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Abstract. A quantum cascade laser based absorption specdant factor regarding air quality given their contribution to
trometer for continuous and direct measurements of NOlocal ozone production and secondary organic aerosol forma-
and NQ was employed at the high-altitude monitoring tion. Furthermore, the adverse effect of NGn the human

site Jungfraujoch (3580 ma.s.l., Switzerland) during a threerespiratory system and the formation of nitric acid (HNO
month campaign in spring/summer 2012. The total reactivewhich is the dominant sink of NO(via dry and wet depo-
nitrogen, NQ, was also measured in the form of NO after sition), makes it a harmful air pollutantMesely and Hicks
conversion on a gold catalyst. The aim was to assess th200Q Jacoh2000. The significance of NQin tropospheric
suitability of the instrument for long-term monitoring of the chemistry triggered the interest in instrumental development.
main reactive nitrogen species under predominantly free troThis is a challenging task given the substantial spatial and
pospheric air conditions. A precisiongLof 10 and 3 pptfor  temporal variability of NQ, which ranges from a few ppt
NO and NQ was achieved under field conditions after 180 s at remote locations te- 100 ppb in urban regions. Never-
averaging time. The linear dynamic range of the instrumentheless, it has been addressed over the last two decades by
has been verified for both species from the detection limit upa wide variety of measurement techniques and by even larger
to 45 ppb. The spectrometer shared a common sampling inlatumber of instrumentations (e.g., see reviewdbgmitshaw

with a chemiluminescence-based analyzer. The comparisoA004and references therein). Although recent intercompari-
of the time series shows excellent agreement between the twson studies demonstrate that several techniques perform well
techniques and demonstrates the adequacy of the laser spd&ehsenfeld et §1.199Q Fuchs et al.2010, they still in-
troscopic approach for this kind of demanding environmentalvolve research grade instruments that are not yet established
applications. as routine monitoring tools.

At present, chemiluminescence detection (CLD) can be
considered as the standard technique, which is routinely
used in field missions and air quality monitoriridgmerjian
1 Introduction 200Q GAW Report #1952011). Although the method has

very good precision for NO, it is unable to directly measure
In the troposphere, the abundance of reactive nitrogerNO,. Nevertheless, this has successfully been overcome by
species is primarily influenced by emissions from anthro'including the catalytic or photolytic conversion of M@
pogenic sources in the form of nitrogen oxides (NONO  NO prior to analysis. Besides the necessity of systematic de-
+ NOg). Once in the atmosphere, these species are involvegsrmination of the conversion efficiency, the conversion may
in a number of different chemical pathways and oxidized to4)sg |ead to interferences of other nitrogen compounds that
a large variety of other reactive nitrogen species denoted aggp readily be converted to N@gnlea et al.2007 Stein-

NOy (Crutzen 1979 Logan 1983. Despite their low atmo-  pacher et a).2007), possibly resulting in overestimated NO
spheric concentrations, nitrogen oxides represent an impor-
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readings. The alternating measurement of NO ang i&h an effective path length of 204 MMgcManus et al. 2017).

also lead to artifacts in the NQletermination when the am- When the exit condition of the cavity is fulfilled, the laser
bient NQ; levels experience rapid changes. Thus, a setubeam leaves the cell through the same entrance hole and
with two individual CLDs (three in case of NO, NGand is then focused on a thermoelectrically cooled IR detector
NOy observations) is the preferred — but not inexpensive (Vigo Systems, Poland). The fraction of the laser beam re-

configuration. flected from the first surface of the beam splitter is directed
For the present study, we adopted the dual laser dethrough a short (5cm) cell filled with a:1L mixture of NO
sign approach recently reported McManus et al(2010. and NGQ and subsequently aimed onto a second detector.

