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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-
structing a reaction set from a given set of reactive species. Even a small species set can give rise 1o an
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 1o the rate constants to assign to various
reactions (Step 3). Many models are attacked because of rate constants thal are possibly incorrect by
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
10" 10 10" cm’ molecule ''s ') 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 casily 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 coupled differential equations is dictated
by the number of species. A model of 900 reactions of 55 species is tractable.
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If a systematic procedure, or algorithm, which allows for the consideration of all possible reactions
can be followed when construcling 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-
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 !0 the n-butane oxidation system; however, most considerations are
generally 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. Column 5 entitled 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 following 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 1, 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
R(I) + R(}).

As a simple example, consider the species set consisting of only A, B and C. We can represent all
possible combinations of reactants involving these species by the entries in the following symmetric
matrix:

AA AB AC

BA BB BC
CA CB CC

Similarly, this matrix also represents all possible combinations of products of bimolecular reactions
involving these species. The special species M is included 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 equivatent for the set R:

AA AB AC AA AB AC
BA BB BC| —= |BA BB BC|.
CA CB CC CA CB CC

There are N? entries in each matrix and thus N2 x N2 = N* total reaction possibilities. Even for
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
in order of decreasing exclusion. The sooner a reaction fails a criterion and can be removed, the less
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 programming note, we parentheti-
cally point out that carbon balance is checked fiist, then hydrogen balance, and then oxygen balance. If
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
the basis of any ane 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
becomes
3
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AA AA
X, X4
BB — BB
Xy X3

CcC C

Since the product and reactant matrices are symmetric about the main diagonal, x, and x, of the reac-
tant matrix and x; and x4 of the product matrix contain equivalent entries. To eliminate the repetition,
we elimirate all the entries of either x; or x; and x; or x4. If we arbitrarily choose to eliminate x; and
X4, WE NOv have:

AA AA
BB — BB
X X3
CcC CC
By eliminating the entries of x, and x4, we eliminate (N— D+ (N-2)+ (N-3) + ...+ | =
E(—N-z-_—l) entries from each matrix. The number of reaction possibilities we have eliminated by

imposing this criterion is:

The number of entries eliminated
from the reactant matrix.

Total number of entries
in the product matrix.

+ in the reactant matrix.

The number of entries remaining]
X

The number of entries eliminated
from the product matrix. N

which in terms of N is:

N(NZ— D N4 N N(N2— )

1)
3 y BN+ 1)

N(N - 1;]= NN -~

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

NN+ 1D NN+ _INN+1)
2 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
eliminated. Thus, our criterion is that if ] = KandJ =L, orl = LandJ =L,orl = KandJ = K,
or I = 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

NN+ D) NN+ 1) _ (N= DINN + DN + 2)
- |

2 4
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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=23, there are exactly 3 entries which contain
at least one 4.

BA BB
CA CB CC

B

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 4 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+D
2
2 -
= N - ﬁ_'*_ZN_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 possibie reactions
involving:

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

Product pairs which have
going |at least one of the pairs
-To’ being the species to be

eliminated

The remaining
reactant pairs.

Or in terms of N we eliminate:

(N+ DN NN+ D

N 5 3 1-N=(N2- 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

T e e v
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reactions involving two stable species. A fifth possible criterion is to eliminate all possible reactions
involving two stable species as reactants. This criterion is applicable to our low temperature 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 two stable species which go to
all possible products minus exact mappings. In our simple example, let us assume A is the only stable
species.

AA AA
BA BB —> |BA 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+B
A+A—C+C

(Note: A + A — A + A was eliminated under the exact mapping criterion.) Here (with N = 3 and
NSP = 1) we eliminate five possible reactions. In general with NSP stable species and N total species,
we eliminate
NSP(NSP+1) N(N+1)
2 2

1
" possible reactions.”

This criterion is applied in the program in Appendix A by line 104. The species in the jnput fite
were carefully 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 $(298), column 7 of Table 1) it is easy to cal-
culate AHg and AGy (lines 131 to 133 of program RXNGN in Appendix A):

AHg = AH, - AH,
ASg = AS, — AS,
AGg = AHg — TASg,

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

One can then set limits for acceptable AGy and AHg. Ideally, of course, AGy should be less than
or equal to zero. However, since measurements of AH(298) and S(298) are not perfect, 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 cutofl value for A Hg of 35 kcal/mole (line 134 of program RXNGN in
Appendix A).

The next two criteria we used involve a knowledge of the structure of each molecule. In a car-
bon, hydrogen, oxygen system there are five major ivpes 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 (NOO): 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 molecule in our system hydrogen
(Hy;), NHH is not included. A double bond would count as two bonds. For example, NCC of ethene
is 2. Table 2 lists the numbers of each of these five-bond types for our input data set. The first
column (NZ) corresponds 1o the NZ column of Tabie 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
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 10 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 difficult
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 genera! 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 1, J, K, and L be members of our species list consisting of N species, there originally
existed N* or in this case (56)* = 9,8348,496 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

Tk A Bk, A

$ane,
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essentially eliminates all entries 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:

N2 (N; D 3N+ 1] =(56)2 - % [3(56) + 1] =7.287,280.

The number of reaction possibilities which remained was (N(N + 1))2 = 2,547,216.

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

For our particular system we selected three stable species to act as products only. As shown ear-
lier, removing a given species from consideration as a reaclant results 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 stable species as reac-
tants. Since in our particular species set there were 28 stable species, by applying this criterion we elim-
. NSP(NSP + 1) N(N + 1) 28(29 S6(57) ] .
inated: 5 : 3 - 1= 5 L. 5 — 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. Every 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 true, the reaction was eliminated:

CK)+CLy-Cch-Cch=0
H(K) + H(L) - HJ) = H(D =0
O(K) + O(L) - 0(J) — O(D) = 0.

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 AHg 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 2255 reac-
tions and brought the set down 3249 reactions. Remember, the amount each criterion reduces the total
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 reacticns
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. CH3C0 + 02 - CHJO) + CO
b. CH;CO + M — CH; + CO
C. 02+ (:i“3ﬂ C"‘302+ M

2) a. CH;CO + n—-C;H; — C4H,y + CO
b. CHyCO + M — CH; + CO
C. CH3 + n‘C3”7 b C4l{l(] + M

3) a CH}OO + i—C3H7 - i_C3H702 + CH3
b. CH,00 + M — CH, + 0,
C. ()3 + i‘C_;H'/ - i“’C}HvOZ +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 AHy: the AGyg: the number of reactions tried. the number of reactions found; the net change of
CH. CC, €O, 00, and OH bonds; and the totd) net bond change, are tabulated. The species numbers
are for convenience and give the subsequent scarch 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.

