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CONSTRUCTION OF LARGE REACTION MECHANISMS
INTRODUCTION

Researchers are currently studying combustion reactions in an effort to gain new insights into fuel
combustion efficiency and fuel safety. The understanding of combustion systems is often greatly aided
through the use of computational models. However, the complexity of multispecies systems makes the
modeling task formidable. The methodology presented here demonstrates the logical formulation of a
reaction mechanism for a multispecies combustion system,

For the combustion modeler and the chemical modeler in general, the formulation of a complex
mechanism consists of two major steps:

1. Specification of the molecules and molecular fragments to be included in the system.

2. Selection of the chemical reactions to be considered and included in the proposed mechanism.
Subsequent steps to complete the overall modeling process include:

3. Assignment of the rate constants to the selected reactions.
4, Solution of the time dependent coupled differential equations of the model’s full mechanism.
5. Comparison of the output from the model with experimental data.

6. Performance of sensitivity analysis on the parametric input to the model.

The six steps are usually performed in the order listed, but not necessarily. This report is con-
cerned mostly with Step 2, the selection of the chemical reactions in the mechanism. We will assume
that the species involved have been previously specified (Step 1) and we will use a sample species set
for illustrative purposes.

Frequently chemical kinetic mechanisms are the product of a researcher’s expertise and feelings.
However, it can be very difficult for the modeler to consider each of the possible reactions when con-

t +3 + t fr at nf ti r alt t tn
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extremely large reaction scheme. Typically combustion systems can have more than 30 species. If the
modeler does not or cannot consider all possible reactions involving the given species, then it is possi-
ble that potentially important reactions will not be considered.

Usually there is some agreement among modelers as to the rate constants to assign to various
reactions (Step 3). Many models are attacked because of rate constants that are possibly incorrect by

3 1 o1 lizacg
one or two orders of magnitude (typical units of cm* molecule™' s™'). However, one quickly realizes

that omitting a potentially important reaction underestimates that rate constant by 13 or 14 orders of
magnitude. (Omission sets a rate constant of zero versus a typical bimolecular rate constant value of
1013 to 10 cm?® molecule™ s™1.) It is for this reason that it is quite important to consider (not neces-
sarily include, but consider) all possible reactions. Even the most expert kineticist can easily err when
it comes to mechanisms of 50 or more species. It should be mentioned parenthetically here that the

difficulty in the eventual solution of the coupled differential equations (Step 4) is in the number of
species, not the number of reactions, because the number of counled differential equations is dictated

PPYwiwi by Li%e wilw REWALAIU WL A Wi il riing Uwwit el Liiw LAWILIUWE WL WA MR AW WAL WA WRR L b LT 1T AWl hia LW

by the number of species. A model of 900 reactions of 55 species is tractable.

Manuscript submitted May 22, 1981.
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If a systematic procedure, or algorithm, which allows for the consideration of all possible reactions
can be followed when constructing a reaction set, some of the uncertainty associated with the proposed

mechanism can be eliminated. The organization of the mechanism is also enhanced, and the time
required to construct the complete reaction set is decreased. Therefore, in an effort to reduce the arbi-
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trariness inherent in Step 2, we present in this report a convenient algorithm by which modelers can
quickly and automatically construct a complete reaction set. We assume for this analysis that all the
relevant species which play a significant role in the mechanism have been specified.

SAMPLE SYSTEM AND NOTATION

In order to understand the use of the proposed algorithm, it will be discussed here in the context
of an example system. Specifically, we formulated and used our algorithm as part of our effort model
understanding the low-temperature n-butane oxidation phenomenon. Some of the criteria explained in
the following section are specific to the n-butane oxidation system; however, most considerations are

generaliy valid.

The set of reactive species used as a sample in this report is listed in Table 1. The column titled
"Species" gives each species an eight character name (four computer words on our 16-bit machine).
The name is for the convenience of the users;, no exclusion criterion is based on the name of the
species. Columns 2 through 4, NC, NH, and NO designate the number of carbons, hydrogens, and
oxygens in the original molecule. Remember that the system of interest here is a C, H, O system. The
algorithm can be easily modified to include other atomic species. Coiumn 5 entitied NZ gives a number
to each species. This number is mostly for internal accounting in the program. It is shown in the next
section how selective numbering can aid in generating an additional criterion. Columns 6 and 7 are the
AH(298) in kcal/mole and S(298) cal/(deg-mole), respectively, of the input molecules. These

numbers can be found in the literature [1] or estimated using conventional means [2].

It will be helpful to understand the fo]lowing discussion of the algorithm and the program itself,
to introduce some notation. The set of stable molecules and molecular fragments {(radicals) shall be
called R. There are N species in R including a special species M which is explained later in this report.
Let R(I), R(J), R(K), and R(L) represent the I, J, K, and L species within the set of the N chosen
species. Indices I, J, K and L range independently over the entire set of N species. There is nothing to
prohibit these indices from being equal. Throughout the text, and the program, I and J will index reac-

tants and K and L will index products. Thus, all possibilities of two reactants forming two products are:

R() + R(J) — R(K) + R(L). (1)

We can represent Eq. (1) using matrix notation. The reactants portion of Eq. (1) are represented
by the N X N matrix whose entries consist of all possible combinations of R(I) and R(J). Since there
are N possible R(I) and independently N possible R(J), there are N2 possible species combinations of
RO + RQ).

of on ly A, B and C. We can represent all

e entries in the foliowmg symmetrtc

As a simple exam 1sider the species set consisting
possible combinations of reactants involving these species by t

matrix;
[AA AR AQ)

BA BB BCJ.
CA CB CC

Similarly, this matrix also represents all possible combinations of products of bimolecular reactions
involving these species. The special species M is inciuded in the reaction set so that addition and uni-
molecular decomposition reactions are also available.
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Thus, all possible reactions in the form of Eq. (1) can be represented as a mapping from one
entry of the reactant matrix onto any one entry of the product matrix. For the species set A, B, C, the
following are equivalent for the set R:

(AA AB ACQ) (AA AB AC)

BA BB BC] — lBA BB BC|.

CA CB CC CA CB CC
Thara ara \Tz Antriac 1a ann‘\ mnfriv and thna Nz b4 Nl ] N4 tntal rnonhnn nncoihilitiac Fvuan f'nr '
11IGIG AlG 1Y V1IUIVO 1kl wvavll 111dllla aliv tiivug iy LN WULAL IVAWVEIULL PUOSSLVEREILEWD . —ven 10

a relatively small set of species, the total number of possible reactions is formidable. There is an obvi-
ous need, therefore, to formulate criteria to eliminate many of the possible reactions quickly and

automatically.

CRITERIA IN MECHANISM GENERATION

Appendix A lists program RXNGN, a FORTRAN program for generation of a reaction mechan-
ism. The many criteria appearing in the program RXNGN will be discussed in this section but not
necessarily in the order that they appear in the program. Generally, the criteria in the program appear

A P (‘ f"l'ﬁfl(“ﬂ vn‘]]n| T"\ﬂ SMMATIAar O l‘ﬂﬂf‘“ r ‘ nr|fnr M A I\ -3 o o WaS ¢7-1 A fhﬂ lnan
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criteria must be applied to that reaction. The development of criteria in the text will be ordered more
along the lines of a chemical deductive process.

One of the most important criteria for the reactions to satisfy is mass balance. The input informa-
tion on the number of carbons, hydrogens, and oxygens (columns 2, 3, and 4 of Table 1) is used for

the mass balance computation (lines 83 to 89 of the program). As a progranming note, we parentheti-

cally point out that carbon balance is checked first, then hydrogen balance, and then oxyvgen balance. If
vau_y lJULl.lt VUt 114Gt vl VUL VBlGlivw 10 VIIWWYNWLE 131300y VILWELD 11 ) Wil VERWIL RIMIAWW e WEANE LEAWAL e Dwais Ssrianisaat ~a

the carbon balance fails, there is no need to check the hydrogen or oxygen balance “(see program)

The number of possible reactions that may be eliminated by the mass balance criterion is entirely
dependent on the specific species list, and, therefore, cannot be denoted generally in terms of the
number of original species, N. The following discussion indicates the number of reactions that are
eliminated by the imposition of each criterion, but the number indicated does not exclude those already
eliminated by the mass balance criterion. Note that the number of reactions that may be eliminated on

waliataaiCiWNs Taal RAAND WilkalRaaWW WiV WwLaW Il FAAES Siib 225222 V%2 AL LRRRRARSR20 RALGL 228

the basis of any one criterion is highly dependent on the order in which the criteria are imposed.
The next criterion to consider is that of simple permutation. Since it does not matter, for exam-
ple, if A reacts with B, or B with A, all of the following denote the same reaction chemically:
A+B—C+D
A+B—D+C
B+A—C+D
B+A—D+C.

