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Remark:



This manual is divided into two parts:

(1) SOFTWARE USER'S GUIDE

(2) USER'S MANUAL.

Each of the parts contains separate  table of contents and chapter and page numbering. The page numbers indicated by the Help command refer to the SOFTWARE USER'S GUIDE (part 1). 
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 SYSTEM EXECUTION



The programme controlling measurement procedures of the KM-4 diffractometer is stored  on  the  hard  disk  in   the   \KM4\  directory. The directory contains the following subdirectories and files:

�OSADŹ Word.Picture.6 ���



KM4B8.EXE is an exec version of the main steering programme  written in PASCAL.  Files  KM4.CCC  and KM4.OVL  contain basic parameters of the goniometer  for testing  and  service  purposes, not available to the user. 



Note : It is advisable to make floppy disk copies of the  KM4B8.EXE, KM4.CCC, KM4.SET, KM4.HLP, and KM4.HLR files. The copies will be useful in the case of malfunction of the hard disk.



Once the KM4B8.EXE  is executed the diffractometer is  ready  to work within a few seconds. During this time the automatic check of the communication  between the main computer  and  interfaces  and proper  work  of  angular encoders is being checked. The procedure ends with setting the goniometer at zero  positions of all circles. If the circles of the goniometer have been found to be not set  on zero,  the user  will be warned about program considerations.

After completing the initiation of the system a notice  Enter Compound :

asking the user to enter  the  compound name consisting of not more than 8 characters (extra characters will be ignored) will  appear.  Once  the  compound  name  is  given  the initialization of the KM-4 system is over and the user can go with commands.

�

 IMPROVEMENTS IN THE KM4B8 PROGRAM



1. In the new version of the program the improved angle-setting corrections for BISECTING DATA-COLLECTION MODE have been introduced, the exception being the PHI-ZERO mode for high-pressure data collection and PSI-SCAN measurement for absorption correction. 



2. DATA COLLECTION SEQUENCE is now divided into the following steps:



   I. When pressing F5 (calculator) after the commands RD P and RD T you will obtain -  for given theta-angle limits - the maximum values of hkl indices, the total number of reflections to be measured (with systematic reflections-absences taken into account, introduced before by RC command - but only for Bravais lattices, and including the presence of anti-reflections -h,-k,-l)   and the proposed number of “shells” obtained by dividing the whole Ewald-sphere into parts of equal volumes according to the increasing radius. In such a manner we obtain approximately the same number of reflections for every shell, ca 2000 per whole sphere, and a default number of shells. This number (and also maximum h, k, l  indices) may be introduced from calculator (F5 key) into the measurement parameters by pressing “S” letter. The minimum values of the h, k, l indices must be introduced by the command Index Limits, IL.

The number of shells may next be changed by the command Theta Range:



TR (Tmin) (Tmax) [Nshell]



where Nshell is the new number of shells in the limits:  1 ( Nshell ( 20. The default value for Nshell is 1.

 

For example, if the new number of shells will be two times greater than the calculated default value, we obtain ca. 500 reflections istead of 1000 in every shell, assuming that the hemisphere is measured. 

Such sequence of data collection is very useful, because in the case of a temporary break in the data collection we will obtain a compact part of the Ewald sphere (with the increasing radius from shell to shell). So it is possible  to reduce and proof the data and to start the structure determination even with an incomplete data set. 



   II. In every successive shell the sequence of h, k, l indices in data collection is similal to previous versions of the program - the sequence depends on the Index Limits, Matrix Boundary and Matrix Sequence entered by the IL,  MA B and MA S commands.





3. EXECUTING A COMMAND SEQUENCE FROM AN EXTERNAL FILE



After entering the command



@ {[path]FileName}



the command sequence stored before in an extrernal file FileName will be executed



After entering the command



! {[path]FileName}



the next executed commands will br stored in an externasl file FileName for the use afterwards.



The command



!



without parameters finishes the previous command and closes the file FileName.



4. RUNNING THE PROGRAM WITHOUT INTERFACE



For testing and some calculations purposes the program may be executed in the absence of interface, by the command:



KM4B8 /D





5. KM4.SET FILE INCLUDED INTO NAME.DC0 FILE



During the data collection The KM4.SET file is included into the resulting name.DC0 file. It allows to run the DATAPROC program for data processing  without necessity to have in the \KM4\PAR\ directory the KM4.SET file with the same parameters as during the respective data collection. As you know the parameters of KM4.SET files are different not only for various KM-4 diffractometers, but may be time-dependent even for the same KM-4 diffractometer. These are indispensable for the run of DATAPROC program and therefore their introducing into the name.DC0 file is very useful and convenient. 





6. KM4.CND FILE INCLUDED INTO KM4B8 PROGRAM



The KM4.CND file used during the RC command execution is now included into the new KM4B8 program and it is not needful to have the file in the \KM4\PAR\ directory (as it was necessary in older program versions). 



7. DRIVERS FOR ALL GRAPHIC CARDS INCLUDED INTO THE KM4b8 PROGRAM



The *.BGI drivers for HERCULES, EGA and VGA graphic cards are inluded into the KM4b8 program and need not be present in the working directory, in contrast to the previous program versions.





8. DISPLAYING SOME STATISTICAL INFORMATIONS DURING IN THE COURSE OF DATA COLLECTION



The values Sh/Good/Bad (their meaning is given below) are displayed on the screen in the course of the data collection, in the first line between the setting-angle values  and intensity values, where: 

Sh - is the sequence number of the currently measured shell,

Good - is the number of reflections with flags FT, ST or NL, mesured so far in the current  shell, 

Bad - is the number of reflections with flags WK or LT, mesured so far in the current  shell. 

The above data can be very useful for planning the continuation of the data collection. For example, if the quotient Good/Bad has a very small value, the data collection can be interrupted (optimally after finishing the current shell collection).





9. 
 NEW FORMAT 
(
ASCII
)
 OF 
 
THE KM4.HKL 
DATA 
FILE
 





The ASCII format 
of
 the 
KM4.HKL
 
data 
file
 
has been applied 
instead of binary format 
used in the older 
prog
ram 
versions
. 
 
It may be conveniet for edition of the file by the use of a common editor, independendly o
n the use 
of DC I
 
 
command 
(
before the data collection by  
DC A
)
.






10
. NEW PARAMETERS ARE ADDED IN MANY COMMANDS



In many commands of KM4B8 program new parameter are added or old parameters are modified in comparison with older data-collection program versions. For example it concerns the commands (see Chapter 3 of SOFTWARE USER'S GUIDE): DCS, DCR, MA B [No], PH S, RC, UM C, WD T, WD P, RD T, RD P, ZC A, SM I. 



1
1
. NEW COMMANDS ARE ADDED



The new commands added in KM4B8 program in comparison with previous data-collection program versions are (see Chapter 3 of SOFTWARE USER'S GUIDE): DC L,, DC O, DC T, GT E, , HT I, HT K, HT P, HT W, OS 2, OS -2, PH C, PH P, PP, PT L, PT K, SM W, SW C, SW N, SW P, TY E, WD S, XX W, XX V, XX L.

 �

 KEYBOARD COMMANDS



Commands are to be  entered  according  to  the  following rule :



CODE��SPACE��OPTION��SPACE ��PARAMETERS��ENTER��



The command should be typed when the ready mark "$" appears on the screen.  An exception is B letter (Break), which may be pressed before the last command is finished. The command code consists of two letters and the option of one letter.  The code, option  and  each parameter  has to be  completed by one  space. Each command is executed after pressing the key



�ENTER��

                                   

If an command is typed incorrectly,it can be edited before its execution by the following keys:



LEFT��RIGHT��HOME��END��DEL��BACKSPACE��





It can be erased by pressing the key



�ESC��







When the command code , option  or  number  of  parameters are incorrect a 

? Command Error  message is typed.  The  last entered command can be restored by pressing the key





�PgUp��

Parameters can be typed without making a distinction between integers and real numbers. A number may contain minus sign. In the case of a real number at least two digits separated by one decimal point must be given. When parameters are outside the allowed range a ? Parameter Out of Range message is typed. 

When any error  message  occurs, the whole  command  has to be repeated.



Note: At any moment when typing the command , it is possible to check its proper structure on          the screen. An alphabetic list of commands is typed in the window  on the screen after          pressing the function key





�F1���

One can select the required command by using keys





�Dn��Up��PgDn��PgUp��   

A short information on its feature and the allowed  range of parameters is typed in the window on the reverse field



after pressing the key



�ENTER��

The user can exit from the window by pressing the key



�ESC���

The  programme is executing  commands which are listed below in  alphabetical order. The list   contains command codes , short  explanations and references to page  with the  detailed description of each command.
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The running  motors  and  counting  chain  may be  stopped immediately at any moment by pressing the key



�CTRL��SHIFT��ALT��

The executed procedure is interrupted and a ? KM4 Stopped message is typed.



Break



b   



The b letter interrupts the current procedures, but before the interruption the current reflection scanning will be finished and the reference reflections will be measured.  It is  usefull after executing data collection and peak hunting procedures  ( i.e.  ph s  , Ph r  , dc s  and  dc r commands  ). It does not need to be followed by "enter" key and will not be displayed on the screen.  Both  procedures are interrupted after executing their current  measurement cycle and a ? Procedure Interrupted message is typed.



End



en



After completing the measurements  and  before  switching off the power supply to KM-4 interface and/or computer one should enter the  en command.  It sets  the goniometer in the initial position ( mechanical zeros ) and exits the programme. Then one can switch off the computer and KM-4 interface. 









Warning : The  interruption  of the  goniometer  action  by pressing



�CTRL��SHIFT��ALT��

key  followed by  switching off the power , will leave it  at  the  current  position  and during  next initialization the programme will ask the user to give approximate position of some or all circles.� ANGLE SETTING



 Go To



gt o (O)

gt t (2T)

gt k (K)

gt p (P)

gt a (O) (2T) (K) (P)



With the first four commands  the diffractometer  circles can be set at a given angle  separately. Options  o , T, k  and  P refer to the  omega, theta, kappa and phi axes, respectively. The option A serves to setting of all angles simultaneously. The angles should fall into the following ranges:



              -180 [Deg] <=  O,K  <= 180 [Deg]   

              -120 [Deg] <=  2T   <= 165 [Deg]  or

              -107 [Deg] <=  2T   <= 165 [Deg] with the theta arm extender

                  0 [Deg] <=  P     <= 360 [Deg]



GT E



A GT E command has the same meaning as the GT A command, but its parameters are the Euler-geometry setting angles (omega, 2theta, chi and phi) instead of kappa-geometry setting angles (omega, 2theta, kappa and phi).



gt x (x1 ) (x2 ) (x3) [psi]



The  gt x  command aligns the reciprocal lattice  point   x1 ,x2 , x3  into diffracting position  with the given azimuthal angle psi. x1 , x2  and  x3  are real numbers such that



              Sqrt (x12 + x22 + x32 ) <= 2.0 ,



              -180 [Deg] <= psi <= 180 [Deg] .



When psi is omited the command will be executed with psi=0.         





gt r (h) (k) (l) [psi]



When the orientation  matrix is known the gt r  command aligns the reciprocal lattice vector 

corresponding  to  h,k,l  into  diffracting  position with the given value of azimuthal angle psi



              -126.0 <= h,k,l <= 126.0 ;

              -180 [Deg] <= psi <= 180 [Deg] .



