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Stalker:

“Let everything that’s been planned come true.

Let them believe.

And let them have a laugh at their passions. <...>
When a man is just born, he is weak and flexible.
When he dies, he is hard and insensitive.

When a tree is growing, it’s tender and pliant.

But when it’s dry and hard, it dies.

Hardness and strength are death’s companions.

Pliancy and weakness are expressions of the freshness of

being. Because what has hardened will never win.”

Stalker, 1979
Andrei Tarkovsky
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Abstract

Our interdisciplinary research is based on the hypothesis that scientific terminolo-
gies, since they function in texts interacting with the general language lexicon,
have a similar structure as that of the general lexicon. The vast majority of ter-
minological models treat terminologies in isolation and are unable to account for
the kinds of connections they have with the general language and the practical
consequences of these connections for the evolution of terminologies as well as for
teaching and learning of terminologies. We study this problem from both theo-
retical (lexicological) and descriptive (lexicographic) perspectives, focusing on the

case of chemistry terminology.

On the theoretical level, the research aims, on the one hand, to provide a so-
lution to the problem of formal and rigorous modeling of the multidimensionality
inherent in the organization of terminologies, i.e. the fact that terms can be appre-
hended and terminologies can be navigated following multiple axes. On the other
hand, and in a related way, the research aims to account for the interdependence

between the general language lexicon and the terminological lexicon.

On the practical level, we elaborate the multilingual terminological models of
chemistry for three typologically distinct languages: English, French and Russian.
These models, designed to evolve and be enriched in the long term, can serve
as practical tools for scientists as well as for teachers and students of chemistry.
The research is thus intended to have an impact not only in the field of lexicology

and terminology research, but also on the chemistry community.

Key-words: contrastive lexicology, computational formal lexicography, chem-

istry terminology, lexical networks.






Résumé

Notre recherche interdisciplinaire repose sur I’hypothése que les terminologies sci-
entifiques, puisqu’elles fonctionnent dans les textes en interaction avec le lexique de
langue générale, doivent posséder une structure identique ou similaire avec celle
du lexique général. Les modéles terminologiques, dans leur immense majorité,
traitent les terminologies de fagon isolationniste et ne sont pas en mesure de ren-
dre compte des types de connexions qu’elle entretiennent avec la langue générale
et des conséquences pratiques de ces connexions sur I’évolution des terminologies,
ainsi que sur ’enseignement et ’apprentissage des terminologies. Nous étudions
ce probléme dans une perspective a la fois théorique (lexicologique) et descriptive

(lexicographique) en nous consacrant au cas de la terminologie de la chimie.

Sur le plan théorique, la recherche vise, d’une part, & apporter une solution au
probléme de la modélisation formelle et rigoureuse de la multidimensionnalité in-
hérente a I’'organisation des terminologies, c’est-a-dire le fait que les termes peuvent
étre appréhendés et les terminologies parcourues selon de multiples axes. D’autre
part, et de facon liée, la recherche vise a rendre compte de 'interdépendance entre

lexique de langue générale et lexique terminologique.

Sur le plan pratique, nous élaborons les modéles terminologiques multilingues
de la chimie pour trois langues typologiquement distinctes : ’anglais, le francais et
le russe. Ces modeles, congus pour évoluer et étre enrichis sur le long terme, peu-
vent servir d’outils pratiques pour les scientifiques ainsi que pour les enseignants et
les étudiants en chimie. La recherche est de ce fait destinée a avoir une résonance
non seulement dans le domaine de la recherche en lexicologie et terminologie, mais

aussi aupres de la communauté des chimistes.

Mots clés : lexicologie contrastive, lexicographie formelle informatisée, ter-

minologie de la chimie, réseaux lexicaux.
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Q : actant slot of a lexical unit mentioned in the definition of another
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{...} . set, e.g. ‘type of matter that has constant chemical properties {2}’

Writing conventions

note
notion

no.
VOCABLE(gram. feat.)
LEXICAL UNIT (gram. feat.)no. no.
signifier
MOTdfOTm(gram_ feat.)no. no.
Lexical function

Lexical function( argument)
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usage note, e.g. Fr., spec
important notion, e.g. element
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1.1 The strong bond between chemistry and terminology

The reflection on the language of chemistry has a long and rich history, yet most
of the efforts to standardize chemical terminology have been devoted to the nam-
ing of chemical compounds, since chemistry, by the very nature of this science,

continually generates new molecules and needs new names to designate them.

Already in the eighteenth century, it was suggested by A. Lavoisier and L.-B.
Guyton de Morveau to apply a systematic approach to the naming of compounds
(Zanola 2014: 113-128), so that the morphological structure of the names them-
selves could reflect the molecular structure of the designated substances as well as
the order of combination of the elements. For instance, the term carbon tetrahy-
dride reflects the structure of the compound CH, with one atom of the element
carbon (C) bonded to four atoms of the element hydrogen (H4). In a paper pub-
lished in 1989, R. Hoffman (Nobel Prize in Chemistry in 1981) and P. Laszlo
pointed out that knowing the name of a chemical compound gives a chemist enor-
mous “power” over the molecule, since its name is closely related to its structure,
its properties and behavior (Hoffmann and Laszlo 1989). The importance of the
correct usage of terminology in chemistry led to the creation of the international
organization IUPAC (International Union of Pure and Applied Chemistry), one of
its purposes being the development of rules for the nomenclature of compounds in

order to avoid ambiguity and to harmonize names of newly discovered molecules.

In the book La parole des choses : ou le langage de la chimie' (Laszlo 1993),
P. Laszlo continues to reflect on the link between language and chemistry es-
tablishing correspondences between linguistic categories and their counterparts in
chemistry. For instance, the fact that a molecule can behave as an acid or as a base
depending on another participant involved in the reaction is in some way analogous
to the manifestation of the linguistic category “polysemy”. More recently, an in-
ternational team of chemical engineers has demonstrated, using statistical analy-
sis, that computational methods of applied linguistics can be exploited to study
complex structural and reactivity patterns within organic molecules (Cadeddu et

al. 2014). The experiment has shown that natural languages and organic chem-

!The language of things: or the language of chemistry
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istry have the same structure in terms of the frequency of “text fragments” (words,
sentences) and “molecular fragments” (atoms, molecules, sets of molecules). This
discovery has formally validated the famous quote of J.-M. Lehn (Nobel Prize in
Chemistry in 1987):

Atoms are letters, molecules are the words, supramolecular entities are

the sentences and the chapters. (Lehn 1995)

Despite the obvious interest of chemists in the language of their discipline,
examples of systematic studies of the lexicon of chemistry, especially multilingual
ones, remain surprisingly rare. One of the few examples is the dissertation of
S. Peraldi (Peraldi 2011) who analyzed the language of organic chemistry, high-
lighting its indeterminate nature and multidimensional character of certain key
concepts. Through the elaboration of a specialized corpus in English, Peraldi pro-
posed solutions for the construction of a terminological model that could assist

organic chemists in their scientific communication.

Indeed, while writing articles and in oral speech, many scientist are confronted
with difficulties related to the communication of concepts that are often highly
technical and specific to their subfield (e.g. organic chemistry, physical chemistry,
analytical chemistry, etc.). Yet, other challenges arise in the pedagogical context:
the need to use clear expressions, to avoid ambiguous definitions, to favor illus-
trations of simple concepts by well-chosen terms. According to I. Kermen (2016),
teacher’s choice of words is the key point in helping students to understand the

concepts and signs that are specific to the discipline of chemistry.

Studies actually show that students’ misinterpretations are often the result
of a teaching approach that relies on non-perceptible species and entities (Taber
2001), and thus, most likely on wrong connections between terms and concepts.
On top of it, there is a tendency to attribute “behaviors” to chemical entities
(Taber 1998), which is a very common problem in chemistry teaching linked to
formulations used in class and in textbooks. For instance, it is often explained
that an atom prefers to be surrounded by eight electrons, or that it seeks to get
rid of a valence electron to achieve electronic stability, and then, many students

tend to say that atoms want, need, like, are eager, greedy, happy or have no wish
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for certain outcomes (see Chapter 3, 3.3.3.2). This excessive usage of anthropo-
morphic language and metaphorization is in part caused by a lack of large-scale
linguistic resources that would be truly adapted to the teaching of chemistry and

in particular of its terminology.

1.2  Context

The present study is the result of an interdisciplinary collaboration undertaken in
the framework of the project FRONTERME.? Our project in lexicology applied
to chemical terminology was launched in coincidence with “2018-2019 Année de la
chimie, de 1’école & 1'université”,® the initiative of the French Ministry of Educa-
tion, Ministry of Higher Education, Research and Innovation in partnership with

the CNRS (Centre national de la recherche scientifique?).

The collaboration between chemists of LPCT (Laboratoire de Physique et
Chimie Théoriques®) and linguists of the laboratory ATILF (Analyse et Traitement
Informatique de la Langue Francaise®) has been possible thanks to the efforts
of Professor Francesca Ingrosso and Professor Alain Polguére, who started their
first investigations on chemical terminology back in 2015 with a project PEPS
STRETCH.” This testing project resulted in the creation of a corpus of chemical
journal abstracts and the retrieval of two lists of the most frequently occurring

chemical terms in English and French (see 1.6.3).

The preliminary research has also shown that:

e most scientific journals, authoritative textbooks and dictionaries on chem-
istry are written in English;

e there is a lack of multilingual perspective on chemical terminology which
leads to serious issues in the context of teaching the discipline in schools and

universities (Ingrosso and Polguére 2015);

2Financed by the Région Grand Est

3Year of Chemistry, from school to university

4National Center for Scientific Research

Laboratory of Theoretical Physics and Chemistry

6 Analysis and Computer Processing of the French Language

"Financed by the PEPS Mirabelle 2015, CNRS & University of Lorraine
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e there is a need for systematic and fundamental studies of the lexicon of
chemistry using the tools of computational lexicography in order to provide
a system of rigorous definitions and a complete description of fundamental

chemical terms.

The author of the present thesis joined the team for the project FRONTERME
when it was decided to start solving the above listed problems by modeling the

terminology of chemistry for English, French and Russian.

1.3  Object of study

The object of our study is the fundamental terms of chemistry. In what follows,

we specify what we understand by terms as well as by fundamental terms.

There are various viewpoints and extensive literature on the notion of term,
see, for instance, Cabré (2003), Danilenko (1977), Desmet (2007), Golovin and
Kobrin (1987), Grinev-Grinevi¢ (2008), Felber (1984), Humbley (2004), Kageura
(2002), Reformatskij (1968), Rey (1979), Temmerman (2000), and Wiister (1981,
1991); a summary of different viewpoints can be found in L’Homme (2005). In our

study, we adopt the approach proposed by L’Homme and Polguére (2008).

We understand by notion an association of a concept (i.e. a unit of thought or
inference) and a term. In other words, a notion is a concept that is lexicalized by
means of a term (Polguére 2016b: 1-2). By terms we understand specialized lexical
units that are distinguished from general language, or non-specialized, lexical units
only by the fact that mastering of terms is associated with mastering of a given field
of knowledge (scientific, technical, etc.). Apart from that, there is no fundamental
difference between the two types of lexical units — specialized and non-specialized
ones — as regards their central structural properties (L’Homme and Polguére

2008: 193-194), namely

a. their semantics (= signified),
b. their form (= signifier),

c. their combinatorial properties.
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We assume that terms can be studied and described on the basis of the same
lexicographic approach that we use for the description of the general language
lexical units (see 1.4). This implies, among other considerations, that we aim for
the description of specialized lexical units belonging to each of the four major
parts of speech: nouns, verbs, adjectives and adverbs. Hereinafter, we refer to the

practice of the lexicographic description applied to terms as to terminography.

By fundamental terms, we understand a set of terms that forms the notional
core of the discipline in question. Fundamental, or core, terms of chemistry are
those that are learned in the course of the so-called general chemistry, an intro-
ductory chemistry course taught at school and university levels. Core terms of
chemistry can also be characterized as being shared by most subdomains of chem-
istry (Chapter 3, 3.2) and not belonging to one specific branch. Examples of core

chemical terms are atom, bond ), bond ), element, molecule, reactive (see 1.6.3).

1.4 Theoretical and descriptive framework

Our research is motivated by two observations: 1) traditional approaches to the
study and representation of scientific terminology systems rely essentially on taxo-
nomic models — cf. computer ontologies based on hierarchies of conceptual classes
(Hirst 2009); 2) contemporary studies on the organization of the general language
lexicon (lexicology, psycholinguistics, etc.) tend to agree on a mode of structuring
lexicons in multidimensional and non-taxonomic lexical networks (Aitchison 2012;

Motter et al. 2002; Polguére 2016a).

Our research is based on the hypothesis that scientific terminologies, since
they function in texts in interaction with the general language lexicon, must possess
a structure homomorphic with that of the general lexicon, with which they merge
within the language (L’Homme and Polguére 2008). In this context, we focus in our
research on the relationship between specialized and non-specialized lexical units,

both on paradigmatic and syntagmatic levels, and on modeling of this relationship.

On the paradigmatic level, chemical terms are often inserted into the polyse-
mous structure of vocables, some of whose meanings are not related to the termi-

nological system and belong to the general language lexicon.
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A vocable is a grouping of lexical units that have the following two properties:
1. they possess the same signifier (graphic and acoustic form), 2. they have
a clear semantic connection. Lexical units of a vocable are called senses of
that vocable.

We distinguish between two types of lexical units: lexemes and idioms.
Lexeme is a grouping of word-forms only distinguished by flexion.

Idiom is a semantically non-compositional phraseological expression.®

(Polguére 2016a: 70)

Now, to illustrate the interconnection between specialized and non-specialized
senses within a polysemous vocable, let us consider the case of ATOM, as we
propose to model it (for the detailed analysis see Chapter 5, 5.4.1). A sense
ATOM L1 ‘particle believed by laypersons to be the smallest indivisible constituent
of matter’ belongs at this stage of the language and science evolution to the general
language. This sense is linked to the specialized sense ATOM 1.2, as in atoms form
chemical bonds (see Part 11, p. 168), which makes part of the fundamental chemical
lexicon. In turn, ATOM L2 is a source of metaphor for the derived non-specialized
lexeme ATOM Il, as in the era of the atom. Finally, ATOM I.1 controls not only
the specialized sense ATOM 1.2 but also a metaphorical derivative ATOM Ill ‘a very
small degree or amount of something’, as in every rumour has an atom of truth
in it. In such a way, our specialized lexeme related to the lexicon of chemistry is
inserted in the polysemous vocable ATOM with three non-specialized senses around

it (see Figure 1.1).

to be the smallest
constituent of matter'

non-specialized

e vs.
ATOM 1.2

atom of oxygen ATOM Il
specialized an atom of truth MOLECULE I
molecule of creativity

non-specialized

ATOM L1
'particle believed by laypersons

MOLECULE |
molecule of water

specialized

non-specialized

ATOM I
the era of the atom

non-specialized

Figure 1.1 — Insertion of specialized lexical units in polysemous vocables.

8Qur translation.



16 Chapter 1. General introduction to the research

Another example would be the case of the vocable MOLECULE with a spe-
cialized lexeme MOLECULE I, as in five molecules of water (see Part 11, p. 184),
controlling a metaphorical non-specialized derivative MOLECULE Il, as in every sin-

gle molecule of creativity is wide awake in me.

Figure 1.1 illustrates two possible ways of insertion of a specialized sense in
a polysemous vocable. For now, we limit ourselves to these two cases and will
discuss other examples, including vocables with specialized senses linked to other

specialized senses, in Chapter 4.

Since terms do not exist on their own but function in texts, they inevitably
interact with the general language lexicon at the syntagmatic level as well. In order
to characterize the combinatorial properties of terms, we need to describe the
connections they have both with specialized and non-specialized lexical units, i.e.

the collocations they form.

Collocation is a semantically compositional expression made up of at least
two components:

A. the base of the collocation, a full lexical unit which is “freely” chosen by
the speaker;

B. the collocate, a lexical unit or a multi-lexical expression which is selected
according to combinatorial constraints imposed by the base.”

(Polguére 2016b: 65)

For instance, to master a specialized verb react1.1d (see more in Chapter 2,
2.3.4.2; for its definition, see Part II, p. 188), as in calcium reacts with oxygen,
and to use it correctly in a sentence, it is important to know that it can be in-
tensified by means of the non-specialized adverbs strongly, violently, vigorously or
actively, as in (1a). In French, in order to intensify réagir1.1d ‘react’ (see Part II,
p. 216), we use adverbs fortement ‘strongly’, violemment ‘violently’, vigoureuse-
ment ‘vigorously’ and wivement ‘vividly’. Finally, in Russian, not only we use
cuavho ‘strongly’ and axmusno ‘actively’ to intensify peaeuposame1.1d ‘react’ (see
Part II, p. 232), but also 6ypro ‘widely, roughly’ and snepzuuno ‘energetically,

vigorously’, see (1b).

90ur translation.
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(1) a. Calcium reacts strongly with oxygen and water creating various forms
of calcium oxides or hydrozides that have insulating properties.
b.  Ilpu naepesaruu orcenedo bYpHO peazupyem ¢ cepoti ¢ 06pa308aHUEM
peppym cyrvpuda..
lit. “When heated, iron widely reacts with sulfur with the formation

of ferrum sulfide.’

The vast majority of terminological models treat terminologies in isolation
and are unable to account for the kinds of connections they have with the general
language and the practical consequences of these connections for the evolution of

terminologies as well as for teaching and learning of terminologies.

We study this problem from the lexicographic perspective using the theoret-
ical and descriptive approach of the Explanatory and Combinatorial Lexicology
(Mel’¢uk, Clas and Polguére 1995; Mel’¢uk 2006). This approach has been pre-
viously tested by the research group Observatoire de linguistique Sens-Texte!”
(OLST) at the University of Montreal to study computer science and environment

terminologies (L’Homme 2002, 2007).!

In order to model fundamental chemical terminology, we explore a new ap-
proach to the structuring of lexicons based on non-taxonomic multidimensional
graph structures called Lexical Systems (Polguére 2009, 2014). A Lexical System
is a “disambiguated” graph where each node represents one well-specified meaning,
i.e. one lexical unit, be it a lexeme or an idiom. Edges of a Lexical System are
semantic and combinatorial lexical relations that are modeled by means of lexical
functions borrowed from the Meaning-Text theory (an exhaustive presentation of
the notion of lexical functions can be found in Mel’¢uk and Polguére (2021); see

also Chapter 4, 4.2.3).

Lexical functions are a formal tool conceived on the basis of mathematical

function models to describe lexical relations.

10Meaning-Text Linguistics Observatory

Hhttp://olst.ling.umontreal.ca/cgi-bin/dicoinfo/search.cgi,  http://olst.ling.umontreal.ca/
cgi-bin/dicoenviro/search.cgi


http://olst.ling.umontreal.ca/cgi-bin/dicoinfo/search.cgi
http://olst.ling.umontreal.ca/cgi-bin/dicoenviro/search.cgi
http://olst.ling.umontreal.ca/cgi-bin/dicoenviro/search.cgi
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Paradigmatic lexical functions model paradigmatic relations between lexical
units of the language; they deal with semantic derivations (Polguére and
Mel’¢uk 2006), such as Syn, Anti, So, Vo, €.g. So( react 1.1d ) = reaction 1.1d,
Vo( reaction 1.1d ) = react 1.1d.12

Syntagmatic lexical functions model syntagmatic relations between collocates
and bases of collocations, e.g. Magn( react 1.1d ) = strongly , violently , vigor-

ously , actively '

Lexical Systems are essentially structured by means of lexical functions, al-
though there are other types of relations being implemented, such as semantic
embeddings encoded through lexicographic definitions, copolysemy links between
senses of the same vocable, grammatical characteristics, citations from corpora
and other types of information attributed to each lexical unit under study (see

Chapter 4).

The lexicographic work in the framework of the Lexical Systems approach
consists in graph weaving rather than text writing. For the purposes of our study,
we are weaving the fundamental terminological network of chemistry embedded in
the general language networks, namely the English, French and Russian Lexical
Networks (en-LN, fr-LN, ru-LN'). We perform the lexicographic work using a graph
editor Dicet (Gader, Lux-Pogodalla and Polguére 2012) and a tool for lexical data
visualization and navigation called Spiderlex (Gader, Ollinger and Polguére 2014;

Ollinger et al. 2020).

1.5 Objectives

On the theoretical, or lexicological, level (Part I of the thesis), the research aims
to provide a solution to the problem of formal and rigorous modeling of the mul-
tidimensionality inherent in the organization of terminologies (Bowker 1997), i.e.

the fact that terms can be apprehended and terminologies can be navigated fol-

125yn and Anti are lexical functions that link synonyms and antonyms of a language re-
spectively. Sg is a lexical function that links a verbal, adjectival or adverbial lexical unit to
its nominal counterpart. Conversely, V, is a lexical function that links a nominal, adjectival or
adverbial lexical unit to its verbal counterpart (Polguére 2016b).

13Magn is a lexical function that links a lexical unit to its syntactic modifiers expressing the
general meaning ‘intense’; ‘very’, etc.
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lowing multiple axes. In a related way, the research aims to account for the inter-

dependence between the general language lexicon and the terminological lexicon.

On the descriptive, or lexicographic, level (Part II of the thesis), we aim
to model the fundamental terminology of chemistry for the three typologically
distinct languages: English, French and Russian. In particular, we focus on the
elaboration of a rigorous system of definitions (Chapter 4, 4.2.2) of chemical terms.
Our lexical models, designed to evolve and be enriched in the long term, can serve

as practical tools for scientists as well as for teachers and students of chemistry.

The research is intended to have an impact not only in the field of lexicology
and terminology, but also on the chemistry community. The possibility to access
a multilingual resource on the lexicon of chemistry, navigating through this lex-
icon thanks to the various connections between terms, the information on their
behaviour in texts and examples of their usage in scientific publications, will al-
low the implementation of new pedagogical tools for chemistry teachers and may
stimulate the development of new strategies on teaching the discipline and the

elaboration of innovative methodologies.

1.6 Methodology

Our interdisciplinary research adopts a multilingual perspective and is based on
the formal lexicographic approach of Lexical Systems, following the principles of

Explanatory and Combinatorial Lexicology (1.4).

The stages of our research are listed in 1.6.1. In 1.6.2 we describe the method-
ology elaborated for building our linguistic corpora. In 1.6.3 we deal with estab-
lishing nomenclatures of the fundamental terms related to the lexicon of chemistry
in the three languages. In 1.6.4 we touch on the descriptive work performed using

lexical networks.

1.6.1 Stages of the research

Previously trained in linguistics and lexicography, we were not experienced in
chemistry. Therefore, the very first stage of our research was dedicated to gaining

knowledge in the field of chemistry through reading introductory textbooks and
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scientific publications, studying encyclopaedic and dictionary articles in Russian,
English and French, but also through the meetings with the co-supervisor of the
project, Professor Ingrosso, who is a theoretical chemist at the laboratory LPCT

of the University of Lorraine (1.2).

The goal was to immerse in the discipline in order to get a deeper under-
standing of the fundamental notions of chemistry and to be able to recognise
issues related to the use of chemical terminology. It was at this stage that we
noticed numerous problems in existing resources on chemistry, among which were
vicious circles in definitions, ambiguous, contradictory or outdated definitions, lack
of description of specialized idioms and collocations, and other issues that we will

present in Chapter 2.

Along with it, we started elaborating the methodology and principles of build-
ing specialized corpora that would meet the goals of our study. In 1.6.2 we present
the results of our five-day long internship at the OLST laboratory of the Univer-
sity of Montreal, which was specifically dedicated to elaboration of the specialized

corpora design and compilation process policy.

The stage of collecting the linguistic data and building our corpora was fol-
lowed by the identification of the fundamental terminology of chemistry (1.6.3),

which was a precondition for any further descriptive and theoretical study.

As soon as our list of terms was ready, we proceeded with the actual lexi-
cographic work in the three Lexical Networks (1.6.4). Chapter 4 is dedicated to

the detailed presentation of the methodology of our practical descriptive work.

At the final stage of the research, we reviewed the results of the lexicographic
work done (whose semantic component is given in Part II), analysed and described
the identified divergences in terminological structuring between the three languages
as well as the existing interactions between specialized and non-specialized lexical

units.
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1.6.2 Building specialised corpora: design and compilation process policy
1.6.2.1 Preliminary work

A preliminary work was done by the two supervisors of the thesis in the framework
of the PEPS STRETCH project (Ingrosso and Polguére 2015) in collaboration with
two members of the former chemistry laboratory SRSMC. The project led to the
construction of the French and English corpora, whose size was significant enough
to allow a first estimation of the terminological nomenclatures to be considered
and to carry out experiments on the terminographic description of the vocabulary

of chemistry.

The STRETCH team has chosen the specialized journals that publish sci-
entific articles in all fields of chemistry. The Journal of the American Chemical
Society and Chemistry, a Furopean Journal were the two English journal selected
as the most popular ones among chemists. Both journals were accessed and down-
loaded through the subscriptions of the University of Lorraine. As for the selected
French journal, L’Actualité Chimique, agreements were made directly with the ed-
itorial management.'* The set of articles — 750 in English and 1,400 in French —
provided the STRETCH team with two corpora, each of them containing three

million word-occurrences.

For the purposes of our study, we needed to extend these corpora, so we
started to develop a design and compilation process policy for building corpora in

collaboration with Patrick Drouin, the then head of the OLST laboratory.

Following the classification of Pearson (1998), we were seeking for special
purpose, comparable, full text corpora, the specific purpose being, in our case,
the linguistic analysis of the core terminology of chemistry and of its interaction

with the general language lexicon.

As opposed to parallel corpora, comparable means that corpora can be made
of different languages (English, French and Russian), but the compilation process

and the general composition must be shared.

As opposed to sample corpora, full text corpora means that we wanted them

4The STRETCH team is grateful to Mrs. S. Bléneau.
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to consist not of short extracts but of complete unabridged texts, such as scientific

articles, journals, textbooks, etc.

1.6.2.2 Data storage

It was decided to exploit the Document Management Systems (DMS) such as
OpenKM,* instead of storing hundreds of files in simple folders. One of the ad-
vantages of OpendKM 1is that it is freely accessible and web-based allowing to
store, retrieve and update the data from remote locations. Its other advantage is
that the metadata and reference can be stored and changed in the DMS according
to our needs, so that we can unite and retrieve any type of data, e.g. for build-
ing subcorpora. It also has the Document Versioning feature that allows us to
eliminate duplications of our files, since the creation of multiple revised versions

of a document is done automatically and in a systematic way.

The elaborated process of storing and editing documents in a DMS is illus-

trated by Figure 1.2. In general, we planned to store three types of files:

e originals;
e converted DOC files;
e converted TXT files.

----- ( OCR }’——\~\\
T DOC ]---{ Revision ]
;‘ 7

= R T i )
(OpenKM)
eMetadata
oReference Version 1.1

\{ Converted TXT files J Version 1.2

%

Figure 1.2 — Editing and storing process in a DMS.

Bhttps://www.openkm.ca
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If our original is already a TXT file, we store it as well as its revised versions, if
needed. If our original is a scanned PDF file, we first extract the text using Optical
Character Recognition (OCR). There are several OCR professional software tools
such as, for instance, Tesseract, Readiris Pro or ABBYY FineReader. The former
one is a free software but, unlike Readiris Pro and ABBYY Finereader, it only
allows the conversion of scanned PDFs directly to TXTs, but not to DOCs. This
transitional DOC version might be important for examining tables, pictures or

graphics after the conversion of PDF files.

As soon as the OCR is done, all the files are revised manually and/or by
means of grammar and spelling checkers, so that all probable mistakes or broken

lines are detected and corrected.

If our original file does not require the OCR, we use a free software Apache
Tika to extract text and convert any type of text files first to DOC and then to
TXT formats.

Bibliographic references are stored as metadata in BibTex generic citation

style, e.g.:

Q@Qbook{ BowkerPearson_ 2002,
Author={Bowker, L. and Pearson, J.},

Title={ Working with Specialized Language. A Practical Guide to Using Cor-

poraf,
Publisher={Routledge},
Place={London},
Year={2002}}.

1.6.2.3 Text selection criteria

The very first decisions to be made concerned the corpus size and the period of

time that our corpus should cover.

Since there is no complete agreement on how big a special purpose corpus
should be (Morin et al. 2007: 664), the size is something to be decided on by the
team of lexicographers at the outset. Taking into account the needs of our project,

availability of data and amount of time we had, we wanted our special purpose
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corpus to contain between one and five million words for each language. The
representativeness of the corpus should be constantly revised by its actual users in

the course of linguistic analysis, and the corpus should grow on a continuing basis.

As regards the period of time, we aimed for the material being less than twenty
years old, which means we were only looking for the texts written and published
after 2000. This is due to our intention to study chemistry lexicon in its current

state both at conceptual and linguistic level.

In order to make our corpus calibrated and representative of the subject in
question, we have devised a set of criteria presented below. Following the recom-
mendation in Pearson (1998) and Bowker and Pearson (2002), we combined two

categories of criteria for text selection: the external and internal criteria.

Audience Semi-experts and experts

Author Subject-field experts
Mode Published written texts
Genre Textbooks 35%, research papers 35%,

standards and reports 20%, instruc-
tional texts 10%

Table 1.1 — Outline of the external — non-linguistic — criteria.

Table 1.1 represents the external — non-linguistic — criteria. The target au-
dience was a starting point of our reflection, since the choices made at this level
affect most of the other criteria. In our case, the target audience of the texts

should consist of

e semi-experts, i.e. chemistry students at universities or colleges; pupils study-
ing chemistry at school; trainees;

e cxperts, i.e. professionals working in the field of chemistry.

We looked for the texts written by experts, namely chemistry researchers,

professors and teachers at universities and schools.

We were only concerned with written published texts (including online publi-

cations) and did not include any spoken transcriptions in our corpus. We expected
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the purpose of the texts to be either information, or recommendation, or recre-
ation, or discussion, therefore, it has been decided to include four different types
of texts in our corpus, namely research papers (e.g. articles in scientific journals),
textbooks and manuals, international standards and reports, and instructional
texts (e.g. to conduct chemistry experiments). We decided to calibrate our cor-
pus according to the target audience and the goal of the project. The needed

percentage of each text genre is indicated in Table 1.1.

Further, we also relied on the three internal, or linguistic, criteria shown in

Table 1.2.

Topics General, or introductory, chemistry;
main subdomains of chemistry (ana-
lytical, biological, inorganic, organic,
physical, polymer chemistry)

Style Formal

Language | Written by native speakers 85%, by
non-native speakers 15%

Table 1.2 — Outline of the internal — linguistic — criteria.

Since the goal of our research was the linguistic analysis of the fundamental
chemical terminology, we needed to have a collection of texts on the so-called

general, or introductory, chemistry and/or from different subdomains of chemistry

listed in Table 1.2.

At the first stage, texts written in informal style for general public had to be
avoided. We were looking for texts written in formal style to be included in our
corpus. At the same time, we had to avoid extremely technical texts and privilege

those where chemistry terms merge with the general language lexicon.

The preference was given to the texts written by native speakers. We expected
though to find a significant amount of texts written in English by non-native speak-
ers, since English is the international language of scientific publication. We pro-
posed to limit the number of such texts in our corpus to 15% and, ideally, ensure

proofreading them by native speakers.
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1.6.2.4 Adjustments made in the course of the study

Due to the constraints imposed by the pandemic Covid-19,'® which started halfway
through our research and affected the flow of the study, we were not able to
fully implement the developed methodology in collaboration with the OLST team.
A scheduled two-month long internship at the OLST laboratory, which was sup-
posed to be dedicated to the actual building of corpora, has been postponed several

times and then canceled due to travel restrictions.!”

The schedule of the research and the workflow had to be adjusted to the con-
stantly changing conditions. The design and compilation policy described in 1.6.2
underwent some changes as well. We tried several different solutions, namely, we
tested first the integration of the part of our English specialized corpora into Fran-

t,1® a general language database developed at the ATILF laboratory. We appre-

tex
ciated the support of the ATILF research engineers who helped us construct our
sub-corpus on the basis of six textbooks on introductory and general chemistry,
using a software Allegro, developed at the laboratory first as a simple concordancer
and then transformed into a platform for building up corpora and exploiting tex-

tual data (Petitjean et al. 2019). Our texts were integrated and labeled with the

tool TreeTagger; our metadata adopted to the Frantext format included:

<Author>, <Title>, <Date of the file generation>, <Number of pages>,
< Type of the document>, <Language>, <Level of studies>, <FEditor>, <Type

of license>, <Link to the source>, <Key words>.

In parallel with that, for the three corpora in English, French and Russian,

we have been using a freeware AntConc, which is a corpus analysis toolkit for

concordancing and text analysis.’

16Including restricted access to research laboratories in France and closure of research labora-
tories at the University of Montreal for months, inability to meet with experts in chemistry for
consultations, closed borders causing the cancelation of internships, etc.

1"We are grateful to the University of Lorraine and the LUE initiative (DrEAM) for having
awarded us a scholarship in case the internship could take place.

Bhttps://www.frantext.fr/

Yhttps: / /www.laurenceanthony.net /software /antconc/
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Chapter 1. General introduction to the research 27

Finally, we have been regularly consulting and exploiting the data of the fol-

lowing corpora:

Corpus of Contemporary American English (COCA);?°

Frantext’s integral corpus;

Russian National Corpus;*!

SketchEngine (for the three languages).??

1.6.3 Establishing nomenclatures of core chemical terms

We followed three steps for establishing our nomenclatures of the fundamental

terms related to the lexicon of chemistry.

First, we examined the results of the preliminary research project PEPS
STRETCH (1.2), namely the list of the retrieved English terms based on their fre-
quency of occurrence in the corpora built in the framework of this project. Among
the most frequently occurring terms, there were the following basic chemical terms

(Table 1.3).

lemma frequency
reaction 5560
bond 2866
molecule 2500
compound 2422
product 2055
interaction 1974
mixture 1719
atom 1671
electron 1552

Table 1.3 — Some of the most frequently occurring chemical terms (PEPS
STRETCH project).

Second, we processed the textual data of our own corpora using TermoStat,
a software tool for term extraction (Drouin 2003) developed by P. Drouin at

the University of Montreal.? We compared our results with the results of the

2Ohttps:/ /www.english-corpora.org/coca/
Zhttps://ruscorpora.ru/
Zhttps:/ /www.sketchengine.eu/

Zhttp://termostat.ling.umontreal.ca/
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PEPS STRETCH project and created a list of about twenty terms that were

shared on all frequency lists.

Finally, in the course of the actual lexicographic description of chemistry
terms, we expanded our nomenclatures up to 102-107 units in each language, 312
lexical units in total. Following the Semantic Decomposition Principle while writ-
ing lexicographic definitions (see Chapter 4, 4.2.2.3), we inevitably encountered
new terms that needed to be treated. The list also expanded through lexical
connections established between terms. For instance, the very first term that we
analyzed was reactionl.1d, apparently one of the most frequently used chemical
terms. After we did the semantic decomposition of its meaning, we had to add on
our list and describe the following terms: substancel.lb, chemical change, trans-
formation1l.1. Then, through establishing lexical connections with reaction 1.1d,
we enriched our list with react 1.1d, reactant, reagent, reactive 1.1d, reactor1.2, prod-
uct 1.3, elementary reaction, etc. In such a way, taking as a starting point one term,

we expanded our list with at least ten additional terms.

In Part IT (Chapter 8, 8.2), we present a list of vocables where at least one
of the senses belongs to the fundamental lexicon of chemistry. The set of such
senses forms our chemical nomenclature. As it will be shown in Chapters 3-6, our
nomenclatures mostly include chemical terms, but also certain terms originating
from the field of physics, e.g. electric charge, matterl.a, as well as some general

language lexical units, e.g. macroscopicl, microscopicll.a, etc.

1.6.4 Lexical Networks for terminological modeling

In compliance with the theoretical and descriptive lexicology approach, the lex-

icographic component is an integral part of our research.

We carried out the practical descriptive work in a comparative manner — for
the three languages taken into account — in order to identify 1) the divergences in
terminological structuring between English, French and Russian, and 2) the diver-

gences in the interconnection between terminology and general language.

Intensive exploitation has been made of the English and French Lexical Net-

works developed at the ATILF laboratory as well as of the Russian Lexical Network
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developed in collaboration with the CREE laboratory of INaLCO (Krylosova 2016).

In the course of our study, we enriched these resources with data on English,
French, and Russian chemistry terminologies. Lexicographic treatment of our spe-

cialized lexical units included the description of the following properties:

e grammatical characteristics;

e semantics (= definition);

e paradigmatic and syntagmatic connections;

e relations with other lexical units within the same vocable;

e examples of use.

The methodology of the lexicographic modeling of terms performed within the
Lezical Networks will be discussed in detail in Chapter 4. The semantic (the cen-

tral) component of our terminographic descriptions will be presented in Part II.

1.7 Organisation of the thesis

The thesis consists of eight chapters, including the general introduction to the re-
search. The following chapters are divided into two main parts. Part I is dedicated
to the lexicological study; Part II presents the central part of the terminographic

descriptions performed for the three languages.

In Part I, Chapter 2, we starts with an introduction to the current state of ter-
minological resources on chemistry for the English, French and Russian languages.
We give a brief overview of already existing chemical dictionaries and vocabularies

and the most significant issues detected in these resources.

In Chapter 3, we characterize the discipline of chemistry and the chemical
industry. We take a look at the evolution of the chemical nomenclatures and iden-
tify some challenging factors in teaching the discipline and its language. Further,
we analyze what is understood by chemistry, chimie and zumus in English, French

and Russian respectively.

Chapter 4 presents the methodology of the lexicographic descriptions of chem-
ical terms performed in the framework of the theoretical and descriptive approach

of the Explanatory and Combinatorial Lexicology and that of the Lexical Systems.
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We describe types of linguistic information encoded in the Lexical Systems and
our principles of writing lexicographic definitions which represent the central part

of our descriptive work.

In Chapter 5, we propose and discuss an extensive example of such lexico-
graphic modeling of three core terms related to the lexicon of chemistry, namely
matter l.a, substancel.lb and atom 1.2 as well as their counterparts in French and

Russian.

Chapter 6 demonstrates how we dealt with complex cases like element, the cen-
tral and yet probably the most debated term of the chemical lexicon that needed
to be studied in depth, with special attention to the historical development of the

notion and all the issues and misconceptions associated with it.

In Chapter 7 we summarize on the solutions that we propose to the issues de-
tected in Chapter 2 and draw our conclusions on the observed interactions between
specialized and non-specialized lexical units both on paradigmatic and syntagmatic
levels as well as on the discrepancies between English, French and Russian chem-
ical terminologies, discovered in the course of the lexicographic modeling in the

three Lezical Networks.

In Part II, Chapter 8, we provide the list of English, French and Russian
vocables with at least one of the senses belonging to the fundamental lexicon of
chemistry. The set of such senses forms our chemical nomenclature. Further,
we present the centerpiece of our study, i.e. the system of formal definitions
elaborated for the lexical units belonging to the core lexicon of chemistry. Each
definition is followed by a short illustrative example for an easier perception of the

analysed meanings.

In the end, we propose an index of important notions discussed or mentioned

in the thesis.
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2.1 Introduction

This chapter provides an introduction to the current state of terminological re-

sources on chemistry for the English, French and Russian languages.

In Section 2.2 we start with a brief overview of existing chemical dictionaries,

vocabularies and online databases in our three target languages.

In Section 2.3 we present the most interesting and significant problems which
we have detected in these resources and for which we will propose solutions in

the following chapters (3-6).

We would like to point out that we are not seeking a complete review of all
chemistry resources; we will only name the most relevant and authoritative ones,
leaving aside, for instance, numerous editions by universities that tend to publish

their own vocabularies as a support for their chemistry courses.

We also leave aside general language dictionaries which include a limited num-
ber of terms from different specialized domains, such as biology, chemistry, math-
ematics, music, psychology, etc. Terminological entries in general language dic-
tionaries are usually prepared in collaboration with consultants, specialists of the
domains, but not in a systematic and exhaustive way. All of the problems stated in

Section 2.3 concern terminological entries in general language dictionaries as well.

2.2 Overview of terminological resources on chemistry

The most authoritative resource on terminology of chemistry is the Compendium
of Chemical Terminology also known as the Gold Book published by the Inter-
national Union of Pure and Applied Chemistry (McNaught 1997). The IUPAC
Gold Book website! relaunched in July 2019 represents an expanded collection of
7,000 definitions taken from the [UPAC recommendations previously published in
the journal Pure and Applied Chemistry and in the ITUPAC “Colour” Books.

The IUPAC Compendium has been translated into French by Jean-Claude
Richer and published in the form of a printed dictionary Compendium de termi-

nologie chimique. Recommandations IUPAC (Richer 1999). All entries include

thttps://goldbook.iupac.org/pages/about
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indications on corresponding English terms and definitions in French which are

translations of the original English definitions.

For its part, the Russian edition called Homenxaamyprue npasunra MFOITAK
no zumuu?® (Golubkova 1993) keeps the original definitions in English accompanied

by corresponding Russian terms.

Figure 2.1 illustrates differences in the three IUPAC editions based on the ex-

ample of En. ION, Fr. ION and Ru. MOH.

ion

An atomic or molecular particle having a net electric charge.
IUPAC Compendium of
Chemical Terminology

Source:

PAC, 1982, 54, 1533 (Glossary of terms used in nuclear analytical chemistry (Provisional)) on page 1545

ionn. m.
French edition ion
Compendium de

: . . Particule atomique ou moléculaire porteuse d'une charge électrique totale non nulle.
terminologie chimique.

Recommandations IUPAC 1982, 54, 1645
CTC 1993
Russian edition ION. UoH.
HomeHKnaTypHble npasuia An atomic or molecular particle having a net electric charge.
WIOMAK o xumum 1982, 54, (1545)

Figure 2.1 — Extracts from three editions of the [IUPAC Compendium of Chemical
Terminology: entries En. ION, Fr. ION, and Ru. NOH.

The Oxford Dictionary of Chemistry?® is another authoritative resource aimed
at teachers and students of chemistry. The eighth edition of the dictionary, with
over 5,000 English terms and their definitions, is claimed to cover all aspects of
chemistry from physical chemistry to biochemistry (Law and Rennie 2020).

As for the French chemical terminology, one of the main references along
with the IUPAC Compendium is the Vocabulaire de la chimie et des matériauz*
published in 2018 by Délégation générale a la langue francaise et aux langues de

France®. The Vocabulaire is a compilation of 582 chemical terms and their defini-

tions validated by the Académie francaise and the Commission d’enrichissement

2JUPAC nomenclature rules for chemistry

3https:/ /www.oxfordreference.com /view/10.1093 /acref/9780199204632.001.0001 /acref-
9780199204632

4Vocabulary of chemistry and materials, https: //www.academie-francaise.fr /sites /academie-
francaise.fr/files /chimie 2018.pdf

5General delegation for the French language and languages of France.
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https://www.oxfordreference.com/view/10.1093/acref/9780199204632.001.0001/acref-9780199204632
https://www.academie-francaise.fr/sites/academie-francaise.fr/files/chimie_2018.pdf
https://www.academie-francaise.fr/sites/academie-francaise.fr/files/chimie_2018.pdf
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de la langue francaise.® The Vocabulaire has been previously published in parts
in the Journal officiel of the French republic and is accessible online through the

website France Terme” of the French Ministry of Culture.

Another important and widely used French dictionary on chemistry is the Dic-
tionnaire de chimie edited by Pierre de Menten (de Menten de Horne 2013). The
dictionary is intended to provide scientists, teachers and students with the linguis-

tic and historical information on 1,560 chemistry terms.

Lezique de terminologie chimique francais-anglais/anglais-frangais® is a bilin-
gual vocabulary by Jean-Claude Richer which covers 160,000 chemical terms in

two languages (Richer 2012).

Along with the English-Russian IUPAC nomenclature, Xumus. Boavwot on-
yuraoneduueckuti crosapy’ (Knunjanc 1998) edited by Ivan Knunyants is one of
the reference sources on Russian chemical terminology. This edition is an updated
dictionary version of the famous Xumuueckas snyuxaonedus'® by Ivan Knunyants
and Nikolay Zefirov which covers 5,524 chemical terms (Knunjanc and Zefirov

1988-1998).

A bilingual vocabulary Amneso-pycexuti xumuneckudi caosapv't by Mukattis
Gazizov provides a list of 45,000 terms and phrases translated from English to
Russian (Gazizov 2010). Caosapv zumuneckuz mepmunos'? by Evdoscéenko et al.
covers 20,000 Russian terms and their definitions with short indications on English

corresponding terms (Evdoscenko, Dubchinskij and Gajvoronskaja 2006).

SFrench academy and Committee for the enrichment of the French language
Thttp://www.culture.fr/franceterme

8French-English /English-French lexicon of chemical terminology
9Chemistry. The Great Encyclopedic Dictionary

19Chemical encyclopaedia, http://www.cnshb.ru/AKDIL/0048 /default.shtm
HEnglish-Russian chemical dictionary

2Dictionary of chemical terms


http://www.culture.fr/franceterme
http://www.cnshb.ru/AKDiL/0048/default.shtm
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2.3  Detected issues

In this section we discuss the most significant and interesting issues detected
in the terminological resources on chemistry mentioned in Section 2.2. Overall,

we have identified four main areas of concern:

minimal linguistic information approach (2.3.1);

definitions (2.3.2);

polysemy (2.3.3);

phraseology (idioms and collocations) (2.3.4).

In what follows we state problems and give illustrative examples from the ter-
minological resources in the three languages. Our solutions to these problems will

be discussed in detail in Chapter 4 and Chapter 7, Section 7.2.

2.3.1 Minimal linguistic information approach

The main reference resources such as IUPAC Compendium or Oxford Dictionary
of Chemistry are monolingual being devoted to the English chemical terminology.
The information on linguistic properties of terms is minimal in their entries with

the main focus on definitions.

Figure 2.2 shows an entry ION taken from the Oxford Dictionary of Chem-
istry. The definition is given in the form of a short encyclopaedic summary men-
tioning two types of ions (CATION and ANION). At the end of the entry we find
a cross-reference to the derivative IONIZATION. The kinds of relations between

ION, IONIZATION, CATION and ANION are not named explicitly.

ion An atom or group of atoms that
has either lost one or more electrons,
making it positively charged (a cation),
or gained one or more electrons,
making it negatively charged (an anion).
See also IONIZATION

Figure 2.2 — Entry En. 10N in the Oxford Dictionary of Chemistry.

As we have seen on Figure 2.1 in Section 2.2, the [IUPAC Compendium pro-

vides its users with even less information. TUPAC entry for 10N in English only
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includes a definition and a references source. Until 2019 when the IUPAC Gold
Book website was updated and relaunched, most entries used to have a feature
called “Interactive Link Map”. Users got access to a hierarchy of terms like the

one shown on Figure 2.3.13

| = / E E : = _’=E,-'?.‘
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o — = £ = =
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Figure 2.3 — “Interactive Link Map”, a former feature on the IUPAC Gold Book
website.

Unfortunately, it was hardly possible to navigate through the “Interactive Link
Maps” without any user guide. Looking at connections around the term CHEMICAL
REACTION we see terms such as ELEMENTARY REACTION, STEPWISE REACTION,
CHEMICAL SPECIES and MOLECULAR ENTITY. No explanation was given to the
users on the kind of relations between these terms. Comparing the map to the
actual definitions — or rather encyclopaedic summaries — we assume that the map
used to represent a media-structure of the Gold Book resource showing all cross-
references within its entries. At the present time, this feature is no longer available

on the website.

The French and Russian editions of the IUPAC Compendium as well as dictio-
naries such as Vocabulaire de la chimie et des matériaur (FranceTerme), Diction-
naire de chimie by Menten and Caosapv xumuyeckuxr mepmunos by Evdoséenko et
al. also have their main focus on definitions and are dedicated to chemical ter-
minology in one particular language, but almost all their entries are provided
with indications on corresponding terms in other languages (English, German,

or Russian).

13The screenshot was made in July 2018. We apologize for its poor quality that cannot be
improved, since the “Interactive Link Map” feature is no more available on the TUPAC website.
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As for bilingual vocabularies, most of them propose lists of term-to-term trans-
lations with no definitions, no description of the linguistic behavior of terms, no
indications on relations between terms, see extracts in Figure 2.4. In the case
of Lexique de terminologie chimique francais-anglais/anglais-francais by Richer,
French terms are followed by indications on part of speech, gender and corre-
sponding terms in English. A bilingual vocabulary Awezaio-pyccxuts xumuveckud

caosapv by Gazizov has a similar structure with English terms followed by Russian

equivalents.
Fr.: En. En. : Ru.
liage n. m. : mixing rarefaction paspexeHue; passeneHune
liais n. m. : liais rarefiable pa3spexaembin
liaison n. f. : bond rarefied paspexeHHbIl

rarefy paspexarb
rate ckopoCTb

Figure 2.4 — Extracts from Richer (2012) on the left and from Gazizov (2010) on
the right.

From what we can observe, specialized dictionaries give minimal linguistic
information on chemical terms. The linguistic behaviour of terms is not outlined;
the description of relations between terms is limited to occasional indications on
synonyms and antonyms. Neither of the resources previously mentioned

propose any examples of use of chemical terms in scientific contexts.

