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1. INTRODtx::TION 

The R-matrix approach to scattering theory was introduced into nuclear 

physics by Higner and Eisenbud(l), and extended to electron-atom systeMs 

by burke et aI(2}. Recently schneider at al(3) and burke at al(4 T 5) have 

applied the R-matrix method to eleotron-molecule 00111810n& with some 

significant success. {t Is with the !mplementatlon of the approach of 

Burke et al(~'S) that we COncern ourselves in this report. 

The haeic philosophy of the R-matrix method lies in the division of 

space into two distinguishable regions (eee fi9.1)~ In the external re­

gion the scattering electron is far removed ~ram the N-electron target 

molecule, the exchange interaction is negligibly amall. and the collision 

process may be treated as an electron scattering fr~ ~ central local 

potential. In the intornal region l however, the scattering electron is in 

closo proxtmi~y.to the tarqet electronsf e~change is important and the 

system is more correctly viewed as an (N+1)-electron molecular ion. In 

this report we present an approach to the solution ot thu scattering 

equations in the internal region based on the ALCHEMY(S) suite of bound 

etate molecular codes. 

In the R-matrlx method, as in many other approaches to low energy 

electron scatte~in9 by stomic/molecular targets, a close coupling expan­

sion of the total (N+1)-electron ~vefunction (a solution to the 

Schr6dinqer equation) is made, which in quantum chemistry parlance is 

equivalent to a configuration interaction (eI), expansion~ By enclosing 

the electron-molecule system within a spherical region~ of radius a say. 

the continu~ eigenspectr~ of the Hamiltonian is replaced by ft completely 

discretised eigenspectrum (see lig. 2). Consequently the soluti~n to the 

Schrndinger equation in the internal region may be derived in a completely 

analogous fashion to the derivat~on of the eiqensolutiono of a properly 

bound system: i.e.(I) we csn choose some suitable atomic hasis set (in our 

case we use SlAter type orbita!$ (STO»~ and evaluate all the necessary 

atomic integralsl (II) we dete~ine a set of orthonormal molecular orbi­

tals from the STO basis and transfo~ the atomic integrals to molecular 

integrals, (III) we generate a set of configurations fro. the available 

molecular or~talB and construct the Hamiltonian matrix I and (IV) we dia­

90nalise the hamiltonian matrix to determine the R-matrix eiqenstates and 

eigenvalue8~ 1heae give a complete representation of the (H+1)-electron 

wavefunction on the boundary at r R a, and by matching to the solutions of 

the Schrodinger equation in the external region we CAn derive the scatter­

ing cross sectione~ 

In the original molecular R-matrix programmee of Buckley et &1(5) the 

evaluation of some of the atomic inteqrals (particularly those involving 

contracted STO's on the nuclei) was not as accurate as it might have been, 

and the transformation of the two electron integrals from atomic to mole­

cular type was exceedingly sl~ - proportional to n8 , where n is the num­

her of s'1'O's compared with the most efficient quantum chemistry codes 

which use n5 algorithms. FOr these reasons it was decided to adopt the 

ALCHEHy{61 suite of codes to evaluate the atomic integrals and perform the 

integrals transformation described in stepS (I) and (II) above. 

In section 2 of this report we describe briefly the atomic and mole­

cular integrale packages from ALCHEMY, whilst in nection 3 we detail the 

modifications necessary to gen~rate the integrals required by the R-matrix 

method. ~pondicee 1 and 2 outline the input data required by the modi­

fied ALCHEMY packages, and an example o£ both input and output for an elec­

tron-nitrogen run ie given in appendix 3. Finally appendix 4 provides some 
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useful information for running the pcoqramme on the oaresbury Laboratory 

IBM 	 370/t65. 

2. ALCHBHY 

The ALCHEMY suite of codes has been written and d~veloped over many 

year$ by the Theoretical Chemistry Group at IBH(G, for the calculation of 

bound state properties and uses functionS of linear molecules (up to 26 

nuclei). The facility exists within the codes to perform both aalf-consis­

tent field (SCF) lIartree-Foek (IIF) and/or -CI calculation$ using: a basis 

set of STO·$~ 

n -1 -a r 
~I '" N r s e s I Y m (r ) (1)• 	 • r t I 

~here s indexes the STO and I the nucleus on which the 5TO is centred. 

2.1 	 The Atomic Integral package 

The at~c integrals required for the construction of the Hamiltonian 

matrix are the one and two slectron integrals! 

f-!*(') P +!(l)~T 0 (r.lpIJ.) 	 (2) 

1
where the opsrator P is 1 for the overlap integralaf - 2 V2 for the 

kinetic energy integrals# and E+ri 1 for the nuclear attraction integrals, 
I 

and 

I. K* _1 J L
ff+.(1) +u (2) r12 _.(l) .y(2) dTl dT, 0 ".J.IKULyj. ! 3) 

(sometimes the notation (sjplt) and (stluv) is adopted when the nUclear 

centres are unimportant.) The two electron integrals may be sub-divided 

into three different types - the one centrs inte9ral {IsIt11u1v" the 

COulomb-hybrid integrals (!sItIXULy)J and the exchange inte9rals 

(I$JtIKuLv1 i.e. when both charge distributions are multioentred. 

J 

The general structure of the ALCHEMY integrals package is shown in 

£i9.3. The dynamic oore ~llocator determines the amount of core available 

to the programme, subtract8 the space required by the input/output buffers. 

and allocaten the remaining core to a single vector, XI which is passed 

throuqh 8S an argument to the driving routine. The driving routine, in 

turn, allocates Apace from X for the storage of constants and for useful 

workspace in the evaluation o£ the required integrale. 

2.2 	 The Molecular Integrals Package 

The molecular integrale package takes a Molecular orbital baaie, 

'.i}1 	where 

+i ... t Cia +is (4) 

s 

and tr~nsfo~ the atomic integrals to integrals over the molecular 

orbitals, i.e. 

(il_ll) - ~Ci. Cl • !slplt) 	 !51 

and 

(i.jlkl) "" C C (etfuv) 	 (6'L 
to jt Cku ety

s'uv 

The summation in eq. (6) contains as it stands, of the order of oS ~rith-

metic operations (n being the number of STOis), and would be exceedingly 

expensive to compute for reaaonable basis sete. The number of oper~tions 

required~ however~ can he reduoed to the order of n5 i£ the eummation is 

rearr~nged in the following ~nner 

(itluv) a E C (stluv) (7ft)

• i • 
(ijluv) - E Cjt(itluv) I 	 (7b)

• 
(7c)(ijlkyl - t Cku!illuvl 

u 

and finally 
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(i~1k!1 • , C,. (ijlk.l • (1d) 

• 
The intermediate, partially summed integrals in eq. (7) can cause storage 

problems and it is necessary to use complex integral sorting algorithms(7) 

be ensure that calculations with reasonably sized basis sets (- 50) can be 

performed without unr(t8.llJOnahle demands on either CPU time or input/output 

devices. 

3+ R-MATRIX CALCOLA~IONS 

The R-matrix method at Burke at 81(4,5) for electron scattering by 

diatomic molecules is based ~on a three centre STO expansion ot the tH+1)­

electron wavefunction in the internal region. The centres are the two 

nuclei. A and BI and the centre-of-mass, G (see f19.1). Of the STO's, 

only those centred on G are allowed to be sufficiently diffuse to be non-

negligible at the R-matrix boundary. ThU$ in the external region the scat­

tering equations are baaed on a single centre, thereby considerably simpli-

Eying the solution of the SchrHdlnger equation in this region. Further­

more, whilst A and B are used as centres for expanding both the bound mole­

eular orbitals (both occupied and unoccupied} and the continuum molecular 

orbitals. the STO·s on G are reserved solely for ths continuum molecular 

orbitals. Tbis l as we shall see bel~t reduces the number of integrals 

which need be evaluated and simplifies the Aodificationa required by the 

R-matrix method. 

'J.'he difference bot.....een what is normally required of the ALC'HtMY pack­

age, and the R-matrix method is that in the fo~r integration is over all 

apace (0, w). whilst in tho latter intsgrstion is restricted to within a 

sphere of radius a centred on G. 

The approach used in this adaptation of ALCHBMY for R-matriK calcula­

s 

tions is fa) to evaluate all the integrals over the normal (0, ~) range I 

(b) determine the Itail· contributions to these integrale coming from the 

range (a, w) and (e) subtract ths tail. from the (0, ~) integrals. step 

ta) represents a normal run of ALCHEMY. Steps (b) and (c) constltute the 

modifications made to ALCHEMY and are now described. 

