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A thermogravimetric analysis (TGA) study of the decomposition kinetics of gadolin- 
ium-doped silver carbonat.e is reported. The TGA data were used to obtain the activation 
energy, pre-exponential factor, and order of reaction by the method of Ozawa. Powdered 
samples were found to obey a first-order rate law from 10 to 90% decomposition. Neither 
an induction nor an acceleratory period was observed. By decomposing pressed pellets the 
interface mechanism for the decomposition of Gddoped silver carbonate was confirmed. 
Water vapor catalyzed the decomposition, and water incorporated in the crystal lattice 
during sample preparation may partly account for the high reactivity of Gd-doped silver 
carbonate. Values for the pre-exponential factor and the activation energy with and with- 
out water vapor revealed an apparent compensation effect. The activation energy, 
21.4 kcal/mole, for decomposition of Gd-doped silver carbonate in the presence of water 
vapor agreed favorably with the heat of reaction, suggesting that the recombination of 
doped silver oxide and carbon dioxide requires little or no energy of activation. The model 
proposed by Barnes and Stone to describe the decomposition of active silver carbonate 
is related to the findings with Gd-doped silver carbonate. 

In a continuing research program (1) on 
the influence of additives or dopants on the 
kinetics and mechanisms of the thermal de- 
composition of silver carbonate, the work has 
been extended to gadolinium-doped silver 
carbonate. Gadolinium was chosen as the 
dopant for this study because at ratios of 
gadolinium to silver 10.5 at. ‘%, the crystal 
structure of silver carbonate was different 
from undopecl monoclinic silver carbonate 
(2). The X-ray diffraction powder patterns 
of the new structure appeared identical to 
yttrium-doped silver carbonate at compa- 
rable dopant concentrations. It was therefore 
of interest to investigate the thermal de- 
composition kinetics of gadolinium-doped 
silver carbonate (Gd-Ag&Oo) to compare 
the results with both yttrium-doped and un- 
doped silver carbonate. 

METHODS 

Gadolinium nitrate hexahydrate (Ameri- 
can Potash and Chemical Corp., stated pu- 
rity with respect to other rare earths, 
99.99%) and analytical grades silver nitrate 
and sodium carbonate were used as starting 

materials to prepare -1 mole y0 gadolinium 
carbonate-doped silver carbonate. The sam- 
ple was prepared, filtered, and dried, using 
the same techniques as described previously 
for preparing yttrium-doped silver carbonate 
(1). The dried powder was sieved and the 
-115 +325 sieve fraction was selected for 
subsequent experiments. 

Analysis of the dried powder gave the fol- 
lowing results: Constituent (wt %): Ag, 
76.45; Gd, 1.13; COs-2, 21.80; HzO, 1.23; 
and NO,, 0.020. 

Estimates of the particle size of the powder 
were made using electron micrographs as well 
as a modified version of the Fisher Sub-Sieve 
Sizer. The BET surface area measurements 
were made using nitrogen with the assump- 
tion that 16.3& is the area occupied by the 
nitrogen molecule. The electron micrographs 
revealed relatively uniform size agglomerates 
of circular crystallites (in two dimensions) 
having a diameter of about 4.0 X 1OV cm. 
Using the Fisher Sub-Sieve Sizer the meas- 
ured particle diameter was 1.28 X 10m4 cm, 
which is expected to be the approximate 
diameter of the agglomerates. The value de- 
rived from the Sub-Sieve Sizer was calculated 

82 



DECOMPOSITION OF Gd-norEn AgCOs 

by using the tightest packing manually ob- 
tainable and assuming a particle density of 
6.08 g/cm3 (bulk density of undoped silver 
carbonate). The particle diameter calculated 
from the BET surface area, 12.3 m2/g, and 
assuming the particles were spherical, was 
8.02 X 1O-6 cm, which is comparable to the 
diameter of the crystallites derived from the 
electron micrographs. 

