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This nrogram, from a minimal amount of input, builds a standardized
geometric model of a molecule, and, using standard values of boﬁdlengths,
angles, and dihedral angles implicit in the program, calculates the car-
tesian coordinates of all atoms in the molecule., In addition, ontions

are available which allow the user to choose his own geometric parameters.
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A, Introduction

If one is to calculate oroperties of large molecules it is desirable
to have some means of constructing standard geometric mcdels of these mol-
ecules from their chemical formulae and a sct of standard bondlengths and
angles. “hile using such a standard model precludes the use of exact
geometric narameters for any specific molecule, there is much to be said
for the ability to calculate the cartesian coordinates of any molecule
based on a well-defined set of rules. In the first place we may wish to
discuss the electronic structure of a molecule for which there is little
or no experimental data. Secondly, even for molecules whose geometries
are known experimentally, a case can be made for using standard bond-
lengths and angles since {ndividual geometric features are theﬁselves
caused by the electronic structure and more insight can bo obtained by
starting from a standard model and then discovering the driving force
causing the deviation from such a model,

The "Model-Builder" comouter orogram was written to meet the aims
of the nreceeding varagraph, It consists of two subroutines, MBLD2 and
¥BLD3. MBRLD2 builds a qualitative model of the molecule, assigning bond
types (single, double,...), local atom geometiies (tetrahedral, trigonal,
...) and bond rotational geometries (trans, gauche,...). INBLD3 then
assigns bondlengths, bond angles and dihedral angles cormensurate with the
qualitative model and calculates the cartesian coordinates of all atoms in
the molecule., These coordinates may be obtained at two diffecrent levels
of standardization. The first (vodcl A) distinguishes the various bond
types and assigns different bondlengths accordingly. lowever, for some

molecules one cannot uniquely d fine a single valence structure ( for
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example, many radicals and ions),. and one then needs a less discriminatory
modd (ModelB) which denends only on the types of atoms involved in a bond.
Model B thus assigns the same pondlength for all bonds between any partic-
ular pair of atoums.

The program was written in FORTRAN IV for the IEM 360 lMedel 65, In
addition, there are copies available which are compatible with the CDC
1604 (FORTRAN 63) and the Bendix G-24 (ALGOL 20). The program was originally
written for the latter machine at Carnegie-liellon University.

Since the coordinates, atomic numbers, charge, multiplicity, and
numbers of atoms are all in a common block (CQLION/INFO), the program is
easily meshed with other programs such as SCF routines. Alternatively,
there is an option to punch this information on cards for future use.
Finally, there are a numéer of options available (discusseé in detail below)
which allow the user to supercede the standard geometries. These optlons
range from alteration of one bondlength to feeding in the entire set of
bondlengths and angles., A1l imoortant parameters and their specific

functions are listed in Table 1, aporoximately in the order of their

appearance in the progranm.



B, Innut

The mandatory innut data is read into the program in the following

order:

Inout to MAIN:

INOP ,QUTCP, (P2, TIMES(#I3): Model-Builder ontions

Innut to MBLDZ2:

1.

The name of the molecule plus any pertinent information
(columns 2-72 of one card).

CHARGE ,MULTIP (2I2): Charge and multiplicity of the molecule.
N(I2): The number of rows in SHORTF. '

SHORTF (i cards, each in 7Ab format): SHORTF contains all
bonding information necessary for the definition of a mol-
ecule. Cne card of input is required for each atom to
which the user chooses to assign an explicit number., For
each such atom, I, the corresponding row in SHOXTF con-
tains all atoms or groups of atoms bonded to I, If these
latter atoms have themselves been numbered explicitly,

then their numbers appear in the proner columns; otherwise,
the input is their chemical symbols. All atoms may be
numbered explicitly if one so chooses; however, any atom
which is bonded to only cne other atom (e.g., H, F,
carboxyl oxygen) may be cntered as its chemical symbol.
This, of course, decreases the amount of input. In addi-
tion, the following prouns may be entered by the symbols
in parentheses: methyl (ME), ethyl (ET), n-propyl (NPR),

isopronyl (IP1), n-Butyl (NBU), isobutyl (IBU) tertiary
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butyl (73U), and hydroxyl (0if), It should bo noted that the

exrlicit nurmbering is comnletely up to the user. There are
no restrictive conventions. There are a number of sample
sets of input listed in Aonendix A.

Each of the I rows of SHORTF may contain up to 7
entries. The first entry contains the chemical symbol of
the corresoonding atom, I, while the other entries contain
the atoms or grouns of atoms to which I 1s bonded. All
entries are right justified.

5, Blank Card er geometry options followed by a blank card.
In addition to the bonding information described above, SHORTF also deter-
mines thel bodd rotational geometry of the molecule by the order in which
the elements of each row apnear in SHEORTF. The convention is as follows:
Consider a bond between two atoms X and Y, where X and Y are both bonded
to more than one atom. Then X will appear somevhere in the row Y of
SYORTF and Y will be one of the elements in row X. Unless it is directed
to do otherwise, the vnrogram will then take that atom directly to the right
of X in row Y, call it I, and that atom directly to the right if ¥ in row
X, call it J, as the atoms which are defined by the bond rotational goem-
etry of the bond X-Y, That is, if X-Y is trans then I is trans to J and
ali other atoms bonded to X and Y are then fixed by thelr bondlengths and

bond angles. As an examnle, consider trans- and gauche-1,2-difluoroethane:

F H F ¥
. H - B
\\ . \ /
. 7 b /
B4 N o N
H F H H

TRANS GAUCHE
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Note that only the two carbons have been numbered exnlicitly. SiOMF for

trans would then be

COLUIN s L 8 12 16 70

¢c 2 F H H

c 1+ F H H
where 1 and 2 correspond to X and Y in the preéeeding discussion and the two
fluorines correspond to I and J. Since the standard model assigns a bond
rotational geometry of trans to all such bonds, the two fluorines will be
trans. Similarly, SHORTF for the guache rotamer is

c 2 F H H

c {1 H F H
Finally, it should be noted that if X is the last entry in row Y or vice
versa, the program goes back to the beginning of the row-to find that atom

directly to the right of X (or Y). Consider benzene as an example:

.-1*
"

3\2\\)5
L

The corresponding SHORTF may be written

QOO0
w0 pown
—TmwEEO,
jooliE =g G Yhanit el \V

Here the hydrogen on Carbon 1 is trans to carbon 3 and so on, dhen setting
up SHORTYK for a molecule, one should be quité careful so that the desired
rotamer is obtained. Some more complicated examples aré contained in

Apnendix A,



C. MAIN Program

The MAIN program functions entirely as a calling program, All infor-
mation pertinent to an SCF-iiv routine is contained in one block of labeled
common (CCL2i0/INFO). Initially the four control options are read: IiOP,
OUTCP,CP2, and TIMES, If INOP=0, the standard model is used and both
MBLD2 and MBLD3 are called. If INOP=2, the experimental or scme other set
of alternate geometries are to be fed in and only MBLD3 need be called,

If OUTOF»>0 the number of atoms, atomic numbers, charge, multiplicity and
coordinates are punched on cards, (P2=0 invokes Model A, OP2=1 invokes
Model B, TIMES is simply the number of runs tc be made using the present
values of INCP,QUT(P, and_(OP2, If a serious error»is detected in MBLDZ2,

NALARM is set to 1 and the program is terminated,
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This section of the vrogram builds a qualitative model of the molecule.,
Once SEORTF has been read in, it is converted to a new array F, 'F is sim-
ply an expanded version of SHORTF in which all atoms not previously num-
bered are assigned numbers and atomic numbers. Thus all atoms appear
explicitly in F. The atomic numbers are defined with the use of the matrix
EL (which contains the chemical symbols of the elements) and are fed into
AN. It should be noted here that it is possible for severalcef the ma-
trices used in the orogram to obtain a zero subseriot. To avoid this
difficulty, the elements of all such arrays are incremented by one whera-
ever they apvear. Thus AN(I+1) is the atemic number of atom I, CN(I+1)
the connectivity of atom I, and so on. In the case of AN this situation is
rectified at the end of MBLD3 so that the nrogram will be commatible with
other programs to which it may be attached.