This repetition needs to be eliminated systematically. To illustrate the systematic elimination, we use
the simple matrix. Label the upper and lower triangular region of each symmetric matrix x;, X;, X3, X4
such that:

AA AB AC AA AB AC
BA BB BC| -— |BA BB BC
CA CB CC CA CB CC
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AA AA
X, X4
BB ——— BB
X ' X3
CC CC
Since the product and reactant m -.atrices are symmetric about the main diagonal, x; and x; of the reac-
tant matrix and x; and x, of the product matrix contain equivalent entries. To eliminate the repetition,

we eliminate all the entnes of 1ther X Or x; and x3 or x4. If we arbitrarily choose to eliminate x; and
X4, We now have:

(AA AA
BB |—» BB

CC CC

»4
w

By eliminating the entries of x, and x4, we eliminate (N— 1)+ (N-2)+ (N—-3)+ ...+ 1=

BT AT

INAIN— 1 N ' . vy vpegs . .
—-\—7—} entries from each matrix. The number of reaction possibilitiecs we have eliminated by
imposing this criterion is:

The number of entries eliminated [t otal number of entries

X
from the reactant matrix.

n the product matrix.

[The number of entries remammg] The number of entries ehmmated]
lm the reactant matrix. ] from the product matrix. l’

which in terms of N is:

NN 2 2 N(N—'
SALU StV L - N“+ N° —
2 2

- N(N— 1) BN+ 1)

P‘\

reaction possibilities eliminated. The number of entries remaining in each matrix is N?—
N(N — 1)/2= N(N + 1)/2. Since there are (N)(N + 1)/2 entries remaining in each matrix, and since
with the remaining entries all mappings are possible, there are

NON+1D NON+1D _ [N+ D]
2 2 | 2 |

possible reactions remaining to be considered.

Simple permutations are eliminated by the code on line 91 in the program in Appendix A.

Nonreactions or "identity" reactions (ie., A+ B— A + Bor A + A— A + A, etc.) must be
iminated. Thus, our criterion isthatif Il = KandJ =L,orI=LandJ=L,orl =K andJ = K,
or] = L and J = K, then the reaction is eliminated from consideration. These reaction types are exact
mappings from an entry in the reactant matrix onto the same entry in the product matrix. Since there
are the same number of these identity reactions as there are remaining entries in each matrix, by elim-
inating these identity reactions from consideration, we eliminate N(N + 1)/2 possible reactions. The
number of remaining possible reactions is then

[N + 1)}2_ NN+ 1) _ (N= DODN + (N +2)
2 2 4 '

GD
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The next applicable criterion is no reactions with certain species or, if on the basis of experimental
evidence it can be determined that certain species appear in negligible relative concentrations or are
unreactive, then one may want to consider those species as products only, or eliminate them from con-
sideration. If a certain species is to be considered as a product only, it is necessary to eliminate all pos-
sible reactions involving that species as a reactant going to all possible products. For any given species
there are exactly N remaining entries in the matrix which contain that species. For example, if we are

interested in species 4, we find that for the case where N=3, there are exactly 3 entries which contain
at least one 4.

BA BB
CA CB CC

AA I

The number of possible product entries to which a given reactant entry can go is the number of
entries on the product side minus one. We subtract one from the number of entries on the product
side to avoid double counting those reactions which we eliminated previously by imposing the identity
reaction criterion. For example, if we wish to eliminate all reactions involving species A4 as a reactant,
then we do not want to count the following reactions as being eliminated by this criterion:

A+ A— A+ A
B+A—B+ A
C+A—C+ A,
Thus, removing a given species from consideration as a reactant eliminates:

Number of entries
" on product side

N NN+
2
2 -
=N - _I_\I__%__Z possible reactions.

If for some reason, after the species set has been chosen, we wish to to eliminate all possible reac-

tions involving a given species as both products and reactants, then we eliminate the possible reactions
involving:

A reactant pair having at going All products minus
least one of the pairsas | =~ exact mappings
species to be eliminated. to

Product pairs which have
going [at least one of the pairs

[The remaining
L . .
to being the species to be

reactant pairs.

eliminated
Or in terms of N we eliminate:
(N+ 1)N N(N + 1
N - 5 (+ NN+ 3 ) _ 1-N= (N?—1) ‘N possible reactions.

(For an example of this criterion see lines 112 and 113 in Appendix A.)

Because radicals usually are more reactive than stable species, reactions involving two radicals, or
one radical and one stable species as reactants, are much more likely to occur at low temperatures than
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reaciions involving two stable species. A fifth possible criterion is to eliminate all possible reactions
involving two stable species as reactants. This criterion is applicable o our low femperature oxidation
of n-butane, but is not applicable in many other cases. Letting NSP represent the number of stable
species in the species set, we find that the number of stable reactant pairs in the reactants matrix is NSP
(NSP+1)/2. We now wish to eliminate all reactant pairs consisting of twe siable species which go to
all possible preducts minus exact mappings. In our simple example, let us assume A is the oniy stable
species.

AA AA
BA BB — 1BA BB
CA CB CC CA CB CC

We wish to eliminate the following possible reactions:
A+ A—B+A
A+A—B+B
A+A—C+A
A+A—C+8B
A+A—-C+C

{Note: A + A — A + A was eliminated under the exact mapping criterion.) Here (with N = 3 and
NSP = 1) we climinate five possible reactions. In general with NSP stable species and N total species,
we c¢liminate

NSP(NSP + 1) NMN+1) _

2 2 !

"possible reactions”

This criterion is applied in the program in Appendix A by line 104. The species in the input fﬁg
were carefuily grouped {column NZ) so that all stable species were numbered after all the radicals, and
the special species M. In Table 1 there are 29 stable species.

it is useful to limit the reactions also on an enthalpy and free energy basis. With the input
enthalpy (A H,(298), column 6 of Table 1) and entropy 5(298), column 7 of Table 1} it is easy to cal-
culate A Hz and AGp (lines 131 to 133 of program RXNGN in Appendix A):
AHg = AH, — AH,
ASg = AS, — AS,
AGR = AHR - TASR.,

where T represents temperature, and the subscripts R, p, 1 represent reaction, products, and reactants.

One can then set limits for acceptable AGy and AHp. Ideally, of course, AGy should be less than
of equal to zero. However, since measurements of AHH{298) and S(298) are not petfect, and since
some estimated values for those quantities were used, it is advisable to set the cutoff for AGy above
the theoretical limiting value of 0.0.

In large complex chemical systems, such as combustion, endothermic reactions occur. In our
example program we used a cutoff value for AHz of 35 keal/mole {line 134 of program RXNGN in
Appendix A).

The next two criteria we used involve a knowledge of the structure of each molecute. In a car-
bon, hydrogen, oxygen system there are five major types of bonds: 1} carbon-hydrogen {the number of
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carbon-hydrogen bonds is designated NCH); 2) carbon-carbon (NCC); 3) carbon-oxygen (NCO}; 4)
oxygen-oxygen (NOQO); and 5) oxygen-hydrogen (NOH). Oxygen-oxygen bonds are important in low-
temperature n-butane oxidation because of the prevalence of peroxides; this bond type might be unim-
portant in other systems. Logically, three atomic species should give rise to six bond types. The sixth
type here is hydrogen-hydrogen, and since that occurs in only one moilecule in our system hydrogen
(H,), NHH is not included. A double bond would count as two bonds. For example, NCC of ecthene
is 2. Table 2 lists the numbers of each of these five-bond types for our input data set. The first
column (NZ) corresponds to the NZ column of Table 1. (Note that Table 2 concatenated to Table 1 is
essentially the input file to program RXNGN.) ‘

Using the number of each type of bond as input data, there are two apparent restrictions to
o TMace T ld dloo waod Lo 1 Lo e et gl s A e tdoy

impose. First, limit the total bond change between products and reactants; and second, put limits on
the change in each type of bond between products and reactants. '

It must be kept in mind that the purpose is to generate a set of elementary (one-step) reactions.
If the products have, for example, four carbon-carbon bonds and the reactants have nine, it is difficuit
to see how one elementary chemical step can break five carbon-carbon bonds. The number of each
type of bond broken is subtracted from the number of each type of bond formed (lines 138 to 142 of
program RXNGN in Appendix A). Specific limits are then imposed for the change in total number of
bonds (lines 148 and 152 to 154) and the change in number of each type of bond (lines 157 to 161)

(Appendix A).

A special species M, without any mass, (i.e., the number of carbons, hydrogens, and oxygens in it
are all zero) is used to allow for unimolecular decompositions, addition reactions, and single counting
of isomerization reactions.

Unimolecular decomposition: A + M — B + C.
Addition Reaction: A+ B— C + M.

Isomerization: (if A and B are isomers then all of the following satisfy mass balance):
A+M—B+M
A+B—B+B
A+ C—B+C, etc

We eliminate all isomerizations except for the first reaction listed. So that the program is more general,
M does not have to be a specific species number (NZ), thus when numbering the species, no special
number is reserved for M. The program finds what the species number of M is (lines 117 to 122).
The species number of M is not used for the unimolecular decompositions or additions. The redun-
dancy of isomerizations is eliminated by the code on lines 124 and 125 of Appendix A.

CRITERIA APPLIED TO n-BUTANE OXIDATION

We now want to examine the results of applying our general criteria developed in the first section
of this report to the species set which we considered in modeling the low-temperature oxidation of n-
butane. Our species set consisted of 56 species (27 radicals, 28 stable species, and the special species
M, see Table 1). As we noted earlier for the reaction R(I) + R(J} — R(K) + R(L) with the only res-
triction being that I, J, K, and L be members of our species list consisting of N species, there originaliy
existed N* or in this case (56)* = 0,8348,496 possible reactions to be considered. '

With 56 species both the reactants matrix and the products matrix were originally 56 X 56 square
symmetric matrices composed of 3136 entries each. By imposing the permutation criterion, (which
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essentially eliminates all eniries above or below the main diagonal from each matrix) we eliminated
N{N — 1}/2 = 56{55)/2 = 1540 entries from both the products and reactants matrix. The number of
reaction possibilities which we eliminated was:

2 N —

e D i3N+1§=(56>2-—5§f3(56>+ 1} =7.287,280.

