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Automatically extracting chemical information from documents is a challenging task, but an essential one for dealing 
with the vast quantity of data that is available. The task is least difficult for structured documents, such as chemistry 
department web pages or the output of computational chemistry programs, but requires increasingly sophisticated 
approaches for less structured documents, such as chemical papers. The identification of key units of information, 
such as chemical names, makes the extraction of useful information from unstructured documents possible.

Introduction
Scientific information is global and many disciplines now 
recognise the need to make their data widely and freely acces-
sible. The development of the Semantic Web1 and the Grid 
(typified by the UK eScience program) is based on instant 
access to raw and processed scientific data. In biosciences, 
for example, web-based databases are commonplace and in 
many cases are seen as the first place for finding and re-using 
information. Examples are Ensembl,2 the Protein Data Bank3 
and SwissProt,4 all of  which contain highly structured data 
with varying degrees of curation and annotation. These data 
are “machine-understandable”—a computer can not only read 
the characters (“machine-readable”) but also has semantics and 
metadata which allow it to take autonomous actions such as 
aligning sequences or discovering binding sites.

Much modern bioscience (“systems biology”) is multidi-
sciplinary and relies on integrating data from different 
disciplines. Many of these have less structured data, and the 
cost of abstracting this in a traditional human manner is often 
too large. There is, therefore, a considerable effort in machine 
extraction of information from the primary literature and 
other related sources. It is noticeable that biosciences have 
a great need for structured chemical information and this 
is not currently available in open, machine-accessible, and 
understandable form.

This article highlights the need for machine-based informa-
tion extraction in chemistry. We distinguish information retrieval 
(the process of identifying a document or subdocument by its 
associated concepts) from information extraction (obtaining 
structured information from the document). Information 
extraction can be used for many purposes:

• populating a structured database (e.g. of  chemical names 
and connection tables)

• compiling a lexicon or dictionary of commonly used terms 
(e.g. solvents)

• building an ontology for semantic processing and machine 
reasoning, for example by the OWL language5

• data-mining (building predictive models from data)
• re-input into computational chemistry programs
• proof-checking (e.g. for self-consistent data).
We note that chemical information is micro-published and that 

few if  any chemical projects publish collections of structured 

data. Nor, apart from chemical and protein crystallography,6 is 
there any standard method of publishing structured chemical 
information either in primary or secondary publications.

Chemical information is available in a huge quantity and 
diverse quality. The search for particular data may begin with 
an index or a database, but ultimately it is necessary to read the 
papers themselves in order to be sure that the right information 
is available. If  it were possible to set a computer to read the 
literature on our behalf, this major task could be removed, or at 
least reduced. Machine understanding of this vast resource of 
data is not currently possible.

Chemistry is one of the most fruitful disciplines for infor-
mation extraction as there is considerably more de facto 
uniformity than other disciplines:

• concepts are very well understood (many have survived for 
over 100 years)

• terms are often well formalised (e.g. through IUPAC).
• many articles are, by convention, highly structured and 

relatively homogenous between publishers
• in some areas (e.g. chemical diagrams) the number of tools 

in common use is small, so there is a de facto uniformity of 
approach

• much chemistry occurs in regulated processes (patents, drug 
regulatory) which require highly structured documents

• much information is computer-generated or mediated 
(computational chemistry, spectra, etc.).

Information extraction uses many aspects of document 
structure and content. Simple and important examples are 
the commonly used words and phrases (entities) that identify 
instances of essential concepts. In chemistry these include:

• bibliographic components (authors, journals)
• molecular identity (name, connection table, synonym)
• properties (units, physical properties, colours, form/nature)
• procedures: (solvents, amounts, colours, reagents, techniques)
• instruments (manufacturer, specification)
These can be used to give context or to classify documents 

or subdocuments.
It is possible to automatically extract information from 

chemical papers, cross check it and assemble it into searchable 
databases. This is only possible because the chemical literature 
has a reasonably rigid structure, which is centred on molecules.

