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Abstract
In this paper we investigate the manual subclassification of chemical named entities into subtypes representing whole compounds, parts
of compounds and classes of compounds. We present a set of detailed annotation guidelines, and demonstrate their reproducibility by
performing an inter-annotator agreement study on a set of 42 chemistry papers. The accuracy and « for the annotating the subtypes of
the majority named entity type were 86.0% and 0.784 respectively, indicating that consistent manual annotation of these phenomena is
possible. Finally, we present a simple system that can make these judgments with accuracy of 67.4% and & of 0.470.

1. Introduction

Pyridines are chemical compounds that contain a pyridine
ring, and the simplest pyridine is pyridine itself.! Here we
see an ambiguity whereby a chemical name can be used
to refer to a specific compound, a class of compounds, or
a part of compound. This is not unique to pyridine; it
is a form of regular polysemy which applies to almost all
names of chemical compounds. This is a significant prob-
lem for chemical named entity recognition,” and is not ad-
dressed by the annotation guidelines for existing corpora
that mark up chemical names, such as the BiolE P450 cor-
pus (Kulick et al., 2004), Genia (Kim et al., 2003) or our
own chemical-focused corpus and annotation scheme (Cor-
bett et al., 2007). The aim of our current work is to build
on our existing annotation scheme for chemistry named en-
tities in a way which captures this systematic ambiguity.?

The compound/class of compounds polysemy is an ex-
ample of autohypernymy (or autosuperordination (Cruse,
2004)), and the (class of) compound/part of compound pol-
ysemy is an example of automeronymy, similar to certain
sorts of metonymy. Examples of similar phenomena can be
found in other domains. For example, in animals it is com-
mon to have a word that refers to both an animal of unspec-
ified gender and a specific gender of that animal (for exam-
ple, “cow” can mean a female bovine or any bovine), and in
some cases a word can refer to different taxonomic levels
(for example, “cat” can refer both to the domestic cat Felis
silvestris catus or to the Felidae in general). Food and drink
provide further examples of this; one can distinguish be-
tween ‘“Merlot” as a mass noun, denoting the wine, and “a
Merlot” as a count noun, denoting a particular sort of Mer-
lot wine, and also “Merlot grapes”. For people, one may

'A pyridine ring is five carbon atoms and one nitrogen atom
in a ring, linked by alternating single and double bonds as in ben-
zene. In pyridine (C5H5N) each carbon atom is bonded to a hy-
drogen atom. In other pyridines one or more of these hydrogens
are substituted by a different atom or group.

2For a review of chemical named entity recognition, see
Banville (2006) and the introduction to Corbett et al. (2007).

3We do not consider non-systematic ambiguity in this paper,
which for chemistry named entities chiefly arises from acronyms.
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say “a Kennedy” to mean a member of the Kennedy family,
and “Kennedy” to mean some specific member of that fam-
ily (usually JFK)—thus it may be said that Kennedy was a
Kennedy. Nevertheless the regular polysemy of chemical
names is particularly interesting, not least because the dis-
tinctions between the different senses can be mapped onto
well-defined notions in the domain of chemical structure.

In many cases the compound, class-of-compounds and part-
of-compound senses are grammatically marked in a regular
fashion: exact compounds tend to occur as singular bare
noun phrases, as mass (or maybe proper) nouns; classes
of compounds tend to occur in the plural or with a deter-
miner, as count nouns; parts of compounds tend to occur in
noun—noun compounds, with a head noun such as “ring”,
“chain”, “group”, “moiety”, “substituent” or “subunit”.*
However these patterns are frequently violated. For exam-
ple, a compound with a pyridine ring may be described as
being “pyridine-containing” or “bearing a pyridine”. These
sense distinctions are defined in terms of chemical struc-
ture, and may be highly correlated with grammatical cues,
but they are not fundamentally grammatical distinctions.

It should be noted that the compound/class of compound
distinction cuts across distinctions between kind-referring
and substance- or specimen-referring uses. For example,
“pyridine has a boiling point of 115 °C” can be consid-
ered as kind-referring,> whereas “the laboratory had to be
evacuated because pyridine had been spilled on the floor”
refers to a specific specimen of pyridine. However, there is

“In “pyridine ring”, the part-of-compound sense applies to the
whole noun—-noun compound. The sense of the word “pyridine”
itself within the compound is harder to define: it may be argued
that it is ambiguous between the exact-compound sense (“the ring
found in pyridine”), the class-of-compounds sense (“the ring that
defines pyridines”) and possibly the part-of-compound sense (in
a redundant construction similar to “pine tree”). However, if we
need to annotate individual words, it makes sense from a practi-
cal point of view to annotate the word with the part-of-compound
sense.

