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Abstract 

Two commercial available molecular electronic structure software packages 
GAUSSIAN90 and GAMESS-UK are compared. Basis for this comparison is 
a benchmark suite which is designed to highlight the typical range of calcula
tions commonly performed by the ab initio computational chemist. 

1 Introduction 

The development of computer programs for electronic structure calculations of mole
cules with sufficiently general and comprehensive capabilities, so that they can be 
used for very accurate studies of small molecules or for less accurate studies of 
larger molecules, or for the determination of reaction paths ways or the calculation 
of electronic properties is by no means an easy task and certainly requires several 
man-years of work. These programs should be easy to use by non-experts. Over 
the last years several commercial software packages have become available, where 
the GAUSSIAN program system [1] became very popular and developed towards 
a standard for molecular electronic structure applications. The GAMESS-UK pro-
grain package [2] is less widely used, mainly due to the fact that it has only very 
recently been commercialized. Previously it has been made available only to re
searchers within collaborative projects with the program author/ [3].;. ' 

Since we tnmk that GAMJbbb-UK is a system witn a hign functionality and. 
applicability it is worth trying to benchmark this softwarepackage against ^he well 
known GAUSSIAN90. • , .; < v: ; v•, 
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The main features of the software packages will he briefly described, the bencj}-
mark suit© will »be presented arid thefinal results discussecL , . t .. . 

2 Program System GAMESS--UK 
GAJ)4ESS-UK (Generalized Atomic and Molecular Electronic jStruture System, de
veloped in UK) is a general .purpose ab initio molecular electronic structure program 
for performing SCF- and MCSCF-gradien! calculatibns,together with a; variety of 
techniques for post Hartree Fock calculations. On-going development 61 the code 
is carried out at Daresbury, wit]} ;the program, currently available on a wide range 
of machines, including theCRAY X rMP and,Y-MP, IBM 3Q90-60ÖE/VF, Amdahl 
VP FPS-264 and M64/60, Convex C2, Cyber-205, AJliant £X8 and FX/2808, In
tel iPSC/2 and iPSC/860, Meiko T800/20 + MK086 (i860), Apollo D^iOOÖ, SGI 
PoWer Series, IBM/rlS6000, VAX, !DEC S5000/200 Solbourne S40QO and SUN; 

The program utilizes the Rys Polynomial or Rotation techniques, to; evaluate 
repulsion integrals over s,p,d and f type cartesian Gaussian orbitals. Open- and 
closed-shell SCf treatments are available within both the*RHF and UHF frame
work, with conyergence controls provided through a hybrid scheme df level shifters 
and the DIIS method. In addition ^enerai'zed valence bond, complete active space 
SCF, and more general MCSCF calculations may be performed/The analytic energy 
gradient fe available »for each, class*,of wavefunctions above mentioned. Gradients for 
s and p Gaussians are evaluated using the algorithm due to Schlegel,' while gra
dients involving d a n d f Gaussians utilize the Rys Polynomial ^Method, Geometic 
optimization is performed using a quasi-Newtonrank-2 update method, wlple, tran
sition state location is available through either a synchronous transit trust region or 
'hill-walking' method Fqrce constants may be evaluated by numerical differentiation 
or analytically by using a coupled Hartree-Pock scheme. "' .•>". f * t 
I Miller-Plesset jjerturbation calculations can be carried out up to the fourth 

order. 1st and 2nd derivatives are available analytically.'' Direc<j-MP2 calculations1 

are possible for large systems. - . U., 
yAJ) ini^to,core, potential's sre erovided in noth heml-Iö'cal and don-löcal formalism* 

fox valence-only molecular orbital treatsents. ' • r ' !>: ' " ^ 
Conventional CI (using the table-driven selection algorithms within the frame-* 

worK,of MR-DCI calculations), Öirect-ÖI and FulI^CI1 cörrelatioütreatments1 are1 

available. The, direct calculation of moleculaf'valence' ionization e^ergies imay be per
formed through Green's function techniques,'using either^'the outer-valenfce Greenes 
function (OVGF) or the two-particle-hole Tarnxn-Daoicoff method (2ph-TDAj). < 
) 'A variety of wavefunction analysis methods are; provided, including population 

analysis and distributed multipole,.analysis, localized orbitals, graphical analysis and 
calculation of 1-electron properties. 

