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The direct measurement of aerosol light absorption coefficient is preferrable over indirect methods. 
Using filter photometers is challenging due to systematic artifacts and the lack of standardized 
calibration procedures [1]. A photothermal interferometer probes the change of the refractive index 
caused by light absorption in (and the subsequent heating of) the sample – the detection is linear and 
can be traced to first principles. Measurement at two wavelengths determines the absorption wavelength 
dependence and the Ångström exponent (AAE).  

The photothermal aerosol absorption monitor (PTAAM) uses a folded Mach-Zender interferometer 
(similar to that described in [2] and [3]). Pump lasers at 532 and 1064 nm are modulated at different 
frequencies and focused in the sample using an axicon for simultaneous measurement. The signal is 
detected by two photodiodes and resolved by dual-channel lock-in amplifiers measuring at the two 
frequencies.  

The photo-thermal aerosol absorption monitor PTAAM-2λ (Haze Instruments) was used to directly 
measure the absorption coefficient at 532 nm. The green channel is calibrated traceably to primary 
standards using ~1 µmol/mol NO2 and calibration is transferred to the IR using aerosolized nigrosin [4].  

Aerosol optical properties can be calculated if the particle shape and the complex refractive index (RI) 
are known. Soot particles form complex agglomerates that make the calculation of mass concentration 
and optical properties difficult. On the other hand, particles generated by nebulisation of water-soluble 
pigments are spherical, which enables Mie calculations using the measured size distribution.  
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We have used water-soluble nigrosin pigment (CAS 8005-03-6) for the calibration of photo-acoustic 
instruments [5,6]. Nigrosin has a wide absorption spectrum and allows for calibration also in the infra-
red. Unfortunately, the RI of nigrosin has been reported for the visible part of the spectrum only. 

We have prepared thin film samples of nigrosin and measured their absorbance (400-1200 nm) using 
an integrating sphere photometer (Shimadzu UV-3600). We used nigrosin film thickness, measured 
using atomic force microscopy, and the absorbance, to determine the imaginary part of the RI. The real 
part of the RI at 1064 nm was determined by a Brewster angle measurement.  

Nigrosin solution was aerosolized using a Topas ATM 226 nebuliser. The size distribution of the aerosol 
particles was measured using a scanning mobility particle sizer (TSI model 3080). These data were used 
in a Mie calculation of the aerosol absorption coefficient for wavelengths between 400 and 1200 nm. 

PTAAM was characterized and its uncertainties quantified (Table 1). We calibrated filter photometers 
(CLAP, AE33) in green and near IR with soot, and determined their cross-sensitivity to scattering for 
ammonium sulfate particles, resulting in wavelength and size dependent calibration parameters. 

Table 1. Uncertainties of the measured parameters. 

babs,532nm 4% 

babs,1064nm 6% 

AAE 9% 

 

Similar multiple scattering parameter values were found for ambient aerosols and laboratory 
experiments. We determined the absorption enhancement using laboratory measurements with uncoated 
and soot and soot coated with secondary organic matter - Fig. 1 [7]. 

  
Fig. 1. Absorption enhancement due to coating of BC cores with secondary organic matter as a function of the wavelength. 
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