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Abstract 

CAOS is a crystallographic package for crystal structure determination from single crystal diffraction data.The first version of the CAOS program was written at the early years of  the 70's. (Cerrini S. & Spagna R. (1977) Crystallographic software for a mincomputer, IV Eur. Crystallgr.Meet., Oxford, UK, Abstract A-212). At the present, CAOS covers most of the crystallographic calculation: data reduction, intensity statistics, Fourier and Patterson synthesis, automatic Patterson solution, peaks interpretation, structure factor and least squares calculation with user defined blocked matrix, geometrical calculation, molecular display, publication tables, CIF files. Space group restrictions are handled automatically and  it is possible introduce restraints in the refinement and many weighting schemes are available. Furthermore, hydrogen atoms can be calculated from model.  

Some general information 

The input necessary for all jobs consists of a sequence of commands, data and directives which determine the course that the calculation should take. The commands are headed by '#’ or ‘%’ character, directives and data follow the related command.

CAOS recognises the following commands:

#INITIALIZE 


Initialize the direct access file 

#FILE                  binary_file
give the file name of the direct access binary file

#STRUCTURE    binary_file
like  #FILE

#TITLE                title

give the title of the structure

#JOB                   title

like  #TITLE

#INPUT               input_file
give the input file name

#OUTPUT           output_file
give the output file name

#READ                list_no
read the data of the list_no list

#LIST                  list_no
like  #READ

#PRINT               list_no
print the data of the list_no list

#UPDATE            list_no
update the list_no list

#DUMP                list_no
dump on requested file the list_no list

#PUBLICATION   list_no
print the list_no list as tables for publication

#DATA 


read reflns and obtain set of unique reflections put on Wilson scale

#SAVE



save list 5 and list 12 as saved lists

#RESTORE


restore the saved lists 5 and 12

#SORTING


sort the reflections by h,k,l

#MERGE


merge equivalent reflections

#NORMAL


calculate Wilson plot

#FOURIER


calculate a Fourier map

#PATTERSON


calculate a Patterson map

#SEARCH


calculate connectivity from list of atoms (list 5) and produce a list 35

#LSQ



Least Squares routine

#AGREEMENT


analysis of Fo Fc

#DISTANCE


calculate distances

#ANGLE


calculate angles

#SHORT


calculate short distances

#LONG



calculate long distances

#HYDROGEN


calculate geometrical positions of H atoms

#GEOMETRY


geometrical calculation routine

#PLOT



plot the molecule on screen or on HP plotter

#INFO



give information about the structure data

#CIF



produce a file CIF

#END



End of the program

All commands and directives are in free format (between columns 1-80) and are case independent. Only the first four characters are significant. If the first character following the header character ‘#’ is a blank character, then the record is interpreted as a comment.

CAOS uses a direct access binary file to store the data of the crystal structure and the name of this file is the first information requested by the program. We remind that the binary file must be indicated without the extension .BIN. The program inserts (or replaces) the extension  

The input_file is a text file containing directives and data (created previously with an editor)

The output_file is file containing the results.

Only for Windows95 or NT platform: at the beginning, the program opens a window asking the directory where are stored the files of the structure under examination, the name of the binary_file and the names of input_file and output_file. In the last two questions, if no file names are given, the interactive mode is selected 

Only for Unix and OpenVMS platform: to run the program, write the following command:

caos  [binary_file  [input_file   [output_file]]]

All the strings between brackets are optional. If (bynary file) is ommited, no other file can appear in the command line.

If the binary_file is not given, the program prompts:

please enter the binary file name (without extension) !

>

If the input_file is missing, the interactive mode is selected and the output will be on the screen.

If the output_file is not present, the output is on the screen.

Input/output of lists 

The data required to solve a crystal structure must be input to the computer, translated into an internal format and stored on the binary file.

On the disk, different types of data are recorded separately, in what they are called 'LISTS', each list holds only one type of crystallographic information and it is identified by a number, called 'LIST TYPE NUMBER', and by a alpha-numeric string (the first four characters are significant), called IDENTIFYING STRING

LIST TYPE NUMBER  
IDENTIFYING STRING       
TYPE OF DATA

      1               
CELL                        
cell parameters

      2               
SYMMETRY             
space group symmetry

      3               
FORM                 
form scattering factors and cell content

      4               
WEIGHTING            
weighting parameters

      5               
ATOMS                
atomic parameters

      6               
REFLECTIONS          
reflections 

     12               
DREFINEMENT          
refinement instructions

     14               
LIMITS               
fourier directives

     15               
PEAK                 
peaks localised from the map

     18               
CONDITIONS           
min & max values of the data

     35                                      
peaks interpreted by the program.

Commands to control the lists are:

#READ   (list number or string)

#LIST                 "                     (equivalent to READ)

#PRINT              "

#DUMP              "                     (valid only for 5,6,12,15)

#UPDATE          "                     (valid only for 1,5,6)

#PUBLIC            "                     (valid only for 5,6)

Input/output of all the lists


To read all the experimental data, the following command can be used:

#READ   FILE   [keyword]

The allowed keywords are:

CAOS        (default)

The input data are:

a   b   c     (  (   (         



(see List 1)

string 





(symbol of the space group, see List 2)

cell content




(see List 3)

h    k    l     Fo       ((Fo)      Fc      Phase

(see List 6, DATA directive)

SHELX

the program prompts the request of the first component of the filename for the ShelX files:

structure_name.ins  &  structure_name.hkl 

At the present, the routine is unable to resolve the symmetry cards and they were jumped. The user have to give this information via CAOS directive:

#read  symm  [symbol of the S.G.]    (see list 2)

SIR

The program asks for the SIR file_name.sir and it will read the list 1, 2 & 3 from this file and the reflections from file defined in the %reflections directive  (the directive %format is not used).

To create a file with all the data, the following command ca be used:

#DUMP   FILE     [keyword]

The program asks for the file name to dump the data. The allowed keywords are:

CAOS        (default)

SHELX

SIR

PARST

Useful to run the program PARST by M. Nardelli (J.Appl.Cryst.(1995). 28,659)
 Examples:

…

#init

#title  AP4  (STRUCTURE TEST)

#read file 

8.278 8.856 12.814 103.89 99.12 105.62

p -1

hg 2 s 2 b 2 n 16 c 26 h 30   end

   1   0  -7       22.58745        0.18191

   1   0  -7       22.47132        0.18288

…

#initialize

#read  2  p -1

#read file shelx

name_of_structure

…

#read  file  sir

name.sir

….

Cell parameters
List 1

#READ  CELL

a   b   c     (  (   (
cell dimensions a, b, and c are in angstroms, (  (  and  (  in degrees.

#read cell

 10.818 9.062 11.822 90 91.87 90

Space group symmetry
List 2

#READ  SYMMETRY    string


String is the symbol of the space group, according to International Tables (1974). Blanks are necessary among the terms constituting the space group symbol . 

#read symm    P  21  21  21

#read  2   P  21/c

Form scattering factors and Cell content
List 3

#READ   FORM 

 Species1   n1   Species2    n2    Species3   n3    .........

Keywords


Speciesi is the chemical symbol of atomic type i, ni is the corresponding number of atoms in the unit cell (to a maximum of 8 atomic types). For each chemical  element up to Cf (Z=98) X-ray and electrons scattering factor constants are stored, together with information on the atomic number and weight, covalent and Van-der-Waals radii., etc. in the file CaosWare.xen.

The scattering factors are:

f r = ( a i  e -bi sin((/()2 + c+ f’          
(real component)

f i = f “ 




(imaginary component)

The structure of the file CaosWare.xen is:

(Header record)
(06.96    ---- scattering factors ----                                


(no. of records)  
(     9                                                     


(#   Atomic   Weight    coval_radius    vanderWaals_radius                       

(x_ray)

(#         a(1)    b(1)       a(2)    b(2)    a(3)    b(3)                    

(#                a(4)    b(4)       c                                               

(#            f’(Mo)   f”(Mo)    mu/rho                                         

(#            f’(Cu)    f”(Cu)    mu/rho                                         

(electr.)

