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Abstract

The JavaScript scripting language is a simple way of adding interactive functionality to HTML (Hypertext Mark-up
Language) pages. In this paper we present the use of JavaScript in two sample quantum-chemical applications, destined
primarily for educational purposes. Examples are given in which students are able to enter data and invoke calculations
using JavaScript scripts via forms-based interfaces, and follow links to outlines of the theory involved, key equations, and
to other pages on the World Wide Web. The performance and potential of interactive scripts in these and wider quantum-
chemical applications is discusse@l 1997 Elsevier Science B.V.
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1. Introduction A significant amount of educational material can
also be found on the WWW. This may be presented
The amount of chemistry-related information on in the form of virtual textbooks, as support for regular
the World Wide Web (WWW) continues to grow at lecture and practical courses, or as standalone remote
a remarkable rate [1]. Hypertext documents, with learning material [7]. Aspects of applied quantum and
embedded static and manipulable images, animations,computational chemistry play an increasingly impor-
sounds, and links to other documents, have the poten-tant role in undergraduate and graduate chemistry
tial to communicate information in a highly attractive courses as molecular modelling tools are used more
and original way. The interested reader may like to and more widely used in several domains of chemical
consult selected chemical examples given in [2,3]. research. Our aim here is to investigate the potential
Interactive functionality through which hypertext of JavaScript scripts embedded within HTML pages
pages respond to user input can be added intofor model, interactive, quantum-chemical calcula-
HTML (Hypertext Mark-up Language) documents tions. The two examples we give are:
by using languages such as Java [4] and JavaScript
[5]. In the last year, many examples of the use of Java
have appeared on the WWW for molecular structure
editors, and front-end interfaces for calculations and
database searches [6].

the self-consistent field—linear combination of
atomic orbitals (SCF-LCAOQO) calculation of
the 1s? ground state of the helium atom in a
double-zeta basis of Slater-type orbitals; and
e calculation on the K molecule using a sub-
minimal FSGO basis set.
* Corresponding author. E-mail: David.Mosley@fundp.ac.be In both cases, a simple interface for user input
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is provided using HTML forms. The Java- 2. A few words about JavaScript
Script calculations are supported with hyper-
text links to relevant equations and background  JavaScript is an object-based scripting language
theory to help the user understand the calcula- through which dynamic content can be added to
tion. The examples are inspired by exercisesina HTML documents, or HTML pages can be made to
book, Exploring Aspects of Computational respond to user input. It is important to note the rela-
Chemistry Concepts and Exercisd8]. The tionship between the Java and JavaScript languages.
examples remain close to the one of the aims While some of the syntax of JavaScript resembles the
of the book in seeking to provide insights into Java language, the difference between JavaScript and
the actual mechanics of quantum-chemical cal- Java should be stressed. Java is a fully-fledged pro-
culations, through performing model calcula- gramming language, both for standalone applications
tions on simple systems by hand or with the and applications accessed from within HTML pages
help of short programs. This is to help bridge (called applet3. Java programs are compiled into
the gap, apparent to many students, between byte-codes before being made available for execution
formal theory and practical implementation.  on clients. JavaScript scripts are embedded within
HTML documents, and are interpreted (rather than
In the next section we give a brief introduction to being transferred in a compiled byte-code form and
the JavaScript language, its functionality, and its executed) by the client. This is also distinct from CGI
embedding within HTML documents. This is (Common Gateway Interface) programs, in which
followed by a more detailed discussion of the execution is carried out on the server. For Java and
examples, before closing the paper with comments JavaScript applications, the computation is per-
on the performance of the scripts and on scope for formed on the client, sparing the server from incresed
further development of this type of teaching material load, and decreasing network traffic. Many examples
on the WWW. exist of JavaScript scripts being used to verify form

<SCRIPT Language="JavaScript'>

function dist(form) {
xx=Math.pow((form.x1.value-form.x2.value),2)
yy=Math.pow((form.yl.value-form.y2.value),2)
zz=Math.pow((form.z1.value-form.z2.value),2)
form.distance.value=Math.sqrt (xx+yy+zz)

}

</SCRIPT>

<FORM>

x1: <INPUT TYPE="TEXT" NAME="x1" SIZE=10>

y1: <INPUT TYPE="TEXT" NAME="y1" SIZE=10>

z1: <INPUT TYPE="TEXT" NAME="z1" SIZE=10><BR>

x2: <INPUT TYPE="TEXT" NAME="x2" SIZE=10>

y2: <INPUT TYPE="TEXT" NAME="y2" SIZE=10>

z2: <INPUT TYPE="TEXT" NAME="z2" SIZE=10><BR>

<INPUT TYPE="button" VALUE="Calculate distance"

