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Abstract. Important information about the biogeochemical Since pre-industrial times, XD mixing ratios in the tropo-
cycle of nitrous oxide (NO) can be obtained by measuring sphere increased from 270 ppb (parts-per-billior;2loles
its three main isotopic specie§NI°N160, 15N14N160 and  of trace gas per mole of dry air) to the current level of 320 ppb
14N14N160, and the respective site-specific relative isotopeat a rate of 0.26%a. The predominant sources op® on a
ratio differencess’>N* and§1°N#. Absorption laser spec- global scale are microbial production in agricultural and nat-
troscopy in the mid-infrared is a direct method for the anal- ural soils as well as rivers, estuaries, coastal areas and oceans.
ysis of thel®N isotopic composition of BO, yet not sen-  While the major sink, stratospheric destruction, is well quan-
sitive enough for atmospheric® mixing ratios (320 ppb). tified, the strengths of individual XD sources remain largely
To enable a fully-automated high precision analysis @®N  uncertain (Solomon et al., 2007).
isotopic species at ambient mixing ratios, we built and opti- Important information about the biogeochemical cycle of
mized a liquid nitrogen-free preconcentration unit to be cou-N,O can be obtained by measuring the intramolecular distri-
pled to a quantum cascade laser (QCL) based spectrometesution of 1°N in atmospheric MO (Billings, 2008; Bernard
During standard operation 101 of ambient air are preconcenet al., 2006; Ishijima et al., 2007; Rahn and Wahlen, 2000;
trated on a HayeSep D trap and desorbed in 50 ml of synRockmann et al., 2003;&kmann and Levin, 2005; Yoshida
thetic air. Rigorous tests were conducted, using FTIR, quanand Toyoda, 2000). PO is a linear tri-atomic molecule with
tum cascade laser absorption spectroscopy (QCLAS), GCone nitrogen atom in the centre (2msite) and one at the end
FID and component-specific ozone and oxygen analysers t¢1 or g site) that leads to four possible stable isotopic species
investigate recovery rates, conservation of isotopic signaturegjith respect to nitrogen isotopes. The most abundai@ N
and spectral interferences after preconcentration. We achievgotopic species in the atmosphere afal1*N160 (99%),
quantitative NO recovery of>99% with only minor, statis-  15N14N160 (0.37%) and'“N15N60 (0.37%) (Werner and
tically not significant isotopic fractionation and no relevant Brand, 2001; Yoshida and Toyoda, 2000). Isotope abun-
spectral interferences from other atmospheric constituentsjances are usually reported in theotation, wheres°N
The developed preconcentration unit also has the potential tdenotes the relative difference in %. of #iB/*N ratio
be applied to other trace gases and their isotopic composief the sample versus the reference material (atmospheric
tion. N>), analogicallys'®N# denotes the corresponding ratio for
15\ 14N 160 vs. 1AN14N160.

The bulk nitrogens value §oNPUKk=(s15N*515NA)/2)
1 Introduction tropospheric NO was found to be enriched by &:8.3%o

to 6.72+ 0.12%o. relative to air-N (Yoshida and Toyoda,

Nitrous oxide (NO) is currently the most important anthro- 2000; Toyoda et al., 2004; Kaiser et al., 2003; Park et
pogenic ozone depleting substance and exerts the secoridh, 2004), with a strong site preference (SFN*—51°N#)
|argest g|0ba| Warming potentia| We|ghted (GWP) emissionOf 18.74+2.2%0 for the central nitrogen atom (YOShida. and

of non-CQ greenhouse gases (Ravishankara et al., 2009)Toyoda, 2000). Tropospheric2® mixing ratios and iso-
topic composition are largely controlled by back injection of

stratospheric NO as well as MO emissions from microbial
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with altitude to values as high as 140%. B3fNPUk (Kaiser  high power output (Faist et al., 1994). The application of
et al., 2006) and 100%. for SP (Toyoda et al., 2001), mainlythese light sources for high-precision isotope ratio measure-
due to isotopic fractionation during UV-induced photolysis ment has been recently demonstrated for, ®® Nelson et
and oxidation. Isotopic signatures of differeni®lemission  al. (2008) and Tuzson et al. (2008a, b). Spectroscopy in the
sources were found to vary largely between appre%0%o mid-IR region is particularly effective for molecules that ex-
(soil) to 10%o (coal combustion) fa5NPUk and—5%. (soil)  hibit strong fundamental vibrations, such asCahd NO,

to 35%0 (ocean) for the SP (Toyoda et al., 2009, and refer-with line intensities about two orders of magnitude higher
ences therein). An overview on atmospheric applications ofthan in the near-IR. We recently demonstrated a precision
N0 isotopic analysis can be found in a review publication of 0.5%. for §1°N at N,O mixing ratios of 90 ppm (\ichter

of Brenninkmeijer et al. (2003). The required analytical pre- et al., 2008) using a pulsed QCL emitting at 4.6 um. Atmo-
cision for $1°N® and§1°N# depends strongly on the appli- spheric NO mixing ratios (320 ppb), however, are more than
cation and may vary between 0.1%o for firn air analysis to  two orders of magnitude lower and are therefore currently not
1%. for subsoil NO studies. accessible for direct isotopic analysis by laser spectroscopy.

