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PREFACE

Theinstallation of the Amsterdam Density Functional band-structure program (BAND) on a computer is
explained in the Installation manual, where you can also find information about the license file(s) that you need
to run the program. This User's Guide describes how to use the program, how input is structured, what files are
produced, and so on.

Where references are made to the operating system (OS) and to the file system on your computer the terminology
of UNIX type OSsis used and a hierarchical structure of directoriesis assumed. Non-UNIX OSs usually have
similar features and it should not be difficult to transl ate the various concepts from UNIX to any other OS
language. Currently we only support UNIX systems, although there’ s no fundamental reason why BAND (and
other programs of the ADF suite) would not run under other operating systems.

This guide is available on the WwW viathe Scientific Computing & Modelling home page at
http://www.scm.com

Release 2000.02

The most important modifications introduced in version 2000.01 (and 2000.02) with respect to the 1999.x

releases are;

* A new fragment functionality has been implemented, for analysis purposes

*  Contrary to previous versions, the option to use abbreviated keywords (or extended keywords) has been
disabled. This feature caused misunderstanding, confusion and hard-to-catch input mistakes, while it added
little convenience. In version 2000.x, keywords must be typed completely and exactly.
The user will be warned when incorrect keywords are specified in input.
Most keywords are case insensitive now. Exceptions are of course where file or directory names are
involved.

* New XC functionals are available.

* Input format has changed (end-of-key tokens and many keywords!)



1 GENERAL

1.1 INTRODUCTION

BAND is aprogram for calculations on periodic systems, i.e. polymers, slabs and crygals, and is supplemental to
the molecular ADF program for non-periodic systems. It employs density functional theory in the Kohn-Sham
approach.

Characterization of BAND

Eunctionalit

*  Formation energy with respect to isolated atoms that are computed with a fully numerical Herman-Skillman
type subprogram

e A choice of density functionals, including LDA (Local Density Approximation) and GGA (Generalized
Gradient Approximation) formulas

e Time-dependent DFT (will become availablein version 2002.02) for calculation of frequency-dependent
dielectric functions of systems periodic in one or three dimensions.

*  Automatic geometry optimization has not yet been implemented

Analysis

e Mulliken populations for basis functions, overlap populations between atoms or between basis functions.
* Hirshfeld charge analysis

* Densities-of-States: DOS, PDOS and OPWDOS/COOP

e Form factors (X-ray structures)

e Charge analysis using Voronoi cells (yielding VVoronoi Deformation Charges)

e Orhita plots

*  One-€electron energies and orbitals at the Brillouin Zone sample points

*  Fragment orbitals and a Mulliken type population analysis in terms of the fragment orbitals

Technical

*  SCF convergence based on a Direct Inversion of Iterative Subspace (DI1S) method

e Theimplementation is built upon a highly optimized numerical integration scheme for the evaluation of
matrix elements of the Hamiltonian, property integrals involving the charge density, etc.

e  Theprogram has been parallelized and vectorized

* Basisfunctions are Slater-Type Orbitals (STOs) and/or Numerical Orbitals (NOs) and/or Plane Waves (PWs).



Fit functions are Slater-type exponential functions centered on the atoms and are used to fit the deformation
density, which is the difference between the final density and the startup density. The deformation density
has zero charge and will in general be small. The fitted deformation density is used for the calculation of the
Coulomb potential and the derivatives of the total density (needed for the gradient correctionsin the
exchange-correlation functionals). In both cases the main part, due to the startup density, is calculated ac-
curately by anumerical procedure, and only the small part from the deformation density is obtained viathe
fit.

A frozen core facility is provided to alow efficient treatment of the inner atomic shells.

Space group symmetry is used to reduce the computational effort in the integrals over the Brillouin zone.



2 INPUT

21 [INTRODUCTION

When the program has been installed properly on your machine, you should be able to run it by supplying
appropriate input. This document describes how input is organized. A few sample runs are contained in the
distribution, see the Examples document for a description.

Input is structured by keywords, or keys. A key isastring of letters, dollar signs ($), and digits. It must not start
with adigit. It must not contain any other character, in particular not any blank.

Key-controlled input occurs in two forms: either one record (which contains both the key and/or associated data)
or asequence of records, collectively denoted as akey block. Thefirst record of the block specifies the key (and
may supply additional information); the block is closed by the ‘end-key’ code: arecord containing only the word
‘End’. The other records in the block provide data associated with the key.

The form to be used for akey isnot optional: each admissible key corresponds to a particular form. The block
formisused for keysthat relate to 'lists' of data, such as atomic coordinates or basis functions.

Asisthe case in the molecular code, the “title” must be specified explicitly with the key “Title” and may be put
on any record of theinput file. The input file should end with arecord END | NPUT, that is, the program reads
input until such arecord is encountered or until the Fortran end-of-file condition becomes true, whichever comes
first.

END | NPUT isnot akey.

Summarizing, the input file must have the following format:

Format of the Input file

TI TLE j obnane
key-controll ed data
key-control | ed data
(et cetera...)

END | NPUT

The ordering of keysin input is free and has no consequences.

All numerical information is 'free format': the absolute positions of numbers and the format of realsisirrelevant.
In most cases lowercase characters and capitals can both be used and the program will not discriminate between
them, except in filenames.



Units

Geometric data (atomic positions and lattice vectors) are by default understood to be in atomic units (bohr).
Alternatively one may supply datain angstroms by setting the key UNI TS (see below). Internally the program
will then convert the input datainto a.u.

Energy and Potential XC Functionals

The program calculates by default the self-consistent field solution from the potential in the spin-restricted local
density approximation (LDA) to the exchange-correlation (XC) potential. The post-SCF generalized gradient
(GGA) corrections for the exchange and the correlation energies (each for afew different functionals) are
calculated and printed on output. The program can be instructed to use the GGA corrections in the potential
during the SCF aswell. Thiswill in general have little effect on the formation energy, but it may affect the DOS.

Examples

A few of examples are available in the $ADFHOME/examples/band directory: for each sample run arun script
and the output file. Y ou may rerun the sample runs and compare your results with the provided output files to
check that your band version has been installed correctly. Thiswill also help you to get familiar with using the
program. See the Examples document for a brief discussion of the available sample runs.

For new users it may be convenient to have at least one of the example outputs at hand when reading the next
parts, so that remarks and instructions can be compared to an actual case.

Setting up an Input File
We now give abrief guide to set up input.

Y ou first specify the minimally required information: the geometric structure and the definition of the atoms
(positions and function sets) that constitute the system. Then you add keys for all aspects for which you don't
want to use the defaults.

1. Specify atitle using the key TI TLE.

2. Definethe structure of periodicity with the key LATTI CE.

3. Givethe positions of the atoms with the key ATOVS. All atoms specified in the corresponding data block
belong to one type of atom. Consequently, the key ATOVS must be repeated as many times as there are
different types of atoms.

Different chemical elements necessarily belong to different types. The reverseis not true: it is allowed to
define more than one 'type' of Carbon atom, for instance to equip them with different basis sets.

4. For each of the types defined by the ATOVS keys (and in the same order) create the ATOMTYPE block key.
This block key must contain the following
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a) Definethe numerical (Herman-Skillman-type) spherically symmetric free atom: (block-type) key
DI RAC.

b) Add (optionally) Slater-type basis functions; key: BASI SFUNCTI ONS.

c) Supply fit functions (used for evaluation of the Coulomb potential from the charge density); key:
FI TFUNCTI ONS.

5. Add further keys for features you don't want to be defaulted, for instance UNRESTRI CTED (if you want to do
a spin-unrestricted calculation), ACCURACY (genera precision parameter), KSPACE (parameter for numerical
integration over the Brillouin Zone), DOS (generation of the density-of-states), and so on.

6. Terminatetheinput file by typing END | NPUT

Consult the sample runs and description below, to see how you may use the various keys (LATTI CE, ATOVS,

ATOMTYPE...).

Numerical Atoms, Basisfunctions, and Fit functions

The program starts with a calculation of the free atoms, assuming spherical symmetry. The formation energy is
calculated w.r.t such atoms. Y ou have to specify the configuration (i.e. which orbitals are occupied) in the Di RAC
subkey of the block key ATOMT'YPE, and you can for instance use the experimental configuration. Keep in mind,
however, that thisis not necessarily the optimal configuration for your density functional. For instance, Ni has
experimentally two electrons in the 4s shell, but with LDA you will find that it is energetically more profitable to
move one electron from the 4s to the 3d. The configuration of the reference atoms does not (i.e. should not)
affect the final (SCF) density.

In principle you could use the basis functions from the database of the molecular ADF program (see the
documentation of ADF for how this database is organized). The functions you will find there are STOs, which is
not optimal since BAND offers you the option to use NOs from the numerical atom. The most efficient approach
isto use the NOs and remove from the ADF basis set those STOs that are already well described by the NOs.

As an example we will construct a basis for the Ni atom with orbitals frozen up to the 2p shell, derived from a
triple-zeta ADF basis. In the DIl RAC subkey of the block key ATOMTYPE you specify that the NOs up to 2p should
be kept frozen and that the 3d and 4s NGs be included in the valence basis. Copy from the ADF database all 3d,
4s and the polarization functions into the BASI SFUNCTI ONS  subkey of the block key ATOMI'YPE and remove the
middle STOs of the 3d and the 4s.

Usually it is aready quite adequate for a good-quality basis to augment each NO with one STO. Y ou could then
take a double zeta ADF basis and remove one of the 3d and one of the 4s STOs. We often find that such abasis,
with one STO added per NO, has a quality that is comparable to triple zeta STO sets. We strongly recommend
that you use combined NO/STO bases. Of course, you may want to verify the quality of the basis set by
calculations on afew simple systems.

Y ou can copy thefit functions from the ADF database into theFI TFUNCTI ONS subkey of the block key
ATOMTYPE. As amatter of experience (and justified by a somewhat different handling of fit functions between
the two programs), BAND isin most cases (we have not yet seen an exception) less sensitive to the quality of the
fit set than ADF is.

11



22 MAIN OPTIONS

This section isintended to introduce and thematically group together the keys listed in the next chapter.

Energy Functional

The energy functional consists of coulomb, kinetic and exchange-correlation (XC) terms. The starting point for
the XC functional is usually the result for the homogeneous electron gas, after which so called nonlocal or
generalized gradient corrections (GGA: Generalized Gradient Approximation) are added. See the keys SPI Nand
XC.

Precision

The key ACCURACY controls (amogst others) the accuracy of the numerical integration scheme (barring afew
technicalities the same scheme as used in the molecular adf code).

If you want to fine-tune the integration scheme, see the description of the | NTEGRATI ON key-block of the ADF
documentation.

