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Totle 2.1 {continusd)

Funclion [ } 18 L) 24 M
Center amd swale
Explcnt o0 X0 1N YO (IN) SUAL)
Scak: only 6u2 XO1IN) YO UN)
Center unly o0l SUAL)
Center and wale 604
LP.ana 18" 611 AX0 (IN) AYOUN)  asCAl!
LP. and sake 6)2 AXO(IN) AYOQ (IN)
LS. and venter YR} ANCAL L
Elhpsonds
Shaded toutball Qur } 701
(Format No. | iraiker card) AU (IN) Al (IN) ANR (1)
Foutball o ) 702 Qe as 700)
Opon mudel Vor | E{1}) e as 700
Buundary unly Vort 4 tanw as 01)
Other ty pes vourl Jus NPLANI NDOT NLINE
tFormat No. | wader vand) AL (IN) Al UN) ANR(D)
As above exCept no Dol T (anw as JO0)
prnted vutpul ot Quel 712 (samv as 700)
indivedaal conrdinates Dor | 713 (same as 701)
Vor | M4 (s as 01 )
Dor) s e s 708)
Bonds
Expiwit boel a0l FROM 1) TO ) FROM (D)
wont.)
Implnit lamy 2 2
(Format No. 2 waiker card)
Impiwit lie 2 - T1R]
tFormat No. 2 waikr card)
As abuve except 1R} (samwe as 801
no printed vutput 2 812 anwe as 802)
2 TR (e as #00)
Bund vverlap Tor2 N2\ FROM (D) o FROM ()
oyplicit
B nd overlap 2 422
implicit
Labels
Chem. Symb, Yl ATOM-| (ATOM-2) X kdge Resct
Reg. tithes. 3 902 ATOM-{ (ATOM-2) X Ldge Reset
Format No. 3 ntke cand
Proj. Vect, ttle 3 903 ATOM:- | ATOM-2 X Fdpe Rewt
Format No. 3 title cand
Vector title 3 91} A0V ATOM:2

Format No. 3 tithe vard

55 o)

37 48 46 S4 64 72

SCAL2
SCAL2
SCAL2
SCAL2
SCAL2
SCAL2
SCAL2

SYM Hi ) PAROLE?  pER.OKLS
ANR ()
NDASI SYM 1IGT PAR-OI 1P PEROIS
ANR (2)

F'S

10 FROM (Y TON
1042 FROM (D) 10N
Y Edge Reset  HGT (N) PAROLI PER-OL
Y Ldge Reset  HG T (IN) PAR-OI PER-OL L
Y bdge Reset — NGTUN) PAR-OF PER-OFI

NG AN PAR-OF PLR-OF )
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Table 2.1 (continued)

Funstion 13 49 n N 19 W6 37 4S8 46 $4 55 6) 64 7
Proj. bond label
1) deo. plave) 904 ATOM:-1 ATOM-2 X Edpr Rewt Y Fdge Resct HGT (IN) PAR NI PEROLE
12 dev. places) 908 ame as M)
(3 deo. places) Y06 (xsame as 908)
Bond label
(1 dec. place) 914 ATOM ATOM 2 HGT (IN) PAR OF ) PEROFF
12 dev. plcen) 918 (same as 914)
13 dec. place) 916 (ame 4 914)
Centered symb. (pea up) \ L% ) ATOM-Y IATOM: X Fdge Rewt Y Fdpe Remt G UN) PAR OV} PERAONN
tpen down) \ %9 Isaine as S0M)
(Format No. | trailer card) SYMbw
Saved wquence
Start il
Swp 1102
Execute 1ol
Tetminate job |
New job follows 2

hom titke card vn)

41.P. and .S, signilies wremenl position and increment wale.
SPAR-OLE ugnilics paralied oitset fin.).
“PER-OFF signifies perpendiciar offset {in.).



2.2 Progremming & Noastervoscopic lllustration for OR TEP

2.2.1 Ganerel Comments »» Astemated Grephics. — In order to produce high quality illustrations with
OR TEP, one must in general use sn iterative approach; that is, the illustration must uswally be computed
and plotied several times before ae optimal figure is pwoduced. With each trial, 35 many iactors as possi-
ble are opticrized to give a more informative and more esthetically plessing resalt. Owe oiten requires
abowt four trials for a stereoscopic figure of an unfsmiliar stucture (barring blusders and plotter mal-
functions).

Ovetlap is cac of the major problems, pasticularly for chemical syndols and boad distance labels. If
the user is not drawing stereoscopic figures, it is often better to do the lettering with a LeRoy lettering
template instead of the computer. The template letteting is neater thaa the computer lettering, and it can
be positioned much more easily. However, for stcreoscopic lettering the manual procedure appears to be
wnsatisfactory because of the necessity for exact relative placement of the lettering on the two views to
meintain good stereopsis.

The major port: ‘ns of the hidden line segments of atoms and bonds that are parstially or totally
behind other atoms and bonds may be omitted by usu.g the overlap-elimination features of OR TEP-II.
However, there are often areas where additional manual touch-up is needed. Thic can be accomplished
ty erasing or **whiting out’” the remainiag unwan’ed line segments. Even with xtereo views, the features
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 arc put together by the user to "“program’ an illustration. The instructions used in
orogramming OR TEP are divided inte the following categories: (1) instructions used to specify prelimi-
nary graphical details, (2) instruction: used (o compose an illustration, (3) instructions used to draw the
illustration, (4) instructions used to repea: 2 sequence of other instructions, and (5) termination instryc-
tions. Each instruction stants on a separate punched card and contains an identifying number and what-
ever parameters are needed for the pacrticular instruction, The seneral role of these instructions is ex-
plained in the remaining parts of Sect. 2. and the individual instructions are described in detail in Sect. 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 iramewotk of the progrtam. Then cestain other in-
structions are placed into the framework program fo furnish the remaining **bookkeeping’’ details.

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

illustration.

2.2.2 Preliminery Grephicel Deteils. - The first instruction card should be the plotter control instruc-
tion 20! (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

T




distance in i ches for perspective projection (zer0 as a signal for pamllel projection), snd (4) border (or
margin) dimeasion inside the boundary.

No other 200 or 300 seties instructions are required for this particelw hypothetical figure.

The preliminary graphical details are analogous to what a draft;man might do in setting up his drafting
board in prepamation for a drawing.

2.2.3 Compesing the lligstretion. — This step involves specifying: (1) which stoms are to be used as
the figure subject, (2) the r¢ ational 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, snd 600 xeries instructions respectively.

For our hypothetical exumple, suppose we want to place the b crystal axis aloag the plotter x axis and
the ¢ axis of the crystal in the plotter xy piane as nearly ss possible parallel to the plotter y axis. This
setting can be accomplished xith » 501 instrection (see 3.3.6.1) slone, bet if additional reorientation wemr
necessyry, 2 502 instraction (see 3.3.6.2) would also be used.

A triclini< box of enclosure can be drscribed with a 404 instruction (see 3.3.5.4) to coc tain the de-
sired stoms for the subject definition. The scaling and positioning of the subject to fill the drawing area
mey be accomplish: d automatically with a 604 instruction (see 3 1.7.1).

2.2.4 Dvowing the Hlpstretion. — Crystal structure illustrations of the ball-and-stick type are made up
of three components: balls (atoms), sticks (bonds), and labels. The three components ar» drawn with the
700, 800, and %00 instruction series respectively; the first two instruction series can also perform centain
tyves of labeling.

A new instruction 511 in the OR TEP-Il version of the program was added to store information needed
for the overlap correction. This mstruction is used before the 700 and 8M) serios instructions.

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

For our cxample we might simply draw circles and pot the chemical symbols within the circles by
using instruction 704 (xce 3.3.8.1). This insiruction will draw all the atomns of the subject and their chemi-
cal symbols.

The bonds are not alwa s necessary in a drawing, but for structures witt 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). Thi= inxtiuction uses vector search codes (see 3.1.5) whictk reflect the
user’s knowledge of the structural ch~mistry and the interatomic distance ranges for the compound being
drawn, Covalent bonds or any other acsired type are found and drawn automatically from the list of atoms
which make up the subject. If desired, the interatomic distance labe! 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 Temineting the Drowing of the Illustration. — The plotter control instruction 202 (see 3.3.3.2)
allows the uscr to remove the finis.ied 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) instrection (see 3.3.12) is used as the last instruction of the
program.
2.3 Prograuming & Steresscopic Hflushation for OR TEP

A sterecscopic pair of figures is simply two perspective views of the subject as seen from two difier-
oM viewpoints (which are wssally about 6° spaet). This pair is prodeced with OR TEP by programming for
twn drawings. A few additions] instructions sapplementary to those outlined in 2.2 are useful for producing
stereo figures. These instructions ave the stereoscopic rotation iastraction 503 and the 1100 series of in-
stractions, which facilitate the repetition of a series of iastructions.

2.2.1 Stereescepic Retutiens. — Ia general, cne member of 2 detailed stereoscopic illustration cannot
be drawn compietely independent of the other member of the pair because certain featnres (e.g., which
octast of sn ellipsoid is shaded) must be dJone identically in the two drawings. In OR TEP the *’stereo-
scopically seasitive decisions’ a2re handled by using two Cantesian coocrdinste systems: the reference
Cartesian system snJ the working Canesian system (see 3.1.8). The steps involved ia 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 besed on the working system. A stereoscopic rotation is
simply » wotation of the working system from the reterence system abowt the axis which is vertical while
viewing the final result. For example, » nominal rotation of +3° abowt the plotter y axis might be used for
the left-eye view and a rotation of — 3° sbout the same axis might be made before plotting the rigit-eye
view, thus peoducing a total interocular angle of 6°.

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

1. preliminary graphical details,

composition of sabject,

left-eye stereo rotstion,

draw the subject,

sdvance the plotter,

right-eye stereo rotation,

draw the subject,

sdvance the plotter,

teminate the job. -

LR N

o p N

2.3.2 Repeeting ¢ Sequence of Operetions. — It should be noted thet steps 7 and 8 in the stereo
progr wa of the last section sre identicel to steps 4 and S. The program cen be shortened somewhat by
using the ‘‘saved sequence” instructions (see 3.3.11). A 1101 instruction (stert ssved sequence) would
be placed between 3 and 4, end a 1102 instruction (end saved sequence) between S and 6. Then steps 7
and 8 can be repleced by 8 1103 instruction (execute saved sequence).

Any sequence of instrections cen be saved in this manmer end repested as many times ss desired with
1103 instructions. For exsmple, the saved sequence festure can be wsed to produce a complete series of
views of 8 structure at (say) 15° intervals sbout aa axis. Note that the instructions between the start and
stop instructions are both executed and soved the first time though.

e



2.4 Dvewing the Cobon: Structwe: An Exemple

The novel compound cubone* (C _H ) has been crystallized and the structure deter=:ned.> The
catbon-carbon bonds lie along the ecges of a cube withia experimental evo-. The cunpound crystallizes
with the trigonal symmetry of space growp R3. One carbon and cne hydmge~. are in special positions
along the 3 axis, and the remainiag carbon and hydrogen are in genera! positions. Aaisolmpic temperature
tactor coeflicients were fitted to the carbon atoms during the least-squares refisement of the strecture.
and isotropic temperature factors were used for the hydroge-. atom~.

The cell parameters 2ie

a~b-c-S534A.
- ” -1 nx' .
The esuivalent positions of space group® R3 are x.v.2: z.x.5: y.2.x: 5.7 73 7 and 5.2 &%
The positional parameters fos C1. C2. H1, and H2 are given as -0.18711. 0.19519. 0.10706;
0.11546. 2.11546, 0.11546; -N.3246, 0.3468. 0.:848; and 0.2100, 0.2100, 0.2100, respectively. The
arisotropic temperaiure factors given for the carbon atoms are of the type calied zero’in this report

(see 3.2.4.2). The coetficients bl . b,, b”. b, .4 b, for C1 and C2 are 0.0410, 0.0475,
0.0450, -0.0042. —-0.0142, —.0.0051; and 0.0468. 0.0468. 0.0468 —0.0143, -N.0143, -0.0243.

2.4.1 Dete lnput for Cobene

2.4.1.1 Tide Card (see 3.2.1). — FORMAT (12A6)

Cerd Ne.

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

2.4.1.2 Cecll P:mamcivr Cwd (see 3.2.2). - FORMAT (6F9.6)
2 5.34 5.34 5.4 72.26 72.2¢ 72.26

2.4.1.3 Symmetry Cards (see 3.2.3)

FORMAT {11, F14.10, 3F3.0, 2(F15." J, 3F3.0))

(&) 0 0. 1 0 O 0. 0 1 0 0. 0 0 1
® 0 0. 0 0 1 0. 1 0 0 00 01 O

*P. Eston and T. Cole, J. Am. Chem. Soc. 86, 3157 (1964).
*E. B. Fieischer, J. Am. Chem. Soc. 86, 3889 (1964).

‘N.F. M. Hewry 8vd K. Lonsdale (eds.), Intemerions! Tables for X-Ray Cryataliography, vol. 1, Kynoch, Ber-
mingham, 1062,

"Unfortuns.ely, many suthors of structure papers neglect to defline the equation (or the snisctropic femperatule
{ac:or coefliciernis. In the present case, the type can be detrrmined (rom the ¢ omperstive isolropic (emperature
(actae listed in anisotropic form i their Table 1. In other instances one muat arbilrarily choose o type (wually O,
1. 0r 4 in the U.5.A.) und do the orincipal axis trensfomation, then check thet the principel values are correct, of
st leaxt reasonable. In perticular, the principal values must all be positive,



Ceovd NMe.
(1)) 0 e 01 0 0 0 9 1 0. 1 0 O
) 0 0a-1 00 0. 0-1 0 0 0 0-1
¥2) [+] 0 0 0-1 a-1 00O 0 0-1 0
o 1 0 0-1 0 3 0 0-1 -1 0 o0
24.1.4 Awmic Parameter Cards. -
Positionsl pasameters (see 3.2.4.1): FORMAT (A6. 3X, 5F9.6, F9.0)
Thema! parameters (see 3.2.4.2): FORMAT (11. F3.6. 5F9.6. F9.0)
Atoms | and 2 are entered with positional parameters type 0 and anisotropic temperature
factors type 0.
Covd Me.
(v,) Cl1 -.18711 19519 -10706
(10) 0 .04100 04250 .04500 - .00020 -.01420 -.00510
(11) Loy -11546 11546 -115%
12 0 -04680 .04680 -04680 -.01430 ~.01430 -.01430
Atoms 3 and 4 are entered with positionsl parameters type 0 and with dummy sphere tem-
perature factors (lype 7) 0.1 A in radius.
(1 %)) 14| - .32460 .34680 .18480
(14) 0 1
s H2 .21000 .21000 .21000
(16) 0 N |
Atom S is a dummy atom at the cell origin with a blank card dummy sphere (see next to
las! parsgraph of 3.2.4.2). This could siso be entered with type 7 as were atoms 3 and 4.
a7 ORGN 00000 .00000 .00000
as 1

In the card deck for this sample progrom, extensive use of Formst No. 3 tmeiler canrds (see
3.3.1.4) is made s3 2 method of including & comment with sn instruction. This conventios is not
mandatory, but it is » convenient method for snnotating » program. This example uses » wide mnge of
instructions in order to demonstrate them. As in the case with sny progrimming system, there sre many
ways of doing any given problem. The Formats are described in Sect. 3.3.

N QO o
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2.4.2 Aselysis of Swucture (see 3.3.2). — These iastructions are not con- »cted with produciag the
figure. They are shown here just to demonstrate how they are used. A 101 iastruction is esed o obtaia
» tabulation of the atoms syrunding one atom or a series of several designated atoms. To obtain & list
of i1l atoms (hydrogen and carbon atoms) out o 2 limit of (say) 3.6] A about the two carhons C1 and
C2. one would use the following iustmction. ( The sotation is explained in Sect. 3.3.2)

Ceord M.

a9

209)

Q@n

(2D

23)

[] l_l _‘J l__.ls'61

Atoms | thwough 20of Atoms 1 through 4 of all symmetry D max
symmetry operation 1  and translation ope.ations

101 155501 2

A 102 instruction gives both interatomic distances and interatomic angles. In order to
find all covalent bouds and boad angles about the two carbons we might ese the folicwing

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 Cobene lilustrstion. — First we must initialize the plotter
package.

201

The two plot boundary dimensions can be equal for the present illustration since the
cubene molecule is a cube. Suppose we use an 11- by 11.in. boundary snd specify a 1.5-
in. margin to give a total working area of 9 by 9 in. A 30-in. view distance might be

reasonable to use in viewing a model of this size.

m 11 11 e | 1.5

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-
teacing so that the illustration will plot as fast as possible.

303 0

The subject of the illustration is @ single cubane molecule, which we will now de-
fine. One way of dexignating 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.



Cord No.

@9

(26)

@

e

12

@ Ssssse S; ol 4, 32
(o) ») )
whese the several pests desigaate:

(2) a ren of ovigin 300D (Conter of sphere) (m atem S 10 3tem § in symmetry position
$5501 (that is, in this exsmple, 2 singie sphew),

(8} @ ren of target stem Grom 200m | %0 atom <, and

(c) » spheve néims of 3.2 A,

To orient the molecule, we mli (irst define 3 coardinate system along the edgex of
tie cubane cube. We will thea wtate the melecule relative to this coordinate system to
minimize overlap.

The osigia of the coordinate system will be positioned \m the dommy stom No. 5. The
desired coosdinate system orienstatron will be defined by specifying two vectors om the
special position atom 255500 o the two symmetry-related general-position atows 155501
and 155502.

501 555501 255501 155501 55501 155502 o o

A rotation of 25° abowt the ¥ axis (axis 2) followed by 2 rotation of 28 abowt the X
axis (ax.s 1) will produce a satisfactory view of the molecule.

502 2 25 1 p.

To scale and position the subject for projection onto the drawing board and to stilize
all aveilable space. we will sse the 604 instraction. which will automatically set X0. YD,

and SCAL1. However. the ellipsoid scale factor ratio SCAL2 must be specified independently.

If we want themral ellipsoids corresponding to 50% probabiiiy . taen we wmill enter 1.54 for
SCAL2

604 o " 0 1.54
This completes the composition of the illustration.

The stereoscopic mtation for the left eye can be done at this point. We will ase a
rotstion of 2.7 about the ¥ sxis (axis 2) for the iefi-eye view. Later in the program. wr

will make a -2.7" wistion sbout the same axis for the right-eye view 10 give a total
interocular sngle of 5.4".

503 2 2.7

Since the structere will be drawn twice, once for each eye, the "‘saved sequence”
fealnre can be used to shorten the program. Note that the instructions between the start

PRSI TS
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Ceord Neo.
and stop instructions are both exevuted and save-d the Grst time though. They can then

be re-executed as many times as desired by using the “execute saved sequeace” instrec-
tioa 1103.
The 1101 instruction starts the saved sequence.

29 1101
The 511 instruction stores the information needed for the overlap hidden-liwe correction
(i.e.. as projected boundary el’ipses for each atom in the ATOMS list and a quadmagle
approximation for cach bond). The bonds are specified with 2 fommat No. 2 tmailer cand
identical to that use in the 812 instmuction descnbed below.