2.3.2 Definitions

A problem common both to specialized and general language dictionaries is vicious
circles in definitions. Figure 2.5 shows three extracts from the ITUPAC Gold Book
website where ATOM is defined through CHEMICAL ELEMENT and NUCLEUS while

CHEMICAL ELEMENT and NUCLEUS are defined through ATOM.

Erroneous and misleading definitions is another problem detected in lexico-
graphic resources on chemistry. In the IUPAC definition of ATOM (Figure 2.5),
it is not specified to which sense of CHEMICAL ELEMENT it is pointing. Taking
a closer look at this definition we realize that it is referring to the second sense
— ‘a pure chemical substance’, so the definition of ATOM should read ‘smallest

particle still characterizing a substance’. The reference to this obsolete sense of
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atom Online use... ( )

htps://doi.org/10.1351/goldbook.A00493

Smallest particle still characterizing a(chemical element.)It consists of af of a positive

charge (Z is the proton number and e the elementary charge) carrying almost all its mass (more
than 99.9%) and Z electrons determining its size.
q N N\
chemical element omewe.- € P | nucleus on

0/10.1351/g
https://doi.org/10.1351/goldbook.C01022 https://doi.org/10.

nucleus. Sometimes this concept is called the elementary substance as distinct from the
chemical element as defined under 1, but mostly the term chemical element is used for both
concepts.

Figure 2.5 — Entries En. ATOM, CHEMICAL ELEMENT and NUCLEUS on the [UPAC
Gold Book website.

CHEMICAL ELEMENT is misleading because elements should not be regarded as en-
tities; ELEMENT denotes something much more abstract: type of atoms, the ones

we find in the Periodic Table of Elements (see Chapter 6).

Oxford Dictionary of Chemistry also provides their users with similar mis-
leading definitions. Again, looking at the definitions of ATOM and of ELEMENT
in Figure 2.6, one might conclude that elements are simple substances and atoms
are their smallest parts. Following the logic of such definitions, it turns out that
the Periodic Table is a table of simple substances which would be a completely
wrong understanding. The Periodic Table does not list tangible entities like sim-
ple substances but is a systematic representation of different types of atoms. See

a detailed discussion on the notion of element in Chapter 6.

atom The smallest part of an el- element A substance that cannot

ement that can exist chemically.
Atoms consist of a small dense nu-
cleus of protons and neutrons sur-
rounded by moving electrons. The
number of electrons equals the num-
ber of protons so the overall charge
is zero. The electrons are considered
to move in circular or elliptical orbits
(see BOHR THEORY) Or, more accu-
rately, in regions of space around the
nucleus (see ORBITAL).

be decomposed into simpler sub-
stances. In an element, all the atoms
have the same number of protons or
electrons, although the number of
neutrons may vary. There are 92
naturally occurring elements. See
also PERIODIC TABLE; TRANSURANIC EL-
EMENTS; TRANSACTINIDE ELEMENTS.

periodic table A table of elements
arranged in order of increasing pro-
ton number to show the similarities
of chemical elements with related
electronic configurations.

Figure 2.6 — Extracts from the Oxford Dictionary of Chemistry (2008).

Definitions of some basic chemical terms are missing in specialized dictionar-
ies, e.g. the Oxford Dictionary of Chemistry has no entry for SUBSTANCE which is

one of the fundamental chemical terms and which is in the core of many definitions
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in this dictionary. The TUPAC Gold Book does not define basic terms like COM-
POUND, GAS, LIQUID, PARTICLE, SOLID, several specialized senses of CHEMISTRY
(see Chapter 3, Section 3.4), etc. An important number of fundamental French
terms is missing in the Vocabulaire de la chimie (FranceTerme), e.g. ALLOTROPES,
ATOME, COMPOSE ‘compound’, ELECTRON, ELEMENT, ION, ISOTOPES, LIAISON
‘bond’, MELANGE ‘mixture’, MOLECULE, REACTION, SUBSTANCE and many oth-

ers. We will see more examples in Subsection 2.3.4.

Finally, specialized dictionaries tend to define nominal lexical units but not
verbs, adjectives or adverbs. For instance, it is not clear from the Oxford defi-
nition of ATOM (Figure 2.6) what is meant by “can exist chemically”, and the
polysemous adverb CHEMICALLY has no entry within this dictionary. Or, we can
find nominal lexical units like ION and IONIZATION in the IUPAC and Oxford dic-
tionaries, but the description of the derivative verbal and adjectival lexical units
is missing in both dictionaries, namely at least two specialized senses of IONIZE,
two specialized senses of IONIC and the adjective IONIZED; see more on this case

in Subsection 2.3.3.

2.3.3 Polysemy

In most specialized dictionaries, polysemous vocables with several specialized senses
are either described as if they were monosemous or they are not treated at all.

Let us consider some examples.

As mentioned in Subsection 2.3.2, IONIZE should be represented as a polyse-
mous vocable (see Part II, p. 179) with at least two specialized verbal lexical units,
namely IONIZE a which means ‘particle X undergoes a transformation to become
an ion’; as in (la), and the causative IONIZE b which means ‘fact Y causes that

a particle X ionizesa’, as in (1b).

(1) a. Calcium atom ionizesa by losing two electrons.
Post-JAMB Exam Guidelines, https://www.academia.edu/, 24/07/2022
b.  In the atmosphere above about 70 km, ultraviolet radiation from the sun
tonizes b molecules generating free electrons, which remain unattached
for considerable time because of the low density of the atoms.

BERTONI Henry L., Radio Propagation, 2003


https://www.academia.edu/
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The same applies to IONIC which should be represented as a polysemous
vocable (see Part II. p. 179) with two specialized adjectival lexical units, IONIC 1

‘X relating to ions’ and IONIC 2 ‘X such that it is made of ions’; see (2a-c).

(2) a. The negative ionic1 charge of OH is 1.

Sincero A. P., Sincero G. A., Physical-Chemical Treatment of Water and Wastew-
ater, 2022

b.  Although they consist of positively and negatively charged ions, tonic 2
compounds are electrically neutral, because the charges are always equal
and opposite.
Web, https://www.chemicool.com/, 24/07 /2022

c.  There is a strong correlation between tonic 1 size and the melting point
of an tonic 2 compound.

Moore et al., ChemPRIME, https://chem.libretexts.org/

IONIZE and IONIC are examples of polysemous vocables that are not treated at
all in specialized resources on chemistry such as the IUPAC or Oxford dictionaries.
Now let us consider the case when a lexicographic entry is present in a dictionary

but the polysemy is not taken into account.

Figure 2.7 shows two entries for Fr. REACTIF () ‘Teactant; reagent’ taken from
the Dictionnaire de chimie by Menten (on the left) and from the Vocabulaire de

la chimie et des matériauz (FranceTerme) (on the right).

REACTIF n. m. 459. réactif, n.m.
i Substgnce quiréagit;, ¢ Domaine : CHiMIE. ¢ Définition : Substance introduite pour
avec éventuellement lidée prendre part a une réaction chimique. ¢ Note : 1. Le réactif n’est

que la réaction soit indicatrice

66 1o hréschoe dliin aufre enel pas obligatoirement 'entité réagissante ; ainsi, dans la nitration du
(démarche analytique). benzene, HNO, est le réactif et le cation NO," I'entité réagissante.
Angl. reagent 2. Le terme « réactif » s’emploie également comme adjectif pour

indiquer une plus ou moins grande aptitude a participer a une
réaction. ¢ Voir aussi : entité réagissante. % Equivalent étranger :
reactive (adj.), reagent.

Source : Journal officiel du 18 avril 2001.

Figure 2.7 — Entries for Fr. REACTIF(yy in the Dictionnaire de chimie by Menten
and in the Vocabulaire de la chimie et des matériauz (FranceTerme).

It is worth noting that the two dictionaries have relatively rich microstruc-
tures. The Dictionnaire de chimie describes history of terms and concepts, gives
definitions, French synonyms (when relevant), German and English corresponding

terms. Since we would like to focus on the definition and an English equivalent


https://www.chemicool.com/
https://chem.libretexts.org/
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of REACTIF(x), we only present in Figure 2.7 an extract of its long entry and skip

the historical and etymological overview.

A typical entry of the Vocabulaire de la chimie et des matériauxr usually in-
cludes an indication on chemistry subdomain, a definition, a note, an English
equivalent and a reference source; some entries have cross-references to antonyms,

synonyms and other paradigmatically-related terms.

That being said, let us consider the case of REACTIF(yy. Examples (3a) and
(4a-b) illustrate two different senses of REACTIF(y). In (3a) REACTIF(x) 1 roughly
means ‘substance that reacts and that is consumed at the end of a chemical reac-
tion’. As the example (3a) shows, réactif in this sense is contrasted to the term
produit ‘substance that is formed at the end of a chemical reaction’. REACTIF(y) 1
has a less frequently used synonym attested since 1980 — REACTANT(x) , see (3b).

A corresponding English term of REACTIF(yx) 1 and REACTANT(y) is REACTANT.

(3) a. En systéme fermé, lors d’une réaction chimique, la masse des réact-
ifs1 est égale a la masse des produits. Le nombre d’atomes a [’entrée
(dans les réactifs 1) est aussi égal au nombre d’atomes a la sortie (dans
les produits).

‘In a closed system, during a chemical reaction, the mass of the reactants is equal
to the mass of the products. The number of atoms at the beginning (in the reac-
tants) is also equal to the number of atoms at the end (in the products).’
Web, https://www.superprof.fr, 21/07/2022

b.  L’objectif principal de ce projet est de détecter les réactants et produits
de réactions a de trés basses températures jamais atteintes précédem-
ment pour de telles mesures <...>.
‘The main objective of this project is to detect reactants and reaction products
at very low temperatures never previously reached for such measurements.’

Agence National de la Recherche, https://anr.fr/Projet- ANR-11-BS04-0024

In (4a-b) REACTIF(y) 2 roughly means ‘substance used by a chemist in order to
test another substance’. Such test substances are prepared in chemical laboratories
and usually have proper names, e.g. réactif de Collins ‘Collins reagent’, Réactif de
Grignard ‘Grignard reagent’, etc. A corresponding English term of REACTIF () 2

1S REAGENT.


https://www.superprof.fr
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(4) a. Tous les flacons de réactifs2 doivent étre conservés au froid et n’étre
sortis qu’au moment du test.
All reagent bottles should be kept cold and only taken out at the time of testing.
LAVEISSIERE C., PENCHENIER C., Manuel de lutte contre la maladie du sommeil,
2005

b. Je me trompais sans cesse dans mes mesures, et finalement, j’ai cassé

un flacon de réactif2 Rhésus.
‘I kept getting my measurements wrong, and finally, I broke a vial of Rhesus
reagent.’

Frantext, TOURNIER Michel, Le Roi des Aulnes, 1970, p. 407

REACTIF(y) should be described as a polysemous vocable (see Part II, p. 214)
with two specialized senses, REACTIF(y)1 ‘reactant’ and REACTIF(y)2 ‘reagent’.

However, it is not the case in the dictionaries known to us.

As shown on Figure 2.7, REACTIF(x) in the Dictionnaire de chimie is not
treated as a polysemous vocable, and an indication on the English equivalent
REAGENT presupposes that authors of the entry are only referring to the second
sense of REACTIF (), i.e. REACTIF(n) 2 ‘reagent’. The Vocabulaire de la chimie et
des matériaux provides us with two definitions, but in fact the numbering 1 and 2
is not an indication on polysemy of REACTIF(ny. The first definition refers again
to the sense ‘reagent’ and is followed by an indication on the English equivalent
REAGENT. The second definition should be put out to a separate entry, because it
concerns an adjective REACTIF(aq5 and is not supposed to be treated in the entry

of a noun REACTIF (v .

From what we can observe, polysemous vocables are either treated as monose-
mous, as in the case of Fr. REACTIF(y) ‘reactant; reagent’, or they are not present

in some dictionaries at all, as in the case of En. IONIZE and IONIC.
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2.3.4 Phraseology

Another issue detected in specialized dictionaries on chemistry is the lack of de-

scription of phrasemes, namely of idioms and collocations.
2.3.4.1 Idioms

The fundamental chemical vocabulary contains numerous idioms, e.g. "ATOMIC
NUMBER ', "CHEMICAL CHANGE ', "MASS NUMBER ', "PURE SUBSTANCE ', etc.

Let us take a closer look at the latter one.

One of the difficulties that a beginner in chemistry encounters is understanding
the difference between types of substances, especially between " pure substance™,

Tsimple substance, compound and mixture.

Basically, there are two big groups of substances:

e "pure substances that are individual substances made of one type of atoms
or one type of molecules, and whose composition and properties are constant
throughout any sample of the substance, e.g. Dioxygen (O3), Dihydrogen
monoxide (H50);

e mizrtures that are combinations of non-bonded substances, each substance

keeping its individual chemical properties, e.g. mixture of oil and water.
Then, " pure substances ' can be divided into two subtypes:

o "simple substances that are pure substances made of atoms of the same
element, e.g. Diamond (C);

e compounds that are pure substances made of different elements, e.g. Carbon

dioxide (COy).

On Figure 2.8 you can find French terms denoting these four types of sub-
stances and relations between them which can be described as follows: Fr. SUB-
STANCE ‘substance’ is a generic term for "CORPS PUR' ‘pure substance’ and
MELANGE ‘mixture’; the latter two being contrastive terms. The two other con-
trastive terms — " CORPS SIMPLE ' ‘simple substance’ and " CORPS COMPOSE ' ‘com-

pound’ — are richer synonyms of "CORPS PUR' ‘pure substance’.



46

T CORPS SIMPLE
‘'simple substance'

Dioxygen, Oz

T CORPS PUR™
'pure substance'

—
contrastives
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SUBSTANCE
'substance’

contrastives

TCORPS COMPOSE ™
‘compound'

Carbon dioxide, CO2

MELANGE
'mixture’

Oil and water

Diamond, C

Dihydrogen monoxide, H.0

Figure 2.8 — French terms denoting types of chemical substances.

As discussed in Subsection 2.3.2, entries of the fundamental chemical lexemes
En. SUBSTANCE and Fr. SUBSTANCE are missing in certain chemical dictionaries.
Now, the idioms Fr. "CORPS PUR ', "CORPS SIMPLE ', "CORPS COMPOSE ' as well
as En. "PURE SUBSTANCE ', "SIMPLE SUBSTANCE ', "ELEMENTARY SUBSTANCE'
also are part of the fundamental chemical vocabulary but their entries are missing

in most of our reference dictionaries, see Table 2.1.

IUPAC Compendium | Oxford Dictionary of

of Chemical Termi- | Chemistry
nology (Gold Book)
En. "PURE SUBSTANCE' - -
En. "SIMPLE SUBSTANCE - -
TELEMENTARY SUBSTANCE
Vocabulaire de la | Dictionnaire de
chimie et des matéri- | Chimie

auzx (FranceTerme)
Fr. "CORPS PUR" —

Fr. "CORPS SIMPLE" - +
Fr. "CORPS COMPOSE! — —

(by P. Menten)

Table 2.1 — Example of some specialized idioms missing in chemical dictionaries.

2.3.4.2 Combinatorics

Not only the meaning of specialized lexical units (be they idioms or lexemes) is
crucial but also information on how to use terms in scientific context. If we take,
for instance, a specialized verb REACT I.1d, we would want to know its meaning,

which is roughly ‘substance(s) X undergo(es) a chemical change, which results in
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the transformation of X into one or more substances Y’. In order to be able to use

REACT I.1d in a sentence, we would also need to know its combinatorial properties.

If we compare several senses of the polysemous vocable REACT, we can see
that the government patterns (Mel’¢uk 2004a,b) of general language lexemes are
X; reacts to Xp <...> or X; reacts against X, <...>, while the government

pattern of the specialized chemical lexeme is X; reacts with X, to form Y.

o his pupils reacted to light

e my stomach badly reacts to milk

e people react strongly to criticism

o markets reacted negatively to Brexit

e workers reacted against unfair treatment
Vs.

e calcium reacts with oxygen to form calcium ozide

Talking about X; reacting with X, we would need adverbs that take RE-
ACT I.1d as a base of collocations to express, for instance, the meaning of a strong
chemical reaction taking place. Thus, it would be important to know that in
English such adverbs are strongly, violently, vigorously; in French we can say X;
réagit fortement/violement /vigoureusement/vivement avec Xp pour produire Y, but
in Russian we say X; peaeupyem ¢ Xp cuavno/axmueno/6ypro/snepeusno, npe-
epawaacy 6 Y, see Table 2.2. To our knowledge, there is no such lexicographic

resource on chemistry that would provide its users with this kind of information.

En. Fr. Ru.

REACT I.1d REAGIR I.1d PEATUPOBATG l.1d

X7 reacts with Xo X1 réagit avec Xa pour X7 peazupyem ¢ Xo-om, 00-

to produce Y produire 'Y pasys Y

Intensifiers Intensifiers Intensifiers

strongly fortement ‘strongly’ cuavHo ‘strongly’

violently violement ‘violently’ axmueno ‘actively’

vigorously vigoureusement ‘vigorously’ oypro ‘widly, roughly’
vivement ‘vividly’ anepeuvno ‘energetically’

Table 2.2 — En. REACT I.1d, Fr. REAGIR I.1d, Ru. PEATMPOBATD I.1d, and their
collocates in the three languages.
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2.4 Recapitulation

This chapter gave a critical overview of existing terminological resources on chem-
istry, among which the most authoritative one is the IUPAC Compendium of

Chemical Terminology.

Most of the analyzed resources provide their users with minimal informa-
tion on chemical terms. Monolingual dictionaries such as the IUPAC or Oxford
dictionaries put the emphasis on definitions in the form of short encyclopaedic
entries. Bilingual vocabularies such as Lezique de terminologie chimique fran¢ais-
anglais/anglais-frangais by Richer propose simple lists of term-to-term transla-
tions with no definitions, usage notes, nor indications on relations between terms.
Both monolingual and bilingual resources do not describe the linguistic behaviour
of terms. Examples of use in scientific contexts are not provided. The descrip-
tion of relations between terms is limited to occasional indications on synonyms

and antonyms.

A number of issues concerns definitions, among which vicious circles and erro-
neous or outdated definitions. Specialized dictionaries on chemistry tend to define
nominal lexical units but not verbs, adjectives or adverbs. Polysemous vocables
are either not present or described as being monosemous. Some of the observed
resources are lacking fundamental chemical terms such as En. atom, Fr. molécule,

substance. The description of chemical idioms and collocations is also missing.

Our solutions to identified problems will be discussed in detail in Chapter 4

and Chapter 7, Section 7.2.
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Language is a major barrier (if not the major barrier)

to most students in learning science.

Wellington J. and Osborne J., How to deal with
linguistic issues in the chemaistry classroom, 2001, p. 2

To be discussed.
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3.1 Introduction

The aim of this chapter is to propose both conceptual and linguistic analyses of

chemistry and its language.

We characterize chemistry as a science and the chemical industry in 3.2. Mov-
ing to the vocabulary of chemistry in 3.3, we focus on the evolution of chemical
nomenclatures and identify challenging factors in teaching the discipline and its

vocabulary.

In 3.4 we propose a linguistic analysis of what is understood by En. chemistry,
Fr. chimie and Ru. zumus in our three target languages. We identify different
senses and relations between them for each language separately and then conclude

on the discrepancies between the languages.

3.2 Conceptual characterization of chemistry

In 3.2.1 we characterize chemistry as a science and in 3.2.2 we propose our defi-
nition of lexical units denoting it. In 3.2.3 we touch on the issue of the chemical

industry and its role in the social perception of chemistry.
3.2.1 Chemistry as a science

Modern chemistry began in the seventeenth century with the first attempts to apply
exact measurements to chemical changes in substances. According to Greenberg

(2006: 10), the roots of modern chemistry

[...] included practical chemistry (the mining and purification of metals,
the creation of jewelry, pottery, and weaponry), medicinal chemistry (the
use of herbs and various preparations made from them), and mystical beliefs

(the search for the Philosopher’s Stone or the Universal Elixir).

The latter practice is known as alchemy, the medieval forerunner of chemistry,
concerned with the transmutation of matter! (Morris 2003; Haeffner 2004; Kahn

2007; Cobb and Goldwhite 2013).

L Ozxford Dictionaries, https://www.lexico.com /definition /alchemy


https://www.lexico.com/definition/alchemy
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The transition from alchemy to chemistry was marked by the publication
of the book The Sceptical Chymist: or Chymico-Physical Doubts & Paradozes
by Robert Boyle in 1661 (Boyle 1661). Boyle brought an experimental scientific
method to chemistry, which led, among others, to the new approach in defining

elements and compounds (see Chapter 6).

Being grounded in disciplines like physics and mathematics, modern chem-
istry and the language of chemistry have been in turn involved in sciences like
biology, medicine, engineering, geology, and many others. The interconnectedness
of chemistry and other sciences led to the emergence of new disciplines, such as
nuclear chemistry, geochemistry or cheminformatics. Due to its role in fundamen-
tal understanding of related disciplines, chemistry is sometimes called the central
science, especially after the publication of the introduction textbook to the disci-
pline Chemistry: The Central Science by Theodore L. Brown and Eugene LeMay
in 1977 (Brown and LeMay 1977).

The main branches of modern chemistry are known to be analytical, biolog-
ical, inorganic, organic, physical and polymer chemistry.? Although a number
of chemical terms is shared by most chemists, chemistry branching resulted in
a domain-specific usage of certain terms, as illustrated in (1) and (2). The follow-

ing definitions are borrowed from the IUPAC Gold Book.?

(1)  a. transformation in physical organic chemistry:
The conversion of a substrate into a particular product, irrespective of
reagents or mechanisms involved.
b. transformation in biotechnology:
A process for genetic alteration of a cell following incorporation of

foreign DNA.

(2) a. promoter in physical chemistry:
A relatively small quantity of one or more substances, which when
added to a catalyst improves the activity, the selectivity, or the use-

ful lifetime of the catalyst.

Zhttps:/ /www.acs.org/content /acs/en /careers/college-to-career /areas-of-chemistry.html

3https://goldbook.iupac.org
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b.  promoter in biotechnology:
The DNA region, usually upsteam to the coding sequence of a gene or
operon, which binds and directs RNA polymerase to the correct tran-

scriptional start site and thus permits the initation of transcription.

As discussed in Chapter 1, 1.3, we will focus in our study on the analysis and
terminological description of the fundamental chemical terms used in the so-called
general chemistry, which is taught as an introductory course at the high school

and university levels.*
3.2.2 Defining chemistry

Introductory textbooks on chemistry tend to define the discipline in the very first
chapters, but the definitions are sometimes confusing, as, for example, in the case

of the textbooks Chemistry 2 and Beginning chemistry:

[...] you will be learning chemistry, the study of the composition, proper-

ties, and interactions of matter.’

The definition of chemistry — the study of the interactions of matter with
other matter and with energy — uses some terms that should also be defined.b

[bold added]

Chemistry defined this way does not seem to be distinct from physics, which
is also a science of matter and energy and of interactions between the two; see, for

instance, a definition taken from the Merriam- Webster dictionary:

physics

a science that deals with matter and energy and their interactions”

This confusion often arises from the physical basis of many chemical con-

cepts (Taber 2001: 125). It should be clear from the definitions though that the

“https://chem.libretexts.org/Bookshelves/General Chemistry
Shttps://openstax.org/books/chemistry-2e/pages/1-1-chemistry-in-context

Shttps://chem.libretexts.org/Courses/Los _Angeles Trade Technical College/DMA
Chem 51

Thttps:/ /www.merriam-webster.com /dictionary
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key difference between physics and chemistry is that the latter one deals with
transformations of matter at the submicroscopic level. An indication on it is
missing or veiled not only in some textbooks’ definitions, but also in certain spe-
cialized dictionaries of chemistry; see an entry taken from the Oxford Dictionary

of Chemistry:

chemistry
The study of the elements and the compounds they form.

Chemistry is mainly concerned with effects that depend on the outer elec-

trons in atoms.®

In the worst case, entries for the lexical units denoting chemistry as a science
are not present at all on the wordlist of some specialized dictionaries, e.g. we find
neither chemistry in the IUPAC GoldBook nor chimie in the Vocabulaire de la
chimie et des matériaux, which are among the leading terminological resources on

chemistry for English and French (see discussion above in Section 2).

One might argue that such lexical units are not specialized units, and as
they belong to the general lexicon, there is no interest to include them in termi-
nological dictionaries. At first glance it seems to be reasonable. However, to us
it does not seem possible to avoid using specialized lexical units in the definition

Y

of chemistry / chimie / zumus ‘science...’; which then makes these lexemes spe-
cialized as well. And then, there are at least two specialized senses semantically
connected with the basic sense ‘science...” (see Subsection 3.4), which are also

missing in numerous chemical dictionaries.

Based on the considerations above, we propose the following formal defini-
tion of the lexical unit denoting chemistry as a science. In Table 3.1 we take as
an example the English lexeme CHEMISTRY I; for the corresponding definitions of

Fr. CHIMIE I.1 and Ru. XUMsI! 1.1, see Part II, p. 197 and p. 241.

You can compare it now with our formal definition of PHYSICS | (Table 3.2).

8https:/ /www.oxfordreference.com


https://www.oxfordreference.com
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chemistry | practiced by X : science practiced by the human X
e whose object is the study of
the matterl.a and its transformationsIl.1
at the submicroscopic level

Table 3.1 — Formal definition of En. CHEMISTRY |.

physics | practiced by X :  science practiced by the human X
e whose object is the study of
the matterl.a, the energyll.1
and their interactions|

Table 3.2 — Formal definition of En. PHYSICS I.

3.2.3 Chemical industry

The field of chemistry is remarkable for the close cooperation of science and indus-
try. Chemical industry is crucial for the development of new materials and tech-
nologies which influence our everyday life. However, according to numerous public
opinion surveys, chemical industry steadily has a more negative image in compar-
ison to most of other industries, such as the electronic or car industries. Thus,
for instance, in 2004 chemical industry received 67% and 75% of negative opin-
ions in France and Sweden respectively, which was the second worst result after

the nuclear industry (Chastrette and Dumon 2007: 142).

There is a popular belief that chemical industry is only interested in maxi-
mizing its immediate profit, hence the quality and harmlessness of produced goods
— from food to medicines and vaccines — are constantly doubted. The industry is
often claimed to bear responsibility for environmental pollution and subsequent

development of certain types of cancer (Chastrette and Dumon 2007: 143).

Bataille and Bram (2004) assert that the origins of the negative attitude to
chemistry can be traced back to the twentieth century with the first usage of
chemical weapons in World War I. Numerous infamous events contributed signif-
icantly to the negative image of chemistry and its industry: the use of Zyklon B
by Nazi Germany at extermination camps, the use of Agent Orange by British
Armed Forces in Malaysia during the Malayan Emergency and by the United
States Armed Forces in Vietnam during the Vietnam War, the Halabja chemical

attack as a part of the Al-Anfal Campaign in Iraq (led by Ali Hassan al-Majid
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who was dubbed Chemical Ali for his use of chemical weapons in attacks against
the Kurds), the use of sarin, mustard agent and chlorine gas in numerous chemical
attacks during the Syrian Civil War, industrial disasters, such as in Bhopal, and

the invention of harmful drugs, such as thalidomide or diamorphine, etc.

The term chemophobia was included in IUPAC’s Glossary of terms used in
Tozicology® and defined as ‘irrational fear of chemicals’ (Duffus, Nordberg and
Templeton 2007). The birth of chemophobia occured in the twentieth century,

and in 2013 an American chemist Michelle M. Francl concluded:

We are a chemophobic culture. Chemical has become a synonym for
something artificial, adulterated, hazardous, or toxic. Chemicals are bad —
for you, for your children, for the environment. But whatever chemophobics
would like to think, there is no avoiding chemicals, no way to create chemical-
free zones. Absolutely everything is made of atoms and molecules; it’s all

chemistry. !0

A widely spread fear of chemicals and the opposition of chemistry to nature by
laypersons is linguistically expressed in our three languages through the opposition

of adjectival lexical units denoting ‘chemical’ vs. ‘natural’ (see Subsection 3.4.3.1).

In Russian, the idea of artificiality and potential dangerousness of chemical
substances can be found in two additional non-specialized senses of XUMusI!: X1-
MUt Illa ‘substance of artificial origin, potentially dangerous for living creatures
and/or environment’ and XuMust! HLb ‘product containing a lot of xumus! Ill.a’.
The harmfulness of chemical industry has been expressed in Russian through an id-
iom "BOJIbIIIAA XUMUA I (lit. big chemistry) ‘penal labor at chemical factory’:
building a chemical factory or working at one was an actual criminal penalty in

the twentieth century in the USSR (see Subsection 3.4.3.2).

Because of this image of a useful but at the same time potentially dangerous

science, chemistry has a conceptual connotation ‘dangerousness’, ‘unnaturalness’.!!

9https://media.iupac.org/publications/pac/2007 /pdf/7907x1153.pdf

Ohttps:/ /slate.com/technology/2013/02/curing-chemophobia-dont-buy-the-alternative-
medicine-in-the-boy-with-a-thorn-in-his-joints.html

I An indication on the conceptual connotation should be added to the semantic zone of the
entries of the derived lexical units meaning ‘chemical’. For more on two types of connotations,
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There are constant attempts though to change public opinion on chemistry and
its industry. For instance, a famous advertising slogan “Better Things for Better
Living... Through Chemistry” was adopted by one of the world’s largest chem-
ical companies DuPont in 1935 for the next 47 years (Do and Pavlath 2017).
Even though one of the intentions was to dispel fears of chemical industry, the slo-
gan was very often ironically reused in media referring to recreational drug use
or a widespread practice of treating kids” ADD (Attention Deficit Disorder) with

chemical medication.

The year 2019 was marked by the 47" ITUPAC World Chemistry Congress
in Paris, which celebrated the centenary of the creation of IUPAC. For the first
time in its history, I[UPAC organized a symposium “Chemistry and Society” in
the framework of this international congress, providing an opportunity to chemists
and scientists from both industry and academia to debate about the perception of

their discipline by the citizens and the ways of improving its image.'?

3.3 Vocabulary of chemistry

In this section, we move to the vocabulary of chemistry as a scientific discipline.

To start with, we suggest the following classification!® of scientific terminology:

1. Terms and symbols that are entities, e.g. iron , Fe, HyO;
2. Terms and symbols that are processes, e.g. reaction , interact , +, — (as in
2H2 -+ 02 — QHQO),

3. Terms and symbols that are properties, e.g. heat , charged , = (as in Fe™™).

As regards to the chemistry vocabulary, the first group is represented by rich
and constantly growing nomenclatures of substance names and traditionally is best
described and unified (see 3.3.1). The two other groups of terms pose particular

challenges for teaching and learning chemistry (see 3.3.2 and 3.3.3).

see Tordanskaja and Mel’¢uk (2009).

12At the symposium “Chemistry and Society”, we had a chance to present the preliminary
results of our research on chemical terminology to members of the chemistry community, see
Mikhel, Ingrosso and Polguére (2019).

13Based on the taxonomy of scientific terms at four levels of abstraction proposed by Welling-
ton and Ireson (2002: 168-169)
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3.3.1 Chemical nomenclatures

Although modern chemistry began in the second half of the seventeenth cen-
tury (3.2.1), a language inherited from alchemy had been still widely used for
more than a century. The year 1787 was marked by the publication of the famous
Méthode de nomenclature chimique by four French chemists: L.-B. Guyton de
Morveau, A.-L. Lavoisier, C.-L. Berthollet and A.-F. de Fourcroy (Lavoisier, Four-
croy, et al. 1787). In this collaborative work, the scientists expressed the necessity
to replace the obscure and symbolic language of alchemists with a homogeneous,

scientific nomenclature.

The language of alchemy was full of mysteries, metaphors, double senses and
multiple names for the same substances, e.g. oxygen was referred to as ozxigine,
base de l’air vital, principe acidifiant, empyrée, principe sorbile (Lavoisier, Four-
croy, et al. 1787: 203). The initial aim of alchemists was to hide knowledge from
laypersons and make their mysterious texts hard to decode, but as a result, it

retarded the scientific progress and kept in ignorance many scientists themselves.

The new nomenclature proposed by Lavoisier and his colleagues was aimed

at uniformity and standardization.

[...] il en résulte qu’il seroit impossible de perfectionner la science, si
on n’en perfectionnoit le langage, & que quelque vrais que fussent les faits,
quelque justes que fussent les idées qu’ils auroient fait naitre, ils ne transmet-
troient encore que des impressions fausses, si on n’avoit pas des expressions

exactes pour les rendre.'* (Lavoisier, Fourcroy, et al. 1787: 13-14)

They reformed names of elementary substances and compounds, proposed
general principles for the further naming and classification of substances based on
their structure. The new naming of substances reflecting their characteristic prop-
erties was meant to help scientists and beginners in the field to comprehend and

memorize chemical nomenclature more easily. This was a remarkable example of

14[...] it results in that it is impossible to improve the science without improving the language,
& that no matter how true the facts may be, no matter how true the ideas that arise from them
may be, they would still be transmitted as false impressions, if we do not have exact expressions
to convey them.
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how the appearance and development of new scientific concepts should be followed

by the reformation of the whole lexicon of the domain (Zanola 2014: 114).

By that time, French was the international language, and as soon as the Méth-
ode de Nomenclature chimique was accepted, the new nomenclature was translated
and adapted in other languages. The first adaptations for English were done by
J. St. John in 1788 and by J. Pearson in 1794 (Leicester and Klickstein 1952);
the first translation for Russian was done by B. Severgine in 1815 (Sokolov 2013).

However, Lavoisier’s nomenclature covered only inorganic compounds. The
need for standardization of organic compounds arose with an active development
of organic chemistry and biochemistry already in the nineteenth century (Kersaint
1968: 205). On occasion of the Geneva Congress on Organic Nomenclature in
1892, sixty rules of naming organic compounds were elaborated by the Interna-
tional Chemistry Committee. The rules had to be clarified and completed later on,
which happened after the creation of the International Union of Pure and Applied
Chemistry in 1919 (Jaussaud 2006). Since then, IUPAC has published a signif-
icant collection of the so-called Color Books,'> which contain standardized and

internationally accepted nomenclatures (see Chapter 2).

From the Lavoisier’s nomenclature to most of the current editions of the [UPAC
Color Books, the focus of attention has been on establishing principles of naming
new chemical substances and rules for selecting unique names among the alterna-
tives. However, the actual vocabulary of chemistry commonly used by scientists,
teachers and students does not only consist of substance names but is large and

heterogenous.

3.3.2  Scientific vocabulary as one of the challenging factors in teaching the dis-

cipline

Understanding the challenges of chemistry brings insight on how useful termino-

logical support might be in teaching the discipline.

Chemistry is known to be a very complex subject due to many factors, such as

the abstract nature of many chemical concepts, the threefold representation of

Shttps: //iupac.org/what-we-do/books/color-books/
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matter (on the macroscopic, submicroscopic and symbolic levels), the structure
of the discipline and the needed background in physics and mathematics, a need
for laboratory activities, and much memorization involved in learning. Besides
all that, the complexity of the chemistry language is among the most challenging

factors in learning and teaching the subject (Rees, Kind and Newton 2018).

The importance of a deep understanding of scientific language has been rec-
ognized in educational research literature since the last decades of the twentieth
century (Johnstone and Cassels 1985; Lemke 1990; Herron 1996; Gabel 1999; John-
stone and Selepeng 2001; Lee 2001; Gee 2004; Wellington and Osborne 2001; Fang
2005; Fraser, Tobin and McRobbie 2012; Gunstone 2015; Childs, Markic and Ryan
2015).

According to Childs, Markic and Ryan (2015: 422), the scientific language be-
came a bigger obstacle in teaching sciences today than it was thirty years ago.
They suggested the following reasons of the reduced overall literacy in relation to

sciences:

e the “science for all” trend and, as a consequence, the mixed ability context
of teaching and learning;

e linguistic heterogeneity in classrooms with students learning sciences in their
second, non-native language;

e decline of Latin and Greek studies, which makes students unfamiliar with
roots and prefixes of terms drawn from classical languages;

e changes in science assessment procedures with less emphasis on writing and

speaking on scientific topics using appropriate terminology.

These factors are all relevant to teaching the multifaceted chemistry language,

known in some research as chemish (Markic and Childs 2016).

3.3.3 Issues of teaching vocabulary of chemistry

We discuss in what follows several particularly challenging factors in teaching and
mastering the language of chemistry (some of them might be transposed to many

other sciences as well).
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3.3.3.1 Symbolic representation of chemical names

In chemistry, matter can be observed on a macroscopic level, but also studied and
described on a submicroscopic level with terms like electron and atom as well as
with chemical symbols, formulas and equations (Gabel 1999: 548). Although
the symbolic language of chemistry is universal, different languages have their

own names for elements and compounds.

For instance, a symbolic representation of the seventh element of the Periodic
table is N, from the Latin nitrogenium ‘forming niter’. However, Antoine Lavoisier
proposed to name it in French azote, meaning ‘no life’ from Greek, and in the nine-
teenth century, the symbol Az coexisted with N (Nicolardot 1910); see an extract
from the Bulletin de la Société chimique de Paris on Figure 3.1 (Barreswil 1864).'6

GH3 {Gﬂa

CGH%z = {{-}ll2 gﬂi} {G;Hz}
GH? H3}Az H
Propylamine. Ethyl-méthylamige. Triméthylamine.

Mais il y a aussi une autre espdce d'isomérie pour ainsi dire moins
grossiére : tous les atomes de carbone de deux molécules isoméres
sont alors, dans 'un comme dans l'autre cas, unis directement entre

eux, Ainsi, les deux atomes de carbone forment le groupe g dans le

glycol comme dans la glycolamide ; ce groupe, dans’une comme dans
Pautre de ces deux substances, est uni & (AzH?)' 4 (HO) 4 N2et 4 O, et
cependant les deux substances ne sont pas identiques.

Figure 3.1 — Extract from the Bulletin de la Société chimique de Paris, 1864.

Although the symbol N is internationally accepted today and used in French
and Russian as well, the element iself is still called azote in French and asom
/azot/ in Russian, while in English its name is nitrogen. This might be confusing
for chemistry learners, since the root nitr- is nevertheless used in all three languages
in derived names of chemical compounds, e.g. sodium nitrate (NaNQOj) is nitrate

de sodium in French and wumpam nampus /nitrat natrija/ in Russian.

Another difficulty for learners consists in that symbols might be interpreted
in several ways, e.g. Fe can be understood either as the element iron, or as one

atom of such element, or as a pure substance iron (Gabel 1999: 549).

https://gallica.bnf.fr/ark: /12148 /bpt6k2819503 /f115.item
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Finally, in spite of the universal naming system, chemical substances might
still have several names, as in the case of CH3COOH, which is called vinegar by

laypersons, acetic acid — in industry, and ethanoic acid — in class and research

laboratories (Childs, Markic and Ryan 2015: 428).
3.3.3.2 Use of anthropomorphic language

Lacking for scientific terminology and correct understanding of chemical processes,
learners tend to use anthropomorphic explanations. They might talk of atoms
wanting or needing to share or donate electrons, preferring, liking, being eager to

be stable, or having no wish for certain outcomes (Taber 2001; Kermen 2016).

Analyzing how college students appropriate scientific vocabulary in chemistry
laboratories, Cink and Song (2016) noticed that college students often use lex-
ical items such as that, thing, stuff instead of naming chemical substances, or
they use colloquial expressions while performing experiments and describing their
observations. Such explanations by description very often lead to misconceptions.
Chemistry teachers, if using metaphorical explanations themselves, should make
sure that they are not taken literally and always proceed with reiterations in formal
scientific terms. For instance, talking about a covalent bond and using a metaphor
of shared pair of electrons, it would be appropriate to reexplain it in more scien-
tific language of physical forces, stating that by shared we mean that electrons are

“positioned between, and attracted to and by two atomic cores” (Taber 2001: 153).

There is also a need for learners to practice in using the scientific language
and incorporating chemical terms in their oral and written explanations (Rees,
Kind and Newton 2018). Laboratory work is one of the opportunities to make
students not only perform experiments and observations, but keep detailed records

of chemical procedures (Laszlo 1999) using the appropriate scientific terminology.

3.3.3.3 Use of polysemous terms and general language lexical units in scientific

context

Chemistry teachers often regard highly technical terms as being the most complex
for learners, not realizing that polysemous items might be even more challenging.

Unfortunately, some science teachers do not see their role in teaching language,
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or they assume that students have already mastered the language of chemistry
and, therefore, do not even make sure that students share with them the same

understanding of the material (Markic 2015; Markic and Childs 2016).

The polysemous nature of scientific vocabulary has received special attention
in science educational literature (Eiss 1961; Gardner 1972a,b; Johnstone and Cas-
sels 1985; Herron 1996; Donovan 1997; Johnstone and Selepeng 2001; Snow 2008;
Jasien and Oberem 2008; Jasien 2009, 2011; D. J. Short, Vogt and Echevarria
2010; Song and Carheden 2014; Childs, Markic and Ryan 2015; Cink and Song
2016; Kermen 2016; Canac and Kermen 2016; Rees, Kind and Newton 2018).

It has been widely recognized that lexical items used in both general language
and scientific contexts might pose greater problems in understanding scientific

texts than highly technical vocabulary (Markic and Childs 2016).

In the studies mentioned above, authors focus on distinct aspects of this prob-
lem, but sometimes several challenging factors seem to be mixed up. For instance,
following the categorization of Snow (2008), Cink and Song (2016: 607) refer to
the lexical items that have both “academic” (used across disciplines) and “techni-
cal” meanings as to Cross Meaning Vocabulary, and then to the lexical items that
have different meanings in scientific and everyday context — as to Dual Meaning
Vocabulary. They provide a list of lexical items appropriated by participants in
the course of their study, each of them being marked as belonging either to Dual
Meaning Vocabulary or to Cross Meaning Vocabulary, if applicable.

This devision turns to be inconsistent, as there are lexical items on the list,
which have in fact different meanings in all three tiers (“everyday”, “academic”, and
“discipline-specific”). For instance, indicator belongs, according to Cink and Song
(2016: 610), to Cross Meaning Vocabulary, although it is widely used in general
language as well; react and reaction are marked as Dual Meaning Vocabulary,
although these terms are used across disciplines, such as physics, chemistry, or

psychology, having different meanings.

Based on the studies mentioned above, we would suggest to unite challenging

polysemous lexical items as follows:

e lexical items with different terminological senses in scientific disciplines, e.g.:
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(3)  REAGENT in chemistry vs. in biology

e lexical items with both different terminological senses in scientific disciplines

and non-terminological senses in general language, e.g.:

(4)  a. WEIGHT in physics vs. in biology wvs. in general language
b. BASE in chemistry vs. in mathematics vs. in linguistics vs. in

general language

e lexical items with non-terminological but different senses in scientific and in

general language contexts, e.g.:

(5) a. STRONG as in strong coffee, strong chemical bond vs. strong acid
(meaning that the acid completely dissociates in water (Jasien

2011))
b. NEUTRAL as in neutral territory vs. neutral molecule ‘uncharged’

vs. neutral solution ‘neither acidic nor basic’

Chemistry learners are often unaware of polysemous nature of terms and gen-
eral language lexical units that they encounter in scientific contexts, which conse-
quently leads to ubiquitous misconceptions. Song and Carheden (2014) came to
a conclusion that general language meanings were dominating over the specialized
meanings of selected lexical items both before and after the terminological mean-
ings were introduced to students in their chemistry class. As a result, learners
continued to rely on the incorrect — general language — meanings in scientific con-

texts, not even realizing or admitting their misunderstanding of chemical concepts.

One of the reasons might be the fact that students learn general language
meanings at a younger age and associate them with their personal experiences
(Song and Carheden 2014: 137). Among other factors are the passive learning of
scientific vocabulary in chemistry class with rare use of challenging lexical units
in scientific context, use of rote memorization technique in learning chemistry
vocabulary as well as circularity and incompleteness of terminological definitions,

which impedes students’ understanding (Wong, Chu and Yap 2014).

As suggested by Childs, Markic and Ryan (2015: 434):
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[...] the first step is for science teachers to become aware of the most prob-
lematic words used in their national language (as this problem is language-
specific). When they first occur in a lesson or textbook, the teacher must
deliberately address the issue and try to ensure that the teacher and students
share a common understanding. This will need to be continually reinforced,
so that students become familiar with the idea that the meaning depends on

the context.

3.4 Different senses of En. CHEMISTRY, Fr. CHIMIE,

Ru. XuMus! and xumumg?2

Now we move to the analysis of the polysemy of En. CHEMISTRY, Fr. CHIMIE,
Ru. XuMHUsi! (and of its homonym XuMMs?) in each language separately. We iden-
tify their polysemy structures and copolysemy relations (see Chapter 4, 4.2.4) and

conclude on discrepancies between the three languages.

3.4.1 En. CHEMISTRY

We have identified four senses of CHEMISTRY in English, whose polysemy struc-

ture is visualized on Figure 3.2.17

(spec) CHEMISTRY |
science of chemistry

Metonymy
spec CHEMISTRY II.1
chemistry of the atom
Metonymy
Metaphor:as if
spec CHEMISTRY 1.2 .

chemistry of the brain \

CHEMISTRY Il
chemistry between

two people

Figure 3.2 — Polysemy structure of the vocable En. CHEMISTRY.

ITHereinafter we use short phrases in italics to illustrate the sense of a given lexical unit.
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The basic lexical unit (Polguére 2018) — CHEMISTRY | ‘science’; as in (6) — be-
longs both to the general language and specialized lexicons. A detailed discussion

on this sense as well as its formal definition can be found in Section 3.2.1 above.

(6) She received a Ph.D. in chemistry from the University of Illinois in 1939
with a study of the derivatives of sulfuric acid.
COCA, DoNOHUE John W., Three sisters, January 1999, MAG: America, Vol. 180,
Iss. 3, p. 20

While analyzing examples in our corpus, we further identified two specialized

senses of CHEMISTRY .

CHEMISTRY Il.1 ‘properties of matter X that determine its transformations
at the submicroscopic level’, as in (7), is a metonymic sense derived from CHEM-

ISTRY I.

(7) Since the chemistry of an atom is determined by how it combines with
other atoms, which in turn depends only on the number of electrons in its
outer shell, all atoms with the same number of protons will be chemically
identical.

LAwsoN R. S., Basic Discussion on Electromagnetic Radiation: Gamma Radiation in
Relation to SPECT Imaging, 2013, Practical SPECT/CT in Nuclear Medicine, Springer,
p- 23

CHEMISTRY 11.2, as in (8), is linked to CHEMISTRY 11.1 by the relation of metonymy

and denotes transformations that occur in matter X due to its chemistryI1.1.

(8) Biochemical indiwiduality simply tells us that body chemaistries are not
the same. Two people of about the same hight and weight have about the
same total metabolism, but the details of chemical reactions taking place in
their bodies may be different.

GITTLEMAN Ann Louise, Your Body Knows Best, 1997, p. 5

CHEMISTRY Il is a metaphorical sense semantically derived from CHEMISTRY II.1;

it denotes human affinity, as in (9).

(9)  In Friends, David Schwimmer and Jennifer Aniston had the chemistry as



Chapter 3. Chemistry and its language 67

actors to make the pairing captivating for 10 seasons.
Web, 5 February 2020, https://www.cheatsheet.com/entertainment /what-friends-fans-
think-of-ross-and-rachel-today.html/

The case of CHEMISTRY Il.1 and CHEMISTRY Il is an example of how a spe-
cialized lexeme can be a source of a metaphor for a general language lexeme.
Interestingly, a quasi-synonym of CHEMISTRY Ill — ATTRACTION I.1b — is a general
language lexeme, from which, the other way round, a specialized lexeme ATTRAC-

TION I “force exerted between bodies’ is derived.

3.4.2 Fr. CHIMIE

In French, we have identified five senses of CHIMIE, whose polysemy structure is

visualized on Figure 3.3.

(spéc) CHIMIE .1
science de la chimie
‘science of chemistry’
Metonymy
CHIMIE .2 Metonymy
secteur de la chimie
‘chemical industry’ spéc CHIMIE II.1

chimie de I'atome
‘chemistry of the atom’

Metonymy

, Metaphor:as if
spéc CHIMEE II.2

chimie du corps \
‘chemistry of the body’ L cHIMIE I

chimie entre nous
‘chemistry between us’

Figure 3.3 — Polysemy structure of the vocable Fr. CHIMIE.

The basic lexical unit is CHIMIE 1.1 ‘science’, as in (10).

(10) Il travaille au laboratoire de chimie du College de France !
‘He works at the chemistry laboratory of the Collége de France!’

Frantext, SCHREIBER Boris, Un silence d’environ une demi-heure, 1996, p. 161

In French, there is an additional metonymic sense CHIMIE 1.2, semantically de-
rived from the basic lexeme. CHIMIE 1.2 means ‘chimiel.1 applied to the industry’,

as in (11).


https://www.cheatsheet.com/entertainment/what-friends-fans-think-of-ross-and-rachel-today.html/
https://www.cheatsheet.com/entertainment/what-friends-fans-think-of-ross-and-rachel-today.html/
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(11) La modification des attentes et du comportement des consommateurs im-
pacte le secteur de la chimze.
‘Changes in consumer expectations and behaviour are impacting the sec-
tor of chemistry.’
Web, 29 May 2020, https://www.alsace-eurometropole.cci.fr/sites/default /files/lindustrie

de la chimie en alsace.pdf

Then, there are also two specialized senses, CHIMIE 11.1 ‘properties’; as in (12),

and CHIMIE 1.2 ‘transformations’, as in (13).