(#         a(1)    b(1)       a(2)    b(2)    a(3)    b(3)                    

(#                a(4)    b(4)       c                                               

(neutrons)

(#         fact  

(#     Name_specie

(h      1    1.008   .320         1.33                                           

(h           .48992  20.65930    .26200   7.74039    .19677  49.55190            

(h           .04988   2.20159    .00130                                          

(h           .00000    .00000    .38000                                          

(h           .00000    .00000    .43500                                          

(h           .37540  15.49460    .14080   4.12610    .02160    .02460            

(h          -.10120  46.88400    .00000                                          

(h         -0.37200                                                              

(h  Hydrogen

(etc...

Accepted keywords:

FILE    file name 

containing the information of the atomic species (default = SirWare.xen)

WAVE   (value or code)    

value of the ( or symbol (Mo and Cu)

DIFFRACTION  (code)     

code indicate the kind of data:




        

x-ray




       

electron




       

neutron

ANOMALOUS    species  f’   f”    
give the anomalous dispersion factors for the atomic species if different from what is stored in the SirWare.xen file.

SFACTOR   specie a(1)  b(1)  a(2)  b(2)  a(3)  b(3)  a(4)  b(4)  c  f’   f”  mu/rho  r  wt






(like SHELX instruction)

UNIT           n1  n2  n3  …

number of atoms of each type in the unit cell, in the directive SFACTOR order, (like SHELX instruction)

END
ends the command.

#read form

hg 1 p 2 c 15 h 22

end

#read  3

o 1  c 21   h 24

wave  cu

end

Weighting scheme
List 4

#READ   WEIGHTING   

type   npar  par1   par2  ...


type    

number of the weighting scheme requested (1 - 18) 


npar

number of parameters (drefaulted)


par1  par2 ...
npar  parameters of the weighting scheme (defaulted)

The available weighting schemes are the following :

1
w = Fo/p(1)  if Fo  ( p(1) 

w = p(1)/Fo  if Fo ( p(1)

default ; p(1)=4*Fo(min)

2
w = 1/(p(1)+p(2)*Fo+p(3)*Fo**2) 

default: p(1)= 2*Fo(min); p(2)=1.0; p(3)=2./Fo(max)

3
w = (sin(()/()**p(1) 

default: p(1)=1.0

4 
w = ((/sin(())**p(1)

default: p(1)=1.0

5
w = p(1)/(((Fo ))**2

6
w = p(1)

default ; p(1)=1.0

7 
w = 1/(1.+((Fo-p(2))/p(1))**2 )

default: p(1)= Fo(max); p(2)=Fo(min)

8
w = 1.0

if Fo  (  p(1)

w = p(1)/Fo
if Fo  (  p(1) 

default ; p(1)=4*Fo(min)

9 
w = p(1)*((Fo) 

10
w = p(1)/((Fo) 

11
w = (sin(()/()**p(4) / (p(1)+p(2)*Fo+p(3)*Fo**2)

default: p(4)=1.0; p(1)= 2*Fo(min); p(2)=1.0; p(3)=2./Fo(max)

12 
w = 1./( p(1)*((Fo )**2+p(2)*P+p(3)*P**2)

where P=(Fo+2Fc)/3   (shelx scheme)

default: p(1)=1.0; p(2)=2.*P(min); p(3)=2./P(max)

13
w = 1/ (p(1)+p(2)*Fo+p(3)*Fo**2+p(4)*(sin(()/())

default: p(1)= 2*Fo(min); p(2)=1.0; p(3)=2./Fo(max); p(4)=1.0

14
w = 1/(p(1)+p(2)*Fo+p(3)*Fo**2) 

default: p(1)= 2*Fo(min); p(2)=1.0; p(3)=2./Fo(max)

as scheme 2, but #WEIGHT uses different algorithm to find the best coefficients

15
w = 1/(p(1)+p(2)*(sin(()/()+p(3)*(sin(()/()**2) 

default: p(1)= (sin(()/()(min); p(2)=1.0; p(3)=(sin(()/()(max)

16
w = 1/[(aiT*i(F)] 

no default, the Chebyshev coefficients ai must be calculated using #WEIGHT 

17
w = (sin(()/()**p(3) / (p(1)*((Fo )**2+p(2)*Fo**2)

default: p(3)=1.0; p(1)=1.0; p(2)=2./Fo(max)

18
w = 1/((p(4)*(sin(()/()**p(5)+ p(1)+p(2)*Fo+p(3)*Fo**2)*((Fo )**2)

default: p(4)=1.0; p(5)=1.0; p(1)= 2*Fo(min); p(2)=1.0; p(3)=2./Fo(max)

The weight is multiplied by a scale factor (SC) to achive:

(w(2 /(Nref-nparam) = 1.0

The value of SC is set = 1.0 when the weighting scheme is input.

#read weight

2 

(Cruickshank weighting scheme using default values)

Atomic parameters
List 5

The available parameters of the atoms obtained are stored in the direct access file as following:

Species     Serial_number    x    y    z    Thermal_factor     Occupation

where Species is the chemical symbol of the atom and it must be given in the list 3; Serial_number is a sequence number of that species; the Thermal_factor is B(iso) for an isotropic atom (the exponential factor takes the form exp[(B(sin(()/()2] and the Thermal_factors are  ((11  (12  (13  (22  (23  (33 ) for an anisotropic atom (the exponential factor takes the form exp(-
[image: image1.wmf]j

i

å

å

(ijhihj ). (in the test b(()

#READ   ATOMS   

Scale  B(overall)  Extinction  Polarity                            scale to be applied to Fc; B(overall) is used in the refinement block-diagonal approximation, coeff. of extiction, coeff. of polarity

The record(s) for each atom are the following:

1. Species  serial   x   y   z    [b(iso)]   [(occ)]  [(idev)]  [(imix)]  [(name)]

if b(iso)=0,  read a record containing the b(i,j): 

2. Species    b(11)  b(12)  b(13)  b(22)  b(23)  b(33)

if idev=1, read a record containing the standard deviations on the parameters :

3. Species    ((x)   ((y)   ((z)   ((b(iso))   ((occ)
if b(iso)=0, read the a new record containing the standard deviations on b(i,j):  :

4. Species   ((b(11)) ((b(12)) ((b(13)) ((b(22)) ((b(23)) ((b(33))

if imix>0, read the a new record containing Species & occ for imix times 

5. Species1   occ1   Species2   occ2   …
If b(iso) is not present, the default value is B(overall); default value for occ is 1.00; Idev and imix if not present assume the value 0, the maximum value for imix is 4; the name is a string identifying the atom (max 8 characters), if it is not present, a string will be built Species(serial).

The sequence of atoms can ends with the connectivity : 

nbond 
number of bonds

n1   n2   code  
for each bond : n1 and n2 are the sequence number in the list 5 of the atoms; code is = 0.

The list 5 ends with : ## 

If the connectivity is not present, the program builds it calling the interpretation routine.

#read atoms

 1.035  5.63  0.00  0.00                                     

 o  1   -.99299   -.37159   -.36338    4.33    1.0   

....

##  

It is possible to read a SHEL-X file of co-ordinates giving an appropriate keyword:

#READ  ATOMS  SHELX

the program prompts the request of file name where the Shel-X co-ordinates are. 

