MultiWell Program Suite: Revision History

NEW IN VERSION 2023 (March 2023)

1. NEW WEBSITE and URL: The MultiWell website has been restructured and
"migrated" to a new server. This process has been essentially completed, but minor
revisions may still be necessary. The new URL should be used from this time on:

https://multiwell.engin.umich.edu/

Please let us know of any problems.

2. New Code: pTDME: This is a truly parallel version of the fixed-J master equation
code developed by T. Lam Nguyen and John F. Stanton. The download package
contains its own pTDME User Manual. A serial version (TS-2020) is also available on
the website.

3. New Script: fdacc: This is a user-friendly version of the Finite Difference
Anharmonic Constants Calculator program [G. Mandelli, C. Aieta, and M. Ceotto, J.
Chem. Theor. Comput. 18.2 (2022), 623-637] for parallel computation of the
anharmonicity X matrix needed by the paradensum, parsctst, and bdens programs. This
script is intended for GAUSSIAN users; CFOUR users can use a built-in option
(https://cfour.uni-mainz.de/cfour/).

4. MULTIWELL: Bug fix: The Eckart tunneling feature in the 2022 version did not work
for some input files. This problem has been fixed.

5. KTOOLS: Bug fix: For large molecules, the number of rotational states can be very
large. A minor bug prevented execution of the code for such a case. That bug has been
fixed.

NEW IN VERSION 2022 (April 2022)

1. MULTIWELL: Enhancement: The master equation code has been restructured in
order to take better advantage of the available computer memory with no sacrifice in the
other capabilities of the code. As a result, the 2022 version compiles more easily for the
Windows platform and can in principle accommodate models containing hundreds of
wells and hundreds of reaction channels per well, depending on available computer
memory. Thanks to the assistance of Keith Kuwata and Connor Martin, the code ran
with no problems using a mechanism consisting of 28 wells, 71 transition states, and up
to 4 reaction channels per well. Tests by Users with larger models are welcome! (If you
have a larger model that can be used for testing, please contact John Barker at
jrbarker@umich.edu.)

2. MULTIWELL: Enhancement: Minor revisions were made to the master equation
code to facilitate running simulations with larger numbers of stochastic trials. The code
was tested successfully with 10° stochastic trials. The larger number of trials enables
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greater dynamic range and reduced stochastic noise, but at the cost of more computer
time. (In our experience, most simulations require <107 stochastic trials.)

3. New example for the MULTIWELL master equation code: "photophyschem" is an
implementation of the photophysics and photochemistry of gas phase Acetone [Barker,
J. R. New light on acetone: a master equation model for gas phase photophysics and
photochemistry. Mol. Phys. 2021, 119, €1958018; DOIl:
10.1080/00268976.2021.1958018]. This example illustrates the use of several features
of the code, including the optional use of external microcanonical rate constant files
(with .rke suffix) and competing unimolecular and bimolecular processes, which are
implemented in MULTIWELL by using Kinetic Monte Carlo methods (the MORERXN
user option). A method for implementing photoexcitation of thermal population
distributions to electronically excited states is also described. This model has
successfully simulated both thermal quantum yield measurements in collisional
environments at T > 300 K, as well as monochromatic excitation in molecular beams at
T <10 K.

4. Other revisions: The MultiWell User Manual has been updated and several of the
codes have been slightly revised to eliminate minor bugs and to make minor
improvements.

NEW IN VERSION 2021 (Feb 2021): 20" ANNIVERSARY RELEASE ! !

1. MULTIWELL: Enhancement: Previously, a feature was introduced for adding
supplementary bimolecular reactions (keyword BIMOLRXN). This feature has now been
enhanced to also include adding supplementary first-order reactions and the keyword
has been replaced with MORERXN. The rate constants are expressed with in Arrhenius
form: keim(T) = Afc x exp(—Bbm / T), where T is the translational temperature and Afc
and Bbm are parameters. This feature is useful for reaction rate constants that do not
have significant dependence on the internal energy of the Well (i.e. k(E) is
approximately constant, as in the work of Matthias Oltzmann (2002)). When the energy
dependence cannot be neglected, the MORERXN option should not be used, but the
microcanonical k(E) should instead be computed and entered as an external RKE type
file, as described in the User Manual.

2. pTS: New Parallel Version: A true parallel version of the TS master equation code
has been contributed by Lam Nguyen and John Stanton as an alternative to the serial
version, which was already available on the website. This parallel version, pTS, can be
compiled either by IFORT (Intel compiler) or by GFORTRAN and will run on Macintosh
(including MacBook Pro) and HP computers using openMPIl. The code package
includes documentation.

3. BDENS and DENSUM: Bug fix: A bug (reported by Nadav Genossar) in the
subroutine for symmetrical hindered rotors consisted of a do-loop taking an extra step.
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This bug has been fixed. Its effect on output is not known, but seems to be relatively
small.

4. PARADENSUM and PARSCTST: Bug fix: A bug in the hindered rotor subroutines
caused the codes to produce a null output. This did not affect output when the hindered
rotor option was not selected. This bug has been fixed. The effect on users was
minimal.

5. MultiWell User Manual: Updated for v.2021.

NEW IN VERSION 2020.3 (Oct 2020)

1. COVID-19: Because of COVID-19, access to the computer that supports the
MultiWell website was restricted and we distributed interim versions of the MultiWell
package informally. The revisions were needed, because we had problems with
correctly compiling the Windows versions and because we had increased the default
sizes of some arrays, which made the codes too large to handle on some Users'
computers. Here were the substantive changes retained in the present version:

THERMO: in v. 2020.2, we corrected a bug discovered by Gabe Da Silva and his
student Milad Marinami. The bug affected calculations that invoked the Eckart tunneling
feature when computing canonical transition state theory rate constants. The affected
only the 2020 version of THERMO.

KTOOLS: The default maximum number of degrees of freedom was increased from 50
to 100. This means that every species (reactants, products, and trial transition states)
can have as many as 100 entries for internal degrees of freedom (vibrations, internal
rotations, hindered rotors). In all other respects, the code is the same as the 2020
version.

2. MultiWell Master Equation Code: New Feature: 'BIMOLRXN' This option can be
invoked for canonical (i.e. thermal) bimolecular reactions of a Well with the bath gas.
The canonical rate constant, which is expressed with Arrhenius parameters: kpim(T) =
Afc x exp(—Bbm/T), where T is the translational temperature. This feature is useful for
bimolecular reaction rate constants that do not have significant dependence on the
internal energy of the Well (i.e. koim(E) for the bimolecular reaction is approximately
constant, as in the work of Matthias Oltzmann (2002)). When the energy dependence
cannot be neglected, the BIMOLRXN option should not be used, but the microcanonical
koim(E) can be computed and entered as an external RKE type file, as already described
in the User Manual.

3. MultiWell User Manual: Updated for v.2020.3.

NEW IN VERSION 2020 (Feb 2020)
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1. ktools: The output data generated by this code has not changed, but the code has
been enhanced considerably:

- A compiled Windows executable is now available.

- Up to 20 comment lines (each preceded by "!") can be added after the title line.

- The meaning of the key word 'whatdo' has been changed. When it is set to
"savefiles", all of the 1D (i.e. J-summed) and 2D output files are saved. These
files are typically very large, consuming large amounts of disk space. If they are
not needed, such as when only the canonical (high pressure limit) rate constants
are desired, the key word can be any other word (e.g. "nosavefiles") and the
large files will not be saved.

- A backup file for the input is saved every time the code is run.

- The maximum number of energy grains is limited only by the available computer
memory (although execution speed will become very slow for extremely large
calculations).

- If the maximum number of rotational states selected by the user is not large
enough, execution will be terminated and an error message will give further
guidance.

- If the maximum number of rotational states selected by the user exceeds the
intrinsic limit where the effective potential of the reactant, Veff(reactant), is =
Veff(TTS) for all of the trial transition states, the output is automatically limited to
the intrinsic limit.

- The numbers of energy grains, rotational states, and the intrinsic limit are now
reported along with the canonical rate constants in the output file with suffix
".canonical".

2. "box" type of separable degree of freedom: This "particle-in-a-box" d.o.f. can be
optionally selected by the User and is not used very often. It came to our attention that
the subroutine for this degree of freedom was broken and had been broken for some
time. It has now been fixed. It is used by densum, bdens, paradensum, sctst, and
parsctst. Because this option is not selected very often and because use of the broken
subroutine generated a fatal error, the problem was not likely to have impacted previous
calculations.

3. multiwell: Estart.f, the subroutine that defines the initial energy distribution for master
equation simulations, was modified slightly to improve performance at temperatures
below 100 K. This revision has essentially no impact at higher temperatures.

4. multiwell: improvement: The default maximum numbers of Wells, Product Sets,
reaction channels from each well were increased to 70, 60, and 60, respectively.

5. multiwell: revision: The logarithmic time user option (keyword "LOGT") has been
revised to start output at 1.e-16 s (formerly 1.e-18 s). This revision was made because
the extent of reaction is essentially negligible prior to 1.e-16 s. This revision affects only
the output files and is expected to have very little impact on users.
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6. thermo: improvement: The output was modified slightly by increasing the number of
significant digits reported for that Arrhenius parameter "B". This improvement will give
better accuracy when the magnitude of parameter B is small.

7. thermo: bug fix: The option to choose wavenumber units for enthalpy (key word
"CM-1") was broken and has been fixed. This revision had no impact, because the
option didn't work and users had alternative choices (i.e. kcal/mol or kdJ/mol).

8. TS: maintenance revisions: Both the code and the TS User Manual have been
revised in a number of ways to fix minor bugs and to make some improvements.

