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DDA: 𝑄𝑒𝑥𝑡 =
4𝐶𝑒𝑥𝑡
𝜋𝑑𝑣

Steam generation using solar light is essential for power generation, desalination and water 

purification [1]. In this regard, conventional solar steam generation from pure water is rather 

inefficient, costly and impractical. So, gold nanoparticles are attractive due to their strong light 

absorption that can enhance the water evaporation rate [1]. 

These nanoparticles typically form agglomerates during their synthesis or 

dispersion in water [2]. Here, the light extinction, heat flux and water evaporation rate by 

monomers and agglomerates of Au nanoparticles are investigated by discrete element modeling 

(DEM) and discrete dipole approximation (DDA) to optimize their steam generation rate.

Evolution of fractal dimension, Df, during agglomeration of gold nanoparticles as a function of their 

dg derived here by DEM (line and inset images) along with microscopy data (symbols [5]). 

Evolution of ത𝑄𝑒𝑥𝑡 as a function of λ of spheres (solid line, circles), 2-

mers (double dot-broken line, squares, inverse triangles), 7- (dot-

broken line, diamonds) and 15-mers (broken line, triangles) 

estimated (lines) or measured (symbols [6, 7]).

Evolution of heat flux, ሶ𝑄, as a function of λ of spheres (solid line), dimers (double 

dot-broken line), 7- (dot-broken line) and 15-mers (broken line).

1. The morphology & light extinction of Au nanoparticle agglomerates derived here by DEM-DDA 

are in excellent agreement with data for different agglomerate sizes. 

2. Agglomeration results in up to 24 times larger Qext and heat flux than spheres in the NIR.

3. So, 15-mers exhibit 60 % faster water evaporation than single spheres of equal mass and thus 

are more attractive for solar steam generation.
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𝑑𝑣: volume-equivalent diameter

𝐶𝑒𝑥𝑡: extinction cross-section

𝑄𝑒𝑥𝑡: extinction efficiency

𝑡 𝑡

Agglomeration enhances ሶ𝑄
at NIR by a factor of 24!

Good agreement 

between DEM-DDA 

and data [6, 7]!

ሶ𝑄 =
𝐶𝑎𝑏𝑠 𝐼

𝐴
𝐼: laser intensity

𝐶𝑎𝑏𝑠: absorption cross-section
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Evolution of mobility, dm (solid line, symbols), & gyration, dg (broken line), diameters of Au 

agglomerates as a function of their number of constituent nanoparticles, np, derived by DEM (lines 

& inset images) & measured using dynamic light scattering (DLS; symbols [4]).
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ሶ𝑚 =
𝑁 ∙ 𝑉 ∙  𝐶𝑎𝑏𝑠 𝐼𝜆𝑑𝜆

∆𝐻𝐸𝑣

Water evaporation rate, ሶ𝑚, of spheres (blue), dimers 

(orange), 7- (green) and 15-mers (purple).

15-mers exhibit 60 % faster water 

evaporation than equal-mass spheres!
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𝑁: Number density

𝑉: Liquid volume

∆𝐻𝐸𝑣: Evaporation enthalpy
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