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Abstract. A calibration for LACIS (Leipzig Aerosol Cloud ies), or the activation of aerosol particles to droplets was
Interaction Simulator) for its use as a CCN (cloud condensameasured in the laboratory on selected substancesKe-g.,
tion nuclei) detector has been developed. For this purposenar et al, 2003 Raymond and Pandi2002 among many
sodium chloride and ammonium sulfate particles of knownother studies).

sizes were generated and their grown sizes were detected at
the LACIS outlet. From these signals, the effective critical
super-saturation was derived as a function of the LACIS wall
temperature. With this, LACIS is calibrated for its use as a

CCN detector. The applicability of LACIS for measurements Kreidenweis2000ab; Dusek et al.2003 Kreidenweis et a).

of the droplet activation, and also of the hygroscopic growth2005 Koehler et al, 2006. In general, the derivation was

of atmospheric aerosol particles was tested. The actlvat|orr1n ore successful for laboratory studies than for those con-

of the urban aerosol particles used in the measurements W& icted in the real atmosphere. This was explained by the fact

e ¥ . 0 )
I;Z:T:gvtvci)tﬁcacgi a;;(r::gtcea:ljfu?g L;at;rr%tgn 0022;;'6;; fgg E%r that the hygroscopic growth measurements could be done
Y ' 7o *only for relative humidities RHs) up to 90 or 95%. Par-

respectively. Hygroscopic growth was measured for atmo-

spheric aerosol particles with dry diameters of 150, 300 anGLI ﬁ!ﬁg sglsuilal?hseuslj:?;cceefe':\:ilg2rzlﬁlu(;hivs(?lz\llde r?(t)thilag:?:’ t(L)Jrre d
350 nm at relative humidities of 98 and 99%, and it was 9 P ’

found that the larger dry particles contained a larger solu- Besides their activation to cloud droplets, also the size,
ble volume fraction of about 0.85, compared to about 0.6 fori.e. the equilibrium diameter, of atmospheric aerosol parti-
the 150 nm particles. cles at atmospheric relative humidities has been an object of
many studies (e.gSvenningsson et al1992 1997 Zhang

et al, 1993 Pitchford and McMurry1994 Swietlicki et al,
1999 Busch et al.2002 Massling et al.2003; because the
hygroscopically grown size of the particles in the atmosphere

. . determines their influence on incoming solar radiation.
In recent years, the research on clouds and their role in the

global climate has obtained a still growing attention, due to LACIS, the Leipzig Aerosol Cloud Interaction Simulator,
the large uncertainties of the effects of clouds on climatehas been build to examine both, hygroscopic growth and par-
(IPCC et al, 2007). One of the areas of research is the activa-ticle activation to cloud dropletsSfratmann et al.2004.
tion of atmospheric aerosol particles to cloud droplets. Thelt has been shown, that measurements of the hygroscopic
activation depends on the size and also on the chemical confirowth are possible with LACIS @&Hs up to 99.1% \(Vex
position of the atmospheric aerosol particles, together withet al, 2009. This work now will show the functionality of
thermodynamic and dynamic properties of the atmosphere. LACIS as a detector for critical super-saturations of aerosol
Measurements have been done on the cloud droplet nunfarticles. A calibration of LACIS with sodium chloride and
ber concentrations directly in the atmosphere (d4gidson ~ @mmonium sulfate will be shown. Based on this calibra-

et al, 200Q Snider and Brenguie200Q among many stud-  tion, measurements of the critical super-saturations of size
segregated atmospheric aerosol particles were performed.

Correspondence tdd. Wex Also the functionality of LACIS for measuring hygroscopic
(wex@tropos.de) growth of atmospheric aerosol particles is demonstrated.

