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Abstract. Dinitrogen pentoxide (AOs) and the nitrate radi- interfering chemicals in the real atmosphere, we caution the

cal (NOs) play important roles in atmospheric chemistry, yet use of 62 amu in the TD-CIMS for measuring ambienty

accurate measurements of their concentrations remain chain a high NG, environment like Hong Kong. Additional stud-

lenging. A thermal dissociation chemical ionization massies are needed to re-examine the daytime issue using other

spectrometer (TD-CIMS) was deployed to an urban site inmeasurement techniques.

Hong Kong to measure the sum ob@® and NG in au-

tumn 2010 based on the signals of N@t 62 amu which has

also been adopted in previous studies reported in literature.

To our surprise, very large signals op@®s + NO3 were fre- 1 Introduction

quently observed at 62 amu in the daytime, with equivalent

N>Os + NO3 mixing ratios in the range of 200-1000 pptv. The nitrate radical (Ng) and dinitrogen pentoxide (@Ds)

To investigate this unusual phenomenon, various interferencelay important roles in the nocturnal tropospheric chemistry.

tests and measurements with different instrument configuraNO3 is among the most important oxidants in the atmo-

tion were conducted. It was found that peroxy acetyl nitratesphere, particularly for biogenic hydrocarbons and sulfur-

(PAN) contributed to measurable signals at 62 amu, and moreontaining compounds (Atkinson, 1991),® has long

importantly, this interference increased significantly with co- been recognized as a key intermediate in the transforma-

existence of N@. Nitric acid (HNOs), on the other hand, tion of nitrogen oxides (N@=NO + NOy) to aerosol nitrates

had little interference to the detection 0f®/NO3 via the  (Riemer etal., 2003; Aldener et al., 2006; Chang et al., 2011;

NOj ion in our TD-CIMS. According to the test results, the Brown and Stutz, 2012). Recent studies have also demon-

interference from PAN and NfOcould have contributed to strated an important role ofJDs hydrolysis at night in chlo-

30-50% of the average daytime (12:00-16:00, local time)rine activation and the subsequent effect on the next-day’s

N>Os + NO;s signal at our site. On the other hand, evidenceozone formation (Osthoff et al., 2008; Simon et al., 2009;

exists for the presence of elevated daytime®| in addition ~ Thornton et al., 2010).

to the daytime signal at 62 amu. This includes (1) daytime Due to the low ambient abundances and high reactivity,

N,Os measured via the I(pOs)~ cluster ion with an un-  accurate measurements of atmosphet®OfNand NG have

heated inlet, which was subjected to minimum interferencespeen challenging. Based on the strong absorption of MO

and (2) observation of elevated daytime CIN@ product  the visible spectrum at 662 nm, several optical techniques

of N»Os hydrolysis) during a follow-up study. In view of have been developed to measure the ambiens, N@lud-

the difficulty in accurately quantifying the contribution from ing long-path differential optical absorption spectroscopy

the interferences of PAN and NCand untested potential (DOAS) (Platt et al., 1980; Atkinson et al., 1986), cavity
ring-down spectroscopy (CRDS) (Brown et al., 2001, 2002),

Published by Copernicus Publications on behalf of the European Geosciences Union.



2 X. Wang et al.: Chemical interference or a real atmospheric phenomenon?

laser-induced fluorescence (LIF) (Wood et al., 2003, 2005; ¢
Matsumoto et al., 2005), and cavity enhanced absorption
spectroscopy (CEAS) (Venables et al., 2006; Langridge et /%
al., 2008). NOs is determined by using a heated channel to
decompose it into N@or from the calculation according to
the fast equilibrium betweend®s with NO3 and NG .

Another technique for detecting ambient®s and NG is ;
chemical ionization mass spectrometry (CIMS) which com- |
bines the ion-molecule chemistry with mass spectrometry
detection. This technique was originally used in the labora-
tory to study the heterogeneous uptake kinetics g®Nand  Fig. 1. [ ocation of the measurement site and surrounding layout.
CINO2 (e.g., Hu and Abbatt, 1997; Thornton et al., 2003;

Thornton and Abbatt, 2005), and later on was applied in field

measurements (Slusher et al., 2004; Zheng et al., 2008). Theaytime NOs signal may be in part due to a real contribution
fundamental of this method is the reaction of(the reagent  from NOz and N>Os.

