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/Tho basic photoelectron epectroscopie technique involves ilonfsation

of the sample atom or molecule M by a beam of non05nhtgotio photonl. in ,
M”—L—-“ P A o

which proceas, the former looes an electrons O)oﬂ'ﬂ("mf’:f S’f /7)

‘ m.q (¢

N+ hy — M*(Eint) ‘e e
W' 1o the resulting fon formed in the atate with {nternal.‘epargy B t‘ and 1
e is the produot photoelectron. E, , includes cloﬂ%rOﬂlﬂfﬂylbrltlohtl and
rotational energy of the ionaj E . = O means thatsthd fonh'is formed in its
In.order that photolonization may ooccur, it {s essential

ground satate.

that the photon posasesses an energy higher than the lowest lonézation poten
of the sample atom or molecule. It.follows that the excees energy
1. -E nt! must appear as translational

tial Ip

" available after fonization, hy
energy of the products, i.e., the ion and the electron, (Pig. 1,1)
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COnaervation of . lxnear mgqﬁg )rlﬁsguires that theggx
ig;}he masses of the P g 8 whi

tioned 1n innrse proport;on
the eloctron, vhich is; about two: thousand times lighfer than the ligbtest
~

'ato-, seeurea practxcally a11 ti:e excess energy. Th;’ error 1molved in
umin&“‘th&i abaolutely an the exceaa energy appeara as the tranalat onal ‘

onergy ot'{jhe electrons, 1n tho worst case, i8 of thc,qrder or 1 pa.rt Ln
A vhich iu clearly nogllgibl; for ordinu'y applicttiona. Jor 1on1ntion ey -
’rhuo if nono- " o ;

of heavier atous and molecules, this error is atill len. 1ue ” i
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energetic . photons are used for 1on1zation and the phogon
o h Q o ona R
t Q~P § 5335%5 'Q »»5;¢Jazs

known, a ahple determination of. the kinetic energjY ona,
), directly providoq*tho gongaggn\ osen-

which {s equal to hv - (Y_+ E,
tial of th‘@ unplo to Torm its ,own.ion {n a certain 1nterm1 perey 8 afe . ’
0. aad, the phota ;00' Bt

W e

In the lovut umml ‘energy ltafo of the fon Em&-,, ot
troas corr bpond to ‘the lowesV 19n1ntion potcnt 35 t &tp&rgiclg. g
8ince 10&&3« potontulo are characteristyc propgr 100 or atqu‘agd\; N

molecules, 'tho ntbod therefore provides a direct lnns ‘for' chnioalw o

analysis. The bdasic experimental requirements are luple. that of a mono-
energetic photon source and an electron energy analyger,
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et not onle can the tonfslng photon remove the most loosely bound
elesiran, 17 the ;-oton energy is @iff{ciently high, it can cause removal
20 direr electrons which are tighti~ vound. With energatic photons thus
dilfesens electrona are removed, ore at a time, and corresponding photo-
electroane with enecglen hy - "p1' Y - Ip‘: ete. are ejer:tgd. A ph’)'.fl‘
eleriron xinetje >nergy analysts of such a situation yleldm a series of
Ip,. Zpl, etc. Since the jonization potential of an

FOnRIration potent: \ia
elecizoff ‘rom a given state is also a close measuras of the binding energy

of the electron :n that state, these two terms sometimes may be used é}uu-

nyeouely. Tt {s to be mentioned here that the energy required to populave
d vibrational etate of the molecular fon {8 called the adiabatic

the groun
The vertical ionizatfion potential, which {8 higher

ioni1zation potent:al.
tne adiabatic foniration potential, involves fonization to higher

atignal states of the ion and the transition probability >f this
like those {n ordinary electronic transitions, is determined by

than
vivr
process,
Pranck-Condon pri~ciple,.

