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We describe a prototype designed for in situ detection of
the nitrate radical (NO3) by laser-induced fluorescence
(LIF) and of N2O5 by thermal dissociation followed by LIF
detection of NO3. An inexpensive 36 mW continuous wave
multi-mode diode laser at 662 nm is used to excite NO3

in the B̃ 2E ′(0000) r X̃2A′2(0000) band. Fluorescence is
collected from 700 to 750 nm. The prototype has a sensitivity
to NO3 of 76 ppt for a 60 s integration with an accuracy
of 8%. Although this sensitivity is adequate for studies of
N2O5 in many environments, it is much less sensitive (about
300 times) than expected based on a comparison of
previously measured photophysical properties of NO2 and
NO3. This implies much stronger nonradiative coupling
of electronic states in NO3 than in NO2.

Introduction
In the earth’s boundary layer, the nitrate radical (NO3) is an
important oxidant and an intermediate in the conversion of
NOx (NOx ≡ NO + NO2) to HNO3. NO3 is formed by the
reaction of NO2 with O3. During the daytime, rapid photolysis
(J ) 0.2 s-1) and reaction with NO limit concentrations to
less than 1 ppt near the surface. In contrast, at night, when
NO3, NO2, and N2O5 are in equilibrium:

mixing ratios of NO3 in the boundary layer have been
measured in the range of 1-200 ppt (1). The few measure-
ments above the boundary layer in the free troposphere
indicated an average mixing ratio of 8 ppt (2), and strato-
spheric measurements have ranged from 5 to 160 ppt at
altitudes of 22-38 km (3). There are few measurements of
atmospheric N2O5. Brown et al. (4-7) and Simpson (8) are
the only groups to measure N2O5 in the troposphere, reporting

mixing ratios up to 3 ppb in the polluted continental boundary
layer and up to 60 ppt at high latitudes. Stratospheric N2O5,
with peak mixing ratios of 1.8 ppb, has been observed using
spectrometers aboard balloons and satellites (9, 10).

Due to the equilibrium between NO3 and N2O5, a loss of
one species effectively constitutes a loss of the other. In the
troposphere, NO3 reacts rapidly with NO, alkenes, and
dimethyl sulfide (1). In both the stratosphere and the
troposphere, N2O5 reacts with water in an efficient hetero-
geneous reaction to form HNO3. NO3 also participates in
heterogeneous reactions with water (11). In the troposphere,
HNO3 is usually removed by dry deposition or rainout faster
than it is photochemically converted back to NOx and thus
constitutes a permanent sink for NOx. In the stratosphere,
where there is no rain, HNO3 is a long-lived reservoir for
NOx.

The most common method for measuring atmospheric
NO3 is differential optical absorption spectrometry (DOAS)
across open path lengths on the order of 1 km. This remote
sensing method utilizes a broadband light source and
measures the differential absorption of light in the strong
662 nm absorption band (σ ) 2.2 × 10-17cm2) (12). A less
commonly used method of detection is matrix-isolation
electron spin resonance spectrometry (MI-ESR) (12), which
involves cryogenically trapping whole air samples with
subsequent laboratory analysis. Neither technique is ad-
equate in its current form for routine use from aircraft, and
laboratory throughput limits the use of MI-ESR to relatively
infrequent sampling. Recently, Brown et al. (4-7) and
Simpson (8) have demonstrated fast measurements of
ambient NO3 and N2O5 via cavity ring-down spectroscopy
(CaRDS). Their in situ approach allows for measurement of
N2O5 in the troposphere via heating of their inlet followed
by detection of the NO3 thermal dissociation product.
Measurement of NO3 in the laboratory using CaRDS has also
been demonstrated (13, 14).

Although numerous studies of NO3 and N2O5 spectroscopy
and kinetics have utilized laser-induced fluorescence (LIF)
in the laboratory (15-20), LIF has not previously been applied
to ambient detection of NO3 and N2O5. In this paper, we
describe a prototype for field measurements of NO3 and N2O5

using LIF.

