PROJECTOS DE INVESTIGACAO EM ELECTROQUIMICA
EM PORTUGAL

INTRODUCAG

Na Assemblels Geml di Secledatde Portugness de Blectroduimics reallrada mas
Agntelns, Algerve, por ocasifo do 30 Hncontro da Sociednde, fol nprovads umy
propoits de elaborsgio de um Guin sobre o investigagho em Eleciroguimics em

Portugal.

A metodologia  da resfizacds do Guis fei  distutids’ ne  Censellia
Adminisirative, Entendev-se que 0 Gua teria de ser precedido por am inquérito
e decddivse ue ese lixuériio seria hlmdn Hum questiomizip cliborado. de mode

e

- Conhecer oy objectives da {nvestigagio realizadi & o seu dmblie, (ndicado quer
pels bres dn electroquimica em que a investigagio s inserisne, guer pelo seu
relpcionAmEnto com colras Aress cientifices;

« Dbier uma descrigho somirie da mvestigegdo em cofso cm cadn um dos diversos
prejectos, hem  come infermaghe sobre o respectivon melos hbmaenos e
Atz

= Privilegisr respoatas por grupes de iovestigagiio sem contudo mmpedir rosposias
inividuals.

Uma ver preparade pegundo eates principios (ver o models anexo), foi o
guestiondrie distribuide de forma & garAdir o sea sleande nacional e a
assegurar que ele chegnase lambém o grupos de investijecds que, embora nhu
cultivassem a Electroguimion como dominio fundamental, o infegrossem no entjinio
como componenic significativa, Desic modo o questiondrio foi cnviado aos sdoios
poriugieses da Secledade e & 39 inmitulgdes, incluinde depariamentos =
instilgtos  universitivion onde de  auspeitava poder  exiatir  actividade de
mveshigagio em Eleciroquimica; diferentes departamentios do LNETT, o LNEC, o
INIC e a INICT.

Foram rgcebidas respostas de numeroens grapos cobrindo a mador parte dos
prefectos de investigagho om BElectrogqulmics em curso poo Pals, Lamentam-se
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algumas (felizmente muite puucas) nuslniiss de grupes yee nfe puderam oy
guiseram colsharar,

O atraso relativements 3 prasos cstnbelecldos com que foram enviadss grands
perte das teapostns dmpedii o aun publicaglo soh & forma de um Guin por ecatme
do 49 Epconto de Sociedade |l como estoven planesdo, Forem., como nma Sedsio
Comesmorativa do 3° aniversdrio da Sociedade, reahizada por ocasifio dosse mesmo
Enctntro, forum spresentadas andlises bistéricas detslhuday da evelugle du
Electroguimica naf Univerdidadeos de Coimbea, Litbons, Porto e Minhe, pareceuw ao
Consclho  Adminisitative que pe justificave a  publicegio das  miormagéen
reculhfdus no Ioquéeiio, epguante testemunhbos da realldadae acival, come wm
complements desans anstisei

Surgin ssyim & 28 papte dewte mimero da Poregalles Electrochimics Acta
comemorative do 59 aniversirio da Sociedade Portuguesn de Blectroquimica. Nels
1e incluem o modelo de guestionfirio onvinde s peisons ¢ grupos coolacisdos
durante o inquérite € as resposias reocbidas, agrupadas, segunde o tema, pav
inatituigdes, por sun ve: ordenadus de acords com n sun localizngio geogrilica,
de noric para sul do Pafs. Em cada insilivigo, gue ¢ devidamente identificads
{ com [ndicagio da morada complemm, ele), o respectivas  projectos  séo
mgrupados em teiis elentifices gerais ao dominiy da Blectraquimica.

Procuraussz  mprezentar com a maior fidelidade popuivel ma  resposias
reccbitdns que, na sun majorls, she aparesentsdas (al como foram redigidas pelos
auloies &, assim, 550 da sun inteirs responnahilidade.

Porém, nem lodes 85 rospostas obedeceram aos mesmus oilérios de projecto
ou de grupo, apresemtands diferentes graud de gensralidade e extensin. Aszim,
obtiveram-ze deosde respostny globain de um ceniro de investigagho com vinos
temes de Electroquimica em que ae fserem diversos projectos, até respostas
ceferentes 3 profectos especificon de um grupo eeatrito. Além dise, na
conitituigdo de certon grupod sio mencionados od colaboradores de oulros grupos,
atnds que pertencenies n diferentes inwbituigées (gue. no cnianio, sempre que
possivel, sho [ndicadas), engquanto que, noutrns casos, sho apenas menclonddos as
investigndores  directsmente slectod ae projecto o (nierides num a8 grupo
particalar. Qs prdprios timlos dos projectos Sprosentavam, por VeEes, uma
eacessiva generalilnde epgquante que outros oram demasiade pariiculares. As
disparidedes menciopndas lnvalidam, deddd loge, qualjuer possivel lentstivi parn
comporar a dimeniio on o valor cientifico don wirios projectos —o  qoe, alifs,
desinserir-tc-ia dos objectiven  deste trabalhp — ¢ levaram, em cortos casos; &
necessidade da adapingio das respostes recehides de mode 8 garantiy uma ceria
uniformidade de istematizacio. Porém, as alieragben introduzidas limitaram-se
tempre no mimmo  indispensdvel ¢ tradusiramoe de preferdnos —— o, sempe que
possivel, apds a concorddncin des responsdvels com guem se produrou estibeleses

==

diiilrgs — em pequiinas matas misrmativas ¢ na adaptacio dos tivdos,

As informuges sobre o frrojectos 11 A 34 foram coligidas o parils de
dados facultados pelo responsdvel da linhe de lovestigagio em gque aqueles se
imietem, Mo caso do tema 7.2, na ausincis de resposta directa ao questiondrin,
poblica-ie a informagho dispedivel contidi nos sumirios dos painéin de projecton
de investigagho apresentados aquando de eclebrogio do 59 Encontro dn Sociedsde.

Apesar das limitagdes ji releridas, penta-ic qoe meroceu o pena o esforgo
dispendido com a organizagio ¢ publicagho deste imguérito, Com efeito, este
trabalho ird contribuly certamente pura um melhor conhecimento mbtoo dow
inventigndores em Electroquimica porlugueses e poderd ¥z a wugerir ao fPuturo
calaboragtes fruluosms. Por outro lado, a sua pinsesds divulgagin no estrangeiro
garanirk gue & aciividade de brostiggio em Electrogufmica em Portugal venbu a
et melhor conhecids Internacionalmente, O Conselhe Adminisirative da Sociedude
Portuguesa de Eleclroquimics agradece por issa & todos wgueles que e dispoderam
n citl borar nesta imciatva,

O CONSELHD ADMINISTRATIVO DA
SOCIEDADE PORTLUGUESA DE ELECTROQUIMICA




SOCIEDADE PORTUGUESA DE ELECTROQUIMICA

Pradldanela

SEOE,
ICFRNTAESIN T OF (Ui EStRML IR |
FAZULDADE OF SERCiaE 1 ThEkauEa METITUTA EURTEIE mowcn
L IRUIDSE 1T COAWENA - 3000 CORMnne A MINYELD PAIE -1 LG 0w
TEE IEE I . L R R

Anauno: ll.ﬁ-ﬂﬁ;ﬂ de un Ouls de lnﬂuiri_.‘.p_ﬂ'n .uluuﬂu{-ifl e Portugal

fa prossecucan dus olijaetivos conmignados non tespactives Estatucss
[ncantivar & Inveseigacio clenelfics op slogtroquimics o prosoves o sstudo
@ o emaing di electroquinics, s=as aplicscdes & relacdes com owiras nimoias),
o Sociedade Portugness do Hlectroguimica nt.i empznbiada na proparegis do wm
guia wobrs & investigecdn efectuads em Toviugsl we desinic da Electrogquisica,
tmscominhe da qualideds v do vivacidade ¢a pusguisa ciengifice nagional mewta
jrea do conbacimente.

Pars o elelto, pretende efesrusr, sfraves do questicndrio smoxo, i Lewan
tasmite dulvel naclonel dow cicursos husausy snvolvidau o dos projectos = curss

qui intSpres umA gomponsnte aprecidvel (sinds gue pomas nao esr o fuondamental)
di bnveitigagdo = qualqusr fres cfentiflcs inmerids np deminio: lato da
Ml froquimicn.

0 Guin &w FrEparacit pormieicd win spresentacio sbhmiria da dsueatigacdo
naclenal em Eldctroguinics, a don seex investlgadores, stendendo alndd @ sus
Innnrgio san diversss Grasa désta Clincla e o posnivels Intersccoos com outfas

grias clonkifichs, sspecton smabed nic contomplodos oo Enconteos lensiflcos
ez que sao fundamentolmrnts apedpentodos os Gltimne seoultados, (nédltos,
cbeldos em estudos especilices,

A actividade do cada iovestigndor doverd ser inzegruda, de prafecencis
= sepre que poaxivel, na do grupe e prajests 4 qoe pertesde, peloogque ae
encoraja 4 m"uu em gruph, e ves de bndividusl, av guestiondris snexo, de
mods & evitaram-se ropeticies desnscasnirion e 8 cbtarse cma descricds
integrada ¢ melhor sistemscizada ds inyestigacdo nacional.

Dadn qua #p prezonda far 4 maxima divolsacis o eots patilicaghs, dando-a
® conhecer ndg @i g commidade oientlfica nagional come & imterneciomal ,
splicita-sr que @ reapeata ao questionarie seja dads es Forzugueés = em Inglas;

-7 -

de modo o pormicic ume edicdn pilingue o distrituic noo m ao Pate mes Eomim
por mumerogas Liboratdrion & centros de inveatigngio ow Elpetrogiinics o
sRtrangeire.

Cms vz pue @ pulilicacds desfe Culs devers intsgrar-ae nas scrividndus
de celehrapds dn 59 anlversSrio di o ledadd — deverds = sua idistribuicis
lrlelir-te durinte o pridise Eaesnies — pousivelsemite sd poderas sur sdmiti-
dui pirs publigsacée ae Formulitics preemehidoa (daceilogralndos) & envlados
ute = dita lmibe die 30 de Sweesbed de 1988, pard o Seceatirlio da Socledadat

Pl Gk Maliteivo
Departaesnto dv Quisica,
Tikvesnidade de Gotubrs,
3000 Coivren — Thinf. 2286

Hste eonvite & dirigide nde &3 f fedon an asshros di Aecledsde PaTtuguesa
dr Tlectraguinize, comn tanhds, com o pudido dnr ﬂw_&lal;;ﬂ. i rosiedades cim-
rificas afiom, aup diversos coutvon ds investigecda 2o INIC. & JNICT, aos
dcparrameneas (deiaicn, Heezfurping eic.) das yarian Gnivermidaden wm qus 2
Elovtredgeimion possa: ver aplicagin, ds inacicuighas {LAETT, wicy) & sus labora-

pOT oW mmoque e rasim drcareer dnvestigogio s Elsccroquinica.

AgTadfommdo antec ipadamente toda @ calabaraghn prestadd,, aprewnla o

srus s bhores oomprimontoas,
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INSTTTUICAQINSTITITION: Centro de Quimica Purs e Aplicats da Universidade do
Minhwy

Morada/Addeess' Universidade do Minbo, Largn do Pago, 4719 Hrags codex,
Telf. (053) 27007

DOMINIO() DA ELECTROQUIMICA/EL ECTROCHEMICAL AREAIyY:

- Eleatroguimica analitica [projects’ 1.1} Analytenl electtochemiitry [project
1)

= Bleetroguimien maolecuiar de composios orghnicos {projecto 1.3V Molesula:
elecrrochemmyiry of organic compounds (project 1.2)

- BEloetroquimicy moleculdr de compostos de coordenngho [projects 1.5 Malecular
slectrochemistry of coordination compounds (jroject 1.5)

< Baterlis.  Eleetrdlitos  poliméricos  (projecte 1L4) | Batterdes.  Polymeris
electroivies [project 1.4)

- Micraeléciradon (projecte 1.3 Microelectodes (poject 1.3)
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1.1 - ESTUDOS ELECTROQUIMICOS EM ANALISE E ESPECIACAQ
ELECTROCHEMICAL STUDIES IN ANALYSIS AND SPECIATION

CONSTITUICAQ DA EQUIPATEAM COMPOSITION

RESPONSAVEL/RESPONSIHLE TEAM MEMHER: JE Simao®
OUTROS MEMBROSOTHER TEAM MEMBERS: Henrique Margues Tavares

DESCRICAC DO PROJECTO/DESCRIPTION OF THE PROJECT

AREA CIENTIFICA PRINCIPAL e INTERACGAD com OUTRAS AREASMAIN
SCIENTIFIC AREA and INTERACTION WITH OTHER AREAS: Blcctroanilise

OBIECTIVOSIAIMS

Neste prejectn esluda-ae o interscgho das purine: com jdes de melois de
waasigho com interesse bioldgico, tende um dople objective: por um lada, lentar
eatlarecer o mecanizme bloldgico dos sstemas  fhe-menilico/purinns, 2, por
outtn, uliliear eases sislemps para & 'determinacio anslitica de purinas em fguas
it i

SUMARIOSUMMARY

Depols de fazer o estudo da imieracgio dos ides eobte enm a adenina, ssando
na récnicas da polsrografin de impulacs diferencial (DPP) e da veltametria
citlicn [publicages 1 e 2) n investigaghn inoidiv noa peguinies aspeoin:

- Delecgho  polarogrdfice de purines om Aguos oaturals tirando partido do
facto de m purinas complexarem prefercpcialmente com of i6ecs cobre (1) e
promeverem, assim, a redugho escalomads dos ibes eobre (1) O pico de redugio
do cobre (1) & proporcional & coneeniragio dm purina presenie. Estodaram-se
condigbes experimentais de pH, forgn ldnica € tempo de pré-conceniragdo. O

b Lttty de Avrsisdaadie uttho de 1909



limite de detecgio, gque & de 10°%M em DPP, atinge, com pré-concenirugio, o
watlor de 10°9M.

- Componamento polarogréfico do mstema cobre-cafning em meio sulfdrbie, Agu a8
redugho eseulonads do cobre na presengs de cafelna 36 e ghserva quando a
conceniraghs dests & lguol ou mmisr gue 10 vezed a concentragio do cobre. Em
vollamelrin ciclics, verifica-se que oy jdes cobre (1) sde redimidos em dals
passos o vamimenlo cstédion, mes pe varrimenio anddico 6 sparece um pico de

exiaga,

+ Deste mesmeo sitems s orfidon a fnflufocia do eleemdlivn sepone quer na sua
naturean guer oas respectivas forgas ldnlcas, bem como da mmplitude dod
em DPP. Comparasami-se @ comianies de esiabilidade dos complevos com

on obvides em Ha50q 0,25 M,

EQUIPAMENTO ESPECIALIZADORELEVANT EQUIPMENT

Pelarographic Analyser 174A PAR, Universal Programmer PAR 175, Registadores XY,
Polargrafn Metrohm 626, Osciluscépio Nicolet Expbirer |

FUBLICAGOES REPRESENTATIVASREFRESENTATIVE PUBLICATIONS

- ], Simdo, HM. Tovares, Port. Elecrroch, Acta, 5, 1987, 201
- 1. Simmio, M. Lopes, M.Hutchings, Part, Electrochiin, Acte. & (1988), 191
- }. Simia, H.M. Tuvares, Forl, Electrochim, Acti, in press
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1.2 - ESTUDO CINETICO E MECANISTICO DE REACCOES ELECTRO-
~ORGANICAS

KINETIC AND MECHANISTIC STUDY OF ELECTROORGANIC
REACTIONS

RESPONSAVEISRESPONSIHLE TEAM MEMBERS; M. Irene Montenegm, HLS. Maia

COUTROS MEMHBROGOTHER TEAM MEMBERS: M. José Medeimon, Cristine M, Delerue
Maius ¢ Aus Pauta Beticneow

DESCRICAD DO PROJECTO/DESCRIFTION OF THE PROJECT

AREA CIENTIFICA PRINCIPAL = INTERACCAO com OUTRAS AREASMAIN
SCIENTIFIC AREA and INTERACTION WITH OTHER AREAS: Electroguimbcn.
Internegin com quimica orghnicn

ORIECTIVDS/AIME

Duranig os dlitmos 20 anos tem-sc verificedo wm imieressc crosconic nm
utilizagin de métodos clecirotuimicss om sintese. De fncio, um grande mimero de
indsirins quimicas lungaram-sc delinitivamente 0o campe da electrossfntese e,
hoje em din, ji' se eocontram muiles aplicagdes gue resolieram de extudos
dettilhados das reacgies envalvidas

Este projectt contempls aspeeios fundamentais de rencBes de interesse em
sintese £ com  possibilidede de aplicagio. indedirinl. Em  particular nerdo
roulizadop estudos cindlicon ¢ mecanistices ¢ procuradas as condicdes em gue §&@o
abitidos melbwres rendimemins nas reacgoes oleetrossintéicas.



SUMARIOSUMMARY

A equips afecin a esizc projecio lem vinde a desenvelver, duranie os
Gltimos anos, edudos electroquimicos Qe permiiem perspectivar a Utilizagho da
clecirdlse coma métode eficar om rencgien sintéticas.

No ambite destes trabalhes fod dedé cepecial releve B fnvestigagio e
teacgdes de clivagem de grupos prolectores utilizsdos em sintese argénica. Em
particular foi estodads o clivagem de gropoy profectorck das fotigdes amins c
hidropile tendo sltlo eswnbelecidos on respectivos mecanivmos. Estes srabailios
fornm Iniciados com o estude de moldeulis models sendo depois estendidos o
moleculas usncdds em sinfese nomeadamente aminodcidos o nulguns cisog, péptaion.

Foram ji também abtidos alguns resultados refereates an edtudo da retnogda
clectraguimica de grupos protectores das lunghes carbogilo e sulfidnle. Me
lieratura #éo  escoseds os exemplos de gropos profectores destas  funges,
passiveis de clivagem elecrogquimica, pelo que plancamod  desenvalver  outros
grupos que permitam  abrir o leque de  possibilidudes,  Parvicolsrmente,
pretendemos estudar grupos para o fongio sullidrilo eujs remecio seja segolda da
formasdn de ligsgies 5-5

Esie projecto epvilve assim os seguinles oo

g) Exwdo de cinflice o mecsnisom des regcges deo clivegem para uma serie
de gropes protecieres om melfculas simples, mando &y lfonicas de
voltumeirin  elelles, coulometria, electrdlises exaustivas o polonesl

contralado o cromatografin.

b} Esudos semelhantes aos realizados em ) mas aplicades & moléculns mals
eomplexas, nomeadamenie aminofcidon e péplidos

No Ambite denle  projecio sdEs  ainda  estudadas oulras  sesegbes
electfoosintéticas, nomeadamente Ha gue resultami  de  boses geradas
glegirogquimicamentc, em solventes uprdticos. Temos mplicado  catRs basc: nas

reucgpes de Wiitlg « Wittig-Homer.
EQUIPAMENTO ESPECIALIZADORELEVANT ECQUIPMENT

Potencicstate HiTek models DT 2101, Gemdor de ondas Hi-Tek PPRI, Regiindor
XY Philips models PM BO43, Integrader Hi-Tek DINS2, Cromardgrafo de fase
gasosan Shimodze modele GC-9A, CromoiGgrifo de fose Hgufdd Shimadzu,
Ocilopctpio Micolel modelo 3091, Computedor ACER 916, plotier Roland:

FUBLICAGOES REPRESENTATIVASREPRESENTATIVE PUBLICATIONS

= MiMontenegro, Glectochun, Ao, 31 [ 1986), 607, _

-HLLS. Main, M.J. Medeivos, ML Montenegro ¢ D. Pletcher, ). Bletironpal,
Chem., 164 [1984), 347,

< itdeery, 1. Elevirounal, Chem., 200 (1956), 363,

- m-mhmu{!mjl 404, .