12 which the atomi: and molecular levels can be probed
clearly depends on the upper limit of the photon energy

used. T:11 todar, the most zommon low energy photon sources use helium

with Hel resonancs radfation (2‘P-—+1 \$§7 of wavelength 58.4 nm which has

¥ith this radiation source, energy states having
Ise of resonance

The depth

wlln nis technigu-

dan enzrgy of 21,2, eV,
©210 21,22 eV can be investigated,
species _eads to somewnat higher energies (del]

p1nding cnergien
fro
I magniiude increase in phozon

T £oc- other
Yut il orlers o
has to resor: v x-ray sources like Al Kq (1487

no= oz =yt = 0

B = no= =z i
2nersy 18 30ught “ren one
v Mg Eq (1254 =¥), with energles in keVs, With the availability of high
energy phoion sources one can thus measure the binding energies of those

o

ordbital electrons which are close to the nucieus,i.e., the core electrons.

in general, for measurement of binding energies of valence electrons,
ultraviolet radiation sources like that from Hel are used, and for core

elecirons, x-ray sources are used. Although a uniform convention on nomen-

clatires has yet 192 emerge._igélyaia using low energv photon sources has
been simply called photoelectron spectroscopy or UV-PES and, yﬁen'x—ray
sources are emploved, the term ESCA, Electron Spectroscopy for Chemlical

Analvsis, or X°ES is used, The bdasic physical process Involved in both the
The terms PESOS, photoelectron spectro-

{echn1auea, however, is the same,
scopy [or outer snells, and PESIS, photoelectron spectroscopy for inner

sneils have also :een used for UV-PES and I-PB$‘reapect1vely. The trend,

nowever, is to uso the terms UPS and XPS respsctively for ultraviolet and
The ranges of some photon sources in

X-ras Ddnotoelectir:n Spectroscopy.

reiat:on to molecilar nitrogen core and valence orbitals are shown in

7ig. '39//
At tnis o-.nt {t should be mentioned that two other processes may

. L
occur s:zultaneously with photolonization, which can also be used to derive
information of :h- type available from photoelectron spectroscopy. Both
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which nomenclatures are made in Auger tranaitions. The leval initially
fonized 1o written firat (A), followed by the lavel from whioh the electron

relaxes (B), and finally the level from which tha Augor elecpron 18 iost
(C). Thus in Fig. '.4 the transition shown La to be labelled KL y by 5 In

solide, electrons may originate in the valence band. Thea KLyV or vV may
represent suitable Auger transitions. The lohelq ot Pig. 1.4, 40 striotly
valid for isolated atoms with discrete energy levela. It may pe added

here that in solids, large valence band populations lead to intense Auger
electron intensities., At low primary energloa the probability of the x=-ray
fluorescence efficiency is of the order of 0,05 and the Auger proceas domi-
only at transition energies greater than 10 keV, rates of radiative

transitijons become comparable to Auger transitions.

fﬂheturning to photoelectron gpectros
nature of information one can obtain on free atoms and molecules, i.e.
those in the gaseous state. It is clear that since in the gaseous state
perturbations due to neighbouring sample atoms and molecules are negligible,
width of the energy levels will solelyv be their natural width deterzined by
the lifetime. Whether all the energs levels will be actug}ly observed ‘
through electron en2rgy analysis deperds on the line width of the monochro-
matic radiation and the resolution of the electron energy analyzer

copy, let us novw look into the

employe{;}
Experimentally, a photoelectron apectrum is obtained by radiazing 8

beam of photons on the sample, and energy analvaing thé ejected ‘phozdelec-
trons., After the electron energy analysis, the photoelectron gpectrum
shows a number of types of photoelectrono which differ in kinetic energy
In order to convert this into binding energy informat-
ion, knowledge of the initial photon energy 10 neceeaa:y, since the phqto-
electron energy is the difference between thc tncidcnt photon energy and
the binding energy. Thua, with a given aample, dependlng on the photon

ployed, the numerical values. in the abscissa scale of the electron
but they all

4na also in flux,

source em
intensity-electron kinetic energy plot may be different,

reduce to identical binding energy spectrum once {nformation about the
incident photon energy is introduced.

fig. 1.5 shows the photoelectron apectrum of Argon with clearly
resolved spin-orbit coupled states 2P3/ and P1/2 This gpectrum was
obtained using Hel 21,22 eV radiation. The upper scale on the abscissa
represents the kinetic energy of the photoelectrons and the lower scale
represents the binding energy, obtained by subtracting the photoeleztron
kinetxc energles from 21,22 eV.