3 .. 1 The Tail Integrals 

CoqnIscent of our definitiOnS of bound orbitals (i ..e. two centred, A 

and B) end continuum orbItals (i.e. three centred)# the fact that only G 

centred STOle are non-negligible at r ) a, and that in a ecattering pto­

cess only one electron may be in the continuum, then the only roquired 

atomic integrals which will have s contribution coming from outeide the 

internal region are the ORO eleetron (GsIPIGtJ integrals, and the two 

electron coulomb-hybrid (ls~tIGyCv) integrals, where 1 and J are either A 

or Q. All the remaining one and two electron integrals possess no contri ­

bution from tbe external region. We note that two electron iQtegral$ con­

taining more than two G-centred STOia are not required since only one 

electron is ever In the continuum. 

3.1.1 

The one electron tail integrals are single centred and are given by 

n +n -t(ls+ot}r 
N N • dr(GsIGt'r>a - 4. m Sst(ns#nt ) t f r • •61 s 

! 
t s t 

61 
S t 

4m 
s 
m 

t • • • 

(n +n )
• t (ns+nt) 1 .k 


D 6islt4msmt "sNt exp(- (aa+Ut)a) 
 L n +n -JeT1k.., kl 

(QSTU ) s t 
t 

{S 1 
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(G I-! V2IG) - .. ~ I$.t .tt61'111J11lt;[(nt +.tt } Cnt-tt-U Sa't(n ·nt -2)
s 2 t r>a s

S 

.. 2nt QtBBt("O'"t- 1) + Q~ SatCns,n t ·] 
(9) 

.nd 

(G"I- ZA/rA - Zs/rsIGt)r>a 

" +1 't.+tt' 
(t. tt)(t. tt)

- (-1). [(U +1) (2t +1)JI/2 ~ L L 
t• -m 0 mOO 0 

"""t.-tt ' • t 

x [(_nL z .L + Z "LJ a (n ,n -L-1) (10)AA B~B st s t 

wher. N to the normalisation constant for the 8th STO over the range• 
(0. -1, z~ and Zs are the nuclear ehaRgee, and RA and ~ are the displace­

ments of the two nuclei from the centre-of-mass, G* 

It Is apparent frQm sqs_ {8-10} that the evaluation of the one elec­

tron tail integrals 1s straightforward, requiring only the ealculation of 

overlap integrals of the type Sat (eq.9)* 

l.1~2 The two electron tail integrals 

The only two el~tron tail integrals are of the coulomb-hybrid type 

(l,lt IGuGv )r2:>a 

m 1 .. +,tt 
L(L-K) I 1/2( te x. .t~t. tt\

(-1) t[(2t +1)(2t +')JI/' ~ (L+K) I
8 t Lvl1 -t I -m H 1ft o o)

• t • 

L -lK+ x (1 Ir~ P~u{cos 9 ' e IJ ) s (n ~n -L-1) ( 11)
s ~ ~ a t uv u v 

where I and J are either A or B. Again, the calculation of integrals of 

the type eq. (11) are relatively simple, requiring only tt$ single centre 

tail overlaps Suv(nu,nv-L-.), and the one or two centre multipole integ­

rale 

1 

L -iM+
CIglrG PLM(cos 9G) e 'Jt '. 

(12) 

Integrals Ceq. 12) are over all space and can be evaluated directly within 

the etandard ALCIIEMY package. 

3.2 ~ormaligation 

In all the integrale 80 far mentioned the STOls are normalieed over 

all ~pace, i.e. (0.....), by the factor Na (eee eq.1). In the R.....-ruttrb: ap­

proach, however, normalisation is requirod within the sphere (Ota), which 

meane in effect that the diffuse G·contred STO·s are incorrectly normal­

iBed. (The A and B centr~d STO'. are unaffected since they are by defini­

tion negligible by the R-matrix boundary). The overlap integral in the 

internal R~matrix region is given by 

(GsfGt)a ~ (Gs!Gt ) - Set ( 13) 

so that the STO G is correctly normalised by multiplying it by the factor 
g 

[. - S•• J-II2. 

3.3 Modifications to the ALCHEMY Atomic Integrals Package 

As far as possible the modificationa required for the tail integrals 

evaluation ware incorporated in the ALCHEMY package PO ae to ln1$ic the 

structure of the original code. This was achieved by duplicating original 

subroutines and modifying them to a form suitable for the tail integrals. 

Table 1 gives n summary of these, together with their counterparts in the 

oriqinal code. The changes required in the one electron integral aub­

routines were straightforward, being a direct implementation of eqe.(8-101. 

The modifications necessary for the two electron tail integrals were more 

complex. 

The first step in evaluating the two electron tail integrals (oq•• 1) 

is to calculate the multipole inteqrals (eq .. 12)~ This is dono using the 
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original ALCHEMY package. since the multipole integrals are just a subset 

of the property integrals which AtcHEHY evaluates. These integrale are 

stored oequentiolly in blocks with the same K value but all possible L to 

facilitate the calculation of the two electron tail integrala (eq.12)~ 

The original AlCHEMY routines have Men modified to prevent the cal­

culation of unwanted integrals. These are the one electron nuclear attrac­

ticn integrals on centre G. 4nd all two electron integrals involving more 

than two G centred STOts. 

The ecalin9 of the atomic inu9rals requited by the renormalisation 

of the G-centred STO"s ie performeil in eubtoutine TAILNM. Four eets of 

integrals are processedJ the one electron and two electron integrals and 

their respective tails_ ~t this stage the tail integrals are further 

multiplied by - 1 in preparation for their subtraction from the (0, .) 

integrals. 

Subroutine 'l'AILNM aleo reorders the etomic orbital set so that STOle 

with the same m-quantum number are 9rDUped together, and in the order _ ~ 0* 

1, 2 etc,. 'Ibis ie the order required by the transformation programme. 

Thie reordering ia required de it is not always possible to ensure this 

orderin9 in the input data to the atomic integrals programme. In this lat ­

ter ease it 1e i~erative that the STO·s Are ordered such that the target 

atomic orbitals ii.e. ~ and B centred STO'~) come tirstt followed by the 

G-centred functions. This ordering ensures that the mult!pole inteqrals 

(eq.12) required by the two electron tail integrals (eq*13) are stored in 

the correct manner. 

3.3.1 	 Subroutine LINT 

Subroutine LINT is the lM!n drivinq routine of the programme and haa 

9 

been extensively modified. It sets up the areas for wp+k apace and etorage 

in the lar~ dynamically allocated vector, x. and calls the main routines 

for the evaluation of the one and two eleotron inte9rals. calls have been 

inserted to the subroutines 

TSTLHX one eleotron tail inteqral~ 
T'l'EOCW two electron tail integrale 
'l'AlLNM integral renormalisation 
TRNSDR aolecular orbital vector manipulation 

(The 	vector manipulation routine TRNSDR is discussed in section 3.4.) 

In addition to these calls use is made ot calls to entry pointo 1n 

other sUbroutinee to set up arrays which remain etatic throuqhout the 

later subroutine calls. This use of ent~y points lowers the overheads of 

later calls to subroutines ae fewer subroutinee arguments are needed. Ho~-

ever, it doee involve the implementation of uniquely rBM type facilities 

and ie incompatible with other machines such as CDC where use of entry 

points !e very restricted. 

A flow chart for the modified AtcHt"Y atomic integrals package is 

given in fig.4. 

3.4 	 Molecular Orbital Generation 

Part of the usual input to any ~~matrix calculation is the target 

wavefunction(e}. be it (they) HF or Cl f generated from an orthonormal Bet 

of molecular orbitals {~B' say' which frequently includes additional un­

occupied or virtual orbitals. 1he problem we addrese in this section is 

that given these molecular orbitals, how do we generate the additional 

molecular orbitals from the ~cGntred STOts. One straightforward approach 

is by SChmidt orthoqanalisat1on of each of the G-centred STO's in turn to 

the 	previous molecular orbitals until the max~um number of molecul~r or~ 

h!tals have been generated. tn this way a cQU\Plete set of orthonormal 
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molecular orbitals is obtained for the (W+1)-electron Bcattering problem 

Yhich leavee the molecular orbitals of the N-electron tarqet wavefunction 

unaltered. 

A disadvantage of the above method is that it provides no way of id­

entifying any numerical problema wbich might exist with the cbosen $TO 

baeie, other than by visual inspection of the vector coefficients. A more 

suitable means of a$Certaininq any numerical problems which may arise ie 

by canonical orthogonalieation of the additional molecular orbitals. 

Given the target set of molecular orbitals, £ASf a complete non-orthogonal 

!IIet £" which includes all the STO's is 

£. •. (£A9 0)
\0 ~ 

(14) 

where ~ is any arbitrary vector set, ususlly chosen to be 1_ The indivi­

dual vectors in (0 ~)+ can be made orthoqonal to ~B by SChmidt orthogon" 

alisation (this step is taken to avoid altering ~B in wbat follows), 

qivinq us 

(15)c.. (2nD c" 
-I 0 -~ 

y~ere the vectors in £1 ars now each orthogonal to ~B' but not with each 

other. 

