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summary 

The kinetics of photodecomposition of the solid compounds M&z- 
(Oz)zFs*2H20 (M = K+, Rb+ and Cs’) were studied under vacuum as a 
function of both intensity and temperature. The pressure of the oxygen 
evolved was measured with a constant volume apparatus fitted with a McLeod 
gauge. All the pressure-time curves obtained are parabolic and the data fit 
the rate equation p = kt”‘. For all three solid compounds the rate of decom- 
position is linearly dependent on intensity, indicating a monoexcitation 
process for the photolysis. The activation energies deduced from Arrhenius 
plots are 0.93, 1.38 and 0.82 kcal mol -l for the potassium, rubidium and 
caesium species respectively. 

1. Introduction 

Because of various experimental difficulties, the solid state photochem- 
istry of inorganic compounds is still in the developmental stage [ 1,2]. Most 
of the photochemical investigations of coordination compounds have been 
carried out in solution [ 3 - 63 and only a few solid state studies have been 
reported [7, 81. There is no data in the literature on the solid state photo- 
decomposition of peroxo compounds of the transition metals. We have 
investigated the thermal and photodecomposition of peroxo compounds of 
transition metals and some of the results of these studies have been published 
[9 - 12]_ 

In this work results on the photodecomposition of the solid compounds 
M,Zr2(02)2F6*2H20 (M = K+, Rb+ and Cs’) are presented and discussed. 

2. Experimental 

2.1. Sample preparation 
The compounds were prepared according to the method described by 

Santhamma [ 13 1. A known amount of zirconium oxychloride was dissolved 
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in 100 ml of a 1~1 mixture of water and methanol. About 30 ml of 30% 
H202 was added to this solution with stirring. This was followed by the slow 
addition of the respective alkali metal fluoride in an appropriate quantity to 
maintain the zirconium-to-fluoride mole ratio at 1: 3. (Rubidium fluoride 
was prepared by reacting the carbonate with hydrofluoric acid.) The white 
solid obtained was filtered, and was washed well with a 1: 1 mixture of water 
and methanol and finally with acetone. The compound was ground and dried 
over phosphorus pentoxide. The compositions of these dried solids were 
checked by analysis, by IR spectroscopy and with X-ray powder photographs. 
To keep uniformity in the nature of the starting material the samples were 
homogenized by sieving, using a mesh size smaller than 150 frm. 

2.2. Equipment 
A high vacuum constant volume system containing a photolysis cell 

with a transparent quartz window was used. The sample was spread evenly in 
the photolysis cell. A liquid air trap was used during the photodecomposition 
studies. Prior to each photolysis run the system was evacuated to a pressure 
of 10e6 Torr and, after studying the initial dark rate, the system was again 
evacuated to this pressure. The pressure of the oxygen evolved during 
photolysis was measured using a McLeod gauge. In the photolysis studies 
150 mg of the potassium and 50 mg of the rubidium and the caesium fluoro- 
peroxozirconates were used. 

A high pressure mercury arc lamp (HPK 125, Phillips Holland) was used 
for the photolysis; this lamp emits strong background radiation in the UV 
and visible regions in addition to the principal lines which have strong emis- 
sions at 253.7, 265.3, 313.0 and 365.5 nm. Actinometry by potassium tri- 
soxalatoferrate(II1) trihydrate was carried out in order to determine the 
incident intensity. The lamp was allowed to warm up for 15 min before use 
and its full spectrum was used for the photodecomposition studies. 

Different intensities were obtained by varying the distance of the UV 
lamp from the sample and the desired temperature was achieved by sur- 
rounding the photolysis cell with a jacket bath connected to a cryostat 
(MK 70). 

The diffuse reflectance spectra were recorded on a Unicam SP 700 UV- 
visible spectrophotometer and are shown in Fig. 1. 

3. Results 

The pressure-time data for the oxygen evolved during the photodecom- 
positions were obtained by measuring the oxygen pressure over the sample as 
a function of time. Duplicate sets of measurements carried out in some 
experiments showed excellent reproducibility for powdered samples. How- 
ever, pelleted samples presented some difficulties- No dark rate was observed 
during the photodecomposition of these solids. Also there was no noticeable 
change in the colour of the samples. 
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Fig. 1. Diffuse reflectance spectra of the compounds 
M = K+; curve b, M = Rb+, curve c, M = Cs”. 

2H20 : curve a, 

3.1. K2Zr2(02)2F6 * ZH,O 
Pressure-time data for the photodecomposition of K2Zr,(Oz)2F6 l 2H20 

at different intensities and constant temperature (25 “C) are presented in 
Fig. 2. The photolysis was also carried out at a constant intensity of 21.27 X 
1016 quanta s-l cmW2 and different temperatures in the range 10 - 50 “c; the 
results are plotted in Fig. 3. The pressure-time curves in Figs. 2 and 3 are 
parabolic and fit the rate equation p = kt1i2. Plots of p versus t112 are linear 
and are given in Figs. 4 and 5. Figure 6 shows that the rate of photolysis is a 
linear function of intensity. The activation energy deduced from an Arrhenius 
plot is 0.93 kcal mol-‘. 

