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Introduction 
In determining single scattering and hence the bulk radiative properties of 
aerosols, the refractive index of the particulate matter is key. There are very 
few measurements of the real refractive index (mr) of secondary organic 
aerosols (SOA). Dick et al. [1] measured the refractive index of 1.494 for dry 
aerosol and 1.415 for wet aerosols at the Smokey Mountains National Park. 
Hand et al. [2] retrieved a refractive index of 1.556 for the atmospheric aerosol 
Big Bend National Park.  Hock et al. [3] measured atmospheric aerosol in a 
rural area and found values of mr between 1.4-1.45.  Laboratory measurements 
include Schnaiter et al [4] who studied SOA generated from oxidizing α-pinene  
with O3 and found mr = 1.5, and our group determined the refractive index of 
similar SOA to be 1.42 ± 0.02 [5].

In this study the polar nephelometer data is used to determine the mr of 
(SOA) particles generated by oxidizing α-pinene, β-pinene and toluene in the 
UCLA solar reaction chamber.

Experimental setup
Experiments occur in a large 
(24 m3) Teflon chamber on the 
roof of the Math Sciences 
building at UCLA  as shown to 
the left. Concentrations of O3, 
NO, NOx and hydrocarbons in 
the chamber are continuously 
monitored.

Instrumentation:
• Scanning mobility particle sizer (TSI model 3080) measures the particle size 

distribution every 3 minutes.
• An 700 nm integrating nephelometer (Ecotech M9008) records particle 

scattering coefficient (βsp) every 1 minute. 
• An updated version of the polar nephelometer developed at UCLA[5] provides 

angular intensity measurements. This instrument is operating near its 
detection limit when βsp below ~1000 Mm-1. 
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7000 Time evolution of the 
SOA particles generated 
from 500 ppb   α-pinene 
and 250 ppb NOx in the 
Teflon bag that was 
exposed to solar 
radiation at about 12:00 
local time on October 
21, 2009.   

The particle concentration is very low until about 13:00 local time when the 
particle concentration rapidly rises due to homogeneous nucleation of the 
aerosols.  The polar nephelometer signal is viable at about 13:07 when the 
particle concentration is about 32000 cm3 and the particles have grown to a 
mean diameter of about 200 nm.  The particles continue to grow to a maximum 
radius of about 450 nm at about 15:30 while the particle concentration drops as 
a result of sedimentation and wall losses.  The polar nephelometer records the 
scattering intensities every 14 seconds.  Also shown is the time evolution of the 
particle scattering coefficient measured by the integrating nephelometer.

 

Accuracy of GA refractive index
Real refractive indicies and size distribution parameters are derived using 
the Genetic Algorithm (GA) method [5] in which the desired variables are 
selected from within a predetermined search space. Mie-Lorenz scattering is 
assumed. Electronic noise is significant only at the lower limits of the 
instrument response, (i.e., minimum signal level of 0.003 vdc corresponding 
to βsp ~ 500 to 1000 Mm-1).  Calibration errors introduce an average error of 
about 3%.  Assessing the amount that spurious reflection affect the retrieval 
is done via measurements of various sizes of polystyrene latex particles and 
water-ammonium sulfate droplets in which the mr is a known function of 
humidity.  Because the GA method of determining mr from scattering data is 
highly insensitive to noise [6],[7], all of these error sources produce an 
absolute error in the GA retrieved mr of ± 0.013. [5]

The GA retrieval assumes a mono-modal lognormal distribution,  
however actual distributions do not often follow the lognormal assumption.  
Shown here, are the actual SMPS measured size distribution of ammonium 
sulfate/water aerosols compared to the single mode lognormal distribution 
based on the SMPS mean and standard deviation.

∆dist is a measure of the difference between the measurement 
(PDFmeas(x)) and the lognormal assumption (PDFcalc(x,µ,σ)) is given by;

∫ −=∆ dxxPDFxPDF calcmeasdist ),,()( σµ

The GA mr determined from PN measurements of these aerosols are within 
±0.014 of the expected values despite ∆dist values up to 0.4.  However, the 
GA required the size distribution search space to be increased to ±30%, 
which is much higher than the SMPS error of 10%. [9]  This is because the 
scattering is dependent on the actual particle size distribution which is not 
sufficiently described by the lognormal assumption.

The PN measures the light 
scattered at 21 angles, the 
incident light (wavelength = 670 
nm) is polarized either parallel or 
perpendicular to the measurement 
plane. The intensity of the 
measured signal increases as the 
particle size and concentration 
increase during the initial rapid 
growth phase, then as the particle 
growth slows, the change in the 
scattered intensity slows. Also as 
the particles grow, the shape of 
the angular intensities change, 
i.e., the dip at about 90º shifts 
towards 120º. 
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ββββ-pinene/NO x GA m r
The GA determined mr for SOA 
developed via ozonolysis of β-pinene 
exhibits some of the same properties 
of the α-pinene SOA, but has an 
overall slower growth rate.   The initial 
mr ≈ 1.4 and the final mr ≈ 1.5 are 
similar to the α-pinene value.

Toluene/NO x SOA GA m r
This precursor is very different from 
the pinenes and thus shows a 
different mr vs. size and a larger final 
mr (~1.6) but in this case mr is 
increasing as the particle size 
increases, while the pinene indicies
both display a decreasing trend.
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Discussion
•The real refractive index of SOA particles changes as the particles grow, and also as it 
ages.  The final mr for the pinene derived SOA is about 1.47 to 1.49, which are quite 
different for the final value of about 1.55 to 1.6 retrieved for the toluene based SOA.  
The toluene based mr also drops during its initial growth and then increases, while the 
pinene SOA mr increases initially and then drops. 

•Further study is underway to examine SOA particles of different precursors and 
developed under different conditions.  We also plan to investigate the SOA mr with 
another PN with a laser wavelength of 980 nm and also a higher powered laser 
allowing instrument sensitivity in ambient conditions. 
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and the distributions are normalized via;

The fitness value is a measure of how well the GA was able to fit the 
measured results to the Mie-Lorenz expectation.  Noisy data produce 
fitness values less than 0.95 and have errors greater than the ±0.013 
described above.  The fitness levels are low at the start of the experiment 
due to the lower signal level, and is a phenomena common to all the pinene 
based experiments.

Refractive indicies
The GA determined mr
for aerosols produced 
from the α-pinene 
experiment of October 
21, is shown here as a 
function of local time.  
The mr increases rapidly 
from about 1.4 to a 
maximum value of 1.52 
and then settles at about 
1.48.  

SOA Growth Summary Several SOA growth experiments with α-pinene, β-pinene 
and toulene based precursors were performed  with initial conditions and yields. 
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αααα−−−−pinene/NO x GA m r
In all cases,  mr starts low at about 
1.4, increases rapidly to about 1.52 
and then decreases to about 1.47. 
Results from experiments with and 
with out an OH scavenger shown, and 
the particles appear to be optically 
indistinguishable


