenol form Hidrazoketo form 

The IR spectra (Table 2) of the complexes exhibit a band at 3445cm'1 assignable to the 
OH stretching and a band at 1183 cm·'assignable to the M-0-H bending in hydroxocomplexes 
oflanthanide ions and these data are in good agreement with the literature values 17

• 

The weak band at 1320cm·'may be assigned to the enolic v(C-0) coordinated to the 
metal ions18.In all the metal complexes there are no bands corresponding to coordinated water 
molecules.In the metal chelates the band at 3457cm·1 due to intrarno!ecular 0-H ...... N18 

disappears showing the deprotonation of enolic hydroxyl group. The sharp band at 1526cm'1 in 
the azo dye due to [v(N=N) and v(C=N)} shifts to 1467cm·1 upon complexation indicating the 
bonding of one of the azo nitrogen atoms to the metal atoms19

•
20

. 

The conclusive evidence of bonding is confirmed by the occurrence21 ofv(M-0) and 
v(M-N) bands at about 470cm'1 and 529cm·1,respectively. 

Hence the azo dye behaves as monovalent and bidentate ligand bonded through the 
potential donor (N -0) atoms in azoenolic form. 

Jn the UV-VIS region of the ligand the following bands appear: (nm) 387(-N=N
),225(C=N),270(aromathic ring) and 280(C=O) of the pyrazolone ring12.In the complexes these 
bands are shifted as following :(nm) 365(-N=N-),325(C=N),265(aromathic ring) and the at 280 
nm disappears because then-bonding of (C=O) of the pyrazo!one ring is quenched19

. 

The electronic spectra of the lanthanide complexes are the same as in aqueous 
solution of the lanthanides cation Ln3

+ because the f-ftransition are not influenced by the 
neighbours22 .In our lanthanides complexes all the bands are shifted compared with 
Ln3•(aqueous).The bands between !6000-20000cm'1 are very sensitive to the coordination 
number .Inthis region we discovered bands in good agreement with the octacoordinated Ln3

+. 

(PrL2(H,O)i}.We found the following transitions: 
16900 cm·' for 'H.-7 10 2 (in Pr"(aq) 16980 cm·') 
20200 cm·' for 'H.-73P0 (in Pr3+(aq) 20700 cm'1) 

. 20850 cm·' for 3.H.i-711,; (in Pr3«aq) 21500 cm'1).This transition is sensitive to 
the number of neighbours and it is in a good agreement \\~th the octa-coordination of Pr3+ .The 
band at the 33300cm'1 corresponds to the transition 4f n-;. 4f •·1 d 23

•
24(Figure 3). 

(SmL,(H20)i}. We found the following bands : 
17450 cm·• for "H11z-7 

4Gs12 (in Sm3+(aq) 17880 cm'1) 
l 834() cm·' for "H712-;. 

4F312 (in Sm3+(aq) l 888{)cm'1) 

. 20400 cm·' for 6I'I712-;.
4G712 (inSm3+(aq) 19950cm'1) (Figure 4}. 

The hyper sensitive transition to 6F112 appears in NIR range at 
5995 cm·1 for 6

H11n
6F 111 (in Sm3

+ (aq) 6200cm·1
) 

6305 cm·1 for "H112-7"H1 512 (in Sm3+(aq) 6460cm'1} 

. 6468cm·1 shoulder for "H112-76F312 (inSm3+(aq) 6640cm'1) 
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Figure 3. The UV-VIS (nm) spectrum of the K[Pr(L2)(H20h] complex 

Figure 4. The UV-VIS (nm) spectrum. of the K[Sm(L2) (H10h] complex 
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Figure 5. The NIR spectrum of the K[Sm(L2)(H20)2] complex 
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Figure 6. The UV-VIS (nm) spectrum of the K[Gd(L2)(H20)2] complex 
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Figure 7. The UV-VIS (nm) spectrum of the K[Ho(L2)(H20h] complex 
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(GdLz(HzO)zJ. The bands between 32000-33000 cm 1 were assigned by Sidall and 
Stewart24.We found three bands in this range assigned to the following transitions: 

31250 cm·' for 8
S112-+

6
P112 

32258cm·' for 8S112-r6F s12 

. 32894cm·1 for. 8
8'1r+

6
P312 

61 

11le transitions to 6I (°I 712, 
6
l91i, 

6
11712, 61, 112, 6I1311,'11sn} appear in the range : 3600{).-37000 cm· 

1.In our spectrum there is one very intense ligand band at 36340 cm-1,assignedto8S712-r
6I912.The 

band at 45454· cm-' was assigned to the transition 8
S112-r

6D(6D912,11z,712,,1z,s11}.(Figure 6} 

(HoL:,(H,0)..j.In the spectrum of this compound the bands were assigned as follows: 
ll l llcm-1 

4I1s12 -r5Is 
!6260cm-1 -r5F5 

I 7094cm-' -+'S2 
!80!8cm-' -r'F4 

l9607cm-' -r'F3 

20000cm-1 -+5
F2 

21052cm-' -+3Ks 
23255cm1 -r'G6 
25000cm-' -+5G4 

25974cm-' -+3K1 
28-169cm-1 -lG6 

289&5cm-' -lo, 
35714cm-l _,J3 U s n l G }.23 

-- -,, .l "4, 4, 4 --

The 5G6 and 3G6 (2n55 and 2$169 cm-1
) are the hypersensitive transitions. 

All the band correspond to coordination number eight and a square antiprismatic (Cz) 
geometry23

•
24.(Figure 7) 
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ABSTRACT 
Five recipes of Sn02 - based ceramics masses were prepared. The influence of 
Ce02 additions on the properties of ceramic masses was studied. It was found 
that the Ce02 additions increase the electrical resistivity of these ceramic masses, 
but the electrical resistivity decreases with the CeOi content. The Ce02 additions 
have the same influence on the activation energy for conductivity. 

cRESUMO 

Foram preparadas cinco massas ceramicas baseadas em Sn02 • Foi estudada 
a i'nfluencia de Ce?2 ~o~re as p;op;iedades~destas m~s~s •. A adi~ao_de 
Ceo2 aumenta a res1st1vidade eletrica, porem esta diminui em fun~ao do 
teor de oxido de cerio. As adi~oes de Ceo2 tem a mesma influencia sobre 
a energia de ativa~ao para condutividade. 