As an examole of the conversien of SHORTF to F, consider SHORTF
for ethane:

COLUMN : 5 8 12 16 20
Cc ME H H H

Here only carbon, atom 1, has been numbered explicitly. The remaining atoms
are always numbered in the order in which they apnear tn SHORTF; thus the
atoms in the methyl group are numbered first and then the three hydrogens.
Within the methyl group itself, the heavy ntom'(carbon) is first assigned

a nuﬁbcr and then the three hydrogens. The F matrix for this molecule,

would then be



Atom Array. F

1 (carbon) 2 6 7 8
2 (carbon) 1t 3 4 5
3 2

L 2

5 2

6 i

s 1

8 i

Note that the three hydrogens in the methyl group have been numbered before
those attached to carbon 1. If a group of atoms containing more than one
heavy atom, such as ET, is encountered in SHOATF, the heavy atoms are
numbered first and then their respective hydrogens. If the element of
SHORTF has already been numbered it is simply carried over anchanged to F,
Of course, if one or more elements of SHORTF is a group of atoms rather
than a single atom, the rotational geometry of the molecule is not com-
pletely specified until SHORTF 1is converted to F.

Immediately following the conversion of SHORTF to F, the array
NXCARD is read in a 20A4 format, If the standard model is being used
NXCARD is simply a blank card and the final innut; otherwise it contains
the key word for one of the geometry alteration options to be discussed
betow. tThe‘ecnnectivety_of an atom, CN, is simply the number of atoms
bonded to that atom. ATBD(J,I) is the JN atom in bond I and defines all
bonds in the molecule. Bond 1 is a fictitious bond with ATBD(1,1)=0 and
ATBD(2,1)=1; thus the number of bonds in a molecule other than ring-closure
bonds is just. the number of atoms in the molccule. G is an array identieal
to F and is used to prevent bonds from beilng jdentified twice. A bond
between I and J can be found both in row I and row J of ¥ (since I is
bonded to J and J is bonded to I); thus if G(K,I) is the position of J
in row I and G(L,J) is the position of I in row J, both G{¥,I) and G(L,J)
are zeroed after the bond I-J is identified. By using G instead of I, the

latter array is kent intact for later use. Once the first M bonds have



been identificd, any remaining bonds must be those involved in closurc of
rings. These are easily identlfied since only those atoms particinating
in such bonds are left in G, By subtracting G from F, G will then contain
all elements of F except those participating in ring-closure bonds. Hence
G may now be used to construct all ring systems in the molecule.

ATRG(J,I) is the Jth atom in ring I. As an example of how rings

are constructed by 11BLDZ, consider cyclobutadiene:

He H
5‘\ P 6
¢, ~ ¢
1 A
C4 — 03
N
Hg Hyp

The first four rows of G will be

O OwWn
wEo &
—t = - N

The ring closure bond in this molecule will be bond 2-3 (this is deter-

mined by the order in which ATBD is filled)., MBLDZ then nroceeds to build

a tree structure of the ring beginning with AT3D(1,KK) where KX refers to

the ring-closure bond, in this case bond 2-3. Thus the first row of TREE
consists of atom 2. To find the second row the program picks out each

atom bonced to 2. As each atom I is added to the tree structure it is
checked off byAsetting Ci(I+1)=1 so that I will not apoear more £han once

in any given tree. The first two rows of TREE for cyclobutadiene will then.

be YN

6 1
where atoms 6 and 1 are TREE(Z,1) and TiEE(2,2), respectively. The con-
struction of TiAEL continues until ATBD(2,4K) is found (atom 3 in this case)

at which point the ring has been completed:
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57 b
87 3

liere the ring is 2-1-4-3, Thus by zeroing the occurrence of atom 3 in
row 2 and atom 2 in row 3, we have forced the program to search backwards
through the ring, identifying each atom in the ring as it proceeds.
TESTA is an integer which is initially zero. Uhen a ring has been
closed by the procedure outlined above, TESTA is given the value i so
that the nrogram knows to jump out of the looo controlling the tree con-
struction. The ring is then numbered as are the atoms (using ATiG) in
the ring. To allow for the possibility that two rings are defined by the
same ring-closure bond, CH for ATBD(2,KK) is reset to zero as is TESTA
(CH for all other atoms in the tree structure remain = 1) and the tree
cbnstiuction is allowed to continue to attempt to'find another ring by an
indenendent path. Finally, those elements of G pertaining to the ring-
closure bond of the ring just identifiéd are refilled. FaQIA(I) indicates
the origin of atom I; thus for tyclobutadiene, EEOMA{&)#Z”and FROMA(B)=N.
The procedure described thus far wili find all rings in the molecule
with one excention. If one considers napthalene, it is obvious that there

are two rings oresent:
1 b
gt S0

g

12345 10 and 56789 10. The ocrinhery of the molecule, 123456739 10, however,
is not a ring and is orevented from being cne by the check-off system
outlined above. Since there are only two ring-closure bonds in naphtha-
lene (3-4 and 7-8 for the punbering system ahove), the periphery "iing"

has to be identified using the ring-closure bond of the "1egitimatc" rings.

fhis, however, is prevented by the check-off system unless there arc two
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indenendent paths by which a ring-closure band czn be joined. This is not
the case in‘naphthalene. This restriction, hoever, arcevents the following

type of ring structure from being specified vronerly:
l///xi\.
N

There are three rings in the above structure, but with the above procedure

only two will be identified. To get around this the program checks each
pair of rings to see if they have three or more atoms in common. If they
do a third, unidentified ring is present and the program identifies it.
CCMIAT(I) is the Ith atom the two rings have in common.

BDRG, RGAT, RGBD, and GG are filled quite straightforwardly once
AT3G has been svecified. Since rings can be attached to each other either
by one atom or by a bond, IGRG is broken up into twotparts: RGAIG and
RGBRG, corresponding to théstwo possibilities. For a molecule such as I,
each ring is said to be bonded to the other two by a single atom at two
different positions for each ring. The excess valence (XSVAL) of an atom
is defined as the "normal valence" of the atom, VL, less the connectivity
of that atom, CN, in the molecule. Thus if the "Hormal valence" of carbon
is 4, then the excess valence of carbon in ethane, ethylene, and acétylene
will be 0, 1, 2, respectively. In other words, the excess valence of the
atom is qualitatively the number of electrons which that atom contributes
to multiple bonds., Of course, this is an oversimolification with regard to
true molecular structure, but for building qudlitative models of molecules,
it serves quite well.