Taking S a8 the atomic overlap matrix# we define a new overlap matrix 

+
!1 ... £1 ! £l (16) 

whose oigenv~ctor8 f 2, given by 

!h£2 "" £2 !,t (11) 

are orthogonal to each other. They can be rendered orthonormal by 

dividing £2 by !lt2, i.e. 

(£z !-112)+ !l(£2 !-1/2) .. £.s+ !l £J .." 1 (18) 

11 

Finally we can transform back to the original atomic basis by taking the 

matrix product of £1 and fJ to give us 

~ ... £1 £3 (19) 

The final set of orthonormal molecular orbitals is 

£l_(:S~ (20) 

NUmerical problema can arise with the normalisation constant £-1/2 

when th~ matrix Bl has vary small eigenvalues. The numerical problems 

arise at the two and four index transformation stage where the integrals 

are of the order of B-1 and E-2 respectIvely_ It bas been found from 

experience that ei99nvector corresponding to eigenvalues smaller than 

5 x 10- 5 often give rise to inaceuracio$ in the molecular intgrals due to 

eitber the ward length of the computer, or to errors in tbe evaluati(')n 'Of 

the atomic integral due in turn to unavoidable series truncation or poor 

integration grids. Upon transformation one is frequently left with aOMe 

error term multiplied by larger coefficients. 

3.4.1 Vector manipulation 

A set of routines fur manipulating the molecular orbitals as des­

cribed in eqs~ (14-20) bave been added to the atomic integrals package 

(see fig. 4). lnformation for the target wavefunctiun{s) is read h¥ sub­

ruutine TRNSOR1 whilst COHMUN reads the data on the additional molecular 

orbitals to be generated from the G~centred STO's. SUbroutine ENLARG 

performs the actual orthoqonalisat!onw 

An additional feature in TRNSOR is the facility to read in the target 

wavefunction(s} from the ATHOL3 suite of programmes(a)~ 

Table 2 briefly de$cribes the subroutines used in the manipUlation of 
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the molecular orbitals. As far as was poseible the data input follows 	 The transformation programme reorders the two electron integrals 

AI.CHEMY convention and bas the s&me format and variable names as the HF 

and transformation packages in J\lCHEMY. 

3~5 The Ipte~al TransfOrmAtions 

naving evaluated all the required Iltomic integrals it remains to 

transform them to molecular integrals over the molecular basis {~iJ. This 

involves a two and four index transformation respectively of the one and 

two electron integrals. 

3~5.1 The one electrop integrals 

Since the Hamiltonian for the electron-molecule SY$tem is being 

treated within a sphere and not over all spece, the kinetic energy matrix 

is no longer hermitian and the standard two index transformation routines 

from the AU!fleMY moleculax 1nte9rol package cannot be used.. As the one 

electron transformation (eq. 5) is not very time consuming it has been 

included in the sUbroutine ENLARG 1n the atomic inte~al8 package. 

An alternative procedure would be to add the Bloch operator 

(see{~,5) to the Kamiltonian at the atomic integrals stage. The com­

bined (K+L ) ~trix 18 hermitian and can therefore be transformed in the
b 

standard fashion. ThIs approach would remove, howevsr, ths flexibility of 

choice of the Bloch tem at an earlier stage in the R-matrix: calculation 

than is sometimes desirable. It has, thsrsfore, not been implemented. 

3~ 5~ 2 The bro electron integrals 

The 71.tr.nEMY molecular integrals package has been modified to allow 

the atomic tail inte9rals to be sUbtracted from the renormalised (0, m,_ 
integrals. The modification required waa very simple and involved the 

changing of two lines of code. 

fusing a direct &ocees device if sufficient core is unavailable) so that 

required sUbsets of the i!1tegrala can be brought into core at different 

stages in the transformation Ceq. 1). The position of these inte9rals in 

the integral list is uniquely determined by their orbital indices. and so 

if two integrals with the SMle indiC'eill are given to the uModified code 

{the integral and its tail for Instance) then the second integral will 

overwrite the first. 

The modification to the code oonsists of adding rather than over­

writing th~ integrals in their storago location (whieh must now be preset 

to zero for each subset of integralat. The changes are ~de in the sub­

routines ORDRB and ORDRC and involve replacing 

40 COR(I) ... BOX(N. 

by 
40 CO'II) ... COR'l} + 'BOXfN) 

and 
COR(IRT) .. XIH'l' 

by 
COR(INT) = COR(INT) +XINT 


respectively. 


4. INTERP'AC:£ WITJI TUB: R-MA'l'RIX cones 


TO evaluate the Hamiltonian matrix and subsequently calculate the 


R~at~lx on tho boundary of the internal region, the ori9inal codes of 


. Buckley 	et al (5) were used. An interf8C1!! 1s requ1red to transfonn the in­

formation on the atomic and molecular basis to ths R-matrix ~s. and to 

sort the one and two electron molecular integrals into the order used by 

these codes. - !\I:rthermore the Bloch terms need to be determined to render 

the lIamlltonian matrix hemitian, and the N-electron multipole inte9rals 

transfer rod to the R~~trlx: codes for the external region in ordsr to de­

rive the asymptotic interaction potentials~ These operations are performed 
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by the program STG2II.rORT to be found under ugerid XH. A compiled version 

of thie ie kept in XH.LOAD(STG2II), and the required ~L in 

XII. RMATTI.CLIBTCS'l'G2II'. 
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APPENDIX 1 

A. 	 'l11e Atomic Integral Dab 

Date ia input into the R-matrix atomic integrals package via three 

nameliatat 

&INPUT atomic integrals data 

'GET target molecular orbital data 

'PUT final molecular orbital data 

Each nameliet I'I'fUst be terminated by &ENO, Bnd the firet coll.JlUt in each 

line of data must be left blank. Each piece of data must be separated by 

a comma. An additional na.ellst sGETl ie required if the ta~et molecular 

orbital data are taken from file FT27, having been generated in a previous 

run of the ALCUEl1Y SCF programme.. 

,INPUT 


.AME 'title'


.E. 
 total 	number of atomic orbitals 

NNUC number of atomic orbital centres 

GBONtJ:: coordinate positions of ~tomic orbital centres 

NIJUt the quantum numbers aesociated w
n - principle quantum number~ 
1 - A2imuthal quantum numbr, 
~ ­ magnetic quant~ number (i.e. a, 
k - atomic orbital centre, 

ith each STO 

w, ~, etc.) 

- (n1 l 1 m1 k) 

z .... Slater orbital exponents 

!FLINT a,brcrd,e,f,g' either 0 or -
- 1 do not.. (Default is 0) 
a - COulomb hybrid 
b - one centre two electron 
C ... uchange 
d - one electron 

1. 0 means calculate the integral, 

, e - property 
f - tails and renormaliaation 
9 * vector manipulation 

16 



12Ji'CDE 	 4.n,i,j,k.l.m,O 
to calculate the property integrals of the operator 

r k sini Ok cosj Ok P1m(cos Uk) elm, 

(NOte: the property inteqrals required ~ the two electron tail 
integral are calculated by default.) 

ICORD 	 Order of ato~ic orbItal centres in Coulomb integral calculations. 
Should be ordered as to Coulomb' change on each centre - largeet 
first. 1)afault is the order specified in GEONUC .. 

NUCCEn Centre-of-mass 

RMA'l'R R-1lIatrix radius 

IPRINT a,b.c.d,e,fl either 0 or h 
integrals. 1 meane print. 

0 _ans no printo
a-f as in IFLINT. 

ut of atomic 

,,,,,u 
Hotet 'l'he n\.Wl1Bricd integration g

the default qrid i. believe
exponents within the range 

rid can be fIIOdified 
d to be suitable for 
(0.5, SO.O). 

if dea1red* 
STOts with 

but 

&GET 

ITCVI 	 Controls the input of the target molecular orbital vectore. 
_ 01 vectors read in with VCIN, - 11 vectors are taken from 
either ATHOLJ dumpfile or from ~HEMY SCF run In Which case 
namellst GGETl is required. 

11ITMOL 	 EOO,BD1 •• 2D7,HTO,HT1 •• MT7. If vectors are to be read from 
A'l'MOL3 dumpfUe. 

!BLOCK 	 Starting block of the dumpfile on ATHOLJ data set. 

IS"" 	 Section of the A'JJtOt.3 dumpflle containing the requIred vector 
set~ 

NSYM '!'he number of s~tries Wiled in the target basis set. 

tmF(I) I=1,HSYM: the nWPber of target 8'l'O's in each aymmetry set. 

NOB(I ) I-1,NSYKt the number of molecular orbitals in eacb symmetry set. 

