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A temperature-programmed desorption study showed that the activation energy of oxygen desorp- 
tion from YBa,Cu,O,-, (X = 0.05), PrBaQr@-, (X = 0.02) and YBa&CoO,+, (X = 0.26) were 
28.2, 26.4, and 22.3 kcalimole, respectively. Anaerobic oxidation of NH3 over these oxide systems 
shows the formation of H,O, Nz, and NO transforming the oxides to tetragonal phases. Aerobic 
oxidation of NH? is NO specific over all the three oxide catalysts. The Co-substituted YBazCuz 
coo-i+, was the most reactive and stable oxide in this family; the lower oxygen desorption energy 
and higher reactivity are suggested to be due to the presence of holes in the form Co4+O’- * 
Co’+O-. The conversion of NH3 to NO was nearly 100% above 400°C when the ammonia flow rates 
were 10 ~mole/cm2/s over 0.3 g of the YBaQt$oO,,, catalyst. 0 1992 Academic Pres Inc. 

INTRODUCTION 

YBa,Cu,0,~,(123) is a much studied ox- 
ide system since its discovery as a supercon- 
ducting oxide (1). Fully oxygenated 123 has 
orthorhombic structure (123(O)). Oxygen 
desorption from this compound leads to 
YBa,Cu,O,,,( 123(T)) with a tetragonal struc- 
ture and the compound is semiconducting 
(2-4). The heat of desorption of oxygen 
from 123(O) to 123(T) is about 27 kcal/mole 
(.5), which is lower than the oxygen desorp- 
tion energy from Ag/O, and Pt/O, systems 
(6). It is also known from thermogravimetric 
study that the temperature at which oxygen 
desorption occurs increases with the in- 
crease of x in YBa,Cu,O,-,, indicating that 
the labile oxygen in this system is dissoci- 
ated (atomic) oxygen. Therefore, 123(O) is 
expected to act as an oxidation catalyst. 
Having seen the availability of labile oxy- 
gen, several catalytic studies have been car- 
ried out. Hansen er al. (7) were the first to 
employ YBazCu30s+,( 123(T)) as an ammox- 
idation catalyst, viz., oxidation of toluene 
to benzonitrile. Subsequently, Salvador (8) 
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showed quantitative oxidation of CH, to 
CO, and H,O over 123(O). However, CO1 
was readsorbed by the compound to form 
BaCO,. To that extent, the compound was 
decomposed. Stationary catalytic reaction 
NO + CO+ N, + CO, was shown to occur 
on 123(T) (9). Oxidation of CO to CO, has 
also been shown on other insulating ternary 
Cu oxides (10). The studies on 123 as a cata- 
lyst were restricted to YBa,Cu,O,(O) and 
YBa2CW6+.(T). 

Electrical conductivity, structure and ox- 
ygen content are interrelated in the case of 
123. As the oxygen in YBa,Cu,O,,,(l23(T)) 
is increased, the compound becomes ortho- 
rhombic and also becomes metallic and su- 
perconducting. Conductivity at 300 K in- 
creases with increase in oxygen content. 
Furthermore, the superconducting transi- 
tion temperature increases from 0 to 90 K 
for increase in oxygen content from O,,, to 
0 6,95. Simultaneously, the onset tempera- 
ture for oxygen desorption decreases from 
550 to 350°C with the increase in oxygen 
content (5). Thus, conductivity of 123 does 
give information on the availability of labile 
oxygen. The electrical conductivity behav- 
ior of 123 can be altered by cationic substitu- 
tion. For example, yittrium can be substi- 
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tuted by praseodymium keeping the 
compound orthorhombic (PrBa,Cu,O,), but 
it is semiconducting (II). YBa,Cu,CoO,,, 
has been synthesized, wherein the Co3+ ion 
occupies the chain Cu position and this com- 
pound is insulating (12). Weight loss due to 
oxygen desorption from this compound has 
been observed (12). Similarly, oxygen de- 
sorption from Pr123 has also been observed 
(13). The question is whether the oxygen 
from the semiconducting and the insulating 
compounds of the 123 family is more or less 
reactive than that of the YBa,Cu,O,-, itself. 
Such substitutions also bring about a de- 
crease in the positive hole concentration, 
simultaneously making the compound non- 
superconducting (12). Reactivity of oxygen 
in such substituted 123 may decrease since 
the holes are known to be in the oxygen ion. 
We have therefore undertaken a study of 
123 as an oxidation catalyst specifically to 
identify the reactive oxygen in the 123 sys- 
tem. It seems possible to selectively vary 
the binding energy of the labile oxygen 
through cationic substitution. In this study, 
we report on the oxygen chemistry of YBa, 
Cu,O,~,(123), PrBa,Cu,O,-,(Prl23), and 
YBa,Cu,CoO,,,( 1221), employing tempera- 
ture-programmed desorption (TPD) and 
temperature-programmed reaction (TPR) 
techniques. NH, oxidation under anaerobic 
and aerobic conditions has been employed 
as a test reaction. The results are supported 
by structural studies on the catalyst before 
and after the reaction. 