Results
Web pages

Most university chemistry departments maintain web pages 
with information about their staff  and their activities. This is a 

† This is one of a number of contributions on the theme of molecular 
informatics, published to coincide with the RSC Symposium “New 
Horizons in Molecular Informatics”, December 7th 2004, Cambridge 
UK.
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An example GROMACS11 input file is shown in Fig. 1. 
A pre-processor was used to remove all the comments (every-
thing that follows a semicolon). The data contained in the 
[pairs] block can then be identified and parsed by the structure 
in Fig. 2, where we have only shown the parsing process for 
PairLine1. SPACE, EOL, String, INT, PAIR and FLOAT are 
all terminal tokens and PairBlock, PairLineBlock, PairLine, 
PairLine1, LongPairLine1, PairLine2 and BLANKLINES are 
non-terminals.

resource that is freely available and reasonably simple. The title 
page for each department will have some fundamental infor-
mation about the institution, but is not usually a document of 
the complexity of an academic paper.

An index of chemistry departments and journals around 
the world would, without constant revision, become dated and 
useless very rapidly.

The web site: http://www.ch.cam.ac.uk/c2k/ is an index 
of chemistry departments that is regularly checked and cor-
rected. Every month, the pages indexed are downloaded 
(either one page or one frameset, depending on how the site is 
set up) and checked for chemical content. This is not a spider 
that searches through web sites, but a targeted program that 
downloads just one browser screen full of  information, and 
then attempts to parse it to check that it is still a department 
of chemistry. Each month, about 1% of the database is high-
lighted as requiring further checking. Of these, the majority 
are sites for which nothing can be downloaded, either because 
the address is outdated, or, more usually, because the server is 
temporarily unavailable. In the latter case, the program auto-
matically attempts to download the page several times and 
reports failure only when all approaches have been unsuccessful. 
A few of the pages will contain information, but information that 
is no longer appropriate for a list of chemistry departments.7

Chemistry department web pages take a wide variety of 
forms, and relevance is checked by searching for the presence 
of some keywords and the absence of others. Websites that have 
information in languages other than English are checked in a 
similar way. The program contains words relevant to chemistry 
from a number of languages. This works effectively, but can 
occasionally make mistakes—for example when the web page 
has a notice resembling: “The chemistry department web page 
has moved...”. The program correctly picks up key words about 
chemistry, and is unable to parse the sentence to discover that 
the link is no longer relevant.

The program would be fairly easy to deceive, should anyone 
attempt to do so. It also relies on universities having standard 
web addresses - .edu in the USA, .edu.[countrycode] in some 
areas, .ac.[countrycode] (‘ac’ stands for ‘academic’) in others.

This approach is effective for such simple documents, even 
though they are diverse in structure. More complex data sources 
require more complex analysis.

Computational chemistry programs

There are standard ways of calculating molecular properties 
that are implemented by many different programs. For each 
method there are many options that can be varied to give 
different results from calculations which are similar, and which 
may appear identical on a superficial inspection. For example, 
an MM2 force field calculation on a molecule will give slightly 
different results if  the original MM2 version is used8 which 
uses bond dipoles to calculate electrostatic interactions, or if  
the widely-used MacroModel modification9 which uses atom-
centred point charges is used. Both may be described as MM2 
(the latter should be called MM2*), both give similar results, but 
sometimes the many small differences in electrostatic interactions 
add up to a big effect. The problem is even more pronounced 
for quantum chemistry packages, where small differences in 
the convergence criteria for any of the parts of the calculation 
may lead to very different final results for calculations which 
might both be correctly labelled in an identical way. Sometimes 
different groups do what appears to be the same calculation, 
and reach different conclusions, because different conformation 
analyses or convergence criteria were selected.

