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Nitrous oxide decomposition was studied on a series of isostructural rare earth manganites of the 
general formula LnMnO, (where Ln = La, Nd, Sm or Cd) at an initial pressure of 200 Torr. 
Correlations of activation energies with lattice parameters suggest the importance of oxygen 
desorption as the rate determining step. The participation of the rare earth ion is discussed. 

INTRODUCTION 

Perovskite-type compounds derived 
from LaMnO by the substitution of La”+ 
by other rare earth ions are well known 
(I, 2). The compound LaMnO, has been 
reported (3) to have an extensive nonstoi- 
chiometry inherently reaching up to the 
maximum of LaMnOB.l,, in contrast to 
other lanthanum transition metal perovski- 
tes LaB03 (B = transition metal ion). The 
electrical and magnetic properties of these 
compounds have been extensively studied 
and related to crystal structure and defect 
chemistry (4). These compounds have been 
found to have comparable catalytic activity 
for CO oxidation (5) and NO reduction (6). 

The present study of the kinetics of the 
decomposition of nitrous oxide on a series 
of isostructural ternary oxides of the gen- 
eral formula LnMnO, (where Ln = La, Nd, 
Sm, or Gd) aims at (i) evaluation of the 
catalytic activities of these compounds for 
oxidation reactions and (ii) correlation of 
catalytic activity with lattice parameters. 
No detailed report is available of any pre- 
vious study of this reaction over these 
manganites. Transition metal ions are ac- 
tive for this decomposition reaction. These 
ions have been dispersed isostructurally in 
the relatively inert and highly symmetrical 
oxides MgO, ZnO, and MgAl,O, and the 
catalytic activity for this reaction has been 
investigated (7, 8). The compounds used in 
the present study contain the catalytically 

active Mn ion in oxygen octahedra linked 
by lanthanide ions in dodecahedral coordi- 
nation. 

MATERIALS AND METHODS 

The rare earth manganites were prepared 
(9) by the coprecipitation of the rare earth 
ion and manganese ion from a mixture of 
their nitrate solutions using ammonium car- 
bonate and firing the precipitate at 950°C in 
air. The formation of the perovskite phase 
was characterized by X-ray diffraction and 
chemical analysis. Since the percentage of 
the tetrapositive transition metal ion in rare 
earth manganites is dependent upon the 
firing temperature and ambient atmo- 
sphere, the compositions of Mn”+ in the 
samples were confirmed (10) by the anal- 
ysis of the oxidizing power of the sample 
for the oxidation of Fez+ to Fe3+ 
(Mn”+/Mn4+ -+ Mn”+). The surface areas of 
the samples were determined by means of 
the BET method using nitrogen as the ad- 
sorbate. The physicochemical properties of 
the manganites are listed in Table I. 

The kinetics of the decomposition reac- 
tion were studied in a static recirculatory 
reactor of volume 160 ml. Nitrous oxide, at 
a pressure of 200 -+ 1 Tot-r (1 Tot-r = 133 N 
mm2), was admitted to the system. About 
1.5 g of the catalyst was placed in the 
catalyst tube. The catalyst tube was heated 
by a furnace, the temperature of which was 
controlled to & 1°C by a Sunvic energy regu- 
lator. The gases were circulated by means 
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TABLE 1 

Physicochemical Characteristics of the Manganites 

catalyst Surface area Percentage Oxidizing 
(m* s-‘1 of Mn4+ power 

LaMnOB 4.1 17.57 0.4861 
NdMnOa 5.4 17.65 0.4757 
SmMnOS 3.4 20.52 0.4758 
GdMnOs 2.9 18.42 0.4550 

of a magnetic circulation pump. Catalytic 
activity was tested at several circulating 
speeds in order to make sure that mass 
transfer effects were not controlling the rate 
of the chemical reaction. The reaction rate 
was followed by noting the increase of 
pressure as a function of time using a 
traveling microscope of accuracy *O.OOl 
cm. After each kinetic run, the catalyst was 
evacuated at a final pressure of lo-” Torr at 
500°C for 6 hr. This procedure for surface 
restoration was found to give reproducible 
results. We point out that evacuation for 4 
or for 8 hr at a final pressure of IO-’ Torr 
did not in any way affect the kinetics, 
indicating that the surface is not being 
reduced during evacuation. Hence the cata- 
lyst was evacuated for 6 hr uniformly 
throughout the study. 