KEY_WORDS: Inert anodes; aluminium electrolysis. 
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I. Introduction 

It is very well known that the one of most crucial problems for the use of inert 
anodes for aluminium production is the slight corrosion resistance of these anodes during 
the electrolysis in cryolite - alumina melts. 

In several papers and patentsfl-6J MOL TECH and EL TECH proposed a method 
to increase the corrosion resistance of these ceramic anodes. This method was used both 
in the case of the anodes prepared from Sn02 - based ceramics and in the case of anodes 
made from cermets. The method consists in introducing a Ce(III) salt in the molten 
electrolyte. During electrolysis, in the neighbourhood of the anode, the cerium is 
oxidised and precipitated as an oxifluoride compound deposited like a crust on the anode 
surface. In this way, a compact layer, adherent to the anode and with a good electronic 
conductivity is obtained. This layer is protective against the corrosion of molten cryolite. 

The EL TECH company tested both in the laboratory and in a pilot plant15•61 the 
corrosion resistance of some inert ceramic anodes covered with a protective layer of 
Ce02. It was found that the corrosion was reduced about I 0 times. 

At the cathode in the presence of molten aluminium, the following reaction can 
occur: 

CeF3 + Al = A!F3 +Ce 
For this reaction LiG0 

= 259 kJ/mol, therefore the equilibrium of reaction is 
removed to the left. 

In the present paper are shown results of the electrical resistivity measurements 
of some ceramic masses: Sn02 - Sbi03 - CuO - Ce02 which can be formed on the anode 
surface during electrolysis. 

2. Experimental 

The following compositions of Sn02 - based ceramics masses were prepared: 
1. 98% Sn02 + 2% Ce02 
2. 96% Sn02 + 2% Cu02 + 2% Ce02 
3. 95% Sn02+ 2% Sb03+ 2% CuO+ 1% Ce02 
4. 94% Sn02+ 2% Sb03+ 2% CuO+ 2% Ce02 
5. 92% Sn02+ 2% Sb03+ 2% CuO+ 4% Ce02 

These were prepared by mixing the powders in water for 15 hours and then, after 
drying, by mixing them again with 2 - 3 % polyvinilic alcohol solution, as a binding 
agent. Pellets having I 0 mm in diameter and 3 - 4 mm in height were pressed in a 
cylindrical mould at 150 atm. The pellets were sintered for 4 hours at 1300°C in an 
electric furnace. For measuring the electrical resistance of the pellets, they were silver
coated on both sides with silver conducting paste that was then sintered at 700°C. The 
electrical resistivity of these pellets in direct current was measured. We found that, due 
to the current passed through it, the pellet gets warmer. For reaching reproducible 
results, the pellet was thermostated in water at ditlerent temperatures. 
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The apparent density of the five ceramic masses were measured and the following 
values were found (Table I). 

The literaturel1
-

101 show that these ceramics have good properties if their apparent 
density is at least 6.0 g cm-3 after sintering. It is noticed from Table I that recipe l, with 
the composition: 98% Sn02 + 2% Ce02 has a very low density, therefore these ceramics 
are not sintered. The other recipes have good densities, but there is no correlation 
between the density and the Ce02 content 

Table I. Apparent densities of the ceramic masses: Sn02 - Sb203 - CuO - Ce02; 
t = 20°c. 

Recipe Apparent 
densitv '9/cm'l 

!. 4.36 
2. 6.12 
3. 6.24 

4. 6.37 
5. 6.34 

As shown in our previous paper111
•

121 the electrical resistivity of the Sn02 - based 
ceramic masses decreases exponentially with increasing current intensity. The same 
situation was found for the compositions studied in the present paper, as it is seen in Fig. 
I for recipe no. 5. Likewise, Fig. I shows that the electrical resistivity decreases with 
increasing temperature and this fact proves that these ceramics are semiconductors of n 
type, hence they have an electronic conduction. 

The variation of electrical resistivity of the five ceramic masses, studied as a 
function of the current intensity is given in Fig. 2. The measured surfaces of the pellets 
were 0.5 - 0.55 cm2

, therefore the current intensities are twice higher. It is noticed that 
recipe no. I has the highest electrical resistivity, but this composition has the lowest 
density and is not well sintered. 

Recipe no. 2, with CuO and Ce02 as dopant has a lower electrical resistivity. As 
shown in our previous papei-! 11

•
121, the best Sn02 - based ceramic mass is that which 

contains 2% Sb03 and 2% CuO and has the electrical resistivity about 3- IO Qcm in 
function of the quality of the raw materials and the sinterization temperature. If to this 
recipe, l %, 2% or 4% Ce02 is added, the ceramic masses no. 3 - 4 - 5 are obtained and 
their electrical resistivity are shown in figure 2. The Ce02 addition in any proportion in 
the ceramic mass 96% Sn02 + 2% Sb03 + 2% CuO will increase its electrical resistivity. 
As seen in Fig. 2, the semiconductor resistivity decreases by Ce02 concentration 
increasing. 
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Fig. I. Variation of the electrical resistivity of the ceramic mass: 92% Sn02 + 2% SbQ3 
+ 2% CuO + 4% Ce02 as a function of the current intensity and temperature. 
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Fig. 2. Variation of the electrical resistivity as a function of the current intensity at 
t = 20° C of the ceramic masses with the following composition: 

I. 98% Sn02 + 2% Ce02 
2. 96% Sn02 + 2% Cu02 + 2% Ce02 
3. 95% Sn02 + 2% Sb03 + 2% CuO + l % Ce02 
4. 94% Sn02 + 2% Sb03 + 2% CuO + 2% Ce02 
5. 92% Sn02 + 2% SbQ3 + 2% CuO + 4% Ce02 
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Fig. 3. Variation of the activation energy for electrical conductivity as a function of the 
current intensity at t = 20° C for ceramic masses with the following compositions: 