It has been tried to derive cloud particle number concen-

trations based on measurements of the hygroscopic growth
of aerosol particles, either in laboratory experiments or for

atmospheric aerosol (e.gCovert et al. 1998 Brechtel and

1 Introduction
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Fig. 1. A sketch of the set-up.

2 Experimental setup passing through the flow tube, following kinetic growth laws,
and their resulting droplet size is measured at the LACIS out-
In the present state LACIS is a laminar flow tube with a let. A calibration of the obtained critical super-saturations
length of 1 m and with thermostated walls. It has been de-versus the wall temperature is introduced in this work.
scribed in detail beforeStratmann et al.2004 Wex et al, For the calibration of LACIS super-saturations, aerosol
20095. A draft of the setup is shown in Fid. Inside the particles of NaCl or of (NH)2SOs were produced by at-
flow tube, the water-vapor-saturation can be controlled byomizing a solution of 0.1 g salt per liter double de-ionized
two measures: (1) by humidifying aerosol and sheath air, bewater (atomizer: TSI 3075, TSI Inc., St. Paul, Minnesota,
fore they pass through the flow tube, so they have a well deUSA). The resulting aerosol particles were dried in a diffu-
fined dew point temperature, and (2) by controlling the wall sion dryer. A DMA (Differential Mobility AnalyzerKnut-
temperature. son and Whitby(1975, type “Vienna medium”) was used to
There are two modes of operating LACIS: First, a stableSelect a dry particle size. When using NaCl, a shape factor
relative humidity RH) can be held inside LACIS, witRHs ~ ©f 1.08 Kelly and McMurry, 1992 was used when deter-
from almost zero to above 99%\ex et al, 2005. For this, mining the dry particle size selected by the DMA. Number
the dew point temperature of aerosol and sheath air have tgoncentrations of the quasi monodisperse aerosol after the
be lower than the wall temperature of the flow tube. During DMA were determined with a CPC (TSI 3010, TSI Inc., St.
this mode of operation aerosol particles grow to their equilib-Paul, Minnesota, USA), and were kept at 400600 2mith
rium diameter during the passage of the first 20—30 cm intc@ dilution system up stream of the DMA.
the flow tube if they are hygroscopic. THRH in the flow In the flow tube, the aerosol was confined by sheath air in
tube is derived based on the adjusted dew point and the waf narrow beam (about 2 mm in diameter) at the center axis of
temperature. The agreement of the thus derREeidwith the LACIS, so the thermodynamic conditions are nearly constant
hygroscopic growth of known salts was shown/filex et al. ~ across the particle beam. The residence time in LACIS is
(2005. For the second mode LACIS can be operated at aabout 2s. The flow velocity was chosen so that buoyancy
slight water vapor super-saturatioBt{atmann et al2004.  effects were avoided.
For this, the dew point temperatures have to be larger than At the outlet of the flow tube, the number concentration
the wall temperature of LACIS. The highest super-saturationand size of the humidified particles was measured with an
possible is in the range of several percent. The smallesbptical particle spectrometer that has been designed and built
super-saturation used in this study was 0.2%. The maxiespecially for LACIS (for details sekiselev et al, 2005.
mum super-saturation is reached at about 20 cm into the flowA xenon-arc lamp provided white light for the measurement.
tube. Particles with critical super-saturationgpbelowthe = The measurement was performed through a slit in the LACIS
super-saturation adjusted in LACIS activate and grow whileflow-tube. The scattered light was collected by two elliptical
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Fig. 2. The response curves for the conversion of the amplitudes 20
of the signals measured with the optical particle spectrometer to
droplet diameters, for PSL particles and for droplets grown on NaCl
particles with a dry diameter of 50 nm.

mirrors and led into two photo-multipliers. The response
curve of the instrument was modeled and aligned through
calibration with PSL particles. Figutzshows the measured
PSL signals, the modeled PSL response curve, and an exem-
plary response curve for NaCl particles with a dry diameter
of 50 nm. Response curves calculated for solutions account
for changes in the particle refractive index with changing par-