SCarlson er al. (1995) make the same point about “gold is a
precious metal”, with the footnote: “We say ‘can be considered’
because we do not wish to prejudge the final semantic analysis to
be given.”



a common factor in both these cases: the complete chem-
ical structure of pyridine, CsHsN. This factor also applies
in the cases of pyridine as part of a mixture of solvents,
pyridine molecules diffusing through a membrane, the ab-
stract pyridine molecule and a computer simulation of pyri-
dine. By contrast, this factor is not present in class-of-
compound uses. For example, “pyridines such as pentaflu-
oropyridine”, where the pyridine ring is present, but the five
hydrogen atoms are not. It is even possible to use the class-
of-compound use to refer to a specimen: “Yesterday I syn-
thesised pentafluoropyridine and tetrafluoropyrrole. Today
I spilled the pyridine but I still have the pyrrole.”

Regular polysemies also exist for other types of chemi-
cal named entities. Some are traditionally regarded as the
names of classes of compounds, for example “alkene” or
“ester”. These do not have an exact-compound sense but
they do possess a part-of-compound sense as well as their
class-of-compound sense. Underspecified names (Reyle,
2006) such as “dimethylpyridine” (which does not say
where the methyl groups are attached to the pyridine ring)
also have this property. Other names, such as “methyl”,
are most commonly used for parts of compounds; how-
ever these may also be used to refer to specific entities (in
compounds such as “methyl radical” or “methyl ion”) or to
classes of compounds (for example “methyl compounds”).
The names of chemical elements display an extended form
of this regular polysemy. For example, “carbon’ has a bulk-
substance sense similar to the exact-compound sense for
“pyridine” and an atom sense similar to the part-compound
sense “pyridine ring”. The class sense also exists in the
form of “carbon compounds”. Finally there is arguably a
fourth sense that is unique to elements. One may, for ex-
ample, talk of “atmospheric carbon”. This is not a syn-
onym for soot particles, but refers to all of the carbon atoms
in atmospheric carbon dioxide, carbon monoxide, methane
and other carbon compounds as if they could some single
substance. Note that this is not synonymous with “atmo-
spheric carbon compounds”: one tonne of atmospheric car-
bon dioxide accounts for only 0.27 tonnes of atmospheric
carbon. This sense is unusual, as chemically it is like the
part-of-compound sense, but it typically has the grammati-
cal markings of the exact-compound sense, and is typically
substance-referring, rather than kind-referring.

Other forms of chemical nomenclature, such as chemical
formulae and acronyms, may also participate in these sys-
tems of exact-compound, part-of-compound and class-of-
compound senses. A few of these entities may be regarded
as monosemous. For example, “~CH3” unambiguously
refers to a methyl group, a part of a compound.

We present an approach to disambiguation which involves
both (i) determining which senses are available for a given
named entity, and then (ii) disambiguating the entity based
on its context. We collapse these into a single classification
task, where a single list of senses, or “subtypes”,® is used
as the set of possible classifications for all chemical names.
This formulation as a classification problem follows Mark-
ert and Nissim (2002) and SemEval 2007 Task #8 (Markert

®We refer to subtypes rather than senses, and in general speak
of subclassification or subtyping rather than disambiguation, due
to the presence of occasional monosemous cases.
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and Nissim, 2007) in their approach to metonymy.

These subtype distinctions could be used for a number of
purposes. Subtype information could be included in pat-
terns for information extraction. For example, in the ex-
traction of “A is-a B” relations, the precision could be in-
creased by only allowing relations where A is EXACT or
CLASS, and B is CLASS. Subtypes could also be useful in
an information retrieval context. For example a user could
seach for “pyridine” as EXACT only, and get only mentions
to the specific compound, and not to other pyridines.
Another use for subtypes is the assignment of identifiers
to named entities. The chemical ontology ChEBI (Degt-
yarenko et al., 2008) contains entries for specific com-
pounds, classes of compounds and parts of compounds.
These may have the same or closely related names. For ex-
ample there is an entry for “thiol group” (CHEBI:29917),
corresponding to the part-of-compound subtype, which
is_part_of “thiols” (CHEBI:29256), corresponding to
the class-of-compounds subtype.

Furthermore, with chemicals it is often possible to con-
cisely annotate a chemical name with the structure of the
chemical compound that it represents. There are a variety
of useful formats for storing the structures of specific com-
pounds, some of which (such as SMILES and InChlI) have
useful advantages in terms of conciseness and canonicali-
sation, whereas there are fewer formats for storing classes
of compounds, and to the best of our knowledge none of
these are canonicalisable. Thus, a system of subtypes could
act in a manner analogous to the type systems used in com-
pilers, specifying what sort and format of data is needed to
represent a particular entity.

In this paper we briefly mention related work in the
gene/protein domain (section 2), describe an annotation
scheme for disambiguating these regular polysemies of
chemical named entities (section 3) and then describe an
interannotator agreement experiment (section 4). We illus-
trate the task with some examples drawn from the corpus
(section 5). Finally we present some simple systems for
automated annotation of these subtypes (section 6) and sug-
gest some directions for further work (section 7).

