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Abstract. The static (parallel-plate thermal-gradient) dif- water vapor partial pressure between the two plates. Because
fusion chamber (SDC) was one of the first instruments de-of the non-linear dependence of the saturation vapor pres-
signed to measure cloud condensation nuclei (CCN) concensure on temperature, a parabolic supersaturation (S) profile
trations as a function of supersaturation. It has probably alsés established. The maximum S is reached close to the centre
been the most widely used type of CCN counter. This pa-of the chamber, and by locating the sensing volume in the
per describes the detailed experimental characterization of aentral part, all particles in that volume will be exposed to
SDC CCN counter, including calibration with respect to su- a supersaturation close to the maximum. This supersatura-
persaturation and particle number concentration. In additiontion is directly related to the temperature difference between
we investigated the proposed effect of lowered supersaturathe plates. However, it has proven to be difficult to deter-
tion because of water vapor depletion with increasing particlemine the temperatures exactly at the surfaces of the plates.
concentration. The results obtained give a better understand=vaporation of water vapor at the warm plate and condensa-
ing why and in which way it is necessary to calibrate the SDCtion on the cold plate makes the temperatures at the surfaces
CCN counter. The calibration method is described in detaildifferent from the temperatures inside the plates, where the
and can, in parts, be used for calibrations also for other typesemperature sensors are positioned. Heat can also conduct
of CCN counters. through the walls of the chamber. These effects lead to a
We conclude the following: 1) it is important to exper- smaller temperature difference than expected.

imentally calibrate SDC CCN counters with respect to su-  Qriginally, the number of cloud droplets activated in the
persaturation, and not only base the supersaturation on tf‘@']amber most often was counted using a manual photo_
theoretical description of the instrument; 2) the number Con-graphic technique (e_g_, Twomey, 1959), but later, measure-
centration calibration needs to be performed as a function ofnents of light scattering have been used (e.g., Lala and
supersaturation, also for SDC CCN counter using the phoJjjusto, 1977; de Oliveira and Vali, 1995; Delene et al., 1998;
tographic technique; and 3) we observed no evidence thagnider and Brenguier 2000). In newer CCN counters of this
water vapor depletion lowered the supersaturation. type, the photographic technique has again been used, now
with video or CCD cameras, together with modern image
processing methods (e.g. Giebl et al., 2002). This princi-
ple is also utilized in the CCN counter used in this study
(Roberts et al., 2001a) and in the previously commercially

The static diffusion chamber (SDC) was among the first in-2vailable instrument, Model M1, from DH Associates, which
struments designed to measure CCN concentration as a funi(as used for example in Cruz and Pandis (1997), Jennings et
tion of supersaturation (Wieland, 1956). The parallel-plate@!- (1998), and Corrigan and Novakov (1999). Converting the
thermal-gradient SDC CCN counter works with a temper- NUmMber of droplets in the sensing volume to CCN concentra-
ature difference between two horizontal wetted plates, thdiOn requires precise knowledge of the volume. However, it
lower plate colder than the upper to avoid buoyancy. In equi-has proven to be difficult to measure this volume precisely

librium this gives rise to linear gradients of temperature and®neugh, and a calibration of CCN concentration vs. droplet
number is therefore needed. This work has also showed that
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Fig. 1. Schematic of the chamber of the Mainz CCN counter, seen from above. Insert: View of the chamber as seen from the side.

Hudson (1993) and McMurry (2000) presented overviewscentration measured in parallel with a condensation particle
of CCN instruments. The increased interest in investigatingcounter (CPC), using monodisperse particles of a size large
effects of aerosols on clouds and climate has, in additionenough so that they all should activate in the CCN counter.
lead to several recent CCN counter developments, e.g. Ji €khis latter method has been more used since then, also in
al. (1998), Holénder et al. (2002), Otto et al. (2002), Van- the work described in this paper, and, as will be shown, the
Reken et al. (2004), and Roberts and Nenes (2005). earlier assumptions have clear limitations. Using the picture