Fig. 3. An exemplary signal measured with the optical particle spec-

ticle concentration (seliselev et al, 2005. For the exper- :
iment introduced in this work, the smallest detectable sizelrometer, for the measurement at T8 Doubly charged particles

was about 250 nm when the full intensity of the light source 12t Passed the DMA appear at a pulse height of about 9V, clearly
. . distinguished from the main peak.
of the optical particle spectrometer was used.
In addition to measurements, simulations of the growth of

the aer_osol particles |nS|_de the flow tupe were made. Theoeen shown earlier (see FB). Signals from doubly charged
simulations were done with a computational flpld dyn"?‘m'csparticles selected by the DMA clearly can be distinguished
code, FLQENT Fluent, 2003, and the FPM (Fine Particle from the majority of the singly charged particles, as can be
Model, Wilck et al, 2002). seen in Fig3, where the larger doubly charged particles ap-
pear at a pulse height of about 9V, in a peak clearly dis-
3 cCalibration tinguished from the main peak of the droplets grown on the
singly charged particles.
For the determination of the LACIS super-saturation, calibra- Figure4 shows the complete results for the measurements
tions were done, using NaCl particles with a dry diameter ofwith varying Twai. Given are the sizes of the grown droplets
50 nm and (NH),S0O; particles with varying dry diameters measured at the LACIS outlet versugal. The values on
in the range from 30 to 150 nm. For all experiments in thedisplay are the average of three to five measurements, done
super-saturation mode of LACIS, the dew point temperatureon different days. The day-to-day variability of the measured
of aerosol and sheath air was set t6@9 grown sizes was smaller than—-+4%, except for the mea-
For a first set of measurements, 50 nm NaCl particles wereurement at the critical super-saturation, where it was 14%.
sent through LACIS and their grown size was detected at thé-luent/FPM was used to model the sizes of the grown parti-
LACIS outlet. Tyay was varied from 1158C to 12.5C in cles for the conditions in the flow tube used during the mea-
temperature steps of 0.1 K. FiguBeexemplarily shows the surements, and the course of these simulations also can be
raw signal measured with the optical particle spectrometeiseen in Fig4.
for the measurement at 12@. The response curve valid for Figure 4 shows a curve with two clearly distinct parts.
the conversion of the measured amplitudes to diameters hasor Tyg between 12.5C and 12.1C, the grown size of

amplitude [V]
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Fig. 4. Measured and simulated droplet diameters at the LACIS o )
outlet for varying wall temperatures, for NaCl particles with a dry Fig- 5. LACIS calibration curve for the relation betweeg,dj and
diameter of 50 nm. critical super-saturation.

for (NH4)2SOy particles. When more than one measurement

whereas it increases sharply fogj below 12.2C. Above ~ Was available, the values were averaged. The deviations be-
12.1°C, the super-saturation in LaACIS does .not.exceed thefween these separate measurements depend on uncertainties
critical super-saturation needed for the activation of thel! different parameters, as there are the sizing with the DMA,
50nm NaCl particles. At about 12@, the critical super- "€ dew point temperatures anglfi, and uncertainties of the
saturation is reached and the particles activate and grow dy2Ptical particle spectrometer as discusseiselev et al.

namically until they reach the optical detector. FQuii de- (2005. However, thesf,e dedviati;)nsb bletween L;p to4 sepa;ated
creasing further, i.e. for increasing super-saturations, this dy_measurements were found to be below 0.03% (one standar

namic growth leads to an increase in the grown particles sizéje_\('at'on; value given as absc_)lute value in terms of measured
at the LACIS outlet. critical super-saturation), being smaller for smaller super-
saturations. This deviation includes the day-to-day variabil-
ity of LACIS, i.e. the different measurement uncertainties of
the set-up. The measurements for (}$O; and for NaCl
agree within these measurement uncertainties. With this pro-
cedure, the LACIS flow tube now is calibrated for measure-
ments at super-saturated conditions.

