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PROCGRAM ORFFE

C ORFFE3 CRYSTALLOGRAPHI C FUNCTI ON AND ERROR PROGRAM

C OAK RI DGE NATI ONAL LABORATCRY, OAK RI DGE, TENNESSEE 37830
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C PC versi on of ORFFE --- Sept enber, 1999
C A. J. Schultz
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C aj schul t z@nl . gov

Description of input control cards.

(1) Title Card (A72)
Any 72 Hollerith characters

(2) Control Card (18I14)

col
1- 4 INCD =0 Input of parameters etc. fromfile ORFFE. DAT
=1 all inputs fromcards
5- 8 IPM =1 Variance-covariance matrix read from ORFFE. DAT
= 0 No paraneter errors used
= -1 Standard errors (w thout covariances) read from cards
9-12 IAM =0 Cell paraneter errors are not used

=1 Cell paraneter errors to be read in the form of
standard errors

= 2 Cell paraneter errors to be read in the form of
a variance-covariance matrix

13-16 NS The nunber of symetry cards to be read (nmax. 48)

17-20 NA The nunber of atons whose paraneters are to be read.
Irrelevant if I NCD = 0.

21-24 ITF The tenperature factor indicators. Irrelevant if INCD =0

O Thermal paraneters are not read.

1 Positional and isotropic thernal paraneters wll
be read.

2 Positional and anisotropic thernal paraneters wll
be read.

Note: if ITC(l) is non-zero for an individual atom
(see below), it overrides |ITF.
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25-28 I JANA = 0 ORFFE. DAT created from ANVLS
= 1 ORFFE. DAT created from JANA5
(3) Atomic paraneters -- onmt if INCD = 0. Oherwise 1, 2 or 4 cards are

i ncl uded for each of NA atons. Cards from ANVLS may be used.
(a) Position card (A6, 21X, 3F9. 6)
col .
1- 6 Any 6 Hollerith characters identifying atoml|.

7-27 bl ank (these colums will be ignored by program

28- 36 X\
37-45 Y > fractional coordinates of atom|l
45-54 Z |/

(b) Tenperature factor card (6F9. 6, 9% 21 3)
col .
1- 9 B(1SO OR B(11)
10-18 B(22)
19-27 B(33)
28- 36 B(12)
37-45 B(13)
46- 54 B(23)
55- 63 bl ank
64- 66 I TC(1) tenperature factor indicator for atoml.
= 0 tenperature factor as specified by ITF

1 isotropic tenperature factors

2 anisotropic tenperature
67-69 IGV1) GAMMVA tensor indicator

0 no GAMVA tensor for this atom

1 GAMMA tensor follows this card

Note: cards (c) and (d) are for the GAMMA tensor -- FORMAT(5F14.10).
Orit if 1GNI1)=0 or if ITF=0.

(4) Standard errors of atonmic paraneters. Qrmit if INCD=0 or IPM= 0.
O herwi se, the cards included are anal ogous to the atonic paraneters
cards.

(a) (27X 3F9.6)
COL. 1-27 BLANK
28-36 \

37-45 > STANDARD ERROR COF X, Y AND Z
46-54 |/
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(b) (6F9.6)
CaL. 1- 9 Standard errors of B(1SO OR B(11)
10- 18 " " " B(22)
19- 27 " " " B(33)
28- 36 " " " B(12)
37-45 " " " B(13)
46- 54 " " " B(23)

(5)

(6)

(7)

Cards (c) and (d) contains standard errors of the GAMVA tensor --
FORMAT(5F14.10). Omit if 1GMI) =0 or ITF = 0.

LATTI CE PARAMETERS ( 6F9. 6)

coL. 1-9 A
10-18 B
19-27 C
28-36  COS( ALPHA)
37-45  COS(BETA)
46-54  COS( GAMVA)

Standard errors of lattice paraneters -- include if |AM= 1.
CaL. 1- 9 Standard errors of A
10-18 " " " B
19-27 " " " C
28- 36 " " " COS(ALPHA)
37-45 " " " COS(BETA)
46- 54 " " " COS(GAMWR)

Vari ance-covariance matrix for lattice paraneters. Used only if
| AM = 2.

(a) CcO.. 1- 9 Variance of A
10-18 Covari ance of
19- 27 Covari ance of
28- 36 Covari ance of
37-45 Covari ance of
46-54 Covari ance of
55-63 Vari ance of B
64-72 Covari ance of

and B
and C
and COS( ALPHA)
and COS( BETA)
and COS( GAMVA)

and C

(b) co.. 1- 9 Covari ance of
10-18 Covari ance of
19- 27 Covari ance of
28- 36 Variance of C
37-45 Covari ance of
46- 54 Covari ance of and COS( BETA)
55-63 Covari ance of and COS( GAMVA)
64-72 Vari ance of COS(ALPHA)

and COS( ALPHA)
and COS( BETA)
and COS( GAMVA)

and COS( ALPHA)