EXPERIMENTAL 

123, Pr123, and 1221 oxides were synthe- 
sized by heating stoichiometric mixtures of 
Y,O,, BaO,, CuO, Pr,O,,, and Co(C,O,) * 
2H,O at 930°C for 60 h with three intermit- 
tent grindings. The oxides were then cooled 
from 900 to 30°C in oxygen at a rate of 1°C 
per min. Sample purity was checked by 
X-ray diffraction using CuKa radiation em- 
ploying a Jeol X-ray diffractometer. Cell pa- 
rameters of all the oxides were in agreement 
with the values reported in the literature 
(12-14). We have also synthesized Y,-,Pr, 

Ba,Cu,O, -y as well as YBa,Cu, -,Co,O, +,, 
(0 < x < 1). Since the variation in the rea& 
tivity of oxygen was small, only the end 
members of these two oxide series have 
been fully examined for their catalytic activ- 
ity. The 123(O) was superconducting with 
T, of 90 K. Oxygen content was estimated 
from iodometric titration (15) and the oxy- 
gen in the formula is accurate within kO.04. 
In each case, the well-sintered pellets were 
finely powdered and the surface areas were 
determined using a Cilas-Alcatel715E gran- 
ulometer. The surface areas were in the 
range of 0.1 to 0.2 m2/g. 

Temperature-programmed reaction/de- 
sorption was carried out in a 6-mm-diam 
quartz continuous flow reactor. The reactor 
tube was pumped to lop6 Torr by a diffusion 
pump. The evolved gas was sampled 
through a fine control leak valve to a UHV 
system housing a Vacuum Generators quad- 
rupole mass spectrometer at 10e9 Torr. The 
gas sampling was performed every 10 s over 
the period of the experiment. The sample 
temperature was measured by immersing a 
fine chromel-alumel thermocouple into the 
catalyst, and the mass signal and the temper- 
ature sensed from the thermocouple were 
fed to an A/D converter and the digitised 
signals were acquired by a PC/AT. 

A typical experiment carried out here is 
as follows. Finely powdered 0.3 g of the 
oxide was loaded into the reactor and 
pumped to 1O-6 Torr. The sample was 
heated at lS”C/min from 30 to 650°C. At the 
interval of a 3°C rise in temperature, gas 
analysis was carried out. At the end of a run, 
which is typically 225 scans, peak height of 
each mass and the corresponding tempera- 
ture were retrieved and the thermograms 
were generated. In the case of reactions, 
gases such as NH,, NH, + O2 were passed 
over the catalyst at a constant flow rate with 
lS”C/min heating rate. Flow rate of ammo- 
nia was generally 8 pmole/cm% and it was 
varied from 2 to 15 pmole/cm2/s. 

RESULTS AND DISCUSSION 

Oxygen desorption thermograms for the 
123, Pr123, and 1221 oxides are shown in 
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FIG. 1. Temperature-programmed desorption of oxygen from (A) 123, (B) Pr123, and (C) 1221. Inset 
shows Arrhenius or Polanyi-Wigner plots for oxygen desorption. 

Fig. 1. When these oxides are exposed to that the compounds were pure. Onset tem- 
air, they absorb H,O and CO,. Adsorbed perature for oxygen desorption was 310°C 
CO, reacts with the compounds forming for the Co-substituted 1221 oxide and 350°C 
BaC03. TPD of the air-exposed oxides gave for 123. The peak temperature of oxygen 
Hz0 and CO2 in addition to oxygen. How- desorption was 450°C for the 1221 and 500°C 
ever, desorption of H,O, CO,, and CO were in the case of 123. The peak temperature of 
not observed during this study, indicating oxygen desorption was 470°C in the case 

TABLE 1 

The Variation of Cell Parameters and Cell Volume in the YBa2Cu307-r System 

SI. 
No. 