Currently, the only technique for JD isotopic measure- For these reasons we suggest to combine laser spec-
ments at ambient mixing ratios is laboratory-based isotopetroscopy with preconcentration techniques to increas® N
ratio mass-spectrometry (IRMS) in combination with flask- mixing ratios from ambient levels tex60 ppm. The devel-
sampling and cryogenic preconcentration. However, iso-oped custom-built preconcentration unit enables us to make
topomers such a¢N1°N60 and!>N14N60 cannot be dis-  use of the precision and site specificity of QCLAS at a tem-
tinguished directly by IRMS, as they have the same massporal resolution of approx. 30min. The preconcentration
To determine the site-selective isotopic composition!e  technique we employ is fully automated and is based on
content of the NO and NO™ fragment and molecule ions a commercial closed-loop cryogenic unit and thereby free
of N2O has to be analyzed (Brenninkmeijer andcRmann,  of consumables like liquid nitrogen. Here we describe the
1999; Toyoda and Yoshida, 1999). Therefore, the massesmost important properties that were obtained through sys-
m/z44, 45, and 46 (for O) andm/z30 and 31 (for NO) are  tematic optimization and characterization: (a) excellent re-
monitored either simultaneously (on last generation IRMS)covery of NO and other trace gases; (b) conservation of the
or after two separate sample injections. Although IRMS is aN,0Q isotopic composition, and (c) negligible impact of other
well-known method with excellent precision (0.05%.—0.9%0) atmospheric constituents (e.g. &®,0, CO, G, CH4 and
and accuracy (Bckmann and Levin, 2005; Well et al., 2008; C,H») on the analyzed pO isotope ratios. Our results also
Yoshida and Toyoda, 2000), it has some disadvantages sudhdicate that the coupling of preconcentration and laser spec-
as the large size of the instrument, which hinders field meatroscopy may also be feasible for the measurement of mix-
surements. The required field sampling and sample storagiag ratios and isotopic composition of other trace gases (e.g.
strongly limits its use for the characterization of variations many VOCs, CH, CO).
in N2O isotopic species at time-scales relevant to many envi-
ronmental processes.

Laser spectroscopy is a valuable alternative, because com-
pact and continuously-operating instruments can be devel—2
oped that allow for extended field measurements. This offers
the possibility for process studies and opens a completeI)?'1
new field of applications. Furthermore, the method is in—2 11 Preconcentration unit
herently selective, even for molecules with the same mass, ™
because it is based on the highly characteristic rotational-
vibrational transitions of the differentd® isotopic species. The technology of our preconcentration unit is based on a
The absorption lines of the various species can be easily repreviously developed system called “Medusa” which was
solved at low cell pressure. However, there are only a feworiginally designed for halogenated compounds measure-
spectroscopic measurements on isotope ratios,@,Mind  ments by gas-chromatography mass-spectrometry (Miller et
these were performed on pure® samples (Gagliardi etal., al., 2008). We re-designed and optimized the system for the
2005; Nakayama et al., 2007; Uehara et al., 2001, 2003) wittpreconcentration of pD isotopic species and their subse-
the exception of two recent studies &hter et al., 2008; quent quantification by laser spectroscopy. One main rea-
Wachter and Sigrist, 2007). The reported precisions rangeon to choose this system is the combination of a relatively
between 0.2%0 and 9%o. mild adsorbent trap with a low-temperature refrigeration unit

Recent advances in laser technology provided a new classeaching<—150°C. Our preconcentration unit differs from
of mid-infrared (IR) semiconductor lasers: the unipolar in- “Medusa” by a number of key elements, including: an opti-
tersubband quantum cascade lasers (QCL). They have thmized setup with two multiport valves and a low temperature
advantage of operating at non-cryogenic temperatures (quasidsorbent trap. Furthermore, all gas flows are significantly
room-temperature) with high spectral purity and relatively increased and regulated by mass flow controllers (MFC,
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Fig. 1. Process chart during trap loading (phase Il) wigONin synthetic air.