Laser-Induced Fluorescence Detection of NO3

LIF has proven to be an accurate, sensitive, and selective
method for measurement of trace atmospheric species
throughout the troposphere and stratosphere (21-24). A laser
is used to excite the compound of interest to an excited
electronic state, followed by measurement of the subsequent
spontaneous emission (fluorescence). The advantages of this
technique are the following:

(i) with careful cell design, the fluorescent light is detected
against a very low background, which combined with photon-
counting leads to high sensitivity;

(ii) high selectivity is achieved as the compound must
meet the criteria of both absorbing the chosen excitation
frequencies and emitting within a constrained spectroscopic
window;

(iii) except at very low pressures, the fluorescence signal
is proportional to the mixing ratio rather than number density
as shown below, rendering the technique equally effective
in the stratosphere and troposphere;

(iv) sampling can be accomplished with a minimum of
surface contact.
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The signal rate S (photon counts/s) observed during LIF
is given by the following expression:

where E is the excitation rate, Q is the fluorescence quantum
yield, and C is the collection efficiency of the instrument.
These three quantities can be calculated and used to estimate
the calibration constant of an LIF instrument. However, the
calibration constant of our instrument is not determined by
the calculation of these quantities but rather by the intro-
duction of a known concentration of NO3. The excitation
rate is

where c is the number density of the excited species, l is the
excited path length, and the integral represents the overlap
between the laser line shape φ(ν) and the absorption cross
section of the molecule, σ (ν, temperature).

The fluorescence quantum yield (Q) is the fraction of
excited molecules which fluoresce [i.e., (photons emitted)/
(photons absorbed)]. For a two-state system, the fluorescence
quantum yield is given by

where kf is the fluorescence rate constant of the excited
species, kIC is the rate constant of nonradiative internal
conversion, and ∑kqi are the fluorescence quenching rate
constants due to collisional deactivation by bath molecules
Mi. The sum of kf and kIC is the observed radiative decay rate
constant [i.e., the reciprocal excited-state lifetime (1/τ0)]. For
the condition that ∑kqi[Mi] is much greater than the first two
terms of the denominator, the 1/[M] term in the fluorescence
quantum yield will combine with the c term in the excitation
rate to make the overall signal rate proportional to c/[M],
which is the mixing ratio. This allows the detection cell to
be held at lower than ambient pressure without a penalty in
the signal rate, which reduces pressure-dependent noise
sources (e.g., Raman and Rayleigh scattering). For molecules
such as NO2 and NO3, which have anomalously long
fluorescence lifetimes, the condition that the ∑kqi[Mi] term
dominates is satisfied even at pressures lower than 5 Torr.

The collection efficiency (C) is given by

where Ω is the fraction of the solid angle of the fluorescence
intercepted by the collection optics, T is the transmission of
the optics, ε is the fraction of fluorescence that occurs within
the active spectral region of the PMT, and F is the fraction
of the fluorescence that occurs in the time gate of a pulsed
detection system. ε contains information on the fluorescing
molecule’s emission spectrum and on the quantum efficiency
of the PMT. The product T × ε is the fraction of the emission
spectrum that is transmitted through the filters and detected
by the PMT.

The absorption and fluorescence spectra of NO3 and its
dissociation dynamics have been studied in detail (15, 17-
20, 25-27). The NO3 absorption spectrum is broad and
diffuse, with no rotational structure evident even under high
resolution (28, 29). Like NO2, the excited-state lifetime of
NO3 is over 2 orders of magnitude longer than the lifetime
calculated from its absorption cross section. These properties
have been explained in the context of the Douglas effect (i.e.,
strong coupling between the ground and excited electronic
states) (30). For NO3, the B̃2E′ electronic state is strongly

