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PREFACE

This document comprises the final report for the program

"Automated Estimation of Gas Phase Thermokinetic Parameters

for High Ignition Temperature Solid Gun Propellants. 11 The work

was performed for the Ballistic Research Laborator ies, Aberdeen

Proving Grounds, Maryland, by McDonnell Douglas Astronautics

Company, under Contract DAAD05- 72-C- 0098. This final report

covers the period from 15 November 1971 to 15 January 1973.

The report is submitted in two volumes:

Volume I - A FOR TRAN Program for Computing the

Therrnochemical Properties· of Cornplex

Gas Molecules by the Method of Group

Additivity

(Books land 2)

Volume II....., Definition of Requirements for EstirnatilJD

of Kinetic Paranletcr s
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ABSTRACT

A FORTRAN program for calculating the thermodynamic

properties of complex gas molecules by the method of group

additivity is documented herein. Included are descriptions of

the computational method, characteristics, functions, input/

output formats, and logic structure of the program. Seventeen

case calculations for diversely structured molecules are

presented. Also depicted are a listing of the program, a

complete glossary of the program variables and the tables of

data comprising the data library input .
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Section 1

INTRODUC TION

The increased emphasis in recent years on high level material performance

and controlled chemical reactions has intensified the need for versatile ana­

lytical programs capable of estimating the thermodynamic and kinetic prop­

erties of compounds, Moreover, there are more specific reasons why these

capabilitie s are important, Fir st, the size, cost, and purity of the sample

and the expense and time required for measurement of the data are frequently

excessive, Secondly, an accurate thermokinetic computational method can

serve as a material screening device and predictive tool for estimating the

properties of promising new compounds and postulated chemical structures,

The objective s of this inve stigation are related to the above requirements.

They comprised the (1) development of an automated program and (2) prelim­

inary tasks prerequisite to future development of an automated program for

estimating the re spective thermodynamic and kinetic propertie s of gas

molecules, The re sults achieved in the pre sent study are twofold: (1) develop­

ment of a large computer program for calculating the thermodynamic prop­

erties of complex gas molecules and (2) definition and extension of methods

and requirements for estimating the kinetic parameters of several classes of

gas-phase chemical reactions, The latter work is described in Volume II of

this report, The future goals of the program, which were instrumental to

the initiation of the present study, can be summarized as follows: (l) char­

acterization of the thermodynamic profiles of high-temperature solid gun

propellants and (2) estimation of the burning rates of gaseous-solid propel-

lant mixtures,

The computation of the thermodynamic properties in our computer program

is based on the principle of additivity of group properties developed by Benson

and coworkers (1 through 3). This method was selected for its applicability to
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both chemical thermodynamic s and kinetic s and its accuracy and ver satility

in handling gas molecules with complex functional groups using only very

simple molecular structural data as input.

A complete documentation and description of the program are presented herein,

Sections 2 and 3 contain descriptions of the computational method and other

basic properties of the program as well as the input/output procedures.

Section 4 contains exarnples of case calculations representing a broad spec­

trurn of or ganic cornpounds. The logic structure and computational criteria

of the program are discussed in Section 5 for those interested in probing

further the logic operations of the program, The appendices contain a com­

plete listing of the prograrn, a glossary of the program variables and a listing

of the pr ogram data library.

2
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Section 2

PRINCIPAL PROPERTIES AND CHARACTERISTICS

The Thermoch~micalGroup Additivity Computer Program (TGAP) is a

highly automatic, self- consistent FORTRAN IV computer program for

calculating the thermochemical properties of complex gas molecules as a

function of temperature and one atmosphere of pressure. The program is

capable of handling neutral, non-fragmented molecules composed by

hydrogen, carbon, oxygen andlor nitrogen atoms.

The input to the prog ram has been minimized as much as pos sible for facile

and rapid utilization not only by physical scientists and engineers but also

by persons with a more limited knowledge of chemistry.

2. 1 COMPUTATIONAL METHOD

In TGAP, the thermochemical properties of the molecule are calculated by

the Group Additivity Method of Benson (l through 3). Unlike the more simple

atomic additivity techniques for the evaluation of various types of molecular

properties, the group additivity method is primarily an empirical second­

order approximation technique that generally yields results well within the

limits of experimental data.

The group additivity method treats a molecular thermodynamic property as

a composite of the thermochemical contributions resulting from the various

atomic groups in the molecule and from the higher order structural inter­

actions and symmetry of the molecule. The latter include those contributions

arising from nonbonded next-nearest-neighbors (cis, ortho, gauche)

interactions, ring (strain) corrections, rotational symmetry and optical iso-.
merism. In the as signment of the group property values themselves, account

is also taken whenever possible of differences in the bond environments of

next-nearest-neighbors and next-next-nearest-neighbors. For example, the

3



thermodynamic properties of the group C-(H)2(C)(C'::), are different

depending whether the ligand C':: is bonded to another carbon atom by means

of a single, double or triple bond.

in the terminology of group additivity, a group is defi'ned as any polyvalent

atom (ligancy ~ 2) in a molecule together with all its l~gands. Any molecule

composed of two or more groups, such as CH
3

CH
3

ali.d CH
3

CHOHCH
3

, is

amenable to treatment by the group additivity method. In this report,the

central atom in the group is referred to as the " core " atom and the remain­

ing components of the group that are bonded to the core atom are frequently

described as "ligands. It

The equation for the calculation of the thermochemical property F by the

met,hod of group additivity is

N
R NO N(J

L (f i ) . + ~. (Ii)ortho
+ RL In (<T.) ..

i= I
nng

1= I i= 1
... l.internal

- R In(<T) t 1 + R In (n) t' ll'somersex erna op lca

where the number and type of each contribution are specified explicitly.

In the Thermochemical Group Additivity Program, the data for calculating

the first five terrns of the abo'/e equation are derived from the tables of

group properties, ring corrections; 'lnd second-order interactions of

Benson (I and 2) for hydrocarbons and oxygen and nitrogen-containing

compounds. These data are listed in Appendix A.
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2.2 PROGRAM FUNCTIONS

TGAP is a structurally integrated program designed for minimum data input

by the user. An important feature of the program is its capability of per­

forming a detailed structural delineation of a molecule.

For the purposes of the calculation, the molecule can be regarded as a

topological network of interconnected atoms which can form linear arrays,
. . , ,.

branch junctions, 'closed loops or ring~, as well as complex combinations of

these. The computational objectives are achieved by a series of scanning,. .
pattern recognition, comparison tests, and other subtle logical, topology-. . ." . ' .."

oriented operations which enable the computer to identify the molecule and
• I • '.' '-

recognize suc~ structural complexities as ring closure, branch splitting,
, . ,

and symmetry. The principal logical determinations and ~alculations

performed by the program are listed below.

A. Identification of core ligand and constituents.

B. Determination of bond order and direction.

C. Identification of single and fused ring structures .

D. Determination of longest chain in the molecule.

E. Detection of gauche interactions in non-cyclic groups and between

cyclic and non:-cyclic structures.

F. Detection of cis inte ractions in non- cyclic groups and

non- aromatic ring structure s.

G. Identification of ortho interactions in aromatic-type structures

H. Detection of ditertiary~ether structures.
. '. :

1. Identification of pyridine-type struc.tur'es and of ortho and para

subs ti tutions the rein.

J. Determination of internal rotational symmetry.

K. Determination of external rotational symmetry and opti.cal

isomer properties· (i. ~., identification of enantiomers,

tneso structures, pseudoasymmetric atom.

L. Calculation of the individual thermochemical contributions and

the gross thermochemical properties of the molecule.
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Operation K is somewhat limited in Its applicability. :At present, the

external symmetry number is computable for molecules whose central

atom is not part of a ring structure or else is part of il monocyclic

benzene-type ring. If the molecule contains one or more ring structures

but the central atom is not a ring atom, the symtnetry number can be

calculated also. The reason other centralized ring strucfures cannot be

handled is that virtually every ring constitutes a uniqu'e symmetrical

situation that must he treated indepelldently in the absE<nce of molecular

coordinate data. In the ca,se of optically active molecules, the logic and

mathematical constraints (1) require the pre sence of a sYlnmetric carbon

a toms and (2) take into account only those asymmetric atoms which form

part of the principal chain. Fortunately, these conditions are satisfied by

the majority of such molecules.

I The prog ram ex,~cutes the calculations by pe rforming a' (1) topological

I structural analysis of the molecule for the identification of structural.

groups, s econd- orde l' inte ractions, and ring structure s; (2) a symmetry

analysis of each atotTI in the molecule and of the molecule as a whole;

(3) a specification of the secondary, ring. and symmetry contributions to

the thertnodynamic properties; and (4) a cross tTIatch of each group with

the corresponding group values contained in the Data Library and summa­

tion of these results.

If all the thermochemical data for a particular group value are missing from

the Data Library, the program identifies the group or groups involved, and

prints a warning message.

2.3 COMPUTATIONAL ACCURACY·

The thermochemical properties calculated by the program are usually in

good agreetnent wi th cor 1'e sponding expe rimental value ~ up to the upper

temperature litTIits of availabilityof the etTIpirical data (about 1000° to

1500 0 K), The original heat capacity data of Benson are re,corded at

regular tempe rature inte rvais up to 1500 ° K for those compounds of

interest here. These data have been curve fitted to a regular third ord~r

polynomial for utilization by the program. The temperature range of the

6
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thermochemical properties,calculated by the program extends from 298°K
... .... , . ~ .'

to 5000 0 K. Obviously, the validity of the data at the upper temperature
. ,.' ;. .,:

range is uncertain particularly since complex organic gas molecules are
, '.. . ':. ,',:' \ .

unstable at these elevated, ~emperatures. However, it does serve to provide

extrapolated dat'a limits for the unst?-ble superheated gas state.

A number of calculations executed by the program are present~d in , '

Section 4 that illustrate the versatility of the program and its accuracy

at 398 0 K' and 1000 0 K.. The molecuies s~lected'f~r thi's purpose represent

a broad spectrum of structural and topological properties.

2.4 DIMENSION LIMITS OF PRINCIPAL VARIA BLES

The program is capable of handling essentially any size molecule the user

is likely to input. The following is a list of the prevailing dimensional

limits on the size of the molecule and its structural properties. If any of

the se dimension s are exceeded, the program will print an explanatory

diagnostic and terrrlinate the case calculation.

Core atoms in molecule 100

Number of unique rings 40

Core atoms in ring structure 30

Number of chain segments 60

Core atoms per chain segment 50

2.5 COMPUTER CORE REQUIREMENTS

The program was developed and tested on a Control Data 6500 computer

with the RUN compiler and CP loader under the scope 3.3 operating

system. In this system, the program requires 34595 or 103443 8 core

locations exclusive of the auxiliary system routines. The only auxiliary

mathematical system routine required is the standard natural logarithm

subprogram which occupies 55 or 67 8 care locations.

2.6 RUN TIME REQUIREMENTS

The computation time requirements are a function of the size and complexity

of the molecule. On the CDC 6500, the thermocherrlical properties of a

7



large molecule composed C;;f 27 carbon atoms an~;<46 hydrogen atoms with
,

one ring structure and 13 second-order corrections ca'n be calculated in

approximately 3 seconds. Molecules of more conventional size, i. e., 15 or

less core atoms require on the average 1. 5 seconds o~ less. Compilation

of the program takes 8 seconds and loading 3 seconds.

Many data processing systems are capable of accepting a compiled deck

or a compiled program file directly. This type of input requires approxi­

mately 3 seconds for loading.

8



Section 3

INPUT/OUTPUT PROCEDURES

This section describes in detail the input/output data formats 6f the

program. Basic operational instructions are also presentecl.

3. 1 INPUT FORMA TS

The input to the program consists of (1) punched cards comprising data
. .

which are characteristic of each" molecule, and (2) the TGAP GROUP

ADDITIVIT:Y DATA LIBRARY which is a fixed data package permanently

stored in the program.

3. 1. 1 Punched Card Ip.put

The definitions and formats for the punchedca"rd data input are given in

"Table 3-1. As shown therein, each case deck is followed by a ':";,,;, card

whereas the data deck itself is followed by an END card.

The Tables of "Thermochemical Group values are printed at the very

"beginning of the first case calculation, providing, of course, the output

flag is appropriately set. Accordingly, it is necessary to set this flag

only once in the data deek of ease one..This printout operation is never

rep~ated ~her:i. subsequent cases ofa run are executed regardless: oJ the

value of the output flag in these cases. The liser also has the op~ion to print

an identific:ati"on label and" to elimina:te the printout of the peograrh title and

case number. The program title printout flag can be individually set for

each case calculation. The printout of the case number in all case calcula...:

tions of a given run is controlled by the case number peintout flag cif .case

number one.

The:program always computes the external rotational symmetry nllmber

and optical isomer contributions unless the molecular structure 1s of the

type described in Section 2.2, in. which ca~e a warning message is

printed. In any event, the use r has the option to inpu t the symmetry

9



Table 3-1

PUNCHED CARD DA TA FORMA T FOR PROGRAM TGAP

Number

1

Column
Nurnber

4-6

Type ISymbol

Numeric

Forrnat

Printout
K=O
K~O

J=O
J= I
J= 2
J=3

De scription

options (OJK):
no printout of Data Library
data are printed.
title and cas e nUlnber printed.
title and case numb er not printed.
title - yes; case number"- no.
title. - no; cas e numb er ~ yes.

1 7-9

1 10-12

1 13-15

1 31-80- 2 to N 1-800

(N ~ 51)

Nfl 1-3

Numeric

Numeric

Num.eric

H, C, 0, N,
=, $

13

13

13

50Al

80A 1

A3

. External rotation symmetry number
(optional).

Number of enantiomers (optional).

Number of tneso structures (optional).

Molecule identification label (optional).

Graphic fo crrlula of the rnole cule.

Denotes end of case ..

Last Card 1-3 END A3 Denotes end of data deck.

':'13 data are right adjusted in the data ~ield



number and! or the asymme ~;'ic prope rtie s (number of enantiomers and

meso structures) directly. These are utilized by the program to compute

the corresponding contributions to the entropy. The p~ogram then prints

both the input and computed preliminary parameters and entropy contributions.

When the symmetry number and/or optical parameters are input, the entropy

contributions derived from these data are used to compute the total entropy

and free energy of the molecule. In the more general case when these

parameters are not input, the parameters calculated by the program are

used instead of the input parameters to calculated the corresponding molecular

properties.

Table 3- 2 depicts the FORTRAN symbols available for inputting the graphic

formula of the molecule. The codes for the chemical atoms and radicals are

identical to their conventional chemical symbols. The graphic formula is

constructed essentially the same as the handwritten version. The followi.ng

rules describe the procedures for punching the graphic formula onto the

input cards.

A. Always use the designated bond symbols to represent the bonds

b~tw~e~ ~toms, . but do not insert bonds between' the a~oms of a.,
'';~ II '

radical. For example, input -CN but not -C-N for the radical CN,

B. Chemical symbols must be placed at the end of the bond symbol,

but not on the side. For exa~ple C----H not (:----H.

C. The numbe r and type s of bond? as signed to an atom 0 r radical

must be sufficient to satisfy its valence.

D. There are a maxirnum'of eight bond positions available about a

particular atom, as shown in Ftgure 3-1. If the atom is located

near a card boundary, the nun'lber of 10catibrlS that are available

for bonding, is, of course; re'duced.
,"

E. 'the bond between two chemical entities can be any length but its

direction must be linear. Absolutely no d,eviation from linea rity is

allowed when constructing a bond.

F. There is considerable freedorn in the way the bonds connecting a

radical can be positioned. Table 3-3 sho\vs various permissible

positions for the different radical types listed in Table 3-2. The

actual order of the atoms in the radical does not matter, for

instance -N02, -N20, ,-2NO, etc., are all accep~aql~.
: " r:. :'. " .•

11



COLUMN

Table 3-2

SYMBOLS FOR SPECIFICATION OF GRAPHIC FORMU LA

Atoms

H

C

o
N

Radicals

CO

CN

NO

N02

Bonds

Si.ngle ­

Double =

Triple $

CR44

CARD

l 8

M

5

2

----"""'•• 3.

4

Figure 3-1. Maximum Number of Directions Available for Chemical Bonding

12



Table 3-3

PERMISSIBLE ATOMIC POSITIONS FOR' RADICA LS

Type l. Components = Z, Connectivity = 1

NO' N NC- C- C- 45° 5 0'5315°
C- C- N N

(a) (b) (c) (d) (e)':'

Type Z. Components = Z, COnt}ectivity = Z

0 0 l'

-CO -C- -C- -C- C-
O 0

(a) (b) (c) (d) (eH'

Type 3. Components = 3, Connectivity = 1

Z Z -N .. 45° :5 6:5315° . .' ....

0 0 0
-N -N -NOZ 2

(a) (b) (c) (d)

Also N
-0

2

(e)

':'Do not use if radical is in the top leftmo~t loc'ation of the molecule.

G. Atoms and radicals cannot be adjacent to bonds to w.hich they are

not connected. Thus the linkage

=C-H l

HZ

is not allowed because H
l

is also adjacent to the bond between

C and HZ. ; This is easily corrected by adding an additional bond

symbol between C and HI' namely,

=C- -HI

HZ

13



This rule is perhaps the easiest to overlo~ and, consequently,. .

should be given special attention when formulating the structural

input. In the event any of these rules are violated, a diagnostic

message is printed, the current case calculation is aborted, and

the next case calculation (if any) is begun.

3. 1. 2 Data Library Input

The TGAP GROUP ADDITIVITY DATA LIBRARY is composed of Benson's
- ,

thermochemical group additivity values and interaction corrections for

hydrocarbons and compounds containing oxygen and nitrogen. These data

3.1'e listed in Appendix A. Except for the contributions of rotational sym­

metry and entropy of mixing due to optical isomerism which are handled

separately, the DATA LIBRARY constitutes the basic data bank for the

calculation of the thermochemical properties of the molecule. Once the

specific molecular groups and intera.ctions are identified by the various

logic routines of the program, the group contributions and corrections

specified by the program are abstracted from the DATA LIBRAR Y and

surnrned to determine the gross thermochemical properties of the molecule.

The principal components of the DATA LIBRAHY are tIle Tables of Thermo­

chemical Group Values which the prograrn will output when so directed by

the user. A listing of this outpLlt is given in Table A-I. The remaining data

consist principally of the thermochemical corrections for ring structures

(Tahle A-2) and the therrnochemical contributions for various types of

gauche, cis, and orthc} interactions (Table A-3),

The data in the LIBRAR Yare permanently stored in the prog eam by means

of data statements. These are positioned in the block data subprogram

DATAl ann Subroutine CORClG.

3. 2 OUTPUT FORMA T

All output occurs via the printed mode and comprises both input and calcu­

lated data. In addition to the thermodynamic pr-operties, the output of the

program provides information on the structure and symmetry properties of

14



the molecule. These data are, in es sence, by-products 6f, the

the rmochemical computations. The individual output arrays are des c ribed

below in the order in which 'they are printed by the progr~m.

3. 2. I Molecular Structure

This is a printout of the graphic formula of the molecule in exactly the

same 'form it is input into the program. The structure is automatically

centered on the printout sheet regardless of where it appe'ars on the input

card.

3.2.2 'Atomic Composition

The types of atoms in the molecule and the number of each are printed next.

This includes, of course, the atomic constituents of each radical.

3. 2. 3 ' Group StruCture and Composition

This is a printout of a multi-g'r~up property array; it comprises the

following items.
, '

A. Group number - the ordi~al number assigned to each group.

This number identifies the group as well as' the core atom thereof.

B. Group weight - an integer which is unique to each chemical group

and which correlates the group with its thermochemical group

value s.

C. Chemical symbol of the Individual components of the group.

D. Rowand column coo'rdinates of group cOluponents. For single

atoms, the row and column coordinates represent the particular
, , ,

card and colu'mn in the 'structural input deck containing the species.

For radicals, the coordinates' may be shifted one or 't~o locations

away from the input coordinates since the program ultimately packs

all the' symbols of a radical into one word.

E. Bond vector - the bond direction between a ligand and the COre atom

in a group. The numbers represent the bond directions depicted

in Figure 3-l.

F. Bond type - the multiplicity of each chemical bond in the group.

G. Group number of core atom - this number identifies those ligands

in a gr'oup whic'h are also core atoms.

15



3. 2.4 Ring Specifications

If ring structures are present, the program prints the total number of

members in each unique ring in the molecule together with the group

nurnber of each member.

3. 2. 5 Ligand Identification

This printout identifies each unique pair of complex ligands 1n the molecule

which have identical structur.es. The corresponding cbre atom is also speci­

fied" Here the term ligand refers to'all the atoms in a particular chain or

branch which is bonded to a specific core atom. The ligand is considered

complex if it has one or more core atoms, and not rnerely atoms with

connectivities of one like hydrogen, CN, etc.

3. Z. 6 Atomic Composition of Group Components

In tJlis printout, the atomic composition of each lig3nd and core atom in a

group is specified. Here the term lig"and has the same significance as in

3. Z. 5. If the core atom happens to be part of a ring, the a tomic distribution of

the ligands which fonn part of the ring structure is quite arbitrary. In either

case, the total number of atoms of a particular type ,vhich are contained in a

group should correspond to the total number of such atolns in the molecule.

3.2.7 Properties of the Longest Chain

This printout gives the number of core atoms present in the longest chain

in the molecule and the group nUlnber of each atonl.

3.2.8 Nongroup Interaction and Symmetry Contributions

The nongroup interaction correction for the heat of formation of ring struc­

tures inctudes a correction for the strain energy., The majority of the ring

corrections are for nionocyclic rings whose ring nun'lber is printed in colurnn

two. A few are for dicyclic and tricyclic fused ring structures.

O1..he r nongroup interaction corrections include ortho, pa ra, cis, gauche

alkene, and ditertiary ether corrections. In this case, the group numbers. ".

of the core atoms involved 1n the interaction are printed in column two and

the number of interactions of each type is displayed in column three.

16



The symmetry corrections refer to internal rotations of twofold and

threefold symmetry.

3. 2. 9 External Rotational Symmetry Contribution

The calculated symmetry number and the corresponding entropy contribu­

tions are printed next. If the symmetry number is not calculable, it is

indicated in the printout. In this case the calculated symmetry numbe r is

set to one and the entropy to zero. If the symmetry number is input, it is

also output together with the entropy contribution computed therefrom..

3. 2. 10 Optical Isomer Contribution

This contribution accounts for the entropy of mixing associated with the

presence of optical isomers and asymmetric carbon atoms. The program

computes and prints the number of asymmetric and pseudoasymmetric

atoms, enantiomers', meso structures and the corresponding entropy

(Section 5.3.7.5). If these properties are not calculable, it is indicated

in the printout and all pertinent values are set to zero. If the number of

enantiomers and meso compounds are input, they are also output together

with their entropy value.

The program also outputs the group numbers of the asymmetric atoms and

of the pseudoasymmetric atom (if any).

3.2.11 Thermochemical Properties of the Molecule

The coefficients for the heat capacity of the molecule are those for the

regular third-order polynomial

The data in the DATA LIBRARY are expressed in terms of 6.H;, 298, 5298,

and the four heat capaci ty coefficients. The remaining the rmochemical

17



properties of the molecule are computed by mel\s of the standard

relationships below:

STO = c lnT + liZ cZT
Z+ 1/3 C

3
T 3 + s

o . cons

...

18



Section 4

EXAMPLES OF COMPUTATIONAL OUTPUT

This section contains complete listings of 17 thermochemical calculations

performed by the program for a variety of different molecular structures.

As shown in Table 4-1, the examples include hydrocarbons, saturated and

unsaturated, symmetric and asymmetric molecules, as well as fused and

monocyclic, aromatic and nonaromatic ring structures. Nearly all types

of nongroup interactions and symmetry contributions are represented.

Table 4-2 presents a comparison of the calculated and published thermo­

dynamic properties of 12 of these molecules. The agreement in the majority

of cases is very good.

Case 17 requires some special comments. The molecule in question is a

highly complex hypothetical structure formulated with the objective of demon­

strating the program's symmetry detection capabilities. It has the bas ic

structure CX
2

YZ, where carbon atom C is defined by group number 12. An

analyses of the printout reveals, that the two X ligands (group-numbers 9 and

16) have been identified correctly as well as the six subordinate pairs of

complex ligands. These,data were used to compute the listed symmetry and

optical isomer properties of the molecule. The computation time for case 17

was approximately 3 seconds on the CDC-6500 computer.

Table 4-3 lists the input data for all 17 cases in the same order as the

computational output.
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" Table 4-1

LIST OF SAMPLE MOLECU LES

Case Number

1

2

3

4

5

6

7

8

9

10

11

12

U

14

15

16

17

Name

Ethane

Octyl alcohol

Valeraldehyde

tert-Butyl ether

Butyronitrile

1 - Cyclohexylheptane

Phenol

2, 2, 3 - Trimethylhexane

Styrene

Aniline

Naphthalene

cis -1 -Methyl-2-ethyl cyclopentane

T rimethylmethane

Benzenehexa carbonitrile

bis (2-nitro - 5 - hyd roxycyclohexyl)-

malononitrile,

Fused nitrogen tricyclic ring

Hypothetical molecule

20
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Table 4- 2

COMPARISON OF CALCULATED AND PUBLISHED THERMOCHEMICAL PROPER TIES

.6.Hf' (calc) .6.Ho SO(calc) So C O(calc) Co
Case Temperature f P p

Number oK Kcal/mole call °K- mole Ref

1 298 -20. 16 -20.24 55.08 54.85 12.27 12. 58 4
1 1000 79.75 79. 39 29. 55 29. 33 4
2 298 - 86. 16 -85.34 123.85 124. 14 48. 18 48. 17 - 4
2 1000 217.11 217.08 107.72 107.58 4
3 298 -54.58 -54.45 9L 60 91. 53 30. 28 29.96 4
3 1000 147.70 147.69 63.86 64.00 4
4 298 -87.78 -87.20 105.18 102.12 48.92 48.76 4
4 1000 201.02 195.26 109.77 107.86 4
5 298 7.47 8. 14 77.85 77.78 22.63 23. 19 4
5 1000 120.56 120.40 48.40 48.22 4
6 298 -65.63 -65.73 138.58 137.51 64.27 65.89 4
6 1000 274.63 274.79 162.61 162.70 4
7 298 -23.20 -23.03 74. 17 75.43 24.26 24.75 4
7 1000 124. 11 124.65 55. 50 55.49 4
8 298 -57.70 -57.65 112. 00 Ill. 34 50.49 50.43 4
8 1000 213.00 212.42 117.29 117.38 4
9 298 35.22 35.22 82.46 82.48 29.20 29. 18 4
9 1000 141.52 141. 50 67.83 67.92 4

10 298 20.80 20.76 ·76.29 76.28 25.70 25.91 4
10 1000 128. 17 128.38 59.05 59. 18 4
11 298 36.08 36.08 80.22 80.22 31. 67 31. 68 4
11 1000 147.41 147.36 78.30 78. 38 4
12 298 -35.66 -35.9 1



,.~_, •••• " ••,_._ .. • H_••"".-.......~

G~OU" AnnlTlY ITY lHE~~OCHt~IU\, '~O't~~-iii
:-'.

__. .._. .U5£._NUHBER.--1

.MO\,tCULAR .STRUCTURI.

'-_ - __.__. _.__..\1_·14 ..· . . ------.---.----..

HO" I C COMPOS. T. O~ Of MOLECULE

ATOM NUMBE~

H 6
....- -_ ------- --- """"-"_" ..·C- __ - __41 _

GRCU~' ~TRutTUHE ANt CO~'OSITION

__._.... !lRCU~..__aH.CLP_ .....CHE~.lCll.s.T~aCL ........aRIC ROW .....GJWLCOLLH~_•. BCI.lL.._BONn•._lUla1lf ..MJ~BER .. ._.....__.. ...
NU"BE~ WElGNT OF CCYPO~EkT COORDINA1E CCORDINITE .EtTO~ TYPE or CCRE ATOM

1 296 C 3·3 1
...-.,-... ..... C .. 3 6 ·2

~ 310
~ 1 3 1 1 0

......---- - ----.. •.. ·1 - - .. 50' .. ··3 "._._.'._.._-l,_.- --+- _- -- ..
C 3
C 3
H 1
~ 3

.-.~.- ...._-.-_.- .... 5

6
·3

6
R J

- .....--__-1>-...

2
·1· 1
1 0
1 0

·-1 ..- . .----0..",- ''''''-' ---- _ ..

GROLf Nur.p.ER
l'

SUAGHOIiP
COHE

LIr.ANO
LI GAND
10 I GAND

..··_LIGAMl-·
COHt

LIGA~O

10 I GANO.
L/GAND
L IOA~O

H C C N
o 1 0 0
J 1... 0 °
1 C 0 C
1 0 ° 0,

...... l·_._..~.....-o- ........ 0- - ......... '_ ..._.---._.....---
o 1 0 0
~ 1 0 0
1. 0 0 °
1 0 0 °
1 0 0 0

GROUP "U"BEH OF CORE CONSTITUENTS or LO~GE5T CHAIN 2,

NOlluiiCLP I~TERACTIO~ AND INTERNAL ROTATIONAL SYM~.ETR' CONT"18~TIONS

TYPE Rl"G NL1~Ut. CR
...._GRQUI'. ..Nur.H•• R..

I~TlHNAL RUTATloN 2

M'D~NT .EAT 11, fORMATION 't~TRQPY .EAT CAPACITY COEFFICIENTS
... KCAI. •. _........... ·l;AL/PtG.W ....... CAl-ltEG K 'CAI,ICEG h.2 CAL/C60 .W..~ .'AI.I-06(;..""4

-2,163

Stu.C.
cOt'PuTEC

SYMMETRy"NVMHR
6

SUI·'r.r:E
COt,rl:TEC

.....·_..UTlCA\... ·UO"ER- .CCN'HlliuHOL

'S[U~CASY~hfTH1C ENANTIO~EH~ ~ESC

o 0
TOTAL OPTICIL ISO~ERS

a
E~THr.PY

0,00000

CAL/n~G-I'OLE

-,' I 3~1' A7668Eoo 1

lHR~CCHEMICA\. PROPERT IES OF t<CL EcuLE

flEAT CAPACITY ccerF1CIEI,lS
CAL/CEo •• ~-~OLE OAL/OtG"3·~.C\.E OL/CEo ..... rLE

04, el!65e8~2E·I':? -2. 3J~'&'1::'t;.ll!:i 4. 3~070('70~.09

T PIP) S HIT)-HIGl _ICllll.HI2ge1l11 .ITl-HI29S) OEL.Ff298'+RITI-HI2981
Dlb • tAL/CEo-nOlE.. .CAL/CEG-~oLi IlCAL/MOlE.. CAL/ClO-~tLE WCAl/hOlE KCAL/HCLF
~>M,~ 12,268~b6 55,076078 1,~72J37 ~~.076076 o.oooeoo -20,16UOOG
30'J,O 12,3407311• 55,151'.384 1,896946 55,0763!~ ,02460. -20,1~5391

.~. .__ 4OG,a ...-- 15 ,.7~465,.---5;.1Hl14- :J ,.Jo 4643. ..55 .~nJe51_.-.__.~ ...A3~50'----..---18,7.1494.----.-----
S~O,O 11,606365' ~3,OJ4ge1 51~356~3 56.708D4A 3,163466 -16,996534
60C , G 21,5?2042 66.70034 7.054915 58,07110A ~,le2s7e _14,9774<2
7CoJ,O 23192'8~t ~. 1U,2,nS"1l 9.329382 ~9.55'211 1,"575~6 .12,lQ~"54

AOO.{"I ?b.t'lJ;99'-J 73.'~7"I'B 11,SJ10Z1 61.Q~9l.,:} 9,9!:oB""C;r'I. .10.201~10

9~O,O ~7,914A9~ 76,720799 14,5Jl?8~ 62,66CJOC 12,6589'. -7,501051
-----.1000',.0----2? ,:>'7661l.----·79,·7~~J21___.\ 7,406214. - ..44,219 4,.----4-5, 5.1;1.·1·7 ._., 6;>61.3·---'"

12:0,0 32,22453' 85.317997 23,5.5J71 67,2'~46' ~I,'23J3' 1.56303.
14~O,o ~4,'"9~S2 90,517041 30,255257 70,2'35H 2e,30.2921 8.2229.1
1600.0. 3~,9~2937 ... 95,207694 J7,~e"96 73,0750;'. J5,'12159 15,252159
10'0,0 J7,4?3101 99,52Q091 44,623571 ",7774~5 42,751234 22,'91234
2000,U J8,9n966~ 103,'46866 '2,254829 78,355640 50,3e2A93 30.222493
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Q~OUP ADCITIVITY TH~PHOCHEHICAL PPOPiPTIES PPCOPAH

-- ---- ---.---------.-----.---.---- --- . -O.$i· ·NWH8EIl--·--·--a-a--------

- --------.-----.--..------ ----- - ..---- --- HOLI!(ULAR-SUUCTUA5-----_

-- - ---.-------------.--. · >LILH .II.~ ';;--l'- N-. _

H· C. C. C.C. C· C. C·c· a.N
-- _ -._.-.._----- -----------~_ .._--_.--- _._-- - ------_.--

- .----.-----_._---------------------_._-

ATOH ~U"~EP

H 18_-_ .__ ._._.._ __c.__-=- ~ _
iJ 1

OPC~P bTPUCTUPE Ahe COHPOSITla~

~PDU·p·---ii~o~p _. CNEHlr.AL--Sy~iiiIL--IiA-._O -R(lllQiliD COLC~·N--Bc-~DBa-h·D GPOUP ~UHB&A

I;UHSr,p ~[l~HT or COHPOhENT CCOROINATE COOR~INlTE VECTCP TYPE or COAE ATOH
.··-1-- -- -296 .- C 3._ 11 ---- '-- -- ----i·-· -- -... --.. -- ...--.----------

C 3 13 3 1 a
~ 3 971 0

-....--- .•. --.- -.---- .--- -- ..-.- - --- --.--.---10----.-..- ------1-·--------·-11-----~1-~-------
~ , 11 5 1 0

_J~9 C 3 13
C 3 11
C 3 15 3 1

----..--- ..---.------------.-------- .--~.---.--.. ---- l--------U----1----1.----JI---- ------
H , 13 5 1

C 3 _ .1' 3
C 3 13 2
C 3 17 3 1 •

-- ,....------------ -1--------15----1.---1.-----0--.-------------
" , l' , 1 0

J 17
J 15
J 19 J 1 ,

----.--.-.-------1·--------17--------1 ----I----0-------------
, 17 5 1 0
J __ .. 19 . _ __ ,

J l' •
3 21 3 1 6

-------.--1--·~9---4-----l.----0

5 19 5 1 0

.1
19
23
21
21

23 ,---.. ---- -- .. --------
21 6

3 25 3 1 a
-1--. .3 ----1--~----0-----------------------

, 23 5 1 0

c
C
C

-_H _.--- -----
H

399

c
c
C

·-.N
H

_ C

C
C

.-- ---- -. --_N·

H

3C~

J.
J
3

_. .1 __,
015.3
27 3 1

. - -01'------- ---1----1-·------
25 5 1

27
25
29

a -­
7
9
0--- - ------------------
o

---- -------- -----------
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.... - -----------------

• .. .__ <lRQ~LJ.lJl'.Ri~._. .~~\1G'lCUP .._.__ ". ._~ .__.__C__ . .N_._.....__
1 aOHE 0 1 0 0

LIGA~n 1~ 7 1 0
LIGAND 1 0 0 0
LIGAND 1 0 0 0
L I GAND 1 0 0 0

.---_._ . . .__:L-... ..CORE . 0__ ._1_._._._0__.._0..• - ._. _

LIGAND 13 6 1 0'
LIGAND 3 1 0 0
LIGAND. .. 1 0 0 0
LI ij~ NO 1 0 0 0

~ CORE a 1 0 0
...•------..-.------------.-- ..--.--.---- .... _ .Lt(;ANO ll.. ..~ ..--.... 1.-.-·-- 0,._ .. ._._.....

