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Oxidation of organic compounds by ozone on a surface 
1. Ozonization of adamantane on silica gel 
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Adamantanol was obtained by the ozonization of  adamantane, at - 7 8  °C, adsorbed on 
silica gel. Ozone does not decompose on silica gel in the absence of a substrate. 

Ozonization of adamantane on silica gel is accompanied by chemiluminescence in the IR 
region. The chemiluminescence quenching is of first-order with the effective rate constant k ' .  
In the range from 0.4 to 5 mmol, k" depends linearly on the amount of  adamantane adsorbed 
on the silica gel. The activation energy E a = 9.97+1.89 kcal mol - l  and the pre-exponential 
factor A = (2.76+_0.52) • 106 were calculated from the temperature dependence of k ' .  
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It is known that  ozone  is an eff icient  oxidant  capable 
of  oxidiz ing organic  c o m p o u n d s  under  mild  condit ions.  
This  opens  wide  possibil i t ies for the  appl ica t ion of  ozone  
in technology .  Howeve r ,  in many  cases, reactions in-  
volving ozone  are not  selective.  Ozon iza t ion  on a surface 
is one  of  the  m e t h o d s  for increasing the selectivity o f  the  
process, i 

In this work,  ozon iza t ion  o f  adaman tane  adsorbed on 
silica gel was used as an example  to study the effect o f  
amoun t s  o f  adsorbed substrate and adsorbed ozone  on 
the yield o f  a target  p roduct ,  adamantano l .  The  kinet ic  
regulari t ies o f  this process  were  s tudied by the chemi lu -  
m inescence  (CL)  me thod .  

Experimental 

Adamantane (0.1--0.5 g) was ozonized on freshly calcinated 
silica gel (~8.3 g) at - 7 8  °C in a 40-mL cylindrical Pyrex 
reactor. A preliminarily cooled ozone-oxygen mixture (90 
mL rain - l ,  1--2 % 03) was fed for 10--120 rain through a 
porous membrane in a reactor containing silica gel with an 
adsorbed substrate. After switching off the ozonator, unreacted 
ozone was removed with the oxygen flow. The amount of 
absorbed ozone was determined spectrophotometrically by mea- 
suring the optical density of ozone at ;~ = 310 tam at the inlet 
and outlet of the reactor. 2 The reaction mass was thawed out 
for 3 h to room temperature, moved to a chromatographic 
column, and eluted with ethyl acetate (50 mL). Unreacted 
adamantane and oxidation products were analyzed by GLC on 
a Chrom-5 chromatograph (column 370x0.3 cm, stationary 
phase SE-30, working temperature 50--300 °C, flame-ioniza- 
tion detector, argon as the carrier gas, lauryl alcohol as the 
internal standard). 

CL was registered on a photometric installation with a 
cooled FEU-83 photoelectron amplifier and an IKS-7 light 

filter in the range of 1000--1300 nm. 3 In order to register 
luminescence, 12 g of silica gel with adsorbed adamantane 
(0.05--0.6 g) was placed into a thermostated /5 -mL glass 
reactor. The reactor was thermostated to the specified tempera- 
ture ( -28++20  °C). A cooled ozone-oxygen mixture (40 
mL rain - l ,  1--2 % 03) was admitted through a porous mem- 
brane sealed into the reaction wall. When the specified lumi- 
nescence intensity was achieved, the letting of ozone was 
stopped, and the change in the intensity of CL in time was 
measured. 

Adamantane (Fluka) was purified by sublimation.  
Adamantanol was obtained by the known procedure. 4 Silica gel 
(Chemapol, L 40/100 p.m (particle size 0.063--0.2 nm)) was 
caleinated at 600 °C (content of H20 ~- 7 %) prior to use in 
TLC. 

Adamantane (0.1 g) dissolved in pentane was poured to 
freshly calcinated silica gel (8.3 g) with rigorous stirring. The 
solvent was evaporated at room temperature in a rotary evapo- 
rator by a water-jet pump. It was shown by the special experi- 
ments that adamantane was completely adsorbed on the surface 
under these conditions. 

Results and Discussion 

Typical  curves of  a change  in the  concen t r a t ion  o f  
ozone  at the  inlet  and out le t  o f  the  reactor  are presented  
in Fig. 1. The  surface areas S l and S 2 cor respond  to the  
amoun t s  o f  ozone  absorbed in the  reactor  before  switch-  
ing of f  the  ozona to r  and of  desorbed ozone  after swi tch-  
ing of f  the  ozona tor ,  respectively.  Curves  o f  adsorpt ion 
o f  0 3 by silica gel in the  absence o f  adaman tane  are 
shown in Fig. 2, demons t ra t ing  that  at - 7 8  °C m a x i m u m  
saturat ion of  silica gel with ozone  is ach ieved  in 40- -50  
min  and equals  - 3  m m o l  o f  ozone  per  8.3 g o f  silica gel. 
N o  decompos i t i on  o f  the ozone  adsorbed on silica gel 
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Fig. 2. Kinetic curves of adsorption of ozone in the absence (1) 
and presence of 0.9 mmol of substrate (2) on silica gel (-78 °C, 
mass of silica gel is 8.3 g). 
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Fig. 1. Curves of the change in the optical density of ozone at 
the inlet (1) and outlet (2) of the reactor (k = 310 nm, -78 °C, 
Ad o = 0.8 mmol, mass of silica gel is 8.3 g). 