2. Related Work

We know of no other detailed work on this issue of ex-
act/class/part distinctions of chemical names. However
there are a few publications that touch on related issues for
gene and protein named entities.

Vlachos and Gasperin (2006) divide noun phrases that con-
tain gene names into gene mentions and other mentions. It
has been shown that these distinctions can be made with
78.6% accuracy using SVMs and syntactic parsing (Ko-
rkontzelos et al., 2007). Gasperin et al. (2007) then
classify their gene NPs as gene, product, subtype,
part-of, supertype or variant.

In the Genia ontology (Kim et al., 2003), which provides
the type system for the Genia corpus, there are subtypes
of nucleic acids and proteins, dealing with both parts and
classes of these biomacromolecules. However, there is no
such subtyping for their more chemical named entity types,
we are unaware of any inter-annotator agreement studies



for these distinctions, and much of the named-entity recog-
nition work based on the Genia corpus ignores these dis-
tinctions entirely, as it uses the simplified version of the
corpus used in the INLPBA evaluations.

3. Annotation Guidelines

The work presented in this paper is based upon the named
entity annotation scheme of Corbett et al. (2007) (hence-
forth, “the named entity guidelines”), which has five classes
of named entity. These guidelines were applied to a cor-
pus of 42 chemistry papers, three each from fourteen jour-
nals covering most of chemistry (henceforth “the corpus”),
and it was shown that the guidelines could be applied with
93% inter-annotator agreement. The majority class, CM
(“chemical”), accounted for 94.1% of the named entities
in the, and includes specific chemicals, parts of chemicals
and some classes of chemicals’ with no disambiguation be-
tween them. The second most common class, RN (“reac-
tion”), was intended to mainly cover words that denoted (a
subset of) chemical reactions; however, it also included in-
stances of these words that were used to describe chemicals,
or denote the bulk movement of chemicals.

The subtypes annotation task consists of taking a corpus
that has previously been annotated for named entities ac-
cording to the named entity guidelines, and assigning one
and only one subtype to each entity that belongs to the type
CM (“chemical”), RN (“reaction”), CJ (“chemical adjec-
tive”) or ASE (“enzyme”). There are no subtypes for the
type CPR (“chemical prefix”). Each type has its own list of
available subtypes, and the subtype OTHER was available
for exceptionally difficult cases (it is expected that the use
of OTHER will occur less than once per paper).

We have developed a set of annotation guidelines (hence-
forth “the guidelines™), specifying the subtypes available
for each named entity type, and providing advice on diffi-
cult distinctions. These were developed in an iterative pro-
cess, where a proposed set of guidelines were used in an
informal inter-annotator agreement study on a batch of test
papers, and experience from that study was used to inform
the refinement of the guidelines. None of the 42 papers in
the corpus was used or referred to in this process.

The subtypes annotation applies to the named entities them-
selves, and not in general to the noun phrase that contains
them. This makes annotation easier and allows the scheme
to remain agnostic about linguistic issues surrounding the
structure of noun phrases. However in many cases the
guidelines allow head words in noun-noun compounds to
be used as cues; for example in “pyridine ring”, “ring” is a
cue that “pyridine” should be given the subtype PART.
The predominant named entity class in the corpus is CM
(chemical), encompassing 95% of the entities. We divide
this into six subtypes: three major subtypes, EXACT (for
specific compounds), CLASS (for classes of compounds)
and PART (parts of compounds, and classes of those parts),
to deal with a large majority of the named entities, and three

"The classes of chemicals had to be those that could be defined
at least partially in terms of structure (e.g. “pyridines”) and/or
elemental composition (e.g. “hydrocarbons”): classes that were
purely based on origin (e.g. “natural product”) or activity (e.g.
“antioxidant”) were excluded.
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minor subtypes, SPECIES (corresponding to the fourth
subtype identified for elements in the introduction, the
sense of “atmospheric carbon”), and SURFACE (for sur-
faces) and POLYMER (for polymers), to deal with special
cases that did not fit well with the major classes.

3.1. EXACT, CLASS and PART

We distinguish EXACT from PART according to whether
the author was talking about an entity as some free item
that had an existence of its own right, rather than making a
judgement according to what sort of chemical bonds there
were inside and outside of the entity.

Our distinction between EXACT and CLASS is different
from the issue of genericity and specificity, for example as
discussed by Herbelot and Copestake (2008). Our CLASS
subtype deals with situations where the named entity itself
does not specify a specific compound. CLASS applies both
to terms denoting entire classes of chemicals and to mem-
bers of that class that are not specified by the named entity
itself, including anaphoric and deictic uses. So “pyridines”
would typically be CLASS, as would “pyridine” in “The
Hantzsch pyridine synthesis is the formation of a pyridine
from an aldehyde, a ketoester and a nitrogen donor” and in
“the pyridine 6” (where 6 is a reference to a structural dia-
gram denoting a specific pyridine). EXACT is used for the
pyridine that is called “pyridine”, as in “dissolved in pyri-
dine.” Genericity annotations in the style of Herbelot and
Copestake could conceivably be applied to entities of type
CLASS as an additional stage of processing.

