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EDITORIAL 

THE SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY 
COMPLETES 20 YEARS OF PUBLICATION 

Witb this issue, THE SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY 
completes twenty (20) years of continm:m.s9 uninterrupted publication. The printed 
version of the JOURNAL ha§ been distributed in more than t'ifty (50) cmmtries of 
the globe, covel'ing all continents. 

We are well aware that at the present time1 when globalization and 
centralization of information and control of many other human activities are in 
vogue, we :may be appearing to go against the main stream, or even in the opposite 
direction. As we stated in the first issue of the SOUTHERN BRA.ZU,IAN 
JOURNAL OF CHEMISTRY twenty years ago (see The Birth of a .!oumal, on the 
next page) we are still open for the debate and discussion of daemicai education, 
history and philosophy of science and stm hope, in a modest way to col!ltribute to 
the analysis and solution of the crisis of moral aimd ethical values and standards 
that affects science and education an over the world. 

We publicly thank an the members of the Editorial Board that includes 
distinguished scientists from all continents for the ass~sfance and advice given 
dmring the last 20 years. 

Special thanks are due to Prof. D:r. Joseph A. Schadle of Las Vega§, N.M., 
United States of America and Prof. Dr. Cristo for I. Simionescu of fasi, Romania. 
Both of them have left us and now continue their activity on higher planes of the 
Universe. 

We aiso thank SARMISEGETUSA Research Group, S~mfa Fe, New Mexico, 
United States of America fortbe fbumcial support that made this endeavor 
possible and real for 20 years. 

We finally thank, Dr. Luis Akides :Srnndini de Boni, Assistant Editor ofthis 
Jol.irnal for the help with hnformatizatioo and the preparation of the home site. 

We continue open to any questions, suggestions and {::ontrii:m.tions and wm 
mainfah1 this international forum open for the dissemination of high quality 
research ie chemistry and other areas of science. 

Lavinel G. Ionescu, A.A., B.S., M.S., Ph.D. (.Physical Chemistry/Astrophysics) 

1 
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SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY 
Voll, No. l, .19'9J 

THE BIRTH OF A JOURNAL 

··~, 

It is with great pleasure and satisfaction that we bring 
to light the premier issue of THE SOUTHERN BRAZILIAN JOURNAL 
OF CHEMISTRY. 

This Journal was founded to provide an open international 
forum for the discussion and publication of' theoretical and 
applied aspects dealing with chemistr y and related interdisci
plinary, multidisciplinacry and transdiciplinary areas of 
science and to fill a gap and lacuna in terms of scientific 
literature for Southern Brazil. . 

This Journal is also open for the debate and discussion 
of chemical education and history and philosophy of science 
a nd hopes, in a modest way, to con tribute to the analysis and 
solution of the present crisis of moral and ethical values and 
standards that affects science and education - all over the world. 

The idea of a NEW JOURNAL first arose ' during 1978, Soon 
after our arrival in Florian6polis, Santa Catarina at the 
invitation of the Brazilian Ministry of Education and Culture 
to help establish the graduate program in Physical Chemistry 
at the Federal University of Santa Catarina. · 

It gained riew impetus during our tenure as Secretary of 
the Rio Grande do Sul Section of the Brazilian Chemi~al Soci- · 
e t y (1986-1990). Fortunately, now, after tackling some serious 
aberrations and irregularities in th~ Federal University System, 
we can devote the 'due attention to this Journal. 

The main puropse of THE SOUTHERN BRAZILIAN JOURNAL OP 
CHEMISTRY is to publish original research articles and short 
communications, but occasionally, it will include invited 
review papers and state of the art overviews by experts in 
their areas. 

THE SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY will be / 
published mainly in English with abstracts in English and 
Por tugues e. Occasionally, we will consider the pub lication of 
articles in o ther languages. 

We publicly th~nk all the illustrious members of the 
EDITORIAL BOARD of THE SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY, 
that includes di~tinguished scientists from all continents, 
who have thus far given us invaluable assistance, advice and 
suggestions, and who with their cumula tive wisdom and experience 
will help chart the future of this JOURNAL. 

We also tha nk SARMISEGETUSA RESEARCH GROUP of Santa Fe, 
New Mexico, Un it ed States of America, for the financi al 
support that made this endeavor possible and real; 

We hope that this JOURNAL will provide an open international 
for um for the dissemina ti on of high quality research in chemistt~ 
and related areas and are open to any questions and suggestions. 

Lavinel G. Ionescu, B.S., M.S., Ph.D. 

EDITOR 
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OTTO RICHARD GOTTLIEB, FATHER 014, BRAZILIAN PHYTOCHEMISTRY 

Lavinel G. Ionescu 

SCIENCO Scientific Consulting Services 
Viamao, RS, BRASIL 

and 
Sarmist.-getusa Research Group 
Santa Fe, New Mexico USA 

ABSTRACT 

Otto R. Gottlieb was born in Brno, Czechoslovakia on August 3.l, 1920 and 
passed away in Rio de Janeiro, Brazil on .Tune 19, 2011. Ile immigifated to IJr'llzi,l in 
1939 and did his undergraduate studies at the Universidade do Bras·il, where he 
obtained a degree in indu.Ytrial chemistry in PUS. He was awarded a doctorate in 
chemistry by the Universidade Federal Rural do Rio de Janeiro in 1966. He worked 
in industry and held positions at several institutes and universities in Brazil. His 
research work dealt mainly with phytochemistry, natural and medicinal products aml 
biodiversity. He was research advisor of approximately 150 students and is 

. responsible for approximately 700 scientific publications. Otto R. Gottlieb may be 
considered the father of Brazilian Phyiochemistry. 

KEY WORDS: Phytochemistry, Natmral Products, Chemistry in Brazil, 
History of Sdemice 

Otto R. Gottlieb nasceu em Brno, Checoslovtiquia em 31 de Agosto de 1920 e 
faleceu no Rio de Janeiro em 19 de Junho de 2011. Ele veio para o Brasil em .1939 e 
formou-se em Quimica Industrial pela Universidade do Brasil em 1945. Obteve o 
doutorado em qufmica em 1966 na Universidade Federal Rural do Rio de Janeiro. 
Trabalhou na indllstria e ocupou cargos em vtirios institutos e univeu-sidades no 
Brasil Seu tnoballw de pesquisa tratou principalmente de fltoquimica, produtos 
naturals e merlicinais e biodiversidade. Orientou mais de 150 alunos de mestrado e 
doutorado e publicou aproximadamente 700 trabalhos cientlficos. Otto R, Gottlieb 
pode ser consider-ado o paia da Fitoquimica Brasileira. 

PALA VRAS CHA VE: F'itoquimica, Produtos Naturais, Quimka no Brasil, 
Histo:ria da Cienda 

VISIT OUR SITE: http://www.sbjchem.he.com.hr 
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Otto J!.. Gottlieb, Father of Brazilian Phytochemistry 

Otto Richard Gottlieb was bo:rn on Augu§t 31, 1920 in Brno, Moravia, 

Czechoslovakia ( pre§ent day Czech Republic) and passed awa,y in Rio de 

Rio de Janeiro. 

He live!J imi Brno up to the age ofl6~ completed primary school aimd begm1 

secondary school in Czecboslov~kia and in 1936 when his family came to Brat!:il, 

he went to England together with. his brother where they attended Badingtaam 

CoHege. In 1939, sensing the coming of World War H, Otto R. Gottlieb came to 

grimdfather was expm1ing coffee from Rio de .JaRleiro and Vitoria since 1880 and 

his mother was from Petropoias, sate of Rio de Janeiro. 

His paternal gm·and.fat!n+er was the owner of :a porcelain factory in 

immigrated to Brazil and fo~nded au industrfa! plant foll' the extraction of essential 

oils and raw materials for the perfmne il!ldustry. Chemi.§try was really part of :lA 

family tradition. 

!nust:rfal Chemistry in 1945. For the following ten years he worked in tine factory 

helphug bis father and performing an kinds of duties. 

VISIT OUR SITE: h:ttp://www.sbjchem.he.com.br 
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L. G., Ionescu 

OTTO R. GOTTLIEB (1920-2011) 

VISIT OUR SITE: http://www.sbjchem.be.com.br 
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Otto .R. Gottlleb, FatlM:r of Brazilian P#~ytochemistry 

National Research Council ) to pmrsue studies at the lnstituto de Quimica 

Otto R. Gottlieb developed a strong interest for research in RMdural products 

chemistry, plant metabolism, medicinal chemistry a.nd biodiversity. After his 

father closed his imlm;trial piant in 1959, he began to dedicate himself almost 

exch.1sively to research. He gained impm1ant research experience at the Weizman 

Institute, Rchovot, Israel, University of Sheffield in F~imgiand and the Unive:rsity of 

He obtained the Doctorate in Chemistry from the Universidade Federal Rural 

universities :di over Braar.D. We shall mell'.ltion only some of them. His foirmer 

of Brazil, most of :them being involved in research and graduate programs i9 

chemistry al'!ld pharmacy dealiillg mainly with natural products and medicinai 

of a large number of graduate programs in chemistry and pharmacy throughout 

Among the research institruites, we mentioll the In:stitato Nacional de Pesquisas 

da Amazonia (!NPA) in Mamms and Funda~ao Instituto Oswaldo Crm: 

(FIOCRUZ)~ Rio de Janeiro. 

Among the universities we mention F'ederal Rurai University of Rio de .Janeiro, 

University of Bra:d!ia,Unive:rsity of Sao Paulo, Federal University of Minas 

Gerais~ .Federal University of Peirnambij;aco, Fhimhaense Jii'ede:ral University and 

the Univtersty of Hamburg, Germany. 
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students. As we mentioned above, about half were at the master and the other half 

at the doctoral level. His .resea~da intere§ts dealt m:ahdy with pbytochemistry, 

die development of new drugs. 

Later in Ms life he bega~ to devote mueh time, effort and attentimn to 

sm;tainabUity ~nd preservation of the environment. Prof. .Dr. Otto R. Gottiieb 

·English: ("CHJ!.,MISTRY OF' THE A1r!AZON -Biodiverr.·ity, Natural Product., 

aml Enviironment"l lssues", Peter R. Seidl1 1'W.A • .Kaplan and Otto R. Gottlieb, 

Eds., ACS Symposium Series 588, Wasllington, JJ.C., USA, 1995). 

Prof. Drr. Otto Gottlieb is the au.dhow of approximately 700 scienti.fic 

Dmrhng his lite, P:rof. Dr. Otto Richard Gottlieb received a iarge number of 

science and chemistry in Brazil. We shnQI mention only a few: National Order of 

the Big Cross for Sdefilltific Merit frmllll ~he President of Brazil (1999), Pergamon 

Phytochemistry Prize (1992), Almiralffite Alvaro Alberto Prize of the Brazman 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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OttlJ R. Gottlieb, Father of Brazilian Pkytocfiemistry 

National Research Com11dl (C.NPq-1990), ID'ritz F'eigl Prize in 1977 and the 

Freitas Machado Prize of the Escoia Nad.onal de Qnimica in 1943. 

Otto Richard Gottlieb received the Doctor Honoris Causa Degree from more 

than a dozen Brazilian universities and from the University oHfambu:rg, 

Germany in 1988. He has been a membew of the BH·azman Academy of Sciences 

(1966), Latin American Academy of Sciences (1983), New York Academy of 

Science (1984), International Academy of Wood Science (1989) and Third World 

Academy of Science (1999). 

P:irof. Dr. Otto Richard Gottlieb was indicated for the Nobel Prize in Chemistry 

cm three occasions, in 1998,1999 and 2000. Ro~dd Hoffmann (Nobel Prize ha 

Chemistry in 1981) was one of his nominees and made this commenri "'Otto was a 

great scientist and iA' responsible for the formation of the school of natural 

products in .Brazil. He had a g,reat influence over Brazilian science". 

We first met Prof. Dr. Otto R. Gottlieb in 1978, a short time after our ar:rivai 

in Brazil, coming at the invitation of the .Braziiia~ Ministry of Education and 

Culture to help establish the Gr~duate Program in Physical Chemistry at the 

Federal University o:f Santa Catarina in Florianopolis. 

Prior to our coming top Brazil, we asked a famous chemist with whom we 

had the privilege to coUabor:aie et the University of Callifornia about chemists and 

the sfatie of chemistry in this cmudry of continental dimensions. He told us that be 

knew of two great and good chemists i«n Brazil. Onie of them was Ernesto 

Giesbrecht [Cf. L. G. Ionescu, '~Ernesto Gie~·brecht, Great Chemical Educator and 

Father of Brazilian Inorganic Chemistry, South. Braz. J. Chem, 4(4), 1-8,l996j. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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L. G. Iomiscu 

Otto R. Gottlieb visitoo a~d gave semimu-s at the new graduate programs in 

chemistry at the Fedend University of SantaC~tarina, Fio:rfaim6pl:is and the 

ID'ederal University of Rio Grande do Sul, Porto Afogre. We remember him as a 

somewhat formal and reserved person. 

At the time of his visit in Floriant6polfa, Prof. Dr. Otto Gottlieb held faculty 

positions at the Uiraivenity of Sao Paulo, Federal Rvirati Uaiversity of Ri® de 

Janeiro and also worked in Mamms, Amazona.s. Dmring the second day of his visit 

you work~ the bettell'). With ou:r youthfoli entim.siasm and experience we thought 

appreciated bis wisdom. 

When some members of the Chemistry Department in F!orhmopoUs were contrary 

the message from Prof. Otto (via Brasma) wa:1l morn like an u.dtimatmn-either the 

chemist was hired and the medidn~i chemistry program, under the leadership of 

Professor Calix.to is today one of the best in the cm.nntry. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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Otto R. Gottlieb, Father of Brazilian J!'iAytoclutmi&try 

During the years that followed we met with Prof. Dr. Otto R. Gottlieb mostiy at 

the National Meetings of Associa~ao Brasiieira de Qufmica (ABQ). He tried to be 

always present, for it was his original contact with ABQ the eventually ied to his 

Prof. Dr. Otto Rkhard Gottlieb may be truly considered the Father of Brazilian 

Phytochemist.ry. 

For those that may want to lean more about Otto R. Gottlieb, we suggest 

readin.g his interview witli Vera Rita da Costa "Na Torre de Mamm" published 

in Ciencia Boje in October of 1988. 
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ABSTRACT 

A series of novel substituted l-/5-(2-methyl-5-nitro-4plumyl-iml,dazol-lyl methyl)-2-plumyl-

(1,3,4)oxadiazol-3-yl/-ethanones have been synthesized. Formation of 1,3,4-oxadiazole ring was accomplished by 

the reaction of corresponding hydrazide witlt acetic anhydride. The structure determination of these compounds 

has been made on tlie basis of IR, 1 H NMR, and elemental tmalysis. All the compounds were sc1reened for their 

antibacterial activity. The antimicrobial activity of title compo1mds were examined against two gram-negative 

(Stapl1ylococcus aureus and Bacillus subtilis), two gram~11egative bacteria (Escherichia coli and Pseudomonas 

aeruginosa) and antifungal activity was carried out against Candida al!Jicans. Tiu~ MIC values for the newly 

synthesized compounds have been assessed by serial dilution method All the compounds demonstrated potent 

tmtibtu:terial activity. 

KEYWORDS: lmidazole, 1,3,4-0xadiazole, Characterization, Antimicrobial activity 

RESUMO 

Uma stl!rie nova de etanonas substitufdas, l-{5-2(-metil-5-nitro-4:{enil(l,3,4)oxadlazol-3-il}-etanonas, foram 

sintetizadas. A formarilo do anel do 1,3,4-oxadiazol fol obtida atravis da rea~iio da hidrazida correspondente 

com anhidrido acitico. As estmturas dos compostos fol determinada usando tecnicas de IV, RMN e andlise 

elementar. Os compostos mostraram atividade antimicrobiana contra wfrias bacterias e Candida albicans, 

PALA VRAS CHA VE: Imidazol, 1,3,4-0xadiazol, Atividade antimicrobians 
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INTRODUCTION 

N and 0 containing heterocylces have been reported to be associated with a wide range of 

biological activity. 1, 3, 4- Oxadiazoles are five membered ring compounds with two nitrogen 

atoms and one oxygen atoms. 1, 3, 4- Oxadiazoles are the class of compounds which have 

demonstrated immense biological activity due to the presence of -N=C-0- linkage. The wide 

spread use of 1, 3, 4- oxadiazole moiety as a scaffold in medicinal chemistry establishes it as an 

important bioactive class ofheterocycles. Molecules containing l, 3, 4-oxadiazoles moiety have 

shown broad spectrum of biological activities including antifungal1
, antibacteriai2, antivirai3, anti 

tubercular4, cytotoxic5
, anticancer6

, anti-inflamatory7
• Hence 1, 3, 4-oxadiazole moiety serve as a 

versatile building block for experimental drug design. 

On the other hand, imidazole moiety has occupied a unique place in the field of medicinal 

chemistry. Being a polar and ionisable aromatic compound, it improves phannacokinetic 

characteristics of lead molecules. Imidazole and its derivatives are reported to be physiologically 

and pharmacologically active and find applications in the treatment of diseases including 

.b ·ai3 "fun al9 • b ul 10 • • 111 • 12 H h . . anti acten , anti g , ant1tu ere ar , antivua , anticancer etc. ence t e mcorporatlon 

of the imidazole nucleus is an important synthetic strategy in drug discovery. 

From the above discussion it is evident that imidazole and 1,3,4- oxadiazoles have become 

important components of many pharmaceuticals. With a view to broaden the scope in 

chemotherapy and to integrate the high therapeutic characteristics of both these moieties, the 

authors have made an attempt to incorporate above mentioned moieties, in a single entity. 
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MATERIALS AND METHODS 

13 

The starting material 2-rnethyl-5-nitro-imidazole (1) employed in the preparation of hydrazide 

(3) was obtained as a gift sample from Arathi Drugs company, Mwnbai. Ethyl cbloroacetate was 

procured from Ranbaxy, India. All the reagents and chemicals used were analytical grade 

obtained from Merck, India. 

The melting points of the newly synthesized compounds were determined in open capillaries and 

are uncorrected. The IR spectra were recorded on a Perkin-Elmer 983 IR spectrophotometer in 

KBr pellet. The 1H-NMR spectra were recorded on a Bruk.er AC 300F (200 MHz) NMR 

spectrometer using DMSO - d6 as solvent and TMS as an internal standard. All chemical shift 

values are expressed in o scale downfield from TMS. The purity of all the compounds was 

confirmed by TLC. 

GENERAL PROCEDURES FOR THE SYNTHESIS 

Synthesis of (2-Methyl-S-nitro-imidazole-1 ~yl)-acetic acid hydrazide13 

The mixture of 1 (0.1 mol), ethylchloroacetate (0.1 mol) and potassium carbonate (0.2 mol) in 

dry acetone was refluxed for about 10 hours to get 2-methyl-5-nitro- l-imidazo-ethyl acetate (2). 

The reaction mixture was filtered and ester so obtained was recrystalised from ethanol. 

A mixture of 2-methyl-5-nitro-l-imidazo-ethyl acetate (2) (0.5 mol) and hydrazine hydrate (0.5 

mol) in ethanol (100 mL) was refluxed for 8 hours. The solutions was cooled, filtered and 

recrystallized from ethanol to get imidazole hydrazide (3). The two steps involved in the 

synthesis are shown in Scheme 1. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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o,w(~H3 + 
H 

(1) 

o,/N~H3 
I 

(2) CH2COOC2H5 

EtOH, L'-i Nzfl,, H20 

o,/N~H3 
C3) 6H2CONHNH2 

Scheme 1. Synthesis of (2-Methyl-5-nitro-imidazole-1 ~yl)™acetic acid hydrazide 

GENERAL PROCEDURE FOR THE SYNTHESIS OF SUBSTITUTED 1-[5--(2~ 

METHYL-S-NITR0-4PHENYL-IMIDAZOL-1 YL METHYL)-2-PHENYL-

(1,3,4)0XADIAZOL-3-YLJ-ETHANONE (7). 

Synthesis of {4-( 4-substituted-pbeny! azo )-2-methyl-5-nit:ro-imidazole-1-yl]-acetic acid 

bydirazide (5) 

The required benzene azo diazonium chlorides ( 4 a-f) were synthesized according to literature 

methods14
"
16

• 

To a mixture of sodium acetate (l.O g) in 100 mL of aqueous alcohol (50%) and 2-methyl-5-

nitro-1-imidazo-acethydrazide (0.1 mol) (3) :in 50 mL of ethanol cooled to o0c, corresponding 

diazonium chloride (4) was added slowly to get reddish brown crystals. The crystals (Sa-f) were 

filtered, washed with water and dried. 

Synthesis of substituted (2amethyl ... 5~nitro4-phenyl azo.imidazoi-1-yl)-acetic acid 

benzylidene-hydrazide (6). 

A mixture of 5 (0.1 mol) and benzaldehyde (0.1 mol) in glacial acetic acid (50 mL) was refluxed 

for one hour. The reaction mixture was cooled to room temperature and the contents were 
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poured into ice-cold water. The solid separated was filtered, dried and recrystallized from a 

mixture of ethanol-DMF to give 6a-f. 

Synthesis of substituted 1-[5-(2-methyl-5-nitro-4phenyl-imidazol-lyl methyl)-2-phenyl-

(l,3,4)oxadiazol-3-yl)-ethanone (7). 

A mixture of 6 (0.05 mol) and acetic anhydride (30 mL) was refluxed for 4 hours. The excess 

acetic anhydride was distilled off and the residue was poured into ice-cold water. The solid 

separated was filtered, dried and recrystallized from a mixture of ethanol-DMF. Different steps 

involved in the synthesis are shown in Scheme 2. 

OHe-Q 

NaN02 +HCI 

0 
0-5 c 

Glacial AcOH 

6. ... 

R~~r~ 
02~H3 

l ~C6H5 
H2C \\_ . /'H 

R = H,CH3 0CH3,0H,C1,0C2H5 (7) N-N 
' - 'cOCI-13 

Scheme 2. Synthesis of substituted 1-[5-(2-methyl-5-nitro-4phenyl-imidazol-lyl methyl)-2-

phenyl-(1,3,4)mrndiazol-3-yl]-ethanone 

15 
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RESULTS AND DISCUSSION 

The elemental and analysis data, spectral data and the respective assignments of 5 are given 

below. 

Table 1. Characterization data of (2-metbyl~S-nitro-4-phenylazo-imidazol-1-yl)~aceticacid 

bydrazide (5 a-:f) 

Compound Molecular Yield(%) 
(Calculated) 

-R Found % 
No. formula m.p. ( 0c) c H N Cl 

Sa H C12H13N103 
84 (47.S2) (4.32) (32.33) --193-194 46.92 4.07 32.83 

Sb CH3 C13H1sN103 
68 (49.21 (4.76) (30.90) --207-209 48.71 4.Sl 31.50 

Sc OCH3 C13H1sN104 
72 (46.85 (4.54) (29.42) --196-198 46.15 4.29 29.92 

Sd OH C12H13N704 
63 (45.14 (4.10) (30.71) --229-221 44.64 3.85 31.31 

5e Cl C12H12 ClN103 
76 (42.68 (3.58) (29.03) (10.50) 

236-238 42.08 3.33 29.S3 10.96 

5f OC2Hs C14H11N1 04 
58 (48.41 (4.93) (28.23) --

221-223 47.71 4.68 28.83 

IR (KBr) Spectral data (Vmax in cm-1) 

Sa: 3295 (NH). 3440 and 3420 (NH2), 2932 (CH3), 166S (C=O), 1S44 and 1355 (N02), 1625 

(N=N). 3040 (C<Jfs) 

5b: 3285 (NH), 3436 and 3416 (NH2), 2930 (CH3) , 1655 (C=O), 1556 and 1310 (N02), 1620 

(N=N), 3035 (C6Hs) 

Sc: 3328 (NH), 3435 and 3415 (NH2), 2934 (CI-h), 1668 (C=O), 154 and 1325 (N02), 163S 

(N=N), 3031 (C6Hs) 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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5d: 3292 (NH), 3434 and 3414 (NH2), 2938 (CH3), 1659 (C=O), 1545 and 1335 (N02), 1638 

(N=N), 3038 (C6Hs) 

5e: 3306 (NH), 3432 and 3412 (NH2), 2932 (CH3), 1666 (C=O), 1540 and 1332 (N02), 1632 

(N=N), 3033 (C6Hs) 

5f: 3275 (NH), 3416 and 3396 (NH2), 2936 (CH3), 1676 (C=O), 1546 and 1322 (N02), 1638 

(N=N), 3029 (C6Hs) 

1H NMR Spectral data 

The 1H NMR spectra (200MHz) of [4-(4-substituted-phenyl azo)-2-methyl-5-nitro·imidazole-l

yl]-acetic acid hydrazide : 5 an!' were recorded using DMS0-<4 as a solvent and TMS as an 

internal standard. 1H NMR spectrum of Sa contains a signal due to the methyl group o 1.35 

integrating for 3 protons. The N-CH2CO group protons crune into resonance at o 7.27. The 

aromatic protons of the phenyl group appeared as singlet at o 7 .52. The NH proton appeared as a 

broad singlet at o 10.92, while the NH2 proton appeared as singlet at o 2.1. 

1B NMR (DMSO - d6) Spectral data (o in ppm) 

5a: 1.35(s, 3H, CH3), 7.27 (s, 2H, NCH2), 10.92 (s, H, CONH), 2.10 (s, 2H, NH2), 7.52 (s, 5H, 

C6Hs) 

5b: 1.30 (s, 3H, CH3), 7.22 (s, 2H, NCH2), 10.87 (s, H, CONH), 2.05 (s, 2H, NH2), 7.25-7.35 (m, 

4H, C6H4) 

Sc: 1.22 (s, 3H, CH3), 3.65 (s, OCH3), 7.32 (s, 2H, NCH2), 10.97 (s, H, CONH), 2.20 (s, 2H, 

NH2), 6.80-7.20 (m, 4H, C6H4) 

5d: 1.18 (s, 3H, CI-h), 4.85 (s, H, OH), 7.42(s, 2H, NCH2), 11.07 (s, H, CONH), 2.30 (s, 2H, 

NH2), 6.90-7.30 (m, 4H, C6H4) 
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5e: 1.13 (s, 3H, CH3), 7.47 (s, 2H, NCH2), 11.12 (s, H, CONH), 2.35 (s, 2NH, NH2), 6.95-7.35 

(m, 4H, C6Rt) 

Sf: 1.21 (s, 3H, CH3), 3.90 (q, 2H, OCH2), 1.30 (t, 3H, CH3), 7.57 (s, 2H, NCH2), 11.19 (s, H, 

CONH), 2:42 (s, 2H, NH2), 7.02-7.42 (m, 4H, C6Rt) 

Table 2. Characterization data of (2-methyl-5-nitro-4-phe:nyl azo-imidazol-1-yl)-aceticacid 

benzylidene - hydrazide (6 a-f) 

Compound Molecular Yield(%) 
(Calculated) 

-R Found % 
No formula m.p. (°C) c H N Cl 

6a H C19l-I17N703 
72 (58.31) (4.38) (25.05) 

212-215 57.71 4.06 25 .65 --

6b CH3 C20H19N103 
83 (59.25) (4.72) (24.18) 

226-228 58.75 4.32 24.88 --

6c OCH3 C20H19N704 
78 (57.00) (4.54) (23.27) 

184-186 56.40 4.22 23.87 
--

6d OH C19H11N104 
75 (56.02) (4.21) (24.07) 

204-206 55.52 3.81 24.77 
--

6e Cl C19H16Cl N103 
74 (53.59) (3.79) (23.03) (8.33) 

191-194 52.99 3.47 23 .63 8.03 

6f OC2Hs C21H21N104 
69 (57.92) (4.86) (22.52) 

242-244 57.42 4.46 23 .22 --

IR (KBr) Spectral data (vmax in cm-1
) 

6a: 3285 (NH), 2927 (CH3), 1675 (C=O), 1534 and 1390 (N02), 1615 (N=N), 3030 (Ct)li5), 1625 

(C=N) 

6b: 3275 (NH), 2925 (CH3), 1665 (C=O), 1546 and 1350 (N02), 1595 (N=N), 3025 (C6Hs), 1610 

(C=N) 
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6c: 3318 (NH), 2934 (CH3), 1668 (C=O), 1535 and 1335 (N02), 1615 (N=N), 3021(C~s),1630 

(C=N) 

6d: 3282 (NH), 2938 (CH3), 1659 (C=O), 1535 and 1365 (N02), 1623 (N=N), 3028 (C6Hs), 1613 

(C=N) 

6e: 3303 (NH), 2927 (CH3), 1690 (C=O), 1556 and 1398 (N02), 1620 (N=N), 3023 (C6Hs), 1620 

(C=N) 

6f: 3265 (NH), 2936 (CH3), 1676 (C=O), 1536 and 1312 (N02), 1630 (N=N), 3019 (C6Hs), 

1620(C=N) 

1H NMR spectral data 

The 1HNMR (200MHz) spectrum of 6a contains a singlet at () 1.45 integrating for 3 protons. due 

to methyl group. The N-CH2CO protons were appeared at () 7.35. The aromatic protons of 

phenyl group directly attached to N=N group were noticed at S7.56 and the other phenyl group 

linked to - N=CH- was observed at 07.74. The NH proton has appeared as a broad singled at o 

10.96, while N=CH proton came into resonance at o 11.2 as a singlet. 

