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INTRODUCTION

Thie manual describes facilities for x~ray absorption spectreacopy at
the SRS in the spectral range 0.3 - 3.2 A or 40 - 4 KeV. It is divided
into three maln chapters. The firat covers the station software (1.1 to
t.5), the second the station hardware (2.1 to 2.4) and the third is devoted
to the analysis programmes.

In particular Chapter 1 dascrlbes loading the setting-up and data ac-
quisition programmes (1.2) and tranaferring data from the experimental sta-
tion to the malnframe (1.3}, A command-by-command deecription of the soft-
ware la then given - both for tranemiesion as well as for fluorescence mea-
guremantsa (1.4 and 1.5). Chapter 2 covers the operation of the major items
of equipment on the station: the ordar-sorting monochromator (2.1) the
scintillation PHTe for fluoregcance datection (2.2) and the Pt-coated tor-
oidal mirroxr (2.3)., Chapter 2 also includea broad guldelines for meking
both tranemiseion and fluorescenca EXAFS measurements {2.4). Filnally, in
Chapter 3 an introduction is provided to the data reduction and EXAFS an-
alysls programmes available in the 5RS Programme Library. The three prin-
cipal programmes EXCALIB (3.1}, EXBACK (3.2) and EXCURVE (3.3) are descri-
bed.

A schematic of the EXAFS equipment ia shown in figure ), Unfocused
or focused wPlte x-rays from the beryllium window pass through monochroma-
tor vessels where they are defined in a vasrtical angle and horizontal apesr-
ture and monochromated. The EXAFS monochromator operates under rough
vacuum preasure. MHonochromated x-rays leave the exlt slit veaasel through
a furthar beryllium window. EXAFS meapurements are ususally made 1n‘alr
elther by monitoring

(a) transmiaslon through the sample

or (b} fluorescence emitted from the gample.

The user can expect that the entrance and exlt slita will be aligned
with respect to the monochromator and that the Bragg angle of the monochro-
mator will be approximately calibrated., Ion chambers will be in position
and have auitahle rare gas mixtures for the particular wavelength the mono-
chromator has been left at. If fluorescence detectors are required help

should be sought from the station master. Preclse calibration of the mono-



chromator le left to the user and requires the ugse of a metal foll whose K
and I. edges fall in the wavelength range of interest. Monochromatic beam
can ha datected using Polaroid film and a laser is provided to enable the
sample to be aligned to the monochromated haam. Various cryostats and a
furnace are availabla, 1If these or other enviromental atages are required
the Station Master or Local Contact should ba advised in advance of the

scheduled beam time.

Hew usera should be aware that x-ray beam lines at the SRS are multi-
statlon ports and that there are two kinde of x-ray shutter. The port
shutter, which controls the light to ail the stations is under the control
of the crew in the Main Control Room {MCR)}. Should this ciose for any
reason the appropriate light wili go out and the MCR should be contacted
for it to be re-opened (telephone 560, 561 or 562). Persistent port shut-
ter problems must be reported to the Beam Port Coordinator as goon as pos-
sible, The station shutter la under the control of the experimenter. Once
the hutch is correctly interlocked the station shutter can be opened and
closed as desired. See the inatruction notice on the hutch for details of
the hutch interlocking procedure. Station shutter problems should be

reported to the Station Master.

The documentatlon that follows 1ls deslgned to be reasonably comprehen-
slve and will be updated as facilities at the SRS develop. If probiems
arise during data collection or analysis that are outside the scope of thile
manuwal, the Station Master or the Local Contact shouid be advised. In any
event it is extremely important that all difficuities and problems encoun-
tered by users should be fully recorded in the station log-book at the

time.

PEQPLE TO CONTACT FOR NELP
Ext., No. Bleep

5.5. Haspnaln {Station Master 7.1) 273 225
G.P. Dlakun {Deputy Station Master 7.1} 273
G.P, Dlakun {Station Master 9.4) 273
G.H. Greaven {Deputy Station Master 9.4) 335 107
P.A. Ridley CSE 405 105
E. Pantos CSE, SRS Programme Library 275
G. Mant CSE 275
3
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J. Sheldon Mechanical Services (e.g. gas
bottiea, plumbing, rotary pumps) 557 173
Ext. No. Bleap
User Support Team 560,561,562
Beam Port Coordinators:
X-ray 7 G.P. Dlakun {602124)

X-ray 8 5.5. Haanaln (93-710843} (Deputy J.S. Worgan)

{Doputy G.N. Greaves)

Wiggler 9 G.N, Greaves (935-63194) (peputy P.J. Duke)
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CHAPTER 1 - STATIOH SOFTWARE

1.1 INITIAL CHECKS

1.1.1} Check the CAMAC power supply is switched on.

1.1.2) Check the disk drivers are ewltched on.

1.1.3) Programme gtatus. Press 'carriage return'. If RT-11 is loaded the
VDU will respond with the prompt '.', if CATEX 1s also loaded the prompt
'+' wlll appear on the screen, if the EXAFS programme is loaded

INVALID COMHMAND FOR IELP TXPE H

COMHMAND?

will appear on the coneole.

1.2 LOADING THE VARIQU3S PROGRAMMES

The EXAFS and system programmes are stored at the station on a
Winchester Disk which also collects a permanent record of the experimental
data collected. The loading procedure depends on the state the gystem is
in. RAT-11 reogponde with a '.' prompt, CATEX with a '+' prompt and the
EXAFS programme with a 'COMMAND?' prompt. The loading procedure should
therefore be taken up from the prompts shown on the acreen when carriage
return 1g prersged. The Eull procedure 18 necassary LE the system craahes

for some reason {(e.g. power fallure).

1.2.1) Using the keys on the VDU

Press BREAK

Enter 762000G

The system run light should now be flluminated, if the system doea
not leoad or the run light goes off repeat the sequence. If thia fails

geek advice.
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1.2.2) when the system haa besen loadsd the consolse wlll respond wlth:
RTI! FB(S) V04.00
DATE
TIME

wWhen the RT-11 prompt '.' has appeared CATEX wmay ba loaded by typing
CAT ‘'carriage return’'
The syatem responds with:
ARRACACATEX Varsion 20hanss
LAST HODIFICATION <date>
+
When the CATEX prompt '+' has appeared the data acquisition programme may
be loaded by typing elther
IRD SY:LOAD ‘carriage return’
for transmission measuremants or
IRD SY:LOAD2 'carrlage return'

for fluorescence meagurementa.

If at any time during the runnlng of the programme an unforeseen error
occura and the CATEX prompt appears the system should ba reloaded with the
above commands. Important: please report all errors in EXAFS? logbook.
When elther programme has been loaded the conscle reponds withi

TABLE HEIGHT (MICRONS}=xxxx (e.g, 16000)

HONMOCUROMATOR POSITION=xxxx (e.qg. 24000)

The table height ls the height of the optical bench {containing exit
slits, ion chambears etc) that 1s offset from straight through heam. This
offget 18 required because the white radiation when monochromatised ls dia-
placed by 20coa8, where D ls the separation between the two crystal surf-
aces of the monochromator and @ ls the angle of the monochromator with re-
spect to the incldent beam, or the Bragg angle. The monochromator position
is given in thousandthp of a degree, the value 24000, therefore, is equiva-
lent to 24 degrees. When moving the monochromator one step thia ls equal

to a thousandth of a degree.

h list of commands alsoc appears on the conscle. For the programme

LOAD theae are:
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TYPE L LIST SCAN PARRMETERS
CHANCE SCAM PARAMETERS

MOVE SLITS, TABLE, EXPERIMENT AND MIRROR
HONOCHROMATGR POSITION

MOVE MONOCHROMATOR

START DATA COLLECTIOR

FOR INFORMATION OH X AND L{3) EDGES

READ ION CRAMBERS

IAVE TABLE SYNCHRONISED WITH MOMOCIIROMATOR
TABLE HEIGHT

MOVE CDARSE MOTOR

& HARHONMIC REJECTION FOR DC

HELP

COHMANO?

=D 0O € &b P o= X T m O

For the programme LOAD2 these are;
TYPE L LIST 3CAX PARRMETERS
C CHANCE SCAM PARAMETERS
E MOVE SLITS, TABLE, EXPERIMENT AND MIRROR
P HONOCIIROMATOR POSITION
H MOVE MDNOCHROMATGR
S START DATA COLLECTION
I FOR INFORHMATION ON X AND L{3} EDGES
R READ ION CHAMBERS
T HAVE TABLE SYNCIIRONISED WITH MONOCHROMATOR
V TABLE HEIGHT
O MOVE COARSE MOTOR
D & AARMONIC REJFECTION FOR DC
R HELP
A TQ SET UP FLUORESCENCE DETECTORS
COMHAND?

