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Abstract   

Modelling the optical and radiative properties of atmospheric particles is governed by one of 

the key input parameters i.e. refractive index of aerosols. Availability of the region-specific 

refractive index data of aerosol is major challenge for atmospheric community. The refractive 

index of aerosol is function of their physico-chemical properties. Uncertainty in the 

computation of the spectral refractive indices of the aerosol leads to erroneous assessment of 

their optical and radiative properties.  

In present work, refractive index of pure clay (Kaolinite and Illite and their variable mixtures) 

and polluted clay [clay polluted with anthropogenic hematite, AH (0.10 to 1.48%), black 

carbon, BC (2 to 10%), ammonium sulphate, AS (13%) and ammonium nitrate, AN (8%)] 

submicron particles have been computed for the wavelength range 0.38 to 21.5 µm. 

Anthropogenic hematite enhanced the overall absorption in the UV and Visible range with 

maximum absorption at lower wavelength ( less than 0.55µm). Aging of the pure submicron 

clay particles with pollutants (AH, BC, AS, AN) significantly enhanced the imaginary part of 

the refractive index (k) in near infrared window (0.86 to 21.5 µm) of the solar radiation. Clay 

aged with pollution mixture of 1.48% AH and 10% BC shows maximum absorption in the 

ultraviolet region. Highest “k”value (1.2) was observed corresponding to 21.5 µm 

wavelength. 
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Introduction 

Fine clay particles are natural aerosols present in the atmospheres. Mineralogical composition 

of the parental surface influenced the aerosol composition [1]. Submicron clay particles 

interact with anthropogenic species during long range transport which alters the optical and 

radiative behaviour of particles. The physico-chemical (morphology and composition) 

properties of aerosol govern its absorption and scattering behaviour [2-5]. Spectral refractive 



index is one of the key parameters in regulating the optical properties of aerosol [3, 6-7]. 

Refractive indexis composed of real and imaginary part. Real part of refractive index 

responsible for scattering behaviour of the aerosol, while absorbing nature is determined by 

the imaginary part [8-9]. 

For assessment of optical and radiative properties of aerosol, it’s necessary to understand the 

complex refractive index of aerosol. Unfortunately, the computation of complex refractive 

index leadsto erroneous assessment of particle optical and radiative properties in lack of 

region-specific refractive index data. In the present work, effect on the spectral refractive 

index of pure clay aged with the pollution species (AH, BC, AS, AN) has been studied.  

Methodology 

The fine aerosol samples were collected in Delhi at CSIR-NPL (28.70°N, 77.10°E) using 

Envirotech sampler (model: APM 550). Elemental analysis reveals occurrence of 

Aluminosilicates [Kaolinite (K) and Illite (I)] which is evidenced by earlier studies [10-

11].Based on the aforesaid findings, five probable submicron pure clay mixtureswere 

considered [100% K, 100%I, (20% K+80% I), (50%K+50%I), (80% K+20% I)]. Now, these 

pure clay mixtures were aged with pollution species (AH, BC, AS, AN) with varying 

composition of anthropogenic hematite [AH] (0.10% to 1.48%), black carbon [BC] (2-10%), 

Ammonium Nitrate [AN] (8%) and Ammonium Sulphate [AS] (13%). Effective refractive 

index was calculated using volume mixing rule. 

Result and Discussion 

Studies reported black carbon 6-10% variation for Indian environment [15] and urban 

environment like Delhi reported 10% BC, 8% AN and 13% AS. Studies show that the 

anthropogenic iron emitting from biomass burning and other combustion sources ranges from 

0.10% to 1.48%. Figure 1 shows the spectral refractive index of submicron aged clay (i.e. 

pure clay mixtures aged with AH) for aforementioned AH percentages i.e. 0.10% and 1.48%. 

Aging with AH, increased the overall k value of refractive index in UV, visible and NIR 

wavelength. Maximum enhancement was observed at 0.38 µm wavelength.  Hematite acts as 

strong absorber of incoming solar radiation especially at short wavelength in blue spectral 

region [2, 12-14]. AH enhances the absorption of submicron clay particles with maximum 

enhancement observed at wavelength <0.55um. Mixing of AH with pure submicron clay 



particles shows negligible effects on absorption of incoming solar radiation in Infrared 

region. 

Figure 1: Imaginary part of refractive index of submicron clay particles (variable percentage of illite and 

kaolinite clay mixtures have been considered) which are polluted with anthropogenic hematite (a) 0.010 % 

(b) 1.48%.  

 

Conclusion 

Complex refractive index of pure submicron clay particlesis influencedbecause of the aging 

with the considered species. Anthropogenic species like AH, BC enhances the absorption 

while species like ammonium nitrate and ammonium sulphate tends to decrease the 

absorption due to their scattering behaviour.  
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