The basic principles which apply -to atomic photoelectron spe:tra are
also a licablc to photoe $ A

pp photoelectron : spcctrg&_.tnolqcugg;Y ,;31 Elgigk$istrated

b,

N, -

snergy, it can be seen that levels upt
be populated. “The” poiulutfon dlatffbu
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Pig. 1.6 Photoeléctron {pcctrun of N,.(15)

however depends on the photoifonization crose sectioné 't ‘thase states at
21,22 eV energy. The fine structure of distribution into vibrational
levele of the various electronic states of the {on brqinarlly depends on
the equilibrius {nterauclear distances of the electronic states and hence
the respective Praanck-Condon factors. It will be nottce@ tron Pige. 1,2
and 1.~ that Hel photon cncr;y is only Qdcquatc for 1onzz1ng upto 0,8
electryas (to the state B i: ). the higher: binding energy state 0823.
lying -loser to the core, vill remain unattoctcd.

Toe relai{ve location of the noleculu and 1on1c potential energy

curves, waich determine the 'ranci-c'ondpn ractora, depends on the nature of
the e.ectron ordital from which tho olceiron 1- Ioaf*lzoﬁkvhcthor 1t s g
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the nature

thia affeat, Aapanding OR
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vinpational fraquenay 0

tlonAl anesrgy 1aveln., Por
noaa the charge 4108t~

aonstant of the

bonding, antibonding, or nonbonding.
of the orbital involved, oausas ohanges in the
fonic states and hence the spacing of the vibré
example, loas of a bonding elestron in Lonteatl
ridution between the nuclei and hence dearnanes
molécule. . Since the vibrational frequency and the
celated by a formula of the type V= (1/28) [Tkly) where v s the
reduced mass, the effect of decreasing the {s also to lower

the energy spacing between the vidbrational leve
an antibonding electron 18 just the opposite. Loss of an antibonding
electron strengthens the bond, decreases the internuclear d1stance, inore-
ases the force constant and hence increases the energy spacing pbatwean the
Nonbonding electron removal has 11ttle effect on the internuclear
constant, and hence the spacing between the vibra-
ffected. This criterion of change in vib-
find out whether the molecular orbital
{nvolved in ionization has bonding, nonbonding q;.antibonding character-
{stics. Por example, according to this analyolq}fthe.?p dg'orbital ip near
nonbonding (weakly bonding) because the vibrdtion@%i;ﬁééing decreases on
ionigation from 2345 cn~! (vibrational spacing ét;}"é”gfodnd’otato of N,)

to 2191 cn” ', the 2p%, s ‘strongly bonding as lﬁ:gﬁb band assigned to it
the vibrational spacing de@}iaséé_draaticilly :Pé‘.?"g cn-V to 1850 e
and the 28 ¢ orbital 1e'eq§qnt1¢11y nonbondiné;(q;ékli’ahiibon&%ng) as

the vibrational spacing due to this band {ncreases from 2345 em to 2397
co-'. Wnile knowledge of the nature of the orbital can be used to predict
shifts in vibrational frequencies in spectra, actually a more important
application 18 the reverse study of the changes.in vibratibnal energy level
spacings to derive information on the nature of the orbital involved in

