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�Introduction

These notes have arisen from my limited experience at using the CAD4 systems at MU.  They are by no means complete and fool-proof, but I follow them and they seem to get me through most of the stages of data collection without too many problems.  The first section, Data Collection Overview, is a quick list of the steps to be taken to complete a data collection.  More specific commands and setting of parameters are given in subsequent sections.  In the following sections, the commands or parameters that you would type in are given in the LETTER GOTHIC font.  I have not been consistent about stating whetehr or not the command must be follower by pressing the enter key.  Mostly that will be the case, and generally it will be obvious that this should be done.





2)	Data collection overview



Envoking the CAD4 control software on the VAX terminals:

The VAX terminals control the Rotating Anode Copper machine and the Molybdenum  machine, but not the old Copper machine.  To run the CAD4 software, you must be logged in as ENRAF (password = CAD4CAD4).  At the “$” prompt, enter @CAD4 0 or @CAD4 1 to run the control software for the Mo or Cu systems, respectively.  If the software has been run at some stage during the current session, CA 0 or CA 1 will do.  Make sure that the wavelength is set correctly (WO to check (, WI to set ( - filter factors are 12.08 for Cu and 12.84 for Mo).

When in the control software, the command prompt will be CD1> for Cu or CD0> for Mo.  To get back to the VAX $ prompt, press <Ctrl>C twice.



Setting up a cell search:

GONCON and then FCRYST to create a datfile.CRY file.

LOG to create datfile.LOG to capture the input/output to follow.  This may be useful if you want to check at a later stage what commands had been issued, or what has been printed to screen, since the creation of the LOG file.

@SEARCHCU or @SEARCHMO searches for 24 reflections in appropriate regions and centres them.  The positions and intensities of these reflections are stored in datfile.CRY.



Determining the unit cell:

INDEX to fit a cell to the 24 reflections in datfile.CRY.  The cell given will be primitive and triclinic.  Inspect the cell parameters and decide whether they make sense and whether they indicate the possibility of a higher crystal system (i.e. check for 90° angles or axes that are roughly the same length).   If you suspect a higher crystal system, use TRANS to transform the primitive triclinic cell (accept the defaults).  TRANS will list the possible cell-types and a figure of merit for each.  If the cell is C-centered, TRANS should show up a C-centered system with a low figure of merit.  Type the number of the cell-type you wish to select and type Y to reindex the reflections.  The cell parameters will probably be re-ordered, and if the cell is C-centered, they will also be different.  It is up to you to decide whether angles are sufficiently close to 90° (or 120°) and axes are significantly similar in length as required by your choice of crystal system.  

If the cell does not make sense you may have to play about with the reflection flags  -  the flags indicate whether a reflection is to be used by the INDEX routine. First list the 24 reflections by entering LO and then 1 25.  Make a note of the strongest reflections (e.g. with intensities > 1000) and use only these for the next INDEX.  To set the reflection flags, enter LCH  and then 1 25.  The current settings of the flags for the 25 reflections in the list will be printed.  Re-type the flags (N = don't use, H = use, / = don’t change) and then INDEX.  TRANS if necessary or if the cell still does not make good sense, try various sensible combinations of N and H for the reflections and then random combinations (e.g. NHNHNHNH... or HNHNHNHN... or NNNHHHNNNHHH... etc.) when you get desperate - sometimes this works.  If it does, set all the flags to H and type REIND to reindex the reflections according to the cell you found.

Note : Sometimes TRANS may have trouble finding C-centered cells.  If you expect the cell to be C-centered, and TRANS doesn’t give such a cell, the program CREDUC on the VAX is superior.  To access CREDUC, get to the $ prompt, SET HOST ORACLE and login as ATWOOD (password = JATWOOD) and enter $CRE.  Follow the instructions and if you get a good C-centered cell, get back to the CDn> prompt and TRANS again.  Your C-centered cell may appear, but with a high order of merit.  Accept it.



