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Introduction: The oxygen isotopic compositions 

observed in meteorites possibly reflect heterogeneity in 
the solar nebula. A striking feature is the departure 
from the normal terrestrial mass fractionation line 
(TFL, represented by a slope ½ line in a 3-isotope plot 
of oxygen). The oxygen isotopic composition of CAI’s 
(calcium-aluminum rich refractory inclusions), ordi-
nary chondrites (H, L, LL), and C3 chondrites are dis-
tinctly grouped in 3-isotope space, reflecting distinct 
slope values in 3-isotope space. Most carbonaceous 
chondrites are individually grouped following a trend 
with a slope lower than the CAI’s, whereas the 
enstatite chondrites lie over the TFL [1, 2]. 

Photo-chemical self-shielding of nebular CO has 
been re-proposed as a process for generating water 
highly and equally enriched in 17O and 18O [3, 4]. The 
mixing of this enriched water reservoir with an 16O-
rich solar reservoir may produce the observed CAI line 
(slope one). There are several complications with this 
proposal. Experimentally measured oxygen isotopic 
fractionation data for CO photodissociation yields a 
wavelength dependent fractionation trend [5-7] and is 
not totally supportive of self-shielding as a mechanism 
for generating a reservoir with equal 17O and 18O en-
richment. Even when enriched water is produced via 
CO photodissociation, preserving the enrichment in 
water-ice is problematic as the photolysis of ice (H2O 
and CO2) is likely in the nebular environment in the 
presence of stellar and interstellar UV sources [8, 9]. 
Consequently exploration of alternative mechanisms 
for the formation of silicates with mass independent 
oxygen isotopic composition is warranted. Apart from 
the CAI’s oxygen isotopic distribution a slope one line, 
the oxygen isotopic compositions of different 
chondritic groups is difficult to explain with a general 
two-component mixing model. A mass-independent 
effect in gas-phase  and condensed phase (over the 
grain surface) chemical reactions is potentially im-
portant to explain the complex oxygen isotope map of 
early solar system materials. In any model, determin-
ing the isotopic fractionation factors associated with 
the gas to solid formation for oxygen is needed and 
presently unknown. A limitation is the lack of relevant 
measurements due to the difficulty in performing ex-
periments. In this abstract, we describe experiments of 
the oxidation reaction of SiO to form SiO2 in two dif-
ferent ways (i) gas-phase reactions and, (ii) surface 
assisted oxidation reactions. We present the isotope 

results for both mechanisms here and a theoretical 
simulation result for the gas phase reactions. 

Experimental: (i) Gas-phase oxidation was per-
formed by vaporizing ultra high pure SiO nuggets (~ 2 
mm in size) were vaporized inside a vacuum chamber 
by an Excimer laser beam (248 nm) in two different 
ways for two different sets of experiments a) in the 
presence of oxygen (of known isotopic composition) 
and (b) in the presence of a mixture of oxygen and 
hydrogen in varied proportions. During the vaporiza-
tion process solid oxides (SiO2) are formed throughout 
the chamber, indicating gas-phase reaction in the laser-
induced hot  plume as shown in Figure 1(a). In set (a) 
the residual oxygen was collected and measured for its 
isotopic composition in a Finnigan MAT 253 IRMS. 
For set (b), residual oxygen was collected after com-
plete separation from hydrogen and the isotopic com-
position determined. The solid SiO2 products are also 
collected for set (b) experiments and the oxygen iso-
topic composition determined after reaction of SiO2 by 
CO2-laser fluorination. In one experimental run, the  
amount of solid SiO2 was too small to process. To 
compensate for this, ~ 10 experimental runs were per-
formed with a fixed H2/O2 ratio to produce sufficient 
solid for isotopic analysis. SEM analysis was also per-
formed on the product particles.  