- M. Delerus-Matos, H LS Mein, M1 Monienegre ¢ [ Pleicher, ) ChomSoe,
Perlin [, aceite paro publicagio,



1.3 - APLICACAQ DE MICROELECTRODOS AO
| b Tt ESTUDO DE SISTEMAS

APPLICATION OF MICROELECTR
& EATCAL SF 5 ODES TO THE STUDY OF

CONSTITUICAD DA EOUIPATEAM COMPOSITION

HESPONSAVEL/RESPONSIELE TEAM MEMBER- M. Irene Momiencgro

OUTROSMEMBROS/OTHER TEAMMEMBERS: M. Arlete Queirds, M. José Medelroy,
Anténie Maurkio Fonsess, Ana Paula Bettencaun

DESCRICAQ DO FROIECTO/DESCRIFTION OF THE PROJECT

ﬁﬂﬁﬁmm&eimm-ﬁﬂmﬂvfﬂﬁ EASMALIN
SCIENTIFIC AREA and INTERACTION WITH OTHER AREAS; Elmiguml "

CRIECTIVOS/AIMS

 Microelécirodos siio elécirodon com dimensdes muito redusidas tipicamentie
ml'cﬂl_nru a 10um. Durante a década de 70 foram esiabelecidus =31 sums
propricdades Unicas ¢ vanlajosas, memeadunienle as elevadas yelocidades de
transparte de masis, a capacidade de reduzir dristicamente o problema da queds
Ghmica ¢ & pomibilidade de se realiarem cwperitncias em cacalos de tempo mullo
curtas. Mélf: disso, devido Ax sums  dimensdes, cles sdo particularmente dieis
noutras aplicagdes, por exemplo, como sensores, sm lovestpagdes in vive, e
Deste modo o d::::rixwl-rimmtn de microeléctrodod conduziu B novos Hmp-;l d:l
sctividade no dominio ds Electroquimics ¢ também possibiliton pels primeira vee
o irvestigagio de virias drens da ciéneis por métodes clectroquimicr

Meste programa de trabalhe pretendemos ¢ i
B progr vl wplorar & pospibilidade de Jevar
cabo experifncias electroquimicas em condighes nin convencionnin, de meodn :
aprofundar o copbiecinenio de novos wnlemay electroguiimices

— 2Ry =
SUMARICSUMMARY

Na liesatura cocentram-se alguns exemplos de respostss eleciroquimicas
pericitamente respeitévels na améncia de aleciréliio wuporie, ns presenga de
spenms pequenan quantidudes de elecudliio ¢ também noma variednde de meios
poves tais como solvenies de balwa polaridade. Em voltametrin convencional, o
adigio do elcctrdlio destinae a minimizer & resisténcin ciécirica da solugdo.
Este fucio & uma demvantsgem dos métodon clectroquimicon quando comparades com
mttodos espectroctpicon como NMR, FRS ete Além disse wm clectidlilo altern is
propriedades cinéticas e termodindmicas ¢ 4 forga ionica e comegucniemente a3
conclusfes tradas de medidas  electroquimicas copvencionals deverlio aer
conwiderades cuidadosamente, Asim pretende-ss estudar um ndmero copsiderdvel de
sitemas quands. 8 eoncenimigio do electrdlitn ¢ diminuida d¢ modo a compreender
o teu papel na cinélica e meganizmio de procenoy de eléotrodo.

Por outrn lndo, wolugbes contendo uma conceptraglo clevada de material
redox condiem a perdas dhmicms da ardem de wirios volts e por essa razdo
gleciroquimicos usam normalmente dolugdes contondo jEma concenirngio baixe do
subsihncin clecrroactiva, Nestas circunstbncias sio normalmente feitas grandes
extrapolagbes de propriedades fisicas ¢ quimicas das reacgdes de eléctrado o
prever as propriedades das mesmaz rescgoes cm reactores elesiroquimicos. Foi,
contudo ji provado gue o3 microcléctrodod  permitem @ edludp de rescgdes
electrossintéticas orghnicas em condigbes multo préximas das usadas no pritics
industrinl, lto £, gqusndo w espécic eleciromcliva estd  presente  em
concentragBes  elevadnt, Virion processos industrials  podem  agora aer
investigedos sob o ponto de vista cinético ¢ mecanistico e neste traballo
plancamos estender estudos prévies por ods realizados dob a redugio do
actilanitrile e do [ormildeido & owirod procoiacs igualmente importanied como B
metonlzcio do fuwapo e a redogio do dcido owilico,

A splicagio de microcléctrodos abre ainda aoves peripectivas so estudo do

i clectroquimico de complexos organometdlicos, A redugho e oxidagio
desias moléculas condux frequentemente o intermedidzios muite instdvels cujos
empos médipa de vids wio demasiado curtos para poderemn ser detectadons por
fenieas copvencionsis. Também ngul oo métodos que ubilizam microcléctrodos
parmitem aprofundar estudos cinéticon © mecanisticos como [§ demonsiramos no
caso de complexos de molibdénle. Pretendemos agors estender eates estudos o
sutros complesos cantribuindo assim com a determinagio de noves parimetros no
daminio da electroguimiss de organomelilioos.

BQUIPAMENTO ESPECIALIZADORELEVANT EQUIPMENT

Poiencionate Hi-Tek modeio D1 2101
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PUBLICACOES REPRESENTATIVASREPRESENTATIVE PUBLICATIONS 1.4 - BATERIAS DE LITIO COM ELECTROLITOS POLIMERICOS

LITHIUM BATTERIES WITH POLYMERIC ELECTRODES
« b.LMontenegro, Porupalise Electrochim. Ao, 3 (1983) 163
- ML Mantenegmo & D Pletcher, L Elgctroamal, Cligtm., 200 (1986) 371

- MLL Montenegro & M.AQueirds, Poctugalioe Electrochim, Actil. 5 (19873 207

- M1 Montenegro & D, Pletcher, I, Electroanal, Chem., 248 (1984) 229 CONSTITVICAQ DA FQUIFATEAM COMPOSITION
‘M-I Montenegre, D, Pletcher, EA, Liolios e DJ, Muzur, L Apl, Elecuoch,
2 e RESPONSAVELRESPONSIRLE TEAM MEMBER: Michacl Smith

OUTROS MEMBROSOTHER TEAM MEMBERS: Carloa Jorge Silva

AREA CIENTIFICA PRINCIPAL e INTERACGAO cwm OUTRAS AREASMAIN
SCIENTIFIC AREA and INTERACTION WITH OTHER AREAS: Hleciroquimica,
Quimica. Firira de Polinerm

OBIECTIVOSAIMS

Desenvalvimente de viries polimeros comdutores © cElulas  galvinicns

avangidag.
SUMARIOVEUMMARY

Nos ditimos anos tém-se [eifo copsiderdveds esforgos no semide de
desenvalver halerias gue aejam cxpares de fornecer maly energin por inidade de
volume ¢ peso do que 35 baterips “convencinnain '

Desenvolversm-se viries células, primirins (vdo-recarregiveis) o seoonddriag
(recarregaveis), com bise no eléetrodo de Lo, Estas edlulas envalvem o me de
ciectrolitod lguidos nio sguosos ou camodss fines de elechrdlitod s6lidos. Os
principais  problemas relaclnnados com estes stilemee inchiem & vedagio da
eflula, & Emilnds gemn de lempenitured de funclorsmenio da cflolg, o curie vida
de srmiazcasmento ¢ a perdn de capacidade do &nodo duranle o processo cangs-
desparga. Esfe projecte envolve a aplicaghie de polimerot condufores idmicor no
estuddo de varios maleriais a terem usados como cElodee e Aobdos em baterins



- 284 —

melhoradas. 0 objectiva. Hoal do  profecto € o desenvolviments de céliles
privgrme ¢ de células secundining mniy efidenies,

BEQUIPAMENTO ESPECIALIZADORELEVANT EQUIPMENT
oty de livos, galvonostatt, voltimetros, m;_mtldnr

- FHE =

1.5 - SINTESE E ESTUDOS ELECTROQUIMICOS DE COMPLEXOS

BISCICLOPENTADIENILO DE Mo, W eTl COM LIGANDOS
AZOTADOS

SYNTHESIS AND ELECTROCHEMICAL STUDIES OF
BISCYCLOPENTADIENYL COMPLEXES OF Mo, W and Ti WITH

NITROGEMNATED LIGANDS

CONSTITUICAO DA EQUIPA/TEAM COMPOSITION

RESPONSAVEL/RESPONSIBLE TEAM MEMBER Marin Arfete Oueirds
OUTHOS MEMBEROS/OTHER TEAM MEMBERS: Astonio Mauricio di Fonseca

DESCRICAO DO PROJECTO/DESCRIPTION OF THE PROJECT

AREA CIENTIFICA FRINCIPAL ¢ INTERACQAO com OUTRAS AREAS/MAIN
SCIENTIFIC AREA and INTERACTION WITH OTHER AREAS: Elecmoquimics
Intcracgdo com. siniese de complieos

ORIECTIVOS

Pretende-se  entudar, por  métodos  electroquimicos, &  influfncia de
alteragies de ligandos amadinatos nas propricdades redox  do:  complexos
nomesdamerite o polencials redox & na estnbilidsde dos intermediirion.

AlMS

To atudy, using electrochemicdl methods, the influence ol siructural
changes on the ligandd on the redox behaviour of the compleses, namely on the
redox poteatiab end co the stability of the wiermediates.



~ o6 —

SUMARIOSUMMARY

Sabe-se gque. @ “rigueza clectrdnics” de cotros metdlicas deo complexos de
metsin depemle da naturesm e interaccio dos Hgandos coordenades n esies centro
mietilices. On potencis: redox Mo uma medida da riguera elecirdnica referids,

pelo que o scw cophecimento € indispensavel para investiger 2 imfludocis de

aleragies sstruturals de ligandos coordenndos mas propriedmles de complexs.

Estudozx por vaoltameirin  ciclicn e elecirdlise a  potencial  consianie
permitem, ainda, averiguar a emabilidade de [ptermedidrios ¢ estudir a cindice
de reaegbed ncopladad A transferdnein olectrdnicn, biem como o4 seul Mecamismos.
Procurn-se sempre relacionar os dados eloctroguimicos com outrad propriedades
(espectros IV, RMN e clectrénicon, reactividade) com o objective de eutabelecer
ligigoes enire o estruiors e o reactvidede dos complexos estudados.

EQUIPAMENTO ESPECIALIZADORELEVANT EQUIPMENT
O mesimer glie od resianies projecio.
PUBLICAGOES REPRESENT. ATIVASREPRESENTATIVE PUBLICATIONS

- M, 1. Montenegro « M.A. Queirds, Bortugaliae Eloctsachimicn Acta, & (1987) 207

‘AR, Dins, M.A. Queirds, J.E. Simio, Proceedings ol XXVI [nternations]
Conference on Coordination Chemistry, Forin, 1968

- MAM. Gueirds, §EJ, Simio ¢ AR, Dins, [, Organomet: Chem, [1957) 329,

1 UNIVERSIDADE DO PORTO - FACULDADE DE CIENCIAS
UNIVERSITY OF PORTO - FACULTY OF SCIENCES
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INSTITUICAQINSTITUTION: Cestro de Quimica da  Universidade do Prrte)
Departamento de Quimich. da Univénsidade do Parlo,
Faouidede de Ciéncias do Porto

Morata/Address: Univessidade do Porto, 4000 Porto
Tel. (02) 310290

ROMINION) DA ELECTROQUIMICAFL ECTROCHEMICAL AREA[s):

« Blectroquimics molecular de damposton  de coordenagio (projectos 21 e 2.2)/
Molecular elecirochemistry of coordination compounds (jrojects 1.1 and 2.2)

- Electrogquimica interfacinl (projecro 23)/Interfavisl eleooorhemiviry
(peujett 23]

- Elgetroquimica wnalitica (projecte  2.4)/Analytical electrochemistry (project
24)

- Eldcirodos  sclectives de lbes - Sensores potenciométricas [projecto 253 lon
selective clccirodes - Potentiometnic senson (project 1.5)

2.1-2.4 - COMPLEXOS DE CATIOES METALICOS. ELECTROQUIMICA
APLICADA

A linha de mvestigngio "Complesos de catibes metdlicos, Electroquimica
aplicads cstd integrads go Ceptro de Investigagho em CQuimica da Universidade do
Porin, do INIC, ameso a0 Departamento de OQuimics da Faculdade de Cidneins do
Ponvo & nels sio abopdados s scguintes iemas;

2.1 ESTUDO DE COMPLEXOS DE CATIOES METALICOS COMO
POSSIVEIS MODELOS DE COMPLEXOS NATURALS;

2.2 ESTUDO YOLTAMETRICO DE PURINAS E SEUS EVENTUALS
COMPLEXOS COM CATIOES METALICOS;

LIESTUDO DE PROPRIEDADES DE INTERFACE COM
APLICACOES EM ELECTROQUIMICA;

24 DOSEAMENTO ELECTROQUIMICO DE CERTOS CONSTI-
TUINTES DE PRODUTOS COMERCIALIZADOS,

Integrim & linka oo seguitites INVESTIGADORES:

lofin Chbeal - Prefessor Catedriltiin (Respansivel pela linha)
Marin Helena Lopen - Professora. Assoeinda

Maria Teress Ledte - Professora Associnds

Antdnle Fornande Silva - Profosor amsociadn

Ayuiles Barros - Professor Ausdlin

Maria Fernnda Cabral - Investigadora Ausiling

Maria Jofio Sottomayor - Asmistenic

Comme Mours - Assbtenie

Carles Pegelrn - Asslstenie

Jost Anidnio Rodriguen - Aminienic

ACTIVIDADE DESENVOLYIDA

Dootro do primeiro lema lom sido feito o estudo clectrogquimico  da  compostos
e eoorienaghe comn inletesse bioinorghnico, Os sistemas estudados tdm envolvido
catides de Mn, Co, Ni ¢ Cu com ligandes do tipo de diimivay aromdticas e de tips
macrociclice, cou  formapdo  osslato-complexos  com ligandos  piridinicos
substituidos, Extes ertodos sho dirigidos pelo imvestigador Jodio Cabral

A lnvestigago feita no &mbite do 20 tema ¢ orientads pela investigadora



Maria Helenn Lopes. Tém sido estudides polarcprafeamente complezs de Cu e Co
com  od lHgandos odenita e puring em  diferentes condighes de meio,
pariularmente pH.

Oy entudas de propricdades de mitcrface (tems 2.3) sho dirdgidoa pelo
tavedtigadar  Antdnio Fernando Silva, tendo side  efectuados  trabalhod
relacionados: com @ cetuds da adsorgéo da urcin, sorbilol, manitel c dulciiol om
mercitio & du adewgdo de dode glutdmico em mogocrisieis  de oo com e estude
da inierface de monocrisinis de ourn com soluglen mguoans de HCIO4 a virian
lemperaturas; £ com o estudo da interfsce entre duss solughes ULnmiscivels de
elecirdlitos (sistemas abordados: dguafl 2-dicloroetane & dgua/acetofenona) com
wista & Mus carsclerizagio tlermodindmics e A plucidagin da cinétien de
trnnsferéncia idnics entre as duay fanes misciveis.

(s estudos no dmbite da electroandlise (tema 2.4) sdo da responsabilidade
ot investipadores Anténie Ferpunds Silve ¢ Aquiles Barros gue t#m dirgide
investigagies sobre: o doseamento “on line” de cstides de memis pesados (Phit,
Cult e Zni*) om vinhos, & eplicebiidade de mucroelécirodos & clecimamilioe © &
arillse polurografics de cotantes utillzados como aditives alimenares.

Mos estudos acima referidof tém side aplicadas & técnicss da vellemetria
cichcn, polarografia do impulso de polencial ¢ andlisc de impedings,

PUBLICACOES REFRESENTATIVAS

- "Electrochemical studies o some monoe- and dinvclear copper (IT) complexen of
macracyclic Sehift-bane liganeh®, 1.0, Cabral, M.F. Cabral, M:Mc.Cann e SM.
Nelsoy, Inorg, Chim, Acty. 861 15 {1984).

- Complexes of Co(ll) and Ni(Il} with 3- sdd d-acetylpyridine”, M.F. Cabral &
44, Cabral, 4, Cher Soc., Dalion Trans,, (1987) 2595,

“"The redox properties of | L6-bis| benzimidazol-2-91)-2 3-dithishewne |chloro-
capper(ll) echioride sz ptudied by cyelic veltammetry”, M.F. Cabral, 1.0
Cabral, foun Rijn e 1. Reedijk, looog Chim, Acts; 87, 57 (1984),

- "Complexes of a masrocyelic lgand having both mono- and  binveleating
capabllity: Binuclear Mn{Il), Fe{ll}, Co{ll), Nif1l}, Zn(ll} complexes”, M.F.
Cabral, B. Murphy ¢ J. Nelson, loggma, Chimn, Sces, 165, 90 { 1964),

- "Unvsual eltetrochemienl behaviour of wn unusisl copper ([ jmesrezyelc
vomplex”, M.F. Cabral. 1.0. Cabril ¢ SM. Nelton, Porivg Hlentrochim, Acts
129, 3 [ 1085).

- "Estidos polarogrdficos di shilerms  cobre/adenina”, JE. Simio, MH Lopes ¢ M,
Hutehings, 20 Facontro da Sociedude Portuguess de lectroquimics, Ofir. 1086

- “Complexos com derbvadon da piriding VI Halogeno- e Peeudobulogenocomplesios

de Cofll) & de NI} com 2-; 3 e 4-hidroxi-piridina®, M.T.P. Leite; Apais.

Eac, Cifn, Porio, 45 (1984), 19.
» "Temperature coelficient of imterfacial properties”, A Ferpando Silva ln

- 3 -

“Trends in Interfacial Blectrochemistry’, Edi: A. Fernundo Silva, Reidel
Pubdishing Compary, 1986,

« "The iempetalure dependeonce of the double-layer of Au in perchioric sod

satotions, Part | - The (210) Gee”, AF. Silva, A. Hamelln e L. Stelcoviciu,
4, Electianal, Chem., 229 (1947) 107,

« "Differential-pulxe adsorplive aleipping valimmmey of food ond copmelic

synibetic matters and their determination and portial identification in tabicy
coatings and cosmeties”, AG. Fogg, A, Barrea e 1. Uabral, Annlyst, 11 (1988)
BIL



21-24 - COMPLEXES OF METAL CATIONS. APPLIED
ELECTROCHEMISTRY

The research group "Complexes of metal cations, Apllicd electrochemistry™
bs included in the Chemistry Rescarch Ceoler of the University of Porto (INIC),
gnnex o he Department of Chemistry of the Faculty of Sciences of Porwo. The
main research inlcrests of the group ase:

21 THE STUDY OF COMPLEXES OF METAL CATIONS
AS POSSIBLE MODELS OF NATURAL COMPLEXES;

2.2 THE VOLTAMMETRY STUDY OF PURINES AND THEIR
COMPLEXES WITH METAL CATIONS;

2.3 THE STUDY OF INTERFACIAL PROFERTIES WITH
APPLICATIONS IN ELECTROCHEMISTRY;

2ATHE ELECTROCHEMICAL DETERMINATION OF CHRTAIN
COMPONENTS OF COMMERCIALIZED PRODUCTS.

The group has the following MEMBERS:

Jaio Cabral « Full Pofessor (Group Leader)
Maria Helenn Lopes - Associane Professey
Maris Teredn Leite - Asnociale professor
Anénio Fernando Sitva - Adsociate professor
Aquiles Bareos - Assistunt Professar

Marin Fernanda Cabral - Researcher

Murin Joio Sattomayar - Assistant Lecturer
Cosme Mowra - Assistant Lecturer

Carlos Percira - Assistant Lecturer

José Antdmio Rodrigues - Assistant Lecturer

RESHARCH ACTIVITY

In the Tigst srea of rescarch the primary jgosl Is  lo sludy
clecirochemically coordinalion compounds  with importance in  bioinorganic
chemintry. The systems investigated no far indlude cations of Mn, Co, Mi ani Cu
with aromatic dilmine Igands and mecrocyelic  ligands  or  Jorming
axalatocomplexen with substituted pyridine ligands. Theae stodies are orienled
by Joio Cabral.

The research done within the second tople s oriented by Maria Helens
Lopes. Complexes of Cu and Co with wdersine and purine lgands have been studied
polorographically in different experimentnl conditions.

The studies on interfacial preperties are oriented by Antdnin Fermande
Silvia, Woerk bas been done ‘en: ihe study of ihe sdsoeplion of wres, sorbital,
maniml and dulcitol on mercury amf of the sdsorpuion of glotamic acid on goid
single erpatals; the study of the imterfuce of gold single crypnals with aqueous
solutions of HCIOg at several iemperatures; the study of the interfoce beiween
imizcible sojutions of clecirolytes (systems studied: water/1,2-dicloroetane  and
waterfacetophenone) in erder to characterize thermodynamically the interface and
io elucldnte the kinetics of Jonic tramafer bertween the two imbssible phases.

The stodies on eleciroansiysis are oriented by Aquiles Barros and Antdnio
Fernandoe Silva pnd have been concerned wilh: the “on line® determinniion of
cations af hesvy metals (Ph2+, Col+ and Zal+) in wines, the applicability of
microelecirodes in electroanilysis and the polarographic anslviis of dyes usad
un food additves.

The (echniques usually applied fn the above.mentionsd studics are cyelfe
valtamametry, patential pulse polsrography wnd impedance anulyd

REPRESENTATIVE PUBLICATIONS

Alresdy Included in 1he Portuguese vession presented above.
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25- CONSTRUCAD E UTILIZACAO DE ELECTRODOS
SELECTIVOS DE I10ES

CONSTRUCTION AND USE OF ION-SELECTIVE ELECTRODES

CONSTITUICAO DA EOUIFASTEAM COMPOSITION

RESPONSAVELRESPONSIBLE TEAM MEMHER: Adélio AS.C Machads

OUTROS MEMRBROJOTHER TEAM MEMBERS: Maria Terein S0, Vaieoneelss, Lol M.