Our choice for quantum cascade laser based direct absorg-his reference path assures the locking of the laser frequency
tion spectroscopy (QCLAS) was driven by two major fac- to well-defined absorption lines even in situations when the
tors: (i) our previous campaigns performed in a large vari-ambient NQ concentrations drop below the limit of detec-
ety of environments including grassland, forest and mountairtion or when the multipass cell is filled with N&crubbed
sites {Tuzson et al.2008 2011, Neftel et al, 2010 Kam- air for spectral background measurements. The third beam
mer et al, 2017 showed that QCLAS is a robust and reliable reflected from the back surface of the wedge is used for ac-
technique to be employed under various field and measurecurate frequency tuning rate determination of the lasers by
ment conditions, and (ii) we obtained up to date the longesiplacing a germanium etalon in its path. This beam is also
(more than four years of continuous operation) time series ofocused onto the reference detector. A flipping mechanism
CO, isotope ratio measurements at a mountain site, whichselects between the two beams (reference cell or etalon).
reflects the sturdy operation capability of the QCBEsufm Beside the optical assembly design, the electronics have
et al, 2013. In addition to these considerations, the direct also experienced some major improvements. A significant re-
absorption technique offers a simple and straightforward soduction of the hardware size has been achieved by using com-
lution to perform absolute spectroscopic quantification of thepact USB-based data acquisition cards (N1 USB-6251 OEM,
molecular species of interest. National Instruments, Inc., USA) and embedded mini-PCs.
In the following sections we describe the laser instrument,Low noise laser drivers (Wavelength Electronics, Inc., USA)
the measurement strategy and the experimental setup used®mbined with dedicated power-supply design and thermal
for the campaign to perform direct and simultaneous meaimanagement led to unprecedented stability. Details regard-
surements of NO and NO The validation of the time se- ing the laser control and spectral fitting software (TDLWin-
ries recorded during three months of continuous operation igel, Aerodyne Research, Inc., USA) have been discussed
done against the standard CLD method. A short discussion igreviously (Nelson et al.2004).
given on the discrepancy seen when employing the catalytic Overall, the spectrometer consisted of two full-size 19-
gold converter for NQ measurements. inch modules (6U) incorporating optics and electronics, re-
spectively. These units were built into a rack together with
the custom-made gas handling and calibration module (3U),

2 Experimental a UPS (2U, APC Smart series) to bridge short power out-
ages, and a rack-mount thermoelectric liquid chiller (4U,

2.1 Instrumentation Thermorack 300, Solid State Cooling Systems) used for
cooling the lasers, IR-detectors and temperature stabilizing

2.1.1 NG QCLAS the optical module. The total weight, including the vacuum

pump, of the setup was 175kg and its power consumption
The spectroscopic instrument (Aerodyne Research, Inc.approximately 0.8 kW.
USA) employed in this study is based on continuous wave The major advantage of a direct spectroscopic detec-
quantum cascade laser (cw-QCL) technology. A recent retion of NO; is the immunity from interferences associated
view on optical design, performance characteristics and apwith photochemical conversion of No NO prior to de-
plication fields of this kind of analyzer has been presentedtection. However, this technique may suffer from interfer-
by McManus et al(2010. Briefly, the spectrometer embod- ences of other nature, such as overlapping absorption fea-
ies two room-temperature cw-QCLs (Alpes Lasers, Switzer-tures from other molecular species or pressure broadening
land) emitting in the spectral range of 1600 and 1900tm effects mainly due to watef(izson et a].2010). Therefore,
respectively. The individual laser beams are first collected bywe performed a detailed investigation of the simulated ab-
a pair of reflective objectives then combined and co-orientedsorption spectra, generated based on typical experimental pa-
by a dichroic mirror (LohnStar Optics, Inc., USA) and sent rameters and the HITRAN databaseothman et aJ.2009),
through a wedged beam splitter that results in three differin the range of 1600 and 1900 cf where NG and NO
ent beams. The main beam is further shaped by a series dfave their fundamental ro-vibrational modes. The aim was to
reflective optics and coupled into an astigmatic Herriott mul- select the strongest absorption lines possible with the strin-
tipass absorption cell (AMAC-200), which folds the laser ra- gent condition that the spectral interferences from water va-
diation for a total number of 434 reflections. This results in por or other trace gases are minimal. The best compromises
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Fig. 1. The selected spectral windows with the absorption lines of NO ang &0neasured in ambient air with the dual-laser spectrometer

with a multi-pass cell of 204 m path-length at 50 hPa sample pressure. The gray circles indicate measurement points, while the black line is
a least-square fit to the data. The residual is shown in the top panel. The colored sticks indicate individual absorption lines of molecules that
absorb within the scanning range of the lasers.