System Structure” b 
!i, 

Vb Oxygen 
(A, (A31 content’ 

1. 
2. 

3. 

4. 

5. 

6. 

YBa2CW6 95 0 3.81 3.89 11.65 172.66 6.95 
YBa2Cu@6,42 T 3.88 - 11.70 176.13 6.42 

(oxygen desorbed) 
YBa2Cu30,-,/NH, T 3.92 - 11.75 180.55 6.35 

TPRl30-650 C 
YBa2Cu30,-JNH,/ T 3.87 - 11.74 175.82 6.46 

Iso thermal (370 C) 
YBa2Cu30,-JNH, + 02/ 0 3.82 3.88 11.66 172.81 6.78 

1: SITPR/30-650°C 
YBa2Cu30,+,/NH3 + 02/TPR 0 3.82 3.89 11.71 173.56 6.65 

’ 0, orthorhombic; T, tetragonal. 
b Cell volume. 
c Oxygen content given here is accurate within kO.04. 
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TABLE 2 

The Variation of Cell Parameters and Cell Volume in the PrBa,Cu,O,-, Systems“ 

Sl. 
No. 

Systems 

I. 
2. 

3. 
4. 
5. 
6. 

PrhCu306.9x 
PrBaOU&+, 

(oxygen desorbed) 
PrBazCu@~JNH3/TPR/30-650/15”C/min 
PrBazCu@~~~NH~/isothermal/370”C 
PrBazCu30T_,/NHj + O*/TPR product 
PrBa$ujOh+,/NH, + OziTPR product 

Structure b 
(4 

V 
(A31 

Oxygen 
content 

0 3.86 3.91 11.71 176.73 6.98 
T 3.92 - 11.78 181.01 6.60 

T 3.92 - 11.77 180.24 6.56 
T 3.92 - 11.7 180.24 6.59 
T 3.91 - 11.80 180.39 6.46 
T 3.92 - 11.74 180.40 6.46 

” See the footnotes for Table 1. 

of Pr123. The activation energy determined The Co-substituted 1221 remains tetragonal 
from Arrhenius (or Polanyi-Wigner) plots before and after oxygen desorption. Oxygen 
(16) were 22.3, 26.4, and 28.2 kcal/mole for estimation by the iodometric titration 
1221, Pr123, and 123, respectively. These method showed that YBa,Cu306.,5 upon ox- 
values could be reproduced within t 1.5 ygen desorption goes to YBa,Cu,O,,,,; 
kcal/mole. Cell parameters of these oxides PrBa&06,98 goes to PrBa,Cu,O,.,; and 
before and after oxygen desorption (up to YBa,Cu,CoO,,,, goes to YBa,Cu,CoO,,,,. 
65O’C) are given in Tables l-3. The increase Thus, the amounts of oxygen desorbed per 
in the cell volume for 123 and Pr123 after mole of the oxide vary in the ratio 
oxygen desorption is by about 3 A’ and it 1 : 0.76: 0.25 for 123, Pr123, and 1221, re- 
matches well with the values reported in spectively. Alternatively, the quantity of 
the literature (12-14). Furthermore, a linear oxygen desorbed from these three systems 
increase in c-axis with decrease in oxygen obtained from the area under the oxygen 
content, i.e., withx in YBa,Cu,O,-, and the desorption curve was found to vary as 
corresponding Pr123, has been observed as 1 : 0.77 : 0.3, which is close to the ratio ob- 
expected. However, the variation in the c tained from the titration. It is also important 
parameter with x was not significant in the to note that in the case of the co-substituted 
case of 122 1.123 and Pr123 oxides transform compound, excess over 0, is desorbed. Fur- 
from orthorhombic to tetragonal structure. thermore, the decrease in oxygen content 

TABLE 3 

The Variation of Cell Parameters and Cell Volume in the YBa$u2CoOT+, Systems’ 

3. 
No. 

System 

1. 
2. 

3. 
4. 
5. 
6. 

YBa2CuzCo0,,, 
YBa2CW7+, 

oxygen desorbed 
YBa2CuzCo0,+JNHj 
YBa2CuzCo0,+JNH3 isothermali370”C 
YBa2CuzCo0,+,/(NH1 + 02)/1 : 5 
YBa$u,CoO,+.JdesorbedlNH, + 0211 : SITPR 

Structure b 
cz (A) (i) 

V 
(A31 

Oxygen 
content 

T 3.88 - 11.66 175.53 7.26 
T 3.88 - 11.68 175.83 7.14 

T 3.88 - 11.66 175.53 7.02 
T 3.89 - 11.66 176.44 7.07 
T 3.89 - 11.67 176.59 7.17 
T 3.88 - 11.71 176.28 7.11 

(i See the footnotes for Table 1. 
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upon oxygen desorption is lowest in the case 
of 1221. 