Thermogravimetric analysis data were 
gathered using a Perkin-Elmer TGA system 
in conjunction with a strip chart recorder. 
Purified nitrogen (stated purity 99.99%) 
flowed over the sample at about 30 ml/min 
during an experiment. To study the influence 
of water vapor on the rate of decomposition 
of Gd-AgzC03, nitrogen was passed through 
a gas bubbler containing a saturated solution 
of magnesium nitrate before flowing over the 
sample. The partial pressure of water vapor 
in the nitrogen was checked with an Alnor 
Dewpointer. The expected partial pressure, 
13 mm Hg, based on the water vapor pressure 
over a saturated solution of magnesium ni- 
trate at 25°C was comparable to the meas- 
ured partial pressure, 11 mm Hg. The aver- 
age amount of the powdered samples used 
for the TGA runs was 6 mg. 

Infrared spectra in the region from 400 to 
4000 cm-l were obtained with a Beckman 
IR-9 spectrophotometer, which was contin- 
uously purged with dry air and operated in 
the single beam mode. The slit width was 
varied from 1.5 to 3 mm depending on the 
region of the spectrum being studied. The 
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FIG. 1. TGA coves of Gd-AgKOt powder de- 
composed under a nitrogen + water vapor atmos- 
phere; pnzo = 11 torr. 
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FIG. 2. TG.1 curves of Gd-Ag&O, powder de- 
composed under a dry nitrogen atmosphere; (A), 
TGd run at 5”C/min after annealing for 5 hr in dry 
nitrogen at 100°C; 22% decomposition occurred at 
100°C prior to the start of the TGA run. 

IR samples were in the form of either un- 
diluted pellets or Nujol mulls. Undiluted pel- 
lets (13-mm diam.) of Gd-AgzCO3 were 
pressed under vacuum at 5700 kg/cm2. 
Mulls were prepared using Nujol and a small 
amount of sample. 

RESULTS AND DISCUSSION 

Thermogravimetric analysis runs on -1 
mole y0 (excluding moles of water) gadolin- 
ium carbonate-doped silver carbonate pow- 
der decomposed under dry nitrogen and a 
nitrogen plus water vapor atmosphere are 
shown in Figs. 1 and 2. The integral method 
described by Ozawa (5) and more recently 
reviewed favorably by Flynn and Wall (4) 
was used to obtain the activation energy, 
order of reaction, and pre-exponential factor 
from the TGA data, Figs. 1 and 2. 

The activation energies for powder decom- 
posed under dry N2 and a N, + water vapor 
atmosphere, Table 1, were obtained from the 
slopes of semilog plots of the heating rate, 
a, versus the reciprocal of the absolute tem- 
perature, T, at a constant residual mole per- 
cent doped silver carbonate, W. 

The experimental master thermogravi- 
metric curves, Fig. 3, were constructed by 
superposition of the curves at heating rates 
of 1.25, 2.5, 10, and 20°C/min on the curves 
at 5”C/min. By taking values of W at given 
temperatures from the experimental master 
thermogravimetric plots and using the aver- 
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TABLE 1 
KINETIC PARAMETERS FOR THE THERMAL DECOMPOSITION OF Cd-Ag2C03 POWDER 

Without H*O vapor With Hz0 vapor 

w (%I E (kcal/mole) A X 10” (set-I) E (kcal/mole) A X 1OwB (set-I) 

90 24.8 (2.3)b 14.28” 21.0 (2.2)b 0.846” 

85 - 10.61 - 0.667 
80 24.5 (1.8) 9.35 21.4 (2.4) 0.590 

70 24.3 (2.2) 8.31 21.6 (2.2) 0.535 

60 24.3 (2.4) 7.84 21.6 (2.1) 0.517 
50 24.2 (2.2) 7.58 21.6 (2.0) 0.519 

40 24.1 (2.3) 7.62 21.9 (2.4) 0.532 

30 24.1 (2.0) 7.71 21.3 (1.6) 0.554 
20 23.6 (1.7) 7.94 21.4 (1.5) 0.581 

10 23.5 (2.3) 7.99 21.2 (1.2) 0.615 
8 6.50 - - 

7.5 - - - 0.421 

Av 24.2 8.15 21.4 0.5.53 

a These values were rejectSed with 90% confidence in computing the average. 
* Numbers in parentheses represent the uncertainty for a 95% confidence interval. 

