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OR TEP: A FORTRAN THERMAL-ELLIPSOID PLOT PROGRAM
FOR CRYSTAL STRUCTURE ILLUSTRATIONS

Carroll K. Johnson

ABSTRACT

This report describes a computer program for drawing crystal structure illustrations
with a mechanical plotter. Ball-and-stick type illustrations of a quality suitable for publi-
cation are produced with either spheres or thermal-motion probability ellipsoids on the
atomic sites. The program can produce stereoscopic pairs of illustrations which aid in the
visualization of complex packing arrangements of atoms and thermal motion patterns. Inter-
atomic distances, bond angles, and principal axes of thermal motion are also calculated to
aid the structural study.

The FORTRAN coding utilizes the comparable features of IBM 709/7090 FORTRAN II
and CDC 1604/1604A FORTRAN 63 so that the program can be executed on a number of differ-
ent machines which have 32 K word memories. The machine-oriented plotting subroutines
are standard library-type routines with slight modifications. Both CalComp and Benson
Lehner off-line magnetic-tape plotting systems have been used successfully.

Sample stereo-figure illustrations and a viewer are included with the report.

1. INTRODUCTION

Appropriate illustrations are essential in any manuscript dealing with crystallographic structures. An
often quoted expression might justifiably be paraphrased to read that a well-planned figure is worth a
thousand numbers. With the so-called information explosion in its early exponential stages, the aathor of
a structure paper should feel particularly obligated to help the reader as much as he can with ““crystal
clear’’ illustrations,

This computer program, OR TEP (Oak Ridge Thermal Ellipsoid Plot program) is an attempt to supply
a tool which can reduce the tedium associated with drawing certain types of crystal structure illustrations.
In addition, the precision obtainable through machine plotting makes feasible the production of detailed
stereoscopic illustrations which are impractical to draw by conventional drafting methods. The program
does not in any sense replace the experience of the crystallographic draftsman; it is only a way of imple-
menting certain of his ideas, Touching up the figures by hand to correct for overlap and to add further de-
tail greatly enhances the figure’s appeal and usefulness. The user is encouraged to do this and not to be
content with the raw illustrations as they come from the plotter,

Four major goals were specified for OR TEP, and they are listed here in the order of their assigned
importance. (1) The program must produce high quality illustrations, including stereoscopic pairs of
thermal-motion figures, as free as possible of visually distracting approximations. (2) The program must
be general both with respect to the types of illustrations it can draw and the types of computing and
plotting equipment that it can utilize. (3) The program must be easy to use and require a minimum of in-
put; it should also be easy to modify. (4) The computation time should be minimized. Memory size limi-

tation was not one of the considerations; hence the program requires a 32 K word memory.



Stereoscopic crystal structure illustrations were used quite extensively in the 1920’s and 1930’s,
patticularly by M. von Laue and R. von Mises in their beautifully done two-volume series of stereoscopic
drawings.! More recently, computer techniques were applied in making crystal structure stereoscopic
pictures by W. R. Busing? using an IBM 704 computer with cathode ray tube output. The availability of
larger, faster computers and higher resolution plotting devices led quite naturally to the present work,

As usual, there is an unlimited horizon for future work with more sophisticated ideas and equipment.

I am particularly indebted to my colleagues, Drs. H. A. Levy, W. R. Busing, G. M. Brown, and R. D.
Ellison, for many helpful discussions, and to R. A. Hollister, a summer participant with the ORNL Mathe-
matics Division, who helped plan and code several parts of the program. The initial version of OR TEP
was written as a subroutine for the Busing, Martin, and Levy Function and Ermrer Program, OR FFE;3 and
many of the concepts and several of the subroutines of OR FFE are incorporated into the present program.
Several parts of EIGEN were taken from a program written by R. E. Funderlic and B. Franz from the Central
Data Processing group, Subroutine AXEQB was adapted from a subroutine obtained from the Oak Ridge

Central Data Processing Library.
This report covers the following topics. First, Sect. 2.1 is a summary table of instructions and is the

part of the report to which the experienced user will routinely refer, Next, the philosophy of the program
is outlined and an example given. Section 3 defines the terms used in this report and describes the input
in detail. The computational procedures used by the program are discussed in Sect. 4, and steps are out-
lined for adapting the program to other configurations of equipment. The next section summarizes the
mathematics of thermal motion probability ellipsoids. Section 6 contains a number of examples of figures
produced with OR TEP. Most of these drawings are stereoscopic pairs of perspective projections and are
included to illustrate the information transfer advantages gained through the use of stereo figures. The

final section contains the complete OR TEP FORTRAN listing.
2, GENERAL PRINCIPLES AND PROCEDURES

2.1 Summary Table of Instructions

A brief summary of the input cards is given at this point to serve as a check list for use with OR TEP.

All aspects are explained in detail in Sect, 3.

Title card (see 3.2.1)

Cell parameter card (see 3.2.2)

Symmetry cards with sentinel in column I on last card (see 3.2.3)

Atomic parameter cards (two per atom) with sentinel in column 1 of very last card (see 3.2.4)

1 oA W b e

Instruction cards with —1 in columns 8 and 9 of final instruction card. The instructions are summa-
rized in Table 2.1 and explained in detail in Sect. 3.3.

1M, von Laue and R. von Mises (eds.), Stereoscopic Drawings of Crystal Structures, vols. 1 and II, Springer,
Berlin, 1926 and 1936.

2W. R. Busing, Absf#ract of Washington, D.C., Meeting of the ACA, Jan. 24-27, 1960, F-7, p. 23.

w. R, Busing, K. O. Martin, and H. A, Levy, OR FFE, a FORTRAN Crystallographic Function and Error
Program, ORNL-TM-306 (March 1964).



Table 2.1,

Summary Table of All Instructions

Function 1-3 4-9 10-18 19~27 28-36 3745 46=54 55—63 6472

Structure analysis

Distances 0or2 101 ORG 1 ORG 2 TAR 1 TAR 2 DMAX (A) - -

Dist. + ang. 0or2 102 ORG 1 ORG 2 TAR 1 TAR 2 DMAX (A) - -

Princ. axes - 103 - - - - — - -
Plotter control

Initialize - 201 - - — —_ — — -

Advance and term, - 202 X{IN) Y{IN) - - - - -
Plot boundary

Dimensions - 301 X(IN) Y(IN) VIEW(IN) BRDR(IN) - - -

Title rotation - 302 THETA(®) - - - - - -

Retrace displace - 303 X(IN) - - - - - -
Atoms list

Run add - 401 From (=)to From {—)to R . cene

Run subtract - 411 From {=)to From {—)to . cvve .

Sphere add Oor2 402 ORG 1 ORG 2 TAR 1 TAR 2 DMAX (A) - -

Sphere subtract OQor2 412 ORG 1 ORG 2 TAR 1 TAR 2 DMAX (A} - —

Box add - 403 ORG1 ORG 2 TAR 1 TAR 2 A/2(A) B/2 (A) C/2({A)

Box subtract - 413 ORG1 ORG 2 TAR 1 TAR 2 A/2(A) B/2 (A) C/2(A)

Zero atoms list - 410 - - - — - — -
Cartesian system

Definition - 501 ORGN V1A V1B V2A V2B - -

Rotate reference - 502 Axes No, Rotate () Axes No. Rotate (%) vena .a res

Rotate working - 503 Axes No. Rotate (%) - — - - -



Table 21 {continued)

Function 1-3 49 10—=18 19-27 28-36 3745 4654 55~63 6472
Center and scale
Explicit - 601 XO(IN) YO (IN) SCALI1 SCALZ - - -
Scale only — 602 XO(IN) YO (IN) - SCAL2 - - -
Center only - 603 - - SCAL1L SCAL2 - - -
Center and scale - 604 - - - SCAL2 - - -
1. P. and L, 8,7 - 611  AXOIN) Avo aN) Ascali SCAL2 - - -
L. P, and scale - 612  AXoaN) Ayo ) - SCAL2 - - -
L. S. and center - 613 - - AscAL1 SCAL2 - - -
Ellipsoids
Shaded football Dor1 701 - - - - SYM HGT PAR-OFF’ PER-OFF®
(Format No. 1 trailer card) _ - AQ(IN) Al{IND - — - - -
Football Oor 1l 702 (same as 701)
Open model Dorl 703 (same as 701)
Boundary only Dorl 704 (same as 701)
Cther types ODorl 705 NPLANE NDOT NLINE NDASH SYM HGT PAR-OFFb PER-OFF°
(Format No. 1 trailer card) _ AQ(IN) Al (IN)
As above except no Dorl 711  (same as 701)
printed output of Qorl 712 (same as 701)
individual coordinates Oorl 713 (same as 701)
Oorl 714  (same as 701)
Dor 1l 715 (same as 705)
Bonds
Explicit Qorl 801 FROM(1) TO (1) FROM (2) TO (2) FROM@3) TO(@3) e
(cont,)
Implicit fancy 2 802 —- - - - - - -
(Format No, 2 trailer card)
Implicit line 2 803 - - - - - - -

(Format No, 2 trailer card)

®L, P. and L S. signifies increment position and increment scale.
bPAR-OF‘F signifies parallel offset (in.).
°PER-OFF signifies perpendicular offset (in.).



Table 2.1 (continved)

Function 1-3 4-9 10-18 19-27 28-36 3745 46=54 55=63 64=72
As above except - 811 (same as 801)
no printed output 2 812 (same as 802)
B13 (same as 803)
Labels
CHEM SYMB _ 501 ATOM-1 (ATOM-2) X Edge Reset Y Edge Reset HGT({IN) PAR-OFF PER-OFF
REG TITLES 3 902 ATOM-1 (ATOM-2) X Edge Reset Y Edge Reset HGT((IN) PAR-OFF PER-OFF
Format No. 3
title card
PROJ VECT TITLE 3 903 ATOM-1 ATOM-2 X Edge Reset Y Edge Reset HGT(IN) PAR-OFF PER-OFF
Format No. 3
title card
VECTOR TITLE 3 913 ATOM-1 ATOM-2 - - HGT (IN) PAR-OFF PER-OFF
Format No. 3
title card
PROJ BOND LABEL - 004 ATOM-1 ATOM-2 X Edge Reset Y Edge Reset HGT(IN) PAR-OFF PER-OFF
(1, 2, 3 dec, places) - 905
- 906
BOND LABEL - 914 ATOCM-1 ATOM-2 - - HGT (IN}) PAR-OFF PER-OFF
(1, 2, 3 dec. places) - 915
- 916
CENTERED SYMB 908 ATOM-1 (ATOM-2) X Edge Reset Y Edge Reset HGT(N) PAR-OFF PER-OFF
(with pen up or pen down) 1 909
(Format No. 1 trailer card) | _ SYMB# - - - - - -
Saved sequence -
START - 1101 - —_ - - - - —
STOP — 1102 - - - - - - -
EXECUTE - 1103 - - - - - - -

Terminate job

New job follows

(from title card on)




2,2 Programming o Nonstereoscopic lllustration for OR TEP

2.2.1 General Comments on Automated Graphics, — In order to produce high quality illustrations with
OR TEP, one must in general use an iterative approach; that is, the illustration must usually be computed
and plotted several times before an optimal figure is produced. With each trial, as many factors as possi-
ble are optimized to give a more informative and more esthetically pleasing result. One often requires
about four trials for a stereoscopic figure of an unfamiliar structure (barring blunders and plotter mal-
functions).

Overlap is one of the major problems, particularly for chemical symbols and bond distance labels. If
the user is not drawing stereoscopic figures, it is often better to do the lettering with a L.eRoy lettering
template instead of the computer. The template lettering is neater than the computer lettering, and it can
be positioned much more easily. However, for stereoscopic lettering the manual procedure appears to be
unsatisfactory because of the necessity for exact relative placement of the lettering on the two views to
maintain good stereopsis.

Overlapping atoms are another problem. The program does not leave out the parts of an atom hidden
behind other atoms. This feature would be a difficult (although not impossible) programming feat. This
can be accomplished manually, however, by erasing or ‘‘whiting out’ the unwanted parts of an atom.
Even with stereo views, the figures are more effective if overlap is taken care of, especially when
*‘opaque’’ ellipsoids are used.

In order to maintain generality in OR TEP, the concept of programming is applied to the problem of
drawing illustrations with a plotter, This concept allows access to a series of basic building block op-
erations which are put together by the user to ‘‘program’ an illustration. The instructions used in
programming OR TEP ate divided into the following categories: (1) instructions used to specify prelimi-
nary graphical details, (2) instructions used to compose an illustration, (3) instructions used to draw the
illustration, (4) instructions used to repeat a sequence of other instructions, and (5) termination instruc-
tions. Each instruction starts on a separate punched card and contains an identifying number and what-
ever parameters are needed for the particular instruction, The general role of these instructions is ex-
plained in the remaining sections of Part 2, and the individual instructions are described in detail in 3.3.
The simplest way to construct the program is, first, to scan through the list of instructions in numerical
order and pick out the relevant ones to construct the framework of the program. Then certain other in-
structions are placed into the framework program to furnish the remaining ‘“‘bookkeeping’’ details.

Let us assume that the structural data cards (described in 3.2) have been prepared for a crystal
structure and that we want to prepare a program to draw a single nonstereographic figure of the contents
of one unit cell, We describe next the general stepwise procedure one would follow to program such an

illustration.

2.2.2 Preliminary Graphical Details. — The first instruction card should be the plotter control instruc-
tion 201 (see 3.3.3.1) which will initialize the plotting package.
Next, the plot boundary instruction 301 (see 3.3.4.1) is needed to set the following parameters: (1) X

dimension in inches for the plot boundary, (2) ¥ dimension in inches for the plot boundary, (3) viewing



distance in inches for perspective projection (zero as a signal for parallel projection), and (4) border (or
margin) dimension inside the boundary.

No other 200 or 300 series instructions are required for this particular hypothetical figure,

The preliminary graphical details are analogous to what a draftsman might do in setting up his drafting
board in preparation for a drawing.

2,2.3 Composing the lllustration. — This step involves specifying: (1) which atoms are to be used as
the figure subject, (2) the rotational orientation of the subject, and (3) the scaling and positioning of the
subject relative to the drawing area, These three components of composition are implemented by the 400,
500, and 600 series instructions respectively.

For our hypothetical example, suppose we want to place the b crystal axis along the plotter x axis and
the ¢ axis of the crystal in the plotter xy plane as nearly as possible parallel to the plotter y axis. This
setting can be accomplished with a 501 instruction (see 3.3.6.1) alone; but if additional reorientation were
necessary, a 502 instruction (see 3,3.6.2) would also be used.

A rectangular box of enclosure can be described with a 403 instruction (see 3.3.5.3) to contain the de-
sired atoms for the subject definition. The scaling and positioning of the subject to fill the drawing area
may be accomplished automatically with a 604 instruction (see 3,3.7.1).

2.2.4 Drawing the lllustration. — Crystal structure illustrations of the ball-and-stick type are made up
of three components: balls (atoms), sticks (bonds), and labels. The three components are drawn with the
700, 800, and 900 instruction series respectively; the first two instruction series can also perform certain
types of labeling.

The atom representation can be either a general ellipsoid or a boundary ellipse. In some cases these
become a sphete and a circle. Chemical symbols may be plotted simultaneously with the atoms.

For our example we might simply draw circles and put the chemical symbols within the circles by
using instruction 704 (see 3.3.8.1). This instruction will draw all the atoms of the subject and their chemi-
cal symbols.

The bonds are not always necessary in a drawing, but for structures with molecules or with distinctive
groupings they are usually quite helpful. The most convenient method for describing and drawing bonds is
instruction 812 (see 3.3.9.2). This instruction uses vector search codes (see 3.1,5) which reflect the
user’s knowledge of the structural chemistry and the interatomic distance ranges for the compound being
drawn. Covalent bonds or any other desired type are found and drawn automatically from the list of atoms
which make up the subject. If desired, the interatomic distance label can also be drawn with each bond
(see 3.3.9).

Various types of labeling can be done with the 900 series instruction. The one which will most often
be included is a caption for the figure using instruction 902 (see 3.3.10.2).

2.2.5 Terminating the Drawing of the lllustration. — The plotter control instruction 202 (see 3.3.3.2)
allows the user to remove the finished drawing from the plotting area and to place a fresh area of plot
paper in position for any additional plots which may be drawn.

To terminate the computer job, a ( —1) instruction (see 3.3.12) would be used as the last instruction

of the program.



2.3 Programming a Stereoscopic lllustration for OR TEP

A stereoscopic pair of figures is simply two perspective views of the subject as seen from two differ-
ent viewpoints (which are usually about 6°apart). This pair is produced with OR TEP by programming for
two drawings. A few additional instructions supplementary to those outlined in 2.2 are useful for producing
stereo figures. These instructions are the stereoscopic rotation instruction 503 and the 1100 series of in-

structions, which facilitate the repetition of a series of instructions.

2.3.1 Stereoscopic Rotations. — In general, one member of a detailed stereoscopic illustration cannot
be drawn completely independent of the other member of the pair because certain features (e.g., which
octant of an ellipsoid is shaded) must be done identically in the two drawings. In OR TEP the “‘stereo-
scopically sensitive decisions’’ are handled by using two Cartesian coordinate systems: the reference
Cartesian system and the working Cartesian system (see 3.1.8). The steps involved in picture composition
(see 2.2.3) and the stereoscopically sensitive decisions are always based on the reference system, but the
drawing of the illustration (see 2.2.4) is always based on the working system. A stereoscopic rotation is
simply a rotation of the working system from the reference system about the axis which is vertical while
viewing the final result. For example, a nominal rotation of +3° about the plotter y axis might be used for
the left-eye view and a rotation of —3° about the same axis might be made before plotting the right-eye

view, thus producing a total interocular angle of 6°

A program to draw a stereo pair would involve the following steps:

preliminary graphical details,
composition of subject,

left-eye stereo rotation,

draw the subject,
advance the plotter,
right-eye stereo rotation,

draw the subject,

advance the plotter,

© PN S oA w o

B

terminate the job,

2.3.2 Repeating a Sequence of Operations, — It should be noted that steps 7 and 8 in the stereo
program of the last section are identical to steps 4 and 5. The program can be shortened somewhat by
using the ‘*saved sequence’’ instructions (see 3.3.11). A 1101 instruction (start saved sequence) would
be placed between 3 and 4, and a 1102 instruction (end saved sequence) between 5 and 6. Then steps 7

and 8 can be replaced by a 1103 instruction (execute saved sequence).

Any sequence of instructions can be saved in this manner and repeated as many times as desired with
1103 instructions. For example, the saved sequence feature can be used to produce a complete series of
views of a structure at (say) 15°intervals about an axis. Note that the instructions between the start and

stop instructions are both executed and saved the first time through.



2.4 Drawing the Cubaone Structure: An Example

The novel compound cubane? (C4H4) has been crystallized and the structure deter-
mined.¥ The carbon-carbon bonds lie along the edges of a cube within experimental error,
The compound crystallizes with the trigonal symmetty of space group R3. One carbon and
one hydrogen are in special positions along the 3_axis, and the remaining carbon and hy-
drogen are in general positions, Anisotropic temperature facter coefficients were fitted to
the carbon atoms during the least-squares refinement of the structure, and isotropic tem-
petature factors were used for the hydrogen atoms.

The cell parameters are
a=b=c=5344A,

a=f=y="7226°.
Y2, X,

The positional parameters for C1, C2, H1, and H2 are given as —0.18711, 0.19519,
0.10706; 0.11546, 0.11546, 0.11546; —0.3246, 0.3468, 0.1848; and 0.2100, 0.2100, 0.2100,
respectively., The anisotropic temperature factors given for the carbon atoms are of the

11 bzz’ bas’ b12' bls’ 623
for C1 and C2 are 0.0410, 0.0425, 0.0450, —0,0042, —0.0142, — 0.0051; and 0.0468, 0.0468,
0.0468, —0.0143, —0.0143, —0.0143.

type called zero” in this report (see 3.2.4.2). The coefficients b

2.4,1 Data Input for Cubane, — 2.4.1.1 Title Card (see 3.2.1). — FORMAT (12A6)

Card No.

) CUBANE (E. B. FLEISCHER (1964) J. A.C.S. 86, 3889)

2.4.1,2 Cell Parameter Card (see 3.2.2). — FORMAT (6F9.6)
(2) 5.34 5.34 5.34 72.26 72.26 72.26

2.4.1.3 Symmetry Cards (see 3.3.3)

FORMAT (11, F14.10, 3F3.0, 2(F15.10, 3F3.0})

3 0 0. 1 0 0 0. 0 1 O 0. 0 0
&) 0 0, 0 0 1 00 1 0 0 0. 0 1 0

4p. Raton and T. Cole, J. Am. Chem. Soc. 86, 3157 (1964).
5E. B. Fleischer, J. Am. Chem. Soc. 86, 3889 {1964).

5N, F. M. Henry and K. Lonsdale (eds.), International Tables for X-Ray Crystallography, vol. I, Kynoch, Bir=
mingham, 1962,

TUnfortunately. many authors of structure papers neglect to define the equation for the anisotropic temperature
factor coefficients, In the present case, the type can be determined from the comparative isotropic temperature
factor listed in anisotropic form in their Table I, In other instances one must arbitrarily choose a type {usually O,
1, or 4 in the U,8,A.) and do the principal axis transformation, then check that the principal values are correct, or
at least reasonable. In particular, the principal values must all be positive,



Card No.

&)
©)
7N
C))

Card No.
9
1o
(11
(12)

(13)
a4
(15)
(16)

(17)
(18)

i0

- 0 o o
|
(=)
|

2.4.1.4 Atomic Parameter Cards, —

Positional parameters (see 3.3.4.1): FORMAT (A6, 3X,5F9.6,F9.0)

Thermal parameters (see 3.2.4.2): FORMAT (I1, F8.6,5F9.6,F9.0)

Atoms 1 and 2 are entered with positional parameters type 0 and anisotropic temperature

factors type 0.

C1 —.18711
0 .04100 .04250 .04500 —.00420
Cc2 .11546
0 .04680 .04680 .04680 —.01430

Atoms 3 and 4 are entered with positional parameters type 0 and with dummy sphere tem-

perature factors (type 7) 0.1 A in radius.

H1 ~.32460

H2 .21000
0 .1

19519
—.01420
11546
—.01430

.34680

.21000

e e 9 @°

- o O

.10706
~.00510
.11546
—.01430

.13480

.21000

o = o o
|

oo = o

S o o o

0
7
0
7

Atom 5 is a dummy atom at the cell origin with a blank card dummy sphere (see last para-

graph of 3.2.4.2). This could also be entered with type 7 as were atoms 3 and 4.

ORGN .00000

In the card deck for this sample program, extensive use of Format No. 3 trailer cards

.00000

.00000

(see 3.3.1) is made as a method of including a comment with an instruction. This con-

vention is not mandatory, but it is a convenient method for annotating a program. This

example uses a wide range of instructions in order to demonstrate them, As in the case

with any programming system, there are many ways of doing any given problem. The

Formats are described in 3.3.

0



Card No.

(19)

(20)

@1

(22)

(23)

11

2.4.2 Analysis of Structure (see 3.3.2), — These instructions are not connected with
producing the figure. They are shown here just to demonstrate how they are used. A 101
instruction is used to obtain a tabulation of the atoms surrounding one atom or a series of
several designated atoms. To obtain a list of all atoms (hydrogen and carbon atoms) out
to a limit of (say) 3.61 A about the two carbons C1 and C2, one would use the following

instruction. (The notation is explained in Section 3.3.2.)

101 155501 2 1 4 3.61

| L

Atoms 1 through 2 of  Atoms 1 through 4 of all symmetry D max
symmetry operation 1  and translation operations

A 102 instruction gives both interatomic distances and interatomic angles. In order to
find all covalent bonds and bond angles about the two carbons we might use the following

instruction,
102 155501 2 1 4 1.8

In this case a smaller D) max was used so that only the distances and angles of immediate

interest would be computed.

2.4.3 Programming the Cubane lllustration. — First we must initialize the plotter

package.
201

The two plot boundary dimensions can be equal for the present illustration since the
cubane molecule is a cube. Suppose we use an 11- by 11-in. boundary and specify a 1-
in. margin to give a total working area of 9 by 9 in. A 24-in. view distance might be

reasonable to use in viewing a model of this size.
301 11 11 24 1

In general we would use retracing to make the lettering, and certain other details,
stand out more prominently. However, for the test example we will eliminate the re-

tracing so that the illustration will plot as fast as possible.
303 0

The subject of the illustration is a single cubane molecule, which we will now de-
fine. One way of designating this subject is to specify a sphere of enclosure, centered
on the dummy atom 555501, which is at the center of a cubane molecule. A radius of 3.2

A should be adequate to isolate a single molecule,



Card MNo.
(24)

(25)

(26)

(27)

(28)

12

402 555501 5 L1 4, 3.2
(a} (b} (c)

where the several parts designate:

(a) a run of origin atom {center of sphere) from atom 5 to atom 5 in symmetry position
55501 (that is, in this example, a single sphere),
{b) a run of target atom from atom 1 to atom 4, and

{c) a sphere radius of 3.2 A.

To orient the molecule, we will first define a coordinate system along the edges of
the cubane cube. We will then rotate the molecule relative to this coordinate system to
minimize ovetlap,

The ofigin of the coordinate system will be positioned on the dummy atom Ne. 5. The
desired coordinate system orientation will be defined by specifying two vectors from the
special position atom 255501 to the two symmetry-related general-position atoms 155501
and 155502.

501 555501 255501 155501 255501 155502 0 0

A rotation of 25 about the ¥ axis (axis 2) followed by a rotation of 28° about the X

axis (axis 1) will produce a satisfactory view of the molecule.
502 2 25 1 28

The sterecscopic rotation for the left eye can be done at this point just to keep the
instructions in numerical order. We will use a rotation of 3% about the ¥ axis (axis 2) for
the left-eye view. Later in the program, we will make a — 3° rotation about the same axis

for the right-eye view to give a total interocular angle of 6%
503 2 3.0

To scale and position the subject for projection onto the drawing board, we will use
two instructions. The first will automatically scale and position the subject to utilize
all available space. The second will shrink the scale slightly to allow more space along
the border.

A 604 instruction will automatically set X0, Y0, and SCAL1. However, the ellipsoid
scale factor ratio SCAL2 must be specified independently, If we want thermal ellipsoids

corresponding to 50% probability, then we will enter 1.54 for SCAL2.
604 0 0 0 1.54

To shrnk the overall scale factor (SCAL1) by 10% we use the incremental instruction
611 and enter 0.9 for SCAL1.



Card No,
(29)

(30)

(31)

(32)

(33)
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611 0 0 9 0

This completes the composition of the illustration.

“‘saved sequence’”

Since the structure will be drawn twice, once for each eye, the
feature can be used to shorten the program. Note that the instructions between the start
and stop instructions are both executed and saved the first time through. They can then
be re-executed as many times as desired by using the “‘execute saved sequence’’ instruc-
tion 1103.

The 1101 instruction starts the saved sequence,
1101

The ATOMS list cutrently contains all the atom designators for one cubane molecule.
We want to draw the molecule in two separate steps so that the hydrogen and carbon atoms
can be given different graphical representations. To eliminate the hydrogens from the list
we use a sphere-of-enclosure elimination instruction and include only the hydrogens in its

target list. This will leave only the carbon atom designators in the atoms list.

412 555501 5 3 4 3.2

To draw the carbon atoms we will construct a special code that {a) draws the three
principal-plane forward traces and the boundary-plane trace (NPLANE = 4), (b) omits the
teverse sides of the principal planes (NDOT = (), (c) draws the forward principal axes
without additional shading (NLINE = 1), and {(d) omits the reverse principal axes
(NDASH == 0). In addition we want the chemical symbols to be drawn with letters 0.2 in.
high (before projection) and displaced from the atomic center by 0.6 in. in the horizontal

direction and 0.7 in. in the vertical direction,
715 4 0 1 0 .2 .6 7

The 715 instruction is used, rather than 705, to shorten the output listing of the example.
Nommally we would use the 705 to obtain a listing of all coordinates.

To draw the hydrogen atoms we must first clear the atoms array.
410

We then rebuild it with hydrogen atom designators alone. We could use a sphere of
enclosure; however, for variety we will use an atom designator code run instead. The
atom numbers run from 3 through 4 and the symmetry operators run from 1 through 6. All
atoms will be in cell 555; consequently, there are no translation runs. Since one of the
atoms (atom 4) is in a special position, duplicate entries will occur; but they are elimi-

nated automatically.
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Card No.
(34) 401 355501 — 455506
Since the hydrogen atoms are to be drawn with a standard model, the construction details
will be taken care of automatically, We want chemical symbols 0.2 in. high and offset
0.35 in. horizontally and 0.4 in. vertically.
(35) 712 0 0 0 0 .2 .35 .4
Before drawing the bonds, we must reconstruct the complete molecule. This can be
accomplished with & sphere of enclosure identical to the original one. The hydrogens that
are already in the atoms list will not cause complications, since duplicates are automati-
cally eliminated.
(36) 402 555501 5 1 4 3.2

The most convenient procedure for drawing bonds is to use the implicit bond instruc-
tion 812. All other information can be entered with a single format No. 2 trailer card

(vector search code card),

(37 2 812

(38) 0 1 4 1 4 4 .9 1.6 .04
\ T oL i | L )
C) (5) )] (d) (e)
where

(a) and (b) are atom number runs for atom-pair bonds to be drawn,

(c) denotes bond type 4,

(d) denotes the distance range 0.9 to 1.6 A, which will cover all covalent
bond distances, and

(e) the bond radius, is 0.04 A.

The remaining fields in the card can be blank, since a complete set of bond distance
labels is‘not. desired.

Because of the symmetry, there are only two different C —C bond lengths in cubane.
These are C1-Cl and C1-C2. We shall label one example of each of these bonds. For
variety let us label one with a normal bond-length label and the other with a perspective
label, The two bonds which can be labeled most advantageously are (@) 155504 — 155503
and () 255504 ~* 155505, The labels will be 0.15 in. in height and displaced vertically
from the bond center by — 0.4 in.

(39) 906 155504 155503 0 0 15 0 -.4
(40) 916 255504 155505

o
o

.15 0 —.4



Card No.
(41)
(42)

(43)

(44

(45)

(46)

én

(48)

49

3

15

The final feature to be drawn is a caption (CUBANE) for the illustration. This can
conveniently be positioned by ‘“hanging’ it from the dummy atom 555501 and “‘bouncing”’

it 1 in. off the lower ¥ boundary.

902 555501 0 0 1, .25 0 o
CUBANE

The saved sequence can now be terminated.

1102

The plotter is then advanced 9 in. along x in preparation for the right-eye view.

202 9

The stereo rotation of —3° about axis 2 is now performed in preparation for the right-eye
view. (Note that this rotation starts with the reference orientation, not the previous

working orientation.)

503 2 -3.0

The saved sequence can now be repeated for the right eye. Note that the atom list now

contains the same information that it did when the first view was drawn,

1103

The illustration is now complete. The plotter is next advanced 20 in. along x to remove

this figure from the working area.

202 20

A dummy plot for the CalComp system is now added to aid in stopping the CalComp
plotter,

202 0

Finally we terminate the job and exit from the program.

-1

2.4.4 Stereoscopic lllustration of Cubane, — Figure 2.1 shows the stereoscopic pair
exactly as it was plotted by the CalComp 580 system. Figure 2.2 shows the same
illustration after it was ““touched up®’ by hand to correct for overlap.

Note that one bond distance label was drawn in perspective along the bond, and the

other was drawn as a regular label parallel to the page.
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Y _‘J‘
CUBANE CUBANE

Fig. 2.1. The Sample Figure Cubane Before Retouching.

y J
CUBANE CUBANE

Fig. 2.2. The Sample Figure Cubane After Retouching.



17

2.4.5 Listing of Sample Input and Output. — 2.4.5.1 Listing of Input Cards, —

CUBANE (EL.B.FLEISCHER [ 1964) J.A.C.5 B86,3889) EXAMDONO
534 5.3 5.34 T2.26 72.26 T2.26 EXAMOD2D

0+ D D g 0o 1 @ O 0 0 1EXAMOG3ND

0o 0 0 t a + o 0 0 0 1 DEXAMOOuLO

o 0 1 0 o o o | g 1 0 0examaoso

n-1y 0 0 J 0-3y © 0 0 0 -1exarD0sn

00 o-1 g-1 0 G© O 0O -1 O0EXAMDO7D

| n o9 -+ 0 o o0 a -1 g -1 0 0examp0sn
cl -. 18711 219519 . 10706 0 EXAMOOIN
.0u100 «0Ju250 LO0us500 -.00420 -.01420 -.0C0510 9] EXAMDIQOO

cz2 «NI548 « 11544 « 1§54 G EXAMOL D
+044680 04480 L0680 -.00430 -.01430 -~-.Cteidn n; EXANMD 20

HI -.324 60 . 34680 . 18480 [¥] EXAMOI 3D
.10 T ExaMOI 40

H2 .210C0 .21000 21000 G EXAMOI50
.10 7 EXAMOl 6N

DRGN g a a a EXANMDITOD
| 0 EXAMOI B0
3 1gi 155501 2 { L 3.61 EXAMDI N
sssse FIND ALL NEIGHBOR ATQOMS ARQUND C1 AND C2 QUT TCQ 3.61 A #rsss EXamD200
3 102 155501 2 | 4 1.8 EXAMO210
sanxs FIND COVALENT BONDS AND BOND ANGLES ARGUND CARBONS swswe EXAMO220)
3 201 EXAMD2 30
sasne INITIALIZE CALCOMP PLOT PACKAGE w#=zsss EXAMO2L0
3 a0l [ [ 2L, 1. EXAMO250
#assa | X111 BCUNDARY, 9X9 INSIDE | INCH MARGIN, VIEW FRCM 24 INCHES w#sssfXAMOQ260
3 303 0 EXAMB270N
sevss ELIMINATE ALL RETRACING #=auns EXAMO280D
3 402 555501 S 1 4 3.2 EXAMO290
«swss ENCLOSER SPHERE QF RADIUS 3.2 A ABQOUT DUMMY ATOM S s#nss EXAMO30N
3 501 555501 255541 155501 255501 155502 DEXAMO310
#uuws QRGN AT DUMMY ATCOM 5, VECTORS ALONG 2 EDGES OF CUBANE ###ss EXAMO320
3 502 2 25. i 2B. ExAMO33N
ssxss ROTATE 25 DEGREES ABQUT Y, THEN 28 DEGREES ABQUT X ##sss EXAMD340
3 503 2 3.0 ExAamD350
#nnen STEREQ ROTATICN OF 3.0 DEGREES ABOUT Y FOR LEFT EYE ##zes EXAMD3s0
3 404 0 d B l .54 EXAMD3TD
sesww AUTO SCALE AND POSITION TO 9X9. 50 PERCENT PROBABILITY ELLIPSOIDS EXAMAO38N
3 611 0 a 9 0 EXAMO390
wxnnw SHRINK SCALE BY 10 PERCENT FOR SAFETY w#sans EXAMOLON
3 o EXAMOL IO
sewnw START SAVE SEQUENCE ss=as EXAMOu2N
3 412 555501 S 3 L 2.2 EXAMOL 3D
avswns ELIMINATE HYDROGENS WITH ENCLOSER SPHERE ELIMINATION sssss EXAMOLLN
3 715 4 a | 0 .23 .60 . TOEXAMDLSD
#esen SPECIAL MODEL WITH .2 IN. CHEM SYMBOLS OFFSET .40 470 IN. sasrax  EXAMQUSD
3 40 EXAMOLTN
sexws JERQO ATCMS ARRAY, THIS STRUCTURE [S TO BE DRAWN PIECEMEAL w##zss EXAMOLBO
3 40t 355501 -u5553%6 EXAMOL 9O
#seene REPLACE HYDROGENS CNLY WITH AN ATOM DESIGNATOR RUN sssss £XAMOS00
3 712 .2 .35 LLOEXAMOSIN
sxsse SOLID MODEL WITH .2 TNCH CHEM SYMBOLS DFFSET .35, .40 INCH sssss EXAMO520
3 402 555501 5 | y 3.2 EXAMDS530
#xsss ENCLOSER SPHERE WITH COMPLETE MODEL #asaax EXAMOSLD
2 812 EXAMOS50}

3 § b | 4 L .? | «6 .04 EXAMO560
sxsee TYPE 4 BONDS,.0O4 A MAX RADIUS, ALL VECTORS .9 TO 1.6 A LONG =es=s EXAMDSTD
3 906 155504 155503 0 0 .15 0 ~4EXAMOS80
#wans LABEL UNIQUE C-C BCNDS . CAPTIGN # CUBANE wmzzzs EXAMDS59N
?1Lé 255504 155505 Q a . 15 0 -.HEXAMDL0D

3 902 555501 0 a 1.0 «25 a ODEXAMOL D
CUBANE EXaMDé20

3 2 EXAMO630
#sxnss END OF SAVE SEQUENCE s#sas EXAMDALD
3 202 9. EXAMO65A
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axess ADVANCE PLOTTER @ INCHES ALONG X FQR RIGHT EYE VIEW s»sesas

3 503 2 -3.0
#susw STEREC ROTATICN FOR RIGHT EYE wsuas
3 11D3
#ense EXECUTE SAVED SEQUENCE FOR RIGHT EYE VIEW #asss
3 2932 20. '
#sass ADVANCE PLOTTER 20 INCHES wwwss
3 202 0

csssa ADDS DUMMY PLOT TO MAGNETIC TAPE sssss
-1

EXAMDS660
EXAMO6TO
EXAMO68N
EXAMO690
EXAMO70N
EXAMD710
EXAMDT20
ExamO7 30
EXAMOTLO
EXAMOTSO



2,4.5.2 Listing of Qutput from the Monitor Output Tape of the Computer. —

g}

roett

CUBANE (E.B.FLEISCHER (1964} J.A.C.S5 B86,3889)
DIRECT CELL PARAMETERS
A B C ALPHA BETA GAMMA
5.340804 5.340000 5.34C600 72.260 72.260 72.260
COSINE 0.30u69811 0.30469811 D.30469811
RECIPROCAL CELL PARAMETERS
A B= Ce ALPHA«~ BET A= GAMMA=
0.202207 0.202207 0.202207 103.506 103.506 103.506
COSINE -0.23353916 -0.23353%1¢6 -0.2335391¢6
SYVMMETRY TRANSFORMATIONS
NO. TRANSFORMED X TRANSFORMED Y TRANSFORMED Z
| J. le X 0. Y 0. I o. Ce X 1. ¥ . I 0. 0. x O0.Y 1.1
2 3. Do XA O ¥ 1.1 o. le X 0. Y 0.2 O. O X 1. Y d. ¢
3 3. 0. X 1o Y 0. 2 d. Co X 0. Y 1. 2 g. le X G Y 0.1
4 Jds -t X 0. Y 0.2 0. g X -1 ¥ D. 12 0. 0. X 0. Y -1, ¢
5 0. Do X T¢ ¥ -1. 2 a. -le X Do ¥ 0. 2 0. Os X -1l Y 0. ¢
6 OJ. O« X =1s ¥ Ca 2 d. 0. X Je ¥ =1s 2 Oe =1« X 0. Y Je £
X Y z Bl 822 B33 Bl12 B13 823
-0.187110 0.195190 0. 107060 0.0%1000 0.02500 0.045030 -0.004200 -0.004200 -0.0C51335
O. 115460 O.115460 D. 115460 0.046800 0.0u6800 0.046800 -0.014300 -0,014300 ~-C.01430U0
-0.3246C0 N.3%6800 D.184800C 0.i106000 -~0. -0. -U. -U. -0.
G.210009 d.210000 0.,210000 0.y0C000 ~-d. -0. -0. -0. -U.
C. 0. 0. -0a. ~-0. -0. -d. -0. -U.
X Y z RMSD | RMSD 2 RMSD 3
-0.187110 3195190 0.1037060 0.204899 0.239854 0.255794
O.115460 G.115460 O.115460 0.205704 0.2u7733 D.24T733
-0.324600 J.344800 0.184800 0.100000 0.100000 0.100000
d.2108062 0.210000 0.210000 0. 100000 0.100000 0. 100000
0. a. 0. 0.100000 0.100000 0.100000
CUBANE (E.B.FLEISCHER (1964) J.A.C.S 86,3889}

ORTHONORMAL REFERENCE VECTORS BASED ON CRYSTAL AXES

X VECTOR Y VECTOR 1 VECTOR
J.1872659E-00 -0.5990827E-01 -0.4722319€-01
Ge O0.1966152E-00 -~-0.u4722319€-01
0. a. 0.2022067E-00
INSTRUCTICN 101 1}1))

J.1555010E 06 0,.,20000C0€ 04 0.10C3000e O¢  0,4000000€

sasss FIND ALL NEIGHBOR ATOMS AROUND CI AND CZ2 QUT TQ 3.

FROM ATOMS
COCE (MIN MAX}

TO ATGMS
{MIN MAX)

gl

61

0.5340000€ D)
C.1627088E 01
0. 1627088E OI

0.3410000€ 01

A sanpes

POST-FACTOR TRANSFORMATION MATRIX

O.uuTO348E-07
0.5086078E 01
J.11B7798€ 01

0.2980232E-07
D.2980232e-01
D.u47u5434E O

~0. -C.

WITH RADIUS QR, IF A BOX, WITH SEMIDIMENSIONS
A B

c

TYPE
G.
0.
7.
7.
d.

61



teect

191 155501

2

VECTORS FROM ATOM

Cl

VECTORS
c2
c2
c2
c2
c2
€2
c2
c2
c2
c2
€2
c2
c2
c2
c2
c2
€2
c2
c2
cz

INSTRUCTION
0.1555010€

HI
Cil
Cit
2

H2
c
cl

(

FROM ATOM (

{

192 113}

aé

0.2000000€ O

I 4 3.410
1,55501) TO ATOMS I THROUGH
1,55501)-0.1871 Q.1952 0.1071

2455501} TO ATOMS I THROUGH

2,55501) 0.01155 O0.1155 0.1155

0.10CODD0E 0Ot

L s T T T T e e

e e s e e s s R A s e e e e R SR e s

€.4000000€e Dt

-0.

L

3,55501)1-0.32u46 0.3u468 0.1848
1,55505)=-0.107) D0.1871-0.1952
1455506)-0.1952-0.1071 D.187|
2,55501) 0.1155 0.0155 0.1155
1,55502) 0.1071-0.1871 D.1952
1,55503) 0.1952 0.1G71-0. 1871
2,55504)-0.1155-0.4155-0.1155
3,55506)-0.3468-0.1848 0.3246
3,555051-0.18u8 0.32u46-0.3u468
4,55501) 0.2100 G.2100 U.2100
1,55504) 0.1871-0.1952-0.1071%
3,55502) 0.1848-0.3246 D.3468
3,55503) O.3u468 0.1848-0.3246
u,u55011-0.7900 0.2100 D.2i00
4,56504)-0.2100 0.7900-0.2100
b,55504)-0.2100-0.2100-0.2100
3,35605)-0.1848 0,326 D.6532
3,45603)-0.6532 0.18uB D.4754
3,465041-0.6754 D.6532-0.18u48
2,56504)-0.1155 0.8B45~0.1155

y
4,55501) 0.2100 0.2100 0.2100
1,55501)-0.1871 0.,1952 0.1071

1.55502) 0.1671-0.1871 0.1952
1,55503) 0.1952 0.1071-0.1871
1,55504) O.1871-0.1952-0.1071

1,55505)-0.1071 0.1871-0.1952
1¢55506)-0.1952-0.1071 0.1871
3,55501)-0.3246 D.3468 D.1848
3,55502) 0.1848-0.32u6 0,3468
3,55503) 0.3468 0.1848-0.3246
25550 -0. 1 155-0.1155-0.1155
3,55504) 0.3246-0.3468-0.1848
3,55505)-0.1848 D.32u46-0.3468
3,55506)~0.3468-0.1848 0.3246
3,56504) 0.3246 U,.6532-0.1848
3,55605)-0.1848 0.3246 0.6532
3,65506) 0.6532-0.18u48 0.32u6
1,56504) 0.1871 O0.80u48-0.1071
1,55605)-0.107¢ O.1871 (0.80u8
1,655046) 06.8048-0.1071 0.18TI

d.1800000€e 01 =-0.

ansnr FIND COVALENT BONDS AND BOND ANGLES ARQUND CARBONS #nsuen

FROM ATOMS

CODE (MIN

MAX)

T0
{MIN

ATOMS
MAX)

WITH RADIUS OR,

A

IF A BOX, WITH SEMIDIMENSIONS

8 C

DO00CO0O0CO0o0DO0OO0O00O000CQQO0
RAEBEBREEXEERRREETRRERREETERR

CO0O0ODOOODo0oO00O0OTI00UO0
Fe R P W R Wm T OWE WM FE W R I W B

1.012
1,549
Fa549
1.552
2.183
2.1853
2,202
2,282
2.306
2.376
2,677
3,052
3.069
3,077
5.096
3,175
3.200
3.284
3.388
3.609

I.'Dg
1.552
1.552
1.552
2.202
2.202
2.202
2.273
2.273
2.273%
2.710
3.0%1
3.091
3.0%91
3.181
3.181
3.181
3.609
3. 609
3.6409

0z
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192 155501 2 | 4 1 .800 -0. -0.