RESULTS AND DISCUSSION 

From the observed intensities and the 
calculated interplanar spacings of the X-ray 
diffraction patterns, the cell constants for 
the orthorhombic system were evaluated 
and are presented in Table 2. The order of 
lattice parameters c/2 l’* < a < b character- 
istic of an orthorhombic system has been 
confirmed (II). For the LaMnO, prepared, 
the cell constants show little difference 
from the values reported in a previous work 
(12). This indicates that the compound is 
nonstoichiometric and the formula is 
LaMn03+*. Chemical analysis showed the 
presence of Mn4+ up to a level of ~20%. 
This gives the formula LaMnOs+* (A = 0.1). 
For LaMn03, this oxidative nonstoi- 
chiometry is well studied (13) and it has 

been established that the volume per for- 
mula unit (V,) of LaMnOa+A decreases with 
increasing oxidation. The volume per for- 
mula unit, 59.45 A3, calculated for the 
LaMn03+, studied, agrees well with re- 
ported values (I.?) and accounts for A = 
0.0875, the value arrived at from chemical 
analysis of Mn4+ (17.57%). 

This large nonstoichiometric behavior of 
LaMnO, in comparison with other com- 
pounds in the LaB03 transition metal series 
has been attributed (13) to the loss of the e, 
antibonding electron responsible for Jahn 
Teller distortion, from Mn3+ on its oxida- 
tion to Mn4+. This results in a large de- 
crease in ionic radius from Mn3+ to Mn4+. 
This reduction in ionic radius is much larger 
than that found for other transition metal 
ions (14). This oxidative nonstoichiometry, 
amounting to A = 0.1, exists also in the 
other manganites reported in this paper. 

The kinetics of the decomposition of ni- 
trous oxide obey different rate equations 
depending upon the initial pressure (15). At 
an initial pressure of 200 Tort-, the rate 
expression 

(1) 

was found to suit the experimental data 
perfectly. This would imply that the rate of 
the reaction is strongly inhibited by oxy- 
gen. The experimental data were analyzed 
using the integrated form of the above 
equation, 

PO”2 + X’2 
poll2 - x/2 

- 2”*X’* = kt, (2) 

where 

TABLE 2 

Cell Constants for an Orthorhombic System (A) 

Catalyst a b c c/2 ‘12 

LaMnO 5.454 5.6539 7.7103 5.4460 
NdMnO, 5.3765 5.7059 7.5013 5.3160 
SmMnO, 5.3568 5.7940 7.4340 5.2670 
GdMnO, 5.3391 5.8028 7.3708 5.2150 
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P,, is the initial pressure of nitrous oxide 
and 

X is the pressure of nitrous oxide de- 
composed at the time t. 

Plots of LHS (Eq. 2) vs time gave good 
straight lines even from the initial periods. 
This, taken in conjunction with our obser- 
vation that very little oxygen is adsorbed on 
these catalysts, points to the fact that the 
nitrous oxide decomposition is stoichiome- 
tric. Typical kinetic plots are shown for 
LaMnO, in Fig. 1. The Arrhenius plots for 
the manganites are shown in Fig. 2. The 
specific reaction rate constants, apparent 
activation energies, and frequency factors 
are presented in Table 3. 

The general mechanism proposed for ni- 
trous oxide decomposition on metal oxides 
(16) is shown below. 

N 
-X 
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FIG. 1. Typical kinetic plots for LaMnO:+ 
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FIG. 2. Arrhenius plots for the manganites. 

+ 2% the catalyst) cv) 

Generally in perovskites, the A ions are 
catalytically inactive and the active transi- 
tion metal ions are placed at sufficiently 
large distances from each other (4 A) so 
that a gas molecule interacts with a single 
site (9). 

It has been observed that the kinetics of 
N20 decomposition could be satisfactorily 
fitted into Eq. (1) which implies a negative 
half-order dependence on oxygen partial 
pressure. The isotopic oxygen exchanges 
studied by Sazonov et ul. (17) on LaB03 
oxides (where B is a transition metal ion) 
and ,by Winter (18) on a number of oxides 
have shown that there is complete corre- 
spondence between the kinetic parameters 
observed for the isotopic oxygen exchange 
and N20 decomposition on the same cata- 
lysts. In the isotopic oxygen exchange reac- 
tion, it has been unequivocally established 
that the oxygen desorption step 

2(‘W/Os-) e ‘fiO*,,, + 2os- + 2e 

(similar to step (V) in the N,O decomposi- 
tion reaction mechanism) is rate control- 
ling. Winter has also shown the possibility 
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TABLE 3 

Kinetic Parameters for N20 Decomposition on LnMnO, Oxides 

Catalyst Temperature Rate constant 6, 
(“C) (mmlti min-l m-2) (kcal mole-‘)” 