Program input is designed to be machine-parsable and 
errors render it invalid. Normally it is interpreted by bespoke 
procedural code but in principle it can be represented by a 
grammar and, therefore, be processed by standard, compiler-
like, tools.10 Program output is more variable, but is generated by 
a machine and thus consists of a finite vocabulary and syntax.

Fig. 1 An example of a GROMACS input file.

Fig. 2 The structure used to process the [pairs] section of pre-
processor parsed GROMACS output.17

An overall document structure was defined in a similar 
manner, which allowed the order of the sections to be arbitrary 
and some sections were allowed to be optional. This means that 
program input can be read, validated and reused independently 
of the code required to run it.
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We tried to apply a similar approach to output files from 
MOPAC,12 (Fig. 3) but even small, regular, sections proved too 
complex to be dealt with using this approach. Typical problems 
are the high proportion of numeric data without other terminal 
tokens.

• They are easy to maintain and document.
• They are fast and can work with very large files (300 Mb).
In principle, the templates can have the full power of the 

XML Schema content model but we have not implemented 
all of  the constructs. As a result, unexpected elements or 
unusual data order can lead to match failures, and so some of 
the information is not captured. However, the parser is capable 
of “catching up” with later sections it can match.

Synthetic and mechanistic chemistry papers

References. Most chemical papers contain a list of references 
at the end. This is very structured information, which cites a 
fairly small number of journals, and a rather larger number 
of people. It is possible to check references by comparison 
with a database of journals. A program to do this, Cyril,18 was 
written in 1992, on the Apple Macintosh program, HyperCard. 
Although it worked quite well, and could check theses and 
highlight variant spellings and abbreviations for journals 
(Angew. Chem., Int. Ed. Engl. showing more variation than 
any other) the program was not widely used, as it was restricted 
to the Apple Macintosh, was slow to run, and there was no 
good distribution mechanism. All of  these problems are now 
straightforward to overcome, using the WWW.

Experimental data. All synthetic chemistry papers have an 
experimental section describing how the experiments were 
performed, and listing analytical data for the molecules that 
were synthesised. These analytical data are presented in a very 
structured way that may be parsed automatically. The necessity 
of conforming to predefined specifications makes this data 
amenable to analysis by regular expressions. These have been 
incorporated into a program (OSCAR, an experimental data 
checker19) that was developed in collaboration with the RSC, 
and is available on the RSC’s web site: http://www.rsc.org/is/
journals/checker/run.htm.

Regular expressions have been developed to identify and 
extract the most common analytical data types (see Table 1), 
as found in the example corpus of ca. 100 articles. The test set 
comprised seven articles randomly selected from Organic and 
Biomolecular Chemistry 2003 and three documents that the 
RSC had received for submission to Organic and Biomolecular 
Chemistry. The recall and accuracy statistics for the recall and 
precision obtained from this sample are given in Table 2. The 
analysis was designed to be as critical as possible—thus, if  a 
comma were omitted from an NMR spectrum (causing OSCAR 
to recognise a partial spectrum) this would be classified as a false 
positive. Table 3 shows some sample regular expressions.

In general, the less tight the specifications on the data, the 
lower the recall rate. Thus, identification of the nature of a 
compound (which has the least controlled vocabulary) presents 
more problems to parse than the NMR spectra. Although creat-
ing larger lists of regular expressions to match the state, colour 
and colour-modifiers of a compound would increase the recall, 
an entirely different approach, such as machine learning, would 
be preferable because this would remove the reliance on human 
authoring and curation.

Fig. 3 MOPAC output file fragment. The lines highlighted would be 
matched by the template presented in Fig. 4.

Fig. 4 A JUMBOMarker MOPAC template.

Program output often has a well-defined structure but 
irregular annotations and error messages make perfect parsing 
difficult. The output is designed to be human-readable some-
times at the expense of being easily machine-understandable. 
We have developed a parser (JUMBOMarker13) to convert 
machine-produced output to XML. This was tested on 750 000 
jobs (MOPAC, GULP,14 GROMACS, GAMESS15). We found 
correct conversion occurred at a rate greater than 99%.