3.2. SPECIES, SURFACE and POLYMER

The minor subtypes were introduced to cover particular dif-
ficulties caused by the major subtypes not entirely fitting
the domain. These subtype distinctions take precedence
over the distinctions between major subtypes: for example,
in “sodium halide surface” and “sodium chloride surface”,
“sodium chloride” and “sodium halide” are annotated as
SURFACE, even though “sodium chloride” would normally
be EXACT and “sodium halide” CLASS.

The subtype SPECIES (which is often easier to annotate
than to concisely explain or come up with a good name for),
exemplified by “atmospheric carbon”, arises from the fact
that the number of atoms of a given element is usually con-
served. In essence, SPECIES is considering atoms as part
of a bulk sample, rather than as part of the structure of a
compound, which would warrant the use of PART. There
are a number of contexts that are particularly associated
with SPECIES, for example environmental or metabolic
processes associated with a particular element, toxic metals
such as lead, mercury or polonium, and elemental analysis
techniques such as ICP. The name SPECIES derives from
the fact that in these cases the atoms of the element are of-
ten said to belong to different chemical species.

The subtype SURFACE was added because surfaces intro-
duce a confounding part-of relation. A surface is a part of
a specimen of bulk material but not a part of a chemical
structure in the way that for example a pyridine ring might
be. Also, there are forms of notation for specific types of
surface that are included within some named entities. For
example “Ag(111)” represents a specific surface of a crys-



tal of silver with a specific arrangement of silver atoms.
This arrangement of atoms, different from the arrangement
in Ag(110), gives the Ag(111) surface different properties
from Ag(110), even though the two surfaces may be differ-
ent faces of the same specimen of silver.

Polymers are particularly difficult, hence the POLYMER
subtype. Many polymer samples consist of a mixture of
polymer molecules of varying sizes and shapes, so we could
imagine several different part-of and class-of subtypes for
polymers. As polymers are moderately rare in general
chemistry corpora it makes sense to group all of these to-
gether as POLYMER to avoid too many complications.

3.3. RN, CJand ASE

The types other than CM accounted for only 5.9% of the
named entities in the corpus between them, and so less at-
tention was devoted to them. Briefly:

The type RN (“reaction”) was divided into three subtypes:
REACT (actual reactions), DESC (descriptions of com-
pounds), and MOVE (bulk movements of compounds). For
example, the word “chlorinated” would be REACT in “ben-
zene was chlorinated to give chlorobenzene”, DESC in
“chlorobenzene is a chlorinated compound” and MOVE in
“We chlorinated the swimming pool”.

The type CJ (‘chemical adjective’) had subtypes EXACT,
CLASS and PART, by analogy with CM, and also ACID,
SOLUTION and RECEPTOR. The names of many acids
are of the form “<something>ic acid”. Sometimes the
“<something>ic” word gets detached from its “acid”, for
example one could talk about “citric acidity”. In this case
“citric” would get the subtype ACID. SOLUTION is used
for words such as “aqueous” or “ethanolic” when they are
used to describe solutions, and RECEPTOR is used for
words such as “nicotinic” and “adrenergic” that are used
to describe types of receptors.

The type ASE, which covers words derived from chemical
names that end in -ase, has two subtypes, PROTEIN, where
the word, for example “demethylase”, refers to a protein,
and ACTIVITY, where the word refers to the ability of a
protein to perform the function of, say, a demethylase - i.e.
to catalyse demethylation reactions. Although ASE was
rare (0.7% of entities) in the corpus, we observe that the
ACTIVITY subtype is common in some subdomains. For
example, in the cytochrome P450 literature, it is common
to refer to the enzymatic demethylation of aminopyrine as
“aminopyrine demethylase activity”, even though at least
five different enzymes have this activity.

4.

To test the annotation guidelines, we performed an inter-
annotator agreement study. We used the corpus of 42 chem-
istry papers of Corbett et al. (2007). These papers had
been selected from those published by the Royal Society of
Chemistry in January 2004, randomly selecting 3 full pa-
pers or short papers from each non-review journal. Those
papers had then been annotated for named entities. The
named entities in that work had been assigned to five cat-
egories, CM, RN, CJ, CPR and ASE. Only 14 papers had
been annotated by all three annotators, whereas all 42 had
been annotated by their Subject A, who is our annotator A

Inter-annotator Agreement
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and the first author of this paper (Corbett). They did not
produce an adjudicated annotation.