VECTORS FROM ATOM { 1,55501) TO ATOMS | THROUGH )
Cli H1 € 1,4555011-0.1871 0.1952 0.1071 { 3,55501)-0.3246 0.3468 0.1848
cl Cl [ 1,55505)-0.1071 D.1871-0.1952
| cl { 1,555061-0.1952-0.1071
cl c2 { 2,55501) 0.1155 0.1155 0.11455
ANGLES ARQUND ATOM |
H1 cl ci { 3,555011 [ 1,555001) ( 1,5550%)
HI cl cl [ 3,55500} { 1,555001)  1,55506)
HI cl c2 ( 3,55501) (14555010 ¢ 2,55501)
cl cl Cl [ 1,55505) [ 1,55501) « 1,55506)
ci ci c2 { 1¢55505)  1,55501) ( 2,55501)
ct cl c2 { 1,55506 1 1,55501) ( 2,55501)
VECTORS FROM ATOM ( 2,55501) TO ATOMS i THROUGH L
cz H2 [ 2,55501) D.1155 0.0155 01155 { 4,55501) 0.2100 0.2100 D.2100
c2 ci { 11,5550 ~-0.1871 O0.1952 0.1071
c2 CH { 1+55502) O0.1071-0.4871
c2 ci { 1,55503) 0.1952 0.1071-0.1871
ANGLES ARCUND ATOM 2
H2 c2 cl { u4,55501) [ 2,555001) ( t,55501)
H2 c2 Ci ( L,55501) ¢ 2,55501) ¢ 1,55502)
H2 c2 ci { u4,55501r ¢ 2,55501) { 1,55503)
cl c2 Ci { 1455501) € 2,59501) ( 1,55502)
ci c2 ct { 14555001 € 2,59501) ( 1,55503)
ci c2 cl [ 1455502) ( 2,55504) ¢ 1,55503)
INSTRUCTICN 201 131D}
-0. -Ja -0. -0. -0. ~U.
seensy INITIALIZE CALCOMP PLOT PACKAGE sasss
INSTRUCTION 301 )} 1)
0.110000CE 02 Q.1100000€ D2 0O.2u00000€ 02 0O.1000000€E 91 -0. ~0.

wssws | [X1] BOUNDARY, 9X9 INSIDE | INCH MARGIN, VIEW FROM 24 INCHES #sas

PLOT LIMITS 11.00 BY 11.00 IN. INCLUDING (.00 [IN. MARGIN
VIEW DISTANCE 24.000 INCHES

INSTRUCTION 303 11))}
g. -0. =0. -0. -0. ~Ga

ssuss ELIMINATE ALL RETRACING #wssa

RETRACE DISPLACEMENT # 0. INCH

o900

[ e Bl v
R

1.012
1.549
1.5u49
1.552

IR

124 .69
iI27.10
123.52
89.60
90.48
90.48

l.109
1.552
1.9552
1.552

125.606
125.606
125.646
89.4y
89.44
B89.44

Lz
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INSTRUCTION 402 })1}))

0.5555010E D6 0.5000000E D01 O.'OCOCOCE O O0.40000C0€E OV 0O.3200000€ 00 -0O. -0.

s#sss ENCLOSER SPHERE OF RADIUS 3.2 A ABOUT DUMMY ATOM 5 ssese

FROM ATOMS TO ATOMS WITH RADIUS OR,y IF A BOX, WITH SEMIOIMENSIONS
COCE {(MIN MAX) [MIN MAX) A B c
402 555501 5 | 4 3.260 -0. -0.
VECTORS FROM ATOM (  5,55501) TO ATOMS i THROUGH L
CONTENTS OF ATOMS ARRAY
155501. 255501 . 355501. 455501. 155502. 355502. 155503, 355503. 155504, 255504,
355504. 455504, 155505, 355505. 155506. 355506.
INSTRUCTION 501 1))))
0.5555010E 06 0.2555010e 06 O.15550106 06 0.25550108 D6 0.1555020€E 06 -O0. 0.

sénaw QRGN AT DUMMY ATOM 5, VECTORS ALONG 2 EDGES OF CUBANE swass

ORTHONORMAL REFERENCE VECTORS BASED ON CRYSTAL AXES

X VECTOR
-0.1950172E-00
0.5138884E-01
=0.5414101E-02

INSTRUCTION 502
0.2000000€E OI

Y VECTOR

-0.5332417E-01
0.u4031208€E-02
0. 1954783€E-00

111))
0.2500000€ 02

.

“ssae ROTATE 25 DEGREES ABOUT Y,

ORTHONQORMAL REFERENCE VECTORS BASED ON CRYSTAL AXES

X VECTOR
-0.1752589€E-00
O0.1292070E-00
-G.2664798E-01

INSTRUCTION 503
0.2000000€ O}

Y VECTOR

-0.8727205€-01
-0.6943834E-0t
0.1934115€6-00

IRRRE
0.3000000€ 0OI

-0.

POST-FACTOR TRANSFORMATION MATRIX

I VECTOR
0.3517815€E-02 -0.506157T4E DI D.2128974E-00 0.1352193E CI
0.1955262€-00 -0.2760937E-00 2. 1350080€ 0O} 0.515%9133E U1

-0.5144393E-01 -0.1402323€ 01 0.5145891€ O}

1 QCO000E 01 0.2800000€ 02 -0. -0. -0.
THEN 28 DEGREES ABOUT X #wsus

POST-FACTOR TRANSFORMATION MATRIX

0.2624694E-

0o

i VECTOR
0.50551 4 BE-O4 -0.4 106513 01 -0.14110455€ O} D.3108044E G
0.13918t2e-00 D.1930118€ 01 -0.1057867E Ot O.u4865301E C1
0.5262520€-01 -D.1160012€ O1 D.4153645E O D.3149160€ OI
-C. -0. -0. -0.

wwsww STEREQ ROTATION OF 3.0 DEGREES ABOUT Y FOR LEFT EYE semas

ORTHONORMAL WORKING VECTORS BASED ON CRYSTAL AXES

X VECTOR
-0.17237341€E-00
D.1363141E-00
-0.2385727€-01

INSTRUCTION 604
0.

Y VECTOR

-0.8727205E-01
-0.6943834E-01
O.19341156-00

| RBRY
D-

Dl

POST-FACTOR TRANSFORMATION MATRIX

I VECTOR
0.5965454%E-01 -0.3938223E Oy -~-0.1411455E O) 0.33t8703€ 01
0.1322283€-U0 0.2182103E G1 -0.1G57867E Ol O.4757619E U1
0.5394772€-01 -0.9936078E 0O D.ul53645€ 01 0.3205554E 01
0.1540000€e 0y -0. -0. -0.

iz
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sswess AUTO SCALE AND POSITION TO 9X9. 50 PERCENT PROBABILITY ELLIPSOIDS
ORIGIN POINT IN PLOTTER COORD.{ 5.26 , 5.8% ) IN.

OVERALL SCALE # 2.196 INCH/ANGSTROM ELLIPSOID SCALE # |.540

VIEW OISTANCE 24,000 INCHES

INSTRUCTION 611 1))
0. 0. 0.9000000e 00 O. -0. -0.

sxnwx SHRINK SCALE BY (0 PERCENT FOR SAFETY #wass

ORIGIN POINT IN PLOTTER COORD.{ 5.26 4 5.8% ) IN.

OVERALL SCALE # 1.977 INCH/ANGSTROM ELLIPSOID SCALE # 1.540
VIEW DISTANCE 24,000 INCHES

INSTRUCTION 1tG1 ))i))
-0- -0. -0. =0 ~0. -0.

namun START SAVE SEQUENCE w#rens

INSTRUCTION 412 1))}
0.5555010€e 06 0.5000000€ O 0O.3000000€ O1 0.4000000€ 01 0.3200000€ Ot -3.

sxnww ELIMINATE HYDROGENS WITH ENCLOSER SPHERE ELIMINATION #ssns

FAOM ATQOMS TO ATOMS WITH RADIUS OR, IF A BOX, WITH SEMIDIMENSIONS
CODE (MIN MAX) (MIN MAX] A 6 c
412 555501 5 3 4 3.200 -0. -0
VECTORS FROM ATOM L 54555013 TO ATOMS 3 THROUGH ]
CONTENTS OF ATOMS ARRAY

155501 . 255501. 155502, 155503. 15550u. 255504, 155505. 155506.

INSTRUCTION TI5 1)1}
0.4000000€ O1 O. 0.10C0000e Q1 Q. 0.20000G00€e-00 Q.60C000CE OO

sssss SPECTAL MODEL WITH .2 IN. CHEM SYMBOLS OFFSET .60 .70 IN. srsss

INSTRUCTION &0 )13 ))
-3d. -0. -0 =-0. -0. -0.

sanus 7ERO ATOMS ARRAY, THIS STRUCTURE IS TO BE DRAWN PIECEMEAL saxas

INSTRUCTION 401 )11 ))
G.3555010€E D6 -0.4555060E 06 -0. -0. -0. -0.

sssse REPLACE HYDROGENS ONLY WITH AN ATOM DESIGNATOR RUN #saxse

CONTENTS OF ATOMS ARRAY

3155501. 455501. 355502, 355503. 355504, 45550L. 355505. 355506.

D.70C0GGCE OO

34
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INSTRUCTION 712 1)1 ))
-0. -0. -0. -0. 0.2000000E-00 G.3500000E-00 O.4000COSE-CU

#aexs SOLID MODEL WITH .2 INCH CHEM SYMBOLS OFFSET +354.40 INCH wewne

INSTRUCTION 402 31))))
0.5555010E 06 O.5000000E G 0.10000006 01 O.4000000€ O 0.3200000€ 01 -0. -0.

#nann ENCLOSER SPHERE WITH COMPLETE MODEL #ssw=x

FROM ATOMS YO ATOMS WITH RADIUS OR, IF A BOX, WITH SEMIDIMENSIONS

CODE (MIN MAX ) {MIN MAX) A 8 C

402 555501 5 ) 4 3,200 -~0. -o.

VECTORS FROM ATOM ( 5,55501) TG ATOMS | THROUGH &

CONTENTS OF ATOMS ARRAY
355501,  455501. 355502,  355503.  355504.  4555D4.  355505.  355506.  155501.  255501.
155502,  155503. 155504,  2555Q4.  155505. 155506,

INSTRUCTION BI12 1)1))

-a. -0. -0. -0. -D. -g. -0.

| % 1 % u  0.90000 1.60000  0.04G00  -O. -0. -0. -0. -0,

swsne TYPE 4 BONDS,.04 A MAX RADIUS, ALL VECTORS .9 TO lab A LONG =sses

BOND SELECTION CODES

(SEQUENCE{A))(SEQUENCE(B)) (BOND) (DISTANCES){ BOND ) (PERSP.——LABELS){NORMAL--LABELS){ODIGITS)
{ MIN MAX )l MIN MAX ) (TYPE) (MIN MAX) (RADJUSHIHEIGHT OFFSET)(HEIGHT OFFSET){NUMBER)

| ) ! L b 0.90 .60 0.040 -0. -0. -D. -0. -0.
FAULT NG # 1M L55504. 800

INSTRUCTION 906 1)1}
0.1555040F 06 D.1555030E 06 Q. 0. D.1500000€E-00 D. -0.4000C00€E-00
seass | ABEL UNIQUE C-C BONDS . CAPTION # CUBANE #anmx

ENSTRUCTION Q46 111))

0.255504GE 06 0O.1555050€ Q6 0. d. 2.1500000e-00 O. -0.4C000000E-NG
ENSTRUCTION 9062 i)}
0.5555010e 06 0. 0. ¢.1000000E Gt 0.2500000E-00 0. 0.

CUBANE

INSTRUCTION 1102 1100}
-d. -0. -0. -0. -0. e -0.

#asas END OF SAVE SEQUENCE #sess

¥Z
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INSTRUCTION 202 11}))
0.900000GE OY -0. -0. -0. -D.

senes ADVANCE PLOTTER 9 INCHES ALONG X FOR RIGHT EYE VIEW wewess

INSTRUCTION 503 )})))
0.200C0CCE 01 -D.30000008 Ot -0. 0. -0.

snssts STEREQ ROTATION FOR RIGHT EYE #ussa

GRTHONORMAL WORKING VECTORS BASED ON CRYSTAL AXES
X VECTOR Y VECTOR i VECTOR
-0.1774644E-00 =-0.B8727205E-0H 0. 41 309846E-01
D.1217458E-01 -0.6943834E-01 0. 1457524E~-00
~-0.2936565€-01 O.1934115E-00 C.5115843E-01

INSTRUCTION 1403 )}) 1)
-D. ' -0. -0. -0.

suxus EXECUTE SAVED SEQUENCE FOR RIGHT EYE VIEW sssss

INSTRUCTION 412 )))})

D.5555010E 06 O0.500C000E OV ©.3000000€ Dt 0.4000000E O

sessn Ef IMINATE HYDROGENS WITH ENCLOSER SPHERE ELIMINATION eesss

POST-FACTOR
-0.42635u8E D1

D.16T2843E Oy
-0.1323236€ Q1

0.3200000€ Q1

-0+ 141 1455E
-0.1057867E
0.4153645E

-0.

-0.

FROM ATOMS T0O ATOMS WITH RADIUS CR, IF A BOX, WITH SEMIDIMENSIONS

CODE (MIN MAX) {MIN MAX) A B C

412 555500 by 3 L] 3.200 -0. -0.
VECTORS FROM ATOM ( 5,55500) TO ATOMS 3 THROUGH L

CONTENTS OF ATOMS ARRAY

155501 . 255501. 155502, 155503. 155504, 255504. 155505, 155506,

INSTRUCTION 715 )0 )

0.4000000€ Gt Q. 0.9999999E 00 OC. 0.2000000E-0Q0 0.6000000E
ssmae SPECIAL MODEL WITH .2 IN. CHEM SYMBOLS OFFSET .60 +o70 IN. =esns

INSTRUCTION 410 )11)))

~0. -0. ~-0. =-0. -D. -0.

sxaws JERQ ATOMS ARRAY, THIS STRUCTURE IS TO BE DRAWN PIECEMEAL #wsss

INSTRUCTION 401 31}

0.3555010€ D& -0.u4555060E 06 -D. -0. ~-0. -G.

swsss REPLACE HYDROGENS ONLY WITH AN ATOM DESIGNATOR RUN =sazs

-0.

TRANSFORMATION MATRIX

al 0.2888866E 01
o1 0.4959648E 0Ol
a1 0.3084133€ 51

-0.

00 0.70C00C0E 0O

5z
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CONTENTS OF ATOMS ARRAY
355501. 455501. 355502, 355503. 355504, 455504, 355505. 355506.

ENSTRUCTION 712 1))}
~-0. -0. -0. -a. 0.2000000€-00 0.3500000e-00 0.400000GE-CO

#sass SOLID MODEL WITH ,2 INCH CHEM SYMBOLS OFFSET .35,.40 INCH weses

INSTRUCTION 402 )10
0.5555010€ D6 0.5000000F 01 0.9999999E 00 0D.4D00000E 01  0.3200000€ Ot -0. -0.

#onss ENCLOSER SPHERE WITH COMPLETE MODEL #s=ass

FROM ATOMS TO ATOMS WITH RADIUS OR, IF A BOX, WITH SEMIDIMENSIONS
COCE {MIN MAX} {MIN MAX) A B c
402 555500 4 | L 3,200 -0. -0.
VECTORS FROM ATOM ( 5,55500) TO ATOMS I THROUGH L

CONTENTS OF ATOMS ARRAY

355501. 455501. 355502. 355503. 355504, 455504, 355505. 355506. 155501 . 255501 .
155502, 155503. 155504, 25550u. 155505. 155506.

INSTRUCTION 812 )13 ))
-0. -0. -0. -0. -0. "Uo "G-

[ S 0.90600 1.60C00 0.04C0D -0. -0. ~0. -0. -0.
wesss TYPE U4 BONDS, .04 A MAX RADIUS, ALL VECTORS .9 TO 1.6 A LONG »usms

BOND SELECTION CODES

{SEQUENCE(A)) [SEQUENCE{B)) (BOND) (DISTANCES){ BOND ) IPERSP.——-LABELSI{NORMAL--LABELS){DIGITS)
( MIN MAX )( MIN MAX ) {TYPE) (MIN MAX} (RADIUS) {HEIGHT OFFSET){HEIGHT OFFSET){NUMBER)

i 4 1 4 4 0.90 1.40 0.0uQ -0. -0. -0. =-0. -0.
FAULT NG # |4 45550, 800

INSTRUCTION 906 1))}
O.1555040€ 06 0.1555030€E 06 O. 0. 0.1500000E-00 0. -0.40000G0E-OC

ssase LABEL UNTQUE C-C BONDS . CAPTION # CUBANE ##suw

INSTRUCTION 216 1)) ))

0.2555040E 06 D0.1555050E 06 0. Q. 0.1500000E-0C O. -0.4000000€e-00
INSTRUCTION 902 11)))
0.5555010€E 06 O. D. 0.9999999€ 00 0.2500000E-00 Q0. 0.

CUBANE

9z
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INSTRUCTION 11032 1))}
~0. -0. -0. -0.

“ssds END OF SAVE SEQUENCE w#swaw

INSTRUCTION 202 1)}})
G.200000GE 02 -Oe. -0. -a.

#uesn ADVANCE PLOTTER 20 INCHES wssaw

INSTRUCTION 202 ))}))
O. =-0. -0. -0.

asxaw ACDS DUMMY PLOT TO MAGNETIC TAPE s=aszss

INSTRUCTION =t 1

-0.

L2
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3. DETAILED OPERATING INSTRUCTIONS
3.1 Definitions

Several conventions must be defined before the instructions can be explained.
3.1.1 Atom Designator Code (ADC) and Addressable Point. — In order to specify a particular atom in
the crystal within a reasonable distance from the crystallographically defined origin, the following five«

component atom designator code word (ADC) is used.
ADC = AN*10% + (TA + S*10% + (TB + 5)*¥10° + (TC + 5)*10% + SN

where
AN = ATOM NUMBER (0 £ AN SNATOM £ 200) = the sequential number of the atom in the input list
of atoms in the asymmetric unit, which contains NATOM atoms. Atom zero is not in the input

atom list but refers to the crystal origin point {0.,0.,0.).

TA,TB,TC = crystal lattice translation digits along cell edges a, b, and c. Each digit in ADC can
range from 1 to 9; consequently, it is possible to move up to 14 lattice translations in any di-
rection from the origin cell 5,5,5. In certain cases 0,0,0 is permitted in place of 5,5,5; how-

ever, a mixed translation designation such as 0,5,5 is not permitted.

SN = symmelry operator number (0 SoN ENSYM S 48) = the numerical position of the symmetry op-
erator in the input symmetry operator list which contains NSYM entries. Symmetry operator
number zero is not in the input list but refers to an identity operator. However, the identity
operation (corresponding to position x, y, z) must in general also be somewhere in the input
symmetry operator list.

Example: An atom designation code of 347502 refers to atom 3 moved through symmetry operation 2,

then translated — 1 cell translation along a, +2 cell translations along b, and 0 cell translations along c.

An addressable point in the crystal is any point for which an atom designator code exists. In general,
the addressable repion is approximately a @ x 9 x 9 block of unit cells.

3.1.2 Vector Designator Code (YDC), — A vector direction is specified by two atom designator codes,
The vector direction is from the first to the second.

Example: 253704 263704 is a vector along the positive a direction of the crystal lattice.

3.1.3 Atom Designator Run (ADR). — A straight run sequence of atoms can be defined using two atom
designator codes with a negative sign preceding the second of the two. The run hierarchy is: first, atom
number AN; second, symmetry operation SN; third, a translation TA; fourth, b translation TB; and last, c
translation TC.

Example: ADR (145502 — 245603) will generate the 8-atom run 145502, 245502, 145503, 245503,
145602, 245602, 145603, 245603.

3.1.4 Atom Number Run (ANR). — The Atom Numbe: Run is a subset of the Atom Designator Run. In
this case, only the atom number AN is allowed to change. Normally, an ANR is entered by using only the
atom number (AN) values for the first and last members of the sequence without a minus sign.

Example: (1 4) will designate atoms 1, 2, 3, and 4 of the input list.



29

3.1.5 Vector Search Code (VSC). — A vector search code consists of two atom number runs and a dis-
tance range. It is used for finding interatomic distances which have a particular chemical significance,
such as covalent and coordination bonds.

Example: Suppose that metal atoms are numbers 1 and 2 in the atom list and oxygen atoms are 612
and that the interatomic distance range between metals and oxygens is 1.9 A to 2.4 A, The metal-to-
oxygen vectors can be specified by the vector search code (1 2) (6 12) (1.9 2.4). Several variations of
this basic code are used in the program.

3.1.6 Sphere of Enclosure. — The sphere of enclosure specifies some or all of the atoms lying within
a sphere of radius D max about a given ‘‘origin’® atom without the necessity of delineating each atom in-
dividually. This ““sphere of enclosure?’ is said to contain a complete population if all addressable atoms
within the D max radius are included. If the sphere of enclosure contains only certain types of atoms
which are derived from a group of sequential atoms in the input list, then the sphere is said to have a
partial population. Finally, the population (complete or partial) of the sphere of enclosure can be screened
as selectively as desired through the use of vector search codes (3.1.5), and the resulting content is called
a vector screened population.

A sphere of enclosure can be centered on any addressable atom, but one should not.use points in the
outermost cells as centers because of the possibility of having nonaddressable points within the D max

radius.

3.1.7 Box of Enclosure. — This is a rectangular parallelepiped which can be centered about any
addressable point and assigned arbitrary orientation and dimensions. This ‘‘box of enclosure’ can
have a complete population or a partial population as described for the sphere of enclosure (3.1.6).
However, vector screening is not allowed with the box of enclosure.

3.1.8 Reference, Working, and $tandard Cartesian Coordinate Systems. — Many of the OR TEP cal-
culations use fractional coordinates based on the crystal axes a, b, and ¢ (triclinic coordinate system);
but other steps necessitate the introduction of orthonormal base vector triplets (Cartesian coordinate
systems). Two Cartesian systems (reference and wotking) are utilized. The reference {major) system
is used for all operations except plotting, where the working (minor) system is used. For a right-eye
ot left-eye stereo view, the working system is moved from the reference system by rotation about an
axis of the reference system. However, certain decisions made while plotting must still be referred
to the reference system to maintain accurate stereopsis. The user can define and orient the two
Cartesian systems through the instructions of series 500. Until a 500-series instruction is given, a
“‘standard Cartesian system’ is utilized for both the reference and working systems. The orthonormal

base vectors of the standard system are oriented as follows:

x axis along a,
v axis along (a x b) x a,

z axis along (a x b) = ¢*,

where a, b, and ¢ are crystal axes and x denotes the outer vector product (cross product). The symbol

c* refers to a reciprocal axis.
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3.1.9 Prime Parameters and Primer Constants. — In the process of mathematically describing an
illustration to be machine drawn, many parameters must be used. The more basic among these param-
eters are called Prime Parameters. The values assigned to these prime parameters are often similar or
identical from one problem to the next. The first thing OR TEP does is to call subroutine PRIME, which
sets as many ptime parameters as possible to reasonable, *‘in the ball patk,’’ Primer Constants. For ex-
ample, the maximum plot dimensions (instruction 300 series) are set at 30.0 in. for x maximum and 11.0
in. for y maximum, and the overall scale for plotting (instruction 600 series) is set at 1.0 in./A. If the
value assigned to a particular constant by the primer routine is satisfactory, the user does not have to

reset this constant with OR TEP instructions.

3.2 Crystal Structure Data Input

3.2.1 Title Card. — FORMAT (1246)

Columns

1-72 Title consisting of any desired alphanumeric identification information.

This will appear periodically in the output.

3.2.2 Cell Parameter Card. — FORMAT (6F%2.6). Any one of the four following input alternatives may

be used (no indicator is needed to specify which type).?

Columns Type A Type B Type C Type D
1-9 a (A) a (A) a* (A™1) a* (A~1)
10-18 b (A) b (A) b* (A~ b* (AT
19-27 c (A) c(A) c* (A™H) c* (A™hH
28-36 a (deg) cos & a* (deg) cos oF
37-45 f3 (deg) cos f3 3* (deg) cos 3%
46—54 y (deg) cos y y* (deg) cos y¥

The parameters a*, etc., refer to the reciprocal unit cell such that a-a* = 1. All four types will be
printed out regardless of which type was used for input.

3.2.3 Symmetry Cards (1 S NSYM = 48). — FORMAT (I1,F14.10, 3F3.0,2(F15.10,3F3.0)). The card
will be interpreted in one of two ways, depending on the numerical value of the number in columns 70-72.
If that number is <5.0, the card is interpreted as a crystallographic symmetry operation; but if the number

is £5.0, the card is interpreted as a general helix-screw symmetry operation? along the c* crystal axis®

!The routine assumes that a 2 1.0 A, a* < 1.0 A_l, A (or AL*) 2 1.00, and |cos a| (or |cos a* | y<1.0.

’The general helix«screw symmetry operation is not an allowed element of a crystallographic group, so that the
molecular environment of the transformed unit will not in general be identical to that of the untransformed unit (unless
the crystal is considered to be one dimensional). 'This input is simply an expedient for use in plotting helical polymer
structure models with minimum input. In general it would be possible to produce the same results by specifying the
complete crystallographic asymmetric unit and normal crystallographic symmetry transformations,

3This input mode is only meaningful if the cell angles @@ and B are 90% so that c lies along c* and the helix can
continue uninterrupted from cell to cell along the ¢ axis.
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(third axis of the standard Cartesian system; see 3.1.8). The two symmetry types can be intermixed if

desired.
Columns (a) Crystallographic symmetry (b) Helix symmetry
(70-72 < 5) (70-72 2 5)
1 £ 0 last card only # 0 last card only
2-15 T, T,
16-18 S, -
19-21 S, —
2224 513 —
25-39 T, T,
40-42 s, -
43-45 S” -
46-48 S, -
49-63 T3 T3
6466 s, L
67-69 332 M
70-72 533 N

(a) Crystallographic symmetry: Transformed triclinic coordinates (XI’YI’ZI) are obtained from input

triclinic coordinates (X,¥,Z) by

X1=T1+S“X+512Y+513Z,

YI:TerS21 X+822Y+5232,

ZL=T3+531X+532 Y+SSSZ,
or in matrix notation

X = T+8X,

where

T-= (Tn’Tz’Ta) as fractions of cell edges.

(b) Helix screw symmetry:
X, =T+8X,
where

T-= (r,,T,, T, + L/N) as fractions of cell edge and

$ = a counterclockwise rotation of L.M/N cycles about c* axis.

For example, the Pauling and Corey right-handed alpha helix repeats after 5 turns and 18 residues and can
be represented by 18 symmetry cards with ¥ =18; M =5, L =0,1, ..., 17; T, T, T,=0. The input
atom list contains the contents of one residue.

3.2.4 Atom Parometer Caords (1 S NATOM S 200). — Two cards are required for each input atom. The

first contains the chemical symbol and positional parameters, and the second contains temperature factor
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information or other information which specifies how the atom is to be represented on the drawing. The
format allows the use of the atom parameter cards produced by the FORTRAN Least Squares Program OR
FLS by Busing, Martin, and Levy (1962).* Several altemate inputs are possible for each of the two cards,
and the number in columns 55—63 denotes the type used on that particular card.

3.2.4.1 Positional Parameter Card. — FORMAT(A6,3X,5F9.6,F9.0)

Columns
1-6 Up to six alphanumeric characters centered in the six-place field
7-9 Blank
Type 0 Type 1 Type 2 Type 3

10-18 - - - x, (A) Cartesian
1927 - - - y, (A) Cartesian
28-36 ¥ (fractional, crystal) x (A, crystal) x (A, Cartesian) r (A) cylindrical
37-45 y (fractional, crystal) y (A, crystal) ¥ (A, Cartesian) ¢ (% cylindrical
4654 z (fractional, crystal) z (A, crystal) z (A, Cartesian) z (A) cylindrical
55-63 0 or blank 1 2 3

Type 0 is the normal input based on triclinic coordinates. Some authors give coordinates in A along the
unit cell vector; type 1 would be used in such a case. Type 2 allows one to place a model described in
Cartesian coordinates onto a general triclinic lattice. The orientation of the Cartesian system x y z in
the general lattice a b ¢ is the standard type described in 3.1.8 with x along a and z along ¢*. Type 3
is similar to type 2 except that cylindrical coordinates r, ¢, z are used and the axis of the system can
be displaced from zero in the x y Cartesian plane by the displacement Xgs ¥y Cylindrical cootdinates
are often used in the literature to describe a helical structure. The X ¥ translation should be zero
if helical symmetry operators are used. This translation feature is meant to be used in explicitly de-
scribing the contents of a multiple helix cell.

3.2.4.2 Temperature Factor Card. — FORMAT({I1,F8.6,5F9.6,F9.0)

Columns
1 A sentinel # 0 for last atom only
Type 0,1,2,3 Type 4,5 Type 6 Type 7

2-9 b, U, B B R R
10-18 b,, U22 0 0 0 0
19-27 b U 0 0

33 33 }[VDC 1 }[VDC ]
28-36 512 U1 0 ! 0 1

2

37-45 b U 0 0

' re } lvbc,] } fvpc,)
46-54 b,, Uzs 0 0
55-63 0,1,2,3 4,5 6 (or 0} 61(or0) 7 7

*W. R. Busing and H. A. Levy, A Fortran Crystaliographic Least-Squares Program, ORNL-TM=305 (Nov. 21, 1962).
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The coefficients br.]. (i,j = 1,2,3) of the anisotropic temperature factor, types 0—3, are defined as follows:
The complete temperature factor is

2 2 2

h* by KT+ bl

(Base)i“(b“ . +¢ b hk+ ¢ b R+ C b kD)

where in type 0: Base = ¢,

Cc=2
type 1: Base=¢, C=1;
type 2: Base=2, C=2

1

type 3: Base=2, C=

The coefficients Uij(i’j =1,2,3) of the anisotropic temperature factor, types 4 and 5, are defined as fol-

lows: The complete temperature factor is
x ! (0*2U_ A% +o*2U_ k% 4 a*2l_ 1% 4+ Ca*a*U_ _hk + Ca*a*U ki + Ca*a*U_ kD)
STV Y %2 Y2 3 733 192 712 173713 293 Y 23 ’

where o, of, o} are reciprocal cell dimensions and in type 4, C = 2; in type 5, C = 1. Type 6 allows the

input of the Debye-Waller isotropic temperature factor B, which is used as follows:

exp (— B sin? 6/)%),

where ) is the wavelength and € is the Bragg angle. The parameter B is related to mean-square displace-

ment p? of the atom from its mean position by the relation
B =8n2 7.

When the isotropic temperature factor is used, the atom is represented as an isotropic ellipsoid {sphere)
with equal principal axes of length p, When the field in columns 19-27 is 0 or blank, the directions of
the principal axes are along the standard Cartesian system axes (see 3,1.8). However, one can reorient
these arbitary orthogonal vectors by using the two vector designator codes VDC| and VDC,; then the
three new principal-axis vectors will be VDC , (VDC x VDCZ), and VDC  x (VDC, 6 x VDC,). This is
strictly an artistic feature of no physical significance.

Type 7 allows the input of arbitrary spheres of radius 1 = R in angstroms. The vectortriplet orienta-
tion is specified as with type 6. An additional feature allows one to use a completely blank card (except
perthaps column 1) for a temperature factor card. In this case the program assumes type 7 with an R =

0.1 A.

3.3 Instruction Input

The instructions are the commands used in programming an illustration, and there is no required se-
quence for the instructions, except as indicated by the programming logic. Some instructions require
trailer cards, which may have three different formats. The program is informed what the format of the
next card will be with the ‘“'look ahead?’ field, columns 1 to 3. The program action is also influenced

by this information.
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""Look ahead"’

{columns 1-3) Next card will be — Program action

0 or blank Format No. 0, a new instruction Execute present instruction;

then read next card,

1 Format No. 1, continuation of Read continuation card; then
present instruction check ““Look ahead.”’

2 Format No. 2, vector search Read (VSC) card; then check
code *‘Look ahead.”

3 Format No. 3, alphanumeric info, Read alphanumeric info. and

execute instruction; then
read next card.

3.3.1 Instruction Cards. — 3,3.1,1 The Format No. O Instruction Card. — FORMAT(I3,16,7F9.0)

Columns
1-3 “‘Look ahead’’ (0,1,2,3)
4-9 Instruction number
10-18 1st parameter
19=-27 2nd parameter
64-72 7th parameter

3.3.1.2 Format No. 1, Instruction Continuation Card. —~ FORMAT(I3,16,7F9.0} A maximum of 19 con-

tinuation cards per instruction is permitted.

Columns

1-3 ““Look ahead?” (0,1,2,3)

4-9 Blank
10-18 8th parameter, or 15th, ..., or 134th
64-72 14th parameter, or 21st, ..., or 140th

3.3.1.3 Format No. 2, Vector Search Code (VSC) Card. — FORMAT({3,6X,513,8F6.0) A maximum of
twenty VSC cards is allowed, These cards can be entered with any instruction, but only certain instruc-
tions will use them. They must be entered with the particular instructions that require them; that is, they

are not held over. Table 3.1 will be referred to as the individual instructions are explained.
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Table 3.1, Vector Search Code Cards

Search Instructions Bond Plotting Instructions

Columns 101 402
102 412 801 802 803
1-3 Look ahead Look ahead Loock ahead Look ahead
4-—-9 - - — -
10-12 —
} ORG. ANR ANR (A) ANR (A)
1315 -
16—-18 -
TAR. ANR ANR (B) ANR (B)
19-21 -
2224 - Bond type Bond type -
2530 D min (A) - D min (A) D min (A}
31=-36 D max (A) - D max (A) D max (A)
37-42 - Bond radius (A) Bond radius (A) -
43—48 - Perspective label hgt. (in.) Perspective label hgt. {(in.} -
49—54 - Perpendicular displ. (in.) Perpendicular displ. (in.) -
55-60 - Nonperspective label hgt, (in,) Nonperspective label hgt. (in.) -
61—66 - Perpendicular displ. (in.) Perpendicular displ. (in.) -
6772 - Digits indicator Digits indicator -

3.3.1.4 Format No. 3, Labeling Card. — FORMAT(12A6)

Columns

1-72 Up to 72 digits of alphanumeric label information centered about columns 36 and 37.
Note: There is no ““look ahead’’ column in Format No. 3; the next card must be a
new instruction card. Instructions 902, 903, and 913 are the only ones which require
this input. It may be used with other instructions as a device to transfer comments
about the particular instruction to the monitor output listing.

3.3.2 Structure Analysis Instructions (100 Series). — This series of instructions is not connected
with drawing illustrations. It is used to obtain on the standard output medium of the computer a con-
venient tabulation of the chemically interesting aspects of a crystal structure, such as interatomic dis-
tances, interatomic angles, and principal axes of thermal motion.

3.3.2.1 Instructions 101 and 102. — These instructions call subroutine SEARCH, which finds all
“target” atoms within a sphere of enclosure of radius D max about a particular *‘origin’’ atom. The
instruction card has an atom number run (see 3.1.4) of origin atoms {Org. ANR} and an atom number
run of target atoms (Tar. ANR). The Org. ANR allows one to calculate several spheres successively

with a printout of results after each one. For example, suppose there are nine atoms in the input list
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and we want the total surroundings of atoms 365502, 465502, and 565502 out to a maximum radius, D
max, of 4 A. The Org. ANR is designated (365502, 5) or (365502, 565502)° and the Tar. ANR is
designated (1,9). Further selection of the interatomic vectors from a particular origin atom to the
target atoms which fall within the limiting sphere is possible with vector search code (VSC) cards of
Format No. 2 (see 3.3.1), which can be entered with the instruction. If VSC cards are present, then

the vectors must also satisfy one of the VSC’s in order to be saved. A VSC card to specify the se-
lection of a shell of vectors in the above example might be coded as follows: Org. ANR (3,5) Tar. ANR
(1,9) Dist. range (2.0, 2.7). More selective VSC’s are also possible, They are meant to be based on
known interatomic distance ranges, such as those tabulated in Vol. III of the International Tables for
X-Ray Crystallography.®

Vectors found about a particular origin atom are stored in a table of dimension 200 sorted on distance.
Duplicate vectors {not duplicate distances) are eliminated. If more than 200 acceptable atoms are found
about an origin atom, the 200 shortest vectors are saved. At the end of the search about each origin atom,
the distances are printed out along with the atom designator codes (ADC), chemical symbols, and tri-
clinic crystal coordinates for the origin and target atoms. If the instruction is 102, all possible inter=
atomic angles are also calculated and printed for the stored vectors. There will be n(n — 1)/2 angles
for n vectors.

The tabulation of atom designator codes, which is obtained automatically when these instructions
are given, is often useful for planning an illustration. Although the tabulation is complete within the
addressable region of 9% cells, the computing time is generally only a matter of seconds per sphere
unless a very large D max is specified. Subroutine SEARCH is a rather elaborate routine designed to
minimize computing time. This subroutine is also used for instructions 402 and 403, which are ex-
plained in 3.3.4.

Instruction card for instructions 101 and 102:

Columns
1-3 0 or 2 (look ahead)
4-9 101 or 102
10-18
ORIGIN (atom number run}
19-27
28-36
TARGET (atom number run)
37-45
46-54 D max {(A)

3.3.2.2 Instruction 103. — Principal axes of thermal motion (or arbitrary spheres, according to the

temperature factor input) for all atoms in the input list are calculated. The ptintout contains root-mean-

*For the origin sequence 355501, 455501, 555501, an Org. ANR input (3,5) is allowed as well as (355501,5) and
(355501,555501); however, the Tar. ANR must always be designated as shown. In sect. 2.1, Org. ANR is designated
as ORG 1, ORG 2; and Tar. ANR is denoted by TAR 1, TAR 2.

SH. Ondik and D. Smith, **Interatomic Distances in Inorganic Compounds,** p. 257 in International Tables for
X+-Ray Crystallography, vol. III, ed. by K. Lonsdale, Kynoch, Birmingham, 1962,
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square amplitudes of displacement along the principal axes of the trivariate normal probability density
function and direction cosines for the principal axes relative to the reference Cartesian base vectors,
A symmetric covariance dispersion matrix based on the reference Cartesian system is also printed out.

The diagonal elements are the mean-square displacements along the reference Cartesian axes.

Columns
1-3 0 or blank (look ahead)
3-9 Blank
10-18 103

3.3.3 Plotter Control Instructions (200 Series). — The 200 series is a group of instructions that con-
trol the plotter initialization, frame advance, termination, and any other peripheral commands that are re-
quired for a particular equipment configuration or plotting package. When the program is modified for a
different equipment configuration, these series 200 instmuctions, which are executed through subroutine
F200, should be redefined to suit the user’s requirements. Instructions for controlling the CalComp 580
off-line magnetic tape plotting system” are given here.

3.3.3.1 Instruction 201, Plot Package Initialization. — This instruction must be executed before any
plotting can take place. It is a safe policy always to make this the first instruction card. It should be
used only once per computer job regardless of how many plots are to be drawn during the job.

3.3.3.2 Instruction 202, Plot Terminate and Frame Advance. — This takes care of putting the correct
plot termination information onto the magnetic tape to inform the plotter that the current plot is finished.

It also allows advance of the paper so that the old plot is removed and new paper is in position for the

next plot.
Celumns Instruction 201 Instruction 202
1-3 Blank Blank
4-9 201 202
10-18 - Plotter movement along x

edge of paper in inches

3.3.4 Plot Boundary Instructions (300 Series). — This is a set of miscellaneous instructions for
specifying the dimensions of the drawing, viewing distance, general lettering orientation, and pen dis-
placement for line retracing.

3.3.4.1 Instruction 301. — This instruction defines the limiting x and y dimensions, in inches, of
the plot boundary and the border indentations. The boundary dimensions must not exceed those allowed
by the plotter. The program will prevent the pen from getting closer than 0.1 in. to any boundary. The

border indentation is an equal margin inside the entire boundary. When automatic scaling is used (600

"The CalComp is an incremental plotter, The particular Benson-Lehner model available at Qak Ridge Central
Data Processing Faclility has also been used. The Benson-Lehner is an electromechanical -y plotter with an analog
converter. In general it seems that an incremental plotter is better suited to the requirement of OR TEP. The user
should be wamed that in the author’s experience the magnetic tape plotting systems are notoricusly troublesome; an
annoying percentage of plot failures is to be expected because of equipment malfunctions.
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series), the center points of the atoms are prevented from falling in the margin; but the atom represen-
tation, which has a finite size, may extend into that area. To compensate for the overlap, the border
dimensions should be large when the overall drawing scale and the ellipsoid scale are expected to be
large.

In addition, instruction 301 specifies the perspective viewing distance, in inches, from the plane of
the drawing. An entry of 0 for view distance is used to indicate an infinite view distance, and the ¢crystal

structure is then mapped in parallel projection normal to the drawing board.

Columns Primer Constant
1-3 — -
4-9 301 -
10-18 Plot x limit (in inches) 30.
19-27 Plot y limit (in inches) 11.
28-36 View distance (in inches) 0. (parallel proj.)
37-45 Border (in inches) 0.5

3.3.4.2 Instruction 302, Title Rotation. — For regular titles and chemical symbols, the title rotation
is specified with instruction 302, The lettering base line for all lettering is rotated counterclockwise by
an angle theta, in degrees, from the x axis of the plotter. Although any value is allowed, 0° and —90° are
the values most often used, so that, when one views the finished drawing, either the y plotter axis is ver-

tical or the x plotter axis is vertical.

Columns Primer Constant
1-3 Blank -
4-9 302 —
10--18 Theta in degrees 0.

3.3.4.3 Instruction 303, Refrace Displacement. — For artistic purposes, certain lines are made heavier
than others by retracing over the path several times with slight pen displacements (DISP) from the original
path, For example, in drawing ellipsoids the forward half of the principal plane trace is made heavier than
the hidden half so the eye does not confuse the two halves. In addition all regular lettering (but not per-
spective lettering) is gone over four times to give it boldface appearance. In preliminary runs or when the
plotter is not of the incremental type, this embellishment may be objectionable to the user because of the
increased computing and plotting times (particularly the latter). All retracing can be eliminated by setting
DISP = 0. The primer parameter for DISP is 0.005 in., which is the resolution of the CalComp plotters at

ORNL. For other plotters or for various inking pen sizes, DISP can be reset at the user’s discretion.

Columns Primer Constant
1-3 - -
4-9 303 -
10-18 DISP (in inches) 0.005
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3.3.5 Atom List Instructions (400 Series). — This series allows the user to specify which atoms are
to be included in the illustration. The atom designators for the chosen atoms are stored in the ATOMS
array for future use by other instructions. The ATOMS array can hold 500 atoms; but if the intended
illustration has more than this, the illustration can be segmented and the segments drawn sequentially
on the same plot. This technique may also be used when different parts of the drawing are to have dif-
ferent graphic representations. That is, we would define the first segment, draw it with the first rep-
resentation, clear the ATOMS array, define the second segment, and draw it with the second graphic
representation.

Groups of atoms are added to or eliminated from the ATOMS amay (which is set to zero at the start
of the program) with the 400 and 410 series respectively. The groups can be denoted by atom designator
runs (see 3.1.3), spheres of atoms about any center point (see 3.1.6), and rectangular boxes of atoms
centered on any point (see 3.1.7). Duplicate entries of the same atomic position are prevented by the
program. The content of the ATOMS list is printed on the monitor output tape after each 400 series in-
struction.

3.3.5.1 Instructions 401 and 411, Atom Designator Run Add and Atom Designator Run Eliminate. —
These instructions can contain: (a) atom designator codes (ADC) for a single atom, (b) atom designator
runs (ADR) for several atoms in a run, (c) blank fields (except between the two entries of a run), and
{d) any combinations of (a), (5}, and (c). Since up to 19 Format No. 1 continuations are possible per
instruction, up to 70 runs can be made per instruction and an unlimited number of instructions can be

used. The ATOMS list, however, will only accept the first 500 atoms.