we could identify were the doublet lines located at 1900.0706eraging time \\Verle et al, 1993. This two-sample variance-
and 1900.0816 cmt for NO and the group of lines in the plot is shown in Fig2 and allows defining the optimum cal-
vicinity of 1599.9cnt! for NO, (see Fig.1). Simulations ibration time scale. The variance curve reveals flicker noise
of typical real-time scenarios involving low NQ@oncentra-  contributions to the signal, manifested as deviations from the
tions and various humidity levels indicated low interference expected 1t slope, at around 10 and 220s. Similar behav-
effects « 70 ppt NQ per volume % HO), which was later ior has been described Byerle (2011 and associated to
confirmed experimentally. Based on these examinations, twaptical fringes. Following his theoretical framework, it was
cw-QCLs were selected correspondingly with single modepossible to closely reproduce the observed deviations by as-
emission powers higher than 10 mW at the specified wavesuming two periodic fringe components with frequencies of
lengths. The tuning range of the lasers was chosen such thadt3x 102 Hz and 22x 102 Hz, respectively. In fact, the 23 s
it also included a water vapor absorption line (Figy. Thus,  periodicity correlates well with the PID-cycle of the temper-
the air sample humidity could be measured continuously to-ature controller employed for stabilizing the optical module.
gether with the N@ species, which allowed for analysis and The slow fringe is probably due to opto-mechanical drifts or
correction of water-related effects. variations in the driver electronics, reflecting the temperature
The instrumental precision has been enhanced by addresfluctuations {2°C) experienced at the monitoring station.
ing the issue of interference fringes. These are mainly pro-Nevertheless, the precision achieved at the monitoring site af-
duced by scattered light within the multipass cell and mayter 180 s averaging time was 3 and 10 ppt, which corresponds
significantly limit the achievable SNR improvement avail- to an absorbance noise level 09% 10~ and 88 x 10~ for
able from multipass cells. They typically generate an ab-NO, and NO, respectively. Normalizing to the 204 m optical
sorption equivalent noise level of 16 in the background path-length, this corresponds to an absorbance per unit path
signal. A significant improvement was obtained by careful length sensitivity of 5 10~19cm1.
investigation and selection of circulation patterns that min- The strategy to cope with the drift issue was the fre-
imize fringes near the absorption line-width and by using quent and periodic background (zero air) spectrum subtrac-
high-reflectivity mirrors that lead to lower fringes by reduc- tion from the measured spectrum. Therefore, a cost-effective
ing the ratio of scattered light to transmitted ligMdManus  NOy filter that consists of a stainless-steel container (1L)
et al, 2011). In addition, a mechanical modulation (dither- filled with grained activated charcoal (Merck KGaA, Ger-
ing) of the cell mirrors by a piezo-crystal helps to average outmany) was used to generate N8crubbed air for spectral
fringes. As a result, a precision ef;,, = 1 ppt for NO, after background measurements. The ,Nfiiter efficiency and
12 min of averaging was achieved in the laboratory. Underpotential systematic errors, when using the yN§&grubber
field conditions, however, this performance may suffer fromfor background definition, have been verified by compar-
