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Abstract

In order to better understand the kinetics of gas phase bimolecular exchange reac-
tions a computer program has been written which allows easy exploration of the
time dependent and vibrational level dependent details of this class of reactions.
BIMSIM (for BIMolecular exchange reaction SIMulation) is intended as a very flex-
ible “virtual laboratory™ which can easily be configured and reconfigured for a wide
range of different experiments (e.g., laser pulse or shock tube), different initial con-
ditions (e.g., of temperature, reactant concentration, and molecular environment),
for different reactions in this class, and for different levels of approximation. In
order to test the validity and demonstrate the use of the program a reaction sys-
tem was found for which appropriate input data is available and for which suitably
detailed analytical calculations have been done. Agreement was found to be ex-
cellent. Using BIMSIM, results of chemical interest were obtained for the reaction
Br+HCl — HBr+Cl. It was found that non-equilibrium depletion of the vibrational
levels of HCl are as much as a factor of 10 and that they depend on the relative
amounts of Br, HCI and inert diluent He, as well as on the temperature, becoming
more pronounced around 300 K. Interesting details of the time dependence of the

fractional level populations are discussed.
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Chapter 1. Introduction

1.1 Scope

The gas-phase exchange reaction is one of the most common, important, relatively
simple, and widely studied chemical reactions (see, for example, ref. [1]). In order

to better understand the kinetics of such reactions of the form
A+BC— AB+C, (1.1)

a computer program has been written by the author which allows easy exploration of
the time dependent details of this class of reactions. BIMSIM (for BIMolecular ex-
change reaction SIMulation) is intended as a very flexible “virtual laboratory” which
can easily be configured and reconfigured for a wide range of different experiments
(e.g., laser pulse or shock tube), different initial conditions (e.g., of temperature,
reactant concentration, and molecular environment), for different reactions in this
class, and for different levels of approximation. See Appendix A for a detailed
description of BIMSIM and Appendix C for the source code.

The need to study the kinetics of bimolecular reactions with their vibrational
detail stems from two important observations: a) endothermic bimolecular reaction
rates are enhanced by vibrational energy of the reagents; b) exothermic bimolecular
reactions often produce species which are vibrationally and rotationally excited{2].
Until now kineticists have simulated real reaction mechanisms (consisting of several
bimolecular reactions) by impiictly assuming that the vibrational and rotational lev-
els of all multiatomic species are distributed according to Boltzmann statistics. This
is an approximation which is not justified particularly for fast chemical reactions or
for slowly relaxing species. Thus, it is generzlly true that the population of the
high vibrational levels of reagents are depleted, whereas the high vibrational levels

of products are overpopulated. Since the products of one reaction are sometimes
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the reagents for subsequent reactions, the whole process is rather complicated. De-
pending on the reaction conditions different scenarios can be envisaged. The ‘rate
coefficient’ becomes distorted from the kineticist’s impression of it. Indeed the whole
concept of a rate constant comes into question. In order to see how serious such
effects can become, it is important to investigate the kinetics at its microscopic
detail.

The approach, admitting to non-Boltzmann distributions, can be termed, by
definition, “non-equilibrium kinetics”. Although this term encompasses all kinds
of energy levels, including electronic and translational, BIMSIM is restricted to
the cases of chemical interest and does not consider plasma temperatures where
electronic and translational effects become important[3]. What is known currently
about vibrational/rotational non-equilibrium kinetics is restricted in the literature
to the field of unimolecular reactions. BIMSIM generalizes the techniques to include

bimolecular reactions.

1.2 Non-equilibrium Kinetics of Unimolecular

Reactions

Figure 1.1 is a schematic diagram showing the energy levels of molecule BC, and the
barrier to rupture the weakest bond, E,. For most molecules of chemical interest
Ey > kpT (where kg is the Boltzmann constant and T is the absolute temperature),
Because of the high barrier, reaction occurs by stepwise climbing of the vibrational
ladder. It is only near the barrier that excited molecules actually can dissociate col-
lisionally and only above the barrier that excited molecules fall apart spontaneously.
The whole process is a competition between vibrational excitation and reaction. At
the low pressure limit of a unimolecular reaction, the processes which determine the
rate of reaction are energy transfer steps. At this limit, energy transfer (vibrational
excitation or replenishment of the population of those levels near the dissociation
limit depleted by reaction) is inefficient. The balance is struck leaving a steady

non-Boltzmann distribution. The reaction can be modeled by solving the very large
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Figure 1.1: Schematic Energyv Levels of a Molecule

set of differential rate equations. commonly called the master equation. For £ < £y

d[BC (E.1)] ZA £ JIMIBO(E", 1)] — Z ME — E'MBC(E.0). (1.2)
=
For £ > E,
d[BC(E 1) ZA — E)M][BC(E, #)]

— ) K(E — E)M][BC(E,1)] — k(E)[BC(E, Hl. (1.3)
B

Here [BC(E,t)] is the concentration of the molecule with internal energy £ at time
t, [M] is the concentration of an inert bath gas, k(E) is the specific rate constant
for spontaneous dissociation of the molecule, E(E — E') is the rate constant for
collisional energy transfer from energy level £ to energy level £, and k(E' — E)
is that for the reverse process. k(E — E') and k(E' — E} are related by micro-
scopic reversibility. This relationship guarantees that, in the absence of reaction, a

Boltzmann distribution results at ¢ = oo
Equation 1.3 can be solved analytically[4] under the assumptions that BC is
big, energy transfer is poor, k(E’ — E) decreases exponentially with energy gap,
BC is highly dilute in the bath gas M, BC is translationally equilibrated, M is
thermally equilibrated, and the reverse recombination of B and C is unimportant.
Because of the large number of levels involved one often replaces the summation by

an integration. For the special case of the steady state limit (when the distribution
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|
energy transfer I
efficiency
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Figure 1.2: The Depletion of BC at high £
ko
keq
k< ke

transient steadgr reaction

zone zone
Figure 1.3: & vs. ¢

becomes invariant in time) the following non-Roltzmann distribution

BC(E kgT Ey—F
BC(SE’)]),L T (AE)B+ ks expl-! T . (1.4)
and the non-equilibrium rate coefficient k (compared to k., the one where a Boltz-
mann distribution prevails):
k_(AB)
key  kpT
where {AF) is the average energy transferred per collision (< kgT). These results

<1 (1.5)

are shown schematically in Figures 1.2 and 1.3. Figure 1.3 additionally shows the
time-evolution of the non-equilibrium rate-coefficient, k. This is a phenomenological

quantity defined as & = —Rate/([BC][M]). Equation 1.5 shows that k is depressed
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from keg. It turns out that this depression becomes more and niore prominent as
the temperature increases, resulting in convex Arrhenius plots. It is only after the
transient process is finished that % becomes essentially constant.

As Important as unimolecular reactions are, they form, after all, only a small
fraction of chemical reactions. For every molecule that self-destructs there is an
almost countless number of possible chemical partners with which it can react bi-
molecularly. So what is known ahout non-equilibrium kinetics is a small fraction of
what should be known. The same guiding principies successfully used for unimolec-
ular reactions (competition between energy transfer and reactivity) apply in general
to all reactions, and suggest that manifestations of this should be looked for in the
case of bimolecular reactions. It is the programme of our research group to start to

fill in this gap in knowledge.

1.3 Comparison Between Unimolecular and

Bimolecular Reactions of BC

The following table illustrates the expected similarities and differences between uni-

and bimolecular reactions.
Unimolecular Reaction | Bimolecular Reaction

BC+M—~B+C+M| A+BC - AB+C

Competition between en- Yes Yes

ergy transfer and reactivity

Distortion of population Yes Yes
distribution
k < keq < kg
[collider] [M] = constant [A](2)
Ey > kgT no restriction

Important levels which react | only those close to any level can re-

the dissociation limit act with A

Scientific activity well-studied hardly studied at all
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1.4 Non-Equilibrium Kinetics of Bimolecular

Reactions

1.4.1 What are the Failings of Classical Chemical
Kinetics?

(lassical chemical kinetics is based upon two or three fundamental equations which

are used (almost) universally without question. For the reaction A + BC — AB+C
Rate = F[A][BC]. (1.6)

If the reve ~se reaction is important
Rate = k;[A][BC] — k. [AB][C]. (1.7)

Here k; and %, are the rate coefficients for the forward and reverse processes respec-
tively. The kinetic mass-action law relates k; to k. by:
% =K, (1.8)
where K, is the equilibrium constant.
These fundamental equations are predicated upon the implicit assumption that
the internal energy states of BC are in a Boltzmann distribution during the reaction.
From the above considerations this is not strictly correct. & < keq, and this distor-
tion is dependent upon the chemical environment which determines how efficient
vibrational (say) excitation is. So, % is really dependent upon the concentrations
of all species present, some of which may be varying with time. In other words,
k = k([A](2), [BC](t),...) and is not a true constant, preventing direct integration
of (1.6) for use in analysing experimental data. Even if the form of equation 1.6
were correct, it is not obvious that under conditions of non-equilibrium distribu-
tions, forward and reverse rates are additive. Furthermore, the distortion to & 5 may

not be of the same magnitude as to &, so that (1.8) is not strictly correct either.
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1.4.2 Manifestations of the Failings of Classical Kinetics

It has already been mentioned above that k differs from key by varying amounts de-
pending on the temperature. This could result in non-Arrhenjus behaviour. Theories
of chemical reaction rely on the equilibrium assumption and fine-tune themselves
by trying to reproduce experimental results. Curvature of such plots might be
falsely attributed to special features of the transition state or to quantum mechani-
cal tunneling rather than to simple non-equilibrium effects. Consequently theoretical
approaches might be led astray.

Consequences for experimental kinetics are no less severe. It may legitimately
be asked if the rate coeflicients in the literature, for the elementary reactions, are
correct. Are they k.,, or somewhat less than keq? Were they determined under
conditions where non-equilibrium effects were absent? May they be used to predict
the behaviour of complex systems such as combustion or atmospheric processes?
In other words, even if keq for an elementary process were properly extracted, is
1t appropriate to use it for simulating a complex process in which non-equilibrium
effects are likely to show up? Certainly the chemical environment of such systems is
highly varied. Furthermore the products of elementary reactions may be produced
in strongly non-Boltzmann distributions, especially if exothermic. Consequently,
secondary reactions may not even proceed initially from a Boltzmann distribution.
Each subsequent step’s effect is compounded.

This thesis is designed to produce a program which allows our research group to
explore conditions and give guidelines to chemists for deciding when non-equilibrium

effects are important in bimolecular reactions.

1.4.3 Implications for Kinetic Modeling

If the vibrational/rotational substructure is not ignored, then a simple mechanism
is transformed into a nightmare. It becomes necessary to measure or calculate
many state-selected rate constants instead of a single thermal rate coefficent for
each elementary reaction. It becomes necessary to solve a far more complicated set

of simultaneous differential rate equations than before. Rather complicated (less
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transparent) dependencies of species concentration on chemical environment will

result.

1.4.4 Example

The first explosion limit for the Hy /O, reaction is considered to consist of the fol-

lowing steps (here only the vibrational structure is explicitly mentioned):

Reactants — OH(v)
OH(v) + Hy(v/) — H,0+H
H+0,(") — OH(z)+0
O+ Hy(v) — OH(v)+H
H

—  wall.

Even if only 3 levels for each of Hy, O; and OH are considered as playing a role then
there are 31 different rate constants to determine, and 12 differential equations to
solve, some of which have a large number of terms (e.g. 28 for H). This is indeed a
more difficult problem to solve than the classical problem.

At this point a choice can be made regarding tactics. One can try to revert
to the 5-equation approach, accounting for non-equilibrium effects by using an im-
proved analytical rate law for each elementary step as does Teitelbaum|[3]; or else one
can rigourously solve the 12 simultaneous differential equations. This study takes
the rigorous approach. It makes one less assumption than the analytical approach
does—namely it does not assume the existence of a steady state. It follows the entire
time history of the evolution of population distributions, and so it can be used more
generally. In this study it is specifically used to compare with the analytical expres-
sion of ref. {5], and then to learn some details of the reaction Br+ HCl — HBr + Cl.

1.5 Previous Numerical Studies

There has been very little work done which solves the master equation for this class

of reactions numerically.
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The first study of this type was done by Porter et al.[6] who considered the
reaction

Cl+HCl— Cl, + H (1.9)

at 400K. They solved a vibrational level master equation numerically, and used
quasiclassical trajectory calculations to obtain the .ates for the reactive process.
They found that reaction proceeds predominately from v = 5 initially but that the
population in this level is rapidly depleted. Thus actually about 56% of reaction
proceeds from v = 4 but the authors did not state what effect this depletion has on
the phenomenological rate constant, k.

Later Finkelman et al.[7, 8] addressed the validity of the phenomenological rate

law for the general reaction
X+YZ - XY + 7. (1.10)

A vibrational ladder model was also employed in this study (in which reactive and
non-reactive processes were considered). The system was composed of structure-
less atoms (X), diatomic molecules (YZ), products (XY, Z), and an inert gas (M).
The reactant diatomic was treated as a truncated harmonic osciilator with 4 or 7
vibrational levels. Landau-Teller scaling was used to obtain the energy transfer rate
constants which were also assumed to be proportional to [M]. The master equa-
tion for the system was integrated using a numerical integrator based on Gear’s
method[9] (as does the present study). They found that after a transient period
the system obeys a second-order phenomenological rate law and that for some con-
ditions the phenomenological rate coefficient averaged over the course of reaction
represented the observed rate constant, whereas for extreme conditions (for exam-
ple, high temperature) it did not. In the niost extreme case they found that the
final value of the phenomenological rate coefficient was almost 1000 times smaller
than the maximum value at ¢ = 0, They also found that the phenomenological rate
coefficient depended on the initial conditions of the experiment simulated,

At about the same time, Gutkowicz-Krusin[1 0] attempted to understand how the
phenomenological rate equation arises from the underlying microscopic description

by studying a simple 3-component multistate model for the general reaction 1.10, In



CHAPTER 1. INTRODUCTION 10

this model the reactant has only two states and the product has one. Only collisions
of the type X-Y7 and XY-Z were considered. Gutkowicz-Krusin found that after
a transient period the phenomenological rate equation always holds but that the
transient period can be a macroscopically long time and that the duration of the
transient period, as well as the magnitude of the rate constant, depended on the
conserved quantities, such as the sum [X] + [XY].
More recently, Lim and Truhlar[il, 12] reported a more realistic calculation for
the system
Cl+ HBr — HCl + Br (1.11)

at 300 Kin an excess of Ar. Their differential rate equation accounted for state-
to-state reactive processes and for simultaneous intramolecular vibration-rotation
energy transfer as well as intermolecular vibration-vibration energy transfer pro-
cesses and analogous processes for the reverse reaction. The phenomenological rate
coefficient for this system was calculated by numerical integration of the rate equa-
tions using a method derived from the work of Gear[9], as well as by iteration to a
quasisteady state and by eigenvalue analysis of a linearized master equation. They
found multiple quasisteady states and, therefore, that the phenomenological rate
law did not hold with a single pair of rate constants (one for forward reaction and
one for reverse) throughout the reaction. They claim that the rate coefficient was
distorted by no more than 1%, though, under typical experimental conditions. How-
ever, with the myriad of input rate constants involved, it is extremely difficult to
“see the forest for the trees”. Moreover, they chose a temperature of 300 Kand they
concentrated on the exothermic direction. Both of these choices were self-defeating
and led to negligible non-equilibrium effects. Notwithstanding these shortcomings
this reaction system is a fascinating one because of the potentially large effects.
Further study is warranted if one can concentrate on the endothermic direction,
Br + HCl — HBr + Cl, and on higher temperatures, as well as on the detajled
time history of the individual vibrational levels of HCl. Spectacular effects can be
expected.

Teitelbaum[13] solved the master equation for bimolecular exchange reactions



CHAPTER I. INTRODUCTION 11

by treating the molecule as a harmonic oscillator truncated at the level from which
reaction is primarily occurring. He obtained closed-form expressions for calculating
the non-equilibrium correction factor to the rate coefficient over a wide range of
temperatures and reagent concentrations—but only if the reaction can he isolated
from secondary or back-reactions. Later work[5, 14] allowed reaction to occur from
any level.

Other theoretical but less closely related work using techniques such as eigensys-
tem analysis has been done by Present and Morris[15], Widom[16, 17}, Snider and
Ross[18], Shizgal{19] and Poulsen[20].



Chapter 2. Methodology

2.1 The Master Equation Approach

The master equation (1.3) describes the rate of change of concentration of molecule
BC in a particular internal energy state when BC undergoes unimolecular reaction
and energy transfer. The same formalism can be used for bimolecular reactions if
k(E)[BC(E,t)] is replaced by k,[A][BC(v,t)]. This study adopts the philosophy of
addressing the basic physics of the problem and leaves refinements to future work.
BIMSIM can be easily extended to solve more general problems but is at the moment
restricted to accomodate only those processes for which rate constants can realisticly
be expected to be found in the literature. Thus, for now, only single quantum energy
transfer processes are considered. Lor purely vibrational processes this means that

reaction 1.1 can be decomposed into the following elementary processes:

A+ BC(v) - AB+C v=20,1.2...n (2.1)
R +BC(v) — R+BC(vr—1) v=1,23...n (2.2)
R+BC(v) — R+BC(v+1) v=0,1,2...n -1 (2.3)

where BC(v) is diatomic species BC in vibrational level v, A is an atom or radical and
R represents all relaxer species present (possibly including A, BC, inert diluent M,
etc.). Then the differential equation describing the rate of change of the population,
Ny, of BC in level v is given by
dN,
i

kv,v—llvaR + kv.v-i—livv AIR
—~ kye1,0Nuo1 NR = K10 Nurt N + £, Na N, (2.4)

In equation 2.4 each term containing Ng is actually a sum of terms such that

kigNR = k5 Ny + kPP Nac + kM Ny + - - (

| Q%]
o
p

12
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(that is, one term per relaxer species present); the rate constants for processes 2.1,
2.2and 2.3 are &y, &, ,_; and ky.wq1, Tespectively: n is the uppermost vibrational level
for which data are available; and terms of the form Nx represent the concentration
of species X. The set of such equations for ¢ = 0.1.2...n is called the master
equation for the reaction. This master equation can be solved numerically (that is.
Ny for v =10,1,2...n as a function of ¢ can be generated). An application of this
approach is found in Chapter 3.

Rather than allowing only VT (that is, vibrational-translational) relaxation pro-
cesses (equations 2.2 and 2.3) one can also allow VRT processes (in this context, R

for rotational) such as
R +BC(v.J) - R+ BC(v+1,J £ 2), (2.6)

or

R+ BC(v,J) » R+BC(v +1,J + 1), (2.7)

for homonuclear and heteronuclear BC respectively, and VV processes such as
2BC(v) — BC(v + 1) + BC(v — 1), (2.8)

as well as all of the analogous processes for the reverse reaction. As more and more
terms are introduced into the master equation to account for these other processes,
the master equation becomes less and less of an approximation to reality. Currently,
BIMSIM allows for processes 2.1, 2.2, 2.3, 2.6 but not 2.7 nor for VYV processes and
not for any of the processes for the reverse of reaction 2.1. On the surface, this
seems to restrict BIMSIM to reactions with a slow reverse process, but in actual
fact it is not so restrictive. It really means that the reverse reaction is slow enough
not to interfere with the establishment of a steady forward process. In the example
deseribed in this study, Br + HCl, the reverse process is very fast, but like most
other bimolecular reactions, it does not interfere with the details of the forward
reaction(13]. Notwithstanding this, in keeping with the policy stated above, it is
important to study the forward reaction in isolation in order to establish & baseline

for comparision with the more complex case.
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2.2 Gear’s Method

Some systems of ordinary differential equations (v.d.e.’s) are called “stiff”. This
term has a formal mathematical definition (see, for example [21]), but of more
practical concern is that o.d.e.s (often describing physical systems) that locally
behave exponentially and that have components decaying at very different rates
are known to be stiff. The master equation approach described in the previous
section is such a system. Conventional numerical methods for solving o.d.e.’s are
very inefficient and have a tendency to be unstable when used to solve stiff o.d.e.’s.
The method ct.osen by the author which is a commercial implementation of the work
of Byrne and Hindmarsh([22] (which in turn is based on the work of Gear[9, 23]) was
developed to handle stiff o.d.e.’s. Gear’s method is an extremely efficient variation
of the Adams predictor-corrector formulas. The algorithm adjusts the order and
step size to allow the integration to proceed as quickly as possible while stil] keeping
the estimated error within user-requested limits. It represents the state of the art

in the numerical solution of systems of stiff o.d.e.’s[24].

2.3 Testing of the Numerical Method

BIMSIM was tested for accuracy in several ways. The initial step size and global
error could be controlled by the user. In this study both the initial step size and
tolerance parameter space were explored to find sufficiently stringent (small) values
such that the end result was invariant. Values of these parameters were found which
allowed the end result to be invariant to better than 1 part in 10°.

Additionally one other numerical test was attempted. It was possible to check
for the chemicel accuracy by comparing the results of >-. Ny (e, the sum of the
integral of equation 2.4) with the integral 3

dN .
TtA" =Y kNad,. (2.9)

The two results were identical within 1 part in 10'° by the end of the integration,

indicating that round-off errors did not accumulate to serious levels, and that the
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reagents were being converted into products as chemically required.