LIG~ND ~ 2 0 0
LIGAND 1 0 0 0
LIGANn 1 0 0 O'

r.OHE 0 1 0 0
LI GA~n 9 • 1 0

·• ..---- · ..LIGANn..__·7_. .~-----0---0--·-------------- .....
. LIGAND l' a 0 O.

Llf,AND 1 0 0 0
COHE 0 1 0 a

LIDANn 7 J 1 0
LtGAND 9 • 0 0'

·------L1GA~D-.---l--·--.:...D-----0·-'-O~----

LIGAND 1 0 0 0
CDHE 0 1 0 0

LIGAND '~... 2 1 0
L I G"Nn 11 ~ 0 0
L1""NO 1 0 0 0

.. - --c----.----.--..-------.--.-.....----c·LIG"Nn----....~___j)___G---O~·--------.----.-------
1 CORE 0 1 0 C

L I G"NO 3 1 1 0
LIGAND 1J 6 O· 0
L1DAND 1 ~ 0 0
L Ienn 1 0 0 0

-. - .. --------- -. ---- ...-.-- ...- .. 8- .- ....- .._- ..- CORE· . ---0 --1--'-..-0 .. -- -0'- ---...---.----- ----- .. --.--. -..- ...-----.-
LI~ANO 1 0 1 0
LIC"ND 1~ 1 0 0
LI."NO 1 0 0 0
LIG"NO 1 0 0 0

COHE 0 0 1 0
Lle"NO L7 6 0 0
L IO"NO 1 Q 0 0

tWt1"E" nr CORE HOHS IN LCNGEST CHAIN

GHOUl' :'1:"6~1i OF CORe cO:'~~IT\;ENrS cr LONr,ES~ CMAl~ 1. •• ~ . ., 6.

TYP~ RILG r",~f'E' CF<
GROUP ~U~I'E~

~

A-CUNT "LA~ ~r fORM"TION E~Tnopv

:<CAL C~l/IlEG •
-. ,lij~

"EO! C'PACllv cCfrrICIE~~~

C"L/li~C: I< CiL/CEG 1<-.2 CAL/CEG 1( •• 3 C~L/r.E(i Il; •• ~

S.;l.oCf
eel'PUTEr

SYM'HE~RV ~UH~ER

1
ENTr.cn
O,oooce

5t;lIR~E

CO"I'~~EC

CPqCAL ISO"\;R CONTHlaUrIO~

.'IANT 1CME"S
o

TClAL CPTICAL ISOMERS
o

-·E.L,/f..F;r..· .. -I"CLE ~

4::.J0119Q'r4E·08
·CAL IPEG-"OLE

-1. O~~:O';"52f.·ul

T"F.R'·CC"F.MIC~L PROPERTIES or "CL [CULf

);<A1 CAPAC lTV CCErrlCIE(;TS
C_l/[Er,•• c-f/OLE C"1/Ot:n •• 3.tJ0L~

1.S19r70o"E-, 1 -l,010 97 05;;L-C'

~

O~G 1\
49i3,Ll
1.~i;. 0
04 CIi. \)
~t': I (l

~ c~ I 0
'0.). G
cac III
9(1'; I r.

lnOJ,3
HJO,O
1 400.0
H'lO,o
liljO,v
20'J,U

c (r)
CAl./l:~ ~·"OLE

aa,1 1;34i:'6
48,4'''1496
';0 I QI)6~~U

'1,9:'255,
~ll "~6672
filf.o47264
l)6t6h~4~F..

H2,6'-02.7
1"7171tl7tl~ .
115,13022'
121Itlul:1~7

1('?,n~67~7

.32,541001·
119,.qeb6!J

~

C~L/CU-""LE
1~~.n4,(77IJ .

1"" .1t'~'Hi"
1J9IB~I::1Q6.

15.,6P'614
If;a,6~21Q04

1P1,8 4 9855·
_ 104,2o~~BiII2

206,03(,615
217,11:;036
237,50,1522
255,8\4\8.
212,.~3437

._.~81.69S96~ .
~01.9Qge2a

HIT)-HIl)
'C"L/e"LE
11~t;l·194~

7,607'"1
13,17J"21
19, a~3963
<7,51,9'5
;'6 l 1'R1 5 13
'5,4U6UO·
'5,319'.6
65,90.<91
ti8l29::74~

112,1161033
lJ6,955~69

_162,899659_
190 I n63~31

·IGlT)-I-I2 9 f))/T
CALI!:'" r: .. t'CLE
·123,~4"7?O

123,8']8'8
1,5. ~OP09
13Q,19t5€0
1~5,.~38t2

1 41,1·gn44
1.7,0::1 74 8- ­
152,9~2364

158,8~16e5

170.2!0692
'181,lP8'0~

19'1,570SoCFl
201.~qJ~O

210,1t33J6

"ITl-"(29"-1
'CAL/~r.lE

0,000"0(1- .
• 0 0 6635

~, ~P2t.75

12,2'3"17
19 ,9,.999
28,.9Q56e

..H-,8l:5?75·- --.
47,7P.&"'€CI
58,31J3~2

AO,69979.
10.,.76n87
12 9 ,3640n

... 155,J087H­
."-2,.'2585

CEL"rI2981·.(~)_"(2gel

'CAL/~CLE

-116, H·ouon
·~6,O~J:!t~

·~IJ,~111i!

·'3,916983
-66.2!50C1
-!!7,6e94J2
• .. S.J .... ?c!IJ ~.__. __ ._---....-
.38,3 1 15.0
_27,8.6648
-~ •• 6020'
18,316081
·3,20H'3
·69,1 A61n
96,312585
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QROUP UPJ 1IV I n THERMOCHEMICAL PROpERTIES P~OORAM

. - ..._ . __ ._.__.• __. _••. _.... _ ..- .. -•• _. _ ...__.•._ ...__•._•. .....•. _CA~~._.NUI1B£R__3---

. HOLbCUI.AR STRUCTURE __ .... _.

-...•.-. - -.--•.-.------- .__• - .---- .._.- __.._.__ I<-.H_H· .IL-__. _

• " • • 0
H·C·C-C-C-C·H

H H H H

.. ---_.._--._----------.._._---- --_._--_._---
A10HlC COMP051110A or MOLECULE

ATOM AUH~ER

H 10

--g----_.~~------------------------

.~

GReU~ ~TR~CTURE AhD COHPOSITIO~

·-···-------GR·r.up---~-iio~F-··-ciiE"rciL· :svri>oLQ,fiTR·OiO-ilHlD--crI.I;H~ BC~O BO~D QROUP NU'BER
~UHBER Wf.\r.HT 0' CO'PO~ENT COORglNUE COORDINATE VECTOR TTPE 0' CORE ATOM

_. ._.L .._ ....29.6 .. ..•.•_.C...._. J __ "_ ._. 10 ._.. ... _. ._.. 1·-. - .... ._. ._.
C 3 12 1 2
H 3 e T 1 0.-'·_._. __. . H. -1 10. -J.-- 1 0
H , 10 , 1 0

o
.----.------. -·1·- --'--'--'-' ---'-'--'--'--"
? 1 4
3 1 Q

16

·H­
16
20

co
C
to

399

4. . 9" . C J
C J
Co J

..-.----- ---·------------... --·----1·--·--
to ,

c . . J .12 . _ 2
C 3 10? 1
C J 14 J 1 3

-It'--- ._1-- U ->.l-...,l, -4IO

to , 12 , 1 0

399. C .14 . ·-.• -3
C 12 1 2
C J 16 1 4·· • · -1- 1· 14 ,...---.l-------ief--
to '14 1 0

4
J,
B

.....-._.. _-_.__._-._.._----,.----

'. --'_.._--'. _._---------- -_._ ..._-_._._---_. _.__._---_._----- ----------------

sUeCHUU? H C N
COHe 0 0 0
LICl~D? 1 0
LI~AND .- - 1- 0 0
LIGA~D 1 0 a
LlroAND 1 0 0 0

COHo ..O-·-l·---O---Q.-.-----.----
LIGAND , 3 1 a
LICA~O J 1 0 0
LI(,l~D· 1~.· 0 .- 0 .• 0
LIGAND 1 DOC

CDH. 0 1 0 0
I.Ic.AND ·J··--lj·---~··· __··O·-------------··--------·---·---
I.I"A'D ~ 2 0 0
I.IUlNP 1 0 0 0
LICANO ..1 ..... a 0 a -._- ..-._._-. --- _... --~.

COR~ a 1 0 a
"(iANO 1 1 1 a

__. LICA~rt·-.··--..1----:l---·o-_~al__----------
LIOANn 1 0 0 a
I.lliANO 1 0 , a

COHo 0·1 1.. .Q.- .._..--'.. --' ..... - -. -- . --- -
L1GAND V 4 0 a
LIG4ND 1 0 0 0

--.--·2

ATCHIC CO~PCSJTICIi or CURE ATOH AND LIGANDS IN EACH QROUP

DRO~? AU~6ER

1

NUMUER_O'_CORE .ATOMS IA ~C~cEST CHAI~ .0.

CHOU. ~~M&ER or CORE CON6TIT~ENTS cr LCAGEST CHAIN

·5

2, 3. 4, "
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~ONG~C~P----I'TERACTIC~ ,\~O INTERNA~ ROTA110~A\.

TVPE RI"G NU~,B~R CR A~CUNT REAT Of FORMATION E~TROPY

- ------'ROI.IF--NUt4hE~ ----.-.------. -·_-------·'-CAL------ ---- -CAL/DkG ~

I~TE.RNAL ROIATiON - 1 1 '2.183

SYMMETR, ~CNTRI6UTIONS

~EiT eAP~C I TV ecerr Ie I ENTli
.- ·C~L I-DH-l~.·-;..Il; I!}FG-ll••'--GAVllill·l<o·~-c*L-I-Ui·~".

E~TERNAL ROTAT IO~AI. SYMMETHY CC~TR leUT I O~

seWRCE
CC~PUTF.r

S'MMET?Y 'UMbER
1

E~T.OFY

O.OCOoO

~~IJRCE

C;l I IPUTEt
PSEUDC ~SY~H~Tk I C

'1

ENANTIOMERS
o

TOTAl. OP'lC~L ISOMERS
o

ENTROPY
-0,00000

COLlDEC·MOLF.
.,3139:1J12F.-OO

THR~er.HEMICAI. PROPERTIES or ~.CLECUI.E

_H~AT CAPACtTY COEffiCIENTS
CALI CE 'l"~'M UI.F. CAI./DEG •• 3·~CLE
1. Ct 9.,n.e·" 1 ." 2812115.<-0 ~

CAI./O<G... ·~el.e
1.0.074~50E.08

T C(r I ~(T)'Hln) ·IGITI.~129R})1T RITl'''129RI PEL~f1298)-,0( T).M 1298'
lllG K - CAI.IQ,.r,·MOI,f_ CtL/DF.r,·~nLE ~CAI./~OLE CAL/IH.G.~/jLE ~CAI.I~IOLE ~CAI./~OLF.

~ge I 0 30, ~792~5 91.5·677u 5,366 198 91,5Cii6 71 O O. O~OOOO -'4.5BOOOO
300.0 3~, .?5~6. ~1, Hn97 5,4275"-3 91.50'47 106070' -'4,519295
(,oc I 0 37,:10037C 101,51,J47 B,621160 92. A79391 3,.~.18~ -H,12561B
!; 00,0 43,3 AHlll 110. ,o7621 12JM229~ 95.~166'7 7, •• '.07 ·H.oe.503
I'1jc,.,G .0,717030 116, B~;745 17,HJ.ln 96.'<2:::05 1211~6r:204 ~.2."'J476
70G, (j ~3,3(17776 126.76711~ 22,562 9 82 102,112562 17 , 2j6184 .31.363616
pco I 0 r,7.3?9J""U 1;Htl~31"H 2B,120239 105,713flO7 22.7~H.l -31,8:10559
';.Qr. f 0 "0,£7'31" 1 41,l L9566 34,0 •• J[:. 109.2156-/j ~B.677506 -25,90ii.94

100e.C 63,055001 1 4T,7ClH7 40,28.628 11:/,7eJ81,7 H.917830 "19,662170
1200.0 ('OI~A~4J7 159.18-4193 5J,5530U 119,6~B9.:' .8,1"6;>98 '6, JOH02
1'00,0 7210n~235 17G.631~.U 67,636161 12e,1~3''-4 62 •• 09.163 7.6B9363
1600,0 104 ra~e9:J9 l RO••• 36E. 82,33B 2 52 13ii .3~65i!5 76,9 71.'. 22,391f5.
1 6 00.0 77 •• 0116. lR9,407257 97,563710 lM.1B67~0 92,1 9 6 912 37.616912
:1000.0 AO,2U.1C 197.703.24 113,3167 8e 14J .1284ii9 tn7, YH9B9 'J.369989
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O~OU' ACC1TIVlTY THEAMOCHEHICAL PAOPEATIII p~oaAAH

.---.--.--__.__CUE _.NUMBER __.__ .•.

HULeCULU.ITAUCTUU .---. -- ----. --- -- -.-- -- ------ -.-- .... ---------------.

--.-.-----~-.-.~..-~-H_ -" _H. ~ . • _

"C .- ..- --·c - ....-.--. .
w·.c-C-!'-O···C-O··H

_____________ :_ •. __ •. ._.._.._a_.

"H " "
AToHIC CUHPOSITI~~ Of MOLEC~Le

- -_ .•...__ ...

ATOH ~UHB&A

H 18
.-- ---- .------_. -,_,__ ,_,,_,,_,_,__ , -.. - .. ---..-.-.- . ._0 .... . -4- ·

a 1
----_._-_.•

DRCUP tiTRUCTUAE Ahe CO"POSI'IO~

CROUP --'-GROl'- -'-C~E"ICAL SYHAo~-----tiAle AO-Ii-GR-lti-cn-~I.MNBC,;C--BC~C QACU;N'UM8ER----------·----
~UHBEA kEIC~T Of Co~PO~&~T COOADINATE COORCINITE V&CTC~ ,TPE 0' CDRE ATOM

-'. -.- 1· ·2U C 6 , . - _.---.. 1
C 6 6 2
" J 181 G

-.-.-.----..-------.-----. ----.-.--- .. --~-.._---.--- ~ ..----1·---·-......---1---·-0-------
~ 6 1 , 1 G

6~O c
C
C

- C
r.

6 2
6 1
• 611 J
6. -- ----10----·..l-----1------~-- .--.-.-------..----.-
8 6 , 1 S

c
c
~

.. ~

~

•
6
1
1­
1

6- ~

.6 2
J e 1 a
6 -----1-----l------0-----·------------
9 2 1 0

296

6

6 10
--,;---- 6

6 14

B
6

11
11
11

14
10
14
16
14

1

•,
6

1
1
1
1

S
2
o
C
a

-.---.---- 296

•
6
1
1
1

6
6
J
6
9

14 ,
l' 1 6
11 1 a
l' 1 0
11 1 0

- _._._-,,- "'-, ..
16 •14 7 1 6
19 2 1 a
19 J 1 0
19 • 1 0

.. -------------_._- ._"-_._. --- - ,,--------- _._----_._._--..._--_ .._--"._---

B
6

11
11
11

27

14
l'
17.
14
11

1
1
1
1

9
6
o
a
a --------_._-_ .

--------------------------------



OF COH~ ATtH
.::.{;~.

AM ~QUALI

OF COHe ATtM

AND OF COkE ATOH IRE F.QUALI,

....__._.._-..__ " '.- _ .•.-_....•..__ _--_ _ _. "_.-'--_._--

COMPLE~ LIGANDS OF COME ATt~

. ··...----...---·-..-·-....T-CI'IC . GO~PColT rO~···M..-"'RE AfOM·· .... NU·..·~A~DE- I~ ·-lo.c ..···~-_·.._---_..·------·

--_._...._._.

o
C
C
o

'0
c
o
o

o
o

' ... 1
o

SURGMOIIP H C
COME 0 C

LIGA~n 1~ 1
LIG'~r, 1 0 a 0

.......--.----.-.----·---------·· .. --·L ,,,AI,O .. - ···1·····-0 _ ....·0· ......-··0··-·-···----··-···--·..··--·--+· ....--. "'_.".
LIG'~O 1 0 0

COME 0 1 0
LIG.NO ~ 1 0
LIG'~D JIG
LIGA~n 9 ~ 1 0

.----.-.-'--I.IO'~D-·--..J·-·-l---·a--O ...-----.------.
J COME. 0 1 0 0

LICANr, 1~ 7 1 C
LIGA~D 1 0 0 0
LIGANr, 1 0 C 0
LIG'/>f, 1 0 0 0

CORE 0 0 1 0
LIGANr 9 ~ C C
LIGA~r 9 • C 0

cnH. 0 1 0
LIGAND 1~ 7 0
LIGA~n 1 0 0
L.tI.iA~n ·1· [l -0-
L,t;M,r, 1 0 0

cORL 0 1
\'IG'~r, 9 •
\'IGA~n ~ 1
LIGA~c ~ 1
l.. J(iA;\[l J - 1

COHo 0 1
LI">Nr 1~ 7
LI<;A,I' 1 0
LIGANn 1 0
LIGA~n 1 0

Co.". 0 1
LIGAi~" 1~ 1
LIGAr'!, 1 0
LluA~u 1 C
LtGA~O 1 0

CU"t 0 1
.. \,IO'NO.. . .• ~ ·7

\,lGANn 1 0
\,IO'NO 1 0
\,IO'NO 1 0

I,ur'''.'' Dr "OR~ ATO~S l~ LC~GE!iT CH'I~

GMQ~r "~"a.H OF CO". CO~STITLE~TS CF LC~CEgT CH.IN 1. •• 6 • 7.
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·. -----_ .....

aONTR IIUTI aNi

.HUT .CAPACItT .CotrtlCIUTI.
CAL/OEG" CAL/DIQ """R eALIDED A"I eALIOli A""'

TYPE.

._.. _----_.. ----_.._---_._..__._- - --"----
NONORCUP INTE~ACTION AND I"TUHAL ~OTATIONAL '''"HlTRT

- __ RlNG NUMBER .CR...-..AHDUNL.HEAT or fORl'lUlOH __ hTRO'Y__..
aROUP ~UMBtiR ~CAL CALI OED "

aAuc~e el~ER 2 4 2 ,dOO
~AUC~E 6l~.R ···-_·-.-_-··-4'-'--·..2· '-··-·----T600.-~-------·-----------------------------

DITERTlART .T~eR i 4 d 1 8,400
I~TENNAL ROIATION 1 1 -2,113
J~TF.NNAI. AOTATION . 2 1· . ---- -2,113
J~TERNA~ AOTATION 3 1 -2,113
I~TeNNA~ AOTATION '1 -2.183
lNHNNA~ .AQTATIOII-··-·--·-.·--..---l----·- .------- ------l r111-------------------------
INTERN'~ AOTATION 7 1 -2.113
I~TERNAL ROTATION 8 1 -2.183
INTeRNA~ ADTATION . • 1 -2.1n

. EXTERNAL

SOLAce
CC~PUTEt

ROTATIONAL STH~ETRT CONTAIBUTlO~

SYMHURT NU"~eR._ . ENT80n. .. _. _. . ._. .. •.._

2 -1,1174'

SOURCE
COHrUlEC

ASYHH~T~ Ie
o

ePTlcAL

PSEL DeASy ~f,F. TH IC
Q

ISOHER CONTRIBUTION

ENANTIO~EAS -ESO
o 0

TOUL OPTleA~ ISOHIAI
o

UITRO"
0,00000

CAL/DEG·HOLf .
•• ,702211.2e.oo

T~EP.CCHEHICAL PHOPERTIES or MOLECULE_._

IIEAT CA,.CITY COEHlelE~TS

CAL/tero. ,a-HOLE. .--CALI-DE 0, 'I'~'O~E_ --"ALI tE G" 401'01.1.----
2,41062411E-Ol 'l,1649602eE-04 ,. 89051931E-08

T Clrl 5 H(T)-HP) _COlT)_HC,9fll/T ~lTl·HI2981 D!L~'C2981.~cTI.HCa.. 1
p~. k CAL/nE.-MOL~ CAL/LEG-'OLE kCA~/HOLF. • CAL/efGo-eLE kC'L/HCLE kCAL/~CLF.
290.0 43.919654 105,176'96 ',H98ZJ _._c ._105,176~96 O,OOO.OG .- .. -'7,710000
~JO,o '9.2223,7 10',50'931 6,6"." 10S,117791 ,098142 ./1,681858
'00.0 ~3.0'3~61 121.~1916' 12,28252' 107,2/7 AI2 5,1~2101 '/2,0.7299
;OO,U 1',56/214 13,,9f;8S. 19,181'31 111,1~Z6J3 _ 12,'31608 "",1'1392
610,0 .',1203,0 151.432f97 27,13 0 742 111.131166 20.'80919 -67,199081
l·lO,O 0Z,C63U' lA5,CI'?13 35,9518S2 123.011BH 29,402n29 .",377071

- .a~G,c n, 7~0~31 ,-,·177 ,1~46n-.----_.. '5,5015 .. ;1-- - --120 .onc"-__n~951'79-'-·--·---·"I,'2U.l ..
7JO,0 1~',5~A~C; 189,12f798 ~5,'71777 13S,1.8850 '9,1?1.53 -38,658047

1'00,0 1[19,709972 201,016844 6',39"1.'3 1'1,176'" 59,8'0280 -27,939720
1200.0 120.0.7.21 221.0.5"2 89,357338 152,919'19 !Z,8o"15 •• ,972'"
l'JG,G 132,200'S7 241,303094 114,529'97 184,17415/ 107,979674 20,19961,
1·1C.0 1'9,445957 260.018097 l'2,591J65 174,98175. 136,0'1542 41j268542

_laO G.c- .__12. ,.l~1599---278~ 96 5995--_ 174 tai/122J.-_-U5 ....~18i-4--__16.~V14Q.O -.~.914U --
2J~0.0 2e9,'''48'2 299.0~7011 2U,12~B46 In,8aSOO 206,471023 118,'01023
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----------------

< ~.~" - ~... .-....--.......... -_••'

__ _ - -___ _ _ __:-i~!.

ORO~P ADDITIVIty THERHOCHEMICA~ PROP~RTIES.';·'1'POGRAH

-CJo~E--JiUHeEIi-- -_'- _ ~------------------- ----

-- --------__----- ~--lO__---------------------------------------

H·C·C·C·C~

HD'IIC COMPOSITIO~ Of" MOLECLLF.

ATOM NUMbER
M 7- - - - C 4 _

" 1

OR CUP ~ TRUC TURE AND COMPOS J' I ON

--'----------------------

GRnup
NUt18~R____ 1-

CHEMICAL SYHODL URIC ROW GRID COLLH~ 60'"0 BONO GRCVP ~UHRER

Of CO~PONENT COORDl~ATE COORDINATE VECTO~ TYPF __ or CORE ATOM
C 3 - 11 1
C 3 13 3 2
~ _ 3 9 11 0

------ ---------------- ----1'----------- -1 -------- -1-1 ------------1---- -1---- ----0 ---------------------
~ 5 11 5 1 0

C 3 - 13 2
C J 11 1
, J 15 ~ 1 3

- -- ----- ----- ---- -- - --- H-- --.1 ----------13----------------1- -----1-.-:----- -0-------
~ 5 13 5 _1 0

C 3 _15
C J 13 7 1

" 1 l' 1 1
---- 'N- J 17 ..I - -1

" 5 15 5 1

3
2
o

-0 ---
o

ATC~IC-- r.O~PCSIT1M ur __ CUR~ - AT O' - --.wU---~ 'GANf.J'-- II". .",CM--- G·O~p--

QPO~P ~u~eEA SUAGflOliP H C C N
& COH~ 0 1 C C

LtGANO 4 3 C 1
LlG-A~n 1 0 0 c

---~ I GA"n
1 _____

-0- o ------0 --'- ,----, --_ ...
LIG~~D 1 C C C
CO~E 0 1 C 0

LIGAND 2 2 0 1
LIGANO J 1 0 0
LtG~Nn 1 0 0 0

j
~IGANn 1 0 C C

COH< c 1 C C
LlllAhD 5 2 0 C
LIGAND _1 C C 0
LIGA~D 0 1 0 1
LIGAND 1 0 0 0

NUMEE~ or CO~~ ATOH5 IN ~CNG.ST C~AIN

OHOUP ~U'-'BER Dr CORE CONST ITLENTS cr ~C~OEST C~AIN

-------------------------------------------
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-.- NONGRCU'. ·-INTERACTION AND. 1"'IRN41.__RonTlON,.._-IUIIIU.,_ -·COhTaI&UTlONS- .. - .-- _

"PE RING NUIIRER OR A~OUN' ~EA' or fOR"A'ION ENTRap, ~EA' CApAcl', COlffICIIII'S
-.---.·------4~U.i&W ···---·_lIUl.--__-ul./IlU. Ul.'DiG' eAktOU , ..a-u",""O-lIu~~G....

INTERNAl. ROTA'ION I 1 ·2.U~

E.'ERNAL HOUTlO",\' i'"~ETII' CCNTaIBUTIO~

.------ sOuRc"i--·--mIlrnY;;UHS-E-R----EN-'-R-O-'-'-------------------

CO~PU'Et 1 0,00000

fll'"0'"
O.ODOU -

TOTAL OPT! CAL ISOIl'''1S
o

..----------~P4c.Al.-1SllIlli~tlll_alll-I-110111N'----------------------

AS'"HfT~IC PSELCCAS'~~ETHlC ENANTIO~ERS ~ESC

a c u· 0
SOU~r.E

·COllruTEt _.__ ..

-_._._.------

C,L/DE G-HOLF
1.1703~019E.00

'NERHCCH[HICAL PHOPEIiTIES .or 1I0LECULE

HUT CAPACITY COEffiCIENTS
CAL/nG"2·~Ol.E CAL/DEa..a.rOLE
e.53e~lbblE·Q2 .~.1189J232E.05

'CAL/cec ....~OLe
9.6!71~085E.D9

-- ...._._----~--

T . Din "11l-HCOI .IG(fI.~c298nn IIIH'"129AI DIl.~fl29B).~(TI.IIC2911
eta K•• _ oAL/Dt:G.II~LE. -_ .ClL/tfc.rOLE _.....KClL/IIOLf . _ .-CAL/OEC.lIoLE --.tAL/IIOLE _ 'CAL/IIOLE·
2?8.0 22,6~6Jl. 77.6A6710 3,737AOA 71.B~6770 0,000000 7.A70000
300.0 22,745100 77.9;;"lA 3J7828'~ 77.847216 ,045371 7,'1'371

... 4"0.0 2c.2-~~~~Ii-R~.al00~----6.,j411J~~·.lllG~a ar6;.;u'~2!------lUr01U'2-------

~C". 0 33, 1?'03Cl q2.1t~oe3 9,417b~' RO. R0'660 5.6802U 13 .150211
bO·).O ~7.27ege? 98.,Pn9,H 12J9~2974 eJ.23e~21 9,205490 16.6"~90

700.0- 40.6:8813 10~.6'15c8 - -_.- _16.85Jl~6.. . 8S.86A776--- - -13.1t'71J- 20.585713--
, ~rc.o 43'.6?76111 l1C.2'50lJ7 21."91:3b9 88,5l3901 17,J52-885 ·2A.822ee~

9C(·.0 46,3332<:0 U5.586376 25.6022Hr 91.272158 ?1.86H96 29.JJH96
.--.-'----·-UO~TIo__--AO""."J4.lI-120_rJ5l>1el_-__40•.~~a5'~---'h'H76~ U·~JH6 l4~nU66------

1200,0 ~1,A69029 1?9.67~178 AO.351063 . 99,lt.2862 36,613979 44,Oe3'"
1400.0 53,Ar6970 131.170196 50,Bb02b9 10~.111U6A ~7.122'85 '~.'9218'
lbOO.~· _ ~A.9198A3 lA8.000810 .61.106846, .. --....- 101l.7H01B·----..·87.9U3.2· .. ·-..--...~3n62 -...._-..
1000.0 ~b.2~0233 151.55309A 72,82"OAO 113.1738" 69.082"7 7•• 552557
2000.0 57,8~0722 15,,'~79'A 8~J221b13 111.315889 RO.AP~la9 ",9'~129

'-. - ~ --_.' - --._-!'----- -- ----- - -,--,:""- -_._.- --.- - .__ :... _. --
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,~,
• '~_,J\

-- --- -.--------.-------- oR-o-up·~tl·T·i~ITy--i~ER~;;oHE;icA·~-PROPE~}i;' mr.RAM

. .__...-- --_.. - . __ . ·_..__...OUE-. .NUK/lU .._- .~- _

..• -.--.---..-----... _-... -.---.----.-.----..--------.._-- .....---101.-.•--.-.----,-------.. --•..----.---- .-------.

M

H··C C.·"

".·C··O··C··C··O··O··O···O 0··"

. -. -M --H-··" - H --M-. -M" ."-_.. H . C

HCfIIO .. -COMPOSITIOh -. OF_ • MO~EOUL.E

AT OR
"._.. .h.

G

CROUP STR~OTURE A~D COPPOSITION

GRCUP HUMBER
or COPE ATOH

1
2
o
0-·----
o

3
7 1

-.--- ..-. ·1l-·----·-1---
6 1

ORIO ROw aRID CC~LP'

OOOR01~ATE ccORtlhAIE
8 37
8 40
8 34

. .__ •.• ._.c.• --35

10 3S

OMEHIr.A~ SVH."OL
or COPPONEhT

o
C

•-. -

"

GRO~F

~UG~l

2i6

c,nup
NU"Bt~

1

399 C 8 40 2
C 8 37 7 1 1
C 8 43 3 1 3... .---- -38 .A._____

: 1- - -0 _ <.0_.' " ______"••••_____••__ .'e "_____

" 10 38 t 1 0

6
10

9
7
o

1
1

·,1­
1

1
1

----1· -
,1

4 ..
6

2
.7 __

~

61
t3
~9

63
5.

9
1 8
1 11
:1-- .--- - - 0
:1 0

10
12

8
o
o

61 11
S9' 9
63 4 1 13

.:O. .~. ...--4i .•._-~ -·-------0
'63 2 1 0

63 12
63 1 lJ
tl 6 1 10

·--66---.------- -~-----,l.---..·---9-
65 4 1 0

6 46
R OJ
8 49..- 44 _.

10 ..
8 49
H 46
H S?
6 4 7

lU 47

8 S2
8 49

" ~5
6. __ 50

10 - 50

SS
H 52

" 59
6 53

10 53

0 59
10 61

5 59
6 ___ 55

10 "
5 '9
8 59
3 61
5 .•__• . ---56
3 57

10
6
R

.. 12
II

c
c
C
H
t

C
C
C
H _

r
C
C
C
C

"
C
C
C

" .•

C 8 43 3
o 6 40 7 ,1 2
C H 46 3 1 4

--.--,---.• -.-----.-. ------.--•.-----. -----41 . ----- .•-- 8----· -1--------0-·----------· ---..-----------.
" 10 4l. 6 1 0

C
L
C
t,-

"

399 • C ~

C 5
C lD_____-__•. .6

• 10

J99

J99

502

399

399

399 C . 3
C 5
C 5

___._•• __c~ ....1---

to 1

12

10

13 399 5. - 63 13
3 61 ,1 11

C 8 63 5 '1 12_______________________.. -4 ...1__. --H---~Ic____----Q·-- .. ·---·--·

~ , 66 J 1 0

~---.-.------ ..-.. ------..·-,-------...3-.,2OW--



1a

10

11

... 7

GRO~P hU~eER
.----..-.-_ .. S

.. -'" --_ .._ - -.._ .. --9-._.-

sueG~OUP H C C N
COHE·····-- 0--·- 1" 0 '---0
~IGANO 2~ 12 0 0
~ I GANO 1 0 0 0
~JGA~D ·1 O. 0 0
~IGANn 1 0 0 0
CO~E· 0 S 0 0

·-·-----···· .. ·""-··~IGAND··--2S··-··U 0 0
~IGANn I 1 0 0
~IGAhn 1 0 0 0

...- ..-"" - --..-------.--•.---- --.-.- ---- - ..-~IGAhn---~ 0 0 11
J CO~E 0 1 0 0

~rGANO 1~ 10 0 0
~IGANn ~ .. -·-2·---·0 ' - 0 .- ---.- --.--.------.------
~ I G'Nn 1 0 0 0
~ IGAN~ 1 0 0 0

.. - ..------ ..-.-_._._._ - -_··--·-··-4·---.- COilE --.•- .. 0-·--1·--0--.-4.-----------·
~IG'NO 17 9 0 0
~ IG'NO 7 J 0 0

.-- ~IG'NO- .1··----0--·· ..-·0 ..·._··0..··· -.-..--.--- - •..--_ --.- - --
~rGANO . 1 0 0 0

COHE 0 1 0 0
.. -.-._-_ .....------.--.---..-.-.------ ~IGANn_--·l'--8__--o-0-----------------

~rGANO 9 A 0 0
~IG'Nn 1 0 0 0

.. ~ rGANO· - 1- ·--·0 ----0-"--0 .-.-._-- d ••••

CO~E 0 1 0 0
~IG'ND 1~ 1 0 0

.. -...---.-..----------.--.-----.-.--...--...-·~IGANO--U--__O___&_------------
~ I G'hn 1 0 0 0
~JGANn 1 0 0 0

CO"- 0 .. 1· 0 - 0
~IG'ND 11 6 0 O.
~IG'~~ 1J 6 0 0

··1.1ii'''n --1--·0-···.0.-·--0------·-----·--·· - .._ ..---
~IG'hO. 1 0 0 0

COHE 0 1 0 0
~ I r.'''lL--1~ 1 ·0 0
~IOAhO' 10 5 0 0
~IG'NO l' 0 0 O·

CO"E _·-··-·0 --·-·1---0-·-0-·----·--_·- ..·---------:---··--·
\.IO'NO 16 e 0 0
~ 10'''0 e 4 0 0
I. JGANO 1 0 0 0 .
\.IO'NO 1 0 0 0

co"E 0 1 0 0
... -.- - .....-.-_.. -_. "'''----.-.. ~IG'ND -· .... 24----12----·0 __·0< _

~tO."D 1 0 0 0
~IO."D 1 0 0 0

r.ORE D.. 1 . 0 ·0
~IGANO 16 9 0 0
~JGANn e J 0 0

....•._.. _ ...... --....- .. lIG'ND ..-·1-~--·-~···_-~·_--------------------·-
~ I G..O 1 0 0 0
CO~E 0 1 0 0
~IOANn aa 11 0 0
\.10'''0 a 1 0 0
~IGANO 1 0 0 0

....--~ I""D-· ···-_·1.--·-0---·0....·---0·-----·
CORE 0 1 0 0

~ I G'NO ao 10 0 0
~IGANO 4. a 0 0
~ IGANO 1 0 0 0
~IG'NO 1 0 0 0

G~OUP tJ~~BER or r.ORE CONSTITUENTS cr ~O~GEST CH.IN J.
10.

