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Abstract. The CLOUD experiment Gosmics Leaving  VOC contamination source. For lower ozone levels (below
OUtdoor Droplets) investigates the nucleation of new par- 100 ppbv) the total VOC contamination was usually below
ticles and how this process is influenced by galactic cos-1 ppbv and therewith considerably cleaner than a comparable
mic rays in an electropolished, stainless-steel environmentaleflon chamber. On average about 75 % of the total VOCs
chamber at CERN (European Organization for Nuclear Re-come from only five exact masses (tentatively assigned as
search). Since volatile organic compounds (VOCs) can acformaldehyde, acetaldehyde, acetone, formic acid, and acetic
as precursor gases for nucleation and growth of particlesacid), which have a rather high vapour pressure and are there-
great efforts have been made to keep their unwanted backfore not important for nucleation and growth of particles.
ground levels as low as possible and to quantify them. In or-
der to be able to measure a great set of VOCs simultaneously
in the low parts per trillion (pptv) range, proton-transfer-
reaction mass spectrometry (PTR-MS) was used. Initiallyl Introduction
the total VOC background concentration strongly correlated
with ozone in the chamber and ranged from 0.1 to 7 partsAccording to the IPCC 2007 repor§¢lomon et al.2007),
per billion (ppbv). Plastic used as sealing material in theaerosols and clouds represent the largest uncertainties in
ozone generator was found to be a major VOC source. Esglobal climate models, and their estimated significant influ-
pecially oxygen-containing VOCs were generated togetheence on the observed global warming remains poorly un-
with ozone. These parts were replaced by stainless steel aflerstood. The aim of the initial CLOUD (Cosmics Leav-
ter CLOUD3, which strongly reduced the total VOC back- ing OUtdoor Droplets) experiments at CERN (European Or-
ground. An additional ozone-induced VOC source is surface-ganization for Nuclear Research) is to thoroughly investi-
assisted reactions at the electropolished stainless steel wallgate the first crucial steps of cloud formation, i.e. the nucle-
The change in relative humidity (RH) from very dry to hu- ation of condensable vapours and how galactic cosmic rays
mid conditions increases background VOCs released fro{GCRs) may enhance this process by ion-induced nucleation
the chamber walls. This effect is especially pronounced wher{Carslaw et a].2002. The first results from CLOUD (Kirkby
the RH is increased for the first time in a campaign. Also €t al., 2011) showed that the enhancement due to ions and
the dead volume of inlet tubes for trace gases that wer@mmonia was insufficient to account for the nucleation of
not continuously flushed was found to be a short but strongsulfuric acid particles in the lower atmosphere, indicating
that organic ternary vapours are required. Organic trace
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2160 R. Schnitzhofer et al.: Cloud: VOC background characterisation

vapours initiate the nucleation process together with sulfu- A crucial part of the chamber is the gas supply sys-
ric acid and are fundamentally involved in the subsequentem. The CLOUD atmosphere consists of 79% nitrogen
growth of the initial cluster to gain the crucial size when wa- (N2) and 21 % oxygen (&), and a varying amount of trace
ter starts to condense and cloud droplets favtetizger et al. gases like water vapour, ozone 3(0—-1000 ppbv), sulfur
201Q Kulmala et al, 2013. dioxide (SQ, 0-60ppbv), ammonia (N&gl < 0.35 pptv—