B.C.A. Ribeicn, Afbero PLG. Sanios; Joaguis E. di Silve, Jila M. Magalhies

DRESCRICAD DO PROJECTODESCRIPTION OF THE PROJECT

AREA CIENTIFICA PRINCIPAL ¢ INTERACGCAO com OUTRAS AREAS: Hlectro-
quimica. Cruimics Anslitien. Quimica Inorginlen, CQulmies Ambienial

MAIN SCIENTIFIC AREA and INTERACTION WITH OTHER AREAS: Electrocheminy.
Analytical Chemistry, Inorgenic Chemismy, Environmental Chemmisiry

OQBIECTIVOS

Conttrugha de ESly eom suporie de resine epoxllicn condulora (membrana
crismimn ou de POV,

Consirugiio de detediores polenciomélricos de fluxo (nomecadiments para
FIA)

Eatudo das propriedades dos elécirodos consiruidos nomcadamente dos efeitos
di tempetaturn fas caracteristicas de reeposta.

Aplicaghes de ES.L na determinagio de eonstanies de eitabilidade e em
angillse yuimica (especiatmente ambiental)
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AIMS

Construcrion of [SEs with crvetsling or PNV membrane applicd (o
conducineg opoues.

Constriction of Bowsthrough potentiometric deteciores [for use i F.LAL)

Determination of the response churacteristics of the electrodes speelully
el ihe influence of the temperatute on the charaeieristien

Applications of ISEs in the determination of stability constunts and in
analytical chematry (specially in environmental analysis).

SUMARIO

Desenvolveu-pe  um  processe geral de  construgle de BSle gue o
sucetiivimente aplicads b prepsracio de clécirodim ds maioris dox Lipod: -
« gléctrodes de forma e dimepndes clissicas com membranas  cristalines,
heterogénens, ou de PCV (conduior mével) cléctrudes e fluxe (de forma
‘sandwich” ou tobular); mileroeléctrodos; elécirodos enslmdiices. O processa
congitle em upar retinas epoxilicay copduloras como supoarte parn aplicaghny ou
comstliuigfio da membrana sensora.

Preseniemente, estudsse o efeite di lemperniura nns carmcterfsiiess de
redposta dente tipo de elfctrodom, )

Inclui-pe, também, no projecte o estede de  aplicegdées de  ES
Predentemeante, estuda-ss, por exemple, o uzo de ESls na corecterheaglo de
miteriais hirmides.

SUMMARY

A procedure for the eonstruction of "all-selid-stare" ISH: hax been
developed and has been sugcessively extended to the consiruction ol mosi 1ypes
of clectrodes; classic shapefiize electrodes with crystaline, heterogenoous and
PCY ["mobile earrier”) membranes; fow-through clectcodes ("sandwich® or robuolar)
with bath types of membranes: microelecirodes; enzymntic electrodes. Tt consists
tn wiing copductive epoxicn as supporis for the application/constitvion of the
seqrar membrane.
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Al the moment, the clffects of icmperature on the response characierstics
wl this iype of electiodes are belig studbed”.

EQUIPAMENTO ESPECIALIZADO
Thulodor awtomitice Titroprocessar Metrohm 636
RELEVANT EQUIPMENT

Automane wirator Tireprocessar Metrobm 636 1. UNIVERSIDADE DO PORTO - FACULDADE DE ENGENHARIA

UNIVERSITY OF PORTO - FACULTY OF ENGINEERING
PUBLICAQOES REPRESENTATIVASREPRESENTATIVE PUBLICATIONS

« M. Teresa S0, Vasconcelos ¢ Adélio ASC Mpchndo, "se of Hymeresi  Curen
s an Alternative Proceduore for Stodying the Temperature Effects on [SEs
Heaponses', Anal, Lett, em impressio (1988).

- M. Tercsa 50. Vusconcelos & Adélio AS.C. Machado, “Effect of the
Temperature on the Response Cheracierioiics of [SEs Based on Solid Silver
Salis Applied to Elecicically Copductive Hpoxy Supports”, Applyst. 113, 49/353%
1988}

- %.lmm- Alegrel ¢ Adélio A5.C. Machado, "Entemsion 1o Enzimatic Electrodes
of a General Procedure for the Comtroction of Flow-throtgh 15Es Based on the
Uise of Conductive Epuxy ns Support of the Sensor', em G.G, Guilbuult ¢ M.
Muscint (editored), Analitieal Uses of Inupehilized Biclogical Compounds for
Detection - Medical and Industrial Uses, D Riedel Publishing Co,, Dordrecht,
1988, p309717.

- M. Teress 5.D. Vasconcelos e Adélin A %5, C. Machado, "Acid-Base Tonaization
Equilibrin of 1-(2-Carbamylethyl}-Z-alkylimidszoley”, Talama 34 5257
(1987}

~ M. Teresa 5.D. Vasconcelos r Adélio A 5 . Machade, "Simullanrous
Dererminntion. of the Acid and Basic lomizanon Constamis of Imidnzole®,

Tulants, 33, 919722 (1964).

T T mady of agplntuns of [0Es w abe duded W Ge pogent. Al (he m=swel iy s ey ssad, (i
i lanice, b (e ChmreTirrineding i Bufe® miheridl
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INSTITUIGAGNSTITUTION: Depariamento de  Engesharia Metalurgica, Faculdade
de Engenlinria da Unhersidade do Porfo

MoradaiAdidress:  Fus dos Broges, 4099 Poro codex
Tek (02) 29297, FAX - 519260

ROMINIO) DA ELECTROOUIMICAELECTROCHEMICAL AREAU

- Eieciroquimics dos  Marerials ¢ Tecnologis Electrogulmica (co.roado,
electrodepatifdo ) (projecta L1y Materinls Elecirochemistry and
Electrochemlen] Technolojgy (corrosion, electroplating) (project 3.1)

3.1 - PROPRIEDADES INTERFACIAIS DE BIOMATERIALS
INTERFACIAL PROPERTIES OF BIOMATERIALS

CONSTITUICAC DA EOUIPATEAM COMPOSITION'

RESPONSAVELRISFONSIBLE TEAM MEMBER: Méro A. Barboss [FEUP) (reapon-
sdvel pald compenenie electroguimics)

OUTROS MEMBROSOTHER TEAM MEMBERS: Dupradagis e marerias/Maicrial
Degeadatlon (FEUP) Rul A, Sibva [doutarsde), Susans R, Sousa [bolseira),
Cristina Ribeiro {bnln:u-}. Luis A. Rocha [nagistente ULM.), Eugénii F. LeilEo

(bolseirn); Revestimente de Materinis/Coatings (FEUPE Fernando 1. Monteiro
{doutorado), Joséd D. Santos (asaisienie), Paula Braga (bolscirall Materiais

W Miteiials (FELUFP): Joaé R. Cavalheiro tduuluu&n]. Rogdtio

Bramco (FacMed.Deon, UT'Y; [munclogea/Immunoiogy (1CBAS)" " Maris de Sousa
{douterada), Maris da Graga Simdes de carvalhe (doutorads), Isabel Bravo

(mestre); Acompunhamento Cllnico/Clinical Follow-up (Hospital S1. Amiédnio)” "
Augunto Costa  (Médico nsrwpcﬁuh* Exprimentacie  AnmalfAmmsl [Erpermontation
{(Clinica Veterindria, Peanficl)"": Joié Mota (Médico Veterlndrio), Joag C.
Ribicira (Médico ortopedista)

DESCRICAO DO PROJECTO/DESCRIFIION OF THE PROJECT

AREA CIENTIFICA PRINCPAL ¢ INTERACGAD com OUTRAS AREAS; Quimics ¢ pro-
ducdo de Biomateriais. Electroquimien, Medicina & Bislogin

OBIECTIVOS

Prefende-sc earacierizar e modifiear as propricdades fskens e guimicas dis

"I Penitade de Empaboris & U bifle dc Popie. LM - Univerodsde do  Sleda KOHAS - (o S
CHawses Mo Abel Halaesr
7 S b e nm drminin #a Ewcimogainio
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interfaces dos materials de implante, por forme & facilitar & - Integragio dsra
e a diminuir a incidéncia das reacgoes alérgicas misocindns & liberfagio de ides
metilicos Wmeos, oriundos da cormasio des priteses.

O projecio ocupi-se ot dod materigll metflcos nio reventidol (higos
wondiveis, ligay de  cobalto, ¢ tiAnio ¢ poas liges), como de mareriais
revestldos (revestimenios de fosfutos e de aluming solwe mitais).

Um dop objective: fundamentans € reduzic o meidéncia da corrosdo
lomabizads, particularmente do tips intermiclal. Através da aperfeigoamentt dos
tralamicntos de supetficie, preiende-se melhorar as propriedades de adesio de
reveptimentoy aplicados sobre sobmiracton metilicos.

A comprecnsio das caracierfaiicas electroquimicas daa mierfaces metnl /
imeio [sioldgico e melnl / revestimento /| meio [sioldgice & um dos objeciivos
de¢ hase de todo o projects, o qual estd iotimamente ligede =e cstode das
reaggbes Imunoléglens Induddas  pelos materials ¢ pelos  produtos da sua
degradacio,

ADME

The kimh of the projéct are to characterize nnd modify the physical and
chemical properties of the interfmces of implani materials, o order (o, aswisi
in their opscons integration and to decrease the moidence of alergic reactions
sssocisted with release of toxic metal fona originaied by corresion of e

inplanis.

The project deals boilh with, uncopted {siainless sieels, coball nlloys apd
tivmnium and itd alloys) und coated (phosphates and ahiming ) metals.

One of the main objectives s 1o roduce the Insidence of localiwed atrack,
particulacly of the erevice corrosion iype. Using tmproved surface treatments [i
is hoped 1o obtain better adbenon beiween coating and mewllic substracte.

The understanding of the electrochemivul propertics af  {he
metal/physiclogical modivm and metalfcoating/physiological wedium interloces b
ane of the basic aims of the work, which I intimaicly related jo the study of
Immunological reactions induced by bismaterials and thelr degradation products,
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RESUIMO

O projecto tem-se desenvolvido tante no &mbito dos materizis ortopédicos
como po des materials dentirion, Neste dldmo campe, foram d-fl:nt‘n'l.'rii!ll
amalgamas dentiring, recomends @ utn processo de atomizagho por Ague. A equips
responsdee] € constitulifn por José Roberto Cavalheiro e por Hoérie Branca.

Tem sido oo dominie dos matcrinis para ortopodis que & maiorin do trebalho
s lem realizado. Tendose Inlcinds em 1988, com wmn estude de casts de corrondo
verificadon em préteses extraidas pelo servigo de ortopedin do Hospual

Ronfrigues Semigde, prossegue actuelmenie noutras freas,

A similagio, in wvitro, dds condigbes de ocorrBacin intersiicial e da
possibilidade de acelerachn dn corresdo por processos galyinices, constitul wma
dns drens mais impartantes. No dlime cdso, estudaram-se parcs constituidos por
carhane & pelos metais mals cortentemente usados em artopedia (ago inokidivel
AiS) 316L. ¢ ligas Co - Cr- Mo e Ti-Al- V),

Foram tembém estudndas, pelas tdenicas do impoddncis electroquimies ¢ de
andlise de superficies (AHS ¢ XP5), s caracteristicas dos filmes de passivagho,
tnmio cm soluges normass como em meios smuladares de infecgin.

Mo domimia den tratamentos de superficie, foram emsaindos wirios métodas,
nomeadamenic roveriimento de ago inomiddvel com alumine ¢ de titdnio com
hidrexinpatite, A caracierizagdo electroquimica destinou-se, fundinientalmente, o
detectar o patsibililade de ocotrénels de torrasio loealisada.

Outras partes do trabalbe, se bem que nko lenham uma componenie
clectroguimica expresss, sho lgualmentc muite importantes. A realieacio de
ostudon  imunoldgicos, reslizados sobre or muleriais e seus  produtes  de
degredagio, o acompanhamento clinico de doentes = a caperimentécdo snimal s&o
omponettes  casenciais deste projecto. Estos irés dreas de trobslhe sfo
detenvolvidas por eguipas pertencenies o outtas instivigles, com BE QuUAN
cofaboramos ¢m projecios financindos pela JNICT e por programos Furvpeus.

SUMMARY

The project denls with biomaterials  for  onhopaedic wnd  denpal
applications, In the latter field the most Important work consists n thje
development of dental amalgams, using &1 waler atomizution process. The
resenrchiers teaponaible for this work are Joié R. Cavalheimo and Rogério Brapco,
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Mont of the wotk haz been developed im the ficld of materals for
orthopuedic surgery. Although initiated in 1984, wilh a vetrieval study on
corrodled implants removed af Hopplts! Redrigoes Semide, it covers nowadave
targn mumber of situations,

Twa ol themd are [0 witrd simulation of eréviee corrodion and the
poRsibility of occurrepce of galvanic processes when carbop materinls are used
in' conjunction with eommon metaliie materdal (116 L swminless steel, and Co -
Cr - Mo and T - Al - V alloys).

Employing electrochemicnl impendance and surface analyses (AES and XPS)
icchnigues, the churoctoristics of passivating films were alse  investigated,
both ip normal physiclogical salutbons and in & mrulsted nfecied medium,

Several methods of surfuce preparation have been tested. Of particular
relevanes are plasma spraying coating ol stainless steel with alumina and of
ttamum with hydroxinpatite, The elecirochemical studies done with thesc coaled
materinls were ensentluly aimed al detecting the possibility of occurrence of
locakived cotrosion.

Other paris of the project, although not huving = clear electrochemicul
nature, sre equally important. Immunological siudies, carried out ut [CBAS
(U.P.), the clinical follow-up done m1 Heospiml de 51 Amdnpio, and anjmal
experimentation, done W @ veterinary clinie, are cssentinl components of
reseireh projécts Onanced by INICT and by eurepean programmes.

EQUIPAMENTO ESPECIALIZADD

Sisiema de aquisicie de dados com 16 canals; mnalisador de resposta de
frequéneda; polenciosiato programdvel ¢ koek-in ampl

RELEVANT BEQUIPMENT

Data’ acquisition system with 16 channely; frequency tesponse amalyser;
programmable potealiostal and lock-in wmphifier,
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PUBLICAQOES REPRESENTATIVASREPRESENTATIVE PUBLICATIONS

- FJ. Moateiro, M.A. Barboss; DR, Gabe sod DUH. Ros, Serface Pretroatments of
Aluminium for Electroplating, Jurd, and Coulings Tech., 35, 321-331 (1968).

- MA Barbss e LA Rochn, Comporimmento de Agon [naxidivei em Solughes de
Acidos Orginicos Utilivados na Ioddsttein Allmentar, Corrosdo ¢ Proicsclo dn
Materialy, 7. 2063-208 {1988),

- B Leltlo, M.A. Barhoxa, M.F. da Silva, 1.C. Sosres and JP. Muller,
Electrochiermonl Studien of Mugneslum Ioplented with High Doses of Light Jons,
Dol lnat and Meth, 829, 556-562 (1989).

- MUA. Barboss, Changes Induced in Anodic Behaviour of Stainless Stecl in HzS0y
solutions by Freanodic Treatment snd Potentinl Sweep Rate, Br, Copes. [
23, 47133 (1948},

- MA. Barhora, A Model for the Klnetles of Repassivation [t Srraining
Eleciiodes,  Corrogion, 43, 300318 (1987); ibid. i Sermwching Elecirodey,
Cormuien, 4, 109,15 (1958),
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INSTITVICAQINSTITUTION: Centro de Quimicas de Universidade de Cotmbra,
Deparamenio de Quimica da Universidade de Codmbira

DMorsdiiAddress: Departamento de Cuitrlen
Universidade de Coimibra.
Telf {029 22836, 29174

DOMINIO() DA ELECTROOUIMICA/EL ECTROCHEMICAL AREAL):

= Fropriedndes termodindmicas ¢ de franspori de solugdes (projecion 4.1 e 4.5
Thermodynamic and rransport properties of solutions (projects 4.1 and 4.5)

- Blettroquimica  interfacinl (projecte 4.2)/Interlucial clectrocheminiry
{prrojoet 4.2)

« Mecanismos de processos  redox (projecio 4:3)Mechanisme of redox procociscs
(projest 4.3

= Elecrmeatabse (projecio 4.4 Elearocaalysis (project 4.4)
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4144 - ESTRUTURA DE SOLUCOES E PROCESSOS DE ELECTRODO

A linha de fnvestigacio "Eatretida de SolugBes ¢ Processos de Eléctrodo”
evid imegrade no centro de Quimica de Coimbra do INIC ancm ao Deparmmcmio de
Cpufirdea da Universidade de Coimbra e nela sio shordades oo seguinies lemas:

4.1 ESTUDO DA INTERACCAO SOLUTO/SOLVENTE
4.2 ESTUDO DE FENOMENOS DE INTERFACE

4.3 ESTUDODO MECANISMODEOXIDACAO OUREDUCAODE
ESPECIES COM INTERESSE BI{}LGGICD. AMBIENTAL,
ANALITICO E NA CORROSAO DE METAIS

4.4 ELECTROCATALISE DE PROCESS0S DE ELECTRODO DE
INTERESSE TECNOLOGICO.

Integram o linha o INVESTIGADORES!

José Simies Redinhu - Professor Catedrbtics (responsével pela linhin)
Ana Maria Brett - Profesom Auxliar

Chriatopher Bren - Professor Axnliar

Mumria Lutss Leitiio - Professorn Avsdling

Jone Coridode Costa - Proficssor Auodlinr

Ermetinda Busehio - Assistents

Felishela Cimta - Azciilenie da Facyldade de Farmie

Antdnio Veigs - Auxifisr de [mvestigegio

Valentim Munes - Avmilisr de Investigagiia

ACTIVIDADE DESENVOLVIDA

Dentra o primeiro tema: tnm-ae mEdy fondamenmiemnte a fermedinfmics como
mitade de estude da hidrutagio de oy cledirdlites, peocurando caracterimar a
Begdo enpecifica sobre o solvente de cadu tipe de grupos existeples na moléculs
dox soluton. Tem merecido atengho especial o ofeilo das diferengas de isomerio
no inferacgiio dos sdlutos com m dgue, problema de importincie: néo 30 em  quimios
mas jambém em variadisimos siftemas bioguimlcos. Bstes esiuduos 1Bmese estendido
n clevade ndmero de solutoy, seleccionadod de mado' W simulor | diferentes
situsgoes cslruturais, © & viros solvenics, a fim de melhor  enclarecer o



comporiumento da dgua. As propricades Ussiie com malor meiddncis sie o volome
molar parcial, a viscodidade e propriedades caloriméiritas. Estfo envolvidob
neste lema de enludo os investigadores Josg Simdes Redinha, Marin uis Leitio,
Erinelinds Bushin, Felishels Costn ¢ Valontim Nunes.

Deside b mullo tempo que ot fondmencd interfaciali tdm vindo a ser objecio
de cMudo depire dests  Jioho, guer nos  mipectes fundsmenteds  gueer,
designadamenie a (bculigio eoloidal, em apliocagics a problemas priticos

A ivestigagio réalizads tem side Basesdu nas medidas de potencinl ¢ cargu
de swperficie ¢ dun potcneini electrocinéticon. Estan @liimas propricdades 12m
sido largamente estudades uspmle principalmente & microcleciroforese e a
clecrroormone. Nos trabalbos sobre o dopld camadd eléetricn Em vinda a Ber
melmdes interfeces ufilizaday como  scnsores potencinmétsicos de elfcirodom
seleativos de ibes, Sohre estes eldetrodos 14m-se desenvolvido traballios com
vielh A interprelar & estrutura da dupla camada eléctrien em difersntes mejus,
principalmente na presenga de IEII'II:EI- complesgnics, ¢ irabalhos com & fnalidsde
de sun  utilizsgio  snaliics, de sallentsr o estude realizado sobre o8
elécirodos sclectivos de Agt e Cut. Esdo envolvidos nestes estudos od
imveitigndores Joug Simies Redmbm, Maoria Luka Leitio e foaé Ciridade Cosls

Dentre dos processos de clécirads 1 atenglo tem-se dirigide para vaTin
asiemos de infereise quimico, bioquimico ¢ enrgético.

Nuwma das linkes de oriemiagio sepuidas (tema 4.3) dmese  esiudade
mecanismos de oxidagho ou redugio de wivins espéeies com interesie bioldgicn
wmbiogntal, analitico e o corropdo de metaly. Foramy abordador 8 reducio
electroguimica de porfivinas, 5 degradacao de herbicides, & corromin de sluminio
em meiy deido va presenga de 86 clorelo ¢ o determinagho de elementos metdfioon
vesvgiaks por voliameirin de cedissologo anédics em. mistemas de Foxo. Esxtlo
envolvidos nestes estodos o8 {nvestigndores Ana Maria Brett e Christopher Brest.

