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The oxidation of carbon monoxide by gaseous oxygen in the presence of a powdered Ndi-xS^CoOs-, solid solution 

as a catalyst has been investigated in the temperature range from 150t to 300t： under various CO and 02 partial 

pressures. The site of Sr substitution, nonstoichiometry, structure, and microstructure were studied by means of 

powder X-ray diffraction and infrared spectroscopy. The electrical conductivity of the solid solution has been measured 

at 300t： under various CO and O2 partial pressures. The oxidation rates have been correlated with 1.5- and 1.2- 

order kinetics with and without a C02 trap, respectively; first- and 0.7 order with respect to CO and. 0.5- order 

to O2. For the above reaction temperature range, the activation energy is in the range from 0.25 to 0.35 eV/mol. 

From the infrared spectroscopic, conductivity and kinetic data, CO appears essentially to be adsorbed on the lattice 

oxygens of the catalyst, while O2 adsorbs as ions on the oxygen vacancies formed by Sr substitution. The oxygen 

vacancy mechanism of the CO oxidation and the main defect of Nd-SnCoQ-, solid solution are supported and 

suggested from the agreement between IR data, conductivities, and kinetic data.

Introduction

The catalytic oxidation of carbon monoxide has been st­

udied at a test reaction to investigate the variation of cataly­

tic activity of NdCoOa by Sr substitution. It is well known 

that the catalytic activities of metallic oxides are correlated 

with their nonstoichiometric composition and electronic pro­

perties. In this point of view, the Sr was incorporated to 

change the nonstoichiometry of NdCoOs. On the other hand, 

a correlation between the catalytic activity and the rf-electron 

configuration in metallic oxide has been found to exist in 

the catalytic of carbon monoxide. It has been reported that 

the catalytic activity of metallic increases with increase in 

the empty rf-orbital of metal ion1 and the backbonding bet­

ween n*-orbital of CO and J-orbital of metal ion is a key 

to determine the catalytic activities of perovskite oxides on 

the CO oxidation2.

Kiss and Gonzalez3 observed that the rates of CO oxidation 

on SQ supported Rh catalyst decrease with increasing the 

oxidation state of Rh catalyst. For the present catalysts, it 

is expected from the Sr substitution that vari간ion of the 

oxidation state of Co in the Nd—SmCoOi acts as an 

important role for the enhancement of the catalytic activity. 

We accordingly prepared the Ndi-xSrxCoOj-^ catalysts doped 

with different atomic mol fraction of Sr and characterized 

them by X-ray diffraction analysis and infrared spectroscopy.

Experimental

Material Preparation
The Ndi-xSrxCo03-y powder. Appropriate weights of 

the Nd2O3 (99.99%), SrCO3 (99.999%), and CoO (from C03O4, 

99.995%) powders obtained from the Aldrich Co. were mixed 

in ethanol and stirred for 72h to obtain a homogeneous dis­

persion. The mixture was then filtered and dried at 150t. 

This mixed and dried powder was put on a covered platinum 

crucible, placed in a preheated furnace, and fired in air at 

1050t for 72h and then slowly cooled to room temperature. 

The fired powder was ball-milled for 2h, calcined at 900fc, 

and then cooled rapidly to room temperature. Some of the 

mixed powders was fired in air at 1000 and 900t for 72h 

and then slowly cooled to room temperature.

The Ndi _xSrxCoO3 _y pellet. Some of the powder pre­

pared by the above procedure was compressed under a pres­

sure of 19.6 MPa into a pellet and sintered at 400t for 

2h. After sintering, the sample was given a light abrasive 

polish onto faces until the voids were fully eliminated, and 

then cut into a rectangular shape with suitable dimensions 

in order to measure the electrical conductivity.

Reactant gases. CO was prepared from the reaction 

of CaCOa and Zn powder in mole ratio of 1: 2. The chemical 

reaction was carried out by heating them at about 700t 

in quartz tube connected to CO gas storage. O2 was obtained 

from Matheson Gas Products (99.98% purity) and used after 

purification. The CO and O2 were purified by passing them 

over glass wool, CaCk and P2O5. This purification was found 

to give CO and O2 sufficiently free of catalytic poisons for 

the catalytic reactions.

