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Adsorption isotherms and rates were measured for NO chemisorption on sup- 
ported and unsupport.ed samples of Fez03 and FerOl in the 26150°C temperature 
range. The adsorption behavior is well described by Freundlich isotherms in the 
pressure range from 1 to 200 Torr. Monolayer coverage is attained at 500 Torr 
for the reduced samples and at 25000 (by extrapolation) on the oxidized samples. 

Kinetic measurements were evaluated using the Elovich equation. These plots 
were monotonic in the case of supported Fe203 and showed a sharp discontinuity in 
the case of supported FerOa at B = 0.5. 

A close parallelism is noted with previously studied chemisorption behavior on 
reduced and oxidized supported chromium oxide. 

The present work is a continuation of our 
gravimetric studies of NO chemisorption on 
the ‘surfaces of transition metal oxides (1) 
which may serve ,as catalysts in the reduc- 
tion of nitric oxide. Supported iron oxide 
shows remarkable activity in the reduction 
of NO by carbon monoxide (2). Iron was 
shown to chemisorb NO readily in different 
oxidation states (S-5), and also to form ma 
wide spectrum of inorganic complexes with 
NO (6). Since the catalytic reduction of 
NO is known t,o be ‘strongly affected ‘by the 
presence of oxygen it is of interest to inves- 
tigate khe chemisorption process in various 
states of oxidation of the iron oxide. 

To characterize the ohemisorption prop- 
erties of ,the iron oxides, supported samples 
of various surface iron concentrations and 
also of pure iron oxide were used. A com- 
parison is made also between the previously 
explored chemisorption on chromium oxide 
and the present results. 

EXPERIMENTAL METHODS 

A. Adsorbents 

The carrier for the samples of supported 
iron oxide was the same as that which had 
been used in earlier experiments (1) con- 
sisting of 95% alumina and 5% silica (sup- 

plied by the American Cyanamid Co.). The 
support was impregnated with an aqueous 
solution of ferric nitrate and calcined at 
600°C for 8 hr. The supported samples ha,d 
to be kept in a vacuum for about 1 week 
until reproducible measurements could be 
obtained. Most of the adsorption studies 
were carried out on sample Sl, containing 
8.15 wt % of iron. Sample Sl lost 3% of 
its weight during ,the pretreatment. TWO 
other supported samples of iron oxide, 
designated S2 and S3, contained 0.85 and 
0.15 wt % of iron, respectively. Unsup- 
ported Fe203 (a phase according to x-ray 
analysis) and Crz03, used for comparison, 
were “specpure” specimens supplied by 
Matthey, J’ohnson ,and Company. 

The BET surfaces were determined 
gravimetrically by adsorption of argon at 
the temperature ‘of liquid nitrogen, using 
16.9A2 as the area occupied by an Ar 
atom (7) and p0 = 202.9 Torr as saturation 
pressure (8). In case of the relatively small 
surface area of unsupported iron oxide, the 
BET surface was also measured volu- 
metrically by the adsorption of krypton at 
the temperature of liquid nitrogen. Both 
methods gave results agreeing within better 
than 270. 

The supported samples were oxidized 
under 10 Torr of oxygen at 450°C. Reduc- 
tion was carried out at the same tempera- 
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ture by a gas mixture consisting of 20 mole 
% CO and 80 mole $J CO,. The gas mix- 
ture was prepared by subliming purified 
CO, from a small trap into a large storage 
vessel containing CO at a known pressure. 
A pressure of 100 Torr o,f this reducing 
mixture was kept in the sample chamber 
for 1 hr; after evacuation it was replaced 
by 20(P Torr of the same mixture which 
remained in cont,act with the sample until 
the reduction was completed. Reduction of 
Fez03 under those ‘conditions results in 
Fe304 (9). The samples were evacuated 
after completion of the oxidation and re- 
duction processes for about 1 hr before they 
were cooled to the desired temperature of 
adsorption. Weight const,ancy was always 
established before admission of the 
adsorbate. 