age activation energy, Table 1, values of the 
function log[(E/aR)p(E/RT)] (3) were com- 
puted and plots of W against 

~w~(~l~evI~~)1 
were constructed. Values for the function 
p(E/RT) were taken from Doyle (6). The 
plotted curves were then compared with the 
theoretical thermogravimetric curves plotted 
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FIG. 3. Comparison between the master experi- 
mental thermogravimetric curves and derived TGA 
curves for the decomposition of Gd-Ag&Oa powder; 
heating rate 5”C/min: master curve, dry N2 atmos- 
phere (0) ; derived curve, dry NP atmosphere (0); 
master curve, 11 torr water vapor + N1 atmosphere 
(0); and derived curve, 11 torr water vapor + Nz 
atmosphere (A). 

by Ozawa (S) for zero-, first-, second-, and 
third-order reactions. This comparison 
showed that the shape of the curve for the 
powder decomposed under either a dry N 
or N, + water vapor atmosphere agreed best 
with the shape of the theoretical curve for a 
first-order reaction. 

The pre-exponential factors, A, Table 1, 
for the first-order reaction with respect to 
doped silver carbonate were then calculated 
using the following equation : 

log A = log[ - 2.303 log W] 

- l%[($o)]J (1) 
where a = 5”C/min and E = 24.2 kcal/mole 
without water vapor present and 21.4 kcal/ 
mole with water vapor. The W versus l/T 
values were taken from the master experi- 
mental thermogravimetric curves, Fig. 3. 

Using the derived values for A, E, and the 
reaction order, the first-order rate equations 
for the thermal decomposition of Gd-AgpCO1 
are : 

dW -- = 8.15 X lo8 exp(-24200/RT)W 

[fraiiion of carbonate decomposed/set], (2) 

dW -- 
dt 

= 5.53 X lO’exp(-21400/RT)W 

(3) 
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without and with water vapor present, 
respectively. 

By rearranging Eq. (1) and substituting 
for a, E, A, and R, the following equations 
were derived : 

-log JV = 5.16 x 10’3p & 
( > 

) 

E 
-log w = 3.11 x 1012p FT 

( > 

(4 

(wit’h water vapor), (5) 

where W = residual fraction of doped silver 
carbonate. Equations (4) and (5) were used 
to compute values of W at selected tempera- 
tures and plots of 1Q versus l/T were con- 
structed for a heating rate of 5’C/min, Fig. 3. 
The derived thermogravimetric curves com- 
pare favorably with the master experimental 
thermogravimetric curves over the interval 
W = 10 to 90% carbonate without further 
refinement of the parameters A and E. The 
constancy of A and E, within experimental 
error, over the interval from W = 10 to 
about 90% shows that the reaction mecha- 
nism does not change within this interval 
either with or without water vapor, Table 1. 

If Gd-AgnCOs behaves similarly to yt- 
trium-doped silver carbonate and undoped 
silver carbonate, then the rate of decomposi- 
tion should be proportional to the number of 
surface sites (1, G), i.e., the Polanyi-Wigner 
equation (7) should be obeyed. Agreement 
between the experimental and the Polanyi- 
Wigner rates also implies that the solid de- 
composes by the interface mechanism. c’sing 
the following form of the Polanyi-Wigner 
equation: 

- $ = A’vR exp(-E/RT), 03 

and substituting the following values for the 
variables: -4’ = 737 cm2 (area of the inter- 
face) ; fl = 2.33 X 1014 molecules of carbon- 
ate/cm2 surface; v = 5 X 1Ol2 set-’ (7); 
E = 21.4 kcal/mole (activation energy for 
migration of the interface) ; T = 431’K; the 
predicted decomposition rate for powder in 
the presence of water vapor is 1.17 X 10lg 
molecules/set. The value for A’ was obtained 
from the BET surface area and the initial 
sample weight, 5.999 mg. If instead of using 
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FIG. 4. Isothermal decomposition cnrves at 158°C 
for Gd-Ag&03 powder and a pressed pellet: powder, 
dry Ns atmosphere (0); powder, 11 torr watervapor 
+ Nz atmosphere (0); pellet, 11 torr water vapor 
+ Nz atmosphere (0); and (-.-), tangents used 
for obtaining experimental rates at W = 100% to 
compare with predicted rates using the Polanyi- 
Wigner eqrlation. 

