EXPERI MENT: SCFT X-RAY SPECTROSCOPY AT BL23SU
AN | NTRODUCTI ON TO PHOTOELECTRON EM SSI ON SPECTROSCOPY
SPRING 8/ JAER A AGUI

Howdb you get an i dea vinet is i nsi ce a bl ack box?

Do you wei ght the box?
Do you sheke the bax and listen to the sound coning fromit?
S you have to probe it sonehow.

The study of chenicd e enernts and their conpounds i s to knowtheir
structure and properties. If you get an uknom sanple, howdo you get an
idave it isadits prgety?

For irstace tthewde dversity o dedraic proerties o materids LY
reflects an equa |y wde range o chemcd -bond ng interacti ans.  The nost X ’,
drect sauced ifonmtiononthededtroicbndmyeer gy ledsd sdid t ~
isprovided by soft x-ray spectrosogqic tedriqes o df feret kins. Ao ’ N

dectron emnssi on spectroscapy is ae o them The essence of photod ectron

eqeinat istoeqosethe sapleto x-rays ad to nessure the ki netic ener - Fg 11 A chenicd d enart.
gesd emrgngdectrans. Snce dectrons that nake chemhcd bond ng have

ceratteistic indng erer gy, the dectras exdited ot o the saml e have

deadeaistic kirgic enr ges. Instend o sheking a box, you can expose a

sapleto xrays adimsted of listeningto the soud, you can nessure the

krgicae gesd dedras.

We st | seethe dectranic structure o a sdid using the pha od ectron emssi on spectroscopy Wth nano-
cromatic sychraron rad ation x-ray as a prae

Frobe (The bl ack b9
Xrays Sanpl e
Measur e
(Seke the box)
Ener gy Hectran
Vd ence d etr =0
(Listento the saun)

Grelevd dedr

Hg 12 Rincdpde o phatod ectron emssi on spectroscaopy.



2. EXPERI MENT

2 1 PREPARATI ON

Nowyou have a piece of yellownetal. We shdll neasure phat od ectron emssi on spectra of this naterid
wing syncraranradaioninade toifanmtiononthe dectraic structre A dectron ener gy ad yzer is
equi pped on an experinertd staion which hes beeninstdled & B233J

—— Nni pul at or

Ar lock Mi n chantoer

Trasfer rad Hectron ener gy

ad yzer

Fg 21 Bgerinatd staion (Alinvec. ad Qt.&vec irst.) & B233J

Tosa thesapleinthe eainatd staion thesapleis nuted nasape carier. Detothefat the
the neen free path o dectronis afewraoneters innatters, ve need to carry ot the eqerinarts in a hi gh vacum
Tresapeonthe sape carier isinstdled fromthe air 1 ock chenier and the chanfber is puped out. Ater the
vacuumreached the requi red vacuuml evel, you transfer the sanpl e the nai n chenfoer .

Hg 22 (Left) Htingasapemasagecarier. (Rgt) Trasferingthe saple tothe eqainatd staion

It takes soetine toreach the required vaowmecodtion It isvarthtospedthis vating tine to krowthe
beanhi ne and the princip e of phat odl ect ron ennssi on spect roscopy .



22 THEBEAMLI NE

You have dready listened to l ectures through the sumer schod . For experinerts a a beanhing, nany things
are needed and everything i s conti ned i ke an or gani ¢ body.

Minsetiondevice (IX3) hes beeninstdled (in1997) inthe stavagering o FFing8 a B23Nas aligt
sarce It isadodearay vaiddeudiaa o AAE?2 (advanced planar poarized |igt emtter) type vhch
produces bath lineerly ad circd arly pd ari zed soft x-rays. The ener gy range o soft x-rays fram0.5 ad 1.5 keVin
thecdrada pdaizationnack is cosered by the first harnanic.

Bher gy change
Cap afen

“‘% - St&ar (fg
._.'_. - % magnat

Phase shift

Rd arizati on change

Vacuum chanfoer

Fg 221 (Left) Shematic viewd AFFLE 2 undul ator . (Rdt) IDBinthe staaerimg

In the domstreamat the front-end conponerts, ve have instdled a varied |ine-specing plare gating
nonochronat or si nce 1998. This composed of an ertrace dlit, sphericd mrrars, variedlinespad g gaings, an
edqt dit, apst-foosmgmrra, adrefoosigtaad mrras.