NEW IN VERSION 2019 (May 2019)

1. parsctst: New Code (contributed by C. Aieta, F. Gabas, and M. Ceotto): This is a
parallelized and improved version of our code sctst, a serial code for computing SCTST
rate constants. The new code has all of the capabilities of sctst, including the ability to
run as a serial calculation, but it runs many times faster, depending on the number of
cpu cores available. It is intended that parsctst will replace sctst in a year or two, but
we will continue to distribute the older code for the time being.

2. multiwell (master equation code): New Feature: At the User’s option, output can
now be generated on a logarithmic scale (i.e. log(time)) by specifying ‘LOGT’, instead of
‘TIME’ or ‘COLL’. This allows generating usable data over multiple orders of magnitude
in a single simulation run.

3. multiwell (master equation code): New Feature: All keywords can now be entered
in any combination of upper and lower case.

4. thermo: New Feature: A new “standard state” has been added: “NOT”, which
corresponds to “no translations”. It is sometimes convenient to ignore the center of
mass translational degrees of freedom when computing thermodynamic quantities for
the condensed phase. The previous set of standard states (1 atmosphere, 1 bar, and 1
molecule cm3) are still recognized and are not affected by the addition of this new
feature.

5. thermo: New Feature: A type of degree of freedom has been added: "rso" combines
the coupled rotational and electronic degrees of freedom for a diatomic molecule in a
degenerate electronic state. In the present release, "rso" is implemented only for
diatomics in the 2l electronic state, when spin-orbit splitting is significant. It is based on
the E. L. Hill and J. H. Van Vleck method [Phys. Rev. 34, 1507 (1959)] as described by
G. Herzberg in his Eq. (V,28) [Molecular Spectra and Molecular Structure. |. Spectra of
Diatomic Molecules. 2nd ed. 1950, Cincinnati, Van Nostrand Reinhold Co., p. 232]. This
feature was added specifically to obtain partition functions for OH(X2) that are more
accurate at very low temperatures. Currently, it is appropriate for all linear species in a
2 state. It may be extended in the future to other degenerate electronic states.
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6. thermo: Improvement: Species names can now be up to 32 characters in length.
(We expect to make this change to some of the other codes in the near future.)

7. sctst: For convenience, this code has been modified so that the checkpoint file
generated by, or read by the program can have a name that is different from the name
of the chemical species entered at the beginning of the standard input file.

8. densum and ktools: the FORTRAN source codes have been up-dated. This is not
expected to affect the numerical output, but the output file formats may have been
altered in minor ways. If any problems are encountered, please contact
jrbarker@umich.edu.

9. User Manual: this has been updated in several ways, including a clearer description
of how to treat the external rotations of symmetric and spherical tops.

NEW IN VERSION 2017 (February 2017)

1. ktools (New Code): J-Resolved Microcanonical VTST: This new code (written
mostly by Jason A. Sonk, who has joined the MultiWell Team) is an implementation of
angular-momentum-resolved microcanonical variational transition state theory, which is
suitable for barrierless reactions. Given information at points along the reaction path,
the code automatically searches for transition states (TSs) at every E,J. If multiple TSs
at the same E,J are found along the path, the code automatically uses W. H. Miller's
unified statistical model to calculate their net effect. The output includes 2D (functions of
E,J) rate constants and sums and densities of states. It also reports canonical (thermal)
rate constants obtained by averaging over the thermal distribution. At the user's option,
the 2D quantities are summed over J to obtain the 1D variables (functions of E), which
are suitable for use in MULTIWELL and other 1D master equations. [This code is a
beta-version: please tell us about any problems and bugs. The Windows version
is not yet available, but we hope to post it soon.]

2. TS (New Code): J-resolved steady-state master equation solver: This new code
(developed by Lam Nguyen and John Stanton) uses eigenvalue methods to solve the
explicit 2D (i.e. depends on E,J) steady-state master equation, which was simplified by
using the frozen-J approximation. This code should be particularly useful for chemical
activation problems. Because of its structure, the code and TS User Manual are
supplied in a separate directory and must be compiled separately from the rest of the
MultiWell package. [This code should be regarded as a beta-version: please tell us
about any problems and bugs.]

3. DENSUM, SCTST, and BDENS: enhancement: "TOP", the type of degree of
freedom (DOF) for symmetric tops, has been added to these codes (it was already
available in THERMO). This type of DOF is appropriate for the external rotations of a
non-linear polyatomic. It is rigorously correct for a rigid symmetric top (e.g. it enforces
the requirement that the K quantum number can only range from -J to +J) and is a good
approximation for a non-symmetrical molecule that is treated as a quasi-symmetric top.
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This quasi-symmetric top approximation is obtained by replacing the two most-similar
rotational constants for the non-symmetrical molecule with their geometric mean to
obtain B2, the rotational constant corresponding to the 2-dimensional rotor in a true
symmetric top; the remaining rotational constant (B+) is used with Bz in the equation for
the rotational energy of a symmetric top (see the MultiWell User Manual).

4. THERMO: Enhancements: Several significant revisions have been made that
improve convenience and reporting, but have no effect on numerical results.

(a) A new output file (thermo.details) reports heat capacity, entropy and enthalpy
function for DOF at 298.15 K; the contributions from several groups of DOFs are
reported at every temperature.

(b) The maximum length of chemical Names has been increased from 10 characters to
20 characters. (In future, this change will be made to other codes in the MultiWell
Program Suite.)

(c) Previously, there were 3 comment lines for each chemical species. Now, up to 20
comment lines may be used (up to 150 characters, each). The first non-blank character
in each comment line must be "!" (omit the quotation marks). This will require that older
data files be revised slightly in order to run the new version.

(d) Previously, only certain upper/lower case combinations were recognized for key
words and other character constants. Now, any combination of upper/lower case is
recognized. (In future, this feature will be added to other codes in the MultiWell Program
Suite.)

5. MULTIWELL THERMODYNAMICS DATABASE: Enhancements: Professor John
M. Simmie (Galway) has joined the MultiWell team and is helping with the database.
Many new species have been added to the database, including a number of Criegee
intermediates and many species with parameters that are known only from quantum
chemical calculations.

6. Hindered Rotor Codes: improvement: In previous versions of DENSUM, SCTST,
BDENS, PARADENSUM, and THERMO, the hindered rotor states were extended to
high energies by using the Pitzer Rotor approximation. It has been found that this
measure is not only unnecessary, but it poorly represents the eigenvalues for some
unsymmetrical hindered rotors at intermediate energies. Because the hindered rotor
eigenstates are now reported explicitly in the DENSUM output file densum.lev, we
eliminated this approximation and now simply use the eigenvalues as calculated. This
change probably has very small effects on sums and densities of states, thermodynamic
values, or rate constants.

7. BDENS and SCTST: improvements:

(a) Previously, these codes reported the zero point energy for the coupled degrees of
freedom in the various output files, but did not include the separable degrees of
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freedom. This was inconvenient and could also lead to mistakes when using THERMO.
The output has been revised in order to be more self-explanatory and to report the total
ZPE, which includes ZPEs from both the coupled and the separable modes. (The ZPE
of the un-bound reaction coordinate is not well-defined and is never included.)

(b) The temperature range of the vibrational partition functions has been extended down
to 1 K (previously, the lower limit was 25 K). For the purpose of calculating
thermodynamic functions and canonical (thermal) rate constants, these codes produce
output files containing vibrational partition functions (from BDENS) or cumulative
reaction probabilities (from SCTST) that can be used by THERMO. This method
implements use of fully coupled anharmonic vibrational models. The temperature range
was extended downward in order to facilitate analysis of low temperature experiments
and astrophysical phenomena.

8. PARADENSUM: Revisions and New Features:

(a) The integer limit was sometimes exceeded when the flatness criterion was >99%.
This problem has been fixed.

(b) To achieve better workload balance, a new keyword has been introduced:
‘windbal_key”. This new feature will speed up computation, but requires a small change
to old data files.

(c) A more efficient starting point procedure has been introduced. This will speed up
computation, but does not affect either the input or the output.

9. MULTIWELL USER MANUAL: The User Manual has been expanded to
accommodate the new codes and re-structured to make it easier to use. Some other
new sections have been added, including "1.2 How the Tools Work Together".

NEW IN VERSION 2016 (February 2016)

1. "Multiwell and Chemical Kinetics" question and answer forum: all users are
invited to join the forum, where questions can be asked and answered, and future
upgrades will be announced. This forum is set up as a Google Group, which you can
join at groups.google.com.

2. BDENS: new code (new sections contributed by Collin G. L. Li): a single new
code for sums and densities of states for fully-coupled anharmonic vibrations. This
smarter code replaces ADENSUM, DOLOOPS, and ANSUM, which will no longer be
included in the multiwell package (their last release was in multiwell-2014.1b, which can
be found in the online archive of old versions). While speeding up execution times,
BDENS combines the strengths of both DOLOOPS and ADENSUM. It utilizes direct
state counting (incorporating a new recursive algorithm) at low energies and the Wang-
Landau algorithm at high energies. The new BDENS will also be the foundation for a
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future new version of SCTST. We expect the new SCTST code to be ready for release
in mid-2016.

3. PARADENSUM: new code (contributed by C. Aieta, F. Gabas, and M. Ceotto): a
parallelized and improved version of ADENSUM, which will no longer be supported.
PARADENSUM is designed to compute sums and densities of states for models
containing from 3 to >100 fully coupled vibrations.

4. MultiWell: bug fix: execution would sometimes terminate when a species had
energies in the neighborhood of the ceiling energy (Emax2), due to an error in an array
bound. Other than causing execution to terminate, this problem had no effect on users;
the problem has been fixed.

5. THERMO v.2014.1b: bug fix: in this one version (the error did not exist in earlier
versions), the enthalpy function was not correct for T-dependent electronic partition
functions. This affected the T-dependent equilibrium constant and CTST rate constants
involving OH, CIO, and other species with low-lying excited electronic states. The
magnitude of this bug varied, depending on the species and temperature. The bug has
been fixed.