{30)

L]

sn ]
30 0 1 4 1 4 4 0.9 1.6 .04

The ATOMS list currently contains all the atom desiywators for one cubare molecule.
We want to draw the molectle in two separate sieps so that the: hyvdwgen 3o carbonu aloms
can be given different graphical representations. To draw the cathon alwms (AXR = 1.2).
we will construct a special code that {a) draws the three priacipal-plase forwand traces
and the boundary-plane trace (NPLANE - ). (b} omits the reverse sides of the priacipal
planes (NDOT - 9). {c) diaws %he lorward principal axes without additional shadiag (NLINE -
1. and (d) omits the reverse pancipal axes (NDASH - Ui. 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 .= m the vertical darection.

(3D 1 715 4 0 1 0 2 6 v

13 0 0 0 1 2

The 715 instruction i s used. rather than 705, to shorten the output listing of the example.
Nomally we would use the 705 to obtain a listing of all coosdina.es.

Since the hydrogen atoms (ANR - 3. 4) are to be drown with 2 standard model. the constrac-

tion details will be taken case of sutomatically. We want chemica! symtols 0.2 in. high and
offset 0.35 in. horizontally and 0.4 )= vertically.

349 1 712 0 0 0 0 2 .35 4

(35) 0 0 0 3 4

The most convenient procedure for drawing bonds is to use the implicit bond instrec-
tion 812. All other information can be entered with a single format No. 2 treiler card
(vector search code card).
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Cord Me.

! (=) and () are stom wember runs for stom-pair bonds 0 be drawn,
(c) s=wotes bond type 4,
(d* eenctes the distance ramge 0.9 to 1.6 A, which will cover 31! Juvalemt
boad distances, and
. (c) the boad radiss, is 0.04 A_

The remaining ficlds in the card can be blank, since 2 complete set of bond distamce
] labels is not desired.

Because of the symmetzy,. theve are only two dfferemt C —C boad leagths in cubone.
These are C1-Cl and C1-C2. We shall Llabel one example of each of these bonds. For
vaniety let us label one with 2 normal bond-length label and the other with 2 perspectsve
label. The two bonds which can he labeled mist advastagrously ase (2) 155504 — 155503
and (b) 255504 —~ 155505. The labels will be 0.15 ia. in height and displaced ventically
from the bond center by — 0.4 in.

(39 906 155504 155503 0 0 15 o -4
3 916 255504 155505 0 0 .15 o -4

T T T TR emET one

The final feature to be drawn is a caption (CUBANE) for the illustration. This cas
coaveniently be posiioned by *hanging” it from the dumr  atom 555501 and **bouncing”®
it 1 in. off the lower 5 boundary.

(%) 3 902 555501 0 0 1. .25 0 0
(41) CUBANE

The saved sequence can now be retminated.
(4 1102

The plotter is then advanced 9 in. along x in preparstion for the rigt-eye view.
(43) 202 9

The stereo rotation of —2.7 abowut axis 2 is now performed in preporation for the
right-eye view. (Note that this rotation starts mith the reference orientation. ot
the previous working otientation.)

() 503 2 =2.7

SIS
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The saved sequence can now be repeated for the night eye. Note that the atom list mow
contains the same information that 1t id when the firs® view was drawn.

1103

The illustration is sow complete. The plotter is next advanced 20 in. aloag x 0 remove
thss figure from the working area.

202 20

A dummy plot for the CalComp systex is now added to aid in stopping the CalComp
plolk.'

202 0

Finally we tesminate the job and exit from the program.

-1

2.4.8 Seeveoscepic Hinswetion of the Exsmples. — Figure 2.1 shows the stereoscopic pais exactly
as 1t was plotted by a2 mechamcal Ca'Comp system. except for photographic reductivn. Figure 2.2 shows
one-half of the same illustration at a iarger scale. These drawings have not been retouched

Note that one bond distance label was drawn m perspective along the boad. and the other was drawn
as a regular lsbel pasalie! to the poge.

Figuee 2.3 is an example of » figewe without photographic reduction drawn by » CalComp pletter winch
has 0.005 ia. step-size resolution. Ascther sepresentation of the same strectwse is shows in Fig. 6.19.

The iaput data and OR TEP isstractions for Fig. 2.3 sre listed in 2.4.5.2. The wser should examine
Uns example carefully since severnl useful technigues ase illustrated.
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Fig- 2.3 Polyhpdoe Rograsentotion of Pricssion Pornsnste 9-0ydvese.
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3 DETANLED OPERATING DISTRUCTIONS
3.1 Definitions

Sevewsl conventions must be defined befove the mstrections can be explained.

3.0.) Asem Desigaster Code (ADC) end Addressable Point. - In exdes to specily a particular atom in
the crystal within » seesenshie &stance fom the crystallogmphically defined otigia. the following hive
compooeat astom designastor code word (ADC) is used

ADC AN®10* : (TA : 5)°10" - (TB : 5)*10° : (TC : 5)*10° . SN,
where

AN - ATON SUNBER (0 - AN - NATOM - 166) the sequential number of the atom in the input list
of atoms ia the asymmetric mnit, which contains NATOM atoms. Atom zero is not in the input
stow list but refers to the crystal origie point {(0..0..0.).

TA,TB.TC crysial lattice translation digits along cell edges o, b, and c. Each digit in ADC can
mmage from 1 1o 9, consequently, it is possible to move wp to * 4 lattice translations in any di-
rection from the origin cell 5.5,5.

SN xymmelry operator number (0 SN " XSYM ~ 48) - the numerical position of the symmetry op-
erator in the inpat symmetry operator list which contains NSYM entries. Syma. -try operator
sumber zero is not in the input list but refers to an identity operator. However, the identity
operation (comesponding to position x, ¥, z) mast in general also be somewhere in the input
symmetry operator list and is usually the first operator.

Example: An atom designation code of 34750 refers to atom 3 moved through symmetry operation 2,

then translated - 1 cell translation along 8, - 2 cell translations along b, and 0 cell translations along ¢.

An addressable point in the crystal is any point for which an atom designator code exists. In general,
the: addressable region is approximately 2 9 - 9 - 9 block of uait cells.

3.1.2 Vecter Designoter Code (VDC). ~ 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 @ direction of the crystal lattice.

3.1.3 Atem Designeter Run (ADR). - A strmaight 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, @ translation TA; fourth, b translation TB; and last, ¢
translation TC.

Exampl--: ADR (145502 ~ 245603) will generate the & itom run 145502, 245502, 145503, 245503,
145602, 245602, 145603, 245603.

3.1.4 Atem Number Run (ANR). - The Atom Number Run is a subset of the Atom Designator Run. In
this case, only the atom number AN is allcwed to change. Nommally, 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.

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




-

31.5 Vecter Search Code (VSC). - A vector seasch code consists of twe aton sumber suns and » dis-
tamce oaage. R is ssed for fmding mteratomic distances shich have 2 porticular chenical significance,
such 25 covalent and coordination bonds.

Escample: Sappose that metal atoms are numbers 1 and 2 m the 2tom list aad cxyges Mtoms ave 612
and that the mtesatomic distance ramge between wetals anc oxygens 15 1. 9A 10 2.4 A. The metakto-
oxygen vectors can be specified by the vector search code (1 2) (6 12) (°.9 2.4). Several vociations of
thss basic code are wsed in the progrom.

31 1.6 Sphere of Encloswre. — The sphese of enclosure specifies some oc all of the atoms lying withia
a spheve of radius D max abowt 2 given “rigin” atom without the necessity of delinscating each atom in-
dividgallv. This “sphere of enclosure™ is s2id to contain & complete popularion if all addressable atoms
within the D nax radius ame incloded. If the sphere of enclosure contains only centaia types of atoms
which ave detived from & group of sequential atoms in the input list, then the sphere is said 10 have 2
portial populatian. Fizally, the population (Complete or partial) of the sphere of enclossre can be screened
a5 selectively 4s desired through the use of vector search codes (3.1.5), and the resulting content is called
@ vevtor sorevmed population.

A sphere of eaclosyre can be centered on any addressable atom. but one should not use points in the
wmtemost cells os centers because of the possibility of having nonaddressable points within the D max
rudius.

3.1.7 Sex of Eaclesere. — This is a 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 descrived for the sphere of enclosure (3.1.6). Howeves, vector
sceeening is not allowed with the box of enclosaure.

31.1.8 Reference, Workicg, and Stenderd Cortesion Coordinete Systems. — Many of the OR TEP cal-
culations use fractional coordinates based on the crystal axes ¢, b, and ¢ (triclinic coordinate system);
but other steps necessitate the introduction of erthonomal base vectos triplets (Cantesian coordinate
sustems ). Two Cadesian systems (reference and wodking) are utilized. The referer.ce (major) systen
15 used for all operations except plotting, where the working {minor) system is used. For a right-eye
ot leffeeve sterro view, the working svstem is moved from the reference system by rotation about an
axis of the reference system. However, centain decisions mad  while plotting must still be referred
1o the reference system (o maintain accurate stercopsis. The user can define and orient the two
Castesion systems through the instructions of series 500. Uatil o 500-series instruction is given, a
“*standird Cartesion system” is utilized for both the reference and working systems. The orthonormal

base vectors of the standard system are otiented as follov s:

x axis along @,
¥ axis along (e - b) - o,

7 axis alng (e - b) e,

where o, b, and ¢ are crvstal axes and - denotes the outer vector product (cross product). The symbol

€* refers 10 o recIproca’ axis,



3.1.9 Priee Posameters end Primer Constonts. - la the process of mathematically descnbimg «n
illusteation to be machine drawn, many pacameters must S¢ used. The Dure basic among these poram-
eters aee called Prime Parasecters. The values assigmed 10 these prime porameters aee often similae o
sdentical from ome problem to the sext. The first thing OR TEP dors is 1o call ssbroutine PRIME. which
SeTs 35 many prime porameters as possible 20 reasomable. i the ball pack,.” Praser Coastimes. For ex-
ample, the maximun plot dimensions (instrection 300 senies) ase set ot 17,010 for 1 maximam and 11.0
s for vy maximum. and the overall scale for plotting (1astraction 600 serves) 15 set a1 1.0 im. A_ If the
value assigned to 2 particular constaat by the primer rowtime is satisfectorny. the user does not have to
reset this constaat wita OR TEP mstructions.

3.2 Crystel Stvuctore Dete laget

3.2.1 Title Cosd. — FORMAT (12A6)

Colvmas
1-22 Title consisting of any desired alphanumeric identification information.
This will appear periodically in the output.

3.2.2 Cell Perometes Cord. — FORMAT (6F9.6). Amy one of the four following 1aput slternatives may
be used (no indicator is needed to specify which type).®

Celemns Type A Type B Type € Type O
1-9 s (A) e (A) s* (A1) o (A°H
10-18 b(A) bA) b*(A-T) b AT}
19-27 c(A) c(A) € (A™h e (A7)
28-36 © (deg) cos : :* (deg) cos :*
37-45 B (deg) cos fi [3* (deg) cos f3°
46-54 vy (deg) cos 3 v* (deg) cos }*

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

3.2.3 Symmetry Cords (1 < NSYM < 48). - FORMAT (11,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 numbe-r 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 2 general helix-screw symmetry operation’ along the ¢® crystal axis

"The routine sssumes that e ~ 1.0A, * ~ 5.0 A~", 7 (or 7®) " 1.0’ end cos : (or cos 1°')- 1.0.

21'I|¢ 7-nuial helixescrew symmetry operstion is not an aliowed element of a crystallographic group, so the? :he
moleculsr environment of the transformed unit will not in geners! be sdentical to that of the untransformed umit (unjess
the crystal is considered to be one dimensionsl). This input 1s simply an expedient for use in plotting helical polymer
structure models with minimum input. In general it would be possibie 1o produce the spme results by specifying the
complete crystallogsaphic asymmetric it and normel crysteltographic symmetry transformatior=

This input mode is only mesninglul if the cell engles 'L end ff sre 90”, 50 thet ¢ lies along ¢* and the helix can
continue uninterrupted from cell to cell along the ¢ axis.

e et et
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cthisd 2113 of the staadasd Cantesian system. see 3.1.8). The two sy=metry types can be mtesmned of
desised.

Colomas () C-'.-llo,.'?-c symmewy (5) Bals symaewy
(rn-7n"9 -2 ° 9
1 7 0 lasz caed caly # 0 2=t card only
2.0 T, T.
16-18 s, -
19-21 s., -
2224 s,, -
25-39 T, T,
$0-42 s, -
3345 S.. -
%643 s, -
19-63 r, T,
64-66 s, L
67-69 S,. ¥
T0-T2 s N

-
-

() Crystallographic symmetny . Transiormed tnclinic coordinates (X .-¥..Z.) are obtained from input
tnclimic coordinates (X. V. Z) by

X, T -S X-S Y.s Z.

i

Y. T,-5, X-S5.Y.s5 Z.

z T,-5, X.5. V.5 Z.

1 L}

of I3 MAtnX notation

X T.5x.
where
T T, T,.Tas fractions of cell edges.
(b) Helix screw symmetry:
X Tv.8x,

3
where

T (T,.7.7T, . L'N)as fractions of cell edge and
$ a counterclockwise rotation of L.W ¥ cycles about c* axis.

For example, the Pauling and Coreyv right-handed -Ipha helix repeats after 5 tums and 18 residues and can
be represented by 18 symmetry cards with ¥ 18 W S, L 0.1,...,17; T,.7,.7, O. The inpat
aom [1st contans the contents of one residue.

3.2.4 Atem Pocometer Cords (1 ' NATOM  166). — Two curds are requited for each input ator. The
first contains the chemical symbol and positional pasameters. and the second contains temperature factor

’OnIy symmetry cords (or dencral symmetry equivelent positions are permitied. Symmetfy cords which esplicitly
designate special positions suchas X, X, X: X, X. 7, X.Y,0; 4. ¥.0;, and Y, %.0 are not allowed.
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mfosmotion or other infesmation which specifies how the atem is to be sepsesented on the dawing. The
fermet allows the use of the atom pacameter casds produced by the FORTRAN Least Squanes Poogsam OR
FLS by Besing, Nactin. and 1 exy (1962).° Several atematr imputs aor possible for cach of the two casis,
and the pumber in columas 55-63 denotes the type wsed on that pesticular casd.

3.2.8.1 Positromsl Paramter Cird. — FORMAT(AG.3X.5F9.6.F9.0)

Colomas
1-6 Up to six slphanumenc characters centesed ia the six-place ficld
-9
Type @ Type ) Tyoe 2 Type 3

10-!8 - - - 5 (A) Cacresian
1927 - - - % {A) Castesian
28-3% x (fsactiomal. caystal) x (A, crystal) x (A, Casresian) r (A) cyliwical
3T-4 ¥ (fractiona!, crystal) 5 (A, crystal) s (A, Cartesion) < () cylmdiical
46-54 z (fractiomal, crystal) z (A, crystal) z (A, Cantesian) z (A) cylindtical
55-€3 0 or blank | 2 3

Type 0 is the normal input based on tniclinic coordinates. Some awthors give coordinates in A alang the
mmit cell vector. rype | would be used in such a case. Type 2 allows une to place a model described
Cantesian coordinates onto a genera! triclinic lattice. The orientation of the Cartesian system v v 7 ;)
the general lattice @ b ¢ is the standard type described in 3.1.8 with x aloag @ aad 7 along ¢°. Type 3
is similar to type 2 except that cylindiical coordinates r, o, 7 are used and the axis of the system can
be displaced from zero in the 1 ¥ Cantesian plane by the displacement . v . Cvlindrical coordinates
aee often used in the lite-ature to describe a helical structure. The % ¥o translation should be zero

if belical symmetry operators are used. This translation feature is meant to be used in explicitly de-
scribing the contents of 2 multiple helix cell.

3.2.4.2 Temperature Factor Card. - FORMAT(11,F8.6.5F9.6,F9.0)

Columns
1 A sentinel /0 for last atom only
Type 0,1,2.3,10 Type 4,589 Type & Type ?

2-9 b, v, B B R R
10-18 b” L'“ 0 0 0 0
9.2 b, v,, o } )

fvoe |} }

2'-“ bl! L'IJ o ' o lvx'l

745 b v 0
¥ ” " 0 bvoc, | }woc,l
46-54 b, v, v 0
55-63 0.1.2.3.10 4,589 6(r0) 6(x0) 7 7

‘. R. Busing and H. A. Levy, A Fortran Cryataliographic Least-Squarcs Program, ONN1.-TW-30% (Nov, 21, 1962). ,

© e,
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The coefhcvents b"(n.; 1.2.3) of the amsetmpec tempesaticse fxctor. tyges 81,2 3.10. are desnrd
as ‘ellews: The complete temperature factor 1s

DI Y S R N SR TN LN S ¥ R R S

(Base) te 3= .
shere nxpe O Base - < C-2.D - 1.
pel: Base -« C-1.D -8,
npel Base -2.C 2 p -1,
tspe 3 Base - 2.C L.D-1.
twpe 10- Base « C-2.D-2--

The coefficrents l.'"u., - 1.2.3) of the amisotwopic temperatare factor types 4 and 5 are defin=c as fol-
lows: The complete wmpesatuse factors is

4 z 2 2
el.p{ - D (o}°U, & -0}V, &k —.;’U”I’ + CototU Ak .c.;-;uuusc-;.;unm} .

wheve o}, 3. o ase reciprocal cell dimewsions and in types 4 2nd 8. C -2, i types 520¢ 9. C= 1.
types 420d 5. D - ' in types Sand 9, D - 2—°. Type 6 allows :he aput of the Debye-Baller isotropic
tempetatwre factor B, which s wsed as follows:

exp (- Bsim? 9ad),
whvere ) is the wavelength and ¢ is the Bragg ongle. The parameter B is related to mean-square dispiace-
ment ;‘— of the atom from its meaa position by the relation

b8t ut.

When the 1sotropac temperatcre fartor is used, the atom is represented as an isotropic ellipsoid (spher-)
with equal pnacipal axes of length 4. When the field in columns 19-27 13 O or blank, the directions o1
the principil axes are along the standard Cartesian system axes (see 3.1.8). However. one can reonert
these arbstary unthogonal vectors by using the two vector cesignator codes vn’cl and \'DCJ'. then tke
three new principal-axis vectors will be VDC'. (VIIK'l . VDCJ). and \f[’Cl - (VDC, - VDC,)- This is
s*rictly an antistic featare of no physical significance.

Tvpe 7 allows the input of arbitrasy spheres of radiis i ~ R in angstroms. The vector triplet orienar
tion 1s specified as with type 6. An additional feature allows one to use a completely biank card (excep?
pethaps column 1) for a temperature factor card. In this cuse the program assumes type ; with aqa R = (.1 A,

A :vpe 10 teniperature-factor inpul card may be used to load Cartesian tempesature factors having
components in the standard Carntesian system (3.1.8). This feature complements the 1ype 3 Cartesiar
positional parameter nput svstem (3.2.4.1) and is useful for piotting mean-square displacements cansed

by intemal molecular motions ws calculated from spectroscopic nomal-coordinate analyses. *-*

3.3 Instrwction inpwt
The instructions are the commands used in programming an illustration, and there is no reqiired se-
quence for the instructions, excepi s indicated by the programming logic. Some instructions require

‘t. K. Johnson, chap. 9 in Thermal Neutron Dilfraction, ed by B. T. M. Willss, p. 149, Oxford Unives it Pres,
Lendon, 1970.