By imposing the identity reaction criterion, we eliminated N{N + 1}/2 possible reactions or, in
thig case, 56(57)/2 = 1596 reactions. Thus by imposing the first two criteria, we eliminated 7,290,416
possible reactions.

For pur particular system we selected three stable species to act as products only. As shown ear-
lier, removing a given species from consideration as a reactant resulls in the elimination of
N{N? + N — 2)/2 possible reactions or in this case:

(three species) {56)56% + 56 — 2)/2 = 267,960

possible reactions were eliminated.

We imposed the criterion to eliminate all possible reactions involving two stabie species as reac-
tants. Since in our particular species set there were 28 stable species, by applying this criterion we elim-
NSP P+ N{N + 2 56(57 . .

(N;; + . (N2 D _ 1= 8(229} . 6{2 ) _ 1= 647 975 possible reactions.
Before taking the mass balance criterion into consideration and as a result of imposing these four cri-
teria, our reaction set consisted of 1,628,145 possible reactions. In our example the mass balance cri-
terion was, next to the permutation criterion, the most restrictive. Ewvery species in our system was
composed of some number and combination of H atoms, C atoms, and O atoms. The mass balance cri-
terion was then, if one of the following was not irue, the reaction was eliminated:

CK)+CLYy-CH—C{h=10
H(K) + H{L)y - HO) - HD =9

r

FRSESY L ST Y FaE o ra¥i sl N
VA «— LNL) — W) — Wiy = 44,

inated:

Using only three criteria, mass balance and elimination of permutation and redundancy reduced
the set from {56)* = 9,834,496 to a much more manageable 13,092

Imposition of the thermodynamic criteria {limiting value for AHy and AGg) reduced the reaction
set by 3282 reactions. The bond breaking and forming criteria reduced the set by 2687 reactions. By
allowing isomerizations to occur only with the special species M, the mechanism shortened by another
1080 reactions. The specific case criterion of no bimolecular reactions of stable species eliminated 539
reactions, The additional specific checks (see listing of program in Appendix A} eliminated 2235 reac-
tions and brought the set down 3249 reactions. Remember, the amount each ¢riterion reduces the toial
is dependent on the order in which the criteria are applied.

Thirty-two hundred reactions are still quite a lot, but few enough so that visual inspection is a
realistic task. We examined the mechanism with the aid of the search programs which are described in
the next section. Many of the remaining reactions were not one-step reactions. In fact, many reactions
appeared to be two-step reactions and both of the individual steps were already in the mechanism.
Below are three such examples where part {a) is an obvious two-step mechanism and parts {b) and {(c)
are the two individual reaction steps which were already part of the mechanism.
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1) a. CH;CO + 0, — CH;0,+ CO
b. CH,CO + M — CH; + CO

C. 02 + CH3 — CH302 + M

Lt

2) a. CH3CO + n—C3H-,- — C4H10 + CO
b. CH;CO + M — CH, + CO
C. CH3 + n_C3H7 - C4H10 + M

3) a. CH3OO + i—C3H7 _ i_C3H702 -+ CH3
b. CH;00 + M — CH, + O,
C. 02 + i_CI3H7 - i_C3H702 + M

The output of program RXNGN is not reproduced here because it is excessively long, however,
the outputs of the two search programs described in the next section are formatted the same. (See
Tables 3 and 4.) For each reaction, the reactants and products with their respective species numbers;
the AHp; the AGg; the number of reactions tried; the number of reactions found; the net change of
CH, CC, CO, 00, and OH bonds; and the total net bond change, are tabulated. The species numbers
are for convenience and give the subsequent search programs something to key on. The number tried
is the number of reactions that pass the mass balance, redundancy and permutation criteria. The
number found represents those reactions that have passed all the imposed criteria. The bond change
numbers represent the sum of that type of bond in the products minus the sum of that type of bond in
the reactants. {(Note that these numbers can be negative.) The column entitled NET is the sum of the
absolute values of each of the preceding five columns.
rom the original {56)*= 9,834,496 possible reactions, we were able 1o construct a reasonabie
reaction set by formulating a logically ordered set of general and specific rational criteria, and imposing
these criteria upon all of the possible reactions. We are thus able, to a great extent, to remove the pro-
cess of reaction set formulation out of the intuitive domain. Imposing the formulated rational criteria
allowed us to systematically arrive at a reaction set consisting of about 850 reactions, after originally
considering over nine million possible reactions.

ol
r

SEARCH CAPABILITIES

in the examination

. ) o
XNGN (Appendix A).

Three programs were developed to assist

grams look at the file created by the program

f the mechanism, These thres

d
P

=

The capability to search through the data file is very powerful. For example, program SELET
(reproduced in Appendix B) searches the reaction file for all reactions in which a particular input
species is found as a reactant, or as a product; or as either a reactant or a product. In this way, one can
quickly see the formation and destruction pathways a particular species takes through the overall
mechanism. If the user is, for example, interested specifically in methanol, the reaction set may be
searched for the reaction in which methanol appears. Alternatively, one could search for those reac-
tions that create hydroxy radicals. It is, of course, possible that from examination of this edited output
from the search program, the chemist might feel that a reaction that is felt to be important intuitively is
missing. This means that either (1) a key species has been omitted from the original data file input to
RXNGN; or (2) one of the criteria used in RXNGN is too stringent and excludes important reactions.
Chemical knowledge and intuition are still important in the use of these algorithms.
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Table 3 shows some sample output of program SELET. All the reactions in which methanol
{spacies number 28) occurred as a reactant, were found.

Program SLRXT {reproduced in Appendix C) permils the user to search for reactions of classes
of reactants. For example, one could examine all the reactions that occur with alkyl radicals by input-
ting the species numbers of all the alkyl radicals. The program also allows complementary reactaats;
that is, one could examine all the reactions that occur between aikyl radicals and aicohols by specifying
all the alkyl radicals and then specifying all the species numbers of all the alcchols as complementary
reactants. Table 4 shows this situation as a sample output of SLXRT.

The last utility program is entitled RLIST {reproduced in Appendix D). This simple program
allows the listing of the reaction file in a shortened version so that there is room {in the right hand
margin) to annotate the file. The other two programs (SELET and SLRXT) reproduce the input file
exactly as it is, merely selecting out certain reactions. Program RLIST is merely a convenience and is
included as Appendix I for compleieness.

CONCLUSION
We have formulated an algorithm to systematically produce iraciable reaction mechanisms for
computational modeling of complex chemical kinetic systems. The additional searching algorithms pro-

vide & very powerful observational and educational tool as they permit the user to study thoroughly the
entire reaction mechanism.
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1.  D.R. Stull and H. Prophet, editors, JANAF Thermochemical Tables, 2nd ed., NSRDS, NES-37,
U.5. Gowt. Printing Office (1971).

2. Sidney W, Benson, Thermochemical Kinetics, 2nd edition, }. Wiley and Souns, WN.Y., 1976.
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NCC
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NH
NHH
NO

NOO
NOH
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R
R{index)
S(298)

T
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AG,
AH(298)
AHj,
Subscript p
Subscript r
Subscript R
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LIST OF SYMBOLS

Designation for arbitrary species
Indices of reactant species

Indices of product species

Special species

Number of species in set R
Number of carbon atoms

Number of carbon-carbon bonds
Number of carbon-hydrogen bonds
Number of carbon-oxygen bonds
Number of hydrogen atoms

Number of hydrogen-hydrogen bonds
Number of oxygen atoms

Number of oxygen-oxygen bonds
Number of oxygen-hydrogen bonds
Number of stable species

Species number of a specific species
The set of all input species

Entropy at 298K

Temperature

Areas of particular matrix
under discussion

Free energy change of reaction

Heat of formation at 298K

Enthalpy change of reaction

Products

Reactants

Reaction
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Units

cal/ (deg-mole)
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Table 1 — Species and Parameters
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Table 2 — Numbers of Bond Types
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Table 3