environmental influences. Therefore, the instrument’s stabiling the values measured for ambient air through the filter
ity was investigated on-site by measuring Nftee air for  with data obtained when directly measuring high purity (5.5)
a time period of 1 h with a detection bandwidth of 1 Hz and He and N. As minor differences< 30 ppt) were observed,
calculating the associated Allan variance as a function of avwe decided to check the NGcrubber efficiency during the
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method relies on the light emission from the electronically
excited NG, a product generated in the gas-phase reaction
of ambient NO with @ added in excess to the air sample.
Fig. 2. Allan variance plots for NO and Nmeasured with the ~ The emission intensity is directly proportional to the concen-
dual-laser instrument at the Jungfraujoch usingiMfee air as gas  tration of NO in the air, and the emitted photons are detected
sample. The gray lines correspond to calculated white noise plupy a photomultiplier tube. NQis measured as NO after pho-
fringes (firinge) Contributing as flicker noise (details in text). tolytic conversion of NQ@. The atmospheric N©is then de-
rived by subtraction of NO from the NGsignal Ridley and
Howlett, 1974 Ryerson et a).200Q Sadanaga et al2010.
campaign at every 2 h againsp.NI'he filter solution was the NOy species are converted to NO on a heated gold catalyst
preferred method over the use of dry As zero air, because (300°C) in the presence of CO as a reducing ag&ahey
the NQ filter does not significantly alter the water vapor gt al, 1985.
mixing ratio of the air flowing through it, and thus the zero air  The measurement procedure as well as the calibration
better reconciles the sampled air humidity and contributes i”strategy has repeatedly been described in deZailleger
reducing possible detection artifacts that could be induced byt 5. 2009 Pandey Deolal et §12012). Here we just re-
spectral interferences due to water absorption lines. The mosty)| that, for the sensitive measurement of the NOxNGD,
efficient method to maintain the best stability and accuracy Ofspecies, three dedicated CLDs are used. The detection lim-
the spectrometer has been achieved by automatically recordes of the CLDs for NO and NQafter 2 min averaging are
ing a background spectrum every 10 min and subtracting ityq ppt, whereas it is 50 ppt for the N@hannel due to the
from each subsequent sample spectrum before fitting. Unl‘ncomplete conversion and the determination of N the
certainties due to background drifts, mainly caused by temyitference of two measured (NO and NOconverted NG)
perature fluctuations, can be significast40 ppt), if no ac-  gjgnals. The overall measurement uncertainy) (& 9 % for
tion is taken. However, the configuration of the measuremenNOy and 5% for NQ, including CLD precision, the NO
cycle, as we have used in the field mission, allowed in thestandard uncertainty, and the conversion efficiencies of the
post-processing step to minimize these uncertainties. The'bhotolytic convertor (PLC). Data are processed and reported
contributions to the 10 min averaged values were estimategs 10 min averages.
to 5+ 4ppt for NG, and 11+ 7 ppt for NO. More details Since the PLC—CLD setup is used as the standard method,
about the measurement cycle and data analysis are presentgfhse measurements are taken as reference for validating the
in the Sect. 3. QCLAS data.