ion) with N2Os (and/or NQ) forming the NG ion that can

be detected at 62 amu. Previous laboratory studies suggested
that the NOs/NO3 measurement at 62 amu may be subject2
to interferences from other N-containing trace gases such 351 Measurement site
HNOg3, HO2NO,, CIONG;, and others (see references listed ™

in Table 1). On the other hand, a field inter-comparison Ofryg fie|q study was conducted in the urban center of Hong
a TD-CIMS and a cavity ring-down system showed a high Kong (2218 N, 11417 E: ~15m above sea level). The

degree of correlation between the two methods (Huey, 2007éampling site was located on the rooftop of a seven-story

Chang gt al., 20;1) indicating the capability of this met.hc_)d inteaching building (about 20 m above the ground) on the cam-
measuring NOs in the atmosphere. Although non-negligible pus of the Hong Kong Polytechnic University (PolyU). To
and varying background signals at 62amu have been obgg soytheast of the campus, there is a cross-harbor tunnel
served during field studies (Chang et al., 2011), there havg, e north-south direction with a large flow of vehicles,
been no reports of detailed assessment of these potential "%'specially during rush hours (see Fig. 1). Victoria Harbor
terferences under different atmospheric conditions and fokg |5cated about 1 km south of the measurement site. Thus
different configurations of CIMS. Kercher et al. (2009) de- ¢missions from vehicles and marine vessels are the most im-

veloped a method to detect5s via the I((NOs)™ cluster oot jocal anthropogenic sources. The sampling site is sur-

ion at 235amu with an unheated inlet to address the intery, nqeq by business districts, tourism and residential areas,

ference at 62amu in their CIMS, however this method hasith no |arge industrial sources nearby. The field measure-
its own limitations including a lower sensitivity and larger ants were carried out from 15 October to 4 December 2010,

impact of water vapor than that at 62 amu. . whichis the season with the most severe photochemical pol-
In autumn 2010, a TD-CIMS (thermal dissociation- | iion in Hong Kong (Wang et al., 2009).

CIMS), which is the same type used by Slusher et al. (2004)

and Huey (2007), was deployed to an urban site in Hong2.2 The CIMS apparatus

Kong which is characterized by large quantities of NO

ozone and particulate matters. Unexpectedly, large signal. TD-CIMS was deployed to measure the sum ofQy

of N2Os + NOjs inferred at 62 amu were frequently observed and NG in this study. The system was developed at the

during the daytime in our study. To investigate this unusualGeorgia Institute of Technologgnd is based on a soft and

observation, we have conducted a series of laboratory andelective ionization process resulting from the reaction be-

field tests, including testing interferences individually and tween a reagent ion and the target compounds, with the gen-

in combination from PAN, N@, O3, HNOs, detection of erated ions detected by a mass spectrometer. In the present

N2Os by using a cold inlet via detection of the I§8s)~ study, the measurement method and operating parameters of

cluster ion at 235 amu, and examination of daytime GINO TD-CIMS were the same as those described by Slusher et

which is a product of NOs hydrolysis. In this paper, we will  al. (2004) which was configured to simultaneously measure

first present the ambient observations, and then the detailedmbient NOs and PANs. The schematic diagram of our TD-

test results on interferences and other evidence for daytim€IMS is shown in Fig. 2.1, which was produced from pass-

N2Os. A surprising result from the tests is that PANO, ing a flow of 2 sccm of 0.3 % CgI/N 2 through an alpha ion

can contribute a large interference to the TD-CIMS signal atsource (Po-210), served as the reagent ion. Ambient air sam-

62 amu, which has not been reported in previous studies. Deples were drawn through a PFA-Teflon tube (1.D., 9.5 mm;

spite large chemical interference, we show that the observe®.D., 12.7 mm; length, 2 m) to the CIMS at a flow rate of 1.5
standard liters per minute (SLPM). To reduce the residence

Experiment and methodology
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Table 1.lon-molecule reactions with product of NCand the rate constants.