1H NMR (DMSO - d6) Spectral data (o in ppm) 

6a: l .45(s, 3H, CH3), 6.90 (s, 2H, NCH2), 10.96 (s, H, CONH), 11.2 (s, H, N=CH), 7.33 (m, 5H), 

7.56 (s, 5H) 

6b: 1.41 (s, 3H, Clh), 2.35 (s, 3H, CH3), 7.00 (s, 2H, NCH2), 11.06 (s, H, CONH), 11.30 (s, H, 

N=CH), 7.43 (m, 5H), 7.66 (s, 4H) 

VISIT OUR SITE: http://www.sbjchem.he.com.br 



20 

SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY 
SOUTH. BRAZ .. J. CHEM., Vol. 20, No. 20, 2012 

Synthesis and Properties of Substituted Arylazo Imi.dazoles 

6c: 1.49 (s, 3H, CH3) , 3.75 (s, OCH3) , 7.10 (s, 2H, NCH2), 11.16 (s, H, CONH), 11.40 (s, H, 

N=CH), 7.53 (m, SH) , 7.40 (m, 4H) 

6d: 1.52 (s, 3H, CH3), 4.85 (s, H, OH), 7.20 (s, 2H, NCH2), 11.26 (s, H, CONH), 11.30 (s, H, 

N=CH), 7.63 ( m, SH), 7.86 (m, 4H) 

6e: 1.58 (s, 3H, CH3), 7.27 (s, 2H, NCH2), 10.94 (s, H, CONH), 11.11 (s, H, N=CH), 7.74 (m, 

4H, Ar-H), 7.5~ 7.7(m, SH, Ar-H) 

6f: 1.41 (s, 3H, CH3), 7.25 (s, 2H, NCH2), 11.01 (s, H, CONH), 11.05 (s, H, N=CH), 7.38 (m, 

SH), 7.61 (m, 4H) 3.90 (q, 2H, OCH2) 1.30 (t, 3H, CH3) 

Table 3. Characterization data of 1-[5-(2-metbyl-5-nitro-4-phenyl azo-imidazol-1-yl)-2-

phenyl-[1,3,4]oxadiazol-3-yl]-ethanone (7 a0 t) 

Compound Molecular Yield(%) 
(Calculated) 

-R Found% 
No. formula m.p. (OC) c H N Cl 

7a H C21H19N704 
86 (58.19) (4.42) (22.62) 

201-204 57.59 4.06 23.12 --

7b CH3 C22H21N104 
65 (59.05) (4.73) (21.91) 

188-191 58.55 4.47 22.41 --

7c OCH3 C22H21N10s 
72 (57.02) (4.57) (21.16) 

211 -214 56.42 4.21 21.76 
--

7d OH C21H19N10s 
66 (56.12) (4.26) (21.82) 

216-218 55.62 4.00 28.32 --

7e Cl C21H1sCl 71 (53 .91) (3.88) (20.96) (7.58) 
N104 222-224 " 53.31 3.52 21.56 7.38 

7f OC2Hs C23H23N1 Os 
72 (57.86) (4.86) (20.53) 

208-211 57.36 4.60 20.03 --
! 
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IR (KBr) Spectral data (vmax in cm-1
) 

7a: 1630 (N=N), 1556 and 1373 (N02), 2929 (CH3), 1685 (C=O), 3034 (C6Hs) 

7b: 1625 (N=N), 1551 and 1305 (N02), 2927 (CH3), 1650 (C=O), 3029 (C6Hs) 

7c: 1640 (N==N), 1540 and 1320 (N02), 2931(CH3),1663 (C=O), 3025 (C6Hs) 

7d: 1643 (N=N), 1540 and 1330 (N02), 2935 (CH3), 1654 (C=O), 3032 (C6Hs) 

7e: 1637 (N=N), 1535 and 1335 (N02), 2931(CH3),1666 (C=O), 3025 (C6Hs) 

7f: 1643 (N=N), 1541and1317 (N02), 2933 (CH3), 1675 (C=O), 3023 (C6Hs) 

1H NMR spectral data 

21 

The 1H NMR (200MHz) spectrum of 7a contains a singlet integrating for three protons of methyl 

group was observed at 02.22. The singlet integrating for three protons of the acetyl group was 

observed at o 2.46. The NCH2 protons came into resonance at o 5.26. The oxadiazole;o; protons 

(SH) appeared as a singlet at o 6.86. The aromatic protons were noticed at .0 7.3 and o 7.5 as 

multiplets. The 1H NMR data of 36a--f are presented below. 

1H NMR (DMSO - d6) Spectral data (o in ppm) 

7a: 2.22(s, 3H, CH3), 2.46 (s, 3H, COCH3), 5.26 (s, 2H, NCH2), 6.86 (Oxadiazole 5H proton), 

7.30(m, 5H), 7.50 (s, 5H) 

7b: 2 .20 (s, 3H, CH3), 2.26 (s, 3H, CH3), 2.6 (s, 3H, COCH3), 5.24 (s, 2H, NCH2), 6.83 (s, 

Oxadiazole 5H proton), 7.26 (d, 2H, Ar-H), 7.83 (d, 2H, Ar-H) 
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7c: 2.18 (s, 3H, CH3), 2.8 (s, 3H, COCl-IJ), 5.24 (s, 2H, NCH2), 2.43 (s, OCH3), 7.0 (s, 

Oxadiazole SH proton), 7.2 (d, 2H, Ar-H), 7.5 (d, 2H, Ar-H), 7.7 (m, SH, Ar-H) 

7d: 2.12 (s, 3H, CH3), 2.32(s, 3H, COCH3), 5.18 (s, 2H, NCH2), 6.73-7.13 (m, 4H), 7.43 (s, SH), 

4.80 (s, H, OH), 6.82(s, Oxadiazole SH proton) 

7e: 2.09 (s, 3H, CH3), 2.29 (s, 3H, COCH3), 5.15 (s, 2H, NCH2), 6.70-7.10 {m, 4H), 7.40 (s, SH), 

6.83 (s, Oxadiazole 5H proton) 

7f: 2.16 (s, 3H, CH3), 2.36 (s, 3H, COCH3), 5.22 (s, 2H, NCH2) , 6.77-7.17 (m, 4H), 7.47 (s, 5H), 

3.90 (q, 2H, OCH2), 1.30 (t, 3H, CH3) 6.82 (s, Oxadiazole 5H proton) 

Anti-microbial activity 

The newly synthesized 1, 3, 4 - oxadiazoles were screened for antibacterial and antifungal 

activity. Antibacterial activity was carried out against four different pathogenic organisms, two 

of them were gram-negative namely Staphylococcus aureus and Bacillus subtilis and two of 

them were gram-negative namely Escherichia coli and Pseudomonas aeruginosa. Antifungal 

activity was carried out against Candida albicans. The MIC values for the newly synthesized 

compotmds in the present investigation have been assessed by serial dilution method. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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Table 4. Antibacterial and Anti.fungal activity data of compounds 

Antifungal 
! 

Antibacterial activity (MIC in µg/mL) activity (MIC 
Compd No. in uf!/mL) 

S. aureus P.aeruginosa E.coli B.suhtilis C. albicans 

7a 0.25 0.25 0.25 0.50 0.20 

7b 0.25 0.25 0.25 0.25 0.20 

7c 0.40 0.25 0.25 0.40 0.20 

7d 0.25 0.25 0.25 0.25 0.20 

7e 0.25 0.25 0.25 0.50 0.20 
--

7f 0.25 0.25 0.25 0.25 0.20 

Standard Furacin 0.25 0.25 0.25 0.50 ---

Standard Flucanazole --- --- --- --- 0.25 

Control : (DMF) --- --- --- --- ---

It is evident from the Table 4 that all the compounds demonstrated significant antimicrobial 

activity and was comparable with that of the standards. 

CONCLUSION 

A series of 6 novel imidazole containing oxadiazoles were synthesized and characterized. The 

antimicrobial activity all the newly synthesized compounds was evaluated and reported. Form 

the present study, it can be concluded that by varying the substituents in the heterocycles, these 

compounds can be developed in to potential antimicrobial agents. 

VISIT OUR SITE: http://www.sbjchem.he.com.br 
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ABSTRACT 

Under the U.S. Department of Energy Waste Treatment Baseline and Integrated Waste Management Strategy the 
recycling of spent nuclear fuel to minimize waste, to assure maximum energy recovery and to pursue science-based 
R&D to possibly eliminate the need for geologic waste repositories, are programmatic goals. We have developed 
both polymer gel and porous materials for separation and adsorption of targeted contaminants. Here, we have 
investigated capture and encapsulation capabilities of hydrogels consisting of thermally-sensitive copoly[N
isopropylacrylamide(l-x)ijUnctiona/ monomer(x)] networks, where functional denotes carboxylic, hydroxyl, or 
cyanide group (mo! fraction x); the captured and encapsulated species were: Cr3

+, Co2
\ Cu2

+, Ni2"', Eu3+,Ho3
+ and 

Tb3
+ present in aqueous medium. Natural diffusions of cations into gel phase and the physico-chemical affinity of 

functional groups for cations played a major role in capturing cations. Encapsulation of cations trapped in hydrogels 
was achieved by Joss of water and conformational transformation of networks through a volumetric phase 
transition. Experimental determinations of cation amounts (mass) and copolymer composition were cai1ied out by 
atomic absorption and elemental analyses of carbon, nitrogen and hydrogen, respectively. We developed two 
approaches for determination of efficiency and selectivity metrics describing capture and encapsulation of cations 
by functional groups using two theories: 1) mean field theory and 2) first-order thermodynamic perturbation theory. 
The integrated results thus obtained show that: Cu2

+ and Co2
+ were selectively encapsulated by carboxylic and 

cyanide groups, respectively. Carboxylic and hydroxyl groups were superior extractants for CrH, Eu3
+ and Ho3+. 

Further the cyanide group was also efiective for Eu3 + and Ho3
+. lfowever, all fi.lnctional groups examined here were 

ineffective in capture and encapsulation ofNi2
+. (259) 

KEYWORDS: hydrogels, networks, captaue, metamc cations, N-isopropyfacryiamide, 
farnctiomd monomer, waste remedfatioim, faJJ'.llthmraides~ rawe earths 

RESUMO 

Foram investigadas as capabilidades de m:les de hidrogeis termicarnente sensitivos de copoli[N
isopropilacrilamida(l-x)/mon6mero funcional(x)] para capturar seletivamente e encapsular cations metalicos 
provenientes de combustive! nuclear. Os grupos funcionais foram o carboxilico, hidroxila e cianeto. As especies 
capturadas e encapsuladas foram cations trivalentes de Cr,Eu, Ho, Tb e bivalentes de Co, Cu e Ni.. Os resultados 
experimentais foram avaliados usando a Teoria do Campo Medio (MFT) e a Teoria de Perturbai;ao Termodinfunica 
de Primeira Ordem (FOTHPER) 

PALA VRAS C:HA. VE: bidrogeis. rede§, captmra, cations met~licos,momiomero fumdo.md, 
N-isopropifacrifa.mida, rem.edia~ao de :residums, iallll.fanideos, terras ll"m·a§ 
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I. INTRODUCTION 

Under the U.S. Department of Energy (DOE )Waste Treatment Baseline and Integrated 
Waste Management Strategy (WTB-IWMS) reported by Gombert, 1•

2
) an important aspect toward 

minimizing or even eliminating the need for long-term geologic waste storage is the shedding 
the country's dependence on fossil fuels, while concurrently minimizing/reducing the recycling 
of spent nuclear fuel such as to minimize waste and to assure maximum energy recovery (high 
burn-up) of fuel. It is self-evident that science-based R&D is needed to achieve this objective. 
Tokuhiro, Bertino, Leventis and co-workers, over past 5-7 years, developed various polymer gel 
and porous materials for separation and adsorption; many have relevant application in 
processing of waste-based contaminants. For example, Bertino, Tokuhiro and Leventis have 
developed sol-gel materials with high mechanical strength, tunable porosity and tunable surface 
chemistr/·4). 

Radioactive waste, whether as high or low-level, contains a variety of elements as cations in 
water or similar solutions. Within the management of radioactive waste, we sought to consider 
new approaches for radioactive hazardous waste processing in aqueous or similar forms and in 
fact, 'contaminants of concem(CoC)' often stored as diluted aqueous solutions ofradioactive (or 
non-radioactive) elements and contained in storage containers. The CoC, for example are 
generated from 'washing', as noted in Figure 1. 

Spent 
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Mechanical 
Dec!adding 

Zr 

. Rn, Xe, Kr, 3H, I 
Voloxldation · t----<1>-1 Volatiles 14C, Se, Te, Mo Tc 
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Figure 1. Spent nuclear fuel treatment process overview1
'
2
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One of the general problems associated with mixed liquid waste is the lack of an efficient, 
effective, and inexpensive means of processing (separating) its constituents. Two of the 
objectives in processing solid-containing radioactive low-level liquid waste, 
LL W, are as follows: 1) to separate or extract radioisotopes from the rest of the mixed 
constituents, and 2) to produce stable solidified fonns encapsulating radioactive elements. 
Recent R&D in the physical chemistry of gel materials, have identified promising approach to 
simultaneously achieve the above objectives.By utilizing and manipulating the physico-chemical 
properties of various silica- and polymer-based gels at the nanoscale, we have demonstrated a 
process by which specific chemical species are encapsulated5

•
6
a,

6
b}_ Here, we limit our discussion 

to hydrogels of thennally-responsive poly[N-isopropylacrylamide (NIPA)] networks that 
reversibly exhibit contraction-expansion of gel volume with increasing-decreasing temperature. 
This change is highlighted by a transition from the swollen (sw) to shmnken(sh} state at just 
above ambient temperature; here for NIPA at the transition temperature, Ttr = 33.4°C. The total 
volume of gels per single polymeric residue and associated water in this transition changes in 
order from several to several tenths cubic nanometers [nm3

]. This volume change is caused by 
loss/gain of water molecules accompanied by a change in conformation of polymer networks, 
i.e., from an expanded to a contracted form3

' 
4

). We note that replacement of NIPA, in part b-1'. 
~olymeric residues containing other polar or ionizable groups, shifts Ttr to higher temperature -
. ,i0-

2
I) and simultaneously contributes chemically different characteristics to the overall polymer 

networks (functionalization). Moreover, we emphasize that an hydrogels form a phase 
independent of the liquid phase and thus, are amenable to simple physical filtration. 

If a polymer component containing functional group is capable of capturing metallic cations 
in aqueous medium, hydrogels of copoly[NIPA(l-x}/functional-monomer] (where x stands for 
mol fraction) may retain cations in gels. Such gels can potentially serve as (candidate) extractant 
material for separation of radioactive metallic cations from waste streams in a simple manner. 

Here, we investigated such possibility by studying the metal binding capability/retainability 
of hydrogels consisting of copoly[NIPA(l-x)/fimctional-monomer]. Functional groups were 
amide group in NIP A, carboxyHc, hydroxyl and cyanide groups. We examined cations of 
transition metals (Cr3+, Co2

+, Cu2
+, and Ni2) and of rare-earth elements (Eu3+, Th3+ and Ho3+) 

dissolved in water. We particularly focused on analysis of data to find quantitative relationship 
between numbers of cations caught in gels and those of functional groups at the molecular level. 
We developed two analytical approaches.: 1) mean field theory and 2) first order thermodynamic 
perturbation theory. By applying two approaches, we will express the results as efficiency and 
selectivity of functional groups versus cations. 

II. EXPERIMENTAL 
1. Synthesis of copoiy[NIPA(l-x)/foJJDd:fonal-m.011mmer] networks 

Syntheses of copoly[NIPA(l-x)/functiona1-monomer] networks and gefa.tion were carried 
out at 5°C as described in the literature.3-

6
' 
7-Js). In aqueous pre-gel solutions, the concentrations 

of total monomers, a functional-monomer and, cross-linker [methylene-bis-N-acrylamide (BIS)] 
were kept constant at 700 mM, 175 mM (x = 0.25) and 8.6 mM, respectively. Hydrogeis thus 
synthesized were washed with a large amount of water by replacing the aqueous medium 
with fresh 02/C02 free de-ionized water, at least once per day over a week at room temperature. 
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Copolymer networks were obtained by lyophilizing hydrogel pieces using a freezeMdryi11g 
method 1-

10> over 36 hours. 

2. Determination of chemical composition of copolymer networks 

Chemical composition of lyophilized gel pieces was determined experimentally by 
performing elemental analysis for hydrogen, carbon and nitrogen5

'
6>. Accuracy of the Perkin 

Elmer Model 2400 Elemental Analyzer was checked by using re-crystallized NIP A. The results 
showed that experimental values for all atomic species expressed in atomic weight percent agree 
with theoretical values with less than 1.0% error. On this basis, we5

'
6

) detennined the 
stoichiometric ratio of functional-monomer (x) namely, sodium carboxylate, ally! alcohol or 
allyl cyanide versus the major component, NIPA. The calculation of atomic weight percent for 
hydrogen, carbon and nitrogen was repeated by varying the stoichiometric ratio (x) in an 
iterative procedure until all atomic percentages reached less than 2% error. 

3 . .Determination of amounts of cations caught m hydogels by atomic absorption flame 
photometry (AA) 

(a) Calibration with standard solutions 

Digitized values of absorption intensity obtained by the spectrometer (Perkin Elmer Model 
2380) were calibrated with standard solutions. Original standard solutions were obtained from 
commercial sources20

). Since bottles were individually labeled with the absolute concentration, 
all diluted solutions used for calibration were prepared accordingly. We found all absorption 
intensities labs basically followed Lambert-Beer's law over low concentration of ions [C]. 
However, we showed experimentally that labs covering wider [C] range is well represented by a 
continuous but somewhat non .. Iinear curve without any peaks. Therefore, we expressed labs by a 
power series expansion of [C] (in units of mg of metal/L of solutions). Here, Greek letters stand 
for coefficients and are experimentally determined for all cations examined in this study. We 
found that Eq. [ 1] exhibits a good convergence character. 

labs= a+ /3[C] + y[C]2 + O[C]3 + £[C]4, [1] 

Table 1 summarizes wavelength, flame environment, and coefficients for a ll cations examined. 
In practice, we thus used Eq. [1] for determination of [C] in unknown samples by solving Eq. [1] 
as the general solutions for quadratic, cubic and quartic equations are available. 

Table 1. Wavelength, flame envirmmumt in AA method, and coefficients in Eq. (1) for an 
cations examined 

Cation J..(nm) Enviroimment 0. p 1 d 
_, ·- ·-

CrJ+ 357.90 Air-Acetylene -6.00E+o6 6.65E+03 -1.WE-03 O.OOE+OO 

Co2+ 240.70 ditto 1.00E+13 -5.00E+08 1.82E+04 
I 

3.lOE-03 
--

Ni2+ 232.00 ditto 9.00E+U -5.00E+08 l.95E+04 l.02E-02 

Cu2+ 324.80 ditto -3.00E+08 2.58E+04 4.80E-03 O.OOE+OO 
-· ·-

Eu3+ 459.40 NO-acetylene 9.02E-03 6.53E-04 2.27E-05 -7.74E-08 
·--

Tb3+ 432.60 diUo l.99E-05 2.25.E-04 1.56E-07 O.OOE+oO 
---· 

Ho3+ 410.40 ditto -5.66E-03 l.20E-03 O.OOE+OO O.OOE+OO 
-· 

N21+ 589.00 Air-acetylene 4.7lE-02 4.09E+03 O.OOE+OO O.OOE+OO 
·-
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(b) Preparation of samples for AA Measurement 
All gel pieces were digested by gently boiling concentrated nitric acid in a Kjeldahl flask for 

24 - 36 hours. Digested solutions (about 2 mL) were transferred to a 50 or 25 mL volumetric 
flask, washed flask with deionized water a few times and filled up to a fiducial mark. These 
solutions were used for AA determination. The amount of cations, as determined by AA method, 
is expressed in units of g/mL (solution), by the AA photometer. Then, the total amount of 
cations present in a sample was calculated in units of gram. For determination of the ratio of the 
number of cations per a single functional group, this was eventually expressed as the number of 
mols by knowing the atomic mass for the respective cations. 

4. Capture and encapsulation of cations 
In order to assess the anticipated dynamic phenomena that could be encountered in 

in~situ waste processing, a static condition must be established and taken as the reference case. 
This permits us to evaluate the effects introduced by dynamic processing measures, such as 
mechanical stirring. The term static implies the absence of any macroscopic motions such as 
convective currents in contrast to inherent molecular motions. To determine the quantitative 
relationship between the number of functional groups and the number of cations captured and 
encapsulated in polymer gel pieces, the following capturing and encapsulating processes were 
performed. Step 1) was to determine the meta! binding capability of functional groups. Swollen 
gel pieces (in the sw state) were left in aqueous solutions of various cations for 7 days at 
30°± l °C. The amount of cations caught in the gels was determined by AA-method. Step 2) was 
to evaluate the retainability of functional groups. We determined the quantity of cations 
remaining in gel pieces (by AA method), after transforming the polymer networks from the 
sw(swollen) to sh( shrunken) state. This is the encapsulation process in brie:L 

In practice, the actual experiments were conducted as follows: Step 1) Pieces oflyophilized 
polymer gels were weighed and left in deionized water for more than a week at room 
temperature. After discarding the water, aqueous solutions (100 mL) of 100 mM nitrates of Cr 
(HI), Co (II), Cu (II), or Nil (II) and also acetates of Eu (HI), Tb (UI) or Ho(IU) were added to 
now swollen gel pieces. Amounts of cations caught in gel pieces were indirectly determined 
(AA method) by monitoring decreasing concentration of cations in solution by taking 1.0 mL 
solution samples every day. As drop in concentration for all cations in solutions reached plateaus 
within one full week (see Fig. 2), solutions were removed from all (28) samples on the 7th day 
and 14 samples were subjected for determination of cations caught in gel pieces The other 14 
samples were used in Step 2). 

In Step 1), the samples, which were now colored gel pieces were transferred carefully 
without touching them to another small vial. The vials were then immersed in a small, thermo
regulated water bath whose temperature was adjusted to slightly above the respective Ttr. As the 
vial temperature rose rapidly above the respective Ttr. the small gel pieces shrank in volume 
within a matter of a fow minutes. Water released from the gel pieces was quickly removed and 
vials were transferred in a large thermo-regulated water bath (65°C ± O.l°C). All vials were left 
closed for 3 full days. Further shrinkage of gel pieces produced additional water. After carefully 
removing the residual solution while maintaining the same bath temperature, the closed 
vials were quickly removed tightly capped and left to acclimate to room temperature. This 
process completed the encapsulation of cations in gel pieces. The shrunken small gel pieces so 
produced were de1+ly colored as compared to gel pieces produced by step 1) . Colors of Co2+, 
Cr3

+, Cu2+, and Ni +were pink, purple, blue, and green, respectively, as shown in Fig. 3. Then, 
each vial was weighed and the mass of a gel piece was recorded. 
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Figure 2. Capture ofNi2+ by hydrogels consisting of copoy[NIP A(l-x)/ functional 
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Figure 3. Pre-shrunken polymer gels with metallic nitrates (L) and shrunken gels (R) 
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1. Chemical composition of copolymer networks 

The final stoichiomeric ratios for copolymers are shown in Table 2 The results indicated that 
mol fractions for functional-monomer x were smaller than the original value (0.25) used in pre
gel solutions for all functional groups. If the original value for x was materialized in real 
synthesis and, if all functional groups are assumed to be randomly distributed in networks, this 
would mean that all functional groups were directly bonded to one NIPA molecule on one side 
and two NIPA residues on the other side. However, the actual values implied that all functional 
groups are well separated by the major NIPA residues. 

Table 2. Chemical composition of copoly[NIPA(1-x)/functiona.1-mmmmer(x)] 

networks. x deaaotes mol fraction of function:iil component 

Copolymer Composition 

NIPA(l-x)/minor(x) x mean F. M. 
·-minor group 

Sodium Acrylate (NaAc) 0.154 U0.216 

Allyl ABcohol (A Al) 0.097 107.817 

Allyl Cyanide {A Cn) 0.060 ll0.395 

It is a good approximation to assume that the mass of dried polymer networks mp (g) consists 
of many multiples of the polymeric residues3

-6). Thus, mp (g) = np x [fo1mula mass (F.M.) of 
polymeric residue] where np stands for the number of mols. This concept for polymer networks 
consisting of mono-polymer component, poly(NIPA), has experimentally been verified within 
the experimental error range in the elemental analysis. On this basis, the mean mass of networks 
consisting of copoly[NIPA(l-x)/functional-monomer(x)] was defined as, 

mean F. M. = F.M.(NIPA)·(l-x) + F.M.(functional-monomer)·(x) [2] 

Ta!ble2 lists the experimental results for three functional monomers 
obtained by the procedure presented in Section H-2 and Eq. [2]. 

2. Physical property of hydrogels consisting of copoly[NIPA(l-x)/functiomd
monomer(x)] networks 

A summary of stoichiometry of all gels for transition metal cations is tabulated in Table 3,. 
Amounts of the respective polymer networks were calculated by using Eq. (2) and x values 
listed in Table 2. The results are expressed in units of number of µmol (column 7). Differences 
in the state of hydration between the sw and sh states are well represented by the number of 
water molecules per a single mean polymeric residue Ns(gel)3) (column 9),the ratio of water vs. 
networks. These varied rather extensively with kinds of cations and of functional groups. 
Ns(gel) in the sw state were merely several to more than one hundred times the value in the 
corresponding sh state. 
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Table 3. Physical property of hydrogels consisting of copoy[NIP A(1-x)/ 
functional-monomer (x)l networks in the swollen and shrunken states 

(Swollen State) 
Experimental cak111lated 

Polymer mass of mass of mass of mass of amount of amount of ratio 

Cation networks networks gels cations water networks water water vs. 

mg mg µg mg µmol mmoi networks 
·-

NIPA 15.1 423.2 1954.0 406.l 133.0 22.6 169.0 

Cr3+ NIPA/NaAc 12.0 212.3 1785.0 198.5 105.0 11.0 105.0 

NIPA/AAL 6.7 245.3 1816.0 236.8 63.0 13.2 2.10.0 

NIPA/ACN 11.2 297.1 2091.0 283.8 101.0 15.8 155.0 
;_ 

NIPA 15.3 476.6 1365.0 459.9 135.0 25.6 189.0 

Col+ NIPA/NaAc 10.9 552.7 1530.0 540.3 96.0 30.0 314.0 

NIPA/AAL 6.6 384.9 1256.0 377.0 62.0 21.0 339.0 

NIPA/ACN 6.4 342.0 1191.0 334.4 58.0 18.6 321.0 

NIPA 13.5 396.3 1116.0 381.7 119.0 21.2 178.0 
Cu2+ NIPA/NaAc l0.9 370.2 1061.0 358.2 96.0 19.9 208.0 

NIPA/AAL 5.4 21 7.3 187.0 211.7 50.0 11.8 233.0 

NIPA/ACN 8.0 201.1 223.0 192.9 72.0 10.7 148.0 

NIPA 12.2 410.8 18.0 398.6 rns.o 22.1 205.0 

Ni2+ NIPA/NaAc 16.6 498.9 25.0 482.3 146.0 26.8 184.0 

NIPA/AAL 7.0 205.9 18.0 198.9 65.0 :U.1 169.0 

NIPA/ACN 7.1 228.1 HU 221.0 64.0 12.3 191.0 
-

(Shimnken State) 
Experimental calculated 

Polymer mass of mass of mass of mass of amomut of amount of ratio 

Cation networks networks gels cations water networks water water vs. 

mg mg !kg mg pmol mmol networks 

NlPA 15.1 25.7 1675.0 8.9 133.0 500.0 3.7 - -Cd+ NIPA/NaAc 6.1 24.7 649.0 18.0 53.0 1000.0 18.6 

NIPA/AAL 2.5 33.6 477.0 30.6 23.0 1700.0 '72.9 

NIPA/ACN 8.6 91.6 905.0 82.1 78.0 4560.0 58.5 
NIPA 14.1 38.5 779.0 23.6 125.0 1310.0 rn.s ·-Co2+ NIPA/NaAc 4.5 45.6 209.0 40.9 39.0 2270.0 57.6 

-
NIPA/AAL 6.6 8.1 192.0 u 62.0 70.0 1.2 ,_ __ ---
NIPA/ACN 12.5 28.2 1375.0 14.3 H3.0 800.0 7.0 
NIPA 13.5 55.3 632.0 41.2 119.0 2290.0 19.2 

Cu2+ NIPA/NaAc 2.7 U.2 :no.o 8.2 24.0 460.0 19.3 

NIPAJAAL 6.9 57.3 83.0 50.3 64.0 2800.0 43.4 

NlPA/ACN 11.5 75.5 268.0 63.7 104.0 3540.0 34.0 -NIPA 13.0 25.3 2.0 12.3 H5.0 680.0 5.9 ·---· ·-Ni2+ NlPA/NaAc 6.4 13.9 10.0 7.5 56.0 420.0 7.4 

jNIPA/AAL 3.6 U .5 15.0 7.9 34.0 440.0 11.3.0 ·-......... ---·-- · ---- --NIPA/ACN 13.J 34.4 18 21.l 120.0 U70.0 9.7 
_.,... ...,...,_,__,_ ,___ ___ ,__.,.._,.,.,.._.. -------.......... -......... ---~---__ ,,_,,. __ ------------
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3. Data analysis of cations captured in swollen gels and encapsulated in shnm.k.en states 

Further understanding of the qualitative nature of the process in Step I) was achieved by 
reversing the process itself. Namely, all colored (shrunken) gels obtained were re-immersed in 
pure deionized water and left intact at 31°C for one full week. The result was that the colored gel 
pieces retmned to their transparent:, uncolored state Uudged by visual inspection) and the water 
became colored. This reversible infusion of cations into hydrogel pieces is thus a simple 
diffusion of cations in and out of the gel phase, and is likely driven by the concentration gradient 
of cations. However, differences in time dependences of process (see Fig. 1) and in amounts of 
cations caught in gels indicated that physical-chemical interactions between cations and 
functional grou~s also played an important role. The gels thus serve as a filter that extracts 
targeted species 0

• 

The capturing processes for Ni2+ by hydrogels consisting of copoly[NIPA(l-x)/functionai
monomer(x)] is plotted using concentration and time in Fig. 2. 
Experiments showed that: 1) all hydrogel pieces in the sw-state reached equilibrium within 6-7 
days, and 2) the time dependence of uptake of the different respective cations varied 
significantly among different copolymer networks before reaching eventual equilibrium. These 
semi-quantitative results will serve as the reforence with respect to evaluation of effects from 
possible dynamic rnethod(s) introduced in actual processing of waste streams. 