4. 5, 6. " e.
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J
TYrE._

R1"0 CCRRoC 11 ON
GAUCME 'LK"'E

I~TFR"L ROT,TION

___RIIIG ~U~,BEIl 'R. __.,uC\..~' __
GROUP ~UMbER

1 1
a -1

1

~£A T_ tF ~ DRMU.IDti___ o~ TROPY _
~tAL CAL/O.G K
,noo 1e.800
,bOO

-- __"liAT, CAP,CITY4:0HrtCIE~.T5
c,L/CE( H CAL/OEG H"2 CAL/OEG K"3 OAL/CEG H",

-1.3120E.01 2,S5,'E-02 ol,13J1EoO' 1.0a31Eorl

Sf]I:RCE
ce"PUT[r

SYMMeTRY IiUMYER
1

CPTICAL ISOMER CCNTM1BUT1C~

~r.l"rE 'SYMMeTRIC
-cc~r~nt- ---1;-----------

PSE\..peASY~~,f.T·1C
.. __ .... _. .--i;~---

eNANT10~ERS "f:SC TCTA\.. CPTICA\.. ISOMeRS HTRCRY
--- '-- --4----- ----- -0 - .•-----.-- --~_1l------_···--0.00000-----------

C'I.lD~ G-rOlE
-1,70210325E'01

T~En~CCH~"JU'L PROPERTIES OF ~Cl'~U\..E

______HLA 1. CAPAC I T'L._CJlEFF 1~ I EIJT S
CAL/tEn ••• -MuLE CAL/D<r."3-~OlE

3.2U86,J1F.- 1I 1 -1.en~57,rE-0'

(AUCEG"A-~CLE

•• 1·a?b~'~E-08

"ICI ~ >I(f)-Hld -IGIl)-Hl'9f;»1T ~lT)·"1'981 DELMf12981'HTI·MC2gel
_._ .ttc ~ _. .C'll i:L r•• HCl-I'__•__C'L/cr:;_~o'" KC'L/MOLF .. GAL/tiro. "CL~-------HCAL /MnL E -• ._ KC AL I~ Cl.

"",e ~',27141J 1~e.S7677J- 7,OJ"6~ 138,516770 O,OOGOOO -6S.6~Ooon

:Ja\i,u f","~'3111 139.00f'.l Q2 71BG2q6~ 1,a;5?b2Cd .120995 -t5.501005
4.)r,~ _ f~,a3071C _.16C,5P.c:412 15,~!:l-4961 _ 141.JP~9'2 7 t 6110QQ6 ,"~7.9"900.

~",rl~ 1.1~lll\~57t\ !Pl.7tlj;':27? 2<4.,876111 1"',3~~C'f4i-, 17,'202166 ."A,4-;7eJ.4
"';l'IU 111;,9;'021'-1 20~.17;'1·'~ J6,10;'Oil2 l!14 1 fln137f. ;-:81.~'61137 -:!],t:1l3963
.7:;:u,J. _l33,4l"50~.. ._ 22J,,70:'JIW9 .4et7e4rh5, ,.. 162,Q7~J~; ~.. -1111,111"30 ..__._ ,..~.t~\6g7n

n~·".Q 1."4,bf't):\');' Ztt,2P',".!;5J fJ21710442]. 1111~P7Q19 r;'~1(j404~6 -10,Se915 ••
():[",u J.~14.~·:t"'~4 257.92-'717 /7 16Q64dl 1~O,1;OQ2? .·70,C~2~16 4,JQ251t

.lU0G.~ 162,Cl~JQ4 27'.6J~59U 93 t 56426' lBd,744?;9 a~tb~C299 2Qt2eO~S~

17:.(,,1,) 1."~.lr~2J;:' 3l,)!),~~731B 1~71.1JH}8 t:05,f7.11fl ll?,739A43 1J~.10Ijje~J

1"~C, 0 1;", ~"~JC' ~33 .1~H77 16~ 142~~66 221.908~' 155, 75HOI 90,121601
16,,", " - 1'J., 7466ijb '-.". 3~a .J'~7<1---. <U1, 1~:~b4- 2J' ."'" 1- lOJ .'"6319 .- -··127 ,8UJ19 -.-----.
11l'j,:,.u i:!til,?17551 Je1,97r;l.66 l40 1576940 2'2.1ee92-4 ~~cle,0297~ 16?,:i!?297~

.010, U 213, '700~O 403. ,0766~ 21)2, '32147 266, 2,8274 '74,3~8'.2 208.728782
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GROUP ACCITIVITY THERMnCHEHICA~ PRD,&RTIES P~CGRA~

. _.-- ---- .__. ._.. . ._las£-JtU»Ba - ...7'-- _

.. - ---- ---- - - - .-- -._-- -.- .. ---- - - .M~~CU~U-- -URUCTURIi-----·------·- .--- ..----. -- -----. -------.----

- -.-.----------- .• .__. . .-41 --:_~ _

-------_ .•._----------- -_.- ----,.. _----~_. -~.._- .-_._----~._-----_.-_.- -----.---------------._----- ---

--·-----.---------·------------...:..-...C--ll·~I1-------------------,---------- ...
.. ....c -,.~ .. ­. .

C

H

ATOH
II
C
o

~UH~ER

6
6
1

GPCLr ~TRVCTUR~ A~C COHPD5ITIO~

CRnup GROLF
NV~B~R ~q~~T

·--··-·-1---· -lU6··-·

C"E~IClL SY~rOL GRID RO~

Of Cu~PO~Et:T COORD I~ATE. c·· '. - --•._...7 .
- C ~

C 10
• 7

C 5
.... - r,. - ....- ·7

C 3
( 7

GRID CCLLH~ BCNC BC~~ GRO~P ~U~8ER

COORDINATE VECTOR TYPE Of CCRE ATOH
3·- ··--·_--------·--1--------------
~ 2 1 2
3 '23
1 1 _. 0

~ 2
.--- --·-7 ----··... ----2-------·, ----.....---._---.------------...

5 1 1 •
~ 6 1 1

1016

loa

c
c
C--- .. -- ..
p

10
7

-1?
10

3,
1

7
10

5
7

3
3 1 2 1

... ,._-------4-·---1-------6 -.-.---.--------.-.---
1 7 1 0,
~

~

7
7,
9

1016

1'16 C
-..- -- --- C-

C
II

12
10
10
14

10 7
..•---- 12. ~-.•- ---- -- ,._-.-

7 7
10 9

6
3
7
o
7

··6 .~ -----.......-..-. ----------.--
1 1 ,
3 1 0

RI~G .ur~ER IS HE.tE~EU

_r.pOUe. NUfIS~~S Dr RI~G CDNST! TUt~TS 2.
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~TC~IC CO~PCSITIC' or CURE
- -_.'----_..._~ ..... _._'.;.::.'""--. -_..- -+---------- --.

~TOM AND lIGA~tS IN,. flCM GROUP

GROUP .U~.F.f.R

1
5wnGI!OUP

CO"E
.IG~~n ~ ~ 1 C

..• • ._. .__•.• Ir;ANI)· I~---·1;--0··---.------·-··------·- .-.-.-.. -------...
• CORE 0 1 0 0

LIGANC ) • 0 C
.ICA.O 1 C 1 0

COHE 0 1 0 a
Ll"~Nr. ' •• 1 a

._..•. . . __. ...-.---_•.•_••__ .I"A.O·_·_-l.-_.-·-l---0--~· -••-. • ..__._ .-- .----.- .•.
ll.ANG 1 0 0 0

CORE 0 0 1 0
llU~Nn ~ 6 0 0
Ll.~Nr' 1 0 0 0

.. O"l 0 1 C
';(.'·i,: J J (.

L. i 'J:'i, 1
CIP~E 0

LIIIANO 3
.IGANO ' 2 a 0

_...__ . . .•__... ._.__. ... _.__._.... ._.__ ll r,A~n· ._.__-1 ~ 0__0 -'-_
7 COHE 0 1 0 0

LIGAND 2 2 1 0
LIOA.D .3 ~ .0 0
L JOANG 1 0 0 0

••_------------~_••• ~¥_, ....-----_••_-

------------------~------_..---_.----- ~- ~_._--- - .--- ~- .---- - .--- - ----
IilJi1f1ER OF CORE HG~S IN L.ONCr-5T CM~IN

r,Mcwr "I'"ijER or CORE CONSTlTuENTS or L.CNGEST CMAIN
6, 1, ,,

.---,----~-------_.--,.- .__._---,..,.-- ,-_.'

_._------- --~ ---,-­
-~ ----- - -----_._---------- -- -- -----~- -_.- ---_... -. -'.--"--'

IS SYMHIiTRICAL ABOUT ATCH

TYPE nP'C NlI~Dl' CR
U"O"~ ~\IMI'~R

2

A~CL~T hEAT nF rORMAT10N ~NTROP'

~C.l CAl/O~G •
-1,311

.EAT C'P~C1TY COEFrICI[~T~

CAllf;EG •. CAL./DEC ••• 2 CH/CEG ."3 CAL Ice, ~ •••

~ctlhCE

--C~"·l'l:Tit .

E~TE~N~L ROTATION~L SY~,~eTMY CC~TFI8UTIO'

SGLROE SYMMETR' 'UMijER t~TROFY

cceFunr 1 0,00000

CF'TICAL _ ISOHH CCNTH1B~T10~

If:'"~1 HIC P5ELr.05V'~~TH I C E"A.T1O~ER~ "ESC TCTAL OpT tOl ISOMERS

c 0 c 0
~~TRCPV

0,00000

CAl/Dle-HOlF
-',094C13 9 1E.oo

T.["~CC"C"IC~l PHOrEkTIES cr ~C.ICUll

... "EAT CAPACITY..COEH1CIENTS . ---
CAL/rEr."2·~oL.E CAL./O~r,"3-hCll
. 1.3e3H~)1E-Gl _1,02081739E-0.

CAl/CEr •• ~-~C.E
(, QJO~300·E"ae

T
f,r t; i<.

(I;/'"U

~ eu. (1

.ol r; (J. i)

~'u (). 0
, !JC ,e
JOl, .. .Q

r"C.iJ
900,0

HOC.O
1::~· \,0 I 0
141) rl, 0
It ~u .0
11, JO I O·
2COG.O

r. (r:)

,"'I/,:<,;-I\OL[
2412:l~P!~t'

;'4 I 42221 4

Jl,!il1j81~(.

~e, ~.~S79()

43,31°"6 4
47,So::.92C'.r
~C,676~84

~'3 ••H9('71·
~S,~t:21Cji)l

f;Q,l Q J?b7
(,3.1 1,6546
b8.tSc24!JI,..
77, ~3237?
QO I 7' 47;,st.

t~lICFr.·~OLf ..
7~,1725t11'

7~ I J:!5J4J
A3,43;e~:2

91.2M~~6

QP.,7G;:4j!\9
105"ol;:'-4JiJ
112.2~~7P

11< .375<97
lil4.1 u'i472
1~~.5tl~<1

1"'3.971613
-'15•• 1'729 7

1~1.3179.2

170.1'55~O

!"I ( T) -101 ( I.:)

KCAL/M"lF ­
2. flO ,'='1:11
c., f14''/?5f.,1
~,6f12164

9l2n .... a~
13,29 '~71

17.8~J~6~

n 11~J:IB5

<7,9.71;1~

J3,~91~91

.~,868682

51, 081h6~
7~1·~~05a

64,81~J91

101(556)'-'6

36

_CGCT)_I'C2911111
. --CAlI O~ ',-'·n Ii-­

7',l'~5'C
75.1730'~
76 i 2:-BFlr;4
78,~~89'1

01,2191~2

A4,2;;17JFI~

P",3~02C6
ljIQ ,~~41;217

9~. 51f 16.
99.~0.e90

105.19~le~

110 .~<H2~--...·- ..
115,1"~713

120,1.7~n

~(l)-l-o(79~)

.CAL/~OU'

O,COOflOO
,O'~~78

2,6 Rl!lB3
6,"'03 702

10 ,.0'/990
·1~-,O.l2!;lH-4·-­

1?,942~O~

2~ .1.47152
JO,~91~10

.', 0'8101
5~,2n08~

iT .~,~J~I7·..
P;2.C1J~11

98.755926

0F.Ll'r(2981'. IT )-. 12981
H.l/~CL~

-n.200000
-2J.151~i;;

-20,318 41 7
-16.'962ge
-12,110010
-8 ,1ft 701 ~ .. '-"-.'-'~ -'- ._--
-3.25719~

1.9~7152

1.J91~ln

18.868101
31.0e7ne~

.......~....~J~77
,&.81J811
H.'559U



aROUP AnlTIVITY THEA".OC"E"ICA~ PRDPIRTIEI P~OGR."

..............-._••. ..__ ._.. .•. . _CAU _.lIl111BiR. . •

. .HDLkCULll ..iTRUCTURi·

_1'\...·_·· •.14.-._ ... . _

H • H H • H

" ....0 .- ..C.-. H. ,H._. __ ~ ..__ ..__ ._._.

.-----....., •••••c.••e.aac.a......e.--.LaC-a••-...c.aJiI _

....- o. -. H

" • H_._- .._------ .----_._--------------_._-----.._--_._.- -_._-_.

ATCfllO COHPOSITION or ~OLEC~LE

._ . .._._. ._.... _._•._.~DH ....UH~EJi.._.. ._._._..".._. . _
H 20
C 9

GROUP ~U~BER

OF· CORE ATD"
1

3 1 2
--.;1'----~____i -.------.------.

1 1 a
510

GROLF C"EHleIL S¥KHOL URIO RO" GRID eCLLH~ 50"0 5C~O

.W~ le.T.._. ·DF CO~Fn~i"'T.. COORDINATi CODR~ lNATi·· VE"O~ .n~i
296 C 7 4

e 7 10
+--------.-7----.. \
H • •
H 10 •

.--.--..- ..- ....---- -·-·------·G~CIIJ'-l>UlUCf.VRi~-~OH~I·H·Ol;-·--·--------·-----­

aROUP
NUMBeR

1

----_... _.._-----------

605 C 10
C 7 .71 1

..--------.--.--------,-.-- 0 -------.--4--.--10----1--1---;·---------·-----
C 7 1~ 3 1 •
o 10 10 5 1 ,

.3 296 C 4 10 3
e 7 10 5 1 2

.-- ---·------·-.--·----'-·H------'---2----·----e·----~~--'_i·81-·------'--'--
• 1 10 1 1 a
• 2 12 2 1 0

.~ 502 7 16 . 4
,C 7 10 7 1, 2

.. -.--.-.----..-.-.-.-----. C----·---·--·-·-----l .....----I---l·---",------~-·-·-·----··
C 1 22: J 1 7
• 10 16 ~ 1 0

7 22
1 16 1 1

_....__.._ ... 7. ·__.._~_.~n __ : J_ .. 1-·

• 22 1 1
10 22 ~. 1

7
4

···8
o
o

10
10
12
10

R

·5
2
o
a
o

16 6
16 ~ 1 4

.---- 14.-- - -_. - •..-. 1-----1)--.. · ..-------·-·-·...
. 16 . 1 1 0

18 2 . 1 0

4
1
2 ..
1
2

5

399 (; 7 :fA
C 1 22 1 1 1

'''' .-- .-.. "-' ,-.... -.-._-" ··-._·1 _. --..~----.l----..-1-·----9·---··---..----- _ ...
• 4 28 1 ~. 0
• 10 28 5 1 0

C 1
'C 1
·H • -.- .....---. 4

• 1~ 10

34
28 '1

..14 .---.4...
J1 J
34 ~

9
1 8
1.. ··· ..---0·-..- ....-----.. - .--........ ----
1 0
1 0

._- - ~-_._-- .._-_.._-.,.....:-_- -----_._---_._---._ .... -:.~ .
OF COHE HCr oRE EC~AL I

. AND 5 OF COME Her
.._------_._-~_.
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3

.. " .~

. ... ...._ . . 1 .. __.

- .. -'-.-- -.-..-.Alt~lC· CO~POSIT10"·- ~or····CORE ATOM ":'.ND····UGAIo-l'S-.. /»....E.C~·~RCUP··

GROUP ~U~RER NUHGROliP ~ c·e,~,.·, ~
.-..-----.----.--~···l·---·-···· r.OH~ ··---0·--"'1·-·--..-:--0·-'--_-----

LIO.hn 17 a 0 0
LIG.ND 1 0 0 0
LI0l~D· .,1··-·. 0 O· 0
LIU.~D 1 0 0 0

2 COHi: 0 1 0 0
.. - ... -.--- .. -.-...-..--.---.----... - ..---c·----·I.IG.Nll-·--J·-----,··l--Q---·O··---·------·-·------_---.--.-.

1.\ lilND ~ 1 0 0
LIGAhO 11 5 0 0
I.IG.No·-···- .. ~ --··1· 0 0 .-...-.----.--.
OOR~ 0 1 0 0

LI C.ND P a 0 0
-.-----.. - - ----.- -- -------.------..1.IG.~n···--'~---o---o·---o-----·---------

LIC.ND 1 0 0 0
I.IG.NO 1 0 o' 0

COHE . --. 0 .-.. ' '1 0 -.. ·-·0
I. I CAND 9 ~ 0 0
I.ICAND ~ 1 0 0

... --.. ---.- .. --··--·---~--·--·-----·----·_·· ··I.I(;ANr.---1.-~·ll____+

I.IOAND 1 0 0 0
CORE 0 1 0 0

I. I GAND 17 .. a 0-· 0
LIUAND 1 0 0 0
LICAND 1 0 0 0
LIGAND 1 0 0 0
00". Ole 0

LIG.ND 11 8 0 0
_I.IGAhD. 1 0 0 0

I.IGAND 1 0 0 C
LIGAND 1 0 0 0

.....COR. _.._ _0 1 .. _. 0 _._.•0 ._ . _._ ..__.__ _ .
LIGAND 1J 6 U 0
LIGAND 5 2 0 0
LIGANo 1 0 0 0
LIOAND 1 0 0' 0

COHo 0 1 0 0
LIU.NO 15 __ 7. 0 _.0
LIGAND J 1 0 0
LIGAND 1 0 0 0
LIGAND 1 0 0 0

COHE 0 1 0 0
LIG.ND 11 8 0 0
L.IGANO_ __~.. ·0··--· .0.. ·0
LIG.ND 1 0 0 0
L.IGAND 1 0 0 0

~

···---·-1
2
3
5
6
9

.• , ,11l3- .. ·.... ---..._.. ._.._... _. ._..
-2.1~3

-,.1ll3
-.,183
-,.183
-. ,1113

{J:.uc~r. Al~.U':l

Gt.(jCHr. AL.I,:,u.F

I" "HI'.L "01 P 1·0.
l~Tf"HjAL RnTATlo",
1'1~""AL "o·,TlnN
I'T~H".L ~O!AlI0'
(~TfHNAL fil1TjTJn~

\NTI ""AL ~OTHIU~

'IN~ Nu~n•• OR A"OUNT ~E.T nr 'CRH.TION
\ihOlJ? I\UI1lil.f, "'CAL

~ 3, ~UO
7 1 ,aUD
..-----··---·-4·--.... ·- .. -------·

1
1
1
1
1

ENTHOPy
CAL/O.O ~

"EAT C.PAOITV CCEHIC IEhTS
CAL./lEG ~ Ci_/Pr" ~"2 CALICEG '.'J CAL/tE' ~ •••

"nFRt•• ~ ROTATIONAL sv~~eTHV CC~TIi19UlIC'

~O~RCE 5V~HETRV NU~IlER EN1HOFV
C(ljoP~TH""- -- .....-- ---1-.. - ......-··---&.DllO~------------...

CPTICAL ISOHE~ CCNTHI9UT1C~

50Ur'CE-. ._. .~.yKr.UlitC---.-f·Si.~~r.AS'l_~~.~Hlc._._f.i'lJ,~t lC~,ERs..._.J<~O___....1m.4l._ClU~SOMii~S, ......tRCf_'t- _
CO,FUTEr 1 u 2 0 2 1.3774•

.,
CAL/DEU·~OLl'

-7, 1~H513!E.op

T"F.R~,CCH~M1CiL ~HOPERI1£S or ~OLFC\;L'

HE.l CAP'CI IV CCHFIC1FPS
CAL/rEn••~·~{ILE CAL/D~~.-3·~OL~

2,H58elHE- n1 -1.UJGJ~3Cr.·,.

CAl/Pi:r. •• ~-"'ClE
3.315.J,18.E-08

I ((PI
rEe K CAL/rE~'"O~E

. :II!)iJ I r. ._._. ,~c, 4f.810"2.
J(lli,u ~o,a·j212.S

4~DtQ ~~,3~6391'

~,c.u 77,9('029l~

~~c,o 'i~,6?2747

".,?O,O '":7.,o26Ei7
I OO,C.. 1L;',1;9037..
~:'G,C 111.~Q072J

l~OC.O 1~,7t~"667Ii
l~~C,~ .;5t7~70~A

l'iO,~ 132,491577
l'·oe,O 1.19,0;1707

--1LOO.0 ._1-H.0387~3

20eO,O 1~B.0~~263

'I\T)-Hl .. ) -IG(T)-IH2~e»/~ "tT)·"P98l DE~l<f1298)'H~I.IH2981

C.L/liE~,-~OLE ~CAL/~nLF C.L/r.[c·~CLE ~C.LIf::~LE ~C'l/~CLf

111,9(f'loa. ..- 7, ·:14FJ34, -. _ --11.1",g(j~OIl. ------. -O .. OOO(lOt)------· -· .. 87, 70000n~.-.-----.. --
112.J3~e~" 7,116n~ 111,."'lJ ,Hl,9D -57,598710
129.00139" 12,94,JH99 11' .118 9 '" 5,928 0 65 -51, 7710~~

·1",9'9719 20,12782' ~118.7~J940 13.1!2d9D "~'.5~'lln

1f.n ,1~"521 2e ,4749U9 12. ,40eo7 21, ~~9Q75 -J6.240DB
174,5'3621 J7Jel1'~6 130,5'7876 30.'0'"22 -.6,9029 11

·18'011731H -.. -. ,'7,9R~b60 .-..-- ..1!b.9U911-· '0. 9'J0726·- ·....····--··-·-··.16, ?a9''' .. ----- ..-.-- ......
20u,921083 ~a,8~26,,8 143,3'2556 51,8'7A7. -',e523?6
212,997437 70,329260 149,6e3,1~1 6J,J14J46 ',61 4 3'6
2~5.16n22 .... -- 9'1677~7~ ·16i,l118S2· H,6622~4 - i!9,9622'~

255.07~161 120,519045 \73,999796 113,}G4111 5',804111
273.V7213 lH,6628'~ le',2p.2263 140,6 47920 82,9H9'0

..·---a9CTOO~510 -'- -~76,0l3~.._··~9h$9~~~--U~,a19q26-·----tH,Un'6- .-.---.-.-.--
306.032734 206,679597 206,200403 199,664663 141.96'66~
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GROUP ADDITIYITY T"ER"OC"E"ICA~' PROPERTIES P~OG~A"

----------··-------.------------USL-lWl'aU

. - ----"Q~eCU'""R. SnUCTUli-.-

--- ------..----- .-------- ..-------------.-.. ------.--__-il__ II

CIC
--_ ••_-~ ••• ---. -- --_._----_._- •• " • +." ---~-_••• _-- --- - ._-- ••• - ••_---------- ._------------

C "• I

. -lla.'--'....""- ~~__..,...--------_---
•.

.H'!!!"C. ' • ..P.:~ ..••• __..

-....... ------.-------.--------...T-Gt4-'-..-COMP-OS.U-tO" -Or---llO~'tl.l.i-------_.--- .. .__._.... ..

~U"8eR
8
8

._----------------._--------_.._------- _.._-----.------ ---_._---------------
OACUP ~TRUCTURE AhD Cn~PD~ITION

~Rnu. GHO~P C"E~lr.A~ SY~.O~ URID ROW GRID CO~~MN BCND BONO GROUP NU~BER

_UMBER WEI GMT OF CO.pnNEhT CUORDINATE COORCI~'TE YECTO~ Typr· OF CORi ATOM
----__.a---uu-------·C·-------·7----12------ 1-----.

C ~ l' 2 2
C 10 12 5 3
~ 7 9 -7 ·0

2 1993 C ~ l' 2
--.. -- .. ----.-. -----------·--------·0 -------.7-----16.----4 2 ,-----.---

C J 16 ? 1 •
, 7 12 6 1 1

...
2
7
e

6
3.
~

3_ '1016 10 12
C 7 12

·----------..--·---·-----~-·----·12------1...---~--_1_---_
~ 10 9

.• 2011 .. · .. C ._3 __ .. __.... _16
C , l'
C 3 18

--- ...... -- -----.---..--..----.... ·--------1-----1.-

1016

1016

7
10
~

7

12
10

. - -10
1~

l'
12
16
l'

5-..
o

.3

5
·8

2
o
6
3
8
o

16 8
---1'-- ..--.~._--- -------........:-..

1ft 1 1 5
19 ~ 1 0

....- ..18---- . --------J _. .. ._ --_.-

1~ 7 2 •
20 2 1 0
~o • 1 . 0

3.._ .
J
1,

10
.. -- --.- -12

7
10

.c ...__ ....- ...
C
M
~

C
C
C
~

1016

. __ .. .J ..__.U3~..... ---

RI~G NU"orH IS ME.ErR~U

GRryUP NUI1B~RS. OF RING .CONStlTUtNTS.• ' .. 6.. J" 1 • ...
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..._- .. -_ .. ~_..._._-----_ ..~-,---_.-_._._-_..-...

'" _.. ... ... j

··-----·------:iTCMiC·co~,CSiTIO~-··Qr-nCORE~-ATO~ANDLiGA·~e:r~ti· WM ,GROUP
n.. _ .. _._ .... QRO~P .~U"'QER .... 5~BGROUP.. II. .on.·C ... C .N.

1 . . COME 0 1 0 0
LIGAND 7 7 0 0

·-·---·_.:.... · .. ·LHAND· l' -O·-~--O_O-~·---------

. 2 .CORE 0 1 0 0
L1DAND ~ ~ 0 0

.. __ LI DANO a . • 0 . 0
COHE 0 1 0 Q

LIGAND 6 6 0 0._. LI UANP .- ..---..1----1--... 0 __.~ ..__no__

LIGAND 1 0 0 0
CORE 0 1 0 a

LIGAND. -~ 6 0 Q
L I CiANO ~ 1 Q Q
L1GAND 1 0 0 0

....... _._._...·_.. _·_..·_.. ·n·.. ·... ·_...... · ··--..a.·------... CORE--.-·-.O·--1..... · .. ·'..--Q·--·---· ._. _
LIGAND ~ 3 0 0
LlCiAND ~ A 0 0
LIGAND· 1 0 .0 -0

CORE 0 1 0 0
LIGAND ~ 5 0 0

.• -- - LIUANIl ..----6--··-2· ·--..0_--·-0·----..·--·-----------·------·-----
LIGAND 1 0 0 0 .

CQRE a 1 a a
LlliAND· 6 -7· 0 0
LIGAND 1 .. 0 0 Q
LIGAND ·1 0 0 0

.... CORE·· ... ·-D-.. ~nl"--"-· 0 . --...0-----.---··-·--·-····---··--- --.--..
LIGAND ~ A 0 0 .
LlCiAND J '3 0 0
1.1 aAND ·1 ,·--0"-,, 0 0

....... -----------

r.t'HOE~ or CORL ATOl'S IN LChGEST CHAIN

GROur "UHbER or CO~E CCUSTITUENTS. c, ·LONGEST CHAIN ,1.,. - ".J, - ·6·f ~, ·7,

RING IS SYMMETRICAL ADOUT ATOM 2.

~--- --- ---- -- ... -.---- - .. -.-

NONl:HCl.P I ~TERACTlO~ AND I NTERN~L ROTA T1ONAL SYH~tTAY tONTA I ~UT IONS

TYPE RI NCO rIIIM~~" CR
Ii"Ol'P NUMUEA

2

A~Ol.NT HEAT or fORMATI.ON
~CAI.

E~ TROP Y
CAl./D~G ~

-1 t 377

~EAT CAPACIIY CC~frltltNT~

CAL/DEG K C~L/DEG Koo2 CAl./rEG~oo3 CAl./CEe ~oo.

:;Nli~r.l

C~ITl'TEt

EXTERNAl. ROTATlO~~L SY~~ETRY CCNTAIBUTIO~

SO~RCE SYMMETRY NU~~ER ENTROPY
CCrp~TEC 1 o.oooeo

CFrICAI. ISOMER CONTRIBUTIO'

~3YII~,\.HI C rSE~ntl~nl\ETl<IC PlANT! crERS ~ESC TOTAL OPTlr~L ISO~ERS

0 0 0 0 0
E~TRCPY

0,00000

...( All Cl r, .. A-~Cl.f· .-_..­
<.5<!H0 03E·08

CAI./DEliot:Cl.f
-7, 2~'99714Eooo

lHRMCtlll:tllCAI. PROP~RTI~S cr I<OLECUI.E

flLAl CAPACITY CCEHlr.lFJ:l5
CAI/CEnoo~-MUl.fi CAl./n~Goo3-Mnlf

1.900:'A970E-Ol -1.001H9U"E_nA

iH-r. y
_.. ;·10, U
~)t.n

'1 ~:" v
~110, I)

1,,;D.o
7"1C, IJ

.. 00(,;, II
Qor;. U

1 Ol)u., 0
12.)0,0
1 4 0.).0
1610. n
1 n,)[.. 0
2 ;)'10."

CIC) HeTl-He", -CGeTl-He".'lI/T HeTl-Hp961 OELHrC~961·"eT)-H(2911

CAL/~F;'i.~'OU: CAI.I[:~r... /lnLE KCAL/HlJLE CAl/CEr,·t--CLE KCAl/t10L.f MCAL/I"CLF.
____ ~ 2'J, .. ·J52a;i,._. __ ·__l\2,1'~6~'>4\l'------ ~,65bQ2~-.-~- t\2 ,4',~"'~Q -----"---o.nCOl'lno, --""._--'~.- ·35,2:LlOOOn .----..-.-.- -_._~

;?,3·"91C~) 112,6~('!"'5 3J71"h12 fl2.4f.;U~J .OljR'5B4 35.27858_
,~'1.3155<H 02,37Ciq~ 7,112121 83. 7~0707 3. 4~nn93 38,676093
.5 • .,44467 H1, 7~Al92 11,33113, ·66. ~03938 7,675107 A2,U9H01
~2.1?7311 l1n.6~~71t 16,'39A77 89.713295 12,~.3450 A7.803A50
~7.Jl5A49 119,123B64 21,12~117 93.318~37 18,064079 ~3.2AA079
.1'l,~6U260.-- .----127,06Ao31·----· 67,671123 --- 07.·045162----2~,OI~1195.....--·--·~9,.3909~--·..·--·..--..
• ~,UI316~ 13A.92111~ 3A,.05763 100,70'243 30,3A9736 65.969736
(,7,d"591~ l~l.~21~.n 40J6524:'~ . 104,5;5130 36,996J76 72,216376
7•• 1Hl~9 19 •• 2~,J97G HI67C6~0. 111.7765.6. 51.01~a61 86,~34661

75,~onH 105.677915 6',~56360 118.67H71 65,600341 101,020Hl
79.n609~ 176.03.999 64,96,696 12~.20t>9E2 ~l,a2~A26 116.'~~826
a~. 4.l1500 _. "-"1~5,7H42~ .. ·1Ql,4~B~87 ..... · ....U1. 309669 -- . --.--.. ·Oh602§~O-·----···Uh02n~9--·-·--·--- ..·-
04.0"4953 1"5,14'651 119,34601.8 137.304656 115,689991 1'0,909991

'.
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O~OUP ADDITIVITY T"iRHOC"EHICA~ PAOPEATIII P~OGAAH

---------C.ASi-."lIItlI611._-"I~OI__ _

-"O~i~AII .~TRUl:.lllRI-----------·--· - -- -.--------------.--.-----.-.

----------------------------------
N

_ .... __ '" ..__. --L,. _ ._ ..-- _" . .- ._.. __ , ._. . _

C
•

------------

-_.-._-------------

"..c•.. _.
H··C C·.H..

.-----(i------------------~--------
11--

ATOHIC CO"POSITIO~ OF HOlEC.LE

. ATOH ._ .hUHSER

" 7C 6'
- -_._ ..__._----_.- -.-_._.._---_.. -_.-.-_._" -------"_.._---._~-_._._--

GAClP 5TRUCTUHE A~D CO~PO~ITIO~

.GRCUP..._. _GROLF -'"El<ICAL.SVr.IUlL_._ GRI~ ROW--Ga1D--CC~~~:l_llllCl\;I'--~U"aEII _
~U"~ER .1IG"T Dr CC~POhEP COORDINATE CODRC1~ATE VECTOP TYPE OF CORE ATOH

1 1016 t ~ 11 1
C 6 1] 1- 2
C 11 11 2 J
~ ~ ! 1 0

C
C
~

C

6
8
J.
8

lJ
1~

lJ
11

~

1
6

2,...
1

--- --·--·-·J·.··-----·1QU---· ----.-. C ·.....:-·---·--u-·----l~-----·--------J
C 8 11 1 2 1
C 13 13 ~ 1 6
" 11 8 -_.. 7·- 1 ·0

~ 1576 h 3 13
------------.- ·--·---------,--------..1>-------1;\--_

" 1 11 8
" 1 15 2

1016

1016

1016

8
11

6
8

C 13
C 11
C 11

.. __ . ". .__ ....16 . _

c
C
C

"

l'
15
13
18

13
11
15

. ---lJ

l'
n
l'
18

,
8
3

6
II J
, 2. 7
-'------1.-.__ .. _....-0--.------ "-- -- ..-- ..-.--------.

NIN,' NUI'HA 1 IS MHErNEU

____._. .--O.I\CUPJUnB.HS __0'_.Ji.lNG__ CCtlS1ITUEtl.U_.A. i..-..L.-...L-_L J. -1.<- _....
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·....._'""'_,.."N'_...........,..--_ ..... -.