Each atom in a molecule with connectivity greater than 1 1is assigned
a local atom geomctry by the standard model: that is, all angles having

atom I as the central atom are assigned the same standard value. These
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standard geometries are determined by the following rules and filled into
ATGECH :

1. Any N or C atom with connectivity = 4 is tetrahedral; e.g. CHy, »
2. A nitrogen or oxygen with connectivity 3 which is not bonded

to any atom having a nonzero excess valence is oyramidal.
Examples are NH3’ OHB’ CHBEHZ.

3a. A carbon with connectivity 3-is trigonal, e.g. CHj, CoHyyeve

3b. A nitrogen or oxygen with connectivity 3 which is bonded to
some atom having a nonzero excess valence is trigonal. Ex-
amples are CH3NOp, vinyl anine, protonated vinyl alcohol.

La, A carbon with connectivity 2 which 1s bonded to atoms the
sum of whose excess valence is less than two is bent, e.g. CHZ'

4b, A nitrogen with connectivity 2 which 1s bonded to atoms the
sum of whose excess valence is less than three 1s bent, e.g.
NE,, CH2 = NH,

4e. An oxygen with connectivity 2 is bent.

5a, A carbon with connectivity 2 which is bonded to atoms the sum
of whose excess valence is greater than {1 is linear., 3xample
is acétylene.

sb, A nitrogen with connectivity 2 which is bonded to atoms the sum
of whose excess valence is greater than 2 is linear, e.g.
HC = C - N = Cl,.

If the user wishes to change the geometry of on¢ or more atomg, he may
do so by setting the array NXCAD equal to the word ATCHMGECH (left-justificd)
rather than a blank card. In others words, instead of having a blank card
immediately following SHORTF in the input, the word ATCI'GECH is placed in
columns 1-8uso that KACAUD(L) = 'ATCH' and BACAD(R) = 'GuCH!,  The next

card contains the following information:
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1. The word 'TETR', 'YYA', 'TRIG', 'BENT', 'LIKE', or PASYM! in
colurns 1-4%, The word chosen incicates the desired geometry.

2. The number of the atom I whose geometry is to be changed in
columns 11-12, right-justified. ATGECM(I) is then set equal
to the nroner type of geonetry.

3. If the geometry indicated 1is ASTM, the user has deciced to
assign a oarticular numerical value to the local geometry of
atom I rather than éne of the standard values. In th;s case
the value of the angle is placed in columns 15-26 in F 12.8
format. This angle is then contained in NEWANG(I).

A similar card is inserted for each atom whose geometry 1s to be changed.
The last card is again either a blank or the key word for the next geometry
option to be invoked, again read as NXCARD,

An example using the ATCNGECH option 1S nydrogen neroxide, say the
trans configuration: H \‘01.-02\\

H

The standard input for this molecule is

HYDRCGEN PEROXIDE

01
2
o 2 d
0o 1t H
BLANK CARD

This will give both oxygens an aton geometry of 'BENT!', If we wish to

change this to trigonal, the following is inserted before the blank card:

COLUIdN: 1 8 12
ATONGECH
TR1C 1
TRIG 2

Now, the exnerimentally observed bondangle in hydrogen peroxide 1is 9L, 59,

To assign this value to both bondangles, the following cards are inserted:
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COLUNM: 1 8 12 15
ATCHMGECN
ASYM 1 Sh.5
ASYI 2 94,5

It should be reiterated here that when a particular atom geometry is assipgned
to an atom, all angles about that atom are assigned the same value. This
restriction may be circumvented by reading in all bondlengths and angles in
a manner to be discussed below.

Once the atom geometries have been specified, 11BLD2 proceeds to deter-
mine the bond types of all bonds in the molecule. If MODEL B 1is being used,
these bond types are not needed and this section of the program is skipped
if P2 = 1.

EV is a dummy array identical to ¥SVAL and is used in the bond spec-
ification in a manner analagous to the use of G earlier. EVC(I+1) is the
number of atoms bonded to I which have ancexcess valence greater than zero.

BT(I) is a number identifying the bond between ATBD(1,I) and ATBD(2,I).
For BT(I)=1,2,3,4,5,6 the bond I is single, double, triple, aromatic, triple
aromatic, dative, respectively. The only two types‘of dative bonds searched
for are -N:8 and =il-N, Since these are SDécial cases, all dative bonds are
identified first. For NOz groups both oxygens will initially have EV=1 and
the nitrogen will have EV22, Thus each time such a group is found, EV of
both oxygens is deleted by 1 (so the bonds will only be identified once)
and EVC of niﬁrogen is deleted by 2, Similarly, each time an N, group is
found, EV of ihe end nitrogen is deleted by 2 and ZVC of the other nitrogen
is deleted by 1.

Cnce all dative bonds have been found there should be no atom having
V>0 and TVC=0. If such a case arises, SHOITF has nrobably been inputed
incorrectly.and the program nrints "ATCH I liAS FV= - and FEVC = 0" and then
oxits. Otherwise the program begins to search for all non-single bonds in

in the following manner: The program stens along each aton
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until 3t finds one with EV20 and iVC=1. Such an atom corresponds to an end

atom in a terminal double bond, such as C1 o Cy in butadiene:

Ho H

H C3= Cy

\’C1= Cz’ \H
H YH

NBi and 132 are integer variables initially set to zero. Each fime a ter-
minal multinle bond is found, BT of that bond is incremented by 1, NB2 is
incremented by 1 and EV of both atoms is decreased by 1. After EV for both
atoms has been reduced, if either atom has EV=0, EVC for each aton attached
to that atom is reduced by 1. As the end bonds are identified and their
resnective EV!'s reduced, new terminal bonds may apnear. lYhen all atoms
have been scanned once, NB1 is set equal to NB2 and the cycle is repeated
until, at the end of a cycle but before 1Bl is replaced by B2, NR1=}NBZ: in
other words, until a cycle produces no new multiple bonds. Thus two cycles
are required for a triple bond. At the end of this procedure, all multiple
bonds will have been identified except for those in completely conjugated
cyclic systems since these latter have no terminal multiple bonds, TOTE

is the total excess valence of the molecule; If, at the end of the above
procedure, TCTEV=0, all bonds have been defined and the program exists to
the end of the block. therwise, it begins to identify bonds in cyclic

systems.,

. If a ring4K is found for which each atom in the ring has TV>0, it is

identified as an aromatic ring if the number of atcms is 4i+2 (GTYPE(X)=
TARQM'); otherwise the ring is conjugated (RGTYPT(K)="CCNJ!). Each bond in
an aromatic ring has BT set at 3 and TV for each atom in the ring is decreased
by 1. After all aromatic bonds in the system have been identified, MBLD2
nroceeds to identify bonds in conjugated rings. For the latter, cach bond

in turn is checked for the excess valence of each of 1its atoms. 1f both

atoms have LV30, BT for the bond is incremented by 1 and EV for each of 1ts
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atoms is decreased by 1. Since the identification of bonds in conjugated or
aromatic rings may uncover new terminal bonds, such as in benzyne, the pro-
gram calculates TOTEV again. If it is zero, the bond specification 1s
ended; otherwise the cycle is revcated.