Despite that SDC type CCN counters has been used foyvith the highest count introduces a dependence of the appar-
several decades, knowledge about the non-ideal behavior arRt sensing volume on the supersaturation.
the importance of proper calibration seem still not to be Cruz and Pandis (1997) observed a discrepancy between
widely spread. Traditionally has SDC CCN counters, as wellthe adjusted instrumental supersaturation and the theoreti-
as most other CCN counter types, been assumed to be abseally calculated critical supersaturation for activation, when
lute devices, i.e. the supersaturation can be determined bgneasuring monodisperse ammonium sulfate and sodium
the temperature difference of the plates only, and the numbeghloride particles. Giebl et al. (2002), Snider et al. (2003),
concentration by knowing the measuring volume (Hudson,Bilde and Svenningsson (2004) and Snider et al. (2006) con-
1993). However, it has been made clear that this is often nofirmed this resuilt.
the case. Validations of the accuracy of CCN counter instruments

When using the photographic technique, a series of pichave earlier often been made as intercomparisons, e.g. in
tures are taken during the cycle of droplet activation andCCN counter workshops (Hudson, 1993; McMurry, 2000;
growth, and the assumption is made that the picture with théollander, 2002). Lately, has the need for more detailed cal-
highest count is the best estimator of the true CCN concenibrations been realized.
tration (de Oliveira and Vali, 1995). When the light scatter- The overall goal of this paper is to develop improved cal-
ing technique was introduced, concentration calibration bedibration methodologies, in order to increase the quality and
came necessary, since the scattered light per drop has a daecuracy of CCN concentration measurements. The more
pendence on the supersaturation because the droplets grapecific objectives are to characterize and, in more detalil, in-
larger at higher supersaturations (e.g. Lala and Juisto, 197 estigate features of the SDC type CCN counter, especially
de Oliveira and Vali, 1995). The calibration was first made by the camera technique version, in order to better learn how
calibrating the scattered light signal against the manual photo calibrate instruments of this type and in what detail the
tographic technique (Lala and Juisto, 1977; de Oliveira andcalibration is necessary. This includes: 1) a detailed de-
Vali, 1995). Gras (1995); Gras et al. (1996) and Delene andscription and discussion of the proposed calibration meth-
Dechsler (2000) compared the scattered signal to the coneds; 2) an investigation of the dependence of the number
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concentration on instrumental supersaturation; and 3) an ex3.1 Calibration set-up

perimental study of possible water vapor depletion effects.
The calibration set-up consists of an atomizer (both a
compressed-air nebulizer and a TSI 3076 Constant Out-
2 Description of the Mainz CCN counter put Atomizer were used), a Differential Mobility Analyzer
) o DMA; TSI 3071 Electrostatic Classifier, somewhat modi-
The CCN counter characterized in this study was developeqi.q 4nd changed to closed-loop arrangement (Jokinen and

at the Max Planck Institute for Chemistry in Mainz, Ger- \ .y ap 1997)), and a Condensation Particle Counter (CPC;

many, by G. Roberts and P. Guyon (Roberts et al., 2001ayg) 3762) see Fig. 2. Pure sodium chloride or ammonium

Roberts, 2001b) (Fig. 1), and further improved as part of thiSq  ate particles are generated from a water solution by the

work. The design is similar to the one described by Lala andatomizer, and thereafter dried. The DMA operates with an

Jgisto (1977). The diameter of.the chamber is 80mm and the,e 50| flow to sheath flow ratio of 1:10, and selects parti-
distance between the plates)is 10mm. Filter PApPers on  cjas within a narrow size range. Multiply charged particles
the upper and lower plates are kept wetted continuously byt |5 ger size will also penetrate the DMA, but these do not
distilled water through a water supply system. The temperyqorfore with the calibration, see below. At each selected

ature of the upper plate is allowed to float with room tem- gj;« the CCN counter measures the CCN concentration as a

perature, and the temperature of the lower plate is controlleq,,(io of 5 and the CPC counts the total number of aerosol
in order to reach the requested temperature difference. Se'b'articles of the same size. The CPC can be connected in