Columns
1-3 Blank or 1 (depending on what follows)
4-9 401 or 411
10-18
- As described above
64.—72

3.3.5.2 Instructions 402 and 412, Sphere of Enclosure Add and Sphere of Enclosure Eliminate. —
These instructions allow the user to build or medify the subject by specifying the contents (complete,
partial, or vector screened, see 3.1.6) of a sphere of enclosure about any addressable point. For in-
struction 402, the contents of the spheres are added to the atom list except for positional duplications,
which are omitted. In the 412 instructions, all points in the spheres are eliminated from the atoms list
if they are present in that list. The instructions call subroutine SEARCH, and the instruction input de-
tails are identical to those of instructions 101 and 102 (see 3.3.2.1) except for the instruction number,
In the monitor output, only the ATOMS list atom designator codes are printed and not the coordinates
and interatomic distances. If the origin atoms on which the spheres of enclosure are centered are to be

saved, the target atom number run (Tar. ANR) must contain this atom number. Furthermore, if vector
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search code cards of Format No. 2 are used, one of them must satisfy the intra-atom null vector for the
origin atom in order to retain it.

3.3.5.3 Instructions 403 and 413, Box of Enclosure Add and Box of Enclosure Eliminate. — These
instructions allow the user to build or modify the subject by specifying the coatents (complete or partial
but not vector screened, see 3.1.7) of a box of enclosure about any addressable point (or atom number
run of addressable points). The three axes of the box are parallel to the three base vectors of the ref-
erence Cartesian system, and the semidimensions of the box are specified on the instruction card. If an
orientation of the box different from the standard orientation (see 3.1.8) is desired, than a 501 or a 502
instruction, or both, should be used before this instruction to reorient the reference Cartesian system,
After this instruction has been executed, the reference system can undergo further reorientation as de-
sired for plotting purposes, etc.

As in the case of the sphere of enclosure (see 3.3.5.2), the origin atom on which the box is centered will
not be included unless the target atom number run includes the origin atom numbe:r, Vector search codes
are not used by this instruction. Subroutine SEARCH is used by this instruction, and the instruction in-
put details are similar to those described in 3.3.2.1 except that D) max is replaced by the semidimension
a/2 of the box and the following fields on the card are used to specify the other two semidimensions 5/2

and ¢/2. One must use caution in choosing the box dimensions so that the atom table does not overflow.

Columns

1-3 Blank
6~9 403 (or 413)

10-18
} Origin ANR (see 3.3.2.1)

19-27
28-36
Target ANR (see 3.3.2.1)
3745
4654 a/2
55—-63 b/2
6472 c/2

3.3.5.4 Instruction 410, Clear Atoms List. — This instruction clears the atoms list to zero. When the
program is first entered the list is antomatically set to zero.

3.3.6 Orienting Instructions (500 Series). — This series of instructions orients the reference and work-
ing Cartesian systems (see 3.1.8). Each time the reference system is redefined with a 501 or rotated with
a 502, the working system is automatically made coincident with the reference system. The working sys-
tem can be displaced from the reference system by rotating about an axis of the reference system with a
503 instruction. The working system is always positioned by a rotation from the reference system and
does not depend on the previous working system orientation. After each 500 series instruction, the base
vectors of the relevant Cartesian system are printed out. These vectors are based on the triclinic co-

ordinate system. The postfactor transformation matrix for converting from triclinic coordinates to



41

Cartesian coordinates is also printed out. The inverse transformation matrix may be formed by placing
the three base vectors together in row vector form.

3.3.6.1 Instruction 501, Reference Cartesian Sysfem Assignment. — Any Cartesian coordinate system
is based on three orthonormal base vectors and an origin point. The origin point in the model (ORGN) is
specified with an atom designator code. The three orthonormal base vectors can be described by two non-
collinear vectors, and OR TEP provides the two following separate techniques for performing this opera-

tion, using vector cross products of the two vectors v and v.

Type A Type B
Base vector 1 (x axis) u u
Base vector 2 (y axis) Uxwv (uxv)xu
Base vector 3 (z axis) ux (uxwv) uxv

The reference system x and y axes will parallel the plotter x and y axes, and the origin point ORGN will
lie in the plane of the plotter. The viewer will be looking into the z axis vector of the coordinate system

from a distance VIEW in inches (see 3.3.4.1) directly above the origin point.

Columns Effective
Primer Constant
1-3 — _
6~9 501 _
10-18 ORGN(ADC) 055500
19-27 055500
Vector u (VDC)
2836 065500
37-45 055500
: Vector v (VDC)
46-54 056500
55-63 - _
64-72 0=Type A, >0 =Type B 1

3.3.6.2 Instruction 502, Reference Cartesian System Rotation. — The crystal model can be given any
orientation desired with a series of rotations of the model about the reference system axes. In general,
three rotations {e.g., those of an Eulerian system) are sufficient to achieve any orientation, but for con-
venience an unlimited number of rotations are permitted in the program. In addition, rotations of 120°
about the body diagonal of the reference Cartesian system are permitted (this is achieved by a cyclic
permutation of reference base vectors).

Each operation requires two fields in the instruction card. For axial rotations, the first field of each
pair will have the number 1, 2, or 3 to indicate rotation about the x, y, or z axes of the reference system.
The second field will have the rotation angle in degrees for a right-handed rotation of the medel about
the designated axis (i.e., a positive angle signifies a counterclockwise rotation of the structure with the

designated axis pointing toward the reader). The body diagonal rotation is designated by either a (- 1)
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or a (—2) in the first field to indicate a 120° or a 240° right-handed rotation about the body diagonal, and
the second field is blank. A (—3) would rotate the structure completely around and thus not change its

previous orientation.

Columns
First Card
1-3 0 (or 1 if continued on next card)
4-9 502
10—18} 1,2,3,-1,-2
19-27 c;ST
28—36} 1,2,3,-1,-2
37-45 qS‘;
46—54} 1,2,3,-1,—2
55—-63 QS;
64-72 1,2,3,-1,-2
Second Card
10-18 qsg

If desired, each rotation can be executed with a separate 502 instruction card.

3.3.6.3 Instruction 503, Working Cartesian System Rotafion (Stereoscopic Rotation}. — The working
(minor) Cartesian system is automatically made coincident with the reference system whenever the ref-
erence system is redefined with a 501 instruction or rotated with a 502 instruction. To define an orien-
tation of the working system which is not coincident with the reference system we use a 503 instruction,
which allows one rotation about one axis of the reference system. Actually any number of successive
rotations can be made, but the effect is not cumulative since the starting point for each rotation is
always the reference system. Body diagonal rotations are not permitted.

A 503 rotation normally precedes each member of a stereoscopic pair of plots. The rotation is about
axis 2 if the stereo pair is to be viewed with the x axis parallel to the observer’s interocular line and

about axis 1 if the y axis is to be patallel to that line.

Column
1-3 —
4-9 503
10-18 1,2,3
19-27 w®

3.3.7 Positioning and Scaling Instructions {600 Series). — These instructions are used to direct the

placement of the origin point ORGN (specified by instruction 501) onto the drawing (dimensioned by in-
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struction 301). In addition the three-dimensional assembly of atoms (chosen by the 400 series instruction)
constituting the model is scaled, The atomic centers of the model will then be hanging in space above
and below the drawing board correctly positioned to be projected from the eye point described with 301.

3.3.7.1 Normal Modes of Positioning and Scaling. — Several normal modes of operation are available
to the user for positioning and scaling the model. Instruction 601 requires the user to supply a complete
explicit description of position (x,,y ) and scale (SCAL1). At the other extreme, instruction 604 auto-
matically scales and positions the model so that the peripheral projected atom centers will touch two
opposite borders and the peripheral atoms in the remaining dimensions will be centered on the drawing.
An intermediate mode is available through 602, which provides automatic scaling after explicit posi-
tioning. In general this allows only one edge of the model to touch a border. Finally, instruction 603
requires an explicit scale and dees automatic centering,.

In general the 604 is the easiest and safest one to use, but situations arise in which the user
should not relinquish control to the progtam. For example, if a big illustration is to be drawn piece-
wise on a small plotter, the user will have to maintain ¢ontrol over the scale, and probably over
positioning, so that the partial plots can be fitted together correctly.

A second scale factor SCALZ is required in connection with the ellipsoid (or sphere) size. It is
a dimensionless scale factor ratio used to modify all ms displacement values before plotting equi-
probability ellipsoids or spheres. A table of SCAL2 values vs probability is given in Sect. 5.2. The
primer constant for SCAL2 is 1,54, cotresponding to 50% ptobability. If the instruction’s entry for
SCALZ2 is 0 or blank, then SCAL2 is not modified by the instruction. The same statement also holds
for Xor Yo and SCAL1. That is, if the instruction entry is zero or blank for any of these, then the value

of the constant in memory is not changed. This means that an x_ or ¥y, cannot be entered as exactly

o
zero, so that if, zero is wanted, a small nonzero number should be entered.

Columns 601 602 603 604 Primer Constant
1-3 — - — — -
4-9 601 602 603 604 —
10-18 X, X, — - 15.0
19-27 Y Yo - - 5.5
28-36 SCAL1 - SCALI1 — 1.0
3745 SCALZ2 SCALZ2 SCALZ2 SCAL?2 1.54

3.3.7.2 Incremental Modes of Positioning and Scaling. — Additional flexibility is provided through the
incremental instructions 611, 612, and 613. These allow the user to “‘nudge’’ the model or modify the
scale factor (SCAL1L), or both, after the parameters have been initially set with a previous 600 series in-
struction. The 611 instruction adds Axo, Ayo to the previous Xgs ¥y position for the ORGN placement
and multiplies the existing SCALI by AK (except if AK = 0, SCAL1 is unmodified). Instruction 612
increments the position and then does an automatic scaling; 613 first increments the scale (by multi-

plying by AK) and then automatically repositions.
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A conservative general approach is to follow a 604 with a 611 having Ax_ =0, Ay =0and AK =0.9.
0 o

This will simply reduce the scale 10% so that there is more space for labels, etc.

Column 611 612 613
1-3 - - -
4-9 611 612 613

10-18 Axo Axo -
19-27 Ay, Ay, -
28--36 AK - AK
3745 SCAL?2 SCALZ2 SCAL2

3.3.8 Atom Plotting Instructions (700 Series). — These instructions are concerned with drawing
various representations of the atom based on the familiar ball-and-stick molecular model. The ball in
the general case is an ellipsoid representing a contour surface of equal probability density. Alterna-
tively, when thermal motion is not being portrayed, the ball can be a sphere of arbitrary dimension.

The 700 series also has provision for labeling the atomic site with the corresponding chemical symbol.
The instructions in this series draw the **ATOMS list’’ atoms which project onto the usable part of the
drawing area. Atoms found to be cut of bounds are bypassed, and a Fault Message (NG = 10) is printed-
on the monitor output. An atom is out of bounds under the following conditions: (1) if its z coordinate in
the scaled reference Cartesian system is greater than 1/2 the viewing distance, (2) if its center after pro-
jection falls outside the limiting boundary of the drawing board, or (3) if the projected center is within

3’/4 of the margin width (BRDR) of a limiting boundary.

An ellipsoid, for graphical purposes in OR TEP, is considered to be composed of ellipses and straight
lines. The ellipses are of two types, principal ellipses and boundary ellipses, Relative to the viewpoint,
a principal ellipse is further subdivided into a front half and a back, or hidden, half. There are three
principal ellipses per ellipsoid, corresponding to the three principal planes. The boundary ellipse is the
edge of the ellipsoid as seen from the viewpont. The front and back halves of the principal ellipses meet
at the boundary ellipse. The straight-line segments of the OR TEP ellipsoid are the forward principal
axes, reverse principal axes, and octant shading lines.

Figure 3.1 shows various combinations of these elements. It is obvious that certain of these coms-
binations are better representations than others, Instruction 701 generates the 5A model of Fig. 3.1,
instruction 702 generates 2A, and 703 produces 3B. Instruction 704 draws the boundary ellipse alone,

If an atom is entered as a sphere, the boundary will be circular before projection and slightly elliptical
after perspective projection. Instruction 705 allows the user to make up any representation {rom the
basic components.

Chemical symbols up to six alphanumeric characters in length are included with the input structural
patameters for each atom. These symbols can be put onto the illustration with one 700 series or several
900 series instructions. The 700 series places the center of the six-character field of each atom in the
same position relative to the atom center; the 900 series allows the user to position each symbol individ-

ually. The 700 seties requires only three parameters as follows: (1) symbol height in inches, (2) parallel



45

(left-right) offset in inches, and (3) perpendicular (up-down) offset in inches. The parameters refer to the
model before projection, and they will change slightly during perspective projection. The parallel and
perpendicular offset refer to the exact center of the six-character input field and are relative to the letter-
ing base line set up with the 302 theta rotation. A symbol height of 0 or blank will cause the symbol-
drawing routine to be bypassed.

It is possible to vary the thickness of the boundary ellipse line by making it a function of z, the

height of the atom from the drawing board. This option is normally used with the 704 (boundary only)

ORNL DWG, 64.5255

A, B. C.
Without back Full line Dotted
Or reverse axes back back

1. Principal ellipses

Principal and
enveloping ellipses

Principal ellipses
and axes

HO D

Principal ellipses
4, oand axes
with envelope

Principal ellipses
5 and axes
*  with envelope and
octant shading

Fig. 3.1. Various Combinaticens of Ellipsoid Components.
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instruction but will work for any 700 instruction. Entries are put in the Ao and A, fields of the in-

struction continuation card to specify the coefficients of
AR(z} = Ao +A z,
where

AR is the increase in radial dimension to be added to the width of the single pen line,
A‘J is AR for an atom at z = 0, and

A1 is the rate of increase in radial dimension with z.

As an example, assume that the atoms of the scaled model range from 5 in, below to 5 in. above the
drawing board and the pen width is 0.2 mm (.008 in.). If we want the closest ellipse boundary to be
five times as wide as the farthest, then AR(—5 in.) = 0, AR(5) = 0.008 x (5 — 1) = 0.032 in.; thus
A, =0.016 in. and A =0.0032 in.

The program widens the line by stepping radially in increments of DISP, which is set by primer
constant to 0,005 in. A 303 instruction can be used to change DISP if desired.

The monitor output for the 701 through 705 instructions consists of the following:

1. x5 plotter coordinates: the coordinates, in inches, for the projected atom center on the plot,
measured from the lower leftshand corner of the limiting boundary. This is the fixed plotter coordinate
system with origin point set by the plotter operator.

2. x,y,z working Cartesian coordinates: the coordinates, in inches, for the oriented and scaled
atomic model before projection. The x and y axes parallel the plotter x and y axes, and the origin of
the system is in the plane of the plotter at the point XY g (see 3.3.7) in plotter coordinates. The point
ORGN of the scaled model is at this point (see 3.3.6.1).

3. x,y,z triclinic coordinates, in fractions of the unit-cell edges relative to the crystal unit-cell
origin,

4. Principal axes of thermal motion, consisting of () principal values of root-meanssquare dis-
placement and (b) direction cosine for principal vectors relative to the working Cartesian system.

5. The atom designator code and ¢hemical symbol for the atom.

Instructions 711 through 715 are identical to 701 through 705 except that the 710 series suppresses
all monitor output except fault messages.

3.3.8.1 Atom Plotting Instructions 701, 702, 703, 704, and 711, 712, 713, 714. —

Columns
First Cared
1-3 1 (if boundary retracing is desired; otherwise ()
4-9 701, 702, 703, 704, 711, 712, 713, 714
10-18 Blank
19-27 Blank
28-36 Blank

37-45 Blank
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46-54 Symbol height (in.}
55-63 Perpendicular offset (in.)
64-72 Paralle! offset (in.)
Second Card {needed only for boundary retracing)
1-3 Blank
4-9 Blank
1018 A (in.)
19-27 A (in.)

3.3.8.2 Atom Plotting Instructions 705 and 715. —

Columns
First Card
1-3 1 (if boundary retracing is desired; otherwise O)
4-9 705 or 715
10-18 NPLANE

={}, no ellipsoid components

=1, boundary ellipse only

= 3, principal ellipses only

= 4, boundary + principal ellipses

19-27 NDOT (back side of principal ellipses)
<0, solid line back side
= 0, back side omitted
= 3, 4 dots on back side
=4, 8 dots on back side
= 5, 16 dots on back side
=6, 32 dots on back side

28-36 NLINE (forward principal axes and shading)
=0, no forward axes or shading
=1, forward principal axes only
= N, forward axes + (¥ — 1) line shading

37-45 NDASH (dashed reverse principal axes)
= 0, no reverse axes
= N, dashed reverse axes with N dashes

46-54 Symbol height (in.)
55-63 Perpendicular offset (in.)

for symbols
64-72 Parallel offset (in,)

Second Card same as 701

3.3.9 Bond Plotting Instructions (800 Series). — The bond plotting instructions are grouped into two
general types, explicit and implicit, depending on how the bonds are specified. Explicit bonds require a
vector designator code (see 3,1.2) for each bond. Implicit bonds make use of vector search codes (see

3.1.5) to find pairs of atoms from the ATOMS array set up by the 400 series instructions.
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There are two types of bonds that can be drawn, stick bonds and line bonds. The line bond is a
very crude, but rapid, method useful in drawing preliminary illustrations. It is constructed by placing
centered symbols (e.g., +, %, ¥, etc,) on the two atom sites and drawing a single straight line between
them. Line bonds are always specified implicitly (803, 813 instructions).

The more elaborate bond is the stick bond, which could also be called a conical bond because of its
accentuated perspective taper.® Each end of the bond intersects either (1) an ellipscid or (2) an envelop-
ing cone (tangent cone) which has its apex at the viewpoint and is tangent to an ellipsoid. In general,
the ellipsoid intersection is automatically used if the axis of the bond intersects the ellipsoid at a point
which is visible to the viewpoint; otherwise, the tangent cone intersection is used, so that the bond ap-
pears to terminate at the boundary of the ellipsoid. However, the user can specify that the ellipsoid in-
tersection always be used in order to make the skeleton type model (e.g., 3B of Fig. 3.1) appear even
more transparent, The radius of the stick bond and the number of lines which are used to draw the bond
are specified by input parameters,

Bond-distance labels can be drawn automatically with stick bonds, but not with line bonds. The
bond-distance label numbers are in Angstrom units to one, two, or three places past the decimal point.
The bond labels on the illustration will have their base lines parallel to the stick bonds and will be
right side up for the viewer. The height of the label in inches and the perpendicular offset distance
for the center of the label relative to the center of the bond are parameters to be specified by the user.
With the present primer constant for FORE, if the sine of the angle between the bond and the mean view-
ing vector is greater than 0.5, the lettering is done in perspective along the bond. When the sine of the
angle is less than 0.5, the perspective lettering would be excessively foreshortened. The lettering is
then made parallel to the plane of the drawing with its base line parallel to the projected bond. Dif-
ferent lettering heights and different perpendicular offset distances can be assigned to the perspective
and nonperspective bond-distance labels.

All bond parameters are input with Format No. 2 trailer cards (see 3.3.1). The bond parameters are
as follows:

1. Bond type (for stick bond) is designated by an integer NBOND, where —5 < NBOND $5. The
negative integers denote that both ends of the bonds terminate at the ellipsoids. The positive integers
denote bonds ending either at the ellipsoid or the tangent cone, as described previously in this section.
An entry of zero draws no bond. A magnitude of 1 for NBOND produces two lines, one for each bond
edge, 180° apart in the plane normal to the bond axis, Lines are drawn 90, 45°, 22,5° or 11.25° apart
for NBOND magnitudes of 2, 3, 4, or 5, respectively. The back side of the bond is not drawn. Repre-
sentative samples are shown in Fig. 6.1.

2. The bond rdius (mean value for stick bonds) is in Angstrom units. Values between 0.01 and
0.06 A usually give good results. Any positive value may be used as long as it is smaller than the
scaled ellipsoid minimum semidimension. The bond radius is not changed by the ellipsoid scale factor

ratio SCAL2.

3The accentuated taper may be increased or decreased by changing the value assigned to TAPER in SUB-
ROUTINE PRIME (see TAPER in sect. 4.5),
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3. The height of perspective labels for bond distances is entered as zero if no bond distances are
to be labeled. Positive values denote the lettering height in inches before projection.

4. The perpendicular offset for bond distance perspective labels (in inches) pertains to offset of the
center of the distance label relative to the center of the bond.

5. The height of regular labels for bond distances is entered as zero if no bond distances correspond-
ing to foreshortened bonds are to be drawn. Positive values give the lettering height in inches befare
projection.

6. The perpendicular offset for bond-distance regular labels has the same definition as parameter 4
above.

7. The significant digits indicator is — 1, 0, or 1, denoting bond distance labels with one, two, or
three digits, respectively, after the decimal place.

Instructions 801, 802, and 803 differ from 811, 812, and 813 only in the monitor output listing. The
second group has no output except error messages. The first group lists: (1) plotter coordinates in
inches, (2) scaled Cartesian coordinates (in inches) of atom before projection, and (3) triclinic crystal
coordinates for the atoms of each bond. The interatomic bond distance in angstroms is also listed.

If an atom of a bonded pair is out of bounds, a fault message (NG = 10) is printed on the monitor output.
If the bond is hidden and cannot be drawn, fault message NG = 14 is printed. Fault NG = 13 signifies

that an imaginary intersection was found with a bond radius larger than the ellipsoid semidimension.

3.3.9.1 Instructions 801 and 811, Explicit Stick Bonds. — The only entry on the instruction card is
the instruction number. A Format No. 2 trailer card is required with the fields specified under column
801 in Table 3.1 properly filled in, The bonds are described with two atom designator codes for each
bond. The two atom designator codes for a bond must be in adjacent fields, but blank fields can be
inserted between the different bonds. Since there are seven fields available per card, it is a good idea
to use only two, four, or six of them so that the card sequence within the instruction (other than first

and last cards) will be unimportant.

3.3.9.2 Instructions 802 and 812, Implicit Stick Bonds. — All parameters are input with Format No. 2

trailer cards {see Table 3.1). The only entry on the instruction card is the instruction number.

3.3.9.3 Instructions 803 and 813, Implicit Line Bonds. — All parameters are input with Format No. 2
trailer cards (see Table 3.1}, The centered symbol placed on a given atom will be the centered symbol

whose calling number corresponds to the atom number modulo 10 (see Fig. 4.2).

3.3.10 Label Plotting Instructions (900 Series). — The 900 series allows the user to plot general
titles up to 72 characters in length, chemical symbols up to 6 characters long, bond length labels, and
centered symbols. The bond length labels can have two decimal places before the decimal point and
one, two, or three places after the decimal point. The 700 and 800 series instructions can plot chemical
symbols and bond length labels, but it is often desirable to position certain labels individually with the
900 series.

General titles and bond length labels can be drawn either in perspective or parallel to the plane of

the drawing. Chemical symbols and centered symbols are always drawn parallel to the plotter plane.
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Instructions 913 through 916 are for perspective lettering, and instructions 901 through 909 produce
regular lettering.

Two vectors, the upright vector and the base-line vector, are needed to describe a lettering plane.
In OR TEP the upright lettering vector is always parallel io the plane of the drawing. For perspective
lettering the base-line vector is a general vector in three dimensions. In the nonperspective case the
base-line vector is either along the projection of a general vector or along the vector (in the plane of
the plotter) which is oriented with 302 title rotation instruction (theta base line). If theta (set by 302)
is zero, then the theta basesline vector is along the plotter positive x axis.

The exact center of the label is always referred to when specifying the position of the label, The
program goes through the following steps to position the center point of the label onto the drawing. (1)
A point P1 is found which is either the position of atom A or the mean of two atom positions (atom A
and atom B). The atom A position is used if no atom designator exists in the atom B field of the in-
struction card. (2) A point P2 is found by (a) translating from P1 along the base-line vector for the
distance specified by paralle! offset, then (b) translating along the upright vector by the perpendicular
offsef distance. (3) A point P3 is found by projecting P2 onto the plane of the plotter. (4) If the x
edge reset is >0, then x is reset to this value. If x edge reset is <0, x is reset to the positive x plot
boundary minus |x edge reset|. No resetting is done if x edge reset is zero. The y parameter is handled
in the same manner with y edge reset.

The format for the entire 900 series is as follows;

Columns
1-3 Blank or 3 (or 1 if second card is needed)
4-9 Instruction number
10-18 Designator for atom A
19-27 Designator for atom B (or blank)
28-36 x edge reset (in.)
37-45 y edge reset (in.)
46-54 Lettering height (in.)
55-63 Parallel offset (in.)
64-72 Perpendicular offset (in.)
Second Card (if needed)
1-3 Blank
4-9 Blank
10-18 Centered symbol number (0—14)

3.3.10.1 Instruction 901. — A nonperspective chemical symbol with theta base line is drawn using the
chemical symbol for atom A.

3.3.10.2 Instruction 902. — A nonperspective title with theta base line is drawn. The title must be
entered with the instructions on a Format No, 3 trailer card, The title should be centered about columns
36-37 of that card.
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3.3.10.3 Instructions 903 and 913. — A general vector title is drawn with nonperspective lettering
for 903 and perspective lettering for 913. The general vector is from atom A to atom B. The title is
entered as described for 902 (see 3.3.10.2 above).

3.3.10.4. Instructions 904, 905, 906, 914, 9153, and 916. — These are instructions for general-vector
bond-length labels. The first three are for nonperspective lettering with one, two, and three places after
the decimal point; and the last three are for the corresponding bond-length labels with perspective let-
tering. The general vector is from atom A to atom B. Note that the sense of the vector is important in
order to have the label right side up.

3.3.10.5 Instructions 908 and 909. — These instructions are for centered symbols, With 908 the pen
is up while moving to the position where the centered symbol is to be drawn, but with 909 the pen is leff
down. The centered symbol is one of the 15 listed for the CalComp SIMBOL routine (the misspelling of
*‘symbol”’ is intentional). The symbol number must be in the range 0-14.

3.3.11 Saved Sequence Instructions (1100 Series). — It is often desirable to repeat a sequence of in-
structions one or more times with other instructions inserted between the repetitions. The 1100 series
allows the user to do this without the necessity of putting in duplicate sequences of instruction cards.

[t is not an elaborate looping device, but it does give additional flexibility to the system.

The three instructions in this series are to start the saved sequence (instruction 1101), terminate the
saved sequence (instruction 1102), and execute the saved sequence (instruction 1103). All instruction
catds and their trailer cards between the 1101 and 1102 instructions are executed and saved on a mag-
netic scratch tape. A 1103 instruction rewinds this scratch tape and repeats all the instructions stored
there before another instruction is read from the monitor input. There are no parameters to be entered
with the 1100 series instructions,

3.3.12 Job Termination Instructions (Negative Series}. — A (—1) instruction terminates the job and
exits via SUBROUTINE EXIT.

A (—2) instruction reinitializes the whole program and starts over with another structure from the title
card on. As many structures as desired may be run in sequence in this manner before exiting with a (-1)
instruction. Note that the 201 instructions should occur only once and should not be repeated for succeed-

ing jobs.
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3.4 List of Fault Indicators

Certain errors are checked for in OR TEP, and when one of these occurs, an etror message, “FAULT
NG = ng ADC m’ is written on the monitor output tape. The number NG is explained below. The ADC and
m identify the atom code and the instruction involved (if these are relevant). If possible, corrective measa

ures are made by OR TEP and the calculation proceeds; otherwise, the job is terminated by calling SUB-

ROUTINE EXIT.

Subroutine

NG Invelved
1 PRELIM
2 PRELIM
3 PRELIM

4 ATOM,PAXES

5 ATOM,PAXES

6 EIGEN

7 EIGEN

9  MAIN,SPARE

10 BOND,F700

11 F800
12 F600
13 BOND
14 BOND

15 F900

Fault

No sentinel found after reading
48 symmetry cards

No sentinel found after reading
the parameter cards for 200
atoms

Anisotropic temperature factor
coefficients form a matrix
which is not positive definite

Symmetry operation number is
higher than the number of in-
put operations

Atom number is higher than the
number of input atoms

Null temperature factor matrix
or failure in bisection routine

Eigenvector routine failure due
to null vector

Unidentified instruction
number

Atom out of bounds
No vector search codes

Insufficient number of atoms
in ATOMS list

Imaginary bond intersection
Hidden (end-on) bond

Null vector as base line

Action

Tries to read parameter cards

Tries to read instruction cards

EXIT after printing out all rms
principal values (imaginary
ones are negative)

Omit atom

Omit atom

EXIT, after printing out all
principal values

EXIT, after printing out all
principal values

Omit faulty instruction

Omit atom
Omit instruction

EXIT

Omit bond
Omit bond
Omit label
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4. COMPUTATIONAL PROCEDURES (HOW THE PROGRAM WORKS)

Certain of the numerical procedures®

used in OR TEP are of a nature somewhat unfamiliar to many
crystallographers. These aspects are outlined for the benefit of the reader who may wish to write a

similar program or modify the present one.

4.1 Graphic-Computational Methods

These are the techniques used in producing the graphical details of the illustrations.

4.1.1 Drawing Ellipsoids. — Figure 3.1 demonstrates the various ellipsoid graphical representations
that can be drawn with OR TEP. The major components in the reptesentations are the three principal
ellipses and the boundary (outline) ellipse. The principal ellipses have a front half and a back (hidden)
half. The entire boundary ellipse is visible.

An ellipse is approximated by connecting a series of points on the ellipse with straight line seg-
ments. Points on an ellipse having a general orientation in three dimensions are computed; then each of
these points is projected onto the drawing board for plotting.

The basic algorithm for finding the points along a given general ellipse utilizes the properties of
conjugate diameters. Assume that we have the three principal axis vectors Y1, ¥2, ¥3 of the general
ellipsoid and a vector V4 from the center of the ellipscid to the viewpoint. The vector ¥5 normal to the

polar plane (see Fig. 4.1), whose pole is the viewpoint, can be obtained from

V5= AV4, 4.1.1.1)
where A is the matrix for the ellipsoid which is defined by

XTAX =d, (4.1.1.2)

whete d is a constant.

The boundary ellipse is defined by two conjugate vectors, one of which is any vector Y6 perpendicular

to ¥5 and the second is V7, where
V7=V5x AV6. 4.1.1.3)

The assumption made for this boundary ellipse derivation is that the view distance is large compared to
the ellipsoid size. Therefore, the boundary ellipse defined above always lies on the diametral polar plane
(see Fig. 4.1).

1For a treatment of the solid analytical geometry involved, the following three books are recommended, The first
one is particularly useful.

J. Heading, Matrix Theory for Physicists, chap. 3, pp. 81—106, Longmans, Green and Co., London, 1958.

B. Spain, Analytical Quadrics, Pergamon Press, New York, 1960.

G. A. Korn and T. M. Korn, Mathematical Handbook for Scientists and Engineers, McGraw-Hill Book Company,
New York, 1961,
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ORNL-DWG. 65-2671

POLE
(Viewpoint)

VECTOR NORMAL TO POLAR PLANE

PRINCIPAL AXIS 2

PRINCIPAL AXIS 1

POLAR PLANE }PARALLEL
DIAMETRAL POLAR PLANE J PLANES

Fig. 4.1. Polar Planes Formed by Tangent Cylinder and Tangent Cone.

A principal ellipse which lies in the plane of the principal axis vectors Y1 and Y2 will have the third
principal axis vector V3 normal to the plane of the ellipse. The intersection of this principal ellipse with

the boundary ellipse is along the vector V8 where
V8 = ¥5x V3. (4.1.1.4)

This vector divides the front and back (hidden) sides of the principal ellipse. A vector conjugate to VB

and in the principal plane containing V1 and V2 is V9, where
V9 =V3ixAVS. (4.1.1.5)

After the conjugate vectors have been found, their lengths are adjusted to make them satisfy (4,1.1,2)

by letting X = s | where | is a unit vector. Solving for s, we obtain

s=[d/(ITAD] 72 . (4.1.1.6)
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A conjugate vector pair is expanded into an ellipse by subroutine RADIAL. Since an ellipse is
centrosymmetric, the two conjugate vectors and their negatives give us four vectors whose end points lie
on the ellipse. By performing a vector sum of two adjacent vectors and dividing the resultant vector
components by \/2_, we can obtain an additional vector. After doing this for all adjacent pairs, we then
have a total of eight vectors. This process can be repeated as many times as desired except that the

scaling constant will be different for each cycle. The constant is described by

CONT (i) = {2[1 + cos (a/1)]}17?

where i is the cycle number.

This total process may be thought of as taking a planar radial set of equally spaced unit vectors and
performing a deformation and scaling on the space in which it is described. In geometry this deformation
is called an affine transformation.

Complete details on drawing ellipsoids can be obtained from the FORTRAN coding of subroutines
F700 and RADIAL.

4.1.2 Drawing Bonds. — The major problem in drawing bonds is to obtain the intersection where the
bond penetrates the ellipsoid. Three quadrics are used in subroutine BOND to calculate bond intersection.
These three are the ellipsoid, the tangent cylinder, and the tangent cone.

The ellipsoid is described in matrix notation as
XTAX-d, 4.1.2.1)

where d is a constant and X is any vector from the center to the suiface of the ellipsoid. The matrix A is
3 by 3 symmetrical with components a (,;=1, 2, 3).

The elliptic cylinder tangent to the ellipsoid and with its axis along z is described by

XTBX-4d, (4.1.2.2)
where
e J013%n 0  _%adfs
11 12
833 B33
B= a 813832 323632 0 (4 1 23)
12_8— T2 _a— i
33 33
0 0 0

and d is the constant used in (4.1.2.1). The tangent cylinder is used when it is necessary to terminate
the bond at the boundary of the ellipsoid when a parallel projection is used.
To find the intersection of a cylindrical bond along Yb with radius r with either the ellipsoid or the

tangent cylinder, we proceed as follows:

1. Form a radial set of vectors Vr}. of length r normal to Vb.
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2. Take a unit vector | parallel to ¥b and let

X, =Vroesl, (4.1.2.4)

where s is a constant to be determined. Substituting in (4.1.2.1) we obtain

SAATAL+ 2s ViTAL + V' TAVr—d-0; (4.1.2.5)

solving for s we get

VIT AL+ (VT ADZ — (IT ALY (VeT AVr —
se_ - (VTAD? - AT AD (Ve T A 3. @.1.2.6)
IT AL

The elliptic cone which is tangent to the ellipscid and which has its apex on the viewpoint can be
obtained from the matrix A and from the vector Yu which extends from the center of the ellipsoid to the

viewpoint. This is performed in the following steps:

1. The ellipsoid is transformed with a rotation matrix to a new Cartesian frame of reference which has
the z axis along the view vector Vu.

2. The tangent cone can now be described as

YTCY-=0, 4.1.2.7

where Y is a vector originating from the vertex (viewpoint) of the cone and

a,.a a,.a Ka

1 1 1 1
a“+K33 a,+ %32 - 3
~93; K*ass ~933

a. . .a a,.a Ka

1
C- a,, +K23_3 a,, +K23 32 23 , K=d/|Vul| . (4.1.2.8)
~9;3; 933 K"ass
Ka

31 Kasz Kass
K—a33 K—a” K—-a“

3. The frame of reference is rotated back to its original orientation with a rotation matrix which is the
inverse of the one used in step 1. Note that the crigin is now on the viewpoint rather than the

ellipsoid center.

To find the length, s, of a vector s | extending from any point p inside the cone to the surface of the

cone we let

Y=Vp+sl (4.1.2.9)

and obtain from (4.1.2.7)

(Vp+sDT C(Vp+rsh=0;
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then solving for s we obtain

—VpTCl+/(¥pTCH? = (ITC ) (VpT CVp)
I7C| '

(4.1.2.10)

The vector Vp from the vertex to p is formed by
Vp=—Yu+ Vr,

where Vr is any member of aradial set such as that described for the regular ellipsoid intersection.

4.2 OR TEP Subprograms

The subprograms can be grouped into four functional categories. These can be called Mainstream,
Subsidiaries, Arithmetic, and Plotting, The first three categories are coded in a FORTRAN dialect
which will compile with either IBM-7090 FORTRAN II or CDC-1604A FORTRAN 63. The plotting
routines are generally different for each machine configuration and are usually written in a machine-
oriented symbolic language. In general, the standard library plotting routines available at most computing
centers can be used with very minor modification.

4.2.1 Mainstream Subprograms. — The first three (PRIME, PRE LIM, and MAIN) are the general con-
trolling routines, and the remainder are oriented toward particular OR TEP instructions.

4.2.1.1 PRIME. — This routine ““primes the program’’ by initializing all the *‘primer parameters’’
including the magnetic tape logical number assignments.

4.2.1.2 PRELIM. — All calculations concerned with processing (e.g., principal axis transformations)
and storing the input crystallographic parameters are performed by PRELIM.

4.2.1.3 MAIN. — MAIN is the controlling routine which decodes the OR TEP instructions. It either
executes the command directly or calls the appropriate subroutine which can execute the instruction.

4.2.1.4 F200. — This is the plotter ‘‘nursemaid routine’’ which is controlled through the 200 series
instructions. It satisfies the whims and fancies of any particular plotting system control package.

4.2.1.5 F400. — This is the subroutine that executes the 401 and 411 instructions.

4.2.1.6 F500. — This is the subroutine that executes all 500 series instructions.

4.2.1.7 F§00. — This is the subroutine that executes all 600 series instructions

4.2.1.8 F700. — This is the ellipsoid plotting routine, which executes all 700 series instructions.

4.2.1.9 F800. — This is the subroutine that executes all 800 series instructions. Bonds to be drawn
are found by F8Q0, then drawn by subroutine BOND.

4.2.1.10 F900. — This is the subroutine that executes all 900 series instructions.

4,2.1.11 F1000. — This is a dummy subroutine which is called by the presently nonexistent 1000
series instructions. This series can be coded by the user for any special purpose which may develop.

4.2.1.12 SPARE(NJ). — Further expansion of the instruction list may be done through this dummy
subroutine, which is called by any NJ > 12. NJ = instruction /100.
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4.2.2 Subsidiary Subprograms. — 4.2.2.1 ATOM{ADC,X), DIMENSION X{3). — This will find the
triclinic coordinates X for the atom described by the atom designator code ADC.

4.2.2.2 BOND (ADCI1, ADC2Z, NB). - BOND is the bond plotting routine to draw a bond, described
by Format No. 2 trailer card number NB, between atoms ADCI and ADCZ.

4.2,2.3 DRAW (W.DX,DY,NPEN), DIMENSION W(3). — DRAW interconnects OR TEP and the plot
package. It also prevents the pen from crossing the boundaries. If the indicator ITILT in common is
zero, the array W contains x and y in plotter coordinates. While perspective lettering is being plotted,
ITILT # 0; and W contains x, ¥, z in Cartesian coordinates, which will be rotated and projected by
DRAW to form plotter x,y coordinates. DX and DY are added to the plotter x and y, respectively,
before the plot package is called. NPEN = 2 for pen down and 3 for pen up.

4.2.2.4 ERPNT (ADC,INST). — This is the printout routine called when a Fault is found. The argu-
ments identify the atom designatot code and the instruction involved in the Fault. The fault indicator,
NG, is in common.

4.2.2.5 PAXES (ADC,ITYPE). — The covariance (dispersion) matrix for the thermal ellipsoid or its
invetrse matrix, which is the matrix of coefficients in the quadratic form describing the ellipsoid, is stored
in common at Q for the atom ADC.

ITYPE > 0 for covariance matrix

ITYPE < 0 for ellipsoid quadratic form matrix

HTYPE| = 1 based on triclinic system

ITYPE| = 2 based on working Cartesian system

IITYPE| = 3 based on reference Cartesian system

4.2.2.6 PLTXY (X,Y), DIMENSION X{3),Y(2). — This calculates the plotter coordinates ¥ from the
unscaled Cartesian coordinates X. The distance to the closest boundary of the plot is placed in common
at location EDGE.

4.2.2.7 PROJ (D,DP,X,XO,VIEW,I1,12,13), DIMENSION D(3,129),DP(2,129),X(3),X0(3). — This routine
is used to obtain an array, DP, of plotter coordinates from a scaled array, D, of points described in
Cartesian coordinates. X, X0, and VIEW are parameters involved in the projection, and I1, [2, I3 are DO
loop parameters for indexing through the array.

4.2.2.8 RADIAL{ND}). — Given two conjugate radius vectors of an ellipse in the array DA in common,
RADIAL generates a ““radial’’ array (D in common) of points lying on the ellipse, From 8 to 128 points
are generated depending on the value of ND (1 £ ND £ 5).

4.2.2,9 SEARCH. — Instructions 101, 102, 402, and 403 utilize this routine to conduct an exhaustive
{but educated) search to find all points within a sphere or rectangular box. Interatomic distances and
angles are also calculated for the 100 series.

4.2.2.10 STORE. — This routine stores atoms in (or removes atoms from) the ATOMS array.
Coordinates in whichever system is in use and the atom designator code are communicated to STORE
via array V1 of common.

4.2.2.11 XYZ(ADC,X,ITYPE}, DIMENSION X(3). — Coordinates for atom ADC ate returned in X.

ITYPE = 0: triclinic coordinates



59

ITYPE = 1 or 2: working Cartesian system coordinates

ITYPE = 3: reference Cartesian system coordinates

4.2.3 Arithmetic Subpregrams. — 4.2.3.1 Function ARCCOS (X). — This routine computes 0, the
arc cosine of X in degrees; 0 5 § £ 180°,

4.2.3.2 AXEQB (A,X,B,N), DIMENSION A(3,3),X(3,3),B(3,3). — This routine solves the matrix
equation A X = B for X. The matrices B and X are (3,N) and A is always (3,3). To invert A, make
B an identity matrix.

4.2.3.3 AXES (X, Y, A, ITYPE), DIMENSION X(3),Y(3)},A(3,3). — This routine provides three
orthogonal column vectors in A, each 1 A long, from the two vectors X and Y.

ITYPE > 0: Cartesian system

ITYPE £ 0: triclinic system

ITYPE| = 1: A, =X; A, = (X x Y}, Ay = X < (X x Y}

ITYPE| = 2: A1 = X; A2=(X><Y)>< X; A3=XxY

ITYPE = 0: same as type 2 except X — a crystal axis, Y = b crystal axis.

4.2.3.4 DIFV (X,Y,Z), DIMENSION X(3),Y(3),Z(3). — This routine performs the vector subtraction
X~ Y =12Z. Z may have the same location as X or Y.

4.2.3.5 EIGEN (A,X,B), DIMENSION A(3,3),X(3),B(3,3). — EIGEN determines the three eigenvalues
X and the three column eigenvectors B of the matrix A, Indeterminate eigenvectors are replaced by zeros
and the Fault indicator NG set to a negative value (eigenvectors are assigned for the indeterminate
cases by PRELIM).

4.2.3.6 MM (A,B,C), DIMENSION A(3,3),B(3,3),C(3,3). — MM performs the matrix multiplication
A B = C. The location of C must be different from A and B.

4.2.3.7 MV {A,X,Y), DIMENSION A(3,3),X{3),Y(3). — MV performs the matrix-vector multiplication
A X =Y. The location of ¥ must be different from A and X,

4.2.3.8 NORM (X,Y,Z,ITYPE), DIMENSION X(3),Y{(3),Z(3). — NORM stores at Z a vector (not
necessarily a unit vector) perpendicular to both X and Y. The sense of Z is that of the vector
product X x Y.

ITYPE > 0: Cartesian system

ITYPE < 0: triclinic system

4.2.3.9 TMM (A,B,C), DIMENSION A(3,3},B(3,3),C(3,3). — TMM performs the matrix multiplication
(AT B)T = C. The location of C must be different from A and B.

4.2.3.10 UNIT (X,Y,ITYPE), DIMENSION X(3),Y(3). — The vector Y is made 1 A long and parallel to
X. The vectors X and ¥ may have the same location.

ITYPE > 0: Cartesian system

ITYRE < 0: triclinic system

4.2.3.11 VM {X,A,Y), DIMENSION X(3),A(3,3),Y(3). — VM performs the vector-matrix multiplication
XTA=YT. The location of Y must be different from X and A.
4.2.3.12 FUNCTION VMY (X,A,Y), DIMENSION X{3},A(3,3),Y(3). — VMV performs the vector-matrix-

vector multiplication XT A Y = scalar.
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4,2.3.13 FUNCTION VV (X,Y), DIMENS|ON X(3),Y(3). — VV performs the vector-vector multiplication
XTY = scalar.

4.2.4 Plotting Subprograms for the CalComp Plotter. — The plotting subroutines are taken from the
Library routines currently in use at Oak Ridge National Laboratory with the CDC 1604A and the IBM 7090
computers, A CalComp model 580 Magnetic Tape Plotting System is used. The three major routines
tequired are derived from the CaliComp subroutines PLOTS, SYMBOL, and NUMBER. The OR TEP

modifications are called PLOTS, SIMBOL, and NOMBER.
4.2.4.1 Subroutine PLOTS. — This is an unmodified CalComp Library routine with two entry points.

a) ENTRY — PLOTS (A, LENGTH, LTNO)

This is the initialization entry for the plotter package and should be used only once in the program.
This call must be made prior to usage of any other subroutines in the package.
A is an array which may be used by the plotting package for storing data to be written on the

plot tape.
LENGTH is the number of locations in A available to the plotter package.