- ·----·-~--'s·_·

.•.._ .•.•. - ....--. ~TC~IC CO~PCSITIC~ OF CORE ~TO·~·-.i;.;D-'·~lci.N~~·~ EAC~"': DR'OUP'"

._-GIlQl.lE..l\UJIBEL__.5JJa.ROU~__ "---...t...-t.-l>L'~ . .. _

1 CDUE 0 1 0 0
LIG~Nn 6' 5 0 1

.LIGAND ..· .. .1.0 0.0
CORE 0 1 0 0

LIGAND ~ 5 0 0

,------LI·m~ll--~~u.~--..~-------------·-·-----
LIGAN~ ~ 4 0 1

.· .. LIGAND ...1 1 .... 0 0
LIG~ND ,1 0 0 0

COHE 0 0 0 1
____L-I-GANo.. ~ •.__C-O--"O~_-------

LIGAND 1 0 0 0
LIGAND 1 0 0 0
r~l~l Ole C

\01""" ,I I
.Llc,ANn ·..1 ··v ··0 ·0

CORE 0 1 0 C
L'IGAND 4 3 0 1
LIGAND .2 c· _.. 0.... 0
LIGAND 1 0 0 0

7 CoHE 0 1 O. 0
_ .. . .._._. • ·L·I·.A~D--~..-i---~

.- . . .' LIGAND' J 3 0 0
LIGAND 1 0 0 0

_.. •."~~·OF .~4'i ......lGl46··.J.!H.-ltlor,E6_'f·~~··-'I ....

GROUP N~~BER cr ~OqE CONbTITUENTS C, LCNGEST CHAIN 1,
7, 5,

TYPE RI','r, "'~CEF tR
G"UUP I\U~I'E~

Z

A~OUNT ~FAT or fORMAT ION

"C'1.

ENTROPY
CAL/DEr. M
-l,J77

"EAT C.PAcITY CCErrlClkNTS
C~L/PEC ~ C~L/DEG M••• CALltEG ~"J CAI.ICEO ~.·4

~:::L:"r.E

CCI·'PUTF.C
3YM"HRY NUMbER

1
ENT~CFY

0,00000

CPTICAI. ISO" •• CCNTHlliuTION

::0 I "'.CE
CC:~I'L'TE:[

ASYH"l TF.IC
C

PSEL:r.Asnp.F;TH1C
o

ENANTICPER5
o

.. TOIAL CPTICAL ISOMERS
o

<NT"CPY
0,00000

"I./DE~-MOLE
-g, 121!loO 221E·oo

THERPCC'JEMICAL 'PROPERTIES cr "CLF.CULE

'IE AT CAPACITY CCErrlC1F.N1S
ClL/CEr,••• ·POLE CAL/D.O"J.~.C,f' tAlICEOoo4·~CLe

1 ,41;70~~"f·"l ···-.1.-14b915101;-04--..+. 50;·12"~21;-"----·..

1 C (01 ~ .\',) .>\1,' I ·-10 IT).~129, I liT _fTJ·"P98J DeL"f 42Q8)oH 1)·He 298)
tllf', < C'lr,"r'·"C~.E CAL/DEro.-OLE 'OA,/HOLE cU/Cto-eCLE KC'L/,1r:U: ~CAl/~CLE

Z~·f". J 25.6oq"~3 76,ll c 254t.:: 21 QiJ 7,.,90 76.2<2540 D,oDerOD 20,600000

. -3i~" 10 .- ;5.aHQ,L . ...-- - 7I.lro1J~~OJ? ----_.. 2,~59?OA--- .. 76, ii'QJ11S-·----- - 10!j15??-----· 20,nH77 .----.......

"';JfJ. J ,"'3 ,lIJ JOtl,1 P.5,004'::~1~ 5,~62A25 77,41i2€1 J,054'35 ~3, e~4C)3~

~ll"; t~ I U 4;0 I ~1;'1~77 93,J~'718 91b~b759 79. 77~579 6,7<19n70 27,5P'907C

oJ"',;) '~t n"l1JC~9 lU1,2~'1?4 14,r?t't~39 82.?~2t.1' 11, 11~94; H,9U949

1'; 0 I a 1:;: I :V'lBr.;6\i 10P',6 4 2"3.5 Ie ,8JH78Q ~~.~Po1Jr27 15,930599 ~6, 130599
ri ~,:; I a ~31 ~~1210? 11~,5F:l~~6 ?4( llJb"Cl9 89.1'or?< 21,131099 41,931099

IS~.~ I U .. !.itl,YJ.')lJ 12;:,O'7~~:\ 29,~56777 O.i1, .. ~7701J2·-~-~6·1.od.j5a?~--·-- -___ ·.7 ,"148587

lC!)C, I) 59,O'iiJR66 12B,lflA6\16 3513J99'~ 9' ,7:!6"041 ~2.4~2256 53,2~.2~~

12 ')0. J (,J,h 406J2 139 .J~~eIJ7 47,6U7873 102, OF'ljl"~" 44,7D0184 ~5. 500184 .•
140C, " lJ"i.l45944 1 49,5·,.77J 60,8SnJ, 108,l.E241 57,9'9545 18,749545

1I!lC,fJ to 77 ,,~1279 1~9,264eU6 75,'395BO 113. 9~2J11 12,5~189& 9J,3~U96

10(",0 cl 9,b 04 1115 169,02,,767 9~JIJ"JJ7Q 119,508940 89,13~690 109,9J5&90

20ijC, J ·1C7,r.lOQQJv-- · .. 179,U:IR14.. 111,6939...- ...---.-1-~. ,H961·7 --·..-·1 N1 T 1R4H-4-----l29.....2-1+- -----...-

'"
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._-_.-----------

....... _._._------ .----------------- _.------_.. _-.--------------_ .._-----
OROU' ADD" I~ In THf.RIIOCHEH IC.~ ,ROnRT III 'ROORAII

________....C...UE. _ItWl8ElI.R_-J..~a---- _

-. __ ...-llOUCULAR : STAUC1URI.__:_· .. .__. .. ._

__~ H.. ___ll_o_ _.
C J C,. • ....... _a_ .• ._~. . , _

HoC C C.II
•K~_~~W. _....

HOHIC COHPOSITIO~ OF ~OLECULE

ATOH ~UHBeR

H 8
---- -!!'~-----.-.SlI-

.._--_._--------------- --"---------
OAtUP Aht COMPOS IT 10h

-"-GR",O"",,,'P'-_IoJGf<"'D...,••p'--_C"'H..F"'~ul'"'CAL _SUI no, QR.1.D Anhi
NU"BER W~IGHT OF CO~~O~E~T COORDINATE

1 1016 C ,
_______..__ -._ .....-. ------. -.. ·C - . 7

C 3
~ ,

0RSP COLl!"'" BCND BOhD
COORDINATE VECTOR TYPE

3
----3--- '------1

, 2 2
1 7 1

GRO"' NUl!U.LiE~' _
OF COl'E HOlt

1
-- --- -----3·

2
o

1016 C
t

----- - ---- .. . ..-----·-------C·
~

3,,
1

, 2
362 1

.-'--- --,----- ---- .•.---. -1- -- ..----- .• -
511 0

,
7

---"a------o

•4
8
o
7, --'--------_._-_...

•,

2
8

8
e 2 6

.--- , ..- --1 '-"--- ---10· -~ - -... -----
J 1 O.

9,
5
7 1
3· ~

5 1

9
7 l'

11 2
9 1

11
9

---- .. 11
13

, .._-,- ..._------------------ ,------ - ...... _---_.----
11 2 2 10

7 A 1 7
., - .. ,- ---1-·----- .... · 0

.J,
)

1

,
3
7 .,

.. .9 .

7
7

11

7 7
___ .... 9 .. .. .. ,, ,

9 ~

5
----7

J
l

999

__1016 _.6

c
..- - ----C -..

C
t

.. _._-~------_.-.- ..- -_...~ --,_._--,.....
1016 C

C
.C
H

c
-----------------C

C
C

•• _ .0 ' ,_

5 1016 C
C 7C .71 ~.----_"___

r 11

. .. 9 ... U16__ . __, __ _ C __ .. _

C
C

-k

'/

----- -'l-__..,11'OO-1-U~----·C- 7 ~- ...~I-----.------

C 9' ,
C , 311 1
k· 7 --. --1 .-- -.- - ._- 1· ---·-1---- -.. --- .. 0 -. -- -- -- ---

7
1

10 1016 C 7 11 10
----- ,----·--·... ------U-----i---l--------tet--- ------

C 996 ,
~ 7 13 3 0

RI NO NVI:BE"

-----' --.... __ .---- _. ..GROUP __ IIUHBERS_Or __RI~G,CONSTITV~HTS_ ... _... 7. __.__•• 6.-- .....4 ..... _10. ... _". ----- ----...

RING NUH6F.A IS ~~eF.REU

____ . __ .. GROUP. NUKB.ERS or _~ I NG CONSTllU~NTS. .... . _..1. ...3.. ..5,-.. -_. '1.. ..4,...--2.---------
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-----------_.._---

GROUP

.4 •.

~
:i'i.··,:.:_._---' --_._._--_._-_.--_.. --- -_ _ _.-_---._--- - ~.--- ---_.- -,---- -_.

~TC~IC Cc~pesITIO~ OF CORE ATOH AND LIGA~CS : £ACM

_GRC~P' ~u~eEA _ SUBGNOUP._ H ~ N
1 CO"li 0 1 0

LIG~Nn 6 . 6 Q Q
-- - ... --..-------- ..--.- ---._.__ ...•.._-- .------. --I. ICANP ---.~ ---·_·1---0--0----------

LlflANr 1 0 0 0
CORE 0 '1 0 0

I. I CA~P . 7 ~ 0 0
Ll\,AND 1 0 0 0

CONE 0 1 0 0
---- ------..-- '--.--_.- LlIiANp·---5 7 0 •..-cil-----

LIGAND .2 2 0 0
LIGANP 1 0 0 0

COR. ·0' 1 0 . 0
LICAI~D ~ ~ 0 0
LIGAND ~ A 0 0

..- --.-.- - -'-_.•.'--'--- -. -_ - :.5----._. ''''_- COR~ --·---O--1--~--.. 0
LIGAND ~ 6 0 0
LIGAND J J 0 0
LICAND 1.. 0 --0 .... ·0

CORE 0 1 0 0
LJCAND 4 0 0 0

.. ·-·_.._·_·_·L·lIiAND..·---J-~-4·---~
LIGAND 1 0 0 0

CORE 0 1 0 0
LIGAND -·4 ··4· O· ---0
I. IG4ND 4 ~ 0 0

COHE 0 1 0 0
LIGAND ~ 7 0 o'
LIGAND 2 2 0 0
LIGAND 1 0 0 0

CORE 0 1 0 .0
LIGAND 7 9 0 0
LIGAND 1 0 0 0

·-.10_. __. __ ---COR!i- ..-··-o.·_--1--._·~O... - ··.._ ..__..... _
LIGAND 6 8 0 0
LIQAND 1 1 0 D
LIGAND -.1 0 .0.. 0

NUMrE" or CORE ATOHS IN LO~GEST cNAIN

liNeup II~~&ER .or CORE CON.TlTUENTS or tONGEST CNA1~. ..1: •._ ..1. _ .J,.

••
8. 6, . ~,

SCU-Cl:
II,Pl.T

__ NOT .CALCU\.A~~i' ..

SVMHETRY ~UM~ER

~

1 ..-

ENl PDF Y
·2,75413

. - .. -0.-00000•..

CPT ICAL ISOHEn CCNTR IBUlIC~

.. _. :.Ql'~,CE.. ._.. A3YI1I1t:.H.I'. __ .... PSEltc~SY~~,lThIC.. c~A~UQ~.E8~

crl:PI.TEt C iJ 0
_u:St ..__l.CUL. CP'lCAL.Is.OHEas_._ ..•....E~nCPY..

o 0 0,00000

T~ER~.CCf,cI110~ PHOPER! IES cr rCLEcULE
- --." ._-.~ .. _."._,- ...

f:EAT t~P.CllY CCEFFICIEI:TS
CAL/O~G·~OLE CAL/n"... ·~ULI' C~L/D<O.. 3·~OLE

·l,3t02~232E'Ol l,S7339Y~9E.Ol ·l,2a7949A:E·~4

C41./CEr. .. A·~CI.E
3, 33~50420E.08

T. C10I < 1I1T) ••Hr;I ..·_CQCT)."I.gel~.l-Io~T1."pg8l--·-ll"\.I'f-'~981,~pl.kl~ga•._ •..__.
Ll~ M t.L'Uc"·~~E CAL/DF~.~OLf KC.L/110LF CAL/clt·~rLE KCAL,MOLE "C~L'~CLF
;";ll t1i :Jl,or,9907 p.e,2;~073 3'J19.J~1 eo.~~ot'7~ 0,000000 36,Of!0000
:':,jO,u.. :H,9(;fl50L: _ RO."J;;'710 J,-c5'/9J(1 6Q,2?o1et ,Oh3579. 36.1 .. ;,570
Acn,J 42,"~nQb4 ~111~705R 71~12CJJ Al,612A~~ J.ij17~82 3918~7682

~n!j.Ci ~2.'L"8(J91 101.?,~A1E:J 11.t77l'J4? fl.,~~4'io?1 B.576r::96 4'h656596
'- .... 0, \t--- ,~<J. ~SQQ~I.:.-----111.9;·11 1;12 -----1' r~6714~--· 88, r!r;81J'IJ---·--~~1;4"l17i!?91-------- ·50,252791-----·-- _._....
70D," ."hft669~ 121,5~77n6 ~3,6531~C 92,~7C';2 ~O,~'d1~9' 56,5181.'
ttG,e 7C,918'~7 1~O,?~'716 JOJ~nlJl~ 96,601e12 27,3,090' ~3,38696~
~QO", 74,9"~J4' . 139,a31675 ~7,6Q4294 ~OO,R76ltJ 3A,6C9043 70,6899~3

lCO",O 7A,29751D 141,41;053 4~J4745~9 105,12ge.. '2,2eOI08 78,36010e
l;'~O,o "3,37B199 162,1~727? 61.66709' 113,429990 56,472744 . 9~,552744

·._..-··..l<Jh{,--· ",1?,7b1U~----t7\i,n1·982----··18r71n~e-·-····..~2h3'8l>;l>----'~~H99e--·-4th66499~-------·-
lLOC,O '3,O'B~7' 1A7.3e3129 96,831958 128,859625 93,637607 129,717607
11'00,0 1UO,8~035R 198,7~0141 116,16576' 13~,9ge'45 112,911413 149.Q'lAl~
c(,oo,e ...... 112,7J79.21----· -209,957459 ....·- U7.44l820 •.. _-.~.~,A337'4.......- ·134,,"469· . ····1·10 r U7469
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------------- ...- _._. '---'-'--"" ..... ---_.•... _.. '- _.._....

.. ""-'-" -_.__._--
O~CUP 4C~!fIVtfY rHt~"OCIIE"IC'L ~~OFE~Tlt5 F~CGRAII

.•--CAIi.. tlIII4l.U•••.-4a----__. _

• --._.. -.-.•- ......•..--_ .•.•........•..-. . •..HOLtCULAR. sTRucruaS··

-H.---JH"- _

II II
.,.--~-~.-----.------- ..__'._. __._. ~...... _·-_.-....·.a· __.· ..__._.. . ._. 0 ." __

C

"··c
---.. _---jj--';;..--I;---_._----------------_._----

II II

-.- ··---·-··----------···----·AT0l4lC·-eGIIP051'-lG..·-Of -I'-OLiCl;l.i

ATOll
H.
C

GRCUP STRUCTURE ...e COIiPOSITIO~
.... -- . - -- -- ..-.--. --_.-. - .••..-

nRnup QROLP CHEliIC'L 5VHAOL URID ROW ORID COLLHN BCNe BC~D QROUP NU~8E~

NUllijER IIf.1GHT Of CC~~ONENT COORDINATE COO~CINHE VtCTOR "PE Of CO~E .TOII
·~~·--·---·~H ._--._...--,-..-_..... - ..... ~ ..---..~---_.------! .----.---.-

C 7 , 412
H 3 181 0
~ 3 , 2 1 . . -.. 0
~ ./ 1 6 1 0

., ••.••.2. 502.__._..._. C _ .... __ .• _ ...1_.. 5 -,--
C , 3 ~
C 793
C 11 , ~.

H 936

·----1.·
1 1
1 3

·1··· , .
1 0

____._.l •.._. _.!lD2._..•_..__.C .. ._.1_. .._ ... 9 ....... _·· 3

C 11 9 ~ 1 6
C ~ 11 2 1 5
C . - .............• 7._..._._ ,. .- .,..._ .... 1··-··_·····2-··-··· .~...._.--....--. __ .- ...
~ 9 '61 0

1
4

_·_6,
• ....__._._.L...-_-JU_ .__._... __.o.. ._1:1.-l ..35 _

C , ,
C 13 7
II·· ·13 3
f 11 2 .

1
1

. 1-·
1

2
7

.... - ·-0
o,
3•·0
o

C
C
C
~ .

h

J99 5 11
, 0

J 13
3 9
, 13

_ .._.~ni.. c_ _ .. _ 11. __._._· 9._. _ ..-4.,. .._ _. •..... _ ..

C 13 , 6 1 ,
C , 011 3
~ . 9 11 . ~ 1 . 0 .- _.-.- .
~ 1J 11 4 1 0

..__ ._.•. ._.....__...6

7. _ __._ _......._
4
6
o
o

U
2
4
8

.._.__...7 _
5
o
9,

C
C
C
~.

•
.. _._.. .._._-8.__ .....2iL-. L. .._.J__. 3._.· ._. . .._I.__ ..__._·· .·__.__

C , 11 6 1 5
H 1 11 8 1 D
~ 1 15 . ~.. .1. 0
M , 15 4 1 0

.. _ .. _.... _ ....__ ....._....__7_..._.._399.__

._------_.._-- ----- ._._----_._----------------------

c
_.RING NUIIGER 1 ·155 HE~Sf.REU

GROU~ NUI:BERS 0' AlhG CCNST I TUENTS 6, 7,
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~... -
ATOM .ANL_LIGANCS_::1N £ACH,. GROUP ..

7

G~GUP ~U~eEA SUBGROUP M C C N
---- --'-~___ 1--- COR. O -:__O .~Ol-- _

LIGANO 13 7 0 0
LIGAND 1 0 0 0
.LIGANO ... 1._. O. -.. 0 .0 .. .__
LIGAND 1 0 0 0

CORi: 0 1 0 0
-----------------------I.LIOANG 3 ~ 0 0

L1GA~D 12 6 0 0
LIGArID 1 0 0 0

---3 ------ .. --CORE 0 1 -·0 -·---0
LIGAND ~ 2 0 0
LIGAND , 2 0 0

-·-----'--lGANo-----~--3--·--0--0------

LIGAND 1 0 0 0
CORE 0 1 0 0

LIGANO "1~ --7 0 0-··'
LIGAND 1 0 0 0
LIGAND 1 DOC

----··---·-·-----.---~_·----··CORe·----n----t- 0 0'-'--------------
LIGA~n 11 6 0 0
LIGAN" 3 1 0 0
LIGAND-· ----.. 1- -----0 -- 0··- ----0----·---
LIGAND 1 0 0 0

CORE 0 1 0 0
L·1GANn-----'\}-~~

LIGAND ~ 2 0 0
LI "AND 1 0 0 0
LIGAND 1 0-0-0

CORe 0 1 0 0
LIGAND 12 6 0 0
LIGAND ~ 1 0 0
LIGAND 1 0 0 0
LIGAND 1 0 0 0

... ·COR... 0 1· 0 0
LIGAND 13 7 0 0
LIGAND 1 0 0 0

.... -l.IOAND ----~--__O-·--· 4-0--':"-
LIGAND l' 0 0 0

~UHrEO Dr CUMF ATO~S l~ LC~OEST GHAIN 8
._~,- ---_ ..... -.-.-- .. -_._----,- _. -- ------

CROLP 1.\.1 H~1i OF CORE CONS"TI;ENTS cr LONGEST CHAIN 1, 1, e,

.- o~,lUJ ....-- ....__..._ -- .---.---- ....--.---..--.-----.--.--..- .. --- -
-2.163

TWl

;;).f'j(i CCHfH;,C1lr.u
C15

GAtJCHF ALKArl
l"tRllAL HOT.llIlN-__·_·
l"."rlAL f,UTHrnN

fll nr, ;~llt":IIL',' CR
G"OU~ ~UI"·H·

1-
2
3
-1

B

•• CLNT rr ~OFi/"lATI()N

'I\C4L
6,31}U
1.0u D

, aDo

U TROPY
CAL 10.0 "

27.300
0,000

~EAT C'PACITY COEFFICIEhTS
C'L/DEG ~ C'L/UEG "',2 CAL/CEG ""3

'-1.20101"01 1,1322'-02 ·8.8~HE·06
0<,71~aE'00 'i~531Eo03 -~,7e48E-06

tAL/tE~ ",.,
1.6·,.Iio09
1.39421ioD9

!ClPCE
II.FLT

~OT OLClJL'81.E

SYMMETRY ~UMUU

1
1

EhThOFT
o.oooro
0,00000

Cn!eAL ISOME~ CCNTHleUTIO~

S;;\·!·:r.E
CO!"'-'\"Et

P5ELCCASY •• ETR1C
G

.NA~TIC.ERS

a
TOTAL CpT leAL ISOMERS

a
HThCPY
0,00000

t AL/UE GoMCLE
01, 9~J4Di71'.ul

ThER~CC"EM1C,L P.OPE~TIES cr .OLECULE

HeAl CAPaCITY CCEFFIClfNli
CAL/rEn"2-.ULF. CAL/n~G"3-.CLF CAL/DEO"4 •• CLE

• ,l66;J7J9~E-lll --.•1,JDb3221f.-G4 -----hO~.~."93E-_o8·-

T
r'Lr, ,,:
;?';fi.O

~·~C{,.,u
il~G,O

!.I7G I (l
f:t.(,,1J
70"'. r,
I.ce. (I

- .-~,jr.. 4)­

HOu,o
l;:C 0, J
111100.0
3,('C 0, U
If; CC. 0
;j!rj::C, (1

r: (r)
CAL/I:I,r,.r·o, L OL/OFC-,'OLF

~'.<1367. 97.2~354U

.H,;'l:e&~~· -- Q7.5~JJ15.. ---
';e ,.\4~"~8iJ 109.36506u
59.~04?59 1?1.4GJ'~7

£.9,9.15743 1~3.2~~~tl'1

7.,4;1C082 l'4,6?77~u'

.~,6rO~24 1~5,6'1172

91,7.1 C321-···· .....·166. 092U6-
96,012721 17~.02a051

104.8[.6331 194.422393
111.133353 211.0~~734

117.<~;378~' 2?6.299229
1'4,6~~62~ 2'C.516393
1".744872 2~4.1·o926

HITI_""·} -CQIT)"d,98111T IoITI"'1,981 DH~rC2981'''<TI-"(2UI
~CAL/HOL~ CAL/rtG-rCLE "CAL/"~L~ ~CAL/~CL~

<t70~093 91.<"~54~ ~,OOO"Dn -3'.660000
<,772813- 97.2<4J06-'-·--- ,0~a721---' -- -----3~,~91279----·----
t.921736 98,~;'C9~? •• 2176~3 -31.44c357

12t33b~"1 102.1~H'O 9,63~408 -26.02~592

le,e4190h 106.336677--_. 16,l~9A15- -19,~2018~

26,2770/B 111. 0020~7 23. "2986 ·l2.08701'
3,,495461 115.901961 31,791308 -3,8~e632

-'3,37'82A-..---t2o-.~r'2861>--·Qt·b'07U------·'.0107~~··-------
'<,809278 125,9nU65 50.10~le6 14,445l!6
73,011"3 135,8~293' 70.307351 3'.647351
9.,b2123A 1'5,410630 91,9'71'5 '6.i571.5

117,.51145 15.,~P2321 114.7 47052 79,OB7052
141,6~68'~ 163,348197 138,902753 103,2427'3
167,487i22 171,7'9361 1.4.7A~130 129.1~3l30
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ORGYP ACCITIYITY THkR"OCHE"ICA~. '~O"R'IES P~CO~AH

•..•..-----••••- __.•_. . . .__.CABE..• .IUIIlllER.•_-U.__,_... "__.

...... .-"O~tCU~AR ..ST~UC'.U~I ._.

--_.._-----_..__ ..-------- ._••_ - ._.•• __.)1.__ ....

N H-C_H H..._....•. ~ ~._N' ._._ .__ . .... _. . ..... _~ __.__ "_._.
N--C-C-C--N

. __.• .•__a...-...._._

H

.--._·-..-· .....·'CI4~'-..wIU'4JnIOh ...OL·-"O~'CI.4.,,- _

'TOH
... __ ••_...N...

9

'. ~U"tiU
c l.G ..

4

ORDYP STRUC'YRE A~C· CO"POSI'JO~

ORnup GRO~P CHF.HICA~ Sl"nO~ 'ORID 'RO'H' aRID CO~l;"~ BC~C BO~n OROUP"'~Y"BE~
f1Y"BtR HnG~T or CC"PO~HT COORCINATE COORCIN.,E YEC'O~ T"e cr CO~E I'OH,_,, , __. ~1 -2~ ...6 .C-- 6. ."- 4S -- _

C 6 2
" 3 181 0..- _ .. ._ _.-_..N._ ,.. 9 .._ _.1..-__ .6 1-- ..0 _"_,,, .. _ "__"_" __ .
~ 6 111 0

• a
4 7 1 1
6 1 1 3
a .3 ·1·· ·4·
6 ~ 1 0

, 3
6 2
4 0.. -0 •.
8 0

• 4
6 7 a

11 2 1 0
11 3· ·-·-1.... - -.--f.---
11 4 1 D

6
~

1
3

6
3
6.
R

---C
C
~

""

_____..:.-._-..:l5'li02. ._-lC;..-. ~'__ ... · .. ------

C
C

........- _ __ - - C

".. - __.. __._-3-.....ia~·...__

----"--_""as~.~-_~_-...--·_____4_· .-__..... _4------------
C 6
~. 3................-.-_.-- -.........-.... -.. .~. "'-li:~~--'--

.............. - ...... ---- ... ~OHPLEl L IGAN.& .. l ANO ARE ·EQUAlo1'--·--··· -.. -

CO"P~El LIOINOS or COME "CH IRI FQUAL.

-------_._-_._...- .• -
1~ATOHUCH,IC CC"PCSlT IC~ or CORE

---_._--.- ...._.- -----
OROlP ~U"eER SURGROUP H C N

1 CO~E 0 1 0 0
~IGANO 7. J ·-.... 0· ..... O·
~ I GANn 1 D D 0

. ~IGA~n 1 0 0 0
. ._ .."'_.__"_''' .._ .. _ .. ~ I iiA~O-__l.__~__~~· _

CORE 0 1 0 0
LIGA~n J 1 0 0
LIGA~O .-....~-_. ·1·....-0· .... ·0· . '''-'''' .. _ .... -. -- -_ ..........
LIGAND J 1 D 0
~IGA~n 1 0 0 0

.. - ..COHi·---O--1---0·--lDl--'----------------
L IG'~D 7 J 0 0
LIGA~O 1 0 0 0
.LIGA~D .._ .1 -0 ..· ... 0 .. - ..0 ..·---·---..
~IGAND 1 0 0 0

CORE OlD 0
·-·---·----...... ·--I.IG.~r... 7 J D ._----------------

LIGAND 1 D D 0
LIOANG 1 0 0 0
~IQ'~O -.1 - 0 0 ...~_...

NUHPER or CORf ATOMS I~ LC~GEST C"'I~

_J.ROUP ..I.UP.BER..Of CCRE CON5J I TUENT! or LC~GEST CHA. h ... .1. .a. .3 ...
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_HEAT .CA~ACITYOOHF ICIENTS
CAL/DEG K CAL/DEG ~••z CAL/tEG Kool CAL/~&G K'"

~EA1..0r rOR"AT10N ..ENTRUP~.
KCAL CAl/DI:O K

'2,1~J

.-.• ,-,--··-2,1113·-- -----
-2,183

..----.- ....•--....:..-...-- •..•. --. -- ---...•.- ..:-.. .- ...-.-.._. ···-c·-···-··-· "-"'--..--- ..-.-~_.~
NONURC~P INTERACTION AND INTERNAL ROTATIONAL n~MET.R~ CONTRIBUTIONB

TYPl: _ RIIIGNUKBER OR..__AMOUNT_
GROUP NUHBE~

IN1E~~NL BeTAT10N l' 1
IN Tl:HNAL·-NOt ...l.l(l..-----~ ....-.-------. 1··-.·
IN1EH~Al ROUTION ~ 1

EXTERNAL RO TAT IONAl SYHHETHY ceN TP Iau TION

SOURCE
COMP~TEt

ENTROPY
'.,18323

.. -... , .. -._- - - .• --- - .. " CPr I CAL-·-··t50HER -·OCNTHI8UT·1 C~--·-··

SOI;r,CE
COHPUTEt

PSEUi.C ASV~I'[ TH 1C
.-." v -.

ENANT IOPERS
··0·-·

HlSO
o

TOTAL OPTICAL ISOHiR!
"- 0 . --. '---'-- ...

HTRepy
0·,00000

CAL/OEG-HOlE
.~, 227089~QE.OO

THERHCC"LH leAL peOPERT I ES OF POu[;tIlLE

"lAT CAPACITY .CCErFICIE~TS

CAi,/CEr,"~'HOLE CAL/0l:G"3·~CLF.
9. 9839~1.lE·~2 .5,SHH66'E-CS

CAL/CEG ... ·POLE
1,217£',2,7E'08

T ~ I r) S H( T) -N (. ) .IG(T)·~(298))1T MITI- HI2981 DELMF r.98 )'M I T).~ 1(98)
.Cl~ V. . ___CU/cF.G.ljOLE. ··CALI tE G-r,OLE_ KCAL/MOLE. - CA~/CtG··,CLE ~CAL/~CLE-- KCAL/HLE,
2911.0 7.2.9£.014630 7C.·H7uc2 3,30"10 10.4;:?OB? 0,000000 -H,~·OOOO

JOO.O ?J ,Ol,~S~3 1(> .5pi,on 3,35"."7 70, 4?75~. ,0.'080 -32,09.011
4CO.II .., .-_._~9.61e1"'b ..78.i3~!7U- '.991 6 / 0 -. 71,416U17" 2,6fi"61·--- ..._____ ·:29 •• 5~7J9·
~QO. n ,i~ I Jr,65t.> 1 05.37.215 9,246 9 " 73.4P922~ 5.9425l6 -26,1Q141111
I'CQ.O 411) I J!;lJ·/~ 02,2?2H5 13,"38216 76,0'97.9 9,73379A -22,.06.02
7CC.O 44 •• 7533 7 ge.825761 17,2H~17 .78,830.77 13,90 0.199 018, ~.9601
r..r,t;..1J "-13 I '4:~24cQ 10; t 04lIlP.6'3 21,953377 Ai, 7t9~6. 18.6.6950 ·U.Hl0.l
9~r I 0 !iltO(\~4~" l1Ii.9:!1560 26,957"3~ 84.64998e n,653 415 ·8t.f!~5e~

.1:ICC., L) • ~;~, 3~7J84._ 116.5140"2 32,2'9.27 87.5~9H3. ;'8.955nOQ .-J • .1,F141Q91
1t!:'U I U ~'c r t)\1 051Jl-'. 126. B~~59A 43,595542 93,2'06tl "101291124 8,15112.
l~CG,~' t'I~fJ16J7\) 136'l7<9J3 55,717"13 Q8,73~79~ 52.4LD95 20,273395
If-tlC,u b!:l,4iJ7539 1411l1,70J.SlI1S 68,.992" .103 ,9~~U'A 65,19 •.126 33,05.e'6
1~l()l,... 0 60,q\~,.5B!> 15'.6P342 "1,929"'4 108,926600 7B,62533. 46,4B5336
20CO,0 73,1<607. 160.076875 96,116175 113,670997 °2,811757 60,671"7

'''---''_._._.''- ._-_._---_.•. - ,._---_.__._-_._-,-.,----"--- ._-------_.._-----------------_._---

• '_'_"0 .• _.__. _ -------_._---------_._-----_._--" ------ .•
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----------_.----_.-------_._ .

..._--_._-_._-_..__ .- -- .' ...------ ..._._----

14
C

---------------------"-------_.~---_.. __..-
c..

·t.

NC.C C'ON. ..
NC-C :C-CN----------------..,-- ._-.

C

.TO"IC CO"'05ITION Dr "oLECYLS _

ATO" NUMBSR

.--..........2_- - -.!:

·OROUP NU~""··-· --...-_ ..-.--.­
or COlli ATOM

1
'·---·1---~·3·

212
, 1 0

GRoY' ITR~CTURe .140 co~PoSITION

-----------OIlllROUP--QROlIP --·ON&ll-lCAL nl4flOl.-~"ID··"ON--'"10 COLU"N lOND-
NYMUR NEIGH' Dr COM'ONIN' COoRoINATI cOOllolNAn VlcTOII

1 1399 0 6 4-------------------0 8 4
C 4 6
CN , 2

------------a-··-.····nn·

, 1399

, .. ,

-------------------_.._---_.-_...- - .