With conventional,processing,of two-electron integrals, GAM13SS-ÜK is limited 
to a maximum 01 255 basis functions > Direct-bOjt' calculations lift this restriction 
however - the program structure is open-ended in this mode, so that Calculations up 
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to 1Ö00 basis functions have" beenperformed/ ' • ' '̂< > rp. t.»:•; 
In addition to the functionality outlined above, th'e järögram^ now includes an-;•, 

utility module concerned with house-keeping, library file creation, file manipulation 
e t c . - '• •-. r - ; 

Areas of application for GÄMESS-UK include: " " l ' ' • - i•. 

.• <• Theoretical studies of re4ction surfaces. SCF and MCSCF calculations of equi- r 

en libriumfand transition state geometries, and the, evaluation of force*1 constant^ 
[ and vibrational.frequencies, at these stationary points. v , . ' 

•Energy.assignments in the1 entire field of-electronic spectroscopy: Calculation 
'v °*'fw °jiwr.'.•••'. 'vi" -V-'W '•;f v i i * . -1-11 

of spectroscopic. properties of highly excited molecular and ionic states..Eval- u 
uafton of'transition moments.v y > • > ! • ' ' ; . ] " / 

• Graphical aha numericalanalysis of Rartree Fock anQppst'-Hartree Fock;wave-< 
J' functions1. : i f • •"'• "<:.•. ' .,i: -.,• •." ; - j i w > « - .-..i. ;. ..• • ..... ..;••• 

! - ; s - ( . ' - • - • • • ^ : •-< - . • — : • • • . ! . " > ' • . ' . ^ , . ; " , • . , , " ; . ; . ; , " . . . . . . 

•i j Generat jot?., of zero-or4pr(;waveffunction.s required in the more extensiver treat-
t ,;'ments of dynamical correlation^ .energy. ApplicaDility to general systems with* 
i.-majny^lectrons. in this treatment (Of dynamical correlation energy. Benchmark 

;- treatment& of * correlation, energy using, Full;Cl calculations. " , . 

,• Theoretical mechanistic studies of chemi§orptiöh in het^rogeöeous catalysis, 

• Treatment of bib^ofganic and related molecules -through PirfcctfSCE calcula.-^ 
i?tiohs and ele^ttdstati^potential^analysis. •... > ; >*(<r ,1 1-.<( ..: :f,> , ; ; n \ > . ,, 

1 0 : j C v " " i *;•' ,;1 V;'!tv -,0 ior'-'-' - * - \ ^ ••;>-• o-,j, ',;/;;,,.: „;•',..;. ^vrr-.'.^ • 
3 P r o g r a m S y s t e m G Ä Ü P S I A ^ 9 Q ^ , ; 
GAUS&IA$90,i$fa eonnecte,^ s^s^em of r>rogra,ms for perfprming^semiem^iricäl and 
ab initio molecular orbital calculations. It has been designed with the needs of the 
user kicmindj Thus, ajlrofjhe? ^andbird inptu^ is free-format.and mnemonic. 

GAUSSIAN90 provides an analysis o£ molecular potehtial energy surfates to de
termine mplecular structur,es anjl spectral Drp.perl̂ ieß of stable ^ni unstable species.' 
It» .provides a- wide, nujnj?^ of ab vßiiio models, anq! some semiempirical models, us
ing <a «sex*frienidlyJ^ntei^ace.-T^^Pi'ogram is .ayailable for: Alliant, Ärdent, Conyex, 
GRAM X/yrMP, IjBM RS60PQ, {B,M.(MYS. VM)? Multiflöw and yÄ^C. ('

 u 

Th^i cä.pa|41itieis ej jthf G^VIXS$IAN90 system include: t r 

T» Calculätion föfone- anä twcHelöcttonf integrals over s-, p, d and f, »contracted 
Gaussian functions. The'Basiä fimctiöns cain either'be j Cartesian Gaussians-oB 
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• Self-consistent field calculations for restricted closed-shell (JtlJF), unrestricted 
ropen-shelJ (UHF), and open-shell restricted (ROHF) Hartree-Föck wavefunc-
tions as multiconfigurational wavefunctions thaVfall within the Generalized 
Valence rJond-Perfect Pairing (\jVii-PP) formalism. 

