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-Instrument Design and Field Measurements-
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|. Introduction

The nitrate radical, NO,, and dinitrogen
pentoxide, N,O., play Important roles in the
chemistry of the atmosphere. NO; is a potent
oxidant, and the heterogeneous hydrolysis of N,O.
can be asignificant sink of NO, (NO + NO,).

Typical concentrations of NO; and N,Oc In
the nocturnal boundary layer are 1-10 ppt and 100
ppt, respectively. Concentrations of N,O:; of the
range 10-100 ppt are expected in the free
troposphere. Using the Laser Induced Fluorescence
(LIF) technique with an inexpensive pulsed laser
diode and delayed gated counting, we describe our
Instrument with 10 ppt/min sensitivity. Detection
limits of less than 1 ppt for long averages are
expected.
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l. Detection of NO,; and N,Os
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Pulsed diode laser system

Our emphasis continues to be on simple, low cost approaches.
Use of apulsed diode laser and a time-gated detection scheme
makes a sensitivity of 10 ppt/min possible along with the
elimination of any aerosol interference. 40 ppt/min sensitivity
Is achieved with the current prototype (30 mW diode laser
pulsed at 5 MHz, background 30 cts/s). Moving to a 70 mwW
laser and reducing the background to 10 cts/s will give 10
ppt/min sensitivity. If cost and complexity were no object, a
dye laser smilar to the type we use for detection of NO, in the
remote atmosphere would have a detection limit below 1 ppt,
1 min integration.

Signal rate: 10 counts/s/ppb/mwW
Background: 10 cts/s

® 10 ppt/min
Laser power: 70 m\W
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Calibration

L aboratory calibration:

Step 1.

N,O. @ NO, + NO,

Introduce N, O to inlet, measure NO, signal
with 662 nm laser and quantify NO,

concentration by LIF (calibrated to standard
NO, cylinder).

Step 2.

f
NO + NO, ® 2NO,

Add NO to inlet tee, measure increase in
NO, concentration.

Field calibration:

Measure a proxy calibration both in lab
and in the field- the pressure
dependence of the background with
zero air overflowing theinlet. (O,, N,
Raman scattering)

We estimate the calibration IS accurate
to better than 15 %.

l1l. Measurements

M easurements were performed using lower
sensitivity prototype (28 ppt/10 min) over 2
weeks at the Leuschner Observatory on the
UC-Russell Reservation in Contra Costa

county, approximately 30 km NE of San

Francisco. (Wood et a., Env. Sci. and Lo
Tech.(37) 5732-5738, 2003, Wood et d,
Atmos. Chem. Phys., 5, 483-491, 2005).

Figure 2. Map of the San Francisco Bay
Area. The measurement site is indicated.
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Figure 1. Our prototype instrument
at the Leuschner Observatory
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Figure 3. Measurements of [N,Oc] (30 min average), [NO,] (30 s
average), and [O;] (1 min average) on two nightsin Lafayette, CA.
On these two nights the temperature ranged from 3° to 6° C and
the relative humidity ranged from 70% to 90%. NO, was measured
by an LIF instrument (Cleary et al, Applied Optics 41 (33), 6950-
6956, 2002) and O; was measured with a dasibi absorbance sensor.
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Atmospheric lifetime

Assume N,O is in steady state:
[NL,O,]

ki[NO,][O;]

l'ss(N,05) °

w/o NO, losses: {ss(N,O;) = kl_—llET

Direct NO, losses are assumed to be negligible:

-emissions of biogenic VOCs at night in the winter are small

-too cold for soil emissions of NO

-vehicular NO emissions would reguire at least 30 min. to reach the site

Observed N,O¢ lifetime In Lafayette: 10 - 30 min

on the short side of lifetimes observed during other studies
using DOAS or CRDS (e.g., Brown et al, JGR 108 (D9), 4299,
2003; Martinez et al, JGR 105 (D18), 22685, 2000; Heintz et al,

JGR 101 (D17), 22891, 1996)

Attribute to high rates of N,O: hydrolysis onto
deliquescent particles (RH = 80% +)

a 20 min lifetime implies an aerosol surface area of 200 mm?

cm3 (assuming g=0.07)

therefore, all NO, produced is converted to HNO,

[ HNOa]totaI =2

A few estimates...

Total HNO, produced:

[N,Os]
[ s(N2Os)

=1.3 - 5.5 ppb

dt =2 Kyo,.0,[NO,][O,]ct

-comparable to ambient [NO,]

Comparison of night time and daytime
HNO, production:

HNG,(night)  2Kyo20,[NG,][O;]dt
HNG;(day)  Kopeno [OH]ING,]dt

Using [O5]=25 ppb, [OH]=3.4 x 10°> molecules/cm?
(Spivakovsky 2000):

HNOgigny/HNO3(gayy = 9 (N,O5 hydrolysis Is
Important!); even if boundary layer is 10
times higher during the day.

V. Future Plans

We plan measurements of N,Og, NO3; NO,, SANSs, S PNs, and HNO; at the UC
Blodgett Forest Research Station. There are also measurements of a wide range
of VOCs and other trace gases by Goldstein et al. (e.g. Schade et al., GRL 30(7),
1380, 2003) at this site. The observations of both N,O¢ and the reaction products,
HNO; and SANSs, will provide a unique opportunity to test our understanding

of the mass balance in the products of NO,/ N,O: chemistry and to directly
compare the relative rates of loss due to N,O; hydrolysis with those to NO,

addition to alkenes.
As an example, we estimate 1 ppt

of HNO; produced from N,O.
hydrolysis and 160 ppt of SANS
produced from NO, +BV OCs after
an 8 hour night.

(277K,

NO, Initial [NO, ] = 500 ppt,
Initial [O5]=30 ppb,
constant of [BVOCs]=160 ppt,
VOC Knossvoc =2.6x1012 cm®/molec?s,
= aerosol surface area 2 mm?4/cm?,
15min uptake coefficient g=0.07)
SANS




