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A significant heterogeneous loss of N2O occurs on at least some surfaces exposed simultaneously to O3 and radiation capable of dissociating O3. The lead evidence comes from an experiment by Black et al. (1983). Combination of Zipf & Prasad (1998) and Maric & Burrows (1992) experiments provides an attractive corroboration. Non-negligible abiotic loss of N2O on the Earth’s surface is suggested by reasonable extrapolations of this loss mechanism based on the well known one- photon two-molecule co-operative absorption. This possibility needs further study in the context of “information-intensive” fertilizer management strategies.

THE SUBJECT MATTER OF THIS PAPER IS IMPORTANT.

TO APPRECIATE THIS CONSIDER THE FOLLOWING FACTS:
(
Nitrous oxide (N2O) is an important atmospheric constituent, since it is the dominant source of the ozone (O3) destroying nitric oxide (NO) and also a greenhouse gas with a rising atmospheric loading. 

(
For the past several decades it has been strongly believed that microbiological activities in the soil and the aqueous environment are the major sources of the atmospheric N2O, with minor uncertain contributions from anthropogenic activities. It is thought to be destroyed in the stratosphere only, by photodissociation and reactions with O(1D).

( Recently, several new studies began to converge on the possibility that the contemporary N2O chemistry may indeed be incomplete. The first of the new developments occurred in the area the observed isotopic enrichment of the atmospheric N2O and the isotopic enrichment in the N2O from the key classical sources (Cliff & Thiemens, 1997).

(Zipf & Prasad (1998) experimentally confirmed Prasad’s (1994, 1997) predictions that N2O may be formed when the excited O2(B 3() and highly vibrationally excited O3 from O, O2 recombination reacts with N2.

( The current WMO position is that the sources and sinks of N2O are in near balance. The new sources of N2O then require N2O sinks in both the troposphere and the stratosphere. The missing sinks need to be identified

(The present paper fulfils the important task of identifying tropospheric sinks
LEAD EVIDENCE FOR THE NEW PHOTO-ASSISTED HETEROGENEOUS SINK OF NITROUS OXIDE COMES FROM BLACK ET AL.’S EXPERIMENT

In the experiment by Black et al N2O at pressure of 20 - 200 mtorr was found to be unstable when mixed with O3 at 1 torr and N2 at 1 atm and irradiated by UV radiation from a filtered Hg lamp. The N2O loss rate was substantial  in the experiments. Typically 35% of N2O was lost in just 15 min period during which 80% of O3 was consumed. Longer wavelength radiation did not produce this dramatic loss, nor was any effect found in the absence of O3. The fact that at least 90% of N2O was recovered from the unirradiated samples shows that there were no sampling problems, surface losses in the quartz cell in dark condition or difficulties in analyzing N2O by gas chromatography in the presence of ozone. The observed N2O loss implies an averaged  lifetime of about 3.5 hours or an average  loss rate coefficient of about 4.8 10-4 s-1. 

THE HIGH LOSS RATE OF N2O IN BLACK ET AL.’S EXPERIMENT IS

INEXPLICABLE BY ANY REASONABLE GAS PHASE REACTION SCHEME

Loss due to reactions with O(1D) and/or photodissociation is immediately ruled out due to very small O(1D) concentration and unavailability of photons of the required wavelengths. As suggested by Black et al., O2 (high v) from O3 + hv (254 nm) might possibly destroy N2O. However, this species also cannot account for the observed N2O loss. The concentrations of O2(high v) would be too small to matter, due to the efficient quenching of by N2 via both one and two quantum jump processes and by O3. Excited O2(c) and O2(b) are other energy rich species which might possibly destroy N2O. Although purely speculative at this time, these species might form in the system via the O3 + O ( O2 + O2 (c or b) reaction. Additional O2(b) formation is expected via the deactivation of O(1D) by O2 at the late stage, when O2 concentration builds up at the expense of O3. However, the roles of these two species also can be easily seen to be negligible, due simply to the very small concentrations that these species can attain. Odd-nitrogen species NO and NO2 will almost certainly be present in the system in small amounts as byproducts of N2O destruction. However, the reactions of both NO and NO2 with N2O have such high activation energies that these species cannot contribute to N2O loss in this room temperature experiment. A significant concentration of atomic oxygen (of the order of 1011 cm-3) is expected in the experiment, since there was no O2 to start with. Even so, the direct role of O atoms in N2O destruction was not possible due to the high activation energy in the N2O + O reaction. It is possible to imagine two step processes, starting with the formation of dimers, such as N2O(O3, N2O(O, N2O(NO or N2O(O2 whose photolysis or chemical reactions might possibly constitute N2O sinks. Unfortunately, unrealistic values for equilibrium constants of the dimers are required. These points regarding the inadequacy of conceivable gas phase reactions were checked by a comprehensive gas phase chemical kinetic model. The model considered 106 chemical  reactions, and the following twenty six species: N2O, O3,  O(1D), O, O2(c1), O2(b1), O2(1), O2, O2() with  ranging from 23 to 12, N2O.O3, N2O.O, NO, NO2, NO3, N2O5. While only the reactions are shown here, they and the rationale for the adopted rate coefficients are  available from the author’s website (URL: http://www.CreativeResearch.org). 