•. Evaluation qf various one-electron properties of the IJartree-Fodk, MP2 and CI 
energies and wavefunctions, including Mulji&enpopulation analysis, multipole 
moments and electrostatic fieldsf 

• Semi-empirical calculations using the CNDO, INDO, MINDO/3, MNDO and 
AMI model Hamiltonians. , f 

• Automated geometry'optimization to either minima, or saddle points, numeri
cal 'differentiation' to produce force constants, polarizabilities and dipole deriva
tives and reaction path following. '- "'- - ; 

• Correlation energy calculations using M0ller-Plesset perturbation theory car
ried out to second (MP2), third (MP3) or fourth (MP4) order/; * 

jr:Correlation energy calculations using configuration interaction (CI) or all dou- . 
. ble excitations (CID) or all single and^double.excitations .(CISiD). 

• Correlation energy calculations using cpupleof cluster theory with double Sub
s t i t t t i tns ( U ( J 1 S D I. 

• Analytic coniputation of «the nuclear coordinateygradient of the RHF, UHF, 
ROHF, GVB-PP, MP2, RCID andECISI)-••1 ,! ' < o! ..,.;, •,,.•>> , , . ;' 

• Computation of force constants (nuclear coordinate second derivatives), po-
larizabilities, hyperpolarizabilities, di^öfe derivalives*andpolärizability deriva
tives, analytically for» RUF and, UHr? energies, and numerically for RHF, UHF, 
MP2,' CID and CISD energies. , ,-. j ^ C 

• Harmonic vibrational analysis. , ' 

• Determination of intensities for vibrational transitions at the HF, MP2, and 
C I l e v e l s . '•' •' ' > u. ( . • ' ' - . . ; '• :-; ' . ._ , .- .• 

r Testing the SCF wave functions for stability under release of constraints. 

• Excited States: 
Configuration Interaction with single excitations for energies and gradients. 
This allows excited states structures, adiabatic excitation energies, 0-0 tran
sitions to be predicted and related properties such as oscillator strengths and 
electron densities to be computed. 

• Direct SCF: 
Ground state vibrational frequencies and excited state properties are possible 
on the context of a direct SCF calculation. 
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Tjhis method .optimizes the calculation procedure for the particular drsk'&hd 
inemory configuration of the computer system. v . M [; Jr i 

f InrCore Methods: , ^ , , - " - . 
In-core methods for- ,S$F energiesA gradients and second derivatives arid MP2 
energies and gradients are available. l * •• ![;- ' 

. , . 1 n ] •>> : " 0 " . *•. ,••, , ' . . ; / . t - . - ; ; - ; T 

• QCI and-CASSqF: , , ( [ / i . , . 
Gradients as well as energies can be calculated at tne Quadratic s^llevel. Asso-
^o+^ ™ ™ + ; • i / - i •• v i - f i, ; , i ' i •' v i v ^ - ^ i 1 ' / ciated properties, including polarizabilities, nyperpolarizabilities and electron 
densities^ are'also computed usingithe QCI ievel of correlationv The Complete 
Active Space* SCF-(CÄSSCF) method makes it possible to.studyjsystems with 
unusual electronic structures. >..• ,,-•• < - , • , . r ' . v »-• -;n = . . . 

4 Benchmark-Suite v ; , , 
The following 13 benchmark calculations are designed to'highlight the:typical range 
of calculations coiiimbnly performed \f$ the üb initio quantum chef&isf: They range 
from conventional single, point Hartree-Fock calculations, over direct-SCF calcu-
lations, applicable to large molecules of biochemical mterest-.oyer eireotive-core-
potential calculations of metallic clusters, to electron correlation studies using either 
M0ller-Plesset' perturbation>theory or configuration int^jacttpn^echniqUjess^n.the 
following each benchmark job is briefly desdribed. Is : '•,^ •-''"; ; \ • - . 

Despite the fact that liartree-rock calculations are not the most demanding elec
tronic structure calculations (computational eiiort scales as fv or >iv- for, very big 
molecules , where iv is the number of basis functions), this ype of ca culation 
accounts for most of the cpu-time designated to todays compu ational mo cu ar 
science applications, because it has deveipped to a tool which is routinely used py 
many researches from theoretical and experimental fields. 
The iterative selfconsistent-field procedure is nnished when the electronic energy 
has converged to within 10 hartree. The default available convergence aids and a 
mam memory of 8 mega bytes is used. 

4.1.1 Closed Shell SCF Calculation for Nitro-benzene (1) 

Using a standard split valence 6-31G basis the applicability of the programs for 
medium sized molecules (91 basis functions) is tested. ; 
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4.1.2 Closed Shell SQF Calculation for Niclfel-(p)-tetra-carboriylv(2) , , 4. 