Rate constant

Reaction (molecutel cmds~1)  Comments Reference
I~ +HNO3 — NOj +H <5x10°11 Fehsenfeld et al. (1975)

No reaction Huey et al. (1995)
I~ +CIONO; — NO3 +ICl 9x10°10 +40% Huey et al. (1995)
I~ +BrONO, — NO3 +1Br Unknown Hanson et al. (1996)
I~ +HO2NO2 — NO5 +HIO Unknown Zhang et al. (1997)
CO; +HNOz — NO; +products 8<10°10 Fehsenfeld et al. (1975)
CO3 +NO2 — NO5 +CO; 2x 10710 +50% Ikezoe and Viggiano (1987)
CO, +NO— NOj +CO, 48x 10711 +30% Ikezoe and Viggiano (1987)
CoHoN™ +HNO3 — NO3 +CH3CN - 1.4x 1079 297K Ikezoe and Viggiano (1987)
C2H30; +HNO3 — NO3 +CoH402  Unknown Roberts et al. (2010)
CI™ +HNO3 — NO3 +HCI 1.6x107° +40 % Ikezoe and Viggiano (1987)
NO; +HNOz — NO5 + HONO 1.6x 1079 +40% Ikezoe and Viggiano (1987)
NO, +NO, — NO3 +NO <2x 1013 Ikezoe and Viggiano (1987)
NO, +Np0— NO; +Na <1x10712 Ikezoe and Viggiano (1987)
NO, +03— NO3 +0O2 1.2x 10710 +40 % Ikezoe and Viggiano (1987)
03 +NO, — NO; +0; 2.8x 10710 +30%, 280K  Ikezoe and Viggiano (1987)

time of air samples in the sampling tube an extra bypass flow

of 7.7 SLPM was directed to the exhaust. Immediately before NN,

the flow tube, the last 14.8 cm of inlet was heated to B0 Pt

The temperature of the air on the axis of the heated inlet was

estimated at- 117°C (Slusher et al., 2004), and under these e

conditions more than 99 % of theo®s would decompose

into NOs with an ambient N@ level of 40 ppbv. The pro-

duced and the original N§&xhen reacted with to produce

NOj ionsin the flow tube, which were subsequently detected

and quantified by a quadruple mass spectrometer (Extrel 150- Oronsor T N

QC, with a FWHM resolution of 2000) at 62 amu with a tem- Recionchart s -

poral resolution of 6 s. The NDsignal is proportional to the

concentration of total Ng) the I~ signal, the effective reac- Fig. 2. Schematic diagram of the TD-CIMS deployed in this study.

tion rate constant between them, and the effective reaction

time (Huey, 2007). Figure 3 depicts mass spectra of ambient

air in urban Hong Kong obtained both during the daytime

and at night, which clearly shows the bignal at 127 amu, were determined via the change in lEncentrations after

NO;3 signal at 62 amu, CEC(O)O~ (PAN) signal at 59 amu,  adding ozone, and conversely verified by the change in ozone

etc. The mass peak at 62 amu was well separated from that affter adding N@. Zero air that was free from moisture and

59 amu. aerosols served as the diluent so as to prevent the hydrolysis
In the present study, the TD-CIMS instrument was cali- of N,Os during the calibrations (see Fig. 2). N@as mon-

brated once a week using the on-ling®¢ synthesis method jtored with a chemiluminescence analyzer equipped with a

(Bertram et al., 2009). The calibration source was generphotolytic converter which ensured measurements of the true

ated from the reactions of NOwith O3 and subsequently NO, (Ryerson et al., 2000; Xu et al., 2013). When inputting

NO3z with NO,. In a glass reaction chamber in a commer- 36.7 ppbv of NQ and 170.4 ppbv of @ the generated pOs

cially available calibrator (Model 6100, Environics) 90 sccm was 1.08 ppbv. Note that there could be slight overestima-

of 2.5 ppmv NQ in nitrogen gas was mixed with 480 sccm tion in the concentration of pDs standard determined in

of 2.1-4.6 ppmv @ which was generated by UV photoly- our study, because a small fraction (<10 %) @0y could

sis of G in zero air (Model 111, Thermo Environmental be converted into gaseous nitric acid (Bertram et al., 2009).

Instruments (TEI)). The reactions happened during a timeThe loss of total nitrogen in the calibration system was ex-

period of one minute, and then the output was diluted toamined with a chemiluminescence N@nalyzer equipped