JUMBOMarker contains relatively simple concepts of syn-
tactic and lexical analysis but was written as a deterministic 
one-pass application that recognises 99% of the information 
in computational output. The program is based on structured 
templates containing regular expressions16 defining the target 
document and syntax of a parsed document. (For example, 
the MOPAC output, Fig. 3, can be processed by the template 
in Fig. 4 to give the XML in Fig. 5). The parsing process may 
fail when unusual phrases or paragraphs are present (e.g. for 
errors or reports of unusual input). This can sometimes result 
in much of the output being unrecognised, and it may be useful 
to extend JUMBOMarker to a two-pass system (a pre-processor 
which structures the input into smaller chunks fed into a lexical 
analyser). Our current experience is that such a pre-processor 
will work well for many programs.

The template approach has many strengths for use in parsing 
computational chemistry output files.

• The XML can be further processed by Stylesheets so that 
context is maintained.

• They clearly indicate the final structure of the document.
• They can deal with a wide variety of different levels and 

options of output.

Table 1 A list of the most commonly found analytical data types

Name IR Optical rotation
Yield UV Refractive index
Boiling point H-NMR tlc
Nature C-NMR Elemental analysis
Melting point Mass spectroscopy High-resolution
  mass spectroscopy

Fig. 5 The XML structure of the parsed MOPAC data.
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Table 2 Breakdown of recall and precision rates for data identification by OSCAR

Data type TP FN FP Recall (%) Precision (%)

Overall 1554 240 96 86.62 94.18
C NMR 187 14 5 93.03 97.40
Elemental analysis 103 15 0 87.29 100.00
H NMR 212 23 4 90.21 98.15
HRMS 126 1 0 99.21 100.00
Infra red 186 19 8 90.73 95.88
Mass spectroscopy 145 20 0 87.88 100.00
Melting point 151 11 2 93.21 98.69
Chemical name 171 72 47 70.37 78.44
Nature 100 22 21 81.97 82.64
Yield 173 43 9 80.09 95.05

Recall=
+
TP

TP FN

                                                      
Precision=

+
TP

TP FP
TP                                        The number of X that the system correctly identified and were present in the corpus
FN                                        The number of X that the system failed to recognise
FP                                        The number of X that were recognised by the system which were not in the corpus
X                                          A particular data type

Table 3 Some examples of regular expressions used in OSCAR

Melting points \b(m\.?p\.?)(\s*(?:\((?:[^\(\)]|\((?:[^\(\)]|\([^\(\)]+\))+\))+\)))?\W+([+−\−\?]?\<\d+(?:\.\d+)?(?!\d)\s*[−\−\?]\s*[+−\−\?]?\<\d+
  (?:\.\d+)?(?!\d)|[+−\−\?]?\<\d+(?:\.\d+)?(?!\d))\s*.C(?:(\W*lit.*?\d\W*.C\s*\d*\s*[\]\)]?)|(\W*dec\w*\.?[\]\)]?)|\W*\(from[^\(\)]+\))*
Hydrogen NMR \b(?:(NMR\W*)?(d||d|ä)H|1H(?!\))\W*NMR|\b(?−i:H)\b(?![\)\]−\−\?]))(?:\W*for\s+\w+(?:(![\(\);]).)*?)?(((?![\(\[\{])\W)*(?:\
  ((?:[^\(\)]|\((?:[^\(\)]|\([^\(\)]+\))+\))+\)))?(\W+(d||d|ä|H)+\b)?[\s:=]+?(?:\W*ppm\W*?)?(?:peaks\s+at\s+)?((?:about\s+)?[+−\−\?]
  ?\d{1,3}(?:\.\d+)?(?:\s*[−\−\?]\s*\d{1,3}(?:\.\d+)?)?(?:\s*\*)?(?:\s*(?:(?:\((?:[^\(\)]|\((?:[^\(\)]|\([^\(\)]+\))+\))+\)|\[(?:[^\[\]]|\[[^\[\]]+\])+\]
  |\{(?:[^\{\}]|\{[^\{\}]+\})+\})(?:\s*\*)?))?)(?!\w|\s*=)(?:(?:\s*(,|and|including|&|;|\/)\s*)+((?:about\s+)?[+−\−\?]?\d{1,3}(?:\.\d+)?
  (?:\s*[−\−\?]\s*\d{1,3}(?:\.\d+)?)?(?:\s*\*)?(?:\s*(?:(?:\((?:[^\(\)]|\((?:[^\(\)]|\([^\[\]]|\[[^\[\]]+\])+\]|\{(?:[^\{\}]|\{[^\{\}]+\})+\})
  (?:\s*\*)?))?)(?!\w|\s*=))+(?!−)