Oxidation and reduction of the unsup- 
ported ‘samples were carried out at 350°C 
to minimize surface shrinkage. 

While ‘the oxidation was completed 
within a few hours, the reduction process 
was found to be much slower and proceeded 
for at least 10 hr. 

A shrinkage of the BET surface which 
had been observed previously for supported 
chromia exposed to NO (1) was also found 
for supported iron oxide. Sample Sl had a 
total surface of 198.9 m”/g .at the beginning 
of the adsorption studies’. After completion 
of the measurements only 154.4 m’/g were 
measured. A concomitant shrinkage of ‘the 
iron oxide surface was indicat,ed by a de- 
crease of the NO adsorption. The amount 
of NO which was adsorbed under specific 
conditions was noticeably smaller after the 
sample had undergone several oxidation- 
reduction cycles. 

The surface of the unsupported iron 
oxide decreased only by 3% during the 
relatively short duration of the ‘adsorption 
experiments. The original surface was 
12.40 10.20 m”/g of Fez03. The BET area 
per sample ,did not change when Fe?O, was 
reduced ,to FesO,. 

The BET area of pure cy-CrZ03 was 4.92 
m”/g. 

It was observed for all samples of iron 
oxide that the reduction of FezOs to Fe,Ol 
was accompanied by a larger weight de- 
crease than required by the stoichiometry 

of the reaction. This extra amount ‘of oxy- 
gen is assumed to be picked up by the 
Fe203 surface and will be discussed later. 

B. Adsorbate 

In the previous communication (1) we 
have not given the complete purification 
procedure therefore its detailed description 
is given here. 

The purification of nitric oxide was 
rather troublesome ‘and time consuming. 
Even so, the purified product still contained 
small amounts of nitrogen (0.2% or less) 
and traces of nitrous oxide (N,O) . Analysis 
by mass spectrometer #did not detect any 
contamination by NO, or N?O, in the final 
product. 

The best result for NO purification was 
obtained by the following procedure. Nitric 
oxide from a commercial gas tank was first 
frozen in a trap at the temperature of liquid 
nitrogen and then pumped on for 0.5 hr. 
The solid NO was warmed slowly until the 
liquid phase had formed, releasing consider- 
able amounts of dissolved nitrogen. The 
trap was cooled again in liquid nitrogen 
and evacuat’ed. This process was repeated 
five times. When warming up the trap for 
the sixth time, the first fraction ‘of about 
10% was discarded, while expanding the 
middle fraction into a storage bulb. The 
trap was placed into a Dry Ice-acetone 
bath during the warming process. A re- 
mainder of 20% of the liquid was also re- 
ject’ed. This fractionation was repeated at 
least six ‘times. The portion of NO which 
was retained as end product was only about 
10% of the original amount. The liquid 
appeared straw-green before the end of the 
purification process as has been repo,rted 
by Nightingale et al. (10). However, our 
final product was bluish in the liquid state, 
resembling liquid oxygen. A slightly grayish 
tint of the solid, which had been observed 
previously (1) was caused by mercury in 
the purification trap. Solid NO in the mer- 
cury free parts of the apparatus was white. 

C. Execution of Measurements 

The particulars ‘of the electrobalance sys- 
tem and the associated equipment have 
been described earlier (1). Adsorption iso- 
therms were measured on sa’mple Sl at 26, 