I. 98% Sn02 + 2% Ce02 
2. 96% Sn02 + 2% Cu02 + 2% Ce02 
3. 95% Sn02 + 2% Sb03 + 2% CuO + 1 % Ce02 
4. 94% Sn02+ 2% Sb03 + 2% CuO+ 2% Ce02 
5. 92% Sn02 + 2% Sb03 + 2% CuO + 4% Ce02 

Based on the electrical resistivity values, the electrical conductivities were 
calculated, and from the variation with temperature, the activation energies for 
conductivity were also derived as shown in Fig. 3. A similar variation as with the 
electrical resistivity was noticed . 

ff, for the basis recipe: 96% Sn02 + 2% Sb03 + 2% CuO, one adds 1%, 2% or 
4% Ce02 ceramic masses were obtained for which the activation energy for conductivity 
decreases with increasing Ce02 content. For recipe no. 5, which contains 4% Ce02, the 
activation energies are of the same order of magnitude as in the case of the basis recipe: 
96% Sn02 + 2% SbOi + 2% CuoPn Recipes no. I and 2, which contain other 
compositions, have intermediate values of the activation energy. 



SOUTH. BRAZ. J. CHEM., Vol. 6, N° 6, 1998 

R. GaZasiu, I. GaZa.siu, N. Popa & V. Chi vu 

4. References 

I. J. Bamrochie, Sheriff Robert, (ELTECH Systems Corp.), Eur. Pat. Appl 
E.P. 257, 709 (Cl.C 25 C 3/12) May 1988. 

2. J.K. Walker, J. Kinkoph, C.S. Soha, J. Appl. Electrochem., 19, 225 (1989). 
3. EL TECH Systems Corp., l~uropean Patent Specification, 0114. 085.B I (C25 

c 7/02) 1987. 
4. J.J. Duruz et al., U.S. Patent 4, 614, 569 (Sep. 30, 1986) assigned to 

MOL TECH Invent S.A. 
5. J.S. Gregg, M.S. Frederick, H.L. King, A.J. Vaccaro, light Metals, 1993, p. 

445. 
6. J.S. Gregg, M.S. Frederick, A.J. Vaccaro, T.R. Alcorn, A.T. Tabereaux, N.E. 

Richards, f,ight Metals, 1993, p. 465. 
7. M. Rolin, J.J. Gallay, Bull. Soc. Chim. Fr .. 1960, p. 2093; p. 2096; p. 210 I. 
8. M. Rolin, Electrochim. Acta, 7, 153, ( 1962). 
9. M. Rolin, J. Ducouret, Bull. Soc. Chim. Fr., 1964, p. 790; p. 794. 
10. M. Rolin, Rev. Int. Hautes Temp. Refract., 9, 333 (1972). 
11. I. Galasiu, R. Galasiu, Proceedings (if the VII Al Symposium, Donovaly, 

Slovakia, 1993, p. 57; ibid. p. 69. 
12. I. Galasiu, R Galasiu, E. Andronescu, N. Popa, V. Chivu, Proceedings (if the 

VIII Al Symposium, Donovaly, Slovakia, 1995, p. 67. 



SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY 
.· SOUTH. BRAZ. J. CHEM., Vol. 6, N° 6, 1998. 

63. 

Sn02 - BASED INERT ANODES FOR ALUMINIUM 
ELECTROLYSIS. THE INFLUENCE OF Ce02 

ADDITIONS ON THE ELECTRICAL RESISTIVITY. 
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2 UNIVERSITY OF BUCHAREST, Department oflnorganic Chemistry 
Soseaua Panduri 90-92, R0-76235, Bucharest, ROMANIA 

ABSTRACT 
Five recipes of Sn02 - based ceramics masses were prepared. The influence of 
Ce02 additions on the properties of ceramic masses was studied. It was found 
that the Ce02 additions increase the electrical resistivity of these ceramic masses, 
but the electrical resistivity decreases with the CeOi content. The Ce02 additions 
have the same influence on the activation energy for conductivity. 

RESUMO 

FQrani preparadas cinco mass as ceramicas baseadas em Sno2 • Foi estudada 
a influencia de Ce?2 ~o~re as p:op:iedades ~destas m~s~s •• A adi9ao_de 
Ceo2 aumenta a resistividade eletrica, porem esta dinu.nui em fun9ao do 
teer de oxide de eerie. As adi9oes de Ce02 tem a mesma influencia sobre 
a energia de ativa9ao para condutividade. 

KEvwORDS: Inert anodes; aluminium electrolysis. 
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I. Introduction 

It is very well known that the one of most crucial problems for the use of inert 
anodes for aluminium production is the slight corrosion resistance of these anodes during 
the electrolysis in cryolite - alumina melts. 

In several papers and patentsll-6! MOL TECH and EL TECH proposed a method 
to increase the corrosion resistance of these ceramic anodes. This method was used both 
in the case of the anodes prepared from Sn02 - based ceramics and in the case of anodes 
made from cermets. The method consists in introducing a Ce(III) salt in the molten 
electrolyte. During electrolysis, in the neighbourhood of the anode, the cerium is 
oxidised and precipitated as an oxifluoride compound deposited like a crust on the anode 
surface. In this way, a compact layer, adherent to the anode and with a good electronic 
conductivity is obtained. This layer is protective against the corrosion of molten cryolite. 

The EL TECH company tested both in the laboratory and in a pilot plant15•61 the 
corrosion resistance of some inert ceramic anodes covered with a protective layer of 
Ce02. It was found that the corrosion was reduced about I 0 times. 

At the cathode in the presence of molten aluminium, the following reaction can 
occur: 

CeF3 + Al = AIF3 +Ce 
For this reaction AG0 = 259 kJ/mol, therefore the equilibrium of reaction is 

removed to the left. 
In the present paper are shown results of the electrical resistivity measurements 

of some ceramic masses: Sn02 - Sbi03 - CuO - Ce02 which can be formed on the anode 
surface during electrolysis. 