VCIN(I,J) 	 fl(I-1 s NBF(L)).J"'1,NOB(L)),L..1,NSYM): Molecular orbital 
vectors. RelJUired When ITVCI-O. 

GGET1 (only needed when ITVCI-1 and !ATHOL is not specified.) 

IVCS 	 Data file containing the targ~ ~lecular orbital vectors. 
Default'is IVCS-27. 

17 

NINO Number of quartets in INO required to define the vectors~ 

IND (a,b.c,d): a 
b 

- the set number 
- symmetry type (i.e. a, ••&etc) 

c - the startIng orbital 
d - the final orbital 

The vectors for orbitals c to d of symmetry b are taken from set 
4. on fUe lVCS. 

""ABE 	 increment all At numbers a in IND by NBASE. 

IPAUL 	 Must be set - O. 

'''''D 
Notel IFLSYM should never be used. 

&'11'1' 

I'1'VCI 	 Controls output of the final ~lecular orbitalSt ~ 0 o~tput ~le­
cular orbital vectors onto file HEGU. ~is is the recommended 
procedure as it allows a greater flexibility in tbe selection of 
molecular orbital vectors. - n where n ) 2. Vectors are 
directed to unit I'VC:;S. (Default 1'l'\ICI-o). 

MEG" 	 Fortran file used to store final vectors if ITVCI-O. (Default 
value 21. 

IVCB 	 Fortran file used to store final vectors if ITVCI)2. (Default 
valus 2tl 

1S'1"OS'1' 	 Control positioning of vectors on MSGU if ITVCI-O. 
-0 stored as last eet of vectors. 
"n stored as nth set of vectors. 
118 HEGO is a sequentiel file, all vector sets stored after those 
being written will be lost. Conventionally tho targ~t vectors 
are stored as set 1 and ISTOST ia set equal to 2 for the final 
set. If ISTOSTcO is used, tbe input data for the transformation 
programme will have to be changed for each run. 

10R'1'HO 	 Controls the orthogonalisation scheme used to generate the 
complete $et of molocular orbitals 
-0 canonical orthogonalisation {recommended) 
-1 Schmidt orthogonalisation 

CUARG(I) 	 1-1,NNUC Coulomb chart}e on the atomic orbital centres. 

HS'tM, NSF, N08 - as in &GST 

&END 

B. AtOtnie Il1te9nls Ibrtran Fllee 

'l'he fortran file used ~ the atondc inte9rlll8 package are summarhed 
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in table J. The one electron integrals are read in as 

READ(N} CW"MC, (HC(J) ,J""'1,NC) , ~mDC(J) ,J",1.MC) 

where 
REAL-a cw,xc 
INTEGER.4 MC 
INTEGER*2 	 ItmC 

CW contains 9 2-byte integers a,b,c,d.e.fpq,h. where a dssignetes the type 

of integral: 

aa1 kinetic energy 

~2 overlap 

-3 nuclear attraction 

a4 proporty integral 

~S kinetic ener9Y tails 

=6 overlap tails 

=7 nuclear attraction taila; 


and b-h designate the operator 

h Q d r sin e co. a Y (a ,+)~
e e e f 9 e 

Atomic orbital centres are denoted by e. '!'be mnher of integrals in the 

record i. 	Me, XC are the integrals, and INDC holds 2 1-byte integers 

(hexadecimal) which are the orbital indices for the integer XC. 

Fbr the two electron integrals 

RBAD{N Hot, NIT, (MJS (II::) tNlMUO ,K""', MH) , 

(XCiII::) ,K"" ,NIT) , (IC('K) .K-1.NIT» 


where 

"" is the total number of different M quant~ number blocks sbored 
in the records 

NIT total n~ of integrals 
Mas M quant~ number of each block 
HIM Number of intgrals in each block 
XC the integrals 
IC 4 1-byte hexadec~l integers denoting the orbital indicee for 

XC 
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APPENDIX 2 

A. 'The It:Ilecular Integral oata 

'!'be input data for the molecular integral package is specified in two 
namelists, &INTRN and &G8T. &INTRN controls the ordering and transforma­
tion of the atomic integrals, whilst &GET is used when rrYCI-1. 

&IH'l'RN 

IORDR 	 -3 for present case. ~cifies that all inteqrals are to be 

reordered. 


rrRNs 	 al. Specifies that all integrals are to be transformed. 

NTDRG 	 Number of records of len9th LPRDIH on fortran file 20. 

LPRDIN 	 ~gical record length of file 20. 

SYMTYP 	 "2, for S'l'O's. 

THIN'!' 	 Any integral le99 than THINT ia treated aa eero (default 
THINT=Sx10" S) • 

Nl\Mg 	 'title' 

ITYCI 	 Specifies location of molecular orbitals. 
-1 vectors come from IVCS and &GET muat be included. 
an, n>1 fortran file 21 contains vectors as nth set. &CRT is 
not required. 

NPFLG 	 Controls printing of molecular integrals 
--2 suppresS all printing 
--1 print only final vectors 
-0 print input data, input and final vectora 
a2 print transformed integra1e 

NOORTH 	 =0 orthogonaliee input vectors 
~ do not orthogonalise input vectors 
(default -0) 

CHA.RS 	 Coulomb changes on atomic orbital centres 

NSYH, NBF, NOB - as in &CRT for atomic integrals pac~a9a 

,""0 
&GE'l' sacae 	sa &GET1 for atomic integrals package. 

B~ It:Ilecular In~als Fortran FUee 

~e one and t~ electron atomic integrals required by the transforma­

tion programme are on ~16F001 (see table 4) and may be read using 
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11 	 UAD(16 )N~HE,NH\1L, NBFT.NNOC,NCODT,L'l'RB1 t ",here 
• (NBF(I},Ia 1,HMVL',(NPBF(I).I-1,MBFT),
* (MBF(I),Iu 1,NSFT),CCHARG(I),X-l,NNUC), 	 M - I]!I +!!21 1!!3 +!!41 
• (GEONUC(l) ,1-1, tflnr:) ,SCFUSI!:,LP"GO,NilLK,
* (JUNK(I) ,1-1, 3) 

where 	 and M1,M2.M3,M4 are the absolute magnetic quantum numbers of the four 

NAME'(33) iEI the title 	 orbtta.ls. 

..,VI. number of symmetries in the molecular orbital set 

NBFT number of molecular orbitals 

.Nue number of at~ic orbital centres 

NBF number of molecular orbitals tn each symmetry blook 

MDF symmetry of each symmetry block 

CfiPtRG the coulomb cnarge on each Atomic orbitAl centre 

GEONUC the posttion of each atOmic orbital centre 

2) 00 15 1-1,2 

00 15 J"' t JMVL 


15 REAO(16) ICA,ICB.NN, (BUF(K).K-1.NN' 


this 	rea~s the overlap integrals, 1-1, snd the kinetic plus nuclear 

attraction integrals. 1=2. 

3) RBAO( 16#END"'SO )M,M1,M2,M3. M4, mAX, .mAX, I<MAX,LMAX,NPQ.HRS/NCODI, 

·OCODA,NCODB 


L-I 
x-o 
IPQ"'PQ 

00 20 IRS-l,NRS 

K=K+l 

IF(NCODB.EQ~1~AND.K.LE.XMAX} GO TO 23 

IF(NCODB.EQ.3.AND.K.LE.L) GO TO 23 

X-I 

L=L+1 


23 	 IF(NCOOl p BQ.1) IJlt'FIRB 

READ (16 HBUF(I} II"" ,IPQ) 

J-I 
1-0 

DO 20 IX"'1, IPQ 

l"IH 

IF(NCODA.EQ.1.AND.I.LE.IMAX) GO TO 21 

IF(NCODA.EQ.3.AND.I.~E.J) GO TO 21 

Xu, 
J...:::1H 

-21 COHTINUE 
20 COH'l'INUE 

:. > 
21 	 22 

http:BUF(K).K-1.NN
http:ICA,ICB.NN
http:orbtta.ls


APPENDIX 3 

A. Example of JCL and Input Data 

Input for calculating thB inte9ralo required for An electron nJ trogen 

sCAtterinq calculation in the 2. scattering channel usinlJ th~ mtnlml1'T1 STO• 
basis of Pansil( 9) for the target wavefunction. ThE' R-matrh: radillo is at 

10 a.u., two ildiHtional nuclear centred dw STO'e Are included and 6 dw 

G-centred STO's uaed. A Schmidt orthogonaliaatlon (Ion'I'lIo=-1) of the 

additional STO's is performed. 