(ii) Surface assisted oxidation reactions was per-
formed through vaporizing SiO nuggets by heating a 
tungsten boat filament (~1600 oC) inside a home-made 
LN2 cryostat kept at high vacuum (~10-6 torr). A col-
lector plate was placed at a distance of 3 cm at the top 
of the filament. During vaporization of SiO, the collec-
tor plate was kept at LN2 temperature and, several 
monolayers are deposited on the bottom surface of the 
collector plate. A separate arrangement was made to 
boil H2O2 at 70oC and once sufficient vapor was pro-
duced, tesla discharge was applied to dissociate H2O2 
to OH and sprayed over the SiO layers via a nozzle. 
Once the mixture of H2O2 and OH was deposited, LN2 
flow was seized and allowed the system to bring to 
room temperature. About ~ 24 hours, the cryostat was 

  
Figure 1. Microscopic image of SiO2 formed in (a) gas phase 
reaction and, (b) surface assisted reaction.    

(a) (b) 
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open and the products are collected from the collection 
plate as well as from different sections of the reaction 
chamber. The product silicates are shown in Figure 
1(b) and the oxygen isotopic compositions are deter-
mined after CO2-laser fluorination treatment.          

Results and Discussion: (i) Gas-phase oxidation- 
the measured oxygen isotopic composition of silicates 
are shown in Figure 2, which show mass-independent 
(MI) composition in presence of H2, with a maximum 
∆17O value of ~ 1.5 ‰; whereas silicate formed with 
only O2 lies along a trend line of slope value close to 
0.51, e.g. strictly mass dependent (MD). This indicate 
the importance of HOx oxidation reactions as a source 
of MI composition and we postulate SiO + OH is the 
MI channel. A similar reaction (e.g., CO + OH) is 
known to produce MI effect [10].     

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 A chemical kinetic model was developed using 
the commercial software MATLAB incorporating all 
the possible reactions and tracked the time evolution of 
different species as shown in Figure 3. The simulation 
results show a temperature dependent production rate 
of SiO2. Comparing the amount of SiO2 formation in 
the model simulation with that formed in the experi-
ment indicate that the representative temperature of the 
reaction is about 50 oC and at that temperature, SiO2  
 
 
 
 
 
 
 
 
 
 

production via O and O2 is about 9 times more than 
that produced via OH, H2O, HO2, and HO2 combined 

and among all these HOX channels, OH contributes the 
most. According to the model simulation, the measured 
∆17O values are severely diluted (1 part MI : 9 part 
MD), which translate the measured 1.5 ‰ value of 
∆17O to 13.5 ‰, when formed only via OH oxidation. 

(ii) Surface assisted oxidation- preliminary results  
obtained to date. The oxygen isotopic composition of 
the product silicate shows a MI composition in specific 
conditions, shown in Figure 4. The mechanism based 
on entropic enhancement proposed by Marcus [11] 
might be operative in the present case. However, more 
experiments needed to be done to understand this pro-
cess and will be presented in the conference. As shown 
in Figure 1, the color of the formed silicate is darker 
than that formed via gas phase reaction, though 
stoichiometrically both are of SiO2 that may indicate 
the structural difference in the silicate formed in two 
different ways. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The present experiments clearly establish the fact 

that a MI composition in silicate may be generated 
through OH oxidation by gas-phase or surface assisted 
reactions. In the inner solar nebula, OH is a dominant 
species and oxidation through OH may be a route to-
wards silicate formation and may give rise to the MI 
signatures in different meteorite groups. Regardless of 
whether self-shielding is operative or not, the final step 
leading to the solid formation is capable of producing a 
mass independent fractionation and we are in the pro-
cess of evaluating the single stage fractionation factor 
to allow for development of relevant models. 
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Figure 2. Oxygen isotopic composition of silicates formed 
via gas-phase reactions. Silicates formed in presence of H2 
show MI composition (red), whereas, that formed without H2 
are MD (green).     
 

Figure 3. Time evolution of different species in model simu-
lation for H2/O2 ratio of 30. SiO2 formed via O2 and O oxi-
dation is labeled as (1) and that via OH, H2O, H2O2, and 
HO2 as (2).  
 

Figure 4. Oxygen isotopic composition of silicates formed 
via surface assisted oxidation reaction. In certain condi-
tions, the formed silicate acquires MI composition.     
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