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Electronegativity and Bronsted Acidity of Mordenites

If the chemical composition of a zeolite is
known, its physicochemical properties can
be quantitatively explained with the help of
Sanderson’s model of electronegativity ().
Mortier (2), Jacobs et al. (3), and Hocevar
and Drzaj (4) recently reported the influ-
ence of the aluminum content and of cation
exchange on the physicochemical proper-
ties of faujasite-type zeolites on the basis of
their chemical composition. In this note an
attempt has been made to calculate the
acidity of mordenites from their chemical
composition. The calculations involved
were carried out following the procedure of
Hodevar and DrZaj (4). The structural for-
mula of mordenite is

Na, Al Siyg-1Oos

According to Loewenstein’s rule (5) the
isomorphous exchange of Si for Al can be
carried out only up to the ratio Si: Al =
1:1. Therefore the values of x have been
considered between 0 and 24. The interme-
diate electronegativity (S;,) of mordenite as
a function of Al was calculated using the
atomic electronegativities (1) and the equa-
tion,

1

Sin = (Hs,-pi)\g”' M)
where §; is the atomic electronegativity of
the element E; and p; is its stoichiometric
coefficient in the chemical formula. The S,
values for mordenite at different number of
Al atoms (V) in elementary cell are shown
in Table 1. The function of S;(N4;) shows
the following linear equation,

Sint(Na) = —0.0450 X N, + 421 (2)

The partial charge (o) of an element is the
ratio of the change in electronegativity un-
dergone by an atom in joining the com-

pound to the change AS [where AS =
2.08(5)"?] it would have undergone in ac-
quiring or losing one electron. o; can be de-
rived from the equation,

Sint — Si

(T O ®

The regressions for average partial charges
are obtained by inserting the above regres-
sion into Eq. (3):

oa(Na) = —0.0145 x Ny + 0.642
Tsi(Nap) = —0.0124 X Ny + 0.384
oo(Na) = —0.0094 x N, — 0.211
oNa(Na) = —0.0259 X Ny + 2.02 (4)

If we sum the regressions for the average
partial charges of the elements that consti-
tute the zeolite as a function of N, this
would illustrate the best tendency of
changes occurring in the interaction of the
atoms of zeolite forming elements:

> 0{Na) = —0.0622 X Ny + 2.835

i

where i = Al, Si, O, Na. (5)

The maximum number of Al atoms in the
elementary cell of a homologous series of
mordenites is according to Loewenstein’s
rule, 24. If this number is considered as a
reference state, the tendency of the sum of
the regressions of the average partial
charges of mordenite-forming elements as a
function of Ny is

Z o{Na) — (Z UI(NAI))NA1=24

= —0.0622 X N, + 1.500

or

ap = —0.0622 X Ny + 1.500 (6)
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TABLE 1

Intermediate Electronegativity and ‘‘Structural Acidity Parameter”™ (ag) of Mordenite as a Function of
Number of Al Atoms (Ny) in the Elementary Cell

Nu 24 20 16 12 8 6 4 2 0

Sint 3.175 3.314 3.467 3.635  3.820 3.921 4.026 4.138 4.256
ay (model caln) 0.007 0.256 0.505 0.754 1.002 1.127 1,251 1.376 1.500
a, (normalized) 0.005 0.171 0.337 0.503  0.668 0.751 0.834 0.917 1.000

Holevar and Drzaj (4) determined the
values of a4 [the ‘‘structural acidity param-
eter’’ (6)] as a function of Ny, and they con-
sidered the activity coefficient fy+ to be
equal to ag. The activity of the protons may
be calculated from the equation,

ay+ = [H+] - fu+ (7
They found the relation,
ag=—145 X 1072 X Ny + 1.4 (8)

for faujasite-type zeolites which was in
agreement with the experimental values re-
ported by Beaumont and Barthomeuf (6).
Barthomeuf (7) postulated that the increase
in the acidity which is directly related to the
aluminum content in a zeolite cell may be
explained on the basis of an analogy with
inorganic acids in solution. The *‘structural
acidity parameter,”” oy (= fy+), increases
with decrease of the aluminum atoms in a
zeolite cell (Eqgs. (6) or (8)).

Using Eq. (7) it is possible to calculate
the activity of the protons of a zeolite of
known composition. Ho¢evar and DrZaj (4)
considered the activity of the protons as the
effective number of acidic sites in faujasite-
type zeolites. The authors discussed the
physicochemical properties of the zeolites
considering the values of N, between 27
(g = 1.009) and 96 (g = 0).

The existence of Al atoms in the mor-
denite cell is very similar to that of protons
in solution. The acidity parameter ¢, in-
creases with decrease of the aluminum
content (Al + Si) being considered as di-
luent. Table 1 shows that a, has the highest
value of ~1.5 when N, tends to zero.
When the ratio Al/(Al + Si) tends to zero,
that is aluminum in the system is highly di-
luted, the system approaches ideal behav-
ior and the values of oy may be normalized
considering a; = 1 when N, tends to zero.
The normalized values of «, are shown in
Table 1 and the function of ay(N,4)) [normal-
ized] is

ag(norm) = —4.14 X 107N, + 1.0

The actual concentration of protonic
sites is directly proportional to the number
of aluminum atoms in the zeolite cell, but
the effective number of protons is related to
the actual concentration of protons and the
value of ay,

ayg+ = [H*] - o

The effective number of protons of hydro-
gen mordenites are shown in Table 2. It can
be seen that at about N, =12 the proton
activity is a maximum at 2.30 mmol/g. Mor-
denites are usually available with N, = 8

TABLE 2

Acidity of Hydrogen Mordenites as a Function of Ny

Nu 24 20 16
[H*]/(mmol/g) 12.500 6.928 5.527
ag+/(mmol/g) 0.063 1.185 1.863

o+ -0.107 —0.061 -0.015

12 8 6 4 2 0.5

4549 2778 2.063 1.388 0.687 0.174
2.288  1.856 1.549 1.158 0.630 0.170
0.031  0.077 0.100 0.122 0.145 0.163




Al ATOM / UNIT CELL
59 15 20 2
T T T T
16 | o
2 18 ¥
z £
= ~
@1 - z
< >
< ~0z
z <
z
= 8
s °r s 2
¢ g
—os
o+ 4 &
oo 1 1 ) 1 o
o 8 12 16 20 2 28

5i0;/ Aly03 RATIO

Fi1G. 1. Acidity determined by i.r. ammonia adsorp-
tion and proton activity as a function of aluminum
content in hydrogen mordenite cell.

and on dealumination the effective number
of acid sites decreases.

A series of hydrogen mordenites with dif-
ferent Si/Al ratios were studied by infrared
spectroscopy. The details of the infrared
study have been reported in an earlier pa-
per (8). The calculated proton activity and
the protonic acidity (in arbitrary units) using
ammonia adsorption are shown in Fig. 1
and the acidity found in both the cases is
the same, which is an indication that the
calculation of proton acidity from the
chemical composition is satisfactory.

The average partial protonic charge in
the mordenite elementary cell was calcu-
lated from the equation,

_ Sint - Su
TH = 3 08(Sp) ™2

NOTES

where oy+ is the average partial protonic
charge, S;, the intermediate electronegativ-
ity of the zeolite, and Sy the electronegativ-
ity of hydrogen. The average protonic
charge at different values of x (i.e., number
of Al atoms) was calculated and is shown in
Table 2. It shows that the protonic charge,
i.e., the strength of the sites, increases with
decrease of Al atoms in the mordenite cell.
This is in agreement with previous findings
3, 9).
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