Redy Smart Series, agtlin Instruments, Switzerland) and

600 — — 60
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ing one particular position of the valves (Valco Instruments
Inc, Switzerland), which are used to isolate or combine var-
ious sections of the sample pathways. The 6-port valve is
equipped with an elongated-groove rotor and driven by a
multi-position actuator which enables more than 2 valve po-
sitions. Rotating the 4-port valve will change the flow direc-
tion through the HayeSep D trap. The preconcentration trap
consists of stainless steel tubing (ID 1.6 mm, OD 2.1 mm)
filled with 200 mg HayeSep D (100-120 mesh, Hayes Sepa-
rations Inc., USA) and coiled onto an aluminium tube stand- 2
off. The standoff is attached to a copper base-plate cooled 1@

by the refrigeration unit (PCC: Polycold Compact Cooler, . 00 1000 1600 2000

Brooks Automation, USA), and located in a vacuum cham- time [s]

ber. The trap reaches temperaturesz0f 150°C and can be

heated resistively te 100°C, using a custom-built trap heat- Fig. 2. Typical N;O adsorption/desorption process (adsorption of
ing unit coupled with an Omega PID controller (CN77354- 500 sccm of 350 ppb O in synthetic air; 10 | sample volume) with

C2, Omega Engineering Inc., USA). preceding trap conditioninda) sample gas flow (MFC1) and flow
. . of synthetic air (MFC2);(b) position of 6-port and 4-port valves;
The operation sequence and parameter settings (e.g. roY\g) trap temperatured) N,O mixing ratios as analyzed by on-line

rates, temperatures and timing) of the preconcentration unigT|R spectroscopy.

were optimized to obtain a sharp® concentration profile

during desorption. The principle of operation is described in

the following paragraphs (see Figs. 1 and 2): after an initial-

ization phase that sets all parameters to their starting valuedy a Nafiod™ drier (MD-050-72S-1, PermaPure Inc., USA)
the HayeSep D trap is purged by back-flushing with 50 sccmand a chemical trap filled with Ascarite (3g, 10-35mesh,
(standard cubic centimetre per minute) of high purity syn-Fluka, Switzerland) bracketed by Mg(GJ2 (2-3 g, Fluka,
thetic air and heated to approx. 10D (phase I). This phase Switzerland). To purge residual gas molecules onto the trap,
assures the absence of residual trace gases on the preconcenshort post-flush with synthetic air is applied at the end
tration trap and reproducible starting conditions. After cool- of phase Il. Rotating the 4-port valve to position 2 (back-
ing the trap down tor —150°C, the loading (phase Il) is ward flow) and adjusting the flow of synthetic air to 50 sccm
initialized by setting the sample gas flow to 500 sccm, flush-initiates desorption (phase IlIl). After setting the trap tem-
ing the lines and rotating the 6-port valve to the loading po-perature to—35°C, an immediate release of20 (boiling
sition. HLO and CQ are removed from the measuring gas point —88.5°C) can be observed by FTIR spectroscopy (see

— 6-port: 1 trap isolated, 2 in-line L

Y — with 4-port valve, 3 loading ooy
i 4-port: 1 forward flow, 2 backward |
14 L
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Fig. 2). Finally, all parameters and conditions are set back  4;.;0°
to their initial values.The duration of trap loading (phase @
I1) and desorption (phase IIl) are adjusted based on the de- %0
sired/available sample volume (standard procedure: 20 min
at 500 sccm sampling flow results in 101 sample volume) and
the desired MO output mixing ratio, usually around 60 ppm
for high precision NO isotopic analysis by QCLAS. The 20
minimal desorption time for quantitativeo® recovery de- 10
pends on the molar 20O input and was determined by on-

line FTIR spectroscopy to be between 60 s for 140 nmol and
180 s for 4000 nmol NO. Typically a 10 | ambient air sample

is focused into 50 ml desorption volume, corresponding to a
concentration factor of 200.

40 4

30 4

Absorbance

(b)

15N14N160 14N15Nlﬁo 14N14N16o

Line strength [cm‘ll(molecule cm’]
=
o

2.1.2 On-line FTIR analysis of mixing ratios

We employed a Nicolet Avatar 370 MCT spectrometer
(Thermo Nicolet Corp., USA) equipped with a heated
(40°C) low-volume (50 ml) flow-through gas cell with 1 m 21;7‘8 21879 21880 21861
pathlength (Model LFT-210, Axiom Analytical Inc., USA). Wavenumber [cm™]