In the CLOUD experiments great efforts have been made2 ppbv;Bianchi et al, 2012, pinanediol (PD, GH180,, 0—
to control the chamber conditions, including the introduced21 ppbv;Schobesberger et a2013, dimethylamine (DMA,
gases. Since organic vapours are expected to impact nucl®-100 pptv, GH7N; Praplan et aJ.2012 Almeida et al,
ation and growth of particles, their background levels need2013, anda-pinene (GoH1s, 0—1600 pptv). All these gases
to be kept small. Despite a considerable number of similarand their injection into the chamber pose potential sources
experiments in various environmental chambers around thef organic impurities and are therefore treated with particular
world, reports about background organic contamination arecare. Synthetic air is provided by evaporation from cryogenic
rare.Wisthaler et al(2008 report an increase of formalde- liquid N2 and Q, mixed in the gas phase in ratio 721. A
hyde and other g€to Cyg aldehydes when ozone is inserted continuous flow into the chamber of 100-160 standard litre
into the Teflon SAPHIR chamber (Julich, Germany). Total per minute (slpm) of humidified synthetic air mixed with
organic contaminations are given for the Teflon chamberdrace gases compensates for air extracted by the analysing
EUPHORE< 0.3 ugnt?3 (Bloss et al. 2009, PSI 4parts  instruments.
per billion (ppbv) Paulsen et al2005, and Caltech Indoor Water vapour concentration can be controlled over 6 or-
Chamber Facility below limit of detectionCocker et al.  ders of magnitude with a deviation of 1 % relative humidity
200)). (RH). Water is purified by circulation through a bank of Mil-

In order to be able to measure a large set of different ordipore Super-Q filters (MQ water), de-ionised and added to
ganic compounds, the proton-transfer-reaction (PTR) techthe Nb—O;, gas stream via a Nafion humidifier.
nique has been chosen to monitor the background concentra- One of the essential gases for nucleation is sulfuric acid.
tion of organics in the chamber. The aim of CLOUD was to In the CLOUD chamber it is produced by photo-dissociation
study first the effect of GCRs on binary sulfuric acid wa- of ozone in the presence of $Qwater vapour, @ and N.
ter nucleation and subsequently to investigate more comJo avoid heat load from the light source, a fibre optic sys-
plex systems such as the ternary sulfuric acid—ammoniatem is installed that produces an uniform illumination (240—-
water system Kirkby et al, 2011). Later on the impact 750nm) in the chamber and therefore a uniform sulfuric
of amines (dimethylamine, DMA) and organic compounds acid production. The temperature increase in the chamber is
(pinanediol, PD) on new particle formation and growth smaller than 0.005C at full illumination Kupc et al, 20117).
was studied Almeida et al, 2013 Schobesberger et al. The trace gases are supplied in concentrated form and then
2013 Keskinen et al.2012. The first CLOUD chamber highly diluted with synthetic air to ensure minimum contam-
experiment (CLOUD1) was conducted during November—ination from the supply.
December 2009. So far eight campaigns have been carried Ozone is generated by a low-pressure mercury lamp
out: each one lasted between 1 and 3 months. Here wéCLOUD1-CLOUD3). The plastic sealing of this device was
present data from CLOUD1-3 and CLOUD7-8. suspicious as a potential source of organic impurities during
exposure of very high ozone levels. Therefore it was replaced
by a CERN designed and built all stainless steel and quartz
ozone generator from CLOUD4 on.

The gases are injected at the bottom of the chamber close
to one of the two mixing fans in order to distribute them

A 261 electropolished stainless-steel cylinder is the cen-Auickly and uniformly throughout the whole chamber. This
tral part of the CLOUD experiment. It can be temperature-'S Important to reach newly adjusted levels of trace gases
controlled over the whole range of atmosphere-relevant tem!@pidly (Voigtiaeander et a2012. ,

peratures £65°C to 100°C), with an accuracy of 09C. There are 16 ports installed in the mid-plane of the cham-
The chamber can be evacuated from 1200 to 1000 hPa ovéteh t© which sampling probes are mounted. The inner tips

any chosen time interval above 10, in order to simulate thef the sampling probes project into the chamber a distance
adiabatic cooling in ascending air masses and form clouds. 1©f 50 ¢m (CLOUD1-3) or 35¢cm (CLOUDA and later). The

addition, an adjustabte* beam from the CERN Proton Syn- Pressure in the chamber is maintained at least 5hPa above
chrotron, can simulate cosmic rays (for details Begplissy ambient. Accidental low pressure in the chamber bears the

et al, 201Q andKirkby et al, 2017). A schematic drawing danger of backflow through the various instruments to the
of th:a CLOUD chamber is s’hown in Fig. chamber and contamination with for example butanol from

the condensation particle counters (CPCs). Therefore an in-
dependent fail-safe system has been implemented to ensure