Previous studies24
-
3

l) for adsorption of metallic cations present in aqueous media have 
mostly focused on identifying suitable functional groups, determining the 
adsorption process in the time domain, and detennining the nature of chemical adsorption for the 
functional groups in a semi-quantitative manner. Experimental methods for determination of the 
amount of cations bound to functional groups were indirectly carried out by spectrometric 

measurements (in UV and visible region) of cations remammg under 
aqueous solutions. Direct detem1inations of bound cations were not implemented. These past 
studies were at the macroscopic level. On the other hand, we have carried out direct 
determination as described in the preceding section and developed two different analytical 
approaches for determination of effectiveness of capture and encapsulation of cations at the 
molecular level. That is, we utilized both mean field theory, MFT, and first~order 
thermodynamic perturbation theory, FOTPER. The primary focus of our analysis was to 
express the efficiency and selectivity of capture and encapsulation of cations by functional 
groups in a quantitative manner. 

(a) Mean field (MFf) theory 

Mean F'ield Theory, MFT, was applied to determine the following: 1) metal binding 
capability of fanctional groups exhibited in the sw state (Table 4) ; and 2) retainabiHty of 
metallic cations manifested in the sh state (Table 5). We could easily calculate the number of 
polymeric residues needed for capturing a single cation (5th column) from the number of moi of 
metallic cations determined by AA (3rd coiumn) and a number of mols of polymeric residues in 
gel piece (4th column) on the basis of Eq. (2). Taking values thus obtained or poly(NIPA) 
networks (5th column) as a reference, values listed in 5th column for other copoly[(NIPA(l-
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Table 4. Captured cations in hyd.roge!s consisting of copoy[NIPA(1~x)/ 

famctiomd-monomer (x)] networks (sw0He1n state) 

Mean Field Perturbation 
Field 

polymer cation Amount Number Efficiency Number Ratio 

netorks in gels of polymer versus of minor minor vs -
µmo! J!mol per cation NIPA per cation NIPA 

NIPA 37,40 133.00 3.57 l.00 o.oo 1.00 

NIPA/NaAc 33.80 109.00 3.22 l.11 0.50 0.32 

NIPA/Aal 0.00 62.10 18000 0.00 3.17 1.20 

NIPA/Acn 39.90 102.00 2.54 1.41 2.19 0.50 

NIPA 23.80 135.00 5.68 1.00 0.00 1.00 

NIPA/NaAc 26.90 98.90 3.68 1.54 0.76 0.81 
--

NIPA/Aal 21.80 61.20 2.81 2.02 1.99 1.3@ 
--

NIPA/Acn 20.60 58,10 2.81 2.02 3.rn 1.2@ 

NlPA 17.40 U9.00 6.86 uo i 0.00 1.0@ 

NIPA/NaAc 16.50 98.90 5.98 1.14 0.29 0.36 

NIPA/Aal 2.94 50.:rn 17.00 0.40 ~o ~o 

1NIPA/Acn 4.83 72.50 20.80 0.33 ~o ,..,.0 

NIPA 0.30 108.00 360.00 1.00 0.00 1.00 

NIPA/NaAc 0.47 15Ul0 321.00 1.12 0.00 0.22 
-

NlPA/Aai 0.30 64.90 217.00 1.66 0.02 0.84 
--

NIPA/Acn 0.30 64.30 215.00 l.67 0.03 0.78 
--NlPA 15.90 124.00 7.80 1.00 0.00 1.00 

NIPA/NaAc U.20 65.30 5.84 1.30 0.41 0.58 
--'-

NIPA/Aal 6.73 39.90 5.92 1.30 0.55 0.46 

NIPA/Acn 13.40 114.00 8.:52 0.92 ~o 1.00 
-

NIPA 12.50 190.00 15.20 1.00 0.00 1.00 
--

NIPA/NaAc 6.77 72.60 10.70 1.40 0.24 0.68 
-

NIPA/Aal 15.00 39.00 25.90 0.59 ~o 1.00 

NIPA/Acn 10.60 125.00 11.80 1.30 0.38 0.37 

NIPA 12.70 213.00 Hi.80 um 0.00 UHJ 
'----

NIPA/NaAc 9.81 113.00 11.60 1.50 0.23 0.71 --
NIPA/Aai 3.12 29.70 9.53 UIO 0.53 t,_!.95 --
NIPA/Acn 10.60 139.00 13.10 1.30 0.34 0.40 _, ·----· 

; 
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~ 
Mean Field Perturbation 
Field -

polymer cation Amount Number Efficiency Number .Ratio 

neto:rks in gels of polymer versus of minor minor vs. 

µmol µmol per cation NIPA per cation N!PA 

NIPA 31.70 133.00 4.22 1.00 0.00 1.00 

Cr3+ NIPAJNaAc 11.90 55.30 4.66 0.91 0.14 0.10 
-· 

NIPA/Aal 8.78 23.20 2.66 1.60 um 0.82 

NIPA/Acn 18.30 77.90 4.26 0.99 0.00 ----
-

NIPA 13.70 125.00 9.10 U)() 0.00 1.00 

Co2+ NIPA/NaAc 3.54 40.80 11.50 0.79 0.00 ----
NIPA/Aal 3.25 61.20 18.80 0.48 0.00 ... ---
NIPA/Acn 24.00 U3.00 4.72 1.93 UlO 1.10 

NIPA 9.82 119.00 12.rn 1.00 0.00 :LOO 

Cu2+ I ·-
NIPA!NaAc 4.21 24.50 5.82 2.08 0.67 l.50 - ·-
NIPA/Aal l.31 64.00 48.70 0.25 -0 -0 

NIPA/Acn 3.96 104.00 26.30 0.46 ! -0 ~o ! 

NIPA 0.04 115.00 3291.00 1.00 0.00 1.00 

Ni2+ NIPA/NaAc 0.17 ss.rn 348.00 9.46 0.02 H.00 

NIPA/Aal 0.26 33.40 131.00 25.10 0.08 2.80 

NI.PA/Acn 0.30 121.00 403.00 8.17 0.()4 7.90 -
NIPA 2.90 120.00 41.50 1.00 0.00 1.00 _, 

Eu3+ NIPA/NaAc 17.30 156.00 9.00 4.61 0.59 4.50 
~· 

NIPA/Aal H.30 88.10 7.83 5.30 1.09 4.90 
'-'"--

NIPA/Acn 7.78 95.10 12.20 3.40 0.99 2.00 

NIPA 5.68 Hll.00 17.80 1.00 -o 1.00 
Tb3+ NIPA/NaAc 4.35 107.00 24.60 0.72 -o ~ 1.0 

NIPA/Aal 0.33 51.00 156.00 O.H ~o ~1.0 

NIPA/Acn l.67 87.00 52.00 0.34 -0 - 1.0 
NlPA 1.00 92.80 93.00 1.0@ 0.00 um 

Ho3+ NIPA/NaAc 3.80 130.00 34.10 2.72 1.84 21.00 --
NIPA/Aal l.15 60.30 52.40 1.77 o.rn 1.()0 

NIPA/Acn 3.41 69.70 20.§0 4.54 0.73 4.3~ - ---
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x)/functional-monomer(x)] network systems are evaluated. The results are summarized in l st 

column through 6th in Tables 4 and 5, respectively. They were interpreted as follows. If values 
listed in 6th column are less than unity, the specific functional groups were more efficient than 
the amide group for capturing or encapsulating cations. Thus, the use of Eq. (2) was correct in 
expressing amount of polymer networks with a given composition x. However, there is the 
implication that copoly[NIPA(l-x)/functional-monomer (x)] networks are made of mean 
residues. Namely, every polymeric residue is a NIPA residue, but somewhat modified by the 
character of the functional-polymeric residue, by the amount x. This is the interpretation based 
on mean field theory. These 'mean' polymeric networks are different from possible real network 
structures where NIPA and functional-polymeric residues are randomly bonded in 3D space; in 
reality, individual NIPA and functional group residues are recognized. As the major polymeric 
component, NIP A, also participates in capture and encapsulation of cations, the number of 
functional-polymeric residues per a single cation (5th column) cannot purely be assigned to a 
functional-group. In fact, it includes contributions from NIPA residues near a functional-residue. 
Thus the difference between that calculated by MF theory and possibly the bona fide value 
assigned exclusively to the respective functional group arises from the following: 1) one 
assumes a completely random distribution of functional groups made in MFT, 2) a non
crystalline nature of polymer networks, and 3) the absence of cooperative behavior of two 
difforent functional groups. In other words, the configuration of networks is not the same in all 
cases. We must thus exercise caution in consideration of differences. 

(b) First-order thermodynamic pertmrbation theory (FOTHPER) 

As the major NIPA component is not extensively replaced by functional groups (Table 2), it 
is a good approximation to regard the functional-polymeric groups as a perturbing element of 
the unperturbed poly(NIPA) networks. We could then directly apply the fundamental principles 
of FOTHPER9

' 
10

' 
32

) theory to evaluate both metal binding capability and retainability of 
respective functional groups. The difference in the experimental values for cation amounts, 
between perturbed and unperturbed systems, logically arise from the contribution from 
functional-polymeric residues (7th column). As we have presented in our previous works9

' 
10

\ the 
cation amounts solely captured or encapsulated per a single NIPA residue in the unperturbed 
poly(NIPA) networks were easily obtained by using values listed in 3rd and 4th columns. Cation 
amounts caught by all NIPA residues in copoly[NIPA(l-x)/functional-monomer(x)] (the 
perturbed system) were evaluated by applying the difference in respective chemical 
compositions. Values listed in the gth column were obtained by taking the ratio of these values in 
perturbed systems versus to those in unperturbed systems with respect to specific cations. 
Therefore, this value may be regarded as describing the efficiency of capture and retention 
apability of the respective functional group, in reference to the amide group in the NIPA residue. 
The same argument described for MFT should be applied to the physical meaning of number of 
functional-polymeric residues per a single cation (ih column). In FOTHPER theory, the 
interactions of cations and functional groups occur as if functional groups occupy (randomly) 
the non-interacting NIPA residues. In contradt to MFT, the values in 7th column do not contain 
contributions from neighboring NIPA residues, if cooperative influence of 
captured/encapsulated cations by functional and amide groups exist. Again, the calculated 
resuits must be considered as a virtual situation. 
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4. Metal binding capability of functional groups for transition metal cations 

A total of sixteen ( 16) gel samples were subjected to Step 1) experiments. The results 
for cations are tabulatea m Taole 4. Here, we focused on the relationship between the amount of 
cation and that of minor polymer component, as indicated in the 3rd and 4th columns. The results 
obtained from MFT are shown in the 5th and 6th columns. In considering the scientific 
significance expressed under MF Theory, we can state that: values in the 5th column indicated 
that the amide group for NIPA residue was quite effective in the capture of Cr3+, Co2

+ and Cu2
+; 

but not Ni2
+. Further all functional groups were relatively ineffective in capture ofNi2

+. This is 
well supported by the FOTHPER approach. The hydrox~l group was totally ineffective for 
capturing Cr3+, while other groups were effective for Cr + in the increasing order of amide, 
carboxylic, and cyanide groups (values noted in 6th column). All functional groups were 
marginally effective in capturing Co2+ and Cu2+. However, the results for cyanide group for both 
Cr3+ and Co2+, as well as hydroxyl group for Co2+ suggested another important factor; namely, 
the proximity of functional groups. In considering the arguments developed in consideration of 
MF and FOTHPER approaches, the values shown in the 51h and 7th columns reflected the 
ineffectiveness of cation capture if multiple functional groups are available. 

5. Retaining capability of functional groups: Encapsulation o:f transition metal cations 

The results shown in Table 5 exhibited substantial differences from the corresponding trends 
found for capturing cations. All functional groups were ineffective in capturing and 
encapsulating Ni2

+. The results from both MFT and FOTHPER approaches indicated that both 
carboxylic and hydroxyl groups effectively encapsulated Cr3

+ and the former, selectively 
encapsulated Cu2+. The cyanide group is the only functional group that successfully 
encapsulated Co+, even though all functional groups effectively capture Co2

+. Chromium tri
valent cation offered an important case that reveals the difference between capture and 
encapsulation processes. The proximity of multiple functional groups seemed to play an 
important role in the latter process as exemplified by the hydroxyl group. 

6. Metal binding capability of functional groups for rare-earth cations 

Experimental results for three lanthanide, tri-valent cations, Eu3
+, Tb3

+, and Ho3
+ are given in 

Table 4. In contrast to transition metal cations, the amide group was in general ineffective in 
capturing lanthanide cations. The carboxylic group was basically a good extractant for all 
lanthanide cations; however, the hydroxyl group acted selectively, bein¥. best for Eu3

+. Further, 
the cyanide group was quite effective in capturing both Tb3

+ and Ho + but, not Eu3
+. As the 

functional group was well separated (Table 2) and surrounded by NIPA residues, the smaller 
values shown for the functional group of NIPA residue (7th column of Table 4) reflected high 
affinity via the sole functional group rather than 'collective affinity', as exhibited by NIPA 
groups. This suggests that increase of mol fraction (minor group) was also an important factor 
for effective capture of lanthanide cations. 
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7. Retaining capability of functional groups: Encapsulation of rare-earth cations 

Experimental results for encapsulation are given in Table S. The results by MF Theory 
clearly showed selective encapsulation of cations by specific functional groups. Namely, all 
functional groups were ineffective for Tb3

+. Jn contrast, carboxylic, hydroxyl, and cyanide 
groups were relatively more effective for Eu3

+ and Ho3
+. This result was also supported by the 

results obtained by FOTHPER. Terbium cation distinctly exhibited a difference between the 
capture and encapsulation processes. 

It is worthwhile to briefly compare the preceding results with hard-soft acid-base theory34
· 

which is more qualitative than quantitative in nature. Among the cations we examined cr3+ is 
regarded as a hard acid and Co2

+ lies at the border. Among functional groups, carboxylic acid is 
referred to as a hard base. On the basis of hard-soft acid-base theory, hard acids react faster and 
form stronger bonds with hard bases. This assertion seemed to hold very well between Cr3

+ (as 
well as Co2+) and carboxylic acid, as supported by both MFT and FOTHPER approaches. As 
well, it seemed correct for the cyanide group. 

It is well known that rare earth tri-valent ions form salts with oxalic acid. According to hard
soft acid-base theory, all rare earth tri-valent ions must be regarded as hard acids and this 
concorded with their observed affinity for hard base. However, another hard base, the hydroxyl 
showed selective affinity for the three cations as revealed by both MFT and FOTHPER 
approaches .. 

IV. CONCLUSION 

Although the long-term storage of spent nuclear fuel in the U.S. is again under 
reconsideration, three constant objectives are that the U.S. recycle spent nuclear fuel in order to 
minimize waste. while concurrently assuring the maximum energy recovery via longer burn-up 
of fuel. Science-based R&D to possibly eliminate the need for geologic waste repositories 
continues to be needed. Here, we investigated the selective capture and encapsulation of metallic 
cations dissolved in water by hydrogels, consisting of functionalized, thermo-sensitive 
copoly[N-isopropylacry1amide(l-x)ijimctiona/-monomer(x)]. It is a feasible means for cation 
removal from aqueous medium. The functional-monomer (x) stands for carboxylic, hydroxyl, 
and cyanide groups with the corresponding mol fraction x = 0.154, 0.097 and 0.060, 
respectively. Our results indicated mildly selective process; the amide group's associative 
property was noticeable for all cations examined in this study. The carboxylic group also acted 
as a good extractant for Cr3

+, Cu2
+, Eu3

+, and Ho3
+. Significant selective numbers of 

encapsulations are primarily noted for cr3+, Cu2
+, and Co2

+ by hydroxyl, carboxyiic and cyanide 
groups, respectively. Finally, among functional groups examined for three representative 
lanthanide cations, the hydroxyl group exhibited the highest selectivity for Eu3

+. 
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ABSTRACT 

The. complexation reactions between CuC/i. CoC/2 and NiC/2 with 2,3-Pyrazinedicarboxylic 

acid in methanol (MeOH) at 313.15 K were studied by conductometric methods. The 

association constants, formation constants and Gibbs free energies were calculated from the 

conduclometric titration curves. On drawing the relation between molar conductance and the 

ratio of metal to ligand coflCentrations, different lines were obtained indicating 

the formation of 1: 1 and 2: 1 (M:L) stoichiometric complexes. The formation 

constants and Gibbs free energies of different complexes in absolute Methanol 

at 313.15 Kfollow the order:) 

K/2:l)>K/l:l)jor (M·L) and !:::.. G/2:1)>6 Gj(l:l)for(M:L) 

KEY WORDS: Association constants; formation constants; Gibbs free energies of association; 

Gibbs free energies of complex formation. 

RESUMO 

A forma{:iio de complexos entre CuC/2, C0Cl2 , NiC /2 e acido 2, 3-pirazinodicarboxilico em 

metanol a 313. I 5 K foi estudada usando metodos de condutividade. As constantes de 

associar;fio e formaqlio e as energias Hvres de Gibbs foram calculadas a pariir de curvas de 

titular;iio condutimetrica. A relar;iia entre a condutdncia molar e a proporr;ao das 

concentrar;oes meial-ligante levou a linhas retas indicando a formar;fio de complexas 

estequiometricos (M:L) 1: 1 e 2: I. As constantes de formi:19iio e as energias fivres de Gibbs 

dos wirios complexos em metanol a 313. 15 K seguem a ordem: 

K/2:l)>Kj(l:l) para (M:L) e D. G/(2:1)> ~ G/l:J) para (M:L) 

PALA VRAS CHA VE:Constantes de associayl'lo. Constantes de forma~o,Energias livres de 

_ __Qi91:1~ .c,ill .. l\\>~<!Y.ias;iio, ~Il_(!!Si:l§ li":'[es. de. (jibiJs p::tra .. f~r:t:ll'!~ -Q.~soml?~~~':l!l, __ . 
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INTRODUCTION 

The long range ion - ion interactions due to screened columbic forces are the most important 
features of electrolyte in solutions. These act together with shorter -- ranged forces between 
the solvent molecules and between the solvent molecules and ion. Electrical conductivity 
(EC) is a measure measure of solvent to conduct electric current and depends on: 
concentration of the ions, ligand and temperature in solutions. Current is carried out by both 
cations and anions, but to different degree. The conductivity due to divalent cations i.s more 
than that of mono-valet cations, it is not true for anions. Metal cations with d0 noble gas 
electron configuration (alkali and alkaline earth) metal ions together with the inert molecular 
ions like tetraalkyiammonium,-phosphonium,-arsonium , and trialkylsulfonium ions exhibit 
properties mainly determined by their charge and size [i].Solvation of such cations in protic 
and polar solvents is due essentially to electrostatic ion-dipole and ion induced di.pole 
interactions. Metal cations with filled d - orbitals, the d 10 cations, exhibit partially covalent 
character in their interactions; their properties depend on the charge and size and partially on 
their electro negativity. Cations with incomplete d- orbitals called d0 -cations .With these 
cations protk and polar solvent molecules are strongly bound in complexes to a central cation 
through p-d orbital overlap and exchange only slowly with the bulk solvent. 1be formation 
of complexes becomes more important at high concentration of the complex ion and is likely 
to be more extensive in non-aqueous solvents, particularly in dipolar aprotic solvents, 
whereas the salvation of anions is weaker, leading to stronger complexation. Therefore 
conductivity study is valuable on using transition metal cations [2-7] . This work provides the 
analyticai analyst and the biological analyst data can help him for deterring the concentration 
of CuCh. CoCh and NiCh in blood and different solutions. 

6:. 3-Pvrazinedicarboxvl ic acid 
Identification 

~'>iame 

Synonyms 

Molecular 

Structure 

Moiecular Weight 

CP..S Registry 

Number 

E!~~ECS 

Prooerties 

Melting point 

Water solubility 

2, 3-Pyrazinedicarboxylic acid 

Pyrazine-2,3-dicarboxylic acid 

c<=~~ 
0 

168 , 11 

89-0 1-0 

201-875-3 

185-188 °C 

Soluble 
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EXPERIMENT AL 

The chemicals used 2, 3-pyrazine dicarboxylic acid and methanol were 

provided from Merck Co. and used directly without purification. 

The experimental procedure to obtain the formation constant of complexes of 

2,3-Pyrazinedicarboxylic acid with CuCh, CoCh and NiCh by conductometric 

procedure was as follows : -

A solution of metal chloride (lx10-3 M) was placed in a titration cell, at a 

const temperature (313 .15) K , and the conductance of the solution was 

measured . The ligand (1x10-2 M) was transferred step-by-step to the titration 

cell using a precalibrated micropipette and the conductance of the solution was 

measured after each transfer. Addition of the ligand solution was continued 

until the total concentration of the (2, 3-Pyrazinedicarboxylic acid) was 

approximately four times higher than that of metal ions. The conductance of 

the solution was measured after each addition. The complex formation 

constant, Kr, and the molar conductance of the complex, ML, were evaluated 

by computer fitting to the molar conductance mole ratio data. 

RESULTS AND DISCUSSIOIN 

- The stability of a transition metal complex with a polydentate chelate ligand 

depends on a range of factors including: number and type of the donor atoms 

present, the number and size of the chelate rings formed on complexation. In 

addition, the stability and selectivity of complexities strongly depend on the 

donor ability and dielectric constant of the solvent and shape and size of the 

solvent molecules. 

- 2, 3-Pyrazinedicarboxylic acid is a polydentate ligand which tends to be 

completely coordinated to a metal ion. This reagent is soluble in water and 

soluble in most organic solvents 

- The specific conductance values (Ks) of CuCh, CoCh and NiCh in absolute 

(MeOH) were measured experimentally in absence and in the presence of 

ligand at 31 3.15 K. 

The molar conductance (/\m) values were calculated [8] using equation (1): 
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A = (K s - K solv )K cell X 1000 
m C (l) 

Where Ks and Ksolv are the specific conductance of the solution and the 

solvent, respectively; Kceu is the cell constant and C is the molar concentration 

of the CuClz, CoCh and NiCh solutions. 

- The limiting molar conductances (!\) at infinite dilutions were estimated 

CuCh, CoCb and NiCh in absolute methanol (MeOH) alone and in the 

presence of the ligand by extrapolating the relation between Am and Cmy, to 

zero concentration (Fig. I). By drawing the relation between molar 

conductance (/\m) and the molar ratio of metal to ligand (M/L) concentrations 

, different lines are obtained with sharp breaks indicating the formation of 1: 1 

and 2:1 (M:L) stoichiometric complexes (Fig.2) . 

..: The experimental data of (Am) and (!\) were analyzed for the determination 

of association and formation constants for each type of the stoichiometric 

complexes. 

"' JZ D . , .. 
"' :!tiO 

" ' g 2 10 -

~ ~ : ~ . 
"D 1~ (1 
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. . . . . 
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Figure l. The relation between molar conductance (Am) and (JC) of CuCb, CoCb and 

NiCh in the presence ofH2L in absolute methanol at 313.15 K. 
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Figure 2. The relation between molar conductance (/\M) and the molar ratio (MIL) of 

CuC}z, CoCh and NiCh in the presence of H2L in absolute methanol at 313.15 K 

indicating the fonnation of 1:1and2:1 (M:L) stoichiometric complexes. 

- The association constants of CuCb, CoCh and NiCh in the presence of 

ligand in absolute MeOH at 313.15 K for 1:2 asymmetric electrolytes were 

calculated (9, 10] by using equation (2): 

KA 
A~(Ao -Am) 

4C ~ +A 3S (z) (2) 

Where (f\m, fl-0) are the molar and limiting molar conductance, respectively of 

CuCh, CoCh and NiCh , Cm is molar concentration of CuCh, CoCh and 

NiCh , S(Z) is Fuoss-Shedlovsky factor , equal one for strong electrolytes 

[11 ]. The calculated association constants are shown in Table 1. 

- The Gibbs free energies of association (/J.GA) were calculated from the 

association constant [12, 13] by applying equation (3) : 

/J. GA= ·RT ln KA (3) 

Where R is the gas constant (8.341 J) and T is the absolute temperature 

(313.15 K). The calculated Gibbs free energies were presented in Table 1. 
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Table 1. Association constants and Gibbs free energies of association for 

CuCh, CoCh and NiCh in the presence of ligand in absolute 

MeOH at 313.15 K . 

I /\o2 (/\o-/\m) l 4c2+/\3rn I KA 

I I 

! Ni Cu Co Ni Cu Co Ni Cu Co Ni Cu 

i .5347 190.1071 4153805 409922.3 35726553 78;26.18 3.61"'6e9 I 6670605 530.622 I 11~~.6 5 .199913 -16.3877 

I ! 
'4.99206 199.0077 3698561 

I 
334611 .8 i ~iOS45!'.. 13820.86 3009645 ! 79e772'6 '267.6072 

l 
99.30055 4.270234 -14.59&7 

I 

! 
I 

'66407< 211 .637 :)ir.8071 ~45> 321704~1 23366 .25 ·1 18907. 72 $47'9~ 13"< .6416 ! 14.25095 3.3$377.i! -12,8055 

35.IT829' 22.4 .441"3 2583069' I 
21.8,328.1 300$5600 332114.27 I 45799.27 1130'.>9!!? 80.6113 4.767064 2.666379 -11.4667 

43.57271 234.2361 2378486 174717.9 284~7481 40763.85 82726.31 12852051 00.34791 2.112 2.21266 -10.6214 

i 

- The association free energies evaluated for CuC12, CoC12 and NiC12 -ligand 

complexes are small and spontaneous indicating electrostatic attraction. 

- The formation constants (Kc) for CuCh, CoCh and NiCh complexes were 

calculated for each type of complexes ( 1: 1) and (2: 1) (M:L) by using equation 

(4) [14,15]: 

(4) 

Where /\m is the molar conductance of the CuC12, CoCl2 and NiCl2 alone, 

f\:hs is the molar conductance of solution during titration and AML is the molar 

COllductance of the complex. 

- Thi;: obtained values (Kr) for CuClz, CoCh and NiCh -ligand stoichiometric 

cotri~Iexes are . presented in Table 2, 3. The Gibbs free energies of formation 

fof~lFStOichfomefric complexes were calculated by using the equation 

~Gr-RT In Kf (5) 

values are presented in Tables 2, 3. 
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(k J/mol} 

Co Ni 
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-1.95281 -2.074<15 
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Table 2. Formation constants and Gibbs free energies of fonnation for 1: 1 

(MIL) , CuCh, CoCh and NiCh-H2L in absolute 

MeOH at 313.15 K . 

Aobs I (/\,bs-~J/[LJ 

l 
(/\n -flabs) I Kr 

I 
j 

Co I Ni Cu Co I Ni Cu Co Ni Cu Co Ni Cu 

70.41"-S2 279.019• 0.03436 0.0'26712 0.05<091 381.4053 422.3387 ;70.9006 11100.35 15810.72 3161.006 I -24.3299 

I 
67.60132 270.7058 0,023731 0.0"'429 0.037443 386.T.202 425.0387 179.2942 16296.39 :10605.3 4788'.516 I -25.3328 

l I I I l 
I 

64.96126 

I 
261.34i7 0.014727 0.013209 0. 0218~7 391.9381 429.0942 180.6583 26813.65 I 32485.43 66:)9~32~ -26.614 

60.9"575 252.1424 0 .006-76 0.007413 0.009195 397.6206 432.9314. 197 .8576 58818.62 ! 58-103.4 21s·,1.oo -28.6554 

! 

I I 
! I 

5,..,559 244.2-40£ U000171 
Q.000531 i 0.000619 ~ 403.7419 4~8.9357 205.7592 2360430 I 528080.5 332449.7 -36.329.2 

I 

I 
I 

_L I 
I I -

Table 3. Formation constants and Gibbs free energies of fonnation for 2:1 

(MIL) CuCh, CoCli and NiCh-H2L i:n absolute 

MeOHat 313.15 K. 

l.002-063: \48.7928 76.53127 307.0205 0.02839• 0.01259 0.045439 3S:l 2072 413.4667 142.9795 12700.27 32841.2i 3146.609 

i 
l.001~ 144.:?875 74.422"'1 
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&G, l 
(k J/mol) 

Co Ni 

I -25.2538 -21.0491 

-25.9709 I -22.1339 , 

i ) 
-27.1347 I -23 .6752 I 

i 

I -28.0089 -2G.OC...B7 J 

I I 

..34.4181 vJ3.2Q94 j 

I 

~:~::r_·:~~-L __ _,__2115_.2= _ _._._o_ .. ~ _·----'----'--o._002_03_ '--'--37-6._soo_2___, ___ _;l .. __ 1s_3_.n_95-~5044-oo_.~~~---~---'~:J._-34,_._77_11~-----'--·2E_'_· 5054--' 

~ The association free energies evaluated for CuC12, CoCl2 and NiC12 -1 igand 

complexes indicating a spontaneous electrostatic attraction. 
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- The formation constants and Gibbs free energies of different complexes in 

absolute methanol at 313.15 K follow the order: Kf(2:1) > Kr(l:l) for {M:L), 

and AGr{2:1) > LlGr{l:l) for (M:L). 