If both atoms in a bond are attached to more than one atom, then there
exists for that bond some rotational geometry (cis, trans, gauche,...).
The standard model assumes the bond rotational geometry of all such bonds
to be trans. The two atoms defined by the rotational geometry of a bond
are determined by the input as described earlier, However, the user may
alter either the atoms defined by a bond, the actual bond rotational geom-
etry or both by invoking the second input option. It will be remenbered
that an array NXCARD has been read by the program, either irmediately
following SHORTF or after the last atom geometry was altered. If this
array contains the word BONDROT 1is columns 1-7, then the next input card
contains the following information:
{. The word ' CIS', 'TIAN', 1GAUP', 'CAQI!, or 'SKEJ' in columns
1-4, right-justified. These words identify the type of geom-
etry required,'GAUP' and 'GAU! referring to dihedral angles
of +60° and -60°. respectively. 'SKEJ' indicates that a num-
erical value for the dihedral angle is to be nead,
2. TFour integers, I,J,X,L, in columns 11-12, 15-16, 19-20, 2324
(right-justified), respectively. J and K are the two atoms
in the bond whose rotational geometry is to be changed. 1
and L (bonded to J and K, respectively) are those atoms
chosen to be defined by bond J-K.
3. If the rotational geomctry 1s specified to be 'SKEN', the
value of the dihedral angle is specified in columns 30-L1

in I 12.7 format.
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For each such bond where rotational geometry is altered, the geometry 1is con-
tained in BDROT(X) while for a SKuu geometry the dihkedral angle 1is placéd
in SKRTNG(X) where X is the bond between atoms J and K,

DIH is a 2ANBD integer array which contains the two atoms, I and L,
defined by bornd X. Foe exarmle if X is the bond J-¥ then DIH(1,X)=I and
DIH(2,X)=L. If X is the bond K-J, then DIH(1,X)=L and DIH(2,%)=I since I
is bonded to J and K to L.

As in the ATCMGEQ! optlon, once the word BOMLIOT has been given as
input, as many bond r&tational georetires may be altercd as is desired. At
the end of the option NXCARD again will contain a blank card or the key
word for the next option to be invoked.

Consider hydrogen peroxice as an example of the BONROT option, The
SHORTF input for the trans configuration has already been given; however,
the‘dihedral angle of Hp0p is in fact 111.59, The corresponding irmut would
then be

COLU:N: 24 8 12 16 20 24 30
HYDRCGEN PEROXIDE

01
2
0O 2 H
0 i H
BONDROT
SKE 3 1 2 4 111.5
Blank Card.

If we wish to snecify the exnerimental bond angles as well, the necessary
inoput is

HYDXCGEN FPERCLIDE

01
2
o 2 i
o 1 H
ATCLGECH
ASYHM 1 4.5
ASYY! 2 945
BCL DROT
SKEA 3 01 2 b 111.5

Blank Card,
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This part of the program 15 concerned with assigning numerical values
to all bondlengths and angles. These values are then used to calculate the
cartesian coordinates of all atoms in the molecule,

The standard mcdel determines the bondlengths for all bonds in the
molecule based on the type of atom, bond type, and connectivity (lodel A)
or from just the tymes of atoms (Vodel B), denending on the value éf 0P2,
The standard values used for bondlengths in Mcdel A are contained in Table 1.
XJ rensresents an atom X with connectivity J, for example, C4 means a car-
bon with connectivity 4. These bondlengths are thoée in typical molecules
containing the various tyoes of bonds and were obtained frem Interatomic
Distances1. Since the single bond between C3 and N3 in amides are quite
different from other types of C3-N3 single bonds, the former are taken as a
special case. In addition, the NO bond in NO5 grouns, NN in Y, grouns and
trinle aromatic bonds such as CC in benzyne are taken to be 1.24, 1.12, and
1.303, respectively. Table 2 contains the bondlengths used in Model B.
These are simply averages of all Model A bondlengths between a given mair
of atoms.

| In addition to the standard bondlengths, the user has the-ontion of
choosing alternate values for any bonds in the molecule, If the array
NXCARD has the value BOUDLNTH (columns 1-8) then the next input card has
the following information:
1. The numbers of the atoms in the bond in columns 1-2 and 5-6,
right-justified,
2. The value of the bondlength in columns 1018 in ¥9.6 format.

{, Interatomic Distances, L. F. Sution, ed., The Chemical Society (London)
Burlington House 1. L., 1955,
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3, The word 'TRUE' in columns 20-23 if another new bondlength is
to be recad on the hext card, |
When all bbndlengths have been changed, the array NXCARD is again read in a
20AL format. As before, this card should either be blank or contain the key
word for the next ontion used.
As an example using this option, consider hydrogen peroxide once again,
Suppose we would like to assign the value of 0.9% to both 0-H bondlengths.

The necessary input would then be

COCUMN: 124 8 12 20

HYDIOGEN PEROXIDE

01

2 H
0 2 H
0 i H

BONDLNTH

1 3 & 039° TRUE

2 L 0.9

Blank Card

Once all such bondlengths have been read in, MBLD3 assigns standard
bondlengths to the remaining bonds, After these have been assigned, all
atoms other than those with local atom geometry of ASYM are assigned standard
angles according to the following rules: 'TBTR'.’PYRA', and 'BENT'! geometries
are assigned the'tetrahédral-angle. 1TRIG! is 120° and 'LINE' is 180°,

For 'ASYM' the angle lias been read in on cards. Finally, ROTANG(I) is filled
with the proper angle for the bond rotational geometry of bond I: 180° for
'TRAN', 0° for ! CIS', +60° for 'GAUP' and -60° for 'GAWN'.

Aside from the first three atoms to be defined in a molecule ( the
coordinates of these three define an initial plane), the coordinates of any
atom are, in general, found with resuect to three other atoms whosc coor-
dinates are already known. In other words, three parameters are necessary
to define the position of an atom in three-dimensional snace. Thesc three
parameters are taken to be a bondlength and two angles, all with respect to

atoms whose coordinates are known. The two angles may be two bondaypplo
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or a bondangle and a dihedral angle or a bondangle and an angle with the
plane formed by. the three reference atoms. Consider the following two ox-
amnles in which the coordinates of atom I are to be found and those of atoms
J,K,L, are known: I J I

K J:-"'L L K\/“"""' o

In a. the bondlength I~J and the bondangles IJK and IJL may be used to

a.

£find the coordinates of I. Alternatively, one may use the angle which bond
1-J makes with the plane of KJL in place of one of the two valence angles.
In b. one would use the dihedral angle IJKL rather than bondangle IJL. In
general, one may group these atoms J,K,L into a two dimensional matrix in
the following manner:
2(1;1) is some atom to which atom I is bonded and whos? coordinates
are known.
2(I,2) is some atom bonded to Z(I,#) forming a bondangle with I and
whose coordinates are known.
Z(I,3) is some atom which
a. is borded to 2(I,1) forming a bondangle with I and whose
coordinates are known, or
b. is bonded to Z(I,2) forming a dihedral angle with 72(1,1)
and I and whose coordinates are known.
Z(I,4) is a parameter whose value determines whether the coordinates
are to be calculated using a dihedral angle and a bondangle, two
,  bondangles or a bondangle and an anﬁle with a nlane. Z(I,4)=0 for
the first case, +1 for the sccond and #2 for the third. In the lat-
ter two cases the sign of Z(I,4) determines whether I is above (+)
or bolew (-) the nlane of 4(I,1), 2(I,2), and 2(1,3).
The standard model sets un this 4 matrix using a tree structure simi-

1ar to that nsed in the determination of rings. Unless it is impossible,
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each atom is defined by two bondangles tather than a bondangle and a dihedral

angle. In other words, each time a new branch is added to the tree struc-
ture only one of the atoms need be defined using a dihedral angle. All
other atoms in that branch can be determined using two bondangles, The
third possibility, that of a bondangle and an angle with a plane, is not
needed in this standard model; however, it may be jymlemented by using an
option to be discussed below,

Consider the following hypothetical tree structure as an example.