sitivity studies show that the temperatures at the plates musla ajiel or in series to the CCN counter, using an internal
be controlled within+-0.1°C to keep the S withint0.05% bypass. The same set-up is used for all three types of cali-

variation, and the fluctuations during measurements are UsUsyaiinns/characterizations. However, for the supersaturation

ally lower thgn that. In contrast to t_he L_ala _and Juisto CCN calibration and for the study of water vapor depletion, the
counter, our instrument uses laser illumination (670 nm) a”dCPC is not needed

a video camera to detect the activated droplets in the CCN
chamber, and image analysis software to count the number o 2 sypersaturation calibration
droplets in the sensing volume. The laser beam is widened by
alens and illuminates a slit. The width of the sensing volumeThe CCN counter was calibrated with respect to supersatu-
is determined by the slit width (which can be changed), andration, by using salt particles of known size and composi-
the length and height are set in the image analysis softwaretion. Since the critical supersaturation for activati®gif) of

A typical measurement cycle starts with setting the superthese particles can be accurately calculated with thilét
saturation by adjusting the temperature difference betweerquation (e.g., Pruppacher and Klett, 1997), we consider this
the plates. After that, the chamber is flushed with a sam-method to be more reliable than calculating the supersatura-
ple air flow in the range from 1 to 31/min for 10-20s, and tion from the measured temperatures of the plates.
then closed. While the chamber is closed, the air is passing The DMA was set to select a narrow size range, and the
through the CCN counter in a by-pass line so as not to in-activated particles were counted in the CCN counter as a
terrupt the air flow in the sampling line. During the closed function of S, by varying the nominal SS{om) of the in-
period of 12 to 15s, the camera takes up to a few imagestrument. For the calibration of the lowest S, the particle size
per second (camera speed is adjustable). The image anakas instead varied at a constant nominal S. The reason for
ysis software counts the number of droplets in each imagethis is that it was faster and easier to vary S and keep the
and the CCN concentration calculation is based on the imsjze constant. However, at the lowest supersaturation, it was
age/images with the highest number of droplets. The timenot possible to lower the supersaturation further, and particle
resolution is typically 50-60's between successive measuresize was varied instead. Figure 3a shows an example of a
ments, with a change of S in-between. calibration scan using ammonium sulfate particles of 30 nm
in diameter. The CCN concentration is plotted agaliastn,
calculated from the measured temperature difference of the
plates, using an approximation of Eq. (A4). The nominal

Because of the difficulties discussed above, it has proven neéuper.saturation a_t _WhiCh 50% of the particles are activated
essary to calibrate the instrument with respect to both S and®s0) is found by fitting a function to the spectrum:
CCN number concentration. We have used a similar method (S _ S5o>

3 Characterization

to that presented in Cruz and Pandis (1997), Corrigan and’ (S) =a - ® (1)

Novakov (1999), Giebl et al. (2002), and Bilde and Sven-

ningsson (2004). where® is the cumulative normal distribution function, and
a,S50 ando are the maximum value, mean value and stan-
dard deviation of the cumulative normal distribution func-

tion. a, Ssp and o are varied to obtain the best fitSsg

o
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Fig. 2. The calibration set-up, consisting of a DMA, the CCN counter and a CPC (the CPC is not needed for the supersaturation calibration).

is determined numerically as the supersaturation where Hinds, 1999). The use of the van't Hoff factor and the form
reaches half its maximum valug (Ssp)=a/2). The activa-  factor increased the Rof the regression fit from 0.980 to
tion curve is steep and it is thus possible to deternfige  0.994.