2 Experimental

2.1 The CLOUD chamber
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the chamber pressure never falls below 5 hPa above ambietay with different durations (2 h to several hours). For

pressure. these measurements 3 slpm of chamber air were purified us-
ing two Pd—Pt catalytic converters (EnviC@Lt VOC 5538,
2.2 PTR-MS Sud-Chemie AG, Germany) arranged in series. The purified

gas stream was injected into th&l8’ capillary. Then 1 slpm
To be able to monitor a great set of volatile organic com- of this air was pumped to the instrument, and the rest was dis-
pounds (VOCs) quantitatively in the low pptv range in real placed to the 3/8" tube and pumped away. The inlet system
time and to identify the individual species, the PTR tech-was slightly different at each CLOUD campaign. For exam-
nique has been chosen. Proton-transfer-reaction mass spggte during CLOUD3 another PTR-MS, modified to measure
trometry (PTR-MSHansel et al.1999 is a chemical ioni-  ammonia, sampled chamber air in the same way from the
sation method for real-time measurements of VOCGSOH  same 38’ stainless steel tube. During CLOUD? the zero air
ions, produced from pure water vapour in a glow dischargeflow to the T-connection was inadvertently set too low so the
ion source, are injected into a drift tube which is contin- “zero air’ contained 25 % chamber air for the first 2 weeks
uously flushed with sampling air. 40" ions transfer pro-  of the campaign. However, these data could subsequently be
tons, at every collision, to compounds that have a higher procorrected since all flows were recorded.
ton affinity than water (691 kJ mot; i.e. most VOCs except
alkanes). The protonated VOCs are then detected and quai2-4 Calibration
titatively analysed by a quadrupole (CLOUD1) or a time-
of-flight (ToF; CLOUD2, CLOUD3, CLOUD4, CLOUD?, The PTR instruments were calibrated about five times dur-
and CLOUDS8) mass spectrometer. In contrast to the PTRING each campaign, using gas standards (Apel-Riemer Inc.,
guadrupole system (PTR-Q-MS), the PTR-ToF-MS providesDenver, CO, USA). The gas standards contained a set of
full mass scans within a fraction of a second. In addition, Pure and oxygenated hydrocarbons, which were dynamically
the h|gh mass reso|ving power (about 5000 fu" W|dth at ha'f d|luted into purified ail’ and fed to the PTR instruments.
maximum (FWHM)), combined with the h|gh mass accuracy Based on these Calibrations, we estimated a total accuracy
(2.5ppm), allows for unambiguous sum formula identifica- Of the instruments ok 13 % at 1 ppbv for the compounds in-

tion (Graus et a].2010. cluded in the gas standard. This is due to uncertainties given
for the calibration gas and the dilution system (5.2 %) and
2.3 |n|et System and background Correction the preCiSion Of the Counting SyStem Of 12 % (f0r acetone

at 1 ppbv). Formaldehyde (HCOH) also included in the gas

The inlet system has been especially designed in order tgtandard shows a water-dependent sensitivity because its pro-
minimise inlet wall losses and ozone-induced surface reacton affinity is only slightly higher than that of water, and
tions. A combination of high flow and heated inlet tubes therefore there is a backward reactidtaqsel et al.1997).
should guide the VOCs most efficiently to the instruments. The amount of the backward reaction depends on the ambi-
Figure 2 shows a schematic drawing of the whole PTR-MSent humidity, which adds to the water coming from the ion
inlet system. A 38” OD (7 mm ID) Sulfinert coated stainless source (for details se¥lasenko et al(2010. The relative
steel tube projects 50 cm (CLOUD1-3) to 35 cm (CLOUD4 distribution of the HO™ (mass to charge ratia(/z) 19) and

and later) into the CLOUD chamber to draw the air sam-H20 H3O™ (m/z37) ions detected is also dependent on am-
ple into the PTR instruments. Through this tube, samplebient humidity with a higher relative amount af/z 37 dur-