_2"'. 3 u':
ZEN 7N VAN
5 6 7 8910 11 12 13
In general, atoms 1,2, and 3 will define a olane. Atom 4 may then be
defined by the bondlength 1-4 and the bondangle 2-1=l-and 3-1-4, Of the
remaining atoms in the tree, only 3 must be defined using a dihedral angle:
one in eaéh of %he three branches, FEach of the remaining two atoms in'each
branch ﬁay‘then be defined by two bond angles. For example, if atom 5 is
defined by the bondlength 2-5, the bondangle 1+2-5 and the dihedral angle
4-1-2-5, then atom 6 may be defined by the angles {-2-6 and 5-2-6 and the
bondlength 2-6.

In order to decide which atom atom of cach branch is to be defined by
the corresponding dihedral angle, MBLD3 implements a new temporary numbering
system for forming the 2 matrix, Jith one restriction, all atoms are num-
bered in the order ATBD(2,I); that is, ATBD(2,1) is atom 1, ATBD(2,2) is
atom 2 and so on. FaCM(I) is then casily defined to be ATBD(1,I). The one
restriction to this renumbéring rule ls as follows: One would like the first
atom in cach new branch of the tree to be that atom which hds in fatt bdeen
chosen by the uscr (via LiHOLLF or I') to be deiined by a dihedral angle.

Therefore, cach tlme the program comes to a new branch in the tree all
' g
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numbers of that branct aré scinned td see which' atom in- the branch is a

member of the array DIl for the bond to which it is attached., The program
khows when a new branch has been found by checking to see if ATBD(1,I) =
ATBD(1,I-1), If this equality is true, atoms I and I-1 are in the same
branch: otherwise I has started a new branch. Once the atem belonging to
DIE has been found it is given the next available number and the rest of
the atoms in the branch are numbered in sequence. In our example above, if
6, 9, and 13 are members of DIH for their respective bonds, the new num-

bering system is

A
) L
2 3 L
1/ ' .\'. - ! ‘\\. . ' ‘, M'.\
6 557 9 810 1313 1A

Cnce the entire molecule has been renumbered in this manner, it is a rela-
tively easy matter to set up the 2 matrix, If Z(I,1) is bonded to only one
atom which has already been defined, I must be defined by a dihedral angle;
that is, 2(I,4)=0. Otherwise Z(I,lk)=#1. If atom Z(I,1) is trigonal (in
the latter case), Z(I,4) is arbitrarily set equal to +1; otherwise the sign
of Z(I,4) is chosen so as to be COnsistent-with a right-handed coordinate
system.

3L(I) is the bondlength &f the bond between I and 2(X,1). ALPHA(I)
is the angle between I, 2(I,1), and 72(1,2). If 2(I,4)=0, BETA(I) is the
dihedral angle for atoms I, Z(I,1), 2(I,2), and 2(I1,3); otherwise BETA(I)
is the bondangle I 72(1,1), 2(1,3).

Although the 2 matrix is filled automatically by MBLD3, one may for
various reasons wish to construct his owm 2-natrix, Since, using the
standard model, all angles about a given atom are the same, if one wishes
to assipgn a non-cymmetric geometry, the values of ALPHA, BETA must be read

in. The easiest way to do this is to rcad in the Z-matrix as well, A
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further use of an option to sjecify the 2 matrix as input arises in the case
of a strained ring, where a strained ring is defined as one which.is hot com-
pletely symmetric. . The standard modal in reneral cannot handle. such 4 ring
{such as pyridine) since the ring will not slose broperly. In such a~case
being able to feed in the entire geometry would be-most helpful.

It will be recalled that the first input card (in MA M) contains a
value for a varameter called INOP, Normally INOP is given the value zero in
which case the standard model and/or one of the aforementioned options is
used, However, if INOP=2, MBLD2 is skinned entirely and the remaining input
is as follows:

{., Name of molecule, as before
2. CHARGE, NULTIP(2I2)
3. M(I2) : The total number of atoms in the molecule.

L, For each atom I:

AN(T), 2(1,1), BI(I), 72(1,2), ALPHA(T), 2(I,3),| BETA(I),, z(z,u)\.

13 T4 F7.4 T4 F11.6 | I4 F11.6 i I4

. ’ ¢
Note that no blank card is pléced in the iﬁ;ht stgg;m in tg;; caseiti

In all cases, the angles are initialiy in degrees, bondlengths in
angstroms. The angles are converted to radians internally.

c(1,1), c(1,2), ¢(I,3) are the X,Y,2 coordinates of atom I, resneciiv
tively. Atom 1 is taken as the origin, atom 2 along the z-axis and atom

3 in the XZ plane so that the coordinate system is as follows:

3. X

’\

IR SR
If atoms 1,2,3 are colinear, no olanc has been defined. In this case each
suceeding atom is defined explicitly in the same manner as was atom 3 until

an atom with a nonzero X coordinate 1s definod.  The coordinates of all

remaining atoms are then found by one of the three methods to be outlined
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below, depending on the value of 2(I,4), It should be noted here that the

temporary numbering system isetill in effect outside of the loop in which

7 is defined; however, when the coordinates are printed out or written on

disc, all values refer to the orginal numbering system. 0f course, if the

72-natrix is read in directly, no new numbering system has been impleménted.

I.

Coordinates of Atom I for 2(T,4) = 0:

P ST RTINS
-w.—ﬁﬂ——;’*/
Z2(T:3) Z(I.Z)
ot . :
Lefine V1 as the vector from 7(1,3) to 2(I,2) and L1 as the cossesponding
unit vector.
i /\
Define V2 as the vector from 2(1,2) to 2(I,1) and L2 as the corresnonding
unit vector,
- . " ~ - -~
Tefine VP as the cross-product L1 x 12 and L3 as the unit vector of VP.
. 5 /% e AN )
Define L as the cross nroduct L3 x L2 . Then L2, 13 and L4 may be
taken as unit vectors of a set of local coordinate axes a,b,c, respec=

tively, centered on atom 7(I,1). Cne may define the coordinates of

atem I in terms of a,b,c, as:

c(1,a) = -BL(I) cos(ALPHA(I)) (1
c(I,b) = BL(I)sin(ALPHA(I))sin(BETA(I)) (2)
c(I,e) = BL(I)sin(ALPHA(I))cos(BETA(I)) (3)

Transforming to a set of axes centered on 2(I,1) but parallel to the x,y.,2

axes, one has for the coordinates of I:

vJ(J) = 12(J) * Cc(I,a) + L3(J) * c(I,b) + L4(J) * c(1,c) (&)

where J = 1,2,3 renresente X,y,%.

