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Abstract: MIRATE (Ml ecul ar Orbital RATE calculations) is a set of FORTRAN
subprogranms and Uni x scripts for interfacing the POLYRATE dynam cs program

and the MOPAC el ectronic structure programfor the purpose of direct dynanics
cal cul ati ons of gas-phase chem cal reaction rates of polyatonic species

(and al so atons and di atons as special cases) using semenpirical nol ecul ar
orbital theory to represent the potential energy of interaction and using
PCLYRATE for the dynanics. The interface is based on the PQLYRATE hooks
protocol. The dynanics methods used are variational or conventional transition
state theory and nul tidi nensi onal semicl assical approximations for tunneling
and noncl assical reflection. Rate constants nay be cal cul ated by any of the
nmet hods avail abl e in the PCLYRATE version 8.0 program for canonical or

m crocanoni cal ensenbles or for specific vibrational states of sel ected nodes
with translational, rotational, and other vibrational nodes treated thernally.
Bi nol ecul ar and uni nol ecul ar reactions are included. Both single-level and
dual -1 evel nodes are available. |In single|evel node, potential energies and
gradi ents can be cal cul ated by any of the sem enpirical nol ecul ar orbital

net hods in the MOPAC version 5.07mn package, in particular PMB, AML, M\DQ and
M NDQ 3, and al so by the NDDO SRP nethod. In dual -1 evel node, these options are
available for the lower-level part of the calculation, and higher-level datais
read froman external file for VIST-1CC or | SPE cal cul ati ons.
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REFERENCES FCR MCRATE PROGRAM

Persons usi ng MCRATE shoul d cite the MORATE, PCLYRATE, and MIPAC packages.
For exanpl e:

MORATE version 8.0/ P8.0-M. 07 by Y.-Y. Chuang, P. L. Fast, W-P. Hy,

G C Lynch, Y.-P. Liu, and D. G Truhlar, University of M nnesota,

M nneapol i s, 1998 based on PCLYRATE-version 8.0 by Y.-Y. Chuang, J. C Corchad
Corchado, P. L. Fast, J. Milla, E L Goitino, W-H Hi, Y. -P. Liu, G C
Lynch,

K A Nguyen, C F. Jackels, M Z @, |I. Rossi, S. dayton, V. S Mlissas,
R Steckler, B. C Garrett, A D Isaacson, and D. G Truhl ar,

Uni versity of Mnnesota, M nneapolis, 1998 and MJPAG version 5.07m by

J. Stewart, |I. Rossi, W-P. Hu, G C Lynch, Y. -P. Liu, and D G Truhlar
University of Mnnesota, Mnneapolis, 1997.

Addi tional references for specific features of the calculations are given in
the PCQLYRATE and MOPAC manual s and in Sections 1. A and 13 of this nanual .

USER AGREEMENT

MORATE is a licensed programand use of this programinplies acceptance of
the terns of the |icense, which are repeated here for conveni ence:

1. No user or site wll redistribute the source code or executabl e code
toathird party in original or nodified formw thout witten
perm ssion of the principal investigator (Donald G Truhlar). A
|'icense does not entitle the licensee to relicense the code or
distribute it in original or nodified formto parties not covered by
the license. The |licensee has no ownership rights in the MRATE
software or in any copyrights for the MORATE software or docurentati on
through this |icense. A user license covers the work of a single
research group and the code nmay be shared and dissemnated within a
group without requiring permssion. Site-license inquiries should be
directed to the principal investigator (DGT.).

2. Publications resulting fromusing this package or the PCLYRATE or MCPAC
subsystens used by this package will cite the correspondi ng program
The recommended references are given in the docunentation (see above
for the recommended reference for MORATE).

3. No guarantee is nade that this programis bug-free or suitable for
specific applications, and no liability is accepted for any limtations
in the mat henati cal nethods and al gorithns used within the program

4. No consulting or maintenance services are guaranteed or inplied.
5. The PCLYRATE-8.0 and MIPAC-5.07m codes required to use MXRATE are

covered by separate licenses. These |icenses do not cover unchanged
parts of MOPAC-5.0 or EF, which are available wthout |icensing.
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GONTACT | NFCRIVATI ON

For nore information or questions or problens wth MRATE contact the
principal investigator:

Donald G Truhl ar

Depar t rent of Chem stry and Superconputer Institute
Uni versity of M nnesota

207 Pleasant Street S E

M nneapol i s, MN 55455-0431, U S A

htt p: // conp. chem urm. edu/ ror at e

fax: (612) 626-9390



MCRATE 8. 0/ P8. O- Mb. 07
Page 1-1

1. I NTRCDUCTI ON

MCRATE is a programfor the analysis of reactants, products, and

transition states of chenical reactions and for direct dynanics cal cul ations
of variational transition state theory (VIST) rate constants and mul ti-

di mensi onal semicl assi cal tunneling probabilities using nol ecul ar orbital
theory to represent the potential energy of interaction and its gradient
wherever they are needed. The interface between MOPAC and MCRATE i s nade
by a series of FORTRAN subroutines called the MIRATE hooks. This program
version, 8.0/P8.0 M. 07, conbines PCLYRATE 8.0, which is a program for
dynamcal rate calculations, with the semenpirical electronic structure

pr ogr am MOPAG ver si on 5. 07mn.

In the current version of the program both uninol ecul ar and bi nol ecul ar
gas- phase reactions can be treated, and the maxi mum nunber of atons can be
reset by changi ng the paraneters NATOVB, MAXHEV, and MAXLIT in the
appropriate include files. Mre details of these paraneters are given in
Section 3 of this manual.

The anal ysis of reactants and products can be perforned for up to

two reactants and two products. The minimumenergy path (MEP) can be
calculated by the Euler single-step (ES), Euler stabilization (ES1 or ES1*),
or Page-Mlver (PVM nethods. The MEP is always defined in nmass-scal ed
coordinates and thus it is identical to what sone persons call the IRC
Various anharnonicity options are available for the vibrational nmodes of the
reactants, products, and/or generalized transition state species. The VTIST
rate constants can be conput ed usi ng canoni cal variational theory (CVT),

i nproved canoni cal variational theory (1CVT), or mcrocanonical variational
theory (muVT). Gonventional transition state theory (TST) nay al so be

enpl oyed. The tunneling probabilities can be conputed using the zero-
curvature tunneling (ZCT) nethod, the centrifugal -dom nant snall -curvature
tunneling (SCT)nethod, the |arge-curvature tunneling (LCT) nethod (version 3,
including tunneling into excited states), and the nicrocanonical optimzed
mul ti di nensi onal tunneling (nuQwvIlN net hod.

In singlelevel mode, the MIRATE program conputes the rate constants
either fromenergies and gradients cal cul ated by sem enpirical nolecul ar
orbital (M) theory, or froma restart file which uses the reaction-path
information froma previous calculation. In either case, the semenpirical
MD et hods that can be used to represent the potential energy surface are
the sane as those avail able in the MJPAC package, version 5.07m, nanely,
MNDQ 3, M\DO, AML, PMB, and NDDO SRP. The package al so supports
configuration interaction cal cul ati ons based on sem enpirical Hamltonians.

In dual -1 evel mode, MORATE conputes the potential energy at the | ower

I evel by one of the options avail able for single-level calculations, and it
reads the data needed for the high-level froma file assigned to FCRTRAN
uni t fu50.

Wien we refer to the "potential", the "potential energy surface", or
the "energy” in this manual, we nean the sanme thing, nanely, the sumof the
el ectroni c energy and the nucl ear repul sion energy.
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1.A  CGeneral background references

The foll owi ng references are recommended for general background. A nore
speci fi ¢ MIRATE bi bl i ography nmay be found in Section 13.

Generalized transition state theory:

1. "Variational Transition-State Theory," D. G Truhlar and B. C Grrett,
Accounts of Chem cal Research 13, 440-448 (1980).

2. "The Incorporation of QuantumEffects in CGeneralized Transition State
Theory," D. G Truhlar, A D Isaacson, R T. Skodje, and B. C Garrett,
Journal of Physical Chemstry 86, 2252-2261 (1982). FErratum 87, 4554 (1983).

3. "Ceneralized Transition State Theory," D. G Truhlar, A D Isaacson,
and B. C Garrett, in Theory of Chem cal Reaction Dynamcs, edited by M Baer
(CRC Press, Boca Raton, FL, 1985), Vol. 4, pp. 65 137.

4, "Variational Transition State Theory," D. G Truhlar and B. C Garrett,
in Annual Review of Physical Chemistry, Vol. 35, edited by B. S. Rabinovitch, J.
M Schurr, and H L. Strauss (Annual Reviews, Inc., Palo Alto, California,
1984), pp. 159-189.

5. "Transition State Theory," M M Kreevoy and DL G Truhlar, in
Investigation of Rates and Mechani sns of Reactions, 4th edition, edited by
C F. Bernasconi (John Wley and Sons, New York, 1986), Part 1, pp. 13- 95.
[Tech. Chem (NY.), 4th ed., 6/Pt. 1, 1395 (1986)].

6. "Dynam cal Fornulation of Transition State Theory: Variational
Transition States and Semclassical Tunneling," S. C Tucker and D. G Truhlar,
in New Theoretical Concepts for Understanding Grganic Reactions, edited by J.
Bertran and I. G Gsiznadia (K uwer, Dordrecht, The Netherlands, 1989),
pp. 291-346. [NATO ASl Ser. C 267, 291-346 (1989)]

7. "Direct Dynanmics Method for the Calculation of Reaction Rates,” D. G
Truhlar, in The Reaction Path in Chemstry: Qurrent Approaches and Perspecti ves,
edited by DO Heidrich (Kl uwer, Dordrecht, 1995), pp. 229 255. [ Understanding
Chem React. 16, 229-255 (1995).]

PCLYRATE and MORATE:

1. "PCLYRATE A General Conputer Programfor Variational Transition State
Theory and Semicl assical Tunneling Cal cul ati ons of Chenical Reaction Rates," A
D. Isaacson, D G Truhlar, SO N Rai, R Seckler, G C Hancock, B. C
Garrett, and M J. Rednon, Conputer Physics Conmuni cations 47, 91- 102 (1987).

2. "PCQLYRATE 4: A New Version of a Conputer Programfor the Cal cul ation
of Chenical Reaction Rates for Polyatomcs,” D-h. Lu, T. N Truong, V. S
Melissas, G C Lynch, Y.-P. Liu, B. C Garrett, R Steckler, A D Isaacson,
S N Rai, G C Hancock, J. G Lauderdale, T. Joseph, and DO G Truhlar,
Conput er Physi cs Communi cations 71, 235-262 (1992).

3. "MXRATE A Programfor Direct Dynam cs Cal cul ations of Chem cal
Reaction Rates by Semenpirical Ml ecular Gbital Theory," T. N Truong, D.-h.
Luy G C Lynch, Y.-P. Liu, V. S Mlissas, J. J. P. Stewart, R Steckler,

B. C Garrett, A D Isaacson, A onzal ez-Lafont, SO N Rai, G C Hancock, T.
Joseph, and D. G Truhl ar, Conputer Physics Communications 75, 143-159 (1993).
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4. "PCLYRATE version 6.5 and MCRATE version 6.5/ P6.5-M. 05. Two
Conputer Prograns for the Cal cul ation of Chem cal Reaction Rates,"” W-P.
Hi, R Steckler, G C Lynch, Y.-P. Liu, B. C Garrett, A D Isaacson,
D.-h. Lu, V. Melissas, |I. Rossi, J. J. P. Sewart, and DL G Truhlar, QCPE
Bul l etin 15, 32-36 (1995).

5. "PCLYRATE 6.5: A New Version of Conputer Programfor the Cal cul ation
of Chenmical Reaction Rates for Polyatomcs," R Steckler, W-P. Hu, Y.-P.
Liuy G C Lynch, B. C Garrett, A D Isaacson, V. S. Mlissas, D-h. Lu,
T. N Truong, S N Rai, G C Hancock, J. G Lauderdale, T. Joseph, and
D. G Truhlar, Conputer Physis Communications 88, 341-343 (1995).

6. "MRATE 6.5: A New Version of Conputer Programfor D rect Dynamcs
Cal cul ati ons of Chemcal Reaction Rate Constants,"” W-P. Hu, G
Reaction Rate Constants,” W-P. Hu, G C Lynch, Y.-P. Liu, |I. Rossi, J. J.
P. Stewart, R Steckler, B. C Garrett, A D lIsaacson, D-h. Lu, V. S
Melissas, and D. G Truhlar, Conputer Physics Communi cations 88, 344-346
(1995).

7. "Ml ecular Mdeling of the Kinetic Isotope Effect for the [1,5]-
Sigmatropi ¢ Rearrangenent of cis-1,3-Pentadiene,"” Y.-P. Liu, G C Lynch, T. N
Truong, D.-h. Lu, D G Truhlar, and B. C Garrett, Journal of the American
Chem cal Society 115, 2408-2415 (1993).

8. "Direct Dynanics Calculation of the Kinetic |Isotope Effect for an
Q gani ¢ Hydrogen-Transfer Reaction, Including Corner-Qutting Tunneling in 21
D nensions," Y.-P. Liu, D-h. Lu, A ®nzal ez-Lafont, DD G Truhlar, and B. C
Garrett, Journal of the Anerican Chenical Society 115, 7806-7817 (1993).
MOPAC:

1. "MPAC A Senienpirical Mlecular Gbital Program" J. J. P. Stewart,
Journal of Conputer-A ded Ml ecul ar Design, Vol. 4, No. 1, 1-105 (1990).

2. "Semenpirical Mlecular Obital Methods," J. J. P. Stewart, Reviews
in Conputational Chenmistry 1, 45-81 (1990).

FURTHER REFERENCES:

See Section 13.
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2. CRGAN ZATI ON CF THE MANUAL

Thi s manual assunes that the user possesses nanual s for PCLYRATE-version
8.0, MIPAG version 5.0, and MOPAG version 5.07m and that the user is
famliar with the theory behind both PCLYRATE and MOPAC

In this nanual, POLYRATE keywords (for exanple, EZEROQ are in capital
letters, whereas the values that these keywords take (for exanpl e,
"calcul ate") are in double quotation marks. Section 3 discusses how to
install MORATE. Some aspects of the interface of POLYRATE with the MOPAC
semenpirical nol ecular orbital package are described in Section 4.
Section 5 describes the programstructure and the subprograns that

nmake up the MCRATE program and it lists the files that conprise this
version of MRATE. Section 6 describes the FORTRAN unit nunbers used
for the input and output. Section 7 contains selected details

of sone of the options available in this version of MORATE Section 8
contains a description of the input required by the MIRATE program
Section 9 describes the test runs that make up the test suite for this
version of the program Section 11 contains the tinings for the test
suite for this version of the code on all the machines on which it has
been tested. Sections 12, 13, and 14 contain errata for the MORATE
manual s, a bi bl i ography, and infornati on about MORATE versi ons.

Throughout this manual, we capitalize MORATE, PCLYRATE, MCPAC, subprogram
names, FCRTRAN vari abl es (except FORTRAN unit designators like fu6), MIPAC
keywor ds, PCLYRATE keywords, and acronyns in which every letter stands

for a newword. File names (except SIZES.i and EXTERN TR# files) and

Uni x commands are in | ower case.
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3. I NSTALLATI ON

Notice that the |licenses for POLYRATE and MOPACS. 07mn may be obtai ned vi a
the internet, in particular fromthe URL:
http: //conmp. chem um. edu

The MORATES. 0 package contai ns several conpilation scripts
(/morate8.0/src/nmoratecl . *) for different platforns. The user of MIRATE nust
obtain and install POLYRATES.0 and MJPACS. 07nm bef ore proceedi ng with MIRATE
The MORATE scripts will look for the file .poly_path8.0 for the |ocation

of the PCOLYRATES. O package and will ask the user to input the path of the
MOPACS. 07mn sour ce codes (e.g. /usr/chuang/ nopac507m/ src).

One can carry out the installation by follow ng the instructions in Section
3.Cof this nanual .