Chapter 3. Results and Discussion

3.1 The Br+ HC]l Reaction

In order to test the validity and demonstrate the use of the program a reaction sys-
tem must be found for which appropriate input data is available and for which
suitably detailed calculations have been done. There are several such systems

available[5, 14]. The system
Br + HCl — HBr + Cl (3.1)

was studied by Teitelbaum et #1[3] who recently solved the steady-state master
equation describing bimolecular exchange reactions and used the analytical expres-
sion thus obtained for the phenomenological rate coefficient to calculate it under
various conditions. This system is also used in the present study for the purpose of
testing BIMSIM against the analytical result and to extend Lim and Truhlar’s study
to the more interesting endothermic direction, and to more interesting temperatures.
BIMSIM is sufficiently flexible that it can calculate [HC1] as a function of time using
the same approximations and initial conditions as those of the above study. This
is done in order to a) see if the same results expected from the steady-state cal-
culations are obtained, at sufficiently long times, and to b) see if the steady-state
approximation of ref. [3] is valid and if so under what conditions. Other approxi-
mations are as follows: HCl is treated as a Simple Harmonic Oscillator truncated
at v = 4; only VRT energy transfer processes are considered; Landau-Teller scaling
of energy transfer rate constants is employed and the species are in thermal equi-
librium initially. Similarly, the initial conditions are: a range of five temperatures
from 300-3000 K; a choice of species, R, responsible for vibrational relaxation (either
He or HCI); and a choice of three mole fractions (that is [Br]/[R]) from 0.01-1.0.

The analytical solution(5] further assumed that either He or HCl was the collider

16
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but not both. In the case of the numerical solution, a finite amount of HCl must
be present even if R = He, but the amount of HC] present must be such that it
does not contribute significantly to relaxation in order that the present study can
be validly compared to the analytical study. Therefore, whatever value is chosen for
[HCI], the ratio [HCU)/[He] must be sufficiently small—at least as small as kefle / HCI
or 2.8 x 107, Through a process of trial and error it was determined that a value
of [HCI]/[He] = 1077 is sufficiently small. .

Values for reaction rate constants and relaxation rate constants used as input to
the program are given in Tables 3.1 and 3.2. These Input parameters are the same

as those used to obtain & analytically[3, 23].

Table 3.1: Relaxation Data[3]

T/K ki¢ /dm®mol~Ts~1 fryy /dm®mol~Ts~?

300 1.44%107 4.10x10?
500 2.04x107 5.31x10°
1000 1.05x 108 1.75%107
2000 8.91 x 108 2.66x 108
3000 3.0x10° 9.52x 108

Table 3.2: Microscopic Reaction Rate Constants at all Temperatures

v k,/dm®mol~15~!
0 1x10~?
1 2.0x10¢
2 1.0x10°
3 7.0x10°
4 1x10%0
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3.2 Data Reduction and Results

The phenomenological rate law for reaction 3.1 is

rate = k[Br][HCI] (3.2)

where £ is the phenomenological rate coefficient for the reaction. Therefore, at any

given time, k = rate/([Br][HCI]) and since the rate is defined as —d[HCI)/d,
k = —d[HCI]/dt/([Br][HCL}). (3.3)

Although not obvious, it can be shown[5] that % is made up of contributions from
each vibrational level of HCl. Thus

k= Z oke. (3.4)
v=0

Here, n = 4, y, is the fractional population in level v, and %, is the level-selected
rate constant for reaction 2.1 from level v. This is a quantity that can be readily
calculated by BIMSIM. It turns out that y, and hence & are dependent on time
and initial conditions. To compare results with those of the analyvtical results[3]
a single value of & must be chosen for each set of initial conditions. Figures 3.1
and 3.2 are plots of & normalized by its initial value £(0) for the six sets of initial
conditions at T = 300K. Note that the abscissa is actually logé where £ is the
extent of reaction. Extent of reaction is here defined as ([Br]y — [Br])/[Br]o if Br is
the limiting reagent, or {([HCl]o — [HCI]}/[HCl]o if HCI is the limiting reagent, with
[Brjo and [HCl]y being the initial reagent concentrations. This choice of abscissa
allows for all the significant events that occur over the course of the reaction to be
displayed on a single graph and also makes it easy to compare the results obtained
from one set of initial conditions with those obtained from another. As can be seen
from Figures 3.1 and 3.2, k/k(0) is a relatively simple function; it starts out at unity
and decreases monotonically to a smaller constant value; at later time the value of
k/k(0) stays the same (Figure 3.1) or increases to its equilibrium value keg /R(0)

(Figure 3.2), depending on the initial conditions. (k., corresponds to a Boltzmann
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distribution. So k., = £(0).) The increase back to the equilibrium value is discussed
below. Teitelbaum'’s steady-state distribution of Yo 1s defined when ¢, & 0. Because
of the linear relation between y, and & (equation 3.4) steady state corresponds to
times after which & = (. Hence, the obvious value to choose for comparison is the
minimum value of £/%(0) obtained for each set of initial conditions. The results are
presented in Table 3.3. The graphs of k/k(0) vs. log £ for all initial conditions are
given in Appendix B.

3.3 Comparison with Other Work

Since the analytical results of Teitelbaum et al. are mathematically exact, at least
within the framework of the approximations given above, and since the same ap-
proximations were used in the present study it is expected at first glance that values
obtained for & in the two studies should be identical. This is, in fact, not the case;
while the agreement obtained might be considered excellent (within 1 part in 10° in
most cases) it is not exact. There are two reasons why this is not surprising. (1) The
analytical results are based on the steady-state assumption, which, as the results in
Appendix B show, is not valid at all times. A steady reaction begins only after a
finite time. (2) Furthermore, the analytical results shown in Table 3.3 were obtained
using initial reagent concentrations and do not account for the disappearance of Br
(or HCl). Consequently there is only a limited time interval where the analytical
results are applicable. This time interval can be so short (see especially Figure B.19)
that the value of £/k(0) can be distorted, in principal, from the steady-state value.
Alternatively it is possible that under some conditions the reaction is so fast that a
steady distribution is not established in time, i.e., the reaction could proceed during
the transient phase. Therefore we are not searching for exact agreement but rather
for reasonable agreement. The results agreed for the most part to better than 1 part
in 10° and where they did not the analytical results were always smaller than the
numerical results. Furthermore, the cases where they did not agree corresponded
to the cases (such as the one in Figure B.19) where the k/k(0) curve decreased,

and, rather than forming a plateau, reached a minimum and immediately increased
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Table 3.3: Comparison of Numerical and Analytical Results

R T/K [Br]/[R] k/k(D) HT Results[25]
He 300 0.01 0.96672 0.96672

0.1 0.939979  0.939975

1 0.76083 0.760383

500 0.01 0.16409 0.16409
0.1 0.0849638  0.084968

1 0.073802  0.073802

1006 0.01 0.72021 0.72021
0.1 0.22937 0.22937

1 0.030605  0.030605

2000 0.01 0.90912 0.90912
0.1 0.55283 0.55283

1 0.15738 0.15738

3000 0.01 0.9547148 0.9347150
0.1 0.690782  0.690786

1 0.22999 0.22999

HCI 300 0.01 0.99215 0.99215
0.1 0.97628 0.97628

1 0.96953 0.96953

500 0.01 0.81716 0.81716
0.1 0.34289 0.34289

1 0.11164 0.11164

1000 0.01 0.93196 0.93134
C.1 0.613890 0.61747

1 0.153344  0.153346

2000 0.01 0.97308 0.97032
0.1 0.79318 0.73081

1 0.33730 0.33731

3000 0.01 (.98748 0.98510
0.1 0.838672 0.87085

1 0.43926 0.43926

o
I~
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again; l.e., where significant reaction took place during the transient phase.

3.4 Internal Validation

It is possible to adjust the input parameters to BIMSIM in various ways to check
that the behavior obtained agrees with the behavior expected. Three such ways
were employed.

First, the absolute concentration of the species was changed (keeping the relative
concen‘rations the swme) over 12 orders of magnitude. The expectation (at least
computationally) is that there will be no change in the value obtained for k, or in
the shape of the curve for k(t). (In fact, initially the results were not concentration-
independent and this led to the discovery of a rather subtle bug in the program.)
Second, the value of kig, the energy transfer rate constant for the transition from
v =1to v =0, can be made larger and larger. As the relaxation rate gets larger
and larger, there is less and less depletion of the high vibrational levels caused by
reaction from those levels and, therefore, the value of k obtained should approach k.,
and the k(t) curve should approach the trivial straight line & = keq if the program
is working correctly. Third, the ratio [He]/[HCI] can be varied from 0 (where HCl is
the species principally responsible for relaxation) to 10° (where He is the principal
relaxer). In this case, it is expected that the value of % obtained and the shape of
the k(¢) curve will make a smooth transition from the R = HC] behavior to the
R = He behavior. In all three cases, the results obtained agree with the expected
results.

The temperature dependence of k/k(0} also turned out as expected, with the
value becoming smallest at temperatures ~ 500 K[5]. It is at around 500 Kthat
the disparity between kg and k., becomes largest. The disparity is smallest at
300K, thus explaining why Lim and Truhlar found only 1% effects for their room-
temperature study[12].
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3.5 Time Dependence of k

The time dependence of & can be explained completely (at least qualitatively) in
such a way that no features of a plot of & vs. ¢ remain unexplained. This explanation
also serves to further validate the program.

All of the features of such curves can be explained by looking at plots of Yo/ Y (0)
vs. log £, where y, is the amount of HC!I in level v relative to the total amount of
HCI present, and y,{0) is the value of y, at ¢ = 0. In order to best visualize the
features of such plots some function of y, /y,(0) is chosen as the ordinate rather than
¥./y.(0) itself. Figures 3.3 and 3.4 show how the fractional populations of each of
the five vibrational levels (corresponding to v = 0-4) varies as a function of time
(actually as a function of log £). As with Figures 3.1 and 3.2, the figures are for the
six sets of initial conditions for which T' = 300K. The features of the plot shown
in Figure 3.1 for R = He and of the plot shown in Figure 3.2 for R = HCI are

significantly different and will be examined separately in the next two sections.

3.5.1 R =He

For R = He (Figure 3.1) there are three features that require explanation: the dip
at log§ = —11; the second dip at log& = —7; and the fact that the curves for the
three mole fractions remain the same until log é = —8 and then split showing three
final values of &k/k.,.

The first feature is easily seen from Figure 3.3 as the effect of the depletion of Ya,
ys and y4 at log = —11, and the second feature also is easily seen as the effect of
the depletion of y; at log€ = —7. The third feature is harder to explain. However,
close examination of the y; curve and especially the y3 and y4 carves in Figure 3.3
reveals that these levels are seriously depleted (by as much as a factor of 10!% in the
case of y4) and so all these values decrease at log € = —11 to the point where none
of them makes any contribution to the phenomenological rate coefficient, & (and
therefore the contribution made for all three mole fractions is the same). Note that

for the conditions existing when R = He, i.e., [HCI] < [He| such that [HC]] is also
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< [Br] (see p.17) then [Br] hardly changes as the limiting reagent HCI disappears.
Consequently the relative rate of reaction and relaxation remains constant at all
times, and the steady state values of & and of Y. show an exceptional constancy

that is not in general a necessary feature of steady states (see below).

3.5.2 R =H(C]

For R = HCI (Figure 3.2) there are again three specific features that require expla-
nation: the shoulder on the curve for [Br]/[R] = 1 at log ¢ = —9; the difference in
behavior between this curve and the other two at log{ = —1; and why these curves
separate much earlier (log & = —13) than the corresponding R = He curves.

The y2, y3 and y4 curves of Fig. 3.4 clearly cause the bulk of the change in & at
log{ = —10 (the first feature). Examination of the y1 curve shows that (relatively
speaking) the depletion for the [Br]/[R] = 1 curve is much larger than the other
two curves and this depletion means that y, makes a slightly smaller contribution
to k after log{ = —9 than hefore. The third feature is again a direct reflection of
the behavior of the yi, y3, y5 and y, curves of Fig. 3.4. For the [Br]/[R] = 1 curve,
[Br] = [HCI] throughout the course of the reaction but for the other curves, HCI is
in excess. This means that as soon as a finite amount of reaction has taken place
(log§ = —1), the amount of Br begins to decrease but the amount of HCI does not
decrease significantly. However, reaction rates depend on [Br] (rate o [HCI(v)]{B1])
and the relaxation rates do not (rate [HCI(¢)][HCI]). Therefore, the overall
reaction rate decreases in proportion to the overall relaxation rate as time increases.
This, in turn, increasingly allows relaxation to “catch up” to reaction. In other
words, the reaction behavior becomes less and less non-equilibrium (that is, less and
less depletion of levels v = 1,2,3,4) so that & — keq as log€ — 0. Note that, even
though & — £(0) and y, — y,(0) at late times, this is still the steady-state regime,
since once a steady distribution is established then a steady state prevails thereafter
even if reagents disappear significantly. A steady state & does not necessarily mean
a constant k. For example Teitelbaum’s steady state expression still applies, as long

as the appropriate reagent concentrations are input,
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4.1 Conclusions

BIMSIM has been validated at the same time showing that the analytical expression
of [5] is valid. BIMSIM was used for extending the calculations of Teitelbaum
to include time dependent details and for extending the calculations of Lim and
Truhlar to the more interesting case of the higher temperature endothermic reaction
Br + HCl — HBr+Cl. It was found that non-equilibrium effects can be impressive.
The magnitude depends on temperature. [Br}, (HCI). and [He]. The bulk of the
reaction occurs in the steady-state regime, but interesting effects show up as the
reagents begin to disappear.

It is very difficult to produce a computer program which is correct—that is, one
which calculates what you intend it to calculate. In other words, one which does not
produce output which is in error. Even when independently calculated or measured
results are available, if they differ from the results of the program in ruestion one
cannot say with certainty which result is correct and which is not (assuming that not
both results are incorrect!). One has a renewed respect and healthy scepticisin at
the same tiine for other existing computational work—especially more complicated

work such as ab initio calculations.

4.2 Contribution to Knowledge

BIMSIM is a computational tool which can be easily used to learn the details of non-
equilibrium processes in bimolecular reactions. It is clear that the non-equilibrium
effect is very sensitive to the chemical environment. Experimentalists now have a
tool to guide them to extract steady-state rate constants and to allow them to intellj-

gently compare results with other workers for whom conditions may be significantly

| (]
oL
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different. Theoreticians are also guided to proper comparisons with experiments.

4.3 Future Work—Chemical Aspects

Work yet to be done can be broken down into three categories: further analysis of
already obtained data; using BIMSIM s existing capabilities to explore other initial
conditions or levels of approximation; and extending BIMSIM, adding features and
removing currently existing approximations.

It would be useful to analyse the data already obtained to see if one can use the
relative populations to calculate a single “vibrational” temperature (by assuming a
Boltzmann distribution, obtaining a best fit to the data and looking at the statistical
error associated with this best fit) as a function of time. This might, for example,
lead to an analytical expression for T(t) and, therefore, to an improved explicit
expression for the correction factor obtained by Teitelbaum([13]. It would also be
useful to examine the contribution each level makes to k(t) more closely in order
to answer questions such as can a single level, m™, from which reaction is primarily
occurring always be identified (this is an assumption of ref. (13] but not of ref. [3]).

It may be that if a particular vibrational level is selectively excited (through a
laser pulse, for example) that a steady state is never established. Therefore, this is
a particularly interesting set of initial conditions that needs to he explored. It can
be done using BIMSIM’s current capabilities.

Several desirable enhancements to BIMSIM can be itemized:

o Include back reaction, especially to allow for closer examination of conditions
where k is still changing when € becomes large enough to allow significant

back reaction.
¢ Build a sensitivity analysis capability into the program.

e Explore the possibility of using Groebner bases[26] as a way of merging exist-
ing analytical (e.g., the work of Teitelbaum et al[13, 5, 14]) and theoretical

treatments (e.g., this work).
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o Include VV processes.
o Allow products AB and C to be relaxers.

e Calculate ks/k. to see if the kinetic mass action law is valid during non-

equilibrium chemical reactions.

e Make a direct comparison, if possible, with Lim and Truhlar’s method, using
their input rate constants in BIMSIM.

4.4 Future Work—Computational Aspects

The author would like to make various computational improvements to BIMSIM as

follows:

o Modify BIMSIM so that it can generate a separate version of itself for each
reaction to be explored. In this way, only the input parameters that will
change within a series of experiments performed need be provided, all the

others having been determined once and isolated in a separate input file.

¢ The input mechanism needs to be more robust to allow more natural input,

more errors in input detected, and error recovery where possible.

o The code which prompts the user when in interactive mode needs to be rewrit-

ten to allow the program to be smaller and more easily extended.

o Convert the code from Fortran to FWEB (an extension of Fortran which allows
the system documentation for the program to be automatically generated from

the source code).



Appendix A. BIMSIM Description

The important {eatures of BIMSIM will be outlined in this appendix.

A.1 Program Flow

BIMSIM is a conventional program in the sense that it begins by obtaining input
parameters (routines which obtain such parameters mostly have names starting with
the letters “PIK” in BIMSIM) to indicate what reaction system, what temperature,
etc., then it proceeds to calculate what is required (in this case what is required is
the integration of the master equation—the name of the routine here is SOLVER)

and writes results as they are available to various files (routine DUMP).

A.2 Flexible Input

BIMSIM has two ways of obtaining input parameters: the user can be prompted
for input from the keyboard (interactive mode), or input can be from a file (batch
mode). Or, in fact, input can be a combination of the two; if the user selects batch
mode and end-of-file is reached before all parameters are specified then the program
switches to interactive mode.

In any case, the program always echoes input to another file, formatted in such a
way that the user can use this file as input on the next run. When using the program
interactively, this allows the program to be interrupted and later restarted bringing
the user back to the point where he left off. It also allows the use of interactive mode
to build an input file through prompts from the program, making the program easy
to use but not necessarily forcing the user to respond to a long series of prompts
each time the program is run.

In fact, each prompt has a default value associated with it (obtained by hitting

31
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<ENTER>) and so a valid input file can be built simply by selecting the default
at each prompt. This mechanism has the added benefit that, if desired, a user
of BIMSIM can begin using the program right away without having to read any
documentation or having to create an input file (or even understanding what the
program does!).

[n addition, when the input expected by BIMSIM is a physical quantity that
has units associated with it, the user must supply the units, but many different
units are allowed by the program and converted to the equivalent SI units (the
program always uses SI internally). For example, pressure can be specified in Torr,
kiloPascals, atmospheres, p.s.i., and bars.

Ancther innovative feature of the program is that it has so-called novice and
expert modes. If novice mode is selected, more information is given to the user
at each prompt to help him make his selection—in particular the units which are
allowed at a given prompt are displayed when in novice mode. In expert mode, this
information is suppressed—presumably once a user has been using BIMSIM long
enough he will not need this information cluttering up his screen and can request
that it not appear.

BIMSIM is designed to handle a very wide range of initial conditions, experi-
ments, reactions, and levels of approximation. There are no less than 115 separate
prompts in the program; even if each prompt allows for only 2 branches this means
there are 2''° different situations that BIMSIM can handle. For example. when
determining the energy level of each vibrctational level, the user has six choices:
SHO, 3-parameter Morse function, partial spectroscopic fit (vibrational constants
only), file of v, E(v) pairs, full spectroscopic fit, or a file of v, J, E(v) triples. In
somme of these cases the energies of the rotational sub-levels are not vet determined
and the user is further prompted to choose from a rigid rotor approximation or a

partial spectroscopic fit to determine these energies.
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A.3 Awareness of Experimental Conditions

The program easily allows the simulation of typical experimental conditions such as
those of laser pulse experiments where one level is selectively excited by a laser from
the ground vibrational level to some higher level. It also allows input data to be
sparse and does various interpolations to provide any missing values, if requested.
It recognizes that data may not be available in some cases, for example, even if
BIMSIM calculates that 11 vibrational levels exist below the dissociation energy,
it will allow for a model which has fewer than 11 levels (according to the data

available).

A.4 Portability

BIMSIM conforms to the FORTRAN77 standard. The code contains no system-
dependent sections. A port to a new system requires the equivalent of a CMS EXEC
be provided to link FORTRAN I/0 units to external files (and to the terminal), and
to execute the program (assuming it has been successfully compiled). BIMSIM also
requires any system to which it is to be ported have available the IMSL subroutine
library. The IMSL subroutine library is a commercial product available for many
different systems from IMSL, Inc., 2500 CityWest Blvd., Houston, T'X,

A.5 Design Aspects

BIMSIM is designed to be easily modifed by those who use it (and not just by the
author). There are extensive comments throughout the program. It consistently
uses modular structured programming techniques. In many cases, routines which
take user-defined action are already built into the program—the user has only to
modify the existing shell, inserting the desired code.

The program is also designed to be robust and correct rather than fast. For
example, a routine called EXIST is used in many places to greatly simplify the

coding: if a value is to be calculated for each existing transition the program does
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something like (in pseudo-code)
if exist(v, J, v, J') then calculate value

where v, .J are the quantum numbers for the initial level and v/, J' are the quantum
numbers for the final level of a particular transition. Input is extensively validated
and there are many checks in the program to make sure input data is reasonable

and that no data are accidentally missing from the input.



Appendix B. Graphs

In this appendix graphs of k/k(0) vs. log§ and graphs of various functions of Yo
vs. log £ are presented for all the initial conditions specified in section 3.1. In each
graph ¢ is the extent of reaction as defined on p.18, and representative points are

shown merely to distinguish among curves.