An infrared spectrum with 0.5 crd optical resolution was

recorded every three seconds, and trace ga® (€O, CH;, Fig. 3. (a) Measured (dots) and fitted spectrum (solid line) of
CO, and HO) mixing ratios were retrieved by classical least the N;O isotopic species at 90 ppm arftl) the corresponding
square fitting in selected wavelength regions (Mohn et al.ine strengths. The tail of a strong absorption line/&K14N160
2004, 2008). Calibration spectra were recorded under iden(2188.19 crrl) is clearly visible and was considered in the fit up
tical instrumental and spectroscopic conditions from certi-t 2188.1cmt.

fied and diluted calibration gases or by continuous injection

of liquids into nitrogen. The Qetection limits (VDI, 1995) 4.6um, coupled to a miniaturized preamplifier and TEC-
for the trace gases in the undiluted gas were: 100ppD.N o qioller (MTCC-01, Vigo System, PL). The detector as-
200 ppb CH, 1 ppm CQ’Z,OO ppb CO, 10 ppmf«D.Thepx- sembly is mounted on a water-cooled cold-plate, which
panded standar_d uncertainty for these comp_onents is around Jintdins a stable heat-sink temperature ofQ8.°C. Fur-
10% (95% confidence level). The response timge) for the 0 imnrovements were achieved by redesigning the laser

experimgntal setup (sampling line, FTIR gas cell).was SSS.aEurrent and temperature control unit, optimizing the laser
the applied flow rate of 50 sccm and 13 s employing a fed-in

flow of 450 sccm synthetic air in front of the gas cell to de-
termine the minimal desorption time of the preconcentration
unit.

107 7 1 |I i

pulser electronics and the 3-D-alignment stage of the colli-
mating optics for a better alignment stability. The selected
absorption lines for this study are shown in Fig. 3. They
are located within the scanning range of the laser and have
sufficiently strong line strength with similar absorbance for
each isotopic species. Mixing ratios for the different species
are obtained by simultaneously fitting a low-order polyno-
) .. mialto the spectral baseline and a Gaussian-convoluted Voigt
The QCL based spectrometer used in the present project Iﬁrofile to the observed absorption lines, taking into account

an improved version of the instrument used bydhter et the measured path length, gas temperatet@07 K), pres-

al. (2008). The experimental setup consists of asingle-modesure (8kPa) and laser line width. For the site-specific rela-

pulsed quantum cas_cade laser emitting at 4.6 um, a multipasdrve isotope ratio difference®5N® ands15N#, a precision of
absorption cell (optical path length 56 m, volume 500 ml; 0.2-0.3%o was obtained at 90 ppm® using the Allan vari-

Aerodyne Research Inc., USA) and a detection system Withance approach (Werle et al., 1993, data not shown). Anal-

pulse normalization. Laser control, data acquisition and real-ysiS of NbO mixing ratios (Sect. 2.2.1) was performed at

time signal processing are performed by the TDLWintel soft—2188_19 cml. The QCL spectrometer was operated with a
ware (Aerodyne Research Inc., USA). The main uDgrade%ontinuous input gas flow of 5070 sccm.

include: (a) a new RT-QCL (Alpes Lasers SA, Switzerland)

with about 10 times more power and a considerably narrower

line width of 0.0068 cm?; (b) a new generation thermo-

electrically cooled detector (PVI-3TE-5, Vigo System, PL)

with a specific detectivity (D*)> 101t cm HZY/2W-1 at 4.5—

2.1.3 Analysis of the'®N isotopic composition of NO
by QCLAS

Atmos. Meas. Tech., 3, 60848 2010 www.atmos-meas-tech.net/3/609/2010/
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Table 1. Trace gas mixing ratios and) isotopic composition.

NoO §15N*  §15NE co,  CHy co O; H,0
[ppm] %] [%]  [ppm] [ppm]  [ppb]  [ppb]  [ppm]
trace gas recover)  0.39 n.a. n.a. 35 2.0 350 - 25
0.35 n.a. n.a. - — - - —
0.90 n.a. n.a. - - - - -
9.0 n.a. n.a. - - - - -
isotopic 0.35 +25.9 +25.2 - - - - -
fractionation® 0.90 +259 +25.2 - - - - -
9.0 +25.9 +25.2 - - - - -
spectral 0.35 n.a. n.a. 400 2.0 200-450 62-65 1-2%
interference®

n.a.: not analyzed

@ gas mixtures prepared from 9 or 90 ppra@ireference gas and synthetic air;

line 1: additionally with pressurized air and mixing ratios determined by FTIR.

(b gas mixtures prepared from a 90.8 pppNreference gas analysed by IRMS.

(© ambient air; NO and CQ mixing ratios based on estimates, all other mixing ratios taken
from routine measurements of the Swiss National Air Pollution Monitoring Network (NABEL).