6. MULTIWELL and THERMO: Improvement: Both codes have been revised to
prevent applying the Eckart tunneling correction to calculations using Semi-Classical
Transition State Theory (SCTST). This is because SCTST already includes tunneling
and it is improper to apply a second tunneling correction. Thus THERMO now requires
that the imaginary frequency vimag = 0.0 in the thermo.dat input file, when using an
external "qcrp" file generated by module "SCTST"; and MULTIWELL does not allow the
"TUN' (tunneling) keyword to be used for reactions that employ external 'crf files
generated by "SCTST". In both cases, this fatal error terminates program execution.
This improvement to the codes has no effect on properly executed calculations.

7. SCTST: improvement: an additional test for acceptable states of the transition state
has been introduced: Two limiting cases where VPT2 fails are now treated explicitly: (a)
at energies far below the TS, VPT2 fails and the tunneling probability is set to P=0; (b)
at very high energies, VPT2 fails and the probability is set to P = 1.0. A third failure
occurs when the corrected imaginary frequency becomes negative due to coupling with
highly excited orthogonal modes. In this case, the tunneling probability is set to zero or
unity, depending on whether the energy is above or below the reaction threshold
energy. These changes have a negligible effect on the computed cumulative reaction
probability, except at very high energies.

8. THERMO and the THERMO DATABASE: additions: several additional sulfur
isotopes have been added to the database and are recognized by THERMO
(contributed by Andrea Maranzana). In addition, the enthalpies of many species have
been updated to include new species, such as Criegee intermediates, and to reflect
recent updates of the Active Thermochemical Tables [B. Ruscic et al., ATcT.anl.gov].

9. MultiWell User Manual: Minor changes
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e Revisions to account for software upgrades

e Improved section on how to obtain rate constants from stochastic master
equation simulations

e Lennard-Jones parameters for Hz, N2, Oz, and the rare gases have been up-
dated in Section 9.4 "Handy List of Lennard-Jones Parameters".

10. New authors: Five new authors have been added. Because the number of authors
is now so large, the three principal collaborators are now listed first, followed by the
other contributors in alphabetical order.

NEW IN VERSION 2014.1b (June 24, 2014):

1. MultiWell: new feature: by optionally adding a single keyword, energy transfer is
treated in the traditional manner, instead of the default, which is to attenuate the
inelastic collision frequency (and hence the rate of energy transfer) at low energies,
where the densities of states are very sparse (see J. R. Barker, Int. J. Chem. Kinetics
41, 748 (2009)). The traditional method was based on the convenient assumption that
the inelastic collision frequency is independent of internal energy. This feature facilitates
inter-comparisons between multiwell and other master equation codes.

2. DENSUM: new feature: an additional output file is now generated by the code:
"densum.lev". This file summarizes all of the energy levels utilized in computing the
sums and densities of states for each built-in quantized degree of freedom (vibration,
particle-in-a-box, free rotation, and hindered rotation).

3. DENSUM: Improvement: a minor change was made in order to obtain better
accuracy at low energies. As a result, there are changes in the sums and densities of
states in the lowest few dozen energy grains. These changes are expected to affect
computed rate constants and branching ratios by no more than a few percent.

4. LAMM: Improvement: the output was revised in order to write out more significant
digits.

5. Hindered Rotor Treatment: Improvements to programs Thermo, Densum,
Ansum, SCTST, and Adensum. From a comparison between the hindered rotor
treatments in MultiWell and MESMER, it was apparent that we needed to use more grid
points in order to achieve the desired accuracy at very high eigenvalue energies. As a
result, we increased the number of grid points from 201 to 501. This slows down
execution times, but achieves better accuracy at high energies. The eigenvalues at
lower energies were already quite accurate and thus this change had very little effect on
practical calculations. (Thanks go to the MESMER Team for participating in this master
equation inter-comparison (MEIC) activity. For more information about the MEIC
activities, contact jrbarker@umich.edu.)

6. Thermo: new feature: A new output file (thermo.partfxns) reports partition functions
for each species at each temperature. This will be of use to a few users.
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7. Thermo: bug fix: A minor bug caused equilibrium constants to be in error by ~1%
when using the MCC (i.e. 1 molecule per CC) standard state (the BAR and ATM
standard states were not affected). This bug was fixed and multiwell-2014.1b replaced
version 2014.1 on June 24, 2014.

Only the above programs were modified for the 2014.1 and 2014.1b releases.

NEW IN VERSION 2014 (January 2014):

1. MULTIWELL: Bug Fix: when densities of states are sparse (e.g. for small molecules
at low energies), tunneling from one Well to another was allowed to take place, even
when tunneling into an energy grain that did not contain a state (an "empty grain").
In this event, the stochastic trial did not terminate correctly. This problem has now
been addressed by forbidding tunneling into an empty grain and issuing a warning in
the rate constant tables in the output files. However, note that this pragmatic "fix"
does not address the more fundamental problem that wells connected by tunneling
should possess states in matching energy grains. Fortunately, the effects of this
problem are small, except at very low energies in very small molecules: it does not
occur at all in models that do not contain empty grains. Probably, very few users
have been affected. If more information is needed, contact jrbarker@umich.edu.

2. MULTIWELL: Improvement: the format of output file "multiwell.dist" was revised to
make it more convenient for users, although the file is now larger than before.

3. MULTIWELL: Improvement: For convenience, the temperature dependence of the
collisional energy transfer parameter ALPHA has been revised to the following form:

Alpha = [C(1) + E*C(2) + E*E*C(3)]*(T/300)**C(8)

Previously, the constant term, C(1), was not multiplied by the temperature-
dependent factor. Furthermore, the temperature-dependent factor was changed by
replacing T with the ratio T/300. All of the temperature dependent factors have been
changed analogously. The revised form is expected to be more convenient for users.

4. DENSUM: Bug-fix: A minor bug prevented calculation of sums and densities of
states using the KRO degree of freedom. This bug has been fixed. Since this degree
of freedom is not employed routinely, this bug probably did not affect any users.

5. THERMO, MOMINERT: improvement: in both of these codes, it is now an option to
use user-defined filenames with extension ".dat" for the data file (e.g. "C2H5.dat") in
place of the default names (defaults: "densum.dat" and "mominert.dat"). The output
files take the user-defined file name with extension ".out." (e.g. "C2H5.out") in place
of the default names (defaults: "densum.out" and "mominert.out").

11 -



MultiWell Program Suite: Revision History

6. ADENSUM: Bug Fix: ADENSUM can be used with THERMO to compute
thermodynamic data and canonical TST rate constants for fully vibrationally-coupled
anharmonic molecules and transition states. It does this by passing a data file (with
the ".qvib" suffix), which contains partition functions, zero point energy, etc. When
separable degrees of freedom (e.g. hindered rotors) are included in the ADENSUM
calculation, their zero point energies should have been added to the anharmonic
zero point energy, but were not. This omission has now been fixed.

7. gauss2multi: revision: When using gauss2multi to create data files for the MultiWell
codes, Users must specify pressure units, which are used only for creating
"multiwell.dat". The thermo.dat data file requires specifying the standard state, but
TOR pressure units are not an allowed standard state and previous versions would
give error messages when creating thermo.dat. The gauss2multi code has been
revised so that thermo.dat is created with "BAR" as default when TOR units are
specified by Users (thus avoiding unnecessary error messages). Other data files
created by gaussZ2multi are not affected; in particular, multiwell.dat can still be
created with TOR pressure units, when they are specified.

8. In the User Manual and in the output files from the various codes, the hindered
rotor degree of freedom that was previously described as an "Unsymmetrical
hindered rotor" (hindered rotor type "hrd"), is now described more properly as a
"General hindered rotation". This change was made because the hrd type could
always be used for any 1-D hindered internal rotation, symmetrical, or
unsymmetrical, although it is particularly useful for the latter.

NEW IN VERSION 2013 (January 2013):

1. MULTIWELL: extension: input for the number of stochastic trials (NTRIALS) can
now be formatted as either REAL or INTEGER in data file multiwell.dat (previously it
was just INTEGER). It is more convenient to enter "1.e+7" instead of "10000000".

2. MULTIWELL: improvement: A more accurate expression for the collision integral for
Lennard-Jones collisions has been adopted in this version. Previously, MultiWell
used the simple version described by Troe [J. Chem. Phys. 66, 4758 (1977)], but
with this version, the more accurate expression of Reid et al. has been adopted
[Reid, Prausnitz, and Sherwood, The Properties of Gases and Liquids: Their
Estimation and Correlation, 3rd Edition, McGraw-Hill, New York, 1977]. For T = 300
K, the two expressions give results that differ by 5-10%; the differences may be
larger at lower temperatures.

3. THERMO: improvements:

(a) The input "read" statements were slightly revised in order to allow users to add
comments on the line for each electronic state (Line 11 of input data file
"thermo.dat").

(b) Error messages were added or revised to give better feedback about errors in
the input file.
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4. ITEM OF INTEREST: master equation inter-comparisons: A number of us who
develop and use master equations are undertaking inter-comparisons of the various
codes. This activity will help us to identify possible deficiencies in our codes, as well
as possible new enhancements. The user community can eventually expect not only
better codes, but a better understanding of which codes are best suited for treating
particular classes of problems. So far, the Master Equation Inter-Comparison Group
(the MEIC Group) includes the developers of MultiWell and MESMER, Bill Green's
group (MIT), Luc Vereecken (MPI-Chemie, Mainz), and Matthias Olzmann
(Karlsruhe) — all of whom have contributed output for inter-comparison — and a
number of other individuals and groups who have expressed interest. If you wish to
be added to the list, please send a message to John Barker (jrbarker@umich.edu).