Nonstoichiometry and Surface Area
x and y values. The x value in Ndi_*Sr*CoC>3_y catalyst 

was confirmed by atomic absorption spectroscopy (AAS). The 

effective values of x are 0.247, 0.493, and 0.739 in accordance 

with the nominal values of 0.250, 0.500 and 0.750, respecti­

vely. Based on the AAS data, the effective values of x are 

almost the same as the nominal values, satisfying within the 

experimental errors. The y value was calculated by determi­

ning the amounts of Co4+ and the total amount of Co. The 
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total amount of Co was determined following the procedure 

reported by Gushee et al\ The amounts of Co4+ and Co3+ 

were also determined according to the reported procedure5. 

The values of y are 0.001 (r—0), 0.008 (r=025\ 0.059 (#= 

0.50), and 0.1Q3 (r=0.75), respectively.

Surface area. The surface area of each sample (100-160 

mesh) was measured by a Blain test. The measured surface 

area increases with increasing x value, indicating 2.01 (r=0), 

3.87 (r—0.25), 4.93 (r=0.50X and 5.05 m2/g (r—0.75), respec­

tively.

Structure Analysis
X-ray analysis. Powder X-ray diffraction was performed 

on a diffractometer (Philips, model PW 1710, CuKa) equipped 

with a curved graphite monochromator in a selected beam 

path. The crystal structure of each sample was deduced from 

the diffraction pattern. Based on the power X-ray diffraction 

data, the accurate lattice parameter (a) for each sample was 

determined in the same manner as described in the previous 
papers6-11. The lattice parameter (7.548 A) of pure NdCoO^g% 

agrees with the ASTM listing (a = 7.546 A). The a-values 

for various Sr-sub아ituted samples were obtained from the 

same method. The a-values obtained for the Ndi—SdCoQ一 

catalysts are plotted against atomic mol fraction of Sr.

Infrared spectra. The infrared spectra of crystals ex­

tracted from KBr pellets were recorded at room temperature 

using a Shimadzu IR-435 spectrometer12. The infrared spec­

tra of pure CoO and CO3O4 crystals were also recorded in 

order to obtain informations for microcrystal structure and 

site of Sr substitution in the Ndi-^S^CoOs-, crystals.

Measurement of the Electrical Conductivity and 
Reaction Rate

Conductivity. The electrical conductivity measurements 

were performed in the temperature range of 150-300t? un­

der various CO and O2 partial pressures. The conductivity 

measurement circuitry and the four-probe model were pre­

viously described13,14. The details of the experimental appara- 

tus, instruments, and calculations of measured conductivity 

have been reported in the previous papers, for examples, 

on catalysts15^17 polymer composites18-20, organic polymers21-23, 

oxide semiconductors24-27 and high-Tc superconductors28,29.

Reaction rate. The high-vacuum system was connected 

to a reaction chember (142 m/), CO and O2 gas storage tanks, 

Baratron pressure guage, electrometers, lock-in amplifier, po­

tentiometers, gas chromatographs (silicagel, molecular sieve, 

or Porapak Q), electrical furnace, liquid nitrogen trap, and 

small other instruments. The catalytic oxidation reactions 

of CO were performed at 150-300t with 0.4-0.5 g of catalyst 

on the reaction chamber bed. The rates of reduction by CO 

and oxidation by O2 of the catalyst were measured by the 

pressure changes, respectively. The product CO2 was con­

densed by a liquid nitrogen trap and measured. The amounts 

of CO and O2 consumptions were evaluated from the pres­

sure changes and the measured CO2, respectively. In order 

to confirm the evaluated values, the product was checked 

by CO2 sensor (Thomas 5220).

The conductivities were measured in the reaction tempe­

rature range under the partial pressures of CO and O2. Prior 

to the conductivity measurement, the pellet-catalysts were 

always pretreated with CO and O2 for 30 min at 300t and

Figure 1. The nonstoichiometry (y) and surface area (S) depen­

dences of the amount (r, atomic mol fraction) of Sr substitution 

in Ndi-xSrxCoOa-^ cataly아s.

then degassed for Ih at 400t： and 1X10-3 Torr. A gas mix­

ture of CO, O2 and N2 was used for flow experiments with 

the flow rate of 30-50 mZ-min-1. Sometimes, the balance of 

the gas mixture (CO+62=30%) was maintained by He car­

rier gas instead of N2. The product was analyzed by a gas 

chromatograph.