Uma segunda linho de acdvidade dentro dos proceszos de gléctrodo [1ema
4,4} ¢ dirigide para o cstudo fitico-quimico da redugio de oxigénio. Op sistomns
exploradon 10m. anvolvide supefficies puras e modificadas de grafite & ougo,
kendu a modificagho da superfivie conseguids quer elediroquimicements quer por
deposigho de compostos com propriedades camaliticas. Esies esiodos 1ém sudo
realizaius pelo ivvestigador Carlos Palilet,

As 1ecuican usades mos estudos doo processos de eléotrodo 18m aido
fendameniaiments & vollameria ciclica, o eléctrodn rotativa de disco e de disco
e niel, @ 1denicns de impulis de potencial e a undliie de [mpedinci.
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EQUIPAMENTO ESFECIALIZADO

Dispde esta linka de equipamenio bisico importante em eypectrofelometrin
(de absorcio elecirdmicn e vibenclongl e de absorgio atdmica), em cromatografia
gae-liguids & em eleciroguimica. Existe inmbém equipamento eapecializado do gunl
se deslnca 0 SCRuinte:
Equipamento de precisie de medida de viscosidade; denslmetro para medida de
densidnde de polughes pelo método de vibeaglo; apsrelhagem para medida de
entaipiss de solugEo e de vaporizngdn; calorimelro de vorsimento diferencasl
aparcihigent de madide de pdleacials zela por micteclestiralorete o clecimuamesc;
aparcihngem de detrminaghes potencloméiricas de prechsio; equipamenio de
vallametrin por técoicsy de eléetredo rofative de disco e unel, vollumettia
ciclica ¢ de impulsos; equipamente de anilise de impedincin; metrementagio para
andlise por injecglo em flins

PUBLICACOES REPRESENTATIVAS

- “Volime molur pargidl e estrutura de solugbes aguosas e pio-elesmdlilm®, J
Simdbes Redinha e Maria Lofsn [eitao, Memoring do Acndemin de Cidncins de
Lizhoa, Classq de Cifncine, 27, 7 (1986);

- Beohavigur of the sllver sulphide selective electrode ns allver sensor in
alksiline medin" ¥, Simées Hedinha e Mara Luia leidn, Aml Chem Sinp, Ser,
12, 663 (1985 )

- "Hydrodynamic Elecirodes", CMA. Brett ¢ AMOFP. Qliveita Brett, in
"Camprehensive Chemizal Kinztles', Bd. €M . Banford & R.G. Complon, Elsevier,
Amesterdam, vol 26, 1986, capiinlo 5, pp 355-441;

- "Wolimmmetric studies and sripping voltemmetry of Mn{II) ai the wall-jer
ring-dise electrode’, CM.A. Brent ¢ MMP.M. Nets, ). Eleewoanal. Chem.,
258, 345 (1949);

- "The clectrochemical reduoction of oxygen®™, € Paliveiro, Forn, Elecirochim,
At em publitagho,
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4.1-44 - STRUCTURE OF SOLUTIONS AND ELECTRODE PROCESS

The research group “Swructure of Solutiont and Electrode Processcs”
_ b i
tncluded in the Chewmistry Reseasell Center (INIC} of Coaimbrz annex |:' |h:

Department of Chemistty of the Universi :
intereats af the group are: ity of Coimbra. The maln research

4.1 THE STUDY OF THE SOLUTE/SOLVENT INTERACTION:
42THE STUUDY OF THE INTERFACIAL PHENOMENA:

43THE STUDY OF THE MECHANISM OFOXID
OR REDUCTION OF CHEMICAL SPECIES #ESN
ﬂ;ﬂﬂ ﬂ'ﬁ ér:L uﬂmmm:.. ENVIRONMENTAL
OCESSES ANDIN
CORROSION : sl

44 THE STUDY OF THE ELECTROCATALYSIS OF
ELECTRODE PROCESSES WITH IMPO
SLECTN RTANCE IN

The group hiss the following MEMHBERS:

Jose Sumden Redinha - Full Professar (Group Leatder

Ann Maria Breit - Assistant professor :
(hristopher Brett - Assistant professor

Maria Luise Leitio - Assssiunt Professor

Carlos Paliieiro - Assistanl Professor

Jund Caridade Costa - Asintamt Professar

Etmelinds Eusdhio - Assdiinnt Lectirer

Felubeln Costa - Astistant Lecturer of the Enculiy of Plarmacy
Antdnio Veiga - Research Assistan i

Valentin Nunes - Research Assistant

RESEARCH ACTIVITY

Within the Hrst srea of i{nterews, 1hermod
_ i ynamics hsa boen wsed ax the
mzm rescarch method to study the bydration of nun-clccivelytes. The godl s 1a

charscterize the specific miflvepee of each chemical gromp of the soluic
malecule en the saolvent. Given to it great lmportunce boith Ih chemisiry and
hiochemistry, specinl attention Has being given to the eflect of differences in
iomerism on {he mieraction of aolutes with watcr. Thede studies have been
eiicnided to @ grent number of walites (chosen fo simulate different structural
arrangementa} &nd fo several swolvents, In erder 1o pget o beller undersimnding
af (he behaviour of 1he waler. The properiies usually miessured ore the paitiul
molar volwme, the viscosity and galorimeiric properties; This research has been
carried out by José Simdes Hedinha, Maria Lulra Leltdo, Ermelinds Eusdbin,
Felisbels Crnta wnd Valentim Nines

The interfucial phenemena have been studied within this group (or a long
time; both fondamental problems and practical spplicstions have heen tackled.
Roscarch has boen based on meszurements of surface potontial, sarfsce charge
gnd electrokinetic  potentisl by application  of microclectrophoresls  and
electiossmoils techniques. Special atfention hns Leen given to interfaces sied
g polentiomefmic densors in don sclective clocirodes. Work wa: done 1o
interprel the doubje layer siructure in differeol medis, nomely o the presence
uf complesing agents; in partieulsr, the work done on eelective elecirodes af
Ag* and CoZ+ munt Be sifensed. Jood Shedes Redinho, Maria Lubu Leitho and Joné

Candede Coyta have been mvolved in this topic

The rescarch on electrode processes has heen directed 1o dytlems with
imponaEnce m chemsiny, Mochemsiry and energy production.

One line of activity has beep dedieated 1o studies of the mechanism ol
auidation and seducton of chemical species with importenge in biological,
caviramments! and analytical processes and in meml corrosion. Waork was done on
the slectrochemical reduction of parphyring, on the degradaton of herbicides,
im the coirossol of aluminium In acld wedin D e presence of chlorkde and od
ihe determination of metals by anedic stitiping voltammetry in flowing liguids.
This research i orented by Ana Marka Breit and Chrlstopher Breil

Another linc of activity in alectrode progesoes i3 concerned with the sy
of the ecltctrocalalysth of esygon rediction. Pure amd modified surfaces of
praphiie and pold have beed jpvestigated so far. Surlice modifieation has been
abtained’ by electrochemicn]l Creatment and by deposdion of compotnds with

catalyne properties This research tma been carried oot by Carlos Paliteimo,

The technigues applied in the studies of clecirode processed ard eyclic
voluimmetry, RDE nnd RRDE, polential pulse techniques and impodimee analysis.
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RELEVANT EQUIPMENT

This tesenrch grou i

(electronic, -ihmﬁaufirtl Pm{ld“l::;tzmihﬁg;:m::::::nﬁ:u?;w ”'"LF"E: r
:hr:;mult;llrnphy almﬂ -:I:c:.rn:t:nr:htrﬂ. There is also oiher a‘m:::.rr.'1 :;!r:::‘ial?ud
h:n tsn:l o I::TI r:uﬂ::mmdlmlm f!q.[u;zﬁ;:‘ tutr measurement ol viscoity, densimerer
ST e v 11::11:1}11 o lfu:uuu solution aad vaporizaiinn
pnten_u.ul: J.'_ur miwunh:ﬂmphnrug ;::d uu::;tumﬂrm;:zhiz ::“ Tmﬂ "
Polcnticmetris measurements; and equipment for cyclic valtnmimnetry, RDE lE:l :ant .
patential pulie techniques, impedance dnilysis and flow mjestion nnuym

REPRESENTATIVE PUBLICATIONS

Already incizded in the Partuguese versin presented -above.

4.5 - DIFUSAO EM SOLUCOES DE ELECTROLITOS
DIFFUSION IN ELECTROLYTE SOLUTIONS

CONSTITUICAC DA EQUIPATEAM COMPOSITION

RESPONSAVEL/MESPONSIBLE TEAM MEMBER: Vicior MM. Lobo
OUTROS MEMBROSOTHER TEAM MEMBERS: J.L. Quoreams

DESCRICAQ DO PROJECTODESCRIPTION OF THE PROJECT

AREA CIENTIFICA PRINCIPAL ¢ INTERACGAQ com OUTRAS AREAS: Proprisdates
fermodindmicas ¢ de manpporte em solugbes de clectrdlitos, com particular

imeresse na difundo

MAIN SCIENTIFIC AREA and INTERACTION WITH OTHER AREAS: THermodymamic and
transpert  properiles o eleetrolyle  solutions, with particular mteresi in

diffuginm

ORJECTIVOS

Estude da cetrutiurs das solugdes de eloctrdlitm,
Mediday de difusio em sologden de clectrélimos (com céluln desenvolvids

pelo respansived do projecio). Auto-difusdo em solugdes de electrdliion
Compilaghts e tratamerte de dades referenies 3 propriedades lermbdindmicis e
die trannporie em solugBes de slecieollion

AIMS

‘Bescarch on the atructure of the elecimalyie solutinm.

Mewsurements of diffusion in electrulyte solutions (with cell developed by
the feapongible team member ). Sell-diffusion In electrolite solutiom,

Thermodynamic ond  traptport  properiies  in  elecrrolyie . soluvions:

compilation and treatment of data.



EQUIFAMENTO ESPECIALIZADO

Célula de difusio e equipamente auxiliar (voltimerro digital de 7 dipitos e
alta procisio, fonte AC de alia extabilidade, computadares, ete. ). ’

RELEVANT EQUIPMENT

Diffasion cell and puxiliary equipament (DVM of 7 digits snd high
precivion, Ac source of high stbdity, computon, ete). e

PUBLICACOES REPRESENTATIVAS/REPRESENTATIVE PUBLICACOS

~Handbook of Electrolyie Solptions, Elevier {em publichginl

- d435 -

5, UNIVERSIDADE DA BEIRA INTERIOR
UNIVERSITY OF BEIRA INTERIOR
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INSTITUICAQANSTITUTION:  Universidade da Beira Intetior

Munda/Address  Rua Margués de Avila = Bolima
G200 Cavifhi
Tel. (075) 251412034

- Electroguimics ralitica/Asulytlos) elestrochemistry,
- Solugdes electraliticas/Electrolyie satursoms.
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51 - APLICACAO DE TECNICAS COMPUTACIONAIS A
POTENCIOMETRIA

COMPUTING TECHNIQUES APPLIED TO POTENTIOMETRY

CONSTITUICAO DA EQUIPATTEAM COMPOSITION

RESPONSAVEL/RESPONSIBLE TEAM MEMBER: Maria Isabel Almeidi Ferm
OUTROS MEMBROS/OTHER TEAM MEMBERS: Mara Heleny dos Santos Bandeits

Nunes

DESCRICAO DO PROJECTOIDESCRIPTION OF THE PROJIECT

AREA CIENTIFICA PRINCIPAL e INTERACCAO com OUTRAS AREAS

As Téenicas Porenciométricas basciam-se no esinde de cfeitos, mis como
componighn ¢ fomperaturd, nos  potencins  de  elfctrodos  de il
clectmiquimicny ¢ mcloem:

a) Buude termodinfmico de cflulas electroguimicas, tends em visls o obiengas de
potencisis padrio de eléctrodos e de coeficientes de actividade de espscics
innices em solugia

h) Tltulaghes potenciométricas para a determinaglo de concontragdes analiticas
de espécies quimicns, constantes de acider ¢ de complezagio; usando
Elrtrodos Selectives de Ioes

¢) Determinagio de pH.

Eaue  estudo emulve aplicagdes em Cléncas do Awmhlente (ex Especiagio em
Aguns Noturais ) ¢ Oufmica Médica (ex: Andlise Tdniea de Ouidon fisieldgicos ).
Ha amda auiras dreas importanies onde cstas téonjcas pedem wer aplicadas, tais
ecomo  cléneciss bomédicns, estude dos alimenios, agriculives, lecnologin da
informuciin (sensares).

As Técnicas Computacionais séo  ulilizadas para aquisigio de  dades,
trotamenic  de dodes e cdleulns tedbicos  necesndrion A imlerpretagio  dok



resulizdos,
MAIN SCIENTIFIC AREA and INTERACTION WITH OTHER AREAS:

Porenthometry s the study of the electrode poterinl wanation with
composition, lemperaiure, eic, of siitable electmchemical cells and mcludes:

a) Thermodynamic study of electrochemical cells to obtain winndard elecirade
potentials and acivily coeffichnd

b) Potcntiometric tiirations 1o  obmin species  comcentrations, acidity and
complesslion constants uaing wnselestive electrodes.

) pH measuremeni,

This  swdy iavelved applications of  potentlometrie  techniguss o
Environmenial Science (e:g Speciation in natural Watens) and Clinical Clemiiry
leg. Analysis of body lloids for lons) There are other important arcms where
ihede techniques can be spplied, such = biomedival sclence, food sricnce,
agriculiupe, information lechiology (sensnm),

Computing Techniques are wsed lor duis ucgufiition, data anslysis and
enlcutationy of o thearetical nature required for inferpretation of resulis.

OQBIECTIVOS

- Aplieagio de tEenfean potenclométricas o determinagio de constantes de asidex
¢ de complexagie, par moio: do progrims SCOGS ("Stability Canstanty of General
Shecies’)

- Cidlewlo de  cooficientes de  nctividade de l6es em solucdes misths de
cloctrililos, tendo em visle & determinagio de concentragdes idnicss em
fluides fisipldgicos, nomeadamente o sangue, Parp i8s0, & npocesséria =
aplicagio de teoriss do comportamento fermodinimico de solughes mistay de
eleceralies,

AlMS
- Application of potentiometric techniques to the determination of acidity and

complexation consiants, by meoans of the SCOGS S
e ; y programme (Sability: Constants

- Calcuintion of iopic aclivity cocfficients 4n mixed clecirolyie selutions,  for
the evaluation of fonle concsnirations in body fOulds, samely, bood. A
iheoretical approach involving the theofies ef mixed elecirolyte solulion

i el

SUMARIO

Estda a ser usadas (écnleas potenslométricar pard . determinagio de
conslantes de aeidez & de estabilidade de complexos, por meie do programa de
cilenln SCOGS. Exte estudo tem aplicngber em cidncias do. ambjenio e
cspeciagio em dguns puturais ¢ cfloentes industrials) e em quimien médica (ex:
snhblse injca de fnldon Gisdokboon ).

No campo biomédico, hi interesse nn determinagio de actividades ionicas em
fluidos finialdgicos. Umn ver que hi valores gue nin podem der medidos
experimeniaimente, ¢ necessdrin @ aplicagio de toorias solize o cOmMpOrAmMenio
termodindmico de solugbes mistas de eléctrdlitos para o cileulo de coeficientes
de actividade idiicos,

Upam:se técpices comoulacionaly pars a agquisigio  de dadaos, andlise e
resnlintios & cdloulos tedrices pecessirios para interpretagio deoy reuliudes.,

SUMMARY

Potentlometric techniqoes are wsed for determinmation of acidity and
complexation éanstunis, by means of the programme SCOGS. This study involves
spplicitions to environmental sience (eg. speciation in naturn] walces and
industrial =fluenta) and to  clinical chemistry (o.g. anahwin of body [lelds
faar dtma ).

in the biomedical field, there & interest in the evaluation of single lon
activities dn bedy fuids. Sipee there are  immesirable quantities, a
theoreticsl wpproach Invalving (ke theodes of mised electtolyle aolution
ihermodynnmics i required for thoye caloubitons.

Computing techniques ase used for Huts sequisition, dita snalysis and
calculations of a theoretical nature required for mrerpretation of resuit=



EQUIPAMENTO ESPECIALIVADO

Tiulador autemation; Titroprocessador S86 METHROM, Dosimar 665, METHROM

Sirema Microcompuatador: Sintemma Pessoal P52, Moedelo 80 - 8580 - P41, TBM

RELEVANT EQUIPMENT

Titroprocessor 686, METHROM Dosimat 665, METHROM

Perzonil Compuler PRI Model 80 . BSSD - UL TBM
FUBLICACOES REPRESENTATIVAS/REFRESENTATIVE PUBLICATIONS

- AK. Covington e M.LA. Ferra, "Buller Selutions for Testing Glass Electrads
Perfomance in Aquedus Solutions over (he pH Range 0:14 w0 3539%C7, Apal. Clem.,
49, 1363 (1971

- AK. Covington, M.LA. Fetra e R.A. Robinson, “lonic Produs: and Enthalpy of
lonizdtion of Water lrom Bleciromotive Force Measoremeninn®, 1LChem Soe,
Earnday T [, 73, 1721 (1977)

- AK Covington, H.P.Butikoler, MF.G.F.C. Camtes, M.LA. Fera ¢ MAF,
Rebelo, “Procedures for Testing pH Responsive Glasy Elecirodes ot 25, 37, 65
and 859C and Determination of Alkatine Errors up to 1 mol dm= Nat, &+, Lit",
Pure and Appl Chem. 57, 857 (1983,

- AKE. Covington, MIA. Ferra ¢ 2-Y. Zou, "Applications of Multilinear
Regression Analysis to e Evaluntion of Standard pH Valies for Potarsiom
Hydrogen Phthalate Reference Value Standard Solutions at Temperatares up 1o
498 K, Elgetrochim. Acta, 30, 805 (1985),

= AK. Coviogron e MIA. Ferra, "Caleulotion of Single lon Activities In
Solutions Simmiating Blood Plasma®, submeudo a Scapd. Y, Clin, Lab. lovest
(1988},

6. UNIVERSIDADE TECNICA DE LISBOA
TECHNICAL UNIVERSITY OF LISBON
- INSTTTUTO SUPERIOR TECNICO
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INSTITUICACUINSTITUTION:  Institute Superior Téenico

Centro de Guimies Bstrutural, Complexo | (projecton 6.1 © 6.3/projects 6.1 and
6.2)
Clentro de Elsctroguimien & Cindtlca da Universidade de Lishon ( projects 6.3/project 63)

Marada/Address: Ay, Hovisco Pais, 1006 Lisbos codey
Tel. (01} 52TBO9, 572096 [projecton 6.1 ¢ 6.2/projectz 6.1 und
6.2)

Tel. (01) 804589 (projected 6. 3/praject 6:3)
Tel (01) 7B3594 (projectos 6.4 ¢ 6.5/projects 6.4 and 6.5)

Dpminiods’ da Electroguimisn/Elecirochemicsl preafs’:

« Electroguimica moleculpr de compoaios de coordenagio (projecte G6.0)Molecalar
electrochembniry of coprdination compounds {project 6.1)

= Bleciroquimica analitica (projecto 6.1 )WAnalytical Elecirochemiry (project
£.2)

- Eleeiroguimics dos materiais e tecnologin eleciroquimica (incluindo corfodio
proteccdo dos materisis) (projectos 6., 6.4 ¢ &:5)Materials Electrocheminiry
and  elecirocheomical  iechoolgy  (incloding  corrotion  and  prolection  of
materiah] (projects 6.3, fud and 6.5).

= FAF -

6.1 - ELECTROQUIMICA MOLECULAR DE COMPOSTOS
DE COORDENACAO

MOLECLULAR ELECTROCHEMISTRY OF COORDINATION
COMPOUNDS

CONSTITUICAO DA EQUIPAZIEAM COMPOSITION

HESPONSAVEL/RESPONSIHLE TEAM MEMBER: Armands 11 Pambeiro

OUTROS MEMBROS/OTHER TEAM MEMBERS: M. Fernunda NN, Carvalhio, M, Amélia
N.D Lemoy, M. Fidime C Guedds dn Sive, Siviz SR Almeids, M. Fitima 510
Borrego, Ann Sales Lufs A, Seco, M. Emilia N.P.R.A. Silva, Tinia locometo de

AREA CIENTIFICA PRINCIPAL ¢ INTERACGAQ com OUTRAS AREAS: Electroquimica
Muolecutar, Cuintca. de Coordenagio [Inorgimicn, Bioinorgénics ¢ Chgamomesilica).

MAIN SCIENTIFIC HREﬂl.m} [INTERACTION WITH OTHER AREAS: Moleculur
Blectrochemistry. Coardinatlon  Chemistry  (Inorganke, Biolnorganic  and
Organometnllic Chemistry)

OBIECTIVOS

- Inves\iguodo, pot métodes electroguimicos, dus propriedades dos compesiol de
gpordepacio, demgnadamente de tipo redox e eldctrdoicas: e=siude de eleitos
crtruturais ¢ de ligande no potencial redos; descovolvimente de expressoes
pura quantificacie ou previsge das propricdsdes redun e dosdoras/aceitadoras
clectrinicis de centros meliliens e lHyandon

- Electrussintese de composivs de courdenugii-
- Elestroneuvagie de moléculay (coordenadas & contros  mevilicos] pom



dmifivade bloldgico eu industdal, tals como, alcinos, aleenos, isonitrilos,
oitriloa, dinzote, difxido ¢ mondside de curbono, halogenetod orginicos e di-

-higdrogénm; descnvolvimento de progesses olectrocatabiticon,

Estudoy mecaniptivos de rescgoes qyuimieas e procemnos eleciroquimicos, bem
como da =finidade relativa (seleciividade] de centeos metdlicop insamrados em

relagio a divernos subnraton

AlS

‘Invesupstion, by electtochemicnl metheds. of thie mopgrles of soocrdination
sumpeunds, namely of the redox and electronic type: study of ligand and
struétural effects on tHelr redox potential; development of expressions for
clecirochemical  guantification. or  prediction  of  redes and  electron

domor/eceptor properties of melsl sites and fgsnds.
- Elcsiyrosyniboss of coordinalion compoosis.