186 OTTO AND SHELEF 

90, and 150°C for oxidized and reduced 
surfaces. Systematic errors Icaused by aging 
of the catalyst were limited by a’lternating 
isotherms for oxidized and reduced surfaces 
and mea,suring consecutive isotherms ‘at dif- 
ferent temperatures. The repetition of ad- 
sorption points under specific conditions 
(e.g., measuring the NO uptake at room 
temperature and 170 Torr) after the com- 
pletion of an isotherm was used as a basis 
to correct for surface shrinkage. A correc- 
tion was applied by multiplying the ad- 
sorbed amount at each point of the iso- 
therm by the factor which was derived 
correspondingly, assuming that the surface 
remained constant during each series. This 
correction factor did not exceed 1.15. The 
correction is smaller ‘than the total shrink- 
age of BET area mentioned previously. 
This may be due to the fact that the total 
shrinkage (of the BET area was measured 
after additional drastic *treatments such as 
an attempt at a complete reduction of the 
iron oxide by H,. The criterion for adsorp- 
tion equilibrium on the iron oxide surfaces 
was the ,same which had been used for the 
adsorption of NO on ,chromia (1). Adsorp- 
tion was continued for 6 to 24 hr until the 
amount adsorbed per hour was less than 
0.2% of the quantity already adsorbed. The 
total #amount of adsorbed NO was corrected 
for the small amount which was adsorbed 
on the ‘aluminasilica surface. This quan- 
tity was determined in a separate experi- 
ment. Consistency of the results was 

checked ‘by repeating one or more points of 
each isotherm ,after the sample had been 
subjected to at least one oxidation-reduc- 
tion cycle. 

Adsorption rates of NO on sample Sl 
were measured at 26, 90, ,and 150°C and a 
constant pressure of approximately 3 Torr. 
These measurements were executed for the 
oxidized and for the reduced surface and 
were repea,ted at least once. 

EXPERIMENTAL RESULTS AND DISCUSSION 

A. Adsorption Isotherms 

The unit of adsorption is “millimoles of 
NO per gram of catalyst in its initial state,” 
1 g of catalyst ‘corresponding to a BET 
surface area of 198.9 m”/g. Obvi,ously, only 
a pa#rt of the total ‘exposed surface is iron 
oxide. Adjustment for surface shrinkage is 
taken into .account as described above. The 
adsorption isotherms for sample Sl are 
shown in Fig. 1 for Fe203 (filled symbols) 
and Fe304 (open symb0l.s). The data con- 
form well to Freundlich isotherms in the 
covered pressure range from 2 to 200 Torr, 
as shown by a linear relationship between 
the logarithmic coordinates of the amount 
adsorbed, q, and the pressure p. The 
Freundlich isotherm is defined by 

q = cpl’n, (1) 
where the coefficients n and c are functio’ns 
of the temperature, and these can be ex- 
pressed by the amount qnz which is ad- 

NO pressure [km] 

FIG. 1. Adsorption isotherms for NO on supported iron oxide: A, 0, 0: FeaOd; A, w, + : FezO$. 
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sorbed at monolayer coverage (0 = 1)) the heat of chemisorption with coverage, 
pressure p, = l/a, required for formation H, = ---H&B (11), the proportionality 
of a monolayer, and H, which is a measure constant H, is interpreted as the heat of 
for the heat of adsorption (1, 11). These adsorption at a coverage 0 = 0.37. The aver- 
relationships are aged value of H, for the oxidized surface 

n = H,/RT, (2) 
in the range from 26 to 150°C is 3.3 kcal/ 
mole. The corresponding value for the re- 

where T is the absolute temperature, and duced surface is much higher: 10.5 kcal/ 

log c = log qrn + (l/n) log uo. (3) 

The points of intersection for both sets of 
isotherms show that the amount of NO re- 
quired for monolayer coverage is identical 
for Fez03 and Fe304, i.e., qm = 0.96 
mmoles/g. However, the pressure which is 
necessary to achieve monolayer ‘coverage is 
much higher for Fe?O, (p,. = 25 000 Torr) 
than for Fe304 (pm = 500 Torr), demon- 
strating that the affinity for NO at a given 
pressure is much higher for the reduced 
surface than for the oxidized surface. 

The significant parameters of the Freund- 
lich isotherms are given in Table 1. Both 
coefficients c and n decrease with tempera- 
ture which is the usually observed behavior 
(11). The values for n in case of FezO, are 
close to those which have been reported for 
oxidized chromia. From Eq. (2), n can be 
considered as a measure of the affinity o’f 
the surface toward NO adsorption. One 
derivation of the Freundlich isotherm, 
based on statistical thermodynamics, re- 
quires that the product nT should be ‘con- 
st’ant, but it is experimentally quite fre- 
quently found that this product decreases 
with temperature, which is a,lso the case for 
the data given fo,r Fe,O, and Fe304 in 
Table 1. 