CONCLUSION 

This work concentrated on the behavior of CuCh, CoCh and NiCh with the 

ligand conductometrically .The main target is to discuss the complexation 

between the metal and ligand for evaluating different concentrations from the 

metal ion in different solutions 
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The reaction of nitrilimines with hydrazones of alkanones and 
cycloalkanones led to the formation of acyclic electrophHic addition products, 
which upon treatment with ClS/Zn cyclized to 1,6-dihydro-1,2,4,5-tetrazine 
derivatives. The structures of the synthesized compounds have been 
established by their elemental analyses and spectroscopical data. 
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tratamento com CISIZ.n eJes levaram a derivados ciclicos de 1, 6-dihidro-
1, 2, 4, 5-tetrazinas.As estruturas dos compostos sintetizados foram 
comprovadas com analise elementar e dados especrosc6picos. 
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1. INTRODUCTION 

Previous publications, showed that the simple hydrazones derived from 
aliphatic aldehydes and ketones react with nitrilimines at ambient temperature 
to give acyclic addition products, which undergo oxidative cyclization upon 
refluxing with active charcoal to yield the corresponding 1,6-dihydro-s
tetrazines [1] or amidrazones [2,3]. On the other hand, methyl hydrazones of 
alkanais and alkanones furnish 1,2,3,4~tetrahydro-s~tetrazines [3,4]. 

Recently, we found that nitrilimines react with 1-methyl, 1--phenyl, 1~acetyl, 
1~formyl and 1-ethoxycarbonyl-1-methylhydrazines at room temperature 
afforded acyclic electrophilic addition products, which cyclized intramolecularly 
to the corresponding 1,2,3,4-tetrahydm-1,2,4,5-tetrazines by heating them with 
activated charcoal or lithium hydride in refluxing benzene or toluene [5.} 

Quite recently, we described the synthesis of 1,2,3,4-tetrahydro-1,2,4,5-
tetrazin-3-ones by the reaction of acetylhydrazone pyridinium chloride (Girard
reagent P} with different nitrilimines [6]. Several methods have been reported 
for the synthesis of tetrazine derivatives, and the most frequently used method 
for the preparation of 1,2,3,4-tetrahydro-1,2,4,5-tetrazines is the cyclization of 
alkylformazanes by heating or base treatment [7]. 

In the present study, the synthesis of a series of new substituted 1,2,4,5-
tetrazines 5-9 were perfonned (Scheme 1} and their structures were 
characterized by 1H NMR. 13C NMR, IR spectroscopy and elemental analysis. 

2. RESULTS AND DISCUSSION 

The formazans (acyclic adducts) m were synthesized via reaction of 
nitrilimines I with alkanones and cycloalkanone hydrazones U as shown in 
Scheme 1. Attempts to cyclize the acyclic adducts m (Ar = Me or OMe) by 
heating in tetrahydrofuran or ethanol were unsuccessful. However, treatment 
of solution of later adducts m (Ar = Me or OMe) with palladium-carbon brought 
about oxidative cyclization to the 1,6-dihydro-1 ,2,4,5-tetrazines [1]. 
On the other hand, cyclization of acyclic compounds m (Ar = Ph, PhNH, 2-
furyl, 2-theinyl, 2·-naphthyl) using active charcoal in refluxing toluene give 

complicated mixture of products as indicated by TLC, among which 
amidrazones X were separated, rather than the expected 1,6-dihydro~1,2,4,5-
tetrazines [2,3] (Figure 1). 

Treatment of solution of formazans m (Ar ::: Ph, PhNH, 2-furyi, 2-theinyl, 2-· 
naphthyl) with new catalyst containing (C/S/Zn), developed in our laboratory by 
our colleague o·f physical chemistry, at room temperature in benzene or 
toluene give directly 1,6-dihydro-1,2,4,5-tetrazines V-BX (Figure 1) in excellent 
yields. (Table 1). It is suggested that the conversion of acyclic compounds m 
into s-tetrazines V ..ax involves the non isolable intermediate formation of the 
tetrahydro-s·tetrazines IV (Figure 1 ). 
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2.1 Spectral data analysis 

The assignment of structures of compounds V -IX is based on their 
analytical and spectroscopic data. Physical properties and microanalysis are 
presented in Table 1. These compounds gave satisfactory combustion 
analysis for the proposed structures which are confirmed on the basis of their 
spectroscopic data. 

+ 
Ar~,....N...., 

II N Ar' 

0 

+ 

II 

Ar' 
1
Ar' I 

o'J-{·-NH R _c_1s1Z_n_.,. [ o'J--f-NXR] 
Ar ;N-N=< Ar ;N-N, R 

H R H H 
Ill 

!
Cit'!. 
Toluene 

0 N-NHAr' 

H 
Ar NH2 

x 

IV 

t Ar' 
I 

0 N-N R 

HX 
Ar N=N R 

V-IX 

V, Ar:::: Ph; VI, Ar= PhNH; Vil, Ar= 2-Furyl; 
VIII. Ar= 2-Tieny!; IX, Ar ::: 2-Naphthyl 

Ar :::: 4-X-C6H4-

Entery a b c d e g h 

X CICI Cl Cl Cl H H H H 

R 
R 

k 

H H H 

Figure 1. Synthetic pathway for the preparation of compounds v .. 1x. 

In the IR spectra of compounds V-IX, showed the disappearance of NH 
signals and the C=O bond stretching of the carbonyl group at C-3 occurs at 
higher frequencx (1665-1655 crn-1

) than it dose in the acyclic precursors m 
(1650-1635 cm·). This implies that conjugation of this exocyclic group with the 
hetero-ring rr-system is decreased as a consequence of homoaromaticity and 
the slightly non-planar arrangement of the N-2, N-4 and C-3 plane with the 
substituents at C-3 [8-9] Compounds V-IX revealed strong absorption at about 
1620-1600 cm-1 assigned to C=N bond stretching. 

1H and 13C NMR spectra of obtained compounds V~DC provide strong 
evidence in support of the proposed structures. Their 1H NMR spectra showed 
the disappearance of 2NH signals, in addition to aromatic protons signals, a 
characteristic signal due to amide NH proton for compounds VB resonating as 
singlet at 9.10~8.80 ppm. For compounds Va,Vla~V~f,D<~ tow signals for .the 
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methyl groups (2CH3) protons appeared as singlet at 1.41-1.34 ppm and the 
signals of the cycloalkane protons in other compounds appeared in the range 
of 2.53-1.51 ppm. 

The dihydrotetrazines 'MX exhibited a characteristic 13C NMR signal at 68-
87 ppm assigned to the C-6. This is similar to reported values of quaternary or 
spiro carbon flanked by tow nitrogens in six-membered heterocycles [2,3]. In 
the acyclic analogues m, this carbon resonates at 140~155 ppm [2,3}. This 
provides a strong evidence in support of cyclic structure of compounds V MIX. 
The 1H and 13C NMR spectral data of the synthesized compounds are 
presented in the experimental part. 

3. EXPERIMENTAL SECTION 

3.1. Reagents and Instrumentation 

Triethylamine (TEA), tetrahydrofuran (THF), acetone, cyclohexanone, 4~ 
methylcyclohexanone, 4~t-butylcyclohexanone, cyclopentanone, cycloheptan~ 
one, cycioocianone and toluene were purchased from Avocado Chemical 
Company, England, and used as purchased. All melting points were 
determined on a Stuart Elec:trothermal Apparatus and are uncorrected. 
The IR spectra were obtained by using Perkin-Elmer 737 infrared spectro~ 
photometer in potassium bromide pellets. 1H and 13C NMR spectra were 
recorded on a Bruker spectrometer (400.13 MHz) at room temperature in 
CDCls and DMSO~de, using tetramethylsilane (TMS) as an internal reference. 
All chemical shifts were reported as 6 values in parts per million (ppm) 
downfieid from internal TMS. 

Electron impact (El) mass spectra were measured on Shimadzu GCMS
QP1000 EX Mass spectrometers at 70 eV. Elemental analysis are performed 
at Cairo University, Egypt, and the results agreed with the calculated values 
within experimental errors. Nitrilimines 1 and hydra.zones 2 used in this study, 
were prepared according to described procedures [1, 10, 11]. 

3.2.1 Reaction of nitrmmirms I with hydrazones H 

To a stirred mixture of the appropriate hydrazonoyl halide [nitrilimines i pre
cursors] (0.01 mol) and hydrazones H (0.02 mol) in dry THF (100 ml), 
triethyiamine (5 ml, 0.05 mol) in THF (20 ml) was dropwise added at ~5 to O °C 
and the reaction mixture was controlled by TLC. The reaction temperature was 
allowed to rise slowly to room temperature and stirring was continued until the 
starting substrates were completely consumed {4~6 hours). The precipitated 
triethy!ammonium chloride salt was filtered off, the solvent was removed under 
reduced pressure. The residue was washed with water (3x50 ml), then triturated 
with ethanol (10 ml), the crude solid product was collected and recrystallized 
from aqueous ethanol to give the desired compounds m. 
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Table 1. Physical data and elemental analysis for compounds (\f .. fX). 
_,,..,,. - r _.,,._, ____ __,,,_ __ 

Comp. Molecular Formula Yield mp (0C) .. Analy:sis (%) Calculated I {Found) 
(MW) (%) C H N 

--v-a--··----c-· ,-1H;CfN40 a2 113-5 62.48 4.63 11.14 
(326.79) (62.70) (4.50) (17.25) 

Vb C19H17ClN40 86 166-8 64.68 4.86 15.88 
(352.83) (64.45) (4.75) (16.05) 

Ve C20H19CIN40 89 184-6 65.48 5.22 15.27 
(366.85) (65.75) (5.35) (15.10) 

Vd C21H21CIN40 91 167-9 66.22 5.56 14.71 
(380.88) (61.95} (5. 70) (14.60) 

Ve C22H23CIN40 87 175 .. 7 66.91 5.87 14.19 
(394.91) (67.10) (5.00} (14.30) 

Via C11H1aCIN50 81 182-4 59.74 4.72 20.49 
(341.80) (60.00) (7.65) 20.30) 

Vic C20H20CIN50 86 191-3 62.91 5.28 18.43 
(381.87) (63.15) (5.35) (18.60) 

Vie C22H24CINsO 84 187-9 64.46 5.90 17.08 
(409.92) (64.20) (6.05) (16.95) 

Vlf C11H17N50 88 194-6 66.43 5.58 22.79 
(307.36) {66.65) (5.40) (22.90) 

Vig C19H19NsO 92 201-3 68.45 5.74 21.01 
(333.40) (68.25) (5.90} (20.85) 

Vlh C20H21NsO 90 181~3 69.14 6.09 20.16 
(34"1.42) (68.90) (5.95) (20.30) 

vn C21H32NsO 87 196-8 69.78 6,41 19.38 
(361.45) (69.55) (6.25) (19.55) 

Vlj C24H29NsO 83 167-9 71.44 7.24 1'7.36 
{403.53) (71.15) .. ('i.35) (17.20) 

Vlk C21H23NsO 94 177 .. 9 69.78 6.41 19.38 
(361.45) (69.95) (6.55) (19.25) 

VII C22H2sNsO 91 183··5 70.38 6.71 18.65 
{375.48) (70.10) (6.55) (18.80) 

VHb C11H15CIN402 93 153-5 59.57 4.41 16.34 
(342.74) (59.80) (4.30) (16.20) 

VIie C18H17CIN402 90 148-50 60.59 4.80 15.70 
(356.81) (60.35) (4.95) (15.85) 

V!Ub C17H1sCIN402S 85 163-5 56.90 4.21 15.61 
(358.85) (57.15) (4.40) (15.50} 

vmd C1sH19CIN402S 89 146-8 58.98 4.95 14.48 
(386.91) (59.25) (5.10) (14.35) 

!Xa C21H17CIN40 83 190-2 66.93 4.55 14.87 
(376.85) (67.20) (4.40) (15.00) 

IXb C23H19CIN40 91 176-8 68.57 4.75 13.91 
(402.89) {68.80) (4.65) (14.05) 

EXc C24H21 CfN40 87 189-91 69 .1 4 5. 08 13.44 
(416.91) (68.90) (4.95) (13.60) 

~Xd C25H23CIN40 84 168-70 69.68 5.38 13.00 
(430.94) (69.90) (5.50) (12.85) 

I.Xe C2eH2sCIN40 89 184-6 70.18 5.66 12.59 
- ' _., ___ _t~.97) . --- ~69.~.80! ___ {!2.45} 
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3.2.2 Cyclization of compounds (HI): 

Acyclic compounds m (0.005 mol) and C/S/Zn (0.1 w/w%) in benzene or 
toluene were stirred at room temperature for 1-2. hours and monitored by TLC. 
The reaction mixture was cooled, then filtered and the solvent was minimized 
and petroleum ether (bp. 40..SO °C) was slowly added to effect complete 
crystallization of the desired cyclic compounds V. 
The following compounds were prepared using this method: 

3-Benzoyl-1-(4-chlorophenyl)-6,6-dimethyl-1,6-dihydro··1,2.4,!Metra
:zine (Va): 1H NMR (CDCb) o: 7.92-7.03 (m, 9H, Ar-CH), 1.39 (s, 3H, CH3 ), 1.37 
(s, 3H, CH3 ) . 

13C NMR (CDCb) 5: 187.4 (C=O), 171.6 (COOH), 143.7 (C=N), 
144.3-126.6 (Ar~C), 68.6 (quaternary carbon), 22.5 (CH3) . IR (t<Br) vlcm-1: 1660 
(C=O}, 159.2 (C;:N). 

8-Benzoyl-6-(4-chlorophenyl)"'6, 7,9,1 CMetraazaspiro[4.5]dec-7,9-diene 
(Vb): ·1H NMR (CDCb) 6: 8.02-7.11 (m, 9H, Ar-CH), 1.90-1 .68 (m, SH, cyclo
pentane protons). 13C NMR (CDCb) 6: 185.7 (C=O), 143.9 (C=N), 144.9-126.1 
(Ar-C), 86.7 (spiro carbon), 32.1, 23.7 (cyclopentane carbons). IR (KBr) v/cm-·1: 

1655 (C=O), 1594 (C=N). 
3-Benzoyl-1-(4achlorophenyl)-1,2,4,5 .. tetraazaspiro[5.5]undec-2,4-dia 

ene (Ve): 1H NMR (DMSO-d6) 6: 7.97-7.06 (m, 9H, Ar-CH), 1.86-1.66 (m, 10H, 
cyclohexane protons). 13C NMR (DMSO-d6) o: 185.5 (C=O), 143.9 (C=N), 144.4-
126.2 (Ar-C), 84.3 (spiro carbon), 32.1, 24.7, 23.4 (cyclohexane carbons). IR 
(KBr) v/cm-1

: 1655 (C=O), 1593 (C=N}. 
3-Benzoyi~1-(4~chlorophenyl)m1,2,4,5~tetraazaspiro[5.6]dodec-2,4-di~ 

ene (Vd): 1H NMR (CDCb) o: 8.27-"7.00 (m, 9H, Ar~CH), 2.53-1.56 (m, 12H, 
cycloheptane protons). 13C NMR (CDCl3) o: 185.6 (C=O), 143.4 (C=N), 142.7-
119.6 (Ar-C), 87.5 (spiro carbon), 39.5, 28.7, 22.3 (cycloheptane carbons). IR 
(KBr) v/cm .. 1: 1660 (C=O), 1597 (C=N). 

3-Benzoyl~1~(4-chlorophenyl)~1,2,4,5-tetraazaspiro[5. 7]tridec-2,4~diene 
(Ve): 1H NMR (CDC's) 6: 7.99-6.96 (m, 9H, Ar-CH), 2.46-1.36 (m, 14H, 
cyclooctane protons). 13C NMR (CDCb) 5: 185.6 (C=O), 143.9 (C=N), 145.0-
114.8 (Ar-C), 86.6 (spiro carbon), 34.4, 27.2, 25.2, 23.1 (cyciooctane carbons}. 
IR (KBr) v/cm·1: 1650 (C:::::O), 1594 (C=N). 

1-( 4-Ch lorophenyl)-3~phenylaminocarbonyl~6,6-ciimethyM ,6.-.dihyd ro-
1,2A,5-tetrazine (Via): 1H NMR (DMSO-d6) o: 9.12 (s, 1H, NH), 7.61-7.18 (m, 
1 OH, Ar-CH), 1.41 (s, 3H, CH3 ), 1.38 (s, 3H, CH3 ).

13C NMR (DMSO-de) 5: 159.2 
{C=O amide), 136.7 (C=N), 142.4-126.6 (Ar-C), 68.7 (spiro carbon), 22.5 (CH3) . 

lR (KBr) v/cm-1
: 1650 (C=O), 1594 {C=N). 

1 n(4-Chlorophenyl)--l=phenylaminocarbonyl~1,2,4,5~tetraazaspiro[5.5]m 
undec~2,4~diene (Vic): 1H NMR (0MSO-d6) o: 9.10 (s, 1H, NH), 7.63-7.20 (m, 
10H, Ar-CH). 1.86-1 .60 (m, 10H, cyclohexane protons). 13C NMR (DMSO-d6) o: 
159.3 (C=O amide), 136.9 (C=N), 141 .9-125.8 (Ar-C), 84.8 (spiro carbon), 31.4, 
25.'7, 22.6 (cyclohexane carbons). IR (KBr) v/cm-1

: 1655 (C=O), 1598 (C=N). 
1 =(4=Chlorophenyl)c3mphenylaminocar!bonyl=1,2,4,5=tetraaz:aspiro[5.1]~ 

tridecu2,4-diene (Vie): 1H NMR (DMSO-d6) o: 9.12 (s, 1H, NH), 7.60~7.20 (m, 
14H, Ar-CH), 2.53-1.44 (m, 10H, cyclooctane protons). 13C NMR (DMSO-da) o: 
159.4 (C=O amide), 136.8 (C=N), 141.'7-126.0 (Ar-C), 86.5 (spiro carbon), 34.5, 
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30.7, 28.4, 23.2 (cyclooctane carbons}. IR (KBr) v/cm-1
: 1655 (C=O), 1596 

(C=N). 
1-Phenyl-3-r,henylaminocarbonyl-6,6-dimethylM1 ,6~dihydro-1,2,4,5· 

tetrazine (Vlf): H NMR (DMSO-d6) 5: 9.00 ~s , 1H, NH), 7.63-7.23 (m, 10H, Ar
CH), 1.37 (s, 3H, CH3 ), 1.34 (s, 3H, CH3). 1 C NMR (DMSO-d6) o: 158.9 (C=O 
amide), 136.7 (C=N), 143.7-124.4 {Ar-C), 68.7 (spiro carbon), 22.7 (CH3). iR 
(KBr) v/cm-1

: 1650 (C=O), 1598 (C=N). 
6-Phenr,1-8-phenylaminocarbonyl-6, 7,9,1O-tetraazaspiro[4.5]dec~7 ,9..cji

ene (Vig): H NMR (DMSO-d6) o: 9.10 (s, 1H, NH), 7.60-7.19 (m, 10H, Ar-CH), 
1.95-1.70 (m, SH, cyclopentane protons). 13C NMR (DMSO-d6) t5: 158.8 (C=O}, 
136.4 (C=N), 142.3-126.2 {Ar-C), 86.6 (spiro carbon), 32.3, 23.4 (cyclopentane 
carbons). IR (KBr) v/cm-1

: 1655 (C=O), 1596 (C=N). 
1-Phenyl-3-phenylaminocarbonyl-1,2,4,5-tetraazaspiro[5.5]undec-2,4-

diene (Vlh}: 1H NMR {DMSO-d6) o: 9.00 (s, 1H, NH), 7.58-7.16 (m, 10H, Ar-CH), 
1.85-1.63 (m, 101-1, cyclohexane protons). 13C NMR (DMSO-d6) o: 158.5 {C=O 
amide), 136:1 (C=N), 141.7-124.6 (Ar-C), 80.6 (spiro carbon), 32.0, 24.8, 23.1 
(cyclohexane carbons). IR (KBr) v/cm-1

: 1655 (C=O), 1595 (C=N). 
9-Methyl~1 wphenyl-3~phenylaminocarbonyl~1,2,4~5-tetraazaspiro[5.5]~ 

undec-2,4-diene (Vii): 1H NMR (DMS0-06) o: 9.05 (s, 1H, NH), 7.62-7.17 (m, 
10H, Ar-CH), 2.05-1.22 (m, 9H, cyclohexane protons), 0.94 {s, 3H, CH3 at 
cyclohexane). 13C NMR (DMSO-d6) o: 158.6 (C=O amide), 136.6 (C=N), 141.5-
125.0 (Ar-C), 84.5 (spiro carbon), 33.8, 31.4, 28.4, 22.7 (methyl-cyclohexane 
carbons). IR (KBr) v1cm·1: 1655 (C=O), 1598 (C=N). 

9-tertaButyl*1 -phenyl~3-r,nenyiaminocarbonyl-1,2,4,5·tetraazaspiroQ 
[5.5]t.mch=.tcm2,4-diene (Vij): H NMR (DMSO-d6) o: 9.10 (s, 1 H, NH), 7.66-7.21 
(m, 10H, Ar~CH), 2.05-1.10 (m, 9H, cyclohexane protons), 0.88 (s, 9H, tert-butyl 
group) . 13C NMR (DMSO-cl5) o: ·158.7 (C=O amide), 136.5 {C=N), 141.6-124.3 
(Ar-C), 84.9 (spiro carbon), 47.1, 35.8, 32.4, 27.6, 24.1 (tert-butyl-cyciohexane 
carbons). IR (KBr) v/cm·1: 1650 (C=O), 1594 (C=N). 

1-Phenyl-3-phenylam inocarbonylm1 ,2,4,5-tetraazaspiro[5.6]dodec-2,4-
diem~ (Vlk): 1H NMR (DMSO-da) o: 8.95 (s, 1H, NH), 7.85-7.20 (m, 10H, Ar-CH), 
2.45-1.62 (m, 12H, cycloheptane protons). 13C NMR (DMSO-d6) o: 158.5 (C=O 
amide), 136.7 (C=N), 141.7-124.6 (Ar-C), 8'7.7 (spiro carbon), 39.6, 28.4, 22.3 
(cycloheptane carbons). IR (KBr) v/cm··1: 1655 (C=O), 1596 (C=N). 

1 ·Phenyl-3-phenylam inocarbonylD 1,2,4,5~tetraazaspiro[5. 7]tridec-2,4~ 
diene (VII): 1H NMR (DMS0-06) o: 9.10 (s, 1H, NH), 7.60-7.20 (m, 10H, Ar-CH), 
2.52-1.43 (m, 14H, cyclooctane protons). 13C NMR (DMSO-d6) i.5: 158.4 (C=O 
amide), 136.5 (C=N), 139.7p126.6 (Ar~C), 86.9 (spiro carbon), 34.8, 31.1, 28.7, 
23.2 (cyclooctane carbons). IR (KBr) v/crrf1

: 1655 (C=O), 1593 (C=N). 
6-(4-ChlorophenylHH2-furoy~)-6, 7,9, 1 O-tetraazaspiro[4.5]dec*7 ,9-di~ 

ene (Vlib): 1H NMR (CDCb) o: 7.87-7.26 (m, 7H, Ar-CH), 1.95-1 .70 (m, 8H, 
cyclopentane protons). 13C NMR (DMSO-d6) o: 174.7 (C=O), 143.3 (C=N), 136.8-
115.9 (Ar-C), 86.6 (spiro carbon), 34.5 32.2, 23.2 (cyclopentane carbons). IR 
(KBr) v/cm-1

: 1665 (C==O), 1594 (C=N). 
1-( 4-Chlorophenyl)-3°(2nfuroyl)-1,2,4,5-tetraazaspiro[5.5]u ndec~2,4-di~ 

e11e (VIie): 1H NMR (CDCb) 5: 8.26~7.21 {m, 7H, Ar-CH), 1.84~1 .61 (m, 10H, 
cyclohexane protons). 13C NMR (DMSO-d6) o: 17 4.6 (C==O), 143.1 (C=N), 136. 7-
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116.1 (Ar-C}, 80.6 (spiro carbon), 32.6, 24.8, 23.3 {cyclohexane carbons). IR 
(KBr) v/cm·1

: 1660 (C=O), 1595 (C=N). 
6-(4-Chiorophenyl)-8m(2nthenoylH),1,9,10-tetraazaspiro[4.5]dec-7,9-di~ 

ene (Villb): 1H NMR (CDCb) o: 8.23-7.18 (m, 7H, Ar-CH), 1.92-1.67 (m, 8H, 
cyclopentane protons). 13C NMR (DMSO-d6) o: 174.6 (C=O), 143.4 (C=N), 136.7-
115.0 (Ar-C), 86.8 (spiro carbon), 32.4 23.7 (cyclopentane carbons). IR (KBr) 
v/cm·1

: 1665 (C=O), 1598 (C=N). 
1'"{4-Chlorophenyl)~3..(2~thenoyl)-1 ,2,4,5~tetraazaspiro[5.6]dodecn2,4-

diene (Vllld): 1H NMR ~CDCb) o: 8.21-7.16 (m, 7H, Ar-CH), 2.42-1.60 (m, 12H, 
cycloheptane protons). 1 C NMR (DMSO-d6) o: 174.6 (C=O), 143.2 (C=N), 136.6-
114.6 (Ar-C), 87.5 (spire carbon), 39.5 28.2, 22.5 (cycloheptane carbons). IR 
(KBr) v/cm·1

: 1665 (C=O), 1596 (C=N). 
1-(4-Chlorophenyl)-6,6..dimethyl~3-(2-naphthoyi)~1,6--dihydro-1,2,4,5~ 

tetrazine (!Xa): 1H NMR (CDCl3) o: 8.59-7.16 (m, 11H, Ar-CH), 1.41 (s, 3H, 
CH3), 1.39 (s, 3H, CH3 }. 

13C NMR (DMSO-de) 5: 187.5 {C=O), 135.5 (C=N), 
144.2-125.9 (Ar-C), 68.6 (spiro carbon), 22.6 (CH3) . IR (KBr) v/cm-1: 1645 (C=O), 
1595 (C=N). 

6-(4-Chf orophenyl)-8--(2-napthoyi)-6, 7,9,10-tetraazaspiro[4.5]dec-7 ,9-
diem~ (IXb): 1H NMR \CDC13) 5: 8.57-7.12 (m, 11H, Ar-CH), 2.10-1 .67 (m, SH, 
cyclopentane protons). 3C NMR (DMSO-ds) o: 187.4 (C=O), 135.4 (C=N), 144.0-
115.3 (Ar-C), 80.7 (spiro carbon), 31 .9, 23.5 (cyclopentane carbons). IR {KBr) 
v/cm·1

: 1646 (C=O}, 1598 (C=N). , 
1-(4-Chlorophenyl)-3N(2~naphthoyl}-1 ~2,4,5-tetraazaspiro[5.5]t.mdec~ 

2,4~ciiene (IXc): 1H NMR (CDCl3) o: 8.56-7.13 (m, 11H, Ar-CH), 2.15-1.58 (m, 
10H, cyclohexane protons). 13C NMR (CDC'3) o: 187.5 (C=O), 135.5 (C=N), 
143.9-126.0 (Ar-C), 70.9 (spiro carbon), 30.8, 25.8, 22.6 (cyclohexane carbons). 
IR (KBr) v/cm-1: 1648 (C=O), 1597 (C=N). 

1-(4-Chlorophenyl)<~-(2-m11phthoyl)"1,2,4,5-tetraazaspiro[5.6]dodec-
2,4-diene (l.Xd): 1H NMR (CDCl3) o: 8.58-7.24 (m, 11H, Ar-CH), 2.35-1 .65 (m, 
12H, cycloheptane protons). 13C NMR (CDCl3) o: 187.1 (C=O), 135.6 {C=N), 
144.5-119.6 (Ar-C}, 85.3 (spiro carbon), 39.4, 31.2, 28.3, 22.6 (cyc!oheptane 
carbons). IR (KBr) v/cm·1

: ·i645 (C=O), 1593 (C=N). 
1 -( 4-Chlorophenyi)-3-(2-naphthoyl)-1,2,4,5-tetraazaspiro[5.1]tridec-2,4~ 

diene (IXe): 1H NMR (CDCb) o: 8.56-6.98 (m, 11H, Ar-CH), 2.48-1.37 (m, 14H, 
cyclooctane protons). 13C NMR (CDC'3) o: 187.2 (C=O), 135.7 (C=N), 142.1-
114.7 (Ar-C), 84.9 (spiro carbon), 34.6, 30.8, 28.7, 23.4 (cyclooctane carbons) . 
IR (KBr) v/cm-1

: 1645 (C=O), 1594 (C=N). 
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4. CONCLUSION 

In conclusion, the results demonstrate that the nitrilimines react with 
hydrazone of aliphatic alkanones and cycloalkanone to give an acyclic addition 
product, which upon treatment with new catalyst (C/S/Zn) yielded the spiro 
heterocyclic compounds containing tetrazine moiety. 
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ABSTRACT 
Various substituted acetophenones on treatment. with iodine and thiourea yielded 2-

runino-4-( substituted-phenyl)-thiazole, which on further treatment with acetic anhydride 
generated N-(4-(snbstitutedphenyi)thiazol-2-yl)acetamide (J_-5). AU the synthesized 
compounds were characterized by their respective FTIR, 1 H NMR and mass data. 
Synthesized compounds (l, 2~ 3, 4, 5) when subjected to investigation for their 
antimicrobial activities i.e. antibacterial and antifongal studies against Staphylococcus 
aureus, Escherichia coli, Pseudomonas aeruginosa, Candida albicans, A.~:perigillus .fiavus 
and Asperigillus fumigatus by disk diffusion method, revealed that compound 2 deemed to 
be most potent with largest zone of inhibition. 