Example of Shel-X file (file.ins o file.res):

TITL                                        calix                               

CELL    .71069     28.181   11.769   15.838   90.000   90.000   90.000

ZERR         4       .005     .005     .005     .005     .005     .005

LATT -1

SYMM -X,-Y,  .50000+Z                                                          

SYMM   .50000-X,  .50000+Y,  .50000+Z                                          

SYMM   .50000+X,  .50000-Y,Z                                                   

SFAC    C   H   O   CL                

UNIT   228 192  32   8

MERG      2

OMIT      4

L.S.      4

LIST      1

FMAP      2

PLAN     25

FVAR    1.0

O1      3   1.09077    .03784    .66737  11.00000    .02816    .06526 =

         .04829   -.00486   -.00418   -.00302

O2      3   1.04664    .16432    .78076  11.00000    .01328    .07291 =

         .05731   -.00699   -.00204   -.00059

O3      3   1.13441    .21943    .60461  11.00000    .03621    .06610 =

…and so on……..

H48     2    .88080    .19495    .17274  11.00000    .14491

H49     2    .75822    .24202    .94141  11.00000    .15600

H50     2    .78244    .12363    .92712  11.00000    .15600

HKLF      4

END        

#PRINT  ATOMS

the following keywords are allowed:

STANDARD

print co-ordinates and standard deviations

FULL


print the b(ij) for anisotropic atoms (default the B(equiv) will be printed)

UIJ


analysis of b(ij)

ORTHOGONAL
give orthogonal co-ordinates of atoms 

END


ends the command.

#UPDATE  ATOMS

the allowed keywords are:

RESET




copy the list 35 into the list 5.

The directive MATRIX must follow the ATOM instructions (one or more).

ATOM    (atom)



the (atom) define which atoms are used

MATRIX  a11  a12 ..  a33 t1 t2 t3      
apply the matrix to the atoms indicated before.

ANISO   (atom)

transform the thermal factor of the (atom) atoms from isotropic to anisotropic.

ISO         (atom)


from anisotropic to isotropic.

DELETE  (atom)


delete (atom) atoms from list 5 .

ADD species serial x y z b(iso) occ
add the atom to the list 5

SPECIES
(atom)  species

assign the species to the (atom) atoms

SERIAL
(atom)  serial_no.
assign the serial number to the (atom) atom

HEIGHT
(atom)    a

assign the height a to the (atom) atom

BMEDIUM
a


assign the value a to the B(overall)

SCALE 
a


assign the value a to the Scale factor

BOND

(atom1)   (atom1)
the atoms (atom1) and (atom2) are bonded

NOBOND
(atom1)   (atom1)
the atoms (atom1) and (atom2) are not bonded

CONNECTIVITY
the program builds the connectivity, having fixed the coordinates of the atoms defined in previous ATOM directive(s)

END




end the command.

#PUBLICATION  ATOMS

the following keywords are allowed:

CIF


write a file in CIF format of atomic parameters;

WORD
write a table using the character TAB to put in columns the co-ordinates (useful if a word processor like WORD will be used);

SKIP   n        
n is no. of initial blank (default n  = 1) ;

NO
the decimal point will not be printed (default : the decimal point is used) ;

COMPRESS  (OFF)  
single spacing (default condition), if the option OFF is present, double spacing is required ;

XFIGURE  n      
n is the number of digits for x, y, z (default n  = 15 ) ;

XDECIMAL  n    
n is the number of decimals for x, y, z (default n = 4 ) depending on st. dev.;

BFIGURE  n      
n is the number of digits for b(i,j) (default n  =  14 ) ;

BDECIMAL  n    
n is the number of decimals for b(i,j) (default n = 4 ) depending on st. dev.;

IFIGURE     n     
n is the number of digits for B(iso) (default n = 12 ) ;

IDECIMAL  n     
n is the number of decimals for B(iso) (default n = 1 ) depending on st. dev.;

BEQUIV          

calculate from b(i,j) the B(equiv) ;

UEQUIV          

calculate from b(i,j) the U(equiv) ;

BIJ             

calculate from b(i,j) the B(i,j) ;

UIJ             

calculate from b(i,j) the U(i,j) .

U


write a table with U(equiv) and a table with the U(ij);

B


write a table with B(equiv) and a table with the B(ij);

NDEVIATION  n
n  is the number of digits of the standard deviations;

FIXED


the number of decimals is fixed,  

LIST


list the allowed keywords.

END


ends the command.

#DUMP  ATOMS     [keyword]

the following keywords are allowed:

CAOS


(default)

SHELX

MOLDRAW

CHEM-X

SYBYL

PDB

The output file can be input to the corresponding program.

Examples:

...

#update  5

aniso

end

 ...

#update  5

aniso  c o

end

 ...

#update  5

atom sn

matrix    -1 0 0    0 -1 0    0 0 -1   0  0  0

end

#publ  5

end

#publ  5

b

fixed

end

Reflections 

List 6

#READ  REFLECTIONS

the following keywords are allowed:

FILE



the program prompts the request of the file name:

file_name


(the file where the reflections are stored)

FOSQUARE


the Fo2’s are read and the Fo are calculated and stored on binary file

CARD
 m  n


m is number of reflections for each record





n is the number of data to be read (default n=7)

SEQUENCE
(codes..)
which data are read. Codes are:





H   K   L  FO   SIGMA   FC   PHASE   CODE

FORMAT      format
format to be used (remind: the indices are read as floating point numbers)

RADIANT
the phase are expressed in radians

END



ends the command.

If the keyword UNIT is not given, the reflections follow the END. The default quantities read in free format for each reflections are:

  h    k    l     Fo       ((Fo)      Fc      Phase

and it is not necessary that all the information are present. The dummy reflections ends the list.

127  127   127         

The list 18 is automatically created.

#PRINT  REFLECTIONS

the allowed keywords are:

ALL


print all the reflections (default). 

FIRST      n    

print the first n reflections.

LAST       n    

print the last n reflections.

SCALE       

print the Fo on absolute scale.

COLUMNS    n

number of columns.

LINES           n 

number of rows per page

STATISTIC   

print only some information on list 6.

END


ends the command.

#UPDATE  REFLECTIONS

the allowed keywords are:

CHOP              a
flag as unobserved the  Fo<a*((Fo).

SYSTEMATIC   n 
delete the systematic absences and assign the same indices to all the equivalent reflections. If n=0  applies the centre of symmetry, if n=1 , the centro-symmetric reflections are left as they are. 

MATRIX a11 a12 ..  a33  t1 t2 t3  
apply the operator to the indices :

H’ = (H*a11)+(K*a12)+(L*a13)+t1 

K’ = (H*a21)+(K*a22)+(L*a23)+t2 

L’ = (H*a31)+(K*a23)+(L*a33)+t3 

CONDITIONS
the quantities of each reflection are compared with the limit stored in list 18 and not more used in the subsequent calculations. The reflections can be reused changing the limits.

SORTING   ilent    ivelox   
are the code of the sorting 

OBSERVED                  
the unobserved reflections are definitively delete from the list 6.

SCALE          a                
F(obs) are multiplied by  a .

MODIFY                    
calculate the equivalent indices and preserve hkl in the limits of list 18.

GENERATE                  
Generate a file with all the equivalent reflection without the centre of symmetry.

END
ends the command

#PUBLICATION  REFLECTIONS

the allowed keywords are:

CIF
write a file in CIF format ;

LASER
write a file in a format according with the laser printer; (default: columns=3; lines=62; spaces=3; skip=5)

COLUMNS    n      
no. of columns per page (default = 4) ;

LINES           n      
no. of lines per page (default = 57) ;

SPACES       n      
no. of spaces between columns (default = 3) ;

SKIP             n  
    
n is no. of initial blank (default n  = 10) ;

SCALE          a       
a multiplies Fo and Fc (default = 1.0 ) .

END
ends the command.

The reflections must be sorted by indices (use #SORTING   )

#DUMP  REFLECTIONS    [keyword]

the allowed keywords are:

ALL       
(default, CAOS format)

OBSERVED
(only the observed structure factors are dumped, CAOS format)

SHELX

Example:

#read reflections

end

0 0 1 372.9

0 0 2 387.7

0 0 3 1224.2

0 0 4 640.3

 ...

