213. ORTEP INPUT3.1 DEFINITIONSSeveral terms must be defined before the instructions can be explained.3.1.1 Atom Designator Code (ADC) and Addressable PointA five-component atom designator code is used to specify a particular atom in the crystalwithin a reasonable distance from the crystallographically defined origin.ADC = AN*105 + (TA + 5)*104 + (TB + 5)*103 + (TC + 5)*102 + SN ,whereAN = atom number (0 £ AN £ NATOM £ 500) — the numerical position of the atom inthe input list of atoms in the asymmetric unit, which contains NATOM atoms.Atom 0 is not in the input atom list but refers to the crystal origin point (0.,0.,0.).TA,TB,TC = crystal lattice translation digits — translations along cell edges a, b, and c,respectively. Each digit in an ADC can range from 1 to 9; consequently, it is pos-sible to move up to 4 cells in any direction from the origin cell 555.SN = symmetry operator number (0 £ SN £ NSYM £ 96) — the numerical position of thesymmetry operator in the input list of symmetry operators, which containsNSYM entries. Symmetry operator number 0 is not in the input list but refers toan identity operator. However, the identity operation (corresponding to positionx, y, z) generally must be somewhere in the input symmetry operator list and isusually the first operator.Example: An atom designator code of 347502 refers to atom 3 moved throughsymmetry operation 2, then translated -1 cell translation along a, +2 cell transla-tions along b, and 0 cell translations along c.An addressable point in the crystal is any point for which an atom designator code exists.In general, the addressable region is approximately a 9 · 9 · 9 block of unit cells.3.1.2 Vector Designator Code (VDC)A vector designator code defines a vector using two atom designator codes. The vectordirection is from the first to the second.Example: 253704 263704 is a vector along the positive a direction of the crystallattice.3.1.3 Atom Designator Run (ADR)An atom designator run is a straight run sequence of atoms that is defined using twoatom designator codes with a �-� preceding the second of the two. The run hierarchy is: first,atom number AN; second, symmetry operator number SN; third, a translation TA; fourth, b trans-lation TB; and last, c translation TC.

22Example: ADR (145502-245603) will generate the 8-atom run 145502, 245502,145503, 245503, 145602, 245602, 145603, 245603.The following exceptions are allowed in Org. ADRs of instructions 101, 102, 402/412, 403/413,and 404/414 only:¥The �-� may be omitted from the second ADC.¥If the second atom in the atom designator run has the same symmetry and translationcomponents as the first atom, the second atom may be represented by its atom numbercomponent alone.¥If the symmetry and translation components of both atoms are 55501, both atoms maybe represented by their atom number components alone.Example: ADR (345502-745502) may also be represented as (345502 745502) or(345502 7). ADR (355501-755501) may also be represented as (355501 755501)or (355501 7) or (3 7).3.1.4 Atom Number Run (ANR)An atom number run is a subset of the atom designator run in which only the atom num-ber AN changes. Normally, an ANR is entered by using only the atom number values for the firstand last members of the sequence without a �-�.Example: (1 4) will designate atoms 1, 2, 3, and 4 of the input list.3.1.5 Vector Search Code (VSC)A vector search code consists of two number runs and a distance range. It is used forfinding interatomic distances that have a particular chemical significance, such as covalent andcoordination bonds.Example: Suppose that metal atoms are numbers 1 and 2 in the atom list, oxygenatoms are 6-12, and the interatomic distance range between metals and oxygensis 1.9 � to 2.4 �. The metal-to-oxygen vectors can be specified by the vectorsearch code (1 2) (6 12) (1.9 2.4). Several variations of this basic code are used inORTEP.The vector searches in ORTEP-III for the 100 instructions and 400 instructions have beengeneralized to allow both atom number runs and feature number runs (see 3.1.11) with the num-ber run type (see 3.1.12) specified in column 24. In addition, it is no longer necessary to specifyall three screening ranges found on this card (i.e., origin, target, and distance range). Any rangesnot specified (i.e., zero or blank in the maximum value entry) are omitted from the screening. Ifthere is more than one vector search card for an instruction, the parameter LOGC controls thelogic of the screening. If the value is �0� (the default), an atom satisfying the screening conditionson any one of the No. 2 trailer cards will be retained (i.e., it is a logical union of the results). If thevalue is �1�, an atom must satisfy the screening conditions on all the cards to be retained (i.e., it isan intersection of the results). If a value of �1� is needed for LOGC, a �1� is placed in column 27of a Format No. 1 trailer card that goes between the main instruction card and the Format No. 2VSC cards. If the value for LOGC is �0�, the Format No. 1 card is not needed.

233.1.6 Sphere of EnclosureA sphere of enclosure specifies some or all of the atoms lying within a sphere of radiusDmax about a given �origin� atom without the necessity of delineating each atom individually.The sphere of enclosure is said to contain a complete population if all addressable atoms withinthe Dmax radius are included. If the sphere of enclosure contains only certain types of atoms thatare derived from a group of sequential atoms in the input list or atoms having particular features,then the sphere is said to have a partial population. Finally, the population (complete or partial)of the sphere of enclosure can be screened as selectively as desired through the use of vectorsearch codes (see 3.1.5), and the resulting content is called a vector screened population.A sphere of enclosure can be centered on any addressable atom, but the origin atomshould not be chosen in the outermost cells because of the possibility of having nonaddressablepoints within the Dmax radius.3.1.7 Box of EnclosureA box of enclosure is a parallelepiped that can be centered about any addressable pointand assigned arbitrary orientation and dimensions. The orientation depends upon either the unitcell axes (triclinic box of enclosure) or the reference axes (rectangular box of enclosure). The boxof enclosure can have a complete population, a partial population, or a vector screened popula-tion as described for the sphere of enclosure (see 3.1.6).3.1.8 Reference, Working, and Standard Cartesian Coordinate SystemsMany of the ORTEP calculations use fractional coordinates based on the crystal axes a,b, and c (triclinic coordinate system); but other steps necessitate the introduction of orthonormalbase vector triplets (Cartesian coordinate systems). Two Cartesian systems�reference and work-ing�are utilized. The reference (major) system is used for all operations except plotting, wherethe working (minor) system is used. For a right-eye or left-eye stereo view, the working system ismoved from the reference system by rotation about an axis of the reference system. However,certain decisions made while plotting must still be referred to the reference system to maintainaccurate stereopsis. The user can define and orient the two Cartesian systems through the series500 instructions. Until a 500-series instruction is given, a �standard Cartesian system� is utilizedfor both the reference and working systems. The orthonormal base vectors of the standard systemare oriented as follows:x axis along a,y axis along (a · b) · a,z axis along (a · b) = c*,where a, b, and c are crystal axes and · denotes the outer vector product (cross product). Thesymbol c* refers to a reciprocal axis.3.1.9 Prime Parameters and Primer ConstantsThe more basic among the many settable parameters in ORTEP are the prime parame-ters. The default values assigned to these prime parameters are often similar or identical from oneproblem to the next. Among the first things ORTEP does is a call to subroutine PRIME, whichsets as many prime parameters as possible to reasonable default primer constant values. For

24example, the maximum plot dimensions (instruction 301) are set to 10.5 in. for xmax and 8.0 in.for ymax, and the overall scale for plotting (instruction 600 series) is set to 1.0 in./�. If the valueassigned to a particular constant by the PRIME subroutine is satisfactory, the user does not haveto change the value with ORTEP instructions.3.1.10 Atom FeatureAn atom feature is a user-defined characteristic of a group of atoms that may be assignedto the atoms in the ORTEP input as needed for a given task. For example, the atomic number maybe provided with each atom to make selecting atoms of the same element easier. Up to two fea-tures may be assigned to each atom. These are referred to as Feature #1 and Feature #2. (See 4.6.)3.1.11 Feature Number Run (FNR)A feature number run is used to identify those atoms having a particular atom featurewithin a specified value range.3.1.12 Number Run (NR) and Number Run TypeA number run is a generic term that refers to both atom number runs (ANR) (see 3.1.4)and feature number runs (FNR) (see 3.1.11). The number run type identifies the number run.Number run type 0 refers to an ANR, type 1 refers to an FNR on Feature #1, and type 2 refers toan FNR on Feature #2.3.2 CRYSTAL STRUCTURE DATA INPUT3.2.1 TitleThe first card in the ORTEP input is a title card with FORMAT (18A4), consisting of upto 72 characters of alphanumeric identification information. This will appear periodically in theoutput file.3.2.2 Cell ParametersThe second input card contains the cell parameters with FORMAT (I1,F8.6,5F9.6). Anyone of the following four input alternatives may be used.Columns