(12)  La chimie de l’atome de soufre dans l’atmosphére est moins bien connue
que celle du carbone.
‘The chemistry of the sulphur atom in the atmosphere is less well known
than that of carbon.’
Web, 4 May 2020, http://www.uqac.ca/chimie ens/Cinetique chimique/CHAP 6.
html

(13) La chimie du corps et du cerveau lors de grands états de peur entraine
une chute dramatique du QI tant que ’enfant ou l’adulte se sent menacé.
‘The chemistry of the body and the brain during great states of fear leads
to a dramatic drop in 1Q as long as the child or adult feels threatened.’
SUNDERLAND Margot, Aider les enfants qui ont peur: Tout petit dans un monde trop

grand, 2016, p. 21

Concerning the metaphorical sense CHIMIE Il ‘human affinity’, the French
chimie entre X et Y initially was a calque from the English chemistry between X
and Y.'® There is a French quasi-synonymous idiom "ATOMES CROCHUS ', which

can be used in some contexts instead, as in (14a-b).

(14) a. J’ai parlé du premier ministre avec le président. Je les ai vus ensem-
ble. Il existe une bonne chimie entre les deux.
‘I talked about the Prime Minister with the President. I've seen them
together. There is good chemistry between the two.’
Web, 25 August 2022, https://www.noscommunes.ca/DocumentViewer /fr/37-1/
chambre /seance-198/debats

b.  D’autre part, il n’avmait pas Roosevelt ; il n’y avait pas d’atomes

Bhttps: //www.btb.termiumplus.gc.ca/tpv2guides/guides/clefsfp /index-fra.html?lang=fra
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crochus entre les deuxr hommes et leurs relations étaient plus que
méfiantes.

‘On the other hand, he didn’t like Roosevelt; there was no chemistry
between the two men, and their relationships were more than wary.’
Frantext, MENDES-FRANCE Pierre, (Buvres complétes. 6. Une vision du monde.

197/-1982, 1990, p. 41

3.4.3 Ru. xuMnsg! and xummns?

We have identified ten senses of the Russian vocable Xumusi!, whose polysemy
structure is analyzed in 3.4.3.1 and visualized on Figure 3.4. The case of Rus-
sian is particularly notable for the fact that XuMmust' has a homonym XuUMMsi?,

which will be explained in 3.4.3.2.

3.4.3.1 Polysemy of Ru. Xumusi!

Figure 3.4 illustrates the polysemy structure of the Russian vocable Xumusi! with

seven non-specialized and three specialized senses.’

xmmnal 1.1
‘science’

Metonymy
—

xmmmat 1.2 Meta cas i
v phor:as if meton
‘IndUStry’ Metonymy \ \

Metaphor:as if meton

xummst V.1 \
‘cancer treatment’ [ xmmmnat V.2a ]

beauty treatment’

xummat 11
‘properties’

Metonymy

e’ 1.2 Metaphor:as 1if |
" Metonym

‘human affinity’

xumumst lll.a

xmmMnat V.2b
‘hairstyle’

‘[a] chemical’

Metonymy

xumuat lll.b

‘product containing
chemicals’

Figure 3.4 — Polysemy structure of the vocable Ru. Xumusi?.

9For the sake of space and readability of the figure, we put short glosses for each sense;
illustrative examples can be found in the text below.
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Similar to the French, XuMusil1.1 ‘science’ is the basic lexical unit, from

which derives XuMustt 1.2 xmvmsal 1.1 applied to the industry’, see (15) and (16).

(15) Ho daotce npu smux 06cmoamenscmeax s He mo2 3acmasums cebs CKONDKO-
HubYdsL cepvesro nod2zomosuUMbCA K YPoKy, NOMOMY 4MO TUMUIO HE A10-
OuA U HE NOHUMAN.
‘But even under these circumstances, I could not bring myself to prepare
for class in any serious way, because I did not like and did not understand
chemistry.’

Ruscorpora, JIEBUH Bopuc, Bayotcdarouyue ozru, 1995

(16) B npoussodcmeennom cexmope, Hanpumep, 68 MEMAAAYP2UL U TUMUU,
01001ceEMBL CHUSUNUCD 00 MUHUMYMA, KOMOPHLT HYHCEH AUWD AL NOO-
deporcarus npou3sodcmaa.

‘In the manufacturing sector, such as metallurgy and chemistry, budgets
have been reduced to the minimum needed only to sustain production.’

Ruscorpora, XAHOEPAH Bapran, 9xcnepm, Hagexna #a rocymapcrso, 2014

Like in English and French, we observe in Russian two metonymic specialized
lexemes XUMUsI 1.1 ‘properties’, as in (17), and XuMust! 1.2 ‘transformations’, as

in (18), as well as a metaphorical lexeme XUMUsi! IV ‘human affinity’, as in (19).

(17) Hmax, zumus amoma 3a6ucum om YUCAG INEKMPOHOS, G YUCAO INEK-
MPOHOE 6 UBOAUPOSAHHOM AMOME HANPAMYIO 3ABUCUM OM KOAUYECTNEG
NPOMOHOS.

‘So, the chemistry of an atom depends on the number of electrons, and
the number of electrons in an isolated atom depends directly on the num-
ber of protons.’

Web, 27 April 2020, https://eduction.ru

(18) Tax enepsvie 6bLAO NPOJEMOHCTPUPOBAHO, UYMO NPOOUOMUKY 0KA3BLEAIOM,
HENOCPEICNEEHHOE BAUAHUE HA TUMUIO MO32d.
‘In this way, it was demonstrated for the first time that probiotics have a
direct impact on brain chemistry.’

Ruscorpora, 3nanue—cuaa, «Byasre 3moposery, 2014

(19) Xumus mesncoy 8A100AeHHDMU ABAAECMNCA AAHCHOT YACTBLIO POMAHIMUYE-
cxuxr omuouweHu.

‘Chemistry between lovers is an important part of romantic relation-


https://eduction.ru
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ships.’
Web, 27 April 2020, https://news.myseldon.com/ru/news/index/216526161

We have identified another sense, XUM#s1! lll.a, which is linked to Xumus! 1.1
by the relation of metonymy. XuMusilla, as in (20), denotes a substance con-
tained in food or household goods, this substance being of artificial origin and
potentially dangerous for living creatures and/or environment (cf. Fr. "PRODUIT
CHIMIQUE'II). Its synonyms are XUMUKAT ‘[a| chemical” and XUMUKAJINA ‘chem-

icals’ (mostly in plural).

(20) Ha camom deae nuxaxol xumuu 6 mationede nem. Toavko pacmumens-
HOE MACAO, HCEAMKU, 20DHUUA U COND.
‘Actually, there is no chemistry |= chemicals| in mayonnaise. Only veg-
etable oil, yolks, mustard and salt.’
Web, 27 April 2020, https://echo.msk.ru/programs,/medinfo/1921496-echo/

A metonymic sense derived from xumunsilila is XumusiliiLb, as in (21).
It denotes food or household goods as a whole containing a significant amount of

xumust® 1l.a.

(21)  a. He ewv mo omy xumuro!
‘Don’t eat this chemistry |= food containing many non-natural in-
gredients|!’.
Web, 27 April 2020, https://teletype.in/@biggie/tb67kpwlu
b.  — On ne 6ydem amy 2adocmv ecmov. — Tozda mabiemxu Kynu.
— He sepio a 6 amy xumuro. Toavko siceaydox nopmuma.
‘— He will not eat that crap. — Then get some pills. — I do not
believe in that chemistry [= non-natural medicines containing many
chemicals|. It will just ruin the stomach.’

Ruscorpora, TPAYB Marmra, Ham swxodums wa caedyroweds, 2011

As mentioned in 3.2.3, xuMusi!lila and XuMusil b clearly demonstrate
that chemistry is opposed by laypersons to “natural” things, even though every-
thing that surrounds us is made of chemicals. A derived adjective XUMUYE-
CKUM 1.2 ‘chemical’ is actually used in Russian as a synonym to MICKYCTBEH-

HBIN 1l ‘artificial’ and as an antonym to HATYPAJIbHBIN | ‘natural’. The same


https://news.myseldon.com/ru/news/index/216526161
https://echo.msk.ru/programs/medinfo/1921496-echo/
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opposition of chemical vs. natural is linguistically expressed in English and French

through the derogatory adjectives En. CHEMICAL 1.2 and Fr. CHIMIQUE I1.2.

Another metaphorical sense derived from Xumusi!1is xumust! v.1, as in (22).
xuMusi! V.1 denotes a type of cancer treatment using chemical medications. Its ex-

act synonym in Russian is XUMUOTEPATIUA ‘chemotherapy’.

(22)  Jlesouxe nposeau onepanuro no yoarenuo Ho6000pa308aHUA, G 34MEM Ha-
BHAYUAU HECKOADKO KYPCOE TUMUU U AYUe80T, MEPANUL.
‘The girl underwent surgery to remove the neoplasm, then she was pre-

scribed several sessions of chemistry |[= chemotherapy| and radiother-

Y

apy.
Web, 27 April 2020, https://bfkh.ru/children/2666/

The last metaphorical sense derived from XUMUsI! I is XUMUsi! V.2a, as in (23).
XUMUA! V.2a denotes a beauty treatment done with chemicals to create a long-
lasting curly hairstyle. Its exact synonym is a weak idiom "XUMWYECKAS 3A-

BUBKA '1 lit. ‘chemical waving’.

(23) Macmep coobujuna, ¥mo Ha TUMUIW0 HaO 8pemeHU — 2 uaca.
‘The hairdresser said that a chemistry [~ chemical waving| takes two
hours.’

Web, 27 April 2020, https://spb.zoon.ru/beauty/salon _krasoty donna na_leninskom

prospekte/reviews/

The result of XuMUsi!V.1a is XuUMUsI! V.2b ‘hairstyle’, as in (24). Its exact

synonym is " XUMUYECKAA 3ABUBKA '2 ‘permanent hairstyle’.

(24) Xumusa deporcumesn om 1 mecaua do 3-x, a uH0206 U 3HAMUMEALHO JOAb-
we. Imo 3asucum om uHIUBUIYANOHBLT 0CODEHHOCTNEL BOAOC: UL CMPYK-
mypvt U 300P0GLA.

‘Chemistry [= permanent hairstyle| lasts one to three months, but some-
times much longer. It depends on the individual characteristics of the hair:
its structure and health.’

Web, 16 May 2020, http://strigkipricheskifoto.ru


https://bfkh.ru/children/2666/
https://spb.zoon.ru/beauty/salon_krasoty_donna_na_leninskom_prospekte/reviews/
https://spb.zoon.ru/beauty/salon_krasoty_donna_na_leninskom_prospekte/reviews/
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3.4.3.2 Homonymy of Ru. XuMusi! and Xumusi?

We explain now why xumust! and xumusi? should be considered as homonyms,

although it is not a coincidence that they are morphologically related.

XuMUs? is mostly used in media and in colloquial Russian; it denotes penal

labor, as in (25).

(25) Muwa noayvwun 200 TuMuu, U 2080pUAL, WIMNO EMY NOBE3AO — C €20 CMA-
muet 000 darom 30my.
‘Misha was sentenced to one year of chemistry = penal labour|, and they
said he was lucky — for his type of crime they usually send you to jail.’

Ruscorpora, Kapanuc Imurpuit, Aemonopmpem, 1999.

The term appeared in the twentieth century in the USSR and related to penal
labor, prototypically at chemical factories. Instead of being sent to prisons, crim-
inals were sentenced to work at factories in order to boost the chemical industry

of the country.

In modern Russian, the meaning of X1Musi? has changed since the reinstated
law in 2009.2° It denotes now any kind of penal labor, such as cleaning or construc-
tion. xuMuA? produced in its turn an idiom "JTOMAIIHSSA XUMUA ' lit. ‘home
chemistry’, which denotes penal labor without sending a convicted person to any

correctional facility.

In such a way, if we want to describe the meaning of XnMus1? nowadays,
chemical industry will not be mentioned in its definition anymore, which makes
XUMU? a homonym of XuMus!.

2 is used with the preposition na ‘at’ instead of

It is worth noting that xumus
6 ‘in’, as in the example (26). Compare on pabomaem 6 zumuu'l ‘he works in
chemistry’ (it can both mean ‘in science’ or ‘in industry’) vs. on pabomaem wa
rumuu? lit. ‘he works at chemistry [= at labor|’. A person sentenced to such

labor might be called zumux? ‘chemist’, usually put in quotes though.

20https:/ /rg.ru/2009/07 /23 /minust.html
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(26)  Ha zumuu pabomarom onno3uyuornvie nosumuky. |...| Ilpedcmasvme, xa-
K0BO K HUM OMHOWEHUE GOMUHUCTMPAUUL, €CAU MAKOT <TUMUKS NOAY-
waem nowmy co 6Ce20 Mupa 0m UHOCMPAHHLLET NPE3UIEHMOE U NocA06?”
‘Opposition politicians work at chemistry. [...| Imagine what the ad-
ministration’s attitude is, if such “chemist” receives mail from foreign
presidents and ambassadors from all around the world?’

Web, 4 December 2019, https://dic.academic.ru

Finally, it is interesting to note that even in the history of the term, Xu-
MIsi2 was not directly derived from any sense of XuMus!. Initially, there was
a semi-idiom "BOJIBIIIAA XUMUA 'l ‘chemical industry’, as in (27). The expression
originated from Boavwas Xumus CCCP ‘Big Chemistry of the USSR’, which was
a semi-official name for the USSR’s national economic project aimed at chemical

industrialization of the country.

(27)  Hasvwe na cesepo-zanad aesicanr ompasaeniviti Hosomockosck, 20pod 6oaso-
woll TuMUU, 20€ KaHCOLT NAMBLL peberok bvia om poxcdenus 6oieH, a
Kaotcovilih mpemuti 3a060AE6G.A NOMOM. . .

‘Further to the north-west lay the poisoned Novomoskovsk, a city of
the big chemistry [= chemical industry|, where every fifth child was
sick from birth and every third one got sick later...’

Ruscorpora, JIUBOB Outer, Moaodvie u cuavhovie svorcusym, 1998

Then, it produced a metonymic sense " BOJIBIIIAS XUMUA 'l — penal labor at
TBOJIbIIAST XUMUST 1.2 XuMusi? derived in its turn from "BOJIBIIAST XUMUSI 11

and was used as its quasi-synonym.

Figure 3.5 summarizes our discussion on homonymy of XxuMusi! and Xumusi2.

2 https://dic.academic.ru/dic.nsf/proverbs /47458
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BOMbLUAAXUMUSIT | @ — — — — _

—

lit. big chemistry RN

‘chemical industry’ ~ N
N
N\
Metonymy N\
\
| \
\

BONbLWASA XuMst Il XVIMUNS2 \ xvmmat L1

lit. big chemistry chemistry \ chemistry

‘penal labor, * ‘penal labor, ‘science’

prototypically at prototypicalhy-at

BONbLUAA XUMUA T’ BoALWAg-xuMus-¥

xmmmat 1.2
chemistry
‘industry’

OOMALLIHAA XMWNA
lit. home chemistry

‘Xnmunsaz without sending X
to correctional facility’

Figure 3.5 — The case of homonymy: Ru. XUMUsI! vs. XuMusi2.
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Although the number of senses of En. CHEMISTRY , Fr. CHIMIE and Ru. XUMMs1!

varies from one language to another (four in English, five in French and ten in Rus-

sian), Figure 3.6 shows that there are no discrepancies in their polysemy structures

as regards to the level of specialized lexemes (for specialized vs. non-specialized

see Chapter 1, 1.3).

En.
CHEMISTRY |
science of chemistry

(spec) (spec)

Fr.
CHIMIE 1.1
science de la chimie

(spec) xumms?! 1.1
Hayka xumusi

Metonymy Metonymy Metonymy
spec CHEMISTRY 1.1 spec CHIMIEILL1 spec xumust 111
chemistry of the atom chimie de I'atome Xumus atoma

Metonymy Metonymy Metonymy

spec CHEMISTRY 1.2 spec CHIMIEIL.2 spec Xnumnat 1.2
chemistry of the body chimie du corps Xumus Tena

Figure 3.6 — Copolysemy relations between specialized senses of En. CHEMISTRY,,

Fr. CHIMIE and Ru. XuUMusl.
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We propose the following formal definition of En. CHEMISTRY II.1, see Ta-
ble 3.3. For the definitions of the corresponding lexemes Fr. CHIMIE Il.1 and

Ru. XuMUsI! L1, see Part I, p. 197 and p. 242.

chemistry 1.1 of X : properties of the matterl.a X
e that determine the transformationslil.1
of X at the submicroscopic level

Table 3.3 — Formal definition of spec CHEMISTRY II.1.

As for En. CHEMISTRY 1.2, we came up with the following formal defini-
tion presented in Table 3.4. For the definitions of the corresponding lexemes

Fr. CHIMIE I1.2 and Ru. XUMU! 1.2 see Part II, p. 198 and p. 242.

chemistry 1.2 of X : transformationsIl.1 in the matterl.a X
e that occur due to the chemistry1l.1 of X

Table 3.4 — Formal definition of spec CHEMISTRY 11.2.

It is worth mentioning that the lexeme denoting transformations can be
used in plural in English only. For instance, body chemistries11.2 would be ex-
pressed in singular as chimie 1.2 du corps ‘chemistry of the body’ in French and
as azumual .2 meaa ‘chemistry of the body’ in Russian. In French and Rus-
sian, we also observe the frequent usage of synonymous phrases instead, such
as procédés chimiques/xumuueckue npoyeccw, ‘chemical processes’; transforma-
tions chimiques/rumuyeckue npespauserus ‘chemical transformations’ and réac-

tions chimiques | rumuneckue peakyuu ‘chemical reactions’.

In Russian, XMUs! 1.2 can also be replaced in some contexts by a less fre-

quently used term XMMMU3M ‘chemical nature of processes/substances’, as in (28).

(28) Baazodapsa kpynnowm yenexram dUOTUMUY K HACNMOAUEMY BPEMENU 6 OC-
HOBHOM, DPACKPLIM TUMUIM MAKUT KAPOUHAAOHUT 36€HbES 00MEHA Ge-
weems, kak dviranue u bpoorcerue, omocurmes, 0OMeH a30MUCTIBLT CO-
edunenuti, AHCuUPos8, Yaae60008 U OP2GHUMECKUL KUCAOM U MHO2UE OpPY-
2ue NPoyEeccol.

‘Thanks to the major successes of biochemistry, it was possible to discover
the chemistry of the key elements of metabolism, such as respiration and

fermentation, photosynthesis, exchange of nitrogen compounds, fats, car-
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bohydrates and organic acids, and many other processes.’
Web, 11 december 2019, https://chem?21.info/info,/1757864

As mentioned in Chapter 2, Section 2.3.2, the specialized senses of En. CHEM-
ISTRY, Fr. CHIMIE and Ru. XUMUs! are yet another example of chemical terms
missing in most terminological resources on chemistry, such as TUPAC Gold-
Book, Oxford Dictionary of Chemistry (Law and Rennie 2020), Dictionnaire de
chimie (de Menten de Horne 2013), Vocabulaire de la chimie et des matériauz
(FranceTerme), Caosapv xumuveckur mepmunos (Evdoséenko, Dubchinskij and

Gajvoronskaja 2006) or Aneso-pyccrut xumuveckud caosapv (Gazizov 2010).

3.5 Recapitulation

Chemistry is the science that studies matter and its natural and caused trans-
formations at the submicroscopic level. Chemistry plays a fundamental role in
understanding numerous related disciplines like biology, medicine, geology, and is

grounded itself in disciplines like mathematics and physics.

The field of chemistry is remarkable for the close cooperation of science and in-
dustry. The negative image of the chemical industry caused by numerous infamous
events in the course of the last two centuries resulted in the negative attitude to
chemistry in general. Chemistry is often perceived by laypersons as dangerous and
artificial, which is linguistically expressed in our three languages by the opposition

of adjectival lexical units meaning ‘chemical” vs. ‘natural’.

As for the language of chemistry, there have been constant attempts to nor-
malize and standardize it with the main focus on nomenclatures of chemical sub-
stances. The main linguistic focus in chemistry class also stays on learning chemical
nomenclatures using rote memorization techniques (Fang 2005) with little or no
attention to fundamental terminology and polysemous items. Consequently, stu-
dents tend to rely on general language meaning of words they use, which leads to

the wrong understanding of scientific concepts.

According to Gabel (1999), chemistry educational research had little influence
on the way chemistry was taught in the twentieth century. The situation has not

changed much in the twenty-first century (Ryan and Childs 2013), in spite of


https://chem21.info/info/1757864
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numerous studies in the field. Misconceptions are still widespread among learners
of chemistry, which is caused by a lack of the deep understanding of chemical

terminology.

New strategies and techniques have to be adopted by teachers to integrate
chemistry language learning with the content of the subject (Yuriev, Capuano and
J. Short 2016). Teachers should privilege the usage of rigorous terms and explana-
tions, make students stay active in class and master the language of chemistry by
applying scientific terminology in oral and written contexts, since mastering the

scientific language is an integral part of mastering the discipline.

Our linguistic analysis of different senses of En. CHEMISTRY, Fr. CHIMIE and
Ru. XUMHs! has shown that the number of senses varies from one language to
another (four senses in English, five — in French, and ten — in Russian), but on
the level of specialized lexemes, we do not observe any discrepancies in polysemy
structures of the three vocables. The case of Russian is notable for the fact that
xuMusi! has a homonym X1Musi2 which denotes penal labor, historically at chem-
ical factories. The idea of dangerousness of chemistry is expressed by two non-
specialized senses of XuMusi! which denote artificial and potentially dangerous

chemicals (xuMusi! lll.a) and products containing many such (XuMusi® llL.b).

Finally, we have proposed formal definitions of the specialized lexical units
En. CHEMISTRY |, CHEMISTRY II.1 and CHEMISTRY I1.2; our definitions of the cor-
responding French and Russian lexical units can be found in Part II, Sections 8.4

and 8.5.
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4.1 Introduction

This chapter presents the methodology and some of the results of the termino-
graphic descriptions done in the framework of the theoretical and descriptive ap-
proach of the Explanatory and Combinatorial Lexicology and that of the Lexical

Systems.

The Lexical System approach to the structuring of lexicons is based on mul-
tidimensional non-taxonomic disambiguated graphs. Each node of the graph rep-
resents one well-specified meaning, and the edges of the graph are semantic and
combinatorial lexical relations (Chapter 1, 1.4). In the course of our study, we
have been building the terminological networks of chemistry on top of the English,
French and Russian Lexical Networks (en-LN, fr-LN, ru-LN), general language
resources developed at the ATILF laboratory. The weaving of the networks is pre-
formed with Dicet (Gader, Lux-Pogodalla and Polguére 2012), the lexicographic
editor specially designed for this purpose. The encoded data for the English and
French languages can be accessed through the visualization and navigation tool

Spiderlex.t

In what follows (4.2) we describe the types of linguistic data encapsulated
in our lexical models. The work discussed in this chapter resulted in the ter-
minographic descriptions, whose semantic (definitional) component for the three
languages in question will be presented in Part II, Chapter 8. Extended examples
of lexicographic modeling of the core chemical terms will be given in Chapter 5

and Chapter 6.

4.2 Lexicographic article structure in the Lexical Systems

Lexical Systems (Chapter 1, 1.4) are fundamentally relational by nature, and
the process of building them consists in weaving the graphs rather than in text
writing. A lexicographer working within this approach is provided with the graph
editor Dicet with the access to an “article-view” of lexical units under description.
For the purposes of our study, we have been assigning the following properties to

our lexical units:

Thttps://spiderlex.atilf.fr
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e grammatical characteristics;

e definition;

e paradigmatic and syntagmatic connections;

e connections with other lexical units within the same vocable, i.e. copolysemy
relations;

e ecxamples of use.

In 4.2.1-4.2.4 we review each property in detail showing concrete examples of

the encoding process done on the fundamental terminology of chemistry.
4.2.1 Grammatical characteristics

The minimal information on grammatical properties that we assign to a lexical
unit is its part of speech and its gender as for the French and Russian lexical
units. In case there is a certain constraint on the usage of a lexical unit, we assign

it a usage note.

Usage note is a label assigned to lexical units in order to indicate con-

straints on their use.

In our system, the usage notes are divided into three groups (Polguére 2020):

e linguistic usage notes indicating constraints related to the properties of the lin-
guistic code (historical, geographical, etc.), e.g. arch, BritE;

e stylistic usage notes indicating the socio-cultural context associated with
the use of the labeled lexical unit, e.g. formal, child;

e rhetorical usage notes indicating the speakers attitude (affectionate, deroga-

tory, ironic, etc.), e.g. affectionate, derog, iron.

Figure 4.1 shows a part of the article-view in the lexicographic editor Dicet,
where all the properties, including the part of speech, gender and usage note, are
not manually written but attributed as labels to each lexical unit under lexico-

graphic description.

At the beginning of our research, we were making use of one particular lin-

guistic usage note which is spec to label lexical units belonging to the specialized
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[INF] [GC] [MO] [DF] [NB] [GP] [LF] [EX] [PH]

USAGE NOTES USAGE NOTES
Linguistic usage notes Linguistic usage notes
BritE spec
neol FUNDAMENTAL GRAMMATICAL CHARACTERISTICS
old e Parts of speech
arch N
rare i noun
slang
spec

Figure 4.1 — Assigning grammatical characteristics to a lexical unit in Dicet editor.

language. As we progressed with the study of the fundamental chemical termi-
nology, we observed four different cases and proposed to expand the list of our

linguistic usage notes as follows.

The usage note spec is assigned to the so-called full terms, i.e. lexical units be-
longing to the specialized language of a given domain, e.g. BOND(y |.2a, CATIONIC,
ATOMICALLY, Fr. REACTEUR 1.2 ‘reactor’. We would like to emphasize the fact
that in our approach, there are no usage notes for any particular specialized do-
main like chemistry, biology, psychology or any other. We presuppose that domains
associated with a term can automatically be deduced from the rest of the lexico-
graphic description and the system of connections between the term in question
and other lexical units of the language (Polguére 2020: 15-16). Figure 4.2 demon-
strates the lexical connections around Fr. REACTEUR I.2 ‘reactor’, from which it
can be deduced that chemistry is the specialized domain to which belongs REAC-
TEUR 1.2, since it is linked to the lexemes such as CHIMIE I.1 ‘chemistry’, CHIM-
IQUE II.1 ‘chemical’, REACTION I.1d ‘reaction’, REACTANT ‘reactant’, and many

other chemical terms.

O inerte 2 produitLlL3 . iai
@ réactiréapge 11d - réactify1 himi ||1llalson '
: Adj rédCtadictif 2 cyme
chimiquement |

réaction L.1d
réagir I.1d

chimique Il.1
chimique |

— chimie 1.2
@ réactionl.1a

@ éagirlia
B\ . .
chimie 1.1

réacteur 1.2 interagir!

discipline |

Figure 4.2 — Lexical network around spec REACTEUR I.2.
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The usage note (spec) is assigned to the so-called runaway terms? that can be

of two types:

e lexical units belonging to a specialized domain and at the same time being
widely present in non-specialized contexts, provided that there is no lin-
guistic evidence for dividing one lexical unit into two different senses, e.g.
Fr. MATIERE l.a ‘matter’ (see Chapter 5, 5.2), POIDS 1.2 ‘weight’ (see Part II,
p. 212);

e lexical units that at first sight seem to belong to the general language but
whose lexicographic definition includes the full or other runaway terms,
e.g. CHEMISTRY | (see Chapter 3, 3.2.2), CHEMICAL(aqj) |, PHYSICS I, PHYS-

ICAL 1.1 (see Part II, p. 172, 187, 186).

The case of MATIERE l.a ‘matter’ is particularly interesting for the fact that
this lexeme belongs at the same time to the two specialized domains — of physics
and chemistry — as well as to the general language lexicon, which can be traced
through the connections linking this lexeme to the other lexical units of the
language, e.g. PHYSIQUE(agj) 1.2 ‘physical’, CHIMIQUE 1.1 ‘chemical’, ATOME 1.2
‘atom’, MASSE I.1 ‘mass’, MATERIAU ‘material’, ESPRIT I.1 ‘spirit’, etc., see Fig-

ure 4.3.

The usage note spec critic is assigned to the lexical units whose definition
seems to be highly technical but the usage of these lexical units is criticized by the
specialists of the domain. It is recommended to avoid using such term in special-
ized texts because of their misleading or erroneous meaning producing distortion
of the truly specialized sense. One of the examples of such terms is spec critic EL-
EMENT I11.3b as compared to spec ELEMENT Ill.3a, which we will discuss in detail
in Chapter 6 (see also Part II, p. 175). Another example is spec critic ISOTOPE 2
as compared to spec ISOTOPES 1. According to IUPAC, the term isotopes should
be used in plural and refer to a set of nuclides of the same element, thus having

the same atomic number, but having different mass numbers.

2See also the thesis “The Lexicon of the Environment and Its Chemistry-Related Terms in
Ordinary Discourse. Using Social Networks as Corpora” by T. Gotkova, in progress.
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Figure 4.3 — Lexical network around (spec) MATIERE l.a.

As shown in (1la), we refer to carbon-12, carbon-13 and carbon-14 as to iso-
topes of the element carbon, since there are more than one and they all belong to
the same element. In (1b), isotopes is used not in the sense of a set of nuclides
of the same element but in the sense of any nuclide (even belonging to different
elements, namely here to the elements carbon, nitrogen, oxygen and sulfur). Even
though the usage of the term isotopes in the sense ‘any nuclide’, like in (1b), is
erroneous, this sense is now wide spread even in specialized texts. We propose
to label such terms with this particular usage note spec critic to indicate that its
usage in scientific context is criticized by the specialists of the domain and should
be evoided. The formal definitions of spec ISOTOPES 1 and spec critic ISOTOPE 2

are presented in Part II, p. 180.

(1) a. Carbon-12, carbon-13, and carbon-14 are three isotopes; of the element
carbon with mass numbers 12, 13, and 14, respectively. The atomic number
of carbon is 6, which means that every carbon atom has 6 protons so that
the neutron numbers of these isotopes; are 6, 7, and 8 respectively.

b.  63C and 6'°N are the two most common stable isotopesy commonly used
for assessing nutritional interactions. 40 and 434S are less used stable

isotopess.
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Finally, Quasi-spec is assigned to the so-called quasi-terms that are used by
non-specialists, or laypersons, who do not master the terminology of the domain
and refer to a sense that is obsolete and does not reflect the current state of science,
e.g. ATOM 1.1 which is still used in the sense of the smallest indivisible particle of

matter (see Chapter 5, 5.4).

4.2.2 Definition

In the framework of the Explanatory Combinatorial Lexicology, lexicographic def-
inition is the representation of the meaning of a lexical unit which plays the cen-
tral role in a lexical entry accounting for its semantic, syntactic and lexically
restricted cooccurrences. We adopt the definition-writing methodology developed

by I. Mel’¢uk and A. Polguére (Mel’¢uk and Polguére 2018).

In 4.2.2.1-4.2.2.6 we summarize the six lexicographic principles of writing
definitions concerning the informational content and the form of a definition that
we follow in our lexicographic practice. To illustrate each principle, we propose

examples of our actual definitions elaborated for the fundamental chemical terms.

4.2.2.1 FEquivalence, or Adequacy, Principle

We establish the semantic equivalence between the Definiendum, a name of the
headword, and Definiens, a linguistic paraphrase. Names of predicative lexical
units (Polguére 2016b: 162-166) are accompanied by semantic actant slots that
they control expressed by variables X, Y, Z, etc., e.g. chemicall.1 X. We call such

short expressions propositional form of a lexical unit.

Predicative lexical units are “binding” senses that are either semantic
predicates or quasi-predicates.

Semantic predicates denote facts like actions, states, events, caracter-
istics, e.g. allotropic1 X, chemicallyn X, X bondsy1.2a with Y form-
mg 4.

Quasi-predicates denote entities like substances, individuals, objects,
e.g. nucleus1.2 of X, electronl of X interacting with Y, reactor1.2 used

by X for Y.
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On the contrary, semantic names are non-“binding” senses that denote

entities, e.g. ion, anion, cation, " pure substance.

By establishing the equivalence between the definiendum and the definiens
we ensure that the definiens can be manipulated as a paraphrase of our headword.
Table 4.1 presents the definition we propose for ALLOTROPES (Part II, p. 167)
which is a bi-actantial quasi-predicate. Now taking the example (2a) below, we
can verify and see that the replacing of allotropes in (2a) with its definiens from

Table 4.1 gives a perfectly correct outcome in (2b).

Y that are allotropes of X : Y that are structurally different forms
of the elementI11.3a X

Table 4.1 — Formal definition of spec ALLOTROPES.

(2) a. Diamond, graphite, graphene and various fullerenes are allotropes of
carbon.
b.  Diamond, graphite, graphene and various fullerenes are structurally

different forms of the element carbon.

4.2.2.2  Hierarchical Structure Principle

We distinguish between the central component of the definiens, i.e. the minimal
paraphrase of the headword, and a set of peripheral components that serve to dis-
tinguish between semantically related lexical units. Each peripheral component is
marked with a bullet and starts on a new line. Tables 4.2 and 4.3 show our defini-
tions of ANION and CATION (Part II, p. 168 and 171), were the central component
of both definiens is ‘ion’, but then, one peripheral component in each definiens

helps to distinguish one meaning from another one.

anion : ion
e that is negatively charged Il

Table 4.2 — Formal definition of spec ANION.
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cation : ion
e that is positively charged Il

Table 4.3 — Formal definition of spec CATION.

4.2.2.3 Semantic Decomposition Principle

A definition should be the result of the semantic analysis, i.e. decomposition of
the meaning. In the definiens, we only include the meanings that are semantically
simpler than the analysed meaning itself. To illustrate this idea, we propose to
consider one of the definitions presented above, namely in Table 4.2, and the one

of ION in Table 4.4 (see also Part II, p. 178).

ton : particlel.2
e that is atomicl.2 or molecularl.2
e that is chargedll

Table 4.4 — Formal definition of spec ION.

As we can see, the definiens of anion includes the meaning ‘ion’ as a simpler
and poorer one: ton is any charged particle, while anion is a particular type
of ion, a negatively charged one. Once having included ‘ion’ in the definiens
of anion, we do not include ‘anion’ in the definiens of ion, alike it is done in
numerous dictionaries, which results in vicious circles in such definitions (e.g. in
the Oxford Dictionary of chemistry, see Chapter 2, 2.3.1). Doing it this way, not
only avoid we the vicious circles in our system of definitions, but also prioritize the
linguistic analysis of lexical units over the encyclopaedic or pragmatic knowledge.
The information on that ions can be of two types — anions and cations — does
not belong to the linguistic knowledge about ion and therefore, should not be
reflected in its lexicographic definition. In our system, this information will easily
be deduced from the lexical connections that we establish between 10N, ANION

and CATION on paradigmatic level through the system of lexical functions (4.2.3).

Finally, following the Semantic Decomposition Principle, we also inevitably
reach the level where the semantic decomposition of meanings is no more possible
in terms of simpler specialized meanings; in this case, we can claim that we have

reached what we call a terminological semantic prime (cf. the notion introduced by
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Wierzbicka (1972, 1985) and Goddard (2012)). For instance, if we decompose the
meaning of anion into ‘ion’ and then zon into ‘particle’, we get to the definition of
particle 1.2, which is presented in Table 4.5 (see also Part II, p. 185). If we continue
to decompose the meaning of particlel.2, we get to the definitions of matterl.a
and interactl, which are non-decomposable any further in terms of specialized
meanings, see Tables 4.6-4.7 (Part II, p. 182 and 178). Thus, we claim matterl.a
and interact | to be our terminological semantic primes, i.e. the simplest specialized
meanings in the system of our definitions of the terms related to the chemistry

lexicon.

particle .2 of X interacting with Y : constituent of the matterl.a X
e that interactsl with

the other entities Y

Table 4.5 — Formal definition of spec PARTICLE 1.2.

matterl.a that X is made of : entity of the "physical world™
e that things X are made of

Table 4.6 — Formal definition of (spec) MATTER l.a.

X and Y interactl : The entities X and Y have a mutual effect on
each other

Table 4.7 — Formal definition of (spec) INTERACT I.

4.2.2.4  Minimal Decomposition |= Maximal Block| Principle

We decompose the meaning of the headword to a minimal degree to keep the

definition simple and easy to understand.

Looking back at the definitions in Tables 4.3 and 4.2, one can notice that
we did not define anion as ‘an atomic or molecular particle that is charged’ but
rather shortened it directly to the corresponding meaning ‘ion’ reducing the central

component of the definiens to just one element.

Another example is the definition of COMPOUND ) 1.2 presented in Table 4.8
(see also Part II, p. 174). The peripheral component in the definiens of com-

poundny1.2 could have been ‘that is made of different types of atoms1.2 which are
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identified by the number X corresponding to the quantity of protons in the nu-
cleus1.2 of these atoms1.2’. Fortunately, we were able to reformulate and shorten

it by referring to the meaning ‘element I11.3a’.

compound 1.2 made of X : "pure substance’
e that is made of different elementsilil.3a X

Table 4.8 — Formal definition of spec COMPOUNDy; I.2.

4.2.2.5 Univocity Principle

We ensure that elements of our definitions are non ambiguous and that configura-

tions of given meanings are always the same.

For instance, we always express in the same way the meaning of adjectival

pure semantic derivates (Polguére and Mel’¢uk 2006):

e chemical .1 X : ‘X relating to chemistryIl.1’ (e.g. chemical bond);

e molecularlla X : ‘X relating to moleculesl’ (e.g. molecular structure)

In the same harmonized way, we express the meaning of adverbial pure se-

mantic derivates:

e chemicallyN.l X : ‘X as regards to chemistry 1.1’ (e.g. chemically identical
atoms);
e molecularly X : ‘X as regards to molecules!’ (e.g. molecularly different sub-

stances)

The corresponding formulas were implemented and normalized for French and
Russian as well, e.g. ‘X relatif a...”, ‘X, ornocammuiics x ...” for adjectival meanings,

and ‘X relativement a ...", ‘X ornocuresbuo ...” for adverbial meanings.

We also ensure that the definitions reflect the semantic closeness of certain
lexical units by having similar inner organization of their definitions and similar
configuration of meanings, like in definitions presented in Tables 4.9-4.10 (see also

Part II, p. 181 and 191).



Chapter 4. Lexicographic modeling of terminology: a Lexical System approach

4.2.2.6

liquid(aqj1.2 X : matterl.a X that is in a physicallll.2 state

such that
e X has indefinite shape

e X has definite volume
e X’s particlesl.2 are mobile and interact |

Table 4.9 — Formal definition of spec LIQUID(agj) I.2.

solid(aqj 1.2 X : matterl.a X that is in a physicallll.2 state

such that
e X has definite shape

e X has definite volume
e X’s particlesl.2 are non mobile

Table 4.10 — Formal definition of spec SOLIDaqj) 1.2.

Semantic Network Principle

91

The Semantic Network Principle presupposes that the definitions can be formally

encoded by building semantic networks, where the nodes of the graph are senses

and the arcs are the semantic dependencies. In the course of our research, we

have learned the process of the formal encoding of lexicographic definitions using

the lexicographic tool Dicet, which allows for building such semantic networks (see

Figure 4.4).3
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Figure 4.4 — Formal encoding of the definition of spec REACTEUR .2 in Dicet

editor.

3The formal encoding of all our definitions presented in Part II has been scheduled for the
post-doctoral research project Cythére aimed at valorization of the outcomes of the research
and the creation of the special website for teachers and students of chemistry (see Prospects in
Chapter 7, 7.3).
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4.2.3 Paradigmatic and syntagmatic connections

As discussed in Chapter 1, 1.4, our main structuring tool for modeling semantic
and combinatorial lexical relations is lexical functions borrowed from the Meaning-
Text Theory. The notion of lexical functions is exhaustively presented in the recent

work Mel’¢uk and Polguére (2021).

Figure 4.5 shows a lexical network around our specialized verb REACT I.1d (Xs
react producing Y see Part 11, p. 188), which is linked by means of paradigmatic

and syntagmatic lexical functions to numerous lexical units, e.g.:

e CHEMICALLY II.1 (redundant modifier);

e REACTION I.1d (pure semantic derivative);

e REACTANT (typical name of the first actant);

e PRODUCT 1.3 (typical name of the second actant);

e REACTOR 1.2 (typical place where a reaction takes place);
e REACTIVE l.1d (typical characteristic of the first actant);
e STRONGLY I, VIOLENTLY Il, VIGOROUSLY (intensifiers);

e REACT l.le (causative).

bond 1.2b
interaction | bonded 1.2
bond \ 1.2
bond, I"2a
reactl-1a interact | bonding 1.2
atom 1.2 [LF]
unit5 . .
turn 2 molecule | .buﬂdigg block 2 Redun : spec chemically 1.1
consume 40 change state compound, 1.2 S, : spec reaction 1.1d
elemant JII.3:
chemﬁﬁly 1.1 S, : spec reactant
@ chemical/substance sms & sz : spec product 13
reacil.1d .reages e S, : spec reactor 1.2
reactant () chemicgmical 4 4111 .
reabtofi H1e reacm.el_w @ chem iy Adj Able, : spec reactive 11d
roduct .3 equation I1.2 : .
Op g Magn : strongly 1, violently 1, vigorously
Caus : spec /freact 1.1e [N=X ~ N=Y to produce N=2]
Oredox . . .chemistry .1
(Doxidation reduction _ @ chemistry I1.2 .
) oxidoreductid yreaction l.1d .ChemlcalAdj"-z
] transformation II.1 i
neutrasiralinatanton ® 9 chemically 12

i chemistry |
L dogly 5 fgrRmmRAsition ® nd
T m’]lnmim‘imon reactighaction
lecompasition reactign
X ‘metathesis
chemical gecomposition
reaetigRcOMpOsItion

Figure 4.5 — Lexical network around spec REACT I.1d in Spiderlez.
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4.2.4 Copolysemy relations

In Part II (Chapter 8, Section 8.2), we present a list of vocables where at least

one of the senses belongs to the fundamental lexicon of chemistry. Most of the

vocables on this list are polysemous, and some are highly polysemous, as in the

case of ELEMENT (14 senses according to our analysis, see Chapter 6, 6.5.1),

REACT (10 senses, see below), or Ru. XuMusi! (10 senses, see Chapter 3, 3.4.3.1).

For the purposes of our study, we analysed the structure of such vocables and

hypothesized on the copolysemy relations existing between different senses, see,

for instance, Figure 4.6.

Copolysemy between two lexical units L; and Lo — symbolized as Ly — Lo —
is the formal and semantic relation linking Lo to L; which conditions their
grouping within the same polysemous vocable.

Copolysemes are lexical units that belong to the same vocable — they are
connected either directly or indirectly by a copolysemy relation within this

vocable. (Polguére 2018: 794-795)

Extension ~ Extonsiof Extension Extension Metaphes.As if Metaphor-As if

¥ ¥ ¥ ¥ ¥ ¥
react 1.1b react L.1c| spec [eactl1d| (react 1.2 react 11| feact 11.2a

ausaf - Extensiom Metaphor :/Meton as if

v v v
[react11e| spec freact 11.20| [react 11.3

Figure 4.6 — Copolysemy relations in the vocable En. REACT in Dicet editor.

In the course of our lexicographic descriptions, we have encountered and en-

coded in our systems the following copolysemy relations between different senses

of the vocables with at least one chemistry-related sense:

e (ausation, where Ly means ‘to cause L', e.g.:
REACT I.1d — REACT l.1e (see Part II, p. 188),
BOND I.2a — BOND I.2b (Part II, p. 170),
IONIZE a — IONIZE b (Part II, p. 179);
e Specialization, where Ly is a richer synonym of Lq, or at least Ly contains Ly

in the central component of its definition (Polguére 2018), e.g.:
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ELEMENT L1 ‘part of something’, as in important element of the story, —
ELEMENT 1.2 ‘element I.1 of a physical entity’, as in battery pack is the heaviest
element of the car (see Chapter 6, 6.5.1),
SUBSTANCE l.1b, as in chemical substance, — SUBSTANCE 1.2, as in to abuse
substances (see Chapter 5, 5.3.1);

e [Extension, where Lo, and L; are relatively close, but there is no relation of
synonymy between the two, e.g.:
REACT l.1a ‘to respond to a stimulus’, as in robot’s sensors react to touch
and sound, — REACT L.2 ‘to have an allergic or other negative response’, as
in my body reacted to the allergens/to milk;

e Metaphor, where Ly relates to L; through analogy , e.g.:
MOLECULE I, as in molecule of water, — MOLECULE I, as in molecule of
creativity (see Chapter 1, 1.4);

e Metonymy, where Ly relates to Ly through contiguity, e.g.:
CHEMISTRY Il.1, as in chemistry of the atom, — CHEMISTRY I1.2, as in chem-
istry of the brain (see Chapter 3, 3.4.1);

e Result, where Ly is the result of Ly, e.g.:
XUMUsI! V.2a ‘hair beauty treatment done with chemicals’ — XuMMsi! v.2b

‘long-lasting curly hairstyle, the result of xumusi V.2a’ (see Chapter 3, 3.4.3.1).

The detailed analysis of polysemy structures of MATTER, SUBSTANCE, ATOM,
ELEMENT and their counterparts in French and Russian will be presented in Chap-

ters 5 and 6; see also Chapter 3 for CHEMISTRY, CHIMIE, XUMIs1' and XUMUsI2.
4.2.5 Illustrative examples

We exemplify each sense of a vocable under description, including senses that are
not related to the lexicon of chemistry, to illustrate and distinguish between dif-
ferent meanings. Each sense is normally illustrated with at least two examples;
chemical lexical units are exemplified with three to twelve citations taken from dif-
ferent types of sources (scientific articles, manuals, Web), e.g. our vocable REACT
contains 43 citations. In the course of our research, we have created a considerable
database of examples in our systems. Each example is formally encoded by means

of the lexicographic editor Dicet and gets the following metadata: Identifier of
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the citation, Source of citation, Author, Title, Date of publication. To be noted
that examples can be associated with different senses at once, creating additional
connections between the senses in our lexical networks, see Figure 4.7.

Associations :

Senses Occurrences before example modification Occurrences after example modification

reactl.1d Calcium reacts strongly with oxygen and water creating various forms Calcium reacts strongly with oxygen and water creating various forms
of calcium oxides or hydroxides that have insulating properties. of calcium oxides or hydroxides that have insulating properties.

strongly Il Calcium reacts strongly with oxygen and water creating various Calcium reacts strongly with oxygen and water creating various

forms of calcium oxides or hydroxides that have insulating properties. forms of calcium oxides or hydroxides that have insulating properties.

Created by pomik on October 26, 2018 at 1:14:13 PM Updated by pomik on October 26, 2018 at 1:14:13 PM

Figure 4.7 — Associating examples with several senses in Dicet editor.

4.2.6 The case of spec REACT I.1d

react [6C] undergo | [resuls, Ta)
react l.1a J R
react .1b spec - .
react l.1c verb Y 1 Y
!
reactl.le [DF]
react 1.2 e ¢ e
react .1 to be involved in a physical process Chomied o rntormateon 1)
react Il.2a q
react I.2b X_, react producing Y_,

react 1.3 =

Xisasubstance I.1lb !
Yisa substance I.1b (X (substance 110)) (¥ (substance 1.10))

The substances 1.1b X undergo a chemical change

that results,, 1a in the transformation 1.1 of X into one or several substances 1.1b Y

[LF]
Redun : spec chemically 1.1
S, : spec reaction 1.1d
S, : spec reactant
S, &S, : spec product i3
sIm:
Able, : spec reactive 1.1d

: spec reactor 1.2

Magn : strongly 1, violently 1, vigorously
Caus : spec //react 1.1e [N=X ~ N=Y to produce N=$3]

[EX]

Calcium reacts strongly with oxygen and water creating various forms of calcium oxides or hydroxides that have
insulating properties.
Off databases: Web 26 october 2018, http://etheses.whiterose.ac.uk/16009/1/Christogiannis%20PhD%20Thesis.pdf

Figure 4.8 — “Article view” of spec REACT I.1d in Dicet editor.

Figure 4.8 presents an example of our terminographic description proposed for
the lexical unit REACT I.1d. According to it, the specialized lexical unit REACT I.1d
makes part of the polysemous vocable REACT with ten senses. The copolysemy
relations between different senses of this vocable can be found on Figure 4.6. On
Figure 4.8, we can see a formally encoded definition resulting in a small semantic
network where nodes are well-defined senses and arcs are the semantic dependen-

cies. Then, we see a list of the paradigmatic and syntagmatic relations encoded by
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means of lexical functions, which resulted in a lexical network around REACT I.1d
presented above on Figure 4.5. The list of illustrative examples associated to the

lexeme is not fully presented on Figure 4.8 due to space limitations.

4.3 Recapitulation

This chapter presented the methodology of lexicographic descriptions performed in
the framework of the theoretical and descriptive approach of the Explanatory and
Combinatorial Lexicology and that of the Lexical Systems. Each specialized lexical
unit, be it a lexeme or an idiom, is assigned the following properties: grammat-
ical characteristics, definition, paradigmatic and syntagmatic links, copolysemy

relations, examples of use.