Assuming a logarithmic decline of the 

TABLE 1 
COEFFICIENTS OF FREUNDLICH ISOTHERMS 

H,( = nRT) c (mmole/ 
T&C) n (kcal/mole) d 

Oxidized 26 6.01 3.57 0.178 
surface 90 4.67 3.37 0.110 
(FezO$) 150 3.51 2.95 0.053 

Reduced 26 20.02 11.89 0.704 
surface 90 14.91 10.75 0.632 
(Fe304 150 10.78 9.06 0.539 

mole. 
The isosteric heat of adsorption can also 

be calculated from the family ozf isotherms 
with the aid of the Clausius-Clapeyron 
equation. The value which is thus derived 
for the ,oxidized surface, corresponding to 
H, (6’ = 0.37)) is 5.5 kcal/mole for the 
oxidized iron oxide surface. The result is in 
numerical agreement with the heat of ad- 
sorption calculated for oxidized chromia at 
the same coverage (1). The reduced surface 
yields in the same manner 14.7 kcal/mole. 
This last result is obtained by employing 
a considerable extrapolation. 

R. Adsorption Rates 

Adsorption rates were evaluated by plot- 
ting t~hem in accordance with the Elovich 
equation, 

dq/dt = a exp (- aq), (4) 
with q in mmoles/g, f in seconds, or its in- 
tegrated form, 

q = 2: log t, 
to 

assuming to = $a <( t. 

The Elovich plots for Fez03 and Fe304 
are qualitatively similar to those obtained 
for oxidized and reduced chromia (1). The 
NO adsorption on reduced surfaces is char- 
acterized ‘by a fast uptake of NO at law 
coverages which is followed by a much 
slower process. The result is an Elovich 
plot consisting of two linear segments with 
a distinct break between them, as shown in 
Figs. 2 and 3. The equivalence of plotting 
the data according to Eqs. (4) and (5) is 
evident from a comparison ,of both graphs. 
The break occurred at all temperatures at 
a coverage of 0.47 k 0.04 mmoles of NO/g, 
which corresponds to f3 + 0.50. In contrast, 
adsorption on oxidized surfaces yields an 
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FIG. 2. Hovich plots for NO adsorption on supported iron oxide at 90°C and 3.5 Torr: n : Fea04; 0: 
FezOs. 
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FIG. 3. Elovich plots for NO adsorption on supported iron oxide, integrated form at 90°C and 3.5 Torr: 
n : FesOl; 0: Fep03. 



NO ADSORPTION ON IRON OXIDES 189 

n cGJ---- 
I I I , I I I I I I I , , , , , , , , _- 

" 30 100 150 200 

T [“Cl 
FIG. 4. Temperature dependence of LY from Elovioh plots: CYO (a): FezOa; CZ, (0): Fe804 (first he seg- 

merit) ; aa (0) I Fez04 (second line segment). 

Elovich plot which consists of a single 
straight line. 

The adsorption rates depend primarily on 
the exponenti,al factor a, while the pre- 
exponential factor a is of less importance. 
The coefficients I(Y~ and ‘(Y~ given in Fig. 4 
describe the first ‘and second linear segment 
of the Elovich plots for supported Fe,Ol; 
(Y,, follows correspondingly for Fe,Oa. An 
increase ,of ,(Y is equivalent to a decrease of 
the adsorption rate. A comparison of LYE 
and crl confirms again the difference be- 
tween the adsorption rates on oxidized and 
reduced iron oxide. For example, the ratio 
of these rates at a coverage 6 = 0.1 and 
room temperature is 2 X 105, and this ratio 
increases by ,a factor of 10 upon raising the 
temperature to 150°C. 