"R. R, Holmes and R. M. Desters, J. Chem. Phys. 51, 4043 (1969).
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trailes cards, which may have three differeut formats. The program is informed what the format of the
next card will be with the *‘look ahead”” field, columas 1 to 3. The program action is also i~fluenced
by this information.

“Loek gheed**

{calvmns 1-3) Next cord will be ~ Progran actian
0 or blank Fommat No. 0, a new instruction Execute present Zastruction;
then read next card.

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

2 Fomat No. 2, vector search Read (VSC) card; then check
code ““Look ahead.”

3 Fomat No. 3, alphanumeric info. Read alphanumeric inio. and

execute instruction; then
read pext card.

3.3.) lastrection Conds. — 3.3.1.1 The Formar No. O Insiruction Card. — FORMAT(13,16,7F3.0)

Columnsy
1-3 “‘Look ahead” (€,1,2.3)
4-9 Instruction number
10-18 Ist parameter
19-27 2nd parameter
64-72 7th parameter

3.3.1.2 Format No. 1, Instruction Continuation Card. - FORMAT(13,16,7F9.0) 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 Scarch Code (VSC) Card. -~ FORMAT(13,6X,513,8F6.9) A maximum of
ten VSC cards is allowed. These cards can be entered with any instruction, but only cestain iastructions
will use them. They must be entered with the perticular 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. Vecter search code coards

Negative No. in columns

s h inat . Inential
earch instructions AxXCR Hond plotiing instructions 4 1o 48
Columns 10t 402
102 412 508, 506 801-811 a2 202 012 22 003/81) 802 M2 822 03/013
1-3 Look ahecad Look ahead  Look ahcad l.ook shead Lesk shead Lok shead Leosk ahead
4=9 - - - - - - -
10-=12 -
5 } ORG. ANR } ANR } ANR (A) } ANR (A) }Mll ) }All (A)
-18 -
1613 - -
} TAR. ANR ANR (B) ANR (B) ANR (B) ANR (B)
1921 - -
22-24 - - Bond type Bond type - Bend type -
25-30 D min (A) Weight - D min (A) D min (A) D min (A) D min (A
31=-36 D max (A) - - D mex (A) D max (A) D max (A D max (A)
37-42 - - Bond radius (A) Bond radius (A) - Bend radius (A) -
4348 - - Perapective label hgt. (in.) Perspective label hgt, (in,) -
] ANR (P) } ANR (P)
4954 - - Perpendicular displ, (in.) Perpendiculer displ, (in.) -
$5-60 - - Nonperapeciive label hgl. (in.) Nonperspective label hgt. (in,) - D' min (A) D' min (A)
61-66 - - Perpendicular displ, (in,) Perpendiculsr dinpl, (in.) - D' max (A) D' mex (A)
67-72 - - Digits indicator Digila indicator - - -
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3.3.1.34 Form=at No. 3, Labeling Card. — FORMAT(12A6)

Columas

1-72 Up to 72 digits of alphanumeric label information centered about columas 36 and 37.
Note: There is no *‘look ahead’” column in Format No. 3; the next card must be a
new instruction card. Instructions 9¢2, 903, and 913 are the oniy on=s which require
this irput. 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 Snwcture Anslysis Insthuctions (100 Series). — This series of instnctions 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” a‘oms within a sphere of enclosure of radius D max about a particular “‘origin’’ atom. The
instrection card has an atom designator run (see 3.1.3) of origin atoms (Org. ADR) and an atom number
run of target atoms (Tar. ANR). The Org. ADR 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
and we want the total surtoundings of atoms 365502, 465502, and 565502 out to a maximum radius, D
max, of 4 A. The Org. ADR 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 1o 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 sheli of vectors in the above example might be coded as follows: Org. ADR (3,5) Tar. ANR
(1,9) Dist. range (2.0, 2.7). More selective VSC’s are also possible. They are meant to be bused on
known interatomic distance mages, such as those tabulated in Vol. Il of the International Tables for
X=Ray Crystallography. ’

Vectors found about a particular origin atom are stored in a table of dimension 200 sort--4 on distance.
Duplicate vectors (not duplicate distances) are eliminated, {f more thaix 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 symtols, and tri-
clinic crystal coordinates for the origin and target atoms. If the instruction is 102, all possible intere
atomic angles and interatomic distances for the edges opposite the angles are also calculated and printed
for the stored vectors. There will be n{n — 1)/2 angles for n vectors.

For the origin sequence 355501, 455501, 555501, an Org. ADR input (3,5) is allowed as well o3 (355501,5) and
(355501,555501 ); however, the Tar. ANR must slways be designated as shown. In sect. 2.1, Org. ADR is designated

83 ORG 1, ORG 2; end Tar. ANR is dencted by TAR 1, TAR 2. A minus sign preceeding the second member of the
Org. ADR is not required.

M. Ondik end D. Smith, **Int=ratomic Distences in Inorgenic Compounds,” p. 257 in Intemational Tables for
XeKay Crystallography, vol. 1II, ed. by K. Lonsdsle, Kynoch, Birmingham, 1962,
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The tabulation of stom designator codes, which is obtained sutomstically when these instrections
are given, is often useful for plamming aa illustration. Althosgh the tabulstion is compliete withia the
sddeessable segion of 9° colls, the computing time is genenlly only a matter of seconds per spheve
waless a very large D max is specified. Sobrostine SEARCH is a miher elsborate rostine designed 10
minimize computing time. This subroutine is also used for instructions 402 and 403, which are ex-
plained in 3.3.5.

Instruction casd for instructions 101 aad 102:

Celumns
1-3 0 or 2 (look ahead)
4-9 101 or 102
10-18 . .
1927 } Orign-ADR (atom desiznator ran)
28-36
5745 } Taiget ANR (atom number run)
4654 D max (A)

3.3.2.2 Instraction 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 printout contains root-mean=
square amplitudes of displacement along the principal axes of the trivariate normal probability deasity
function and direction cosines for the principal axes relative to the reference Castesian base vectors.
A symmetric covariance dispersion matrix based on the reference Cantesian system is also printed out.
The diagonal elements are the mean-square displacements along the reference Carstesian axes.

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

3.3.2.3 Instrctions 105 and 106, Convoluting Sphere of Enclosure and Reiterative Convoluting Sphere
of Enclosure. - These instructions utilize the ATOMS table and can only be used after one or more atoms
have been placed in the table by a 401, 402, 403, or 404 instruction. The contents of the table are re-
tumed to the condition of entry at the conclusion of instructions 105 and 106.

All atoms in the ATOMS table which have atom numbers within the origin atom number run (Org. ANR)
of the instruction are used as origin points. Interatomic distances for all neighboring atoms (whether or
not in the ATOMS table) are found out to the specified radius. Vector-search-code (VSC) cards may be
used for screening if desired.

Instructions 105 and 106 are similar, except that instruction 106 keeps repeating the ‘‘convolution’

process until no new atoms with atom numters within the Org. ANR are found.



k|

Instruction 106 is useful for molecular stractures where the atoms in the input asymmetric uait do not
form an intact molecule. In a case of this nature, it is advisable to place a single atom into the ATOMS
table with a 40] instruction and let 2 106 instruction find the molecule. Care must be taken to specify a
D max which will enclose only bonded atoms. The 106 instruction should not be used for structures form-
ing infinite chains.

Celumns

1-3 0 or 2 (look ahead)

4-9 105 or 106
10-18 } Origin ANR (atom number run)
19-27

36

2= Target ANR (atom number run)
37-45
46-54 D max (A)

3.3.3 Pletter Contrel lastructions (200 Series). — The 200 series is a group of instructions that con-
trol the plotter initialization, frame advance, temmination, and any other peripheral commands that are ~-
quired for a particular equipment configuration or plotting package. When the program ix modified for a
different equipment configuration, these series 200 instructions, which are executed through subroutine
F200, should be redefined 1o suit the user’s requirements. Instructions for controlling the CalComp 765
and 835 off-line magnetic tape plotting systems? are given here.

3.3.3.1 Instruction 201. Plot Package Initialization. Mechanical Plotter. — This instruction (or a
203 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 dunng the job. If the 201 (203) and 301 instructions are omitted, all calcula-
tions are carried out but no plotting is done.

3.3.3.2 Instruction 202, Plot Terminate and Frame Advince. — This takes care of putting the correct
plot termination infosrmation 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.
Columns Instrection 201 Instrection 202
1-3 Blank Blank
4-9 201 202
10-18 - Plotter movement along x

edge of paper in inches

"The ColComp is an incremental ploiter. The particular Benson-iehner model available 21 Onk Ridge Centro!
Dete Processing Facility has also been used. The BensoneLehner is an electromechanical xey plotter with an anslog
converter. In geners] it seems that en incremental ploiter is better suited 1o the requirement of OR TEP. The user
should be wamed thet in the suthor’s experience the magnetic tape plotling systems are notoriously troublesome; on
annoying percentage of plot failures is 10 be expected because of equipment malfunctions. (This was true in 1965
and is still true 10 1975.)
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3.3.3.3 Control Instrections for CslComp Nodel 835 Cathode-Ray-Tubc Plutter. — Ia order w plot
imterchaageebly on the CRT and the wechaaical CalComp plotters, an extended 200 sevies of instmc-
GUORS 1S NECeSSary.

A 203 insteection initializes the CRT plotter and is used in place of the 201 instmction. In general,
no other changes are needed except that the plotting sree specified by the J01 instmction must not
exceed 17 in. in s and 11 in. in y. (The 01 primer constants are set accordingly.)

Columas

1-3 Blank
4-9 03
10-18 XORG
{new position of the origin of plotter coordinates relstive to the lower left-hand
comer of he nommal CRT plottiag ases)
19-27 YORG

28-3 I1ZORG (beam intensity origin)
The entries for XORG, YORG, and IZORG are nomally zero or blank.

The beam intensity, [Z, can be changed from its initialized value 1Z - IZORG - 18 10 amy other
valse in the range 0 10 3 with a 204 instmuction. The usable range of 12 is about 12 to 24 with the
higher values producing datker lises.

Columas
1-3 Blank
4-9 204

10-18 1Z - 1ZORG

The frame advance instmction 202 is interpreted differently for CRT usage; however, the same 202
instruction cards used for a mechanical plotter plot can also be us -d for a CRT plot. Aay positive
sumber in columns 10 to 18 of the 202 instruction (3.3.3.2) will add a block address (i.e., plot number)
to the magpetic tape and will advance the film to o new frame. A value of zew in colemas 10 to 18 will
add a block «ddress but will not advance the film 10 a new frame, and a negative value will teminete
the output magnetic tape file. It is not noma'ly necessary to use tke gsegtive value option since the
temination is taken care of automat:cally when the -1 instruction is executed if a 201 instruction was
not executed after the 203 initialization instraction; however, if the mechenical plotter is to be used
during the same job, the negative value option allows the CRT to be terminated properly before
initialization of the mechanical plotter.

3.3.4 Plet Boundery Instructions (300 Series). ~ This is a set of miscellaneous instructions for
specifying the dimensions of the druwing, viewing distance, general lettering osientation, and pen dis-
placement for line retracing.

3.3.4.1 Instruction 30]. - This instructivn 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 insidc the entire boundary. When automatic scaling is used (600
seties), the center points of the atoms are prevented from falling in the margin; but the atom represen-



tation, which has a finite size, moy exvend into that asea. To compenzate for the overlap, the border
dimensions should be large when the ovennll dsawing scale aad the eflipsoud scale asr expected to be
lacge.

In addition, iastrection 301 specifies the perspective viewmg distance, m mches, from the plane of
the dsawing. An entry of 0 for view distance is sxed to indicate an nfinite view distance, and the crystal
structuse 15 thes mapped in pamaliel projection sormal to the drawing boaed.

Colomns Perumer Congrons
1-3 - -
4-9 301 -
10-18 Plot x limix (im inches) i
19-27 Ptot 5 limit (in imches) 11
28-36 View distance (in :nches) 0. (pasallel proj.)
37-4S Bosder (in inches) 05

3.3.4.2 Insorwction J02, Tesle Rotation. — For regular tithes and chemical symbols, the title rotatin
is specified with instruction 302. The lettering base line for all lettering is rotated commterclochwise by
20 angle theta, 1a degrees, from the 1 axis of the plotter. Although any valee is allowed, 0 20d —90 ave
the values most often used, so that, when one views the finished drawing, either the 5 plotter a1is is ver
tical or the x plotter axis is vestical.

Columns Primer Connsonr
1-3 Blaak -
4-9 302 -
10-18 Theta in degprees 0.

3.3.4.3 Instrwction )03, Retrace Displacement. — Fot antistic puspuses, certain lines are made heavier
than others by retracing over the patk several times with slight pen displacenents (DISP) from the original
path. For example, in drawing ellipsoids the (orward kalf of the principel plane tmce is made heavier thon
the hidden half so the eye does not confese the two halves. In addition all regulas lettering (but not per-
spective lettering) is gome over fows times to give it boldface appesrance. la preliminary rens or when the
plotter is not of the incremental type, this embellishment may be objectionable to the yser becasse of the
increased computing and plotting times (perticslarly the latter). All retracing can be elimimated by setling
DISP - 0. The primes pacameter for DISP is 0.005 in., which is the wsolstion of the CalComp plotters at
ORNL. For other plotters or for vanous inking pen sizes. DISP can be reset at the user’s discretion.
Retracing should not be used with @ CRT plotting device.

Columns Primer Constont
1-3 - -
4-9 303 -

10-18 DISP (in inches) 0.005
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3.3.5 Atem List Instructions (480 Secies). — This seties allows the uset to specify which stoms sre
te be included in the jllustration. The atom designators for the chosen atoms are stored in the ATOMS
array for future use by other instroctions. The ATOMS array can hold 500 atoms; but if the intended
tllustration has more thaa this, the illustration can be segmented and the segaents drawn sequentisily
on the same plot.

Groups of atoms are added to or eliminated from the ATOMS amay (which is set to zero 2t the stant
of the program) with the 400 anc 410 series respectively. The groups can be denoted by atom designator
rans (see 3.1.3). spheres of atoms about any center point (see 3.1.6), and boxes of atoms
centered on anyv poin' (sce 3.1.7). Duplicate sntries of the same atomic position are preveated by the
progra. The content of the ATOMS list is priated on the momitor output 1ape after each 400 series in~
struction.

S350 Instrovtions 301 and 311, Atom Designotor Run: Add and Arom Designator Ron E liminate. —
These instructions can contain: (o) atom designator codes (ADC) for a single atom, (b) atom designator
rens (ADR) for several atoms in a run, (¢) blank fields (except between the two entries of a ren), and
(d) anv combinations of (), (B), and (). Since up to 19 Format No. 1 continuations are possible per
mstruction, up to 70 runs can be made per instruction and an unlimited number of instructions can be

used. The ATOMS list, however, will onlyv accept the first 300 atoms.

Columns

1-3 Blank os 1 {depending on what follows)
3-9 40} or 411
10-18

. As described above

64-72

3.3.5.2 Instrucnons 312 ind 412, Sphete of Enclosure Add ind Sphere of Enclosusc Eliminate. —
These mastructions allow the user to build or modify the subject Ly specifying the contents (complete,
purtial, or vecior 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 1o the atom list except for positional duplications,
which are omitted. In the 312 instructions, all poinis in the spheres are climinaf~d from the atoms list
if they are present in that list. The instructions call subroutine SEARCH, and the instruction input de-
tails are identical 1o thoxe of instructions 101 and 102 (see 3.3.2.1) except for the instruction number.
In the moniior output, only the ATOMS list atom designator codes are printed and nut the coordinates
and interatomic distances. [f 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
search code cards of Format No. 2 are used, one of them must satisfy the intra-atom null vector for the
otigin atom in order (0 retain it.
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3.3.5.3 lastrwctions 403 and 313, Box of Encloswre Add and Box of Enlosure Eliministe. — These
instrections allow the user to build or modify the subject by specifying the contents (complete or partaal
but not vectos screened, see 3.1.7) of a box of enclosure abowt any addressadle point (or atom designator
v of addressable points). The three axes of the box are parallel to the three base vectors of the ref-
erence Cartesian system, and the semedimensions of the box are specified on the instruction card. If an
orientation of the box different from the standard otientation (see 3.1.8) is desiced, than 2 501 or 2 502
instrection, or both, should be used before this instruction to reorient the reference Cartesian system.
Aftet this instruction has been exicuted, the reference system can undergo further rectientation as d>-
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 ran includes the origin aiom number. Vector search codes
are aot 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
2’2 of the box and the following fields on the card are used to specify the other two semidimensions b 2
and ¢/2. One must use caution in choosiag the box dimensions so that the atom table does not overflow.

Columns
1-3 Blank
6-9 403 (or 413)
10-18 |
1927 } Origin ADR (see 3.3.2.1)
28-36
2_45 } Target ANR (see 3.3.2.1)

46-54 a/2 (R)
55-63 b2 (A)
64-72 </2(A)

3.3.5.3 Instructions 404 and $14, Triclinic ‘3ox of Enclosure Add ond Triclinic Box of Enclosuwre
Eliminate. — These instructions are siailar to instructions 403 and 413, except that the triclinic box of
enclosure is bounded by plunes perallel to the principel planes of the crystal lattice. The semidimensions
a/2, b/2, c/2 refes to fractionsl (triclinic) coordinetes. To specify the contents of the conventional uni:
eell, one would use a/2 = b/2 - c/2 - .S, and the Org. ADR would refer to a point in the input atom list at
172, 1/2, /2. rx

3.3.5.5 Instructions 405, 406, 415, 416; Convoluting Sphere of Enclosure Add, Reiterative Convolut-
ing Spheve of Enclosare Add, Convoluting Sphvere of Encloswe Eliminate, and Reiterative Convoluting
Sphere of Encloswe Eliminate. — These instructions are used in the seme menner ss instructions 105 and
106 (see 3.3.2.3). Their function is to add atoms to or eliminate stoms from the ATOMS table. A valid
origin atom must be placed in the ATOMS list with a 501, 402, 403, or 404 instruction before the present
instructions are used. All atoms in the ATOMS table which have atom numbers within the origin atom
number run (Org. ANR) of the instruction are used as origin points of convolution.
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An important use for the 405 instruction is to complete the coordination shells arcund metal atoms
without haviag to describe any of the atoms individuatly. Another use might be to obtsin a clester of
atoms ost to the nth neighbor when caly the distance to the first neighbor is knosm. This can be accom-
plished by usiag n consective 405 instrections with D max slightly more thaa the first neighbor distance.

Instrection 406 is useful for describing molecular compounds when an unfortusate choice of atoms for
the input ssymmetric unit does aot allow the molecule to be described by a ren. D mex must be chosen
juediciously so that the search does rot cross molecular boundaries.

The input format is identical to that described in 3.3.2.3, with the appropriate instrection numbes in
colamas 4-9.