Self-consistency

The SCF procedure searches for a self-consistent density. The self-consistent error isthe square root of the
integral of the squared difference between the input and output density of the cycle operator. When the SCF error
is below a certain criterion, controlled by subkey CRI TER ON of block key CONVERGENCE, convergenceis
reached. In case of bad convergence the SCF search can be controlled by the DI | S block, of which the most
interesting entry is POTENTI AL, implying that the DI | S schemeis applied to the potential, rather than the
(valence) density.

Restarts

The DOS section that outputs information of the SCF solution can be executed with key RESTART, subkey DOS
and orbital plots can be obtained with sukey ORBI TALPLOT (note: currently disabled!). In the future subkey SCF
will make it possible to continue a (unconverged) SCF procedure.

12



Reference and Startup Atoms

The formation energy of the crystal is calculated with respect to the reference atoms. BAND gives you the
formation energy with respect to the spherically symmetric spin-restricted LDA atoms. If you want the program
to do the spin-unrestricted calculation for the atoms you can give key UNRESTRI CTED the extra option
REFERENCE. We do not recommend this as it would give you the false (except in special cases) feeling that
you’ ve applied the right atomic correction energy so asto obtain the ‘true’ bonding energy with respect to
isolated atoms. The true atomic correction energy is the difference in energy between the used artificial object,
i.e. the spherically symmetric, spin-restricted atom with possibly fractional occupation numbers, and the
appropriate multiplet state. The spin-unrestricted reference atom would still be spherically symmetric, with
possibly fractional occupations: it would only have the probably correct (Hund’ s rule) net spin polarization.

The startup density is normally the sum of the restricted atoms. In case you do an unrestricted cal culation you
may want to get the sum of the unrestricted atoms as startup density by giving key UNRESTRI CTED the extra
option STARTUP. This does not always provide a better startup density since all atomswill have their net-spins
pointing up. If afrozen coreis used this option can sometimes lead to a negative valence density, because the
frozen core is derived from the restricted atom. The program will stop in such a case.

No matter what reference or startup atoms you use, core orbitals and NOs originate always from the restricted
free-atom cal culation, because we don't want a spatial dependence of the basis functions on spin.

Printed Output

The amount of output in different stages of the program is controlled by print keys, that can be toggled with the
key PRI NT followed by akey (see description of PRI NT key).

Fragments

Unlike the ADF program BAND is not based on fragments. Quite fundamentally the building blocks are the
atoms. A fragment feature is available albeit rather primitive. A typical application is the periodical adsorption of
one or more molecules on a surface. For instance, consider periodic adsorption of hydrogen molecules over a
surface. First you calculate the free molecule in the same orientation as when adsorbed to the substrate and
obtain the fragment orbitals with the option

BASI S
PREPAREFRAGVENT
END

Since you would like to use amolecular fragment, it makes senseto put the molecules far apart (large lattice
spacing) and force dispersion to be neglected (KSPACE 1). To use the fragment you need the result file of this
calculation, therefore specify

| SAVE RUNKF

13



somewhere in the input, and rename RUNKF to the name of the result file.

Specifying

| PRINT EI GENS

for this calculation produces output concerning the eigen states, thereby providing a means to identify the eigen
states (e.g. to be sigma, pi, et cetera).

Next, prepare the input for the over-layer with the substrate. There are two restrictions: the atoms of the fragment
—the hydrogens in the example — should be the first atoms on the input list and they should not be of the same
type. You can force atoms of the same chemical element to be of a different type, by putting them in a different
ATQVS block.

Y ou make a second ATOMS block for the second hydrogen. Of course, you have to add also a ATOMTYPE block.
Tell the program that the two hydrogens constitute a fragment by

NATOVBASFRAGVENT 2

Finally, you add to the input the FRAGVENTS key block where you give the name of the fragment file, and the
subkey SI MPLEFRAG of key BASI S, which toggles the molecular fragment option. The basis will be transformed
accordingly, and also the partitioning of basis functions is affected. The new basis and partitioning are reflected
in the Mulliken gross and overlap populations. It is alowed to have more than one fragment. The key
FRAGVENTLABELS gives you the possibility to introduce labels for the fragment orbitals.

An example of using the fragments feature in BAND is provided in one of the sample runs (CO on a Cu surface)
in the directory $ADFHOVME/lexanpl es/ band/ e_Fr ags_COCu, see the Examples document.

The use of fragments is avaluable analysistool. A previous fragment option in ADF-BAND could only be used
for restart purposes. The new fragment option provides the possibility to use molecular fragmentsin

a subsequest periodic calculation. The provided example isa slab calculation of Cu with an CO molecule
adsorbed. A DOS analysisis performed in terms of the Cu atomic orbitals and the CO molecular orbitals.

The new BASI S subkey SI MPLEFRAG option (key) uses amolecular fragment that is created in the first part of
this sample run. Note the BASI S subkey PREPAREFRAGVENT and the use of KSPACE 1, together with alarge
lattice spacing. In thisway a'molecular' solution is obtained, which can be used as a fragment.

This fragment has been saved ast21.CO, and is input for the second step of this example. The basisis
transformed according to the eigenvectors of the CO fragment. Orbital |abels are adapted by specifying
FRAGVENTLABELS.

The Density-of-States output are computed in the adapted basis.

Theresults can be interpreted in terms of the molecular solutions of CO, making the analysis easier.

Time-dependent DFT

(Thisfeature will not yet be available in the intermediary version ADF2002.01).

14



In this section, the time-dependent density functional theory implementation in ADF-BAND is described. It
describes how to do aresponse calculation in ADF-BAND (which input keysto use). The TDDFT module
enables the calculation of real and imaginary parts of the material property tensor xe((n) , called the electric

susceptibility, and the macroscopic dielectric function s(m). These are mutually related,
s(oo) =1+ 4nxe(oo)

In general Xe(w) and S(OJ) are tensors, which, however, simplify to scalars in isotropic systems.

References

Background on the implementation and examples of previous applications of this method can be found in the
following references. The Freddie Kootstra's Ph.D. thesis contains much background information. It can be
obtained from the SCM website.
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Description of TDDFT Input options

Thekey to usein the input fileis RESPONSE if you want to perform a periodic TDDFT (response) calculation.

Thiskey isoptional. It isablock type key.

RESPONSE

nfreq 5
strtfr 0.0
endfr 0.01
cnvi 0.001
chvj 0. 001
ebndt | 0.001
i fx 0

i sz 0

i yxc 0

END
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Omitting the specific optionsin the RESPONSE block will cause default setting to be used during the

calculation, as given above.

nfreq the number of frequenciesin a.u. for whicha TDDFT calculation is performed when calculating the
dielectric function s(oo) of asystem (default=5).

strtfr isthestart frequency in a.u. of the frequency range over which the dielectric function is cal cul ated
(default=0d0).

endf r istheend frequency in a.u. of the frequency range over which the dielectric function is calculated
(default=1d-2).

cnvi  thefirst convergence criterium for the change in the fitcoefficients for the fitfunctions, when fitting the
density (default=1d-3).

cnvj  the second convergence criterium for the change in the fitcoefficients for the fitfunctions, when
fitting the density (default=1d-3).

ebndt | the energy band tolerance, for determination which routines to use for calculating the numerical
integration weights, when the energy band posses no or to less dispersion (default=1d-3).

i fxc integer indicating which fxc kernel is used (default=0).
0 = Adiabatic Local Density Approximation (ALDA) (Can. J. Phys. 58, 1200 (1985)).
1 = Gross-Kohn, frequency dependent fxc kernel (PRL 55, 2850 (1985), 57, 923 (1986)),
2 =van Leeuwen-Baerends (LB94) (PRA 49, 2421 (1994))

i sz integer indicating whether or not scalar zeroth order relativistic effects are included in the TDDFT
calculation (default=0).
0 = relativistic effects are not included,
1 =relativistic effects are included.
i yxc integer for printing yxc-tensor (default=0) (JCP 115, 1995 (2001)).

0 = not printed,
1= printed

More Analysis

If you areinterested in the DOS or a partitioning of the DOS, look for the description of the keys DCS,
GROSSPOPULATI ONS for partid DOS, and OVERLAPPOPULATI ONS for overlap DOS.

The eigen system can be printed with PRI NT EI GENS and the Mulliken populations per orbital per k-point can

be printed with PRI NT ORBPCP.
A list of the basis functions will be printed with PRI NT ORBLABELS.

16



3 RECOMMENDATIONS, PROBLEMS, QUESTIONS

31 RECOMMENDATIONS

Use numerical orbitals (from the DIRAC internal subprogram) and add STOs for increased flexibility. Thisturns
out to be more (although not by much) rapidly converging to the basis set limit than when you use STOs only, in
particular for relatively small basis sets.

3.2 TROUBLE SHOOTING

Basis set dependency

A calculation aborts with the message: dependent basis. It means that for at |east one k-point in the BZ the set of
Bloch functions, constructed from the elementary basis functions (atom-centered and plane waves, if applicable)
isso close to linear dependency that the numerical accuracy of resultsisin danger. To check this, the program
computes, for each k-point separately, the overlap matrix of the Bloch basis (hormalized functions) and
diagonalizesit. If the smallest eigenvalueis zero, the basisis linearly dependent. (Negative values should not
occur at all). Given the limited precision of numerical integrals and other aspectsin the calculation, you are
bound for trouble already if the smallest eigenvalueis very small, even if not exactly zero. The program
compares it against a criterion that can be set in input (key DEPENDENCY option BASI S).

If you encounter such an error abort, you are strongly advised not to adjust the criterion so as to pass the internal
test — there were good reasons to implement the test and to set the default criterion at its current value. Rather,
you should adjust your basis set. Generally speaking, you should remove one or more basis functions and maybe
modify some of the (other) STO basis functions. The program prints information that hel ps you determine which
basi s functions should be modified/removed.

In the standard output file, after the error message, you will find alist of eigenvalues of the overlap matrix. If
only thefirst is smaller than the threshold, you should remove one basis function. If more eigenvalues are very
small, it islikely that you have to remove more than one function, although you can of course try how far you
can get by eliminating just one.

Next the program prints the so-called Dependency Coefficients: alist of numbers, one for each basis function.
Those with alarge value are the suspicious ones. If you find two coefficients that are significantly larger than the
others, you should replace the two corresponding functions by one. Easiest is to remove one of them (take the
one with the bigger coefficient). If one of them isanumerical orbital from Dirac and the other an STO, remove
the STO. If both are STOs, remove one and replace the other by some kind of average (regarding the radia
characteristic: exponential factor and power of radial coordinate).