NEW IN VERSION 2012.2 (July 2012):
1. USER MANUAL.:

(a) A discussion of the separable rotors approximation for treating external rotations
was added to Section 9.4. This discussion explains that the approximation is most
accurate when the rotational constant for the K-rotor is assumed to equal the unique
rotational constant (i.e. Bk = A), instead of the rotational constant for a symmetric top
(i.e. Bk = A - <B>).

(b) More descriptions of "How to..." have been added to Chapter 10. More such
descriptions will be added in future releases.

2. MULTIWELL: bug fix. The option to include the effects of slow intramolecular
vibrational energy redistribution (slow IVR) was not working correctly, possibly due
to an earlier maintenance revision of the code. The option has been fixed.

3. MULTIWELL.: revision. The code now issues a warning when centrifugal corrections
cause the critical energy Eor to be less than zero for RRKM input with key word
"SUM". The warning is issued because in most cases Eor < 0.0 is non-physical.

4. MULTIWELL: extension. A new key word has been implemented: CRP (for
"Cumulative Reaction Probability") designates a new category of input created using
Semi-Classical Transition State Theory (SCTST). This new key word is analogous to
"SUM", except that no warnings are issued when centrifugal corrections cause the
critical energy Eor to be less than zero (this condition is usually not non-physical
when using SCTST to generate the CRP). The input file is designated using suffix
".crp" (instead of ".dens") and has the same format as files with suffix ".dens".

5. THERMO: bug fix. The option to include symmetric top rotations with the proper
constraint on the K quantum number (for specified total angular momentum J) was
not working correctly. The option has been fixed.

6. GAUSS2MULTI: bug fix. Occasionally, the name and energy fields in some data
lines would run together, causing errors. This problem has been fixed.
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NEW IN VERSION 2012.1 (April 2012):

1.

THERMO: revision. A minor change was made to the format of the output file
(thermo.out. The electronic partition function (Qelectr) is now tabulated as a
function of temperature in the main output table, along with the heat capacity,
entropy, and enthalpy function. The previous format was inconvenient when
more than 5 temperatures were calculated. This revision does not affect any
numerical values.

. Gauss2multi: bug fix. A minor change bug prevented proper creation of data

files for mominert (the length units were not specified). This bug was fixed by
specifying ANGS (for Angstrom units) as default. If other units are used (e.g.
Bohr), Users will need to revise the mominert.dat data files manually.

NEW IN VERSION 2011.2 (August 2011):

3.

MULTIWELL: bug fix. The input for multiwell external data files containing k(E)
(i,e. " .rke" type files) was revised to make the order of input parameters
consistent with other external files (i.e. " .dens" files) and with the User
Manual. In particular, the order of input parameters should be as follows in Line 3
in " .rke" type files: Egrain1, imax1, Emax2, Isize, Viblo. Previously the
input was inconsistent with the User Manual and with the other external file
types. Note that this ordering of parameters is not the same as in multiwell.dat.

MULTIWELL: bug fix: The convenient capability for using a User-defined data
filename was broken in a previous revision, although the default filename
("multiwell.dat") still worked correctly. This bug has been fixed.

MULTIWELL: enhancement: The centrifugal corrections were extended to
include up to three adiabatic rotors (as in spherical tops like methane) by using
Keyword "CENT3". When CENT3 is invoked, none of the external rotors is active
and none should be included with the vibrations when computing the sum and
density of states.

MULTIWELL: enhancement: The numerical integration subroutines used to
compute the "informational" k- and kosc (high and low pressure limiting rate
constants) were improved significantly. Depending on the temperature and the
energy grain in the upper part of the double arrays, k(inf) and kosc (printed in the
table describing the transition states) were in error by amounts varying from ~1%
up to nearly a factor of x2. The largest errors occurred when the maximum
energy in the lower part of the double array (Emax1) was less than kT and at the
same time the energy grain in the upper part of the double array (Egrain2) was a
substantial fraction of kT. The code has been revised in order to greatly reduce
the dependence on user choices for energy. For best accuracy, Egrain1 should
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be smaller than 10% of kT (5 to 10 cm™' is usually a good choice) and the double
arrays should be constructed so that Egrain2 is less than kT/2.

SCTST: bug fix. A minor bug resulted in a very small error in the cumulative
reaction probability at very low energies and in the computed partition function at
temperatures below 50 K. This bug probably had no effect on any users, and it
has been fixed.

SCTST and THERMO: modifications. To improve both accuracy and
convenience, two modifications were made: (1) the vibrational partition function
which is written by SCTST to the file with suffix ".qcrp" and used by THERMO is
computed at 100 temperatures instead of the 50 used previously. (2) The zero of
energy for the partition function is now located at the zero point energy of the
transition state, instead of the ZPE of the reactant, hence making it more
convenient to use the same computed partition function for both the forward and
reverse reactions in THERMO.

ADENSUM and THERMO: modifications. To improve accuracy, the vibrational
partition function which is written by ADENSUM to the file with suffix ".qvb" and
used by THERMO is computed at 100 temperatures instead of the 50 used
previously.

10.MOMINERT: new feature. Mominert will now accept molecular Cartesian

coordinates in units of either Angstroms or Bohr (previously only Angstroms were
accepted). After the TITLE line in the data file (mominert.dat), a new line with a
keyword must be entered: 'ANGS' or 'BOHR' (all lower case is also accepted).

11.DENSUM: bug fix: some compilers generated code that failed to execute, due to

the sequence of statements at the beginning of this program. This problem has
been fixed. Probably very few users were affected by this problem.

12.User Manual: update: The User manual has been updated. In addition, a new

"How to..." section has been added and will be further extended in future

releases.

NEW IN VERSION 2011.1 (March 2011):

1.

MULTIWELL: error found and corrected. It was discovered that we did not
implement the centrifugal corrections correctly. Although we used the
approximate centrifugal correction described by Marcus [1966], the approximate
k(E) was not properly averaged over the thermal rotational distribution. As a
result, the following factor was omitted: C = (I+/l)exp(1-1+/1), where |+ and | are
the moments of inertia of the adiabatic rotors in the transition state and in the
reactant molecule, respectively. For tight transition states (I+ = 1), C is nearly
equal to unity, but it can be much smaller than unity for loose transition states.
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Thus k(E) was larger than it should have been, which made collisions less
competitive, when all other factors were held constant. This had several effects:
(a) larger values of the energy transfer parameter alpha (average energy
transferred in deactivating collisions) were required in order to fit experimental
data; (b) at low pressures, collisions were less efficient than they should have
been, affecting the rate constant at low pressures; (c) the relative rates in
competitive multi-channel reactions may have been affected to some extent; (d)
the decay of fractional population was faster than it should have been, leading in
some cases to rates greater than k(infinity). The effect of this error ranges from
negligible to significant, depending on the specific simulation. The last effect was
only detectable when k(uni) was large enough for multiwell to be used effectively
for thermal reaction rates (i.e. only for reactions with very loose transition states
at relatively high temperatures).

The error was corrected and new capability was added: the number of adiabatic
rotations can now be selected (previously it was always assumed that two
rotations are adiabatic). For users, the only change is in the keyword calling for
centrifugal corrections. Four keywords are now recognized: NOCENT (no
centrifugal corrections), CENT1 (centrifugal correction assuming one adiabatic
rotor), CENT2 (centrifugal correction assuming two adiabatic rotors; this should
be the usual choice), CENTX (legacy centrifugal correction, which is incorrect
and not recommended).

The User Manual will soon be updated to reflect these changes and to provide a
more complete explanation of the centrifugal corrections. If in the meantime you
need more detailed information, please send a message to jrbarker@umich.edu.

2. THERMO and MOMINERT: enhanced capability: many more elements and
isotopes are now recognized automatically by these programs. The User Manual
will soon be updated to reflect these changes.

NEW IN VERSION 2011 (January 2011):

New Capabilities

3. New computer code: sctst. This code implements the semi-classical transition
state theory (SCTST) formulated by W. H. Miller and coworkers. With this new
program, the SCTST can be applied to polyatomic systems containing up to
dozens of atoms. It includes full non-separable coupling among all vibrations
(including the reaction coordinate) and treats rotations as separable degrees of
freedom. The SCTST automatically includes multidimensional quantum
mechanical tunneling along the curved reaction path. The new code generates a
standard output file, a file intended as input for MultiWell (for master equation
calculations), and a file intended for input for Thermo (for computing thermal rate
constants).
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. adensum: New Feature. Because computation of fully coupled vibrational states
may be time-consuming, the new version of adensum now allows the user to re-
start the density of states calculation from a checkpoint file, which is generated
automatically at the end of the coupled states calculation, but before the
convolution with separable degrees of freedom. This feature speeds up the
computation if the user wishes to change the number of separable degrees of
freedom (e.g. the number of external rotational degrees of freedom) in
subsequent calculations. The code now outputs a file intended for input for
Thermo.

. thermo: New Feature: By employing files generated by program adensum, full
vibrational anharmonicity can be incorporated in computed thermodynamic
functions (e.g. entropy and heat capacity). By employing files generated by
program sctst, Thermo can compute thermal rate constants using SCTST
(formulated by W. H. Miller and coworkers). When files from both program
adensum and program sctst are utilized, rate constants are produced using the
fully coupled anharmonic version of the semi-classical transition state theory.

. thermo: New Feature: Quantum mechanical tunneling through an
unsymmetrical Eckart potential energy barrier can now be included when using
program Thermo to calculate rate constants using Canonical Transition State
Theory (CTST). The imaginary frequency and the barrier heights for forward and
reverse directions must also be specified. As a result, the thermo input data file
format for CTST calculations has been modified slightly, but the other types of
Thermo calculations are not affected.

. Rotational Parameters: densum, thermo, adensum, and sctst. Parameters for
free rotations and hindered internal rotations (most of the optional formats) can
now be entered in these programs in any of the following user-selected units:
Rotational constants: GHz, MHz, and cm™’
Moments of inertia: amu A2 and g cm?