3.3.5.6 Option for Exammning E-Map Results — Stereoscopic drawings are vseful for the
sapid screening of £ maps when direct methods are used for solviag crystal stactures. Firzt the
interpolated positions of the largest peaks in the Fourier synthesis E mep are punched on cavds di-
sectly by a Founer progras. Then OR TEP starts at a gives pesk (usually the largest) and does a
reiterative-sphere-of-enclosnre-edd instruction (406) to isolate » molecule if one is preseat. In order to
teminate the convolution procedure when extraseous - ‘bridgiag peaks’” link the molecules, s modifice-
tion was added to the 406 instraction which allows an atom (in any of its equivaleat positions) 0 be
entered in the ATOMS list only once. To invoke this feature, 2 type 1 continuation casd (3.3.1.2) with
a1 in column 18 is added 10 the 406 instruction. The 406 instruction operates nommally if the continua-
tion card is omitted (3.3.5.5;.

3.5.5.7 Instrnnction 320. Clear Atoms List. ~ This instruction clears the atoms list to zero. When the

program 1s first entered. the list 1s automatically set to zero.

3.3.6 Ovienting Instructions (500 Series). — This series of instructions orients the reference and work-
ing Cantesian systems (see 3.1.8). Each time the reference system s redefined with a S01 or rotated with
a 502, the working system is aotomatically made coincident with the reference system. The working sys-
tem can be displaced from the reference system by rotating about an axis of the seference system with a
503 instruction. The wosking system is always positioned by a2 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 oul. These vectors are based on the triclinic co-
ordinate system. The postfactos transformation matrix for convernting from triclinic coordinates to
Ca-tesiap coordinates is also printed out. The inverse transformation matsix mayv be formed by placing
the three base vectors together in row vector form.

3.3.6.1 Instruction 50§, Reference Cattesian System Assignment. — Any Cartesian coordinate system
is bused on three orthonomal base vectors and an origin point. The origin point in the mode] (ORGN) is
specified with an atom designatos code. The three orthonormal base vectors can be described by twe nov-
collinear vec'ors, and OR TEP provides the two following separate wchniques for performing this opera-

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

.

e ettt e it e a

it e et



Type A Type B
Base vector 1 (x axis) ™ .
Base vector 2 (v axis) o-v (vw-9)-w
Base vector 3 (7 axis) o-(w-v) o -V

The reference system x and v axes will parallel the plotter v and v axes, and the ongin point ORGN will
lie in the plane of the plotter. The viewer will be looking into the 2 axis vect.: of the coordinate svustem
from a distance VIEW in inches (see 3.3.4.1) directly above the origin point.

Columns
Primer Consront
1-3 - -
6-9 501 -
10-18 Origia (ADC) 000000
19-27 | 155501
Vectoe » (VDU)
28-36 165501
37-45 155501
Vectos v (VDC)
46-54 156501
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
orientalion desired with a series of totations of the model about the mference system axes. In genewal,
three rotations (e.g., those of an Eulerian system) are sufficient to achieve any orientation, but for cone
venience an unlimited aumber of rotations are permitted in the program. In addition, rotations of 120~
about the body diagonal of the reference Cantesian system are pemmitted (this is achieved by a cyclic
pemutation of reference base vectors).

Each operation requires two fields in the instruction card. For axial rotations, the fust fieid of each
peir will have the number 1, 2, or 3 to indicate rotation about the x, y, or z axes of the referen: system.
The second field will have the rotation angle in degrees for a right-handed rotation of the model sbout
the designated axis (i.e., » positive angle signifies a counterclockwise rotation of the structure niuh the
designated axis pointing toward the reader). The body diagonal rotation is designeted by either a (-- 1)
or a (~2) in the first field to indicate 2 120° or @ 240° right-handed 101ation about the body diagonel, «ad
the second field is blank. A (— 3) would rotate the structure completely around and thus not charge .ts
previous orientation.
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Colomas
Firse Coed
1-3 0 (or 1 if continwed on next card)
4-9 502
10-18 1.2.3,-1.-2
19-27 } S,
28-36 123.-1.-2
37 -4 ? o,
46-54 | 1.23.-1,-2
55-63 [ 5
64-72 1.23.-1,-2
Second Cord
10-18 &

If desired, eack rotation can be executed with a separate 502 mstuction card.

5.5.6.3 In~truction 503, Workmg Cowtessan Syatem RoAatton (Ste=voscopic Rotation,. — The wotking
{minos) Cantesien system is automatically made coincident with the reference syatem whenever the ref-
erence system is redefined with a 501 instruction or rotated with 2 502 iastruction. To define an onen-
tation of the working system which ix aot coincident with the reference system we use a 501 instrucnion,
which allows vne rotation about one sxis of the reference system. Actually any aumbet of successive
rotations can be made, bt the effect is not cumulative since the starting point for each ratation it
always the reference system. Body diagonal rotations are not pemmitted.

A 503 rotation normally precedes each member of 4 stereoncopic pair of plots. The rotation is about
axis 2 if the stcreo pair is to be viewed with the 1 uxis parslle] to the obsener’s interocular lire and
about axis 1 if the v axis is to be parallel to that line.

Ceolumns
1-3 -
4-9 503
10-18 1.2.3
19.27 .

3.3.6.4 Optimal Parame-ters tor Stereoscoprc Deawings. — Figure 3.1 shows @ germetnca! con-
1o 13

struction which muv be used 10 denve the pacameters vsed In making sterecscopic draw.nge.

The empirical parameters in common usage [(1) 30-1n. view distance, (b)) 8 t0 6 stereo rotation. und

195, T. Rule, J. Opt, Soc. Am. 28, 513 (1939).
VIB. G. Ssunders, Appl. Opt, 7, 1499(1968).
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11 a photographic reduction 1o achieve 2.2 20 2.3 1a. separation ol equitalent ponts: preduce quite
satisfactony results with » slighthy exaggerated impression of depth. Theoretically. the best
stervoscopec fidelity 15 obtasaer. by trunslation of the ongin rather than by stereo tation ot the
obrect. * ! however. the compan-.on of resulis gaven 1a Fig. 3.2 shows that the differences are 1n-
dred minor and nearly imposs:ble to detect. Sterev by traaslation of vrgin 1s achicrved with
tastruction N4, which ey be used 1 place of the W3 instruction, bowever. the S mstructions
should not be used when the ellipxoids huve intemal structor because the octents selected 1ot

shading =av 20t be the same on both sterev Views.

Colomas
1-3 Blaak
4-9 S04

10-18  Traaslation of orign along x axis of reference system (1)
19-27 Traaslation of ong:n along v axis of reference s stem (in.)
20-35 Tmaslation of osigin along 7 axis of reference system (1a.)

Fot the geueetnceal oaediticns gepicted in Fig. 11, the stercu-rotation instructions for the left and

nght eves,

503 2 2.45

and

503 2 -2.45,

are replaced by the stereo 'ransistion wstructioas
504 -1.28 0 0

and

504 2% 0 0.

respect;vely. If sdditional drawmngs are 10 be made, the ongn first skould be retumed to its onginal
position with the instruction
S04 -1.48 0 0.
n ovder 10 prevest confusion.

3.1.6.3 Insryctiog 33 Ongin of Centrord. ~ This iastruction finds the first moment (1 e..
centrond ot cater of geavity) of the atoms in the ATOMS list und mukes this point the ORIGIN of the
refereice snd working coordinate systems. A werghting svieme ond screemng may be applicd w0 the
etoms by using format No. 2 teasler cards i xee Table 3.1). I no trugler curds are uxed. all atom positions
are entered with ums? weights.

3.1.6.6 Inarruction ¥%. Ongan o1 Centroze and Incetinl Axis Coorcinnte Sz stem. ~ The ralculstion
described for instruction 505 13 performed. 1'1n the second moment matnx about the centro d 18 calcu-
iated. and the reference wnd working coordinate systems are set up slong the principal axes of this metnx.
This pnacipsl axis system of coordinutes 38 along the inertial axis of the confsguration of atoms n the
ATOMS list. The v axis 15 along the long axis of the configuration (1.¢.. the aimimum axis of nermia)
and the z axis is along the short axis of the configuration (1.e. the maximal axis of inertsa). The overlap
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Fig 3.2. Thwes Soavesscapic Drawings of & Honagens! Lamice with Diflerent Svesscepic Pasametsvs. The t0p and middis
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along the z-view direction it ofren minimized by this option. Furthemore, the x-y plune is the least-
squares best place for the stomic configuration. Format No. 2 triler cands may be used to supply weights
and screening (see Table 3.1).

3.3.6.7 Instrucrion 511. Overlap Elimination. ~ See Section 3.3.14.

3.3.7 Pesitioning end Scoling Instructions /600 Sevies). - These instructions are used to direct the
placement of the origin point ORGN (spccified by instruction 501) onto the duwing (dimensioned by in-
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 mode| will then be Janging in space above
and below the drawing board cosrecily positioned to be projected from the eye point described with 301.

3.3.7.1 Nommal Yodes of Positioning and Scaling. ~ Several normal modes of operation are available
to the user {or positioning and scaling the model. Instruction 601 requires the user to supply @ conplete
o’ oand scale (SCALI1). At the other extreme, instruction 604 auto-
matically sci .es und positions the model so thet the peripheral projected atom centers will touch two

explicit description of position (x



opposite borders and the peripheral atoms in the emnining dimensions will be centered on the drewing.
An intermediate mode is available through 602, which provides antomatic scaling after explicit posi-
ticning. In geaersl this allows only ore cdge of the model 10 touch a border. Fimally, instrection 603
requires aa explicit scale and does automstic centeting.

In general the 604 instruction is the essiest and safest cae 0 use, but situstions stise in which the
user should no? wiinquish contsol 10 the program. For example, if » big illustration is to be drawn piece-
wise on 2 small plotter, the user will have to maistain control over the scale, and probably over
positioning, so that the partial plots can be fitted together correctly.

A second scale factor SCAL2 is required in comection with the ellipsoid (or sphere) size. It is
a dimensionless scale factor mtio used to modify all ms displacement values before plotting equi-
probability ellipscids or spheres. A table of SCAL2 values vs probability is given in Sect. 5.2. The
primer constant for SCAL2 is 1.54, comesponding to SO% probability. If the instruction”s entry for
SCAL2 is 0 or blank, thea SCAL2 is sot modified by the instruction. The same statement also holds
for x, y . snd SCALL. Thet is, if the instrection entry is ze1o or blank for any of these, then the velue
of the constant in memory is not changed. This aeens that an 5, or y, cannot be entered as exactly
zew, so that if zew is wanted, a small nonze 0 number should be entered.

Columas (1)} 2 403 0 Primer Constont
1-3 - - - - -
4-9 601 602 603 604 -
10-18 Xy xq - - 8.5
19-27 Yo Yo - - S.5
28-36 SCAL1 - SCAL1 - 1.0
37-45 SCAL2 SCAL2 SCAL2 SCAL2 1.54

3.3.7.2 Incremental Nodes ol Positioning .md Scaling. — Additional flexibility is provided through the
incremental instructions 611, 612, and 613. These allow the user to *“‘nudgze’’ the mode] or modify the
scale factos (SCALR), or both, after the parameters have been initially set with a previous 600 series in-
struction. The 611 instruction adds \s_, A\y. to the previous x, y, position for the ORGN placement
and multiplies the existing SCAL1 by K (except if \K - 0, SCALI1 is wamodified). Instruction 612
increments the position and then does an automatic scaling; 613 first increments the scale (by mv'ti-
plying by \K) and then automatically repositions.

A conservative general approach is to follow 2 604 with 2 611 having \x, -0, \y, - Oand \K - 0.9.
This will simply reduce the scale 10% 30 that there is more space for labels, etc.



Columa N 612 41
1-3 - - -
4-9 611 612 613

10-18 xg AR -
19-27 N, vy, -
28-36 R 4 - K
3745 SCAL2 SCAL2 SCAL2

3.3.8 Atem Plotting lastvections (70D Series). — These instructions are concerned with drawing
various representations of the atom besed on the familiar ball-ead-stick moleculer model. The ball in
the genensl case is an ellipsoid representing 2 contour surface of equal probability density. Altema-
tively, when thermal motion is not being portrayed, the bell can be 2 sphere of arbitrary dimension.

The 700 series also has provision for labeling the atomic site with the corvesponding chemical symbol.
The instructions in this series draw the ““ATOMS list”” atoms which project onto the usable past of the
drawing area. Atoms found to be out of bownds are bypessed, and a Fault Message (NG - 10) is printed
on the monitor outpet. An atom is out of bownds sader the following comditions: (1) if its 2 coordinnte in
the scaled mference Cartesian system is greates tham ¥, the viewing distance, (2) if its center after pro-
jection falls outside the limiting bosndary of the drawing board, or (3, if the projected center is within

%, of the margin width (BRDR) of a limiting boundary.

An ellipsoid, for graphical purposes in OR TEP, is considered to be comjosed of ellipses and straight
lines. The ellipses are of two types, principal ellipses and bowndary ellipses. Relative to the viewpoint,
a principal ellipse is {usther subdivided into a front half and a back, or hidden, haif. There are three
principsl ellipses per ellipsoid, corresponding to the *heee principal planes. The bowadary ellipse ix the
edge of the ellipsoid as seen from the viewpont. The front and back halves of ;ke priacipal ellipses meet
st the bowndary ellipse. The straight-line segments of the OR TP ellipsoid are the forwaed principal
axes, reverse principel axes, and octant shading lines.

Figare 3.3 shows various combisations of thise elements. It is obvious thet certain of these com-
binstions are better representstions than others. Iastruction 701 generates the SA model of Fig 3.3,
instraction 702 generates 2A, and 703 produces 3B. Instraction 704 draws the boundary ellipse alone.

I{ on atom is entered as 2 sphere, the boundary will be circular before projection and slightly elliptical
after perspective projection. Instruction 705 allows the user to make up any representation fiom the
besic components.

Chemics! symbols up to six alphenameric characters in length are included with the inpat strectural
paremeters {or each stom. These symbols can be put onto the illestration with one 700 series or several
900 series instructions. The 700 series places the centes of the six-character {ield of each atom in the
seme position relative to the atom center; the 900 series allows the wser to position each symbol individ-
welly. The 700 series requires only three perameters as follows: (1) symbol height in inches, (2) parallel
(leftright) offset in inches, and (3) perpendicular (updown) offset in inches. The porameters refer to the
model before projection, and they will change slightly during perspective projection. The parallel and
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perpendicelar offset mfes to the exact center of the six-chamcter input (ield and sse selstive 10 the letier-
ing bese line set wp with the 302 theta rotation. A symbol beight of 0 or blank will couse the symbol-
dawiag routine 10 be bypossed.

In ovder 1o distingmish certain sioms. such ss those in diserdered positions. o 705'71S instraction
with NPLANKE : 4, NDOT - 3. 4. 5. or 6, XLIKE - 0, snd NDASH ~ 0 moy be used to prwduce dotted
boundaty ellipses to contrast with the nomal solid lise boundary ellipses. Ansther feature of the
795/715 mstruction is that if NPLANE -~ 0, and if the symbol gt is grontey thes zew, thew chamical
symbols slone are drawn on the atowic siles.



R is possible to vary the thickaess of the boundary ellipse line by making it 2 fuaction of 2, the
heigit of the atom from the dwwwing boned. This cption is nomelly esed with the 704 (bowndary only)
instraction but will wosk for any 700 instwection. Ewtries ace put in the A, 2nd A fickis of the in-
straction continstion cadl tp specify the coeflicients of

\R2) - A. ‘Az,

wheee

\R is the incveese ia mdial dimeasion to be added to the width of the single pen line,

A, is \Rfor on stom 2t z - 0, and

A, is the rate of increase in adial dimeusion with 2.

As sa example, assame that the stoms of the scaled model renge from 5 in. below to 5 in. sbove the
dsowing bosed sad the pen width is 0.2 mm (L0008 in.). I we want the clesest ellipse boundsrty to be
five times as wide as the farthest, thes \R(—-Sim.) 0, \R(S)-0.008 - (5 - 1) - 0.032 in.; thes
A, -0816in.2ad A -0.0032 in.

The progrom widens the line by sicpping tadislly in incvements of DISP, which is set by primer
constont to 0005 im. A 303 instruction can be wsed to change DISP if desived.

Selocted types of atoms from the ATOMS table can be dsawn witheut heviag to alter the contents of the
table. This is accomplished by using an stom-sumbet-run (ANR) code which includes the atom types thet
ave 10 be drown with » pusticules 700-sevies instruction. Tlis festwee is pasticulacly useful when two or
wose different representations sve woed such as for the cashen and hydrogen atoms in the cubsne example.
i no ANR is emtesed, thes all stoms in the table ace deawn.

The monitor ostpes for the 701 theough 05 instructions consists of the following:

1. ¥ plottes coordimates: the coordinates, in incher., for the projected atom center on the plot,
measured (rom the lower left-hand comes of the limiting boundary. This is the fixed plotter coondinate
system with origim point set by the plottes operator.

2. %5,z wotking Castesian coordimates: the coondinates, in inches, for the oriented and scaled
atomic model before projection. The s nd y axes paralie] the plotter x and y axes, and the origin of
the system is in the plane of the plotter at the point Xy¥, (e 3.3.7) in plotter coordinates. The poimt
ORGN of the scaled model is at this poiat (see 3.3.6.1).

3. v,z triclinic coordinates, in fractions of the unit-cell edges relative to the crysial sait-cell
origim.

4. Priscipel axes of thermo! motion, consisting of (2) priscipel valwes of root-mean-square dis-
placement and (b) direction cosine for principel vectorm relative to the working Cantesion system.

5. The atom designator code and chemical symbol for the atom.

Instractions 711 thecugh 715 ave identical to 701 through 705 except that (he 710 series suppresses
2l monitor outpet cxcept (awlt messages.
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3.3.8.1 Arom Plotting Instrwctions 701, 7092, 703, 704, and 711, 712, 713, 714 -

Colomns

1-3
4+-9

Firgs Card
1 (if boundery retracing or atom selection is desired; otherwise 0)
701, 702, 703. 708, 711, 712, 713, 714
Blank
Symbol height (in.)
Pasllel offset (in.)
Perpendicular offset (i)

Socend Covd (nonded enly for boundury retvecing or stum selection)

1-3
-9
10-18
19-27
2-3%
ve )

Blask
Blank
A, (in.) or blank
A, (in.) or blank

ANR or bisak

3.3.8.2 Arom Plotting Instrections 705 and 715. -

Colomns

1-3
4-9
10-18

19-27

Firse Cond
1 (if bowndary setraciag or stom selection is desined; otherwise 0)
705 o 715
NPLANE

= 0, no ellipsoid conpenents

= §, boundary ellipse enly

= 3, primcipel ellipses enly

= 4, boundosy + principel ellipses
NDOT (back side of principel ellipses)

<0, selid line bock side

= 0, bock side omitted

= 3, 4 dots on back side

= 4, § dots en boch side

= 5, 16 dots en bock side

= 6, 32 dots on beck side

NLINE (fesweed principel sxes and sheding)
= 0, no forwasd anes or sheding
=}, forwond principel snes only
= N, forwend axes + (N -~ 1) line shading

NDASH (deshed reverse principel ones)
= 0, no reverse oxes
= N, doshed reverse anes with N deshes

Symbol heigt (m.)
Perelle! offset (in.)
for symbols
Perpendicular offset (iu.)} *
Second Cord some os 701

S e e ——

B

s
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339 Bend Pletting lnstvactions (800 Series). — The bond plotiing iastructions are gouped into two
genesnl types, explicit and implicit, depending oa how the bonds ase specified. Explicit bonds require 2
wector desigmstos code (see 3.1.2) for each bond. lmplicit bonds make use of vector sesech codes (see
3.1.5) to fimd paiss of atoms from the ATOMS arsay set up by the 400 sevies instructions.