Finally, the cartesian coordinates 6f I with resnect to the origin are

given by

c(1,9) = Vi) + c(2(I,1),9) (5)
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II. Coordinates of Atom I for &(I,4) = #1

ALFHA(T) Vg 1
L .
21,3 TN Y Benan)

2(1,2)
1. Define Vi as the vector from Z(I,3) to 2(I,1) and 11 as the corres-
ponding unit vector,
e A
2. Define V2 as the vector from 2(I,1) to 2z(I,2) and L2 as the corres-
ponding unit vector.
— » \
3, Define V3 as the vector prcduct L1 x £2.
— -~
L. Define VJ as the vectore from Z(I,1) to I and L3 as the corresoonding
unit vector,
Then one may write

~ N\ 7\ ———

L3 =A*L{ +B*L2+D*V3 (6)
where A, B, D are arbitrary parameters to be determined. Taking the dot
product of 01 and equation (6) we obtain

A\ N\ <N\ A

L1 * L3 =4+ B* (L1 - L2) (7)

N\

Similarly, taking the dot nroduct of L2 and equation (6) gives

AN\ /N ~, N

L2 .03=4A* (L1 .L2) +B (8)

Combining equations (7) and (8)
/N o~ C AN O A NN
L1 « L3 = A + [L1.12¢12.L3 - A(L1-12) (9)
& ~ J L / .

Reanranging (9) yields

O A et o S i Tk ot -CC3 (BETA(X 28 S (ALPil
A= (D Ta(2003)) /(1 (L1 -T2)?) = 22D & 2RO (L))
v (10)

A
vhere ZETA = -L1.L2,

Similarly, one may obtain the following expression for 3:
|

_ COS(ATPHA(T))-ZETA*COS(BETA(L))

B = ({21301 1) (L1-09)/ (1-(L1+12)?) I
(11)

-—
If we take the dot product of V3 with (G6) we obtain

— )
V3:L3 = D(V3)? (12Y

y
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dince
(L1 x i2)% =1 - ({1-12)2,
ve have (multiplying both sides of the equation by D)
LV3L3 = D2(1 - (L1°02)2) (13)
Taking the dot product of f} and equation (6),
§ %A (D1°13) + B(£2:13) + DV3+L3 (14)
Combining equations (13) and (14) w=e obtain
D = #5017 {k1 - a(1-1y) - B(ﬁé~ﬁ§))/(1-(ih-ﬁé)2); . (15)
or |
D = 2(1,4) * SRT (1 + A cos(ALPHA(D)) - Beos(BETA(D))/ (12142 (16)
Finally then, the cogrdinates of atom I with respect to atom Z(I,1) are
VI(J) = BL(I){;(I) * 1L1(J) + B(I) * L2(J) + D(I) * V3(J%{ (17)
The coordinates of I with respect to the origin are.

c(1,d) = vI(J) + c(z(I,1),9) (18)

IIT. Coordinates of Atom I for Z(I,4) = +2
//ﬂﬂﬁ I
S———
2(1,3) Z(Ei) -
N N
2(1,2) *
- N —e /N —— PO, N ‘
If we define the vectors Vi, L1, V2, L2, V3, VJ, and L3 as in Part IT,
and again .¢ start with equation (6) and following a similar nrocedure, it
can be sho'm that A, B, and D are given by the following ex»ressions where

BETA(I) is now 90° - that ancle which the bond Z(1,1)-I makes with the

plane defined by Z(IL,1), 2(1,2) an¢ Z2(I,3):

- ~ 1
AI) = iz(I,u)*:(1-cos?(ALvna(L))-b(I)(zv3;)cos(uurg(l))/(1-zzTA2ﬁ o (19)
B(I) = A(I)*ZETA + cos(ALPHA(I)) (20)
D(T) = cos(PRIA(T)) *(1V31)/(1-7RTA%) (21)

Then the coordinates of atom I with respect to Z(i.1) are given by cquation
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(17) and (18) respectively.

There is one final inpbut ontion to be discussed, If one wvishes to
study a free radical and its narent molecnle without having to type un two
sets of input cards, one may <Simply eliminate cne atom from the molecule
after the coordinates have been calculated, This is done by setting
NXCARD(1) equal to the word 'ELII!' in columns 1-4 and placing the number of
the atom to be deleted in columns 5-2 (right-justified). For exammle, if
we wanted to calculate methyl radical, the innut would be

METHYL RADICAL

01
1
C H H H H
EL ‘;. 3
Blank Card

This would instruct the program to calculate the coordinates of methane,
delete hydrogen 3, and decrease the numbers, atomic number elements, and
coordinate elements_of atoms 4 and 5 by 1. Unlike the orevious options,
only one atom may be elininated.

If more than one of the four ooticns discussed (ATCMGEGI, BCNDROT,
BCNDLNTH, ELIM) are used for the same molecule, thev must be used in the
order discussed., TFor example, if both ATCLEIA! and ELLI are to be used,
ATCHGEOY is invoked first, then TLLI. Unless the entire georetry is fed in
by means of the Z matrix, the final card must always be blank for each
molecule.,

Samples of tymical outout from 'L are contained in Appendix B, In
adcition, if OUTOP has been given the value of 2, the following information
is nunched out on cards:

V¥ (I2 format)
CliadGE Y ULTIP (212 forma’\c,)

A(T) ,I=1,15(2513 format)
c(1,d),J=1,3 (5%,F10.5%,F10.5,5x%,F10.5) =l cards.
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F. Limitations to the Standard 'odel

At the present time, the standard model is limited to molecules contain-
ing H, Li, C, N, 0, F. In the case of Li, only standard Li-H and Li-C are
available. Eventually this will be extended to the entire first and second row.

A more severe limitation arises in the case of strained rings. A

strained ring is one vhich is not comoletely symmetric with an all

trans geometry. This exculdes all rings systems from being defineq nrooerly
by the standard medel excent benzene and chair cyclohexane (see Apoendix A
for inout for the latter), All other rings will be built correctly by MBLDZ;
however, a nonsymmetric ring, such as oyridine will not be closed nroverly
when the actual coordinates are calculated. In nyridine, all bondangles will
be taken as 120o by the standard model, but the C-N bondlengths are different
from C-C. On the other hand if one changes the atom geometry of the nitrogen,
the ring will close nromerly, However, for more complicated ring systems,
esnecially nonaromatic ones, even this is not nossible. Of course any mole-
cule may be run using MBLD if the entire geometry is fed in via the Z-matrix,
including strained rings as well as molecules containing any atoms in the
periodic table, To correct for the nroblem of strained rings in a general
way seems infeasible since to do so would require a separate section of the
program for each tyne of strained ring. It is nossible, however: to have
standard models for the most common strained rings in an aﬁalagous manner to
ET, TBU,.... This is being iﬁvestigated at the present time,

| One final limitation concerns molecules containing 3 or more colinear
atoms which are not at the end of the molecule. As mentioned earlier, if
the first three atoms are colinear, the orogram will keep defining atoms
until it finds one with a nonzero X coordinate; however, if a plane has been

defined and then 3 or more colinear atoms are encountered, the molecule
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cannot be handled pronerly, In the case of colinearity at one end of them
molecule, as long as all of the edlinear atoms are numbered first, the mol;
ecule will be handled oroperly. For example, the input for methyl acety-

lene would be

H-C1ECZ-I'18

Lt

{ETHYL ACETYLEKE
1

QMo

2 H
1 ME
ank card.

— Q

B
Unfortunately, allene and similar molecules cannot be handled due to
this deficiency; however, once again this problem may be circumvented by
feeding in the Z matrix. Consicer allene:

Hg - Hy

"

o 1= T %3 g

17 5

Atoms 1-5 are defined properly by the standard model, but atoms 6.2fid 7 are
not since 1,2,3 do not define a plane. Ordinarily these atoms would be

taken as 2(6,1), 2(6,2) and 2£6.,3), respectively. However one may set

2(6,1)
2{5,2)
z2(6,3)

to get around this problen and similarly for atom 7. Hopefully, this

woun

1
3
L or 5

restriction will be alleviated in the near future.
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G. Timing and Accuracy

The T3 350 single precision word is significant only to 6% figures.
As a result, when running in single niecision, the coorcdinates may be
trusted, in general, only to 5 decimal places, However, the time required
to calculate the coordinates is negligible (less than 1 second for benzene)
so that the coordinates may easily‘be obtained in double nrecision if greater

accuracy is required,



Parameter

SHORTF

VL

CHARGE
MULTIP
N
F

NXCARD

CN

31

Model-Builder Parameters and their Functions

Function
7X8 array containing all bonding information where N is
the number of atoms which have been numbered explicitly.
SHORTF{1,I) is the chemical symbol of atom I. SHOXTF
(2,1)-SHORTF(7,I) contain all atoms or groups of atoms
bonded to I.
A 1X104 array containing the chemical symbols of all
atoms in the periodic table. EL(1)=H, EL(2)=HE, and so on.
A 1XN array containing the most common valence of each
element in the first two rows of the periodic table;
thus VL(6)=4 for carbon.
The total charge on the molecule.
The total spin multiplicity of the molecule.
The number of rows in SHORTYF
A 6X array which is an expanded version of SHORTF.
All atoms have been explicitly numbered in F, and M is
the number of atoms in the molecule.
A 1X(¥+1) array containing the atomic numbers éf all atoms
in the molecule. The atomic numbers of atom I is con-
tained in AN(I+1) until the end of the program at which
time AN(I) contains the atomic nunber of I (see text).
An array in which the key words for the four model-
builder options are read,
A 1X(@“+1) array containing the coordination number (or

connectivity) of each atom.



Parameter

MXCN

NBD

ATBD

G
BDAT(J,I)
BDBD(J;I)
ATRG(J,I)
TREE

FRCMA(T)

N3G
RGSIZE(I)
COMMAT(T)
MXRGSZ
BDRG(J,I)
RCGAT(J,I)
RGBD(J,I)
NIGBD(I)
AGBRG(J,T)
NGAT(I)
AGARG(J,I)

XSVAL(I)

The
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TASLG 1 (Cont.)
Eunction

largest connectivity occurring in the molecule.

MXC¥=4 in ethane, 3 in benzene or ammonia, 2 in hydrogen

peroxide.

The

total number of bonds in the molecule,

A 2XNBD array. ATBD(J,I) is the Jth atom particivating

in bond I.

A 6X1% array identical to F.

The
The

The

Jth bond in which atom I participates.
Jth bond to which bond I is attached.

J¥ atom in ring I.

A 10X10 array used to construct ring systems (see text).

Defines that atom from which atom I originates in the

tree structure.

The
The
The
The

The

The
The
The

The

total number of rings in the molecule.

number of atoms in ring I.

Tth atom which two rings have in common.

number of atoms in the largeé*‘ring in the molecule.
Jth vond in ring I.

Jth ring in which atom I participates.

Jth ring in which bond I marticipates.

. Aumber of rings in which bond I participates.

Jth ring attached to ring I by a bond.
number of rings in which atom I participates.
Jth ring attached to ring I by just onc atom.

oxcess valence of atom I; that is, the natural valence,

VL(I), less the conncctivity of I in the vpresent molecule,

CN(I).



Paramecter

ATGECH (T)
NEJANG (I)
EV(I)
EVC(I)
BT(I)
TOTEV
RGTYPE(I)

BDROT(I)

DIH

BDTYPE(I)

KRTNG (T)

c(J,I)

BNDLTH(I)

BDANG(T)

ROTANG(I)
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TABLZ 1 (Cont.)
Function
The local atom geometry about atom I; i.e., trigonal,
bent,...
Contains the numerical value of the angles about atom I
if the option to alter the local atom geometry of I has
been invoked.
Identical to XSVAL(I).
The number of atoms bonded to I which have LEV>0. Used
to define standard atom geometries and bond types,
The bond tyoce (single, double,...) of bond I.
The total excess valence in the molecule.,
The ring type of ring I (e.g. aromatic),

The bond rotational geometry of bond I (e.g., trans).

‘A 2XNBD array. Given a bond I with bond rotational

geometry, DIH(1,I) and DIH(2,I) are those atoms which are
defined by that geometry. For each bond I, DIH(1,I) is
attached to one end of the bond and DIH(2,I) to the other.
The bond type of bond I.

Contains the dihedral angle associated with bond I if

the option to alter this quanity has been invoked.

The Ith coordinate of atom J where I=1,2,3 corresponds

to X,Y,Z respectively.

Contains the bondlength of atom I.

Contains the angles about atom I if the standard model
has been used.

Contains the dihedral angle about bond I if the standard

model has been used.



Paramecter

NENO(T)

BDDEF (1)
OLDNO(I)

z

BL(I),
ALPHA(I),
BETA(I)

RELVEC(R,J,K)

UNIVEC(L,R)

VECPRD(VP,X,Y)

3l
TABLE 1 (Cont.)
The number of atom I in the reordered numbering syétem
(see text).
The bond which dihedrally defines atom I.

The number of atom I in the original numbering system.

‘An X4 array containing those atoms used to define the

coordinates of each atom in the molecule (see te;t).

The three geometric-parameters necessary to define the
coordinates of atom I (see text).

A subroutine which finds the vector, R, from atom K to
atom J.

A subroutine which finds the unit vector L of some vector
R

A subroutine which finds the vector product, VP, of

X crossed Y.



Table 2 Standard Model A Bond Lengths

Length, Length,

Rond. A Bond A
Single Bonds
H-H 0.74 C3-N2 1,40
Li-H 1.595 C3-02 1.36
Ch-H 1.09 C3-11 1.33
C3-H 1.08 C2-C2 1.38
C2-H 1.06 C2-N3 =30
N3-H 1.0 C2-N2 1.33
N2-H 0.99 C2-02 1.36
D2-H 0.98 C2-F1 1.30
B1-EL 0.92 N3-N3 1.45
C4-Li 2.10 N3-12 1.45
CL4-Cl .54 N3-02 1.36
C4-C3 1.52 N3-F1 1.36
Cl-C2 1.46 N2-N2 1,45
C4-N3 1.47 N2-02 1.414
C4-N2 1.47 N2-F1 1.36
Ch-02 1.43 02-02 1.48
Ch.F1 1.36 02-F1 1.42
C3-C3 1.46 F1-F1 1.42
c3-C2 1.45
C3-N3 1.402
Double Bonds
€3-C3 1.34 C2-01 1.16
c3-C2 1.31 N3-01 1,240
C3-N2 1.32 N2-N2 1.25
C3-01 1.22 1i2-01 1.22
C2-C2 128 01-01 1.21
C2-N2 152
Triple Bonds Aromatic Bonds

C2-C2 1.20 C3-C3 1.40
C2-N1 1.16 C3..N2 1.34
N{-N1 1.10 N2-h2 1.35

a 1,32 used in N-
b partial double bonds in NO, and N0y groups.