35
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Figure B.1: The ratio k/k(0) vs. log £ for R = He, T = 300K and various values of
[Br]/[R]: (@) 0.01, (0) 0.1, (O) 1.0
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Figure B.2; The ratio k/k(0) vs. log ¢ for R = He, 7' = 500 K and various values of
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Figure B.17: Changes in y, vs. log¢ for v = 1-4, R = HCl, T = 500 K and various
values of [Br]/[R]: (®) 0.01, (©) 0.1, (O0) 1.0



APPENDIX B. GRAPHS 53

0 -
=
=
S
=
— 24
=
et
[=14]
L

log(ys/y3(0))

log(12/12(0))

0.99 -

¥/ (0)

0.58

0.97 T T | Y I T
1o 9 -8 K 6 5 4 3 2 1 0
75m

Yo — yu(O) *10°

log ¢

Figure B.18: Changes in y, vs. log ¢ for v = 1-4, R = HCL, T'= 1000 K and various
values of [Br]/[R]: (®) 0.01, (0) 0.1, (O) 1.0



APPENDIX B. GRAPHS 54

0=

0.5

-1
1.5

log(y.1/y4(0))

'
oo

'
-1

'
(=)

'

'

[}
(Sl
1

—
O -

log(ys/y3(0))
»
)

log(yg/yg((]))
=) 5 o
T n It
J

r1/?/1(())

s 3 =
F
T
’
[ ]
]
2
[ ]

0.925 I_] ]6 T T X Y T —
- - 3 - 2 -
0,02 4 3 1 0
=
2 00!+
|
=2
0.00 ——— o
-8 7 -6 5 4 3 2 -1 0

log £

Figure B.19: Changes in y, vs. logé for v = 1-4, R = HCI, T = 2000 K and various
values of [Br]/[R]: (®) 0.01, (©) 0.1, (O) 1.0



APPENDIX B. GRAPHS

it
] §

0.00- =- o w
= 025
=
=
= 0.50
= 0,50
i)
075 r T
-6 -5.5 -5 . - 5 1
0.0 E— —-
S 024
o
=
\"n.
2
— 0,4
a0
e
-0.6 T T T T T T T T 7 T 7 —
-6 -5.5 -5 -4.5 -4 3.5 -3 2.5 -2 -1.5 l 0.5 1]
000 = . —— e
2 -0.054
™~
=
e
[}
010
=19l
£
-0.15 T

]
. 5 45 4 35 3 a5 __a .
[~ = . - — —e g
0.975 -
0.950

0.925 T Y T T T T T T T T T =1
- 0

yi/y1(0)

-5 -5.5 -5 -4.5 -4 .35 -3 -25 2 -1.5 -1 -0.5
0.04 =
——
=)
~
= 002
[
=]
_
0.00 '4“. T —- B T ; Y B
-6 -5.5 -5 -4.5 -4 -35 -3 25 -2 -1.5 -1 -0.5 0

log ¢

Figure B.20: Changes in y, vs. log ¢ for v = 1-4, R = HCl, T' = 3000 K and various
values of [Brj/[R]: (@) 0.01, (©) 0.1, (O0) 1.0



Appendix C. Source Code

The source code for BIMSIM is presented on the following pages. In order to
conserve space and since the source is presented mainly for archival reasons a very
small typeface and a double column layout is used. (A larger typeface would require

single column layout and require four times as many pages.)
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2 and separated by commas. e.g, 4.3, o
WRITE(TIOUT *1 .

RETURN

END

29

XX

GG

R

. C
S/EMASE, IMA
MASE 10610,

(ZMASEIL)
iIZt1

EQUIVALENCE

weightts ©f tha mest pr

Flegare 1978% and the

nre the
amimele .

ir

Y Y N

[ g AT N

Valuzs of atomic radii sotained Themieal Principler
by Masterton ang Slowineki (W.E. dera 19691 .
2ad valuzs fer Te k. and Pa.
d only up to U B
ars N angntron
.37 Sl D1

G.ed

.33

1.5

1.32

5
L IR ] i

3 P R
1. 237 233 2
2. .87 1.82 ]
b 1.0 Za0s 7
i, 1.9g 1.7 3
. 1.87 i3 %
1. 1.25 pANET 5.
1. 1.7 L.oa6
i. 1.4

S TO G
ELSE

Chli ZFALTIM
LEALTI!
DFALTIT

WHITE{ISAVE. *} ITA

pet-

Whethier tha atemie

Wik correspond te
availabla te knows elements.

7.1 OB, IZR .GT. o LOF.

ST. 3 WGR.IZC LGT. 0§ L OR.
aZh LT, 1 .OR. IZK .GT. 108 THEN
WRITE/LOUT. *1 “Ateomle numbers rangs irom 1 ro 106,

WRITE(IGUT."1 - Choose from the following chart according

i to atomic numbar. -
CALL CHARTIIZE IZC. Iz2As
ENDIF

WRITE(IOUT. ) Theze are the
WEITE (IO 1 ' corrasponding

maYoag #nd covalent rad:ii
T the stomic numbers chosen:

WEITE{IGUT, *1° Atotnic Mumber Hasa Fadiugp-
WRITE{IOUT 4y iginelal iangot .1
WRITE(IOUT.*} 1ZB. XMASSIIZRE; XRADI(IZH|

WRITE (IOUT, %1 IZ| AMASEIIZCH KRADIT2CY

WRITETIOGUT. *) TZA. XMASS(IZAt XRADIIZA

IF

904 WREITEVICUT *) Do you wish Lo accept these walueg?'
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& i*Yeo = L. Mo = 0i
READ{IMP. * . END=8)5; IANACC
GO TO 206

o] IFLIOUT.EQ. ISP, THEM

for new
nhoI=1 3

dius pais Af a time

mass b radius of

I M
A -
EEAD/INP * EMD2503: 2MA CUNITL ZRAL
G T 2%
k] IFLISNT.ED
=5
=4
G0 7o 907
OFALTDIRMASS SiIZiThi
DFALTCIUN
DFALTDIZRAD(I| KPADIIMIIV )
DERLTCIUNITZ. "hd
SLT TEISAVE *: ONITL.
prlsy e
ELSEIF ITANACC.ED.
EZLSE
WRITEIIONT v Error in
L STUGC
<70

SMASTUCHMATS 40

60

ASEUME

T7 THARACTER®
ST0FINP.IGUT
ME

Pr oL an

LY aggumed
state. Ko w-v
ATgired oo

INTESER

CHARACTER'E )

ReD UNITL

NI
COMMON [0 /INP ©
COMMON FENERSYEL
SSUB:FPRSUS !

1i5 WRITE{ISUT **

IFLINGY.EQ.

EVI0.
TUR 1
ILput the Den.
L NOWICE 131
TRME VNITL

CALL SIUISY TEMP mMITL
FETURN
END

ol

SUBROUTINE CONCTHN

IMPLICIT DOUBLE PRECISIGNIA-H
INTEGER (I
CHARACTER"G (3}

JSOLL
ISAVE. IsSUp

HIM

G121 NDIT

J-25

At

Ezlazans

*

Faa?

f VUNITI0: 23
TOLLIS:
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SUBROUTINE PIFMET (ANMETH}
DMPLICIT DOURLE PRECISICS
IMPLICIT INTEGER (A.I-J
IMPLICIT CHARACTER®S
COMMON/ I3/ INP. IQUT . .
FEVB=5PRSUB!{ PIFMET':

{B-H. ¥, N-U_wW-2)
Al

T ISUP. IDEBUS. INDAT INOV,VONLY,VUNITI0:23

¢ The structure of the IF amd 50 T0 s mean:s ra Timuiate
C & DOWHILE laop ido whila IFLAS i losc than 13,
IFLAG=L
108 WRITE!IOUT. af

WRITE(IGUT
WRITEIIG
WRITE TG

Solurion

bl
al Seluti
e iRtegrati

ARPToXinAL

“ed poth,
END=903 | ANMETH
499 ¢ ISUR THEN

T=d
GO0 TG 108

ELSE
CALL DFALTT(AMMETH. G

ENDIF
03 WRITEIISAVE. *} A T
IF(ANMETH.LT. L. OF LANMETH. 37,80 THEN
WRITE{IOUT. *}' Error in method cpecificat
a Cheese 1.2 3. 4 5 or g
IFLAG=IFLAGsL
{IFLAG.LE.1) GO TO 108
CALL IBTENM (ANMETH. 35UB
EWDIF
Check to ges whether both vib/rotational
or enly vibrationel solutisns. IF only
flag ip pet 50 that the user does not rec
to the rotatlonal levels. (VONLY -
VONLY=0
IF (ANMETH .GE. & AND.ANMETH.LE.G 1 THEN
ANMETH:=AMETH- 3
WONLY=1
ENDIF
RETURN
END

selutisns are daslred
latter are desired a
premprs relating
i means vikrational enly.l

onnn

SUSROUTINE PIFHND (ANGDTS )
Each Suproutine for modalling the pPoOLantial
retacional levels implici:
further subreutine PIFROT.
levals iunless
Ssr has apecif
Deing read in. o spectroscopical
S fhete is no daed to deternd
are ckiainsd fince thou

IMPLICIT I

IMPLICIT INTEGER

IMPLICIT CHARACTER*S

COMMONS TG/ IND I0UT. 54

i RS ELEV G
PREUB! PIVHLY

IflAas = ¢

WRITEITOUT *+
RITEIISUT 1 i
WEITELICUT. 20
WRITE(IOUT *1 EN
WRITErI20T. *) a
o -WG. Waxe
IF(VONLY . EQ. 0
WREITE(IOUT. *i-
WRITZIZCUT. "1

& t--wWe. WaXe

GGG

P The potential

ate. alphee,

WRITE(IGUT. ')
ENDIF
RERDUINE, * END=900)
GI 70 egl
IF{IOUT.EQ. ISUR)
INpst

ATV

THEN

L WRITE(ISAVE. =
IF (AMNDW,EQ.Li
CALL SHQ
T Undae MAKY is found in SHO. ths usar relests

C determining the rotational levels.
IFIVONLY.EQ.G) CALL PIFFOT
TLSEIF [AMINY.ES. D) THEN
CALL MORSE
TTIVONLY . EQ.0
LSEIF (ANDNULEQ.3!
CALL READINILL.ELEV!
IFfONLY.EQ.01 CALL PIFROT
ELSEIF [AMANU.EQ.&) THEN
The argument of SPEC ir 2 flay
will aive b used---hLencs.
used In the subrouting SPEC.
Howswvar  fi 1

ANHNL
THEN

ChulL PIEPOT
THEN

to i

AT

Tl our
CALL JMAX

TALL SPEC(I
IF IVOILY.EQ LG

CALL P

ZLEEIF (AN .EQ.E CANDOVONLYLED. O THEN
CALL SPECIIT
LEEIF  JAMNIDNU. 20,6, AND. VONLY.EQ. 01 THEN

TALL KEADVI12.ELEV)
ELSE
WRITE(ICGUT. *i

TFIVORLY . EQ.0) THEN

Curva might
er it will call a
for determining the rotatlenal

Partial

d the curva ir chtained from a fils of

Tenotani s oonly
fit
Eiv.JY palrg-

the method of

5

RITE{IOUT *) Specify 1 7. 03, &
324
WRITEITGUT. *1  Specliy L 2 5 or 4.
ENDIF
IFLAG = IFLAG » 2
IF IZFLAS.LE.G @0 TO 102
ChLL IBTERMANHIR) . ZSUBY
ENDIF
CALL BFRENTVI 1D FLEV:
oy ELEV

the appropriate gpes.

Error in porential curve spes

the value of MAXJ.

ation

rotatianal congtants
ogl. must

=43

ALt
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SUBAQUTINE SHOD SUBRCUTINE PIFROT
[« Davaleped for tha model of a truicated harmanic cse tar. c  Thism cubroutine daternines how the J-levels for u-lavels
c SHO finda the (v, 0} row of the ELEV array for v=0 to maxy, C wlil be cuparimposed o the wv-levals.
[ the lattar which i alse detasminmed in this gubroutina. IMPLICIT INTEGER (A, I-J.L-M.\)
IMPLICIT DOUBLE PRECISION (B-H. K. N-U W-T! IMPLICIT DOUBLE PRECISISN (B-H F I
IMPLICIT INTEGER (A.I-J.L-M.¥) IMPLI THARACTER*G {31
DPLICIT CHARACTIR®S (5 COMMON/ TS/ INP AVE. ISUF, IDEBUS, INDAT INOV VONLY YUNITIO
CHARRCTER"Z LRITI, UNITZ
COMMON/ENERSYSELEV T 1D
COMMON/ 25/ IND . JI0UT . ISAVE El L INERT Tatl ‘
COMMOH/CCUNT A MRRV  MART (0 N, IMNPTS. oIof Approximatl
SUB2IPRSUSI SHO £in of cpectrmeee

s b Wnow MAXY Defors we find the MAXS -

iz the vibratien
O itT units? <Iefault

] Yed THZZ.

CHLL TFALTIIRIRCT. 11

T
WRITEIISAVE, *1
IF IANRCT.E

LD IEDELD el '
CALL JFALTZIUNITL. T E L2 THEN

ENLIF CALL IMAY
502 WAITE(ISAVE, ') ERELD, UNIT: ZALL SPEZAN

CALL SIBILI0.EDELY, WNITID) I ivably. anuthar epticn for EtJ! could haws bwen
@33 WRITEIIOUT. ) What 15 the = taading v=laval.

i and its un . E Erantzd az a

IFIINOV.EQ. 1} CALL NOVICE(10) < ensrgies of both the w

REARDITHP. * ENC=3047 DE.UNITI <

304 ISTPI THEN

LE.Lh
SALL IRTERMIANRY

905 WRITEISAVE. *}

CALL 5IUE10 . TE M

MAXY = IDEJECELYY - 1
thin

4
Paszd o the SHO edquation waivel
L

WRIE (ZCUT. 70%iDE
6L FCGAMAT(' A Da of

2
5]

~2.  jo/mole and a vibrational Ls

& ' spacing of . FE.D Joimela CArrespon

& ‘welavals from § to ' I3, .

IF I MAKV.GT. AMAKUN-11 1 THEN

WRITEIIOUT. FO21 MAXUN. MAXUN-L
a2 FOAMAT!' Thare are more than sibrstion
‘lewvels, 0 PAx 19 Lalng cen o to 3

ans

GITOL Oh MAX1RJm -
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SUBROUTINE JMAN SUSRIITINE AISROT
. fee ™

< ¢ oukrourine delermines the < uErout ine will
[ el = =
C & Eventuslly. Ll’.is progran T 24 allow ona to ke
< 3% & maximum enes caloulaze all V.5 L=
(=N avzulah‘ﬂ w‘:h.n the bounds . T A rigid :D:o- SEPIOXin
LOUBLE P3 TV oand J alpka,
< Lfugal
i<
=y
i
£
CALL DFALTI(ANRMAK 13 I~ the
ENDIF I~
a1 WRITE(ISAVE. ') ANRMAN
THEN
[ What is the s
v-levell imax. 200 DCGICAVOSAD - ELEVIV
END=813) MAX b vk
=
43 ISUPL THEN 100 CORTIN
RETURN
CALL DFALTI(MAK
ENDIF
o0y \\RJ.'?EISAVE 1 MAX

IF (MAX.G7. 101 (CR. MAX.LT.i! THEN
T Max. J wvalue it of hounde. ' MAx
IFLAG=IFLAS+1
TF(IFLAS.LE.1} GO TO 802
CALL THTERMIMAX. SSUB!
DDIF
DO 100 I = Q.MAKV
MARJ(I)= MAX
40 CONTINUE
ELSEIF [ANEMAY .EQ.21 THEN

L WRITE(IGUT.*1 'Inpur Jmax for each bratienal 1
& CiInpur  MARV. S wvalues.t «<Dafawlt: 16 for all we
ERD{INP, * END=B081 (MANTII!  Ia0, MAXV
30 TO 07
a04

IFIZ0UT.EQ.I1SUP! THEN
INE

@08
ed7 WAITEZISAVE. *) (MAXS(Ii P
ELSE
WRITEIIOUT, '3 Error in o catlen  ANRMAY

Geeing Jrax specl
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SUSROUTINE SPECAD
This subrottine will [
datermining the J-la £
1CIT DOUBLE PRECISION
INTEGER A I-0 1
CHARACTER'S

MARS

¢

ENLTE

TE, UNITY
DE ITTI
LUDGY mALL BONDIZ

R
R

EDH Eats ano
3 babea
CALL WOMIZEdG
=Fig
Elek]
a0%

ol PRLER
<
CRALTY
BETA
& = are Lnputl ac dist
& < 6o the valae o! FETA
z Incioar (ENTOME)

TS0

=
1 =

LL QUAS W

rovts wi

physically raasan. il
= vibrazional i

i Thera
Ehe max v oL

AEUHY THEN
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SUBROUTINE BONDIS
datermine the equillbrium
DMPLICIT DOUBLE PRECISION

Eond langth of gpac
-4 W-Tt

ier BC.

(B-H.F.

IMPLICIT INTESER (A, I-J.L-M VI
IMPLICIT CHARACTER*S (31

REAL*E ARAD, AMASS
CHARACTER*2 JNIT2

QH/I0/IND, IOUT. I5AVE. ISUR,
/MASS/EMASS CHASE AMASS. RED
S'I.I'r SPRSUE-BONDIS

"CRAI‘ BRAD+CRAD

~ coderaule bend la
o w?":“‘r:rzov- *1 Input the q-_i“bnur. pand
ur . wDerauit ECPAD. - ko
1! CALL NOVICE{I0)

LEND=S0E RE

-1

LISUP)  THEW

30 TD a2
ELSE
DFALTDIRE. BIRAD)
TFRLTCIURIT2, 'A% )

mIF
WRITZIISAVE. *t RE.UNIT:
CAll SIU30.RE.UNITZI
BETURN
END

S jE RE- JTIRE CHAFT(INDE INGEXZ TEX Y
ol SPiaYs the pericdic table. ard acts as a lesk-up for the
< 'eﬁat.ve atomic masses.
& CHART returns & ikts of A, B and ©.

. the atomic numbars
E PRECIS‘O\In H.0-3)

IMP

pa ) ERIT

e "TER

DITEGE: HIT.
LDWL.'QF'ICJ';\]? TOUT. L pxity
SGUB=STRSUB( CHART -

J

b
Gpt st

=

WRITE r.lIDL"‘"
WRITEID
:uP)‘.nTl.)»
WRITEICUT. 2
FARMAT
WRITE (2 CL.
WEITE{D
FORMA' ux
nF:T"(IOJT
FORMAT (1K,
WRITEIIOUT,
WEITE(IQUT.
'WU’.AT(A).

Moo Fe O Hi

42 43

FI"'E\'CLT
a2 rD}'\..'\’.F\Th‘
&
WHITE i TOU
WRITE
FORMATI i
!' ad In 5 &b Te I
a.r.H.OtJT 52
3'7

FGR,‘{ATF“}-
& 4%
WF"‘EJGU" b
WRITE(TGUT, 61}

6. FURMATIIK.

WRITE (IGUT. 1

WRITEIIOUT.71)
FORMAT (11X Fr
WFITEIIOUT, 721
47

v\ff""E 1I00T,

38 F\,P)‘.nTI‘X
i

rJFl“E-‘lOUn
rOrJ’.F\”'ll?-
e
l«-PIT!I U~
an"'"fIOJT ‘\

82 67

o
as
o
hS
-3
ES

w
o
]
n
"

elemants

23
THEN

IGUT. *1 " Incorrect Getion of first glement
WRITEIIOUT. *) ‘Mumierr should lie betwsen : ang 106,
IF(IFLAG.LE. L) G0 TO 10%

CALL IBTERMIINDEKL.SUR
ENDIF
TFIINDEX2.LT.L . OR.INDEXD. 5™ 4061 THEN

FLhGe

WRITEIIGUT. *+! i cond elemant

WRITELIGNT. *)

! kertwgarn
TF{IFLAG.LE. L) S0 TG 10%

1 and 19

CALL IBTEHMIINGER] 35UR
ERLIF
Pt F'NDE)J SLTLDLGRLUINDERS L GT. Y00 THEN
IFLAG»1

TELVICUT *¢t

T ‘incorrect welection of third slan
WAITE!IGUT. *] Mumber shauld 1ie botwean 1 and 10%.-
FIIFLAG.LE. L) S0 TO 101
CALL IBTEHMIINDEX3 3SUB)

-
<.
-1
3
-
&
3

a

from the

TUREST .

numbar

numbeer,
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SUBRCUTINE QUADIAA.ZR, CCL AL K2
< To find the rooto of - B
TMPLICTIT DQUBLE PRE
IMPLICIT CHARACTER*S
INTEGER®S VUNIT. VONLY
el JIuI"‘I? EUT I‘SAJ:_ Isup.

MOV VIRLY WUNTTION 23!