OnClick="dist(this.form)">

<INPUT TYPE="RESET" VALUE="Clear input">

<BR>

Result: <INPUT TYPE="TEXT'" NAME="distance" SIZE=25> <BR>

</FORM>

Fig. 1. JavaScript script and HTML source for a simple example of using JavaScript script to find the distance between two points, given by their
respectivex, y, andz coordinates, introduced by the user via an HTML form.
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input to CGI programs to reduce unnecessary data JavaScript scripts can be included at any pointin an
transfer. HTML document, as is the case with the example in
JavaScript supports run-time operations on a small Fig. 1. Itis common practice to place the scripts in the
number of data types (numeric, Boolean and string (HEAD...(/HEAD) section of an HTML document.
values), objects and methods. Functions are also sup-The JavaScript itself can be hidden from old browsers
ported within JavaScript, which enhances both the which are unable to run scripts through enclosing the
power of the language and the simplicity of the rele- commands between comment tafs; ...—), which
vant scripts. Indeed, the appeal of JavaScript lies in its must be included immediately after (and immediately
relative simplicity as a tool for developing client and before) the(SCRIPT) (({SCRIPT )) tags.
server Internet applications. In the applications presented here, we are particu-
A simple example of a JavaScript script to find the larly interested in exploiting the numerical capa-
distance between two points, given by their respective bilities of JavaScript in illustrative quantum-
X, ¥, andz coordinates introduced by the user via a chemical calculations. It is perhaps worth noting
HTML form is given in Fig. 1. The resulting screen that several methods for simple mathematical func-
output is then given in Fig. 2, which the reader may tions are built in to theMath object which make
then try. JavaScript attractive for these applications and for
The example given in Figs. 1 and 2 is a very basic scientific usage. These methods include basic trigono-
example of the use of JavaScript, but does illustrate metric functions ¢in , cos, tan, asin , acos,
the simple interface between the HTML form-based atan ), square root and power functionsgft |,
input and the numerical calculation carried out by the pow) (as used in Figs. 1 and 2), a random number
script. The two sets of,y,z coordinates entered in the generator fandom ), logarithmic and exponential
data fields of the form are passed to the function functions (og , exp), and miscellaneous numerical
dist , defined between théSCRIPT)...(/SCRIPT ) functions floor , ceil , max, min, round ).

tags, using th©nClick event handler, which, as its Another important issue for the development of
name suggests, responds to a mouse click on theclient/server Internet applications is that of port-
Calculate distance button. Values of indivi- ability. Unfortunately, such has been the rapid pace

dual elements of the formx{,yl,...), identified by of development of JavaScript that compatibility
the NAMEattribute in the form, are referred to in the across platforms and versions is not assured.
function dist as form.name.value . In the Examples of bugs and differences in behaviour on
example, the result of the calculation is written to different platforms do exist. Scripts written in Java-
the emptyResult box in the form, via theNAME Script, which originated at Netscape [5], should work
attribute of the input data field. It is also possible, with versions of Netscape 2.0x and higher, and also
using the JavaScriptrite method, to write directly =~ Microsoft Internet Explorer 3.0. However, full and
to an HTML document, to a separate frame in the equivalent functionality of JavaScript cannot be
browser window, or to a different browser window, assumed across platforms and versions. Support for
this giving the possibility to create HTML pages JavaScript across future versions of all browsers is
the fly not assured. This is an important question to be
faced by the Internet community. It would be a
great pity if moves away from platform-dependency
of codes and applications were only to be replaced by
equivalent problems with browser-dependency. The
scripts presented here have been developed and tested
with Netscape Versions 2.02 and 3.0 on a Macintosh
Quadra 610 and under AIX on IBM RS6000
machines. They do not make use of any of the more
particular version- and platform-sensitive aspects of
Fig. 2. Screen output for the JavaScript script and HTML source JavaScript, and so stand a good chance of being
listed in Fig. 1. portable.
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3. Sample applications

3.1. SCF-LCAO calculation of the 1ground state of
the helium atom in a double-zeta basis of Slater-type
orbitals [9]

This calculation uses the single determinant singlet
ground-state wavefunction of the helium atom based
on a doubly occupied atomic orbital. Using a double-
zeta basis in the LCAO-SCF method, the atomic
orbital is expanded in terms of two basis functions,
1sand ¥'. The solution of the Hartree—Fock equation
in a basis of two functionssland ¥' is equivalent to
the solution of the LCAO-SCF matrix equation of
order 2. In the version of this example available on
the WWW since May 1996 [9], a link to a page giving
a more detailed background to the theory and form of
the matrix elements is given.

This calculation, despite its simplicity, does illus-
trate the full conceptual complexity of an SCF calcu-
lation. In the form given in Fig. 3, the reader is able to
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which contains the results of the calculation, together
with hypertext links to pages giving the formulae used
to calculate the one- and two-electron integrals, and
the total energy. In an educational environment, the
student may use the program to find the optimum
orbital exponents and to investigate the variation of
the the total energy as a function of the orbital expo-
nents in region of the minimum, or to carry out some
integral evaluations and SCF iterations by hand using
the formulae available at the click of a mouse button.

