
n

procede na base da Análise e da Sin-
tese, decompondo os corpos em seus
princípios, e tentando reproduzi-los
a partir dos princípios encontrados
na decomposição, natural lhe parecia
que também a linguagem adoptada
nesta ciência se acomodasse com a
mesma metodologia, de tal modo
que a simples pronúncia do nome
indiciasse as componentes do com-
posto: "os Saes compostos, ou neu-
tros tem os seus nomes geraes termi-
nados em atos, ou em itos, como ni-
tratos, e nitritos; no primeiro caso
quando a base do accido he saturada
de oxyginio; e no segundo quando a
mesma base naõ he saturada. A es-
pede do Sal he determinada pelo
nome da base, que se lhe ajunta,
como por exemplo nitrato de potassa,
de soda, calca reo, etc, ou nitrito de potas-
sa, de soda, calcareo, etc., conforme o
acido he, ou naó, saturado de oxygi-
nio. A respeito do mais naõ he preci-
so advertência alguma; o próprio
nome diz tudo"30. E diz tudo precisa-
mente por tentar reproduzir directa-
mente os resultados da observação.

Também no carácter experi-
mental da química, fundamenta Vi-
cente de Seabra as duas Classes de
corpos que considera na descrição
das propriedades dos mesmos, pondo
de lado "a tradicional divisão do  Tm-
peno da Natureza considerada pela
Historia Natural". Afastando-se do
esquema geral do Tratado Elementar
de Química de Lavoisier 31 (que ainda
não fora publicado quando Seabra
apresentou o primeiro volume do
seu próprio Tratado, em que a adop-
ção da referida divisão é apresentada
e justificada), Seabra não analisa as
propriedades dos corpos distribuin-
do-os pelos três Reinos Mineral (de-
sorganizado), Vegetal (organizado, in-
sensível e sem movimento livre) e
Animal (organizado, sensível e com
movimento livre), pois "nos tres Rei-
nos se achaõ substancias dotadas das
mesmas propriedades", mas distribu-
indo-os antes por duas Classes dico-
tómicas, a dos Corpos Incombustíveis e
a dos Corpos Combustíveis, compreen-
dendo a primeira três Ordens, a
saber, a Terra, Substancias Salino-térre-
as e Saes; e a segunda, apenas duas

Ordens, a dos Corpos Combustíveis por
si mesmos e a dos Corpos Combustíveis
não por si 32.

No exame prático que apresenta
compreendendo os diversos corpos de
qualquer das duas Classes que adop-
tou, a metodologia é sempre a mesma:
(i) descrição das suas propriedades ca-
racterísticas decorrentes duma obser-
vação directa de laboratório; (ii) des-
crição do seu comportamento reactivo
na presença de outros corpos ou sob a
acção de quaisquer agentes químicos,
também ela decorrente duma obser-
vação directa de laboratório; (iii) a ra-
cionalização do comportamento ob-
servado, em termos dos princípios
químicos então aceites, nomeadamen-
te em termos das afinidades químicas
determinantes do diferente estado de
equilíbrio entre corpos capazes de se
combinarem entre si; e em termos dos
princípios fundamentais a que Lavoi-
sier recorrera para explicar os diversos
fenómenos de calcinação, combustão
e redução.

Numas e noutros se consubstan-
cia "a tendência à combinação com o
princípio que lhes falta" 33. Umas e
outros, são as duas grandes traves
mestras em que se alicerça toda a teo-
ria que enforma o seu Tratado, ambas
suportadas pelas propriedades obser-
vadas para que se procura uma expli-
cação racional generalizante, e para a
mesma substancialmente orientadas.

4. CONCLUSÃO

Dissemos que, em termos do
empirismo racional de Francisco
Bacon "toda a ciência se constroi
sobre os resultados da experiência";
e mostrámos que os Elementos de Chi-
mica de Vicente Coelho de Seabra,
no século XVIII, se conformam com
este princípio. Dissemos ainda que
neste trabalho não era nossa inten-
ção entrar nos pormenores da pro-
blemática filosófica da interrelação
da prática corn a teoria na constru-
ção das ciências ditas experimentais.