the BET surface area the cross-sectional area 
of the aluminum sample container, 0.113 cm2, 
is substituted as an approximation for A’ 
then the predicted rate is 1.80 X 1015 mole- 
cules/sec which agrees favorably with the 
experimental rate, 1.03 X 1O1” molecules/set. 
The experimental rate was obtained from the 
slope of the tangent drawn to the curve of W 
versus time, Fig. 4, at a small extent of reac- 
tion, i.e., when the interface is least disturbed 
by decomposition. The decomposition rate of 
yttrium-doped silver carbonate powder in the 
presence of water vapor also was proportional 
to the cross-sectional area of the crucible (1). 

It should be noted that the relative sample 
size used in the present study was 25 times 
less (6 versus 150 mg), and the relative cross- 
sectional area of the crucible was only 4.5 
times smaller (0.113 versus 0.502 cm2) (1) 
This suggests that for the experimental de- 
composition rate to be proportional to the 
BET surface area, it would be necessary to 
use essentially a monolayer of powder in the 
crucible. It is not only difficult to obtain a 
monolayer of the very small crystallites from 
the agglomerates, but also larger errors arise 
in acquiring TGA data with very small 
samples. 

Without water vapor present the experi- 
mental rate for the powder was 6.34 X 1015 
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molecules/set (see Fig. 4) and the predicted 
rate 7.57 X lOI molecules/set using the cru- 
cible cross-sectional area. Agreement be- 
tween the experimental and predicted rates 
is within two orders of magnitude thus sug- 
gesting the interface mechanism also applies 
in this case (8). 

The apparent contradiction between the 
applicability to the experimental data of 
both the first-order rate law, which implies 
random nucleation, and the Polanyi-Wigner 
equation, which implies the interface mech- 
anism, can be explained as follows. The 
agreement between the first-order rate law 
and the experimental data may be fortuitous 
because of the complex geometry of the pow- 
der interface. The low values for the pre- 
exponential factors (much less than 1013 
see-l), Table 1, indeed strongly suggests that 
the decomposition reaction is not a true but 
rather a pseudo first-order reaction. 

To aid in verifying the interface mecha- 
nism and overcome the problem of complex 
surface geometry, the powder was pressed 
into 13-mm diameter pellets and a small part 
of the pellet was used for a TGA experiment. 
If the interface mechanism applies then the 
decomposition rate should be essentially con- 

stant (neglecting decomposition from edges) 
for thin pellets (O.OlA-mm thick) and pro- 
portional to the geometric surface area of the 
pellet. Figure 4 shows that the decomposition 
rate of the pelletized sample in the presence 
of water vapor is indeed constant, within ex- 
perimental error, from W = 100 to 35%. 
Retention occurs for W < 35y0 (9). The 
experimental rate calculated from the slope 
of the pellet decomposition curve, Fig. 4, is 
3.79 X 1015 molecules/set. The decomposi- 
tion rate predicted using Eq. (6) is 3.25 X 
lOI5 molecules/set. The geometric area of the 
pellet was 0.205 cm2. Values for E and fi were 
the same as those chosen previously for pre- 
dicting a reaction rate for powder decom- 
posed in the presence of water vapor. It 
appears therefore that the interface mecha- 
nism does indeed apply to the decomposition 
of Gd-AgzCOs. 