EXAHPLE CF INPUT 

IItON2RSI JeB (ACCNO'IOA,US~~,~SGCLASS=T,MSGlEVEl=I,NJTIFY.I0 
~~Jg~~~BF?'8!r~~Rl~~~\ijtK:Eb~6~~~~M~FR'JKT~ILS'TIM.=(~'491,
II REG 1011= 360K 
IIG.Fl0ijF'01 DO OS~=10.V2.STIN2P1!lISP=(OLOlrASSI
IIG.FTOBF002 DO OSN=&'JKCe2,UNIT=j!30!VJL·S.P=ONPLl3,~P'(f=(: L'(I,III,
II OISP'INr~ r'SSI,OC~=1.5CF~=VBS,6UFNO=I,BLKSll -IIG.Fl0~F.01 DO OS~=&'JKCt'UhIT=33l0Iv~L=SEr=ONPL33,SrAC!=ICY 

1204
11,1 1I,

II OISP-INrw PASSlfCCe. RECF'=VBS,"UF~u=l,eLKSll 7294,
IIG.FTIOFJOI 00 OSN= ••JKClo,UNl =3330,VJL=SE<=0~rL33,sr'CF=I: ll,I",
II OISP=(I"" PASS D(~=IQ.[CF_=VBSI0UF~J=IIBLKSll t 2~., 
IIG.FTIIFOOI 00 OSN=.&JKCII,UN f=3!!0,VJL=SE'=UNPL3],~ ·.:r=l: 1 11 ,11.1.
II DlSP=(NF.W,PASSI,~r.~=(RECFM~VBs,~UF~a=I,UL~Sll fZ9't I 
IIG.FTI5FOOI DO DSN=IO.V2.STIN2P2,[JSP=IOlO,PASS) 
IIG.FT21F~01 00 OS~=10.V2.STON2?ICI·fP=OLO
IIG.FTI2FOO DO 0511' 0.V2.STIH2R ,U SP'IOLO,PASSI 
IIG.FTI3FOOI DO OSN=10.V2.STIN2~2,t SPs(OlD,P~SSI
IIG.FT21FOOI DO DS~=IO.V2.STIM2R6,~ISD='OlO,P~SSJ
IIG.SYSIN OP • 

&ltlPUT 
NMotE z'N2 RANSll HF WFN wiTH PJ-C CONTHIUUM ST')S'.

(;eONUC- -1.034. 0.0, 1.034,

NEF=16, 

NtIUC=~,
NlMK=I,0,0,I,I.0,O,3, 

~,OtO,I,2,0,0,3,
.:,1,0,1,2,1,0.3,

2,1.1.1,2,1.1,3,

2,2,1,1,3,2.1.2, 

~t2tlt2'S'2'!'2'
~,l, ,2,3,:.1;. ,2.
8,2, .2,0,2 1112, 


ZETA~t.7,6,1,1.~~1 ,95,1.9511.95,1.95,1.95,

3.8,3.8,4,0,2.0,1.2.1.2,0.8,0.5, 


NUCCE~=2, 

~rot'\H'=lO.O, 


IFl OUT=I. 
PRINT 3 1,O,O,I,O,I,I,

IFLIN1=O,O,0,0,0,U,O, 
NOSCF=II
IF LSylt.s , 

&fNO 
&GET 

NSYM·2
"mFs6,~,
N08=6.4, 
IIYCI=01VC N=- .10447243, .70447243, .00fl4l448, .00'l4l448, .O:H8ll60,-.OOltJllbO,

-.168Q0461,-.16890461 ••48e28181, .4S828181, .~39711g6,-.Z3971186,
.06210b50, .06210650 • • 4051994Q, .40579949,-.t0323294, .60~lJ294,
.70436b50,-.10436650 •• 01972063,-.01912063, .00856676, .u~a5667b, 

-.1614BI34, .1614aIJ4, 11412204°'-114122040'-I<~5B05B9'-.265905BB' 
-. 096~141, .10~69 41, .2069738,- .2069738, .216246~, 1.2162466,

.834S16d9.-.8345168Q, .0 .0 

.62'.50235, .62450235, rO .0
0.0 , 0.0 ,.0 , 1.0 
C.O r 0.0 ,-1.0 • 1.0 

&E~IO 
&PUT 
NSY'~=21 
~IBF"'6, 0,
NOO=6,0 1C>lA"G=1. U ,0.01 1 1°,
ITVCI=2.IuRTHJ" • 

&F.NO 
I­
IITRA EXEC PGM'TRANSRfTIME=12,5q"FrGI0~-360K
IIFT06FOUI D3 SVSUU .. A 
IIFTOaFOJI Oil OS~=10.V'.STlN2P1'&ISP=SH'
IIFT08F002 DO OSI<=IC.V2.STH.2'1,{" SP'SI1R 
IIFT09FOOI DO aSN·10.V2.STlr·Z~2'CISP=IH'
IIFTZIFOOI O!) OSU'" (J.Y2.STlp.J2~6 L;!SP= ttR 
IIFT2UFGUl ~o gS~=&&lUlO,tJMIT=T/~PtSP CezCTRK,12~~J, 
II CISP=!N~~lPASSI,CCU'PUF~C'1
IIFT16FOO Pu ostl=IC.V2;STlt!214,~ISrsnl~ 

http:95,1.9511.95,1.95,1.95
http:IIG.Fl0~F.01
http:ACCNO'IOA,US~~,~SGCLASS=T,MSGlEVEl=I,NJTIFY.I0


-----------------------------

11FT 17fOOl DO OS~'IO.VZ1STHi2r.510ISP.Oll)
IIFT18FOOl Ot! OSr.-:IIAAlU 8,tJNIT::II f:Mr,sptcE-(CYl,fl,U., 
II DCO-IRECfH-VBS DLKSIlE-7ZQ41IIFT19FOO I 00 OS!\.«&LI1I9,UlHT=UHr,SPACE -leYL .II,lIl, 
1/ DC8~IPECFI1'VDS DlKS1ZE=72~41
lIfT 28f001 no OSI~;!&&LUZ8tUNIT::IITF."'r ,SPACF ~ ,r.Vt. t J.11), 
II oce·IRF.CFH=VBS.BLKSllE=7Z941
IIFT05FOOl DO • 

&tNTRNNM,e"4-I"DEX HANSf. kl HINHt~l SfT WITH AVDFO PI CONTINUUM',
I URnR'3, TFIlS-3. NT DP.G=6) " l PP[lIN=3150.
SVIHVP=U, N8F=6,lO. NOo.6.1O,
CBAP.G=1.u,U.O,1.0. NSYfil~l. NPFl\,j"'l, ITV( 1·2, 

,lEND
I­
II eXEC RElF.ASE.JUB.ION2RS2 

" 

EXAMPLE CI' OUTPUT' 

ALCHEMY LINEAR MCLECUlAR INTEGRALS PROGRAM 
.----------------~------------------------
V£RSICN MODIFIED TO C~LtULATF. TAIL INTeGRALS----------------_ ... _---------------_.., 
tl2 RANSIL HF UFN IIITIl PI 0 CONTINUUM STOS 

I-COORDINATES Of .TC~IC ~uClFI 

1 -0.10340000(0000000+01 

2. 0.0 
3 0.103~000COOOOOOOO+OI 

SLATER TYPE ORBIIALS 

N L II K LETA 

1 I 1 0 0, 1 0.6100000000000000'01 

2 2 1 0 0 3 0.61000000Joooooon·01 

3 3 2 0 0 1 'O.19'00000JOOOOOOO+OI 

4 ~ 2 0 0 3 0.1950000000000000.01 

5 5 2 1 0 1 0.1950000000000000+01 

6 t Z 1 0 3 0.1950000000000000+01 

7 1 2 1 1 1 0,1950000000000000,01 

8 2 2 1 1 3 0.1950000000000000'01 .. 3 3 2 1 1 0.3800000000000000+01 

10 4 3 2 1 3 p.3800000000000000+01 

11 ! 5 2 1 2 0.4000000000000000+01 

12 6 5 2 1 Z 0.2000000000000000+01 

13 1 5 2 1 Z 0.1200000000000000'01 

14 8 8 2 1 2 0.120000000000000D+OI 

15 9 8 2 1 2 0.800000oo0000000D+00 
16 10 8 2 1 Z 0.5000000000000000+00 

ATOM)C INTEGRATIO PARAMHF RS 

FilE STRUCTURE FeR ~TO"lt INTEGRALS 

fT09FOOI RESTART INFO 
FT08F002 2-E INTEGRALS 0 TO INF 
rT09FOOl 1 E INTfGRALS 0 TO INF INCLUDING PRopeRTIES 
FTI0FOCI 2-F TAlt·I~TEGRAlS 
FTIIFOOI l-E T'lt INTEGR~LS 
FT12FOOI 2-E HF.A~eO RENORMALlsro ANO RELABELLED INTEGRALS 
FTI3fOCI 1-£ INTEGR.tS NtRH.lISED o-A ANO RELABELLED 

http:INTEGR.tS
http:NOo.6.1O


... 