with high accuracy. The CCN that appear below 1.5% S in o i
Fig. 3a originate from a small fraction of doubly charged par- 1 N€ actual supersaturation in the CCN counter is roughly

ticles with geometric diameter larger than 30 nm. The influ- hi‘” of the nominal supersaturation (k=0.548.013 and
ence of doubly charged particles 6g could be neglected d=0.016+0.022, where 0.013 and 0.022 are one standard de-

due to their low concentrations. From the upper and IowerViation of the regression constants). This is a relatively large

bounds of the fit, the uncertainty 6& (95% confidence in- difference, but it is in agreement with the assumption that

terval) could be derived (e.6:0.03% in S (absolute) for the e temperature differenc@T) is lower than expected, see
30-nm particles). Sect. 1. S is to a first approximation proportionalAd?2,

. ) . which means that the actuAlT between the surfaces of the
S50 was determined for ammonium sulfate and sodium

. ) . . ) plates must be approximately a factor of square root of 0.54
chloride particles with dry diameters in the range 20 nm to

X X (~0.7) times the difference between the measured values in-
88 nm. The nominal supersaturation where 50% of the CCN;ige the plates (thus30% lower).

are activatedYso) was then compared to the actual supersat-

urations, Sacy (=Scrit), calculated with the Khler equation, The data obtained for ammonium sulfate (circles) and
for each particle size and composition. This is presented irsodium chloride (squares) are in good agreement. The data
Fig. 3b, asSact versusSnom. Non-idealities of the solution show little scatter £2=0.99), making the calibration quite
droplet were taken into account by letting the van't Hoff fac- precise. The uncertainties ¢&p are found to be below
tor (i) vary with molality (M) according to the data of Low 0.06% (absolute) for all sizes and compositions, comparable
(1969), who presented data faf>0.1. ForM <0.1, the re-  to the variations due to temperature fluctuations. The overall
gression suggested by Young and Warren (1991) was usedncertainty (one standard deviation) of the supersaturation
for ammonium sulfate. For sodium chloride Mt<0.1, no  setting of the instrument is estimated to-bg.05+0.055)%,
regression was available, and the last data point from Low atvhere the first term is connected to the temperature fluctua-
M=0.1,i=1.87, and the value a2 at M=0 were linearly  tions of the plates, and the second term to the uncertainty
interpolated. Sodium chloride particles are assumed to be obf the calibration. A second calibration, performed a year
cubic shape, and a form factor of 1.08 was used to calculatéater, yielded slightly different regression constants, caused
the equivalent volume diameter, whereas the ammonium sulby changes made to the chamber (new type of filter paper on
fate particles are assumed to be spherical (Mitra et al., 1992the upper plate), but was similarly precise.
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Fig. 3. (a)Activation spectrum of 30 nm ammonium sulfate parti-

cles. The solid line is the fitted function, and the dashed lines are

the upper and lower bounds, calculated from the 95% confidence . . . .
intervals of the fitted variablegb) Results from the supersaturation explore if data at higher concentrations could still be used. A

calibration, nominal §nom) Versus actualSact) supersaturation in second callbrathn experiment explored the effect of differ-
the CCN counter. The function is the linear regression fit. ent_supe_rsaturatlons on the ob_served CCN number concen-
trations, in the CCN concentration range below 1000&m

In the first experiment, ammonium sulfate particles of 100
3.3 Number concentration calibration and 180 nm in diameter were used. At room temperature,

the critical supersaturations for activation of these sizes are

The CCN counter was calibrated with respect to number con9.16 and 0.06%, respectively. The actual instrumental su-
centration, by selecting particle diameters so that the criticapersaturation was scanned in the range 0.24-1.1% (for the
supersaturation for activation was well below the supersat100 nm particles: 0.4-1.1%). Figure 4 shows the calibration
uration set in the instrument. Thus, all particles enteringresults of the first experiment. All single calibration points
the CCN chamber were activated, including multiply chargedthat passed the quality control are presented. No averages
particles of larger size. Calibration curves can be derived byover S have been made.
relating the CCN concentrations to the number of particles At low concentrations, a good 1:1 agreement can be
(CN) counted in the CPC. observed, assuming a measuring volume of 0.07§cm