There am two types of bonds that can be dmwn, stick bonds sad line bonds. The live bond is 2
very crade, but sapid, method useful in dawing preliminacy illustsations. & is censtvacted by placing
centesed symbols (e.g., ¢+, x, ®, etc.) on the two atom sites and drawiag & single staight line between
them. Line bonds ase always specified implicitly (903, 813 instuctions).

The mose elabommte bond is the stick bond, which could slso be called a conical bead because of its
sccentaated perspective taper. ' ? Each end of the bond intersects eithes (1) an ellipsoid or (2) an envelop-
ing cone (tangent cone) which has its apex at the viewpuiat and is tangent to 2 ellipsoid. Jo gewrral.
the ellipsoid mtersection is automstically used if the axis of the bond mtersects the ellipsoid 3t a poimt
which is visible to the viewpoint. otherwise, the tangent cone intersection is used, so thet the bond ap-
prars %o terminate at the boundury of the ellipsoid. However, the user can specify that the ellipsoid in-
rersection always be med in ovier 1o mabe the sheleton type model (e.g.. 3B of Fig. 3.1) appe>+ even
move transparent. The radins of the stick bond and the number of lines which are use2 1o draw the bond
are specified by input pacometers.

Boaddistance labels can be daawn avtomstically with stick bonds, but sot with line bonds. The
bond-distance label aumbers are in Angstrom waits to one, two, or theee places past the decimal poimt.
The bond labels on the illusteation will have their bese limes panaliel to the stick bonds and will be
right side wp for the viewer. The height of the label in inches and the perpendicular offset distance
for the center of the label relstive to the center of the bond are pasameters to be specified by the user.
With the present primer constant for FORE, if the sine of the axgle between the bond and the mean view-
ing vector is prater than 0.5, the lettering is done in perspcta. ~ along the bond. When the sine of the
sagle is less thea 0.5, the perspective lettering would be excessively foreshortened: the lettening is
then made parsliel to the plane of the drawing with its bese line panallel 10 the projected bond. Dif-
ferent letteting beights and different perpendiczlar offset distances can be assi_ed to the perspective
and nonperspective bond-distance labels.

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

1. Bond type (for stick bond) is designated by an integer NBOND, where — 5~ NBOND = 5. The
segative integers denote ot both ends of the bonds terminate at the ellipsoids. The pesitive integers
denot™ bonds ending either 2t the ellipsoid or the tangent cone, as described previously in thix section.
An entry of zero dmws no bond. A magnitede of 1 for NBOND produces two linex, one for each bond
edge, 180" apent in the plane normal to the bond axis. Lines are drawn 90, 457, 22.5, or 11.25" apert
for NBOND magaitudes of 2, 3, 4, ot 5, mespectively. The bach side of the bond is not drawn. Repre-
sentative samples are shown in Fig 6.1.

"2The srcentuated taper may be cressed or decrvesed by chonging the value assigned te TAPER n SUB-
ROUTINE PRIME (see TAPER » sect. 4.8),
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2. The boad ndius (meen value for stick bomds) is in Angstrom enits. Valwes between 0.01 snd
0.06 A uswally give good results. Aoy positive value may be used as long as it is smaller thea the
scaled ellipsoid ninimun semidimension. The bond mdiss is sot chaaged by the ellipsoid scale factor
wstio SCAL2. The bond radins should not be made *‘ vemishingly small’” (e.g.. ¢ < 0.005 A) if the overlap
festure is wsed because aunerical rownding may cause wcorrect hidden-'ine elimination.

3. The heigit of porspective labels for bond distances is entered as zero if nn boad distances are
10 be labeled. Positive valees denote the lettering height in inches betose projection.

4. The pependiculsr offset for bond distance perspective labels (in incads) penains to offset of the
center of the distance label relative to the center of the bond.

5. The bright of regular labels for bond distances is entered as zero if no bond distances comrespond-
ing to foreshortened bonds are to be drawn. Positive values give the lettering beight in inches before
pcofection.

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

7. The significamt 2ig:is wmdicztne is -1, 0, or 1, denoting bond distance labels with one, two, or
three digits, respectively, 2ter he decimal picce.

The use of vector-sesrch-code (VSC) cards for the bond plotting instractions 802 and A3 has been ex-
tended 0 inclede a provision for drewing coosdinstion polyhedrs while suppressing the uawanted bonds.
In addition to describing the bond with ANR(A), ANR(B), and the D min to D max range, a condition can be
imposed to require that both atoms must be within a specified **polybedral distance range’’ of an atom in
tte ATOMS table which has an atom number satisfying a third atom number ran, ANR(P). This option is
bought into play by » negative number in columns 43 to 48 of the VSC card and is applicable to instrac-
tions 302, 803, 312, and 813.

Instructions 801, 802, and 803 differ from 811, 812, and 813 only in the monitos output listing. The
second group has no cutput except esrror 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 »ach bond. The interatomic bond distance in angstroms is also listed.

If an 2tom of a bonded pais is out of bounds, 2 fauit message (NG = 10) is printed on the monitor cutput.
If the bond is hidden and canaot be dawn, fault message NG - 14 is printed. Fault NG = 13 signifies
that an imeginary intersection was found with a bond wmdius larger than the ellipsoid semidimension.

3.3.9 I Instructions 80] and 811, Fxplicit Stick Bonds. — The bonds are described with two atom
designator codes for each bond. The atom designator codes go oa the 8301 card and on Formst No. 1
trailer cands (see Table 2.1 for format). The two atom designator codes for a bond musi be in adjacent
fields, but blank fields can be inserted between the differert bonds. Since there are seven fields availadle
per cand. it is a2 good idea to use anly two, four, or six of them so that the card sequence within the instruc-
tion (other than first and last cards) will be unimportant. In addition, a Format No. 2 treiler card is re-
quired with the fields specified under column 801 in Table 3.1 properly filled in.

3.1.9.2 Instructions 802 and 812. [mplicit Stick Bonds. — All parameters are input with Fomat No. 2
t2siler cards (see Table 3.1). The omiy entry on the instruction card is the instruction number and lvok
shead (2).
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3.3.9.3 Instrections U3 and 813, Implicit Line Boads. - All parameters are inputl with Format No. 2
triler cords (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).

The centered symbols drawn on the atomic sites by the 803: 813 instructions may be made larger or
smaller by redefining the SCAL 2 factor. which is controlled by the 600 sevies cf instmcnions (3.3.7).

3.3.9.4 Instructions 321 and 822, Overlsp Elimination. See Section3.3.14.

3.3.10 Label Plotting Instvuctions (900 Sesies). — The 900 series allows the user to plot general
titles wp to 72 chasacters in length, chemical symbols s 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 theee places after the decimal point. The 700 and 800 series instructions cam plot chemical
symbols aad bond leagth labels, but it is often desirable to position certain labels individually with the
900 series.

Genenal titles and bond length labels can be drawn either in perspective or parallel to the plane of
the dawing. Chemical symbols and centered symbols are always drawn parallel to the plotter plame.
Instructions 913 through 916 are for perspective lettering, and instractions 901 through 909 produce
regular lettering.

Two vectors, the upright vector and the base-line vector, are aeeded 1o describe a lettering plane.

In OR TEP the upright lettering vector is always paraliel to the plane of the drawing. For perspective
letteting the bese-line vector is a general vector in three dimensions. in the aonperspective case the
base-line vector is sither along the projection of a general vector or along the vector (in the plane of
the plotter) which is oriented with a 32 title rotation instraction (theta base line). If theta (set by 302)
is zer, then the theta bese-line vector is slong 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 eithes the position of atom A or the mean of two atom positions (atom A
and atom B). The atom A position is used il no atom designator exists in the atom B (ield of the in-
struction card. (2) A point P2 is found by (a) translating from Pl along the base-line vector for the
distance specified by parallel offsect, then (b) translating along the upsight vector by the perp=ricular
ofiset distance. (3) A point P3 is found by projecting P2 onto the plane of the plotter. () If the x
edge resel is >0, then x is reset to this value. If x edge resef is -. 0, x is reset to the positive x plot
boundary minus |x edge reserl. No resettling is done if x edgc reset is zero. The y paraweter is handicd

in the same manner with y edfe resel.
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The format for the entire 900 series is as foliows:

Columas

1-3 Blaak or 3 (or § 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 1 edge mset (in.)
7--45 y edge-reset (in.)

46-54 Lettering height (in.)

55-63 Panaliel offset (m.)

64-72 Perpendicular offset (in.)

Second Cerd (if needed)

1-3 Blank
-9 Blank

10-18 Centered symbol number (0-14)

3.3.10.1 Instruction %], — A noaperspective chemical symbol with theta base line is drawn using the
chemical symbol for atom A.

J.3.10.2 Instruction %12, — A acaperspective tithe with theta base iine is drawn. The title must be
entered with the instrections on a Format No. 3 trailer card. The title should be centered about columns
36-37 of that card.

3.3.10.3 Instractions 907 and 9i3. — A genesal vector title is deawn with nonperspective letteriag
for 903 aad perspective letteriag 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).

3.3.10.3. Inserections 904, 905, 906, 914, 915, and 916. — These are instractions for general-vector
bond-leng:h labels. The first three are for nonperspective letteriag with one, two, and theee places after
the decimal poimt; 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 ior centered symbols. With 908 the pen
is up while mwving to the position where the cewmed symbol is (0 be drawn, but with 909 rhe pen is leht
down. The centered symbol is one of the 15 {izied for the CalComp SIMBOL routine (the misspelling of
“*symbol”’ is intentional). The symbol sumber must be in the oage 0-14.

3.3.11 Seved Sequence lnstvuctions (1100 Sevies). - It is often desirable to repeat 2 sequence of in-
strections one nt more times with other instrections inserted between the repetitions. The 1100 series
allows the user (0 do this without the necessity of putting in deplicate sequences of instruction cards.
It is not an claborate looping device, but it does give additional flexibility to the system.

The theee instractions in this senes are to <tart the saved sequence (mstruction 1101), terminste the
saved sequence (instraction 1102), and execute the saved sequence (instruction 1103). All instrection



cords and their trailer cards between the 1101 and 1102 iastrections are executed and saved on 2 mag-
oetic scratch tape. A 1103 instrection rewinds this scratch tape and repeats all the instractions stored
there before another instruction is read from the monitor iaput. There ate no parameters to be eatered
with the 1100 series instractions.

3.3.12 Job Teminstion lastiructions (Negeative Sevies). - A (- 1) instruction terminates the job sad
exits via SUBROUTINE EXIT.

A (- 2) instruction reinitializes the whole program and starts over with aaother structure from the title
catd on. As maay strectures as desired may be run in sequence in this manner before exiting with 2 (- 1)
instrection. Note that the 201 mstrections should occur only once and should not be repeated for succeed-
ing jobs.

3.3.13 Supplementory instvuctisns (1200 Sevies). — These instrections stilize Subroutize SPARE.

3.3.13.1 Punching Cards with OR FLS Format. — Aa instrection 1201. which is implemented
in subwoutine SPARE, panches new position cards and lemperatarefactor cards with the fommat used by
the OR FLS least-rquares program. The mstmction is ssefsl for transfoammng 2 steactave %0 a diffevent
asymmetnic wnit and for saviag key atoms faom a complex ATOMS armay. First an ATOMS aray is gen-
erated by the 400 series of mstructions; thea positional parameter cards, taken fsom the input atoms
list, ave vead to define which stoms ace wanted and o supply infommation about the scatteriag factor
identifier and the multiplier. The pesameter cacds for 31l atoms in the ATOMS list which are crystal-
lographically equivaient to the ones read ase pmached out. The sequence of the perameter cavds wad
by this instrection seed 8ot correspond with the sequence of the original input atoms.

Colomns
1-3 Bleak
49 1201
10—-18 n (the number of positional parameter cands to be read: n position pazameter cards from the
original input atom deck must follow this instruction card.)

3.3.14 Overlep Comection lnstructions (511, 821, 822). ~ The hidden line Sorrect:on feature of
OR TEP-{l elininates most of the aanual touch-up tasks previously required to correct for overlapping
atoms and bonds. Drawings made with the overlap feature activated may require up to Iwo or three imes
the computing time needed for noncorrected drawings. consequently. it isoften more economical 1n
computes time to make the preliminary drawings without overlap cemrection. particularly 1f a large sumber
of atoms are present in the drawing.

To stilize the overlap feature an addional instruction. 511, is required. which is uswally accompanicld
by type 2 trailer cards identical to those used by the 302 or 812 instractions. The 511 iastruction
stores the projected atom boundary ellipses for all atoms in the ATOMS list. It ix important that the
contents of the ATOMS list. the scaling and positioming. and the viewing porameters (controlled by the
0. 600. and 00 series of instructions respectively) not be changed between the 511 nstruction and
the drawing of the atoms and bonds bv the 710 and 800 series of instruction; othermise, the projected
outlnes may be destroyed or may be inappropnate.
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The proyected bond cuthnes. approximated a< quedrazgles. also man be stored for the overlap cor-
rection either by wdding format No. 2 traler cards 1o the S1] 1nstruction or by using one =2 nore 822
structions (ncluding those fomat No. 2 traler cards; sfter the 511 mnsiructirn. The bords 1o be
stwred are speafred implicitly by the format No. 2 tramler cards. Exphia? boads 1150 mai D¢ stored by
using an 821 mstruction (sfter the 311 iastruction) mth patameters 1denticad to the 801 8§11 1astrucnons
to be- Gsed fors plotting the explicit bonds.

The poorected outhine iaformation for stoms wnd bonds £.51 be recalculated for coch member of &
stereo parr, conseguentiy the S11 wnd 822 or 822 instructions are ussaliv the first 1astructions wathin
the suved sequence. The oléd sierdap miormation 1s re=oved whenever a new W0 of 600 semes 1astruc-
fion 1S executed.

The naximer: nunber of projected ataxs aod prorected boads wkich can be stoced 15 00 wad 399
respectively. A list of the proyected atoms and bonds 1s gven 1n the pnnatout.

An 1mportaat ieature of the OF TEP-H scheme for correctng overlap 1s that all detals assde atoes
and boads. incledmg chem:cal scabols and boad-distance labels, w3ll be corrected for nverlap. however,
note that chemical svmbols (drawn ba the (00 senies instructions and Sond-distance labels :drawn I
the 800 senes structioas; which are outaigk- the atoms or bond boundan mas nuf b corre-ctoed for
overlap. The reason for this 1s thet the ““area overlap seasch step™™ does act suve prorected atoms or
bonds which do not coatact the provected atom of boad to be drawn. Labels :r symbols diawn stk the
900 senes mstroctons will not be corrected for overlap.
3.3.13.1 Ipstroction 311. Projected Outloe Stocage. — A coastant widtt overlap zorpin t1.0.. @
blask stnp at the mtersection of oveslapping clements) i1s mcluded 1n the dimensions of each prorected
atom ellipse nd prorected bond guadrangie. The midth of this oargin maw be specified as a pacameter
with the 311 mstmction 1f desired. othermse. the sarps 15 set by defamit 0 exther 0.025 inch or
{SCALL)® ° - 0.030 ach. whichever 1s largest. Some users prefer an overlap margn of 0.0 for

steseoscopic drawings.

Colomas
1-3 2 11f bonds are 10 be stored. otherwise O)
-9 511
Blank or 0 -~ oveslap margn defoult option descnbed above
10-18 1 for -1) ~ overlap margsn - 0.0

0 OVMRGN 1.0 - overlap mecgm OVMIGN (1a inches)

¥ colemn 313 2. format 0. 2 trasler cands ase included. In geweral oll the tniler cavds iacluded mith
the 302 812 mstructions are ssed

3.3.13.2 Instracrion 821. Explicit Bond Owtlin: Stovage. ~ If emplicit bonds are to be stomd for the
owerlap calculation. the attached asoms must be 18 the ATOMS lList even thosgh this 13 aot 2 reguiremen(
for the 801 811 astrections ssed for plotting the expliait bonds. See 3.3.9.] {lnstmsctions 303 sad 811)

and Table 3.1 for description of perameters.



3.5.104.5 lnntrection 822, implicit Bund Owtitae Storage. - Nomaily the 1nformation on impiscrt
bond outlines 13 stosed with the 511 cxrt Wnwever. if more than 10 Format No. 2 trmler cards are
needed the extra ones cas be entrred mith this nstruction. Asl puii= Mee= are entered with the Format
No. 2 umler cards (see Table 3.1). The only entryv on the mstruction cood 15 the 2 12 columa > w22 822
» columns 7-9.
3.4 List of Foolt ladicetens

Cenain etvors ase cheched for m OR TEP, and when one of these occwrs, aa error nessage. “FAULT
NG g ADC =™ s written on the monitor cutput tape. The sumber XU o cxplained below. The ADC and
= identify the atom code and (he instraction mvolved (if these are selevaat). If possible, correy tize meas-
wes are made by OR TEP aad the calculation proceeds; otheraise, the job is termmated b calling SUB-

ROUTISE EXIT.
Sobweotrae

"e lnvelved Foulr Action

| | PRELIM No sertinel found ofter reading ~ Trves to read putameters cands
48 symmetry cands

2 PRELIM %o sentmel found after seading  Toves to sead =7 *raction cards
the pacameter casds for 100
Shoms

3 PRELIM Asisotropic temperature factor EXIT after pruntiag out all oms
coefficients form 2 matrix prwcipal valees (imagnary
which is not positive definite omes are isted segative)

4 ATOM PAXES Symeetr; opesation nembes is Omat atom
higher thaa Yhe sember of in-
pat operations

5 ATOM._PAXES Atom number is highet thaa the  Omit atom
sember of input Atoms

6 EiGEN Nsll temperature factor matrix EXIT, after printing owt all
ot fajlese in bisection rostine pomncipal valwes

7 EIGEN Eigenvector woutine failure due  EXIT, after printing out all
to mull vectos pnn-ipal valees

9 MARS . SPARE Unidentified imstraction Omst faulty mstroction
wombes

10 BOND,F/00 Atom out of bounds Omit atom

11 FOO Ko vector search codes Omit imstrection

12 F600. SEARCH [Insuff:cient sember of atoms EXIT
m ATONS list

13 BOND Imagimary bond mtersecton Owmit boad
(s.e.. bond las ger tham
2tom)

14 BOND Hidden (end-on) bond Owmit bond

15 F900 Nell vertor ax base line Omint labei

16 STORE ATONS list is bl Omit all secceeding atoms
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4. COMPUTATIONAL PROCEDURES MOV THE PROGRAM YORKS)

Certain of the aumeencs] procedutes * uied i UR TE P are of « nsture scmevhat udfomibiar 2o mam
crntallogreplices. These axpects o outhaed for the benefit of the reeder who may wish to write a
stmilat progre= or modifv the present ome.

4.) Grephic-Computetions! Metheds

These v 2w techa:ques used 18 produc mg the graplucal details of the illustrations.