. RING NUMBER l II 6 HI"BEN&U

OROUP NUMBeRS Dr RIND CONIU'YENTS. " ,', .,

--_.._------------

A'OMIC COMPOSITIoN or CORE .TO/4 AND LUANeS IN EAcN OllOUP

GROUP HU~8ER 6U8G~OU' M 14
1 - CORE 0 1 0 0

-------------------·-~----.L IGANO--- 0'---10 ._-- 0 .--.,-.
LIGAND 0 1 0 1

CGRE 0 1 0 .0
'-'- ... --_..._- .--.- -- "L IGlND 0 10 0 ,

LIGAND 0 1 0 1
.~ CU~~ a 1 a a

-------------------------....L1GAN~--O--8 0 4
LIGAND 0 2 0 1
LIGAND 0 1 0 1

----------- ..-----.----.---.. ·-'4 - ..... _"-' CORE . -- a . 1 0 -'0
L I GANO 0 2 0 1
LI~ANO 0 8 0 4

------------------------·I;IOAN"..-_··-1--0-----1·------------··----
CORE 0 1 0 0

LIGAND 0 6 0 3
-------------..--.---.----_..- -- ·---LIGAND '·'0· 40 ·'2

LIOANO 0 1 0 1
CORE 0 1 0 0

--------------------------;I;IOI/4D 0 4 0 -----;.
LIOAND 0 , 0 ~

LIGIND 0 1 0 1

I.4,,',"~',

N~"RE" or call, nOH' III LD1'lC£t'tT""lC~"Ill'*t1IN_T.--.....r_----------------------­
GROUP HUNBSII or CO"E cONS'fTUEHT' or LoNO&'T CHIIN •

49



-----------~NIOOlNitlGrllRnlO~III'>-t1IN'I'ITree1t"AA1C~T'tI~ON,._"11.NI7--t1tU1l1t~Ht~--~.;;;~ETR~ -'l;ONTIlt9UnONS----· ---- -------

T~P5 ~ING NUMBER OR AMOUNT ~EAT OF fORMATION E'TRO'T HEAT ~A'ACITT CoeFFICIENTI
-------------QRQU'·-NUMSER- ------ .- ---KCAL'- ·----·-·-'CA~/DtQ-K CA~/OEG N CA~I;)EG N..a··CA~/CeG NnJ ~~~fceO H"'-

OATHO CORRi:CTlcN 1 2 ,"0 -1,610 3,676'EoOl A,A0476003 '6,2666&'06 2,09805.09
cRT"1l CORRtCncN 1 3 ,510 -1,610 3.676,E.Ol A,AOA7i-n.6,1666&.O' 2,09805,09

-oItt!lO COMAtCTION 4 ,m .rj-UO----3; 676'E_OC-·4,A04T1on---"6.2666h06-. iOnOhot-
ORTHO COHRi:CTION 3' 1 ,~70 "1,61b 3,676'E.Ol 4t40475-03 ,'6,2666&'062,0980&00'
OATHO CORRECTION 4 6 1 ,510 -1,610 ·3,"He.Ol 4.A0471.03 ·••• 2666&.06 '2,OUOhO'

-ott".O-CCIIRel:ncp:---'--6-----·---·-s '-,"'0- - -- '1,610 '1,4?UhU' 4\4Q4ThU··· •• ;U."... - ·1,O'-OhO.

EXTE~NA~ ROTAT~ON.~ SYMMETRY CCNTRIBUTION

. SOURCE SYMMETRY-~UM8!R ENTROP'
COMPUTEC 12 _4,'3816

•

SOURCE
COHPUTIi~

ASYMMETRIC
Q

OPTICAL

PSElJDOAST~METR I C
b

I SOMER CONTH IBUT I ON

ENANT Ic~ERS ~ESO

o 0----
TOTAL OPTICA~ I$OMeR. INTROPT

o 0,00000
_..._--_.._--- --'---'--"- -_. -----

-----_._---_._--- -

------------·-eAvm~OLE--­

2,0992868ge'01

THERMOCHEMICAL PRQPeaTIES OF MO~ECULe­

HtA~ CAPACiTY coerrIC\EN'S
CAl"O!ltw·2.~iJLE' . ---·~L/DcO. '3.HOL e- -.- '--C lL/OEG" 4-MOLE
2, u340612 4E"01 ,.1, 99612199E_04 6, 82401839E.08

D'L~rl298I'H(''-HUtt'
KC~~/MO~E

.. '218,220000 --"--------
21&,351'80
225,40614B
233.230045
2Al,60b494
250,362064

--'---259,363668 ..-. -- -_.-
268,519161
Z","'/JAA
296,601704
316,2A6033
337,774'2A

"362i'0'278 -------­
at4,Oi8291

T CIP) H(')'HIO) .10IT)_HI29B))/T hITI"HI29BI
nf.G K ClL/Den.HOLE CAL/OEG.PO~i KCALIHO~E e4L/0f-G-HOLE KCAL/HOLE

-------29\)jB!lc.:-ror----~e'i-6P,.IJ·---l0B. 401B44---13 ,661233---'105 ,4nB44--- _. 0, o~oo~o·"-·----
300,0 65,892093 106,841911 13.792B13 106,403312 ',1315~O

400,0 7',1eA139 lH,07699B 20.B.,981 111.110126 1,1607'6
--·--50000--------81,3~2904' lA6.507u3' - 28.671218 116,AP69., 1',010045

600,0 85,916U32 1~1.7~o361 37.0.7721 122,706B91 23,386494
100,0 6d,97J59~ ~'5,25'lOQ '~.603298 129,33966' 32,142Q64

-------e-B,mjolr:,;..;0;----.9019v49J,---lB7j·27A20Z---'4".i8049crt-----l·3', 644617- .---- '41,14366B
900,0 ?2.119'9A 196,056A21 63.96n 394 l'2,l~aA6A ~O,Z991bl

1000.0 93.026976 ZO?,810057 13.21B577 1'8,2'2713 59,5573'4
------1200,0---- 95,551669" '22A,963669 92."42931'" 1'9,6'5582 76.361704

1'00,0 101,112591 2AO,092.62 11116B7266 170,073B67 9a,026033
1600,0 H4,9"47Hl 254,4HUt 133••15958 179,7251U8 119:,55412A

-------t"1&B0010t:,ClOr--_1JB, 3'71"20-----26'·,220.12 1'8'134e50t---iU,BJUU'- ·-·144,867276-----
1000,0 175,1777U 285,576127 169 •.,"2' 197,676981 1",?91291

--~------_.._----.--._. _.__.__._--

'.
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C~'E NUHBIR U

NOJ
M

----------------1I--0---H----- • M
...... • ~ H. '. ~

p- '.. ..-
--------------------'-t:C....,...•...·ctlC----,C!:IN..----;liC".~·C-.----------------

N. ~ H. H. M
.• ... ..... '. '. • 'f--_. --c. C.·'·C.. ~••C 'C'. '. ..... '. '.N.. .". • H

-----------~------:.:--'-C'C·"""·..·'!:C----,CelNr-----(C~......._t------.. ..
M·· • ~

----- ------ - -- --It----w------
Noa

H •
------ M-

••
• H
o-.
M

~,OH~--1:UH'OSIHCN --OF MOlICU~I-

ATOH NUHRIR------------------------,;,..-----4120------- ----------------------
y aJ
U 6
N •

------------------

10NO--- BOND GROU' NUHB.R
ytiCTOII nPI Dr CORE ATOM

1.-----2
1 3
1 0
1 0

--------1IIIRJlllOUI"----QROU' --- -- CHI HICAl. -nr.1l0L--- -~R I 0 ROW - OR I0 COL UHN
NUHBiR HilGHT or COHPDNINT COOROINAT. COOIIOINATE

1 ~" C 9 23
C 0 26'-----,:r--
C 12 26
H 7 21

---------H----------11- ---- -----21

- 2 '17 C 26 2------------------,,-------,;6----31-------3---1 , ------------
o 3 26 1 1 •
C 9 23 6 1 1-- ------ ---w---- -------- 3---- ---23 e-- 1 0

399 C 12 26 3
---------.:...---'-~------ic;------=1t9----23----o-----_,-----1-

C 12 31 3 1 6
H l' 26 , 1 0

---------- ------------1O----------1 l - 2l 6 1 0

3D' 0 3 26 l
C 6 26 1 2
H 1 26 1 0

---------'ll-----n'--------c---- ------6------- 31 ,
C 9 34 l 7
C 6 26 , 1 -2

------------------t<H:-----_'----3r-----t----~l----~------------

M l n 2 1 g
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9
1 ,
1 10

·1 -.- -·--11·---------··--------·-·
1 0

10
9

12
- .. -' 0----..- .....----- '--

o

7
2

.. -._.
e

7
2-------.
~

J.
31 6 1
Jl e 1

-·39 '---·3 .--. "1---'
3A 2 1

-·61'· ·-·-----C -----·--·---12-·--·--· 31
C 12 26
C 9 3.

-----~. 1.-----JJ
NOZ 16 31

---- -,---. -. -'U

-----'6-- 6
J
7.-. 0--. --.--..
o
7
6,

.., ----_._-----_ ..._... _.--
o .

---------tl-·----·11d - -- ------ C --------···-·9 ---- - 39 ,
C 9 3. 7 7
C 9 •• J 1 9

----------------------,C~Nq_--_,_--tl6---- 39· --. ·-----1--'---··1-·-- --.-.-. G------ ..-.- --.---
CN 12 J9 , 1· 0

, -·-----·9·--· ••
, 9 39
, 6 .7
,:-------1;12--·-·.7·
~ 7 .2

---------~.-,..-- "'-'02-'

.,.- ....---.-----" '9-
, 12
, 6

-----------------'----eC 9
~ 7

-----------U--·--61~-.. ---· . C -----·6-----·-.7
C 9 •• 6
, 6 '2 J 1

-------------------~.,.~------. ...,.--._- ·-·8~---·-1

~oa 2 .7 1 1

.-.-.---------- 11 --..-- -399C ..--.. -_.- '-12 . H
C 9.. 1
C 12 )1. 3 1---------------------·11-------""1;'-----·., --.-._, ·----1
~ 1. .~ 6 1

9 "6 52 8
, 12 52 6
I---.----.-----'f------ ,,- --._..-'- --2

~ 11 " •

-.-- -.----------- ..- 12

. - ----13

._-.-_.-. -------H

.. --- .-..- -'--" -. .- -15 .-.

,

C 6 52
C 6 .,
C . 9 5'
y------a·-----52·-··---·
11 • 5'

537 12'2
12 .,

C l' 52
-----------f;-------___9_..- - "5

~ l' 5.

7 1• 1
·'1 --.. - '1

2 1

, 1, 1
2 '1
• 1

11
9

13
.. - 0-

o
12
10
1 •o -------.--- ..... ----.---.-
o

13
11l'1.
o

H
12
13

..- -0· •.- ... -----...--.- ----..---

o
15
13
o

".

CC~PLEM LIOANCS
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,

___________....;._TD_~~,I.::..C__'CO~~~~IT!P.~_..O!~A~ AT~____!.!D~~OA'!!~ IN h'M ..~A~U' .

GRDUP ~U"'lA !ueGROU' H c Q H

------------------~1----_tL:m~~hl--:__~-----------------
LIGAND 1 0 0 0
LIGAND 1 a a a

--------.,--------a-----··COR~ -- 0-'-1'''-''0-----0 .- ----... -- ...
LIGAND 1 0 1 a

------------------------rtt:g:~g 1: 1: : :
CORi a 1 a 0

LIGAND 16 13 6 4
·-----LIGAND· -'---2---1"·--' '0 - ._. '0- ".-_.---..- .. --.

LIGAND 1 0 0 0

------------------......-----1:Li~~:Q ~ : ~ g.
LIGAND 19 l' 5 •
LIGAND 1 0 0 0
"CDR~ ...---- 0----1--0-- .. ·-0

.LIGAND 2 1 1 a
LIGAND 16 13 , •

-----------------------~Lt1i*NjI 1 o-O-,~-----------------
LIGAND 1 a 0 0

6 CORE 0 1 0 0
----------------- ----1,;IOAND---------,5 ... 12' ---- 4'---'-3

LIGAND 4 2 0 0
LIGAND 1 a a 0

----------------------iLrGAN~--r_·2-_____.··---------------

CORE 0 1 a 0
LIGAND 4 2 1 0

----LIGAND-- -, '--3--- 2 1- - '---"'--'-"""""-'-'
LIGAND 10 , 3 3
L I GANO 1 0 0 a

-------------------.-,-------"-cCORE 0 1 0 0
LIGAND 10 6 3 1
LIOAND 10 6 3 1

------------------- -----tIQAND-- O· 1 - .. - 0 ..._. 1 .. ------.--...-- .....
LI OANO 0 1 0 1

-------------------:.9----~L~g:~D_.g--}_~__.g.----------------
LIGAND , , 3 1
LIGAND 1 Q. 0 0u---- -'CORl -- 0 -- . -1-------0 -- 0 .-. - .... -"---' -_._- -... ..---.-.-._...._-
LIGAND 11 10 J 3
LIGAND 0 4 1 0
LIGAND 1 0 0 0
LIGAND 0 0 2 1

CORE 0 1 0 0
LIOAND -.. 10 14 6 •
LIGAND 1 0 0 0
LIGAND 1 0 0 0-----------------11:11---- COR~ '--0-'-1--0 ---0·--------
LIGAND 12 11, 5 •
LIGAND 6 3 1 0
LIGAND '-.. 1 0 0 '0
LIGAND 1 0 0 0

13 CORE 0 1 0 0
--------------------------LIQANo---..16-~3--- 5---4---·-----

LloAND 1 0 1 0
LIGAND 2 1 0 0

. LIGAND' l' oDe
CORE 0 1 Q 0

Ll"ND 1. 12 5 4
-----------------------..10A"0 4 ~-·-l· ..·-O-----------·----_·_------

~IQAND 1 0 0 0
LIGAND 1 0 C 0.--' u-- ----.-- --·CO"i-0 0 - "I 0
LIGAND l' 15 S 4
LIGAND 1 0 0 0

--------h'.IItfII:~ 'COII1'-HDIlS-J1r 1;OHGU, ..Cltkl__-U ....-
_
__G_"_O_UP_H.:U_"_Bl_"-,o_r_c_o_R_i_'_ON_'S_T.:l_TU_E_H_T_S_O'-,~_O_N_GE~S_T-....:.C_HA_l_N__• __1'.t1~.-~2aj~.--ti1,,'.-_~'1

14', 13', 1'.
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---_.-.__ _----.-.. _._- .. -_.. ~'
~O~GRC\jP 'NlERACnON AtiD ,lInRNA\. ReHHllNA\. '~l\"'E~R~ 1l1l1.,,\l.UllON'

-----f'n\'lp'i!E!-------l'RI-tI+lN&-Q-itNU!':MR-R-lClfl~~_,.HMlfOttlllfjN',......-io~iP!"t. ''I-1lcr- FSRHAT I ON jitllllOPt----·-- -'--l<UT"-ClPAC I n·eoe" ~UN'&---'-'--
GROUP ~UMBER KCA~ CAL/OEO K CALIOEO K CALIDEG K"2 CAL/DEQ K"~ CAL/ORG KO.,

Rilla CORRECHON 1 1 ,000 18 ,800 01.3120E'01 2','54,8 002 0,,133'[000 1, OU1 BoO,
.-.,AIH(O·CORA~T_10~lj---·-···2-· 1,--, ...- -',000- --,--, .. '-'18,800"- - ·-1,3120E.01 "'21"47&-08 "-1,13376-0' -ltHI1h09

GAUCHE A~KANE 7 8 ~ 3.200
GAUCHE ALKANE 9 8 l ~.200

--tI'II','HE;IIRIljN*lLL-4RliiB~'*l~'IH8!f1Nr-----18~----1"1---------~hu'·------·-

INTERNAL ROTATION 10 1 °1,377

--------------_._-,------_._.. - .__.-._._.__._._._'..

-----_.._----
snURCE

IlO~P\)TEt

SYMMETRy NUMBER
'2

ENTROpy"
01,377'6 .

------------7""---------eOi'"P''r-tle~~Eft-~N'RtIlUTIO'''------ .... ------.-,-------"". "-'------

---------------'-._-------_.__._...-.---_._ .._-_ ..

SoU"CE ASYMMETRIC pSEUDOASYKIIETRIC ENAN'10~6RS
-------iDet!PttTfl---·--- . --jt------- - ·0-......- .. ···- --- ----0'-'-

TOTAL' OPTICAL nOHER'
a

@NTROP¥
'0,00000

, CA~/DfGoHOLE

-3,H831'''hOl

THERNoeNElI I CAL pRopen I ES Of lIOLfCU~E

----lItlT C-~ACITy·CO!f'ICIPNTS

CA~/CEG"2-lIU~E ell/DEO,o3-MOlE
3,a3h7106E~Ol ,.a.149'~2?4F..o~

-.. .. .
CAL/OEO'·~·MOLf
',531166e.6.ge

T alP) S Mtl)-HIO) _IGlll_"1~96"/T HlTloHI2981 D&L"f(2,aloHCT'oHI29.1
------llnlfil-"1(----·e..-l:foer:-H Olf---·-e.L/DEr.o r!lt.1!---""1ICAVNOLE~AL/D[O-HeL!-·-.--. KCA~/MO~F. KC.VMO~F. ------...

2.e,0 •• ,9.0856 18.,187616 3,o~'95. 18.,1'7616 0.000000 01.8,.60000
300.0 .7,.,UU7 18•• 5033.2 3,18.356 18_,lH668 ,0'•• 02 0l A8,3.,5 ••

-----"7"~.t10,.,0r.•..;.0---.....~6t'1°.71r---200,eH~5;;----e192r.18(r--H8·;"2952H'·---- .. 5,830~32 ·------·-·01l2,62916. ---...------
5~O,O .3,2,'.266 211,592.87 16,."305' 190,8e3785 13,35.J51 0135,1056l9
600,0 96,'H3BJu 23.,01632' 25,.7.5Q8 1'6.710739 22,3M.55. '126,D7~'l6

------------ 'OOiC'---lotl"~3687' 2.9,857286' 35,76.21. -- 203,179752 32,67l260 0lH,785'.0
BOO.O 117,'50068 2M.97t272 '7,099AU 20','67386 •• ,009~09 .lD.,.50.91
900.C 125,8,5205 279,339790 ~9,299'19 216,8P.l717 56,2C'565 092,250.35

------11",CO",0,-;,'""0,---;132-, 351325---292.,9.352.--12,216870----223,816608 6',126'16 '079, 33JOU --.
1200.0 1.2, •• 5•• u 318.0.,,873 99,779517 231,'66237 '6,689563 -h,770l37
1.~0, 0 152,0'025. 3.0,753908 129,211760 2'0,62.0.7 126,18180' '022,27&1"

--·-------1600·,0-·---· 'H2j'7'360"" 361,7278~7-'-'" '160.709921 263,2U'7a 197,619567 9,199987
1800 t e 177,.63338 381 •.6'3217 19416.0294 275.276361 101,"0340 '3,000340
2000, a 1'8, '07288 '01, 43004' 2~21143ue 2'!-'-'~~5~_.. ~2~ ,~'.3!.~~.~_~,~tal_8.~ _
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CA~E NUHBI R 16

-------------------'---------_._----_.__._.__ .._-_..._-
.---_._-~_.._---- --~ - -- ._-- ....-

M N.·;·~·.C••M.
•

H··~ H"·C••~". .
-~--------------. ---.--- -"1I

H--~ H--C--H •

H
•N·······C··j.t
•.

ATOHIC CU~POSITICN Of HOL~CULE

ATUH

"U --- -_.- _._------

GROUP STRuCTURE INC CO~PO!ITION-------------------- -' ._._- .__._._--_..

eu

2···_· ·90&

GROUP GRO~F

NUMBER ~eIDHT
---. ------- 1· ..•. eu

C~HICAL SYMBOL URID RO~ GRID COLUMN BONO BOND QROUP NUMBER
Of CCH~ONENT COORDINATE COORDlhlTE ¥iCTOA TYPE Dr CORE ATOH

C 7. 1
C 10. 3
N • , 212

---------------------,..,--------04lf-----·t----8--t-------llO·
~ , 1 , 1 0

N 4 2
C , 6 1
C • 15 3 1 •

-------------------Ce-------l'~--__1;1~---·.---1·---5,---------

C 10 3
N .•..•..- ·_·-13 6
C 7 1
H 13 1 6 1 0

---------------------··"H------1110l-----1----~;·-____;---------

•
2
7
o
o

1
1
1
1

,,
2
3

••
13

1..
7 10 ,

---- .• ----- '··-'·····'·'-8·-·'--'1--'· ··'-'2
10 10 5 1 8

7 13 3 1 0
7 .,.. --_.---... , .. ·----1-·-·--·0----····_·-_··-·----

8U

,
c

.--.. ··__ n······ N ._....._-

C
l­

. ~

81' C.. -.----_./;

C
H---------------------,H'-----

6 905 13 1 6
10 10 2 8
10 • 8 3
13 l' 3 1
------".

13 l' 1

• l' 1 1 •. 13 , 1 1 6
13 18 3 1 0
16 18 • 1 0

._~--- --- ... ..-..._-_._---.-
10 10 8, 10 1 1 5

-'13 , 6 1 6
10 , , 1 0
10 13 3 1 0._-- -."-.._------

-----------j8I1iNneltbrf'p'-tlllllHbll~r_RI1'lO~tTt:~----'.--..-·-,-;__~.f--,-..-------.. ---..- -

IS

-----------j811i~~.eltbrf'p-"ll1bHP!1b01''flRtHlHtf'l1t-Ct1<$T·111'Ttrttt1HIo''T~St_...---_:ll:';'.---3J .-----..--8-,--'·,·--,,---·--------·--

RING NUHbrR IS 6 HEHLEN~D

~NBbP Hblle, R8 Dr RIMI-eoftSTt"/Trtt:tt,"H"'TSlt--r--1';--J-',--e-r-'f·,'---r4h.,--.:r·,.---··-----
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ATC~IC CC~PCSITIC~ Dr CU~E AND

_.. ---"e--

-----_. --_..._._- ....._---

----------------~~~ItIO~UI1"""i~11lIB'eet1~It"_-_1UttuAGROIlP____·----.-----0-'~.- N----·-·--------·--------· .. - -'-"'- - ----
1 r. URi: 0 1 0 0

LIGAND 10 , 0 2
.. ---..---- LIGANP ..-.. 1" 0-' C 0

LIGAND 1 0 0 '0
CURi; O' 0 0 ~-----------------,-----=------.1GANn---e---'4 . --'0 ""-'" l' ... ---------------.-.----

"I GAND 4 2 0 0
3 COR. 0 1 0 0

--.----------------..--- ··--·---·~-----LIGAND·- "''''6 .-- 4 0 2
LIGAND 2 1 0 0
LIGAND 1 0 0 0

----------------------------,LiGAND----1--·-0·--0---·-0·--
CORE 0 1 0 0

LIGAND 6 4 0 2
-LIGAND 2 1 .-- 0 0

L t GAND 1 0 0 0
LluANO 1 0 0 0

COnE 0 1 0 0
LIGAND 0 0 0 0

CORE 0 0 0 1
LIGAND-' '-4 2 0 0
LIGAND 4 2 0 1

CORE 0 1 0 0
-·---.IGAND---tO--_·--'-·· -"0- '2'-~"-"---- ,-'-- ----.-.--...---..- '--'-

LIGAND 1 0 C 0
LIGAND 1 0 0 0

'-. CORe·.. '0 l' 0 0
LIGMID 0 0 0 0

------------_._-----_._----------.
HUMPER OF CO~E ATOMS IN LON~E!T CHAIN

GROUP NL_eeR or CORE CONSTITUENTS OF LONGEST CHAIN 6. " ,. •• 4 • 7.

NOt.GRn.p U'TERACTION MiD INTERNAL RoTATIONAL SYHMlT~V CONTRIBUTIONS

hEAT CAFACITY COErrlCIENTS
CAL/DEG W CAL/OEG M••2 CAL/DEG W.03 tAL/DEG Moo.

A~OUNT . hEAT Of 'ORMATION E.'TROPy
K~AL CAL/OEG W

'-30~----"- .- .... - ....

RlliG NU~REq CR
GROUP NU~,BEP

t z' '~3----r--
TYPE

~ IH& DORRlD'! 01'

E~TERNAL NOTATIONAL SVMHETRY CCNTRIBUTIQh

--·'tllJli1:t------S¥HHHR¥-1<tJHBE~ ·······--..ENT~Q'Y
NOT CAlCULAeLE 1 . 0,00000

C~TICAL ISQHEP CONTNIBUTION

~r.YMMETf Ie
a

FSEUDO~S¥~MET RIC
o

ENANTIO~ERS

o
TOTAL OPTIC~L ISOHERS

. 0
ENTROPV
0,00000

---------;,N"'~_Il1tRI.tN6--_T~0!'Y....tI~·'ReE';; ..i:lHlY·· 'UT.--8EL-e.--IIAY '8' -tr' 'A fEw·,eRcfNT. OUE TO-.!'OSSI8LE·
r.QNTRI~UTlO~ISI fROM E~TEHNAL MOTATIONAL STIIIIETRV OR/AND oPTICAL ISOMERISM,

C.~L/OFOoMCLF.

-~,4913~l>.'E·01

HEAT C~PACITY COEffICIENTS
CAl/tEG"2-HULE CAL/OEO"3oHOLE
i;2Y'nt1bc-Ul ·01.al711nJl:-04

CALlOEO"4-HOLf
'.65212"31. 009

-------TT---- 'ClP') -'-'---"--4!-"'---"--"'1' I~HI·or-......·tIHT I-M 1299 I ,IT--'HIT t-NI 218 """'Il!l:Wl't2981'NfT loW12tOr'''-----''--'
nEG K CAL/UE~·HOlE CAL/OEG-MOLf KeAL/MOLF. CAL/O[~oMCLE HCAL/MOLE RCAL/MOLF
296.0 36,1"706 4 31,8P..OOO 4,148191 31,6P'0000 0,0"0000 12.60000n

-·-----·--300.0 38,4:'5102 32.136329 4,225433 . 31.680854 ,076642 12,6'6642
400,0 SO,5 76ROl 44.918'17 8,697526 33.546278 4,54.736 11,14813~

500,0 ~C,4<4936 ",301349 14,265285 31.0~8360 10,116494 22,116494
----_60l)''-O---.bT3~239J--- '-69, 0093Q----·20Ih7893-'''---.1.4281&7---'-'16,5.91 03-' "29,169103 --. .. __.

7ce," 74,0 40380 ~0,O~94~3 21,876 448 46,1~9982 23,Y2ge61 36.32V6~7

~CO.c 7~,o~8C26 9u,317971 35,6039)8 '1,0~9018 31,456167 44,056167
-----.. '900';'0"-- "3,814457 100.009498 43,185346 - . ", 9~8Bel ~9,636')' '2, 2365~'

100e.o 87.3~B802 109.027291 ~2,341441 eo,e~8641 48,198~56 80,1980'6
1200.0 94.051743 125,'41111 70,482690 70,2e2861 ~6.333899 78,93389.
1400,0 102.4Q'.69 140,634323 90,08e823 7',2'01'7 .','31832 98,'31832
1600,0 115.3'2204 155.09819R 111,718785 91.6294'1 107,629994 120,2~9994

1800.0 135,453167 169.7~4139 136,121320 96,112134 132.'72'29 14',172'29
--tODD. 0 tU',39"82 - -.... - ts'i4988B6--"tUl61:9."----U4 ,2'1"4'--'--162,470195-- - t"·,070U,.----·-·-
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HYPOTHETICAL 1l0LECULE

-------- -----

.
c.·~...,.. ~_.

II

I!.. .
..·"c·····c..·..,..

II

OC

...··c C..
" ... C

C C
II

OC

C

~ •.• c • •
-- .--,,----k...------- 0- ..-·_-c.··c,.·f( .-.

c • • ~

..
•

• ·fI· ...
H_·C---c

II II "H _ H ~. ~ H
• Wi " • ...---.--.,---

C•• M H k C C••••C··H
k " ..·e • •• •

-.-•..-- -----.--~------- - ..• - ---Ii
~ C I! I!

--------- -._. --_ .•-._-_._----- ....

II • •----------------------.-..--_.,. -•...----_.."
II I! H••C C"I!

H'-~
---~'--------------_'lH.......·,..;,IIr----..--'lII..·-c-c..·..,....·o·__e.jo--------.-------.----..-..---.--.--

~ ~ . .
If .,.. 0.....

" 11._
C "

I! •
~

A'O~IC CO~POSI'leN OF 1I0LECULE

ATuli NUlleER
-------------·;;-----~O ..--·..·--··---

c 46
ii 4

" .. 4

------------_..._--- ....-

1
1
1
1

2
-. "-1'-"--'-'1'---

1 ~

1 0
1 0

J
2---
4,
6

... 0 .

2

•
6

C
~

II
.~ "

60'

QIl/llJ'----iROL'P
NUHGER HEI~HT

1 296

10 4 6
·7·----- ·7-·-·--r-----~"~'-'--'--'3'-..-.--...--....----

13 • 5 1 0
13 1 6 1 D

'10 1 ·7 1 0

1165 t 13 13 7
------------.....::..:..:..:-----tc,-----~.,.9-----q-----'8--l.·---,__------.----

C l' l' • 1 •
~N 10 16 2 1 0

." CN" -- ---1" 11 "1 0

'02 C 15 U •
-------------------tC,------y,:!'~------..,.____W_~---__r-....------

C 17 11 4 1 9
C 19 11 6 1 10

----.---.---.....-- '-10-' .- U ,.. '~1 0

, ,
~-----.-.~--.- - .... 0
7 7 4
372
7 3 e

C 7 7--c------ 5' ----.--.., -'-"-'
C 4 10
C 9 9
C 10 4

__________-'- ::.29:_0:.... -r~_----- ';-_1~. _.-- - ~-_. 1..... .; ._.
H 1 10 1 1 0
II 1 13 2 1 °
". 4 13 3 1 0

399 C 9 ,---------------"'------Cr------·..,-------r, ·---·--W·----1 .._-.~
C 13 13 4 1 7
~ 12 9 , 1 0

.. II .... - .._-_. 11' 7 6 1 0

C

G~eup ,TRUCTURE _NO COMPOBITION

. 'CI!EHIC_L UHBOL WRID Ro" ORID COLUMN 1I0ND BONO GROUP NUMBER
or COHPO~BNT COORDINATe COORDINATE YECTOR "PE or CORE ATOll

C 331
C ,., 2
k 110
k 1 , 210

-------------------HII------'.>·-----l----6--1..----·-0-

~99 C
------------- --.----t----'--

C
k
II
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1161 C ~7 11 9
, 15 n----.,----I-----'------
C 13 21 1 . 11
C 23 23 1 12

------------.-.. ---- - '0·--·---·---·--20------· ~7 '1 13

10 3n C 19 1-1 10
----------'----------Cr------15-----,-5----2--r--- ,--

e 23 7 6 ~ 14

____~-----~~----- 1~ : _ . ~ .. ~

------_.----

12
9

16
17
o

1
1
1
1

B
3
6
1

23
17
27
20
20

23
17
23
26

--- ...... 23

502

_________-'1:.=1:.--__~39.:-9:_ _;g;:-----__;~7~----ff___-4~---~~_
, 10 21 1 1 15
~ 13 1A 7 1 0

---- ..--------- .. H--------16- 21 5 1 0

C,
C
C.- _._---_. ~

C
o

- ..-------------- --H-'--"- -5C2 ---------- ,.
C
C
c­
o

13 9t1 co 20 17 13
~117------j'11--·---1-----1 ------ ,.--.------.-----.
22 11 , 1 16

.. ---23-----· ---.. 7' 1~

19 11 1 10
2' 1 , 1 2~

-----;20----··_- &.... ----'1----. -25---"---
20 1 1 1 0

'15 -.-. -1"''''' -..-..--- ., -- .--- 10 ---- ... ----
C 13
C 7------------------e------·.,.,---
t 13

21
21 , 1
21 1 1
20------··-2 '-'''-1'
.~ ~ 1

. 15
11
19

'--'20
21

18
13
o

19
15
o
o
o

20
H
22
23

'-22
20
o
o
o

16
12
26

- '2'
26

17
12
o
0-- --._- - ......-.---.-
a

"-'-'-21'- '- ------.----- .-- .--
15
o
a
o

. --,----23 --.-...----.-.- -- _.---.. -
2 20
1 0
~ 0

1,
1
1 .
1

1
1.
1
1

-- -- ',.-_ ..

7 1
8 1
2'· - . 1
5 1

7 21
10 21

7 1B
0 1R
0 it

7 .0
10 21

0 27
9 26

1,l -20----·--
10 21 •13 27 3
15 26 0
16 20 5

20

19

--'--1'6- _.-.. ·065..-·-------·0 -.... -----22 -
to 20
.. 2 0

. -- ---- ---------a .-..... nu-"--'

C
C
C,

----------~P~1----i'29~6l__--__ec------_1

C....
to

---------pt---n:,,-e-c-----c-c------·,.------2'--- -.--- ..~.--
C 7 20 6 1
h 2 25 R 1
.. 1 27 1 1
.. • .9 2 1

----------"i--·~~t------·c------- 9·-----:2~-----

C 7 2- •
.. 7 2. 2
.. 11 2A 0

-'---- -----.. 17'" --.' 296

.. e ...-.. -.. -.-.. 23,,-' 2'
C ~3 23
CO 20 2-

--------------------jC:------ltl-----32---
C 25 27

- -.' -'- c- ..--- .-'-- .26 - 20
, . 23 23 1
t . 29 20 5 1--------.-------------j< ·2B----a--------· 6-'- -'1--'-
~ 26 17 7 1

.. 17
17
17

296 C 25 ?
C' 23 7'
.. 27 9
~ 28 7·

-- -- ------.-;.-------27·---- ,

2~

1 . 1 1.
010

5 1 °,,---- .·----1-----·- .. 0·-·--·-----·-----

'1
~

6 1
2 1
J' "-1-
B 1

25
.. - •. -.- . "1" ------ H .-.-.- -.-. ---... ---.--------.

5 1 a
, 1 °
110

. 26
16
29

21
16
30

. '31
o

20
23---­
23
20
17

20 a.
'23'- '--'-;;7---"-
18 26

18 32
23 21
l' 36·-,a----·--·--U----· .. --
16 30

C
h

C
C,
C,

296

26
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30 1165

.-----... ..,. U,

-·--------21--·-···· n,' . . 2' . 21 21
C 2~ 21 16

-------------------r;~----__2:'~;-----:~ i----i.__._.3~.
~ 2' 2' 1 1 0

o 18 26 29
CO 20 24 26

_________. ~ 16 21 ._. .__ .. .... 0

C 14 36 ~o

C 1" ~2 6 1 27
'C 11 ~6 1 1 33
CN 1.' ~3 1 1 0

___________________,_,. --:.1. 3.9 3 .~ •._ ..__ .•• 0 .. ..__..•..._ .

32 1419

36 31
32 7 1 27
41 4 1 H
39 3 1 0
H • 1 0... ------_..._--_ .. ------
21 32
27 1 1 28
32 3 1 40
21 ,- 1 41
2' 1 1 42.._---- ._----_.

3"31 , 11
C 11
~ 23
h 11

_________________-'H ~2_0 _

C 21
C 2'
., 21
C 29
C 21

3'
33
3.
37
38

36

3'o
o
o

37
3'o
o
o

31
3'
39
o
o

30
3d
o
o
a

.0
32
'3••

,
B
1
2

41 34
36 6 1 31
., 2 1 .,
.7 3 1 46
38 7...__1._.__... 0 ... _

36
36
3'
36
30, J4

1 36 4 1
.- r 32 6 1, 31 7 1

3. 32 8 1
.._---- ._-~~,----

4 ~6

1 36 , 1. _. 2 34 e 1
1 36 1 1
2 ~R 2 1---_.
• ~o

1 Ja •• .. 3
2 41 2
1 '2 •'.' ._--..
4 ..
4 39
2 '6• 47
6 '6.._---_. .._-----

21 32
27 27 7
21 36 3
~o J4 •

23
18

"-"--"17"
23
23

c
c
c
c

c
C
~.

"~

296

29637

39 296

C 1
-------_ .•._-_._-- '-"'....-- ... ~-_._-._.~;...