on red

the foro#
forea sonatant k are

forcse sonatant
18, The affect of lod8 of

levels.
distance and the force
tional energy levels remains una

rational spacing can be applied to

ionication.
itals 1nvol§ed in

n to obtaining the bonding nature of ord
a valu-

rt ure in photoelectron spectroscopy is
able tool in dg?grmin;tionvof’vibrational energy leveles of those molecular
ioni,wherg'ab;é?@}iqn,o;;bgicalon spectrqacopicvgéfkyhaa.pt§i§§?ioabe very
difsicult. An’ example is/that of the molecular 0n !{;‘or gBrt. . In many
such: cases there has been only scant emission spectroscopic work with the
hc}ggot.vhich ytbfationnlfqncr(y level spacings of molecular ions can be
obggfngg,fanQ'thghqucction,df absorption spectroscopy almost does not
uzn,u only a handful of gaseous polecular ions have been so far obser-
vogg%h q§gogpt19ni*an4 that too under rather special experimental conditi-
onq;-._’};ﬂ!:ot_:oa].focy:oii spectroscopy, however, easilyigives the energy epsctrum
of thc_nolocult; ionic vlbrttional levels, and in many cases constitutes 2
powerful alternative to absorption -pcetroocopyvbt ganooﬁu 1050.;,fﬁiJﬂoI
which shows 8 vibrutioixii' progression

lonization.fx;bratiohal struct

upte v' = 6, vherefrom the vibrational frequencies and the vibrational
constants of the ionic state can be easily derived, (
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higher energy photons, ference between the use of low energy
Photons and x-rays 14 that the ldttqr.ih‘able to reach the core electrons
and fonize then, {pne of the,tirqt”ﬁppi;cationo of XPS 13 the deter-

! mination of ‘binding energies of ebrijiidctroﬁaqii”varlbua atoms. Since the

', Ragnitude of .the core eleotron blndt‘ng".:enéra" il'f',o,x_poctod L0 wtrongly

| reflect the attractive forces of the nucleus on the core electrons, this
should depend on the charge of the nucleus, 1.0., the atom chosen, and
this makes the core binding energy a phaxaotoriatic‘property_or the atea
considered. It 1s because of this reason, it 2inds application {n
chemical analysis, and out of this originates the cproq&- BSCA, meationed
earlier, - Core binding energies of 1s electrons of the second period
¢lements Li,. Be, B, C, N, 0 and P derived from XPS are shown inm Pig, 1.8,

photoelectrqn cpunt;r;te.yhgph is equivalent to

photooldctron,intenaity. Since ghdfattrg&tiv&-xo}cdfof the nucleus on

the 1s electronsincreases with the §to§gc nunbop.f;tvll natural to expect

that the 19 binding energy for thol§;atﬁln will_yqvﬁbq least for lithiua

and the highest for fluorine. rhtg'4l£°“n&tzsz é?f,‘_‘::f(‘_" binding

Qn.r‘y for Ii = 55 OV, BO = 111 07.‘?'”‘3'234 .'l‘,.\";m ." Qe 532 oV and

»

F = 686 eV), and shovs, clonrly.;@h@Qf?&gtgoigéﬁggagggrgg XPS can e used
for chemfoal identification of llnp}:l.gglgtogpggigsngg,qlcczron peaks

from various elements as can be lggglthir1¢;<1.§ §rQ different, the reason
boing', that even at a photon energy udoquntc ro; 1?}@‘:_‘1“. the {on-
ization cross sections are differongfgpr'dit(erggt;,pgglcl. In fact, from
& knowledge of such experimentsl p,aﬁé*gﬁggg{ﬁ{’g;g;gg;pagntt:do ::.
incident photons flux and sa.plo,doqalty;n;tﬂtq yopo}b}g'co detern

absolute values of photoionization 6fond ooctipnlf
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Fig. 1.8 Core (1s) binding energies for second period elements.(1)
(solid sample) ~ :