FT15fooi 
rT2lfOOl 
tT21FCOI 

1-e TRA~SFOR"EO HnlF.CUl~R INtEGRALS 
OUTPUl FilE 'OR VFtlORS 
INPuT FILE FOR VFC10~$ 

1 ANO 2-E JNrEG~AlS NDRM.lISEO OVt:R THE ~4NGE ° TO 10.000 .._....-......_-_ ...-......,-. ... ,,_. ._-.................. ~ .. ~ ---...- ...... ­........ .,~ ... 
000100<:0000000000000000000000000 10 

~~. CF NON-CONTlhbUH OR81TAlS 10 

cnlll~HR "NO tlYAR u: lNtEGPlIl S NQfl"AUSt:D FROM 0 TU TNf 

8181 
0107 

888'~8~ 

8m 
0909
060e 
~RYIl 
8E8~ 

-i.126~39' 730-01.901 '00000.00 
.22Q oOOOUD'Oi

6.Z18 0 ~1 0-0-1.3"lI36.~O-8
-5.7216951190­ ft 
2,8312' ••910-01 

-1. 31221t6433D-02 

3 246 o loa I 102 2 3. OUt tlASI S SET 

080101°1
0( 010 " Ollel°l" 
Po 

"OlU 0 
010 01o 10 011,,81030

()(;Or010 
~010!Ol

oi8J8181 
1-)(103D£ 

-0,60'14.58.0'00 OB09010t0.3244918108.00 0[090 0 
-0. g~196e5e tOO 00090 U 
-0. !90~S860'01 oe~90 0-8:hmm18-g~ Y&3~g 8 
-0.114,260610'00 080.0 Of

0.1"61Z'320 01 DC090 0 
-0. 350 ~ 860-0 0009030-0.i3~.~1~I'O OZ 0~0'03. 
·g:mmgU~·8~ f08~J8 

-0,\12'0'1'50'00o. 0092S 840.00 
0,38939528'0-01
0.Z93!iBBB uo- Oz 
0.2682241'48-03 
U.U~01i-'56 -04 

-0.2B.5821'10-01
0,2276860710-0 
0,8906;23398-00.6613 5610 -OJ 
0.6102 10"'8-0\
0.Z,Q6 ~816 -os 

REnROfRING OF 8A5.S FUNC1TONS ACCQROING TO H YAlUf 

NSYh. l 

TtVC1. 0 

LT~8 • ft~9 

NOF· 6 It 

Non. 6 ~ 

S 'fflttEl flY 0 OAS t S FUNC' IONS 
SYHttEr,y 1 AASIS F~crICNS 1 

2 
8 

• • 
9 10 

• 6 

Nf;W OlO 
1 I 
~ 2 

3 3 

4 

5 

6 

o 

• 
1~ 

11 

12 
U 

14 
15 

• 
5 

6 

7 

8 , 
10 
11 

12 

13.. 
15 

16 16 

N 

1 

I 

2 

2 

Z 
2 

2 

2 

3 

3 

5 

5 
5 

• 
8 

ft 

L 

0 

0 

0 

o 
I 

1 

1 

2 

2 

1 

2 

Z 

2 

2 
2 

" 
Q 

" 
o 
o 
o 

" 1 

I 

I 

1 

1 

1 

1 

I 
1 

K 
I 

3 
I 

3 

I 

3 

I , 
I 

3 

2 

2 

2 

2 
2 

2 

ln~ 

t.6100000000000000.01 

0.6100000000000000·01 

0.1950000000000000.01 

0.1950000000000000+01 

0.19'0000000000000.01 
0.19500000000g000040l 

n.1~SOOOOooooooonO·Ol 

0.1950000000000000401 

0.3800000000000000401 

0.3800000000000000+01 
0.400COOOOdOOOOOO~.01 

0.2000000000000000+01 

0.IZ000000'100~000fHOl 

0.1200000000000000·01 

0.8000000000000000.00 

0.5000000000000000400 

NEw OASIS SEt DATA 

.. ---.~-----~------

NSYHoIi 2' 

JTVC I. Z 

•. TPIl • 1t49 

tvcs III' 

·'8F'" 
NOll' 

[H4.RG· 
">\p • 

11 NFONF.­

6 I. 
13 NFTflQ.N" 

• 10 

SYJ'IIMETPY 
!lYI1"FUV 

1.OCO 0,0 

~3<S.1 

o OASIS rUNtTICNS 
1 BASIS FUNcurN): 

z 

1 

15 tp,Fe·120D 10l\THO. 

1.000 

3 < 
2 3 >\ 5 6 

S • 10 II 12 13 1< 

o TrROJ_ 

15 16 

0.1000000D-Oft 



----------------------------------------------------
M~N-ORTHOGGNAL VECTURS WITII ~DDED CONTINUUM ORBITALS 

SYM= 1 
1 2 3 4 5 6 

1 0.7C447243 0.16690461 0.06210650 0.70436650 -0.16146134 -0.1096'1141 

2 0.7C447243 -·0.16890461 0.06210650 -0.70436650 0.16148134 0.10969141 

3 0.CCe42448 0.48826101 0.'.0579949 0.01972063 0.74122040 1.20697360 

4 C.OC642448 0.46028101 0.40579949 -0.01912063 -0.14122040 -1.20697360 

5 0.00H2260 0.23971186 .' 0.60323294 0.00856676 -0.26580588 1.21£:24660 

6 -0.00Ie2260 0.23971106 0.60323294 0.00856676 0.26560508 1.21624660 

SYM= 2 
1 2 3 it 5 6 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 

0.E~451689 
0.83451689 
O. C 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

7 

0.62450235 
0.62450235 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

a 

0.0 
0.0 
1.00000000 
1.00000000 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

9 

0.0 
0.0 

-1.00000000 
1.00000000 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

10 

0.0 
0.0 
0.0 
0.0 
1.00000000 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
1.00000000 
0.0 
0.0 
0.0 
0.0 

1 0.0 0.0 0.0 0.0 

2 0.0 0.0 0.0 0.0, 

3 0.0 0.0 0.0 0.0 

4 0.0 0.0 0.0 0.0 

5 0.0 0.0 0.0 0.0 

6 0.0 0.0 0.0 0.0 

1 1.0COOOOOO 0.0 0.0 0.0 
q 0.0 1.00000000 0.0 0.0 

9 0.0 0.0 1..00000000 0.0 

10 0.0 0.0 0.0 1.00000000 



5**"0.5 ORTIiONOIlMAllSEO VECTORS WIT" S-IH,TRIX EIGENVALUES 
..... ;,--------------------------------------- ,..,,- ---_..... - ... ," 

S'1'11 " 1 
1 

1.00000000 
2 

1.0000000!) 
3 

1.00000000 
4 

1.00000000 
5 

1.00000000 
6 

1.00000000 

1 0.10447243 -0.16890461 "0.06210650 0.70436651 -0.161:46134 ~0.10969141 

2 0.70441243 "0.16890461 -0.06210650 "0.70436651 0.16146134 0.10969141 

:3 0.00842448 0.48826181 0.40579949 0.01972063 0.74122041 1.2069738/• 

4 0.00842448 0.48820181 0.40579949 0.01972063 -0.74122041 -1.206973A4 

5 0.COIB2260 0.23971166 -0.60323294 0.00856676 -0.26580566 1.21624663 

6 0.C(102260 -0.23971186 0.60323294 0.00856676 -0.26580568 1.21624663 

S'I'M= 

0 

2 
1 

1.((000000 
2 

1.000000elO 
3 

1.00000000 
4 

1.00000000 
5 

3.21013744 
6 

1.79673134 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.E~451689 
-0.8~451689 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1 
0.l:3582439 