From the original (56)* = 9,834,496 possible reactions, we were able to construct a reasonable
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 greal 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.

SEARCH CAPABILITIES

Three programs were developed to assist in the examination of the mechanism. These three pro-
grams look at the file created by the program RXNGN (Appendix A).

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
(species number 28) occurred as a reactant, were found.

Program SLRXT (reproduced in Appendix C) permits 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 reactants,
that is, one could examine all the reactions that occur between alky! radicals and alcohols by specitying
all the alkyl radicals and then specifying all the species numbers of all the alcohols as complementary
reactants. Table 4 shows this situation as a4 sample output of SLXRT.

The last utility program is entitled RLIST (reproduced in Appendix D). This simple program
allows the hsting of the reaction file in a shortened version so that there is room (in the right hand
margin) 1o 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 1s
included as Appendix D for completeness.

CONCLUSION
We have formulated an algorithm to systematically produce tractable reaction mechanisms for

computational modeling of complex chemical kinetic systems. The additional searching algorithms pro-

vide a very powerful observational and educational tool as they permit the user to study thoroughly the
entire reaction mechanism.
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LIST OF SYMBOLS

Description
Designation for arbitrary species
Indices of reactant species
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Special species
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Number of carbon atoms
Number of carbon-carbon bonds
Number of carbon-hydrogen bonds
Number of carbon-oxygen bonds
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HNe

OH»
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CH4
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CHICO0O0O0»
C2HSOQON
CIN?0e
CIN?00»
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Table 1 — Species and Parameters
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9.4 43 .
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-29.0 8.
-40.9 76 .
-9.9 7S .
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-23.9 84 .
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Appendix A
PROGRAM RXNGN
PAGE 0001 FTN 9:38 AN THU .., 16 JULY. 1981
001491 FIN4G, L
0012 PROGRAN RXHGNC(3I.99)., REV. 800709 DORENW IWDRITZ
0093 C VERSION 800709 FOR HEWLETT PACKARD NINICOMPUTER
i 0094 ¢ IDER BUILT UPON WALT SHHUB’S REARCTION GENERWTOR.
: n915 ¢
: 0096 C PROGRAYM GEHERATYES ALL POSSIBLE REACTIONS. GIVEN INPUT SPECIES
0007 [ CUP T0 100), SUBJECT TO VARIOUS CONSTRAINTS LISTED
0008 C THROUGHOUT THE COMMENTS IN THE PROGRAM.
0ga9 C
0010 C CURREHTLY DIMEHSIOMED FOR UP TO0 100 INPUT SPECIES.
0011 DIHENSION NAKEC4, 100),ENTLC100),HZC100),ENTRC160)
0012 OIMENSION NCHC100),NCCC100),NCEC100),H00C100),HOHC100)
0013 INTEGER CC(100),H(100),0¢100),IPCS)
0014 DATAR I1,J4,TENPZ0.,0,299 0/
0918 ¢
0016 C FORHATS
0917 C
00189 100 FORNAT(® EWTER LU OF DATA CASSETTE: *)
0019 101 FORMAT(1X.619)
0020 102 FORMATYC’ IER = ‘,198)
0021} 103 FOPHAT(12)
0922 104 FORMAT(IX,402,4%,11,3I8,12,4X,11,4X,12,2%,F10.3,2K,F10.3)
0023 105 FORMAT(2X,4A2,44,11,3X,12,4%,11,4X,12,2%.Ft10.1,2X,Ft0 1)
. 0024 106 FORMAT(’1 REACTION GENERATOR N-BUTANE COOL FLAMNE'//7/)
' 0025 107 FORMAT(2X.4A2,/C’, 12,71, 30 + ,4A2,'C*, 12,73 ,4H -) .,
0026 + 402,°C, 12,7 3°,34 ¢+ ,482,°¢’,12,7 ) ,2%,F10.1,2%,
0027 + F10.t1,1%.15,16,615)
0028 108 FORMATC(’1’,9X, 'REACTANTS’ , 22X, ’PRODUCTS ., 18X, DELH’,8X, *DELG’,
0029 IN, "HTRD’', 2%, *BEND*, 2%, *NCHD >, 1%, "HCED’, 1K, "NCOD’, 1¥,
9030 [} ‘HOQD’, 1%, “HOHD’, 2%, *HETY’ )
0031 109 FORMATC’ LEN = ’/,1I10)
0032 110 FORMAT(////7’ TOTAL REACTIANS EXAMINED = ’,110)
0013 111 FORMAT(6II)
0034 112 FORNAT(IHL,7X,°HZ°,64, HCH’ ,6%,”NCC’,6%."HCO’,.6X," K00’ ., 6X.'HQH"’)
001313 113 FORMATC’ ENTER LU OF QUYPUY DEVICE’)
001316 114 FORMATC(’ RXNGN HAS FINISHED ‘.18.,’ REACTIONS EXAMINED.’ ‘NHUMBER FQUND
0037 [} = ’',16)
0038 C
0039 ¢ GET LGGICAL UMNIT HUMBER (LU) OF DIALOGUE DEVICE.
0040 CALL RHPARCIP)
0041 C
0042 C GB8TAIN LU OF (HPUT DEVICE C(CURRENTLY YHE PROGRAM IS SET UP
0043 C T0 READ THE INPUT FILE OFF A CASSETTE. TYHAT CAN BE CHANGED
0044 C WITHOUT TOO0 MUCH DIFFICULTY.)
0048 BRITECIPC(1).100)
0046 READCIPCYL), ) IH
0047 C 0BTRIN LU OF LIST DEVICE
0048 BRITECIPCL),113)
0049 READCIPC1),e) LP
0030 C NOTE THAT QGUTPUT DEVICE CAN BE TO A MAG TAPE (LU = 8 OR 18
0031 C OH THIS SYSTENM). IF §0, R COHTROL VWORD INTERMNAL TO THE
0032 ¢ PROGRAN, IS NEEDED.
0033 ICNYL = 1008 + LP
0034 C URITE OUT TITLE
0033 WRITECLP:106)
15
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0036
0037
0038
0039
0060
\" 006t
| 0062
\ 0063
0064

& 0066
0067
0068
0069
00720
0071
00722
0073
0074
00725
0076
0077
0078
) 0079
0080
00481
6082
0033
0084
0095
0086
0087
0088
0099
0090
0091
0092
0093
6094
{ 0095
0096
0097
: 0098
0099
0100
0141
0102
0103
0104
0109
0106
0107
0198
0149
0110

00602
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RXNGN 9:38 an  THU.. 16 JULY, 1901

READ IN OATA FROM CASSETTE

SEE SANPLE DATA FILE FOR FORMAT.