Theae commands enalile a user to sat up his experimental parameters
prlor to data coliectlon. They allow adjustmente to be made to the slits,
optlical bench, mirror and the Bragg angle of the wmonochromator. They en-
able the counts In the raference and siynal ion chambers to be read and
the energy window of the flucreacence detectors to be set. They also pro-
vide the Facllity for the user to get up spectral reglons for a scan. The

commanda are deacribed Iln detaill in the next gection.
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1.2.3) Important: ensuras that the 8tation Kaster has updated the syatem

with your current grant numbar.

1.3 TRAHSFERRING DATA TO THE MAIHNFRAME

once a spectrum ls complete, data can be traneferred from the experi-
mental atation to the SRS mainframe. Thie le uweeful as it enables initial
data to be analysed as the experimentes progress. In ovder to tranafer the
data type 'F' to finlish sesslion in the ecanning programme. The command ap-
pears In the tranefer to the escanning programms by First using command 'S‘'.
Then type

1AB ' carriage return®
The conscle will reapond with the prompt '.' which means the user la in
RT77.

once ln RT11, load DQ and SL, viz

.LO&AD DR

-LOAD 8L
CATEX should then be loaded by typing

CAT 'carrlage return’
The DU will reapond with

AddAdACATEX Veraion 20.....

LAST MODIFICATIOH <data>

+
A8 soon as the CATEX prompt '+' has appeared type

1RS SY:CATSTR

A prompt '+* wili appear when the subroutine hae been loaded, then
enter

IRD SY:TFILE

Thia loadas the programme which allows data to be tranasferred to the
HAST000,. The CATEX prompt '+' iz dilsplayed on the VDU afier the programme
has been read in. In order to chtaln a list of the Filea on the data disk
so that the user can choose which to transfer, type

101
and the directory of the data disk ia then printed on the VDU.
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To etart the programme type

18T
and then reply to the quesations as they appear. When files have been
tranaferred unload DQ and SL, viz

+1AB

-UNLOAD DQ

-UHLOAD SL
Then load CATEX and read the LOAD programme as dascribed above in sectlon

1.2,

How to Re-initialise a Floppy Disk

1f for any reason Floppy Diska are used for data collection thege sare
re~upable. In order to re-initialise a Floppy Disk transfer to RT-11. To
enter RT-11 from CATEX (which has the prompt '+') type

1AB

The VDU wili respond with the prompt '.', To wipe the diak clean
type

INI/BA FD1: ‘carriage return'
The system will ask if you are sure and the reply is

Y 'ecarriage return'

The syetem will then clean the disk and check if any bad blocke are
dpresent. If this is so do not re-use ths disk to collect data. Also do
not type "INI/BA FDO:' to re-initialise as this will wipa the syatem disk
clean. To gat back to CATEX after re-initialising type

CAT 'carrlage return'

1.4 RUNNING FPROCEDURE FOR THANSMISSION MEASUREHENTS

A transmission measurement involves placing the sanmple between the two
ion chambers and scanning the monochromator through the x-ray absorption
edge of one of the elements present. FPligure 2 shows the transmission spec-
trum of NI foil. The epecimen should be of appropriate thickness (2.4.2)
and the lon chambers should be £illed with rare gas mixtures to suit ths
apectral wavelength range chosen (2.4.8). Details of X and L edges - wave-
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lengths, energiss, wmonochromator Bragg angles and suggested spactral ranges

are provided fn the INFORMATION command 'I' described below.

With the programme LOAD Installed, typing 'H' dlsplays the commands
nacesgary for aetting up a trsnamission EXAFS spactrum.
TYPE L LIST SCAH PARAMETERS
C CHANCE SCAN PARAMETERS
HOVE SLITS, TABLE, EXPERIMENT AND HIRROR
HOROCHROMATOR POSITIOH
HOVE MONOCHROMATOR
START DATA COLLECTION
FPOR INFORMATION ON K AND L{3) EDGES
READ IOH CHAMBERS
HAVE TABLE SYHCHRONISED WITH MONOCHROMATOR
TADBLE HEIGIT
MOVE COARSE MOTOR
% HARMONIC REJECTICH FOR DC
HELP

T 0 0 9§ = B = 6 E "om

COHMRAND?

The uaer may enter any of the commands avallable by typing the appro-
priate letter (no 'carriage return necessary). If a letter is typed which
i3 not on the liet of commands the programme responds with:

INVALID COMMAND FOR HELP TYPE Il

COMMAND?

COMMANDS

1.4.1}) L - LIST SCAN PARAMETERS
This lists the number of scans and reglone {for each mecan) previousiy
entered Into the programme and these may be changed using command *C*. The

contents of each region are also displayed on the VDU, for example:

SCANS 1 REGIONS 2

REGION 1

START 14100 TIHE 100000
INCR 10 REF 8000000
ERD 13000 SIG 80000
REGION 2

START 13000 TIHE 100000

10
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IHNCR 2 REF 8000000
o 12000 BIG 100000
COMMAND?

These scan parametere are for a single scan of two regions atarting
at 14.1 degres and ending at 12.0 degrees. The number of steps the mono-
chromator moves before a reading ia taken is determined by inor {(short for
increment). Time ig measured in milliseconds and the values for the refer-
ance and signal are counts from the ion chambers. The usual mode of set-
ting up the regions is to give large values for time and refarence ac that
the counting is limlted on signal, i.e. once the number for the signal ia
reached the accimulation of counts for references and time are stopped
slsultaneoualy and a reading taken, the monochromator then moves to the
next angle. In this way the reference counts are inversely proportionai
to the gample transmisaion. Command 'R' can be used to chooss appropriate

values for time, reference and mignal.

1.4.2) € - CHANGE SCAH PARAMETERS
Typing thie letter allows a user to change the number of acans and re-
glons he wishes to have from those already inputed into the programme., The
paramaters for each reglon can also be changed. The VDU responds with:
TYPE P CHANGE PARAMETERS
R CHANGE REGION
£ EXIT

By typing 'P' the console prompts the user for the number of scans he
wishes to run repetitively, the maximmm pumber allowed is 100. TIf a value
greater than this ia entered the programme will use the defaunlt of 100. IE
the user does not wish to alter the number already present then ‘carriage
return’ is pressed. The ugser is then asked to input the number of regions
he requires for a scan, the maximum number allowed is 10. If a value grea-
ter than this is inputed the progrsmme assumes the default of 10. After
the value has been entered the user ia taken back to the above three com-

mands.
Typing *R' causes the user to be prompted for a region number. If he

enters a value larger than the regions specified, the programme reaponds

with:

n

INVALID REGION
?

By entering an appropriate region number the console displaya:
START OF REGION

INCREMENT

END OF REGION

CHRNGE TIMBE

REF.I1.C.

S1G.1.C.

MEW REGION

EXIT

mE B W M m -

R, I and F are wsed for entering the start, increment and end of a re-
glen in a spectrum in millidegreea. The start of the regioq ghould have a
larger number than the end of a region. T, R and 5 are uaed as limits on
tims (miiliseconda), reference lon chamber (in counts} and signal ion cham-
ber {in counta) respectively. The maximum allowed time is 100,000, and For
reference and aignal ion chamber the maximum counts are 8,300,000. When a
uger exits from these sub-commands the programme returns to the main com-
mande. An example is given below of a three region scan Eor the copper

edge of a copper foil using a Si{111) monochromator,

REGION 1

START 13400 TIME 100000
INCR 20 REF 8000000
END 12740 s81G 500000
REGION 2

START 12740 TIME 100000
INCR 1 REF 8000000
END 12490 s81G 100000
REGIOM 3

START 12490 TIME 100000
INCR 3 REF 8000000
END 11800 SI1G 100000

The firat region has a coarse increment and Einishea about 20 ateps
bafore the atart of the copper edge, the second region encompasases the edge

and near edge structure, and haa the finest increment. The Elnal region
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covers the EXAFS ocaclllatione and extends to about 800 eV above the sdge.
Bécause the sample absorbs in regione 2 and 3 the number of counts entered
for the signal ig lower than for region 1. This takes Into account the de-
craase in x-rays entering the signal fon chamber above the abmorption edge
so that the counting time For each polnt remains roughly the same for all
reglona. As the EXAFS oscillations are broader then the near edge struc-

ture the lncrement in region 2 is smalier than in ragion 3.