2. Experimental 

The following compositions of Sn02 - based ceramics masses were prepared: 
I. 98% Sn02+ 2% Ce02 . 
2. 96% Sn02 + 2% Cu02 + 2% Ce02 
3. 95% Sn02+2% Sb03+2% CuO+ 1%Ce02 
4. 94% Sn02+ 2% Sb03+ 2% CuO+ 2% Ce02 
5. 92% Sn02+ 2% SbQ3 + 2% CuO+ 4% Ce02 

These were prepared by mixing the powders in water for 15 hours and then, after 
drying, by mixing them again with 2 - 3 % polyvinilic alcohol solution, as a binding 
agent. Pellets having I 0 mm in diameter and 3 - 4 mm in height were pressed in a 
cylindrical mould at 150 atm. The pellets were sintered for 4 hours at I 300°C in an 
electric furnace. For measuring the electrical resistance of the pellets, they were silver
coated on both sides with silver conducting paste that was then sintered at 700°C. The 
electrical resistivity of these pellets in direct current was measured. We found that, due 
to the current passed through it, the pellet gets warmer. For reaching reproducible 
results, the pellet was thermostated in water at different temperatures. 
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The apparent density of the five ceramic masses were measured and the following 
values were found (Table I). 

The literaturer1
•

101 show that these ceramics have good properties iftheir apparent 
density is at least 6.0 g cm·' after sintering. It is noticed from Table I that recipe I, with 
the composition: 98% Sn02 + 2% Ce02 has a very low density, therefore these ceramics 
are not sintered. The other recipes have good densities, but there is no correlation 
between the density and the Ce02 content. 

Table I. Apparent densities of the ceramic masses: Sn02 - Sb203 - CuO - Ce02; 
t = 20°c. 

Recipe Apparent 
density tolcm3

) 

I. 4.36 
2. 6.12 
3. 6.24 
4. 6.37 
5. 6.34 

As shown in our previous paper1 1
1-1

21 the electrical resistivity of the Sn02 - based 
ceramic masses decreases exponentially with increasing current intensity. The same 
situation was found for the compositions studied in the present paper, as it is seen in Fig. 
I for recipe no. 5. Likewise, Fig. I shows that the electrical resistivity decreases with 
increasing temperature and this fact proves that these ceramics are semiconductors of n 
type, hence they have an electronic conduction. 

The variation of electrical resistivity of the five ceramic masses, studied as a 
function of the current intensity is given in Fig. 2. The measured surfaces of the pellets 
were 0.5 - 0.55 cm2, therefore the current intensities are twice higher. It is noticed that 
recipe no. I has the highest electrical resistivity, but this composition has the lowest 
density and is not well sintered. 

Recipe no. 2, with CuO and Ce02 as dopant has a lower electrical resistivity. As 
shown in our previous paper1ll·121, the best Sn02 - based ceramic mass is that which 
contains 2% Sb03 and 2% CuO and has the electrical resistivity about 3-10 !km in 
function of the quality of the raw materials and the sinterization temperature. If to this 
recipe, 1%, 2% or 4% Ce02 is added, the ceramic masses no. 3 - 4 - 5 are obtained and 
their electrical resistivity are shown in figure 2. The Ce02 addition in any proportion in 
the ceramic mass 96% Sn02 + 2% Sb03 + 2% CuO will increase its electrical resistivity. 
As seen in Fig. 2, the semiconductor resistivity decreases by Ce02 concentration 
increasing. 
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Fig. 1. Variation of the electrical resistivity of the ceramic mass: 92% Sn02+ 2% Sb03 
+ 2% CuO+ 4% Ce02 as a function of the current intensity and temperature. 
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Fig. 2. Variation of the electrical resistivity as a function of the current intensity at 
t = 20° C of the ceramic masses with the following composition: 

I. 98% Sn02 + 2% Ce02 
2. 96% Sn02+ 2% Cu02+ 2% Ce02 
3. 95% Sn02 + 2% Sb03 + 2% CuO + I% Ce02 
4. 94% Sn02+ 2% SbQ3 + 2% CuO + 2% Ce02 
5. 92% Sn02 + 2% Sb03 + 2% CuO + 4% Ce02 
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Fig. 3. Variation of the activation energy for electrical conductivity as a function of the 
current intensity at t = 20° C for ceramic masses with the following compositions: 

1. 98% Sn02 + 2% Ce02 
2. 96% Sn02 + 2% Cu02 + 2% Ce02 
3. 95% Sn02+ 2% Sb03+ 2% CuO+ 1% Ce02 
4. 94% Sn02+ 2% Sb03+ 2% CuO+ 2% Ce02 
5. 92% Sn02 + 2% Sb03 + 2% CuO + 4% Ce02 

Based on the electrical resistivity values, the electrical conductivities were 
calculated, and from the variation with temperature, the activation energies for 
conductivity were also derived as shown in Fig. 3. A similar variation as with the 
electrical resistivity was noticed . 

If, for the basis recipe: 96% Sn02 + 2% Sb03 + 2% CuO, one adds I%, 2% or 
4% Ce02 ceramic masses were obtained for which the activation energy for conductivity 
decreases with increasing Ce02 content. For recipe no. 5, which contains 4% Ce02, the 
activation energies are of the same order of magnitude as in the case of the basis recipe: 
96% Sn02 + 2% Sb03 + 2% Cuof11l. Recipes no. I and 2, which contain other 
compositions, have intermediate values of the activation energy. 
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AGEING OF POLYETHYLENE FILMS 
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C.FIOOINA, l.MIHALC!A 

Un/vtlr$/ty of 13uch111Nt, Faculy of ChlmitJtry, 13 Bd. Carol I, 
Buchflf851, 70~ Romania 

ABSTRACT 
The etrect!veness of dllTerent phenolic antioxidants on high density 

polyetylene (HOPI!!'.) and low density potyetylene (LCPI!) has been studied 
by the Isothermal ehemllumlnescence method. The decreastng order of the 
antioxidant ef'ftclency for these polymers Is as follows : 

lrganox 1010 >> Etanox 330 > lrganox 1076 (Hostanox 016) > Topanol oc 
RESUMO 

Foi estudada a efioienoia de varios antioxidantes 
fen5Zioos sobre polietileno de alta densidade (PEAD) e poli
etileno de baixa densidade (PEED) usando teonioas de q_uimi
lW1Jinesoenoia isotermioa. A ordem deoresoente de efioienoia 
antioxidante para os dois pollmeros foi a seguinte: 
I:r>ganox ZOZO » Etanox 330> Irganox l076CHostanox 016) > 
Topanol OC. 

