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May 1974

ABSTRACT

A quantitative-scaie of ionicity based on x-ray photoemission studies
of the valence—bagd density of states of many ANBB-N aﬁd ANBIO—N crystals is
discussed. The scale is empirical. It involves alloééting‘the energy splitting
of the two most_tightly—bound‘valence-band peaks betweeh:c0valent and ionic
contributions. Several ternaryralloys and chaicopyrite-type cryétalg were also
included in this study. . The scale was found to be supério; to ﬁhe molecular
vorbital approach of Coulson and the thermochemical séale"of'Pauling because of
the symmetrical treatment of covalent and ionic contriﬁﬁtions. It appears to

have wider applicability'than the Phillips=-Van Vechten scale. The strengths and

weaknesses of the proposed scale are discussed.
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I._ INTRODUCTION
For'sevéralAdecédes:the concept.of ioniéity has been of great practical

use in the studY'of the chemical bond. It is therefore desirable to formulate
a quantitativevdefinition of ionicity. ' There have been many'attempts to
quantify ionicity, but allbhave péssessed shortcomings;l .For éome.timé'it
has been knbén‘that fhé chemical shifts measured by #—f&y'phdtoemission
spectrbséopy (XPS) are related ;o chaxge transfer froﬁ ﬁhércation to tbe anion '
in a binary compound; this transfer can.of course bevreiated to ionic.ity.2'3'4
This approach has beeh applied tb biﬁary so{ids by Vesely and i.anger5 and more
recently by Cardona and co—workers.6 The ﬁéasurement of §hemica1»shifts in
core-level binding ehérgies in semiconductors and insulétors is éuspect for
© £WOo reasons: saﬂple charging (an experimental problem)kéﬁd‘iack of a‘suitable
reference energy (a conceptual problem). These problems may both be.soiﬁble, but
even so it seems édestionable whether core-level shifﬁs'wili yield decisive ionicity
information in view of final-state effects, etc.

vIn thisvﬁaperbwe present an alternate approach,‘alsq based on XPS results. We
have developed a qhantifative écale of ionicity from thé qbserved splitting
of_the’lowést (i.e., most tightly-bound) two peaksvin thé X?S valence-band’
densities of states (VBDOS? of 41 binary crystals. Thisjécale is compared
in détail witﬁ the scale of Phillips-Van Vechten based on the singie—gap..
diélectric modél;-‘our scale is tested on the criteria éf its ability to
predict fouf-fbldfversus.ﬁixjf§ld coordination for the bihary A B8_N and ANBlO_N:
crystais;

Results are given and summarized in Sec. II. They are discussed in

Sec. IIT and conclusions are drawn in Sec. IV.
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IT. RESULTS
Experiments were performed on a Hewlett-Packard HP 5950A electron
spectrometer utilizing monochromatized Al Ka (1486.6 eV) radiation.7 We have )
previously reported the XPS—VBDOS 6f most of the crystals used in this analysis.s_15
The reader is referred to these publications for experimental detai}s and

discussions on the use of XPS as a probe of the VBDOS of solids. We note that

these results agree well with recent ultraviolet photoemission (UPS) measure-

~16,17 18-22

ments, and theoretical band structure calculations.

In general the spectra of the valence band region of ANBB—N and ANBlo-N

crystals show a three-peak st;uéfure, occasionally with a sharp core d peak
intruding. Figure 1 shows the raw XPS-VBDOS spectra of'some typical Group IV and
Group V elements,'énd Irr-v, I11-vi, IA-VII, and IV-VI éoméouhds;

Waltér and Cohen23 calculated electronic charge»dehsities for several
diamond zincblende semiconductors ffom pseudopotential baﬁd—strucpure wave-
functions. These éharge densities give the aistribution'of the
valence electrons in each band in real space: they canvbe.;elatéd to peaks in
our spectia.' Péak I (PI) consists of electrons ¢enteréd around the anion
atomic site; i.e,, an "s-like" distribution. Peak II (PiI) consists of
eiectrons basically centered around the cation, and locéﬁedvin the bonding region.
Peak IIi (PIIT) fésults from electrons concentratea betﬁeen the atomic sites
in the bonding fggion i.e. a "p-liké" distribution. With this in mind, and