1.4.1) E - HOVE SLITS, TABLE, EXPERIMENT AMD MIRRORS
Typing this letter the conscle responds with:
A HMOVE ENTRANCE SLIT VERTICALLY

HOVE ENTRANCE SLIT HORIZONTALLY

MOVE EXIT SLIT VERTICALLY

HOQVE EXIT SLIT HORIZONTALLY

HOVE FRONT OF TABLE -

HMOVE BACK. OF TRBLE

MOVE FRONRT OF EXPERIMENT

HOVE BACK OF EXPERIMENT

MOVE FROHT OF MIRROR

HMOVE BACK OF HIRROR

EXIT

N X QO = =2 6 ™M QD 0D

This command allows the user to perform the following adjustments:

1) Open and close the alits before and after the monochromator by enter-

ing a poaitive or negative number (A-D}.

2} Ralse and lower the optical bench to compensate for any change in
poaition of wmonochromatic beam {P-G). When the table 18 moved 1its new
height {s displayed in microna. The number ls calibrated with respect
to the white radiation passing through the entrance and exit slits
with no deviation encountered. A positive value for the table helght
means the optical bench is displaced upwards as compared to the
straight through beam. The front and back of the table can be moved
independently to facilitate levelling of the equipment. The value for
the table helght is taken from the front of the table, so remember to
move the back of the table to retaln the bench in a horizontal poai-

tion.
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3) Raiss and lower the whole of the expaerimental asgembly in the EXAFS
hutch to compensate for the reflected beam off the wirror when placed
in the synchrotron radiation {H-I}. This adjustment should not ba

made without permission of the station master.

4} The mirror to be moved ln and out of the x-ray beam and aleso varlatlon
in the glancing angle of the mirror (section 2.3). This adjustment

shouwld not ba made without permission of the atation master.

1.4.4) P - HONOCHNROMATOR POSITION

This informs the user of the present position of the monochromator and
allows him to recalibrate LIf required, if not *csrriage return' is presgsed.
Calibration can not ba made by driving the monochromator to the ‘turning
point' of the abeorption edge of the element and entering the angle tabu-

lated in command *I’'.

1.4.5) M - HOVE HONOCHAOMATOR

This command enables the monochromator to be increaeed or dacreased
in Bragg angle by a desired number of steps (1 atep iz 1 mlllidegree).
The maximum number of steps the monochromator may have at any one time is
30000, 1f a value greater than 30003 i3 entered the conscle Informs the
uger of the maximum permisasible steps he is allowed and prompta for a new
value to be typed, When the monochromator has finished moving the VDU re-
aponds with lts new angle and also the table height.

If the wrong direction 13 entered by mistake do not interrupt untii
the movement has baen completed and re-enter in the opposlte directlon with
double the number of ateps to correct. Zero steps is not allowed, the con-

sole will prompt the user Eér a new value.

1.4.6) I - FOR INFORMATICH OM X AWD L{3} EDGES

When 'I' is inputed the programae prompts the user for the particuiar
edge he 1s lntereated in:

ENTER ! FOR K EDGE 2 FOR L{3) EDGE

Aftar the appropriate value is entered the console responds with:
EHNTER ELEMENT
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All that is required is for the chemlcal symbol of the element con-
cernasd to be entered. Should the chemicsl symbol have only one letter the
uger should type this letter followed by a blank them ‘'carriage return', Lf
it hsa two letters no space is required just 'carriage return'. The pro-
gramma reponds with information on the edge in terms of where it occurs (in
energy (KXe¥), wavelangth {(A) and monocliromator position for 85i1{(220) and
si{111) crystals. Sample scan ranges of 300 eV before the edge and 600 eV

after tha edge exprassed as monochromator steps are also given.

1.4.7} R - READ ION CHAMBERS

With this command & user may read the counts in the lon chambers Eor
a Flxed time during the setting up procedure. The default value for time
is 1000 milliseconds and this may be altered by the user. The reference
and signal counts both have default values of 1,000,000 which are fixed.
Thia syatem 13 useful for setting up the reference and signal limits in
the ecan parameters. With the shutters cliosed the user is aleso able to

obtain dark current (amplifier off-aet) readings.

1.4.8) T - HAVE TABLE SYNCHRONISED WITH MOHOCHROMATOR

Because the separation between the two crystale is Elxed (D) the out-
put beam from the monochromator moves relative to the entrance beam as 0 le
scanned, the displacement is given by 2Dcoefl, The 'T' option allows the
user to track the ocutput beam with the exit slits and optical bench., The
vaer la prompted to input the crystal separation (millimeters) and tha
amount of beam movement permisslble before tha table is moved to correct
for it (microns). The programme responda by converting the beam movement
into ateps for the stepper motors on the optical bench.

WHAT SEPARATION BETWEEN CRYSTAL SURFACES (MM) (VALUE»

Input new value ‘carriage return'

AMOUNT OF BEAM MOVEHENT (MICRONS) BEFORE TABLE MOVED <VALUE>

Input new value 'carrlage return'

ETEP=?

IE a uger does not wish to track the beam then zero should be entered
for both separation of crystal eurfaces and amount of beam movement. The
separation of the crystal surfaces of tha two crystal order-sorting mono-
chromator is 15 mn and the separation Eor the Si(111) channel cut (D-shaped}

is 4§ mmn for other orystals, ask the station master. A reasonahle step size

15
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for the synchronised motion is 1-5 microna.

1.4.9) V¥V - TABLE HEIGHT

This command informs the user of the present height of the optlcal
bench with reapect to the atralght through beam and may be recallbrated 1
required, If the monochromator angle is calibrated, the table helght is

given by 2Dcosd, where D is the eeparation of the crystal aurfaces.

1.4.10) O - MOVE COARSE MOTOR

This command should only be used when a double crystal monochromator
is belng operated. It allows a ptepper motor to turn which alters the an-
gle of the firat crystal with reapect to the second crystal. This varies
the intensity of monochromstic light leaving the monochromator and wlth it
the degree of harmonic contamination. Fine control is effected with the
sclenold drive which can be operated manually {gee '2.1 SETTING UP AND
OPERATION OF ORDER SORTING MONOCHROMATOR').

1.4.11) b - &% HARMONIC REJECTION FOR D.C. (Double Crystal)

This command should only be used 1f the double crystal monochromator
fa installed. It allows a user to carry out a scan with approximately the
same harmonic rejection throughout. This la done by a servo linkage he-
tween the output of the reference ion chamber (I{0}) and the angle of the
firat cryatal of the monochromator. Before using thls command the peak
height for I(0) at the beginning and end of the scan should be noted.
These can be obtalned using the coarse motor {command '0'} in conjunction
with the solenoid manual drlve control {see '2.1 SETTING UP AND OPERATION

OF ORDER SORTING MONOCHROMATOR').

When 'D' is typed the conaole inquires the percentage of I{0} desired
for the escan. This is directly rejated to the deqree of harmonic rejec-

tion. For S51(220) on EXAFS station 7.1
Scanning around the 3 A region the & of I(0} should be 40%
Scanning around the 2 A region the & of I{0) should be 50%

Scanning around the | A region the % of I{0} should be 75%

The above values are mseant as rough quidellnes for the SRS ring oper-

ating at 2 GeV¥. If the storge ring ie running at a lower energy these may
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ha increased. MHowever values of greater than 85% I(0} should not be used
as the monochromator servo mechanlsm will have difficulty holding a level
so close to lhe rocking curve peak during the scan. As an sxample fig.}

ghows the effects of harmonic contamination on an absorption spectrum {in

this case Vv foll).

After entering the & of 1{0)} required the programme prompts the user
for the rocking curve peak height of I(0} at ths start of the scan, follaw-
ed by the rocking curve peak height at the end of the scan range. When
these values have been entered the prograume raturns to the list of main
commanda. Also the user will observe a value displayed on the servo refer-
ence on the rlght-hand DVH of the EXAFS servo panel. This dieplays the
I1(0) value which will act as the servo referance at the start of the scan.
In order to iimit the polenoid current, the monochromator should be detuned
by using the coarse motor motion (command '0'). The output of tha refer-
ence ion chamber displayed on the left-hand DVH on the 'EXAFS CURRENT
HONITOR' panel should be adjusted 8s close as poasible to the eervo refer-
ence value shown above., The serve current is dieplayed on the left-hand
DVH of the EXAFS servo panel (see '2.,1 SETTING UP AND OPERATION OF ORDER
SORTING HONOCHROHATOR').