When psi is omited the alignment with psi=0 will be chosen.



 Angular Restrictions 



ar (Ol) (Ou) (2Tl) (2Tu) (Kl) (Ku)



The   ar  command sets  angular  restrictions  for  the instrument.  The default  values  for  omega, theta and kappa rotations are the following:



            Ol = -250 [Deg]      Ou =  250 Deg ]

            2Tl= -120 [Deg] (or -107.0 [Deg] with the theta arm extender)      

           2Tu=  165 [Deg]

            Kl = -190 [Deg]      Ku =  190 [Deg] 



If angles required in the setting procedures are outside the instrument limits or the position can not be reached  an  ?  Angle  Out of Range ,  ? Unallowed Position    or   ? Collimator Collision    will be typed.



� SHUTTER AND FILTER OPERATIONS



The shutter  and attenuation filter are activated automaticaly during  the  intensity  measurements.  For  some  purposes, it is possible to activate them by the single commands :



 Shutter open

sh o 



 Shutter close

sh c



 Set attenuation filter in

af i 



 Set attenuation filter off

af o 



� COUNTING CHAIN



 Gain



ga (G)                 

The  ga  command determines amplification in  the  counting chain.



            0 [V/V] <= G <= 150 [V/V]



 High Voltage



hv (H)               

The  hv  command sets a high voltage of the photomultiplier.



            100.0 [V] <= H <= 1000.0 [V]





 Low Level



ll (L)                

The  ll  command sets a low level of the analyser window.



              0.0 [V] <= L <= 2.5 [V]



 Window



wi  (W)               

The  wi  command determines the window width of the analyser.



              0.0 [V] <= W <= 2.5 [V]





� INPUT PARAMETERS



 Scan Speed



sc s (Vo)              

The  sc s  command sets the omega scan speed. If the scan speed Vo falls outside the range



              0.004768 [Deg]/[Sec] <= Vo <= 1.5 [Deg]/[Sec]



a ? Motor Speed Out of Range  error message is typed.  Vo is also checked to the actual value of f given by sc t .  When the resulting theta speed  (i.e. f (Vo)  is outside  the above range an    

? Improper sc s for Given sc t   message is typed.



 Scan Type



sc t (Tx) (f)           

The  SC T  command determines the type of scan to be made. Omega  scans  are made for reflections  with the theta  Bragg angle less than Tx. Omega-theta scans are made for reflections with  the  greater  Bragg  angle.  The theta  motor  speed is calculated as f (Vo and it must be inside the same range as the omega scan speed, otherwise an  ? Improper  sc s  for Given  sc t message is typed.



                  0.0 [Deg] <= Tx <= 90.0 [Deg]



                            0.0 <= f <= 2.0



 Scan Width



sc w (Oa) (Ob) (C)     

Oa and Ob  parameters  of the  sc W  command determine the  omega scanwidth.The total   scanwidth is calculated according to the formula Oa + Ob ( tan (theta).



                  0.0 [Deg] <= Oa <= 180.0 [Deg]

                  0.0 [Deg] <= Ob <=   2.0 [Deg] .



The last parameter  allows to adjust  the scan center  to any position  between Ka1 and  Ka2   peaks.  The  position  of a reflection  obtained from the orientation matrix  corresponds to the  Ka1 peak  position  i.e. Bragg angle Ta1. The  scan center can be changed by calculating new theta angle according to the formula



                          sin(theta) = C  ( sin(Ta1)  .



The crystal and counter are adjusted to this new scan center.



                             1.0 <= C <= 1.1

�

The right value of C is specified by



                        C = (2*La1+La2)/(3*La1)



where  La1 and La2 are the Ka1 and Ka2 wave lengths of source radiation respectively  ( for Cu Ka radiation C = 1.000829 ).



 Detector Aperture



da (Dh) (Dv)       

The  detector aperture  is determined  by  two sets of manually exchangeable slits. The inserted combination of slits expressed in degrees (Dh  and Dv  for the horizontal and vertical apertures, respectively)   should  be  entered  to  the computer  by  the  da  command. These parameters are used in the centering, zero corrections and peak hunting procedures.



 Filter Intensity



fi (N)             

The  fi  command determines the count rate N in counts per second above which the attenuation filter has to be inserted;

            100  <= N <= 100000 .

.



 Wave Length



wl (La1) (La2)

  

or

  

WL (Element name)



The Ka1 and Ka2 wave lengths of the X-ray source can be entered by the wl command.   They are  used  for calculations of lattice parameters,  by  lattice refinement procedure  and  for restoring the counting chain parameters   (see note below).



 

� CENTERING PROCEDURE



ce (n)



The centering procedure  is  executed by the instruction ce. It  assumes that the  diffractometer is in  an  angle  setting specified by the parameter n as follows (see chapter 13.6) :

n = 0                 current angle setting

n = 1                 standard setting determined by equation (4a)

n = 2,3 and 4    symmetrical settings determined  by equations

                         (4b) , (4c) and (4d) respectively





The centering is performed in a few steps:



1. Determine the maximum intensity by varying phi.



2. Measure the time interval  to  reach counting level of  500 counts. Test level is half this number of counts.



3. Center a diffracted beam in the horizontal counter aperture. The position  of a reflection is fixed by the right edge of the horizontal slit. The intensity is measured as the theta motor  is  varied in short steps.  The first step is always equal  to  half the horizontal  aperture.  Next  steps  are determined  by previous  measurements in  a special way to reach  the test level  as fast as possible.  When it occurs the detector  is  moved to set the diffracted  beam  in the central position.



4. Center a diffracted beam in the vertical counter aperture. The lower edge  of the  vertical slit is now  used to fix a reflection.  The intensity is measured as reflecting plane is rotated around the incident beam  (see chapter 13.7) in small  steps.  When the test level is reached  a vector perpendicular  to the reflecting  plane is placed in  the horizontal plane of the diffractometer.



5. Determine maximum omega.The counting level is increased to  n = 1000  counts and an omega step scan (7 steps)  is made around the top in order to find  the real maximum  of the reflection.  The maximum omega is calculated with a parabolic interpolation.



6. Convert the angle setting to the  symmetrical setting given by n (unless n=0).



7. Repeat action 2. with a counting level of 1000 counts.



8. Repeat action 3. , 4. and 6.



9. Measure the top intensity one second.



The output is the following :



                   (omega) (2*theta) (kappa) (phi) (Int) (fil).

�

The top intensity Int is given in [Counts]/[Sec]. If filter is inserted than fil=1, otherwise fil=0.

When the time interval necessary to run  action 2.  is greater than  10 second a  ? Weak Intensity  error message is typed. When, during the action  3.  or  4. , the peak is outside the range of the detector aperture than the centering  is stopped and a  ? No Center  error message will be typed. The miserable  profile quality in  the action 5. may cause an overflow in the maximum omega cal+culations. An  ? Improper Profile   message is then typed.

� ZERO CORRECTIONS

 Automatic zero corrections



ZC A [h k l ]



The   zc A  command is useful for fine adjustments of the actual zero points. Before executing this command the goniometer  must be set at  a  not too weak reflection in the standard  setting. The reflection is centered  in the two symmetrical settings  (see chapter 13.6 , Eqs. (4a) , and (4d)) and adjustments d2T and dV are calculated for theta circle and the vertical deviation of the detector aperture center with respect to the horizontal plane. The corrections are typed :



                        (0.0) (d2T) (0.0) (dV) .



Both numbers are expressed in degrees and are adjustments of the already set zero corrections.

Adding a parameter [h k l] to the ZC A [h k l ] command is possible in the KM4B8 program.



 Set zero corrections



zc s (dO) (d2T) (dK) (dV)



When  starting  the system, the four circles will stop on the mechanical zero points. These points can differ from the zero points defined by the x-ray beam ( the actual zero points ). The deviations can be introduced  by the  zc s command. All parameters  are  expressed  in  degrees and indicate the differences between the mechanical and actual zero points.



 Zero correction test based on peak table 



zc t



The corrections  to  the zero points obtained by  zc a  are calculated from measurements  of a reflection  in  the three symmetrical   settings .   for different   reflections   the corrections  may differ  by more than  0.02 [deg] due to the accuracy of the centering procedure,  not perfect aligment of the crystal and the small number of observations.  Therefore, the software allows to determine  the corrections  by least-squares fit  to the much more observations which are already available from the investigations of orientation matrix  and stored  in  the  peak  table  ( see  chapters  8.1 to 8.3 ). after typing  ZC  T ,  the indexing procedure  is caried out as described under   UM i ( see chapter 8.12 ). Then adjustments  dO, and  dK are calculated and typed :



                           (dO) (2dT=0) (dK) (dV=0) .



The zero point for the theta circle  and dV are assumed to be already determined by   zc a.

� CRYSTAL ORIENTATION

 Discrimination Level



dl (v) (N)



In the peak hunting procedure  an area  of the reciprocal space is investigated by phi scans  with a speed  v.  At  each  time interval corresponding  to  the rotation of the phi circle  by 0.25 [Deg] the counter is read out. If the reading is above the discrimination level N the scan is stopped. These two parameters can be introduced by the  dl  command and are limited by



                    0.0095 [Deg]/[Sec] <= v <= 3.0 [Deg]/[Sec]

                                                0 <   N <= 2048  .





 Peak h Hunting



ph s [(n) (T1) (T2) (K1) (K2) (P1) (P2) (nl) (nk) (nt)]



The   ph s  command starts  the peak hunting  procedure. n is the number of reflections to be found  ( n <= 99 ).  The remaining  parameters  determine the area of reciprocal space to be investigated.  This  can  be described  by minimum  and maximum values of theta (T1,T2), kappa (K1,K2) and phi (P1,P2) angles which are limited by



                    0 [Deg] <   T1 <= T2 <   90 [Deg]

              -130 [Deg] <   K1 <= K2 <  130 [Deg]

                   0 [Deg] <= P1 <  P2 <= 360 [Deg]  .



The area is sampled beginning at  T1, K1  and  P1. The omega angle is determined by the standard setting requirement. The phi scans are oscillating between  P1 and P2.  At the end of each phi scan the crystal is rotated, increasing kappa angle, around  the  E(1)  axis  ( see chapter 13.7 )  by  an angle Dv/sin(2*theta)/sv .  When kappa reaches its maximum value  K2, 2theta angle is changed by  Dh/sh  and kappa is reduced to its minimum value K1 and so on.

When a peak is found the centering  procedure is carried out and the result is typed:

(No) (omega) (2theta) (kappa) (phi) (Int) (filter setting) .

The top intensity  Int  means a number of counts recorded in one  second.  The angles  are converted  to  reciprocal coordinates x(1),x(2) and x(3)  (see chapter 13.5) and these are compared with the coordinates  already  stored in a peak table.  A new peak is said to be found,  when the table does not contain a peak  with coordinates  y(1) , y(2)  and  y(3) fulfilling the condition:



� OSADŹ Equation.2  ���

                  

for i=1,2 and 3, where:



� OSADŹ Equation.2  ���



When the new peak has been found the coordinates and intensity are added to the end of the peak table.  Otherwise the output contains  (=No)  instead of (No)  and  when the intensity is greater than that already  stored in the table the  new peak position is stored instead of the old one. When the search is complete or when the peak hunting procedure is interrupted by using  br , an orientation matrix  u  and a metric tensor m are determined and the results are typed as described under um f (see chapter  8.9).