The trial solution (or initial guess) of the SCF equa-
tions iscys=1 andc,y = 0. This is an arbitrary choice,
and superior choices for the initial guess do exist. In
most cases, 20 iterations is more than sufficient for the
change in the value of the coefficients between suc-
cessive iterations to be less than™0An error is
flagged if the convergence conditions are not met
within the number of iterations specified.

3.2. Calculation on the limolecule using a
subminimal FSGO basis set [11]

select orbital exponents, the convergence threshold,

and the maximum number of iterations. Good values FSGOs (Floating Spherical Gaussian Orbitals),
to choose for the exponents are in the region of 1.45 introduced by Frost in the mid 1960s [12], correspond
and 2.90. These values are close to the values for theto s-type Gaussian orbitals which are allowedltat
bestdouble-zeta results for the helium atom, expo- in space so as to optimally represent each localized
nents of 1.45363 and 2.91093, obtained by Roetti pair of electrons. The basis set used is often referred to
and Clementi [10], which give an SCF total energy assubminimal since only one function is required to
of —2.861672598 a.u. On running the calculation, a represent each electron pair. In this example, the user
new HTML document is created in a second window is able to study the Hmolecule by using a single
FSGO. As in the previous example, input to the script
is via an HTML form (Fig. 4), and the user is able to
specify the internuclear distance, an initial guess for
the orbital exponent, and the displacement of the
orbital from the centre of the H—H bond. In the course
of the calculation, the orbital exponent is optimized
according to a simple optimization scheme.

The utility of this calculation is to enable the
student to explore the symmetric and asymmetric
FSGO solutions for the hydrogen molecule [13].
Using symmetry arguments, the location of the
FSGO at the centre of the H-H bond leads to a
physically nonsensical situation at the dissociation
limit, i.e., two protons (2H) and an isolated pair of
electrons (26). At distances greater than a certain
critical distance, the optimal (lowest energy) solution
will no longer be the situation in which the orbital is
located at the centre of the H—H bond, but in which

Enter exponents:

Select number of iterations:

"
g

V5 V10 W15 20 25

Select convergence threshold on ¢ and ¢,:

1073 41074 941075 41076 $10-7 <1078 1079

Start calculation ?Clea.r input

Fig. 3. Input form for SCF-LCAO calculation of theiground state
of the helium atom in a double-zeta basis of Slater-type orbitals.
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Enter starting exponent:

Enter H-H distance: (in bohr)

Enter displacement of FSGO from centre of H- H hond: {in bohr)

"EStart calculation %Re.set input

Fig. 4. Input form for the calculation on theshinolecule using a subminimal FSGO basis set.

the orbital hagumpedtowards one of the atoms. Thus, for more complex examples, able to execute across
dissociation in the FSGO scheme corresponds to different platforms on the WWW. For the simple
Ho = HY +H" applications given, computational effeciency and per-
2 . . L.
formance is not an issue. Work is in progress on the
Plotting the total energy as a function of the displace- extension and enhancement in the form of a Java
ment of the centre of the FSGO from the centre of the applet of the FSGO application illustrated here,
H-H bond Ry-4 > 5.5 bohr) in small steps will give  which will include a graphical representation of the
access to these symmetry broken solutions, and pro-results and the possibility to optimize the position of
vide an insight into the symmetry dilemma in the the orbital. The double-zeta LCAO-SCF calculation
conventional Hartree—Fock LCAO-SCF scheme and on the helium atom could be easily be extended to, for
the question of Hartree—Fock instability. example, a configuration interaction calculation. On a
wider scale, the possibility now exists and is being
investigated for the development of object-oriented
4. Discussion computational chemistry codes across the WWW
using Java.
The two examples presented here demonstrate part
of the potential of interactive pages on the WWW.
The calculations, while being simple, do illustrate 5. Notes on the References
important concepts in quantum and computational
chemistry. An attractive feature is the ease and trans- The dynamic and vast nature of the WWW means
parency of the interface provided by the HTML form. that it is impossible to create up-to-date and exhaus-
With this in place, the reader is not obliged to deal tive lists of contents and examples. The links given in
with unfamiliar operating environments, or with an many of the references below are simply suggested
abundance of program options, few of which are of starting points and are personal choices of examples.
any significance for the task in hand. The presence of All links were last checked to be active on 5th August,
the theoretical background and relevant equations at 1997.
the click of the button helps to make the computa-
tional process somewhat less abstract.
As a choice of language, JavaScript seems to be Acknowledgements
well suited for the cases chosen. However, a more
complete language, such as Java, would be necessary This work has benefited from the financial support
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