perturbed by high-lying rovibrational states of the X̃2A2′ and
possibly the Ã2E′′ electronic states (15, 19, 29-31). Thus, the
broad 0-0 band at 662 nm is not an excitation to an isolated
rovibronic state; rather it is to a manifold of isoenergetic 2A2′
states, 2E′ states, and possibly 2E′′ states. The radiative rate
has been shown to be biexponential, and there is considerable
uncertainty in the relative magnitudes of the fast and slow
components of the excited-state radiative decay. Nelson et
al. (18) examined the 0-0 band at 662 nm and measured an
excited-state lifetime [τ ) (kf + kIC)-1] of 340 µs for the slow
component of the decay and an air-average fluorescence
quenching rate constant of 1.8 × 10-11 cm3 molecules-1 s-1.
Carter et al. (15) observed a biexponential decay with a fast
component of roughly 30 µs in a sample of jet-cooled (Trotational

) 2-3 K) NO3. Ishiwata et al. (17) observed a single-
exponential decay for the excited state and measured a
lifetime of 2.8 µs, although it appears that they may not have
measured the fluorescence decay for long enough and/or
may have operated at pressures too high to observe the slow
component.

Given these uncertainties and the difficulty of directly
calculating fluorescence quantum yields, it is useful to use
NO2 as a benchmark for estimating the potential of LIF for
NO3 detection since we have extensive experience with
detection of ambient NO2 by LIF (21, 24, 32). Our most
sensitive NO2 LIF instrument utilizes a pulsed dye laser at
585 nm and has a signal rate of 0.5 counts s-1 ppb-1 mW-1.
In Table 1, we compare the parameters describing NO3 and
NO2 detection by LIF. The ratio of excitation rates ENO3/ENO2

(eq 3) is 400 due to the higher absorption cross section of
NO3 at 662 nm as compared to that of NO2 at 585 nm. The
product (T × ε) is much lower for NO2 than for NO3 as most
of NO2 fluorescence occurs in the near-IR (37, 38) and
therefore outside the active spectral region of efficient red-
sensitive photomultiplier tubes, whereas NO3 fluoresces
almost entirely in the visible. We estimate that only ∼8% of
the full spectral range of NO2 fluorescence is collected within
the spectral window of our NO2 instrument (700-850 nm),
whereas 50% of NO3 fluorescence is collected within a spectral
window of 700-750 nm for an NO3 instrument. The fraction
of fluorescence that occurs in the instrument’s temporal
window (F) is 1 for cw excitation of NO3 and ∼0.8 for the time
gates used by our NO2 LIF instrument. Thus the ratio
(TεF)NO3,662nm/(TεF)NO2,585nm is approximately (0.5 × 1)/(0.08
× 0.8) ) 8. Assuming equal fluorescence quantum yields
and geometric collection efficiencies (Ω) for NO3 and NO2,
one would predict a signal rate for NO3 of 0.5 counts s-1

ppb-1 mW-1 × 400 × 8 ) 1600 counts s-1 ppb-1 mW-1, which
combined with 36 mW of laser power and a background of
1500 counts/s would lead to a detection limit of 0.3 ppt with
60 s averaging as calculated in the detection limit section
below.

We designed an LIF system for NO3 detection based on
this analysis. Light from a 36 mW, cw multi-mode 662 nm
InAlGaP laser diode enters a 40-pass Herriott cell perpen-
dicular to the gas flow and induces excitation in the B̃2E′(0000)
r X̃2A′2(0000) band of NO3 (Figure 1). The bandwidth of the
662 nm laser is 0.4 nm and is coarsely tuned by adjustment
of the diode temperature and current. Fluorescence is
measured orthogonal to the gas flow and laser axes. A fraction
of the fluorescence is collected and collimated by a 55 mm
focal length lens mounted above the laser beam. A concave
mirror (40 mm radius of curvature) sits below the laser beam
and increases the fluorescence signal by 80%. The fluores-
cence then sequentially passes through a 700 nm long-pass
filter and a 750 nm short-pass filter and is then focused onto
the photocathode of a thermoelectrically cooled red-sensitive
GaAs Hamamatsu H7421-50 photomultiplier tube (PMT)
equipped with an internal preamplifier and discriminator.
These filters transmit slightly less than half of the total