IFIDTERM.LT. 0.0
F. TEIIGUT. *}
LL APFTERM!DTER

SaRT | DTERM)
-Be-DTZAM) /12
-BE-DTERM) /12 048
s pAERamabars dat
LARYEKT  ~BEI*X
ULT.LT. -THRESH
WRITEMIONT. *)

NOFEY)

Brror
ABTERMIKLL 3308

ZALL

= 1A <BEYOERD . 22
IFIRESULT.LT. T‘HRESH B, RESULT.OT.THRESH, THEM
WRITEIGUT. (Errer in QUAT for HHZ saloulatisg,
ALL AB"EF“HK/:.SSUBW
ENIIF
RETUAN
ZND

GYE)

SURRCUTINE QFEC {IROT

Ehe argumeni in the call to this subros e inz T, tha
rotational Isvels will B calculaer ed NSing gpectrogcopls pATAmataers.
IMPLICIT :FGUEL: PR;CYS.O‘J 18-
IMPLICIT - Ly
IMPLICIT 180

DL“.E.‘\-EIG

Wibrationsl

Lo DFALTITAMMANY .3
“i WRITEF:".F".’E 1

ANMAZY
DGO TO 1y
THEN

'F-A.\%\_\V EZ.0

WRITEICUT ) MAXY

ELSEIF [AIMAKY,GE .1 ARV LELMAKUNY  THEN
MAKV 2 ANMARY

ELSE
IFLAG=IFLAGL

IF{IFLAG.LE. 10
WRITELIJUT "1
[ -hi

ENDIF

repecify.  ANMAXY
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STGP 1011

bt

ENDIF
IFIIROT.EQ.0) THEN SUBRCUTT NEWTFA(X0LT OLDFX WE TWE!
%12 WRITE(ICUT. *1 ' How many spectroscopic constants £xr ths' C
1 ' rotational enargy will wou be inputtis nEF? «Dofault: I CTra Maweon- Haphcn algoriths is used 1o daterming the maximum w-lawval
WRITE(ZQUT, *) You can specify up te 6, In wciuding v-5 -, iz o oa tolsranie of u 31 tralatival
& ‘ coupli.ng termE, b’ < M = io based on a second order quadratic.
READ(INP. * END=213) IKE [ ": mowslvel/Il o+ De o=
GO TO %14 4
) IFIICUT.EQ.TSUD) THEN MeL :Oha'.,: TE-HUE HAD WD
1HPR5 SR

b4 IAE

IFIIPE.LT.1.0R.IRE
IF(IFLAG.LE. L]

WRITE (0T *1

ipelynomiall and itc o

woal congtants
Flzazs respeel

ELSE
CALL IETERM(IIRE, ;5UE
N 30
DLF
915 h’R;TE:IDL-T Input ths spectroseopic conctants
i ‘alpba_e. Boa. D_e.
& <t¢, Soparated by commas: .
& ©and at the end, spe "_J the unis ‘o o used,”
READIIND. 4 END=216) (REII!.Is=1 IRE A UNIT IF ICABS {KNEW-X0LD} /5NEw. 57,
IFIINGY.EQ.1} CALL KOVICE(:G) TCOUNT= ICOUNT -1
G2 ™ 517 HOLD=XEEW
IFJISUT.EC TSUPY THEN STOTS 460
INPe5 oNDT

e

i2=151 - DFDD

Hewten Paphoen not €
EW. 35UR)

araing

CALL ZFALTDMRE(Z!.0.1D0)
CALL DFRLTDIRE(2}. .‘uDD) FUNCTION EXISTIVV.JJ v
CALL DFALTC(UNIT, ' Ck This funCticn simply ve
ENDIF Lrangitlen, ihe enargy le
WRITE [1SAVE, *} {RE111. energy CUrve conskrussfor,
DO 203} I=1,IRE IMPLTCIT DAOUDLE PRECISION (B-H. ¥ 4-U W-Z
CALL SIUMIC.PE(II UNITI IMFLT INTEGER {h.I-J.L-M Vi

for the v J ---s w131
43 defined in the portential

XL

"
"
-1

203 CONTINUE LOGICAL*Ll EXIST
WRITE(IOUT.*} *© w ¥ Eiv gy COMMON/ ENERSY/ELEVID: 10 O; Eﬂ\ .TEMT
ELEZE COMMON/COUNT /MARY MR 1610 MAKU.
To gee whathaer s transition uxr'[--
cach valus

WHITE(ISUT *) © v Erw
ENDIF
DO 600 V=0 MAXV+1
DO 500 Izl IW
ELEV(V.03=-WEII) * |- {DBLEIVI «0.5! 12+ o ELEVIV. O
CONTINUE
IFTIROT.EQ.C1 THEN
D0 700 J=0 MART (Vi1
Sigm Tonvention for thie summation s somording ko
Borter p.4B2. Note: chack zigno for highar rotats
H_a} and higher crder wipratiznal ter le.g.,
The Iirst constant read in i35, by conventicon
DJ=DBLE!J)
ELEVIV . Ji= ~RE{1} " (DBLEIVI+.5!* |0Tv (Dos1y)
oo goo 2, IRE
ELEVV,
aan CONTINUE
WRITE(IOUT. ") V.J. ELEViV. I
700 CONTINUE
ELSE
WRITE(IOUT. *1 V_ELEM(V. &)
ENDIF
&40 CONTIKUE
C If the retatienal constante b
€ aoma othar method of caiculat
€ must be Found
IPIIRDT NE, Cv! CALL PIFROT

¢ within calraiaced

d carlier in

I T

G

.,
&

J THEM

HIPIUG &

anan

nlgo apzerzain that the initial level ig
nmlo deval

ANDLTT.

XL

-ELENE'J',u-— RELIIS (IO {LFwli 12 (I-tir [EPRES ]

QI ERISTT= LFALEE.

Ve noL b
r

END
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SUBRLUT U LAREGUR
< Select meth od otaining #IUP vecter fer eagh v level...
€ wherz KOUP(v.m} means kiv.m v 2]

DPLICIT DSUBLE PRECISION (3-K.

DMPLICIT INTEGER [A. I-J.L-M. V)

IMPLICIT CHARACTER*S (%)
i/ 10/ INP AULT"SAVE
u‘W‘F‘J’..EI}"' *-N ] C
1 }""\n.d‘
F'DUP\

;SUP ZGEBUG. INDAT. INGY. v
- ey a1

TRParielld 5

rding o

= data fils

CALL DFALTTIANFCUR, 14
ENOIF
801 WRITE!ISAVE. *} ANFOUP
IF [RMWOUP.EG.1Y THEM
CALL FROTUR

&
ZALL IETERM J5UB
EWDIF
IFJIDEBUS.EC.1: CALL PRITVGI23. FOURY
RETURN
END

KLY VUI\« Ti0:23)

SUBKOUTINE FROTUP
Caloulation of kil .J---si
iy gsubroutine mimi
rate cexflicients for T
tl‘e Snergy gap - FRITUP date

2 for rotat!
ihracional

Fatw conutan
de!

)
o change H

IO CI 00

DOUBLE PRECIFL
T INTEGEFR

KUY VURTT D
T4EVES

}.‘\DIF
2 WAITEIISAVE ') FAOUR0.J
CAL' R AiH R A
ITEVICUT. i $% Retatlonal Transi
WRI"E(IUU‘I‘ 1 THE  Ri0.J--al J-2)

A

WAITE(IGUT J i
C uger can gec value o!f constant (racipl
¢ or change function altogathar.
RECIP=1.1
c unitiesy (deif/PTI
C pra-expenantial factor naedad o return consistant Wi

PREEXP = DEXP(-RECTPrEDEL() .0 231
PREEXP PREEXP*HOUP 0.0}
Do 0 5=0. WJ’(OI

IF (EXISTI0.0. 0 J+21 ¥

3 EJUP(.J REEXP “DEXP (HE:
WAITE(10UT, JOECURIC I
10 COWNTINUE
RETURN

END

TLDERE

or

G

ENDIF
WEITEITSAVE -

I
lagion of the rate cosfiicient

on whizh all other vals
e roucine prompts for
£ Iu;ﬂ.ln‘ﬂl 1e-.'elu wexist

T v---avel gcaling
s are scalad must first be
(G B-->1.4G;

wonly=0| it promprz

i turned 243
now we pr
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SUBROUTINE KOILT
IMPLICIT DOUSLE PRECISIGN
DMPLICIT INTEGER (A, I-
IMPLICIT CHARACTER*G |
LOGICAL*1 EXIST
COMMON/KVIB/FUPUR (010, 0
1 KDOWNTIO:10.06:20), KDOS
2 EDUPLO:10,0:2001. ¥ODOWN{G:10,0:20)
COMMON/ENZRSY /ELEVIO: 10, 0: 200 TRMD
COPMON/COUNT/MAXY . MAXI{0: 101 MAXUN.
3SUB=3PRSUBLFOLLT '}

DO 100 Vv = 0, MAXV

DV1=DBLE!V«1]

o 160 J = 0. MAKZ (v
TFIEXISTIV. 5.Vl J-201
IFIERISTIV.S. Vel . F 11 FUPOUV.Z
TFIERISTIV.J. W J+211 EGURIV.T
IF(ERISTIV.F. V41l T2y

CONTINUE

RETURAN
END

(B-H.K . N-U, W-%
L-¥.v)

1

(205 FKUPBIG: 10,0520} FURDID.10,0:200.
Dt0:10,0:201 . FDAWND 15:10.0:

INPTS. ICOLL

FIRD Y. POMDLTY
PIIC.T1
CEOTRIO.
FOPUP V. 12DV *XUpup

149

SUBROUTINE PIKKOL (ANFOLY
Sslection of mezhod te calculata rata ceefficiants for adjacant
vibrati 1 level transitiong.

IMPLICTT TON (B-H K, ¥-U W-2)

IMPLICIT INTEGER I-F,L-M.")

IMPLICIT CHARM LIRER

[t IGUT. ISAVE. IEUP IDEBUG. INDAT,
PUP{0:10 2.20) FUPDI]:
Q200 KDOWKD iGcl
201 FODOWN0:15. 0 : 200
Gi‘y
Rate constants berwesti adjassnt v-lavels ara::

"l Caleulated by Landau-Teiler me:
*)- 21 Calculated by siternate geal LG
1 31 Impur from data file
ED=2001 ANKOL

I

NOV VONLY v
EURAIR 110

GO TG 81
IFLICUT.EQ ISUD)
NP5
IoUT=5
o3 TO 101

ELSE

THEN

SUBROUTINE WROT2
€ Thir subroutine mimics FROTUP. except that KROTZ determines the
€ rate coafficlents for rotatlonal levals when there is
€ o change of +1 in vibrational levals,
IMPLICIT DOUBLE PRECISION [(B-H.K.N-U.W-Z}
IMPLICIT INTEGER (A.I-J,L-M.V)
IMPLICIT CHARACTER'S (§)
LOGICAL'1l EXIST
COMMON/ KVIB/EURUR (0:10, 0:20} . FUPDIG: 10.0: 304, EURQ(O: 10, 3200,
1 KDGWNU{0;10.0:2G), KDOWND (0:10.0:20! FDOWNO10G:10,0: 20}
2 KOUPI0:10.0:201, HODOWN (D :10,0:20)
COMMON/IG/ INp. ICUT. ISAVE, ISUP, IDEBUG . INDAT. THOV.VONLY . VUNIT 0 :23)
COMMON/BHYSCT/PLANCE. KBOLTZ. RGAS. SCEXP1, CLISHT, PI. [4EVER
COMMON/ENERCY/ELEV (D L0204 TEP
COMMON/COUNT /MAXYV . MAXS (010}, MAXUN. INPTS. IcOLL
$SUB=$PRSYUB/ FROTD
k for v=0.

3= (FUPUP(0.01) transzition iz known.
J=0 KUPL{0.01) translciot is known.
UPUR (G all 31 and ¥UPDIO.all J1 vectero.

New we wWill just

WRITZ/IOUT,"!'3 Rotaticnal Tramsitiecn Rate Coafficients: KUPUR~
WRITE{IOUT. *) THE  ki0.J--»1.J+2) constents are :
WRITE(IOUT, *} - J K(0.J--31.3.21
€ uger can cet valus of constant Irscip) for Altermate gcaling.
C or changs function altogether.
RECIP=z1.0
€ Should be Rgas to make anergy*recip unitless [dalE/RT)
RECIP=-RECIP/ (RCAS*TEMZ}
C pre-exponential factor neadad to return ¢onglstent ki0.0--31,2}
PREEXP = DEXP(-RECIF*EDEL{{Q,0.1,3))
PREEXP PREEXP*KUPUR(O, O}
IO 100 J=0. MAXT(01-2
Witk the pre-expenential factor ag defirned, using {0.J3.1.5+21
will amount to taking tha differsnce betwasss the lengths
of the 2 trangition vectors.
IF [EXIST(0.J.0.7+2))
FJPUB (0, T} =PREEXP* DEXP {RECIP*EPEL 10,0, 4, J+ 218
WRITE{IOUT, *1 J.KUPUR{0.J)
100  CONTTNUE
WRITE(IOUT. *}
WRITE(IO “1'5 Aotaticnal Transitien Rate Couffielents:RUPD 3-
WRITEIIOUT, *) * THE kiG.J--»1,J-2| constants are :
WRITE{IQUT. *y - ¥i0.J --> 1. 7-01
¢ pre-axponantlal facror neaded to return conglstent kid.2«-=1.0}
DEXP{-RECIP*EDEL{0.2.1,6})
PREEXP = PRIEXPTKUPDI0.Y)
DO 200 J=l.MAXS 0]
IF(EXISTIO.J.1,0-201)
FUPD(0. ) =PREEXP *LEXP (RECIP*ELEL (0.5, 1,01}
WRITE{IQUT. *} J.EKUPDID.J)
200 CONTINUE
WAITE(IOUT, *) -~ '
WRITE(IOUT. *} ' § Rotational Transition Rate Cosfilcientsz:¥Upl %
WRITE(IOUT.*} * THE kt0.J-->1.J} constants are : *
WRITE (IOUT, ") J K(Q,J ~-» 1.3}
PREEXP=DEXP (-RECIPEDEL{0.G,1,01)
PREEXP=PREEXP*KUPQ {0, 0}
DO 300 J=0.MAXJ (D}
IFVEXISTi0.J.1..01) EUPQ (0. J) =PREEXP*CEAP (RECIP*EDEL (0. J.1.511
WRITE(IOUT.*} J.KUEQ(0.J]
CONTINUE
WRITELIOUT. ")
RETURN
END

s

aan

300

CALL DFALTI{ANFOL L)
ENDIF
2eM WRITETISRVE, *} ANEDT
IF (AREOL.EQ.1 .OR. AMKOI.EQ.M)
CALL FOLSCL{ANEOL)

c o AIG.
ELEEIF (ANKOL.EQ.3) THEN
CALL READINI2L,KOUPY

ELSE
WRITZ (IQUT, =} -

THEN

1 means Landsu-Teller gemling to ba done

Erzor An selection of rate conetant
© caleulation mathod. ' ANKGL

WEITE(IOUT. ') Answer ohould be :, or 3.

IFLAG = IFLAG » 1

IF (IFLAG.LE.1) €0 TO 101

CALL IBTERM{ANFOl 3SUEB}
INITF
IF |IDEBUS.ER. 1y
RETURN
END

CRLL PANTVI (23, KJuR|

SUBRQUTINE EOLALT

IMPLICIT DOUHLE PRECISION (B-H,E,N-U wW-2)

IMPLICIT INTEGER -3 LMV

IMPLICIT CHARACTER*S {5}

LOGICAL*1 EXIST

COMMON/EVIB/EUPUR (0:10.0:20)  FUPDIG 110, 0,20, L
1 FDOWNU(0:10,0:20} . KDOWND t0:10,0:20 ), KTCHND (6 : 16.0:201 .
S KOURID:10,6:20)  KODOWNIO:10.0:20)

COMMON/PHYSCT /PLANCE , FROLTZ . RGAS, SCEXPL. CLIGHT. BI . IIEVER

CCMMON/ENERGY/ELEV (0:10,0: 201, TEMP

COMMIN/CIURT/MAXV. MAKT 105 10, MAKUN,
$SUB=3PREUB " KOLALT

[ST=z1.0Df

INPTS. ICOLL

+- WIS can changs values of exponential and
pra-exponential constants.
CONST =~ CONST/ tRLANCE T TEMD)
DG 100 v = 0. MARY
D2 100 J = . MaRdivi
IFIEXISTIV.F, Vel J-211
& FUPD V. J) =PREEXPYLERP (CORSTYEDEL 1V.J Vel J=210 CRURLD. T}
IFIEXISTIV.I V+1.0 i
s FUPQ [V &) =PREEXP* DEXP {CONST*EDEL 1V, . Vw1, 7
[FIEXISTIV. .2,V ,J+20
& FOUP(V.Jl:PF‘EEXP’DEXPICONET‘EDEL(V‘J,V T2 FROGR G, 3
IFIEXISTIV.T Vel Jel)
& KUPUP (V. .J=PREEXR "DEXP (CONST EDEL (V. TV T2 TRKURPUR (G O
CIHTTMUE
RETURN
ERD

X

FRARTRRN T

100
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GUBADUTINE CHECKER SUBROUTINE MICREV
I}Q ICIT DODBLE PAZCISION (B-H.¥.N-U.W-2) < The J--=I-2 Lrancition rate ccefflcients can be datermined
IMPLICIT INTEGER (A I-J.L-M.v) < by mlcreomcoplic raveraibllisy falomg with v--zu-1 rates:.
IMPLICIT CHARACTER*c (3) =
LOGICAL*1 EXIST IMPLICIT DGUBLE PPEC:E‘IO‘J ‘E-H.K_N-U_'nluil
COMMON/EVIB/FUPUPR (Q: 10 G:20; & : 17.9:20). IMPLICIT INTERER I LL-Mo
1 FOOWNU0:10,0:20}, ¥DOWND & 20t IMPLICIT GLIARMCTER®S (3}
2 ROUP IO I0, 0200 KOLOWNIO 15, 02 WPCICALTL EXIST
COMMON/IQ INP, TOUT, ISAVE, ISUP IDEPUG IMDAT. INGV. VONLY VUNITIO: CG““DT\/V‘JTSH’UPUP[G
COMMON/ENERGY/SLEV (0. 10.0: 201,
COIHOL/COUNT / MARY  MAKT {0 - 10, 0 INPTS  ITOuLL
35U PRSUZI CHECKR
SELAME = 0 ==
C Thiz routlne cheoks whether the arravs used b MIIREY ar. oot Oogn
T the positiong 0 0 -» MANY, MAXT (MAXY) .
T I 0 then a warning is gemsratad and the V. J positlen io flaggsd.
G 100 Vo= 0 .m\'V .
00100 J 0. MAXJ VI = sheuld s negazive. so that kdswnaskup
IFI;‘(TGTI'J \.’u Je21 THEN G/ (RGAT *TED
C NK.B. --if ransiclon does Lot axist. ¢ wanT Lo sraver ¥ OIOWM USING MIZROSTORIC REVE
O ook up the rats coafficient in the ar 3 the index &
C night b2 our of bounds. b
IF (KURUB(Y,J).EZ.0.00 .S T Valuecs for Lhe Fdown.x ixsup, down 01 and FO.down are taculated,
ENDIF WRITETIOUT. Tn5
A.:I:.ha.GTtV V. T2 THES TUS PORMATIZK. Lax v ==y
IF [HOUGRIV.J).EQ.0.001 WRITEIISUT.7G7: ¥ & & J TR Jes el TR
ENDIF oo 2 v
IF(ERISTIV.J. Vel . Ji) THEN D200 T = 0. MAXTIvY
IF IEUPQIV.J1.EQ.G.D0 WRITE(IOUT. 0B V.0 IFIEXRISTIV.J.V-1.7-01) THEN
ENDIF FDOWND V. 5 JRUPIV-1,J-21 *DEXP (ESEL JV-1 -2 eneNST
IF(ERITIV.J. V-1, J-21} THEN WRITECIOUT T3 V.0 KDOWNDIY. )
IFOIFUPDIV.SLEQ.D. D0V WRITEICUT.FOE V.5 SE

ENDIF

1 V.2 SBLANE
116 CONTINUE

SFIEKISTIV.T V. J-11) THEN
in pecition RODOWN (V. J1 2 F0UR S

c
M FORMAT Array ¥up.up has ZIat 3
in pasitisn 214 WRITE(IOUT.717 rjuGﬂ'\('J Fi
Ly
-

707 FORMATI Array 0.up hag a

ad
b

708 FORMAT! Arr p,0 has a J in pogition - 2 [y
709 FORMAT{' Array Fup.down has a 0 in pegitian 41 WRITE(I0TT. 7230 IBLANE
< BNDIF
C Values for the Kup x ix=up.down.0) and FO.up are tasulaced. IFTEXIETIV.T
WRITEIICUT. 7G5} KDGWNG 1,0 "IEXPIEDEL V. 5.%-1. 5 "ooNaT
TOL FORMATISA. v 2K, "J' IK KIv.J--avel Ja2)° 2N F v, Joanr, WRITEIICUT. 1S It
& 3 20 AU EEEATES BN § U DT ALV NSRBI I TR ELSE
DO ZOG YV s 2. MAXYV WRITE [IQUT.715:
oo 200 5 = 0 ENDIF
IFIERISTIV. T ¥ it TFAEXTETIV J.V
WRITZIICUT. 7 B g o FOORNGI V. T Jediv20nsT
ELSE WATTELIOUT. LT FLOWNT Y T
WRITEIIOUT. 712y
ENDIF 3BLANE
IFIEXISTIV.S V. EN
WAITE"IG'\IT 113 ESUR IV, o1
SBLANE
THEN
ATEDEA
IBLANY
. 24y THEN
HISUT. 7L 71 FRPDIY S

WRITEIIOUT. 7181
ENDIF
200 CONTINUE
Tii FORMAT.ZI3.0lZ.4.1x)
Til FORMAT (213 .3X. A5
i PGRMATI2LK,.D12.4,
) FOFMAT 21X 3K 3
715 FOURMAT Dl2.4;
14 FOPMATI{IGR 3K A¢
17 FORMAT{S1X DLZ.4
718 FORMAT{S1K 3K Adt
FETURN
END
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i

SUBROUTINE PIFTRNANIMAKS

Scaling can be done as & the of tha ibratienal
srate question or dira .\....x_t.m.. the wvikrational and
rotational quantum nusbers

Faor opbieon q
BD A f\.r.\_.. approa o e

ir premd-brash
mrre ] T

ORI G A SO n 000

.nior‘.

separataly to the valuss. For exarpla.
ot could inruisd 1y picture a grstem whogs probakiiiny of

resacting ir

Crease’ as itg vibrations Jrew SLringer,

although the rotation of the svoiem hu:r
whather

it will react.

nesgy-scaied approach
ing previded for in
IMPLIZIT DGQUBLE FRECE
IMPLICIT INTEGER (A.I
DPLICIT CQHARKCTER*S
CHARACTER*2 UNIT
COMMON/ IO/ INP, IGUT ISAVE.T
COMMON/MASTR/KBIMIQ 20, ©
SSUB=3PRSURL PIFKRA )
IFLAG = 3
WRITE(ISUT

nnnnn‘xnnnnnr;r;"uﬁnr.r.nn

<
geall

ONLY VUKITIO

0
iy

191 L micrescopic Fhim rate constante for

& t..g Teactidn A - 3C ---» pdt. are:’
IFIVONLY .EQ. 0}
WRITE [I0UT * @ from Frxnoad Gi.