We subclassify Subject A’s CM, RN, CJ and ASE annota-
tions with the subtype scheme described above. There were
two subjects, annotators A and B, who are the first two
authors of this paper (Corbett and Batchelor) and the au-
thors of the guidelines.® They are both trained chemists and
were Subjects A and B in Corbett et al. (2007). We anno-
tated the papers with a custom-made software tool tool that
presented the annotators with a drop-down menu which al-
lowed them to select exactly one subtype for each of the
named entities.

During annotation the subject were allowed to refer to the
annotation guidelines, to reference sources, to their domain
knowledge as chemists, and to the original chemistry pa-
pers (including the figures). They were not allowed to con-
fer with anyone over the annotation, nor to refer to texts
annotated during development of the guidelines.

We use two metrics to assess interannotator agreement; ac-
curacy and ~ (kappa). Accuracy is simply the proportion
of named entities for which both annotators gave the same
type. The x metric is a more sophisticated measure which
factors out random agreement. We use Cohen’s x (Cohen,
1960), where the distribution of categories is calculated in-
dependently for each annotator.

4.1. Results and Discussion
Class | N n | Accuracy | k (k=2)
CM 6865 | 6 | 86.0% 0.784
RN 288 3| 955% 0.828
cJ 60 6 | 75.0% 0.363
ASE | 31 2 | 90.3% —0.045

Table 1: Inter-annotator agreement by named entity class.
N is the number of entities. n is the number of available
subtypes (excluding OTHER). k is the number of annota-
tors.

In Table 1 we can see that the x values are acceptable
(above 0.67) for both CM and RN, whereas CJ and ASE
were not reproducibly annotated. However, between them,
CJ and ASE accounted for only about 1% of the named en-
tities in the corpus, and so this is not a major issue. Note
that the results in this table represent four essentially inde-
pendent experiments, one per named entity class.

The results for RN are very encouraging - it was easy to
annotate in the original named entity task too (F' = 94%).
REACT was the majority subtype (84% by annotator A;
85% by B), with all but one of the remaining named entities
being annotated as DESC. MOVE was not adequately tested
in this exercise - a corpus from more biological domains,
such as physiology and cell biology might be a better test
of this subtype.

CJ proved to be problematic during the original named-
entity annotation too (inter-annotator F' = 56%), suggesting

8This may have resulted in slightly inflated scores for inter-
annotator agreement, due to tacit understandings being developed
during guidelines development. This has been demonstrated pre-
viously, for example Corbett et al. (2007)



that CJ represents a rather ill-defined collection of phenom-
ena. Most examples of CJ (68% by annotator A; 88% by
B) were of the subtype SOLUTION.

ASE was reliably (F' = 96%) annotated in the original
named entity task. Almost all incidences of ASE were an-
notated as PROTEIN, there was two cases where one an-
notator chose ACTIVITY, one case where the other anno-
tator chose it, and no cases where both annotators chose
ACTIVITY. The subtypes of ASE would most likely be
better tested in a corpus such as the PennBiolE P450 cor-
pus (Kulick et al., 2004).

For CM, the median accuracy was 90.7%, the minimum ac-
curacy was 61.1%, and two papers (one containing 2 CM
entities, one containing 86) were annotated with 100% ac-
curacy. This concurs with the annotators’ experiences that
the subject matter and writings styles encountered in some
papers presented particular difficulties.

Subtype | N % | N % | F (%)
EXACT 3402 495 | 3246 473 | 89.9
CLASS 1114 162 | 1125 164 | 81.7
PART 1982 289 | 2118 309 | 84.3
SPECIES | 233 34 | 194 28 |773
SURFACE | 73 L1 [ 131 19 |63.7
POLYMER | 58 0.8 |49 07 | 74.8
OTHER |3 0.04 | 2 0.03 | 0.0

Table 2: Breakdown of subtypes of CM. Columns 2 and 3
show numbers of entities found by annotator 1, columns 4
and 5 show annotator 2.

Table 2 shows a breakdown of the results for CM. 95% of
the entities fell into one of the three major subtypes, with
slightly less than half being EXACT. There was little need
to resort to using OTHER. In general, the ease of annotating
a subtype, as measured by the F' score, appears to correlate
quite well with how common the subtype is. This is unsur-
prising, as the minor subtypes were invented as a means of
dealing with tricky cases.

None of the F' scores seen here are as high as the 93%
that was achieved for the original named entity annotation,
which suggests that the subtypes task is a harder task (at
least for human annotators) than named entities.

Table 3 shows the confusion matrix for CM. Intuitively one
might have expected a large confusion between CLASS and
PART, owing to the ambiguous use of terms to mean both
functional groups and compounds possessing them, but this
is not especially marked. Evidently the guidelines were
largely sufficient to address this issue. EXACT/PART ambi-
guity appears to be a larger issue, with one annotator having
a bias towards EXACT and another towards PART.

5. Examples
In these examples, named entities of type CM are under-

lined.