C. Irreversibility of NO Adsorption 

In the previous work with chromia (1) 
the chemisorption of NO on the oxidized 
surfaoe was completely reversible, while on 
the reduced surface it was irreversible to a 
small degree. In the case of the iron oxides 
the degree of irreversibility is higher. Thus, 
the desorption of NO both from the re- 
duced and oxidized surfaces was slow and 
incomplete. For example, after contacting 

the reduced surface with NO jaat 215 Torr 
and 150”, $1 wt % of the adsorbed amount 
remained on the surface after 3 hr of pump- 
ing, 57% upon raising the temperature to 
215” for 2 hr, and 35%, corresponding to 
10.5 mg/g, was retained at 288°C. A cor- 
responding de-sorption from an oxidized 
surface which had been in contact with NO 
at 240 Torr pressure and room temperature 
gave a residual weight of 72% when pump- 
ing for 5 hr a,t 26” and 38% after raising 
the temperature to 153” and pumping for 
7 hr; finally 29% corresponding to 3.6 
mg/g, could not be disengaged at 250°C. 

These values are not considered as ex- 
actly reproducible but can be taken as a 
rough quantitative measure. The remain- 
ing adsorbate, especially in the case of an 
initially reduced surface, is assumed to be 
predominantly oxygen which is left behind 
on the surface, while NO is reduced to N,O. 
The appearance of N,O during the desorp- 
tion process was shown in a separate ex- 
periment which was carried out in a small 
volume circulation system. 

This ‘experiment was designed to assess 
in what degree the irreversible chemisorp- 
tion (or oxidation of the reduced surface) 
takes place during the chemisorption. For 
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this purpose, 4.74 g of reduced sampl,e Sl 
were brought into contact with 352 Torr 
of NO at room temperature until the pres- 
sure decreased by 73%. The mass-spectro- 
metric analysis has revealed 1.4% N,O in 
the residual gas phase after 1 hr circulation 
and 3.1% N,O after 10 hr circulation. 
Nitrogen was not found as a desorption 
product. From this result it is estimated 
that the amount of chetisorbed NO mole- 
cules which have oxidized the reduced sur- 
face sites during the chemisorption process 
is 1% after 1 hr and 2% after 10 hr. As the 
temperature increases, the degree of the 
irreversible chemisorption ‘can ‘be expected 
to increase. The gas adsorbed in the de- 
scribed experiment was desorbed at 150” 
and collected in a cold trap. The amount of 
N,O in ,the desorbed gas was estimated at 
16% of the total. The corresponding 
amount of oxygen left behind on the sur- 
face was of the order needed to oxidize 
the surface from Fe304 to Fe,Os. The sam- 
ple after the experiment ,remained black 
and magnetic, while the fully oxidized sam- 
ple is brown-red and nonmagnetic. This, 
again indicates that the oxygen is depo,sited 
only on the surface. 

D. Relati,on Between Chemi.sor,bed NO 
and Surface Iron Atoms 

The establishment of this relationship is 
not as direct as in the case of chromia be- 
cause an independent measure of the 
amount of transition metal ions in ,the sur- 
face obtained in the latter case by iodo- 

metric titration canno,t be readily provided. 
The amount of NO chemisorbed on a sur- 
face Fe atom was assessed, therefore, indi- 
rectly by 2 independent approaches. 

Eirstly, the amount of NO chemisorbed 
on 2 dilute supported samples S2 Land 63 
containing respectively 0.85 and 0.15 wt $% 
Fe was measured. This was done by mea- 
suring the NO uptake at 26” for 3-4 pres- 
sure points in the 10-206 Torr range and 
extrapolating to the pressure corresponding 
to one monolayer as established for the Sl 
sample. In these s,amples every Fe atom is 
assumed to be exposed on the surface. As 
shown in Table 2, on the diluted samples 
the ratio of the total Fe atoms to the maxi- 
mum amount of NO molecules is close to 1 
Fe atom/l NO molecule, the deviation of 
~20% in dilute 53 sample is within the 
experimental error. 

