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SUMMARY 

The Pariser-Parr--Pop/e molecular orbrtal (PPP-MO) method, which 

provides a rt’a), of calculatmg electronic absorption spectroscopic 

propertres of orgarlIc d>le molecules, such as the posrtion of the absorp- 

tlon maximum m the vlslble spectrum, its mtensxty and poiarrsatlon 

drrection, has been implemented zn PASCAL language on a 64 kB Apple 

II computer The system consists of two modes (I) Graph mode and (2) 

PPP mode, whch are controlled sepal ately or successmefy The system 

occupies up to 32 kB oJ memorJ, needs I m~mfropp_~ dk III the entire 

e_xecutlon of the program, and handles up to 30 atoms routmely ~lt11 

conjiguratIon interaction 

1. INTRODUCTION 

Colour and constttution studies of orgamc molecules have received great 
benefit from the quantum theory. The quantttattve prediction of hght 
absorption has been aided by the development of molecular orbital 
theory and the advent of modern computmg facilities. In this respect, the 
Panser-Parr-Pople (PPP) MO methodlm3 in particular has shown its 
usefulness m the last three decades due to its ease of use, predictive 
rehability and small demand on computer capacity. In fact, rt has recently 
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been stated that the PPP-MO method (wtth a mathemattcal formahsm 
stmtlar to that of the Huckel MO methods) has no rival in Industrial 
research ’ Advantages and problems connected wtth the method have 
been drscussed by Grtffiths’ and others 6*7 In order to increase further 
the value of the technrque we have now revised and adapted a widespread 
PPP-MO computer program to run on a low-cost self-contained 
mtcrocomputer In combtnatton with the recently published generahsed 
PPP-MO parameters,’ this program version IS expected to increase 
a\vareness of the value of the technique for routine apphcatton. 

2 SYSTEM SOFTWARE AND HARDWARE 

In Its original form the PPP-MO program. the sublect of this paper, was 
implemented on the ICL-1906A computer of the Umverstty of Leeds, 
where it has been used routinely for colour predtction of mantfold dye 
classes 5 6 These predtcttons include the calculatton of (a) the wave- 
length of ma\tmum absorptton (i _,,,) of the visible band (approxtmate 
indication of the hue of the dye). (b) the absorptton band intensity (at 
L m.l\ - estimate of the eff‘ecttveness of a dye as a colourmg agent): (c) the 
polartsatton dtrectton of the absorptton band Input parameters include 
structural data for the rc-electron part of the (usually planar) molecule 
(bond lengths and angles) together with electronic and energy parameters 
Whereas core charge values define the electronic parameters, the energy 
parameters are described by a valence state tonisatton potential (VSIP,) 
and repulsion energy (;*,) for each atom and d resonance integral value 
(,3,,,,) for each pau- of bonded atoms. Approaches to parameter dertvatton 
h,;ve been dtscussed extensively else\\ here” and will not be repeated here 
The electron repulsion energy between two electrons restding on different 
atoms IS evaluated according to Ntshtmoto and Mataga.’ With these data 
simple Huckel-type calculattons are repeated to self-consistency, tnittally 
Ignoring electron repulsion effects Ground and excited state energies are 
computed from the molecular orbital wave functions RestrIcted con- 
figuration interaction (CI) improves the calculated transition energies (I e 
generally taken as i,,, in non-polar solvents). Absorption mtensltles 
are given as oscillator strengths (fvalues) which are dertved from the 
transitton dipole moments. based on the molecular geometry and the 
form of the molecular orbital wave functions As pointed out elsewhere,’ 
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surprismgly little systematic attentron has been pard so far to thus aspect 
and the (rndustrtally) important predictron of absorptron intensities is 
generally less satisfactory. lo 

The widespread dtffuston of personal computers and the htgh 
capabrhtres of their hardware and software suggest then possible use 
for quantum-chemrcal calculations, once prrmarily the domam of large 
computers To this purpose we have considered the use of an Apple II 
computer because of rts wide avarlabrhty, flexibility and extensive 
software facilrtres. The configuration of our system consists of: a 9 mch 
green monrtor display. 2 burlt-m disk drives, a language card, and a 
PASCAL compiler. the 64 kB RAM includes a 14 kB operatrng system, a 
2 kB memory-mapped l/O and over 40 kB user’s space The capacrty of 
one minrfloppy disk IS 140 kB. 