In  the KM4B8 program three new parameters n1, nt, and nk are intoduced to the PH S command:

After entering the command



PH S 



the program will run with the default parameters:



PH S [20 [6 [30 [-110 [110 [0 [180 [3[30[2]]]]]]]]]]



The parameter n1 (default = 3) causes finishing of the peak hunting for the current theta and kappa values after hunting nl peaks, and going with the peak hunting to the theta value increased by the parameter nt (default 2 deg) from the last theta position, and to kappa value increased by the the parameter nk (default = 30 deg) from the kappa position of the first reflection found in a current “n1-shell”. The peak hunting in such subsequent n1-shell will begin, however, till after finishig the hunting in the current shell up to the maximum phi value (P2). If  this increased kappa value is less than the value of subsequent current position, the current position in assumed in the peak hunting. Such procedure enables to find the peaks in a wider theta and kapa range, in the case when for a very smal ranges a great number of peaks would be find.

Optionaly you can enter only a sequence of parameters till last changed from defaults, for example:

PH S (25)

and the remaining parameters will be set as defaults.



After entering a new command



PH C



the peak hunting up to Phi = 359 deg will be made, beginning from the current values of all setting angles (phi, omega, kappa and theta) and with constant values of omega, kappa and theta. After hunting a peak the centering version CE 0 (and not CE 1 as commonly) will be automatically employed. 

This command is to be used for special purposes only. 



A new peak-hunting mode PH P (independently on PH S) has been included into the KM4B8 program. In this mode the Kappa value equals to -135 deg, which correspond to the Chi = 90 deg for Euler-geometry (therefore the Phi axis is kept in horizontal position) the peak-hunting is carried out by Phi-scan (as in PH S command), but the second varried angle is the Euler-Omega (instead of Kappa in PH S command), which is changed after the hunting of every peak.  The last three parameters from PH S command are omitted, but if present - are ignored, which means that the ‘shells’ applied in PH S procedure, are not used by PH P.  The main advantage of this procedure is the vertical line of incidence of the reflected beam into the window of scintillation counter. This line is parallel to the vertical edge of the window, which increases the probability of the hunting of a peak. The procedure may be also very useful for peak hunting in HP measurements by the use of Merill-Bassed Diamond-Anvil Cell. 



So the parameters of the PH P command are



PH P [n[T1[T2[O1[O2[P1[P2]]]]]]]



and its default values are



PH P [20 [6 [30 [-50[-4[0 [359]]]]]]] 





Warning : The peak table is cleared  after  the  execution of  ph s.  when the

                  peak table does not contain enough information for the orientation matrix                    calculation  PH R command should be used to search for more peaks.







 Restart peak hunting



ph r [(n) (T1) (T2) (K1) (K2) (P1) (P2) (nl) (nk) (nt)]



The  ph r  command allows to continue searching in a new area.  the peak table is not destroyed and newly  found peaks are added to the table under the same conditions as in PH S. the parameters have the same meaning as in the case of ph s.

PH R command if entered without parameters, will start at the point where PH S command was stopped, but only in one job. Yet, when the program has been stopped and restarted again, all the parameters in the PH R command must be entered. 



PH O



Restarting the peak-hunting made by the PH P command can be made by the command PH O with analoguous parameters as in PH P. The restart is also possible by the use of PH R command with suitable parameters. It is also possible to use PH O command after previous peak hunting by PH S. 



 Photo Mode (for polaroid photos)



Enter command



PP

   

1) Enter film distance and Phi axis parameters

2) Select “Make photo option”

3) After fixing the photograph enter coordinates of spots using

      “Edit spots coordinates” option

4) Select “Search for spots” option.



 Peak Table



PT A



The  pt a  command allows to add a reflection to the peak table.  After its execution the current instrument angles are converted to reciprocal coordinates  x(1) , x(2) and x(3) and these are added to the peak table , under the same conditions as in peak hunting procedure (see chapter 8.2). The output as described under  ph s  is



(nr) (omega) (2theta) (kappa) (phi) (int) (filter setting) .



When the peak table is asked to accept more than 99 reflections a ? Peak Table Complete  message is typed.  It is convenient to use pt a  directly after execution of the centering procedure by  ce command. It is also possible to use PT A after all angle setting commands  GT, but in this case the last stored intensity appeares in the output.



Warning :  The  reciprocal  coordinates  are  calculated  from angles  

                   corresponding  to the   standard setting.  An arbitrary  combination 

                   of angles will   lead to false results.





pt o (n)



The  pt o  command omits a peak with number n  in the peak table and shifts all the following peaks so that their number is now lower by one. When more peaks have to be  omitted it is advisable to start with the highest number.



pt s (n)



The  pt s  command skips a peak  number  n  in the peak table.  All skipped reflections are not used in a calculation and a least squares refinement of the orientation matrix U.



pt r (n)



The  pt r  command resets a peak number  n  previously skipped.



PT E



The  pt e  command can  be  used to review and edit the peak table.  After typing  pt e ,  the  complete  list  of reflections will be displayed on the edition window  with the following information:



 (No) (h(1)) (h(2)) (h(3)) (x(1)) (x(2)) (x(3)) (int) (filter setting).



The  Miller indices  h(i)  are typed  when  reflections  have already been indexed by um i. reflections  can be  scrolled on the window by using



�Dn��Up��PgDn��PgUp��               

keys.  The  status line  at the  bottom  part  of the  window indicates  which letter should be selected to omit , skip  or reset skipping reflection at the current cursor position,  and to convert  reciprocal coordinates   x(i)   to angles ( or vice versa ) , and to quit the window.

The pressing



�Left��Right��

or  any numerical  key  invokes the build-in editor.  This is indicated by new help line at the bottom. Only the Miller indices can be edited.  After finishing edition use scrolling to exit editor. When the indices are outside the limit



                               -126 <= h(i) <= 126



or more or  less then three indices are entered the  ? Parameter out of Range or ? Wrong Number of Parameters  error messages will be typed in the status line. After pressing  [r]  letter the edition  is  interrupted  and   initial indices are restored.



INTRODUCING THE EQUIVALENT REFLECTIONS INTO THE PEAK TABLE, ACCORDING TO A KNOWN LAUE GROUP 

After entering the command



PT L



an information about the possible Laue groups and their appropiate sequence numbers No will be displayed on the screen. After entering the command



PT L (No)



all reflections equivalent to the ones existing in the PEAK.TAB file will be added to this file, according to the introduced Laue group. 

It may be useful, for example, to obtain better orientation matrix. 



The reflections in the peak table may be ordered according to increase of the following function of kappa and phi angles:  n ( kappa + (1 - n)phi  (for optimization of the circle-movements during the measurement), by the command



PT K  [n]   (default value of n is 0.8)



 U - Matrix



um c (c1) (c2) (c3) (c4) (c5) (c6) (c7) (c8) (c9)



The  um c  command changes the orientation matrix u  by the following transformation:



                   U'(i,1) = c1*U(i,1) + c2*U(i,2) + c3*U(i,3) ,



                   U'(i,2) = c4*U(i,1) + c5*U(i,2) + c6*U(i,3) ,



                   U'(i,3) = c7*U(i,1) + c8*U(i,2) + c9*U(i,3).



Parameters c1,...,c9  are real numbers between -9.0 and 9.0. 

The new U matrix and metric tensor M are typed.



um c



All  matrices  found  by  um  f  command  and   last   five transformed under above UM C command are remembered in  the computer memory. The command UM C   without  any  parameters allows to select one of them. After running  the  command  a dialog box containing the list of corresponding direct unit cell parameters will be  displayed.  The  current  unit  cell parameters will be highlighted. Use arrow keys  to  select  a  unit cell and press [Enter] key. Then quit the dialog box  by  pressing [q] letter. The reflections in the peak table will  be  indexed according to the new orientation matrix  and  results  will be typed.





um b [(dl) (da)]



The  command  determines  the  orientation  matrix  U   which gives the conventional Bravais  lattice.  The  parameters  dl  (= s(l)/ l ) and da describe maximal  accepted  deviations  in  determining direct lattice lengths  and angles, respectively.

They are limited by:

 

              0.0 < d l < 0.2    and     0.0 [Deg] < d a < 5.0 [Deg] .



The following default values are assumed when the   um  b  command is executed without any  parameters :



                    dl  = 0.05  ,  d a = 0.2 [Deg] .



The current  cell  is  reduced  and  from  reduced  form  all  possible metric symmetries  are  determined  within  accepted  deviations specified by dl  and da. The unit cell  of  highest  symmetry is chosen as a final cell and orientation matrix  U,  metric  tensor   M   and   lattice   constants   are   typed. 

Additionally, the reduced Niggli form  and  possible  lattice  cells in order of highest symmetry are typed.



um f [ (dl) (da) (f) ]



The  um f  command allows to determine  the orientation  matrix u which assigns integral indices  to  the  reflections  and gives the conventional bravais lattice. The parameters dl (= s(l)/l) and da describe maximal  accepted deviations  in  determining direct lattice lengths  and  angles, respectively.

They are limited by



               0.0 < dl < 0.2    and     0.0 [Deg] < da < 5.0 [Deg] .



The parameter f specifies a minimal number of reflections



N   =  f * number of all reflections in the peak table,

0.5 <= f <= 1.0 



for which a generated vector is accepted as  a  true  lattice vector ( see text below  ).  If  the  UM F  is  executed  without any  parameters  the  following default  values  are  assumed:



                    dl = 0.05  ,  da = 0.2 [Deg]  ,  f = 1.0  .



The auto-indexing method  with  its  enhancements   described  by   W. Clegg ( see  J. Appl. Cryst. (1984), 17, 334 )    and  Niggli  reduction algorithm   ( see I.  Krivy  and  B.  Gruber,  Acta  Cryst. (1976), A32, 297 ) are used here. From the peak table,   three shortest non-coplanar reciprocal lattice vectors   are selected  automatically  and   a   corresponding   reciprocal  supercell is assigned and reduced. Then a  direct  unit  cell     { a1 , a2 , a3 }  is determined. It must be a subcell of  the true direct lattice.



According  to the auto-indexing method,  direct space vectors



� OSADŹ Equation.2  ���



where ui  are integers, are generated  and  tested  if  they are true crystal lattice vectors.  A vector is accepted as possible lattice vector  if t (Gn is close to an integer for more than Nmin reflections Gn. A vector that has passed the t(G  test is refined to fit  to all the available data and is stored to the  vector list. The generation  process  is  stopped  when  the  vector  list contains sufficient number  of  lattice  vectors  to  form  a  primitive cell. The selected cell  is reduced  and  Bravais  lattice type is determined as described under um b command  (see chapter 8.8). When the peak table contains not enough peaks to  find  the  orientation matrix U a  ? Peak Table Incomplete message is typed.



Note :  After  terminating    um  F    the  selected  three  reflections are flagged by  arrows               and are  highlighted  in Pt e window.  In the case of  possible  pitfalls  of the auto-           indexing procedure the  user  can  select the three basis reflections manually using             pt  e   command.