To identify how the functionsin your input correspond to the list the underlies the series of Dependency
Coefficients, you have to set up the list of basis functions as follows:
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- Consider an outer loop over all atom TY PES. These correspond, in order as well asin number, to the
sequence of ATOMTYPE keysin your input file.

- For each type, consider aloop over al atoms of that type, i.e. the atomsin the ATOM block
corresponding to the ATOMTYPE key at hand.

- For each atom (each ATOMTYPE key), first write down all DIRAC basis functions, then all STOs. When
writing down the functions, be aware that each entry in your input file specifies a function set, by the quantum
number L and hence corresponds to 2L +1 actual basis functions.

- Regarding the DIRAC basis functions:. they belong to the list of basis functions only if the key
VALENCE occurs in the pertaining DIRAC input block. If not, no DIRAC functions of that type areincluded in
the basis. IF the Dirac functions are included, you must omit the Core functions and include only the Vaence
functions from that DIRAC block. Thefirst record in your DIRAC block with two numbers defines (by the first
number) the total number of function setsin the DIRAC block (which you can verify by simple counting) and
(by the second number) the number of Core function sets among them. The Core function sets, if any, are always
the first so many in thelist in the DIRAC block.

Since the program stops as soon as it encounters a dependency problem. This may happen for the first k-point.
After you have adjusted the basis set following the above guidelines, you will have solved it. However, it may
easily happen that the problem shows up again, but now for another (later) k-point, where other entriesin the
basis set may cause trouble. Do not think you have repaired the first problem incorrectly. Just repeat the
procedure until you pass all k-pointsin the basis set construction without errors. Typically (as alast remark),
although not necessarily, the first k-point may have a dependency problem from too many s-type functions,
while other k-points may be more sensitive to the series of p-functionsin your basis.
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4  APPENDICES

41 LIST OF KEYS

Next follows the list of keys with an explanation of their meaning and the appropriate way to use them. Most
keys are of the simple (record-) type. Block type keys are indicated in the list by the phrase 'block type' between
brackets after the key.

For the large majority of keys, their occurrence in input is optional. Omission leads to default values and default
settings. A few keys must be given however, so as to define the system to be computed. These keysare TI TLE,
LATTI CE, ATOVS and ATOMTYPE containing the DI RAC and FI TFUNCTI ONS subkeys; they specify respectively
the title of the job, the Bravais lattice, the nuclear positions and basic characteristics of the atom type, including
the auxiliary (fit) functions used to compute the Coulomb potential.

If you inspect the source code you may notice that there are in fact more keys defined in the program than those
enumerated in the list below. With an eye on future devel opments we have omitted in this documentation a
discussion of keysthat will be removed or changed and that have not much practical importance anyway.

Thefirst list of keys below contains the most important ones. The second contains keys that you will probably
never use as they relate to debugging, tests, and data organization inside the program, rather than to physical or
methodological aspects. Most keysin this section are block keys that contain fine-tuning options for certain
aspects of the code (e.g. screening, k-space integration, SCF behavior). A third list is added. This contains only
undocumented (currently existing) development/debug keys and keys that existed in the previous version, but
cannot be used anymore in ADF-BAND 2000 (obsolete keys).

First List

Accur acy
General precision parameter. Default value = 3.5. High values (larger than 4.5 say) should only be used in
extreme cases. Values below 3.0 produce unreliable results, due to the limited precision in integrals.
ACCURACY playsin fact the role of avery general accuracy parameter. It determines not only the generation of
integration points (it is the default of the ACCl NT key for the integration scheme), but also the (default) values
of many other parameters and settings that are related to the accuracy of the results.

At ons ( block-type)
Nuclear coordinates The chemical symbol (H, C, Cu, etc.), which defines the atom type, must be given on the
keyword-line. The data-records contain the coordinates, one atom per line. The coordinates are in cartesian
representation unless the key COORDI NATES has been given in input with the value nat ur al , in which case
the numbers are interpreted as expansion coefficientsin the Bravais lattice vectors (see key LATTI CE). In case
of the cartesian representation the values are in atomic units (angstromsiif the unit of length has been changed
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with key UNI TS. The ATOMBS key must occur once for every atom type, i.e. the number of atom typesis
defined as the number of occurrences of this key.

At oniType ( block-type)

20

Description of the atom type. Contains the block keys Di RAC, BASI SFUNCTI ONS and FI TFUNCTI ONS. The key
corresponds to one atom type. The ordering of the ATOMI'YPE keys (in case of more than one atom type) is not
arbitrary. It isinterpreted as corresponding to the ordering of the ATOVS keys. . The n-th ATOMTYPE key
supplies information for the numerical atom of the n type, which in turn has atoms at positions defined by the
n" ATOVE key.

ATOMTYPE Synbol
DI RAC ChenSym
{option}

shell's cores
shel | _specification {occupation_nunber}

SUBEND
{ BASI SFUNCTI ONS
shel | _specification STO exponent

SUBEND}
FI TEUNCTI ONS
shel | _specification STO exponent

SUBEND
END

The argument Symbol to ATOMTYPE is the symbol that is used in the ATOVS key block.
Di rac (block-type)

Specification of the numerical (‘"Herman-Skillman') free atom, which defines the initial guess for the SCF
density, and which also (optionally) supplies Numerical Atomic Orbitals (NOs) as basis functions, and/or as
fit functions for the crystal calculation. The argument ChemSym of this option is the chemical symbol of the
atom type.

The datarecords of the DI RAC key are: 1.the number of atomic shells (1s,2s,2p,etc.) and the nr. of core-
shells (two integers on oneline). 2,3... specification of the shell and its el ectronic occupation. This
specification can be done via quantum numbers or using the standard designation (e.g. “1 0" is equivalent to
“1s"). Optionally one may insert anywhere in the DI RAC block arecord VALENCE, which signifies that all
numerical valence orbitals will be used as basis functions (NOs) in the crystal calculation.

You can also insert NUMERI CALFI T followed by a number (max. I-value) in the key block, which causes the
program to use humerical fit functions. For example NUVERI CALFI T 2 meansthat the squares of al sp,
and d NOs will be used as fit functions with [=0, since the NOs are spherically symmetric.

If you insert SPI NOR, a spin-orbit relativistic calculation for the single-atom will be carried out.

The Herman-Skillman program generates all its functions (atomic potential, charge density, one-
electron states) as tables of valuesin alogarithmic radial grid. The number of pointsin the grid, and the min.



and max. r-value are defaulted at 3000, 0.000001, and 100.0 (a.u.) respectively. These defaults can be
overwritten by specifying anywhere in the DI RAC block the (sub)keys RADI AL, RM Nand RVAX.
The program will do a spin-unrestricted calculation for the atoms in addition to the restricted one. The
occupation of the spin-orbitals will be of maximum spin-multiplicity and cannot be controlled in the DI RAC
key-block.

Basi sf uncti ons (block-type)
Slater-type orbitals, specified by quantum numbers n,| or by the letter designation (e.g. 2p) and one real
(alpha) per STO. One STO per record. Use of thiskey is optional in the sense that Slater-type functions are
not needed if other basis functions have been specified (In the first place: numerical atomic orbitals, see key
DI RAC. In the second place (only in bulk crystals): plane waves, see the key PLANEWAVES)

Fi t Functi ons (block-type)
Slater-type fit functions, described in the same way asin BASI SFUNCTI ONS.  Each FI TFUNCTI ONS key
corresponds to one atom type, the type being the one of the preceding DI RAC key.
The selection choice of a‘good’ fit set isamatter of experience. Fair quality setsare included in the
database of the molecular program ADF.

Example:

ATOMIYPE C :: Carbon atom
DI RAC C
31
VALENCE
1s
2s
2p 2.0
SUBEND
Basi sFuncti ons
1s 1.7

SubEnd

Fi t Functi ons
1s 13.5
2s 11.0

SubEnd
END

Remarks

Other subkeys of the ATOMTYPE key block are COREFUNCTI ONS and TESTFUNCTI ONS that have the same
format as the BASI SFUNCTI ONS and FI TFUNCTI ONS blocks. The TESTFUNCTI ONS block specifies STOs to
be used as test functions in the numerical integration package. The COREFUNCTI ONS key specifies the use of
Slater type auxiliary functions to enforce that valence basis functions are orthogonal to all core orbitals. By
default thisis achieved by explicitly (numerically) projecting out the component of the core orbitals from
the valence functions. Thiskey is currently disabled.
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Basi s(block-type)
Block key containing options and thresholds related to the basis set. See also second list.
Pr epar ef ragnent
Needed to make a fragment (input) file.
Si npl efrag
Fragment option that uses molecular fragments. The basisis actually transformed to the fragment basis.
Keys FRAGVENTS and NATOVBASFRAGVENT are required.
Conment  ( block-type)
The content of thiskey isatext that will be copied to the output header, where general program information is
also printed.
Conver gence (bl ock-type)
All options and parameters related to the convergence behavior of the SCF are defined in this block key. Also
the finite temperature distribution is part of this. See also second list.
Criterion
Criterion for termination of the SCF procedure. Default depends on ACCURACY, for instance 3e-4 for
ACCURACY 4.0
Al | bands
Requires a numerical argument, which is an energy width, in a.u.. It simulates a finite-temperature
electronic distribution. By default, zero temperature is assumed. The key may be used to achieve
convergence in an otherwise problematically converging system (slabs, typically). The energy of afinite-T
distribution is different from the T=0 value, but for small T afair approximation of the zero-T energy is
obtained by extrapolation. The extrapolation energy correction term is printed with the survey of the
bonding energy in the output file. Check that this value is not too large. Build experience yourself how
different settings may affect the outcomes. Remember that this key is meant to help you overcome
convergence problems, not to do finite-T research: only the electronic distribution is computed T-dependent,
other aspects are not accounted for!
Degenerat e
Smoothes (slightly) occupation numbers around the Fermi level, so asto insure that nearly-degenerate states
get (nearly-) identical occupations. Default=off, but in case of problematic SCF convergence the program
will turn this key on automatically, unless the key NODEGENERATE is set in input. The smoothing depends on
the argument to thiskey, which can be considered a 'degeneration width'. When the argument reads
“default”, the program will use a default value for the energy width (1e-4).

Coor di nat es
The only sensible value for this key is: NATURAL, which specifies that nuclear coordinates (key ATOVB) are
given as expansions in the Bravais lattice vectors, rather than in a Cartesian representation.

Def i ne ( block-type)
Definition of user-supplied functions and variables that can subsequently be used in the input file. (see the
note on auxiliary input features)

DI I'S ( block-type)
Most interesting option is DI M X. See second list.

22



DOS ( block-type)
General Density-Of-States information.