LTNO is an integer which tells the plotter package the logical tape number of the plotter tape.

In subroutine F200 we have
DIMENSION PLA(2000)
and card F2000170 contains

4210 CALL PLOTS (PLA,2000, L TNO)Y’
for the CDC 1604 A or
210 CALL PLOTS (PLA(2000),1998 L TNO)"
for the IBM 7090. The reverse storage of common in the IBM 7090 is the reason for the difference.
LTNO is in common and was set to 23 by subroutine PRIME.
An ORTEP 201 instruction directs the execution of this initialization.

b) ENTRY — PLOT (X,Y,IPEN)

This is the basic entry to convey data to the subroutine for plotting. To facilitate the substitution of
other plotting routines, ORTEP contains only one instruction {(card DRAW0320 in subroutine DRAW) which
calls this entty point. All the plotting information passes through DRAW before going to the actual plotting
routine PLOT.

X is the abscissa expressed in inches.
Y is the ordinate expressed in inches.

IPEN = 3, the pen will be lifted prior to execution of the movement to the given (X,Y) position.

IPEN = 2, the pen will be lowered to the paper and a straight line will be drawn from the current
{(X,Y) to the given (X,Y) position.

IPEN = -3, the subroutine will interpret this as being the end of the current plot; and, following move-
ment to the new (X,Y) position, it will set X = 0.0, so that a new origin is established for the

following plot {(an ORTEP 202 instruction executes this termination procedure).
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This subroutine keeps track of current X and Y positions, and whether or not the pen is in contact with
the paper. It stores data i the array A provided by the programmer and writes out a record on the specified
tape each time the storage area is filled or an end-of-plot call is made. It also generates sequential plot
addresses for each plot on the magnetic tape, so that physical plotting of the plots can be done in any order,

regardless of the order in which they were placed on tape.

4.2.4.2 Subroutine SIMBOL. — SIMBOL differs from the standard routine SYMBOL in two respects:

1. The input positional parameters specified in the input argument should be an array containing
X, Y, and Z in adjacent memory locations. Three-dimensional parameters are required to produce
perspective labels. The Z parameter is not used by SIMBOL but is transferred to another array that is
referenced when SIMBOL calls DRAW.

2. The standard routine SYMBOL calls PLOT directly while SIMBOL calls DRAW which in turn
calls PLOT. When perspective labels are used, DRAW will perform a three-dimensional rotation and a
projection of the grid points on which the letters are formed, to obtain true perspective. The calling
sequence for DRAW is described in 4.2.2.3.

There are two uses of subroutine SIMBOL. The first use is for producing labels, and the second

is for plotting one of 15 special centered symbols,

1. ENTRY — SIMBOL (X(1),X(2),H,BCD,THETA,N), DIMENSION X(3) (note N Z O)
X(1),X(2) are the X and ¥ coordinates of the lower left-hand edge of the first character to be

drawn.
X(3) is the Z coordinate. It is used only with perspective labeling.

H is the height in inches of the character to be drawn. The width of the character is equal to

% the height and the character spacing is % the height.
BCD specifies the address of an array containing the BCD characters to be plotted.

THETA is the angle in degrees by which the base line of the characters is to be rotated

counterclockwise from the positive X axis.

N is an integer which specifies the number of characters in the array BCD that are to be drawn.

2. ENTRY — SIMBOL (X(1),X(2),H,NUM,THETA,L), DIMENSION X{(3) (note L < ()
X(1),X(2) are the X and ¥ coordinates of the center of the symbol.

H is the height of the symbol to be plotted.

NUM is an integer such that 0 £ NUM = 14 which determines which symbol is to be plotted.

A list of the integers and the symbols generated is shown in Fig. 4.2,
THETA is the angle of rotation as described previously.

L = —1: the centered symbol will be plotted without a line being drawn from the previous (X,Y)

position.

L < -=1: a straight line will be drawn from the previous (X,¥) position to the given (X,¥) position.
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4.2.4.3 Subrouvtine NOMBER. — This is a subroutine to convert a machine format number to its BCD
equivalent and plot it according to a specified format.
NOMBER is different from the usual subroutine NUMBER in that it calls SIMBOL rather than SYMBOL.
ENTRY — NOMBER(X(1),X(2),H,A, THETA,nHFORMAT)
X(1),X(2),H and THETA are described in Sect. 1 of the SIMBOL routine.

A is the address of the floating or fixed point number which is to be plotted.

nHFORMAT is a BCD argument which specifies the manner in which the number is to be converted and

plotted.

4.3 Adapting OR TEP to Other Equipment Configurations

Card decks? for ORTEP will be provided free of charge to crystallographers and others who request that
the deck be sent to them.

The card deck contains:

1. The FORTRAN source deck with all FORTRAN subprograms arranged alphabetically. An exception
is MAIN, which is first in the deck. The deck is set up for compilation by IBM 7090 FORTRAN II. The
changes required to compile the deck with CDC 1604 FORTRAN 63 are described in 4.3.1.

2. Either the FAP plotting subroutines for use on the IBM 7090 or the CODAP plotting subroutines for
the CDC 1604 will be sent if so requested by the user.

3. Complete binary deck for either the IBM 7090 or the CDC 1604A.

4. Cards for the example figure, cubane.

4.3.1 OR TEP Source Deck Differences for the IBM 7090 and the CDC 1604A. — The following changes
should be made to set up the FORTRAN source deck for compilation with CDC 1604 FORTRAN 63,
1. Remove the “*LIST8' and ‘““*LABEL’’ cards which precede each subprogram.
2. Place a ““PROGRAM MAIN’’ card just before card MAINOD10.
3. Replace card F2000170 with ‘210 CALL PLOTS (PLA,2000,LTNG).”’
4. Replace PRIM0210 with IN = 50,
PRIM0O270 with NOUT = 51,
PRIMO280 with NSR = 57,
or with whatever numbers the monitor system requires for Input, Output, and Scratch tapes.
The coding of the plotting routines is completely different for the two systems. In addition, the IBM
7090 plot package contains two subroutines, TRW2 and MSG, which the CDC 1604 package does not have.

2Ihe size of the card deck {3000—~5000 cards) is such that it is generally more economical to send the program on
magnetic tape. If convenient, the user should send a blank magnetic tape to the author. Card images will be written
on that tape in either 200 or 556 bit-per-inch density binary-coded~decimal and the tape retummed to the sender.
Alternately, the card deck will be sent if desired.
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4.3.2 Magnetic Tape Logical Number Assignments. — Logical tape number assignments are made in

subroutine PRIME. Four cards are involved in this initialization:

Magnetic Symbolic Primer Location
Tape Function Name Constant in PRIME
a) Monitor Input IN = 10 PRIM0210
b) Monitor Qutput NOUT = 9 PRIM0270
¢) Scratch NSR = 11 PRIM0280
d) Plotting LTNO = 23 PRIM0240

4.3.3 Plotter Systems Other than the CalComp 580. — In general, only subroutine PLOTS (with entries
PLOTS and PLOT) needs to be replaced when a different plotting system is used. This routine is called
from only two locations, one in F200 and the other in DRAW. F200 will probably have to be rewritten, and
the 200 series instructions may have to be redefined and expanded to accommodate the rules of the new
system.

Location DRAW0320 in subroutine DRAW should also be modified to call the new line-drawing routine
with the correct argument.

4.3.4 Computing Systems Other than the CDC 1604A and IBM 7090, — Basically, the OR TEP system
is designed to be used in a 32 K memory. There are about 7000  unused cells when the system operates
with a 32 K word IBM 7090. Consequently, OR TEP would have to be changed considerably to operate in
a much smaller memory.

It is hoped that the FORTRAN subprograms will also compile on other machines, but this possibility
has not been checked.

If it becomes necessary to replace the machine language subroutines SIMBOL and NOMBER with
completely different routines, the statements calling these routines will also need to be modified.

SIMBOL is called from BOND0450, BOND 0470, F7000080, 9001280, F9001310, and F9001450.

NOMBER is called from BOND2460, BOND2480, BOND2500, F9001380, F9001400, and F9001420,

4.4 Addition of New OR TEP Instructions

Occasions will arise when additional special purpose instructions would be useful. For example,
perhaps a cell outline routine would be desirable. (Originally, the 1000 series of instructions were
planned for drawing a parallelepiped defined by four general vectors. However, this feature later
seemed somewhat redundant and was omitted, since crystal cell outlines can be produced with judicious
usage of small dummy atoms and the 800 series instructions.)

The subroutines F1000 and SPARE are intended to be used for additional instructions. All 1000
series instructions call subroutine F1000, which is currently just a dummy routine. Instructions 2 1200
call another dummy routine, subroutine SPARE(N]), where NJ = instruction number/100,

All Arithmetic subprograms (see 4.2.3) and many of the subsidiary subprograms (see 4.2.2) are

available for coding these Mainstream subprograms (see 4.2.1).
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4.5 Glossary of Symbals in OR TEP Common, with Array Dimensions

A9
AAG,3)
AAREV(3,3)

AAWRK(3,3)

AID(3,3)
AIN(140)
ATOMS(4,500)

BB(3,3)
BRDR
CD(8,20)
CHEM(200)
CONT(5)
D(3,130)
DAG,3)
DP(2,130)
DISP
EDGE

EV(3,200)
FORE

FS$(3,3,48)

IN
ITILT

KD(5,20)
LATM
LTNO
NATOM
NCD

Direct crystal cell parameters, a, b, ¢, cos @, cos 3, cos y, a(®), B(?), y(°).
Metric tensor g whete g;; = 9,79
Postfactor transformation matrix to convert coordinates from triclinic to

the reference Cartesian system. AAREVY = AA REFYV.

Postfactor transformation matrix to convert coordinates from triclinic to
the working Cartesian system. AAWRK = AA WRKY.

Identity matrix.
Array containing the input parameters of the current OR TEP instruction.

Column 1 contains atom designator codes for the atoms which are to be
included in the scaling, plotting, bond searching, etc. The other three
columns are used for temporary storage of coordinates in any of several
coordinate systems.

Reciprocal metric tensor. BB = AA~1L,

Border width in inches extending inward from plot boundary.

Part of vector search code array. Used in conjunction with KD array,
Chemical symbols for the input atoms.

Constants used in subroutine RADIAL.

Array in which three-dimensional points on an ellipse are stored by RADIAL.
Transmits conjugate vectors to RADIAL. Also used for temporary storage.
Array in which two-dimensional points for ellipse are stored after projection.
Displacement parameter for retracing.

Distance in inches from a projected point to the closest boundary.
Set in PLTXY.

Root-mean-square displacements for each principal axis of each input atom.

Cosine of critical angle between bond and Cartesian z axis vectors for
perspective bond distance labels. At smaller angles the labels, produced
from subroutine BOND, are drawn without perspective to prevent excessive
foreshortening.

Rotation matrices for input symmetry operations based on triclinic system.
Used with TS array. '

Logical number for monitor input magnetic tape.

Indicator used to signal subroutine DRAW, whether or not to do perspective
labeling (*‘Tilted Titles”).

Part of vector search code array. Used in conjunction with CD.
Number of entries in ATOMS array.

Logical tape number for magnetic plotting tape.

Number of input atoms.

Number of Format No. 2 trailer cards for an instruction (vector search codes),

Note: (P) indicates “‘prime parameters,’’ which are initialized in subroutine PRIME.
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NG

NJ

NJj2
NOUT
NSR
NSYM
ORGN(3)

P(3,200)
PA(3,3,200)

PAC(3,5)

PAT(3,3)

Q@3.,3)

REFV(3,3)

RES(4)

RMS(5)
SCAL1
SCALZ2

SCL
SYMB(@3,3)
TAPER
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FAULT INDICATOR (see 3.4},

Instruction number/100.

Last two decimal digits of the instruction number (instruction = NJ*100 + NJ2).
Logical number for monitor output magnetic tape.

Logical number for scratch magnetic tape.

Number of input symmetry operations.

Triclinic coordinates for the atom which is the origin of the drawing (i.e., on
the optic axis for the projection),

Triclinic positional coordinates for the input atoms.

Matrices for each input atom made up of three orthogonal column eigenvectors
each 1 A long, based on the triclinic system (principal axis vectors).

A 3 x 3 matrix produced by subroutine PAXES and made up of three orthonormal

principal axis column vectors, based on either the working or reference Cartesian

system. Columns 4 and 5 are used in subroutine F700 to duplicate columns
1 and 2 for ease in indexing.

A matrix produced by subroutine PAXES and composed of three principal axis
column vectors each 1 A long, based on the triclinic system.

A matrix produced by subroutine PAXES. Contains either the dispersion matrix
or its inverse, based on either the working or reference Cartesian systems.

A matrix made up of three orthogonal column vectors, each 1 A long, based on
the triclinic system. This is the base vector triplet for the reference
Cartesian coordinate system. The transpose is the postfactor transformation
matrix for converting coordinates from the reference orthogonal system to

the triclinic system. REFYT = AAREV~'.

Regulates the resolution of the plotting of & given ellipse as a function of the
longest principal axis x in the given ellipscid of the scaled model.

x 2 Res(1)
Res(l) > x 2 Res(2)
Res(2) > x 2 Res(3)
Res(3) > x

Res(4) is not used.

128-point ellipse
64-point ellipse
32-point ellipse
16-point ellipse

The rms displacements along the principal axes in arrays PAC and PAT.
The scale of the model in inches per angstrom before projection.

The scale factor ratio which sets the ellipsoid scale relative to SCALL.

If SCAL2 = 1.54, then the instantaneous position of the atomic center

will be within the ellipsoid 50% of the time (50% probability ellipsoid).
SCL = SCAL1 times SCALZ2.
A rotation matrix based on the angle THETA which is set by instruction 302.
The exaggerated bond taper parameter. The top and bottom ends of a bond

have radii: RADIUS = 1. * TAPER *T6 where T6 = |cosine of angle between
bond and z axis of Cartesian system|.

Note: (P) indicates ‘““prime parameters,’’ which are initialized in subroutine PRIME.



THETA
TITLE(12)
TITLE2(12)
TS(3,48)
VIEW
VT(3,4)

V1)

V2(3),...., VB(3)
WRKV(3,3)

XLNG(3)
X0@3)

XT(3)
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Angle in deprees between plotter x axis and lettering base-line vector.
Alphanumeric job title storage.

Alphanumeric information storage for Format No. 3 trailer card.
Translation vector for each input symmetry operation. Used with FS array.
Viewing distance in inches.

Perspective title rotation matrix and translation vector. Also used for
temporary storage.

Array to transfer data to subroutine STORE. Also used for temporary
storage.

Temporary storage.

Same definition as for REFV except that this one is for working
Cartesian system. WRKVT = AAWRK™".

Elements (1) and (2) are x and y plot dimensions. Element (3) is not used.

Elements (1) and (2) denote the position in plotter cootdinates (in inches)
where ORGN is placed. Element (3)is not used.

Triclinic coordinates for an atom position are placed here by subroutine XYZ.

Note: (P)indicates *'prime parameters,”” which are initialized in subroutine PRIME.
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5. MATHEMATICS OF THERMAL-MOTION PROBABILITY ELLIPSOIDS

It is convenient to develop the physical significance of the anisotropic temperature factor with the
notation and terminology of probability theory rather than with the more familiar Fourier transform theory.
The results are, of course, identical regardless of the terminology used. The reason for this choice is
that the literature of mathematical statistics and probability theory is somewhat neater and easier to
follow. The texts by Wilks, ! Cramer,? Millet,® Hamilton, * and Lukacs and Lana® and the handbooks by

Burington and May® and Owen’ are found to be particularly useful.

5.1 Probability Density Function (pdf) of a Trivariate Normal Distribution
Given three chance variables Xl, Xz’ X3 and S which is a region in X1’ Xz’ Xs space. The prob-
ability P(S) that the point (X1’ Xz’ Xs) falls in the region § is given by
P(S) :fjs'qu(xl, X, X)dX dx dX_ . (5.1.1)

If the integration is carried over all space, then

fzoqu(xl, X, X)dx dX dX =1. (5.1.2)

The {unction HX X, Xs) is called the probability density function (pdf) for the joint distribution of
X, X, X,. Using vector notation, we can designate the pdf as ¢(X).

When the distribution is the type said to be normal or Gaussian, the pdf is

[dEt (M— 1)] 1/2

X
B(X) 22

exp [ (X — X)TM~ (X - %)) . (5.1.3)

The matrix M~ ! is the inverse of the symmetrical dispersion (variance-covariance) matrix M, where

2

o
7y 192P12 T3P 134
_ 2
M T030 4, o, T393P 45 .
oo oo a?
17313 2%3P 23 3

~
The symbols oiz represent the second moments or variances about the mean position X. The symbols

0,0,p;; are the corresponding covariances and p;; are the correlation coefficients.

1S. S. Wilks, Mathematical Statistics, Wiley, New York, 1962.

2H. Cramer, Random Variables and Probability Distributions, Cambridge University Press, London, 1962.

3'K. 3, Miller, Multidimensiona! Gaussian Distributions, Wiley, New York, 1964,

‘w. c. Hamilton, Statistics in Physical Science, Ronald, New York, 1964.

E. Lukacs and R. G. Lana, Applications of Characteristic Functions, Hafner Publishing Co., New York, 1964.

5Rr. 5. Burington and D. C. May, Handbook of Probability and Statistics with Tables, Handbook Publishers,
Sandusky, Ohio, 1953,

D. B. Owen, Handbook of Statistical Tables, Addison-Wesley, Reading, Mass., 1962.
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5.2 Equiprobability Ellipscids

e
For a proper nomal distribution the quadratic form (X — X)TM~! (X — /X\) is positive definite, and a
principal axis transformation is possible which will make the cross correlation coefficients Pij = 0@ #.
This transformation is discussed in 5.4. The result of the transformation is the pdf

1

- -Q/2
qs(y 1’ Yz: Ys) = (277)3/20- - o e ' (5.2.1)
¥y YZ Ya

where

b, -3 o, =) ,-5)°
AT A Sk DA it S (5.2.2)
[¢e3 a fe}
v ¥, ¥y

1

The y, are coordinates based on the Cartesian principal axis system and 052’; are the variances along the
principal axes, 1 =1, 2, 3.

The nomal probability density function is constant for points on the ellipsoid @ = C? where C is a
constant. The probability that a random point (yl, ¥y ya) in the distribution will fall inside the ellipsoid

is
PC) = @/mV? [ Crre=r 2 gr (5.2.3)
0

This result is derived from (5.1.1), (5.2.1), and (5.2.2) by transforming to spherical coordinates.
When C =1.5382, P = 0.5 and the corresponding ellipsoid is called the 50% probability ellipsoid. A

7

table of P vs C values is found on page 203 of Owen’s Handbook of Statistical Tables.” For conven-

ience, that table is reproduced here as Table 5.1.

5.3 Characteristic Function {c.f.) of a Trivariate Nermal Distribution

The characteristic function ®(T) corresponding to a trivariate distribution (X) is the expected value

T
of e!T " X, namely,

oM ~ [~ pXye!T X ax. (5.3.1)

For the trivarate notmal pdf (5.1.3) the cotresponding characteristic function is
QT =exp i TTX - 4, TTMTI, (5.3.2)

e
where M is the variance-covariance dispersion mattix described in 5.1 and X is the center of mass of the
distribution.
The crystallographic structute factor equation which incorporates general anisotropic temperature

factor coefficients is

F(hy = Lf_(h) exp (277X ) exp (-hT8_h) , (5.3.3)
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Table 5.1. Critical Values for Probability Ellipseids of a Trivariate Normal Distribution®

P C P C P C
0.01 0.3389 0.41 1.3842 0.81 2.1824
0.02 0.4299 0.42 1.4013 0.82 2.2114
0.03 0.4951 0.43 1.4183 0.83 2.2416
0.04 0.5479 0.44 1.4354 0.84 2.2730
0.05 0,5932 0.45 1.4524 0.85 2.3059
0.06 0.6334 0.46 1.4695 0.86 2.3404
0.07 0.6699 0.47 1.4866 0.87 2.3767
0.08 0.7035 0.48 1.5037 0.88 2.4153
0.09 0.7349 0.49 1.5209 0.89 2.4563
0.10 0.7644 0.50 1.5382 0.90 2.5003
0.11 0.7924 0.51 1.5555 0.91 2.5478
0.12 0.8192 0.52 1.5729 0.92 2.5997
0.13 0.8447 0.53 1.5904 0.93 2,6571
0.14 0.8694 0.54 1.6080 0.94 2.7216
0.15 0,8932 0.55 1.6257 0.95 2,7955
0.16 0.9162 0.56 1.6436 0.96 2.8829
0.17 0.9386 0.57 1.6616 0.97 2.9912
0.18 0.9605 0.58 1.6797 0.98 3.1365
0.19 0.9818 0.59 1.6980 0.99 3.3682
0.20 1.0026 0.60 1.7164 0.991 3.4019
0.21 1.0230 0,61 1,7351 0.992 3.4390
0.22 1.0430 0.62 1.7540 0.993 3.4806
0.23 1.0627 0.63 1.7730 0.994 3.5280
0.24 1.0821 0.64 1.7924 0.995 3,5830
0.25 1.1012 0.65 1.81196 0.996 3.6462
0.26 1.1200 0.66 1.8318 0.997 3.7325
0.27 1.1386 0.67 1.8519 0.998 3.8465
0.28 1.1570 0.68 1.8724 0,999 4.0331
0.29 1.1751 0.69 1.8932 0.99951 4.0607
.30 1.1932 0.70 1.9144 0.9992 4.0912
0.31 1.2110 0.71 1,9360 0.9993 4.1256
0.32 1.2288 0.72 1.9580 0.9994 4.1648
0.33 1.2464 0.73 1.9804 0.9995 4.,2107
0.34 1.2638 0.74 2.0034 0.9996 4.2661
0.35 1.2812 0.75 2.0269 0.9997 4.3365
.36 1.2985 0.76 2.0510 0.9998 4.4335
0.37 1.3158 0.77 2,0757 0.9999 4.5943
0.38 1.3330 0.78 2.1012 0.99999 5.0894
0.39 1,3501 0.79 2,1274 0.999699 5.5376
0.40 1.3672 0.80 2.1544 0.9996999 5.9503

aReproduced from Ref. 7 by permission of Addison-Wesley Publishing Company, Inc., Reading, Mass. The orig-
inal caption was **Critical Values for the Spherical Normal Distribution.”’
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where
h is a vector giving the Miller indices,
Xn is a vector giving the fractional unit cell coordinates of the nth atom,
B, is the anisotropic temperature factor coefficient matrix, and

f (h) is the atom form factor value for atom n.

If a change of variables T = 2rh is made, then (5.3.3) can be rewritten as

~ B
F(T) = Efn(T) exp (ETTXn - 1/2 TT_ 27T ) . (5.3.4)

272

The scaled anisotropic temperature factor matrix (1/27%)B is seen to be identical with the variances

covariance dispersion matrix M in (5.3.2).

The corresponding crystal space trivariate normal pdf for any particular atom n is

(272 det (B~ 1)}!/2

HX) = = exp [ X = R TBTHX - X0} 5.3.5)
orif M~! =27%B~! then
det (M™! o o
KX =ﬁ exp [= (X = HTM=1X - %1, (5.3.6)

which is identical to (5.1.3).

5.4 Principal Axis Transformation

The transformation of anisotropic temperature factor coefficients (for the general triclinic case) to
principal axes of thermal motion is discussed by Waser, ® Busing and Levy,? and Cruickshank et al.'®

The principal axis transformation is necessary to find the thermal-motion probability ellipsoids dis-
cussed in 5.2. The principal axes of the matrix M~ in (5.3.6) are the vectors Y, ¥, ¥y, for which the

inner vector product (yi, yf.) has a stationary value subject to the constraint
(yi, M"lyi) =1, i=1,2,3. (5.4.1)

For the general triclinic crystal system this means that the quadratic form y7G~ 'y has a stationary value

subjected to the constraint

y'G"'M7ly=1, (5.4.2)

8y, Waser, Acta Cryst. 8, 731 (1955).
°W. R. Busing and H. A. Levy, Acta Cryst. 11, 450 (1958).

1clD. W. J. Cruickshank et al., p. 74 in Computing Methods and the Phase Problem in X-Ray Crystal Analysis,
ed. by R, Pepinsky, J. M. Robertson, and J. C. Speakman, Pergamon, New York, 1961.
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where G~ ! is the metric tensor with components CPRLY and a,+ q is the scalar vector product of two of the

three unit cell vectors. Introducing the Lagrange multiplier 1/A leads to

1
lG-I_TM"l} y,=0  (i=12,3); (5.4.3)

4

premultiplying by M yields

1
’MG‘l—TI]yi=O (i=1,23). (5.4.4)

I

Ot we can do some additional rearranging and obtain

[GM—! — '\r'l]yi =0 (1=1,2,3). (5.4.5)

Equation (5.4.4) is equivalent to one of the results derived by Busing and Levy, except the )\I. obtained
here are the reciprocals of their A, because we are doing the principal axis transformation on M~! while
their formulation performs the transformation on M. The numerical procedure used in OR TEP finds the

eigenvalues and eigenvectors of the unsymmetrical matrix MG™! in (5.4.4),
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6. EXAMPLES OF ILLUSTRATIONS THAT HAVE BEEN PRODUCED WITH OR TEP

Most of the drawings reproduced hete were made while OR TEP was under development. Consequently,
certain details in the figures are not the same as those produced with the present version of the program.

In particular, the lines of shading in the ellipsoid ‘‘open octant’’ are now always evenly spaced.

6.1 Nonsteroscopic Drawings Showing Thermal Motion

The figures in this section have the viewpoint at infinity (parallel projection).

6.1.1 Comparison of Grophical Representations of Thermal Mation. — Figure 6.1 shows the chelation
pattern of two citrate molecules related by a twofold screw axis in the crystal structure of magnesium
citrate decahydrate.! One molecule has *‘transparent ellipsoids’' and the other has ““opaque, plugged
ellipsoids.”” Bond types 1, 3, and 4 (see 3,3.9) are illustrated. Note that certain bonds terminate at the
ellipsoid boundary while others intersect the ellipsoid. These variables are under the user’s control and
can be used to advantage for special effects.

Figure 6.2 is another drawing of magnesium citrate decahydrate with the ims magnitudes of displace-
ment along principal axes indicated around the equiprobability thermal ellipsoids.

Figure 6.3 illustrates the same figure with the thermal-motion representation mentioned by Waser, ? in
which the thermal motion is portrayed by a fourth-degree surface generated by a radius vector with length
proportional to the rms component of displacement in the direction of the radius vector. The characteristic
peanut shape of this fourth-degree surface is most apparent for atom 0,

The thermal ellipsoid seems to be the preferred representation, and the present version of OR TEP
will draw ellipsoids only.

6.1.2 Thermal Ellipsoids Derived from Independent Sets of Diffraction Data, — Figures 6.4(a) and (b)
show the thermal ellipsoids for potassium dihydrogen isocitrate® obtained from two independent sets of
three-dimensional x-ray data (copper K data and chromium K data). Figure 6.4(a) is presumably a better
representation since it is based on a much larger number of measurements. In fact, it is rather surprising
that the thermal-motion figures are so similar, considering the limited number of data obtainable with
chromium radiation.

6.1.3 Thermal Motion in Molecules Not Related by Crystallographic Symmetry. — Myo-inositol* has
two molecules in its crystallographic asymmetric unit. Figures 6.5(a) and 6.5(b) petmit a comparison of
the two sets of themmal ellipsoids in identical molecular orientations. The hydrogen bonds to neighboring

atoms are also indicated. The similarity between the two ellipsoid sets is readily apparent.

e, K. Johnson, Acta Cryst., in press (1965).
21. Waser, Acta Cryst. 8, 731 (1955).

3D. van der Helm, J. P. Glusker, C. K. Johnson, J. A. Minkin, N. E. Burow, and A. L., Patterson, Acta Cryst.,
in press (1965).

#1, N. Rabinowitz and J. Kraut, Acta Cryst, 17, 159 (1964).
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6.2 Stereoscopic Drawings of Crystal Structures

6.2.1 Thermal Ellipsoids Derived from Neutron Studies. — Thermal ellipsoids for hydrogen atoms can
be derived from neutron diffraction data. Some recent crystal structure results refined from three-dimen-
sional neutron data are shown hete as stereoscopic pairs of perspective projections. The thermal ellipsoid
for a hydrogen atom is almost always larger than that of the heavier neighbor atom because of zero-point
energy.

6.2.1.1 Chlioral Hydrate. — Figure 6.6 features two molecules of chloral hydrate® related by a center
of symmetry. The neighboring hydroxyl groups which are involved in hydrogen bonding to the two mol-
ecules are also included.

6.2.1.2 Sugars, — A single molecule of sucrose® is shown in Fig. 6.7 with the six-membered glucose
ring to the left and the five-membered fructose ring to the right. Two intramolecular hydrogen bonds are
drawn between the two moieties. Only one hydroxyl group in the molecule does not form a hydrogen bond;
this group has the abnormally large thermal ellipsoid for hydrogen on the left side of the figure.

The thermal motion of a glucose molecule in the a-glucose crystal structure’ is illustrated by Fig. 6.8,
This figure was drawn with OR TEP by G, M, Brown.

6.2.1.3 Lithium Sulphate Monohydrate. — The inorganic structure lithium sulphate monchydrate has
been refined with three-dimensional x-ray data by Larson® and with three zones of two-dimensional neu-
tron data by Smith and Levy.® Figure 6.9 illustrates the characteristic atomic arrangement in that struc-
ture, The hydrogen thermal ellipsoids were taken from the neutron analysis and the remainder from the
x-ray results. The outstanding feature in this illustration is the large thermal motion of the water mol-
ecule, which indicates much looser binding than in the rest of the structure,

6.2,1.4 Potassium Hydrogen Chloromaleate.!® — This structure contains a centered hydrogen bond.
The interatomic bond distances and the surrounding K atoms are also shown in Fig. 6,10, which was

drawn with OR TEP by R. D. Ellison and H. A, Levy.

6.2.2 Thermal Ellipscids Derived from X-Ray Studies. — The examples shown in this section were
taken from the literature and from the work of several crystallographers who kindly sent their unpublished
results to ORNL to be drawn.

6.2.2.1 Long-Chain Aliphatic Organic Compounds. — Dihydromalvalic acid ! (cis, p, L-8,9-methylene-
heptadecanoic acid) is shown in Fig. 6.11. The thermal motion perpendicular to the chain direction is

seen to increase in amplitude toward the nonpolat end of the chain.

sG. M. Brown and H. A. Levy, Abstracts ACA Meeting, Villanova, Pa,, H-11 {1962).
5G. M. Brown and H. A. Levy, Science 141, 921 (1963).

’G. M. Brown and H. A. Levy, Science 147, 1038 (1965).

8A. C. Larson, Acta Cryst. 18, 717 (1965).

H. G. Smith and H. A. Levy, Abstracts ACA Meefing, Boulder, Colorado, 1961.
0%, D. Ellison and H. A. Levy, Acta Cryst., in press (1965).

11G. A. Jeffrey and M. Sax, Acta Cryst, 16, 1196 (1963).



75

12 The two molecules

Figure 6.12 illustrates the thermal motion in the triglyceride beta-tricaprin.
shown are related by a center of symmetry., Again the amplitude of motion perpendicular to the chain in-
creases toward the end of the chain,

6.2.2.2 Copper Chelation Compound. — The chelation pattern in bis-(3-amino~1-phenyl-2-butene-1-ono)-
Cu(I)!® is demonstrated in Fig. 6.13. The copper atom is on a symmetry center.

6.2.2.3 Large Biological Molecule. — Harunganin, ! which is a plant pigment, is shown in Fig. 6,14,
The pair of ‘‘half atoms®’ at the upper right is an approximation used in the least-squares refinement to
correct for either very large thermal motion or disorder which occurs in that part of the crystal structure.
The thermal parameters are somewhat questionable since the structure was not refined to convergence.
However, the stereogram does permit the molecular configuration to be readily visualized.

6.2.2.4 Abnormal Motion in Cr(lll} Acetylacetonate. ~ Dr. Bruno Morosin from Sandia Corporation
sent this most unusual example of thermal motion. Cr(Ill) acetylacetonate® has three acetylacetonate
ligands arranged to form an octahedral coordination of oxygens about the Cr atom, as shown in Fig. 6,15.
One of the ligands displays very large thermal anisotropy. When a molecular packing diagram such as
Fig. 6.16 is viewed, the large displacements are seen to be parallel to the b crystal axis, It appears that
sheets of these ligands are either disordered or undergoing longitudinal vibration, Morosin has evidence
from other diffraction experiments which supports the hypothesis that it is a thermal vibration phenomenon

and not static disorder in the crystal.

6.2.3 Crystal Structure Packing Diagrams. — It is often desirable to illustrate the way that molecules
pack together in a crystal structure. Sometimes thermal motion can be interpreted on this basis, as was
done in 6,2.2.4. In other instances one may be more interested in visualizing the general packing geom-
etry of the crystal structure. Stereograms are very useful for both applications.

6.2.3.1 Potassium Hydrogen Chloromaleate, — A molecule of this structure!® is shown in Fig. 6.10.
Packing diagrams were also drawn by Ellison and Levy and are reproduced here. Figure 6.17 shows the
packing of anions about the two types of potassium ions. One coordination polyhedron is an imegular
octahedron of oxygen atoms. The other is an irregular 14-hedron having six oxygen atoms and four chlo-
rine atoms at its vertices, Figure 6.18 is a different view of the packing with a larger area included.

6.2.3,2 Packing Diagrams for Inorganic Structures. — The reader may have noticed that most of the
illustrations are of organic structures. The reason is that organic molecules are easy to draw. Con-
siderably morte planning is required to produce an informative illustration of an inorganic structure,

An approach which is faitly successful is the following:

1. Draw a preliminary stereogram of the contents of a box which encloses somewhat more than one

unit cell. Bonds should be drawn in accordance with known interatomic distance ranges. The dimensions

124, J. Mabis and L. H. Jensen, Abstracts ACA Meeting, Bozeman, Montana, F-9 {1964) and L. H. Jensen,
private communication, 1964,

13G. E. Gurr, Abstracts ACA Meeting, Bozeman, Montana, K-7 {1964) and private communication, 1964.
l4p. A. Alden, G. H. Stout, J. Kraut, and ID. F. High, Acta Cryst. 17, 109 (1964).

15g, Morosin, Acta Cryst,, in press (1965) and B. Morosin, private communication, 1964,
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for this drawing may be such that the plot can be viewed directly with a stereoscope without photographic
reduction.

2. While viewing the preliminary stereogram, pick out the basic structural units and decide on a
grouping of these units for the desired figure,

3. Describe the intended subject with whichever technique is the most convenient and draw the new
figure. Figure 6.19, potassium perxenate nonahydrate, 16 is an example of an illustration planned in this
way. This figure was drawn by J. H. Bums at ORNL.

6.2.3.3 Ilustrations of the Contents of a Unit Cell, - A favorite method used by crystallographers is
to draw a unit cell outline and the cell contents within that outline. Figure 6,20, which is a stereogram
showing lithium c-monodeuteroglycolate, 7 is of this nature, The molecules were kept intact rather than

cut off at the cell outline.

6.3 Helical Structures

OR TEP has certain features which facilitate the drawing of nonintegral helical screw models such as
those discussed in the field of molecular biology. The Pauling, Corey, and Branson alpha-helix model®$
for protein structure is an example. Figure 6.21 shows the modification of this structure which is present

in the synthetic polypeptide poly-r-alanine.!®

164, Zalkin, J. D. Forrester, D. H. Templeton, 8. M. Williamson, and C. W. Koch, J. Am. Chem, Soc. 86, 3569
(1964).

17¢, K. Johnson, E. J. Gabe, M. R. Taylor, and I. A, Rose, J. Am. Chem, Soc. 87, 1802 (1965).
18[,. Pauling, R. B. Corey, and H. R. Branson, Proc. Natl. Acad. Sci. U.5. 37, 235 (1951).

194, Elliott and B. R, Malcolm, Proc. Roy. Soc. London A 249, 30 (1959).
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ORNL DWG. 65-2448

Fig. 6.1. Chelation Pattern Viewed Along o Twofold Screw Axis in the Crystal Structure of Magnesium Citrate
Decahydrate. Ellipsoids represent equiprobability surfaces of thermal displacement and contain 65% of the prob-
ability distribution.

ORNL DWG, 65-2443

Fig. 6.2. Thermal Ellipsoid Representation for Magnesium Citrate Decahydrate with Principal Values of RMS

Displacement in Angstrom Units, Ellipscids enclose 74% probability. Structure is viewed aleng b oxis,
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ORMNL DWG. 65-2444

046

Fig. 6,3. Peanut-Shaped RMS Thermal-Displocement Figure Representation for Magnesium Citrate Decchydrate.
Principal values of rms displacement in Angstrom units are indicated around the displacement figures, which are

drawn at double scale, Same view of structure as shown in Fig. 6.2.

ORNL DWG. 65-2449

(a) POTASSIUM DIHYDROGEN ISOCITRATEs CUJ DRTA (b) POTRSSIUM DIMYDROGEN ISOCITRATEsCR DATR

Fig. 6.4. Potassium Dihydrogen lsocitrate with Thermal Ellipsoids Scaled to Include 74% Probability. (a)
Results obtained from 1350 three-dimensional copper K data (disagreement factor 6.5%). (b) Results obtained from

340 three-dimensional chromium K data (disagreement factor 2.2%), Note: This is nof a stereo pair,
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ORNL DWG. 65-2450

MYO-INOSITOL MYO-INOSITOL

Fig. 6.5. Comparison of Thermal Ellipsoids in the Two Crystallographically Independent Molecules of Myo-
Inositol (6.5a and 6.56). Hydrogen bonding is shown, since this might influence the thermal motion. Ellipsoids are

scaled to include 74% probability. Note: This is not a stereo pair.

WA et M P A hHREM A CHUORA HTORATE FADM LFA8T SQUARE: NUMBER B

Fig. 6.6. S5tereogram (Stereascopic Pair of Perspective Projections) of Chloral Hydrate Viewed Along the
Reciprocal Axis a*, Two molecules are shown related by a center of symmetry, with the hydrogen bonds connecting

them together and to other molecules. Ellipscids are scaled to include 48% probability.
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SUCROSE FROM NEUTRON DIFFARCTION SUCAOSE FROM NEUTRON DIFFRACTION

Fig. 6.7. Stercogram Showing the Sucrose Molecule with Thermal Ellipsoids Scaled to Enclose 50% Probability.

Fig. 6.8. A Molecule of Glucose with Thermal Ellipsaids Scaled to Enclose 50% Probability.
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LITH/UM SULPHATE MONOHTDRATEs I FAIM NEUTROMs OTHERS FHOM R-RAT STUDT - L1THIUM SuI PHAYTE MONOHTDRATEs H FAOM NEUTRONs QTHERS fROM X-RRT STUDT

Fig. 6.9. Lithium Sulphate Monchydrate. The lithium ions and sulphate ions are coordinated into a compact

network. The structure is viewed along the reciprocal a* axis, The ellipsoids are scaled to enclose 20% probability.

»

K1)

q =L3")
g POTASSIUM HYDROGEN CHLOROMALEARTE POTASSIUM HYDROGEN CHLOROMALEATE

LT ETE AIGAT Y

Fig. 6.10. Potassium Hydrogen Chlotomaleate, The chloromaleate ion is viewed normal to its own plane, The

thermal ellipsoids enclose 50% probability.

CL% Uvi Seth MO TRTLEREAE IO SRS T 1c 1) I e et ML T DN R i

Fig. 6.11. A Molecule of Dihydromalvalic Acid with Thermal Ellipscids Scaled to Enclose 48% Probability.
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BETR-TRICAPAIN BETA-TAICAPAIN
22/6/64 D 22/6/64 D

Fig. 6.12. Two Molecules of Beta-Tricaprin Reloted by a Center of Symmetry. The thermal ellipscids are
scaled to include 30% probability.
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B15- 13-AMING-1-PHENTL -2-BUTEN-1-0ONQI -CUJL () BI5- 13-AHIND- 1 -PHENYL - 2-BUTEN-1 -ONOK =Cli (] 11

Fig. 6.13. Chelation Complex of Bis-(3-amino-l-phenyl-2-butene-1-0n0}-Cu{ll} with Thermal Ellipsoids Scaled
to Include 50% Probability.

HARUNGANIN HARUNGANIN

Fig. 6.14, A Molecule of the Plant Pigment Harungonin with Thermal Ellipsoids Scaled to Include 48% Prob-
ability.



84

CRIITI) ACETYLRCETUNATE CRII11) RCETYLACETONARTE

Fig. 6.15. A Unit of Tris-acetylacetonatochromium(1ll) Viewed Along its Threefold Axis of Chemical Symmetry,
The thermal ellipsoids are scaled to enclese 20% probakility.

CRCLITY ACFTYIACETONATE CROITIY RACETYIACE IMATE

Fig. 6.16. Packing Diagrams for Tris-acetylocetonatochromium(lll) Viewed Along the Reciprocal Axis c*.

Thermal ellipsoids are scaled to enclose 20% probability.
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POTASSIUM HYDROGEN CHLOROMALERTE POTASSIUM HYDROGEN CHLOROMALEATE

Fig. 6,17, Packing of Chloromaleate lons Around the Potassium lons in Potassium Hydrogen Chleromaleate,
The edges of the coardination polyhedra are shown. View is nearly along the ¢ axis. Thermal ellipsoids are scaled

to contagin 50% probability.

POTASSIUM HTOAOGEN CHLOROMALEATE POTASSIUM HYOROGEN CHLOROMALERTE

Fig. 6.18. Packing Diagrams for Potassium Hydrogen Chloromaleate, Atoms are represented as small circles.

The edges of the coordination polyhedra around the potassium ions are shown. View is nearly along the a axis,
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PDTASSIUM PERXKENATE NONRHYDRATE POTASSIUM PERXENATE NONAHYDRATE

Fig. 6.19. Packing Diogrom for Potassium Perxenate 9-Hydrate, Illustrating the Network of Highly Hydrated
Another layer, related to the

Potassium lons Surrounding Perxenate lons.
present one by a twofold screw axis along 4, is needed to complete the structure.