Keywords: polyethylene ; thermal • oxldatiVe destruction 
ant!olddants; chemiluminescence 

phenolic 
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INTRODUCTION 

The study of heat stabilization of polyethylene films by commercial 
antioxidants is not merely of great practical importance but It Is aiso of 
selentlftc Interest. Extrusion and blowing of polyethylene ftlms expose them 
to severe degradative conditions, and the nee~ for effeciive stabUization 
is therefore an absolute necessity. stabiHzers for this purpose must 
themselves be heat-resistant and should not sublime or decompose below 
processing temperature. Approximately 60 anlioxldanfs are marketed In 
the world for the manufacturing and polyethylene - using industrfes 1. The 
choice of stabilizer for a particular type of polyethylene Is governed by 
the specific nature of the changes which occur In it during the primary 
working up stage and In storage. 

The chemllumlnescence (CL) method has be recogn~d as a useful 
tool tor the evaluation of stabilizenl8. In this work, the CL method was 
applied to evaluate the thermal oxidative stability of low density 
polyethylene (I.OPE) and high density polyethylene (HOPE). containing 
certain phenolic antioxidants. 

EXPERIMENTAL 

Soth potyetl1ylene types (ftlma of 0.1 mm thlckneq) with the 
characteristics specified In Table 1, were kindly supplied by ARPEOHIM 
Pitesti, Romania. 

Table 1. Some charactertstlcs of the polymers studied 

Type Sort Branching Crystalllnlty MFI Stabillzer 
(OHa/ 1000 C) (%) {g I 10 min) concentration 

(%) 
LO Pe A-2-2-FMA I 002 20 52 0.33 0.02 
HOPE A-5-3-Ml!I I 084 0.5 72 5.09 0.03 

The compounds chosen ror study were tetrakls (methylene - 3,5 - di -
tert - butyl - 4 - hydroxyphenyl) methane propionate (lrganox 1010), 1,3,5 -
trlmethyl - 2,4,6 - tris (3,5 - di - tert - butyl - 4 - hydroxy benzyl) benzene {Etanox 
330), octadecyl - 3 - (3', 5'· di - tart - butyl - 4 hydroxyphenyl) propionate 
(lrganox 107fl or Hostanox 016) and 2,6 - di - tert - butyl - 4 - methyl phenol 
(Topanol OC). 

Chemiluminescence spectra . of the films samples were recorded 
on a OL - 94 chemilumlnescence apparatus manufactured by ICPE, Romania. 
Chemiluminescence Intensity versus Ume was recorded at constant 
temperature (190°0) under air now (1.121/ min}. 
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RESULTS AND DISCUSSION 

Figures 1 and 2 Show the chemllumlnescence of L.OPE and HOPE 
respectively, both unstabilized and stabilized with the above mentioned 
antioxidants. As can be seen, some S - shaped CL curves present small 
Shoulders that denote two conseCUllVe antioXldatlOn processes. This 
observation is In a good agreement with Chien' s conCIUSlons7 about two 
stages of the decomposition of hydroperoXides in pOlyethylene. 

~R 60.------2-------~ 
-., N:tV 
::J 55· ff~ 

if 50 I 3 
SJ 45 t _/ 
C> 6 ........ 4 
iD 40 /;. ··)~ 
-~ Es ·~ E35 if o 
::J L>,. 0 

:o::: 30 I ; 
j15 H 
() 20 s: 

15 

10 

880 

Flg.1. Chemiluminescence intensity as a function of time for oxidation 
(190°C,air) of LOPE unstabilizerd (1) and stabilized with Topanol OC 
(2), lrganox 1076 (3), Etanox 330 (4) and lrganox 1010 (5) 
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Fig. 2. Chemiluminescence intensity as a function of time for oXidation 
(190°0, air) of HOPE unstabilized (1) and stabilized with Topanol OC 
(2), Hostanox 01 (3) and Etanox 330 (4) 

Table 2. Values or the kinetic Cl. parameters (190°0,alr) for LOPE and HCPE 

LOP! HOPE 
~ ti v •• - - ...... ti v •• - ,_ 

(min.) (r.uJmln.) (r.u.) (min.) (min.) (r.u. /min.) (r.u.) 
none 19 226 37788 258 28 338 42008 

lrganolC 1010 528 171 304SS 765 704 165 28327 
Elinox330 185 354 40!585 345 192 4n 48039 

lrganoic 1076 
or HostallO)( 016 71 311 44236 315 155 370 43443 

TCJP!!!.!OI OC 52 302 55903 259 43 384 37601 

...... 
(min.) 
210 
000 
340 

330 
236 
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The kinetic analySis of chemiluminescence data was made using the 
following parameters (Table 2): the Jnductton per1od (~), the maximum 
oxidation rate (Val'8X), the CL emiaelon maximum intensity (lmax) and the 
time for reaching the CL maximum emission value (fmex). 

Table S. The antlolddant effectlven88& parameters tor LOPE and HOPE 
(190°0,alr) 

Antioxidant LOPE HOPE 
A s A s 

lrganox 1010 tS.4 0.76 45.1 0.49 
Etanox330 5.0 1.57 10.9 1.41 

IJ'llllllOl( 1076 or 
Hostanox 018 1.6 1.38 8.5 1.09 
Topeno!OC 1.0 1.34 1.0 1.14 

Table 3 -shows the antioxidant activity (A) expressed by the 
relatlon8

•
9 

; 
A= (tx - to) I (ts -to) 

where to, t~ and ts are, respectiVely, the induction periods graphlcally 
deduced ~om chemiluminograms for pure polymer, for potymer With the 
particular antioxidant and With Topanol OC, Which was taken as a 
standard. 