KEYWORJ)§: Thiazole, Acetophenones, Antimicrobial, Substituted Aldehydes. 

RESUMO 
Tmtamento de acetofononas substituidas corn iodo e tioureia levou a forrnavao de varios 

2-amino tiazois ··4- (fenilsubstituidos) . 0 tratrunento destes com anihidrido acetico gerou 
N-(4-fonilsubstituido)tiazol··2··H) acetamidas (1~5). Todos os compostos sintetizados foram 
carncterizados com tecnicas de infrave1mellio cmn transformadas de Fourier, RMN de 1H e 
espectrometria de massa. .As propriedades frm.aceuticas dos 
compostos 1,2,3,4 e 5 forarn avaliadas com Staphylococcus aureus, Ji,'.w:heriq_iq . r;,Q/i, 
!~w~~u(QY.fJJ2lJ.qt,;_qr::rJ!:?.i.!JJ.EW ... Ciindidq albican~. A§pergj]f.y._s !lavlf,~'.JtAsoetgi./ll.tJJ.u111jgatus .. 
0 composto 2 fr)i o mais potente. 

PALA Vl~A§ CHA VE; Tiazol, Acetofononas, A.!defdos Substitui.dos, Atividade 
Antimicrobiana. 
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INTRODUCTION 

Thiazole derivatives have attracted a great deal of interest owing to their anticancer 
activity1

"
3
, antibacterial activity4

, antifungal activity4
, anti-inflammatory activity4, 

antitubercular activity5, cardiotonic activity6
, antidegenerative activity on cartilage7 etc. 

Thiazoles are known to be allosteric enhancer of A1 adenosine receptors8 whereas other 
analogs are known to be inhibitors of protein phosphatases9. Heterocycle-bearing 
substrates are particularly desirable structures for screening and are prevalent in drugs that 
have reached the market pl.ace. 

The development of simple and general synthetic routes for widely used organic 
compounds from readily available reagents is one of the major challenges in organic 
chemistry. Therefore to meet the facile results of these tough challenges thiazole nucleus 
was being considered. Among the wide variety of heterocycles that have been explored for 
developing pharmaceutically molecules, thlazole derivatives have played a vital role in the 
medicinal chemistry. There are large numbers of synthetic compounds with tbiazole 
nucleus used for anticancer activities when properly substituted at 2·position. In view of 
these observations and in continuation to develop better and potent anticancer agents, some 
newer thiazole derivatives were synthesized. 

MATKRJALS AND METHODS 

Melting points were taken in open capillaries and are uncorrected. IR spectrum of 
compounds in KBr pellets were recorded on a FTIR-8400S spectrophotometer 
(SHIMADZU). 1HNMR spectra of the compounds were recorded on Bruker DRX 300 
NMR spectrophotometer in DMSO-d<.i using TMS as internal standard. Mass spectra of the 
compounds were recorded on MSN-9629 mass spectrometer. Elemental analysis was 
carried out on Elemental Vario EL HI Carlo Erba 1108. The purity of compounds was 
monitored by thin la ye!' chromatography. Thin layer chromatographic analysis of the 
compounds were performed on silica gel G coated glass plates using Chloroform: 
Methanol: Pet.Ether (9:1:0.5) as mobile phase. The spots were visualized by exposure to 
iodine vapours. 

Gene:ml method for the synthesis of 2~amhlo~4m(substituted~phenyl)~tliwofo 
Various substituted acetophenones (O.Olmol) were refluxed with iodine (O.OlmoI) 

and thiourea (0.02mol) for 9 hrs to get 2-amino·4·{substituted-phenyl)t.'1iazole. The solid 
obtained was washed with diethyl ether,, after which it was washed with sodium 
thiosulfate. Finally, it was washed with water and the residue was filtered, dried and 
recrystallized from distilled water. 

Gene~·an method for the synthesi§ of (J.~:5) 
Then, 2-amino-4-(substituted~phenyl)thiazole (O.Olmol) was refluxed vvith acetic 

anhydride (0.01moI) for 2lrrs. This led to the formation of N-{4··{substituted~ 
phenyl)thiazol-2-yl)acetamide (1-5). The final products were prnrified by recrystallization 
from etfomol. Physical data of compounds synthesized are summarized in Table~ l. 
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Table-1. Physical data of compounds (1n5) 

Compound R Molecular Mol. Yield m.p. (°C) I 

Formula Wt. (%) 

1 H C11 H10N20S 218.27 61 98-99 

2 pmchloro C11H9ClN20S 252.72 69 209~210 
-

3 p-bromo C11H9BrN20S 297.17 65 202-203 

4 p-hydroxy CuH10N202S 234.27 65 141-142 
------ -------· 

5 a-hydroxy C11H10N202S 234.27 70 115-116 

N-(4--phenylthiazol-2-yl)acetamide (1): UV A.max (Methanol): 232 nm. FTIR (K.Br): 
339.2.55 (N-H stretching), 2977.89 (aromatic C-H stretching), 2931.6 (C-H stretching of 
methyi), 1622.02 (C=O stretching), 1569.95 (C=N stretching), 1498.59 (aromatic C-C 
stretching), 690.47 cm-1 (C-S stretching ofthiazole). 1HNMR (DMSO-d6) li: 2.142 (s, 3H, 
CH3), 7.117 (s, lH, =C-H ofthiazole), 7.273-7.854 (m, 5H, Ar-H), 8.854 ppm (s, lH, NH, 
D20 exchangeable). ESI-MS: m/z (%) 219 (8) [M+lt, 218 (43) [Mt, 203 (40), 175 (100), 
134 (43), 133 (23). Elemental Analysis: Calcd for C11HrnN20S : C. 60.53; H, 4.62; N, 
12.83; S, 14.69. Found: C, 60.50; H, 4.63; N, 12.81; S, 14.68 %. 
N~(4-(4~chforophenyl)tb.iazol-2~yl)acetamide (2): UV Amar. (Methanol): 224 nm. FTIR 
(KBr): 3394.48 (N-H stretching), 2981.74 (aromatic C-H stretching), 2947.03 (C-H 
stretching of methyl), 1623.95 (C=O stretching). 1564.16. (C=-N stretching), 1492.8 
(aromatic C-C stretching), 746.4 (C-Cl stretching), 651.03 cm"1 (C-S stretching of 
thiazole). 1HNMR (DMSO-d6) o: 2.466 (s, 3H, CH3), 6.545 (s, lH, ;::;;C-H of thiazole), 
7.1 16~7.625 (m, 4H, Ar~H), 9.154 ppm (s, 1H, NH, D20 exchangeable). ESI-MS: m/z (%) 
254 (1'7) [M+2J\ 253 (6) {M+lt, 252 (46) [Mt°, 237 (32), 209 (100), 168 (42), 167 (22). 
Elemental lmalysis: Oiled for C 11H9ClN20S : C, 52.28; H, 3.59; Cl, 14.03; N, 11.08; S, 
12.69. Found: C, 52.27; H; 3.57; Ci, 14.02; N, 11.06; S, 12.71 %. 
N-(4-(4~bromopbenyl)thiazol-2~yl)acetamide (3)~ UV Amax (Metha.ttol): 225 nm. FTIR 
(KBr): 3417.63 (N<H stretching), 3029.33 (aromatic C-H stretching), 2993.32 (C-H 
stretching of mt~thyl), 1672.17 (C=O ~iretching), 1598.88 (C=N stretching), 1488.94 
(aromatic C-C stretching), 693.26 (C-S stretching of thiazole), 570.89 cm·1 (C·Br 
stretching). 1HNMR (DMSO~dr;) S: 2.763 (s, 3H, CH3), 6.967 (s, IH, =C-H ofthiazole), 
7.317-7.825 (m, 4H, Ar~H), 8.778 ppm (s, lH, NH, D20 exchangeable). ESI-MS: m/z (%) 
299 (43) [M+2J', 298 (8) [M+lt, 297 (42) [Mf, 282 (40), 254 (100). 213 (32), 212 (27). 
Elemental Analysis: Cakd for CuH9BrN20S : C, 44.46; H, 3J)5; Br, 26.89; N, 9.43; S, 
10.79. Found: C, 44.45; H, 3.01; Br, 26.87; N, 9.46; S, 10.80 %. 
N-(4m(4-hydroxyphenyl)thfalzo~-2--yi)acetamide (4): UV /'1nax (Methanol): 242 nm. F.fIR 
(KBr): 3558.42 (0-H stretching), 3406.05 (N-H stretching), 3048.29 (aromatic C~l-I 
stretching), 2923.88 (C·H stretching ofrnethyl), 1631.67 (C=O stretching), 1554.52 (C"~N 
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stretching), 1526.93 (aromatic C-C stretching), 675.04 cm·1 (C-S stretching of thiazole). 
11-INMR (DMSO··d6) 8: 2.228 (s, 3H, Clh), 4.955 (s, lH, OH, D20 exchangeable), 6.369 
(s, 1H, =C-H of thiazole), 7.296-7.658 (m, 4H, Ar-H), 8564 ppm (s, 1H, NH, D20 
exchangeable). ESI-MS: mlz (%) 235 (6) [M+l]\ 234 (28) [Mr", 219 (22), 191 (100), 150 
(20), 149 (14). Elemental Analysis: Calcd for CuH10N202S : C, 56.39; H, 4.30; N, 11.96; 
S, 13.69. Found: C, 56.40; H, 4.33; N, 1 l.98; S, 13.65 %. 
N-(4-(2-hyd.roxypbenyl)tbiazol-2-yl)acdamide (5): UV Amax (Methanol): 267 nm. FDR 
(KBr): 3555.6 (0-H stretching), 3408.42 (N-H stretching), 3046.05 (aromatic C-H 
stretching), 2926.05 (C-H stretching of methyl), 1633.88 (C=O stretching), 1554.07 (C=N 
stretching), 1523.96 (aromatic C-C stretching), 1291.67 (C-0 stretching), 673.68 cm-

1 
(C-S 

stretching ofthiazole). 1I-INMR (DMSO-d6) /J: 2.156 (s, 3H, CH3), 4.702 (s, 1H, OH, D20 
exchangeable), 6.911 (s, lH, =C-H of thiazole), 7.316-7.625 (m, 4H, Ar-H), 8.778 ppm (s, 
lH, NH, D20 exchangeable). ESI~MS: m/z (%) 235 (6) [M+ 1]\ 234 (28) [Mf, 219 (22), 
191 (100), 150 (20), 149 (14). Calcd for C11H10N20 2S : C, 56.39; H, 4.30; N, 11.96; S, 
13.69. Found: C, 56.37; H, 4.33; N, 11.98; S, 13.67 %. 

Antimicrobial activity 
The synthesized. compounds 1-5 were screened for antibacterial (S. aureus, E. coli, P. 
aeruginosa) and antifungal ( C. albicans, A. flavus, A. famigatus) activities by disk 
diffusion method at a concentration of 2 mg/mL using DMF as a solvent. The results were 
recorded in duplicate using Ciprofloxacin and Fluconazole as standards and are given in 
Table2 & 3. 

Table-2~ Antibacterial Activity of compounds (1-5) 

S. aureus 
Compounds 

Zone of Inhibition (mm) 

E.coli .P. aeruginosa 
f--------·-i-------f·-----+--------l 

1. 15.5 ± 0.00 17 ± 0.33 16 ± 0.00 

1-------·-+--------~-------+--·-------J 

2. 

3. 

21.5 ± 0.33 

19.7 ± 0.67 

20.5 ± 0.00 19.3 ± 0.00 

20.3±0.~~±0.3-; 
---·--!----

4. 16.4 ± 0.00 15±0.00 l5.5 ± 0.00 

--------!----- --!--
!5. 17.3 ± 0.00 

,___ ______ ,__ __ 
Ciprofloxacin 

DMF 

27±0.00 

17 ± 0.33 17 ± 0.67 

-::_ _:_7 ~0.00 j 
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Table 3. Antifungal Activity of Compounds (1~5) 

- --
Zone of Inhibition (mm) 

Compounds .--.----.-.-- --
C. alblcans A.flavus A. fumigatus 

1. 5.4 ± o_oo 5.0±0.00 6.5 ± 0.00 

-- --i--

2. 11-3 ± 0-33 12.5 ± 0.00 11±0.00 

--~ 

3. 10.7 ±0.67 9.3 ± 0.33 8.3 ± 0.33 

I--· -
4. 8.2 ±0.00 7.4 ± 0.00 8.0 ± 0.00 

,___ --
5. 8.3 ± 0.00 7.8 ± 0.00 8.7± 0.67 

--
Fhtconawfo 17 ± 0.00 16 ± 0.00 17 ± 0.00 

--
DMF - - -

~-- -----· --

RESULTS AND DISCUSSION 

Various substituted acetophenones reacted with iodine and thiourea to get 2-
Amino-4--(substituted-phenyl)-thiazole 10. Nextiy, the 2-amirto group of 2·Amino-4-
(substituted-phenyl)-thiazole was acetylated with acetic anhydride, which led to the 
formation of N-(4-(substitutedphenyl)thiazol-2-yl)acetamide (l-5) in moderate to good 
yields (Scheme- I). The FTIR spectra of compounds 1-5 exhibited bands in the region of 
3344.12-3417.23 cm·1 due to N-H stretching and in the region 1622.02-1672.46 cm-1 due 
to C=O stretching of amide. In 1H NMR spectra of compounds 1-5, one proton singlet 
appeared between 8 8.85~9.15 ppm was assigned to N-H proton which disappeared on D20 
exchange. 

The structures of the synthesized compounds were assigned on the basis of 
elemental analysis, 1 H NMR, l:;-TIR and mass spectral data and physical data. The 
synthesized compounds 1-5 were screened for antibacterial (S. aureus, E. coli, P. 
aeruginosa) and antifungal (C. albicans, A .. fl.avus, A. fumigatus) activities by disk 
diffusion method at a concentration of 2 mg/mL using DMF as a solvent. This revealed 
that compound 2 deemed to he most potent '\.vifu the largest zone of inhibition for both i.e. 
antibacterial activity and antifongal Activity. 
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SCHEME l; 

R=H (1) 
p-chloro (2) 
p-bromo (3) 
p-hydroxy ( 4) 
o-hydroxy (5) 

Reflux for 2 hrs 

R --
"-./... 

\ j 

(1··5) 

Where R = H~ p-chloro, p-bromo, p-hydroxy and o-hydroxy- group 
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ABSTRACT 
Biologically active phenyl indole and chloro phenyl indole derivatives were 
efficiently synthesized. The reaction of 2-phenyl-1H-indole A and 5-chloro-2,..phenyl
lH-indole B, with chloroacetylchloride yielded 2-chloro-1-(2-phenyl-IH-indol
lyl)ethanone 1 and 2-chloro-1-(5-chloro-2-phenyl-lH-indol-1-yl)ethanone 4 
respectively. Compound 1 and 4 on Friedal Crafts cyclization in presence of 
aluminium chloride and nitrobenzene yielded indolo[2,1 -a]isoquinolin-6(5H)-one 2 
and 10-chloroindolo [2, 1-a ]isoquinolin-6( 5H)-one 5 respectively, which upon 
hydrolysis afforded 2-(2-(lH-indol-2-yl)phenyl)acetic acid 3 and 2-(2-(5-chloro-1 H
indol-2-yl) phenyl) acetic acid 6 respectively. The newly designed compounds were 
characterized on the basis of spectral studies and screened for anti-inflammatory and 
anti-microbial activities. 
KEYWORDS: 2-phenyl-indole, 5-chloro-2-phenyl-indole, Friedal Crafts cyclization. 

RESUMO 
Derivados de fenil indol e clorofonil indol, hiologicamente ativos, foram sintetizados 
de maneira eficiente. A rea9ao de 2-fenil- lH-indol e 5-cloro-2-fenil-lH-indole com 
cloreto de cloroacetila seguida por cicliza9ao Friedel Crafts levou aos compostos 2 e 
5, respectivamnete, os quais depois de hidr6lise formaram 2-(2-(lH·indol-2-il)acido 
fenilacetico,3, e 2-(2-(5-cloro-lH-indol-2-il) acido fenilacetico, 6. Os compostos 
foram caracterizados e a atividade antiinflamat6ria e antimicrobial foram avaliadas. 
PALA VRAS CHA VE: 2-Fenil indol, 5-Cloro-2-fenil indol, Cicliza9ao Friedel Crafts 
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INTRODUCTION 

The statistical data provided that the global pharmaceutical market grew to 712 billion 
US dollars in 2007 at a rate of IO. 7% and is expected to grow to 929 billion US 
dollars by 2012, which consists of25.5 billion dollars ofNSAIDS market. The global 
anti-infective market is currently valued at 66.5 billion US dollars with antibacterial 
agents accounting for over 50% of sales. Indole and phenyl acetic acid derivatives are 
known to have potent anti -inflammatory (1), anti-microbial (2) and analgesic (3) 
activities. As per prospects of NSAIDS in global pharmaceutical market and literary 
evidences for activities associated with indoles, an attempt was made to generate 
novel potent anti-inflammatory and anti-microbial drugs by converting a 2-phenyl 
indole moiety A and 5-chloro-2- phenyl indole moiety B into some novel 2-(2-(lH
indol-2-yl)phenyl)acetic acid 3 and 2-(2-(5-chloro-lH-indol-2-yl) phenyl) acetic acid 
6. During this pathway of synthesis of 2-chloro-1-(2-phenyl- lH-indol-lyl)ethanone 1, 
indolo[2, 1-a]isoquinolin-6(5H)-one 2, 2-chloro-1-(5-chloro-2-phenyl-lH-indol
lyl)ethanone 4 andlO-chloroindolo [2,l -u)isoquinolin-6(5H)-one 5 were obtained as 
key intermediates. All the newly designed compounds were further characterized and 
evaluated for anti-inflammatory and anti-microbial activities. 

EXPERIMENTAL 

Melting points of newly designed compounds were determined in open capillary 
tubes. IR spectra were recorded (in KBr) on Perkin Elmer and IHNMR spectra on 
Bruker, SF 300 instruments. Purity of designed compounds was checked by TLC on 
aluminium sheets with silica gel 60 F254 (0.2 mm). 

2-cbloro-1-(2-phenyl-lH-indol-lyl)ethanone (1) 
To a solution of 2-phenyl- IH-indole A (0.01 mol) in methyl ,ethyl ketone, a solution 
of chloro acetyl chloride (in methyl ethyl ketone) was added dropwise on a magnetic 
stirrer. During the reaction to maintain the pH 8-9 a solution of sodium carbonate (in 
distilled water) was also added dropwise. The stirring was continued for further 75 
min. From the resultant mixture the organic layer was separated and subjected for 
distillation under reduced pressure. The obtained crude product was recrystallized 
from methanol to yield compound 1. 
IR (KBr, cm-1): 2916 (C-H of CH2), 3020 (C-H of aromatic ring), 1662 (C:::O of 
amide) 
1HNMR (CDC13, ppm): 4.88 (2H; s; CH2), 6.53 (lH; s; H3), 7.05-7.29 (3H; m; H5, H6 

& 1-4'), 7.31-7.46 (SH; m; H1, H2', H3', Hs', H6'), 7.6 (UI; m; H4) 

MS (rn/z): 269 (M+), 233, 76, 51 

indolo[2,1-a. ]isoqu.inolin-6(5H)-one (2) 
To a solution of2-chloro-1-(2-phenyl-1H-indol-lyl)ethanone 1 in nitrobenzene, lg of 
powdered aluminium chloride was added in small portions with simultaneous stirring 
for 15 min. The reaction mixture was further stirred continuously for l hr. The 
resultant mixture was transfened onto crushed ice to form a semisolid mass, which 
was subjected to distillation to remove nitrobenzene to get a solid product. The 
obtained crude product was recrystallized from methanol to yield compound 2 
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IR (KBr, cm-1): 2922 (C-H of CH2), 3045 (C-H of aromatic ring), 1668 (C=O of 
amide) 
1HNMR (CDC13, ppm): 3.66 (2H, s, CH2), 6.61 (lH; s; rh), 6.8-7.24 (5H; m; Hs, H6 
H3', I-Li', & Hs'), 7.29-7.67 (3H; m; I-Li, H5, H2') 
MS (m/z): 233 (M"), 76, 51 

2-(2-(1H-indol··2-yl)phenyl)acetic acid (3) 
A mixture of indolo[2,1-a.]isoquinolin-6(5H)-one 2 in ethanol and sodium hydroxide 
solution was refluxed for 6 hrs. The resultant reaction mixture was filtered and to the 
filtrate HCl was added drop wise to yield a solid mass. The crude product so obtained 
was filtered and recrystallized from methanol to yield 2-(2-(lH-indol-2-
yl)phenyl)acetic acid 3. 
IR (KBr, cm-1): 3447 (0-H of COOH), 3021 (C-H of aromatic ring), 2930 (C-H of 
methylene), 1721 (C=O ofCOOH), 
1HNMR (CDC13, ppm): 8.52 (lH, s, N-H), 3.42 (2H, s, CH2), 6.51 (lH, s, H3) , 6.82-
7.19 (5H; m; Hs, H6, I-h', H4', Hs'), 7.29-7.64 (3H, m; H2', H1, H4), 11.2 (lH, s, 0-H) 
MS (m/z): 251(M'),234, 233, 224, 206, 91, 76, 51, 45 

2-chloro-1-(5-chloro-2-phenyl-1II-indol-1yl)ethanone ( 4) 
To a solution of 5-chloro-2-phenyl-lH-indole A (0.01 mol) in methyl ethyl ketone, a 
solution of chloro acetyl chloride (in methyl ethyl ketone) was added dropwise on a 
magnetic stirrer. During the reaction to maintain the pH 8-9 a solution of sodium 
carbonate (in distilled water) was also added drop wise. The stirring was continued for 
further 75 min. From the resultant mixture the organic layer was separated and 
subjected for distillation under reduced pressure. The obtained cmde product was 
recrystallized from methanol to yield compound 4. 
IR (KBr, cm-1): 2919 (C-H of CH2) , 3028 (C-H of aromatic ring), 1664 (C=O of 
amide) 
1HNMR (CDC13, ppm): 4.92 (2H; s; CH2), 6.59 (lH; s; H3), 7.14-7.34 (3H; m; H5, H6 
& lit' ), 7.39-7.49 (5H; m; lh, H2', lh'. Hs', H6' ), 7.54 (lH; d;j=2.7, H4) 

MS (m/z): 303 (M+), 267, 76, 51 

10-chloroindolo [2,1-o: ]isoq uinolin-6(5H)-one ( 5) 
To a solution of 2-chloro-1-(5-chloro-2-phenyl-lH-indol-lyl)ethanone 4 in 
nitrobenzene, 1 g of powdered aluminium chloride was added in small portions with 
simultaneous stirring for 15 min. The reaction mixture was further stirred 
continuously for 1 hr. The resultant mixture was transferred onto crushed ice to form 
a semisolid mass, which was subjected to distillation to remove nitrobenzene to get a 
solid product. The obtained crude product was recrystallized from methanol to yield 
compound 5. 
IR (KBr, cm-1): 2930 (C-H of CH2), 3049 (C-H of aromatic ring), 1674 (C=O of 
amide) 
1HNMR (CDCB, ppm): 3.72 (2H, s, CH2), 6.68 (1H; s; H3), 6.94-7.28 (5H; m; H5, H{, 
H3', H/, & Hs'), 7.36-7.48 (2H; m; H5, H2'), 7.56 (lH; d;j=2.6, H4) 

MS (m/z): 267 (M-'), 231, 91, 76, 51 

2-(2-(5-chlo:ro-lH-indol-2-yi) phenyl) acetic acid (6) 
A mixture of 10-chloroindolo [2,l-a.]isoquinolin-6(5H)-one 5 in ethanol and sodium 
hydroxide solution was refluxed for 6 hrs. The resultant reaction mixture was filtered 
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and to the filtrate HCl was added drop wise to yield a solid mass. The crude product 
so obtained was filtered and recrystallized from methanol to yield 2-(2-(5-chloro-lH
indol-2-yl) phenyl) acetic acid 6. 
IR (KBr, cm-1): 3458 (0-H of COOH), 3028 (C-H of aromatic ring), 2942 (C-H of 
methylene), 1716 (C=O ofCOOH) 
1HNMR (CDCl3, ppm): 8.65 (lH, s, N-H), 3.52 (2H, s, CH2), 6.47 (1H, s, H3), 6.93-
7.14 (4H; m; H6, H/, H4', Hs') 7.32-7.38 (2H; m; H7, Eh') 7.62 (lH; d; J= 2.8, H4), 
11.35 (UI; s, 0-H) 
MS (m/z): 285 (M'), 268, 267, 258, 249, 240, 91, 76, 51, 45 

Biological activity 
The designed compounds 1, 2, 3, 4, 5, 6 were screened for anti-inflammatory activity 
by carageenan induced paw oedema method using distilled water as solvent. The 
results were recorded using indomethacin as standard drug and are given in table-II. 
The designed compounds 1-6 were also were screened for antibacterial and antifunga1 
activity using disk diffusion method. The results were recorded using amoxicillin and 
egriseofulvin as standard drugs respectively and are given in Table-III and Table-IV. 

RESULTS AND DISCUSSION 

2-chloro-1-(2-phenyl-lH-indoi-lyl)ethanone 1 and 2-chloro-1-(5-chloro-2-phenyl
lH-indol-1-yl)ethanone 4, prepared from 2-phenyl-tH-indole A and 5-chloro-2-
phenyl-lH-indole B respectively. The obtained compounds 1 and 4 when cyclized 
with aluminium chloride yielded indolo[2, 1-a] isoquinolin-6( 5H)-one 2 and l 0-
chloroindolo [2,1-a]isoquinolin-6(5H)-one 5 respectively, which on hydrolysis lead 
to potent anti-inflammatory 2-(2-(lH-indol-2-yl)pheny!)acetic acid 3 and 2-(2·-(lH
indol-2-yl)phenyl)acetic acid 6 respectively. The synthetic procedure for conversion 
of compound A to 3 and B to 6 is suggested in Scheme I and 2. Physical data of 1-6 
are given in Table I. The assigned structure, molecular formulae and the anomeric 
configuration of the newly designed compounds 1-3 and 4- 6 were further confirmed 
and supported by mass, lH-NMR and IR spectral data, based on occurrence of 
molecular ion peak of the assigned structures, downfield shifting of protons and 
different stretching bands of the compounds. The resultant compounds 1, 2, 3, 4, 5 
and 6 after characterizations were further screened for anti-inflammatory and anti
microbial activity (data given in Table-II, III and IV). 
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SYNTHETIC SCHEMES 
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Table I. Physical data of compounds 

--
Compound Physical Yield Molecular Mol. M .P. Rt 
No. characteristics (%) formula Wt. (oC) Value 

1 White crystals 
I 

82 C16H12CINO 269.73 205- 0.56 
206 

2 White crystals 76 C16H11NO 233.26 212- 0.42 
213 

3 White crystals 73 C16H11NO:i 251.28 228- 0.38 
229 

4 White crystals 74 C16H11ChNO 304.17 217- 0.52 
I 218 -

5 White crystals 68 C16H10CINO 267.71 223- 0.46 
224 

6 White crystals 64 C16H12ClN02 285.72 231- 0.34 
232 

TABLE II-Anti-inflammatory activity of2-pheny1 indole and S-chloro-2-phenyl 
indole derivatives on carrageenan-induced paw oedema in rats. 

Corn pd Paw volume in ml, mean ±SD(% inhibition of paw edema) 
20mg/p After lhr After 2hr After 3hr After 4hr 
0 

Control 0.880±0.01 79 0.886±0.0163 0.897±0.0151 0.885±0.0242 

Indome 0.368±0.0197 0.326±0.0163 0.290±0.0219 0.265±0.0350 
thacin (58.18%)* (63.2%)* (67.67)* (70.05%)* 
1 0.847±0.0242 0.833±0.0273 0.803±0.029 0.790±0.0452 

(3.75%) (5.98%) (10.47%) (10 .73%) 
2 0.840±0.0219 0.817±0.0151 0. 787±0.0350 0. 757±0.0234 

(4.45%) (7.78%) (12.26%) (14.46%) 
3 0.583±0.0408 0.557±0.0197 0.527±0.0350 0.503±0.067 

(33.75%)* (37.13%)* (41.24%)* (43.16%)* 
4 0.817±0.0388 0.793±0.0273 0. 773±0.0350 0.737±0.0151 

(7.15%) (10.4%) (13.8%) (16.7%) 
5 0.663±0.0344 0.647±0.0266 0.615±0.0253 0.595±0.0179 

(25.79%)* (27.2%)* (31.43%)* (32.95%)* 
,6 0.540±0.057** 0.515±0.0210** 0.395±0.0283** 0.325±0.0266* * 
l (38.63%) (41.8%) (55.96%) (63 .27%) 

*p<0.05 vs control, **p<0.01 vs control (n=6) 
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Table: III -Antibacterial-sensitivity testing of I-6. 

