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" ABSTRACT -
A simple correlation bétween the electronegativities of Pauling
and the density of outer, bonding electronsfis'preéentedl The.

correlation indicates some features that are required of theories

" of the electronic structure of alloys.
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Knowledge of the distribution of bonding'eléctrdn gharge in a =
metallic ailoyAis‘hecessary for the understanding of the properties
of.the'allpy at a micfdsbopié lejéi. The determination of thié
déstribution is a difficﬁlt tﬁeoretical or_experimentallproblem
Becauée a large numbér'of factors, which are only qualitatiﬁely undér—
vstood, entef'into any calcuiation\br‘attempt at organizing the knpwn
data with empirical fules. One ofgthe factors'(Hﬁﬁé—Rothery 1967, -
Barrett and MassalskiHl966) that enters into the stﬁdy of éhe charge
distributién_in alloys is the electrochemical efféct which;‘in the
case of binéry hlldys,uis'the transfer.of;eleétréﬁic charge ffom atoms
of oné species:to the atoms of the'other speéies. To each element

1s assigned a value for the electronegativity, whiCh is the ability

of an atom of that element in an alloy to attract extra bohding charge '

\

to itself,vand the amount of charge transferred is assumed to be

determined by the difference in electronegativities of the two species

in the alloy. The electfonegativity of an element is a quantity

derived from exﬁeriment or tﬁeory and is not a well.defined property.

of an element. However, the large number of correlations (Rother and

Bo;ke 1933, Gordy and Thomas 1956, Inglesfield 1969,'Hodges and Stott
| 1972, Sommér 1973) between other measures of charée'transfer and the
commonly:used electroﬁegativity‘scale of Pauiing'(lQﬁO) indicate tﬁat
thé concepts of chérge transfer and elegtronggativity are viabie for
allbys, and that the qualitative use of Péuling's_scale,ié jus;ified.
The purpose of the present note is to present é'correlation bétween

the electronegativities of a class of metals andfa:quantity not



- seen in Fig. 1 and constitutes the correlation mentioned above. The

 _straight line in the figure is_expressed by

usualiyréssociated witﬁ charge_trénéfer, thé denSity of Bonding
.elecﬁroné.
- In Fig. 1 are plottéd_the'elec;roﬁegativities; Xs éf.Paulingvfor
the metallic elements froﬁ'groups‘IA througﬁ I1IB of the.periédic
| | | 1/3

chart and the 1antbanides as a function of n , Wwhere n is the

[N

bbnding electron density,
n=2z/Q ,
with' Z, the number of bonding electrons per atom for the element and -

I, the atomic,volumg as determined-from the elemental solid. (Atomic

uhits; withth =e=m=1, will be used here.) The value of 2 has

_ been taken as the group number from’ the periodic chart, with nine and

ten for the cobalt and nickel gr0ups,'respective1y, and with three

for the 1anfhanides.. Values of 2 were taken from Barrett and Massalski

f_(1966). Therﬁly elements which are metals in the solid state and are not )

plotted in Fig. 1 are'tin, lead, francium, radium and the actinides.

The other metals divide themselves ihto.three classes in Fig,_lzi

1) the metalsvfroh‘groupé IA_tHrOugh ViII, aluminum; and the lanthanides;
‘2) the magnetic transition metals: chromium, mangénése, iron, cobalt

-

and nickel; ‘and 3) the metals from groups IB through IIIB. The three

. classes are shown with distinct symbols and contain forty-four, five

and nine metallic elements respectively. The linear trend of the

1/3

electronegativities with n for the first class of metals can be

.