Apontando a consistência filosó-
fica dos Elementos de Chimica de Vi-
cente de Seabra com a metodologia
científica do seu tempo, gostaríamos

de salientar, todavia, em termos de
conclusão, que muito embora as leis
naturais na sua formulação geral não
sejam meramente os resultados ob-
servados directamente, pois que ge-
neralizando os ultrapassam, o refe-
rencial do conhecimento sistemático
das ciências da natureza é sempre a
experiência, não importa se como
fonte em que foi bebido, arquitecta-
do e construido, se como teste em
que foi creditado.

Permitimo-nos, pois, concluir
com uma citação de De Broglie sali-
entando isso mesmo: "si tranchée
que paraisse à premiére vue la dis-
tinction entre la découverte expéri-
mentale et l'invention théorique,
une étude plus attentive ne tarde pas
a attenuer considérablement, car elle
montre que la découverte des faits
expérimentaux, du moms dans la
science actuelle, est ã bien des égards
une invention, tandis que l'inventi-
on théorique est en quelque mesure
une découverte"34.

A. M. Amorim da Costa - Dept. Química

Universidade de Coimbra

3000 Coimbra - Portugal

" Lição proferida nas Xornadas de la

Ensefianza da Química, realizadas na

Universidade de Vigo de 5 a 7 de Julho de

1995.

NOTAS

J. R. d'Alembert, Encyclopédie ou Dictionnaire

Raisonné des Sciences, des Arts, des Métiers (Luc-

ques, Paris, 1758-1776).

2 Este empirismo nasceu duma oposição frontal ao

dedutivismo aristotélico. O seu lugar de destaque

no desenvolvimento da ciência moderna não signi-

fica, todavia, que a atitude aristotélica tenha sido

posta de parte, por completo, ou tenha perdido de

todo o seu sentido. Recorde-se, a título de exemplo,

a polémica de que se fez eco, já no nosso  século, a

revista Nature a propósito de Modern Aristotelia-

nism (Nature, vol. 139 (1937), pp. 997-102)), ou

então, as palavras do consagrado cientista que foi

A. Eddington: "não há nada em todo o sistema das

leis da Física que não possa ser deduzido sem qual-

quer ambiguidade a partir de considerações episte-

mológicas (...) Uma inteligência familiarizada com

o nosso Universo deveria ser capaz de conseguir

todo o conhecimento da Física que nós atingimos

por experimentação" (A. Eddington, Relativ:ty The-

ory of Protons and Electrons, 1936, p. 327).
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University Education of Chemists
in Portugal

1. EDUCATION AND TRAINING

1.1. Access to Higher Education
(University and Polytechnic)

Eligibility to apply for a place at
an establishment of higher education
depends on students having comple-
ted 12 years schooling (in principle
from the ages of 6 to 18 years).

Access to higher education is li-
mited, being conditioned by the exis-
tence of a numerus clausus, proposed
annually by individual higher educa-
tion establishments, for each of the
degree courses administered by
them. This proposal has to be appro-
ved afterwards by the Ministry of
Education.

The candidate can indicate, by
order of preference, up to a maxi-
mum of 6 combinations of higher
education institutions and courses.
Selection is centralised by the Mi-
nistry of Education, using a judicious
formula, which takes into account
the following parameters:

i) the marks of the last two
years of secondary schooling.

ii) the marks of national en-
trance exams taken in one or two
disciplines, which aim at correcting
the divergencies in standards of the
classifications given by the different
secondary schools.

iii) the marks of yet another na-
tional entrance exam in two discipli-
nes chosen by each establishment of
higher education for admittance to
each course. In the case of Che-
mistry, one of these disciplines is
Mathematics and the other is, in ge-
neral, Chemistry, although, in some
exceptional cases it can be Physics.

The classifications obtained in
the exams referred to in i) and ii) do
not eliminate candidates, serving
only to order them. Thus a student
with good marks in i) who in ii) and
iii) receives 0, or thereabouts (on a
scale of O to 20, the same scale that is
used for classification in the first de-
gree both of the universities and
polytechniques), still has a chance of
entering higher education.