The view is parallel to the a axis,

BJ
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Fig. 6.20, A Stercogrom Showing the Unit-Cell Contents of Anhydrous LI G-monodeuteroglycolate. The unique

monoclinic b axis points up in the page and the mean ¢ axis out from the pege.
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®) )
47/13 ALPHA HELIX 47/13 ALPHA HELIX

Fig. 6.21, A Stereoscopic Pair of Perspective Pro-
jections Showing the Alpha-Helix Which |s Present in
Poly-L-Alanine. There are 47 aminoesacid residues in
13 turns of the helix. Stereoviewingis accomplished by

placing a sheet of cardboard between the helices.
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.7. FORTRAN LISTING OF OR TEP

sexes OAK RTDGE THERMAL ELLIPSOID PLOT PROGRAM ##swms MAINODOID
DIMENSICN A{9),AA(3,3),AAREVIZ,3),AAWRK(3,3},AID(3,3),AINLILO) MATNDD20D
DIMENSICN ATOMS(4,500),88(3, 2),C0(8,20),CHEM{200) ,CONT(5),D{3,130)MAINDO3D
DIMENSICN DA{3,3),0P(2,130), EV(3,200),FS{3,3,48),KD(5,20),0RGN{3) MAINOOLO
DIMENSION P(3,200),PAL3,3,200),PAC(3,5),PAT(3,3),Q(3,3)},REFVI3,3) MAINOODSO
DIMENSICN RES(U4)4RM5(5),5YMB(3,3), TITLE(I12),TITLEZ{12),TS¢3,u48) MAINOD&OD
CIMENSICN VT{3+L),VI W) V2(3),VI[3),VU{3),V5(3),VE{3),WRKVI3,3) MAINCDTO
DIMENSICN XLNG(3),X0[3),XT{3) MATNOOBD
COMMCN NGy Ay AAyAAREV,AAWRK,AID+AIN,ATOMS,.BB+BRDR,CD,CHEM,CONT,D MAINOO90
COMMCN CADP,DISP,EDGEEVsFOREFS, IN,ITILT,KD,LATM,LTNO,NATOM,NCD MAINOI0D
COMMON NJyNJ2yNOUT ¢ NSRyNSYM, CRGNyPPAsPACPAT,QyREFVRESRMS,SCALIMAINDOIID
COMMON SCAL2,S5CL,SYMB,TAPER, THETA,TITLE, TITLE2,TS,VIEW, VT VI ,V2 MATNO! 20

COMMCN V32 VU V5, VO WRKY g XLNG ¢ X0 XT MAINOI 30
CALL PRIME . MATINDI 40
#ssxe READ JOB TITLE CARD snsss MAT NOY50
READ INPUT TAPE INeU {TITLE(I}»TH1412) MAINDY 60
FORMAT(12A6) MAINDITD
WRITE QUTPUT TAPE NCOUT, 6, {TITLEILI ) I#1,12) MATINDIBD
FORMAT(IHOIOX,1246) MAINDI 90
FORMATUIHIEOX 1 2A6) MATIND200
CALL PRELIM MATNO2 D
WRITE QUTPUT TAPE NOUT 6, {TITLE(I)yI#14121} MAIND220
ISAVEHD MAINOZ30
G0 TO 5C7 MAIND2LO
ISAVERD MATND25N
#asnwn JERQO AIN ARRAY amuss MAIND260
0O 10 Jal,uD MAIND270
AING ) ED. . MAINDZ280
FORMAT(OFHOLX, I THUL L ({ INSTRUCTIONIS,&H )1 Y) )} MATINDOZ9D
FORMAT{TI3,16,7TF2.0} . MAINDO30D
FORMATI(L3,16,TE15.8) MAINDO3I0
FORMAT{IH 9X,TEIS5.7} MATINO320
weasn READ NEW INSTRUCTICN CARD swwus MAINO330
NCD#D MAINDOZUD
Ni #-6 MAIND3S0
NI#ENI+T MATNO360
NZENI +6 MAIND3TO
IF{ISAVE)22,18,18 MAIND380
READ INPUT TAPE INs |2+ TCNFy LAINCT) TENI4N2) MAINO390
IFIISAVE)24,20L,20 MAINDMOD
WRITE QUTPUT TAPE NSRy13,ICyNF, (AIN{I), T#NI,N2) MAINOQUWID
GO TQ 24 MAINOL2D
READ INPUT TAPE NSR, 13, IC,NF,lAINITI),I#NI N2} MAINDOL 3D
IFLIC)IT 28,420 MAINOLUO
TFENI=-11256,26,:30 MATNONSD
WRITE OUTPUT TAPE NOQUT4 I 4NF MAINOL4 &0
NF | #NF MAINOLTD
IF{NF1)28,8,30 MAINOL &0
IF{NFI1+2)2,2,30090 MAINO4SO
WRITE QUTPUT TAPE NOUT 14, {AIN{I), T#NI N2} MAINOSDO
ICHIC+] MAINQOSIO
G0 TO (90,16,38,501,1C MAINDS20
FORMAT(IZ,6%X,513,8F6.0) MAINDS30
FORMAT{(613,BE12.5) MAINOSLD
FORMAT{IH I1X,513,8F]1.5) MAINOSS50
#wnus READ FORMAT 2 TRAILER CARDS sssss MAINOSSH0
NCDM#NCD+] MAINDOSTO
IF{ISAVE) LU, 40, L0 MAINOSED
READ INPUT TAPE IN¢334IC,{KD{I,NCD),I#1,5),{CDLT,NCD},1#1,8) MAINOS59D
IF{ISAVE UG, 464L2 MAIND&6DO
WRITE OUTPUT TAPE NSRy34,1C, (KD{IINCD) s I#145},{CDII+NCD},I#1,8} MAINDQ6ID
GO TO ué MAINO&2D
READ INPUT TAPE NSR,34,IC(KD{I,NCD},1H41,5),(CD{I,NCD),I¥I,B) MATNOG3D
WRITE QUTPUT TAPE NOUT 35, (KLIT4NCD),1#1,5),[CO¢INCD}I,I#1,8) MAIND6LD

GO TO 32 MATNQ650
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sannw READ FORMAT 3 TRAILER CARD wmasxs MAINQO6D

SO INNKIN MAINDOGTO
TF{ISAVE}S2,54,54 MATND6 80

52 INN#NSR MAINDQG6SD
54 READ INPUT TAPE TNN+U,(TITLE2{I),[#1,12} MATNOTOO
WRITE QUTPUT TAPE NOUT,,S5. {TITLE2(I}),I41,12) MATINO7I10
IF(ISAVE)I?D,904+586 MAINOT720

56 WRITE QUTPUT TAPE NSRy b {TITLEZ2[(T),THL,412) MATINOT 30
aasnn EXECUTE INSTRUCTION snses MATNQT LD

20 NJ#NFI /7100 MAINOTS50
NJZHNFI-NJ=100 MAINOTSD
NJ3#XMOCF(NJZ,132) MAINOTTO
IF{NJ-12)98,92,92 MAINOTBD

92 CALL SPAREI(NFI) MAINOTQO
TF{NG) L ,8,9L MAINQBOD

94 CALL ERPNT(C..NFI1) MAINOBID
GO TO 8 MATINDOB20
«nanesBRANCH TABLE FOR FUNCTION TYPESssaszeas MAINOB3O

%8 GO0 TO0MI10G,2N0, 320,400,500, 600,700,800,900,1000,8100) ,NJ MAINDBLD
aasnnrnSTRUCTURE ANALYSIS FUNCTIONSs=ssass MAINOBSO

100 GO TO (101,000, 10, 104,94),NJ2 MATINDBSO
101 CALL SEARCH MAINOBTO
GO0 TQ 8 MAINDOBBD
snase ANISOTROPIC TEMP FACTOR OUTPUT #ssxe MAINOBOD

104 DO 164 1HINATOM MATIND9OD
IFUXMODF (T U1 3130,1 14,134 MAINDSID

114 WRITE OUTPUT TAPE NOUT 6, (TITLELI) 4 JEI 1 2) MAINQ920
WRITE OUTPUTY TAPE NOUT, 129 MATNO930

129 FORMAT{IHIIDX, 4HATOM3X, t 5HRMS DISPLACEMENT3X,3IHROW VECTORS, BASEDMAINDOMD
I CN REFERENCEITX,29HPROBABRILITY COVARIANCE MATRIX) MAINO950
134 TI#55501.+FLOATF{I)=300000. MAINDO94D
CALL PAXES(TI,-3) MAINDSTO
ITFENGY Il , 150, 44 MAINO9BD

44 CALL ERPNTITI,ICh) MAIND990
149 FORMAT(IHDIOX s A6 F10.646X3F 1272 I0X3F12.7) MAINIQODD
154 WRITE OUTPUT TAPE NOUT, 14Q,CHEM{T),RMSCI ), (PACIJ 1) J#1,:3),{(Q0J, IIMAINIOIC
1y J#l 2 3) MaIN1020
164 WRITE QUTPUT TAPE NOUT, |59, { RMSIK )y (PAC{JeK)J¥1,3),(Q0J.K),J¥I,3)MAINIOZN
[yK#2,+3) MAINIQUO
159 FORMATH{IR 16X FIDb+&Xs3Ft2.7410X,3F12.7) MAINIOS0
GO0 TO 8 MAINEOSO
sananasaPLOTTER INITIALIZE,FRAME ADVANCE, TERMINATE FUNCTIONS#ssawsaMAINIOTO

2D caLL f200 MAIN!IDBO
G0 1O 8 MATNIO90

ing Go 1O {301,302,303,96),N02 MAIN11Q0
snnnnanPlOT DIMENSICNS#sssuns MAINI 10

3001 IFCAINCI))I32143214311 MAINIY 2D
311 XLNGOIY#AINOL) MAINET 30
321 TFTAINC2Y)I3U14+341,331 MAINI LD
331 XLNG{2)HAINLZ) MAINII150
3ut IF{AIN{3})361 43614351 MAINI 160
351 VIEWHAIN(3) MAINIETD
361 IFLAIN(W))3B!,381,37I MAINL 18D
371 BRCRAAINIW)Y MAINI 190
381 WRITE OUTPUT TAPE NOUT,389,XLNG(I)XLNG{2},BRDR MAINI200
389 FORMATCIHOIOXs 1 IHPLOT LIMITSF6.2,3H BYF6.2+:15H IN, INCLUDINGFA.2,MAINI210
112H  IN. MARGIN) MATNIZ220
391 WRITE QUTPUT TAPE NOUT,399,V IEW MAINIZ23D
399 FORMAT(IH 10X 13HVIEW DISTANCEFT.3,TH INCHES} MAINIZ2LO
GO fO B MAINI250
ssnnessl FGEND ROTATION#snsss e MATINI1260

302 THETA#AIN(]) MAINIZ2TOD
TI#THETA», 01745329252 MAINIZ280
COSTH#CCSFI(TI) MAINI 290
SINTHESINF(T!) MATNI300

DO 312 J#I1,9 MAINLE3ZID

312 SYMB{a, 140, MAIN] 320
SYMB{ 1,1 #COSTH MAINI 33D
SYMB{2,2)}#COSTH MATINI3LD

SYMB(3,3)#1. MATNI 350
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SYMB(2, 1 )HSINTH MATN] 360
SYMBAI 42)#=-SINTH MAINI3TOD
WRITE OUTPUT TAPE NOUT,319,THETA MAINI 33BN
319 FORMATUIHDIOX, 44 HREGULAR TITLE AND SYMBOL ROTATION IN DEGREESFB.2)MAINI3SO
G0 TO 8 MAINI40O
susns RETRACE DISPLACEMENT wssss MAINI4IO
303 DISPH#AINGI) MATNI&20
WRITE QUTPUT TAPE NOQUT,313,DISP MAINIL3D
313 FORMAT(IHOIDX,22HRETRACE DISPLACEMENT #F7.4,5H INCH) MAIN] 440
GO TO 8 MATNI1LSO
snsunssATOM LIST FUNCTIONSss ssane MAINILGD
400 GO TO {401,401 ,801,490,94, 94,94, 94,94, 410,401,401 ,401,94)4NJ2 MAINI4TO
401 caLL Fu00 MAINILBO
GO TO 490 MAINI 490
410 LATM#D MAINISOOD
DO 420 [I#1,500 MATNISIO
DO 420 J#1,4 MAINIS20
L20 ATCMS(J,1)40. MAINIS30
490 IFILATMIB,B8,u491 MAINISLO
4L WRITE QUTPUT TAPE NOUT,L99, (ATOMSI(I1,I),I#1,LATM)} MAINISSD
L99 FORMATI{IHOIDX,23HCCNTENTS OF ATOMS ARRAY/Z(15X,I0FI10.0)) MAIN156D
GO TQ 8 MAINISTO
exnananCARTESIAN COORDINATE SYSTEM FUNCTIONS####sue MAINIS80
500 cawL fS0O0 MAINIS®O
IF{NJ3-31507,539,53% MAINE60D
507 WRITE QUTPUT TAPE NOUT,529 MATNISID
WRITE QUTPUT TAPE NOUT,SI19y{(REFVIJ, T}, TN 43}, [AAREVIJ,1),1#1,3), JMAINIS20
1#143) MAINIG63D
GO 10 8 MAINI&LO

509 FORMAT(IHOI10X, LYHORTHCNORMAL WORKING VECTQRS BASED ON CRYSTAL AXEMAINISSO
1SIBX,33HPOST—FACTOR TRANSFORMATION MATRIX/16X,B8HX VECTORBX,BHY VECMAINIAAD
2TORBX,BKZ VECTOR} MAINISTO

519 FORMAT(IH IDX+3E16.7+8X43E16.7) MAINI&BD

529 FORMAYTLIHIIOX,5{HORTHONORMAL REFERENCE VECTCRS BASED ON CRYSTAL AXMAIN)69O
IESI6Xy33HPOST-FACTOR TRANSFORMATION MATRIX/16X+BHY VECTORBX,BHY YEMAINI 7DD

2CTORBX+8HZ VECTOR) MAINITIO
539 WRITE QUTPUT TAPE NOUT, 509 MAIN1T20
WRITE QUTPUT TAPE NOUT oS, L {WRKV{J,y 1) s T#1,3), (AAWRK(J41),1#1,3),dMAINIT3O
1#1,3) MAINITHO

GO TO 8 MATNITSO
sanaanuP] 0T CENTERING FUNCTICNStsssuss MAINI TSN

600 CALL fé00 MAINITTO
WRITE QUYPUT TAPE NQUT,609,X001).X002)4SCALI,SCAL2 MAINL7BO

609 FORMAT(IHOIDX,3tHORIGIN POINT IN PLOTTER COORD.(FE.2,42H ,F6.2,8H IMAINITOO
I IN. / L1X4)5HOVERALL SCALE AF6.3,32H INCH/ANGSTROM ELLIPSQID SCAMAINIBCO

2ZLE #Fb.31) MAINIBIO

GO TO 391 MATINIB20
sseneesELLIPSOID AND SYMBOL PLOT FUNCTIONSs=zseass MAINIB3D
sessnunasaFLL OUT DETAILS FOR SPECIAL MODELS#ssssnss MAINIBYN

700 GO YO (701,702,704, 705,709,94},NJ3 MAINI850
701 AIN(3}#¥B. MAIN1840
GO TQ 703 MAINIBTO

702 AIN{3IM0. MAINI 88D
703 AIN(CI) L, MAINIBSO
ATN(2)#0. MAIN| Q00
AINtU)#G. MAINIQID

GO TO 709 MAINI927

TOu AINL)}#3. MAINI93D
AIN(2) K-S, MAINI?LO

GO TO 706 MAIN) 950

705 AINLIY#I1. MAINIQ6D
AIN(2)%0. MAINIZTO

706 AINC3)} MY, MAINI980
AIN(LYHS, MATNI 990

709 CcALL fF700 MATIN2000
GO TO 8 MAINZ20DID
ssesansnBCND FUNCTIONSsasssusn MAIN202D

BOO CALL FB80Q MAINZ2030
GO TG B MATIN2040

anenansTITLE FUNCYICNSssssaus MAIN2050



900

1G00

1100

V101

1102

1103
1104

3000

«LIST8
«LABEL

#«LIST8
«LABEL

109

"
503

19

123
125

403

203
205

N

CALL r900

GO 10 8

sasnanaCELL OUTLINE FUNCTIONSeawazase
CALL Fi100D0

GO TC 8

ssnesnsSAVE SEQUENCE FUNCTIONSessnsess
IFINJ2=-2)1101,0102,1103

ISAVE#I

GO TO ti04

ISAVE#D

J#=1

WRITE QUTPUT TAPE NSRy I3, JyNFIL{AIN(I),THI,T)
END FILE NSR

GO TO 1104
ISAVE#-I
REWIND NSR
GO TO 8
CALL EXIT
END

FUNCTION ARCTOS(X)
ARCCOS(X}) IN DEGREES
IF{1.0-ABSF{X)}!1,2,2
XH#SIGNF(1.0,X)
IFIX)I344,5

ARCCOSH#IBD.O+ATANFISQRTFI( 1 .0-XeX)/X)25T,.29577951

GO TO 6

ARCCOSH#90.0

GO TO 6
ARCCOSH#ATANF(SQRTFI 1 .O-X#X )/ X)#57.29577951
RETURN

END

SUBROUTINE ATOM(QA,Z)
ATCM COGCRDINATE SUBROUTINE
DIMENSICN X(31,Z2(3)

DIMENSICN A(9),AA(3,3),AAREV(3,3),AAWRK{3,3),AID13,3),AINC14L0)

MAIN2060
MAINZ207O
MAIN2080
MATIN2090
MAIN2:00C
MAIN211D
MAIN2)20
MAINZt 30
MAINZ L]
MAINZ2|50
MATIN2160
MAINZITO
MAINZ2}80D
MAINZI Q0
MAIN2200
MAIN221D
MAIN2220
MAIN223C
MATN2240

ARCCOOI1O
ARCCOO20
ARCCQO030
ARCCOOLO
ARCCOOSD
ARCCOOLNO
ARCCOO7?N
ARCCOOBO
ARCCOO%0
ARCCOIDD
ARCCONID
ARCLCOr20

ATOMDOM O
ATOMDO20
ATOMOD30
ATOMOOLD

DIMENSICN ATOMS(4,500),BB(3,3),C0(8,20),CHEM(200),CONTI5),D(3,130)ATOMDOSC
DIMENSICN DA{3,3),DP(2, 130}, EV{3,200)+FS(3¢3,48),KD{5,20)ORGNI3) ATOMDOSO
DIMENSICN P(3,200}),PA13,3,200),PAC{3,5),PAT(3,3),CQ(3,3},REFViI3,3) ATOMOOTD

DIMENSIGN RES(H)4RMS(S),SYMB{3,3), TITLE(I2),TITLEZ(12),TS{3,u8)
DIMENSICN VT{3,4)1,VI(L)},V2{3),V3(3),vul31,V5(3),VE(3},WRKVIZ,3)

DIMENSICN XLNG{31,X0(3),XT({3}

COMMON NG, A, AA, AAREV ,AAWRK,ATD,AIN, ATOMS,BB,BROR,CO,CHEM,CONT,D

ATOMOOBD
ATOMODRO
ATOMD| DO
ATOmOl 10

COMMCN CA,OP,DISP,EDGEsEV4FOREyFS¢INyITILT,KD,LATNM;LTNO,NATOM,NCD ATOMO12D
COMMON NJyNJ2,NOUTsNSRyNSYMy ORGNy P+ PAYPACPAT,Q+REFV,RESRMS,SCALY ATOMDY 30

COMMON SCAL2,SCL+SYMB,TAPER, THETA, TITLE, TITLE2yTS+VIEW,VT,VI V2

COMMCN VI, VU, VS, VO WRKY yXLNG X0, XT
K#QA/100020.0

IF(K) 109,109,117
X(1)y#0.0

X{2}#0.0

Xx{3)#0.0

GO TO 125

IF(K-NATOM)}I1 19,119,503
NG#5

GO TO 325

DOH23JR1L .3

XTJVHP(J,K)
TA#ABSF{QA)
KSYMEMODF{TA,100000.0)
KTH#KSYM/100
KSEKSYM—1D0=KT
IF{KS—NSYM)203,203,403
NG#U4

GO TO 325
TF{KSIuD3,205,213
ZLL)#X (1)

ATONMOI 4D
ATOMO150
ATOMOI 40
ATOMONITO
ATOMOI80
ATOMDI90
ATOMO200
ATOMO210
ATOMO220
ATOMO230
ATOMOZLD
ATOMD250
ATOMO260
ATOMOZTO
ATOMO280
ATOMO290
ATOMO300
ATOMOZID
ATOMO320
ATOMD330
ATOMO34D
ATOMD3S0D



=LISTE
#L ABEL

s XaNaNal

213

223
3in
33
315

nrv

325

15
14
7

92

Z{2)ax{2)

Z(3I#xXi3)

GO TO 31}

DO 223 K#1,3
ZIK}#TSIK,KS)

DO 223 J#1,3
ZIKYRZIKY#FST{JI,K,KSYRXT )
IF(KT)IL03,325,313
IF(KT-555)317,315,317
KSYMHEKS

GO TO 325

K1 #KT/100

K#KT—100+=KI

K2#K/10

KI¥K-1DnK2
ZOVYRZUIV+FLOATFIKI-5)
Z(2)#Z12)+FLOATFIK2=~5}
ZI3)HZU3V+FLOATF{K3-5)
RETURN

END

SUBROUTINE AXEQB{Al +XsB14J34)

sxuns SCLUTICN OF MATRIX EQUATION AXH#B FOR X ssnss
snans USES METHOD OF TRIANGULAR ELTMINATION sauess
ssuse B AND X HAVE OIMENSIONS (3,JJ4J}yA IS ALWAYS (3,3)
sannn TO INVERT A MAKE B 3 BY 3 IDENITY MATRIX w#wsss
DIMENSICN Al(3,3),A03,31:8{343),8113,3),%X13,3)
NV#JII

samns TRANSFER DATA aswss

DO 2 I#¥t,3

DO 2 J#1,3

IFINV=J12, 141

BII,JYRBI(L,J)

AL, JI#A1(T, )

sunas TRIANGULARIZE MATRIX A wases

DO 17 T#1,2

S#0.0

DO U J#1.3

R#ABSFLA[J,IY)

IF(R=-514,3,3

SH#R

L#J

CCNTINUE

IF(L-115,10.5

DO & J#I,3

SEALTL,J)

AL+ )#A(L, )

A(1,4)#S

DO 8 J#I 4NV

SHB{T,J)

B{I,)#B(L,J)

BlLyJ)#S

TEM#A(I, D)

IF{TEM I 144741}

IPORI+I

DO 146 JHIPO,3

IFTATI I 212,16412

SHALD,IV/TEM

AtJy1)#0.0

DO 13 K#IPD,3

ALJsKIEA(IKI=ATT K}sS

DO 15 KM¥laNV

BlJeKINBUI K)-B{T,K])eS

CONTINUE

CONTINUE

#asnn MCDIFY SINGULAR MATRIX swsss

DO 20 1#1,3

TFLAUT.1})20,19,20

ACT, I)MMAXIF () E-25,MAXIFLAL I, 1),A02,2),A{3,3))%1 E-15)

ATOMD360
ATOMO3TO
ATOMO380
ATQOMO390
ATOMO40D
ATOMONT
ATOMDW2T
ATOMDWL3D
ATOMOLLD
ATOMOLSO
ATOomMOu &0
ATOMOLTO
ATOMO4WBO
ATOMDLOD
ATOMOS00
ATOMOS 10
ATOMOS5280
ATOMDS 30O
ATOMOS4D
ATOMAS50

AXEQOO1D
AXEQOD20
AXEQOO30
AXEQOOuMO
AXEQDOSD
AXEQDO&0
AXEQOOTO
AXEQOOB0
AXEQUDO9D
AXEQODIOD
AXEQOIID
AXEQDI 20
AXEQDI 30
AXEQOIuD
AXEQQD1 50
AXEQDI 60
AXEQOITO
AXeQOiIs0
AXEQOI %0
AXEQD200
AXEQO210
AXEQD220
AXEQOD23D
AXEQQOZ40
AXEQO250
AXEQO260
AXEQO27D
AXEQU280
AXEQOD2Z90
AXEQQO300
AXEQD31D
AXEQO320
AXEQO330
AXEQO3LD
AXEQQO350
AXEQD340
AXEQO3TO0
AXEQO380
AXEQO390
AXEQODUOD
AXEQOWIT
AXEQQOH20
AXEQOL 30
AXEQOuLO
AXEQDHSD
AXEQOu6D
AXEQOLTD
AXEQO4E80



20

105

115
125

135

145
155
165

175
195

=LISTH
*LABEL

105

23

CONTINUE

DO 24 K#l NV

DO 24 T#1,3

N#y =~

MEN+ |

TEMEBIN,K)
IF(3-M)23,24,21
DO 22 J¥M,3
TEMHTEM=-A(N, J)=B(J,K]}
BINyKI¥TEM/A(NLN)
XINSKIKB{N,K)
RETURN

END

SUBRQUTINE AXES(UsVeXs ITYPE)

s#ass STORE THREE ORTHOGONAL VECTORS EACH | ANGSTROM LONG #exws
sxeese [TYPE .GT.0 FOR CARTESTIAN,.LE.O FOR TRICLINIC ewwesn

#asnn XABSFUITYPEI#E WUIIMU, WI2)#{UXV) W3 #UXIUXV] sesua

sennse XABSFUITYPEIA2 Wll)MU, WI2)RIUXVIXU,WIZHALUXY]) senss

AxEQOLTD
AXEQODS500
AXEQDSID
AxeQ0520
AXEQO530
AXEQOS5uD
AXEQO550
AXEQOS60
AXEQOSTD
AXEQO580
AXEQDS5%0
AXEQD6O0
AXEQO&I1D

AXESDOIO
AXESQD29
AXESON3D
AXESDOLD
AxESDOSO

sanen [TYPE#D W{IIHA,WI2)#{AXBIXA,W{3I#[AXB), ABCHCELL VECTORS === AXESDOSD

DIMENSICN Ui3)3¥{3)4W{343),%X(3,:3)
ITHITYPE

IFLITIII5,105,015

Bl1Y#I.

U2 #.

U{3)#0.

Vi) #0.

viz2idr.

Vi3)#0.

DG 125 J#1,3

WiJ, (1800}
TF(XABSFLIT)-1)145,135, 145
CALL NORM{U .V, WI14+2),IT)

CALL NORM(U W(192)eW{143),1IT)
GO TO 155

CALL NORMIU,V4WI143),IT)

CALL NORMUIKW(143),U,Wl1,2),IT)
00 195 141,43
IF(ITYII65,165,175

ICH—1t

GO TO 195

ICH#I

CALL UNITUWUI 1) eX{14I),IC)
RETURN

END

SUBRQUTINE BOND(Z1,12,N8)}

DIMENSICN B(3,3)+E(3+3),R(3,3)+RT(3,31,5(3,3),0U(3,3),VUE(D)
DIMENSICN YT{3),W{1342),X{3),2(3)

DIMENSION A{9),AA(3,3)AAREV(3,3),)AAWRK{3,3)},A10(32,3),AINCILD)

AXESQOTO
AXESDO80
AXESDOR0
AXESOI100
AXESO110
AXESOI120
AXESOI30
AXESOILD
AXESOL 50
AXESO) 6D
AXESDITO
AXESO180
AXESOI 90
AXESD200
AXESD2t0
AXESD220
AXESD230
AXESD2u0
AXESD250
AXESQ260
AXESD270
AXESD280
AXESD290
AXESD3ION
AXESO310

BONDOOID
BONDOOZ20
BONDOQ 30
BONDOOKD

OIMENSICON ATOMS(4,500%,881(3,3),CD{(8,20),CHEM(2D0} ,CONT(5),D(3,130) BONDDOSD

DIMENSICN DAL3,3),0P{2,130),EVv{3,200),FS(3,3,48),%D(5,20),0RGN{3)
DIMENSICN P(3,2003),PA(03,3,200),PAC{3,5),PATI3,3),0(3,3),REFVI3,3)
DIMENSION RES{4),RMS{5),SYMR{3,3),TITLE(I12},TITLEZ(12),TS(3,u48)
DIMENSICN VT (3,4, VI(8),v2{3)},¥V3(3),VU{3},V5(3),VE(3),WRKVI3,3)
DIMENSICN XLNG{3),X0{3),XT(3)

COMMON NGe Ay AAyAAREV+AAWRK4+ATDyAIN,ATOMS,B88,BRDR,CD,CHEM,CONT,D
COMMON CA,DP,DISPyECGELEV,FORE,FSyIN,ITILT,KD,LAT¥,LTNO,NATOM,NCD
COMMCN NJyNJ2¢NOUT ¢ NSRyNSYMy ORGN4P+PA,PAC,PAT+ Qs REFV,RES ,RMS,SCALI
COMMON SCALZ,SCLySYMB, TAPER, THETA, TITLE, TITLE2y TS, VIEW, VT,V ,V2
COMMCN V3 ,Vh , VS5, Y56, WRKV 4 XLNG X0, XT

sessd OBTAIN POSTITICNAL PARAMETERS #wxss

NG #0

00 105 Jr1,26

WlJs 1140,

LIS RE ¥4

Wil21822

D0 135 t#1,2

BONDODGD
BONDOOTO
BONDDOBO
BONDOGSO
8QNDOI 0O
BONDOI 10
BONDOI 20
BONDOt 30
80NDOILO
BONDO1 50
BONDOI 60
BONDDI 7D
BONDOI 80
BONDO190
BONDO200O
BONDD213
BONDO220
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CALL XYZ{W() 11 Wil,T},2) BONDDO2 30D
IFING) 125,110,125 BONDD24O
110 DO IS J#1,3 BONDD25D
115 WlJ+b, 1)EXT() BONDOZ &0
K#wt1,11/7100000. BONDOZ2TO
L#Wl1,1)-FLOATF{K)«100000. BONDD28D
CALL PLTXY(W{b,Ti,Wi2,1)} BONDD290
IF(EDGE-BRDR#.25)120,128,128 BONDO3DA
120 NG#ID BONDO310
125 NGI#1 BONDD329
WRITE OQUTPUT TAPE NOUT 136, CHEMIK) K Lo {W(J,1),0%2,9) BONDO3 30
CALL ERPNTIW(I,i},800) BONDD3 4D
GO TO t35 BONDO3S50
128 IFINJ2=10)130,135,4135 BONDD360
130 WRITE QUTPUT TAPE NOUT I 36,CHEMIK 4K yL o IW(J,T),3%2,9) BONDO3ZTO
135 CONTINUE BGNDO380
136 FORMATUIH J0XeA6,3H (13,1H, I5,4H) 2FBa2¢5%43F8,.3, 13X, 3FB.4) BONDD39N
[F{NGI 999,140,999 BONDD40OD
140 CALL DIFVIW{To 1) 4W(T,2),VT) BONDOu 1D
DISTHSQORTFIVMVIVT,AA,VT)) BONDDL 2D
[F{XMODFINJ2,10Y-34 13,142,142 BONDOY 3D
142 HGTH#SCALI»,.12 BONDOuLD
CALL SIMBOL{WI(Z2,1),W{3,1)HGT,XMODF!XFIXFIW{!,1)/100000.),10}+0.,-BONDOLST
1 BONDO4&D
CALL SIMBOLI{W(2,2),W(3,2),HET,XMODF(XFIXF(W(!,2)/100000.),10},0..-BONDOLTD
12} BONDOL SO
G0 TO 570 BONDQ490
143 KODE¥KD(S5,NB) BONDOS00
[FIKODE} 4S5, 1k, I L6 BONDOSID
Ikl NBND#O AONDOS20
GO TO 148 BONDDS3D
145 KQODE#~KCDE AONDOS40
& NBND#128/72#=K0DE BONDOS5D
#4mes FIND UPPERMOST ATOM PUT IN POSITION ONE #wwus BONDDSOD
148 IFIVIEW) 152,150,152 BONDOSTT
150 Wil241)810, BCNDDSRD
Wil12,2140, BONDDS?D
IF{W bl }-HI6+211165,175,175 BONDO&0QD
#«aensVECTOR FROM ATOM TO VIEWPOINT #sses BONDOG 10O
152 DO 160 1#1,2 BONDD&2D
DO 155 J¥IO.12 BONDO6 3D
155 WlJel)#=wld=6,1) BONDDLLD
WEI2oI)AWII12,1)+VIEW BONDOGSO
ssses DISTANCE SQUARED TO VIEWPOINT sssass BONDD&6D
160 W13, 10 8VWIW(I0,TY,Wwt10,1)} BONDGATO
IFIW(1342)~Wi13,10)165,175,175 80NDOSBD
sasse SWITCH ATOMS snans BONDO&9D
65 DO 170 J#I,13 BONDDTOO
Ti#Wldyl) BONDQ710
W{Js | VEW(Js2) BONDOT20
170 Wi, 2)%TI BONDOT 30
siues FCRM [DEMFACTOR MATRIX #ssww BONDO74D
175 0O 80 J#¥1,3 BRONDOT S0
ElJsJ)#E, BONDO7 60
E(J+1,1)1#0, BONDOTTO
180 E(J+5,1)14#0, BONDD7 80
«ssns FCRM VECTOR SET RADIAL TO BOND #esss BONDQ7 90D
CALL DIFVIWIM,2) W b, 1)Y,DA0143)} BONDDBRO0
CALL UNITIDAUI1,3),V3,1) BONDDS IO
TOHABSFIV3I3Y) BONDDB20
IF(.9994~-T4) 390,185, 185 BONDO83N
185 Ti{NCDI(3,NB}/SCALZ BONDOBHD
CALL AXESUV3I E{143Y4By 1} BONDOBS0
DO 190 J#1,3 BONDO86N0
DALS,1)R=8(J,2)aTI BONDDBTD
190 DACS,2)8-B(J,3)T1 BONDOBSY
IF{NBND)500,500, 195 BONDOBSD
195 CALL RACIAL(3) BONDO9OD
ssese DERIVE QUADRICS FOR EACH ATOM sssss BONDO9tD

0O 380 1i#1,2 BONDO®20



205
210

212

215
220
225

230

235

240

2L5
250

252
255

260
265

270

300
05

30

320

325

330

335
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CALL PAXES(W(I+IT),2)
IF{NG)205,210,205

CALL ERPNT(W{1,[1),803}
GO TC 999

a«xsss DOCES BOND GO TO ELLIPSOQOID OR TO ENVELOPE ##ass

TIN3-I1«2

DO 212 J#I1,3

VI(JIEVILI)I =TI

VUE( JY#C.

IF{KDI5,NB}) 260,260,215

CALL UNIT(WCIO,11V4R{143)s1)
IFLVMYIV3,Q,RUI1,3))13220,260, 260
snnas ESTABLISH VIEW COORDINATE SYSTEM wsuess
IBND#ND

IF{VIEW)225,225,230

sanns DERIVE TANGENT CYLINDER w#=nss
CCNE#O.

GO TO 2410

w#nans DERIVE TANGENT CONE swewns
CONE#SCL=SCL/W{I3, 1T}

CALL NOARMEE(1,421,RI1,31,801,0),1)
CALL UNITCRUI+1)4RIT,110,410)

CALL NORM(R(1+3Y4RE1,1),RU142),411)
DO 235 I#1,3

DO 235 J#1 .3

RT{T¢JVER(J,1}

sxaes BASE ELLIPSOID ON VIEW COORDINATE SYSTEM wwess

CALL MM{RT,Q,U!)

CALL MM{U,R,Q)
TI#Il./(CONE=-Q(3,3))

T2HCONE=TI

DO 250 J#1,2

0Q 245 K#|,42

SIK, MIHCIK,JI+QIK,3)wQ(0,3)=T|
S{3,08#C13,0)wT2
S{Je3)#C(I43)=T2
S13:31#C(3,3)+72
IF{CONE)252,270,4252

DO 255 J#I1,3
VUELJ)Y#-WI(J+9,111/5CL

ssses BASE TANGENT CONE CN WORKING SYSTEM swsss
CALL MMIR,S5,U)

CALL MM{U,RT,S5}

TS#0.

GO TO 3C0

sannn TRANSFER ELLIPSOQOID sasan
DO 265 JH#1,9

SUJe 1 YECLIL 1)

IB8ND#I1

TS#1.

seess CHECK FOR BCND TAPER wxsss
IF(I11-2)325,310,310

RADIUSHI +TH#TAPER

GO TO 320

RADIUS#! .~TH=TAPER

CALL MVIS,V3,Vi)

T2EVV VI, VL)

sseps CCMPUTE BOND INTERSECTION xanss
KL#5-TI-11

DO 3670 Kl 445.+u4

D0 325 J#I1,3
V6(JI#D(J,K)=RADTUS
VSUJI#VE L) +VUET D)

TIRVVIVS VL)

TLUHT I T3 -T2« {VMYI{V5,5,¥5)=T5)
IFtTH)330,335,335

NG#I 3

CALL ERPNTI(W(I1,11),802)

GO TC 999

TURSQRTFITL)

BCNDO930
BONDO9UL
BONDO®50
BONDOF60
BONDOYTO
BONDD98BN
BONDO?90
80OND 1000
BONDIOID
BOND Q20
BONDE030
BOND 1040
BOND I 0S50
BOND | 060
BONDIOTD
BOND 1080
BONDJG90
80ND1 100
BOND! 110
BONDY 120
BONDI |20
BONDI 160
BOND1 150
BOND I 60
BONDI 17D
ACNDI t 80
BONDI 190
BONDt 200
BOND12)10
BOND1220
BONDI230
BOND 210
BOND | 250
BOND 260
BONDI2T0
BOND| 287
BOND| 290
BONDI 300
BOND!310
BOND) 320
BOND1330
AONDI 340
BONDI 350
BONDI 360
BOND| 370
BONDI 380
BONDI 390
BONDI 400
BONDILI0
BOND 1420
BOND (437
BONDILLO
BOND | 450
SOND 860
80NDILTN
BOND I 480
BOND1490
BOND (500
BOND!1510
BOND 1520
BONDI 53D
BONDI 540
BONDI 550
BOND 1560
BONDIS5TD
BOND 1580
BONG!590
BOND I 600
BOND1610
BOND 1620



360

365

370

375
380

385

390

395

L15
420
u25
430
L35

yuQ

500

510

515
520
525
530
535

540
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TIMITL-T3) /T2

TI#(-TU-T3) /T2

LEK+KL-1

D0 360 J¥1,3
DUJyLIMIVELI)I+TIaV3( 7)) =5CL
DEJy L+ RI-VO(I)-T3=y3{ )} )eSCL
CALL PRCJLOCI KLY} ¢CPOLIT) yWll,y T1) X004 VIEW, 465,41}
IF{IBND~))370,365,370

CALL PRCJID{ 1 4K KL+5)40P1 )4 LI+68),WllyII)4XOsVIEW, 1 861 44}
GO TO 385

#asns RETRACE TOP HALF s#nes
DO 375 K#bu,6L,0L

L#K+TT

M#L+6Y

N#66-L

DPUI sM)I#DP{ | (N}

DP{2 +MIKDP{2+N)

CONT INUE

swnes CHECK FOR QOVERLAP OR HIDDEN BOND sawms
DO 395 K#),65,32

TI1#0.

T2#].

DO 385 JWl,2
TIETI+(DP[JyK)=W{J+141) )2
T2ET24+(CPUJyK+1)-WIJ+]4|))nn2
{FlT2-T1)390,.390,395

NG#I1 4

CALL ERPNT(W{l,21,800)

GO TO 999

CCNTINUE

#aane DRAW BONDC OQUTLINE ##=xs
CALL ORAWIODP(141) 40430443}

DO 45 K#5,129,4

CALL DRAWIDP(I,K})y0.,0.,2)

DO 420 KE2,606.+M4

CALL ORAW{DP(1,K)0e+de,y2)
CALL DRAWIDP{1,65},0.,0.42)
ssans DRAW BCND DETAIL ssmss
K#65

K#K-NBNLC

IF{K-11500,500,435

CALL DRAWIDPII1,K) 404,04, 3)

CALL DRAWIDPUI,K41),0.+40.,+2)
K#K-NBNC

[F{K-11500,500,u40

CALL DRAWIOP{ | )K41) 4049044 3)

CALL ORAWIDP{14K)D0.40.421}

GO TO 430

HGTH#CDIL 4NB)

OFF#CD{5,NB)

IF(HGT}S510,570,510

sanes PERSPECTIVE BCND LABEL ROUTINE #sxsse
sxsen BASE DECISICNS ON REFERENCE SYSTEM swwsns
K#0

CALL DIFVIWIT 20,W(T,1),VT)

CALL VMIVT,AAREV,VI}

CALL AXESIVILE{1+3),U,)

DO 535 14#1,3

Ti#l.

IF{I-21S15,515,520
IF{vviuil,I1),S5vMB{1,1))1525,530,530
IF{XMODF({K,2))530,525,530

TI#k-t.

KEK+ |

D0 535 J#1,.3

UtJsIIHLLY, E) =T

VT(Js1)#B{J, 1) #T|

DO 540 J#i1,+3

VT{d b I # S {W{J+3,1)1+WIU+3,2))
sesss CHECK FOR EXCESS FORESHORTENING ##auss

BONDH 630
BOND | 640
BONDI650
BONDI 660
BONDI 670
BOND 1680
BOND 1697
BONDI 701
BONDITID
BONDI 720
BONDI730
BONDI 740
BONDI 730
BONDI 760
BONDITTO
BONDI 780
BONDI 790
BOND (800
BONDIBID
BOND( 820
BOND 183D
BOND I B4O
80OND 1850
BONDI 86D
BOND 1870
BONDI 880
BONDI89]
BOND I 200
BONDI9IC
BOND 1920
BOND 1930
BOND I 94D
BANDI 950
BAONDI1960
BONDI9TD
BONDI980
BONDIGQC
BOND2DCO
BOND20O1D

BONDZ2021]
BOND20O3N
BOND20LD
BOND2050
B0OND2040
BOND2070O
BOND208D
BONDZ209D
BOND21D0
BOND21( 10
BOND2 (20
BONDZ21 30
BOND2140
BOND21 51
BONDZ21 640D
BOND21 65
BOND21 70
BONDZ187]
BONC2i 90
BOND2200
BOND2210
BOND2220
BOND22 30
BOND22L0O
BOND2250
BOND2260N
BOND227T0
BOND2280
BOND2290
BOND230D0
BOND2310
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TF{FORE-ABSF(U{3,11)1)545,550,550
SUS CALL NORMIUGT 421 ,SYMBI,3),VT{l41)41)
VT(l,3)85YMBLL,3)
VT{2,3)4SYMB(2,3)
VT{3,3)145YMB(3,3)
HGTHCDU64NB)
OFF#COI(T7.NB)
1FIHGTI550,999,550
550 TINCD{8,NB)
ZIEYAVTL o) ~HOTw(23.-3.=T 1) /7.
Z{2YBVT (2,4)+0FF-HGT .5
ZE3VHVT 3,
ITILT#I
IFITI)555,45604565
555 CALL NOMBER(Z2{1)42(2),HGT,DIST,0.,4HFb.1)
G0 1O 570
560 CALL NOMBER{Z{t)}.Z{2)+HGT,DIST,0.,4HFS6.2)
60 TO 570
565 CALL NOMBER(Z(1)42(2)+HGT,DIST+04sUHF6.3)
STO ITILTHED
IFINJ2=-10)580,99%,999
580 WRITE QUTPUT TAPE NOUT,S7I1,DIST
571 FORMAT(IH 59X, I{OHDISTANCE #F8.3/1H )

99 RETURN
END
«LISTRB
«LABEL
SUBROUTINE DIFVIXyY41?
C VECTOR - VECTOR
C Z(31#X(3)~¥{3)
DIMENSICNXI3),Y(3),2(3)
DOYHIT#1,3
fIT ZODYAXCIY=Y{IY
RETURN
END
#1578
*LABEL

SUBROUTINE DRAW(W.DXsDY,NPEN)
DIMENSICN W(3},X(3),¥(3),2(3)}
DIMENSICN A{9),AA(3,3),AAREV(3,3),AAWRKI(3,3),AID(3,3),AINCILD)

BOND2320
BOND2330
BONDZ2340
BOND2350
BOND236D
BONDZ2370
AOND238D
BOND2390
BOND24O0
BOND241O
BOND2420
BOND243D
BCND2440
BOND2450
BOND2u4 60
8ONO2LTD
B8OND24 80
80OND2490
80ND2500
BOND2510
BOND2520
BOND2530
BONDZ5LT
B0OND2550
BONDZ2561

DIFVODID
GIFvDO20
DIFVOO30
DIFVOOL]
nIFv0O050
DIFvV0Qs0
0IFvO070
DIFVDOBY

DRAWDD 1D
DRAWOOZ2D
DRAWDD30

DIMENSICN ATCMS(4,500),8B13,3),CD(8,20),CHEM{2003,CONT{5),0(3,(30)DRAWO0LD

DIMENSION DA{(3,3),0P{2,130), EV(3,200),FS{3,3,u8),kD(5,20),0RGN{3)
DIMENSICON P{3,200),PAl3,3,200)},PAC(3,5),PATI3,3),0(3,3),REFV(3,3)
DIMENSICN RES(4),RMS{5),SYMBI{3,3), TITLECI12}+TITLEZ(12)4,TS{3,u8)
DIMENSICN VT (3,40, VI{4),V2(3),V3(3),vu(3),V5(3),VE(3), WRKVI3,3)
DIMENSICN XLNG{3)+X0L31,XT{3)

COMMCN NG, Ay AAyAAREV AAWRK, AID AIN,ATOMSyBB+RROR»CO+CHEMCONT D

DRAWAOSQ
DRAWODSD
ORAWDOTO
DRAWOOSO
DRAWDOTO
DRAWO100

COMMCN DA,DP+DISP+EDGEEV4FOREyFSy INyITILT KD, LATM,LTNO,NATOM,NCD DRAWOLIO
COMMCN NJ,NJ2Z,NOUT,NSRNSYM, ORGN,P,PA, PAC,PAT,Q,REFV,RES,RMS5,SCALIDRAWDI20

COMMON SCALZ2,SCL,SYMB,TAPER, THETA, TITLE, TITLEZ TS VIEW, VT, VI ,v2
COMMON V3, VU V5, VO WRKV 3 XLNG +X0W XT
YOILY#W(1 }4DX
YI2)4#uW(2)+DY
TFCITILT YIS, 1UD, 15
C #asns RCTATE FCOR PERSPECTIVE TITLE #wssss

115 Y{3}#W(3)
DO 120 I#1,3

120 Z(LI#Y{LI-VTA{T,4)
DO 130 1#1,3

30 XUT)RVvT (L)) mZ 00 d4VTLL 20070 2)4VT(T,3)22{3)+VT(I,4)
CALL PLTXY(X,Y)

C ssass CHECK BOUNDRY #sune

14l DG 160 J#1,2
IF{YLIY=XLNGUJ))+. 101574150, 145

LS Y{JI#XLNGLI Y -,

150 IF{Y(J)=-.1}155,160,160

155 Y{J) #. 1

160 CCNTINUE
CALL PLCTIY(1),Y{2),NPEN)
RETURN

DRAWO1 30
DRAWOI 40O
DRAWDISD
DRAWO160
ORAWOITO
ORAWOI 80
ORAWDI90
DRAWO200
DRAWDZ 10
DRAWO22N
DRAWO2 30
DRAWDOZAD
DRAWD250
DRAWD260
DRAWD2TOD
DRAWD2BO
DRAWDZ90
DRAWD300
DRAWD310
DRAWO32D
DRAWO330O
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END DRAWO3 LD
«LISTB
#LABEL

SUBRQUTINE EIGEN {W,VALU,VECT) EIGEQDID

C asnes EIGENVALUES AND EIGENVECTORS OF 3X3 MATRIX sssus EIGEQDZ23

DIMENSICN W{3,3),VALUT3),VECTI3,3),A03,3)1,4B03,3),%({3),U(3) EIGEDQ3N

COMMON NG EIGEQQUN

C #nnnn STATEMENT FUNCTION swewese EIGEDOST

PHIFIZ)#C(B2-71=Z2+8|)=Z+B0 EIGEQOGT

C snanr START OF PROGRAM #wmaax EIGEDOTN

ERRNO#5,E~-8B EIGENDAN

SIGMA#O. EIGEQND90

DD 115 J#1,3 EIGEOIDD

DO 115 I#1.+3 EIGEDI D

TEMEWIT 0 FIGEQI2A

A{I.JIHTEM EIGEQI 30

115 SIGMA#SIGMA+TEM=TEM EIGEDILD

c snnss CHECK FOR NULL MATRIX essss EIGEQI SN

IFISIGMAY230,230,120 EIGEQ! 0

120 SIGMA#SCRTF{SIGMA) EIGEDITD

C #exaxe FCRM CHARACTERISTIC EQUATION wssss EIGEQtBO

B2H¥A{1,1V4+A(2,2)+A(3,3) EIGEDISO

BIRH-AL 1 1 #A(2,2)-A01,1)%A(3,3)-A02,:2)#A03,304A(01,3)2A(3,1) EIGED20ND

T+A123)2A13,2)+A01:2)0A(2:1) EIGEQ210

BO#ALL w1 ) eA(2,2)%A13,3)+A01,2)8A(2,3 1A 3, 1)+A(1,2)eAl3,2)«A(2,1)-EIGED220

|A(l13)'ﬂ|31|)’A(z;z)-ﬁ‘|'|)*A(293,*A|312)-At112'*.&(21| 1=A13,3) EIGEDZ230

C axsss FIRST ROCOT BY BISECTION s2sss EIGEO240

X#0. EIGEQN250

Y#SIGMA EIGED2sD

TEMEPHIF(SIGMA) EIGED27TN

VNEW#D.0 €E1GED280

IF{BO)135,250,145 EIGEN290

t35 IF(TEM)IKD, 140,165 EIGED30C

40 Y#-Y EIGED31]

GO TO 145 EIGED320D

145 Y#0. EIGED33D

X#SIGMA EIGEDQ3LD

IFITEM) 165,165,150 EIGEOQ3S0

150 X#-X EIGED360

C senns NCW PHIF{X).LT.O.ANDLPHIF{Y).GT.0. #nunsn EIGEQ3TD

1465 VNEWH{X+Y)=_,5 EIGED38N

DO 225 141,40 EIGED390

175 IF{PHIF{VNEW))1B80,250,185 EIGEDMON

180 X#VNEW EIGEDQu1D

GO 10 2C0 EIGEQL2D

185 Y#VNEW EIGEDQL30

200 VOLD#VNEW EIGEDuLD

VYNEWH(X+Y)w.5 EIGEQLSO

TEM#ABSF{VOLD=-VNEW) EIGEQuSD

IF{TEM-ERRND) 250,250,205 EIGEQUTO

205 IFivoLD)210,225,210 EIGEDNAD

210 IFUABSFITEM/VOLD)I-ERRND)I250, 250,225 EIGEQu®D

225 CONTINUE EIGEOQSOD

C s#aass DID NOT CONVERGE, SET ERROR INDICATOR sasss EIGEOS1N

230 NGHb6 EIGEDS20

GO TO0 %00 EIGEQNS53D

C sasss STORE FIRST ROOT #sses EIGEDSLD

250 UC3) RVYNEW EIGEQSS5D

C tasuns DEFLATE senes EIGEQS6D0

CINB2-VNEW EIGEOS7TD

COHBI+CI «VNEW €EIGEQS8N

C ssnsn SCLVE QUADRATIC wsswse EIGEDS90

TEM#CI=C | +4.=C0O EIGENSLDD

IF{TEM} 255,265,240 EIGEQSID

C swsnxw [GNORE IMAGINARY COMPONENT QF COMPLEX ROQT sssws EIGEDS27

255 TEM#D. EIGEDQS30

GO TO 265 EIGEQ&6LD

260 TEMESQRTF{TEM)} EIGEDS650

265 U1 #.5+(C1-TEM} EIGEDSHD

UG2) 8.5« (C1+TEM} EIGED6TO



270

275

2910
295
300
305

3c8

310

315
320

322
325

335
3un

350
355
353
340

365

370

375
uan

#LIST8
#LABEL

99

sxena SORT ROOTS susnsn

DO 275 J#l,2
TF{ULIY-UL3))275,275,27C

TEMHULS)

UtJY#UL3)

U3 4TEN

CCNT INUE

LLL#-2

00 375 1114#1.,.2

senes CHECK FOR MULTIPLE ROOTS mawnss
TEM#ERRND+100.