DCs
{ File filenane }
{ Energies n}
{ Mn enin }
{ Max enex }
End

Where nisthe number of (equidistant) energy-values, emin, emax the minimum and max.imum energy
values (with respect to the Fermi energy), and filename the (formatted) file on which the DOS-information
will be written. If thefile is omitted, the information will be printed in the output file.

Example:

DCs
FI LE plotfile
ENERG ES 500
M N -.35
MAX 1.05

END

According to this example, density-of-states values will be generated in an equidistant mesh of 500 energy
values, ranging from 0.35 below the Fermi level to 1.05 above it (atomic units). All information will be
written to afile plotfile. The information on the plot fileisalong list of pairs of values (energy and DOS), with
some informative text-headers and general information; since the file is formatted one can easily inspect its
contents; it should be suitable for graphical software like IGOR.

Density-of-states values are generated for the total D.O.S. and optionally also for some partial densities of
states (see the keys GROSSPCPULATI ONS  and OVERLAPPCPULATI ONS).

If thekey DOS isomitted, no Density-of-States information is generated at all. If the key is given, but one or
more of the 'subkeys' (file, energies, min, max) are omitted, default values are inserted (: direct printing on
output, 300, -0.75, 0.75).

For nFact ors
X-ray structure factors (Fourier analysis of the charge density) are computed after termination of the SCF
procedure; the key should be followed by an integer specifying the number of stars of K-vectors for which the
structure factors are computed. Default (omission of the key): 3 stars.

Fragment s ( block-type)
Define fragments. This key takes as argument the fragment file name (absolute path or path relative to the
executing directory) and its contents are for each atom in the fragment two integers: atom number in the
fragment versus atom number in this calculation.
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Fragment Label s ( block-type)
The program will generate labels for the fragment orbitals automatically by default. With this option you can
assign your own label to each fragment orbital.
Example:

FRAGVENTLABELS
Si gma
Si gma*
Pi _x
Pi vy
Pi x*
Pi _y*

End

In this example the first four fragment orbitals will be labeled as stated in the body of this key. The remaining
orbitals are labeled by the default |abeling system (e.g. L/FO/5, etc.). The labels are used in combination with
optionslike PRINT EIGENS and PRINT ORBPOP. (See also PRINT ORBLABELS).
This key can be given once for each fragment.

G ossPopul ati ons ( block-type)
Partial densities-of-states are generated for the gross populations listed under this key.

Gr ossPopul ati ons
{ iat Iq}
{ FragFun jat ifun }
{ Frag kat }
{ Sum

EndSum }
End

Each line contains a PDOS instruction. There are three possibilities:

1 Line contains two integers, the first specifying the atom (iat) (numbered according to the total list
comprised from all ATOVB-keys), the second the I-value (Iq) (0:s, 1:p, 2:d, and so on). Partial densities of states
are generated for all real spherical harmonics belonging to the specified I-value.

2 Lineis of the form: FRAG kat, which means that the PDOS  of the functions belonging to atom kat will be
calculated.

3 Lineisof the form FRAGFUN jat ifun, which refersto the function ifun of atom jat, including core states
of that atom.

Y ou can sum PDOS commands with a sum-block, i.e. specify any number of any of the three PDOS
specificationsin ablock that starts with SuMand ends with ENDSUM

Example:

GROSSPOPULATI ONS
FRAGFUN 1 2:: Second function of first atom
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FRAG 2 :: Sumof all functions from second atom
SUM : sum fol |l owi ng PDCSes
FRAG 1:: Atomnr.1
FRAGFUN 2 1::First function of second atom
5 1:: Al p functions of fifth atom
ENDSSUM
END

| gnor e ( block-type)
Suppress reading of input until the next end-key code (END).

KLabel s ( block-type)
With this key you assign names to symmetry unique k-points. In general you do not know in advance how
many k-pointswill be used, nor the number of points that are symmetry unique among them. Therefore you
should first add to your input file the option STOPAFTER GEMIRY, which causes the program to stop after the
k-points have been generated. In the output you will see under the header K- SPACE | NTEGRATI ON a numbered
list of the k-points, with their, symmetry-unique-index number, and coordinates. |n the next run you may then
give the symmetry unique k-points symbolic names.
Example:

KLABELS
GAMVA
X
M

END

According to this example al k-points with symmetry unique number 1, will be labeled GAMVA, those with
symmetry unique number 2 X, and those with symmetry unique number 3 M.

KSpace
Parameter for numerical integration over the Brillouin Zone (k-space). An integer value should be supplied.
1=absolutely minimal (only the I'-point is used), 2=linear tetrahedron method, coarsest possible spacing,
3=quadratic tetrahedron method, coarsest spacing. Higher values should be chosen odd (5, 7,..) to use the
guadratic method; even values (4,6,..) trigger the linear tetrahedron method, which is usually by far inferior.
CPU-time increases very rapidly with higher KSPACE-values: try 3 for areasonable result, or 5 for higher preci-
sion. The key may occur as a block key, the contents of the key are options that handle in more detail the
integration of the Brillouin zone. E.g. the subkey KI NTEG takes over the simple key KSPACE. For other
settings, see the explanation of KSPACE in the second list.
Default depends on ACCURACY, the integration parameter in real space.

Lattice (block-type)
Vectors defining the Bravais | attice, one vector per line. The number of lines defines the periodicity of the
system: 1: polymer, 2: slab, 3:bulk crystal. Each vector has three coordinates (Cartesian), in atomic. To specify
coordinates in Angstrom, use the UNI TS key.
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MaxMenor yUsage
The maximum amount of memory which may be allocated by workspace manager of the program, in
Megabytes. Note that the program needs more memory than you specify here, e.g. due to the use of Fortan 90
alocates and 1/0 buffering.

NAt onms AsFr agnent
Thiskey isfollowed by a number n, signifying that the first n atoms are to be treated as a fragment. Y our
input file must contain the FRAGVENTS  blocks. Y ou can have more than one fragment, in which case this key
should be followed by a series of humbers, n1 n2..., which means that the first fragment consists of the first nl1
atoms, the second fragment of the n2 next atoms, etc. Now the file should contain the FRAGVENTS blocks of
the first fragment, followed by the FRAGVENTS blocks of the second fragment...

O bi t al Label s ( block-type)
The program will generate labels for the valence basis states automatically by default. With this option you
can assign your own label to each valence function.
Example:

ORBI TALLABELS
Sl GvA
2P_Y
2P 7
2P_X

END

In this example there are four valence basis functions. The first will be labeled SI GVA, the second 2P_Y and
so on. The labels are used in combination with optionslike PRI NT EI GENS and PRI NT ORBPCP. (Seedso
PR NT CRBI TALLABELS).
Description of the automatic labels for the valence basis. This basis contains core functions needed for
orthogonalization on the core. A normal atomic basis function, i.e. anumerical orbital or a Slater type orbital,
getsalabel like

<atom number>/<element>/<orbital type>/<quantum numbers description>/<exp in STO>
Examplewith aLi and aH atom:

1/ LI/ NO 1s

1/ LI/ NO 2s

1/ LI/ STO 2s/1. 4

1/L1/STO 2p_y/1.3

1/ L1/ STO 2p_z/1.3

1/L1/STO 2p_x/1.3

2/ H NO 1s

2/H ST 1s/1.9

Core states and plane waves will just get simple numbers as labels:
CORE STATE 1
CORE STATE 2
PWL
PW2
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O bital Pl ot (block-type)

Currently disabled.

With aresult file of aprevious calculation you may rerun the program, using that file for RESTART, to make a
plot file of the real part of the eigenvectorsin a plane.

Only eigenstates are treated that belong to bands which fall (at least partially) in the energy range defined by
the DOS key. Therefore, the ORBI TALPLOT key must be used in conjunction with the DOS key.

Thefirst four recordsin this key-block describe the set of plot points. The first record is the starting point
(three coordinates). The second record should contain a vector, relative to the starting point, and a step size.
The same holds for the third record. The plot points are generated in a plane spanned by these two vectors.
The fourth record determines the amount of steps that are taken in the two directions. A plot point must not
coincide with the position of an atom, because that would give rise to a singularity in the potential evaluation.
If this happens, you have to displace the starting point.

Y ou control which eigenvectors are used by a next series of records. Each such record contains the index of a
k-point in thelist of all symmetry unique k-points, and two integers that specify the range of bands to be used.
Example:

ORBI TALPLOT :: Make plot file of eigenvectors
0. 0. 0. :: Starting point

1. 0. 0. .1 :: Vectorl and stepl

0. 1. 0. .1 :: Vector2 and step2

10 10 :: N1 and n2

215 :: Mike plots for k=2 fromBAND 1 to 5
411 :: Make plot for k=4 and band =1

END

Theresulting ‘plot data’ are printed in the standard output file, in the format:

X y value,

X andy are relative coordinatesin the selected plane, with the origin defined as the lower-left corner, and

value isthe orbital value. All datafor a particular orbital are contiguous, followed by the data for the next
orbital, et cetera.

Y ou can make a plot file of the basis functions, instead of eigenvectors, by inserting the option:
PLOTPRI M Tl VE into the key-block header.

Example:

ORBPLOT PLOTPRIM TIVE :: Make plot file of basis functions
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Over | apPopul ati ons ( block-type)
Overlap population weighted densities-of-states are generated for the overlap populations listed

Over | apPopul ati ons
Left
{ iat Iq}
{ FragFun jat ifun }
{ Frag kat }
Ri ght

End

Y ou can use this to get the overlap population weighted densities-of -states (OPWDOS), also known as the
crystal orbital overlap population (COOP), of two functions, or, if you like, one bunch of functions with
another bunch of functions. The key-block should consist of |eft-right pairs. After aline with LEFT you enter
lines that specify one or more functions (see GROSSPOPULATI ONS), followed by asimilar structure beginning
with Rl GHT, which will produce the OPWDOS  of the left functions with the right functions.

Example:

OVERLAPPOPULATI ONS
LEFT:: First OPWDOS
FRAG 1
Rl GHT
FRAG 2
LEFT: : Next OPWDCS
FRAGFUN 1 1
Rl GHT
21
FRAGFUN 3 5
END

Pl aneVaves
WARNING: currently disabled!
Theinteger after this key specifies the number of stars of K-vectors, defining plane wave basis functions that
will be used in the crystal valence basis. Can be used only in bulk crystals. Default: no plane waves at al, only
Atomic Orbitals (hnumerical from the Herman-Skillman program, and Slater-type, via the subkey
BASI SFUNCTI ONS  of key ATOMTYPE)..

