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ABSTRACT: Science, including mathematics, physics, and, of course,

chemistry, has its own language and symbols and names we learn in school. (\)o o\
However, to teach it, communicate it, and use it, we use our own native o o’

languages. Most of the scientific literature, including this article, is in
English, as are the texts published by the various scientific unions, including o Ng
the International Union of Pure and Applied Chemistry (IUPAC), to define @EN/> @()
scientific nomenclature, terminology, and presentation. However, it is benzoldoazol  quinoline

essential that these fundamental texts are available in as many languages as
possible to facilitate their teaching, learning, and use throughout the world.
It should be noted, however, that the translation of these texts into different  quuicacid  nitrous oxide  sodiumie
languages is a complex task that requires some choices due to the lack of
obvious alternatives or the cacophony of some terms. In this paper, we
provide some details on the challenges, compromises, and difficult decisions involved in translating the IUPAC Nomenclature Brief
Guides into Spanish.
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1. INTRODUCTION in the IUPAC Color Books;’ these documents have been
translated into languages such as Basque, Catalan, Czech,
Danish, Dutch, French, Galician, Slovak, and Spanish. Although
it may seem a simple routine, the translation of the nomenclature
requires an effort beyond the translation of the language itself,
since it also requires adapting the vocabulary and concepts to the
peculiarities of the language. For example, in organic chemistry
nomenclature, the group C¢H;—, which acts as a phenyl
substituent (in English), is translated as fenil (in Spanish), which
can lead to a rearrangement of the name and a renumbering of

Throughout history, the spread of knowledge has taken many
paths. For thousands of years, knowledge was transmitted orally
from one generation to the next. With the advent of writing, a
rapid expansion of, among other things, scientific knowledge
became possible." This transmission of ideas and experiences
was associated with a language, depending on the geographical
space. For example, most of the scientific literature has been
published in French, German, and, more recently, English.2

English is also the language used by the International Union of

Pure and Applied Chemistry (IUPAC) to define scientific some compounds containing this substituent.'’ This and other
nomenclature, concepts, and terminology; thanks to this difficulties encountered in the translation of several scientific
) ) )

organization, we have a common, uniform, readable, and documents produced by the IUPAC are presented herein.

systematic chemical language, which is periodically adapted to
new discoveries. For example, the latest nomenclature 2. TRANSLATION OF AN IUPAC COLOR BOOK
recommendations in inorganic chemistry are from 2005,°
those in organic chemistry from 2013," and the revision of the
SI, the latter with direct consequences in the chemical
community with the redefinition of the mole.’

The translation of these and other texts into different

Translating one language into another presents some challenges,
difficulties, and inevitably some compromises. We will use our
experience in translating several texts related to the IUPAC
nomenclature from English to Spanish. The first example was
the Nomenclature of Inorganic Chemistry (The Red Book). In

languages is critically impé)rtant, especially at the educational November 2005, IUPAC published the Nomenclature of
and general society levels.” Moreover, it should be noted that

chemistry is rich in metaphors, and a precise translation of
chemistry text is required.” In the case of the IUPAC books,
there are several scientists who, encouraged by the institution
itself, translate the texts into different languages.

Another action supported by this institution is the translation
of the Brief Guides to Nomenclature,® which summarize the
rules and preferred names recommended by the IUPAC found
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Inorganic Chemistry in collaboration with RSC (Royal Society
of Chemistry) Publishing.” The original project was submitted
to the Inorganic Chemistry Division (II) and the Chemical
Nomenclature and Structure Representation Division (VIII) of
IUPAC on January 2, 1999, by coordinator Neil G. Connelly
with the title Nomenclature of Inorganic Chemistry—Revised
“Red Book”—Part I. This work, which took almost seven years
to publish, was translated into Spanish in less than two years by
Miguel Angel Ciriano and Pascual Roman Polo with the same
title: Nomenclatura de Quimica Inorganica. Recommendaciones de
la IUPAC de 200S (ISBN 978-84-7733-905-2). Figure 1 shows
the covers of the Spanish textbook published by Prensas
Universitarias de Zaragoza (PUZ)."'

Unién Internacional de Quimica Pura y Aplicada

Nomenclatura de Quimica Inorganica

Preparada para su publicacion por

Version espafiola elaborada por

Figure 1. Front cover of the Libro Rojo of Nomenclature of Inorganic
Chemistry (reproduced with permission given by Prensas Universitarias de
Zaragoza).

