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Abstract. IVIChem is an integrative web environment for computational chemistry that can be accessed globally from any typi-
cal computer via the World Wide Web. It assists users all along the research pipeline by facilitating the introduction of molecular
geometries, specification of options for a calculation, assembling input files, submission to the calculation queue, monitoring the
status of calculations, and graphical analysis of results. IVIChem’s graphical user interfaces considerably improve the usability
of computational chemistry software in different areas of chemical modeling, and they enhance the performance of researchers
by automating the analysis of results and the addition of further calculation packages.
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1. Introduction

Computational chemistry (CC) can be a complicated discipline, not only due to its advanced theoreti-
cal and mathematical background, but also because it uses a great deal of technical vocabulary that only
the most experienced of users are fully familiar with, and it requires significant skills for working with
both input and output in a variety of poorly interrelated applications. Nevertheless, the number of both
dedicated and casual users of CC increases every year, certainly because of the success of the discipline
in reaching predictions and explanations within many areas [1,2], including organic chemistry, inorganic
chemistry, biochemistry, materials science, electronics, pharmacology, and every other area of chemical
research. In particular, results from quantum chemistry (QC) calculations may aid in explaining observed
experimental phenomena, as well as in predicting the properties of compounds, as is broadly used in the
design and development of new drugs and materials.

A study of a given system of interest may require the use of several CC approaches and corresponding
software packages in sub-areas like quantum chemistry (at varying levels of approximation), molecular
mechanics, molecular dynamics, chemical kinetics, fluid mechanics, and others. This inherently implies
user’s choices from potentially thousands of options, thus demanding a good deal of prior knowledge of
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both the theory and the calculation packages themselves. CC applications generally receive the informa-
tion for their calculations via text files that must be written in a particular syntax for each package, they
are regularly executed via specific commands on the operating system’s terminal, and output is generally
produced as long text files, such that analyzing results can become an unwieldy task on its own right.
Consequently, the usability of CC software is generally poor, making research difficult for both begin-
ners and experts [3–8]. A few CC packages do ship with sophisticated user interfaces, but these normally
involve expensive and restrictive licenses and have access limited to only one or a few machines, such
that researchers that do not have the possibility to buy them are in a significant disadvantage.

A suitable solution to these usability problems would assist the user in performing every action of the
CC pipeline [9]. We here present IVIChem, an integrative web environment of graphical user interfaces
chiefly for free CC software that can be accessed worldwide from any typical computer with an inter-
net connection. It assists users at every step of the CC research pipeline, including building molecular
geometries, specifying calculation options, running the calculations, monitoring the status of previous
calculation jobs and, most importantly, analyzing the results of these calculations. This highly usable
interface is easy to learn, and the possibility for administrators to include further CC calculation pack-
ages with ease allows not only the improvement of the system, but the establishment of collaborations
between institutions.

The difficulties detected in all major steps of the CC research pipeline, namely building geometries,
assembling input files, running and monitoring the calculations, retrieving the results, and analyzing the
output, were ultimately identified as a general problem of usability of CC software, a solution to which
can be expected to significantly accelerate the production of results by researchers while also facilitating
the approach of newcomers, particularly students, to the discipline.

It is essential to establish a rational architectural design for the large-scale organization of software for
scientific calculations [10], so when developing IVIChem we have considered CC research as a whole
process, from the production of input to the analysis of output.

This article describes IVIChem, a free, usable, and expandable integrative web environment for CC
that facilitates both scientific research and collaboration. The contribution is organized in the following
manner: computational chemistry software, computer languages, and the software development method-
ology used are presented in Sections 2, 3 and 4, respectively. In Sections 5 to 8 we describe the graphical
user interfaces for drawing geometries, dynamically building input files, running and monitoring the
status of jobs, and analyzing the results of the calculations. In Section 9 we describe the administrative
functions, emphasizing the possibility to incorporate further calculation packages and analysis options.
Finally, conclusions and future research directions are presented in Section 10.

2. Computational chemistry software

At present, we have included the semi-empirical calculation packagesCATIVIC [11] and MOPAC [12]
into IVIChem’s user interfaces. Additional applications have been integrated into IVIChem to facilitate
both input and analysis, namely JChemPaint [13,14], which has been used to allow directly drawing
molecular coordinates in 2D; OpenBabel [15,16] for converting coordinates to the appropriate format
for each package; Jmol [17] for visualization of molecular structures in 3D; and Ptplot [18,19] for ren-
dering 2-D plots.
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Fig. 1. IVIChem’s main screen: a job browser that allows starting new jobs, as well as managing and analyzing previous ones.