S ) E × Q × C (2)

E ) cl∫φ(ν)σ(ν, temperature) dν (3)

Q )
kf

kf + kIC + ∑
i

kqi[Mi]

(4)

C ) Ω × T × ε × F (5)
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fluorescence from NO3 (20, 31) while rejecting most of the
fluorescence stemming from NO2 and greatly reducing the
nonresonant background. Pulses from the PMT are counted
by a multi-function data acquisition board. Laser scatter and
light leaks (e.g., solar scatter) are minimized by use of highly
reflective mirrors, by geometric baffling of stray light, and by
coating the interior of the detection cell with a black optical
paint. The number of passes (40) the laser beam makes in
the Heriott cell was found to be a good balance between the
favorable increase in laser fluence in the detection cell and
the unfavorable increase in scattered light.

To confirm that the signal was indeed produced by NO3

fluorescence, we measured the excitation spectrum of the
calibration gas mixture by tuning the multi-mode diode laser
from 659 to 663 nm and monitoring the fluorescence. The
excitation spectrum is shown in Figure 2 along with the
absorption cross section for reference.

Calibration
The instrument is calibrated (Figure 3) using NO3 produced
by the thermal dissociation of N2O5(g):

N2O5(g) is produced by mixing gaseous NO2 and O3 with NO2

in stoichiometric excess:

Ozone is produced by photolysis of zero air at 185 nm
using a mercury lamp and quantified using the 254 nm line
of a second mercury lamp. Typically, 14 ppm of N2O5 is
synthesized and diluted to 50-500 ppb before it is thermally

dissociated in a 20 cm long, 4 cm i.d. uncoated glass tube.
The tube is externally heated to 120 °C and held at 9 Torr.
Typical residence times in the tube were 300 mssmore than
13 times the lifetime for N2O5 dissociation (22 ms; 39).

To quantify the NO3, it is converted to NO2 by reaction
with NO. A flow of 3 standard cubic centimeters/min(sccm)
of 3% NO in N2 (Matheson Tri-gases) is injected into the end
of the flow tube. Reaction with NO rapidly converts the NO3

into NO2:

The NO is flowed through an FeSO4 trap before use in order
to reduce any NO2 impurity to NO. High concentrations of
NO are used (∼5 × 1013 molecules/cm3) so that the pseudo-
first-order rate constant for reaction 9 is extremely high: k9-
[NO] > 1000 s-1. As the N2O5 was prepared with NO2 in excess,
complications arising from the much slower reaction NO +
O3 are minimal. Light from a 7 mW, InAlGaP tunable diode
laser (TUI optics) at 638 nm is used to detect the NO2. The
laser frequency is continuously tuned on and off a single
rovibronic feature in the absorption spectrum of NO2, thus
modulating the fluorescence that stems from NO2. In addition
to inducing NO2 fluorescence, the 638 nm light also excites
the B̃2E′(1000) r X̃2A′2(0001) transition of NO3. As the NO3

absorption spectrum is diffuse and shows no rotational
structure even under high resolution, the amount of fluo-
rescence stemming from NO3 does not change with the small
shift in laser frequency (0.2 cm-1) as it is tuned on and off
the NO2 absorption feature. This enables the NO3 fluorescence
to be distinguished from the NO2 fluorescence. Although
this NO3 fluorescence is not quantitatively used for the
calibration, it is useful for confirming the presence of NO3

and in determining the amount of NO to add during the
calibration. The 750 nm short-pass filter is removed while

TABLE 1. Relevant Parameters for Comparison of NO2 LIF and NO3 LIF

parameter NO2 NO3

absorption cross-section (σ) 5.5 × 10-20 cm2 at 585 nm (33) 2.2 × 10-17 cm2 at 662 nm (34)
radiative lifetime (τ ) kf

-1) ∼100 µs (35) biexponential;
3-30 µs short, 340 µs long (17, 18)

air-average fluorescence quenching rate coeff (kq) 6 × 10-11 cm3 molecule-1 s-1 (36) 1.8 × 10-11 cm3 molecule-1 s-1 (18)
fraction of emission spectrum detected by PMT (T × ε) 8% 50%
fraction of fluorescence collected by time gate (F) 0.8 1
sensitivity 0.5 counts s-1 ppb-1 mW-1 1600 counts s-1 ppb-1 mW-1 predicted

4.9 counts s-1 ppb-1 mW observeda

a See text for details.