. mominert: New Feature: any specified atom now can be assigned an arbitrary
mass, allowing calculations for arbitrary isotopologues. (Many isotopes are
already included in the atomic mass data base and are recognized by programs
Mominert and Thermo.)

. multiwell: New Feature: A new collision model has been added (Type; #14).
this collision model is motivated by the recent detailed trajectory analysis of 2-D
(i.e. E,J) energy transfer involving argon collisions with pyrazine and ethane [J.
R. Barker and R. E. Weston, Jr., J. Phys. Chem. A 114, 10619 (2010)]. This new
1-D energy transfer model is expected to behave much like the conventional
exponential model, except the temperature dependence may be somewhat
different. Calculations are underway to investigate its behavior.

10.densum: bug fix: the option intended for unsymmetrical hindered rotors (type

"hrd") did not work properly for symmetrical rotors, although it worked correctly
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for unsymmetrical rotors. The symmetry parameter "NG" was ignored (i.e.
assumed to equal unity). The code has been fixed so that the "hrd" type no
longer ignores "NG" and now generates the correct results for symmetrical
hindered rotors as well as for unsymmetrical. (This bug did not affect program
adensum.)

NEW IN VERSION 2010.1 (February 2010):

Changes to adensum

1.

Bug fix: a minor bug in rare cases (for some molecules) was found to interfere
with the initialization. This bug has been fixed.

NEW IN VERSION 2010 (January 2010):

Important New Capabilities

1.

Densities of states for anharmonic, non-separable vibrations. Three
practical algorithms/programs for calculating densities of states for fully-coupled,
non-separable vibrations have been added to the MultiWell Program Suite. This
new capability is an important advance beyond separable models, which up until
now were the standard for RRKM and master equation calculations. The three
algorithms are compared with each other and with accurate benchmarks in a new
manuscript, which has been submitted for publication (available by request).

Program doloops: exact counts of states for small molecules (3-4 atoms)

Program adensum: an automated version of the Wang-Landau (and Basire et
al.) random walk algorithm for computing approximate sums and densities
of states. Appropriate for most molecules (=4 atoms).

Program ansum: uses an "efficient" Monte Carlo algorithm for computing
approximate sums and densities of states. Appropriate for small molecules
(3-6 atoms).

New code: Program lamm: computes the effective mass (or reduced moment of
inertia) for large amplitude motions as a function of the internal coordinate (e.g.
dihedral angle). This implementation of lamm is for non-rigid hindered internal
rotation. The results are used with the "flexible" hindered internal rotor option
(type hrd, which is already available in DenSum and Thermo) for computing
sums and densities of states (DenSum) and thermodynamic functions
(Thermo)from the energy eigenvalues, which are obtained by diagonalizing the
quantum Hamiltonian. In future, we plan to extend program lamm and the
eigenvalue solutions to inversion modes and ring puckering.
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3. New script: gauss2lamm.sh: this script reads Gaussian output files and
automates (in part) creation of the data file for lamm.

4. Starting with this version, the MultiWell User Manual, the Examples, and the
compressed package of computer codes are down-loaded separately. This is to
reduce the size of the individual compressed files.

Changes to Momlnert

1. Bug fix: due to a bug in a Fortran write statement, the rotational constants (i.e.
Ba, Bb, and Bc) for the external rotations were too large by a factor of 10, while
the moments of inertia (i.e. la, Ib, and Ic) were correct. This bug has been fixed.

NEW IN VERSION 2009.3 (May 2009):
Changes to Densum and Thermo

1. Bug fix: the symmetry of the unsymmetrical hindered rotor was incorrectly set
equal to the symmetry of the potential energy function. This bug has been fixed
by adding an explicit input of the rotor symmetry number (which depends on both
the potential energy symmetry and the mass distribution symmetry).

Changes to the User Manual

1. Sections 7.4 and 7.5 have been revised in order to amplify the discussion of the
treatment of external rotations, internal rotations, optical isomerization, and the
connections between them.

NEW IN VERSION 2009.2 (May 2009):
Changes to DenSum

1. Bug fix: when rotational information (moments of inertia or rotational constants)
were entered, the proper unit conversions were not carried out, but all entries
were treated as if they were expressed in units of amu A2 This bug has been
fixed.

2. Enhancement: rotational constants in units of GHz are now accepted (in addition
to MHz or cm™', and moments of inertia in units of amu A% and g cm?).

3. Enhancement: the potential function that is needed for the unsymmetrical
hindered rotor input (type "hrd") is no longer required to have its zero of energy at
the minimum of the potential (this former requirement had not been stated
previously in the manual). Because it could lead to problems, we eliminated this
limitation.
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Changes to MultiWell

1. Enhancement: for convenience, rotational information can now be entered as
rotational constants in units of GHz, MHz or cm', and moments of inertia in units
of amu A? and g cm?. This change requires that a third KEYWORD be added to
Line 3 of the input file (in additon to keywords for pressure units and energy
units). It is important that the three keywords be given in this exact order!

Changes to Thermo

1. Enhancement: the potential function that is needed for the unsymmetrical
hindered rotor input (type "hrd") is no longer required to have its zero of energy
at the minimum of the potential (this former requirement had not been stated
previously in the manual). Because it could lead to problems, we eliminated this
limitation.

NEW IN VERSION 2009.1 (April 2009):
Changes to Momlnert

1. Bug fix: for some molecular geometries, Momlnert failed to compute the
reduced moment of inertia for internal rotation (i.e. it produced "NAN" in the
output), although it still computed the principal moments of inertia correctly.
This bug has been fixed.

NEW IN VERSION 2009.0 (February 2009):
Changes to MultiWell

2. Revision: converted to new collision ansatz, where collision frequency
depends on active energy. A paper on this subject has been submitted;
contact jrbarker@umich.edu for a copy. At energies above the lowest reaction
threshold, the effects of this revision are small. At very low energies, however,
the collision frequency can be significantly lower than calculated by previous
versions, leading to different energy transfer rates, incubation times, etc. See
the user manual for details.

3. Reuvision: in light of the preceding revision, we revised the energy transfer
parameters in the MultiWell examples to give results roughly similar to
previous versions.

4. Revision: instead of integer electronic degeneracies for wells and transition
states, now the non-integer electronic partition functions can be entered
instead. (The electronic partition functions are now reported as a function of
temperature by Thermo.)
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5. Revision: the code was revised so that kinf (k-, high pressure rate constant)

never includes the ratio of the moments of inertia of the transition state and
reactant when using the Inverse Laplace Transform (ILT) method for
calculating k(E)'s. It is assumed that the ratio of moments of inertia has been
included in the A-factor, which is required input for the ILT method.

Revision: execution is now stopped and fatal errors are reported when
incompatible combinations of key words and input data are entered. These
include the following incompatible combinations:

ILT and CENT

ILT and TUN

RKE and TUN

CENT and TUN

CENT and TSmom = 0.0 (moment of inertia of transition state)

Bug Fix: fixed a small bug in the part of Estart.f that selects initial active
energies. Occasionally, initial energies were chosen in low energy grains that
did not contain any states. This bug had very little effect, since a test is
applied and corrections are made for energies in empty grains, each time a
collision step-size is selected (in subroutine colstep).

Changes to DenSum

1.

Enhancement: now uses exact (within 1 cm™') energy eigenvalues for one-
dimensional hindered rotors. Can treat both symmetrical and unsymmetrical
rotors. For symmetrical rotors, this change results in only small changes in
the sums and densities of states; the previous approximate method was quite
accurate for symmetrical rotors.

Enhancement: information on molecular free rotations (internal and external)
can now be input in any of four equivalent forms: moment of inertia in units of
amu A2 or g cm?; rotational constants in units of cm™ or MHz. All of the
rotational information (except for hindered internal rotors) in a Densum data
file must use the same form of input.

Changes to Thermo

1.

Enhancement: now uses exact (within 1 cm™') energy eigenvalues for one-
dimensional hindered rotors when computing the partition function. Can treat
both symmetrical and unsymmetrical rotors. For symmetrical rotors, this
change results in only small changes in the sums and densities of states; the
previous approximate method was quite accurate for symmetrical rotors.

Enhancement: information on molecular rotations (internal and external) can
now be input in any of four equivalent forms: moment of inertia in units of amu
A? or g cm?; rotational constants in units of cm™ or MHz. All of the rotational
information (except for hindered internal rotors) for a single chemical species
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must use the same form of input. Different species in the same Thermo data
file may use different forms of input.

3. Enhancement: instead of the molecular weight, it is now required that the
empirical formula be input. This enables Thermo to calculate the molecular
weight and to report the AH°(298.15 K) and A:G°(298.15 K) for each species.
Common isotopes of major elements can be entered individually. See the
User Manual for details. This change has resulted in a change in the data file
format; the new format is not compatible with previous data files.

4. Enhancement: Thermo now reports AH(298.15 K) and A/G(298.15 K) for
each chemical species. It also reports AGreaction at every temperature.

5. Enhancement: Thermo now reports the electronic partition function Qel as a
function of temperature. The non-integer Qel can be used for input in
MultiWell, instead of the integer electronic degeneracy previously required.

Other Changes

1. The default compiler has been changed from g77 to gfortran (GNU). The g77
compiler is now considered obsolete and gfortran is currently supported by
the GNU software project. Of course, other fortran compilers may be used
instead.

2. User Manual: updated to include a more complete discussion of simulating
the competition between unimolecular and bimolecular reactions.

NEW IN VERSION 2008.3 (May 2008):

1. MultiWell: Revision: the maximum array size (Imax and Isize) was reduced (from
20000) to 14000 array elements to allow for storage limitations on some
computer platforms.

2. MultiWell: Revision: the code was revised so that it reports the same kinf (k-, high
pressure rate constant), whether or not centrifugal corrections are selected. Note
that kinf is formally identical to the canonical transition state theory rate constant.