The motivation for this translation was to facilitate
communication among the community of Spanish-speaking
chemists and to provide a coherent and consistent use of
inorganic chemistry terms in Spanish. Some of them did not
exist in Spanish at the time of their translation and had to be
included for the first time. This translation was proposed and
commissioned by Professor Luis A. Oro, Professor of Inorganic
Chemistry at the University of Zaragoza, President of the
Spanish Committee of IUPAC and, at the time, President of the
Royal Spanish Society of Chemistry (RSEQ).

After the translation was completed, it was sent for review to
renowned Spanish chemists and researchers in the field of
inorganic chemistry, as well as to the Chemical Societies of
Argentina, Chile, Spain, and Puerto Rico. After receiving
feedback from these communities and incorporating their
changes and suggestions, the JTUPAC Red Book, translated
into Spanish, was presented on October 16, 2007, at the
Residencia de Estudiantes of the Spanish National Research
Council (Consejo Superior de Investigaciones Cientificas, CSIC) in
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Madrid. It is worth mentioning that on July 17, 2008, the Union
of University Publishers of Spain (Union de Editoriales
Universitarias Espafiolas, UNE) awarded PUZ (Prensas Uni-
versitarias de Zaragoza) the Prize for Best Translation within the
XI National University Publishing Awards (XI Premios
Nacionales de Edicion Universitaria)."*

For the translation of the Red Book (2005), the authors used
the dictionary of the Real Academia Espafiola (RAE) in its 23rd
edition (Diccionario de la Lengua Espafiola, DLE),""" the
Scientific and Technical Vocabularies II and III (Vocabularios
Cientificos y Tecnicos ITy IIT)," ™" and the Essential Dictionary of
the Sciences II (Diccionario Esencial de las Ciencias I)'® of the
Royal Academy of Exact, Physical and Natural Sciences (Real
Academia de Ciencias Exactas, Fisicas y Naturales, RAC) were also
used. The Spanish version of the Nomenclature of Inorganic
Chemistry Recommendations of 1990, translated by Luis F.
Bertello and Carlos Pico Marin,'® was also used to maintain
linguistic consistency with that earlier work.

On the occasion of the publication of Red Book (2005),
TUPAC decided to modify the nomenclature of several inorganic
compounds that provoke a revision of the previous version of the
Red Book. The most important changes incorporated by IUPAC
are

(1) The compounds of halogens with oxygen are not called
oxides but are oxygen halides.

(2) The systematic nomenclature of oxoacids and oxosalts is
modified.

(3) The names phosphine, arsine, and stibine are replaced by
phosphane, arsane, and stibane.

(4) The nomenclature of the ions is modified.

(5) Some abbreviations are unified and their use is limited: for
example, the abbreviation for 2,2'-bipyridine is bpy and
not bipy; the abbreviation C, represents the cyclo-
pentadienyl group CHj, and it is recommended not to
use C,* to designate C;Meg, due to the frequent use of the
asterisk with other meanings (excited states, optical
activity, presence of a chiral stereocenter, etc.).

However, as mentioned above, when translating the textbook
into Spanish, several decisions should be taken related to
vocabulary, terms, and expressions; in addition, several words
should be adapted to the cacophony of the language. The most
important difficulties faced and decisions adopted by the authors
are

(6) Difficulties with important nuances without an obvious
translation in Spanish.

(7) English words created “ad hoc” but not recognized by
English dictionaries at the time (locant, location, ligating,
bicapped...).

(8) Words widely spread in Spanish not included in DLE
(ligando, oligonuclear, borano, clisster...).

(9) Words that required inventing a simple name, such as
seesaw: which was translated as balancin (rocker).

(10) Single word used for translating several concepts or
words: for example, all anions in English end in -ide, -ate,
or -ite, and when they are ligands in metal complexes in
-ido, -ate, or -ite (e.g,, chloride and chlorido), but the
Spanish translation of both anions corresponds to a single
name (e.g., cloruro).

