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When a CO2 laser is operating, large portion of the CO2 

molecules in the discharge tube discomposed to CO and O2. 

Thus in a sealed-off laser, the primary consider가ion is how 

to keep CO2 concentration in the tube, which can be recov­

ered by recombining the dissociated CO and O2. One of the

Hgure 1. Diagram of experimental setup for the photoacoustic 

detection of CO2.

solutions is using catalytic electrode which functions both 

as electrode and catalyst. Perovskite-type oxides have been 

studied for technologically important characteristics, especial­

ly electrocatalysis and automotive catalysis.1,2 Cobaltate pero­

vskite is known to be good catalysis for the oxidation of 

carbon monoxide and to have a metallic conductivity.3 

Lai-xSrrCoOa and Ndi-xSnCoOa are good examples.4,5,6 Es­

pecially LaiSr—CoQ have been investigated intensively for 

lasing performance even up to 3500 hours.7 The catalytic 

effects on x values are mainly ascribed to the variation in 

ratio of Co4+/Co3+ and oxygen vacancies by substitution of 

Sr”. The oxygen vacancies are created with O2 desorption 

from the surface of catalyst which have unstable Co4+ chang­

ed into Co3+ by providing an electron.8,9

Instead of strontium, cerium is also known to have a good 

catalytic activity.10 This time, the nonstoichiometric significa­

nce is tetravalent ion Ce4+ in the place of divalent ion Sr2*. 

Thus it is worthwhile to investigate LairC%Co()3 for the 

catalytic electrode effects in a sealed-off CO2 laser in addition 

to analyzing the change of CO2 concentration in situ during 

discharging by photoacoutic spectroscopy (PAS).11

Experiment

To investigate the catalytic electrode effect, experiments 

are arranged with a discharge tube with 16 mm。bore, 780 

mm active length, and 157 cm3 effective volume. Electrodes 

are adopted as a ring-type which was reported to have better 

performance in laser-output than a tablet-type. The ring-type 

electrodes of both cathode and anode has 26 mm(|)and 16 

mm(t)external and internal diameter and 12-15 mm length. 

The diagram of the experimental set-up for the detection 

of CO2 concentration in situ by PAS is shown in Figure 1. 

To monitor CO2 concentration, a differential type photoacou­

stic cell is attached to the discharge tube. The output beam 

of cw CO2 laser (Synrad 480), operating in multilines of 10.6 

pm is modulated at 35 Hz by a light chopper, is directed 

into the differential cell. Two FET microphones are placed 

at the top of two photoacoustic cells to detect the change 

of acoustic pressure. The signals from the two microphones 

are monitored by two lock-in amplifiers (Stanford 510 and
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Time (min.)

Hgure 2. Change of C02 concentration for Lai-xCexCoO3 (r= 

0.025, 0.050, 0.075, 0.100) (a) at 8 torr, 10 mA and (b) at 12 

torr, 12 mA.

850).

Preparation of electrode. Solid solutions of Lai-xCex- 

CoOs (*=0.025, 0.050, 0.075, 0.100) were synthesized by ordi­

nary ceramic technique. As starting materials, metal oxides 

of La2O3 (99.9%, Aldrich), CeO2 (99.9%, Aldrich) and CO3O4 

(99.9%, Merck) were used. The appropriate amounts of the 

reagents were weighed stochiometrically and then mixed 

homogeneously for 4 hours. Calcination was performed for 

6 hours at 900 t and grinding was followed after cooling. 

Then, sintering was followed for 12 hours at 1150 ◎ under 

atmospheric air pressure. The samples were pressed into 

a 12-15 mm thick pellet under 3.0 ton/cm2 as ring-type and 

recalcinated for 24 hours at 1150 Cooling was proceeded 

slowly in the furnace. Structure of the compounds were de­

termined by X-ray diffractometer (Philips 1710, CuKa). The 

homogeneity of electrode surface was examined by the SEM 

(Scanning Electron Microscope: Jeol JSM 840A).