PRI NT
One or more strings (separated by blanks or comma's) from a pre-defined set may be typed after the key. This
induces printing of various kinds of information, usually only used for debugging and checking. The set of
recognized strings frequently changes (mainly expands) in the course of software-developments. Useful argu-
ments may be SYMVETRY, and FI T. A list of all important arguments to this key follows:
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El GENS
Prints the (complex) coefficientsin the form (norm, phase factor) of the eigenvectors with respect to the
valence basis. Coefficients with a norm smaller than El GTHRESHOLD will be skipped. This threshold can be
set with the option EI GTHRESHOLD X, default x=.01.

El GGAMVA
Prints in the output the eigenvectors in the gamma point.

MEMORY
Print the estimate of the memory usage taken into account to determine the block size and the number of K
points treated together.

MULLI KENOVERLAPPOPULATI ONS
Prints overlap population of all basis functions.

ORBI TALLABELS
Prints the labels of the orbitals. If you are interested in the labels of an old calculation and you don't want to
repeat it completely, you can add the option STOPAFTER GEMIRY to your input file.

ORBPOP
Prints the Mulliken population per orbital, for al eigenstates. Thisis the most detailed population analysis
that you can get, one for al k-points and for each band. Populations below a certain threshold are ignored.
This threshold can be set with the option POPTHRESHOLD x. By default x =.01.

BLCKAT
Print the information about the distance effects used in the numerical integrals.

RESPONSE
Perform atime-dependent DFT calculation to obtain real and imaginary parts of frequency-dependent
dielectric function.

RESPONSE

nfreq 5
strtfr 0.0
endfr 0.01
cnvi 0. 001
chvj 0.001
ebndt | 0. 001
i fx 0

isz 0

i yxc 0
END

Omitting the specific options in the RESPONSE block will cause default setting to be used during the

calculation, as given above.

nfreq the number of frequenciesin a.u. for whicha TDDFT calculation is performed when calculating the
dielectric function £(w) of asystem (default=5).

strtfr isthestart frequency in a.u. of the frequency range over which the dielectric function is calcul ated
(default=0d0).

endf r istheend frequency in a.u. of the frequency range over which the dielectric function is calculated
(default=1d-2).
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cnvi  thefirst convergence criterium for the change in the fitcoefficients for the fitfunctions, when fitting the
density (default=1d-3).
cnvj the second convergence criterium for the change in the fitcoefficients for the fitfunctions, when
fitting the density (default=1d-3).
ebndt | the energy band tolerance, for determination which routines to use for calculating the numerical
integration weights, when the energy band posses no or to less dispersion (default=1d-3).
i fxc integer indicating which fxc kernel is used (default=0).
0 = Adiabatic Local Density Approximation (ALDA) (Can. J. Phys. 58, 1200 (1985)).
1 = Gross-Kohn, frequency dependent fxc kernel (PRL 55, 2850 (1985), 57, 923 (1986)),
2 =van Leeuwen-Baerends (LB94) (PRA 49, 2421 (1994))
i sz integer indicating whether or not scalar zeroth order relativistic effects are included in the TDDFT
calculation (default=0).
0 = relativistic effects are not included,
1 =relativistic effects are included.
i yxc integer for printing yxc-tensor (default=0) (JCP 115, 1995 (2001)).
0 = not printed,
1= printed

RESTART
Tells the program that it should restart with the restart file.

RESTART fil ename {&
option
END}

where filename is the name of the restart file and option is the program part to do arestart for (SCF, DOS,
OrbitalPlot). In its simple form the calculation will do arestart of the SCF. The option for SCF restart is
currently disabled, asis OrbitalPlot. Advantage of arestart isthe possibility to skip certain (time consuming)
program parts.

Rel ativistic
Includes arelativistic correction in the Hamiltonian. This key replaces the keys ZORA and SRZORA of the
previous versions of ADF-BAND.

Rel ativistic {level} {fornmalisn} {potential}

Level

May be NONE (no relativistic effects), Scalar (default) or SpinOrhit.
Formal i sm

Only ZORA is supported (no Pauli)
Pot enti al

Only frozen is supported (no full)
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SCF

Contains the same data as the ADF-MOL key with the same name (except for DIIS procedure parameters).

See also second list.

M Xxi ng
Initial 'damping' parameter in the SCF procedure, for the iterative update of the potential: new potential =
old potential + mix (computed potential-old potential). Default=0.075.
Note: the program automatically adapts M XI NG during the SCF iterations, in an attempt to find the optimal
mixing value.

Iterations
The maximum number of SCF iterations to be performed. If zero (default value) termination of the SCF
procedure will depend only on other aspects (convergence, time-out, insufficient progress towards
convergence...).

Title

Compulsory key. Specifiesthe title of this run. Thetitle isused for identification of the result files.
Units

Units of length and angle Geometric lengths and angles are in units defined by this key.

UNI TS
{LENGTH {Angstrom | Bohr}}
{ANGLE {Degree | Radi an}}
END

Angstrom and Bohr, respectively Degree and Radian, are recognized strings. Each of the subkeysis optional,
asisthekey UNITSitself. Defaults: Angstrom for lengths, and Degree for angles.
The position of thiskey in the input is not important. It always applies to all input.
To avoid mistakes one should place UNITS as early as possiblein input (if at all).

Unrestricted
In the previous versions of the ADF-BAND program, the number of independent spins could be specified by
the key SPI N. Other keys that are related to this key are NSPI NSTARTAT, NSPI NREFAT. These keys have now al
been replaced by this single UNRESTRI CTED key. If this key occurs (no additional data needed), a spin-
unrestricted calculation will be carried out.

Unrestricted {StartUp | Reference | Onl yReference}

Ref er ence
Default the formation energy is calculated with respect to the spherically symmetric spin-restricted atoms. If
you want to do an unrestricted calculation for the atoms, you may include this keyword as argument to key
UNRESTRI CTED.

Startup
By default the program uses as afirst guess for the density the sum of the spherically symmetric spin-
restricted atoms. In case you do a spin-unrestricted calculation, you may try to use the sum of the
unrestricted atoms as start-up density. Supplying STARTUP as argument of key UNRESTRI CTED will give you
as start-up density the sum of unrestricted atoms with their net spin ‘up’. In combination with afrozen core
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this option can lead to alocally negative valence density, in which case the program will stop and tell you
not to use this option.

Onl yRef erence
If you want arestricted calculation with as reference the unrestricted atoms, specify this argument to key
UNRESTRI CTED.

Defaults and special cases

A calculation is default restricted.

General remarks

Be aware that CPU-time and disk space requirements are approximately doubled!

St opAfter
Specifies that the program is stopped after execution of a specified program-part (subroutine). The specified
name should be one of a pre-defined list. The most relevant ones are GEMIRY (all geometrical aspects are
checked, symmetry analysisis carried out, and numbers of (symmetry-unique) integration pointsin real space
and in k-space are determined; this part takes only little CPU-time) and ATOM C (in addition to the geometry-
part all radial parts of basis- and fit functions are generated, and the spherically symmetric atoms are
computed and inserted in the crystal; theinitial charge density is defined and integrated (check on integration-
precision), and the electrostatic interaction is computed between the unrelaxed free atoms).

XC
Specifies the exchange-correlation.
In release 1999.x and before it was a simple key (to specify only the LDA part of the XC functional). With
release 2000 it has become a block type key with the same format as in the molecular ADF code:
The Density Functional, also called the exchange-and-correlaion (XC) functional, consists of an LDA and a
GGA part. LDA standsfor the Local Density Approximation, which implies that the XC functional in each
point in space depends only on the (spin) density in that same point. GGA stands for Generalized Gradient
Approximation and is an addition to the LDA part, by including terms that depend on derivatives of the
density. For both terms ADF supports a large number of the formulas advocated in the literature.

In principle you may specify different functional s to be used for the potential, which determines the self-
consistent charge density, and for the energy expression that is used to evaluate the (XC part of the) energy of
the charge density. To be consistent, one should generally apply the same functional to evaluate the potential
and energy respectively. Two reasons, however, may lead one to do otherwise:

1. The evaluation of the GGA part in the potential is rather time-consuming. The effect of the GGA termin
the potential on the self-consistent charge density is often not very large. From the point of view of
computational efficiency it may, therefore, be attractive to solve the SCF equations at the LDA level (i.e. not
including GGA termsin the potential), and to apply the full expression, including GGA terms, to the energy
evaluation a posteriori: post-SCF.

2. A particular XC functional may have only an implementation for the potential, but not for the energy (or
vice versa). Thisisarather special case, intended primarily for fundamental research of Density Functional
Theory, rather than for run-of-the-mill production runs.
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The key that controls the Density Functional is XC, with sub keys LDA and GGA (or equivalently: GRADI ENTS) to
define the LDA and GGA parts of the functional. Either subkey is optional (need not be used) and may occur
twice in the data block: if one wantsto specify different functionals for potential and energy evaluations
respectively, see above.

XC
{LDA {Apply} LDA {Stoll}}
{GA {Apply} GGA}

END

Appl'y

States whether the functional defined on the pertaining line will be used self-consistently (in the SCF-
potential), or only post-SCF, i.e. to evaluate the XC energy corresponding to the charge density.
Thevalueof apply mustbe SCF, Energy or Al ways.

A value post SCF will also be accepted and isequivalent to Ener gy.

A value Pot enti al will also beaccepted and is equivalent to SCF.

For each record separately the default (if no Appl y valueisgivenin that record) is SCF.

For each of the two terms (LDA, GGA) in the functional: if no record with Ener gy specification isfound
in the data block, the evaluation of the X C energy will use the same functional asis applied for the potential.
If aGGA (Generalized Gradient Approximation) is used in the density functional, applying it is by default
suppressed in the early stages of the SCF procedure, to save CPU time (the evaluation of GGA potentials
may be rather time consuming). Using Al ways cancels this feature so that any GGA is evaluated at every
cycle of the SCF, including the initial ones.

LDA
Definesthe LDA part of the XC functional and can be any of the following:
Xonl y: The pure-exchange electron gas formula. Technically thisisidentical to the Xal pha form (see
next) with avalue 2/3 for the X-alpha parameter.
Xal pha: the scaled (parameterized) exchange-only formula. When this option is used you may
(optionally) specify the X-alpha parameter by typing a numerical value after the string Xal pha
(separated by ablank). If omitted this parameter takes the default value 0.7
VWN: the parameterization of electron gas data given by Vosko, Wilk and Nusair (ref [1], formula
version V). Among the available LDA optionsthisis the more advanced one, including correlation effects
to afair extent.

Stoll
For the VWN variety of the LDA form you may include Stoll's correction [2] by typing St ol | on the
same line, after the main LDA specification. Y ou must not use Stoll's correction in combination with the
Xonl y orthe Xal pha form for the Local Density functional.