"realizing that the valenée—band peaks cannot be truly described with such a
simple étomic pictﬁre,.we shall refer to PI and PII as.“§-iike" bands and
PIII as "p—like"._ Fu1ler discussions of the atomic derivation of the vaience—

band peaks are available in Refs. 10, 15, and 24.
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Tables I éhd II summarize the compounds that have been studied by XPS
. - L .XPS . i - ST
and give the s-peak splitting AES in each case. Also given are nearest-neighbor

bond distances d ‘and other parameters, discussed below.
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ITT. DISCUSSION

It was noted previously in an XPSvstudy of.thé-VBDOS of the isoeiectronic
series Ge, GaAs, and ZnSe9 that AE:PS increased with ihcreasing ionicity. .This
increasing splitting was attributed mainly to an increaSihgslocalization of
eiectrons around~tﬁe stronger anion potential. The effect is visually
" demonstrated by the charge density distributions in Figs. 2, 3, 8, 9, 14, and 15
of Ref. 23. It was related to the antisymmetric fOrm_fectors of an Empirical
Pseudopotential Methdd (EPM) calculation.g’23 Later Ley et gl.l3 and Grobman
35.21,25 discussed the splitting_at the symmet}y point:xv(tte X3v—,x1 gap) in
the Brillouin zone;. Increase of the x3 - X1 gap was releted to ihereasing .
ionicity and to Phillips' ionicity (heteropolar) paraﬁeter C.

Recently,iéhadi et 35.26 have studied the'variOUS‘possible relationships
between C of the Pﬁillips-Van Vechten theory and atomic pseddopotential in
several binary.crystals. However, to devise a quantitative scale of ionicity,

a covalent fiducial point isvnecessary. The need to treat ionic and covalent

-

contributions on an equal footiﬁg has been cogently put forth in a series of

. . 1,27-37
articles by Phillips and Van Vechten.

- 11
Ley et al. in an XPS-VBDOS study of groups IV and V covalent elemental
crystals observed a rather simple relationship between the covalent splitting
. . o
of PI and PII, AES,vand the nearest-neighbor distance d. The observed

relation is

AEC =8.0- 224 | - - (1)

c ' c ' |
with AE; in eV and d in A. The measured AES and d for these crystals,

listed in Table I, are plotted in Fig. 2.
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The splitting between the two "s-peaks" corresponds to é'splitting
at the L (Lé f L1) points inzthe diamond structufe.and at the T_(T;_élTi) point -

for the A7 Struétufé of'the.grogp v seﬁimetals. ‘Theﬁx3;-lxl gaé Qanishes by :
symmetry in hombPOIar diamond—type crystalé. The féct'fhét AES depends on
d in such a simple way for the homopolar crystals sﬁggé;ts that it is a strong
function of overlap aﬁdvcould'serve as a covalent-fiducialypoint.v The'faét
thatvthe group‘V‘Semimétals féll on the “universal cu:?é"'of Fig. 2 suggests
that the ionicity of- the ANBlO_N as well as the ANBS;N‘cr;stals might well be
included in an XPS-aerived scale of ionicity. The covaient (homopolar) _ ‘
parameter, Eh' of‘Phillips' model is .a function of 4 .iny (éh o« d-z'SY.
Grobman gE_él,zs héve speculated on the possible rélatiénsﬁipvbetween'Eh and
the L gap of homopolar diamond—type crystals.v

- We are noQ in a position to decompose our measured splitting of the
"s-bands", AE:PS-inéo an ionic and a covalent conﬁributién. AES is arrived
at by simply insertiﬁg a §f the crystal under hnalysis ipto'Eq. (1). To obtain
the ibnic‘contribution) AE;, we suggest that the relatiopéhip

i Xps -, C ' o
AES-AES -AES p ‘ o  _(2)

be employed. Now an ionicity number can be simply defined as

g XPS . = s R :
¢, (ap) = s , | | | (3)
B | _

For example let us consider the isoelectronic series Ge, GaAs, and ZnSe, the
members of which have nearly constant d. Germanium with d = 2.44 A, is of

course purely covalent and ézips(Ge) = 0.0. GaAs also has d = 2.44 A and
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XPS