Secondly, the amount of NO molecules 
adsorbed per 1 iron atom in the .surf,ace can 
be assessed employing the previously ob- 
served 1:l correspondence in chromia and 
the structural similarity between Cr,O, 
and aFeZ03. These compounds are isomor- 
phous and differ in their lattice parameters 
by only 0.5% (la). The respective maxi- 
mum amounts of NO adsorbed at room 
temperature by pure Crz03 and Fe,Oa are 
0.0108 and 0.0104 mmoles/m2 (BET). This 
result confirms the same limiting capacity 
for NO chemisorption on iron oxide as that 
noted on chromia, i.e., 1 NO molecule/iron 
atom in the surface. 

The numerical value of the NO chemi- 

TABLE 2 
COMPARISON OF IRON CONCENTRATION, NO ADSORPTION AND MONOLAYER COVERAGE, AND EXTRA 

OXYGEN INVOLVED IN OXIDATION-REDUCTION PROCESS 
- .- - - -_. - _ _- _ ---~-- .--- - _-. _ 
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sorption density (6.3 X 1O1* molecules/m2) 
is clearly within the expected range of den- 
sities of the metal ions ‘on either Fe20, or 
Fe304. Thus, in a-Crz03 a chiefly exposed 
(O,O,O,l) plane ha’s a Cr atom density of 
9.8 X 101S/m2. The same Fe-atom density 
should also be taken for the same plane in 
the a-Fe203. In Fe,O, we have estimated, 
for the 3 low index planes, the respective 
Fe-atom densities: (l,O,O), 8.6 X lOI*; 
(l,l,O), 11.1 x 10’S; (l,l,l), 10.7 X 1018; 
averaged value, 9.8 X 101*. Although these 
densities are considerably higher than the 
NO chemisorption density, surfaces fully 
populat,ed with one type of ions were shown 
by Kummer and Yao (14) to be less stable 
than half-populated surfaces. The NO 
chemisorption density falls therefmore within 
the range bracketed by the half- and fully- 
populated surface ion densities, fairly close 
to the more probalble half-populated limit. 

We would like to take this opportunity 
to point out that in our previous publica- 
tion (2) in the estimation of the chromia 
surface on the supported catalyst A, used 
also in Ref. (I), we have tacitly assumed a 
fully populated surface. If we assume now 
that the chromia surface in the sample A of 
Ref. (2) is populat,ed to the same extent 
as the pure chromia sample, then using the 
limit of NO chemisorption on A of 0.55 
mmole NO/g and 0.0108 mmole/m’(BET) 
given above, the area occupied by the 
chromia in the supported sample is 250 
mz instead of the reported 30 m2. In view 
of the assumptions used in either of the 
estimations, the actual value may be some- 
where within these limits. 

The application of the criterion of 1 NO 
mdleculeJ1 surface Fe atom to sample Sl 
implies that 266% of the Fe atoms are 
exposed (Table 2) as opposed to 25% in 
the case of the supported chromia sample 
prepared in a similar manner. This means, 
of course, that the iron oxide is spread 
mulch more thfinly. Using the limiting 
amount of NO chemisorption on Sl of 0.96 
mmole/g and the 0.0104 mmole/m2 (BET) 
on pure iron oxide, the surface covered in 
Sl by iron ‘oxide is +90 m’/g. Again, this 
result, predicated on the assumption that 
the populations on pure and supported 

oxides are equal, should serve only as an 
approximate value. 

As mentioned before, it was consistently 
found that the weight difference observed 
during oxidation-reduction was consider- 
ably higher than the amount corresponding 
to the bulk reduction 3Fez03 + CO = 
2Fe30, + CO,. A comparison of the addi- 
tional weight differences for the supported 
samples of Sl and 52, and for the unsup- 
ported sample S4 showed that the extra 
oxygen was present on the surface only. 
This conclusion follows from the data in Ithe 
last line <of Table 2, which were obtained 
gravimetrically, and is (based on the fixed 
ratio of the extra ,oxygen to the amount of 
NO which is adsorbed at monolayer cover- 
age. This ratio remains fairly constant, in 
spite of the fact that the ratio between 
iron in the bulk and in the surface shows 
considerable variations for the different 
samples. 