Results and Discussion

Relationship between Sr Substitution (x) and Non­
stoichiometry (Y). The stoichiometric SrCoO3 is obtained 

by continuous heating at lOOOt under a total static pressure 

of 65 kbar after heating a mixture of Sr and Co nitrates 

in a stream of oxygen at 900t 叫 This SrCoOa has a cubic 
perovskite structure with lattic parameter a = 3.840 A.

We had a series experiment to prepare SrCoO3t that is, 

x=l in Ndi-xSr>CoO3； A mixture of S1CO3 and CoO powders 

was heated at HOOt for 24h in air, and then the fragile 

product was regrinded, pelleted, and reheated at that tempe­

rature for 12h in air. The final product was SrCoO23 with 

tetragonal structure. The composition was determined by the 

comparison with the reported JCPDS files. When the above 

mixture was continuously heated at HOOt： in air for 36h, 

the product was the mixture of SrCo02^ which was major 

and SrCoO2.29 with cubic structure. If one of the starting 

materials and heating temperature were changed to CO3O4 

and 910t, a mixture of SrCoO2.s and SrCoC)25 (hexagonal 

structure) was obtained.

Based on the results of our series experiment, the stoi­

chiometric SrCoOa may not be prepared by the same prepa­

ring procedures and condition동 as Ndi-xSrXoOa where 0M 

心.75.

Figure 1(a) shows that the nonstoichiometry (y) increases 

with increasing amount of Sr substitution. At x=0, the value 

0.001 of y in our quenched sample is very close to the repor­

ted value of 0.0011 in vacuum treated sample31, but is some- 

what different from > = 0 in pretreated sample at 300t in 

oxygen atmosphere31. As shown in Figure 1(a), > = 0.001 at 

x=0 is very deviated from the data on the straight line. 

Based on the present data in Figure 1(a) and reported values 

of 0.0011 and zero in the vacuum treated and oxygen atmos- 

pheret respectively, the nonstoichiometry of Ndi-xSrxCoO3-j. 

more easily and linearly increases due to Sr substitution
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Figure 2. The lattice parameter (a) vs the amount (r) of Sr subs­

titution in NdirSqCoCHr catalysts.

rather than due to treatment conditions of the sample.

The surface area(s) of the present quenched catalyst in­

creases with increasing Sr substitution up to * = 0.50 (S=4.93 

m2/g), as shown in Figure 1(b), but is nearly constant for 

further increase in Sr substitution, showing 5.05 m2/g at x= 

0.75, the maximum. The maximum value of 5.4 m2/g at x — 0.4 

for the O2-pretreated sample31 is similar to the present value, 

while the surface area abruptly decreases from 5.4 (r=0.4) 

to 3.5 m2/g (r=0.6). This is very interesting in the variation 

of surface area between the quenched and O2-pretreated 

samples.

Structure and Microstructure. The plot of lattice pa­

rameter (a) vs atomic mol fraction (r) of Sr is shown in 
Figure 2. The tz-value (7.548 A) at x=0 obtained by the least 

squares methods agrees with the value (7.546 A) listed in 

ASTM. In Figure 2, the lattice parameter increases with inc­

reasing Sr substitution up to 尤=0.75, showing small deviation 

from the linearity. This result can be explained by the diffe­

rent ionic radii between Nd and Sr ions. Since the ionicradius 

of Sr (Si*+ = 158 pm) is larger 나】an that of Nd (Nd3+ 

—141 pm), the lattice parameter (a) increases with increasing 

Sr addition. However, unfortunately, the result is also satis­

fied by the Sr substitution for C。，since the radius of Sr+ 

is continuously larger than those of Co (Co3+ —68.5 pm and 

Co4+ —67 pm). Only with the data in Figure 2, it is difficult 

to confirm the microstructure of Ndi-xSi^CoOs -j catalysts.