6 slpm by zero air. The concentrations of the preparg@N  with a molybdenum converter by comparing the signal with

i
Octopole ion Quadwle Chaneltron 1
uide mass filter detector

=

CDC
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Fig. 3. Mass spectra of ambient air in urban Hong Kong at day and
night by iodide TD-CIMS with heating the inlet tube to 180.
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and without adding @to NO», which indicated insignificant
loss. Fig. 4. Raw NQ; (62amu) signal with hourly automatic back-
Based on the relative standard deviation of the sam-ground detection by adding excess NO, 30 November 2010.
ple signal, the precision of our TD-CIMS was 3% for
1000 pptv NOs. The sensitivity of NOs during the cam-
paign was B+ 0.2 (meant SD) Hz pptv . The instrument - — Day 111000
background was automatically measured for 2min once an 25 |
hour by adding a small flow (5 mL mirt) of NO (1000 ppm)
to the sample flow (diluted to 9.2 SLPM), titrating N@nd
thus NOs. The background signal of the NOon during
this field study was 7Y + 36.0 (meant SD) Hz. Figure 4
shows the signals of ND (at 62amu) with hourly auto-
matic background determinations on 30 November, when
the equivalent maximum concentration of®§ + NO3 was
inferred. Clearly, the signals exhibited relatively low back- a4 | , | i . | ) Ho
ground compared to ambient,®s + NO3 during both day Oct/17 Oct/23 Oct/29 Nov/4 Nov/10 Nov/16 Nov/22 Nov/28 Dec/4
and night. According to three times the standard deviation_ ) _ )
of the background signal, the typical detection limit af¢ Fig. 5. Time series of hourly average NOsignal at 62amu and

for 6 s average time was estimated to be 39 pptv for our Tp-2pparent MOs +NO3 (N205+NO3) concentration measured in
CIMS Hong Kong.
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2.3 Other instruments
3 Observation results
In addition to the TD-CIMS, a large number of other instru-
ments were deployed concurrently. Here, we briefly describeThe time series of hourly ND signals at 62amu (af-
those that were used to aid the presentation of ts@sNand ter subtracting the background by adding NO) and ap-
NOs data. @ was measured by a commercial UV photo- parent NOs + NOs mixing ratios (hereafter referred to as
metric analyzer (Model 49i, TEI, USA). NO and NQvere  N,Os+NO3) from 15 October to 4 December 2010 is shown
analyzed with a chemiluminescence instrument (Model 42i,in Fig. 5. Similar to the measurement results obtained in other
TEI) equipped with a photolytic N@converter (Air Quality  |ocations, several nighttime signal peaks of N@ere no-
Design, USA) (Xu et al., 2013). Solar radiation was mea-ticed in our study (e.g., 31 October, 1 and 10 November).
sured using a LI-200 Pyranometer Sensor (LI-COR, USA).However, very large signals ofd®s + NOs inferred by NG
The ambient RH and temperature were monitored with ajion at 62 amu were frequently observed during the daytime
RH/temperature probe (Model 41382VC/VF, M.R. YOUNG, (e.g., 23 and 24 October, 19, 22 and 30 November and 2 De-
USA). During the field measurements, the minute-averagezember). During the 50 day measurement period (exclud-
data of trace gases and meteorological parameters were cghg 11 November due to a lack of data), the average hourly
lected in real time by a data logger (Model 8816, Environ- apparent MOs + NO3 concentration was 86.9H85.6) pptv
mental Systems Corporation, USA). with the maximum value of 1033 pptv recorded at 15:00 LT
(local time) on 30 November. The mean daytime apparent
N2Os + NO3 mixing ratio was 102.5 pptv (06:00-17:59 LT),

Atmos. Meas. Tech., 7, 132, 2014 www.atmos-meas-tech.net/7/1/2014/
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Fig. 6. Time series of apparentJ®s + NO3 (N2Os + NO§), NO3/N>Os ratio, trace gases and meteorological parameters for six pollution
episodes oifa) 23 October(b) 24 October(c) 19 November(d) 22 November(e) 30 November, an€f) 2 December 2010. The pollution
episodes with daytime concentration peaks g0y and NG; are shown in the panes.

even higher than the value of 71.3 pptv at nighttime (18:00—4 Chemical interferences
05:59LT).
To learn more about the atmospheric conditions associ- ] ] )
ated with the elevated daytime,®s and NG signals at A major drawbagk qf the TD-CIMS technique is tr_1a't there
62 amu, we present six cases during which the hourly apparcould be potential interferences to the selected;Non

ent NbOs + NOj values exceeded 400 pptv. Figure 6 presentsthat can give rise to significant background noise at 62 amu
the 5min data of BOs+NO%, Os, Oy (O3+NOy), NO (Chang et al., 2011). Previous laboratory studies have pro-