air is continuously drawn between 8 and 11 slpm (resultingind humid conditions. Due to high amount of water ions, they
in a Reynolds number of 2300) depending on the temper£an only be counted correctly at the natural isotopgSer
ature of the chamber air. After an additional 15cm section(”/z 21) and 80 HzO" (m/z39). Having various cali-

of 3/8" stainless steel tube, 216" Silcosteel capillary ex- ~ brations at constant instrument conditions (i.e. a constant wa-
tracts about 1 slpm sample air from its centre. From this pointt€r stream from the ion source into the drift tube, a constant
on, all surfaces which are in contact with the sample air aredrift tube temperature, and a consta@tv in the drift tube)
heated to 60C. The capillary (as short as possible; 25 cm) and at different ambient humidities (see F3j. we can give

has two more T-connections. One of them is used to intro-2 humidity-dependent sensitivity of

duce periodically purified air to perform instrumental back- _ 07

ground measurements and the other one to have a pressurdHCoH) = 105-NCPg,, /39 )

controlled inlet. Finally, only 0.011 slpm (CLOUD 1-3, 4) : 18 " -
or 0.7 slpm (CLOUD 7, 8) enter the drift tube of the PTR YSIN9 ™0 H30™ (m/239) as a reference for humidity of
instruments the air sample. Similar water-dependent formaldehyde sen-

Measurements close to the limit of detection (LOD) re- sitivities were found during laboratory calibrations and in-

quire an accurate and continuous determination of the instrufl9ht calibrations bywarneke et al(2011).

mental background. During the CLOUD campaigns, back-
ground measurements were usually performed 4-5 times per
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Figure 1. Schematic drawing of the CLOUD chamber, the gas system and the connected instriginkbysef al., 2011).

Due to the lower overall sensitivity, the total accuracy for Since PTR-ToF-MS provides sum formula identification,
formaldehyde at 1 ppbv is between 25 % (dry) and 50 % (hu-we could insert a oxygenated hydrocarbon sensitivity or a
mid). pure hydrocarbon sensitivity for every compound above the

For compounds that were not included in the gas standard,OD not explicitly calibrated. Therefore, the overall amount
we used the sensitivity derived from calibrated oxygenatedof PTR-detectable VOCs (total VOCSs) in the chamber can be
and pure hydrocarbons (compavtiller et al, 20129. The  calculated in parts per billion by volume (ppbv). Multiplying
sensitivities could be cross-checked using the formula the individual compounds by their carbon atom number and

2 " adding up all compounds gives the total carbon mole frac-
3_kL . N7 . w 2) tion detected in the chamber (parts per billion by volume of
noNo E T (H3O") carbon; ppbvC). When accounting for the uncertainty of the
given byde Gouw et al(2003 and reaction rate constants calibration and the counting system, the average mixing ratio
given by Cappellin et al(2012. Here R represents the in-  0f total VOCs can be given with an uncertainty of 40 %.
dividual VOCs,k the reaction rate constarit,the length of
the drift tube o the reduced ion mobilityy the gas number
density,Ng the gas number density at standard pressure an@ Results
temperaturef the electric field strength, arfithe transmis-
sion of the individual ions. The measurement principle of the PTR technique does not

The LOD of the individual compounds is determined require sample preparation, and therefore data can be ac-
from the & uncertainty from the background measurementsquired in real time. Although these real-time data do not pass
(compare Tabld). several quality checks, they can provide a first glance at the

ey =10
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Figure 2. Schematic drawing of the PTR-Q-MS/PTR-ToF-MS inlet system during the various CLOUD campaigns.
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4 A total of 36 different VOCs above their individual LOD
could be detected. The most predominant compounds, which
account for about 75 % of the total VOCs, are listed in Ta-
ble 1.

On average, ChDH+ (e.g. formaldehyde) and GB,H+
(e.g. formic acid) account for 50 % of total VOCs. Other
important impurities are g4,0.H+ (e.g. acetic acid),
CoH40OH+ (e.g. acetaldehyde) andszld@sOH+ (e.g. ace-
tone/propanal). Those compounds have a rather high vapour
pressure and are therefore not important for nucleation and
growth (comparéroll et al., 2005.