The programis distributed with the short output files for all the test runs
inthe test suite.

The programis always distributed in the Unix tarred format, and upon i ssui ng
the conmand tar -xvf <filenane>, the files which nmake up the distribution
package (see Subsection 3. A will be partitioned into the foll ow ng
structure:

nor at e8. 0
I

I I I I I

| doc src testr testo
check_test.jc
check_all.jc
nor at e8. 0: this directory contains all the files
doc: this directory contains the present MCIRATE nanual
src: this directory contains all the source code and all

the job control files needed to conpile and link the
source codes

testr: this directory contains the sanple test run files

testo: this directory contains all the short output files
for the test runs fromQay CO0

check_test.jc: a job control file that checks a specific test run

check_all.jc: a job control file that checks all the test runs
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3.A DESCR PTI ON CF FILES | N RELEASE CF VERSI ON 8. 0/ P8. 0- M. 07

Version 8.0/ P8.0-M. 07 of the MIRATE code consi sts of several files
whi ch nay be classified according to the foll owing categori es:

1) FORTRAN source code files 3 files
2) Include files 4 files
3) This manual 1file
4) Job control files 32 files
5) Input for test runs 109 files
6) MOPAC external data files 4 files
7) Qutput for test runs 19 files

3.A1 List of files in release of version 8.0
FCRTRAN sour ce code :
hooks. f nb07drv. f norate. f
Include files:
parani. i nc paran®. i nc paran8. i nc param. i nc
Manual :
nor at e8. 0. doc

Job control files (C shell scripts for conpiling, |inking,
and running test runs):

check_test.jc check all.jc run_all.jc testrl.jc
testr2.jc testr3.jc testrd.jc testrb.jc
testr6.jc testr7.jc testr8.jc testr9.jc
testr10.jc testrill.jc testrl2.jc testrl3.jc
testrld.jc testrlb.jc testrl6.jc testrl7.jc
testril8.jc testrl9.jc

nmoratecl .590 noratecl.cray noratecl.dec rmoratecl. hp
nor at ecl . rs6k norat ecl . sgi nor at ecl . sgi 64 nor at ecl . sun

nor at ecl . | i nux norat ecl . 604
Input data files:

testrl.71 testrl1l3.73 testrl6.74 testr3.71 testr7.72
testrl.73 testrl3.74 testrl6.75 testr3.72 testr7.73
testrl. 75 testrl3.75 testrl7.71 testr3.73 testr7.74
testr10.71 testrl4.71 testrl7.72 testr3.74 testr7.75
testr10.72 testrl4.72 testrl7.73 testr3.75 testr8.71
testrl10.73 testrl14.73 testrl7.74 testrd4.71 testr8.72
testrl10.74 testrl4.74 testrl7.75 testr4.72 testr8.73
testrl10.75 testrl4.75 testrl8.71 testrd.73 testr8.74
testrll. 75 testrl5.71 testrl8.72 testr4.74 testr8.75
testrl2. 71 testr15.72 testrl1l8.73 testr4.75 testr9.71
testrl2.72 testrl5.73 testrl8.75 testr5 71 testr9.72
testr12. 73 testrl1l5.74 testr2.71 testrb.72 testr9.73
testr12.74 testrl5.75 testr2.72 testr5.73 testr9.74



MOPAC ext er nal

testrl12.75
testr13.71
testri13.72
testr3. dat

testr8. dat

testr13. dat
t estr18. dat
testr13.50
testr19.72
testrl19. 77

EXTERN TR4

Qutput files:

testrl.fulb
testr2.fulb
testr3.fulb
testr4.fulb
testr14. fulb
testr18. fuls

testrl6.71
testr16.72
testrl6.73
t estr4. dat
testr9. dat
testr14. dat
testrl12.50
testr15. 50
testr19.73

testr2.73
testr2.74
testr2.75
testrb. dat
testr 10. dat
testr15. dat
testri14.50
testr17.50
testr19.74

MCORATE 8. 0/ P8. O- Mb. 07
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testr5.74
testr5.75
testr7.71
t estr6. dat

testrll. dat
testr 16. dat

testrl16.50
testr8.50
testr19.75

testr9.75
testrl. dat
testr2. dat
testr7. dat
testr12. dat
testrl17. dat
testr3.50
testr19.71
testr19. 76

EXTERN TR7

testrb. fulb
testr6. fuls
testr7.ful4d
testr7.fulb
testri15. fulb
testr19. fulb

testr19.dat testr19.51

data files for NDDOSRP test runs:

EXTERN TR8

testr8.fuld
testr8.fuls
testr9.fuld
testr9.fulb
testri16. fulb

EXTERN TR15

testr10. fulb
testrill. fulb
testr12.fulb
testr13.fulbs
testr17.fulb
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3.B. SPEQ FYI NG THE Sl ZE OF THE MCRATE EXECUTABLE Fl LE

A user can easily adjust the size of the executable file to be created
by nmodifying the include files needed by the source code. A full description
of howto carry out these nodifications is given in subsection 3.C

D nensions in the MORATE program |ike those in PCLYRATE, are governed by an
include file called paraminc; and the dimensions for the MPACS. 07m part
are governed by the include file called SIZES.i. (This is a nodified version
of the SIZES include file that is distributed with the original MPAC 5.0
code.) Note that the file SIZES.i and all references to it are case
sensitive when this programis used in a Uniix or other case-sensitive

envi ronnent .

As explained in Subsection 5.A 2 of the PCLYRATE manual , any changes nade
to include files nust be done consistently, and the code nust be reconpil ed
for the changes to becone effective.

The include file paraminc nmay be nodified as described in Section 5

of the PCLYRATE nmanual . However, one nust be wary of the val ue used

for the maxi mum nunber of atons, NATOMB, in this include file as it nust

be less than or equal to the sumof MAXHEY and MAXLIT in the include file
SIZES.i. This sumsets the naxi mum nunber of atons allowed in the MIPAC
portion of the code.

The subroutines SURF and SETUP have the fol lowing |ine

i ncl ude ' paraminc'
whi ch ensures that the variable NATOMB is correctly set in these
subprograns. The MOPAC program al so uses the variable NATOMS in the
comon bl ock / GECKST/; to avoid conflicts in the subprogram SETUP this
MOPAC vari abl e has been changed to MAXATM  This variabl e name change
is only made in the subroutine SETUP as this is the only MORATE subroutine
where both the MOPAC and POLYRATE vari abl es NATOMS exi st.

Inthe include file SIZES. i, the val ues of MAXHEV and MAXLI T may be
nodi fi ed as described in Section 11 of the MJPAC 5.0 nanual. Note that,
as mentioned above, MAXHEV + MAXLI T nust be greater than or equal to the
PCLYRATE vari abl e NATQVS. I n the subprogram SETUP, a check is carried out
to ensure that NATOMS is | ess than or equal to MAXHEV + MAXLI T before
starting the full cal cul ation.

The variables MMHEV and MMXLIT are indirectly used to specify the
val ues of certain variables which are used for array di nensioning. For
exanpl e, the variable | PADD in the subroutine FORCE i s defined as
| PADD = 2*MRB2 + 2*NMAXCRB - MAXPAR - NAXPA2
wher e
MAXCRB = 4*NAXHEV + MAXLIT
MCRB2 = NMAXCRB * NMAXCRB
MAXPAR = 3*(MAXHEV + MAXLI T)
MAXPA2 = NAXPAR * NAXPAR
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Because of this interdependency, the val ues of MAXHEV and MAXLI T chosen
have to satisfy nore than the conditions given in Section 11 of the
MPAC 5.0 nanual . | f proper values of MAXHEV and MMXLI T are not chosen
so that variables |like | PADD are greater than zero, the code will not
conpi | e successfully.

Anot her di nensi on which can be set in the include file SIZES.i

allows the user to run either a "short" or a "long" version of MPAC
This nodification is al so described, though briefly, in Section 11 of

the MOPAC 5.0 rmanual .  The "short" or the "l ong" version of MPACis
deternmned by the val ues of the two paraneters NVEA and NPULAY, which
are then used to dinmension various arrays in several MIPAC subroutines,
for exanple, O NMT(NVEQ**4) and M CROB(NMEC, 2*NVEA **3). The variable
NVEQ controls the sizes of arrays used in the configuration interaction
cal cul ations, and the variable NPULAY controls the sizes of arrays used in
the CAMP- KI NG and PULAY converger routines. The CAWP-KI NG and PULAY
convergers are automatically turned on if the initial iteration sequence
fails to successfully generate self-consistency.

In the original include file SIZES the user coul d choose between the
"short"

PARAMETER( NVEQ =1, NPULAY=1)
or the "long"

PARAMETER NVEQ =10, NPULAY=MPACK)
versi on of MZPAC dependi ng on which set of paraneters was used. These
paraneter statenents are the last two lines of the include file SZES.i,
and they nust be commented out or uncomment ed dependi ng on which set is
required.

MCRATE can be run with either the "short" or the "long" version of

MOPAC, but running with the "short" version is risky because if the nornal
iteration sequence fails to converge the SCF process and the CAMR KI NG
and the PULAY convergers are turned on, the programw || abort. If the
user is confident that the SCF process for a particular systemwill
converge with the initial iteration process, then MORATE can be run with
the "short" version of MOPAC and this significantly reduces the nerory
requi rements of the code.

In the distributed version of MIRATE, a new conbi nation for the
paraneters NMEA and NPULAY has been added to the include file SIZES.i.
Thi s new conbi nation, designed specifically for MRATE, is
PARAMETER( NVEA =1, NPULAY=MPACK)
(this conbination is not one of those provided in the MOPAC progranj.
Wsing this conbination, the menory requirenments of the code are reduced
significantly wthout running the risk of aborting in the SCF iteration
process. This conbination is the default in the current version of MIRATE
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3. C. GOWPI LI NG AND LI NKI NG THE SOURCE CCDE

Thi s subsection describes the use of the scripts provided for conpiling
and |inking the MRATE version 8.0 source code.

N ne scripts are included in the norate8.0/src directory:

nor at ecl . 590 ---- for IBMPower 2 series (Mdel 590)

nor at ecl . 604 ---- for I BM Power PC 604e

nor at ecl . cray ---- for Oray conputers

nor at ecl . dec ---- for DEC al pha workstations

nor at ecl . hp ---- for HP workstations

nor at ecl . r s6k ---- for I1BM RS/ 6000 workstations (Mdel 550)
nor at ecl . sgi ---- for S@ Indigo workstations

nor at ecl . sgi 64 ---- for S@ 64 bit Power Challenge L/ R3000
nor at ecl . sun ---- for Sun SparcStations

nor at ecl . | i nux ---- for Linux (kernel 2.0.30)

Change the working directory to norate8.0/src, and choose the appropriate
script fromthe |list above for the type of nachi ne you are working on, and
then do the following: (G to Step 2 if the machine being used is not a
Qay Y-M.)

Step 1: Unconmment the conpilation lines for the PCLYRATE subroutine
files if the machine being used is a Oay Y-M.
In the distributed version of the script the statements
for conpiling POLYRATE subroutines on the O ay- 2,
Oay XM>EA and Gray C0 are uncomrented and those for the
Oay Y-MP are commented out. |f you wish to use the Y-MP
version, uncoment the lines for the Y-MP and comrent
those for the Oay-2, Oray X M>-EA and Cay C90.

Step 2: Execute the script:

for exanple, if your nmachine is an |BMRY 6000 and you want
to use paranl.inc as the MORATE paraneter include file and
t he MOPACS07mn source codes are |ocated in the

[ usr/ chuang/ nopac507m. src directory, then you type:

norat ecl . rs6k 1 /usr/chuang/ nopac507m/ src <Ret ur n>

This script will copy, conpile, and link all the necessary
files to generate an executabl e called norate.exe in /src.

Use a different script nane if a different type of machi ne
i's being used.

(Note: this script requires two argunents: (1) the
nunber to indicate which param#.inc is used. And (2)
the full path of the directory that contains the
MOPAC507nm sour ce codes. )

This will create a MORATE 8.0 executable file in the /norate8.0/src
directory with the name norate.exe. Notice the argunents of these script files
are different fromthose in version 7.2 and earlier.
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3.D COMPILING LINKING AND RUNN NG THE TEST SU TE

MORATE version 8.0 is distributed with four sanple paraminc files.

The sanpl e paraminc files are paranl.inc, paran®.inc, paranB.inc, and
paramt.inc. The follow ng chart lists the sanple paraminc files which
are applicable to each MRATE test run. (An X denotes that the include
file at the top of that colum is suitable for the test run on that line.)

- TEST RN - paranl.inc - paran2.inc - paranB.inc - parang.inc -
: testrl : X : X X :
: testr2 X X X X
- testr3, 19 - X : X i X ] ]
- testr4,5 - X : X i X i ]
: testr6 : X X : X :
C testr7 - X i ] X i ]
: testr8 : X : X :
: testr9 X X
: testri0 : X X : :
- testril - X : X i ] ]
: testr12, 13 : X X : :
: testrl4 : X X : X X :
: testrl15, 16 X X
: testrl7 : X X : :
: testri18 X X

Ei ghteen job control files are provided for conpiling and |inking the source
code for eighteen different types of machines. E ghteen job control files are
provided for running the thirteen test runs that nake up the test suite.
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4. POTENTI AL ENERGY SURFACE FROM MOLEGULAR CRBI TAL THECRY
4. A | NTERFACE

The interface between POLYRATE and MOPAC 5. 07mn consi sts of four
subroutines: MIPSET, MOPEG MIPCPT, MIPHES. These subroutines, which are
t he MOPAC versions of the PCLYRATE hooks, are in the file nb07drv.f.

The primary subroutine for the interface between PCLYRATE and MOPAC

is MOPCPT. This subroutine, which is a nodification of the main driver of
MCPAC, sets up all the necessary paraneters for the semenpirical nol ecul ar
orbital calculation and reads the initial geometry. MIPCPT also calls the
MCPAC 5. 07mm optim zation subroutines, such as FLEPO and EF, to optimze the
georretry of a stationary point, if a geonetry optimzation is requested.

In MORATE, the geonetry optimzations for the reactants, products, and saddl e
poi nt species are carried out by MPAC 5.07m routines only, and MOPCPT is
called once for each nol ecul ar chem cal species,i.e., once for each reactant
and product and once for the saddl e point.

The subrouti ne MOPEG eval uates the potential and its gradient as

functions of the Cartesian coordinates of the atons. |t serves as a |ink

bet ween the PCLYRATE and MCOPAC 5. 07mm prograns, and it functions in the sane way
as in the case of an analytic potential energy surface used in POLYRATE. The
subroutine MCPEG takes a set of Cartesians from PCQLYRATE, converts themto
Angstrons, and passes this information to the MIPAC subrouti ne COMPFG whi ch

cal cul ates the energy and gradi ent by sel f-consistent-field (SCF) method.

The subroutine MOPEG t hen makes the necessary unit conversions and returns the
energy and gradient to POLYRATE in atomc units.

The subroutine MOPHES returns to PCLYRATE the Hessian matrix of the

potential at a given point calcul ated using the MIPAC Hessi an eval uati on
subroutine FMAT. This happens if MOPAC is specified in section *SECOND of the
input file. MPAC uses an adaptive-stepsi ze scheme that in principle is nmore
accurate than the one used in PCLYRATE, but it is twice as expensive in terns
of CPUtime. In our experience the difference in the final results obtained
using the two nethods is quite snall, if the stepsize for doi ng second
derivatives is selected properly in PCLYRATE However, in sone cases where
the transition state has a very | ow frequency vibrational node, the cal cul ated
results can be very different across different platforns. Using the MOPAC
second derivative option in this situation will give nore consistent results
on different conputers.