Applications of the oha}adterihtie core binding‘gnergiel. howevar,
extend much further. Whereas the binding energy of a certain type of core
electron is quite characteristic of a given atom, if XPS is taken of a
molecule in which an atom of a particular kind is present, the core
photoelectron peak of the atom does not always appear at the same
characterlatic'energY; there is a slight shift depending on the molecule
chosea. This happens, becauae,'although the core electron binding energy
ie principally determined by the nuclear charge, there is some aubeidiary
effect due to the_ valence electrons influencing it. More pronounced the
effect is of the valence electrons, greater {s the expected shift in the
binding energy.[jhince the valence electron distribution would vary
depending on the nature of bonding, it {s reasonable to expect that the
core binding energy would reflect, through chemical shifts, changes {n
valence charge distributions of the molecule. ‘This 18 observed in '
pragtice, ‘and 1t {s for this reason, the chemiecal shift of core electron
binding energies holds great' potential for use as a pro
the ““fﬂuf‘;b°h4155§4§?‘°¥!¢“152f;.A;!LIPIGNOQQGQQ‘5'
in eoro;biqpihquqér':;%;ﬁ:ﬁ(ii?;ﬁ;;n{thé'oxanplcvbfdb

carbon Cf;;ldo;;'OEigdHﬂa{on.Sﬁiéiiioro electronegaty
expect that the carbon valence electrons
vhat shifted towards the oxygen atom,
of carbon nucleus on the C 1s electron
# make the C 1& electron more strongly
an {ncreased C 18 core binding

the presence of two oxygen
binding en?rgy should be even higher. fThys ie indeed what i
observed, | Sardon 18 core binding ene
monoxide and 297,5 oV {n carbon dioxy

dtoe case.) In oxygen atom
the carbdon

be in investigating
Me Sheatoa afite <
Athod mohbkide and |
¥vé .than carbon we -

in carbon monoxide will be some-
Since this will cause the influence
to increase, 1te effeot will be to
bound to the carbon nucleus and hence
energy should result. In'darbon dloxide,

(] experinonttliy
rgy 18 found to be 296 ey {n oarbon

de as compared to‘zee eV for the
the effect 1o Just the reverss,
electron should decrease the oxygern

free
Avalladility of

s binding energy in cardbon

atoms ought to sugment this effect, and the core |
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wonoxide, but the same effect will be somewhat less in carbon dioxide as

:here is lees shift of bonding electrone,  Thus the.core binding energy
Or oxygen 18 will be less in carbon monoxide than in carbon dioxide. 5

shift prinojplas to larger molscules

« Application of these chemical
Taking

:;:ni:::e:rthll Point and demonstrates {t #9909 0f applications,
vl o.rbono::::.chlororornato, 0100 09“3°U5t Oqg observes that there are
ovivlie ..ehyl.n.. one in the carbonyl group.'onq in 1ts somewhat
e ikl group, and tha third bnq in ‘the farthest methyl group.
ot saraed ’. 1nntbl ?oaka must be | cloaa to 288 oY, the core binding energy
it B A e free atom, but’ onc phould also expect some appropriate
‘ shi ta dcpendxng on the paouliar ciootronio environment of each of
.u:tc:rbon aténa. The carbonyl carpon, beoauae of 1ts proximity to oxygen
ave the ‘highest binding energy as explalned earlier, the methylene
::rbon aonevhat lower, and the methyllcarbon c 18 the least binding energy.
e apectrun or ethyl chlororormat ahovn 1n Flg. 1.9 and the binding

g
[ C; b T Lﬁi .:.wl. /T
‘CH,: -co- [ Wl :
} f'_ﬁjﬁ—”—0*¢—¢*1
[*V] S [ . " ¢
b 3 . [
.ES a : i§
¢ a2 2
8 } ..;.:Afol..j
of. 310
J » . : ‘ ' ] P AT LA 4 A4 .
290 280 20 LQ : 4 2 0ERM o
. ] ' a;“ :{ ¥ Hﬁ :
BINDING ENERGY eV N h»,wa Q}mm" okl
5 7-3 LG x‘ Be ?
Pig. 1.9 C 18 chemical ahifta 1p ethyl chloroforuate and
ethyl trifluoroaeettte.(is 283) . , ‘
,_‘.;;. u‘_" ‘-’.".' “,'L'\ b RN