Antibacterial Activity l 
Com pd. -------·-· ___ J 

No. 
Zone oflnbibition (mm) 

S. aureus E.coli P. aeruginosa 

1 14.3 ± 0.33 18.3 ± 0.33 14.3 ± 0.33 

2 20.7 ± 0.67 12± 0.00 16.7 ± 0.33 

3 21.7 ± 0.67 16 ± 0.00 17.7 ± 0.33 

4 16.7 ± 0.67 18 ± 0.00 14.7 ± 0.67 

5 22.3 ± 0.67 17.7 ± 0.33 12 ± 0.00 

6 23 ± 0.00 18.3 ± 0.33 20.7± 0.33 

Amoxicillin 26± 0.54 25 ± 0.68 26 ± 2.4 

DMF - - -
- ---

111 All the values are expressed as mean ± SEM of triplicates 

Table: IV- Antifungai-sensitivity testing of 1-6. 

-
Antifungal Activity 

Com pd. 

No. 
Zone of Inhibition (mm) 

----
C. albicans A.flavus A. fumigates 

1 10.3 ± 0.33 8 ± 0.00 9± 0.00 
-· 

2 9 ± 0.00 11±0.00 10± 0.00 

3 10 ± 0.00 11±0.00 8 ± 0.00 

4 8 ± 0.00 11.7 ± 0.67 9± 0.00 

5 10.3 ± 0.33 12 ± 0.00 9.3 ± 0.33 I 
6 14 ± 0.00 13 ± 0.00 9 ± 0.00 

Griseofulvin 24± 0.00 25 ± 0.00 23 ± 0.00 

DMF - - -

e All the values are expressed as mean± SEM of triplicates 
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CONCLUSIONS 

After screening the designed compounds for anti-inflammatory and anti-microbial 
(anti-bacterial and anti-fungal) studies it was found that each compound 1-3 and 4-6 
possesses anti-inflammatory activity and anti-microbial activity to certain extent. 
Among the newly synthesized derivatives, compound 6 have shown significant 
(p<0.01) anti-inflammatory activity and was found to be almost equipotent to 
indomethacin when tested on rats. The compounds 3 and 5 have also shown 
significant (p<0.05) results. The other tested compounds 1, 2 and 4 have also shown 
anti-inflammatory activity to certain extent. Anti-microbial (anti-bacterial and anti
fungal) screening revealed that among the newly synthesized derivatives, compound 6 
have shown the most significant anti-microbial activity when compared to standard 
drugs. Compound 5, 3 and 2 were found to have moderate activity while compound 1 
and 4 were found to have mild activity among the tested compounds. After 
comparing the anti-inflammatory activity, anti-microbial activity and structural 
configuration of compounds 1-3 and 4-6, it was concluded that the incorporation of 
chlorine in derived compounds enhances their activity. 
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GREEN INfHBITORS FOR CORROSION PROTECTION OF 
N80 CARBON STEEL IN lM HCl AQUEOUS SOLUTIONS 

ABSTRACT 

A.H.El-Askalany*a, S.LMostafa and A.M.Eid 

Chemistry Department, .Faculty of Science, 
Mansonra University, 33516 Mansoum, EGYPT 

The inhibitive action of Saponinic extract of both Zygophyl/um album and lygophyllum 
oegyptium leafs which could serve as eco-friendly materials wos investigated on the 
corrosion of N80 carbon steel in 1 M /-IC! solution . The techniques employed for study were 
weight loss measurements. potentiodynamic polarization. electrochemical frequency 
modulation iEFM) and electrochemical impedance spectroscopy (EIS}. The results 
obtained show that these extracts could serve as effective inhibitor for NBO corbon steel. 
rhe percentage inhibition increases with increosing concentrolion of the inhibitor at 25 °C 
The percentage inhibitor efficiency above 90% was obtained at concentration of 700 ppm 
for both extracts. The corrosion rates of steel and inhibitive efficiencies obtoined from 
impedance and polarization measurements were in good ogreement with those obtained 
from weight loss measurements. Potentiodynomic polarization studies clearly reveal f11at 
both extrocts act os mixed type inhibitor The study shows that the inhibition efficiency 
decreased with temperature rise of the medium. Heat of adsorption (flHod,) and 
thermodynamic parameters (flG} and (flS) indicated that the adsorption process is mainly 

controlled by physical adsorption process. 
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RESUMO 

A inlblr;:oo do corrosoo do ar;:o carbono NBO foi estudoda no presenr;:o de extrotos 
saponinicos de folhos de Zygophyl/um album e Zygophyllum aegypfium em solui;:oo 
oquosa de /-IC/. Forom usodas tecnicos de perda de peso. polariwr;:oo 
potenciodinomico. modulor;:oo do freqOencio eletroquimica e espectroscopio de 
impedoncio eletroquimico, Os resultados experimentais mostroram que os extratos soo 
eficientes no inibir;:oo do corrosoo. O processo de inibi<;:oo depende do concentror;:oo de 

extrato e do temperature, 
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1 -INTRODIJCTION 

Chemical inhibitors play an important role in the protedion and mitigation strategies for 
retarding corrosion ( 1), Most acid inhibitors are organic compounds containing nitrogen, 
oxygen and/or sulpher. These compounds are adsorbed on the metallic surface, 
blocking the active corrosion sites (2-5). Due to the negative effects of these compounds 
caused in the environment (6), the development of novel corrosion inhibitors of natural 
sources and non-toxic type has been considered to be more important and desirable 
(7), Some investigations hove been made recently on the corrosion inhibition properties 
of naturally occurring plant extracts. which have been reported lo have generally good 
inhibition efficiencies for carbon steel (8-16) and for other metals like tin ( l 7), copper ( 18), 
aluminum ( 19-20) and zinc (21). The aqueous extract of one of the plants under 
investigation (Zygophylium album) has been formerly investigated far X52 Mild Steel in 
sulfuric acid (22). However, the constituents that provide inhibitive action, the 
mechanisms and 1 he best condition for inhibition are still unclear. 

As a contribution to the current interest on eco- friendly, green, corrosion inhibitors, the 
present study investigates the inhibiting effect of saponin extracts of the leafs of 
Zygophyilum aegyptium, which grows in the deltaic Mediterraneon coos! of Egypt [23) 
and Zygophyllum olbum on NSO carbon steel corrosion in l M HCI . 

2. EXPERIMENTAL 

2 • 1. Preparation of plant extracts 
Zygaphyllum album and Zygophyllum aegyptium leaves which grow in the deltoic 
Mediterranean coast of Egypt were collected. These were crushed and extracted using 
methanol. The methanol crude extracts were partitioned against several solvents like 
petroleum ether. ethyl acetate and dichlaromelhane using a separatory funnel to get a 
high polar compound crude extract and passed through a diion column using methanol 
to get a moderate polar compound crude extract followed by the addition of acetone in 
order to get the crude saponien fraction . Plant extracts test solutions were prepared at 
concentrations of 50, l 00, 300, 500 and 700 mg/L. 

2.2. Specimen preparation 

Al metal was provided from the pipeline Casing of "Mansoura Petroleum Company, 
Mansoura Fields•' . Its chemical composition is (0.423) C. (0.203) Si, (1.03%) Mn, (0.012%) 
P, [0.0073) S, (0.0193) Cr, (0.002%) Ni, [0.005%) Ti, (0.043) Cu and Fe balance. Coupons 
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were cut into 2 x 2 x l cm dimensions used for weight loss measurements, whereas 

specimens with 1 x 1 x 1 cm dimensions, sealed by polyester resin, leaving a surface area 

of 1 cm 2 , were used as working electrode for polarization, EFM and EIS measurements. 
The surfaces of the sample were mechanically polished by grit silicon carbide paper 
progressively up to 1200 mesh, rinsed with acetone washed with bidistilled water and then 
dried before each experiment. 

2.3. Solutions preparation 
All chemicals and reagents were of analytical grade. A 1 M HCI stock solution was 
prepared by dilution of 373 HCI using distilled water. The concentration range of the 
employed extracts was varied from 50 to 700 mg/I. 

2.4. Weight loss measurements 
Weight loss study was carried out at 25, 35 & 45 °C for 3 hours time duration in HCI 
solution. The inhibition efficiency (IE) is determined by following equation: 

IE (I- [Wi I WIJ}) x JOO (l) 

Where Wo and w, are the weight loss values in absence and in presence of inhibitor. 

2.5. Polarization mea:wrements 

Potentiostatic polarization studies were carried out using a typical three-comportment 
gloss cell consisted of the Iron specimen as working electrode with an exposed working 
area of l .0 cm2 , saturated caiomel electrode (SCEj as a reference electrode and a 
platinum foil ( 1.0 cm2) as a counter electrode. The reference electrode was connected 
to a Loggin capillary to minimize IR drop. The cells were under athmospheric conditions 
without stirring and at the room temperature. All potential values were reported versus 
SCE. Prior to every experiment, Tafel polarization curves were obtained by changing the 
electrode potential automaticoliy from -500 to 500 mVSCE at open circuit potential 
with a scan rote of 5 mVs-1. Stern-Geary method used for the determination of corrosion 
current is performed by extrapolation of anodic and cathodic Tafel lines of charge 
transfer controlled corrosion reactions to a point which gives log{ lcorr) and the 
corresponding corrosion potential (Ecorr) for inhibitor free acid and for each 
concentration of the used inhibitors. Then (icm) was used for calculation of inhibition 
efficiency and surface coverage (8) as below: 

%/E = (/- ficwr(inh)/ icorr(fi·ee) }) xJOO 
() =.l- {icorr(inh)/ icorr(free)} 

(2) 
(3) 

Where icorr (heel and icmc linhi are the corrosion current densities in the obsence and 
presence of inhibitor 
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2.6. Eleclrochemical impedance spectroscopy (EIS) 

Impedance meosuremenis were carried out in frequency range from 100000 Hz to 0.5 Hz 
with amplitude of 10 mV peak-to-peak using Ac signals at open circuit potential. The 
experimental impedance were analyzed and interpreted on the basis of the equivalent 
circuit. The main parameters deduced from the analysis of Nyquist diagram are the 
resistance of charge transfer Rct (diameter of high frequency loop) and the capacity of 
double layer Cd1 which is defined as: 

Cd! ~11 (2 Ttjinax Rel) (4) 
Where jinax, is the frequency at which the imaginrny component of the impedance is 
maximal 

The inhibition efficiencies and the surface coverage (0) obtained from the impedance rr1easurements are 
defined by the following relations: 

%IE - (!- fR"jR,.,]j x Jilli 

Oii ,/ll,c] 

(5j 

(6! 

are the charge 1rnnsfor resistance in the absence and presence of inhibitor, 

2. l. Electrochemical frequency modulation 

Electrochemical frequency modulation. EFM. was carried out using two frequencies 2 
and 5 Hz. The base frequency was 0. l Hz. so the waveform repeats a!ier l s. The higher 
frequency must be at least t010 times the lower one. Tr1e higher frequency must also be 
sufficiently slow that 1he charging of the double layer does not contribuie lo \he current 
response. Often. 10 Hz is a reasonable limit. The lnlermodulaHon spectra contain current 
responses assigned for harmonica! and Intermodulation current peaks. The larger peaks 
were used to calculate the corrosion current density {lcorr). the Tafel slopes (l)c and !)a) 
and the ca1Jsality factors CF2& CF3 

J. RESULTS AND DISCUSSION. 

3. l Weight loss measurements: 

The corrosion rote and inhibition efficiency for N80 carbon steel in 1 M HCI Solution at 25 
0 C. 35 °C and 45 °C in the absence and presence of the Zygophyllum album and 
Zygophyllum Aegyp1ium extracts are given in Table (1) and Table (2). It is indicated that 
inhibitions efficiency for N80 carbon steel increases with !he increase of the inhibitor 
concentration up to 89.323 for both Zygophyllum album and Zygophyllum Aegyptium at 
25°C. As the temperature increases the inhibition efficiency decreases. At 35 and 45 °C 
maximum inhibition efficiencies of 73.903 and 66.533 is observed for Zygophyllum album 
, but lor Zygophyllum Aegyptium extract the maximum inhibition efficiencies were 
85.293 and 73.933 obtained in 1 M HCI solution containing 700 ppm for both plants 
extracts. This indicates that Zygophyilum Aegyptium extract as a corrosion inhibitor has 
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more resistance for temperature changes than Zygophyllum album extrad. Figures ( l) 
and (2) represent the relation between weight loss and time in absence and presence of 
different concentrations of Zygophyllum album and Zygophyllum Aegyptium exlrads. 

Temperature 
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Table I. Calculated values of corrosion rate, inhibition efficiency, Surface Coverage for 
N80 Carbon steel coupons ln l M HC! solutions containing Various Cone. n ol 
Zygophyllum album. 
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Table 2. Calculated values of corrosion ro1e. inhibition efficiency, Surface Coverage ior 
N80 Carbon steel coupons in IM HCI solutions containing Various Cone. of Zygophyllum 
Aegypiium. 
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Fig. 1. Weight loss·time curves for the dissolution of N80 Carbon steel in the absence and 

presence of different concentrations of Zygophllum album at 25 °C 
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Fig. 2. Weight loss·time curves for the dissolution of N80 Carbon steel in the absence and 

presence of different concentrations of Zygophllum aegyptium at 25 °C 
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3.2 Potentiodyrmmic polarization 

The polentiodynamic polarization curves for Carbon steel (l'l80) in 1 M HCI solutions 
containing different concentrations plant extracts at 20 °C are shown in Figure 3 and 4. 
The intersection of Tatel regions of cathodic and anodic branches gives the corrosion 
current density (icorr) and the corrosion potential (Ecorr). Tables 3 and 4 show the 
electrochemical parameters (Ecorr, anodic and cathodic Tafel slopes, (la, (le. and icorr,) 
obtained from Tafel plots for the Carbon Steel (N80) alloy electrode in 1 M HCI solution 
in the absence and presence of different concentrations of investigated plant extracts. 

Inspection of Figures 3 and 4 sr1ow that the addition of plant extracts has on 
inhibitive effect in both anodic and cathodic parts of the polarization curves and the 
addition of plant extracts generally has no effect an the Ecorr value and also 
decreases icorr value compared to the uninhibited Carbon Steel alloy. Thus. addition of 
these inhibitors reduces the Carbon Steel alloy dissolution os well os retards the hydrogen 
evolution reaction. In oddition, parollel cathodic Tafel curves in Figures 3 ond 4 show that 
the hydrogen evolution is aciiva·rion-cantralled and the reduction mechanism is not 
offected by the presence of the inhibitor [24]. The anodic curves of NBO Corban Steel in 

l M HCI in the presence of plant extract show thot the tested compounds hove no 
effect at potential higher 1hon Ecorr, This behavior may be the result of significont 
Carbon Steel olloy dissolution leading to a desorption of the inhibiting layer. In this cose. 
the desorption rote of the inhibitor is higher thon its adsorption rate [25]. So, it could be 
concluded thot these compounds ore of the mixed-type but dominontly oct as a 
cothodic inhibitor {(lc>(la) for Carbon Steel alloy in l M HCI medium, which may be 
odsorbed on the cathodic sites of the Carbon Steel alloy and reduce the evolution of 
hydrogen. This limitation of inhibitory oction on cothadic domain is found by different 
researchers [26, 27]. The dato of Tables 3 and 4 revealed thot icorr decreases 
considerobly with increasing inhibitor concentration, while no definite trend was 
observed in the shift of Ecorr volues. The Tofel slopes show slight changes with addition of 
inhibitors. which suggests thot the inhibiting action occurred by simple blocking of the 
availoble cathodic and anodic sites on Carbon Steel allay surfoces. The dependence of 
3 IE versus inhibitor concentrotion is also presented in Tables 3 and 4. Tl1e obtoined 
efficiencies indicate these investigated plant extracts act os effective inhibitor. 
The order of decreasing inhibifion efficiency of the investigated compounds wos found 
to be: for Zygophllum extroct: Aegyptium >Album. 
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Figure 3. Po1entiodynamic polarization curves for Carbon Steel in 1 M HCI solution 
without and with various concentralions {50-700 PPM) of Zygophl/um album at 
2o·c. 
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Figure 4. Potentiodynamic polarization curves for Carbon Steel in 1 M HCI solution 
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Table 3. The effect of concentration the investigated Zygophllum Album on 
the free corrosion current density (icorr). corrosion potential (Ecorr) , Tofel slopes 
[pa& pc), corrosion rate ,degree of surface coverage (8) and inhibition 
efficiency [3 IE) for the corrosion of Carbon Steel in 1 M HCI ot 20' 

!concentration, 

.... ~-·---·~·-·~-"""~·-.-·-----r;;-"" 
. E I ~a. · ~c. ·1%lE I 

PPM 
icorr, 'l ~corr.. ; i VSCE dee- VSCE 
A cm-~ V vs.SCE j 1 dee- 1 

0 

~--·-
.. -·----~--- --·· 

!MHCl l .62E-03 -5.02E-O 1 0.1768 0.2012 -- --
1------

50 
J l .50E-

-4.62E-Ol 0.0781 0.1399 0.613793 6!.37931 
05 

"'""' -·-·--·~·-

_ ,, ___ __ ,, _ 
f---·--

100 7.41E-05 -4.43E-Ol 0.0732 0.133 0.845402 84.54023 
- -

300 5.89E-05 -4.SOE-01 0.0844 0.126 0.853448 85.344828 
c----- --~- - ------··--

500 5.92E-05 -4.59E-0 l 0.0896 0.1216 0.864368 86.436782 
~- --~--- - -- ___ ,,_ -
700 5.88E-05 -4.71E-Ol 0.0827 0.1112 0.914368 91.436782 

Table 4. The effect of concentration of the investigated Zygophllum Aegyptium 
on the free corrosion current density [icorr), corrosion potential (Ecorr) , Tafel 
slopes (po& pc), corrosion rate ,degree of surface coverage (8) and inhibition 
efficiency (% IE)for the corrosion of Carbon Steel in 1 M HCI at 20° 

, 
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3.3. Electrochemical impedcmce spectroscopy mea$ureme11ts: 

Electrochemical impedance spectroscopy provides a new method 1o 
characterize lhe film coverage on the electrode, which is related to charge transfer 
resistance [Rct). The interface capacitance can also be used to determine ihe film 
quality [28-32]. Ii is known that the coverage of an organic substance on the metal 
surface depends not only on the structure of the organic substance and the nature of 
the metal, but also on the experimental conditions such as immersion time and 
concentration of adsorbent. 
Figures 5 and 6 sr10w the Nyquist plots for Carbon steel (NBO) in l M HCI solution in the 
absence and presence of different concentrations of plant extracts at 25 ° C. All the 
impedance spectra were measured at the corresponding open-circuit potentials. The 
fact that impedance diagrams have an approximately semi-circular appearance shows 
that the corrosion of Carbon steel (NBO) in 1 M HCI is controlled by a charge-transfer 
resistance process. Small distortion was observed in some diagrams. This distortion has 
been attributed to frequency dispersion as a result of surtoce roughness. impurities. 
dislocotions. groin boundories. ond adsorption of inhibitors, formation of porous layers 
and in homogenates of trie electrode surfoce. Inspections of the do to reveal thot each 
impedonce diagram consists of a large capocitive loop with one copocilive time 
constant in the Bode phase plots -Figures (5-l &6-1 )·which was ossigned to presence of 
oxide film on the surface of Carbon Steel INBO) and its dielectric properties. The diometer 
of the copocitive loop increases with increasing concentration and were indicative of 
the degree of inhibition of the corrosion process, in oddition to the high frequency 
capocitive loop, the semi-circles rolled over and extended to the fourth quadrant, and a 
pseudo-inductive loop al low frequency end wos observed. indicating tr,at Fmadic 
process is taking ploce on 1he free electrode sites. This inductive !oop is generally 
ottributed to the odsorption of species resulting from the Corbon steel dissolution ond the 
odsorption of hydrog_en [33]: 

The electrical equivalent circuit model (Randles circuit) shown in Figure 7 was used 
to analyze the obtoined impedance dato. The circuit consists of the solution resistonce 
(Rs), the chorge-transfer resistonce of the interracial corrosion reoction (Rel) and the 

double loyer capacitance (Cdl). Excellent fit with this model was obtained with our 
experimental data. 

EIS doto (Tables 5 and 6) show thct the Rd volues increoses ond the Cdl volues 
decreases with increosing the inhibitor concentrations. This is due to the grodual 
replacement of woter molecules by the adsorption of the inhibitor molecules on the 
metol surfoce, decreosing the extent of dissolution reaction. The high (Rel) values, ore 
generally ossociated with slower corroding system. The decrease in the Cdl con result 
from the decrease of the locol dielectric constont ond/or from the increase of thickness 
of the elec1ricol double loyer [34], suggested thot the inhibitor molecules funclion by 
odsorption ot the metal/solution intertoce. 

The 3 IE obtoined from EIS meosurernents ore close to those deduced from 
polorizotion. it con be seen that the inhibition efficiency decreases in the order: 
Aegyptium> Album. 
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Figure 5. !~yquist plots recorded for Carbon Steel in 1 M HCI solutions without and 
with various concentraiions (50-700 PPM) of Zygophyllum Album at the 
respedive corrosion potentials and 20'C. 
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Figure (5- l j. Bode plots recorded for Carbon Steel in 1 M HCI solutions without 
and with various concentrations (50-700 PPM) of Zygophyllum Album at the 
respective corrosion potentials and 2o·c. 
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Table 5.Electrochemical kinetic parameters obtained by EIS technique for 
Carbon steel in 1 MHCI solution containing various concentrations of the 
investigated Zygophllum Album Extract at 2o·c . 
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Figure 6. Nyquist plots recorded for Carbon Steel in 1 M liCl solutions without and with various concentrations 
(50-700 PPM) ofZygopbyllum Aeb'Yptium at the respective corrosion potentials and 25"C. 
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Figure (6-1): Bode plots recorded for Carbon Steel in !M HCI solutions without and with various concentrations 
(50-700 PPM) of Zygophyllum Aegyptium at the respective cotwsion potentials and 25 ·c. 
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Table 5. Electrochemical kinetic parameters obtained by EIS technique for 
Carbon steel in 1 MHCI solution containing various concentrations of the 
investigated Zygophllum Aegyptium Extract at 25'C. 

Figure 7. Electrical equivalent circuit used to fit the impedance data. 

3.4. Electrochemical frequem::y mod1.1latiori measurements (EFM) 

The EFM is a nondestructive corrosion measurement 1echnique that can directly give 
values of the corrosion current without prior knowledge of Tafel constants. like EIS, it is a 
small signal ac technique. Unlike EIS. However, two sine waves (at different frequencies) 
are applied to the cell simultaneously. 

89 

Studying effect of addition of Zygophllum album and Zygophllum Aegyptium plant 
extracts on the Corrosion of (N80) Carbon steel. .Intermodulation spectra obtained from 
EFM measurements are presented in Figure 8 and 9 are examples of alloy in aerated l M 
HCI solutions devoid of and containing different concentrations of plant extracts at 25'C. 
Each spectrum is a current response as a function of frequency. The two large peaks are 
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the response to the 2 Hz ond 5Hz excitation frequencies. These peaks are used by the 
EFM 140 software package lo calculate the corrosion current and Tafel constants. 

The calculoted corrosion kinetic parameters at diilerent concentrations of the 
investigated extrocts in ! M HCI at 25 °C (icorr. f\a, fie. CF-2. CF-3 and 3 IE) are given in 
Tables 7 and 8. 

From Tables (7,8), the corrosion current densities decrease by increasing the 
concentration of investigated plant extracts and the inhibition efficiencies increase by 
increasing investigated plant extracts concentrations. The causality factors in Tables 
(7,8)are very close to theoretical values which according to EFM theory should 
guarantee the validity of Tafel slopes and corrosion current densities. Values of causality 
factors in Tables (7,8) indicate that the measured data ore of good quality. The standard 
values for CF-2 and CF-3 are 2.0 and 3.0, respectively. The deviation of causality factors 
from their ideal values might due to the perturbation amplitude was too small or the 
resolution of the frequency spectrum is not high enough also another possible 
explanation that the inhibitor is not performing very well. It con be seen that the inhibition 
efficiency slightly decreases in the order: Aegyptium > Album. The obtained results 
showed good agreement of inhibition efficiency obtained with the Potenliodynamic 
polarization, EIS and EFM methods . 
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Figure 8. Intermodulation spectrum for Carbon steel in 1 M HCI solutions without 
and with various concentrations (50-700 PPM) of Zygophyllum Album at 25°C 
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r CocoeCtiati ''°" 1!;-r-;::~1 coO;olit COC10lii[c~181 % IE I 
'. ;:';~- ";,~:J_· ~; . -~~;. , :~!:°' ~JgJ'.oc I :~ - I .. _J 

---

50 36 1.8 0.0161 0.1022 L87 4 2.978 , 165.3 o.547 I 54.7 

100 274.3 0.0585 0.0798 1.439 1.155 125.3 o.657 I 
' 

300 215. l 0.0746 0.1127 1.891 3.067 98.31 0.731 

500 172 0.0935 0.1087 1.592 2.685 78.6 0.785 

700 126.5 0.0806 0.0984 1.926 4.218 57.8 0.842 

Table 7. Electrochemical kinetic parameters obtained by EFM technique for 
Carbon Steel in 1 M HCI solutions containing various concentrations of the 
investigated Zygophyllum album plant extract at 2s·c. 
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Figure 9. Intermodulation spectrum for Carbon steel in 1 M HCI solutions without 
and with various concentrations (50-700 PPM) of Zygophyilum aegyptium at 
25°C. 
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Concentrati icon, f'\o, ·---~~-----Causality I causaii11 CR. 
mVscE mVscE Factor (2) 1 y Factor I mpy 

8 %IE 
on, PPM µA cm2 

dee~·-'-"---"d""ec 1 
. . .. ·~ @L__j.. ___ ._,_ _ _... __ __.., ----

1 M HCI 799.4 0.1012 0.1388- - 1 .559 
1

-2.014 I 365.3 - -

50 222.9 0.1039 0.1132 1.292 6.254 101.8 0.72 72.12 
12 

100 218.9 0.0871 0.1312 1.914 3.142 100 0.72 72.62 ' 

300 
-------l-'-=--J---

200.8 0.1220 l .807 ' 

500 151.3 0.1021 0.1161 1.957 

700 
I 

123.6 I 0.1077 0.1599 1.932 3.97 i 56.47 Oo;4 84.54 

l ~ . 
L-------'-·--..... -~ .... -~·-·- -···---·-~--~· ·-·--,--~-·-- __ ,,,,_, ___ , ___ ~··-~·-·-- _,_c....... __ .., _____ _] 

Table 8.Electrochemical kinetic parameters obtoined by EFM technique for 
Carbon Steel in 1 M HCI solutions containing various concentrations of the 

investigated Zygophyl!um aegyptium plant extract at 25'C 

3.5. Adsorption isotherms: 

(it is generally assumed thot the adsorption of the inhibitors on the metal surface is the 
essenHal step in the inhibition mechanism [49]. To determine the adsorption mode, 
various isotherms were tested and the Langmuir mode was the best Fitted, given by Eq. 
(7) [35]: 

GI 1· 8 = l(a C (7) 

where 8 is the surface coverage, C is the inhibitor concentration (g/L) and Ka is the 
equilibrium constant ot adsorption process and is related to the standard free energy of 
adsorp1ion 6G0

ad' by !he equation: 

Ko= 1/55.5 exp H'>G0 acidRT) (8) 

The value of 55.5 is !he concentration of water in solution expressed in mole per liter, R is 
the universal gos constant and Tis the absolute temperature. The Weight loss results were 
used to calculate the adsorption isotherm parameters. The surface coverage 8 data are 
very useful while discussing the adsorption characteristics. The plot of Cl 8 vs. C for all 
investigated Compounds gave a straight line (Figure 10) characteristic of the Langmuir 
adsorption isotherm. The calculated 6G0 ads values, using 8), were also given in Tobie (9). 
6G expressed in kJ mol- l adsorbed. The negative values of 6G0 ad' ensure the 
spontaneity of the adsorption process and the stability of the adsorbed layer on the N80 
carbon steel surface. It is well known that values of 6G0 ods of the order of 40 kJ mol-1 or 
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higher involve charge sharing or transfer from the inhibitor molecules to metal surface to 
form coordinate type of bond {chemisorptions); those of order of 20 kJ mol-1 or lower 
indicate a physisorption. [36-39]. 
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Figure l 0 . Curve fitting of corrosion data for N80 carbon steel in 1 M HCI in the 
presence of different concentrations of Zygophyllum album and Zygophyllum 
oegyptium extracts to Langmuir adsorption isotherm at 25° C. 

ibitor 
I Langm~ir Isotherm 

K -D..G 0
ads I 

lnh 

llumalbum Zygophy 

Zygo 
aeg 

phyllum 
'ii::>iium 

0.04931 

0.0928 
I 

20.2968 17.02~~ 
10.7721 15.4922 

I 

Table 9. Equilibrium constant and adsorption free energy of the investigated 
compounds adsorbed on N80 carbon steel surface. 