0 Although CHOH+ and CHO;H+ are treated as
0 100 200 300 400 500 600 0 X Lo . X
m/z 39 [ncps] formaldehyde and formic acid in this work, an interference
with fragments from methyl hydroperoxide and hydroxy
methyl hydroperoxide, with considerably lower vapour pres-
sure Kroll and Seinfeld 2008, cannot be ruled out.

Figure4 shows a summary of measurements made at the
start of several CLOUD campaigns, before intentional addi-
experiment. During CLOUD these data provided a first esti-tion of any organic vapours. In panel e the sum of all detected
mation of the chamber cleanliness. VOCsis plotted Panel f shows the sum of the detected VOCs

The inlet system was designed with particular care in orderon & carbon basis. In parallel the gases ozone (panel ¢), SO
to keep the artificial loss or gain of VOCs on the inlet surfaces(Panel c) and the physical properties (temperature (panel b),
as low as possible. However, for some sticky compoundgand relative humidity (panel a)) that potentially impact the
(particularly for acetic acid), the response time (switching detected VOCs are shown.
between chamber measurements and zero calibration) was The longest time series concerning the background con-
close to 1 h. Consequently, zero calibrations had to be elontamination of the chamber is available for CLOUD3 (about
gated until a constant level was reached, and data from thé5 days). Instrumental problems shortened the time series
transition period had to be excluded. Due to a higher flowfor CLOUD2 to about 12 days. Only a short time series is
rate of the sample air through the drift tube, the responsevailable for CLOUD7 since DMA was added to the cham-

time was strongly improved during CLOUD7 and CLOUDS. ber early in the campaign.

sensitivity HCOH [ncps/ppbv]
[ ]

Figure 3. Scatter plot of formaldehyde sensitivities versus-fO
Ha0% (m/z 39) as a reference for the absolute humidity in the drift
tube.
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Table 1. Vapour pressure (frorhttp://www.chemspider.conKroll and Seinfeld 2005, individual abundance (CLOUD2 and CLOUD3),

limit of detection (LOD), and sensitivity of the most predominant (about 75 % of the total VOC volume mixing ratio) peaks detected by

PTR-ToF during CLOUD3.

CLOUD2 relative CLOUDS relative
Exact Vapour pressure abundance abundance LOD Sensitivity
mass Sum formula compound (e.g.) (mmHgat€) min/mean/max[%] min/mean/max[%] [pptv] [ncps/ppbv]

31.018 CHOH+ formaldehyde 23-26 25/36/59 1.25/33/41 97 1.6-3.25
45.034 GH40H+ acetaldehyde 965 6/10/16 5.5/9/25 17 18.6
47.013 ChHOyH+ formic acid 41 0.1/14/23 <LOD/21/41 43 195
59.049 GHgOH+  acetone/propanal 348/300 3/5/13 2.5/5/31 9 195
61.029 GH4O,H+ acetic acid 14 <LOD/8/9 <LOD/14/45 61 13
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Figure 4. Temporal evolution of relative humiditfa), temperaturéb), SO, (c), ozoneg(d), total VOCs(e), and total VOCs on a carbon basis
(f) during CLOUD2, CLOUD3, and CLOUD?Y.

Although the measured equilibrium organic contaminantsimulation chamber SAPHIR (Julich, Germany). After some
levels are around a factor of 10 lower than the PSI teflonhours the VOC concentration decays although the injected
smog chamber which is of comparable size, the contaminagases remain at a constant level. After this “chamber-startup
tion was higher than expected and variable. At the begin-burst”, the VOC contamination tends to decrease. This indi-
ning of the campaigns, a burst of VOCs (up to 7 ppbv to- cates that impurities on the chamber walls and the inlet tubes
tal VOCs) was detected as soon as water vapour, ozone, @f the gas supply system are gradually removed.