Experinentd station

Fing8staage ring

Btracedit
Ul ator rad aion ener gy change

Vi

Bit dit

Rost - f ocusi ng nirrar

A——
Gati ng-chanh)er

hronat i zed X ray ener gy change

Hg 222 Qnponents of B.233J



2 3 PHOTOELECTRON EM SSI ON SPECTROMETER

A phatod ectron ennssi on spectroneter is used to neesure the kingtic ener ges o dectras, wich ae ex
dtedat fromsamle aas by irradaing x-rays. The dectron erer g es ad yzer scas the enr gy of d ectras ad
the chard tron detectar couts the nuner of dectrams far each ener gy .

Hectron ki reti c ener gy ard yser

'e

Hg 231 Phatod ectron emssion spectronater (FHOBXEIS0, S

The kingtic ener gy depends onthe bindng ener gy o thedectraninthe sapple Ber gy of inddet x-ray
(hv), krnticeer gy of emtted dectron (E, ), adbmdmeer gy o dectraninthe sape (E) aerdaedby the
forml a
E,, =hv-E B (23]
The characteristic indng ener gy of e enents are tablated for exaple @& htp//xray. w se/ hypertedt/
BB ndEner ges.hirh (e x A). The energes are ised to determre the d ectrani ¢ struture. (Gemcd  bond

ing chenges the bind ng ener ges hreve g et this demcd sift. Tevdwe o thevark fudianisdsosa into
the neasurenent systemin advance. )

For exanple, wen hv is 70 eV and you find a peek of photodl ectron ennssion spectruma E, | = 616 eV,
wet canbe anaign o the pesk?




3. EXPERI MEMT

Let’ s neesure phatod ectron emission spectra of the yd lownetd sanple. Exanples ae shomin FHgs. 3 1-
4, inwichthe exdta on phaon ener gy (hv) vas 345 eV. Hrizatd sdergresatskrngic e ges o the pao
dedras. The phatod ectron enissi on spectrumdf the sanple wth hv =345 €V is shom in 10-500 eV inkg 31
Trere are tvo stand ot pesks around E, =300 eV.A detailed spectrumis shominFg 32in22-34 eV. Qe pesk
isad E, =296.8eVadanhy isa E, =300.5eV. ermned by Ey (32 1), the bind ng ener gy (E)d the peeks
ae 8.6 ad & eV, repetivey. Rfeingtothelimdmgea ges o tade (Al), yawwll firdthat they aecosis
tet tothedudeidichidmes gesd Au 4f ,ad4f , coeled dedras S thegeced natd isgdd(A).

Intensity [107 Counts]

i i f i i i f i i i
§0 400 150 200 250 300 350 <00 450 5|:u:|l|

Fg 31 Fhaodecton enission spectrumd the uknom sanpl e wth hv =345 eVis shom in 10-500 eVin kinetic
aer gy de

Intensiy [107 Counts]

Hg 32 Detaled phaodecton emssion spectrumd the sapl e vith hv =345 eVis shomin 292-34 eVin kiretic
ae gy de



FHos.33ad 34 shovdetal ed phatod ectron emissi on spectrainthe reg os of 374-390 eV and 383-386 €V,

respectivey. The spectrumin Hg 3.3 shovs the vad ence band of Ay, whi ch cosists of 5d ad 6s dedras. The

spectrumin Hg 3.4 shovg the Fermn edge o Au
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Fg 33 Daled phatod ecton emissi on spectrumd the sangle wth hy =345 eVis shom in 37430 eVin kiretic
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4 ADVANCED EXPERI MENTS

4.1 CONTAM NATI ON

The sanpl e nay be contannated wth carbon, axygen and so on If you find strange pesks you can cdleanthe
saple wsing hesting system eg A ion beam dc.

A ges

FHg 42 lonsorcefa sputeringdeanng (I@EY 3B, FES.

4.2 CrosS SECTI ON

Treinexsity ad the lineshgoe of phatod ectron emissi on spectra refl ect
the runer of dectrasinthededtraic stae ad phatd ot zati on aross setion o
thesuddls (RB) Wen dif feret exdtaiones gy is dosen thelineshge o
spectra can change. By investigating the change in the d lineshgpe the
dedraic structure o the v ece bad i s uderstood

4.3 FURTHER EXPERI MENTS

Ate the Aisagle, yauwll try agey, shiny prece By using phatod ectron emissi on spectroscop ¢ tech
nque whe can you do?

Rrther gestionis “Gnyauinestigetethethree dnertiod struture of asirg e crystd 7.




APPENDI X

A 1 ELECTRON BI NDI NG ENERGI ES
Yaucanfind Hectronbindng ener gy tad e far exaple a hitp//xray. wu. sef hypert ext/ BB ndEher g es.htnh.