NEW IN VERSION 2008.2 (March 2008):

1. A minor bug resulted in incorrect calculated A-factor and activation energy for
kinf, although kinf itself was correct. This bug did not affect any other computed
output and has been fixed.

2. A few minor cosmetic bugs were fixed, including a problem with Thermo, which
did not print data for hindered internal rotations in the output file (thermo.out).
Computed output was not affected by these minor bugs.

NEW IN VERSION 2008.1 (January 2008):

-22 -



MultiWell Program Suite: Revision History

. We have changed the version numbering scheme to make it more informative.
From now on, all of the codes in each distribution will be given the new
distribution number, even if some of them have not been revised. The distribution
number will consist of the year and the release number for that year (since there
may be more than one release each year), e.g. "2008.1" is the first release of
2008.

. Previously, error messages that were written in the DOS window (when
executing with Windows) were not readable, because the DOS window closed
too quickly. This problem with the Windows version has been fixed.

. MultiWell: extension: at the request of some users, the default numbers of wells
(MaxWell), product sets (MaxProd), and reactions (MaxRxn) have been
increased to 50, 50, and 100, respectively. The defaults can be changed easily
by revising file src/multiwell/declare?.inc and recompiling the code.

. MultiWell: extension: it is now possible for a user to easily change the output
filenames when running multiwell. If this option is not exercised, the output files
are still named "multiwell.xxx" where xxx = "out", etc., just as in previous
versions. See Section 2.5 of the latest MultiWell User Manual for details.

. MultiWell: Bug-Fix: the lower energy limits of the numerical integrations for kinf
and kO (high and low pressure limiting rate constants) were Egrain1 in energy
below the correct values. This caused very small errors (typically <0.5%) in the
calculated values for the limiting rate constants.

. Thermo: new feature: introduction of new types of degrees of freedom, "gor" and
"fit', enables Thermo to find the hindered Gorin model that fits a user-supplied
recombination rate constant. Three new examples illustrating the use of this
feature were added to directory examples/thermo-examples. See the User
Manual for details.

. DenSum: Bug-Fix: when quantized rotation ("qro") was selected, DenSum
incorrectly neglected all rotor levels except the zero point level in the lowest
energy bin (densities of states in all other energy bins were correct). This error
has been fixed.

. DenSum: Bug-Fix: for Morse oscillators, the quantum number for the highest
bound state was erroneously calculated to be about one state higher than it
should have been. This bug had only a small effect at high energies and probably
was negligible in most applications. In addition, there was a bug in the way
anharmonicity was included. For strongly anharmonic molecules, this bug may
have resulted in errors in the sums of states of as much as 5-10% at energies
near and above the dissociation limit. These bugs have been fixed.

. DenSum: new feature: a new type of degree of freedom ("kro") has been defined
in order to calculate sums and densities of states when the K-rotor is included as
an active quantized degree of freedom. According to this feature, the K quantum
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number is restricted to the 2J+1 values in the range from -J to +J for a specified
value of J. [Normally, we recommend the pragmatic approximation that the K-
rotor be treated as an ordinary (quantized or classical) 1-D rotor with quantum
number K that is restricted only by conservation of energy.]

10.DenSum: new feature: the " .dens" output file, which is used as input by
MultiWell, has been modified to include a succinct summary of the input data and
the DenSum version number. This helps users keep a better record of the
vibrational assignments used to generate sums and densities of states. This new
version of the MultiWell master equation module is compatible with both the old
format and this new one.

11.DenSum: new feature: It is now possible to run DenSum in a batch mode, in
which calculations can be carried out all at one time for multiple species with a
minimum amount of effort. This feature is useful when changing the energy grain
or array boundaries for a complicated chemical system. See the MultiWell User
Manual for details.

NEW IN VERSION 2.08 (February 2007):

a. Gauss2Multi: Bug-Fix: when compiled with older versions of the GNU
GCC compiler, this module sometimes did not execute correctly. This bug
has been corrected.

b. MultiWell: Bug-Fix: Previously, the tunneling correction was not correct
when the energy grain size was not an integer multiple of 1.0 (e.g. 1.0,
3.0. 10.0, etc.). This error only affected k(E) significantly in the lower
portion of the double array when Egrain1 was not an integer (e.g if
Egrain1 = 2.45, then the value was truncated to 2.0 before calculating the
tunneling correction). This bug has been fixed.

2. MultiWell: Bug-Fix: Previously, in simulations at zero pressure (zero collision
frequency), an error could occur if the energy in a well was below all of the
reaction thresholds for that well (zero rates of reaction). For this condition, the
sum of the rates of all processes is equal to zero, but MultiWell would
erroneously report reaction via the channel with the lowest index number. This
error probably affected very few users. This bug has been fixed.

3. MultiWell: enhancement: This version of the MultiWell Suite should give the
same results as v.2.07, but it is now much simpler to change Isize (the dimension
of the double arrays) in MultiWell, since it is no longer necessary to recompile the
code in order to do so. Now, Isize can be set at any value up to 20000 array
elements. This makes it possible to use a very small grain size up to high
energies. The only drawback to using very large numbers of array elements is
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that the execution time increases as more energy grains have to be visited (via
collisions) in the lower half of the double array. Note that Egrain1, Imax1, and
Isize must still be identical for all of the wells and transition states in a given
model, just as in previous versions of MultiWell.

MultiWell: enhancement: The multiwell.out and multiwell.sum output formats
have been changed slightly. The fractional abundance of each well is now
reported with 4 significant digits instead of 3, while the statistical errors are now
reported with 2 significant digits instead of 3.

MultiWell: enhancement: lower-case "time" and "coll" keywords are now
accepted.

DenSum: enhancement: this version now lists (in densum.out) the lowest values
of Imax1 (index number of the highest element in the lower portion of double
arrays) and corresponding energy where the maximum relative fluctuations in
state density are always below 1%, 2%, 3%, 4%, and 5%. If the fluctuations are
not small, the extrapolation and interpolation routines are not accurate. Relative
fluctuations are defined by the following, where pi and pi+1 are adjacent elements
in the array of densities of states:

Ap, |pi ~ pi+1|

P, P,

b. This version automatically gives a non-fatal warning on the terminal
screen and in the title line of the "species.dens" output file if you choose a
value for Imax1 where the density of states fluctuations are greater than
5% (the "species.dens" output file can still be used as input for MultiWell,
whether or not a warning is issued). This feature gives helpful guidance
regarding the choice of Imax1 when changing energy grain sizes (since
the choice of Imax1 depends on the grain size), and when setting up a
model for the first time. All input and output files are completely
compatible with previous versions; all sums and densities of states
are the same as in v. 2.07.

7. NOTE: no other changes were made in this release. Thus Momlnert and

Thermo are still version 2.06.

NEW IN VERSION 2.07 (February 2007):

1.

MultiWell: Bug-Fix: In versions 2.05 and 2.06, an error occurred when the
reaction critical energy (Eo) was lower than Emax1 when CHEMACT was
selected. Essentially, when k(E) = 0 in some energy grains, part of the initial
population distribution was erroneously placed in those energy grains. This could
lead to calculating yields of stabilized product that are too high. The magnitude of

_25-



MultiWell Program Suite: Revision History

this error depends on temperature and on the size of the excited reactant
molecule. For CIOOCI and CIONO at 250 K, the erroneous excess yield was of
the order of 1.e-03. This bug has been fixed. The revised version gives results for
the cases when Eo > Emax1 that are almost indistinguishable from those
obtained using version 2.06. When Eo < Emax1, the revised version no longer
places initial population in energy grains where k(E) = 0.

NOTE: no other changes were made in this release. Thus DenSum,
Mominert, Thermo, and Gauss2Multi are still version 2.06.

NEW IN VERSION 2.06 (January 2007):

1.

MultiWell: Bug-Fix: An indexing error in multiwell-2.05 resulted in erroneous
identification of the reaction channel in some multi-channel simulations. This bug
was not present in previous versions and had no effect on single-channel
reactions, but it could have affected some multi-channel simulations.

NEW IN VERSION 2.05 (December 2006):

2. MultiWell: Bug-Fix: A subtle error became apparent when using "chemact" at

very low pressures in MultiWell. The error was due to an array element index
error that in effect shifted the initial energy distribution to lower energy by an
amount equal to Egrain1. In tests using models of the Cl + NO2 and CIO + CIO
recombination reactions at 300 K, this resulted in about 0.01% of the initial
energies being selected erroneously below the dissociation energy of the
reaction forming the chemically activated intermediate. The error first became
noticeable at k/k- < 10 and resulted in k/k- approaching a constant value at
very low pressures. It is possible that this bug has lurked in the bowels of
MultiWell since its early days. It has now been fixed. In addition, the rate
constants at energies in the lower half of the double array are now treated as
constant within each energy grain (Egrain1), instead of using linear interpolation
within the grain. Linear Interpolation is still used at energies in the upper half of
the double array. For k/k- > 1073, this bug fix is expected to affect results by no
more than 10%-25% in most models (the relative effects are larger at k/k- < 10

3)_

MultiWell: Revision: because densities of states are not calculated at reactant
active energies greater than Emax2 and densities at higher energies are
obtained by extrapolation, the k(E) values at the higher energies are not
accurate. Previously, the higher energy k(E) values were printed in the output
file. To eliminate the chance that the inaccurate k(E) values at high energy might
be taken seriously, the output has been revised so that k(E) is not calculated at
energies higher than is the reactant state density, but is instead set equal to 1.e-
20. This revision will have no effect on any aspect of the calculations, other than
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the listing of k(E) in the "multiwell.array" output file.

NEW IN VERSION 2.04 (December 2006):

1.