Type A

Type B

Type C

Type D

1Symmetryformat indicatorSymmetryformat indicatorSymmetryformat indicatorSymmetryformat indicator2-9a (�)a (�)a* (�-1)a* (�-1)10-18b (�)b (�)b* (�-1)b* (�-1)19-27c (�)c (�)c* (�-1)c* (�-1)28-36a (ß)cos aa* (ß)cos a*37-45b (ß)cos bb* (ß)cos b*46-54g (ß)cos gg* (ß)cos g*

25No indicator is needed to specify the input type. The routine assumes that a ‡ 1.0 �, a* < 1.0 �-1,a (or a*) ‡ 1.0�, and |cos a| (or |cos a*|) < 1.0. The parameters a*, etc., refer to the reciprocalunit cell such that aÆa* = 1. All four types will be printed in the output regardless of which typewas used for input.An integer value in column 1 of the cell parameter card indicates the format used for thecrystal symmetry cards that follow.3.2.3 SymmetryCrystal symmetry in ORTEP-III may be supplied in either of two styles. The first of theseis identical to that of OR TEP-II2 and is triggered by having a �0� or blank in column 1 of the cellparameter card. A �1� in that position indicates the symmetry operators are provided in a freeformat using the xyz coordinate triplet notation found in the International Tables for Crystallogra-phy.4 These two styles are referred to as Type 0 and Type 1, respectively. The number of symmetry cards (NSYM) may not exceed 96. At least one (the identityoperator) is required. The reason for the maximum of 96 is that the symmetry operator number(SN) occupies only two places in the ADC (see Sect. 3.1.1). If it is not possible to supply all thesymmetry operators for the space group (or if the user chooses not to supply all of them), eachunique atom in the ORTEP input file will require multiple entries with those lattice centeringtranslations added that are not provided in the symmetry cards. (See 7.5 for an example.)A Type 0 symmetry card has FORMAT (I1,F14.10,3F3.0,2(F15.10,3F3.0)) and will beinterpreted in one of two ways, depending on the value of the number in columns 70-72. If thatnumber is < 5.0, the card is interpreted as a crystallographic symmetry operation; but if the num-ber is ‡ 5.0, the card is interpreted as a general helix-screw symmetry operation� along the c*crystal axis (third axis of the standard Cartesian system; see 3.1.8). The two symmetry types canbe intermixed if desired.

�The general helix-screw symmetry operation is not an allowed element of a crystallo-graphic group, so the molecular environment of the transformed unit will not in general beidentical to that of the untransformed unit (unless the crystal is considered to be one dimensional).This input is simply an expedient for use in plotting helical polymer structure models withminimum input. In general, it would be possible to produce the same results by specifying thecomplete crystallographic asymmetric unit and normal crystallographic symmetry transforma-tions.This input mode is only meaningful if the cell angles a and b are 90�, so that c lies alongc* and the helix can continue uninterrupted from cell to cell along the c axis.

26(a) Crystallographic symmetry(b) Helix symmetryColumns

(70-72 < 5)

(70-72 ‡ 5)

1„ 0 last card only„ 0 last card only2-15T1T116-18S11�19-21S12�22-24S13�25-39T2T240-42S21�43-45S22�46-48S23�49-63T3T364-66S31L67-69S32M70-72S33N(a) Crystallographic symmetry: Transformed triclinic coordinates (Xl,Yl,Zl) are obtainedfrom input triclinic coordinates (X,Y,Z) byX1 = T1 + S11X + S12Y + S13Z,Y1 = T2 + S21X + S22Y + S23Z,Z1 = T3 + S13X + S32Y + S33Z,or in matrix notationX1 = T + SX,where T = (T1,T2,T3) as fractions of cell edges.Only symmetry cards for general symmetry equivalent positions are permitted. Symme-try cards that explicitly designate special positions such as X,X,X; X,X,Z; X,Y,0; 1/4,Y,0; and1/4,3/4,0 are not allowed.(b) Helix screw symmetry:X1 = T + SX,where T = (T1,T2,T3+L/N) as fractions of cell edges and S is a counterclockwise rotation of LÆM/Ncycles about the c* axis.Example: The Pauling and Corey right-handed alpha helix of poly-L-alaninerepeats after 13 turns and 47 residues and can be represented by 47 symmetrycards with N = 47; M = 13; L = 0, 1, �, 46; Tl, T2, T3 = 0. The input atom listthen contains the contents of one residue. (See 7.2.)

27Type 1 crystallographic symmetry cards do not have a specific format with the followingtwo exceptions: (1) the symmetry information on each card must not go beyond column 72, and(2) column 1 must be �0� (or blank) on all symmetry cards other than the last one in the set,which must be non-zero. Below is an example set of Type 1 symmetry cards to illustrate the flexi-bility of this style. X,Y,Z X -Y Z+1/2 X+0.5, Y+.5, Z1x+1/2,-y+1/2,1/2+zAs shown, letters may be either upper or lower case. Commas or blanks may be used toseparate the components of the triplet. The three components may not have blanks within them.Decimal fractions may be used with or without an initial 0. Fractions may precede or follow theletters.Regardless of how the symmetry information is provided, the last card of the set musthave a non-zero value in column 1 to signal the end of the symmetry cards. If the value is �1�, theatom parameter information immediately follows in the ORTEP input file as described in Section3.2.4. If the value is �2�, the atom parameter information is read from a different file (see 4.5),and the ORTEP instructions follow the symmetry cards.3.2.4 Atom ParametersTwo cards are required for each input atom. The first contains the chemical symbol , posi-tional parameters, and feature information, if needed, The second contains temperature factorinformation or other information that specifies how the atom is to be represented on the drawing.Several alternate inputs are possible for each of the two cards, and the number in column 63denotes the type used on that particular card. The number of atoms (variable NATOM) may rangefrom 1 to 500.3.2.4.1 Positional ParametersThe positional parameter cards have FORMAT (A6,3X,6F9.0).Columns

Type 0

Type 1

Type 2

Type 3

1-6Up to six alphanumeric characters centered in the six-place field7-9�10-18[Feature #1][Feature #1][Feature #1]x0 (�, Cartesian)19-27[Feature #2][Feature #2][Feature #2]y0 (�, Cartesian)28-36x (fractional, crystal)x (�, crystal)x (�, Cartesian)r (�, cylindrical)37-45y (fractional, crystal)y (�, crystal)y (�, Cartesian)f (ß, cylindrical)46-54z (fractional, crystal)z (�, crystal)z (�, Cartesian)z (�, cylindrical)630123

28Type 0 is the normal input based on triclinic coordinates. Coordinates in Angstromsalong the unit cell vectors may be entered with Type 1. Type 2 may be used to place a modeldescribed in Cartesian coordinates onto a general triclinic lattice. The orientation of the Cartesiansystem xyz in the general lattice abc is the standard type described in Section 3.1.8 with x along aand z along c*. Type 3 is similar to Type 2 except that cylindrical coordinates r, f, z are used andthe axis of the system can be displaced from zero in the xy Cartesian plane by the displacementx0, y0. Cylindrical coordinates are often used to describe helical structures. The x0, y0 translationshould be zero if helical symmetry operators are used. This translation feature is meant to be usedfor explicitly describing the contents of a multiple helix cell.Column fields 10-18 and 19-27 on Type 0, 1, and 2 positional parameter cards may beused in ORTEP-III to enter �feature� information about the atoms (see 3.1.10 and 4.6). Normally,these fields are ignored by ORTEP so any numeric values may be here or the fields may be blank.The information in these fields will be interpreted as atom features only if instructions areinvoked that specifically look at atom features. Features cannot be entered on Type 3 positionalparameter cards.3.2.4.2 Temperature FactorsTemperature factor cards have FORMAT (I1,F8.0,5F9.0,7X,F2.0).ColumnsType0,1,2,3,10

Type4,5,8,9

Type 6

Type 7

1 A sentinel „ 0 for last atom only2-9b11U11BBRR10-18b22U22000019-27b33U330VDC1 (from)0VDC1 (from)28-36b12U120VDC1 (to)0VDC1 (to)37-45b13U130[VDC2 (from)0[VDC2 (from)46-54b23U230VDC2 (to)]0VDC2 (to)]55-630,1,2,3,104,5,8,96 (or 0)6 (or 0)77Anisotropic temperature factor Types 0, 1, 2, 3, and 10 use the following formula for thecomplete temperature factor.-D(b11h2 + b22k2 + b33l2 + cb12hk + cb13hl + cb23kl)BaseThe coefficients bij(i,j = 1,2,3) of the various types are defined with the following constant set-tings.Type 0: Base = e, c = 2, D = 1Type 1: Base = e, c = 1, D = l Type 2: Base = 2, c = 2, D = lType 3: Base = 2, c = 1, D = lType 10: Base = e, c = 2, D = 2p2