4.1.1 Drewing Ellipseids. — Figue 3.1 demonstirales the vasious ellipsoud gaphica!l sepresentastions
that Can be draxn aith OR TEP. The majoc components a the representations are the three principal
~ilhipues sad the boundan ioutline) ellipse. The anncipal ellipses hove s front haif and & back thrddeqd
hail. The entire boundany ellipse 1s visible.

An rilipxe v sppronimated by comecting a serwes of points on the =llipse wmith straght hine seg-
TRnls. PRt ot en -llipse having o general ortentaton 1a three dimensioas are computed; then cach of
these pevints s prorcted onto the drawiag board for plotting.

The hunic olpunithm ¢ fiading the ponts clong « pver general ellipse utilizes the propetties of
contugate diameters. Assame that we have the three prnaapal ans vectors V1. V2, V3 of the general
cllipsoid and « vector V4 from the center of the ellipsoid to the viewspomt. The vector VS normal to the

puler pieae isee Firg. 3.1 whose pole is the viewpomt. can be obtaiced from

VS- AV4 . CABRY
=here A 1S the aatax tor the ellipsord whch :s defined by

XTAR . 4. G112

where « s a constant.

The boundan ellipse 1s defined by two conjugate vectors, ome of which is amy vector Vé perpendicular
10 V5 .ad the second 1s V7. shere

V7I-V5.AY6. “.1.1.n

Tar assumptron made for this boundary ellipse denvatwon o that the view distance 1s large compaced o
the eilipsod size. Therefore, the bosadary ellipse defined above always lies on the Jiameirai polar plane
(see Fig. 4.1)

'Fov o treatment of the provec isse and amalstical grometry myolved. the followmne four books are rec ommended.
The fwst one 35 partacularly useful.

J. Headwmg. Narnix. Theorv tor Physicists. chop. 3, pp. B 106, L.mgmans,. Cveen 3nd Co.. Londorn. 1958,
C. E. Syvmgrer, Geonertry and Analvsis of Projex ive Spaces. Freeman and Co.. San Francisco, 193,
J. A. Todd. Progec rive snd Ansiviicol Geoaetry. Prtman Pub. Corp.. New York, 1946,

G. A. Kom and 7. W. Korn, Yathriwetircal Hondbook loc Scientinrs and Engmecrs. YicGraw-Hill Book Company
Few York. 1960,
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VECTOR NCIMAL TO POLAR PLANE —
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DIAMETRAL POLAR PLANE J PLANES

Fig. 4.1. Poler Plenes Formed by Tongent Cylinder ond Tongent Cone.

A principal ellipse which lies in the plane of the principal axis vectors V) and V2 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-V5.V3.

This vector divides the front and back (hidden) sides of the principal ellipse. A vector conjugate to V8

and in the principal plane containing V1 and V2 is V9, where

W=V3-<AV..

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 @ unit vector. Solving for s, we obtain

s =d/(ITADH) /2,

“.1.1.4)

(4.1.1.5)

(4.1.1.6)



A conjagate vector pan is expandad into an ellipse by sulwoutine RADIAL. Since an ellipse is
centrosymmetric, the wo conjugste vectors and their segatives give us four vectors whose end pomnts lie
on the ellipse. By performing a vector sem of two adjacent vectors and dividiag the resaltant vector
mshﬁ—.ncam-aﬂiﬁaﬂm. Aftes doing this for all adjacent puirs. we thes
have a 103l of cight vectors. This process can be repeated as masy times as desired except that the
scaling constant will be diffecent for each cycle. The constast is descsibed by

CONT (i) = 1201 + cos (—~2O1$F 2 . 2 cos (—2''Y)

where 1 is the cycle oumber.

This total process sy be thought of as taking a planar radial set of equally spaced snit vectors and
petforming 2 deformation and scaling on the space in which it is described. In geometsy this deformation
is called aa affise transfommation.

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

4.1.2 Ovowing Bends. — The mejor problem in drawing bonds is to obtain the intersection whee the
boad penetrates the ellipsoid. Three quadrics are used in subsoutine BOND to calculate bond intersection.
These three are the ellipsoid, the tangenat cylinder. and the tangent cone.

The ellipsoid is described in matrix soiation a3

XTAX -d, “.1.2.1)

wheve d is a constant and X is any vector from the center to the serface of the ellipsoid. The matrix A is
3 by 3 symmetrical with components a, G.y=1,23)
The elliptic cylinder tangent to the ellipsoid and with its axic along z is described by

XT8Xx-d, 4.1.2.0)
wheee
a,, ::J.Jl - "z.s".n 0
3 33
*1 ., -:_'..’,:’!.’. ., -1’;13.2 0 *.1.2.)
0 0 ]

ond d is the constant used in (4.1.2.1). The tangent cylinder is vsed when it is necessary to teTminsle
the bond st the boundary of the ellipsoid when & paraliel! grojection is used,

To find the intersection of a cylindrical bond along Yb with redius r with either the ellipsoid or the
tangent cylinder, we proceed 48 follows:

1. Porm e sedisl set of vectors Vv' of length r normel to Vb.



2. Tohe a wnit vector | pasaliel 0 Vb and It
l'. = 'c'. +sl, 4.1.2.9)
whese 3 is a constant to be determined. Sebstituting in (4.1.2.1) we 2btsin

sATAL . 2sVTAl . VTAW - d-0; «1.25)

selviag for s we got

L WAL JwTan —aTanwTav - o
ITal

- “1.29)

The elligtic cone which is tangent to the ellipsoid snd which hes its ages en the viewpeint can e
ohtained from the mawrix A sad fiem the vector Vo which extends from the conter of the ellipasid to the
viewpeoint. This is performed in the followiag steps:

L. The ellipsoid is tsansforned with & setation metsix to & sew Castesian fsame of reference which bes
the 2 axis slag the view vecier Ve
2. The tangent cone con now be described ss

Y7Cgv-o0. “.1.2.7)

where ¥ is 8 vector originsting fom the vertex (viewpoint) of the cone and

a . % 3%5 s Ks, ,
nty - ¥
l-a" K-c” l-a”
K»
€] o, .2fn , . fufu 12 . K- d(YeTVe). @129

""u K-s,, K-a,,

Ka,, Ka,, 33

K-a,, K-s,, K-a,,

3. The frame of reference is rotated back 10 its original orientation with 8 rotetion met:ix which is the
inverse of the one wed in step 1. Notwe that the origin is now on the viewpoint rather than the
ellipsoid center.

To find the leagsh, s, of 8 vector s | extending from amy point p inside the cone to the surface of the
cone we let

Y.V .sl 4.1.2.9
ond obtein from (4.1.2.7)

Vp.sNDTC(Vp.+sh).0,;



thes selviag for s we ablain
~¥Y’Ch. TeD - ar 7
.. wa JBTCn - aTCn (T CYy) «1210
iIrc
The vectes Vp from the vestex %0 p is fosmed by
Ypu-Vo. W,

whese Vs is any seaber of a radial set such as thet deacribed for the segniss elliposid intessection-

42 OR TEP Sehprgroms

The subpesgrams cas be gouped inte fowr fonctionsl categaries. The ~ can be called Noinstveon,
Sebgidiasies, Asithmetic, and Platting. The fisst dsee categesies ase codad i 8 FORTRAN dislect
which will conpile with cither FRN-7090 FORTRAN R o COC-16800A FORTRAK 63. The pletting
soutines ase gewesally diflesent Sor each machine configwstion snd ase wsuelly writien in & machine-
osiented symbslic linjnogs. In geuecsl, the standesd hisary pietting mutines svailable at aost computing
centers can be used with very mings medification.

4.2.) Meisstrosm Sebprogpoms. — The fisst thwee (PRIME, PRELIN, and MAIN) ave the general con-
trelling routines, and the remsindes sse osiented towasd pasticulas OR TEP instractions.

4.2.1.) PRIRE. - This restine “wimes the prograa” by imitisliziag als the **wimer parameters”™
includiag the magnetic tape logical suaber sssignwents.

4.2.0.2 PREL M. - All celculniisns concemed with processing (e.g.. priscipal axis transformetions)
and storing the input crystallographic pacameters sve perfosmed by PRELIN.

4.2.1.3 mAam. - HMAIN is the control ling routine which decodes the OR TEP iastructions. h cither
enecutes the commend disectly o calls the approgriste subsoutine which con enecute the instsuction.

4.2.1.4 F200. —~ This is the plotter **amsemeid routine’” which is contsolled theough the 20D series
mstsuctions. h sstisflies the whims and foncies of sny pesticulas plotting system control package.

4.2.1.3 P400. ~ This is the subsoutine that executes the 401 and 411 instrucilions.

4.2.1.6 F300. — This is the subrestine thet enecutes all SO0 series instouctions.

4.2.1.7 P§80. ~ This is the subsoutine that exscutes all 600 sevies instructions.

4.2.0.8 F700. ~ This is the ellipsoid plotting routine, which executes all 700 sevies instructions.

4.2.1.9 F000. —~ This is the subroutine that enecutes all 800 series instructions. Bonds to be drawm
ave found by F800, then dsown by subroutine BOND.

4.2.1.10 F£900. ~ This is the salvoutine that executes all 90D sevies instructions.

4.2.1.1% F1000. ~ This is » dummy subrontine which is celled by the presendy sonexisient 1000
sevies instnctions. This series can be coded by the user for any specis! puspose which mey dewlop.

4.2.1.12 SPARE(NJ). ~ Furthes expansion of the instruction list mey be done through this dummy
subroutine, which is called by sny NJ > 12. K] < isstrection/100.
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4.2.2 Sobsidiovy Solgrograms. — 4.2.2.1 ATOM(ADC.X), DINMENSION X(3). - This will find the
triclimic coosdiaates X for the atom described by the atom desigastor code ADC.

4.2.2.2 BOND (ABCI, ADC2, NB). - BOND is the boad plotting wutine to draw 2 boad, described
by Format No. 2 wailer casd nember NB, Letween atoms ADC1 and ADC2.

4.2-2.3 DRAVW (W DX DY NPEN), DINENSION W(3). - DRAY mtescomnects OR TEP and the plot
package. R also prevents the pen from cssing the bowadaries. ¥ the indicator [TILT ia common is
zevo. the aray ¥ contains x sad v in plotter coordinates. While perspective lettering is being plotted.
TTLT 4 0, and W contains x. ¥, z im Castesimn coordinates, whkich will be sotated and projected by
DRAY to form plotter 1.y coordimates. DX and DY ace added to the plotier x and y. respectively,
before the plot package is called. NPEN - 2 for pen down and 3 for pen wp.

4.2.2.4 EAPNT (ADC.WST). — This is the printout routine c slled when a Fault is found. The arge-
ments eatify the atom des: gaator code and the instraction involved in the Fanit. The fault indicatos.
NG. is ina common.

4.2.2.5 PAXES (ADCITYPE). — The covaniance (dispersion) matrix for the thermal ellipsoid or its
inverse matrix, which is the natrix of coefficients in the quadiatic form describing the ellipsoid, is stored
m common at @ for the atom ADC.

ITYPE - U for covanance matns

ITYPE - O for ellipsoid quadratic form matrix

ITYPE. - 1 besed on triclimic system

JTYPE: - 2 based on working Castesian system

ITYPE: - 3 based on reference Cantesian system

4.2.2.6 PLTXY (K. ¥Y), DINMENSION X(3).Y(2). ~ This calculates the plotter coordinates Y from the
umcaled Cartesian coordinates X. The distance to the closest boundary of the plot is pleced in common
at Jocation EDGE.

4.2.2.7 PROJ (0.DP.X_XO VIEW,11,12,13), DIMENSION D(3,129),0P(2,129),X(3),X0(3). — This routine
1s ased to obtain an array, DP, of plotter coordinates (rom a scaled amray, D, of points described in
Cartesian coordinates. X, XO, and VIEW are pacameters involved in the projection, and 11, 12, I3 are DO
loop pasrameters for indexing through the array.

4.2.2.8 RADIAL(ND). — Given two conjugate radius vectors of an ellipse in the array DA inr common,
RADIAL generstes 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 < S).

4.2.2.9 SEARCH. — Instructions 101, 102, 402, and 403 utilize this routine to conduct an exhaustive
(but educated) search to [ind 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 VI of common.

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

ITYPE - O: triclinic coordinates



ITYPE = | or 2: wosking Castesian system coordinates

ITYPE = 3: reference Cartesian systea coovrdinstes

4.2.2.12 LAPSSO. — This routine sorts the ATONS list, thea calculates the pwojected outline
ellipses for all Moms in the ATOMS list. The ellipses are stosed in the CONIC armay sloag with the
minima snd mazima in x and y for a rectangie enclosiag eoch ellipse.

4.2.2.13 LAP?00. — This nutine finds the atorrs which overiap a given atom to be drawn. The
routine first checks the bYownding rectangles for intersections, then forms the cubic discriminsat from the
quadratic descriptions of the two projection ellipses. The discrimisant provides a specificatioa for com-
plete overlap, partial overlap or no overlap. A list of wp 0 20 interfering ellipses is compiled.

4.2.2.14 LAPS0O. — This wstine is ssed in the *‘Projected Ostline Stocage Step’” to store the
projected quadiangies for the bonds specified by the tniler cards of the 511, §21, snd instroctions.
The mstine also is used in the ‘‘Ares—-Overlap Sesech Step’’ o find the projected boad quadraagies
which overisp 2 given bond to be drawn. A list coataining wp to thisty interfering quadrangles is compiled.

4.2.2.15 LAPAB. — This routine finds the bonds that overlap an atom to be drawn aad the atoms that
overlap a bond to be dawn_ It is used in the ‘“‘Area-Overlap Sesrch Step.”’

4.2.2.15 LAPDRW. — This rmutine checks esch line segment to be drawn for intersection with the
interfering ellipses and quadiangies and compiles a list of intersections. The iatersection list is sorted
according to distance along the line segment, and the intersection pattem s analyzed to determine which
subsegments are visible and which are hidden. The line subsegments are passed to the SCRIPE routine.

4.2.2.)7 SCRIBE. — This rcutine filters out the hidden line segments and passes the visible line
sepments to the DRAW routine.

4.2.3 Asithmetic Subprogroms. — 4.2.3.) Function ARCCOS (X). — This soutine computes 0, the
arc cosine of X in degrees; 0 < 9 < 180°.

4.2.3.2 AXEQB (A X, B.,N), DIMENSION A(3,3),X(3,3),8(3,3). —~ This outine solves the matrix
equation A X = B for X. The matrices B and X are (3,N) and A is slways (3,3). To invert A, make
8 an identily 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: Castesian system

ITYPE < 0: triclinic system

HTYPE] - 12 Ay - X Ay = (Xx Y Ay = X <(XxY)

UTYPE| = 2: Ay =X Ay = (X« V) x X; Ay =X x ¥

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

4.2.3.4 DIFV (X,Y,2), DIMFNSION X(3).Y(3),Z2(3). - This routine performs the vector subtraction
X-Y -Z. Z may have the same location as X or Y.

4.2.3.5 EIGEN (A, X,B), DIMENSION A(3,3),X(3),8(3,3). — EIGEN determines the three eigenvalues
X and the three column eigenvectors B of the matrix A. Iadeterminate 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 nm (A.8.C). DIMENSION A(3.3).8(3.3).C(3.3). — MMl perforas the matrix multiplacation
A S - C The location o C must be different from A and B.

4.2.3.7 AV (. X.Y), DIMENSION A(3.3),X({3).Y(3). — MV performs he matriz-vector multiplication
AX =Y. The location of ¥ ssst be different from A and X.

4.2.3.8 NORR (XY .ZITYPE), DisENSION X({3).Y(3).Z(3). - NORM stores at Z & vectors (mot
mecessaily a mait vector) perpendicular to both X and Y. The semse of Z is that of the vector
peoduct X « Y.

ITYPE >0 Cactesian system

ITYPE : & wiclinic system

4.2.3.9 TR (A.8.C), DIMENSION A(3.3),8(3.3),C(3,3). -~ THM performs the matrix smitiplication
(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). — Tue vector Y is made 1 A long aad parallel to
K. The vectors X and ¥ may have the seme location.

ITYPE > 0: Cartesian system

ITYFE < 0: triclinic system

4.2.3.17 Vv (X A.Y). DIMENSION X(3).A(3.3).Y(3). — VM pesforms the vectos-matrix multiplication
XTA - YT. The location of ¥ must be different from X and A

4.2.3.12 FUNCTION VMV (X_A.Y), DIMENSION X(3).A(3.3),Y(3). — VMV performs the vectosr-catrix-
vector suktiplication XTA Y . scalas.

4.2.3.13 FUNCTION Vv (X, Y), DIMENSION X{3) Y(3). — VV performs the vector-vector multiplication
XTY . scola.

4.2.4 Plotting Subprograms for the ColComp Plotter. — The plotting subroutines are taken from the
Library routines currently in use at Osk Ridge National Laboratocy with the CDC 1604A and the IBM 7090
computers. A CalComp model 580 Magretic Tape Plotting System is used. The three major rostines
required are derived from the CalComp subroutines PLOTS, SYMBOL. and NUMBER. The OR TEP
modifications »re called PLOTS, SIMBOL, and NUMBUR.

4.2.4.) Sebrowtine PLOTS. — This is an unmodified CalComp Libsaty routine with two entry points.

#) ENTRY —~ PLOTS (A, LENGTH, LTNO)

This is the initialization entry for the plotter package and should b» 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 10 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 t ape number of the plotier 1ape.
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In subsoutine F200 we have
DEMENSION PLA(1500)
and card F2000180 contains
+210 CALL PLOTS (PLA,1500, LTNO}"
for the CDC 1604-A o
‘210 CALL PLOTS (PLA(1500),1500,LTNO)”

for the IBIS 7090. The severse stocage of common in the [BM 7090 is the reason tor the difference.
LTNO is in common and was set to 23 by sebsostine PRIME.
As ORTEP 201 instrection disects the execution of this imitialization.

8) ENTRY - PLOT (XY IPEN)

This is the basic entry to convey data to the subroutine for plotting. To facilitate the substitution of
other plotting routines, ORTEP coatsias oaly cae instrection (casd DRAW0320 in subroutine DRAW) which
calls this exiry point. All the plotting isformation pesses thwough DRAY before going to the actual plotting
wutine PLOT.

X is the shscissa exprezsed in inches.
Y is the ordnate expressed in inches.
IPEN = 3, the pen will be Lifted prix to execution of the movement to the given (X, Y) position.

IPEN - 2, the pea will be lowered to the paper aad a2 straight line will be drawn from the ca-tent
(X.Y) to the givea (X Y) position.

IPEN = -3, the subvoutine will interpret this 2z 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 crigin is established for the
following plot (as ORTEP 202 iastruction executes this termination procedare).

This subsoutine keeps track of cusrent X and ¥ positions, and whether or not the pen is in contact with
the paper. K stores data it. the arvay A provided by the programmer and writes dut a recoid on the specified
tape each time the storags area is filled or aa 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 plats caa be done in any order,
regardiess of the order in which they were placed on tape.

4.2.4.2 Sebrowtn.e SIMBOL. — SIMBOL differs from the standard soutine 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. TheZ parameter is not used by SIMBOL but is transferred to another array that is
teferenced when SIMBOL calls DRAW.