READCIN,») N

DO 13 I=t, N

READCIN,104) (NAMECIZ,I),1221,4),CCI),HCI),0CT).NZ(T),ENTLCT),
ENTRCI)

YRITECLP., 10S)CHANECTI2,1),1221,4),CCI), HCI).OCI),NZCTI), ENTLCT),
ERTRC(I)

EHTRCI) = ENTR(I1)/1000.0

CONTINUE

READ 1IN MUMNBER OF THE DIFFEREMY TYPES OF BOWDS FRON DATA FILE.

WRITE(LP.,112)

D0 209 I = §, M

READCIH,111) NCLHCHCNC), HCCC(NC),NCOCNC),NOOCHC),NOH(HNC)
CONTINUE

URITECLP,101) CI,NCHCI), HCCCID,HCOCT), NOQCID,NOHCI), I=1,H)

URITECLP,108)
LOOP THROUGH ALL POSSIBLE COMBIHATIONS OF THE INPUT SPECLES.

60 59

00 490

00 30

00 20

CHECK FOR NASS BALANCE

T1=(CC(K)+CCL)I-CCCII+ECID)

IF(ABS(T1).67.0.01) GO TG 20

T2=CHC(K)I+HCL))I-CHCII+HC D)

IF(ABS(T2).67.0.01) GO TO 20

TI=(0C(KI+Q(L)I-C0CII+0C]I))

IF(ABS(T3).6T.0.01) GO TQ 20

CHECK IF REACTIGH HAS BEEN DONE BEFQRE
IFCK.GY.L.QGR. I.GT.4) GO 10 20

CHECK FOR SIHPLE PERMUTATIONS OF REACTANT/PRODUCT PAIRS
IF(I EQ.K.4ND.J .EQ.L ) GO TO 20
IFCL.EQ. L .AND.J.EQ.L ) GO TO 20
IFCL . EQ.K.AND.J .EQ.K ) GO TQ 20
IFCI.EQ.L.AND.J.EQ.K ) GO TQ 20
II=1141

DON’T ALLOW REACTIONS OF STHBLE SPECIES.

THIS 16 AN EXAWPLE OF A REASONABLE CRITERIOMN THAT THE USER
MIGHT INPOGSE BASED OW PRIOR KNOULEDGE OF THE SYSTEM.
NQTE: HERE THE DATR FILE HARS BEEN SET UP IN A SPECIAL VAY

T0 GROUP ALL STABLE SPECIES SEPARATELY FROM ALL RADICALS

hou nu
. - -
“« v~ s s

=X Gu rm

1.E., THE RADICALS HAYE SPECIE NUNBERS > 27.
IFCNZCE) GT. 27 .AND. NZ(¢J) .GT. 27) G6T0 20
IA = N2(I)

JA = N2(J)
KA = N2(K)
LA = H2(L)
16
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PAGE 0903 PRXNGN 9:38 AM  THU., 16 JULY, 1981