29Anisotropic temperature factor Types 4, 5, 8, and 9 use the following formula for thecomplete temperature factor, in which a1*, a2*, a3* are reciprocal cell dimensions.exp[ -D(a1*2U11h2 + a2*2U22k2 + a3*2U33l2 + C a1*a2*U12hk + C a1*a3*U13hl + C a2*a3*U23kl)] The coefficients Uij(i,j = 1,2,3) of the various types are defined with the following constant set-tings.Type 4: C = 2, D = 1�4Type 5: C = 1, D = 1�4 Type 8: C = 2, D = 2p2Type 9: C = 1, D = 2p2Type 6 allows the input of the Debye-Waller isotropic temperature factor B, which isused as follows:exp (-B sin2 q/l2) ,where l is the wavelength and q is the Bragg angle. The parameter B is related to mean-squaredisplacement m 2

of the atom from its mean position by the relationB = 8p2 m 2

.When the isotropic temperature factor is used, the atom is represented as an isotropicellipsoid (sphere) with equal principal axes of length m. When the field in columns 19-27 is �0� orblank, the directions of the principal axes are along the standard Cartesian system axes (see3.1.8). However, these arbitrary orthogonal vectors can be reoriented by using the two vector des-ignator codes VDCl and VDC2; then the three new principal-axis vectors will be VDCl, (VDCl ·VDC2), and VDC1 · (VDC1 · VDC2). This is strictly an artistic feature of no physical signifi-cance.Type 7 allows the input of arbitrary spheres of radius m

= R in Angstroms. The vectortriplet orientation is specified as with Type 6. An additional capability allows a completely blankcard (except perhaps column 1) to be used for a temperature factor card. In this case the programassumes Type 7 with an R = 0.1 �.If VDC2 is omitted on Type 6 or Type 7 temperature factor cards, the program willchoose one of the three lattice vectors for VDC2.A Type 10 temperature factor input card may be used to load Cartesian temperature fac-tors having components in the standard Cartesian system (see 3.1.8). This capability complementsthe Type 3 Cartesian positional parameter input system (see 3.2.4.1) and is useful for plottingmean-square displacements caused by internal molecular motions as calculated from spectro-scopic normal-coordinate analyses.6,7New in ORTEP-III is the method for specifying the orientations and sizes of the elon-gated pass (cigar-shaped) and flattened pale (pancake-shaped) ellipsoids used in critical net illus-trations (see 7.5) without giving their quadratic form coefficients. The temperature factor cardfollowing the atom parameter card for a pass or pale has the format shown below.

30Columns

1 A sentinel „ 0 for last atom only2-9Unique axis length (�)10-18Second (and third) axis length (�)19-27VDC1 (from)28-36VDC1 (to)37-45[VDC2 (from)46-54VDC2 (to)]637VDC1 is a vector parallel with the unique axis of the cigar-shaped pass or pancake-shaped pale and VDC2 is a second vector not parallel with VDC1 such that VDC1 · VDC2 is asecond principal axis of that ellipsoid. If VDC1 and VDC2 are parallel, VDC2 is replaced by asuitable lattice translation vector. VDC2 may be omitted from the input if desired, and the pro-gram will choose one of the three lattice vectors for VDC2. 3.3 INSTRUCTION INPUTThe instructions are the commands used in programming an illustration, and there is norequired sequence for the instructions, except as indicated by the programming logic. 3.3.1 Instruction FormatThere are four different formats used for ORTEP instructions, which are numbered 0, 1,2, and 3. Format No. 0 is always used for a new instruction and includes the instruction number.Some instructions require trailer (continuation) cards, which use Format Nos. 1, 2, and 3. Theprogram is informed what the format of the next card will be with the value in the �look ahead�field, column 3. The program action is also influenced by this information.�Look ahead�on current card

(column 3)

Next card will be

Program action0 or blankFormat No. 0, a new instructionExecute present instruction; thenread next new instruction card1Format No. 1, continuation ofRead continuation card and thenpresent instructioncheck its �Look ahead�2Format No. 2, continuation ofRead continuation card and thenpresent instructioncheck its �Look ahead�3Format No. 3, alphanumericRead alphanumeric informationinformationand execute instruction; thenread next new instruction card

31The Format No. 0 instruction card and the Format No. 1 parameter continuation cardhave the FORMAT (I3,I6,7F9.0), but the former includes the instruction number while the latterdoes not. A maximum of 19 Format No. 1 continuation cards per instruction is permitted.Columns

Format No. 0Instruction Card

Format No. 1Parameter Continuation Card

3�Look ahead� (0,1,2,3)�Look ahead� (0,1,2,3)4-9Instruction numberBlank10-181st parameter8th parameter,or 15th, �, or 134th19-272nd parameter9th parameter,or 16th, �, or 135th�64-727th parameter14th parameter,or 21st, �, or 140thThe Format No. 2 trailer card is also used for parameter continuation, but it is more com-pact with FORMAT (I3,6X,5I3,8F6.0), allowing more information to be entered than on theFormat No. 1 card. Many, but not all, Format No. 2 trailer cards include vector search codes (see3.1.5), and they are often referred to as Vector Search Code (VSC) cards. A maximum of 20Format No. 2 continuation cards per instruction is permitted.Columns

Format No. 2Parameter Continuation Card

3�Look ahead� (0,1,2,3)4-9�10-121st integer parameter�22-245th integer parameter25-301st real parameter�67-728th real parameterFormat No. 3 trailer cards with FORMAT (18A4) are used for entering label informationand are required for instructions 902, 903, and 913. As a trailer to these, they may contain up 72characters of alphanumeric information in columns 1-72, centered about columns 36 and 37 orbeginning in column 1 for automatic centering. These may also be used with other instructions asa device to transfer comments about the particular instruction to the ORTEP output listing. Thereis no �look ahead� column in Format No. 3; the next card must be a new instruction card.

323.3.2 Structure Analysis Instructions (100 Series)This series of instructions is not connected with drawing illustrations but rather withobtaining a convenient tabulation of the chemically interesting aspects of a crystal structure,including interatomic distances and angles and principal axes of thermal motion. If the ORTEPoutput is omitted (see 4.1), these instructions do nothing.3.3.2.1 Instructions 101 and 102These instructions call subroutine SEARC, which finds all �target� atoms within a sphereof enclosure of radius Dmax about a particular �origin� atom. The instruction card has an atomdesignator run (see 3.1.3) of one or several origin atoms (Org. ADR) and an atom number run oftarget atoms (Tar. ANR). The Org. ADR allows calculation of several spheres successively with aprintout of results after each one. Example: Suppose there are nine atoms in the input list and we want to find allatoms surrounding atoms 365502, 465502, and 565502 out to a maximum radiusof 4 �. 101 365502 5 1 9 4.0The selection of the interatomic vectors from a particular origin atom to the target atomscan be narrowed with a vector search code on a Format No. 2 continuation card (see 3.3.1). Thefirst line of the instruction defines a limiting sphere of vectors, and the VSC finds the subset ofvectors that satisfy the additional restriction. (See 3.1.5.)Example: Suppose we want to limit the results of the search in the precedingexample to the shell of atoms that lie 2.0-2.7 � from each of the origin atoms. 2 101 365502 5 1 9 4.0 3 5 1 9 0 2.0 2.7Vectors found about a particular origin atom are stored in a table of dimension 200 sortedon distance. Duplicate vectors (not duplicate distances) are eliminated. If more than 200 accept-able atoms are found about an origin atom, the 200 shortest vectors are saved. At the end of thesearch about each origin atom, the distances are printed out along with the atom designator codes,chemical symbols, and triclinic crystal coordinates for the origin and target atoms. If the instruc-tion is 102, all possible interatomic angles and interatomic distances for the edges opposite theangles are also calculated and printed for the stored vectors. There will be n(n�1)/2 angles for nvectors. The tabulation of atom designator codes, which is obtained automatically when theseinstructions are given, is often useful for planning an illustration.