1.4.12) 8§ - START DATA COLLECTION
This allowe a user to start coliecting an EXAFS ppectrum with the data

atored on the winchester disk. However baefore lesulng this command,s

1} Check that the position of the monochromator is greater or equal to
the start of the first region otherwise the scan will automaticaily
abort.

2) Ensure the end of one reglon does not overlap with the start of ths
following region (they may, however, have the same value).

3) Check the start of a region ie always greater than the end of the

same reglon.

Issuing the command 'S*' causes the parameters to be saved on the
winchester disk and the setting up programme is then replaced by ths scan-
ning prograwma. This procedure takes approximately S seconds to perform,
go wait till the console responds with the following commands befors praass-
ing any keys on the VDU.
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TYPE 8 START DATA COLLECTION
C CHANGE SETTING UP PROCEDURE
F FINISH SESSION

When the letter '3' {s typed the console reeponds with

EVERYTIING OK Y/
If the uper ls satisfled he 1s then prompted for an expansion factor for
the y-axis of the scan which is to be plotted on the sension VDU.

EXPANSION FUR Y AXIS 3.0 LARGER INTEGER BHALLER EXPANSIOHW

?
For a metal foil the value entered is typlcally between 15 to 40 and for a
dilute sample t to 3, This is a cosmetic to the display and does not at-
fect the data coliected. After the scallng factor has been entered the
conasole displays

STARTING RUN NUMBER RA*#®ada

NUKBER OF PLOCKS ALLOCATED TO TNE DATA FILE = #dd3

ENTER TITLE

ENTER. CONDITION

ENTER COMMENT
After the title has been entered (maximum of 40 characters) the user ias
prompted for conditions 1 to 3 {up to B characters may be entered for each
condition}), and is then prompted for comments (up to 40 characters}. To

exit from thie sequence preass 'carriage return'.

The dataset produced on the winchester disk will have its run number
with the letter 'R' before it and will have the title R**** _DAT on the
disk. The dataset will contain the standerd SRS header before the data,
8.g.1-

&SRS

SRSRUN=1677,SRSDAT=820421,SRSTIM=1T1441

SRSSTH="EXF1",SRSPRJ='SR1234', SRSEXP="'GLASSES"'

SRSTLE-' (I X T Al

CORDITION Im'esda

COMHENT="®#a¥?

SEND )

SRSRUN, SRSDAT and SRSTIM infores the user of ths run number of his
data, the year, month and day when the data was collected and the time at
which data collection started. SRSSTH ls the statlon where the experiment
was performed. SRSPRJ and SRSEXP are resgpectively the project number and
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the type of system under investigation. After this header the title with
any condltions and comments are printed followed by the data.

If you wish to abort during a scan, type 'A' followed by 'carriage

return’.

The data collected sc far will be saved on winchester disk and at the
end of the flle the ussr will be informed that the scan was aborted.

During a multiple scen, after entering the relevent detaiis for the
initial scan, the usar feg not required to input the same information for
subsequent acans. At tha end of a ecan, or multiple scans, the user has
the option to compare the last three datasets collected to ba plotted on

the sension screen.

Typing *C' causea the setting up programme to replace the scanning
programme, the user cam then make alteratlons to his ipput parametera

using command 'C'.

Typing 'P' removes the complled programme, however the last input
parameters the user used are saved on wlnchester disk. To re-load the
programme after letter °*F' has been typed, input

IAD SY: LOAD
{see '1.2 LOADING THE VARIOUS PROGRAMMES').

1.5 RUMNING PROCEDURE FOR FLUORESCEMCE MEASUREMENTS

In order to make a fluorescence measuremsnt the sample should be ptac-
ed behind the reference fion chamber, inclined at 45 degrees with respect to
the nonochromatlg beam and surrounded by an array of scintillation detec-
tora. A photograph of the detector arrangemsnt used for Eluorescence mea-
suremente ie shown in fig.4. BAn x-ray excitation spectrum is obtained by
scanning the monochromator through the absorption edge of the diltute com-
ponent. The apecimen should be of appropriate thickneas (2.4.2). The
fluoreacence detector should be arranged (with filtere If necessary) to op~

tinise the fluorescence to gcatter (see sectlon 2.2). Fluorecence spectra
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for a selection of conocentrations of CuSOy are presented in fig.5.

Having loaded the LOAD2 pregramme typing *H' displaye the commands
necessary for setting up a fluorescence EXAFS spectrum
TYPE L LIST SCAH PARAMETERS
C CHANGE SCAN PARAMETERS
MOVE SLITS, TABLE, RXPERIMENT AND MIRROR
MONOCHROMATOR POSITION
MOVE HMONOCHROMATOR
START DATA COLLECTION
FOR INFORMATION O K AND L{3) EDGES
RERD ION CHAMBERS
HAVE TABLE SYMCHRONISED WITH MONOCHROMATOR
TABLE HEIGHT
HOVE COARSE MOTOR
% HARMONIC REJECTION FOR DC
UELP

T 0D O 9 & @ MG X wm

A TO SET UP THE FLUORESCENCE DETECTORS
COMMANO?

The majority of these coomands are ldentical to Lhose descrlbed pre-
viously for tranemlission measurements (1.4), The user may enler any of the
copwands by typing the appropriate letter ~ without a carriage return. If
a letter is typed which is not included in the list above the programme re-
sponda with:

INVALID COMMAND FOR HELP TYPE H

COMMARD?

COMMANDS
t.5.1) A - TO SET UP FLUORESCENCE DETECTORS

The idea of this small routine ls to allow a user to set up Lhe detec-
tors indlvidually and then to match them with each other. Also it allows a
user to choose his MCA window for data collection. HNote that at the start
of each day the detectors should be checked individually to ensure they

have not drifted or broken down. Below more detailed information is gilven

about the routine.

Typing ‘A’ removes the main programme from memory and alsc slores any
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changes on the winchester disk. The prograxms eaks the user
‘DO ¥YOU WISH TO RETURN TO MAIN PROGRAMHE'
If 'N' ls typed the VDU responds with
*TIME*
The console waits for a value to be inputed. (Important a value of 50 = |
second) .

After counting for the time gpecified the programme asks

‘DO YOU WISH TO COMPARE BPECTRA' Y/H
If the answer is 'Y' the tarminal displays

*Jmx®
X can be 1 or 2. This corresponds to a memory allocation for displaying two
apectra on the Hytec TV scraeen which allows you to set up the detectora to
match one another. For instance using memory 1 for the correctly adjusted

detector, the other detectors can ba msatched to this via memory 2.

If the reply la 'H' the spectrum is placed in memory t (J=1} and is
displayed on the Hytec TV screen with a line of dots at regular intervals
half way up the screen. Thess dota are apacad at every 10th channel of
the MCA so allowing the user to choose the window for hia data collection.
Section 2.2 for further de- talls, The programme then returns raturn to
the start

'DO YOU WISH TO RETURN TO HMAIN PROGRAMME'

Exit by typing "¥'.

1.5.2) R - READ ION ClIIAMBERS

This command is very simlilar tc that in the transmission weny except
for the addition of two more optlons. W#When *'R' is typed at the congole the
VDU diaplays

TIME 1000

v
Thie allowas the user to count lon chamber and fluorescence detectors for 1
aecond (1000 milliseconds} or enter an alteration time if desired,
The programme contlnuea by asking the user

'OVER WIIICH CHANNELS DO YOU WISH TO INTEGRATE'
These channels correespond to the aultichanne) analyser described above (see

also 2.2).
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'START=xxx'

?
The programme prints the starting chennel already ln memory which can be
altered by inputting a new value and then proceeds to print

END=xxx
and this value may alac be changed by typing in a new nuaber. The pro-
gramma then counta for the time gpecified at the baginning and diaplays
the readings from both ion chambers and also the total number of counts
from tha multichannel analyaer over the window specified.
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CHAPTER 2 -~ BTYATION HARDWARE

2.1 SETTING UP AND OPERATION OF ORDER SORTIRG MONOCHROHATOR

Harmonlo rejection ie achieved with the two crystal monochromator by
off-getting the first crystal out of paraliel with respect to the second by
a desired amount and employing a asimple servo system to hold it there aa
tha scan proceeds. Two mechanisms are provided to do this - a coarses ad-
justment and a fine adjustment, K sohematic deacribing the mechaniam of
the order sorting monochromator is shown in £ig.6. For details of the
aonochromator and the princlples of x-ray harmonic rejection see 'An Order
Sorting Monochromator for Synchrotron Radiatlon ' G.M. Greavea, G.F.
Dlakun, P.D. Quinn, M, Hart and D.P. Siddons, Hucl. Instrum. Meth. 208,
{1983) 335-339 (DL/SCI/P340E).