In order to solve this problem, the infrared spectra were 

recorded and analyzed. Figure 3(a) and (b) show the infrared 

spectra of CoO and Co3O4r respectively. In Figure 3(a), a 

single absorption band appears at 560 cmf which is assig­

ned to Co-0 vibration due to CoO6, since CoO has NaCl 

structure. However, in Figure 3(b), four absorption bands 

are observed, because the Co3O4 has spinel structure in 

which Co3+ and Co2+ locate in oictahedral and tetrahedral 

sites, respectively. The two infrared bands at 510 and 580 

cm'1 are considered to be due to the Co-0 vibrations of 

Co2+ and Co3+Og in the normal spinel structure, respectively. 

The bands at 530 and 560 cm-1 are possibly originated from 

the inverse spinel structure in which some of the Co3+ ions 

locate in the tetrahedral sites. Based on the four observed 

infrared bands, the present CO3O4 is slightly deviated from 

the normal spinel structure.

Figure 3(c), (d), (e), and (f) show the infrared spectra of

800 600 400
wavenumber ( cm너 )

FiSur® 3. The infrared spectra of pure CoO, CO3O4, and Nd—「 

SrxCoO3^： (a) CoO, (b) CO3O4, (c) x~0t (d)尤二0.25, (e) x=0.50, 

and (f) x=0.75 in Ndi^SfrCoOs-j catalysts.

Nd—£r*CoO3r for * = 0 (c), 尤=0.25 어), x=0.50 (e), and x= 

0.75 (f), respectively. The NdCo03 ? structure is pseudo-cu­

bic, but its octahedral symmetry of Co is conserved. As can 

be seen in Figure 3(a) and (b), the vibrational band due 

to octahedral Co is observed at 570 cmf On the other hand, 

the infrared hand due to same octahedral Co in NdCo03^ 

does at 470 cm \ as 아】own in Figure 3(c)-(f). This implies 

that the bond nature of Cq-0 in CoO and CO3O4 is different 

from that in NdCoOf. On the order hand, in Figure 3(c)- 

(f), the intensities and frequencies of the 470 cm^1 bands 

are almost unchanged as the amount of Sr incorporated in 

NdCoOs increases, but those of 600 cm-1 bands are cha­

nged. This indicates that the band 가 600 cm'1 is originated 

from NdO vibration in NdCoOg-^ and implies that the Sr 

incorporated in NdCoCH” enters into the Nd position and 

then increases the nonstoichichiometry.

Thi오 increase of degree of the nonstoichiometry was confi­

rmed by the infrared spectra. Figure 4 shows the infrared 

spectra recorded with NdCoOs-j samples which were prepa­

red at different temperatures. The intensity of 600 cm-1 

band increases with decreases in sintering temperatures in 

the sequence of 1050 (c), 1000 (b), and 900°C (a). This was 

also observed on NdgSrosCoC%—samples. As can be seen 

in Figure 5, the intensity of 620 cm-1 band increases with 

decreases in the same sintering temperatures as NdCoOa-^.
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1000 800 600 400
wavenumber (cm너)

Hgure 4. The infrared spectra of pure NdCoO3-^ catalysts which 

were sintered at 900 (a), 1000 (b), and 1050P (c) in air, respecti­

vely.

Figure 6. Temperature dependence of electrical conductivity at 

constant 腿 of 1X10-5 atm for Ndi-xSryCoO3catalyst sintered 

at 1050t：. The values of x in Ndi-xSrJCoO3_> are 0.00 (O), 0.25 

(•), 0.50 (▲) and 0.75 (■).

Table 1. Temperature Dependence of Specific Rate {kt Torr*05* 

and Activation Energy (Ea, eV) of CO Oxidation on

Nd】—SwCoOf

T CC)
150 200 250 300 EaX y

0.25 0.008 2.14X10-6 6.31X10-6 1.26X10'5 224X1(厂 5 0.33
0.50 0.059 5.39X10-5 1.43 X10 ~4 2.15X10-4 3.22X10-4 0.25
0.75 0.103 5.01 X10~4 1.32乂10-3 3.16X10-3 6.31XB 0.35

~
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1000 800 600 400
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Figure 5. The infrared spectra of Ndo.5Sro.5Co03-j catalysts sinte­

red at 900 (a), 1000 (b), and 10507二(c) in air, respectively.