WRITE{IOUT. *) of Yrxn(v JY-v J pairec.

&
WKITE(IGUT @f Rrxniv. li-v pal
&
WRITE!IQUT, Scalad soparateiy for tha velg
& : oubsequantly for the J-lo
< Thiv last option hap been adosd. to asvount
< for example-‘ the m.croscopxc rate :oe{f;c
[ cally w.r. to v-lavel, buz h
[~ peakad around an opt imum J-mve
Eu 5
WEITEAIOUT. *i~  *11 Scaled by w-lowel anergy from Franif.01.
WRITE(TOUT. *1° 21 Read frem & file of Frxniv 0)
5 ilmde 3.9
ENDIF
READIIND. * END=89001 ANFMRE
S0 T0 G401
s00 AP(IUUT.EQ ISUP] THEN
103
f
CALL DFALTILANFMRX. 1)
ENDIF
w01 WAITE [ISAVE. "1 ANEMRX
1F -r\N}‘ﬁX EQ.1i THEN
CALL BIMSCL
ELSEIF (ANPMEY SRHG. VORLYLEQ. D THER
ChLL REALY BIM
BLSEIF  [AIKME, o] VONLYLED.1 THEN
CALL RrJJJZI\I..‘ BIMI
ELSEIF ANIMAK.EGC. 3 AND.VONLY .EG. 00 THIN
CALL READIN!24 KEIM)
CALL RMSCLT (MNIT)
C In BMSCLI, fo. A given v-lsve) vIxn i) can ke made to a
< predefmed funetion ie.g. gauscian values w.r.zo J-value).
IF (ANFMEX,EQ. 4 AND.VONLY B0+ THEN
ALL BMSCLVY
C  BMSCLY Lo ar.alogou. to BMSCLS: ¢ geb oat 0 the krxntw
C ip made to fir a prefiefined funciiop i, g, wxpenential lncrease
¢ owver v

CALL BMSCLS IUNITI
ELSE

WRITE(IQUT. *1'Error in Frxiivl specification
=

IFIVONLY.EQ.0) WRITE!IOUT.*) Input er
IFIVONLY.EQ.1) WRITE{TIOUT *1' Inpu: 2
IFLAG = IFLRG + 1

IF {IFLAS.LE. 1L SSTO 103

CALL IBTERMIANYMAX.SSUB)
ENDIF
IFCICERUG.EQ. 1) CALL PRNTVI (14, FRIM:
RETURK
B

i
abour deraul
5Lop

the raie

wi ll have ovex::: uniks
WEITEITOUT. * !

2! Simple exponan

3t Dugp dtwe p
w1 Fum of axponent ialis
!\D [INP. ANSTL
SO0 504
€05 TFIIGUT.EQ.ISURI THEN
5
“Ca
ELSELF iRESC-.EQ 21 THEN
CALL SCLE2{FRIMA)
ELSEIF JANSCL.EG.J . i THEN
CALL SCLFI4(EBIMA.
ELSE
NR.TE( LY wurve spaoiiloation ANSTL
BIMOLECHLAR $233333
u-\N"‘-: ARE
T - - 2RI
YV OPLIBIMM O
i
CAELEYIG:30,
J.D"LI‘SIF‘I SCEXPiLO)
TRAVIBIMID 10
35 Bl LBIHDD b
o0 hRITr.(IOL'” L
&
WRITEIIGUT. *) fault: 3,60-2
IFITINOV.EQ. 1} CALL NOVICE420)
PE’D‘I P ' END=501) EBIMA 9HIT
[y -Tri]
a0z "'FfIG IT.EQ.ISUP1 THEMN
e o= %
T 4 6
SOTO 200
5E
ALL Dl-nu..«l}' DIMA.3.00-21
TALL ALTCIUNIT, (SE
902 TEIISAVE. *} KBIMA, UNIT

TALL SIU{I0 EBTMA Ul\I.r
FVIBIMI0.01 = HBIM
RETURN

END
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—F

[}

El)

L IMASTH/ VIR T
SPRSUE

ELEATEH

appnliad, ) elwia

CERIMASEDEL IS O 0 01eFDIMA

g

EUBROUTINE SCLEJIFBIMA
SOBCLFY L 2 of thraa i
T It moalag rtially Eh
€ PRIRTMIv O r £

L.5L-3

WATTE { IZAVE
josan I ORY

ZLEV D JveznisTl

oMy

UNIT

11 rouan
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SUBFQUTINE BMSL
sealing of the TonCopla
tants could ka A varlaty
st model assumss no predidtab

rate

2---but this ceuld
twe things: that %
or that it is a
all 2 al J.
Thé randem numker fQeherated e bowrwied kB 0 oand 2
120 thar the aver iv 1v are
o il 51 will multiply the value for mejbimee. 0
far i Sl

tenically ovar g
larger the retatien
ciild alse cocur ar a

Tt
as

ally ovar
a srall ameunt
in the nedt

irg

altheough this
34

i togatk
ifPUL paramaters can giv

OO NGO AT ORGS0 0

it with diffarent

te.g. for 8 linear funotion. negativa o
rnapively. K_bim minht shew a S - depends
trongly or broadly) apout a non-ners J.

rv flexiple program. the peak-d rhould be
be varied according to wv-lavel.

I L Rr A ArEs

ssheuld it ke pavesd?

4% considar the use of UNIT 1n this gwcti
LI DOUBLE PRECISION IB-H.¥. M-,
INTEGEE 1A I-J L-M. W1
CHAPACTER € i
CHARACTER*D UNIT
COMMON/IG/INE. TOUT. T
COMMON/COWRIT /MARY - MAR

ISUR. IDEBUG INDAT, INOV VONLY VUNITIG:2
05 MARUN, INPTS. Io0Li
201

AVE. 31

[
COMMON/MASTR/EVIB M0, 10
S8UB=5FRSUB I BMSCLT )
IFLAG = O

Tirres

300

IMp,

Lic

F 14285700,

3]

-GR, LDSEED.GT. 2147442647 .00 THEN

Se=ed 15 aut of rasge,
(IFLAG.LE. 1Y GOTO 06
L ABTERMIDSEED 35U

O OURErs we heed with s e
2 that = i1 ownd 1oare
rational and rotatienaj arrars,

FVIBIMIY.

TRV TLOL.Tel:

CONTINUE
RETURK
END

P WRITE{1OUT. *} Select the scaling required for Fram:
WHITE(IOUT. #)* il congtant with respsct te J-
WRITEIIGUT. *}* 21 varier randenly botwson |
4 ¢ and 2 times the ¥rxniv,7=0) wvalua.

WRITE{IOUT. #1 - 34 inereases or 4
&' menotenically over the snergy of the o-1
WEITELIOUT.*) JovaLue
READUINP. * END=G03i ANSCL
%03 LISUP) THEM
5
OUT [
GOTO 162
ELSE
CALL DFRLTI(ANSCL. 11
ENDIF

204 WRITE(ISAVE. 4+ ANSCL

IF KNSCL.EQ.1) THEN

CALL 5CLIL
ELSEIF TANSCL.EQ.2t THEN

CALL SCLI2
ELSEIF (ANSCL.EG.31 THEN

CaLl SCLJZ
ELSEIF [(ANSCL.ED.Q) THEN

SCL74
RITE!ICUT. *1 Error in potential cupes cpecificat jen | ANSCL
TELIOUT. - Specify 1, 2 or 4.

FLAC IFLAG = 1

IF {IFLAG.LE.1) GOTC 102

CALL IBTERMIANSCL, 35UBI
ENDIF
WRITECIOUT. =) AEREY F OMICHOSCOPIC, BIMOLESULAR KRURKUN"
WRITE(ICUT. *) THE Kiv,J-->PXNI CONSTANTS ARE
WRITE{IQUT.*: v & T - =AM
DO 30 V=0, Maxy

10 Js0 . MARJ (V)
WRITEL(IQUT. vy V.J. FVIBIMIV, J)
10 CONTINUE

IF(IDEBUG.EQ. 1) CALL PRNTVIL20. FUJRIM)
RETUAN
END
SUBROUTINE SCLIL

€ 5CLI1 i one of rour 6caling routines cailed by EMACLY.

€ It maps FVJBIM{v, 0) valueg iriso all romaining FVIBIM(Y.J} pegitlony

€ fur a glven w.

IMPLICIT DOUBLE PRECISION 1E-H K N-U %-21
MPLICIT IMTEGER A.I-J.L-M.A0
IMPLICIT CHARACTER'G (34
CHARACTER'2 UNIT
COMMON/COUNT/MARY , MAAT 10 : 10, MARUN
COMMON/MASTR/EWVIBIM{0:10 . 0:201
SEUB=IPREUBI SCLIL ')

DG 200 Vo= 0, MAXYV

o0 200 O = 1. MART (VY
FYWIBEIMIV. 71 = EVGEIMIV. G}
200 CCNTIRUE
ETURN

EXD

EX|

COMMEN/ENERGY /ELEVI0: 10. 0. 20

&
200 CORTINUE
RETURN

o

SUBRQUTINE SCL3
C SCLJ3 ir one of four scaling routites calied by BMOCLI.
C It ccaler linearly by the =nergy gap the ol
T of the KVWIBIMiv.J1
IMPLICIT DOUSLE PRECISION
IMPLICIT INTEGER 1A
IMPLICIT CHARACTER®GS

array from FUJBIMIv, 0.
IB-K. ¥ K-U. W-21
I-J.L-M.v)

t3)

COMMON/ I0/INP. IOUT ISAVE. I1SUP IDERUG, INDAT. INOV WONLY, YUNIT!G:23;
COMMON/COUNT/MAXY MAKJI [G: 10+ MAXUN. INPTS. ICOLL

'&CLJI3

05 PRI

BEADIINP, * ENDz

GOTO 807
408 IFIIQUT.EQ. ISUPY THEN

PE. 1,000
a7 LGPE
TV
o]y 1, MREZ VY

C Tha unirleos approach is essy te inpilohent and waiuag
T on the ordsr of O seam physically reasonable.
S Heta for sealing subeoutines--tha CLergy valuas shocld pmotr pe
© basad on ELEVID 012 becauve mumarous sers-divide srrer cmn
=} -atpecially wheraver sea 7 16 dona fput W b for

= SLOFE‘EI‘ELH"J‘C“UI'PN'JBIM{V_{H.’EEELII G0,
« EMIBIMiV. )
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VLM

L SSUNT AMARY MARS LD
JENERIT/ELEVI: Ly
’ .

Unl tha other J-scaling subroutina
¢ thiz reutine willi have o prempt tor
T at sach of the allowed v-levels.

TOINO Vel MANV

T
WRITEIICTT. 4

[Plaags

END=¢32)  FEAR

LI50R)

THEN

ALTD i PEAK. DBLEIMAKI (Vi /2L

WAITE[IZAVE. "1 PEAY

Frivero D

«Default
IND=E06  FWHM

ane

CALL DFALTOIFWHDT, FPwe

interesh 1or bh
Kpl-a* L=

c
c
c
[=
c
<
=
o
<
z
=
<
<
<

it

aaGaOaan

SNGT*DEXF i ~ALPEAN iLELE (T

LT OVUNIT

nax.

s
u

DGR LL

[FEi)

all saluen of v,
Tha random pumbar

At the av

itiply the wajuve for o
for wwibim

2 valus
n migh

‘detrease’

IMPLICIT DOUBLE PRECIET

IMPLICIT INTESER (A.I-J.

IFMPLICIT CHARACTER'S
MMON/ IO/ INP. T

Creases

2

AOISEL L BGL3
sCLvE
(ANSCL.ES.4:
$ARS)

TERMIRNGIL. 33085

ITEIICLT v
TErIou7
WAITE  I707T.

BIMULEIULAR

EEEEE BN
F--nF

frdtyay

Ticy

It mapg F¥

S pesitions
IMPLICIT

IMPLICIT CiARA:

COMMNLSCOUNT
oMM

[ALERLA

shtained g
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[=
<
(=g
<

218 WRITE{TOUT. "3

SUBPOUTIKE SILV2
SCLV2 1o oms of four "cu-mw reutinss oallsd by BMSCLY,
It gemeratas random wvalues for KVIBIM(v.d centted on PVIBIEIO. 05
bounded By 0 and 2*EVIBIMIC. G}
LhRom to merge With SCLIZ into a go

noric randim nurber

DUBLE BRECTSION
INTEGEF (& I-0.3-M. 1
IT CHARMETER 'Y 15!

THIY vonLY
TooLL

ICUT
COUNT/MAXY MAKT 10 ,0) MAXUN
COMMON/MASTR/EVITBIMIGC AR )
ISUE = ECLVY

Lor randon munber genorater”
@ ireal nurkar be d 1 UE and 2.0ELOY.

EEADIIND v ERD=L00 ED

GOTY Gl

w0y IFUICUT.E0.I8UR: THEM

510 WRITE (1SAVE

C We generate all the rendom m

oUT = 6

GQTo «0B
ELSE

CALL DFALTDDSEED. 142357008
ENDIF

oD
IF (DSEED.LT.1.020
WRITE!IOUT. *1 'S5
IFLAG = IFLAG - 2
IF (IFLAG.LE.1: o
CALL ABTERM{DSFED. 3$SUB
ENDIF

aed with a

VIMITiO: 23

heva nlphu
o CO.’RSlﬂ.‘ai

GGG

TMPLICIT CHARACTER'S

COMMON/COUNT /MARY,
CCMM
CO}N“\/!’AST".’KV L“Hn

IEx5PREUB [ SCLVY
TEilOUT. M r_ﬂtw.

GOTY 507

oo

b

)
&

A S
W

SAVE. ") RATIC
ALPHA = DL OuiRaT;Gl
DOV o= 0

200 COW
RETURN
END

UE

S PHECISIIN (B
A IS0 LeMov

COMMOH/ 10/ NP . TOUT. TSAVE

.UE\:RL.Y!‘ELFI 0:1

BEADINP. * END=90§) RATE

CALL DFALTDIRATIO.1.

o The unitlesg nppzou:h in o
= on the ordar of 1.5 seem phy
FWIBIMIV,0) = KVIEIMIG G1LEX? H‘\L?hﬂ CELEivi:

;oM

LY.

15

10

hidsl ] IF‘lIoU"‘E -ISUP THEN

5004

ally -*n

€ IMSL routine GQGUES. Note that the o 11 ir depandent
€ on the gize of the vibrational and rotatienal arravs,
MR = 11
CALL COUBSIDSEED. NR.&!
DO 300 ¥ = 0 MAXY
FVIBIMIV. 01 = KWSEIMIG. 012 . 0D0*Hivas)
300 CONTINUE
RETUAN
o)
SUBFOUTJ-NE RCLV2
[ V3 is one ot four scaling routines calied by BMSCLY
z 4.2 sealas linearly by the energy qop the FVIRIMv 0
€ of the FWBIM{v,J] array from EVIBIM:O 0}
< Eqn Lo use ig kv;bun:v.ﬂ] = kvjbimiﬁ,ﬂ]'v'nlc\pa + kEvibdni0 0y
C where slepe is irput by user
C Aathar than Lave slepe input directly prugram asks for ratio
< of firor rare conptant to zaroth: ratie kviblmil, 01 /kvibim (0.0
(= en from first egn (dividing by kv:bmto.cl: for w=l:
c rar. = l*slopr + 1
c the.re: re olope = rakic - 1

IMPLICIT COUBLE PRE:ISIO’\I [B-H K. N-U W-Ti

TMPLICIT INTEGER (A, I-J.L-M.VY

IMPLICIT CHARACTER'S ()

COMMON/ IO/ NP, ICUT. ISKVE. ISUP. IDEBNG. INDAT. INOV, VANLY VUNITiN 23]
COMMON Y/ COUNT A MAXY  MAXJ 10110 MAXUN, INPTS. oL

COMMON/ ENERGY/ELEVIC: L0 u.-u! E“.}"

COMMON/MASTR/EVIBIMI0 110, G:2

$SUB=SPRSUB (- SCLYI <)

335 WRITEI(IGUT.*} Enker the ratio Yorxnival 4=01 /k_rxn tvsl Fe0

3

READIINE. * END=20d RATIQ
GOTO 207
08 IF{IOUT.EQ.ISUP) THEN
TP 5

ouT
SOTO
ELSE
CALL DFALTTRATIO.Z OG0
ENDIF
AT WRITE! . I
SLOPE = RATIO - 1.4D0
DO 200 V = L. MAXV
€ The unitless appxoach ir cacy to implement and - the
< on the order of 2.0 seem physicaily remcenable.
FYIBIMIV, O)-SLGPE'ED-.(V.O G0N TEVIBIMID O JESEL L0, 0.0
&« = FEVCBIMIC. G
felels] CONTINUE
ETURN

END

SUBRJUTINE COLLET

IMPLICIT CHARACTER®®
COMMON/COUNT/MARY, MAKS

COMMON/FVIB/KUPUP(0:1
1 KEDOWNUI0:10.0:2 s
2 FOuRid:i1n, g

COMMON/ VIR 2¥L 3(3 Pl

1 FDUII3, > s

S ORGUIILG:i60 B

FSUB=SPAZUB " COL LG‘ 1
[ey WRITE(6. *1 * IcoLL =
C ICOLL danctes which call
CSnocheck

D 100 W=, ANy

MAMS
r'UJ3 -‘I\:OL' =K

TMPLICIT DOUBLE PRECISION {8-H. ¥ H-U uW-2y
IMPLICIT INTEGER tA.I-J.L-M.V1

31

FIO L MARUN T "‘S ICUL..

Q o kUPDiO 1[] [ FUPOI0: 10
1, f I'.JGW‘ID“ Jradi

15.0 3[3‘

Lo3id. 200 5205

DD313.0:10.0. 20, LR

ICOLL
1816n partrser v invelved: A, M or

DSWND iV, J}

FDOWN (VT

UP V.01
DOWM IV 3

G20,

B2
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of intarsr:.
thls wauld
.rémxw‘—z PSS

poed al: whirh
Ir. this oyl

CC'J‘Q‘.DN/E': RG'{»’ELE\’ID 10, U.EDJ TEMP

COMMON/PHYSCT /PLANCY . FHOLTZ RGAS ECEKFZ
MMON/MASS /BMASS  CMASS . AMASS, REDMAS . PRA

CC/WO‘IIP(‘PIth 261,

CLZGH.T PI.ILEVER
% CEAL. ARAT

ie
KTOT. CORCA \.D‘mau CSONIML JCaLLIY

WREITE(IGUT. *1'Should the mi

THTOpLT
Lave an upper Limit scual
vlal -

Lo that ol

Tate
the

CaRATARLS
AR imum

coilislen

tabiich
limit is

% Ay an upper L
properrional co

o
33 ne upper limit ia.g. unimoiedular sxn
HERDIINP. * ENDG=0G3F) ANDIFF

GITO il

UT.EQ. ISUPT THEN
3

(IFLAG.LE SOT0 1o
IBTERMIANDIFF. 3502

_diff 1Al

L

ant to compars

if with the X
3

Pi*ir_a » p_soi-tlt

"REC1pIncal-Redun—d-My:

will pa uwed to <stimats cha upper
M 1T1ent .

The mmacul.u diamersr iz eotimated sv

the susm of at
rudil. whese values are passed throush common bloch MESS.
Tha atonlc masses and radil are fsund in suprs RRNSYS.
Since wa ara o roed wallisiong A«ED

W lgniore M-BU collislons in determ ditf,
REC = |BRADCRAD)
BCMASS«AMASS-CMASS
RECRM = {i.0D0/AMASS + 1 DDL‘/EMS‘EI':\VLG ]
C  AMAES and BIMASS coms i..'. onoa basis
€ mnoa ‘per melecile’ bac 943 W Tie mAsy
< ig sguivalent to nn.lr..p ving the re soal by
¥DLIFF. ' (ARAD+RGC) **2*DSORT (13, C‘"\O *RIASCTEMP/ |
¥ E uT 7o 2
700 FORMAT( Collision cosfficie 1R_diff e
IF MDIFF‘ EQ.21 THEN
105 WRITETLOUT.70G) What is the ratio ef the upper Iimit to the
[3 coliislon coefficiant? «<Dafault: 1.0a°
READ(IND. * END=928) RATIO
GOTQ 899
a5y IF{IOUT. nQ LEUP THEN
INP =
I0UT = G
50T 105
ZLEE
ThLL DFALTDIRATIC. 1.CDOQI
ENDIF
ege RUIFF=RATIG'KDIFF
ENDIF
Lo 100 v=0 Haxv
B 207 F=0.MAXT V!
ZF&}NJBL‘HV‘JL.GT.'L P
TECIOUT ALY V. I"\aJE'MH/ S EDIFF
I"VJBJ.“ V.J: -KDITF
Tul FORMAT( Fvjblmi® 213, ¢ excaeds the aillirien

7 tANpee | 3
CALL BOLTZ
pt

(ANPOR LET.20 THEN
LASER

(AXPOP LEQ.J30 THEN
DELTA

(ANPOR

populazion.