A first calibration experiment focused on the instru- which had been determined in a previous similar calibra-
ment's behavior in a wide CCN concentration range (60—tion (Roberts, 2001b). As concentration increases, the
25000 cn7?), but was not done as function of supersatura-counted CCN concentration (CGhn) decreases in relation
tion. Although we were aware that problems due to waterto the CN concentration (CGMy. We attribute this to
vapor depletion might be important at concentrations abovecoincidence, i.e. when two droplets are counted as one due
1000 cnt 3, we extended the calibration up to 25 000 ¢hio to overlap in the picture. Water vapor depletion, as discussed

www.atmos-chem-phys.net/7/3071/2007/ Atmos. Chem. Phys., 7, 30802007
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24 trations up to 5000 cm? is less than 25%, and the relative
9o ] error after correction is assumed to be of the same order, or
lower, as the counting uncertainty in that rangeé$o), see
201 below. We therefore conclude that, when measuring particles
§ 1.8 of other composition than the calibration particles, the coin-
& 16 cidence effects make it impossible to obtain reliable data at
o ; 3
= 4l concentrations above5000 cnt.
£ Due to the small sensing volum&£0.076 cni), a CCN
8 121 . concentration of approximately 40 crfcorresponds to three
1.0 - = droplets in an image, making the random counting uncer-
05 - " - S=0.5% tainty relatively large at low concentrations. The counting
' uncertainty §ccn) (one standard deviation) of the actual
0.6 ' ; ' ' CCN concentration can be estimated (assuming Poisson dis-
0 200 400 600 800 1000 . . . .
tribution of the number of droplets in the measuring volume)
CCN, o, €M™ .
nom as
Fig. 5. Dependence of measured CCN concentration (ggaiNon CCN
supersaturation (S), fitted curves. OCCN =+ —— (2)

1%

This estimation agrees well with the observed variation. The
more in the next section, is another possible, but unlikely realower detection limit is concluded to be around a concentra-
son. Water vapor depletion would lead to a lowered actualion of 100 CCN cn3, with a relative uncertainty af37%
supersaturationSgcy in the instrumental chamber. However, (10).
since the particles are nearly monodisperse, lowering of the |n the second calibration experiment, we studied the de-
Sact in the chamber would ideally not lead to lower droplet pendence of counting efficiency on supersaturation. Ammo-
concentration, at least not unfihc drops below theSeiit of  njum sulfate particles of 150, 200, 250 and 300 nm in di-
the particles. IfSactbecomes lower thastit an abruptlower-  ameter were used§i; of 150 nm particles is 0.08% at room
ing of the measured CCN concentration should be observedemperature). The use of the photographic technique has pre-
Non-idealities could affect this, and make the lowering a bitviously often been assumed to show no dependence of the
less abrupt. But the observed gradual deviation from the 1:X%ounting efficiency on supersaturation. Therefore the cali-
line, in the concentration range from a few thousand up topration of the sensing volume is commonly performed only
25000 cnT3, make water vapor depletion an unlikely reason. at high S (e.g. Giebl et al., 2002: Dusek et al., 2006a) and