REACTIDHS IHVYOLYING SPECIES HUMBER 208 A§ A REACTANT

e

Ha»
THa
o2«
CHIOH
CHIDY
CHIOH
CHIOH
CHIOH
CHioH

ol T W R 11
MR JuT

CH3OH
CHIOH
CHIOH
CHIOH
CH3IO0H
CHIGH
CH3oH
CHAOH
CH3OH
CH3OH
CHIOH
CHIOH

CHIOH
CHIOH
En3ny
CHINH
CHIONH
T2HE»
C3Hv+-H
CAUTw~-]
C4NI~H4
CHRIOH

A Oh R SO A O w2y DDA

REACTANTS PRODUCTS DELH
€243 + CHIDH  €24) - OHs+ ¢ 271 % CR3O® € 5) 1.3
¢ 1) 4+ GHIOK  €24) ~) CHIO# & 51 + K2 (55) .3
¢ 2) + CHIOK  €28) =) H20 (45) + CHIO® € 5) -13.§
¢ 33 +# LH3DW  (28) =) CR3O+ ¢ 5) + H202 (411 14,0
€20) + €H3O02« C g3 => CHIG»  C 5) +# CH3OOH (43) {3.4
(285 + C2RS»  t ?) =) CHIO® ¢ 5) + C2HE (397 4.9
<283 + CHICA® « 8> -) ORx ¢ 21 + CH3ICOCHICT4) (1.2
(28) + CHICO2 { B) -> CHEAw ¢ 5) » LHICHOD <310 (7.3
€29y + C2ZHSOMx (40} -» CH3I0»  ( 5) » D2HBDOH (1) 161
$29) + CAHS0Ge (193 -» CHILH20s¢ 93 + THIDOW (43) 17 .39
€203 + £INTs-N (113 -> L[H3IG4 ¢ 3) + cang (541 5.4
(28> + CAWS-Kw (14) -> TH3IN#+  C §) + CAHLONET(I7) 4.6
(287 + CA¥9-Fe CI5) -> CH3ILA ¢ 5) + CAH1ONBT(3?) 7.7
£24) + CAH90» (163 ~> CH3IO® 51 » CHHIGH <393 - ¢
(28> + Lo (173 =) Ofx ¢ 21 + CHICHD C31) 8.9
(28 + HCow €173 -2 CHIOH  ( 33 + HEHO (42)  15.5
(29) + CHw €26) -3 CH4 $507 + CH3O* ( §) - 5
(28) + CAN9OO* (20) -3 CHIO0A € S1 + C4HIGOH C47)  16.1%
¢28) + CHICOD0#{21) -3 CH3Os 51 + CHICODOH(4S)  -.3
€283 + CBUPO00« (22) ~3 CHIO» ¢ 51 + CIH?7Q0H (323 (6.1
(28) + CINPO00* (22) -> CHIOAR (€433 + C3IH7Or (351 (5.4
C28) + NCHDOWK (237 -3 CHAOe € §) + MCHOOWR (53) 6.1
€28Y ¢ WCHOOWH (23) - CIHPA-T#C13) + CHIOOM (43) 17,3
SELECTION PROCESS FINISHED. & TOYAL OF 21 SELECTED.
Table 4
REACTIONS INYOLYING SPECIES A8 REACTANTSE-) 7 11 12 14 15 26
CORPLENEHTARY REACTANTS -3 24 39
REACTANTS PRODUCTS DELH
C28) + C2HSe ¢ 23 =) CH3ID® ( 5) + C2HE t30) 4.
€2d) + CIH7#-H €113 =) CH3IOs ¢ 5) + C3INE ¢54) 9.
£88) + D4H9-Re (142 => CAZO® € 5) » CAHIONBT(I?) 4.
€991 + LAWI-%* (153 ~> CHIGa ¢ 5) » CANIONRTCI7) 7.
(24> » CHIw €26) -> CH4 €403 » CH3OB® ¢ 5) -,
¢ ¥) v CAHYOH (F9) -> C2HE CI61 + L4Higs (161 4,
CHi) + CANS0H  C39) ~> CAHIE* (16) » CIHE (54) %,
(127 + GAHIGR (39) ~> CAHB0» (16) » CANP (54) 9.
$14) + CAHOOH €39) «~» CAHLIORBTCI7) + C4H9ds (16D i.
(33) + CHIs (26) ~> CH4 (50) + CAH9O% (1§)  ~.
PRECESS FINISHED. A TOTAL GF (g SELECTED.
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Appendix A
PROGRAM RXNGN

FTH. 9:39 A THU., 16 JULY. 1981

FTH4. L

> ErExNzExETEERE]

[y 3 ]

Lor o1

[ B W ]

Iz Nyl

160
101
1¢2
103
104
103
1086
1607

108

109
110
111
112
113
114

PROGRAY RXHGH(I.99), REV. 800709 DOREH IHDRIT2
YERSIOHN 800709 FOR HEWLETT PACKARD HINHICGHPUTER -;
IDEA BUILT UPOH UALT SHAUP'S REACTION GEHERATOR.

FROGRAH GENERATES ALL POSSIALE REACTIONG., CGIVEHM IHFUT SPECIES
¢up 10 10¢), SHUBJELT T0 YARIDUS COKSTRAINTS LISYED
THROUGHOUT THE COMMEWTS IH THE PROGRAH.

CURREHTLY DIMENSIOMED FOR UP T0 1¢6 INPUY SPECIES.
DIHENSIOH NAWEC4, 100),EHTLCL100), HZC( 100D, ERTRC1GO)
DINENSION NCHC10G),NCCC10Q),HCA(100 I, HOOC100)  ROHC10Q)
INTEGER CC100).,HC100),00100),PC(3)

BATA T1.,Jd.TEHP/0,0,298.0/

FORHATS

FORMATC’ EHTER LU OF DATRA CASSETTE: ’)

FORNAT(IX,619)

FORMAT(® IER = °,18)

FORHAT(IZ2)

FORHMATC1X.4A2, 43, 11, IR 52,48, 11,48, 12,2%,F10.3,28,F1L0.3)
FORMATC2R,4A2, 43, 11,38, 12,48, 11,48,12,24,F10.1,2¥%,F10.1)
FORMAT(’1 HEACTIOH CGENERATOR W-BUTNHE COGL FLAWE'/Z7//)
FORHATCIR . 4A2, ¢, 12,73, 30 + L4R2,°C*, I12.737 ,48 -2
+ A2, ¢, I12,7 0,30 1 ,4R2,7C7 12,7 ) L20,F10 1.2,
+ F1O 2,18, 15, 16,615

FORMAT(*1’,.9%, "REACTANTS . 22%,'PRODUCTS, 188, "DELH' ., 8K, 'DELG*,
] IX,CRTRD’, 2K, *8FHD’ . 2K, 'HCHD , tX, "HCCD’, 18, "HCOD ', 1K,
& *HOOD?, 1%, “HONWD*, 2%, "HET? )

FORMATCY LEK = *,.I10)

FORHATC/Z/7/27 TOTAL REACTIONS EXAHINED = ’,I10)

FORMATC(EI3)

FORHATCIHL.,7X, ‘N2 86X, HCH’ 6%, RCC’, 68, “HECO’ .64, HOQ’ 6K, HOH' )
FORMATCY ENTER LU OF QUYRHTY DEVICE’)

FORWATC(’ RRHGH HAS FIHNISHED ' .I8," REARCTIOHS EXAMINED.’ 'HUMBER FaUHD
& = ',161} ‘

GET LOGICAL UHIT HUHMBER (LU) OF DIALOGUE PEVICE,.
CALL RHMPARCIP)

[1] nr rugiT el TR o ol o 1

¥ 2D
I LU Ur inrul] WRViLE S LUR

B R
TG READ THE IHPRT FILE OFF A C
WITHQUT TQO MUGCH DIFFICULTY.)

URITECIPCLY,100)

RERDCIPCL), %) [IH

GBTAIN LU 4OF LIST DEVICE

URITECIFCI ), 113)

READCIPCL).») LP

HOTE THAT OQUTPUT BEVICE CANH BE TQO R MAG TAPE (LU = 8 OR 18
ON THIS SYSTEHM). IF S0, A CONTROL WORD IHTERNAL TO THE
PROGRAH, IS NEEDED.

ICHYL = 1900B + L¥

WRITE CUT TITLE

WRITECLP.106)
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PRGE 0462 RXBGN 9:38 am  THU.. 16 duLY, 1981

0036 € REGD IH DATA FRAY CAGSETTE

0637 € SEf SAHPLE DATA FILE FUR FORNMAT.

44358 BERO(IH.#) N

458 BO 1§ I=i.,¥

GoER READCIN,104) (HAHECIZ,I3,12=1,4), 0001, HC I, QUYL HZCI3, ERTLCT ),
Go0ei + ENTRLL?

G462 BRITE(LP, 1O HANECE2,03,12=1,4),CC 1, H{XI, 00 1), 20D, ENTLEE D,
963 + EHTIRCIL)

2054 EHTRCIY = ERTR(I3/10400.¢

00&3 13 COHTIHUE

G668 L RE4AD IH HUWBER oF THE DIFFEREHT TYPES OF BOMWDS FROH DaTh FILE.
G687 €

0668 BRITELLP, 112D

4469 BG 244 1 = {. H

20790 BEADCIH. 4113 HOL HCHURE ) HECCHE ), HCOCHC ), HOGCHC I, HOHCNE)
U971 290 (OBTIHUE

Qa2 WRITECLP, 1413 CI1,HOHCT Y, HECCI I, HCOCTI, L HOACI-HORCT ), I=1, K]
0473 C

474 €

4475 BRIVECLF,i08)

4476 ¢

02?2 L LOOP THRGUGH ALL POSCIBLE COHSJIHATIOGNS OF THE INPUT SPECIES.
o378 €

6079 88 34 I=1.R

G484 B8 49 d=1.¥

4081 g2 30 K=1.H

4482 B0 29 L=l. &

083 € CHECK FOR HASS BALANCE

9944 Ti=0CUKI+LOLII-CCCd340(1 D)

3135 iFEaB8CTL Y. a7.0.¢1) &2 T4 290

LR R T2=(HOKIFHAL II-CHOI IFHOET)

$64E7 IF{ag6{12.87.9. 013 D TQ 290

4G88 T3=(0CKI+QCLII-CQCIIFDCI]]

40883 IF{ABSC(T3I) CT.0.01) G0 TO 2¢

4¢84 L CHECK IF REACTYIGH HAS BEEW BORE BEFARE

9091 IFCE . GT.L.GR. I.6T.43 &0 10 290

00%2 ¢ CHECH F6R SIHPLE PERRUTATIOHS OF REACTART/PRODUCT PAlRE
4093 iF(L EG K. AMD.J . E8.L 2 GO 7O 20

0094 IF(EI . EG.L . #WD.J ES.L 5 GD TG 2¢

435 IF(D ER X . AHD. 4  EG.K ) GO YO 29

V836 IF(I . EQ . L.aKD.J ER.K > GO 70 2¢

9497 II=1141

0098 ¢ DOH*T ALLOW REARCTIONS OF STHBLE SPECIES.