the particles only increases slightly with decreasingT

Critical super-saturations for aerosol particles can be cal
culated via Kohler theory. A simple form of the &hler
equation was used for this work (describedVifex et al,
2005, assuming the surface tension of water as giveroin
(1969, and using a constant van't Hoff factor of 2 for NaCl.
For (NH;)2SOy, a variable osmotic coefficient was used, as
described inNVex et al.(2005. With this, the critical super-
saturgtion for the 50 nm N.aCI particles is 0.3%. Thu§, the4 Measurements of activation and hygroscopic growth
effective super-saturation in LACIS at g4 of 12.1°C is of atmospheric aerosol particles
now known to be 0.3%. Similar measurements were repeated

for NaCl particles with 35, 45, and 55nm dry diameter, for 14 (et the applicability of LACIS to measure atmospheric
which the kinkin the curves were found agdi 0f 11.7,11.9 aeros0l samples, atmospheric aerosol particles of selected
and 12.2C, respectively (see Fig). sizes were measured with LACIS under both, super- and sub-
Measurements were also done for (N8O, particles.  saturated conditions. The measurements were performed at
Here, for each measurementyal was kept at a fixed value the Institute for Tropospheric Research in Leipzig, Germany,
while the size of the particles was varied between 25 andsampling urban aerosol during a time with prevailing high

150 nm. Growth curves similar to Fig.were obtained, with  pressure conditions and without precipitation, during March
the sharp increase in grown size towards larger diametersand April 2005.

The kink in the curve here gives the diameter above which

particles were activated, i.e. it gives again the effective super4.1  Activation

saturation for the respective,dj. Measurements were re-

peated up to 4 times for the same conditions. The resultUrban atmospheric aerosol particles were exposed to super-
ing relation between g and effective super-saturation is saturation in LACIS to measure their behavior as CCN
shown in Fig.5, including the results for NaCl as well as (cloud condensation nuclei) and their dynamic growth.

Atmos. Chem. Phys., 6, 4518527, 2006 www.atmos-chem-phys.net/6/4519/2006/
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. . . Fig. 7. Measured activated fraction (normalized to one) for the same
Fig. 6. The size of the droplets grown on 75nm (and the reSpecwemeasurements as shown in Fig. The black bar indicates the un-

doubly charged 111 nm) urban atmospheric aerosol particles for dif- . . )
. . certainty of the measurement with respect to the super-saturation.
ferent super-saturations in LACIS.

_ tivation of the measured atmospheric particles with a dry di-
Measurements were done on 12 and 14 April 2005. On 1Z3meter of 75 nm was found to be 0.46%6.04%.