33Columns

Instructions101 and 102

Columns

Format No. 2Vector Search Code(if used)

30, 1, or 230 or 27-9101 or 1024-9�10-18Org. ADR (from)10-12[Org. NR (from)19-27Org. ADR (to)13-15Org. NR (to)]28-36Tar. ANR (from)16-18[Tar. NR (from)37-45Tar. ANR (to)19-21Tar. NR (to)]46-54Dmax (�)24[NR type]25-30[Dmin (�)31-36Dmax (�)]Columns

Format No. 1Continuation Card(if needed)

327-9�10-18�27LOGC3.3.2.2 Instruction 103Principal axes of thermal motion (or arbitrary spheres, according to the temperature fac-tor input) for all atoms in the input list are calculated. The printout contains root-mean-squareamplitudes of displacement along the principal axes of the trivariate normal probability densityfunction and direction cosines for the principal axes relative to the reference Cartesian base vec-tors. A symmetric covariance dispersion matrix based on the reference Cartesian system is alsoprinted out. The diagonal elements are the mean-square displacements along the reference Carte-sian axes.Columns

Instruction 103

7-910310-72Blank3.3.2.3 Instructions 105 and 106, Convoluting Sphere of Enclosure and Reiterative Convo-luting Sphere of EnclosureThese instructions utilize the ATOMS array and thus can only be used after one or moreatoms have been placed in the table by a 40n instruction (see 3.3.5). The contents of the array arereturned to the condition of entry at the conclusion of instructions 105 and 106.

34All atoms in the ATOMS array that have atom or feature numbers within the origin num-ber run (Org. NR) of the instruction are used as origin points. Interatomic distances for all neigh-boring atoms (whether or not in the ATOMS array) are found out to the specified radius. Vectorsearch codes on Format No. 2 continuation cards may be used for screening if desired. (See3.1.5.)Instructions 105 and 106 are similar, except that instruction 106 keeps repeating the �con-volution� process until no new atoms with atom numbers within the Org. NR are found. Instruc-tion 106 is useful for molecular structures where the atoms in the input asymmetric unit do notform an intact molecule. In a case of this nature, it is advisable to place a single atom into theATOMS array with a 401 instruction and let a 106 instruction find the molecule. Care must betaken to specify a Dmax that will enclose only bonded atoms. The 106 instruction should not beused for structures forming infinite chains. Instead, a short sequence of 105 instructions can beused for this case.Columns

Instructions105 and 106

Columns

Format No. 2Vector Search Code(if used)

30, 1, or 230 or 27-9105 or 1064-9�10-18Org. NR (from)10-12[Org. NR (from)19-27Org. NR (to)13-15Org. NR (to)]28-36Tar. NR (from)16-18[Tar. NR (from)37-45Tar. NR (to)19-21Tar. NR (to)]46-54Dmax (�)24[NR type]63NR type25-30[Dmin (�)31-36Dmax (�)]Columns

Format No. 1Continuation Card(if needed)

327-9�18�27LOGC3.3.3 Plotter Control Instructions (200 Series)The 200 series is a group of instructions that control the device, real or virtual, thatreceives the information to output the ORTEP illustration. This may be, for example, an actualhardware plotter, a computer monitor, or a file of page description language instructions that willproduce a hard copy of the illustration when the file is downloaded to a printer/plotter. Becauseno single word can describe all of the possibilities, the word �plotter� will be used in this report.

35The 200 instructions control plotter initialization, plot origin, color control, termination,and any other peripheral commands that are required for a particular equipment configuration orplotting package. When the program is modified for a different equipment configuration, theseries 200 instructions, which are executed through subroutine F200, should be redefined to suitthe user�s requirements.The 201 instruction initializes plotting and must be executed before any plotting can takeplace. It is a safe policy always to make this the first instruction card. If the 201 and 301 instruc-tions are omitted, all calculations are carried out but no plotting is done. The 202 instruction withno parameters is used to terminate plotting. With parameters, the 202 instruction may be used toshift the plot origin. The 201/202 (with no parameters) form an initialize/terminate pair and mustalways appear in pairs in the ORTEP input file. The pair may occur more than once (unlike ORTEP-II2). Each call to 201 begins a new plot page.Instruction 204 is used to change the color of (or plotter pen used for) subsequent plot-ting. The default value is 0 for black (or pen #1). The screen and Postscript drivers built intoORTEP-III define color value 2 as red, 3 as green, 4 as blue, 5 as cyan, 6 as magenta, and 7 asyellow. (The value 1 is also black or pen #1.)Instruction 205 is used to vary the thickness of subsequently plotted lines. The unit forwidth is thousandths of an inch, and the default value is 5. For both the 204 and 205 instructions,if columns 10-18 contain �0� or are blank, the default settings are restored. Columns

Instruction201

Instruction202

Instruction204

Instruction205

Shift plotorigin

Terminateplotting

7-920120220220420510-18�Shift along x(in.)�Color(or pen #)Pen width19-27�Shift along y(in.)�3.3.4 Drawing Parameter Instructions (300 Series)This is a set of instructions for specifying the drawing dimensions, viewing distance, gen-eral lettering orientation, pen displacement for line retracing, and ellipse smoothness.3.3.4.1 Instruction 301, Drawing Boundaries, Margin, and Viewing DistanceThis instruction defines the maximum x and y dimensions of the drawing and the margin,all in inches. The boundary dimensions must not exceed those allowed by the plotter. The pro-gram will prevent the pen from getting closer than 0.1 in. to any boundary. The drawing margin isa constant width border inside the entire boundary. When automatic scaling is used (600 series),the center points of the atoms are prevented from falling in the margin; but the atom representa-tion, which has a finite size, may extend into that area. To accommodate this extension into themargin, the margin width should be large when the overall drawing scale and the ellipsoid scaleare expected to be large.

36In addition, instruction 301 specifies the perspective viewing distance, in inches, from theplane of the drawing. An entry of �0� for view distance is used to indicate an infinite view dis-tance, and the crystal structure is then mapped in parallel projection normal to the drawing board.Columns

Instruction 301

Primer Constant

7-9301�10-18Drawing xmax (in.)10.519-27Drawing ymax (in.)8.028-36View distance (in.)0. (parallel projection)37-45Margin width (in.)0.53.3.4.2 Instruction 302, Title RotationFor regular titles and chemical symbols, the title rotation is specified with instruction302. The lettering base line for all lettering is rotated counterclockwise by an angle theta, indegrees, from the x axis of the plotter. Although any value is allowed, 0� and -90� are the valuesmost often used so that the finished drawing has either the y plotter axis vertical or the x plotteraxis vertical.Columns

Instruction 302

7-9302�10-18q (ß)0.3.3.4.3 Instruction 303, Retrace DisplacementInstruction 303 directs certain lines to be made heavier than others by retracing over thepath several times with slight pen displacements (DISP) from the original path. For example, ifDISP is greater than 0., the forward half of the principal plane trace of ellipsoids is drawn heavierthan the hidden half so the eye does not confuse the two halves. Also, all regular lettering (but notperspective lettering) is gone over four times to give it a boldface appearance. In ORTEP-III,retracing is turned off by default with the primer constant for DISP set to 0. in. Retracing can beturned on with the 303 instruction, using a value for DISP greater than 0. (0.005 in. usually workswell).Columns

Instruction 303

7-9303�10-18 DISP (in.)0.3.3.4.4 Instruction 304, Ellipse SmoothnessInstruction 304 may be used to adjust the smoothness of the plotted ellipses as a functionof their size. Smoother ellipses require more computational time and produce larger illustrationfiles. (See 5.2.) Smaller smoothness factors produce smoother ellipses, and larger values produceellipses with more �jaggies�. Factors in the range 0.5—3.0 are recommended; the default value is1. A value of 0 will draw all size ellipses with 128 points, the maximum provided in ORTEP.