9099 € THIS 15 aH EXARPLE OF f REASOHABLE CRITERIGH THAT THE UGER
wige L HIGHT IMPOUSE BASED OM PRIGA KNOWLEGGE OF THE SYSTEHN.

4141 € HOTE: NERE THE DARTa FILE HAS BEEH SET UP IN A SPECINL UAY
4162 L 10 GREUP ALl STABLE SPECIES SEPARATELY FROM RLL AADICALS
@103 ¢ 1.E.. THE RABICALS HavYE SPECIE HUNWBERE » 27.

2104 IFCH2LEY 4T, 27 .AHD. RZ{JY .6T. 277 010 2¢

0193 C

6ide IA = HEZ(IX

G167 JR = §2dd)

vid8 B# = HZL(K?}

4149 ta = R2(L)

¢11¢ L

16
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PAGE 0003 RXHGH 9:38 AW  THU.., 16 JULY, 1981

0111 G ALLOY H2¢53), Ca42¢40) AHD H2Z0(49) AS PRAODUCTS OHNLY

0112 IFC IA .ERA. 55 .OR. Ia .EOQ. 40 .GR. In .EQ. 49) G010 20

6113 IFC 44 .EQ. 55 .OR. Jp .EQ. 49 .QR. J4A .E8. 43) G010 2¢

0114 ¢

4115 ¢ FIRD NZ2(SPECIES M) -~ SPECIES HUWBER QF THE SPELIfL SPECIES #
vile [

oli? B0 201 IFH = 1, H

a1i8 IFCECIFHY .HE. 0 .OR. G(IFH) .HE. ¢ .OR. HCIFH) .HE. ¢) GOTO 20t
0l1i3 KH = NZOIFN)

Hila GOTO 292

ni2d Za91 COHTINUE
a122 202 COHTIRUE

4123 € ALLDOW ISOMERIZATIONS OHLY WITH H
124 IFCCIH . HE KK . AND . JAR, NE HH) #HD . {TA.EQ.XKA .OR. IA.EG.LA .OR.
0129 4 4. EQ KA (OR. JA.EQ.LAY) GOTG 20
0126 € SHLY ALLOY THF(J0}, 1-BUTEHE(I6) AHD T-BYUTERE{3IS) A5 PRODBUCTS
4137 € dF [SOMERIZATIONS
0128 IFCCKA.ERX. 38 .0OR. KA .ER.36 .OR. KA.EQ .35 .CR. LA.EO.38 .QR.
2129 & LA.EG.35 OR. LA.EQG.33> AND. (IAa_NE.HH _AMD. JA.HE.HH¥)) GOT02¢
a13d
0131 DELH=CEHTL{K I+ENTLOLYY~CERNTLCII+EHTLSL Y
21132 BELS = (ENTRCKIH+EHTR{L)) -~ (ERTRCIDI+EHTRC(J))
0133 DELG = DELH - TEHP =+ DELS
0134 IFCDELS .GT. 20.0 QK. DELH .GT. 35.0) GaT0 20
613% ¢
611 C Hake LHECKS BY THE NHHBER OF BONDS FORHED 4D BROKEM
atl1? r
0118 HCHD = HCHCE®R) + NCHCLA) - HCHCIA) - HOCHOZR)
01318 HCCD = HCCCKAY + NCCCLA) - NCCCIA) - HCCCJ4AD
0140 HCOQD = HCOCKAD) + HCOCLAY - HCOCIA) - NCOCJAD
0141 HOEp = HROOQ{KAY + HOOCLAY -~ HOOQCIAY - HOOCJRA)D
G142 HOHB = KROHCKAY + HOHOLA) - NOWCIAR) - ROHCSAD
0143 HETY = I#BG(HNCCR I+ InBSIHCHD »+IABSC(HOGD)+IABSC(NORDI+IABSCHCOD)
0144 ¢
0145 € SET SOHE CAITERIR FOP HAXNIHUH HUWBER OF BDND CHAHGES ALLOYED
0146 C IN A SPECIFIC REACTION.
9147 ¢C
0148 IFCHET .GY. 33 GOTC 29
0149 ¢
9150 C ALLONS 3 BGHD CHARGES IF C02¢4d) I5 FORMED OR IF 2 RADICALS
eiji ¢ FORH 2 STABLE SPECIES.
9152 IFCCHET .ER.3).AHD . (KA .EQ .40 OR.LA.EQ.499)) $8TA 99
0153 IFCCHET EQ.3).AHD . (IN. 6T .27 . OR.JA.GT.27 . 0R.KA.LT.29.0R.LA.LT.28))
0154 & GaTe 20
0155 3¢ CONTINUE
0156 £
0157 IFCIABSCHCAOD) .GT. 2) GOTO 20
0158 IFCIABSCHOCDY .GT. 1) GOTQ 20
0159 IFCIABSCHEND) .EGY. 2) GOTAE 20
4140 IFCIABSCHOODY .GY. 2) GOTA 2¢
0161 IFCIABSCHAAD)Y _6T. 1) GOTA 2¢
0te2 C GDB SPECIFIC CHEEKS
ai163 ¢ ALLOY COCd4) Y0 GO T8 OHLY CO2Cd0) OR HNC4)
0164 IF{(IA.EQ .44 . GR . JA.EQ.44) AHD.CKA . HE.4¢ . AHD.KA.HE .4 AHD .LA.HE.4
014635 & AKD.LA HE.4013) 5070 2¢
17
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2166 L€ ALLOYW CH4<354}r T4 68 70 LY CHI(26)

9147 IF{CIA . EB.J¢ 0R J8 . EQ.50) ARD, (A . HE.Z& AHD.LO MHE 28J3) COTQ 29
pigg € ALLOY E2HMer30) T0 GO TO OHLY TLIHI(T)

Ui68 JFC(IA EB. 30 .68 . JA.EDG. 303 AND. {Ra .HE.? .4#D L& .NE.7 3} GETE 2¢
G176 € ALLOW C3HB8(54) 70 GO 76 GHLY CH3ICH2EH2(11) OR CHICHCHICIZ)

1?1 IFCAIR.EQ .54 BR.JIA.EQ . 947 AHD . (KA HE.I1 A4HD KA HE 132 .AKD.

0172 3 LA.HE.11 AHD LA . HE.12)) S07T0 Z¢

6173 € ALLON C4H10(373 TG 411 TO OHLY CHICH2CHOHICISY GR CH3ICH2CHALHZ{ 14}
174 IFC{IA . EQ .37 . BR . J4.EQ.373.4H0. (KA HE i4.4KD KA NE. 1T . 4ND,

$173 & LA .HE. 14 . aND . L8 HE. 1571 GOTD 20

917& L QL1 0¥ EH430¢(3) T8 G0 T8 L0OHETHING HITH ZERD OF (OHE LARROK

0177 IF{LTIA EQ. 9 . O6R.JA . EJ. 9. ARD. (CCKI _HE. O AHD.CCE T RE. L1 _AND.

0178 & CCLY HE .0 . #KD. CCLY HE.13) GEGTO 2¢

6179 ¢ GLLOYW H{L) TG G0 706 QGHLy #H{4), H2{353, H28(49%}). OR HIAD2{41)

0184 IFCL IR EQR. L. 8R . JR.EQ. 1. AHD (KA HE 4 AND K8 MHE.¥5. AHD.KA.HE. 49
¢181 & CARD . KA HE. 41 AND . Lp HE .4 RHD . Lp HE 53 AKD.LA KE 49

g1a2 & CRAD . L4 HE 410)0L0TH 240

0183 ¢ ALLOY DH{Z2) TO 0 TO OHLY M€4), H20{43)., HO2{3). AND H202(41)
0184 IFC(IA . EQ.2. O0R . JR.EG.2). AHD (KA HE.4 aHD . KA HE. 42 AND. K4 RE.J . AKHD.
G133 t ¥R HE. 41 . 48D LA HE. 4 AKD LA HE. 49 AHD . LR HE 3. 48D LA RE. A1)}
Gige & 0T 29

13?7 € BON’T ALLBY CERTAIN EROUPS DF TGOWERS TG IHTERCOHHELY UHLESS Hisg}
#4188 ¢ 15 INYGLVED, GROUP T cii. 32, 33, 22) HILL HOT CORKECLT WITH

0139 ¢ EROUR 1T (32, 53, 13, 23y, GROUP III (14, i16. 2¢. 473 #IlL

gi3q¢ ¢ HAT COHKECT WITH GROUP IV (15, 18, 27. 463}.