The relative stability (S) was calcUlated uSing the following relation8
: 

S "'(Vcr)x I (VOK)O 
where (V°")o and (VOK)x are the maximum oxidation rate for pure and 
antioxidant - protected polymer, respectlvely. This parameter Is al$o given In 
Table 3. 

/Its can be seen, all stabilizers studied inhibited LOPE and HOPE 
degradation in air at 190°C by trapping the radlcals formed in the 
matrix. This is confirmed by the Increased values or the time parameters 
~ and tnl/il( in comparison to the blank sample. The v°"roox parameter 
decreased only Slightly , due to the high temperature of the OXidation 
reaction, when tile most analysed anttolddant$ cannot be active after the 
Induction period has ceased. A similar trend was observed for lmax 
parameter. 

The product lrganox 1010 exhibits the highest protection capability 
among the antioxidant studied. For this antioXidant the higtJest increase in 
the length of the Induction period was obtained and the lowest V01.max 
parameter was recorded. This means that the oxidation products of lrganox 
1O1 o are still able to participate as protecting agents In the propagation 
period. This is also proved by the lowest ltn8X value recorded In the case 
of this stabilizer (I.e. minimum quantities of hydroperoXlde are fonned). 
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On the other hand, as c:an be seen in Table 3, the antioxidant 
efflcienclQ ror HOPE .atnples were muc:h higher than that for I.OPE 
onn. Judging from the time chemlluminoscence parameters the decreasing 
order of the antioxidant efftc:lency in both polymers is as follows: 

lrganox 1010 >> Etanox 330 > lrganox 1078 (Hoatanox 019) > Topanol oc 
This antioxidant ranking is in a good agreement with the order 

obtained by the other methods1o..12• This fact apparently indicates that the 
ISothermal chemllumin6$Cence metttod can be used for evaluating of 
thermal oxidative stability or the polyolennic films. One of the advantages 
is that only a very small amount (ca. 36 mg) IS require<i for the 
measurement of the chemiluminescence. 
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ABSTRACT 
The possibility of obtaining a biochemical sensor for colorimetric 

determination was studied for this purpose, we have used the redox indicator 
2.6- dichlorophenolindophenol (DCIP) and the binary enzymatic system 
composed by alcohol oxidase (AO) and peroxidase (PHI?). The binary enzymatic 
.\y~~tem immobilized in an inert Si02 matrix was obtained by mod(/ied sol-gel 
process. The chromogen and binary enzymatic system immobilization into a 
c"i'i02 matrix was con.firmed by l.R. spectroscopy. By immobilization of the 
enzymatic system, both the stability and enzymatic activity increase. 

KEYWORDS sol-gel, immobilization, enzymes, alcohol oxidase, 2,6-
dichlorophenolindophenol 

-RESUMO 
Foi estudada a possibilidade de obter um sensor para 

determinaqoes aolorimetriaas. Para iss~ foi usad~ ~n~iaador 
2,6-diaZorofenoZindofenoZ (DCIP) e o s~stema enz~m~t~ao 
binario aonsistindo de aZaooZ oxidase (AO) e perox~dase (PER). 
o sistema binario enzimatiao foi imobilizado numa matriz 
inerte de SiO usando um metodo modifiaado sol-gel. A imobili
zaqao do aromggenio e do sistema enzimatiao binario foi 
aonfirmada atraves de espeatros~opia no infravermelho. 
A imobilizaqao do sistema enzimatiao Zeva a uma aumento de 
estabilidade e da atividade enzimatiaa. 
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I. Introduction 
The studies of biochemical sensors based on immobilization of enzymes 

have lately shown a rapid development The biosensors enjoy a wide application 
and offer considerable advantages in industry, protection of the environment and 
medicine [I J. Among the advantages utilization of biosensors ensure in analytical 
chemistry one should mention the smaller amount of chemicals employed and 
more facile preparation of samples. 

Different methods have been employed to obtain stable operational 
biosensors to be used in quantitative analysis of some chemical species such as 
utilization of enzymes originating in thermally stable bacteria or addition of 
stabilizing compounds to original enzymes. Studies have shown that addition of 
electrochemical compounds mixed with polyhydroxylic solutions to the enzyme 
confor them a high thermal stability in a dehydrated state as well as in solution. 
The mechanism of enzyme stabilization involves the formation of an electrostatic 
cage around the enzyme, resulting in an enzyme - polyelectrolyte complex which 
retains the enzyme in a more rigid configuration [2]. The most important 
characteristic of the biosensors is their selectivity. The preparation of a new 
biosensor usually aims to radically change the analytical characteristics increasing 
the ability to determine wider variety of compotmds and also the selectivity in the 
detection of each specific compol!lld. The main factors [3 J which determine the 
selectivity of the biosensors are: 

• the nature of the biomaterial; 
• the method of biospecific preparation ( the type of immobilization and 

purification, choice of inert matrix for immobilization, biomaterial 
treatment by specific effectors etc.); 

• the characteristics of the analytical detector and the specialties of its 
combination with the biospecific preparation; 

• the conditions of biospecific reactions unfolding (sample composition, 
temperature). 

Operation of electrochemical biosensors requires a conjugation of 
biochemical and electrochemical reactions. The biological recognition element 
should be immobilized at the electrode surface. There are two principal ways to 
do such an immobilization: covalent linking and the entrapment into gel or 
polymer matrix [4]. Besides · the' electrochemical biosensors used for 
amperometric determinations, biosensors used for colorimetric determinations 
have been also obtained and studied. In both cases, an important feature is the 
enzyme immobilization in an inert matrix [5]. 

This contribution aims to obtain biosensors based on alcohol oxidase (AO), 
using 2,6-dichlorophenolindophenol (DCIP) as redox indicator. 
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This investigation intends to determine the optimal conditions required for 
immobilization and stabilization of AO+PER type binary system, of redox 
indicator(DCIP) and finally the immobilization of the whole enzymatic system 
(alcohol oxidase (AO)+peroxidase (PER) + redox indicator (DCIP)) in a Si02 
inert matrix prepared by the sol-gel method. The influence of the alkoxide, 
solvent, catalysis type and hydrolysis ratio ·upon the catalytic activity of the 
selected enzymatic system are also studied. 