Trial data collection:

If you are unsure of the crystal system, or want to establish the Laue class or even the space group before proceeding with the data collection, run a trial data collection on the crystal  (see section 2 for the trial data collection parameters).  After the trial data collection, inspect the .LOG file using the VAX editor (see section ?).  Check if the systematic absences and equivalent reflections are consistent with the suspected space group and centering.  The Laue symmetry can be checked as follows:



�	Laue Class	Crystal system	Equivalent reflections�

�	-1	triclinic	h k l ( -h -k -l��	2/m	monoclinic	h k l ( h -k l (�			-h -k -l ( -h k -l��	mmm	orthorhombic	h k l ( -h -k l ( -h k -l ( h -k -l (�			-h -k -l ( h k -l ( h -k l ( -h k l��	4/m	tetragonal	h k l ( -h -k l ( -k h l ( k -h l (�			-h -k -l ( h k -l ( k -h -l ( -k h -l��	4/mmm	tetragonal	h k l ( -h -k l ( -k h l ( k -h l (�			-h -k -l ( h k -l ( k -h -l ( -k h -l (�			-h k -l ( h -k -l ( k h -l ( -k -h -l (�			h -k l ( -h k l ( -k -h l ( khl�





Since you have the data available, it is a good idea to re-enter some good reflections into the list in order to get a better cell determination.  Choose some strong reflections for centering and least-squares cell determination (choose 12 for a triclinic cell, 6 for monoclinic, 3 for orthorhombic etc. and determine the equivalences to give 24 reflections).  Try to make sure that these reflections fall in a complete sphere, avoid reflections with zero as an index, and choose reflections that will give a good distribution of high values of h, k and l.



Putting reflections into the list:

LK and then 1 25 to kill the reflection list and LH to enter the 24 reflections (h k l 0).

SETANG these reflections and get the refined unit cell using LS.



Setting up the data collection:

First check that the part of the reflection sphere to be collected is consistent with ( for 001, 010 and 001.  Use HE , then 0 0 1, 0 1 0 and 0 0 1 to check this.  Rotate the cell using a manual TRANS, or remember to set hkl range for the data collection accordingly. 

Scan a couple of reflections chosen from the list to determine width in 2q with respect to ( (see section 3).

Set up data collection parameters (see section 4).  Remember to set up the collection for the unique data-set, but it is always a good idea to also collect a couple of hundred redundant data to help with space-group assignment.

Enter DATCOL to start the data collection.  Once the data collection has commenced, you can use the following keystrokes or commands:

Ctrl C,  Ctrl C to get the $ prompt without interrupting the data collection.

Ctrl C, /S, /, N to interrupt data collection (can use Q to quit).

Ctrl C, / to pause data collection, and then Y to continue or N to exit software.

DATCON to continue data collection.

DATCOL will continue collection, but will renumber the reflections from 1 (but does not cause problems)

�After data collection, set up the absorption correction parameters if absorption correction is considered necessary (see section 5).  Enter DATCOL to collect the PSI-scan data.  If you are satisfied that the reflections in the list are reasonably strong, and of a sufficiently high 2(-angle, use SET4 to get a final good cell.  There is no point in having Friedels in the reflection list because SET4 measures them for each reflection anyway.  Remember to change the reflection flags to A using LCA.

After SET4, use LS to get the least-squares cell and CELDIM (2 0 0 0 for monoclinic, 3 0 0 0 for orthorhombic, 4 0 0 0 for tetragonal etc) to refine the cell with constraints for the crystal system chosen. 





3)	Trial data collection parameters

GONCON to assign a trialdata.DAT file.

TH to check the range of the h,k,l indices using (13 to 16 for Mo and 26 to 34 for Cu)

DATCIN:



	TITLE	trial data collection

	THLIM	13  16                                                      	(26   34 for Cu)

	SCAN	0.80   0.35   2.70   0.40   6              	(for Mo)

		0.80   0.14   2.70   0.40   6              	(for Cu)

	INT	1.00   0.03   1   30   0

	FLAG	0   0   0

	PSI	BISECT

		37   0   10   1   0   0

	MODE	ZIGZAG

		-h   h   -k   k   0   l

		-h   -k   0

		hkl    	(order of longest to shortest axis)

	ABSENT	0 

	INTCR	0   0.01   0.1

	ORIENT	0   0.15

	BACKG	0   2   1





4)	Scanning reflections to determine doma and apta in SCAN

Find a good reflection of intermediate intensity (from the search reflections or from a trial data collection) and do an ( scan and an (-2( scan:

LG h k l (list get) or LG then n (where n is the position in the list) to put the reflection parameters into a buffer.