5.1. EXACT, CLASS and PART

Corbett er al. (2007) draw an example from the corpus
which is worth repeating here:
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In addition, we have found in previous stud-
ies that the Zn?*—Tris system is also capable of
efficiently hydrolyzing other (3-lactams, such as
clavulanic acid, which is a typical mechanism-
based inhibitor of active-site serine 3-lactamases
(clavulanic acid is also a fairly good substrate of
the zinc-3-lactamase from B. fragilis).

In this example, “clavulanic acid” is obviously EXACT, and
“B-lactams” is very strongly marked as CLASS. “Zn?T—
Tris” was annotated as a whole named entity, and refers to
a specific complex, and so is also EXACT. More interest-
ing is the mention of “serine”, as part of the name of the
enzyme family “serine -lactamases”. Here, background
knowledge is required to know that the serine is mentioned
as the catalytic amino acid residue, rather than as the sub-
strate of the enzyme. As such, it is referring to a serine
residue as part of a protein, and is annotated as PART; ser-
ine as a free amino acid would be annotated as CLASS.
Another, more difficult, example can be taken from the
same source text:

[...] it has been proposed that the metal
ions bind to the 8-lactam carboxylate group, pro-
moting the attack of external hydroxide on the
[3-lactam carbonyl group.

“Carbonyl” and “carboxylate” are both clearly PART here.
“Hydroxide” presumably means a hydroxide ion. The neg-
ative charge of the hydroxide ion makes it impossible to get
a bottle of hydroxide ions, and hydroxide is often a part of
salts such as sodium hydroxide; however, in this case it is a
free species, independent of any positive ion, and so can be
annotated as EXACT.

The real difficulty concerns “(-lactam”, where we must
disambiguate CLASS from PART (there is no such com-
pound as “f-lactam”, so EXACT is inappropriate). Here,
we need background knowledge to know that (-lactam
rings contain carbonyl groups, they do not contain carboxy-
late groups, and that the 3-lactams studied in the paper do
not contain carboxylate groups directly attached to the (-
lactam ring system. It is also useful to know that carboxy-
late groups themselves contain carbonyl groups. Given this
knowledge, we can deduce that the first S-lactam must be
CLASS, and the second PART. In the second case, there are
at least two carbonyl groups to consider: the carbonyl group
in the (-lactam ring, and the carbonyl group in the car-
boxylate group. The authors disambiguate between these
carbonyls, specifying the former of the two, with “the -
lactam carbonyl” where “/3-lactam” specifies the location
of the carbonyl group. However, in the case of the car-
boxylate group, it is neither a part of the 3-lactam ring nor
attached to it, so the PART reading is inappropriate and the
“B-lactam” therefore must specify the whole molecule, so
CLASS is the correct annotation.

In another paper, we encounter the following exam-
ple, where “FA” stands for “fatty acid” and “LPS” for
lipopolysaccharide (a biomacromolecule; not a chemical
named entity according to the guidelines):

After 2h of hydrolysis, 14:0 3-OH FA, the



EXACT CLASS PART SPECIES SURFACE POLYMER OTHER
EXACT 2988 92 258 10 52 2 0
CLASS 87 915 90 14 8 0 0
PART 136 102 1729 5 4 4 2
SPECIES | 27 11 28 165 2 0 0
SURFACE | 3 0 2 0 65 3 0
POLYMER | 3 5 10 0 0 40 0
OTHER 2 0 1 0 0 0 0

Table 3: Confusion matrix for subtypes of CM.

only 3-OH FA in the LPS of E. coli, was detected
in GC-MS analysis.

Here, “3-OH FA” refers to a fatty acid as part of a larger
biomacromolecule, much like the “serine” in the first ex-
ample, and is clearly PART. However, “14:0 3-OH FA” ap-
pears to be referring to the fatty acid once it has been hy-
drolysed from the LPS and become a free fatty acid, and
thus is annotated as EXACT. This reading is further rein-
forced by background knowledge of GC-MS, an analyti-
cal technique that is well-suited to the detection of small
molecules but which is unlikely to be useful for the detec-
tion of whole biomacromolecules.

5.2. SPECIES, SURFACE and POLYMER

Selenized yeast contains a large number of
water-soluble selenium compounds but most of
the selenium is incorporated into sparingly solu-
ble bio-molecules that are difficult to extract.

The first “selenium” is part of the phrase “selenium com-
pounds”, and therefore is annotated as CLASS, whereas the
second “selenium” is annotated as SPECIES.

In the cases of sulfate surfaces previously
studied, the frictional asymmetry was detected at
monatomic steps where the tilt directions of the
sulfate ions were reversed.

Here the first “sulfate” takes CLASS, as the paper had men-
tioned minerals such as calcium sulfate and strontium sul-
fate; however, in this case SURFACE is required. The sec-
ond case is clearly not talking about a whole surface, and
so one annotator chose PART and the other EXACT.