SO, were added (CLOUD3 and CLOUDY7 in Fig). This The most obvious source of the contamination is the
is in agreement witiWisthaler et al(2008, who report an  gas injection system of the chamber. Nitrogen and oxygen
increase of formaldehyde and othes<C; aldehydes dur- are evaporated from cryogenic liquids and injected into the
ing the first hour after ozone addition to the atmospherechamber at a constant rate of about 160 slpm. When only

Atmos. Meas. Tech., 7, 2152168 2014 www.atmos-meas-tech.net/7/2159/2014/
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Figure 6. Scatter plot of ozone versus total VOCs for CLOUD2,
CLOUDS3, CLOUD7, and CLOUDS.

these gases were added to the chamber, total VOCs were be-

low 150 pptv (400 pptvC; compare Fid).

In order to estimate possible contamination through the During the experiments 804 was produced from photo-
humidifying system, the purity of the water was checked us-oxidation of S@. The OH radical involved in this process,
ing liquid chromatography. The total organic carbon (TOC) produced from ozone and2® in the presence of UV, po-
content was found to be< 7 ppbv, which could explain tentially produces oxygenated VOCs. However, no connec-
< 70 pptvC in humid air at 20C and 40 % RH. However, tion between UV intensity and total or individual background
organics may be subsequently introduced by the Nafion huVOCs could be found.
midifier. To quantify the different contamination sources better, an

Another source might be adsorption, followed by desorp-experiment was conducted at the beginning of CLOUD7 (see
tion from the chamber wall depending on internal tempera-Fig. 7). After the chamber was filled with the synthetic air, it
ture. However, no significant influence on the VOC concen-was heated to 100 for 2 days. No significant difference
tration was found during the heating cycles shown in Hgs. in total VOCs appears between 10D (30 September 2012)
and7. Instead, the desorption of organics seems to be trig-and 5°C (2 October 2012) befored®, SG and ozone were
gered by water vapour (compare CLOUDS3 in Y. added sequentially (Figb) Nevertheless the chamber clean-

Figure 5 shows a full mass scan measured duringliness benefits from a heating cycle, after a specific VOC has
CLOUD1 at 0 and at 600 ppbvOAs before, only a few been added to the chamber for experimental reasons. Total
compounds are responsible for the overall VOC contami-VOCs were constant at about 1000 pptv except in the after-
nation. Most of the masses above the LOD increase whemoon of 30 Septemper when the signal increased to 2500 pptv
ozone is added to the chamber. Consequently, ozone wder a few hours. This can be related to the first introduction
found to correlate with total VOCs, as shown in Figy.An of ozone. Since many sensors (including the ozone analyser)
increase of 300 ppbv ozone resulted in an increase of totahave been disconnected from the chamber during the heating
VOCs by 1 ppbv, but less than 0.25 ppbv during CLOUD?7 cycle, no measured data are available and the ozone concen-
(data from the “chamber-startup bursts” have been excludedration can only be estimated from the mass flow controller
here), and even lower (0.05 ppbv) during CLOUDS. This cansettings. The intention was to reach 200 ppbv ozone from
be attributed to the replacement of the ozone generator afte80 September at 17:40UTC on. At 20:30UTC on the same
CLOUD3 with an all-metal/quartz construction. On the other day, ozone was set to zero again. Due to the thermal con-
hand, the ozone effect could be an artefact caused by surfacéraction of the chamber during cooling t66, the inflexible
assisted reactions in the instruments inlets. To evaluate thi2 TR-ToF inlet developed a leak, resulting in loss of data for
the inlet flow was varied at 600 ppbv ozone between 0.4 andL day. After recovery of the PTR-ToF, gases were sequen-
2 slpm during CLOUDZ1, but no significant difference was tially added to the chamber. Injection of 100 ppbv ozone pro-
found. The significant higher VOC level whith zero ozone duced a step increase of total VOCs from 1000 to 1900 pptv.
during CLOUD7, compared to CLOUD3, 4, and 8 is due After 4 h, the total VOCs declined to 1400 pptv. On 2 Octo-
to the fact that during CLOUD7 the data for this plot were ber at 09:00 UTC, S@was added to chamber and increased
recorded in first days of chamber operation. Therefore conover the next 10h to a constant level around 50 ppbv. In
taminats adsorbed on the chamber walls were higher, sinceontrast to the slowly increasing $®ignal, total VOCs in-
they are subsequently washed of during the campaigns (contreased to 3500 pptv within 15 min of first opening the SO2
pare Fig. 6). inlet valve. This is interpreted as contamination in theSO
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Figure 7. Total (b) and individual VOC4a) at the beginning of CLOUD7, when following a heating cycle, ozone ang&&e sequentially
added to the chamber.