April, a dry particle diameter of 75nm was selected. The Fjgyre7 shows the number fraction of the activated par-
super-saturation in LACIS was varied from 0.35% to 0.9%. jjcles. At a super-saturation of 0.42% and below, none of
On 14 April, a fixed super-saturation of 0.42% was selectede singly charged particles was activated. Already at 0.5%
while the dry particle diameter was varied from 70nm 0 g er.saturation, the average value for the final fraction of
160 nm in steps of 10 nm. activated particles was reached. The increase in the activated
In addition to measuring the size of the droplets at thefraction occurred over a narrow maximum super-saturation
LACIS outlet, the number fraction of the activated particles interval, due to the elimination of doubly charged particles
was determined. For this, the particle number concentrafrom the fraction of activated particles. From the activated
tion of the dry aerosol was measured with a CPC, after theraction, the same critical super-saturation as derived from
DMA (see Fig.1). The droplet number concentration of the the measurement of the grown sizes, i.e. of 0.4696t04%,
activated particles was determined with the optical particlejs obtained.
spectrometer at the LACIS outlet. The droplets originating  For the second day of measurements, the super-saturation
from particles with a single charge can be distinguished fromwas kept at a value of 0.42%, whereas the dry particle di-
the droplets originating from doubly charged particles (seeameter was varied. Again, the measurements of the grown
Fig. 3). For our evaluation, the number of activated singly size of the particles/droplets as well as the activated fraction
charged particles was determined and was used to derive thgere used to determine the critical dry particle diameter for
fraction of the activated particles. the activation. Figure8 and9 show the respective measured
The results for the measurements on 12 April are given invalues. Again, grown size and activated fraction both yield
Figs.6and7. Figure6 shows the size of the grown droplets at the same results, with 85 nm+5%nm as the derived critical
the LACIS outlet. Signals for singly and doubly charged par- diameter for the urban atmospheric particles at 0.42% super-
ticles could be distinguished and were evaluated separatelygaturation. The results of both days of measurements are
Doubly charged particles (here with a dry mobility diameter given in Tablel.
of 111 nm) were found to activate for all super-saturations Measurements on critical super-saturations for size-
used during the measurements. Activated singly charged pasegregated urban aerosol particles are rare, but those ex-
ticles clearly could be detected for super-saturations abovésting give values which are comparable to those found
0.5%. However, at a super-saturation of 0.42% and bein the present study.Brechtel and Kreidenwei$2000b
low, there was no signal from the singly charged particles,measured critical super-saturations of size segregated at-
i.e. their grown size was below the detection limit of 250 nm mospheric aerosol particles outside their laboratory at Fort
of the optical particle spectrometer, indicated by the hatchedCollins, Colorado. Measured values were 0.50% and 0.51%
area in Fig6. The sharp decrease in grown size from 0.5% for particle sizes of 68.5 and 85 nm, respectively. Critical
to 0.42% signifies the transition across the critical super-super-saturations given iHudson and D41996 for mea-
saturation. With this, the critical super-saturation for the ac-surements in Reno, Nevada, are 0.3% and 0.23% for particle

www.atmos-chem-phys.net/6/4519/2006/ Atmos. Chem. Phys., 6, 45292006



4524 H. Wex et al.: LACIS as a CCN detector

Table 1. Measured critical diameters and critical super-saturations §1 25} ]
for urban atmospheric aerosol particles. Uncertainties are only = .

given for the values derived from LACIS measurements. ko] 1.00 . - .
critical diameter  critical super-saturation < .
2 0.75+ .
12 April 2005 75nm 0.46+/0.04% 4 maximum super-saturation
14 April 2005 85+/5nm 0.42% go 50 - in LACIS: 0.42 % g
B
g
£025f 1
—_ [0]
g 3.0 T T T T T §
= % 0.00 x x x x
255 . . © 80 100 120 140 160
5 291 maximum super-saturation ] dry particle diameter [nm]
a in LACIS: 0.42 % .
O 2.0f . = ]
<
- " Fig. 9. Measured activated fraction (normalized to one), for the
5 1.5¢ " ] same measurements as shown in Big.
kS -
S- 10 r n 2 ]
° justed to 98 and 99%, the particle diameters were 150, 300,
2 05¢ 1 and 350 nm. Due to the detection limit of the optical particle
> spectrometer, only data for the more hygroscopic fraction of
8 0.0 ' . * . . the aerosol were evaluated.
N 80 100 120 140 160 At the beginning, during, and at the end of the course of

dry particle diameter [nm] the measurements, the hygroscopic growth of both, NaCl

and (NH;)2SOy particles of 150 and 300nm was mea-

Fig. 8. The size of the grown droplets at the LACIS outlet, de- SUréd and compared to the hygroscopic growth predicted by

termined for different dry sizes of the urban atmospheric aerosol1ang (199 for NaCl andTang and Munkelwit1994) for

particles at a super-saturation in LACIS of 0.42%. (NH4)2SOy, to check theRH in the flow tube. Due to a
drift of two Pt-100 resistance thermometers that had not been

noticed before, th&kH in the flow tube was found to be

sizes of 60 and 100 nm, and for measurements done in Sacr&7.8++~0.1% and 98.7+/0.1%RH. TheseRHs were con-
mento, California, are 0.5% and 0.45% for 60 and 100 nm,firmed when the Pt-100 resistance thermometers were cali-
respectively. RecentyDusek et al(2006 obtained a crit-  brated after the measurements.
ical diameter of 83 nm at a super-saturation of 0.4% for an Forthe measurements of equilibrium diameters, the size of
air mass that recently had passed over the city of Frankfurta grown particle at the LACIS outlet corresponds to a growth
Germany. factor g, which is defined as the ratio of the equilibrium size