IT IS THUS IMPORTANT TO EXPLORE POSSIBLE HETEROGENEOUS LOSS OF N2O IN THIS EXPERIMENT.
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Since we know that N2O & O3 mixed together in a vessel can survive for long time without any heterogeneous loss, the heterogeneous loss of N2O in Black et al.’s experiment must be photo-catalyzed. Photons had a role in the surface reaction due to the unusual experimental set up.

USUAL END ON ARRANGEMENT

UNUSUAL SIDEWAYS ILLUMINATION
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Lamp 

Note that in this arrangement the entire surface of the reaction vessel is exposed to the radiation from the filtered Hg lamp
PHOTON CATALYZED HETEROGENEOUS DESTRUCTION OF N2O IN BLACK ET AL.’S EXPERIMENT CAN OCCUR IN MANY WAYS:

(N2O
+ (O3
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(if  ( ( 300 nm, and (N2..O..O3)SUR is more stable than (N2..O..O3)GAS)
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( (N2)GAS
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The radiation from the Hg lamp may have coincided with the “band gap energy” of some impurity in the glass of the vessel being used by Black et al., and this might have mimicked the surface destruction of N2O which has been known for the past 6 decades. This well known process is discussed next.

SURFACE LOSS OF N2O HAS BEEN KNOWN

FOR THE PAST 60 YEARS

Surfaces coated with p-type semi-conducting oxides (e.g., Cu2O) readily provide electrons for catalytic destruction of N2O  (Stone 1955)

N2O
+ e- (from catalyst)

-> N2

+ (O-)ADSORBED
(O-)ADSORBED
+ N2O


-> N2

+ (O2-)ADSORBED
At higher temperatures, determined by the semi-conductor p-type oxide involved,  the process becomes catalytic
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PHOTO ASSISTED HETEROGENEOUS DESTRUCTION EXPLAINS THE N2O LOSS OBSERVED IN BLACK ET AL. EXPERIMENT

Making the assumption that the N2O loss rate would be proportional to the number densities of both O3 and N2O, the rate of N2O loss on the surface can be simply written as LS = JO3 C1C2n(O3) n(N2O) cm-2  s-1. In LS, JO3 is the O3 photodissiation rate (s-1) at the surface, C1 and C2 are the assumed constants of proportionality. The equivalent volume destruction rate LV= LS(A/V) cm-3 s-1 where A is the surface area and V is the volume of the reaction chamber. Figure 3 shows the modeled variation of N2O number density with irradiation time for various assumed vales of the constant JO3C1C2 ranging from 1.6x10-21 to 5.6x10-20 cm4 s-1. Obviously, JO3C1C2 in the range of  5x10-20  to 5.6x10-20 reproduces the observed loss.



CORROBORATION BY THE COMBINATION OF ZIPF & PRASAD’S AND MARIC & BURROWS EXPERIMENTAL RESULTS

The new heterogeneous loss process is an attractive explanation of the dilemma of why Maric & Burrows [1992] could not find any N2O formation in their control experiment. In their control experiment a mixture of air and O3 (3300 ppmv ) was irradiated by a filtered Hg lamp placed inside the reaction vessel. Little N2O formation was found, even though on the basis of Zipf & Prasad’s [1998] experiment a significant N2O production at a rate of about 0.25 ppb s-1 via the excited O3 mechanism was expected. This expectation is based on the observed O3 loss rate (71 ppb s-1) and the fact that for every irrevocable O3 destruction there were 142 reformations of O3. Consequently, the N2O concentration at the end of the approximately 3.5 hr irradiation would have been about 8.0x1013 cm-3 or 3.2 ppm, if no N2O loss mechanism was present. Accordingly, the much smaller observed concentration of about 0.013 ppm is an evidence for photosensitized heterogeneous loss of N2O occurring in Maric & Burrow’s experiment also. The ozone-free Hg-lamp in this control experiment being inside the reaction vessel to fully conform with their main experimental arrangement (see their Figure 2), photosensitized heterogeneous loss is called for by the same set of reasoning which were applicable in Black et al. experiment. The estimated JO3C1C2 for this experiment is 6.8x10-19. This is consistent with the value obtained for Black et al. experiment, since the lamp used in Maric and Burrows experiment was brighter by an order of magnitude.