Coincidences appear at concentrations abel/200 cnt3 the picture(s) with the highest count is used to calculate the
(Roberts, 2001b). The image analysis software uses an enCN concentration. However, we found a dependence of the
pirical correction for coincidence effects, which does not CCN/CN ratio (apparent sensing volume) on the supersatu-
seem to perform adequately at very high droplet concentraration (Fig. 5). The reason for this dependence seems mainly
tions. The analyses and correction method is based both oto be caused by different growth behavior at different S. Fig-
the number of white objects in the image and the number ofure 6 shows an example from a calibration using monodis-
white pixels in the image. The number of white objects devi- perse ammonium sulfate particles. The growth at lower S
ates from the CPC concentration already abe®@00 cnt3, is delayed and more spread out with time. This results in
whereas the number of white pixels is correlated up to nearlya lowering of the maximum count at lower S, although the
5000 cnt3. The correction method therefore works reason-actual CCN concentration was constant. Other possible rea-
ably well up to~5000 cnT3. A calibration function can still  sons might be a decrease of the intensity of the laser beam at
be derived from the results presented in Fig. 4a, and usethe edges of the sensing volume, or inhomogeneous illumina-
to correct the CCN concentrations, however, at high concention at the edges of the laser beam due to diffraction patterns
trations it cannot be strictly applied to particles with a com- caused by the slit in front of the laser. In these regions, large
position other than the calibration salt, ammonium sulfate.particles (at high S) would be bright enough to be visible,
Particles with a different chemical composition can have awhereas small particles (at low S) could be so dim that they
different growth behavior, thus changing the effects of co-are not counted. However, while this was not investigated
incidence. For example, using the calibration from Fig. 4ain detail, we can still conclude that even for instruments us-
in a study of biomass burning smoke particles (which don’ting the photographic technique, it is important to make num-
grow as large as ammonium sulfate particles at the same S)er calibrations as a function of supersaturation. The use of
leads to overcompensation for the coincidence effect at higla sensing volume derived from calibrations at high S could
concentrations, resulting in CCN concentrations higher tharlead to a considerable underestimate of the CCN concentra-
the aerosol particle concentration. The deviation at concentions at low supersaturations.
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60

Table 1. Observed critical supersaturation for activation as a func-
—&— S=01% tion of CCN concentration.
50
P CCN concentration  Supersaturation
% 40 1 cm3 %
bl . 32 0.71
o 100 0.74
2 450 0.73
e 1000 0.69
1800 0.71
10 2200 0.73
4000 0.74
0 - b
0 2 4 6 8 10 12 14
Time, s

measurement uncertainty. This is not a definite proof, but an
Fig. 6. Number of droplets counted per image, showing the dropletindirect implication that, at least at concentrations where co-
growth in the chamber as a function of time, at three different jncidence is limited, the effect of chemical composition on
supersgturations. The_ results were c_Jbtained at a cqlibr_ation WitteCN concentration is minor for the particle types studied.
monodisperse ammonium sulfa_lte particles of 250 nm in diameter ofpy, o findings are supported by Delene and Deshler (2000),
constant concentration. Three Images per second were taken. who investigate the dependence of CCN number concentra-

tion on particle type and particle size fora SDC CCN counter

using scattered light detection. They used sodium chloride

The different growth behavior of particles at different su- particles of various sizes, as well as ambient particles (from

persaturations and the varying coincidence with compositiorjyst outside the laboratory), and found that the effect is minor
imply that also particle composition could affect the growth (within the uncertainty of the instrument).
behavior in the CCN counter. However, it is difficult to  ancther interesting feature that can be observed in Fig. 5,
quantify how this affects the measured CCN concentrationjs that the CCNor/CCNreal ratio increases more drastically
For particles containing very little amount of water soluble 4t concentrations below300 cnt3. A possible reason for
species or purely hydrophobic particles, the effect could beis is that at low concentrations the statistical fluctuations
quite large. Particles containing a larger fraction of waterin dgroplet number are relatively larger, and since the calcula-
soluble species, including so called “slightly soluble organictjon of the CCN concentration is based on the image with the

species”, are probably less affected. In laboratory studiesighest number of droplets, this leads to an overestimation of
with particles of known composition it is advisable to do the the concentration (Dusek et al., 2006a).

number calibration with the same type of particles. In stud-

ies of particles of unknown composition, this is not possi- 3.4  Study of the water vapor depletion