As for grammatical characteristics, we assign each lexical unit its part of
speech, gender (for French and Russian), and a usage note, if applicable. In the
course of our study, we observed four types of lexical units that needed to be
attributed four different usage notes. Thus, we proposed to extend the list of
usage notes in our lexicographic editor Dicet as follows: spec for full terms, (spec)
for runaway terms, spec critic for specialized but criticizable lexical units, and

quasi-spec for quasi-terms.

Further, we presented six principles of writing lexicographic definitions that we
followed in our lexicographic practice. These principles concern both the content
and the form of definitions. We illustrated each principle with concrete examples

taken from our terminographic descriptions performed for the core chemical terms.

We have shown some results of modeling our chemical networks by means of
paradigmatic and syntagmatic lexical relations (lexical functions). Since we have
been working mostly with polysemous and highly polysemous vocables, establish-
ing copolysemy relations between different senses of such vocables was another
integral part of our lexicographic descriptions. We have given examples of copol-
ysemy relations that we encountered and encoded based on our analysis of the
polysemy structure of our chemistry-related vocables. Finally, another important
part of our lexicographic work was creation of a considerable database of citations
taken from corpora that were formally encoded and associated with senses of the

vocables under study.



Chapter 5

Focus on three terminological building blocks:

matter, substance, and atom

SUMMARY

5.1 Introduction . . . . . . . . . ... 98

5.2  Polysemous vocables En. MATTER, Fr. MATIERE, and Ru. MATE-
PUS . . . o o o e e e e e e e 98
5.2.1  En. MATTER . . . . . . . o o v v it i e i e e 98
5.2.2  Fr. MATIERE . . . . . . . . . o v ittt e e 102
5.2.3 Ru. MATEPHUS . . . . . . . . . o vt ieeeee 104

5.3 Polysemous vocables En. SUBSTANCE, Fr. SUBSTANCE, and
Ru. BEIIIECTBO . . . . v v v v i e e et e e e e e e 106
9.3.1  En.SUBSTANCE . . . . . . . . . . ... 106
95.3.2  Fr.SUBSTANCE . . . . . . . . . . . ... 109
5.3.3 Ru.BEIIECTBO . . . . . . . . v v v v it e 110

5.4 Polysemous vocables En. ATOM, Fr. ATOME, and Ru. ATOM . . . 112
541 En. ATOM . . . . . . . o 112
5.4.2 Fr. ATOME . . . . . . . . . . 114
5.4.3 Ru. ATOM . . . . . . i it 116

5.5 Recapitulation . . . .. .. ... ... o 117




98 Chapter 5. Three terminological building blocks: matter, substance, and atom

5.1 Introduction

This chapter demonstrates the lexicographic modeling of the building blocks — the
most fundamental terms — of our system of the core chemical notions. As dis-
cussed in Chapter 4, 4.2.2.3, matter is one of the so-called terminological semantic
primes, since the semantic decomposition of its meanings is no more possible in
terms of simpler specialized meanings. Even though substance and atom are not
terminological semantic primes, they are also at the most basic level of our system
of notions (see Chapter 7, 7.2, as well as a defined-by hierarchy of English notions
in Part II, p. 167). The distinction between matter and substance poses particular
problems in the context of chemistry teaching, therefore, it is important to analyse

both of them in detail.

In 5.2 we start with the lexicographic description of En. MATTER, a term
originating from the field of physics widely used in chemistry. We analyze in what

follows its French and Russian equivalents, Fr. MATIERE and Ru. MATEPUS.

In 5.3 we proceed with the terminographic modeling of En. SUBSTANCE, the
central chemical term, as well as of its French and Russian counterparts Fr. SUB-

STANCE and Ru. BEIIECTBO.

In 5.5 we conclude on the lexicographic modeling of these core terms in the

three languages.

5.2 Polysemous vocables En. MATTER, Fr. MATIERE, and

Ru. MATEPUYA
5.2.1 En. MATTER

Our English vocable MATTER comprises five senses. Its polysemy structure is vi-

sualized in Figure 5.1.

The basic lexeme of the vocable is, according to our analysis, MATTER l.a,
as in solid matter of wood. We are particularly interested in this lexeme in the

context of chemistry and will therefore discuss it in more detail.

MATTER l.a is an uncountable noun. We have marked it with a usage note
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MATTER l.a
liquid matter

(spec)

Extension

Metaphor:as if
(spec)( MATTERLb \

the matter MATTER IL.1
of the Universe
personal matter

Extension

Extension
l MATTER 1.2 :]

improve matters

surrounding you MATTER 1.3

matter for
the police

Figure 5.1 — Polysemy structure of the vocable En. MATTER.
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(spec)?® since it frequently occurs both in specialized and non-specialized contexts,

see, for instance, (la-b).

(1) a. As matter moves through its cycles, it changes state repeatedly. For

example, in the water cycle, water repeatedly changes from a gas to

a liquid or solid and back to a gas again.

Web, 27 February 2021, https://chem.libretexts.org/Courses

b.  The goal of the mission was to study the gas content and solid matter

of the comet in order to understand its composition more fully.

Web, 04 September 2021, http://www.digifind-it.com /westfield

Table 5.1 shows the formal definition that we propose for MATTER l.a, see also

Part II, p. 182.

matterl.a that X is made of : entity of the "physical world™
e that things X are made of

Table 5.1 — Formal definition of (spec) MATTER l.a.

The central component of our definition is meant to reflect the fact that

1) MATTER l.a is an entity and 2) it has physical existence. The importance of these

semantic components becomes evident in the contexts where matter is contrasted

1On usage notes see Section 4, Subsection 4.2.1.
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with form (which is not an entity but a fact) or with spirit (which has no physical

existence), see (2a-b).

(2) a. In Metaphysics, Aristotle introduces the distinction between matter

and form synchronically, applying it to an individual substance at a

particular time. The matter of a substance is the stuff it is composed
of; the form is the way that stuff is put together so that the whole it

constitutes can perform its characteristic functions.

COCA, Aristotle’s Metaphysics (Stanford Encyclopedia of Philosophy), 2012

b.  Natural philosophy (as science was then called) had declared an absolute

separation between matter and spirit, and limited its attentions to

the material world.

COCA, CARREL Jennifer Lee, Newton’s Vice, December 2000, MAG: Smithsonian,

Vol. 31, Issue 9, p. 130
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@ physical entity

@ materialy 1, ®@substance I.1a
formy 6, @ spirity 1

Ophysical 7

@ entity

@ material, 4 2

Ospecinteract

Figure 5.2 — Lexical network around (spec) MATTER l.a in Spiderlez.

Figure 5.2 demonstrates the lexical network around MATTER l.a which includes

both specialized and general language lexical units:

e a richer synonym (spec) SUBSTANCE l.1a (see Subsection 5.3.1);

e an intersecting synonym MATERIAL () 1;

e contrastive lexemes FORM 6 and SPIRIT 1;
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e a redundant modifier PHYSICAL 7;

e a qualifying adjective of the first actant MATERIAL aqj) 2;

e a verb of realization INTERACT I;

e numerous idioms for which MATTER l.a is a generic term, e.g. "WASTE MAT-
TER ', spec " INORGANIC MATTER ', spec " ORGANIC MATTER ', spec " GREY

MATTER ', spec "WHITE MATTER, see (3).

(3) The white matter and grey matter are similar as they are both essential
sections of both the brain as well as the spinal cord. The grey matter gets
its grey tone from a high concentration of neuronal cell bodies.
MERCADANTE Anthony A., TADI Prasanna, Neuroanatomy, Gray Matter, https://www.
ncbi.nlm.nih.gov/books/NBK553239/

The sense extension of the basic lexeme is (spec) MATTER I.b ‘matterl.a as
a physical constituent of the Universe’. The hyponyms of MATTER L.b are the
specialized lexical units such as spec "NORMAL MATTER ', spec " ORDINARY MAT-
TER !, spec " BARYONIC MATTER ', spec ' DARK MATTER ', spec " DEGENERATE

MATTER ' as well as spec ANTIMATTER , see (4a-b).

(4)  a. Unlike normal matter, dark matter does not interact with the elec-
tromagnetic force. This means it does not absorb, reflect or emit light,
making it extremely hard to spot.

Web, 01 March 2021, https://home.cern/science,/physics/dark-matter

b.  The Big Bang started out from pure energy that produced as much
matter as antimatter. Both of them should have mutually annihi-
lated one another, yet we exist today thanks to an excess of matter.

Web, 01 March 2021, https://news.cors.fr/articles/the-enigma-of-antimatter

In (4b) antimatter is opposed to matter Lb as if the two were antonyms. How-
ever, antimatter is usually defined through matterl.b, e.g. the dictionary of An-
tidote 10? defines antimatter as ‘matter that is made up of antiparticles’; Collins
dictionary® defines it as ‘a form of matter whose particles have characteristics and

properties opposite to those of ordinary matter’. The real antonym of ANTIMAT-

2https://www.antidote.info/fr, visited on 30,/08,/2022
3https://www.collinsdictionary.com /dictionary /english /antimatter, visited on 30,/08,/2022


https://www.ncbi.nlm.nih.gov/books/NBK553239/
https://www.ncbi.nlm.nih.gov/books/NBK553239/
https://home.cern/science/physics/dark-matter
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TER is not MATTER I.b but "ORDINARY MATTER ' or " NORMAL MATTER . In the
examples such as (4b), the confusion arises from the fact that authors often use

matter as a shortcut omitting its modifiers ordinary or normal.

The second grouping of lexemes unites three senses which belong to general

language lexicon:

e MATTER II.1 ‘subject that requires consideration’, as in he was concerned
with social and economic matters;

e MATTERS II.2 ‘situation or circumstances’ (in plural), as in your boss had the
chance to itmprove matters;

e MATTER II.3 ‘someone’s responsibility or concern’, as in if there are death

threats being made, that’s a matter for the police.

We limit our description to this number of frequently occurring lexemes of
MATTER and do not analyze for now any specialized lexemes belonging to domains

other than physics and chemistry.

5.2.2 Fr. MATIERE

The French vocable MATIERE comprises five senses. Its polysemy structure is

visualized in Figure 5.3.

(spec)| MATIERE L.a
matiére liquide
‘liquid matter’

Extension

Metaphor:as if
(spec) MATIERE I.b
la matiére de I'univers -
‘the matter of the universe’ MATIERE II.1
fournir la matiére d’un livre
‘provide the material for a book’

Extension

N Metaphor:as if
MATIERE I1.2 e

matiére a des plaisanteries \
‘subject of jokes’

MATIERE I1.3
matiéres enseignées
dans les écoles
‘subjects taught in schools’

Figure 5.3 — Polysemy structure of the vocable Fr. MATIERE.



Chapter 5. Three terminological building blocks: matter, substance, and atom 103

The first two lexemes correspond to the first two senses discussed in 5.2:

e (spec) MATIERE l.a ‘matter’, as in matiére liquide du gel de cactus ‘liquid
matter of the cactus gel’ and as in (5);

e (spec) MATIERE Lb ‘matter’, as in la matiere noire représente plus de 80% de
la matiére de l'univers ‘black matter represents 80% of the matter of the

universe’.

(5) Le contact de matiére réactive a la surface d’un catalyseur est souvent le
facteur limitant pour la vitesse d’une réaction catalytique et le taux de con-
version des réactifs.

‘The contact of reactive matter on the surface of a catalyst is often the
limiting factor for the rate of a catalytic reaction and the conversion rate
of the reactants.’

Web, 4 December 2018, https://www.cnrs.fr/inc/communication/direct labos/lafon.
htm

The formal definition of MATIERE l.a can be found in Table 5.2, see also

Part II, p. 207.

matiére La dont X est constitué : entité du "monde physique™
e dont les choses X sont constituées

Table 5.2 — Formal definition of (spec) MATIERE l.a.

The lexical network around MATIERE l.a unites both specialized and non-
specialized lexical units, e.g. its richer synonym (spec) SUBSTANCE l.1la ‘sub-
stance’, its intersecting synonym MATERIAU ‘material’; its redundant modifier

PHYSIQUEg; 1.2 ‘physical’, its verb of realization INTERAGIR | ‘interact’.

MATIERE l.a is a generic term for specialized lexical units, such as "MATIERE
ORGANIQUE ' ‘organic matter’, "MATIERE GRISE ' ‘grey matter’, "MATIERE EPU-
RANTE ‘cleansing substance’. MATIERE l.a is a generic term for non-specialized
lexical units as well, e.g. "MATIERE GRASSE' ‘fat’, "MATIERE FECALE’ ‘fecal
matter; waste’, "MATIERE NOBLE ' ‘noble material’, "MATIERE PREMIERE ' ‘raw

material’, and others.



https://www.cnrs.fr/inc/communication/direct_labos/lafon.htm
https://www.cnrs.fr/inc/communication/direct_labos/lafon.htm
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The second grouping of lexemes unites three senses:

e MATIERE II.1 ‘informational content, material’, as in ce sujet-la fournit la
matiére d’un livre ‘this subject provides the material for a book’. It makes
part of the nominal idiom "TABLE DES MATIERES ' ‘table of contents’;

e MATIERE II.2 ‘reason’, as in les lois de la morale et de la piété ne sont pas
matiére a plaisanter pour lui ‘for him the laws of morality and piety are
not something to laugh about [= not a reason to laugh|’;

e MATIERE Il.3 ‘subject’; as in j’aimerai savoir quelles sont les matiéres en-
seignées en fac de lettres ‘1 would like to know what subjects are taught at

the humanities faculty’.

These three senses are peculiar to French and are found neither within the

corresponding vocable En. MATTER nor Ru. MATEPUSI.

5.2.3 Ru. MATEPUA

The Russian vocable MATEPUS comprises only four senses. Its polysemy structure

is visualized in Figure 5.4.

MATEPUSA L.a
XXuakasi Mmarepusi
‘liquid matter’

(spec)

Extension hor:as if
/ Specialization \
(spec) MATEPUS L.b l
‘the matter of the universe’ maTEPM I semnrs varspin
”‘?chyraT:'; f“';aatr)?ﬁ”,'” ‘lofty topics’

Figure 5.4 — Polysemy structure of the vocable Ru. MATEPUZI.

The first two lexemes correspond to the first two senses discussed in 5.2.1

and 5.2.2:

e (spec) MATEPU4 l.a ‘matter’, as in packarénnasn srcudkas mamepus 1aBbl

‘red-hot liquid matter of lava’;
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e (spec) MATEPUA I.b ‘matter’, as in ecau 6w ucuessa mamepusa, emecme c
Hetl ucuesau 6v, npocmparcmeo u epems ‘if the matter disappeared, the

space and the time would disappear with it’.

The formal definition of MATEPUd l.a can be found in Table 5.3, see also

Part II, p. 227.

mamepusl.a, u3 kKomopot cocmoum X : CYIIHOCTb ' (PU3UIECKOTO MHUPA |,
e U3 KOTOPOIl cocTodAT Beru X

Table 5.3 — Formal definition of (cmer;) MATEPUA l.a.

It has to be noted that MATEPUA l.a is less present in modern Russian. We can
observe in the National Corpus of Russian language that collocations such as meép-
das mamepus ‘solid matter’ or orcudkan mamepus ‘liquid matter’ mostly occur in
the texts that date back to the eighteenth and nineteenth centuries. Instead of
MATEPUA l.a, we tend to use nowadays its richer synonym BEIIECTBO l.1a, e.g. in
collocations such as meépdoe seusecmeo ‘solid substance’, osrcudkoe seuwecmaeo
‘liquid substance’ and in idioms such as spec "OPITAHUYECKOE BEII[ECTBO '

‘organic substance’, spec " CEPOE BEIIIECTBO ' ‘grey substance’, etc.

MATEPUA l.a is nonetheless a source of metaphor for two other senses in Rus-
sian: MATEPU4 Il ‘fabric, material’, as in (6a), and MATEPUSI Il ‘topic, subject of

speech or thought’, as in (6b).

(6) a. Hexomopuie, orcenas npudamv mENY 6xyc u 3anax npanocmet, 6eull-
10m 6 60UKY 3a6EPHYMDBIE 8 NOCKYMAT MATNEPUL 26030UKY, KAPIAMOH
U KOPUYY.
lit. ‘Some people, wanting to give the taste and the smell of spices to
the honey, hang cloves, cardamom, and cinnamon wrapped in a scrap
of fabric in the barrel.’
Ruscorpora, KUPUYEHKO A., 3eprano mupa, «U st Tam 0bLI, ME-TTUBO 1mii», 2012

b.  Mou cmapwuti enyk Anmon ¢ pannezo dememea NpoAGAAs UHMEDEC K

BHICOKUM MAMEPUAM — GUA0COPUU, I30MEPUKE, OKKYALMUIMY.
‘My eldest grandson Anton was interested from an early age in lofty
topics [matters| - philosophy, esotericism, occultism.’

Ruscorpora, PEKEMYYK A. E., Mamormui, 2006
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5.3 Polysemous vocables En. SUBSTANCE, Fr. SUBSTANCE, and

Ru. BEIIECTBO
5.3.1 En. SUBSTANCE

We have identified five senses in the English vocable SUBSTANCE. Its polysemy

structure is visualized in Figure 5.5.

(spec) SUBSTANCE l.1a
sticky substance

Extension

Metaphor:as if
spec | SUBSTANCEL1b \
chemical substance [ SUBSTANCE II.1 j
s ]

ubstance [=‘essence

of the treaty
Specialization
ExtenSLOn
SUBSTANCE .2 l
to abuse substances SUBSTANCE 1.2
style vs. substance [=‘content’]
of the speech

Figure 5.5 — Polysemy structure of the vocable En. SUBSTANCE.

The basic lexeme of the vocable is (spec) SUBSTANCE l.1a ‘type of matterl.a
which can be sensed’. Just like its poorer synonym MATTER l.a, SUBSTANCE l.1a is

commonly used both in specialized and non-specialized contexts, see (7a-c).

(7) a. Male koalas communicate through scent, smearing a smelly substance
on trees to mark their home boundaries. Their large noses help the
animals pick up other koalas’ scent warnings that say “Go away, this
tree is taken.”

COCA, BOYER Crispin, 10 Cool Things about Koalas, September 2011, MAG:
National Geographic Kids
b.  Sebum is the wazy, oily substance that protects and hydrates the skin.
Web, 6 February 2020, https://www.medicalnewstoday.com /articles/321090.php
c.  The substance of the star during a fall into a black hole heats up
to several million degrees, resulting in an outbreak of xz-ray radiation,
which scientists were able to record using telescopes Chandra, Swift and
XMM-Newton.
Web 25 February 2020, https://www.forumdaily.com/en


https://www.medicalnewstoday.com/articles/321090.php
https://www.forumdaily.com/en
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SUBSTANCE I.1b derived from the basic lexeme through sense extension, see (8).
SUBSTANCE L.1b is one of the fundamental chemical terms, so we propose to take

a closer look at it.

(8) A chemical reaction is a process that leads to the transformation of one set
of chemical substances to another.

Introductory chemistry, 9 August 2019, https://chem.libretexts.org

We propose the following definition of SUBSTANCE I.1b presented in Table 5.4,

see also Part II, p. 192.

substancel.lb : type of matterl.a
e that has a constant composition
e that has constant characteristic properties {2}

Table 5.4 — Formal definition of spec SUBSTANCE I.1b.

Figure 5.6 shows the semantic network around spec SUBSTANCE I.1b which

includes both specialized and general language lexical units, e.g.:

a richer synonym spec " PURE SUBSTANCE ;

an intersecting synonym spec CHEMICAL(n) I.1;

a redundant modifier CHEMICALagj) II.1;

a verb of realization spec REACT I.1d;

e numerous specialized lexical units for which SUBSTANCE I.1b is a generic
term, such as spec REAGENT , spec REACTANT , spec COMPOUND 1.2, (spec)
SOLID(x) I.1, (spec) LIQUID() l.1, (spec) GAS L1, spec "ELEMENTRAY SUB-

STANCE ', spec " SIMPLE SUBSTANCE ', etc.

The specialization (Chapter 4, 4.2.4) of the sense SUBSTANCE I.1b is SUB-
STANCE 1.2 ‘substancel.1b which someone can get addicted to (and which is ille-
gal)’, see (9). SUBSTANCE 1.2 makes part of the idioms "SUBSTANCE ABUSE " and

"SUBSTANCE ABUSER .

9) Important gains have been made in understanding the reinforcing properties

of alcohol and drugs on the brain, to be sure, yet no one seems to know why


https://chem.libretexts.org
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, poison 1
toxicant gaseous
@ protoplasm -
oisonous substance liquid 5 51-2 .
P solid Adj 1.2

@ living substance

Sub StACG |_1 b @ reactive 1.1d

@ physical property

O reactl.1d

@ substance 1.2

@ pure substance
@ allergen @ chemical 1.1
@ philosophers’ stone

@ philosopher’s stone

f inhibitor @clixir2

@ chemical , ; @ inoculant

@ pyrogen2 @ inoculum

Figure 5.6 — Lexical network around spec SUBSTANCE I.1b in Spiderlex.

some people tend to abuse substances more heavily than others, despite
similar genetic makeups and social backgrounds.

COCA, MEACHAM Andrew, Selling Serenity, 2000, ACAD: Humanist, Vol. 60, Issue 4,
p. 15

SUBSTANCE II.1 is a metaphorical sense derived from SUBSTANCE l.1a. It de-
notes ‘the most essential part of something’, as in (10). SUBSTANCE II.1 makes
part of the idiom "THE SUM AND SUBSTANCE, as in tell me quickly the sum

and substance of your proposal.

(10)  [...] the meeting records that were available lacked detail or did not reflect
the substance of the discussions.
Web, 6 February 2020, https://www.ombudsman.on.ca/digest

The sense extension of SUBSTANCE II.1 is SUBSTANCE II.2 ‘content’ as opposed
to form or style, see (11). SUBSTANCE II.2 makes part of the idioms "OF SUB-
STANCE 'l ‘important, significant’, as in he lacked ambition to get anything of
substance done, and "OF SUBSTANCE 'll ‘wealthy’, as in he is a man of sub-

stance.

(11) Post notes that the distinction between the style and substance of speech
15 what underlies British law on blasphemous libel, which permits anything

to be said so long as the “decencies of controversy are observed.”


https://www.ombudsman.on.ca/digest
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DACHIN Peter G., Defaming Muhammad: Dignity, Harm, and Incitement to Religious
Hatred, Duke Forum for Law & Social Change, Vol. 2, pp. 5-38, 2010, https://core.
ac.uk/download /pdf/62560315.pdf

5.3.2 Fr. SUBSTANCE

We have identified five senses in the French vocable SUBSTANCE, see Figure 5.7.
There are two senses in the first grouping of lexemes. One sense is missing, namely

substance ‘drug’ which is an anglicism used rather in Canadian French.

(spec)| SUBSTANCE l.1a

substance collante
‘sticky substance’

Extension

Metaphor:as if
spec | SUBSTANCEL.1b

substance chimique SUBSTANCE II.1

chemical substance la substance de la plante
‘the best/most nourishing
part of the plant’

Extension

|

SUBSTANCE II.2

la substance de cette discussion
‘the essence of this discussion’

Extension

l

SUBSTANCE 1.3

la substance d’un article
‘the content of an article’

Figure 5.7 — Polysemy structure of the vocable Fr. SUBSTANCE.

e (spec) SUBSTANCE l.1a ‘type of matter which can be sensed’, as in les abeilles
fabriquent une substance collante, la propolis pour solidifier et protéger leur
ruche ‘bees produce a sticky substance, propolis, to solidify and protect
their hive’;

e spec SUBSTANCE L.1b ‘type of matter which is characterized by its constant

composition and its constant properties’; as in (12).


https://core.ac.uk/download/pdf/62560315.pdf
https://core.ac.uk/download/pdf/62560315.pdf
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(12) En effet, pour connaitre la composition d’une substance inconnue, on
peut la faire réagir avec différents composés chimiques connus et observer
les produits obtenus apres la réaction
‘In fact, to find out the composition of an unknown substance, one can
react it with different known chemical compounds and observe the prod-
ucts obtained after the reaction.’

Web, 4 December 2018, http://cesifs.emse.fr

The semantic network around spec SUBSTANCE l.1b includes specialized and
non-specialized lexical units, e.g. an intersecting synonym spec CORPS Il ‘[chem-
ical] body’, a richer synonym spec "CORPS PUR ‘pure substance’, a redundant
modifier CHIMIQUE Il.1 ‘chemical’; a verb of realization spec REAGIR I.1d ‘react’.
SUBSTANCE L.1b is a generic term for spec REACTIF 1 ‘reagent’ et spec REACTIF 2
‘reactant’, spec " CORPS SIMPLE ' ‘simple substance’, spec "CORPS ELEMENTAIRE

‘elementary substance’, spec "CORPS COMPOSE ' ‘compound’, and others.

The second grouping of lexemes unites three senses:

e SUBSTANCE IL.1 ‘the best, most nourishing part of something’, as in les baies
immaculées paraissent avoir capté toute la substance de la plante qui les
porte ‘the immaculate berries seem to have captured all the substance
[= the most nourishing parts| of the plant that bears them’;

e SUBSTANCE II.2 ‘most essential part of something’, as in wvoici, en quelques
lignes, la substance de cette discussion ‘here, in a few lines, is the sub-
stance |= essence| of this discussion’;

e SUBSTANCE II.3 ‘content of something’, as in les mot-clés correspondent ex-
actement a la substance d’un article ‘the keywords correspond exactly to

the substance |= content| of an article’.

5.3.3 Ru. BEIIECTBO

The polysemy structure of the Russian vocable BEIIIECTBO is visualized in Fig-

ure 5.8.

In comparison to its English and French counterparts, BEIIIECTBO is the least

polysemous vocable as it only comprises three senses:


http://cesifs.emse.fr
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(spec) BELLIECTBO 1a
JINNKoe BeLecTso
‘sticky substance’

Extension

l

spec BELLECTBO 1b

XUMUYECKOE BeLecTBo
‘chemical substance’

Specialization

BELLIECTBO 2

3/10ynoTpebnsaTh BeLecTsamMm
‘to abuse substances’

Figure 5.8 — Polysemy structure of the vocable Ru. BEIIIECTBO.

e (spec) BEIIECTBO 1la as in ox eaanaaca pykot 6 aunkoe seutecmaso ‘he got
his hand in a sticky substance’;

e spec BEIIIECTBO 1b as in Hamput umeem 6uicoKy0 aKmMu8HOCmMb U cnocoben
OYpHO peazuposamsv co MHo2uMy dpyzumu seutecmseamu ‘sodium is highly
active and can react violently with many other substances’;

e BEIIECTBO 2 as in 60 6cem mupe, nauboaree 4acmo 3.40ynompebaiiom eeuse-
CMBAMU MAKUMY KAK: AAKO20AD, MAPUTYAHG, onuamy, U xoxaun ‘globally,
the most commonly abused substances are: alcohol, marijuana, opiates,

and cocaine’.

The following lexical units are part of the semantic network around spec BE-
IIIECTBO 1b: XUMUYECKUNI ‘chemical’; spec PEATEHT ‘reagent’, spec PEAKTUB
‘reactant’, spec PEAKTAHT ‘reactant’, spec "UMCTOE BEIIECTBO ' ‘pure sub-
stance’, spec "TIPOCTOE BEIIECTBO ' ‘simple substance’, spec " C/JIO?>KHOE BE-

IIECTBO ' ‘complex substance’, and others.

Apart from sewecmso, we also have in Russian cybecmanyus /substancija/
which originated from the Latin substantia and which might look at first glance

like a real counterpart of En. substance and Fr. substance.

Indeed, one of the lexemes of the vocable CYBCTAHIIUA is a richer synonym

of BEIIECTBO la denoting ‘substance, rather unidentified or strange one’, as in
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wépraa sunkas cybemarnuyus ‘black sticky substance’. CYBCTAHIIUA also in-
cludes several specialized senses, such as ‘active pharmaceutical ingredient’ and
‘substratum; thing-in-itself’. Unlike BEIIIECTBO, CYBCTAHIINA does not have
any specialized sense relevant to the core terminology of chemistry. Thus, there is

no interest for us in analyzing this vocable in detail.

5.4 Polysemous vocables En. ATOM, Fr. ATOME, and Ru. ATOM
5.4.1 En. ATOM

We have identified four senses in the English vocable ATOM, whose polysemy struc-

ture is visualized in Figure 5.9.

Suasi spec ATOM 1.1
atom as the smallest

particle of matter

Extension \\\\

Metaphor:as if

spec ATOM 1.2 \4
atom of oxygen [ Atom Il }

not an atom of
common sense

Metaphor:as if

l

ATOM I
the era of the atom

Figure 5.9 — Polysemy structure of the vocable En. ATOM.

The basic lexeme is a quasi-specialized sense quasi-spec® ATOM I.1 ‘particle

believed to be the smallest indivisible constituent of matterl.a’, see (13).

(13)  Atoms are the smallest particles of matter.
Web, 14 December 2020, http://lcwu.edu.pk/ocd/

ATOM 1.2 is a sense extension of ATOM I.1, see (14a-b). Table 5.5 demonstrates the
definition that we propose for this fundamental chemical term, see also Part II,

p- 168.

4See the discussion on usage notes in Subsection 4.2.1.


http://lcwu.edu.pk/ocd/
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atom 1.2 of X combining with Y : particlel.2
e that interacts! with similar

particles.2 Y to form the smallest
unit of substancel.1b X

Table 5.5 — Formal definition of spec ATOM I.2.

(14) a. A water molecule is formed when two atoms of hydrogen bond co-
valently with an atom of oxygen. In a covalent bond electrons are
shared between atoms.

COCA, Why is water such a good solvent?, 2012, http://www.edinformatics.com/
interactive__molecules/water.htm

b.  In areas where temperatures hover just above absolute zero, hydrogen
atoms combine into molecules and form vast molecular clouds.
COCA, SHUBINSKI Raymond, All about the Horsehead Nebula, December 2006,
Astronomy, Vol. 34, Issue 12, p. 66

The semantic network around spec ATOM 1.2 (see Figure 5.10) includes mostly

specialized lexical units, e.g.:

e an intersecting synonym spec " BUILDING BLOCK '2;

e the generic term spec PARTICLE 1.2;

e an adjectival lexeme with the same sense as ATOM 1.2 — spec ATOMIC I.1;

e a lexeme naming the first actant spec MOLECULE I;

e modifiers of the first actant spec MONATOMIC , spec MONOATOMIC , spec DI-
ATOMIC , spec POLYATOMIC ;

e verbs of realization (spec) INTERACT I, spec BONDy) |.2a;

e ATOM 1.2 is itself the first actant of spec ELECTRON , spec PROTON , spec NEU-

TRON , spec NUCLEUS I.2.

ATOM Il ‘source of nuclear energy’ is a metaphorical sense derived from ATOM 1.2,

see (15).

(15) The Federation of American Scientists - originally the Federation of Atomic
Scientists - takes the lead in lobbying to remove domestic control of the
atom from military departments of government and in promoting the idea
of international control.

SQUIRES Arthur M., The Tender Ship: Governmental Management of Technological
Change, 14 March 2013, Springer Science & Business Media


http://www.edinformatics.com/interactive_molecules/water.htm
http://www.edinformatics.com/interactive_molecules/water.htm
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@ bonded 1.2

atomically @ bonding 1.2
. bond ;1.2
N

@ bond, I.2a
atomic .1

chemical element

, @ moleculel v
atomic number monoatomic

element lll.3a
mass number monatomic

nucleon number

1 n )
nuclide atom . particle 1.2

polyatomic

neutro
‘;subatoﬂc particle

diatomic . electron

atomise 1
building block 2
@ proton

atomise 3 .
atomize 3

@ clementary particle

@ fundamental particle

Figure 5.10 — Lexical network around spec ATOM 1.2 in Spiderlex.

ATOM Il ‘a very small degree or amount of something’ is a metaphorical sense

derived from ATOM I.1, see (16).

(16)

For you must know that there is not even an atom of reproach or bitter-
ness in me about what has befallen the two of us.

BONHOEFFER Dietrich, Letters Papers from Prison, 2011, https://books.google.fr/
books?isbn=1451650531

5.4.2 Fr. ATOME

The polysemy structure of the French vocable ATOME is identical to its corre-

sponding English one described above, see Figure 5.11.

It comprises the same four senses:

e quasi-spec ATOM I.1; as in les atomes sont les plus petites particules de

matiére qui soient ‘atoms are the smallest particles of matter that exist’;


https://books.google.fr/books?isbn=1451650531
https://books.google.fr/books?isbn=1451650531
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quasi-spec ATOME 1.1

atom as the smallest
particle of matter

Extension \

/ Metaphor:as if

spec ATOME 1.2 \
atome d'oxygéene AToMmE Il

‘atom of oxygen’ .
pas un atome de mysteére
‘not a single atom of mystery’

Metaphor:as if

A 4
ATOME Il

I’ére de I'atome
‘the era of the atom’

Figure 5.11 — Polysemy structure of the vocable Fr. ATOME.
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e spec ATOM 1.2, as in lors des transformations chimiques les atomes se combi-

nent pour former des molécules nouvelles ‘during chemical transformations,

atoms combine to form new molecules’;

e ATOM Il, as in des sous-marins naviguaient déja a [’atome ‘submarines were

already sailing with the atomic energy’;

e ATOM I, as in ceci n’est qu’un atome de vérité dans un océan de mensonges

et de propagande ‘this is just an atom of truth in an ocean of lies and

propaganda’.

The semantic network around spec ATOME 1.2 unites specialized lexical units,

such as its generic term spec PARTICULE 1.2 ‘particle’, an adjectival lexeme with the

same sense as ATOME 1.2 — spec ATOMIQUE I.1 ‘atomic’, a lexeme naming the first

actant spec MOLECULE ‘molecule’, and others. ATOME 1.2 is itself the first actant

of spec ELECTRON ‘electron’, spec PROTON ‘proton’, spec NEUTRON ‘neutron’,

spec NOYAU 1.2 ‘nucleus’.
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54.3 Ru. ATOM

There are three senses in the Russian vocable ATOM, see Figure 5.12.

quasi-spec ATOM .1
atom as the smallest
particle of matter

Extension

|

spec L ATOM .2

aTtom Kucsiopoaa
‘atom of oxygen’

Metaphor:as if

ATOMII

arnoxa atoma
‘era of the atom’

Figure 5.12 — Polysemy structure of the vocable Ru. ATOM.

® quasi-spec ATOM I.1, as in amom — meavuatiuas Yacmuya Mamepuy — @op-
MUPYEMCA IAEKMPOMAZHUMHUMY 60aHaMY |...] ‘atom, the smallest particle
of matter, is formed by electromagnetic waves’;

e spec ATOM 1.2, as in 6 KpucmasLe GMOMbBL 63aUMOIETCMBYIOM MEHCAY CO-
bot, 0bpasys rumuveckyro cea3v ‘in a crystal, atoms interact with each
other forming a chemical bond’;

e ATOM Il, as in ¢ omxpomuem nepsoti ADC werosewecmeo ouyuarvro ecmy-
nuA0 6 HOBYI anoxy — anoxy amoma with the opening of the first nuclear

power plant, mankind officially entered a new era — the era of the atom’.

The following lexical units are part of the semantic network around spec ATOM 1.2:
spec YACTHUIIA 1.2 ‘particle’, spec ATOMHBIN I.1 ‘atomic’, spec MOJIEKYJIA ‘molecule’,
spec DJIEKTPOH ‘electron’, spec ITPOTOH ‘proton’, spec HENTPOH ‘neutron’,

spec SJ1PO 1.2 ‘nucleus’, etc.
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5.5 Recapitulation

This chapter presented a detailed example of the lexicographic modeling of the

fundamental terms related to the lexicon of chemistry.

We decided to focus on matter, substance and atom, because in the course
of our study, they turned out to be the building blocks of our system of the core
chemical notions, see Figure 5.13. In other words, the rest of the system is built
on top of them in terms of sense inclusion in the definitions of other core terms
(see Chapter 7, 7.2; see also the full version of the defined-by hierarchy of English
notions in Part II, p. 167). According to our descriptions, matter is one of the
terminological semantic primes, since the semantic decomposition of its meaning

is impossible in terms of simpler specialized meanings.

Finally, the specialized senses of matter and substance are not clearly dis-
tinguishable and pose particular problems in the context of teaching chemistry,
therefore, we found it important to analyse them, perform lexicographic descrip-

tions and propose the formal definitions for each of them.

MOLECULE |

’_$

ATOM [.2

s =

PARTICLE 1.2 SUBSTANCE I.1b

o

INTERACT | MATTER l.a

Figure 5.13 — Building blocks of the core chemical notions system.
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The most interesting aspects of chemistry are at

the advancing frontiers of the science; most chemists
assume that the basic terms of their field have been
clarified long ago. The lack of felt importance in
clarifying meanings for fundamental chemical concepts
[...] is one possible reason for long-term survival of an

obsolete definition of element. [italics added]

Joseph Emmet Earley (Scerri and Ghibaudi 2020: 118)
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6.1 Introduction

FElement is one of the most important fundamental terms of the chemical lexicon.
At the same time, it is probably the most debated chemical term when it comes

to defining it.

Many scientists agree in that element is an abstract notion which refers to
different types of atoms. Some still think and talk of elements as of simple sub-
stances, although this view is an obsolete and misleading one. As early as in 1918,

a radiochemist and a future Nobel Prize laureate Frederick Soddy said:

I am not much concerned with definitions, but I think the Chemical So-
ciety might safely offer a prize of a million pounds to any one of its members
who will shortly and satisfactorily define the element and the atom for the
benefit of and within the understanding of a first-year student of chemistry

at the present time (Soddy 1919: 5).

More than a hundred years after, a consensus on the definition of element still
has not been reached. TUPAC still proposes two distinct definitions of chemical
element, although both of them have been criticized by numerous chemists, in-
cluding epistemologists, educators, historians and philosophers of chemistry (see,

for instance, Scerri and Ghibaudi 2020).

Not that we aspire to a million pounds prize suggested by Soddy, but the aim
of this chapter is to propose a formal definition of element based on our conceptual
and linguistic analysis and to demonstrate how we deal with such complex cases

that need to be studied in depth.

In order to do so, we begin with the historical development of the notion of
element in 6.2. In 6.3 we examine the two current definitions of chemical element
of the IUPAC Gold Book. In 6.4 we move to the misconceptions that arise from the
definitions of element found in numerous modern dictionaries, textbooks and other
resources on chemistry. Finally, in 6.5 we analyze the polysemy of the vocables
En. ELEMENT, Fr. ELEMENT and Ru. 3JIEMEHT, focusing on the specialized

senses related to the chemical lexicon.
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6.2 Historical development of the notion of element

The notion of element was first introduced by the Greek philosophers in the fifth
century B.C.E. and related to a limited number of elementary principles of the Uni-
verse. Empedocles referred to the air, earth, fire and water as to panton rhizomata
‘roots of all things’; Plato is claimed to be the first to call elements stoicheia.
The original sense of the term stoicheion was ‘letter of the alphabet’, but Plato
used it metaphorically, drawing an analogy between letters of the alphabet and
elements of the Universe (Simone 2020: 3-4). By Aristotle’s time elements were
assumed to be quality bearers, i.e. entities responsible for the main sensible quali-
ties of the bodies (cold, hot, dry, wet). The idea of a limited number of elements of
the Universe which are somehow preserved within transformations of matter was

however a philosophical hypothesis with no empirical evidence.

The philosophical character of the concept of elements was completely changed
in the eighteenth century with the chemical revolution brought by Antoine Lavoisier
who proposed a very different understanding of the concept in his book Traité
Elémentaire de Chimie' (Lavoisier and Cuchet 1789). The distinction between Fr.
élément ‘element’ and corps simple ‘simple body’ was almost abolished, since ele-
ments were no longer perceived as abstract entities that caused certain behavior of
bodies but as tangible substances with well-defined physico-chemical properties.
Lavoisier related to elements as to substances which cannot be further decom-
posed by any currently available chemical means and which can only be identified

on experimental basis:

[...] si au contraire nous attachons au nom d’élémens? ou de principes
des corps 'idée du dernier terme auquel parvient l'analyse, toutes les sub-
stances que nous n’avons encore pu décomposer par aucun moyen, sont pour
nous des élémens ; non pas que nous puissions assurer que ces COrps que
nous regardons comme simple, ne soient pas eux-mémes composés de deux
ou méme d'un plus grand nombre de principes, mais puisque ces principes
ne se séparent jamais, ou plutét puisque nous n’avons aucun moyen de les

séparer, ils agissent & notre égard & la maniére des corps simples, & nous ne

!Elementary Treatise on Chemistry

2Spelling before 1835.
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devons les supposer composés qu’au moment ol 'expérience & 1’observation

nous en auront fourni la preuve.? (Lavoisier and Cuchet 1789: xvii-xviii)

The new concept of elements as simple substances proposed by Lavoisier was
widely accepted, but the paradox of the fundamental principle of chemistry —
that elements persist in their compounds — had yet to be solved. In order to
illustrate this paradox, we can take as an example sulphur dioxide (SOg) which
is a gaseous colorless pungently smelling substance, while sulphur as a simple
substance (Sg) is a solid yellow odorless and tasteless substance. It is obvious that
the element (in the Lavoisier’s sense of a simple substance) sulphur with all its

properties is not preserved in the compound sulphur dioxide (Paneth 1962b: 149).

The solution of this paradox was proposed by Dmitri Mendeleev who, on the
contrary, insisted on the necessity of distinguishing between the notions Ru. ase-
meHT ‘element’ and npocroe Tesio ‘simple body’. According to Mendeleev, the term
anemenm ‘element’ should only be used in reference to the components of simple
substances and compounds; it is elements as such components that are able to sur-

vive the transformations of matter and that are identified by the atomic weight:

B sTOM-TO CMBIC/IE U TOJI?KHO PA3IMIATD IMOHITHS O HIPOCTOM TeJie u 00
asieMeHTe. IIpocThIM, Kak MBI y2Ke 3HaeM, HA3bIBAETCS BEIIECTBO, KOTOPOE,
B OTJIEJIbHOCTU B3dTOE, HUKAKUMU JI0 CUX IOP MPOU3BEJIECHHBIMU CIIOCODA-
MH HE MOXKET ObITh M3MEHEHO XUMUIECKNA U COCTABJIEHO U3 IPEoOPA30BaHUs
KaKUX-JU00 JIPyTUX TeJl. DIJIEMEHT K€ eCTh OTBJIEIEHHOE [TOHSITUE, MATEPUSI,
coJiep2Kalasicsi B IPOCTOM TeJjie U MOI'yias 0e3 U3MEHEHUs B Bece Iepexo-

JIITH BO BCe TeJa, TojTydaronuecs u3 3toro Teqa.? (Mendeleev 1949: 381-382)

3]...] if, on the contrary, we attach to the name of elements or principles of bodies the idea
of the last point which analysis is capable of reaching, all substances that we have not yet been
able to decompose by any means are for us elements; not that we can guarantee that these
bodies which we consider as simple, are not themselves composed of two or even of a greater
number of principles, but since these principles never break up, or rather since we have no means
of breaking them up, they seem to act as simple bodies, and we should not assume them to
be compounds until experience and observation have given us proofs of that. (Our translation,
bold added.)

“4In this sense, one should distinguish between the notions of simple body and element. As
we already know, we call a substance simple, when, taken individually, it cannot be chemically
altered by any means produced up until now or be formed through the transformation of any
other bodies. An element, on the other hand, is an abstract notion — matter contained in a
simple body that can be transferred without change in weight to all bodies obtained from this
body. (Our translation, bold added.)
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The distinction between npocmoe meno ‘simple body’ and asaemernm ‘element’
made it possible to overcome the paradox of the conservation of elements within
their compounds. According to Mendeleev, it is not simple substances with their
physico-chemical properties but elements as immutable components of simple and
complex substances which maintain their identity within a chemical transforma-

tion.

B xpacHoit pTyTHO# OK1CH CONEPKUTCS HE JIBA MMPOCTBIX TeJIA — METAJLIT
U a3, a JiBa 3JIEMEHTA: PTYTh U KUCJIOPO/I, JAIONIUX B OTIAEILHOCTH METAJLI
U KUCJIOPOAHEBIH ra3. He pryTb, Kak MeTajul, U HE KHCIOPOJ B CBOEM Ta30-
06pasHOM BH/IE COJEPIKATCs B KpacHOil pryTHOit okucH [...| IIpurom muorme
IIPOCTBIE€ TeJIA CYNECTBYIOT B Pa3JIMYHBIX BUJIOU3MEHEHUSIX, & JIE€MEHT
€CTb HEYTO, U3MEHEHUIO He IoJIexkaliee. TaK, yIyIepol ABIACTCA B BUIE yTI-
151, TpaduTa U aaMasa, KOTOPbIE CYyTh pa3JIndHbIe TeJa, IPUTOM IIPOCThIE,
a 3JIeMeHT uX oauH. TOT JKe yIriIepoJ1 CoAepKUTCs U B YIJIEKUCIOM ra3e, HO

B HEM HeT Hu yIJis, Hu rpadmuTa, nu aamasza.” (Mendeleev 1934: 38)

In comparison to Lavoisier’s concept of elements which had a limited explana-
tory potential and no predictive power, Mendeleev’s understanding of the concept
“proved extremely powerful for explaining and ordering chemical phenomena, as
well as predicting unknown elements” (Scerri and Ghibaudi 2020: 49). The abso-
lute distinction between the two notions — saemenm ‘element’ and npocmoe meno
‘simple body’ — allowed Mendeleev to elaborate the Periodic Table (Scerri 2003;
Ghibaudi, Regis and Roletto 2013), which is a classification of elements, and not
of simple substances, as it is often mistakenly stated even in modern textbooks on

chemistry (see Section 6.4).

Unfortunately, Mendeleev’s proposal to distinguish between elements and
simple substances did not get much attention in later chemical textbooks out-

side the Russian Empire. According to Paneth (1962b: 155), one of the reasons

5Red mercury oxide does not contain two simple bodies — metal and gas, but two elements:
mercury and oxygen, which separately produce metal and oxygen gas. It is not mercury as a metal
and not oxygen in its gaseous state that constitute red mercury oxide |[...]. Moreover, many simple
bodies exist in various modifications, but the element is something that cannot be changed. So,
carbon exists in the form of coal, graphite and diamond, which are essentially different bodies,
simple in fact, but their element is one and the same. The same carbon is contained in carbon
dioxide, but it contains neither coal, nor graphite, nor diamond. (Our translation, bold added.)
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for that was a bad choice of terminology. The two terms already introduced by
Lavoisier — élément ‘element’ and corps simple ‘simple body’ — were commonly
used as synonyms, so it was hardly possible to start using the synonymous terms

to designate two distinct things.

In 1931 Friedrich Paneth presented a historical analysis of the notion of ele-
ment and criticized the fact that the definition proposed by Lavoisier in 1789 was
still commonly adopted in chemistry teaching (Paneth 1962a,b). Paneth main-
tained that Ger. Element ‘element’ was used in two different senses, and in order
to keep them apart he proposed to refer to them in German as to Grundstoff
lit. ‘basic matter’ and einfacher Stoff lit. ‘simple matter/substance’. Following
Mendeleev, he emphasized once again that “the fundamental principle of chemistry
that elements persist in their compounds refers to the quality-less basic substances®

only” (Paneth 1962b: 151). We summarize the discussion on the two terms pro-

posed by Paneth and the difference between them in Table 6.1

Term Ger. Grundstoff Ger. einfacher Stoff
‘basic matter/substance’ ‘simple substance’
equivalent to Mendeleev’s | equivalent to  Lavoisier’s
Ru. asemenm ‘element’ Fr. élément ‘element’ and

corps simple ‘simple body’
and to Mendeleev’s Ru. npo-
cmoe menao ‘simple body’
Rough defini- | Class of all atoms of equal | Stable material, substance
tion nuclear charge, indestructible | that cannot be decomposed by
matter present in compounds | chemical means.

and simple substances.

Defining char- | Atomic number Physico-chemical properties,

acteristics such as color, odor, state, etc.
No sensible properties

Example Chlorine Cl — as it exists, for | Chlorine Cly (also called

instance, in carbon tetrachlo- | dichlorine) is a yellow-green
ride CCly — has atomic num- | gaseous pungent substance.
ber 17.

Chlorine is not associated to
any color, odor, etc.

Table 6.1 — Two terms proposed by Paneth in 1931.

6The original lecture by Friedrich Paneth was translated from German into English by his son
Heinz Post, a physicist and philosopher of science. Post translated Grundstoff as basic substance
and einfacher Stoff as simple substance. The translation of Grundstoff as basic substance has
been heavily criticized, because Paneth’s key point was exactly that an element as a component
of simple and complex substances is not an independent substance itself (Earley 2009: 69).



126 Chapter 6. The notion of element

By the mid-twentieth century several factors contributed to the shift in the
understanding of the concept of elements. Earley (2009: 74) names, among other
factors: the discovery of isotopes, of the nuclear nature of the atom and the identi-
fication of the neutron as an uncharged particle of the same mass as the positively-
charged proton. It resulted in the adoption of a new definition of element by the 1U-
PAC. According to the new definition, it is no more the atomic weight (the number
of protons and neutrons in the atomic nucleus) but the atomic number (the number

of protons in the atomic nucleus) that is the defining characteristic of elements.