o111 ¢ ALLOW H2¢53), C02¢40) AND H20(49) AS PRODUCTS ONLY
0112 IFC IA EB. 55 .OR. Ia .EQ. 40 .OR. 1A .EQ. 49) GOTO 20
0113 IFC JA .E0. 55 .OR. JR .EOQ. 40 .OR. Ja .E@. 49) GOTO 20
o114 ¢
2115 ¢ FIRD NZ(SPECIES #) -- SPECIES HUMBER OF THE SPECIAL SPECIES N
vite C
0117? DO 201 IFH = 1, M
a119 IFCCCIFHY) NE. 0 .OR. OGCIFM) .HE. 0 .OR. HCIFN) .HE. 0) GOTO 20%
0119 NM = N2CIFH)
912 GO0To 292
9138 201 CONTINUE
0122 202 CONTINUE
0123 ¢ ALLOY ISOMERIZATIONS ONLY WITH M
2124 IFCCTH. NE NH . AND.JR.NE KK AND (IR . EQ.KA .OR. IR.EQ.LA .OR. 4
0129 t 0 EOQ KA .OR. JA.EOG.LA)Y) GOTO 20
0136 ¢ ONLY ALLOY THF(3B),1-BUTENE(36) AHD T-BUTERE(3IS) A§ PRODUCTS
0127 ¢ OF TSBHERIZATIORS
0128 IFCCKA €N 33 OR. KA. EB.36 OR. KA .EQ.33 .OR. LR.EN.38 .OR.
0129 & LA ET 36 OR. LW EQ.35) AND. (1A NE.NM AHD. JA.NE.NN)) G07020
013y €
0131 DELH=CENTLC(EIFENTLCLYYI-CENTLCIDFENTLCJ) )
0132 DELS = (ENTRCKI4ENTRC(L)) - (ENTRCIJ+ENTRCJ))
0113 DELG = DELH - TEHP » DELS
0134 IFCDELG .GT 20.0 .O0R. DELH .GT. 35.6) €OYO 20
0135 ¢
0136 ¢ RAKE CHECHS BY THE NHMBER OF BOHDS FORMED AND BROKEH
013? €
0138 HCHD = HCHCKA) + NCHCLA) - HCHCIAY - HCH(JA) !
0139 HECD = NCC(KA) + NCCCLW) - NCCCIA) - NCCCJR) ;
0140 NCOD = HCOCKR) + NCOCLR) - HCOCIA} - NCOCJA) :
0141 HOCD = HOOGCKA) ¢ KOGCLAY - KOOCIA) - HOOCJA) :
0142 NOHD = NOHCKAY + NOHiLA) - NOWCIA) - KOHCJA)
0143 HET = IANBS(MCCP)+IHBSCHCHD +IABS(HOOD+IABSCHOND)+IABS(NCED)
ot1de ¢ -
0145 ¢ SET SOHE CRITERIA FOR NAXINUM NUNBER OF BOND CHANGES ALLOVED -
otde ¢ IN A SPECIFIC REACTION. '
0147 ¢ ,
0148 IFCHET .G6T. 3) GOTO 20 '
0149 ¢
0190 ¢ ALLONS 3 BOHD CHANGES IF C02¢46¢) IS FORMED OR IF 2 RADICALS
9151 ¢ FORH 2 STABLE SPECIES.
0152 IFCCHET EQ.J).AND.(KA.EQ.40 OR.LA.EG.40)) §0T0 90
0153 IFCCNET €EQ.3).AND.CTA.GT.27 OR.JA.GT.27 . 0R.KA.LT.28.OR.LA.LT.28)) |
0154 & GOTO 20 . 1
0155 90 CONTINUE ;
0156 C .
0157 IFCIABSCNCOD) .GT. 2) GOTO 20 @
0158 IFCIRBSCHECD) .GT. 1) COTQ 20
0139 IFCINBSCHCHD) .GT. 2) GOTO 20
0160 IFCIABSC(HOOD) .CT. 2) GOTO 20
016t IFCIABSCHONDY .GT. 1) €OTO 20
0162 ¢ ABD SPECIFIC CHELKS ‘
0163 C ALLOW €0C44) TO GO TO OWLY CO2(40) OR NC(4) :
0164 IFCCIA . EQ 44 OR .JA.EQ.44) AND.CKA.NE.40 . AND KA .HE .4 AND LA .NE.4 ‘ |
0163 ) AND LA HE.40)) GOTO 20 5
i
i
&
17 { i
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PAGE 0034 RXNGH 9:38 AaM  THU.., 16 JULY., 1981
9146 C ALLOW CR4CS50) YO GO TO0 ONLY CHIC(26)
0147 IF{(CIR.ER.S0 OR . JA.EQ 50) AND. (KA NE 26 AKD.LA NE 26)) GOTO 20
0188 C ALLOW C2HG(30) T0 GO TO ONLY C2HSC(?)
0169 IFCCIR EQ . 30.0R .JA.EG 30) AND. (KA HE.? .AKD LA .NE.? )) GOTO 20
01?20 € ALLOE CINB(S4) T0O GO TO OHLY CH3ICH2CH2(11) OR CH3CHCH3C(12)
0121 IFCCIA . EB.54 OR JA . EQ 54) AND. (KA . HE.11 WKKD YA HE 12 _AND.
0172 & LA NE.11 AND.LA.HE.12)) GOTC 20
0173 € ALLOY C4H10(37) TG GO TO ONLY CHICH2CHCHI(15) OR CH3ICH2CH2CHKHZ(14)
0174 IFCCEA EQ.J7 .0R .JA.EQ.37) AND (KA HE 14 AND KA NE.1S5 @4ND.
0179 t LA .NE.14 AND LA.NHE.15)) 6OY0 20
01?26 C ALLOY CH30(5) T0 GO 70 SONETHING WITH ZERO OR OHE CARBOM
01727 IFCCIA.EQ.S5.0R.JA .EG . 5) . AND. (CCK).HE O AND.CCK) HE.! AND.
0178 & CCL) NE. O _AND. CCL).MNE.1)) GOTO 20
0179 ¢C ALLOW HC1) TO GO TO OMLY NC4), H2(S55), H20(49), OR H202(41)
014390 IFCCIR . EQ. 1. 0R . JR.EG 1) AND (KA NE.4 AND KA.NE. 955 AND.KA.NHE. 49
0181 & AND. KA NE . 41 AND . LA .HE .4 RND LA NE 35 AND.LA HE 49
014d2 & CAND . LA.NHE . 41))G0T0 20
0183 ¢ ALLOW OH(2) TO GO YO ONLY M(4), H20(49), HO2(I), AND H202(41)
0184 IFCCIA EQ.2 OR JA EB.2) AND (KA NE .4 AHD KR HE .49 AND.KA NE .3 AND.
0133 & ¥A HE 41 AND LA NHE 4 AND LA HE 49 AHD LA HE 3 . AND LA HE.41))
0186 & GOTQ 29
0187 ¢ DOK’T ALLOW CERTAIM CROUPS QF ISOMERS TO INTERCOMNECT UNLESS M(4)
0138 ¢ IS THYOLVED GROYP I Ctt, 92. 25, 22 WILL KGT CONKECY WITH
0139 ¢ GROUP II C(12. 53, 13, 23). GRQOUP III (14, t16. 20, 47) WILL
0190 € HOT COMNECT VWITH GROUP IV (1S, 18, 27. 46).
0191 IFCCIA . EQ 11 ©@R.IA B0 .52 ¢R !4 EO 235 OR.IAR.EG 22 .0R.JA.EQ.11 OR.
0192 & JA . EQ .52 . OR.JA.EQ.25 @R . JAR EQ.22) AWAD (KA EQ@.12.0R.KAR.E®.S53
0143 ) 9R XA . ED.13 OR _KA .E0Q .23 .0R LA . EQ 12.0R.LA.EQ 53 OR.LA EQ 13
0194 & OR.LA.EQ.23) .AHD. (1A . NE . NW .OR. JAa NE NM)) GOTO 20
0193 IF((IA . EQ.12.0R 1A.EQ 53 OR.IA EG.13.0R.JA.EG.2] OR.JA.EQ.12 . 0R.
0196 & JA. EQ 33 .0R JA.EG.13 OR JR .E0.23) _AKD. (KA .EQ.11.0R.KA . EQ.S2
0197 & OR . XA . EG.23 OR.KA.£EQ.22.0R.LA.EQ .11 OR.LA.EQ@.52 OR.LA.EQD.25
0198 L3 OR.LA.EQ.22) .AND. (IR .NE NN _OR. JA4 NE HN)) GOTO 20
0199 IFCCTIR EQ 14 OR . IR.EQ 16 OR.IA.EQ.20 OF 14 EQ.47 OR.JAR .EQ.14 OR.
0200 & JA EQ .16 .0R.JA EO0 .25 OR.JA EQ 473 aND . (KA .EQ. 15 . 0R KA .EQ.18
0201 & QR KA E0.27 OR.KA EQ 46.0°7 LA EQ. {5 . 0R.LA EO 18 OR.
0202 & LA EQ.27 OR.LA.EQ.46) AND. C(TA.NE.NN OR. JA HE NM)) GOTO 20
0203 IF(CTIA EQ.15 .0R.IA.EQG 18 OR.TA.EQ.27 OR.IA .EQ .46 OR JA EQ.{5.0R.
0294 t JA EQ 18 .0R.JA.CO 27 OR . JG . EQ.46)  AND. (K& . EQ.14 OR.KW.EO .16
0203 & QR KR .EG.20 0OR_.KA EG.47.0R LA EQ@ 14 CR L4 .EQ 16 .0R . LR.EG.20
0206 & OR LA .EG.47) . AND. CIA.NE NH OR. JR NE NM)> GOTC 20
0207 ¢ ALLOY HETHANE (50) TO COHE FROH HETHKVL (261 OHLY
0209 IFCCKA EQ.50 . OR.LA.EQ 50) AND. (IR .NE. 26 AND.JA NE 26)) GOTQO 20
02499 Jd = Jd o+ 1
9210 URITECLP, 107 )CNANECTIZ, 1), 121, 4), 1R, CNANECT2,J),12=21.4),J4,
0211 CCHANECTIZ.K).I2=1,4), KA, CNANECTIZ2, L), I231,4),LA,
0212 GOELH,DELG, IT,JJ.NCHD.NCCD,NCOD,NGOD ,NOHD ,NET
0213 29 CONTINUE
0214 30 CONTINUE
0213 49 CONTINUE
021¢ 59 CONTINUE
0217 €
5218 C URITE OUT TOTAL COMBINATIGNS TRIED
0219 ¢
0220 WRITEC(LP,110) 11
18
- w48
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0221
0222
0223
0224
0229