GGA
Specifies the GGA part of the XC Functional, in earlier times often called the “non-local” correction to the
LDA part of the density functional. It uses derivatives (gradients) of the charge density. Separate choices
can be made for the GGA exchange correction and the GGA correlation correction respectively. Both
specifications must be typed (if at al) on the same line, after the GGA subkey.
For the exchange part the options are:
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Becke : thegradient correction proposed in 1988 by Becke [3].

PWB6x : the correction advocated in 1986 by Perdew-Wang [4].

PWB1x : theexchange correction proposed in 1991 by Perdew-Wang [5].

For the correlation part the options are;

Per dew: the correlation term presented in 1986 by Perdew [6].

PWo1c : thecorrelation correction of Perdew-Wang (1991), see[5].

LYP . the Lee-Yang-Parr 1988 correlation correction, [7-9]

Some GGA options define the exchange and correlation partsin one stroke. These are:

PW1 : thisisequivaentto pwOlx + pwOlc together.

Blyp : thisisequivaenttoBecke (exchange)+LYP (correlation).

LB94 : thisreferstothe XC functional of Van Leeuwen and Baerends [10]. There are no separate

entries for the Exchange and Correlation parts respectively of LB94
The XC energies of exchange potential EV93x (dueto Engel and VVosko in 1993) and various forms of the
Perdew, Burke, Ernzerhof functional (correlation and three forms of exchange) are printed.

Thestring GGA must contain not more than one of the exchange options and not more than one of the
correlation options. If options are applied for both they must be separated by ablank or acomma.

Defaults and special cases

If the XC key is not used, the program will apply only the Local Density Approximation (no GGA terms). The
chosen LDA formisthen V.

If only a GGA part is specified, omitting the LDA sub key, the LDA part defaultsto VWN, except when the
LYP correlation correction is used: in that case the LDA default is Xonl y: pure exchange.

Thereason for thisisthat the LYP formulas assume the pure-exchange LDA form, while for instance the
Perdew-86 correlation correction is a correction to a correlated LDA form. The precise form of this correlated
LDA form assumed in the Perdew-86 correlation correction is not available as an option in ADF but the VWN
formulas are fairly closetoit.

Be aware that typing only the sub key LDA, without an argument, will activate the WW form (also if LYP is
specified in the GGA part).

The LB94 functional hasonly a SCF (=Pot enti al ) implementation, but no Ener gy counterpart.
Therefore, LB94 must not be used together with the Ener gy specificationfor Apply. If LB94isused for
thePotenti al (SCF), the GGA energy expression defaultsto Becke (exchange part) + Per dew
(correlation). This can be overruled by selecting another choiceinthe” GGA Ener gy..” specification.

The LB94 form is adensity functional specifically devised to get the correct asymptotic behavior. Thisyields
much better energies for the highest occupied molecular orbital (HOMO). Energies for lower lying orbitals (sub-
valence) should improve as well. The energy expression underlying the LB94 functional is very inaccurate. This
does not affect the response properties but it does imply that the energy and its derivatives (gradients) should not
be used because LB 94-optimized geometries will be wrong, see for instance [11].



General remarks

- The phrase non-local in the discussion of density functionals does not mean that non-local potentials are
involved. The potentials are perfectly local, but when you go beyond LDA and include gradient corrections,
the value of the density functional potential in a point r is evaluated not only from the local value of the
charge density, but also from the gradient of the charge density.

- The Stoll formulais considered to be a correlation correction to the Local Density Approximation. It is
conceptually not correct to use the Stoll correction and apply non-local gradient (GGA) corrections to the
correlation. It isthe user's responsibility, in general and also here, to avoid using options that are not solidly
justified theoretically.

- Itisquestionable to apply gradient corrections to the correlation, while not doing so at the same time for the
exchange. Therefore the program will check this and stop with an error message. This check can be
overruled with the key ALLOW

- Theissue of the “best” density functional is a subject of extensive and widespread research. It is generally
recoghized that applying gradient corrections to the simplest Local Density Approximation usualy gives
better results for comparison with experimental data, especially as regards bond energies and the spectra
computed from one-electron energies.

- Theincorporation of gradient corrections during the SCF significantly increases the computing effort. In this
respect it makes no difference which specific GGA formulais applied. BAND aways prints the energies for
all functionals at the end of the SCF, using the converged LDA density. Including the GGA during the SCF
starts halfway the SCF unless the key ALWAYS is used (see key XC).

Second List

ALLOW
debugging feature to let the program continue even when intermedi ate results seem to be wrong or very
inaccurate. Currently there are only few places in the program where this key is used. Argument to the key is
what should be alowed (e.g. Badlntegration).
BASI S(block-type)
Block key containing options and thresholds related to the basis set.
CHECKBASCOROVL
Check the dependency of the valence basis on the frozen core orbitals, by analysis of the core-valence
overlap matrix. Since thistakes some CPU time, it is by default off.
LOADI N
Applies only in fragments calculations. By default the start-up density istaken as sum-of-fragments. This
key specifiesthat the density is constructed from the fragment orbitals after these have been mutually
orthonormalized (Pauli principle). 1t's only related to SCF convergence considerations. Depending on the
system it may or may not improve the required number of SCF cycles.
NOCOREDI SPERSI ON
By default it is assumed that the core states display some small but non-negligible dispersion. Using this key
counteracts this assumption. The core Bloch functions are then computed only in the I'-point and assumed to
beidentical for all k-pointsin the Brillouin Zone.
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NONORTHOGONAL SCFBASI S
By default the Bloch sums of elementary one-center basis functions are transformed to an orthonormal basis
(by numerical integration). Using this key prevents that; in the SCF procedure diagonalization of the Fock
matrix is replaced by a general eigenvalue solver that takes the non-trivial overlap matrix into account.
TRANSEPS
Therea argument (default zero) sets athreshold for setting elements to zero in transformation matrices
(typicaly, for transforming the bloch basis to an orthonormal one, and similar transformations) whenever
the absolute value is below the threshold.

CONVERGENCE ( bl ock-type)

All options and parameters related to the convergence behavior of the SCF are defined in this block key. Also

the finite temperature distribution is part of this.

BOLTZMANN
Number of points by which the finite temperature Fermi-Dirac distribution of electronic occupationsis
approximated. Advise: don't use.

LESSDEGENERATE
If smoothing of occupations over nearly degenerate orbitalsis applied (see the key DEGENERATE)), then,
if thiskey is set in theinput file, the program will limit the smoothing energy range to 1e-4 a.u. as soon as
the SCF has converged “halfway”, i.e. when the SCF error has decreased to the square root of its
convergence criterion.

NODEGENERATE
This key prevents any internal automatic setting of the key DEGENERATE, see that key’ s description.

TEMPERATURE
Defines the distribution of occupations around the Fermi level. By default (T=10), the effect isthat of zero
temperature. In fact thiskey is apreliminary to a future full implementation of finite temperature effects;
currently it has no sensible application. See, however, the ALLBANDS key.

DEPENDENCY
Criterion for dependency of the basis and fit set.

DEPENDECY {basis tol bas} {core tolcor} {fit tolfit} {coreval ence tol ovl}

basi s
Smallest eigenvalue of the overlap matrix of normalized bloch functions. Default 1e-5. See also the
discussion in “Recommendations & Problems’ about basis set dependency.

core
The program verifies that the frozen core approximation is reasonable, by checking the smallest value of the
overlap matrix of the core (bloch) orbitals against this criterion. Default: 0.98

fit
Criterion for dependency of the total set of fit functions. The value monitored is the smallest eigenval ue of
the overlap matrix of normalized bloch sums of symmetrized fit functions. Default=1e-6.

coreval ence
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Criterion for dependency of the core functions on the valence basis. The maximum overlap between any two
normalized functions in the two respective function spaces should not exceed 1. 0- COREVAL( . .. ).
Default=1e-5.

Confine (bl ock-type)
A confinement approach has been implemented in BAND to squeeze the radial atomic functions a bit faster to
zero. This can be achieved using three different methods: multiplication by a confining function (method

exponential), by replacing the atomic function (method polynomial) or by scaling the atomic function (method
scaling).

Conf i nenent
{ Method { exponential | polynomal | scaling } }
{ Rmatch rmin }
{ Rcut rmax }
{ Order norder }
End

The confinement is applied between rmin and rmax, though due to renormalization, the entire function will
change (also in the inner region). Before rmin the function will not be adapted apart from the renormalization,
after rmax the function becomes zero. Obviously, confinement of functions may have some impact on the
numerical outcomes. The value norder is used for the scaling technique. Currently only works for non-
relativistic calculations.

CPVECTOR
The code is vectorized and this key can be used to set the vector length. Default depends on the machine and
should be set at the installation of the program.

DEBUG
To quickly implement anew key. DEBUG takes as argument a key name. The programmer can check for this
in the same way as PRINT or ALLOW keys.

DI S (block-type)
The DIIS procedure to obtain the SCF solution in the crystal depends on several parameters. Default values can
be overruled with this key-block. Each option must be specified, it at al, on a separate record in the data
block:

DIS
optionl val uel

option2 val ue2

END

Recognized options are;
condi ti on: the condition number of the DIIS matrix, the largest eigenvalue divided by the smallest,
must not exceed this value; default 1e6
cl ar ge: when thelargest coefficient in the DII'S expansion exceeds this value, damping is applied;
default 20
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chuge: whenthelargest DIIS coefficient exceeds this value, the oldest DIIS vector isremoved and the
procedure re-applied. Default 50

di m x: mixing parameter when damping is used, rather than the DIIS procedure. By default off
(di m x=1.0): result istaken asdi ni x*value + (1-di ni x)*previous

nvct rx: maximum number of DIIS expansion vectors. Default 20

ncycl edanp: number of initial iterations where damping is applied, before any DIIS is considered.
Default 5

pot enti al : (noargument): presence of this string means that the DIIS method will be applied to the
potential, rather than to the valence density (default). It excludes the competing option
def ormati ondensi ty.

def or mat i ondensi ty: (noargument): presence of this string means that the DI1S method will be
applied to the deformation density, rather than to the valence density (default). This option
excludes the potential option, see previous.

print: turnson aprint switch to report details of the used DIIS procedure. Default off.

speci al : (no argument) will let the program try to optimize the mixing parameter (dimix) and adjust it
when difficulties occur. It is not certain that this may not make things worse!

const r: itsargument isonly astring to be printed as label to output, if any, of the DIIS parameter.