This system of access has the
following consequences:

i) Only about 50% of candidates
succeed in getting a place in one of
the 13 state universities - including
the Open University. (It should be
emphasized that, in the last few
years, there has been a great explosi-
on of private universities, where, ho-
wever, courses which involve an ex-
perimental component - like Che-
mistry - are virtually non-existent).

ii) In the case of combinations
of degree course/higher education
establishment which enjoy great na-
tional prestige, the majority of stu-
dents admitted are those that chose
such a combination as their first op-
tion.

iii) In the case of less prestigious
combinations it is common to find
that a percentage of the students ad-
mitted put that combination in 2nd,
3rd, 4th, 5th or 6th option. For
example, a student who put as his or
her 1st option, the degree course in
Medicine at Coimbra university, put-
ting as 2nd option, Chemical Engine-
ering at Oporto, could end up by
being placed in the Chemistry degree
course at the University of Lisbon. As
is evident, such a student would not
feel very motivated.

iv) Since the polytechnics enjoy
much less social prestige than the
universities, it is a general rule that
students who are placed in the poly-
technics are those who did not suc-
ceed in getting a sufficently high
classification to enter university.

1. 2. The Teaching of Chemistry
at University Level

1.2.1. General Education
(undergraduate level)

Degree courses in Chemistry
exist in 9 of the 13 Portuguese state
universities (see annex 1). Typically,
these universities organize three
kinds of Chemistry courses:

i) Chemistry courses in which
Chemistry as science is the central
objective. In some universities this
course is referred to as "Chemistry -

scientific branch".
ii) Chemistry courses which in-

clude pedagogical content, intended
to train teachers for secondary scho-
ols. In some universities this kind of
Chemistry course is given together
with a Physics course, and can inclu-
de some specialisation in the final
years of the course. In general, these
courses are known as the "educatio-
nal branch" of the Chemistry course,
or Physics and Chemistry course.

iii) Chemistry courses with
some industrial component, which,
in general, are designated as Applied
Chemistry, or Technological Che-
mistry.

Some universities only give one
of these three variations (in general,
the "educational branch") and some
universities administer all of them.

An analysis of the teaching of
Chemical Engineering in Portugal
falls outside the scope of this report.
In most Portuguese universities the
teaching of Chemical Engineering is
done according to what is customa-
rily referred to as the "anglo-saxon"
system. It should however be em-
phasized that the Chemical Enginee-
ring course administered by the Ins-
tituto Superior Técnico of the Uni-
versidade Técnica de Lisboa includes,
for historical reasons, a variation cal-
led Chemical Engineering/Applied
Chemistry, in which the Chemistry
component is similar to that of the
various degree courses in Chemistry
in type iii), mentioned above.

The Portuguese education
system grants wide liberty to the
universities in organising degree
courses (especially after the approval
of a new law of University Auto-
nomy in 1988). Consequently, exis-
ting university courses are far from
uniform, in relation both to their
curricula and duration - which can
be 4 or 5 years (although the majo-
rity of students take longer to finish).
The organization of the academic
year also varies, although the semes-
tre system predominates. While
some courses include industrial trai-
ning, which can take up to a year,
others do not. The "educational
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branch" normally includes a 5th
year in which the student begins to
teach in a secondary school, supervi-
sed by the university teaching staff
responsible for the course. As for
systems of assessment, the diversity
is total, not only among, but even
within, different universities. Apart
from some very general indications
drawn up by a Pedagogical Council
(on which students are represented),
each member of the teaching staff is
more or less free to establish the
model of assessment in his or her
discipline. Statistically, the written
exam predominates, with some tea-
chers demanding, in addition, an
oral exam in order to clarify the
mark in borderline cases. Some tea-
chers also use the system of continu-
ous evaluation, sometimes accompa-
nied by a written final exam.