- Blegutopctivation of molecules  {coordinated of metal centres) wilh
bivlegicnl or indusizal inlerest, such as, alkynes; alkence, §ocyEnido,
nitriles, alkenes, dinitrogen, carhon dioxide and mopoxide, orgeochelides and

ditiyelrogen; development of electracatalylic probeses,

Mechanisi siudigy of chemical reactions and elestrochemical processes, s
well as ol the selutive affinlty (selzctivity) of metal esntres  lowsrde
different aubstraten (see dbove).

SUMARIOD

Bropriedodes fedox, glcilos cijruturaly ¢ de metsllipnnde, cormclaches £
peovisi do polencial gedoy

No Ambite do cstudo da activagdo de mol;écnlas pequenas com significado
bioldgico ou indulirinl por centros de metnis de brdnsigio, prepriaram-se séries
de complexos com estns eapécivs, ou derpvadas, (L), coordenadas o cenizos de
alta tiguers. electrdnica, chn metais dos grupms VI (Mo os W), VI (Re) ou VIII
(Fe, Co ou Ni) e co-ligandes do tipo fosfinas, fosfilos ou foenfonitas (P),
tain como;, [MigPs] (M = Mo ou W), [ReCILPy). [ReloPgl* ou [FeHLP4}t. Ton
substraton sdo entdo suaceplivels de activagho em relagio @ reacgbes de adigho
elecirofils 8, comd formagho de wma videdsde de espécle, particulaimente com
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ligagdes milliplas metal-cifbona, tals comp, esrhinon, carhenon on i

Aplicarans-se thenicis de VO ¢ EPC oo sstudd dan proprictlides  redox desses
complexos, tende sido estabelecidns correlagbes entre 6 potencial redex c a
calfulura ¢ composigio, propricdsdo eipeocliroacdpicns € o conmtanie eg de
Hammen {ow consianies  telocionadas), Fara diversme ligandos © centros
metdlicos, foram estimudos o3 valores de pardmetros cleciroguimlcos medidores
do cardcter mecitador/doador clecirdpico do lignodo, da riguezn elecirdnica ¢
polarisabilidade do centro metdlico; a definigho- destes pardmetros € & sug
correlagio foram estendidos & vidos tipos de centros metdlices ¢ [oram
derivaday expresn@e’ que permilem’ prever o potencial redox dos complexos

cartespondentes.

Investignrani-s¢ dy propriedades redox de derivados de [erdocenn com
substituintes de interesse siniétco bloorgdmico, tendo esied sido comparsdos
::plrpdnnmcad:ir.rdmdﬂxfmﬂﬁdm electrinion.

Elecuronctivacio de  lgandes ¢ contros mesdlicow, Electzossiicss ¢
slestromthliss

Foram aplicedos mélodos electroguimicos ne espdo  de  reaigbes  de
transferéncih  proldmica, deplgnadamente em  processes  de  desidrogeangao
induilos por vin redos,

Qeorren @ electroactivagés  de weniirilos & protonagés  aid  ruplura
complets, redutivn, da ligagdo ON, em czntres derbades de tomollbdato em gue
o ligando sulfureto apresonta 'um papel active.

Mes coniros ( MoX(dppelz ! (X = Br ou I, dppe = PhpPCHCHaMPha), gorados
clectroquimicamente, delectou-de @ feducio eleetroeataliticn de halogencios
orgiinicos o hidrocsrbone o,

Observarim-ge feacgbes de ataque sucledfilo elecrainduzidas, por exemplo,
oo centro {FeH{dppelp ¥t em que, sepundo  um  processe  anddico ECE, ocarme &
ruptum dn ligagho metal-hidrelo {evolugio proidnica) £ fuonnegio metdbon,

Estudou-se (éolaboragio com J.C. Pickert) por VC o mecantsmo de
substitulgdo do diacolo por Boniteilus nos contres (MLg | (M = Mo ou W),
concluindo-se que o perdn de Ny conslituin o posso limilante do velocidade ¢
i|wapuhhwpuwuwﬂpnhuﬂmnﬂumd:mmm
poi mieracgao =.



— 338 =

A formagio de [Mola{dppeiz], [MoLi(dppelz] & [MolL'(dppe)a] (LL' =
irnnitriln, €O ou Ng) por rescgit dos substraton com centros insaturzdos,
gerndoy  electroquimicamente, foi eswdads por tdonigns  volimméiricas  que
permitiam compesar & afinidede dos substmtos pelom contms de caodagio,

SuMMARY

Redoy prgperties. metalfligand and strugtucal effects, sorelutions and
prediction of the redex polentinl

During the course of our study on the petivation of small molegules with
tiologienl or ipdostrdal interest (see above) by transitiem nmisial cenires we
have prepated series of complexes with these or derived species (L) ligsting
an elecirensrich gremp VI (Mo or ‘W), VII (Be) or VIII (Fe, Co  or i) mewmi
site with phosphine, phosphite or phesphonite  codigands (P), such an
[ML3P4] (M = Me ar W), [ReQllP4), [RelaP4|® or [FeHLP,|*. Such subintrates may
then Be wetivated towards Boaglectrophilic addition 1o give a wanery of
IE’:EII:!. Eike with multiple metal-carhon bonds; such 23 carbynes, sarbenes or
fl

inyls.

The redox properties of these complexes were studicd by CV and CPE, wid
correlntions recognized berween the redox pitentlsl and the strpeture. =nd
compoiition, Lr. snd other spettroscopic data, and the Hammelt's Bp o
relnted conzraces. For many of those fygends and metal centres, @ have
estimated the values of electrochemical pasameters which messure the nel
eleciron acceptor/doner character of the ligand, the electron-richness and
polarisability of the meral wsite; the definition of these pammmeicr and their
relationship were ententded to varlows types of metal centres, and expressions
were degived o order to allow the prediction of the redax potenkinl of Lhe

corresponding complexes

The redor properties of lerrocene derivatives were mvestigated lor
different types ol substitulents with  bioorganic syntheric interest and the
eleciron donwrfacceptor propermies of the tater wene compared.

Elecuroagifvativn af ligands and mets]l giie, Electropynihesis  and
electrocninlsi

Proton transfer reactlons were fnvestigaled by elecrrpchemical methods
which indicated that, gqp. the protonated compiexcs may underge redox induced

dehydiegonation processes.

The electronctivation of becyanides towards protopation until complete ON
bond reductive cleavage was achieved at thiomolybdete-derived cenlres where

ik shilfide lisad eppews 1o pluy en soiive rele.

Orgunohalides undergo electrocatalytie reduction to Hydrocerbons st | thie
eleciochemically gencrated iMoE{dppely 1(X = Br or I dppe = PhaPTH2CH2TThy)

slies,

Elecirochemically-induced  nuoleophilic altack was observed, c.g. al the
{FeH(dppel ¥ site which undergoes an anodic ECE process with metal-bydrde
b ruptute { proton-loas) wnd metal Ouerineion.

- Mechnnistic studics

The mechzainm of the displacement fedictiona of dinileogen by lsocyanides al
IMLg) (M = Mo or W) was siudied (collsbor. with ©). Picker] by CV which
showed ithat Ny loss was the rate limiting step und its lubillsation by other
ursaturated Hinnds wid determined by s<Imerattion

The fmmation  of [MoLafdppela]. (Mol aidppel] and [MoLL'{dppeh] (1. L' =
Botyarnide, CO or Na) by roaction of fhe susbirates with ' electrogenernted
zmsaiuraicd meinl conines was monditored by voliammetric techmigues which
established the selative kinetic affinity of those substrates for the hinding
e

BOUIPAMENTO ESPECTALIZADO

Patencimtatofgalvanosisin EG&G PAR 173, Programador universal EO&G PARC 173
Potenciostato.  HI-TER DT 2101: Gerador de ondas HETEK PP RI Hipatenciosiaie
Broker E 330%; Rotor ASR = controlador Pine Inwir. Co;; Opoiloscdpio digiad de
memiiin Gould O5 4100; Misiompeindor THM P32 Registadores XY; Criosmin.

RELEVANT EQUIFMENT

Palentimat/gahanmial  EGEG PAR 173 Univeral progmommer BG&G PARC (75,
Potentiostat HI-TEK DT 2101, Wavelorm peneratoy HI-TEK PP RI; Bipotentiokta
Bruker E350; Rotator ASR gnd Speed Control Piie Iastr. Co., Digital storsge
scope Gould O5 4100; Personal compuier TAM PE/Z; XY recorders; Cryostal
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: COES REPRESENTATIVAS/REPRESENTATIVE PUBLICATIONS 6.2- ESTUDO DE MECANISMOS NAS AGUAS NATURAIS POR
PUBHIER : AT 8 METODOS ELECTROQUIMICOS

STUDIES OF MECHANISMS IN NATURAL WATERS BY

- Rk int I i /Metal Complexea”,
AL L. Pombeite, "Electrocheminity ol icansilion Melal Complexes”, Portugiling ELECTROCHEMICAL M ODS

Electrochimica Acta, 1983, 1, 19-144.
- ALL Pomibeiro, Inugg, Chum, Actg, 1985, 103, 95
- ATl Pombeire, Portiyeiise Electmchimies Acta, 1985, 3. 41

- WLFNN Canvilhe, AL Pombeiro, LES. Dalign, 1989, 1200, ) .
-MANDLA Lemas, ALL Pombeiro, | Orpanoinetal. Chem., 1988, 234, C79. CONSTITUICAD DA EQUIPA/TEAM COMPOSITION

RESPONSAVEL/RESPONSIBLE TEAM MEMBER: Maria de Lurdes T 5. Simeu Crongdives
(CNEIST)

OUTROS MEMBROSOTHER TEAM MEMBERS: Ana Maria Almeida Mot (COEIST),
Margarida Maria Correin don Samos (COF, IST), Maris Teresn Leal Duarte (OQE.
IST) - project in collaboration with M.A- Carronde - CQE, 15T), Anidnie Lopes
Coneeigio (CQE, IST), Maria Fernanda Vilhena (CQE - pan-time), Isabol Peres
(UNL - project in collaboration with LUniv. Nova de Lisbos), Maris Ascensio
Trancose (LNET] - project o coflaboration  with M1 Montenegrm - Univ, Minhaj,
Ciddlia Bewelha (Fac Eng. Peoro - project in collsbaration with K. Hosveniura -
Fuo. Eng. Portn). Marin Lucllin® Gomes (Fac. Furm. Lisbos -  praject i
collaboration with LF. Vilps Bons (IST), Maria Join Bebiane (Univ, Algarve -
prejeet in collaboration with Plymouih Mar - Laboratory), Leopolde Corés (Serv.
Nac. Parques - projedt In collabworation with M.T. Pers, Serv. Noe. Pargues),
Mara Faira Caldetra [LNETT » project @ collaboration  with MUC Peneda [LNETT),
Pedre Lopes Vielrn (Escols Secunddris - pmoject im collsborstion with M.T.
Vinhas - lnstieute Hidrogrilice), Jos€ Faule Farinha {Studeni IST - project in
collaborntion with AM. Almeida Mom - OOFL 5T} Pavin Comtinbo. (Srodem IST -
| praject i collaboration with MM, Carreia dos Santes - CUE, 15T}

| AREA CIENTIFICA PRINCIPAL o INTERACGAD com OUTRAS AREAS/ MAIN
SCIENTIFIC ARIA AND INTERACTION WITH OTHER AREA

« Applications of volmmmetty melhods to the study of mechamsms in several
types of natural waters, Studies of application and the relitionship with

binavaiiabitivy aned toeity,

", O - Compn de Chitiics Bstrrpvekl 15T - betfturo Sy Tirmen UINL, - Uyivrvanide flrls e Liidion




CHRIECTIVOS/AIMSG

The objectives of this project include:

a) Studies of mechapisny io sulutiop in psiural wsiees by eleetrochemical
melhods, (ncluding determination of sisbilily comsluniy and rale constanis of
chemical reactions coupled with the electrochemical procesey. Thermodynamic
and kimetic studies in the presence of ligaods that can stabillee fesa gable
onidation states of metal dons swch as Cufl), Ao{ll) and Au(l) produced
electrochemically of (he imorfnce,

b) Studies of procespes ol intedfsce g paters| waters by elsetrochemical
methods, including  adéorption of organics and complexes on hydrophobis
interfaces. ‘Deermimation of equilibriym  constames and rate consmpts of
atlsaption and of the wrinee area of the molecule at the inlerface.

Delerminatibn of rhle constents and fransfer coeficients of electrochemicil
1CACHInn,

¢} Developing of electroanalvtical methods including the possibilities of
wllammeiric methods in the presence of particled, of anodic stripping
vollammelry of heavy mewls in the prosence of ligands and the use of

radlent FIA thrationy i analytical cheadatry,
BUMARIOSUMMARY

D.C. Polurography, AC. volmmmetry, mormil and diflerential pulse
polarageaphy as well as cyelic voltammetry and anodic stripping voltanimetry have
been used 1o sudy pdsorptEm mechanime on mierfaces ood compicies o elution
in maiwal water condition.

Egulibowy constaoly of complexes with well-characiesized  ligands. of
biolagical origin and with homoloegous compound groups ncluding suspended
patticles have beey delermined, mmnmalm been consbdered.

FUBLICAQOES REFRESENTATIVAS/REPRESENTATIVE PUBLICATIONS

- MLLS. Simées Gongulves, L. Sigg, W. Stumm, Valtammetric metheds for

= 34 -

distingulshing belween ditsolved snd particulate meeel lon coneentrations in
the presence of hydrous oxides. A cme sudy on lead(ID). Env. SG
Technology, 19, 141 (1985).

< AM. Almeldn Mota, J. Buffle, 1.P. Koupaves, M.LS. Simdes Gongalves, The
lmportance of concentratton effects &1 the elecirode sorfare jo  snodic
sitipping: voltammeiric measurements of complexation of metal fons at aataral
coneeniratione. Anal Chim. Acta. 172, 13 (1985).

- M.M. Correln dos Santos, M.L:S Simée: Gangalves, Elecirpatalytical chemsiry
of copper, lead and zinc complexes of amincacids a1 the dlomc strength of
semeater, L Bleciounnl, Chem, 208, 137 (1986

« L. Buffle, AM. Almeida Mo, M.LLS. Simdes Gongalves, Adsorption of fulvic.
like organic ligands and their Cd and Pb complexes ar the mercury elecirnde,
L Electronmal, Chom., 323, 235 (1967)

- M.LS Simbes Gongalves, A Lopes Conceiglo, Melil [on binding of eapper(Il),
ginc(I11) wnd lesd(I1) by algae Selenosrrum Capricornuium Prame; ey of Tos
Eqv. 78, 155 (1989)

INFORMACAD ADICIONAL/ADDITIONAL INFORMATION

Collaboration with: W, Stumm sod L Sigg (EAWADO - Technical Unlversity of
Zutleh, Switzerland), 1. Huffle {University of Geneve, Swiltzerland), DV Turner
ond M. Whitfield (Plymomih Marine Laboratory, England), M. Aménia Sampayo and
C. Vale (Inutiture Naciemal de Investigeghe das Peszas, Fisheries [Institute),
1.1, Moura and M.H. Dias dos Santos (Universidade Nove de Lishoa), J. Casito
Romiero and J. Fernndez Solfis {Plyiechric of Ferral, Espanhn).

Supperi to: Sivia Cous (OQE, IST), Riis Delgade (COE, IST), M. Amélia Suntey
{CQE. IST), M. Mintels Mot (Univ. Evota).
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6.3 - ESTUDOS DE CORROSAO E PROTECCAO DE MATERIAIS E
DE ELECTRODEPOSICAD

CORROSION, PROTECTION OF MATERIALS AND ELECTRO-
DEPOSITION

CONSTITUICAC DA EOUIPASTEAM COMPOSITION

RESPONSAVEISRESPONSIBLE TEAM MEMBERS: Miro Ferreir, lsabel Gagn

OUTROS MEMBROS/OTHER TEAM MEMBERS: AldaSimdes, Joio Sabvador Fermmdes,
Autrinno Pacheoo, Teresa Moura £ Sihva

AREA CIENTIFICA PRINCIPAL e INTERAUCAD com OUTRAS AREAS: Tecnologia
Quirmics, Ciénicin de Materian

MAIN SCIENTIFIC AREA AND INTERACTION WITH OTHER AREAS: Chetilenl
Technology, Mnicrialy Scicnees

ORJECTIVOS

Noste projecio em quo existom virios subprojecios preiende-se estudnr o
conpariamento fee 4 corrosln de metsis nis e revestidos em dilerenies mdlos, O
catudos dnciden guel sobre moterinls iuls eldsaicos quer sohee noves materials,
Paraleclamentc o cstudo de. clecirodeponigio de metsis € Hgan em difercntes
condipbes upuratérias & nmbdin o cbjective dests programn.

AlMS

In this programme with different projeets it I intended to. siady the
corrogion behnviour of bare &nd coated metnls in diffirent environments. The
siudies are an mone classical maerialy and on advasood mavernals,

Simulipneowily. he sindy of metals and  alloys  electrodepouition  in
differemt operating conditons dn also an aim of this programme.

SUMARID

- Estudos de Passtvigin o Corrosiin -Jocstinsds

- Corrbedo do Ago ¢ Zinco oo Armoxferas Industrinis e Marnhas

- Extudoy do Degrmdagio de Meterius Pmitzdos

- Estudi da Coeresdo de Blommatorials peados em Clnurgia Operatdrin

- opriedaden das interfaces de Aluminis Implantade iGnickmente comm Lie W
= Blegirodepongio em camady fing com correnie puliame

SUMMARY

- Studies of Passivation and Localized Corrosion

= Cormomon of Steel and Zine in Marisc and Induntrial Atmospheres
- Studins of degradation of Painted Metals

- Corronin. of Blomaterials used i Onhopedics Surgeey

= Propertics of Laand W on jmplanied nfvmimom uierisces

- Blestrodepositicn. uuder thin layers with pulsed curzent

Analisador Jde  respostes de  frequénein, Micretompuiadares e  interfaces,
Panenciostaton ¢ Geradores de Skoaks, Micrmedpios, Oscillosedpio
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RELEVANTEQUIPMENT

Frequensy rusponee analyser, Microcompuicrs and wnicrfeccs, Poicntiontais and

signal generators, Microscapes, Oscilnecnpes

PURLICAGQOES REPRESENTATIVAS/REPRESENTATIVE PUBLICATIONS

- LM.M. Gago, Flectrometalurgis das Sologdes Aguosas (Friocipiod Fundamentsiy).
el INIC, 1987 (o). _

= 11 Dowsen and M.G.S Ferreira, "Electroghembeal Studies of the Pltting of
Auteniti Stnles Steel’, Coproy, Sei, 26, 1027-1040 [ 1986).

o AMP. Simdes and M5, Ferrcirs, "Crevice Corrosion on Sieinless Sicel using
ElperrochemicalNoise: Measurements”, Be, Corros ] 22 21.25 (1987),

« AL Dawson kpd M.G.S. Ferreiri, "Creviee Corroulon on 316 Sininless Sieel
in 3% NaCl Salution”, Corrgs, Sel, 26 1009- 10026 [ 1986),

- AMP. Simiexy, MGS Ferrefra, M. Cunka Bele and B Remilen, “"Chameterization
ol Passive Films on Stbinless Sieel by Photoelecirochemtical and Impedatice
Technigues’, Port, Electrochem. Acta, 3, 5969 (1987).

6.4 - PROCESSOS DE ELECTRODEPOSICAD E CORROSAD EM SISTEMAS
AQUOS0S E DE SAIS FUNDIDOS

ELECTRODEPOSITION AND CORROSION PROCESSES IN AQUEOUS
AND MOLTEN SALT SYSTEMS

CONSTITUICACG DA EQUIPASTEAM COMPOSITION

RESPONSAVEL/RESPONSIBLE TEAM MEMBER: C.aC. Sequeirs

GUTROSMEMBROSKITHER TEMJLI'-{EMBERS:J.M.M,A. Castro(Marconl, Lagos ) M LC.
Flancha [LMNETI, Lisbon), AMG. Pacheeo (IET, Lisbon), C.MGS. Nones (LUINL,

Lishan)

DESCRICAQ DO FROJECTO/DESCRIPTION OF THE PROJECT

AREA CIENTIFICA FRINCIPAL ¢ INTERACCAQ com OUTRAS AREAS: Industrial
Electrochemisiry.  Muierlals  Sciende, Electrometallurgy,  Kingties  amd
Thermodynamics

ORIECTIVOS/AIMS

Eleetrodeposition and metnilie corrosion are wi aspocty ol the ame basic
phenomenon: both nvolve the trunsfer of @ metal fop through un anergy barrier
which exists ar the mierface belween o metal and an electralyie, and each s
aften influenced in the same way by surface-active sgents edsorbed at that
interface. Theee i also m iperked sbmilacty beiwesn these processel in agueous
solutions and in fused salie. Naturnlly, there arc differences in demil, buy
the similarides are sufficiently well marked o meke It worth while stressing
the thermodynamien snd kinetles based on which these various procesdes fesl.
This project avtempis to make clear these pimilarities and differences, adopting
new sppronches in analysing basic mechunisms of electrodeposition end cotrosion,
and i comparing the mechaniims in mollen sall sydlems with sécepiled mechaniaoni
in poueouD syslems.
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SUMARIDSUMMARY

The kpeties of pit infifddon oo 3041 musienitic stminless steel in
siueous sodium sulphate solutions containing various concemtrations of sodiumn
chloride have been invesiigaied by induciion time measurements using the
potentiostatie test method. Is has been suggested (bt the  mechanism of single
inn irmport through the Hhm i the rate determining step

The corrosion of zine hay beoen smudied in onygen- and nilrogen- peturated
distilled water at room temperatore. The results have led to a mechanistic midel
which takes |nte account the tule of growth of flm and the rate of melal jon
diffusion through the "chammel” wiich penetrate (he fm.