12 4 1 29.2

13 1 -1 27.6

13 1 0 61.2

127 127 127

#print 18

#end..

#print  6

statis

end

#end

Refinement directives
List 12

#READ DREFIN

The following directives define the type of matrix to accumulate the least squares derivatives.  Two type of directives exist, type A and type B ; the first directive must be of type A and only the directive BLOCK can be repeated to start the user-defined blocks approximation.

The label of an atom is Species(Serial_number). The atoms involved into the refinement process can be indicated as:

1) no indication (all the atoms are considered);

2) Species (all the atoms belonging to that species are considered)

3) Label (only that atom is considered)

4) Label1 until Label2 (the atoms in the list starting from Label1 until Label2 are considered)

A mixed way can be used. Examples:

c      


(only carbon atoms are indicated)

c  o  


(carbon and oxygen atoms are indicated)

c(1) 


(only this atoms is indicated)

c(1) until c(5) 
(if c(2), c(3) and c(4) are present in the list between c(1) and c(5), all these atoms are considered)

c(1)  c(12)  

(only c(1) and c(12) are considered)

c(2) c(7) until c(15)    
(the atoms c(2) and c(7),c(8),c(9)...,c(15) are considered)

To indicate the parameters, the following codes are used:

nothing


x y z and b[iso] for isotropic atom





x y z and (ijfor anisotropic atom

x  y  z 


positional co-ordinates

x's     


to indicate all three co-ordinates x, y and z

b[iso]    

to indicate the isotropic thermal parameter

11  12  13  22  23  33  
(ij anisotropic thermal parameters

ij  ii  


to indicate the off- and the diagonal thermal parameters

occ


occupation (the main species for mixed site)

occ1


occupation of 1st species for mixed site

occ2


occupation of 2nd species for mixed site

occ3


occupation of 3rd species for mixed site

occ4


occupation of 4th species for mixed site

scale
  

overall scale 

boverall

the overall temperature factor

extinction

extinction coefficient

polarity 

polarity coefficient

Type A:

FULLMATRIX       atoms    params
The parameters of the indicated atoms are included in a full matrix (the scale factor is automatically included). In the default way, all the atoms are included.

DIAGONAL       atoms   params
The parameters of the indicated atoms are refined using diagonal matrix approximation, one block per atom ; an extra block is added for the scale factor and the overall temperature factor. In the default way, all the atoms are included.

BLOCK             atoms   params
The parameters of the indicated atoms are included in the same block. The directive BLOCK has to be repeated for each block.

DEFAULT    FULL

DEFAULT    DIAG


To reset the refinement conditions.

Type B:

PLUS              atoms    params
The parameters of the indicated atoms are added to those defined by the previous instruction of type A 

FIXED  (or FIX)   atoms   params
To fix the parameters of the indicated atoms.

EQUIVALENCE    atom1   param1    atom2   param2
To equivalence parameters of the selected atom(s). If atom2 is omitted, param1 and param2 are referred to the atom1 . Using this instruction, param1 is constrained to param2 in the least squares process and only one parameter is refined . This may be due to symmetry or any other constraint process.  The obtained shift, multiplied by proper factor1 and factor2 respectively (see next instruction), is applied to param1 and param2 . The default value for factor1 and factor2 is 1.00.

FACTOR     atom    param     coef
To set the value of the factor coef which multiplies the shift of the parameter of the indicated atom.

RIDE             atoms1     atoms2
Normally the atoms2 indicates hydrogen atoms and atoms1 one of the species carbon, oxygen, nitrogen and boron if they are present in the content of the cell. The hydrogen co-ordinates 'ride' on the atoms to which they are attached. 

DIST       target  sigma atom1  atom2   
The distance between atom1 and atom2 is restrained to the target value with the estimated standard deviation sigma.

ANGLE   target  sigma  atom1  atom2  atom3
The angle is restrained to the target value with the e.s.d. sigma. The angle is defined as the angle subtended at atom2 by atom1 and atom3.

PLANAR  [sigma]  atoms
The program computes the mean plane trough the atoms and then restrains each of the atoms to lie in the plane (default value for sigma=0.001Å).

SUM        [sigma]  [atoms]  params
This restraint holds the sum of the parameters. This is the default case for polar space groups, where the singularity up the polar axis may be removed by holding the sum of all the co-ordinates up that axis constant (default value for sigma=0.00001)

END




To end the directives input.

#PRINT  12

#DUMP  12

Example:

#read drefin

default   full    

end

#read drefin

diag  o  c

ride  c h

##

...

#read drefin

full  br(1) until c(15)  x's  ij

fix br(1) z

ride  c h

end

...

#read drefin

block first until last x's

block o c ij

plus scale

##

...

#read drefin

block o

block c

plus scale

ride c h

end

...

#read drefin

block o c

plus scale

equiv o x y

end

...

#read drefin

full

plus  c(1)   occ

equiv  c(1) occ c(11) occ

factor  c(11)   occ    -1.0

end

...

#read drefin

block c(1) until c(48) x's ij

plus h(1) until h(483) x's

plus scale

ride    c(1) until c(48) h(1) until h(483)

block c(101) until c(148) x's ij

plus h(11) until h(1483) x's

ride c(101) until c(148) h(11) until h(1483)

end

...

#read drefin

diag br(1) until c(12)

ride  c h

end

#list 12

full

fix   om1(1)   y

fix   om1(1)    23

fix   om1(1)    12

fix   o(6)     y

fix   o(6)      23

fix   o(6)      12

fix   mgp2(1)  x   z

fix   mgp2(1)   23

fix   mgp2(1)   12

fix   mgp2(2)  x   z

fix   mgp2(2)   23

fix   mgp2(2)   12

fix   mgp2(3)  x y z

fix   mgp2(3)   23

fix   mgp2(3)   12

fix   nap1(1)  x   z

fix   nap1(1)   23

fix   nap1(1)   12

fix   nap1(2)  x y z

fix   nap1(2)   23

fix   nap1(2)   12

fix   nap1(3)  y

fix   nap1(3)   23

fix   nap1(3)   12

fix   nap1(4)  x   z

fix   nap1(4)   23

fix   nap1(4)   12

fix   h(1)     y

fix   fep2(3)  x   z

ride  o h

fix h b[iso]

fix o(1) ij

plus o(1) occ occ1

sum o(1) occ  occ1

fix o(2) ij

plus o(2) occ occ1

sum o(2) occ  occ1

fix om1(1) ij

plus om1(1) occ occ1

sum om1(1) occ  occ1

fix o(3) ij

plus o(3) occ occ1

sum o(3) occ  occ1

fix o(4) ij

plus o(4) occ occ1

sum o(4) occ  occ1

fix o(5) ij

plus o(5) occ occ1

sum o(5) occ  occ1

fix o(6) ij

plus o(6) occ occ1

sum o(6) occ  occ1

fix al(1) ij

plus al(1) occ occ1  occ2   occ3

sum al(1) occ  occ1  occ2  occ3

fix si(2) ij

plus si(2) occ occ1

sum si(2) occ  occ1

fix mgp2(1) ij

plus mgp2(1) occ occ1

sum mgp2(1) occ  occ1

fix mgp2(2) ij

plus mgp2(2) occ occ1  occ2

sum mgp2(2) occ  occ1  occ2

fix mgp2(3) ij

plus mgp2(3) occ occ1

sum mgp2(3) occ  occ1

fix nap1(1) ij

plus nap1(1) occ occ1

sum nap1(1) occ  occ1

end

#end

Map limits
List 14

The list 14 gives information to calculate a map.

#READ LIMITS

The allowed keywords are:

X  Min Max Step Div   
minimum, max, step and unit for the a axis

Y Min Max Step Div    
for the b axis;

Z Min Max Step Div    
for the c axis .