The activation energy of oxygen desorp- 
tion from 123(T) is about 54 kcaYmole (5), 
which is much higher than that from 123(O) 
with a value of 28 kcal/mole. Also, the onset 
temperature of oxygen desorption is higher 
for 123(T) than for 123(O). Such behaviour 
in 123 can be explained by considering the 
fact that as the oxygen content in 123(T) is 
increased to form 123(O), there is an in- 
crease in the hole concentration. Holes are 
considered to be present on both Cu and 
oxygen in 123 as given by (17). 

cu3+02- G cu2+0-. (1) 

Although the dissociation of a metal oxide 
is written by a simple chemical reaction, 

M2+02- 4 M + to,(g) - AH, (2) 

several steps are involved in this reaction. 
Oxygen desorption from an oxide should 
follow the sequence (18) 

-AH, -AH: AH, 

20, (ad) z4 802 k). (3) 

Each step in this sequence of reactions in- 
volves finite energy and AH of total reaction 
(2) is the sum of the individual reactions 
(18). If there are holes in oxygen in an oxide, 
meaning thereby the presence of O--like 
ions as represented in Eq. (I), the oxygen 
desorption energy should be lower by a frac- 
tion of AH, compared to the charge-bal- 
anced oxide containing O*--like ions. When 
the hole concentration is increased, an in- 
crease in O- as per Eq. (1) occurs, leading 
to a lower desorption energy. 

The purpose of studying oxygen desorp- 
tion of Pr123 was to see if labile oxygen is 
more strongly bound compared to the 
123(O) because it is known that the hole 
concentration responsible for the metallic 
and superconducting property is decreased 
due to Pr ion substitution in place of the Y 
ion. The same is true of Co ion substitution 
in the chain Cu position. The activation en- 

ergy of oxygen desorption in Pr123 is lower 
than that of 123(O), contrary to expectation. 
Therefore the binding energy of the labile 
oxygen associated with the chain Cu is not 
altered in the case of Pr123. 

The Co-substituted 1221 is an interesting 
compound. The oxygen desorption energy 
is lower than that in 123, indicating that the 
labile oxygen is not more strongly bound 
due to the presence of Co3+ ion in the chain 
Cu position. The total oxygen in the oxygen- 
annealed sample is 7.26, which agrees well 
with the values reported in the literature (12, 
19). In 123, the presence of holes is well 
recognised and the bond valence study 
shows that the Cu valence is intermediate 
between + 2 and + 3 (20). Taking the formal 
valencies of ions as Y3+, Ba2+, Cu*+, Co3+, 
and O*-, YBa,Cu,CoO, forms a stoichio- 
metric compound. This implies that there 
are 0.52 holes in the oxygenated YBa,Cu, 
COO7.26 compound. This means that either 
part of Cu is oxidised to + 3 or Co is oxidised 
to + 4 valence states. It is reasonably under- 
stood from the neutron diffraction studies 
that the Co3+ ion occupies the chain Cu po- 
sition and since Co3+ is stable in octahedral 
coordination, the extra oxygen should be in 
the a/2 lattice position (21). Charge balanc- 
ing in YBa2Cu2C007,25 can be achieved in 
two ways: (a) Y3fBa:‘Cu:.25+Co3f0:_25, in- 
dicating that part of Cu is oxidised to the 
Cu3+ state, and (b) Y3+Ba~+Cu~+Co3.5+ 
O:;,, indicating that half of the Co is in + 3 
and half is in +4 oxidation states. It is 
known that with 0.25 holes per plane Cu in 
the cuprates, the compound is expected to 
be metallic and superconducting (22). How- 
ever, this compound is semiconducting. 
Therefore it is unlikely that Cu is oxidised 
to +3 state or the holes are residing in the 
Cu-0, sheets in 122 1, unlike in 123. Alterna- 
tively, part of Co3+ can be oxidised to Co4 + . 
The low oxygen desorption energy in this 
compound can then be due to holes that can 
be represented as 

co4+02- @ co3+o-. (4) 

The oxygen desorption temperature of 
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FIG. 2. Thermograms of anaerobic ammonia oxida- 
tion over (a) 123, (b) Pr123, and (c) 1221. The oxides 
used here were fully oxygenated. Flow rate of ammonia 
was 8 ~mole/cm*/s. 

this compound compares well with La, -,Sr, 
COO, (23); and, therefore, the oxygen reac- 
tivity in the Co-substituted 1221 is suggested 
to be due to the oxygen associated with Co. 