Measurements of CO2 concentration. The photoa­

coustic signal (PAS-signal) is known to be proportional to 

incident laser intensity and concentration of a sample gas. 

To make a calibration curve on incident laser intensity, the 

PAS-signal was monitored on laser power variation from 1 

W to 6 W in 12 torr gas mixture (CO2: N2: He = 1:1: 8). 

The calibration curve had very good linearity. For calibration 

of CO2 partial pressure, PAS-signals were measured for gas 

mixtures with variation of CO2 contents such that the compo­

sition of the mixture of CO2: CO : N2: He=l—x : 1: 8 

(r=0, 0.25, 0.50, 0.75). The measurements were performed 

for the total pressure of 8, 12 and 16 torr. For each given

Table 1. Percent of CO2 remaining after 35 min. discharge in 

various system

x value
Total pressure

(torr.)

Discharge current (mA)

10 12 14

8 90.54 87.56 86.37

0.025 12 91.04 88.23 85.92

16 92.85 87.81 86.02

8 92.52 90.23 88.07

0.050 12 92.38 91.24 88.72

16 93.14 90.59 88.72

8 89.74 88.27 85.04

0.075 12 90.29 89.37 87.64

16 91.75 90.78 89.57

8 86.28 84.66 81.96

0.100 12 85.80 84.97 83.71

16 87.54 85.94 84.21

total pressure of the gas mixture, the PAS-signal was shown 

to be linear to CO2 partial pressure. Thus we can determine 

change of CO2 concentration in discharge tube during dis­

charging by PAS-signal.

The CO2 concentrations during the discharging were mea­

sured for catalytic cathodes of Lai-^CexCo03 (r=0.025, 0.050, 

0.075, 0.100) under following conditions; the total pressure 

of the gas mixture, 8, 12 and 16 torr, and discharge currents 

are 10, 12 and 14 mA. Thus for each cathod nine combina­

tions of the condition were set up. Measurement time in 

situ is 0, 4, 8, 15, 25 and 35 minutes.

Results and Discussion

Structures and homogeneity of samples. According 

to X-ray power diffraction analysis for all Lai-xCei-xCoOs 

sample (r—0.025, 0.050, 0.075 and 0.100), the crystal struc­

tures were found to be rhombohedral, and their lattice pa­

rameters a and c and reduced lattice volume increased very 

slowly as x increased. All the surfaces of the samples were 

confirmed to be homogeneous by SEM.

Catalytic Effects of Lai-xCexCoOa. When CO2 con­

centration was measured by PAS in terms of discharging 

time, the general patterns are consistently similar for all 

of four different catalytic cathodes of La—*Ce*CoC)3 (r=0.025, 

0.050, 0.075 and 0.100) with nine discharging conditions of 

three total pressures of gas mixture (8, 12, and 16 torr) and 

three discharge currents (10, 12 and 14 mA), as shown in 

Figure 2. The CO2 concentration are reduced drastically up 

to 4 minutes, recovered slowly till 10 to 15 minutes, and 

reached steady state afterward. The CO2 concentrations are 

not changed up to 35 minutes. Among nine discharging con­

ditions, representative two plots are shown in Figure 2-(a) 

and-(b) for four different x-values of Lai-xCexCoO3. In Figure 

2-(a), the condition of 8 torr of gas mixture with 10 mA 

of discharge current were used, while in 2-(b) 10 torr with 

12 mA.

In Table 1, percents of CO2 concentration remaining after 

35 minutes of discharging in various conditions are shown. 
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From this table, one can see that the dissociation of CO2 

is increased as the discharge current increases in the range 

of 10-14 mA and as the total pressure decreases in the range 

야f 8-16 torr. Under our experimental conditions, the degree 

of CO2 dissociation has a range of 18% to only 6%. As a 

whole, the catalytic electrode effect of Lai-xCexCoO3 can be 

set in order of 0.050>0.025>0.075>0.100 for x value.
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The transition metal polyhydrides has been intensively in­

vestigated due to their interesting chemical reactivity (e.g. 