PEAK   n               
Number of peaks requested

LEVEL   a              
Threshold for peak search routine;

MULTIPLY   a            
a is the scale for electronic density. The program multiplies in any case for 10.0

F000     a             
give the  F(000)   (default : a= 0.0). 

ORIENT  ioriz  ivert
the orientation of the map on the printout giving the horizontal axis (ioriz) and the vertical axis (ivert) ;  (remind: 1= axis X ; 2= axis Y ;  3= axis Z) .

DEFAULT              
produce a list 14 using default values.

END

Examples:

#list  14

x   0.0 0.5 

y  0.0 0.5

z  0.0 1.0

peak  25

level  20.

orient  1 3

end

 ...

#list 14

default

peak   50

end

 ...

#list  14

x  0  50  2  100

y  0  50  2  100

z  0 100  2  100

orient   1 3

end

#list 14

default    diag  

end      

Reflections conditions

List 18


The list 18 has two functions: 1) to keep the min and max values of some quantities of the reflections; 2) to modify the reflections to be used in the calculations changing the min and max values and updating the list 6.

#READ  CONDITIONS

The allowed keywords are:

H

min
max

min and max values for h ;

K 

min
max 

min and max values for k ;

L

min
max 

min and max values for l ;

FO 

min
max

min and max values for Fo;

SIN 

min
max

min and max values for sin((/()2 ;

FC

min
max

min and max values for Fc ;

F/FC 

min
max

min and max values for Fo/Fc ;

R

min
max 

min and max values for [Fo-Fc]/Fo ;

2THETA
min
max 

min and max values for 2(;

RESOLUT
min
max 

min and max values for the resolution;

RESET



update the user values using the stored experimental values;.

SET



calculate all the value from the experimental data of list 6.

HKL   a b c d e f 

coefficients for defining validity conditions to accept reflections:  

f > H*a + K*b + L*c + d > e

END



ends the command

Examples:

#list 18

set

r  0.0  0.3

end

#update reflecti

conditions

end

#list 18

fo 2.0   300.

end

#update reflec

condit

end

#list 18

reset

end

#update  6

condit

end

Data reduction

#SORTING   il   iv   ia
where il is the slowest varying index , iv is the fastest index and ia is a code: if ia=1 the sorting is done using the absolute values of the indices.

#MERGE 

average the close equal reflections

#DATA
follow the reflections, like list 6. The results of this command is: 

- read and store list 6

- the equivalent reflections are reported with the same indices

- sorting

- merge 

- wilson statistic

- put the fo on absolute scale

- create the list 4, 14, 12, 18 using default values.

Examples:

#title dibromo

#list  1

12.268   12.268   9.923  90. 90. 90.

#list  2   p  41

#list  3

br 8 cl 12 o 4 n 8 c 64 h 52

end

#list 6

end

   0   0   2        1.68536        6.29010

   0   0   3        9.50451        3.09145

   0   0   4      195.01208       2.37237

   0   0   5        2.48926        9.29041

   1   0   6       208.44153     2.53291

    .....

    .....

  18   3   1       5.03256
      19.05841

  18   3   2       33.41090        5.80577

  18   4   0        5.12315       19.12062

  18   4   1        5.14043       19.18509

 127 127 127   5.14043       19.18509

#update 6

syst  0

end

#list 18

set

end

#sort

#merge

#list 18

set

end

#end

The following example is equivalent to the above example:

#title  dibromo

#list  1

12.268   12.268   9.923  90. 90. 90.

#list  2   p 41

#list  3

br 8 cl 12 o 4 n 8 c 64 h 52

##

#data

   0   0   2        1.68536        6.29010

   0   0   3        9.50451        3.09145

   0   0   4      195.01208       2.37237

   0   0   5        2.48926        9.29041

   1   0   6      208.44153      2.53291

    .....

18   3   1        5.03256
      19.05841

  18   3   2       33.41090        5.80577

  18   4   0        5.12315       19.12062

  18   4   1        5.14043       19.18509

 127 127 127    5.14043       19.18509

#end

Patterson and Fourier map

The commands allows some keyword to override the value stored in list 14.

#PATTERSON    

The allowed keywords are:

AUTOMATIC


automatic solution of a Patterson map.

OBSERVED


use Fo (default conditions)

CALCULATED


use Fc
PRINT



print output the map

LEVEL       a


threshold of the electron density for peak searching

PEAK        n   


number of requested peaks  

F000
     a


a is the F(000) to be added 

MULTIPLY   a            
a is the scale for electronic density. The program multiplies in any case for 10.0

END



ends the command

#FOURIER

The allowed keywords are:

OBSERVED


use Fo (default conditions)

CALCULATED


use Fc
DIFFERENCES

use Fo-Fc
PRINT
     k


k=1 print the localized peaks; k=2 print the map

LEVEL       a


threshold of the electron density for peak searching

PEAK        n   


number of requested peaks  

F000
     a


a is the F(000) to be added 

MULTIPLY   a            
a is the scale for electronic density. The program multiplies in any case for 10.0

ATOM     (atom)
the (atom) define which atoms are used

FREE
allow the atoms defined in previous ATOM directive(s) to be moved in different asymmetric units in the interpretation of the map.

END



ends the command

Examples:

#patter

automatic       (if the automatic procedure PAUTO has to run)

end

#patt

end

or 

#patt     #        (the character # after the directive means to use the default values)

#fourier  #

#fourier

peak 10

level 40

end

#fourier

diff

pe 30

le 5

end

LSQ routine

The structure factors Fobs are used in the least squares refinement process and it is possible to ignore data with Fobs less than chop_value multiply ((Fobs).

A variety of weighting schemes is available and the user can choose a scheme which does not give marked systematic trends with the magnitude of Fobs or of resolution. If the Cruickshank weighting scheme is selected, at the end of the refinement process a routine calculates the best coefficients of the function. In this way, the scheme would give constant <w(2> when the set of w(2 values is analysed in any significant systematic fashion and a value of the Goodness of Fit equal to the unit. 

A damping factor can be set by the user to improve the convergence properties of the refinement. 

The atomic parameters are refined using various type of matrix to accumulate the least squares derivatives. It is possible to use any user-defined blocks approximation starting from the full matrix type until the block diagonal per atom (4x4 for isotropic atom and 9x9 for anisotropic atom).

The scale factor is also refined and the constraints due to the space group are automatically taken into account. Nevertheless, the user can fix any parameters and set any equivalence between refined parameters. 

If hydrogen atoms are present, their positional co-ordinates ride on the atoms to which they are attached and their isotropic thermal parameters are fixed equal to that of the attached atom.

#LSQ

The allowed keywords are:

NUMBER  n


The number of the first calculation for this run.

PRINT



For each reflection the output of structure factor calculation is printed

VERBOSE  n


code to determine the level of printing:

n=0 (default conditions), the values of R% , wR% , S and some other general statistics 

n=1 the atomic parameters 

n=2 details of the refinement

ANOMALOUS   code  
the anomalous coefficients are taken into account (code = ON) (default condition), code = OFF no anomalous scattering factor is introduced. 

CYCLES  n


the number of requested cycles

CALCULATION


only one structure factor calculation is performed

WEIGHTING   type   npar  par1   par2  ... (see #LIST 4)





type    
number of the weighting scheme requested (1 - 12) 





npar
number of parameters





par1  par2 ...
npar  parameters of the weighting scheme 

CUTOFF    chop_value

To ignore data with Fo less than chop_value multiplied by ((Fo).

CHOP        chop_value
like CUTOFF

DAMPING   damp
The calculated shifts are multiplied by damp before being added to the parameters

SCALE  


To refine the scale only.

ISO     atoms
The thermal factors of the atoms here indicated are transformed into isotropic ones 

ANISO   atoms
The thermal factors of the atoms here indicated are transformed into anisotropic ones

NOCHECK


do not check automatically the list 12

Examples:

To run a least squares refinement:

#lsq

end        or  

#lsq   #

the run ends when convergence is reached.