NG#[

L#1

DO 305 [#1,2

IF(UlI+)~-yil)-TEM) 303,300,290
IF(UCTINI295,3005,295
IFCABSF(IUlT+I}-U(TY}/{1))-TEM) 300,300, 305
L#L-)

NG#NG=2 «]

CCNTINUE

IFCLLL-L)308,400,407

LLL&L

ssvas EJGENVECTOR ROUTINE #suns

00 375 11#1,3

TH#U(TT)

IF(LY315,310,322

#«enss TWO VECTORS NULL FOR DOUBLE ROOT #esawm
IF(NG+5=-111315,322,315

snens ALL VECTORS NULL FOR TRIPLE ROQT #ssus
DO 320 J#t,3

VECT{J,I1)%0.0

GO TO 375

DO 325 J#¥|.3

AlJeJIHWI)JI=-TI

SMAX #0.0

DO 355 1#1,3

TI#1

IF{I-2)335,335,3u40

T1#T+I

BUIT 1 V4A{L,2) #A{T1,3)-A0],3)%A0It,2}
BII2)4AC] 3128 114 1)~-AlI,1}mAl1L,3)
BITy3)EALL 1 )AL T1,2)=-A0T,2)«A011,1)
TEMEBIT y1 1 a#24B81T7,21222+B{ T, 3}ne2
IF{TEM=SMAX } 355, 355, 350

SMAXHTEM

IMAXH]T

CONTINUE

IF{SMAX}353,353,360

NGH#T

GO TO 375

SMAXH#SQRTF{SMAX])

DO 365 JH1,43

VIJYHB{INMAX, J)/SMAX

#ueun REFINE EFIGENVECTOR #»snw

CALL AXEQBIA.:V4yV,yl)
TEMRMAXIFIABSFIVII) )}, ABSFIVI2)),ABSFIVI31))
DO 370 J#1,3

VIJI#VIII/TEM

CALL UNITUIV,VECTUI,I1),1)

sanne REFINE EIGENVALUE w#suassw
TISVMVIVECTI , IIV W, VECT(!,1I1})
ULTIYATI

VALUCITI#T)

RETURN

END

SUBROUTINE ERPNTI(TI,N)

DIMENSICN A(9),AA(3,3),AAREV(3,3),AAWRK(3,3),AID(2,3),ATNI140)

EIGED68D
EIGED&9D
EIGEQ7O0
EIGEOTIO
EIGED7Y20
EIGEDT 3N
EIGEDTUD
EI1GEQTSO
EIGEGT&0D
EIGEQT7D
EIGEDTEOD
EIGEO790
EIGEOD80N
EIGEDBIC
EIGEDS20
EIGENA3D
SIGEDA4D
ETGED85D
EIGEOBSN
EIGEQ8TD
EIGEDBAN
EIGEDNSTO
EIGEC?00
EIGED?17
E1GEQD920
EIGEQ930
EIGEO?4D
EIGED950
EIGED?6D
EIGEQ?70
EIGED®8D
EIGEOS?O
EIGE DO
EIGE101D
EIGEID20
EIGE Q30
EIGE QU0
EIGEIDSD
EIGE1060
EIGEIO7D
EIGE1080
EIGEID%D
EIGEI 10D
EIGEI kIO
EIGEL 120
EIGEN 130
EIGE114O
EIGE |50
EIGE! I 6D
EIGE!ITD
EIGEYV 180
EIGEI |90
EIGEI200
EIGEV210
EIGEI22D
EIGEI230
EIGEI24D
EIGE!1250
EIGE1260
EIGEI2TC
EIGEI280
EIGEY 297
ETGE 300
EIGEI31D
EIGEI320

ERPNDOID
ERPNDO2D

DIMENSICN ATOMS(4,500),88(3, 3),CD(8,2D).CHEM(2003 ,CONT{5),D{3,130)ERPNOO3D



#LISTS
#LABEL

+LIST8
#LABEL

C

15

210

212
216

uga
401
ug2

403

40u
4as

LiQ

DIMENSICN
DIMENSION
DIMENSICN
DIMENSICN
DIMENSICN
COMMON NG,
COMMON CA,

100

DAL3,3),0P12,130),EV{3,200),F5{3,3,48),Kk015,20),0RGN(3) ERPNOOLD
p{3,200),PA13,3,200),PAC(3,5),PAT(3,3),0(3,3),REFV{3,3) ERPNOOSO
RESIH) ,RMS(5),5YMBI3,3),TITLEC(I1Z2)+TITLEZ(I2),TS(3,uB) ERPNOOSD
VT{35U )y VICU) V2033, VI3, VBI3),V5(03),VEL3)  WRKV (3,3} ERPNDOTO
XLNG(3),X0(3),XT(3) ERPNODED
Ay AAy AAREV ) AAWRK 4 ATD¢AINy ATOMS 4 BB, BRDR ,CO4CHEM,CCONT, D ERPNOD?D

DPsDISPLEDGEyEVyFORE,FSy IN, ITILT+KD,LATHF,LTNO,NATOM,NCD ERPNDIDD

COMMCON NJyNJ2,NOUT ¢ NSRyNSYMy ORGN+P+PA,PAC+PAT,Q,REFV,RES,RMS,SCALIERPNOI(1N
COMMON SCALZ2 ySCL+SYMB, TAPER, THETA+ TITLEZTITLEZ 4TS VIEW, VT V) ,V2 ERPNDO1 20
COMMON V3, VH VS5, VO NREKV  XLNG ¢ XQeXT ERPNQI 30
WRITE QUTPUT TAPE NOUT 1 1S54NGyTI4N ERPNOI LN
FORMAT{IH 10X, IQHFAULT NG ®#I13,FI1D.0,I[6/1H ) ERPNOISO
NG#O ERPNOI KO
RETURN ERPNOITD
END ERPNDI B0
SURRQUTINE F200 F2000010
DIMENSICN PLAC2000) F200002D
DIMENSICN A(Q)Y AAL3,3), AAREVI(3,3),AAWRK{3,3),A1D!3,3),AINCIL40]) F2000030
DIMENSICN ATOMS{4,500),BB{3,3),CD(8,20),CHEM{200) CONTI5),.D{3,130)F20000u0
DIMENSICN DA{3,3),0P{2,130),EV{3,2001,FS(3,3,48),KkD(5,20),0RGN(3) F2000050
DIMENSION P{3,200),PA{3,3,200),PAC13,5),PATI3,3),0(3,3),REFV(3,3) F2000060
DIMENSION RES(H)RMS{5)4SYMBI3,3), TITLETI2)TITLEZ(12),TS5(3,48] F2000070
DIMENSICN VT{Z,4)sVI{U),V2{3) , V331, VUl3),VS(3}, VL3 WRKV(3,3) F2000080
DIMENSICN XLNG(31,X0(3),XT(3) F20000690
COMMCN NG, A, AA, AAREV,AAWRK+AID,AIN:ATOMS,BB,BRDRCD,CHEM4CONT,D F2000100

COMMCN Ca,

0P, DISP+EOGEVEV,FORE,FS, INyITILT,KD,LATH,LTNO.NATOM,NCD F2000110

COMMON NJ,NJ2,NOUT,NSR,NSYM, ORGN,P,PA,PAC,PAT,Q,REFV,RES,RMS,SCALIF200CI20
COMMON SCALZ+SCLySYMB, TAPERy THETA,TITLE TITLEZ2 TS VIEW, VT, VI , V2 F20001 37
COMMON V3,VU V5, VO,WRKV , XLNG X0, XT F20001 47
sxins CALCOMP CONTROL #»aas F2000150
IFINJ2=-11216,210,212 F2000167
CALL PLCTS(PLAL(2000),1998,LTNO) F2000170
ssasx FCR CDC #1604 A USE 2tT CALL PLOTSI(PLA,2000,LTNO) XTI F2000175
snsns FCR [BM 73090 USE 210 CALL PLOTS{PLA(2000),1998,LTND) =e=+=F2000176
GO TO 214 F2000180
CALL PLCTULAINTLI),AIN{2),-3) FZ0C001 90
RETURN F2000202
END Fz2000210
SUBROUTINE Fu00 FLOQ0010
sanew ATCM LIST FUNCTIONS ssxsas Fu0000210
DIMENSICN A(9),AA(3,3),AAREV(3,3),AAWRK(3,3),AID(2,3),AIN(ILD} F4{J00030
DIMENSION ATOMS{u4,500),088{(3,3),C0(8,20),CHEM(2D0} ,CONT(5),D(3,130)F40000uL0
DIMENSICN DA{3,3),0P{(2,130),EV13,200),FS5({3,3,48),kD(5,201,0RGN(3) F4OQD0D50
DIMENSICN P(3,200),PAt3,3,200),PACI3,5),PATI3,3),Q(3,3)},REFV(3,3) Fu0O0D&D
DIMENSICN RES(4)yRMS{S)SYMBI3,3), TITLE(I12)+TITLEZLI2),TS{3,48) Fu0p00070
DIMENSICN VT [3,4),VI{4),v2(3),vII3),va(3),¥S(3),VEIT),WRKVI(3,3) FuQpoosan
DIMENSICN XLNG({3)+X003),XT13) FLO3009n
COMMCN NG, A, AA,AAREV,AAWRK,AID,AIN,ATOMS,8B,BRDR +CD,CHEM4,CONT,D FuOD0I 00
COMMCN DAyDPyDISP+EDGELEVsFOREsFSy INS ITILT KD, LATN¥,LTNO,NATOM,NCD F40001 17
COMMCN NJyNJZ2yNOUT,NSRyNSYM, QRGN,P,PA,PAC,PAT+Q,REFV,RES,RMS,SCALIFLTANI20
COMMON SCALZ,SCL,SYMB, TAPER, THETAGTITLE, TITLEZy TSy VIEW,VT,VI,Vv2 F4ga01 30
COMMON V3, VU, VI3 VOsWRKV 4 XLNG o X0 XT FuopOol s
NG#3 FyB00¢ 50
IF{LATMING2, 402,400 Fu 000169
DO 4O JT#E,LATM FrOpaiTn
CALL ATOMUATOMS(H,T),ATOMS{2,1)) 4000189
TF{XMODFI{NJ2,I0}=-1)L99, 804,403 FLO0oe0
CALL SEARCH Fu000200
GO TO 499 FL00210
##nue STORES (40I1) QR REMOVES (411) RUNS OF ATOMS #xsxs Fu0002210
#asse RUN HIERARCHY # ATOM NO./SYM/ A/B/C TRANS, #ssss F4000z3n
TI#1 F4N002ugQ
#esns FIND RUNS IN AIN ARRAY =wnass FL0002572
TI#AINITT) Fu0n260
IFITIY4I0,410,%20 FLOCOD270
TI#T1+| FLOBG280



420

422
423
425
430

435

Lup

L5
46

Lsn

455

u58
490

L99

#LI5T8
#LABEL

501

101

IFLI40-TTIU99, 405,435

JJI#I]

ssean SET INITIAL RUN VALUES seess
MI#T1/100000.

MZ#MODF (T, 100.)

MSHMODF(TI/100., 10004}
TIF(MS)L22,u422,423

M5#555

M3#M5/100

MU#XMODF(MS/I10,10)
MSEXMODF M5, 10}

NNERBLY

IF{ru0-JdJ3)u35,430,430

T2#-AIN(JD)

IF{T21435,425,u4]

1T#44-1

saanes SET TERMINAL VALUES FOR DEGENERATE RUN wsusss
NI #MI

N2 #M2

N3#M3

N4 #ML

NS #MS

GO TO 450D

T11#JJ

ssaws SET TERMINAL RUN VALUES sanss
NI#T2/100000.

N2#MODF(T2,100.)
NS#MONF(T2/100.,1000.}
[FINSILLS, LuS, Liks

NS #555

N3¥NS/100

NU#XMODF(NS/10,10)
NSHXMODFINS,10)

sxuss LCOP THROUGH ALL RUNS #essas
DO 490 LS5#M5,NS

DO 490 Lu#ML Ny

DO 4D L3I#M3,N3

DO 40 L2#M2,N2

DO U0 LI#MI,N]

VIO PAFLOATF(LI) = I00000.+FLOATFIL 3» D000 +L4»1000+L5=100+L2)
CALL ATCMIVI{1),vI{2})
IF{NGIUS55,458,455

CALL ERPNTIVI{L),401)

GO TO 420

CALL STCRE

CCNTINUE

GO TO ut0

RETURN

END

SUBROUTINE F500
DIMENSICN RM{3,3),Vi3,4)

DIMENSICN A(9)yAA(3, 314 AAREV (3431 AANRKI3,3),A1002,3),AINTI40)

Fu000290
FLO00300
Fugog3yn
F4000320
Fu000330
FLOOO340
FLOOD357
Fupo3sn
Fu0Qo3rn
Fu000380
FLOOO390
Fu000s00
FuOOou10
Fu000L 2N
F40004%30
FuO0ouLu0
FLuO00u50
Fu000u60
FLB00o470
FuO0Qu80
FLO00L 90
F4000500
Fu000513
Fu000520
Fu000530
FuJda0o540
Fy 000550
Fu000sé9
FLOOos70
FuQoosan
FL 000599
Fu00s00
Fu0006 (10
F4 000620
FLOD0630
F4C00sLD
Fu0Ds50
Fu000660
FUNN06TO
FLD00680
FupO0s90
FuB00700
Fu¥0007i0
F4000720
FaQ000730
FuQo07u0
F4000750
FLOBO760
FLOON770

F5000010
F5000020
5000030

DIMENSICN ATOMS(u4,500),88(3,3),CD(8,20)+CHEM{200),CONT(5),0(3,130}F50000u0
DIMENSICN DA(3,3).0P12,1t30),EV(3,200),FS5(3,3,48},KkD(5,20},0RGN{3) F5000050
DIMENSICN P(3,200),PA13,3,200),PAC(3,5),PAT(3,3),Q(3,3),REFV(3,3) F5000060

DIMENSION RES{b)RMSI(S),SYMB{3,3}, TITLE{12),TITLEZ(12),75{3,48)
DIMENSICON VT{3,4),VI{),v2{3),V3I{3},Vu(3),V5(3),VH(3),WRKVI3,3)

DIMENSTCN XLNGU3)eXO0[3),xXT(3}

COMMON NGy Ay AA, ARREV ,AAWRK,AID,ATN,ATOMS,BB,BRDRyCD+CHEM,CONT,D

F5000070
F5000080
5000090
F5000: 00

COMMON DA4DPyDISP+EDGEJEVyFOREyFSy IN, ITILT,KDyLATF,LTNO,NATOM,NCD F5000110
COMMON NJ.NJ2,NOUT¢NSR,NSYM, ORGN+P+P A, PAC+PAT,Q,REFV,RES,RMS,SCALIFS000120

COMMCN SCAL2,SCL,SYMB, TAPER, THETA, TITLE, TITLE2,TS,VIEW, VT, VI ,V2

COMMON V3 ,VU, V5, VhE, WRKV XLNG X0, XT

NG#3J
IF{NJ2-11599,501,510
TI#AINCGD Y

CALL ATQMI(TI,QRGN)
IF(NG)SC2,+504,502

F50001 30
F5000140
FS000157
F5000! 60
F5000170
F5000180
F50001%0
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502 CALL ERPNTITI,S501) F5000201
CALL EXIT F5000212
504 DO S06 K#l,u4 F5000220
TI#AIN(K®1) FS000230
CALL ATCMITIV{I1,K)) F5000240
IFING)S5U2.504,532 F5000250
506 CCNTINUE F5000260
DO 507 J4#t,3 F5000270
VILJ VI 2)=VJ, 1) F5000280
SOT V2{JIEVII L) =-VIJ,3) F5000290
IND&-1 F5000300
IF{AIN(71)509,509,508 F5000210
538 INDH-2 £5000320
509 CALL AXES{V!I,V2,REFV,IND) £5000331
GO TO 562 F5000340
510 DO 552 L¥l,139,2 F5000359
T#AIN(L) F5000360
TF{I)5324552.+512 5000370
502 XHAIN(L+1)#D.31745329252 F5000380
TIKCOSFIX) F50003¢90
T2ASINF{X} F5000400
[3#XMODF(I+2,3)+) F5000410
T1#XMODF{I3,3)+I F5000420
I2#XMODF(1§,3)+1 F5000u430
RMUI 1 T1YETI F5000440
RMUTI . I2)8T2 F5000450
RM{II,I13140.0 F5000uéD
RM{I2,111#-T2 FS000470
RM{IZ2,12)8TI F500048D0
RM{IZ,I3}#0.0 F5000490
RM(I3,.I11#0.0 F5000500
RM[I3,12)#3.0 F5000510
RM{TI3,13V#1.0 F5000520
CALL MM(REFV,RM,V} £5000530
IF{NJ2-3)518,525,599 F5000540
518 DO 522 J#1,9 F5000552
522 REFV{Jsl)EVIJ.1) £5000560
GO TO 552 F5000570
525 DO 528 J#1,9 F5000580
528 WRKV{Jsi)#VId, 1} F50005910
60 TO 552 F50004600
532 IF{NJ2-3)535,552,5%99 F5000610
535 TH#XMOOF(-1,3) F5000620
DO 542 J#lt,I] F50006390
DO 542 K#L,.3 F5000640
TI#REFVIK,3) F5000650
REFVIKy3)#REFVIK,2) F5000660
REFVI{K,21HREFVIK, 1) F5000670
542 REFV(K, 1 1#TI F5000687
552 CONTINUE F5000690
IF{NJ2-3)562,582,59% F5000700
562 CALL MM{AA,REFV,AAREV)} F5000710
DO 572 J41,9 F5000720
WRKVIJ, 1 YHREFV(J, 1) F5000730
572 AAWRKI{J, 1 ) #AAREV{U,1) F5000740
GO TQ 599 F5000750
582 CALL MM{AA,WRKY,AAWRK) F5000767
599 RETURN F5000770
END F5000780
#LIST8
#LABEL
SUBROQUTINE F&600 F4000010
C #uswnn SCALING AND CENTERING FUNCTIONS wewves F6000020
DIMENSICN MAX{3),SCALT4),X{3),XMAX{3),XMIN(3},2(2) F&000C30
DIMENSICN A{91,AA(3,3),AAREV(3,3),AAWRKI3+3},AID{3,3),AIN[I14D) F460000u0

DIMENSICN ATOMS(4,500),8R(3,3),CD(8,20),CHEM(200),CONT{5Y,D(3,13D0)F6000050
OIMENSICN DA(3,3),0P(2,130},EVI3,200),FS5(3,3,b8),kD15,20),0RGNI3) F6000060
DIMENSION P(3,200),PA(3,3,200},PAC{3,5),PATI3,3),0(3,3),REFV(3,3) F6000070
DIMENSICN RES({U4)4RMS5(5),SYMB (3,3}, TITLECI12),TITLEZ(12),T75(3,48) F6000080
DIMENSICN VT{3,4),Vi(b),v2(3)},v3(3),Vui3),V5(3),VEeL3),WRKV(3,3]) F&6000090



602
604
606
6C8
6ce
610

611
612

614

6lé
620

622
625
630
635
640

650

652

653

655
660
665

668
670

675
678
680
685
690

700

705
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DIMENSTICN XLNG(3),X0(3),XT{3)

COMMCN NG, Ay AAJAAREV ,AAWRK4ATD,AIN, ATOMS ,8B,BROR, CDyCHEM,CONT,D

F56000100
F6000410

COMMON CA,DP,DISPLECGE,EV,FORE,F5,IN,ITILT,KD,LAT*,LTNO,NATOM,NCD F$00DI120
COMMCN NJyNJ2,NOUT,NSRyNSYM, ORGN4P,PA,PAC,PAT,Q,REFV,RES,RMS,SCALIF&00013D

COMMCN SCAL2,SCLSYMByTAPER, THETAy TITLETITLE2,TSVIEW,VT VI ,V2

COMMON V3, VL V5, VO WRKY XLNG XQ4 XT

sxans DEL # |. FOR INCRUMENT ING FUNCTIONS esess

wssns DEL # 0. FOR REGULAR FUNCTIONS sawus
DEL#FLOATF{XMODF{NJ2/1D,2))
NJ2#XMOCF{NJ2,10)

sawes EXPLICIT ORIGIN AND SCALE #nsans
IF{AINC1))602,60u,602
XOCIVAAINCE}+#XO01 ) =DEL
IFL{AINTIZ2)1606,608,6006

XOL2 P HAIN(2)Y+X0{2)=DEL
IF{AIN(3NIGI2,612,609

IF{DELIGI1 611,610
SCALI#SCALI=AIN{3)

GO TO 612

SCALIHAINIZ)

TF{ATN(LY)IS164616,614

#sssn SET ELLIPSQOID SCALE FACTOR #sass
SCALZRAINIW)

sduns AUTOMATIC QRIGIN AND/OR SCALE wssas
[FINJ2-21790,622,620

XOL1 VEXLNG{ ) »,.5

XO{2)XLNG(2) .5
IFINJ2-31625,643,625

SCALT#Y.

[F(LATM=1)635,635,6u0

NGH#I 2

CALL ERPNT(D.,602)

CALL EXIT

00 650 J#1,3

XMAX(J)#-1.E5

XMIN(JS)#1,.ES

sanax FIT BOX AROUND SET OF ATOMS =sans
DO 670 I#1,LATM

CALL XYZUATOMS( | 41),ATOMSI(2,11,43)
IFENG)652,653,652

CALL ERPNT{ATOMS(1,1),600)

GO TO 67N

DO 4468 J#l,.3

TIRATOMS (J+1,1)
IF{XMAX{2Y-T1)655,660,660

XMAX (JIWTI

MAX([J) eI

IF(TI-XMIN{J) }565,668,668
XMIN{JYHT)

CCNTINUE

CCNTINUE

susse KNETOP ATOM sesss

KM#MAX T 3)

SMULT#I .

DO 78D M#¥I(,5

IF(M=2}7uD,4675,678

anasn CHECK VIEW DISTANCE w#wenn
[FIVIEW)TB85,785,680
IF(NJ2-3)680,785,480
TI#ATOMS (b g KM) #SMULTY
IFIVIEW®,5-T11685,690,690

shesr INCREASE VIEW DISTANCE w#swss
VIEW#2.sT|

sarsn FIND PERSPECTIVE PROJECTION LIMITS snsss
DO 700 J#1,2

XMAX(JIW#-1.ES

XMIN{JY#LLES

DO 725 1H41,LATM

DO 705 J#14+3
X{JYRATCMS{J+ [T )eSMULT

F6000t 0
F6000150
F&00016D0
F60001TD
F&0001 RO
F60Q001 90
F600020N0
F6000210
F&000220
F&000230
Fe0002u0
F&4000250
F6000260
F&000D270
F&6000280
F&6700290
F40008300
F6000310
F6000320
F&6000330
F60003u0
£6000350
F6000340
F6000370
F6000380
F40003¢90
F&6000u0N
F&000410
F&600D420
F6000u3D
F&O00NLD
F6000450
F6OD0LST
F&000470
F6000480
F&6000L9D
F6000500
F6000510
F4000520
F6000530
F60005u40
F6000550
F6000540
F&000570
F&4000580
F&000590
F6000600
F6000610
F&000620
F6000630
F5000640
F6000650
F6000660
F6000670
F6000680
F6000690
F6000700
F&6000710
F6000720
F6000730
F6000740
F6000750
F&000760
FeO0O0TTOD
F6000780
F6000790
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T2HVTEW/({VIEW-X(3))
DO 725 J#1,2
TI#X{JYaT2
TFUXMAXTJ)=T1YTI0,TI5,715
TIO XMAX{JINTI
715 IF(TI=-XMINGJ))T20,725,725
720 XMIN(JI#TI
725 CCNTINUE
C #snss REFINE PARAMETERS sasms
Tul IFINJ2 =3)T45,7T42,755
T2 SMUL2#1.
GO TO 765
c nasne AUTOMATIC SCALE CNLY masms
Tus DO 750 J#1,.2
T2#X0L N
SCAL{JINMIBROR-TZ2}/ XMINTI)
750 SCAL{J+2)1#({XLNG(J)-8RDR-T2 )}/ XMAX{J)
SMUL2#MINIF{SCAL(1),SCAL(2),SCALI3),SCAL(L))
GO 10O 780
C sesss AUTOMATIC SCALE AND POSITION sasss
755 DO 760 J#1,2

760 SCALIJYH{XLNGLJ)-BRCR#2.}/(XMAX{J)-XMIN(T))
SMULZ#MINIF{SCALIY),SCALI2))
C semes AUTOMATIC POSITION #asws
765 DO 770 J#1,2
TT0 XO(JIR.5#{XLNGLJ}-SMUL2={XMAXIJI+XMIN(I)))
780 SMULTHSVULT=SMULZ2
VIEWEVIEWSSMULZ
78S SCALINSCAL|=SMULT
790 SCL#SCAL)=SCALZ
RETURN
END
#LISTS
«ABEL
SUBROUTINE F700
C s#easns SUBROUTINE TO DRAW ELL [PSOIDS wsusns
DIMENSICN EYE{3),VIEWV{3) X1 3},2(3}
DIMENSICN A(9),AA13,3),AAREV(3,3)},AAWRKI3,3),AIDC3,3),AIN(ILD)}

F4000800
6000810
F6000820
F4000830
F6000840
F6000850
F6000860
F6000870
F4000880
Fa000890
F600090D
F6000910
F&6C00920
F6000930
F6000%L0
F6000950
F6000960
F6000970
F5000980
F6000990
FHO0100D

F6001010
F6001020
F6001030
F460010un
F6301050
F600 1060
F6001070
F6001080
F6001090
F6001100
Fo0OI1140

FTO0DOYIN
F7000020
FT000030
FT0000L0

DIMENSICN ATOMS(4,500),88(3,3),CD(8,20).CHEM(200)+CONT(5),D{3,130)F7000050
DIMENSICN DA(3,3),0P12,(30),EV(3,200}4F513,3,48),KD(5,20),.0RGNI(3) F7000060
DIMENSICN P(3,200)0,7A(3,3,200}),PAC(3,5),PAT(3,3),Q(3,3},REFVI{3,3) FTOOOOTD

DIMENSICN RES(L4)},RMS(5),SYMB{3,3), TITLELI12),TITLEZ(12),7S(3,48)
DIMENSICN VT(3,4), VI (W) ,V213),V3{3),VU(3),V5(3),VE(3),NRKVIZ,3)
OIMENSICN XLNG{3),X0(3)},XT{3)

COMMON NGy A, AA, AAREVAAWRK,AID,AIN,ATOMS,B8B,8RDR,CD,CHEM,CONT,D

F70000C80
F7000G%0
F7000t00
FT0001140

COMMCN CAyDP4DISP+EDGEyEV4FOREsFSe IN, ITILT,KD,LATF,LTNO,NATOM,NCD FTOOQI 2]
COMMON NJyNJ2 ¢NOUT,NSR,NSYM, ORGN,P+PA,PAC,PAT,Q,REFV,RES,RMS,SCALIFT000I30

COMMCN SCAL2 ,SCLySYMB, TAPER, THETAZ TITLE, TITLE2 s TS, VIEW, VT, VI V2
COMMCN V3, VU 4 VS, VO WRKY g XLNG 4 X0, XT
c #anse SET ELLIPSQID GRAPHIC DETAILS s=ax»s

ITILTRD
NG#0
NFIRST#]
NPLANERAINIT)
IF(NPLANE~1)T720,715,720

TI5 NFIRSTHL
NPLANE#Y

720 NSOLIDMAIN(Z)
NDCT 6L /2w (XABSFINSOLIO))
LINES#AIN(3}
NDASHNAIN(Y)
CHSYMH#AINIS)
NHEAIN(S)-CHSYMRIT, /T,
DV#AINL{T)-CHSYM=.5

C #vsns ESTABLISH REFERENCE PO INT OF VIEW sznas

Ti#1 . Eb .
IFIVIEW)TuD,740,735

735 TIMVIEW/SCALY

Tu0 DO Tus J#1,3

Tu5 EYE{J)NKREFVI(J,3)#T1+0RGN{J)

F7000140
FT0001450
FT000160
F70001 79
F7000180
F7000190
F7000200
F7000210
FTOQ0220
F7000230
F70002u0
F7000250
F70D0260
FTQ00270
F7000280
FT000290
F7000300
F7000310
F7000323
F700033D
FT0C0340
F7000350
F70003460
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LNS ¥ £700037D
=sses | COP THROUGH ATOM LIST ewesss F7000380

DO 1105 ITOM#1,LATM £7000390
THHATOMS (1, [TOM) F7000400
CALL XYZ{TI1,X,2) FT000410
IF(NG)TS8,TLb,758 F7000u20

Thé CALL PLTXY(X,Z) F7000430
K#T1/710840000. F7000L40
LATI-FLCATF(K)+100D00. FTO00LSO
IFINJZ2-10)}Tu74T54, 754 FTQ00460

TUT LNSEXMOCFILNS+1,18) F70CO470
TFILNSITLY,TLB,TLHY F7000480

TuB WRITE QUTPUT TAPE NOUT,7S1,(TITLE(I),I#1,12} F7000u90
WRITE QUTPUT TAPE NOUT, 752 FT000500
749 WRITE QUTPUT TAPE NOUT,TSDsCHEMIK 32K Ly 201314282}, (X{T),I#1,3),IXT(F7000510
IT)s1#143) £70005210
730 FORMAT{IH 10X,A6,43H (13, 1H, I5,4H) 2F8.2+3X+3F8.3,11X+3FB.4) FT0D053N
7S1 FORMAT{IHLIOX,12A6) F70005u0

752 FORMAT{IHIIOX, I8HSYMBOL ATOM CODE7X, I6HPLOTTER X,Y(IN.} 3X,2IHCAFT000550
IRTESIAN XoYy2 [INLYISX,20HCRYSTAL SYSTEM X,Ys2/1H 19X, 4SH{DIRECTIQF7ODO56D
2N COSINESUIL+JY+THI,3)RMSDLJ 1) JE1,312X,42HFOR PRINCIPAL AXES BASEFTO00570

3D CN WORKING SYSTEM/IH ) F7000580
754 IF{EDGE-BRDR#.75)755,760,740 F7000590
T55 NGHID F70D0600
758 CALL ERPNT{TI,T30) F7000610
60 TO 11115 F7000620

760 IF{CHSYM)TTS, 775,765 F70006310
#aanx PLOT CHEMICAL SYMBOLS #wxas FT000640

T65 Tu#), FT00065%0
IF(VIEW)TET (TOT. 786 F7000660

T66 THUHVIEW/ (VIEW-X{3)) F7000670
T6T TIHRCHSYM=TL F7000680
TU#DISPETU .5 F7000690
VILLYEXCI)+DH#SYMB( Lo | ) #DVESYMBL |,2) FTO00700
VI(ZIHX{2)Y+DHaSYMB(2, 1 }+DVeSYMB(2,2) F7000710
VI{3)I#X(3) F7000720
CALL PLTXY(VI,V3) £7000730
IFIEDGE~-CHSYM) 775,768,768 F7T000740

768 v2(3)140. F7000750
DO 770 #1432 F7000760
V2U1)4V301)+FLOATF(I-2)+TL FT000770

DO 770 J#ts3.2 F7000780
V2I2)EVI(2)+FLOATFIJ-2)#Th F7000790
CALL SIMBOLIV2{1),V2(2},T3,CHEMIK),THETA,4) F7000800
IF(TLITTS, 775,770 FT0QosIn

770 CONTINUE F7000820
775 1F(NPLANE)1105,1105,780 FTOC0830
senes ELLIPSOID PRINC VECTORS TOWARD VIEWER s#wmsa F70008LD

780 CALL PAXES(TI,2)} F700085%0
IF{NGYTS5R,783,758 F7000869

7R3 CALL DIFVIEYE«XT,VIEWY) F7000870
CALL UNIT{VIEWVsVIEWV,=1]) £7000880
CALL VM{VIEWV,AA,V2) F7000890

no 795 I#I1,.3 F7000%900
IFIVVIV2,PAT(1,1)))785,795,795 FT0OD09!0

785 DO 790 J¥L1,3 F7000920
PACLJ,TI#-PACLY, 1) F7000%30

790 PATU I, I)N-PAT(J,I1} FT000940
795 CCNTINUE F7000950
DO 800 J#1,3 F7000960
PACLJ+H)I#PACLU,1) F7000970

BOO PAC(J,S)I#PAC(I,2) F7000980
IFiNJ2-10)802,803,803 F7000990

801 FORMAT{IH 13X,303X,3FB.4,FB.5)/IH )} F7001000
802 WRITE QUTPUT TAPE NCUT,B014{ ((PACIJsKI+ IR 3] RMS{K) ) K#1,3} FT0010I10
w«sane V4 ¥ VECTOR NORMAL TO POLAR PLANE #esws FT001020

803 CALL VMIVIEWV,AAWRK,V6)} F7001030
CALL UNITI(V6,V6,1) F70010u0
CALL MVIQ.V6H VL) F7001050

CALL UNIT(VH,Vu,I) FT001060
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805
810

820

825

830

835

840
843

B45

850

B55

860

865

870h

15
Q00

205

210

15
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ssnan SET PLOTTING RESOLUTION FOR ELLIPSOID swsss
T3#RMS({3)e5CL

NRESOL#1

NBIS#5

DO 805 J#1.3

IF(T3-RES(J) 80,810,810

NBIS#NBIS—-!