C-H activation)1~3 and the possible existence of molecular 

dihydrogen ligands4'6 in the도e complexes. The t]2-H2 coordi­

nation appears to be sensitive for coordinated phosphine 

ligands. While [Mo(CO)(Ph2PC2H4PPh2)H2] is characterized 

as a dihydrogen complex, the more basic [Mo(CO)(('Bu)2PC2 

H4P('Bu)2)H2〕is a dihydride.7

To our knowledge, among known tungsten polyhydrides 

no complexes supported by triphenylphosphine (PPh3) ligand 

has been reported. Since PPh3 ligand is bulky and relatively 

less basic, dissociation of this ligand is frequently observed 

to give the intermediate which easily reacts with substrates. 

Thus, the polyhydrides containing PPh3 ligand is expected 

to be a better possible precursor to react, ligand deficient 

intermediate. To explore the chemistry of the tungsten poly­

hydride containing PPh3 ligand, the tungsten polyhydrides, 

WH6(PPh3)3 were prepared and the nature of hydride ligands 

was investigated by Ti measurements on various tempera­

tures.

Preparation and Characterization of WH6(PPh3)3.

Previous works sho^that high yield preparations of the type 

WH4L4 and WH6L3(L^ phosphine)8~9 are rare. The most com­

mon method of preparing the complexes, WH4L4 and WHgL3 

is the reaction of WCU or WC14(PR3)2 (PR3=PMe3, PMe2Ph, 

P(:-Pr)3) with hydride donor reagents (e.g. NaBH% LiAlHQ 

or Na/Hg/H2 in the presence of excess tertiary phosphines. 

The yields of tungsten polyhydrides depends on hydride re­

agents, tertiary phosphines and reaction temperatures. The 

tungsten hexahydride, WH6(PPh3)3 can be prepared by the 

interaction of WC14(PPh3)2 with NaBR in the presence of 

excess PPh3. The yield of the product is moderate, ca. 43.4%. 

The product is slowly decomposed in solution when exposed 

to air. Although an excess PPh3 was employed in the reaction 

mixture, the tungsten tetrahydride, WH4(PPh3)4 is not form­

ed, suggesting that the maximum coordination number of 

PPh3 in this molecule is 3 as expected by large cone angle 

of PPI13 (145°). The reaction product, WH6(PPh3)3 is charac­

terized by elemental analysis,】H, 31P NMR and IR spectro­

scopy. In the 'H NMR spectrum of the product the protons 

bound to tungsten appear as a quartet at 一 0.33 ppm due 

to the coupling with three equivalent phosphorus atoms (Fig­

ure la). The satellites due to splitting by 183W (/ = 1/2, 14% 

natural abundance) is also observed. The proton coupled 3lP 

NMR spectrum of the product shows a heptet for the phos­

phorus atoms (Figure lb). This suggests that the tungsten 

is coordinated to six hydride ligands. The infrared spectrum 

of the product shows absorptions in the region of 1850-1769 

cm-1 in KBr disc assigna비e to the W-H stretchings. Similar­

ly, the complexes, WH4(PRa)4 (PR3=PMe2Ph, PMePh2) also 

shows absorptions as complex pattern in the region 1850- 

1700 cm-1 of the IR spectrum.10

Ti measurements. To investigate the nature of hydride 

ligands, Ti measurements of hydride ligands were performed 

at various temperatures. The hydride region of the variable 

temperature NMR spectra of 나te hexahydride, WH6(PPh3)3 

in THF-d8 at 300 MHz is 아2wn in Figure 2. The hydrides 

peak is not separated to give other resonances in the investi­

gated temperature range from 300 K to 200 K. This behavior 

is contrasted with that of analogous hexahydride containing 

a 사lelating triphosphine ligand, WWPPh^CHzCHzPPh^, 

which shows two hydride resonances at 243 K.u This is ex­

pected by the fact that a chelating ligand can slow down 

fluxionality in the resulting complex. Ti values of hydride