#lsq

cycle 4

end

only 4 cycles are requested.

#lsq

scale       (refinement only of the scale)

end

#lsq

calculat    (structure factors calculation only)

end

Optimized weighting function 

#WEIGHT

The allowed keywords are:

VERBOSE

TABLE

END
Examples:

#weight  #

#weight

verbose

table

end

Agreement analysis

#AGREE

The allowed keywords are:

VERBOSE

TABLE

END
Examples:

#agree   #

#agree

verbose

print   a        (print the reflections having (Fo-Fc)/Fo > a )

end

Distances and angles

#DIST       (dmin)  (dmax)                           
calculate the distances between atoms in the range (dmin) and (dmax)

#DIST   (dmin)  (dmax)   (dmin)  (dmax)  
calculate the distances and angles between atoms in the range (dmin) and (dmax)

#SHORT       (dmin) (incr)                             
calculate the distances larger than (dmin) taking into account the atomic radii +/- (incr)(default incr=0.3)  

#LONG         (dmin)  (incr)                             
calculate the long distances greater than (dmin) taking into account the van der Walls readii +/- (incr)(default incr=0.3) between atoms of different asymmetric units

#ANGLE     (dmin)    dmax)
calculate ancles between atoms in the range (dmin) and d(max)

Geometrical calculation of hydrogen atoms 

#HYDROGEN

The sequence is :

- define the atom (or the atoms) which the hydrogen atoms are bonded to

- instruction

The allowed keywords are:

33   
(three atoms bonded to carbon atom sp3)

32   
(two atoms bonded to carbon atom sp3)

31   
(one atom  bonded to carbon atom sp3)

22   
(two atoms bonded to carbon atom sp2)

21   
(one atom  bonded to carbon atom sp2)

11   
(one atom  bonded to carbon atom sp1)

AUTOMATIC   
the program finds automatically the hybridization and calculates the hydrogen positions bonded to carbon and boron atoms (default conditions)

SERIAL      n
serial number relative to the first H atoms

NAME    label
species for the generated atoms (default h)

B[ISO]    value
b(iso) for the atoms (default the b(iso) is equal to the bonded atom)

DIST       a 
value of bond distance (default  0.96)

END
ends the command

Example:

#hydrog  #

#hydr

atom  c(1)

33   

atom c(11)

atom c(12)

atom  c(13)

32

….

In the first example, the program calculates automatically the positions of H atoms. In the second, the program calculates and adds to the list 5 the co-ordinates of the three hydrogen atoms bonded to c(1) and two H atoms bonded to c(11), the same for c(12) and for c(13) .

Geometry 

It is possible to calculate in this module some geometrical quantities. The esds are estimated from the diagonal elements of the correlation matrix. When the calculation of the coefficients of a plane is requested, they are represented by an identification label given by the user. In this way, subsequent calculations can be done recalling the plane via this label. Furthermore, it is possible to indicate a line passing through two atoms and to compute distances and angles using this vector. For bond lengths and angles calculation, the results can be obtained as a table ready for publication or a Crystallographic Information File file, named structure_name.cif. The torsion angles calculated follow the conventions defined by W. Klyne and V. Prelog, Exper. (1960)16,52.

The atoms involved in the calculations are indicated in a general way:

Species(Serial_number,[Sym,Npl,Tx,Ty,Tz])

where Species and Serial_number are the usual label of the atom; (Sym is the number of the symmetry operator of the space group and the leading sign minus informs that the centrosymmetric operator is requested; Npl is the number of the lattice operator (see table below); Tx, Ty and Tz are positive or negative numbers indicating a lattice translation along axis a, b and c respectively. 

The requested atom list in the instructions follows the rules given in LSQ module.

Lattice
no. of operators
Npl = 1
Npl = 2
Npl = 3
Npl = 4

    P
          1
0  0  0




    I
          2
0  0  0
1/2  1/2  1/2



    R
          3
0  0  0
1/3  2/3  2/3
2/3  1/3  1/3


    F
          4
0  0  0
0  1/2  1/2
1/2  0  1/2
1/2  1/2  0

    A
          2
0  0  0
0  1/2  1/2



    B
          2
0  0  0
1/2  0  1/2



    C
          2
0  0  0
1/2  1/2  0



The command is:

#GEOMETRY  STANDARD

One or more of the three following instruction must precede each request of geometrical calculation. 

ATOM     atoms

The named atoms are considered

LINE        atom1    atom2
The two atoms identify a straight line

PLANE     label


The label identifies the plane calculated before in the same run.

The following instructions allow the geometrical calculation.

P3P         label


A plane for three atoms is calculated.

PQM       label
A least-squares mean plane is calculated. Deviations of the atoms from the plane are listed.

PNR        label
The coefficients of the plane perpendicular to a line and passing through an atom are calculated

DIST        dmin    dmax
Distances are calculated for all the indicated atoms in the range dmin - dmax

ANGLE      dmin    dmax
Bond angles are calculated for all the indicated atoms having distances in the range dmin - dmax.

TOR
The atoms define a chain of at least four atoms. A list of torsion angles is generated for all torsion angles defined by this chain.

APP



The angle between two planes is calculated.

ARP



The angle between a line and a plane is calculated

ALL



The angle between two lines is calculated

DPA



Distances of atoms from a plane are listed.

DRA



Distances of atoms from a line are listed.

PM



Calculate the barycentre of the indicates atoms.

SAVE  



The subsequent bond length and angle calculation is stored.

CIF  
A Crystallographic Information File file 'structure_name.cif' is created containing the bond lengths and angles stored in memory in the self-defining STAR format.

TABLE   nc    ndev    nfix
The tables of bond lengths and angles previously stored are printed, ready for publication.

nc  number of columns (default=2)

ndev   number of digits for esd (default=1)

nfix     = 0  decimal digits depending on esd (default)

          =  1  number (3) of decimal digits is fixed 

END



end the directives input.

Examples :

#geometry

or

#geometry standard

atom                  

all the atoms are considered

dist                  


bond distances in the default range 0.2-1.7

atom                  

all the atoms

angle                 

angles between atoms in the default distance range 0.2-1.7 

atom c(1)              

atom c(2)             

atom c(3)             

atom c(4)             

atom c(5)             

atom c(6)             

atom o(6)             

the sequence c(1), c(2),..,o(6) defines a chain

torsion               

torsion angles are computed

atom                  

all the atoms are selected

pqm  p1               

l.s. mean plane labelled 'p1' is calculated 

atom c(1) until c(5)   

atom o(5)             

the atoms between c(1) and c(5) plus o(5) are selected

pqm p2                

l.s. mean plane labelled 'p2' 

plane p1              

plane p2              

app                   

the angle between the planes 'p1'^'p2' is calculated

line o(1) c(1)        

the line through the atoms o(1) and c(1) is defined 

plane p2              

arp                   


the angle between the line and the plane 'p2' is calculated

atom o(1)             

plane p2               

dpa                   

the distance of o(1) from the plane 'p2' is computed

line o(1) c(1)        

atom c(7)             

dra                   


the distance of c(7) from the line o(1)-c(1) is computed

atom c(1)             

atom c(2)             

atom o(5)             

p3p  p3               

the plane 'p3' through c(1),c(2) and o(5) is computed 

line o(1) c(1)        

plane p3              

arp                   


the angle between the line o(1)-c(1) and the plane 'p3' is calculated

line o(1) c(1)        

line o(1) c(7)        

all                   


the angle between lines o(1)-c(1) and o(1)-c(7) is computed

line o(1) c(1)        

atom c(1)             

pnr  p4               

the plane perpendicular to the line o(1)-c(1) and

                      


passing through the atoms c(1) is computed 

plane p4              

plane p3              

app                   

angle between planes 'p4' and 'p3' is calculated

save                  

the following distance and angle calculated are stored 

atom br(1) until c(12)

the atoms between br(1) and c(12) are selected

dist 0.2   2.2        

distances in the range 0.2-2.2 are calculated

atom c(1) until h(10) 

dist 0.1   1.1         

distances in the range 0.1-1.1

atom br(1) until c(12)

angle 0.2  2.2        

angles between atoms in the distance range 0.2-2.2 

atom c(1) until h(10) 

angle 0.1  1.1        

table                 

distance and angle tables are printed

end

#end

Molecular drawing

To plot the structure on the screen (Windows 95 platform only) , on a HP-GL plotter or on a POSTSCRIPT file. Only for the Windows95 platform, the default is the output on the screen. Strike any key to exit from this graphic screen. For Unix and OpenVMS systems, the default is the output on a POSTSCRIPT file having the name structure_file_name.ps
#BALLS