The diversity noted above pre-
vents the presentation of a uniform
curriculum for the teaching of Che-
mistry at university level. We there-
fore present, as an example, the
structure of the Chemistry degree at
the university of Coimbra, one of the
universities which administers all of
the three course variations noted
above.

a. Licenciatura in Chemistry
- Scientific branch
Duration: 4 years
Number of credit units required: 120

Distribution of credit units by scien-
tific area:

Mathematics 16
Physical Chemistry 12
Physics 12
Others 5
Chemistry 75

The 75 credit units of Chemistry
include 20 in disciplines chosen by
the student, 12 in practical scientific
training and 43 in fixed, obligatory
disciplines covering fundamental
areas of Chemistry.

b. Licenciatura in Chemistry -
Education branch
Duration: 5 years

Number of required credits: 120

The 5th year is dedicated to pro-
fessional pedagogical practice and
training .

Distribution of credit units:

Mathematics	 16
Physical Chemistry 	 9
Physics	 16
Education Science	 30
Chemistry	 49

c. Licenciatura in Industrial
Chemistry

Duration: 4 years
Number of credits required: 121

Distribution of credit units by scien-
tific area:

Mathematics	 16
Physical Chemistry 	 6
Physics	 9
Chemical Technology	 25
Chemistry	 63
Economics	 2

Merely in order to give an
example of the aforementioned lack
of uniformity, the Licenciatura in
Technological Chemistry at Lisbon
University lasts for 5 years, the final
year comprising a period of practical
training in Industry.

(see annex 2)

1.3. The Teaching of Chemistry
at Polytechnic Level

Polytechnic education repre-
sents one of two sides of Portuguese
higher education and has been de-
clared a priority by the Portuguese
government. Characteristically, it
has a strong regional componente.
There are about 20 Polytechnic Insti-
tutes in Portugal. They confer the
degree of Bachelor after a course las-
ting three years, although the law al-
lows them to prolong their program-
mes of study for two further years,
in order to confer a diploma of more
advanced studies, corresponding, for

practical purposes, to the licenciatura
conferred by the universities. It is
curious to note that within the 300
combinations of course/teaching es-
tablishment offered by higher poly-
technic education, only one is expli-
citly referred to as Chemistry (Indus-
trial Ceramics), administered by the
university of Aveiro, and three as
Chemical Engineering.

Despite the official political dis-
course concerning the necessity of
and support for higher polytechnic
education, it continues to be a fact
that, for traditional cultural reasons,
this kind of course carries little pres-
tige and, in general, recruits as stu-
dents those candidates who failed to
obtain a place at university.

1.4. Graduate Studies

1.4.1 M.Sc Degree

The degree of Master was crea-
ted in Portugal by the Ministry of
Education in 1980, the legislation
being revised in 1992. In accordance
with the 1980 legislation, the maxi-
mum duration of a Master's degree
was 4 years. The Master's degrees in
the area of Chemistry were typically
3 years: a year of lectures and a ma-
ximum of 2 years to complete the
research work and write a thesis.
The year of lectures was, in general,
divided into 2 semestres and the va-
rious disciplines were given in paral-
lel in each semestre. In some cases,
disciplines were given in blocks of
lectures, especially when delivered
by foreign professors invited to come
to Portugal for that purpose. The as-
sessment of this so-called "school
part" of the Master's degree was
done through exams which took
place at the end of each semestre or
at the end of each lecture block, ac-
cording to the respective organizati-
on. Approval in all the exams was an
indispensible condition of beginning
research work. The thesis presented
at the end was examined publicly by
a jury and the final classification, if
the thesis was approved, was "Good"
or "Very Good".

The legislation of 1992 introdu-
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ced some important alterations in
this regime. One very significant
change was the reduction of the ma-
ximum duration of the Master's de-
gree (including "school part", rese-
arch and thesis) to 2 years. The other
important change was that this legis-
lation emanating from the Ministry
of Education only established very
general principles regulating the
Master's degree, leaving more detai-
led regulation to the universities,
which, in turn, leave more detailed
definition to the competence of each
faculty within the same university.