ble. However the magnitude of this effect can be estimated

from size-resolved CCN measurements, where the ratio beburing droplet growth, water vapor is depleted, and if the
tween CCN and CN as a function of particle size directly candiffusion is not fast enough to maintain the equilibrium, the
be determined (Frank et al., 2006). Our experiences includsupersaturation in the chamber will decrease. This effect
size-resolved measurements in the atmosphere (central Genas been theoretically evaluated by several authors. Squires
many) (Dusek et al., 2006b), and not yet published laboratory1972) and Nenes et al. (2001) state that for CCN concen-
measurements of: 1) secondary organic aerosols (SOA), prdrations up to 1000 cm? the effect is negligible, whereas Ji
duced by ozonolysis of-pinene; 2) particles containing a et al. (1998) state that the effect can already be important
large fraction of so-called humic like substances (HULIS); for concentrations higher than 100cf and Holnder et
and 3) fresh biomass burning particles. These particles altl. (2002) state that it can already be of importance at con-
contain a major organic fraction, which partly is water sol- centrations of 10 cim®. We made measurements using am-
uble. In all cases, number calibration with ammonium sul-monium sulfate particles of 37 nm in diameter, and varied
fate and sodium chloride particles were performed prior tothe CCN number concentration between 32 and 400Pcm
the experiments. During size resolved measurements of th&he calculated critical supersaturation for activation for this
unknown particles, we have observed a CCN/CN ratio verysize is 0.72%. The experimentally obtained actual instru-
close to 1 at high S, where 100% of the aerosol particles oimental supersaturations, as a function of concentration, can
the selected size should be activated. In all cases the nunbe found in Table 1. We observe no evidence for the proposed
ber calibration with inorganic particles was sufficient to cor- lowering of the supersaturation. The observed variation is
rectly estimate the number of organic and mixed CCN within within the uncertainty of the supersaturation. The depletion
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-
o

individual droplets are counted. However, we found a de-
pendence on supersaturation, most likely because of differ-
ent droplet growth behavior at different supersaturations. It
is therefore important to perform the number calibration as a
function of supersaturation also for this type of CCN counter.
For studies of particles with known aerosol composition, it's
advisable to do the number calibration with the same parti-
cle type. For studies of particles with unknown composition,
calibration with inorganic salts (e.g. ammonium sulfate or
sodium chloride) can be used with good results in the con-
centration range where coincidence is minor, if the particles
are assumed to contain at least a small fraction of water solu-
, , , , , ble material. Finally, we studied the proposed effect of a re-
0.0 0.2 0.4 0.6 0.8 1.0 1.2 duction of the supersaturation because of water vapor deple-

Supersaturation, % tion at high CCN concentrations. To our knowledge, this ef-

fect has previously only been theoretically investigated. With
Fig. AL. Supersaturation profile in the CCN chamber, with upper high confidence, we observed no evidence for the proposed
plate temperature of 2&, lower plate temperature of 20, and a  effect in the range up to 4000 CCN cf) and up to a super-
chamber height of 10 mm. saturation of 0.72%. We further found that it is likely that the
effect can be neglected in the range up to 25000%mand
up to a supersaturation of 1.1%.
effect can also be neglected at supersaturations below 0.72%,
which includes most of the atmospheric relevant range, since .
the growth is slower at lower supersaturations, thus making*PPendix A
the depletion slower at lower supersaturations. o ) o
This method is very sensitive, since depletion immediateI)Peterm'nat'on of theoretical supersaturation in the

would lower the actual supersaturation. On the other hand,SDC CCN counter
the results discussed in the previous section can also be use,
even if the method is less sensitive. Since we observed n
strong depletion (no abrupt concentration decrease) in th
concentration range up to 25000t and up to a super-
saturation of 1.1%, it can most likely be concluded that the
effect can be neglected.

Chamber height, mm
N w B [$;] (o] ~ oo ©

-
!

o

Ig()r convenience we derive here the theoretical supersatura-
Qon profile of the SDC CCN chamber. This derivation is rel-
%tively simple to do but not readily available in the literature.
The static thermal-gradient CCN counter works with a tem-
perature difference between two horizontal wetted plates, the
lower plate colder than the upper to eliminate buoyant con-
vection in the chamber. In equilibrium this gives rise to linear
gradients of temperature and water vapor partial pressure be-
tween the two plates. Because of the non-linear dependence

. . e of the saturation vapor pressure on temperature, a parabolic
A static (parallel-plate thermal-gradient) diffusion chamber supersaturation profile will be established.