The subroutine MOPSET sets up sone conmon bl ocks needed by MZOPAC and checks
that certain MIPAC and POLYRATE arrays are dinensioned in a conpatibl e way.
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4. B. ZERO OF ENERGY

In MPAC the only difference between the so called heat of formation and

the sumof the el ectronic energy and the nucl ear repul sion energy is the choice
of the zero of energy. |n other words, MIPAC conputes the heat of formation by
adding a constant to the sumof the el ectronic and nucl ear repul sion energies;
this constant depends only on the nunber of each kind of atom For exanple,
the constant is the sane for ethanol and dinethyl ether. Thus, in

pr ogr amm ng MCRATE there was a choi ce between using the heat of fornation or
the sumof the electronic and nucl ear repul sion energies for the potential
energy surface, and these two choices would differ only in the zero pf energy.
Hoever, MORATE actually uses a third choice for the zero of energy, by
subtracting a constant EZERO fromthe heat of formation in kcal /nmol as out put
by MPAC. In particular, at the POLYRATE MCPAC i nterface, MXRATE i medi ately
converts MIPAC heats of formation to PCLYRATE potential energies in hartree
atomc units using the MOPAC conversion factor, 1 hartree atonic

unit = 627.503 kcal/nol, and it subtracts EZERO (described bel ow), in hartree
atonmc units, to change the zero of energy. (This nmeans that any output from
MCPAC subroutines has a different zero of energy fromoutput from PQLYRATE
subroutines.)

As the above expl anation makes clear, the term"heat of formation" in
MPACis really a msnoner. In this manual, when we say heat of formation
we are referring to these MPAC heats of formation, i.e., to the sumof the
el ectronic and nucl ear repul sion energies with a specific choice of zero of
energy. (The historical origin of this confusing | anguage is that, in the
original paraneterization of the semenpirical nolecular orbital paraneters,
differences of the sumof the el ectronic and nucl ear repul sion energies were
fit using differences of experinentally deternmned heats of fornation, not
because this is logical but rather because heats of formati on are what was
avai | abl e.)

In the PCLYRATE part of MIRATE the variabl e EZER) al ways denotes the
potential energy of reactants converted to hartree atomc units. It is
necessary to understand this variable in order to understand the input
options of the EZERO keyword in the GENERAL section of the unit fu5 input
file. The follow ng provides the necessary expl anati on.

EZERD refers to the potential energy of the single reactant for a

uni mol ecul ar reaction or the sumof the potential energies of infinitely
separated reactants for a binolecular reaction. In the |anguage of
potential energy surfaces, EZERD denotes the potential energy of the
reactant or reactants at their classical equilibriumgeonetries. In the

| anguage of electronic structure cal cul ati ons, EZERO denotes the sumof the
el ectroni c and nucl ear repul sion energies of the reactants (for ab initio
calculations) or the sumof the "heats of formation" (for MIPAQ.

In MORATE the user nmust ensure that EZERD is set equal to the sumof the
heats of fornmation of the reactants of the systembeing studied. This can
be acconplished in one of two ways: by setting the variable keyword EZERO
to "calculate", or by giving a nonzero val ue to EZERO.
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Setting the EZERO keyword to "cal cul ate" causes the programto cal cul ate
EZERD. For a binol ecul ar reaction, this invol ves separate calls to MIPAC for
each reactant and summing the heats of formation. To use this option it is
necessary to include the *REACT1 and *REACT2 (for a binmol ecul ar reaction)
sections in unit fuS input file. This causes the programto call SURF,

whi ch calls the appropriate MOPAC subroutines. To avoid this cost in cases
where the reactants have been optimzed in a previous run, the user may w sh
to set the EZERO keyword to "read" and provide the sumof the heats of
formation in a.u. However, if the optin zed geonetries are used in the
reactant cost of determning EZERD is negligible. The recomrended met hod is
to input the optimzed geonetries in the unit fu7l and fu72 input files and
set the EZERO keyword to "cal cul ate".
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5. DESCRI PTI ON OF PROGRAM STRUCTURE AND SUBPROCGRAMS

This section describes the programstructure and the subprograns
for the MORATE code.

5A DESCRI PTI ON CF PROGRAM STRUCTURE

As nentioned in the introduction, the MORATE programhas two maj or

options for obtaining the reaction-path information necessary for rate
calculations. The first option is to calculate this infornation directly
using semenpirical nolecular orbital theory to represent the potential
energy of interaction. The second optionis toread it froma restart file
whi ch was saved froma previous MRATE run. These options are inpl enented
in the MIRATE programin precisely the sane way as in the PCLYRATE program
The next five paragraphs describe the use of these options either for a
single-level calculation or for the I ower |evel of a dual-level calculation.

First, the programreads the keyword input fromdifferent input files.
Then the input options are anal yzed for possible conflicts (i.e.,
unsupported conbi nati ons of options) in subroutine CPTION If it is a
restart run, the programreads the restart information in RESTCR and the
rate cal cul ation proceeds as described in the POLYRATE nanual . |f the
calculation is not a restart run, the georretry and the MEP-fol | ow ng
information in the unit fu5 input file is used for the next stages of

cal cul ati ons.

Dependi ng on the options chosen, the properties of the reactants,
products, and generalized transition state are cal cul ated next. MRATE
differs fromPCLYRATE at this point in the calculation in that the
optimzation of the geonetries is carried out in the MIPAC portion

of the code and not wi thin the PCLYRATE subprograns that are used when
the potential is a user-supplied anal ytic function.

For the reactants and/or the products, the equilibriumgeonetries

and properties are optionally obtained in the subprogram DOREPR |t shoul d
be noted that in this version the force matrix can either be obtained
directly fromMXIPAC or it can be cal cul ated i n POLYRATE routines fromthe
nurreri ¢ derivatives of the gradients obtained i n MOPAC

Next, the programoptionally determ nes the saddl e point georetry
and properties. This is done in SADENG The user nust supply an approxi mate
georetry of the saddle point in a MPAC input data file, esp.fu75.

After deternining the geonetries and the properties for the reactants,
products, and/or the saddl e point, the program proceeds in the same way as
described in the PCLYRATE nanual . The preci se sequence of cal cul ati ons
depends on the conbination of options chosen. Any further cal cul ations of
the energy and gradi ents needed by the PCLYRATE subprograns are acconplished
through calls to the interface subrouti nes ENERG and FI RST. These routi nes
call the nopac-specific interface routine MPEG This routine converts the
georetry fromatomc units to Angstrom and it calls the MOPAC subroutine
COMPFG to deternmine the energy and the gradients. In the present version the
subroutine COWFG is called such that the energy cal cul ations are done with a
full SCF and the gradients are only calcul ated as required. The subroutine
MCPEG t hen converts the energy and the gradients to atomc units and pass
them back to ENERG and Fl RST.

In dual -1 evel mode, MCRATE then reads the required data for the higher

level froman external file assigned to FCRTRAN unit fu50.
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5B DESCR PTI ON CF MCRATE  SUBPROGRAVS

Thi s section discusses the subprograns used in MORATE. The first set of
subprograns consists of the new routines created for the interface between
PCLYRATE and MOPAC. Descriptions of subroutines in the PCLYRATE and MOPAC
portions are already given in their individual manuals; thus only routines
that were changed or included specifically for MRATE are di scussed here.

The nb07rv.f file is made up of four subprograns. The subprogram MIPEG
calls the MOPAC subprograms to calculate the energy and the gradients. The
subprogram MOPCPT is used to read the MOPACinput file and to optimze the
geonetry. The subprogram MOPHES cal cul ates the force nmatrix fromthe
gradients by central difference method with variable step sizes. The

subpr ogr am MCPSET checks the conpatibility of systemsizes allowed in
PCLYRATE and MORATE, and it perforns sone initialization.
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6. I NPUT/ QUTPUT FI LE USAGE

The programuses several files for input data, for storing restart
information, and for output. The programexplicitly opens and cl oses all
files required for a given run, and the files are assumed to have the file
narmes poly. fu# and esp.fu7#, where # denotes an integer. The file poly.fu#
is assigned to FORTRAN I/ QO unit fu# which is defined in the include file
paraminc (see the PCLYRATE on-line manual). The files esp.fu7# are |inked
to the FORTRAN unit nunbers fu7l through fu78. These unit nunbers are al so
defined in the include file paraminc.

Because of these I/O specifications, at the beginning of any run all

the MORATE input data files which have logical file nanes differing from
poly.fu# or esp.fu7# nust be linked or copied to the correspondi ng poly.fu#
or esp.fu7# file. |If the user w shes to assign different |ogical names to
the output files, which are also poly.fu# files, these re-assignnents nust be
carried out after the cal cul ati on has conpl eted because all the files are
closed at the end of the cal cul ation.

Unit Usage
ful Reaction-path information for restarting the program
fu2 Addi tional reaction-path infornmation to be nerged with

that from unit=ful

fu7 Qutput for nerged reaction path infornation

fub General PCLYRATE input data

fué Qutput (This is the full output file. Selected subsets of this
output are also witten to files poly.ful4 and poly.ful5.)

fuld Qut put table of dynanmical bottleneck properties

fulb Qut put table of selected forward rate constants

fu22 Detailed output for the LCT cal cul ations

fu25 Qutput table of energetic information along the MEP

fu26 Qutput table of GIS frequency information al ong the MEP

fu27 GIS geonetry infornmation in the XYZ input fornmat of the XML
pr ogr am

fu50 Additional input data for VTSI-1CQOC cal cul ations (al so called dual -

I evel mode or /// dynam cs)

fub51 Addi tional input data for VTSI-ISPE cal cul ati ons
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fubl Informati on about the stationary points from PCLYRATE cal cul ati on
for the second restart option
fu7l MOPAC input data for reactant 1
fu72 MOPAC input data for reactant 2, if it exists
fu73 MOPAC i nput data for product 1
fu74 MOPAC input data for product 2, if it exists
fu75 MOPAC input data for the saddl e point or starting geonetry
fu76 reserved for use by el ectronic structure package interfaces

in general, but not used by MORATE
fu77 MOPAC input data for the wellr, if it exists
fu78 MOPAC input data for the wellp, if it exists

Running the test runs

To run the test run just type the name of the job control file at pronpt:
For exanple: %estrl.jc

Note: This script creates a tenporary subdirectory called testrl in the
current working directory is /morate8.0/testr/testrl. The

calculation is carried out in this subdirectory. If this

subdirectory al ready exists when the script is run, the script

will rmove the existing testrl subdirectory to /testrl old, wite

an error nessage in the long output file testrl.fu6, and

continue. No error checking is carried out for the existence of the
subdirectory testrl ol d.

To run the whole test suite, just type run_all.jc. Note: to run
the whol e test suite, nmake sure that the norate.exe is conpiled and
linked with parantl.inc

To check the result of a test run, just type check test.jc #, where #
is the nunber of the test run.

For exanple: 9%heck_test.jc 1
The differences will be listed inthe file testl.chk.

To check the results for the whole test suite, just type check_ all.jc.
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7. SELECTED DETAILS CF THE CALQULATI ON

The methods used by this programare described in detail in the POLYRATE
and the MOPAC manual s and in the references within those nanuals. See al so
the bibliography in Section 13 of the present manual. In the subsections
below (7.A and 7.B.) details of various MIRATE options are di scussed.

7.A NDDG SRP CALOULATI ONS

Negl ect -of - di atomi c-di fferential -overl ap (NDDO nol ecul ar orbital theory
with specfic reaction paraneters (SRP) can be invoked in this programin the
foll owing way. An NDDO-SRP cal cul ati on can be invoked by using the MIPAC
keyword EXTERNAL=fi | ename in the esp.fu7l through esp.fu75 files. The
paraneters adj usted specifically for the given reaction should be defined in
the file given in EXTERNAL=fi | enane according to the guidelines in the MOPAC
on-line manual. The EXTERNAL keyword need only be specified in the esp.fu7l
through esp.fu78 files which contain the atons whose paraneters are being
nodi fied. However, if an esp.fu7# file contains the EXTERNAL keyword and the
paraneters for the atons that nmake up the chenical species defined in that
file are not being nodified, the calculations for that chemcal species wll
not be affected by the EXTERNAL keywor d.

In MORATE version 8.0, the EXTERNAL keyword can be used for any of the
the ham | tonians in MOPAGversion 5.07mn, in particular for MNDQ 3, M\DQ
AML, and PMB.

7.B RESTART CPTI CN

The PCLYRATE restart option (see Section 7.3. of the POLYRATE nanual ) is
controll ed by the RESTART keyword in the GENERAL section of the unit fu5
input file. This option is designed to allow cal cul ati ons based on
information stored on the save grid (the grid controlled by DELSV) in the
restart file.

e of the sinplest cal culations which can be carried out with the

restart flag is to calculate rate constants at tenperatures different from
those specified in the original run. If the restart cal cul ati on does not

i nvol ve LOE tunneling cal culations, then the only input file, other than the
restart file, required for the calculation is the FORTRAN unit fu5 file. If
the restart cal culation does LOE tunneling, then the esp.fu75 file is al so
required; the esp.fu7l through esp.fu74 files are never required for a
restart cal cul ation.

This option can also be used to |imt searches for variational transition
states to |l ocalized ranges of s by using SLM5 > SLM and/ or SLPG < SLP, but
SLM and SLP cannot be different fromthe values used in the run that created
the restart file.

Perhaps the nmost powerful use of the restart option, however, is that a
restart file used for LOX ground-state tunneling cal cul ati ons can be used
for LOX3 excited-state cal culations. This neans that the contribution to the
LG= tunneling probabilities fromexcited states can be checked wit hout
calculating the MEP if the restart file is saved during the LOX3 ground-state
calculation; this leads to significant savings in conputer tine.
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A few addi tional points shoul d be nade with respect to the

PCLYRATE/ MCRATE restart option. First, with regard to tunneling cal cul ati ons,
if the restart runis required to do SCT tunneling calcul ations, then

the run which created the restart file nust al so have done SCT cal cul ati ons,
and sinmlarly for LCT calculations. Second, unlike a full calculation

in which the MEP information is determned, there is no error-checki ng

for arestart calculation. Therefore, if the restart file being used

does not contain all the informati on needed for the cal cul ation specified,
no error nessages will be printed, but the calculation will abort. A so,

a VIST-ICC cal culation can only be restarted with a restart file that

was generated in a VIST-1QC calculation, since the unit fu50 file can only
be read in a non-restart run.
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8. DESCR PTI ON CF | NPUT DATA

The unit fu5 input file for MORATE is very sinmlar to the unit fu5 input

file for POLYRATE, but it has some different options. The fu5 input for MORATE
is explained in the POLYRATE manual . MOPAC i nput is described in Subsection
8.Aof this manual. This input is associated with the esp.fu7l through
esp.fu78 input data files. Al other input files for MORATE (e.g., unit fu40
and fub50) have the sane formats as in PQLYRATE, and detailed descriptions can
be found in PCLYRATE nanual .

8. A DESCR PTI CN FCR esp. fu71 THROUH esp. fu78 FI LES

The data files esp.fu7l through esp.fu78 are MOPAGtype data files
whose content and formare specified in the MOPAC manual . These
data files are read by the subroutine ESPINT. Because of the

i nterconnection with PCLYRATE, certain issues nust be considered when
creating these data fil es.

The first issue which nust be considered when creating these

files is that the order of the atonms in unit fu75 nust be consi stent

with the order of the atonms input in the ATOVB keyword in the GENERAL section
of the poly.fu5 file, and the order of the atons in units fu7l-fu74 nust be
consistent with the index specifications in the GEOM keyword in the REACTL,
REACT2, PRODL, and PRODR2 sections of the unit fu5 input file. And the

units fu77 and fu78 nust be consistent wth the index specifications in the
VELLR and WELLP secti ons.

Second, the method chosen for the senmenpirical nol ecul ar orbital
calculations for a given reaction nust be the same in all the esp.fu7l
through esp.fu78 files representing the species for that reaction. A so,

the specification of the 1CF keyword in files fu71-fu78 is optional. Wen
this keyword is not included, an optimzation will be carried out. Wen the
geonetry is already optimzed, 1SCF nay be specified to prevent an attenpt at
re-optimzation. |In general, though, this saves negligible time since for an
optimzed geonetry, the gradient normwll be snall and no optimzation wll
be carried out even if 1SCF is not specified. However, the cal cul ation
proceeds by a different path through MJPAC routines when 1SCF is or is not
specified, so the results will differ slightly due to the finite precision of
the calculations. Cenerally speaking, it is not recomrended to use the 1SCF
keyword, especially in the fu75 file when there is a saddl e point.