3.2. Rb&rz(02)2F,-2~z0 
The pressure-time data for Rb2Zr2(02)2Fs l 2H2O at different intensities 

and constant temperature (25 “C) are presented in Fig. 7, and at constant 
intensity and different temperatures (5 - 45 “c) in Fig. 8. These data were 
analysed using the rate equation p = kt112 and linear plots of p versus t112 
are presented in Figs. 9 and 10. The rate of photodecomposition is linearly 
dependent on intensity (Fig. 11). The activation energy is 1.38 kcal mol-l. 
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Fig. 2. Pressure-time plots for the photodecomposition of K$?&(O&Fe*2’HgO at 
different intensities and constant temperature (26 “C). 

Fig. 3. Pressure-time plots for the photodecomposition of I$Zrg(02~F~‘2H2~ at 
different temperatures and constant intensity : l , 10 C; A, 30 C; X ,40 C; 0, 50 C. 

24.0- 

2l.O- 

iao- 

$15.0- 

g 

z a.o- 

z 

ao- 

6.0- 

3.0- 

21.67 

19.2- 

168- 

u.1 - 
E 

3 

ifi 12.0 

E 
9.6- 

7.2 - 

L.8- 

2.4 - 

O.Ol 
, /, I I I I 0.01 I I I I I I 

0 2.0 4.0 6.0 8.0 10.0 n.0 0 2.0 LO 6.0 8.0 10.0 12Jl 

Ji- 0 

Fig. 4. Plots of p VS. t112 for KgZra(O& 
temperature (25 “C). 
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Fig. 5. Plots of p us. t ‘I2 for W+(02)~ 
intensity (21.27 X 1016 quantas 

F l 2He at diffezent tempOeratures yd constant 6 
cm- ): l , 10 C;a, 30 C; X, 40 C; 0, 50 C. 
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Fig. 6. The dependence of the rate constant k on the intensity for K,Zrz(O&Fe-2HzO. 
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Fig. 7. Pressure-time plots for the photodecompasition of Rb&%2(02)2F~*2H20 at 
different intensities and constant temperature (26 “C). 

Fig. 3. Pressure-time plo,ts for the photodecomposition of Rb$?k2(02)~F6*2&0 at 
different temperatures and con&ant intensity: 0, 6 “C; 0, 16 “C; X, 25 C; o, 36 “C; 
a’, 46 “c. 
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Fig. 9. Plots of p us. f112 
temperature (25 OC). 
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Fig. 10. Plots of p us. t112 for RbzZr,(O&F,-2H20 at different temperatures and 
constant intensity: 0, 5 OC;o, 15 “C;X, 25 %;A, 35%;0,45 “C. 
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Fig. 11. The dependence of the rate constant k on the intensity for Rb$kz(O&F~ * 2H20. 
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The pressure-time data for C~~Zrs(Os)~F~*2Ha0 as a function of 
intensity and of temperature are presented in Figs. 12 and 13 respectively. 
The rate equation p = kt112 is applicable and linear plots of p versus t1j2 
are presented in Figs. 14 and 15. The rate of photolysis is linearly dependent 
on intensity (Fig. 16) and the activation energy is 0.82 kcal mol-‘. 

TIME,mnutes 

Fig. 12. Pressure-time*plots for the photodecom!osition of C~ZZ~Z(O.&F~-~H~O at 
different intensities and constant temperature (25 C). 

Fig. 13. Pressuretime plots for the photodecomposition of C&Zrz(O&F6*2H20 at 
different temperatures and constant intensity: l , 5 “C; X, 15 “C; a, 25 OC; A, 36 “C; 
0,45 “c. 

4. Discussion 

Because this investigation of the photolysis of M2Zr2(02)aFs l 2H20 
species in the solid state is the first of its kind on transition metal peroxo 
compounds, the results are somewhat preliminary in nature. 

The close similarity of the experimental data of the solids should be 
noted. This indicates that the photoexcitation process leading to the evolu- 
tion of oxygen is the same in all three, where the anionic part of the complex 
is unaltered. Unlike thermal activation, photochemical activation is selective 
in nature [ 21. The only photoexcitable moiety in the compounds studied is 
the peroxo group; the lattice-held water remains unaffected during the 
photodecomposition. 
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Fig. 14. Plots off us. t”’ for Cs2Zr2(02)2 F -2H20 at different intensities and constant a 
temperature (25 C). 