Both of the separations make use of resin-
based anion exchange columns with quater-
nary ammonium fuctional (sic) groups. The
PRP-X100 column (Separation 1) utilizes a
poly(styrene—divinyl)benzene polymeric support
while the IC-Pak A HR column (Separation 2) is
based on a polymethacrylate resin.

The last two entities here are both POLYMER. Nei-
ther “poly(styrene—divinyl)benzene” nor “polymethacry-
late” fully describe the polymeric compounds used; in both
cases, the compounds incorporate some monomeric build-
ing blocks bearing ammonium groups.
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6. Automated Systems

In this section we discuss some simple automated systems
for assigning subtypes. These systems are intended to pro-
vide a simple measure of the difficulty of the problem, and
to set a baseline for future systems. This section focuses
exclusively on CM as the named entity type of interest, and
uses the annotations produced by annotator A.

The simplest baseline is to annotate everything as EXACT.
This achieves an accuracy of 49.5% against annotator A but
a k of zero.

To improve on this, we make use of a simple machine learn-
ing system based on a maximum-entropy classifier’. We
evaluate the classifier using three-fold cross validation, with
each fold consisting of one-third of the papers (one from
each journal). We explore several possible features, con-
sidering each feature both in isolation and in combination
with the other features.

For simplicity, we consider only features that are easy
to obtain; we use the tokeniser described by Corbett et
al. (2007) (and combine multi-token named entities into a
single token, converting whitespace within them to under-
scores) and no other NLP components such as POS tag-
gers or parsers. This is useful as we do not know of any
of these which have been specifically trained for chemistry
text. Furthermore, in the scenario where an NER system is
run prior to parsing, as a method for unknown word iden-
tification, it seems likely that the extra information from
subtype classification will be useful for a parser.

We use two types of feature, name-internal and name-
external. Name-internal features often determine what sub-
types are possible for a name and their probability distri-
bution, and name-external features can be used to disam-
biguate these possibilities.

The two name-internal features are (“name”), the unmodi-
fied name itself which when used alone implements a first
sense heuristic (see McCarthy et al. (2007) for a discussion
of this heuristic in general WSD), backing off to the most
common subtype if the name has not been seen in the train-
ing corpus, and (“suffix”), which is the last four characters
of the name, or the whole name if it is shorter than that.
The suffixes of chemical names are often informative; for

'We use the OpenNLP MaxEnt classifier,
http://maxent.sourceforge.net/.  If it is required to classify
an instance with no features, it returns a uniform probability
distribution. To fix this, and get a probability distribution
representative of the training data as a whole, all training and test
instances are given a single “bias” feature.



example, names ending in “yI” are likely to prefer PART
(e.g. “methyl”), whereas names ending in “oid” are likely
to be CLASS (e.g. “alkaloid”). A small amount of experi-
mentation shows that four is the best number of characters
to use. Finally, we can detect whether or not a name is plu-
ral (“plural”) by looking for a terminal “s”; irregular plurals
are very rare in chemical names, and singular names ending
in “s” (e.g. “chlorpyrifos”) are uncommon.

We propose two simple name-external features; the previ-
ous token (“previous”) and the next token (“next”). These
tokens may include punctuation tokens. The XML format
that is used for our tokens marks up citation references
(which appear as numbers in superscript) - if the next or
previous token is one of these, we skip it and take the next
next token or previous previous token instead. Furthermore,
if the next token is a hyphen, we skip over the hyphen. As
such, “pyridine-based” and “pyridine based” are treated the
same by our system.

The “next” feature is expected to detect many of the
head words in noun—-noun compounds. Often they imply
PART (e.g. “group”, “ring”, “bond”), or spectroscopic fea-
tures that derive from parts of compounds (e.g. “peak”,
“stretch”). Some head words typically signify EXACT (e.g.
“molecules”), whereas others typically specify CLASS (e.g.
“compounds”). Furthermore the presence of punctuation or
a common verb is likely to indicate the name is the head of
its noun phrase, weighing against PART.

The previous token feature in effect combines several forms
of evidence. For example, the presence of a determiner sig-
nifies that EXACT is unlikely.! Conversely, a preposition
helps to indicate a bare noun phrase and is thus likely to
constitute evidence in favour of EXACT. Some premodifiers
can distinguish bulk elements from atoms of that element
(e.g. ‘“‘elemental”, “molecular”’, “dry”), and some others
are likely to be good indicators of SPECIES (e.g. “atmo-
spheric”, “dietary”, “total”). Some premodifiers are also
useful as evidence of PART, (e.g. “bridging”, “terminal”).
We test the system with several feature sets. The fea-
ture set “all” contains all of the features, and “none” is
a feature-free setup that always selects the most common
subtype. The feature set “name” only uses the name fea-
ture, “—name” uses all of the features except for the name
feature. The other feature sets follow this naming scheme,
except for “internal”, which is a combination of “name”,
“suffix”; “plural”, and “external”, which is a combination
of “next” and “previous”; and “p+p+n”, which combines
“plural”, “previous” and “next”.