Thus, the values measured in this study are in the samef the grown particle dgropled and the dry mass equivalent
range than earlier measurements of the CCN behavior of urdiameter of the particledfyry): g=ddroplet/ddry-
ban atmospheric aerosol particles. This clearly shows the Measured growth factors of atmospheric aerosol particles
capability of LACIS to measure activation of atmospheric for the differentRHs and the different dry particle sizes are
aerosol. A further lowering of the temperature steps\@fiT ~ given in Figs.10 and11. Also shown are the growth fac-
which was 0.1K for the measurements presented here, cal®rs for ammonium sulfate particles at the respective sizes
further decrease the uncertainty of the measurement. A stepndRHs, according tdfang and Munkelwit1994. Addi-
width of 0.05K is feasible (maybe even 0.02 K) resulting in tionally, Table2 lists the different average measured values

uncertainties of +£0.02% (or +/-0.01%, respectively). of g, together with the growth factors of ammonium sulfate
for the respective particles (shown in parenthesis). Also in-
4.2 Hygroscopic growth cluded in Table2 are the soluble volume fractiorsfor the

measured dat@{tchford and McMurry1994), referenced to
Measurements of equilibrium diameters of the urban aerosopure ammonium sulfate as the soluble compound.
were done during the course of about 24 h, on 9 and 10 March At both RHs the 150 nm particles grow less, compared
2005. Measurements of equilibrium diameters with LACIS to ammonium sulfate, than the 300 and 350 nm particles.
have been described Wex et al.(2005. For this study, Values of g for the 150 nm particles are only 85% gf
relative humidities used during the measurements were adfor (NH4)>SOy, whereas for 300 and 350 nm the measured

Atmos. Chem. Phys., 6, 4518527, 2006 www.atmos-chem-phys.net/6/4519/2006/
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Table 2. Average measured values gf together with the respec- at 98.7 % RH | measuements: o 4 v (NH);80,— |
tive g of ammonium sulfate (given in parenthesis), and the soluble
volume fractions: based on ammonium sulfate as the soluble com- 30} v 130
nd I YV vV
pound. AA Vyv?
. 28t 12.8
[e]
150 nm 300 nm 350 nm 8 26l o 126
ey
97.8%RH RN oo y
g 2.13(2.52) 2.49(2.62) 2.51(2.63) 5 :
€ 0.58 0.85 0.87 290l 122
150nm 300nm 350nm
0,
98.7%RH R T L B e I e I I e e e N0
9 2.51(2.92) 2.92(3.08) 2.92(3.11) EOTFLOON  ALLOESEL  I2OSOALY
€ 0.62 0.85 0.82 POTPEIAR QIR QF IO SIPEet

time of measurement

at 97.8 % RH \ measurements: ® A v (NH,),S0,; —— Fig. 11. Similar to Fig.10, but for 98.7%RH.
150nm 300nm 350nm
3.0t 13.0
for particles with a dry diameter of 150 nm. The results from
ki 28¢ 128 our measurements for the 150 nm particles are well within
8 26l _ | — 125 this range, although they were measured at laRi¢s. Pub-
g E— AAAAAAAA YVVyvevy lications of growth factors for particles with 300 and 350 nm
g 24r 124 are not available, buifhang et al(1993 found g of 1.63 for
2ol e 1Py 400 nm particles of urban atmospheric aerosol at R
..'o.... which givese of 0.81, based on (NfJ2SO, as the assumed
200 bbb bbb bbb bbb 2.0 soluble substance, which also agrees with our results.
EREOXEBRE  SIESEPSC OO POIY .
ORPPTEVIES POV POR RS In the past, attempts have been made to derive the num-