37Columns

Instruction 304

7-930410-18Smoothness factor3.3.5 ATOMS Array Instructions (400 Series)This series allows the user to specify which atoms are to be included in the illustration.The atom designators for the chosen atoms are stored in the ATOMS array for future use by otherinstructions. The ATOMS array as currently dimensioned holds 500 input atoms, but it can bechanged by redimensioning the array in COMMON and setting the variable NATOM in subrou-tine PRIME to the new value.Groups of atoms are added to or eliminated from the ATOMS array (which is set to zeroat the start of the program) with the 40n and 41n series, respectively. The groups can be denotedby atom designator runs (see 3.1.3), spheres of atoms about any center point (see 3.1.6), andboxes of atoms centered on any point (see 3.1.7). Duplicate entries of the same atomic positionare prevented by the program. The content of the ATOMS array is printed in the ORTEP outputfile after each 400 series instruction.3.3.5.1 Instructions 401/411, Atom Designator Run Add/EliminateThese instructions may contain: (a) atom designator codes for single atoms; (b) atom des-ignator runs for several atoms in a run; (c) blank fields (except between the two entries of a run);and (d) any combinations of (a), (b), and (c). Since up to 19 Format No. 1 continuations are possi-ble per instruction, up to 70 runs can be made per instruction and an unlimited number of instruc-tions can be used. The ATOMS array and overlap calculation, however, will only accept the first500 atoms.Columns

Instructions 401/411

30 (or 1 if continued)7-9401 or 41110-18ÆÆÆ64-72As described above3.3.5.2 Instructions 402/412, Sphere of Enclosure Add/EliminateThese instructions allow the user to build or modify the ATOMS array by specifying thecontents (complete, partial, or vector screened) of a sphere of enclosure (see 3.1.6) about anyaddressable point. Instruction 402 adds the contents of the spheres to the ATOMS array omittingpositional duplications. The 412 instruction eliminates atoms within the spheres from theATOMS array if they are present in that array. The instructions call subroutine SEARC, and theinstruction input details are identical to those of instructions 101 and 102 (see 3.3.2.1) except forthe instruction number. In the ORTEP output file, only the ATOMS array atom designator codesare printed and not the coordinates and interatomic distances. If the origin atoms on which thespheres of enclosure are centered are to be saved, the target atom number run (Tar. ANR) must

38contain those atom numbers. Vector search codes on Format No. 2 continuation cards may beused for screening if desired. (See 3.1.5.)Columns

Instructions402/412

Columns

Format No. 2Vector Search Code(if used)

30, 1, or 230 or 27-9402 or 4124-9�10-18Org. ADR (from)10-12[Org. NR (from)19-27Org. ADR (to)13-15Org. NR (to)]28-36Tar. ANR (from)16-18[Tar. NR (from)37-45Tar. ANR (to)19-21Tar. NR (to)]46-54Dmax (�)24[NR type]25-30[Dmin (�)31-36Dmax (�)]Columns

Format No. 1Continuation Card(if needed)

327-9�10-18�27LOGC3.3.5.3 Instructions 403/413 and 404/414, Box of Enclosure Add/Eliminate and TriclinicBox of Enclosure Add/EliminateThe 403/413 instructions allow the user to build or modify the ATOMS array by specify-ing the contents of a box of enclosure (see 3.1.7) about any addressable point (or atom designatorrun of addressable points). The three axes of the box are parallel to the three base vectors of thereference Cartesian system, and the semidimensions of the box are specified on the instructioncard. If an orientation of the box different from the standard orientation (see 3.1.8) is desired, thena 501 or a 502 instruction, or both, should be used before this instruction to reorient the referenceCartesian system. After this instruction has been executed, the reference system can undergo fur-ther reorientation as desired for plotting purposes, etc. The 404/414 instructions are identical to the 403/413 instructions except that the triclinicbox of enclosure is bounded by planes parallel to the principal planes of the crystal lattice. Thesemidimensions a/2, b/2, c/2 refer to fractional (triclinic) coordinates. To specify the contents ofthe conventional unit cell, one would use a/2 = b/2 = c/2 = .5, and the Org. ADR would refer to apoint in the input atom list at (.5,.5,.5). As in the case of the 402/412 instruction, the origin atom on which the box is centeredwill not be included unless the target atom number run includes the origin atom number. Subrou-

39tine SEARC is used by this instruction, and the instruction input details are similar to those ofinstructions 402/412 except that Dmax is replaced by the semidimension a/2 of the box and thefollowing fields on the card are used to specify the other two semidimensions b/2 and c/2. Thebox dimensions must be chosen carefully so that the ATOMS array does not overflow. Vectorsearch codes on Format No. 2 continuation cards may be used for screening if desired. (See3.1.5.)Columns

Instructions403/413 and 404/414

Columns

Format No. 2Continuation Card(if used)

30, 1, or 230 or 27-9403, 404, 413, or 4144-9�10-18Org. ADR (from)10-12[Org. NR (from)19-27Org. ADR (to)13-15Org. NR (to)]28-36Tar. ANR (from)16-18[Tar. NR (from)37-45Tar. ANR (to)19-21Tar. NR (to)]46-54a/2 (� or fraction)24[NR type]55-63b/2 (� or fraction)64-72c/2 (� or fraction)Columns

Format No. 1Continuation Card(if needed)

327-9�10-18�27LOGC3.3.5.4 Instructions 405/415 and 406/416, Convoluting Sphere of Enclosure Add/Eliminateand Reiterative Convoluting Sphere of Enclosure Add/EliminateThese instructions are used in the same manner as instructions 105 and 106 (see 3.3.2.3).Their function is to add atoms to or eliminate atoms from the ATOMS array. A valid origin atommust be placed in the ATOMS array with a 401, 402, 403, or 404 instruction before these instruc-tions are used. All atoms in the ATOMS array that have atom or feature numbers within the ori-gin number run (Org. NR) of the instruction are used as origin points of convolution. Vectorsearch codes on Format No. 2 continuation cards may be used for screening if desired. (See3.1.5.)An example use for the 405 instruction is to complete the coordination shells aroundmetal atoms without having to identify the coordination shell atoms individually. Another usemight be to obtain a cluster of atoms out to the nth neighbor when only the distance to the firstneighbor is known. This can be accomplished by using n consecutive 405 instructions with Dmaxslightly more than the first neighbor distance.

40Instruction 406 is useful for describing molecular compounds where an unfortunatechoice of atoms for the input asymmetric unit does not allow the molecule to be described by arun. Dmax must be chosen judiciously so that the search does not cross molecular boundaries.Instruction 406 has an added feature that makes it useful for limiting the ATOMS array tothose atoms in an asymmetric unit of the unit cell. An example is the examination of electron den-sity maps. When direct methods are used for solving crystal structures, stereoscopic drawingsprovide a rapid means for screening the E maps. If the interpolated positions of the largest peaksin the Fourier synthesis E map are taken as atom positions, then ORTEP can start at a given peak(usually the largest) and do a reiterative sphere-of-enclosure add to isolate a molecule if one ispresent. In order to terminate the convolution procedure when extraneous �bridging peaks� linkthe molecules, a feature has been added to the 406 instruction to prevent multiple instances of anatom (in any of its equivalent positions) from being entered in the ATOMS array. To invoke thisfeature, a Format No. 1 continuation card with a �1� in column 18 (ASYMUNIT) is added to the406 instruction. The 406 instruction operates in its usual manner if the continuation card is omit-ted or has a �0� or blank in column 18.Columns

Instructions405/415 and 406/416

Columns

Format No. 2Vector Search Code(if used)

30, 1, or 230 or 27-9405, 406, 415, or 4164-9�10-18Org. NR (from)10-12[Org. NR (from)19-27Org. NR (to)13-15Org. NR (to)]28-36Tar. NR (from)16-18[Tar. NR (from)37-45Tar. NR (to)19-21Tar. NR (to)]46-54Dmax (�)24[NR type]63NR type25-30[Dmin (�)31-36Dmax (�)]Columns

Format No. 1Continuation Card(if needed)

327-9�18ASYMUNIT (406 only)27LOGC

413.3.5.5 Instruction 410, Clear ATOMS ArrayThis instruction clears the ATOMS array to zero. When the program is first entered, thearray is automatically set to zero.Columns

Instruction 410

7-94103.3.6 Orienting Instructions (500 Series)For information on instruction 511, see Section 3.3.12.Any Cartesian coordinate system is based on three orthonormal base vectors and an ori-gin point. In the absence of any 500 instructions, ORTEP calculates the base vectors of the refer-ence and working Cartesian systems (see 3.1.8) from the input cell parameters and sets the originto (0.,0.,0.).This series of instructions can be used to reorient the reference and working Cartesiansystems. Each time the reference system is redefined or rotated, the working system is automati-cally made coincident with the reference system. The working system can be displaced from thereference system by rotating about the x or y axis of the reference system with a 503 instruction.The working system is always positioned from the reference system and does not depend on anyprevious working system orientation. After each 500 series instruction, the base vectors of therelevant Cartesian system are printed in the ORTEP output file. These vectors are based on thetriclinic coordinate system. The postfactor transformation matrix for converting from tricliniccoordinates to Cartesian coordinates is also printed out. The inverse transformation matrix may beformed by placing the three base vectors together in row vector form.3.3.6.1 Instruction 501, Explicit Reference Cartesian System AssignmentInstruction 501 allows the user to define the reference Cartesian system explicitly. Theorigin point in the model (ORGN) is specified with an atom designator code. The three ortho-normal base vectors can be described by two non-collinear vectors, and ORTEP provides the twofollowing separate techniques for performing this operation, using vector cross products of thetwo vectors u and v. Type 1 produces base vectors that are roughly along the general tricliniccoordinate axes of the crystal.Type 0Type 1Base vector 1 (x axis)uuBase vector 2 (y axis)u · v(u · v) · uBase vector 3 (z axis)u · (u · v)u · vThe reference system x and y axes will parallel the plotter x and y axes, and the originpoint ORGN will lie in the plane of the plotter. The viewer will be looking into the z axis vectorof the coordinate system from the viewing distance set by the 301 instruction (see 3.3.4.1)directly above the origin point.