Chemical names. Chemical structures form the basis of 
most organic chemistry. The two dimensional representa-
tions of molecules (sometimes with an indication of the three 
dimensional structure included) are the form which chemists 
use when describing a molecule, or a reaction mechanism.

A connection table can usually describe the structure of an 
organic molecule. Systematic chemical names are often avoided, 
until the molecule is to be included in a formal report. Chemical 
names are often abbreviated or non-systematic versions are used 
because systematic names are often lengthy, difficult to interpret 
and less memorable.

Although commercial programs to parse chemical names are 
available, they are not perfect and do not reveal the details of 
their processing algorithms. We have developed the approach 
of Kirby et al. to create a parser that converts IUPAC-like 
nomenclature to an XML based parse tree.20 The process 
reveals both the reasoning and any errors or ambiguities and 
can also be used to generate a conventional connection table. 
These tools can be used for batch processing and for the exhaus-
tive search for chemical entities in running text. Currently, we 
are populating its lexicon with lexemes and morphemes from the 
IUPAC nomenclature specifications.21 As this will not match the 
many non-IUPAC lexemes, we are investigating machine-learn-
ing routines for expanding and updating the lexicon.

Chemical names in running text. We have also investigated 
the feasibility of identifying chemical entities in general 
scientific publications (particularly in biosciences). The goal 
was to markup publications such that chemical concepts 
(molecules) could be linked to online resources thus providing 
readers and authors with immediate access to rich chemical 
information. A corpus of 295 letters from Nature was used 
to create a lexicon of the most common chemical names. The 
world-wide-web was explored to see what percentage of these 
could be found by chemical robots and further contained some 
or all of physical properties, connection table or 3D coordinates. 
A thorough search was made of sites offering some or all of 

this information (Table 4). Forty two sites were identified, but in 
many of these the information was sparse or fragmented and so 
only five sites were finally used (Table 5).

An analysis of  the 295 letters revealed that 15% of 
the letters contained a significant amount of chemical 
nomenclature (at least 10 names) and a further 19% useful 
molecular information. The papers containing chemistry were 
further analysed and 695 chemical entities were recognised of 
which 368 were unique and 268 could be easily identified using 
the top three resources.

The lexicon was transformed into a database by the addition 
of the web based data and structures. When reading a paper 
the scientist is presented with known names but can also use 
the regular expressions from OSCAR to identify other pos-
sible chemicals. The scientist can follow these as HTML links 
to search the online databases. If  a hit is found the results can 
be automatically added to the local database. In this way every 
reader contributes almost painlessly to the aggregation of high 
quality information. Databases can be customised to support 
different classes or uses of compounds. The recall and precision 
can be high as shown in Fig. 6.