Table 4 shows the influence of the various features. It is
clear that all five features are useful in this task, with “next”
being particularly important. Interestingly, the features
“plural” and “previous” can be contrasted with “name” and
“suffix”, in that the former pair seem to be more impor-
tant as part of a large feature collection, whereas the lat-
ter pair work quite well on their own but are less impor-
tant in the combined feature set. This observation inspired
the “p+p+n” feature set, which showed that removing both
“name” and “suffix” had a much larger effect than remov-

"Markert and Nissim (2005) find that the presence of a de-
terminer is a good feature for identifying org-for-product
metonymy, as is a word being plural.

Feature set | Accuracy | K
none 49.5% 0.0
name 56.2% 0.213
suffix 59.2% 0.303
plural 53.4% 0.114
previous 54.2% 0.208
next 61.0% 0.311
internal 60.9% 0.334
external 61.9% 0.364
p+p+n 65.6% 0.434
—name 67.3% 0.468
—suffix 67.0% 0.459
—plural 66.1% 0.447
—previous | 66.7% 0.452
—next 62.0% 0.372
all 67.4% 0.470
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Table 4: Automated results for CM by feature set

ing either one of them, demonstrating a large amount of
redundancy between them.

Subtype Precision | Recall | F'

EXACT 70.9% 83.4% | 76.7%
CLASS 65.6% 46.1% | 54.2%
PART 62.0% 57.8% | 59.8%
SPECIES | 53.6% 48.5% | 50.9%
SURFACE | 94.1% 21.9% | 35.6%
POLYMER | 71.4% 8.6% 15.4%

Table 5: Automated results for CM by subtype. The com-
puter did not assign OTHER to any name.

Table 5 shows the breakdown for the “all” feature set,
by subtype. The more common subtypes are more easily
recognised, with recall being bad for the rare subtypes.

Overall, it is clear that the problem is at least partly
tractable, but also that considerable improvements will have
to be made to get good accuracy.

It is obvious that there are a number of directions in which
this baseline system could be extended. As well as experi-
menting with different machine-learning techniques, an ob-
vious approach is to use a parser rather than simple prox-
imity to generate context features. It may also be possi-
ble to look at the larger context; for example, the mention
of elemental analysis techniques such as ICP may indicate
an increased likelihood of SPECIES. Additional name-
internal features could also be useful. For example, there
are a number of class terms available which can be in-
cluded in systematic names, such as “alkyl”, “acyl” and
“halo”, the presence of which could be used to rule out
EXACT. Furthermore, the parsing and interpretation of sys-
tematic names could be helpful (Reyle, 2006). For exam-
ple, “dimethylpyridine” is ambiguous; there are several dif-
ferent ways to put two methyl groups on a pyridine ring.
This ambiguity means that EXACT is not likely to be ap-
propriate in this case.



7. Further Directions

The obvious next steps with this system of annotations
are to experiment with greater quantities and other gen-
res of chemical text, and to explore more sophisticated ap-
proaches to the automation of the annotation. However
there are a few areas in which the annotation scheme itself
could be extended.

It is clear that some of the subtypes could themselves be
divided up into subsubtypes. PART is the most obvious
of these, covering functional groups, rings, chains, atoms,
bonds, ligands in complexes, amino acid residues in pro-
teins and a few other systems. Furthermore it would be
useful to distinguish between precisely-specified parts (e.g.
“methyl”) and classes of parts (e.g. “alkyl”). For CLASS it
would be useful to distinguish truly generic uses from uses
that mention a specific compound but not by name. For
EXACT, there are cases where there is not quite enough in-
formation in the named entity itself to make a full distinc-
tion. For example, in both “sodium metal” and “sodium
ion”, the named entity (according to the annotation guide-
lines) is “sodium”, and the subtype in both cases is EXACT.
Resolving these cases to point to the correct entries in a
database will require more information than the named en-
tity itself and the subtype.

There are also cases where what is understood by “a spe-
cific compound” is variable. For example, lactic acid is a
chiral molecule which has left- and right-handed forms, L-
lactic acid and D-lactic acid. A mention of “lactic acid”
in text may indicate either form, a mixture of the two, or
that the author did not remember, care or know that the two
forms of the compound existed.

8. Conclusion

We have identified subtypes of the chemical named enti-
ties defined by Corbett et al., and have produced extensive
annotation guidelines for them. We have shown that the
inter-annotator agreement is acceptable for the named en-
tity types CM and RN across the major genres of chemistry
papers. Furthermore we have demonstrated a simple sys-
tem for automatically making these assignments, showing
that the problem is both tractable and non-trivial, and set-
ting a baseline for future systems. These annotations will
assist in the assignment of ontology identifiers to chemical
named entities, and should be useful in information extrac-
tion and information retrieval systems.

The annotation guidelines are available by contacting the
first author.
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