3. Computer languages

We have used a variety of computing languages in the development of IVIChem. Being a web applica-
tion, X-HTML and PHP have been the main of these. PHP has been extensively used on the server side
for duties like user validation, processing all the relevant information between pages of the site, interact-
ing with the database, and executing any relevant commands or scripts on either the web server or the
calculation clusters. JavaScript is crucial in responding dynamically to user choices on the client’s side
(the user’s computer, as opposed to the web server, where PHP is used); for example, instantaneously
converting the web-form choices of the user into valid input files for CC software has been achieved
through JavaScript code. CSS (Cascading Style Sheets) has been widely used to control the looks of
each of the pages, and to preserve visual styles consistently across the site. MySQL has been used for
database management. Python allows processing of output files for easier and more generic analysis. The
Unix/Linux Bash language allows file-managing duties like deleting or moving files between different
folders and servers, execution of Python scripts, and others.

4. Software development methodology

AgilUs [20], an agile software development methodology [21,22], has been used in the construction
of IVIChem. This methodology sets the emphasis of the development on the construction of usability
through iterative and incremental development, which implies constant evaluations of user satisfaction
with corresponding corrections in the software’s functional and non-functional requirements. The con-
struction of usability inherently implies caring for the needs of different users, including experts that
understand the details of the calculations but not necessarily the exact algorithms and software that im-
plement them (black-box users), undergraduate students, wet-lab researchers that use CC as a tool for the
interpretation of experimental data, CC software development specialists, and researchers in other fields
of knowledge related to chemistry. In this sense, IVIChem can be modified to include further calculation
options, software packages, properties, and options for automated analysis of results.

5. Drawing geometries

When starting a project, researchers regularly need to procure input geometries from third-party appli-
cations, and these geometries must be put down in a syntax that’s specific for each package. After logging
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Fig. 2. Fragment of an input file for the semi-empirical calculation package CATIVIC. The first eight lines indicate the specifi-
cations for the calculation in the particular syntax of this package, whereas the remaining lines contain the atomic coordinates
over which the calculation is to be performed (truncated).

Fig. 3. IVIChem’s input builder for CATIVIC readjusting itself upon changing the type of calculation.

in to IVIChem, users first arrive at a job browser screen that shows all previously run jobs and allows
both starting new jobs and analyzing previous ones, as shown in Fig. 1. From here, IVIChem users can
access a molecular builder that may be used generically for all calculation packages. Although ideally a
3-D molecular builder should be used, a suitable solution is under development so we have temporarily
included the 2-D molecular builder JChemPaint [13,14]. IVIChem internally converts the geometries to
the proper input format for the chosen package using the powerful libraries of Open Babel [15,16].
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Fig. 4. An immediate effect of a user’s selection on the automatic construction of the input file: indicating SCF-cycle preci-
sion is not intuitive in CATIVIC so, by providing a simple drop-down list, IVIChem allows the user to focus on the desired
specifications for the calculation and not on the proper syntax for the package.

6. Dynamically building input files

CC input is generally varied, complex, multifaceted, and tedious. Once a correct geometry has been
procured, a researcher must assemble a calculation file line by line, combining the geometry with the
specifications for the calculation, which must in turn be introduced in a typically complicated and un-
forgiving syntax, exemplified in Fig. 2 for the semi-empirical package CATIVIC [11].

Calculation files for other packagesmay differ significantly, bearing no resemblance whatsoever to one
another. Users are thus forced to always start from a previous file appropriate for the type of calculation
to be performed or, worse, learn the syntax of each package by heart. The potential for typographical or
syntax errors is large and, indeed, much valuable time is spent learning how to write input files [23].

One of the most important features of IVIChem is the aid provided in building input files. IVIChem
users can all but forget the proper syntax for each package, as the interfaces provide dropdown lists,
checkboxes, text areas, and other simple input fields that users fill just as they would any typical web
form; JavaScript code on the user’s side immediately processes the input and dynamically builds the
calculation file in response, hiding or showing any relevant fields in response to the choices of the user
in the process. In Fig. 3, IVIChem readjusts itself to display the “Geometry optimization details” tab
when the user chooses to perform a “Simple Geometry Optimization” calculation. If the user changes
back to a “Simple Energy Calculation”, the geometry tab is immediately hidden away.

Choices and text input by the user have an immediate effect not only on the fields displayed, but also
on the “Your calculation file” field, as indicated by the arrow, as shown in Fig. 4; this last field holds
the contents of the input file that will be sent to the dedicated clusters for calculation. Advanced users,
however, still have the possibility to alter that final text directly, if desired.

7. Running and monitoring the status of jobs

CC calculation files must normally be sent to a remote dedicated calculation server (i.e., the CC
package does not run on the same machine where the input file was assembled), and the progress of the
calculation must be monitored somehow.