DI RIS ( block-type)
Completely similar to the DIIS key, except that this one applies to the DII'S procedure used in the DIRAC
subprogram, for numerical single atom calculations.
SCREENI NG ( bl ock)
Parameters that influence the screening and tails of basis functions. Recognized options are
CUTOFF
Criterion for negligibility of tailsin the construction of Bloch sums. Default depends on ACCURACY.
DVADEL
One of the parameters that define the screening of Coulomb-potentialsin lattice sums. Depends by default
on ACCURACY, RMADEL, and RCELX. One should consult the literature for more information.
RCELX
Max. distance of lattice site from which tails of atomic functions will be taken into account for the bloch
sums. Default depends on ACCURACY.
RMVADEL
One of the parameters that define screening of the Coulomb potentialsin lattice summations. Depends by
default on ACCURACY, DMADEL, RCELX. One should consult the literature for more information.
NODI RECTI ONAL SCREENI NG
Real space lattice sums of slowly (or non-) convergent terms, such as the Coulomb potential, are computed
by a screening technique. In previous releases, the screening was applied to al (long-range) Coulomb
expressions. Starting from BAND98 screening is only applied in the periodicity directions. This key restores
the original situation: screening in all directions.
El GTHRESHOLD
Components smaller (absolute value) than this parameter (default 1e-2) are not printed in the output of the
DOS section, where the breakdown of crystal orbitalsin the primitive basisis output.
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FERM (bl ock type)
This key sets technical parameter used in the search for the Fermi energy, which is carried out at each cycle of
the SCF procedure. All applicable options must be specified, if at all, in separate records in the data block.

FERM
optionl val uel
option2 val ue2
(etc)

END

Recognized options:

maxt ry: maximum number of attempts to locate the Fermi energy accurately. Default 50. The procedure
isiterative in nature, narrowing the energy band in which the Fermi energy must lie, between an
upper and alower bound. If the procedure has not sufficiently converged within maxtry iterations,
the program takes a reasonabl e value and constructs the charge density by interpolation between
the functions corresponding to the last used upper and lower bounds for the Fermi energy

del t a: converge criterion: upper and lower bounds for the Fermi energy and the corresponding
integrated charge volumes must be equal within delta. Default 1e-4

eps: after convergence of the Fermi energy search procedure, afinal estimate is defined by interpolation
and the corresponding integrated charge volume is tested. It should be exact, to machine
precision. Tested isthat it deviates not more than eps. Default 1e-10

FILELIMT
maximum amount of data (in bytes) on onelogical file. Default depends on the machine and should be set at

the installation of the program. Advise: Choose as large as possible, to keep the number of fileslimited. The
automatic algorithm that cuts the files to pieces does not work flawlessly. Using a high file limit effectively
disables the use of this mechanism. Be aware however of the maximum integer value on your machine!
KSPACE (general-type)
Various settings of the k-space integration can be supplied here. The simple form of this key is the accuracy of
the integration and can be specified within the block key as KI NTEG (see aso thefirst list).
HYBRI D
invokes the hybrid quadratic (rather than fully ) quadratic integration method over the BZ. It is meaningful
only for 2D Brillouin Zones that would otherwise use a fully quadratic procedure (odd-valued k-space
integration parameter ). In all other cases the key isignored.
KI NTEG
See key KSPACE in thefirst list. This defines the accuracy of the integration of the reciprocal space.
KMESH
secondary parameter for integration over the Brillouin Zone: some aspects in the quadratic method may be
carried out in fact by using afine-grid linear-tetrahedron method (: hybrid approach). KMESH definesthis
linear-method mesh. Default=2 (invariably found to be adequate).

Li near Kspace
Integration over the BZ is carried out with the analytic quadratic tetrahedron method. If the input KSPACE

key is set to an even number, this approach is not used and the linear tetrahedron method is used (usually far
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inferior). To invoke the linear method also for odd values of KSPACE, insert the LI NEARKSPACE key (no
argument) in the input file.

NonSynfanpl i ng
The BZ sampling grid is generated in a summation over simplices that build the irreducible wedge of the
BZ, considering only the geometric symmetry of the BZ itself. Any additional k-points required, when the
atomic positionsin the unit cell imply symmetry lowering, are added by symmetry operations. In pre-98
releases of BAND the BZ grid was generated in the symmetry unique part of the BZ considering the real
space symmetry (which could, therefore, be alower symmetry) directly. The difference between the two
methodsisin particular relevant when doing comparison cal culations where the systems differ only in the
atomic positions implying different space group symmetries. One would then want to use the same BZ grid.
Thisisthe case since release 98, but was not (by default) so in earlier versions. The origina approach can be
selected by using this key..

SUPPRESS
Suppresses integration in k-space in one or more directions. May be used for instance if the 3D Brillouin
Zoneisvery extended in one or two dimensions and of 'normal’ size in the other dimension(s). We plan to
remove thiskey in the future. If it isgiven in input, with an integer value, integration will be suppressed in
the indicated number of dimensions.

| NTEGRATI ON ( block-type)
parameter-specifications for the generation of numerical integration points and weights. Most data records
must be of the form “par anet er val ue”. The most important parameter is ACCl NT, which is defaulted to
the value of key ACCURACY. Unlessoneis very familiar with the details of the numerical integration package,
we strongly recommend not to use the INTEGRATION-key, and to specify only ACCURACY. More information
can befound in the literature. A key that is specific to BAND (cannot be used in ADF) isthe key Pl RPT3.
Thisinvokes a dlightly different generator for the numerical integration grid. Like the standard method, it is
based on an atomic cellular partitioning of space, but it differsin the treatment of the truncated pyramids, by
more strictly monitoring test functions. It generates more points (which means: increased CPU times and disk
storage), and in some cases it yields more accurate results. General adviseis hard to give.

| OVECTOR
1/0 actions to and from filesis segmented in blocks of | OVECTOR. Default depends on the machine and should
be set at the installation of the program.

KGRPO
treatment of the k-points (integration over the Brillouin Zone) in the preparation phase (construction of bloch
basis functions, computation of overlap matrix, and so on, in each k-point) isin blocks of KGRPO points at the
sametime. Note: last character of thiskey isazero (not the letter "0").
During the preparation phase increasing KGRPO may reduce the CPU time. This depends also on available
workspace). However, larger KGRPO values result in more files being open at the same time, and more data
being stored on disc during this stage of the program. By default the program tries to optimize KGRPO only
with respect to the expected effect on CPU-time.
If the key is used, the actual value of KGRPO may differ dightly from the input-value: from the input-value the
program computes first the number of blocks of k-points; then KGRPO is re-computed by distributing the total
number of k-points equally over the blocks. To restrict the size of the blocks viainput it is most convenient to
use the key KGRPX, rather than KGRPO.



KGRPX
is an absolute upper bound on KGRPO as computed by the program.

DEBUG LNGCSPN
Applies only in a spin-unrestricted calculation. The program assumes that energy bands are constituted of the
results at the discrete k-points that correspond in energy-ordering: the first band is made up of al lowest
eigenvalues across the BZ, the second band of the second lowest values, et cetera. This procedureis, by
default, carried out independently for both spins. Using the key “mixes’ spin-alpha and spin-beta orbitals and
allows spin-mixed bands, so to speak. This affects the cal culation of occupation numbersin case of partially
filled bands. It is primarily atesting and debugging tool.

NUELSTAT
Electrostatic interaction integrals between spherical atomic densities are computed by numerical integration
over an elliptic grid. Nuelstat is the outward (parabolic) coordinate number of integration points.
Default: 50

NVELSTAT
Electrostatic interaction integrals between spherical atomic densities are computed by numerical integration
over an elliptic grid. Nvelstat is the angular (elliptic) coordinate number of integration points.
Default: 80

PRI NT
One or more strings (separated by blanks or comma's) from a pre-defined set may be typed after the key. The
following names replace the IRPNT[IPRSE] keys of the previous versions of BAND
PrepNone, PrepMore, PrepDetail replace | PRNTP 0, 2, 5

I nt None, IntMrre, IntDetail replace | PRNTI 0, 2, 5
FrmNone, Frmibre, FrnDetail replace | PRNTR 0, 2, 5
SCFNone, SCFMore, SCFDetail replace | PRNTS 0, 2, 5
Ei gNone, Ei ghMbre, EigDetail replace | PRNTE 0, 2, 5

OCCUPATI ONS
Allows to input specific occupations numbers. Applies only for calculations that use only one k-point (i.e.
pseudo-molecule calculations).

CQccupati ons
i rrepno occupations_al pha {// occupations_beta}

End

the irrepno must be 1, unless symmetry is used (an unsupported option, currently).
occupations_beta, and the separating double slash (/) must not be used in a spin-restricted cal culation.
occupations_alpha/beta is a sequence of values assigned to the states (“bands’) in energy ordering.
Thisallows you, for instance, to specify an empty state below occupied ones.

POPTHRESHOLD
Threshold for printing Mulliken population terms. Default 1e-2

Pot ent i al Noi se
Theinitia potential for the SCF procedure is constructed from a sum-of-atoms density. Added to thisis some
small noise in the numerical values of the potential in the points of the integration grid. The purpose of the
noise isto help the program break the initial symmetry, if that would lower the energy, by effectively inducing
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small differences between (initially) degenerate orbitals. The noise in the potential is randomly generated

between zero and an upper limit, which is 1e-4 a.u. by default. The key, which must have a numerical

argument, adjusts this upper limit. This can be used therefore to suppress the noise by choosing zero, or to

increase it by specifying some large number.

SCF

Contains the same data as the ADF-MOL key with the same name (except for DIIS procedure parameters).

Ei genst at es
The program knows two alternative ways to evaluate the charge density iteratively in the SCF procedure:
from the P-matrix, and directly from the squared occupied eigenstates. By default the program actually uses
both at least one time and tries to take the most efficient. EIl GENSTATES turns off this comparison and lets
the program stick to one method (from the eigenstates).

Pmat ri x
Evaluate the charge density from the P-matrix. See also the subkey El GENSTATES.

Rat e
Minimum rate of convergence for the SCF procedure. If progressistoo slow the program will take measures
(such as smearing out occupations around the Fermi level, see subkey DEGENERATE of key CONVERGENCE) o,
if everything seemsto fail, it will stop. Default=0.99

VSPLIT
To disturb degeneracy of apha and beta spin MOs the value of this key is added to the beta spin potential at
the startup. Default is 5E-2.

SKI P
followed by any number of strings (separated by blanks or commas) tells the program to skip certain parts.
Should only be used by those who know what they're doing. Recognized are certain pre-defined strings.
Useful argument may be EI GENVALUES (to suppress printing the eigenvalues at the (first and last) SCF
cycles).