InA 

LaMnO, 280 1.009 x 10-4 25.42 14.157 
300 2.600 x IO-' 
320 6.618 x IO-' 
340 9.882 x IO-' 
360 2.132 x 1O-3 

NdMnO, 

SmMnO, 

GdMnOs 

320 1.485 x 10-J 
340 2.365 x 1O-4 
380 4.428 x lo-' 
405 5.620 x 10-j 
410 6.331 x IO-' 

360 5.454 x 10-a 
380 6.817 x IO-' 
400 9.296 x IO-" 
420 1.060 x IO-" 
440 1.325 x IO-" 

350 9.653 x IO-' 
365 I.113 x 10-a 
385 1.306 x 1O-3 
410 I.531 x 10-a 

12.42 1.830 

9.90 0.385 

6.46 -1.695 

’ I kcal = 4184 J. 

of critical O-O distance deciding the 
efficiency of the catalyst. It can be similarly 
argued that in our present studies, the de- 
composition of NzO should predominantly 
involve the desorption of oxygen as the 
rate-determining step. 

Plots of activation energy for N20 de- 
composition vs the cell constants along the 
a axis and the c axis are shown in Fig. 3. It 
is seen that a linear relationship is obtained 
indicating the increase of activation energy 
with the increase of the cell constant. Wolf- 
ram et al. have shown (19) the Mn or Mn- 
0-Mn group to be the active site in these 
manganites. The (100) face of perovskites 
containing a Mn-0-Mn square array has 
been shown (20) to be the most stable face. 
It may therefore be inferred in the present 
study also that the (100) face containing the 
Mn-0-Mn group is active for decomposi- 
tion. When the cell constant increases, the 
Mn-0 bond length increases, thereby 
weakening the Mn-0 bond and increasing 

the d electron density around the Mn ion. 
This would result in a strong interaction 
between the transition metal ion and the 
adsorbed oxygen. At 200 Torr NzO pres- 
sure, the surface of the catalyst can be 

o LaMnO 

780 - 0 NdMnO3 - 554 

a SmMnOg 

. GdMnO3 

- 538 

720 
0 

I I 
10 20 

I& km1 mol-’ 

530 
30. 

FIG. 3. Plots ofactivation energy for N,O decompo- 
sition vs the cell constants along the a axis and the c 
axis. 
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expected to be saturated with N,O so that 
the surface migration of oxygen (step (V) in 
the reaction mechanism) and its desorption 
would become dficult. An increase in the 
cell constant also increases the distance 
between two adjacent Mn ions, making the 
process of getting two O- ions near enough 
to each other to desorb as O2 comparatively 
difficult. From the above arguments, it is 
evident that the desorption of oxygen 
should be the rate-determining step in the 
decomposition reaction. 

The decomposition of nitrous oxide has 
been shown (21) to be a suprafacial reac- 
tion, where the catalyst enters into the 
reaction as a relatively inert template pro- 
viding a collection of atomic orbitals of 
proper symmetry and energy. The relevant 
energy levels are those around the Fermi 
level, i.e., the lowest unoccupied and the 
highest occupied levels. In the case of these 
manganites, the electronic structure is 
mainly dependent on the 3d levels of Mn 
ions and the p orbitals of oxygen. The Mn 
ions have to provide the empty d orbitals of 
suitable symmetry to overlap with filled p 
orbitals of oxygen (for electron transfer) in 
the desorption step. For Mn, these orbitals 
are the d,2 and d,2-,2. As one proceeds 
from lanthanum to gadolinium, the felec- 
trons are being filled up successively and 
therefore one can expect a relative increase 
in the net electron density at the Mn ion 
sites, resulting in an increased occupancy 
at the e, orbitals of Mn. As a result of this 
increased occupancy, the residual time of 
O- on the Mn sites can be expected to 
decrease and the desorption to become 
more facilitated. This is reflected in the 
decrease of activation energy (Table 3) 
from La to Gd. 

A plot of activation energy vs the loga- 
rithm of frequency factor is shown in Fig. 4. 
This gives a linear correlation suggesting 
the operation of a compensation effect (22). 
This would mean that energetically differ- 
ent sites are involved in the decomposition 
reaction. Since the same transition metal 
ion (Mn) is the active component for the 

20 
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FIG. 4. A plot of activation energy vs the logarithm 
of the frequency factor. 

reaction, energetically different sites of this 
ion are obviously possible only due to the 
variation of the rare earth ion. This would 
again confirm the participation of the rare 
earth ion in the decomposition reaction. 
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