It was decided to maintain the English abbreviations of
the ligands, the symbols of the polyhedra, the Bravais
networks, and the allotropic varieties as their own to

(11)

https://doi.org/10.1021/acsomega.3c08887
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provide greater uniformity with the scientific literature
and for avoiding errors of interpretation.
(12) The endings of organometallic ligands, radicals, or
substituent groups that form part of a multiple bond or
with several unsaturated valences have been written
directly with the “o” final vowel. For example,
methylidene, azanylidene, propane-1,3-diyl, were trans-
lated to metilideno, azanilideno, propano-1,3-diilo, respec-
tively.
(13) The names of organometallic radicals and ligands have
been written with the ending -il for direct use as prefixes in
the names, although the proper name of the radical or
ligand ends in -ilo. For example, allyl, methyl, and aminyl
are translated as alil or alilo, metil or metilo, aminil or

aminilo.

Some names of the elements included in the DLE do not
coincide with the usual ones in Spanish: astato, tantalio,
and telurio (astato, tantalo and teluro, according to RAC).
For this reason, the vocabularies of the RAE have been
used.

The letter “z” has been preserved in nitrogenous
derivatives (hidrazina, azida, aziridina, etc.), to highlight
the origin or presence of nitrogen (azoe) although DLE
used the letter “c” for some of this compounds.

The rules of accentuation have been respected, with the
exception of the word hidrogeno in hydrogen nomencla-
ture, while accents have been omitted in the written
names of the ligands to form the addition name (unless
the name of the ligand is separated by inclusion signs).

(14)

(15)

(16)

A special case is the translation of the name of the element Z =
74. In the 2005 version of the Red Book, this element is called
exclusively tungsten, eliminating its alternative name wolframio,
which had been accepted since 1949.” In the same year that the
latest version of the Red Book was published, Pilar Goya and
Pascual Roman, representing the opinion of many Spanish
chemists, requested that both tungsten and wolfram be used to
name this element, as had been the norm for decades and as had
been the clear will of the brothers Juan José and Fausto
Delhuyar, the first to isolate this metal, and proposed wolframio
(the original name of wolfram) to name this new metal."” The
response of Ture Damhus, one of the coauthors of the Red
Book, was that there could only be one name in English and that
was tungsten.”” It is important to note that IUPAC is silent on
the name of this or any other element in languages other than
English, leaving the translation of chemical names into local
languages to experts in the various countries. In March 2006,
Roman published the article The real name of the metal tungsten is
wolfram, in order to promote the use of wolframio among
Spanish-speaking people.”’ In addition, and to make this case
even more visible, a stamp depicting the Delhuyar brothers and
this element with its name appeared in the Spanish translation of
the Red Book (Figure 1).

The other stamp on the cover of the Spanish translation of the
Red Book shows a periodic table of chemical elements with four
elements highlighted in white. This was done to highlight some
of the predictions made by Russian chemist Dmitri Ivanovich
Mendeleev on the centenary of his death in 1907 (Figure 1).
This stamp in the Science series was designed by the Spanish
chemist Javier Garcia Martinez, currently Professor of Inorganic
Chemistry at the University of Alicante and President of [IUPAC,
and was inspired by the paintings of Dutch painter Piet
Mondrian.
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3. IUPAC BRIEF GUIDES IN SPANISH

In recent years, [IUPAC has produced and made freely available
some Brief Guides covering the main aspects of chemical
nomenclature, including organic, inorganic, polymer, etc.®
These documents are easily recognizable by their colors,
which are the same to the IUPAC Color Books.”

They are concise summaries of the most important [TUPAC
standards and are therefore not only very useful but also very
popular. They have been translated into several languages to
help students around the world learn chemistry in their native
language.”™ >

The first Brief Guide translated into Spanish was the Brief
Guide to the Nomenclature of Inorganic Chemistry (title in
Spanish: Guia Breve para la Nomenclatura de Quimica
Inorganica)” in 2015 (last version 2022) (Figure 2). The
authors took great care to maintain the format, length, and visual
identity of the original text. After being revised by various
Spanish-speaking experts and approved by IUPAC, it was
uploaded to both the ITUPAC*® and RSEQ”” Web sites for wider
dissemination. Similarly, in 2019, the Brief Guide to the
Nomenclature of Organic Chemistry (title in Spanish: Guia
Breve para la Nomenclatura de Quimica Organica) was also
translated into Spanish, corrected by experts, and made available
on both the IUPAC and RSEQ Web sites (Figure 2).