[ 1IF MRITING TO YAPE WRITE EOF

IFCLP E@. 8 OR. LP . EQ.19) CALL EXEC(3.ICNTL)

¢ INDICATE END

SRITECIPCL), 1L4) II.,44
END

FTN4 COMPILER: HP92060-16092 REV. 2026 (800423)

NO VARNINGT *o HO ERRORS »e PROGRAM = 04084 COMMON = 00000
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Appendix B

PROGRAM SELET
PACE 0001 FIN. 9:46 AN FRI ., 17 JULY, 1981
0001 FTNS3 L
0002 PRUGRAM SELET(3.,99), REV. 800710 DOREN INDRITZ
0003 ¢ VERSION 800710 FOR HEWLETT PACKARD NINICOMPUTER
0004 ¢ PROGRAM TO Rewl # SELERTED DATA FILE FOR SPECIFIED
0003 ¢ RERCTANT Hauul PEGHULTY (GNE SPEUIEY nHLY )
0006 C THIS ALLOUS THE CHEMISY Tu FGLLOM (HE REWST QWG OF
0007 C A PARTICULAR SPECIES !N # LAHLE MECHaN]GH
0008 C
0009 C LOGICAL LOGC TELLS TRUTH OF MATCHES
0010 LOGICAL LOG
0011 DIMENSION IPCS).NAMF(3), TBUFRC132),1BUFC132),1DCB144),
0012 [ ISLCTE Q). INASCH)
0013 C ICR 1S THE CARTRIDGE THAT THE DATAR FILE 1S ON.
0014 C BMAY 18 THE NUMBER OF SUCCESSFUL MATCHES .
0018 € IPL IS ASCII "+*, USED TO LOCARTE POSITION IN FILE.
0016 C ISLCT ARE THE COLUMNS IN THE DATR FILE CORRESPONDING YO
0017 € THE SPECIES HUMBERS
0018 DATA ICR,ISC,NMAY.IPL,IL/27,0.,90,25400DP.132/
0019 DATA ISLCT/12,13.27,28.43,44.58,59/
0020 C
0021 C FORNATS
6022 ¢
0023 160 FORMATC'’ ENTER DATA FILE KANE (6 CHARACTERS)’)
0024 101 FORMAT(3A2)
0023 102 FORMATC’ TER = ‘,18)
0026 103 FORNATC’ WHICH SPECIES NUMNBER RRE YOU INTERESTED IN?’)
0027 104 FORMAT(132A1L)
0029 105 FORMATL’ “,132n1)
0029 106 FORMAT('IREACTIONS INVOLVING SPECIES NUMBER’'.I3,
6030 [ ‘ AS A PRODUCT’///7)
0031 107 FORWATC’IREACTIONS INVOLVING SPECIES NUMBER’ .13,
0032 [} ' RS A RERCTANT'///)
0033 108 FORMATC’IREACTIONS INVOLVING SPECIES NUMBER’.13.,’ AS A REACTANTY',
0034 ? * OR A PRODUCT'///7)
0033 10 FORMAT( ' DO YOU VWISH TO EXANINE SPECIES MNUMBER’.I3.’ RS ‘.,
0036 s /' R REACTANT ONLY? = 1/’ A PRODUCY ONLY? = 2°/
0037 ] ‘ OR RS A PRODUCT AND A REACTANY? = 3')
0038 110 FORNAT(//’ SELECTION PROCESS FINISHED A TOTHL OF °,13,
0039 t * SELECTED.’)
0040 111 FORMATC10X, RENCTANRTS’ .22X, ‘PRODUCTS’. 18X, DELH’, 08X, 'DELG’,
0041 & 4%, "OTRD’, 2K, 8FHD’,3X, 'NCHD ', 1X,NCCD’, 14, 'NCOD*, 1%,
6042 [} ‘NOCD ., 1%, "NOHD . 2X,*NET' //)
0043 C
0044
cvas ¢ GET LOGICAL UNITYT NUNBER(LU) OF DIALOCUE DEVICE
0046 CALL RMPARCIP)
004? C SET LU FOR LIST DEVICE
0048 LP = 06
0049 C CET NAWNE OF DATA FILE
0030 URITECIP(L),100)
0031 READCIPCL),101) (NAMF(KY, K = 1, 3)
0032 ¢( CET THE NUMBER OF THE SFECIES T0 DO THE SEARCH ON
0033 WRITECIP(1).,103)
0034 ¢ NOTE °“o* FORMNAT 1S FREE FORW INPUT.
00133 READCIP(L).®) INATCH

20
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0036 C
003? ¢
0039 1
0039