S was measured to be 4.8 ev, which

L c
Eq. (1) or Fig. 2 yields AES = 2.6 eV.  AE

yields AE; = 2.2 and'ézﬁps(GaAs) ='0.46. . In a similar mannef for ZnSe (d = 2.45 A),

S

S =2.6ev, AELC = T.8, AEg = 5.2 and @, = 0.67. Figure 3 schematically

AEg

displays what is happening in the Ge - GaAs - ZnSe seriés.}

The antisymmetric gaps obtained from recent EPM(célculatiéns for this

series are VA(Ge)'= 0 eV, VA(GaAs) = 4.5 eV, and VA(Znse)v= 8.2 eV-.38 The -

trend in VA(AB)‘follows nicely the trend in AE;(AB) and, since d ¥ constant, in

XPS

S (AB) as well.

AE
Table II sﬁmmarizes the structures, the various parametérs used, and
the derived in ~(AB) for the crystals used in this study. Before discussing the
results in detail, let us compare this empirical ionicity scale with the
. A v o i ,.c . XPS
dielectric-based scale of Phillips. Our AES, AES, and AES are -analogous
to the C, E, and Eg' respectively, of Phillips. His Eg,is the gap between

bonding and antibonding states. Here E, 'is the homopolaf‘energy and is equal to

»

h

Eg for homopolar crystals and detefmined by the empirical relationship

for heterdpolar ANBB-N crystals. C is the ionic contribution to Eg and Phillips
has shown it to have the analytic form

. . =K R
_ . _ , [
C(AB) = b[v(ZA/:A) (ZB/rB)]e .
This‘just describes a screened coulomb interaction and, without the screening
factor, is similar to a electronegativity difference. With @ constant,
C(AB) = AZ = 8 - 2N so C(ZnSe)/C(GaAs) %~ 2, which is close to AE;(ZnSe)/AE;(GaAs) .

'In both scales the homopolar gaps depend only on d. They do have different
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parametric dependences on d because of the different bases of the two scales.

Phillips' C is related to the X3 - Xl gap in A B
has been shown that the Xy = X

. 3 ' .
(< 0.5 eV FWHM) xps.'3  For the purposes of this

-N : ‘ :
tetrahedral crystals. It

gap can be measured with high resolution

study, however, we have chosen to use

the PI - PII splitting because: 1) It is consistent with our choice for the

covalent fiducial point. 2) It is chemically more appealing to take the peak

positioﬁ in the density of states thch contains
than an edge of tﬁé Brillouin zone. 3) Most XPS '
high enough resolution to pick out the Xy and X1
cases'core d -peaks occur in the valence region:
PI or PII, let alone symmetry points. 5) Wevwish
generally than just to tetrahedral ANBB_N binary

For his éefinition of ionicity, Phillips

2

CF ) =

EZ + C2

While this relationship is physically appealing,

e . XPS
We have no a priori reason to define Zj_
as
- XpPS, 2 C,. 2
gxps - (AES ) - (AES)
i XPS, 2 !
| (AEG )

to be similar to Eq. (4). Both Eqs. (3) and (5)

a largéihuhber of electrons rathef
spectfometers do not yet possess
symmetiy points. 4) Iﬁ many

it is then hard enough to detect
to make our 5?§PS(AB) apply more
crystalé.

employed a quadrature relationship,
(4)

' 3
it is nonetheless arbitrary.