2.2 Validation of N2O preconcentration unit at sub-ambient mixing ratios (Table 1). While these tests
were based on the standard preconcentration procedure, no
To validate the MO preconcentration unit, tests were per- chemical trap was employed to investigate the influence of
formed on the quantitative recovery ob@® and other trace H2O and CQ traces on the pO adsorption. On-line FTIR
gases (Sect. 2.2.1), on the conservation of th® N val- measurements were performed to obtain time-resolved in-
ues ASN=5Nprecor8Noriginal) (Sect. 2.2.2), and on formation on the trace gas mixing ratios desorbed from the
the composition of preconcentrated ambient air and its poHayeSep D trap. The amount of desorbed trace gases was
tential interferences with O isotopic analysis (Sect. 2.2.3). calculated as the integral over time of the output trace gas
To investigate the trace gas recoveries and isotopic fracmixing ratio and the flow rate of synthetic air applied for des-
tionation effects, gas mixtures with known mixing ratios orption. The chosen approach has the advantage of analyzing
and/or isotopic composition were prepared from standardhe recovery for different trace gases under standard opera-
reference gases by dynamic dilution with high purity syn- tion conditions but does not allow a highly precise budgeting
thetic air (79.5% N purity 5.0, 20.5% @ purity 5.0, NO < because it relies on a fast integration over a wide range of
0.3 ppb) and/or pressurized air using a pair of MFCs. Stanimixing ratios and on MFCs and gas flows that are different
dard reference gases applied include 9.0 ppm and 90 ppriluring adsorption and desorption.
N2O in synthetic air (Messer Schweiz, Switzerland) to de- To achieve an even better precision for the determination
termine the trace gas recoveries and gravimetrically preof the NbO recovery, a second approach was used. These
pared 90.8 ppm DO in synthetic air (Vchter et al., 2008) further experiments were designed to yield the same mixing
with a distinct isotopic composition af'°N“=25.9:0.4%. ratio before and after the preconcentration step due to the use
and §1°NF=25.21:1.0%0 as analysed by IRMS (Toyoda and of the same MFC (MFC2) and flow parameters (2400's and
Yoshida, 1999) to investigate the conservation of th®N 100 sccm) during adsorption and desorption, and by collect-
values. Table 1 summarizes the gas mixtures used duringhg the desorbed sample in a 101 Tedlar bag (Product No.
the various validation experiments. For the study of spectraR45-08, SKC Inc., USA). The sample gas was dynamically
interference we relied on ambient air sampled with a mem-diluted from a tank, containing either 9.0 or 90 pprsQNin
brane pump (PTFE coated membrane, N 035 AT.18, KNFsynthetic air, with synthetic air to ambient (350 ppb), inter-

Neuberger, Switzerland). mediate (900 ppb) or process (9.0 ppm) mixing ratios (Ta-
ble 1). NbO mixing ratios in the sample gas and in the des-
2.2.1 Trace gas recovery orbed sample (Tedlar bag) were compared based on QCLAS

at 2188.19cm’. Experiments at every mixing ratio were
For the determination of the trace gas recovery, 1 to 101 of areplicated thrice. Small differences:{%) between the ad-
gas mixture were supplied at a flow rate of 100 sccm, con-sorbed and desorbed gas volumes, as recorded from the MFC
taining NbO, CHy and CO at ambient andJ® and CQ output, were corrected.

www.atmos-meas-tech.net/3/609/2010/ Atmos. Meas. Tech., 366892010
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2.2.2 Isotopic fractionation 200
@
To validate the conservation of isotopic signatures, ®N 190

reference gas (90.8 ppmp) analysed by IRMSSEN® =

100

25.9+0.4%0 ands1°NF=25.2+1.0%0) was diluted using high- s0- ™ O e e e
purity synthetic air prior to preconcentration, followed by 0 , e | | , |
Tedlar bag sampling and QCLAS analysis (Table 1). Ambi- 200 400 600 800 1000
ent (350 ppb), intermediate (900 ppb) and process (9.0 ppm) 9 ﬂ

N2O mixing ratios were supplied to the preconcentration £0x103 ®) —
unit. The standard preconcentration procedure was appliedg 15 =

with an adsorption flow rate of 500 sccm during 20 min and < 12 e

50 sccm (60-1505s) desorption flow. At elevategNnput 5 o L O Imol=@06572) ¢ (105420012)x €O, [l

mixing ratios (9.0 ppm) the desorbed sample gas was dynam- 20 5 10 15 20x10°
ically diluted by 1:10 during desorption by a fed-in flow, re- _gigﬂ . R .
sulting in mixing ratios of~60 ppm for all experiments. A 200

series £=5-70) of preconcentration cycles were pooled in 150
one Tedlar bag to obtain a gas sample of 3 to 51. Experi- 1