42Columns

Instruction 501

EffectivePrimer Constant

7-9501�10-18ORGN (ADC)00000019-27Vector u (from ADC)15550128-36Vector u (to ADC)16550137-45Vector v (from ADC)15550146-54Vector v (to ADC)15650155-63�72Type13.3.6.2 Instruction 502, Reference Cartesian System RotationThe crystal model can be given any desired orientation with a series of rotations of themodel about the reference system axes. In general, three rotations (e.g., those of an Eulerian sys-tem) are sufficient to achieve any orientation, but for convenience an unlimited number of rota-tions are permitted by ORTEP. In addition, rotations of 120� about the body diagonal of the refer-ence Cartesian system are permitted (achieved by a cyclic permutation of reference base vectors).Each operation requires two fields on the instruction card. For axial rotations, the firstfield of each pair will have the number 1, 2, or 3 to indicate rotation about the x, y, or z axis of thereference system, respectively. The second field will have the rotation angle in degrees for aright-handed rotation of the model about the designated axis (i.e., a positive angle signifies acounterclockwise rotation of the structure with the designated axis pointing toward the observer).The body diagonal rotation is designated by either a -1 or a -2 in the first field to indicate a 120�or a 240� right-handed rotation about the body diagonal, respectively, and the second field isblank. A -3 would rotate the structure completely around and thus not change its previous orienta-tion. If desired, each rotation can be executed with a separate 502 instruction card.Columns

Instruction 502

30 (or 1 if continued)7-950217-181, 2, 3, -1, or -219-27f (ß) (if value in previous field is positive)28-36[�]37-4546-54[�]55-633.3.6.3 Instruction 503, Working Cartesian System Rotation (Stereoscopic Rotation)To define an orientation of the working system that is not coincident with the referencesystem, a 503 instruction may be used, which allows one rotation about one axis of the reference

43system. Actually any number of successive rotations can be made, but the effect is not cumulativesince the starting point for each rotation is always the reference system. Body diagonal rotationsare not permitted.A 503 rotation normally precedes each member of a stereoscopic pair of plots. (See3.3.6.4 and 5.4.) The rotation is about axis 2 if the stereo pair is to be viewed with the x axis par-allel to the observer�s interocular line and about axis 1 if the y axis is to be parallel to that line. Columns

Instruction 503

7-9503181 or 219-27w (ß)3.3.6.4 Instruction 504, Reference Cartesian System Origin TranslationInstruction 504 is used to translate the origin of the reference Cartesian system along thex, y, and z axes of the reference system. Stereo by translation of origin can be achieved withinstruction 504, which may be used in place of the 503 instruction. However, the 504 instructionshould not be used when the ellipsoids have internal structure because the octants selected forshading may not be the same on both stereo views. (See 5.4.)Columns

Instruction 504

7-950410-18Translation along x axis (in.)19-27Translation along y axis (in.)28-36Translation along z axis (in.)3.3.6.5 Instruction 505, Reference Cartesian System Origin at CentroidThis instruction finds the first moment (i.e., centroid or center of gravity) of the atoms inthe ATOMS array and makes this point the origin point (ORGN) of the reference and workingcoordinate systems. The base vectors of the coordinate systems are unchanged from their previ-ous values. A weighting scheme and screening may be applied to the atoms used to calculate thecentroid by using Format No. 2 trailer cards. If no trailer cards are used, all atom positions areentered with unit weights.Columns

Instruction 505

Columns

Format No. 2Continuation Card(if used)

30 or 230 or 27-950510-12NR (from)13-15NR (to)24NR type25-30Weight

443.3.6.6 Instruction 506, Reference Cartesian System Origin at Centroid and Inertial AxisCoordinate SystemThe calculation described for instruction 505 is performed; then the second momentmatrix about the centroid is calculated, and the reference and working coordinate systems are setup along the principal axes of this matrix. This principal axis system of coordinates is along theinertial axes of the configuration of atoms in the ATOMS array. The x axis is along the long axisof the configuration (i.e., the minimal axis of inertia) and the z axis is along the short axis of theconfiguration (i.e. the maximal axis of inertia). The overlap along the z-view direction is oftenminimized by this option. Furthermore, the xy plane is the least-squares best plane for the atomicconfiguration. Format No. 2 trailer cards may be used to supply weights and screening.Columns

Instruction506

Columns

Format No. 2Continuation Card(if used)

30 or 230 or 27-95064-9�10-12NR (from)13-15NR (to)24NR type25-30Weight3.3.7 Positioning and Scaling Instructions (600 Series)These instructions are used to direct the placement of the origin point ORGN (specifiedby instruction 501, 505, or 506) onto the drawing (dimensioned by instruction 301). In additionthe three-dimensional assembly of atoms (chosen by the 400 series instruction) constituting themodel is scaled. The atomic centers of the model will then be hanging in space above and belowthe drawing board, correctly positioned to be projected from the eye point described with instruc-tion 301.A second scaling parameter SCAL2 scales the ellipsoid (or sphere) size. It is adimensionless scale factor ratio used to modify all rms displacement values before plotting equi-probability ellipsoids or spheres. A listing of SCAL2 values vs. probability is given in Table 6.1.The primer constant for SCAL2 is 1.54, corresponding to 50% probability. ORTEP-III saves theuser the time of looking up the SCAL2 value corresponding to a desired probability. If the valueentered in columns 37-45 is a negative whole number in the range -1 to -99, it is interpreted as theprobability of the ellipsoids or spheres, and the value of SCAL2 is set by the program by tablelookup, using the values in Table 6.1. 3.3.7.1 Normal Modes of Positioning and ScalingSeveral normal modes of operation are available to the user for positioning and scalingthe model. Instruction 601 requires the user to supply a complete explicit description of position(X0,Y0) and scale (SCAL1). At the other extreme, instruction 604 automatically scales and posi-tions the model so that the peripheral projected atom centers will touch two opposite borders andthe peripheral atoms in the remaining dimensions will be centered on the drawing. An intermedi-ate mode is available through 602, which provides automatic scaling after explicit positioning.

45This usually allows only one edge of the model to touch a border. Finally, instruction 603requires an explicit scale and does automatic centering. In general, the 604 instruction is the easi-est and safest one to use, but situations arise in which the user should not relinquish control to theprogram.If the instruction�s entry for X0, Y0, SCAL1, or SCAL2 is �0� or blank, the primer con-stant value is used. This means that an X0 or Y0 cannot be entered as exactly zero. If zero iswanted, a small nonzero number should be entered.Columns

Instruc-tion 601

Instruc-tion 602

Instruc-tion 603

Instruc-tion 604

PrimerConstant

7-9601602603604�10-18X0X0�8.519-27Y0Y0�5.528-36SCAL1�SCAL1�1.037-45SCAL2 orprobabilitySCAL2 orprobabilitySCAL2 orprobabilitySCAL2 orprobability1.543.3.7.2 Incremental Modes of Positioning and ScalingAdditional flexibility is provided through the incremental instructions 611, 612, and 613.These allow the user to �nudge� the model or modify the scale factor SCAL1, or both, after theparameters have been initially set with a previous 600 series instruction. The 611 instruction addsDX0, DY0 to the previous X0, Y0 position for the ORGN placement and multiplies the existingSCAL1 by DSCAL1 (except if DSCAL1 = 0, SCAL1 is unmodified). Instruction 612 incrementsthe position and then does an automatic scaling; 613 first increments the scale (by multiplying byDSCAL1) and then automatically repositions.A conservative general approach is to follow a 604 with a 611 having DX0 = 0, DY0 = 0and DSCAL1 = 0.9. This will simply reduce the scale 10% about the origin so that there is morespace for labels, etc.Columns