(AB) either linearly, as in (3), or

(5)

give basically the same 6rdering

of Z)i(PS (AB). The vg);PS (AB) defined by Egq. (3) appears to be more useful in

that it gives a wider range of ionicities, 0.26 < ﬁ)i(PS_Z(AB) <1.00 vs

0.46 < %?PS(AB) < 1.00 for Eq. (5). A big difference is noted in the

ﬂ’i@s (AB) of the alkali halides. The Q?S(AB) as defined by Egq. (5) clusters

the alkali halides around a véry small range of values.
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Phillips has discussed in detail the correspondence between ionicity

. . L - ,32,33 L
and coordination for the AN88 N cryst_als.1 ! In his study of seventy

ANBQ—N_crystals Phillips found a critical ionicity Fi such that for ézi < Fi -

the crystals are four-fold coordinated and for-?i > Fi the crystals are six-fold
.coordinated. With F. = 0.785, Phillips' scale had lOO% accuracy in predicting

crystal structure; far superlor to any other then avallable quantitative

scale of ionicity. In Fig. 4, we have plotted the ionicities of several ANB8 N

crystals common to'studies for each scale, with the structure noted by symbols.

We have added to both scales several ANBlO N crystals, the lead salts and

SnTe, which have“the rocksalt structure. We have also added to our scale

several Pkanl_xTe alloys and two ternary semiconductors. If for the dielectric

scale we keep F{ = 0.785, the ;4i (AB) scale will make four wrong predictions with

the inclusion of the ANBlo N crystals. If we lowered F.‘to 0.71,.3'PT(AB) would

make two errors but would no longer have a perfect score for the 70 AN88 N

crystals of Ref. 1. The ;zi‘ (AB) scale ‘with F, = 2/3'15 able to predict 100% of

_ : S , - ' XPS
the structures correctly. However, within the accuracy of the data.ﬁi (ZnSe) and
X ' '
Z .PS(PbS)'should be considered equal; thus 41§PS(AB) makes one error. Thus
-ﬁi (AB) appears to be superior to ﬁi (AB) when IV-VI crystals and ternary

alloys are included. The lead salts present an interesting case because they

o ;;iPS N_8-N .

can indicate whether th (AB) scale can be generallzed beyond A B

‘crystals and because both ionlc and covalent bondlng.have been proposed for

40 'Z XPS

them. (AB) predlcts the lead salts to have the ionic rocksalt structure,

which is correct. Recent charge density calculations on- PbTe strongly support -
. e S 41
an ionic interpretation.
The cesium halldes have the eight-fold coordlnated CsCl structure.

Citrin and Thomas have reported XPS data for several of these compounds.42
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If we apply our treatn.\e.nt' to these c'l.atav we ootaiﬁ'}' %)l(PS (CsF) = 0. §3.,

Z ?PS(CsCl) = 0;9,‘7.,_.and‘ ﬁips(CsBr) = vl.OO.'»v All these .va;LUes are 1n tﬁe"upp‘er‘
‘ ‘fange of the alkaii halide data;‘ This is pl'eas‘ing,v although the ionioi‘ties
of theee thtee salts are order.ed'opposite to chemical expectat‘ions. Phillips
did not treat these cry-stals. _ In. view of the generality‘vo‘f this scale, it

would be very useful to enlarge the XPS study, espec1ally to include ANB10 N

crystals.

In Fig. 4 we have also plotted data from two AIIBIVC\ZI .(chalcopyrlte—

\'/
type) crystals.__ These are ternary analogs of the binary A B crystals, i.e.,
ZnGeP, is the analog of GaP, and CdSnAs, of InAs.
In Fig. 5 is plotted the bonding charge, as calculated in Ref. 17,
XPS . | . N
vs “i (AB) for the series Ge - GaAs - 2nSe. This shows that the phase
transformation from four-fold to six-fold coordination occurs as the bonding
.charges get very smali.