1/3

X =4.20""+ .2



and was found by a least squ;res fit fér the thirty metals from groups
IAlthrOugh‘VIII (excluding the magnetic transition_metals} and aluminum;
,.The way in which the metals group themselves in Fig. 1 -is'perhaps
more striking than the correléfion itself;__With respect to most |
éroperties; metaliid eléments ére usually grOuped accofding to whether
they are'transition,‘nqn;transition or rare earfh metals. The non-
.transitioﬁ<meta13’are Eommonly freated with the néarly‘frge.éiectrdn
appréximation, (Harrison 1970) éo that a Fermi wavé veétor may be
defined as - S _
_ C k= Gl -

~

In ;his'c%se, it mighﬁ be expected (Inglesfiéld 1969) that thé sffonger
the ionic potent1a1>§f an atom of an eiement, thgtbetfer is tﬁe’ability‘
| of'the atom.to attract charge to itself, i.e;; the 1argér thé
electronegativity. Similarly, a strong iohic potential might be_
expected to 1ocalize dr cause a contraﬁtion of thé bonding charge when
a megal is in the elemental state. For these metais one would then
expecﬁ a correlation between electronegatiQity aﬁd free elecfron
density, n, or soﬁe qther meésure of electron dghsity, lik¢ kF. A
calculation (Léng'and Kohn 1971)-of another parameter measuring the
ability:éfbatoms of an eiement té attracﬁ charge (or, actually; givé
up charge), the Qork fﬁnction,‘ﬁas'in fact yieldedvthis qualitative
result, ' The transition and rare>ear£h‘me£als cahﬁot be treated with
the néarly_ffee electron appfoximation, so more_éomplicated models
must be used for these métals.A As can be seen iniFig. 1, the metals

do not divide themselves up @céording to whether o;'hot-they can be

.'v’



-\')

_ treated with the nearly free-eleCtron‘apprOXimétion.V’Instead, the

non-magnetic metals are érouped according to whethér they fall before

or after the noble metals on the periodic chart. Thus the'nearly

‘,free'electron metals show two types of behavior. The alkalais,

alkaline earths and aluminum have electronegativities which increase
Vith n (or kF) and7the other nearly free electron metals have

electronegativities that decrease with n'(or_kF),._The non—magnetic

_ transition metalé~follow the first trend and the magnetic transition

metals display electronegativities which are smaller than might be

1/3. -Presumably the

expected from the linear trend of X with n
occurrence éf ferro~ or anti%ferromaénetism in these elements is
associated with thé ability to attract bonding'charée to themselves
that atoms of these elemenﬁs diSpléy. The raré eartﬁ metals fall
into the‘fifst>clasé above; ‘What 1s of interest here is that the
distinction between nearly free eléctron metals and-tranSition metals
is not manifested'in'Fig. 1.

Anotgé; point about Fig. 1 concerns the inaepeﬁdence of the
variables used to'discuss the effect of charge diStfibution oﬁ-the

phase stability of alloys. These variables (Hume-Rothery 1967,

. vBarrett and ‘Massalski l966),a:e thé,size, valence, and electronegativity

“of an element and are used to parameterize the three principal determinants

of phase stability, the size effect, the electron-atom ratio and the

electrochemical effect,when the element is a constituent of an alloy. -

" For the first class of metals mentioned above

_ 71/3
X = 2.6 X + .2
A



with RA the atomic radius and Q = 4WRA3/3. For the forty-four

elements described by this relation, X, 2 and RAvare not independent,

so that for alloys among this group of metals, it would appear that

<

the size effect, electron-atom ratio and electrochemical effect
cannot be freéted indepeﬁdently;"Efforts (Miedema’1973, Miedema

et al 1973) to find an independent setbofvvariables, with which phase
stability can be studied, seem worthwhile.

Finally, it should be noted that there is én elément of‘arbitrari-
ness in the electronegativity scale of Pauling'as~m¢ntioned above, and
that betfer paramegetS’to use for the study of.cﬁérge transfer in
me;éllic ailoys méy be the electrochemical potentials (Hodges and
Stott 1972) pr;the work functions (Miedema 1973, Miedema et al 1973)
of the ﬁetallic elements. Whethef or not a unique electronegativity
‘can evenybe,aSSigned fo an element in-an alloy and whether charge

~ transfer éap be well defined at all are questioﬁ§ thch await the
unraveling of the problem of the description of_metallic bonding at

a microscopic level.

v
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FIGURE CAPTION

Fig. ii. The electronegativities of the metals aécdrding to Pauling
| plotged versusinl/3.
‘. -~ Metals from groups IA—VIII and aluminum.
Z& - Cr, Mn, Fe, Co, and Ni.
’ [] - ﬁetals from groups IB-IIIB.

The:box represents . the lanthanides.
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