G131 IFCCIN.EG . 1t . ORI . EQ.52.0P .14 EG.25.8R . I4.ER.22.0R .y .EG. .11 OR.
G192 & JH.EQ.52 07 . J4.EQ.35 €68 44 .EQ.23) . AdD. (KA . EQ.!2 OR.K&R .ER .33
0133 ] JGR KA EQ.13 .08 KA ER.23.0R.LA.E0 .12 .0R.LA.EQ 53 OR.LA.EQ.13
4194 & IR LA LEQR. 23 AHD, (TR HE HR .gR. 48 HE HH}) $070 20

4195 IF({I4.EG.12 0% TH . EG.53.8R.IA EG.13.9R .16 £68.23.08.JAa_EQ.12 0R.
0194 & J6.ER .33 0OR . JH.EQ. 13 OF JA.EA.23) .AKD. (HA EQ . 11.0R.HA.EQ.S2
197 £ JOR KA EG.23 OR.K#H .EG.22.06R.LA.EG.11.0R.LA . EQ.52 GR.LA.EQ 2%
vidg ] JOR.LAEG.223 (AHD. C(IA.HE.HE .GR. JA.RE HH})> GOTO 29

4153 IF<{<I5 EQ 14 0R.I%.EG 146 8RR .14 .EG.2¢ DR 14 EQ .47 0R.J4 . EQ.14 O,
6264 & J4 . EQ.16.8R 3R EB.3% 0R.JA .EB . 477 AHD (KR . EQ. 13 .0R Ka E@. .18
0241 & COR KA ER.27 QR .KR EG 45,00 LA .EQ . 105 .0R . LA EQ .18 OR.

0242 § LA EQ.27 OR.LA.EO. 36 . a#fD. (14 HE NN .OR. Jda . HE . HWI3 G070 2¢
Q243 IFC(IA EQ.15 OR.IA.EQ 18 0OR.I4 EG.27 02 I6.EG .46 OR JA.EQ.15.0R.
0204 L JA . ES .13 .08 JAR.EQ.27 0B _Jdh E0.48) . aHD. (¥4 EG.14 OR.KA .EQ.16
0203 % IR OKAR ER.20.0R KA EG.47.0R.LA.EQ. 14 SR . L4.E8.16 0R . LR .EQ. 20
G2ia & CBR.OLA.EG.423 LAND. (1A .HE . HK _GR. J4 HE _ R¥)) GOTD 30

0267 € #LLOY HETHANE (563 T8 COHE FROM HETHYL <267 JHLY

0248 IFCCKA . ER .30 OR.LA.EQ 5473 AND. (I . HE. 28 AHD.JR HE 280 GOTE 20
¢249 Jd o= o+

21 URITECLP, 2107 )CNANECTZ. 13, 1221, 4 ), IR (HAKECTIZ,  JY. . 12=1.,4),4R,

p211 G{HARE{IZ K) 12=1.4) KA (HANEC(TIZ.L).]I2=L.4).L4.

0212 DELH,DELE, 11,40 . HLHD . HCCD , HLOD, HODD, HAHD L HEY

0213 30 COHTIHUE

G214 39 COHTIRUE

w2is 46 LOHTIHUE

G2ie 3% CONTIHUE

6217 ¢

2218 L BRITE 86T 707AL COMBIMATIOHE TRIED

242313 ¢

0239 HRITECLPR,. 110 I1

18
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IF WRITING T4 TAPE VWRITE EOF

IFCLP . E@.8 OR. LFP .EQ.19) CALL EXECCI.ICHTL)
INBIGCARTE EKD

WRITECIPCE), 1140 II.,Jd

END

FTH4 COMPILER: HPY92060-16092 REV. 24026 (00¢4213)

4% HO VARHINGS #+ HO ERRORS ww FROGRAN = 04084

19
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Appendix B
PROGRAM SELET

PAGE 601 FTH. 2:46 M FRI .., 17 JULY, 193}

VO01  FTHS. L
o062 PRUGRAK SELET(3.99), REV. 840710 DOREN IWDRITZ

0603 ¢ YERSION ©40710 FDR HEHLETY PRCKARD HIWICOMPUTESR
0094 £ PROGSRAN T8 REARD A SELELTED DaTa FILE FOR SPECIFIED

0605 ¢ PEACTANT GGR FEOOURT (HNE SPECIES uNLY)

24006 [ THIS RLLODUS THE CHENISY 70 FGLLOM T(HE RERCTIQRS QF
0007 € A PARTICULAR SPECIES IN @ LARGE MECHANISH.

0008 ¢

6408 L LOGICAL 186 TELLS TRUTH OF HATCHES

6016 LOGICAL LOG

0o DIMEHSION TF(S),NAKF(3), TBUFRC132), IBUFC1323, IDLBC144),
0012 & ISLETI8), TKRECE)

8013 ¢ ICR 1S THE CARTRILGE THAT TYHE BATA FILE 18 ON,

0014 € HHAT 15 THE KUMBER OF SUCCESSFUL MATCHES.

0015 ¢ 1PL 15 ASCII “+*, USED TO LOCRIE POSITION IN FILE.

4816 £ ISLET QRE THE COLUMNE IN THE DATA FILE CORRESPOHDING YO
0017 ¢ THE SPECIES NUNBERS.

¢418 BRIA ICR, ISC . MMAY,IPL.IL/A27.90.0.254908B,132/

2018 DATA ISLCT/12.103.237,28.43,44,58,59/

0020 ¢

003t ¢ FORMATS

0622 ¢

0633 160 FORMATC’ EMTER DATA FILE NANE (6 CHARACTERS)')

0024 191 FORMAT(3A2)

0025 102 FOGRMAT(’ IER = ’,18)

6026 163 FORMART(' YHICH SPECTES HUWBER ARE YOU INTERESTED IN?7)
0027 164 FORMAT(13241)

0028 105 FORMATC’ /.13281)

0028 106 FORMATC/IRERCTIONS INVOLVING SPECIES NUMBER’.I3.

0010 & ‘ AS A PRODUCT’/Z//)

2031 107 FORMATCIREACTIONS INVOLVING SPECIES NUMBER', 13,

5932 & * A% A RERCTANT'///7

0933 198 FORMATC*1REACTIONS INVOLVING SPECIES HUMBER'.I3.° A5 A REACTANT’
o034 ] * R A PRBDULT /7771

9035 163 FORMAT(’ DO YOU WISH T0 ENANINE SPECIES NUMBER’.I3,’ @S ',
0936 t 2’ A REACTANT OHLY? = 17/° A PRODUCT OMLY? = 27/
4037 & ‘ GR RS R PRODUCT AKD A REACTANYY = 3°)

0038 110 FORMAT(//’ SELECTION PRBCESS FINISHED . R TOTRL OF *,13.
0039 % © SELECTED.?)

0040 111 FORNATCI0XK, REACTANTS’,22%, *PRODUCTS’,18%, *DELH' .84, *DELD*,
6041 % $%,"#TRD’, 24, "MFHD? . IX, *HCHD™, 1%, “HCCD’, 1¥. *HLCOD*, 1X,
6042 t TROBG, 1%, HORD’, 2%, *HET' 22

0643 ¢

0044 ¢

4043 L GET LOGICAL UMNIT HUMBER(LU) OF GIRLOGUE BEVICE

0046 CALL RHPARCIF)

0047 ¢ SET LU FOR LIST DEVICE

6048 LP = 06

0048 ¢ GET HAME OF DATA FILE

6030 WRITECIRCL), 100)

0051 REAGCIPCL), 1010 (NAMF(RY, K = 3, 33

6032 ¢ GET THE HUWBER OF THE GPECIES T0 DO THE SEARCH OK

4633 WRITECIPL12,103)

0084 ¢ HOTE “e* FORMAT IS FREE FORK IRKPUT.

0033 RERDCIPCE), %) IKATECH

20
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0036 € ASK IF USER WISHES SERRCH AS REACTANT OKLY. PRODUCT OHLY OR
0057 ¢ OR AS REACTAMNTS AND PRODULCTS

0058 ! YRITECIP(1).109) IMATOH

0039 READCIPCE) %) 18R

0060 ¢ BAKhE SURE USER GRYE A LEGITIMATE RESGPONGE

0061 IFCIBR.LY .1 .OR. IBR .GT. 371 GOTOQ &

002 C ASSIGH CORRECT FORMAT FOR OQUYPUT DEPENDING OH RESPONSE.
0063 IFCIBR .E@. 1) ASSIGH 107 TO ITIT ‘
0064 IFCEBR .EQ@. 2> ASSIGH 166 TO ITIT

0085 IFCIBR .EQ@. 3) AS51I6H 1908 70O ITIT

0066 URITECLP.ITIT) INATCH

0087 YRITECLP., 11

9068

00669 C OPEN DATA FILE OH DIGK #TICR

0070 CALL OPEHCIDCB.IER.NAMF,9.,15C.1CR>

00?1 C CHECK FOR ERROR RETURH

0072 IFCIER LY. 9> WRITECIPC1),1402) IER

0073 C

¢0?4 ¢ READ IH A LINE OF DATA

00?3 7 CALL RERDFCIDCB,IER,IBUFR.IL.,LEN)

0076 C CHECK FOR ERROR RETURN

0677 IFCIER LY. 0) URITECIPR(11},102) IER

00?8 € CHECK FOR END OF FILE (EQF)

