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Br�nsted acid sites of mordenite are preferentially located
on the site of 8-member ring, and these are stronger than on
the 12-member ring.

It has previously been known that mordenite has the very
strong acid site. Its strength, 150 kJmol�1, which was measured
by ammonia TPD (temperature-programmed desorption) as the
heat of ammonia adsorption is the greatest among the studied
zeolites.1 It seems that mordenite has relatively homogeneous
acid strength; however, the distribution of the acidity has been
investigated. Mordenite has four kinds of T site, named T1 to
T4, as shown in Figure 1; Alberti2 studied the preference of
Al location in these T sites and concluded the T3 site in the
8-member ring as the most preference site. Zholobenko et al.,3

Wakabayashi et al.,4 and Datka et al.5 reported two kinds of
Br�nsted OH bands in mordenite, ascribable to those in 12-
and 8-membered rings. In this paper, we study the acidic prop-
erty of mordenite using IRMS-TPD of ammonia, a new tech-
nique for characterization, in which IR (infrared) and MS (mass
spectroscopy) work together, and the site and strength of
Br�nsted OH bands are clearly revealed.

IR (Perkin-Elmer Spectrum-One) and MS (Pfeiffer
QME200) were connected with a vacuum line kept at 25 Torr
(1Torr ¼ 0:133 kPa), to which helium was flowed as the carrier

Figure 1. Structure of mordenite.

Figure 2. Difference spectra of ammonia on the in situ prepared
HM-15 during the elevation of temperature from 373 to 773K.
Background spectrum was obtained at 373K before the adsorp-
tion of ammonia. Figure 4. Enlarged portion of OH band in Figure 2.

Figure 3. IR-TPD of ammonia on the in situ prepared HM-15
for the IR bands shown in the corner: MS-measured TPD
(change of desorbed ammonia concentration, Cg) was shown
for a comparison.
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(flow rate, 125mLmin�1). IR beam was transmitted to the self-
compressed disk (about 8mg and 10 cm in diameter). After evac-
uation of the sample at 873K, IR spectra were recorded before
and after ammonia adsorption at 373K during the elevation of
temperature from 373 to 873K in a ramp rate of 10Kmin�1,
and the difference spectrum was calculated. In order to be com-
pared with MS-measured TPD (m=e, 16), a differential change of
the absorption intensity was calculated with respect to the meas-
ured temperature at the selected wave number (hereafter, called
IR-TPD). Because the ammonium-type zeolite retains the solid
acid site in the most unperturbed conditions,6 in situ prepared
HM-15 was used for the measurement; an Na-form mordenite
with Si/Al2 ¼ 15 (Reference Catalyst, Catalyst Society of
Japan, JRC-Z-M15) was ion-exchanged,6 and evacuated in the
IR cell at 873K as above. The degree of exchange with NH4

þ

was 99%.
Figure 2 shows the difference spectra of ammonia on the in

situ prepared HM-15. A strong absorption ascribable to the
bending vibration of NH4

þ cation was observed at 1430 cm�1.
On the other hand, a negative peak was observed in the OH re-
gion, because the NH4

þ cation was formed from the Br�nsted
OH and ammonia. IR-TPD was calculated for the NH4

þ band
at 1430 cm�1, as shown in Figure 3.7 IR-TPD of the NH4

þ thus
calculated was almost analogous to the MS-measured ammonia
TPD, showing that the acid sites were predominantly Br�nsted
type.

On the other hand, the recovery behavior of the negative OH
band during the elevation of temperature showed a shift of the
band. As shown in Figure 4, the negative absorption was ob-
served at 3603 cm�1 before the elevation (373K), but the posi-
tion shifted gradually to lower wave number, e.g., 3574 cm�1

at 773K. The shift of the negative OH band shows that ammonia
was bound to different types of OH with different strengths. Ob-
viously, the weaker Br�nsted acid site is located at the OH of the
high wave number, and the stronger one at the low wave number.
Therefore, IR-TPD was calculated for the two OH bands at 3603
and 3574 cm�1, as shown in Figure 3. A linear combination of
IR-TPD of these two bands8 could be fitted to that of NH4

þ.
This shows that the Br�nsted acid sites consisted of these two
types of OH.

The OH bands of mordenite have been identified at 3612 and
3575 cm�1 as those located in the 12- and 8-member rings of the
mordenite structure, respectively.3,4 Therefore, on the basis of
the finding above, it is concluded that the Br�nsted acid site
on the 8-member ring is stronger than that of 12-membered ring.
The conclusion is consistent with the finding by Zholobenko
et al.3 who used ammonia probe. Furthermore, it is recognized

that the Br�nsted acid site is located at the 8-member ring pref-
erentially, because the IR-TPD of the 8-member ring hydroxy
more closely related to that of NH4

þ. By the curve fitting as
above, the simulated profile of IR-TPD resembled that of NH4

þ,
and relative population of two Br�nsted acid sites was in propor-
tion of 28:72 for 12-:8-member ring sites. Preference of the
Br�nsted acid on the 8-member ring is consistent with the previ-
ous study by Alberti,2 claiming the preferential location of Al
cation in the T3 site on the 8-member ring. On the basis of a
study using ammonia and pyridine probes, Datka et al.5 reported
that 3.0 Hþ were situated inside the 12-ring channels among to-
tal 7.2 Hþ in H-mordenite. Kato et al. reported that the distribu-
tion of Al in the mordenite synthesized in the presence of fluo-
ride ion was different from that prepared under the usual condi-
tions.9 Furthermore, it is found that NH4

þ is preferentially ex-
changed with Naþ in the 12-member ring, and the distribution
of the Br�nsted acid site depends on the ion-exchange degree.10

Thus, various conditions of mordenite species have to be taken
into consideration.

Mordenite is known as a zeolite with a large pore channel of
12-member ring, and the presence of the strong acid site is re-
markable as well. However, the strong Br�nsted acid site is pref-
erentially located on the 8-member ring. This conclusion strong-
ly has an impact on the understanding of the catalysis in morden-
ite as well as the acidity of zeolite.
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