The esp.fu7l and esp.fu72 files specify information for the

cal cul ations on reactants, including geonetry optimzations if desired.
The esp.fu73 and esp.fu74 files specify anal ogous information for

the products. The esp.fu75 file is used for the saddl e point or starting
geonetry of the MEP as well as for all subsequent calls to MPAC
subprograns, in particular, for calculations at generalized transition
states and at points in the nonadiabatic region of LOG cal cul ations.
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The file esp.fu75 requires further explanation. Wen there is a saddl e
point, the initial geonetry in the esp.fu75 file should be the initial guess
for the saddl e point geonetry, and any keywords related to geonetry
optimzation will apply to this step. Qher keywords, |ike SOFCRT, also
apply to the subsequent calls to MOPAC subprograms. |If there is a

saddl e point but it is already optimzed, then the optimzation wth
MPAC is still used to obtain the geonetry fromesp.fu75 file. Wen there
is no saddl e point, the initial geonetry in the esp.fu75 file should

be the starting geonetry for the MEP cal cul ation, and the 1SCF keyword
shoul d be specified. In this case, too, the relevant keywords al so

apply to the calculations at further points along the reaction path.

8.B. DESCRI PTI ON CF OTHER | NPUT

Units fu29 and fud40 are not supported i n the MORATE package, even though they
can be used in PCLYRATE. This neans that neither the IVIST-0 nor the I VTST-1
nmethod is allowed in MORATE via fu29. Furthernore, the external electronic
structure input file fu40 cannot be used for single-level or dual-Ievel

cal cul ations in MORATE
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9. DESCRI PTI ON OF SAMPLE TEST RUNS

The input and short output data files for the eighteen test runs are incl uded
in the MORATE distribution package. In a few cases, sonme of the input data
files (such as those that are used as esp.fu7l through esp.fu75 files) are
the same for two or nore test runs. In such cases the file is included nore
than once, with different nanes, e.g., testr2.71 and testr7.71, for the
conveni ence of the new user and to ensure that each test run package is

conpl et e.

The results obtained on different QOray conputers or on workstations are
not always identical to the full nunber of digits printed (due to round-off,
SCF convergence, etc.), especially if there are any | ow-frequency nodes. In
all cases, the distributed versions of the ful4 and ful5 files for this version
of MORATE are fromruns on the Gray C90 conputer.

The reactions involved in the exanpl es are:

TRL: (03] (03]
/ \\ 1\
H2C=CH CH -> H =GR (symetric 1,5 hydrogen shift
| | reaction;
(05¢] aB TST rate constants only)

TR2: s + G# -> CB8H

+

a3 (TST rate constants only with
hi ndered internal rotor
anhar rmoni ci ty)

TR3: a- +a8d -> OGBA + d- (symmetric SN2 reaction;
AML-1 OC cal cul ati on)

TR4: d- + GBBR -> CHBA + Br- (exoergic SN2 reacti on;
forward rates for an NDDO SRP
calculation at 2 tenperatures)

TRS: d- + GBBR -> CHBA + Br- (exoergic SN2 reacti on;
forward rates cal cul ation at
2 tenperatures)

TRG: d- + GBBR -> CHBA + Br- (forward and reverse rates at
six tenperatures froma
restart of the NDDO-SRP

cal cul ati on of TR4)

TR7: 3G G A + ORBARO -> OHRCHOH3 + CGRF3GHR2CH + 4 -
| (forward rates for an NDDO SRP
H cal cul ati on)

TR8: CH4 + O -> CHB + (H (forward rates for an NDDO SRP
QS cal cul ati on)
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TRO: s + -> CO8BH + OB (forward and reverse rates with
LG tunnel i ng)

TRLO: Br + G#4 -> HBr + OB (forward and reverse rates with
LG tunnel i ng)

TRL1: Br + G#4 -> HBr + G (forward and reverse rates with
LGX3 tunnel i ng, includi ng
excited final states, froma
restart cal cul ation of TRLO)

TRL2: a4+ OH ->CH3 + HO (VTST-1QC cal cul ati on incl udi ng
LGS tunnel i ng)

TR13: cH + CH -> 3 + H0 (VTST-1CC cal cul ation incl udi ng
LOCE tunnel i ng)

TR14: CHBd + F(HRO -> GBF + A-(HROQ (TST and TST-1CC cal cul ati ons)

TR15: CF3 + CO8H -> OF3H + OB (NDDO SRP and NDDO-SRP- 1 CC
cal cul ations including LOR3
tunnel i ng)
TRI16: CF3 + OBH -> COF3H + (8 (VTST-1 QC cal cul ati ons
i ncl udi ng LOX tunnel i ng)
TRL7: NH2 + H-> N2H + H2 (1 CL-ECKART cal cul ation with AML
surface)
TR18: HBr + QH -> GBraR (Redundant curvilinear internal
coordi nates with AML surface)
TR19: da- +aBd -> CHBA + d- (symetric SN2 reaction with
vel | s;

AML VTST-1SPE cal cul ation with
VRPE reaction path fol | ow ng)

Note: Since TR6 and TR11 are restart calculations, they need unit ful files
produced by the previous test runs as input. So, TR4 nust be run prior to
TR6, and TR10 rmust be run prior to TRL1.
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9.1. Test run 1
HCG G+=CH =GR -> HRCGCH G+CH- G TST rate constants only
Potential : PMB
MEP : no
RCDS : no

Vibrations : harnonic rectilinear
Dynanmics : TST

Tunneling : no

Dual Level : no

This sanple input is for a conventional transition state theory
calculation for the 1,5-hydrogen shift in the cis-1,3-pentadi ene nol ecul e
using a PMB potential energy surface. The harnonic approximation

is assumed for all normal nodes and generalized normal nodes.

Nei t her the MEP nor any transm ssion coefficients are cal cul at ed.
Conventional transition state theory (TST) rate constants are cal cul ated
at seven tenperatures. The activation energy is calculated for the

i nterval 460- 480K

MORATE | /O Fil es MORATE Fi | enarres

testrl.71 esp. fu7l input data for reactant 1
testrl.73 esp. fu73 input data for product 1
testrl.75 esp. fu75 input data for the saddl e point
testrl. dat pol y. f us i nput data for MIRATE
testrl.fu6 pol y. fué long output file

testrl.fulb poly. fulb sumrary output file
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9.2. Test run 2

3 + CH4 -> CBH + O3 TST rate constants only wi th hi ndered
internal rotation anharnonicity

Potential : M\DO

MEP . hno

RCDS : no

Vibrations : harnonic rectilinear
Dynamics : TST

Tunneling : no

Dual Level : no

This sanple input is for an MDO direct dynamcs cal cul ation for

the C8 + CH¥ -> COBH + O3 reaction. The | owest frequency nmode of the
saddl e point is treated as a hindered internal rotation. Only conventional
transition state theory rate constants are conput ed.

(Note: In versions prior to 7.0, this test run also treated the

| onest-frequency nmode as a hindered internal rotator. Beginning wth
PCLYRATE version 7.0, anharnonicities not supported with the TST-only option.
This capability mght be added back in a | ater version.)

MORATE I /O Fil es MORATE Fi | enanes

testr2.71 esp. fu7l input data for reactant 1
testr2.72 esp. fu72 input data for reactant 2
testr2.73 esp. fu73 i nput data for product 1
testr2.74 esp. fu74 input data for product 2
testr2.75 esp. fu75s input data for the saddl e point
testr2. dat pol y. f us i nput data for MIRATE

testr2. fu6 pol y. f ué long output file

testr2. fulb pol y. ful5 sunmary output file



MCRATE 8. 0/ P8. 0- Mb. 07

Page 95
9.3. Test run 3
d- + aBd ->0BAd + Ad- AML harnonic TST and CVT rate constants
Potential : AML (|l ow-1level)
MEP . Page- Ml ver
RCDS : no

Vibrations : harnonic rectilinear

Dynam cs . TST, CVT, ICVT

Tunneling : SCT

Dual Level : ICA for vibrations, ECKART for VMEP

This sanmple input is for an AML and an AML- 1 CC direct dynanics cal cul ation

on the d- + OBA ->OBA + d- SN2 reaction. Al nornal nodes and

general i zed normal nodes are treated using the harnoni c approxi mati on. The
Page- Mcl ver integration nmethod is used with a gradient step size of 1.E2
bohr to follow the MEP, and a save step size of 2.0E 2 bohr is used between
general i zed normal node anal yses. Both MEPSAG and CD SCSAG tunnel i ng
corrections are conputed, and both CVT and I CVT rate constants are cal cul ated
at three tenperatures. Derivatives of the gradient with respect to the
reaction coordinate, as required for the CD SCSAG cal cul ation, are found by a
quadratic fit. Accurate data for the VIST-1QC cal cul ati ons are obtained from
J. Phys. Chem 93, 8138 (1989).

Note: In the poly.fu5 input data file the masses of the species in this
reaction are arranged in the following order: C d, d, H H H
The indices used for the reactant and product specifications
inthe poly.fu5 file correspond to the order of the masses; i.e.
reactant 1 is d-, which is index 2, reactant 2 is CH3d, represented
by indices 1, 3, 4, 5 and 6, and simlarly for the products. The
esp. fu7l through esp.fu75 files nust be consistent with the
representation used for the species in the poly.fu5 file. For
exanpl e, esp.fu7l, which represents reactant 1, nmust be a MIPAC-type
input data file for A-.

MORATE | /O Fil es MORATE Fi | enarres

testr3.71 esp. fu7l input data for reactant 1

testr3.72 esp. fu72 input data for reactant 2

testr3.73 esp. fu73 input data for product 1

testr3.74 esp. fu74 input data for product 2

testr3.75 esp. fu75s input data for the saddl e point

testr3. dat pol y. f ub i nput data for MIRATE

testr3.fu6 pol y. f ué long output file

testr3.fulb poly. fulb summary output file

testr3.50 pol y. f us0 addi tional input data for the VIST-1CC

cal cul ation



MCRATE 8. 0/ P8. O- Mb. 07
Page 96

9.4. Test run 4

d- + GBBr -> GBA + Br- NDDO- SRP har moni ¢ TST and CQVT
rate constants

Potential : AML-SRP

MEP . Page- Ml ver

RCDS : no

Vi brations : harnoni c redundant curvilinear
Dynanmics : TST, Q/T

Tunneling : no

Dual Level : no

This sanmple input is for an NDDG SRP direct dynam cs cal cul ation on the

C- + OBBr -> ABA + Br- exoergic SN2 reaction. The AML

paraneters are nodified by using the keyword EXTERNAL in the esp.fu71
through esp.fu75 files. The new NDDO paraneters are passed to MOPAC via the
files EXTERN TR# where # is an integer corresponding the to MORATE test run
nunmber. Al nornal nodes and generalized nornal nodes are treated using the
har noni ¢ approxi nati on. The Page- Ml ver integration nethod with cubic
starting algorithmis used. A gradient step size of 5.E3 bohr is used to
followthe MEP, and a save step size of 1.0E-2 bohr is used between

general i zed nornmal node anal yses. A restart file containing reaction-path
information is witten to unit ful for use in test run 5. No tunneling
corrections are conputed, and only forward CVT reaction rate constants are
calculated at two tenperatures. The only difference between test run 4 and
5is that test run 4 is based on NDDO-SRP and test run 5 is based on AML.

MORATE I/O Files MCRATE Fi | enames

testr4.71 esp. fu7l input data for reactant 1
testr4.72 esp. fu72 input data for reactant 2
testr4.73 esp. fu73 input data for product 1
testr4.74 esp. fu74 input data for product 2
testr4.75 esp. fu75 input data for the saddl e point
testr4. dat pol y. f us i nput data for MIRATE
testr4.fu6 pol y. fué long output file
testr4.ful poly. ful reaction path information
testr4. fulb pol y. ful5 sunmary output file

NDDO SRP Fil e

EXTERN TR4 external paraneters for d, Br, and C
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9.5. Test run 5
d- + aBBr -> GB3d + Br- AML harnonic TST and CVT rate constants
Potential : AML
MEP . Page- Ml ver
RCDS : no
Vi brations : harnoni ¢ redundant curvilinear
Dynam cs . TST, OVT

Tunneling : no
Dual Level : no

This sanple input is for an AML direct dynamcs cal cul ation on the

G- + OBBr -> OBA + Br- exoergic SN2 reaction. Al nornal nodes and
general i zed normal nodes are treated using the harnonic approxi nation with
redundant curvilinear coordinates. The Page-Mlver integration nethod with
cubic starting algorithmis used. A gradient step size of 5.E3 bohr is
used to followthe MEP, and a save step size of 1.0E-2 bohr is used between
general i zed nornmal node anal yses. Arestart file containing reaction-path
information is witten to unit ful for use in test run 5. No tunneling
corrections are conmputed, and only forward CVT reaction rate constants are
calculated at two tenperatures. The only difference between test run 4 and 5
is that test run 4 is based on NDDO SRP and test run 5 is based on AML.

MORATE I /O Fil es MORATE Fi | enanes

testr5.71 esp. fu7l input data for reactant 1
testr5.72 esp. fu72 input data for reactant 2
testr5.73 esp. fu73 input data for product 1
testr5.74 esp. fu74 input data for product 2
testr5. 75 esp. fu7s input data for the saddl e point
testr5. dat pol y. f us i nput data for MIRATE
testr5.fu6 poly. f ué long output file

testr5.ful poly. ful reaction path information

testr5. fulb poly. fuls summary out put file
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9.6. Test run 6
d- + aBBr -> GB3d + Br- NDDO- SRP restart cal cul ation
Potential : AML-SRP
MEP . restart test run 5
RCDS : no

Vi brations : harnoni ¢ redundant curvilinear
Dynani cs . TST, QT

Tunneling : no

Dual Level : no

This sanple input is for an AML NDDO SRP direct dynanics cal cul ation

on the d- + OBBr -> OH3A + Br- exoergic SN2 reaction. The reaction-path
information is read froma restart file on unit ful. The restart file nust
be created by running test run 4 prior to running test run 6. The reaction
rate constants are calculated for the forward and the reverse directions, and
the rate constants are calculated at six tenperatures. Al other paraneters
are the same as those in the previous test run.

MORATE I /O Fil es MORATE Fi | enanes
testr6. dat pol y. f us i nput data for MORATE
testr4. ful poly. ful reaction path infornation

(input data for a restart
cal cul ati on)

testr6.fub pol y. f ué long output file

testr6. fulb poly. fulb summary output file
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9.7. Test run 7

CH3CHA O3 + CF3GH20 - > AHR2CHCHS + CF3GHR2CH + d -
NDDG SRP forward reaction rate
cal cul ation

Potential : AML-SRP

VEP . Buler

RCDS : no

Vibrations : harnonic rectilinear
Dynamcs : TST, OVT

Tunneling : no

Dual Level : no

This sanple input is for an NDDO-SRP direct dynam cs cal cul ation

for the E2 reaction G3CHO O3 + GF3GHR0 - > GHR2CHOH3 + CR3GH2CH + A -.

The AML parareters are nodified by using the keyword EXTERNAL in the esp.fu71l
through esp.fu75 files. The new NDDO paraneters are passed to MIPAC via the
files EXTERN TR# where # is an integer corresponding the to MRATE test run
nunmber. Al normal nmodes and generalized normal nmodes are treated using the
harmoni ¢ approximation. The Euler intergration nethod is used. A gradient
step size of 2.E-3 bohr is used to followthe MEP, and a save step size of

1. 0E 2 bohr is used between generalized normal node anal yses. No tunneling
contributions are conputed, and only forward CVT reaction rate constants are
calculated at three tenperatures. The only difference between test run 7 and
8 is that test run 7 is based on NDDO- SRP and test run 8 is based on AML.