NRESOL#NRESOL=2

NRES | #NRESCL+I

suess LCOP THROUGH PRINC AND POLAR PLANES sssws
DO 1100 IIMNFIRST,NPLANE
TIO#XMOCF{II1+2,3)+I

TTI#XMOCF{IT,3)+1

TI2HXMOUFUII+t,3)+1

sanne GENERATE CONJUGATE DIAMETERS #snwns
[F{.99938-ARSFIVVIVY,PACLI,I12))}182C,820,830
TIMRMS{ITI])«SCL

T2HRMSTUETI }=SCL

DO B25 J#1,3

DA{J 1) ¥PAC(J,11I0Y=T I

DA{J 21 #PACII, 111 )=T2

GG TO 850

CALL NORMIPAC(I,TI0)PACE I +E11)eVIsl}
CALL NORMIVI,vh,v2,1)

CALL UNIT{(V2,v2:1)

CALL MY 1{Q.V2,¥3)

IF{II-4)835,8L0,840

CALL NORMIV3,V],V5,I1}

GO TO 843

CALL NORM(V3,vh,V5,1)

CALL UNIT(W5,¥5,11}
TI#SCL/SQRTFIVYMVIVZ,Q,V2) )
TZ#SCL/SOQRTF{VMY (V5,0Q,¥5)}

DO B4S J#!,.3

DALJL1I#V2(J) =TI

DALJ,2)8#V5{0)=T2

seuns GENERATE ELLIPSE senss

CALL RACIAL{NBIS)

IF{II-4)900,855,855

semas PLOT BOUNDARY ELLIPSE #swaw

CALL PRCJI(D,DP X X0, VIEWs 141 29,NRESQOL}
CALL DRAWIDP,0.,0.,3)

DO 8460 J#NRESI,129,NRESOL

CALL DRAWI(DP{1,J1,0.,0.,2)
IF(DISPINIOD,1 100,845

#anns BCUNDARY ANNULUS AS A LINEAR FUNCTION OF HE IGHT #=sss

CALL DIFV(XT,0RGN,VI}
TSAVVIV] , AAREVII,3))s5CALI
NCYCLE#.5+(AINIB)+TS5#AIN[Q)) /DISP
IF(NCYCLE) V100,100,870
TAI#{(2.«DISPI/UTI4T2)

#awss [NCREASE ANNULAR THICKNESS wwnsss
DO 875 1#!),NCYCLE

TuU#T3+FLOATF(1)

DO BT5 J¥14129,NRESOL

CALL DRAWIDP{1,J}+Dl1+J)TU,0{2,J)0T4,2)
GO TO 1109

CALL PRCJI(DyDP»XyXOsVIEW, 1465, NRESOL)
saans PLOT HALF AN ELLIPSE #enss

CALL DRAW(DP,0.,04,3)

DO 905 JHNRESI,&65,NRESOL

CALL DRAWIDPI(14J)40uedae2)
1IF{DISP)930,930,910

wanens ACCENTUATE FRCNT HALF esnps
DO 925 [#1,3,2
T2#FLOATF(1-2)=DISP

DO %15 J#1,65,NRESOL

[ & 1.1

CALL CRAWIDP(1,K},DISP,T2,2)

DO 925 KH1465,NRESOL

F7001070
£7001080
£7001090
F7001100
F7001110
F7001120
F7001130
F7001 140
F7001150
F7001160
F7001170
F7001 180
F7001190
F7001200
FT001211
F7001220
FT001230
F7001240
F7001250
F7001260
£7001270
F7001280
F7001290
F7001300
F7001310
F7001320
F7001330
F7001340
F7001350
F7001360
F7001370
F7001380
F7001390
F7001400
F7001410
F7001420
F7001430
F7001 440
F7001452
F7001460
F7001470
F7001480
F700149D
F7001500
F7001510
F7001529
F7001530
£7001540
F7001550
F7001560
F7001570
£7001580
F7001590
F7001600
F7001610
F7001620
F7001630
F7001640
F7001650
FT00t66D
FT001670
F7001680
F7001690
£7001700
F7001710
F7001720
F7001730
F7001 740
F7001750
F7001760
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325 CALL DRAW(DP(1,K),-DISP,-T2,2) F7O0DMTTO
@30 IFINSOLIDIFUO, 967,935 FTO0t780
@35 L#NDOT FTOD179D
IF{NDOT-NRESOL)938,945,%u0 70018070
938 CALL RACIAL{NSCLID-I)} FTO01810
GO TO 945 7001820
U0 L#NRESOL FT001830
U5 CALL PRCJIIDIL! 1651,DPLY 18514 X4 X0, VIEW,1,65,L) F70018u0
IF{NSOLID)®S0,9467,950 F7001850
a«nan» DUTTED LINE CN REVERSE SIDE msexss FT001840
950 DO 958 JH#65,129,NDOT F7OD187D
CALL DRAW(DP{1,J},DISP,DISP, 3} FTD01a80
DO 955 I1#1,3,2 F70018%90
TI#FLOATF(1-2)=DISP F7001900
DO 255 K#t,3,2 F7T001910
T2EFLOATF(K-2)=015P F7agi192n
CALL ORAWIDP(1,4J)4T1,T72,2) FTO01930
IFIDISP)958,958,955 FTO019u40
@55 CCNTINUE F7001959
258 CCNYINUE F7001960
GO TO 947 FToateT0
sxnan SINGLE LINE CN REVERSE SIDE ssses F70019890
60 DO 965 J#65,129,NRESOL Frapi199on
965 CALL DRAWIDP(1,J?Y¢0.+04.2) F7002000
snass DETAIL INTERIOR FEATURES sssss £7002010
P67 TZHNDASH#»2 F7002020
DO 9TS J#1,3 F7002030
TIRPACIJ,TID)#RMS(TIIO)=SCL F700200L10
DAL 1 RTI FT7002050
DACJ2IHPACCU, IT1 ) &RMSCIT| )= SCL F7C02040
OAtJ,3)#0. F7002070
IF(NDASH)?TS5,2T75,970 FT002080
T0 VI L)) #=TI F70020%90
V2{J)#TI1 /T2 F7002100
975 CCONTINUE £7002110
IF(NDASH)®?87,987,980 Frao2120
ssnss DASHED LINE FOR REVERSE AXIS =ases F7DO2) 30
980 DO 985 J#1,NDASH FT002140
DO 985 K#1,2 FT0D02150
LHL-K FY002i 60
CALL PRCIIVI ,DPy Xy X0, VIEW, 1, 1,1 F7002170
CALL DRAWIDP,D.yQ4eL) F7002180
DO 985 I#1,3 F7T002190
985S VIL(IY#VILTY+V2(I1} FT002200
susss SCLID LINE FOR FORWARD AXIS sewnws F7oR2217
a7 IF(LINES)HI DO, 100,588 FrTO02220
988 CALL PRCJUIDA;DP Xy XOWVIEW, 4 3,1) F7002230
TI#DISPR.S F7002240
DO 990 I#1y43,2 F70022%0
T2ZHFLOATF{2-1)aT} FT002260
CALL DRAWIDP,T1+T72,3) F7002270
CALL DRAW(DP(1,43),T1,T2,2) Fr002280
IF(DISP) 1000, 10D00,989 F7002299
989 CALL DRAWIDPI143),—TI1,T2,2) F7002300
990 CALL DRAW(DP,=T1,T2,2) F7002310
2ennw SHADE QUADRANT BETWEEN TWO PRINCIPAL AXES #ase=s F70023292
1000 LALINES-I F7002330
FF(LY110G,1100,tC05 FT002340
1005 T2#LINES F7TO02350
DO 1025 I#1,L F7002360
TI#FLOATF(I /T2 F7002370
T3HSQRTFI1.-T1=T1) F7002380
IF(XMODF(I,2121210,1015,10190 FT002390
1010 M#I=2 FT002400
N#M-| FTOO02410
G0 TQ 1020 F7002u20
1015 N#I=2 FT0O02430
MEN=-1 Fron2440
1029 DO 1025 J#!t,3 FT002450

TUEDA(J, 1 )T F7002460
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DUJ,MIHTH FTo02u70

1025 DUJyNY#DALY,2)»T3+TY FT002480

L#L 2 F7002490

CALL PRCJID,DP X o XOQsVIEW, tsL 1) Frop2500

DO 1030 142,L,2 F7002512

CALL DRAWIDP{1,I-1)40.40.43) F7002520

1030 CALL DRAWIDP{I1,41)40.,0.,2) F7002530

1100 CCNTINUE FT002540

1105 CONTINUE F7002550

RETURN FTD02540

END FT002570
sLISTS
*LABEL

SUBRQUTINE F800 8000013

C sxans SUBROUTINE FINDS ATOM PAIRS FOR BONDS s#xsnse £800002D

DIMENSICN TA(3),WI(3} F8000030

DIMENSICN A(9),AA[3,3),AAREV (3,3}, AAWRK(3,3),AI0{Z,3),AIN{ILD) F80O0004D0

DIMENSICN ATOMS(4,500),8B(3,3),CD(8,20),CHEM(2D0},CONT(5),D(3,130)FB0O000SD
DIMENSICN DA(3+3),0P(2,130),EV{3,200)4F5(3,3,48),kD{5,20),0RGN(3] FBODCDGO
DIMENSICN P(3,200),PA(3,3,200),PACE3,5),PAT(3,3),Q(3,3),REFV{3,3) F8000070
DIMENSICON RES{4),RMS(5),SYMB(3,3), TITLEC12}.TITLEZ(12},TS5(3,u8) F8000080
DIMENSICN VT(3,4),VI(U4),V2{3)},V3(3},VH(3),V5(3),VE(3),WRKV(3,3) FB80000%90
DIMENSICN XLNG{3),X0(3},XT(3} F8000t00
COMMON NG+A,AAyAAREV+AAWRK+AID,AIN,ATOMS,BB,BRDR,CD,CHEM,CONT,D FBOQONI0
COMMCN CA,DP,DISP,EDGE,EV,FORE FSoIN,ITILT,KD,LATVN,LTNO,NATOM,NCD FBOODOI 2D
COMMCN NJyNJ2 s NOUT ¢ NSRNSYM, ORGN,.P,PA,PAC,PAT+Q,REFV,RES ,RMS,SCALIFBOODO! 3D
COMMCN SCAL2,SCL,SYMByTAPER, THETA,TITLE, TITLE2, TS VIEW, VYT ,V1,4V2 FBOOOILD

COMMCN V3,VU ,V5,VH,WRKV XL NG X0 XT FB00O0I150
LNS#~U FB8OD0Ot 60
[F{XMODF{NJ2,10)-21805,840,840 FBODO1 7D

c ssess EXPLICIT DESCRIPTION #anss F80001 8N
805 1140 F8000¢ 90
IF{NCD)845,B45,815 £800020%

B15 IT#IT+1 FBO00211
IF(I40~111899,899,820 FBO0Q220

820 TI#AINCLI) F8000230
IF(T11815,815,825 £8000240

825 I1#II+I F8000250
T2HAINCIT) F8000260
IF(T2)815,815,830 FB000270

830 IF{NJ2-10}832,838,838 F8000280
832 LNS#XMOCF{LNS+4,56) 8000290
IF(LNS}838,834,838 F8000300

834 WRITE OUTPUT TAPE NOUT,835,(TITLE(I),I#1,12) FBO003 10
835 FORMAT(IHI 10X, 1246) F8000320
WRITE OUTPUT TAPE NOUT,837 £8000330

837 FORMAT(IHDIOX,BHSYMBOL  ATOM CODE&X, |6HPLOTTER X,Y{IN.) 6X,2IHCAF8000340
JRTESTAN X,¥,2 {IN.)1I7X,20HCRYSTAL SYSTEM X,Y,Z/IH ) FBOO0350
838 CALL BONDITI,T2,1) F8000360
¢O TO 815 F8000370

C sssws IFPLICIT DESCRIPTION #vsese FB000380
84D TF{LATM-2)845,850,850 FB000390
845 NGHI I F8000uDN
CALL ERPNT{0.,NJ=100+NJ2) FBOQD4 10

GO TO 899 FB0004 20

850 SCAL3MSCALI FB000L30
SCALI#T. FB000L 4T

DO B55 I#1,LATHM F80004s0

855 CALL XYZUATOMSU(1,1),ATOMS{2,1),2) F8000460
SCALI#SCAL3 F80004 70
IF(NCD) 845,845,860 F80004 80

860 WRITE OUTPUT TAPE NOUT,B86) F80004 90

861 FORMAT{IHDIOX,20HBCND SELECT ION CODES//1IX.FuHISEQUENCE(A}) {SEQUENFBQO0500
ICE{BY) (BCND} IDISTANCES){ BOND )(PERSP.—-LABELS) (NORMAL——LABELS){F8000510
2DIGITS) /11X,93H( MIN MAX )( MIN MAX } (TYPE) (MIN MAX) {RADIFB0O0O052N

ZUSY(HEIGHT OFFSET)I{HEIGHT OFFSET)}{NUMBERY}) £8000530
DMAX#0. F80a0540
DO BYO I#1.NCD F8000550
IF{DMAX-CD{2,1)}865,870,870 FBO00S6D

B6S DMAX#CDI(2,1) F8000570
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870 WRITE QUTPUT TAPE NOUT,BT1o(KC(JeI)eJWE51,{CO0IyTY,J41,8) £8000580
871 FORMAT(IH 10XI6,15,18,15,1I8,2F6.2,5F8.3,F7.0} Fa000590
DMAX#DMAX#DMAX F8000400
C #enan | COP THROUGH ATOMS ARRAY ssens FBDO061T
DO 895 M#l,LATM F8000620
TIRATOMS (1 M) £8000630
FALI)A4TI /100000, FBOOD&LD
TAE3INHLALLY F8000650
WIEIYRATOMS (2, M) FB000640
WII2)HATOMS {3, M) F8000&70
WI(3)RATOMS (L, M) FB8000680
L#M+] FBOD06 90
DO B95 NM#L,yLATM FBO0O7T00
DISTH{ATOMS(24NI-WI{ 1)) =2 F8000710
IF{DMAX-DISTIB95,873,873 FB8000720
873 DISTHDIST+IATOMSI3,N)-WI(2)} a2 F80007 30
IF{DMAX-DIST}B®5,874,874 FBCOOT40
B74 DISTADIST+{ATOMS (LU ,NI-WI(3))»n2 F8000750
IFIDMAX-DIST)695,875,875 F8000760
B75 DISTHSQRTII{DIST) FB000770
T2#ATOMS {1 ,N} FBOO0O780
1A(2)#72,100000. FB000790
c senws SELECT BONDS ACCCROING TO CODES wwwes FB0008ON
DO 890 J#1,NCD FB000810
NL-T N F8000820
IFIDIST-CD{1,J1}) 8%0, 880,880 F8000830
880 IF(CO(2,J)-01ST) 890,881,881 Feoo0sL0
881 DO BBS K#1,2 F3000850N
IF(IA(K}-KD{I,J)) 885,882,882 F8000860
882 IF{KD(2,J)~1AIK}) BBS,88B3,883 F80Q0870
BB3 IF(IALK+1)-KD(3,J))B885,8Bu,384 F80008a0
884 IF(KD{u,J)-T[A{K+1)}1885,891,69I F80008490
885 CONTINUE F800C90N
890 CONTINUE F8000910
GO TO 895 F8000920
891 IFINJ2-10})8%2,894,894 F8000930
892 LNSHXMOCFILNS+4,54) FB80009u0
IFILNS)893,893,894 F8000950
B93 WRITE QUTPUT TAPE NOUT,B3S5,{TITLE(I},[#1,12) F8DG0960
WRITE OUTPUT TAPE NOUT,837 FB0O00970
894 CALL BONDI(T!,T2,U8} F8000980
B95 CCNTINUE F8000%90
B899 RETURN F&00100a0
END F8001010
L1578
#LABEL
SUBRCUTINE F9O00 F9000040
DIMENSION X(3)4XW13,5),Y(3),213) FeO00020
DIMENSTICN A(9),AA(3,3),AAREV(3,3),AANRKI(3,3),AIDCZ,3),AIN{140)} F9000030

DIMENSICN ATQOMS(4,5001,88{(3,3),C0(8,20),CHEM(200),CONT{5),D{3,130)F90000un
DIMENSICN DA(3,33,0P(2,130),EV(3,200),FS5(3,3,48),xD1(5,20),0RGNI3) FQO0D0S0
DIMENSICN P(3,230},PA103,3.,20C).PACI3,5)+PAT(3,3),0Q(3,3),REFV{3,3) F9O00006D
OIMENSION RESI4) ,RM5(5),SYMB(3,3),TITLE(I2),TITLEZ{12},T5(3,u48) Fo000070
DIMENSICN VTO3,4) o vIlu),V2{3)yV3I(3),VU{3),Vv503),VEL3),WRKVI3,3) F9000080
DIMENSICON XLNG{3),X0(3),xT{3} F90000%90
COMMON NG+ A, AAyAAREV,AAWRK,AID,AIN,ATOMS,RB,BRDR, CO,CHEM,CONT,D F90001 00
COMMCN CA,DP,DISP,ECGE,EV,FOREyFSyIN, ITILTKD,LATF,LTNG,NATOM,NCD FQUOOIID
COMMCN NJyNJ2yNOUT,NSRyNSYM, ORGNyPyPAyPAC,PAT,Q,REFV,RES,RMS,SCALIFQQ00120
COMMCN SCAL2,SCLsSYMB,TAPER, THETA, TITLE, TITLE2 4 TS VIEW, VT, VI ,V2 F9000;) 30

COMMCN V3,3 VU V5, VO WRKV ¢ XLNG» X0y XT F9000I4D

C #swsus LABELING FUNCTION SUBROUTINE #ness Fe0ad150
ITILT#0 F90001 60
NJ3#XMODFINJIZ2,10) FoOQ0I170
TH#THETA FeQoatsn
SINTH#SYMB{2,1]) Fe0001 90
COSTH#SYMB(1,1) Fe000200
ILAST#I Fe000210
IF{AIN{2)-11100.1910,910,905 F9000220

F05 TLAST#H2 F9000230

210 DO 925 TT#4,ILAST F9000240



212
915

925

930

35
ou0

9u5

950

95%

958
260

965

970

75
980

985

990

995

1000

1aos

1610

110

s«nsns OBTAIN WORKING CARTESI AN COORDINATES sesss
CALL XYZAAIN(IIV,XwWll,11),2}
IFINGIFI5,925,%15

NGH#IS

CALL ERPNTI{AIN{II ) ¢NJI=ID0+NJ2)

GO TO 1199

CALL XYZCAIN{II) yXW{ty1I43), 3}

1141

sanan FIND MEAN REFERENCE PO INT #esas
DO 930 J#1,.3

T2#xWIlJ,ILAST)

TIEXW(J, )

XWEJ,3)8T2-TI

X{JI#(T2+T1).5

wessw PERSPECTIVE SCALING FACTOR w#asass
SCAL#I|.

IF{VIEWIPuU0,940,935

SCAL#VIEW/ {VIEW-X{3))

HGT#SCAL#AINIS)

IF{NJ2-3}9560,950,%45
IFINJ2-61950,950,960

#4uss PROJECTED VECTOR BASEL INE wenxs
CALL PLTXY{XWI(] 4),vI}

CALL PLTXYIXWI{145),v2)

Ti#vaolr=vit(1)

T2#V2{(2)-VI(2)

TI#SQRTF(TI=TI+4T2=T2)
IFIT3)912,912,4955

COSTHRT1/T3

SINTH#T2/T3

THH#ARCCCS{COSTH)

IFISINTH)}?58,960,960

TH#-TH

IFINJ2-13)965,985,985

eusses FIND CENTER OF PROJECTED LABEL swsas
YOL)MSCAL#{X(1I+AIN(S)#COSTH-AIN(TI#SINTH)+XO( 1)
Y(2)ASCAL#IX(2Y+ATIN{O)»SINTHHAIN(T}=COSTHI+X0(2)
Y(3)#0.

ssu#ns CPECK FOR LEGEND RESET w#esss

DO 980 J#1,2

TIHAINGJ+2}

IFITII979,980,970

Y(JI#TI

GO TOQ 980

Y{J) EXLNG(J)Y+T

CONTINUE

essws SET PARAMETERS FOR INDIVIDUAL FUNCTIONS #swaxs

Fo000250
F9000260
Fo000270
FeQ00028N
F90060290
FoO00300
FeD00310
FeQO0320
F9000330
F9000340
F90OCO350
F2000360
F20003710
F9000380
FoO00370
F3000400
FQO00410
Fe000u 20
FOO0430
Fe0Q0DLLD
F90004 50
FoOODWs0
FeO00470
FeOooOs80
FoOQQ490
Fo000500
FoOOO0510
Fe0aos2n
FeOO00530
F90D0S40
Fo000550
F9000540
F9000570
Fe000580
F9000590
Fo000600
FQOOD&10
FoO00620
FeD0O0630
Fo000640
F200065N
FoO00660
F2000670
F9300680
F9000690
F9000700
Fe000710

GO TO(990,995,995,1000, 1000, 1000,915,4105,1105,915,915,915,1005, 10F200072N

10541005, 1005,915)4NJ2

To6HIT.

L¥AIN(]) /100000,

TLAST#I

Oxw#0.

DYW#0.

GO TO 1030

To#215.

ILASTRI2

TI#HGT=36./7.

OXWH#COSTH=TI

DYWESINTH=TI

GO TO 1030

TOH22+3={6=-NJ3)
DISTHSQRTFIVVIXWIL,3),XWI1,31))/S5CALI
GO TO 1030

ssess TRUE PERSPECTIVE LABELS seses
CALL UNTIT(XMWU1430,VT{I,400,1)
IF(ABSFIVTI3,1))-.999u01010,912,912
¢#ses FCRM PERSPECTIVE ROTATION MATRIX sssss
CALL NORMIATOD( 231 VT{1413sVTL142)41)
CALL UNITIVT(1,2)},¥T11,+2),1)

Fe0D0730
F9000740
FR000750
Fe000760
F900770
FeQ00780
Fop00790
F000800
FS0008¢t0
Fe000820
F9000830
Fep00BLO
Fo000850
F9000840
Fo0DO87N
FoO00880
F90O08%0
FoQooe00
Fe000910
Fo000920
F20O00930
F9O0O940



111

CALL NORMIVTI! oI} o¥WTUT 42, VTH143)41)
DO OIS J¥L,3
1015 VTOJ,u)RX(d)
ITILT#I
HGTHAINIS)
TH#D.
Y(3)#EX(3}
Y{2)#X(2}+AIN{T)I-HGT=,S
IF{NJ2-13)1030,1025,1020
o #44ue PERSPECTIVE BCOND LABELS w#ssus
1020 YOUL)#XLE)+AIN{G)-HGT#FLOATFL 2243 (6-NJ3)) /7.

DISTHSQRTFIVVIXWIl,3),XWl{1,33))/5CALI
GO T0 1050

C wnnnn PERSPECTIVE TITLES #nsws

1025 Y{1)AX(1 ) +AIN(&)-+GT215,./7.
ILASTH#EZ2
DXWHHGT#3b6./7.
DYW#O.
GO TO 1050

1030 DHA#HGT=TH/T.
DV#HGT+,5
Y(11#Y(1)-DH*COSTH+DveSINTH
Y121 #Y(2)-DH#SINTH-DV#COSTH
YI3)H0.

c sases PLOT VARIOUS LABELS sssss
1050 GO TO(1060,1060,1060,1090,1085,1100,915,1105,1105),N33
1060 DO 108BS T#I+ILAST

NO 1075 J#l 43,2
Z{1)Y#YULI)+FLOATF(J-2)eDISP®,.5
DO 1075 KKl 43,2
Z(2VRY(2Y+FLOATF{(K-2)#CISP«.5
IFINJ3=2)1065,1068, 1068

C sxune PLOT CHEMICAL SYMBOL #wnss
1065 CALL SIMBOL(ZU1)42Z(2)}¢HGTCHEM{L)sTH,8)
GC TO 1070
C asssa PLOT TITLES awsss

1068 CALL STIMBOL{Z(1)Z{2),HGT,TITLE2(I},THy &)
1079 IF{DISP}1080,1080,1075

1075 CONTINUE

1080 Y(I1)HY (1) +OXW

1085 Y{2)1KY(2)4D¥YM

GO TO 1199
C sasss PLOT BCND DISTANCE LABELS #anxs
1090 CALL NOMBER(Y( 1) 4¥{2)RPGTyDIST,THy 4HFS,.1)
GO TO 1199
1095 CALL NOMAER{Y{1),Y(2)},FGT,DIST,TH,4HF6.2)
GO TO 1199
1100 CALL NOMBERIY(I1)4YU2)4HGTyDISTyTH, UHF6.3)
GO 1O 1199
o sssss PLOT CENTERED SYMBOLS sssss

1105 CALL SIMBOLIYUI).¥Y{2),HGTyXFIXF(AIN(8)),TH,T-NJ3}
1199 ITILTHO

RETURN
END
»L15T8
«LABEL
SUBROUTINE F1000
RETURN
END
=LISTB
=LABEL
SUBROUTINE MMIX,YsZ)
c MULTIPLY TWO MATRICES
C Z13,3)8x13,31+¥(3,3)
DIMENSICNX(3,3},Y{3,3),2(3,3)
NOTITI#I,3
DOTITK#I L3
Z{I,x)¥0.0
DOVITJU#1,3

107 ZULKIHZ (T KI+X( Lo J)n¥y(J,K)

F£9000950
Fo000960
Fe000970
Fo000980
Fo000990
F9001 000
FoOO010I0
F9001020
£9001030n
F001040
Fe001050

F001040
Fe001070
F001080
Fe0010%0
FeOO1100
FeQoI 1IN
FR001120
F20011 30
FeoO1 14N
FoOO1150
F9001160
FeOB1 170
Fo00! 180
FeOglien
F9Q01200
FeO0 1210
FoO01220
FeOO1230
Fe001240
FeOo12510
F2001260
F2001270
F200) 280
F2001290
F9001300
FeOO1310
FeDOl320
F9001330
FI001340
F9001350
F9001360
F9001370
F9001380
£9001 390
F9001400
FROO 1410
F001420
Fe00t430
FROON4L0
FeNO1450
Fe0Ot 450
FoO01470
Fo001480

F10CO0I0
F10C002N
F10coo3n

MM 0010
MM 0020
MM 0030
MM 0040
MM 0050
MM Q06N
MM 0070
MM 0080
MM 0090



«L ISTH
#1 ABEL

C
c

#LIST8
«LABEL

105

5
125

135
300

=L]1ST8
#LABEL

IaEeReNaNel

105

112

RETURN
END

SUBROUTINE MVIXsYeZ)
MATRIX = VECTOR
Z(3)4X{3,3)2Y(3)
DIMENSTICNX{3+43),Y(3),2(3)
DOVL3LHN,3

Zi1)%0.0

DOTI3J#E.3
IASEEFARSES SN PINEE L SN
RETURN

END

SUBROUTINE NORM(X,Y,Z,ITYPE)
sesss VECTOR PRODUCT 2#XsY »anss

sesse [TYPE ,GT.0 FOR CARTESIAN,.LE.Q FOR TRICLINIC #wwss

DIMENSICN X{3),Y(3),2(3,3),21(3,3)

DIMENSICN A(9),AA(3,3),AAREV(3,3),AAWRK(3,3),AID{2,3),AINCILT)
DIMENSICN ATOMS{4,500)+BB(3,3},CD{8,20),CHEM{200),CONT{5),0(34130)NORMOC6D
NORMDOTO
NORMDOBMN
NORMDO9D
NORMO1 00
NORMO O
NORMO1 20
COMMCN DA,DPDISPyEDGE,EV,FORE,FSe INy ITILT,KDyLATF,LTNO,NATOM,NCD NORMOI 30
COMMON NJyNJ2 s NOUT 4 NSR,NSYMy CRGN4 P4PA,PAC,PATQyREFVRES,RMS,SCALINORMDI 4T
NORMO1 50
NORMOI 60
NORMOITO
NORMOI 80
NORNMOI 90
NORMDOZ20O0
NORMDZ 1O
NORMO220
NORMG2 30
NORMO24D
NORMOZ5D
NORMO260
NORMOZ270
NORMO280
NORMO290

DIMENSICN 0A(3,3),DP(2,130},EV(3,200),FS(3,3,48),kD(5,20),0RGN(3)
DIMENSICN P{3,200),PA(3,3,200},PAC(3,5)},PATI3,31,G(3,3),REFVI3,3)
DIMENSICN RES(L}RMS(3),SYMB (3,3}, TITLE{I2),TITLEZ(I12)+TS{3,48)
DIMENSICN VTI3+4),VI04),V203),V3(3),VU(3),V5(3),VE{3) ,WRKV(3,3)

DIMENSICN XLNG(3),XQ(3},XT(3}

COMMCN NG+A,AA, AAREV+AAWRK,AID¢AIN,ATOMS,BB+BRDR CDyCHEM,CONT,D

COMMCN SCAL2,SCL,SYMB, TAPER, THETA, TITLE, TITLEZ2s TSy VIEW, VT,V V2

COMMON V3,VL V5,V WRKV,; XLNG X0 XT
DO 125 1#1,3
T1#XMODFITI+3,3)+1
I28XMODFUI+1,3)+1
TI#X{TII)eY{I2)=X(I2)e¥(11}
IF(ITYPEY!I15,115, 105
Z{TI#TI

GO TO 125

ZICII#RTIH

CCNTINUE
IFCITYPE)I35,135,300

CALL MVY(BB,Z1,+7}

RETURN

END

SUBROQUTINE PAXES(ACODE.,ITYPE)

sssas ITYPE ,LT.0 FOR COVARIANCE MATRIX IN Q

[ X X X K}

snnxs ITYPE .GT.0 FOR ELLIPSOID QUADRATIC FORM IN Q essss

neass XABSFUITYPE)#) BASED ON TRICLINIC COORDINATE SYSTEM ssess

aanan 42 OR 3 FOR WORKING OR REFERENCE CARTESIAN SYSTEMS w#sews

spuss CHECK ATOM CODE s#snws
DIMENSICN W{3+3)sX{3)}

DIMENSICN A{9),AA{3,3)AAREV(3+3)+AAWRKI{343),AI0{243),AINCILO}
DIMENSICN ATCMS(4,500).88(3,3),CD(8,20),CHEMI200) ,CONT{5),D(3,130)PAXEDOSN
PAXEQIOD
PAXEDI ID
PAXEDI 20
PAXED| 30
PAXEDI LD
PAXEDI S0
COMMCN DA,DP,DISP,EDGE,EV,FORE,FSyINyITILTKD:LAT¥,LTNO,NATOM,NCD PAXEDI 60
COMMON NJyNJZ24NOUT,NSRyNSYMy CRGN+P 1+ PASPAC,PAT,Q,REFV,RESRMS,SCALIPAXEDITD
PAXEDI B0
PAXEDI ?D
PAXED20N
PAXED210
PAXEOD220
PAXED230

DIMENSICN DA(3,3),0P(2,130),EV(3,200),FS{3,3,48),kD{5,20),0RGN{3)
DIMENSION P(3,200),PA{3,3,20C),PACI3,5},PATI3,3),Q(03,3),REFVI3,3)
DIMENSICN RES(4) +RMS(S5),SYMB(Z,3) . TITLELI2),TITLEZ(12),75(3,48)
DIMENSTICN VT(3,4),VItuY,v20{3),v313),VUi3),V5(3),VELT)HWRKVI3,3)

DIMENSICN XLNG{3)1,X0031,XTL3)

COMMCN NGy Ae AAZAAREY+ AAWRK ATD4AIN, ATOMS,BB ,BROR , CD,CHEM,CONT,D

COMMON SCAL2,S5CLeSYMBy TAPER, THETA TITLE, TITLEZ s TS VIEW, VT, VI1,Vv2

COMMON V3 ,VU 4V5,VO6,WRKY 4 XLNG ¢ X0 XT
IT#XABSFLITYPE)-|
KS#MODF(ACODE, 100.)
FFINSYM=KS}IO05,1154115

NG#U4

MM
MM

MY
MV
MV
My
My
My
My
My

My

oron
onig

goio
ao20
0031
ooua
pgso
0oen
norn
aoeo
oo9n
0109

NORMDOIO
NORMOO20
NORMOD30
NORMODLD
NORMDOS5M

PAXEDDIO
PAXEDO20
PAXEODD30
PAXECQOLD
PAXEOOS0
PAXEDDSN
PAXEDOTO
PAXEQQAN



1t5
125
130

135

145
155
165
170

175

185

195
205

210
215
220
225
235
2u5
33n0

#L{ST8
#LABEL

110

115

120
125

113

GC TO 340
11#AC0ODE/10QCODO.
IFI(NATOM-TI) 125,130,130

NG #5
GO TO 300
IFCIT)1254125,135

#xnee CRYSTALLOGRAPHIC SYMMETRY ROTATION swnwas
CALL TMM{PA{ 1 ¢l o T1V,FST I 1+KS),PAT)
[IFIIT-1)165,41U45,155

swsnx TRANSFORM TO CARTESIAN SYSTEMS sswnws
CALL TMM{PAT,AAWRK,PAC)

GO TQ 175
CALL TMM{PAT,AAREV,PAC)
GO TO t75

IFCITYPEY 17O, 175,170
sxnne (PAT)wa{=|) % (AA)es(-1} seues
CALL AXEQB(PAT,W,BBy3)

saess FCRM DIAGONAL MATRIX OR ]TS [INVERSE #enen

DO 205 J#1,.3

TIREV(J, 11}

IFLITYPE) 195,205,185
X{JI 1. /(Tl=TH)

GO 170 205

X{JY#T =TI

RMSUJI#TIH

#nsnn FCRM QUADRATIC FORM esess
DO 2u5 I#41,3

DO 245 JHI,3

T1#0.0

IFLETY300,210,220

DO 215 K#l1,3

#nsns BASED ON TRICLINIC SYSTEM #snss
TIRTI4+PAT I K)#W{K, JInX(K)

GO TO 235

sxnns BASED ON CARTESIAN SYSTEM ssasns
00 225 K#l,3
TIRTI+PACIT,K)#PACTJ, K)I*X{K)}
QUJ,LIRTI

Q{I.JIATI

RETURN

END

SUBROUTINE PLTXY(X,Y}

*#ess PLOT COORDs AND CLOSEST EDGE AFTER PROJECTICN #xuns

DIMENSTON X{3),v12)

DIMENSICN A{9)+AA[3,3),AAREV(3,43),AANRK(3,3),A10(3,3},AINCI4LO)

PAXED2LD
PAXED250
PAXED260
PAXED2T0
PAXE(Q280
PAXEDZ2QO
PAXED30ND
PAXED3:10
PAXED320
PAXEOD330
PAXEQ3u40
PAXEQ350
PAXED3SN
PAXED3TO
PAXEQ3B0
PAXED390
PAXEDLOD
PAXEQOLITD
PAXEOU2N
PAXEDQW30
PAXEO4LD
PAXEQLSO
PAXEOW &0
PAXEQOLTO
PAXEOLBO
PAXEQuUSD
PAXEQSOD
PAXEQDSI0
PAXEDS20
PAXEDS 30
PAXEDSUN
PAXEOSSD
PAXEDS S0
PAXEDSTO
PAXEDSSN
PAXEDS90
PAXEDSLDN
PAXEQS10
PAXED62N
PAXEDG63D
PAXEDS6LD

PLTX00I10O
PLTX0020
PLTX0O030
PLTX004D

DIMENSICN ATOMS{4,50C),BB{(3, 3),CD(8,20),CHEM(200),CONT{5),D1(3,130)PLTX0050
DIMENSICN DA{3,3),0P(2,i130},EV(3,200),FS(3,3,48},¥D{5,20),0RGNI3) PLTX0D6OD
DIMENSICN P(3,200),PA03,3,200),PAC(3,5).,PAT13,3),0{3,43),REFV(3,3) PLTXDATO

DIMENSICN RES[{4),RMS{5),SYMB{3,3)+TITLE(12)},TITLEZ{12),TSt3,u4B}
ODIMENSICN VTU(3,4),VI{(4),V2{3),V3{3),Vui{3),¥5(3)},VE(3),WRKVI3,3)

DIMENSICN XLNG(3),XQ{3),XT(3)

COMMCN NG, A3 AA, AAREV ) AAWRK,AID,AIN,ATOMS,BB,BRDR,CD,CHEM,CONT,D

PLTX008N
PLTX00%0
PLTXOI 00
PLTXOI11D

COMMCN CA,DP,DISP,EDGE+EV4FORE,FS,IN,ITILT,KD,LATNF,LTNG,NATOM,NCD PLTXDI129
COMMON NJyNJ2Z ¢ NOUTyNSRyNSYM, CRGNsPoPAyPACPAT,Q,REFV,RESRMS,SCALIPLTX0O! 3D

COMMON SCAL2,SCL+SYMB, TAPER, THETA, TITLE, TITLE2,TS,VIEW,VT, VI ,V2

COMMCN V3,Vh,V5,VE, WRKV , XLNG 4 X0.XT
Th#).

TI#).

IF(VIEW}I125,125,110

TU#VIEN-X(3)

IFCT4IEES.115,120

Y(1)#-99.

Y(2)8-99.

GO TO 130

TIAVIEW/TH

Y{LI#XTL)oTI4X0(1)
Y{2)#X(2 T +X0(2)
TIHXLNG(1)—=ABSFIY{I)=2.-XLNG{1)}

PLTXOI 40
PLTXOES0
PLTX0I60
PLTXOL70
PLTXG180
PLTX0190
PLTX0200
PLTX0210
PLTX0220
PLTX0230
PLTX0240
PLTX0250
PLTX0260
PLTXD270



300 RETURN
END
»L1ST8
*LABEL
SUBROUTINE PRELIM
C sssns DATA INPUT ROUTINE ####s
DIMENSICN B(9}
DIMENSICN XLNG(31,X0031,XT13)
COMMON V3, VU, ¥V5,VO s WRKV 4 XLNG 4 X0 XT
C snasn CELL DIMENSICNS svass
106 FORMATI{4F?.6)
READ INPUT TAPE IN+IDO6+(ALTI)+IH1,6)
TI#ABSFLALL) )1,
DO t25 J#1,3
TFITIYI15,:110,0110
C snnue CELL ANGLES IN DEGREES wnxess
110 ALJ+6)#A11+3)
A{J+3)#COSF(A(J+6 ). 01TH5329252)
GO YO 120
C ssnue COSINES OF CELL ANGLES #nuss
115 A{J+E)KARCCOSTA{I+3))
C ssuns STORE IDEMFACTOR MATRIX samss
120 AIG(J,J)I M),
AIDCJ+1,1) %0,
AID(J+5,1)40.
C sesens STORE METRIC TENSQOR #ssws
125 AACJ s JI¥AL]) a2
AATT J2YHAL) Y »A(2)nAL6)
AACT 43)HAL) ) #AT3)eALS)
AA(2,3)RAC2)mAL3 ) 2L YL)
AA(2,1YRAALI,2)
AAT3I I YHAA(],3)
AA(3,2)Y#AA(2,3)
C #anns INVERT METRIC TENSOR easass
CALL AXEQB{AAsBB,AID:3)
C ssnss CALCULATE RECIPROCAL CELL PARAMETERS #ssus
DO 128 J#1,3
128 B{J}#SQRTF(BB(J,J))
B{&)#BBII1,2)/({B(1)xB(2)}))
BISI¥BRB(1,3)/7(B(1)=R(3)]}
Bl(uU)RBB(2,3)/{R(2)=B(3))
DO 130 J#1,3
130 B{J+6)HARCCOSIB(I+3))
C suwns WAS INPUT FOR REAL OR RECIPROCAL CELL essse
IF(ALIY=1.) 135,150,150
135 DO 140 J#1,9
TI#AACD, 1)
AALJL L IHBBLU.))
B8B{J,1 14T
TI#AL(D)
ALJ)#BLD)
140 BULJY#TI
c aswns WRITE OUT CELL PARAMETERS s=sanss

T2ZEXLNGI2V-ABSF(Y{2)#2,-XLNG(2))
EDGE#MINIFITI,T2)s.5
IF{Tu-vIEW=.5)130,300,3200

130 EDGE#-9%.

DIMENSICN A(9),AA{3.3},AAREV{3,3),AANRK(3,3),A1ID{2,3)AINCILD)

114

PLTX0280
pLTX029N
PLTX0300
PLTXD310
PLTX0320
PLTX0330

PRELOCIO
PRELDD2N
PRELOO3N
PRELOOLD

DIMENSION ATCOMS(4,500),8B(3, 3),C0{8,20),CHEM{200),CONT(5),D(3,130)PRELOOSN
DIMENSICN DA(3,3),DP{2,130),EV{3,200),FS{3,3,48),Kk0{5,2071,0RGN(3) PRELDD4D
DIMENSION P{3,200},PA(3,3,200),PAC(3,5),PAT(3,3},Q(3,3),REFV(3,3) PRELDO7O

DIMENSICN RES(4)} +RMSI5),S5YMB(3,3), TITLE[12),TITLEZLI2},TS5(3,48)
DIMENSICN VT(3,b),VI(W),V2(3),Vv3{3),VU(3),¥5(3),VE{3),WRKV(3,3}

COMMON NG, A, AA+AAREV s AAWRK,AIDsAIN,ATOMS,88,BROR,LCD,CHEM,CONT,D

PRELOOAN
PRELOC?O
PRELOIDD
PRELONIN

COMMON CA,DP,DISP,EDGE EV,FOREsFSy IN,ITILT4KD,LATH,LTNO,NATOM,NCD PRELO120
COMMCN NJyNJZ2¢NOUT {NSRyNSYM,; ORGN+P,PA,PAC,PAT,Q+REFV,RES,RMS,SCALIPRELDI30

COMMCN SCAL2,5CL,5YMB, TAPER, THETA, TITLE,TITLEZ2, TS VIEW, VT, VI ,V2

143 FORMAT(IHDIOX,22HDIRECT CELL PARAMETERS/IH

I Xy SHALPHAIOX , BHBETAI 1 Xy SHGAMMA)

145 FORMAT(IH 10X FR.64,2F15.6,3F15.3/1H 48X,6HCOSINEF 12.8,2F15.8)

PRELDI 40
PRELDOISO
PRELDI S0
PRELO!TD
PRELOI BN
PRELOI SO
PRELO200
PRELOZ2ID
PRELD220
PRELD23N
PRELO2LD
PRELO25D
PRELDZ6N
PRELOZ70
PRELO280
PRELO2¢D
PRELD30O
PRELD3ID
PRELD320
PRELD33D
PRELO3LD
PRELO3S0D
PRELD360
PRELO3TN
PRELO38ND
PRELO39OD
PRELO4OO
PRELO4 (D
PRELOu 20D
PRELDU3N
PRELOW4YD
PRELOLSO
PRELOLSAN
PRELOWTD
PRELOUAN
PRELO490
PRELOSOO
PRELOSIN
PRELDS20D
PRELOS30
PRELOSLD
PRELOSS0
PRELOS56N
PRELOS7D
PRELOS80
PRELOS%D

ISXy IHAIUX, IHBI X, |HCI4PRELOGOD

PRELO61D
PRELOG620



147

150

160
171
173

175
K77

182

185

186

187

188
190

195
207
2C9
210
211
213
215

220
225

230

115

FORMAT{IHJIOX,26HRECIPROCAL CELL PARAMETERS/IH [5X,2HA=|3X,2HB8=13XPRELO43D

12 2HC 13X, SHALPHASI X, SHBETA® | OX, 6HGAMMAS )
WRITE CUTPUT TAPE NOUT, {43

WRITE QUTPUT TAPF NOUT,IUS,LALT),T#1,3),A(T),I#T,9),(AC]) [#0L,6)

WRITE QUTPUT TAPE NQUT, L7

WRITE OUTPUT TAPE NOUT, IS, (BUIY.I#1433) 4 (BILI)2I#7,9)Y,{B{1)+1#L4,6)

#ssne STORE STANDARD VECTORS esess

CALL AXES{AID,AID{1,2)+REFVY,0C)

CALL MM{AA,REFV,AAREV)

DO 160 I#1,3

DO 160 J#1,3

AAWRKIJ,I)HAAREVIJyT)

QUJs 1IHREFV(I, 4}

WRKV LJy TYAREFV(I, )

sseun READ AND WRITE SYMMETRY TRANSFORMATIONS #wwan

PRELOSLD
PRELDSST
PRELODAGD
PRELDSTN
PRELDGBD
PRELOAS0
PRELDTON
PRELDTID
PRELOT20
PRELDT 30
PRELOTLO
PRELOT50
PRELOT60
PRELOTTN

FORMAT{ IHDI1OX , 24HSYMMETRY TRANSFORMATIONS/IH [4X,3HNG.12X, 1 3HTRANSPRELOTSN

IFORMED X18X, i 3HTRANSFORMED Y IBX, | 3HTRANSFORMED 71}

FORMAT({ Il ,Ftu.10,3F3.0,2{(F15.10,3F32.0}))

FORMAT(IH 13X,12,3(F13.6sFLo0¢2H XFL.,O042H YFU,0,2H 71V
FORMATUIHI 10X, 1244)

WRITE QUTPUT TAPE NOUT,17I

LINESHIL

DO 190 IT#1,48

LINESH#XMODF{LINES+|,561}

READ INPUT TAPE INGIT3,IS,(TSUJeI)o{FSIKsJel) K¥1,43),0#1,3)
[FILINESYIIBS,180,185

WRITE QUTPUT TAPE NOQUT ITT,{TITLE{J),J#],12)}

WRITE OUTPUT TAPE NQUT,ITI

WRITE QUTPUT TAPE NOUT o 1TSS T o lTS{Is I o (FS{KeJIsI)sK#1+3),J081,3)
wansxn NCN-CRYSTALLOGRAPHIC HELIX-SYMMETRY INPUT =aassw
IF(FS{3,3,1)-5.)188,18646,18¢

TI#FS(t,3,11/FS5(3,43,1)

TSIZ,IIHTS(3,1+T1
TI#MODF{T1aFS(2,3,1),1.)%6.28318531

T2HCOSF(TH)

TINSINFI{T1}

DO 1B7 J#1,9

VTUJ L IHAID{ Jy 1)

VT, 1472

VTI2,2)#T2

VTL2,1 1 #-TI

VT #2)8TI

CALL MMIVT,Q,PAL)

CALL MMIAAREV,PAC,FS{l,1,1)}

IFCIS)I95.190,195

CONT INUE

NG#1

CALL ERPNTI(D.,O)

[#u8

NSYMHIT

seswn POSITICNAL AND THERMAL PARAMETERS #s#wss

PRELOT®O
PRELOBODAO
PRELOSIN
PRELOSB2Z2D
PRELOS3D
PRELOBLO
PRELDSSO
PRELOBSND
PRELOBTO
PRELODSBAN
PRELOBSN
PRELOZDD
PRELDZIN
PRELD920
PRELQD93D
PRELOYUO
PRELO®50
PRELO940
PRELOSTD
PRELO?BO
PRELO?QD
PREL 100D
PRELIONID
PRELIOZ0
PRELIO3D
PREL 10O
PRELI1OS0
PRELI06D
PRELIOTD
PREL 1061
PRELI1DO90D
PRELI 1ON
PRELI110
PREL1 120
PRELII30

FORMAT{1IHO NO. ATOM 8X, IHXIOXe IHY 10X, I1HZ 13X, 3HB! 18X43HB228X,3HB33PRELI 14D

18X,3HA128X,3HB]1368X, I0HB23 TYPE}

FORMATTIH I13,1X,A6,3F11,6+s5%X+6F11.6,F5.0)
FORMATUIH I3, 1X3A6,3F11.645%X,2F11.6,4F11.0,F5.0)
FORMAT(AS,3X,5F%.6,F9.0)
FORMAT(I I, FB.4,5FR.6+F%.0)

LINESH#LINES+2

IF{LINES-561220,215,215

LINES#-=I

GO TC 225

WRITE QUTPUT TAPE NQUT, 207

DO 2uS 1#1,200

LINES#XMODF({LINES+1,556)

READ INPUT TAPE INsZIF+CHEMO TN «VITI) VL2, (Pl JE143),TI
K#l.+TI

READ INPUT TAPE IN»ZI13:IS:(PAtLJIs 1 ) +J¥1,T)
IF(LINES)230,232,232

WRITE OUTPUT TAPE NOUT  ITT,{TITLE(JI}+J#1,12)
WRITE OUTPUT TAPE NOUT, 207

PRELI 5D
PREL 1160
PRELItTO
PRELI180
PRELI 190
PRELI 200
PRELIZID
PREL) 220
PRELIZ3N
PRELI 240
PREL1250
PREL 126N
PRELIZTO
PREL 283
PRELI290
PREL 300
PREL131IN
PREL 132N
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232 IF{PA{3,!,11-1D0000.1235,234, 234 PRELI133D
234 WRITE OUTPUT TAPE NOUT 21051 oCHEMIT ) (Pl Ly D)o d#1»2) o {PA{I14+1),J#IPRELIZULD
1+7) PREL 35N

GO TO 238 PREL 1360

235 WRITE OUTPUT TAPE NOUT 209, T2CHEMIT ) o {P{Js T J#1 2 21w [PALJLE4 1) JH#IPRELIZTD
1,7) PRELI 380
238 GO TO (244,239,24)1,242,244),K PRELI39N
ssenn TYPE | POSITICNAL PARAMETERS (ANGSTROMS) sw»wsas PRELI40N

239 DO 240 J#),3 PRELIUIN
240 Pla, AP, /ALY PRELI 42O
GO TO 2u4M PREL 143D
s#anne TYPE 2 POSITICNAL PARAMETERS, STANDARD CARTESTAN w#swess PREL 1440

2ht VICIYEPLIL, T PREL | 450
VIt2Y#pP12,1) PREL 146D

G0 TO 243 PRELILTD
ssame TYPE 3 FOSITICNAL PARAMETERS =essn PRELIURBYD
snuse CYLINDRICAL COORCINATES REFERRED TO STANDARC CARTESIAN sesesPRELI4OD

2u2 T2#P{2,1)1e,.01745329252 PRELISON
VITII#VEQ1 )+PL{ 1, 1)Y=COSFI(T2) PRELISIO
VIT2ZIRVII2)I+P L1, T)}=SINFI(T2) PRELI1520