0079 IFCIER .EB. ~t2) GOTO 25

0080 ¢

6081 ¢C CALL CODE READ DOES A FORWATTED READ OF THE FILE.
0082 CaLk CODE

0083 READ( IBUFR.104) CIBUF(IY, 1 = 1, 1323

0084 C

0683 C LOOK FOR FIRST REACTIOH (LOOK FOR A PLUS SIGN)
0086 ¢

0087 IFCIANDC(TIBUFCLI® ), IPL) _HE. IPL) GOTO 7

0088 ¢

0089 ¢ COHNVERY SELECTED PORTIONS FROM ASCI] TO HUKBERS INTERNAL TO THE
00%0 ( COMPUTER ISLCT POIMTS T0 CORRECT COLWNHNS OF DAT# FILE.
0091 ¢

00932 po i0 f = 1, 8

0033 INARS(1) = IBUFCISLCTI(I))

3094 IWRSCT)Y = TAHQCINASCI), 374008174008

0095 IFCIRASCI ) ER. 44B) IWASCI) = IKASL{I) + 20B

0096 INAS(I)Y = THASCI) - &0B

0097 fo COMTINUE

0098 ¢ RECONSTRUCT NUMBERS JA & JR FOR REACTANTS, KA & LA FOR PRUDUCTS.
6099 IR = 140 « IHASCL) + JHRAS(Z)

0100 JR = 10 * INAS(3) + TH4S(4)

0101 KA = 10 « IHAS(5) + INAS(E)

0142 LA = 10 « IHASC7) + TMAS(S?Y

0103 ¢

0104 ¢ LODK FOR HATCHES

01405 C

0106 GOTOC1i.,12,13), B8R

0107 €

ving € REACTANT OWLY

0169 ¢

01i0 11 LOG = THATEH .EQ. IR .OR. IMATCH .E@. Jd@

21
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1114 601D 20
¢t12 ¢
4113 ¢ PRODUCTS GHLY
4114 ¢
0115 {2 LoG = IHATEHW .4 K& .OR. IMATCH EB. LA
0116 £0TH 20
6117 ¢
¢118 ¢ RENCTAMT &/0R PRDDUCT
0§19 ¢
0126 13 LOG = INATCH .EG. IR .OR. IMNATCH .EA@. 48 .OR. INQTCH _EQ. K&
0124 & LOR. IHATCH .EG@. LA
¢122 ¢
4123 ¢ GUTPYT T0 LIST DEVICE
6124 ¢
0128 36 TFCLAG)Y WRITELLP,105) CIBUFCEY, 1 = 1. 128)
D128 TFCLOGT MEAT = HMAT + 1
0127 €
0128 ¢ CHETK FOR EOF
0129 ¢
6130 IF(IER ME. -i2}) §OTO 7
13t 35 CONTIRUE
4132 ©
€133 ¢ EQF
0134 ¢
0135 ¢ WRITE NUMBER OF MATCHES TR LISYT DEVICE AND TO DIRLOGUE BEVICE.
0136 WRITEILP.110) HHAT
0137 WRITECIFL 4}, 110) HERT
6138 EWD
FTH4 COMPILER: HP920%0-16992 REY, 2026 (8008421)
% W@ MARHINGS #+ HD ERRDRS #*  FROGRAN = 41228 CONMON = 00000

22



Appendix C
PROGRAM SLRXT

PAGE 000t FTH. 9157 aM FRI.. 17 JULY., 1981

0001 FTH4.L

0062 PRGGRAN SLAXTC3I. %93, REY. 900813 DOREN INDREITZ

0003 ¢ YERSIOHN 899813 FOR HP WINICOMPUTER

0094 C

9003 C PROGRAM TO READ A SELECTED DATA FILE FBR SPECIFIED

0006 C REACTANTS &/0R PRODUCTS

69097 C THIS PROGRAK ALLOUS ONE TO SELECT HULTIPLE INFUTS ¢<{=20J] @S5
9008 C REACTAHTS. THUS ALLOYING OME TO GELECY CLASSES 8F

00098 ¢ REACTIONS. (DIFFERS FROMW &SELET, WHICH ALLOWS OKLY ORE.)
0010 ¢

0011 ¢ LOG IS LOGICAL FOR REACTANY SPETCIES MATCH

0012 ¢ LOG2 IS LOGICAL FOR COMPLEMENTARY REACTIONWS

0013 LOGICAL LOG.LOG2

0014 DIHENSIOR IP(S).NAMFC3), IAUFRC13I2), IDUFC132),1DE8C 144,
0013 & ISLCT(R),INAGCB), IINHC20), JIHC2D)

0016 DATA ICR,ISC.MHBAT,IPL,.IL/27.0.4,254408.132/, IVYES/2NHYES

0017 DATA ISLCT/12,13,27,28,43.,44,54,59¢

¢0ig ¢

0019 ¢ FORMATS

0020 ¢

0021 10¢ FORMAT(® EWKTER DATA FILE HAHWE (6 CHARACTERS)')

0022 101 FORMAT(342)

6023 102 FORMAT(’ IER = ‘.19)

0024 103 FORMAT(® HOW MAHY "IA" REACTANTS ARE YOU INTERESTED IN?’)
0023 104 FORNAT(13281)

0026 105 FORMATIC' /,13241) .

0a27 166 FORKAT(’ ENTER SPECIES -> 7}

0028 147 FORMWATC’IREACTIONS INVOLVIMG SPECIES RS REACTANTS-) /., LiX,2013)
0029 ¢ FORWATC’ DO YOU MANT TO SPECIFY COMPLEMENTARY REACTANTST' )
0013¢ 199 FORMATCAZ)

003% 110 FORMAT(//’ SELECTION PROGCESS FINISHED. A TOTAL OF *,13,
0032 4 * SELECTEDR.') '

0033 111 FORMATCL1OK,'REACTANTS’ 22X, PRODUCTS’ . 18%,“DELH’, 84. *DELG’,
0014 ] 4% RTRD’, 2%, PHEHD ' 3H, "HCHOD ', 1Y, "HLCD Y, 14, *HEOD, 1Y,
0013 4 "HOOD’ , 1 X, "HOHD ', 28, *RET’ //)

0036 112 FORMATC’ THIS PROGRAN ALLONS YQU TO SELECT UP TO 20 REACTANTS’)
0037 113 FORMAT(’ HOW MANY "JA" REACTANTS ARE YOU IHYERESTED IN?*)
00138 114 FORWATC' COMPLENENTARY REACTANTS ~> ¢,2013)

003% ¢

0040 ¢

0641 C OBTAIH LOGICAL UHIY NUMBER(LU) OF INPYT DEVICE FOR DIALOGUE.
0042 CALL RMPARCIP)

0043 ¢ LP IS LY FBR QUTPUT LISTIHG

0044 LP = s

004% URITECIP(1).,112)

0046 C GBTAIN MAHE OF BATA FILE

0047 WRITECIP(11),100)

0048 READCIPCL), 101 CHAMFCEY. K = 1, 3)

0049 C JBTAIN NUMBER OF REACTAMTS '

0030 URITECIP(1).,103)

0031 READCIPCL ), %) HII

0032 ¢ OBTAIH WUMHERS OF THOSE REACTANTS

0033 ¢ HAVE Y0 REFER TO ORIGIMAL DATA INPUT FILE TO0 SEE SPECIES HUMBERING.
0054 URITECIP(L}.10q1}

00335 READCIPCi), %) (IINCLL), LL = t, NII)

23
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o¢de
0657
6638
6039
22620
o6l
G082
0463
¢G4
00463
00658
0Ge?
66058
00692
$47e
607
aa732
2973
0074
0873
0676
0027
0878
4479
0680
L
fegz
0083
0084
GG 85
GGdb
$487
0668
04089
00939
9091

0082
4033

e 7w

0034
4035
9696
%4497
448938
4032
01400
eiet
0102
0163
0104
4145
6146
9147
£1486
0199
0110
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SEE IF USER WAHTS 7O SPECIFY COMPLEHENTARY REALTANWTS
WRITE(IP{1}), 108}

REABCIPCL 1498 I4HE

IF{IaRS E4. IVES) LOGZ = .TRUE.

IF¢ HOT. L0L2) £4TH 9

OBTAIN HUMBER OF CONPLEMENTARY REACTANTS
BRITECIP{11},113)

READCIPCL )+ WYY

GBTAIN THE HUMBERS OF THOSE REACTAHTS
HRITECIP(1},108)

READCIPCI ). ) CUIRCLLEY, LL = 1, HJJ}

CORTINUE

URITE HESDER MHICK INCLUDES REACTANT SPECIES HUNBERS
URITECLP, 197} (ITR{L), L=1.NII)

IF(LOG2 Y WRITELLP,114) (JIHCL Y, L = 1, #Hdd}
RRITECLP. 111

GPEH DATR FILE FROM DISK

CaLt GPENCICDLB. TR, HAWF, 0. I8C.ICRD
CHECK FOR ERRGR RETURM

IFCIER LY. o) HRITECIP(1),1062) IER

READ IW DATA LINE AT A TIHE

{ALL REARDF(IDCB.TER,IBUFR,IL.LEN)
CHECE FOR ERROE RETURM

IFCIER LY. 03 URITECIP(1}.102) IER
CHECK FOR END OF FILE (EOF)

IFCLIER EB. -12) G6OT8 25

RE4D FILE YITH FORMAT. MOYE THAT @ READF CALL CETS RECORD
FROW FILE @5 I5. CaALL COPE RERD ODUES A FORMAYTED READ OF THE
FILE. HP IS SUPPOSED TO COME dUT WITH A SOFTUARE REVISION
THRT ALLO¥S FOR DIRECT READING OF #i HANED FILE.

