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Cloud	
  Forma+on	
  and	
  the	
  Kelvin	
  Effect	
  

Kelvin	
  Effect	
  raises	
  vapor	
  pressure	
  of	
  a	
  liquid	
  because	
  
curvature	
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  intermolecular	
  forces	
  so	
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Cloud	
  Forma+on	
  and	
  the	
  Raoult	
  Effect	
  

Raoult	
  Effect	
  lowers	
  vapor	
  pressure	
  because	
  solute	
  par+cles	
  
reduce	
  available	
  surface	
  area	
  of	
  water	
  molecules	
  to	
  vaporize	
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Figure	
  1	
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  M.O.	
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  Rosenfeld.	
  Aerosol–cloud–
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Measuring	
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Iodine	
  in	
  the	
  Atmosphere	
  
•  	
  CH2I2	
  and	
  molecular	
  I2	
  emieed	
  in	
  marine	
  
environments	
  by	
  algae1	
  exposed	
  during	
  low	
  
+de2	
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Experimental	
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Summary	
  
•  Dry	
  method	
  of	
  CCN	
  measurement	
  
overes+mates	
  the	
  amount	
  of	
  solute	
  and	
  thus	
  
underes+mates	
  solute	
  hygroscopicity	
  

•  Wekng	
  iodine	
  oxides	
  effec+vely	
  collapses	
  the	
  
fractal	
  par+cle	
  to	
  model	
  solute	
  as	
  sphere	
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Varying	
  Reactor	
  Humidity	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  

Based	
  on	
  findings	
  by	
  Jimenez	
  et	
  al.	
  2003;	
  low	
  
hygroscopicity	
  observed	
  for	
  RH	
  65%	
  

[CH2I2]
!0.37 for the volume growth. For the lowest CH2I2

concentration (E5) the timescale of particle volume growth
was about 8 h, and consequently its dynamics in the
chamber are significantly affected by particle (and prob-
ably gas) loss to the chamber walls.
[22] Varying the intensity of the UV radiation (E7) to 1/4

of the base case increased the nucleation delay, the time to
reach the peak of particle number concentration, and the
timescale of aerosol volume by factors of 1.5, 2.4, and 2.7,
respectively. The amount of aerosol formed was very
similar to that of the base case.

3.2. Hygroscopic Properties

[23] The HTDMA was used to measure the hygroscopic
growth factor (Gf) of the iodine aerosol, which is defined as
the ratio of the aerosol electrical mobility diameter after
humidification (or drying) to that prior to humidification (or
drying). Figure 7 shows Gf for the aerosol produced from
the photooxidation of CH2I2. For the aerosol formed in the
base case dry experiment (E1), increasing RH up to approx-
imately 20% has no effect on the electrical mobility diam-
eter. Beyond 23% RH, Gf starts to decrease, indicating that
the mobility diameter of the particles is shrinking as RH
increases. At "55% RH, Gf reaches a minimum value of
0.66. For most experimental systems, aerosol growth factors
for increasing RHs are equal to or exceed 1.0, that is, either
the particles do not change size or they grow by water
uptake. We cannot rule out that the particles lose some mass
upon interaction with increasing water vapor, and, in fact,
gaseous I2 has been observed to evolve from aerosol formed
in dry flowtube experiments for a related chemical system
after exposure to ambient air (D. Milligan, personal com-
munication, 2002). More likely, however, the particles
formed under dry conditions are not compact. The increase
in water partial pressure appears to promote rearrangement

of these low-density structures, resulting in a smaller
mobility equivalent diameter. Weingartner et al. [1997]
observed similar behavior during HTDMA experiments
with fractal carbon particles produced in a spark discharge
between two graphite electrodes. They attributed the
observed decrease in mobility diameter of their particles
after exposure to water vapor to preferential water conden-
sation in small angle cavities of the particles, due to the
inverse Kelvin effect, leading to capillary forces on the
aggregate branches that cause them to collapse. We spec-
ulate that a similar effect may be causing the particle
diameter reduction observed here. In our system, the mobi-
lity diameter eventually rises after further increase in RH,
suggesting that additional water uptake causes the particles
to grow. The upward trend continues to the 85% maximum
RH studied. Therefore after the initial compaction, at least
one component of the aerosol is hydrophilic, leading to an
increase in size with increasing RH.
[24] In contrast to the dry experiment, the aerosol

formed in the humid experiment (E2) shows little ten-
dency to change its mobility diameter when exposed to
variable water vapor concentration up to RH = 75%. At
higher relative humidities the larger particles shrink sug-
gesting that the additional humidity promoted further
consolidation of the particles. The reason why the par-
ticles formed under humid conditions do not show the
same growth at high RH as the particles formed under dry
conditions is unclear.

3.3. Particle Composition

[25] Figure 8 shows a total aerosol mass spectrum
obtained with the AMS for the highest concentration
experiment (E6). The detected m/z peaks can be assigned
to O+, OH+, H2O

+, I2+, I+, HI+, IO+, HIO+, IO2
+, HIO2

+,
HIO3

+, IO5
+, I2

+, I2O
+, and I2O3

+. IO3
+ and IO4

+ are not
observed within the detection limit of the AMS. We also
observe the peaks for MoO+ and MoO2

+, characterized by

Figure 7. Hygroscopic growth factor determined by the
Hygroscopicity Tandem Differential Mobility Analyzer
(HTDMA) as a function of relative humidity for experi-
ments E1 and E2 (RH <2% and 65% respectively; 5 ppb
CH2I2, 100 ppb O3). In this experiment particles are size
selected by the first DMA at the humidity of the chamber,
allowed to equilibrate at a different relative humidity, and
size classified by the second DMA. The ratio of the final to
initial diameters is the hygroscopic growth factor.

Figure 8. Total aerosol mass spectrum measured with the
Aerodyne AMS for experiment E6 (50 ppb CH2I2, 500 ppb
O3, <2% RH). In the AMS the particles are evaporated on a
heated molybdenum surface (600!C) under high vacuum
(10!7 Torr), followed by 70 eV electron ionization (see
text).
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Iodine	
  oxide	
  par+cles	
  (IOPs)	
  
generated	
  at	
  high	
  RH	
  
exhibit	
  low	
  hygroscopicity	
  
and	
  suspected	
  different	
  
chemistry	
  than	
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generated	
  dry	
  
	
  