C •
C 4

C
C

. ~

~

II

C 11 36 33
'C 14 36' 30

.- C 1 ~e 1 3'
~ 9 3. 8 a

___________________ /l 9 ~.6_.__2_._... ._. 0 .. __ ....•.__. .. _

502 ,
C

-·-·_·····C
C
/I

-------_....-_ .._....

...- __ - -_ ..---- _.__ .
2 '0
1 0
1 0

'5
'6" -"-'1' .-.-•.. ' 34
2 1 0
3 1 a

.• 1 0

••.._-~--.- ·1·----·34-···--··-·--···----·-
210
3 1 0

'6' 1 0

296

290 '.1: 21
C ~1

~ 30
/I 30
~ 27

1HO 21
27
2'
21
29

'J

.,

----------....t---~lalt1a:Hlt-----_eC------2"·--··-· 34
C 27 32
II 32 3.
~ 31' 32

C l' '7·c------c23------.1---·-··
/I l' '9.
/I 17 '0
.~ '. - ..... 19 .9

C 23 .7
c-------223----·41;1
~ 21 .0
/I 23 '0

... . ......- "2' 4•.

----------+.1l----f<U..6r--- ----e~----·-29----·2'--··--····· -'1'
C 21 21 1 32
~ 29 30 3 a

----------.--.--.....- ..---- " 32 30 4 0
H 32 21' a

2"'-"·'-"--"- --. ". ···.2
.7 3 1 32
2' , 1 a
22 6 1 0
22 , 1 0

----_._-_ ..
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· .1".

COIlPlt) llr,~NDS 19 ~ND 21 tF tORi ~TCM :~, ARE rgU~L...!.... .__ .

--------_..- --

COMPLE~ LIOANDS HAND 42C' COHE ATCM 32 ~R( EQUAL,

CQMnl::X LIOANDS 24 AND 2' tF CORE ATCM 14 ARE EQUAL,

AND tF CORE ATCM ARE E~UAL,

11

.,

.-. -··13

QROUF. hUM8LR
1 .-

eURGROUP H C h
- CORt 0 1 0

LIGANO 7~ '7 4
LIGAND 1 0 0 C

-----------L I t,AND- --···1·---·0-·· O· - ··0 -------.-_.
LI G' NU 1 0 0 0

COHo 0 1 0 0
LIGA~n 73 '0 • •
LIGAhD 3 1 0 0
LIGAND 1 0 0 0

--------LI.'NO--·l---· 0·· -·--0· ·-·0··- -.--.------.- -.--.•.-
CQ". 0 1 0 0

L I GANO ~ 2 0 0
LIG'~D 3 1 0 0
LIG'ND 67 '3 • •
L I GAND J 1 0 0

-- CORE -·0·---· 1 .--- 0 ·0 - -._.-.-
LIG'NO 1~ " • •
LIGAND 1· 0 C 0
LIG'ND 1 0 C 0
LIG'ND 1 ceo

-----------·--·------~-----\;ig:~o_.~- ;----~ ~
LIG'ND 6~ '2 • •
LIG'ND 1 0 C C
LIO'~D loa 0

CO". ole 0
-----------·---··---------·--------tl~:~g--7~-- - '6·· ~ .. ~...

LI G'NO 1 0 0 0
LIGAND 1 0 C 0

tONE 0 1 0 0
LI~AND 13. 6 0 0
LIG'ND 6~ 3Y • 2
LIOAND 0 1 0 1
LIG'ND Ole 1

COR. Ole c
LIG'ND 13 Y 0 2
LIGAND 55 3. • 2
LI G'Nr 9 • 0 0

-----·L·IG.NO---"1,-- --. D- ··-0 -0·· .. ---.---... _ .•
C""o 0 1 0 0

LIGAND 23 ,. 0 2
LIGAND 13 7 0 D
LIGAND '1 2' 2 2
LIGANO 1 1 2 0

-. 10----·----- ·CO"t 0···· 1·- 0 - C
LIGAND 69 .
LIO'NO 7 3 0 0
LIGAND· 1 0 C 0
LIG'ND 1 0 0 0

CORE 0 1 0 0
----LIGA~O----··6~·-· ·-'1 • •

LIGANO 11 0 0 0
LIGAND 1 GOO

.. L 1G'NO 1 D 0 0
rO"l 0 1 0 0

LIGAND 31 ?3 2 2
----··-----tl~~~;r··---··37 13 ..-~- -·2----··

LIG~ND 3 1 C 0
LI~'ND 1 0 0 0

CORt 0 1 1 0
LIGAND 17 '7 2 •
LIG~NO 1 C 1 0

------------·------~..4-----··r.ORE---O·---·I-··· --c-~--c ..------..-.----.. ---------..
L.IGAND 71 '5 • •
LI aANO a lac

··LIGAND 3-· 1 00
LIGAND 1 ij Q Q

CORE Q 1 0 0
-------------------------1;1GAN~1______..2--- -.,,---.- •.------.--- •.-.----.

LIGAND 3 1 0 0
LIGA~D 5 ~ Q 0
LIOA~D ~ 1 O· 0

----_ .._-------------...
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------..--- '-'''--2.'

26

2b

24

-----_. ~-- -_ .

------_.__ .. _--- .. -_......_.

CORE Ole
LIGAND ~1 n 2 2

----------------------,L;IOANn 1 1--2--0--------------
LIGAND U 14 Q 2
LIGAND 1~ , 0 0

--------- 11- ...---.-- 'CORf -- ..- '0- 1 .- --'-0 0 -
LIGAND n ., 4 4
LIGAND 1 0 0 0

----------------------1:L:tI~Q.ND 1 0---0 0-0---------------
LIGAND 1 0 0 0

1i r.OR~ 0 0 1 0
--------------------- ......----. LIOANO-----,'----.e -.-- 3' 4'--"- ----.-..--. -.--.. -.-

LIGAND 1 0 0 0
19 CORE 0 1 0 0

------------------------LL-tflAND " ., , .-,----------------
LIGAND 1 0 0 0
LIGAND 1 0 0 0

.- ------LIGAND ·----1·--·· 0 --. -. 0 - ..- 0
20 CORE 0 1 0 0

LIGAND 73 '5 4 ,
-------------------------t:-1LIO.ND ale c

LI G'ND 2 1 0 0
2l CORE 0 1 0 0

---------- -------··--------L"AND--·--'5---'7 --, .. ,.
LIGAND 1 0 0 0
Ll~AND 1 0 0 0

'LIG'NP 1-' 0 o· '0
CORE 0 1 0 0

·LIQ'ND " ., 4 •
------------------------t:LIQ·ND--1----0--0--0------

LIG'ND 1 0 0 0
LIGAND 1 0 0 0

------------------:ll'!3------Co"£---o---··1..---··O--·0-----.---..--.-.---- ...--
LIGAND '6 ., • 4
LIGAND 1 0 0 0

... LIGAND l' 0 D 0
CORE DiD C

LIGAND· 75 '7 , •
·-----LIOANo----..-1- ." D .. · ..O 0

LIGAND 1 0 0 0
LIGAND 1 0 0 0

CORE 0 1 0 0
LIGAND 75 ., , •
LIGAND 1 0 0 0

---~LI~AND ..--.--· ·0---- D - D -._-_..--" n - ..-.- --.

LIGAND 1 DOD
CORE 0 1 1 C

LIGAND' '77 ., .2 4
LIGAND 1 0 1 0

27 COR~ 0 1 0 0
------------------;:,,;,..-----rLIGA~D--'- 34---'--2---------------.-----

LIGANU 13 9 0 2 .
LIGAND 9 • 0 0

.. LI~'ND 1 0 0 0
CORE 0 1 0 0

LIGAND 65 '1 • •
------------------------tLIGANo-----1;l---6·--~O..--O·----

LIGAND. 1 DOD
LIGAND 1 DOD

CORE DOlO'
LIGAND 71 '6 3 •
LIGAND . 1 O. 0 C . . .

-----------------.:---."'1SteDr------CORf·---D-·-·l--·0--·C --------------.._-_..__._--.
LIGAND 6' 39 • 2
LIGAND . 13 6 0 0
LIGAND. Q 1-' 0 1
LIGANO 0 1 0 1

CORE DiD 0
--------------------·---t-f&AN~'---...4 --,---.

LIGAND 7 3 0 O·
LIGAND 1 0 0 0

"--LIGAND-i' 0 '0 0
COR~ 0 1 0 0

LIGAND 67 '2 • •
--------------------·----t:L-f1lIG."'" , 3' 11.....-'\1----- ..-·- ..------·---·

LIGAND 3 1 0 0
LIGAND 3 1 _~ 0
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36

---------------------------
4i

44 -

-------------_.-- - --- -

NUHRER or CORf _TOMS IN LONGEn eH_IN
------------~-------_._ ... ".. -+-.-_. -----

GHQ"V !lUMBER or tORE CONSlITUEN'S or LONGUT CHAIN
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----------

,
-------I«lNllltc~EIt~ll1f--A"O_1*'Dlt~fAT~a~f"".""- - ~C"Tltl.Ufl 0"1 -- -- ---.-

RINO NIIHBER Olt ANOUNT NUT Of fORMUION ENTRO', NUT CA'AClTf COEHICIINTI
- OROUP flUMe" . HCAL UL/D"- M - CUIPI,' M CA~/OIO' M••, CA~/ClQ M", C.LlPIG ~...

GAUCNE ALKAI'E 2 J ~ 1,600
OAUCHE ALKA~E J, ~ 1,600

~CHE AtoH"'E '7 ---t loeOCO---------------------------------
GAUCIIE ALKANE 7 8 • J,200
GAUCHE ALKANE 8 9 • J ,200

--oAUeI!E AtoIl"'E e 10 1 -.8U---------------
OAUCI/l ALKA"E 9 11 ~ - 1,600
GAUCHE ALKANE 9 12 4 J.200

--UUCNF-AVAt:t-----U--14----··1"·--·--- .000 ----.---
OAUCH~ ALKAlIE 11 U 2 1.600
GAUCNE ALKA~E 12 16 4 J,200

--GAUCNHtllArrt 1647 • ~.20a---------------··-

GAUCH~ ALKANE 16 28 2 1,600
GAUCHE ALKA~E 27 ~O • 3,200

---UUCHr-ALun-~2' 31 ------1·----------.000--------
GAUCHE ALK AI'E 28 J2 2 1,600
GAUCHE ALMA'.E ~O 33 2 1.60~0 _

--O"U~NE ~1 34 .uo
GAUCHE ALMANE ~3 ~, 1,600
OAUCHE ALMANE a ~8 2 1,600

--- GAUCHt--ALHE"~----'-U •._---- 2 ------.----- .'00-----·
GAUCHE ALKENE l' 20 2 .'00
GAUCHE ALMENE 16 26 2 ,'00

_WCNHt1'f"E U 40 2 - ,'00 .---------------,-------------
INTEI/NAL ROTATION 1 1 -2,10~
INTERNAL ROTATIO~ • 1 -2,18~

--INTERNtt-ROTA"TIOI; 6--·-·--·----1-----· ------------ -2.U~

INTERNAL ROTATION 17 1 -2,183
INTERNAL ROTATION 19 1 -2,10~
IKfER"A~rlilN ?1:------1.----'--------.v.u:J---------·-·------------ --------
INTERNAL ROTATloh 22 1 -2.103
INTENNAL ROTATIOh 24 1 -2,10~

--INTERNAl;-ilOTAfION 1.,------1 ..... -..- -.-------.---. -2,183
INTEI/NAL ROTATION 30 1 -2,103
INTERNAL ROTATION 37 1 -2,103
INfER"." ROTATION ~9 1 "V;1U-
INTERNAL ROTATION 41 1 -2,183
INTER~AL ROTATIOh 42 1 -2,103

-t*-lf:MotAL~tCfr----4J----- 1-- - '-' .. ----.. ·-~.ln

INTERNAL ROTATION 4' 1 -2,103
I"TER~AL ROHTIOh 40 1 -~,lO3

SOUNCE
'f~'lirEr

iTHHt:TR~ ~UHB!R ENTROP~

1 - ----0,00000

CPTICAL ISOHER CC~TRIBUTION

------"1!tlC~~HI~~C1!'!----."'!!t'H, H"H!l!e"T~P"f"1 CC--.,''!'ltltrIiC~irt:ll.l"!!t'I''''''l'',,_~. 'r1TN"'II1C~~E 1tA1'l'tlOl'fIl'--"ESO-~"1t1l.1fOllrRf----EhUO'y-----
COtlP~TEC 4 i 12 4 16 ~"o,n

_________O_R_O_U.;.P---'N_UH.;.B_E_R_0.;.f_A8_'_"_N_E_T_R.;.IC'--C.;.A_R.:.6_0.;.N_cA.;.T..:D:...H_I_S.;.I O·._.!i__~6_.__.!!.~_

"

CAL/CEGoHOLE
-~, 50·12J"E·Ol

T~ER"CCHENICAL PROPENT IES 0' MLEC~Li

H~AT C'PACIf' 'coe,' IC lE,.T5
CAL/tEO.02-HULE CAl/D~G•• ~-HOLE
1,o2206'5~E·r.a .6,53203H24E-04

CAL/OEO. ·'.HOLE
l,606803'0E-07-

T Clrl S HIT)-HIOI .COITI-.12901)/T I/ITI-.12~01 oILH'Ca'01 •• (T)-HI2981
PEll-M--tAL/l'.r.-HDLE -----CAL/CFr.-"OL8 ---' KCAL/HOLE - -CAL/CH."OLE HCAL/HOLE MClL/"OLE
298.0 225,ln'519 525.9549'5 32129'776 '2'.~5.9'5 0,000000 0326,700000
300.0 220,533717 '27,4'5711 3217.7495 52'.9.9981 . ,451719 _~26,248201

------.41tD&-0i1.0r-----l12.61"9.b09--01tl;.1?773~816u~~.a---53',e40893----·?6,~O"~a.. -".. ·----...~DO,392.. ! - .--.-----
5CO,0 34.,.00876 671,779735 90123"74 ~55,9023J8 57,9J6'~e 0268,761302
600,0 3H,1 95568 na,2152.9 126176092~ 58o,tl0009 94,41J\.' 0232,2208'.

------700.0-·-·--- ,Z4,9H091- eo,;,8716H 1671431U2 -- .. -"007,611116 135,1~5'06 0191,504'"
eCo,o .56,~3J76' 85P,727219 ~111542310 63',669051 179,~405J. 01 47,.53466
9CO,O 482,.&790' 915,02t&92 2~81~1988' 06~,668572 226,22.100 -100,475892

1000,0 ''',lC08h P070n160' 3~I07801r "1.-4~C~8e----27,,5~2241-----"--"'1i117"9...... ----.-
1200,0 '38,23~314 1082,087480 ~12127'07D 7.".~8008 3'9,97?29. 53,27929'
1400,0 '66,4417'7 1147,201622 '221777006 796,8'7808 490,481231 163,781231
1600,0 '90-."0'04-- ·lU.,73"85 '638I?7187J---.U','UDZ' 606,6100t7 2??,9?6091
1800.0 63',9R3699 la97,1~86" 70119'2224 891.7'17~9 729,096449 .02,990449
2000.0 692,76~208 1166,099'~~ '9.1'1'12' 9~,,'900'8 8'2,21'~'0 '~','19~'0
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Table 4-3 (Page 1 of~)

LIST OF INPUT DATA FOR SAMPLE CALCULATIONS

1 000
H H

H-C--C-H

R A
0*0

o 0 0 0
'HHHHHHHH ---_.__ ._--_._----

H-C-C-C-C-C-C-C-C-O-H

A A H A AA A A

o 000
H H H H

o
H-C-C-C-C-C-H

H H H H
000

0 0 0 0
H H H H H H

- - -
H H

C C

H--C-C---O---C-C--H

C C
H H

- - - - - -
H H H H H H

000
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Table 4-3 (Page 2 of 6)

LLST OF INPUT DATA FOR SAMPLE CALCULATIONS

-------------0--0----U---0------

H H t1

Ff-C-C-C-CN- '- -
~ H H

_.-~ -1f~---.----"-----.---

.-- _···-·_--,-·--It" --0'-' -''1) "0'---_-------

H H

A c A

H--C C--H
"f1H'-'w-rr-I1"-~'R-"--;;;-'''--;;',--.•-

- '.-
H--C--C--C--C--C--C--C---C C--H

H' C Ii

--..-------~ "H"--,--

--~.._..__._-----_..

0 0 U 0
~

0

._--- C
=.. H-C C-H

..=
=

H-C C-H
=

C

H

***
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Table 4-3 (Page 3 ofl»)

LIST OF INPUT DATA FOR SAMPLE CALCULATIONS:
o I) 0 0

-------------ct:ll"lr---nR-------------------~-----
H - t1 t1 - H

H c c R A

--
---':Ar._:-::_::7C-.;;_:-::_:::_;::_:-::_:rC"";;-;::_:-::_:-::_;;;_-~C"";;-:-;;-~_:-::_:-::-~C-::_:-::_::::_:=_:=_:l""C"=_C=_C=_C=_"=_T'C-;;;--=-~H------------------

H c A H. A

H - H
"~H ---------------

'-

o () 0 0
H H

c=c

----tC-------.,fir---------------'----------------------_·_·_-

=
H--C -C--H

::

=
H--C C--H

---------------
c

H

----------------------_. _.---------

o 0 0 0
----~--I1r--.:lH-----------

c- =
H--C C--H

=
=

H--C C--H
=

C

H
,

.-----------:::--:::-------------------------
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Table 4-3 (Page 4 of 6)

LIST OF INPUT DATA FOR SAMPLE CALCULATIONS

I) 4 0 0
·_--··-·-R 4

C 'C
= - - =

H-C C C-rl

=
A-C C C-A

= - - =
C C

H H_ ..._--------_•._----------- --­, .

'.

() 1 0 0
----. -- .--..--.....l'f----rr--

c

H t1 'c

c

;

H - H-- H

I-I--C C

- -'·_-_·-·······ll--:T .--·R·-----_.'-'

H H

I) 0 0 II
H

H--C-C-C--H

H
H

._----_._----_._---_.__._------_.•--

-------_._....__.._-
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Table 4-3 (Page 5 of 6)

LIST OF INPUT DATA FOR SAMPLE CALCULATIONS
o 0 0 0

-_.•.•.. _. __ .... __ ........ "/;,j .'" ..- ......__..._----_.__ .

c

- =
I-I(-C (-CN

.......__ ..._------_....._...__ ._-._---_... _._---_._-----
NC-C 'C-UI

- =
c
c

, ... ~_._.,- ~-- ---'•• ~..,. 'O-

1\'
***

"'

000 0
H

NO?
H 0

_..----_._----_.__._.--_.•._---
H

- /'1 H -
H

- H

c----c
H

CN
H

c----C
t1

----.-- .. --,-~---.-_.---- .. -----------H-·-·---·-------;.--·----·---' --_..._~...

c

(----C

c----c----c

eN c----c

(

H ­
H

- H

NOt

H ­
H

- H
()

----.-.---rr---- - -- - - -.- -- ..

o 0 G 0

H N-------C--H

H--C .H~-C--H -

H--C H--C--H-

..I-f .... N-------C--H

H
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Table 4-3 (Page 6 of 6)

LIST OF INPUT DATA FOR SAMPLE CALCULATIONS

HyPOTHETICAL MOLECULE
H H

_._ .. _!1__~ __tL .H__~.J:t H H

H ---

- - = -- -. -~~ _.' -.'- .. -- .__ .. -_...-_._...,. ..

C C----C--H
H--C. - ~ -

.... '-".--
0 0 0 0

H H H H

- - - -.~.~ ~- - . -
C H

- - - C--H
H C .-- - -

c

H H

H--C C

C

H H C H
H

O' (---C--H

C H - H

H C

C--H
.~~--C--CN

- H
H H H

C N
H-~C C C

H - -
H

H .H C H--C

NC C--- - H
H H - - C

H --
C

H--r H OC OC H

H

C--H

H

H--C-C----C---C-H

()

H
H--C---C

H

,--C-----C--H
.H

=
C--H

H H

H ­
H

H-C-H
H--C

- .--- H
H C

C

H - H
H

H ­
H H H

***
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Section 5

LOGIC FRAMEWORK OF PROGRAM

The TGAP program is written in the proposed American Standard verSlOn of

the FORTRAN IV interpretive language. No machine language routines nor

nongeneralized FOR TRAN statements that are unique to specific compilers

are employed The intent, of course, is to be able to run the program on

es s entially any computer system without the need of modification or revi sion.

The program is composed of 55 routines. These are listed in Appendix B. A
. .

complete glossary of the program variables is presented in Appendix C. TGAP

is also the name of the main routine in the program which calls the principal

subprograms into execution. Figure 5-1 gives the logic flow chart fOl TGAP.

There are three main divisions in the logic structure of the program. Each

of these is discussed in some detail below. Described. herein are also the

basic rules and decisions which govern the calculation of the various non ring

interaction corrections and symmetry contributions of the molecule.

S. 1 PROCEDURE FOR GROUP IDENTIFICATION

Section 1 of the program is concerned with the identification of the groups and

group components as well as the group weights, bond ve'ctors, and bond types.

Subroutine STAND is the control subprograITl for Section 1. There are a tota-l

of 12 routines employed in this section. The cross reference map is dis­

played in Figure 5-2.. Several routines such as IDENT, ASSIGN, BOND,

NUMBER, SUMATM perform different basic functions and are employed more

than once.

Subroutine STAND controls the scanning of the graphic formula input array

GRID (i. j) of the molecule. The scan order is first rows then columns, start­

ing with the left uppermost location (l, I) of the array. Unless an error was
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" C CAlI • 0 ) . '"''

. . ,.... .. - . -' _... .'
.. ,,.

.. NO ..... 1 · . IIN"UT DATA
,~I

STO"

.YEI., ,,'

I CASE • CASE ~ 1 I ;

•NO
..

'.

CASE 1 AND I"'UNT +- 0
.. - .-. :

yYES ..

I CALL GADATA (""I.NT .' I ,., .... , .,...... '" ..... ,.
G..OU, CQNTRIIUTIONSI ..

"- .. · .
....

" ': :

~
".

, , .. ... .. ... • •• < .. ,

., ._ c \. .CENTER AND '.RINT.
. '1-

.. ~. , .
GRA'HIC FO"MULA .'0,.. . ,- ~ "1,

", . ;

..I· IERR • O' I ,

: y- .. "t ,- ," .
.... - , .•. j, '...

CALL STAND
(SECTION 1 .-,'DENTlf IES GROUPS; ,
WEIGHTS, BOND TYPES AND DIRECTIONS).. · ..

" '., .. 0 .. , ,..".' ,. ;.

YES'
. ..... .. .. .. ......... ~- ... ~ - '"

IERR .. 0

+NO

.....1 1 -rcl 'RINT AVAILABLE DATA I .. . , .,...

~ CALLCHAINM
(SECTION 2 ·IDENTIFIES CHAINS, BRANCHES, FmllGSI

• ..

NO ' .
,

IERR .. 0 · .

yYES : '
.... ..

CALLCORCIG ,
(SECTION 3· CALCULATES ALL NORIGROUP
ANO-SYMMETRY COR..ECTIONSI

•
FINO GROU' CONTRIBUTIONS
(CALL ORDER AND SEARCH)

• · .

COM"UTE THERMOCHEMICAL 'ROPERTIES
· .

..

'. -- ..

CR....

Figure 5-1. Flow Chart for Main Control Routine TGAP
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ASSIGN SUMATM MULTI ASSIGN

Figure 5·2. Subroutine Cross Reference Map for Section 1

comm.itted on input, the first nonblank character IS a chemical symbol.

Subr'ouline IDENT determines if the symbol is valid and if it is composed of a

single character or more than one character, such as the radicals CO, CN,

NO and NO
Z

' Subroutine FIND ascertains if the firs.l atom is a core or non­

core aton" If it is a noncore atom, . it finds the core atonl of this particular

)!,roup. The identification of all the other 'group components in the molecule

j s performed by SCAN, The scan operation proceeds from group to group

until a ternlinal core atom is reached. lfbranch structures are present, the

scal1~ operation is then shifted to a new bra~ch "Which h.it.s not yet been

exalTlined.

The scan directions are set by Subroutine ASSIGN. Subroutine BOND checks

the validity of symbols used as chemical bonds and scans same until a dif­

ferent character is encountered. In Section 1, Subroutine SUMATM computes

the atomic composition of the molecule and later in Section 3 the atomic com­

po sit ion 'of eath lig and ..
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The identification weight for the core atom and all ligand atoms of a group IS

computed by Subroutine DELTA 1. The group weight is modified by Subrou­

tine DELTA2 when one or more of th~ ligand atoms is also bonded to a sur­

rounding carbon atom by means of a double or triple bond, as for example in

the groups

H

H - C - C = C

C

and

H

H - C - C - C

G

.-

The group weight is altered once more in Section 3 of the program if aro­

matic carbon atoms are present in the molecule. In order to execute this

operation, however, all ring structures must already have been classified.

The presence of a ring structure is manifested when the identity flag of a par­

ticular core atom about to be scanned registers 1000, thus indicating the atom

ha~ already been proce ssed 'in a previous cycle... This willactivafet~"e'r:i~~ ,

identification operations in Sections 2 and 3.

Several important molecular property arrays and var iablesare gene·rated. in

this section. These include array ·IX (i, j, k) which contains the basic struc­

tural data described in 3.2.3, the connectivity array KON(i}, the core atom

arrays NC(i) and NW(i), the group· weight array MOLWT(i}, the branch atom

array IDBR(i), the total number of branch atoms NOBR and the total number

of core atoms KCC.

5.2 PROCEDURES FOR CHAIN AND RING IDENTIFICATION

Section 2 of the program identifie s aU. the chain segments an·d the components

of each unique ring in the molecule. Subroutine CHAINM· is the control· suh­

program for Section 2. A total of 8 routine s are employed in this section .

The cross reference map for these subroutines is presenfed in Figure 5-3.

Subroutine CHAINM monitor s the calculation of the chain properties. For

this purpose the first element in the first chain is set equal to the first

terminal core atom in the molecule. If no such atom is present, each core
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CHAINM

NEWKC RING

LESSEN

ORDER

NEWCOL

NEWKC

LESSEN

ORDER

RESETR CHANGE

Figur.e.5-~. Subroutine Cross Reference Map for Section 2

aton1 in the n101ecule n1ust be a component of a ring structure. In this case,

the first elen1ent is set equai to the core atom of group number one .. The

core aton1bonded to elen1ent one becom.es the second elen1ent in the chain,

and so on, until a ring closure or a tern1inal atOn1 is reached. All linkage

inforn1ation is derived from the IX molecular property array.

If a tern1inal atom is reached and there are branch junctions in the molecule,

Subroutine NEWCOL constructs the new chain by first locating the nearest

branch atom with unused core ligands. Subroutine NEWKC finds the group

nUn1be r of the core ligand which is to replace the previous chain segment of

the branch; The procedure is continued until all the core ligands of every

branch atOn1 have been processed. In this cycle the group nUn1bers of the "-

components of each chain are stored in array NBC(i, j), the locations of the

branch atoms in each chain in array NBX (i, j), and the total number of

cOn1ponents and branch atOn1S in each chain in array NBS(i, j).
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In the event the presence of a ring was detected in Section 1, the program now

checks each new element in the chain for ring closure. When this occurs,

the particular chain is closed and a new chain is started by Subroutine NEW­

COL providing, of course, there are still new chain segments to be formed.

One advantage of this procedure is that the ring components are defined

simultaneously with the chain elements. Subroutine RING copies the ring

components and ring size in array IRING(i. j). When polycyclic fused ring

structures are present, the same ring may be identified more than once with

the ring elements stored in a different order. Subroutine RING also checks

for situations such as this and eliminates the duplicate ring structures.

When all the chain segments have been constructed, three data checks are

performed that may lead to a redefinition of the number and size of the ring

structures and the length of the chains:

A. If more than one ring is present, each ring is checked by Subroutine

LESSEN to determine whether it is a basic cyclic unit and no.t a

composite of two or more ring units. All composite ring structures

are discarded.

B. If the first atom in the first chain is a ring atom and two or more

rings are present separated by a chain segment, it 'is-likely the

lengths of all the chains can be increased the same amount simply
. " .' . '. ' ..

by shifting the initial scan loca~ion of the ring next to the branch

point. This is accomplished by Subr'outine RESETR: Case'I5 in.. ' .
Section 4 is an example of this type of situation.

C. Subroutine CHANGE will also increase the lengths of ail the chains

an equal amount if there is a chain that contains only one branch

atom and more Ilnon-similar" atoms than "similar" atoms. The
'. . .' .

"similar" atoms are those atoms listed fir st in the chain and com-

mon to all the chains in the molecule. This type of situatiC;;n is

illustrated below with an example of a chain and ring identification

procedure. The cor~ atom group numbers that appear in the skele­

ton drawing of the molecule demonstrate the orde r in which the
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graphic formula is scanned in Section 1. Each column contains the group

numbers of the elements in the chain. Prior 'to the execution of CHANGE

the " s imilar 11 atOIlls consisted of atoms 1, 2, and 3.

5.3 PROCEDURES FOR DETERMINATION OF NONGROUP INTERACTIONS
AND SYMMETRY

Section 3 of the program is a multi-functional logic structure that compute s

the various nonbonded, nongroup molecular interaction corrections, the

contributions for internal and external rotational symmetry and the entropy of

mixing contribution associated with the asymmetry or optical activity of the

molecule.

Subroutine CORCIG is the main or control subprogram of Section 3. A total

of 33 subroutines compose the logic structure of this section. The subrou­

tine cross reference map is depicted in Figure 5-4. The logic and computa­

tional procedures associated with the principal functions of this section are

described below.

5. 3. 1 Gauche Interactions

The program identifies the gauche alkane, alkene and ether interactions of

the molecule and compute s the total contribution of each to the heat of
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NRINGS.
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Figure 5-4. Subroutine Cross Reference Map for Section 3
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formation. The individual gauche contributions are small as shown in

Appendix A. In highly branched rrlOlecules, however,. the sum of these con­

tributions can amount to several kilocalories.

Table 5-1 depicts the various types of gauche interactions and give s the rules

used to establish the pre sence or absence of gauche configurations. Actually

the two central atoms M
l

and M
Z

in the gauche alkane and gauche alkene type

interactions can be either (a) two non-ring atoms or (b) one ring and one non­

ring atom. An example of the latter is found in the compound cis -1­

methyl, Z-ethyl cyclopentane. In the drawing below the two central

carbon atoms involved in the interaction are labelled 1 and 2. Also refer to

Case 12 in Section 4 for the thermochemical property calculations of this

molecule.

H H
\ /

H C-H
H H \ /

... / C_H
'" H r'1"

H~Ci\/ ~ ... H2
'\,;.------,....

3/ "
~H

H

A
H H

Table 5-Z gives the number of gauche interactions associated with the most

stable configuration of each type which are not already included in the group

-value of M
1

or M
Z

. For example, in the linkage (C)3C-C(C)(=C) the gauche

'interaction between the double bonded carbon ligand and the ligands of the

first carbon is taken into account by the group C(C)3(C
d

), in which Cd repre-

sents a carbon atom double bonded to another carbon atom. Hence, this

interaction is not included in the table. Furthermore, in accord with

Reference 2, the gauche interaction for (C)(H)ZC-C(C)(C
d

) is ignored due to

the small magnitude of this corre.etlon. The central atoms represented in

the table are of the carbon- carbon, carbon-nitrogen, and ethe r types. The

central atoms are not included in the ligand count. The columns entitled

Type 2 give the number of ligands bonded to atoms one and two which are of

the type designated by Rule 2 (cf. Tab Ie 5- 1). Thos e configurations with a

total of 6 ligands (3 and 3) are gauche alkane interactions whereas the 2-3
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combination represent gauche alkene types. In the ethers,· the maximum

number of interactions is less since oxygen has only the one CO ligand in

addition to the CO ligand that constitutes the central bond.

Table 5-1

RULES FOR DETERMINATION OF GA UCHE INTERACTIONS

y
U X \

\ ~\
C-N

"A 1 2
V" fJ

w

Alkene

-
1. Atoms land 2 must be carbon atoms or a carbon and a nitrogen

atom of the indicated connectivities.

2. Ligand D, X etc. must be a heavy (non-hydrogen) atom.

Ether

1. Atoms 1 and 2 must be a carbon and oxygen atom of the indicated

connectivitie s.

2. Ligand D, V, and W must be a heavy (non-hydrogen) atom. Atom

3 must be a carbon atom.
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The gauche interaction configurations are identified by Subroutine GA UCHE.

Each pair of carbon atoms in the molecule is checked for the presence· of

gauche formations according to the rules of Table 5-1. Use is also made of

Table 5-2

NUMBER OF GAUCHE INTERACTIONS FOR
. C-C, C-N AND C-O CENTRAL ATOMS

Atom(l) Ligands Type 2 Atom(2) Ligands . Type 2 Interactions

C 1, 2, 3 0, 1, 2, 3 C 3 0 0
C 1, 2, 3 0 C 3 . 0, 1, 2, 3 0
C 3 1 C 3 1 0
C 3 2 C 3 1 1
C 3 3 C 3 1 2
C 3 2 C 3 2 2
C 3 3 C 3 2 4
C 3 3 C 3 3 6
c 2 1 C 3 1 0
C 2 2 C 3 1 0
C 2 1 C 3 2 0
C 2 2 C 3 2 2
C 2 1 C 3 3 0
C 2 2 C 3 3 2
C 1, 2 1, 2 C 1, 2 1, 2 0

C 1, 2, 3 0,1,2,3 N 1, 2 0 0
C 1,2, 3 0 N 1, 2 1, 2 0
C 3 1, 2 N 2 1 0
C 3 3 N 2 1 2
C 3 1 N 2 2 1
C 3 2 N 2 2 2
C 3 3 N 2 2 4
C 2 1 N 2 1 0
C 2 2 N 2 1 1
C 2 1 N 2 2 1
C 2 2. N 2. 2. 2
C 1 1 N 1, 2 1, 2 0

C 3 0 0 1 0 0
C 3 1 0 1 0 0
C 3 2 0 1 0 0
C 3 3 0 1 0 0
C 3 0 0 1 1 0
C 3 1 0 1 1 0
C 3 2 0 1 1 1
C 3 3 0 1 1 2.
C 1, 2 1, 2 0 1 0, 1 0
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Table 5-2 to compute the total contributions to the heat of formation.

Subroutines CORCIG and SORNGI monitor the selection of the non- cyclic

atom pair and the cyclic/non-cyclic atom pair, respectively.

5. 3.2 Ditertiary Ether Contributions

In addition to the four gauche ether contributions, ditertiary-butyl ethers

require an addi.tional correction to the heat by formation of 8.4 kcal/mole.

If gauche ether interactions are present, Subroutine DITERE determine s

whether the carbon atom in every two adjacent CO ether linkage s has a ter­

tiary butyl structure and applies the appropriate correction to the heat of

formation ..