0060 C
0061

0062
0063

0064

00683

0066

0067

0060 C
0069 ¢
0070

00?2 C
00?22

00?3 ¢
00?4 ¢
0073

0076 ¢
00?7

00?8 ¢
0079

0080 ¢
%081 C
00482
0083
0084
0083
0086
0087
0088
0089
0090
0091
0092
0093
0094
00383
0096

OO

[ N e W o)

0097 i0

0099
0099
0100
0141
0102
01403
0104
0143
0146
0107
0108
0109
0110

OO0

[z N g N x]
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ASK IF USER VISHES SERRCH AS REACTANY ONLY, PRODUCT OHLY OR
DR AS REACTANTS AHD PRODUCTS

URITECIPC1).109) 1NRTITH

READCIPCE),») 1BR

MAKE SURE USER GAYE A LEGITIMATE RESPOHGSE

IFCIBR . LT .1 OR. IBR .GT 3) GOTO i

ASSIGHN CORRECT FORMAT FOR OUTPUT DEPENDTKA ON RESPONSE
IFCIBR _EQ@. 1) ASSIGH ie7 TO ITI7Y

IFCIBR .EQ. 2) ASSIGH 196 TQ ITIT

IFCIBR E@ 3) ASSIGH 108 YO ITVIY

URITECLP. . ITIT) INATCH

VRITECLP. t11)

GPEN DATA FILE ON GISK #1CR

CALL OPEKRZIDCB.IER.NRMF,0,I35C,ICR?
CHECK FOR ERROR RETURN

IFCIER LT, 0> WRITECIPC1),102) 1ER

READ IN A LINE 0F DATA

CALL RERDFCIDCB.IER, IBUFR.IL,LEN)
CHECK FOR ERROR RETURN

IFCIER LT 0) WRITECIP(1),102) IER
CHECK FOR END OF FILE «EGF?

IFCIER .EQ. -12) GOTO 2¢<

CaLL CODE READ DOES % FORWAITED READ OF THE FILE.
CALL CODE
READCIBUFR,104) CIBUFCIY, I = 1., 132)

LOOK FOR FIRST REACTION (LOOK FOR R PLUS SIGN)
IFCIANDCIBUFC16).1PL) .NE. IPL) GOTE ?

CONVERT SELECTED PORTIONS FROM ASCII TO NUMBERS INTERNAL TO THE
COMPUTER ISLCT POINTS 10 CORRECY COLUNNS OF DATH FILE

bo 10 1 = 1, @

INASCI) = IBUFCISLCTCI))

INRSCI) = JANDC IMAS(1),37400P1/4008
IFCINASCT) EQ@ 49B) IMASCI) = IMASeI) + 208
IRAS(I) = ]MASCI) - 608

CONTINUE

RECONSTRUCT NUMBERS IA & JA FOR REACTANTS., KA & LR FOR PRODUCTS.
IA = 10 = IMASCL) » 1HRS(2)

JR = 10 INASCI) + IMASC4)

KA = 10 IMASCS) + IMASCS)

La = 19 INASC(?) + IMAS(S)

. e e

LOOk FOR NATCHES
G070¢11,12,13), 1BR
REARCTANT ONLY

LOG = IRATCH EQ. 1A OR. INATCH _EQ. JA

21
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0111 GoT0 20

0112 ¢C

0113 € PRODUCTS ONLY

0114 ¢

0118 L2 LOG = INATMH EG KA OR  IMATCH EQ. LA
o116 6arn 20

60117 ¢

0118 C REBCTANT &/0R PRODUCT

0119 ¢

0120 13 LUG = INATCH . E@. IR .OR. IMATCH _EQ. JR .OR. INARTCH .EQ. XA
0121 & .0R IHATCH EQ. LA

0122 ¢C

0123 ¢ OUTPUT TO LIST DEVICE

0124 C

0123 JOOIFCLOG) WRITECLP. 105) (IBUFCE), 1 = t, 126)
0126 IFCLu6: NMAT = NMAT + 1

0127 ¢C

0128 CHEfK FOR EOF

0129 ¢

0130 IFCIER NE -t2) GOTG 7

0131t 25 CONTINUE

0132 ¢€

0133 ¢ EOF

0134

0133 ¢ WRITE HUMBER OF MATCHES YO0 LISY DEVICE AND TO DIARLOGUE DEVICE.
0136 WRITE(LP. 1iG) Nita?

01137 BRITECIRCT Y, 110) HMAT

0138 END

FTH4 COMPILER: HP92060-16092 REV. 2026 (9800423)

*¢  NO VARNINGS &% NO ERRGRS we PROGRAN = 01228 COMNGN = 00000
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Appendix C
PROGRAM SLRXT