MCRATE I /O Fil es MCRATE Fi | enames

testr7.71 esp. fu7l input data for reactant 1
testr7.72 esp. fu72 input data for reactant 2
testr7.73 esp.fu73 i nput data for product 1
testr7.74 esp. fu74 input data for product 2
testr7.75 esp. fu75s input data for the saddl e point
testr7. dat pol y. f ub i nput data for MIRATE
testr7.fu6 pol y. f ué long output file

testr7.fulb poly. fulb summary output file

NDDO SRP Fi l e

EXTERN TR7 external paraneters for d, F, and C
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9.8. Test run 8

PMB forward reaction rate cal cul ati on

Potential : PMB-SRP (Il owlevel)

MEP . Page- Ml ver

RCDS . yes

Vi brations : harnonic rectilinear

Dynamics : TST, OJ/T, QS

Tunnel ing : ZCT, SCT, LCT, nmuQMTr

Dual Level : ICQL for vibrations, ECKART for VMEP

This sanple input is for the reaction G4 + O -> CH3 + CH

Al generalized normal nodes are treated using the harnoni c approximation with
redundant internal coordinates. The Page-Mlver intergration nethod is used
for calculating the reaction path with a gradient step size of 1.E2 bohr with
the RODS (re-orient the dividing surface) option on. The hessi an/ gradi ent step
ratiois 40. Zero, snall-, and | arge-curvature tunneling cal cul ations are
carried with this reaction. The reaction rate is evaluated with TST, CVT,

CVT, and OQUS nethods. An external NDDO-SRP file is read in as EXTERN TR8.

MCRATE I /O Fil es MCRATE Fi | enames

testr8.71 esp. fu7l input data for reactant 1
testr8.72 esp. fu72 input data for reactant 2
testr8.73 esp. fu73 input data for product 1
testr8.74 esp. fu74 input data for product 2
testr8.75 esp. fu7s input data for the saddl e point
testr8. dat pol y. f us i nput data for MIRATE
testr8.fub pol y. f ué long output file

testr8.fulb poly. fulb summary output file

testr8.50 pol y. f u50 input data for the

VTST-1QC cal cul ation



MORATE 8. 0/ P8. O- Mb. 07
Page 9 11

9.9. Test run 9

CD3 + CH4 -> OBH + CH3 LOX ground- state-to-ground-state

Potential : MDO

Vibrations : harnoni c redundant curvilinear
MEP : BEuler-Stabilization

RCDS : no

Dynani cs . TST, QT

Tunneling : ZCT, SCT, LCT, muQMvIr

Dual Level : no

This sanple input is for an MDO direct dynamcs cal cul ation for the

CD3 + CH4 -> OB8H + O3 reaction. Al normal nodes and generalized nor nal
nodes are treated using the harnonic approximation. The Euler integrator is
used. A gradient step size of 4. E3 bohr is used to followthe MEP, and a
save step size of 1.6E 2 bohr is used between generalized nornal node

anal yses. Zero-(ZCT), snall-(SCT), and large-(LCT) curvature tunneling
contributions are conputed, and both forward and reverse reaction rate
constants are calculated. In the LO3 cal cul ations, only ground-state-to-
ground- state tunneling processes are incl uded.

MCRATE I /O Fil es MCRATE Fi | enames

testr9.71 esp. fu7l input data for reactant 1
testr9.72 esp. fu72 input data for reactant 2
testr9.73 esp. fu73 i nput data for product 1
testr9.74 esp. fu74 input data for product 2
testr9.75 esp. fu7s input data for the saddl e point
testr9. dat pol y. fu5s i nput data for MIRATE
testr9.fu6 pol y. f ué long output file

testr9.fuld poly. fuld summary output file

testr9.fulb poly. fulb sumrary output file
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9.10. Test run 10
Br + G4 -> Hr + OB LOE ground- state-t o-ground-state
Potential : MDO
MEP : Euler-Stabilization
RCDS : no

Vi brations : harnoni ¢ redundant curvilinear
Dynani cs . TST, QT

Tunneling : ZCT, SCT, LCT, muQMvIr

Dual Level : no

This sanple input is for an MDO direct dynanmics cal culation for the

Br + G4 ->BrH+ OB reaction. Al normal nodes and general i zed nor ral
nodes are treated using the harnonic approxi mati on. The Eul er stabilization-
version 1 (ES1) nethod integrator is used. A gradient step size of 1.E3
bohr is used to followthe MEP, and a save step size of 2.0E2 bohr is
used between generalized nornal node anal yses. A generalized nornmal node
analysis is also performed at eighty-six special save points.

Zero- (ZCT), snall-(SCT), and | arge-(LCT) curvature ground-state tunneling
contributions are conputed, and both forward and reverse reaction

rate constants are calculated. In the LOX calcul ations, only ground-
state-to-ground-state processes are included. A restart file containing
reaction-path information is witten to unit ful for use in test run 11.

MORATE I /O Fil es MORATE Fi | enanes

testri10.71 esp. fu7l input data for reactant 1
testr10.72 esp. fu72 input data for reactant 2
testr10.73 esp. fu73 input data for product 1
testr10. 74 esp. fu74 i nput data for product 2
testr10.75 esp. fu75s input data for the saddl e point
testr10. dat pol y. f us i nput data for MORATE
testr10.fu6 pol y. f ué long output file

testr10.ful pol y. ful reaction path information
testr10.fuld pol y. ful4d summary output file

testr10.fulb poly. fulb sunmary output file
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9.11. Test run 11
Br + G4 -> HBr + OB LO=a with tunneling into excited states
Potential : MDO
MEP . restart fromtest run 10
RCDS : no

Vi brations : harnoni ¢ redundant curvilinear
Dynani cs . TST, QT

Tunneling : ZCT, SCT, LCT, muQMvIr

Dual Level : no

This sanple input is for an M\DO direct dynamcs cal cul ation for the

Br + O#4 ->BrH+ GB reaction. This calculation is a restart cal cul ation
whi ch uses the reaction path information in the restart file generated

by test run 10. The parameters are the same as for test run 8 except for the
| arge-curvature tunneling option which is set to include all accessible
product excited states. This directs the programto carry out

tunneling cal cul ations for ground-state transmi ssion coefficients by the ZCT,
SCT, and LOG3 nethods and to include excited final states in the LCG3
calculation. For the LOGE cal cul ation, the program determ nes the highest
excited state which is accessible in the LOE exit arrangenent, and
probabilities for tunneling into those excited states are included in the
LGz calculation. There is approxi mately a 10%increase in the LOG kappa
factors in this calcul ation versus those fromtest run 10.

Note that the reaction as witten is endoergic. Therefore the code treats
HBr + OH3 as the LOX entrance arrangenent, in which only the ground state
is included in tunneling calculations, and it treats Br + O#4 as the LOX3
exit arrangenent, in which excited states are considered as well. The
forward transnission coefficient is set equal to the backward one because of
m croscopi c reversibility.

MORATE | /O Fil es MORATE Fi | enanes
testr1l.75 esp. fu75s input data for the saddl e point
testr10.ful pol y. ful reaction path information

(input data for a
restart cal cul ation)

testril. dat pol y. f us i nput data for MORATE
testr1l. fu6 poly. fu6 long output file
testrl1l.ful4d pol y. ful4d summary output file

testr1l. fulb pol y. f uls summary output file
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9.12. Test run 12
CH4 + CH-> CH3 + HR0O LOE tunneling
Potential : PMB (Il ow-Ilevel)
MEP . Page- Ml ver
RCDS : no

Vibrations : harnonic rectilinear with one hi ndered-rotor node

Dynamcs : TST, OVT

Tunneling : ZCT, SCI, LCT, muQvTr

Dual Level : ICA for vibrations, original interpolation rmethod for VMEP

This sanple input is for a PM8 and a PMB-1CC di rect dynam cs cal cul ati on
for the G4 + CH-> CH3 + H2O reaction. The | owest vibrational node of the
generalized transition state is treated as a hindered rotator. Al other
nodes are treated using the harnoni c approxi mation. A gradi ent step size of
2.E-3 bohr is used to followthe MEP, and a save step size of 1.E2 bohr is
used between generalized normal nmode anal yses. Zero-, snall -, and | arge-
curvature tunneling corrections are conputed. The forward reaction rate
constants are cal culated at 15 tenperatures.

MORATE I /O Fil es MORATE Fi | enanes

testr12.71 esp. fu7l input data for reactant 1
testril2.72 esp. fu72 input data for reactant 2
testr12.73 esp. fu73 input data for product 1
testrl12.74 esp. fu74 i nput data for product 2
testrl12.75 esp. fu75 input data for the saddl e point
testri2. dat pol y. f us i nput data for MORATE
testr12.fu6 poly. fu6 long output file

testr12. fulb pol y. fuls summary output file

testr12.50 pol y. f us0 input data for the

VTST-1 QC cal cul ati on
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9.13. Test run 13
CH4 + CH-> CH3 + H0 LOE tunneling
Potential : PMB (Il ow-Ilevel)
MEP . Page- Ml ver
RCDS : no

Vibrations : harnoni c redundant curvilinear with one hindered-rotor node
Dynamcs : TST, OVT

Tunneling : ZCT, SCT, LCT, muQMmIr

Dual Level : ICA for vibrations, original interpolation nethod for VMEP

This sanple input is for a PM8 and a PMB-1 CC direct dynam cs cal cul ati on
for the G4 + CH-> GH3 + H2O reaction. The | owest vibrational node of the
generalized transition state is treated as a hindered rotator. Al other
nodes are treated using the harnoni c approxi mation. A gradi ent step size of
2.E-3 bohr is used to followthe MEP, and a save step size of 1.E2 bohr is
used between generalized normal nmode anal yses. Zero-, snall -, and | arge-
curvature tunneling corrections are conputed. The forward reaction rate
constants are cal culated at 15 tenperatures.

MORATE I /O Fil es MORATE Fi | enanes

testr13.71 esp. fu7l input data for reactant 1
testri13.72 esp. fu72 input data for reactant 2
testr13.73 esp. fu73 i nput data for product 1
testr13.74 esp. fu74 i nput data for product 2
testr13.75 esp. fu75s input data for the saddl e point
testr13. dat pol y. f us i nput data for MIRATE
testr13.fu6 poly. fu6 long output file

testr13. fulb pol y. fuls summary output file

testr13.50 pol y. f u50 input data for the

VTST-1 QC cal cul ati on
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9.14. Test run 14
cBAd + F(HRO -> GBF + d-(HQ TST and TST-1QC cal cul ati ons
Potential : PMB (Il ow-Ilevel)
MEP : no
RCDS : no
Vibrations : harmonic rectilinear
Dynamcs @ TST
Tunneling : no
Dual Level : ICAfor vibrations and original interpolation nethod for VWEP

This sanple input is for a PMB and a PMB-1QC TST cal cul ation for the

cBAd + F(HO -> GBF + d-(HO reaction. The TST-1CC calculation is a
speci al case of the VIST-1QC cal cul ation, where all the reactant and saddl e
point properties are replaced by high-level ab initio calculations (in this
case, MP2/aug-cc-pVDZ cal cul ations). Al modes are treated using the

har nmoni ¢ approxi mati on. The forward reaction rate constants are cal cul ated
at 3 tenperatures.

MCRATE I /O Fi l es MCRATE Fi | enames

testrl4.71 esp. fu7l input data for reactant 1
testr14.72 esp. fu72 input data for reactant 2
testr14.73 esp. fu73 i nput data for product 1
testril4.74 esp. fu74 i nput data for product 2
testri14.75 esp. fu75s input data for the saddl e point
testr14. dat pol y. f us i nput data for MORATE
testr14.fu6 poly. fu6 long output file

testri14. fulb pol y. fuls sunmary output file

testr14.50 pol y. f us0 input data for the

TST-1 CC cal cul ation
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9.15. Test run 15
CF3 + COB8H -> CF3H + C8 LGCG3 tunnel i ng
Potential : M\DO SRP (Il ow | evel)
MEP . Page- Ml ver
RCDS : no

Mibrations : rectilinear, harnonic wth one hindered rotor node

Dynani cs . TST, QT

Tunneling : ZCT, SCT, LCT, nmuQOMIl

Dual Level : ICAfor vibrations and original interpolation nethod for VWEP

This sanple input is for an M\DO-SRP and an M\NDO SRP-1QC direct dynam cs
calculation for the GF3 + CD38H -> CF3H + (D3 reaction. The SRP pararet er

is chosen to reproduce the experinental exocergicity. The high-Ievel

surface is chosen to be the AMI- SRP-2 surface fromJ. Am Chem Soc. 115,
7806 (1993). The lowest vibrational node of the generalized transition state
is treated as a hindered rotator. Al other nodes are treated using the

har nmoni ¢ approxi mation. A gradient step size of 5.E 3 bohr is used to follow
the MEP froms =-3.00 bohr to s = 3.00 bohr, and a save step size of 3.E-2
bohr is used between generalized nornal node anal yses. Zero-, snall-, and
large curvature tunneling (ground-state to ground-state) corrections are
conputed. The forward reaction rate constants are calculated at 11
tenperatures. The only difference between test run 15 and 16 is that test
run 15 is based on NDDO-SRP and test run 16 is based on MDQ

MORATE I /O Fil es MORATE Fi | enanes

testri15. 71 esp. fu7l input data for reactant 1
testri15.72 esp. fu72 input data for reactant 2
testri5. 73 esp. fu73 i nput data for product 1
testr15. 74 esp. fu74 i nput data for product 2
testr15. 75 esp. fu75s input data for the saddl e point
testr15. dat pol y. f us i nput data for MORATE
testr15.fu6 poly. fu6 long output file

testr15. fulb pol y. f uls summary output file

testr15. 50 pol y. f u50 input data for the

VTST-1 QC cal cul ati on
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9.16. Test run 16
CF3 + COB8H -> CF3H + C8 LGCG3 tunnel i ng
Potential : MDO (| owl evel)
MEP . Page- Ml ver
RCDS : no

Mibrations : rectilinear, harnonic wth one hindered rotor node

Dynani cs . TST, QT

Tunneling : ZCT, SCT, LCT, muQMvIr

Dual Level : ICAfor vibrations and original interpolation nethod for VWEP

This sanple input is for a VIST-1OC direct dynanics cal cul ations for the
CF3 + COBH -> CF3H + (D3 reaction. The high-1evel surface is chosen to

be the AMLl- SRP-2 surface fromJ. Am Chem Soc. 115, 7806 (1993).

The |l owest vibrational node of the generalized transition state is treated
as a hindered rotator. Al other nodes are treated using the harnonic
approximation. A gradient step size of 5.E3 bohr is used to follow

the MEP froms =-3.00 bohr to s = 3.00 bohr, and a save step size of 3.E-2
bohr is used between generalized nornmal node anal yses. Zero-, small-, and
large curvature tunneling (ground-state to ground state) corrections are
conputed. The forward reaction rate constants are calculated at 11
tenperatures. The only difference between test run 15 and 16 is that test
run 15 is based on NDDO-SRP and test run 16 i s based on MDQ

MORATE I /O Fil es MORATE Fi | enanes

testri16.72 esp. fu72 input data for reactant 2
testri16. 73 esp. fu73 i nput data for product 1
testr16. 74 esp. fu74 i nput data for product 2
testr16.75 esp. fu75 input data for the saddl e point
testr16. dat pol y. f us i nput data for MIRATE

testri16. fu6 poly. fu6 long output file

testri16. fulb pol y. fuls sunmary output file

testr16.50 pol y. f us0 input data for the

VTST-1QC cal cul ation



MCRATE 8. 0/ P8. 0- Mb. 07

Page 9 19
9.17. Test run 17
NeH2+ H-> NeH + H2 | CL-ECKART cal culation in curvilinear
internal coordinates
Potential : AML (|l ow-1level)
MEP . Page- Ml ver
RCDS : no

Vi brations : harnoni c nonredundant curvilinear

Dynani cs . TST, QT

Tunneling : ZCT, SCT, LCT, muQMvIr

Dual Level : I1CL for vibrations and ECKART interpol ation for VMEP

This sanmple input is for an AML and an AM- | Q.- ECKART di r ect

dynamcs calculation for the N2H2 + H-> N2H + H2 reaction. The

hi gh-1evel infornmation is taken fromJ. Chem Phys. 104, 6298

(1994). Aso, the curvilinear internal coordinates are used to obtain
better |ow frequency nodes. Both gradient and save steps are 0.01 bohr
with the MEP followed from-1.0 to 0.4 bohr. Zero-, snmall, and | arge
curvatures tunneling corrections are conputed. The forward reaction
rate constants are calculated at 9 tenperatures wth symmetry nunber
equals to 2.