This calculation is a slightly larger conventional SCF problem with 1Q1 basis func
tions (3-21G basis set) with Jj, symmetry. For tjiis transition metaj- complex a level 
shifter of 1-5 has been usecj, ! Y, , ; *, - , , s , .,...'! 

4.1.3 Closed and Restricted Open Shell ECP Calculation for the Na7Mg+ 
Metal Cluster (3) > , :. 

An ;double-£ valence basis in connection with the Hay-Wadt effective-cpre-potential, .-,,, 
(EGP) is used? This test;intends to explore the ECPcapabilities, of the programs. ; 
ECP ^calculations are particulars important'for the study of transition metal com-, r 

plexes,! where they reduce the computational effort substantially. 

4.1.4 Direct-SCF Calculation for Nitronbenzene (4) 

Direct-SCF calculations avoid the external storage of the large two-electron integral 
file, by calculating these quantities during each iteration. The direct-SCF method 
is needed for the study of large molecules oi for medium sized molecules with large r 

bas i s - se t s , .? . ,-.,, .!.'..... _. > ,.-_.. ,. > . . , , , > • Tr,- • t-• • .'-. 

4.2 Calculation including Static and Dynamic Electron Cor
relation .!''i 'J - • . i . ) , . ' . . • . • ? ..; . . i\. ;. •. ,-,..-: \ \ *. 

Complete active space selfconsisteht field '(CASSCF) calculations are employed, 
where static electron correlation 'plays aü impoxtant role, as in the case; of trän*; 
sitioh metal complexes and during breaking aiid forming of chemical bonds,: w > 

M0ller-Plesset perturbation theory and configuration interadtiori techniques in 
the conventional table-driven or direct scheme are used to calculate, at least par
tial,'the instantaneous electron correlation in a molecular system (dynamic electron 
correlation), where the former method is size consistent and the later isn't. 

4.2.1 CASSCF-Calculatibn for H2CÖ (5) V ' ••" ' rf •'•• 
J ' " - " ••• •• : : '•' • - - - ; " • • • ^ • r - * ' : . ' - ' ß V ; - : V , . . , , j , ... , . ; ; , • . - . . , . • . . . ; . . 

This benchmark uses a double-f valence basis with polarization functions (42 ba-r 

sis functions) and correlates 10 electrons in 10 active orbitals using the CASSCF 
method. » ., P ,,..--.,, •*• . . 

4.2.2 CÄSSCF-Geometry Optimization for H 2 0 (6) ' >] r•'••-"-

Starting from a HF/DZP optimized geometry the internal coordinates are fully 
optimized within the C2*, point group of the water molecule using a CASSCF wave-
function which correlates 10 electrons in 10 active orbitals and a double-^ basis with 
polarization functions (26 basis functions). •'•.-: v-1 v-H-, t ^ 

, • • • • • • ( : ? • - • ' • ' r ( r . w 



4.2.3 ^ Single and Mii l t i - feference rCI-CclcuIt i ioh on'iE2CO (7)(8) 

Using a triple-C Valence basis with polarization funclioüs (TZVP) a CI calculation is • 
performed using all possible1 singly and doubly excited determinants but of a single 
reference and three references which, gives 18513 configuration state fünction'sfor a 5 

single-reference case and 52252 for the multi-reference case. 

4.2.4 Conventional-Mult ireference-Table CI (9) </-•• "*•- ' • 

Thesahie molecule ana. basis set is us£d as'in 4.2:3, but the table-driven selection / 
algorithm is employed which allows the simultaneous determinaiion^of several roots.. 
Tins technique is especially important when excited states of the same Symmetry>T 

as the ground state are considered. According to an energy threshold criterion the! , 
2447 most important symmetry adapted functions are selected by a perturbative 
technique out of 156144 functions. The correlation energy>then is determined with 

£ 1 A—5 T_ J. \. 

ar\ accuracy .91 lu hartree. . ,. ; 

4^2.5 MP2-«Geometry Opt imizat ion forH2QQ (10j 

Starting from a HF/TZVP optimized geometry the internal coordinates are refined 
within the MP2 framework, where analytical MP2 gradients are used. 
••» .*-•• '•}. Hi,.* . ; . :•/>.. , ; . : : . o n . ' *,J .ot-" v « t o r ; : ^ r i ; j ,00.0\ •' 