occurs, which is confirmed by the equality of  S l and S 2. 
The curve of  adsorpt ion of  ozone in the presence of  

adamantane  has a similar  character,  and the limiting 
saturation is also achieved in 40--50 rain (see Fig. 2). 
However, in this case, the adsorption of  ozone is accom- 
panied by its consumption.  The amount  of  ozone con- 
sumed in the reaction (AO 3) was calculated as the differ- 
ence between S l and S 2. 

l -Adamantano l  is pract ical ly the sole oxidation prod- 
uct, which is conf i rmed well with the previous results. 4,s 
According to the data in Table 1, the stoichiometry of  
the ozone consumpt ion  is close to unity, and the conver- 
sion of  the substrate is ~90 %. The yield of  the product 

Table 1. Consumption of adamantane and ozone (mmol) in 
the reaction at -78  °C 

Ad o Ad~. AO 3 AdOH 

0.83 0.11 0.78 0.67 
0.81 0.01 0.82 0.77 
0.81 0 1.04 0.78 
0.74 0.01 0.94 0.73 
0.97 0 0.93 0.84 
0.96 0.01 1.39 0.79 
0.97 0.11 1.14 0.79 
3.63 - -  1.06 0.92 
3.75 --  1.87 2.24 

Note. Ad o is the initial amount of adamantane; Ad~ is the 
amount of adamantane after the reaction; AO 3 is the amount of 
ozone adsorbed in the reaction. 

per adamantane conver~ed is -90  % (see Table 1). It is of  
interest that the rate and selectivity of  the l iquid-phase 
ozonization of  adamantane  at - 7 8  °C in CC13F are con- 
siderably lower. For  example,  the ozonization of  7.3 
mmol of  adamantane for 6 " 8  days resulted in the 
formation of  3.3 mmol  of  adamantanol  and 0 £ 4  mmol 
of  adamantanone with the conversion of  52 %. More-  
over, a solvent was involved in the process in several 
cases, which resulted in a considerable decrease in selec- 
tivity. 6 

The ozonization of adamantane  adsorbed on silica 
gel is accompanied by the intense CL in the IR spectral 
range (1000--1300 nm). It can be supposed that CL is 
caused by the radiation of  singlet oxygen, because this 
radiation has the maximum at 1270 nm. 3 The appear-  
ance of  IO 2 can be explained in the following way: 

Ad + 03 --,'. AOOOOH --~ AOOH + 102, 

The formation of  hydrotrioxides upon ozonization of  
organic compounds in the liquid phase and generation of  
singlet oxygen upon their  decomposi t ion have been reli- 
ably established previously. 7--9 The kinetic curves of  a 
change in the intensity of  CL upon the admitt ing of  
ozone have the limiting character  and reach a plateau 
(Fig. 3, a). When the admitt ing of  ozone is stopped, the 
first-order decay of  CL is observed (see Fig. 3, b). The 
rate constants k" were determined from the semiloga- 
rithmic anamorphoses of  chemiluminescence decay. It is 
established that at the constant mass of  silica gel and 
[Ad]0 >> AO3, the k '  rate constant depends linearly on 
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Fig. 3. a, Typical kinetic curves of the change in the intensity 
of CL; the moment when the admission of ozone was stopped 
is marked by the arrow (20 °C, Ad o = 1.5 mmol, mass of silica 
gel is 12 g); 1', blank experiment (20 °C, mass of silica gel is 
12 g). b, Semilogarithmic anamorphoses of kinetic curves of 
CL decay (Ad o = 2.5 mmol, mass of silica gel is 12 g): -28 °C 
(I); 0 °C (2); 10 °C (3). 

the amount  of adamantane adsorbed oll the surface (Fig. 
4) and is almost independent of the amount  of ozone 
adsorbed. The activation energy E~ = 9.97+1.89 kcal 
tool - l  and the p re - exponen t i a l  factor A = 
(2.76+_0.52)" 106 (r = 0.995) were calculated from the 
temperature dependence of k ' :  

T/°C -28 -10 0 10 20 
k ' .  102/s -I 0.31 1.70 3.13 4.87 9.74 

+_0.03 _+0.14 +_0.73 +_052  +0.80 

It is notewor thy  that CL (probably,  adsorbo-  
luminescence l°Al) is also observed upon ozonization of 
silica gel in the absence of a substrate. This CL is less 
intense and decays rapidly according to the first-order 
law, despite the continuous flow of ozone (see Fig. 3, a). 
No CL flash is observed upon the repeated ozonization 
of silica gel in the blank experiment. 

Thus, the CL found makes it possible to understand 
the process of ozonization on the surface and can be 
used for study of the kinetic regularities of this process. 
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Fig. 4. Dependence of the effective rate constant k" of CL 
decay on the amount of adamantane (20 °C, mass of silica gel is 
12 g). 
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