n‘xva

energies of carbon 1s pegka conflrns this analy!la. This also shows how it
may provide an entirely‘nev toqﬁniquq in’ orzaniq lnd in inorganic chemistry

for determination of charge dtltrtbution and honco constitute a useful
The opectru- of ethyl trifluero-

method in structural investi ations.
acetate, taken at much higher reaolution, i8s also shown in Pig. 1.9 in
The

which the chemically shifted peaka manifest much more clearly.
chemical shifts of the peaks are ahpvn with respect to the C le binding
energy of CH3 carbon, which has a binding energy of 291.2 eV, The
trifluoromethyl carbon C s, with three highly electronegative fluorine

atoms, has-the highest binding energy.
The process of phutolonxzablun duscrxbod earlier muay become quite

complicated due to various additional factors, for example, due to
In autoionlzation, as shown lchenaticallv

occurrence of autoionigation.
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Fig. 3.11 Correlations of Mossﬁauer shifts with Fe .‘Zpb/2 and Fe 3p XPS
Shifts, (1) [Peu(phen) ][010] , (2) trans-Pe(iaocy) Cl,, (3) trans-
Fe(isocy), (SnCly),, (4) [Fe(SnClB)(isocy) JLero,), and (s) Na,Fa(CN) NO.
(21}{%;)) (phen = 1, 10 phenanthroline, isocy = p-methoxy phenyl laocyanide)
XPS-Mossbauer shift eorrelation ot some Pe(II) low spin conploxea.

A< r2> is negative for the’ ?o (14 4 keV) trmaitlon. The negative
slope of the lines in Pig. 3,11 implies a conourront docreuo of AE and
6Ar% with increase in Mossbauer shift. ' This corréhbondo to the case on
tne last row in Table 3.10 where both A E and 6Ar “are negativo ‘and which
indicates a gradual increase in electron populatibn on the iron atom.
contriduted primarily by increased % -backbonding' fron the ligands. The
Mossbauer isomer shifts are more amenable to 1nterprotation in terms of
ground state electron distribution, on the basis of!which 1inear 85" AE,
correlation 1n R eeries of compounds should be predictabls., It is reason-
able to expect thAt conparisona with XPS shifts would be more meaningful
with more dependnblo Lnfornatlon available on nuclear size factors,

Chemical’ ahittu have boon effectively enployod in elucidauon of
structure of complex conpounda, and we present here one example on
biguanide H NC(=NH)NHC(=NH)NH, ‘complexes. There has been a controversy on
certam aspects of the structure of biguanide complexes, the ligand forming
two types of complexes, (i) in which the uncharged 1igand LH forms complexee
of the type [ M(LH) 'J". m= 2 or 3, and (11) in which the deprotonated
ligand L~ forms complexes EH(L) 1. OIder views speculated the presence of
a quarternary nitrogen atom, bnt recent NMR data indicate its absence tn
bis (biguanide) nickel II chloride, Ultraviolet ablbrption studies support
formulation of the following structures ior tho noutul tnd ehugod lpusiu,
anolvm % electron dolocauution. :

A
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Some of the N 18 binding energies of metal biguanides are shown in Table