inlet line, which was flushed for the first time in several below 400 pptv at 1500 ppbv ozone and below 200 pptv at
months during this event. About 90 % of this increase canl100 ppbv ozone (38 % relative humidity and 278 K).

be attributed to formaldehyde (see Fitp). In the next step

ozone was increased from 100 ppbv (11:45UTC, 2 October) _

to 500 ppbv (15:00 UTC). The corresponding VOC increase? €onclusions

was rather slow and followed the ozone concentration. Thel’otal organic impurities in the CLOUD chamber were found

most abgnda_nt individual Cgmpounql dL."'ng Fhls event W8S etween 0.1 and 7 ppbv, and 0.4 and 12 ppbvC, respectively.
acetic acid (Fig7b). No VOC information is available during S L . .

. . The organic impurities are dominated by light-C3 organ-
the short dip (2 h) seen in ozone and-hce the PTR-ToF . ’ . -

. . . ics of high vapour pressure, which are not important for par-

background was being measured at that time. Until 4 Oc-; . .

) . ticle nucleation and growth. A correlation between ozone and
tober at 03:00 UTC (i.e. 18 h), the ozone and,S@re con- : .

: total background VOCs was found. After replacing all plastic

stantaround 515 ppbv, and 55 ppbv, respectively. Total VOCs arts of the ozone generator with stainless steel and quartz
reached their maximum level of 4500 pptv on 2 October ath 9 q '

15:00 UTC, when ozone and S@btained their set points. the ozone effect decreased by more than a factor of 4. After

However, the total VOC peak lasted only a few hours and.CLOUDg’ the ozone concentration for the nucleation exper-

the signal slowly declined, reaching 1000 pptv by 4 October.Iments was always below .100.ppbv. During these ozone lev-
Afterwards ozone was set to 15 ppbv and nucleation experi-e Is, the total VOC contamination was usually below 1 ppbv.
ments started Therefore, the CLOUD chamber was found to be consider-

Data from this experiment show that flushing the whole ably cleaner than a comparable Teflon chamber. Beside the

. ; ozone-generator effect, ozone yields to VOC formation by
gas inlet system and a water vapour/ozone cleaning cycl

%eterogeneous reactions on the chamber walls. In addition,

washes off a large amount of organic contaminants from .
water vapour appears to release organic compounds from the

metal surfaces, and reduces their equilibrium concentrations : . o
. . : ; chamber walls, especially when introduced for the first time
during the subsequent nucleation experiments. During the - - o
. . after completely dry conditions. A significant contamination
CLOUDS8 campaign (October 2013), a special effort was : . .
; i . source — but of short time duration — is the dead volume of
made to reach the cleanest possible conditions in the chanl—

ber. This included an extended (24 h) rinsing of the chamberhe various trace gas tubes co_nnected tothe chamber; this can
) . be avoided by carefully flushing before starting the exper-
walls with ultra-pure water, followed by heating the cham-

ber to 100°C for a further 24 h while flushing at high rate !ments, as done during CLOUDS. A cpmprehenswe clean-
(approx. 400 L min?) with humidified synthetic air and ele- ing cycle includes an extended (24 h) rinsing of the chamber

. : walls with ultra-pure water, followed by heating the cham-

vated ozone (few ppmv). This resulted in extremely low con- . . .
. o : ber to 373K for a further 24 h while flushing at high rate
taminant vapour concentrations; the total organics contam;

. 1 . . .o B . _
ination (comprising high volatility C1-C3 compounds) was (approx. 400 L min-) with humidified synthetic air and ele
vated ozone (few ppmv).
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