The original PPP program was written in a language (ALGOL) not 
available on most microcomputers However, the various PASCAL 
tmplementattons (UCSD, PASCAL, PASCAL/M, PASCAL/Z, etc.) 
conform to a grammar very close to ALGOL and translatron was 
envisaged as a not unsurmountable problem. The man-i difficulty lay m 
the optimal use of the limited resources to accommodate the program 
with the avarlable memory and to obtain acceptable execution trmes. 

It IS necessary at this point to stress the fact that PASCAL does not 
allow run-time drmensioning of arrays while ALGOL does This imphes 
that In PASCAL the maximum number of array elements to be used must 
be determined at compilation time Irutraily we used dimensrons of 
25 x 25 for all arrays. This allows treatment of molecules with up to 25 
atoms and the analysis of 25 transitions for CI. This corresponds to a 
memory occupation of 15 kB for the arrays. 

The PASCAL implementatron used was UCSD PASCAL though rt is 
felt that this comprler is not the best for treatment of our problem, mainly 
for three reasons: (a) The compiler generates an intermediate code (the 
so-cdlled P-code) which is then Interpreted. Thvs slows down the execu- 
tlon with respect to a direct machme-code; also. the available memory IS 

affected due to the need for the presence of an interpreter program durmg 
execution. (b) Moreover, functionmg of the comprler is poorly docu- 
mented and the code generated could be shortened and memory 
utihsatron optrmised only by extensive trial-and-error. (c) Finally, the 
system lacks debug facilities, the error messages are cryptic and rt is 
necessary to rernrtiahse the system when programmmg errors occur 
leading to loss of previous results and scmtimes of hours of computmg 
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time However. this compiler was used as it IS the only one avallable to us 
at the present time 

To allow the program (15 kB of code) and Its data area (16 kB) to fit 
In, memory segmentation IS required In this case it 1s important to 
understand exactly what happens In the Apple memory at execution time 
FirwIly. we have redched a segmentdtlon form that allows the use of n 
30 x 30 dimension for all arrays allowng the study of molecules wth 30 
atoms and 30 transitions It was necessary to split some procedures into 
two or more due to the hmltatlon to the procedure length m the Apple 
version of UCSD PASCAL (1 2kB of code) 

In the present configuratlon the e.Xecutlon time for the study of a typical 
20-atom molecule (indigo). with 20 selected transltlons, 1s about 4 h The 
major part of this time IS devoted to dlagonahsatlon procedures (15 mln 
per cycle for a 20 x 20 matrir. 13 cycles) We used the Jacobi method. 
implemented by Cooper.’ ’ after revision of the published listing and 
further modlficatlons to reduce the execution time by about 50% We 
belleke that further optlmlsdtlons are possible and are confident that we 
\vlll be able to lower the execution time slgnlficantly 111 the near future 

Comparrson with the results of a test calculation on an ICL-1906A 
lnstallatlon showed a slight decrease In precision of the caiculatlons in the 
cnse of the microcomputer This leads to the need for more cycles in the 
SCF procedure to reach convergence (typically ten instead of seven cycles) 

Fig. 1. Display of molecular geometry 



and a loss In slgnnlficance of the results beyond the second decimal dlglt 
This problem can probably be by-passed by the use of a better dlagonal- 
lsation routme, such as the Householder Inverse Iteration method. l2 ’ 3 

Use of a CCS arlthmetlc processor to execute some functions (sin, cos. 
sqrt. sqr) speeds up the calculation time by some IO:& but causes an 
unacceptable loss in precwon. This 1s due to truncation of the results by 
the processor 

In order to check the Input geometry before calculation of the 
electronic propertles, we have wrltten a separate plottmg routine which 
uses the same Input data as the PPP-MO program After display of the 
geometry on the monitor (ewcutlon time. 40 s: FJ~. 1) the PPP program 
IS started Even though this procedure requires recalculation of the 
geometry. this solution was preferred 111 view of the low computing trme 
Involved The graphlcal feature wll be merged wth the PPP-MO 
program In the future Copies of the program set are avallable from the 
authors at a small charge 

The proposed system 1s not only a useful research tool. but can also 
readily find appllcatlon In computer-asslsted lnstructlon for students 
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