We shall not discuss the other scales of ionicity ln detail since this

has already been done by 1-"}11111.ps.1 The major problems w1th the other scales,

notably Coulson's molecular orbital appro_ach,? ZCRS (AB), and Pauling's thermo-

chemically based scale,44 ﬁi(AB), derive from the lack of -symmetrical treatment‘
of ionic and covalent contributions. "The covalent contribution is neglected

in Pauling's definition and is an order of magnitude smaller in Coulson's

;zCRS

épproach. As 'a‘n‘ex_ample let us consider GaAs and InAs. Both (AB) and-

P . : . . . - - 7 CRS
# i(AB)v predict the same ionicity for each set of crystals 7]._ (GaAs) = 0.37
ﬁgRs(InAs), ﬂi(GaAS) = 0.26 = Zi(InAs). We can see they both have neaily
the same ionic contribution but the covalent contribution is diff‘erent in

D _ o - _
both $;(PS(AB) and %iT(AB). Hence the values _ﬂ?PS(GaAs) = 0.46, Z);PS(InAs) = 0.51,

ng(GaAs) = 0.31, Z?T(InAs) = 0.36.  Coulson's scale is limited only to
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tetrahedrally coégdinatéd ANBB—N crystais."Both Péulihg‘s and Coulson's écales
tend to bﬁnchvgroups of crYstalsvwith respéct to Az{ i.e., III-V crystéls‘are'
clustered at one Qalue and II-VI at.andthér. Phillips Stated that his dispersion
theory does notrwpfk too well for crystals such as alkali hAIides with
;Zi 2 0.9, which ié.wheie ?auling's scale is best bedaqse.fhe cbValentvcontri—
bution is veryismall. The Phillips—Van Vechten‘theory'ﬁses optical and'diglectric
data. Optical data are not always sgréightforWArd to iﬁterpret énd this approach
includes some apéroximations. | |
Finally we point out problems with the XPS- derlved scale

XPS (AB)

(1) For a series with a glven cation, the ordering of %
is not what one would expect from chemical intuition. However, within a series -
with a given anion the ordering is much better. For isoelectronic series

that have d essentlally constant, ZXPS

(AB) works oﬁt:mucﬁ better, so there
may be a size effect'which should be taken‘inté accounﬁ.:‘(Z) For the alkali
halides of a given catlon in particular, the orderlng of {zXPS(AB) is exactly
bthe inverse of what chem1ca1 intuition expects. For a glven anlpn, the qrder;ng,
is the expecfed one. Possible sources of this discrepancf could_arise from
being at the iohicllimit where the anion s peak (PI).is'essentially a coré
peak; ﬁhe effect of cation core peaks at lower binding eheiéies; or aAsize
~effect which would,be greatest for the.alkali halide series; If we‘dividé'

¢ ?PS(AB) by the‘anion radius, ra; to obtain

#: XPs(zua) Fpe - (6)

*XPS

the resulting orderlng of .ﬂ' (AB) is the intuitively correct one for both

cation series and_anion series. This is summarized in Table III. If Eq. (6)
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is applied to'iII-V'compounds one gets mixed results. The size effect should

be studied furtherfaéfmore results become available.
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IV. CONCLUSIONS.
This has beén a first attempt to obtain a quantitative experimental measure of

C L S : XP N . o s
ionicity using XPS. An ionicity parameter ;‘i S(AB) was derived from the splitting of .

‘the lowest two ns=like" valence bands, AE:PS. First a covalent fiducial line _ !
C
S

s i

. . . . _XP
was establlshed from the. "universal curve" of AE vs 4. The.ene;gy AES was

then decomposed into an ionic and covalent contributionfand an iohicity number

$’i‘PS was defined. This scale was applied to over 40 crvystjals. The crystals

included not just'ANBS"N binary cfystals but also ANBIP-N, ternary alloys and

M_N_8- (M+N) /2 ' '
2

chalcopyrité;type A . It was able to predict quite well the

transformation from four-f5ld to six-fold coordination solely on the basis of

P . N . . ) . ‘
» 3’§ S(AB).‘ The scale was compared to other scales. It was found superior

to Coulson's M-O approach and Pauling's thermochemical'ioﬁicity because ‘it
' XPS

i (AB) also‘appeéred

treated covalent and ionic contributions symmetrically. &

to have wider applicability than the Phillips scalé'which‘was limited to

ANBS_N crystals. It appeéfs that JzﬁPs(AB) needs a correction factor for

the anion size. The‘question of d-band mixing with valehcé bands also

requires further attention. There is need for further wofk especially

-in the ‘expansion of classes of crystals studied. This study shows promise’

in the application of XPS to study of the problem of the nature of the chemical

!
i

bond in solids. The approach taken in this work bypasses the difficulties
associated with coré—level shift studies by measuring splittings rather than

shifts.
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Table I. ,Néarest—neighbor distance and AEg splitting for group IV and
group V elemental crystaisQ