4.2.6 D i r ec t -MP2 Calculat ion for H2CO (11) ,,, ^ 

As previously discussed, the direct techniques avoid .the external storage of two-
electron* quantities, r.They are th^efoy^weill sujted-for the,study of large.systems, 
including correlationTeffeMs.or^ |he[]^y2 level As-.an example, the formaldetyd 
molecule is used,Wi^h a/rzyPjbasis-. .o n ;v < , ; f 0 ..,_ , l , v . » 

4.3 Seäorid Derivätivels n^ing'HF or MP2 Wavefunctions.,-.-

Second derivatives are particular important for the identification of stationary points 
on the potential energy surface and to predict vibrational frequencies. They can ei
ther be obtained numerically by a finite difference method of the analytical gradients 
of;analytically via a£ouple^Hartree-Fock treatment..); , r v 

4.3.1 Analyt ical Second Derivatives for H?CO (12) * ; 

Here, the second derivatives are calculated analytically using the, coupled Hartree-
Fock scheme and a TZVP basis set. 

4.3.2 Second 1V$K2 Üeriva'tiVes' for t h e C^riloleciilei (13) . :;, 

n is case e e ec o e e n n h -s . o ^ i 
tives for the carbon C4 cluster using the spn valence 6-3 p 
tion functions is studied. 
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Ö A U § S I A N 9 0 
.; < , *'; 

' i'"*' 
1 

3 
4 

, 5&-N02 HF/6-31G (91) 
Ni(CO)4 IJF/3-21G (101) r 

Na7Mg+ HF/ECPDZ (70), , , i 

$-N02 Direct-HF/6-3lG (91) 

,169.70 

; ! 121,,4 
7 7 3 3 4 - 2 2 , , .• 

128(.12 

348.48 r i / 
7 387f.42 . ,'; 

i034.22 

5 
6 
7; 
8; 
9,«; 
10 

IJ20 C^yS(10/10)OPT/DZP, (26) 
H2CO CAS(1,0/10)/DZP (52). 
HaQQ IM-CI/TZyP (82) , 
H2CO 3M-CI/TZVP (52); 
H2CO 4M-TableTCI/TZVP (52) 
H2CO MP2-OJPT/TZVP (52) 

, 548.10 
- > 188.80, 

1176.73 ,., 
302.71, 7 - K 

l;,>( , 341.12, .,; 
803.71 . . 

743.13, 

1196.80 

f:0 
•• i : 

J ' •»., 

l i 
12 '* 
13 i 

H2CO 2ndHF/TZVP (52), 7 
C^2ndMP2/§->31;G \(60)/.. ,-
HiGO DirectrMP2/X^VP (52) 

• 342«287 , . 
1773,]. 4 7 • 
192J.21 ... (, 

\. ,. 768,40 
:) j 4603.13 t 

132.9a 
*Ö 

Table i: Timings for the benchmark robs, 1 - 13 berfo;rrhed with the GÄMESS-^HK 
and, GAUSS1Al^90 Dackage on a single processor Convex C22Ö. In the second commh ' 
the molecular species is given, with the nufriftber of basis functions in parenthesis. The 
third and fourth column gives the cpu-time for the twö'jprö^am packages in seconds.'' 
A dash (—) means Ühat this pariticülär benchmark dould hot be perforfned. 

5 Results 
Table 1 shows the timings for the benchmark jobs 1 -13 , obtained with the G AMESS-
UK (G-UK) and GAUSSIA<N90 (G-90) program, packages using a single processor 
on a Convex;C220. Not all bendj.rnarks could be performed with GT9Q,, the reasonsr -
are given below. V . ;-.;> <'.' ••..!• ,.j s-]"; .-, •-;|- v ,t ,^ .-.•. 