3.11, The respective line widthe (FWHM) are also shown, which happen to be
considerably largcrafhan N 18 widths found in compounds containing a single
: : The rather large

type of nitrogen atd-a, -these widths being about 1,9 eV,
line widths {n the conplexes may be taken to indicate a composite spectral

structure, due to. chenically ahifted peaka of different types of nitrogen
atoms. - For chroniu: trisbiguanide, a bea tig through a Caussian model i3
obtained 'if two 1.9 ev peaks are taken aépgratod by 1, 5 eV with relative
intensities of 2: 3.: ‘Table 3.11 also shows,:that the N 18 binding energy in
amines, nitriles ‘and ‘pyridine {s in the 398-398.5. ov range and 1s consider-
atly less than those ot simple ammonjium aalts vhetcutha”valuod are abov&
'mldtﬁ"&u\mlu ‘

401 eV, Actually, oqc might oaloulatc;:hn%};p‘cfa‘,
that a quarternary aton is present. Uaing a conuoqgttiyc low value of 1,6

eV for the chenical shitt between -NH, and -NHZ. ; separation of 1.5 eV as
observed in the -pcctrun of chromium trigbgguanldo,,and ‘expected relative

1ntena1tiea ot throo typcs of nitrogcn g} 1}&{2.,&:conputer simulation
predicto u N 1- rwun iinowidtb of 3.8 .Y“ ;}'gbgunrgg MHT'*nitrogcn atom i8

!h1l~10 luoh higher than any one’ pt the; wi?thl-oboorved in

prelent.
expcrinental apoctr‘ and this result may be used to rule out the presence
Purther,.if % doloculisation does not

of any quarternary nltrogen atom,
extend to the N atona outside the chelate rcgion. dittoqggeou in N 1s

binding energy may bo expected for the two mn onmgg,'n(tro‘en ‘atoms,
That delocalization sctually extends to all the. ni;rogcn ato-o is indicated
by N 18 binding energies of biguanidine aulphate and guanidiniuz chloride,

and salts of biguanide complexes are thus quite well rep;goented by the
i p ‘5§7

structure II.
A somewhat different aspect of qorc clcctron oyoetra has to do with

sccurrence of satellite lines which are observadble {n htgh resolution
A few high

around the main core electron line, as shown in rlg. 5,12,
energy lines that appear in the neon 8pectrul. are duo*to onorgy inhomoge-

neity of the incident x-rays having co-ponoutl of hlghcr onor;y photons.
These

Some of the lower enmergy satellite lines arc protaur, dcpondcnt.
arise due to collisions detween ejected photocloctrono lnd neutral atoms,

and consequent excitations of the latter vtth oquivalont cnorgy loes of the
The lines which are proauurc 1ndcp¢ndcnt have their

photoelectrons. . to
origin in the ionigation process iteelf. tbcoo l&tolltto ‘Iines are due .
valence electroa oxcttatton, concnrrcnt vtth tho ojcztioglof photooloctron !

ﬁ-
3 _’,vul.:- e 2
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- ,A'H Medal Biguanide complexes and Reated
Compound l]tl";qﬂn ia P WHiM QVU
e —— ) Binding Bneargy &V
Biguanida complexen
[Cr(02N5H7)31013 399 .4 2.8
{C’(cznsﬂs)ﬂ”zo 399.2 3.0
A A
( 8‘””“2"5"7’232(304)3 400,0 2.4
W(CZN5H6~p-06H‘SOB)2 400,90 7
[00(02N5H7)3]c13 399.2 2.7
(cotc,Nghy ) )u,0 398.9 2,9
o -p-C .2
Ni(uznsﬂs p "6"4803)2 400 7
L] 2.
[Nx(cznsue)zjnzo 398.9 7
. 2.9
[Cu(02N51{6)2]n20 399.5
i . 205
[Cu(02N5H7)2] c1, ._39’“9 5
Other nitrogen compounds . , ﬂ.:.,' Foon
v N S S
G d R L3981 vy s -
C, HgNH, . A ; |
- i : A ’ b ‘ . g ‘398.1 .
(2 c4"9)3" ‘i 8 ¥ _
' 398.0 -
CoH, N | 39
3 8.‘ -
C6HSCN ‘ 9
(CHy) N C1” 401,5 -
401.5 2.0
(rm‘)zso4 4
K, Cl 401.,0 1.0
‘ . - 40507 108
NH,NO, NOy P - 405.7
' NHy o3, .402,0, 1.8
R YIRRTEs ) SRR T e