Barnes and Stone (10) recently proposed 
a model to explain the high reactivity of un- 
doped silver carbonate containing water in- 
corporated in the lattice during crystal 
growth. It was proposed that one mode of 

incorporation of water into the structure of 
Ag&03 is for a pair of COS-~ ions to be re- 
placed by adjacent OH- and HCOa- ions, 
with two cation vacancies to maintain elec- 
trical neutrality. If a cation vacancy lies 
between the OH- and HCOI- ions, then the 
ions can hydrogen bond; and, furthermore, 
if there is sufficient water present so that 
chains of such centers exist, then the COZ 
can be readily transported via bulk diffusion 
along the chains of HCOB- and OH- ions. 

To provide evidence that might support 
the model of Barnes and Stone, Gd-Ag&Ot 
was subjected to chemical analysis for water 
and infrared analysis. Chemical analysis of 
Gd-AgzCOs revealed 1.23 wt ‘+!$c water. The 
presence of water in Gd-Ag&Os was not due 
merely to inadequate drying. Prior to analysis 
for water and before being used for TGA ex- 
periments, the sample was dried over phos- 
phorus pentoxide for 2 months in a darkened 
dessicator. After that time, pumping on the 
sample at room temperature (-22°C; back- 
ground pressure <O.l torr) for 24 hr did not 
result in weight loss. 

To determine if the reactivity of the doped 
silver carbonate diminished with prolonged 
preheating due to a loss of water, a sample 
was annealed for 5 hr at 100°C in dry nitro- 
gen before increasing the sample temperature 
at a rate of 5”C/min. Figure 2 shows that 
the rate of decomposition has not decreased 
appreciably at comparable temperatures 
after annealing, as compared to a sample de- 
composed at a heating rate of 5”C/min with- 
out prior annealing. (Since about 22y0 de- 
composition occurred while anrlealing at 
lOO”C, the TGA curve does not begin at 
w = lOO%.) 

Table 2 shows the IR bands found with the 
doped samples and those reported by Mc- 
Devitt and Baun (11) for undoped silver car- 
bonate. Allen and Scaife (15) reported split- 
ting of the v2 vibration of silver carbonate as 
was also found with Gd-Ag&03, Table 2. 

IR absorption in addition to that ascribed 
to C03*- was observed at: 682 (m) ; 837, 
848 (m, doublet) ; 998 (d, shoulder on the 
1075-cm-’ band of COs*-) ; 2453 (d). All of 
these bands are in regions of the IR spectrum 
ascribed by Miller and Wilkins (14) to 
HCO,-. Strong, broad absorption using 
pressed pellets was also observed from 2840 
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TABLE 2 
INFRARED BANDS (cm-l) FOR Gd-DOPED AND UNDOPED SILVER CARBONATE (11) THA’P AHE 

ASCRIBED TO CARBONATE SPECIES 

Assignment VI vp V% VP V1+4 

AgO& 
Gd-Ag&Oa 

107’2 800, 784 1449 720, 711 1786 
1075 (d)a 810, 802, 785 (m) 1460 (m)* 722, 715 (m) 1788 (d) 
1072 (m) 1784 (m) 

a m denotes Nujol mull, d denotes pressed disk. 
b Ye and a Nujol hand at 1485 cm-l overlapped (I.%‘). 

to 3635 cm-‘. This region of the IR spectrum 
is characteristic of OH vibration and may in- 
dicate the presence of OH- and/or water of 
crystallization (14). It, appears, therefore, 
that, the infrared absorption spectrum of 
Gd-Ag&Oa is consistent with the presence 
of some acid carbonate and possibly OH-, 
thus providing evidence in support of the 
Barnes and Stone model. 

It was also noted that the Gd-Ag&Os was 
more reactive than the most active silver 
carbonate prepared by Barnes and Stone. 
This is evidenced by the amount of decom- 
position (i.e., ZZoj,) that occurred while an- 
nealing the doped sample for 5 hr at 100°C 
in a dry nitrogen atmosphere (see Fig. 2). 
The most active silver carbonate preparation 
of Barnes and Stone did not decompose in 
vacua at 100°C (10). 