0.62450235 
0.62450235 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

8 
0.31536544 

0.la242597 
-0.16242597 

0.79891269 
0.79891269 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

9 
0.04045301 

0.08401834 
0.08401834 

-0.65703550 
0.65703550 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

10 
0.00148837 

0.08071001 
-0.08071001 

0.10473404 
0.10413404 
0.35546119 

-0.22410720 
-0.26126200 
"0.28898455 
-0.27174644 
-0.23962339 

0.69890135 
-0.69890135 

0.37868340 
0.37888340 
1.36935265 

-0.60998225 
-0.26519169 

0.09890928 
0.25947016 
0.2908108l 

1 '3.10404045 2.51015176 0.53336069 0.08660333 

2 3.10404045 -2.51015176 0.53336069 -0.08660333 

3 O. e~l 91565 0.43705331 0.09828425 0.21855531 

4 -0.8::HI5C,5 0.43705331 0.09828425 0.21855531 

5 -3.41126720 2.02269630 0.21663314 0.82220850 

6 -0.3175C937 1.71335755 2.39007784 2.83811920 

7 ~0.5!:d34454 ., 0.46452037 3.26686037 5.91021150 

8 '0.2<;489006 0.8111610b 2.33624723 -12.50629674, 

9 0.1<;847602 0.1'.249053 -1.36077531 18.97196454 

10 n. ~23~4830 0.13909515 2.21523689 -10.95637660 



-------------------------
00010000000000000000000000000000 


0101 2.2260083030+01 

0105 8.E61141468D-16 

0203 9.71(:916532\)-02 

0301 -2.3662960360+0~ 

0105 -2.22C4460490'16 

0403 2.194425191D, 16 

0501 O.Il7e5315900 16 

0505 2.4998nHIO+OCl 

0603 -4.440E~20990-16 

0707 2.4135211610+00 

070B -4.1030243960- 01 

070F -6.8245106810- 01 

0809 '1.20B615390 15 

0800 5.1010259130-' 15 

0907 2.7614233380-01 

0'108 3. 94C 4625320· 01 

090F 2.6911872930 01 

00\09 0.0 

OAOI! 1.3214119630-15 

oe01 4.1030243960-01 

OROII 2.9414414180-01 

oaQF 2.4442683030 01 

0(09 I.B2H42990+CIJ 

oeOD 2.56E431'l330+00 

0[01 -6. 92G1808920-01 

0001l -5.51538~4840-01 

O(;OF 1.2t <;42320(1)-01 

01::09 1.585C6C5450+00 

0102 

0106 

020. 

0302 

OlO/} 

0'104 

0502 

0506 

0604 

0701l 

010e 

071n 

080A 

080E 

090'1 

090C 

0910 

OIlOA 

OAOr: 

OIlO':l 

OBoe 

01110 

oeo ... 

OCtle:: 

OOOR 

oooe 

0010 

01'0'" 

l36 

5.6 22312058[' ~oo 

1.5512164680-15 

4. ~5091lU8lD-16 

9.7169165320-02 

-4.440897.0990 16 

2.223.351253IHOI 

. 2.6'167796830-16 

9.2462993510-01 

"" .. 6't35046200 .00 

0.0 

-1. Qi'. 135130[\-01 

-1.4424100090-01 

6.243'+100870 02 

-2.106168623(l-15 

-1.2073675390-15 

1.4.J21642990+00 

6.2017915900-01 

6.5389236180+00 

-~.4400920990-15 

-5.6727641890-16 

6.1104059930-01 

2.3515/.61610 01 

-2.34609.557U-15 

IJ. 2323935580-0 1 

5.{1300761390-15 

'-2.5866911610+00 

-0.69211.631P-Ol 

-4.629281)3980 15 

0103 

0201 

0205 

0303 

0401 

0405 

0503 

0601 

0605 

0109 

0700 

0801 

080e 

080F 

0909 

0900 

OA01 

OAOB 

OAOF 

OB09 

0800 

oe01 

oeoe 

oeOF 

0009 

0000 

OE01 

OEoa 

02.3862960360+00 

-5.8223120580+00 

-2.2204460490-16 

1.9857683560+00 

,2.1159221840 16 

-5.8245219400+00 

-1.8041124150-16 

1.4815253910":15 

9.2462993510-01 

2.1614233380-01 

'6.920180ano 01 

0.0 

-5.5511151230-16 

-5.2135593670-16 

8.7522334140.00 

-3.0610909590+00 

-1.3322616300-15 

"4.6512251330-16 

-3.1918911960-16 

3.9404625320-01 

-5.8141656130-01 

-1.0141351300 01 

6.2211936450-01 

5.6601533590-01 

-3.0670909590+00 

1.2814859640+00 

1.29291561 'to+OO 

1.1285910330,01 

0104 

0202 

0206 

0304 

0402 

0406 

0504 

0602 

0606 

070A 

070E 

0800 

080e 

0810 

090A 

090F. 

OA08 

OAoe 

OAlO 

OBOA 

OBOE 

oe08 

oeoe 

oel0 

OOOA 

OOOE 

OEoa 

OEoe 

1.6323624250-18 

2.2167332441HOO 

-5.273559361016 

4. 't613225330 16 

6.1307270810 \6 

-4.6435046280+00 

-5.87.457.79400+00 

-4.9960036110-16 

4.9149358(01)+00 

-1.3314002680 15 

1.2929756140+00 

1.6143682750+00 

-2.3037121160-15 

-1.3045120540 15 

'"2.22044604911 16 

1.5650605450+00 

6.2434100870-02 

-2.4841240180-15 

-1. 190234621D·15 

-4.8111366650" 16 

5.5105949830 02 

-2.1524501110-15 

1.8591945310+00 

6.9141943690 01 

1.0911257840 15 

-4.517119389P+00 

- 2. 7199944760 15' 

1.8200179790 01 

http:8.7522334140.00


OEOD ,-4. 5<; 3~543330.00 OE or: 4.1B65054420+00 OEOF -1.0273030920+00 OEI0 1.5617445970--02 

OF07 ,6.8245106810 01 OFOS 6.0490102040-16 OF09 2.8917872930-01 OFOA -2.9892769990-16 

OFOS 3.9<; 314 <; 1650- 01 Ofoe 4.3830822460~01 OFOO 3.7215325710 02 OFOE 1.1163605170+00 

OfOF 1.3124591131HCO OFiO 1.8037415890-01 1001 -3.4424700090-01 1008 -1.3070891570-15 

11:09 6.2011<; 15900 01 100A -1.7379641190 15 10m! -, 1.9037256740-01 100e 1.0657995240+00 

1000 -5.5eE~248S10-01 100" 3.6357101120-01 lo0F 1.1113334211)+00 1010 1.300220397/)+00 

00020000000000000000000000000000 76 

0101 1.0000000000+00 0201 -1.90pI958l40-17 0202 1.0000000000+00 0301 2.9490299090 11 

0302 4.163336342[l·17 0303 1.0000000000+00 0401 4.391018H90 18 0402 9.5409791180-18 

0403 5.20~11042!l0·16 0404 t.OOOOOOOOOO+oo 0501 1.2143064330-17 0502 0.0 

0503 0.0 0504 -8.2399365110-17 0505 1.0000000000+00 0601 1.3877787810-17 

0602 0.0 0(>03 0.0 0604 0.0 0605 1.94211902930"16 

0606 1.000(000000+00 0707 1.0000000000+00 0807 0.0 0808 1.0000000000+00 

0<;07 0.0 090a 0.0 0909 1.0000000000+00 OA07 0.0 

OA08 -2.71~557562D-l1 OA09 1.3877187810-17 OAOA 1.0000000000+00 OA07 -7.0852611970-17 

OAD8 0.0 0609 3.43311715680-17 OBOA 0.0 OBOB 1.0000000000+00 

oe07 1.6312114690-16 OC08 0.0 oe09 3.7530335830-11 - oeOA 0.0 

oeos 5.5511151230 17 oeoe 1.00000il00OO+00 0007 3.0314292740-16 0008 0.0 

0009 8.01(8988021)-17 0[101\ 0.0 0008 5.5511151230-17 oooe 3.1918911960 16 

aeOD 1.0000000000400 OF07 1.2701428450-16 OE08 0.0 OE09 1.5054147160- 16 

OEOA 0.0 OF" 06 6.9388939040-17 DEoe 8.3266726850'17 OEon 1.6653345370 16 

Of OF. 1.0000000001HOO 01'01 -2.5413698920-16 OF08 0.0 OF09 1.1758172560-16 

OfOA 0.0 OFOO 4.4408920990 16 OFOC -4.4408920990-16 OFOO 1.6653345310-16 

OFOr: -5.5511151230--17 OFOF 1.00000(0001)+00 1007 -3.8077180300-16 1008 0.0 

- 1009 7.9411809130-17 100A 0.0 1008 3.7747582840-15 lOoe -8.11817841910-16 

1000 1.1H3568390-15 100E -6.661338148U-16 100F -1.8721135750-14 1010 1.0000000000+00 



~003COOOOOOOOOOOOCOOOOOOCOOOOOOO 16 

0101 5.00e0910180+01 0201 6.2945138280+00 0202 -1.1859160250+01 0301 2.6535155180+00 

0302 6.0804135<;20- 01 0303 -9.1188631110+00 0401 3.4671122280-15 0402 -1.4571617200·16 
0'103 -2.9490299090-11 0404 -5.0060848610+01 0501 -6.3837823920-16 0502 2.2204460490 ,·16 

0503 -2.2204460490-16 0504 6.3382066930+00 0505 -1.0242122080+01 0601 -6.6613381480 16 
0602 0.0 0603 0.0 0604 4.9057811540+00 0605 1.385375"'540+00 
0606 -1.33C1534600iOI 0107 -1.0269774480+01 0801 0.0 0808 -9.6973670550+00 
C<;01 1.0115832HO 01 0908 0.0 0909 -1.2922829570+01 01107 ,0.0 