The executing of the UM F command can be interupted (without ending the current job) by pressing "B" letter. During executing the UM F command a marker - rotating slash - is now displayed on the screen.

 

um f 2



The command allows to determine the orientation  matrix  from  known unit cell parameters and indices  of  two  reflections.  Before running the command two reflections in the peak  table  must be indexed and selected. Use PT E command (see chapter  8.5) to assign indices to two reflections and select them  by [S] hot key. Quit peak table window and run UM F  2  command.  The edit window appeares on the screen to enter  direct  unit  cell parameters. After quiting  the  window  the  orientation  matrix will be calculated and typed on the screen.  If  the  indices have been incorrectly assigned a   ? Singular  Matrix message error will be  displayed  and  the  user  should  try  assigning other potential indices.



um r 



This command can be used to refine the orientation matrix  U  or  metric tensor M   when   the   Miller   indices   of  not skipped  reflections  are known.  After typing  um  r  command the  refinement  process  box  is  displayed  on the screen.  It  allows  to  select  the   following   refinement processes:

1. orientation  matrix  refinement  (  the  coordinates  of  reflections are    observations )

2. constrained metric tensor  refinement  ( the reflection  q angles are observations )  according to triclinic, monoclinic, orthorombic, hexagonal, tetragonal, rhombohedral or  cubic symmetries.

   The refined orientation matrix or metric tensor  and  lattice  constants are typed.



um i



When  the  peak table  contains sufficent number of peaks and the orientation matrix is known, the  um i  command can be used to index of these peaks and to refine the u matrix.

The Miller indices h1  , h2  and h3  are calculated for all reflections from:



� OSADŹ Equation.2  ���



The complete list of reflections is typed  with the following information:



(No) (h1 ) (h2 ) (h3 ) (x1 ) (x2 ) (x3 ) (int) (filter setting).



The indices are rounded to integers when  an error do not exceed of  �SYMBOL 177 \f "Symbol" \s 12�� 0.125 ; otherwise they are left and typed as real values.  Reflections with all integer indices are used to refine the orientation matrix U by a least squares refinement procedure.  The refined U matrix is typed together with the new metric tensor M. If not all indices are integers, the  UM I  command can be used once more , since  it is possible that additional reflections can be indexed  with the refined U matrix.

When there are not enough reflections  with integer  indices, a matrix of normal equations gives rise to the singularity; a ? Singular Matrix message is then typed. The initial orientation matrix is not affected.



um s (U11) (U12) (U13) ... (U31) (U32) (U33)



The  um s  command can be  used  to  introduce  another orientation matrix.  The matrix elements must be given row by row and fulfilled the following conditions:



� OSADŹ Equation.2  ���  for i=1,2,3



um u



The  um u  command activates the procedure to refine the crystal  orientation  automatically.  All reflections  present in the peak table are centered and new coordinates and intensities are stored to the table. The list of reflections is typed in the same way as in the peak hunting procedure.  The new coordinates are used to index reflections and refine the orientation matrix U  and results are typed as described under  um i  command.

 



Note : The  reorientation   procedure   can  be   executed automatically during

          data collection  (for detailed information see chapters 13.8 and 13.10).



Warning : The peak table  is  cleared after the execution  of  um u.  Every time a reflection                  is recentered its coordinates  are  stored to the table.  So when the reorientation                   procedure  is  interrupted  the peak table  will contain recentered reflection                  positions only.  The other reflections  can be  introduced by gt r  or  gt x                   followed 	by  PT A commands. 



 Lattice Refinement



lr



The command executes lattice  refinement  procedure.  For  each  reflection from the peak table, profiles are  measured  in  the  two settings. The first one is the standard setting w, 2q, k, j (see chapter 13.6 Eq. (4a) )  and the second one  corresponds to w - 2q + 180 , -2q, k, j angles.

The measurement conditions are specified by sc s , sc  w  , sc  and mo S command parameters . In this procedure  the stepscan mode 1 ( mo s 1 ) is accepted only.

Knowing Ka1  and Ka2 wave lengths of the source  radiation,  the precise Ka1 peak positions are determined for the both settings  and  q  angle  is calculated.  A  peak  position  is  corrected according to the obtained q value. The adjusted coordinates are  stored to the peak table and the final angle setting is  typed.  After running this command, the  user  can  refine orientation matrix or metric tensor by typing um r command.

PRACTICAL REMARKS CONCERNING A LATTICE REFINEMENT BY THE LR COMMAND  

The above procedure, based on the Bond method, depends on the measurement of every reflection from the peak table, in two symmetrical crystal positions, using the Omega-scan, thus eliminating the Theta-Zero error. The refined Omega-values are next used to calculate the Theta values and to adjust the remaining angles accordingly, and finaly to refine the lattice parameters. This procedure has been introduced and described briefly in the previous program version. However to use it correctly, one must take into account the following remarks: 

   The resulting lattice parameters and their standard deviations obtained by LR procedure may be of higher quality than ones obtained by succesive running the commands UM U and UM R, only in the case of a good quality crystal and profiles in the peak table. Therefore, it is recommended to inspect carefully the profiles (using F3 key) and to remove  from the peak table the bad or weak reflections. The reflections with 2Theta values greater than 100 deg should also be removed, because it is impossible for such a reflections to make two symmetrical measurements (the higher minus 2Theta is not achievable) according to the Bond-method. Such reflections, left in the peak table,  would be omitted in the Omega-scanning and their old setting angles introduced into the lattice refinement causing the worsening of the results.

   One must know, that without fulfilling the above conditions, the lattice refinement  using the UM U and UM R commands alone may give even better results then using LR. Our reflection-centering procedure realized while running UM U is less sensitive for the quality of the crystal and profiles.

   Also the correct choice of the scanning parameters for the reflections from the peak table is very significant for obtaining good results with LR procedure. The scan speed Vo should be low. As results from our tests its suitable value is 0.03 deg/sec (sc s 0.03 command). The step-scan mode 1 (MO S 1) is acceptable only. The background measurement is insignificant in LR procedure, but the precise measurement of the upper part of the profile is of great importance. Therefore the scan width Oa (see SC W command) may be small (for example Oa=0.6 deg) with high number of n1 steps in MO S command (for example n1=60), or the scan width can be broader (for example Oa=1.100, but the step number n1 must be very high (for example 100). The first case is yet more advantageous Oa=0.6, n1= 60), because of shorter measurement time without loss of precision. The remaining parameters values can be such as for a standard measurement. This procedure will considerably elongate the time of  the measurement of every reflection from the peak table, and the total time can be even few hours, but can lead to better precision in lattice-constant determination than by use of UM U and UM R commands alone. However, it is recomended for special purposes only, such as the phase-transition or thermal-expansion investigation. 

For majority of purposes of the crystal-structure determination, the standard method of lattice parameter refinement using the UM U (with peak centering procedure) and UM R commands, gives good results with sufficiently high precision and is more automatic and convenient. 

  



� �SINGLE MEASUREMENTS

 Single Measurements



sM b (t)



The   sm b  command makes  a  single scan  according  to parameters given by   sc s , sc w and sc t commands. The current angle setting is regarded as center of the scan. The background is measured  at both  sides  of the scan  with background measuring time determined by t :



0.01 [Sec] <= t <= 600 [Sec] .



The result are typed:



(Wo) (Tl) (Int) (Tp) (Inet) (Sig).



The total scan width Wo is typed only if Ob > 0. An intensity Inet corrected for background and it's standart deviation Sig are calculated by the formulae:



Inet = Int - C*(Tl+Tp)  and  Sig = Sqrt(Inet+C *(Tl+Tp)) ,



where

C = (Wo/Vo)/(2*t)



is determined by the scan speed Vo.



sm i (t) [n]



The   sm i  command performs stationary measurement at the current angle setting.  The output  is  the number  of counts recorded in time interval t :



0.01 [Sec] <= t <=  600 [Sec].



When the couting rate is higher than the level set by  fi  command  a ? Too Strong - Use af i message  is  typed.   When  the attenuation filter has been already inserted a  ? Too Strong Even with Filter  message will be typed.

When the second [n] parameter will be introduced (default n = 1) the single meaurement will be repeated n times

For n = 0 the single measurement will be repeated till break command occurs.  





sm p (Po) (dP) (t) (n)



The   sm p  command makes a step scan in psi.  The  last known values of coordinates  x1 , x2  and x3  are used to calculate angle settings with azimuth



                    Po, Po+dP , Po+2*dP ,..., Po+(n-1)*dP ,

where



                     -180 [Deg] <= Po <= 180 [Deg],

                     0.02 [Deg] <= dP <= 180 [Deg],

                                    1 <=  n <= 250 .



In each step the intensity is measured for t  seconds :



                         0.01 [Sec] <= t <= 600 [Sec] .



The data are typed for each step as



                 (psi) (omega) (2theta) (kappa) (phi) (number of counts) .



When  a  given  azimuthal  setting  can  not  be  reached  an  ? Unallowed Position  or  

? Collimator Collision message will be typed after the psi values.



sM r (h) (k) (l)



A single reflection, selected by Miller indices h,k and l,



                          -126.0 <= h,k,l <=126.0 ,



can be measured  by the   sm r  command under  the same condition as in data collection . The restrictions imposed by   tr , ma b  and  rc commands are disregarded.



sm s (n) (t)



The   sm s   command makes a single step scan according to parameters given by   sc w  and  sc t  commands. The current angle setting is regarded as center of the scan.  The total scan width is divided into n steps  and  in each center of step a stationary measurement during  t  seconds is made. When an omega-theta scan is asked for, the detector is also set at the step position. The stepnumber n  and time t  are limited by



                                 1 <= n <= 124 ,

                        1 [Sec] <= t <= 600 [Sec] .



The output for each step is



                        (omega) (number of counts) .



Note : In all measurement procedures the detector and the beam catcher are tested  if  they            are   in   the   shadow  of the  phi  head.   When  it  happens  a  ? Shady Detector  or            ? Shady Beam Catcher  message is typed.



In scanning measurements  sm b , sm p , sm r and sm s the attenuation filter is automatically inserted when the counting rate is higher than the level set by fi  and  scans are repeated.  When  the intensity is still too high a ? To  Strong Even with Filter  message is typed at the end of the output.



After  completing  single  measurements  sm b , sm p ,  sm r   and sm  S  the  goniometer  returns  to the starting position.



After making the step scan with   sm s , sm p  or  sm r  commands the profile can be displayed on the screen by pressing the function key



�F3��

To delete the profile image the key



�ESC��

must be pressed. Optionally the profile can be prined on the 9-pin IBM compatible printer by prssing P letter.



 Single measurement in the wide scanning range



This measurement mode gives a possibility to use the single-crystal KM-4 diffractometer to carry out the measurements of small cylindrical powder samples and obtain the results analogically to those from  Debye-Scherrer-Hull method and/or to scan the absorption changes of the diamond-anvil HP cells (see below) . The command is:



SM W (sn)  (sw)  [ti [ex]] 

   

   where:

   sn  is the number of steps

   sw is the step width

   ti    is the counting time  when working in mode 2; ti  in mode 1 is ignored

   ex  is the optional file-name extension number, default = 0.  

Limits:

      0      < sn < 1000000

      0      < sw < 180 deg

      0.01 < ti < 600 sec

      0      < ex <100

   Number of steps and the step width are limited by limits of the current setting of the axes.