FIGURE 1. Detection cell. Gas flow is orthogonal to the page. The
entrance windows are uncoated. The beam diameter in the center
of the cell is approximately 0.5 mm.

FIGURE 2. Excitation spectrum of 250 ppb NO3 (solid squares),
recorded by coarsely tuning the multi-mode diode laser over its
tuning range via temperature control. Ref 39 recommended absorp-
tion cross section values (open circles) shown for reference. The
fluorescence was normalized to laser power.

N2O5 + M + heat f NO2 + NO3 + M (6)

NO2 + O3 f NO3 + O2 (7)

NO2 + NO3 + M f N2O5 + M (8)

NO + NO3 f NO2 + NO2 (9)
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the 638 nm tunable laser light enters the cell in order to
maximize the collection of NO2 fluorescence.

Three steps are required to obtain each point on the NO3

calibration curve:
(step A) NO3 response: N2O5 is thermally dissociated in

the flow tube, producing a mixture of NO2 and NO3 in the
detection cell. The 662 nm laser light is directed into the
detection cell and the NO3 fluorescence is measured.

(step B) NO2 quantification: with the same flow as above,
the NO2 mixing ratio is quantified by NO2 LIF using the
tunable diode laser at 638 nm.

(step C) NO3 quantification: NO is added to the NO2 +
NO3 mixture at the end of the flow tube. This rapidly converts
the NO3 into NO2, which is measured by LIF at 638 nm.

A wall loss rate (kw) of 0.1 s-1 at 413 K was measured by
mixing NO2 with excess O3 in a longer flow tube of the same
material as the one used for the calibration. The simplified
reaction scheme below (eqs 10 and 11) was assumed, and
the NO2 and NO3 fluorescence signals were observed over a
range of reaction times:

The wall loss rate constant was determined by fitting the
NO3 fluorescence data to the form of eq 11. A wall loss rate
constant of 0.1 s-1 implies a loss of <0.2% during the 20 ms
between the NO injection point and the LIF detection point.

Figure 4 depicts typical calibration data. The NO3 mixing
ratio is calculated in step C as half the difference in NO2

mixing ratio with and without added NO:

The factor of 0.5 accounts for the stoichiometry of reaction
9. Figure 5 is a calibration curve for LIF at 9 Torr and 393 K.
The instrument’s calibration constant is the slope of the line
3.8 ( 0.3 counts s-1 ppb-1 mW-1. The source of the uncertainty
is that [NO2](step C) and [NO2](step B) are both determined by
calculating the difference between “online” and “offline”
count rates. These uncertainties, when propagated through
to the calibration constant, result in an overall (8% uncer-
tainty.

The absorption cross section of the 0-0 band at 662 nm
increases with decreasing temperature due to the increased
population of the ground vibrational state (27, 34). We
estimate that the sensitivity to NO3 is 30% higher at 298 K
than at 393 K based on the Boltzmann distribution in ν )
(0000). Thus the instrument calibration constant at 298 K is
4.9 counts s-1 ppb-1 mW-1.