The high reactivity of Gd-AgzCOz without 
water vapor present might be explained in the 
following way. Gadolinium 3+ may form a 
hydrate complex with water, which copre- 
cipitates with silver carbonate during sample 
preparation thus providing favorable condi- 
tions for the Barnes and Stone mechanism to 
apply. The apparent effect lattice water has 
on the reactivity of Gd-Ag&Oe suggests lat- 
tice water may also have influenced the de- 
composition kinetics of yttrium-doped silver 
carbonate (1). 

The high reactivity of Gd-Ag&Oa cannot, 
be explained on the basis of the low concen- 
trations of reagents used in sample prepara- 
tion (10). The doped samples were prepared 
at 25°C from 0.1 M solutions of silver nitrate 
containing the appropriate amount of gado- 
linium nitrate and sodium carbonate. 

When decomposition of Gd-AgzCOs is car- 
ried out, in the presence of water vapor, the 
energy of activation, 21.4 kcal/mole, ap- 

proaches the heat, of decomposition for bulk 
silver carbonate, i.e., 19.2 kcal/mole at 
500°K (15). This indicates that recarbona- 
tion is essentially without energy of activa- 
tion and that the rate limiting step in the 
decomposition of Gd-Ag&O, in a moist, at- 
mosphere is resistance to chemical reaction 
and not diffusion of COZ through the layer 
of reaction product surrounding the carbo- 
nate core. 

An apparent normal compensation effect is 
revealed by the kinetic constants in Table 1 
and Eqs. (2) and (3), i.e., both the pre- 
exponential factor and activation energy de- 
crease with water vapor present (18, 17). 
(The characteristic temperature, ?IgY at which 
the rate of decomposition is equal in the two 
cases is 524°K.) The T, was calculated using 
the average A and E values, Table 1 and the 
equation reported elsewhere (17). 

The apparent. compensation effect can 
arise from either variations in the compara- 
tive measurements of decomposition rate 
versus temperature or from differences in the 
mechanisms of diffusion and decomposition 
under the two sets of conditions. The former 
possibility appears unlikely due to the agree- 
ment of the number of independent calcula- 
tions of E and A, as given in Table 1. The 
latter possibility as characterized by the 
simultaneous decrease in both E and A in 
the presence of water vapor, suggests that the 
rate-determining step in the decomposition 
occurs on a smaller number of sites with 
lower activation energy in this case. Bicar- 
bonate decomposition may occur at a limited 
surface concentration of bicarbonate-hy- 
droxyl sites in the presence of water vapor, 
while COZ is released primarily by carbonate 
decomposition at more extensive, but more 
stable, sites in the absence of water vapor. In 
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either case “linked centers” from constituent 
water may still provide for lattice diffusion 
of the CO, to the final decomposition site at 
a gas-solid interface, but the overall decom- 
position rate may also be affected by the 
instability of the constituent water sites in 
the absence of a partial pressure of water 
vapor. 

The isothermal decomposition curves, Fig. 
4, show that powder decomposed in either a 
dry or moist atmosphere and for pellets de- 
composed in a moist atmosphere, there is no 
evidence for either an induction or accel- 
eratory period. A similar observation was 
made using yttrium-doped silver carbonate. 
The lack of an induction period can be ac- 
counted for if lattice defects at surface sites 
resulting from gadolinium are sites for silver 
oxide formation. The different crystal struc- 
ture of Gd-Ag&O, suggests that the gadolin- 
ium does indeed introduce considerable 
strain in the silver carbonate lattice. Regions 
of lattice strain on the surface may be sites 
for silver oxide growth nuclei. 

The absence of an acceleratory period 
could be explained on the basis of rapid two- 
dimensional growth of the silver oxide nuclei, 
thus covering the surface of the undecom- 
posed carbonate with a layer of silver oxide. 
A short induction period was reported for the 
decomposition of undoped silver carbonate 
in both the presence and absence of water 
vapor (6, 18). Since no induction or accelera- 
tory periods were observed, Eqs. (2) and (3) 
refer to the deceleratory period for the de- 
composition of Gd-Ag&Os. 