CALL CODE

RE4DCIBUFR.164) C(IBUF(IY, I = 1, 1323

LOOK FOR FIRST REACTION (LOGGK FOR A& PLUS SIGH)
IFCIANDCIBUFCLEG), IPLY RE. IPL) GOTQ 7

COHVERYT SELECTED PORTIOHS FRODH KHOHH FORHAT IHTO HUNBERS
INTERNAL Y& THE COMPUTER.

Bd 1o ¥ = 1, 8

FOLLUING LIHE TOGETHER MITH DATA STATEMENT FOR ISLCY GEYS
LCHARACTERS FROM SPECIFIC COLUMNS OF DATA FILE.

IHASCIY = IBUFCISLCTYCI )

INAS{I) = IAND(INARS(I}.,37446B)/4008

IFCINRSLIY .EG. 49B) INAG{I) = INASKI) * 208

IRRS< T = INAS{Y)Y ~ 608

CORTIRUE

I = 10 + IMAS{L) + IHRS(2}

JR = 10 & IHASCI) * IKAS(4)

KR AHD LR ARE THE HUWKBERS OF THE PRGDUCTS FOR EARCH REACTYION.
THEY ARE HOT USED IN THIS PROGRAN. THE INFORNATION 16 INCLUDED

24
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0111
0112
0113
6114
0115
0116
0112
0118
0519
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0111
01132
0133
0134

HiIE
Vhua

0136
41137
0138
0139
01490
0141
0142
0143
old4
0145
0146
0147
0148
0149
013¢
0i3i
0132
01353
01354
0135
0:3e
og37

[or B o T o B o e B e B B ]
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HERE S0 THAT ONE CAN EASILY SEE HOW 70 INPLEMENT A SEARCH FOR

SPECIFIC PROBUCTS.

KA = 10 » IMASC5) + 1
i

A L 4A s YHM AR WA L
LM = U ® IQHatL 72 T

NASC
HASC

oy o
et

iIF VE ARE LOOKIHG FOR REACTIONS QF SPECIES WITH SPECIFIED
COMPLENENTARY REACTANTS, JUMP AHEAD TO LINE 21. .
IF{LOE2) CATA 21

B0 iS5 Il = 1, MWIE

L0G = . FALSE.

SEE IF SPECIFIED REAETAHTS OCCUR IN POSITION 14 OR JA.
IFCTINCIT) (HE. IA .AND. TINC(II) .HE. JAR ) GOTOD (5

LOG = . TRUE.

GOTO 2¢

CONTIKUE

GOTO 22

LOOK FOR MATEHES OF BOTH SPECIES AND COMNPLEMENTARY REACTANTS.
CONTINUE

00 30 1! = 1, NI{
0o 30 JJ = 1, HJd
LoG = ALSE.
IF((IIH(II} JEG. I .AND. JINCJJ) EG. dA) .OR. C(IINCII) .EQ. JA
CANRD. JINCGAJ) JEG. Ia)) LOG = | TRUE. '
ot

(e}
n Lt
IF(LOG) 0T 20

30 CONTINUE

[x]

QUTPUT REACTION MATCHED

20 IFCLOG) WRITECLP,105) CIBUFCI), I = 1, 126}

o

L I ]

COUHT HUNBER OF HATCHES
IFCLOEG)Y MMAT = HMAT + 1

CHECK FOR EOF, IF HOT EOF., CONTINUE READING

22 CONTIRUE

23

OO0 C M

IFCIER HE. -12) GOTO ?
CORTINUE

EDF

IF EOF WRITE NUNBER OF MATCHES 70 LISTING DEVICE. nnn :TO DIALOGUE
DEVICE.

URITECLP.110) NHAT

YRITECIP(1), 1160} HNAT

EHD non

FTH4 CONPILER: HP92060-16092 REV, 2026 (800423)

+h

HO WARKIHGS » N0 ERRORS #%  PROLRAK = ¢1357 COMNON = 00000

25
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0041
0442
0693
0944
44043
Q008
pen?
4909

P Y]
LR -

0a1¢
4411
Gaiz
8013
baid
0015
LAY
0417
4918
0019
943
403t
0022
0023
424
4425
0026
44027
9428
0429
6030
003t
0632
0633
0034
9435
¢036
¢417?
2018
441719
ob4d
o041
0042
G043
eG44

AAJR
vETw

904¢
2047
0048
0949
045y
444t
632
$433
4054
0059

Fit4. L

N N W W W W e I W

[ Nl o ]

300

% ¥ &7

10¢
141
142
i93
{04
1438

“~d

10

FTH. 4112 AR MED .., 22 JULY. 1981

FROGRAM RLISTC(3.95), REY. 814420 DOREN IRDRIT2
YERSIOHN 810420 FOR HEBLETT PACKARD NIRICOMPYUTER
T0 LIST REACTIOR FILE., DOUBLE SPACED.

IX SHORTERED FORHAT (OHLY FIRST 60 COLUNNS PLUS THE
HUKBER LISTED UNDER "4$FHB").  THIS GIVES & LISTING

THAT HAS BOOGWM TO MAKE CORMENTS IH THE RIGHY HAND “MARGIN™,
BUYT GTILL KEEPS RESUISITE IDERYIFIERS.

FORD AATA AF oAl AF YL i TEE STUBRN CFTO0T
=LYUY YHIN HI AERY T ridLl LR ILL FA4Me TINSGO

g
PROGHAR COURTS HUNMBEW OF REACTIONS FOUND INH

T A
& 8 .
LE.

N o
[T

RER
THE

DINEHSION IPLSY HAMF(I ), IBUFR({ 132, IBUF( 132, IDCEC144), INASIS)
B4Ta ICR,ISC.NHAY. IRL,IL,IBLBL/2T.0.0.,20496B.,132,20 /

ICR 1% THE CARTRIOGE THAT THE DaTha FILE IS OM

IPL I8 ASCII FOR "+" IR THE LEFY BYTE.

FORMATS

FGRMNATC" ENTER DATA FILE HAKE <6 CHARARCTIERS)')
FORRAT( 342}

FGRMAT(® IER = *,163

FORNATO 13281

FORHATOIHD . 0GRT, L X, 14}

FORMATC* FIHISHEB. & TOTAL OF *,I3.,’ HRITIEH.')

0BTaly LOGICAL UWIT HUNBERC(LU) OF BIRLOGUE DEVICE.
ChailL RUPAR{IPD

SET LY FOR LISY DEVWICE

LP = ¢

GBTAIN HAME iF DATA FILE

BRITELEIPL1).1040)

RERD{IPLL 2, 101) (HARF(KY, K = 1., 3}

GPEH DATH FILE FOR READIWG.
CALL QPEHCIDCE, IER, NAWF. 0,18
IFCIER LY. 0 WRITE(IPC1],
g 10 I = 1, 131

IBUFR{IY = IBLBL

COBTIHUE

{ALL READF{IDLB.IER, IBUFR,IL,LER)
IF(IER LY. 0) HRITECIP(1),1¢2) IER
IFCIER E@. -12) 6OTQ 28

- RE
s

Ly
s A

CALL CODE RERD DOES A FORNATTED READ OF A SPECIFIED BUFFER.

Tttt eanc
T i MUFL

READCIBYFR,103) (IBUFCIY, I = 1, 132
LGOK FOR FIRST REACYION (™ + ™ EBIGH)
IFCIANDCIREFC(La ), IPL) .E@. IPL) GOTQ 8
MRITECLP.£83) (IBUF(LY.L=1.132)

5070 7

GET #FHO, THIS MILL 8E PART OF THE QUTPUY

26



PRGE

0036
0037
0058
0a39
0069
0061l
0062
0063
0064
0065
0066
4467
0068

0069
aazo

ywiw

0071
0072
94?3

¢a02

[}

29

23

NRL REPORT 8458

RLIST 9112 Ak WNED., 22 JULY, 1981

0o 20 I = 1, 5

INASCIY = TANDCIBUF(ES5+1),3740G6B)3/ /400D

IFCIMASCI) EG. d9B) IMASCI) = EHASCI) + 208

IHASCI) = IHRS(IY - 608

CONTINUE

BFHD 2 100002 IMASCI Y+ 0002 IRAS(Z)I+I 0O INAS(IITLOINASCAI+INASCH)

WRITECLP,104) CIBUFCI),I = 1, 60}, HFHD
KEEP TRACK QF THE MHUWBER OF MATCHES.
HEAT = NMAT + |

CHECK FOR EOF
IFCIER .HE. -12) GO7TQ 7
CONTIHUE

GRITECLP, 1051 HHAT
BRITECIP(11),10T3) HNMAT
ERD

FTH4 CONPILER: HP92060-16092 REV. 2028 (809427

"

HO WARNIHGS s+« HO ERRORS »% PROGRAM = ¢08LY COMNOH = 000900
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