2.1.1) COARSE ADJUSTHENT

Tha firat crystal is mounted on a apring loaded lever which i3 moved
up and down with a small atepper motor. The motor is driven by computer
software by typing '0' from the list of commands in the setting up pro-
gramme and then entering the desired number of steps you wish to move the
motor. The coarse adjustment is used to set the monochromator near the
rocking curve peak or the required offset position from the peak. One step
is approxlnatel§ 0.9 arc geconds movement. Allow for two or three ateps
backlash when changing the motor direction. A negative number of eteps

decreagea 8 for the first crystal.

2.1.2) FINE ADJUSTMENT

h small ferrite attached to the bottom of the firat crystal is attrac-
ted or repelled by a solencld fixed to the monochromator frame. Very fine
adjugtment of the crystai angle can therefors be achieved simpily by vary-
ing the solenoid current. A 20 mA change in asclenoid current ia appproxi-
mataly equivalent to 1 step of the coarse adjust motor. ‘he fine adjust-
ment 1a controlled from the solenoid drive moduie located in ths HIM BIN.
The layout of the NIM module is shown in £i9.7.

2,1.3) SOLENOID DRIVER
A double width NIM module is provided for driving the sclencid. With

manual control selected a front panel potentiometer ailows the solenoid
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cutrent to be get at any value within the range plus or minus 500 mA. The
current is displayed on the laft-hand DVM of the solencid control panel.
The output in millivolts equals the solenoid current in mliliampa (ses
fig.7)

With the servo control selected, the module comparea the readlng from
the I{0) ion chamber amplifier with a reference dlaplayed on the right-hand
DVHM of the solenocid control panel {see fig.7)., It adjusts the solenoid
ourrent automatically to keep the two equal. The servo reference can ba
set internally by a ten turn potentiometer (awitch to 'INT' on the solen-
old driver module} or externally by a DAC from the setting-up and scanning
programmesa (awitch to '"EAT' on the solencld driver module). The monochro-
mator must first be preset sufficlently near the requlred set point with
the coarse motor because the range of the solencld 1s iimlted, particularly
at long wavelengtha. If for any reason the I(0) lon chamber reading moves
out of range of the solenocld, the current wiil reach the 500 mA limit and
the module will break the c¢ircuit. The reset button must be operated be-
fore the sclencid 1ls used again. Thla is located at the bottom of the
driver module. The servo mechanism operates on the 'negative side' of Lha
rocking curve, This is defined as the slde where a posltlve asignal from
the driver module increases the amount of light leaving the monochromator
and hence the ocutput of the I{Q) lon chamber. The driver module will not
control on the ‘positive slde' of the rocking curve. To locate the ‘nega-
tive side’ drive through the rocklmng curve using the coarse adjustment in
a wuccession of negative atepa. If the servo reference is set to match the
1to) cutput the servo can be awltched on snd the mechanism willi control
with only a few mA of current fiowlng through the solenold. If this ia
not the case the solenoid current can be reduced by operating the coarse
adjustment with the servo still switched on. A negatlve movement with

command ‘0" will drive the solencid current less negative and vice versa.
2.1.4) SETTING THE HONOCHROMATOR FOR A SCAN AT 'CONSTANT I(O}'

Uee the following procedures:
1) Move the monochromator to the start of the acan {(command 'M'} and

peak the I(0} chamber reading as far as possible with the coarvae

adjust motor (command ‘0').
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2}

3)

1)

5)

6)

1)

Peak the I{0} chamber reading precisely with the solenoid driver on
manual control of the driver module - HOTE THIS READING.

Caicuiate the I{0) chamber readlng for the required offset, and set
tha sexvo reference to this value using the ten turm potentiometer

with the reference switch set to 'INT'.

Zerco the asolenold current, but leave the manual control selected.

Use the coarse adjust motor to bring the I{0) chamber reading as near
ag posslbie to the required set point. If the monochromstor has only
bean exposed to beam for a short period leave for two or three aminutes
at this point and then re-adjust wlth the coarse motor. Use negative
oteps to come down the rocklng curve to the set point (see section

2.1.3 above).

Switch the control module from manual to servo, The I{0) chamber
reading should now move to within 1% of the reference value and the
soienold current should be close to zero. 6Emall changes may be made
to the reference vaiue with the serve on. The solenoid current will
alter to accommodate the change. 1If the solenoid current 1s too large
{positive or negative), reduce this by operating the coarse adjust-

ment, the servo remalning on (see section 2.1.3 above).

On some long EXAFS scans the drift in solenoid current from the start
to finish may be large. The procedura in earlier paragraphs is de-
signed to start the scan with the scienold current near zero. If it
le known that a iarge positive drift in I{0) will occur over the acan,
then the coarse motor should be adjusted to produce a negative solen-
old current (say, =100 to -150 mh), at the start of the scan. This

increases the effactive range of the solenold over the acan.

2.1.5) SETTING THE MONOCHROMATOR FOR A SCAN WITH "CONSTANT' HARMONIC
REYECTION

1)

Move monochromator to the start of the ascan (command 'M') and peak

the I{0) chamber as far as possible with the coarse adjust motor

{command ‘0Q').
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3}

1)

5)

6)

T

8)

Peak the I{0) chambsr reading preclsely with the solenoid driver an
manual control in the NIM PIN - NOTE THIS READING.

Hove the monochromator to the end of the scan and peak the I{0)
chamber as far ms posalble with the coarse ad}just motor.

Peak the 1(0) chamber reading precisely with the solenoid on manual
control - NOTE THIS READING.

Hove the monochromator back to the atart of the scan., Remember to
take the backlash out of the monochromator motor. This is achiaved
by adding 50 more than 18 required to reach the gtart position, and
then move down 50 eteps to the beginning of the ascan.

Exit from wmoving the monochromator, this will return you to the menu
of main commands. Ty¥pe ‘D' to set the percentage harmonlc rejectlon
for double crystal monochromator and reply to the inquiries (explana-
tion of this command ia dealt with in section 1.4.11 above). When all
the prompts have been anawered the programme returns to the main 1list

of commands - then you should switch to the external reference.

Uge the coarse adjust motor to bring the I{0) chamber as near as pos-
gible to the required set point which is now displayed on the gervo
reference, If the monochromator has only just baen exposed to white
radiation do not carry out any movement of the Eirst crystal until the
system has equilibrated. Thias will take approximately three minutes.
Make sure when you slt at the set point on the rocking curve it is

the negative slde (see section 2.1.3 above).

Swltch the control module from manual to serve. The I{0} chaxber
reading ahould now move to within 1% of the reference value. At each
new monochromator posltion the reference value wili be recalculated.
This 1s obtalned by linear interpolation batween the start and end
values of I(0) inputed in command 'P'. The method allows for a more
constant harmonle rejectlon to ba achieved. This is particularly im-
portant at short or long wavelengths where tha intensaity of the SRS
changes rapidly with wavelength,
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2.2 SETTING UP AND OFERATING OF FLUORECENCE DETECTORS

At present five gcintiliation detectors are used, four lock at the
front face of the sample with the remalnlng looklng at the back face, More
detectoras can be accommodated 1f the station 1ls used with the mirror, as
the reflected beam facllitates more space around the sample. Detectors are
arrangsd on the 18 cm sphere and an optimum geometrlcal arrangement 1ls de-

acribed in DL/SCI/PIBOE.

The fluorescence detectors are connected to a summing amplifier which
is connected to a fast multiple channel analyser (MCA). The MCA spactrum
is integrated betwaen atart channel and end channel, for B particular exci-
tation energy (Bragg angle or monochromator position). The start and end
channels are defined uslng command 'R* {1.5.2). The integrated counts are
printed in the sixth column on the console. The exclitation spectrum is
plotted fas MCA counts/reference counts] on the senslon, simultaneously

with the absorption spectrum.
2.2.1) SETTING UP PROCEDURE

1) Check the individual galns of each photomultlpller tube (PMT) one
tube at a time by disconnecting others from the summing amplifier.