This calibration constant is over 300 times lower than
expected (1600 counts s-1 ppb-1 mW-1) based on the
approximations shown in Table 1 and indicates a major flaw
in the approximation of equal fluorescence quantum yields
for NO3 and NO2. As the radiative lifetimes and fluorescence
quenching rate constants of NO2 and NO3 are comparable,
we attribute this large difference in fluorescence quantum
yield to the relative rates of internal conversion of the two
species. The 0-0 band at 662 nm is an excitation to a manifold
of states with only partial 2E′ (bright) character as the B̃2E′
state of NO3 is strongly perturbed by high-lying rovibrational
levels of the X̃2A2′ ground state. Although the excited state

FIGURE 3. Experimental setup for calibrations. N2O5(g) is synthesized in a 1 L flask and thermally dissociated in a Pyrex flow tube at
9 Torr and 120 °C. Light from one of two lasers enters the detection cell for LIF of NO2 and NO3.

NO2 98
k1

NO3 98
kw

loss (10)

[NO3](t) )
k1[NO2]0

k1 - kw
(e-kwt -e-k1t) (11)

[NO3] ) 0.5{[NO2](step C) - [NO2](step B)} (12)

FIGURE 4. Calibration data. A mixture of NO2 and NO3 is flowing
into the detection cell. From time ) 1500-1650 s, the fluorescence
signal induced by 662 nm excitation of the NO3 is measured (step
A). From time ) 1850-1970 s, the 638 nm tunable diode laser is used
to quantify the NO2 concentration (step B). The total signal at
this point is the sum of constant NO3 fluorescence and modulating
on-line and off-line NO2 fluorescence. At time ) 1970 s, NO is
added to the calibration gas, converting the NO3 into NO2 (step C).
The NO3 concentration is calculated by the increase in NO2

concentration.
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of NO2 (Ã2B2) is also perturbed by high-lying rovibrational
levels of its ground state (X̃2A1), the density of states of NO2

near 662 nm is 2-3 orders of magnitude less than that of
NO3 (15, 19, 40). Thus the potential for radiationless decay
is substantially greater for NO3. Uncertainty in the NO3

fluorescence decay rate does not simply explain the difference
in fluorescence quantum yield. Use of a higher value of kf in
eq 4 (2.8 µs instead of 340 µs) for NO3 corresponding to its
fast component of biexponential fluorescence would only
produce an even bigger discrepancy between the predicted
and observed calibration constants, and use of a slower value
of kf would correspond to an unrealistically long fluorescence
lifetime, much greater than measured in the literature (15,
17, 18). The fluorescence signal was linear with laser power,
indicating that the transition was not saturated.

Sensitivity. The detection limit is determined by the
instrument’s sensitivity to NO3 and by the background signal.
At 36 mW, the calibration constant R was measured to be
176 counts s-1 ppb-1. The background signal consists of two
parts: (i) the instrumental background, measured with zero
air flowing in the detection cell; and (ii) the fluorescence
from other chemical species, of which the only important
term is NO2. The instrumental background at 36 mW is 1340
counts/s. Of these 1340 counts/s, 25 are PMT dark counts,
560 are oxygen Raman scattering, and the remainder are
laser scatter. The NO2 fluorescence rate at 662 nm is 0.14
counts s-1 ppb-1. For 10 ppb of NO2, this corresponds to 1.4
counts/s.

The observed mixing ratio in ppb (ø) is SLIF/R where SLIF

is the LIF signal in counts/s and R is the instrument’s
calibration constant in counts s-1 ppb-1. SLIF is determined
by subtracting the background count rate, B (counts/s), from
the total count rate SLIF + B. The associated uncertainty (σS)
with this subtraction is given by

where σS+B and σB are the uncertainties of the total count
rate and background count rates, respectively. The signal-
to-noise ratio (SNR) with an integration time (t) is then

At the detection limit, SLIF , 2B. Rearranging eq 14 gives the
minimum detectable mixing ratio (ømin) of

This calculation assumes that the uncertainty in the instru-
ment zero is negligible.

At SNR ) 2, with 36 mW of laser power and at an NO2

concentration of 10 ppb, this yields a detection limit of 76
ppt for a 60 s average at 298 K. Although this detection limit
is not sufficient for measurement of NO3 as ambient mixing
ratios are rarely this high, it is sufficient for measurement of
N2O5 in most environments. This sensitivity is reflected in
Figure 6 in the measurements of NO3 from a sample that is
being increasingly diluted.