Descriptions of synthetic chemistry procedures. Analytical data 
is usually preceded by a less structured paragraph, but with a 
high density of technical terms. This semi-structured human-au-
thored text should yield to several complementary approaches:

• Processing to recognise common punctuation (units, 
amounts, sentence boundaries)

• Shallow parsing using language-sensitive tools. This 
discourse uses a small subset of sentence structures and can often 
be completely parsed without chemical knowledge. This is particu-
larly useful for parts-of-speech tagging which highlights the role 
of unknown lexemes. Fig. 7 shows automatic parsing and parts-
of-speech tagging for a typical sentence from chemical synthesis.

• Entity recognition. This is critical for many abbrevia-
tions and may provide additional context for structure and 
recognition.
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Table 4 A list of non-subscription, open access web sites that hold molecular informationa

Antoine http://www.mitchellscientific.com/antoinequery.html
ATSDR (toxicity faqs) http://www.atsdr.cdc.gov/cgi-bin/search-tox?words=&scope=ToxFAQs+and+Public+Health+Statements
ChemACX http://chemacx.cambridgesoft.com/chemacx/index.asp
chemcompass (suppliers) http://www.chemcompass.com/
chemcyclopedia (suppliers) http://www.mediabrains.com/client/chemcyclop/BG1/search.asp
ChemDat-Merck http://chemdat.merck.de/
ChemExper http://www.chemexper.com/
ChemFinder http://chemfinder.cambridgesoft.com/
Chemicals with pharmaceutical activity http://www.chem.ox.ac.uk/mom/chemical-database/
ChemIDplus http://chem.sis.nlm.nih.gov/chemidplus/
ChemIndex http://ccinfoweb.ccohs.ca/chemindex/search.html
Chemnet http://www.chemnet.com/suppliers/
DBGET(genomenet) http://www.genome.ad.jp/dbget-bin/www_bfind?compound
Fisher catalog-some products use
ChemExper database https://www1.fishersci.com/catalogs/root.jsp
HIC-Up http://xray.bmc.uu.se/hicup/
Imperial MOTM (history) http://www.ch.ic.ac.uk/motm/
liqcryst-online http://liqcryst.chemie.uni-hamburg.de/lc/fc_lolas_e.html
Matweb-materials (polymers or
properties) http://www.matweb.com/index.asp?ckck=1
MDPI http://www.mdpi.net/search.html
Molecular database without
transition elements http://www.faidherbe.org/site/cours/dupuis/banque.htm
Molecule of the month http://www.bris.ac.uk/Depts/Chemistry/MOTM/motm.htm
molecules R Us http://molbio.info.nih.gov/cgi-bin/pdb
MSD ligand chemistry http://www.ebi.ac.uk/msd/Services.html
NCI http://dtp.nci.nih.gov/docs/dtp_search.html
ncms-solvDB http://solvdb.ncms.org/solvdb.htm
NIAID-Anti-HIV/OI Chemical
Compound Search http://apps1.niaid.nih.gov/struct_search/
NIOSH Pocket Guide to
Chemical Hazards http://www.cdc.gov/niosh/npg/npgd0000.html
NIST http://webbook.nist.gov/chemistry/name-ser.html
NTP Chemistry H&S http://ntp-server.niehs.nih.gov/Main_Pages/Chem-HS.html
NYU Mathmol library http://www.nyu.edu/pages/mathmol/library/
organic compounds database http://www.colby.edu/chemistry/cmp/cmp.html
Oxford MOTM http://www.chem.ox.ac.uk/mom/
PDB http://www.rcsb.org/pdb/index.html
reciprocalNet http://www.reciprocalnet.org/recipnet/search.jsp
SDBS http://www.aist.go.jp/RIODB/SDBS/sdbs/owa/sdbs_sea.cre_frame_sea
Sigma-Aldrich http://www.sigmaaldrich.com/
smell database http://mc2.cchem.berkeley.edu/Smells/index.html
The MSDS Hyperglossary
glossary index http://www.ilpi.com/msds/ref/
TheMSDS.com (MSDS) http://www.TheMSDS.com
Thermogalactic spectra online http://spectra.galactic.com/SpectraOnline/Default_ie.htm
Vermont SIRI http://hazard.com/msds/index.php
Wellesley-alphabetical
listing of molecules http://www.wellesley.edu/Chemistry/Flick/molecules/newlist.html

a This list was assembled and checked in September 2003. Some of these sites are no longer available.