The Brief Guide to Inorganic Chemistry and the Brief Guide
to Organic Chemistry were translated into Spanish by Miguel A
Ciriano, Efraim Reyes, and Pascual Roman, while the rest of the
short guides and other important related texts were translated by
the latter two, namely, A Short Guide to Polymer Nomenclature,
A Short Guide to Polymerization Terminology, A Concise
Summary of Quantities, Units and Symbols in Physical
Chemistry, and A Concise Summary of the International
System of Units, SI. Once all these translations were completed,
revised, and approved by IUPAC, they were combined into a
single book so that chemistry students, teachers, and
practitioners could have the most important IUPAC documents
in Spanish in a single volume. The authors included a foreword
by Javier Garcia Martinez, President of IUPAC, and a short
introduction by the authors. The book was titled Nomenclatura
quimica y normas de la IUPAC en espanol (Chemical
Nomenclature and IUPAC Standards in Spanish) and published
by ;c?e University of La Rioja (UR) in November 2022 (Figure
3).

This book also contains the IUPAC Periodic Table of
Chemical Elements and the IUPAC Periodic Table of Isotopes.
It should be noted that the translation into Spanish of the
elements with atomic numbers 113 (nihonium, Nh), 115
(moscovium, Mc), 117 (tennessine, Ts), and 118 (oganesson,
Og) was not obvious and required a meeting between
representatives of the RAC, RAE, RSEQ, and the FundéuRAE*
to agree on their names in Spanish. The final decision, accepted
by the parties, was that they should be called as follows: 113,
nihonio; 115, moscovio; 117, teneso; and 118, oganeson. This
meeting was used to review the names and spellings of all of the
chemical elements in Spanish. For example, during this revision,
zinc was preferably translated as zinc (with z) maintaining the
etymology of the word; however, zirconium as circonio (with c)
maintaining an extended used word in other sciences (such as
circonita in Geology or Gemology). The periodic table in the
book Nomenclatura quimica y normas de la IUPAC en espaiiol
includes the names and symbols decided at this meeting.

https://doi.org/10.1021/acsomega.3c08887
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Figure 2. First page of the (up) Guia Breve para la Nomenclatura de
Quimica Inorganica (version 2022) and (down) Guia Breve para la
Nomenclatura de Quimica Organica (version 2022) (reproduced with

UNION INTERNACIONAL DE QUIMICA PURA Y APLICADA

DIVISION DE NOMENCLATURA Q

FUNDAMENTOS DEL LIBRO ROJO 2015

CA Y REPRESENTACION ESTRUCTURAL

Guia Breve para la Nomenclatura en
Quimica Inorganica

M. Hartshom (Nueva Zelanda)” K-H. Hellwich (Alemania). A
Yern Qusio, 7. Damis D, AT
“Cl: inorganic omenclaure@iopac ors, Patrocinado
e Nomendiaura Quinica y Representacion Estucturalde 14 UPAC.
Traducido y adeptado por: Miguel A. Ciriano (Espaa), Efraim Reyes
(Espafia),! Pascual Romén Polo (Espafia). ‘Cle:

INTRODUCCION
iversal de una nomenclatura quimica consensuada_es

fines rezuldtorios, tales como los
o a la actividad comercial. La Unicr
Aplicada (UPAC, por sus_sighas ciones
phe ety ol wo de B nomacun quinics! Los
fndameos de eds poneochty se moeann -l y
mentos _ complementrios s “Tents &0
Nomenclars e aiimes rgncr  polmees’ s Hipeviales o
documentos_originales. Un resumen gencral de la_nomenclatura
quimica se puede encontrar e Principles of Chemical
Detalles  mayores  se  pueden hallar  en
wclature of " Inorganic * Chemistry _coloquiamente_conocido
como el Libro Rojo’ y en las publicaciones relaciomadas con
compuesss. orginicos (o Livo Az’ y polineres @ Lixo
Pirpura). Cabe scislar que muchos  compuestos pueden tener

acional de Quimica Pura y

norbres mo-sitemilicos © sani.istemiticos (algmos d Jos cuaes o
S aceptados pr I IUPAC, po sjplo porase son ambiguos) y s
s IUPAC pemden 0 mis e n nombee sdenfico s

michos e, La, 1UPA bijando en
idetifcacén e los nomires individals .mam» a cfedos de
pdackn (reired TUPAC Nanes o PING, N En e dosumerto,
bl = o e e R o st e o S
Targos para 1 Tomat de a colmna, a mencs que 32 haya un guidn
presente en el nombre.
Los limites entre compuestos “orgini
tipos de nomenclatura descritos en este doc son aplicables a los
compuest arbono y también 4
muchas estructuras que contienen carbono (Secidn 2), principalmente los
que contienen elementos de los grupos 1-12. La mayoria de los compucstos
de boro se tratan mediante una nomenclatura especial.”