5.3.3 Cis Contributions

In some respects the identification and correction of cis, effects is similar to

that of gauche interactions. Each atom pair is examined individually, non-
. , ", '

ring atoms and non-aromatic ring atoms may be involved,· and the overall

operaqon is monit.ored by Subroutines CORCIG and SORNGI,. as b~fore.

There are however, some differe~ces in the application of these two types of

inte ractions in addition to the obvious dis similaritie s in structure. In th~

case of cis configurations, the thermochemical corrections apply to the

entropy (in specific cases) and the heat capacity as well as to the heat of

formCl.tion. .F\.lrthermore, the corrections vary for certain st,ructural groups.

Lastly the rules for identifying the cis interactions are different. These

rules.and modifications are listed in Tables 5-3 and 5-4, respecti,vely .. The

standar:? cis thermochemical cor.rections are listed in Appendix A., Table 5-4

lists only those corrections that are non- standard.

The calculation of the ci s contributions is performed in two consecutive

interphased steps. The first step, which is executed by Subroutine CIS, te'sts

for the 'presence of the central carbon linkage and identifies the atom pairs on

either side of the central bond. Subroutine CISCOR determines whether the

composition and bonding properties of each ligand pair correspond to rule 2.

If the criterIa are satisfied,a search is initiated for the special structural

configurations listed in Table 5-4. On the basis of these analyses,' the

appropriate cis corrections are selected and assigned to the pert'inent

fune,tions.
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Table 5-3

RULES FOR DETERMINATION OF CIS INtERACTIONS

X Xl

"'" /GI=GZI \
y y'

(a) Nonring (b) Ring

1. G I and C z must be carbon atoms with a connectivity of 3(a)

or 4(b).

2. X and Xl or Y and Y I must also be carbon atoms with a connec­

tivity ~ 3. 1£ all four ligands are carbon atoms with connectivi­

ties ~ 3, there are two cis corrections for the atom pair.

The molecule cis-l":methyl - 2-ethyl cyclopentane afso provides an example

of a cis interaction in a ring structure.' The central atoms (1 and 3) are

indicated in the graphic formula of'the molecule presented in Section 5.3.1 .

. 5.3. 4 Ortho Corrections

In addition to the three aforementioned types of nongroup interactions, the

program also corrects for still another type of nonbonded next-nearest

neighbor interaction exhibited by aromatic stru.ctures- the ortbo interaction.

In the case of pyridine, there is a correction for para as well as ortho sub­

stitution in the ring.

The assignment of these corrections as well as those for the ring structures

(see Sections 5.3.5) is preceded by a series of logistic tests and determina­

tions that establish the identity of the ring structure itself. For this purpose,

the program has to distinguish between simple and fused ring structures,

aromatic and nonaromatic cyclic rings, and benzene, pyridine, and higher

nitrogen - containing aromatics. In addition, it must establish the size .

composition, intra- ring b~nding propertie s, and the types of nonring atoms

bonded to the ring. A few of these properties, such as the size and.
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Table 5-4

NON-STANDARD CIS CORRECTIONS FOR
SPECIFIC. CONFIGURATIONS

1------- .6H e, . . f, 298 .

(kcal / mole)
: J
(kcal / mole)

t-Bu C" /C=C

/ '"H H

t-Bu C'" //C=C""" .

t-Bu C

t-Bu t-Bu'" /C=C

/ '"C C

t-Bu t-Bil

'" /C=C

/ '"t-Bu t-Bu

Two cis interactions

4.0

8.0

12.0

20.0

3.0
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t-Bu C
\ /

C=C .

'c/ . "c

t-Bu t ':'Bu

\ /
C=C

/ ....." .
H H.

t-Bu t-Bu

\ /
C=C

t-B(. ""c

C C

" /."C=C

/. '"H H

C-C..,C = C-C-C-C
/ \

H H

6. O·

10.0

14.0

S
(calle K-mole)

1.2

-0.6



components of the individual ring units, are computed in Section 2 of the

program, as described earlier. Subroutine FUSION initiates the entire ring

calculation procedure of Section 3. FUSION is a dual function routine that

identifies the set(s) of fused ring system(s} pr.esent in the molecule an~

determines certain symmetry characteristics of these polycyclic structures

such as the number and type of atoms that are common to any and to all ring

pairs in the set. This information is also used later it). the symmetry

calculations.

In order to maintain the nomenclature of the structu'ral input as close to

standard chem.ical notation as possible, no special symbols are assigned to

aromatic carbon and nitrogen atoms. Instead the identification of these

aromatic groups is performed directly by the program..Subroutine CYCORR

executes the identification procedures. Figure 5-5 illustrates the various

different types of aromatic groups in question. Once identification is

achieved, Subroutine HEXGON alters the identification weights of an the

conjugated aromatic groups in the molecule. The resultant we ights

correspond to the true identification weights assigned to the various

CR44
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Figure 5-5. Carbon and Nitrogen-Contai.ning Ring Groups Requiring Special Processing
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aromatic groups. These weight modifications are performe d on both

monocyclic and polycyclic fused ring systems as well as on nonring groups

bonded to these ring systems.

Subroutine HEXGON also determines the number of ortho corrections in

benzene and pyridine-like rings as well as the nu~ber of para corrections

in the latter. Both monocyclic and fused polycyclic ring systems are

included. In order to qualify, the orth'? and para substituted ligands can be

any atom or group other than hydrogen (See Section 4, case 14).

5.3.5 Ring Contributions
. ' '

The ring co rrections to the thermochemical properties of the molecule are

associated with the ring structure itself. In most cases the ring correction

for the heat of formation equals the strain energy of the ring. These correc­

tions are applied to 'all ring structures listed in Appendix A ..

Subroutine CYCORR assigns the appropriate correction to single ring units.

Subroutine CRINGS performs this function for spiropentan~ and the six

bicyclo compounds and Subroutine NRINGS doe s it for the fused trlcyclic

nitrogen-containing ring. In each case, the proced~re entCLils, a check of

the size, composition and bonding characteristics of the ring. In the case of

fused ring systems, the number of ri~gs, the properties of. eCich, and the

types and number of atoms in common have to be determined also.

A few of the sample calculations in Section 4 involve ring corrections.

A romatic systems appear to be exceptions. This is because in aromatic

system"s the ring correction is already included in the group thermochemical

contributions.

5. 3: 6 Symmetry Logic Structure: Part I

The logic schemes for the determination of the symmetry of the molecule and

of the individual groups thereof are the most extensive and complex of the

logic structures of the program. These symmetry operati-ons are divided into

two parts. Part I, which is discussed in this section, performs the basic

internal group by group symmetry evaluations of the molecule. In particular,

the ligands of each group are compared one versus another and the similarity
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or dissimilar ity of their structures is determined. HEfre as before, the term

ligand denotes all the atoms, one or more, which form the bond chain or

"branch" of a particular core atom. A tetrahedral carbon atom, for example,

has four ligands each composed of one, two or any number of atoms.

The principal steps in the logic framework of Part I are outlined
, ,

The figure lists o~ly the control'routines for the indicated steps.

of the auxiliary subprogn,ms are given in Figure 5-4.

in Figure 5-6.

The names

The symmetry calculations of Part I are initiated and controlled by Subrou­

tine SYMTR Y The atomic composition calculations performed by SYMTRY

and its auxiliary routines SCANCH and SCANBR serve as a screening medium.

In this manner, complex ligand pairs with dis similar atomic compositions are

from the start automatlcally eliminated from the more time consuming

structural identity tests. Groups in which the core atom of the group is also

a ring atom are likewise exempt from undergoing additional symmetry anal­

ysis in Part L

The structural similarity of two or more ligands which contain no core atoms,

such as H, CN etc., is determined at once by directly comparing the atomic

composition of the ligands. If the ligands are complex,' that is they <7ontain

core atoms, the structural similarities of each ligand pair must be deter­

mined bond by bond and branch by branch. A pair of ligands is not consid­

ered dissimilar until all possible branch pair combinations of the two ligands

have been tested. This operation is performed by Subroutine EQUAL. If

ring structures are encountered during the structural analysis of a ligand

pa!r, the equality of the ring structure s is determined by Subroutine EQUALR

and by auxiliary routines FIRSTR and 'DELETE. The program can ,actually

handle several ring formations per ligand. The limits imposed on the various

variables are those for ring formations in general,name'ly, 30 components

per ring and a total of 40 ring units per molecule.

,Once the structures of a ligand pair are found to be similar, several blocks

of symmetry identification data pertinent to the particular ligands and groups

are generated and stored by Subroutine SAME. These comprise: (a) the
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Figure 5-6. Main Logic Flow Chart for Symmetry Calculations: Part I
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greup numbers of the atoms in the ligand pai'%' ( s) which are bonded directly

to the core atom. (KCSAME(i, j)); (b) the number of elements in (a), the

number. of different ligand pairs, and the code type assigned to each similar

ligand (NOSAME(i, j)); and (c) the total number of similar ligands of each

type in the group (NTOTAL(i, j H.

5.3. 7 Symmetry Logic Structure: Part II

'The symmetry data calculated in Part I are utilized in Part II to compute

the various molecular properties. listed in Figure 5-7. Each of these

properties is discussed below.

5. 3. 7. 1 Identification of Asymmetric Atoms

The first function in the final sequence of symmetry calculations consists of

deter.mining the total number of asymmetric atoms in the molecule and

the group numbers of these atoms. The following are the criteria employed

by the program for the selection of asymmetric atoms.

A. The core. atom must be a carbon atom

B. It must be a nonring atom

C. It must have a connectivity equal to 4, i. e., tetrahedral.

D. The fo'ur ligands of the core atom must be dissimilar

These tests are conducted by Subroutine ASYMC. If all the aforementioned'

algorithms are satisfied by a particular.atom, the asymmetry counter

NASYMC is incremented by one and the group number of the atom is stored

in array IOPATM.

The data are utilized later to compute the entropy effects arising from opti­

cal isomerism. These data are also used in the computation of the longest

chain which is described next.

5. 3. 7. 2 Determination of the Longest Chain

The calculation of the longest chain is a prerequisite to the computation of

the external symmetry number. If asymmetric atoms are not present, the

longest chain is simply taken as the longest of the chains in the molecular
. ,

chain array which was identified and constructed in Section 2 of the program.
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Figure 5-7. Main Logic Flow Chart for Symmetry Calculations: Part II
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.?;'.

Whdn there is more than one chain of maximum length, the one located first

in the chain array is selected as the longest chain of the ,Inolecule.

In the event asymmetric at?ms are pre sent and there is more than one chain

of maximum length available, theprograrri/'computes the, number of asym­

metric atoms present in the first chain of maximum length identified. !fall

the asymmetric atoms are contained in this chain, no redefinition is nece s­

sary. !f only some of these atoms are contained therein~ all other chains

equal to the longest chain in size are examined for their content of asym­

metric atoms; That chain Of maximum length containing the greatest number

of asymmetric atoms is designated the longest chain in the molecule.

The ~bove tests are executed by Subroutine MAXCHN. The number of the

components and the chain number of the longest chain are stored in array

MBS, and the group numbers of the chain components in array MBC. These

data are also output by the routine.

5.3.7.3 Determination of the Symmetry Number

The computation of the symmetry number, a property that characterizes the

external rotational symmetry of the molecule, is a multi-phase logic­

controlled operation executed by Subroutine EXTROT. The principal steps

involve finding the central atom or atoms in the molecule and the number of

structurally identical ligands bonded to this atom or atoms.

For the purpose of this analysis, the central atom is defined as the atom in

the center of the longest chain. If the chain c,ontains an odd number of

atoms, the molecule has one central atom. If the number of chain constitu­

ents is even, 'there are two central atoms in the molecule whose ligands have

to be analyzed for similarity of structure.

Once the even or odd multiplicity Of the chain is' established and with it the

number of central atoms, additional classifications are made to determine

the symmetry number of the molecule. These new classifications include

the type and connectivity of the central atom(s) and the symmetry charac­

teristics of the ligands. ,The principal algorithms of the Classification

scheme are listed below. The sy'rnrnet~y number of configurations not
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listed therein is set equal to one:

rotational symmetry of the ligand.

The symbol Cp refers to the axial
- -

ZxC
p

(2)

Rules for the Assignment of the Symmetry Number

A. Odd Number of Atoms in the Longest Chain

1. Central Atom is a Carbon Atom

a. Two Ligands ­

(l) X - C= Y

(a) X and Yare both linear, IT = 1

(b) X is linear and Y is symmetrical (or vice versa),

fT = symmetry-of Y

(c) X and Y both have the same axial rotational

symmetry C ,
P

ofT = C
P

X=C=Y

(a) X = Y fT =
(b) X #"'1, same as(l)

_ b. Three -Ligands

z
II
C

/\
X Y

X = Y and Z is linear or has Cp = C Z' IT = 2

c. Four Ligands

(1) CXZYZ, IT = 1

(Z) CX
2

Y
2

, fT=Z

(3) CX 3Y, fT = 3

(4) CX
4

and X is linear or has C p = C 3 ' IT = lZ

CX
4

and X not linear or Cp # C3' fT = 6
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2. Central Atom is an Oxygen Atom

X=y d = 2

3.. Central Atom is a Nitrogen Atom

a. Two Ligands

X-N=Y (T =1

b. Three Ligands

NXYZ

X = Y = Z, (T = 3

B. Even Number of Atoms in the Longest Chain

1. Two Central Atoms are Unique: (1= 1

2. Two Central Atoms are Carbon Atoms

a. Two Ligands

X = C - C =. Y or X = C =C = Y Same as l. 2.

b. Three Ligands

(I)

(2)

(T = 1

x = Y and Z is linear or has
C

p
= C

2
, (T =2

c. Four Ligands

{l)/X
W = C - C-y

..........Z

X........... /y,
/C = C

W. .............Z

(a) W =X = Y = Z (T =4

(b) W = Z and X = Y u = 2

(c) W =X and Y = Z u = 2

(2)

X = Y = Z and Wis linear or has C
p

= C 3' (T = 3
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(3) X~ d"y
C-c v

W/ ""Z

x = Y and W = Z CT = 2
\

d. Five Ligands

CT = 1

CT = 2.

e. Six Ligands

w""" /X
Y-C-C-Y
U,.- --Z

(I) U=Y=W=X=Y=Z CT=6

(2) U=Y;"Y=ZandW=X 0-=2

(3) U = Y = Wand X. = Y = Z 0- = 1

(4) W = X, V = Y, U = Z

Two symmetry configurations are possible:

(a) DissyInmetric, nonasyInmetric form

W Y
"" . ~.,z

C-C'"

v/f' ""xu

(b) Nondissymmetric form

W Z
'" /"yC-C"

// '"VUI X

3. Two Central Atoms are Oxygen Atoms

CT = 1

X-O-O-y

X=Y

(assuming nonplanar structure)

er = 2

4. Two Central Atoms are Nitrogen Atorns

a. Two Ligands

X-N=N-Y

X=Y
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b. Three Ligands

X

"'"N-N=Z
/

y.

c. Four Ligands

X y" /N-N

/ "w Z

CT=.l

CT = I

As indicated in ?ection 2.2, the program does not determine the symmetry

number of a molecule whose central atom(s) is(are) part of a ring structure

unless the ring is a monocyclic benzene-type ring. In the latter case, the

symmetry number assignments are made according to the following rules:

Z

y

Condition

u = V, X = Y, W = Z

U = W, X = Z, C
p

= Cz for V, Y

U = W, X = Z, V = Y, C
p

= Cz for V•. Y

U = X, V = Y, W = Z

U = V = W. X = Z, Cp = C z for V, Y

U = V = W, X = Y = Z, C
p

= C z for all ligands

U = W = Y, V = X = Z

U = W ::: Y, V = X = Z, C
p

= Cz for all ligands

U = V = W = X, Y = Z

U = V = W = Y, X = Z, C
p

= C z for V

U = V = X = Y. C
p

= Cz for W, Z

U = V = X = Y, W = Z

U = V = X = Y, W = Z. C = Cz for W, Z
p .

U = V = W = X = Y C = C for all ligands
. ' p 2

U=V=W=X=Y=Z

u = V = W = X = Y= Z, C
p

= Cz for all ligands
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5. 3. 7.4 Calculation of Internal Rotation Contributions

The program computes the contributions to the entropy associated with the.

internal rotation of one or more groups of atoms in the molecule. The rotation

about the bond axis can be either of C
3

or Cz symmetry. Specifically, the

program applies this correction to tetrahedral carbon atoms of C
3

symmetry

aromatic rings (benzene and pyridine types) of Cz symmetry, and -NOZ groups.

In the case of tetrahedral atoms, the rotation can involve a simple structure

like -CH
3

or groups in which the structures of the identical ligands are highly

complex. (For example, carbon group lZ of case calculation 17, Section 4. )

Subroutine INTROT looks for core atoms which are carbon atoms with a

connectivity of four and three structurally identical ligands. Each of these

groups is assigned a threefold rotational axis and an e;ntropy, correction
- _~. - - L_._. _ __

equal to - R £n3. If the particular internal rotation ha s already been included

in the external rotational symmetry of the molecule, it is eliminated from

this calculation.

The auxiliary routine C TWO .assigns a twofold axis of rotation and an entropy

correction of -R in Z to NO
Z

groups and to aromatic rings of Cz synlmetry

providing each of these structures is bonded to a nonlinear ligand. The

linearity of the ligand is determined by Subroutine LINEAR. The twofold

rotational synlmetry of a ring is established by Subroutine EQUAL and its

auxiliary subprograms. This calculation is feasible even when there are

complex ligand subroutines present in the structure of the ring.

5.3. 7. 5 Calculation of Optical Isomer Contributions

In order for a molecule to be optically active,' it must in general be dis­

symmetric, that is, it must lack an alternating (S ) axis of sYmmetry (5).
n

From the intramolecular point of view, the most frequently encountered

albeit not necessary, condition for optical activity is the presence of an

aSynlmetric carbon atom. The criteria used by the program to identify the

presence of asymmetric carbon atoms were presented in Section 5.3. 7. 1.

Subroutine ENT.5YM computes the optical properties (number of enantiomers

and meso structures) of a molecule in which t1:le optical activity is due to the
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". pres(mce nonring asymmetric carbon atoms. The number'of active

conformations or enantiomers (a) and the number of meso structures (m) is

computed directly from equations A, B, or C (6).

A. All asymmetric carbon atoms are different:

m = 0

B. Like asymmetric carbon atoms are present and Y is even:

. {Yi2)
a= 2('Y-I) m= 2

C. Like asymmetric carbon atoms are present and Y is add:
I

:' (bl.)' ..(Y.::!)
a =:2(Y-l)_ 22 m = 2 2

where Y is the total number of asymmetric carbon atoms including the

pseudoasymmetric carbon atom (if any). The latter is defined as follows:

If two like asymmetric carbon atoms are joined to a carbon atom attached

to two different nonasymmetric groups, two active forms and two meso

forms are pos sible. The central atom in such compounds is called a

pseudoasymmetric carbon atom•. The pseudoasyrnmetric carbon atom and

meso structures are identified by Subroutine EXTROT. Only that asymmetric

carbon atoms contained in a single chain of the molecule !==an be included in

the above equations. The program takes into account all asymmetric carbon

atoms contained in-the longest chain where, if neces sary, .the latter is rede;..

fined in the manner described in Section 5.3.7.2.

Subroutine· ENTSYM also computes the enthropy contribution due to external

rotational symmetry

S = -R lu (0")

and optical isomerism

S = R In (n)

where n =a + m. The assumption is made here that all isomers are present

in equal amounts.
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PREFACE

This document comprises the final report for the program

"Automated Estimation of Gas Phase Thermokinetic Parameters

for High Ignition Temperature Solid Gun Propellants. II The work

was performed for the· Ballistic Research Laboratorie s, Aberdeen

Proving Grounds, Maryland, by McDonnell Douglas Astronautics

Company, under Contract DAAD05-72- C- 0098. This final report

covers the period 15 November 1971 to 15 January 1973.

The report is submitted in two volumes:

Volume I - A FORTRAN Program for Computing the

Thermochemical Properties of Complex

Gas Molecules by the Method of Group

Additivity

(Books 1 and 2)

Volume II - Definition of Requirements for Estimation

of Kinetic Parameters
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ABSTRACT

Group additivity thermodynamic methods are applied to the

calculation 6f Arrhenius parameter s. Studie s of several das se s

of unimolecular reactions are presented together with preliminary

methods developed for the calculation of kinetic rate constants.

The problems associated with bimolecular reactions are reviewed

and some preliminary solutions suggested. Where required to

support this work, thermodynamic functions of radical-containing

groups, single bond strengths, and pi bond strengths for various

compounds are calculated. A computer scheme to calculate the

rate constants for simple unimolecular fission is presented.
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Section 1

INTRODUCTION

Although the advantages of applying chemical kinetics to the solution of many

physico-chemical' problems are well recognized, the measurement of basic

kinetic data is tedious and time-consuming. In addition. the sample size and

sample purity required for such measurements are often prohibitive. This

makes it especially difficult to evaluate new and potentially useful chemical

compounds. A reliable method for estimating the kinetic parameters of as

yet un-studied compounds would be particularly valuable.

Systematic exploration of current data on gas phase reactions by Benson(1)

has revealed that for some reaction categories, the Arrhenius parameters

can be fitted with the aid of some simple rules into the frame work of transi­

tion state theories. These rules involve in part the extension of the methods

of group additivity to the calculation of kinetic parameters. The purpose of

the present work was to investigate more thoroughly and improve upon those

reaction categories to which these methods have been applied and to extend

the g roup additivity method s to other reaction catego rie s.

The first task of the kinetic investigation was to examine critically empirical

methods of estimating activation energies for elementary chemical reactions.

This has proved to be a fairly involved task because the problems associated

with different reaction categories are very specific for each category. Before

a systematic set of rules for the computation of kinetic parameters can be

formulated and ultimately adopted to computer programming methods, it is

necessary to understand fully the problems and techniques involved in calcu­

lating activation energies. Therefore, the majority of work on this project was

devoted to the first task of estimating activation energie s.

Several specific classes of reactions were investigated in depth. This approach

was used rather than a general survey involving less detailed analysis of a

1



large numbe.r of reaction classes in order to understand more fully the problems

a.ssociated with empirical methods of estimating activation energies.

The ultimate goal of this project is to develop uniform techniques to

calculate rate constants of elementary chemical reactions rapidly.
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Section 2

METHODS FOR ESTIMATING THE ACTIVATION ENERGY AND
FREQUENCY FACTOR OF GAS PHASE CHEMICAL REACTIONS

For a simple unimolecular reaction

A
k- B

the rate constant k can be described by the Arrhenius equation

k ~ Ae - E/RT

whereE is the activation energy, R is the gas constant, T is the reaction

temperature in OK, and A is the frequency factor. Transition state theory~

postulates the participation of an 11 activated complex1f ,or excited intermedi~te

in chemical reactions. For the simple unimolecular reaction this .is repre­

sented by

where At is the excited intermediate of the transition state. The frequency

factor A, as given by the transition state theory is

ekT t
A = II exp (6S IR)

where ..6.St is the entropy of activation, that is, the change in entropy in going

from reactant A to the transition state At. The other terms have their usual

significance. Similarly the activation energy E is equal to

where 6Ht is the enthalpy of activation, namely, the difference in enthalpy

between the transition state and reactant. These equations can easily be

generalized to more complex elementary reactions with more than one reactant

or product. In any case, the values of 6St and 6 Ht are required to calculate

the rate constant.
3



Benson( la) has examined the experimentally determined Arrhenius parameters
I

for the most common reaction categories and has derived fairly simple rules

for estimating entropies of activation through consideration of the changes in

molecular structure in going from reactants to transition state. The rules

for computing the A factors are uniquely defined for each particular transition

state model, and are based on changes in bond lengths, bond bending and

stretching frequencies, and barrier heights to internal rotation. The method

used by Benson is fairly general and can be applied with success to a wide

variety of reaction categories.

In contrast, the problems en~ounteredwith the calculation of ~Ht for different

reaction classes has proved to be spedfic, or nearly specific, for each

reaction class. In practice, only those classes of reaction were chosen for

the study of methods for calculating .6Ht, for which methods have been well

developed for calculating ~st. There are several reasons for this approach.

First, the transition state model adopted for these reaction classes has been

shown to be accurate. due to agreement of calculated and experimental A

factors. Second, for these classes, in general, a large amount of experimental

data is available for comparison of results. Finally, the methods for calcu.,.

lating .6Ht can be combined with those for .0.St to generate reaction rate

constants for those classes.

The methods applied to several classes of unimolecular and bimolecular

reactions will be discussed in this section. In addition, the work performed

to determine some bond energies and heats of formation required for this

work will also be discussed.

2. 1 CALCULATION METHOD FOR~HfoOF RADICAL, GROUPS, BOND
STRENGTHS IN SINGLE BONDS AND Pi BONDS

After the onset of this work, it was evident that group additivity thermodynamic

functions were required for radical containing groups. The need for these values

values arose several times during the course of this work. Benson and

0' Neal( 2) have given a partial tabulation, but additional data wer~required.

In addition, their tabulation does not take into account delocalization in radical

groups which possess multiple'-bonded ligands. That is, Benson and O'Neal's

formulation would give the same group value for the heat of formation of the

4



group [. C-(Cd)(H Z)] as for [. C-(C)(H Z)]' In their calculation, a second step

is required to account for the delocalization of the unpaired electron by the

double bonded carbon. The p.resent calculation incorporates the effect of

delocalization into the group values. This is compatible with group values for

non-radical groups and removes an additional step from the calculations. This

is advantageous for machine calculations.

A second requirement for these calculations was a tabulation Of bond strengths.

Benson( lb) has given a fairly compl~te tabulation,. but additional data were

required. For example, previously in group additivity calculations, the same

value of bond energy was as signed to a carbon-carbon single bond in a hydro­

carbon chain as to a C-C bond alpha to a carbon-oxygen single bond. It was

found to be neces sary to differentiate between two cases such as this in order

to acc·urately account for differences in activation energy. In addition, pi bond

energies of C= C and C=O double bonds were required. It was po s sible to

calculate all required bond strengths using group additivity thermodynamic

methods and group values of radical groups.

2. 1. I Method of Calculation of 6Hfo of Radical Groups·

The formula

_ 6H 0 [. H]
f

is used to calculate the heat of formation 6H/ of the radical group . R.

DHo Ic-Hl represents the bond strength of the carbon-hydrogen bond of the

saturated group HR which on dis sodation yield s the radical . R. 6Hf o [. H]

is the heat of formation of a hydrogen atom, namely, 52. I kca1/mole. All

heats of formation are for the standard state at 298°K.

It is necessary to use the value of DHo [C-H] which best reflects the ligand

environment of the group HR. For example, the difference in the C-H bond

strength for the CH
3

group of C
3

H 8 and CH 2=CH-CH
3

is 10.5 kcal/mole.

Therefore, the approximation will be used that the bond strengths given by

Benson for saturated hydrocarbons can be corrected for the presence of a Cd

ligand in the HR group by subtracting 10. 5 kcal/mo1e. Similarly the C -H bond

strength for the CH
3

group of propane is 98 kcal/rno1e compared to the value

for acetone of 98.3 kcal/mole. A value of 0.3 kcal/mo1e is thus added to the

5
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C -H bond strengths in saturated hydrocarbons to correct for the replacement

of a carbon ligand by a carbonyl ligand. Finally, a value for the C-H bond of

the CH
3

group of propyne of 91. 5 kcal/mole and of methanol of 95.9 kcal/rnole

gives correction factors of -6.5 kcal/rnole for C
t

ligands and -2.1 kca1/m.ole

for single bond oxygen ligands respectively.

Table 2-1 contains the 6HfO for a series of radical groups, R. Included in

the table are the values of 6H/ (HR 1 used as obtained from Benson( lc),

and the C-H bond strength used. Also included is the model compound used

for the bond strength along with the resultant correction factors. Where two

or m.ore ligand s are present which require a correction factor, the correction

factors are considered additive.

Table 2-1

HEAT OF FORMATION OF RADICAL GROUPS

.6.H 0 [. R I .6.H
f

O (HRI DBo [c-Hl Correction
f

·R kcal/m.ole kcal/rnole kcal/m.ole Model kcal/mole

'C-(C)(H 2) 35.8 -10.08 98 H-CH
2

CH
3

'C-(Cd)(H Z) 25. 5 -9. 95'~ 87. 5 H--CH
2

CHCH
2

· C -( CO)(H 2) 36.1 -10.08 98.3 H-CH 2 CH
3 +0. 3

'C-(C
2

)(H) 37. 5 -4.95 94.5 H-CH(CH 3) 2

· C-(Cd)(C)(H) 27. 1 -4.76 84.0 H -CH(CH 3) 2 -10. 5

· C -( CO) (C)(H) 37.7 - 5.0 94.8 H-CH(CH 3) Z +0.3

· C -( C ) 37.0 -1. 90 91 H-C(CH 3)3
3

'C-(C )(C ) 26.9 -1. 48 80.5 H -C( CH 3)3 -10. 5
d 2

.C-(HZ)(O) 33.7 -10.08 95.9 H-CH 2CH 3 -2. 1

'C-(H)(C)(O) 31. 8 -8.5 92.4 H -CH(CH
3

) 2 -2. 1 -.

·C -(0) 2( C) 17. 5 ":'17. 2 86.8 H-C(CH 3) 3 -4. 2

':'The value of H [C -( C ) ':'H ) I was not available from. Benson( la) . This
f d 3

value was calculated from. the 6H/ = 4.9 kcal/rnole forCH 2 CHCH 3 ·
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2. 1. 2 Method of Calculation of Single Bond Strengths

Various C-C, C-O, C-H, and O-H bond strengths were required to compute

the energies of activation. The general values of these bond strengths were

not accurate enough since they do not take into account the effect of ne arest

neighbor environments in the compounds where these groups occur. Some of

these bond values were already available but most values had to be calculated

using group additivity methods. For example, for a C-C bond of the type

C -CH-GH 2 - 0 (where the longer bond indicates the one to be broken) no value

for the bond strength could be obtained. The model compound CH 3CH ZCH ZOH

was chosen and the bond energy calculated from the reaction

Group additivity thermodynamic calculations are applicable to this problem,

and the .6Ht of the radical groups previously derived can be used for this

purpose. Two examples are given in Table 2-2.

Table 2-2

SINGLE BOND STRENGTHS

C-o--

Bond Type

C-o

C-c

Bond Environment

CHZ-O

C-CH Z -- CHZ-O

Model Compound

CH
3
0CH 20H

CH
3

CH 2CH 20H

Bond Strength
kcal/mole

88.0

83.0

2. 1. 3 Method for Calculation of Pi Bond Strengths

Values of the pi bond strength for various C=O and C=C bonds are required.

For symmetric compounds such as ethylene, the pi bond strength is defined

a s the difference of the C -H bond strength in the cleavage of ethane.

i. e. E 1r [CHZCH Zl

E 1r(CH
Z

CH Z]

= DH [CH 3CH Z-Hl D [CH ZCH Z-H 1

= 98 - 38. 5 = 57.7 kcal/mole

Experimental values are available for this example, but group additivity

thermodynamic methods along with radical group values have been USed to

7



calculate the pi bond energy of those compounds which lack such experimental

data

e. ~. ,

Experimental values are available for the first bond energy but the second bond

energy is calculated by group additivity.

The same principle is applied to asymmetric compounds. The pi bond energy

for propene is defined by the scheme:

CH
3

CH
2

CH
3

where

DH 2

E 1T[CH 3CHCH 2]
, ,

= DH I - DH 2 = DH I - DH 2

In Table 2-3 are the pi bond energies along with the bond environment and

model compound used in the calculations.

8



Table 2-3

PI BOND STRENGTHS

Bond Strength
Bond Type Bond Environment Model Compound kcal/mole"

/0 /0
C-C/'C - 0 CH3C 82.6

" "OH0
~

0

C
./

= 0 H-C CH 20 75. a

'"H

/0 0
/

C = 0 C-C CH 3C 74. 5

"H '"H

C = C CH 2 = CH - a CH 2CHOH .52.8

C = C CH Z = CH Z CH 2CH 2 59.5

C = C C-CH = CH-C CH 3CHCHCHCH 3 57.7

C ~ C C-CH = CH 2 CH
3

CHCH2 58.4

2. 2 UNIMOLECULAR REACTIONS

The majority of work on individual reaction classes has centered on unimolec­

ular reactions. The emphasis on unimolecular reactions was for two reasons.

First, these reactions constitute the simplest reaction category, and if a

trial method to calculate activation energie s fails here, it is not likely to work

for more complex classes of reactions. Second,. many bimolecular reactions

can be treated as the reverse of unimolecular reactions. Kinetic information

calculated for the latter case can then be used, by means of detailed balance,

to compute comparable data for the more complex bimolecular reactions.

9
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2. 2. 1 Simple Fission Reactions

Simple fission of a molecule into an atom a.nd molecule or two molecules is

the simplest case of unimolecular reactions. The procedure for calculating

the A factor for these types of reactions is well documented and straight for­

ward. In addition. with the assumption that the back reaction for the associa­

tion of two radicals or a radical and atom has zero activation energy, the

activation energy for simple fis sion reactions is

where .6.H~ is the endothermiCity of the reaction defined as

.6H~ = .6Hf [products] - .6Hf' [reactantl

these .6.H~ are easily calculated by group additivity thermodynamic methods

using the radical group values given above. Two examples are:

1. C 2H 6-z [. CH 31

Observed E~ = 91. 7 kcal/mole at T = 800 0 K

Calculated from group additivity:

A 0 /Ea = .6HR + RT = 92.2 kcal mole

2. C
2

H
3

ON0
2
-C

2
H

S
O + N0

2

Observed.E~ = 41. 2 kcal/mole at T = 4200 K '

Calculated from group additivity

o ' 0 0
.6HR = .6Hf • Z98 0 K [C ZH SO'l + Hf • 4Z0 o K [NOZl

- .6H~ 4Z0oK [C 2H SON0 21. = 41. 6 kcal/mole
•

E~ = .6.H~ + R T = 42. 4 kcal/ mole

The agreement in both caseS is good. and even with this method only applied to

a few examples, it seems fairly certain that the method.is applicable to a wide

variety of simple fission cases.

10



Some possible problems can be anticipated. In many cases there is a lack

of group heat capaCity values available to allow extrapolation of AH? at 29So K

to' the appropriate reaction temperature. In the examples given above, this

extrapolation has been made for the cases where heat capacity exists, but an

important deficiency in the group value tables is this lack of heat capacity data.

This may limit the effectiveness of higher temperature calculations.

One advantage of this present method is that the use of the radical group

values given above already accounts for resonance stabilization of the unshared

electron in the free radical molecule. This is an improvement over earlier

methods which had to account for resonance stabilization by a general cor:­

rection factor in a separate calculation step. But some problems may be

encountered when conjugated chains or rings are available to stabilize the free

radic'aL

In any case, since the calculation for the A factors for these types of reactions

is well established, the inclusion of this method to calculate the activation

energy should provide a successful method to calculate rate constants for

simple fission reactions without any great difficulty.