MORATE I /O Fil es MCRATE Fi | enanes

testr17.71 esp. fu7l input data for reactant 1
testrl7.72 esp. fu72 input data for reactant 2
testrl17.73 esp. fu73 input data for product 1
testrl7.74 esp. fu74 input data for product 2
testrl7.75 esp. fu75 input data for the saddl e point
testrl7. dat pol y. f ub i nput data for MIRATE
testrl17.fu6 pol y. f ué long output file

testr17.fulb poly. ful5 sumary output file

testrl17.50 pol y. fus0 input data for the

VTST-1QC cal cul ation
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9.18. Test run 18

HBr+ CH -> GBr G2 AML cal cul ation in redundant
internal coordi nates

Potential : AML

MEP . Page- Ml ver

RCDS : no

Vi brations : harnoni ¢ redundant curvilinear
Dynani cs . TST, QT

Tunneling : ZCT, SCT, LCT, muQMvIr

Dual Level : no

This sanple input is for an AML direct dynamcs cal cul ation for the

HBr + QH2 -> GHBrO2 reaction. The harnonic vibrational frequencies

are evaluated with the redundant internal coordinates option (curv3).

The MEP is followed from-3.3 to 1.5 bohr. The gradient step is 0.01 bohr
and the save step is 0.02 bohr. Zero-, small-, and | arge- curvature
tunneling contributions are conputed. The forward rate constants are
calculated at 9 tenperatures.

MCRATE I /O Fil es MCRATE Fi | enanes

testri18.71 esp. fu7l input data for reactant 1
testri8.72 esp. fu72 input data for reactant 2
testri18.73 esp. fu73 input data for product 1
testr18.75 esp. fu75s i nput data for the saddl e point
testr18. dat pol y. f us i nput data for MORATE
testri18.fu6 poly. fu6 long output file

testr18.fulb poly. fulb5 summary output file
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9.3. Test run 19
d- + aBd ->aBA +A- AML harnonic TST and CVT rate constants
Potential : AML (|l ow-1level)
VEP . VRPE
RCDS : no

Vi brations : harnonic rectilinear
Dynam cs . TST, CVT, ICVT
Tunneling : SCT

Dual Level : |SPE

This sanple input is for an AML and an AML VTST-| SPE direct dynanics cal cul ation
on the d- + OH3A ->OBA + d- SN2 reaction. Al normal nodes and

general i zed normal nodes are treated using the harnoni c approxi nati on. The
VRPE integration nethod is used with a gradient step size of 1.E-2

bohr to follow the MEP, and a save step size of 2.0E 2 bohr is used between
general i zed nornal node anal yses. Both MEPSAG and CD- SCSAG tunnel i ng
corrections are conputed, and both CVT and | CVT rate constants are cal cul ated
at three tenperatures. Derivatives of the gradient with respect to the
reaction coordinate, as required for the CD SCSAG cal cul ation, are found by a
quadratic fit. For the VIST-1SPE cal cul ation, the energies of the two turning
points at the representative tunneling energy of the SCT at 300 K are eval uat ed
at the MP2/6-31G* |evel.

MORATE | /O Fil es MORATE Fi | enarres

testr19.71 esp. fu7l input data for reactant 1
testr19.72 esp. fu72 input data for reactant 2
testr19.73 esp. fu73 input data for product 1
testri19. 74 esp. fu74 i nput data for product 2
testr19.75 esp. fu75 i nput data for the saddl e point
testr19. 77 esp. fu77 input data for the wellr
testr19. 78 esp. fu78 input data for the wellp
testr19. dat pol y. f us i nput data for MORATE
testr19.fu6 poly. fu6 long output file

testr19. fulb pol y. fuls summary output file
testr19.51 pol y. fu51 input data for the VTST-1SPE

cal cul ation
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10. GOWPUTERS AND CPERATI NG SYSTEMS ON VWH CH MCRATE HAS BEEN TESTED

Version 1.6 VAX 11/ 780 (VMBS version 4. 3)

Version 2.0 Qay-2 (UINCCs 5.0)

Versions 4.2-4.4 (Cay-2 and Oay X-MP-EA (UN CC5 6. 1)

Version 4.5 Qay-2 and CGray X- MP-EA (UN QG5 6. 1)
Gay Y-MP (UN O35 6. 1. 6)

Version 5.0 Qay-2 (INOXB 6.1), CRAY XM>EA (INCB 7.C 2),

Gay -MP (UNCC5 6.1.7), Gay @0 (NGB 7.C 2)

Version 5.1 Qay-2 (UNQCCB 7.0.5), CRAY XXMP-EA (UINCB5 7.C 2),
Gay @0 (NGB 7.C 2)

Version 6.2 Qay-2 (UNQXB 7.0.5), CRAY X-MP-EA (UINCCs 7.C. 2),

Gay 0 (UINCCs 7.C 2),

| BM RS/ 6000 nodel 550 (Al X 3.2.5)

Slicon Gaphics IR S Indigo RA000 (IR X 5.2)
Version 6.2.1 CRAY XMP-EA (UNCCB 7.C 3), Gay 90 (INCB 7.C 3),

| BM RS/ 6000 nodel 550 (Al X 3.2.5),

Silicon Gaphics IR S Indigo RAO00 (IR X 5.2)
Version 6.5 CRAY XMP-EA (INQO5 7.C 3), Gay @0 (UINQC3s 7.C 3),

I BM RS/ 6000 rmodel 550 (Al X 3.2.5),

Silicon Gaphics IR S Indigo RA000 (IR X 5.2),

Sun SparcStation | PX (SunCs 4.1.2)
Versions 7.2-7.3 (Cay C0 (UNGC3s 8.0.3),

I BM RS 6000 nodel s 550 and 590 (Al X 4.1),

Silicon Gaphics Power Challenge L/RB000 (IR X 6.2)
Versions 7.4-7.5 Cay C0 (UN G35 8.0.3),

| BM RS/ 6000 nodel 590 (Al X 4.1),

Silicon G aphics Power Chal | enge RI0000 (IR X 6. 2),

el | D nension XPSPro200n (RedHat 4.2, Linux kernel 2.0.30)
Version 7.87.9.1 CGay 0 (UNCCs 8.0.3),

I BM RS/ 6000 rmodel 590 (Al X 4. 1)

Silicon Gaphics Oigin 200 (IR X 6.4),

Del | D nension XPSPro200n (RedHat 4.2, Linux kernel 2.0.30)
Version 8.0 I BM SP with Power PC 604e (Al X 4.3),

Silicon Gaphics Indigo2 RLOO0O (IR X 6.2),

Dual Intel Pentiumll 333 M4z (Linux kernel 2.0.33)
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11. TEST RUN TI M NGS

Here are the tinmings for the test runs. These timng are neasured with the
Uni x time command.

The followi ng timngs (in seconds) apply to version 8.0:

| BMBP604e SA - I ndi go2* Li nux**
Test run 1 23.0 10. 4 31.3
Test run 2 6.6 3.5 9.4
Test run 3 31.6 17.1 46.1
Test run 4 82.1 82.0 104. 7
Test run 5 82.2 45. 6 105. 6
Test run 6 0.0 0.0 0.0
Test run 7 1605. 5 541.1 2108. 3
Test run 8 76.9 33.3 106. 8
Test run 9 748. 2 349.7 1017.1
Test run 10 1303. 4 669. 3 1690.0
Test run 11 27.6 14.5 38.1
Test run 12 779.5 326. 3 998. 4
Test run 13 805.0 328.0 1027.9
Test run 14 3.4 1.7 51
Test run 15 1771. 7 644.9 2240. 2
Test run 16 1465. 2 556. 3 1876. 7
Test run 17 102.5 50.9 140. 3
Test run 18 27. 4 138.4 345. 3
Test run 19 135.4 69.1 224.8

* SA-Indigo2 means SA | ndigo2 with RLOO00
** Linux runs were carried out on the follow ng | BMconpatibl e PC
Dual Pentiuml1l 333 MHz with LINUX kernel 2.0.33.
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12. ERRATA
This section contains selected errata for the MORATE nanual s.
12. A Errata for the version 4.2 nanual

1. Page 8-1, the reaction for TR2: CH3 + (D4 -> CH3D + (D3 shoul d be
B + G# -> COBH + OB.

12. B. Errata for the version 5.1 nanual

1. Page 6-4, there shouldn't be an X on the paran®.inc colum and testrl row
inthe table, i.e., paranR.inc is not suitable for testr2.
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13. Bl BLI OGRAPHY
See Section 1. A for general background ref erences.
13. A MCRATE publ i cati ons

1. "MXRATE A Programfor D rect Dynanics Cal cul ations of Chem cal
Reaction Rates by Semenpirical Mlecular Obital Theory," T. N Truong, D -h.
Luy G C Lynch, Y.-P. Liu, V. S. Mlissas, J. J. P. Stewart, R Steckler, B
C Garrett, A D. lsaacson, A onzalez-Lafont, S. N Rai, G C Hancock, T.
Joseph, and D. G Truhlar, Conputer Physics Communications 75, 143-159 (1993).

This article describes the first library version, nanely, version
4.5/ P4.5 M5.03, which is catalog no. ACLMin the Conputer Physics
Conmuni cations ProgramLi brary, Department of Applied Mathematics and
Theoretical Physics, Qieen's University, Belfast, Northern Irel and.

2. "MRATE A Programfor Direct Dynam cs Cal cul ati ons of Chem cal
Reaction Rates by Semenpirical Mlecular Obital Theory (version 6.5)", W-P.
Hi, G C Lynch, Y.-P. Liu, I. Rossi, J. J. P. Stewart, R Steckler, B. C
Garrett, A D lIsaacson, D.-h. Lu, V. S. Mlissas, and D. G Truhlar, QCPE
Bulletin, 15, 26-27 (1995).

This is the first listing of MORATE in the Quantum Chem stry Program
Exchange. It describes version 6.5/ P6.5 M. 05, which is catalog no. 666 in
the QCPE ProgramlLibrary, Indiana University, Bl oom ngton.

3. "MRATE 6.5: A New version of a Conputer Programfor D rect Dynam cs
Cal cul ati ons of Chenical Reaction Rate Constants", W-P. Hu, G C Lynch, Y.-
P. Liu I|. Rossi, J. J. P. Stewart, R Steckler, B. C Garrett, A D.
Isaacson, D-h. Lu, V. SO Mlissas, and D G Truhlar, Conputer Physics
Cormmuni cati ons, 88, 341-343 (1995).

This is a new version announcenent for MXRATEversion 6.5/ P6.5-M.05 in
the Conput er Physics Communi cati ons Program Li brary.

The recomrended references to read for an introduction to MRATE version 8.0
are the PCLYRATE version 8.0 nanual and Reference 3 in section 13.C of this
nanual .

The recomrended references to cite are given on page iv.

13. B. Publ i cati ons based on MORATE

1. "Drect Dynamcs Calculations with Neglect of Datomc Dfferential
Qverlap Ml ecular Obital Theory with Specific Reaction Paraneters,” A
CGonzal ez- Lafont, T. N Truong, and DO G Truhl ar, Journal of Physical
Chemi stry 95, 4618 4627 (1991).

2. "Tenperature Dependence of the Kinetic |sotope Effect for a Gas-
Phase SN2 Reaction: d- + OH3Br," A A Viggiano, J. Paschkewitz, R A
Morris, J. F. Paulson, A ®nzal ez-Lafont, and D. G Truhl ar, Journal of the
Amrerican Chem cal Society 113, 9404- 9405 (1991).

3. "Variational Transition State Theory with Miltidi nensi onal
Seni cl assical Gound State Transnission Coefficients: Applications to
Secondary DeuteriumKinetic |sotope Effects in Reactions |nvol ving Mt hane
and Chloronethane,” DO G Truhlar, D -h. Lu, S. C Tucker, X G Zhao, A
CGonzal ez-Lafont, T. N Truong, D. Maurice, Y-.P. Liu, and G C Lynch,
Areri can Chem cal Society Synposium Series 502, 16-36 (1992).
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4. "Ml ecul ar Mdeling of the Kinetic Isotope Effect for the [1,5]-
Sigmatropi ¢ Rearrangenent of cis-1,3-Pentadiene,” Y.-P. Liu, G C Lynch, T
N Truong, D.-h. Lu, DD G Truhlar, and B. C Garrett, Journal of the
American Chemcal Society 115, 2408-2415 (1993).

5. "Direct Dynanics Calculation of the Kinetic Isotope Effect for an
QO gani ¢ Hydrogen-Transfer Reaction, Including Corner-Qutting Tunneling in 21
D nensions," Y.-P. Liu, D-h. Lu, A ®nzal ez-Lafont, D G Truhlar, and B.
C Garrett, Journal of the Arerican Chenical Society 115, 7806-7817 (1993).

6. "Variational Transition State Theory and Semicl assical Tunneling
Calculations with Interpol ated Corrections: A New Approach to Interfacing
B ectronic Structure Theory and Dynamics for Organic Reactions," W-P. Hy,
Y.-P. Liu, and D G Truhlar, Journal of the Chenical Society Faraday
Transactions 90, 1715-1725 (1994).

7. General Discussion: tunneling effects in hydride transfer reactions,
Y.-P. Liuand DD G Truhlar, Journal of the Chenical Society Faraday
Transactions 90, 1735-1737 (1994).

8. "Mdeling Transition State Solvation at the S ngle Ml ecul e Level :
Test of Correlated Ab Initio Predictions Against Experinent for the Gas-Phase
SN2 Reaction of Mcrohydrated Fluoride with Methyl Chloride,”™ W-P. Hi and D
G Truhlar, Journal of the Anerican Chemical Society 116, 7797-7800 (1994).

9. "Dual-Level Reaction-Path Dynamcs (The /// Approach to VIST with
Sem cl assical Tunneling). Application to CH+ N3 -> RO+ NH " J. C
Cor chado, J. Espinosa-Garcia, W-P. Hiu, |I. Rossi, and D G Truhlar, Journal
of Physical Chemstry 99, 687-694 (1995).

10. "DeuteriumKinetic Isotope Effects and their Tenperature Dependence
in the Gas-Phase SN2 Reactions X- + GBY -> GBX + Y- (X Y=AQ,Br,1)," W-P.
Hi and D G Truhlar, Journal of the Anerican Chenmical Society 117, 10726
10734 (1995).

11. "Factors Affecting Conpetitive |on-Mlecul e Reactions: A O + QHA
and @2Dbd via E2 and SN2 Channel s," W-P. Hu and D. G Truhl ar, Journal of
the Anerican Chemical Society 118, 860-869 (1996).

12. "Ml ecul ar Mddel ing of Conbustion Kinetics. The Abstraction of
Primary and Secondary Hydrogens by Hydroxyl Radical,"”™ W-P. Hiu, |. Rossi,
J. C Corchado, and D G Truhlar, Journal of Physical Chenmistry A 101,
6911- 6921 (1997).

13. "Reaction-Path Dynanics with Harnmonic M brational Frequencies
in Qurvilinear Internal Coordinates: H + trans-NeH2 -> NeH + H2, "
Y.-Y. Chuang, and D. G Truhlar, Journal of Chemical Physics 107, 83-89
(1997).

14. "Inproved Dual -Level Direct Dynam cs Method for Reaction Rate
Cal culations with Inclusion of Miltidinmensional Tunneling Effects and
Validation for the Reaction Hwith trans- N2H2, " Y.-Y. Chuang, and
DL G Truhlar, Journal of Physical Chenistry, Journal of Physical Chemstry
A 101, 3808-3814 (1997).
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15. "Reaction-Path Dynanm cs in Redundant Internal Coordinates," Y.-Y.
Chuang, and D. G Truhlar, Journal of Physical Chemstry A 102, 242-247 (1998).