For sample Sl ‘the additional surface 
oxygen was also ascertained by an inde- 
pendent method using mass-spectrometric 
monitoring (2) of the gas &earns in the 
flow oxidation of the sample by O,-He mix- 
tures and in the flow reduction ‘of the sam- 
ple by CO-C02-He mixtures (CO : CO, ratio 
of 1: 3. The extra oxygen on the surfaces im- 
plies a higher oxidation state than 3 for a 
part of the surface Fe atoms. Higher oxida- 
tion states of iron in the bulk are known 
(15) but are relatively unstable. There 
might be a possibility that these higher 
oxidation states of iron are more stable on 
the surface as is also the case with cor- 
responding chromium <ions. We are una,ble 
to confirm this assumption at present by 
an independent method. 

E. Comparison with the NO Chemisorption 
on Chromia Surfaces 

Qualitatively the chemisorption of NO 
on the reduced and oxidized iron oxide is 
very much akin to that on the respective 
chromia surfaces, so that much of the dis- 
cussion in the previous paper (1) lapplies 
here. The chemisorption on the reduced iron 
oxide is much stronger as manifested by the 
increased heat of chemisorption, larger ex- 
tent of dissociative chemisorption and the 
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difficulty in desorption. The ‘strong affinity 
of the iron atom to coordinate NO is well 
known (6). The fast and massive NO ad- 
sorption on the surface of iron oxide may 
underlie the experimental observation that 
the supported iron oxide catalyst exhibits 
the fastest rates for NO reduction by CO 
from among all the supported metal oxides 
of the first transition ‘series (2). 

As is th’e case for chromia, in our opinion 
the difference in the adsorptive behavior 
between the reduced and oxidized iron oxide 
surface is related not to the presence of a 
certain proportion of ferrous ions (magnet- 
ite) ,on the reduced surface but to the 
presence of the extra oxygen on the oxidized 
surface which exerts a strong inhibiting 
effect on the rate of chemisorption. Were 
the ferrous ions in the magnetite surface 
behaving differently from the ferric ions 
one would expect the discontinuity in the 
Elovich plots at around 8 = 0.33 instead of 
at 0.50 as actually noted. Further, the in- 
crease of the amount of extra oxygen on the 
oxidized surface obtained by ‘cooling the 
sample in oxygen slows down the chemi- 
sorption of NO still more. 

Thus, the capacity for NO adsorption 
was lowered considerably when cooling the 
iron oxide sample in oxygen to room tem- 
perature ibefore eva’cuation and adsorption. 
Unsupported Fe& adsorbed under these 
conditions only 30.2% lof the amount of NO 
which was ,adsorbed otherwi’se after evacu- 
ation at 350°C. On the other hand, reduc- 
tion of the oxide beyond Fe,O, did not en- 
hance its capability for NO adsorption. For 
example, Sample 81 which had been re- 
duced ‘by hydrogen at 600°C until it con- 
tained only 0.2 atoms lof oxygen per atom 
of Fe in the bulk adsorbed only 4.9 wt % 
more than the limiting amount given in Fig. 
1. This extra weight was most likely oxygen 
from NO which partly reoxidized the sur- 
face. The extra oxygen hampers the adsorp- 
tion rate considerably, and at higher con- 
centrations, it may even physically block 
a part of the NO adsorption ‘sites. 

The Elovich slopes of the second segment 
of the chemisorption plot on the reduced 
surface are again fairly close to the slopes 
of the Elovich plots on the oxidized surface. 

Therefore, there is no reason to change the 
hypothesis advanced in Ref. (I), that the 
break on the reduced (surface is induced by 
the chemisorption of NO, with the oxygen 
atoms pointing away f,rom the surface, on 
the more energetic sites. Although rational- 
ization for the occurrence of the break at 
different 0 values on the supported chromia 
and supported iron oxide could be at- 
tempted no convincing explanation can be 
provided now. 
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