Table 5 The number of molecules and properties that can be associated with them given in five open sitesa

 ChemExper ChemIDplus NCI NIAID NIST

Number of molecules 100 000 367 447 270 000 50 000 70 000
2D structure y y y y y
3D structure y y y
2D-coordinates y y y  y
3D-coordinates y  y  y
Molecular formula y y y y y
Molecular weight y  y y y
Synonyms y y y y y
SMILES   y
Density y
Melting point y    y
Boiling point y    y
MSDS y
IR y    y
Mass spec.     y
Other physical data    y y
Suppliers y  

a These data were collected from the websites in September 2003.
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• Limited regular expressions for stock phrases (e.g. instru-
mental parameters).

If  sentences can be completely parsed in this manner, their 
context-independent meaning may be inferred.

Unstructured text. Chemical documents often show 
consistency in their structure, and many paragraphs and 
sentences can be recognised or classified. Tools include 
entity recognition and analysis of co-occurrence (e.g. by Bayes-
ian or similar methods). It is however unrealistic to interpret the 
deep meaning of other components of chemical papers.

Tables, graphs and chemical diagrams. There are a number 
of common uses for tables such as co-reporting compounds 
and their properties and data. They are more variable than the 
analytical data parsed by OSCAR but it is worth continuing 
to extend the approach to include the parsing of tables, which 
are tractable but harder to parse than ordinary text. Images 
are almost invariably not tractable. It is hard even to discover 
whether a diagram represents a single compound. The styles 
used and the location of identifying numbers or names is highly 
variable.24 In the immediate future, we expect chemical name 
analysis to be more fruitful than diagram analysis.

Representation of output

XML offers great advantages over conventional meth-
ods for representing the results of  parses, and machine 
understandable documents. There are many emerging tools 

(RDF,25 OWL, RSS,26 etc.) that are designed to add value to an 
XML file. As XML preserves context, it is possible to re-use 
preliminary parses for further analyses. JUMBOMarker already 
has the ability to add metadata to the parsed output, for example 
in Dublin Core and CML formats. This is normally limited to 
program name and date. Author names and institutions are 
rarely included in the output.

Conclusions
Searching for particular words, or patterns of characters, a 
process that may conveniently be carried out using regular 
expressions, is an effective way of searching structured text. 
This has been used to analyse computational chemistry output 
and web pages (http://www.ch.cam.ac.uk/c2k/).

The analytical data of synthetic chemistry papers can be 
analysed in a similar way (OSCAR19). However, the regular 
expressions now need to be linked to a dictionary of key words, 
in order to pull out the key information, and some analysis is 
done in addition to the results from the regular expressions. 
Systematic and semi-systematic chemical names are susceptible 
to a similar approach, as they can be built up from a library of 
fragments in a useful proportion of cases. This works well in 
cases where it is clear which string of characters represents a 
chemical name.

The identification of chemical names in a block of text is a 
harder problem, as many non-chemical words have fragments in 
common with chemical names.

Descriptions of chemical procedures are less structured, and 
so are not effectively analysed using this approach, despite the 
high density of technical terms.

Unstructured text is currently impossible to analyse. 
Diagrams are hard to convert to connection tables, but are very 
powerful if  this initial step can be done.

The future of chemistry depends on the automated analysis 
of  chemical knowledge, combining disparate data sources in a 
single resource, such as the World-Wide Molecular Matrix,27 
which can then be analysed using computational techniques 
to assess and build on these data.28 We have made substantial 
progress towards the goal of complete automation.
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