2.1.2 Chemiluminescence NQdetection

The routine, long-term monitoring of NO, NGand NG
at the Jungfraujoch is performed with commercially avail-
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2.2 Site description and sampling setup KNF, Germany). Measurements were done continuously at
1s time resolution and post-processed to meet the 10 min
Field measurements took place between 22 March andveraging time scale of the CLD.
25 June 2012 at the high alpine research station Jungfraujoch
(JFJ, 46.55 N, 7.98° E , elevation 3580 m). The monitoring
station is one of the 28 global sites of the Global Atmosphere3 Results and discussion
Watch (GAW) program of the World Meteorological Organi-
zation (WMO). Given its location, the air sampled here is For free tropospheric air composition monitoring, high in-
expected to be representative for the lower free tropospherstrumental precision alone is not sufficient to obtain the nec-
over Europe, which is mainly the case in the autumn and win-essary accuracy. In fact, an optimal calibration and sampling
ter season, while in late spring and summer it can be influ-strategy is equally important and has a decisive influence on
enced by the planetary boundary layBaltensperger et al.  the data quality. The strategy employed in this study exploits
1997 Lugauer et al.1998 Zellweger et al. 2003. Long- the very high precision and the fast response of the instru-
term continuous in situ monitoring of trace gases such asnent when measuring zero air, and it accounts for drifts that
NO, NO,, NOy, CO, and @ is routinely performed by Empa  may dominate the system at longer time scales. It consists of
within the activities of the Swiss National Air Pollution Mon- various steps repeated in half-hour sequence. First, a back-
itoring Network (NABEL). ground spectrum is recorded using N€crubbed air as de-
The ambient air was sampled using the monitoring site’sscribed in the previous section. This is achieved by directing
heated stainless steel main inlet (inner diameter 9 cm) sitthe sampled ambient air through the Nfiiter by switching
uated about 3m above ground, in which the ambient air isthe solenoid valve ¥ (see Fig3) and purging the absorp-
drawn at a high flow rate of- 800 Lmin~! (Fig. 3). The tion cell for 120s. The last 10s are then averaged and used
main manifold is temperature controlled to keep the gas temio determine the spectral baseline and perform a background
perature at its lower end at constant®T) Potential losses correction by subtracting it from all the subsequent spectra.
of NOy in the sampling lines were minimized by placing The second step involves measuring NO and,N{nulta-
the gold converter close to the main inlet, connected withneously for 10 min by drawing sample air directly through
about 1 m long PFA tubing. The time required for the air the absorption cell. In the next step, the solenoid valye V
to reach the converter was about 2s. The photolytic conds switched together with ¥to divert the air flow across the
verter (PLC 762, Eco Physics, Switzerland) for the NO gold converter, and thus the N@ixing ratio is measured as
measurement was placed next to theyNfonverter. Down-  NO during another 10 min. The NGignal can later be used
stream of the converters, the air is drawn through separatéo verify the converter efficiency for N£or to monitor base-
PFA tubing to the chemiluminescence analyzers. The air foline changes due to humidity variations or potential instru-
the NO analysis is drawn directly from the main manifold mental drifts. After a 20 min measurement period, the sys-
with PFA tubing. tem is switched back to measure zero air again, followed by
The NO analyzers are automatically calibrated every 39 hanother background definition for the next cycle. The Allan
by measuring zero air and NO standard gas (5 ppm NGQjn N variance plot in Fig2 suggests that at least two slow fringe
referenced against NIST Standard Reference Material (SRMomponents prevent long averaging times by introducing an
2629a) and NMI Primary Reference Material (PRM BD11)) instrumental drift. This shows up in the time series of the
diluted with zero air to approximately 48 ppb. The conver- background signal as a linear trend, and averaging over more
sion efficiency of the converter is determined by gas phasd¢han 10 min would obviously reduce the measurement accu-
titration of NO with ozone every 78 h. The conversion effi- racy. However, re-measuring the “zero-level” after the ambi-
ciency of the PLC usually ranged from 74 to 58 %. ent air measurements provides a convenient way to monitor
The QCLAS was operated alongside the CLDs for thethe amount of drift. The difference between the latter and ini-
duration of the study. An additional gold converter (CON tial “zero-level” measurements was considered as real drift in
765, Eco Physics, Switzerland) was mounted next to thehe system, and a linear interpolation between the two values
NABEL NOy converter and shared the same CO sourcewas used to correct the 1s measurement values within this
(purity 99.997 %, Messer-Griesheim GmbH), whereas theinterval prior to averaging. For more confidence in the “ab-
sampling line was independently connected to the mainsolute” zero baseline determination, dry fdlom a gas cylin-
inlet. The selection between ambient air and air passingler (purity 5.5) was measured instead of N&rubbed air
through the gold converter was accomplished by a 3-way all-every 2 h. This acts as an additional parameter for monitor-
Teflon solenoid valve (Teqcom Ind., USA). The flow rate of ing the performance of the NGilter and to correct the NQ
1Lmin~1 was manually adjusted by a PTFE needle valvedata for systematic offsets. Over the whole campaign, the
Vm (PKM, Switzerland) mounted upstream of the cell (see N2> measurements showed slightly lower NE32 + 15 ppt)
Fig. 3), while the cell pressurex{50 hPa) was established and slightly higher N@ (15 + 9 ppt) values than the N@
by selecting the appropriate pumping rate with an integratedscrubbed air. Although nearly negligible, the values were in-
potentiometer on the oil-free diaphragm pump (N920 seriescluded as offset correction for the QCLAS data. Moreover,
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= 50— S is dominated by the accuracy of the mass flow controllers
? 01Pos o . o (MFCs) used for the dilution. These MFCs (red-y smart se-
 -50 —