   

Example 1:

   When:

    TY P (    ... mo s 1 X X

                          sc s  0.1

                          sc t X 2

    where X denotes the values that not influence on the wide scan, 

    

    SM W 1000 0.05 1 1  -  will produce file name.w01, containing 1000

                                       continuous step-scan intensities with the step width

                                       0.05 deg, when working with mode 1, with  theta

                                       theta speed twice as big as the omega speed.   

Example 2:

   When:

    TY P (    ... mo s 2 X X

                          sc s  0.1

                          sc t X 1

    where X denotes the values with no influence on the wide scan,

    

    SM W 1000 0.05 1 32  -  will produce file name.w32, containing 1000

                                         continuous step-scan intensities, with the step width 

                                         0.05 deg, when working with mode 2, and with theta

                                         speed equal to the omega speed.

  

The name.wXX file is stored as ASCII file in the KM4/DC directory. You can use any text editor to view them.

 

Format of the name.wXX file is:

[Omega axis position] [Theta axis position] [Counted counts] <new line>

Each field is 15 characters wide.



 Single measurement repeated 200 times



XX L (t)



Using the XX L 1 command which acts like the SM I 1 command  but repeated 200 times one obtain the maximum counting value by a VERY small and careful changing of the tube and/or monochromator regulators. Remember that there is a hysteresis - pactically on each of regulators!



 Two-dimensional single measurement



XX W (Ho Ko Lo) (t) (N1) (dN1) (U1 V1 W1) [(N2) (dN2) (U2 V2 V2)]



The XX W command can be used to two-dimensional  measurement in the three-dimensional area of a selected single peak. Its parameters are:



(HoKoLo) - indices of selected peak, for which the Omega and Theta agles will be assumed by the program as center of the scanning area

(t) - measurement time of one snanning point [sec]

(N1) - number of scanning points in the [U1 V1 W1] direction 

(dN1) - increment of scanning angle  for [U1 V1 W1] direction [Deg]

(U1 V1 W1) - indices of the first scanning direction

(N2) - number of scanning points in the [U2 V2 W2] direction 

(dN2) - increment of scanning angle  for [U2 V2 W2] direction [Deg]

(U2 V2 W2) - indices of the second scanning direction.



Parameter limits: Miller indices - as in DC commands, t < 30. 1 < N1,N2 ( 120



Remark: When no parameters for the second scanning direction will be introduced, only one-dimensional measurement will be made.  



The results of the measurement will be stored in the name.Vxx ASCII file  in the \KM4\DC\ directory and may be ploted on the screen and printed  by the use of ShiftF3 key.



By the use of the command



XX V (Ho Ko Lo) (t) (N1) (dN1) (U1 V1 W1) [(N2) (dN2) (U2 V2 V2)]



the results will be displayed on the screen .  



� DATA COLLECTION



The  data collection  procedure measures the intensities  of reflections within selected area in the reciprocal space ,  with a given sequence and a specified scanning and background modes .



 Theta Range



tr (Tmin) (Tmax) [Nshell]



In radial direction, the area to be measured can be determined by the  tr command. the reflection theta angles Tmin  and Tmax  are limited by



                   0.2 [Deg] < Tmin <= Tmax < 87.0 [Deg] .



Nshell parameter is the number of shells (see page 2.1).



 Index Limits



il (Hmin) (Hmax) (Kmin) (Kmax) (Lmin) (Lmax)



The minimal and maximal values  of Miller indices h, k  and  l  which are  used in  the  data  collection  procedure  can  be introduced by the   il  command. The parameters  must  be integers within



                     -126 <= Hmin,Kmin,Lmin

                             <= Hmax,Kmax,Lmax < 126 .



To avoid a long calculation time the maximal values  of  h , k and  l  should be given  in such a way that the parallelepiped limited by Hmax, Kmax and Lmax encloses the sphere with radius of  2 sin(Tmax).

The values of Hmax, Kmax and Lmax may be calculated and introduced into the KM4.PAR file by the use of calculator  (key F5).

The values of all above parameters may be entered into the KM4.PAR file by the use of il command only!



�

 Reflection Condition



rc



The   RC  command allows to select  reflection conditions due to the centered cells, glide planes  and  screw  axes  (see tables 10.2.1,10.2.2 and 10.2.3).  For further explanations see “International Tables for Crystallography"  (1983), edited  By Theo Hahn, Vol A, pp. 27-29 and 41-47,  Dordrecht  (Holland) / Boston (U.S.A) : D. Reidel Publishing Company .

After typing  rc , the list of reflection conditions will  be displayed on the window. The list can be scrolled using



�Dn��Up��PgDn��PgUp��

keys. The  status  line  at  the  bottom  part  of  the  window indicates  which letter should be used to clear  all  selected conditions, and to select or omit  a condition  at  the current cursor position and to quit the window.



Table 12.3.1 Reflection conditions for centered cells.

Reflection�Reflection�Cell  centering���type�condition�type�symbol���h+k = 2n�C-face centered�C���k+l = 2n    �A-face centered    �A���h+l = 2n �B-face centered    �B���h+k+l = 2n �Body centered  �I ��h k l�h+k,h+l,k+l = 2n�All-face centered�F���-h+k+l = 3n�Rhombohedrally centered(obverse setting)    �R (obv)���h-k+l = 3n�Rhombohedrally centered(reverse setting) �R (rev)��� h-k = 3n�Hexagonally centered�H ��



Table 12.3.2 Reflection conditions for glide planes.

Reflection�Reflection� Glide �plane�Coordinate ��type�condition�vector�symbol�system���k = 2n    �b/2�b�����l = 2n     �c/2   �c�ma���0 k l�k+l = 2n     �b/2+c/2    �n��o,t,c���k+l = 4n     �b/4+c/4  �d�����h = 2n     �a/2�a�����l = 2n     �c/2    �c�mb���h 0 l�h+l = 2n     �c/2+a/2 �n��o,t,c���h-k = 4n     �c/4+a/4�d����

	�

Table 12.3.2 (cont.)

Reflection�Reflection�Glide�plane�Coordinate��type�condition�vector�symbol�system���h = 2n     �a/2�a�����k = 2n     � b/2   �b�mc���h k 0�h+k = 2n     � a/2+b/2    �n��o,t,c���h+k = 4n     �a/4+b/4  �d���� h -h 0 l�     ����� 0 k -k l�l = 2n     �c/2    �c�h��-h 0 h l�     � ����h h -2h l�     �����-2h h h l�l =2n     �c/2�  c�h��h -2h h l�     �����h h l�l = 2n     �c/2�c,n���h k k�h = 2n     �a/2�a,n�r��h k h�k = 2n     �b/2�b,n����l = 2n     �c/2�c,n����h �SYMBOL 177 \f "Symbol" \s 12��h l�2h+l = 2n     �a/4�SYMBOL 177 \f "Symbol" \s 12��b/4�SYMBOL 177 \f "Symbol" \s 12��c/4�d�t����h = 2n     �a/2�a,n����h k +k�2k+h = 2n     ��SYMBOL 177 \f "Symbol" \s 12��a/4�SYMBOL 177 \f "Symbol" \s 12��b/4�SYMBOL 177 \f "Symbol" \s 12��c/4�d��c���k = 2n     �b/2�b,n�����SYMBOL 177 \f "Symbol" \s 12��h k h+h k h�2h+k = 2n2h+k = 2n     ��SYMBOL 177 \f "Symbol" \s 12��a/4�SYMBOL 177 \f "Symbol" \s 12��b/4+c/4�d����









Table 12.3.3 Reflection conditions for screw axes.

Reflection�Reflection�Screw �axis�Coordinate��type�condition�vector�symbol�system��� ��21 �ma ,o , t���h 0 0�h = 2n    � a/2   �42 ��o���h = 4n    �a/4  �41 , 43 �����    �  �21 �mb  , o, t���0 k 0�k = 2n     �b/2�42 ��o���k = 4n     �b/4 �41 , 43 �����     � �21 �mc , o, t���0 0 l�l = 2n     �c/2�42 ��o���l = 4n     �c/4�  41 , 43 �����l = 2n     �c/2�63 ����0 0 0 l�l = 3n     �c/3�31 , 62 �h����l = 6n     �c/6�61 �����    

The following abbreviations for crystallographic coordinate systems to which conditions applay are used :



     ma , mb , mc  -  monoclinic (unique axis a,b or c)

     o - orthorhombic

      t - tetragonal

     h - hexagonal

     r - trigonal (rhombohedral axes)

     c - cubic



NEW POSSIBILITIES OF REFLECTION CONDITION PROCEDURE RC

Some new reflection conditions for special cases of unconventional symmetry have been added in the KM4B8 program and will be displayed on the window after entering



RC



Additionally one may not only select a condition, for example h+k=2n, but also negate it by pressing N letter, what means that for the above example only the reflections with h+k=2n+1 will be measured. It may be used for special cases of inconventional symmetry and also when one will additionally collect the reflections groups eliminated during the data collection by mistake. Remember that this additional possibility can be very helpful but can also lead to the confusion. One have to be very careful not to create the contradicting conditions (the conditions are always logically interpreted by “and”). In such a case program will be, unfortunately, interrupted. 

 Boundary Matrix



ma b (n(1,1)) (n(1,2)) (n(1,3))

          (n(2,1)) (n(2,2)) (n(2,3))

          (n(3,1)) (n(3,2)) (n(3,3))



Additional limitation  are given  by the  ma b command.

A reflection is measured when



                   n(i,1)*h + n(i,2)*k +n(i,3)*l >= 0    

          

for i=1,2 and 3, where



                   -32 <= n (i,j) <= 32 .



MA B [No]



A SIMPLIFIED INTRODUCTION OF MATRIX BOUNDARY MA B FOR SOME HIGH-SYMMETRY LAUE GROUPS

Both the commands: IL (Index Limits) and MA B (Matrix Boundary) introduce the limits of reflections in data collection and are cosidered together, the sharper limitations are to be taken into account.

   Trerefore, to collect a independent part of reflections (unique) for the Laue groups:

1 (1), 2/m (2), mmm (3), 4/m (4), -3 (6) and 6/m (9) (their sequence numbers are given in parentheses),  it is sufficient to give the respective Index Limits in the IL command and all the coefficients in the Matrix Boundary MA B can be leaved with zero values.

   But to collect the unique reflections for the remaining high-symmetry Laue-grops:

4/mmm (5), -31m (7), -3m1 (8), 6/mmm (10), m-3 (11) and m-3m (12) both the Index Limits in the IL command and respective values of coefficients in the MA B command must be introduced. To facilitate the choice of  the coefficients, a simplified method of their introducing have been worked out:

After the command 

MA B (without parameters) the six obove high-symmetry Laue groups with their numbers will be displayed on the screen

and the command

MA B (No)

where No is the Laue-group number, introduces into the Matrix Boudary the respective nine coefficients. The coefficients can next be altered by the standard MA B command with nine parameters (if desired).



 Sequence matrix



ma s (s1) (s2) (s3)



The flow chart on chapter 10.7 shows  how reflection  indices are varied during data collection. The   ma s command followed by three integers 1, 2, and 3 in a sequence describing any permutation  of  H, K and L indices, respectively,   determines  the sequence of  measured reflections in the following way:



Index variation�� speedy� middle�slow��H�K�L��H�L�K��K�L�H��K�H�L��L�H�K��L�K�H��� OSADŹ Word.Picture.6  ���



H,K and L are speedy,middle and slow varying indices respectively.