PAGE 0001 FTN. 9:37 AWM FRI., 17 JuLY, 1981

0001 FTN4., L
| t 0092 PROGRAN SLRXT(3,99), REY. 800813 DOREN INDRIT2

g 0003 C VERSION 800813 FOR HP MINICOMPUTER
: 0004 C
: 0003 C PROGRAM TO READ A SELECTED DATA FILE FOR SPECIFIED
b 0006 C REACTANTS L/0R PRODUCTS
; 6007 C THIS PROGRAM ALLOWS ONE TOQ SELECT MULTIPLE INPUTS ((=20) A4S
| 0668 C REACTANTS. THUS ALLOWING ONE TO SELECT CLASSES OF
f 0009 REACTIONS (DIFFERS FROM &SELET., WHICH ALLOWS ONLY ONE.)
0016 C
001t C LOG IS LOGICAL FOR REACTAMY SPECIES MATCH
0012 ¢ LOG2 IS LOGICAL FOR CONPLEMENTARY REACTIONS
: 0013 LOGICAL LOG.LOG2
} 0014 DIMENSION IPCS),.NAMF(3), IHUFR(132),1BUFC132),1DCBC144?,
0015 L} ISLCTC8), INAGCH), TINC20),JINH(20)
0016 DATA ICR, ISC,.NMAT,IPL,IL/27,0.,0,2540008,.132/, IVES/2HYE/
0017 DATA 151€7/12,13,27,28,43.,44,549,59/
0018 C
0019 C FORMATS
0020 C
: 0021 100 FORMAT(’ ENTER DATA FILE NANE (6 CHARACTERS)’)
0022 10t FORMAT(3A2)
0023 102 FORMATC’ 1ER = ’,18)
0024 103 FORMATC’ HOV MAKY "1a* REACTANTS ARE YOU INTERESTED IN?’)
0023 104 FORMATC(13241)
0026 105 FORMATC’ /,13241)
0027 106 FORMAT(’ ENTER SPECIES -> ')
0028 107 FORMAT(’IREACTIONS INVOLVING SPECIES AS REACTANTS-)> ’, ,1X,20I3)
0029 108 FORMAT(’ DO YOU WANT TO SPECIFY COMPLEMENTARY REACTANTS?’)
00390 109 FORMAT(A2)
0031 110 FORMAT(//’ SELECTION PROCESS FINISHED. A YOTAL OF ’/, 13,
0032 & ’ SELECTED ')
3 0033 111 FORMATC10X, REACTANTS , 22X, PRODUCTS’, 184, "DELH" ., 8X. "DELG’.
0034 ) 4%, "#TRD’,2X, '#FND’,3X, 'NCHD’, 1X, "NCCD’ . 1K, *NCOD "’ ., 1%,
0033 & "NOQD’, 14, NONHD’ ., 2%, ’NET’//)
* 0036 112 FORMAT(’ THIS PROGRAMN ALLOWS YOU TO SELECT UP TO 20 REACTANTS')
’ 00137 113 FORNATC’ HOV MANY “2A" REACTANTS ARE YOU INTERESTED IN?’)
0030 114 FORWATC’ COMPLERENTARY REACTANTS -> ' ,2013)
0039 C
0040 C
0041 C GBTAIN LOGICAL UNIYT WUMBER(LU) OF INPUT ODEVICE FOR DIALOGUE.
0042 CALL RMPARCIP)
0043 C LP IS LU FOR OUTPUT LISTING
0044 LP = 06
0043 WRITECIPC1),112)
0046 C 0BTAIK NANE OF DATA FILE
0047 WRITECIP(1),100)
0040 READCIPCL),108) CHANF(K)Y, K = 1, 3)
0049 C 0BTAIN NUNBER OF REACTANTS
‘ 0030 VRITECIP(1).,103)
0031 READCIP(1),e) NI
0032 C @BTAIN NUMBERS COF THASE REACTANTS
0033 WAVE T0 REFER 70 ORIGINAL DATA INPUT FILE YO0 SEE SPECIES WUMBERING
0034 WRITECIPCL),106)
0038 READCIPCI ), o) CITHCLL), LL = 1, NIID)
23
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0036
0037
0030
0039
0060
0061
0062
0063
0064
0065
0066
0067
0069
0069
00?0
0071
00?2
0073
0074
007?73
0076
0077
0078
0079
00do
0001
0082
0083
0084
00493
6086
0087?
0089
0089
0090
0091
0092
0093
0094
0093
0096
0097
0098
0099
0109
010t
0102
0103
0104
0109
0106
o107
0100
0109

0902

[N xEa NNyl

OO0

OO0

oo
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SLRXT 9:57 AM FRI ., 17 JULY., 1981

SEE IF USER UANWTS TO SPECIFY COMPLEMENTARY REACTANTS
WRITECIPC1),108)

READCIPC(1).109) IANS

IFCIANS €@ IYES) tdG2 = . TRUE.

IFC _NOT. L0OC2) GOYO 9

GBTAIN MUMBER OF COMPLEMENTARY REACTANTS
URITECIPCL), 113

RERDCIPCL),*) HJUJ

0BTAIN THE NUMBERS OF THOSE REACTANTS
WRITECIP(11}.,106])

READCIPCL1),*) CJINCLL)Y, LL = 1, NJJ)

CONTINUE

WRITE HEADER WHICH INCLUDES REACTANY SPECIES HUMBERS
URITECLP,10?7) CITNCL), L=t ,NII)

IFCLOG2) WRITECLP,114) C(JINCLY, L = §, NJJ)
SRITECLP, 111

OPEN DATA FILE FROM DISK

CALL OPENCIDCB. IER,NAMF, 0.ISC.ICR)
CHECK FOR ERROR RETURMN

IFCIER LY 6) MRITECIPr1),102) IER

READ IN DATA LINE AT A TINE

CALL READFC(IDCB,LER,IBUFR,IL,LEN)
CHECK FAGR ERROR RETURN

IFCIER LT, 0) WRITECIPC1),102) IER
CHECK FOR END OF FILE (EOQF)

IFCLER EQ@. -12) GOTa 25

READ FILE WITH FORMAT. NOTE THAT A READF CALL GETS RECORD
FROM FILE AS IS. CALL CODE READ DODES A FORMATTED READ OF THE
FILE. HP IS SUPPOSED 70 COME QUT WITH A SOFTUARE REVISGION
THAT ALLOWS FOR DIRECTYT READING OF A NAMED FILE.

CALL CODE

READCIBUFR,104) CIBUFCIDY, I = 1, 132)

LOOK FOR FIRST REACTION (LOOK FOR A PLUS SIGN)
IFCIANDCIBUFCE6). IPL)Y MNE.  IPL) GOTOQ ?

COMVERT SELECTED PORTIONS FROM KNOWN FORMNAT INTO NUMBERS
INTERNAL TO YHE COMPUYER

00 1o ! = 1, 8

FOLLWING LINE TOGETHER WITH DATA STATEMENT FOR ISLCY GETS
CHARACTERS FROM SPECIFIC COLUMNS OF DATA FILE

INASCI) = JBUFCISLCTCI))

INASC(T) = TANDCINAS(I),37400B)/4008

IFCINASCI) EQ. 40B) IMASCI) = INASCI) + 208

INASCT) = IMRASCI) - 0B

CONTINUE

1A = 10 o INMASC1) + IMASC2)

JA = 10 & INQASCI) + INAS(4)

KA AND LA ARE THE NUMNBERS OF THE PROOUCTS FOR EACH REACTION.
THEY ARE NOT USED IN THIS PROGRAN THE INFORWATION IS INCLUDED
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HERE SO THAT OME CAN EASILY SEE HOW TO INPLEMENT AR SEARCH FoOR

SPECIFIC PRODUCTS. s
KA = 10 & JHASCT) + INASCE) .
La = 10 = IMASC?) + IRASCE)

IF VE ARE LOOKING FOR REACTIONS OF SPECIES WITH SPECIFIED

CONPLEMENTARY REACTANTS. JUMP AHEAD TO LINE 21.