OO0 WWWwm W >»>»>>r>

(c) co.. 1- 9 Covari ance of COS(ALPHA) and COS(BETA)
10-18 Covari ance of COS(ALPHA) and COS( GAMVA)
19-27 Vari ance of COS(BETA)
28- 36 Covari ance of COS(BETA) and COS( GAMVA)
37-45 Vari ance of COS(GAMMA)
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(8) SYMVETRY | NFORMATION -- NS cards each of which describes one
symmetry transformation. If all distances are to be conputed,
read in all equivalent positions including the basic position
X,Y,Z and those related by center of symretry and by unit
cell centering. FORAMI(3(F15.10,3F3.0))

The transfornmed coordinates are in the form

X(NEW = T(X) + MXX)*X + MXY)*Y + M XZ)*Z
Y(NEW = T(Y) + MYX)*X + MYV)*Y + MYZ)*Z
Z(INEW = T(Z) + MYX)*X + MZY)*Y + MZZ)*Z

coL.  1-15 T(X)
16-18 M XX)
19-21 M XY)
22-24 M X2)
25-39 T(Y)
40- 42 M YX)

43- 45 M YY)

M YZ)

46- 48

49-63 T(2)
64- 66 M ZX)
67-69 M ZY)
70-72 M Z2)

(9) Instruction cards are as described below. Include as nany as needed
to define the quantities to be conputed.
(10) Term nation card (15)

col. 1-5 = 0 termnate job

-1 start new job reading newtitle card, etc
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Instruction | nput:

Each function to be conputed is specified by a sequence of integers
(IN), which are read fromone or nore instruction cards. The first
integer in this sequence, IN(1), defines the type of function to be conputed,
and the interpretation of the remaining instruction integers will be
different for different types of functions. Details of the instruction
i ntegers for each type of function are given bel ow.

Each instruction card is read with format(1415). O the 14 integers
on this card, only the first 13 are considered to be part of the instruction
If a function requires nmore than 13 integers to define it, then punching a
"1" in columm 70 indicates that the instruction is continues on the next
card.

EE R R I I R I R O R I I I O I R R R I R R I I R R R R R I O

At om Descri ption

In the instructions described bel ow, each atom| is designated by two
i ntegers, Al and SI, defined as follows:

Al is the nunber of the atomin the parameter list. The unit cel
origin nay by designated by setting Al at "0O"

SI is a five-digit nunber, the two | oworder digits of which specify
t he nunber of the symretry operation (symretry card nunber) to be appli ed.
Zero may be used to refer to the reference asymetric unit transformation
X, Y, Z even though this identity transformati on shoul d be present sonmewhere
in the symetry card.

The three high-order digits of SI specify unit cell translation along
A B, C respectively, with 5 added to each digit. Thus 655 inplies a
translation of one unit cell in the A-direction. An exception is that the
reference cell may be referred to as 000 or 555.

Note: an atomin the basic asymetric unit nmay be specified by |eaving
Sl bl ank.

EE R R I I S R I S A I R S I I R R S S S R S kS
Instruction Cards (1415):
(1) #001 Distance between atonms 1 and 2

col. 5 10 15 20 25
1 Al S1 A2 S2

#101 Al distances | ess than MAX/ 100 between origin atons wth nunbers
Al to A2 and target atoms A3 to A4.

col. 5 10 15 20 25 30
101 A1 A2 A3 A4 MAX
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#201 Sanme as #101 but al so conputes angles with origin atons as vertices.
If MAX is large, then the nunmber of angles will also be |arger

col. 5 10 15 20 25 30
200 A1 A2 A3 A4 MAX

(2) #002 Angle defined by three atons. Atom2 is vertex.

col. 5 10 15 20 25 30 35
002 Al S1 A2 S2 A3 S3

(3) #003 Angl e between nornals to planes defined by atons 1, 2 and 3, and
atons 4, 5 and 6, respectively. If right-hand fingers are curved
so that they can pass successively through atons 1, 2 and 3 then

the thunmb is in direction of normal. Sign of angle will be positive
if this normal nakes an acute angle with vector fromatons 4, 5
and 6.

col. 5 10 15 20 25 30 35 40 45 50 55 60 65
003 Al S1 A2 S2 A3 S3 A S4 A5 S5 A6 S6

(4) #004 Di stance between atons 1 and 2 |ess than between atons 3 and 4.

col. 5 10 15 20 25 30 35 40 45 50 55 60 65
004 Al S1 A2 S2 A3 S3 M 4

(5) #005 Angle defined by atons 1, 2 and 3 |less that defined by atons 4,
5 and 6. Atons 2 and 5 are vertices.

col. 5 10 15 20 25 30 35 40 45 50 55 60 65
005 Al S1 A2 S2 A3 S3 A S4 A5 S5 A6 S6

(6) #006 SUM OF N ANGLES EACH DEFI NED BY THREE ATOMS.

col. 5 10 15 20 25 30 35 40 45 50 55 60 65 70
006 N Al S1 A2 S2 A3 S3 A4 S4 A5 S5 A6 1

col. 5 10 15 20 25 30 35 40 45 50 55 60 65 70
S6 A7 S7 etc.