DenSum: Bug-Fix: Previously, the "qro" (quantum rotations) option worked
properly for 2-D rotors, but not for other dimensions. Essentially, instead of the
correct symmetry number, sig was replaced by sigh(d/2), where d=rotor
dimension. The effect of this error depends on the symmetry number and on the
dimensionality of the rotor. For a 3-fold, 1-D internal rotation, it gave sums and
densities of states that were only 58% of the correct values. This error has been
now been fixed.

DenSum: revision: Previously, classical rotations and translations were treated
using a semi-classical approximation, where the sum of states at E=0 was set to
unity. This has been changed so that they are treated as purely classical (the
sum of states is zero at E=0.) This revision will have negligible effects for most
users.

MultiWell: revision: subroutines Colnorm and Colstep were revised to improve
accuracy of collisional energy transfer at low energies. The revised subroutines
are less unstable and produce thermal energy distributions that are more
accurate than previous versions. This revision is expected to affect unimolecular
decay constants and fractional yields by up to 10-20%, depending on the system.

MultiWell: revision: when tunneling or slow IVR are not invoked, the k(E) array
at energies below the critical energy and the IVR coefficient array are empty (set
equal to zero). The empty portions of these arrays are no longer included in the
output files, since they were just a waste of space.

Gauss2Multi: Bug Fix: the code has been revised so that it now works properly
for atoms and linear molecules, as well as for non-linear polyatomics.

NEW IN VERSION 2.03 (August 2006):

1.

MultiWell: Bug-Fix: (in ratearray.f) The barrier to reaction in the reverse
direction was improperly calculated in the last version. This only affected
simulations that calculated tunneling corrections to k(E).

. MultiWell: revision: (in ratearray.f) The calculation of k(E) was modified when

the density of states of the reactant is less than a fixed constant (DScrit =
0.000001/Egrain1). Thus in the sparse density of states regime, if an energy
grain does not contain a reactant state, k(E) is set to zero. This change applies
for k(E) calculated using both the tunneling and the non-tunneling subroutines. It
protects against numerical overflow and unrealistic values for k(E) in reactions

-27 -



MultiWell Program Suite: Revision History

that have low energy barriers and very sparse densities of states.

3. MultiWell: maintenance: (in ratearray.f) The calculation of the reverse reaction
rate constant was changed when tunneling is used so that the tunneling-modified
sum of states of the transition state calculated for the forward direction is stored
in an array and not re-calculated when computing the reverse reaction rate. This
reduces execution times.

4. MultiWell: maintenance: (in multiwell.f) A fatal error is now returned when the
CENT and TUN keywords are used simultaneously. This is because the
tunneling subroutine is implemented only for reactions without centrifugal
corrections. This change will have little practical effect in simulations, since
tunneling is important only for tight transition states (where centrifugal corrections
are not important) and centrifugal corrections are important only for loose
transition states (where tunneling is not important). In a multichannel model, it is
still possible to designate centrifugal corrections (keyword CENT) for some
reactions (e.g. barrier-less reactions), while designating no centrifugal corrections
(keyword NOCENT) for others.

NEW IN VERSION 2.0 (March 2006) - 2.03 (August 2006)

This is a major upgrade. We recommend that all users stop using older versions
and use the latest version, even though it may require revising some input data
files. The items marked with an asterisk (*) have necessitated changes in the input
data files. See the MultiWell Program Suite User Manual for details.

Please use the following citations to acknowledge results obtained using this version of
the MultiWell Program Suite:

a) MultiWell-2.03 Software, 2006, designed and maintained by John R. Barker with
contributions from Nicholas F. Ortiz, Jack M. Preses, Lawrence L. Lohr, Andrea
Maranzana, and Philip J. Stimac; University of Michigan, Ann Arbor, MI;
http://aoss.engin.umich.edu/multiwell/.

b) John R. Barker, Int. J. Chem. Kinetics, 33, 232-45 (2001).
VERSION 2.02 (July 2006):

1. MultiWell: Bug-Fix: modified subroutine eckart.f so that tunneling corrections to
k(E) terminate properly for both endothermic and exothermic reactions and for
reactions with very low barriers. This error significantly affected the k(E)
calculated for low barrier reactions. This bug had no effect when tunneling was
not chosen.

2. MultiWell: Bug-Fix: corrected error in calculated reverse reaction threshold
energy in subroutine ratearray.f. This error affected the magnitude of the
tunneling transmission coefficients calculated in eckart.f. The magnitude of the
difference in the transmission coefficient between the new version and the earlier
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version depends on the enthalpy of the reaction and the reaction threshold
energy. This bug had no effect when tunneling was not chosen.

Gauss2Multi: Bug-Fix: minor bug fix to account properly for the Gaussian key
word "RESTART".

VERSION 2.01 (April 2006):

1.

MultiWell: Bug-Fix: corrected error in calculated strong-collider low pressure
rate constant.

MultiWell: maintenance: modified subroutines colnorm.f and colstep.f to
improve their accuracy when exceptionally large energy transfer step sizes are
specified. These changes will result in small changes in the calculated pressure-
dependence for all step sizes.

VERSION 2.0 (March 2006):

3.

MultiWell Program Suite User Manual: New: the README files for the four
components of the MultiWell program Suite and the Frequently Asked Questions
(FAQ) have been consolidated in a User Manual (distributed as a pdf file).

New: gauss2multi: New: this new code (contributed by Andrea Maranzana)
reads GAUSSIAN output files and automatically stes up data files for Momlnert,
DenSum, Thermo, and MultiWell. See the MultiWell Program Suite User Manual
for details.

* MultiWell: New: quantum mechanical tunneling transmission coefficients for
the Eckart unsymmetrical barrier can now be included in k(E). The data file
(multiwell.dat) format has been revised and a KEYWORD is used for this
purpose.

* MultiWell: New: The enthalpy of final products is now entered in the data file.
This feature is used with the new tunneling feature.

* MultiWell: New: The effects of slow intramolecular vibrational energy
redistribution (IVR) on k(E) can now be included.

MultiWell: New: Two new collision models have been added, see MultiWell
Program Suite User Manual for info:

a. Exponential Model with Alpha(E) = linear + exponential

b. Exponential Model with alpha(E) switching function

MultiWell: Maintenance Revision: Subroutine gkinf.f was revised to improve its
accuracy in calculating k(infinity).

10. MultiWell: Maintenance Revisions: subroutines Estart, Pdown, Colnorm, and

Colstep were revised to improve accuracy of the initial distribution and of energy

-29.-



MultiWell Program Suite: Revision History

transfer at low energies. The revisions also ensure that the selected energies are
aligned with energy grains at energies below Emax1.

11.MultiWell: Maintenance Revisions: subroutine qudint.f: converted to linear
(instead of quadratic) interpolation in order to improve stability in Colnorm.f and
Colstep.f numerical integrations.

12.MultiWell: Bug-Fix: the conversion factor for converting kcal/mole to kJ/mole
was corrected from 4.1855 (international calorie) to 4.184 (thermochemical
calorie). This correction also affected conversion from kcal/mole to cm™ units.

13.* MultiWell: Deleted: option to use the Whitten-Rabinovitch method for
calculating sums and densities of states within MultiWell. It is still possible to use
DenSum to calculate sums and densities of states via the W-R approximation, if
desired. In short, parameters related to the Whitten-Rabinovitch method for
calculating densities of states are no longer input.

14.* MultiWell: Deleted: the un-tested feature that was intended to enable one to
include elastic collisions has been removed because it did not work correctly.

15.DenSum: New: added the capability to calculate sum and density of
translational states (new type of degree of freedom: "trn"). This enables one to
use Densum to calculate microcanonical k(E)'s for bimolecular reactions, which
can, in turn, generate microcanonical pseudo-first order reactions for use in
MultiWell. See the MultiWell Program Suite User Manual for details.

16.DenSum: Maintenance Revision: Densities of states are now calculated using
double-sided numerical finite differences, instead of the single-sided differences
used earlier (originally described by Stein and Rabinovitch). This change does
not affect the sums of states, but may affect calculated densities of states by 1-
2%.

17.Thermo: New: a new chemical species type ("ctst", designating canonical
transition state) enables direct calculation of Canonical Transition State Theory
rate constants. See the MultiWell Program Suite User Manual for details.

18.* Thermo: New: electronic states and degeneracies are now listed explicitly.
This change improves accuracy for species with low energy excited electronic
states. [Note that there is no provision for changes in vibrational frequencies and
moments of inertia for the excited electronic states.]

19.* Thermo: New: added provision for reading a comment line (up to 50
characters) for each chemical species.

20.Thermo: Improvement: parameters for van't Hoff expression of equilibrium
constants [Kequi(T) = A*exp(-B/T)] and rate constant Arrhenius parameters
[krsT(T) = A*exp(-B/T)] are now obtained using an improved numerical derivative.
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21. Thermo: Bug-Fix: the conversion factor for converting kcal/mole to kdJ/mole was
corrected from 4.1855 (international calorie) to 4.184 (thermochemical calorie).
This correction also affected conversion from kcal/mole to cm™ units.

22. Thermo: Bug-Fix: for anharmonic oscillators, the vibrational partition function,
entropy, heat capacity, and enthalpy functions were not being calculated
correctly. This error was greatest at high temperature for low frequency, highly
anharmonic vibrations.

23. Momlnert: New: from a single input file, the code now will calculate reduced

moments of inertia for multiple torsions, instead of just one at a time.

NEW IN VERSION 1.4.1 (September 2004)

1. Please use the following citations to acknowledge results obtained using
this version of MultiWell:

a) John R. Barker, Nicholas F. Ortiz, Jack M. Preses, and Lawrence L. Lohr,
MultiWell-<version> software, http://aoss.engin.umich.edu/multiwell/
(<date>).

[ N.B. insert current <version> and <date> ]

b) John R. Barker, Int. J. Chem. Kinetics, 33, 232-45 (2001).

2. MINOR REVISION: MultiWell: when establishing the maximum length of a simulated
time period according to the number of collisions, the collision frequency is
now based on the collision rate constant of the initial well, and not necessarily
on that of well #1.