On IVIChem, once an input file has been dynamically built by assembling the molecular geometries
with the specifications from the user’s choices on the web form, the job can be submitted to the cal-
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Fig. 5. Options for the analysis of output, and a 2-D plot showing SCF convergence results for a MOPAC calculation. Data is
automatically extracted by IVIChem from the output file and displayed on a graph.

culation queue simply by clicking the button “Send to queue. . . ”, which is shown in the top center of
Fig. 3.

IVIChem takes care of all file submissions and permissions required, and the status of the job can be
easily monitored on the main screen. Five main statuses are possible, namely “complete”, “in queue”,
“calculating”, “calculation error”, and “cancelled”, exemplified in the first five job rows of Fig. 1. A job
that is “complete” may be analyzed, a job that is either “in queue” or “calculating” may be “cancelled”
by the user, and a job with a “calculation error” status likely contained errors in the input file and so could
not be run properly (which normally would only happen if the user modified the input file directly). All
five statuses allow a duplication of the input, so both the molecular geometries and the specifications for
the calculation can be reused on a new job and these duplicates may be fully modified according to the
needs of the user.

8. Analyzing results

In a typical CC research environment, following successful completion of a calculation, the user is
left with one or more long text files that need to be retrieved from the remote server and from which
all data of interest must then be painstakingly extracted, such that the analysis of output files becomes
a demanding task that may take even longer than the calculations themselves. Users must thoroughly
search the output file in a text editor, extract the desired information datum by datum, and then tabulate
it, plot it, or analyze it in some other way. During the initial scrutiny of our software engineering process,
this time-consuming situation was identified as a major cause of frustration for users and, therefore, as a
key area for potential improvements in usability.

As depicted in Fig. 1, IVIChem’s main screen is a job browser. Clicking on a job links to an analysis
page that provides a button bar, shown in the upper part of Fig. 5, for the automated analysis of results.
The specific buttons shown depend on the calculation package used, the type of calculation performed,
and the status of the calculation (whether or not it has been completed successfully). Upon clicking
on an analysis button, IVIChem gathers any necessary files, runs scripts that analyze those files, and
displays the desired data visually, disregarding any unwanted information. A 2-D graph, for example,
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Fig. 6. A table displays the molecular energy properties for several MOPAC calculations. The user selects two columns which
are then plotted. A clear linear correlation between the total energy and the molar mass can be observed.

Fig. 7. IVIChem’s administrative options allow the enhancement and maintenance of the system.
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Fig. 8. The bug browser allows the administrator to analyze suggestions and error reports from users, thus accelerating response
and consequent improvements to the system.

Fig. 9. The form for adding a new package to the system. The administrator chooses the types of input fields to be offered to
the user, specifying names and labels for the variables, and tooltips to be shown when the user hovers over the field.

can be plotted using UC Berkeley’s PtPlot [18,19] for an energy minimization convergence in MOPAC,
as shown in Fig. 5. From the job browser, a user can also select several jobs and perform a simultaneous
analysis. As an example, several global energy properties for the calculations are extracted from the
output files for each job and then shown in a table (see the lower half of Fig. 6), from which the user
can choose two columns to plot and thus compare the results; in the example of Fig. 6, a very clear
linear correlation between the total energy and the molecular mass has been found for several polycyclic
aromatic hydrocarbons.
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9. Administration functions

Typical administration functions include adding, browsing, and editing the information of IVIChem’s
users and collaborating institutions. These options can be accessed from an analysis main screen, pre-
sented in Fig. 7. Administrators can also view bug reports and suggestions (see Fig. 8) submitted by
users from an automated interface accessible from every page. Also, additional calculation packages
and options for the analysis of results can be added with ease. Regarding the addition of further cal-
culation packages, IVIChem largely automates the process of creating the input-building interfaces by
allowing the administrator to specify an arbitrary number of text fields, check boxes (on/off switches),
select fields (drop-down option lists), text areas, and radio-button groups, as shown in Fig. 9.

10. Conclusions and future directions

IVIChem is a system of web-based graphical user interfaces that improves the usability of computa-
tional chemistry calculation packages (like CATIVIC and MOPAC), facilitating the construction of input
files and accelerating the analysis of output. It assists users in the introduction of molecular geometries,
construction of input files, running and monitoring calculations, and analyzing results. It also assists ad-
ministrators in the improvement of the system, by allowing the addition of further calculation packages
and analysis options.

Despite this progress, several goals remain to be attained. Efforts are under way to include the ab
initio packages GAMESS [24] and Firefly (former PC-GAMESS) [25], and we look forward to also
including molecular mechanics and dynamics software like GROMACS [26] and Tinker [27]. Options
for analyzing catalytic processes at the molecular level, like diffusion, adsorption, desorption, and other
reactions that occur on a surface, are in progress. Finally, we are also considering using grid computing
and parallelism to allow the globalization of the system.
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