ries, Voegtlin, Switzerland) were referenced against a high-
accuracy venturi flowmeter (molbloc, DH Instruments/Fluke,
USA) at Empa. The estimated uncertainties resulted from the
dilution process were 0.1 % and 0.4 % for NO and\®-
spectively. Since N@gas mixtures in cylinders are known to
be unstable, the Nf£xoncentration was first determined with
a calibrated CLD followed by QCLAS measurements and
dynamic dilution (Fig4). The sampling line was taken the
(') 1'0 2'0 3'0 4'0 5'0 same, and thus we assumed that losses of diCthe metal-
NOyabel (PPb) lic surfaces of the pressure regulator and MFCs are similar.
02 - Obviously, the total uncertainty in this case is mainly given
00 4 o o by systematic errors due to losses. To summarize, the total
-05.(2) i ° uncertainty of the QCLAS at large NQalues is determined
22{8&‘;3‘?”0-002 by the accuracy of the calibration gases, which lies in the
) percent rangef2—-4 %), while at sub-ppb levels it is mainly
given by the uncertainty of the “zero-level” measurements,
which is below 10 ppt.
Finally, it is noted that all parameters discussed above
were determined on the monitoring station at JFJ. This as-
sured a direct link to the retrieved tropospheric ,Ndata.
('J 1'0 2'0 3'0 4'0 5'0 Figure5 shows an exemplary window of 21 days from the
NO, naber (PP) time series recorded by both techniques during the campaign.
The challenge of such tropospheric air measurements is well
_illustrated by the NO data, where 78% of the values are
Helow 0.1 ppb. Despite of this, the variations in the mixing
eratio profiles of NO and N@compare very well between the
(r:LD and the QCLAS. The quantitative agreement is illus-
trated in Fig.6 in the form of correlation plots and the as-
sociated regression results for N@d NG, measured over
the three-month mission. For the analysis, we employed the
it also aided in establishing the water-vapor-induced interfer-orthogonal distance regression method, which includes the
ences, which were applied to correct the measurement valerrors in both dependent and independent variables (X- and
ues. The amount of this correction was empirically deter-Y-values) as well as the weighting with the expected magni-
mined as being-16.8 + 3.7 ppt NO and—57.3 £ 3.5ppt  tude of errors for each individual data point. The calibrated
NO; for 1 % volume BHO. The relative humidity (RH) at JFJ QCLAS data were averaged to 10 min (600 points) to match
varied between 20 and 100 %, depending on meteorologicahe time resolution of the CLD, and the error of the mean of
conditions and wind directions, but predominantly §7 % each individual averaged value was used to filter out those
of all values) it was above 75% RH. During the campaign, data points that exhibited too larged(3f the CLD detec-
the temperature gradually increased freth1°C (in March)  tion limit) variations. This minimized the scatter due to syn-
to around OC (in June), while the air pressure remained chronization and time response differences between instru-
rather constant at 654 8 hPa. The water vapor was below ments in situations where the N@oncentrations changed
0.3% during the whole campaign, and thus its effect wasabruptly during the averaging time interval. Statistical anal-
rather marginal, leading to a minor correction only (i.e., 5 to ysis on the differences between all N@ata reported by the
20 ppt in the measured NO and M@alues). Since the water two analyzers showed that more than 94 % of individual data
vapor corrections of the NOdata are based on the spectro- points agreed to withint50 ppt and were included for the
scopically measured 40 values, potential lag times have no regression analysis (Fi6).
influence on the data quality. In the case of the Nptime series, we observed a system-
Dynamic dilutions of standard NfJ(96.3 &= 3.7 ppb) and  atic discrepancy of about®6 ppb, which, over the measure-
NO (54 0.1 ppm) gases were used to establish the span ofnent period, displayed short-term (L2 h) variations of up
the laser spectrometer for the N@easurements from the to 1.2 ppb. Additional tests, involving different gases (am-
detection limit up to 50 ppb, and to calibrate the raw spectro-bient air, dry N and diluted NO standard) as common in-
scopic data against the standard scale used by NABEL (seput sample to the converters and alternating measurements
Fig.4 and previous section). The accuracy of this calibrationwith QCLAS and CLD, revealed that the two converters

50 7 slope: 0.9727 + 0.0004
R®=0.999

40 —

30

20 —

NOqcias (PPD)

10

Res (ppb)

40 —

30 1

20 —
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tion (details in text). The fit (black line) is determined by weighted
orthogonal distance regression and its residual shown in the upp
part of each plot.
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glf(f;eet_: 957225 oot gmt; Ar3elppt switching between the two gold converters measuring NO standard
0, — 01, T — gas diluted with “zero” air. The gray areas correspond to the mea-
0 2 4 0 1 2 3 surements of the converter used by the NABEL monitoring instru-
NO, nageL (PPP) NO, nageL (PPD) mentation.