The calculated L'.G0 ods values (Table 9) are less negative than -20 kJmol-1 
indicate, therefore, that the adsorption mechanism of the investigated extract 
on N80 carbon steel in 1 M HCI solution is typical of physisorption. 
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3.6. Effect of temperature and activation parameters of inhibition process; 

The influence of temperature on the corrosion rote of N80 carbon steel in l M HCI in the 
absence and presence of a various range of the tested plant extrocts was investigated 
by the Weight loss technique in temperature range 25, 35 and 45 °C 
The dependence of corrosion current density on the temperature can be expressed by 
Arrhenius equation: 
i,,,,, ~A exp (-E,; I RT) (9) 
Where A is the pre-exponential factor and Ea" is the apparent activation energy of the 
corrosion process. Tobles ( 10& 11) showed that the value of Ea" for inhibited solution is 
higher than that for uninhibited solution. suggesting that dissolution of Al is slow in the 
presence of inhibitor. 11 is known from Eq. [9) that the higher Ea" values lead to the lower 
corrosion rate. 

Enthalpy and entropy of activation lbH*, Ll.S*) of the corrosion process were calculated 
from the tmnsition state theory -Tables (10& 1 ! ): 
Rate (icon) (RT/ Nh) exp [bS*/R) exp (-bH*/RT) (10) 
where his Planck's constant and i'i is Avogadro's number. A plot of log (icorr/ T) vs. l / T 
for /\I in 1 f,A HCI for the investigated extracts , gives straight lines as shown in Figure 
(I 2& i 4). Values of .61-1* ore positive. This indicates that the corrosion process is 
endothermic one Jhe entropy of activation is large and negative. This implies that the 
octivated complex represents association rather than dissociation step , indicating that a 
decrease in disorder takes place, going trorn reactants to the activated complex [57]. 
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Figure 1 l . log k (corrosion rate) - l /T curves for N80 carbon steel dissolution in l 
M HCI in the absence and presence of Various cone. Range of Zygophyllum 
album extract. 
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Figure i 2 . log k (corrosion rate) /T - l /T curves for N80 carbon steel dissolution in l 
M HCI in the absence and presence of Various cone. Range of Zygophyllum 
album extract. 

i -----~t-S=p=e=c=1-·_e_=s_~·=Z=y-g:o~-p=h=y=ll-u_-m~~a_--l_b~u=m========--~_ 
cone. * Ea , kJ mor Li.I:-(, kJ mar' -~S·. 

1 J moJ.1K.1 

l M HCI 5.92 

Table l O . Activation parameters of the corrosion of N80 carbon steel in 1 M HCI 
at various concentration ranges of Zygophyllum album extract. 
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Green Inhibitors for Corrosion Protection of Carbon Steel 
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Figure 13. log k (corrosion rate) - l /T curves for N80 carbon steel dissolution in l 
M HCI in the absence and presence of Various cone. Range of Zygophyllum 
Aegyptium extract. 
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Figure 14 . !og k (corrosion rate) /T - 1 /T curves for N80 carbon steel dissolution in 1 
M HCI in the absence and presence of Various cone. Range of Zygophyllum 
Aegyptium extract. 
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cone. 

~P:~i~;~Zy~~~hyllum Aegyptium l 
Ea 'ld mor t.H' kJ mor' -tiS•, ' 

1 ' J1nol-1K~ 

lMHCI '-------- 5.92 3.56 40.16 

' .~EE'r:n 3.49 3.01 42.99_ 

~n 3.45 2.97 43.?£._ 
PPrr1.-~._--1:9_L_ . 4.43 __ 38.93 

I 35.13 L.200 PP'Il_____~-- 6.23 __ t 5.Z§_ 
Lz'QQJ22.m 8.80 8.32 I 27.33__J 

Table 11 . Activation parameters of the corrosion of N80 carbon steel in 1 M HCI 
at various concentration ranges of Zygophyllum Aegyptium extract. 

GENERAL CONCLUSIONS 

Zygophyllurn album and Zygophyilurn aegyptium extracts ocls os inhibitors for t'-180 
corbon steel corrosion in l M HCI solution. The corrosion process is inhibited by adsorption 
of the extract species on the N80 corbon steel surfoce following the Langmuir isotherm. 
The resul·rs suggested the use of Zygophyllum Aegyptium as o corrosion inhibitor because 
it hos more resistance for temperature changes than Zygophyllum album extract. 
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RESUMO 

0 berilio e um elemento componente do Grupo 2 da Tabela PeriOdica dos Elementos, nlio 
cristaliza como um solido natural e exibe conccntra~ao geoquimica de 2,8 ppm na crosta terrestre, 
sendo considerado um elemento tra~o de baixa representatividade, juntamente com erbio e bromo. 
Apresenta alta reatividade quimica, muito embora apare~a com pouca freqiicncia nas substancias 
minerais, ocorrendo na composi~ao (tuimica de apenas 96 espOCies. Os principais minerais fonte do 
elemento, para a indUstria, silo berilo, bertrandita e, secundariamente helvita, crisoberilo, euclftsio, 
berilonita e fenaquita. Este artigo apresenta uma sinopse dos minerais em que berilio esta presente, 
constituindo uma contribui~ao a divulga~iio do conbecimento cientifico desses compostos. 

PALA VRAS-CHA VE: berilio, minerais de berilio, usos do berilio. 

ABSTRACT 

Beryllium is a chemical element component of tbe Gronp 2 of the Periodic Table of Chemical 
Elements. Its does not crystallize as a natural solid, and exhibits crustal abundance of 2.8 ppm. It is 
a chemical element among tbe trace elements with low representativity, together with erbinm and 
bromine. It shows a bigb chemical reactivity, and a low abundance in the chemical composition of 
minerals (only 96 minerals bave beryllium in their chemical compositions). The principal 
beryllium-bearing minerals for industrial usages are beryl and bertrandite, and secondary sources 
are helvite, cbrysoberyl, euclase, beryllonite, and phenakite. This review presents a synopsis of tbe 
beryllium-bearing minerals as a contribution to tbe scientific knowledge of these substances. 

KEY-WORDS: beryllium, beryllium-bearing minerals, uses of beryllium. 
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Minerals de Berilio 

1. INTRODUC,:AO 

A mineralogia descritiva, como ciencia geologica basica, vem sendo relegada 
nos iiltimos anos a um piano secnndario dentro das proprias universidades. Isso se 
deve, principalmente, ao fato de que as agendas de fomento exigem rapidos 
resultados e preocnpam-se majoritariamente com a ciencia aplicada, levando a 
ciencia pura a certo esquecimento1

• Assim, minerais com ponco volume na 
natnreza, mas importantes do ponto de vista cientifico, pela possibilidade de 
sintese de correspondentes indnstriais, ficam ponco conhecidos pela comnnidade 
farmacentica, quimica e geologica2

• 

Didaticamente, e de suma importancia viabilizar, aos discentes de ciencias da 
Terra, nma visiio ampla dos compostos qnimicos qne naturalmente apresentam 
cada um dos elementos quimicos em snas composi\'.iies. Isto pode ser sintetizado 
pela famosa frase do grande geocientista norte-americano Frederick H. Pough, ex
curador do American Museum of Natural History, qne apregoon que apenas a 
mineralogia pode funcionar como nm verdadeiro passatempo edncacional, por 
relacionar geografia, fisica, quimica e matematica em suas analises3

• 

Este artigo e uma continua\'.lio dos trabalhos descritivos sobre a mineralogia 
associada aos elemeutos da Tabela Periodica dos Elementos Quimicos. Ja foi 
publicada a mineralogia do hidrogenio, prata, cobre, ouro, dmmbo, platina, litio, 
uranio, elementos terras raras e arsenatos3

--
12

• 

0 trabalho visa a divulga\'.iiO cientifica das especies minerals que coutem 
berilio em suas composit;iies quimicas, com informal'.iies mais detalhadas sobre 
aquelas que apresentam iuteresse industrial, alem do teor do elemento e os 
sistemas cristalinos nos quais cristalizam as demais especies. Observa-se que siio 
informal,'.oes que geralmente encontram-se dispersas em bibliografia especializada 
e, muitas, de dificil acesso. Tambem e abordada a nomenclatura quimica destes 
compostos pela sistematica de Strnnz e Nickel13

• 

2. BERILIO E SUAS PROPRIEDADES 

Berilio (do Grego: [BEpuMo{j = beryllos ou [v.hu«u~j = glykys (doce), devido ao 
sabor adocicado de seus sais), cujo simbolo quimico e Be, e o metal alcalino-terroso 
(juntamente com magnesio, c:ilcio, estroncio, bario e radio) de menor raio atomico 
e o de meuor carater metalico. Apresenta colora\'.iO cinza, e duro, !eve, quebradii;o 
e solido a temperatura ambiente, formando cations divalentes. 0 berilio, na forma 
de fumos e po, e bastante toxico. Quando inalado, pode desenvolver uma patologia 
chamada berilose, qne se caracteriza por pneumocomioses e granuloses de varios 
tipos. Muitos compostos de berilio tambem apresentam altos indices de toxicidade 
e devem ser manuseados com muito cuidado14

• 
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Apesar de pertencer ao Grupo 2, assemelha-se cliagonalmente ao aluminio 
(Grupo 3), em funl,'.iio das semelhan~as nos tamanhos dos :Homos e ions. 0 berilio, 
ao contrario dos outros elementos alcalino-terrosos, forma uma serie de 
complexos, com numeros de coorclenai;ao quatro14·15

• 

E o quarto elemento da classifica~ao periiidica (Z = 4), tendo se formado 
juntamente com o litio, no resfriamento havido apiis o Big Bang, pela 
fragmentai;ao dos nucleos de atomos maiores, a partir de raios ciismicos, no 
processo de espala\'.iio. Assim como o litio, nao ocorre na materia do Universo, pois 
os nucleos de seus atomos sao muito frageis nao podendo resistir as altas 
temperaturas estelares16~38. Apresenta tres isiitopos (um estavel e dois instaveis). 0 
estavel e o 9Be (abundancia de 100% e massa atomica de 9,012 u). Os instaveis sao 
o 7Be (meia-vida de 53,28 dias e massa atomica de 7,017 u) e o 10Be (meia-vida de 
2,6xl06 anos e massa atomica de 10,013 u)19

• 

Na crosta terrestre apresenta abundancia geoquimica de 2,8 ppm, sendo 
considerado, entre os elementos-tra~o, como de baixa representatividade, 
juntamente com erbio e o bromo20

• 

Nao ocorre livre na Terra, sendo encontrado principalmente na composi~ao 
de minerais silicatados como berilo (Be3AliSi60 18), crisoberilo (BeA'204), fonaquita 
(Be2Si04), bertrandita (Be.Sh01(0H)2), helvita (Mn2

+ 4Be3(Si0.)3) e berilonita 
(NaBe3P04). As maiores reservas mundiais desses minerais encontram-se no 
Cazaquistao, Russia, Estados Unidos da America, Republica Popular da China, 
Alemanha, Canada e Brasi121

-
22

• 

0 berilio foi descoberto pelo farmaceutico e quimico Louis Nicolas 
Vauquelin113 (Figure 1), ao estudar oxido de berilo ea variedade mineraliigica 
esmeralda (Be3AliSi601s, com impurezas de cromio, em 1787. 

Figurl 1- Louis Nicolas Vauqueiin (v16.05.1763, Saint-Andre d' Hebertot -

tl4.H.1829, Saint-Andre d'Hebertot). 

10! 
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Entretanto, so foi isolado em 1828, pelo pedagogo e quimico alemao Friedrich 
Wiihler114 (Figure 2), precursor da quimica organica, a partir da reai:ao de 
potassio e cloreto de berilio. Em homenagem aos mesmos foram validados os 
minerais vauquelinite (Pb2Cu2+(Cr04)P04(0H))133, em 1818 e wiihlerite 
(Na2Ca4Zr(Nb,Ti)(Sh01)2(0,F)4)134, em 1843 

Figure 2- Friedrich Wohler (l:;t31.07.1800, Eschersheim t23.09.1882, Giittingen). 

Suas propriedades fisicas sao: numero atomico (Z) = 4; massa atomica = 
9,012182(3) u; cor: cinza-prateado; ponto de fusao: 1.560,00 K (1.296,85°C); ponto 
de ebulif,'.iio = 2.744,00 K (2.470,85°C); eletronegatividade de Pauling= 1,57; 
configurai;ao do atomo no estado fundamental = [He]2s2; estado fisico a 25°C e 1 
atm: solido; estado de oxidat;ao: 2+; composii;ao isotopica: 100% de 9Be, 7Be, 10Be; 
raio atomico = 105 pm, raio covalente = 90 pm, raio ionico = 41 pm (para NC= 4); 
densidade: 1,848 Kg.m-3; volume molar= 4,85 x 10-6 m3.mol\ estrutura cristalina: 
hexagonal de empacotamento compacto; primeira energia de ioniza\'.iiO = 898,80 
KJ.mor1; segunda energia de ioniza\'.iiO = 1. 757,10 KJ.mor1

; terceira energia de 
ionizai;lio = 14.848,70 KJ.mor1; calor especifico = 1.825 J.Kg-1K; entalpia de fusao 
= 12,20 KJ.mor1

; entalpia de vaporizai;ao = 292,40 KJ.mor1
; presslio de vapor= 

4.180 Pa; velocidade do som = 13.000 m.s-1
; condutividade termica = 201 W. m-1.K; 

condutividade eletrica = 31,6 x 106.m-1 ohm14
•
15·19·25. 

3. MINERAIS EM QUE BERILIO OCORRE .E SUA SISTEMATICA 

Ate 2008 (Back e Mandarino26
), apenas 86 minerais contendo berilio em suas 

composii;oes quimicas encontravam-se validadas pela IMA (International 
Mineralogical Association), sistematizadas nas seguintes Classes mineralogicas: 
silicatos 55 ( 9 ciclossilicatos, 4 filossilicatos, 12 inossilicatos, 14 nesossilicatos, 8 
sorossilicatos e 8 tectossilicatos), fosfatos e arseniatos (22), oxidos e hidroxidos (8) e 
boratos (3), perfazendo aproximadamente 2% do universo mineral. Apos 2008, 
foram validadas pela IMA, outras cinco especies: o carbonato niveolanita 
(niveolanite) NaBe(C03)(0H).2H20

26, e os silicatos bussyita-(Ce) (bussyite-(Ce)) 
((Ce,ETR)2(Na,H20)6MnSi~es(O,OH)30 (F)4 e eirikita (eirikite) 
(KNa6Bei(SitsA2)039F2) (filossilicatos), friedrichbeckeita (freiderichbeckeite) 
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(K(oNa)(Mgz)(Be:zMg)Si12030) (ciclossilicato) e alflarsenita (a{flasernite) 
(NaCa2Be3Si140 13(0H).2H20) 47~5t (tectossilicato), totalizando assim 91 especies. 

3.1. Sistematica 

103 

Segue Stmnz e Nickel13 e, seriio tecidas informa~iies mais detalhadas apenas 
aqnelas snbstancias mais importantes do ponto de vista industrial. 

a) Oxidos e Hidroxidos - aos oxidos correspondem compostos com confignral'.iies 
estmtnrais variaveis, desde coordena\'.li.O 2 ate 10, com os poliedros apresentando 
liga~lio com um cation metalico. Aos hidriixidos correspondem a presen\'.a de OlT, 
com on sem H20, ligado a nm cation metalico. 
Os minerais portadores de berilio nesta Classe slio: 

1. Crisoberilo (Chrysoberyf) BeAizO• sistema ortorrombico, massa molar= 
126,97 g.nwr1, com 7,10% de Be. Aspecto dos cristais: esverdeados a verdes
esmeralda, amarelos, castanhos; tabulares, prismaticos. Ocorrencias: pegmatitos 
graniticos. Associal'.iio mineraliigica: qnartzo, muscovita, albita, schorlita, berilo, 
topazio, albita, fluorita e fenaquita. Principais jazimentos: mina do Bode, Campo 
Formoso, Bahia e pegmatito de Padre Paraiso, Minas Gerais, Brasil; pedreira 
Oxford, Maine, Estados Unidos da America; mina Nyanda, Zimbabue. Usos: fonte 
secundaria de Be e material gemoliigico (variedades alexandrita e olho-de-gato ), 
fonte industrial de berilio. E um mineral-tipo do Brasil (Ara\'.uai, Minas 
Gerais ). 22

,3
2
,3

3 

2. Bromellita (Bromellite) BeO sistema hexagonal, massa molar= 26,01 
g.mor1, com 36,03% de Be. Aspecto dos cristais: incolores, brancos a amarelo
claros; prismaticos, tabuiares, agregados rosetiformes. Ocorrencias: veios 
hidrotermais (escarnitos e pegmatitos)34

• 

3. Ferrotaaffeita-2N'2S (Ferrotaajfeite-2N'3S) (Fe2+,Mg,Zn)3AlsBe018 -

sistema trigonal, massa molar= 470,24 g.mor1, com 1,72% de Be. Aspecto dos 
cristais: verde-claros; tabulares; Ocorrencias: pegmatitos35

• 

4. Magnesiotaaffeita-6N'3S (Magnesiotaaffeite-6N'3~} Mg2BeAl6012 - sistema 
hexagonal, massa molar= 426,60 g.mor1, com 1,90% de Be. Aspecto dos cristais: 
verde-oliva-claros; maci~os, platiformes. Ocorrencias: pegmatitos36

• 

5. Magnesiotaaffeita-2N'3S (Magnesiot1uiffeite-2N'2S) Mg;iBeAls016 sistema 
hexagonal, massa molar= 529,47 g.mor1

, com 1,63% de Be. Aspecto dos cristais: 
purpnra a esverdeados; arredondados. Ocorrencias: placeres alnviais37. 

6. Swedenborgita (Swedenborgite) NaBe4Sbs+01- sistema hexagonal, massa 
molar = 292, 78 g.mor1

, com 12,31 % de Be. Aspecto dos cristais: amarelo
acastanhados, incolores, amarelo-mel; prismaticos. Ocorrencias: escarnitos38

• 

7. Behoita (Behoite) Be(OH)2 - sistema ortorrombico, massa molar= 43,03 
g.mor1

, com 20,95% Be. Aspecto dos cristais: incolores, brancos, castanho-palidos; 
esfenoiclais, pseudo-octaedricos, granulares. Ocorrencias: pegmatitos e tnfos39

• 

VISIT OUR SITE: http://www.s~jchem.he.com.br 
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8. Clinobehoita ((Jinobehoite) Be(OH)2 - sistema monoclinico, massa molar 
43,03 g.mor\ com 20,95% Be. Aspecto dos cristais: incolores, brancos; agregados 
radiais, cuneiformes, platiformes. Ocorrencias: pegmatitos 40. 

b) Carbonatos - sao caracterizados por conterem complexos planares [C03r, 
ligados a cations metalicos. 
0 unico mineral portador de berilio nesta Classe e: 

9. Niveolanita (Niveolanite) NaBe(C03)(0H).2H20 sistema tetragonal, 
massa molar= 143,07 g.mor1, com 6,17% Be. Aspecto dos cristais: branco-nevados 
a branco-perlaceos; fibrosos. Ocorrencias: produto de altera1;ao da eudidymite 
(NaBeSb01(0H))27. 

c) Boratos - sao caracterizados com base na quimica do grupo, levando em 
considera~ao o numero de ions borato presentes na formula quimica (mono, di, tri, 
tetra-boratos e, assim por diante. 
Os minerais portadores de berilio nesta Classe sao: 

10. Berborita (Berborite) Be2(Be03)(0H).H20 (monoborato) - sistema 
monoclinico, massa molar= 112,35 g.mor1, com 16,04% Be. Aspecto dos cristais: 
incolores; cubos euedricos. Ocorrencias: escarnitos41. 

11. Londonita (Londonite) (CsBe4Al4(B11,Be)02s (megaborato)- sistema 
cubico, massa molar= 808,60 g.mor\ com 5,57% Be. Aspecto dos cristais: 
incolores, brancos, amarelos; cubos euedricos. Ocorrencias: cavidades miaroliticas 

. 42 em pegmat1tos . 
12. Rodizita (Rhodizite) (K BC4Al4(B11Be)02s (megaborato) - sistema cubico, 

massa molar= 778,83 g.mor1, com 8,10% Be. Aspecto dos cristais: iucolores, 
acinzentados, amarelos, branco-amarelados, brancos; dodecaedricos, tetraedricos. 
Ocorrencias: pegmatitos graniticos42. 

d) Fosfatos silo caracterizados por apresentarem anions [P04]3- isolados, com 
cations pequenos com NC = 4, meclios com NC= 6 e grandes com NC = 8, OU 

maior. 

13. Atendoita (Atencioite) Ca2(Fe2+)3Mg2BC4(P04)6(0II)4.6H20- sistema 
trigonal, massa molar= 1.060,05 g.mor1, com 3,34% Be. Aspecto dos cristais: 
castanbo-esverdeados; concre~oes esfericas. Ocorrencias: pegmatitos graniticos. E 
um mineral-ti po do Brasi143

• 

14. Babeffita (Babefphte) BaBeP04F- sistema trigonal, massa molar= 259,56 
g.mor1, com 3,34% Be. Aspecto dos cristais: brancos; graos anedricos achatados. 
Ocorrencias: placeres aluviais de regioes escarniticas44. 

15. Berilonita (Beryllonite) NaBe(P04)- sistema monoclinico, massa molar= 
126,97 g.mor1, com 7,10% de Be. Aspecto dos cristais: incolores, brancos a 
amarelo palidos; maci1;os, esfericos, fibrosos. Ocorrencias: pegmatitos graniticos 
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alcalinos. Associa\'.iio mineralogica: albita, berilo, herderita, lepidolita, ortoclasio, 
petalita, pollucita, quartzo e triplita. Principais jazimentos: montauhas Sugarloaf, 
Maine, Estados Unidos da America; Mont Saint-Hilaire, Quebec, Canada; lavras 
do Enio, em Galileia, da Ilha, em Taquaral e mina do Almerindo, em Linopolis, 
Min.as Gerais, Brasil. Usos: fonte secuudaria de berilio e material gemologico22

,3
3. 

16. Ehrleita (Ehrleite) Ca2ZnBe(P04)2(P030H).4H20 - sistema triclinico, 
massa molar= 480,04 g.mor1, com 1,88% Be. Aspecto dos cristais: incolores, 
b b I 0 A o Ot o o 45 . rancos; ta u ares. correncms: pegmat1 os gramt1cos . 

17. Faheyita (Faheyite) BeMu2+(Fe3+)2(P04)4.6H20- sistema hexagonal, 
massa molar = 664,98 g.mor1, com 2, 71 % Be. Aspecto dos cristais: branco
azulados, branco-acastanhados, brancos; fibrosos, rosetiformes, massas 
botrioidais. Ocorrencias: pegmatitos graniticos. E um minera-tipo do Brasil 
(Sapucaia, Minas Gerais )32'46. 

18. Fransoletita (Fransoletite) Ca3Bei(P04)2(P030H)2.4H20- sistema 
monoclinico, massa molar= 592,22 g.mor1

, com 3,42% Be. Aspecto dos cristais: 
incolores, brancos; .agregados setiformes. Ocorrencias: pegmatitos graniticos47. 

19. Glucina (Glucine) CaBe4(P04)2(0H)4.0,5H20- sistema monoclinico, 
massa molar= 343,11 g.mor1, com 10,51 % Be. Aspecto dos cristais: incolores, 
brancos, amarelo claros; concre'Yiies maci~as, arredondadas. Ocorrencias: 
depositos de fluorita 48. 

20. Greifensteinita (Greifensteinite) Ca2Be4(Fe2+)s(P04)6(0H)4.6H20- sistema 
monoclinico, massa molar= 343,11 g.mor1

, com 3,31 % Be. Aspecto dos cristais: 
incolores, brancos, amarelo claros; concrel'.iies maci\:as, arredondadas. 
Ocorrencias: pegmatitos graniticos49

• 

21. Gnimariiesita (Guimariiesite) CaiBeans(P04)6(0H)4.6H20- sistema 
monoclinico, massa molar= 1.107 ,66 g.mor1, com 3,25% Be. Aspecto dos cristais: 
castanhos; prismaticos, agregados botrioidais. Ocorrencias: pegmatitos graniticos. 
E um mineral-tipo do Brasil (ltinga, Minas Geraisf2'40

• 

22. Herderita (Herderite) CaBeP04] - sistema monoclinico, massa molar= 
163,06 g.mor1, com 5,53% Be. Aspecto dos cristais: brancos, amarelo
esbranquil'.ados, branco-esverdeados; prismaticos, tabulares, fibrorradiados, 
botrioidais. Ocorrencias: pegmatitos graniticos51

• 

23. Hnrlbutita (Hurlbutite) CaBe2(P04)2 - sistema monoclinico, massa molar 
= 248,05 g.mor1, com 7,27% Be. Aspecto dos cristais: incolores, branco
esverdeados, amarelos; prismaticos. Ocorrencias: pegmatitos graniticos52

• 

24. Mccrillisita (Mccrillisite) NaCs(Be,Li)Zr2(P04) 4.l-2H20- sistema 
tetragonal, massa molar= 753, 75 g.mor1

, com 0,90% Be. Aspecto dos cristais: 
incolores, branco-esverdeados, amarelos; bipiramidados. Ocorrencias: pegmatitos 

,. • 53 gra111t1cos . 
25. M.oraesita (Moraesite) Be2(P04)(0H).4H20- sistema monoclinico, massa 

molar = 202,06 g.mor1
, com 8,92 % Be. Aspecto dos cristais: bran cos; agregados 

crustiformes, acicnlares, tabulares. Ocorrencias: pegmatitos graniticos. E nm 
mineral tipo do Brasil (Galileia, Minas Gerais)32'46

• 
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26. Pahasapaita (Pahasapaite) Lis(Ca,Li,K)Be24(P04)24.38H20 - sistema 
ciibico, massa molar= 3.532,65 g.mor\ com 6,12% Be. Aspecto dos cristais: 
incolores, verde-amarelados, rosa claro; ciibicos euedricos. Ocorreucias: 

t . " 46 pegma 1tos gramt1cos . 
27. Parafransoletita (Parafransoletite) C113Be2(P04)2(P030H)2.4H20-

sistema triclinico, massa molar= 592,22 g.mor1, com 3,42% Be. Aspecto dos 
cristais: incolores, brancos; lanciformes. Ocorrencias: pegmatitos graniticos54

• 

28. Roscberita (Roscherite) Ca2(Mn2+):;Be4(P04)6 (OH)+ 6H20- sistemas 
monoclinico/triclinico, massa molar= 1.097,90 g.mor1, com 3,55% Be. Aspecto dos 
cristais: castanbo claros, castanho-escnros, verde-olivas, vermelbo-alaranjados, 
vermelbos; agregados psoliticos. Ocorrencias: cavidades miaroliticas em 

• ,. 55111 pegmat1tos gramticos ' . 
29. Ruifrancoita (Ruifrancoite) Ca2(0Mn)2(Fe3\Mn,Mg)4(Be4(P04)6· 4H20-

sistema ciibico, massa molar= 1.075,85 g.mor1, com 6,12% Be. Aspecto dos 
cristais: castanho-avermelbados; aciculares, agulhiformes, botrioidais. 
Ocorrencias: pegmatitos graniticos. E um mineral-tipo do Brasil33

• 

30.Selwynita (Selwynite) NaKBeZr2(P04)4.2H20- sistema tetragonal, massa 
molar= 673,96 g.mor1

, com 1,0% Be. Aspecto dos cristais: azul purpiireos; 
radiais, esteliformes. Ocorrencias: pegmatitos graniticos. E um mineral-tipo do 
Brasil36

• 

31. Uralolita (Uralolite) Ca2Be4(P04)3(0H)3.5H20- sistema monoclinico, 
massa molar= 542,22 g.mor1

, com 6,65% Be. Aspecto dos cristais: iucolores, 
brancos, branco-acastanhados; coucre~oes maci~as arredondadas. Ocorrencias: 
produto de alterai;iio da berilonita em pegmatitos37

• 

32. Viiyrynenita (Viiyrynenite) BeMn2+P04(0H) - sistema monoclinico, massa 
molar= 176,43 g.mor1, com 5,H % Be. Aspecto dos cristais: rosas, vermelbo 
rosados; prismiiticos, agregados granulares finos. Ocorrencias: produto de 
alterac;iio do berilo e da trifilita em pegmatitos38

• 

d) Silicatos - Classe mineralogica estruturada a base de tetraedros de silica [Si04)4-
' sendo as estrnturas classificadas segundo o gran de polimeriza~iio, com o 
compartilbamento dos tetraedros atraves dos vertices. 

di) Nesossilicatos - nessas estruturas os tetraedros de [Si04J4
- encontram-se 

isolados e encontram-se ligados uns aos outros por liga~oes ionicas atraves de 
cations intersticiais. 