1 NOMBRES ESTEQUIOMETRICOS O DE COMPOSICION
stequioméirico de clon solo
proporciona  infommacion sobre Ia_ composicidn de un_ion, molécula o
compuesto y puede estar relacionado bien con la formula empirica o con
Ia molecular de csa especic. No proporciona ninguna informacion
siructural,

Para las especies homoatomicas, donde tnicamente hay un clemento, ¢l
nombre se forma (Tabla 1) combinando re del clemento con ¢l

ginicos’ son difusos. Los

0s de carga entre parénlcss,p. . 34), (2 y para (a
o los nombres e os_aancs amoint 5 s o
a5 teminaciones de los nombres de los
excepeiones
incu s del grupo 1S que acaban &0
e im0 uﬁnle o nombes d os clemenos
Para algunos clementos (p. ¢/ A seusa la rag del
Tt antepuesta 3 I temiacen ‘o (o] Secion 2.3 Alzunos anes
pucden

dioxigeno Sonwo1yo e
ocmie riyoduro(i-}
utton_ (Sudifrica). Sodio(15) dnt o
Divisién hicmo3)
Tabla2. plejas
Simple | Complicado. Simple | Complicado
Ty o o
" i ; ks 0 dcca
la comunicacion cficiente en lis ciencias
pertals T uniecs
ordenadores en bases de datos y hevalis 7| dodeca
a la salud y la seguridad i o

Los compuestos binarlos (s que contienen dlomos de dos clementos) sc

tcquiométricamente combinando los nombres de los elementos y

escribiendo, por convenio, el clemento al que s llega primero cuando se siguc fa
i e

Asi, al nombre de este clemento fomalmente electroncgativo’ se le da la
teminacién “wro’ y sc coloca ¢l primero en ¢l nombre del compuest,
siguiéndole |a_preposicién ‘de’ y ¢l nombre del clemento formalmente
“electropositive’ (Tabla 3).

)

Z 2z
Carg
Czse
Cee

Figura 1. Secuencia de los elementos.

“Tabla 3. Ejemplos de compuestos binarlos
Formuia | Nombre Formuls | Nombre.
= - Hcloruro de e
Gans | arsemrode galio Fecl e
o, diosidodecabono | Fecl, | iejorwro de liero
Tihucruro de calcio iéxido de difidrogeno.
(et HO: o pertido de idrogeno

De nuevo, los prefijos multplicadores (Tabla 2) se aplican cuando sca necesario,
¥ se pueden usar nombres allemativos aceplables. La estequiomelria pucde
deducirse en algunos casos mediante los nimeros de oxidacién, o puede estar
completamente implicita cuando no existe ninguna duda, como en ¢l fluomro de
aalcio.
Generalmente, las especies heteropoliatomicas pucden nombrarse de manera
similar usando la nomenclatura de composicion, pero. 3 menwdo, ¢ utliza ln
nomenclatura de susitucion'’ o la de adicién (Seccion 2). En este dltimo caso,
tambit s propocons iomacitn s 1+ maners en e os o esin
conccados. Por cjamplo, POC (0 PCLO, nombre de composicidn: ricloruro
Gxido de foctory nombre de adicién en I Tabla 10,
Cicrtos iones tienen nombres tradicionalcs cortos, que se utlizan cominmente y.
2 csptantodavi . amonic, N hickido, O i, NO ol
PO difostte, B0

Gres,

oo sncompllo i, Copyigh e vrstninglem O IUPAC & Do
1039-104 @o15).

auulscukiupso

K Hellwich, R M asho, 4. Ve T Hotton, Bref Guide

ficos, oo e, pusden e cobinacones d ctons,
aniones y especies neutras. Por convenio, €l nombre de un compueslo st
e

P
alos caiones  los componcntes neutros van al final (Véanse ciemplos en 1
Tabla ).