Anaerobic Oxidation of NH, 

NH, gas was passed over 0.3 g of the 
oxides and the products were analysed over 
a temperature range of 30-650°C. The ther- 
mograms of NH, over 123, Pr123, and 1221 
are shown in Figs. 2a, 2b, and 2c, respec- 
tively. H,O, N,, and NO were the products. 
In the case of 123 and Pr123, O2 was also 
desorbed. Onset temperature of H,O forma- 
tion from the hydrogen abstraction reaction 
from NH, was about 200°C in all the cases. 
It must be noted that at the temperature at 

which 0, desorption occurred, mainly NO 
and H,O were formed (see Figs. 2a and 
2b). Furthermore, the peak temperature of 
NO formation was lowest at 350°C in the 
case of 1221 followed by Pr123 and 123 
at 500°C. Formation of NO at a lower 
temperature in the case of 1221 correlates 
well with the lower oxygen desorption tem- 
perature of this compound. Figure 3 shows 
the thermograms for NH, over oxygen- 
desorbed 123 showing only N, and H,O 
formation above 500°C. At the end of the 
run, the compound was decomposed to 
basic oxides indicating that ammonia acts 
as a reducing agent. However, the oxygen- 
annealed 1221 and 123 did not show decom- 
position of the oxides to basic oxides in a 
run up to 650°C but the Pr123 showed a 
slight decomposition to Cu,O and other 
basic oxides. This then shows that PrBa, 
Cu,O, is less stable to NH,. We have also 
carried out isothermal reaction with NH, 
at 370°C; in the case of 123 and Pr123, 
H,O and N, were the main products. NH, 
over 1221 at 370°C gave NO as well and 
the compound was stable enough to give 
YBa,Cu,CoO,,,,. Thus, holes in 1221 can 
be selectively removed by employing NH, 
as a reducing agent. Lattice parameters 
and oxygen content obtained before and 
after the reactions are given in Tables l-3. 

0 100 200 300 400 500 600 7 0 
Tempetaturc:C 

FIG. 3. Thermograms of anaerobic oxidation over 
oxygen-desorbed 123 for the same flow rate as that in 
Fig. 2. 
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FIG. 4. Thermograms of aerobic oxidation of ammo- 
nia over oxygenated (a) 123, (b) Pr123, and (c) 1221 
(NH, : 0, = 1 : 5). Flow rate of ammonia was 8 kmolei 
cm2/s. 

Aerobic Oxidation of NH, 
NH, and 0, were premixed in the ratio 

of 1 : 5 and passed over the catalyst bed. 
Thermograms of NH, + 0, over the catalyst 
are shown in Figs. 4a, 4b, and 4c for the 
fully oxygenated 123, Pr123, and 1221, re- 
spectively. H,O and NO were the main 
products in the case of Pr123 and 1221, but 
with 123(O), Nz was also formed. When the 
reactions were carried out with oxygen- 
desorbed 123 and 1221 samples, as shown 
in Figs. 5a and 5b, respectively, NO and 
Hz0 were the products. From the peak in- 
tensity of NH, and NO, complete conver- 
sion of ammonia to NO can be seen with 
1221 as catalyst at temperatures above 
400°C. In Fig. 6 we show selected X-ray 

diffraction lines, which are characteristic of 
the orthorhombic and tetragonal phases of 
123 systems. The 123(O) changed to 123(T) 
after oxygen desorption (curve 6b) and also 
after anaerobic oxidation of NH, (curve 6~). 
The 123(O) remained orthorhombic under 
aerobic conditions. Furthermore, the 123(T) 
became converted to 123(O) even after the 
complete oxidation of NH,. In Fig. 7 we 
show similar patterns for Pr123 and in Fig. 
8, we show the variation that occurs in the 
case of 1221. The cell parameters, cell vol- 
ume, and the oxygen contents in each of 
these cases are given in Tables l-3. 

