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paleoclimatic
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Oxygen Isotope Fractionation
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The Oxygen Isotopic Anomaly
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Transfer of O; Isotopic Anomaly to Other Constituents
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Nitrogen oxides = NOx = NO+NO,




First Measurements and Observations
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The Nitrate Oxidation Scheme
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Isotopic transfer sensitive to Isotopic transfer sensitive to
ratio a = O,/R’0O, night/day chemistry




NO,/0;/HOy Interactions

Hypothesis




Termination Reactions

By simple consideration on the origin of the oxygen atom




Model Results based on Polluted MBL.:

35 o/OO

unverified

A7O(NO,) = A70(05)

We have studied the NO + O,
isotope transfer in laboratory




NO + O, > NO, + O,
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Lab Set Up

OO0

Nitric oxide

Knowing isotope composition
of reactants and products

-~ anomaly transfer

- mechanism of reaction




Macroscopic view:
Anomaly Transfer from O; to NO,

y =1.17+0.04x + 6.7+1.0
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A7O(NO,) = 1.17 A70(0,) + 6.7

A7O(NO,) = A70(0;) = 35 %o A7O(NO,) = 36 %o




Microscopic view:
Mechanism
03
S (°0,%0)




A7O(O\yaps) = p SATO(03) + (1-p) aA70(aOs)

With p: probability to react with central atom




1000 °A"70 (03)

y = 0.001x% + 1.085x + 12.355
R?=1.000

y =0.005x2 + 0.769x + 15.240
R?=0.997
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Connect bulk A0
with aA70 & sA70



Li del
y=1317x-21.6x+ 1.9 o9 MOde

RZ=1.0

Bhattacharya model

y=137.1x* - 22.5x + 1.6
R?=1.0

Supported by:

>the non-Arrhenius behavior of the kinetic rate reaction = two
step mechanisms

»Molecular beam reactions showing two preferential scattering
angles for products




Molecular Beam Scattering Experiment
(van den Ende et al., 1982)

- NO+0;+=NO:+ 02

En =061 eV ™ Terminal
abstraction

FIG. 2. Center-gf-mass contour map

aof the MO, flux digteibation obtaingd by
parforming a coe-Newton diagram trans-
formatlon of the laborztory data.

Central
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Sampling Sites
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Analytical procedure

¥ =116 x + 20.5 (xr” = 0.995)
e AgNO; decomp.
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Ozone Depletion Events (ODEs)
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"Bromine explosion”

Richter et al., 2001
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BrO/0O; Relationship

Haonninger and Platt, 2002

Two regimes -
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GAW station Da mixing ratio [ppb]

Ozone and BrO cannot coexist
both at high concentration




Effect 1: Destroy Os, A\

O
2 Effect 2: Transfer A /

Bromine : 2 opposing effects




OOTI 2004 - Alert, Canada
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TIOANA 2005 - Barrow, Alaska
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— IndlcaTgs a change in the
way nitrate is formed




IOANA 2005 - Barrow, Alaska
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Br /A

}

BrO replaces Oj in BrNO; branch 100 times
oxidizing NO faster than OH branch




Box model ODE
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The Antarctic Environment
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15N Snow surface DC
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Strong post
depositional effects
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15NN DDU-DC Traverse
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15N of nitrate aerosol at DDV




hy + NOy

Ice Encapsulation
MNOy Loss

Davis et al.,
2004




Conclusions
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