The cathodic teduciion of titanium in melten chiorides of sodiom and
potassium containing potassium hexafluorotitinate has been studied. '

I sddition, a deisbawe, of the relational type, for high tempeoritore
corroston and cormsion mEolection has been proposed.

PUBLICAQOES REFRESENTATIVASREFRESENTATIVE PUBLICATIONS

« CA Sequeirn, L Eleciroanal. Chem, 339, 203-208 { 1964}

- M5, de 54, CM. Rungel and CA.C. Sequetrs, Byl Comos, 1. 23, 1H6-189
{1089),

- C.ALC. Sequeira, MUY Alves omd AC. Conts, "Micrabinl Coarmonion”™ « 1. ede
2.A.C. Sequeirn and AK. Tiller, Elsevier Applicd Science, London, pp. 266-254
(1983},

- CAL Sequeirs, AMSG. Pacheeo wnd CMUGS, Nunes, Sufece Enginesring. 4(1)
6581 (1988),

- €. A, C Sequeira and JMMA, Castre, Dechema-Moaograghs, vol. 116-VOH
Veriagigesellschafi, pp. 161-166.{ 1989,

INFORMACAD ADICIONAL/ADDITIONAL INFORMATION

Senfor Collsbarsioes:  AC Gustaldl (Univ, Alsbama, USAL MS. de S& (Wayne
State Univ, USA). CM. Rangel (LNETL Lithon), P.T.
Sumodjo (Umiv. S&0 Paulo, Brasl)

Industrinl Relevance: Metal Extraction, Refining dnd Recovery, Cotrosion
Protection
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6.5 - PREPARACAQ, PROPRIEDADES E APLICACOES ELECTRO-
QUIMICAS DE MATERIAIS CONDUTORES 10ONICOS

PREPARATION, PROPERTIES AND ELECTROCHEMICAL
APPLICATIONS OF 10N CONDUCTIVE MATERIALS

CONSTITUICAO DA EQUIPATEAM COMPOSITION

RESPONSAVEL/RESPONSIBLE TEAM MEMBER: CAC. Sequeirn

OUTROS MEMBROS/OTHER TEAM MEMHAERS: MAG. Marsin (EDP, Lisbon ), J.M.B,
Femondes Dindz (EST, Tomar), CAS Fara (Tudor, Lisbon), AV.V.A Coste (IST,
Lisbon), L.PS. Armijo (Univ, Ag. Neto, Angola)

DESCRICAQ DO FROJECTO!DESCRIFTION OF THE FROIECT

AREA CIENTIFICA PRINCIPAL e INTERACGAD com OUTRAS AREASMAIN
SCIENTIFIC AREA AND INTERACTION WITH OTHER AREAS: Eiu:lmhﬂmhtr}' of
Materish, Elecironics, Engincering, Materiaby Science

ORIECTIVOS/AIMS

The rediscovery o fast jon conducilon in aolids in the 1960's stimulated
micrest’ bath in the science community in which fundamentals of diffusion,
grier-disorder  phenomena, and  cryseal  stpucture evaluation  required
reexwmination, and in the techalesl community ln which novel approaches io
energy conversion and chemical seniing became possible with the introduction of
the new field of "salid stite foniss™

This projeet attetnpia to poride (his novel wod +ial feld, with speoia)
cmphasis on ciectrochemical energy conversion and sterage and on the synthous
of energy-rich,  maierials. The twe major fopice are ihe alectrical =nd
electrochemical cheracierization ol new lon  conductive mstetiali, and the
development of advanccd  clecirochemicel  deviees which ncorporate these
wihierhinls.



SUMARIOSUMMARY

The tlectrical propesties of melal/polymerimetnl  and metal/palymern/oxide
stuctures wire considered with a view to the applications of thin polymer [ilms
ma polymer electrulyies inadvanced electrochenmenl devicey.

The studies of the effect ol age, sorage conditions, meleculnr weight and
muolecwlar weight distribution of the malrix polymer PEO on the zonductivily,
wtracteral and mechanical behaviour of zinc polymeric elechrolytes were staried
wemg VTPM and DSC. BC and AC impedance atudies were perfomed To determine the
eranspart number af the jon Zu2+ jn 8 (FEO) s Zal; fitm,

The diffusivity constant, [, for NaOH through Nafion® 120/ was foand 10 he
195342107 em? secl at 252 The current efficiency and transpor! mumber of
sodiun ks thraugh the perfluorinniod membrane were alse investigated. The key
parameters (Hmiting ¢l and curromt efficiency) for o proposed 6 cell pair
Apparaies were catunated. )

Multi-layer Langmule-Blodgett films were coated on subsirates to provide an
electronically’ tonducting subdtrate for o solvent cast polymeric elecirolyle
{myer. The LB film & being characterised by 1ETS und FTTR.

- A structure compriting a sandwich of gluss fiber and @ polyethylene
radiated Tilm is belng produced and will be tested in n senled lead acid baitery
under deep discharge conditions, (o find out whether dendrite formation can be
avajded,

Complementary studies aboul conduction processes in oxdde solld eclevirolytes,
semicondueting oxides and metnilic organic polymers, TWEs and [SFET, are
pursuing leading 1o papers publivked 1n the open litearture. Moreover, o
mechanistle analysis of the awypen.opdde eleetrochemistry with intrinsle value
{or high-temperature bigh-energy density baiteries and fuel cefls, bas been
perfomed by steady stnte i transien) MessUromenis.

PUBLICACOES REFRESENTATIVAS/REFRESENTATIVE FUBLICATIONS

« CAUC Sequeira, "Solld State Baterlen”, eda. CUAC. Segueing and A Hooper.
Mnritnus Mijhoff Publizhem, The Nethertandy, pp. 21%-260, 1555,

- CAC Sequeira and LMD, Fermandes Diniz, Phvs. Sat. Sol. (a3, 104, 153-162
{1988)

= (LAC Seqgueira, 1P, Joseph und J M B. Fernandes Diniz, Solid Sime  Jomcs,
26, 197,201 (19R8)

- C.AC Sequeira and F.D.S. Marques, Chemitropics, 3, 236-239 (1988).

» CAC Sequeirs, L Electroghem, Soc., 136 2751-2755 (15989),

— BE -

INFORMACAQ ADICIONAL/ADDITIONAL INFORMATION

Semor Collaborasors:  G.C. Farrifgton (Univ. Pennsylvanta, USAY, R.6. Linford
{Lelcestor Pelytechnic, UK), F.D.5. Marques [South Dakota
Univ. USA), 1P, Jazeph (SRI International, LI5A], MN,
Pinko (15T, Liston )

Industrial Relevance:  Elergy Storage and Coaversion, FEffluens Treatment,
Microelevironio



7. UNIVERSIDADE DE LISBOA - FACULDADE DE CIENCIAS
UNIVERSITY OF LISBON - FACULTY OF SCIENCES



— 38T -

INSTITUICAQANSTITUTION: Centro de Electroquimica ¢ Cindtica da Universidnde

de Lixbon (CECUL).
Departnmento de Ouimics da Faculdade de Cidncm de
Lishon

Profegios 70, 7L 14 g 1.3
Rua Escota Politécnicn, 33
1294 | isbos ooder

Tel. (01) 606138
Projgein 7.3
Caleada Beato din Rocha Cabral, 14

1200 Lishon
Tel, (01) 639628

~Hlectrocitilne (projesio 7.1 VEleciiceatalysis (prajest 7.1)
- Fotaelectmquimica (projecio 7.1 )Photoclecirochemistry (project 7.1)

-Electroquimice analitia (profectos 72 ¢ T3MAnalyvlical eléctrochemisicy
(projocts 7.2 and 7.3)

-Eletiroguinsica inresfacial [projecto T.4)/Imerfacial  Hlectroghemisiry
{prajeet 7.4}

- Electrometalurgls {projecto 7.9 yEleetromataliurgy (project 7.5)
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7.1 - CONVERSAOQ ELECTROQUIMICA DE ENERGIA
ELECTROCHEMICAL ENERGY CONVERSION

CONSTITVICAC DA EQUIFATEAM COMPOSITION
RESPONSAVEIS/RESPONSIBLE TEAM MEMBERS: Murin Isabel dn Siva Pereirn e Inés
Temlura Elius da Fonssen
OUTROS MEMBROS/OTHER TEAM MEMBERS: Masia frene Santos Lopes, Maria Jose

B.Y, Melo, Helena Maria 5. Carapuga, Marla de Fitlma Bonte, Gervdals Pimenta,
Maris Elminn B Lopes

DESCRICAO DO FROJECTO/DESCIIFTION OF THE FROJECT
AREA CIENTIFICAPRINCIPAL & INTERADCAD com OLITRAS AR EAS: Elsttrocatilise &
CrEnc doy Matcriai
MAIN SCIENTIFIC AREA AND INTERACTION WITH OTHER ARFAR: Hlecrmenialysis
and Maieral Scienee
ORIECTIVOS

Extuds da sctividade eclectrocdlalitica e [otovatslites de eléetrbdo
metilicos wodificados por sdatmmos ¢ dxdos metdlicos misos ¢ outros.

ATMS

Study ol the catalytic apd photoosialytic activity of metalbc electrodes
medified by adatogs, mmed oodes and other materil.
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SUMARID

i) -Prepuragho ¢  canacterizagio  de noves  materinds  por  tdcnicas
electroguimicas ¢ de eatado sélido:
- Substratos de metais de trangigie modificados por depodigho de

adatomos

« Uidon mistos do tipo privesquile e ouiros

it} Eatodo da estabilidode guimica e electroguimica dos oaterdals releridos
em {1}

- Estude du actividode electro ¢ foloontalitics dos materiads releridos em
(i) relativamente &s reacgdes de oxidigho de pequenas moléculas orginici
c akonis ¢ ds cvolugdo do oxigénio ¢ do cloro bem como da reducio do
wdgEnio,

SUMMARY

i) ~Prepamatien and chatacterization of new materials by elecirochemical aod
aelid staie technigues:
- Subsirates of Iransition melals medificd by adatonid
» Mied oooddes with spinel and perovekite stiructures

i) - Siedy of the chemical and electrechemical stability of the materials
mentioned on (1).

uij= Smdy of the catalytic and photocmalytic acuvity of the materials
mentigoed in (i) relatvely o the ovidation of samil organic molecules
and akhools and abo to the evolution of Oz and Ol and redoction of Og

EQUIPAMENTO ESPECIALIZADO/REL EVANT BEQUIFMENT

Eléctrodo rolativo (e disco e anel ¢ Espeatroscopls de Fotocorrente/
Rolating ring disc elecirode and Phototurrent Spectroseapy

PUBLICACOES REPRESENTATIVASREPRESENTATIVE PUBLICATIONS

- As cllolas de combustivel, Inks T.E. Fonpeca = AC. Marin, Apsis gas Ul
Jornadas de Ciéncis ¢ Engenlena Electioguimics. 139 (1985)

- A potentin]l Step study of the influence of motal adntoms and solution pH on
the rai= of formic scid exidstion at Pt oelectrodes, Inds Fomsecw, Jiang Lin

- 36 -

Cai e Derek Pletcher, ], Eloctrochen:. Soe., 130/(1983) 2187,

. Photosurren spectroscopy of semiconducting anedic films jon mercury, M.L da

Silvm Percire and LM, Peter, L. of Electruapalviica] Chem. 131 (1982) 167,

A wudy of the hexacyanolereate redox couple u) porous  BaSng gty 10y
perovikite eiectroden, M.0L da Silva Pereira, M.LBV. Melo, F.MA. ds Costa,
MR, Nuties and L.M. Peter, Elecyochimica Acts. 14 (1989) 665.

- "in gitw" [oftared Reflectance Spectroscapic study of ihe Adsorbed specics

resulting fram CH30H Adsorption on Polyerystalline Pt in Acid Solution, M.
liene 5. Lopes, B, Beden, F. Hahn, JM. Leger and C Lamy, L Electroanal.

Chem, 258 (1989) 443,



7.2- CELULAS GALYANICAS
GALVANIC CELLS

CONSTITUICAO DA EQUIPA/TEAM COMPOSITION

RESPONSAVEL/RESPONSIELE TEAM MEMBER: Maris Filomera G.F.C Cimies
OUTROSMEMBROS/OTHER TEAMMEMBERS: M. Inabel A, Ferra, M, José Guiomar H, M.

Lits, M. Cristiny. F. Oliveira, M. Fitlma M. Bento, M. Joug F. Rebelo, Cristlna
Maria RR. Oliveira, Carloa MG, Ferrelra

DESCHRICAC DO PROJECTOMESCRIFTION OF THE PROIECT
ARFACIENTIFICAPRINCIPAL e INTERACCAQ com DUTRAS AREAS, (ufrmies Flectro-
<anaiithca
MAIN SCIENTIFIC ARE AND INTERACTION WITH OTHER AREAS: Eleciroanalytical
Chemistry:

ORIECTIVOSAIMS

The research projects under development in the Electrpanalytical Chemistry
aren, particulitly mn the Beld of Patentiometry, almdng at:

« Establishiment of reference solution and methodologics
- Reevaluation of Conventioms

- Auttimatization of dals wequisition

- Application tu rezl samples

They concedtrate on te folkning siudles:

SUMARIO/SUMMARY

1= Multiple equilibrta in solation

i} Clirate  buller - purification of KH3Ch towards s prometjon 1o
Refetenos Materinl

iy Elfect of lonic Strenght on convemtiprally assigned pl values )

iti) Caleulution of pH wvalues for reference sinndard buffer solutiope {rom the

corresponiling acidity connlanis

i) Compositon and evolution of solution wsed in the cleetrodeposition of Mi

¥) Thermodynamic funeions af lonization Rencrion

vijDevelopnient and application of computing procedures 1o the evaluatlon of

eduilibrinm constants

2 - Liquld Juectlon potentials und thelr effect on the operational evaluation ol
pH

iyResidual upction  potentisls  hetween pH buller solutlond with mone and
divilent ions; capillary junetion with and without bridge solution
i} Effect of jonie strenght on the bohaviour of bguid junction

3= Flow Injection Analysis (FIA)

1} Develapment of a polenliometric cell adapiible to Jifferent 1SE
i} Precipition Tritations in FLA

i) Application to WO evaluation in real samples

| Clinieal apphications o pH measurements

- Stnbility constanta of Macrocyclic compounds and' Metal don  Complexes.
Potennometrc Selectiviny

f{Patentlometric evaluatian' of stahility constanta for Bis-Crown Hiher -
Menal jon Complesen

f)Developmem and  applicution of wiher technigues {conductimmeny, ITIES
valtammelry )

) Rennalysh of wlecivily concejts aid relmthons

PUE[.IDLC.I:'E REPRESENTATIVAS/REFRESENTATIVE PUBLICATIONS

- Bnthilgy of lonizmtion of water from Electro.-motive force measuresents, P
Bezbmrah, M, Filomes GFC Cambes, AK Cowvinpron and LV, Dotmon, LCS
Earudsy L (1973}, 63, 949,

- Caparidade Tampio de Solugies de Borax, M. Filamena G.F.C. Camées, M.L
Guinmar FLM. Lite, Portugaline Blectrochimica Acta, (1953); 1, 145.

- Proceduren for Testing pH responmive Glass Electrodes at 2565 and 85°C and
Determination of Alkaline Errors up to 1 mol dmed Na*, K+, Li* AKX
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Covitigion, HP. Butlkoler, M. Flomena GF.C Cambes, M1S Ferma  and MLF
Rebelo, Pure Appl Chem, (1985), 57, 887,

- Siability Constants of BisCrown Ether - Meial lon Complexes, M. Filomeona
G.F.C. Camdes, K. Tath, L Farkas, E. Pungor, Portugatiae Elecirouhinies Acty,
(1987), 3, 223, '

- Determinution of pH walues over the temperature range 5-609C for some
eperatipnal reference standard solutions and walues of the conventivnel
residunl liquid-junction potentiels, AK. Covington and M.JF. Rebelo, Asal,
Chitn. Actis, (1987), 200, 245

INFORMAGAD ADICTONALADDITIONAL INFORMATION

Topic 4 iy being developed in collnboration with the Instituie of Genernl
and Analytical Chommiry, Technica] Univeruity, Bodapes:, Hungary.

- JEE —

7.3- DESENVOLVIMENTO DE SENSORES ELECTROQUIIMICOS
COM CONTROLO COMPUTORIZADO

DEVELOPMENT OF ELECTROANALYTICAL TECHNIQUES

CONSTITUICAO DA EQUIPA/TEAM COMPOSITION

RESPONSAVEL/RESPONSIBLE TEAM MEMBER: César Augusio Nunes Visna

OUTROS MEMBROS/OTHER TEAM MEMBERS: Maria Munuel P. Mendes Neto, Maria
Manuels G.S. Hocha, Iodo Henngue A Aleesndre

DESCRICAC DO PROJECTODESCRIPTION OF THE PROIECT

AREA CIENTIFICA PRINCIPAL ¢ INTERACCAO com OUTRAS AREAS; Elecuca
andline

MAIN SCIENTIFIC AREA upd INTERACTION WITH OTHER AREAS: Elecirp:
analysis
CHIECTIVOS

Desenvalvimenta de sensores eleciroguimicos hidrodindmicos para controlo
compulorizadn de splugdes mutritivas ssades em hidreponls e ouiras matrizes
AQuUOBEI

AIMS

The purpose of this project ls the development of o sel ol clectrochemical
trangducern together with  microprocessor controlied imstrumentalion for the
meastiirement and contral of nutrients in hydroponics.



SUMARIO

- Investigecia = pacreigoamento de difsrenies sensares electogquimicos.

- Determinagds de baixan concentragies de espécies quimicas em nolugdo aguose
com elfcirodon  hidrodindmicos uspndo. téomicar amperomeiricas © de  pres

concentragin dlectroguimica,

= Controlo. sutomiatics ¢om mmoroprocesskdor dos semsores desenvalndos,

- Elatioragdo e ajustamento de software adequads aos problemas especificos do
eonralo em fmha de difecenien msiriey aquosss,

SUMMARY

- Deveopment of eléctrochemiial detsos

- Pererminntion of different metals in agueous soluthon weing hydrodynamic
clecirodes by amperometric and preconcentiation meibods. These enable ihe
eutimation of very low jevel,

- Control by microprocessor of the developed electrachemics] tanadudess

« Writing of suitable seftwire 1o be used i on-line monitoning,

EQUIPAMENTO ESFECIALIZADO

Eléctiodos hidrodindmicos; elécirodn rotative  de disco e anel o eléctrodo. wall:
<jet, Interface. electroguwmica

RELEYART EQUIFMENT

Hydrodynamic elecirodep:  retating ring-dise alectrode and walkjer elecirode.
Interines rack,

- 387 -

PUBLICAQOES REPRESENTATIVAS/REFRESENTATIVE PUBLICATIONS

« “An Electroanalytical Technique for the Determinanon of Tetal Iren in Nutrient
Solutions, W, John Albery and Marin M.P.M. New, Portugaliag Flecitoehim
Avtn 1985 3, 67

« Troce Metal Analysis i Morienon Solutions for Hydropooics, CMAC Bren and
Maria MM, Neto, L, Chem, Soc. Famadey Trana, 1, 1985, B2 1071,

« Voliwmietne Studies and Sinpping Voltnmmeoy of Ma(ll) st the Wall Jet Ring
Pise Electrode;, CM A, Brett apd Mariz MP.M. New, L Elecireanal, Chem,
1040, 258, 345,
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74 - PREPARACAQ E ESTUDO ELECTROQUIMICO DE MATERIAIS
ELECTROCHEMICAL PREPARATION AND STUDY OF MATERIALS

mew

RESPONSAVEL/RESPONSIBLE TEAM MEMHBER: |_M. Atrantes

GUTROS MEMBROSIOTHER TEAM MEMBERS: 1.0 Mesquits, J 1. Correls, M1 Ulrntal,
Patily Ricirde, Fitims Viegss, Noividade Sesres, Cristing Olvetrs

PESCHICAC DO PROJECTO/DESCRIPIION OF THE PROJECT

AREA CIENTIFICA PRINCIPAL: Electroguimics: interfacinl, Cinética Elecrrddicn
MAIN SCIENTIFIC AREA: Intetfacial Electracheminiry, Elecirode Kineticsd

INTERAGAD COM OUTRAS AREAS: Conversio energéticn, Tratamento de Superficies,

INTERACTTON WITH OTHER AREAS: Energy cunversion, Surlice Treatment, Blocteonion,
Bemuerials
OBFECTIVOS/AIMS

1) Eatwdoe de Polimeros Condutores.
Research on Conduttive Polymers.

b} Esnedo do mecanismo Rescclonal da Deposigio Electioless; Formmghio de [ilmes
finon e san earncierizacio

Study of Electroless Deposition Mechunisn; Thin Films formation and
characterization

— aa3) —

g) Avalingio das coudigdes eleciroquimicas para andlise do compofiamenio de
muterizis de implantes ortopédicm, tendenic o eatabeledimentio dum critério
AT,

Evilussion of elecirochemical conditions for behoviowr amabysin of orthopedic
anplent materials with the amm of standardization eniterium,

SUMARIOSUMMARY

a) Preparagho de palimeroa condutorss {¢.g- Polipirrolo, Pollanfiina,
Politiofens ¢ alguns derivodos) por oxtdaglo  anddica de mondmems Haudo da
infiuéncin das condighen de crescimento nas propricdades redon din filmes
poliméricos formados. Investigagde do comportammale redox em diferenies
melos,  vom  eldetrodos pormals = uliramicroelfcirodes.  Carsclerizagio
[otoclactroguimica e desenvalvimento de modelos interpredativon  dox

Preparation of conductive polymers (e, PPy, Pan, Pih and some detivaied
compovnds] by anodic oxidaiipn of the mooomers. Stedy of the growing
conditions’ influence on redox properties of formed polymers. Researeh of
fedox  beliaviour  in differen!  medin  with ‘normal  electrodes and
pltrmmicreeiectrodes.  Photoelsctrochemical characierization and development
af intarpretative models of fnyveived meckmnisms.