TAI LS
Ignore function tails.

| TAILS {bas crbas} {fit crfit}

Onereal argument for keys basis, which should be a small value; default zero. The tail criterion specifies that
tails of exponentially decaying (basis, fit) functions are ignored, in the construction of bloch functions, beyond
the point where the remaining part of the function tail (radially) integratesto less than the criterion, relative to
the integral of the function from zero to infinity. This key must be used together with the BASI S subkey
NONCRTHOGONAL SCFBASI S.
WORKSPACE (block-type)

Options for the workspace manager. Do not use, but use settings file.
| NTEGERVEMBLOCK

smallest block of memory to allocate to store integersin (in Megabytes).
LOG CALMEMBLOCK

smallest block of memory to allocate to store logicalsin (in Megabytes)
REAL MEMBL OCK

smallest block of memory to allocate to store realsin (in Megabytes).
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STRI NGVEMBLOCK
smallest block of memory to alocate to store stringsin (in Megabytes).

Third List

ACCI NTObsolete. Replaced by ACCURACY.

Moved to blockkey CONVERGENCE.
ALWAYSNLPOT

Obsolete. Replaced by XC.
ANGSTROM

Obsolete. Replaced by UNI TS.
BASI SDEPEND

Obsolete. Replaced by DEPENDENCY.
BASI SFUNCTI ONS

Moved to blockkey ATOMTYPE.

Obsolete. Use subkey BOLTZMANN of key CONVERGENCE.
CONTI NUE
Obsolete. Replaced by ALLONV
CONVERGENCE
Changed. Now ablock key. Functionality replaced by key CRI TERI ON within this block key.
COREDEPEND
Obsolete. Replaced by DEPENDENCY.
COREFUNCTI ONS
Moved to blockkey ATOMTYPE. Currently disabled.
COREVAL ENCEDEPEND
Obsolete. Replaced by DEPENDENCY.
CUTOFF
Moved to blockkey SCREENI NG.
CYCLES
Obsolete. Use subkey | TERATI ONS of key SCF.
DEBUG
Changed. Now takes as argument a debug key option. Not intended for normal calculations.
DEBUGWORKSPACEMANAGER
Obsolete. Turn on the debug mode for the workspace manager by specifying DEBUG WORKSPACENMANAGER. Note
extra space!
DEGENERATE
Moved to blockkey CONVERGENCE.
DFLF
Obsolete. Value can only be set inside the DI RAC subkey of ATOMTYPE (NUMER CALFI T).

43



DFRMAX
Obsolete. Value can only be set inside the DI RAC subkey of ATOVITYPE (RVAX).
DFRM N
Obsolete. Value can only be set inside the DI RAC subkey of ATOVITYPE (RM N).
DFRNUC
Obsolete. The DIRAC subprogram takes this as the size for the nucleus. Default 0. Note that only one value
can be set, which will apply to al atoms. Therefore, thiskey is not very useful in its current implementation,
unless one uses only one type of atom in the calculation. Vaue can only be set inside the DIRAC subkey of
AtomType (RNUC).
DFVALENC
Obsolete. Value can only be set inside the Di RAC subkey of ATOMTIYPE (VVALENCE).
DI RAC
Moved to blockkey ATOMTYPE.
DVADEL
Moved to blockkey SCREENI NG
DOTEST
Obsolete.
EDEGEN
Obsolete. Use subkey DEGENERATE of key CONVERGENCE.
ESMEAR, | SMEAR, NLEVEL, NSMEAR
Obsolete. Smearing is disabled.
EXECUTE
Obsolete. Replaced by STOPAFTER.
FI LELENGTH
Obsolete. Replaced by FI LELI M T.
FI TDEPEND
Obsolete. Replaced by DEPENDENCY.
FI TEUNCTI ONS
Moved to blockkey ATOMTYPE.
FRG
Obsolete. Replaced by FRAGVENTS.
GRADBAS
Obsolete. Use subkey GRADI ENTS of key BASI S.
HYBRI D
Moved to blockkey KSPACE.
| PRNTE, | PRNTI, |PRNTP, |PRNTS, |PRNTR
Obsolete. Use PRI NT keys.
| NTEGERMEMBLOCK
Moved to block key WORKSPACEMANAGER.
KMVESH
Moved to blockkey KSPACE.
LESSDECENERATESMOOTHI NG
Obsolete. Use subkey LESSDEGENERATE of key CONVERGENCE.



Li near KSpace
Moved to blockkey KSPACE.
LNGSPN
Obsolete. Use DEBUG LNOSPN.
LOG CALMEMBLOCK
Moved to block key WORKSPACENVANAGER.
LONDI N
Moved to block key BASI S.
M X
Obsolete. Use subkey M XI NG of key SCF.
NL XCPOT
Obsolete. This key existed in release 1999.x and before, but has been disabled. Its functionality is replaced by
the (new version of the) block type key XC.
NOCCOREDI SP
Obsolete. Use subkey NOCORED!I SPERSI ON of key BASI S.
NODEGENERACY
Obsolete. Use subkey NCDEGENERATE of key CONVERGENCE.
NONORTHOGONAL SCFBASI S
Moved to block key BASI S.

NSPI NSTARTAT

Obsolete. Replaced by UNRESTR! CTED.
NSPI NREFAT

Obsolete. Replaced by UNRESTR! CTED.
OLDKPO NTS

Obsolete. Use subkey NONSYMSAMPLI NGin (block) key KSPACE.
ORBPLOT

Obsolete. Replaced by ORBI TALPLOT. Currently disabled.
ORBLABELS

Obsolete. Replaced by ORBI TALLABELS.
PFDI RECTCRY

Obsolete. Always use the current executing directory (*.").
Pl RPT3

Moved to block key | NTEGRATI O\.
PREPAREFRAGVENT

Moved to BASI S blockkey.
REAL MEMBLOCK

Moved to block key WORKSPACENANAGER.
RESTARTDI RECTORY
Obsolete key. Restart directory is always current directory. File names are w.r.t. current directory or given by
an absolute path name.
RESTARTDOS
Obsolete key. Replaced by RESTART.
RESTARTSCF
Obsolete key. Replaced by RESTART. Currently disabled.
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RESTARTFI LE

Obsolete key. Replaced by RESTART.
RESULTDI RECTORY

Obsolete key. Directory for result file (RUNKF) is always current directory.
RESULTFI LE

Obsolete key. Result fileis aways RUNKF.
RHOCHO CE

(Used with SKI1P). Obsolete. Use subkey EI GENSTATES of key SCF.
RVADEL

Moved to block key SCREENI NG
SCFLI NTHRESH

Obsolete. Linear approximation during SCF removed.
SCFRATE

Obsolete. Use subkey RATE of key SCF.
SHARP

Obsolete. Use subkey NCDEGENERATE of key CONVERGENCE.
SPI N

Obsol ete. Replaced by UNRESTRI CTED.
SRZCORA

Obsol ete. Replaced by RELATI VI STI C.
STRI NGVEMBLCOCK

Moved to block key WORKSPACEMANAGER.
SUPPRESS

Moved to the KSPACE block.
TAI LCR

Obsolete. Replaced by TAI LS.
TEST

Obsolete.
TEMPERATURE

Moved to block key CONVERGENCE.
TRAEPS

Obsolete. Use subkey TRANSEPS of key BASI S.
ZORA

Obsol ete. Replaced by RELATI VI STI C.
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4.2 AUXILIARY INPUT FEATURES

The program supports the following features to enhance user-friendliness of inpuit:

Y ou may refer to akey by any initial substring, provided no other key has the sameinitial substring. For
instance, if the keys ABCABC and ABCDEF are known to the program, then ABCA will be understood to denote
the key ABCABC, but using ABC would be incorrect, and may either result in an error or the program may
choose any of the keys that have thisinitial substring, and not necessarily the one you intended.

Initial substrings cannot (yet) be used for the following keys: DEFI NE, PRI NT, SKI P.

Arithmetic expressions can be used (wherever numbers are required) involving the standard arithmetic
operandsin Fortran (+ - * / **), together with parentheses where necessary or convenient.

Blanks are allowed in expressions and ignored, but they are interpreted as separators, i.e. as denoting the end
of an expression, whenever the part before the blank can be evaluated as a correct expression. For instance
'3* 4" will beinterpreted as 12, but '3 *4' will be interpreted as 3, followed by a character *, followed in
turn by the number 4.

All numbers and results are interpreted and handled as being of type real, but whenever the result isawhole
number (allowing for small round-off deviations), it will be recognized as possibly denoting an integer.

The user may define variables and functionsin the input file, and apply them subsequently in expressions.
Theinput fileis read sequentially and variables and functions must be defined before they can be used. Note
carefully that replacement of avariable (or function) by its value will occur wherever possible (textually),
even if it leads to non-sense input. A frequently occurring mistake is that the user definesavariable“C” in
hisinput and then gets hisinput corrupted because of subsequent isolated C characters are replaced by the
defined numerical value. Therefore: avoid single-character variables and function names. Always check
carefully that the identifier you introduce is not ‘used’ aready in the input file.

A few variables and functions are pre-defined:

(variables):

pi = 3.1415....

(functions):

sin, cos, tan, asin, acos, atan, exp, log, sqgrt, nint.

The argument list of afunction must be enclosed in parentheses, and the arguments (in case of more than
one) must be separated by commas.
Defining variables and/or functions is done with the block-type key DEFI NE.

Example (part of input):

DEFI NE

ab = sin(pi/3)

s13 = 14*sqrt(2)

func(x,y,z) = x*ab+y**2-y*z

End

AKEY = FUNC (S13 /5, S13/7, SIN(PI/6))
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Here afunction f unc and variables ab and s13 are defined, using the pre-defined functions si n andsqrt ,
aswell asthe pre-defined variable pi . These are then applied to assign a value to the (hypothetical) key
AKEY.

Note 1: the variable ab is also used in the definition of f unc'; thisis allowed because ab is defined before
func.

Note 2: variable- and function names must have the same form as keywords, i.e. only certain characters are
allowed.

Note 3: in the definition of variables and functions blanks are ignored altogether (in the value part) and will
not be interpreted as possible separators of the expression that defines the variable or function.

(Single) quotes can be used to designate strings, i.e. (parts of) records which are not to be parsed for
expressions, but which are to be taken as they are. The quotes themselves are ignored. Double quotes inside
astring are understood to denote the single quote character (as part of the string).

Empty records and starting blanks in records are allowed (and ignored), and can be used to enhance clarity
and readability of the input file for human readers by structuring its layout.

Y ou may exclude certain parts of the input file from being considered by the input-reading routine, which
can thus be used for instance to include ‘comments’ and clarifying remarks for later inspection. This can be
donein two ways.

A double colon (::) isinterpreted by the input routine as denoting the end-of-line, so that the part of the line
after it (including the double colon itself) isignored.

The block-type keyword | GNORE starts a block of information that will completely be ignored by the
program. The I GNORE-block must end, as usual, with the end-key code.
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