5 . 1 Hartree-Fock Calculations 

For the nitro-benzene test case (1) G-USCis 2» times faster, where for lihejTd symmetry p 
case (2) a factor of 3.2 is observed, which shows that for the conventional SCF 
approach G-UK clearly outperforms GL90, due to a well vectorized integral program,' T 
p a r t . '' ' '"•• • *'• u 'l '' 1 ! "- '• ' ' - ; i 4 .. ". v ^]'': " - v r . . . - , < • t - - • r . - . < ; • • • e i 

, 

J 
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The calculation with the ECP-(3) could not be performed with G-90. because._' 
the program aborts with! floating .point exception after having processed the user < 
supplied basis set and ecp data. Using built in ECP and CEP-31G basis iei the '• 
program aborts-due-to-internal errors when the open shell calculation starts. T^he 
errors are reported to GAUSSIAN Inc. ; 

Using the direct-SCF (4) approach (j-yu is slightly faster than vi-UK by a factor 
of 1.2, which shows that the direct-SCF part benefits froni the'code restructuring-
which took place when the GAÜS£>IAN88 was upgraded to* ÖAUSSIAN9Ö. " '* , 

5.2 Electron-Correlation Calctrlations 

Only two benchmark tests out'of 6 could be managed with (J -90 which is mainly 
due tjo limited local disk, storage' capacities and severe program limitations, . ' • 

The H20 CASSCF geometry optimization (5) and H3CO single point calculation j 
(6) could not be done with the given 300 Mbytewdisk 'space: JÖhö reason Nfor jthis1 

intensive disk storage usage is that the CASSCF part of Ö-90 is not taking advantage 
of the spartial molecular symmetry, which majr cause a tremendous increase in ; 
the use of.computational resources.. Another annoying thing is that the program 
generates 3 lines of output for each generated determinant which gives very ^asy 
thousands 01 redundant output lines. In order to get some md&ation'on thejrel. 
performance of the CASSCF part, the single point CAS(4/4)-cyclobutadiene G-90-
handbook example was taken. For this particular case G-U*K is^abouil.S''tiiines 
faster than G-90. J . "... ! 

From the/CI-calculat.on8(7,8,9) only the single reference calculation (7) can be 
done with G-90 due, tof program limitatipns. G-UK cieafly outperforms Ö-Ö0due fo 
its highly vectorized jdirectTCI code by a factor of 4.2,, Conventional Table-0I and 

o +z.'.^:>. n-.'..,fT) a Vj, ,r, , v - .1 .-, -:,}
J\r - ' i , a ; v . ,,.• ,t • ; > j : v ."-.,•.. ;i .}; /-r-•?:<:.•;.'. '., •" ->( •' 

multi-reference CI calculations are no^ppssible using (?-:90. : 

The MP^rgepipae]try,pptijf^zation (j.0) sipws that Ö-UK is about 1.5 tirnes fas,ter 
than G-90. Using the direct approach to calculate the MP2 energy (11) demonstrates 
again the good performance of the direct-SCF module in G-90. For this particular 
case G-90 is 1.4 times faster than G-UK. 

5 . 2 4 J^cojid,Derivatives -; ,,,. ; ,, / , ; .3 1 , ; , ,„. ^ );i ^ f;, _ r ( ^ ; ,,, 

For theanaiytic calculation 01 tile second derivative dsing' a Mr>wavefunCtion (l^) 
G-ÜK isi 1.2 times faster than "GL90. For the 2nd MP2 derivatives (13) a factor>of 
2.6 is observed, which is mainly due to the fact that the G-90 2nd MP2 derivatives 3 , 
are calculated numerically. 

6 Sumifoaryiand Conclusion ; , - T 

Twa .commercial available molec^ilar, electrpnic^ structure softwar^;.packages have . 
been compared according to a benchmark suite, which was designed to cover the typ.- r 

ical range of calculations commonly performed by ab initio computational chemists. 
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The benchmark results show that in most of those cases where G-90 is applicable, 
G-UK clearly outperforms the commonly used G-90 with one important exception. 
Direct-SCF calculations, which do play an important role in modern electronic struc
ture applications, perform slightly better with G-90. 

The performance and applicability of G-90 for electron correlation studies is 
disappointing. CASSCF calculation are not manageable even when medium sized 
active spaces are applied. Single reference CI-calculations perform very badly, and 
multi-reference treatments are not possible. These are severe defficencies of the 
program package especially when systems are considered which are not properly 
described by a single determinant, as in the case of biradicaloid systems. Using 
the unrestricted CI scheme does not help in many cases, because the results may 
be drastically changed due to spin-contamination which has been demonstrated for 
many systems. 

GAMESS-UK offers a larger functionality and. better performance than the stan
dard molecular electronic structure software package GAUSSIAN90. GAMESS-UK 
reflects modern trends in hardware for vector and parallel computers as well as in 
method development. 

We believe that GAMESS-UK is indeed a very appealing alternative to the well-
known GAUSSIAN90. 
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