(7) #007 RMS conponent of thermal displacenment of atons 1 along its principa
axis R(R=1, 2 or 3).

col. 5 10 15 20 25 30 35 40 45 50 55 60 65 70
007 Al S1 R

#107 RVS conponents of thermal displacenent of atons 1 along its three
princi pal axes.

col. 5 10 15
107 Al S1

#207 RVMS conponents of thermal displacenent of all NA atons, each
along its three principal axes.

col. 5 10 15
207 NA S1
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(8) #008 Angle between principal axis R of atom1 and a vector from atons
A2 and A3.

col. 5 10 15 20 25 30 35 40
008 Al S1 R A2 S2 A3 S3

#108 Angl e between each of the three principal axes of atom Al and a
vector fromatonms A2 to A3.

col. 5 10 15 20 25 30 35 40
108 Al S1 - A2 S2 A3 S3

#208 Angl e between each of the three principal axes of all NA atons and
a vector fromatoms A2 to A3.

col. 5 10 15 20 25 30 35 40
208 NA  S1 - A2 S2 A3 S3

(9) #009 RMS conponent of thermal displacenment of atom Al along its principa
axis R, projected on a vector fromatons A2 and A3.

col. 5 10 15 20 25 30 35 40
009 Al S1 R A2 S2 A3 S3

#109 RVS conponents of thermal displacenment of atom Al along its three
princi pal axes, each projected on a vector fromatonms A2 to A3.

col. 5 10 15 20 25 30 35 40
109 Al S1 - A2 S2 A3 S3

#209 RMS conponents of thermal displacenent of all NA atons, each al ong
its three principal axes, each projected on a vector fromatonms A2
to A3.

col. 5 10 15 20 25 30 35 40
209 NA  S1 - A2 S2 A3 S3

(10) #010 Angl e between principal axis R of atom Al and axis | of a Cartesian
coordi nate system defined atonms A2, A3, A4 and A5 such that

Axis 1// A3 - A2
Axis 2 /1 (Axis 1) X (A5 - A4)
Axis 3 // (Axis 1) X (Axis 2)

col. 5 10 15 20 25 30 35 40 45 50 55 60 65
010 A1l S1 R I A2 S2 A3 S3 A4 S4 A5 S5

#110 Angl e between each of the three principal axes R of atom Al and
each of three axes | of a Cartesian coordinate system defi ned
by atons A2, A3, A4 and A5, as described in above (#010).

col. 5 10 15 20 25 30 35 40 45 50 55 60 65
010 A1l S1 -- -- A2 S2 A3 S3 A4 S4 A5 S5

#210 Angl e between each of the three principal axes R of all NA atoms
and each of three axes | of a Cartesian coordi nate system defi ned
by atons A2, A3, A4 and A5, as described in above (#010).

col. 5 10 15 20 25 30 35 40 45 50 55 60 65
010 NA S -- -- A2 S2 A3 S3 A4 S4 A5 S5
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(11) #011 RMS conponents of thernmal displacenent of atom Al along its
principal axis R projected on axis | of a Cartesian coordinate
system defined by atoms A2, A3, A4 and A5 as descri bed above
(#010).

col. 5 10 15 20 25 30 35 40 45 50 55 60 65
011 Al S1 R I A2 S2 A3 S3 A4 S4 A5 S5

#111 RVS conponents of thermal displacenment of atom Al along its three
princi pal axes R each projected on each of three axes | of a
Cartesi an coordi nate system defi ned by atonms A2, A3, A4 and A5 as
descri bed above (#010).

col. 5 10 15 20 25 30 35 40 45 50 55 60 65
111 Al S1 -- -- A2 S2 A3 S3 A4 S4 A5 S5

#211 RVS conponents of thermal displacenent of all NA atons, each al ong
its three principal axes R and each projected on the axes | of a
Cartesi an coordi nate system defi ned by atons A2, A3, A4 and A5 as
descri bed above (#010).

col. 5 10 15 20 25 30 35 40 45 50 55 60 65
211 NA S -- -- A2 S2 A3 S3 A4 S4 A5 S5

(12) #012 RMS conmponents of thermal displacenent of Atom Al in a direction
defined by atons A2 and AS.

col. 5 10 15 20 25 30 35
012 Al S1 A2 S2 A3 S3

(13) #013 RMS radial thermal displacenment of atom Al.

col . 5 10 15
013 Al S1

(14) #014 Interatonic distance averaged over thernmal notion. AtomA2 is
assumed to ride on atom Al.

col . 5 10 15 20 25
014 Al S1 A2 S2

(15) #105 Interatonic distance averaged over thernmal notion. Atoms Al and
A2 are assuned to nove i ndependently.