Up until now, the terminological units denoting elements are commonly but
often mistakenly used in two distinct senses in our three languages. Lavoisier’s
understanding of elements as simple substances is still present in numerous dic-
tionaries as well as in modern textbooks and other resources on chemistry, which

we will discuss in 6.3 and 6.4.

6.3 Definitions of chemical element in the IUPAC Gold Book

IUPAC acknowledges the fact that the term chemical element” is used in two
distinct senses (see Figure 6.1). It is not specified though, whether the usage of

chemical element in the sense of a simple substance is correct.

chemical element onnewse..- € P

https://doi.org/10.1351/goldbook.C01022

chemical element as defined under 1, but mostly the term chemical element is used for both
concepts.

Source:
Red Book, 3" ed., p. 35 [Terms] [Book]

Cite as: IUPAC. Compendium of Chemical Terminology, 2nd ed. (the "Gold Book"). Compiled by A. D. McNaught and A. Wilkinson. Blackwell
Scientific Publications, Oxford (1997). Online version (2019-) created by S. J. Chalk. ISBN 0-9678550-9-8. https://doi.org/10.1351/goldbook.

m PDF JSON Last revised: February 24, 2014

Figure 6.1 — Entry En. chemical element in the IUPAC Gold Book.

"For us, chemical is a redundant modifier. The actual term is a simple one: element.
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The two current definitions found in the IUPAC Gold Book have been de-
bated by numerous chemists, including epistemologists, educators, historians and

philosophers of chemistry (Scerri and Ghibaudi 2020).

In the first place, the very duality of the proposed definitions raises concerns
among some scientists: are there really two separate senses, or should they some-
how be united? Even though it is well known that specialized lexicon — just as
general language lexicon — allows for polysemy, many chemists are seeking for

a unique precise definition of element.

What strikes me first is the strange allowance for polysemy. Scientists are
supposed, by philosophers and laypeople alike, to maintain tightly controlled,
nearly literal technical definitions of their foundational terms, aren’t they?
Isn’t the ideal a precise, unambiguous single meaning, not a pair of range
of possible meanings? After all, this isn’t poetry, it’s science! (Scerri and

Ghibaudi 2020: 144)

If we take a closer look at each of the IUPAC definitions, the fist one is mostly
criticized for the fact that it feeds the conceptual confusion between the notions
atom and element. It might lead to a false idea that the Periodic Table lists atoms,
which is not the case since there are no atoms with the atomic weight (except
for monoisotopic elements) indicated for each element of the Table. Moreover,
the first definition does not account for the formal character of the notion of
element underlined by Mendeleev and Paneth, i.e. it is elements that are preserved

in the course of chemical reaction, but neither atoms nor simple substances.

In fact, isolated atoms (intended as individual entities defined by a nu-
cleus and a cloud of electrons) do not survive as such within simple sub-
stances and compounds, as their electronic clouds interact with each other.
[...] the properties of hydrogen atoms within methane, benzene, or water are
clearly different, although they keep some features that allow identification
of them as hydrogen and to designate them with the same symbol, H. The
symbol expresses the formal character of the element already underlined by

Mendeleev. (Ghibaudi, Regis and Roletto 2013: 1629)
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Concerning the second ITUPAC definition, in theory, it should have been aban-
doned long time ago because it contradicts the law of element conservation in

a chemical reaction (as discussed above in 6.2). Earley claims:

More than ten generations after Lavoisier identified that concept as a
residue of erroneous ancient ideas, the definition of element as indecompos-
able substance should now be abandoned. |...| The benefit of the second
part of the [TUPAC definition of an element is that it allows old folks to keep
talking as they are used to doing, even though their concepts are obsolete

(Scerri and Ghibaudi 2020: 117-118).

One can also notice that in the second definition of chemical element proposed
by IUPAC the term elementary substance is used instead of simple substance. Both
terms are indeed widely used in the modern chemical literature; surprisingly, no

definition for any of the two terms can be found in the IUPAC Gold Book.

We came across an interesting discussion on this issue in the section “Up for
discussion”® of the official IUPAC forum of Chemistry International, where its
members share their ideas and concerns. Giomini, Cardinali and Cardellini, —
the authors of the publication “Simples and Compounds: A Proposal”® — touch
on a problem of mixing-up the terms elementary substance and element. They
point out that in speech as well as in the scientific literature the term elementary
substance is often mistakenly shortened to element, e.g. elementary substances
such as diatomic oxygen (Oz) or crystalline silicon (Si) are often called elements.
It is rarely the case for elementary substances such as diamond (C) or ozone (Os)

though.

In order to avoid the confusion, Giomini, Cardinali and Cardellini suggest
replacing the term elementary substance with simple substance, which would be,
as they believe, a revival of the original term used by Mendeleev. For the sake of
precision, we would like to remind the reader of that both Lavoisier and Mendeleev
used a bit different terms, namely Fr. corps simple and Ru. npocmoe meno ‘simple

body’. What is more, if we take a closer look at Mendeleev’s textbook (Mendeleev

8http://publications.iupac.org/publications/ci/dpt /forum.html
9http://publications.iupac.org/publications/ci/2005/2701 /ud.html
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1934: 35), we find out that he used terms npocmoe meso ‘simple body’ and s.e-
menmaproe seusecmeo ‘elementary substance’ as synonyms himself, only making

a clear-cut distinction between ssemenm ‘element’ and these two terms:

I/ITaK, BO3YyX HE €CTb IIPOCTOE€ TEeJIO, a COCTOUT U3 ABYX I'a30B — KHC-

JIOPO/Ia 1 a30Ta, CJIe0BaTe/JIbHO, MHEHUE O TOM, YTO BO3/IyX €CTh dJI€eMEeH-

TapHOE BEeIecTBO, HecIpase [iBo. 0

In response to the proposal of Giomini, Cardinali and Cardellini, it was suggested
by Scerri'! to simply accept the fact that the term element is used in two distinct
senses. However, if we accepted that the second meaning of element is synonymous
to elementary substance, then it should have been correct to say both (la) and
(1b), while it is not, according to what we have observed in the vocabulary of

chemists.

(1) a. Ozone (O3), diamond (C), graphite (C), white phosphorus (P;) and
sulphur (Sg) are elementary substances.
b. *Ozone (Og), diamond (C), graphite (C), white phosphorus (P,;) and

sulphur (Sg) are elements.

Hammond, the second opponent of the Proposal “Simples and Compounds”,
claims that chemists use element as a shorthand for elementary substance but
they themselves understand well what they mean in each particular case. Thus,
Hammond acknowledges the fact that element can be used in two senses but finds
it unnecessary to linguistically separate one from another by using two distinct
terms: element and simple substance. He believes it might be even more confusing

for non-chemists who would hardly understand the difference anyway.

1080, the air is not a simple body, but consists of two gases — oxygen and nitrogen, thus,
the belief that the air is an elementary substance is wrong. (Our translation, bold added.)
It is important to note though that by saying that the air consists of two gases — and not of two
elements — Mendeleev contradicts his own words found in the same textbook. The original text
was already cited on the pages 53-54, so we only remind the reader of the English translation:
“Red mercury oxide does not contain two simple bodies — metal and gas, but two elements:
mercury and oxygen, which separately produce metal and oxygen gas. It is not mercury as a
metal and not oxygen in its gaseous state that constitute red mercury oxide |[...].”

Hhttp:/ /publications.iupac.org/ci/2005/2703 /ud2 _scerri.html
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I believe the change suggested by Giomini et al. (Jan-Feb 2005 CI,
p.18) is not necessary. Chemists generally understand the difference be-
tween elements and elementary substances and use the term “element” as a
shorthand descriptor. I do not know any chemist who would not understand
that diamond, graphite, or fullerenes are all different forms of the element
carbon—the common names take care of differentiation. Non-chemists are
unlikely to understand the distinction and could become further confused by

having “two types of elements.”

It is hard to agree with Hammond in that “the common names take care of
differentiation”. As we will show it in Section 6.4, the common names usually
do not take care of differentiation, and the case of diamond, graphite, fullerenes

and carbon is a rare exception.

Concerning the mentioned non-chemists, it is, on the contrary, extremely
important to use unambiguous terms when teaching chemistry or talking to non-
specialists of the domain, otherwise their misunderstanding of basic notions will
results in further confusion. We could not agree more with Philip Ball in that “it is
always a little dangerous in science to overconfidently assume that because you
can use a word or concept without being challenged, you and others know what it

means and agree on that” (Scerri and Ghibaudi 2020: viii).

6.4 Misconceptions associated with the notion of element

The separation of the two meanings of element is rarely and inconsistently reflected
in the chemical nomenclature (Paneth 1962b; Earley 2009; Ghibaudi, Regis and
Roletto 2013).

The term ozygen is used by chemists to refer both to the element O and to the
gaseous simple substance O,, although there is a separate term — ozone — used for
the simple substance Os. In the case of diamond C, graphite C, fullerenes (such
as Cgo) and the element carbon C, the names of simple substances are completely

different from the name of their element.

Most of other simple substances have the same name as their corresponding

element, e.g. the term sulfur is used both for the element S and for the solid S,
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the term argon — for the element Ar and the noble gas Ar, the term cobalt — for the
element Co and the metal Co, etc. In order to linguistically separate one from an-
other, we can call some simple substances by their alternative name which reflects
their molecular structure, e.g. dichlorine Cly, dioxygen O, tetraphosphorus Py,

cyclo-octasulfur Sg.

According to what we have observed in the chemical literature, the replace-
ment of the terms elementary substance/simple substance by element usually hap-
pens in those cases when the name of a simple substance, such as argon or copper,
is identical with the name of the element that the substance is made of. If the name
of a simple substance is different from the name of its element, it is very rare that
the term element is applied; e.g. chemists would hardly refer to ozone, diamond,

graphite or fullerenes as to elements.

Such inconsistency and frequent overlaps in the naming of simple substances
and their elements brings much confusion. We often encounter the misleading
statements in encyclopedias, textbooks and online resources from which one might
conclude that the Periodic Table of Elements is the table of simple substances.

Here are some examples:

Argon is colorless, tasteless and odorless noble gas that is located in

Group 18 on the Periodic Table.!?

Le manganése (symbole Mn, n° atomique 25) est un métal gris clair,
brillant comme 'acier, avec des reflets rougeatres. Il se situe en téte de la

colonne VII A de la classification périodique |...].13

Un élément est une substance pure qui ne peut étre décomposée en sub-
stances plus simples. Le tableau périodique, inspiré par Mendeleiev, en

donne la liste compléte. 4

2https://chem.libretexts.org/Bookshelves /Inorganic_ Chemistry

13Manganese (symbol Mn, atomic no. 25) is a light grey metal, shiny like steel, with reddish
reflections. It is located at the top of column VII A of the periodic classification |[...]. | https:
//www.universalis.fr/classification /chimie

14 An element is a pure substance that cannot be broken down into simpler substances. The
periodic table, inspired by Mendelelev, gives the complete list of them. | http://www.geocities.
ws,/profmokeur /chimie/elecomp.htm


https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry
https://www.universalis.fr/classification/chimie
https://www.universalis.fr/classification/chimie
http://www.geocities.ws/profmokeur/chimie/elecomp.htm
http://www.geocities.ws/profmokeur/chimie/elecomp.htm
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Kaxkaprit mepuomn [lepuoanaeckoit TabanIbl HAUNMHAECTCS aKTUBHBIM Me-

TaJIJIOM 1 3aKaHINBaeTCAd MHEPTHBIM I‘ElfinI\/l.l5

It is clear from Table 6.2 though that, unlike simple substances, elements are

devoid of any observable qualities, such as color, odor, taste, etc.

Element Simple substance(s)

Carbon, C Diamond, C

atomic number 6 | transparent colorless hardest solid, a poor conductor of heat
and electricity

Graphite, C

black silky soft solid, a good conductor of heat and electricity
Oxygen, O Oxygen = Dioxygen, Os

atomic number 8 | colorless and odorless gas

Ozone = Trioxygen, O3

pale blue gas with a pungent smell

Phosphorus, P White phosphorus = Yellow phosphorus =
Tetraphosphorus, Py

atomic number 15 | translucent soft waxy toxic solid

Red phosphorus, P

dark red amorphous solid (powder)

Black phosphorus, P

black flaky solid

Sulfur, S Sulfur = (Cyclo-)octasulfur, Sg
atomic number 16 | bright-yellow odorless solid
Argon, Ar Argon, Ar

atomic number 18 | colorless and odorless gas

Cobalt, Co Cobalt, Co

atomic number 27 | hard lustrous silver-gray metal

Table 6.2 — Names and defining characteristics of elements vs. simple substances.

The Periodic Table is not a table of elements in the sense of simple substances,
otherwise, in the cell, for instance, of the sixth element carbon we would have had
diamond, graphite or fullerenes. What is more, even in the case of the element
carbon, whose name is different from the names of the simple substances it forms,

one can encounter numerous misleading statements, such as the following:

Chaque élément est constitué d’un nombre gigantesque d’entités minus-

cules mais identiques qu’on appelle des atomes. Ainsi, un élément tel que le

15FEach period of the Periodic Table begins with an active metal and ends with an inert gas.
| http://www.hemi.nsu.ru/ucheb142.htm


http://www.hemi.nsu.ru/ucheb142.htm
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carbone est entiérement composé d’atomes de carbone. L’oxygéne ne con-

tient que des atomes d’oxygéne.'6

The first and the third sentences would only makes sense if by élément we
understand simple substance and by ozygeéne we understand the substance O,.
Following this logic, one might conclude from the second sentence that carbon is

also a simple substance which does not make any sense.

Another misleading statement found in chemical literature is the opposition
“elements vs. compounds” that we often encounter on schematic classifications of
matter and throughout the text of numerous textbooks and online resources on
chemistry. To illustrate this, we take as an example two definitions and the schema

17

“Classification of matter”*" on Figure 6.2 from the fourteenth edition of the famous

textbook Chemistry: The Central Science (Brown, LeMay, et al. 2018: 51-55):

All substances are either elements or compounds.
e Elements are substances that cannot be decomposed into simpler sub-
stances. On the molecular level, each element is composed of only one kind
of atom.
e Compounds are substances composed of two or more elements; they contain
two or more kinds of atoms. Water, for example, is a compound composed

of two elements: hydrogen and oxygen.

The authors of the textbook mix-up the notions of atom, molecule, simple

substance as well as two senses of element.

They claim first that elements are simple substances, without any indication

on another sense of element which they later refer to in the definition of compounds.

From their definition of elements one can also assume that elements are
molecules composed of one kind of atoms, but again, elements as we find them
on the Periodic Table are not molecules and are not composed of atoms, as many

students believe because of such definitions in their manuals.

16Fach element consists of a gigantic number of tiny but identical entities called atoms. Thus,
an element such as carbon is composed entirely of carbon atoms. Oxygen contains only oxygen
atoms. | https://books.google.ru/books?id=rlwpAwAAQBAJ&dq

IT"We highlighted problem areas with exclamation marks.


https://books.google.ru/books?id=rlwpAwAAQBAJ&dq
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<« Figure 1.9 Classification of matter. All
Matter pure matter is classified ultimately as either
i I (an element or a compound. )

NO Is it uniform YES

( throughout? l

Heterogeneous

. Homogeneous
mixture
v
NO Does it have a YES
variable
I composition? l
Pure substance Homqgeneous
mixture
} (solution)
NO Does it contain YES
more than one
‘ kind of atom? l !
Element Compound

Figure 6.2 — Schema “Classification of matter” taken from the textbook Chemistry:
The Central Science (Brown, LeMay, et al. 2018: 55).

Moving to the definition of compounds, we can see that it contradicts the def-
inition of elements proposed just above. The phrase “compounds are substances
composed of two or more elements” is followed by the reformulation “they contain
two or more kinds of atoms”. In this case, the authors are referring to elements
not as to simple substances but kinds of atoms. The phrase “water is a compound
composed of two elements: hydrogen and oxygen” would only make sense, if by
element they mean ‘kinds of atoms’ and by hydrogen and oxygen they mean the
elements of the Periodic Table hydrogen H and oxygen O, but not the simple sub-
stances hydrogen Hs and oxygen O,. In such a way, in the definition of compounds
the authors of the textbook switched from one meaning of element to another one,

without making it clear to the student, which is very confusing.

Similar to this example taken from Chemistry: The Central Science, many
authors of other chemical textbooks and online resources still follow Lavoisier’s

definition and refer to elements as to substances:

Elements and compounds are both examples of pure substances. A sub-
stance that cannot be broken down into chemically simpler components is

an element.!8

Bhttps://chem.libretexts.org/Courses/El _Paso Community College


https://chem.libretexts.org/Courses/El_Paso_Community_College
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Chaque élément est une substance pure, simple, qu’il est impossible de dé-

composer par des méthodes chimiques.'®

SJIEMEHT — BeIECTBO, COCTOSINEE M3 aTOMOB OJJHOTO BUja (U3 aTOMOB C

OJTUHAKOBBIM 3aPsiJIOM H;Lpa).Qo
The definition of element found in Oxford Dictionary of Chemistry (Daintith
2008: 202) is also confusing because its authors are switching from one meaning

of element to another one without stating it explicitly:

element
A substance that cannot be decomposed into simpler substances.
In an element, all the atoms have the same number of protons or electrons,
although the number of neutrons may very.
There are 92 naturally occurring elements.
See also PERIODIC TABLE; TRANSURANIC ELEMENTS; TRANSACTINIDE EL-

EMENTS.

First, element is defined as a simple substance, but then it is claimed that
there are only ninety-two naturally occurring elements, i.e. authors of the defini-
tion are not talking anymore of elementary substances (because there are obviously

many more than ninety-two) but of the first ninety-two elements of the Periodic

Table.

As we can observe, the authors of such definitions overlook the formal char-
acter of the notion of elements evoked by Mendeleev, Paneth and many other
chemists (Ghibaudi, Regis and Roletto 2013: 1628). They bring much confusion
by defining element as a simple substance and contradict the fundamental principle

of chemistry that elements persist in compounds, while simple substances do not.

We would like to conclude this section with the citation of Elena Ghibaudi

who underlines the importance of unambiguous definitions in the teaching context:

9FEach element is a pure, simple substance that cannot be broken down by chemical methods.
| https://books.google.ru/books?id=rlwpAwAAQBAJ&dq

20ELEMENT — substance consisting of one kind of atoms (atoms with equal nuclear charge). |
http://www.hemi.nsu.ru/slovar.htm
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Chemistry classes are the places where chemical knowledge is primarily
conveyed and inherited by new generations of chemists; chemical education
assures the continuity and the dissemination of chemical knowledge. It has
a pivotal role in “building up” the epistemic community of chemists. In this
respect, the unambiguous definition of foundational chemistry notions is not

an irrelevant issue (Scerri and Ghibaudi 2020: 260).

6.5 Lexicographic modeling of the polysemous vocables

En. ELEMENT, Fr. ELEMENT, and Ru. SJTEMEHT

In 6.5.1 we begin with the analysis of the polysemy structure of the English vocable
ELEMENT, which comprises, among other senses, one specialized (see 6.5.4.1) and

one semi-specialized (see 6.5.4.2) lexemes related to the lexicon of chemistry.

Since the corresponding French and Russian vocables ELEMENT and SJIE-
MEHT are very similar in structure to the English one, in 6.5.2 and 6.5.3, we do
not focus on their polysemy but only point out the discrepancies found in the three

languages.

6.5.1 En. ELEMENT

We have identified fourteen senses in the vocable ELEMENT; its polysemy structure

is visualized on Figure 6.3.

The basic lexeme ELEMENT L1 belongs to the general language lexicon and

means ‘part of something’, as in (2).

(2) Focus on a key element of the story and write down words or phrases
associated with it.

COCA, How to Come Up with a Book Title. A New Fiction Writers Forum, 2012

A specialization of the basic lexeme and at the same time its richer synonym is

ELEMENT 1.2 ‘element 1.1 of a physical entity’, as in (3).

(3) The 85-kwh battery pack is the heaviest element of the car at roughly 1000
pounds. COCA, Technical Innovation, December 2012, MAG: Popular Mechanics, Vol.
189, Issue 12, p. 60
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ELEMENT .1

‘part of something”

specialization

exte extens#on

(EemenTl2)
‘part of physical entity’ |

(ELEMENTL3) (ELEmENTL4)
spec
member of a set’

ELEMENT IV

“factor’

‘certain amount
of something’

metaphor: fas if

ELEMENT 1.1 ELEMENT 1.2

‘person who is a member spec
of a particular group’ part of a military
force’

ELEMENT .1

‘fundamental constituents
of the Universe’

etaphoy: as if medaphor: as if

metaphor~ i i metaphor:\ as if
(ELEMENT L2 CELEMENT Ill.aa) @LEMENT III.4) (ELEMENT III.5) (ELEMENT III.G)
‘natural or preferred spfec , ‘severe weather  ‘basicnotions bSPec .
environment of someone’  YP® 0L AOMS” o giiong’ of a subject’ substances o
sacramental
extension bread and wine’

ELEMENT l11.3b,

spec critic
‘elementary substance’

Figure 6.3 — Polysemy structure of the vocable En. ELEMENT.

ELEMENT 1.3 and ELEMENT L4 are both sense extensions of ELEMENT I.1. EL-
EMENT 1.3 is a specialized lexeme denoting ‘member of a set’, as in (4a). ELE-

MENT I.4 means ‘certain amount of something’; as in (4b).

(4) a. The elements of a set can be numbers, mathematical functions, or
even sets themselves.
COCA, KLARREICH Erica, Science News, Infinite wisdom, 30 August 2003, Vol.
164, Issue 9, p. 139-141

b.  As with most hackneyed phrases, there is an element of truth in

the saying “Variety is the spice of life”.
COCA, WiLsoON John R. U. et al, Bioscience, Plant Diversity in the Human Diet,
February 2008, Vol. 58, Issue 2, p. 151-159

The second grouping of lexemes comprises two metaphorical senses derived
from ELEMENT I.1, namely ELEMENT I.1 ‘person who is a member of a particular
group’, see (5a), and a specialized sense ELEMENT I1.2 ‘part of a military force’,

see (5b).
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The holiday season is a time for sharing, spreading peace, and pro-
moting goodwill. .. but it’s also a time went tempers fray, people over-
indulge and the outright criminal elements of society take advantage
of spirit of the season to wreak havoc.

Web, 12 February 2021, https://blog.oup.com/2015/12/top-5-holiday-crimes/
Frontline elements lost all contact with their artillery.

COCA, FLEMING Thomas, Military History, Argonne: Paying the price, 2002, p. 42

Now we move to the third grouping of seven closely related lexemes. EL-

EMENT IlI.1 is a metaphorical sense derived from ELEMENT I.1. ELEMENT IIl.1

means ‘substance formerly believed to be one of the fundamental constituents of

the matter’ and is mostly used in plural, see (6).

(6)

As a philosopher, Empedocles is best known for his theory that the world
1s composed of four elements or, more precisely, ‘roots’ — fire, air, earth,
and water.

Web, 29 December 2020, https://www.ancient-origins.net

ELEMENT 1.2 ‘natural or preferred environment of someone’ is a metaphorical

sense derived from ELEMENT lII.1, see (7a); it makes part of idioms "TO BE OUT

OF ONE’S ELEMENT ' and "TO BE IN ONE’S ELEMENT |, see (7b).

(7)

I am always surprised to rediscover what a water person I am: how
directly and specifically the water is my element, what a familiar and
reassuring embrace it has for me.

JEROME John, Stone Work: Reflections on Serious Play and Other Aspects of
Country Life, 1990

Under the stagelights, surrounded by those who loved him, Clemons
was in his element.
COCA, Clarence Clemons dies of complications from stroke, 2012, Web, http:

//www.nj.com/news/index.ssf/2011,/06/clarence clemons_ dies.html

The specialized lexemes ELEMENT Ill.3a ‘type of atoms’ and ELEMENT I11.3b


https://blog.oup.com/2015/12/top-5-holiday-crimes/
https://www.ancient-origins.net
http://www.nj.com/news/index.ssf/2011/06/clarence_clemons_dies.html
http://www.nj.com/news/index.ssf/2011/06/clarence_clemons_dies.html
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‘pure substance composed of the same elements11.3a’ relate to the lexicon of chem-

istry and will be discussed in detail in 6.5.4.1 and 6.5.4.2.

The next three lexemes are metaphors derived from ELEMENT IIl.1. EL-
EMENT IIl.4 denotes ‘severe weather conditions’ and is mostly used in plural,

as in (8).

(8) Nighttime temperatures dropped to as low as minus 25, ensuring that many
men left exposed to the elements would not survive until morning.
COCA, Weider Reader, November 2014, MAG: Military History, Vol. 31, Issue 4

ELEMENT II1.5 means ‘basic notions of a subject” and is also used in plural, as in (9).

9) Its multidisciplinary nature is what makes it interesting; we study elements
of maths, physics, mechanics, some elementary programming and different
branches of chemistry.

Web, 1 December 2020, https://www.soci.org/blog/2019-10-01-3-reasons-why-i-chose-

chemeng

ELEMENT I11.6 is a specialized lexeme; it denotes ‘substances of bread and wine
consecrated and consumed during the Eucharist’, see (10). The sacramental ele-
ments are perceived by some Christians as symbolic representations of the Christ’s
body and blood.?! It is also believed that the substances of bread and wine are
changed into the actual body and blood of the Christ during the Eucharist; the
term transubstantiation is used to denote this transformation. Interestingly, we use
espeéces ‘species; appearances’ in French and sewecmea ‘substances’ in Russian to

refer to the sacramental bread and wine of the Eucharist (see 6.5.2 and 6.5.3).

(10) A widely accepted practice is for all to receive and hold the elements until
everyone is served, then consume the bread and cup in unison. Usually,
music is performed and Scripture is read during the receiving of the ele-
ments.

Web, Abrahamic Religions, 1 December 2020, https://books.google.ru/

2l“But the kind and mode of this presence are not yet particularly defined, and admit very
different views: Christ may be conceived as really present either in and with the elements (con-
substantiation, impanation), or under the illusive appearance of the changed elements (transub-
stantiation), or only dynamically and spiritually.” | https://www.ccel.org/s/schaff/history/3
ch07.htm


https://www.soci.org/blog/2019-10-01-3-reasons-why-i-chose-chemeng
https://www.soci.org/blog/2019-10-01-3-reasons-why-i-chose-chemeng
https://books.google.ru/
https://www.ccel.org/s/schaff/history/3_ch07.htm
https://www.ccel.org/s/schaff/history/3_ch07.htm
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Finally, we have at least one additional metaphorical sense derived from the
basic lexeme ELEMENT I.1. ELEMENT IV is synonymous to FACTOR | and denotes

‘something that affects an event’, as in (11).

(11) Advocates worry that the new system won’t take the human element into
account, ignoring the long-term relationships some mentally ill patients
have formed with case managers and caregivers.

COCA, Big changes are coming in the way the..., Fayetteville Observer, 2012

6.5.2 Fr. ELEMENT

As Figure 6.4 shows, the French vocable ELEMENT comprises thirteen senses.

ELEMENT L1

“part of something’

specialization

exte extension

(Eementl2)  (ELEMENTIS) (ELEmMENTI4) ELEMENT IV
‘ : EPR) spec ¢ B
part of physical entity ‘membep;‘ of aset’ certain amount metaphgt: as if “factor’

of something’
metaphor: fas if

metaph{r: as if

ELEMENT I1.1 ELEMENT I1.2

‘person who is a member spec

of a particular group’ ‘part of a military ELEMENT III.1

force ‘fundamental constituents
of the Universe’

metaphor;/as if metaphok: as if

extengion metaphgr: as if

(eventi2)  (BLéwenTiL3a) (ELEwenTiLA)  (ELEMENTIILS)
‘lypescgz‘:oms’

‘severe weather ‘basic notions
conditions’ of a subject’

‘natural or preferred
environment of someone’

extemsion

ELEMENT l11.3b

spec critic
‘elementary substance’

Figure 6.4 — Polysemy structure of the vocable Fr. ELEMENT.

In contrast to the English vocable ELEMENT, there is no lexeme denoting
‘substances of bread and wine consecrated during the Eucharist’ within the vocable
ELEMENT. The French term used to refer to the sacramental elements is espéce
‘species; appearances’; see (12), which conveys the idea that only the appearances
of bread and wine stay the same after the consecration, while their substances are

changed into the Christ’s body and blood.
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(12) Nous savons grdace a la foi de I’Eglise que le Christ tout entier est présent
sous chacune des deux espéces, du pain et du vin consacrés, et dans cha-
cune de leurs parties.

‘We know from the faith of the Church that the Christ is entirely present
under each of the two species |= elements|, the consecrated bread and
wine, and in each of their parts.’

Web, 11 December 2020, https://www.catholique-nancy.fr/

Apart from that, we have not identified any other discrepancies in polysemy
structure of the French vocable ELEMENT: all other senses described in 6.5.1 are

present there as well.

6.5.3 Ru. QJIEMEHT

The Russian vocable 9JIEMEHT comprises only nine senses, see Figure 6.5.

QNEMEHT L1

‘part of something’

ext: ion exte/l/on

(onemenT1.3) (onemenTL4)

spec

specializati

metaphQr: as if

‘part of physical entity’ < ber of 2 set’ ‘certain amount SNEMEHTII
of something’ ‘ -
person who is a member
. B SNEMEHT lIl.1
of a particular group
‘fundamental constituents
of the Universe’
extepbion
metaphdr: as if
ANEMEHT lIl.2a SNEMEHT 1113
spec ‘basic notions

type of atoms of a subject’

extemsion

ANEMEHT ll.2b

spec critic
‘elementary substance’

Figure 6.5 — Polysemy structure of the vocable Ru. 9JIEMEHT.

The sense ‘part of a military force’ is one of the missing senses in 9JIEMEHT,
if we compare it to the corresponding English and French vocables. In order to
express this meaning in Russian, we would use the specialized lexemes such as

YACTB Il ‘part; unit’ or [IOJAPA3JIEJEHUE Il ‘subdivision’, see (13).


https://www.catholique-nancy.fr/
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IIpoesorcan sanpemuyro 3o0ny, Hozann euden eotickosvie nexommvle u Mo-
MOPU3OEAHHBLE YACTNU 6TMOPO20 IUEAONG OHU CTNOAAU HA UCTOOHBLT NO-
BUYUAT.

‘Driving through the exclusion zone, Johann saw military infantry and
motorized units [= elements| of the second echelon: they were in their
initial positions.’

Ruscorpora, KO:KEBHUKOB Bamum, Illum u mew. Knuea nepsas, 1968

Moving further, we would like to point out that in Russian there are two

synonymous lexemes which denote ‘substance formerly believed to be one of the

fundamental constituents of the matter’:

e DJIEMEHT II.1 /element/, which etymologically derived from the Latin ele-

mentum;

e CTUXMUA L1 /stichija/, which derived from the original Ancient Greek term

(14)

stoicheion (stoicheia in plural; see 6.2).

Both terms can only be translated into English as elements, see (14).

Ilo onpedenenuro Ilaamona, cmuxruu, Uil IAEMEHMBL, — IMO MO, U3
Ye20 COCTOAM U HA YMO PACNAAIOMC CAONHCHDLE MEAQ.

‘According to Plato’s definition, elements are what complex bodies con-
sist of and break down into.’

KArPEJIMH B., Yezo ne 3naem cospemennasn nayra, 2018

Interestingly, the Russian vocable 9JIEMEHT neither includes the sense ‘natu-

ral or preferred environment of someone’ nor the sense ‘severe weather conditions’.

These metaphorical senses are to be found in the polysemous vocable CTUXMSA

under CTUXUA 1.2 and CTUXUA 1.3 respectively, see (15a-b).

(15)

a. Hem, pebama, — 20eopum [Opxa, — mope He mosa cmuxrus.
‘No, guys, — Jurka says, — the sea is not my element.’
Ruscorpora, AKCEHOB Bacunuii, 36é30nuiii 6usrem, “FOrocts”, 1961

b.  Jhodu nvimaauceo cnacmucy ecemu docmyntoLMy cpedcmeamis, HO 6CE
ofce MHO2UE 0KA3AAUCH beccunrvHbl neped bywyrowet CMUTUues.

‘People tried to save themselves by all available means, but still many
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were powerless in the face of the raging natural force [= elements|.’

lopoguunkuil A. M., Tatnor u mugv, nayku. B nouckax ucmunvs, 2014

The sense ‘substances of bread and wine consecrated during the Eucharist’ is

also missing in 9JIEMEHT. In order to refer to the sacramental elements, we either

use the term BEIIIECTBO Il ‘substance’ in plural, as in (16a), or an idiom "CBATHIE

JAPBIL ! lit. ‘sacred gifts’, as in (16b).

(16)  a.

Bewecmeamu 044 COBEPUWEHUA AUMYP2UL CAYIHCAM YUCTDOIT NULE-
HUYHOIT KBACHOT TAeD U “UCTOE BUH0ZPAOHOE BUHO, CMEULGHHOE C
60001i.

‘The substances used for the liturgy are pure wheat leavened bread
and pure grape wine mixed with water.

Web, 13 December 2020, https://www.pravenc.ru/text/348067.html

Te, xmo umen cuacmoe cayscums emecme ¢ omuom Huronraem, wa-
6cez20a 3aNOMHUAL, € KaKuMm baazo2oseruem omey, Hukonratl ommocun-
ca x Tauncmey Eexapucmuu: nowmu ecezda, npunumas Cesamuoie
Zapwt, on naaxan.

‘Those who were fortunate enough to serve with Father Nikolay re-
membered forever the reverence with which Father Nikolay treated
the Sacrament of the Eucharist: when receiving the Sacred Gifts,
he almost always wept.’

Ruscorpora, I[Iporomnakon XMbLIIOB Hukomnait, XKyprnaa Mockosckot nampuap-

zuu, 2004

Finally, the sense ‘something that affects an event’ is not present in the Rus-

sian vocable 9JIEMEHT. In order to express this meaning, we use a lexeme

®AKTOP I, as in (17).

(17) B ynpasaenuu nodvwepknysu, wmo “6 60AWUHCMBE CAYUAEE HE CAOHCHDLE

N0200HvLE YCAOBUA, 0 UMEHHO YeA08e ecKUl Parmop A6AACMCA 0CHOBHOT
npuvwurot JITII”.

‘The department stressed that “in most cases, it is not the difficult weather

conditions, but the human factor |= element| which is the main cause of

car accidents”.

9

Web, 13 December 2020, https://www.interfax.ru/russia/167133


https://www.pravenc.ru/text/348067.html
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6.5.4 Focus on chemistry-related senses

Now we take a closer look at the senses belonging to the lexicon of chemistry.
We focus on the case of English and present our lexicographic description for

the specialized lexemes ELEMENT Ill.3a (6.5.4.1) and ELEMENT H11.3b (6.5.4.2).

6.5.4.1 spec ELEMENT lll.3a

ELEMENT Ill.3a is a sense extension of ELEMENT IIl.1; it is a specialized lexeme

related to the fundamental lexicon of chemistry, see (18a-b).

(18) a. The element hydrogen, at the upper left of the table, has an atomic
number of 1, so every hydrogen atom has one proton in its nucleus.
b.  Howis an atom of the element 5} (Xe) likely to act during a chemical

reaction? It is likely to be unreactive.

After having studied the notion of element from historical as well as peda-
gogical perspectives, we came up with the following definition of ELEMENT Ill.3a
presented in Table 6.3. For the definitions of the corresponding lexemes Fr. ELE-

MENT Ill.3a and Ru. 9JIEMEHT Ill.2a see Part II, p. 200 and p. 244.

elementll.3a X : type of atoms|.2
e that is identified by the number X

corresponding to the quantity of protons in
the nucleusl.2 of the atoms|.2

Table 6.3 — Formal definition of spec ELEMENT Ill.3a.

Figure 6.6 shows a lexicographic article of the lexeme ELEMENT Ill.3a as well

as its lexical network in the en-LN (for Lexical Networks see Chapter 4).

The propositional form element X shows that ELEMENT Ill.3a is a uniactantial
quasi-predicate, i.e. it controls one semantic actant slot. The actant X can be
expressed by lexical units which denote an atomic number or a name of a particular

element, e.g. element 96, element curium.

The semantic label type of physical matter as well as the central component

of the paraphrase — ‘type of atom’ — make it clear that ELEMENT Ill.3a is not
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antimonymdlum corium
bismuth lithium
nucleon num! .
mercury 1 metal N 1 \ /. o b‘ nuclide
metallic’elesngh?
@ atom1.2
tiny1 : @ mass number
@ atomic number
lead 2
cheTical eg&m“
clement lll.3a
@ clement 1.3b-
@ tellurium @ compound 1.2
@ bromine @ carbon|

@ simple substance

@ boron @ elementary substance

@ substance 1.1b .
@ isotopes 1

O silver 1

Figure 6.6 — Lexical network around spec ELEMENT Ill.3a.

a physical thing itself (which is a common false belief, see 6.4) but a type of the

matter, and this reflects an abstract nature of the notion.

The peripheral component — ‘that is identified by the number X’ — underlines
the defining characteristic of an element which is the atomic number, and reflects

the formal character of the notion.

Such definition of ELEMENT Ill.3a seems to be concise, comprehensible and de-
void of any misleading statements. It is clear from our definition that element 111.3a

is a type of chemical entity, but neither is it an atom, nor a simple substance.

6.5.4.2 spec critic ELEMENT Il1.3b

We cannot ignore the fact that element in the sense of a simple substance is still
present in numerous textbooks and articles on chemistry. Since we use a descriptive
approach to the language and not a prescriptive one, we have no choice but to

describe this sense, too.

Our formal definition of ELEMENT II.3b is shown in Table 6.4. In contrast

to ELEMENT Ill.3a, ELEMENT II1.3b is not a full-fledged specialized lexeme, since
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its meaning is an obsolete and a misleading one. For this lexeme we put an
additional usage note “criticisable” in order to draw learners’ attention to the fact

that the usage of this lexeme is criticized by specialists of the domain.

element N1.3b :  "pure substance'
e that is made of a single element I11.3a

Table 6.4 — Formal definition of spec critic ELEMENT Ill.3b.

6.6 Recapitulation

This chapter was dedicated to element, one of the most important fundamental
notions of the chemical lexicon. Its meaning has been inevitably changing in

accordance with development of the concept of elements.

The initial hypothesis of the ancient Greek philosophers was that there is
a very limited number of elements — substances, such as air, earth, fire and water,

that constitute everything in the Universe.

The philosophical character of the concept was completely changed in the
eighteenth century by Antoine Lavoisier who proposed to identify elements on
experimental basis only. By Fr. éléments ‘elements’ Lavoisier understood simple

substances which cannot be further decomposed by any available chemical means.

Almost a century later, Dmitri Mendeleev made a clearcut distinction between
Ru. npocmoe meso ‘simple body’” and asemenm ‘element’ stating that elements, as
opposed to simple substances, are able to survive transformations of matter and
that only elements persist in simple substances and compounds. This absolute
distinction between the two notions allowed Mendeleev to elaborate the Periodic

Table based on the formal criterion which was the atomic weight.

Several discoveries of the twentieth century (such as the discovery of isotopes,
of the nuclear nature of the atom, and the identification of the neutron as an un-
charged particle of the same weight as protons) resulted in the adoption of a slightly
different definition of element. According to the new understanding of the concept,

it is the atomic number that is the main defining characteristic of elements.

Up until today though, the Lavoisier’s definition of elements as simple sub-
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stances is still present in numerous modern dictionaries and textbooks on chem-
istry. Authors of such definitions overlook the formal character of the concept of
elements evoked by Mendeleev, Paneth and many other chemists. Defining element
as a simple substance contradicts the fundamental principle of chemistry that ele-
ments persist in their compounds, while simple substances do not. Moreover, such

definitions result in further misconceptions of other chemical terms.

As we have observed, proper nouns rarely reflect the distinction between sim-
ple substances and the elements they are made of, e.g. sulfur as a bright-yellow
odorless solid vs. sulfur as the element 16. It also contributes to further confusion,
such as that the Periodic Table is often perceived as a Table of simple substances
with certain physico-chemical properties and not of elements devoid of any tangible

qualities.

This led us to the conclusion that, when teaching chemistry, it is crucial to use
precise terminology and to not switch from one meaning to another one without

stating it explicitly to students.

As we moved further to the lexicographic analysis of En. ELEMENT, Fr. ELE-
MENT and Ru. 9JIEMEHT, we realized that the specialized lexical units denoting
chemical element are part of extremely polysemous vocables in the three languages,
i.e. seventeen senses in English, fifteen senses in French, and thirteen senses in

Russian.

We have seen that the original meaning of element ‘substance believed to be
one of the fundamental constituents of the matter’ evoked by the Greek philoso-
phers is still present in our three languages. It is exactly this sense that became
a source of metaphor for many other lexemes, and our specialized lexeme related
to the lexicon of chemistry is a sense extension of this original sense. FElement in
the sense of a simple substance is also still present in the language, but it should
not be regarded as a full-fledged specialized lexeme, since its meaning is an obso-
lete and a misleading one, so for this lexeme we decided to put an additional usage

note “criticisable”.

Finally, based on our conceptual and linguistic analysis, we came up with defi-

nitions for the specialized chemical lexemes En. ELEMENT Ill.3a, Fr. ELEMENT Ill.3a
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and Ru. 9JTEMEHT I11.2a, and in English it reads as ‘type of atoms|1.2 that is identi-
fied by the number X corresponding to the quantity of protons in the nucleus1.2 of
the atoms’. In such a way, we made it clear with our definition that element 111.3a is
a type of chemical entities but neither is it an atom, nor a substance itself. This
definition reflects the abstract and formal character of the notion of elements and
is aligned with the system of other definitions avoiding vicious circles and miscon-

ceptions.



Chapter 7

General conclusion

SUMMARY

7.1

7.2

7.3

Concluding remarks . . . . . .. .. ... oL 150
7.1.1  Interactions of specialized and non-specialized lexical units 150
7.1.2  Discrepancies in terminological modeling in the three

languages . . . . . ..o 153
Solutions to the issues detected in terminological resources on
chemistry . . . . . . .. 154

Prospects . . . . . . . .o 157




150 Chapter 7. General conclusion

7.1 Concluding remarks

We studied the question of interconnections between terminologies and the gen-
eral language lexicon from both theoretical (lexicological) and descriptive (lexico-

graphic) perspectives, focusing on the case of chemistry terminology.

The results of our research confirm our initial hypothesis that scientific ter-
minologies possess a structure homomorphic with that of the general lexicon, with
which they merge within the language. We have also proved that terms can be
studied and described on the basis of the same lexicographic approach that we use
for the description of the general language lexical units, namely the theoretical
and descriptive approach of the Explanatory and Combinatorial Lexicology and

that of the Lexical Systems.

On the theoretical level, we accounted for the interdependence between the
general language and the terminological lexicons and proposed the solution to the
problem of the formal and rigorous modeling of the multidimensionality inherent
in the organization of terminologies, i.e. the fact that terms can be apprehended

and terminologies can be navigated following multiple axes.

On the practical level, we elaborated the terminological models of chemistry
for three typologically distinct languages: English, French and Russian. These
models, designed to evolve and be enriched in the long term, can serve as practical

tools for scientists as well as for teachers and students of chemistry.

7.1.1 Interactions of specialized and non-specialized lexical units

We analysed the relationship between specialized and non-specialized lexical units
both on paradigmatic and syntagmatic levels. On paradigmatic level, fundamental
chemical terms are often inserted into the polysemous structure of vocables, some
of whose meanings are not related to the terminological system and belong to the

general language lexicon.

In the course of our study, we have observed three types of insertion of the

specialized chemistry-related lexical units into polysemous vocables.
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1. Specialized lexical units semantically derived from general language lexical
units, e.g.:
PARTICLE 1.1, as in particles of dust in the room, — spec PARTICLE 1.2, as in posi-
tively charged particle of an atom (see Part II, p. 185),
REACT l.1a, as in pupils react to light, — spec REACT l.1d, as in calcium reacts with

ozygen (Chapter 4, 4.2.4 and Part II, p. 188).

2. Specialized lexical units semantically derived from other specialized lexical
units, e.g.:

)

spec ISOTOPES 1 ‘nuclides of the same element...” — spec critic ISOTOPE 2 ‘any
type of atom...” (Chapter 4, 4.2.1 and Part II, p. 180),

spec REACTIF (y) 1 ‘substance that reacts...” — spec REACTIF () 2 ‘substance used
by the human X to test another substance...” (Chapter 2, 2.3.3 and Part II, p. 214);
verbs of causation, such as:

spec BOND I.2a — spec BOND 1.2b (Part II, p. 170),

spec IONIZE a — spec IONIZE b (Part II, p. 179)

spec REACT I.1d — spec REACT l.1e (Part II, p. 188).

3. Specialized lexical units being a source of semantic derivation for general
language units, e.g.:
spec CHEMISTRY Il.1, as in chemistry of the atom, — CHEMISTRY Ill, as in chem-
istry between two people (Chapter 3, 3.4.1),
(spec) MATIERE l.a, as in matiere liquide ‘liquid matter’, — MATIERE II.1, as in
fournir la matiére d’un livre ‘provide the material of a book’” (Chapter 5, 5.2.2),

(spec) XUMHUsI 1.1 ‘science...” — XUMUsi1 1.2 ‘industry...” (Chapter 3, 3.4.3.1).

Figure 7.1 summarizes the three types of insertion of specialized lexical units
into polysemous vocables that we observed in the course of our study of the fun-

damental chemical terminology.

As for the lexical connections at the syntagmatic level, terms inevitably in-
teract with the general language lexicon, since they do not exist in isolation but
function in texts. In order to characterize the combinatorial properties of the core
chemical terms, we described the connections that they have both with specialized

and non-specialized lexical units, i.e. the collocations they form, e.g.:
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Fr.REACTIF (1

PARTICLE L1 vt
rticles of dust atomes des réactifs
pain’?h?rgor# - se réorganisent

pour former
les produits

specialized

non-specialized

CHEMISTRY II.1
chemistry of an atom

specialized

PARTICLE I.2
positively charged
particles of the atom

Fr .REACTIF (v 2

j'ai cassé un flacon
de réactif Rhésus

specialized

specialized

CHEMISTRY llI
chemistry between people

non-specialized

Figure 7.1 — Types of insertion of specialized lexical units in polysemous vocables.

e to bond strongly,

e to bond chemically,
e a chemical bond,

e weakly bonded,

e chemically reactive,

e to react vigorously, etc.

We modeled such relations using the tools borrowed from the Meaning-Text

Theory, namely paradigmatic and syntagmatic lexical functions, see Figure 7.2.

.pr(\".'lrcetalc.gve l1g @reactlte
@ chemical su'%%ectam @ reactor 1.2
.chemi"‘f%fllﬂ £
em“‘néa‘kent I.1
.substance 1.1b rea" . d
@ chemical , ;1.1

turny, 2

change state

chainy 2
com| oundNQChemicalAdj'
element III.Ba
11 @ chemically II.1
v molecule |
aic violentl Il Vigorously
ie ato,%l_ﬁ shondine 12
ondy,l.2a
i bonded 1.2
particle 1.2
/AN i i strofigly Il
Qatom BRI Srdim 8
interaction Il weakly , 1,

@ react [FU

o> o<
Redun @ spec chemically 11.1
Gener specinteract |
S, @specbondy 1.2, @specbonding 1.2
Sip specatom .2
Sres &S3  @specmolecule |, ®speccompoundy I.2
A @specbonded 1.2
Magn @strongly II
AntiMagn @ weakly,,,
Caus ® spec //bondy, 1.2b [N=W and N=X]

[EX]

In explosives nitrates contain nitrogen atoms weakly bonded to oxygen. When this bond

is broken, the nitrogen atoms bond strongly to other nitrogen atoms, forming very strong

bonds and releasing a lot of energy.
Web 21 042022,

TR-AO17A-2.pdf

As for the chemicals’ health impact, concerns kept growing. That is because the
retardants do not chemically bond with the foam. Thus, they do not stay snugly inside
cushions and mattresses. They escape into the environment.

COCA HABERMAN Clyde, A Flame Retardant That Came With lis Own Threat to Health, 04 05 2015, New York Times

Figure 7.2 — Lexical network around spec BOND(v) I.2a in Spiderlez.
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7.1.2 Discrepancies in terminological modeling in the three languages

While modeling our terminological networks, we aimed at normalization and stan-
dardization of our descriptions in order to highlight the correspondences between
specialized lexical units in the three languages. However, we have encountered
some discrepancies, albeit a fairly limited number of them. Here are some exam-

ples of the differences observed.

The English language allows for systematic creation of causative verbs, such
as in the case of REACT I.1d ‘Xs react forming Y...” — REACT l.le ‘human X
causes?2 that Ys reactl.1d...”. On the contrary, the French and Russian languages
do now allow for such systematic creation of causative senses within the same vo-
cable. Thus, we have no corresponding lexical units to REACT I.1e in French nor
in Russian. In order to express this meaning in Russian, one can use different col-
locations, such as Ru. swsseams peaxyuro ‘cause/provoke a reaction’ or nposecmu
peaxyuro ‘perform a reaction’; in French, a causative construction faire-+Inf. is

commonly used, which results in Fr. faire réagir ‘make react’.

We have also observed that certain one-word lexical units (lexemes) in English
correspond to specialized idioms in French and/or Russian, and vice versa, e.g.
En. SOLID(y) .2 corresponds to Ru. "TBEPAOE TEJIO' lit. ‘solid body’; on the
contrary, specialized idioms such as En. "CHEMICAL ENTITY ' and Fr. "ENTITE

CHIMIQUE ' have no corresponding idiom in Russian.