The reaction under anaerobic conditions 
can be represented as follows, assuming 
NO:N,is 1:l: 

1 lYBa,Cu,O,,,, + 3NH, -+ 1 1YBa2Cu306,45 
+jH,O+N,+NO. (5) 

However, under aerobic conditions, the re- 
action is 

YBaZCu2Co0,,,5 

2NH, + 4 O2 - 2N0 
+ 3H20. (6) 

500 
t (b) 

1500 

0 
500 

B 
5 
s 

OC 

Temperoture'c 

FIG. 5. Thermograms of aerobic oxidation of NH3 
over oxygen-desorbed samples (a) 123 and (b) 1221 
(NH, : O2 = 1 : 5). Flow rate of ammonia was 10 @mole/ 
cm2/s. 
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(e) 

Cd) 

(b) 

FIG. 6. Selected X-ray diffraction lines of the cata- 
lysts: (a) 123(O); (b) oxygen-desorbed 123; (c) 123(O)/ 
NH,/TPR; (d) 123(0)/NH3 + 02(1 : 5)ITPR; and (e) 
123(0)/NH, + 02(1 : 5)/37O”C. 

Thus, under aerobic conditions, 123(T) as 
well as 1221 acts as a catalyst for Reaction 
(6). From the relative intensity of NH,, NO, 
and H,O mass peaks, we see that almost 
100% conversion occurs at temperatures 
above 400°C (see Fig. 5b) for an ammonia 
flow rate of 10 ~mole/cm2/s over 0.3 g of 
the catalyst. Kinetics of the reaction and 
conversion rates for higher flow rates over 
catalysts of higher surface area need to be 
investigated. When oxygen-desorbed sam- 
ples were used as catalysts, the products 
were H,O and NO under aerobic conditions 
and the catalysts were oxygenated. Thus the 
incorporation of oxygen into the structure 
does occur during the reaction. Since we see 
the transformation of 123(O) to 123(T) as 
NH3 is passed over the catalyst, oxygen 
atoms in the chain Cu are selectively utilised 
for the reaction. 

The Co-substituted 1221 compound is a 

special case. YBa,Cu,CoO,,,, is reduced to 
YBa,Cu,CoO,,Oz when NH, is passed over 
the catalyst. This compound remains tetrag- 
onal even after the removal of oxygen in 
excess of 7. Since the 1221 structure remains 
intact after the NH, oxidation to H,O and 
NO, an excess of 7 oxygen from the a/2 or 
b/2 lattice position is utilized in the oxidation 
reaction. The higher reactivity of the Co- 
substituted compound can then be attrib- 
uted to the involvement of Co ion in a higher 
oxidation state, such as Co4+. From our 
studies, we suggest that holes in this com- 
pound as given in Eq. (4) is responsible for 
NO specificity. The NH, oxidation is NO 
specific over La, -.$G-Coo, (24) wherein 
Co4+ presence is well recognized (23-25). 

CONCLUSIONS 

(a) The activation energy values for oxy- 
gen desorption from 123, Pr123, and Co- 
substituted 1221 are 28.2, 26.4, and 22.3 
kcal/mol, respectively. 

(b) Anaerobic oxidation of NH, over 123, 

FIG. 7. Selected X-ray diffraction lines of the cata- 
lysts: (a) Pr123(0); (b) Pr123(T) oxygen desorbed; (c) 
Prl23INHJTPR; and (d) Pr123(O)/NH, + 0: 
(1 : 5)ITPR. 
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FIG. 8. Selected X-ray diffraction lines of the cata- 
lyst (a) YBa&Co07+, (1221); (b) 1221 oxygen de- 
sorbed; (c) 1221/NH3/TPR; (d) 122l/NH, + O&l : 5)/ 
TPR; and (e) 1221 (oxygen desorbed)/NHr + O2 (1 : S)/ 
TPR. 

Pr123, and 1221 shows the products as H,O, 
Nz, and NO and the oxides were trans- 
formed to tetragonal phases. 

(c) The reactivity of the oxygen associ- 
ated with the chain Cu is not altered when 
Y ion is substituted by Pr ion even though 
the latter compound is nonsuperconducing. 

(d) Aerobic oxidation of NH, is NO spe- 
cific over all the three catalysts and the Co- 
substituted 1221 is the most stable catalyst 
for this reaction. NH, to NO conversion was 
nearly total when oxygen-desorbed samples 
of 123 and 1221 were used at a flow rate of 
10 ~mole/cm’/s. 

(e) The presence of holes in the Co ion in 
the form Co4+01- $ Co3+O- is suggested 
to be responsible for the higher reactivity of 
YBa2Cu2Co07+.,. 
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