NO, RH, and solar radiation for these episodes. The raP0S€d many possible ion-molecule reactions yielding the
tio of NO3/N2Os, calculated based on the temperature de-NOs i0n, as summarized in Table 1. As stated earlier, the
pendent equilibrium among #Ds, NOz and NQ, is also detailed results of these interferences in the real atmosphere
given. Inspection of the figure reveals that the daytime ap_have not been_reported to date. To examine the influences
parent NOs + NO; signal peaks appeared when both ozone©f these poter_mal interferences to owr®§ + NQs measure-

and NQ were in high levels together with low levels of NO. Ments, a series of tests were conducted in various atmo-
However, daytime hOs + NOs concentrations calculated us- spheric conditions and in the laboratory during and after the
ing both steady-state (Osthoff et al., 2006) and non-steadyMeasurement campaign. _

state approaches (McLaren etal., 2010) were much lower (by - The background determination by adding excess NO pro-
a factor of 1-100) than observations. The daytime concenYided a first examination of the interferences. Such de-
trations of apparent §0s + NOs in our study are also much termined background reflects the interferences from com-
higher than those of previous studies which reported daytiméounds that are unreactive to NO, including most poten-
N,Os and NG concentrations of only a few to over 10 pptv tial ones other than PAN and BEO,. As stated above,

(Geyer et al., 2003; Brown et al., 2005; Osthoff et al., 2006)_the background was periodically measured once an hour
throughout the campaign. A considerable background sig-

nal in our CIMS measurements at 62 amu was indeed seen

www.atmos-meas-tech.net/7/1/2014/ Atmos. Meas. Tech., 7122014
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Fig. 7. Changes of signals at 59 and 62 amu when diluted synthetiarace amounts of PAN, HN$) or their mix to the ambient air.

PAN was introduced to the TD-CIMS.

during the present study, and they also exhibited a diurnal For tests of PAN in zero air and in relatively clean ambi-
pattern with higher values in the late afternoon (see Fig. 4)€ent air at a coastal site (Hok Tsui), a measurable interference
This indicates that the #Ds+ NOs measurements via the from PAN was observed at 62 amu. The resultin zero air (i.e.,
62 amu channel in our TD-CIMS were subject to some inter-the response of 62 amu signal to the PAN standard) indicates
ference during the present study. However, the backgroun@3=4 pptv of apparent N@+ N2Os signal per ppbv of PAN
signals were much lower than the total signal in ambient air.(0one example is shown in Fig. 7). Adding PAN to ambient
For the six cases with daytime,®s+NOz concentrations ~ air at the coastal site yielded similar results. Table 2 shows
exceeding 400 pptv, the instrument background on averagéhe results from four tests conducted with varying ambient
only accounted for 10 % of the ambient values. This back-pollution levels and meteorological conditions. Introducing
ground signal is due to most of the gases shown in Table $.6-6.3 ppb of PAN to the ambient air resulted in an increase
and has been accounted for (i.e., subtracted from the totdn the NG; signal of 42—75 pptv of N@+ N2Os in our TD-
signals at 62 amu) in our final data. The interference fromCIMS, again indicating interference from PAN to the field
PAN and HQNO, could not be determined because they NO3/N20s measurements via the NOby TD-CIMS. The
also reacted with NO during zeroing. Their interferences aremechanism for the interference of PAN on the N&ignal

addressed below. is unclear. Some researchers proposed that theOQB)O~
ion (produced from the reaction of Iwith CH3C(O)O, —
4.1 Interference of PAN the product of PAN thermo-dissociation) likely reacts with