Prospects for Field Measurements. Adaptation of the
prototype for field measurement of ambient N2O5 will require
only a few modifications. Foremost is the development of an
inlet, which must be able to rapidly thermally dissociate N2O5

and create a pressure drop with a minimum of surface
contact. The inlet design would consist of a short heating
section (e.g., 5 ms at 150 °C and 1 atm) followed by an
expansion through an orifice similar to those used by
tropospheric OH LIF instruments (22, 41-44). The instrument
including its inlet would be calibrated in the laboratory as
above. An absolute calibration in the field would be un-
necessary since the ratio of the instrument’s NO3 LIF
calibration constant to both the instrument’s NO2 LIF
sensitivity and to its air Raman scattering sensitivity are
constants. As long as these two ratios are accurately measured
in the laboratory, these two diagnostics, which do not require
as much equipment and are not as time-consuming as NO3

calibrations, can serve as proxies for an absolute NO3

calibration and can quantify drifts in the instrument’s
calibration constant during a field deployment. As the Raman
sensitivity can be measured very precisely, use of this proxy
calibration would only minimally affect the uncertainty of
the absolute NO3 calibration constant. Use of Raman or
Rayleigh signal as a transfer standard for calibrations has
been applied to OH, NO2, ClO, and BrO measurements (21,
23, 45-47).

In the CaRDS system used by Brown et al., a Nd:YAG-
pumped dye laser (60 mW) is used to attain a sensitivity of
0.25 ppt in 5 s. Their precision on time scales of minutes to
hours is limited primarily by their need to sample through
a Teflon membrane filter in order to reduce the effects of
aerosol extinction on the observed ring-down time, resulting
in an uncertainty of 10-20% depending on the exposure
time of the filter in use. The rest of their inlet is coated with
a halocarbon wax to reduce wall losses. The use of filters
results in a requirement for frequent (1-3 h) maintenance
to limit losses of NO3 as the filters become dirty. Although
our LIF prototype is less sensitive than CaRDS for NO3, it will
potentially be simpler to operate and maintain and has the
advantage that ambient air can be sampled with a minimum

FIGURE 5. Calibration curve for NO3 at 120 °C. The slope ) 3.8 (
0.3 counts s-1 ppb-1 mW-1.

σS ) x(σS+B
2 + σB

2) (13)

SNR )
SLIFt

σS
)

SLIFt

xSLIFt + 2Bt
(14)

ømin ) SNR
R x2B

t
(15)

FIGURE 6. 20-s averages for a decaying NO3 source. The magnitude
of the noise (1σ ) 0.1 ppb) is evident.
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of surface contact as no filters are required. Additionally, LIF
is well-suited for use in the stratosphere as the signal per
mixing ratio is invariant with ambient pressure and an
extremely small package could be assembled for aircraft or
balloon-borne measurements.

Detection of ambient NO3 via LIF requires the background
be significantly reduced and the signal rate increased from
the prototype described above. Use of a pulsed laser with
time-gated photon counting would greatly reduce the
background. An instrument with 100 mW average power and
a background of 2 counts/s would have a detection limit of
1 ppt with a 60 s integration. The NO2 fluorescence signal
will likely be comparable to the NO3 fluorescence signal at
low NO3 mixing ratios, making it difficult to achieve such a
low background count rate. Concurrent independent mea-
surements of NO2 taken alongside NO3 and N2O5 measure-
ments can be used to quantify this component of the
background.

In summary, we have built a prototype for detection of
NO3 and N2O5 via thermal dissociationsLIFsusing a simple
inexpensive 662 nm cw diode laser. The current detection
limit at 298 K of 76 ppt with a 60 s integration is adequate
for observing ambient N2O5, and offers the potential for
portable measurements of this species throughout the
troposphere and stratosphere. Field measurements with this
prototype are planned for Fall 2003.
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