1) Edtabelecimento do mecaninme do proceste clectroless. Investigaghio  das
condigées de adsorgio e oxidagio do agente redutor em dilerentes melos e
condishes experimenials. Farmagho e caractermagio de filmes com marix de Ni
e Co, Desenvalvimenio de banhos de hoivd temperaiura.

Esmablishment of electroless process mechanism, Research ob the adsorption
antl oxidatior of reduding agent under different bath and experimental
condinony, Formayon and charactedsadon of the films with Ni and Co
Tt Dvvelopment af low emperature bhaths,

c) Ensnios cropoamperometricos em meiol bioldgicos simulados, usando elécirodoy

tle componigic & prepamagin de superficie iguais 4 dos malerial emproguer em
implantes oropédicos. Caraclerizagio  das  solugbes  resuliantes  de

bindegradagio controlada, parn permitic estuden de biocompatibifidade.

Cliropoampetomelric lesiz using simulated biologle Muids and elecirodes wilh
the nasme composition and surfece findthiog of ‘matedils for orthopedic



tmplants. Charscterization  of  reaulting solutions Fom  the  contivled
bindegradsiion for allewing blocoppatitality sfudies

FUBLICAGOES REPRESENTATIVAS/REFRESENTATIVE PUBLICATOONS

- Estuds da Cinéfics Rentcional dn Depodicio Elecrsieas die Ni-B". LM
Abexandee, LF, Correwn, 1M Abraniey, Ed. DER, LNET], 1488 )

- *"On ke Diffesion Impedance aof Microdise Blestrodes’, LM, Abrantes, M.
Flelshmann, LM, Pater, 5. Pons, B. Scharifker, | Electronpsl. Chem. 256
{1983)

- "The behaviour of Micredise and Microring Eledirades: Chronsamperometric
Reaponse of Microdise and Microring Electrodes”, M. Flelschmann, L1 LI, M.
Hawkios, J. Duschboch, 5. Poms. L.M. Abramies. 1. Elecrrospal Chem. 262
{198%)45,

- Optical Studies on Polymens preparcd by Anodle Oxddution”, LM, Abraptes, J.C.
Mesguita, LM, Peter, Matcral S¢icnce Forum, Vel42 (1989).

« “The Behaviour of Microdisc Elecirodes: Chronopaicntipmeitic and Veltamemeine
Experimenms", L.M. Abrantes, 1), L, M. Hawkiny, J. Daschbach, 5, Pans, M.
Flelschmann, J. Eleetroanal Chem., 262 (1989) 55

INFORMACAO ADICIONAL/ADDITIONAL INFORMATIHON

Colaboragin, no dominle da (nvestigigho realizada, comiCellaboration on research
arciy with:

Deparmmeanto de Quimios da Universidade de Southampion, Depanamento de Quimiss
da LFniversidade de Linh, Laboratoire de Electrochimie Inlerfzrial du CNRS
{Meodom - Bellevoe, Franga ), LNE1TT

Projecies de cooperagio com empresss, nomeademenle/Cooperalion Frojects with
entreprised, namely:

Quimipal S.A.; EDM, SA; OGMA

7.5 . ELECTROLIXIVIACAO DE MINERIOS SULFURETADOS
E TRATAMENTO DE RESIDUOS METALURGICOS

ELECTROLEACHING OF SULPHIDE ORES AND TREATMENT
OF METALLURGICAL RESIDUES

CONSTITUICAD DA EQUIPATEAM COMPOSITION

RESPONSAVEL/RESPONSIBLE TEAN MEMBER: 1_M. Abmnies

OUTROS MEMAROSAOTHER TEAM MEMBERS: L L Aradijo, Helens Mavricle, M. Cla
Coslu

AREA CIENTIFICA PRINCIPAL: Electramesalurgia

MAIN SCIENTIFIC AREA: Electramemniturgy

INTERACAD COM OUTRAS AREAS: Hidrometalurgis, Bxtracglo por Solvemes
INTERACTION WITH OTHER AREAS: Hydrometalluigy, Solvent Exiraeiion

ORIECTIVIOS

Investigagdo da oxidagio anddicn de minénos sulfurciados natyrads, com
simuliénea deposigin catddles dos melmin blslesn £ ohiengie de Hoxofre

Elementar. Tratemento de redfdubk melalirgivos pard extraegho  de metnls
comtrdne

AINVS
Research on the anodic oxidation of matural sulphide ores with simuliznedous

cathodic deposition of the basic melals and sulphur recovery, Tremtment of
metallurgyeal retidies fur recovery of contained waluahle metals.



SUMARID

Investigagho de provessn elecirommialinglen para trataments de mindrios
sulfurctados airavés da eleetrouxldagho de bdnodos particelades com simultdsea
recuperngio metilica ¢ prodogio de enxofre elementor. Anilpe e inlerpretagin da
argin de diferenten meios  clectrollticos {liviviantes) parn & electrolixviugdo
de sulluretos de Cu, Pb e Zn. Desemvolvimento de nove configuragho anddics,
Estudo doi mecaniames resccionnis erdvolvidos. Desepvolvimienio do processo em
meios nio cionfdricos para & recuperagiio de metais precloson em  Tesiduos

metalimgieos. Adequiglo das solughes para eficiente electroestrpeghn
SUMMARY
Reascarch on electrometallurgical process for vreatment of sulphide ores by
electrooxidation of purticulaied snodes with simultancous mesllic recovary and
elemantal fulphur production. Analysis and mterpretation of the aclion of
different electrolyte (leaching) solutions on the clectroleaching of Cu, Pbh and
Zn wulphides, Developinent of 4 new anodic configuration, Study of rebetfon

mechanismy. Develepment of se cianydric agentn for the recovery al precious
metals contained in  metallurgical residues,  Adequation of  solutions  fos

cificlent electrowinming.

PUBLICAQDES REPRESENTATIVAS/REPRESENTATIVE PUBLICATIONS

Ver prajects 7,4f5ee projest T4

INFORMAGAO ADICIONAL/ADDITIONAL INFORMATION

Ver projecio 7.4/See project T4

8. LABORATORIO NACIONAL DE ENGENHARIA E

TECNOLOGIA INDUSTRIAL (LNETT)
- INSTITUTO DE TECNOLOGIA INDUSTRIAL (Luminr)

NATIONAL LABORATORY OF ENGINEERING AND
INDUSTRIAL TECHNOLOGY (LNETT)

= INSTITUTE OF INDUSTRIAL TECHNOLOQCY (at Lumiar)



INSTITUICAQANSTITUTION: Laboratdrio Nuclonal de Engeaharia ¢ Tecnologls

Industrial
Instituto de Tesnologie Industrial

Muomda/Adidres: Axinhags do Lameires & Extrnda do Pago do Luminr
1699 Lishoa codex
Tel. [01) 75871211 (projecte 8.1), 586141 projectos 8.2 - Hd),
7582712 (projecto §.4)

DOMINIOS DA ELECTROQUIIMICA;, ELECTROCHEMISTRY AREAS:

- Electroguimicn doa materiaiy e tecnologia eldetrogquimicn (locluindo corroiin &
proiecghn dos matorinwm) (projecios B.1-8.3)/Matcrinks  elccirpcheminity  =ad
electrochemical technelogy (locluding commosiom apd protection of malerialy)

(projects B.1-83)

- Blecitoduimics analitica {pmjecta BA4)fAnalytical  electrochemistry  (project
)

= 388 —

$.1 - DESENYOLVIMENTO DE NOVOS MATERIAIS. OPTIMIZACAO DO
COMPORTAMENTO DE MATERIALS EM SISTEMAS INDUSTRIALS

DEVELOPMENT OF NEW MATERIALS. OPTIMIZATION OF
MATERIALS BEHAVIOUR IN INDUSTRIAL SYSTEMS

CONSTITUICAO DA EOUIPATEAM COMPOSITION

RESPONSAVEL/RESPONSIALE TEAM MEMBER: Carmen Mireyn Rangel

(MITROSMEMBROSOTHER TEAMMEMBERS: M H. Simplicio, M.A. Travassas, AL de 54,
FS5. de Souta, F.L. Crus, P. Baptista, A Moselra

DESCRICAO DO PROJECTODESCRIFTION OF THE FROJECT

AREATIENTIFICA FRINCIPAL DO PROJECTO e INTERACCAD com OUTRAS AREAS:
Elegiroquimics: de matenals. Corrosio

MAIN SCIENTIFIC AREA gnd INTERACTION with OTHER AREAS: Electrothemistry of
Materals. Coreoainn

OBTECTIVOSAIMS
- Electrochemistry on New Maotedal naomely of Steels and Alumimiom Modified by

lou Implamation.

« Stresk Corrosion Cracking of Brassgs and Aluminium Aloys, Elecrrochoinieal
FPrediction, Seleciinn of Materinh and Fogure Anatyses.

- Corrosion Control in Simulated Recirculating Svstemd, Corrosion in Selar
Colffecmrs,



- FI =

- o -
SUMARISUMMARY - CM, Rangel, M.L, Quinta, M.E. Simas, F.5, Sousa, "Microbial Carrasion 1%, p
) ) M6, Perganimon Mresy Crefocd (1988),
- M. S, CM. Rangel, C.A. Sequeira;, “Chloride induced pitting Initiavon aop
Hlectrochemistry of New Materials. 304 L Steinless Steel in Acidic Sulphate Selutions’, Britnh Comesion
The resenrch  invelves  oplimization of awrfece wmodifleaton . by lon dournal, Vel 33*”“3\135“??31 . ; |
Iimplaniation, eviluation of mechunical properties and corrosion fesistance i - CM. Rangel, R.A. Leitdo, 1LT. Fonscea, “Voltammeiric Siudies of the
well 8 mechanism of passivation and jocalized corrosion. Traospassive Dissoldtion of Mild Swieel in Carbopute/Blearbonale  Selutom®,
Electroihitnicn Acta, Vol 34, NO 42, 255 (1989).
+ Streas Corrosirn Cracking.
The mechanisms of ptress corroston crackmy under potentiostads control are
s P INFORMAGAO ADICIONAL/ADDITIONAL INFORMATION

vudied using the slow sirmin rute techniques. Emphases is given e lhe
inhibiting effect of Arsenite and Afsenate (ons and (8 reldlion o
dezincification in Brasses in low conductivity media. )
- Carrosion Control in Simulsted Recircnlating Systems. CONTRATOS: Colaborugie ds FEUP (Frol M AL Barbosa) e 18T (Prof, M.GA.
The electrochemicnl behaviour of conventional materials is sudied by mesns of Ferreira) no projecio JNICT - Proptiedades das Interfaces db
Aluminin Ymplaniado lonicamente eom i ¢ W - Corelagiio com o

DC apd AC Electrochemistry. The effect of plantic deformaton on (e miechanism f

af steels 5 studied in both acidic and nesiral medin Comportamento Face & Comrosdo/Desgaste de Melos em Cloretos

Filn fermation wn resintive eontrol is alse stedied by syele voltnmmenry.

The mechanisma of corrobion im the presedce of henl trensler sre researched OLTROS: Colabomgio com a FEUP (D Infs Fonseea), com a Unsecidade de
Neweastle (Prol. BN, Parking) ¢ com 0 15T (Prol. €. Sequieia).

inie from the view poin of application 10 Passive solpr colleciors  and
Bacteris uced processes,

EQUIPAMENTO ESPECIALIZADO
Equpamente Convencinnal pam Electioquimin Ac ¢ DC.
RELEVANT EQUIPMENT

Conventional Houipment for Ac snd D
FUBLICAQOES REPRESENTATIVAS/REPRESENTATIVE FUBLICATIONS

- B.MN. Parkin, CM. Rangel, JSu. "Streis Corrosion Cracking of Brasies i
Water with and withou! Additions”, Meiallurgicn] ‘Transactions. Vol 164, N W,
1975 [1985)

- CM Rangel, MH. Simplicis, PB. Carreira, "Corrosle do Ligh em Agus da Rede
de Distribuigio de Libea”, Corrosie ¢ Protergio de malcrisis, Vel 5, Mo §,
150 {1585



§.2- MECANISMOS DE CORROSAO ATMOSFERICA EM MATERIALS
METALICOS

MECHANISMS OF ATMOSPHERIC CORROSION IN METALLIC
MATERIALS

CONSTITUICAD DA EQUIPATEAM COMPOSITION

RESPONSAVEIS/RESPONSIELE TEAM MEMBERS: M. Hlizaliete M. Alteida, M-Il di
Cunba Juiio

OUTROS MEMBROSOTHER TEAM MEMBERS: M. Adelaide Santoa Main, Asnin Mariz
Sonrcs Yieirn

DRESCRICAQ DO PROJECTODESCRIFTION OF THE PROJECT

AREA CIENTIFICA PRINCIPAL c INTERACCAD com OUTRAS AREAS MAIN
SCIENTIFIC ABREA and INTERACTION with CFI'HER AREAS: Cigncin ¢ teenolagia de
mnteriale. Corroado o protecgio de maierials

OBIECTIVOSAIMS

Teninr biraviy de métodes eleetroquimices obler pardmisires que permilem  fom
PrOCeSSON COTrOSIVOE, uma compresnsio dot fendmenss ue passam o nive] de
imerface metalimeio de mode s serem desenvelvides  processos de inibigdo
aifegundod.

SUMARIOAUMMARY

Estudo de mecaniimus ¢ cinética da corrosdo do ago, zineo a alumlnie com
mélos  simulades de  simosierss industriais por méwddon de Iimpedineia
electnguimics, amperometsia de rensiéncia zem0 ¢ polarzagio.

— 373 —

EQUIPAMENTO ESPECIALIZADO/RELEVANT EQUIPMENT
Anilisadar de respostis, gerador de rampa, potenclosmato, nultintetros
PUBLICADOES REPRESENTATIVASREPRESENTATIVE FUBLICATIONS

= M. lalia Justa, M.G.S. Ferroira & M Elbsabete Almeida "Inflivéncia da difusio
do oxigénlo no mecanismo des processos em filmes de elecirdilios de espesanra
reduzidn”, 39 Encontro da S.P.E., Algarve, Outulbro {L98T),

« M. Jdlim Justo, Mirie G5 Ferreivn ¢ Muria Elisabete Almeida, "Esiudos de
eorrosdn, mumes{éricn do ago nio ligede s atmosferas de SO7", Materials 87,
Hraga (1987),

« M. Milia Jusmo ¢ MGS, Ferreirs, "Corrosion of mild aweel in simulnied 502
cemtudning atmovpheres”, Corroslon Stlence (em publicagao), (1989)

« M. Jilis Jusio £ MUGS, Ferreira, "AC. Impedance studied of mild steel
corresion in o simuwloted iodusirial stmosphere”, 39 Congresso Iberoamermcanc
de Cormnsfo”, Hrasil {1598%)
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82-ESTUDO DE REVESTIMENTOS ANTICORRROSIVOS POR
TECNICAS ELECTROQUIMICAS

STUDY OF ANTICORROSIVE COATINGS BY ELECTRO-
CHEMICAL TECHNIQUES

CONSTITUICAQ DA EGUIPATEAM COMPOSITION

EF.HPDNE.#TIE]EI'HESI‘GI'EIBLETEJ\M MEMBERS: M, Efiznbete M. Almeida, Dulcines K.
Santos Pereitn

MITROS MEMBROSOTHER TEAM MEMBERS: M, Adelzide Santos Main. Ans Mo
Soares Vicim

LESCRICAO DO PROJECTO/BESCRIFTION OF THE PROJECT

AREA CIENTIFICA PRINCIPAL ¢ INTERACCAO com OUTRAS AREAS/ MAIN
SCIENTIFIC AREA and INTERACTION with OTHER AREAS: Cifncla ¢ tecnologia de
materinin Corroifio o protecgio de mulerind '

ORIECTIVOS/ ADMS

Avaliar quais of ensaios electroguimicos muis eficientes non esticos de
comporiamento de reveanmenion anficorrosivos ¢ copducentes oo ssclarecimenio
s wecanismos  intervenientes na proteegdo por eles conflorida a  materiads
meihlices

SUMARIOSTUMMARY

Estude de revestimentos  anticorresiver por métoded  electroquimicos:
revestimentos parn condighes operacionais reail e préciratamentos prolectores de

superficies

e
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EGUIPAMENTO ESPECIALIZADO/RELEVANT EQUIPMENT

Anulisador de resposta, gerador de mmpa, poiencioamios, muliimetros

PUBLICACOES REPRESENTATIVAS/REPRESENTATIVE PUBLICATIONS

Morin Elisnbete Almekta, M. Adelside Maim ¢ A, Baptinta, “Prefimery Survey on
the Macrofouling Clecuring on Expepimental Steel Pancls in the Peniche Port®,
Comunicscan sproicntada no 78 Congresso Internacional de Corrosdo Marinha e
Ineruntagies, Valéncia, Hapanha, Novembro, (1988)

Thlcinga Percim, M.GS Ferrcira ¢ E. Almeuds, "Seme wspectn of the
assessmyent and selection of gine rich primers’. Comunieagin apresemtada no 10
ICMC, Madras, Indis, Nov, (1987), Vel 11, 1255 '

Elizabete Almeidn, Dulcinea Pereirs and M.G.5. Ferreirn, "An Elecirochemical
and cxposure Study or Fipe Rich Coatings", Comunigagio apreseniada no

“"Advances in Corrosion Prolection by Organie Codtingd”, Cembridge, April

(1989).

E Almelda, D, Pereira & MJ. Justo, “Study of behapur of several zine
contlngs i atmesplieres contuining  selphur diseyde”. Comunicagio spreseniada
no 10 ICMC, Madas, India, Nov. [ 1987), Vol [, 49.

= Marin Elisabeie Almeida, Dulcinen Pereima ¢ Onding Figuelrede, "Zine coatings

degradution  In sslty  atmoesphere”, Progeess in  Orpganie  Coallngs®  (em
publicagdo) (1989).
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4 - DETERMINACAO DE CATIOES POR POTENCIOMETRIA
DE REDISSOLUCAO. AUTOMACAD NA ELECTROANALISE

DETERMINATION OF CATIONS BY STRIPPING
POTENCIOMETRY. AUTOMATION IN ELECTROANALYSIS

CONSTITUICAO DA EQUIPATTEAM COMPOSITION

RESPONSAVEL/RESPONSIILE TEAM MEMBER: Anidnin da Silva Jinior

OUTROS MEMBROS/OTHER TEAM MEMBERS: Antdnio da Concsigho Pedro ¢ Marls
Helern Si

AREA CIENTIFICA PRINCIPAL ¢ INTERACGAD com OUTRAS AREAS: Eleciroanilise,
Imeracgio com A drea de informdtion e de sulomagio
MAIN SCIENTIFIC AREA aml INTERACTION with OTHER AREAS: Eletmanalysis.
Internotimm with (e computerized date acquisiten and msomnlion ares:
ORJIECTIVOS
- A delerminggio, por polencicmetris de redissolugio; de minco, ciadmio, tilio,
indio, estanhs, chumba, cobre, bismute & meredelo, em leores do ondem de pp b

« Aplicar o dlgond métodos electronnulitices o computagio ¢ o auitmacin,
AIMS
- Determinatlon, by siripping poteaciometry. of Zn, Cd, T, In, Su, Ph, Cu, B

and Hy, in order of parts per billion concentriion

- Diaia acquisitian snd nuomatisn of wine electrumnlyticil meibods.