.. . . . 50
ments at each mixing ratio level were replicated three to five o N,0 , [nmoll= (-0.66£0.42) + (0.98240.004) x N,O, [nmol]
H [ T T T 1
times. . . . 0 50 100 150 200
The NO isotopic composition of these samples af- Input [nmol]

ter preconcentration was compared to the same refer-

ence gas diluted with synthetic air to a comparablgON  Fig. 4. Amount of (a) CHy, (b) COy, and(c) N2O concentrated

mixing ratio 1ppm) to calculateA815N:815Nprecon— on the HayeSep D trap depending on the sample volume from 1 to

5%Noriginal (2=4-8). QCLAS calibration was performed us- 10! (adsorption: 100 sccm of 390 ppOQN, 35ppm OCQ' 2.0ppm

ing medical grade DD (91.1 ppm NO, §15N¥=2.14-0.1%  CH4 350ppb CO, 25ppm £ in 80% N, and 20% Q). Eror

and §1°NF=2.0+0.4%) and a gravimetrically prepared bars represent the expanded standard uncertainty. FpRGONO

enriched gas (90.8ppm 0, §15N=25.90.4% and deviations from linearity are given in nmol.

§1NP=25.2+1.0%0) both analysed by IRMS (Toyoda and

Yoshida, 1999). . .
3 Results and discussion

2.2.3 Spectral interference

3.1 Trace gas recovery
To evaluate potential spectral interferences from ambient air,
samples were taken through a 5m, 6 mm outer diameteRuantitative recovery of the adsorbed trace gases is a pre-
PTFE tube from outside the laboratory building. The corre-requisite to assure the representativeness of the analyzed gas
sponding trace gas mixing ratios were taken from the routinesample and to avoid fractionation effects. Two different ap-
measurements at the300 m distant station Gbendorfofthe  proaches were chosen to tackle this subject: (i) determination
Swiss National Air Pollution Monitoring Network (NABEL). ~ of the trace gas recovery with increasing adsorption volume
Where no NABEL data were available {8 and CQ), we  to examine the trap capacity (Fig. 4); (ii) high-precision re-
assumed typical ambient mixing ratios as shown in Table 1covery of NbO at different levels of mixing ratios (Table 2).
The standard preconcentration procedure (Sect. 2.1.1) was The capacity of the adsorbent trap for different trace gases
followed, and the desorbed gaseous species were analyzedas evaluated based on a sequence of experiments where 1
either continuously (@ N2O, CO, H2O, CHy, CO) or after  to 101 of a gas mixture with constant composition (see Ta-
Tedlar bag sampling (£H2, O2). Continuous data after pre- ble 1) were first adsorbed on the preconcentration trap and
concentration were obtained by FTIR (Sect. 2.1.2) fpON  then desorbed with a flow of 50 sccm of synthetic air and
COy, H20, CHy, and CO. Ozone was measured using an UVanalyzed by on-line FTIR spectroscopy. For every trace gas
absorption @ analyzer (TEI 49C, Thermo Fisher Scientific the molar amounts in the input and output gas volume were
Inc., USA) after dynamic dilution with synthetic air. Oxy- calculated, integrating over time the respective mixing ratios
gen was determined with an,@nalyzer (Servomex 570A, and gas flows. The CO mixing ratio in the output flow was
Spectris plc, UK), and acetylene mixing ratios were obtainedbelow the FTIR detection limit of 200 ppb and the amount
using a GC-FID (Agilent 6890 with Plot AD3 (KCI) col- of desorbed Chlwas nearly constant and did not depend on
umn) after preconcentration with a Peltier cooled HayeSepgas sample volume (Fig. 4). This indicates that the mild ad-
D trap. The mixing ratios and corresponding preconcentrasorbent HayeSep D does not quantitatively retainy @Hd
tion factors were then used to simulate absorption spectra an@O at a trap temperature of apprex150°C which is above
evaluate possible spectral interferences. their respective boiling points 6f161°C and—191.5°C.