16. "Dual - Level Direct Dynam cs Cal cul ations of the Reaction Rates for a
Jahn- Tel | er Reaction: Hydrogen Abstraction fromC# or 4 by Q3P)", J. C
Cor chado, J. Espinosa-Garcia, O Roberto-Neto, Y.-Y. Chuang, and D. G Truhl ar,
Journal of Physical Chenmistry A in press.

13.C General references for Variational Transition State Theory and
Semi cl assi cal Tunnel i ng Approxi mati ons

1. "Citerion of MninumState Density in the Transition State Theory
of Binolecular Reactions," B. C Garrett and DO G Truhlar, Journal of
Cheni cal Physics 70, 1593-1598 (1979).

2. "Variational Transition-State Theory," D. G Truhlar and B. C
Garrett, Accounts of Chem cal Research 13, 440-448 (1980).

3. "Ceneralized Transition State Theory," D G Truhlar, A D
Isaacson, and B. C Garrett, in: Theory of Chenical Reaction Dynamcs, edited
by M Baer (CRC Press, Boca Raton, FL, 1985), Vol. 4, pp. 65-137.

4. "Variational Transition State Theory," D. G Truhlar and B. C
Garrett, Annual Review of Physical Chemstry 35, 159 189 (1984).

5. "Transition State Theory," M M Kreevoy and D. G Truhlar, in
Investigation of Rates and Mechani sns of Reactions, 4th edition, edited by
C F. Bernasconi (Vol. 6 of "Techniques of Chenmistry," edited by A
Wi ssberger; John Wley and Sons, New York, 1986), Part 1. pp. 13-95.

6. "Dynamcal Fornulation of Transition State Theory: Variational
Transition States and Semcl assical Tunneling,” S. C Tucker and D. G
Truhl ar, in: New Theoretical Concepts for Understanding O ganic Reactions,
edited by J. Bertran and I. G Gsizmadia (NATO ASl Series C Vol. 267,

Kl uwer, Dordrecht, The Netherlands, 1989), pp. 291-346.

7. "PCLYRATE 4: A New Version of a Conputer Programfor the Cal cul ation
of Chenmical Reaction Rates for Polyatomics,” D.-h. Lu, T. N Truong, V. S
Melissas, G C Lynch, Y.-P. Liu, B. C Garrett, R Steckler, A D |saacson,
S N Rai, G C Hancock, J. G Lauderdale, T. Joseph, and D G Truhlar,
Conput er Physi cs Conmuni cations 71, 235-262 (1992).

8. "Drect Dynamcs Methods for the Cal cul ation of Reaction Rates,"
DO G Truhlar, in The Reaction Path in Chemstry: Qurrent Approaches and
Perspectives, edited by D. Heidrich (K uwer, Dordrecht, 1995), pp. 229 255.
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14. MORATE VERSI ONS
14. A Expl anation of version nunber

In the MCRATE version nunber, the first nunber (i.e., the part before

the virgule) refers to the version of the MORATE package and i s uni que.

That is, this nunber changes if the interface changes or if the POLYRATE
and/ or the MOPAC part changes. The second and third nunbers refer to the
versi ons of PCLYRATE and MOPAC, respectively, upon which the given version of
MCRATE is built. In particular, in the version nunber 8.0/P8.0 M. 07, the
first 8.0 is the version nunber of the whol e package, including the
interface, P8.0 specifies that the version of POLYRATE is 8.0, and M. 07
specifies that the version of MXRATE is based on MOPAC version 5.07m.

Because the first nunber is unique, it is sufficient to just say
MORATE version 8.0, but the longer version nunber (8.0/P8.0-M5.07) is nmore
i nfornative.

Note: we sometimes update one or nmore of the manual s without updating the
versi on nunber. The manual version is determned by the date on its first
page. Any changes other than the nanual (s) always involve a change in
versi on nunber of the code.

14. 2 MORATE versions and aut hors

Inthe list below if we list several versions in succession and then a set of
authors, it means the authors are the sane for all those versions. Through
version 6.5, MXRATE was distributed as a conpl et e package contai ni ng PCLYRATE
and MOPAC. Beginning with version 7.2, MORATE is the interface, and the

user nust obtain PCLYRATE and MJPAC separately.

MORATE version 1.6/ P1. 6- Mi. 0 (1989)
T. N Truong, J. J. P. Stewart, B. C Garrett, R Steckler,
A D lsaacson, S. N Rai, G Hancock, T. Joseph, and
D. G Truhlar.
MORATE ver si on 2.0/ P2. 0- Mb. 01 (August 1990)
T. N Truong, D -h. Lu, J. J. P. Stewart, B. C Garrett,
R Steckler, A D lIsaacson, S N Rai, G Hancock, T. Joseph,
V. S. Melissas, and D G Truhl ar.
Notes: (1) MOPAC-version 5.01mm is a local nodification by Mnnesota
Super conputer Center Inc. for the Oray conputers.
MORATE-version 2.1/ P2. 1- Mb. 01 (Cct ober 1990)
T. N Truong, D -h. Lu, J. J. P. Stewart, B. C Garrett,
R Steckler, A D lIsaacson, S N Rai, G Hancock, T. Joseph,
V. S. Mlissas, and D. G Truhl ar.
MORATE ver sion 2.5/ P2. 5- Mb. 01 (Novenber 1990)
T. N Truong, D -h. Lu, J. J. P. Stewart, B. C Garrett,
R Steckler, A D lIsaacson, SS N Rai, G Hancock, T. Joseph,
V. S. Mlissas, and D G Truhl ar.
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Not e: MORATE-version 2.5 was used for the calculations in
A A Mggiano, J. S. Paschkewitz, R A Mrris,
J. F. Paulson, A (onzal ez-Lafont, and D. G Truhl ar,
"Tenper at ure Dependence of the Kinetic |Isotope Effect for
a Gas- Phase SN2 Reaction: d- + CH3Br," Journal of the
Arerican Chenical Society, 113, 9404- 9405 (1991).
MORATE ver si on 2. 6/ P2. 6- Mb. 01 (March 1991)
MORATE-version 2.6.1/P2.6.1-M. 01 (June 1991)
T. N Truong, D-h. Lu, J. J. P. Stewart, B. C Garrett,
R Steckler, A D lIsaacson, S. N Rai, G Hancock, T. Joseph,
V. S. Mlissas, and D G Truhl ar.
MORATE ver sion 3.0/ P3.0- M. 01 (July 1991)
MCRATE-version 3.0. 1/ P3. Mb. 01 (August 1991)
MCRATE-ver sion 3.0.7/P3. Mb. 01 (Decenber 1991)
MORATE versi on 3.9. 1/ P3. Mb. 01 (Decenber 1991)
MORATE ver si on 3.9. 2/ P3. Mb. 01 (Decenber 1991)
T. N Truong, D -h. , Y.-P. Liu, G C Lynch, V. S Mlissas,
J. J. P Stewart, B. C Garrett, R Steckler, A D I|saacson,
S N Rai, G Hancock, T. Joseph, A (onzal ez- Lafont, and
D. G Truhlar.
MORATE ver sion 4.2/ P4.2- V6. 02 (May 1992)
T. N Truong, D -h. Lu, G C Lynch, Y.-P. Liu, V. S Melissas,
J. J. P Stewart, B. C Garrett, R Steckler, A D I|saacson,
A CGonzal ez-Lafont, S. N Rai, G Hancock, T. Joseph, and
D. G Truhlar.
Notes: (1) MOPAC-version 5.02m is a nodification of MIPAC version
5.01m nade specifically for this version of MRATE
(2) The authors are grateful to Vi-Ping Hu for assistance
in preparing this version of MCRATE
MORATE ver si on 4. 4/ P4. 4- Mb. 03 (August 1992)
T. N Truong, D -h. Luy G C Lynch, Y.-P. Liu, V. S Mlissas,
J. J. P Stewart, B. C Garrett, R Steckler, A D I|saacson,
A CGonzal ez-Lafont, S. N Rai, G Hancock, T. Joseph, and
D. G Truhlar.
Not e: MOPAG version 5.03m is a nodification of MPAG version
5.02m made specifically for MIRATE
MORATE ver si on 4.5/ P4.5. 1-M5. 03 ( Sept enber 1992)
T. N Truong, D -h. Luy G C Lynch, Y.-P. Liu, V. S Mlissas,
J. J. P. Stewart, B. C Garrett, R Steckler, A D I|saacson,
A CGonzal ez-Lafont, S N Rai, G Hancock, T. Joseph, and
D. G Truhlar.
Not e: MCRATE-version 4.5 was the first distributed version of MIRATE
MIRATE ver si on 5.0/ P5. 0. 1-M5. 04 (June 1993)
G C Lynch, Y.-P. Liu, W-P. Hi, T. N Truong, D -h. Lu,
V. S Mlissas, J. J. P. Stenart, B. C Garrett, R Steckler,
A D. lsaacson, A onzalez-Lafont, SS N Rai, G Hancock,
T. Joseph, and DO G Truhlar.
Not e: MOPAG version 5.04m is a nodification of MPAG version
5.03m made specifically for MIRATE

0.1-
0. 7-
9.1-
9. 2-
Lu
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MORATE version 5.1/ P5. 1- Mb. 04 (Decenber 1993)

G C Lynch, Y.-P. Liu, W-P. Huy, T. N Truong, D -h. Lu,

V. S Mlissas, J. J. P. Stewart, B. C Garrett, R Steckler,
A D Isaacson, A onzalez-Lafont, S N Rai, G Hancock,
T. Joseph, and DD G Truhl ar.

MORATE ver si on 6. 2/ P6. 2- Mb. 05 (August 1994)
W-P. Hu, G C Lynch, Y.-P. Liu, I. Rossi,
J. J. P. Stewart, R Steckler, B. C Garrett, A D |saacson,
T. N Truong, D -h. Lu, A onzal ez-Lafont, V. S. Meli ssas,
S N Rai, G Hancock, T. Joseph, and D. G Truhl ar.

Not e: MCPAG version 5.05mm i s a nodification of MOPAG version
5.04m. This version of MIPAC can be used independently, or
it can be used i n MORATE

MORATE ver si on 6.2.1/P6. 2. 1-M5. 05 (Novenber 1994)
MORATE ver si on 6. 3/ P6. 2. 1-M5. 05 (Novenber 1994)
W-P. Hu, G C Lynch, Y.-P. Liu, I. Rossi,
J. J. P. Stewart, R Steckler, B. C Garrett, A D |saacson,
T. N Truong, D -h. Lu, A onzal ez-Lafont, V. S. Meli ssas,
S. N Rai, G Hancock, T. Joseph, and D. G Truhl ar.
MORATE ver sion 6.5/ P6. 5- Mb. 05 (February 1995)
W-P. Hu, G C Lynch, Y.-P. Liu, I. Rossi,
J. J. P. Stewart, R Steckler, B. C Garrett, A D |saacson,
D.-h. Lu, V. S. Mlissas, and DO G Truhl ar.
MORATE ver sion 7.2/ P7.2- M. 05 (March 1997)
Y.-Y. Cwang, W-P. Hu, G C Lynch, Y.-P. Liu, and D. G Truhlar.
MORATE version 7.3/ P7.3- M. 05 (June 1997)
MORATE version 7.4/ P7.4- M. 05 (August 1997)
Y.-Y. Chuang, P. L. Fast, W-P. Hu;, G C Lynch, Y.-P. Liu,
and D. G Truhlar.
MIRATE version 7.5/ P7.4-Mb. 06 (Sept enber 1997)
Y.-Y. Chuang, P. L. Fast, W-P. Hu, G C Lynch, Y.-P. Liu,
and D G Truhl ar.

Not e: MCRATE-version 7.5 is a nodification of MRATE-version 7.4 in
which only the MOPAC part and the interface changes; it is
based on the sanme version of PCOLYRATE

MORATE ver sion 7.8/ P7.8- Mb. 07 (Decenber 1997)

MORATE version 7.8.1/P7.8.1-Ms. 07 (February 1998)

MORATE ver si on 7.9/ P7.9- Mb. 07 (March 1998)

MORATE-version 7.9.1/P7.9. 1-M. 07 (April 1998)

MORATE ver si on 8. 0/ P8. 0- Mb. 07 ( Sept enber 1998)
Y.-Y. Chuang, P. L. Fast, W-P. Hu, G C Lynch, Y.-P. Liu,
and D. G Truhlar.
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14. 3 MCRATE REM SI ON H STCRY

Thi s section contains the MORATE revision history begi nning w th version
2.0. UWddates involved in incorporating a new version of PCLYRATE are
summari zed i n the POLYRATE manual .

Version 2.0/ P2.0-M5. 01 (August 1990)

1. This version of MIRATE was created to incorporate new versions of
PCLYRATE and MCPAC

Version 2.1/P2.1-M5. 01 (CQctober 1990)

1. This version was created to incorporate the new version of PCOLYRATE

Version 2.5/ P2.5-M5. 01 (Novenber 1990)

1. This version was created to incorporate the new version of PCLYRATE

Version 2.6/P2.6-M. 01 (March 1991)

1. This version was created to incorporate the new version of PCLYRATE.

Version 2.6.1/P2.6.1-Mb. 01 (June 1991)

1. In subprogram MAI N
Thi s subprogram has been nodified so that MORATE can be correctly run
using the restart option. This error existed since version 1.6. This
bug fix enables the use of the restart option with LOE cal cul ati ons
that sanple the vibrationally nonadi abatic region.

2. I n subprogram REDGEQ
M nor modi fications were introduced to allow the user to choose
the anharnonicity option LGS5) = 21 at the saddl e point. This bug
exi sted since version 1.6.

Version 3.0/ P3.0-M5. 01 (July 1991)

1. This version was created to incorporate the new version of POLYRATE

2. I n subprogram READG:
For MCRATE cal cul ations the LGS(33) option is no | onger supported.

Version 3.0.1/P3.0.1-M. 01 (August 1991)
1. This version was created to incorporate the new version of PCOLYRATE
Version 3.0.7/P3.0.7-M5. 01 (Decenber 1991)

1. This version was created to incorporate the new version of PCQLYRATE
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Version 3.9.1/P3.9.1- Mb. 01 (Decenber 1991)

1. This version was created to incorporate the new version of PCOLYRATE
Version 3.9.2/P3.9.2- Mb. 01 (Decenber 1991)

1. This version was created to incorporate the new version of PCOLYRATE
Version 4.2/ P4.2-Nb. 02 (May 1992)

1. This version was created to incorporate new versions of PCLYRATE and
MOPAC.

2. In version 5.02m of MPAC all the subprograns have been returned to
the original form which used the include extension and the incl ude
file SIZES. This was done so as to nake di nensi on changes much easi er
in MORATE  (In version 5.01 of MIPAC the statements which made up the
include file SIZES are explicitly included in all subprograns.)

3. Al the paraneter statenents and conmon bl ocks which were used for
passing informati on, other than the energy V, the coordinates X, and the
gradients DX, between PCLYRATE and MOPAC have been renoved fromthe
PCLYRATE subprograns and placed in the include file norate.inc. This
include file is needed when conpiling the subprograns that nake up
the poly_nod.f file.

4. I n subprogram SURF:
The zero of energy is subtracted fromthe total energy in all of the
PCLYRATE subprograns which call SURF, and not in the subprogram SURF.
This change is in accord with POLYRATEversion 4.2 and causes only m nor
di fferences between cal cul ations made with this version and previous
versions of MIRATE

5. In subprogram REALCG:
A new option has been added whi ch allows the user to input the zero of
energy in kcal/nol. This option uses LGS2(4) and the variabl e EZOTMP.
This zero of energy (in hartree atomc units) will be echoed to the
unit ful restart file if the option is chosen to have the restart
infornmation saved. Note that the format of this option allows ol d i nput
data files to be used by this version of MORATE, but the conversion
constant used to convert EZOTMP fromkcal /nol to atomc units is the
conversion constant in PCLYRATE version 4.2. Qdd input restart files
will not be conpatible with this version of MIRATE because the zero of
energy was not saved in old restart data files.