33.Esferobertrandita (Sphaerobertrandite) Be3Si04(0H)z - sistema 
monoclinico, massa molar= 152,62 g.mor1

, com 17,07% Be. Aspecto dos cristais: 
amarelos, branco-acastanbados, brancos, cinzas; platiformes, acbatados, esfericos, 
agregados arredoudados. Ocorrencias: pegmatitos alcalinos e greisens39

• 

34. Euclasio (Euclase) BeAISi04(0H) - sistema monoclinico, massa molar= 
145,08 g.mor1, com 6,21 % Be. Aspecto dos cristais: azuis, incolores, brancos, azuis 
claros, verde claros; prismiiticos. Ocorrencias: produto de alterac;iio de berilo em 
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pegmatitos. Associal'.lio mineralogica: quartzo, feldspatos, micas, top:izio, berilo, 
calcita, ankerita e cloritas. Principais jazimentos: rio Sanarka, Montes Urais, 
Russia; Las Cruces, Chivor, Colombia; Ouro Preto, Minas Gerais e Brumado, 
Bahia, Brasil; Usos: material gemologico (variedade alexandrita), fonte industrial 
de berilio. E um mineral-tipo do Brasil (Ara\'.uai, Minas Gerais)32

,3
3

•
60

• 

35. Fenaquita (Phenakite) BezSi04 sistema trigonal, massa molar= 110,11 
g.mor', com 16,937% Be. Aspecto dos cristais: incolores, amarelo-gren:is, 
amarelos, rosas, vermelho rosados; prism:iticos, granulares, maci~os, fibrosos. 
Ocorrencias: pegmatitos e pl:iceres aluviais. Associa\'.iio mineralogica: berilo, 
crisoberilo, quartzo e apatitas. Principais jazimentos: Mount Antero, Chafee, 
Colorado, Estados Unidos da America; Mina Tokowaja, Miask, Montes Urais, 
Russia; M.ina de Socoto, Campo .Formoso, Bahia e depositos de Sao Miguel de 
Piracicaba, Minas Gerais, Brasil; Usos: material gemologico, foute iudustrial 
secund:iria de berilio 22

,3
3'61

• 

36. Gadolinita-(Ce) (Gadolinite-(Ce)) (Ce2Fe2+Be202(Si04)2}- sistema 
monoclinico, massa molar= 571,37 g.mor', com 5,98% Be. Aspecto dos cristais: 
pretos, castanhos; prism:iticos. Ocorrencias: pegmatitos sieniticos na zona de 
contato com basaltos e monzonitos62

• 

37. Gadolinita-(Y) (Gadolinite-(Y)) (Y2Fe2~e202(Si04)z)- - sistema 
monoclinico, massa molar= 467,85 g.mor1

, com 3,85% Be. Aspecto dos cristais: 
castanhos, verdes, preto-esverdeados, verde claros, pretos; maci\'.OS. Ocorrencias: 
pegmatitos ricos em elementos terras raras63

• 

38. Hingganita-(Ce) (Hingganite-(Ce)) BeCe(Si04)(0H) sistema 
monoclfnico, massa molar= 460,63 g.mor1, com 3,95% Be. Aspecto dos cristais: 
castanho-avermelhados p:ilidos; dipiramidados euedricos. Ocorrencias: cavidades 
miaroliticas em pegmatitos graniticos64. 

39. Hingganita-(Y) (Hingganite-(Y)) BeY{Si04)(0H) sistema monoclinico, 
massa molar = 433,65 g.mor\ com 4,30% Be. Aspecto dos cristais: verdes, 
castanho-amarelos, brancos, azul claros, amarelo claros; agregados que lembram 
feixes de trigo. Ocorrencias: gran6firos65

• 

40. Hingganita-(Yb) (Hingganite-(Yb)) BeYb(Si04)(0H)- sistema 
monoclinico, massa molar= 453, 70 g.mor1

, com 3,97% Be. Aspecto dos cristais: 
incolores; agregados esfericos, aciculares. Ocorrencias: pegmatitos amazoniticos66

• 

41. Liberita (Liberite) Li2BeSi04 sistema monoclinico, massa molar= 114,98 
g.mor1, com 7,84% Be. Aspecto dos cristais: castanhos, amarelo claros; agregados 
diminutos, as vezes com multiplos pinacoides. Ocorrencias: tactitos67

• 

42. Melifanita (Meliphanite) Ca4(J'l!a,Ca)~e~ISh024(F,0)4 - sistema 
tetragonal, massa molar= 241,15 g.mor', com 3,74% Be. Aspecto dos 
cristais:.incolores, amarelos, vermelho-amarelados, vermelhos; prism:iticos. 
Ocor.-encias: pegmatitos nefelina-sieniticos68

•
112. 

43. Minasgeraisita-(Y) (Minasgeraisite-(Y)) CaBe2 Y 2Siz010 sistema 
monoclinico, massa molar= 452,08 g.mor', com 3,99% Be. Aspecto dos cristais: 
violetas, lilases, purpuras; agregados lanciformes que lembram feixes de trigo. 

107 
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Ocorrencias: pegmatitos graniticos. E um mineral-tipo do Brasil (pedreira do Jose 
P . t J M' G . )32.69 tn o, ag11aru~u, 111as era1s - . 

44. Surinamita (Surinamite) MgJAhO(SbBeAl015) - sistema monoclinico, 
massa molar= 553,76 g.mor1, com 1,63% Be. Aspecto dos cristais: azuis, verde
azulados; platiformes. Ocorrencias: gnaisses milonitizados70

• 

45. Sverigeita (Sverigeite) NaBe2(Mn2l2SnSb012(0H) sistema 
ortorrombico, massa molar= 532,22 g.mor1

, com 3,39% Be. Aspecto dos cristais: 
amarelos; anedricos. Ocorrencias: rejeito de minera~iies71 • 

46. Trimerita (Trimerite) CaBe3(Mn2+)z(Si04)3 - sistema monoclinico, massa 
molar= 453,24 g.mor1, com 5,97'Yo Be. Aspecto dos cristais: incolores, vermelho
amarelados, rosas; prismaticos. Ocorrencias: veios hidrotermais associados a 
metamorfismo de contato e metassomatismo72

• 

dz) Sorossilicatos - nessas estruturas os tetraedros de (Si04]4- encontram-se 
dispostos principalmente em pares isolados, onde cada pare conectado ao outro 
por um atomo de oxigenio atraves dos seus apices. Nesta Subclasse a rela~ao Si:O e 
de 2:7. 

47. Aminoffita (Aminojfite) Ca3(.BeOH)2Sb010 - sistema tetragonal, massa 
molar= 416,52 g.mor1, com 4,33% Be. Aspecto dos cristais: incolores, vermelho
amarelados, rosas; prismaticos. Ocorrencias: veios hidrotermais associados a 
metamorfismo de contato e metassomatismo72

• 

48. Barilita (Barylite) BaBe2Sh01 - sistema ortorrombico, massa molar= 
323,52 g.mor1

, com 5,57% Be. Aspecto dos cristais: incolores, brancos, aznlados; 
prismaticos, tabnlares. Ocorrencias: cavidades miaroliticas de pegmatitos 

I I. " 1· . 't 73 a ca mos; neie ma s1em os . 
49. Bertrandita (Bertrandite) Be4Sh01{0H)2 sistema ortorrombico, massa 

molar= 238,23 g.mor1, com 15,13% Be. Aspecto dos cristais: incolores, amarelo 
palidos; prismaticos. Ocorrencias: prodnto de altera~ao de berilo em cavidades 
miaroliticas de pegmatitos graniticos. Associa~ao mineralogica: berilo, fenaqnita, 
herderita, turmalina, mnscovita, fluorita e quartzo. Principais jazimentos: 
pedreira Barbin, Loire, Fran~a; Val Vigezzo, Piedmont, Italia; pedreira 
Strickland, Middlesex, Connecticut, Estados Unidos da America; Mica creek, 
Queensland, Australia; Lavra da Golconda, Governador Valadares, Minas Gerais, 
Brasil. Usos: fonte industrial primaria de berilio 74

• 

50. Clinobarilita (C'linoharylite) BaBe2Siz01 - sistema monoclinico, massa 
molar= 327,37 g.mor1, com 5,42% Be. Aspecto dos cristais: incolores; agregados 
radias, platiformes a prismaticos. Ocorrencias: pegmatitos alcalinos75

• 

51. Gugiaita (Gugiaite) Ca2BeSii01 - sistema tetragonal, massa molar= 
257,33 g.mor1, com 3,50% Be. Aspecto dos cristais: incolores; prismaticos. 
Ocorrencias: escarnitos e melanitos 76

• 

52. Harstigita (Harstigite) Ca~C4Mn2+(Sh04)z(Siz07)2(0H)2 - sistema 
ortorrombico, massa molar= 885,97 g.mor1

, com 4,07% Be. Aspecto dos cristais: 
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incolores, brancos; prismaticos. Ocorrencias: veios hidrotermais de depositos 
'f 77 manganes1 eros . 

109 

53.Jeffreyita (.Teffreyite) (Ca,Na)2(Be,Al)Siz(O,OH)7 - sistema ortorrombico, 
massa molar= 255,30 g.mor1, com 2,65% Be. Aspecto dos cristais: incolores; 
platiformes. Ocorrencias: granitoides78

• 

54. Samfowlerita (Samfowlerite) Ca14(Mn3+)3Zn3Be2Bei;Sit40 52 (OH)6 -
sistema monoclinico, massa molar= 2.271,52 g.mor1, com 2,02% Be. Aspecto dos 
cristais: incolores, brancos; Ocorrencias: mineral de metamorfismo em depositos 

• .,. 79 zmc11eros . 

d3) Ciclossilicatos - nessas estruturas os tetraedros de [Si0}4- encontram-se 
conectados. Apresentam configura<;iies fechadas ( ciclicas) do ti po Siz09, Siz012 e 
Si401s. Nesta Subclasse a relac;lio Si:O e de 1:3. 

55. Almarudita (Almarudite) K(o,Na)z(Mn,Fe,Mg)2[(Be,Al)3Si12]030- sistema 
hexagonal, massa molar= 1.000,32 g.mor1

, com 1,86% Be. Aspecto dos cristais: 
amarelos, laranjas; dipiramidados. Ocorrencias: xenolitos em nefelina tefritos80

• 

56. Asbecasita (Asbecasite) Ca3(Be,B,Al)z((Ti,Sn,Fe)(As,Sb)6Siz020 - sistema 
trigonal, massa molar= 1.057,85 g.mor1, com 1,70% Be. Aspecto dos cristais: 
castanhos; romboedricos. Ocorrencias: ortognaisses81. 

57. Bazzita (Bai.zite) Be3(Sc,Fe3\lVIg)2Si61s .Nao,J2.nH20 - sistema hexagonal, 
massa molar= 564,46 g.mor1, com 4, 79% Be. Aspecto dos cristais: azuis, azul 
escuros; prismaticos. Ocorrencias: pegmatitos82. 

58. Berilo (Beryl) Be3AlzSi60ts - sistema hexagonal, massa molar= 537,50 
g.mor1, com 5,03% Be. Aspecto dos cristais: verdes, azuis, amarelos, incolores e 
rosas; prismiiticos, colunares, tabulares, granulares. Ocorrencias: pegmatitos 
graniticos e nefelina sienitos. Associa~lio mineralogica: ambligonita, cassiterita, 
columbita, espodumenio, feldspatos, mnscovita, lepidolita, quartzo, tantalita, 
topiizio e turmalina. Principais jazimentos: Nuristan, Laghman, Afeganistlio; 
minas de Muzo, Chivor, Boyacii e Coscuez, Co!Ombia; depositos do Monte Antero, 
Colorado, Estados Unidos da America; Distrito Pegmatitico de Governador 
Valadares, Minas Gerais, Deposito d.e Esmeralda de Santa Terezinha, Goiiis, 
depositos de Carnaiba e Socoto, Campo Formoso, Bahia, Brasil. Usos: fonte 
industrial primiiria de berilio e material gemologico (variedades esmeralda, 
goshenita, bisbita, morganita, heliodoro e iigua-marinha22

,3
3

'
83

• 

59. Friedrichbeckeita (Friedrichbeckeite) (K(oNa)(JVIgz)(BezMg)Si120 30) -

sistema hexagonal, massa molar= 982,67 g.mor1, com 1,68% Be. Aspecto dos 
cristais: amarelo claros; tabulares. Ocorrencias: xenolitos em rochas efusivas30. 

60. Hialotequita (Hyalotekite) (Ba,Pb,K)4(Ca,Y)2Si8(B,Be)2(Si,B)20 2sF2 -
sistema triclinico, massa molar= 1.474,06 g.mor1

, com 0,27% Be. Aspecto dos 
cristais: brancos, cinza perliiceos; macic;os, gran ulares. Ocorrencias: pegmatitos 
akalinos84

• 

61. Milarita (Milarite) KCa2(Be2AISh2)030.H20 2 - sistema hexagonal, massa 
molar = 1.980,55 g.mor\ com I,82 % Be. Aspecto dos cristais: incolores, bran cos, 
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branco-esverdeados, branco-amarelados; prismaticos. Ocorrencias: pegmatitos 
• • 1· . •t 85 gramt1cos, ap 1tos e s1em os . 
62. Odintsovita (Odintsovite) K2Na4Ca3TizBe4Si1203s - sistema hexagonal, 

massa molar= l.367,20 g.mor1, com 2,64% Be. Aspecto dos cristais: incolores, rosa 
claros, rosa-acastanhados; granulares. Ocorrencias: pegmatitos sienlticos alcalinos 

k I ·1·t . •t 86 
e a s1 1 a s1em os . 

63. Pezzottaita (Pezzottaite) CsLiBe2AbSi60 18 - sistema hexagonal, massa 
molar= 658,80 g.mor\ com 4,19% Be. Aspecto dos cristais: vermelhos, rosas; 
prismaticos. Ocorrencias: pegmatitos graniticos87

• 

64. Stoppaniita (Stoppaniite) (Fe3+)2(Be3Si60 18).H20 - sistema hexagonal, 
massa molar= 1.190,23 g.mor1, com 4,54% Be. Aspecto dos cristais: azul claros; 
dipiramidados. Ocorrencias: cavidades miaroliticas de ejetolitos vulcanicos88

• 

d4) Inossilicatos - nessas estruturas os tetraedros de [Si0}4
- encontram-se 

conectados em cadeias, compartilhando oxigenios com os tetraedros adjacentes. 
Essas cadeias simples unem-se lateralmente formando cadeias duplas. Nas cadeias 
simples a relai;iio Si:O e de 1:3 e nas cadeias duplas de 4:11. 

65. Bavenita (Bavenite) Ca4Be2AhSb026(0H)2 - sistema ortorrombico, massa 
molar= 931,22 g.mor1

, com 2,81 % Be. Aspecto dos cristais: brancos, verdes, rosas, 
castanhos; macii;os, lamelares, fibrorradiados. Ocorrencias: drusas em 

t 't 89 pegma l os . 
66.Chkalovita ( Chkalovite) Na2BeSh06 - sistema ortorrombico, massa molar 

= 207,16 g.mor1, com 4,35% Be. Aspecto dos cristais: incolores, brancos; 
granulares. Ocorrencias: pegmatitos alcalinos90. 

67. Epididimita (Epididymite) NaBe2Sb07(0H)- sistema ortorrombico, massa 
molar= 245,26 g.mor1, com 3,67% Be. Aspecto dos cristais: incolores, brancos, 
cinzas, amarelos, azuis; tabulares, macil;os, granulares, esferuliticos. Ocorrencias: 
pegmatitos nefelina sieniticos91 . 

68. Eudidimita (Eudidymite) Na2Be3Si601s.H20 - sistema monoclinico, massa 
molar= 245,26 g.mor1

, com 3,67% Be. Aspecto dos cristais: azuis, cinzas, 
amarelos, violetas; tabulares, maci\".OS, granulares, esferuliticos. Ocorrencias: 
pegmatitos nefelina sieniticos92. 

69. Hogtuvaita (Hogtuvaite) Ca4[(Fe2+)6)(Fe3+)6]04(SisBe2A!iOJ6] - sistema 
monoclinico, massa molar= 837,17 g.mor1, com 1,94% Be. Aspecto dos cristais: 
pretos; prismiiticos. Ocorrencias: gnaisses graniticos e pegmatitos maficos: 
pegmatitos nefelina sieniticos92

• 

70. Khmaralita (Khmaralite) M~(MgJAl9)04[SisBe2Als036] - sistema 
monoclinico, massa molar= 1.401,96 g.mor1, com 1,03% Be. Aspecto dos cristais: 
verde-escuros; agregados drusiformes. Ocorrencias: pegmatitos nefelina 
sieniticos93• 

71. Leucofanita (Leucophanite) NaCaBeSh06F - sistema ortorrombico, massa 
molar = 235,92 g.mor1, com 3,82 % Be. Aspecto dos cristais: bran cos, amarelo-
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esverdeados, amarelos, verdes claros; prismaticos, tabulares. Ocorrencias: 
t . I 1. Gs pegma 1tos a ca mos • 

72. Makarochkinita (Makarochkinite) Ca4[(Fe2) 8(Fe3+)2ThJ04(SisBe2Ah036] -
sistema trigonal, massa molar= 235,92 g.mor1, com 0,94% Be. Aspecto dos 
cristais: pretos; granulares. Ocorrencias: pegmatitos graniticos94. 

73. Mottanaita-(Ce) (Mottanaite-(Ce)) (CeCa)zAJBe2(Si~4022)02 - sistema 
monoclinico, massa molar= 1.007,13 g.mor\ com 0,72% Be. Aspecto dos cristais: 
castanho palidos; granulares. Ocorrencias: cavidades miaroliticas em sienitos 
I I

. 95 a ca mos . 
74. Piergorita-(Ce)- (Piergorite-(Ce)) CasCe2AILiSi6Bs036(0H)z - sistema 

monoclinico, massa molar= 1.498,89 g.mor1, com 0,22% Be. Aspecto dos cristais: 
incolores, amarelo palidos; aciculares. Ocorrencias: cavidades miaroliticas em 
ejetolitos vnlcanicos96. 

75. Sorensenita (Sorensenite) Na4Be2Sn(SiJB9)z.2H20 - sistema monoclinico, 
massa molar= 721,23 g.mor1

, com 2,50% Be. Aspecto dos cristais: incolores, 
branco leitosos, rosados; prismaticos, aciculares. Ocorrencias: nefelina sienitos44

• 

76. Tvedalita (Tvedalite) Ca4Be3Si6011(0H)4.3H20 - sistema ortorrombico, 
massa molar = 7 64, 79 g.mor1

, com 3,54 % Be. Aspecto dos cristais: brancos, cinza 
palidos, beges; acicnlares, esfernliticos. Ocorrencias: pegmatitos nefelina 
sieniticos97 

d5) Filossilicatos - nessas estruturas os tres dos quatro oxigenios existentes em cada 
nm dos tetraedros de (Si0]4

-, sao compartilhados com os tetraedros vizinhos, nnma 
rela\'.ao Si:O de 2:5. Quase que todos os minerais desta Classe contem OH em suas 
estrnturas. 

77. Bityita (Bityite) CaLiAl2(SizBeAl)01o(OH)2 - sistema monoclinico, massa 
molar= 387,16 g.mor1, com 2,33% Be. Aspecto dos cristais: branco-acastanhados, 
incolores, amarelos, branco perlaceos; platiformes, incrnstrai;oes. Ocorrencias: 
pegmatitos litiniferos98

• 

78. Bussyita-(Ce) (Bussyite-(Ce)) (Ce,ETR,Ca)3(Na,H20).,MnSi9Bes(O,OH)30 
F4 - sistema monoclinico, massa molar= 1.329,21 g.mor1, com 3,12% Be. Aspecto 
dos cristais: laranja rosado palidos; aciculares. Ocorrencias: pegmatitos nefelina 
. 't" 99 s1em ICOS • 

79. Eurikita (Eirikite) KNa6Be2(SitsAb).039F2- sistema hexagonal, massa 
molar= 1.359,26 g.mor1

, com l,33% Be. Aspecto dos cristais: brancos, cinza 
palidos, beg es; agregados radiais. Ocorrencias: pegmatitos nefelina sieniticos39

• 

80. Leifita (Leifite) Na7Be2(SitsAh)Q39(F,OH)2 - sistema trigonal, massa 
molar= 425,47 g.mor1

, com 1,48% Be. Aspecto dos cristais: brancos, incolores, 
brancos; prismaticos, aciculares. Ocorrencias: cavidades miaroliti.cas em 

t 't ., 1· 100 pegma 1 os a ca mos . 
81.. Nabesita (Nabesite) NaBeSi.010.4H20 - sistema ortorrombico, massa 

molar= 391,94 g.mor1
, com 2,30% Be. Aspecto dos cristais: incolores, brancos; 

platiformes. Ocorrencias: cavidade miaroliticas em albititos101
• 
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82. Telyushenkoita (Telyushenkoite) CsNa6Be2A'3Sits039F2 - sistema trigonal, 
massa molar= 1.433,11 g.mor\ com 1,28% Be. Aspecto dos cristais: incolores, 
b I 0 A • I .. 102 rancos: gram1 ares. correncms: morenas g ac1ms . 

d6) Tectossilicatos - nessas estruturas todos os oxigenios existentes em cada 
tetraedro de (SiO(, silo compartilhados com os tetraedros vizinhos, nnma rela~ao 
Si:O de 1:2. 

83. Alflarsenita (Alflarsenite) NaCa2Be3Si4013(0H).2H20 - sistema 
monoclinico, massa molar= 503,55 g.mor1, com 5,37% Be. Aspecto dos cristais: 
incolores; agregados. Ocorrencias: pegmatitos sieniticos31. 

84. Chiavennita (Chiavennite) CaMn[Be2SisOu(OH)2J.2H20 - sistema 
ortorrombico, massa molar= 531,51 g.mor', com 3,39% Be. Aspecto dos cristais: 
amarelos, laranjas, laranja-avermelhados; piramidados, agregados esferuliticos. 
Ocorrencias: pegmatitos sieniticos31. 

85. Danalita (Danalite) Be3(Fe2l 4(Si04)3S - sistema cubico, massa molar= 
558,74 g.mor1, com 4,84% Be. Aspecto dos cristais: castanhos, preto-acastanhados, 
amarelo-acinzentados, rosas, castanho rosados; maci~os. Ocorrencias: granitos, 
pegmatitos graniticos, escarnitos, gnaisses e cornubianitos103. 

86. Genthelvita ( Genthelvite) Be3Zn4(Si04)3S - sistema cubico, massa molar= 
596,91 g.mor\ com 4,53% Be. Aspecto dos cristais: verde-azulados, castanhos, 
incolores, verdes, amarelos, brancos; maci~os; tetraedros e tritetraedros. 
Ocorreucias: granitos alcalinos, cavidades miaroliticas de pegmatitos graniticos e 
sieniticos, escarnitos e greisens104

• 

87. Helvina (Helvine) Be3(Mn2+)4)Si04)3S- sistema cubico, massa molar= 
555,10 g.mor\ com 4,87% Be. Aspecto dos cristais: castanhos, amarelo
acastanhados, cinzas, verde-amarelados; maci~os, piramidados. Ocorrencias: 
pegmatitos e escarllitos105

• 

88. Usianghualita (Hsianghualite) LhCa3Be3(Si04]3F2 - sistema ortorrombico, 
massa molar= 475,40 g.mor1, com 5,69% Be. Aspecto dos cristais: brancos, 
incolores; trioctaedricos, dodecaedricos. Ocorrencias: granitos e ardosias106. 

89. Lovdarita (Lovdarite) Kz Na6Be4SiJ4036.9H20 - sistema ortorrombico, 
massa molar= 1.466, 77 g.mor1, com 2,39% Be. Aspecto dos cristais: incolores, 
amarelos, branco-amarelados, brancos; prismiiticos, radiados, esteliformes. 
Ocorrencias: pegmatitos alcalinos107

• 

90. Roggianita (Roggianite) Ca2BeAlzSi.013(0H)2.nH20 - sistema tetragonal, 
massa molar= 540,72 g.mor1, com 1,67% Be. Aspecto dos cristais: amarelos, 
branco-amarelados, brancos; prismiiticos, fibrosos, fibrorradiados. Ocorrencias: 
albititos108

• 

91. Tugtupita (Tugtupite) Na4'1eAISi40 12CI - sistema tetragonal, massa molar 
= 467,74 g.mor1, com 1,93% Be. Aspecto dos cristais: brancos, rosas, vermelho 
carmesins, verdes, azuis; prismiiticos, piramidados, esfenoedricos, biesfenoedricos, 
maci~os. Ocorrencias: sienitos e sodalita sienitos. Associa~ao mineralogica: albita, 
analcima, egirina, natrolita, chkalovite, epistolite, niobofilita, monazita, 
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rabdofanio, gerasimovskita, berilita, nenadkeviquite e micas litiniferas. Principais 
jazimentos: Tugtup, iutrusao lllmaussaq, Groenlandia, Territorio Ultramarino da 
Dinamarca; Monte Sengiscborr, Lovozero, Peninsula de Kola, Russia; Mount 
Saint-Hilaire, Quebec, Canada. Usos: material gemologico33

•
109

• 

4. OCORRENCIAS E USOS DE BERILIO 

Os minerais de berilio sao encontrados majoritariamente em rochas alcalinas 
insatm:adas em silica e em produtos residuais de magmas graniticos, 
principalmente em cavidades miaroliticas de corpos pegmatiticos. 

Sens principais minerais-fonte sao berilo e bertrandita e, secundariamente, 
helvita, danalita, crisoberilo, berilonita e fenaquita. Como materiais gemologicos, 
devido as cores e perfei"oes de sens cristais, destacam-se a fenaquita - incolor, 
rosa, amarelo, azul, castanho; tugtupita - branco, rosa, vermelho carmesim, verde, 
azul; berilo (variedades: goshenita - laranja, roxo, castanho, cinza, preto e 
incolor; bishita - vermelho; morganita - rosa; heliodoro - amarelo; esmeralda -
verde; agua-marinha - azul), berilonita - incolor, amarelo claro; crisoberilo 
(variedades: alexandrita - verde, violeta; olho-de-gato - verde, amarelo, cinza, 
com chatoyance), euclasio - incolor, amarelo, verde, azul; rodizita - incolor, 
branco, cinza, verde, vermelho, amarelo; taaffeita - incolor, vermelho, rosa, aznl, 

• 33 110 violeta, roxo · . 

No Brasil, as principais ocorrencias de minerais contendo berilio encontram
se nos estados de Minas Gerais (Almenara, Aracuai, Belmonte, Capelinha, Carai, 
ltabira, Conselheiro Pena, Coronel Murta, Galileia, Golconda, Governador 
Valadares, Hematita, Itinga, Jequitinhonha, Marambaia, Medina, Minas Novas, 
Salinas, Mucuri, Nova Era, Padre Paraiso, Pavao, Pomarolli, Rio Doce, Rubelita, 
Sabinopolis, Santa Maria do Itabira, Santa Maria do Sa\:ui, Santana dos Ferros, 
Santa Rita do Passaquatro, Sao Miguel de Piracicaba, Serro, Teofilo Otoni, Tres 
Barras, Urucum e Virgem da Lapa), Bahia (Brumado, Campo Formoso, Carnaiba, 
Encruzilhadas, ltambe, Macarani, Marota, Medeiros Neto, Prado, Salininha (Pilao 
do Arcado), Socoto, Teixeira de Freitas e Vitoria da Conquista), Paraiba (Alagoa 
Grande, Cristal, Juazeirinho, Picui e Soledade), Rio Grande do Norte (Carnauba 
dos Dantas, Cerro Cora, Currais Novos, Equador, .Tardim do Serido, Parelhas, 
Santo Antonio, Sao Tome e Tenente Ananias), Ceara (Cachoeira, Quixeramobim, 
Solonopole e Tana), Goias (Campos Verdes, Itaberai, Pirenopolis e Santa 
Terezinha), Sao Paulo (Itapecerica da Serra e Patrocinio Paulista) e Amazonas 
(Presidente Figueiredo). No mundo, as principais ocorrencias encontram-se nos 
Estados Unidos da America, Colombia, Afeganistao, Namibia, Mo"ambique, 
Paquistao, Republica da Africa do Sul, Republica Popular da China, Madagascar, 
Austria, Noruega, Uniao de Myanmar, Italia, Republica Tcheca, Russia, Sri Lanka 

Z. ba'b e21,22,110 e ~•m u . 
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5. CONCLUSOES 

Ate o momento existem 96 especies mineralogicas con ten do berilio. em snas 

composi~oes qnimicas validadas pela IMA. A bromellita e a qne apresenta a maior 
massa do elemento com 36,03%. Em sua grande maioria pertencem a Classe 
mineraliigica dos silicatos (59 especies), seguida dos fosfatos e arseniatos (22 
especies), 6xidos e hidriixidos (8 especies), boratos (3 especies) e carbonatos 
(somente uma especie), estando relacionados, em sua grande maioria, a zonas de 
granitiiides e pegmatitos alcalinos. 

0 berilio e um importante .elemento de aplicabilidade industrial 

(desacelerador neutronico em reatores nucleares, .ianelas para tubos de raios X, 
aumenta a resistencia em ligas metalicas, componente de girosciipios, liga para 
molas de reliigios e ferramentas antifaiscantes). Sens principais minerais-fonte siio 
berilo, bertrandita, helvita, danalita, crisoberilo, berilonita e fenaqnita. Um grupo 
significativo serve como material gemoliigico (berilo, crisoberilo, berilonita, 
euclasio, tugtupita, fenaquita, rodizita e taaffeita), alem de belas pe~as para acervo 
de museus. Os demais servem apenas como material de interesse cientifico e 

museoliigico. 

Entre os maiores portadores em massa do elemento temos a bromellita com 
36,03%, behoita e clinobehoita com 20,95% ea esferobertrandita com 17,07%. 
Muito embora contenham mais Be do que os minerais-fonte niio apresentam 
interesse devido a distribUi\'.aO pontnal de SCUS depiisitos. 
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