�

 Reference Reflections



rr (n1) (n2) (n3) (dO) (f) n1* {(h) (k) (l) (t) (fil)}



The  rr  command specifies  reference  reflections  and conditions for initialization  of the reorientation procedure. Up to  3  reference reflections  can be  measured  during data collection. When the number of reference reflections   n1  is equal  to zero  the further parameters  should not be entered. The interval between two successive  measurements of reference reflections is specified by the given number  n2  of  measured reflections. The reference reflections are measured with a step scan  according to  parameters given by  sc w , sc t commands and a stepnumber specified by  n3.  The step measuring time  and  the attenuation filter setting  are determined  for individual reflection by t and fil respectively.  Criteria for automatic reorientation (see below)  are given  by parameters dO  and  f . For  each  reference reflection   one   has  to specify its Miller indices h,k and l.  Limits  for parameters are the following :





                                  0 <= n1 <= 3

                                 1 <= n2 <= 32000

                                 1 <= n3 <= 124

              0.0025 [Deg] <= dO <= 10 [Deg] 

                                 1 <= f <= 100

                          -126 <= h,k,l <= 126    

                 0.01 [Sec] <= t <= 600 [Sec]

                               fil = 0,1  ( 0 = filter out , 1 = filter in ) .





The output is for each reflection



(nr=0) (h) (k) (l) (Omax) (Isum) (fil) ,



where  Omax  is  the omega angle of the profile top calculated with a parabolic interpolation and  Isum  is  the total number of counts in the scan.

The first measurement of the reference reflections is performed after starting data collection.  The results  are stored  in a table.  After measuring consecutive n2 reflections in the data collection  procedure  the  next measurement  is  performed . Let  Omax and Isum  are the values calculated for a reflection. The  reorientation  procedure  as described  under  UM U  is initialised automatically when



¦ Omax - Omax1 ¦ > dO  or  ¦ Isum - Isum1 ¦ > f*Sqrt (Isum1) ,



where Omax1 and Isum1 are starting values .  After determining new orientation  of the crystal the reference reflections  are measured again  to calculate and store  new starting values of Omax1 and Isum1.



Note :    the  peak table  should  contain  sufficient  number of reflections 

              in  order  to refine  of  the  orientation matrix properly.







 Mode



mo s (m) (s) (n1) (n2) (Vmin)



The type  of  scan  to be  made  during  data  collection  is determined  by  the  mo s  command .  the parameter  m  specifies the scanning mode.



m=0 

A continoues scan  according  to  parameters  given  by  sc s , sc w  and sc t  commands will be made. in this case parameter s must be omitted.  For  n1 = n2 parameters n2  and Vmin  can be omitted also. The  background measuring time  t  at each side  of the scan is separately determined by the mo b  command. A net intensity  Inet  and it's standard deviation Isig are calculated  according to formulae  given in chapter 9.1 .  When  Inet <= n1*Isig then  the  reflection  is flagged by a  LT  mark  ( see flow chart  on  chapter 10.12 ). If  Inet > n2*Isig , the  next  reflection  is measured.  Otherwise , the new scan speed Vo1  and  new background measuring time  t1  are estimated to achieve desired precision :



                             Vo1 = Vo*c  and t1 = t/c ,

 t1  = t/c  ,

where

                             c = Inet /(n2*ISig)    .



When   Vo1 < Vmin  then  the Vmin  is taken as new scan speed  and  the time t1  is recalculated  accordingly. The reflection is remeasured with new values of Vo1 and t1. Parameters n1,n2  and Vmin are limited by



                                              -3 <= n1 <= n2 <= 50  ,

               0.00025 [Deg]/[Sec] <= Vmin <= 2.0  [Deg]/[Sec] .



m=1  

A step scan according to parameters  given by  sc s , sc w  and  sc T will be made . The total scan width is divided into s steps  and for each step a continoues scan is made. The stepnumber s is limited by



                             12 <= s <= 124 .



A net intensity  Inet  and it's standard deviation Isig are calculated by the background-peak-background method. The sum of the s2 outer steps of the profile measurement constitutes the background



                                 s2 = s*f/(1+f) ,



where f is specified by mo b. The results are analysed under the same conditions as for scan mode = 0 (see flow chart on chapter  10.12).



m=2  

Is equal to mode = 1 with an exception that a stationary measurement  of each center of step  is made.  The step measuring time is determined by the step width and scan speed  Vo  and  is  equal to  step width/Vo .

When  an  omega-theta  scan is asked for , the detector position is changed in steps also.

�

Note :     In  all  scan  modes  the  attenuation  filter  is  automatically inserted when the               counting rate is higher than the level set by FI and scans are repeated. When the               intensity  is  still  too high  the  reflection  is flagged by a 

              ? To Strong Even with Filter message.





�OSADŹ Word.Picture.6 ���



mo b (f)



The  mo b  command specifies the background measurements. For  mo s 0 the background is measured stationary at each  side of the scan during time determined by



                               t = f*scantime/2 .



The total background time is twice the given value. For mo s 1 and MO S 2 the parameter f determines division of the measured profile into reflection peak and background regions. The left and right backgrounds include  the  same number  of outer profile points :



                            s1 = 0.5*s*f/(f+1) ,



where s is the total number of scan points.

In any case f is limited by



                           0.01 <= f <= 2.0 .

 Data Collection



dc s [(Ho) (Ko) (Lo) (dH) (i) (P1) (P2) (dP)]



The  dc s  command activates the data collection procedure. The first three parameters Ho, Ko and Lo indicate the initial values of the Miller indices and they have to fall within the limits determined by il. The other parameters are limited by



                               -10 <= dH <= 10

                                    i  =  0 or 1

                  -180 [Deg] <= P1 <= P2 <= 180 [Deg]

                       0 [Deg] <  dP <  P2-P1  .



The increment of the fastest varying index  is  determined  by dH.  During data collection a reflection  can be  measured in several angle settings with azimuth P1, P1+dP, P1+2*dP  etc until P2. When all measurements have to be caried out for the constant psi value the parameters  P2 and dP  in  dc s  can be omitted. Additionaly, when P1=0 the parameter  P1  can  be also omitted.



After entering the command



DC S 



the program will run with the default parameters:



DC S [Ho[Ko[Lo[1[0[0[0]]]]]]]



where Ho, Ko, Lo are the minimum values of the indices in the KM4.PAR file, with their sequence defined in this file by MA S. 

Optionally you can enter only a sequence of parameters till last changed from defaults, for example:

DC S (Ho) (Ko)

and the remaining parameters will be set as defaults.





The procedure  starts creating a file on the hard disk in th directory \KM4\DC\ for storing the data. The file name is the compound name  introduced previously  by the user . Then the reference reflections  are measured  (if requested) .

For each set of Miller indices h, k  and l the following cycle is performed :



1. The standard angle setting is calculated  from  the h,k,l indices and orientation matrix U.

2. A reflection  is tested  on  the restrictions  imposed  by ma b , rc and tr. When it has not to be measured the next cycle is performed and no error message is given.

3. Measurements  determined  by   mo s   and   mo b   for consecutive values of azimuthal angle psi , starting  from P1 to P2 with the step dP, are made. When an angle setting is not accessible a suitable erorr message will be typed.

Action 3. for the anti-reflection is repeated when i=1 and the next cycle is performed when i=0.





The results of each measurement are typed in the form:



                 (No) (h) (k) (l) (psi) (fl) (B1) (Int) (B2) (c)



and profile points



                 (I1) (I2)...(Is) ,



in the case of a step scan mode, where



No         is serial number of a reflection,

h,k,l       are Miller indices,

psi         is azimuth,

fl           is a reflection flag  LT,WK,NL,ST (see flow chart on chapter  10.12)  or FT (for                           reflection measured with attenuation filter),

B1,B2   are numbers of counts for left and right backgrounds,

Int         is integrated number of counts during the scan,



c           is the factor indicating on the measuring time changes during the scan

             ( it is usualy equal to 1.0 and can be less than 1.0  for the NL or WK

             reflections ),

I1,...,Is  are numbers of counts in each step during the step scan



The procedure stops when the Miller indices have reached their maximum values determined  by  il .  The last  output is the numbers of measured and skipped reflections:



                   (n1) (measured reflections) (n2) (skipped reflections).



The number  of  skipped  reflections  contain those not measured due to:

? Collimator Collision,

? Unallowed Position ,

? Shady Detector ,

? Shady Beam Catcher.





Warning : After starting data collection by  dc s  the file on the hard disk with 

                 the compound name is created. The existing file with the same name is erased                   and the former information will be lost.



dc i



The command can be used to create and edit the file KM4.HKL  containing reflection  indices  which  have  to be measured by dc a. After typing  dc i, the list of indices last stored in the KM4.HKL file will be displayed on the edition window :



                    (No) (h(1)) (h(2)) (h(3)) (m) .



The indices  h(i)  can be scrolled on the window by using



�Dn��Up��PgDn��PgUp��

keys.  The  status line  at the  bottom  part  of the  window indicates  which letter should be selected to clear all list, and  to  omit  or insert  reflection  at  the current  cursor position, and to save the list as  KM4.HKL  file, and to quit the window .  The reflections  can be  tagged  by integers  m ( use tag item from status line ) .  This is very usefull for absorption correction purposes to flagg equivalent reflections (i. e. with the same values of m).

The pressing



�Left��Right��

or  any numerical  key  invokes the build-in editor.  This is indicated  by new  status line at the bottom. After finishing edition use scrolling to exit editor .  



When  the indices are outside the limit



                               -126 <= h(i) <= 126



or  incorrect number of integers  are entered the   ? Parameter out of Range  or ? Wrong Number of Parameters  error messages will be typed in the status line. After pressing  r  letter the edition is interrupted and initial indices are restored.



DC A [(i) (P1) (P2) (dP)]



The dc a  command adds  reflections  stored in KM4.HKL file to data collection.  When  dc a  is not followed by any parameters the reflections are measured  with last introduced i,P1,P2 and dP parameters. Otherwise, the reflections will be flagged  as  measured for absorption correction.  In the first  case  the data  will be stored in the existing  compound.DC0 file. It is also possible, but not recommended, in the second case, since to use of some external programs for empirical absorption correction (for example XEMP) based on psi-scan measurements there are needed two separate compound.DC0 files. 



DC L [No]



This command allows to introduce the equvalent reflections into the KM4.HKL table, according to a known Laue Group. It may be useful, for example, if data-collection with Psi-scan is curried out next. 

After entering the command DC L without parameter, a information about the possible Laue groups and their appropiate sequence numbers No will be displayed on the screen. and after entering this command with parameter DC L (No) all reflections equivalent to these existing in the KM4.HKL file will be added to this file, according to the Laue group number No. 