3. BUG FIX: Thermo: fixed bug which produced incorrect values for A and B in the
temperature-dependent expression for Kequil when MCC units were selected. The
values of Kequil were correct, but the values for A and B were not.

4. BUG FIX: Estart: fixed bug that affected Pstart for thermal distribution with
non-zero energy offset. The effect of the bug was to produce an un-shifted
thermal distribution (Pstart) with Pstart=0 at energies less than the energy
offset (i.e. with just the tail of the distribution above the energy offset).

NEW IN VERSION 1.3.3 (October 2003)

1. BUG FIX: MultiWell: when state densities are very sparse and hence some energy
grains do not contain states, population could get trapped in the empty grains.
This error (in subroutine colstep.f) affected calculations only at very low
energies and therefore did not affect most users.

2. BUG FIX: MultiWell: an error in lower array bounds affected Estart (subroutine
estart.f).

3. BUG FIX: DenSum: a bug that prevented use of the Whitten-Rabinovitch option
in DenSum was fixed.

4. ANNOUNCEMENT: MultiWell: the MultiWell option to use the Whitten-Rabinovitch
method for calculating sums and densities of states within MultiWell no longer
works and is going to be eliminated. It will still be possible to use DenSum to
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calculate sums and densities of states via the W-R approximation.
NEW IN VERSION 1.3.2 (July 2003)
(Thanks go to Colleen Shovelin for assistance with this distribution)

1. NEW FEATURE: MultiWell: now can enter total concentration (molecule/cc) in
place of total pressure [use Punit key word 'MCC'].
2. NEW FEATURE: Densum and Thermo: now can enter non-symmetric hindered
rotors.
For symmetrical hindered rotors, the data file format is unchanged. For each
unsymmetrical hindered rotor, a new line is inserted in the data file. See
README.densum and README.thermo for details.
3. BUG FIX: Thermo: For vibrations with large negative anharmonicity, the energy
could become negative and the summation used in calculating the partition
function would not converge at high temperature. This summation is now
terminated at the quantum number of the highest bound level [i.e. at
vmax = -we/(2*xe) - 1/2].
4. MINOR FORMAT CHANGES: MultiWell: minor changes were made to the output file
with the aim of making the debugging of data files easier. Specifically, the
input for energy transfer parameters and reaction channels is echoed more
closely in the multiwell.out output file. This will be helpful in spotting
errors in the multiwell.dat input file.

NEW IN VERSION 1.3.1 (JAN 2003)

1. BUG FIX: Thermo: vibrational state degeneracies were not handled correctly
when not equal to unity. This produced errors in the thermodynamic quantities.
2. BUG FIX: in Thermo: fixed bug that erroneously multiplied by the particle-in-
a-box partition function when IDOF = "vib". This caused errors in entropy and
heat capacities that varied with temperature. The magnitude of the error was
largest for low frequency vibrations. This error affected versions 1.2.1,
1.2.2,and 1.2.3.
3. ENHANCEMENT: MultiWell: In previous versions when using the ILT
method for k(E) and simultaneously including centrifugal corrections, the
A-factor for k(infinity) was equal to A(inf) = A*TSmom/MolMom, where A is
the A-factor from the input and TSmom and MolMom are the moments of inertia
of transition state and molecule, respectively. Thus the A-factor in the
data file did not correspond numerically to A(inf).
TO IMPROVE CONVENIENCE, the code was revised so that the A-factor in the
data file should now be set equal to A(inf).
4. MINOR FORMAT CHANGES: MultiWell: the moment of inertia for the 2-dimensional
adiabatic external rotation has been re-labeled in the output files in order
to avoid confusion with the rotational quantum number.
5. MORE EXAMPLES: more examples have been included. Test data sets for DenSum
(taken from the literature) have been added to the examples directory.
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NEW IN VERSION 1.2.3 (SEP 2002)

1. BUG FIX: in MultiWell: fixed bug in bookkeeping subroutine that gave
anomalous reaction at very short times when the collision frequency was much
smaller than all of the k(E)'s. This bug may have had a small effect on low
pressure fall-off calculations.

2. BUG FIX: in Densum: fixed bug that prevented calculation using Whitten-
Rabinovitch approximation. This bug was probably introduced in version 1.1.2.
It had no effect on the exact count option.

3. BUG FIX: in MultiWell: fixed bugs related to reading a file containing Pstart,
the initial cumulative energy distribution function.

NEW IN VERSION 1.2.2 (MAY 2002)

1. BUG FIX: Revised averaging of kuni so that only one sample per time bin per
trial is included in the average. The previous algorithm resulted in
over-weighting faster k(E)'s and gave erroneously high average kuni
values reported in multiwell.out.

NEW IN VERSION 1.2.1 (MARCH 2002)

1. BUG FIX: in Thermo, vibrational state degeneracies were not handled correctly
when not equal to unity. This produced errors in the thermodynamic quantities.
This bug has been fixed
2. NEW FEATURE: in DenSum and in Thermo, particle-in-a-box energy levels can be
selected by specifying 'box' for the type of degree of freedom; see README
files.
3. NEW NOTE: rotational and external symmetries can be handled in various ways
in MultiWell, Densum, and Thermo. To clarify the recommended way of handling
symmetry numbers, a new "NOTE ON SYMMETRY NUMBERS" has been added to
the
README files.
4. ENHANCED OUTPUT: a) the number of significant digits was increased for some
output quantities; b) zero point energies and energy differences are listed
in Thermo output (this is helpful for hindered rotors and it facilitates
isotopic substitution simultions).

NEW IN VERSION 1.2.0 (JANUARY 2002)

1. BUG FIX: the previous version applied the centrifugal corrections
inconsistently when calculating Arrhenius parameters. k(inf) was correct,
however, and no other parts of the calculation were affected. This bug has
been fixed.

2. NEW FEATURE: can choose to apply or not apply the centrifugal corrections for
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any choice of k(E) model. Thus the corrections can be applied even when using

the Inverse Laplace Transform version of k(E). This also allows centrifugal

corrections be be calculated externally and then the corrected k(E) or sums of

states can be read from an external file. NOTE: THIS NEW FEATURE AFFECTS
DATA FILE FORMAT AS FOLLOWS: A NEW FLAG (ncen) MUST BE ADDED TO LINE
#15 FOR EACH FORWARD REACTION.

NEW IN VERSION 1.1.3 (NOVEMBER 2001)

1. BUG FIX: minor bugs in the hindered rotor subroutines were fixed in Thermo
and in DenSum. The bugs prevented execution on some platforms. MultiWell
itself was not affected.

NEW IN VERSION 1.1.2 (SEPTEMBER 2001)

1. For convenience, input and output file names were changed to all lower case.

2. NEW OPTION (MultiWell and Thermo): energies can be read in units of cm-1,
kd/mole, or kcal/mole. Previous versions were only capable of reading the
latter two units.

3. NEW OPTION (MultiWell): the maximum time simulated can be specified
directly, or it can be specified as a maximum number of collisions (key-word:
'"TIME' or 'COLL'. This feature is particularly useful for efficient calculation
of fall-off curve and other pressure-dependent quantities. NOTE: THIS NEW
OPTION AFFECTS THE LAST LINE OF THE DATA FILE.

4. NEW FEATURE (MultiWell): output file multiwell is generated that
gives all of the header material in the full output file, but instead of
the time-dependent results, gives only the final results of each simulation
in the form of a summary table. This feature is particularly convenient for
calculating fall-off curves and other pressure-dependent quantities.

5. NEW OPTION (DenSum and Thermo): by specifying a key word ('HAR' or 'OBS'),
vibrational frequencies can be input as harmonic, or as observed 0-1 transition
frequencies. This feature is useful when using observed fundamental frequencies
and estimated anharmonicities. NOTE: THIS NEW OPTION AFFECTS ONE LINE OF

THE
DATA FILE.

6. BUG FIX (Multiwell): the centrifugal corrections to k(E) and k(inf) were revised.
They now correspond to Equations (4.31) and (4.30) respectively, in P. J. Robinson
& K. A. Holbrook, "Unimolecular Reactions" (Wiley, London, 1972). The threshold
energy including the centrifugal correction for each reaction is listed in file
multiwell.array above the column of k(E) values for each reaction: "Eo+Rot: ...".

A future version will incorporate a more accurate representation of centrifugal
effects.

7. BUG FIX (DenSum and Thermo): bugs were fixed in the sums and densities
of rotational and hindered-rotor states, and the corresponding partition

-34 -



MultiWell Program Suite: Revision History

functions.

NEW IN VERSION 1.1.1 (JULY 2001)
Note that all revised codes are compatible with the previous data file formats.
BUG FIXES

1. Collision frequency error of 0.6% in MultiWell f.
2. Chemical activation option in MultiWell f.

ENHANCEMENTS
MultiWell

1. Numerous minor output format revisions were made to improve clarity and
convenience.

2. The vibrational population distribution that is output in file MultiWell.DIST
was revised to give instantaneous "snapshots" of the population distribution.
Previously, the distribution was obtained by averaging over the entire time-
bin. The revised version gives the exact time-behavior, but a larger number of
stochastic trials may be needed in order to achieve the desired precision.

3. A new output file, MultiWell. FLUX, is included. This file gives a record of
the reactive flux for each reaction. It is useful for tracing reaction
pathways and for identifying quasi-equilibration, etc.

DenSum

1. A good approximation for hindered rotor energies was added. Three convenient
input formats can be chosen that are very convenient for using harmonic
vibrational frequencies calculated by quantum chemistry programs.

Mominert

1. Subroutine Rotate.f was revised to eliminate the errors that occurred for
some molecular geometries.

Thermo
1. Several portions of the code were re-written to make them more accurate.

2. The hindered rotor options that were added to DenSum were also added to
Thermo.
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