The command does not require keywords

#ELLIPSOIDS

The command does not require keywords

#PLOT

To choose the output not on the screen (forced for Unix and OpenVMS systems), you must given the name and the type of the output file to be plotted using one of the following two options

To obtain a file in HP-GL format to print on a plotter, the instruction is:

PLOTTER      

file_name  (without extension, the program inserts (or replaces) the extension ".hpg")

To obtain a file in POSTSCRIPT format to print on a laser printer, the instruction is:

POSTSCRIPT

file_name  (without extension, the program inserts (or replaces) the extension ".ps") 

Follow the sections:

SCENA               (optional) (define the object to draw)

ORIENT              (optional) (give the plane of drawing)

If the previous sections (SCENA and ORIENT) are not given, the default condition is that all the atoms are considered and the projection is the plane a^b. If SIR97 was run using the same binary access file of the structure used by CAOS, the projection plane is that defined in the windows of SIR97. It is possible apply rotations around the cell axis with the following keywords:

XROTATION   a
apply a rotation around the x axis of an angle a ;

YROTATION   a
as above for y axis

ZROTATION   a
as above for z axis

The new projection plane is stored on list 5 and available in subsequent runs.

Furthermore, the following keywords

STERESCOPIC 

PACKING 

are available to obtain a stereoscopic vision of the structure and the view of the cell content respectively.

SKETCH             (simple sketch)

BALLS                (sticks and balls)

ELLIPSOIDS      (sticks and ellipsoids) 

LABEL                (write the label of atoms)

HYDROGEN       (allow to draw particular bonds)

SCENA     0ptional

(
ORIENT     Optional

(
SKETCH   or    BALLS   or    ELLIPS 

(
LABEL         Optional

(
HYDROGEN   Optional

SCENA section:

SCENA

The allowed keywords are:

ATOMS
the named atoms are considered, this instruction must precede the following keywords

TRANSFER       
transfer the indicated atoms from list 5 to a temporary list for drawing;

DELETE         
do not consider the indicated atoms;

ONLY           
consider only the indicated atoms;

MOLECULE       d(min) d(max)     
starting from a fragment of atoms (indicated using the above instructions) change the co-ordinates of the atoms present in list 5 in order to build the molecule. Two atoms are considered bonded if the distances is in the range between d(min) e d(max) .

PACKING       
apply the symmetry operators to obtain the cell content.

SOPERATION   a11 a12 ... a33 t1 t2 t3   
apply the matrix to the indicated atoms;

SCODE  NSYM  NPL  t1 t2 t3    
apply to the indicated atoms the NSYM operator (see list 2) , the NPL lattice operator (see Geometry) and the shift vector (t1 t2 t3) ;

ADDITION    n    
this keyword does not need ATOMS keyword, but n records containing co-ordinates must follow:

Ty(1) x y z b

:::::::::::::

Ty(n) x y z b

NEXT
ends the section:

ORIENT section:

ORIENT

The allowed keywords are:

IN          (atom)  
the named atoms are included 

OUT      (atom) 
the named atoms are excluded

PLANE   AT(1) AT(2)  AT(3)    
chose the projection plane:

                 
u = AT(1) - AT(2)

                 
v = AT(1) - AT(3)

                 
the orthogonal system is:

                 
x parallel to u

                 
z normal to the plane u^v

                 
y normal to the plane x^z

PROJECTION    CODE      
CODE defines the projection plane:

                 
CODE = XY   plane a^b

                       
              XZ   plane a^c

                        

           YZ   plane b^c ;

XROTATION       a  
apply a rotation around the x axis of an angle a ;

YROTATION       a   
as above for y axis ;

ZROTATION       a   
as above for z axis ;

VROTATION       a    AT(1) AT(2) AT(3)   
apply a rotation around the vector defined by the atoms (AT(1)-AT(2)) having the origin in the atom AT(3) ;

SKALE                k     
apply a scale factor in cm/Å;

DSKALE              k   
reduction factor (default = 0.9) .

NEXT
ends the section:

SKETCH section:

SKETCH

The default condition is: all the atoms are considered and the bonds to be drawn are defined by the connectivity present in the list 5. The allowed keywords are:

IN          (atom)  
the named atoms are included 

OUT      (atom) 
the named atoms are excluded

BOND      d(min)  d(max)  Ty1  Ty2      
define the bonds to be drawn in the range d(min) and d(max): if Ty1 e Ty2 are not present, the program takes into account all the atoms considered; if Ty2 is not present, only atoms having species Ty1 are considered ; if Ty1 and Ty2 are present, (indicating only chemical species) the bonds are between atoms of Ty1 species and atoms of Ty2 species; if Ty1 e Ty2 indicate two specific atoms, only that bonds will be drawn.

NOBOND    Ty1 Ty2    
bond involving atoms of species Ty1 (and Ty2 if present) are not drawn; if Ty1 e Ty2 indicate two specific atoms, that bond will be not drawn.

EBOND       Ty1  Ty2    
draw the bond between the atoms Ty1 e Ty2 .

NEXT
ends the section:

BALLS section:

BALLS

The default condition is: all the atoms are considered and the bonds to be drawn are defined by the connectivity present in the list 5. The allowed keywords are:

IN          (atom)  
the named atoms are included

OUT      (atom) 
the named atoms are excluded

BOND       d(min)  d(max)  Ty1  Ty2      
define the bonds to be drawn in the range d(min) and d(max): if Ty1 e Ty2 are not present, the program takes into account all the atoms considered; if Ty2 is not present, only atoms having species Ty1 are considered ; if Ty1 and Ty2 are present, (indicating only chemical species) the bonds are between atoms of Ty1 species and atoms of Ty2 species; if Ty1 e Ty2 indicate two specific atoms, only that bonds will be drawn.

NOBOND          Ty1 Ty2    
bond involving atoms of species Ty1 (and Ty2 if present) are not drawn; if Ty1 e Ty2 indicate two specific atoms, that bond will be not drawn.

EBOND            Ty1  Ty2    
draw the bond between the atoms Ty1 e Ty2 .

RADIUS          r     Ty    
assign a radius r to all the atoms , if Ty is not present; only to the atoms having species Ty ; to the atom Ty if a specific atom is indicated; (default: r=3.0 for H, r=7.0 for species until Z=13, r=9.0 for the remaning species)

BISOTROPIC       Ty    
assign a radius calculated from the thermal factor B(iso) to all the atoms , if Ty is not present; only to the atoms having species Ty ; to the atom Ty if a specific atom is indicated;

LINE        ngen  rm  
draw black bonds modifying the number of lines between the atoms: ngen is in the range 1 ÷ 15 (default 6) ; rm in the range between  0.03 ÷ 0.06 mm (default 0.05) ;

NEXT
ends the section:

ELLIPSOIDS section:

ELLIPSOIDS

The default condition is: all the atoms are considered and the bonds to be drawn are defined by the connectivity present in the list 5. The allowed keywords are:

IN          (atom)  
the named atoms are included 

OUT      (atom) 
the named atoms are excluded

BOND    d(min)  d(max)  Ty1  Ty2      
define the bonds to be drawn in the range d(min) and d(max): if Ty1 e Ty2 are not present, the program takes into account all the atoms considered; if Ty2 is not present, only atoms having species Ty1 are considered ; if Ty1 and Ty2 are present, (indicating only chemical species) the bonds are between atoms of Ty1 species and atoms of Ty2 species; if Ty1 e Ty2 indicate two specific atoms, only that bonds will be drawn.