6. The user can now supply a value for the variable DERSTP in the PCLYRATE
portion of the input data. This allows the user to use a quadratic
fit calculation for the second derivatives of the potential (LGY25) = 1).
In the previous versions of MCRATE this variable was not read in, and
therefore it had a default val ue of zero.



MORATE 8. 0/ P8. O- Mb. 07
Page 14-6

7. Anewoption (LGS(4) = 3) has been installed. This option controls the
witing to unit fué of the bond orders and charges cal cul ated by MIPAC
Thi s enhancerent required changes in the fol |l owing subprograns: NAIN
PATH, PCLYAT, and SADDLE. This enhancenent wll cause snall
differences in the output produced by this version of the code from
out put from previous versions of MRATE

8. Format statenents were nodified so that cal cul ations wth NATOVS set
| arger than 15 atons can be handl ed. This invol ved changes in the
subprograns PATH and RESTCR

Version 4.4/ PA. 4-Mb. 03 (August 1992)

1. This version was created to incorporate new versions of PCLYRATE and
MOPAC.

2. In version 5.03 of MOPAC, the bl ockdata file has been nodified to
include all the AML and PMB paraneters that are currently avail able
in MPPACversion 6.0. Save statenents have been added to all the
subprograns in nb03_nod. f and nb03_unnod. f.

3. A bug in the subprogram FI GPEN has been corrected. This bug caused the
programto open fort.35 instead of nmorate.35 for a restart run. This
bug was introduceded in version 4. 2.

4. Save statements have been added to the subprograns ENERGY and SURF in
the file interface.f.

Version 4.5/ P4.5.1-M. 03 (Sept enber 1992)

1. This version was created to incorporate a new version of POLYRATE with
an inproved PCLYRATE interface for electronic structure packages.

2. The subprogram HEADER in the file interface.f has been renamed HEADR

3. The subprogram FI CPEN fromthe PCQLYRATE programis now used to open all
the files (except the files linked to FORTRAN units fu5 and fu6) for a
MCRATE cal cul ation. The interface.f file no | onger contains a Fl CPEN
subprogram The new FlI CPEN subprogram opens files with fil enanmes
poly.fu# for all the files except those |inked to FCRTRAN units fu3l
through fu35. The C shell scripts for running the test runs have been
nodi fied to refl ect these changes.

4. The FCRTRAN statenents "I NCLUDE norate.inc" in the poly_mod.f subprograns
have been changed to "I NCLUDE esp.inc”. The information in the include
file has not been changed; only the referenci ng nane has changed. The
noratecl.jc Cshell script has been nodified to reflect this change.

5. The FORTRAN units 31 through 35 have been changed to FORTRAN units fu31l
through fu35, and these fu3# units are defined in the paraminc include
file. The open statements for these files have al so been changed to
open files with filenames esp.fu3# instead of norate.3#. The C shell
scripts for running the test runs have been nodified to reflect these
changes.
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I n subprogram READ5:

Read statenents in this subprogram have been nodified to all ow the user
toinput a value for the variable DBLX D3LX is the step size used in
evaluating the third derivatives of the potential with respect to the
coordi nates when these third derivatives are needed (only when the cubic
starting algorithmis used). |If D3LX is set equal to zero, it defaults
to the value of DLX

The conpatibility check for the parameter NSDM has been expanded to

i nclude a check for NSPEC. This check causes a warning to be

printed to the file linked to FORTRAN unit fu6, but it does not

stop the calculation. The calculation will proceed until NSDM save grid
points are stored and then the MEP cal cul ation will stop; therefore,

the MEP integration may not reach the linmts set by StMand SLP. This
nodi fication invol ved the subprogram READ5. The user is still

responsi ble for ensuring that NSDMis |arge enough when extrapol ation
and/or NSPEC . NE. 0 are used.

on 5.0/ P5.0.1-M. 04 (June 1993)

The program has been nodified so that the |ink between PCLYRATE and
MOPAC i s more nodul ar.  The subprograms SETUP and SURF have been
restructured; this restructuring results in three new subprograns SETUP,
ESPINT, and ESPCPT. Al'so, the include file esp.inc has been renoved
fromthis version of the program

Three new subprograns have been introduced in this version of the
program These new subprograns are descri bed bel ow
a) Subprogram SETUP:
Thi s subprogram has the sanme nane as the subprogramin the previous
versions of the program but in this version of the code this
subpr ogram checks the val ues of the variables N3TM NATOVS, and
NUVATM and exits. This subprogramdoes not carry out any cal cul ati ons.
b) Subprogram ESPI NT:
This subprograminitializes the subprograns for the el ectronic
structure package, in this case MJPAC for each chenical species.
The input geonetry is read and the array containing the Cartesian
coordinates is initialized with the input geonetry.
The variable NUMCAL is also initialized in this subprogram
c) Subprogram ESPCPT:
Thi s subprogramuses the optini zation routines in the electronic
structure program MIPAC in this case, to optimze the input
geonetry for each chemcal species. This subprogram assunes that the
subprogram ESPI NT has been called to read the initial geonetry
and to initialize the electronic structure subprograns.

I n subprogram VAl N

A check conparing the val ue of NATOVS to the MOPAC vari abl e NUVATM
has been rmoved fromthis subprogramand placed in the interface
subpr ogr am SETUP.
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4. In the subprogram REACT:
The program has been nodified such that for an atom c species the
subprograns ESPINT and SURF are called and ESPCPT is not called. The
result of this change is that the MOPAC heat of formation infornation
for the atomc species is not printed in the long output file.

5. The include file SIZES has been renaned SIZES.i and all the FCORTRAN
statenents nodified accordingly. This change was nade because the
utility ANSI TAPE, which is used to wite VAX CCPY fornat tapes on
Uni x machi nes, does not handle files w thout extensions.

6. The bond order and bond charges infornation has been suppressed in
this version of the program If this information is needed the user
will need to nodify the subprogram SURF to conpute this information
in conjunction with the extra potential information feature described
in Section 8 of the POLYRATE-version 5.0.1 ranual .

7. The program has been inproved such that it can do SRP calculations with
all the semenpirical MD nethods avail abl e in MJPAC version 5.03 or 5.04.

Version 5.1/ P5.1-M5. 04 (Decenber 1993)

1. This version consists of the same MOPAC and interface versions as in
MORATE version 5.0 and is based on a new ver sion of POLYRATE, version 5.1,
whi ch includes the VIST-1QC et hod published in the Faraday Synposi um
The version in 5.0 was a prelininary one that is not recomrended for
further use.

2. Two newtest runs, test run 11 and test run 12, have been added. The
input data for test runs 3 and 6 have been changed because of the changes
in the VISI-1CC net hod.

3. Three utility prograns hrotor.f, findl.f, and findb.f have been included in
this version. See sections 14.C and 14.D of the PCLYRATE-version 5.1
on-line nanual for details.

Version 6.2/ P6.2-M. 05 (August 1994)

1. This version is based on POLYRATE-version 6.2 and MIPAG version 5.05m.
The maj or changes fromthe previous versions in these two prograns are
sunmari zed in the revision history sections of the PCLYRATE 6.2 and
MOPAC 5. 05nmm nmanual s.

2. The test run input files have been converted to keyword input fornat.

3. The distribution package of this version of MIRATE al so includes a
conpl ete version of MOPAC 5. 05m whi ch can be used as a stand-al one
program An on-line manual for MIJPAC 5.05m is also included in the
di stribution package.
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4. This version of MRATE and MOPAC 5. 05m have been nade nore
portable. These two prograns can now not only run on a Gray conputer
but al so on an IBMRSY 6000 or an IR S I ndi go nachine. Many nachi ne-
dependent files have been added to the distribution package.

5. The conpiling and |inking process has been sinplified by using just
one script (instead of three in previous versions) for a certain type
of conputer. This script also autonatically nakes a MOPAC 5. 05m
executabl e file.

Version 6.2.1/P6.2.1- V6. 05 (Novenber 1994)

1. This version is based on PCLYRATE-version 6.2.1 which is a bug-fix
version of PCLYRATE-version 6.2. The interface and MOPAC parts of the
code have not been changed.

Version 6.3/ P6.2.1-M. 05 (Novenber 1994)

1. Three new scripts, check_ all.jc, check_test.jc, and run_all.jc, have been
included in the distribution package.

Version 6.5/ P6.5-M. 05 (February 1995)

1. This version is based on PCLYRATE-version 6.5 which has a prototype
nodul ar interface to obtain potential energy surface data fromanal yti cal
potential energy surfaces or electronic structure cal cul ati on packages.
The old interface (interface.f) has been repl aced by the new PCLYRATE
interface (hooks.f) which is designed to |linked to various el ectronic
structure cal cul ati on packages and which is a first step toward a

conpl etel y
nodul ar interface. A newfile nb06drv.f which contains MOPAG specific
potential energy routines has been added in the distribution package.

2. This version has been tested on Sun workstations, and sone
nachi ne- speci fi ¢ routines have been added in the distribution package.

3. This version supports the option of getting hessians directly from
the MOPAC programrather than cal cul ati ng themin PCLYRATE from MOPAC
gradients. This option has been used in test runs 2 and 4 in the
di stribution package.

Version 7.2/ P7.2-M5. 05 (March 1997)

1. This version is based on PCLYRATE version 7.2 and MPAG version 5.05m.
The maj or changes fromthe previous version of PCLYRATE are summarized in
the revision history section of the POLYRATE 7.2 nanual . For exanpl e
version 7.2 of PQLYRATE al | ows users to use nonredundant curvilinear
internal coordinates and the inproved VIST-1CQC scherme with the | CL and
ECKART opti ons.
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2. Beginning with version 7.2, MRATE itself consists of only the interface
routines and routines that nust be changed to conplete the interface;
PCLYRATE and MOPAC nust be obt ai ned separately.

3. Anewexanple is added (test run 13).

4. Since anharnonicity is no | onger supported with TST-only cal cul ati ons,
the input file of test run 2 has been nodifi ed.

5. Anewkeyword EZUNT is introduced, and the input data files of
test runs testr2, testr3, testr6, testr7, and testr8 are nodified
according to this change.

Version 7.3/ P7.3-M5. 05 (June 1997)

1. This version is based on POLYRATE version 7.3 and MOPAG version 5.05m.
The naj or changes fromthe previous version of POLYRATE are summari zed
in the revision history section of the PQLYRATE 7.3 nanual .

2. I'n hooks. f:
The IN TG vari abl e was added to account for the new keyword I N TGEO
whi ch was added to the POLYRATE 7.3 program For MORATE the | N TGEO
keyword is required to have the val ue "hooks". This is NOT the
default value, and therefore the user nust take care to add this keyword
and val ue to the REACT1, REACT2, PRODL, PRCD2, and START sections of the
*. dat input file. See the PCLYRATE 7.3 manual for a detailed
description of this new keyword. Al testruns have been nodified to
account for this change in the PCLYRATE program

3. A new keyword NCBUPERMCL and its negation SUPERML have been added
and are described in detail in the PCLYRATE 7.3 manual . The foll ow ng
MORATE testrun input data files have been nodified accordingly:
testrl.dat, testr2.dat, testr3.dat, testr4.dat, testr6.dat, testr7.dat,
testr8.dat, testrl10.dat, testrll.dat, testrl12. dat, testr13.dat.

4. The FORTRAN file units fu3l-fu35 have been changed to FCRTRAN file units
fu71-fu75 for consistency with a new file nunbering schene introduced at
this time to pronote consistency across interfaces. The test runs and
scripts have been updated for this change.

Version 7.4/ P7.4-M6. 05 (August 1997)
1. This version is based on POLYRATE version 7.4 and MIPAG version 5.05m.

The maj or changes fromthe previous version of PCLYRATE are sunmari zed
in the revision history section of the POLYRATE 7.4 nanual .

2. A new test run, testrl18, has been added for the HBr + QH2 -> CH2CHBr
reaction in redundant internal coordinates. Newtest runs (testrb5,
testr8, testrl3, and testrl16) are added.

3. The paraneter PCLYMX has been renoved from subroutine mopset in nd05drv. f.
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Version 7.5/ P7.4-NM5. 06 (Sept enber 1997)

1. This version is based on PCLYRATE-version 7.4 and MOPAG version 5.06m.

2. The script noratecl.linux has been added to al |l ow MORATE to run
under the Linux operating system

3. The subprogram nb05drv. f has been renanmed nb06drv.f to be consi stent
with the updated MOPAC 5. 06nmn.

4, The testr16.75 geonetry has been changed to a nore converged georretry so
that the results for the testrl6 testrun are consistent across all the
supported pl atforns.

Version 7.8/ P7.8-Ms. 07 (Decenber 1997)

1. This version is based on POLYRATE-version 7.8 and MPAG versi on 5.07m.

2. The subprogram nb06drv.f has been renamed nb07drv.f to be consi stent
with the updated MOPAC 5. 07m.

3. The testr8 has been renoved and replaced with a newreaction, G4 + Q

Versi on 7.8.1/P7.8.1- Mb. 07 (February 1998)

1. This version is based on POLYRATE-version 7.8.1, which is a bugfix
version of PCLYRATE-version 7.8. The interface and MOPAC parts of the
code have not been changed.

Version 7.9/ P7.9-M. 07 (March 1998)

1. This version is based on POLYRATE version 7.9 and MOPAG version 5.07m.

Version 7.9.1/P7.9.1- Mb. 07 (April 1998)

1. This version is based on PCLYRATE version 7.9.1, which is a bug-fix
version of PCLYRATE-version 7.9. The interface and MOPAC parts of the
code have not been changed.

Version 8.0/ P8.0-M. 07 (Septenber 1998)

1. This version is based on PCLYRATE version 8.0 and MIPAG version 5.07m.

2. A newtestrun, testrl9, is add to serve as an exanpl e of the VISI-ISPE
and VRPE opti ons.

3. A new conpi ling script noratecl.604 is added for the | BM Power PC 604
nmachi nes.
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14.4 I NPUT FI LE GOWPATI BI LI TY

Because of the introduction of keyword input fornat in PCLYRATE version 6.0
and its refinement in version 6.5, all restart files and input files (except
those linked to FCRTRAN units fu71-fu75) created before version 6.5 are not

upgr ade-conpati ble. A so, beginning with version 7.2, the keyword EZUNT is
required if the energy is read in kcal/nol. Beginning with version 7.4, the
I N TGEO and NCBUPERMOL keywords are required. Please refer to the POLYRATE
manual for a description changes in PCLYRATE, which al so affect MIRATE

14.5 MCRATE MANUAL REM SI ON H STCRY

manual for version 2.0 Aug. 10, 1990
manual for version 4.2 May 25, 1992
manual for version 4.4 Sept. 16, 1992
manual for version 4.5 Nov. 16, 1992
manual for version 5.0 Jun. 16, 1993
Revi sed manual for version 5.0 Nov. 30, 1993
manual for version 5.1 Jan. 13, 1994
manual for version 6.2 Aug. 29, 1994
manual for version 6.2.1 Nov. 30, 1994
manual for version 6.5 Mar. 23, 1995
manual for version 7.2 Mar. 28, 1997
nmanual for version 7.3 Jun. 20, 1997
manual for version 7.4 Aug. 28, 1997
manual for version 7.5 Sept. 25, 1997
manual for version 7.8 Dec. 9, 1997
manual for version 7.8.1 Dec. 4, 1998
manual for version 7.9 Mar. 27, 1998
manual for version 7.9.1 Apr. 15, 1998
manual for version 8.0 Sep. 4, 1998

Not e: The MCRATE distribution (see Section 3.A) through version 6.5
i ncl uded the PCOLYRATE, MIPACS5.0, and MIPACS. 05mm manual s as wel |
as a MCRATE nmanual . Beginning with version 7.2 of MRATE, we
assune that the PCLYRATE and MOPACS. 07mrm manual s were obtai ned with
with the POLYRATE and MOPACS. 07mm packages, respectively.

Al MRATE manuals are in the formof an ASO| docunentation file.
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