Hewt K LI LIl LI M Ml MI MV M/ N NI Nl
s 03 W2 3892 3 0 W2 392 3W2 3IH2 & 4U2 482
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6S 2R 209 1BE 85

7¢ XB20 200 AP AV
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BN 66D 701+ 600 6B L3 M2 A2
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DA 9O 11%2 1M IPLg 108 94 886 102 10T

A G 1087 1D00b1M32+ 11164+ 195 1085 100+ 187 187+
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I BXO B BHA 18¥ B 2487 201 1130 11 N5 1BIF KB
B BB 216 20/ 190 3IVH 203+ ZOO0+ 1HBO+ IAH BH 2L6+ D1+
Y M8 BB 2% 28 3R0b 306 288 1A+ 1568 B8 A4 B
0z 108 22 20r 223 403+ A5 306 Bll+ 188 06+ B5 211+
AN 188 268 26 Bl 4HB6+ 3B+ 6+ KO AR 564 6+ N8
LN 00 B HBS5 HOD H63+ 4116+ A Bll+ 279+ &E82+ 3.6+ H5+
BTc 204 IB 2B HBi7f M M6 A7+ BeE R AOF LIF D
MR 2117 24 267 BB 0 S0l 483+ 46L5+ BAMH BO+ A 463+ LB
S 20 A2 346 M 681+ 213+ 465+ 311K A 8l4&b K05+ 4.3+
R 243 BU BV 3AB  67/L6+ L 5R3F A5 3D+ &lh HBHa 0
4 B4 B AU 3HBL 7O+ B8 530+ 340+ 3B3 90+ GH B3
8a 226711 A8 3 FI[B 720+ R26+ 6184+ 4119 462+ 108 6 Ha 639
HOln 2P0 428 IB 3O &4 WA 663+ L4 4B% 1I2% B5a 7B5a
PDH 220 446 4% IO BAH+ 765 746+ A3 4BA9H 1371+ 836ta 6
5% D9 468 430 4 A+ 8R2AH 74 535+ 584 15832+ Boa Hoa
2Te 384 40 4612 434 1006+ 808 808 S58B4+ 5830+ 104 1B 3Ha 138 3ta
31 BB S18B & L 02 @ 83 608 693 B 13 123

HAX I\ B3 507 4 11487 10RIF A6 6000 664 232 1467 1KY
G IH 554 53 N2 2Arb 107 10030 405 766 2R3 124 161 3F
5B 3 T 54 524 128b 113#*b 1063b B H /05 B35+ 1R 178 6+
5la 3B 68 5P 8B 132b 120b 118h &3 8%* 2ZAar 268 1K60
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@3S B84 7 B2 66 7B 14 14198 111097 10834 A2 266 2474
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& 59 8B & K4 198 18 161 269 124177 360 324 WAL
Gy S P 88 70 DY 18R 166 1338 0 12X 442 3RS 2B
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@Tm SBO 10116 N7y M8 20/ 20 8 BS5 48 409 JHF 6
DY 63 165 P8 894 238 23 19 BB 158 405 B7* RO7
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”H &3l 11271 10/¥ W Bl 26 200 176 B2 538 4B+ IH
BTa 646 11682 11136 9W\Bl ZAB 240 2A9 1B 175 534 434+ 409
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BR T7MH 1B 1B 1154 B I S 22 A2 TAHA4 a0+ 5194+
PBA 75 1433 1334 1199 #AS5 348 273 209 26 MR+ LA+ 3+
OH 8 1480 1420 124 IR IO BV BB 25 JRH 6024 566+
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A 2XS

Phat odl ectron emnssi on spectra neesred usi ng a converti ondl x-ray tube, adopti ng M) Ka trastiay A Ka
tragtion dc., is cdled X5 (x-ray phatod ectron spectroscopy). Hindbook of x-ray photod ectron spectroscopy i's
usefu for study unknown sanples. .Fgs. 1 and 2 are fromthe handbook of x-ray phot ol ectron spect roscopy

pub i shed by Rerkin-H ner corporati on.
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A 3 Cross SECTI ON

Intensity of photod ectron enissi on spect rumdepends on both nunber of e ectrons and at onnc subshel |
padaizaioncooss sedtion Ags. AB 1ad 2 aefromAonc data nud ear detataddes 2, 1-155 (1985).
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Element Symbol

ar mass (2/moh)

T | LO08] Atomic Mol
220 1" Valence Configuration
‘Hydrogen

Flement Name

Atomic Number, z

Electronegativity
(allred-Rochor if PRUTE 1%
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