NOBOND        Ty1 Ty2    
bond involving atoms of species Ty1 (and Ty2 if present) are not drawn; if Ty1 e Ty2 indicate two specific atoms, that bond will be not drawn.

EBOND          Ty1  Ty2    
draw the bond between the atoms Ty1 e Ty2 .

EMPTY           Ty1  Ty2   
draw the bond between the atoms Ty1 e Ty2 showing only the external lines

RADIUS          r     Ty    
assign a radius r to all the atoms , if Ty is not present; only to the atoms having species Ty ; to the atom Ty if a specific atom is indicated;

LINE        ngen  rm  
draw black bonds modifying the number of lines between the atoms: ngen is in the range 1 ÷ 15 (default 6) ; rm in the range between  0.03 ÷ 0.06 mm (default 0.05) ;

BEQUIVALENT        C   
give the coefficient defining the percentage of thermal ellipsoids (D.B.  Owen, Handbook  of  Statistical Tables, Addison-Wesley, Reading, Mass., 1962);

C = 1.5382 correspond to 50% ;

C = 1.1932 correspond to 30% .

NEXT
ends the section:

LABEL section:

LABEL

The default condition is: the label of all the atoms are drawn using h=0.2cm. The allowed keywords are:

CAPTION       h      iot    Ty   
h is the height (cm) of the characters, (acceptable values are in the range 0.2 ÷ 0.5 cm); iot = 0 means that the Ty chemical species only is drawn ; iot = 1 , the label of the atoms having Ty chemical species is drawn.

SYMBOL     h    CODE   Ty   
h is the symbol height (cm) to indicate the Ty atoms, (acceptable values are in the range  0.02 ÷ 0.05 cm); keyword CODE can be:

STAR           

SQUARE      

TRIANGLE    

HEXAGON      

OCTAGON    

CIRCLE         

NEXT
ends the section:

HYDROGEN section:

HYDROGEN

The allowed keywords are:

IN          (atom)  
the named atoms are included

BOND       Ty1  Ty2      
define the bonds to be drawn 

LINE     i      
to dash the bond lines, i is a integer number in the range 1 ÷ 6 ; i=1 for postscript output file.

PEN     j      
j is the position number of the pen in the carousel of the HP plotter in the range 1 ÷ 6;

NEXT
ends the section:

END
end the command.

Examples:

#BALLS

#ELLIPSOIDS

#PLOT

POSTSCRIPT

(file_name)

BALL

END

#END

#PLOT

BALL

NEXT

LABEL

END

#END

#PLOT

ELLIPSOIDS

END

#END

#PLOT

STEREO

BALL

END

#END

#PLOT

SKETCH

END

#END

#PLOT

SCENA

ATOM  O(1) UNTIL O(4)

TRANSF

ATOM N(1)

TRANSF

ATOM C(1)  UNTIL C(37)

TRANSF

ATOM O(101)  UNTIL C(137)

TRANSF

NEXT

ORIENT

PLANE  C(6) C(3) C(7)

XROT  -65.0

XROT  -15.0

SKALE

DSKALE  0.8

NEXT

BALL

BOND 1. 1.6

RADIUS  8.  O

RADIUS  6.  N

RADIUS  4.  C

LINE  4   0.03

NEXT

LABEL

CAPTIONS  0.3  1  O

CAPTIONS  0.3  1  N

NEXT

END

#END

#PLOT

SCENA

ATOM  H

DELETE

ATOM 

PACKING

ADD  4

V(1)  0. 1. 0.   1.

V(2)  1. 1. 0.   1.

V(3)  0. 1. 1.   1.

V(4)  1. 1. 1.   1.

NEXT

ORIENT

PROJECTION   XZ

ZROT  90.

SKALE  

DSKALE  0.9

NEXT

SKETCH

BOND  1.1  1.6   C

BOND  1.1  1.5   C  O

BOND  1.3  1.5   C  N

BOND  1.4  1.8   N

EBOND V(1)  V(2)

EBOND V(1)  V(3)

EBOND V(4)  V(3)

EBOND V(4)  V(2)

NEXT

LABEL

CAPTION  0.2    V

SYMBOL   0.05  STAR  O

SYMBOL   0.1   TRIA  N

SYMBOL   0.01  CIRC  V

NEXT

END

#END

#PLOT

PLOTTER

(file_name)

SCENA

ATOM  GA(1) UNTIL S(3)

PACKING

ADD 4

V(1) 0.5 0.0 0.0 3.0

V(2) 0.0 0.5 0.0 3.0

V(3) 0.5 0.0 1.0 3.0

V(4) 0.0 0.5 1.0 3.0

NEXT

ORIENT

PLANE V(1) V(2) V(3)

XROT 0.4

ZROT 90.

SKALE 1.11111

NEXT

BALL

OUT V

RADIUS  12.0 FE

RADIUS   8.0  GA

RADIUS   24.  S

BOND   2. 3. GA S

BOND   2. 3. FE S

NEXT

LABEL

SYMB  0.01 CIRCLE V

NEXT

END

#END

#PLOT

PLOTTER

(file_name)

SCENA

ATOMS   O(1) until C(41)

TRANSF

NEXT

ORIENT

PLANE N(2) C(15) O(4)

DSKALE 0.8

# XROT 0.0

XROT 45

# YROT 0.0

YROT 20

NEXT

BALL

BOND .8 1.6 C

BOND .8 1.6 C N

BOND .8 1.6 N O

BOND .8 1.6 C O

BOND .8 1.6 N 

# BEQUIV 1.5382

RADIUS 5.

LINE 10  0.04

NEXT

LABEL

CAPTIONS 0.3 1 K

CAPTIONS 0.3 1 B

CAPTIONS 0.3 1 O

CAPTIONS 0.3 1 N

CAPTIONS 0.3 1 C

END

#END

#PLOT

SCENA

ATOMS   HG(1) until C(13)

TRANSF

NEXT

ORIENT

PLANE N(2) N(4) N(5)

DSKALE 0.8

XROT 26

YROT 68

NEXT

BALLS

BOND .8 1.6 C

BOND .8 1.6 C N

BOND .8 1.6 B N

BOND .8 1.9 C S

BOND .8 1.6 N

BOND .8 2.5 HG N

BOND .8 2.5 HG S

RADIUS 9. HG

RADIUS 5. N

RADIUS 6. S

RADIUS 5. C

RADIUS 5. B

LINE 10  0.04

NEXT

END

#END

On  Windows ‘95 and Windows NT (workstation) platform

- copy the file  CAOS.ZIP in a new directory ( i.e. c:\caos )

- unzip CAOS.ZIP 

- install Caos program on your DeskTop using the standard link mechanism of Windows ’95 or NT
- to run the program click on Caos icon

On  UNIX platform

- extract files from caos.tar, i.e.:

- uncompress caos.tar.Z

- tar xvf caos.tar

- copy the files CaosWare.*  in your HOME directory

- create the executable file using the command



make 

On  OpenVNS platform

-extract files from caos.bck, i.e.:



- backup/log   caos.bck/save_set   *.*

- copy the files CaosWare.* in your HOME directory

- compile the fortran source using

- @caosfor

- create the executable file using

- @caoslink

- associate the Caos program directory with the logical name Caos$root

- associate the symbol Caos with the command line  @Run_caos.com

                      ***  USER MANUAL  ***       
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