243 VI{3}#PI(3,]) PRELISAN
CALL VMIVI,LQ,PlL,I)) PREL 540

244 TF(IS)I286,2L45,2u6 PRELI1550
245 CONTINUE PRELISSN
NG#2 PRELISTO
CALL ERPNT(0O.,0!} PREL 1580
14200 PREL 1590

244 NATOME] PRELI600
ssnns CCNVERT TEMP FACTOR COEF TO STANDARD TYPE 1ERQ sesns PRELISID

NG| #0 PREL1627

DO 450 I#1,NATQM PRELIS3D
TI#PALL,,1) PRELIALD

KE1 +#PA(T, 1,1} PREL 65N
IF{T1)25N,250,255 PRELI1660D

250 TiwN. PRELI&TN
GO0 TO uds5 PREL1480

255 To6#.0506605918 PREL 1690
GO TOL2TD,260,2565+,265,270,260,400,405,9991,K PRELITOD
snann TYPE | mumaw PRELITIO

260 DD 262 J#N,b PRELIT20D
262 PA LU, I)HPACI, 1, ]1)0.5 PRELIT3N
GO TO 270 PREL17u0
snnuw TYPES 2 AND 3 {(BASE 2 SYSTEMS) sssse PREL175N

265 TO6#.351152464 PRELITSD
IF(K-4)2TD,260,270 PRELITTO
s#sume TYPES 0 THROUGH S =ess+s PRELITBN

270 [F(rPAL2,1.1))400,400,272 PRELITOD
272 DO 300 J#I1,3 PRELIBON
D0 300 LEJ.3 PRELI8IO
T2HTS PREL1820
IF(K-5)285,275,275 PRELIB3D
sawns TYPES 4 AND 5 snans PRELIBHD

275 T2#B(J)*B(L)*T2=.25 PRELIBSN
285 I1F(J-L)1290,282,290 PREL 186N
282 VT{J JIRT22PA(J,1,1) PRELI18TO
G0 10 30N PREL 1880

290 M¥#J+L+] PRELIB9N
VTIJ,LI¥TZ2oPA(M,1,]) PREL | 900
YTIL,J#EVTLJ,L) PRELI®IN

300 CCNTINUE PRELI 920
saaswn FIND PRINCIPAL AXES #nsus PRELI 930
CALL MM{VT,AA,DA) PRELI?u4R
CALL EIGEN{DA,RMS,PAT) PREL 1957
ssnes ARE EIGENVALUES POSITIVE sessw PRELISSN
IF{RMS(1)1325,325,320 PRELISTD

320 IF{NG)350,360,330 PREL 1980
325 NG#3 PREL 1990
330 NGI#I PREL200O
CALL ERPNTIFLOATF(I)=i100000. +55501.,0) PREL201D
ssesns 3 EQUAL EIGENVALUES, USE REFERENCE VECTORS #sans PREL202N
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340 TINSIGNFISQRTFLABSFIRMS{I)I+RMS({2I+RMS{3})/3.),RM5({1}) PREL2030
DO 3us J#1,3 PREL204D
DO 342 K#(,3 PREL20SO
342 PA{J KoL YHREFVII,K) PREL206D
345 EVIJ,TIET3 PREL20OTD
GO TO 450 PREL2080O
350 IFING+6)Y340,340,352 PREL20D90Q
#esux TWOQ EQUAL EIGENVALUES ##sesns PRELZ21ON
352 N#NG+S PREL2IID
CALL UNIT{(PAT(U ,NY VIg=1} PREL2120
DO 354 K#1,3 PREL2t 3D
IF{ABSF VMYV AA,REFV{I,K}))1=-.581356, 354, 354 PREL2140
354 CONTINUE PRELZ150
356 CALL MM{AA,DA,VT) PRELZi 6N
CALL AXES{VIREFV(I+K}yDA,—1) PREL24 7O
DO 359 K#1,3 PRELZ 18N
LEXMODFIN+K-243)+] PREL2190
DO 358 J#1,3 PREL2200
358 PALS, L, I RDALI(K) PREL2210
359 EVIL,II#SIGNFISQRTF(ABSFIVMV{DAL I K}, VT DALI,K})))RMS{L)) PREL2220
G0 TO u50 PREL223N
aness MAKE EIGENVECTCORS | ANGSTROM LONG w#sses PRELZ2240
360 DO 365 J#1,3 PREL2250
3465 CALL UNITIPATUI,J),PALI,J,1),—1) PREL2260
370 NG#D PREL227D
snsve SCRT EIGENVALUE # RMS DISPLACEMENT w#nanse PREL2280
DO 375 J#1,13 PREL2290
T2ZH#RMS(J) PREL2300
375 EVIJ, T HSIGNFISQRTF{ABSF(T2)),T2) PREL2310
GO TC 450 PREL232N
sassss TYPE &6 (ISOTROPIC TEMP FALTOR) #asns PREL2330
LOO TI#SQRTFI(TI=.012665]1u48) PREL23uLD
#unnes TYPE 7 (DUMMY SPHERE) #asnss PREL2350
4LOS DO WiID J#1,3 PREL236D
G410 EvIS,114TI PREL237D
IF(PAL{Z,1,1)0433,430,u15 PREL2380
sanns DEFINED VECTORS FOR SPHERE #sws#s PREL239N
L15 DO L25 J#I 4 PREL24OD
T2#PA{J+2,1,1) PRELZ241D
CALL ATCMITZ,VT{14+4)) PREL242N
IF{NGIU20,u425,420 PREL24 3N
420 CALL ERPNT(TZ2,0) PREL2u4D
GO TO 430 PREL2450
425 CONTINUE PREL246D
CALL DIFVIVT L1420, T (1, 1),VI) PREL24TO
CALL DIFVIVTIIsU)+VTI1,43),V2) PREL24EBD
CALL AXES({VIEV2,PATL 41, 1),-1} PREL2u49D
GO TO 450 PREL250N
ssxaun REFERENCE VECTQORS FOR SPHERE #asws PREL2%10
430 DO 435 J#1,9 PREL2521
435 PALULIL,II#REFVLILI) PREL253N
450 NGHD PREL2540
sxans WRITE OUT RMS VALUES =ssss PREL25SN
LINESHLINES+2 PREL2560D
IF(LINES-56)458,458,455 PREL2570
455 LINES#-! PREL258N
GO TO ual PREL25%0
458 WRITE OQOUTPUT TAPE NOUT, 461 PREL2600
ubl DO 465 I#1,NATCM PREL2&1IN
LINES#XMODF{LINES+1,56) PREL262D
IF(LINES)IH65,462,ub65 PREL2630
Lél FORMAT(IOHONO. ATOM BX, IHXIOX IHY)OX, IHZ I 3X, THRMSD | X, 7THRMSD 2 UWPRELZ2464D
IXyTHRMSC 3 PREL2650
B6E2 WRITE QUTPUT TARPE NOUT,ITT {TITLE(JYJRY1 41 2) PREL2460
WRITE QUTPUT TAPE NOUT,Lué&I PRELZ26TN
463 FORMATIIH T3,I1X,A6,3F11.6}) PREL26B0O
445 WRITE OUTPUT TAPE NOUT, 209, 1 ,CHEMITI}{PCJyL) J#1, Y, (EVLY,T),JH#),3PREL26D
1) PREL2700
IF{(NGI}1999,999,4T0 PREL2TID

470 CALL EXIT PRELZ2720
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«L1STA
#«LABEL

c

2999

3000

LISTB
=L ABEL

120

135
145

=LISTS
#LABEL

RETURN
END

SUBROUTINE PRIME

sanaGENERAL INITIALIZATICN CF PRIME PARAMETERSeese
DIMENSICN A(9),AA(3,3),AAREV(3,3),AAWRK(3,3),AIDI3,3},AIN(IKD)
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PREL2730
PREL2TU40

PRIMBOID
PRIMONZT
PRIMOD3D

DIMENSION ATOMS(4,500)1,BB(3,32),C0{8,20),CHEM(200) ,CONT(5),D(3,130)PRIMDOLD
DIMENSICN DA(3,3},0P(2,130},EV(3,200)4FS{3,3.48),KD{5,20),0RGN(3) PRIMOOSO

DIMENSICN P(3,200),PA(3,3,200),PAC(3,5),PAT(3,3}),Q(3,3)4REFV(3,3}
DIMENSICN RES(4),RMS{S5),SYMB(3,3), TITLE(12),TITLEZ(12),T75(3,48]}
DIMENSICN VT(3,4), Vit V2033, V313, Vu{3),¥5{3)1,V613),WRKVI3,3)
DIMENSICN XLNGI3),XC13),XT(3)

COMMCON NG, A, AA, AAREV  AAWRK,,AID,AIN,ATOMS,BB,BROR,CDCHEM,CONT,D

PRIMOOGO
PRIMDOTN
PRIMOOSO
PRIMOOSND
PRIMOYOD

COMMCN CA4yDP+DISPyEDGE+EVFOREsFSoINyITILT KO LATF,LTNO,NATOM,NCD PREIMOI1IO
COMMON NJsNJ2,NOUT,NSR NSYM, ORGNyP,PA,PAC,PAT,Q,REFV,RES RMS,SCALIPRIMOIZD

COMMON SCAL2 ySCLySYMB, TAPER, THETA, TITLE, TITLE2,TS,VIEW,VT,VI,V2

COMMCN V3 ,VU ,V5,VE,WRKV ;XLNG X0, XT

BROR#0.5

saesCALCULATE CONSTANTSenss

DO 2999 1#1.5

CONTIIDMSQRTF{ 1o/ {2l i a#COSFI3.10LI1592654/2.2])1}1)

DISP#.005
FORE#.866
INEID

ITILTHO
LATMAD
LTNO#23

NCD#O

NG #]

NOUT #9

NSR#J |
RES{1)#1.25
RES(2¥#.5
RES(3)1#.2
SCALI#I.D
SCAL2#1.54
SCL#1.54

DO 3000 1#1,3
SYMBL{I,[)#).
SYMBUI+!,1)H0.
SYMBI(I+5,1)#0.
TAPER#.375
THETA#O.0
VIEW#0.0
XLNG(1)#30.0
XLNG{(2Y4#11.0D
XO0(t #15.0
X0(21#5.5
RETURN

END

SUBROUTINE PROJ(D,DP4 X+ X0y VIEW,I1,12,13)
wasww IC CARTESIAN TO 2D PLOTTER COORDINATES #sese
DIMENSION DI3,129},0P{2,129),X{3},X0(3)

TIWVIEW=-X(3)

DO 1uS 1#[1,12,13
TI#DOI,I)#X (1)
T28D(2,1)+%X{2)
IF{VIEW)135,135,120
TURVIEW/(T3-D0{3,11))
TI#TI =Ty

T2&T2=Tu

DPUI L I)#T)+X001)
DPU{2,1RT2+X0(2)
RETURN

END

PRIMOI 30
PRIMOI4D
PRIMOISN
PRIMOI S0
PRIMOITO
pRIMO18N
PRIMOI 90
PRIMDZQON
PRIMD210
PRIMO220
PRIMOZ230
PRIMO240
PRIMO250
PRIMD240
PRIMO2T0
PRIMO2EN
PRIMD29D
PRIMD3OO
PRIMO310
PRIMO320
PRIMU330
PRIMO3L40
PRIMD3S0O
PRIMO340
PRIMO370
PRIMD380
PRIMO39D
PRIMOLO0
PRIMOLIN
PRIMOUZN
PRIMO43N
PRIMO4LN
PRIMOLSA
PRIMOUGD
PRIMOLTO

PROJODID
PROJDOGZ20
PROJOO3N
PROJODND
PRGJDOSO
PROJOOGN
PROJ4DOTO
PROJOASO
PROJOO%0
PROJDIOD
PRGJOIIN
PROJDI 2D
PROJOI 30
PROJOI LA
PROJDOISD
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SUBROUTINE RADIALI(ND) RADIOOIO
C wexss GENERATE ELLIPSE FROM TWO CONJUGATE VECTORS wesew RADIDO20
C ansss ORTHCNCRMAL VECTORS PRODUCE 8-128 SPOKED CIRCLE wwass RADIO0O30
c #saws ND DENOTES NUMBER OF SUBDIVISIONS (] TO 5} sessse RADIOOLO
DIMENSICN A{9),AA(3,3),AAREV{3,3},AANRK{3,3),AID(2,3},AIN(ILO) RADIODS0
DIMENSICN ATOMS{4,500),88{3,3),CD(8B,20},CHEM{200),CONTIS5},D{3,130)RACIONSD
DIMENSTON DA(3,3},0P(2,130),EV(3,200),FS5(3,3,48),kkD{5,20),0RGN{3} RADIDOTD
DIMENSICN P{3,200),PA(3,3,200).PAC{3,5)}+PAT(3,3),0¢3,3)},REFV(3,3) RADIOOSOD
DIMENSICN RES{U4},RMS(S),SYMB(3,3),TITLELI2),TITLEZ(12),TS{3,L48) RADIDO?O
DIMENSTON VT(3,4) VI, V203},V3{3),VU(31,V5(3),VE(3),WRKYV(3,3} RADIOIOO
DIMENSION XLNG{3),X0{3},XT(3} RADIDIIN
COMMCN KNG, A, AA,AAREV ,AAWRK,AID,AIN,ATOMS,BB,BRDR ,CD,CHEM,CONT,D RADIDIZD
COMMCN CA,DP,DISP,EDGE,EVyFORE FS4IN,ITILT KO, LATN,LTNO,NATOM,NCD RADIOI3N
COMMON NJ,NJ2,NQUT,NSR,NSYM, ORGN,P,PA,PAC,PAT,Q,REFV,RES,RMS,SCALIRADIOIYN
COMMON SCAL2,SCL,SYMB,TAPER, THETA, TITLE,TITLE2 4TS, VIEW,¥T,VI,V2 RADIQISA
COMMCN V3 ,VU ,V5,VE4WRKY ) XLNG X0 XT RADTOI 60
DO 115 J#1,3 RACIONTD
TI¥DALJIL ) RADIDIBO
DiJs1}aTH RADIOI®D
DiJ, 1290871 RADIOZ00D
DiJ,65)%-TI RADID210
TINDAL I 2} rRADIOZ220
b{J,33)4TH4 RADIOZ 30
115 CUJ,9T14-T1 RADIDZuN
DO 135 K#14ND RADIOZS0
TI#CONTI(K) RADID260
KDEL#Z#x(6-K) RADIDZTD
KDEL | #KDEL+| RADI(280
KDELZ#KDEL/2 RADIO2%0
DO 135 LHKDELI»654KDEL RACIO300
JH#L~KDEL RADID3 0
M#L-KDEL2 RADID320
DO 135 N#1,3 RADID330
T2H#(DINSL)+0{N,J) ) =T RADTO3LD
DIk, MINTZ RADIO350
135 D{N,sM+EUIH-T2 RADIO360
RETURN RAQIO3TN
END RADID38N
«L[ST8B
#LABEL
SUBROQUTINE SEARCH SEAROQID
DIMENSTION NW(&),OX(3),5(2,200),U(3),VI{3),WI2y4),WWl2,3),X{4),¥Y13) SEARDD20D
NEMENSICN Z(3) SEARDO30
DIMENSICN A(9),AA(3,3),AAREV(3,3),AAWRK(3,3),AID{2,3),AINLIHD) SEARQOOLD
ODIMENSICN ATOMS(4,500),8B8(3, 2},C0{8,20),.CHEM( 2020} ,LONT(5),D(3,130)SEAROQDSO
DIMENSION DA(3,3),DP(2,130),EV(3,200)+FS(3,3,u8),%D15,20),0RGN{3} SEARDDSD
DIMENSICN P(3,200),PAL3,3,20C),PACL3,5),PAT(3,3),013,3),REFV(3,3) SEARDOTO
DIMENSION RESCU)},RMSIS),SYMBI3+3),TITLE(I2),TITLEZ{12),T5({3,48) SEARDOSN
DIMENSICN VTU{3,u),VI{8Y,Vv203),v303),V4(3),V5(3),VELI),WRKVIZ,3) SEAROD9D
OIMENSICN XLNG{3},X0(3),XTt3) SEARDIQO
COMMON NG, Ay AA, AAREV,AAWRK4AIDyAIN,ATOMS,B8,8BROR+CD,CHEM,CONT,D SEARDI IO
CCMMCN CA,DP4DISPsEDGE,EVyFORE,FSyIN,ITILT KD, LATM,LTNO,NATOM,NCD SEARDIZ2D
COMMON NJ,NJ2 s NOUT ¢ NSRyNSYM, ORGNsPoPA,PAC,PAT,QyREFV+RES+RMS,SCALISEARDI 3D
COMMON SCALZSCL+SYMB, TAPERy THETA, TITLE, TITLEZ, TS, VIEW VT 4V1,V2 SEAROILD
COMMON V3,VU,V5,V5s WRKV,XLNG , X0+ XT SEARDI SO
EQUIVALENCEANWIT Yy LLY, {NW(Z2) LU {NW(3), ML) SEARDI60
EQUIVALENCE(NWIL I s MUD, INWIS) yNL) {INW(6) ,NU) SEARQITO
c exase OBTAIN PROBLEM PARAMETERS #essa SEARQIBO
WRITE OQUTPUT TAPE NOUT,20 SEARDI 90
20 FORMAT(IHO 9X,82H FROM ATOMS TO ATOMS WITH RADIUS ORSEARQO2DD
by IF A BOX, WITH SEMIDIMENSIONS /11X, 46HCODE {MIN MAX) (MIN MSEARDZID
2aX) TX, THAB X, |HBBX, VHC) SEARD220
IFLAINCI)-10000.3109, 100,101 SEARD230
100 ITCMIMALINIT) SEARQO2uN
SYITOM#55501 . SEARD25N
GQ 70 103 SEARD260
101 ITCMEI#AINGI) /100000, SEARD270O
SYITOM#MODF{AIN(I), I00000.} SEARD280
172 TFLAINC2)-10000.3103,103,104 SEARDZ9O

103 ITCM2HAIN(2) SEARD3ON



104
195

108
110

115
120

121

124

120

60 TO 105
ITCM24AIN(2)/100000.

ITARIHAINI3)

IF(ITARI)IDS,108,110

ITARI#I

ITARZWAIN{Y)

DMAX#AIN(S}

IFIDMAX} 115,115,120

DMAX #U .

AIN(5) HOMAX

DMX#DMAX =DMAX

TEM#.O4

KFUN#NJ®100+XMODF (NJ2,10)
KANJ#1004NJ2

TOKSYITCM
FORMAT{IHO10X 213,215, [T+ 15, I8X4s3F9.3/1H )

SEARD3IO
SEARD32N
SEARO33D
SEARQ3MO
SEARD3SN
SEARD360
SEARD3TO
SEARD380
SEARO390
SEARQLOD
SEARO4ID
SEARQLZ2]
SEARDL 30
SEARO4LN
SEARQO4S0
SEAROLSN

WRITE OQUTPUT TAPE NOUT,121,K,ITOMiI,10,ITOM2,ITAR}.ITAR2,{AIN(J),,J#SEARDTN

15,7

FORMAT [IH 15X,215,18,15,2F%. 3)
IFINCDY 130,130,125

SEAROLBO
SEARDU90D
SEARQS00

125 WRITE QUTPUT TAPE NOUT, 12U L (UKDl T)sJH1 ) (CDCITYJ¥142)),1%1,5EARDSID

130

135

140

145

148
150
152
155

160

162

165

168

170

T

172
173

175

INCD)

DO 135 4K,

Wi, 0199,

Wi2,J)#~-99,

DO 155 I#ITARI,ITARZ
TINFLOATF{I)+100000.

CALL ATCM{T) X}
IF(NG)YILD, 145,140

CALL ERPNTITI,KFUN)

GO 1O 600

X{h)axt1r-xt2)

DO 155 J¥I 4

TEMEX(J)
IF(W{2,J}-TEM)I1U4B, 150,150
WIiZ2yJIHTEM
[F{TEM=W{l,4J)33152,155,155
Wi, JY#TEM

CONTINUE

IFIKFUN-U03}) 165,160,600
#xsss FIND PARALLELEPIPED WHICH ENCLOSES MODEL BOX #sses

DO 162 J#I1,43
DX{J)#0.

D0 162 1#1,3

DX(IVHDX(JY+ABSFIREFV{J, T #AINC T +4)}

GO TO 170

sssnes FIND PARALLELEPIPED WHICH ENCLOSES DMAX SPHERE wssasw
TIH] —ALUIRAILI-ALS)IRALSI-AL6IRALA)+2.0ALLIRA(SI#A(B)
DO 168 J#1,3 °

DX{J)HSQRTF( (| .—A{J+3) w2 /T I} #DMAX/ALD)

sasns START SEARCH AROUND REFERENCE ATOMS wasss

DO SO0 ITOMEITOMI,ITOMZ

TIMFLOATF(ITOM)#100N03.+SYITOM

CALL ATOMITI,Y)

TFENGIITI, 172,171

CALL ERPNTI{TI KFUN)

GO TO SCO

sssse KHSYMMETRY EQUIVALENT POSITION ssass

NUM#O

DO 400 K#| 4 NSYM

sseas SUBTRACT SYMMETRY TRANSLATICN FROM REF ATOM sssss
DO 175 J#1,3

ULD EYLII=TS 1 J,K)

snans DETERMINE LIMITING CELLS TO BE SEARCHED eswen

#ests FIRST,MOVE THE BOX THROUGH THE SYMMETRY OPERATION sszeas

DO 185 J#1,3
DG 185 L#1,2
WWiL,J)#1.0

o 185 I#t,3
TEMEFS[I,J,K)

SEARDS520
SEARQS53N
SEARDSLO
SEARDSSM
SEARQS560
SEARDSTO
SEARDS80
SEARDS90
SEAROL0D
SEARDS1D
SEARDSZN
SEARD63N
SEAROGLLD
SEARO6L5D
SEARDS6D
SEARO6 7O
SEAROS8N
SEARD69D
SEAROTON
SEARDTIN

SEARDT20
SEARDT3N
SEAROTLOD
SEARO7SN
SEARDT40
SEARDTTD
SEARO780
SEARDT®D
SEARQDS800
SEARDSIN
SEARQ820
SEARQ830
SEARDOSLD
SEARQ8S50
SEARDBEN
SEARQBTOD
SEARDSSBD
SEARD89N
SEARO9OD
SEARO9ID
SEARD92N
SEARD930
SEARQRLO
SEARO®SN
SEARD960
SEAROSTN
SEARO9B0
SEARO99ND
SEARIOOD



177
179

183
185

27
213
207

215

221

225

235

245

250

252

253

255

256
258

260

268
269
270
271
272
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IFITEMIIT77,185.,179
NEXMODF{L,2)+1

GO TO 183

N#L

WHiLy JI#WRH (L, JI+WIN, T} #TEM
CONTINUE

#asws CHECK FOR MIXED INDEX TRANSFORMATION #snas
DO 215 J#1,2

TEMAFS (1 ,4J,K)
IFITEM*FS(2,J,K))215,201,215
IF{TEM)203,215,207

WHl) s JYAW{2,4)=TEM
WH{2 P HW{1 L) #TEM

GO TO 215

Wl ¢ JY#W{] L) 2TEM

WHi2, JVAW{2,4)oTEM

CCNT INUE

SEARICID
SEAR102D
SEAR|DO3D
SEAR{DLD
SEARLOSO
SEAR1060
SEARIOTO
SEAR108D
SEARI0O%D
SEARI 00
SEARIIAN
SEARII20
SEARITI30
SEAR| 140
SEARI150
SEARI1160
SEARIITN

sssws MCVE b4 CELLS AWAY THEN MOVE BACK UNTIL PARALLELEPIPED AROUNDSEARI A0
REF ATCM AND 80X ARGCGUND TRANSFORMED ASYM UNIT INTERSECT swssse SEARIIGOD

N#C

DO 235 J#1,3

DO 225 I#1,2

N#N+1
TTHAIULSI-WNIT, J) I #FLOATF{ 1#2-3)-DX(J)
TEM#S.O

TEMRTEM-1.0

IFITEM+TT1225,225,22)
NW{N)¥TEM*FLOATF(I#2-3)+5.

#enme JF NO POSSIBILITY OF A HITs GO TGO NEXT SYMMETRY OPER wwnsse

IF{NWIN)=-NWI{N~-]1})1u00,235,235
CCNTINUE

samss L CELL TRANSLATICNS IN X smsss
DO 395 L#LL,LY

VIIYHULVI+FLOATFIL-5)

##mmw M CELL TRANSLATICONS IN Y #sxws
DO 395 MEML, MY

VI2)HUL2)+FLOATF{M=5)

ssmes N CELL TRANSLATICNS IN Z w*ssns
DO 395 NN#NL.+NU
VI3I#U{3)+FLOATF(NN=5)

snnnn [ # TARGET ATOM sassxs

DO 395 I[#ITARI,ITAR2

DO 250 J#1,3

TEM#0.0

DO 2uS [I#1,3 _
TEMETEM+FS{IT4+JyK)2P{IT,1

wsnne SEFE IF WITHIN PARALLELEPIPED®zess
TEMRATEM=-VI( J)

IF{DXtJI-TEM)} 395,395,250

X{JYHTEM

IF{KFUN-403)255,252,255

easns SEF IF WITHIN MODEL BOX ssxeas
CALL VYM{X,AAREV,VI{(2})

DO 253 J#2,4
IF{AINIJ+3)-ABSF{VI{L)})395,253,253
CCNTINUE

GO YO 277

sasuw SEE IF WITHIN SPHERE s sess
DSQHEVMY (X, AA,X)

IF{DMX-CS5Q) 395,256,256
IF{DSQ-.00011258,260,2460
IF{KFUN=-4021395,260,395

annne SELECT VECTORS ACCORDING TO CODES IF ANY awana
TEM#SQRTFIDSQ)

IF{NCD)I277,277,268

DO 275 J#|4NCD
IFCITOM-KD{1,J)1275,270,270
IFTKDIZ,JI=ITOMI2TS,271,271
IF(I~-KD(3,411) 275,272,272

IF{KDIL, -1 275,273,273

SEAR1200
SEARI2I0
SEaRt220
SEAR{230
SEARI 24D
SEAR1250
SEAR1260
SEARIZTD
SEARI 280
SEARI290
SEAR{ 300D
SEARI3IO
SEARI1320
SEAR| 330
SEARI 340
SEAR1350
SEARI1360
SEARI3TD
SEARI 380
SEARI39D
SEARILOOQ
SEARILID
SEARI420
SEARI43D
SEARIHLO
SEARINSO
SEAR 46N
SEARILTO
SEARI 480
SEARI 490D
SEARISOO
SEARLISIO
SEARIS20
SEARI53D
SEARI540
SEARI550
SEARIS6D
SEARISTN
SEARI580
SEARI590
SEARI600
SEARISIND
SEARI62N
SEAR1 430
SEAR1640
SEARI1659
SEARI660
SEARISTO
SEARI68D
SEAR1690
SEAR|I7ON
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273 IF{TEM=CDIl},JY) 275,274,274 SEAR|T 10
274 IFICD(24J)-TEM) 275,277,277 SEARIT2D
275 CONTINUE SEARIT30
GO 7O 395 SEARITLD
27T vit1) # 100000.«FLOATF(I)+FLOATFU{ 11 IU-L#*100-M#10-NN}e100+K) SEAR|T50
IFIKFUN-402)278,325,325 SEARITAD
sawnn DETERMINE CORRECT POSITION IN SORTED VECTOR TARBLE essss SEARITTO
278 IF{(NUM)3I7,317,279 SEARITBO
279 DO 315 TI#1.NUM SEARITOD
TTH#S{2,TI1-TEM SEAR180N
IF(ABSF{TT)-0.0301)297,297.281 SEARISIN
281 IF(TT)315,297,283 SEAR1820
s#sess MCVE LCNGER VECTQORS TOWARD END OF TABLE sw»ess SEARIB3IN
283 IF{200-NUM) 287,287,289 SEARIBLD
287 NuM#199 SEAR| 85N
289 TJH#NUM SEARIBGD
DO 295 JEII.NUM SEARIBTO
SO TJ+1)¥S UL, 1)) SEARIBA0
S(2.1J+1)85(2,1)) SEARI B89N
295 IJ#1J4-1 SEAR1200
GO TO 319 SEARI9ID
sanse CRECK FOR DUPLICATE VECTORS IF DISTANCES ARE EQUAL wzszss SEAR1920
29T CALL ATCOM{S{I|,11),2) SEAR1930
DO 305 JKl.3 SEARIQLD
TFCARSFIX{J)+Y(J))-2()))-0.0C01) 305,305,315 SEAR) 950
305 CONTINUE SEARI®6T
GO TO 395 SEARI®TO
315 CCNTINUE SEARI980
[F(200-NUM)395,395,317 SEARI 990
sxse% STORE THE RESULT IN VECTOR TABLE #sxas SEAR20DN
T ITANUM+) SEAR2QID
319 NUM#NUM+I SEAR2M21
SUI.,TT)#VILI) SEAR203N
S(2,IT)IHTEM SEAR2040
GO TO 395 SEAR2050
ssass STORE RESULT IN ATOMS TABLE aswss SEAR2060
325 DO 330 J#1,3 SEAR2D7D
330 VILJ#1 XTI +Y L) SEARZ2DBD
CALL STCRE SEAR2090
395 CCONTINUE SEAR210N
400 CCATINUE SEAR211D
snusw PRINT OUT DISTANCES wawasn SEARZ2120
421 FORMAT[IHIIOX,2JHVECTORS FROM ATOM (I3, 1H,I5,1H)6X,BHTO ATOMSIL, SEAR2]|30
18H THROUGHI4) SEAR214D
IO#SYITCM SEAR21(50
WRITE QUTPUT TAPE NOUT,.421,ITOM, 10, 1TARI,ITAR2 SEAR216N
IF{NUM)500,500,423 SEARZI7O
423 DO 435 I#1,NUM SEARZ2180
T2#S5(1,1) SEAR2191
11#72/1C0000. SEAR2200
I2¥T2-FLOATF(I11)}+100000. SEAR2210
CALL ATCOM(TZ2,12) SEAR2220
TF{I=100L32,432,43Y SEARZ2213D
L2T FORMAT(IH 13X,2086,1X) 39X IHUT3, IH, E5, IHISFT, U, TXy3HD #Fé.3) SEARZ224N

429 FORMATIIH 13X,20(A6,1X),42(3H (I3,1H,I5,IHY3FT7.4,3X%1UX,3HD #F6.3) SEAR225D
432 WRITE QUTPUT TAPE NOUT,429,CHEM{TITOM),CHEM{TII),ITCM, 10, (Y[J),J¥I,35EAR2260

Thall 20124 020J)eJ#143),5(2,1) SEARZ2TN
GO TO u3s SEAR2280
434 WRITE QUTPUT TAPE NOUT, 427 ,CHEM{ITOM),CHEMIT1),11,12,02(J},J#1,3),SEAR2290
15(2,1) SEAR2300
435 CCNTINUE SEAR231D
#xans CALCULATE ANGLES ABOUT REF ATOM If CODE IS 102 s#ans SEAR232N
437 IFINJ2-21500,451,45! SEAR2330
Wbt FORMAT(IHIIDX, 'BHANGLES ARQUND ATOMIS) SEAR234N
451 WRITE OQUTPUT TAPE NQUT Lu1,1TOM SEAR2350N
LENUM=| SEAR2360
IF{L}500,500,457 SEAR23TQ
457 DO 465 I#i,L SEAR2380
T28SU1,1) SEAR2390

T3#5(2,1) SEAR2400



#=LIST8
#ABEL

#1578
*| ABEL

c

460

11#72/100000.
T2#T2-FLOATF{I}}»100000.
CALL ATCM(T2,X)

CALL DIFV{X,Y,U)

CALL MV{AA,U,V2)

M1+
DO k&5 JHEM, NUM
TLHES U1, J)

JI#T4/100000.
J2ZH#TL-FLOATF {31 )+100000.
CALL ATCM(Tu,2)

CALL DIFVI{Z,Y.V)

FHAARCCOSIVVIV,V21/{T3%5(2,41))
FORMATOIH 13X33(A6,1X)¢7Xy312H (13, |Hy IS, IH)}431%,F6.2)
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SEAR2L|T]
SEAR242N
SEAR2430
SEAR2LLO
SEAR2450
SEAR246D
SEARZNHTN
SEARZL4BD
SEAR2490
SEAR2500
SEAR251N
SEAR2520
SEAR253N
SEARZ25LD

465 WRITE OUTPUT TAPE NOUT,460,CHEM{II),CHEMITITOM) ,CHEM(JI),T1,12, ITOMSEAR2550

k95
500
60N

450
455
60

b65

470

475

480
481

482
43

485

486
490

14 I0eJdt4J2.F

CCONTINUE
CCNTINUE
RETURN
END

SUBROUTINE SPAREINJ}
COMMON NG

NGH?

RETURN

END

SUBROUTINE STORE

s=saasw STORE IN QR REMOVE FROM ATOMS ARRAY wsssss
DIMENSICN A1), AA(3,3) ,AAREV(3,3),AAWRK(3,3),AID(2,3),AIN(ILD)

SEAR2560
SEAR257D
SEAR2580
SEAR25¢9D
SEAR260D

SPARDOOIN
SPARQOOZN
SPARDOG3N
SPARDOuO
SPARDOSN

STORDOD1D
$TOROOZ20
STORODZN

DIMENSICN ATOMS{4,500),8B(3, 3),CD{8,20),CHEM(200) ,CONT(5),0(3,130}STOROOLD

DIMENSION DA(3,3)},0P(2,130),EV(3,200),FS(3,3,48),KD(5,20),0RGNL3)
DIMENSICN P{3,200),PA(3,3,20C),PACL3,5),PATI(3,3),Q(3,3),REFV(3,3)
DIMENSICN RES[4)RMS{5),SYMB {3, 3), TITLE{I2Y,TITLEZ(12},T5(3,48)
DIMENSION VT {3,4),VI{U41,v203},V3(3),Vh{3),V5(3),VE(T) WRKVI(3,3)
DIMENSICN XUNG{3},X0(3),XT(3)

COMMCN NG, A, AAy AAREV,AAWRK,AID,AIN,ATOMS,B8,RBROR,CD,CHEM,CONT,D

STOROOSO
STOROOGNO
STOROO70
STORDOSBN
STOROO9ND
STorO:00

COMMCN DA4OP,DISP+EDGEsEVyFORE+FSyIN+ITILT KDy LATN,LTNG,NATOM,NCD STOROI IO
COMMON NJ,yNJ24NOUT,NSRyNSYM, ORGN,P,PA,PAC,PAT,Q,REFV,RES,RMS,SCALISTOROI 2T

COMMON SCALZ,SCL,SYMB, TAPER, TFETA, TITLE, TITLE2 TS VIEW VT,V ,V2

COMMON V3, VU ,V5,Vo,WRKV y XLNG X0, XT

IF{LATMIUE 481,450
IF(50N-LATM}I455,455,u460
TF{NJ2-1D)420,420,8460
LELATM

snnsex CHECK FOR POSITIONAL DUPLICATION =ssann

DO 4BD K#l,L
DO W65 JHZ, 0

IF{ABSF(VI{JI)I-ATOMS(J,K))-0.001)465, 465,480

CONTINUE
IF(NJ2-101490,490,470

sensns ATOM REMOVAL BY TABLE PUSHDOWN sssas

LATMELATM=|

DO u75 I#K.LATM

DO 475 J#) .4

ATCMS (U IIRATOMS (), 141
GO TO w90

CCNTINUE
IF{NJ2-10)482,490,490
wnanaw STORE ATOM wsssss
IF(499-LATM)ILQ0,L83,u485
NGHI 6

CALL ERPNT {(Vvi{1),u400)
LATMELATM+|

DO uBs6 Jd¥l,L
ATCMS(J,LATMI#VILY)
RETURN

END

STORDI 3N
STORDI4D
STORO1ISD
STOROI16N
STOROI 7D
STOROI180
STOROI90
STOROZOD
STORDO2t0D
STORDZ220
STORD230
STORO2LO
STORD25N
STORD260
STORD2TN
STORO280N
STORD290
STORO30N
STORD3ID
STORO32D
STORD330
STQRO340
STORO35N
STORO360
STORO370
STORO38N
STORO39N
STORDUCO
STORDUIO
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#1578
#LABEL
SUBROUTINE TMMIX,Y,Z) TMM 00110
C sxans TRANSPOSE(TRANSPOSEIX) @Y )#Z annns TMM 0020
C sanses X,Y,2 ARE 3X3 MATRICES wmsnss TMM 0030
DIMENSICN X{343),4¥0343),2(3, 3} TMM 0OLD
DO 115 T#1,43 TMM 0050
NG 115 KM#L,3 TMM 0060
115 ZOKyTIRX{Y T oY (), K)+X 2, 1)eY{2,K)+X{3,1)eY(3,K} TMM 00DTN
RETURN T™M D080
END TMM 0G®N
+« 1578
+ ABEL
SUBROUTINE UNIT{X,Z4ITYPE} UNTTOCID
DIMENSICN X{3),Y(3),2(3) UNITOO20
DIMENSION A(9),AA(13,3),AAREV(3,3),AAWRK{3,3),AID(2,3),AINCI40) UNITOO030
DIMENSICN ATCMS{u4,500),88{3,3),CD(8,20),CHEM(200),CONT{5},0(3,130)JuNITOCLD
DIMENSICN DA(3,3),0P12,130),EVI(3,200),FS5(3,3+48),KN{5,20),0RGN{3) UNITOOSOD
NDIMENSICN £13,200),PA03,3,200),PACI3,5)4PAT(3,31,Q{3,3),REFV{3,3} UNITOO&D
DIMENSICN RES(H4),RMS{5),SYMB13,3), TITLE(12),TITLEZ(12Y,TS{3,48) UNITOQ?C
DIMENSICN VT{3,4),V1{4),V2{3),VI{3),VU(3),¥5(3),VELT) WRKV{Z,3) UNI TOO8N
DIMENSICN XLNG{3),X0(3),XT{3) UNITQOC0?0
COMMCON NG, Ay AA, AAREV  AAWRK,AID,AIN,ATOMS,PRB,BRDR, COCHEMCONT,D UNITO100
COMMCN CA,DPDISP,EDGEEVyFOREyFSy INyITILT KDy LATMsLTNO,NATOM,NCD UNITOAVID
COMMON NJyNJ2,NOUT NSR,NSYM, QORGN+P,PA,PAC,PAT,Q,REFV,RES+RMS,SCALIUNITOIZN
COMMON SCALZ2,SCL+SYMB, TAPER, THETA,TITLE, TITLEZ2 TS ,VIEW, VT, VI ,v2 UNITOI 3D
COMMON V3 ,VU,V5,VEH, WRKV XLNG X0, XT UNITOI4D
Yir1Y&Ex{i1) UNITOI 50
Y{2)#xX{(2) UNITOI 6D
YUi3r#xi3 UNITOI TN
IF{ITYPE)125,125,105 UNITO180
105 TIRSQRTYF{Y LI yaYL1)+Y(2)aY(2)4Y(3)e¥i3)) UNITOtL 9N
GO TO 145 UNITO200
125 TIRSQRYFAY{1 )oY U1 }oAALI L)+ Y2 mCAA{1,2)4AA(2,1) )Y (3= (AALI+3)+AUNITO21D
TAT3 003420 {Y(2)2AA12,2)+YI31#0AAL2,23)¢AA(3,2) )} +Y{3)oY(3)mAA{3UNITD220
2433} UNIT0230
145 TF(TI1X1554155,175 UNITOZ2u40
155 NG#5 UNITO250
G0 TO 300 UNITO260
175 ZOIYRYLL}/TI UNITO27N
212)mY(2)/T1 UNITD28N
ZI3IRYL3)/T UNITO2¢0
300 RETURN UNTITO30N
END UNITO31D
=L IS5T8
*+LABEL
SUBROUTINE VMIX,Y,Z} vM 0010
C TRANSPOSED VECTOR TIMES MATRIX vM D021
o Z13)EX{31eY(3,3) vM 0030
DIMENSICNXU3),¥{3,3),2(3) vM  0OCuD
DOLISJIN .3 vM 0050
Z{J)%0.0 VM 0060
DOYISTRI,3 VM DO7N
115 ZUIN#ZIII+X(T)aY(T4) ¥M 0080
RETURN vM 0090
END vM o DI0Nn
= [STB
=LAREL
FUNCTION VMVIXI,Q4X2) vMy 0o
C TRANSPOSED VECTOR = MATRIX = VECTOR vMy 0020
C VYMVEXTI{3)eQ13,3)8x2(3) TO EVALUATE QUADRATIC QR BILINEAR FORM VMy 00370
OIMENSICN X113),Q43,3),X2(3) VMY 0oug
Ti1#],. vMy 0050
DO 10 J#1,3 vy 0D40
10 TIATI4XI0a) e (X201 )2Q{J, 1) +X21{2)2Q10,2)+X2(3)eQUJ, )) vMy NaThn
VMY #TI vMy 0080
RETURN yMV 0Oe9n
END vMyY 0100
«LIST8

*=LABEL
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#LAREL

laNeRalal

460

65
70
300
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FUNCTION VVIX,Y)

TRANSPOSED VECTOR = VECTOR
VVEX{3)sY(3)

DIMENSICNX{3),Y(3)

VVRX (1) aY (1) +X12) ey {20 4X{3}nY(3)
RETURN

END

SUBROUTINE XYZIQA,X,ITYPE)

#xnex ITYPE .GT.0 CART. COORD. FROM ATOM COBE WOR[ #aasxw
sdens XABSFULITYPE) JLE.2 FOR WORKING SYSTEM sesass
wasmu XABSF(ITYPE) +GT.2 FOR REFERENCE SYSTEM ®nsss

exsws ITYPE .LE.D USES TRICL INIC COORD.
DIMENSICN X(3)

DIMENSICN AU9),AA(3,3),AAREV{3,3),AAWRK(3,3)},AID(3,3),AIN(I40)

Xy2Z
XY2
XYl
XYz
XYl
xy1?
xX¥YZ

DIMENSICN ATOMS{u,500),BB(3,3},C0(8,20},CHEM{200) ,CONTIS),D(3,130)XY2
DIMENSTICN DAl343),DP(2,130),EVI3,200),FS5(3,3,468),KD(5,20),0RGN(3}) XY
DIMENSICN P(3,200),PA{3,3,20C),PACI3,5)}PATI3,31,Q03¢3),REFVI3,3) XYZ

DIMENSICN RES(4)RMS(5),SYMB(3,3), TITLE{12),TITLEZL12},TS(3,48)
DIMENSICN VT{3,4),VI{u),Vv203),V3(3),Vva{31,V2(3),Ve(3),WRKVII,3)

DIMENSICN XLNGU3),X0{3),XT(3}

COMMCN NGy A, AA, AAREV,AAWRK A ID,AIN,ATOMS,BB,BRDR,CD,CHEM,CONT,D
COMMCN CA,OP DISP+EDGEyEVyFORE#FSy IN,ITILT,KDyLATN,LTNO,NATOM,NCD
COMMCN NJyNJ2yNOUT4NSR,NSYM, ORGN+P,PA,PAC,PAT,Q,REFV,RES,RMS5,SCALI
COMMCN SCAL2,5CLySYMByTAPER, THETASTITLETITLE2+ TSy VIEW VT, VI V2

COMMON V3, VU V5, Vo, WRKV ¢ XLNG 4 X0, XT
IT#XABSF{ITYPE}=-2
NG I #NG

NG#J

IFLITYPEYIO,10.5%

CALL ATCMIQA,XT)
IFING)30,10,30

TI#0.

DO IS5 J#I1,3
T2ZRXTLJ)~0ORGNL J)

Vi) #T2
TIRTI+ABSFIT2)
IF{T1-,3001)20,20.40
NGHNGI

DO 35 J#1,.3

X{JI¥0.

GO TO 300
IF(ITIUG,45,460

sanse RELATIVE TO WORKING SYSTEM sxsws
D0 55 I#1,3

TI#0.

DO SC J#1.,3
TIHTI+VI{I)wAAWRK (U, 1)
X{I)ATI=SCALL

GO TO 300

snswne RELATIVE TO REFERENCE SYSTEM #nnns
DO TO l#t.3

TI#O.

DO 65 J#1.3
TI#TI+VI(JY#AAREVI I, )
XI{IY#T1SCALI

RETURN

END

XY1
XY2Z
XYz
Xyl
XYz
Xyl
XyYZ
Xyz
xyz
Xy?
Xyl
Xyl
Xyl
xXY?
Xyl
XYz
Xy2
XYl
XYl
XYzl
XYz
Xy?
XYl
Xy?
XYl
Xy?Z
XYZ
Xyl
XYZ
XYZ
Xy
XY1?
XYl
Xy2?
XYz
XYl
Xyi
XyYi
XyY?
XyZ

oo
0020
oo3n
oou0
00s0
0oén
0orvn

gnio
on2n
aosn
0040
0050
0060
0o7n
gasn
o090
oron
aia
g1zn
o130
g140
0150
olen
0179
0180
0199
oz2a0
0210
G220
023n
o2un
0250
nz2en
0270
0280
0250
0300
03¢0
0320
033n
o3un
0350
0360
0370
0380
0390
guan
0410
gu2n
0430
askn
0450
os 60
ou 70
au8n
s on
oso0
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