@i sach level ing
+t a totml populacny

adiust
iater on.
Lo neep

GG




' edand
APPENDIX C. SOURCE CODE i1
SUBPOUTINE BOLTE 12 DELTA
v Talcularion of populat rared on tItanr direrikution. Rl an idealiiced represemration of a Very pestrictive
< degensracy fmetor for the population is ¥from Farplus & Porter bl It will aex
Copams 474 [y ra, and the
C Since Elov is per-meolecule. ths Boltzmann iz = wiil ba <qual to the total popula:
IMPLICIT DOUBLE PRECISION L DOUBLE ?R;LIEZQ.
IMPLICIT INTEGER (& I-J L-M V] I‘-'_T-'LZCI"‘ ;TI'Z'EL-LR
IMPLICIT CHARACTER'*s (51 (v}
COMMGN/IC/IND. JOUT ISAVE, ISUP IDEBUG. NCAT . INOV, WOHLY VUNITIG 23
COMMON/PHYSCT /BLANC ?oLr* RG4S, SCEXNPI . CLISHT.PI TJEvEs !P, TDEBUS. INDAT I ¥OVINIT O 250
COJ‘NJI\/E.‘M;PG'{;‘nuEV\O 0201, TEMR T.CONTA, CONSES
COMMON/COUNT/ MAKY l‘..‘s}ZJED' 01 MAKL INPTS, ICOLL MARUM, INPTS,
COMMON/POP/NY (010, 0: 207, NTOT COM TONCHC. CONSM, JosLL 12
1SUB=ZPRSUHI ROLTZ ) “AS=C
-1. UDQ.‘IRL'.;-';'TMI WRITE (Z0UT, = Situats dslta fun vl Lol
WRITE{IOUT *UAteerr INTTIAL BCLTIMANH DISTRIBUTION rFeimell WRITETOUT. *y «Defaulo: P
& 0 omrawmes READITINP * ENDLOBO) ANV A
WRITEITOUT. 71
7 FORMAT 11X, v 11X, & 12K, CElew 151 ] 0D LI50P1 THENW
MO = MNVIG, 01
DO 00 val Maxy
DO 100 J=0.MARD (V)
BATERM = BOONST*EDEL:IQ.2 V. 51
WVIV.JL s DELE(2%J » 31 *RVO*DEXD LBATERM) z i
FINVIV.FY.GT.C.000) WRITE ZOUT, « VT ELEV IV I VLG CALL DFALTIANS )
100 CONTINUE ENDIF
RN FO1 WRITEIISAVE, *1 ANV ANT
END T Check to &3 that this leval it within the preper ranga.
C 1To use 'EXIST' function. look for O O-»anv.an; transition. |
J‘[‘NOT.E){ISTEU VLANV AT b THEN
SUBROUTINE LASER WRITE(IOUT =+ pagl...l-’d laval eut of bounds ANVLANT
C ~his subrouTine resets the population disztribut i0n Ue simulate a laseor & Yalus must be betw2an O and . MAXY
[ exc:tatioa’, axpariment in which molaculer in a parcicuiar v, J lavel
C maks a :mr.alt-or to ancther level. Thug the nunber eof molsculas in IF IIFLAS.LE.1) GO TG 200
C the inicial level dacrenses while the numbsr of molemulas in the final WRITE(ICGUT. *) Tarminatirg in DELTA dus to v hounds.
C level mcrensea. CALL IBTERMIANY . $5UR:
= ENGIF
C Parameters: HNone. DG 130 Va0, MAXY
€ Calling routine: PIFPOP. 5 160
C Called routines: Baltz. WIV.J)
C Vvariables: 160 CONTIRUE
c VLD, JLO. VHI. JHI---theso are the indicer for the lower VLG, WV LAITY, ALT )
< JLot and upper {VEI, JHIl levair carr espending to the transitlon RETURN
c selegred. END
c
IMPLICIT DOUBLE PPECISIGN {B-H.E,N-U.W-2)
IMPLICIT INTEGER (A, I-J.L-M, W)
MPLICIT CHARACTER*S (3} = ooan (Y. WV wacter. this reutine will celculate wnaluves tor
LOSICAL*] EXIST S the J-levelr for each vibrational jevel. arsuming a Ballunq o
COMMON/COUNT/MAXV, MAXT (0: 104 MAXUN. INPTS. TCOLL < distribution of the J-levals. Fer ct ToREnt . we ara agcuning
CDMNON;‘IOII.\'P.IOUT,ISF\UE.ISUP,IDEEUG. ROAT, INCV VONLY WUNIT(0:23) [¢ the rotaticnal temparature will hes cnincident with tha
COMMON/ENERGY /ELEVI2:10.0: 201, C  eXperin al remperatura.
COMMON/PCR /NV 10210, G2 200 . NTOT. CG"IEA CONCBC. CONCM, JCOLL 1Y) IMPLICIT DGUBLE PRECISTON {§-H.F.H-3 W-l
3SUR=FPREUEB{ LASER ) IMPLICIT INTESER LI=T LMLV
200 WRITE{JOUT.*) ‘What transition iz irvelved in the laser: IMPLICIT CHARACTER'S (5]
WRITE{IOUT. ") -exeitacion? {inpuz 4 integerd. ssparated hy a COMMON/ 10/ INP IOUT. ISAVE. ISUP, TDEFUS . INDAT INOV VONLY VUNITO 23
WRITELICUT, *} v o v N "E.g. COWVNIP}\YSC‘I;’PLF\I\CP’ HBOLTZ. RGAS. SCERPL Cl.,..C:H"‘ PI.I4EVER
WRITELTOUT, *} . J‘E wou]d =3 ;pu: as 9.0 3 - COMMUR/ENERGY/ELEVIN: 10.6: 201 TEMD
WRITE [IOUT, *) Deisulr ig =-=3 1.0 rransition. COMMON/COURT/MARV. MAKS (0: 300 . MAXUN,  IMPTS. IoGLL
READ{INP, *.END=200Y VLD, JLO V‘HI. 3 COMMGN/POR/HVI0: 10,0+ 200 NTOCT, CONCA, CONTBE,
GO TO 501 FSUB=ZFRANE (" JROLTZ 1
200 IFIICUT.EQ.ISUR) THEN BOONST = -1.000/ {KBOLTL*TEMR!
INP-S WRITEIIOUT +7 © esssess To3avel BOLTIMAN DISTRIBUTIONS **=rns
IGUT= WEITEIZOUT T
GQ TO 02 7 s 10y J 128 Elav 15k Miv-y
ELSE )’.n:‘.'V
CALL DFALTIIVLG, vl N = NV 0
CALL DFALTI(JLO, G} DO 100 J=0, "™ %7V
CaLL DFALTIIVHI. 1V C degeneracy factor {or the prpulation level is from darplus & pPerier
CALL DFALTIGJHI.O) C page 474,
ENDIF < Since EDEL is par-molecule, .
501 WRITETTSAV'., *1 VLO JLO VHI.JINI HYLICA CBLEI2WS E
IFl =0 IF (VY. J) . GT. 0, 000! h‘F..r.l"OU"‘ v J ELFH‘-’ ) ‘\.'V\V
ol Check to sr that YLO and VHI are within che preper range. 109 COMNTINUE
IF(.NOT.EXI. . [VLO.JLO,VHI.JHI)) THEN RETLAR
WRITE(ID'JT *1 "Transition Isvels out of hounds °.VLG.JLO END
& VHI.JHI
IFLAG = IFLAG » 1
IF {IFLAG.LE.1} G0 TO 208
WAITE(IOUT. *) “Terminating in LASER due to v ar J bound
CALL IBTERMIVHI $5UR
ENDIF
il WRITEIIQUT. *} ‘'What Eractlen of the initial pepulation”
WRITE{IOUT,*) -in the lower level has been excitad to the uppsr’
WRITE(IQUY, *) - level?”
REANIINR, *, END=%021 FRACEN
GO TO %03
202 IFIIOUT.ED.I5UF] THEN
InNp=
IoUT=6
S0 70 101
ELSE
CALL DFALTD{FRACEX.0,5C0}
ENDIF
°03 WRITE(ISAVE.*] FRACEX

€ Check Lo see that fraction is valid.

IF{FRACEX.LE.Q.0. OR FRACEX.ST.1.0) THEN
WRITE{IOUT.*} ‘Fraction’'. FRACEX, 'mugt ba betwsun
WRITE (IGUT. *} ‘Respecl[y fraction within bounds.’
IFLAG = IFLAG + 1
IFIIFLAG.LE.11 G0 TG 101
WRITE{IOUT,*, Program terminating in LASER.:
CALL ABTERM{FRACEX.3$SUB)

ELSE
CALL BOLTZ
NVEXC = NVIVLO, JLO) *FRACEX

KV (VHI.JHI} NVIVHI, JHI} « NVEXC

NV VLG, JLO = MVIVLO. JLO) - NVEXC
ENDIF
RETURN

END

0 and 1.
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=]

(ws]

TINE FINIT
o L vubraucis
4 probasiy does
T4 Bl o HE
MPLICIT
IMPLICIT INTEGER A 7
I¥PLICIT CHAR

' SUBRGUTINE S0LVER

i at the hear: o
n w1l peris
N rout

T il .
Juockian sroigo g

EaEGEEEEELE

COMMOH/MASTR/FVIE D
COMMCR/POR/RV D10

CMMEN COUNT (MAKY . MAKT (9

= calligion partner in or M 3 bound ured o
FINIT nd it Yery impr. ra
z ugad by D3EA
i ial =g ms.
[ . the maximum 5 EH < MITER -- f the method of lteration.
Do 100 IRITAW = 1 MAKKLY b JACUR can ke used.
o0 100 INITCL 3. MAKKLU C ta indi
FLUMPOINITRW. INITCLI = 4.000 =
pUB] [ IVLVL. Not used wf
< have dimerslon 1 -
0. MARY =
9. MARS (V1Y
o et
E v TD o
B It ISUP. ILE AT, INGV OWOHLY YUNITIO L
Do 30 VI o= O MARV MMON/ FHYECT/PLANCKE FBOLTZ, RGAS.SCEXPL, CLISHT PI TJEVER
L 300 J2 = {0 MAKS (VD) COMMON/EMERGY/ELEVID: 13 3 1. TEMP
1CTRI ICTRI -1 COUNTAMARY MAKJT 1G: 101 . MaRN,  INPTS. ICG
IFIICTR2.GE.MAKFLYY GO TC 301 CR/NV 19 10, 0: 251, NTCT, il CONCRT CONCM
Va2 HOIWKIITIL WAL O NNPAC 111
J=J2 < must ke IVIVL- WK dim. is §0IVLVL«IMETH-IMITER
RLUMP(ICTRL, ICTRZ: =0, 000 L= 2T Sur cage. NMETH = €4IVLVL and MMITER=IVLVL
ST =0.00 L MASTER JAIUB
20 490 IC=1. IAPEC SALVER ¢}
TFIEXISTIV-1 . J V.71 THEN = Variaplag requirsd by D9ZAR
Livyis CONTIICH*KL03 IC
BT
(LIS
B C
=
EXIBT(V-1.0 11 THEN =
CONC T2 TRIIICV T e e Ing S-hCourats
Soa o Dmnoug
ENDIF
IFLEKISTIV J-2.¥. .01 s
INVWG s CONCIToH N R AT 2
ZDIF o Writing leop 59 rhat the first
IFIEXIST!'V. v juslng routina DUMDY
WRITZ(G. * POSNIS = mRne = next 120 call
WRITE'S. " 3 & ¥ kund
WAITE (G, * LYo P IHEVER
LN AR A =
- TR
L.0-2.W. 511 THEN
pLul P e iat e b
“
VoIl . DA
ol TLEC ISUPT THEN
2 TVOFMIBIMIY T DM
B R ] T2a il
LM LICTRL . ICTRD | < Crivig
WAITE(S. ") ' ICTR
& FLUMP (IZTRL
35 CEWNTINUE
ED b CONTINUE
a0a CUKTINUE =}
201 WRITETISUT. *) Eigarvalue matrix is of order *, I0TRI

WRITETIOUT. ") ~ Makimum ordar of marrix silowsd s . MANELY
IFIDEBUG.EQ. 1) THEN
IFIICTRL.NELICTRY) WRITEGS. ') Intsrnal ICTR srror in FINIT.
CALL IRTERMIISTHL INAMED
e
RETUAN
D

ion reagenie: ¥ £
Isacrion degired: FRADT

fun
ITVMel21, 7020
o1 T s i WY 51 LTK LM
702 FORMATIIN.© V' 350 J° 12K CEVOV.ST L8 DHLUME 1
150 CONTINUEZ
WAITEJL *v - Time ExTentPxn didT H_phanem
Sun of y_ovik_v
L DUMDP LIVLVL, T NVPAC NEMD.
TEND =T « §
CALL DUEARIIVLVL MASTER, JACCE . T.H, NYPAC. TE:D. TCL,METH MITER.
& INDEX. IWF WK, IER:

IF(IER.GT. 1281 G0 70 30
CALL DUMP{IVLVL T MVPAC MEND)
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wX33 causer dy
AllY want Lo se

tha 1

=1

GG

> :.-:q‘\.Arc" & popuLiat
=4 by popuiation arw
= "I‘ i =
[ i hCC-b\"" LLAST2 I
< & {ZCOUNT . GE.LAST2
C
SILVER er.dt afver
Max, o
Sugg(.'::éd PRty
WEITE[IGUT.*1 - Prob IEE = Imx
RETUEN
D
Vel Tl
UL IC V-l o
A i".’JDJ IIC V.50 - nhvy
e
IFIEXISTIV J+2.%.J01 THEN
CALSE AT R T =S T U O SR S P
DT PROUR LIS VT . mvg
DDV 2 SJOILLIIT
Ele] CONTINUE
CIVATSNCATSVA T FVGEINIY Jt « DRVAT
D‘\N{\, Jl =LHVC
G
pack the v 5 wubrix of deriva 2 iRte 1 vectar,
0400 Voo 0L MARY
Do 300 7 = 0. MAXS 1Y)
IVIVL = IVIVL « 2
DNVPACIIVLYLY = DNviv J)
300 CONTINUE
(= WRITEIS *} NVPAC fEPAC TS
< WRITEIG. *) ~ CNVPA [CNVPACTI) . T
RETURN
END
SURFOUTINE JACOBLIVLVL. T.INPAC, BD)
=
C Thiv ldummy] subroutine suppli=zs the Jacobian matrix (if re d1
T for tha DGEAR ol.bro\..tm—;, AITUenES are a5 specified in IMSL
C documentatien for DGEAR
<
IMPLICIT CHARACTEN®G 13

INTESER IVLVL
COUBLE PRECISIGN IVPAC
FSUBC SACGE 0

JLE.PDITVLVL, VoL T

IV




APPENDIX C. SOURCE CODE

07]
e ]

1Ty

IO O e e e Ty

Lhe MVEAT o

-
vomust lia
ad
c
IF4IS,LT.D.0R
WRITE1CUT g
watn O and 100
o
< e 7 values
WRITL SUNITIVI 7010 v NV
7ol FOPMAT (OIS JIZXK Did.i
291 INIE
~DNLOMP
CRITMeL2) 0L ¥, J T
Eit
TVES 2 IRV ANTST
IGRCA - ICINCET -
Fal
TNT
IMPLICIT
DPLISIT H
® o dirssriy to fhe B
b COrpA4TAT IO NI oa
TCIT IGUALE PRET v

(Y

ICUT ISAVE ISUP IDEBUS IMDAT
NTVHAD MAXT 10100 MAKUN. INPTS

MENLY VUNITIC: 23

EISEN. WP and 2 are dummy argun and ar
teoallow the two arravs in questior

argament Iist

variabla

g - orherwise the arr iciently large.

Aanan
2

INTEGER

WRITE & ordar of KLUMP
ICTH
WRITE(S

2 CLELUMP

e NATOUNT/MAYY MARST 0
CALL EISRF(FLUMP. ICTRI, MAXFLU.2 W. 2. MAXFLU WF. IEK: nt ; duunmy ‘;ﬂ\li'. Ll
gze IMSLOLIB documentation explanacion of EISRF argumenty £ ,
fIER.ST.128) THEN RETURN

R

WRITE(IGUT. *i  Error in IMSL routine DISRF =D
<ALL IBTERMIIER 330E;

ENDIF

WRITE(IQUT. *) * Elgenvalue the nastey cquation ars FUNSTION EDELILSLE LY

S Icompiex mumkers)::
D0 14 Izl ICTRI
WRITEIIGUT *)
i CONTINIE
WRITE(IOQUT
& trow. column)
uROW = MINMICTRL. 10N
D0 I3 M oz 1. LROW
WRITZ(ICUT. 1
OC 200 L = 1 LROW
WRITEIIOUT *v M. L. ZiK.L1
205 CONTINUGE
RETURN
joiin]

MPLICIT DOURLE PREC o P

rding oo

]
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o

FPREUE [ NAME |

T CHARACTER'S 131

4] L I0UT. ISAVE Isup 3
R

TOVINITIO 25

/
16)

IF (TDEBU

TUINTYEE. VALUE  UNITI
[ 8IU. MAFE SURE ITyRE
erts Lo < 4

aO0AnARNOfAaGan OO0

e

an

~a 5(

21, 52

regserved
Les

iUt MES unizs Inamely  kismoll.

“len factors are bared on W.H. Fivgarsiio7s:

2
CEQULY WRITE(IOUT 7011 InmE -
FORMAT: "' Poutilne ' Ad. called, | c 7
IFRSUR = FRAME C rate Sonatants
RETURN < ~ength  invaerse length,
END I mass
I tenperatura
[ populaion
SUBFOUTING OPNFIL (=4 PrRs5SUre
IMPLICIT INTEGER (A I-0,L-M.% = <onmentration
IMPLICIT CHARARCTER*S (%) =g
COYMON/ IO/ IND, I0UT. ISAVE, ISUR. ILERUG INTAT ittty = anple  CCALL SIONIE I0.0.¢M mesns
COMMIN/ COUNT/ MRXV { Y. Since integeri13/101=11 har Lew
OPEM fileg oh unitz 10 » 20 reserved o 0 am i hag been pagssed te subrouzl
=
<

instead of formarted files
but for wage of debugylng we kopt t
in an inefficient but humanlv-readan’s w

File musi be opaned for direct mcsasg,

RECL must bw zpeclfled for direct amccess.

Records nust hwe citen direct accesg in order o be
read direct aseo- .

Syritax ©f the REA! emd i READ{Un. fmt . REC=rac)
First w Y in each record (s TIME: Iemalning
pop. {der. pop.t.
v lavel and ity J sub-l
arfuming doubls precicior

Shtrisg

are
¢ hat informaticn akour one

o. Hecord langth is
18 breesl.

GSUB=IPRSUB( OPNFIL )
Vo= 0. MARKV

Lo a0 = 0.
WRITECVURIT(VY, *1° w J LM Liv g
OREN (VUNIT (V) FORM="UNFORMATTED" ACCESS: DRECT" .
3 A MASS (Vi +11 v8)
WRITEIVUNIT{VeL2) %) k4 J time dr v, J)
CRENIVUNIT{V+12] . FORM= UNFORMATTEDS . ACCESS: TIPECT
& RECL=MARJ (V12128
CONTINJE
WRITEIE, "1 time total populatien
WRITEIS 4y time rate of decrunse of orai population:
RETURN
END

TMPLICIT DOUBLE PRECISIONIA-H..J-2)
IMPLICIT INTEGER*S il

'
IMPLICIT CHARACTER®G (31
CHARACTER*Z UNIT
INTEGER VUNIT, VGINLY
CUMMON/ IO/ INP . IGUT, ISAVE. ISUP. IDERUG
PARAMETER [(AVOOAD=8.02205023)

PARAMETER S80214D-1%2 RVOGAT $8648D-23 “AVOGAD,
z 2480-21*AVOGAD. 55146 D= 24 *AVOSAD
z L00-02 <A3SEBIES 172 AVCIAL
2 S20-074

SOD0 /G0 . 500, 1.0DG/ 2600 . 500
ag1—

PARAMETER | BOTOME 5177060-11. AGTGME=1.0D-10,
LOD-02 CNTOME=1.0D-02.

tars

ME=1.
C Valuss cemoidered are for grams/mole  *pote
PARAMETER (AUTOKG=21.00-03 GMTORG=1.CL-G1)
PRERMETER {CETQ

per molecule.

D5, MMTORA=TCTOP

T Suggegtion for fuburs improvement:  for the symkol ABD raad T
C  for the unics. this could in fmet ts AE, ab, Ab or aR.

C We ghould construct & CASE funciion or oubroutire, which

T will automatically convert AD to upper case.

< Then, the IF simts may ba shertened.

< S5UD=3PRSUB( SIU 1

ITiPE= PINTYPE/ 1O

The reason that the number Teprecenting the typs of
resded must ke integer-divided by L0

is thar this nunber gerves to stura mere than one
typs of informatien: not only the kind of qIAnEILY (g,
rate Iongtant. etc.) but the phye 1

menning assoclated with that numbar for PUtpeses of reading in
valdes in READVT and READIN. For exanple there ir ma thar o
f rate <onstant fquantity type ) that is read in
the same units-conversion applied and thoerainre the ecode agsoTiatad
with those valusg (IREAD} iz numbered 31. 32, 23. ok

Tnls has the drawpack that the program 1 have to be
vubgtantially 4f. for exemple. bhere werc more than i
CORSTANLY ketweer, whleh ws wished to digtinguish.