Crystal . Structure d(A). _ .vAEg(eV) Ref.
c | | . diamond” 154 a7 10
si ' - aiamond 2.34 2.6 8
Ge ~ Qiamond 2.44 3.1 8
a-sn ) :  diamond 2.80 o 1.gP -
As  7_ a7 250 2.6 11
sb | a7 2.86 ' 1.7 11
Bi S A7 | 3.0 1.2 11

*

2R. W. G. Wyckoff, Crystal Structures (Wiley, Interscience, New quk, 1963).. .

bPredicted value from Eq. (1)).
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Table II. Neareét—neighbor distances, energy of XPS splitting of lowest two

valence bands AEXPS,.the covalent splittings AEg, ionic splitting AE; and ionicity

number_#‘?Ps(AB), These pérameters are expiained in the text. All energies are

given in eV.

Crystal. ald® Structure® AE:PS ‘AEg , AE; {‘?PS(AB)d Ref.
GaAs : 2.44 2 4.8 2.6 2.2 0.46 13
ZnSe . 2.45 z 7.8 2.6 5.2 0.57 13
InSb 2.81 oz 4.1 1.8 - 2.3 0.56 13
cdTe 2.81 z nSL2 1.8 " 3.4 N 0.65 13
Gasb  2.65 2 3.6 2.2 1.4 0.39 13
znTe 2.64 z 6.5 2.2 4.3 0.66 13
KI | 3.53 R 8.3 , 0.2 8.1 0.97 15
InAs 2.61 Z 4.7 2.3 2.4 0.51 13
cdse 2.63 W NS 2.2 A 3.5 0.61 13
_InP - 2.54 2z 4.3 2.4 1.9 0.44 13
cds 2.53 W 5.5 2.4 N3l N 0.56 13
RbC1 3.29 R 10.7 0.7 10.0 0.94 h
Alsb 2.66 z 4.3 2.2 2.1 0.49 g
NaI 3.24 R 8.1 0.9 7.2 - 0.89 15
NaBr 2.99 R 9.9 1.4 8.5 0.86 15
GaP '2.36 z 3.8 2.8 1.0  0.26 13
Zns 2.34 z 7.5 2.9 4.6 - 0.6l 13
KC1 3.15 R 1.8 1.1 10.7 0.91 15
Zn0 1.95 W 9.1 3.7 5.4 '0.59 13
KF - 2.67 R 20.9 2.1 18.7 - 0.90 15
Mgo 2.10 R 13.5 3.4 10.1 0.75 g
NaF 2.32 'R 21.1 2.9 18.3 0.86 15
Pbs 2.97 'R 4.4 1.5 2.9 0.67 12
PbSe 3.06 R 4.3 1.3 3.0 0.70 12
PbTe . 3.25 R 3.5 0.9 2.6 0.74 12
SnTe 3.14 R 4.4 1.1 3.3 0.75 - g

(continued)
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Table II. (continued) .

Crystal d(A)a Structureb AE?PS | AEEC AE; 4;§PS(AB)G Ref.
Pb Sn, ,Te 3.23 " R 3.1 - 0.9 'v 2.2 0.70

Bb, ,Sn, Te 3.18 R 3.5 1.0 - 2.5 0.71

Pb, ,Sn, gTe 3.16 R 4.3 1.1 3.2 0.74

LiF . 2.0 R 19.7 3.6 16.1 0.82 15
KBr .~ 3.30. R 15.0 0.7  14.3  0.95 15
NaCl 2.82 R 10.0 1.8 8.2 0.82 15
Cdsnas, 2.64° zf n 5 2.2 n2.8 ~o0.56 14
ZnGeP, 2.37° zf 4.8 2.8 2.0 0.42 14
csCl 3.51 CsCl 10.6 0.3 10.3 0.97 42
CSF 3.00 R 20.9 1.4 - 19.5 0.93 42
CsBr 3.7 csCl 9.6 -0.2 9.6 1.00 42
HgTe 276 3 ~ 3.5 1.9 1.6 ~0.46 13
sro 2.57 R - n13 2.4  10.6 " 0.82 g