- ar -

SUMARIO

Hstydo da resposta do eléctoredo de carbone witreo wos ides mencionados,
dssim como & oplimizigdo do sgu compotinmento, tendo por desidernto @ sua
determinagio analitics, numa gama de concentragio de 25002 0.2 pp b,

- Memorizagae ¢ tratamento dos resultados provenientes da aplicagho de matodod
elertroduimions de anilise.
Optimizaghs, Tenabilizagho, gestha ¢ suiomaghe de cade ume des fases dos
processm anabiicoe

SUMMARY

- The respomie of the fglasy carbon’ electrode to the refered lons, us well as
the optimisdtion of Ity behaviour, in order fo the analviiesl determination,
will be stuidied, in o moge of 2500 0 0.2 pph.

- Boruge of experimentul deth, eser-defined dats processing compilalion and
documeniation of resalid of gome electrochemical methods of amilyse will be
utdied,

Optimisatlon of the contgol paramiciers, segulation and aptomation of the
entire analytical process,

BOUPAMENTO ESPECIALIZADOD

Aporethe de polenciomelris de redissolughe 155 820 Radiometer. SIMAC - Shilema
imfornuition modulsr de aquinigio ¢ controlo

REILEVANT EQUIPMENT

IS5 820 Ton Sdanning System Radiometer. SIMAC - Modolar data acyuisition and
control Synem.
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PUBLICAQOES REPRESENTATIVAS/REPRESENTATIVE FUBLICATIONS

- O Henscimento da Polarografia, A Sihva Jinior, LNETI, DCEAL 52, (%6, 1981,

- A Importbnein do Método Polarogrifico na Hidrogeologia, A Silva Jdnior, PubL
Sociedade Geologics de Portugal, 11T Semena de Hidrogeologia, 1982,

—Amwrrninu;hrnhmpﬁudzmgnmﬁnhﬁﬂ,a.iﬂﬂmmﬂem. Helena 54,
LNETL, DCEAL ub 176, C-34,

- Contribuigio pari-o Efodo da Determinugio Polarografica do Nidbio e do
“Tantalo em Minéros, A Silva Jinior, LNET, DOCEAL 0 223, C.59, 1966,

- A Determinagho Analitica de Alguns Catbes por Petenciometnia de Skripping, A
Silva Winior e M. Helens Sa. LNET], DCEAL 0% 223, C-58 1986,

LARORATORIO NACIONALDE ENGENHARIA ETECNOLOGIA
INDUSTRIAL (LNET1)

- INSTITUTO DE CIENCIAS F ENGENHARIA NUCLEARES
(Sacnvém)

NATIONAL LABORATORY OF ENGINEERING AND INDUSTRIAL
TECHNOLOGY (LNETT)

- INSTITUTE OF NUCLEAR SCIENCES AND ENGINEERING
(at Speavém)



Laboratdrio Macionsl de Engenbatia e Teenelogia
Industrinl (LNETT)
Tnstituto de Ciéncias ¢ Engenbares Nocleares
Diepartamento de Ciuimica

Momda/Addrogy  Estrada Nacional, 10
2686 Sacrvem codex
Tel. (01) 8350021

DOMINIOS DA ELECTROQUIMICA! ELECTROCHEMICAL AREAS:

- Blecoroquimica de  materials e tecnologin  eleetroguimica  (incluindo
eloctiodeposicio)  [projectes 9.1 e 92)Malerials  clecirochemisiry  and
clocirochemical  technology  (iciuding  electrodeposition)  (projects .1 and
8.2

- 3p) =

9.1 - ELECTRODEPOSICAQ DE PELICULAS DE SILICIO AMORFO
A PARTIR DE SOLVENTES NAG-AQUOSOS

ELECTRODEPOSITION OF AMORPHOUS SILICON FILMS
FROM NON-AQUEOUS SOLVENTS

CONSTITUICAO DA EQUIPATEAM COMPOSITION

RESPONSAVEIS/RESPONSIHLE TEAM MEMBERS: Munuel Leite de Almeida. Luis Alctorr,
Amidiio Pires de Matos

QOUTROS MEMBROSOTHER TEAM MEMBERS: Vasco P.5, da Gama, Gervisio Piments

AREA CIENTIFICA PRINCIPAL ¢ INTHRACGAQ com OUTRAS AREAS; Electroguimics.
Internegbes: fislea do estude sblide, esiude de superficles. especiroscopin
dptica

AN SCIENTIFIC AREA and INTERACTION with OTHER AREAS: Electrochemistry,
Interaceivng: solid state physics turfuces, optizal spectroncopy

ORIECTIVOS

Preduglo de peliculas de sllicio amorle com wista so estudo das suss
propricdades, nomesdnmente condulividade gléctrica, abrorgio Gpticn, composigho
¢ estabilidade quimica, Estude da viabilidade da sun wtilizagio me produgio de
célubps fotovolinicas.

AIMS

Production of smorphous sillcon filmis in vrder 1o study their properties,
namely, elecirlenl conducllvity, optical absorption , chemical composition wod
stability, Study od posible applicition: in mamdsctormg photevalaie cells,



SUMARIO

Meste estudo sdo tentsdin as viries precursores para 8 clectrodeposicin de
silivio amorfo ‘bom come o8 solventes, electrdlitod Jde suporte e substroios. A
carucicrizagho . quimica das  peliculos oobfidas & feitm  pelas  iécnicas e
espectrosgapia de infravermelbos, RBS (retrodispersio de Rutherford) ¢ PIXE
(emissae de pidos-X induzida por protho]. O edlude diss propriedades Fuicas
envolve a espectrascopin de uliravioletafvinivel, difracgio de ralos-X e medidas
de conutivicde elécrrica.

O3 melbored resultados foram obtidos com o sistema SIHCIUTBAPC/PC -
ausfncls de contaminantes, hiato Gptico de LO6 eV e comporiamenio semisoncutor,
embara a5 peliculis nio sefam totalmente mmorfas

SUMMARY

Scveral chemical precursors for the clecirodeponition of amorphous silicon
as well as solvents, supporting  elecirelytes and  substrates  are  tesied,
Chemieal charscterisatlon of the flms obisined osre studied by IR apectioscopy,
RES (Rutherford backscatiering) and PIXE (proten induced X-ray emission). The
study ol physical properiies impliss UVovisibie spectroacopy, X-ray diffraction
and elsctical canductivity menfutement.

S50 far the best results were obwsined with the system SiHCIW/TBAFPCTC
{abscnce of chemical contaminanis, optical gap of 1.06 ¢V and semiconductive

behaviour) although the films are not campleiely amarphous.
EQUIPAMENTD ESPECIALIZADD
Pajenciosiatofgalvancatato PAR 173, Programador universal EG&G PARC 175
RELEVANT EQUIPMENT

Patenciostat/galvanaytal PAR 173, Univerea) programmer EG&G PARC 175

FUBLICAQGES REPRESENTATIVAS/REFRESENTATIVE PUBLICATIONS

- V. du Guma, G, Pimeutn, A Pires de Matos, M. Almeida, L Alcdeer "Preparaghe
¢ ecaracterieagio de filmer de silidle amarfo obtides por elecirodeposigiio
catddica”™ in Proceedings 3% Encontro MNacions! d= Soc. Pori.  Materimia
“Materlals 87 (1987,

« G, Pimenta, V. do Gamo, M. Almelds "Blectrodepmition of amorphous silicon
films from non-ogueous solvendis” in NATO-ASI "Spectroicopy and [Mifraztion
Techniques in Interfacial Elecrrochemistry” Puerto de Iy Cruz, Espanha (1988).
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92 - DESENVOLVIMENTO DE  MATERIAIS SINTETICOS
CONDUTORES

DEVELOPMENT OF CONDUCTING SYNTHETIC MATERIALS

RESPONSAVEL/RESPONSIBLE TEAM MEMBER: Manuel Leite de Almeida

OUTROSMEMHROS/OTHER TEAMMEMBERS: RuiTeives Henriques, Vasto P8 da Gania.
Elsa Brance Lopes, Anténia P. Gongalves, [iabel Cordeire dos Sanics, Constatine
Rosa, Cristing Drias, Manuel José Matos

DESCRICAQ DO FROJECTOMESCRIFTION OF THE PROJECT

AREA CIENTIFICA FRINCIPAL ¢ INTERACCAO com OUTRAS AREAS: Fisics do estado
solido, Imteracgies: quimica orghnica, clectroquimicn, eoristalografis, ciénoia
dow materiais

MAIN SCIENTIFIC AREA and INTERACTION with OTHER AREAS: Solid, stare physics.
Interations:  organie chemistry, clectrochemistry, orystllography. miaterials
neienes

OBIECTIVOS

Determinsgio de correlagdes entve propriedades elécivicas e mugnéticas de
materigid siniéticodr condeiores {eristais molecularer. cerdmicor, polimerok] e
as euirufures cristaling ¢ mobecular,

AIMS

Derermination of correlations beiween elecrical apd magnetic propersies of
myothetic conduciing materials (molesular etywtaly, ceramics, polymerns) and the
enatalline und molecular siructures.
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SUMARIO

O marenzis tio preparados, recorrendo A eerEcas de sintese am Quimicn
Orgdnica ¢ 4 cristaliragho eltctroyulmica ou por dilusde e arrclecimento ledios,
no case dos conduiores orglnicos, ou por reacglio no estado solido po case des
wupercondutores cerfimicon A determinagio. do estruturs cristaling, o estiudo dbs
prepricdades de transporte (resistividade, poder termosléctrice, condutividade
ifrmica) e das propricdades magnéllcas (vuscepiibilidnde magnética, ressonlineis
pirmmugnétics electrdnicn) sio correntemente rerlizhdos, tendo em visla o
esinbelecimento de correlagdes eotre propricdades elfctricas e magnéticas por um
liflo & 44 estruturas erintating & miplenular por ouirn,

SLUMMARY

The materiald are prepared oping the techpiques of organic chembiiry
sypthesis and elecirociystaliization or slow  diffusiopfceoling  crystal  growih
for the eorganic conductors, or by solid stdie renction in w furmace (or the
ceramic superconducton. The determination of the erystalline stroctuve, the
study of tramsport properiies  (resistivity, thermopowesr, termal conductiviiy)
and of magneiie properties (magnetic susceplibility, EPR) are currently. mide.
with' the purpese of catablishing correlations between elecirical wnd magnetic
properties on one side and crystailive and molecular structures an the othes
shde

BOUIPAMENTO ESPECIALIZADO

(Nwia: este equipamente £ relevante pa drea principal do projecto. mas nle
forgosemente em alsetroguimicns )

- Amplficadores de detedgio sincrona (EG&T PARC 5301 ATNE ADSL: PAR 128).

- Elecirdme re'multimeite  (Keitliley 619)

+ Criostato de ciclo fochmdo 10300 K (A Produs)

- Crigtate 1.3-300 K de hébo luide sob campor megtidtices s 10 T (Chibrd
Irstrisrments }

- Balwngn de Farnday |Oxford Inatrimeris)

- Gerndor de fungoes (Leader LEG-1300) )

- C2lulan de medida de poder lermoelécirico e condutividade drmica

= Evaparudora de vicuo g canhiio de electrden (Unmviee 300).



RELEVANT EQUIPEMNT

fMote: This equipment iz relevant in the main arca of the preject but not
necessurily in elecirochemdeal researeh )

Lock-in ampliicrs (EG&G PARC 5301; ATNE ADS1; PAR 128),

- Blevtmometer/multimeter (Keithley 619)
- Clenie eyele eryostar 10-300 K [ Air Produts)
Liguid helium eryostat 1.5-300 K for megoetic ficlds wp o 10 T (Oxford

Instruments)

- Farniliy balence (Oxlord Instroments)

- Function genernior (Leader LFG-1300)

- Calls for thermepewer and thermiil condustivity meastrements.
- Vacuumfelectron beam evoporator (Unives 3001

PFUBLICACOES REPRESENTATIVASREPRESENTATIVE PUBLICATIONS

AP, Gongulves, 1.C. Santes, EB. Lopes, R.T. Henrigues, M. Almelda, M.O.
Figueireda “"Transport properties of the oxides Yy  Pr,BaaCoyOq. (0 x 1)
elfects of band filling nmnd laitice distertion on supercandurivity”, DPhve
ey, B2, 7476 { 1988).

BT, Henriques, L. Alefeer, 1.P. Pouget, 1. J#rome “Elecirleal canduciivily
and  Xeray diffepc  scatersimg in w family of orgonic  conductors
(Perylene)oM(mnt)z (M=PF1, Au, Pd), L Phys. C: Solid State Phys. 17. 5197
(1984).

E.B. Lopes, M. Abmeida, 1. Dumas gnd J. Mareus "THermil conductivity ol
Ki3MoO3", P, Lett, A 130, 98 (1988)

M. Almeldn, L. Alcdcer, A Lindegaard-Andessen "The growth of large single
eryatnl of complex TCNQ salls: o comparative study an TEA[TCNG)z, MREB(TCRO)
and MTPR(TENQ}2', L of Grvstal Girowib, 72 567 (1965).

M, Almeids, L Alcicer. S, Oustra “Anbsotropy of thermopmwer in MEMUTONG )2 i

the reglon of high temperniore phose transitions’, Plivg, Bev, B 30 2839
[1%84)

10, LUNIVERSIDADE DO ALGARVE
UNIVERSITY OF ALGARVE
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INSTIUICAOANSTITUTION:  Universidade do Algsive

Unilade d¢ Cifncss Esactas ¢ Humanas {projectoe
10.1)

Unidade de Cigncies ¢ Tecnologie dos Recurvos
Anuiiticos (projecio 10.2)

MuorsdalAddres: Campus de Gambelas, Apartade 320,
OO Faro codex
Tel (0B9) 87166, 7761 {projecta 10.1)
20761, 2171, 21166 (projecte 10.2)

DOMINIOS DA ELECTROQUIMICA! ELECTROCHEMISTRY ARENS:
- Fotoelcctroguinica (projecto 1D-1}thluwnéh:mhw (project 10.1)

« Electroquimicn  analivica: electroquimica de  meio, matnho  (projecie
12 PAnalytich] electrachemistry: marine ¢lecitochemisiry (prejeer 10.2)

10.1 - DEPOSICAOQ DE COMPOSTOS SEMI-CONDUTORES SOBRE VIDRO
DEPOSITION OF SEMICONDUCTIORES ON GLASS

CONSTITUICAQ DA EQUIPA/TEAM COMPOSITION
RESPONSAVEL/RESFONSIBLE TEAM MEMBER: Abilio Marques di Silve
DESCRICAC DO PROIECTORESCRIFTION OF THE FROJECT

AREA CIENTIFICA PRINCIPAL ¢ INTERACGAQ com OUTRAS AREASMAIN
SCIENTIFIC AREA and INTERACTION with OTHER AREAS: Foloekesoquimins

ORIBCTIVOSIAIMS

Depdnita de daides, sulfurctos, ete., de metais sobre Wminas de vidro.
Estude dis sues propriedades finices o foloelectroguinmices.

SUMARIDEUMMARY

A depoiicio por sprey ¢ formigEo de compusies por g do wllor ©
estivdada de modo & oblengis de camadas linas, bomogéness & de didmeiro de
pirticuls comtrolidn, & muperiicie de fminny de vidro,

As propricdades semi-condutorns sio esiedadas por sollametnin cidlica,

EQUIFAMENTD ESPECIALIZADORELEVANT EQUIFMENT

Porenciostatg, espectnafordmetno UV - visive]
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PUBLICACOES REPRESENTATIVASREFPRESENTATIVE PUBLICATIONS w2 - F..';PECM{TAU DE METAIS PESADOS E QUANTIFICACAO
METALOTIONINA EM SISTEMAS MARINHOS
- O efeitn do inel an jungho semi-condutor-electralito HEAVY METAL SPECIATION AND QUANTIFICATION
« Cinétice de eléctrodon semi-conditares OF METALLOTHIONEIN IN MARINE SYSTEMS
- Formation of semiconducting iron pyrite by spray pyrolysis (submetido a
publicagas).

CONSTITUICAD DA EOUIPATEAM COMPOSIIION

RESPONSAVEL/RESPONSIBLE TEAM MEMBER: Mo Joto dn Anuncisgis Frunco
HBebiano

AREA CIENTIFICA PRINCIPAL e INTERACCAD com OUTRAS AREAS: Paluicio
Merinha - Bioquimies, Todeolopia e Ocaanojrafls

MAIN SCIENTIFIC AREA and INTERACTION with OTHER AREAS: Murine Pollution -
- Biocliemisiry, Toxdcology. nnd Oceanngraply

ORIECTIVOS

Os nivels de contaminagho da Bis Formoss 0m vindo a aumentar devido an
lingements oo meams Rin de compostos de natoresa matrmopagénica, tais como melss
pesados © om particular o chdmio.

Por outro lada, a utilizagio dor metals pesados por paric dos orgunismo
vivos ¢ alinmente dependente da especiagio quiniics dessds compostos gue € por
{0 uma Aren lmporiasie de estudo, Alfm dito evtes pofoentcs podem dar orighm
i indugho de sistemas de desintexicagho (como scjpm @ metaloprotomoas) nos
orgaiiames marinhod o que & uma indicagio de potenclas efeiing adverses.

@ corbecimento destes mecanivmos Wumentari = posabilidade de prever os
ofciton de sobrevivéncie ¢ de gualidede pare consume bumano desses mesmos
argani: nuinhes.



AIMS

There are in the Rin Formpsa Lagoon rapidly incressmg jevels of
sntropogenie  relemses of conteminants such as  heavy metals, particularly
catminm  Therefore it i3 importamt 1o investigate the polentisl for
biogcoumalation and éffec in manne organisms doe 1o these releanes.

On the other hand the uptake of meials by malliscs & highly dependent on
the chemical apeciation of thede compounds which (s therefore an imporiant ares
of windy. In addidon  these pollusanes can produce  the juduction ol
detexifization systems (such as metallothioneid) in marine organisms wihich are o
ponsible mdication of deletezious effacts. '

This understanding will increase the possibility Tor predicting elfectd of
survival of i mmarine snials dod thetr siinability for human consumption.

SUMARIO

Amilues de copeciagis de chdmio em dgus do mar serio reolizodas por
Voltametrin de Redlssolugho Anddice utilianidn amostras de dgua colhidas na Ria
Foftrabm., '

Além  disso scrd desenvolvido um  métado  electroguimice  utilizando
Palarografia [ifereacial por Impulsos para detectar e quantificar uma proieina
(metulotionine) que pode eqar envolvids em  po oeessos  de  sequestro e
desintexioncio dod metnis pesndos.

Experidncias Inboratoriais paro estudar on processos de bioacumuingho do
cldmic ¢ & possivel Induglio de memlotioning serdo reulivados utilzsndo
gasiropodos e hlvalves, & gamn de concentrigio de cddmio 8 utilizar noas
cxperiéncng seri do U4 a 400 ugd.

A metalotioning serd quatificada oo citosol di glinduls digestive e dos
restanien tecidos dos animais

Nivein de metalotionine serdo também quantificudos em stnostruad de campo
pare comparer 08 eleiios de poluigho no meio amblente aatoral com o efeito
Industden em condigbes eaperimentai.

SUMMARY

Analysia of the specintion of cadmivm in sewwster s been carried out by
Avodic Biripping Voltammetry using water samples collected [rom Ris Formosa
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In additor o new elecirochemicnl method wsimy  Differestim]  Pulie
Polarography  has  been  developed 1o detesied  and  suuniify »  protein
[metallothiontin] which may be evolved ln o sequestration wad deroxification of
heavy mietal,

Seatic lehoratory experiments To study the bioaccumslition of cadmium and
the possible [sduction of melallsthionein will be carrled oul using gasimpads
snd bBivalves. The seawdtler conceniralion range used i the experimient will be
it 400 upi.

Metallothionein will be quantified ln the efosol of the digestive gland
und of the remaining tissues of the snimali

Levels of mewslothionetn will also be guantified in Held spmplies in order
b compare the effects of pojlotion In the natural environment with ihe clicols
induced omder experimental conditmns.

EOUPAMENTO ESPECTALIZADO

Palardgrafo PARC Modelo 174 ¢ SMDE PARCEGAG Madels 303
Palardgrifo Metrohm composto de processndor VA 646 ¢ Céluls 647

RELEVANT EQUIPMENT

Polaragraph PARC Model 174 amalyser, PARC/EGEG Model 303 DMDE
Pataragrant Metrolm composed of a processor VA 646 and Posy Cel]

PUBLICACOES REPRESENTATIVAS/REFRESENTATIVE FURIICATIONS

-~ Bebiapao, M., 19857, "Cadmiun snd Lead Levels in the Rin Formosa',
Portugatine Electrochiz, Actg, 5, 333-337.

INFORMAGAQ ADICIONAL/ADDITIONAL INFORMATION

Estes pmjectos estiie o ser realizados em colaboroghio com o Plymouth Marine
Labaratovy (Inglaierm )

These projects are being carried out in coliboration with the Flymouth
Manne [aboratony (Unbied Kingdom).