HNO;3 to produce NQ (Veres et al., 2008; Roberts et al.,
PAN is the most possible compound to interfere the TD-2010). This appeared not to be the case in our CIMS as ad-
CIMS measurements in this study, not only due to its rela-ditions of both PAN and HN@didn't lead to any increase at
tively high ambient abundances but also because it can e$2 amu compared to the addition of PAN alone (see Fig. 8).
cape from background determination by adding NO. In the A surprising finding was much larger interferences at
previous studies of using a different technique of CRDS,62amu when the same spike tests were conducted at the
higher NbOs signals than the steady-state predictions werePolyU site, which has very high NOconcentrations, and
usually observed with elevated mixing ratios of PAN (Brown the interference appeared to increase with ambient 8iQ-
et al., 2005; Osthoff et al., 2006). The interference from PAN gesting that reaction between PAN and N@ads to signifi-
to the NG; signals in our TD-CIMS was evaluated post field cant interference at 62 amu. To confirm this, a series of tests
campaign by adding synthetic PAN to zero air and in the am-were conducted by mixing different levels of N@ith syn-
bient air samples. The PAN was generated from a PAN calithetic PAN (see an example in Fig. 9). Figure 10 shows the
brator (Meteorologie Consult GmbH), which is based on thesignal at 62 amu as a function of PAN and N€bncentra-
reaction sequence of NO and acetone in ultrapure air with dions in zero air, which clearly shows that the interference
Penray lamp. The concentrations of PAN that were added tancreases with both PAN and NOFor example, at 5 ppbv
the CIMS were quantified simultaneously by aNahalyzer  of PAN, adding 60 ppbv of N@produces a 400 ppt equiva-
(TEI 42CY). We also generated PAN using a conventionallent NoOs/NOs signal, compared to 150 pptv without NO
wet chemistry method by reacting peracetic acid with BNO indicating an amplifying effect of N@on the previously re-
(Gaffney et al., 1984). The test results from the two PAN ported PAN interference. The exact chemical reaction that
sources are consistent, thus this study only shows the resulkads to the interference is not clear. We believe that interfer-
which used the PAN generated from the photolytic source. ence of PAN +NGQ is related to the thermal dissociation of

Atmos. Meas. Tech., 7, 132, 2014 www.atmos-meas-tech.net/7/1/2014/
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Fig. 10. Interference of N@ to equivalent NQ concentration un-
PAN followed by radical reactions with NOn the heated in-  der different levels of PAN. Vertical bars are standard deviations of
let. The radical reactions might serve as a source of Al tests results.
N20s, or the products could react with Ito produce N@
ions which is detected at 62 amu. We will evaluate the possi-

ble contribution of PAN + NQ to the observed high daytime of HNGs to th? acetate ion in our TD-CIMS s d_|fferent
N2Os + NOs for the 2010 autumn study in Sect. 5. from that obtained by Roberts and coworkers using a NI-

PT-CIMS (negative-ion proton-transfer CIMS) (Veres et al.,
2008; Roberts et al., 2010), possibly due to different config-

4.2 Interference of HN ) . A
s urations and operation conditions.

Another possible source of interference to the N@n

is HNOj3 since it has a N@ group. Several studies have
proposed the production of NOfrom ion-molecule reac- CIONO,, BrONO, and HGNO, also react efficiently with
tions involving HNG;, with somewhat inconsistent results. I~ to produce N@ (Huey et al., 1995; Hanson et al., 1996;
Huey and co-workers showed that the reaction ofulith Zhang et al., 1997; Amelynck et al., 2001). Again, the rel-
HNOs (producing N@Q) was rather |neff|F'ef"F- Thornton and atively low instrument background indicated small interfer-
coworkers on the other hand found a significant background, -« trom CIONG and BrONG and any interference from
signal (10-50 Hz) at the NDmass in a cold iodide CIMS yhem would have been corrected in our measurements be-

under conditions of long ion-molecule reaction time, and at-use they cannot be removed by adding NO. The zeroing
tributed this to the reaction of HNfOwith |~ (Thornton et would not work for HGNO,. However, it is impossible for
al., 2003; Thornton and Abbatt, 2005). Roberts and cowork—HozNo2 to pass through the heated inlet tube in our TD-

ers reported that the HNOwvas sensitive to the acetate ions CIMS considering its thermally unstable nature.
and react to produce NDions at the 62 amu (Veres et al., In addition, the NQ ion may also come from the
2008; Robe_rts etal., 2010). ) _ _ion-molecule reactions involving Cl (35amu), GHaN™

The relatively Iovy bgckgrounq signals by adding NO in (40amu), NG (46 amu), § (48amu), CQ (60amu), and
our study sug.gest insignificant mterferen_ce from HNO . COy (76amu) (listed in Table 1). These reagent ions were
our CIMS, which has been corrected during data reducnon'observed in quite low levels (i.e., <20 Hz for 40 and 48 amu
This was further confirmed by the addition of HNOThe and 10-500 Hz for 35. 46 60' a.r'1d 76 amu) in our TD-CIMS,
test was carried out three times for varying ambient Con'during the field meas,urer,nents (see Fig. 3). Therefore, the
ditions to check the repeatability of the results, which are; . molecule reactions induced by CICHaN—, NO3 , 05 '