C=0 group.

35



Table 3 Standard liodel B Bond Lengths

Bond

H-H
Li-H
C-H
N-H
0-d
F-H
C-Li

Length (3)

0,74
1.60
1.08
1.00
0.96

N O
. o
-0
o N
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Apvendix A:  Sample Innut

1. Nanhthalene
l}

Y
I _ AN T
+ o
COLUMN: 124 38 12 16
NAPHTHALENE
01
10
¢c H 10 2
c 3 H 1
C 2 4 H
c H 3 5
c 10 6 &
c H 5 7
c 8 H &6
C 7 9 H
c H 8 10
c 5 1 9
Blank Card

Note that SHORTF has been set un so that the H on carbon 1 is trans to car-
bon 3, the H on carbon 2 is trans to carbon L, and so on by conforming to
the rules given in Section 8. Thus the atom directly to the right of C2

in rov 1 is the H on C1 and similarly the atom directly to the right of Ci
in row 2 is C3. Therefore H is trans to C3 according to the standard model.
It should be mentioned that SHORTF for multi-ring systems is most easily
set up if the molecule is numbered about the perinhery of the rings, as

in nanhthalene above, although this is not necessary. A more comnlex €X-

amnle is pyrene: i '3

T G
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2, Sthyl Alcohol H H
« el
H \“...:Ci - Cz\
H O3 - H

COLUMN: 124 8 12 16 20 24
ETHYL ALCCHOL

01
3
Cc 2 H H H
c 1 3 H H
0O 2 H:
BONDROT
TRAN i 2 3 9
BIank Card:

Note that the BONDRCT 6ptioh has been used to obtain a configuration in
which the hydroxyl hydrogzen (aten9) is in the plane of the heavy atoms.
If the standard model kad been used, this hydrogen would have been trans to
one of the hydrogens on carbon 2 and thus it would have begn out of the
plane, This example serves to illustrate‘the necessity of being quite care-

fel when setting up SHOXTF for a molecule which has different rotational

configurations.
3, Hydrazine H3 ~~H6
N -
\ i
ST P'Z.‘
|‘ N
Hu H5
HYDRAZINE
01 PR
2 b
N 2 H‘_, H (L
N i H™H

Blank Card
Note that the standard innut places H3 and H5 trans, but Hu and HG gauche,

The following inout will give an all stapgered configuration:

HYDRAZINE
01
2
N2 i H
N 1 H d
BCNDROT
TRAN 3 1 2 5

Blank Card



b, BF3

The only atoms for which standard bondlens
jn model-builcder areli, H, C, &, C, i} houwever,
atom may be run by reading in the Z-matrix (sce
the standard model may be used by utilizing the

for all local atom geometries and bondlength in

for example, the innut would be

BCRON TRIFLUORIDE
01

1

B F F F

ATGHGEQOM
TRIG
BOMNDLNTH

1 2 1

1 3 1.
Blank Card.

-

o) TRUS
3 TRUB

5. Chair form of cyclohexane i

Hy &i//* e
I» kS 5
H'/IA'-_- w‘”';‘\l /
r_«/' i\:, ) "'1) "
. M" is
TaTTT v H;
e
CHAIR CYCLCHEXANE
01
6
c H. 6 2 H
c H:Hy 1 3
C U4 Hg Hy 2
¢ 3 5 He Ha
C EH, 4 6 He
C He Hg 5 1

Blank Card,

The e and a cubscripts on the hydro

A3

+1.¢ and anples are contained
any molecule contaiﬁing any
Section E). In addition,
ATCHGEQ)Y and BOMDLNTH ootions

the molecule. for BFB’

cens refer to equatorial and axial

respectively. They are shown to indicate that an cquatorial hydrogen is

always trans to a carbon and would not appear in the actual input.
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Apmendix B: Samole Cutnut

The output gehwrated for benzeme is sho'm below. The atom information,
bond information, and ring information are all nrinted at the end of NBLDZ.
The coordinates are printed at the end of BLD3.

BENZENE

CHARGE= 0 1"ULTIP= 1

C H 6 2

c 3 H 1

c 2 4 H

c H 3 5

c 6 H &

c 5 1t H

ATCM INFCRMATICN

ATQY  SY¥BOL  GECI ARRAY F
1 C TRIG 7 6 2
2 C TRIG 3 8 |
3 C TRIG 2 4 9
L C TRIG 0 3 5
5 C TRIG 6 11 &
§) C TRIG 5 1 12
7 H {1 0 O
8 H 2 0 O
9 H 3 0 O
10 B b 0 O
1 H 5 0 0
12 H 6 0 O

BOND INFORIATION
BCND  ATQHM, ATCK,2  BOND DEFINITION  BOND TYPE  BOND ROT GEQM

2 C H 1 7 SIN
3 C C 1 6 ARON TRAN
L c C 1 2 ARO TRAN
5 c c 6 5 ARCM TRAN
6 C H 6 12 SIKG
9 C C 2 3 ARCH TRAN
8 C H 2 8 SING
9 c H 5 11 . SING
10 o C 5 4 ARCH TRAN
11 C H 3 9 SING
12 C H 4 10 SING
13 c c 3 4 ARCM TRAN

RING TNFORATICH
RING  RING TYPE ATRG
i ARCH 6-ING 4 5 6 1 2 3



.l. '&f_‘)'
L4

NO OF ATCU

i i

COORDLIIATED

SYIT30L X
0.0
-1.212%3
~1.21283
0.0
1.21243
1.21243
0.0
<2, 14774
2. 14774
0.0
2. 14774
2.14774
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DICTIONARY PROGRAM

The Dictionary Program accepts as input a chemical name and
generates, in SHORTF, the required input card images for Model Builder.
Dictionary inputs the following set of cards,

Title Card (80Al)

Charge and Multiplicity (212)

Up to Three Cards Containing the Chemical Name (80Al)
One Blank Card

LN -

Chemical names may be constructed in the following manner.
I. The name of a simple molecule.

ex. METHANE
BENZENE
NAPHTHALENE

II. A simple molecule with one or more substituents, Locants and the
number of each substituent should be written explicitly. If the
locants are omitted they are assumed to be 1 through the number of
that substituent present, If the number of a substituent present
is omitted, it is assumed to be one (mono) .

ex. METHYL BENZENE
or 1 MONO METHYL BENZENE
TRI FLUORO BENZENE
or 1 2 3 TRI FLUORO BENZENE
1 2 DI FLUORO &4 HYDROXY BENZENE

III. A simple or complex construction, I. or II., with one or more
parenthetical groups. A parenthetical group consists of one
or more locants and a left and right parenthesis enclosing a
Type II group whose base is a substituent name instead of a
simple molecule name.

ex, 1 2 DI FLUORO BUTYL ) BENZENE
2

1 (
1 ETHYL 5 ( 1 3 DI HYDROXY 2 FLUORO BUTYL ) BENZENE

Spaces are used to delimit the different parts of a name and any
number of them may be used. If a name is continued on a second or
third card, the first column of each continuation card must contain
a non-blank character which is part of the name,

The following symbols may be used in the construction of names.