2) Display the MCA spactrum on the Hytec VDU by uslng command °'A‘
(1.5.1).

3) If the gain of a scintlillator + PHT nsede adjustment, thls can be
achleved by trimmlng the HT using the potentiometer provided for the

Individual detector on the common powexr supply.

4) Check the harmonic content by observing that the MCA spectrum ls sym-
metric. If a broad shoulder exlats on high energy elde (higher chan-
nel number), harmonic rejectlon ls not sufficlent, This can be in-

creaged using command 'B' {1.4.1t).

5} The summed oplgnal from all the detactors should be leas than 500,000
counta/sec. This limit is defined by the detectors and amplifying
alectronica. Ensure that the MCA does not overflow for the countlng
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time as defined in the scan parametera (mee sectlon 1.5}, This can
be rectified by changing the lower and upper level discriminator set-
setings. The changes required are extremely small, sc care ehould be
taken [1f in doubt contact §.8. Hasnain or P.D. Quinn].

[}] Define the common limita for Iintegratlion uslng command 'R {1.5.2}.
These should encompass the bulk of the MCA apectrum, removing any low
energy pile up and any hlgh counts due to scatler or incomplete har-

monlc rejection.

¥i If detectors can not be matched in this way contact S5.5. Hasnain or

P.D. Quinn.

2.2.2) CHOICE OF PETECTOR FILTERS

Fluorescence radlatlion i3 accompanied by scattered radlation (exclita-
tion wavelength) for all the detectors, The acattered contribution is
gmall {and not worth workylng about) for the In-plane 90 degree detector
laee DL/SCI/P3IBOE], for all other detectors it is preferable that a filter
1s used with the collimator which is provided. Filters are essentlial if

the metal concentration ls less than 20 milll Molar.

Materlial for a fllter 1l chosen such that scattered radiation is pre-
ferentially absorbed compared to the fluoreacence slgnal. For all 3d
metals for Inatance, fiiter made from the (2-1) elemsant 13 optimum, while
for higher z atoms Eilters made from (2-1) or {2-2) are most appropriate.
Table 1 1llustrates the principle clearly, for five examples, with Z=23 to
48, the Eilter material is chosen such (hat lts K absorptlon edges is at a
higher energy than the energy of sample fluorecence. Thus for 23<aZ<=36
filter materlal can be made from (2-1) atom, For 37<=Z<=247 materlal can be
from either [(Z-1)} or {Z-2} while for hlgher Z>=48, a cholce can be made
from (2-1), (2-2) or {2-3)}, The optimum thickness of the filter depends
on a number of factors lncluding the concentratlon of the sample, matrix
(the bulk of the sample}, the algze of the beam, the energy of the x-ray
beam etc. As a guldelipe, the thickness should be chosgen such that the
gcattered Ilntensity {as measured before the edge) ls reduced by a factor
of ten b;t the fluorescence algnal {l.a. the difference of above edge
Sc+Sf and pre-edge Sc, aa deflned Iln DL/SCI/P3B0E) ls not reduced to less

than 50%x. A typical thickness range mlight be 5-15 pm.
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Table 1 K-edge
E scatter (av) rossible Absorption
z Element or E fluo (eV) fllter edge for
EXAFS range Eiltar {eVv])
48 cd 26720 - 27300 22300 Ag 25560
pd 24357
Rh 23260
42 Mo 20000 - 20800 17400 Rb 18990
Ir 18000
10 Zn 9600 - 10200 B600 Ccu a980
25 Hn 5640 - 7200 5900 Cr 5990
23 v 5450 - 6000 4940 Ti 4965

2.) OPERATION WITH TOROIDAL MIRROR

L

2.3.1) DESCRIPTION

A cylindcical mirror is avallable to enhance the intemsity and bright-
nesg of the monochromatlc beam at the gample. The wavelength range is
iimited in this mode to wavelengthe >=l.l1 A l.e. Zn ia the heavlest element
for which this mode is useful in K-edge acaurements while Ta fs the heavi-

egt element for L-edge measurementa.

The mirror is Pt-coated quartg, 58 cm long, 5 cm wide designed for a
glancing angle of 7 mrxad with Fi1=11,5 H and F2=5.8 M. Ray tracing pro-
gramme and experiméntal evaluatlon show that when the mirror le bent in
the vertical plane it ls able to intercept 3 mrad of horizontal aperture
and all of the vertical aperture (0.2 mrad). Hote that without the mirror
0.7 mead of horizontal radlation (12 mm) is ueed, a fimit imposed by the
present monochromator crystal. IE full vertical aperture is used the en-
ergy resolutlon 18 degraded simply as i{f the sllt at the monochromator had
been Increased to 3 mn. Slits are provided in front of the mirror to de-
fine the vertical and horlzontal accuptance of the mirror, resolution com-~
patible with EXAFS and KANES can be easily be achleved. It is recommended
that XANES and EXAFS are recorded aeparately wlth different wmirror accept-

ance.
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The galn i{n intenelty at higher energies is small particularly for a
ragolution compatible with NAWES but this improves as the energy is lower-
ed, e.g. for Cu XANES vhere 2 eV resolution 18 required, intensity galn la
approximately 2, while for Fe the gain ls >4 and for Ca the galn is >6 -
all compared to an unfocused 12 wm beam. For EXAFS appllcatlone, these

gains In intensity can further be increased by roughly a factor of two.

The image produced by the mirror {s close to 2:1 demagnification of
the ecurce at the esample position iL.e. } mrad horizontal and full vertical
beam 18 condensed into a epot at 17.3 M from the source of less than
6 x 0.5 mu resultlng in a brightness increase of approximately 60 over the
unfocused beam. This ls of course an important improvement particularly
for dilute and/or small spaecimens If intensity can be traded for energy

resolution.

2.3.2) ADJUSTMENT

Inetallation of the mirror in the beam is falrily involved - particu-
larly {ts optimisation for energy resolution and intensity gain. Adjust-
ments to the mirror are therefore only to be done by the in-houwse group.
Usera requiring the mirror should let the laboratory know well in advance
8o that mirror inetallation can be properly scheduled. Horlszontal and ver-
tical slitg at the mirror are provided with manual adjustments which are

available to the uaser.

Finaily the micror is separated from the monochromator by a beryllium
windew in orxrder that Lt operates under high vacuum conditiona. The pres-
sure in the mirror vessel 1s metred at the station and ghould normally be
less than 10°7 torr. IE this L8 not the case the port 7 will normally
close and cannot be re-opened until the hlgh vacuum recovers. Thlie may
occur when the mirror is Eirst placed in the beam. IE this happens the

station master and the beam port coordinator should be called.

2.4 GUIDELINES FOR EXAFS MEASUREMENTS

Facilities have bean described for measuring x-ray abgorption in
tranemisslon and fluorescence geometry. The following information ia de-

slgned to help newcomers maka the best use of thkelr beam time.
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2.4.1) MODEL COMPOUNDS

The comparative nature of the EXAFS tachnique necessitates the use of
nodel compounda, These should be chosen, 1f poseible to be mimilar to the
local chemlatry anticipated for the unknown syatem. They can generally be
chosen from the three main groupingas of metallic, covalent and ionle lat-
tices. Hodsl compounds enable the fitting parameters in EXAFS analysis,
notably the phaseshifts, to be rellably chosen (mee section 3.3}. Make
sure the model compound structures are known wlth precision. This is not
always true of crystalline systems, If a change in coordination number im
axpected For inatance, choose model compounds that exhiblt the two extreme
local structures. The valence state of a tranaition metal can often be
deduced from the location of a transition metal can often be deduced from
the location of the abeorption edge, in which case the chemical shifts
from a range of model compounds of known valence state should be measured.
In the case of dilute systems model compounds of eimilar dilution should

be udged wherever posaible.