The advantage of this mpproach ic th the program har
in the oodes uged by subroutines AEh £I0,
PENTVI. and reutines that eall these.

changed
Types of

conciohancy

HOVICE

OGRS

IFLAS:D
IF(ITYPE.EQ. 11 ‘THEN
IFIUNIT.EQ. BV . GR.UNTT.EG. v :
VALUE=VALUE EVTOS O
RI'TURN
ELSETF [UNIT.EQ, *CM' LOR.UNIT.EQ, "om’ | THEM
VALUE=VALUE* CMTOJ G
ETURI

0
THEN

EIF(UNIT.EQ. ' J0" .GR, UNIT.

FETURN

ELSEIF|UNIT.EQ.*¥C' ,Gh.UNTT. EQ. ke THER
VALUE=VALUE*¥CTCS 0
RETURM

ELSETF (UNIT.EQ. CA® .0B UNIT.EQ. <4t THEN
VALDE=VALUE *CATCIC
RETURN

ELSEIF(UNIT.EQ. K5~ SORLUNIT EQ. K3') THER
VALUE=VALUE *KJTCJO
RETURN

ELSEIF [UNIT.EQ. HA' .OR.UNIT.Z¢. ha') ThHen
VALUE=VALUE"HATOJO
RETURN

ELSEIF(UNIT.EQ. ER" +OR UNIT.EQ, "er 1 THEN

VALUESVALUE *ERTOIG

RETURN
ELSE
WRITEIIGUT. *1 'Units Gk for enerqy cannot b con'
1 ‘verted, Only EV. M, KC. CA. KJ. JO. HA, ER ‘.
2 ‘allowed,
W0 TO 100
ENDIF

ELEEIFIITYPE.EQ. J1THEN
IF(UNIT.EQ. SE’ .GR.UNIT.EQ. ra’) THEM
RETURN

ELSEIF(UNIT.EQ. 'MI' ,OR.UNIT.EQ. 'mi‘} THEN
VALUE=VALUE"MITOSE
ETURN

R
ELSEIF {UNIT.EQ. "HR* SORLGNIT.EQ.'hr i THEN
VALUE=VALUE*HRTOSE
ELSE
WRITE{IOUT, *} "Unlis for La:s cenctant cannot be con” .
'varted. Cnly SE. MI or i'R allowed,"
G2 TO 100
ENDIF

ELSEIF | ITYPE.EQ.3) THEM

TEDAT INCY . VGHLY VUNIT(0:23)

Lype
but esch nubt have

of rate
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uP UKIT.EC.

Lol dliubeu
[Raen]

ENDIF

F i .JVPE<£(‘ S0 THEM

HIT. Ei AL OR. L'N.‘.'Q.
V LJE‘VnL\JE'AJT\’]rL—

m

RETUEN

ELSEIFQNIT.EQ. 3  .oH.UMIT EC. kg
RETURN

ELSETF [UNTT.EQ. 'S4 .ORLUNMIT.EQ. gm'1

VALVE=VALUEGMIOKS
RETURN

THEN

SOURCE CODE

]

i

€T

IFIUNIT.E SORLGUNITLEG. S fa ) THEW
VALUE= (VALUE- J: WOAt5.0/E.0 . CETOFE
PETUEN

ELSEIF (UMIT.EQ. CE' .0R.UNIT.EQ. o5 ) THEN
VALUE=VALUE + CETO¥Z
RETUEN

ELSEIF(UNIT.EQ. "FE' \OK.UHIT.ED." HENR
RETURK

ELSE

Lr..m .'or t

WRITE f'f)l.'“ .
FA

ELSEIF(
‘?fd..IT.ZQ
gy

-NTRILr.ll‘dL
‘ M

TYPE.EC.Tt THEN
GmTT.ED. PACOR.NIT.EQ. -
RETURN

T kaik copversion 33

for rorr
Q.70

ELEE
WRITELIGUT. *) “Unite for presscre
L PA {PAuCAll  KP iFiloPa
2 1TOrr1 allowed,
i TIPE.ZQ-31 THEM
FIUNIT.EQ. M2 .OR.UNIT.EQ. 'mo 3 THEN
RET
C aadd additlenal concantration unlis??
ELSE
WRITE(IQUT. *1 "Urlts for Suncentration cannst b @onveried.
b ©O0nly MO imolar: sllowed.
G0 T0 100
E‘i‘DIr
\‘IF’ITEIJOUJ ternal aerror in SIU.
WRITE (IOUT, unlt converoion ron pertermed.
WRITE!TOUT P2 lg ITYPE = ITPE
RETURM
ENDIF
Tiil spurlous?cicBB/I/L RETURN
100 wm'm‘ I0UT.*) - Pleare raspecify unit. UNIT
;P " END=001y UNIT
B0L IF [IJ""‘ LQ ISUP. THEN

C Tha defmults are hard to speclfy hers,
¢ eof units iy available
Call DrLL'"TJ[VALUE 1.9D0)
IFCITYPELEQ. 1) CALL DFALTCI(UNIT, "HE*

IFIITYPE.EQ. 21 CALL DFALTQIUNIT.
IF(ITYPE.EQ.3) CALL DFALTCIUNIT.®
IFIITYPE.EQ.41 CALL DFALTCIUNIT.
IF(ITYPE.EQ.5' CALL DFALTCIUNIT.'CE-
TFITVPE.EQ.6) CALL DFALTCIUNIT, 'MO
IFIITYPE.EQ. 7} CALL DFALTCIUNIT, PA

crature

sannon B

becauge such a varisty

v ]
o

(T

]

rand

“«

ZNTESER S
\.DV‘Gu‘\i/J.GIL\F
SPRSUBY

UT, ISAVE. T5UP,
HOVICE)

IDERUS. TMIOAT, INCGV VORLY VUNITIG 22|

TPEx FINTYPE/LD
rl"‘iP; EQ 1) THEN
SUT. %)t Unmat acciptanle for ensogy are:
UOL" . wolty
nR‘.r« TouT. WA RTRGrS
WRITEITOUT. *1 Rileealoriss/maola
WRITELIOUT. i z la-
WRITE(ICUT. ")
hPIﬁ-ImJ" 1 jeoulesimole
WRITEIIG ‘) hartrda (atomic units)

-kl ElIuJ'“ I CER Ar ar - ergimcle

ELIET TYPELEQ ")T'r(r.\
"RIIL‘&GJM alicwed ars:
SEITEIIGUT

u-.lIDbT .

F
'N'R..t'AJUn,
TEIIOUT, "

ree digtar

i
3
)
' metut"

bohre 'aiomic unito

'nf?' :MO"”
WESTEILY

I2r pressure arg
- pascal’

= Larz lem Hyl
- atmogphare’
- kilmpasecal’

arc

for concentraticon

ITYPE = ITYPE
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EUBRGUTINE READIN(IREAD. DATAI
IMPLICIT DOUBLE PRECISION {E-H.E.N-U.
IMPLICIT INTESER (A, I-J.L-M.v)

. IMPLICIT CHARACTER'S (3)
LOGICAL®L SYVALMG:20)
COMMON/ IO/ INP IOUT. ISAV
COMMON fCOITNT/MARY , MAKS |

pa AL Vu'h"..\' VUNITIG

23

CINEISIOR \"J"L‘En. 201 DATATO:Za, 0s
CHARACTER* 2
CHARACTER T E»mR
=
< flagyed, azesrding to whar ki
<
[
< IRZAD UNIT FOR PEADING IN FILE
< 11 == v Eiv J=0y I
[ 2
[« 2
[
[y s s¥s the general comment in the main pregren cegarding
€ the IREAD nunbering convention.
<
C  Any data file congisting of triples fa.g. v.J Ermv.did ie read in
C  through rubrocutine RERDVI.
<
SSUB=SPREUB( READIN
TFIT=J
IFIRST=0
c 1e. for remd-in dats are assiomed to wAits as noted
F{IREAD Ql‘! INDATSL
-F\AREH CEGL211 INDAT:
IF{TREAD.EQ. 241 IKDAT=3
IF(IREAD.FQ.611 INDAT=4
O I3 MRV already knows? If not known, it will orill b zere.
€ ond withiz this subroutine, we will have Lo determine MARY by a
a4 ..:andaxd comparisen te-.hnxquw IFIRET acts ss a flag,
C to gignal that MAXV mus: me round.
IF (MAXV.EQ.0V IFIRST=)
o0 100 J=0.20
A =0.0p0
-FALSE,
10c
IFITREAD.EQ.11) THEN
il WRITE{IOUT.*1 ' what is th-a ‘: for energy in The filer
WRITE(IOUT. ") <Pefouii:
IFIINCM.EG. 1) CALL hOVICEEIREAul
READIINP.' END=900; UNIT
=l U’?.EQ,LSLN THEN
CALL DFALTC (UWIT. "K' b
jor
601 h‘RI’I?IISnVE ‘I UNIT
SHEADA= EW
ELSE IFI{IREAD.E THEX
403 WRITE:IOU"‘. What i5 the unit {or kiv--svei! rate
& ‘constants in the file?:
WRITEICUT, *} <Def.; * e’ s
TF(INQV.EQ.11 CALL NOV;CE(AREAD)
FERDIINP. * END=9041 UNIT
SOOT0 %08
904 IFII0UT.EG.ISUP)  IHEN
INi
CALL DFALTCIGNIT. "SE'!
ENDIF
a05 WRITE(ISAVE. *} UNTT
SHEARDR= ElVe-xtell
ELSE IFIIRERD.EQ.I THEN
D) WRITE(IOUT. *) What i for koimivl in the filar
WATTE{IQUT. * <Daf.: '
IFTINQV.EG. 1) CALL NQVICE!] o
READ{IND. * END=S0T| UNIT
Q97T
s07 IF(IOUT.EQ.ISUP) THEN
P
CALL DFALTCIUNIT. 'BE")
ENDIF
908 WRITE(ISAVE. *| UNIT
SHREARDR=z - v EEIMIV}
ELSE IF{IREAD.EQ.611 THEW
09 WRITE{IOUT.*} * Whar lu the unir uged for pepulation
WAITE LIOUT, =1 <Def.: ‘'mi oW
IF(INOV.EQ. L] CALL NOVICEEJ.R}LQD)
RERD(INP, *,END=010) UNIT
GO O 511
810 IFII0UT.EQ.ISUP} THEN
INP=5
IouT=5
GO TO SG%
ELSE
C:‘LL SFALTCITNIT. 'mo ')
911 hRITEhSﬁVE 1 UNIT
SHEADR= v I EAS
ELSE
CALL IBTERM{IREAD, 35UH)
ENDIF
As the data are read in, they are converted imto p.i, wnits.
Data corversion in SIU depends on whether data are energy (IRZAD/ID
= 1} or rate congtants{IREAD/10 = 33 or populacion {IREAD/LY = 6.

nanrn

The first valus of each pair must by dafinirien be an inteqar.

RG]

500

A0 a0

q

%35

600

T
4
I
c
2
<
C A
ED
C
(=

Now. we nust chech

T‘m routine callad depands on how clegely the user wants

’z‘hr MOST AccUrats dace

[#s]

11 daterming the
poaints i the arr

t ths arrax
SECrding ©o g

J.Onp wi

d automatizally
valua of v,

im

tended simply to denote w.;.cL locat:ions n

not

Eilledl.trus.) and which are io{ales

I=3.20
FEADIINDAT * END=300) VIN. DATAIR

IFTEYVAL IVING | THEN
WEITEME *) "Duplicats in Array ac Kt
E Mesr recent ralus "\.pph-:l wi
E
AL VI = TRIE.
IVINLGT VY INMAK ‘Jl]‘"’nx VIN
Lr\Lu SIJ IREAD PATAIN UNITI
IMINI = DATAIN
IDATA X.¥ pairs the
e tha countics ge from O to IDATA-1

i n}‘:'.‘E:IOUT *1 I. data pairs remg in.c
is Lz the firgt call to READIN
ond zersl. then the max, value read will i
Otherwise. chack te see if the max. v resd in

corresponds to the MAKY the user has previcusly s

floe. MAYY far 50t kvan

fied,

IFiIFIRST.EQ.il THEN
HARV=VIINMAY
ELSE IFIMAXV, t.‘“ VIMAKY
WRITEI10UT File read in doez not g0 as Ligh as max. v -

& value expected:
WRITE(IOUT. )y Remaining

MANV . VINMAYK
waluar will ke extrapelatad,

EHEE IF (MAKV.LT.VINMAND THEN

WRITEMIOUT. = | Fila read in gazs
& value expecied:
ELDIF

ko g2a 1L any v lzvels are missing, and t

o ckrain tha m:.ﬂ.]in'} valua by calling an

interpolate

IMSL subrcutine, which is accaszed through FITTRI
(The "I In tha subreuting names refars to the one- dimanricnal
cukic spline function.}
D0 500 I=0, MRV
IF {.NOT.SY¥WALIZH: IFIT = 1
CONTINUE

Thers are two types of one-dimensionnl fitting pubroutines,

111
(29

a srrootmrg fltter ICSSCV

an lntarpolating Eitter Icsccu

Lhe
“fLick™ to the data,

should Ar.tcrpolum' TELE quast ionakle

by allowing the fit co smooth the

ing function to

Dinbs nay hay  oan ‘mprOJed £L

ata.  iTe b= aecide. by user, H
IFLAG:zG
IF MIFIT.NE.O) THEN

from data fila,:
Would veu like the data to be cmoothed i1)

WRITE(IOUT '} 'Some polnts are miceirg
WRITE(IGUT, *1-

& ©oar im t(!rpolnted e s
READIIND, » END=931) AnsMn
S0OTC €331
IFiI OUT £0.ISUR) THEN

jiv) UT:
GG IO 810
Leg
CALL DFALTI(ANSHO. 03
ENDIF
WRITE{ISAVE, *) ANSMD
CALL FITTRI113YVAL. YYALUE  ANSMD)
ELZE

WEITEIIGUT, * o poines are mi
WEITEIZZUT, *) Would '_
WEITEIIQUT. ¢y 1
READMTND, *+ END2! ’11»3
30 TG 335

TFEIDU"" EQ.I5UR)

7 Yrom the data

anth to ©e groothed anyway?-

G
F\.I"SI‘.O

THEN

CA.LL DFALTIIANSMO, 0)
ENL

F.“;EISAVE "1 ANGMG
TFIANSMG . EQ. 11 CALL FITTal ESTVAL YVALUE 11
ENOIF
WRITEIISUT *1 SHEADR
L3 6o XY
ATAIZ, 01 =TWALUE T
WAITE{I0UT. 4} I.DATA(I, Q1
COMNTINU'E
RETURM
END
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84

uOJBLE PREC SIG

1B-H.

NTESER {A, I-J. L-M. Vi
CHARACTER*S (31
A 1

T
NIRIG: 207 YIN
O SPLCOF (0

‘d"“l‘i 01-
& YVALUE(
T e maad

XOUT0: 20y,

3
25,31 WFI31108:

TS disument calo for whk si
COMMON/ 20/ INP. TIOUT. ISAVE. 15UR, ITewy
COMMON /COUNT/MANY  MAXJS 13:16) t‘.nKTN

SOINDAT. THCY WO
INPTS. ICOLL

0:23;

There are iwe typss ol cne-dimensioral

t1) & smaothin

fitting suFroutin

IoSCCY
how closa
tha data.

EELEYs)

RINMIICCUNT) 2DBLELT)
YINIICOUNT = YWALUE!D)
ICOUNT=I20UNT+1

DBLE'II
4 AND.

S5SC JIKI\! Y
;F(I\.Gu'\u GE.

ANEHD, ._q 1
ICOU

THEN
YCU— 5P

WE.IZAR]

ELSE =0
CALL IZSCOUIXIN, ¥TH. ICOUN"" svaccr

WEITE(IOUT. *1 "Teo faw painty

IF{IERR.CT. 1181 CALL IBTEFM{IEZRR,350B)
How. use the tpline cosfficients te find che points
(W3 will recslculate tha v-valuss of ov"\ t waf -J 51
wheas input values ars known, rince ek

C tha haves from the have-nota,)
T For now, we evaluate the whole array ¢ thiF prever ro fe other
C than hermleso fextrapolotion gess wild, for exampla) then the

T Irnd-iast parameter in the o Lo icEewvl will Mave bBo be changed
¢ to limix the extent of the extrapolatie

CALL ICSEWD (XIN, ¥IN. ICOUNT. SPLIOF 'Y.,. 1, KOUT. TVALUE. IYSIZE+L
& IZAR)

IF(IERR.GT.1281 CALL IRTERMITIERH, SsuB;

RETURH

END

TINE REA.";‘.’J{"PE»
ST DOUBLE PRED
IHTESER wn
’){?' ICIT :.{APA\.-:F

LESICALel 3

WOVINMLY VUNIT 030
TGLL

that ir ieads i

program regard

r.
i
.

5 Lotad

R

2 Currant
array.

<all te this

X

=

I or populamtion

i iirst rach LTiplet must by daf

I loop | 2izs of the array and

& arranga t array aseerding to the value of

™ tended Simpl to danote uhzch locatirns in
o tras.!. and which are not .falme.).

150

DATAIN

WRITE!G.*)  Dupl B in ArrNy AL locsiic VIN, JIN
& . Moor recon: Ue supplied will ke w

NYVALIVIN  JINI=.TRUE.
ENDIF
IF tVIN.GT.VINMAX) THEN




APPENDIX C.

=
c
o
o
[
[

500

nonnonno

o
Py
o

31

[1ab

oW
interpalate to cbtain the mins
ML subroutine. which ir accassed through FITTR2L

subroutine Rame refers to the woi-dirmensional

Thare ar+ twe types of two-dimansiconal
(11 a smosthing fitter ? analegeoun te ITSSCV

an intsrpolating fizter 7 amalagous to I050C0

on how Cloaely the uger wants

123
The routine callsd depends
fitting function to “gti
Tha most accurate deta sneuld intarpolat
o/ have an improved fit by allewing the [it £o smosth Lhe

i
)
T UA.“;M.HX(

wa Tugl check o g=e 1€ any

unction. b

03 500 IV=0, MAXRY

D¢ 500 LT=0. MARJIIVS

IF LLNOTLENYVALIIV.IIN IFIT = 1
TINUE

< data.

[ 2

ITo ke daclded by uger.:

IFLAG=

IF AIFIT.NE.O) THEN
WAITE(ICUT. ') Some pointr ars aicsing from
WAITE(IGUT ") “Would you ke the data o be

>
5.."_;.'3![,.. * END=8311 ANSHO
a3

7 ntsrpolated ¢

EG.ISUP+ THEN

[ANSMD.

b ANSMO
INTVAL . XYVAL  ANEMO)

T
,"":-F]y]

ot

IOUTLEQ.ISUR THEN

333
ZLIE
CALL DFRALTTAMSMO O
DROIF

WRITE{IRAVE *| ANSMO
IFLANEMO.EC. DY CALL FITTRITZRYVAL. NYVAL L1
ENDIF
WRITZ{IOUT. *i FHEADR
DO eld IV=0, MAXV
D0 800 Io=D, MAKGIIVI
DATA IJ1 =KYVAL IV, IJ)
WRITE{IGUT *1 IV, I DATAIV. I0)

CONTINUE

RETURN
END

SOURCE CODE

o
|

input J walue ara e
U‘\‘.- . Th

La,Au'.g an

tting subrouz

&

ut valued Are known,
from the have-norts.)
evaluate the whole array.

LB LEES

more quesciznabl

SALL IQHSCVIRIN YIN,IIM L

*} No points are mlssing fron the da a £i
I "d\.\.].d #ou like the data o bs

hops pointg
sagiar than porting

proves to ba oiher

Kamplal then we will

Sel TINT ITMAN.

INOW WOHNLY VUNTT: S

VORLY W
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BTEPMIANS I

[l COTract intemer
CoA
CUMF L IVLVL T MWPAC, NEND TENT:
a3 rot obvigus that fhe sum of DIVIV.JT) ove
C  levely gives dN/dT.  The following axample phe
c Lha caze:
C Glven level sretenm wher
< first 4 o react.
c 25 molaculeg/gec leave the third Jevel--3f
[ % oto the gecond I 1.
[ afore 83 me
[ the third 4 from
2 (42-53+25) must ke leaving th. zyo
[y That 1s, DNVIZI«DNVI21-DNVi31 = LN
c

IMPLICIT DOUBLE PRECISI (B=5 F.N-T W-I;
IMPLICIT INTESER 4A.I-J. Vi
IMPLICIT CHARACTER*S {§)
REAL SDUwar
COMMIN/GEAR/CUMMT (48 ) SDUMMY 43 . TOUMMY (38,
COMMON/POR/NV G110, 0: 201 NTOT. CONCA SONCBC Con i
COMMON/IO/INP . SOUT. ISAVE. T5UR ZDEBUG, INLAT. IOV VoN:
COMMON/COURT/MARY  MAEJ ({1 : 204 MAKUN, INPTS
COMMON/MASTR/FVIBIM{D : 1 200
COFION/UNDERF / TUNDER
DIMENSION DNV ID:10, 0: 207 NVPARZ I3
< £8UB=3PRSUBL DUMP )
CALL InceT
C Mazier will calculate t DWVPAC wvator. given the NVFPAT
CALL MASTER|IVLVL. T NVPAC. DNVRACH
< Tow unpsck the INVPAC WYPAC veThorsm.
IVIVL = 0
0100 Vo= [ MARV
POOL00 T o= 0L MAKS (VI
TVLVL IVINL - 1
DNV IV G = CNVPACH IVLVL
WLV .C1 = NYPAD I IVLVL:

e
3
"
o F
=)
2
&

D0 201 J=0 MARI (VW
NTCT NVIVOF) e
NLUMP=NY (V. Jt«NLIMP
YVEV=2YVRV RV IV ARVIBIMIY, 3

[ ot lumpadt owver J owvalyes

[ WEITEWVUNITIV] 7023 V. 5, T IWiv J). KLUMD

01 FORMAT(2I5 312¥.DIs.200)

3z

n

+ DNIT
SRLUMP=DRV W T1 o Iib
4 WATTE IVURIT [V+12y .
201 CGNTINUE
200 CCNTIMUE
FVEY = YVIV/NTOT
B¥A = CONCA - CONCBC « NTOT
¥PHEN = -DNDT/NTOT/NVA
WAITE (¢, {1P.711X.010.3 OP! I|¥VEV EPHEN. TEVIG ) Danvis
TOODNVIDL 0 DNV LG ONaE
®tent Lo ameunt reacted/aneunt avallabie to react, .
KTENT = (ECKCBC-NTOT! /KEND
WRITE(21.702) XTENT, KPHEN. DUMMY(B|, TDUMMY (6.
1 ICUMMY(71  JUNDER
72 FORMATILP.3 (D15 .74 34110

ST D g DL

(an

WRITE(QZ 703} NVIO.0)/NTOT. M. t1.0)/NTOT
ANVI2 O /NTOL, N0 /NTOT MV, 3 /NTOT

723 FORMATIIP.D20.13 4i015.81¢

< IF{IRESET.EQ.1] IRESET = 2

c IF {XTENT.ST.PESET.AND, IRESET.EQ. O THEN

= IRESET = 1

=3 ‘Resetting tol...-

o4

< IFIINESET.EQ.L. IRESET =z 4

[+ IFIXTENT.GT.L.E~L.AND. IRESET.E0. 2} THEN

o IRESET 3

[~ WRITE!S, 1 "Resetting tol...’