Note : Reflections are tested on the restrictions imposed by tr , ma b  and Rc commands.





dc r [(Ho) (Ko) (Lo) (dH) (i) (P1) (P2) (dP)]



The   dc r  command allows to continue the data collection procedure .  It can be used without any parameters to restart data collection  (e.g. After br) . It can be also used with the  new parameters  thus  allowing  for instance additional measurements of the selected group  of  reflections .  But in the case when some changes have been introduced by the command IL, at least three first parameters (Ho, Ko, Lo) must be given in the DC R command.In any case the data will be stored in the existing file on the hard disk. When the user is willing to restart the data collection after some time  (with the instrument being switched off)  it is necessary  to give  the same  compound  name , otherwise a  ? File not Found   message will be typed.



DC O (par)



The DC O command enables one  to remove from the name.DC0 file the dummy reflections with zero values. It ma be useful, when the data collection has been interrupted because of lack of X-rays (source or shutter damage, for example) and at the end of the name.DC0 file exist dummy reflections with zero values.  The parameter par is the sequence number or h k l indices of the first reflection to be removed from the name.DC0 file [may be found by RD D command or in the name.DCA file obtained with the use of DATAPROC program, or in the file created by the OS 2 command (if any)]. After removing the dummy reflections, the data-collection will be automatically restarted with default parameters (as  by the use of DC R command).





dc t [(Ho) (Ko) (Lo) (dH) (i) (P1) (P2) (dP)]



The   dc T   command allows to execute the data collection procedure  in the test  mode  without  motor  movements  and performing  measurements .  The indices  and  the numbers of measured and skipped reflections will be typed. The number of skipped  reflections  now  contains  only  the  ? Collimator Collision  and  ? Unallowed Position  messages. The Kappa values for reflections are displayed which enables a  proper selection of index limits by IL command (to perform the data collection for negative Kappa values).

Note :  All dc commands can be interrupted by the B letter. The measurements of  the current             reflection  will  first  be completed  and procedure is then suspended.

 Phi-zero mode for high-pressure data collection



Please refer to our special manual concerning the principles of HP technics:

“ High-Pressure Structural Studies Using a Merrill-Bassett Diamond-Anvil Cell and a KUMA Diffractometer” by Andrzej Katrusiak.



Parameters in data collection commands:



DC S (Ho (Ko) (Lo) (dH) (Mode) (Step) [(( L] (P1) (P2) (dP)



where:

Mode = 

   1 - Normal scan

   2 - Two prescans with the distance Step[deg] (default 0.5) in ( are made, the second at left side. from the first, and the better setting  is selected for measurement. It allow to eliminate the influence of the high extinction of diamond in DAC. 

   3 - As in the case of 2, but three prescans are made, the second at right and the third at left side from the first and the best setting is selected for measurement.

 -2 - As in the case of 2, but without selection of the better setting, the measurement for both settings are to be made.  

 -3 - As in the case of 3, but without selection of the best setting, the measurement for all three settings are to be made.



( L   

is the opening angle of berylium windows on both sides of the Merill-Basset Diamond-Anvil Cell (DAC). As the default value of this parameter 40 [grad] is assummed.

 

The remaining parameters:

(Ho) (Ko) (Lo) (dH) (P1) (P2) (dP)

have the same meaning as in the DC S command for normal measurements, 

and the parameters in  DC R,  and DC A  commands in HP measurements are anologous as in the DC S command.  

 Control of high-temperature attachment in the data collection



The commands enable one to control  of the high-temperature attachment in the process of data collection.






The command





HT D
 
(t)






causes waiting for
 t
 min. 
with starting the next command from script (macro, see below), usually after
 
reaching the desired temperature by the command 
HT W
.






The command 



HT I (n)



initialized (insert) a serial port  of PC to which a HT attachment is connected and the n parameter is the COM number. It should be not the COM number, to which KM-4 interface or mouse is connected. 



The command



HT K ["string"]



simulates the pressings of the keys in HT attachment  (11  keys) by introduction its code in  quotation  marks, for example "a". When without parameters - prints codes list. 



The command



HT P



print on the screen a copy of the display from HT attachment.






The command





HT W (t1) (dt)



causes waiting with the measurement as long as the desired temperature (t1) will be reached, with the tolerance (dt). 





Remark





The commands are intended to be used in script (@ {[path]FileName})
. The 
realisation of the commands from script can be interrupted 
 by pressing [
 
CTRL
 
], [ SHIFT ] or [ ALT ] key.









� INPUT - OUTPUT COMMANDS



Type

	

The  ty  commands  serve for typing the following informations :



ty p   input parameters in the sequence





			Compound : (name)

Scan Parameters		sc s (Vo)			SC W(Oa) (Ob) (C)

								sc t (Tx) (f)                                   				mo b (f)			mo s (m) (s) (n1) (n2) (Vmin)

Wave Length			wl (La1) (La2)

Peak Hunting			da (Dh) (Dv)	dl (v) (N)

Data Collection		il (Hmin) (Hmax) (Kmin) (Kmax) (Lmin) (Lmax)

				tr (Tmin) (Tmax) [Nshell]  		(n11) (n12) (n13)

				rc (n)				ma b	(n21 ) (n22) (n23)

				ma s (s1) (s2) (s3)        		(n31) (n32) (n33) 

Reference Ref.			rr (n1) (n2) (n3) (dO) (f) 

				       n1 x [ (h) (k) (l) (t) (fil) ]

Counter Control		fi (N)             Ll (L)		hv (H)

					           wi (W)           ga (G)





For  rc  command the number of selected reflection conditions is typed.



ty l   direct lattice parameters  with its  standard deviations in the sequence



                (a)  (b)  (c)  (s(a))  (s(b))  (s(c))

                (a)  (b)  (g)  (s(a))  (s(b))  (s(g)).



The lattice constants a,b and c are typed in the same units as the given wave length. The angles a, b and g  are  in  degrees .  They  are  first  calculated from  the orientation matrix U . When a lattice constant is less than 0.5 or an angle is less than 10 [Deg] an  ? Illegal Lattice Constant  message is typed.



ty r   angular restrictions in the sequence entered by  ar



ty u   orientation matrix u and metric tensor m with its standard deviations



ty x   coordinates x(1),x(2) and x(3) corresponding to the current angle setting



ty z   zero corrections last entered by ZC S in the sequence (do) (d2t) (dk) (dv)



TY E



A TY E command causes the Euler-geometry  setting angles (Omega, 2Theta,  Chi and Phi) to be displayed on the screen during the data collection, in the next line below the kappa-geometry setting angles (Omega, 2Theta, Kappa and Phi). The next use of the TY E command cancells it and causes the return to the displaying of the kappa-geometry-angles only. 



 Output Specification



OS (n)



The  os (n) command allows to specify the output  data. 

n = 0  -  printer off

n = 1  -  printer on

n = 2  -  see below.



Any  printer  error is monitored  by a  ? Printer not Ready message and the further output on printer is supressed.

A NEW OUTPUT SPECIFICATION TO A DISK FILE

After entering the command OS followed by the integer 2:

OS 2

you will be prompted about [path]FileName file to which the same data will be stored, as for screen output, or for screen and printer output (when no path will be given, the file will be written to the current \KM4\ directory). It is especially useful while networking, for example in NOVELL network and DOS operating systems. In such a case the file FileName  my be opened by OS 2 command on a net-server PC, and the report of the data-collection run will be send to the server disk from  PC controlling KM-4 diffractometer, connected to the net . It enables you to see from any other PC (connected to the net) the data-collection run. To read this file during the data collection, it is convenient  to temporary copy it to a another file. It will enable the uniterrupted written the report to the FileName file without data lost. Warning: such possibility was, as yet, implemented and tested only for NOVELL network.

The command

OS -2

cancels the previous OS 2 command.



THE NEW VERSIONS OF WD P, RD P, WD T, AND RD T COMMANDS

A parameter is added to above commands, which enables to save the multiple parameters files or peak tables having different names for the measured structures. These files can be read from the \KM4\DC\ directory or from any other disk (for example a:) or directory. The new commands are as follows:

 Write to Disk



wd p  



With the   wd p  command the parameters typed by  ty P and actual zero corrections entered by  zc s  can be saved on the hard disk.



wd t 



With the   wd T  command the  contents  of peak table , orientation matrix u and metric tensor m can be saved on the hard disk.



Write to Disk Peak Table.

The new file name will be PEAK.TAB, and the older peak-tables (if exist) for the structure name will be renamed in the sequence:

PEAK.TAB ( name.TA1 ( name.TA2 ( name.TA3,

and the oldest file name.TA3 will be ereased.

In consequence the maximum number of saved peak-tables files will be 4, the newest will be named PEAK.TAB and the oldest - name.TA3



2) WD T (n)



where 4 ( n ( 9

The resulting file name will be name.TAn the old file with the same name will be overwritten (if exists). 



3) WD S (n)



as in WD T (n), but write to the resulting file only reflections, which have been earlier selected in the PT E command. It may be, for example, useful for distribution the reflections from twinned crystal from  one peak table into two peak tables.



4) WD S 



without parameter, works as WD S (n) command, but the resulting file name will be PEAK.TAB





Write to Disk Parameters.

WD P (n) - The parameter (n) has the same meaning as in the WD T (n) command:

The new file name will be KM4.PAR, and the older parameter-files (if exist) for the structure name will be renamed in the sequence:

KM4.PAR ( name.PA1 ( name.PA2 ( name.PA3,

and the oldest file name.PA3 will be ereased.

In consequence the maximum number of saved parameter-files will be 4, the newest will be named KM4.PAR and the oldest - name.PA3

 Read Disk



rd d  



With the   rd d  command the data collection results can be typed .  After executing the command the user will be asked to enter the corresponding file name from file  dialog  box. The data are typed in the  same  form  as  during data  collection . It is possible to pause and exit typing by  the  function keys



�F9��F10��

respectively.



rd p 

 

The   rd p  command loads to the computer memory the parameters saved by WD P command in the KM4.PAR file. .



Warning : This command  can change  the goniometer  zero positions  when the  values  of                   the  actual  zero corrections  are  different from that saved on the hard disk.





rd t 

 

With the   rd t  command the peak information, orientation matrix and metric tensor saved on the hard disk in the PEAK.TAB file are stored to the peak table, u and m, respectively.





Note : Any  reading  errors  are  monitored  as  (file name) , ? File not Found ,                                ? Unexpected End of File   or  ? Unexpected Record in Disk File.





The commands:

RD T (n)

RD P (n)

cause reading of the name.XXn files. 



The commands:

RD T 0

RD P 0

cause the opening of a menu-window in which one may select the disk, directory and the file name to read the peak-table or parameters file. It is recomended to store standard set of your parameters-file somewhere in the system, for example on a flopy disk. 

� SWITCHES BETWEEN MEASUREMENT OR SETTING MODES

  Switch between normal and high pressure (HP) measurement modes



 To switch the setting calculkations (and command parameters) from normal into HP measurement mode, or inversely) we should use the command



SW P (n)



where  n = 1 switches the command into the HP mode

and n = 0 switches the command into normal  mode.



 Switch between old and bisecting mode setting



SW C 
(
n
)




This commans switches between old and bisecting mode settings, where:

n
 = 0 
 - old setting mode

n = 1  - bisecting setting mode.



When no SW C nor SW N commands will be entered - the new bisecting mode (with direct calculations of setting angles) will be assumed by default.



 Switch between iterative and direct (new) bisecting mode setting



SW N 
(
n
)




This command wwitches between iterative and direct (new) bisecting mode setting calculations, where:

n = 0 - iterative calculations of bisecting setting angles,

n = 1 - direct calculations of bisecting setting angl
es.