2.Experimental 
The (AO + PER + DCIP) enzymatic system was selected to obtain a 

biosensor based on colorimetric detennination to be employed in detecting 
alcohol traces. 

The unfolding of the process involves the following steps: 
• the redox indicator (DCIP) immobilization in a Si02 matrix prepared by a 

sol-gel method; 
• immobilization of alcohol oxidase (AO) in inert Si02 matrix; 
• immobilization of the whole (AO + PER + DCIP) enzymatic system in 

Si02 matrix prepared by the sol-gel method. 
The sol was obtained from the following components: tetraethoxysilane 

alkoxide; 2-methyl - I - propanol (1-isobutanol) as a solvent. The basic catalysis 
employed NH.iOH as catalyst. 

The conditions of inclusion and immobilization of the enzymatic system in 
the silica gel are listed in Tables I and · 2'. ··All reactions were carried out in 
alkaline catalyzed sols, at pH ranging between 8 and 9. 

Incorporation and immobilization of the selected enzymatic system into the 
silica gel were monitored by IR spectroscopy. 

The qualitative test employed to determine the activity of alcohol oxidase 
immobilized in Si02 gel was carried out as follows : 0.1 mL of concentrated 
peroxidase and chromogenic reagent (DCIP) and 0.03 mL of substrate (95% 
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ethanol), over 0.5 cm2 surface area of SiOrcontaining AO was poured, as 
unifonnly as possible. 

In case when AO, as well as PER and DCIP were immobilized, the 
qualitative detennination of the enzymatic activity was done by unifonn drop 
wise addition of the substrate only on gel surface. In both cases, the enzymatic 
reaction was evaluated by visualizing the changes of the color DCIP redox 
indicator. 

3. Results and Discussions 

Immobilization o(DCIP redox indicator 
The preparation of a colorimetric biosensor requires utilization of a 

chromogen in the enzymatic system which has to fulfill two basic conditions: (i) 
colorimetric difference between the reduced and oxidized fonns;(ii) low 
electrochemical potential which should be correlated with that of the enzymatic 
reaction. 

In this contribution, we have used DCIP as chromogen indicator , since its 
redox potential (+ 0.23) is adequate for the alcohol oxidase--peroxidase binary 
enzymatic system. At the same time it is characterized by a net difterence 
between the colors which correspond to both oxidation states: DCIPrcd 
(leucofonn) and DCIP0x (blue fonn). This redox indicator may be employed in the 
enzymatic reaction in the reduced as well as in the oxidized state; in the latter the 
DCIP decomposition (DCIPdecom) reaction occurs(pale mauve foim). 

The low electrochemical potential of the redox indicator employed in the 
enzymatic reaction represents a draw back from the point of view of indicator 
stability. Thus, regardless of the chromogen fonn which is accessible in the 
enzymatic reaction, it is susceptible to chemical oxidation produced by the action 
of oxygen in solution or in the atmosphere this influences the biosensor's activity. 
Under these circumstances, a first step in obtaining an alcohol oxidase--based 
biochemical sensor with colorimetric determination requires the testing of the 
stability of DCIP immobilized in the inert silica matrix . 

Comparison of the reduced stability of the both DCIP foims in aqueous 
solution at room temperature (maximum two days),shows that their 
immobilization in Si02 matrix increases significantly the stability to 60-70 days 
(Table l). 
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Table I. Experimental conditions of2,6- dichlorophenolindophenol ( DCIP) 
immobilization in the sol-gel silica 

No. i-BuOHffEOS HzOffEOS DCIPoxffEOS DCIPREIJTEOS Time 
Sol. Activity 

(davs) 
I 2.5 6.25 5.7-10-6 5.7· 10-6 60 
2 2.5 6.25 2.9·10"" 2.9·10-6 60 
3 7.5 1.25 5.7 10-<> 5.7 10-<> 70 
4 7.5 1.25 2.9 10·5 2.9 10·5 70 
5 5.0 2.5 5.7 10-6 5.7 10-6 65 
6 6.2 3.12 2.8 10-6 2.8 10-6 65 
7 - 1.53 3.410-7 3.4 10·1 70 

*The ratios in the table are molar ratios 

DCIP - 2,6- dichlorophenolindophenol 
TEOS - tetraethoxysilane 
i-BuOH - iso-butanol 

Immobilization ofAlcohol Oxidase 

The obtention of the matrix combination by the sol-gel requires two important 
steps: transition from sol to gel and transition from gel to finite product (film, 
powder or ceramic). 

Schematically, such a process consists in the following important steps: 

Hidrolysis Condensation Gelatio~ 
Precursor --1> Reactive monomer "" Sol Gel 

Because sol-gel transition takes a relatively long time (10-12 days), 
compared to the lifetime of enzyme in aqueous solution at the room temperature, 
one resorts to utilization of a small quantity of water and to the delayed 
introduction of alcohol oxidase in the silica sol, such that the inactivation process 
is reduced or even eliminated. 

The AO was added 10-lldays after the start of the hydrolysis
polycondensation reaction and the gelation occurred in 25-30 minutes. If the 
enzyme is maintained for the shortest time in aqueous solution one avoids the 
denaturation and the loss of catalytic activity due to the operational instability of 
the enzyme in aqueous medium .. 
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Methanol is the main substrate of the alcohol oxidase oxidation reaction, 
but the enzyme does not possess an absolute substrate specificity. It can also 
catalyze oxidation reactions of lower alcohols with a reduced nwnber of carbon 
atoms and a linear chain, such as ethanol. Therefore utilization of this solvent to 
obtain Si02 sols was avoided ; ethanol was replaced by iso-butanol , a four 
carbon atom alcohol with branched chain, less accessible for the enzyme, but 
equally efficient from the viewpoint of silica sol preparation. 