Tabla 4.
Tormul

sposicion

Y
Diostto) e realer>

¥ Hodse, A D. Jenkin,
¥ Steplo, 1.

iostao de drcacio
oxdoc-) de

¥ potasio—sgm (112)

Guia Breve para la Nomenclatura en
Quimica Organica

Kt el (e, R M. Hashom Que Zeluds,
A Yerin (Rusia), T. ©inamarcy), A. T. Hutlon (Sudiffica). Cie:

organic nomenc s Organiswo _parocimdor: Diviseh de
Nomenchatura Quimics y Represenac ral e la IUPAC

Traducido y adaptado por: Effaim Reyes (Espafia), Pascual Romin Palo
(Espana). Cle: effaim.reyes@chu.es

1 INTRODUCCION

dopeicn de una nomenclatura c
acion ficiente en las ciens
das con Ia importaci

da es una hemamienta
nicas, en Iy industra y
dn oo s y ia

i minio—sullto de dipoasio—
agun (V120
ElsiiE
i

netaencts . T Pi.
1 Referencia 5, Capitlo I,

“Tabla 1. Componentes del nombre sustitutivo
@SB -A,6-dicloroh 2.0na pa

by Py ""“;!’:.?J thol
mm-
I prefjo plcsdor ] [ Slacoinerpion |
o]

L (Tabla 2) s¢ usan

fragmanto de

estructura, L a
emplea depende de Ia complejidad del fragmento correspondicnte - p. ¢}
tricloro, pro, en camibio, rs(cloromeli).

Tabl

ala
scauridad. La Union Puray Ap
Sias inglews) offce recomendaciones Sbre michos apecios e 1
nomenclaura Los fundamentos de Ia nomenclatura orginica se muesian
aqui. y los documentos complementarios sobre Ia nomenclatura de quimica
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Figure 3. Front cover of the book Nomenclatura quimica y normas de las
IUPAC en espaiiol published by the University of La Rioja and the
IUPAC (reproduced with permission given by the University of La Rioja).

In order to disseminate this work, which is of great interest to
the Spanish-speaking world, this book, with all the above
information, has been made available free of charge on the Web
sites of Dialnet,” associated with the University of La Rioja
(UR), RSEQ, and ResearchGate. By the end of June 2023, the
book had been accessed 20,083 times on Dialnet and 1816 times
on ResearchGate, with the number of downloads of 12,042 and
666, respectively.

The book Nomenclatura quimica y normas de la IUPAC en
espanol was awarded the prize for the best translation into
Spanish of scientific studies or essays of relevant studies
published in other languages, organized by the Foundation for
the Knowledge of the Community of Madrid®' (Fundacion para
el conocimiento de la Comunidad de Madrid), in the first edition of
the Spanish Science Prizes (Premios de Ciencia en Espaiiol) for
books published in 2022.>

4. CONCLUSIONS

The translation of scientific texts is a nontrivial task. Regarding
chemistry, this is specifically challenging as this is a very rich
language with its own vocabulary, terminology, and grammar. In
this contribution, we described how one of the Color Books
(The Red Book) and some of the key chemistry texts (IUPAC
Brief Guides of Nomenclature, A Concise Summary of
Quantities, Units and Symbols in Physical Chemistry, and the
Periodic Table) were translated from English into Spanish. The
translation involved some difficult decisions and compromises
while trying to maintain the visual identity and even the
appearance of the original texts. The translations were revised by
independent experts, approved by IUPAC, and, regarding the
Brief Guides, combined in a single volume, which was made
available free of charge on several Web sites.

The great success of this book, which has been accessed more
than 20,000 times in just one year, is a testimony of the
importance and convenience of having the main scientific texts
available in as many languages as possible, verified by experts,
and approved by relevant international organizations. This is
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useful not only for the teaching and learning of science but also
for avoiding the proliferation of terms with every new
translation.

For that, the authors suggest that the various chemical
societies have a working group for the consensual translation of
the TUPAC main texts into their respective mother tongues. For
science to be truly global, it must be spoken, read, and written in
every language but that involves translation, and that requires
not only technical expertise, some difficult decisions, and even
compromises but also consensus to avoid the proliferation of
alternative chemistry languages.
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