2R. W. G. Wyckoff; Crys;al Structures (wiley-Intersciehcef Inc., New York, 1963).
bZ - zinc-blende;_R - rocksalt, W -kurtzite, CsCl - cesium chloride.

cFrom_Eq. (1)-‘

dFrom Eq. (3).

a. S. Borschevskii, N. A. Goryvnova, and F. P.,Kesamanly,.Physf Stat. Sol.
B 21, 9 (1967). .

fChalcopyrite étructure,is analogous to zincblende struéture with the cation
site being occﬁéied alternately by group ITI and group IV cation.
'gUnpublished work of this laboratory. |

hC. J. Veseley, D. L. Kingstbn, and D. W. Langer, Phys. Letters 44aA, 137 (1973) .




Table III. Anion size correction applied to alkali halide crystals.a
xpsP c© i¢ XPS __ . e . 7 *XPS £

Crystal | AE AE_:S AEg f ; (8B ﬁi (aB) r_(A)
LiF 19.68 3.57 16.11 0.819 1.14 0.72
NaF 21.14 2.90 18.24 0.863 1.20 0.72
NaCl 9.98 : 1.80  8.18 0.820 0.83 0.99
NaBr 9.88 1.42 8.46 0.856 0.75 1.14
NaI ‘18.06 0.87 7.19 0.892 0.69 1.33
KF 20.86 2.13 18.73 6.898 1.25 0.72
KC1 11.8 1.07 10.73 0.909 0.92 0.99
KBr 14.97 0.74 14.23 0.951 0.83 1.14
K1 8.26 0.23 8.03 0.972 0.73

1.33

3 ) )
Energies in ev. .

bF_rc_)m Ref. 15.
.ycFromvK. 1.
dFrom Eq. (2).
e

“From Eq. (3).

fFrom Fgq. (5).

_Tz_

206Z-14d1
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FIGURE CAPTIONS

' ST . . ‘ . N_8-N
Fig. 1. (a) X-ray photoemission valence band spectra of several typical A B

' N_10-N ' ’
type crystals, Ge, GaAs, ZnSe, and KBr and (b) A’ B~ type crystals, Sb

and PbsS.
Fig. 2. Plot of Aﬁg(eV) vs d(d) for group IV and V crystals which yields
Eq. {(1). Figufe is taken from Ref. 11.

S

Fig. 3. Schematic display of'the AE:P splitting of the isoeleétronic.series

Ge, GaAs, and ZnSe. The relevant parameters in determinihg izips(AB) are

denoted.

Fig. 4. Comparison of the XPS—derived scale of»ionicitj, {(ﬁPS(AB) from
Table IIvandbthé_Phillips?Véh Vechteﬁ ionicity, QZ?T(AB) (Ref. 1) illustrating
the abilit§ to pfedict structural phése transformation; .ﬁrﬂwﬂB) fo; crystalline
materials ofiaQerage V valence was obtained from P. J. Stiles, Solid State
Commun. 11, 1063v(197?). Vertical line indicateé ;rifical ionicity, Fi.
Dashed vertical line for JADT(AB).is the Fi derived in Ref. 1. Crystals with
diamond, iincblénde or chaléopyrite'strucfure afe iﬁdicatéd by O, wurtzite
structure by A and rocksalt structure by O. |

' o . . . 12
Fig. 5. Plot of bonding charge determined as in Ref. 23 vs'fgﬁ s(AB) for the

series Ge, GaAs, and ZnSe.
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Homopolar ' ' ' 'Heteropolar

_ PS, .. PS | L
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| P 4
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AEL=2.2 | | AE! =5.2

AEXPS:AES-26

|AE =0

XBL 744-2888

Fig. 3.
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