On the other hand, in Figures 4 and 5, the intensity of 470 

cm1 band is almost unchanged, even though the sintering 

temperature and amount of Sr are varied. These results im­

ply that the degree of nonstoichiometry depends upon the 

concentration of oxygen atom which is bonded with Nd atom. 

From the infrared spectra in Figures 3-5, it is concluded 

that the Sr incorporated in NdCoO3 substitutes for Nd, and 

as a result, the nonstoichiometry is originated from the oxy­

gen atom bonded with Nd atom.

Electrical Conductivity and Kinetics. The electrical 

conductivity as shown in Figure 6 increases with increasing 

temperatures and amounts of Sr from x=0 to *=0.75 in 

Ndi—xSqCoQ-丁. However, the temperature dependence of 

.electrical conductivity for NdCoOa-j catalyst is different from 

those for NdCoOa-, doped with Sr, showing two different 

kinds of slope behaviors. The increasing conductivity with 

increasing amounts of Sr indicates that Sr substitution for 

Nd produces electrons into donor level by the disorder 

equilibrium O" = §T)2(g)+卩。+2厂 where O2- is a lattice 

oxygen, Vo an oxygen vacancy and e~ an electron.

On the other hand, the electrical conductivity increases 

with partial pressures of carbon monoxide (Pco), but decrea­

ses with partial pressures of oxygen (P®). From the conduc­

tivity data shown in Table 3 and activation energy in Table 

1, it is suggested that the reactants may be adsorbed on 

the surface of catalyst. At the surface of catalyst, the charge
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Hgure 7. Representative oxidation rates of CO on Ndo^Sro^- 

CoOz94 at various temperatures. 7창。=120 Torr; 珞=60 Torr; 

catalyst=0.4 g; surface area=4.93 m2/g (100-160 mesh); P°, total 

initial pressure; p, total pressure.

transfer forming a double layer may be interpreted in terms 

of a space charge due to distributed ions within the Nd—矿 

SnCoC)3r catalysts. The mobile electrons are associated with 

these charge transfers, but the density of energy level옹 avai­

lable at the band edge is so low that the conduction electrons 

are spread any may be consiered as a space charge. This 

space charge can affect the electrical properties of NdiSr/ 

CoOg-^ and the double layers change the density of current 

cariers. The electron concentration for the CO oxidation may 

be controlled by such double layers.

As a result of adsorption of Oa on the Nd—.SgCoO" 

surface, the density of electrons at the surface of catalyst 

will decrease due to the formation of double layers, showing 

decreases in electrical conductivity with O2. If O2 is adsorbed 

on an oxygen vacancy defect, the electrical conductivity 

should decrease by the following equilibrium

0应)+2厂 4"。- (ads) (1)

where e~ is a conduction electron which is produced by Sr 

substitution. The data in Table 3 indicate that equilibrium 

(1) moves to the right and that O2 adsorbs on an oxygen 

vacancy defect, showing a possible site involved in adsorption 

of oxygen. The data in Table 3 also indicate that the conduc­

tion electron concentration increases with increasing CO ad­

sorption. Considering that a lattice oxygen is a possible site 

involved in the CO adsorption, the electrical conductivity 

should increase according to the following equilibrium

CO0 + O" (latt) «虹5 CC顼ads)+e- (2)

where the increases in PCo move the equilibrium to the right 

and the electron concentration increases.

The kinetic data for CO oxidation on N허—;£i;Co03r cata­

lysts are found to obey closely the expression ~dp/dt= 

^Pco+O2 with respect to the total pres응ure in the reaction 

temperatures from 150 to 300t; the total order was confir­

med by the linearity shown in Figure 7. The rate constants 

listed in Table 1 are found to be compatible with the Arrhe-

-3
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,
으
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1000fT

뎌gure 8. Arrhenius plot for the rates of CO oxidation on Ndo.75- 
Sr025CoO2.992 ( • ), NdgSr底C0Q.941 (—▲—) and NdojsSrojsCoO^ 
(■ ) catalysts.

x T (C) Pco P02 了 (Torr・mirL・gT)