Fig. 15. Plots of p us. t1j2 for CszZr2(0& F 6. 2HzO at different temperaturee and con- 
stant intensity: or5 “C; x, 15 “C; 0, 25 %;A, 36 “C; o, 45 “C. 

Fig. 16. The dependence of the rate constant k on the intensity for Cs2Zr2(02)2F6*2H20. 
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The diffuse reflectance spectra for these solids (Fig. 1) show a broad 
absorption centred at about 260 nm. The long tail of the absorption extends 
up to 330 nm. The parabolic nature of the pressure-time curves indicates 
that there is a decrease in the photolytic rate with time. This can be explained 
in terms of special sites which aid the photodecomposition and which are 
slowly consumed during the photolysis. The rate of photolysis is linearly 
dependent on intensity, indicating that monoexcitation is required for 
peroxide decomposition in these solids, i.e. 

02 
2_ hv 

- (022_)* 

02 2- + (022-)* - 02 + 202- 

The chances of reducing the Zr( IV) to Zr(III) during the photodecomposition 
are very remote, in contrast with some other systems [ 14 - 161 where the 
metal ion does undergo a change in oxidation state. Therefore, it is primarily 
the interaction between peroxo groups which leads to the evolution of 
oxygen and to the formation of oxide ions which are held in the lattice of 
the product. The redox system could occur by exciton formation. 

No attempt was made to calculate quantum yields in this work, since 
accurate quantum yield determinations for solid state photodecompositions 
are difficult to achieve. These reactions have their own inherent difficulties 
such as the heterogeneous nature of the reactions and absorption by photo- 
products. Hence the quantum yields, if determined, will not be very accurati. 
Despite these limitations some efforts are being made to evaluate quantum 
yields [17 - 211. 

This work has shown that the MzZr2(02)2Fs*2H20 compounds are 
amenable for photodecomposition investigations. Work is in progress on 
thermal and photodecomposition studies of fluoroperoxo species of titanium, 
niobium and tantalum. 

Acknowledgment 

One of us (S.M.K.) is grateful to the Indian Institute of Technology, 
Delhi, for a research fellowship. 

References 

1 D. R. Arnold, N. C. Baird, J. R. Bolton, J. C. D. Brand, P. W. M. Jacobs, P. De Mayo 
and W. R. Ware, Photochemistry an Introduction. Academic Press, New York, 1974, 
p. 200. 

2 V. Balzani and V. Cams&i, Photochemistry of Coordination Compounds, Academic 
Rese, New York, 1970. 

3 F. Basolo and R. G. Pearson, Mechanisms of Inorganic Reactions, Wiley, New York, 
1967, p. 654. 

4 E. L. Wehry, Q. Rev., 21 (1967) 213. 



5 A. W. Adamson, Coord. Chem. Rev., 3 (1968) 169. 
6 D. Valentine, W. A. Noyes, G. S. Hammond and J. N. Pit& Jr., Aduances in Photo- 

chemistry, Vol. 6, Interscience, New York, 1968, p. 123. 
7 E. L. Simmons and W. W. Wendlandt, Coord. Chem. Rev., 7 (1971) 11. 
8 E. L. Simmons, Coord. Chem. Reu., 14 (1974) 181. 
9 S. M. Kauahik, C. R. Jagga and G. V. Jere, paper presented at NuZZ Symp. on Struc- 

ture, Bonding and Reactivity of Inorganic Compounds, Bangalore, India, 1978; 
Zndiun J. Chem., 18A (1979) 308. 

10 G. V. Jere and S. M. Kaushik, Thermochim. Acfa, in the press. 
11 G. V. Jete and S. M. Kaushik, J. Solid State Chem., in the press. 
12 G. V. Jere and S. M. Kaushik, J. Thermal Anal., in the press. 
13 M. T. Santhamma, Ph.D. Dissertation, Indian Institute of Technology, Delhi, 1976. 
14 B. Claudel, M. Feve, J. P. Puaux and H. Sautereau, J. Photochem., 7 (1977) 113. 
15 R. S. Eachus and W. G. McDugle,Inorg. Chem., 22 (1973) 1561. 
16 W. W. Wendlandt and E. L. Simmons, J. Inorg. Nucl, Chem., 28 (1966) 2420. 
17 H. E. Spencer and M. W. Schmidt, J. Phys. Chem., 74 (1970) 3472. 
18 H. E. Spencer and M. W. Schmidt, J. Phys. Chem., 75 (1971) 2986. 
19 E. L. Simmons, J. Phys. Chem., 75 (1971) 588. 
20 E. L. Simmons and W. W. Wendlandt, Anni. Chim. Acta, 53 (1971) 81. 
21 B. Claudel, M. Feve, J. P. Puaux and H. Sautereau, J. Photochem., 8 (1978) 117. 