In Russian terminologies, there are many coexisting borrowings with Latin
and Greek roots, which, on top of it, sometimes coexist with terms that are internal
creations (Buchi 2016: 339) having Slavic roots. This results in that we might have
several synonymous terms corresponding to one single term in English or French,
e.g. Ru. cyocmanyusa and sewecmeo cf. En./Fr. substance (see Chapter 5, 5.3.3);

Ru. aaemernm and cmuzus cf. En. element (see Chapter 6, 6.5.3).

Finally, we observed significant discrepancies in polysemy structures of certain
vocables, for instance, in the case of En. CHEMISTRY with four senses, Fr. CHIMIE
with five senses, and Ru. XuMusi! with ten senses (according to our analysis; see

Chapter 3, 3.4).



154 Chapter 7. General conclusion

7.2 Solutions to the issues detected in terminological resources on

chemistry

At the beginning of our research (Chapter 2, 2.3), we have analysed and described
some of the most significant issues detected in existing terminological resources on

chemistry:

minimal linguistic information approach;
misleading definitions, vicious circles in definitions;

polysemy not taken into account;

Ll

lack of descriptions of specialized idioms and collocations.

After having identified these four main areas of concern, we aimed at finding

and proposing solutions to them.

1. We applied the theoretical and descriptive approach of the Explanatory and
Combinatorial Lexicology in order to provide rigorous lexicographic descriptions of
the core chemical terms, which included the description of the following properties:
grammatical characteristics, semantics (definition), paradigmatic and syntagmatic
connections, copolysemy relations, examples of use taken from corpora. Taking
a multilingual perspective and following the methodological principles described
in Chapter 4, we have performed terminographic descriptions of 107 English, 103

French and 102 Russian lexical units, i.e. of 312 chemistry-related lexical units.

2. The central part of our terminographic descriptions is the system of formal
definitions (presented in Part IT). In order to ensure the absence of vicious circles in
our definitions, first, we followed six lexicographic principles of writing definitions
presented and illustrated in Chapter 4, 4.2.2. Further, we have created the so-called
defined-by hierarchies of English, French and Russian notions; see the bottom part,
i.e. the most basic level of the hierarchy of our French notions on Figure 7.3 (the
full hierarchy will be presented in Part II, p. 193). In our defined-by hierarchies, the
edges represent the inclusion of more simple senses in the definitions of the more
complex senses. Moreover, we have used a Python script! in order to automatically

check the absence of vicious circles in our definitions at all levels, see Figure 7.4.

'We express our gratitude to Nikolay Chepurnykh for having created this script for us.
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Both the manual (by means of the defined-by hierarchies) as well as the automatic
(by means of the Python script) checking resulted in zero vicious circles in our

English, French and Russian systems.

e 117 LTl — |

LIQUIDE(n) 1.2 ATOME L2 SOLIDE(n) 1.2 cAz12 ‘SUBMICROSCOPIQUE TRANSFORMATION I.1 PROPRIETE PHYSIQUE
’—l
1 | ‘ ‘ } ‘ [ I

CHARGE ELECTRIQUE PARTICULE 1.2 PHYSIQUE) I MICROSCOPIQUE Il SUBSTANCE1.1b MACROSCOPIQUE |

T

S

]

INTERAGIR | MATIERE La

Figure 7.3 — The bottom (most basic) level of the defined-by hierarchy of the French
chemical notions.

A ] c o 3
1 allotropes élément 1ll.3a

2 lallotropique 1 allotropes

3 allotropique 2 élément lll.3a allotropes

4 _allotropie élément Ill.3a allotropique 2

5 _anion ion chargé v.2

6 anionique anion

7 atome 1.2 particule 1.2 interagir | substance I.1b

8 atomique 1 atome 1.2

o atomique 2 atome 12 élément Iil.3a lié(Adj) Il check_circular_dependencies(dictionary):
10 |atomiquement atome 1.2

11 cation ion chargé Iv.2

12 cationique . cation _____ . dependencies = {k: ) k, v dictionary.items()}
13 changement chimique propriété chimique 11b

14 changement physique  propriété physique substance 1.1b counter =

15 charge électrique matiére L.a interaction |

16 chargé Iv.2 charge électrique

17 [chimie 1.1 matiére L.a n i i key in dependencies.keys():

18 chimie 1.1 matiére la ion 11.1

19 chimie 112 transformation 1.1 matiére l.a chimie 1.1 R

20 chimique | chimie 1.1 visiting = (0]

21 chimique I1.1 chimie 1.1

22 chimiquement | chimie 1.1

23 chimiquement I chimie 1.1

24 composé) .2 corps pur élément Iil.3a visited = 0

25 cOrps composé corps pur élément Iil.3a

2 corps pur substance 11b atome 1.2 molécule |

21_lcorps simple corps pur élément ii.3a visiting.update(dependencies[key])
28 électron particule subatomique atome 1.2 interagir |

20 électronique | électron

30 élément Iil.3a atome 1.2 proton noyau I2

(visiting) >
visiting2 = 0|

check_circular_dependencies() for key in dependencies.keys() while len(visiting) > 0

Figure 7.4 — Automatic checking of sense inclusions.

3. As demonstrated in Chapters 3—6, our approach to modeling the lexi-
con of chemistry accounts for polysemy inherent in general language as well as
terminological vocables containing chemistry-related senses. See, for instance,
spec ALLOTROPIC 1 and spec ALLOTROPIC 2, spec ATOMIC 1.1 and spec ATOMIC 1.2,
spec IONIZE 1 and spec IONIZE 2, MICROSCOPIC I, MICROSCOPIC Il.a and spec MI-

CROSCOPIC ILb, etc. (see Part II).
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4. Last but not least, our descriptive approach accounts for phraseology in
specialized lexicons. For collocations, see Section 7.1.1 and Figure 7.2 above.
As for specialized idioms, we provide them with similar lexicographic descriptions
as specialized lexemes. Figure 7.5 shows the case of spec "CORPS COMPOSE ' ‘com-
pound’ that received a detailed description of its properties, including grammatical
characteristics, semantics (formal definition), paradigmatic and syntagmatic con-
nections, and examples of use. Figure 7.6 shows the resulting lexical network

around spec " CORPS COMPOSE ' ‘compound’.

corps composé €]

spéc
locution nominale [corps il + composéAdj 1]
masc
locution faible
oA (coneiae) (arerents 1)
substance \
corps composé \
= 1 2 1
corps pur
tel qu'il est constitué d’éléments 11.3a différents 1 — Y
|corps pur) [ él6ments i11.3a |
[LF]

Syn : spéc COMposé, 2
Anti : spéc corps simple
Anti_ : spéccritic élément in.3b

Gener : spéc COrps pur

[EX]

L’élément est ce qui est commun au corps simple et a tous les corps composés qu'il peut former (ex. : I'élément

oxygene est commun au dioxygéne (gaz oxygene), a I'ozone et a tous les composés oxygénés).
Hors bases : publication ViOvy R., La notion d’élément chimique, 1984, Bulletin de I'Union des Physiciens, http://materiel-
physique.ens-lyon.fr

Dans un corps composé, les éléments sont liés par des liaisons chimiques. Ainsi I'eau (H,0), le dioxyde de
carbone (CO,), le sel de table ou chlorure de sodium (NaCl) sont des corps composés.

Figure 7.5 — “Article view” of the idiom spec "CORPS COMPOSE™ in Dicet editor.
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@corpsii
‘p articule 2 chimique II.1
@ particule subatomique @ substance 1.1b
propriété chimique
@atome .2 @ élément 111.3b
() proton s molécule COorps mposc
@ composé 2
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@ corps pur
@ noyaull.1 numéro atomique
@ corps simple

@ moléculaire l.1a

élémentaire 1.1

@ élémentaire l1l.2

Figure 7.6 — Lexical network around the idiom spec "CORPS COMPOSE ' in Spi-
derlex.

7.3 Prospects

The present research is the result of a collaboration between the linguistic labo-
ratory ATILF and the chemical laboratory LPCT of the University of Lorraine.
The preliminary results of our research have been disseminated via conference
talks and publications, which allowed us to expand our network for the future

interdisciplinary collaborations.

As a result, we have launched a Cythére project,? which aims at valorisation of
the results of the present study in the context of chemistry teaching. We target the
creation of an online platform with an access to our multilingual terminological
system and the dissemination of our definitions of core chemical terms among

secondary school teachers and students.

Finally, we would be interested in testing and applying the elaborated method-

ology to modeling lexicons of scientific disciplines other than chemistry.

2In the framework of the Université de Lorraine’s initiative “Valorisation non économique de
la recherche” (Non-economic valorization of research).
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8.1 Introduction

This chapter presents the semantic — the central — component of our termino-
graphic descriptions, namely the systems of formal definitions elaborated for the

lexical units belonging to the core lexicon of chemistry.

In 8.2 we start with the list of English, French and Russian vocables which
have at least one chemistry-related sense. The set of such senses forms our chemical

nomenclature.

In 8.3-8.5 we present the three systems of fundamental chemical notions for
the English, French and Russian languages. As discussed in Chapter 7, 7.2, we cre-
ated the so-called defined-by hierarchies of the chemical notions, first, to avoid vi-
cious circles in our definitions. It is important to note though that these hierarchies

account for the way the core chemical notions should actually be studied.

We attach a hierarchy to each of the three tables and suggest to study them
by starting with the most basic notions at the bottom and gradually proceeding

with the more and more complex ones at the top.

In the tables themselves, the elaborated formal definitions are presented in
the alphabetical order for easier search. Each definition is followed by a shortened

example to illustrate the analysed sense.

All in all, we propose in what follows the formal definitions for 312 lexical

units in total: 107 for the English language, 103 for French and 102 for Russian.
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8.2 Fundamental lexicon of chemistry:

vocables containing core chemical terms

English French Russian

ALLOTROPES ALLOTROPES AJIJIOTPOIIBI
ALLOTROPIC ALLOTROPIQUE AJIJTOTPOIIHBIN
ALLOTROPY ALLOTROPIE AJIJTTOTPOIIUA

ANION ANION AHUOH

ANIONIC ANIONIQUE AHWOHHBIN

ATOM ATOME ATOM

ATOMIC ATOMIQUE ATOMHBIN ; ATOMAPHBIN
ATOMICALLY ATOMIQUEMENT ATOMAPHO

"ATOMIC NUMBER"'

"NUMERO ATOMIQUE'

TATOMHBII HOMEP !

BOND () LIAISON CBSI3b
BOND(y) SE LIER COEJIUHATHCSI
BOND(y) LIER COEJIUHATDH
BONDED (aqj) LIE(Adj) CBSI3AHHBIN
BONDING (v LIAISON CBSI3b
"BUILDING BLOCK ' — -
CATION CATION KATHUOH
CATIONIC CATIONIQUE KATUOHHBIN
CHARGED (agj) CHARGE(agj) 3APSAYKEHHBIN
CHEMICAL(Agj) CHIMIQUE XUMUYECKU
"PRODUIT CHIMIQUE' XUMUKAT

CHEMICAL ()

T"CHEMICAL CHANGE"'

TCHANGEMENT CHIMIQUE'

TXUMUYECKOE U3MEHEHUE '

"CHEMICAL ENTITY !

TENTITE CHIMIQUE™

CHEMICALLY

CHIMIQUEMENT

XUMNYECKU
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English

French

Russian

"CHEMICAL PROPERTY '

"PROPRIETE CHIMIQUE'

"XUMUYECKOE CBOMCTBO'!

T"CHEMICAL SPECIES'

TESPECE CHIMIQUE

CHEMISTRY

CHIMIE

XUMUA

COMPOUND@U

"CORPS COMPOSE ' ;

COMPOSE(y)

COEJVHEHUE

TELECTRIC CHARGE'

"CHARGE ELECTRIQUE"'

TOJIEKTPUYECKUN 3APSA

ELECTRON ELECTRON SJIEKTPOH
ELECTRONIC ELECTRONIQUE SJIEKTPOHHBIN
ELEMENT ELEMENT SJIEMEHT
ELEMENTAL ELEMENTAIRE SJIEMEHTAPHBIN

TELEMENTARY REACTION'

TREACTION ELEMENTAIRE'

TDJIEMEHTAPHAS

PEAKIINA '

TELEMENTARY SUBSTANCE

"CORPS SIMPLE"

"IIPOCTOE BEIIECTBO'

EQUATION EQUATION YPABHEHUE

GAS GAZ A3

GASEOUS GAZEUX 'A3B0OBPABHBIN
INTERACT INTERAGIR B3AVMO/IEVICTBOBATD
INTERACTION INTERACTION B3AUMO/ENCTBUE
ION ION MOH

IONIC IONIQUE MOHHBIN
IONIZATION IONISATION VOHUBAIUST

IONIZE S’IONISER MOHU3NPOBATLCS
IONIZE IONISER MOHU3NPOBATDH
IONIZED (agj) IONISE(Agj) MOHUBUPOBAHHBIN
ISOTOPES ISOTOPES U30TOIIbI
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English French Russian

ISOTOPIC ISOTOPIQUE N30TOIHBIN

LIQUID (Agj) LIQUIDE(A4j) YKUJKUN

LIQUID(y) LIQUIDE ) YKUJKOCTh
MACROSCOPIC MACROSCOPIQUE MAKPOCKOIIUYECKUA
MASS MASSE MACCA

"MASS NUMBER'

"NOMBRE DE MASSE

"T™MACCOBOE YUCJIO

MATTER MATIERE MATEPUSI
MICROSCOPIC MICROSCOPIQUE MUKPOCKOIINYECKHWI
MIXTURE MELANGE CMECb

MOLECULAR MOLECULAIRE MOJIEKYJISIPHBIN
MOLECULARITY MOLECULARITE MOJIEKYJISIPHOCTb
MOLECULARLY MOLECULAIREMENT MOJIEKYJISIPHO
MOLECULE MOLECULE MOJIEKVYJIA

NEUTRON NEUTRON HENTPOH

NUCLEAR NUCLEAIRE SATEPHBIN

NUCLEON NUCLEON HYKJIOH

"NUCLEON NUMBER'

(nombre de nucléons)

THYKJIOHHOE 4YMCJIO

NUCLEUS NOYAU SIPO
NUCLIDE NUCLEIDE HYKJIUI
PARTICLE PARTICULE YACTUIIA
PHYSICAL OUBNYECKU

PHYSIQUE(Adj)

"PHYSICAL CHANGE'

TCHANGEMENT PHYSIQUE'

T®U3NYECKOE U3MEHEHUE

"PHYSICAL PROPERTY '

"PROPRIETE PHYSIQUE"

T®U3UYECKOE CBONCTBO

PHYSICS

PHYSIQUE(N)

OUBUKA

PRODUCT

PRODUIT

ITPOJIYKT
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English French Russian

PROTON PROTON [TPOTOH

PROTONIC — —

"PURE SUBSTANCE'

T"CORPS PUR"

"YUCTOE BEIIECTBO'

REACT REAGIR PEATMPOBATDH
REACTANT REACTH%N) PEAKTUB ;
PEATEHT
REACTION REACTION PEAKLINA
REACTIVE REACTIF (a4)) PEAKTWBHBIN
REACTIVITY REACTIVITE PEAKTHMBHOCTb
REACTOR REACTEUR PEAKTOP
REAGENT REACTHQN) PEATEHT ;
PEAKTUB

"SIMPLE SUBSTANCE"'

T"CORPS SIMPLE"

"IIPOCTOE BEIIECTBO'

SOLID(aqj) SOLIDE Agj) TBEP/bBIN
SOLID () SOLIDE(\) "TBEPIOE TEJIO
SUBATOMIC SUBATOMIQUE CYBATOMHBIN

T"SUBATOMIC PARTICLE"

TPARTICULE SUBATOMIQUE'

TCYBATOMHASI YACTHUIIA

SUBMICROSCOPIC

SUBMICROSCOPIQUE

CYBMUKPOCKOIIUYECKUN

SUBSTANCE SUBSTANCE BEIIIECTBO
TRANSFORMATION TRANSFORMATION ITPEBPALLIEHUE ;

TPAHCO®OPMALINA
WEIGHT POIDS BEC
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8.3 System of English chemical notions

1s0TOPES 1 MOLECULARITY

- S —
wssumin | amon | awo < e s | cowomomiz amenan ssavce cmeTan excion
¥ i

ﬁﬁﬂél |

|
PURE SUBSTANCE MXTURELS | PRODUCTL3 REACTION 114 | REACTANT

T

N ATom|
NuCUIDE NUCLEON oy

U

T T

ICROSCOPIC TRANSFORMATION IL.1 PHYSICAL PROPEF RTY

MICROSCOPIC L2 SUBSTANCGELE | MACROSCOPCI

i =

INTERACT | MATTERLa

Figure 8.1 — The defined-by hierarchy of English chemical notions.

Lexical unit Definition [Propositional form : Paraphrase] Example
ALLOTROPES Y that are allotropes of X : Diamond is one of the
spec Y that are structurally different naturally occurring forms of
forms of the element111.3a X C; the other allotropes of
A : ALLOTROPIC 1 carbon are graphite, graphene,

and various fullerenes.

allotropic1 X : Sulfur exists in several
ALLOTROPIC 1 X relating to allotropes allotropic forms, the most
spec common stable allotrope is

the yellow solid Sg.
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Lexical unit

Definition

Example

ALLOTROPIC 2

allotropic2 X :

Group 16 contains only three

spec element 111.3a X such that it has allotropic elements: ozygen,
allotropes sulphur, and selenium.
SoPred : ALLOTROPY
ALLOTROPY allotropy of X : Allotropy is not common
spec characteristic of the element I11.3a amongst metals and the
X being allotropic2 allotropy exhibited by iron
A, : ALLOTROPIC 2 confers on it some of its most
useful properties.
ANION anion : Most nonmetallic atoms
spec ion attract electrons more
e that is negatively charged ag; Il strongly than metallic atoms,
and so gain electrons to form
Ay : ANIONIC anions.
antonic X : The resulting copolymers are
ANIONIC X relating to anions water-soluble and have a net
spec antonic charge.
ATOM |.2 atom 1.2 of X combining with Y : A water molecule is formed
spec particlel.2 when two atoms of hydrogen
e that interacts! with similar bond covalently with an atom
particles1.2 Y to form the of oxygen.
smallest unit of substancel.1lb X
Ag : ATOMIC 1
atomicl X : Radioactivity is an atomic
ATOMIC 1.1 X relating to atoms|.2 property caused by reactions
spec taking place in the atomic

Advg : ATOMICALLY

nucleus.
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Lexical unit

Definition

Example

ATOMIC 1.2 atomic2 X : Molecular hydrogen (Hz) is
spec X such that it is made a much poorer coolant than
e of atoms|.2 of the same atomic hydrogen (H).
element1l1.3a €2 not bonded 1.2
with each other
ATOMICALLY atomically X : Carbon-1/4 has six protons
spec X as regards to atoms1.2 and eight neutrons in its
Ao : ATOMIC 1.1 nucleus, a configuration that
makes it atomically
unstable. As a result, the
atom undergoes a process
called radioactive decay.
TATOMIC Y is the "atomic number’ of X : Atomic number of the
NUMBER"' Y is the number element nitrogen is 7. The
spec e that caracterizes periodic table displays all of
the element 111.3a X the known elements and is
arranged in order of
increasing atomic number.
BOND(y) I.2 bond 1.2 between X and Y Hydrogen atoms form
spec forming Z - a strong bond with an oxygen

fact of the "chemical entities™ X
and Y bondingyI.2a to form

a "chemical entity ' Z

Syn : BONDING ) |.2

Vo : BONDy) l.2a

A1/2Perf : BONDED(Adj) 1.2

atom from another water
molecule: we call this

a hydrogen bond.
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Lexical unit

Definition

Example

BOND vy I.2a X bonds|.2a with Y to form Z : In explosives nitrates contain
spec The "chemical entity X nitrogen atoms weakly bonded
interacts| with the "chemical to oxygen. When this bond is
entity ' Y broken, the nitrogen atoms
e that results in the formation of a  bond strongly to other
Tchemical entity” Z that is more nitrogen atoms, forming very
stable than separate X and Y strong bonds and releasing a
lot of energy.
So : BOND(y) I.2
Aj/oPerf : BONDED ag;) |.2
Caus : //BOND(y)1.2b
X bonds\.2b Y with Z to form W : How do chemists bond atoms
BOND(y) I.2b The human X causes?2 that the to make the molecules? What
spec Tchemical entities™ Y and Z is usually seen when you

bond|.2a to form a "chemical

entity ' W

bond the two atoms together?

BONDED (5 gj) I-2

spec

X bonded pgj 1.2 with Y :
Tchemical entity ' X that
bondsy)1.2a with the "chemical

entity ' Y forming a "chemical

entity ' 2

In a diamond, the carbon
atoms are strongly bonded in
all directions and create an
extremely hard material with
extraordinary electrical,
thermal, optical and chemical

properties.

BONDING(N) 1.2

spec

bonding 1.2 between X and Y
forming Z -

fact of the "chemical entities™ X
and Y bonding v I.2a to form

a "chemical entity ' Z

Syn : BOND(ny I.2

Vo : BOND(y) |.2a

Ay oPerf : BONDED(Adj) 1.2

This chemical interaction of
electrons creates a strong
bonding between the atoms
as compared to other types of

bonds.
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Lexical unit

Definition

Example

TBUILDING Y that is o "butlding block2 of Atom is the basic building
BLOCK '2 X block of chemicals.
spec Y that is a "chemical entity Libraries of fluorine-
e that a more complex "chemical containing building blocks
entity ' X is made of are typical examples of
building block collections
for medicinal chemistry.
CATION cation : Metallic atoms hold some of
spec ion their electrons relatively
e that is positively chargedagj) Il loosely. Consequently, they
tend to lose electrons and
Ao : CATIONIC form cations.
cationic X Aluminum and iron salts are
CATIONIC X relating to cations powerful sources of cationic
spec charge and tend to coagulate
colloidal and particulate
matter and natural organic
matter.
CHARGED (7 gj) I chargedagpt X : Atom consists of a nucleus,
spec X that has an "electric charge™ Q  containing positively charged
protons and electrically
neutral neutrons, surrounded
by negatively charged
electrons.
CHEMICAL(agj) | chemicalpg;! X : Our task is to teach robots to
(spec) X relating to chemistry | ezecute almost completely

Advgy : CHEMICALLY |

independently many
experiments in chemical

laboratories.
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Lexical unit

Definition

Example

CHEMICAL(pgj) 1.1

spec

chemical pgjN1 X :
X relating to chemistry 11.1 of

Advg : CHEMICALLY Il

Silver undergoes a chemical
reaction, classified as an
oxidation reaction, with sulfur

containing substances.

CHEMICAL(N) 1.1

X s a chemacalny1.1 :

A catalytic chain is a series

spec X is a substancel.1b of two or more chemical
e such that it can be identified by reactions in which one
its "chemical properties™ 2 chemical (the catalyst)
destroys another chemaical
without itself being destroyed.
TCHEMICAL "chemical change of X into Y : When the reactants are
CHANGE change of "chemical properties’ mized, the temperature
spec Q of the substancel.lb X change caused by the reaction
e that affects the composition of X 45 an indicator of a chemical
e that results in the change.
transformation 1.1 of X into
a different substancel.lb Y
"CHEMICAL "chemical entity ' : The hydrogen molecule is the
ENTITY ' particlel.2 smallest neutral chemical
spec e that can be identified by its entity and a benchmark
Tchemical properties™ {2} system of molecular
spectroscopy.
CHEMICALLY | chemically! X : It is a chemically proven
(spec) X as regards to chemistry | fact that fluorocarbons provide

Ay : CHEMICAL |

the highest measurable level

of water repellency.
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Lexical unit

Definition

Example

CHEMICALLY I chemicallyn X : All atoms with the same
spec X as regards to chemistry 1.1 of ) number of protons will be
A : CHEMICAL Il.1 chemically identical.
The addition of molecular
COy to water makes the
water less chemically
reactive.
TCHEMICAL Y is a " chemical property’ Examples of chemical
PROPERTY ' of X : properties include
spec Y is a property of the flammability, tozicity,
substancel.ib X acidity, reactivity, and heat of
e relating to possible combustion.
transformations|i of X into
different substancesl.1b §2
TCHEMICAL "chemical species™ : Reactive chemsical species
SPECIES' set of "chemical entities™ with an unpaired electron in
spec e that are chemically Il identical the outer valence orbitals are
called free radicals.
CHEMISTRY | chemistry | practiced by X : In chemistry, it is
(spec) science practiced by the human X impossible to deal with

e whose object is the study of
the matterl.a and its
transformationsll.1 at

the submicroscopic level

Ay : CHEMICAL I

a single atom or molecule
because we cannot see them

or count them or weigh them.

CHEMISTRY Il.1

spec

chemistry .l of X :
properties of the matterl.a X
e that determine
the transformationslli.1 of X

at the submicroscopic level

Ap : CHEMICAL Il.1

The chemistry of an atom
determines how it combines
with other atoms, which in

turn depends on the number

of electrons in its outer shell.
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Lexical unit

Definition

Example

CHEMISTRY I1.2

spec

chemistryil.2 of X :

transformationslli.1 in

the matterl.a X

e that occur due to

the chemistry 1.1 of X

Electroconvulsive therapy
changes the chemistry of
the brain. Biochemical
individuality tells us that body
chemistries are not the
same. Certain reactions will
take place ten times as fast in

one individual as in another.

COMPOUND(N) 1.2

compound 1.2 made of X :

The deposits comprise

spec Tpure substance™ essentially inorganic
e that it is made of different compounds present in the
elementslil.3a X fuel as well as minor amounts
of carbon and carboniferous
compounds, sulfur
compounds, such as ferrous
sulfide, sulfide trioxide, etc.
Telectric charge of X Electrons have an electric
TELECTRIC of value Y : charge of —1 , which is equal
CHARGE' property of the matterl.a X but opposite to the electric
spec e that allows it to have electric charge of a proton, which is

interactions| with the other

entities 2

e that is measured by the numerical

value Y

A CHARGED 4gj) Il

+1.
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Lexical unit

Definition

Example

ELECTRON electron of X interacting with Y : We will deal with the physics
spec Csubatomic particle™ of of events that occur when
the atom1.2 X photons and electrons
e that interacts| with the interact with matter.
Tsubatomic particles™ Y of X
e that is negatively chargedagj Il
Ay : ELECTRONIC |
ELECTRONIC | electronicl X : With a combination of
spec X relating to electrons analytical methods and

computer calculations,
the scientists were able to
determine the electronic

structure of gold atoms.

ELEMENT lll.3a

spec

elementiil.3a X :

type of atoms|1.2

e that is identified by the number X
corresponding to the quantity of

protons in the nucleus|.2 of the

atoms|.2

Ag

ELEMENTAL Il.1

The element hydrogen, at
the upper left of the table, has
an atomic number of 1, so
every hydrogen atom has one
proton in its nucleus.

How is an atom of the
element 54 (Xe) likely to act

during a chemical reaction?

ELEMENT I11.3b

spec critic

elementll.3b :

Tpure substance’

e that is made of a single

elementlil.3a Q2

Syn :

"ELEMENTARY SUBSTANCE ',

"SIMPLE SUBSTANCE''

Any substance that contains
only one kind of atoms is
known as an element. Most
elements are metals, which
are shiny and conduct

electricity well.
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Lexical unit

Definition

Example

ELEMENTAL Il.1

spec

elementalll.l X :

X relating to elementslll.3a

Periodic trends, arising from
the arrangement of the
Periodic Table, provide
chemists with an invaluable
tool to quickly predict

elemental properties.

ELEMENTAL Il.2

elementalll.2 X :

In agriculture, elemental

sulfur and sulfur compounds

spec substancel.1b X such that it is
made of a single element I11.3a are applied to adjust the pH
of basic soils by acidification
and to supply plant.
TELEMENTARY elementary reaction between X The sum of the individual
REACTION' producing Y : steps, or elementary
spec reaction I.1d between reactions, in the reaction
the substances1.1b X producing mechanism must give the
a substancel.ib Y balanced chemical equation
e in one single step for the overall reaction.
"ELEMENTARY "elementary substance’ : If the atoms which compose
SUBSTANCE Tpure substance™ the molecules of a pure
spec e that is made of a single substance are all of the same

element111.3a

Syn : "SIMPLE SUBSTANCE™ ;

ELEMENT II1.3b

kind, the substance is an
elementary substance.
Diozygen (Oz) is an

elementary substance

made of identical atoms.
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Lexical unit

Definition

Example

EQUATION Il.2a

spec

equation I1.2a between X and Y :

symbolic representation

e of the equivalence of
the matterl.a in the context of
the "chemical change™ of
the substancesI.1b X into
the substancesl.1b Y

e that has a form of an equation 1.1
with X on the left and Y on the

right

Balanced chemical equations
have the same number and
type of each atom on both
sides of the equation, e.q.

EQUATION I1.2b

spec

equation 11.2b between X and Y :
symbolic representation
e of a reactionl.1d between the
substances|.1b X producing
the substancel.lb Y
e that has a form of expression
similar to an equationIl.1 with X

on the left and Y on the right

The equation of a complete
combustion of methane is

10]‘]4 +209 —1C05+2H50.

GAS 1.2

spec

X is a gasl2:
X is matterl.a in a physicallil.2

state such that
e X has indefinite shape

e X has indefinite volume
e X’s particlesl.2 are very mobile

and interact | weakly

Antin @ LIQUID() 1.2 ; SOLID(y) 1.2

Ay : GASEOUSI.2

The formation of carbon
dioxide, sulfur oxide and
ammonia gases is the result
of the breakdown of

an intermediate product of
a double displacement
reaction of an acid with

a base.
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Lexical unit

Definition

Example

GASEUS 1.2 gaseusl.2 X : Nitrogen (N2) and oxygen
spec X such that it has (Oz) are referred to as gases,
the characteristics of a gasl.2 but gaseous water in the
Antin : LIQUID(zgj 12 ; atmosphere is called water
SOLID(agj) -2 vapor.
S{Pred : GASI.2
INTERACT | X and Y interact! : The rules of quantum
(spec) The entities X and Y have mechanics tell us how atoms
a mutual effect on each other interact to form molecules,
So : INTERACTION | and how molecules interact
with each other to produce
supramolecular entities.
interaction| between X and Y : Molecules with hydrogen
INTERACTION | fact of entities X and Y atoms bonded to
(spec) interacting| electronegative atoms such as
Vo : INTERACT | O, N, and F tend to exhibit
unusually strong
intermolecular interactions
due to a particularly strong
type of dipole-dipole
attraction called hydrogen
bonding.
ION ion : More reactive metals have a
spec particlel.2 greater tendency to loose
e that is atomicl.2 or molecular1.2 electrons and form positive
e that is charged ag; Il 1oms.
A : IONIC 1
ionicl X : There is a strong correlation
IONIC 1 X relating to ions between tonic size and the
spec melting point of an ionic

compound.
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Lexical unit

Definition

Example

IONIC 2

spec

onic2 X :

X such that it is made of ions

There is a strong correlation
between tonic size and the
melting point of an tonic

compound.

IONIZATION 1

tonisation of X :

The tonization of sodium

can be chemically illustrated

spec process in which the particlel.2 X

ionizes a as follows: Na — Na® + e .

Vo : IONIZE a
IONIZE a X tonizes : Calcium atom tonizes by
spec The particlel.2 X undergoes losing two electrons.

a transformationli.1

e to become an ion

Sp : IONIZATION 1

Caus : //IONIZE b

X ionizes Y : The Sun’s ultraviolet
IONIZE b The fact X causes1 that radiation tonizes the gas
spec the particlel.2 Y ionizesa molecules by stripping

electrons from them.

tonized X : It has been hypothesized that
IONIZED (Agj) X such that it ionized a photons from young, massive
spec star clusters are responsible

SiPred : ION

for maintaining the ionization
of diffuse warm tonized gas
seen in both the Milky Way

and other disk galazies.
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Lexical unit

Definition

Example

ISOTOPES 1 isotopes1 of X : Carbon-12, carbon-13, and
spec nuclides carbon-1/4 are three isotopes
e that belong to the same of the element carbon with
elementlil.3a X mass numbers 12, 13, and 14,
e that have different "mass respectively.
numbers' {2
Ag : ISOTOPIC
isotope 2 : 513C and 62N are the two
ISOTOPE 2 type of atoms|.2 most common stable isotopes

spec critic

e that is characterized by

the number of protons and

neutrons in the nucleusl!.2 of the

atoms|.2

Syn : NUCLIDE

commonly used for assessing
nutritional interactions. 6150
and 6%4S are less used stable

1sotopes.

ISOTOPIC

spec

isotopic X :

X relating to isotopes1

Factors controlling the Li
isotopic composition (§"Li)
of river water have not yet

been fully resolved.

LIQUID agj) 1.2

spec

liguid(agp12 X :

matterla X that is in

a physicallll.2 state such that
e X has indefinite shape

e X has definite volume

e X’s particles|.2 are mobile and

interact |

Antin @ GASEOUS 1.2 ; SOLID(pgj) I-2

Si{Pred : LIQUID (N 1.2

Unlike most substances, the
solid form of water is less

dense than its liquid form,
which allows ice to float on

water.
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Lexical unit

Definition

Example

LIQUID ) 1.2

X is l’Lq’U,’l,d(N) 1.2 :

X 1s matterl.a

Substances with weak

mtermolecular interactions

spec o that is liquid xg 1.2 are likely to be liquids at
lower temperatures. Their
Antin : GAS 1.2 ; SOLID(y) 1.2 attractive forces are more
A1 1 LIQUID(pgj) 12 easily broken hence they melt
more readily.
MACROSCOPICI macroscopicl X On the macroscopic level
X whose size is such a silvery liquid, mercury, is
e that one can see it with mized with a red-brown liguid,
the "naked eye bromine, and white crystals
are produced.
MASS 1.2 mass .2 of X of value Y : Convert the mass of AlCls to
spec Tphysical property™ of moles and then use the

the physical(sqj) 1.2 thing X

e that is a quantity Y of matterl.a

that X contains

e that determines the inertia of X

balanced chemical equation to
find the number of moles of
HCI formed. A liter of water
has a mass of 1.0 kg. How
many moles of water are

1.0 kg?

"MASS NUMBER'

spec

Y is the "mass number? of X :

Y is the number

o that characterizes the nuclide X

The mass number of
oxygen-16 is 16. This means
there are eight protons and
etght neutrons in the nucleus

of an oxygen-16 atom.

MATTER l.a

(spec)

matterl.a that X is made of :
entity of the "physical world™

e that things X are made of

The condition of transparency
1s dependent on the state of
matter and how such
matter interacts with light.
If matter does not absorb

light, it will not emit it.
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Lexical unit

Definition

Example

MICROSCOPICI

microscopicl X

X relating to the use of

a microscope

At the end of the experiment

maicroscopic analysis showed
that those who had consumed
alcohol sustained heart

muscle deterioration.

MICROSCOPICIl.a

microscopiclla X

X whose size is such

e that one can only see it under

an optical microscope

Antin : MICROSCOPICILb

Microscopic dust particles
found in meteoritic material
on FEarth were likely formed
in stellar explosions that
occurred long before the

creation of the Sun.

MICROSCOPIC II.b

microscopiclil.b X

Atoms and molecules are

spec X whose size is such maicroscopic particles; their
e that it is smaller than structure, properties and
the microscopicll.a entities motions can be described by
e that it is therefore not visible the laws of quantum
under an optical microscope mechanics.
Syn : SUBMICROSCOPIC
Antin : MICROSCOPICIl.a
MIXTURE 1.3 mizturel.3 of X : Mixtures can always be
spec combinaton of substancesl.ib {X}  separated again into

e such that X are not bonded|1.2
e such that each X keeps its
individual "chemical

properties™ {Q}

component pure substances,
because bonding among the
atoms of the constituent
substances does not occur in

a mixture.
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Lexical unit Definition

Example

MOLECULARIla  molecularl.la X :
spec X relating to molecules|

Advg : MOLECULARLY

You can skate on a lake
during a harsh winter while
the fish underneath you
continue to swim. This
unusual property is caused by
the molecular structure of

water.

MOLECULAR 1.2 moleculari1.2 X :

spec X such that it is made of

moleculesl|

Molecular oxygen (Oz) and
molecular nitrogen (Ng) are
not compounds because each
18 composed of a single
element.

Covalent bonds within
molecular substances are

very strong.

MOLECULARITY  molecularity of X of value Y :

spec property of the "elementary

reaction' X

e that corresponds to the number Y
of "chemical entities™ involved

in X

A single-step chemical
reaction is said to have

a molecularity of 1 if just
one molecule transforms into
products. We call this a
unimolecular reaction. An
example is the decomposition

0ngO4.

MOLECULARLY molecularly X :
spec X as regards to molecules|

Ap : MOLECULAR l.1a

Two molecularly different
ice crystals may look nearly
identical, even under

a microscope, making the
question of whether every
snowflake is unique more

complicated.
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Lexical unit

Definition

Example

MOLECULE | moleculel of Y made of X : A water molecule consists of
spec Tchemical entity” one oxygen atom with two
e that is made of atomsl1.2 {X} hydrogen atoms. Molecules
e that is the smallest unit of can be as stmple as two atoms
substancel.lb Y or very elaborate, relatively
large structures. A molecule
Ap : MOLECULAR l.1a
of glucose, a common form of
sugar, is about 0.9
nanometer.
neutron of X interacting with Y : The atom is not the smallest
NEUTRON Tsubatomic particle™” of the particle in nature. It consists
spec atoml.2 X of a nucleus, containing
e that interacts! with the positively charged protons and
"subatomic particles™ Y of X electrically neutral neutrons,
e that is not charged ag;) Il surrounded by negatively
charged electrons.
NUCLEAR I.2 nuclear1.2 X : Nuclear reactions involve
spec X relating to nucleil.2 changes in nuclear structure.
The basic idea of nuclear
structure s that the nucleus
of an atom is composed of
protons and, with the
exception of %H, neutrons.
NUCLEON nucleon of X : The total number of protons
spec Tsubatomic particle” and neutrons, collectively

e that is a constituent of

the nucleusl.2 X

called nucleons, in the
nucleus of an atom is called
the mass number of that

atom.
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NUCLEUS I.2 nucleus1.2 of X : An unstable nucleus that
spec central part of the atom 1.2 X decays spontaneously is
e that is made of protons and radioactive, and its emissions
neutrons are collectively called
e that is positively chargedsgj) Il radioactivity.
Ap : NUCLEAR 1.2
NUCLIDE nuclide : The number that s
spec type of atomsl.2 sometimes given with the
e that is characterized by name of the nuclide is called
the number of protons and its mass number. For
neutrons in the nucleus!.2 of example, carbon-14 is a
the atoms|1.2 nuclide of carbon with 6
Syn : ISOTOPE 2 protons and 8 neutrons.
PARTICLE I.2 particlel.2 of X (interacting with Positive and negative charges
spec Y): can neutralize each other, or

constituent of the matterl.a X

e (that interacts| with the other

entities Y')

neutral particles can split to
form positively and negatively
charged pairs of particles,

but the net amount of charge

always remains the same.

PHYSICAL .1

(spec)

physicallll.l X :

X relating to the physics|

The instructor should explain
a step-by-step procedure for
performing the physical
laboratory experiment to the

group.
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PHYSICAL 1.2

physical .2 X :

X relating to the physicsll of

Because of its physical

structure, a water molecule is

spec bipolar, which means that it
1s slightly charged, with
a positive charge on one side
and a negative charge on the
opposite side.
TPHYSICAL "physical change of X : Physical change involves
CHANGE" change of "physical properties a change in properties such
spec Q) of the substancel.1b X as smell, shape, size, color,
volume or density of matter
without a change in its
composition.
TPHYSICAL Y is a " physical property’ of X : Physical properties that
PROPERTY Y is a property of will change if the amount of
spec the substancel.ib X matter changes are mass,
e that is inherent in X volume and length. Density,
e that can be measured or observed  color, conductivity and luster
at the macroscopicl level are physical properties that
will be the same regardless of
the amount of matter.
PHYSICS | physics| practiced by X : Quantum electrodynamics, a
(spec) science practiced by the human X subfield of physics, explains

e whose object is the study of
the matter l.a, the energyll.1 and

their interactions|

Ap : PHYSICAL III.1

the interactions of charged

particles and light.
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physicsll of X :

Insights into medical imaging

PHYSICS Il properties of the matterl.a or and its progress necessitate an
spec the energy 1.1 X understanding of the physics
e that determine the interactions!| of radiation and matter.
of X with the matterl.a or the
energy .1 2
Ay : PHYSICAL III.2
PRODUCT 1.3 product1.3 of X : A truly irreversible chemical
spec substancel.1b reaction is usually achieved
e that is formed at the end of when one of the products
the reactionl.1d X between exits the reacting system, for
the substancesl.1b 2 example, as does carbon
3, : REACTION 1.1d diozide (volatile) in the
reaction CaCOg + 2HCI —
CaCly + Hp0 + COg2t.
PROTON proton of X interacting with Y : In a hydrogen atom,
spec Tsubatomic particle” of a negative electron orbits
the atom1.2 X a positive proton because of
e that interacts! with the electromagnetic, not
the "subatomic particle'Y of X the gravitational, force
e that is positively charged( Ag) ! between the two particles.
PROTONIC protonic X : New methods were applied to
spec X relating to protons the research of protonic

structure of oxalic acid

dihydrate (COOH)3*2 HyO.
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"PURE "pure substance’ : Ozygen at room temperature
SUBSTANCE'' distinct substancel.1b is a pure substance that is
spec e that is made of one type of an odorless colorless gas.
atoms|.2 or one type of
molecules|
e whose composition and properties
are constant throughout any
sample of this substancel.1b
REACT I.1d X reactl.1d producing Y : Calcium reacts strongly with
spec The substances|.1b X undergo oxygen and water creating
a "chemical change™ various forms of calcium
e that results in the oxides or hydrozides that
transformationll.1 of X into one  have insulating properties.
or several substancesl.lb Y Hydrogen atoms react with
oxygen, releasing reactive
So : REACTION l.1d
oxygen species, such as
S1 : REACTANT
hydrozyl radicals, which in
Sres & S2 : PRODUCT 1.3
turn react with the benzene
Able; : REACTIVE I.1d
to form phenol.
S1oc : REACTOR I.2
Caus : //REACT l.le
X reactsl.le Y to produce Z : Our conclusion is that to get
REACT l.1e The human X causes?2 that 20 grams of Fe(OH)s, we
spec the substancesl.ib Y reactl.1d need to react 30.3 grams of

to produce one or several

substances|.1b Z

Sinstr : REACTOR 1.2

FeCLg with 22.4 grams of
NaOH.
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REACTANT

spec

X 15 a reactant :

X is a substancel.1b

e that reactsl.1d with
a substancel.1b 2; producing
a different substancel.1b )5

e that is consumed (partially) at

the end of this reactionl.1d

The reactants are placed in
a test-tube, flask or beaker.
They are mixed together,
often heated for the reaction
to take place and are then
cooled. The products are
poured out and, if necessary,

purified.

REACTION l.1d

spec

reaction 1.1d between X
producing Y :

fact of the substancesl.1b X
reactingl.1d to produce one or

several substancesl.lb Y

Vo : REACT I.1d
S1 : REACTANT
Sres & So : PRODUCT I3
Able; : REACTIVE I.1d

S1oc : REACTOR 1.2

The candle will not burn if
one of the reactants (wazx or
ozygen) is no longer available
because both reactants are
required for the chemical

reaction to continue.

REACTIVE l.1d

spec

X reactivel.ld with Y :

substancel.1b X such that it
reactsl.1d with the substancel.1b

Y to produce a substancel.1b {2

SoPred : REACTIVITY I.1d

Metals like potassium,
sodium, calcium and
aluminium are known as

highly reactive metals.

REACTIVITY I.1d

spec

reactivity1.1d of X :
fact of the substancel.1lb X being

reactivel.ld with Q

A{ : REACTIVE I.1d

The high reactivity of
fluorine is due to its high

electronegativity.
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REACTOR I.2 reactor1.2 used by X for Y : With a continuous-flow
spec device used by the human X reactor the problem can be
e to reactl.le the substancesl.lb Y confined to the small volume
in order to produce of the reactor and the
a substancel.1b (2 process can be shutdown
e by placing Y in this device immediately by stopping the
nflow of the reactants.
REAGENT reagent used by X : The company was allowed to
spec substancel.1b used by sell its own reagents, or test
the human X chemicals, for the cell
e to reactl.le it with counters. Lithium
a substancel.1b {}; aminoborohydride (LAB)
e in order to analyse it or produce reagents are a new class of
a substancel.1b () powerful and selective
reagents developed at the
University of California.
These reagents have
reactivity comparable to
lithium aluminum hydride
(LiAHy).
"SIMPLE T"simple substance™ : By studying combustion of
SUBSTANCE " Cpure substance” coal and other compounds, A.
spec e such that it is made of a single Lavoisier was the first to

elementlil.3a Q2

Syn : "TELEMENTARY SUBSTANCE ;

ELEMENT II1.3b

show that carbon is a stmple

substance.
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SOLID(Adj) 1.2

SOlid(Adj) 1.2 X :

The volume of solid helium,

3He and 4 He, can be

spec matterla X that is in

a physical sqj) 1.2 state such that decreased by more than 30%

e X has definite shape by applying pressure.

e X has definite volume

e X’s particlesl.2 are non mobile

Antin : GASEOUSI.2 ;

LIQUID (Agj) I-2

SiPred : SOLID () I.2

Xous a solidy1.2 In the water cycle, water
SOLID() I.2 X is matterl.a repeatedly changes from a gas
spec to a liquid or solid and back

e that is solid aqj) 1.2

Antin @ GASIL.2 LIQUID(N) 1.2

Ay SOLID(agj) I-2

to a gas again.

SUBATOMIC I.1

spec

subatomicll X :
X relating to the inner structure of

atomsl|.2

Quantum theory explains the
nature and behavior of matter
and energy on the atomic and

subatomic level.

SUBATOMIC 1.2

subatomicl.2 X :

X such that it is found within

The atomic nucleus contains

spec all of the heavy subatomic
atoms|.2 protons and neutrons. The
rest of the atom is made up
of incredibly light electrons.
TSUBATOMIC Tsubatomic particle™ of X : Atoms can be broken apart
PARTICLE" particlel.2 of the matterl.a X into smaller subunits, or
spec subatomic particles, such

o that is a constituent of an atom1.2

as protons, neutrons and

electrons.
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SUBMICROSCOPIC submicroscopic X :

spec

X whose size is such

e that it is smaller than
the microscopicll.a entities
e that it is therefore not visible

under an optical microscope

Syn : MICROSCOPIC Il.b

Antin : MICROSCOPICIl.a

An atom is
a submicroscopic particle
that serves as the building

block for ordinary matter.

SUBSTANCE I.1b

substancel.1b :

A chemical reaction leads to

spec type of matterl.a the transformation of one set
e that has a constant composition of chemical substances to
e that has constant characteristic another.
properties {Q}
transformation .l of X into Y : A substance changes phase
TRANSFOR- transformation I.1a of without undergoing any
MATION 1.1 the substancel.lb X into Y chemical transformation:
spec e that is either X in another the evaporation of water or
physicallll.2 state, or the melting of ice occur
a substancel.1b other than X without decomposition or
modification of the water
molecules.
WEIGHT 1.2 weight1.2 of X of value Y : The weight of an object is
spec Cphysical property ™ of dependent on its location. If

the physicall.2 thing X
e relative to the intensity of

the gravity force acting on X

e that is measured by the numerical

value Y

your wetght is 82 kilograms
(180 pounds) on Earth, your
wetght on the moon will be

14 kilograms (30 pounds).
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Figure 8.2 — The defined-by hierarchy of French chemical notions.
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Example

ALLOTROPES

spéc

Y qui sont des allotropes de X :

Y qui sont des formes de

I’élément I11.3a X structurellement

différentes

Ap : ALLOTROPIQUE 1

Certains allotropes de
carbone, tels que le graphite
et le diamant, sont naturels ;
d’autres, comme les
nanotubes, doivent étre

fabriqués en laboratoire.

ALLOTROPIQUE 1

spéc

X allotropique1 :

X relatif aux allotropes

Les deuz formes
allotropiques de l’oxygene,
le dioxygene et l'ozone
peuvent exister dans les
phases solide, liquide et

gazeuse.
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ALLOTROPIQUE 2

X allotropique?2 :

Les éléments allotropiques

spéc élément 111.3a X tel qu'il a des les plus connus sont carbone,
allotropes soufre, phosphore, oxygéne.

SoPred : ALLOTROPIE

ALLOTROPIE allotropie de X Les non-métaux sont plus
spéc caractéristique de I’élément 111.3a X enclins a 'allotropie que les
d’étre allotropique2 métauz.

A, : ALLOTROPIQUE 2 L’allotropie du fer est de
grande importance
industrielle.

ANION anion : La formule chimique d’un
spéc ion solide tonique exprime les
e qui est chargé agj)IV.2 proportions de cations et

négativement d’anions qu’il contient.
Cette proportion respecte

Ap : ANIONIQUE
toujours la neutralité
électrique globale.