Table 2. Comparative Rates (r) of CO Oxidation as a Function 

of Pco and 如 on Nd—SikCoOf Catalysts

150 120 60 1.99X10-3

150 H9 30 1.40X10-3

n ocz 150 60 29 0.69 X IO*3

300 120 60 2.08 XIO2

300 120 29 L45X10 - 2

300 59 30 0.73 Xl0~2

150 120 59 8.65 Xl0~2

150 118 29 5,97X10-2

A 5
150 60 30 3.09X10-2UqU
300 120 60 2.99 X10-1

300 H9 30 2.10 X10-1

300 60 29 1.04 X10'1

150 H9 60 4.66 X10-1

150 120 30 3.29 X10-1

A <7C：
150 59 30 1.62 X10-1

U. i J
300 120 59 5.82X10"°

300 H8 30 4.08X10*°

300 59 29 2.00X10-°

nius equation. Figure 8 shows the logarithm of the rate cons­

tant plotted against the reciprocal of the absolute tempera­

ture. The slopes of lines give 0.35, 0.25, and 0.33 eV, respec­

tively. Table 2 shows the comparative rates obtained from 

the variation of Pco and P02 on the three different Ndi-xSi^- 

CoOe catalysts within the same reaction temperature range. 

The exponents of the PCo and P02 dependences are evaluated 

from the data in Table 2. The partial orders are found to
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Table 3. Electrical Conductivities of Ndo^Sro^CoOzwi under Va­

rious Partial Pressures of Carbon Monoxide and Oxygen at 300 

t

Reactions
Partial 

pressures

Electrical 

conductivity (Q'cm)-1

1.75 X102

Carbon 5.50 X102

Monoxide 1.52 X103

121 4.27 X103

15 1.74 X101

Oxygen 30 5.51X10°

45 1.74X10°

60 6.15 X10-1

be first for CO and half for O2. The half order with respect 

to O2 implies that Ch may adsorb on an oxygen vacancy and 

dissociate into two species, satisfying the equilibrium (1).

The kinetic data shown in Table 2 indicate that the ele­

mentary reaction (3) may be involved in the CO oxidation, 

since the reaction rates are increased with PCo and Fg

C(顼ads)+ 0-(ads) •亠 C(&(g)+O"(latt) (3)

In order to test the inhibition effect of CO2 and to know 

that the elementary reaction (3) is reversible or not, the 

CO2 from the gas mixture was not frozen out by liquid nitro­

gen. The kinetic data obtained on Ndi-xS^CoOs-^ catalysts 

without liquid nitrogen trap show 1.2 order with respect to 

the total pressure; the partial orders are found to be 0.7 

for CO and 0.5 for O2, indicating that CO2 아iould be adsorbed 

on the catalyst surface. Therefore, the CO2 inhibits the oxi­

dation of CO and the reaction (3) should be represented 

as following equilibrium:

COgads)+0一 (ads)女一r CO2(g) + O"(latt) (4)

From equilibrium (1), (O- (ads))=/f}/2(O2)1/2(e-), from equi­

librium (2), (CO^(ads))=^2(O2~(latt)) (CO)/(厂), and from 나le 

elementary reaction (3), the rate of production of CO2 can 

be represented as d(C()2)/dt=Z?(C(顶ads)) (O-(ads)). This 

rate equation can be rewritten with substitutions of (CO^ 

(ads)) and (0一 (ads)) as A}/2/j2(CO)(O2)1/2, t지【ing

(0° (latt)) to be constant. This rate equation is consistent 

with experimental rate law and is as follows.

d(CC)2)/以= /(CO)(O2)/ (5)

Under the CO2 inhibition, however, the rate law should 

be represented as d(C()2)/df=机Oco/Ocs) (0O2)where 0Co, &Q2, 

and O02 are surface coverages of CO, CO2 and (&, respectively. 