ber of cloud condensation nuclei (CCN) of an aerosol from
measurements of hygroscopic properties (€gyert et al,
1998 Dusek et al.2003. Generally, the derived number
Fig. 10. Measured growth factors for urban atmospheric aerosolof CCN overestimates the number of CCN measured. It has
particles on 9 and 10 March 2005, with dry diameters of 150 nm,been postulated, that this deviation is based on different hy-
300, and 350 nm, at 97.8RH. Also shown are growth factors for groscopic growth behavior of the atmospheric aerosol par-
respective ammonium sulfate particles, basedamg and Munkel-  ticles at 90%RH compared to largeRHs or to conditions
witz (1994). just below their critical super-saturation. This effect was at-

tributed to organic compounds which might act as surface ac-

tive films or which might dissolve only at larg&Hs. How-
growth is 95% of that of (N&#)2S0O;. This can also be seen  eyer, measurements of hygroscopic growth of atmospheric
in the values fore, which are around 0.60 for the 150nm zerosol particles up to date could not be performed at 99%
particles and around 0.85 for the 300 and 350 nm particles. RH and these measurements are needed to solve the discrep-

Particles with dry diameters of 300 and 350 nm show sim-ancy described above.

ilar values forg ande. The results we present here from LACIS measurements
These findings indicate different chemical compositionsat sub-saturation do not comprise a long measurement pe-
for the 150 nm particles, compared to the larger ones. Theiod and thus are not a statistically relevant data-set, but they
larger particles may have been processed in clouds longer ashow the possibility of measuring the hygroscopic growth
more often, adding soluble substances such asJp8@Qs,  factors of atmospheric aerosol particles with LACIS. How-
and thereby increasing their hygroscopic growth. ever, a CCN closure was not performed, since the data on
Our results support earlier measurements at $%for hygroscopic growth and on the activation of the atmospheric
continental aerosol (e.gSvenningsson et al1992 1997, aerosol particles were not measured at the same time. A
Pitchford and McMurry1994 Swietlicki et al, 1999 Busch  field-version of LACIS is planned which will be optimized
et al, 2002 whereg measured for atmospheric aerosol in- for the special needs for this kind of measurements. Running
creased relative tg of (NH4)2SOy for increasing particle  LACIS-field at highRHs alternating with its use as a CCN
size. Values fok for the more hygroscopic fraction, taken detector, together with a Hygroscopic Tandem Differential
or derived from these publications, range from 0.46 to 0.69Mobility Analyzer (HTDMA), measuring the hygroscopic

time of measurement
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growth at lowerRHs (e.g. 90%), can give valuable insights Busch, B., Kandler, K., Sdliz, L., and NeusR, C.: Hy-

in hygroscopic properties of the atmospheric aerosol and in  groscopic properties and water-soluble volume fraction of at-

its interaction with cloud droplets. mospheric particles in the diameter range from 50nm to
3.8um during LACE 98, J. Geophys. Res., 107(D21), 8119,
doi:10.1029/2000JD000228, 2002.

Covert, D. S., Gras, J. L., Wiedensohler, A., and Stratmann, F.:
Comparison of directly measured CCN with CCN modeled from
the number-size distribution in the marine boundary layer during

The Leipzig Aerosol Cloud Interaction Simulator (LACIS)  ACE1 at Cape Grim, Tasmania, J. Geophys. Res., 103, 16 597—

was calibrated for use as a CCN detector. Particles of ammo- 16608, 1998.

nium sulfate and sodium chloride were used to derive the rebusek, U., Covert, D. S., Wiedensohler, A., Né3sC., Weise, D.,

lation between the LACIS wall temperature and its effective and Chantrell, W.: Cloud condensation nuclei spectra derived

super-saturation. The calibration was double-checked suc- from size distributions and hygroscopic properties of the aerosol

cessfully, with the results from the two different salts being N coastal southwest Portugal during ACE-2, Tellus, 55, 35-53,

in agreement with each other. 2003. _ ) )