Instruction 611

Instruction 612

Instruction 613

7-961161261310-18DX0DX0�19-27DY0DY0�28-36DSCAL1�DSCAL137-45SCAL2 orprobabilitySCAL2 orprobabilitySCAL2 orprobability3.3.8 Atom Plotting Instructions (700 Series)These instructions produce various representations of the atom based on the familiar ball-and-stick molecular model. In the general case, the ball is an ellipsoid representing a contour sur-face of equal probability density of thermal motion displacement. Alternatively, when thermal

46motion is not being portrayed, the ball can be a sphere of arbitrary dimension. The 700 series alsohas provision for labeling the atomic site with the corresponding chemical symbol. The instruc-tions in this series draw the atoms in the ATOMS array that project onto the usable part of thedrawing area, defined with the 301 instruction. Atoms found to be out of bounds are bypassed,and a Fault Message (NG = 10) (see 3.4) is printed in the ORTEP output file. An atom is out ofbounds under the following conditions: (1) its z coordinate in the scaled reference Cartesian sys-tem is greater than 1/2 the viewing distance, (2) its center after projection falls outside the limit-ing boundary of the drawing board, or (3) its projected center falls in the outermost 3/4 of thedrawing margin. (See 3.3.4.1.)An ellipsoid, for graphical purposes in ORTEP, is considered to be composed of ellipsesand straight lines. The ellipses are of two types�principal ellipses and boundary ellipses. Rela-tive to the viewpoint, a principal ellipse is further subdivided into a front half and a back, or hid-den, half. There are three principal ellipses per ellipsoid, corresponding to the three principalplanes. The boundary ellipse is the edge of the ellipsoid as seen from the viewpoint. The front andback halves of the principal ellipses meet at the boundary ellipse. The straight line segments ofthe ORTEP ellipsoid are the forward principal axes, reverse principal axes, and octant-shadinglines.Fig. 3.1 shows various combinations of these elements along with the ORTEP instructionnumber and parameter values to produce each. It is obvious that certain of these combinations arebetter representations than others. Instructions 701, 702, 703, and 706 generate specific ellipsoidtypes as shown in Fig. 3.1. Instruction 704 draws the boundary ellipse alone. If an atom is enteredas a sphere, the boundary will be circular before projection and slightly elliptical after perspectiveprojection. Instruction 705 allows the user to make up any representation from the basiccomponents.Chemical symbols up to six alphanumeric characters in length may be included with eachatom in the ORTEP input file. These symbols can be put onto the illustration with one 700 seriesor several 900 series instructions. The 700 series places the center of the six-character field ofeach atom in the same position relative to the atom center for all the drawn atoms; the 900 seriesallows the user to position each symbol individually. The 700 series requires only three parame-ters as follows: (1) symbol height in inches, (2) parallel (left/right) offset in inches, and (3) per-pendicular (up/down) offset in inches. The parameters refer to the model before projection, andthey will change slightly during perspective projection. The parallel and perpendicular offset referto the exact center of the six-character input field and are relative to the lettering base line set upwith the 302 instruction. A symbol height of �0� or blank will cause the symbol drawing routineto be bypassed. If NPLANE = 0 in a 705/715 instruction and the symbol height is greater thanzero, then chemical symbols alone are drawn on the atomic sites.

47Fig. 3.1. Various combinations of ellipsoid components showing ORTEP

48It is possible to vary the thickness of the boundary ellipse line by making it a function of, the height of the atom from the drawing board. This option is normally used with the 7040 and A1,AA1. Assume the atoms of a scaled model range from 5 in. below to 5 in.above the drawing board and the pen width is 0.2 mm (.008 in.). If we want theclosest ellipse boundary to be five times as thick as the farthest, then R(-5 in.) =·01The program widens the line by stepping radially in increments of DISP, which is set byprimer constant to 0. in. A 303 instruction must be used to give DISP a positive value for this lineSelected types of atoms from the ATOMS array can be drawn without having to alter thecontents of the array. This is accomplished by using a number run (NR) code that includes theatom types that are to be drawn with a particular 700-series instruction. This feature is particu-larly useful when two or more different atom representations are used, such as for the carbon and¥x,y plotter coordinates: the coordinates, in inches, for the projected atom centeron the plot, measured from the lower left-hand corner of the limiting boundary.This is the fixed plotter coordinate system with the origin set by the plotterdriver.¥x,y,z working Cartesian coordinates: the coordinates, in inches, for the orientedxyx and y axes, and the origin of the system is in the plane of the plotter at thepoint x, (see 3.3.7) in plotter coordinates. The point ORGN of the scaled¥x,y,z triclinic coordinates, in fractions of the unit-cell edges relative to the crys-¥Principal axes of thermal motion, consisting of (a) principal values of root-mean-square displacement and (b) direction cosine for principal vectors rela-¥Instructions 711—716 are identical to 701—706 except that the 71n series suppresses all

49701, 702, 703, 704, 706,

3�N�

0 (in.)]1 (in.)]54

50The bond plotting instructions are grouped into two general types, explicit and implicit,depending on how the bonds are specified. Explicit bonds require a vector designator code (see3.1.2) for each bond. Implicit bonds make use of vector search codes (see 3.1.5) to find pairs ofThere are two types of bonds that can be drawn, line bonds and stick bonds. The linebond is a very crude, but rapid, method useful in drawing preliminary illustrations. It is construc-ted by placing the symbol on the two atom sites and drawing a single straight line betweenthem. Line bonds are always specified implicitly.The more elaborate bond is the stick bond, which could also be called a conical bond be-cause of its accentuated perspective taper. (The accentuated taper may be increased or decreasedby changing the value assigned to TAPER in subroutine PRIME.) Each end of the bond intersectseither an ellipsoid or an enveloping cone (tangent cone) that has its apex at the viewpoint and istangent to an ellipsoid. In general, the ellipsoid intersection is automatically used if the axis of thebond intersects the ellipsoid at a point that is visible to the viewpoint; otherwise, the tangent coneintersection is used, so that the bond appears to terminate at the boundary of the ellipsoid.However, the user can specify that the ellipsoid intersection always be used in order to make theskeleton type model (such as produced by the 703 instruction) appear even more transparent. Theradius of the stick bond and the number of lines used to draw the bond are specified by inputBond-distance labels can be drawn automatically with stick bonds but not with linebonds. The bond-distance label numbers are in Angstrom units with one, two, or three places pastular offset distance for the center of the label relative to the center of the bond are parameters tobe specified by the user. With the current primer constant for FORE, if the sine of the anglebetween the bond and the mean viewing vector is greater than 0.5, the lettering is done in per-spective along the bond. When the sine of the angle is less than 0.5, the perspective letteringwould be excessively foreshortened; the lettering is then made parallel to the plane of the drawingwith its base line parallel to the projected bond. Different lettering heights and different perpen-dicular offset distances can be assigned to the perspective and nonperspective bond-distanceAll 800 instructions require Format No. 2 trailer cards to provide a number of bond para-meters as follows:¥Bond type (for stick bonds) is designated by an integer NBOND, where -5 £NBOND £ 5. The negative integers denote that both ends of the bonds termi-nate at the ellipsoids. The positive integers denote bonds ending either at theof zero draws no bond. A magnitude of 1 for NBOND produces two lines,one for each bond edge, 180 apart in the plane normal to the bond axis.Lines are drawn 90, 45, 22.5, or 11.25 apart for NBOND magnitudes of

51¥The bond radius (mean value for stick bonds) is in Angstrom units. Valuesbetween 0.01 and 0.06 � usually give good results. Any positive value maybe used as long as it is smaller than the scaled ellipsoid minimum semi-dimension. The bond radius is not changed by the ellipsoid scale factor ratioSCAL2. The bond radius should not be made �vanishingly small� (e.g., r <0.005 �) if the overlap feature (see 3.3.12) is used because numerical¥The height of perspective labels for bond distances is entered as zero if noinches before projection.¥The perpendicular offset for bond distance perspective labels (in inches)specifies the offset of the center of the distance label relative to the center of¥The height of regular labels for bond distances is entered as zero if no bonddistances corresponding to foreshortened bonds are to be drawn. Positive¥¥The significant digits indicator is -1, 0, or 1, denoting bond distance labelsInstructions 801, 802, and 803 differ from 811, 812, and 813 only in the ORTEP outputfile listing. The second group has no output except error messages. The first group lists: plottercoordinates in inches, scaled Cartesian coordinates (in inches) of atoms before projection, andtriclinic crystal coordinates for the atoms of each bond. The interatomic bond distance in Ang-stroms is also listed. If an atom of a bonded pair is out of bounds, a fault message (NG = 10) isprinted in the ORTEP output file. If the bond is hidden and cannot be drawn, fault message NG =14 is printed. Fault NG = 13 signifies that an imaginary intersection was found with a bond radiusExplicit stick bonds are produced with the 801/811 instructions. The bonds are describedwith two atom designator codes for each bond. The atom designator codes go on the 801/811 cardand on Format No. 1 trailer cards if more than three atom pairs are needed. The two atom desig-nator codes for a bond must be in adjacent fields, but blank fields can be inserted between thedifferent bonds. Since there are seven fields available per card, it is a good idea to use only two,four, or six of them so that the card sequence within the instruction (other than first and last