< IF

c IF{IRESET.EQ.5} IRESET = o

[~ IF(XTENT.GT.1.E-3 .AND.IRESET.EQ.¢) THEN

< IRESET = &

c WRITE(S.*] ‘Resstring tol...'

< ENDIF

< WRITE(S. %) 'Time. Total Populatien: . T NTOT
RETURM
END

]

ERFSET lr calle

ERRSET 1s an Ip

4% iChris w detgrming this by renning the
4% EARSET Toing called.)

YT Nt afa A S PR AV C T T 11

[sics: N S

i ceduing teggled can icr
)
[ I0UT and IZEPUS must Do gat
el F5UB=3PREVER [ INIT 1
< progran has keen run
Ly t ISAVE 5¢ that a t
b4 id meaningless proop
= 11 ke supprecs
LAY
[ WRITELICGUT. *) * Le
> & indicated b oa
< WRITEZIIOUT. ) Deiaults i b opbra
T ge Tetarn after & Prompt .
- e w) .
kD E
= (IGUT *) Ig this & restart? !*Yew =

SR0oaveld colliding with

)

appropriata J sup-levels. Tha rate-oi-populaticn

2 mdditional filer wil) menitor total populatior
and toral rate-oi-populat jon-changa.

CECy OOy CF Oy 43 00 Ey 01 £3 1T

unit
NV data for Va0..,.10 unito 10....206
IV data pummad (NTGT) 21
DIV data for v=G...10 wnlts §0....50
INDT  data wnit 51
MhRM =0
Do 20 V=0.10
MAKT (V1=(

VUNIT (V) =10+
VUNIT V12 =40V
20 CONTINUE
= The matrix ELTV must hava ona =xira level.

B without

For

23t ranging from O to I8, this geans 11 cutpur iiles
each of which will contain population information far

informazion iy contaired on 1l mora oukput $iled.

5o that the
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8]
~1

erinte om ke ocalzulated in

il
21

SURROUTINE FO1SCLIANEOLY
In the eal fion of the rate cosfiic
ne value Irom which all other waluss are
et iis rout prompts for kI

g,
f3l 1r 1 Landna-Teler sasling

arghent  ANF Ut AR all
IT NOUELE

oy

7]

salua umimporfant  Tormalized latar.

RO

i o
FREZISION
A

L E T O T Ry

THDAT INQV WINLY

auli subrouti
r double pr
fET ARIege

EXPL JLI
INPTE

T I IdEVER

the

prompting defagls Tl
CFALTR call = Glg puE Lhe units a-s el
Tare congtan S
5 WRITE{IQUT. ) Tepe oa vl ik .3) CALL BOVICE(ID
reguired. Any other numper D=20100 UNIT
< routine for prempiing :
LT UEND=S1Y INOV 203 THEN

o0 7O 902
@t  IFIICUT.EC.ISUP) THEN
pRERL

GO0 WRITE ITSAY TVHIT
- dummy call to §IU cheskn for valid unit
ad2 S5,0.00 UNITH
T or = ¥ we prompted for kIL but this turned out to
©  ithe litersture usually cites wifl. sc now ws prompt
T immedliately converz to kGl 5o that th i ind, of t
For 2ollic I mffactad. may wish to prompt for H3L.
SEPGEN(2 =t For aollisi @03 WAITE(IQUT, tInput ® for wsl.Jaf -» ws transition
SEESEN{3L For colligion: : WRITE(IQUT. =) H 1.3407>
IF(INCV.NE.2} RETUEN AZADINP. . DD
WRITELIOUT. *1' This progrsn acs Fl000 = GETE
WRITEIOUT. The uper nuct k = SE T 05
WRITE(IOUT to which unitg, wlactr ts. 904 IFUIGUT.EQ. ISUPY THEN
WRITE(IOLT The letter code for inverse units iz id zal o
WRITE IOV that of v Lon- G Tt
WRITE{IOUT.*1" input wvalues and unite oed
1 ' in single gquotesn.
2 and separated oY comvas w7, 6T o
WRITEIIOUT. %) .
AETURN
el

Input ®
<rfaul
] H

¢ wlaf
D=5l

1w
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(4}
o

SUBRCUTINE TMPTUR
IMPLIZIT DOUELE BRECT
IMpLICIT "NTEGER 4T
IMPLICIT CHARACTER*S (35:

SY/EL

!
£

v IFALTTITER I
ALL SFALTSIUNITL.

ISRVE, *) TEMP® UNITI
Lo2lurs

o UHIT0
RETURN

2o

ITE L *1 SR
CALL SIU!8J, CONCA. UNI
WRI oUT *1 ¢ what

T1)

a

raticn of spaciem Bo?

30 TO S0

concentration of -
S.00-1s

axant gag?

c present 1
7 Bined pressure of
RETUEN
IGH {B=K. F.N-U.W-Zi
I S LMLV
CHARACTER*6
TRITWS, E . S1OFPHISUD, BTEMTIEL,, LoioT

COMMON/ IO/ INP U7 ISAVE. ISUP, TLEBUS. INDAT NGV, vorLY. vinT
COUMMON/CCUNT/MARY MANS 10: 101 MAXUN. INPTS. TooLL
COMMON/ENERGY/ELEVIG:10.0: 201 TEME

COMMON/SPCIES/ISPEC $SPEC(E. 11

COMMON/POP/RVIC: 10.0: 200, NDOT, SONC I3 ) LFCOLLI3

of BIMEIM. 20 May 199G

Thif prograx simclater the Kimetics of Eimcleculur reacticne.

Forational

Variables:
The sspunptions made for the allowed v. de=3 v 3 transitions
arz: a changa of 0 or 1 ¥ -1 in the viecraticnal level:
and & change of 0 or 2 or -2 in the rotatisnal levels.

KUPUP. FUFD. FUPL ~~
Thede tw dimensicnal arrays contain the erargy trangfer pate
dtants in the Up  directlion. The conventien
lowsy KUPURfv.d1 =» the transitlon v.0 -» wel.
FUPDiv.J}  =» the transition v.J -» vel,
KURPOUv.J1  =» the tranwition v.J v» vel.J
EDOWHU  EDOWHD,  FOOWNG --
Similarly.these two-dimenpicnal arzays <ontain the erergy
tranofer rate corstants in the "down' diraction.
The conventlon lu au fcllows:
EDOWNU (v, J) => the transitisn v.J -5 val Je2
¥UPDtv.J1  =» the trangition v J - val J-2
FUPGIv.J]  =» the tranoition v.J -» wel.g
The J--xJ-0 trangition .ate coafficients can be determined
by mitrescepic reverpibility taleng with ve->v-1 races;.

The following relatlonships exist through micriscopic reversibility:
FUPUR (v, J} < - KDGWND (v, J|
FUPSIv. Jl = - > KPOWNU v, 31

ONMONNONNAONOORRGLONRA00 000
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YO T PR

o

temparaturs
pepulation

chose values (IREADS
is hat the drawback
ctantially if.
cohstants betwean which we wish
The advantage of this appreach
n the =odes used v subrout

[y

c

[y that rusker tor =1

o REALVS and BEADIM.  For axample i

Iod stant {(quantity types 2! that is resq 1m

z game units-conversion applied and therais e Kha code asuD
=

thar

for axampl

faran

Thic program converts Jaf [ TN
pay to 51 units:
[
[
< 2
. Looroa cat v
2 seagarding J
g ¥
1 divtance, alztanie
30 - distance
3% - inverus distance
4] mass
- magz
=3 CLAITE)
- LEHperatura
ré:

population
[ cganeris  population
digreqarding J

6l

- niJi. for a set

“ based on W.

the

umar
files aras loca
cubreutine READD

w
Tmatts 1 from

Fhimiv. 01
nvie M
Elwsd Ji

FENTET

<
oy
<
[y
[y
<
<
[
[
[ag
4
<
[
-
-
-
[y

o

T eitant

TITIT2TE03 0 010 02

TITIOHrIT)

FETLL)

3]

FIrE L)

colliv

wher

FOONLYLER. O

TALL

Alrar

the user hag

LTIIANCOLL 10

TPEC

T3 with BC:

for ench -
EALAREEY Y
oalutton wanredi

ChLL ?;H\'J“ |ANESLD

311

1led befors COLLET:

PIFFRY [ANFMRK

arg. 1 meand Landau-Teller sealing to

=4
[
= and thuy PIFHNL
e i nat wirhin the
CALL PIFFRN AR
i rats o4 o dep what SFETies
= with 80 & 30 lrgalf or M.

iues arg detarmin

microscopic rare coefficient an th
are found ln the various gubsoutlres PIRFRX branches

ther the kikn ghe

spucilied the method of obtaining
subroutina, and

tha

o

be axamined to sae which v ars

tha Kesniv.Ji

oL reay

snable for the system of intaregt.

For 4 bimelacular remsecion
which exvaed tha collinion

this would imply that these nrxn
frequency pessible, according

ad
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jod tha tamparature and pressure of tha
z the gubroutine DIFFUS called.
< In this subroutine. the co on {requan 15 caloulared
C and any Krxmiv. J) which axceeds it i5 set wqual ta it
C If the umser iy rrcd-‘llnq ® unlnelecular reaction. or an ideal
< Teaction whick lg net limized by the rate of 5 L
= o Lpper 1imit® in the pubroutine DIFFUS should e ppe
NE.21 THEN
RPOP!
SCLVER ITROL HIN RESET TFIRST TMILT IED)
L) THE:
= umn
ITHL
b e 1 1! vou want tabulated cutput. <Teisuit: L
D=50581 ANTAR
S5 THEN
30 TH 605
ELEE
CALL DFALTIIANTAH. 1.
ENDIF

$06 WRITE(ISAVE ) ANTAR
IF (ANTRE.EQ.1) CALL TaBOUT
88 WRITE[IOUT.®) Type 1 Lf you wanr ousput plotted <fef.: ia:
READ/TNP .+ END=30%1 ANPLOT
GO TO 91
205 IF1IOUT.EQ.ISUY) THEM
INp=h

(ANPLOT . ()

910 WRITE(ISAVE.®) ANPLOT
IF (ANPLCT.EQ.1) CALL PLTOUT
RETURN
END

90

TELOUT T
T DAUELE PRECI

021 KPR
250 NTOT. SCHCA

SUBRDUTINE DO3J
IMPLICIT DOUELE PRECISICN !B-f K. N-U.4-21
IMPLICIT INTESER (&, I-J L-M. v}
IMPLICIT CHARACTER*S (3%
COMMON/BEICWS /X, The, K10(2) KPH{500), XTENT(500). LOOPCT ISGLL
COr.‘.'QNfBSDA‘I‘A HUSED{500) . IQUSEDIS001. ISTERISGH!. IUMDAR(SQ01
1vQt 001 ¥175003,Y2(5000, Y3 (5001 .Y4(503)
COM&G'\UPGPI'W[O.;G Q: "01 NTOT. CONCA, CONCRLE. CONCM, JEOLL TS
COMMON/UNDERF / TUNDER
EXTERNAL TRAKUF
CALL ERASET 208, 0. =i, 1 <TRAKUF 267
CALL TBLTGP
OPENI4. FORM="UNFORMATTED
INNER = 0
10 READI1. * END=2C) FHTTMP. CONCA, CONCRC. CONCM. T
1 ICOLL, KICUL). K18t2), TOL. KINIT. HESET TFIRST, TMULT
SCALEC = 1.00
CONCA CONCA*SCALEC
CANCB: CONCBI *SCALEC
CONCM = CONCM*SCALEC
IFIICOLL.EG.1} THEN
K = CONCA/CONCBC
ELSE

IF{M.EQ.1. DR M.EQL2.OR.MLUED.S L ORLM. E2.54 G0TO 30
REWIND M}
20 CONTINVE
LOOPCT = 0
IMNMER = INNER - 2
IUNDER = @
ISTEPtLI = 0
WRITE(G ' 11X.I2 1X. 4tE8.1,1%).11.2% 2(EB.111" )
1 DNNER . CONCA, CONCEC, CONCM,  TMP. ICOLL, K10
WRITE{d, "}HINIT. RESET, TFIRST
CALL BIMSIMITOL HINIT. RESET, TFIRST. TMULT.IER!
CALL OUTRUT {FHTTMP. IER}
GOTO 10
20 CONTINUE
RETURN
END

DOLICIT DOUELE PRE\‘:IS
INJ—‘LIC;‘ INTEGER (A.I
DMPLICIT CHARACTER*G

SUBROUTINE TBLTOR

WRITE( T21A10. 1K) 4 (AT LX) A8 . 1X.A31 ")
5 ‘k_minsk_eq° . 'HT results’ . Conch' . Concao
3 ‘QorgM  Temp’ . "Cellider'. ' IER*

RETURN

foiind

COMMON/ESIOWS /X, TMP, HICII}.EPHISC0]  XTENT(500:, LOJPCT. ICCLL
COMMON/POR NV 10 : 10, 1 NTOT. CONCA, CONJEC CONTM. JCOLL I
WRITE(S. 4] in getche'  QUNCEC

GETCEC = CONCBC

RETURN

FND

DOUSLE PRECISION FUNCTION GETOM!

DMPLICIT DOUBLE PRECISION (B-H.¥ . N-U,W-2)

DPLICIT INTEGER (A, Ly

IMPLICIT CHARACTER®S 135}

COMMOM/BSIOWS /X, TMP. ¥i013) ¥FPHISGOG. KTENT (500 . LOCPCT. IcoLn
COMMON/FOP/MV 102 10, G: 201, NTOT. CONCA, coNCEe CONCH. JCOLL A

GETCM = CONCM

RETURN

END

FUNCSTION IGETCPU)

IMPLICIT [B-H K N-U . W-2)

IMPLICIT M.V

IMPL 1CI’:‘ CHAL 3

201 N"N.‘B’;JO'A‘SI:(. TME. FLGIZNFRHISCO, KTENTISCOY  LOSPCT  TooLL
IGETCP = ICOLL

RETURN

B

DOUBLE PRECISION FUNSTION SETIMR G

IMPLICIT DOUBLE PRECISION (B-H K N-U %W-2|

IMPLICIT IMTEGER (A.I-J.L-M.VI

IMPLICIT CHARACTER®S 1§}

COMMON/BSIQWESN, TP, X112 FPHILLa! KTENT!SG0) . LOOPOT. ICOLL
SETTMR = TMP

RETURN

END

CUUBLE PRECISION FUNCTION GETHLG{ISPEC)

IMPLICIT LOUBLE PRECISION (B-H.K.N-Y,HW-Z}

IMPLICIT INTEGER (A, I-J.L-M,V)

IMPLICIT CHARACTER®S (5

COMMON/BEIQWS/X. TMP, YlOr:! FRHIS00). ETENTISGI]  LOOPST. ICOLL

GETFIG = FlGIISPEC)
RETHEN
END

SUBROUTINE OUTRUTIFHT.ZER|
HEAL*d FHT

CALL GETDAT

CALL TBLOUT(FHT.IZR:

CALL PLTDAT

RETURN

END
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=
<
< ar an ideal
= the rac diffuzion
- b
LE PFECISION
SITEGER 1A, I-0. LM W
1 IMPL CE CTER S
REAL ‘ﬂ A\.’Duﬁ.} AMASE .
T ISAVE ISUP IDEFUGC INDVOMINLY VUNITIN:2E
U\I"‘I“n:(\d' MRS |0 MAKUN .)4—:—'1'5 p=lv i
HON-U W2 CTEME
% CLTZ.RGAS. SCEKPL. CLIGHT PI.I4EVER
mc"‘“k 3 CTOMMON/MASS/BMASS . CMAES  KMASS REGMAS, BRAD. CRAL. ARAD RE
COM.”G‘\-/B‘-?JO‘H‘EIK ™ i ETENT G001, L ISl COMMON/POR/NVIG: 10, G201 NTOT CONCA, CONCBC, CONCM. JOOLL 33
COMMONBSTATA FHUSEDI 5071 g > ISTEPMA0M TUNDA F(S\Jf‘l 35UB=SPASUR{ DIFFUS
2w 506, YLIBOM T‘IS\} 1 ‘|3E5JD\ x-1u‘5C‘C\ IF‘..."G a
coma. «PO? B b G1LNTCT, SONIA CONCBC SONCM STOLLI3: 132 WRITE{IOUT, *) bhou;d tha MICrescoplc rate oonstants
U’SM?'VD(IKF}! ..L‘DP“ 1 EMIN, RMAY) &' have an upper b‘.: aqual to that of the maximum collinien
5 pegal ?
Pl SOEIT H *i #stablish thiz ag an upp i
- HIDV-KMINLFPHILY, LT.ERS) WRITE(6 *1 YES RTETID -':l..:ue 5 21 ppel limit is proporticnal te
ol PH[T]-BMINI/RPHIL) .QE.EPS) WRITE(S )t ATENTIIY & fhﬁ o Slen frequency
w:::'rzrmuopc'r.lco limiz i2.p. unimelsoular rxny)
WAT i (XTENTIIY
St KPRITL.T
;h'b"!u{..} . £03
IQUSED T
WRITE 4} [ISTZRIIY,
WRITE (4| | IUNZAR I
WATTE(SHIYGIT]
WRITE.BHIYIIIN TFALTIIALIIFF 10
h“RIT’E(SI 24T
WRITE(B1IYI: I LEOPCT 04 WRITETISAVE. ")
WRITE(E1:v=iT1 LOOPCT Ir mNZ}'PF‘EQJ‘
RETURN ias
] Fr MWE L. AND.ANLIFF.NE. 20 THEM
WAl "'E(Icu* e uppar limiz specificatien’ ANDIFF
20r 3.
SUBRQUTINE INIIT +
IMPLICIT [DUBLE PRECISION GOTC 102
IMPLICIT INTESER (A I-J L
IMPLICIT CHARACTER*S f" '-\'3:?
ft ‘NON‘BS%WGJH TP FIONL FPHISINY  WTENTSSG!  LOSBIT  ISCLL

The rate of

analogous Lo
the rate of

THES diff:

.arrayg ars muil

re 1A an
in ':o‘lxaun

the spacies involwed

¥_diff with ¢ T AU Lnplt
progzam, Sitce omly ::uu-vo..a. BIocesy
sialation. o k_wioim shorld exc

The formuia

i N_AY
considering the rnurher of
rumbar of collisions

=* 1 I3*RT/plY
ducad-Massi il 0)
iz will ko used co sscimate the upper iimin for
aciilar rats cesfficiant.

fular diamatar ig 2stimaisd as tha sum of atel
= valusg ars passed thrsugh common block MaSs,
and radii are Jound in subrourine RXNSYS.
Afe conhcerned oniy with reactive collisions th«Ba)
BC ecllisions in datarmining k_dise,

GGG

(..uDu.‘AMnSS = 1.300/BCMASS) AVOTAD

AMASS n.-d BOMASS coma in on a per mole’ bagia. nEed them
bagig 5o we divids the mass b_} N_Av. which

:er.t o multlplving the raciprocal by N _Av a6 abova.

(ARADRBCY "' I0DSQAT IR, $D0 "RGAS *TEMD /P11 *RECEM * AVOEAS

T.T00 EDIFF

T
°
]
a
o
¥
ﬁ
I
s

7 cll‘.umr. coel fe.diff) is . D12.4.° gec-1
2
108 WAITE | I0UT, 700 ' What iz the ractio of the uppar ilmit to zha ',
& - collision coefficient? <Dafaul P
READIIND * ENDaS0B) RATIO
070 B0E
308 FC.ISUPY THEN
5
DFALTDIRATIO 1.008:
208 ATIQ'FDIFF
THER
WRITE(S, 701) U g, }.‘VJ’BI"IEV G1ORDIFF
EVIBIM(V, J} <KDIFF
0L FORMATI ¥vibim ', '] excaeds the collisien
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& ceefiiciant 124 = D24 s Value resst.')
ENDIF
100 CONTIMUE
104  RETURKN
no
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