’ ’ 3 1

listed in Table 2 with an example being shown in Fig. 8. It _ : A 4
can be seen that after introducing a trace amount of HINO CO; and CQ are also believed to have no significant influ-

to the inlet tube of our TD-CIMS, there was no significant ence to the NQ detection based on the relationship between

increase in the N© signal compared to the ambient air. Ad- the product ion and regctants. , i
ditionally, adding HNQ to a trace level of PAN which re- In summary, according to the above tests and discussions,
sulted in an acetate ion signal 6f0.9 x 10* Hz, the NG reactions between PAN and N® the heated inlet are found

sighal showed no apparent change compared to that for Onlg)lhave significant interference to signal at 62 amu in our TD-

adding PAN. These results suggest that the HNgeIf and MS, while HNG; and other compounds are not believed to
its mixture with acetate ions have no significant interferenceN@ve contributed to signal at 62 amu, although our tests are

to the detection of BOs + NOg via the NG} ion in our TD- not exhaustive for including all other chemicals.
CIMS. It should be noted that the result of non-reactivity

4.3 Interference of other possible compounds

www.atmos-meas-tech.net/7/1/2014/ Atmos. Meas. Tech., 7122014
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Table 2. Summary of the interference tests for the TD-CIMS.

Ambient conditions Standard additibn CIMS response
NOy O3 T RH APAN  AHNOj3 AN2O5  ASga/ASsg
Test (ppb) (ppb) OV (%) (ppb) (ppb) (ppt) (cps/cps)
1 35 69 25 83 6.3 0 75 0.014
2 4.8 71 25 87 5.8 0 42 0.009
3 4.5 60 23 83 5.9 0 69 0.014
4 14.0 35 22 69 5.6 0 62 0.013
5 7.2 70 24 81 0 14 1 n.a.
6 6.2 76 24 64 0 9.1 1 n.a.
7 15.2 38 22 69 0 8.9 2 n.a.
8 12.8 41 21 68 5.3 8.9 62 n.a.

* The concentrations of PAN and HNGhat were added to the ambient air were determined by p &i@lyzer.

5 Contribution of interference to daytime A 5000 o 5000
concentrations PAN Moo PAN ‘ m Jao0o
E s .l 13000 é E w0 JW I ;E

i

<1000 1000

gl 7
st B

As indicated above, laboratory and field tests revealed sig- AONWW,M
nificant interference from PAN and NCQio 62 amu in our o

1000 1000

3
e
3

1000

TD-CIMS. The contribution from this interference to the ob-
served daytime BOs + NOs in this study was examined and
corrected based on the tests results in Fig. 10. During the 1"
field campaign at PolyU, PAN was concurrently measured ¢

by the same TD-CIMS and a GC-ECD instrument (gas chro- 5 "™ et e kim
matography with an electron capture detector). For the six g ©® % 200 10 2000 5 O R
episodes shown in Fig. 6, the interference would contribute to

41.3-67.0 %, 29.0-39.8 %, 32.2-73.2 %, 25.6—49.2 %, 19_4£ig. 11. Time series of corrected @<D5+NO§) and uncorrected
43.4%, 20.4-77.8% of the daytime signals in the 6 episode205 * NOs, PAN, NO; and NO on 23 October and 30 Novem-
(two examples on 23 October and 30 November are shown er 2010.

in Fig. 11). The remaining daytime signal after correction

may be a real contribution from40s and NG, but inter-  concentration (5 min average) could reach 321 pptv if all ma-
ferences from other untested chemicals (e.g., organic nitrategyr removal pathways are considered. In comparison, the
in addition to PAN) cannot be ruled out. As interferences ateasured BOs + NO3 concentration was 286.5 pptv (with
the 62 amu channel are large and variable, and some of therection for PAN +NQ interference). The agreement be-
may not have been identified in our tests, itis difficult to de- yyeen observation and prediction under the condition of very
termine the fraction of real signal from®s+NQOgs in our low NO in this case indicates that the elevategDdin day-
study at 62amu. . _ time is possible at the study site. The significant discrepancy
_ To compare the observed signals with the concentrain most cases may be attributed to other unknown measure-
tions predicted by known chemistry, Fig. 12 shows the ment interference (e.g., chemical interference from organic
source strength and loss frequency of N@he predicted  pjyrates in addition to PAN), unknown NGsource(s) (e.g.,
N2Os +NOg levels for the six polluted episodes, together chemical reactions between Criegee intermediates angl NO
with corrected MOs +NOg data (i.e., subtracting the inter- g ggested by recent studies (Welz et al., 2012; Ouyang et al.,
ference due to PAN+Ng). In brief, the reaction of N@  5013) and invalidity of the steady-state assumption for air

with NO is the dominant loss pathway at the study site. Inmasses receiving fresh injection of NO). Further studies are
most cases, the NO concentration was relatively high, a”%quired.