2. The standard routine SYMBOL calis PLOT directly while SIMBOL calls DRAW which in turn
calls PLOT. when perspective labels are used, DRAW will pesform a three-dimensional rotation and a
projection of the grid pointx on which the letters are foimed, to obtain true perspective. The calling
sequence for DRAW is described n 4.2.2.3.
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Thete are two wses of submetine SIIBOL. The first wsie is for producing labels, and the secoand
is for plottmg oae of 15 special centered symbols.

1.

2

ENTRY - SIMPOL (X(1).X¢2),{.BCD.THETA.N). DINENSION X(3) (note N : 0)
X(1).X(2) ave the X and Y coordinstes of the bbwer lefi-hand edge of the first cheracter 10 be
drawn.

X(3) is the Z coordiaate. R is used only with perspective labeling.

H is the beight in inches of the chasacter to be drawn. The width of the character is equal o
% the beight and the character spacing is ¢, the height

BCL specifies the addeess of an aeray comtaining the BCD ~haracters w be plotted.

THETA s the angle in degrees by which the base iine of the characters is t» be sotated
cownterclochwise from the positive X axis.

N is an integer which specifies the aumber of characters in the awray BCD that ave t0 be drawn.

ENTRY - SIMBOL (X(1).X(2),H.NUM.THETA,L). DIMENSION X(3) (note L -: 0)
X(1).X(2) are the X and Y coosdinates of the center of the symbol.

H is the height of the symbol 1o be plotted.

NUM is aa integer such that 0 < NUM < 14 which determines which symbol is to be plotted.
A list of the invegers and the symbols generated is shown m Fig. 4.2.

THETA is the aagle of rotation as described previcusly.

L 2 ~1: the centered symbol will be plotted without a line beiag drawn from the previous (X.Y)
position.

L <~1: a straight line nill be drawn from Be previows (X,¥) position (o the given (X,Y) position.

4.2.4.3 Subreutine NUMBUR. —~ This is a subroutine 0 convert a mechine format sumber to its BCD
equivalent and plot it according to a specified format.

NUMBUR is different from the usnal subroutine NUMBER in thet it calls SINBOL rather then SYMBOL.

ENTRY — NUMBUR(X(1),X(2),H,A, THETA )

point.

X(1),X(2),H aasd THETA are described in Sect. 1 of the SINBOL routine
A is the address of the (loeting or fixed point number which is to be plotted.
N is the number of digits to the right of the decimal point. A(-1) value will suppress the decimal



n

0: > w - w4 ‘Smeas
| a / “ | o o [0
272 29§ el e«QB 1 O
33 =T w| e ( : A
s Yy Ay =M &« 3+
s =V N eE “ X
eb =®pW w(J e[ s O
1] a X wpP o e § 6 4
w8 Y s mH 7 X
n g n / s1 R n | 8 Z
12 (J 2 7 2 / n < s Y
13 = B g 3 $ 13 LI <
N Z | Sy X ™ ) 1 XK
15 < 5 - ss | ™ > R X
16 | 6 = 6 | % 7 13!
17 C 37 A 57 > o3 o K

Fip 4.2. Oherecters Aveilahis in 1604-A Symbel Reovtine.

4.3 Adspting OR TEP ve Oher Equipment Configavetions

Card images? for OR TEP will be provided to crystallographers and others who request that the program
be sent to them.

FORTRAN decks are available in IBM 360 FORTRAN IV and IBM 7090 FORTRAN IV The FORTRAN
subprograms are amanged alphabetically within the FORTRAN source decks. An exception is MAIN. which
1» first in each deck.

:1110 size of the ce~ deck (3000-6000 cards) is such 1that it is generally more economical 1o send the program on
magnetic tape. If conve nient, the user should send o blank magnetic tape 1o the suthor. Cand imeges will be written
on that tape in sn agreed upon format and the tepe retumed (o the sender.
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The naciuse language cebroutnes SIMBOL and NUMBUR ase modifications of the CalConp subson-
taes SYNBOL and NUMBER. Sel. mtine PLOT 13 an samochived CalComp sabsoutune also unties 12
nachine langeage. These there subsoutiaes ase copynghted by Califorma Computer Products. Inc. Sub-
xatines SBIBOL and NUMBUR foc THM 360, 1M 990 and CDC 1604-A can be dsinbuted faom ORNL..
Sebssutine PLOT whach 15 diffesent fos cack plottes mr; be citamard fox Calaforma Craputer Products.
lac.. 305 Nuller Averne. Asabem. Califomic iAttention: Programaeg Dept ).

Casds for the example figuse. cubane. wll be wncluded with the deck.

431 OR TEP Seerce Duck Diflorcaces fior the 1S 360 end the 1028 NPP. - The Listing of the
FORTRAK IV source deck for the [BM 360 1s gaven m Sect. 7. The length of the siagle-precision
flosting-point woed in the [BN 360 13 soch that the naximan sember of atoms wm the mput list canmot
be greoter than 166 becaase of U~ way the atom designators ase stored. This mast be tsken mto accoust
1t the duneasion statements of the program ase changed.

The :"owing changes ase made to modify the program for IBM 7090 FORTRAN V-

1. Remeve the “REAL"S CHEN" casd from the suhproppams whech use common.

2. Add the corvect HBSYS moniter contsel cavds including **SPOOL" and **SGROUP"™ casis to con-
SeTve MEmOty Space.

The followiag changes ase made to modify the program for IBN 7090 FORTRAN B:

1. Remove the **REAL S CHEN" rasds from the subprogems which vse common.

2. Add ““"LISTS” aad “*LABEL" casis befose cach sebpregam.

3. Replace card F200180 wath 210 CALL PLOTS (PLA(1580). 1500 LTNO).”

4. Chenge mput-sutput staiements and libsary fanction semes 5o corsespond with FORTRAN [T con-
vention.

4.3.2 Extermel Device Logical Nomber Assigaments. - Logical device sumber assigaments are made
in sebsoutine PRIME. Four canls ase involved in this initialization:

Begnetic Sy=belic Primer Lecotion
Vope Forcrion Nome Consron? in PRIE
&) Momitor Input | = S PRIN0220
5) Moaitor Outpwt NOUT N 6 PRINDU280
<) Scratch NSR = 8 PRIN0290
d) Plotting LTXD = 23 (PRENG250)*

4.3.3 Plower Systems Ober then the ColComp 5800. — In general, or.ly subrowtine PLOTS (with entries
PLOTS and PLOT) needs to be replaced when » differemt plotiing system is wsed. This rowtine is called
{rom only two locations, one in F200 and the other in DRAR. F200 will probably have © be rewritten, and

*Jn the presemt revision, LTNO also setves as 8 piotting device indicator and is mitislized (0 2ero o8
MAINO1I4S. For the mechenical plotter (CRT). LTNO is set to 15 (-99) ot F2000210 (7200250) by » 201 (203)
instrection.



the 200 semres msteuchoas nay have 0 be redefined and expanded © accommodate the cules of the ate
system.

Locstion DRAYI3D x subecoutine DRAY should also be modificd to call the sew line-drowing soutine
with the corsect acgument.

434 Competing Systeme Orher Then she 10N 360, 10M 7990, axd CDC 1604-A. — Busically, the OR
TEP system 15 designed 10 be ssed s ~ 32 h mesory. Consequently, OR TEP would have 10 be changed
coms:éetably to opesate i » much smailler memory.

The FORTRAX coding of OR TEP bas proven to be fasrly machine mmdependent. but as compilers
become aore sopiusticated sew problems costinmaliy appes:. For example. some comprlers rearrange
the segrence of opesalicas 10 obtaia more efficrent execnion and sometimes they “"cutsmart” themselves
ia the process. Certan of the 6000 serves CDC compilers occas:mally take an 1astroctior sech az 11
ATONS(I. J) 100000 uod make 15 icto TEMP 1. 100000 11 ATONS(1.J)"TEWP. The effect 1s
disastrous because the numencal rounding and 1rencaton prodece a3 iwcorrect integes I1.

If it becomes secessary 1o seplace ti: machine lsuguage ssbeoutines SBE0L and NUNBUR with
comgpletely different rostines, the statements calling these routines will siso weed to be modified.

SIMBOL. 15 called from BONDOGA6O, BONDOISO, F70L08S50. F96U12310, F90C) 340, and F9001470.

NUMBUR is called from BOND 2510 <ad F9001440.

435 Spece Reguirements with Overlep Feuture. - The averiap feature requires an additional block
of apgroxmmatelyv 15 K words of compater memory and wmil! cause ORTEP 1o exceed the miemoey of a 32 K
computer. For computers with a working storage under 45 K--60 K words, tke overlap feature man be
deleted by removing subroutines LAPS00, LAPT0G, LAPSOD. LAPDRS. LAPAB. aad LAPCON and

substituting dummy subroutines for the ficst four of these six subroutines.

4.4 Addition of Mew OR TEP lastructions

Occasions will anse when additwnal special purpos~ instructions would be useful. For exanyple.
pethaps acell outhine routine would be desirable. (Origmnaily. the 1000 series of instructions were
planned for diawing a parallelepiped defined b; four general veciws. However, this feature later
seemed somewhat redundant and was omitted, since crystal cell ouilines can be produced with judicious
usage of small dusmyy atoms and the 800 series nstructions.)

The subsoutine: F1000 and SPARE. are intended to be used for additional instructions. All 1000
series instructions call subroutine F1000, which is cusrently just a dummy routine. Instructions - 1200
call another dummy routine, sutroutine SPARE(N]). where NJ - instruction number 100,

All Arithmet:c subprograms (see 4.2.3) and many of the subsidiary su.aprograms (see 4.2.2) are
available for coding these Mainstiream subprograms (see 4.2.1).

T " \
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4.5 SGlossory of Symbels in OR YV E? Commes, with Awey Dimensions

AP
243 3)
AAREV 3. ™

AAERKG. D

AIDG3.3)
AlN(140)
ATORS( 508

BB(3 .3}
BROR
CD(8.10)
CHEN(100;
CONT(5}
D(3.130)
DAG.3)
DPi2.130)
DISP
EDGE

£V(3.100)
FORE

FS(3.3.48)

IN
ITILT

KD(5,10)
LATM
LTNO
NATOM
NCD

Drrect crystal cell pasameters. 3. b . €08 : cos [l cuos =, ;o820 10k

Wetne tensor g where g - @ "e.

Postfactur tz mshrrmelion matnx to convert covrdiaates toom treclamc to
the reference Cartesian system. AAREY - AL REFV.

Pomt {im=~¢ uamsformatioo satrix (o coavert coosdanates from trnclummc to
e workmg ~=tesan system. AAWRK - AA WRKY.

Memuty sanx
Amray contammg the mput practers of the cacrest OR TE P mstractson.

Columm | contasas stom desigmator 0w fox the toms which ace to be
mc laded 1 the scalmg, plattmg. boad 2.vs hang etc  The oteer three
colemns ave wsed for Temparany storage of cuse *.aates 1 any of several
coordmate systems

Reciprocal metric tensoe. 88 AA~°.

Border mdik m mcves exvendmg tawaed from plot bowmdary .

Part of vector seach code aray. Used o conunction with KD arw .
Chem:cal symbols for the 1aput sloms.

Comaznis used m subromtine RADIAL..

Away 1 which three~dmensional posats on aa ellipse are stored by RADIR..
Transaits conjugate vectors tc RAMAL- Also used for tempurary storage.
Antay n which rwo-dimensionsl pciats for eli;pse are stored after projection.
Drisplacement parameter for retracing.

Distaace m inches from a projected powst to the closest bounday.
Set i PLTXY.

Root-seca-square dizplacements for each prmcipal axis of each 1input aton.

Cosine of cutical angle between bond and Cartexran z axis vectors for
perspecuve bond distance labels. Al smaller asigles the labeis, pruducen
from subroutine BOND. are drawn without perspective {0 preven? cyressive
foreshortening.

Rotation matnices for 1apul symmetry operations bused on Inchinic sysiem.
Used with TS arvay.

Logic al number for monitor input magnetic tape.

Indicator used to signal subroutine DRAW. whether or not o do perspective
labeling ("*Tilted Titles™).

Part of vector search code array. Used in conjunction with CD.
Number of entries 1n ATOMS arra r.

Logic al tape number for magnetic plotting tape.

Number of input atoms .

Number of Format No. 2 trailsr cards for an instruction (vector search cndes).

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

ORGN(3)

™3.100)
PA(3.3.100)

PAC3S)

PAT(3.3)

(9 B3R

REF.33)

RESIY)

RUS(S)
SCALL
SCAL?

SCL
SYMB(3.D)
TAPER

5

FAULT INDICATOR (see 3.8)

Instrection sumbes/100.

Last two decimal dig’s of the mstruction sumber (mnstrection - NJ*100 - XJ2).
Logical ~wmber for monitor outpet magnetic tape.

Logical nembes for scratch magmetic tape.

Number of mput symmetsy operaton:.

Toclhmc coordiaates for the atom whech 15 the origin of the drawing (ie.. on
the optic amis for the projection).

Toxclhme positional coortinates for the mput atows .

Matnces fo: each 1apul atvm made up of three orthogonal column egenvectors
each 1 A long. based om the tnclinic sy stem (prncipal axis vectors).

A 3 . I many produced by subroutine PAXES and made up of three orthoro:xal

pnacipal anis column vectors. based on erther the wodang »r reference Cyrntesiarn

svstem. Columns 4 and 5 are used 1z scbevutine FT00 to duplicate coiuvzan,
1 and 2 for ease m mdexing.

A matnix prodoced by subroutne PAXES and ~omposed of three pemcipal axis
lemn vecturs cach | A long. ba<~d on the tncliaic svstem.

A matrix prodaced by subroatine PAXES. Contamns erther rthe dispersion matnx
ot 1ts mverse. based on either the wodking or reference Cartesian systems.

A matnix made up of three orthogona! column vectors, each 1 A long. based un
the tnchintc system. This is the base vector taplet for the reference
Cartesian cootdinate sy stem. The trancpose 1s the postfactor transformatica
matnx for convertng coordmates from the reference otthogonai system %o
the trchinic system. REFVT  AAREV-*.

Reguiates the resolution of the plotting of a gven ellipse as & function of the
longes! prmncipal axi5 v n the given ellipsord of the scaled model.

s Res(l) 128-point ellipse
Res(l) - v Res(Q) 6%-point ellipse
Res(2) - x “Res(d) 32-point elligse
Res(3) - x 16-point ellipse

Res{3) is not used.

The mms displacements along the puincipal axes 1n arrays PAC and PAT.
The scele of ti.c model in inches per angstrom before prozection.

The scale factos ratio which sets the ellipsind soale relative o SCALL.
1f SCAL2 - 1.54, then the instantaneous pos:tion of the atomic ¢c™ter
will b within the ellipsoid 5% of the time {507 probability ellipsoid).

SCL - SCALI! times SCAL2.
A wotation matrin based on the angle THETA which is set by instruction 302.

The exaggetated dond taper parameter. The fop and bottom ends of a bond
have 1adii: RADIUS - 1. ¢+ TAPER *T6 where T6 - coxine of angle between
bond and 7 axis of Cartesian system .

Note: (P) indicates ‘‘prime parameters.’’ whic b are initialized in subroutine PRIME.
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THETA
TITLEQ2)
TITLE2(12)
TS(3.48)
VIEW
VvT(3.4)

vVi4$}

V2(3),..... V&(3)
WRKV(3.3)

XLNG(3)
X0Q3)

XT(3)
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Angle in degrees between plotter x axis and lettering base-line vector.

Alphanumeric job tivse storage.

Alphanumeric information storage fos Form.at No. 3 trailer cand.

Translation vector for each input symmetry operation. Used with FS anay.

Viewing distance in inches.

Perspective title rotation matrix and translation vector. Alsv used for
tewporaty storage.

Array 0 transfer data to subroutine STORE. Also used for temporary
stotage.

Temporary stosage.
Same definition as for REFV except that this onc :s for working
Cartesian syst=m. WRKV7 - AAWRK"'.
Elemenis (1) and 2 are x and y pidt dimensions. Element (3) is not used.
Elements (1) and (2) denote e position in plottes coordinates (in inches)

where ORGN is placed. Element (3) is used to transfer Z coordinates to
subsoutine DRAW when perspective lettering is used.

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

Note: (P) indicates “’prime parameters,’’ which a;e nitialized in subroutine PRIME .
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S. MATHEMATIC: OF THERMAL-MOTION PROBABILITY ELLIPSOIDS

It is converient to develop the physical significance of the anisctropic temperature factor with the
notation and terminology of probability theory rather than with the more familias Fourier transform theory.
The results are, of course, identicai segardless of the tesminolog; used. The reason for this choice is
that the literature of mathematical statistics and probability theory is somewhat neater and easier to
follow. Thc texts by ¥ilks, ' Cramer, ? Miller, ° Hamilton, * and Lukacs and Lana® 2ad the handbooks by
Burington and May ¢ and Owen’ are found to be particularly useful.

5.1 Probobility Density Function (pdf) of ¢ Triveriete Norme! Diswibetien

Given three chance variables X , X, X, and S which is a region in Xl. X .. X, space. The prob-
ability A(S) that the pcint (X, X,. X)) fails in the region § is given by

P(S).—]{]qxl.x,.x,:-dx‘dxzdx,. .1.1)
If the integration is carried over a!] space, then
JTfAX X, XX dX ax ~1. 5.1.2)

The lunction &1 X . X:. X )is called the probatility density function (pdf) for the joint distribution of
K.,. X, X,. Using vector notation, we can designate the pdf as «(X).
When the distribution is the type said to be normai or Gaussian, the pdf is

[det (M~ 1)}* 2 . - -
AX) - ———(3—)_.—3—- exp !-‘Z(X - X)y'M- ‘(X -X). (5.1.3;

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

, ‘
2
a
7y T2 TPy
2
. " ~
M - 74720y, 7. P2
rap 00p ol /
173P1s 7302 3

The symbois n_f represent the second moments or variances about the mean position i The symbol~

0.0p, e the vorresponding covariances and p,, ore the correlation coefficients.

'S, S. Wilks, Muthematical Statistics, Wiley, New York, 1962.

’H. Cremer, Rondom Variables and Probability Disiributions, Cambridge University Press, London, 1662.

7. . Miller, Multidimensional Gewssian Distributions, Wiley, New York, 1964.

‘v. C. Hemilton, Statintics in Physical Science, Ronald, New Yk, 19064.

E. Lukacs and K. G. Lane, Applications of Charact tisi.c Functions, Hefner Publishirg Co., New York, 1964.

*R. 5. Burington and D. C. Mey, Handbook of Probabi‘ite and Statistics with Tables, Handbook Publishers,
Sandusky, Ohio, 1953,

’p. B. Owen, Handbook of Slatiatical Tabies, Addison-Wesley, Reading, Mass., 196,
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5.2 Equiprebebility Ellipseids

For a proper nomal distribution the quadratic form (X - i)"l" (X ~ X) is positive definite, and 2
principal axis transformation is possible which wiil make the croas correlation coefficients v, 0t #)).
This transformation is discussed in 5.4. The result of the transformation s the pdf

Y ¥ )= =03, (5.2.n
T2y 22 %a_ o o
¥ N ‘_, ),
where
P (r,-¥)° (=,-¥)) (5.2.2
ol al o
1 : s

The ¥y, are coordinate: dased on the Cartesian pnncipal axis system and n"', are the vanances along the
principal axes, 1 =1,2,3.