&

hé' tshtke- up

the 1ines are thus called t 1nes, Depending on the extent to
vhich the nl;nco“'aloctroni‘ié'o ‘excited, tho"photbihctront are ejected
with that much less energy; hence, the kinetic energy spectrus of the
Photoelectrons have peaks at ;‘i";"oii-e‘apond ingly lovnr' ;ri:;'gii;' trom the main
photoelectron line.” An oi'tu;o',;hutuauon of {this shakesu rocess is the -
complete loss of a valence sleotron by tonisa¥ion, and thie process is-
called the shake-off processl) Since this loss of the valenée electron”
generates 8 doudly charged fon in the io‘uuuon,e;atlm'n. the photo-

electron spectrun shows a broad continuous band d‘u'?-‘to th. .m.;o‘“,;.

R

»
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Pig. 3.12- Satellite unes in Ne 18 hiah t, so_luuogf'_)‘

(‘ 19 20) TR »)t‘l '*«t@' .,4—( ..-'."’-" AN
In the Ne 13 high resolution spagt;&n ahown,;n Pig. 3.12 tre linc p

is tne main photoelectron line, 1, 5, 6. dtl‘gx_ S&Itﬂllite 11093 due to other '.' B

x-ray lines beside Mg ‘g' lines 2, 3, 4. ag;’preasu{g q%%gndant lines and

arise due: to colliaions vlth neutral aggg <The 11 oéym*s a.satellite of
the line 2, and the lines 5, 6 are satcllite s to the line 7 and the lines
8 +9. The lines 7, 8, 9,710, 11, and 12 are due to ‘the shake-up process

"with transitions shown in Table 3.12 and also schematically in Fig. 3.13.

310 0 430

u”qlcctron ipectrun.
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Fig, 3.13 Schematic deacription of N&,ia lhakc-up procolsol.(t)

In high resolution core electron lpectra. the clectron shake-up lines
are always present, for atoms as well as molecules, Correlation of the
shake-up lines with the actual processes and the transitions {nvolved

requires accurate knowledge of the energy lvvels of ‘the lon, | oiac2
shuke-up and shake-off are relaxation processes, a study of shake-up and
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— TETSALAve Laned b owis uew KinebLe nrergy Mide of Me 1a (4)
Line 2 T
Tl
— Fain hdl
\ 0 Single hole fonization Ne 18(Mg Kgq, ;)
-T.e Ka, , satellite to ? '
< -16.8 ‘l.' Ene}'d
i rgy loas 2p  Is
-20.0 Energy loss 2p  3d,4s
g -22.0 Energy lose 2p né,nd
> -28.0 Koy , datellite Cto7
6 -33.0 xa'3'4 satellite t0 8+ §
? -37.3 Shakg-up : 2p 3923
8 -40.,7 Shake-up 2p 3p23
Q -42,3 Shake-up 2p 4923
¢ -44.2 Shake-up ° 2p SPES
" -46.4 Shake-up 2p Ap’S
12 -60.0 Shake-up 25 3s%

shake-off spectra can lead to detailed i{nformation about relaxation
Many elaborate analysis of shake-up

phenomena in atoms and molecules.
Por molecules also, similar studies have

states of atoms have been made,
been undertaken; Pig. 3.14 shows the shake-up lines associated with N 18

and O 1s in the photoelectron spectra of NZO‘

" NNO ots | NNO N1s
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Pig. 3.14 N 13 and 0 18 shake-up lines in the cor
nitrous oxide, (19,20) '

e electron spectra of

The widths of core electron spectral linea provide additional
inforeation on processes taking place during photoionization, *The lifetime
of exeited states are determined by probabilities of several types or
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