.P to drive the diffractometer to that reflection.

SAP <enter> <enter>  -   opens the horizontal aperture all the way.

SCAN, then O (for Omega) then 3   3  -  to perform an w scan.

SCAN, then OT (for omega theta), then 3   3   6  -  to perform an w-2q scan.

A 48-step profile will be printed out for each scan and is approximated as follows:

� EMBED PBrush  ���

doma :	from the (-2( scan, estimate the peak width (take interval as shown above - c.a. 80%) �		16 steps = 1° and doma is given in °

apta :	from the ( scan, estimate the peak width (take a smaller interval than shown above - c.a. 70%) �		apta = horizontal aperture in mm, 16 steps ( 3.5mm

�



5)	Data collection parameters

GONCON to assign a data.DAT file.

TH to check the range of the h,k,l indices (1 to 25 for Mo and 2 to 60 for Cu)

LO to list the reflections in the list.

Choose 3 good reflections for orientation (LCO) and 3 for intensity (LCI) checks.



DATCIN:



TITLE	Xtal name, Spc Grp, Date, kV and mA settings

THLIM	1   25                                                             (2   60 for Cu)

SCAN	doma   0.35   apta   0.40   6                               (for Mo)

	doma   0.14   apta   0.40   6                              (for Cu)



[ doma and apta should be determined by scanning a couple of reflections, but as a general rule-of-thumb, doma ( 0.75 ( if the longest axis is 30 - 40 Å), 0.80 (15 - 30 Å), 0.75 (<15 Å)]

The last parameter = 6 for w-2q scan mode and 0 for w scan (only use w scan if unit cell parameters �are large i.e. > 20Å for Mo and >40Å for Cu)



INT	1.00   0.03   npipre   60   0



Use 3 for npipre unless a faster prescan is required (prescan rate is 16.48/npipre o/min in w)

The first parameter can vary between 1.0 and 2.0 (depending on the required cutoff for flagging �a reflection as weak in terms of the ratio I/s(I).



or use



INT	0.00   0.03   1   60   0



if you want all the reflections to be rescanned.



FLAG	0   0   0



PSI	BISECT

	37   0   10   1   0   0

MODE	ZIGZAG

	hmin   hmax   kmin   kmax   lmin   lmax

	hmin   kmin   lmin 

	hkl    (order of longest to shortest axis)

ABSENT	0 (1 if C-centered or as required)

	reflection condition if ABSENT = 1 (e.g. "H+KN2")

INTCR	3600   0.01   0.1

ORIENT	300   -0.15

BACKG	0   2   1





�6)	Absorption correction



$ SET HOST ORACLE and log on as ATWOOD (Password = JATWOOD).

$ @CHI90 to initialise settings for running CHI90 

Copy the data collection file from DKA0:[CAD4.DATAn] as CAD4.DAT into the directory 

	DKA0:[NRCVAX.PSISCAN]

$ SET DEF DKA0:[NRCVAX.PSISCAN]

$ CHI90 (accept the defaults) and note 3 to 5 strong high-chi reflections with varied h,k,l indices.

Log off to return to user “ENRAF”.

GONCON to assign a data.PSI file.

DATHKL to enter the high-chi reflections (h k l 0).



DATCIN: modify the following settings:



PSI	AZIMUT

	37   0   10   0   0   0

MODE	FILE

INTCR	0   /   /

ORIENT	0   /   /





7)	General notes

If the system goes down owing to a power cut, the screen will be clear after power-up with the 

exception of a few system test messages.  type B DKA0 to boot the system (this may take a while).  



CAD4 0 (Mo system):

If the water flow rate (meter on left-hand-side of pump) indicates < 1 gal/min, stop the machine 

and see about draining the water and cleaning out the filters.



CAD4 1 (Cu system):

The generator may go down because 

(1) the 10A fuse blows - call Bill (L060 and L061 go most often)

(2) there has been a power cut

To power the generator up again:

	(1) turn the BIAS to 0

	(2) HV to 10 kV

	(3) current to 10 mA

	(4) on RHS panel, push all 4 switches in turn from bottom to top

	(5) make sure that the vacuum guage reads about 9±3 x 10-7

	(6) push top switch (Radiation)

	(7) turn voltage and current up 10 units at a time (final settings are 40 kV, 60 mA, 30% bias)

	(8) at about 40 kV, 30 mA, slowly turn the BIAS to 30%

	(9) keep checking that the vacuum guage reads in the 9±3 10-7 range

The whole process may take several hours.