The nommal probability density tunction is constant for points on the ellipsoid () - T° where C is a
constant. The probability that a randum point (¥ ¥, ¥,)in the distrbution will fall inside the ellipsoid
is

R Y S SN .
P(C) = (2 =) ]; et (5.2.3)
This result is derived from (5.1.1), (5.2.1). and (5.2.2) by transform:ng to spherical coordinates.

When C = 1.538Z. P = 0.3 a~1 the corresponding ellipsoid is called the 50 probadility ellipsoid. A
:able of P vs C values is found on page 203 of Owen’s Handbook of Statistical T.bles.” For conven-
ience, that table is reproduced here as Tablr 5.1.

§.3 Cheracteristic Function (c.f.) of o Triverivte Norme) Distribution

The characteristic function 4% T) corresponding to a rivaniate distribution &(X) is the expected value

T
of ¢'T % namely,

T) - f'é(x)e"r’ dX . 6.3.1)

For the trivariate nomal pdf (5.1.3) the comesponding characteristic function is
NN =expliTTX - L TTMTI, (5.3.2)

where M is the variance-covariance dispersion matrix described in 5.1 and i is the center of mass of the
distribution.
The crystallographic structure factor -quation which incorporates general anisotropic temperature

factor coefficients is

Fby = L1 (b exp (20ih7X ) exp (-hT8 h) (5.3.3)
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Table 5.1. Criticel veluus for probebility eilipseids of @ 1miveriate nemal distribution”

— : e
P c | . P c :r P c
') H
0.01 0.3389 ﬁ 0.4 1.3842 ' 0.8 2.1824
0.02 04209 | 0.42 1.4013 0.82 2.2114
c.03 0.4951 0.43 1.4183 . 0.83 z.2416
0.04 0.5470 0.43 1.4354 b om 2.2730
0.0% 0.5032 0.45 1.4524 4 os 2.3659
0.06 0.6334 0.46 1.4695% ‘i .86 2.3408
0.07 0.6699 0.47 1.4866 0.87 2.3767
0.08 0.703$ 0.48 1.503° 0.88 2.4i53
0.00 0.7349 0.49 1.5200 0.89 2.4563
o.10 7644 0.50 1.5382 0.90 2.5003
0.1 0.7924 0.51 1.SSSS | o, 2.5478
6.12 0.8192 0.52 1.5720 0.9 2.5997
0.13 0.8447 0.53 1.590¢ 0.93 2.6571
0.14 0.8694 0.54 1.6080 : 0.94 2.716
o.s 0.8932 0.58 1.6257 0.95 2.7988
0.16 0.9162 0.56 1.6436 0.96 2.8829
0.17 0.0386 o.87 1.6616 0.9 2.9912
0.18 0.9608 0.58 1.6397 .96 3.1388
0.19 0.9818 0.59 1.6580 0.9 3.3082
0.20 1.0026 0.60 1.7168 0.991 3.4010
21 1.0230 0.61 1.7381 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
.24 1.08:1 0.64 1.7924 0.995 3.5830
0,28 1.1012 n.6s 1.8119 0.996 3.6402
0.26 1.1200 0.66 1.8318 0.997 3.7328
0.27 1.1386 0.67 1.8519 0.998 3.8465
.28 1.1570 0.68 1.8724 0.999 4.0331
0.20 1.1751 0.69 1.8032 0.9991 4.0607
0.30 1.1932 0.70 1.91e4 0.9592 4.0912
0.31 1.2110 0.71 1.9360 0.9993 4.1256
0.12 1.2288 0.7 1.9580 0.9994 4.1648
0.33 1.2464 0.73 1.9804 0.9998 4.2107
0.34 1.2638 0.74 2 0034 0.9996 4.2661
0.3¢ 1.2812 0.55 2.0269 0.9997 4.3368
0.36 1.2988 0.76 2.0810 0.9998 4.4338
0.37 1.3158 0.77 2.0787 0.9999 4.5943
0.38 1.3330 0.7 2.1012 0.99999 5.00%
0.39 1.350% 0.79 2.1274 0.999999 5.8376
0.40 1.3672 0.80 2.1544 0.9999999 5.950;

'Reproduc«l from Ref. 7 by permission of Addison-Wesley Publishing Company, Inc., Resding, Mess. The orig-
inal caption wes "’Criticel Values for the Spherical Normal Distribution.”’



where
h is a vector giving the Miller indices,
X_ is a vector giviag the fractional usit cell coordinates of the mh atom,
8, is the anisotropic temperature factor coefficient matrix, and
f.(b) is the atom form factor value for atom n.

If a change of variables T = 27h is made, ther (5.3.3) can be rewritten as

- 8
FO=Lf (Dexp (iT"X -, 77 sx T - (5.3.9)

The scaled anisotropic temperature factor matrix (1 '2=7)B is seen to be identical with the variance-
covariance dispersion xatrix M in (5.3.2).

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

(292 det (B-")) 2

G [—=3(X - X)TB-%X - X)I ; (5.3.5)
¢: 4
orif M~! = 2=78~" then
det (M~! ~ ”
AX) --—a()—————,-,—,—) exp [ - Y (X - X)TM=H(X - X)I, (5.2.6)
7

which is identical to (5.1.3).

5.4 Principel Axis Trensfermetion

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 er 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 v VY, for which the

inner vector product (7," yi) has a stationary value subject to the constraint
(v, M7'y) =1, i=1,2,3. (5.4.1)

For the general triclimic crystal system this means that the quadratic form yTG' ly has a stationary value

tubjected to the constraint

y'6 'MWy =1, (5.4.2)

'j. Waser, Acta Cryst. 8, 731 (1985).
’W. R. Busing and H. A. Levy, Acta Crysi. 11, 450 (1958).

'o,'). W. J. Cruickshank ef ol., p. 74 in Computing Methods end the Phase Problem in X-Ray Crystal Analysin,
ed. by R. Pepinsky, J. M. Robertson, snd J. C. speskman, Pergamon, New York, 1961.
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where G! is the metric tensor with components o;°a and e, -e, is the scalar vector product of two of the

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

lc-l __:_u~l],i-o (1=1.,2,3); (5.4.3)

premultiplying by M yields

[uc-'_.l.lly-o (i=123) (5.4.9
A f ’ i i

Or we can do some additional rearranging and obtain

(GM~'—ally, =0 (i=1,23). (5.4.5)

Equation (5.4.4) is equivalent to one of the results detived by Busing and Levy, except the A, 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).



ORNL DWG. 65-2448

Fig- 6.1. Chelation Pattern Viewed Along o Twofold Screw Axis in the Crystal Structure of Megnesium Cimare
Oecohydrote. Ellipsords represent equiprobability surfoces of thermal displocement cnd contain 65% of the prob-

abiliry distribution.

SAW e, p3-248)

Fig. 6.2. Thermal-Eillipsoid Representotion for Mognesium Citrete Decohydrate with Principol Volues of RMS
Displacement in Angstrom Units, Ellipsoids enclose 74% probability, Structure is viewed olong b axis.
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6.2 Stereescepic Drewings of Crystel Structures

6.2.1 Therme! Ellipsoids Derivad from Nevtron Studies. — Themal ellipsoids for hydrogen atoms can
be detived from neutron diffraction data. Some recent crystal structure results refined from three-dimen-
sional neutron data are shown here 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 Chloral Hydrate. — Figure 6.6 features two molecules ot chioral hydrate’ related by a center
of symmetry. The neighboring hydroxyl groups wiiich are involved in hydrogen bonding to the two mol-
ecules are also included,

6.2.1.2 Sugars. — A single molecule of sccrose® 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 hydmgen bonds are
drawn between the two moieties. Only one hydroxyl group in the molecule does not form a hydrogen bond;
this group has the abasomally lasge themal ellipsoid for hydrogen on the left side of the figure.

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

6.2.1.3 Lithium Sulphate Monohydrate. — The inorganic structure lithium sulphate monohydrate has
been refined with three-dimensional x-ray data by Larson® and with three zones of two-dimensional new-
tron data by Smith and Levy.® Figure 6.9 illustrates the characteristic atomic ammangement in tiat struc-
ture. The hydrogen thermal ellipsoids were taken from the neution 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 0. the structure.

6.2.1.4 Potassiom 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 TEF by R. D. Ellison and H. A. Levy.

6.2.2 Thermol Ellipseids Derived from X-Roy Studies. — The examples shown in this section were

taken fiom the literature and from the worh 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,1-8,9-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 nonpolar end of the chain.

*G. M. Brown and H. A. [ evy, Crvar. Struct. Conmun. 2, 107 (1973).

$G. M. Brown end H. A. Levy, Scrence 141, 921 (1963).

’G. M. Brown end 1. A. Levy, Science 147, 1038 (176%).

SA. C. Laraen, Acta Cryar, 18, 717 {19€5),

*3. G. Smith, 5. W. Peterson. and H. A. Levy, J. Chem. Phys. 48, 5561 (1968).
VOR. D. Fllison and H. A. Levy, Acia Cryst.. 19, 260 (165,

11G. A. Jeffrey and M. Ssx, Acia Cryst. 18, 1196 (1963).



Figure 6.12 illustrates the thermal s.2tion in the triglyceride beta-tricaprin. }? The two moleculcs
shown are related by a cemter of symmetry. Aguin 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 pattem ia bis<(3-amino-l-phenyl-2-butene-1-ono)-
Cu(I)'? is demoastrated 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 *‘halfl atoms’® at the upoer right is an approximation used in the least-squares refinement to
carrect fur either very large themal motion or disorder which occurs in that part of the cry stal structure.
The thers »1 parameters are somewhat questionable since the structure was not refined to convergence.
However, the stereogram does pemit the molecular configuration to be readily visualized.

6.2.2.4 Abnormal Motion in Ce(lil) Acetylaceionate. — Dr. Bruno Moros:n from Sandia Corporation
sent this most unusual example of thermal motion. Cr(Iff) acetylaceonate '3 has three acetylacetonate
ligands amranged to form an octahedral coordination of oxygens about the Cz 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 (hat
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 phenome.on
and not static disorder in the crystal.

6.2.3 Crystal Structure Packing Diegrams. — [t is often desirable to illustrate the way that molecuies
puck together in a crystal structure. Sometimes thermal motion can be interpseted 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-
stry of the crystal structure. Stereograms ave very useful for both applications.

6.2.3.1 Potassium Hydrogen Chloron.aleate. — 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 irregular
octahedron of cxygen atoms. The other is an irregular 14-hedron having six oxygen atoms and four chlo-
nne atoms at its vertices. Figure 6.18 is a different view of the packing with a larger area included.

6.2.3.2 Packing Di..grams 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 more planning is required to produce an informative illustration of an inorganic structure.

An approach which is fairly successful :s the following:

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

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

12,, J. Mabis and L. H. Jensen, Abstracts ACA Meciing, Brzeman, Montana, F-9 (1964) and L.. H. Jensen,
privete communicsiion, 1964.

3G, E. Gurr, Acta Crysr. B24, 1511 (1968) and private communication, 1964.
T4R. A. Alden, G. H. Stout, J. Kraut, and D. F. High, Acta Cryst. 17, 109 (1964),

l"B. Morosin, Acre Cryxt. 19, 131 (1€65) and B. Morosin, private communication, 1064,
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for this drawing may be such that the plot can be viewed directly with 2 stereoscope without photographic
reduction.

2. While viewing the preliminary stereogram, pick out the basic st:uctural 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, '* is an example of an illustration planned in this
way. This figure was drawn by J. . Bums at ORNL.

6.2.3.3 HNlustrations 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 2-monodeuteroglycolate, '’ is of this nature. The molecules were kept intact rather than
cwt 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 pr-sent

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

*®A. Zalkin, J. D. Forrester, D. H. Templeton, S. M. Williamson, and C. W. Koch, J. Am. Chem. Soc. 86, 3569
(1964).

17¢. K. Johnson, E. J. Gabe, M. R. isylos, and & A, Rose, J. Am. Chem. Soc. 87, 1802 (1965).
181 . Peuling. R. B. Corey, and H. R. Branson, Proc. Natl. Acad. Sci. U.S. 37, 235 (1951 .
194, Elliott and B. R. Malcolm, Proc. Roy. Soc. London A 249, 30 (1959).
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6. EXAMPLES OF ILLUSTRATIONS THAT HAVE BEEN PRODUCED WITH OR TEP

Most of the drawings reproduced bere 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 particulas, the lines of shading in the ellipsoid ‘“‘open octamt’’ are now always evealy spaced.

6.1 Nensterewscepic Drowings Showing Thermel Metion

The figuwres in this section have the viewpoint at infinity (paraliel projection).

6.1.1 Comparisen of Graphicei Representetions of Thermal Motion. — Figure 6.1 shows the chelation
pattern of two citrate molecules related by a twofold screw axis ia the crystal structure of magaesium
citrate decahydrate.! One molecule has ““transparent ellipsoids® and the other has ‘““opaque, plugged
ellipsoids.”” Bond types 1, 3, and 4 (sc= 3.3.9) are illustrated. Note that certain bonds teminate at the
ellipsoid boundary while others intersect the ellipsoid. These vanables are under the user’s control and
can be used to advantage for special effects.

Figure 6.2 is another drawing of magnesium citrate decabydrate with the ms magnitudes of displace-
ment aloag principal axes i.idicated around the equiprobability themal ellipsoids.

Figure 6.3 illustrates the same tigure 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 s component of d.splacement in the direction of the radius vector. The characteri stic
peanut shape of th:s fourth-degree suriace is most appaient for atom 0,

The therma! - llipsoid seems to be the preferred representation, and the present version >f OR TEP
will draw ellipsoids only.

6.1.2 Thermel Ellipsoids Derived from Independent Sets of Diffraction Dete. — 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 A 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 thesmal-motion figures are so similar, considering the limite{ number of data obtainable with
chromium radiation.

6.1.3 Thermal Metion in Melecules Not Reloted by Crystallegraphic Symmetry. — Myo-inositol ® has
two molecules in its crystallographic asymmetric unit. Figures 6.5(a) and 6.5(b) permit a comparison of
the two sets of thermal ellipsoids in identical molecular orientations. The hydsogen bonds to neighboring

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

'C. K. Johnson, Acta Crysr.. 18, 16038 (1965) .
zj. Weser, Acta Cryst. 8, 731 (1955).

JD. van der Helm, J. P. Glusker, C. K. Johnson, J. A. Minkin, N. E. Burow. and A. L. Patterson, A« fa C.yst .
B.24, 578 (178).

*L. N. Rabinowitz and J. Kraut, Acta Cryat. 17, 159 (1964).
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Fig- 6.3. Peonyt-Sheped RMS Thermol-Displacement Figure Representotion for Mognesivm Citrate Decchydrate.
Principel values of rms displacement in Angstrom unis are indiceted around the displocement figures, which ore
dvewn ot dovble scale, Some view of structure os shown in Fig, 6.2,
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Fig. 6.4. Poressivm Dihydrogen Isocitrate with Thermal Ellipsoids Scoled 1o Include 74% Probobility. (a)
Resuits obtoined from 1350 three-dimensionel copper K doto (disagreament facter 6.5%). (b) Resulits obtoined from
340 three-dimensional chromium K deto (disagreemant factor 2.2%). Note: This is nof e stereo pair.
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Fig. 6.5. Comparison of Thermal Ellipsoids in the Two Crystollogrophicolly Independent Molecules of Myo-
lnositel (6.5 and 6.5b). H,d-ogen bonding is shown, since this might influence the thermal motion. Eilipsoids are
scaled ro include 74% probobility. Note: This 1s nof a stereo pair.
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Fig. 6.6. Sterecgram (Srereoscopic Pair of Perspective Projections) of Chlorol Mydrote Viewed Aleng the
Reciprocol Axis #°. Two molecules ore shown related by a center of symmetry, with the hydrogen bonds connecting
tham together end to other molecules, Ellipsoids are scoled 10 include 48% probability.
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Fig 6.7. Sterrogrom Showing the Sucrose Molecule with Thermal Ellipsoids Scaled 0 Enclose 50% Prebebilivy.

Fig. 6.8. A Molecule of Glycose with Thermo! Ellipsoids Scoled to Enclose 50% Probabilivy.



Fig. 6.9. Lithium Suighote Munchysrore. The lithium rons end sulphete jons are coerdineted nte ¢ compect
nerwerk. The sirucrure is viewed slong the reciprocel 2° w.ais, The ellipse ds ere scaind 10 enclose 20% probobility.
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Fig 6.10. Poressivm MHydrogen Chisranslieste. The chlsrsmeleote ion is viewed normel te 173 ewn plone. The
therme! ellipseids enclose 50% probebility.
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Fig. 6.12. Twe Melecvies of Beve-Tricaprin Related by o Conter of Symmetry. The rhermel ellipseids ore
scoled t0 include 30% probediliry,
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Fig. 6.13. Chelovien Complez of Bis-{3-amine-lghonyl-2botane-l-ene)}Culll) with Therme! Ellipseids Scoled
vo Include 30% Prabebilivy.
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Pig. 6.14. A Melecwle of the Plont Pignent Nurungenin with Thermel Ellipseids Scoled ro Include 8% Prob-
obiliry,



Fig. 6.15. A Unit of Tns-ecetyloceranstochrenivn(il) Viewsd Alen) its Tiwoslold Asis of Chemical Symmery.

The rhevma! ellipseids ere tceled ro enclose 0% probebility.
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Fig. 6.16. Poching Disgrams for Tris-acetylocetonstochromiom({iV) Viewed Along the Reciprocel Axis c°.

Therme! ollipseids gre scolod ro enclose 20% probebiliry.
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Fig. 6.17. Poching of Chisvemeioste lons Avesnd e Potussion lons in Potession Wydrogen Chlgsumslvste.

The edges of the cosrdinstion polphedre ere shown. View
» ssvein SOR prebabikivy.
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Pig 6.10. Poching Diegrums for Porevsiom Nydrogon Chisromsioste. Awme e represented oo smell circles.
The odges of the coordinorion polyhedve evound the poressivm iens ove shown. View is neerly cleng he & ewis.
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Fip 6.10. Poching Diogram for Porsssion Purnenste Bligdrase, iyswwuting the Mevwack of Nighly Nydvared
Pomssion lons Swwovnding Ponmete lme. Thr view is pwellel to the & evis. Anevher loyer, releved v the
present one by ¢ rwolold screw enis oleng o, is aseded 0 complere the sorucivre.

Fig. 6.20. A Srevesgrom Showing the Unit-Cel) Contents of Anhydrows Li ibmenedevieregiycoliore. The wnique
moneclinic b exis points vp in the pege end the meen ¢ exis oul from the pege.
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Fig. 6.21. A Srersescepic Poir of Perspective Pre-
jections Showing the Alphe-Helix Which Is Present in
Poly-L:Alenine. There ore 47 emino-scid 1esidues in
13 rurn: of the helix. Sterco viewing is accomplished by
plecing o sheet of cordboord between the helices.
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