2.4.2) SAHMPLE THICKNESS

when carrying out transeission measurements the sample should have an
absorbance u*t of about 1-2 at just above the absoprtion edge, where u is
tho absorption coefficient of the materlal and t 18 the thickness of the
sample (typlicai ssmple thickness for transmisslon EXAFS might be 5-10 pm).
when preparing the sample, make sure it ia of uniform thlcknesa. If the
sample has too high an absorption make it thinner or dilute 1t with boren
nitride or solvent. YE the sample is in the form of a powder grind the two
materials - specimen and dilutant - together to a fine homogeneous powder.
Liquid samples can be contained in cella but ensure the reglon intercepted
by the beam ia free of bubblea, For fluorescence measurements ths optimum
sample thickness depends on the atomic welght of the host material. For
aqueous solutlons a u*t of arourd 0.5 1ls useful for concentrations »2 m
Molar and Z<30. For concentrations of 0.5 m Molar and less a thlckness of
1.5-2 u*t is required. Typically for FLEXAFS samples might be several

millimetraa of thickness.

2.4.3} SAMPLE ARER
The unfocused monochromatic beam dimensiona are approximately
1 mm X 12 ms, Specimens measuring 5 mm X 20 wm will require only a little

alignwent, For slightly smaller samples the beam dimensions can be reduced
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but at the expense of x-ray intenalty. For extremely small spsoimens a
focused beam should bs used (see section 2.3). This measures approximately
0.5 mn % 6 mm and offers a gain in x-ray intensity at longer wavelengthms

that can bs traded for a emaller beam alze mtill.

From the sample thicknessa and area the quality of material required
can bo judged. This ls always lees than 1 gm and may be as littls as a
Eow mgm.

2.4.4) SRARMPLE ALYGNHENT
A badly aligned sample can result in:

1) reduced asignal in the final lon chamber because of the heam catching
tha sample jig;

2) saw-tooth spectrum where the exit beam movas periodicaily on and off
the sample as the table height is altered;

3) increased signal in the final ion chamber bhecause part of the beam is
misaing the sample altogether - this will result in a diminighed ab-

sorption edge,

Aligning the gsample can be carried out by placipng a polaroid at the
sample atage and marking ita position in the stand. Open the shutter for
approximately two seconda. Remove the polaroid and develop it. Replace
the dsveloped photograph in 1ts original position at the sample stage.
Remove the signal fon chamber. Switch on the laser and align the spot onto
the centre of the beam on the photograph. Once this has heen accomplished
repove the polaroid and check that both lon chambers are at the correct

height. Pinally, align the sample with the lager,

2.4.5) HOVING TO A NEW EDGE

when moving the monochromator through 10 degreesa or more (command
'M'), the monachromator should bemoved in stages of 5000 etepa, IE the
table is synchronised to the movement of the beam it will move in sympathy.
However, this mavement 18 not precise over the whole monochromator range of
0 to 90 degrees. It should therafore be checked periodically by moving the
table up and down (sub commandas ‘F' and 'G' of main command 'E'} and not-
ing Lf thera la any change in the values of the fon chambers - a 200 atep
movenent ghould be sufficlant. IE there ia, move the table in the direc-

tion where 1(0) or I(T} increases until the change disappears. Remember
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that in moving to longer wavelengths the sampie will become more opague and
Itf) may go to zero If the sample is left in place. Slit heights should be
typically set at half a millimetre for 1 A and two millimetres for 3 K.

2.4.6) ENTRANCE AND EXIT SLITS
The height of the entrance alite define the energy resolution of the

monochromator, dE/E. This 18 given by
dB 8
— = t -
E ee UP

where o 18 the Bragg angle, 8 is the entrance slit height and P the gource
to monochromator diatances, For the various EXAFS aetations the values of

P are 7.1 (16 m), 7.4 (55 m} and 9.4 (20 m)., Typically at 7.1 § should be
get to around 0.5 mm for ¥ A work, 1 mm for 2 A work and 2 sm for 3 K work.

values of 3 for other stations can be found by scaling by P.

Exit slita are designed to pick up any scatter from the entrance alite
that has traversed the monochromator. Except for particularly exacting ax-
periments, exit alits ahould be left several millimetres wider than the en-
trance slits, IF they are set closer than thie they may catch the exit

beam and some of the symptoms of poor sample alignment will be experienced.

2.4.7) AMPLIFIER GAINS

Typical aettlngﬁ for Kelthley amplifiers are in the range of 109 to
101? for both reference and signal ion chambers. They do not need to have
the same gains, but the same rise time should be usad of 300 milliseconds
and there should be zero suppression. Saturation on any particular range
sotting resulta In a Elat ocutput of approximately 11 volte. Should thise

occur the gain should be reduced or the x-ray intensity attenuated.
2.4.8) ION CHAMBER SETTINGS

Tha Ortec power supply which provides the HT for the lon chambers
ahould be aet at 300 V. Before running a scan make gure you hawe readingse
from both ion chambers without any beam (use command ‘R'). Usual dark
current readings are between 500-2000 counts in one second., IE no counts
or too many countz are registered, uee the rero adjust on the front of the

Kelthley which can be altered using a small sc¢rewdriver.
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2.4.9) CHOICE OF FLUORESCERCE FILTERS

A variety of filters are avalilable for covering ths PMTs of the fluor-
escence detector array. These are mainly 3d metal foils (see section
2,2.2). oOther filters should be provided by the user following the rulss
laid out in DL/SCI/P3IEOE.

A typical HT metting for the fluorescence PMPa is about 1.5 KV. Be-
fore beginning a set of meagurementa at a particular absorption edge each

PMT should be chacked in turn as deacribed in 2.2.1.
2.4.10) THE DOR'TS

1}  Don't run spectra with the monochromator and slit vesaels let up to

air.

2) Don't empty the ion chambers prior to filling without first switching
off the HT.

kN Don't gwitch on the PMT HT directiy without first ramping from zero.
{Be gentle}.

4} Don't drive the coarse motor of the order-sorting monochromator more
than 20 steps without taking a record subsequent alignment can be

tedious.

5} Don't alter the height of the front of the experiment {commands "E'
and 'FP') without altering the height of the back of the experiment

{commands 'E* and 'G').
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CHAPTER 3 - DATA REDUCTION AND ANALYSIS

The following descriptlion provides a qulde through the EXAFS data ra-
duction and analysils programmes. A number of programmes exist in the SR3

Programme Library and here we briefly describe three of them, namely:

EXCALIB: - atarting from the experimental data file, this pro-
duces normallsed spectra of absorption/fluorescence

versus electron enexrgy in eV and Hartrees.

EXBACK:t~ takes abgorption from EXCALIB and produced normal-
lged EXAFS spectra and Fourlexr tranaforms.

EXCURVE: - curved wave and Fourler transform analysis pro-

grammes .

All three programmes are interactive on TSO and the user should be in
a reglon equal to 650 K and using a Tektronix or Tektronix compatible ter-
minal. The description provided is only meant as an introduction to thelir
uge - full documentation aexists in the SRS Programmes Library. FPor details
from TSO, type

SRS HELP
To obtain hard copy documentation for theses programmes type

RECORD
followed by

SRS EXCALIB/EXBACK/EXCURVE
Walt for details to be completed on the VDU, then type

BXIT
For fuller details on EXCURVE type

EXCURVE PRINT.

3.1 EXCALIB

This interactive programma reads the data as produced by the data
acquisition programme and reduces It to an x-ray abaorption gpectrum like
that shown in flg.2 or the gpectra shown ln £ig.5. The programme i8 exe-
cutable from a reglatered SRS ID by typing:

35
644AR87

EXCALIB 'carriage return’

(In the foliowing descriptions the programme responses are preceeded
by an aaterisk.)
* TEKTROHIX TERMINAL? This programme can als¢ be executed
4 Erom a normal vbU in which case type
N.
* ENTER DS NAME
'EXP1 .Rxxxx.DATA'

* REF. OFFSET?
130 the ion chamber amplifier.

This is the dark current reading of

* TRAN. QFFSET?
250

* GAIN RATIO?
] 1ifier gains.

Thie s the ratio of I(t)/I{0) amp-

* PLOT SPECTRUM? A responge of ¥ ls also possible

] here.
* READ EXAFS SPECTRA.? If more than one scan of a sample ia
] to be averaged type ¥, Ln which case
the DS name for the subsegquent scan

will be requested.
& REARD INST. FUNCTION? If angwer ¥ the DS of the Lnstrument
N function will be asked for. Thie is

the spectrum ohtained without Lhe

gample 1n placa.

® MONOCHROMATOR TYPE, S5I(111) {0),
s1(220) (1), GE(111) (2) ?