Remember to set the switch to 7600



Using the VAX editor:

$ED FILENAME

*C to get the full-screen editor

^Z to get out

*EXIT to save file and quit

*QUIT to quit without saving file





�8)	DATA reduction

In the deccriptions of the programs that follow, one would routinely use the options given in brackets (don’t type the brackets!)  However,  where applicable, use other options as required.



i	Download the data to a PC

	

ii	CAD4FIX name.DAT and CAD4FIX name.PSI to convert the data files for BRANDX



iii	PLOTSTDS to view the standard intensities as a function of time graphically, and

	PLOTPSI to view the psiscans graphically

	

iv	BRANDX with option (A) to create a name.ID file and then exit BRANDX

	

v	SYSABS to determine the systematic absences

		(T)   -   if a more detailed look at the output is required, use (L)

		Laue class 

		Lattice symbol

		(N) - (the data are NOT collected with profile analyses.)

		Use (2.0) for the I/((I) insignificance limit

		(S)

		(Y)	-   all the possible space groups will be listed

		(Y) 

		(N)

	

vi	CDFILE 

		(T)

		(name.CD)

		a descriptive summary for Title

		space group symbol

		a,((a)  (the rest of the cell data entry depends on the space group)

		b,((b)

		c,((b)

		(,((()

		(,((()

		(,((()

		the next three questions can be defaulted

		Radiation type (CU or MO)

		number of formula units in one molecule

		atomic symbol      e.g. (C)   

		number                  e.g. (22)   -   number in ONE formula unit

		atomic symbol    etc.  (press Enter to end the list)

		the program will print values for (, ( and F(000)   -   check if these make sense



vii	ABSORP if psi-scans were measured

		(E)

		(T)

		(Y)

		(name.PSI)	

		(Y)

		(name.ID)	

		(N)

		(E)

		(10)

		(N)  -  do not apply spherical correction

		(300)

		(N)  -  default values are not correct

		(1 12.08) for Cu or (1 12.84) for Mo

		(Y)

		(Y)



viii	DATRD2  -  to reduce the data

		a descriptive summary for Title

		(Y)

		(name.ID)

		(CR)  = Carriage Return or Enter

		(S)

		(Y)

		(Y) if absorption correction is required, else (N)

		(4)

		(24.33) for R.A. Cu, (12.84) for Mo and (17.01) for the old Cu machine

		(CR)

		(4)

		(N)

		(N)

		(Y)

		(Y)

		(CR)

		(R)

		max 2( value:  (120) for Cu or (50) for Mo

		(Y)

		(Y)

		(Y)

		(S)

		(1.1150) for R.A. Cu or default for Mo or the old Cu system

		(3.0)

		(N)



ix	BRANDX to prepare an HKL file for the SHELX system

		(S)

		(Y)

		(L)

		(2)

		(5)

		(3I4)

		(F8.1)

		(F8.1)

		(N)

		(1)

		(2)

		(3)

		(Y)

		(Y) to exit

		A file named REFOUT.OUT will be written  -  rename this file to name.HKL

		

x	BRANDX to prepare a SHELXS input file using the CD file

		(O)

		name.INS

		(Y) for SHELXS input file

		(Y)

		(Y) to exit

		A SHELXS name.INS file will be created.  Edit this file to take out the comments and the HKLF 3 		card must be changed to HKLF 4.





9)	Using the old CAD4

This machine is controlled by an old PDP system with old CAD4 software.  Commands such as SET4 and CELDIM and GONCON do not exist as part of this software.  Reflection data always go to the same file and the reflection list is unique (i.e. you don’t assign a .CRY file for the list).  Search 3 segments with TCP = 21 35 180, 21 -35 180 and 21 0 180 (SP DF = 10 1.5).  The PDP computer controlling the system is SLOW.  So INDEX after 12 reflections unless you have something else to do in the mean-time.  Then search the rest of the list and REINDex, SETANG and then LS.  Setting up the data collection is similar to the way it is done with the newer software on the MicroVAX.