(SDC) CCN counter that uses a video camera and image Relative humidity (RH) can be calculated as the ratio be-

processing mgthods to count the nu_mber .Of activated CCNtween the partial pressure of water vap@y X to the satura-
was characterized. The results obtained give a larger undet-

standing why and to what extent it is necessary to Calibrateslzg ;Zg?&gt?;s l;g; ie;t :2;;%”:5 It:ee}:n gse:ratey;gg,), andthe
the SDC CCN counter. We found that, because of difficul-

ties to precisely measure the temperatures at the plates, RH =
is essential to experimentally calibrate SDC CCN counters satw

with respect to supersaturation, and not base the supersat&ince the water vapor is assumed to be in equilibrium at the
ration only on the theoretical description of the instrumentwetted surfaces of the plates, the partial water vapor pres-
and the temperatures measured inside the plates. For SD€ures just next to the plates are the same as the saturation va-
CCN counters using detection of light scattering as a meapor pressures at the temperatures of the surfaces of the lower
sure of the CCN concentration, the number calibration hasand upper plates respectively,andT,. The saturation vapor

to be performed as a function of supersaturation, since th@ressure over a flat water-surface can for example be calcu-
amount of scattered light also depends on the size of théated using the approximate formula given in the Appendix
droplets, and the growth rate is proportional to the supersatef Pruppacher and Klett (1997). It is also assumed that water
uration. The use of a video or CCD camera and image analvapor can be considered as an ideal gas, which is a reason-
yses software should ideally avoid this dependence, sincable assumption (Pruppacher and Klett, 1997). Due to the

4 Conclusions

€y

.100% S = RH — 100% (A1)
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difference in temperatures and partial pressures of water vaFrank, G. P., Dusek, U., and Andreae, M. O.: Technical note: A
por between the plates, it is assumed that heat and molecular method for measuring size-resolved CCN in the atmosphere, At-
diffusion will establish a linear gradient of temperatui® ( mos. Chem. Phys. Discuss., 6, 4879-4895, 2006,

Giebl, H., Berner, A., Reischl., G., Puxbaum, H., Kasper-Giebl, A.,

T, —T; and Hitzenberger, R.: CCN activation of oxalic and malonic acid
T ="' ;471 g

H test aerosols with the University of Vienna cloud condensation
esar.w (Ty) — esatw (Th) nuclei counter, J. Aerosol Sci., 33, 1623-1634, 2002.
ey(z) = : T -2+ esaw (T7) (A2) Gras, J. L.: CN, CCN and particle size in Southern Ocean air at

Cape Grim, Atmos. Res., 35, 233—-251, 1995.
whereH is the distance between the plates aimgithe height  Gras, J. L., Jennings, S. G., and Geever, M.: CCN determination,

(Katz and Mirabel, 1975). In equilibrium, the supersatura- comparing counters with single-drop-counting and photometric

tion profile in the chamber can thus be calculated by: detectors, at Mace Head Irelandpjéras (Quartarly Journal of
the Hungarian Meteorological Service), 100, 171-181, 1996.
ey (2 : . N . . i
S@z) = w (2) _ .100% (A3) Hinds, W. C.: Aero_sol Technolqu properties, behavpurand mea
esatw (T (2)) surements of airborne particles, 2nd ed., John Wiley & Sons,
Inc., 1999.

An example with temperatures of 25 and®@0is presented  Hollander, W., Dunkhorst, W., ddding, H., and Windt, H.:
in Fig. A1. The maximum supersaturation will be reached Theoretical simulation and experimental characterization of an
close to the center of the chamber and can be approximated expansion-type Kelvin spectrometer with intrinsic calibration, J.

as: Atmos. Oceanic Technol., 19, 1811-1825, 2002.
Hudson, J. G.: Cloud Condensation Nuclei, J. Appl. Meteorol., 32,
esatw (TD) +esatw (Tu) 596-607, 1993.
S(H/2) = % —1]-100% (A4) Jennings, S. G., Geever, M., and O’Connor, T. C.: Coastal CCN
€satw ( 1; “) measurements at Mace Head with enhanced concentrations in

strong winds, Atmos. Res., 46, 243-252, 1998.
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