 


When no SW C nor SW N commands will be entered - the new bisecting mode (with direct calculations of setting angles) will be assumed by default.

� KM-4 DIFFRACTOMETER GEOMETRY 



In the ideal diffractometers  using  kappa geometry there are some fundamental relationships between the four circles. The omega, kappa and phi axes  are intersecting  in a point , which is called the center of the diffractometer .  The  omega and theta  axes are concentric. The incident beam is going through the center at right angle to the omega-theta axis . The kappa axis is intersecting the omega axis  at  the alpha angle , which  is set at a = 50 [Deg] . The same  should be  fulfilled  for the phi and kappa axes , but in practice ,  it depends  on  the  precision  of  the  mechanical adjustment. However , there  has been  made  no mention  of this precision .  The radius of the sphere of the axis intersection has been given only.

The satisfactory precision of the intersection of the axes can be obtained with relative easy , whereas there are laborious tasks with mounting  the  phi axis intersecting the kappa axis  at alpha angle strictly .  To avoid  these difficulties all considerations presented bellow are based on the principle of the kappa-phi prime geometry, which permits the angle between phi and kappa axes to be different from the alpha .  This usually  very small  deviation is described by the b  angle . The real values of a and b angles are determined  by  special measuring  procedures for each goniometer. The  kappa-phi  prime  geometry increases  the  precision  of the diffractometer  and it allows to adjust the goniometer quite easy, even on the user's spot.

The theta is zero when the centre of the counter aperture is at the extension of the incident beam .  The zero point of phi can be choosen arbitrary .  The kappa is said to be zero, when the phi axis is placed in the omega-kappa axes plane  and  the kappa block is in its lowest position. The omega is said to be zero , when the kappa axis is placed in the  omega axis - incident beam  plane and the kappa block is located under the collimator.

The orientation of a crystal in space can be characterized in KM4 geometry (see fig. 1a,b) by three angles w, k  and j  which determine the orientation of a set of cartesian axes { K(i) } that are attached to the crystal with respect to the set of cartesian axes { E(i) } that are fixed in space . The fixed axis E(1) is parallel to the incident beam and is directed opposite to  the  X-ray  wave vector , the  E(3)  is parallel  to the  omega rotation axis , pointing upward , and the  E(2)  is chosen  to form right-hand coordinate system. When the setting angles w, k  and j are zero, the coordinate system  { K(i) } and { E(i) }  are coincident .

The coordinates of the kappa and phi axes are



Ek = [-sin(a),0,cos(a)]    and    Ep = [-sin(b),0,cos(b)]



respectively.



In general, for any values of w, k  and j the transformation of the coordinate system  { K(i) }  may be written



� OSADŹ Equation.2  ���



where the rotation matrix R is defined by



                            R = R3(w)*Rk(k)*Rp(j) ,

                            Rk(k) = R2(a)*R3(k)*R2(-a) ,

                            Rp(j) = R2(b)*R3(j)*R2(-b) .







Matrices R2(s) and R3(s) define rotations around E(2) and E(3) exes



� OSADŹ Equation.2  ���



� OSADŹ Equation.2  ���

It is useful to adopt the uniform convention concerning  the sense of rotation . Any angle is positive  if its rotation is clockwise when viewed from the above of each axes.



The effect of the rotation R on components x(i) of a vector 

� OSADŹ Equation.2  ���

may be written



� OSADŹ Equation.2  ���

To satisfy the Bragg condition, the reciprocal lattice vector G is aligned along E(2) by transformation



                                                               � OSADŹ Equation.2  ���                        (1)      



and then is rotated around the omega axis by an angle q



� OSADŹ Equation.2  ���



Using equation (1), the coordinetes of G can be calculated



� OSADŹ Equation.2  ���



If the coordinates are known the infinity settings may be obtained by rotation of the crystal around  G .  It is usefull to introduce the standard setting .  Assume all angles w, k  and j  are zero . The reciprocal vector G is aligned on  E(2)-Ep plane by varying j and then it is directed along  E(2)  by varying  k and w. The following condition must be fulfilled to determine the standard setting :



� OSADŹ Equation.2  ���



This condition  introduces  the coupling  between w and  k  angles which can be written in the explicit form :



                             � OSADŹ Equation.2  ���                           (2)





There are two values of  k  satisfying equation (2) :



                           � OSADŹ Equation.2  ���        (3)



The solution with the sign '+' is marked k1  and corresponds to the standard setting . The second solution will be denoted by  k2 . The coordinates of G  are now resolved in terms of the standard setting angles w1  ,  k1  and  j1  into

� OSADŹ Equation.2  ���



where



� OSADŹ Equation.2  ���





The length is ¦G¦ = 2*sin(q) in reciprocal lattice units 1/lambda, because a monochromatic  radiation  is  assumed  to be  used .  The reflection is observed in this setting when w=w1 + q,  2q=2*q , k=k1  and  j=j1 .



If the coordinates are known , angles of the  standard setting may be determined by



� OSADŹ Equation.2  ���



the k1 is calculated from equation (3) and



� OSADŹ Equation.2  ���



There  are  four  possible  symmetrical settings  to observe a reflection  (see fig. 2 , the standard setting is marked 'a') :

                

                  wa = w1 +q ,   2qa = 2*q , ka = k1  ,  ja = j1               (4a)

                  wb =-w1 - q ,  2qb =-2*q , kb =-k2 ,  jb = j1               (4b)

                  wc =-w1 - q ,  2qc =-2*q , kc =-k1 ,   jc = j1 +1800     (4c)

                  wd = w1 +q ,  2qd = 2*q ,  kd = k2 ,  jd = j1 +1800     (4d)



and  four  symmetrical  settings  to observe  the  anti-reflection (see fig. 3)



                  we =  w1 -q ,  2qe =-2*q ,  ke = k1 ,  je = j1                (4e)

                  wf = -w1 +q , 2qf =  2*q ,  kf = -k2 , jf = j1                (4f)

                  wg =-w1 +q ,  2qg = 2*q ,  kg =-k1 ,  (g = j1 +1800     (4g)

                  wh =  w1 -q ,  2qh =-2*q ,  kh = k2 ,  jh = j1 +1800 .   (4h)



To aligne the reciprocal lattice vector G  along  E(2)  an infinity  settings may be obtained by rotation of the crystal around G . The angle  of  rotation  y (the azimuthal angle)  may  lie  between -1800  and 1800 . The standard setting is choosen as y=0. The new set of angles,  w, k  and j for other values of y must obey



� OSADŹ Equation.2  ���



where



� OSADŹ Equation.2  ���





The software procedures  uses  one more  rotation around the incident beam , i.e. the  E(1)  axis .  The rotation matrix in the cartesian system  {E(i)}  is defined by



� OSADŹ Equation.2  ���



If a vector G has been aligned with setting  w0, k0  and j0  a new set of angles w, k  and j   corresponding  to  this  rotation  is determined by



� OSADŹ Equation.2  ���



It is convenient to introduce an orientation matrix  U  which relates the crystal's reciprocal axes  {A(i) }  to  the cartesian system  { K(i) }



� OSADŹ Equation.2  ���

                    

In reciprocal space , a reflection with indices h(1),h(2) and h(3) is represented by the reciprocal lattice vector



� OSADŹ Equation.2  ���
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Knowing indices and U, the coordinates of G can be calculated



� OSADŹ Equation.2  ���





The nine  independent  elements  of  the  orientation  matrix  are related to  the six cell constants  and  three  angles  describing the cell orientation . The reciprocal cell constants and hence the direct cell constants may be obtained independent  of the  crystal orientation by forming metric tensor M



�





    

� FUNCTION KEYS



The  software  offers  several   utilities   to   perform   simple  calculations and facilitate some operations. They can be activated  by pressing  function keys.



F1 - Help.



F2 - Displays on the screen the decoders- and transmission status.



F3 - Plots a peak profile measured by SM S, SM P, or SM R commands.



ShiftF3 - Plots a tridimensional peak-profile stored in a file name.Vxx in the /KM4/DC/ directory, obtained by the use of XX W command.



F4 - key opens " MEASUREMENT CONDITION " dialog box. 

It allows  to  set the generator voltage  and  current  parameters  and  the  temperature  of  measured  sample.  All  parameters  can   be  printed,  saved on the hard  disk  and  remembered  in  the  data  collection file.



F5 - key opens " LIMIT CALCULATION " dialog box.

Changing Tmin and  Tmax parameters ( see tr command ), the Hmax, Kmax and Lmax index limits ( see il command ) and an  approximate  number  of reflections that should be measured in data collection are  calculated and displayed. The calculated index limits can  be  passed to the computer memory  as  a  current  il  command  parameters. Additionally, the angle settings corresponding to  a given reflection indices with an azimuthal angle psi  can  be  calculated within this dialog box.



F6 - key opens " BRAGG ANGLE CALCULATION " dialog box. 

It  allows  to calculate a Bragg theta angle for a given wave  lenght  of  X-ray beam  and  lattice  constants.  This  calculations  are  useful in determining the range of theta  searching  in  ph  command when the crystal lattice is known.



F7 - key executes sm i 1 command (measurement of the intensity during 1 sec).



SHIFT F8 - key sequence sets  to  the  computer  memory  currently  edited command.



F8 - key  loads  to  the  screen  the  command  membered  by   Shift F8 key.



F9 - Reserved.



F10 - key opens " CRYSTAL ALIGNMENT "  dialog box.

It  allows  to align  the crystal sample in several angle  settings  by pressing single keys. The  settings  are  chosen  to  facilitate crystal alignment in the goniometer head. 

Note: In KMB8 program  this key is still operable, but crystal may be aligned using pilot. 



Alt  -  Interrupts the goniometer action and leave it at the current position.

          The current reflection will be lost 



 “B” letter  -  breaks the program execution, but before the interruption 

          the current reflection scanning will be finished and the reference

          reflections will be measured.

                                                                       

PgUp - Restores last entered command. It can be edidet again and executed.

���





�  ERROR MESSAGES



? Command Error

? Unallowed Position

? Collimator Collision

? Shady Detector

? Angle Out of Range

? Parameter Out of Range

? Time Out of Range

? Too Strong - Use af i

? Motor Speed Out of Range

? Scan Parameter Out of Range

? Peak Table Incomplete

? Peak Table Complete

? Overflow

? Singular Matrix

? Undefined Wavelength

? Illegal Lattice Constant

? Shady Beam Catcher

? Improper Profile

? Graphic Error

? No Center

? Improper sc s for Given sc t

? Weak Intensity

? Too Strong Even With Filter

? Counter Overflow

? Improper sc s and/or sc w for mo s 1 (2)

? Printer not Ready

? Unexpected End of File

? Unexpected Record On Disk File

? File not Found

? Not Enough Space On Disk

? Data Error Reading KM4.HKL File

? KM4.HKL File not Found or Is Empty

? Reflection not Found on KM4.HKL File

? Data Error Reading KM4.PAR File

? Data Error Writing KM4.PAR File

? Wrong Dead Time

? Procedure Interrupted

? KM4 Stopped

? KM4 Break-Down

? Wrong Port Instalation

? Wrong Serial Connector

? Wrong Serial Port

? Expected Error


? Hardware Error in Interface



? Interface notReady



 �
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