If the Langmuir's ideal adsorption is introduced into equilibria 

(1),⑵ and (4), the rate law by the CO2 inhibition should 

become as d(C0^/dt=k((bPC0/l^bPc^/(bPC02/l^bPC02))(邱 

Po21/2/1+b 1/2Pq21/2) where b is adsorption coefficient. The (K) 

may be very low, nam이y 602 <1 and assuming that the equilib­

rium (1) is a rate controlling step and CO and C02 are chemi­

sorbed on the same site of lattice oxygen, we can get

d(CO2)/dt=(侬 bco•妃U2)/0CO2))((Pco/PcO2)a 如刑)

M MPdPsy R/2 (6)

The rate of CO oxidation over Ndi-rSrxCoOa-^ catalysts 

아lows 1.2-order kinetics; 0.7-order with respect to CO and 

0.5-order to O2. The kinetic data agree well with the rate law 

(6) with a=0.7 without a CO2 trap. When a CO2 trap is used, 

the oxidation of CO over all catalysts shows 1.5-order in total 

pressure; first-order with respect to CO and 0.5-order to O2. 

The kinetic data agree will with eq. (6) when a becomes

1.

We can conclude on the basis of our experimental results 

that the formation of oxygen vacancy defect due to Sr substi­

tution for Nd in NdCoO3 solid phase is the important factor 

for the oxidation of CO on Ndi-xSrxCoO3_? catalysts and in 

spite of the space charge on the catalyst surface, the catalytic 

activity would be related to its electrical properties and might 

be enhanced by Sr doping, showing that electron transfer du­

ring depletive adsorption of reactants on catalyst surface could 

not occur indefinitely.
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Conducting solid samples are successfully analyzed with the spark ablation combined to the moderate power (500 

W) Helium Microwave Induced Plasma (He MIP). The relative standard deviations are in the range of 3-10% and 

the detection limits are around 50 卩g g-1. These values are higher than those of Ar MIP or Ar Inductively Coupled 

Plasma. Spark ablated particles are examined to investigate the analytical characteristics of the system.

Introduction

It is more advantageous analyzing a solid sample directly 

rather than dissolving it because of the time to dissolve and 

the risk of contamination from the chemicals used in the 

dissolution step. Also, the direct solid sample analysis should 

be inherently more sensitive when it is considered that only 

1-2% of the total solution is delivered into the atomizer and 

the rest to a waste bottle. Thus, Arc/spark discharges have 

been used for the ICP1-6 (Inductively Coupled Plasma) for 

conducting solid sample analysis.

Recent developments in the moderate power (up to 500 W) 

Illium and Argon Microwave Induced Plasmas (MIPs) have 

allowed them to be utilized in many spectroscopic areas7-14 

including MIP/Mass Spectrometry12 -14. Their applications are 

w시 1 described in 나le review15. The Ar MIP has been used 

for metals while the He MIP has exclusively been used for 

non-metals such as halogens due to its high ionization poten­

tial available. The Ar plasma which has a desirable annular 

shape showed good analytical performances. The moderate 

power Ar MIP1011 gave good sensitivities and large dynamic 

ranges for metal ions even in aqueous samples of complex 

matrix.

On the other hand, the He MIP has been used mostly 

for the gaseous samples because of its low kinetic tempera­

ture16. Even the moderate power He MIP has shown insuffi­

cient vaporization of the samples and consequently, more 

interferences and worse detection limits8 than the Ar MIP. 

One reason is that a He plasma forms a cylindrical shape 

instead of a toroidal one. Thus, samples do not penetrate 

the hottest core of the plasma and show large interferences. 

In addition to that, the temperature and electron number 

density (7、皿=2,500 K and 2.1X1014/cm3) indicate" that the 

moderate power He MIP is not sufficiently "hot” in handling 

aqueous samples. However, the very high ionization tempe­

rature17 of the He MIP provides its unusually high excitation 

capability.

In order to employ this efficient excitation character of 

a He plasma exclusively, “dried” particles are generated by 

the spark and introduced to the system. Since early works 

on the low power (100 W) He MIP with gaseous samples 

have been successful, it is expected that the “dried” particles 

introduced to the moderate power MIP should give good 

analytical results. Increasing power to a moderate level (up 

to 500 W) also should be a factor beneficial to the solid 

sample analysis. One of the purpose of this research is to 

examine the usefulness of the moderate power He MIP upon 

the introduction of "dried” particles. Analytical characteris­

tics of the moderate power Spark/He MIP system will be 

compared with those of the Spark/Ar MIP system18.

Experiment

Instrumentation