5233�2Instructions 802/812 are used for implicit stick bonds, and 803/813 are used for implicitline bonds. The symbol drawn on the atomic sites by the 803/813 instructions may be made largeror smaller by redefining the SCAL2 factor, which is controlled by the 600 series of instructions(see 3.3.7). Number run type takes a non-zero (or non-blank) value only when working with atomThe use of vector search code (VSC) cards for the implicit bond plotting instructions hasbeen extended to include a provision for drawing coordination polyhedra while suppressing theunwanted bonds. In addition to describing the bond with origin and target number runs and theDDmax range, a condition can be imposed to require that both atoms must be within a speci-fied �polyhedral distance range� of an atom in the ATOMS array that is included in a �polyhe-dron� number run. This option is brought into play by a negative value in columns 43 to 48 of the

32�27

53Positive value

Positive value

3�D (�)D (�)D (�)D (�)DDDD�NonperspectiveD (�)�D (�)D�D�Instructions 821 and 822 are used for calculating bond/atom and bond/bond overlapThe 900 series allows the user to plot general titles up to 72 characters in length, chemi-cal symbols up to 6 characters long, and bond length labels. The bond length labels can have twodecimal places before the decimal point and one, two, or three places after the decimal point. The700 and 800 series instructions can plot chemical symbols and bond length labels, respectively, 54 General titles and bond length labels can be drawn either in perspective or parallel to theplane of the drawing (nonperspective). Chemical symbols are always drawn parallel to the plane.Instructions 913—916 produce perspective lettering, and instructions 901—906 produce regularTwo vectors, the upright vector and the base-line vector, are needed to describe a letter-ing plane. In ORTEP, the upright lettering vector is always parallel to the plane of the drawing.For perspective lettering the base-line vector is a general vector in three dimensions. In thenonperspective case, the base-line vector is either along the projection of a general vector oralong the vector (in the plane of the drawing) that is oriented with a 302 title rotation instructionxThe exact center of the label is always referred to when specifying the position of thelabel. The program goes through the following steps to position the center point of the label onto(1) A point P1 is found that is either the position of atom A (columns 10-18) orthe mean of two atom positions (atom A and atom B) if an atom designator exists(2) A point P2 is found by (a) translating from P1 along the base-line vector forthe distance specified by the parallel offset and then (b) translating along thePxis less than 0, x is reset to the positive x plot boundary minus |x edge reset|. Noresetting is done if x edge reset equals 0. The y parameter is handled in the same.Instruction 901 produces a nonperspective atom label with theta base line, using the atomA nonperspective title with theta base line is drawn with the 902 instruction. The titlemust be provided with the instruction on a Format No. 3 trailer card. The title should be centeredabout columns 36-37 of that card. However, if the title begins in column 1, it will be centered

55A nonperspective general title with normal plane lettering is produced by the 903 instruc-tion and with perspective lettering by 913. The general vector is from atom A to atom B. The titlemust be provided with the instruction on a Format No. 3 trailer card. The title should be centeredInstructions 904, 905, 906, 914, 915, and 916 produce bond-length labels. The first threeare for nonperspective lettering with one, two, and three places after the decimal point, respec-tively; and the last three are for the corresponding bond-length labels with perspective. Thegeneral vector is from atom A to atom B. Note that the sense of the vector is important in order to

39xyIt is often desirable to repeat a sequence of instructions one or more times with otherinstructions inserted between the repetitions. The 1100 series allows the user to do this withoutthe necessity of putting in duplicate sequences of instruction cards. It is not an elaborate loopingThe three instructions in this series are 1101 to start the save sequence, 1102 to terminatethe save sequence, and 1103 to execute the save sequence. All instruction cards and their trailercards between the 1101 and 1102 instructions are executed and saved. Each subsequent 1103instruction then repeats all the saved instructions. There are no parameters to be entered with the

56(Instruction 511 in OR TEP-II has been renumbered to 1001 in ORTEP-III. Instruction2Instruction 1001 activates the hidden line removal feature of ORTEP, which corrects theillustration for overlapping atoms and bonds. It stores the projected atom boundary ellipses for allatoms in the ATOMS array. It is important that the contents of the ATOMS array, the scaling andpositioning, and the structure orienting parameters (controlled by the 400, 600, and 500 series ofinstructions, respectively) not be changed between the 1001 instruction and the drawing of theatoms and bonds by the 700 and 800 series of instructions. Otherwise, the projected outlines mayThe projected outlines of bonds are approximated as quadrangles. Those of implicitlyspecified bonds may be stored for overlap correction by adding Format No. 2 trailer cards to the1001 instruction that are identical to those of the 802/812 instructions used subsequently for plot-ting the implicit bonds. Alternatively, implicitly specified bonds may be stored with one or more822 instructions with the Format No. 2 trailer card set. A 1001 instruction must precede the first822. If more than one 802/812 instruction is used to draw the bonds, there probably should be aExplicit bonds may only be stored by using one or more 821 instructions following a1001 instruction. These will be identical to the 801/811 instructions used subsequently for plot-As currently dimensioned, the maximum numbers of projected atoms and projectedbonds that can be stored are 500 and 599, respectively. A list of the projected atoms and bonds isThe projected outline information for atoms and bonds must be recalculated for eachmember of a stereo pair; consequently the 1001 and 821 or 822 instructions are usually the firstAll details inside atoms and bonds, including chemical symbols drawn with 700 seriesinstructions and bond-distance labels drawn with 800 series instructions, will be corrected foroverlap. Lettering drawn by the 700 and 800 series instructions that is outside the atom or bondboundaries will not be corrected for overlap unless the overlying atom or bond outline actuallyintersects (in projection) the atom or bond being drawn. Labels and symbols drawn with the 900A constant width overlap margin (i.e., a blank strip at the intersection of overlapping ele-ments) is included in the dimensions of each projected atom ellipse and projected bond quadran-gle. The width of this margin (in inches) may be specified as a parameter with the 1001 instruc-

57 ‡

31001

27If the value in column 3 is �2�, Format No. 2 trailer cards are included. In general, all theNew on this card in ORTEP-III is the second parameter, which specifies the number run3.3.12.2 Instruction 821, Explicit Bond Outline StorageIf explicit bonds are to be stored for the overlap correction, the attached atoms must be inting the explicit bonds. In general, the 821 instructions will be identical to the 801/811 instruc-tions (except for the instruction number) used subsequently for plotting the explicit bonds. (SeeUsually, the information on implicit bond outlines is stored with the 1001 card. However,if more than 20 Format No. 2 trailer cards are needed to specify all bonds, the extra ones can beentered with this instruction. Also, 822 instructions in addition to the 1001 may be used to treatdifferent atom features in different ways. In general, the 822 instructions will be identical to the802/812 instructions (except for the instruction number) used subsequently for plotting the

32�27

58The -1 instruction terminates ORTEP, exiting the program via subroutine EXITNG.The -2 instruction terminates the current structure and reinitializes ORTEP to readanother structure from the same input file starting with a new title card. As many structures asdesired may be cascaded in the input file in this manner before exiting with a -1 instruction. Theuser�s initial input about the destinations for the drawing and text output hold for the entire set ofstructures. At the end of each structure, the user is offered the opportunity to save the drawing,

The instructions available in ORTEP-III have numbers less than 1200. Any instruction inthe input file with a number greater than or equal to 1200 will cause ORTEP to branch to subrou-tine SPARE to execute the code found there. As distributed, this is a dummy subroutine contain-ing the single FORTRAN statement RETURN. It is provided to give users a simple way to addtheir own instructions without having to understand the full program logic. Subroutine SPAREORTEP checks for certain errors, and when one of these occurs, an error message,is written in the ORTEP output file. The meanings of fault indicatornumber is explained in Table 3.1. and m identify the atom code and the instructioninvolved (if these are relevant). If possible, corrective measures are made by ORTEP and the cal-

591No sentinel found after read-

2No sentinel found after read-

345Atom number is higher than

678EXIT

9MAIN, SPARE ber101112EXIT

13Imaginary bond intersection

1415161718 60