»>> CORRECTED SPECTAUM
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* PLOT SPECTRUH 7 You then proceed as followar

Y
* EHTER WUMBER OF DATA RECORDS TO BE SKIPPED
* DEGLITCH Deglitching enables Instrumental ar- 2
) 4 tifacts to ba removed and replaced
by stralght lines or curves. * ENTER COLUMN NUMBER FOR ABSCISSA VALUES If the absoxption spectrum
1 was produced from EXCALIB,
* KEEP OUTPUT SPECTRUM 7 column 1 is emergy In ev.
4
* ENTER COLUMN NUMBER FOR ORDINATE VALUES
* FNTER DATA SET NHAME 2
Rxxxx.DATA
* ENTER POINT PREQUENCY This is the plotting fre-
* RESTART 7 2 quency; all the points are
H saved In the background sub~
tracted data. If there are
READY more than 1024 polnts, use a
polnt Erecquency >2.
3.2 EXBACK * FNTER WEIGHTING FACTOR O, V, 2, 3
3]

This interaotive programme is available for removing background froa
efither absorption or [luorescence excitatlon spectra. An absorption spec- * ENTER INPUT ENERGY FLAG, 1 FOR eV, at thia gtage the gpectrum
tra a3 recorded may look iike the example of tha Ga K-edge shown in fig.8. 2 FOR HARTREES is plotted.

Pre-edge background (1) 18 gubtrscted by dafining a polynomial {of up * SELECT EZERO Crogs-wires will now appear
to order 3} by choosing two polnts, N1 and N2, In the pre-edge reglon. A on the screen. Brlng the
post-edge hackground (2) ls subtracted by defining a polynomial (of up to crose-wires ta the correct
order 4) by chooslng two polnts, N3 and N4. The cholce of H3 ls qulte cri- poaition and prees any key on
tical and in most cases a polnt chosen along the rising part of the firat the conaole except for '@’ or
EXAFS peak glves a satlsfactory bsckground correction. The normaliged '"RETURN'. It lg important to
EXAFS spectrum from fig.8 1s shown In Elg.9. get BD right as this call-

bratea the EXAFS spectrum.

The programme can ba executed at a Tektronix (or equivalent) terminal
by typlng : * ENTER | 1f POINT IS OK O TO SELECT AGAIN

EXBACK SJ R42624A 'carrlage return' 1
{uaing an SR8 ID of SJ and a data set R4624A.DATA purely as an example).

a 544ABJ R
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¢ SELECT M1 RNT N2

4 ENTER | IF FIT IS OK 2 TO SELECT AGAIN
]

* ENTER 0 TO REPLOT 1 TO GO OMW
]

4 SELECT H3 AWD Hd

* ENTER | TP PIT IS OK 2 TO SELECT AGAIN
1

* ENTER 1 TO REPLOT O TO GO OH
1

" | TO SELECT HS, 2 H5=EZERO
2

£ 1 T0 GO OM, 2 CHOOSE H5, 3 CHOOSE Ni,
4 CHOOSE H3 ?

READY

9
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The cross-wires will appear
again. Wlth them choose N1
and N2 respectively. The f£it
ia then plotted.

Again, the cross-wires appear
and you choose H3 and N4.

The Eit la plotted and thie
should approximate to the
atomic abeorption after the

edge.

N5 can ba chosen anywhere as
the calibration has already
been made, N5 is the point
from whlch the background
subtracted data will be saved
and plotted.

The background subtracted
apectrum is then plotted

from HS.

If a vaer la not satlefled
with the background subtrac-
ted he can choose to go back
to pre- or poat- edge gub-
traction or to almply re-

deflne N5.

3.3 EXCURVE

This im a comprehenslve interactive programme starting from a normal

spectrum (e.g. flg.%9). It involves curve Eitting to the normalimed spec~

trum or lta Fourler transform using calculated phaseshifts dnd the curved

wave approximation. It can ba executed elaply by typing:

EXCURVE 'carriage return'

The Following notea demonstrate only the baesic options of EXCURVE.

Other aspects of thie comprehenalve programme can ba oblained from the doc-

umentation. The data sets used below serve only as examples of the re-

quired ipput to the programme.

* UNITS?
1 EV+AHGSTROMS
2 BOHR RADII+HARTREES
1

POINT FREQUENCY 7
1

* DSH FOR EXPERIMENT ?
A708 .EXBACK

* COLUMN COMBINATION ?
32

% ¥O. OF HEADER LINES ?
10

4 ¥O. OF DATA POINTS READ = xXxx

G44ABT

The .DATA qualifler 1ls nat

raquired.

This should be less than 200
1f the lteration Cacllity
will ba required later on.
If not, elther reduce the
range or Increase the point

Erequency.
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* DSH FOR PARAMETERS 7 A reaponge from you of 'm' a8
*EXOUTAY will bring the default DS
into action, Again, the
.DATA qualifier is not re-

quired.
* ENTER NUMBER OF PHASESHIFT FILES The phageghlift files are
2 ueually in partitioned data

sats as in this example.
Here we have data set

PHCAQG .DATA wilth members SC

and O,
A ENTER DSH FOR CENTRAL ATOM
PHCAOS .DATA(SC)
* ENTER DSW FOR SECOND ATOM
PHCAQ6 .DATA(O)
* ENTER COMMAND Command L lists the parame-
L tera. Note - all parametere
are elther in atomic units or IT DR

in Angstroma and eV, includ-
ing VPI, They come in the

following tabular form:

SHELL Hl = x,.XXx T = X,.XXx% R1 = x.xuxXX Al = x._xXxx
- » - " "
n - " - "
- " - - .
END
* ENTER COMMAND Command P calculates and
4 plote the EXAFS gpectrum

with the expariment.

flere are some more examples of BXCURVE commandai

ce Calculates and plote EXAFS and Fourler transforms with the ex-

periment, Note - FI, the fit index, le printed on the graph.

4
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his comnand sats various optlons, e.g.:

pavice options - b 1 Tektronix, D 2 Tektronix and Versateo,
D 3 Versatec.

By typing D 2 gpactra will be displayed on the Tektromix and
stored in a file for the Versatec.

x-axie options - X | enerqgy, X 2 wavenumber.

Typlng X 2 will regult in plots agalnst k.

Walghting optione -~ W 1 none, W 2 k, W 3 k:, w4 x3.

Typing W 2 will produce a k-walghted spectra.

Other options are avallable and information on these is
obtalnable by typling
GS
You then get the rasponge
ENTER KEYWORD + OPTION WUMBER, LIST, RESET OR EXIT
Typing 'L* will list all the G5 command options.

After making your cholce or cholees typs E to exlt out of

the GS command.

This command iterates all the ehell radii valuea {Rx} aithough

you may choose only to rafine a few digtances. You will be anked
HOW MAHY STEPS 7

to which an adequate reply would be 20. During the jteration

process the current apectrum can be plotted on the Tektronix.

Also the spactrum can be stored ln the data set PLOTFL.DATA

for Versatec If device 2 is in operation (see above notes on

command GS).

On executing this command, the programme asks
GRAPHICS DATA IN PLOTFL.DATA
VERSATEC PLOTTER
DO YOU WISH TO SUBMIT PLOTS ?
If the answer ls 'yes' then
JOB BJBPLOT SUBMITTED
READY
Should you need more information whilst executing the

prograwme, type H.
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Fig.1\

Flg.2

Pig.3

Flg.4

rig.5

Fig.6

Fig.?

Fig.B8

Fig.9

644A8H

FIGURE CAPPIONS
Sohamatic of the EXAFS equipment
Tranamission spectrum of Hi foil.

XANES of V metal foll with different amounts of harmonic con-
tamination with monochromatised beam. The percentages on thse
fight refer to I/Imnx‘ the intensity usad, I, compared to the

maximum available when the two crystsla ares aligned, Iaax'

Arrangement of scintillation detectore for fluorsscance woAsura-

mants.

Pluorescenca excitation epectrum of CuSOy solution obtained in a
single scan of 6 mec per anergy point for a 5 m molar, 1 m molar

and 253 p wmolar solution.

Order sorting Si 220 monochromator. M is a farrite magnet influ-
anced by solenold 8. C is a stepper motor driven mcrew and pro-

vides coarsa adjustment about pivot P,

Layout of control rack panel for order sorting monochromator and

ion chamber currents.

Rbsorption at the Ge K-edga of liquid GeCly showing the prel(1)
and post (2) edge polynomiala used for tha background subtract-
ing programme EXBRCK.

Hormallzed EXAF3 for the GeCly absorption spectrum shown in
fig.8.
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