IMPORTANT : when you set the reflections for the orientation checks using LCO it is not enough to just change the relevant reflections to O.  You must set ALL the other reflections to R or else they will disappear from the list.



Absorption correction:

Reflections for PSI scans have to be located manually.

Enter BH, then 10 0 90.  The “reflection” with these Eulerian angles will be printed.  Select reflections with similar hkl indices and for each use the following procedure:

HE 

H K L

h k l   

PSI

0

The angles for this reflection will be printed.  Note all the reflections with Chi > 80.  Scan each of these high-Chi reflections in turn to determine if they are relatively strong:

SAP <enter> <enter>    to open the aperture fully	

HK	Gets the angular information of the reflection

H K L

h k l

.P	Drives to this reflection

SO	(Open shutter)

You should be able to hear if this reflection is strong or not (assuming the speaker is turned up).

SC	(Close shutter)

SCAN	To scan the reflection

O	(Omega scan)

3 3

The peak profile will be printed on screen.  Decide whether or not this peak is sufficiently intense and symmetrical.  Once you have obtained the indices of at least 3 good reflections, enter them into the DATHKL list:

DATHKL

H K L

h k l

PSI

0

etc.

Press Ctrl-Z to end data entry.



DATCIN	and modify BISECT to AZIMUT and ZIGZAG to FILE.



DATCON 	to append the Psi-scans to the data file.

Start with controls?

Y

Start on new file?

N



Before data reduction, separate the Psi-scan data into a separate file and paste the initial parameter list (which contains the orientation matrix) to the beginning of the .PSI file.



Interrupting the collection:

Press Ctrl B.  This may crash the system and it will need to be restarted as per the instructions on the front panel of the generator.  A better way is to type 7601 on the PDP and press LSR - then, to re-start, 7600 LSR



Controlling the CAD4 from the PC:

ST240 <enter>  (envoke main communication program, use setting #1)

<esc>

R FRTS <enter>  (begin reload of CAD4 software)

CAD4 <enter>

CRYST/7 <enter>

RLOB:DATA/5 <enter>

HKLIST/8 <enter>

<esc>

Now you should be in the control software for the CAD4 (i.e. a “ prompt)





Getting data from the PDB8:

alt-X to exit SmartTerm 240

CD \COMMHEX <enter>

COMMHEX <enter>

Ctrl-B

R PIP <enter> (at the . prompt)

TTY:<RLOB:DATA alt-G <enter>   (alt-G switches capture mode on)

alt-G (switch capture mode off after data transferred)

<esc>   (simultaneously exits COMMHEX and PIP)

The data file has been written to COMMGRAB.TXT in the COMMHEX directory of the PC.





10)	Using the rotating anode diffractometer for XRD

Load the sample into the aluminium holder and flatten it with a microscope slide.

Remove the horizontal slit from the detector.

Set the switch option to +1 (from the CD1> prompt, press ^C and then type +1)

Drive the diffractometer to 0 0 0 0 in (, (, ( and ( :

	CD1>KP

	CD1>0 0 0 0

Fit the brass goniometer head to the diffractometer after removing the spacer.

Insert the aluminium sample holder with the flat edge in line with the collimator and detector.

Create a LOG file by entering LOG at the CD1> prompt (all the screenout until the next LOGfile creation will be sent to the filename.LOG file)

Entering @DKA0:[CAD4.SYSTEM]XRD at the CD1 prompt will run the batch file which will move the 2( angle by 0.2° at a time and count for 2 seconds from 2( = 6° to 40°.

Port the .LOG file to a PC and run CONVLOG to convert the filename.LOG file to a filename.XRD file which can then be read by XRDPLOT which creates quality output of the XRD trace.

Remember to return the diffractometer switch to -1 after completion of a series of runs and of course �to re-insert the horizontal slit.



The .CAT file uses the following commands:

		CD1>SAP	(set aperture)

		          2.0	(to 2 mm?)

		CD1>KP	(kappa position)

		 T P O K>3 0 0 0	(to positions in (, (, ( and () - remember T = ( and not 2(

		CD1>SCAN

		MM>N	(for no motor movement)

		TIME>2	(time in seconds)

		CD1>KP	 etc.