The acceptance of a candidate
for a Master's degree course is condi-
tioned, in principle, by the obtention
of minimum final classification of 14
marks (on a scale of O to 20) in the
licenciatura. It is however possible to
accept candidates with an inferior
classification on the basis of a a fa-
vourable report by those responsible
for organising the course.

(see annex 3)

1.4.2. Ph.D. (Doctorate)

The following can be accepted
as students for doctorates:

i) university graduates with a
minimum final classification of 16

ii) university graduates with a
minimum final classification of 14,
who have already obtained a Mas-
ter's degree

iii) university graduates with
other final classifications whose in-
tellectual capacity is guaranteed by
their curriculum vitae

Work for the doctorate is
based essentially on the elaboration
of a thesis based on original rese-
arch, only very rarely including the
obligatory attendance of lectures.
When completed, the thesis is exa-
mined publicly by a jury appointed
for the purpose. If the candidate is
approved the final classification has
tweo grades "Distinction" (Distinção)
and "Distinction Cum Laude" (Dis-
tinção e Louvor).In principle there is
no maximum time limit for comple-

tion of the doctorate. This is, rather,
conditioned by the length of time
during which financial support is
available. Until a few years ago the
overwhelming majority of doctoral
students already had contracts as te-
aching assistants at university. In
such cases, the continuation of the
contract depends on defending the
thesis within six years of obtaining
the contract, a period which can be
extended by two years, habitually
granted. The percentage of doctoral
students without a university job,
whose doctoral research was subsidi-
sed by a student grant used to be
very small. This percentage has subs-
tantially risen in the last four years,
mainly due to a policy directed at
the formation of human resources fi-
nanced by programmes involving a
strong co-participation of funds from
the European Community. The
length of these student grants is 3
years, with the possibility of being
prolonged for a further year.

As was already mentioned in
the case of the Master's degree, the
new legislation issued by the Mi-
nistry of Education in 1992, besides
establishing very general principles
for the doctorate, leaves the univer-
sities and, in the second instance,
the various faculties within each
university, free to regulate the pro-
cess of admission and organization of
the examination of the thesis. For
instance, some universities opted for
just one grade instead of the previ-
ous two.

The Portuguese system incorpo-
rates two, relatively specific situati-
ons, which perhaps deserve referen-
ce here:

i) Once a teaching assistent in
a given faculty has successfully de-
fended his doctoral thesis within the
period of time defined above he/she
has the right to be automatically re-
contracted as assistent professor in
that faculty.

ii) Although the first doctora-
tes obtained on the basis of student
grants (i.e. by people who do not
have contracts as teaching assistents)
are only now starting appearing and

although, also, this number is still
relatively small, there is no evident
inclination, on the part of the Portu-
guese Chemical Industry, to recruit
professionals with this qualification.
The same is actually true for people
with M.Sc. degrees.

(see annex 4)

1.4.3 Other Studies

Four years ago, a programme
was initiated, also with the strong
co-participation of funds from the
European Community, to develop
Portuguese Industry (PEDIP). In the
area of this programme there exists
the possibility - which has been
much taken advantage of - to finan-
ce the work of young graduates in a
university research group during a
period of 2 years (without writing a
final thesis), with the intention of
preparing them to work in Industry.
In the new version of PEDIP, which
has just been approved, the involve-
ment of Industry in this process has
to be greater than it has hitherto
been. It is now necessary for the
candidate to have been working in
Industry and a letter from Industry
manifesting, in principle, an interest
in the kind of formation proposed is
considered insufficient to obtain fi-
nance for research.

1.5. Acceptance by the profession

In Portugal there is no professi-
onal association which registers Che-
mists, at any level of study (bachela-
rato, licenciatura, Master's degree or
doctorate). The national scientific as-
sociation (Sociedade Portuguesa de
Química) has always been a scienti-
fic society and has no powers in any
professional area. Under these condi-
tions, all Chemists with the same
academic qualification are subject to
the same market conditions, the
choice being that of the employer.
As was already mentioned, emplo-
yers in Chemical and other related
industries show little willingness to
recruit people with either Master's

44 QUÍMICA -58 • 1995