the calculated values using steady-state assumption (see Sl)

were much lower than the observed values (after correc-

tion for interference due to PAN+NQ. There is one ex- 6 Other evidence of daytime NQ + N,Os in Hong Kong
ception in the late afternoon on 24 October. At 16:00 on

this day when @, NO, and NO concentrations were 96.1, To check the measurement results at 62 amu, we attempted
49.1 and 0.3 pphv, respectively, the predictedsN@d N>Os to measure ambient /05 with a cold version of CIMS
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Fig. 12. NO3 production rate from N@and ozone, loss frequency of N@rom NO reaction, photolysis, VOC oxidation and®s hy-
drolysis, steady-state calculated®f + NO3 and observed pOs + NOg after correction (for the interference from PAN + hCfor the six
pollution episode days.

immediately after the present campaign at the same site. The Another independent piece of evidence for the daytime
CIMS was configured similar to that described by Kercher etN,Os + NOz in Hong Kong is concurrent increase in the
al. (2009). When an unheated inlet tube is used, the reactionsiixing ratios of CINQ (a product of NOs hydrolysis) ob-

of N2Os with I~ produce both the N and I(N.Os) ™ clus- served in a follow-up study in western Hong Kong (Tung
terions. The I(NOs)~ ion (at 235 amu) is thought to be free Chung; see Sl for the experiment information). At this site,
from the chemical interferences that can perturb the;NO elevated NOs +NOj3 signals were also found at 62 amu at
ion, and thus provides a better measure gOBl(Kercher et  daytime during photochemical episodes, with the CINO
al., 2009). However, the 1(pOs)~ sensitivity is influenced  signals (208 amu) showing concurrent increases. Figure 14
by the abundance of the water content in the sample flowshows an example for 28 August 2011. On that day, ap-
Similar to the setup with the heated inlet and the detectionparent NOs + NOs inferred from 62 amu exhibited an af-
at 62amu by TD-CIMS, signal at 235amu with the cold ternoon peak of 670 pptv (uncorrected 5 min average), and
CIMS also showed a daytime peak. Figure 13 gives an ex-CINO; had a concurrent enhancement to 120 pptv. To es-
ample of the ambient I1(pDs)~ signal (in Hz) and related timate the levels of MOs that would be needed to sustain
trace gases taken on 20 December 2010. The 235 amu signsilich amount of CINg we assumed a photostationary steady
exhibited generally good correlation with the 62 amu signalstate for CINQ in the afternoon with an uptake coefficient of
during both daytime and nighttime (figure not shown here).0.03 for NOs hydrolysis on aerosol surfaces and a CINO
Calibration of the cold CIMS with the §O5 standard in dry  yield of 10% with consideration of relatively low content
synthetic air gave a sensitivity of#5::0.003 Hz pptv 1. But of sea salt in aerosols at the site. The photolysis rate of
the true sensitivity for ambient air with moderately high hu- CINO, was estimated as.gx 10~4s~! using the method
midity during study is believed to be larger, possibly by a by Simon et al. (2009), and the aerosol surface area was
factor of two or more, according to our recent lab tests. 979 mn? m—3 from concurrent measurements of aerosol size

www.atmos-meas-tech.net/7/1/2014/ Atmos. Meas. Tech., 7122014
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Fig. 13.Time series of I(NOs) ~ signal at 235 amu, solar radiation
and relative humidity in urban Hong Kong on 20 December 2010. inlet or an optics-based technique is recommended. We also
suggest more studies to examine the abundance of daytime

o ) NO3z and NoOs in similar urban areas with co-existence of
distribution. The calculation showed that to produce the ob-high 0zone and N@

served 120 pptv of CINg at least 518 pptv of pDs would

be required. This result, although is not an absolute proof,

supports the possibility of elevated daytime concentrations ofSUpplementary material related to this article is

N»Os + NOgz in Hong Kong. On this day the peak concentra- available online athttp://www.atmos-meas-tech.net/7/1/
tion of CINO, was~ 600 pptv at night and the CINCcon-  2014/amt-7-1-2014-supplement. pdf

centration exhibited good correlatio®? = 0.78) with the

observed N@ signals at 62 amu (figures not shown here).
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