WHILE LOSS MECHANISM DISCUSSED SO FAR DOES NOT HAVE MUCH PRACTICAL RELEVANCE, ITS MANY POSSIBLE VARIANTS HAVE INTRIGUING POTENTIALS.

From Black et al. experiment:  C1C2 ( 2.5x10-17
Using
n(O3)

( 8x1011 cm-3 at the surface of the Earth




JO3

( 3x10-4 s-1   




n(N2O)
( 3x1012 cm-3
N2O loss rate at the Earth’s surface: ( 1.8x104 cm-3 s-1   (not much!!)

However, modifications of the basic process can be important, as is discussed next

ONE POSSIBLE VARIANT INVOLVES O2 ON THE BASIS OF THE KNOWN N2O..O2 COMPLEX WHICH IS WEAK IN GAS PHASE BUT MIGHT POSSIBLY SURVIVE BETTER ON SURFACES
N2O(
+ O2(
-> (N2..O..O2)SUR


(( denotes gas to surface flux)

(N2..O..O2)SUR + hv
-> (N2…..O..O2)SUR  ->(N2)GAS + O3
To show plausibility, assume C1C2 ( 2.5x10-17 (from Black et al. exp.)

Then with

n(O2) 


= 5x1018 cm-3 

(at the Earth’s surface)






n(N2O)


= 3x1012 cm-3





J(N2..O..O2)SUR
( 4x10-7 s-1


(Assumed)

Photo-assisted surface loss of N2O ( 108 cm-2 s-1 (encouraging start)

Note that Zipf & Prasad’s experiment suggests an activation energy barrier in the N2 + O3 -> N2O + O2 reaction of the order of 23 kcal/mole and that the reaction goes if that much of energy is in O3 vibration. The gas phase reverse reaction N2O + O2 -> N2 + O3 is thus expected to have a barrier of 37 kcal/mole. It is also expected that the reaction would go easily if this much of energy is put in the N2…O stretch of N2O. Hopefully the complexation process and the perturbing effect of the surface might enable the excitation of this stretch via the absorption of the solar radiation. With this caveat, the reaction may occur on surfaces, even if there may be difficulty for it in the gas phase.
ANOTHER POSSIBLE VARIANT INVOLVES THE ONE-PHOTON TWO-MOLECULE CO-OPERATIVE ABSORPTION
Step 1

N2O(
+ O2(
-> (N2..O..O2)SUR


(( denotes gas to surface flux)

Step 2

(N2..O..O2)SUR + hv
-> (N2..O(v1,v2,v3)..O2(1b,v))SUR  ->(N2)GAS + O3
where the middle step of the  step 2 is a one-photon two-molecule co-operative absorption (Kassha & Brabham, 1979). This transition of a pair of molecule to a composite excited state is weak in the gas phase, but much stronger in the condensed phase and possibly for complexes bound to surfaces.

CATALYTIC DESTRUCTION OF N2O MIGHT POSSIBLY OCCUR ON RED SOILS AND SCRAP METAL DEPOSITORY SITES.

This is expected since:

· the red soils contain metal oxide 

· discarded scrap metals lying in exposed sites may develop layers of oxides (rust)

· it is possible that photons may play the same role as temperature plays in the “classic” well known catalytic destruction of N2O on surfaces coated with semi-conducting p-type oxides.

In the “classic” heterogeneous destruction of N2O the role of the elevated temperature  is to promote valence band electrons to the conduction band. Depending upon the work function of the oxide, photons can supply the “band gap energy” and move the valence band electrons to the conduction band
POTENTIALLY THE NEW DESTRUCTION MECHANISM CAN HAVE GEOPHYSICAL AND ECONOMIC IMPLICATIONS
· Geophysical: If the current WMO position about a balanced source-sink budget for N2O is correct, then the production of N2O from excited O3 (Prasad, 1994, Zipf & Prasad, 1998) requires powerful new sinks like the photo-assisted surface sink discussed here.
· Socio-economic: The new surface sink can be an important element in the “information-intensive” fertilizer management strategy which is so very vital for the developing countries.
(Subject to the condition that these are mostly speculations until the needed laboratory experiments are done and complementary field observations are made. )

SUMMARY & CONCLUSIONS
· There is an enticing possibility of significant loss of N2O on the Earth’s surface via photo-assisted surface destruction mechanisms

· More experiments under controlled laboratory conditions are needed to access their potential

· But if upheld by laboratory experiments, the new loss process could be geophysically and socio-economically significant.
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Figure 3. The modeled time variation of N2O number density in the reaction chamber of Black et al.’s experiment. Curves marked 1, 2, 3, and 4 are for JO3C1C2 = 1.6x10-18, 5.4x10-21,1.05x10-20  & 5.6x10-20 respectively.
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