ANIONIQUE X anionique : Les dérivés cationiques sont
spéc X relatif aux anions trop réactifs avec les
composés antoniques et sont
trop sensibles a la présence
des ions Ca™" et Mg"™™".
ATOME 1.2 atomel.2 de X qui se combine Les atomes ayant la méme
spéc avec Y : électronégativité partagent des

particulel.2

e qui interagit | avec des
particules 1.2 Y similaires pour
former la plus petite unité de

substancel.1b X

Ag : ATOMIQUE 1

électrons dans des liaisons
covalentes, parce qu’aucun
des deuzr atomes n’attire ou
ne répulse de préférence les

électrons qu’il partage.
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X atomiquel :

La stabilité d’un noyau

ATOMIQUE 1 X relatif aux atomesl.2 atomique dépend de la
spéc Advp : ATOMIQUEMENT nature et du nombre de
nucléons qui le composent.
ATOMIQUE 2 X atomique? : Les réactions de l'ozone avec
spéc X tel qu’il est constitué Vozygene atomique ou
e d’atomes|.2 du méme lozygéne moléculaire pour
élément 111.3a et non liés|l entre créer deur molécules
eux d’oxygéne sont fortement
dépendantes de la
température.
ATOMIQUEMENT X atomiquement : Une unité BN et deuzx atomes
spéc X relativement aux atomes|.2 de carbone (CC) ont le méme
Ao : ATOMIQUE 1 nombre d’électrons et des
structures similaires, mais
leur interaction avec les
molécules de gaz est
différente en raison de la
nature atomiquement
hétérogene du BN.
CATION cation : Dans les liaisons ioniques, le
spéc ion métal perd des électrons pour

e qui est chargé aqj)IV.2

positivement

Ap : CATIONIQUE

devenir un cation chargé
positivement, alors que le
non-métal les accepte pour
devenir un anion chargé

négativement.
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CATIONIQUE X cationique : La charge cationique permet
spéc X relatif aux cations d’associer les acides
nucléiques avec les vecteurs
pour former des assemblages
cohésifs.
"CHANGEMENT "changement chimique’ de X Le dégagement d’énergie sous
CHIMIQUE en Y : forme de chaleur indique
spéc changement de "propriétés qu’un changement
chimiques™ Q de la chimique se produit.
substancel.1lb X
e qui affecte la composition de X
e qui a pour résultat la
transformationll.1 de X en une
substancel.1b Y différente
"CHANGEMENT "changement physique’ de X : La dissolution du sucre dans
PHYSIQUE changement de "propriétés leau est un exemple de
spéc physiques™ Q) de la substancel.1b changement physique. Les
X molécules impliquées dans le
changement physique
demeurent intactes.
TCHARGE "charge électrique™ de X de 1l faut que lair,
ELECTRIQUE" valeur Y : électriquement neutre,
spéc propriété de la matiérel.a X s’ionise, c’est-a-dire qu’il

e qui lui permet d’avoir des
interactions| électriques avec
d’autres entités €2

e qui est mesurée par la valeur

numérique Y

A : CHARGE(Adj) V.2

devienne porteur d’une
charge électrique.

Un électron est chargé
négativement et posséde une
charge électrique de

1,6-10" C.




Chapter 8. Three systems of core chemical notions

197

Lexical unit

Definition

Example

CHARGE(Adj) V.2

X chargé(Adj) V.2 :

Dans le noyau de l’atome se

spéc X qui a une "charge trouvent les protons (chargés
électrique™ Q) positivement) et les neutrons
(non chargés), tandis que les
électrons (chargés
négativement) sont localisés
autour du noyau.
CHIMIE I.1 chimie .1 pratiquée par X : La chimie théorique est
(spéc) science pratiquée par l'individu X étude de la chimie a travers
e dont 'objet est ’étude de la un raisonnement théorique
matiérel.a et de ses fondamental, habituellement
transformationsii.l au niveau a laide des mathématiques et
submicroscopique de la physique.
Ay : CHIMIQUE I
chimiell.l de X : La chimie de l’atome de
CHIMIE I1.1 propriétés de la matiérel.a X soufre dans ’atmosphére est
spéc e qui déterminent les moins bien connue que celle
transformationsll.l de X au du carbone.
niveau submicroscopique
Ay : CHIMIQUE Il.1
chimiell.2 de X : La chimie du corps et du
CHIMIE I1.2 transformationsIl.1 dans la cerveau lors de grands états
spéc matiérel.a X de peur entraine une chute

e qui se produisent du fait de la

chimiell.l1 de X

dramatique du QI tant que
Uenfant ou ladulte se sent

menace.
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X chimiquel :

CHIMIQUE I X relatif a la chimiel.1

(spéc) Advy : CHIMIQUEMENT |

L’utilisation d’une expérience
chimique dans
l’enseignement est ['un des
problemes les plus développés
dans la méthodologie de

l’enseignement de la chimie.

CHIMIQUE Il.1 X chimiquell.l :
spéc X relatif & la chimiell.l de

Advg : CHIMIQUEMENT I

Un autre type de liaison
chimique forte entre deux
atomes ou plus est une

liaison covalente.

CHIMIQUEMENT | X chimiquement]l : 1l est chimiquement prouvé
(spéc) X relativement & la chimiel.1 que la température affecte
Ao : CHIMIQUE I l’état de conservation des

ceuvres puisque les
changements brusques de
température peuvent affecter
les conditions des pigments et
les toiles.

CHIMIQUEMENT Il X chimiquementll : Enfin un dernier stade de

spéc X relativement a la chimiell.1 de 2 scission sépare les deux

Ay : CHIMIQUE II.1

constituants différents
chimiquement et laisse une
protéine, isolée de ’acide
nucléique, d’un poids

moléculaire de 12 0000.
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COMPOSE(y) I.2

composé 1.2 de X :

Une formule chimique

spéc Ccorps pur’ énumere les différents
e tel qu’il est constitué éléments présents dans un
d’élémentsil.3a X différents composé donné ainst que le
nombre relatif de chacun des
Synn : TCORPS COMPOSE'
éléments.
La houille de mauvaise
qualité et le pétrole
contiennent des composés de
soufre et générent du SOs
lors de leur combustion
TCORPS Tcorps composé’ : L’eau (Hp0), le diozyde de
COMPOSE" Tcorps pur’ carbone (COgz) ou chlorure de
spéc e tel qu’il est constitué sodium (NaCl) sont des

d’élémentsil.3a () différents

Synn : COMPOSE() 1.2

COTPS COMPOSES.

"CORPS PUR'

spéc

Tcorps pur’:

substancel.1b distincte

e qui est constituée d’un seul type

d’atomes|.2 ou d’un seul type de

molécules|

e dont la composition et les

propriétés sont constantes dans

tout 1’échantillon de cette

substancel.1b

Le diazote Np qui constitue la
grande majorité de l’air est
bien un corps pur, de méme
que le dioxygene Oq, l'argon
Ar, le diozyde de carbone

COsg, etc.

"CORPS SIMPLE'

spéc

Tcorps simple™ :

Tcorps pur’

e tel qu’il est constitué d’un unique

élément 111.3a Q2

Syn : ELEMENT I11.3b

Le dioxygéne O, composé
uniquement d’Oxygéne, est un
corps simple alors que ’eau

Hy0 est un corps composé.
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ELECTRON électron de X qui interagit Selon la théorie orbitale
spéc avec Y : moléculaire de Hiickel, un
Tparticule subatomique™ de composé est particulierement
I'atomel.2 X stable si toutes ses orbites
e qui interagit| avec les moléculaires de liaison sont
Mparticules subatomiques™ Y remplies d’électrons
de X appariés.
e qui est chargée(agj)IV.2
négativement
Ap : ELECTRONIQUE I
ELECTRONIQUE Il X électroniquel : L’énergie d’ionisation de
spéc X relatif aux électrons atome est trop grande et

Uaffinité électronique de
l’atome est trop faible pour
que la liaison ionique se

produise.

ELEMENT Ill.3a

spéc

élémentii3a X :

type d’atomes|.2

e qui est identifié par le numéro X
correspondant a la quantité de
protons dans noyaul.2 de ces

atomes|.2

Ap : ELEMENTAIRE IIl.1

L’élément 6 (carbone) forme
divers composés inorganiques
comme le dioxyde de carbone
COgy et une grande variété de
composés organiques et de

polymeéres.

ELEMENT I11.3b

spéc critic

élémentll.3b :

"corps pur’'
e tel qu’il est constitué d’un unique

élément111.3a ()

Syn : "CORPS SIMPLE

Un élément est une
substance formée d’une seule
sorte d’atomes.

Cet élément est un métal
dense, gris argenté, qui réagit

avec l’oxygéne.
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ELEMENTAIRE lIl.1 X élémentairelll.l :

spéc

X relatif aux élémentslil.3a

L’analyse élémentaire
consiste @ déterminer les
proportions d’atomes de
chaque élément chimique
dans la composition d’une

substance.

Le dioxzyde de carbone (COy)

de Uair et ’eau sont

spéc substancel.1b X tel qu’elle est
constituée d’'un unique transformés en glucose et en
élément111.3a fructose, tandis que 'oxygeéne
élémentaire (Oy) est libéré.
TENTITE Tentité chimique : A Uéchelle microscopique,
CHIMIQUE particulel.2 une entité chimique peut
spéc e telle qu'elle peut étre identifiée par étre un atome, une molécule

ses propriétés chimiquell.l {Q}

ou un 1on.

EQUATION Il.2a

spéc

équationll.2a entre X et Y :

représentation symbolique

e de I’équivalence de la matiérel.a
dans le cadre du "changement
chimique de la substancel.1b
X en substancel.lb Y

e qui a la forme d’une équation Il.1

avec X a gauche et Y a droite

Pour qu’une équation
chimique soit équilibrée, le
nombre d’atomes du coté
gauche d’une équation doit
étre égal au nombre d’atomes
du coté droit de l’équation,

par ex. 2Hy+0y = 2H50.

EQUATION I1.2b

spéc

équation11.2b entre X et Y :

représentation symbolique

e d’une réactionl.1d entre les
substancesl.1b X qui produit Y

e qui a la forme d’une expression
similaire a une équationll.1 avec X

a gauche et Y a droite

L’équation chimique de la
combustion compleéte du
méthane dans le diozygéne est

CH4 + 209 — COg + 2H50.
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TESPECE Tespéce chimique™ : L’espéce chimique eau
CHIMIQUE ensemble d’"entités chimiques™ désigne un ensemble de
spéc e chimiquement Il identiques molécules d’ea.
GAZ 1.2 X est un gazl.2 : A haute pression, les
spéc X est une matiérel.a dans un état molécules de gaz sont tres
physiqueagj) 1112 proches les unes des autres et
e tel que X a une forme indéfinie Vespace libre entre chaque
e tel que X a un volume indéfini molécule se réduit.
e tel que les particulesl.2 de X
sont trés mobiles et
interagissent| peu
Antin : LIQUIDE(N) 1.2 ;
SOLIDEy) I.2
Ay : GAZEUX 1.2
GAZEUX .2 X gazeur!.2: Pour déterminer la masse
spéc X tel quil possede les volumique d’une substance
caractéristiques d’un gazl.2 gazeuse, il faut calculer le
Antin : LIQUIDE(pg)) 1.2 ; rapport entre la masse et le
SOLIDE aq) 1.2 volume du gaz.
S1Pred : GAZI.2
INTERACTION | interaction| entre X et Y : On peut distinguer deuz types
(spéc) fait que les entités X et Y d’hydrolyses : celles qui se

interagissent |

Vo : INTERAGIR |

font par transfert de protons,
rapides, et celles qui se font
par interaction de l’atome
d’oxygene de ’eau avec un
atome du substrat, beaucoup

plus lentes.
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INTERAGIR | X et Y interagissent| : Cette particule qui était créée
(spéc) Les entités X et Y ont un effet 'une dans les interactions

sur lautre nucléaires de grande énergie
So : INTERACTION | interagissait trés faiblement
avec la matiére.
ION ion : Pour respecter la régle du
spéc particulel.2 duet ou de l’octet, un atome,

¢ atomique2 ou moléculairel.2

e qui est chargée(pqj)IV.2

Ay : IONIQUE 1

autre qu’un gaz noble, peut
perdre ou gagner des électrons

et se transformer en ions.

IONISATION 1

tonisation de X :

L’énergie d’ionisation d’un

spéc processus par lequel la particulel.2  atome est l’énergie qu’il faut
X s’ionise fournir a un atome neutre
Vo : S'IONISER pour arracher un électron (le
moins li€) a l’état gazeux et
former un ion positif.
IONISE(adj) X ionisé : En effet un atome tonisé
spéc X tel quil s’est ionisé peut se combiner avec un
S,Pred : ION électron pour donner un
atome neutre.
IONISER X ionise Y : Les rayonnements alpha, béta
spéc Le fait X causel que et gamma tonisent les

la particulel.2 Y s’ionise

atomes de matiére avec

lesquels ils interagissent.




204

Chapter 8. Three systems of core chemical notions

Lexical unit Definition Example
S’IONISER X s’ionise : 1l faut que Uair,
spéc La particulel.2 X subit électriquement neutre,
une transformationll.1 s’tonise, c’est-a-dire qu’il
. . devienne porteur d’une charge
e pour devenir un ion
électrique. L’ionisation est
So : IONISATION 1 favorisée par certains facteurs
Caus : //IONISER atmosphériques : température
et humidité notamment.
IONIQUE 1 X ioniquel : Les scientifiques peuvent
spéc X relatif aux ions manipuler les propriétés
toniques et ces interactions
afin de former les produits
désirés.
IONIQUE 2 X ionique?2 : La formule chimique d’un
spéc X tel qu’il est constitué d’ions solide tonique exprime les
proportions de cations et
d’anions qu’il contient.
ISOTOPES 1 isotopes1 de X : Les tsotopes d’hydrogéne
spéc nucléides protium %H, deutérium %H et
e qui appartiennent au méme tritium 3 H peuvent également
élémentI11.3a X étre appelés hydrogéne-1,
e qui ont des "nombres de hydrogéne-2 et hydrogéne-3,
masse ' ) différents respectivement.
Ap : ISOTOPIQUE
ISOTOPE 2 isotope 2 : On connait actuellement

spéc critic

type d’atomes|.2

e qui est caractérisé par le nombre
de protons et de neutrons dans

le noyaul.2 de ces atomesl.2

Syn : NUCLEIDE

environ 325 isotopes
naturels et 1200 isotopes

créés artificiellement.




Chapter 8. Three systems of core chemical notions

205

Lexical unit

Definition

Example

ISOTOPIQUE X isotopique : L’analyse isotopique des
spéc X relatif aux isotopes1 éléments présents dans les
météorites fournit des indices
essentiels pour comprendre la
formation et I’évolution de
notre systeme solaire.
LIAISON II liaison Il entre X et Y qui forme Dans une réaction
spéc A endothermique, l’énergie
fait que les "entités chimiques™ requise pour briser les
X et Y se lient Il pour former une liaisons dans les réactifs est
Tentité chimique® Z supérieur a l’énergie dégagée
Vo : SE LIER Il par la formation de liatsons
AyoPert : LiBpgp I dans les produits.
LIE(Aqj) I X liépqgpn a Y : En plus de la nature des
spéc Fentité chimique' X qui s’est éléments liés, la différence
liéell & I'"entité chimique™ Y en d’électronégativité entre les
formant une "entité chimique™ () éléments que l'on veut lier
contribue a déterminer le type
de liaison chimique.
LIER Il X liell Y a Z pour former W : Pour établir la structure
spéc L’individu X cause2 que les moléculaire d’un édifice

Tentités chimiques™ Y et Z se
lient Il pour former une "entité

chimique™ W

polyatomique, il faut lier les
atomes entre eux sachant que
ceuz-ci ne se lient pas de

fagon aléatoire.
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SE LIER Il

spéc

X se liell a Y pour former Z :

L’"entité chimique™ X interagit|

avec I'"entité chimique™ Y

e ce qui a pour résultat la formation
d’une "entité chimique™ Z qui

est plus stable que X et Y séparées

So : LIAISON Il
A1/2Perf : LIE(Adj) 1l

Caus : //LIER I

Les cétones sont des
composés o un atome
d’oxygene se lie a un atome
de carbone pour former une
unité qui se rattache a un

composé hydrocarboné.

LIQUIDE(agj) .2

spéc

X liquide pqj 1.2 :

matiérel.a X qui est dans un état
physique pg;) 1112

e tel que X a une forme indéfinie
e tel que X a un volume défini

e tel que les particulesl.2 de X

sont mobiles et interagissent |

Antin @ GAZEUX 1.2 ; SOLIDE(pgj) 1.2

Si{Pred : LIQUIDE(N) 1.2

Pour déterminer la masse
volumique d’une substance
liquide, il faut calculer le
rapport entre la masse et le

volume du liquide.

LIQUIDE () 1.2

spéc

Xest un liquideny 1.2 :
X est une matiérel.a

e qui est liquide(pgj)!-2

Antin P GAZ L2 SOLIDE(N) 1.2

Ay LIQUIDE(agj) 1.2

La prozimité entre les atomes
de liquide fait également
que, comme pour les solides,
celui-ci reste difficilement

compressible.
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MACROSCOPIQUEI X macroscopiquel :

X dont la taille est telle

e qu’on peut le voir "a I’ceil nu™

Le réle de la chimie est de
faire ce lien entre ces deux
mondes : les modéles
microscopiques sont utilisés
pour expliquer les propriétés

macroscopiques de la

matiére.
MASSE 1.2 massel.2 de X de valeur Y : La masse d’une de ces boites
spéc Mpropriété physique™ de la chose de mouchoirs est de 175 g.
physique(aqj 1.2 X Le gramme (g) est l'unité de
e qui est la quantité Y de base de la masse, mais il
matiérel.a que X contient existe d’autres unités pour
e qui détermine l'inertie de X Vexprimer.
MATIERE l.a matiére l.a dont X est constitué : Des particules subatomiques
(spéc) entité du "monde physique” interagissent et produisent
e dont les choses X sont constituées des atomes et des molécules,
lesquels interagissent a leur
tour et produisent de la
matiére organique et
morganique.
mélangel.3 de X : On peut dire qu’un composé
MELANGE 1.3 Combinaison de Substances[_lb Se d’L'SSO'U,t dans un quU’Lde S7
spéc {X} ce composé n’est plus

e telle que les X ne sont pas
lides pqj N

e telle que chaque X garde ses
Tpropriétés chimiques™ {Q}

individuelles

observable dans le mélange
apres agitation : le mélange

obtenu est donc homogéne.
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MICROSCOPIQUEI X microscopiquel :

X relatif a 'usage du microscope

Les méthodes d’analyse
mzicroscopiques sont les
méthodes de référence pour la
caractérisation de [’amiante,
notamment dans une matrice

solide.

MICRO- X microscopiquell.a :

SCOPIQUEIlLa X dont la taille est telle
e qu’on ne peut le voir qu’au

microscope optique

Antin : MICROSCOPIQUEIlLb

La poussiére respirable est
constituée de particules de
poussiere MICTOSCOPLquUeEs
qui sont invisibles a ’ceil nu
et pénétrent profondément

dans les poumons.

MICRO- X microscopiquell.b :

SCOPIQUEILb X dont la taille est telle

spec e qu’il est plus petit que les entités
microscopiquesll.a

e qu’il est par conséquent non

visible au microscope optique

Syn : SUBMICROSCOPIQUE

Antin : MICROSCOPIQUEIl.a

Dans un gaz parfait les
particules microscopiques —
atomes ou molécules —
n’interagissent pas entre elles

a distance.

MOLECULAIREIl.1la X moléculairel.la :

spéc X relatif aux molécules|

Adv(y : MOLECULAIREMENT

Choisis parmi les
représentations moléculaires
sutvantes celle qui modélise la
dissolution totale du sucre
dans l'eau. Justifie ta

réponse.

MOLECULAIRE I.2 X moléculairel.2 :

spéc X tel qu’il est constitué de

molécules|

L’azote moléculaire est
également présent dans les
atmosphéres et les surfaces de
Pluton et de Triton, le

satellite de Neptune.
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MOLECULAIRE- X moléculairement : 1l faut construire des
MENT X relativement aux molécules| architectures
spéc Ao : MOLECULAIRE I.1a moléculairement précises
basées sur les récentes
avancées de la chimie
supramoléculaire : explorer ce
qut n’a pas €té construit par
la Nature.
MOLECULARITE  molécularité de X de valeur Y : La molécule Hs se forme en
spéc propriété de la "réaction une seule étape ; la
élémentaire™ X molécularité de cette
e qui correspond au nombre Y réaction est de 2.
d’"entités chimiques’
impliquées dans X
MOLECULE | moléculel de Y composée de X : La formule chimique d’une
spéc Centité chimique™ molécule renseigne sur sa
e qui est constituée des atomesl.2 composition chimique. La
{X} molécule d’eau, de formule
e qui est la plus petite unité de H30O, par exemple, est
substancel.lb Y constituée de deux atomes
] d’hydrogéne, H, et d’un
Ap : MOLECULAIRE l.1a
atome d’oxygéne, O.
NEUTRON neutron de X qui interagit avec Awvec les protons, les
spéc Y : neutrons forment le noyau

Mparticule subatomique™ de

latomel.2 X

e qui interagit| avec les
Mparticules subatomiques™ Y
de X

e qui n’est pas chargée aqj)IV.2

d’un atome, celui-ci étant

entouré d’électrons.
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"NOMBRE DE

Y est le "nombre de masse’ de

Un atome de calcium a un

MASSE X nombre de masse de 42 et
spéc Y est le nombre un numéro atomique de 20.
e qui caractérise le nucléide X Combien y a-t-d de neutrons
dans son noyau ?
NOYAU 1.2 noyaul.2 de X : Lorsque l’énergie de liaison
spéc partie centrale de ’atome 1.2 X d’un noyau atomique est

e qui est constituée de protons et
de neutrons
e qui est chargée(agj)IV.2

positivement

Ap : NUCLEAIRE 1.2

suffisamment importante, le
noyau est dit stable. Un
noyau atomique instable est

qualifié de noyau radioactif.

NUCLEAIRE 1.2

X nucléairel.2 :

L’examen de la composition

spéc X relatif aux noyaux1.2 nucléaire des atomes qui
constituent ces pierres permet
de déterminer leur dge.
NUCLEIDE nucléide : Le carbone 14 est un
spéc type d’atomes|.2 nucléide avec 6 protons et 8
e qui est caractérisé par le nombre neutrons.
de protons et de neutrons dans  Dans la nature, il y a 252
le noyaul.2 de ces atomes|.2 nucléides stables et a peu
Syn : 1SOTOPE 2 prés 85 nucléides instables.
Par ailleurs, environ 3000
nucléides instables ont été
produits par des méthodes
artificielles.
NUCLEON nucléon de X : Le noyau de 'atome
spéc Cparticule subatomique™ d’aluminium posséde 13

e qui est un constituant du

noyaul.2 X

protons et 14 neutrons, soit

27 nucléons.
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"NUMERO
ATOMIQUE"'

spéc

Y est le "numéro atomique’ de
X

Y est le nombre

e (ui caractérise ’élément I11.3a X

A laide du tableau
périodique, on repére que le
symbole de l’azote est N et
que son numéro atomique

est 7.

PARTICULE I.2

particulel.2 de X ( qui interagit

A Uéchelle microscopique, il

spéc avec Y') : existe des particules neutres
constituant de la matiérel.a X (neutron, neutrino, photon)
e (qui interagit| avec d’autres ainsi que des particules
entités Y) électriquement chargées
(électron, proton, quarks,
ions. .. ).
"PARTICULE "particule subatomique” de X : Chaque atome est composé de
SUBATOMIQUE'  particulel.2 de la matiérel.a X particules plus petites
spéc e qui est un constituant d’un (électrons, protons,

atomel.2

neutrons), appelées

particules subatomiques.

PHYSIQUE(agj) N1

(spéc)

X physiquepqgj) N1 :

X relatif a la physiquey) |

Une théorie physique a pour
objet Uexplication d’un
ensemble de lois

expérimentalement établies.

PHYSIQUE(agj) 1.2

spéc

X physiquepg; .2 :

X relatif a la physique(y) Il de

On considere qu’il existe un
quatrieme état physique de
la matiére, appelé plasma,

constitué de gaz ionisé.
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PHYSIQUE(y) | physique )| pratiquée par X : La physique se divise en
(spéc) science pratiquée par l'individu X plusieurs branches ; par
e dont 'objet est ’étude de la example, la physique
matiérel.a, de I'énergiell.l et de  fondamentale est la physique
leurs interactions| des particules qui repose sur
les principes de la mécanique
Ag : PHYSIQUE(agj) 1.1 _
quantique.
PHYSIQUE ) Il physique )l de X : L’ouvrage décrit en détail les
spéc propriétés de la matiérel.a ou de mécanismes, essentiels pour
Iénergiell.1 X comprendre la physique de
e qui déterminent les interactions| [’atmospheére et ses
de X avec la matiérel.a ou implications dans le climat.
I’énergiell.1 €2
Ag : PHYSIQUE(Agj) 11-2
POIDS 1.2 poids|.2 de X de valeur Y : Le poids de la balle de tennis
spéc Tpropriété physique™ de la chose sur la Terre est de 0,441 N.
physiqueagj) 1.2 X Le poids de la balle de tennis
o relative & l'intensité de la force de €t plus petit sur la Lune, soit
gravité agissant sur X 0,0729 N.
e qui est mesurée par la valeur
numérique Y
produit|.3 de X : Apres une réaction chimique,
PRODUIT I3 substancel.1b les produits que l’on obtient
spéc e qui est formée suite a la n’ont pas les mémes

réactionl.ld X entre les

substances|.1b )

S1 : REACTION I.1d

propriétés chimiques que les
réactifs que l’on avait au

début.
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"PRODUIT X est un "produit chimique™l : Les produits chimiques
CHIMIQUE ' X est une substancel.1b peuvent étre d’origine
spec o telle qu'elle peut étre identifiée par naturelle (eau, sucre,
ses "propriétés chimiques™ () plomb. .. ) ou fabriqués a
partir du pétrole (plastique,
colorant alimentaire
synthétique, parfum
synthétique).
"PROPRIETE Y est une " propriété chimique’ Les propriétés chimiques
CHIMIQUE de X : d’une substance peuvent étre
spéc Y est une propriété de la utilisées pour prédire
substancel.ib X comment la substances va
e relative aux transformationsil.l  réagir. Voici quelques
possibles de X en d’autres exemples de propriétés
substances|.1b () chimiques : combustibilité,
radioactivité, réactivité.
"PROPRIETE Y est une " propriété physique’ Ezxemples de propriétés
PHYSIQUE" de X : physiques : masse, densité,
spéc Y est une propriété de la couleur, volume, etc. La
substancel.ib X couleur bleue du sulfate de
e qui est inhérente a X cuivre est l'une de ses
e qui peut étre mesurée ou observée propriétés physiques.
au niveau macroscopiquel
PROTON proton de X qui interagit avec Y : Le nombre de protons d’un
spéc Mparticule subatomique™ de noyau détermine les

atomel.2 X

e qui interagit| avec les
Mparticules subatomiques™ Y
de X

e qui est chargée(pqj)IV.2

positivement

propriétés chimiques de
latome et donc quel élément

chimique il représente.




214

Chapter 8. Three systems of core chemical notions

Lexical unit

Definition

Example

REACTEUR I.2

spéc

réacteur .2 utilisé par X pour les
Y :
appareil utilisé par 'individu X

e pour faire réagirl.1d les

substancesl.1b Y afin de produire

une substancel.1b )

e dans lequel X place Y

1ls ont notamment développé
un réacteur chimique agité
qui permet ’obtention de
réactions entre un gaz et un
liquide, en présence d’un
catalyseur solide a haute

température et pression.

REACTIF (pqj) I-1d

spéc

X réactif pqj)1-1d avec YV :
substancel.1ib X telle qu’elle
réagit 1.1d avec la substancel.1b Y

pour produire une substancel.1b 2

SoPred : REACTIVITE l.1d

Le baryum est trés réactif
avec d’autres éléments et
n’est donc présent dans la
nature pratiquement que Sous

une forme liée.

REACTIF(y) 1

spéc

X est un réactif (1 :

X est une substancel.1b

e qui réagitl.1d avec une
substancel.1b 2; pour produire
une substancel.lb (29

e qui est consommeée (partiellement)

A la fin de cette réactionl.1d

Pendant la réaction, les
atomes des réactifs se
réorganisent afin de former

les produsits.

REACTIF () 2

spéc

réactif ()2 utilisé par X :

substancel.1b utilisée par

I'individu X

e pour la faire réagirl.1d avec une
substancel.1b €4

e afin de 'analyser ou de produire

une substancel.lb (29

Tous les flacons de réactifs
doivent étre conservés au
froid et n’étre sortis qu’au
moment du test.

Je me trompais sans cesse
dans mes mesures, et
finalement, j’ai cassé un

flacon de réactif Rhésus.
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REACTION l.1d

réaction |.1d entre les X qui

Apres la réaction chimique

spéc produit Y : entre le dihydrogéne et le
fait que les substancesl.1b X diozygene, on obtient de l'eau
réagissent l.1d pour produire une qui n’a pas les mémes
ou plusieurs substancesl.1b Y caractéristiques que le
dihydrogéne et le dioxygeéne.
Vo : REAGIR I.1d ) yaros Y9
) A température et pression
S1: REACTIF(N) 1
ambiantes, le produit de la
Sres & So: PRODUIT(n) I.3
3 réaction est liquide alors que
Able; : REACTIF agj) I.1d
. les réactifs sont gazeux.
Sioc : REACTEUR I.2
"REACTION réaction élémentaire entre les X 1l y a participation de deuz
ELEMENTAIRE qui produit Y : molécules dans la réaction
spéc réaction I.1d entre les élémentaire NO + O3 —

substances|.1b X qui produit la

substancel.1b Z

e en une étape unique

NOg + 0. On dira que la
molécularité de cette
réaction €lémentaire est

égale o deu.

REACTIVITE I.1d

spéc

réactivitél.ld de X :
fait que la substancel.1b X est

réactivel.ld avec

Ay : REACTIF (pqj) I.1d

Ces intermédiaires sont
appelés espéces réactives de
lozygéne (ERO), car ils ont
une réactivité beaucoup plus
importante que l’ozygéne qui

leur a donné naissance.
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REAGIR I.1d

spéc

X réagissent|.1d pour produire

Y :

Les substancesl.1b X subissent un

"changement chimique

e avec pour résultat la
transformationll.1 de X en une

ou plusieurs substancesl.ib Y

Sp : REACTION I.1d
Si: REACTIF(N) 1
Sres & So PRODUIT(n) I.3
Able; : REACTIF (pqj) !.1d

Sioc : REACTEUR I.2

Le carbure de calcium est un
solide (en poudre ou en
morceaux) qui Téagit
fortement avec l’eau en
produisant de ['acétyléne, gaz
hautement inflammable et
détonant.

Le césium réagit violemment
avec ’eau, avec formation

d’hydrogene.

SOLIDE(pgj) I-2

spéc

X solide(pgj) 12 :

matiérel.a X qui est dans un état
physique pg;) I11.2

e tel que X a une forme définie

e tel que X a un volume défini

e tel que les particulesl.2 de X

sont immobiles

Antin @ GAZEUX L2 ;
LIQUIDE (Agj) I-2

SiPred : SOLIDE() |.2

Lorsque la température
atteint 0 °C, l'eau solide
commence a devenir liquide.
Ayant fait une solution de
nitrocellulose et de camphre,
il obtint une substance
solide, élastique, peu
altérable, facile a travailler a

chaud.

SOLIDE() I.2

spéc

Xoest un solideny1.2 :
X est une matiérel.a

e qui est solide(gj) 1.2
Antin @ GAZ 1.2 ; LIQUIDE() I.2

Aj @ SOLIDE(agj) I.2

Parmi les liaisons qui
maintiennent les atomes d’un
solide ensemble, on peut
citer les liaisons covalentes.
Généralement, l’existence de
ce type de liaison conduit a
des solides particuliérement

durs, comme le diamant.
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SUBATOMIQUE I.1 X subatomiquel.l :
spéc X relatif & la structure interne des

atomes|.2

La physique subatomique
étudie la matiére organisée a
des échelles de grandeurs plus

petites que l’atome.

SUBATOMIQUE 1.2 X subatomiquel.2 :

Elle a fourni la premiére

spéc X tel qu’il se trouve dans les preuve expérimentale que le
atomes|.2 principe de conservation de la

parité ne tient pas dans les
interactions subatomiques
faibles.

SUBMICRO- X submicroscopique : Les savoirs en chimie sont

SCOPIQUE X dont la taille est telle considérés comme relevant

spéc e qu’il est plus petit que les entités  d’un niveau macroscopique

microscopiquesll.a
e qu’il est par conséquent non

visible au microscope optique

Syn : MICROSCOPIQUEILb

Antin : MICROSCOPIQUEIl.a

(celui du tangible, du
perceptible), d’un niveau
submicroscopique (les
molécules, les atomes, les
modeles) et d’un niveau
symbolique regroupant toutes
les représentations utilisées
en classe de chimie
(graphiques, formules,

équations, etc.).

SUBSTANCE l.1b substancel.1b :

spéc type de matiérel.a
e qui a une composition constante
e qui a des propriétés

caractéristiques {2} constantes

L’analyse élémentaire
consiste @ déterminer les
proportions d’atomes de
chaque élément chimique
dans la composition d’une

substance.
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TRANSFOR-
MATION II.1
spéc

transformationlll de X en Y :

transformationl.1a d’une

substancel.lb X en Y

e qui est soit X dans un autre état
physique ag;) I11.2, soit une

substancel.1b autre que X

La transformation de
réactifs en produits s’effectue
généralement en plusieurs
étapes.

Les méthodes chimiques
permettent la
transformation de corps

composés en corps simples.
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Figure 8.3 — The defined-by hierarchy of Russian chemical notions.

Lexical unit

Definition [Propositional form : Paraphrase]

Example

AJIJIOTPOIINA

coery

aasomponus X-aq :

XapakKTepucTuka sjeMeHTa lll.2a X,

ABJIAIOIIETOCS AJIJIOTPOITHBIM 2

A1 : AJIJZIOTPOIIHBIN 2

Aanomponus scenesa
TOPOWO UBYUEHA U UMEET,
boavwoe 3HaveHue 6
NPOUECCAT METGHUYECKOT
U MeEPMUYECKOU
obpabomxu wyeyHa u

cmanu.

AJIJIOTPOIIHBIN 1

criert

aanomponHutil X :

X, oTHOCAMUNCH K aJIJIOTPONaM

Aanomponnuie gopmot
cepol 8KA0NAN0OM 8 cebA
POMOUYECKYIO U

MOHOKAUHHYIO HOPMbL.
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Lexical unit Definition Example
AJITOTPOIIHBIN 2 asasomponHsiii2 X : Venepod u cepa asasromesn
crrery ssiemenT 11.2a X, mMerorui Haubonee U3GECTHBLMU

AJIJIOTPOIIbI aag01MmponHuvMU
SoPred : AJIJIOTPOIINS INEMEHMAMUY.
AJIJTOTPOIIBI Y, annomponwvt X-a : Aanomponwt yeaepoda
crert Y, dopmel as1eMmeHTalll.2a X, BKANOMAIOM AAMAS,
OTJINYAIoIIuecsd 110 CTPYKType epagum, epapen u
Ag : AJIZIOTPOITHBIN 1 Pyanepero.
AHWOH AGHUOH, : B pesyavmame
crern VIOH, 83aumModeticmeus

. kamuonos Fe’' u
e 3apsi>KeHHBII 1.2 OTPHUIATETHHO

arnuornos OH

. obpaszyemca

AO . AHMOHHBIN pasy
KPACHOBAMO-KOPULHEEDIT]
0cadox HePacmeopPuMozo

0CHOBAHUA — 2udpokcuda

orcenesa(11l) Fe(OH)s.

AHMOHHBIN AHUOHHBLT X Anuonnas gopma

crer X, oTHOCAIIUiICA K aHUOHAM Y2o0roHoU KUCAOTIVDL

obpasyemesa npu u3bvimre

6 cucmeme COq.

ATOM 1.2 amom 1.2 X-a, coedunanouwutica Bce amomuwt sodopoda s
crery c Y-om: Mmonexyae ceprot
gacTunal.2, KUCAOMDBL CBAZANDL C
e B3aumMo/ielicTBytomiagal ¢ AMOMAMYU KUCAOPODG.

aHAJIOTMYHLIMHI dacTumamMm .2 Y,
dopMupysT HANMEHBIITYIO €IUHUILY

BelriectBal.lb X

Ag : ATOMHBIN 1




Chapter 8. Three systems of core chemical notions

221

Lexical unit

Definition

Example

amomapro X

IMmu amMoMapPHO MoHKUE

ATOMAPHO X OTHOCHUTEJIFHO ATOMOBR I.2 HAHONPOBOAOKY 0bAadaIOm,

cneiy, A : ATOMHBIII 1 c80tlcmseamu,
YHUKAADHBMU OAS UL
00HOMEPHOT, CIPYKIMYPOL.

ATOMHBIN 1 amomuuiiil X Hucao npomoros

crerg X, oTHOCsIIUICI K aToMaM 1.2 onpedensiem

Adv( : ATOMAPHO

anexmpureckuti 3apsao
amomm020 A0pa u
nopAdKOSHIT HOMED AMOMA,
6 Ilepuoduueckoti

cucmeme 3AEMEeHTNOE6.

ATOMAPHBIN 1

amomapHsviti 2 X :

Amomaprwutii 600opod

cner X, cocTodmuii ©3 aTOMOB |.2 MOIAHCHO NOAYHUMD NYMEM
osiHOrO 3jaeMeHTalll.2a (), He duccoyuayuu
CBsI3aHHBIX Il Mex 1y coboit MOAEKYAAPHO20 6000p0O0Ja.
FATOMHBIN Y, Tamomnuwiti Homep' X-a : Amomnuili Homep
a ;
HOMEP Y sBJISIETCST HOMEPOM, Kucaopoda (O) pasen 8.
crerg e XapaKTEePU3YIOIIIM
3JjieMeHT l11.2a X
BEC 1.2 secl.2 X-a, svipasicermvili Y-om : IIpu noepyscenuu 6 600y
cIIerj r(bn3nquKoe CBOMCTBO ' B€EC IHCENE3H020 AKOPA

dusnaeckoro 1.2 Tema X

® OTHOCUTEC/ILHO MHTECHCHUBHOCTU

CUJIBl TAXKEeCTH, JAefCTBYIOIeil

Ha X,
® BbIPpaK€HHO€ YNCJIOBBIM

3HadeHueM Y

CaHoBUMCA MEHDULE HA

150H.
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Lexical unit

Definition

Example

BEILECTBO I.1b

sewecmeol.1b :

Xumuueckas peaxuyus

criert T MaTepuH l.a, nPUBOIUM K NPESPAULLHUIO
e UMEIOIIUI ITOCTOAHHBINA COCTaB, 00HUT TUMUMECKUT
e 00JIaIaroNuil IOCTOSIHHBIMUI seuecms 6 dpyeue.
xapakTepHbIME cBoiicTBamu {2}
e3aumodeticmeue | mescdy X-om Xumuueckasn c6:a3v
B3AUMO- u Y-om : onpedeasemcs
JEVICTBUE I dakr Toro, uro cymuocru X u Y s3aumodeticmeuem
(crery) B3auMOAeiiCcTBYIOT | MENHCAY 3APANCEHHDIMU
Vo : BBAUMOJIEMICTBOBATb | “acmuyamu.
B3AUMO- X u Y e3aumodeticmeyrom| : IIpasuna xearmosod
JEVCTBOBATBI  Cymmuocru X 1 Y 0Ka3bIBAIOT METAHUKY 2080PAN, HAM O
(cmen) BJIMSIHUE JIDYT Ha JpyTa mom, Kax amombot
So : B3BAUMOJIEMICTBHUE | e3aumodedicmeyrom,
06pasys MOAEKYADL, U KAK
MONEKYAD
83aumodeticmsyrom
dpye ¢ dpyzom, 0bpasys
CYNPAMONEKYAAPHDLE
CMPYKMYDLL.
ra3l.2 X asazemesn 2a30m1.2 : Obpasosarue yaaexucro2o
crert X gBiigeTcsi MaTepueii l.a B TaKOM 2asa, oxcuda cepol U

dusugeckom lIl.2 cocrostHAM, 9TO
o X mMeeT HeolpeaeeHHYI0 POopMYy,
e X mMeeT HeolpeHeIeHHbI 00beM,
e YacTuibil.2 X-a o4eHb
IIOABUZ>KHDBI 1 MaJIO

B3aUMO/IEMCTBYIOT |

Antin : X)KUOKOCTH 1.2 ; " TBEPJIOE
TEJIO

A1 : TABOOBPA3HBIN 1.2

AMMUGKE ABAACTNCA
PE3YALMAMOM PACNada
NPOMENCYMOUHO20
npodyKma peaxyuu
d8otino20 3ameuLenus

rucaomst ¢ OCHOBGHUEM.
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Lexical unit

Definition

Example

[A300BPABHBIN 1.2 2a3000pa3Hwitil.2 X :

crery,

maTepus l.a X, objagalonas
cpolicrBaMu rasal.2
Antin : )KUAKWIH 1.2 ; TBEPJIBIN 1.2

SiPred : TA3 1.2

Asom (Nz) u xucaopod
(O2) nasviearomcs
eazamu, a 2a3000pa3HAS
60da 6 ammocgpepe
HA3BIBACTNCA BOOAHBIM

Napom.

YKUJIKUN 1.2

crery,

acudrutile X :
maTepus l.a X B TaKOM
dusudeckom 1.2 COCTOSTHUU, UTO
e X mMeeT Heolpeie/IeHHY IO (hopMy,
e X mMeeT OoIpeJiesIeHHbIN 00beM,
e YacTuipbll.2 X-a MOABUKHBI U

B3auMO/IEHICTBYIOT |

Antin : TABOOBPABHBIN 1.2 ;
TBEPIBIN 1.2

S1Pred : »KUJIKOCTh 1.2

B omauvue om
GONDUWUHCTNGBA GEULLCTNS,
meepdas popma 600bi
UMEEM, MEHLULYHO
NAOMHOCTL, YeM €€
orcudxas opma, 4mo
noseoasem Avdy

depotcamuvcesa Ha 6ode.

KNOKOCTD I.2

coery

X acasemes ocudrocmsrol.2 :

maTepusila X,

e SIBJISIFOINASCS 2KUJIKOI 1.2

Antin : TA3 1.2 ; TTBEPJIOE TEJIO!

Ay JKUOKUM 1.2

Bewecmea co caabvimu
MENHCMONEKYAADHBLMU
63aUMOJETUCTNEUAMU,
cropee ecezo, 6ydym
atcudrocmamu npu boaee

HUSKUL Mmemnepamyparx.

3APSI>KEHHBIN 1.2

criert

3apascerHHwviti 1.2 X

X, umeroruit M aIeKTpuIecKmii

3apsnm ' {2

Amom cocmoum us adpa,
codepotcauye2o Hetmporsl
U NOAOHCUTNENDHO
3apAHCEeHHBLE NPOMOHDL,
OKPYHCEHHO020
OMPUYATNENDHO
3aAPAHCEHHBIMU

INEKMPOHAMU.
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Lexical unit

Definition

Example

N30TOII 2

CcIieny KpuTuk

u3omon 2 :
THUII ATOMOB |.2,
e XapaKTepUIYIOMUACa IUCI0M
HIPOTOHOB U HEMTPOHOB B

anapel.2 Takux aToOMOB |.2

Syn : HYKJIM/]]

§13C u §1°N - dsa
Hauboaee
PACNPOCTPAHEHHBLET
cMabusbHBLT U30Mmona,
06BINHO UCTLOABYEMDBLL

O0AS OUEHKU

683aUM0OJeticmeu. . .
U30TOIIHLIN uzomonmwili X : Darxmopul,
crert X, oTHOCATIHUICS K M30TOHaM 1 KormpoaAupyrowue
udomonmwili cocmag Li
(67 Li) peunoti 600w, euse
HE NOAHOCTDIO USYYEHDL.
U30TOIIbI 1 uzomonst1l X-a : Venepood-12, yerepod-13 u
crery HYKJINAJIbI, yenepod-14 — amo mpu
® OTHOCHAIIHNECS K OJHOMY U30MONG INEMEHMNA
3JjieMeHTY lll.2a X, Y2AeP0da ¢ MACCOBBILMU
e UMeEOIe pa3Hble " MaccoBbIe yucaamu 12, 18 u 14
qucJa’ CO0MBEMCMBEHHO.
Ay : UBOTOIIHBIN
UOH UOH, : Boaee axmusenvie
crien qacruial.2 MEMAANDL UMEIOM,

e aroMapHasil uwin
MOJIEKYJIIpHAad .2,

e 3apsi>KeHHas |.2

Ay : MOHHBIN 1

bONDWYIO CHAOHHOCTID K
nomepe INeKMpPpoHos U
06pa306aHUI0

NOAOHCUMENOHDIT UOHOB.

VNOHU3ALINA 1

criert,

uorudauua X-a :

1poliecc, B pe3ysabTaTe KOTOPOI'o

gactural.2 X mOHu3upyeTcsi

Vo : MIOHUBNPOBATBLCS

Honuzauus nampus
Mootcem 6vimos

NPOUANIOCTNPUPOBANH,
caedyrouum 0bpasom:

Na — Na* + €.
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Lexical unit

Definition

Example

UOHU3UPO- UOHU3UPOBAHHBLT X Huddpysmviii menavid
BAHHBIN X’ KOTOprI';I HNOHU3UPOBAJICA UOHuaupOBaHH’bt'ﬁ, 2a3
criens S,Pred : HOH nabarodaemcsa Kax 6
Maeurom IHymu, max u 6
dpyeux Jucko6vLxT
2040KMUKAT.
MUOHU3UPOBATL X uoHu3upyem Y : Vavmpagruoremosoe
crery QakT X Kay3upyer1l TO, 4YTO usayuenue Coanya
yactunal.2 Y moHn3upyercs UOHUSUPYETTL MOAERYADL
2a3a.
UOHU3UPO- X uonusupyemcs : Amom Karvuyus
BATbCA Yacrtual.2 X mpoxoauT UOHUBUPYEMCS, MEPAA
cIIery IIpeBpailleHme ||_1’ dea INEKMPOHA.
e CTAaHOBSICH MOHOM
So : MOHU3ALIUS 1
Caus : //MOHU3UPOBATDH
MOHHBIN 1 UOHHBIU 1 X : Bewecmeso 6vii0 noaywero
cner X, oTHOCAIIUICS K MOHAM nymém dobasaenus
Peazenmos ¢ ApKo
BYIPAANCEHHBLMU
UOHHBLMU CEOTUCMEBAMU 8
CMPYKMYPY NOAUMEPHOU
MAMPUYDL.
MOHHBIN 2 UOHHBIU 2 X Cywecmsyem cusbhas
criers X7 COCTOLIUII 13 NOHOB 3a6UCUMOCTND ,MeOfc@y

PABMEPOM UOHA U
memnepamypot
NAABACHUA UWOHHO20

COeOUHEHUA.
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Lexical unit Definition Example
KATUOH KAMUOH, Iloseprrocmuasn
crert VIOH, AKMUBHOCTNL KAMUOHOB
e 3apsXKEHHBI .2 TTOJI0KUTETHHO M@ MOAOHCUMENLHO
3apAACEHMHOT]
Ao : KATMOHHDII NOGEPTHOCTNU MAKAA JICE,

YMO U HA HE3APAHCEHHOT.

KATUOHHBIN KAMuUoOHHbLt X : IIpu dobasaenuu 6

crerg X, oTHOCATIIHACS K KATUOHAM Oymasicnyro maccy
KPATMANG C KAMUOHHBLM
3aPACOM €20 MOAEKYNDL
NPUMALUBAIOMCHA K
OMPUUATNENDHO
3APANCEHHBIM BONOKHAM U
HANOAHUMENAAM.

MAKPO- Mmaxpockonuvweckutl X Muxpockonuueckue

CKONUYECKUN I X rtakoit, uro MOOEAU UCTLONDIYMCA

e €ro MOXKHO YBUJIETh 0ns 00BACHEHUA
THEBOOPYKEHHBIM TJIA30M | MAKPOCKONUUECKUL

c6o0ticme Mamepul.

MACCA 1.2 Mmaccal.2 X-a, Macca aumpa 600wt

crery guipasicentan Y-om : cocmasasem 1,0 xe.

"dpusundeckoe CBONCTBO '
dusngeckorol.2 Teaa X,
e BbIPAXKAIOIIEe KOJIUIECTBO Y
Marepuu l.a, CofepKaIencs

B X-e,

e OIIpeeIsIIoNee NHEPITUIO X-a

Cxoavko moneti 600wt

cocmasasem 1,0 xe?
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Lexical unit

Definition

Example

"MACCOBOE
JUCJ0™"

cmerr,

Y, "wmaccosoe wucao' X-a :
Y SBJISIETCST IUCIIOM,

e XapaKTEepU3yIOIMUM HYyKJIUA X

Maccosoe wucao
xucaopoda-16 paero 16.
IMo 03HAMAEM, MO 8
Adpe amoma xucaopoda-16
80CEMb MPOMOHOE U

60CEMD Heﬁmponoe.