Atmos. Meas. Tech., 3, 60848 2010 www.atmos-meas-tech.net/3/609/2010/



J. Mohn et al.: A liquid nitrogen-free preconcentration unit 615

For high precision HO isotopic analysis by QCLAS the Table 2. High-precision recovery of pO after preconcentration

loss of CO is an advantage because of its absorption in the,-3) " Error bars represent the expanded uncertainty (95% confi-
selected spectral region. The application of the preconcentragence level).

tion unit for CO and CH may still be envisaged by employ-

ing a stronger adsorbent (i.e. Molsievé)Sor an alternative N,Oinput  Recovery

refrigerant reaching a lower adsorption temperature. mixing ratio [%]
As shown in Fig. 4, for MO and CQ a linear relation in 350 ppb 100.40.1

the molar amounts between the trap output and the sample 900 ppb 100.20.4

volumes was obtained, with expanded standard uncertainties
for the regression lines of less than 1%. The linearity holds
for the full investigated range, while the slight deviation from
unity of 2% to 6%, is well below the uncertainty due to po- . 1501 <15

tential systematic offsets in the analysis of input and output' 20/ 3. Changes in the YD & values (6°N=3""Nprecor-

mixing ratios by FTIR or in the input and output gas flows. & Norigina) after dilution and preconcentration compared to the
unprocessed calibration gas=3-5). Error bars represent the ex-

The efﬁCiency of NO recovery is critical, because the panded uncertainty (95% confidence level).
adsorption/desorption processes may lead to significant iso-
topic fractionation (Bertolini et al., 2005; Brand, 1995; N,O input ASIENY AS15NA
Werner et al., 2001). Therefore, a second, more precise ap- mixing ratio [%o] [%o]
proach was applied which allows the direct comparison of
the sample gas before and after preconcentration by precise 350 ppb 0.08:0.31  0.34-0.52
QCLAS measurements (Sect. 2.2.1). Using this experimen- 900ppb 008042  0.1%0.40
tal setup, the input and output mixing ratios agreed within 9.0ppm  —0.05:0.38 0.020.80
0.2% at ambient (350 ppb), intermediate (900 ppb) and pro-
cess levels (9.0ppm) (Table 2). Apart from the standard
deviation for repetitive measurements, systematic deviationg.3 Spectral interference
from e.g. subtle differences between the adsorbed and des-
orbed gas volumes cannot be excluded. However, such efat the precision levels needed fop® isotope ratio analysis,
fects are considerably smaller than 1%, corresponding to @ven very weak spectral interferences of other compounds
>99% recovery and thus, we expect only minimal, if any, may be detrimental. To analyze spectral interferences of am-
isotopic fractionation. bient air constituents the following approach was applied:
(i) identification of molecular species (based on HITRAN
database) that may cause spectral interferences through their
absorption features; (i) quantitative analysis of these compo-
nents after preconcentration of ambient air, and (iii) assess-
To further confirm the conservation of isotopic signatures thement of spectral interferences based on spectral simulations.
isotopic composition of samples at ambient (350 ppb), in-  Although the chosen absorption lines are free of any strong
termediate (900 ppb) or process mixing ratios (9 ppm) werepr obvious interference, we have considered all molecules in
compared before and after preconcentration as described ifhe HITRAN database (Rothman et al., 2005) for lines in the
Sect. 2.2.2. All experiments were done with gases that werge|evant wavelength region. The line strengths of the relevant
enriched ins">N“ by 25.9:0.4%0 ands*®N” by 25.2:1.0%.  molecules are plotted in Fig. 5b, weighted for their ambi-
Agreement of the DO isotopic composition with/without — ent molecular abundance (Table 1). Based on this abundance
preconcentration was in general very good (see Table 3). Thweighted representation, the most relevant interfering com-
§19N“ values of NO after preconcentration are within 0.1%. pounds are KO and CQ, followed by CO, @ and GHa.
compared to the unprocessed calibration gassE?, the Apart from its spectral interference, the water content in the
data seems to indicate a slight increase in the values after préneasuring gas has to be reduced considerably to avoid clog-
concentration, particularly at lower input mixing ratios. ~ ging of the adsorption trap. This is accomplished by perme-
The uncertainty of the mean values is however rather largeation drying and Mg(Cl@)2, while CQ; is largely removed
and in a one-sided student’s t-test the effect is not significanby the Ascarite trap. For the other gas compounds, the pre-
at the 0.05 significance level. We, nevertheless, plan to reconcentration procedure is quite selective, as will be shown
peat the experiments in the future with the next generatiorbelow.
of QCLAS and a directly coupled preconcentration unit. It Mixing ratios of HbLO and CQ were efficiently reduced
should also be noted that the calibration routine will include during preconcentration, below their FTIR detection limits
the preconcentration step and can thus be expected to largetf 10 and 1 ppm, respectively. Both,8 and CQ were
account for small fractionation effects if they really occur.  shown to be efficiently removed by chemical trapping with