Fig. 6. Correlation plots of the QCLAS and CraNOx data.
The results of the regression analysis are given as slope and
intercept values. that the difference still exists when alternating the convert-
ers and analyzing the NQlirectly with the QCLAS. There-
fore, the mismatch between the two gold converters has fully
generate indeed different amounts of N good agree- been attributed to their slightly different conversion efficien-
ment with the discrepancy seen for the time series. Figure cies. Even though, for N&) the converters’ efficiencies were
shows the clear bias seen by the QCLAS when switchingfound comparable (within 98.5 %), Au catalyst may have dif-
between the two Au converters sharing the same inlet withferent efficiencies for the various reactive nitrogen species
diluted NO standard as sample gas. The difference disaper may suffer from contributions of other interfering com-
peared only when dry Nwas flowing through the convert- pounds. According to systematic investigations, species such
ers. This analysis eliminates suspected issues related to CLBs nitric acid (HN@) and peroxyacyl nitrates (PANSs) can
technique (i.e., quenching,s@nd HO effects), as it shows have conversion efficiencies up to 95 %, whereas ammonia

www.atmos-meas-tech.net/6/927/2013/ Atmos. Meas. Tech., 6, 9236-2013



934 B. Tuzson et al.. Selective measurements of tropospheric N@nd NOy

(NH3) and hydrogen cyanide (HCN) in the presence of waterliable background tropospheric air NOnonitoring. Since
vapor show little but variable contribution (1-5 %), and their both techniques give similar results, there is no fundamental
magnitude depends on the surface history and temperatun@ason to replace the well-established and reliable CLD tech-
of the converterKliner et al, 1997 Fahey et a].1985 \Volz- nigue by QCLAS. Nevertheless, the possibility to detecbNO
Thomas et a).2005. Although we had no speciation mea- selectively that is, without chemical conversion, and with
surements for these compounds, literature data allow for amigh time resolution (1 Hz) is very attractive. Furthermore,
estimate of their contribution. Partitioning measurements ofsignificant advances in quantum cascade laser technology let
NOy in the lower free tropospher&¢llweger et al.2003 re- us anticipate the appearance of compact multi-color sources,
vealed that PAN is the dominant NGpecies { 38 %) dur-  which would lead to substantial simplification of the optical
ing spring, followed by inorganic nitrate (HNQ7 %) and  design resulting in more robust, compact, and cost-effective
particulate nitrate (17 %)). Mixing ratio values of200ppt  analyzers.
for HCN at the JFJ were reported Rinsland et al(2000. The intercomparison of the NQlata revealed differences
Considering the above values and assuming that the convethat could not be attributed to any of the measurement tech-
sion efficiency of the thermally unstable PAN in the gold con- niques, but rather were associated with the conversion effi-
verter should be very similar to the conversion efficiency for ciency of the gold catalyst. This was confirmed in a dedi-
NO,, the observed mismatch between the converters remainsated set of experiments, but the exact reason for the differ-
unclear. Interestingly, we also observed a significant differ-ent behavior of the two seemingly identical catalysts remains
ence in the CQ@ content of the gas samples after the con-unclear. Obviously, there are limitations of the existingyNO
verters, despite the similar CO flow rates (see BjgWhile method, which may require the development of more robust
the CQ level remained unchanged after passing through theconversion schemes or, preferably, measurement techniques
converter with lower NQ values, the other converter almost for compound-specific determination of the N€pecies.
doubled the amount of COFurther investigation of the NO
data revealed that the temporal variability of its relative dif-
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