2. 2. 2 Three Membered Ring Reactions

This das s of reactions represents a fairly involved reaction system. 0' Neal

and Benson(2) have postulated a biradical mechanism for these reactions, and

they have developed a system to calculate ASt for individual reactions. In

addition, they have done extensive work on a method to estimate activation

energies for this class of reactions. This class of reactions was studied in

this project so as to better understand the application of group additivity

methods to the calculation of Arrhenius parameters for more complex classes

of reaction and also to See what improvements could be offered on the present

method.

11
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The simplest reaction of this class is th1e pyrolysis of cyclopropane to give

propylene

-,.---" CH 2 ::: CH - CH 3
'....

Using a biradical mechanism. the reaction can be divided into several distinct

steps.

1. Ring Opening. For ring openings to the corresponding biradical.

6H1 can be estimated directly using group additivity thermodynamic

methods. Again. the group values of the radical groups are required

for this step.

2. Temperature Correction. The 6Hf given in the tables (lc) is for

29S o K. Heat capacity data has to be used to correct this to the

reaction temperature. There is an important lack of heat capacity

data for radical groups. and this may prove to limit the effectiveness

of some calculations.

3. Transition States. Modificatiori of. the bi-radical structure to the

structure of the transition state must be made and the corresponding

6H~ deduced for this step. This is the impo rtant step since the value

for ~H~ for this step can only be obtained by empirical methods. In

addition. for a given cyclopropane ring reaction several transition

states are possible. and all of these have to be accounted for in this
I '

step. As an example the cyclop,ropane decomposition is considered

in detail.

Step 1. Ring opening via a biradical mechanism

CH 2

CH / "'CH
2.2

12



= 54. a kcal/mole

where b.H~ '{b.] is the three member ring strain energy as given by

Benson( 2) ~

Step 2. For a reaction temperature of 7700 K a correction of 0.8 kcal/

mole must be added to b.H!, 2980K

Step 3. Transition State. The decomposition of cyclopropane yields

propylene. The transition state involves a hydrogen atom migration:

CH

1\
The measured activation energy is 65. 6 kcal/mole at 770oK. As

calculated

Ea = .:6.Ht + 6Ht + .:6.Ht
3 + RT = 65. 6 kcal/mole

• 1 2

All the factors in this equation are known except .:6.H~, that is the

correction factor for hydrogen atom migration in the transition state.

Its value can be deduced to be

t6HH . = 9. 3 kcal/mole. mlg

The numerical values differ somewhat from those of 0' Neal and

Benson( 2), due mainly to different values for the radical groups.

This deduced value for the energy as sociated with hydrogen atom

migration in a 1, 3 biradicalwill be used for other 3-membered ring

calculations. The assumption is made that this value can be used at

all temperatures.

13



A second possibility is available in step 3 above, that is closure of

the three membered ring. The reaction of the cis-trans isomeriza­

tion of 1. 2-dideutero-cyclopropane has been studied and an experi-. .

mental activation energy obtained of 64.2 kcal/mole at 7 20oK.

Therefore

~Ht = 8.0 kcal/mole
. C 3

Again. the assumption is made to use this value at all temperatures.

The biradical mechanism is demonstrated for the caSe of cis -1, 2 ­

dimethylcyclopropane.

The reactions are:

CH CH

\/
CH 2

( 2)

( 1)

CH CH

\/
CH ZCH

3

CH
3

CHCHCH
l

CH
3

cis-trans
isomerization

( 4)

14
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An important point in three membered ring reactions is that several

sites are available for the biradical, for example,

CH
3

CH CH
3

· CH 3·

~I I 3 I I
CH-CH 'CH 'CH

\/ \/
.CH 2

CH 2

..
CH CH

3
CH

3
CH

3I 3 r I I
CH--CH ·CH --CH

\/ /
CH

2
.CH

2

The calculated and observed activation energies for the above reactions are

shown in Table 2-4.

Table 2-4.

CALCULATED AND OBSERVED ACTIVATION ENERGIES

Reaction Temperature E (Calculated) E (Observed)
a

. 'i<cal/moleProduct oK kcal/mole

I 689 61. 4 59.4

2 689 62.7 61. 3*

3 689 64. I 61. 9

4 689 64. 1 62.3

':'Average of 61. 2 and 61. 4 for cis and trans form form of pent-2 -ene.

The agreement is good for the activation energies. This methods appears to
( 2)

be generally applicable to these small ring compounds. 0' Neal and Benson

have also investigated cyclobutane reactions and these methods also are

applicable in that case. Nevertheless. several problems are evident. First.

if a multiple bond is available alpha to an unshared pair of electrons. delocal­

ization will occur. Presumably. since the group values for radical groups

15



already account for this delocalization; this can be handled in a straightforward

manner. The problem of conjugated chains or rings being available for further

stabilization of the free radical ha s not been studied. More important though,

double bonds can allow for migration of the unshared pair. This can lead to

new mechanisms with different transition states. For example, the major

product of vinyl cyclopropane decomposition is cyclopentene.

CH===CH
ZI

'CH ·CH

\CH / z
z

CH CH Z-II I
CH CHZ

\CH /
z

<:r ,?H Z

'CH\ j.CHZ

CH Z

This five membered ring closure mechanism can also be treated in a manner

similar to the three membered ring closure. This results in

L:l.Ht = 8.3 kcal/moleC s

Applying this value of L:l.Hb to the reaction
S

CH
3

I
CH

/ \
CH

Z
CH

Z
'

I I
CH CH

16



yields an activation energy of 47.8 kcal/mole-. The observed E a is 48. 6 kcal/

mole. Again the agreement is good, but this simple example does give some

indication of the problems as sodated with complex side chains. They gre atly

increase the total number of possible products and provide new transition states.

Extensive experimental data will be required to provide model systems for

many possible transition states.

2. 2~ 3 Six Centered Elimination Reactions

A large fraction of unimolecular gas phase reactions appea r to take place by

way of four centered and six centered cyclic activated complexes. The vast

majority of the four centered reactions are the elinlination of hydrogen halides

from the alkyl halides to produce olefins. Losses of water, ammonia and H 2 S

from tertiary alcohols, amines, and mercaptans have been observed in only a

few cases. Since this program is not concerned with halogen containing

compounds we will not investigate four centered reactions at this time. Instead

we will investigate six centered reactions which involve esters, alcohols and

ketones. These reactions are more applicable to the interests of this program,

and it is believed that the techniques developed for six centered reactions will

be equally applicable to four centered re actions.

Methods have been developed for calculating .6S t for different classes of six

ceptered elimination reactions but little work has been done on estimating 6Ht

for these types of reactions( 3).

The information and experience gained in the study of the two previous cate­

gories of unimolecular reactions were applied to several six-centered elimina­

tion reactions.

Below are given model reactions for the various categories of six centered

reactions which were studied. In all cases, the transition state involves a..
six membered ring containing bonds of fractional order. This results in an

overall polarization of the m9lecule between the two reacting end s.

17
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CH7
2

1. Esters

Ethyl acetate

z. ~ - Unsaturated Alcohols

6- 6t

~CH2 ~CH2 • H

HC /OH --HC

~CH CH ~CH
2- 2 2

But-3-ene-l-ol

3. Allylic Rearrangement

6- 6 +

1, 1, 6" 6 - Tetradeutero -1, 5 - hexadiene

4. Allylic Ethers

CZH4

CH Z - +
CH ~ CH 3CHO• Z

Ethyl vinyl ether

18



5.

Methylene. diacetate

6. H - atom transfer

I, 3 - hexadiene (cis)

CH· 6-/2
HC H6+

\. . . CH

HC. . / '"
"'CH CH

3

/CH 3

_HC

n CH

HC ./ "'-
"'CH' CH

3

The assumption was made that all bonds formed or broken in the transition state

of the model compound are of order one-half. The energy involved is equated to

one-half the appropriate bond strength. The various bond strengths required

were calculated by group additivity thermodynamic methods as outlined above.

The six-membered ring of pa:ttial bonds produces a polarization of the reacting

ends of the six membered chain. The polarization energy is the difference
.-

involved in the energy required to produce the partial bonds and the observed

activation energy.

The various model compounds listed above were chosen as the simplest

examples for which experimental data were available. The experimentally

observed activation energies are listed in Table 2-5 along with the correction

for end interaction .6Ht deduced by this method.
. p
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Table 2-5

ACTIVATION ENERGIES AND END INTERACTION CORRECTION

Rea.ction Category

Esters

Q' - unsaturated
alcohols

E b.Ht
a p

Model Compound kcal/mole TOK kcal/mole

Ethyl Acetate 48. 0 725-876 13. 8

But-3-ene-l-01 41. 0 643-685 13.2

Allylic
Rearrangement

Allylic Ethers

Diesters

H-atom transfers

1,1,6,6 - tetra­
deutero - 1, 5 ­
hexadi.ene

ethyl vinyl
ethers

methylene
diacetate

1, 3 - hexadiene
(cis)

35. 5

44.4

36. 4

32. 5

530

640-721

493-578

474-518

4.4

3. 5

17.2

14. 1

E was calculated from the summation of one-half the bond energies of those
a

bonds being broken in the transition state, and the subtraction of (1) one-half

the bond energies of those bonds being formed, and (2) .6.Ht, to account for
p

the stabilization of the transition state due to the end polarization.

One important cons ide ration for these reactions is the effect of substituent

groups attached to the six membered ring. These groups do not enter directly

into the transition state, but have the effect of adding or withdrawing electron

density from the ring, thereby increasing or decreasing the magnitude of the

end interaction. The class of ester reactions was chosen to investigate sub­

stituent effects since they encompass a large amount of experimental data.

The model compound for ester reactions is the decomposition of ethyl acetate

into ecetic acid and ethylene .. In studying compounds with hydrocarbon sub­

stitution at the a or 13 position of the transition state ring, account must be

taken of the changing bond environment as well as the change in electron

density of the ring.

20
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The two cases of methyl substitution at the (3 position of the ester along with

the nonsubstituted model compound, ethyl acetate are illustrated below.

/0
CH

3
COOH

(I) CH3 C +

" CHZCHZ
OCH

Z
CH

3

/'0
CH

3
COCH

(II) CH
3

C +

"" CH
Z

CHCH
3

OCH(CH
3

)Z

/'0 CH
3

COOH

(III) CH
3

C +

"'" CHZC(CH)20-C(CH
3

)3

The calculated and observed activation energies are given in Table 2- 6 along

with the correction per methyl group.

Table 2-6

ACTIVATION ENERGIES AND.CORRECTIONS
FOR (3 METHYL SUBSTITUENTS

Reaction Observed Calculated Number
Number ~E-kcal ~E-kcal CH3 groups

I 48.0 48. 0 0
.~

II 45.0 48. 8 1

III 40.0 49.4 2

Correction per
CH3 group-kcal

-3.8

-4.7

Therefore an average correction of -4. 3 kcal per CH
3

group will be applied.

In a similar manner, the following are examples of ethyl substituents at the

(3 position; and the corresponding calculated corrections per ethyl group. The

21



activation energies and the calculated corrections per :ethyl group are

presented. in Table 2-7.

CH
3

COOH

+

CH
3

COOH

+

I

I

I

Table 2-7

ACTIVATION ENERGIES AND CORRECTIONS
FOR (3 ETHYL SUBSTITUENTS

Reaction Observed. C ale ulated. Number of
Number ~E-kcal ~E-kcal Ethyl Groups

I 48.0 48.0 0

IV 45.2 48. 8 1

V 38. 0 49.4 2

The average correction is -4.7 kcal per ethyl group.

Correction pe r
Ethyl group-kcal

- 3. 6

- 5.7

I

Methyl substituents at the a position are shown in (VI) and (VII):

CH
3

COOH

+

22



(VII)

The data for these substituents are shown in Table 2-8.

Table 2-8

ACTIVATION ENERGIES AND CORRECTIONS
FOR a. METHYL SUBSTITUENTS

Reaction Observed Calculated Number of
Number DoE-kcal D.E-kcal Methyl Groups

'I 48.0 4"8. 0 0

VI 47.7 46.8 1

VII 47. 3 46.1 2

Correction per
Methyl g roup- kcal

to.9

to.6

The average correction is therefore to. 7 kcal per CH3 group.

Examples of ethyl substitution at the a position are:

( VIII)

(IX)

CH3COOH

+
CH

Z
CHCHZCH3

CH3COOH

- t
CHZC(CHZCH312

Data for the ethyl substituents at the a position are shown in Table 2- 9.
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Table 2-9

ACTIVATION ENERGIES AND CORRECTIONS
FOR a ETHYL SUBSTITUENTS ;

Reaction Observed C.alculated. Number of Correction per
Number ~E-kcal ~E-kcal Ethyl groups Ethyl group-kcal

I 48.0 48.0 0

VIII 46.0 46.8 1 -0.8

IX 45.8 46. 1 2 -0.2

This results in an average correction of -0. 5 kcal per ethyl group at the
a position.

This method for hydrocarbon substituents can be applied to other classifica­

tions 01 groups as welL The limiting factor is the lack of sufficient experi­

mental data for model compounds.

Table 2-10 lists a variety of ester reactions to which our six-centered

reaction method was applied to calculate the activation energy. The observed

values of ~E are from a tabulation of experimental values by Benson(3). The

values in parentheses are activation energies calculated from observed rate

constants and Benson's tabulation of A factors. In most cases where a wide

discrepancy exists between experimental values and Benson's flcalculated"

activation energies, Benson's values are probably more accurate. The

values of ~E calculated by the present method are in good agreement with

the obse rved values.

Table 2-10

ACTIVATION ENERGY FOR SIX CENTERED REACTIONS

1. C 2H
S
COOC 2 ­

C 2H
4

+ C 2H
S

COOH

2. Isopropyl acetate ­

C
3

H
6

+ CH
3

COOH

24

~E-kcal

Observed

48. 5

45'.0

46. 3

~E-kcal

Calculated

48.0

44. 5



Table 2-10

ACTIVATION ENERGY FOR SIX CENTERED REACTIONS (Continued)

~E-kcal ~E-kcal

Observed Calculated

3. t - Butyl acetate - 40. 5 40.8
(CH3 )ZC .= CHZ + CH3COOH 40.0

4. sec - Butyl acetate - 46.6
~. cis-trans-2butene + CH3COOH (45.2) 43.8

I-butene + CH3COOH (45.2) 44. 1

5. t-Butyl propionate - 39. 16 40. 8
isobutene + C

2
H

5
COOH

6. N-Propyl acetate - 47.7 47.5
.C

3
H

6
+ CH

3
COOH 48.3

7. N-Butyl acetate - 46.0 46.3
I-butene + CH3COOH

8. N-Pentyl acetate - 46.4 46. 3
l-pentene + CH

3
COOH

9. 3-Methylbutyl acetate - 47.9 46.3
CH3COOH + CHZ = CHCH(CH

3
)2

10. 2-Methy1propy1 acetate - 48. 8 47.5
isobutene + CH3COOH

11. 2-Methylbuty1 acetate - 45. 7 46.3
CH 3COOH + CH2 + C(CH3)CzH

5

lZ. Z-Ethylbutyl acetate - 49.7
CH3COOH + CHZ = C(CzHS)Z (45. 8) 45. 1

13. 2-Penty1 acetate - 43.7
CH 3COOH + 2-pentenes (cis, trans) (43.8) 42. 6

" CH3COOH + I-pentene (43.8) 44. 1

14. 3-Pentyl acetate - 44. 7 43.4

."
CH3COOH + 2-pentenes (cis, trans)

15. 2-Hepty1 acetate - 45.3
CH

3
COOH + Z-heptenes(cis, trans) (43. 6) 42.6

CH
3

COOH ..j.. l~heptenes (43. 6) 44. 1

25
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Table 2.-10

ACTIVATION ENERGY FOR SIX CENTERED REACTIONS (Continued)

6E-kcal 6E-kcal
Observed Calculated

16. 3-Heptyl acetate - 46.9
CH

3
COOH + 2.-heptenes (cis, trans) (42.. 8) 43.4

CH
3
COOH +. 3-heptenes (cis, trans) (42. 8) 42.2

17. 4-Heptyl acetate - .44.9 42..2
CH3COOH + 3-:-heptenes (cis,trans) 42.7

18. 3-Methyl - 2-pentyl acetate - 43.2 44. 1
3-Methylpent ,- l-ene + CH

3
COOH (43. 5)

3-Methylpent - 2- enes (cis, trans)

. + CH
3

COOH (43.5) 43. 3

19. 2,4 - Dimethyl - 3-pentyl acetate - 44. 7 44. 1
(CH3)2 C = CH(i = C 3H 7 ) (43.0)

20. 2,3 - Dimethyl - 2-butyl acetate - 41. 3 41. 7
CH3COOH + tetra methylethylene (37.9)

CH 3COOH + CH2 = C(CH
3

)CH(CH
3

)2 (37.9) 40.4

21. 3-Methyl - 3-pentyl acetate - 42.4
CH

3
COOH + 3-methylpent - 2-ene (cis,trans) (38.0) 39.7

CH 3COOH + 2-ethylbut - l-ene (38.0) 40.0

22. 2-Methyl - 2-pentyl acetate - 40. 6
CH3COOH + 2-methylpent - l-ene (38.3) 40.4

CH3COOH + I-methylpent - 2 -ene (38. 3) 38.9

The above results demonstrate the systematic method as applied to substit­

uent effects for ester reactions. A similar method can be used to gain

correction factors for oxygen, nitrogen, and halogen containing 8ubstituents.

Similarly, it is expected that this method can be applied to the other classes

of six centered reactions.

2. 3 BIOMOLECULAR REACTIONS

In general, biomolecular reactions can be separated into three das ses­

metathesis or atom transfer, as sodation reactions, and displacement
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reactions. Some of the inherent problem s and tentative solution methods for

each of these reaction categories are described below.

2. 3. 1 Metathesis Reactions

An example of hydrogen atom transfer is:

The transition state for this type of reaction involves some structure such

as:

H' H' .•

H
I
C-CH

~. 3

The method of partial bond orde rs used in the six cente red elimination

reactions may be applied h'ere to calculate activation energies. Problems

are sure to be encountered in these atom transfer systems due to unequal

sharing of the atom in question in the transition state. But a large set of

data exist for many classes of metathesis reactions so empirical correction

factors may be deduced.

A first step in calculating an entropy ofaetivation for atom transfer reactions

may be to assume a constant A factor for anyone class of atom transfer. The

A factors appear to be fairly constant within anyone class.

Since most atom transfer reactions involve only two bonds being simultane­

ously made or broken, this category of reactions may prove to be success­

fully handled by group additivity method.s. Most certainly some empirical

correction factors will be needed nevertheless.·

2. 3. 2 Association Reactions

Such association reactions as radical- radical recombination may be best

handled by calculating the back rate for unimolecular decomposition and

using the principle of detailed balance to calculate the desired rate. But
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more complicated proces ses of as sodation will requi:i-e careful considera­

tion of the vibrationally excited. intermediate produceq.. For the general

type of reaction:

A + B ~ AB* • AB

the intermediate AB~< is usually vibrationally excited and unless this energy

can be transferred to other degrees of freedom, the intermediate will

decompose back to reactants. The rate of deactivation of this type of excited

intermediate will be an important step in solving reaction rate calculations

for these bimolecular reactions. A potential approachfor estimating the rate

of decomposition of larger intermediates is in the Rice-Ramsperger-Kassel

model which treats the decomposition rate of an activated molecule in terms

of transition probability and the density of vibrational quantum states. These,

in turn, are a function of certain estimated or assigned variables such as the

critical energy or minimum quanta of vibrational energy required for

decomposition. The low-pressure limit for deactivation can also be

calculated.

For small (di- or triatomic) intermediates, it may be possible and indeed

desirable to utilize the more accurate Rice-Ramsperger-Kassel-Marcus

model.

2. 3. 3 Displacement Reactions

This type of reaction appears frequently in the chemist,ry of unsaturated

compounds. For example:

It may be possible to calculate activation energies for these reactions by

assuming a stable structure for the transition state and using group addi-
'-"

tivity methods to calculate the ~H of this species. Free radical group

additivity data, such as that estimated during the, course of this study, would

be utilized to compute the heat of formation. In order to account for differ­

ences in bond strengths, chemical environments, etc.,: correction factors
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will most probably have to be determined for various -classes of compounds,

as in our treatment of unimolecular reactions. These calculations may be

hindered by the fact that little quantitative data seem to be available for this

type of reaction.
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Section 3

SCHEME FOR COMPUTER CALCULATION OF THE
MOST PROBABLE REACTION RATE

For any elementary reaction to which there are several possible reaction

paths, and therefore, several pos sibie products, the most straightforward

way to compute the most probable path would be to calculate the rate con­

stant for all paths, and eliminate any paths which have a rate of less than

10 pe rcent of the fastest path. This appears to be a reasonable criterion by

which to predict the major products of a reaction. To save computer cal­

culation time a preliminary screening method may be possible. Since many

reactions of a glven molecule along similar paths should have similar .6.st,

it may be possible to calculate .6.Ht and eliminate all but the most important

paths having the smallest activation. energies. Then the .6.S t could be cal­

culated for only these most important paths.
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Section 4

METHODS OF HANDLING COMPLEX REACTION SYSTEMS

Complex reaction systems involve multiple, paralle'l, or successive elemen­

tary reaction steps. For this study, complex reaction systems are divided

into two general categories: Additive Reaction Systems and Successive

Reaction Systems.

4. 1 SUCCESSIVE REACTION SYSTEMS

Thes.e systems are defined as reaction systems which require one or more

successive elementary steps to go from reactant to product. This is repre­

sented by:

A- A -'A - A _ AI
. 1· Z n ( l)

This reaction group can be ve ry complicated .due to the fact that at each

elementary step different products may be possible. This will produce

branching reaction systems leading to different products. Parallel processes

are also possible. In addition, the different products at each individual step

may influence other steps ..

Fortunately there are some basic considerations which make it possible to

sort out those pathways which are important. In any chain reaction of the

sort d~scribed in (1) it is necessary that the intermediate or chain propaga­

tion steps be very fast. This is necessary if the chain reaction is to compete

favorably with the concerted mechanism. For example in the decomposition

_ of HZ and Br
Z

' the following concerted mechanism is possible:

H- Br H-Br
I I
I I
I I
I I
I I +I I
I I
I I
I I

H- Br H-Br (2)
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The chain reaction would he

HZ + Br HEr + H ( 3)

H + Br HEr + Br (4 )
2

In order that several successive steps can compete with a concerted mecha­

nism, the chain propagation steps must have low activation energies. In

addition, the intermediates (AI' A Z' -- An' in reaction. (1) ) must be highly

reactive intermediates,· i. e., atoms and free radicals. This now limits

somewhat the possible pathways.

4. 1. I . Criterion for Favorable Chain Propagation Steps

Following the recommendations of Benson (ld), we will limit the possible

chain propagation steps to three "types of elementary reactions: addition,

atom abstration, and unimolecular fission. In addition, Benson has proposed

a criterion for the activation energies of chain propagation reactions. For

bimolecular steps6.E/Q ~ 5. 5 and unimolecular steps 6.E/Q ~ 14 where e =
2.303 RT kcal/mole. This is an estimation of the activation energy required

so that the chain propagation steps will be rapid enough to compete with a

concerted mechanism.

4.1. Z Method for Determining Chain Propagators·

In order for a chain reaction to proceed, some catalytic agent must be pro­

duced and then used to propagate the chain, the overall concentration of the

propagator not increasing with time. Benson has proposed a general method

to find the chain propagator. We have tested this for the decomposition of

ethyl chloride and found that it successfully predicts the correct reaction

mechanism.

The procedure is the following: Some radical R is chosen. It can only

abstract an atom:
'.

• CH
Z

CH
2

Cl + RH

. CH
3
CHCl + RH,
.

CH3CHZ + ReI

32

( 5)



;,.

There are three pos sible propagation steps. The exothe rmicity of the

reactions is given in kcal/mole .

• CH
l

CH
l

C1 - CHZCHZ + C1· 21. 3 ( 6)

CH
3

CHCl ~ CHlCHCl + H· 43. 1 (7)

CH
3

CH
l

~ CHlCHl + H· 39.0 (8 )

Clearly, considering that activation energy E ~ 6H, reactions (7) and (8)
a

are too slow to be considered only reaction (6) will be the propagation step.

Reaction (6) produces the radical C I, so in order for this to be a chain

process, the unspecified chain carrier R in reaction (5) must be C 1. The

possible reactions with their 6H are given below.

Cl· + CZH
S

C1 - . CHZCHZCl + HCl -5.0 (9)

Cl· + CZHSCi CH
3

CHCl + HCl -8.4 (10 )

Cl· + CZHSCl - CH
3

CHZ + CI Z +Zl.3 ( 11)

Again only reactions (9) and (10) can compete, and as shown above only the

decomposition of . CHZCHZCI can compete. The final reaction system is

given.

(1Z)

( 13)

Therefore, the only products of CH3CHZCI decomposition are CHiCHz and

HCl, and we have deduced the important elementary steps needed to calcu-
,;-

late the overall rate. Unfortunately it has been found difficult to apply this

method to more complex systems. A fair amount of chemical knowledge

seems necessary to make a preliminary choice of important reactions;

otherwise the number of pos sible reactions becom es difficult to handle.

It is necessary to include the chemistry of initiation and termination

reactions to develop a realistic list of possible reactions.
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4. 1. 3 Initiation Reactions

For homogeneous systems, monoradicals must appear and disappear two at

a time. It will be necessary to test all possible sources of radicals in a given

system, the most rapid formation being the one observed. It is pos sible to

develop an appropriate criterion to test some of the possibilities.

Shown in Table 4-1 are a factors and activation energies for a variety of

unimo1ecu1ar reactions involving the fission of a molecule into two radicals.

While there is considerable range for the activation en~rgies> .1ogA = 16
±l sec- l for many systems. In contrast, bimolecular reactions of two

molecules to two radicals (the reverse of radical disproportionation) have

10gA = 9 ± 1 liter/mole.sec.

Table 4-1

FISSION OF MOLECULES INTO TWO RADICALS

."

34

Reaction Log A E(kcal/mole) T(oK)

C ZH6 --..:. ZCH
3

16.0 86.0 8S0

C 4 H lO - ZC
Z

H
5

17.4 8Z 400

CH
3
00CH

3
--, 2CH

3
O lS.4 36. 1 410

C ZH 50NO - C 2H SO + NO l4.Z 37.7 430

C ZH 50NO Z - C
Z

H
5

0 + NO Z 16. 9 41. 2 4Z0

CH3N = NCH
3
~ CH3 + NNCH3

17.Z S5.5 600

C 6H 5 - CHZCZHS -. C
6

H
S

- CH
Z + CZH S

14.9 68.6 9SO

C(NO Z)4 - C(NO Z)3 + NO Z
17. 5 40.9 470 ":;.

Considering these values of pre-exponential factors Benson( Ie) has shown

that for the rates of unimolecular and bimolecular fission to be equal, E
l

­

E Z = (9.4 ± Z) Q, where Q = Z. 303 RT kcal/mo1e, and E 1 is the activation

energy for the unitnolecular step and E
Z

is the activatioJ;1 ene rgy of the

bimolecular process. At ZOOOoK E l - £2 = 88 ± 18 kcaL This is so high that

bimolecular initiations will almost n~ver happen. At 10000K E l - E Z = 44 ±

9 kcal. It will be neces sary to test possible bimolecular and unimolecular

processes with this criterion.



In most case, the bimolecular initiation proces s will never occur, except

with few exceptions. One example given by Bensoh (Ie) is the pyrolysis of

ol.efins.

-

In this case near 10000K the bimolecular process must be included in the

kinetics.

4. 1. 4 Termination Reactions

The rates for several representative radical recombination reactions are

gi ven in Table 4-2.

Table 4-2

RADICAL-RADICAL ASSOCIATION REACTIONS

Log k
T(oK)Reaction (Liter/mole sec)

2CH - C
2

H
6

10.5 400
3

2C 2H S - C
4

H IO 10.4 400

CH
3 + C 2 H S - C 3H

8
10. 7 400

CH3 + n - C
3

H7 - n - C 4H IO 10.7 400

2 i - C 3H7 C 6H 14 10. 8 400

2 t - C 4H
9

C 8H 18 9. 5 373

~ 2 t C4H 9 0 - C 8H
l9

0 2 8. 8 420

CH3 + NO --iot CH3NO 8. 8 300

Most of these reactions fall in the range of Log k = 9.8 ± o. S liters /mole sec.

Disproportionation reactions for large radicals also have the same rate range.

To a first approximation all radical- radical recombinations or disproportion­

ations will be considered to have nearly the same rate. As the radical chain

carriers build up in concentration, the te rmination reactions will be governed

by this rate.
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The only exception to this case is the recombination of two small radicals

(CH
3

, NO, Cl). In certain pres sure. regions these reactions will be third

order. These molecules will have to be treated as special cases. Possibly

the number of small radical reactions involved in most r,eactions can be

minimized, and specific experimental data used for these reactions.

4~ 2 ADDITIVE REACTION SYSTEMS

These system s are defined by a molecule or molecules in which two or more

distinct elementary steps are possible with the initial reactants. This can be

repre sented by the following: If reactive center A can undergo an elementary

step to produce A', and similarly B to B ' , then an additive reaction system

would contain both A and B, that is:

A- B- A'- B'

This represents the additive reaction class m its simplest form. If both

reactive center A and B are present in a molecule, then the product of the

reaction is just the sum of the reactions of the two reactive centers. An

additional mechanism may be possible. We will term this the interference

mechanism. That is to say with both A and B present in the same molecule,

the pos sible elementary steps which lead to products will be something

different than A to A' and B toBr. In other words, the simultaneous occur­

rence of both A and B may interfere with the r'usual" elementary reactions.

For instance B to B I may be blocked by the presence of A.

A-B A'-B

Or another possibility is that A and B together may produce some different

elem entary step.

A-B At-c

It is clear that in such cases as two carbon-carbon. double bonds widely

separated in a hydrocarbon chain so that there is no conjugation, the

appropriate chemical entities will undergo their usual reaction, unhindered

by the presence of each other. This would be a simple additive case. As long

as we are able to calculate the individual elementary steps, the simple addi­

tive case will just be the sum of the possible elementary :steps. But it will
I
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be necessary to investigate more thoroughly the possible "interference"

mechanism possible for different combinations of A and B.

For example the mole cule

would be expected to undergo reactions specific to both 3-membered rings

and to esters. The presence of the ring will not influence to any great extent

the six centered elimination pathway of the ester; nor will the ester group

interfere with the biradical ,mechanism of the small ring. The final prod­

uct distribution depends only on the relative rates of the two independent

pathways and the reaction conditions. This is a simple example of the addi­

tive reaction clas s.

A more complex situation arises when "interference" between two distinct

reaction centers can occur. An example of this type are the reactions of

bicylopropyl. The usual biradical mechanism is present for each ring

separately and 4 mono- and 9 di-ene products are found. Some examples

are given below.

[>-<:
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All these products arise due to lIa ddition II of the pathways pos sible from the

two distinct reactive centers. But several pathways are possible only if both

reactive centers are present. These reactive pathways are not due to simple

I'addition" of reactive pathways. For example

This pathway in fact produces the major product for the bicyclopropyl mol­

ecule. Another example of an interference process is when a double bond is

adjacent to a 3-membered ring. The usual reactive pathways of the ring and

double bond are available, but the following reaction produces one of the

major products.

-'~ o
This five-membered ring closure mechanism is not possible unless both the

3-membered ring and double bond are present together.

We have not investigated the possible interference mechanisms for a wide

variety of system s. But these few examples indicate that they are of major

importance. Some complex molecules which contain more than one reactive

cente r will be able to be treated by simple addition of our present methods.

But additional study will be required to locate important classes of inter­

ference mechanisms. Due to all the possible combinations between reaction

categories, there may be many special cases which require special

treatment.
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Section 5

POTENTIAL PROGRAMMING METHODS
FOR COMPUTER ApPLICATION

Two examples have been chosen to demonstrate the application of computer

methods to the reaction kinetics technique. These are simple fis sion reactions

and reactions of simple fission with resonance stabilization.

5. 1 SIMPLE FISSION REACTIONS

The conditions for this reaction category are that the products of a unimo­

lecular reaction are radicals and/or atoms: and no concerted reaction path

with a much lower activation energy is available. The activation energy at

temperature T, is defined by E = DA _B + RT, where DA _B is the bond dis­

sociation energy of the reaction coordinate. For the reaction

A-B - A· +. B

DA-B = -~HiA-B) + ~Hf(A' ) + ~HiB')' The assumption here is that the back

reaction for the recombination of two radicals has zero activation energy.

The calculation for the entropy of activation is straightforward. The various

contributions to the entropy of activation are (a) reaction path degeneracy,

R In(g) (b) external rotation which can be shown to be R In(6DA _B /RT)l/3

except for the case of H or D atom cleavage where it is zero, (c) hindered

internal rotation to free rotation in the transition state, ~Sfr =Sf - Sh (these

values are tabulated by Benson
3

), (d) reduction in frequency of bending

modes, Sbf = 5 e.u. for the case of atomic and free radical products, Sbf =
10 e.u. when the products are two radicals, (e) entropy associated with

reaction coordinate, ~Src = Sst' where Sst is the entropy of stretching of

a bond undergoing cleavage.
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l

The entropy of activation, therefore is

t 1/3
6S· = RLng + RLn (6DA_B/RT) + 6Src + Sbf + 6Sfr

and. the calculated rate constant is

ekT t/ / .k = (h-) exp (~S R) exp (-E RT)

This method for the calculation of the rate constant of ,a simple fis sion

reaction can be adapted to computer programming. This is represented

below in Figure 5-1.

5.2 REACTIONS OF SIMPLE FISSION WITH RESONANCE STABILIZATION

This case is very similar to the simple fission case with some exceptions.

The conditions are the same with the addition of the fact that a C - C pi bond

is one C - C single bond removed from the reaction site. This means that

cleavage results in an atom and olefin or radical and olefin. The carbon­

carbon double bond stabilizes the radical product by resonance delocaliza­

tion. This mechanism produces changes in both activation energy and entropy

from that in the simple fis sion case.

The activation energy is calculated in the same way as in the simple fission

case, but it is necessary to use the group values for the radical groups

developed earlier in this program. These group values already account for

resonance stabilization of the radical.

The entropy calculation is similar, but the participation of the 1r bond in the

transition state must be accounted for. This bond contributes mainly to the

internal rotation where a 112 pi bond torsion is as signed - 3. 5 e. u. Also the

entropy decrease for the tightening of the C-C single bond due to resonance

is obtained by increasing its normal vibrational frequency by about 1. 3. The

resulting computer flow diagram is given below in Figure 5-2.

It would be a simple matter to integrate these two schemes together to treat

simple fis sion case s with and without resonance stabilization.
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