OA08 6.0221744040-01 01109 0.0 OAO/\ -1.2051058730+01 0807 8.5320988.. 80 01 

0808 3.7656H4080-16 OB09 -1.1869941220-01 080A 8.2110494210-17 OBOB -2.5768242931l+00 

OC07 1...8363(1270 +00 OC08 1.6550908490-15 OC09 -6.8419834930-01 OCOll 4.0548115760 16 
oe08 '-1.468Sl38690+00 oeoc -4.8306424250+00 0007 1.19250504..0+00 0008 -4.7058726430-15 
0009 2.14S5615160+00 OOOA -1.2051361280-15 0008 1.5248115130-01 OOOC 2.0720181990+00 

ODOO -8.892111861P+OO 01'01 -2.41185221 U)+OO OF.08 2.9763601370-15 OE09 1.39181327.90+0,0 

OEOII 6.95;3452780-16 01'08 3.2224098200-01 OEoe 4.0466468530-01 OEOO 4.8911123090+00 
OEOE ··7.5C7031EI30+00 Of 01 1.2894068730+00 OF08 1.1991296890 16 OF09 2.9732770770-02 

OFOA 2.77Sl82390D-16 OFOS -3.6897774440-01 OFOC -7.9896712660-01 OFOO -5.3646649700-01 
OFOJ: 2. 34eltlt05970+00 OFOF ,-3.8333786860.00 1007 6.4855790641)-01 1008 6.8246234470 16 

1109 -2. 70S 15630;50-01 10011 6.6621272031)-16 1008 -2.5297844220-01 100C -6.5095223590-01 

1000 2.4132455100-01 100r 6.6513171990-01 lOOF '1.4202720190+00 1010 2.9967737460+00 

I NTf GRAL TYPE NO. CCMPUlED NO. STORED CPU TIME TIME I INTEGRAL 

e OIJ LOMB & lIV8R I 0 2391 2355 61.843 sec 0.02580 SEC 

ONE CENTER 86 86 0.050 SEC 0.00058 SEC 

f. XCHANGE 4227 0 79.668 sec 0.01885 SEC 
TOTAL TWO ELECTRON 6710 2441 141.581 SEC 0.02110 SEC 

ON;; Elr:CTRON 286 266 7.123 SEC 0.02.. 91 sec 

IlN" HECTRON TAILS 0.213 SEC 

TW!1 FlFCTRON TAIlS 3.623 SEC 

INTEGRAL RENOR~AlISAT'O~ 2.573 SEC 

VEe TCR RI'NORMALl SATION A~O TRANSFORMA TllJtl 0.640 SEC 



~ ...' 
APPBNoIlt .. 


INSTALLATION DBTAIts 


Aa Atomic Integral. 

The follovinq i. a liat Gf file$ relevant to the pCGgrAm available on 

the IBM )70/165 at oaresbury. ~llenameB refer to u8erid QCk. 

toad library ALCHtHY.TAlts.LOAD 
toad module LOI\DtJr:TA1LS ) 
FORTMN source ALCIIHY.TAILS. PORT 

CLIST(OLDFHCL) compiles a routine and placeo it in the load Ilbrery. e.g. 

OLDFHCL MAIR HAIN REG(2"Ok) 

CQlftPl1es ALCltMY.TAILS.. FOR'l'(MAIR) and }dace$ the object l'IIOdule in 

ALCHEltY.. TliILS.LOAD(MAIN) .. 

ALCHMY.CNTLfLIKkJ lInk. toqethGr the load library and pIece. the 

executable load module in LOAD(J~lL8) 

B. Molecular Integrals 

f..('M,O Module LOAO('J'MNSR) 
~ORTAAN source MATURe. FORT 

Atc"MY.C8TL(TRANSr, compiles this ~ro9r". 
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TABLE 1 


BUBROc.rrINEB USBD IN TUE EVALUATION OF TAIL IH'l'EGRiU.S 


New SubrouUne Rehted original 
eubroutine Comnent 

TSTtflX STLMX A driving routine for the overlapt 
kinetiQ energy and nuclear attrac­
tion integrals 

TSTPII S'ri1Q OVerlap and kinetic energy 
integrals 

TTTPQ calculates the rest of the kinetic 
energy integrals needed to fOrm 
the full square matrix 

TTCUPQ 0'l'CUI'Q Nuclear attraction integrals 

'roEINT lIOE1lI'l' Controls output and printing of 
the one electron integrals 

'l"l'E0CII "EOCII Driving routine for the coulomb­
hybrid two electron integrsls 

'l':HBLlC CllBLIO! Generates indicu for the reqUired 
coulomb-hybrid integrals 

TCPQRII OCPQRl! 

'lWlUlI'l' IIIUl1'1' calculation and storage of the 
coulomb-hybrid inteqrals 

TCHIN' 

TeOF 

Stores the solid harmonic, propexty inteqrals ready for 
the calculation of a block of coulomb-hybrid tail 
integrals 

Evaluates fly· Y?yY. sin &d&d+ 
tifl.l ~ 42m2 

TFAC Evaluates factorials up to 311 

CI..EBGN Evaluatee 3-j coefficients 

. 




TABLE 3 

ATCftlC INTEGRAL PILES 

Unit No. Cornmenh 
TRNSDR 

c'""''''' 
DIAG 
50_ 
E'MOVER 

MULT2 

MIlL'n 

TRNSLD 
TRNSll 

ENLARG 

GR'l'Q 

ORTHOG 

J'TCPS 

srove 
MEGU 

STOJ 

GE'l'VC 


ap1\Utc 
RPAIlL 
""&GU 
PRINT 

FIND 

WR'l'CP 

• !bese files are passed onto the tr&neformation proqram. 

TABLE 2 

VE!X:TOR HANIPULATION SUBROUTINBS 

Reads in target wavefunction data 

Reade in total wavefunction data 

Jacobi d1agonalisation routine 

Matrix multiplication routines 

Ortho9ORalisee molecular orbitals and performs the 
transformation of the one electron inte~al. 

Obtains JftOleeular orbitals from an MMOLl dumpfile 

Schmidt orthoqonalisation routine 

Prints ALCHEMY molecular orbital coefficients 

/l.U!HBMY routines for read1nq and witing voctors from 
add: to fUes 

FTOBF001· 

F'l"OSF002 

FT09FO02 

rT10F001 

FT11F001 

FT12FOO1+ 

FT13F001· 

FT21F001,· 
J 

FT27FOO1) 

Basia Bet information 

2-electron integrale 

1-electron integrale 

2~electron tail integrals 

1-electron tail inteqrala 

2-electron inte9ralSt merged, renormaliQed and rela~ll$d 

1-electron integrals, merged, renormalised and r$labelled 

Used for storing ~lecular orbitals 



TMJLR 4 

MOLlCUI.AR IN'rEGRAL FIL&S 

Uhit No. CQmlEll'lta 

FTOBF001 Atomic orbital basis eet data 

FTOllF002 2-oloctron ato.ic integrals 

FT09FOOl 1-el,ctrQI'l atomic integrols 

FT21FOO 1 Molecular orbital information t only one 

FT21F001 at these ia required. 

F'l'161'OOt Tronafor.med 1- and 2-electron inteqrals 

FT20FOOt 

FTtSFOO 1 

FTl9FOOl 
~rary, intermedi~te filos 

FT28F001 

F'l'l7FOOl 

J!"1'26F001 

FIGUB CAP'l'tONS 

Fig_ 1 The division of configuration apace in the R~tr~x methOd_ 

Unit No. \leO<! 
by Atomic Flg~ 2 Tho eigenBpE!lctrtn of the electron-molecule HaDliltonhn in all 

Integral tackage 
apace (0 ~ all r ( w), end in the Rwmatrix sphero (0 ~ oIl r ~ a). 

F'l'OeF001 

FT12FOOl 
fig. 3 Flow chart for the ALCHEMY atomic integrala package. 

F'113F001 Fig. 4 Flow chart for the modified ALCHBMY atomic integrals package. 

F'l'l1FO01 

FT27F001 

F1'27FOOl 

http:MOLlCUI.AR
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1-centre and 
Coulomb and Hybrid 

2-e integrals 

Exchange 
integrals 

Dynamic core 
allocator 

Driving 
routine 

All 1-electron 
integrals 

Property 
integrals 

Fig.3 



1 - Centre and 
Coulomb - Hybrid 

integrals 

Exchange 
integrals 

1-electron 
integrals 

Dynamic core 
allocator 

Driving 
routine 

Property 
integrals 

Tail 
integrals 

Renormalisation 

Vector 
manipulation 

Fig.4 



j 

j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 

j 
j 

j 

j 
j 
j 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 

j 

j 

j 
j 
j 



; 