9.0ppm  100.8:0.1

3.2 Isotopic fractionation
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3 A hypothetical absorption spectrum of spectroscopically
100x10 —— 60 ppm N,O . !
@ uated spectrum of interfering components interfering components was generated, based on the analyzed
807 (x 1000) output mixing ratios and typical conditions employed for
60 —| "N“N"0  “N"N"0  ™N'N"0 QCLAS measurements (Sect. 2.1.3). To obtain a meaning-

ful representation, the spectrum of interfering components
after preconcentration of ambient air was multiplied by a fac-
tor of 1000 (Fig. 5), reflecting the required precision for the
N>O isotope ratios in the sub-per mille range. The only rel-
I T I [ T evant signals might be due to very weak, @O and GHa
RG] I N,O | HO co, co absorption. The resulting effect on the mixing ratios of the
CH, I CH, N2O isotopic species is, however, below 1% (even with a
1000x magnification) in a typical retrieval of mixing ratios

o from measured spectra, which translates into a shift of less
107 - ‘ ‘ than 0.01%. on thé-scale.
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We built, optimized and validated a liquid nitrogen-free

Wavenumber fcm '] fully-automated preconcentration unit to increas@ONmMix-

ing ratios by a factor of 200 from ambient levels to about

Fig. 5. (a) Simulated absorption spectra 0b® and spectroscop- 60 ppm. The key element is the combination of a relatively
ically interfering components after preconcentration of ambient airmild adsorbent with a low temperature refrigeration unit,
(magnified by a factor 1000)b) Absorption lines of atmospheric  achieving trapping temperatures of approximately50°C.
constityents in the wavelength region selected fefONsotopic During standard operation, 140 nmol ob® are adsorbed
analysis. from 101 of ambient air within 20 min and desorbed in
50 ml of high purity synthetic air. The validation experi-

Mg(CIO4), and Ascarite to ppm or even ppb levels reSpeC_ments showed quantitativeo® recovery with only minor,
tively (Rockmann and Levin, 2005; Mohn et al 20(’)7) The statistically not significant isotopic fractionation, and neg-
average ozone output mixin,g ratic; was only ab,out six timesIigible spectroscopic interferences from other atmospheric

the ambient mixing ratio which corresponds to a 3% recoy-CONSttuents on the analyzeci_@ Isotope rat|o_s ' .
ery, assuming a concentration factor of 200. This can be Based on these encouraging results we intend to directly

expected because ozone is subject to rapid decompositio?lOUple the preconcentration unit to a QCL spectrometer to

during desorption at hot metal surfaces. L£&hd CO are perm?t fuIIy.-automat.ed high precisipp<0.5%o for §%°N)

not efficiently trapped by the preconcentration unit, due toN_20 isotopic analysis a_t ambient mixing ratlo_gi’zo Ppb)
their low boiling points, as reflected by a breakthrough of with a temppra_l resolution of less thar_1 30 min. Expected
~98%. The GH, output mixing ratio was around 125 ppb, spectroscopic improvements, e.g. using continuous-wave
which would correspond to an input mixing ratio of 0.62 ppb (cw) QCL and/or spectral ratio method will provide en-

assuming a quantitative recovery. This value is in-betweerhanced precision without significant modifications in the in-
. g 18 _
the annual averageo8, mixing ratios observed at the re- strumental setup. Additionallyj™®0-N,O measurements

mote NABEL-station Rigi-Seebodenalp and the urban Sta_Would be feasible by selecting a QC laser with an appropriate

tion Zurich with 0.4 and 1.0 ppb (FOEN and EMPA, 2009), scanning range. Future modifications of this basic setup may

respectively, which is in accordance with the suburban charperm,it to analyze other t.race gases that are not d?rectly ac-
acter of the sampling stationibendorf cessible by currently available spectroscopic techniques (i.e.

0, and N are to a large extent lost during trapping. The many VOCSs) and to quantify isotopologues of substances at

remaining bulk gases increased thg/ldy ratio by 2—3% in relatively low mixing ratios, such as GHCO and organic

the synthetic air employed for desorption, most probably duecgmpounds by employing a stronger adsorbent (i.e. Molsieve

to the larger N loss during trapping as a result of the differ- ?A) or artl alternative refrigerant reaching a lower adsorption

ence in boiling points 0f-183.0°C and—195.8°C of O; and emperature.

N2, respectively. This slight _C_hange in the gas m_atrix Shou"_j’AcknowledgementsThis work was supported by the Swiss

however, not hav_e any significant effect on _the Isotope rat'f)NationaI Foundation for Scientific Research and the Global

measurements since the reference gases will also be suppligghyironment Research Fund (B-094) of the Ministry of the

in synthetic air and treated similarly. Environment, Japan. We acknowledge the help of Matthias Hill,
Angelina Wenger and Benjamin R. Miller for the construction
of the preconcentration unit, based on their extensive knowledge
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