MATEPUA l.a

mamepust l.a, us Komopol

Cocmosnue npospavHocmuy

(crrem) cocmoum X : 3a6UCUM OM, COCMOAHUSA
CYITHOCTDb | (PU3MIECKOr0 MHUPa, Mamepuy u om mozo,

e 113 KOTOPOI COCTOSIT BEIN X Kk Ima Mamepua
83aUMOJeticmeyem co
ceemom. FEcau mamepus
HE NO2A0ULLEM CBEM, OHG
He bydem e20 u3AYwamy.

murpockonuvweckutl X B xonue sxcnepumenma
MUKPOCKO- X, OTHOCAINNICA K UCIOJIL30BAHUIO MUKPOCKONUMECKUTY
MUYECKU | MUKPOCKOIIA anaU3 noKa3an, 4mo y
MeT, KMo Yynompeoiin
aAK020Ab, HAOAI00AN0CD
yryouLenue coCcmoAnus
cepoenoti MoLUDL.
MUKPOCKO- Mmurpockonuvweckuill.a X Muxpocrxonuuecrkue

[MMYECKUWA Il.a

X Takoii, 9To
® C€I'0 MOXKHO YBHJI€TH TOJIBKO C
ITOMOIIBIO OITHYIECKOTO

MHUKPOCKOIIA

Antin : MUKPOCKOIIMYECKUI I1.b

YACUYDL NBLAL,
obHapyscennvle 6
MEMEOPUMHOM
MAMEPUANE, BEPOAMHO,
06pa306a.AUCH 6
PE3YALINATNE 36E30HbLT

63Pul606.
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Lexical unit

Definition

Example

MHNKPOCKO-

[IMYECKUA Il.b

Mmurpockonuvweckudillb X :

X Takoit, 94To

Amomwr u MONAEKYNDL

ABAANOTNCA

CII€el], e OH MEHbIIEe, 9eM MUKPOCKOTTUYECKUMU
MUKpoOcKonun4deckue ll.a YACMUYUAMUY, UT
CYIITHOCTH, cmpyxmypa, ceoticmsa u
e BCJIEJCTBHE Uero OH He BUJEH Iof  Jeudicenue mozym 6vimo
OIITUICCKUM MHUKPOCKOIIOM onucardv, 3aKOHAMU
. KBAHMOBOT MELAHUKU.
Syn : CYBMUKPOCKOIIMYECKUN
Antin : MUKPOCKOIIMYECKU Il.a
MOJIEKVYJIA | monexyaal Y-a, cocmoauas u3 Mounexynaa 6odvi
cretr X-o06 : coCmoum u3 001020
yacTunal.2, aAMoOMa KUCAOPOJG U 08YT
e cocrosimast u3 aromos 1.2 {X}, amomos 609opoda.
e SBJIAIONIASICS HAMMEHBIIEH
eqnHnIeil Bemjectsal.lb Y
Ay : MOJIEKVJIAPHBIN I.1a
MOJIEKYJISIPHO MmoneryaapHo X : /ea moneryaapHo
crrery X OTHOCUTEJTHHO MOJIEKYJI | PA3AUMHBIT KPUCTAAAG
Ag : MOJIEKYJISIPHBI I.1a avda Mozym 6vizasdenms
nowmu 00unako8o dasice
Nn00 MUKDOCKONOM.
MOJIEKVJISIP- MoAERYAAPHOCTD X-a, Mounexyaaprocms
HOCTDH suipasicenras Y-om : TUMUNECKOT, PEAKUUL,
crery CBOICTBO "3JIeMeHTapHOI Mmoorcem 6vimo pasna 1, 2

peaknun ' X,
e COOTBETCTBYIOITEe YuCay Y
qacTuli .2, 3a/1eiCTBOBAHHDBIX

B X-¢

uAU 3.
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Lexical unit

Definition

Example

MOJIEK VJISIP- MONEKYAAPHBIT |.1a X : Mo HeobvuHAA

HbIl11.1a X, OTHOCSIIIUICST K MOJIEKYJIaMm | TaparmepucmuKa

crery Advy : MOJIEKYJISIPHO obycroeaena
MOAEKYAAPHBLMU
CB0UCMBAMU BEULECTNEA.

MOJIEKVJISIP- MOAEKYAAPHBITL 1.2 X Mounexyaapruiti

HBbII1 1.2 X, cocTosmuii 3 MOJIEKYJI | Kucaopod (Oz) u

crrers, MONEKYAAPHBLT a30M,
(N2) ne asasomes
COEQUHEHUAMU, TOCKOALKY
KaoHcAbLl U3 HUT COCTNOUM,
U3 00H020 INEMEHMA.
Kosarenmuoie ceasu
BHYMPU MOAEKYAADHBLL
BEULECTNE 0HEHD NPOUHDL.

HENTPOH Hetimporn X-a, Hdpo amoma cocmoum u3

crrery, saaumodeticmeyrowutl ¢ Y-om : HEUMPOHO8 U

"cybaroMmHasi yacTuiia ' NONOIAHCUMENLHO
aromal.2 X, 3APAHCEHHBIT NPOMOHOE.
e B3amMoelcTBYyIOIIAas | ¢
TcyGaTOMHBIMU
vyacTunaMu ' Y X-a,
e He 3aps>KeHHas |.2
HYKJIAJ HYKAUO : Yucao, komopoe unozda
crer THII ATOMOB |.2, YKa3b8aEMCA BMECTE C

e XapaKTEepU3YIOMUICA IUCIOM
IIPOTOHOB U HEMTPOHOB B

aapel.2 Takux aToOMOB 1.2

Syn : U30TOII 2

Ha36aHUEM HYKAUOIQ,
HA3DIBAEMCH €20
MACCOBBIM HYUCAOM.
Hanpumep, yeaepoo-14 —
2mo HYyKAud yeaepoda ¢ 6
npomonamu u 8

HEUMPOHAMU.
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Lexical unit Definition

Example

HYKJIOH HYKAOH X-q :

crery TcybaTroMHasi yacTuma |,

e cocrapJjsdomas gapal.2 X

Obwee wucro npomonos u
HEUMPONOG, HA3BIEACMBIL
HYKAOHAMU, 6 AIPE
aAmoma Ha3vl6aemes
MACCOBBLM YUCAOM ITMO20

amoma.

[IPEBPAIIEHUE .1 npespaweruell.l X-a ¢ Y :

crier npespaiienue l.1a BemtectBal.lb X

BY,
o r1ie Y gaBJIsIeTCS MM X-OM B
apyroMm ¢pusmdeckom lil.2
COCTOSIHIY, WA BEIeCTBOM l.1b,

OTJINYHBIM OT X-a

Syn : TPAHCO®OPMAIUSI 11.1

Bewecmeo meraem
a2pe2ammnoe CoCmoAHUE
bes xaxur-aubo
TUMUMECKUL
npespauweHU:
UCNaperUe 600l UAU
MAAHUE NDOA NPOUCTOOUTN,
6e3 pasfodCeHUA UAU

USMEHEHUA MOAEKYN 600%L.

[IPOJVYKT 1.3 npodyxm 1.3 X-a :

1lo-nacmoswemy

crer BelecTso l.1b, HEOOPAMUMAA TUMUNECKAA
e 00pa3oBaHHOE B pe3yJIbTaTe PEAKUUA 00DI4HO
peakiuu l.1d X Mexy npoucrodum, xo2da 0duH
BemrectBaMu l.1b ) u3 nNPodYKMO8 6vixodum
u3 peaupyrow,edi
S1 : PEAKIIVS I.1d
cucmembl, Hanpumep, Kax
Y2AEKUCADIT 203
(nemyuuii) 6 pearyuu
CaCOg3 + 2HCl — CaCly
+ HpyO + COqt.
TIIPOCTOE "npocmoe sewecmeso’ : Hsyuas 2opernue yaasn u
BEILIECTBO! TypcToe BelecTBo |, dpyeux coedurerudl,
crery e COCTOSIIEE M3 OTHOTO A. Jlasyasve nepsvim

ssiemeHTalll.2a

Syn : DJIEMEHT Il1.2b

noOKA3aA, UMO Y2AEPOD
ABNAACNCA TPOCTNBLM

B8EWLECTNBOM.
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Lexical unit

Definition

Example

[IPOTOH npomon X-a, B amome sodopoda
cner, saaumodeticmeyrowut ¢ Y-om : ompuyuamesbroll
"cybaToMHas 4acTuia ' 2NEKMPOH 8PAULAETNCA
aTomal.2 X, B80KPY2 NONOHCUMEALHO20
e B3amMojielicTByromagl c NPoOMOoHa U3-3a
"cybaToMHBIMU 2NEKMPOMAHUMHOT, @ He
qactuiiamu ' Y X-a, 2pasuMaUUOHHOT CUADL
e 3aps>KeHHad .2 0JI0XKUTEILHO MeAHCOY IMUMU IEYMA
YACUYAMU.
PEATEHT 1 X aseademcs peazenmoml : Peazernmut nomewarom 6
cner X gBiigeTcs BelecTBOM l.1b, npooupky, KoA0Y uu
e KOTOpOoe pearupyerl.ld ¢ cmaxan. Uxr cmewusarom
BerriecTBOM l.1b €)1, o6paszyst BMECME, HACMO
BeriecTBo l.1b o, HA2PEBAIOM, O
e KOTOpOE PaCXOIyeTCsi B KOHIIE nposedenUa PeaKyul u
Takol peakiuul.ld 3amem 0TAaHCIaIOM.
Hpodyxmu eviausarom u,
Syn : PEAKTUB 1
ecau Heobrodumo,
OUUWAIOM.
PEATEHT 2 peazerHm 2, ucnosv3yemuili X-om : Peazermut 1a ocrose
crren, BellecTBO l.1b, ucnoabzyemoe amunobopozudpuda aumus

9eJIOBEKOM X C oeJabIo

BBI3BATL PEaKIUIO |.1d MexK Iy
BerecTBaMu |.1b {21,
[IPOAHAJIM3UPOBATH MK

[IpOU3BeCTH BemiecTBo |.1b (2o

Syn : PEAKTUB 2

(LAB) — amo noswiti kaacc
MOULHBLET U CENEKMUBHDIT
peazenmos,
Pa3paboOMaAHHLLT 6
Kanugpoprutickom

yHUsepcumeme.
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PEATHUPOBATH 1.1d X-w peazupyrom l.1d, obpasys Y :

Kanrvuuti cusvro

crery BemecTBal.lb X nperepnesator peazupyem ¢ Kucaopodom
"XuMmn4ieckoe m3MeHeHue u 60001, 06pa3ys
e UTO B pe3yJbTaTe MPUBOJIUT K PABAUNHBLIE HOPMbL
npesparesaunio 1.1 X-oB B 0JTHO oxcudos uau 2udporcudos
I HECKOJIBKO JIPYTHX KAALYUSA, KOMOPHLE
BeriecTBl.lb Y obaadarom
USONAUUOHHDLMU
So : PEAKIINSI I.1d
ceolicmeamu.
S1 : PEATEHT 1 ; PEAKTUB 1
Sres & So : IPOAVKT 1.3
Able; : PEAKTUBHBIN I.1d
Sioc : PEAKTOP 1.2
X asasaemes pearmueoml : Peaxmuest nomewarom 6
PEAKTHUB 1 X siBjisiercs BerecTBOM l.1b, npobupky, Koa0y uau
crery e KOTOpOe pearupyerl.ld ¢ cmaxan. Ur cmewusarom
BemrecTBoM l.1b (21, obpa3zyst smecme, “4acmo
BerectBo l.1b ()9, HA2PEBAIOM, OAA
e KOTOPOE PACXOyeTcsI B KOHIIE NPosedeHUA PEAKUUL U
Takoii peaknuml.1d 3amem oxaancoarom.
IIpodyxmui svLaueaom u,
Syn : PEATEHT 1
ecau Heobrodumo,
OUUULAIOM.
PEAKTUB 2 PEAKMUB 2, UCNOAL3YEMBITL X-0M : Komnaruu 6vi.00
crert BeIleCcTBO |.1b, UCIoIb3yeMoe paspeweno npodasamo

JeJIOBEKOM X C IIEJIbIO

e BLI3BATL peakIuio l.1d MexK Ty
BeriecTBaMu |.1b €)1,
e [IPOAHAJIN3UPOBATL UJIN

[IPOU3BECTHU BeIiecTBO l.1b ()

Syn : PEATEHT 2

80U COOCMBEHHDIE
peaxmussvlt, TUMUKAIDL

ons mecmuposarus.
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PEAKTUB- peaxmusrocms l.ld X-a : Buvicoxasn peaxmusHrocms
HOCTB I.1d dakxT Toro, uro BemiecTBo l.1b X ¢pmopa 0bycrosaera €20
crer, SABJIIETCS PEeaKTUBHBIM |.1d 8YLCOKOTL ANEKMPOOMPUUG-
MENBHOCTDBIO.
A1 : PEAKTUBHBI I.1d
PEAKTUB- X peaxmueHnbitil.ld ¢ Y-om : Kaauti, nampud, xasvyud
HBbINI.1d BerriecTBo l.1b X, U GMOMUHULT ABAAIOMCA
cIIel] pearupyioiiee 1.1d ¢ 04eHb PearmuBHbHBIMU
BerecTtBoMm l.1b Y, obpa3syst MEMAANAMU.
BemiecTBo l.1b ()
SoPred : PEAKTUBHOCTG I.1d
PEAKTOP I.2 peaxmop 1.2, ucnorvayemoviti X-om IIpoueccol 6 TuMUECKOM
crerg oan Y-06 : peaxmope npomexarm

YCTPOHUCTBO, UCIIOJIBE3yEeMOe
€JIOBEKOM X,

e B KoTOpoe X momemnaer Y,

e UTOOBI BBI3BATH peaknuio l.1d

Mex 1y BemtectBamul.lb Y ¢

IIeJIBIO TTPOM3BECTHU BEIIEeCcTBO l.1b

Q

HENPEPDLIBHO.

PEAKIIUSI I.1d

crerr,

peaxuus 1.1d meoncdy X-amu,
obpasyrowan Y :

daxT Toro, uro BemiecTBal.lb X
pearupytorl.1d, oOpa3ysi OJHO WU

HECKOJILKO BerrecTBl.lb Y

Vo : PEATUPOBATG l.1d

S1 : PEATEHT 1 ; PEAKTUB 1
Sres & So : IPOOVKT L3
Ableq : PEAKTUBHBIN I.1d

S1oc : PEAKTOP 1.2

Ceeua ne bydem zopemn,
ecau 00U U3 Pearmueos
(60ck uau KUCAOPOO)
nepecmarem 6vims
docmyntvim, NOMOMY MO
05 MPodosdceHUS
TUMUYECKOT PEAKUUU
Heobxodumv, 06a

peaxmuea.
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CBA3AHHLIN I X, ceazarnwvttill ¢ Y-om : B oicusoti mamepuu
crrery gacTuial.2 X, coequHAromasicsi I Upeseuatine peoru
c yactuiieiil.2 Y n ¢popmupyromast OP2GHUYECKUE BEWECTNEA,
gacruiry 1.2 2 Komopuwie codepatcam
C8A3AHHDBLE ATNOMDYL
a3oma Ul KUCA0Poda.
CBs3b I cea3b Il meorcdy X-om u Y-om, as anvieeudos
crery popmupiypowan 7 TapaxmepHo
dakr Toro, yro yactunpil.2 X u Y nNpucymcmeue 6 MoaeKyLe
coegunsIoTCH I, bopMuUpys KUCA0POOa, CE8A3AHHO20
gactuiy 1.2 7 deotinoli c8a3b10 ¢
Vo : COEAUHATBHCS Il amomom yeaepooa.
A, oPerf : CBA3AHHLIN Il
COEAVHEHIUE Il coeduneruell, cocmoauee u3 Omuaooicenus cocmosam 6
crery X-o06 : 0CHOBHOM U3
"ucToe BeIiecTBO |, HEOP2AHUYECKUL
e COCTOsIIee U3 PA3HBIX coedureru,
3J51eMeHTOB l11.2a X codeporcanuxca 6
monause.
CMECH .3 cmecsd 1.3, cocmoauas u3 X-06 : Cwmecw scezda MoocHo
cren COBOKYITHOCTBH Pa3HbIX cHO6a pasdesums Ha

BerecTB |.1b {X}, rue
e X-BI HE ABJISIOTCS
CBA3aHHBIMU I,
e KaxKJIbIit X cOXpaHsgeT CBOU

Txumudeckue cpoiicra ' {1}

COCTMABAAIOWUE LUCTIVbLE
B8EULELCNBA, NOCKOALKY 6
cMecy amombl
COCTMABAAOUUT BEULECTNE

He ceA3aHb, dpye ¢ OpY2oM.
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COEAMNHATS Il X coedunseml Y ¢ Z-om, umobovi s cozdanusa smux
crerg cpopmuposamv W : CAONCHDLT TUMULECKUL
Yenosek X Kaysupyer2 dakT TOrO, BEUECTNE YHueHble JONHCHD
910 YacTunpil.2 Y u 7 coe0UHAMB AMOMBL
COeJIMHSAIOTCS |1, YTOOBI yesaepoda emecme.
copmupoBats W
COEJVMHATBHCA Il X coedurnsemcsll ¢ Y-om, umobu. 1o zumuueckomy cocmagy
crerg cpopmuposams Z Yenesodnvie 8eUWELCMBa
gactunal.2 X B3a- BECOMA NPOCTNDL: Y2AEPOD
uMmogelicTByer | ¢c yacturieiil.2 Y, coedunsemcs c
e dopmupya gactuiy .2 Z, AMOMAMY KUCAOPOOG U
ABJIAIONTYIOCH 6oJlee cTabuIbLHOM, — 60dopoda.
geM X 1 Y II0 OTIEJIbHOCTHU
Sp : CBA3L I
A, oPerf : CBA3AHHLIN I
Caus : //COEJUHATS II
TCYBATOMHAMA "cybamommrasn wacmuuya' X : Amomvt MosHcHO
YACTHULA gacrtunal.2 marepunl.a X, paszdeaums na boaee
crer, MeaKue, cybamommovle

e cocTaBJsdIONmas aromal.2

YACMUYBL, MAKUE KaK
npPomMoHsl, HeUMPoHvl U

INEKMPOHDL.

CYBATOMHBIN I.1

crer,

cybamommuwuitill X
X, oTHOCATIINIICS K BHYTPEHHEH

CTPYKType aTOMOB |.2

Kesanmosas meopus
0bBACHAEM NPUPOY U
nosedenue Mamepul u
aHepaul 1o AMOMHOM U

cybamoMHOM YPOBHAL.
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CYBATOMHBIN 1.2

cybamommwbiti 1.2 X

Amomnoe adpo codeporcum

crer, X, HaxomsIuiics B aTromax |.2 8CE MAIHCEADLE
cybamomm1wvie nPomorv, U
Hetdmporvt. OcmasvHas
YACMb AMOMGE COCTNOUM,
U3 HEBEPOATNHO NE2KUT
2NEKMPOHOG.
CYBMUKPO- cybmuxpockonuveckutld X : Amom — amo
CKOIMUYECKHNN X rakoii, 410 cybmurpocronuweckas
crer e OH MEHBIIE, UeM Hacmuya, Komopas,
MUKPOCKONUYECKuii ll.a, CAYIACUM, CMPOUMENDHBIM
e BCJIEJCTBUE Yero OH He BUJeH 1oj,  0a0kom das 06binot
ONITUYECKUM MUKPOCKOIIOM MaAMePUY.
Syn : MUKPOCKOIIMYECKUH Il.b
Antin : MUKPOCKOIIMYECKU Il.a
TTBEPIOE X aeasemesn T meépdvim mesom ! : Xumus meepdozo menaa
TEJIO™ marepusila X, — HAYKG O NPEBPAULEHUAL,
crert 8 KOMOPHLL NPUHUMGAIOM,

e ABJIAIONMIASACS TBEPOAOI 1.2

Antin : TA3 1.2 ; JKUAKOCTD I.2

Ay : TBEPIBIN I.2

yuacmue (8 Kavecmee
UCTOOHDBLT PEazenmMOos UAU
npodykmos peaxyuy,)
gewecmea, roms v, 00Ho
U3 KOMOPHLT HATOOUMCA 8

m66p00./\/t COCMOoOAHUU.
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TBEPABIN 1.2

meépduiii 1.2 X :

Obsem meepdoz0 zeau,

3He u 4 He, moorcem Goimo

crert vaTepus l.a X B TaKOM
dusungeckom Il.2 cOCTOSTHUU, ITO ymenvwen na 30% nymem
e X mMeeT ompeJiesieHHYI0 (hopMy, NnOBLIUENUA 0GBAEHUA.
e X mMeeT OIpeJIeJIEHHBIN 00bEM,
e YacTuibll.2 X-a HEIOBUKHBI
Antin : TABOOBPABHBIN 1.2 ;
YKUJKUM 1.2
SiPred : "TBEPJOE TEJIO'
TPAHC®OP- mpancPhopmavusill X-a ¢ Y : Bewecmeso menaem
MALIMA I Tpaucdopmanysl.la BemecTsal.lb a2pe2amHoe COCMOoANHUE
crrery, XBY, be3 xaxux-Au60

e e Y SABIAETCS WIN X-OM B
Japyrom cpusmdeckom ll1.2
COCTOAHUU, UJIN BeIeCTBOM l.1b,

OTJIMYHBIM OT X-a

Syn : IPEBPAIIIEHUE II.1

TUMUYECKUT
mparchopmauuti:
UCNAPEHUE 800bL UAU
maarue Avda Npoucrooum
6e3 PassodHCceHUA UAU

USMEHEHUA MONEKYN 600bL.

VPABHEHUE Il.2a

crery,

ypasreHrue Il.2a meorcdy X-om u
Y-om :
CUMBOJINYECKAsl pelpe3cHTAIINA
e JDKBUBAJICHTHOCTU MaTepuHul.a B
KOHTEKCTE ' XMMUIECKOTO
usMeHeHud ' X-a,
e uMeroIIas GpopMmy ypaBuenusll.l ¢

X-oM ciieBa U Y-OM CIIpaBa

B cbarancuposarrolr
TUMUYECKUT YPABHEHUSL
YUCAO U MUN KaHCD020
amoma ¢ 0beuxr cmopom
YPaBHEHUS 00UHAKOGDHL,
nanpumep, 4AI+30g =
2Al20s3.
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YPABHEHUE II.2b

ypasHerue 11.2b meorcdy X-om u

YpasneHue noirozo

crrery Y-om : C2OPAHUA MEMAHG:
CHMBOJIMYECKas Pelpe3eHTAIN 1CH;+20,
e peakimu l.1d Mexy X-aMmu, —1C02+2H50.
obpasyroreit Y,
e umeromas (GopMy BbIpaKeHUS,
IIOXO02KyI0 Ha ypasHeHue ll.1
¢ X-oM cjieBa 1 Y-OM CIIpaBa
OUBUKA | dusura |, xomopot Keanmosas
(cmem) sarumaemes X : 2NEXMPOOUHAMUKG,
HayKa, KOTOpO! 3aHUMaeTCs nodpasden Pusuru,
JestoBeK X, 00BACHAEM,
e 00BEKTOM KOTOPOU SIBJISIETCS e3aumodeticmeue
nuccieJjoBanre Marepuul.a, 3APAAHCEHHDIT YACTNUL, U
sHepruunll.l u ux ceema.
B3auMo/elcTBuii l
Ay : PUBMYECKNI III.1
OUBUKA I dusuxa ll X-a : Honumanue meduyuncrot
crrer cBoiicTBa MaTepuu l.a uin 6U3YaNusayuUY U ee

sueprum .1 X,
e KOTODPBIE OIPEJIEIAIOT

B3aumo/eiictBusi| X-a c

marepwueiil.a uu sueprueiill.l )

Ay : ®PUBMYECKUI 111.2

npoepecca mpebyem
NOHUMAHUA PUSUKY

UBAYYHUEHUA U MAMEPUU.

OUBUYECKUI .1 pusuneckud .1 X :

(cmem)

X, oTHocamuiics Kk pusuke |

IIpenodasamennv doasicen
obsACHUMb 2pynne
nowa208Y10 NPouedypy
BHINONHEHUA
Pusuuecrozo
Aa60PaTMOPHO20

IKCNEPUMEHMNMA.
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OUBUYECKU IIL.2  pusduueckud 1.2 X

crery,

X, oTHOCstmumiics K pusuke Il Q-u

Hs-3a ceoeti pusuueckoti
CMPYKMYPdL MOAEKYAQ,
800vL ABNAEMNCA
ouUNOAAPHOT, YMO
03HAMGEM, YMO OHE
CAE2KA BAPANHCEHA, C
NOAOHCUMENOHBLM
3apadom Ha 00O
CMopoHe u
OMPUUAGTNEALHBIM 3APAIOM
HA NPOMUBONONONHCHOT

CMOPOHE.

TOU3NYECKOE
U3MEHEHUE "

crery

Tdusuuecroe usmenenue' X-a :

n3menenne " pusmIecKkux

cBoiicTB ' () BemrecrBal.lb X

Dusuuecroe
u3meHeHue
nodpasymesaem
u3mMeHenue ceoticms,
MaKUT Kax 3anax, Gopma,
paamep, ysem, 00sem Ul
NAOMHOCTD Mamepuu 6e3

UBMEHEHUA €€ COCaeca.

FTOUBNYECKOE
CBOMCTBO!

crery,

Y aeasemes T pusuveckum
ceoticmeom ' X-a :
Y sBJisieTcsi CBORCTBOM
maTepmuul.1b X, koTopoe
e Ipucyie X-y,
e MOXKET ObITb U3MEPEHO WJIN
3aMeUEeHO Ha

MaKPOCKOIIMYECKOM | yPOBHE

Dusuuecrue ceolicmaa,
KOMOPbLE USMEHAIOMCA
NPpU USMEHEHUU
KOAUMECTNGA 6EULeCEa, —
amo macca, obsem u
oauna. Ilrommocms,
yeem, npPosoduMocms
baeck — amo Pusuueckue
ceoticmea, Komopuie
O0CMAIOMCA HEUSMEHHBLMU
HE3a6UCUMO O

Koauvwecmea eewecmea.
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XMMUKAT I.1

X saeasemes zumuramoml.l :

Kamaarumuuecran UENDL —

crert X saBisieTcs BeIIecTBOM l.1b, oMo cepus us 06YT uAu
e KOTOPOE MOXKeT OBbITh boaee TUMUYECKUT
UIeHTUMUIIPOBAHO 10 €0 peaxyutl, 8 KOmMopuLr 00uH
FxuMudecKum cBoiicTBam ' §) U3 TUMUKAMOE

(kamanusamop)
paspywaem Ipyeoti
TUMUKAM, He
PAZPYULAACS TPU IMOM
cam.

XVUMUYECKU | rumuveckul X : Xumuuecku doxasaro,

(cmer) X OTHOCHTEJILHO XUuMMuM |.1 wmo gmopyaaepodoy

Ao : XUMUUECKHUIA | obecneuusarom camouili

6blCOKUL YPOBEHD
80000MMANKUBAIOULUL
ceoticms.

XUMUYECKH Il rumuveckull X : Bcee amomut ¢ 00unarosvim

crrerny X oTHOCHTENHLHO XUMUH .1 -1 KOAUHECTNEOM NPOTMOHOG

Ap : XUMUYECKUM I1.1 Oydym Tumurecru

UJEHMUMHDL.

XUMUYECKUA | rumuveckutl X Hawa sadava - naywumo

(cmem) X, oTHOCATIIHUICS K XUMUHA |.1 pobomos NpaKmu1ecky

Advy : XUMUYECKM |

noaArHocmsvro
CaAMOCMOAMENOBHO
BUNONAHATNDG MHOHCECTNBO
IKCNEPUMEHMOB 6
ZUMUYECKUT

AG00PATNOPUAL.
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XUMUYECKUA I1.1

rumuveckuti .l X :

IIpu rumuvecrot

PEAKUUL NPOUCTOOUM,

criery X, oTHOCsTImiics K xumMuu I1.1 Q-u
Advy : XUMUYECKU Il paspois odnuw u
obpazosanue dpyaux
TUMUYECKUT cBA3EU.
"XUMUYECKOE Trumuueckoe uamenernue ' X-a : Koeda peaxmusnvt
NU3MEHEHUE n3MeHeHne " XUMUYEeCKUX CMEUUBAIOMCA,
crert cBoiicTB ' {21 BerecTBal.lb X, uMeEHEHUE
KOTOPOE MEMNEPAMYPDL, GBL3EAHHOE
e BJINSIET Ha COCTaB X-a, pearxyuets, ABAAECMCA
e IUMeEET Pe3yIbTaToOM noxa3amenem
npeBpaieHue ll.1 X-a B J1pyroe TUMUYLECKO20
BerecTso l.1b () USMEHEHUA.
"XUMUYECKOE Y aeasemesn T xumuveckum IIpumepv, xTUMULECKUT
CBOWCTBO! ceoticmeom ' X-a : €c80tcma 6KA0UAI0m
cner Y sBJisieTcsi CBORCTBOM 20P10YeCmb,
BemiecTBal.lb X, MOKCUYHOCTID,
e OTHOCHTEJIbHO BO3MOKHBIX KUCAOTHOCTIIL U
npeBpaienuiill.l X-a B ipyrue  PEAGKMUBHOCTND.
Berectsal.lb )
XVMUA I.1 Tumus l.l, xomopot B xumuu nesosmoocHo
(crem) sanumaemcs X - umMemsv 0eAo ¢ 0maAeALHBIM

HayKa, KOTOPOI 3aHUMAETCs
qeI0BeK X,
e 00DBEKTOM KOTOPOI SIBJISETCS
nuccaeJloBaHne MaTepuul.a u e
npeBpailrnenuiill.1 Ha

Cy6MI/IKpOCKOHI/I‘-IeCKOM YpoBHe

Ay : XUMUYECKU |

amomom Ul M0ﬂ61€yﬂ0ﬂ,
nomomy 4mo mavi, He
MOHCEM HU yeudemb ux,
HU cocvumamsv, HU

636eCcuUmMb.
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XUMUA 1.1 zumus .l X-a : Xumus amoma
crery cBoiicTBa MaTepunl.a X, onpedensem, Kak oH
® OIIPEJIETISIONTUE coedunaemes ¢ Opyaumu
npespairenusll.l X-a Ha amomamu, 4Imo, 6 Ce0N
CyOMUKPOCKOIIMYECKOM ypOBHe 04epeds, 3a6ucum om
5 KOAUYECTNBA INEKMPOHOE 8
Ap : XUMUYECKHUH II.1
€20 enewsnet; 06oa0uKe.
rzumusa .2 X-a : DAEKMPOCYIOPOAHCHAA
XUMUI 1.2 npesBpaiienns 1.1 mepanus U3MEHAEM
criery, B MaTepunl.a X, TUMUNO MO320a.
e cBsi3aHHBIE ¢ XuMuUeiill.l X-a
wacmuua 1.2 X, Hetmpaavrvie wacmuywt
YACTHUIIA 1.2 ( 83aumodeticmsyrowan ¢ Y-om ) : MO2YM Pa30essmvbCs,
crert cocTaBjdionas Mmarepuul.a X, 00pasys NOAOHCUMENLHO U
e (B3amMmogeiicTByOm@As! ¢ OMPUUATNENDHO
JPYTUMHU CYIIHOCTSIMEA Y ) 3GPAANCEHMHDBLE NADPYL
yacmuy, Ho abCOMOMHAA
seAunMuHa 3apada ce2da
ocmaemca HeusMeHHO.
"YHNCTOE Tyucmoe seuecmaso ' : Kucaopod npu xommammot
BEIIECTBO ! OTIeIbHOE BEHIeCTBO |.1b, memnepamype — 3mo
crery ® COCTOsIIIEe U3 OHOTO THUIIA wucmoe 8euLecmaeo,

aTOMOB |.2 I OJHOIO THIIA,

MOJIEKYJI |,

e dYell cocTaB M CBOMCTBA IIOCTOAHHBI

B J1I000M 0Opasiie TaKoro

BelecTBal.lb

npedcmasasrowee cobotl
becusemmbili 2a3 6€3

3anaxa.
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T3JIEKTPUYECKUN " anekmpuyueckuti 3apsd’ X-a, duaekmpuneckuli 3apad
3APAT 8uipastcerHuili Y-om : npomona paser +1.
crern cBoiicTBO MaTepun l.a X, KOTopoe

e II03BOJIAET eil 3JIeKTPUICCKU
B3aMO/JIeCTBOBATh | ¢
JAPYTUMHU CYITHOCTAME §2,

® U3MEPACTCH YUCJTIOBON BEJIUYNHON

Y

A7 : BAPSI>KEHHBIN 1.2

SJIEKTPOH anexkmpon X-a, DaekmpoHsvL UMEOM,
crery saaumodeticmeyrowut ¢ Y-om : anexkmpuyeckuti 3apsd -1.
TcyGaToMHasi YacTuia '
aromal.2 X,
e B3amMoelcTBYyIOINAasa | ¢
TcyGaToMHBIMU YacTUaMu ' Y
X-a

e 3apsi>KeHHad |.2 HeraTuBHO

Ay : DJIEKTPOHHBIN |

SJIEKTPOHHBIN | aaexkmpoHHbitil X C' nomowbro KomouHaUUU

crerr X, OTHOCATMIACS K 9JIEKTPOHAM AHAAUMUMECKUT MEMO0006
U KOMNDIOMEPHDIT
DACUEMOG YUEHDLE CMOZAU
onpedeaums
ANEKMPOHHYIO
CMPYKMYPY AMOMOG

3040Mma.
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SJIEMEHT Ill.2a

creif

anemernmlil.2a X :
THUII ATOMOB |.2,

e KOTODBIil UIeHTHMDUIUDYETCH
HOMEPOM X, KOTODBbIii
COOTBETCTBYET KOJIMYECTBY
IIPOTOHOB B d4pe .2 TaKUX

aToOMOB |.2

Ay : SJIEMEHTAPHBIN 111.1

daemernm 60dopod,
PACNONOHCEHHDBIT 6
seprHetl Aesol yacmu
mabauysl, umeem
amommviii womep 1. Kax
MOHCEM, NOBECTNU, CEOA
amom anemerma 54 (Xe)
60 6PEMA TUMUYECKOT

pearuu?

SJIEMEHT I11.2b

cIrieny; KpuTuk

anemerm l.2b :

"yucToe BemiecTBO |,
® COCTOMIIEE U3 OJHOIO

ssieMenTalll.2a )

Syn : "TIPOCTOE BEIIECTBO

Jhoboe seuecmso,
codepotcawiee MoavKo 00uH
6ud aMoM08, HA3bIBAEMCA
2AEMEHTNOM.
Boavwunemso
2/MEMEHIMOB — IMO
MEMANADL, KOMOPDLE
baecmam u Topouo
npoeodam

INERMPUHECTNEO.

FJIEMEHTAPHASI
PEAKIIVSA

creif

INEMEHTNAPHAA PEAKUUSL MEINHCOY
X-amu, obpasyrouas Y :

peaxkiimns l.1d Mexay

BerectBaMu |.1b X, obpa3zyroras

BeliecTBo l.1b 7

e B OJIHY CTaJINIO

Cymma omdesvrvix
2Manos, uiu
INEMEHTNADPHBLT
pearuuli, 8 MEXAHUSME
peaxyul, doaxcna damov
COANAHCUPOBAHHOE
TUMUYECKOE YPABHEHUE

ons ecetl pearuuu.
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Lexical unit Definition Example

SJIEMEHTAP- anemenmapHuit il X Hepuoduueckue

HBI 1.1 X, oTHOCSIIMIACT K 3aAKOHOMEPHOCTU,

crery 3JjieMeHTaM lll.2a suimerarowue us
PACTLONOHCEHUS,
2NEMEHNOE 8
Iepuoduneckoti mabauue,
a0m TUMUKAM
becyeHHvIth UHCMPYMERTT,
s bviempozo
NPO2HO3UPOBAHUA
2NEMEHMAPHBLL
ceoticms.

SJIEMEHTAP- anemeHmapHuli 2 X B ceavckom wozaticmee

HBIN 1.2 X, COCTOSIIINI U3 OHOTO 2NeMEHMAPHAS CEPQ U

crert ssemeHTalll.2a () coedurenua cepol

NPUMEHANOMCA ONA
xoppexmuposku pH nousw

nymem NOOKUCAEHUA.

SATEPHBIN 1.2

adeproviti .2 X

Hoepruwie pearyuu

crer, X, oTHOCAIMIAC K APy 1.2 CBA3AHDBL C UBMEHEHUAMU 6

adepHoti cmpyxmype.
SAPO 1.2 adpol.2 X-a : Hecmabuavroe sdpo,
crrery IeHTpaJIbHas 9acTh aroma l.2 X, KOMOpoe CNOHMAarHo

® COCTOSINAS U3 MPOTOHOB U
HEWTPOHOB,

e 3aps>kKeHHAad .2 I10JI02KUTEJILHO

Ay : AOEPHBIN 1.2

Pacnadeemcs, ABAAEMCA
PaduoAKMUBHHIM, @ €20
8bLOPOCHL 8 COBOKYNHOCTIU
HA3BBAIOMCA

pa&uoa%mueﬂocmbm.
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Contexte

Notre recherche s'appuie sur un double constat : d’une part, les approches traditionnelles de
représentation des terminologies scientifiques reposent essentiellement sur le recours a des modéles
taxinomiques — cf. les ontologies informatiques fondées sur des hiérarchies de classes conceptuelles
(Hirst, 2009) ; d’autre part, les études contemporaines sur I’organisation du lexique de langue
générale (lexicologie, psycholinguistique, etc.) tendent a s’accorder sur un mode de structuration en
réseaux lexicaux non hiérarchiques et non taxinomiques (Aitchison, 2012; Polguere, 2016).
La recherche fait I’hypothese que les terminologies scientifiques, puisqu’elles fonctionnent dans les
textes en interaction avec le lexique de langue générale, doivent posséder une structure
homomorphe avec celle du lexique général, avec lequel elles fusionnent au sein de la langue

(L’Homme et Polguére, 2008).

Les modeéles terminologiques, dans leur immense majorité, traitent les terminologies de
facon isolationniste et ne sont pas en mesure de rendre compte des types de connexions qu’elle
entretiennent avec la langue générale et des conséquences pratiques de ces connexions sur la
dynamique lexicale (évolution des terminologies), ainsi que sur I’enseignement et 1’apprentissage
des terminologies. La recherche doctorale étudie ce probléme dans une perspective a la fois
théorique (lexicologique) et descriptive (lexicographique/terminographique) en se consacrant au cas

de la terminologie de la chime.

La réflexion sur le langage de la chimie a une longue et riche histoire (Zanola, 2014, pp.
113-128). Pourtant, 1’essentiel des efforts de normalisation et rationalisation de cette terminologie
s’est concentré sur le nommage des composés chimiques, puisque la chimie, de par la nature méme
de la discipline, engendre de facon continuelle de nouvelles molécules et, donc, de nouveaux noms
pour les désigner. Le domaine de la chimie est remarquable en ce sens que, a la suite de Lavoisier,
une logique de nommage des composés chimiques a ¢ét¢ adoptée afin que la structure
morphologique méme des termes refléte la structure moléculaire de la substance désignée, ainsi que

I’ordre de combinaison des éléments.

Dans un article publi¢ en 1991, R. Hoffman (Prix Nobel de Chimie 1981) et P. Lazlo ont
souligné que la connaissance du nom d’un composé chimique, qui est strictement li€ a sa structure,
donne au chimiste un énorme « pouvoir » sur la molécule (Hoffman & Lazlo 1991). Le nom est en

relation étroite avec le comportement, les propriétés de la substance. L’importance d’une utilisation



correcte de la terminologie en chimie a mené, a partir de 1919, a la création d’un organisme
international — [UPAC : International Union for Pure and Applied Chemistry —, dont une des
activités consiste a développer des régles pour la nomenclature des molécules, afin d’éviter des
ambiguités dans les définitions et harmoniser les nouvelles propositions lors de la découverte d’une

molécule.

Dans ’ouvrage La parole des choses (Lazlo 1993), P. Lazlo continue la réflexion sur le lien
entre la chimie et la langue jusqu’a établir un tableau de correspondances entre des catégories
linguistiques et leurs répondants en chimie (par exemple, le fait qu’une molécule peut se comporter
comme un acide ou comme une base suivant le partenaire de la réaction, peut s’interpréter comme

une instanciation de la catégorie « polysémie »).

Plus récemment, une équipe internationale fait la démonstration du fait que les méthodes
computationnelles de la linguistique appliquée au Traitement Automatique de la Langue peuvent
étre employées pour 1’étude de la réactivité de molécules organiques (Cadeddu et al. 2014). 11 est en
fait possible de montrer que les relations entre les « fragments » qui constituent la langue et celles
qui existent entre les « fragments moléculaires », utilisés dans ’approche rétrosynthétique, ont la
méme structure, qui se base sur le concept de « fréquence » d’apparition. Cette découverte récente

concrétise et formalise la phrase du prix Nobel de Chimie, J.-M. Lehn :

« Atoms are letters, molecules are the words, supramolecular entities are the sentences and

the chapters » (Lehn 1995).

Malgré I’intérét évident que les chimistes portent aux questions d’utilisation des termes dans
la pratique de leur discipline, les exemples d’études systématiques du lexique de la chimie restent
é¢tonnamment rares. Dans ses travaux de thése (Peraldi 2011), S. Peraldi analyse le langage de la
chimie organique, en mettant en évidence son caractére indéterminé et multidimensionnel. Par
I’¢laboration d’un corpus spécialisé (en anglais), Peraldi propose des pistes pour la construction
d’un modele terminologique qui pourrait assister les chimistes organiciens dans leurs efforts de
communication scientifique. Or, dans la rédaction d’articles comme dans 1’expression orale, tout(e)
scientifique est confronté(e) aux difficultés liées a la communication de concepts qui sont souvent
trés techniques et spécifiques d’un sous-domaine (par ex., chimie organique, chimie des matériaux,

chimie physique).



D’autres difficultés ressortent dans un contexte pédagogique : nécessité d’utiliser une
expression claire, d’éviter des définitions ambigués, de privilégier I’illustration de concepts simples
par des termes bien choisis. Comme 1. Kermen I’a remarqué (Kermen 2016), le choix des mots par
un enseignant est un point clé pour aider a la compréhension de concepts comme des signes
spécifiques de la chimie. Des études montrent en fait que des interprétations erronées des éleéves
sont souvent générées par une pédagogie qui repose sur des especes et des entités non perceptibles
(Taber, 2001), et donc trés probablement sur un mauvais lien entre termes et concepts, et par une
tendance a attribuer aux entités chimiques des « comportements », des « significations
ontologiques » (Taber 1998). Dans ce dernier cas, il s’agit d’un probleme trés courant dans la
pédagogie de la chimie, li¢ a des formulations utilisées en cours comme dans les ouvrages. Par
exemple, il est souvent dit qu’un atome qui suit la régle de ’octet « préfeére » étre entouré par huit
électrons, et que le sodium « cherche a se débarrasser » d’un électron de valence pour aboutir a une
stabilité électronique. Ces abus de métaphorisation sont en partie la conséquence d’une absence de
ressources linguistiques d’envergure véritablement adaptées a 1’enseignement de la chimie, et

notamment de sa terminologie.

En regard de tous les chalenges posés par la question terminologique dans le domaine de la
chimie, les efforts de ’'TUPAC sont principalement orientés vers la normalisation de la terminologie
trés prolifique des composés chimiques. En comparaison, peu d’attention a été portée sur une
meilleure normalisation de ce que I’on appellera la terminologie fondamentale de la chimie, c’est-a-
dire la terminologie qui forme le noyau notionnel de la discipline. La terminologie fondamentale de
la chimie représente, de plus, le socle sur lequel s’appuie toute la terminologie dénominative des

substances.

En effet, cette terminologie est celle qui pose le plus de problémes quant a I’interaction avec
la langue générale, par exemple, dans les contextes pédagogiques. De plus, les chimistes sont
aujourd’hui fréquemment amenés a faire face a des thématiques d’intérét public, comme le
développement de matériaux et procédés respectueux de 1’environnement, le développement
industriel, le risque chimique. Ils sont ainsi de plus en plus conscients de I’importance d’une
approche non isolationniste de la terminologie de leur domaine et de la nécessité¢ d’une amélioration

des stratégies d’enseignement de celui-ci.

Un autre point important & mentionner est que les principales ressources terminologiques

existants sur la chimie sont monolingues, comme le Gold Book de 1'TUPAC, qui traite uniquement
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du lexique anglais. Pour ce qui est des ressources prenant en charge les correspondances
interlangues en chimie, les efforts sont trés souvent limités a 1’¢laboration d’index, qui présentent
des traductions terme a terme. Il s’agit de simples tables de correspondances, sans information sur

le sens et le comportement linguistique des termes traités.
Objectifs

Sur le plan théorique, la recherche vise, d’une part, a apporter une solution au probléme de la
modélisation formelle et rigoureuse de la multidimensionnalité inhérente a I’organisation des
terminologies (Bowker, 1997), c’est-a-dire le fait que les termes peuvent étre appréhendés et les
terminologies parcourues selon de multiples axes. D’autre part, et de fagon li€e, la recherche vise a
rendre compte de I’interdépendance entre lexique de langue générale et lexique terminologique.

La recherche porte spécifiquement sur la nomenclature fondamentale de la chimie (par exemple, des

termes comme atome, liaison, réaction, etc.)

Une des problématiques centrales de la description des terminologies étant celle de leur
traduction, la recherche adopte une perspective multilingue, en s’appuyant sur les travaux de
lexicologie théorique et descriptive menés a I’ ATILF sur le francais, 1’anglais et le russe. Sur le plan
pratique, la thése débouche sur des modeles terminologiques multilingues de la chimie pour les trois
langues typologiquement distinctes considérées. Ces modeles sont des outils destinés aux
scientifiques aussi bien qu’aux enseignants en chimie. La recherche est donc de ce fait destinée a
avoir une résonance non seulement dans le domaine de la recherche en lexicologie et terminologie,

mais aussi aupres de la communauté des chimistes.

Le projet se situe dans la thématique des études lexicales, qui sont au cceur du projet
scientifique du laboratoire ATILF. Il présente 1’originalité d’aborder le sujet du rapport entre terme
et non-terme dans le cadre des travaux menés a I’ATILF par A. Polguére sur les grands réseaux
lexicaux. Une exploitation intensive a ¢ét¢ faite des modéles lexicaux développés au laboratoire
depuis plusieurs années : les réseaux lexicaux du francgais et de I’anglais (Gader et al., 2014) et, dans
le cadre d’une collaboration avec le laboratoire CREE de I’INaLCO Paris (Projet LEC-ru), le réseau
du russe. En retour, la recherche doctorale a alimenté ces ressources en données sur les

terminologies anglaise, francaise et russe de la chimie.



Méthodologie

Notre approche théorique et descriptive est celle de la Lexicologie Explicative et Combinatoire
(Mel’Cuk et al., 1995), qui a ét¢ amplement appliquée a 1’étude de vocabulaires terminologiques,
tels que ceux de I’informatique et de I’environnement (L’Homme, 2012). Le travail lexicographique
a été mené de fagcon comparative — pour les trois langues prises en compte — afin d’identifier

1) les divergences de structuration terminologiques entre langues et 2) les divergences quant a

I’interconnexion entre terminologie et langue générale.

La détermination d’une terminologie fondamentale de la chimie est un préalable a toute
¢tude descriptive et théorique. Un travail préparatoire a été effectué par A. Polguere dans le cadre
du projet PEPS Mirabelle STRETCH de F. Ingrosso — codirectrice de la thése —, en collaboration
avec deux autres membres 1’ancien laboratoire de chimie SRSMC. Ce projet a mené notamment a la
construction de deux corpus anglais et francais, dont la taille est suffisamment significative
(3 millions de mots-occurrences pour chacun des corpus) pour permettre une premiére estimation
des nomenclatures terminologiques a considérer et pour effectuer des expérimentations sur la
description terminographique du vocabulaire de la chimie — pour une présentation de 1’approche

adoptée et des travaux réalisés, voir Ingrosso & Polguere (2015).

Aprées avoir identifié une terminologie fondamentale de la chimie, nous avons modélisé¢ la
terminologie identifiée selon 1’approche des Systemes Lexicaux (Polguére, 2014). Les propriétés
formelles des Systémes Lexicaux permettre d’étudier la fagon dont une terminologie donnée pénétre
la langue générale et, réciproquement, est pénétrée par elle. La méthodologie a été¢ ancrée dans la
modélisation lexicographique des termes (sens, caractéristiques grammaticales, connexions
lexicales sémantiques et phraséologie) avec un recours systématique aux corpus textuels de chimie

et a I’interaction avec les spécialistes du domaine du laboratoire de chimie LPCT.

Au cours de notre étude, nous avons réalisé¢ des descriptions terminographiques pour 312
unités lexicales (107 unités lexicales anglaises, 103 unités lexicales francaise, 102 unités lexicales
russes) qui constituent le noyau de la nomenclature de la terminologie chimique. Notre ressource
multilingue sur le lexique de la chimie avec les connexions riches entre termes, ainsi que les
informations sur leur comportement dans les textes, permettra la mise en place de nouveaux outils
pédagogiques pour les enseignants et les scientifiques et pourra susciter de nouvelles stratégies sur

la pédagogie de la discipline et stimuler la conception de méthodologies innovantes.
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