. . . . . Dusek, U., Frank, G. P., Hildebrandt, L., Curtius, J., Schneider, J.,
As atest for the calibration and a first atmospheric applica-

. L . ; Walter, S., Chand, D., Drewnick, F., Hings, S., Jung, D., Bor-
tion, the activation of atmospheric aerosol particles was mea- rmann, S.. and Andreae, M. O.: Size matters more than chem-

sured. Additionally, to show the applicability of LACIS for jstry for cloud-nucleating ability of aerosol particles, Science,

atmospheric measurements in general, measurements were3z12 1375-1378, 2006.

also done on the hygroscopic growth of atmospheric aerosokLUENT: 6 users guide, Tech. rep., Fluent Inc., 2003.

particles. Hudson, J. G. and Da, X.: Volatility and size of cloud condensation
For measurements at super-saturation, two different ways nhuclei, J. Geophys. Res., 101, 4435-4442, 1996. _

of deriving critical super-saturation and critical dry diame- Hudson, J. G., Garrett, T. J., Hobbs, P. V., Strader, S. R., Xie, .,

ters were used (the activated fraction and the size of acti- 2"d Yum. S. S.. Cloud condensation nuclei and ship tracks, J.

. . Atmos. Sci., 57, 2696—-2706, 2000.

vated particles). Both methods yield the same results. Mea- . . :

t f d two diff td ieldi IPCC: Houghton, J. T., Ding, Y., Griggs, D. J., Noguer, M., van der
Sqrgmen S were per .orme on two loeren aYS’ yie 'Ing a Linden, P. J., Dai, X., Maskell, K., and Johnson, C. A.: Climate
critical super-saturation of 0.46+0.04% for particles with change 2001: The scientific basis, Cambridge Univ. Press, Cam-
75nm dry diameter on the first day, and a critical diameter pyigge, 2001.
of 85 nm+/-5nm for the super-saturation of 0.42% for the Kelly, W. P. and McMurry, P. H.: Measurement of particle den-
second day of measurements. These values are in agreementsity by inertial classification of differential mobility analyzer-
with values reported in literature. generated monodisperse aerosols, Aerosol Sci. Technol., 17,

Measurements of the hygroscopic growth for 98% to 99% 199-212, 1992.
RH showed increasing growth factors with increasing parti- Kiselev, A., Wex, H., Stratmann, F., Nadeev, A., and Karpushenko,
cle size (from 150 nm to 300 and 350 nm), getting closest to D.: White-light optlgal particle spectrometer forlm situ measure-
the growth factors of ammonium sulfate for particles with dry Tf'zscg;_in%inszagg); al growth of aerosol particles, Appl. Opt,
sizes of 300 and 350 nm. Measured growth factors and solg, ;1con E. 0. and Whitby, K. T.: Aerosol classification by electric

uble volume fractions are in agreement with values reported mobility: Apparatus, theory and applications, J. Aerosol Sci., 6,

in literature. 75-76, 1975.

Summarizing it can be stated that LACIS was calibratedKoehler, K. A., Kreidenweis, S. M., DeMott, P. J., Prenni, A. J.,
successfully for its use as a CCN detector, and that its Carrico, C. M., Ervens, B., and Feingold, G.: Water activity and
applicability for measuring activation and hygroscopic activation diameters from hygroscopicity data — Part II: Applica-

growth of atmospheric aerosol particles has been shown. ~ tion to organic species, Atmos. Chem. Phys., 6, 795-809, 2006,
http://www.atmos-chem-phys.net/6/795/2Q06/

Kreidenweis, S. M., Koehler, K. A., DeMott, P., Prenni, A. J., Car-
rico, C. M., and Ervens, B.: Water activity and activation diame-
ters from hygroscopicity data - Part I: Theory and application to
inorganic salts, Atmos. Chem. Phys., 5, 1357-1370, 2005,
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