However, small amounts of ethanol resulted from the basic reaction used to 
obtain the silica matrix by hydrolysis reaction. The slowing down of the 
hydrolysis reaction by employing a small hydrolysis ratio, modification of the 
solvent nature and delaying of the introduction of the enzyme in the system offer 
the advantage of eliminating ethyl alcohol traces by evaporation. 

Immobilization of AO + PER + DCIP enzymatic system 

A biosensor was developed, which is utilized in colorimetric 
measurements employing alcohol oxidase as biochemical product. The 
colorimetric dosage of alcohol oxidase activity in aqueous mediwn is based on 
determining one of the products of methanol oxidation reaction, i.e. hydrogen 
peroxide, by coupling the first enzymatic reaction with the second enzymatic 

system: peroxidase-chromogen (DCIP). The hydrogen peroxide resulting from the 
main reaction forms a strongly oxidizing complex with peroxidase, which will 
oxidize the chromogen according to Scheme I. 

The immobilization and stabilization of the complex enzyme system 
consisting of the mixing all compmmds that are the alcohol oxidase, the 
peroxidase and the redox indicator (2,6 dichlorophenolindophenol) was obtained 
under similar conditions with inclusion of simple alcohol oxidase into the silica 
matrix. The experimental conditions are listed in Table 2. 

The immobilization of AO+ PER enzymatic system and DCIP redox 
indicator in the silica matrix was evidenced by IR spectroscopy. Therefore the 
IR spectra of the pure Si02 gel and of samples Si02+PER and Si02+AO+DCIP 
were recorded in the 4000-400 cm·1 range. 
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methanol funnaldehyde 

reduced chromogen 

PER 

H20 oxidized chromogen 

Scheme 1. Diagram of alcohol oxidase activity detennination 

AO - alcohol oxidase; PER - peroxidase 

Table 2. The experimental conditions for immobilization of alcohol oxidase 
( AO) +peroxidase (PER)+ 2,6- dichlorophenolindophenol (DCIP) enzymatic 
system in the silica matrix obtained by sol-gel method. 

No. sol pH AO PER DCIP Gelation Time 
(mU) (U) (µmoli) time activity 

(minutes) (days) 
I 8 I 8 0,25 30 70 
2 9 5 40 0,25 25 65 
3 8 10 80 0,25 20 60 
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The bands assigned to Si-0 vibration bonds in Si02 are present in all 
spectra within the wavelength number 400-500, 800-900 and 1000-1100 cm-1 as 
can be seen in Figure I [6J. 

The redox indicator DCIP presence is illustrated by the existence of the 
specific bands in the range 600-800 cm-1 (Figure I c ). The inclusion of the 
enzymes in the silica matrix is suggested by the splitting of the bands around 
1600 cm-1 which are assigned to C=O and N-H enzymes vibrations . On the other 
hand, the strong band at 1370-1380 cm-1 noted in the spectra shown in Figures 
I b and I c was assigned to the enzyme carboxylate ion symmetric vibration of 
Usvmcoo-. 

<>rt<">tr 

lb 

-.....st-<>-St 

2fl 15 JU ~ -· 

Figure I. Infrared spectra of the pure Si02(a), Si02 doped with peroxidase(b) and 
Si02 doped with alcohol oxidase and 2,6- dichlorophenolindophenol ( c) 
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The general aspect of higher splitting of the bands in the spectrum was 
assigned to the larger volume of the alcohol oxidase which induced perturbation 
in the molecular symmetry (Figure le). 
The structure of Si02 gel is favored by peroxidase , a bulkier enzyme (Figure 
I b ). The band at 800 cm·1 ,assigned to symmetric vibration uS}mSi-O-Si is present in 
the spectrum I b and it miss from the spectrum I c. 

The evaluation of IR spectra suggests that the enzymes (AO and PER) and 
the redox indicator (DCIP) were successfully immobilized in silica gel. Besides 
one may conclude that the inclusion and immobilization of peroxidase aftects to a 
lesser extent the structure of the Si02 matrix. 

Catalytic activity ofthe AO+PER+DCIP enzymatic svstem 

Besides immobilization and stabilization of the selected enzymatic system, 
in an inert silica matrix prepared by sol-gel method, we attempted to uncover the 
conditions which preserve the catalytic activity of the enzyme. This is conditioned 
by the retaining of enzyme molecule quaternary structure. The activity of alcohol 
oxidase molecule, whose size is 12xl2xl2 run, is ensured by the eight identical 
subunits ( molec:ular weight amounts to 80000 Dalton per monomer); the subunits 

are bonded by 2-3 FAD (flavine adenine dinucleotide) molecules [7]. 
Immobilization and stabilization of alcohol oxidase in silica matrix 

prepared by sol-gel method was optimal from the viewpoint of catalytic activity 
which suggest that the oligomer stn1cture of the enzyme remained unchange. The 
monomers unbounded to FAD are inactive from the enzymatic viewpoint. 
Retaining the catalytic activity of the alcohol oxidase was carried out by separate 
immobilizing of the alcohol oxidase as well as immobilizing the 
whole(AO+PER+DCIP). enzymatic system. 

4. Conclusions 

Immobilization has significantly increased the redox indicator, DCIP, time 
stability in reduced as well as in oxidized form compared to aqueous medium. 

The sol-gel method of preparing the inert inorganic Si02 matrix was 
adapted to alcohol oxidase characteristics (stability in aqueous solution, substrate 
specificity) by establishing the hydrolysis ratio, the change of solvent and 
establishing the adequate time when the enzymatic system is introduced. 
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The immobilization of chromogen DCIP and of AO+PER enzymatic 
system in silica matrix was con.firmed. 

The possibility of immobilizing a AO+PER binary system into silica gel, 
retaining the catalytic activity of the enzyme was outlined; 

The possibility to obtain, for the first time in our country, a biochemical 
sensor for colorimetric determination was studied. Use has been made of DCIP 
redox indicator and of the enzymatic binary AO+ PER system immobilized in a 
Si02 inert matrix prepared by sol-gel matrix to detect traces of lower alcohol 
(methanol or ethanol). 
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