In summary, the method of Ozawa was 
used successfully to obtain the pre-exponen- 
tial factor, activation energy, and order of 
reaction from TGA data for the decomposi- 
tion of Gd-Ag&O, powder. Water vapor was 
found to catalyze the decomposition al- 
though a normal compensation effect was 
apparent. However, even in the absence of 
water vapor, Gd-Ag&03 was more reactive 
than undoped silver carbonate preparations 
studied by others (10). This high reactivity 
may partly be attributed to the significant 
amount of water incorporated into the crys- 
tal lattice during precipitation. Gadolinium 
probably assists (by complexing) in incor- 
porating water into the silver carbonate lat- 
tice. Infrared evidence for OHland HCOI- 

in Gd-AgnCO, has been provided, which aids 
in supporting the model of Barnes and Stone 
that was used earlier to explain the variable 
reactivity of different silver carbonate prep- 
arations. The Barnes and Stone model may 
be used to explain the high reactivity of 
Gd-Ag&Oa in both the absence and presence 
of water vapor. Both yttrium- and gado- 
linium-doped silver carbonate, as well as 
undoped silver carbonate, obey the interface 
mechanism for decomposition. Evidence sup- 
porting this mechanism is provided by agree- 
ment between the experimental decomposi- 
tion rate in the presence of water vapor and 
the rate predicted by the Polanyi-Wigner 
equation. The rate-limiting step in the de- 
composition of doped and undoped silver 
carbonate in the presence of water vapor is 
resistance to chemical reaction and not re- 
sistance to mass transfer from the interface 
through the silver oxide layer. 

ACKNOWLEDGMENT 

The author wishes to acknowledge the construc- 
tive comments of Dr. E. V. Ballou. 

1. 

2. 

3. 

4. 

6. 

6. 

Y. 

8. 

9. 

10. 

11. 

REFEREXCES 

WYDEVEN, T., AND RAND, E., J. Catalysis 12, 
271 (1968). 

ASHFORD, N., AND SNELSON, 9., J. Chem. Phys. 
(19691, in press. 

OZAWA, T., Bull. Chem. Sot. Japan 38, 1881 
(1965). 

FLYNN, J. H.. .~ND WALL. L. A., J. Res. Natl. 

Bur. Std., A 70,487 (1966). 
DOYLE, C. D., J. Appl. Palmer Sci. 5, 285 

(1961). 
WYDEVEN, T., AND LEBAN, M., Anal. Chem. 40, 

363 (1968). 
GARNER, W. E., in “The Chemistry of the 

Solid State,” pp. 219-222. Academic Press, 
New York, 1955. 

GARNER, W. E., Sci. Progr. (London) 33, 
220 (1938). 

YOUNG, D. A., in “Decomposition of Solids,” 
p. 3. Macmillan (Pergamon), New York, 
1966. 

BARNES, P. A., AND STONE, F. S., Presented: 
6th Intern. Symp. Reactivity of Solids, 
Schenectady, New York, 1968. 

MCDEVITT, N. T., AND BAUN, W. L., Spectro- 
chim. Acta 20, 799 (1964). 

12. NAKANISHI, K., in “Infrared Absorption Spec- 
troscopy,” p. 5. Holden-Day, San Francisco, 
California, 1964. 



DECOMPOSITION OF Gd-DOPED AgC03 89 

13, ALLEN, J. A., AND SCAIFE, P. H., Australian J. 16. BOND, G. C., “Catalysis,” p. 139-147. Academic 
Chem. 19, 716724 (1966). Press, New York, 1962. 

14. MILLER, F. A., AND WILKINS, C. H., Anal. 17. ASHMORE, P. G., “Catalysis and Inhibition of 
Chem. 24, 1253 (1952). Chemical Reactions,” p. 186. Butterworths, 

16. KUBASCHEWSKI, O., AND EVANS, E. L. L., in London and Washington, D. C., 1963. 
“Metallurgical Thermochemistry,” p. 226. IS. SPENCER, W. R., AND TOPLEY, B., Chem. Sot. 
MacMillan, New York, 1958. (London) 1929, 2633. 