IFCLOG2) COTQ 2%

00 15 II = &, NII

LOGC = .FALSE.

SEE IF SPECIFIED REACTANTS OCCUR IN POSITION 14 OR Ja.

IFCIINCIT) .ME. IA .AND. IINCII) .NE. JA ) GOTO 1S

LOG = TRUE.

GOTO0 20

CONTINUE ‘
GOT0 22 !

LOGK FOR MATCHES OF BOTH SPECIES AND CONPLEMEMTARY REARCTAMNTS \
CONTINUE

00 30 I1 = 1, NII

00 30 JJ = 1, HJJ

LOG = .FALSE.

IFCCIIRCIY) E@. IR .AND. JINCJY) EQ@. Ja) .OR. CIINCII) .EQ. JA

& CAND. JINCJJ) EQ@. Ia)) LOG = .TRUE.

IF(LOG) GOTO 20
CONTINWUE

QUTPUT REACTION MATCHED

IFCLOG) WRITECLP,105) C(IBUFCI), I = 1, 126)
COUNT HUMBER OF MATCHES
IFCLOGC) NMAT = NMAT + 1

CHECK FOR EOF, IF NQT EOF, CONTINUE READING

CONTINUVE
IFCIER .NE. -12) GOTO 7
CONTINUE

EOF

IF EOF WRITE NUNBER OF MATCHES TO LISTING DEVICE AND TO DIALOGUE
DEVICE.

GRITECLP,110) HNAT

URITECIPC1),110) HHAT

END

FTH4 CONPILER: HPS2060-16092 REV. 2026 (800423)

‘0

NO VARNINGS oo NO ERRORS oo PRAGRAN = Q1337

CONNON = 00000
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0001
0002
0003
0004
0003
0006
0007
0008
0009
0010
0011
0012
0013
0014
0013
0016
0017
0018
0019
0020
0021
0022
0023
0024
0029
0026
0027
0028
0029
0010
0011
0032
0033
0014
0033
0036
0037
0038
0039
0040
0041
0042
0043
0044
0043
0046
0047
0048
0049
0030
00131
0032
0033
0034
00398
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Appendix D
PROGRAM RLIST

FIN. 9112 AN VED ., 22 JULY., 1981

PROGRAM RLIST(3.,99), REY. 810420 DOREN INDRIT2

YERSION 810420 FOR HEVLETT PACKARD MINICOMPUTER

T0 LIST REACTION FILE, DOUBLE SPACED.

IN SHORTENED FORNART C(ONLY FIRST 60 COLUNNS PLUS THE

NUBBER LISTED UMDER "4FND") THIS GIVES A LISTING

THAT HAS ROON T0 MAKE CONMENTS IN THE RIGHT WAND °“MARGIN®,
BUT STILL KEEPS REQUISITE IDENTIFIERS.

ECHOS DRTA AT HEAD OF FILE UNTIL FINDS FIRST REACTION.
PROGRAM COUNTS NUMBER OF REACTIGNS FOUND IN THE FILE.

DIMENSION IP(S),HAMF(3), FBUFRC132),IBUF(132),10CBC144), INAS(Y)
DATA ICR, ISC.NMAT,IPL,IL.IBLBL/27,0,0,25400B,132,2H /

ICR IS TIE CARTRIOGE THAT THE 0AaTA FILE IS ON

IPL 1§ ASCII FOR "+ IN THE LEFY BYTE.

FORNRTS

FORMATC’ ENTER DATA FILE MANME (6 CHARACTERS)’)
FORMATC(3A2]

FORMATC’ TER = ’',18)

FORNATC132R1)

FORMAT(IHO . 60AL, 14, 14)

FORMATC’ FINISHED # TOTAL OF ’,13,' WRITTEN.')

GBTAIN LOGICAL UNIT HUNBER(LU) OF DIALOGUE DEVICE.
CALL RWPARCIP)

SET LU FOR LISY DEVICE

LP = 9

UBTALIN NAME OF DATA FILE

SRITECIPCL), 100)

READCIPC(E),101) (NANF(K), K = &, 3)

GPEN OATA FILE FOR READING.

CALL OPENCIDCE, IER, NANF, 0,ISC.,ICR)
IFCIER LY. 0) WURITECIPC1).102) IER
00 10 I = 1, 132

IBUFRCI) = TOLGL

CONTINUE

CALL READFC(IDCB.IER,IBUFR.IL,LEN)
IFCIER LY. 0) WRITECIP(1),102) IER
IFCIER .EQ. ~-12) GOTQ 25

CALL CODE READ DOES A FORWATTED READ OF A SPECIFIED BUFFER.
CALL CODE

READCIBUFR,103) CIBUFCI), I = 1, 132)

LOOK FOR FIRST REACTION (* + * SIGN)

IFCIANDCIOUFCI6), IPL) .EQ@. IPL) GOTQ @

MRITECLP,1063) CIBUF(L),L=1,132)

Goto ?

GET OFND., THIS UILL 8E PARYT OF THE QUTPUT
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PAGE 0002 RLISTY 9:12 AW  VED.., 22 JULY., 19481

e o ———

IR IR T

; ; 0036 8 B0 201 = 1, 8
! l 0097 INASCI) = JTANDCIBUF(@S+1),374008)/74008
i 00958 IFCINASCI) .EQ. 40B) IMASC(I) = INAS(I) + 208
, 0039 INASCI) = INASCI) - 6O0B
] | 0060 20 COMNTINUE
! ] 006t MFND = 100009IMAS(1)+10009INAS(2)+1000INASCI)+100INASCA4I+INASCT)
i ' 0062 ¢
| 0063 WRITECLP.104) CIBUFCI).,I = 1, €0), NFND
! 0068 C KEEP TRACK OF THE HUMBER OF MATCHES .
0065 KMAT = NMART ¢+ 1
0066 ¢
0067 ¢ CHECK FOR EOF
0068 IFCIER .NE. -12) GOYQ ?
0069 25 CONTIWUE
0070 ¢
002t URITECLP.1065) HHATY
0072 NRITECIPC1).105) Hnal
00?3 END
FTH4 COMPILER: HP92060-16092 REV. 2026 (800423)
p
%% KO WARWINGS s¢ NO ERRORS »e PROGRAM = 00813 CONNON = 00000

JENT S RIS I s RS RY § T
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