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Introduction: Analyte contained 

in the air stream is absorbed into the 

cavity, mixes with the nanoparticles 

as a result of the circulating cavity 

flow. Therefore, the nanoparticles 

sequentially aggregate into clusters 

of higher orders which enables 

analyte detection using Raman 

spectroscopy.  

Results: The dimer concentration is maximize to have an 

optimum analyte detection. The optimum point happens at: 

𝐦𝐚𝐱
𝒄𝟐
𝒄𝑵𝑷

 𝒂𝒕 𝒌𝒄𝑵𝑷𝒕 ≈ 𝟎. 𝟕 

Conclusions: We investigate the flow field, mass transport and 

aggregation kinetics to find the number of formed dimers 

according to the concentration of the analyte. There is an 

optimum point at 𝑘𝑐𝑁𝑃𝑡 ≈ 0.7 where the number of formed 

dimers is maxima for optimal chemical detection. 
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Figure 1. Computational Domain and governing equations 

Figure 2. Formation of dimers in the cavity for cNP = 100 pM 

(a) t = 5 s (b) t = 100 s 

(c) t = 200 s (d) t = 300 s 

Conditions for numerical simulations: 

• Ambient condition:T∞ = 20oC, Tw = 10oC, RH = 50% 

• Inlet velocity: uin = 10 mm/s,  

• Analyte concentration: ca = 1 mM 

• Initial concentration of nanoparticles: cNP = 100 pM 

• Aggregation kinetics: k0 = 108 [M-1s-1], V0 = 3kBT and β = 104 [M-1] 

Figure 3. Formation of dimers in the cavity and air velocity vectors 
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Table 1. Multiphysics model 

𝐦𝐚𝐱
𝒄𝟐
𝒄𝑵𝑷

 𝒂𝒕  𝒌𝒄𝑵𝑷𝒕 ≈ 𝟎. 𝟕 

Physics D Variables Domain 

    

Weak form PDE: Initial curvature of the interface 1D F Interface 

Deformed Geometry: Moving interface 2D X, Y Entire 

Laminar Flow 1: Air flow in the microchannel 2D ug, vg, pg Air 

Laminar Flow 2: Liquid flow in the cavity 2D uw, vw, pw Liquid 

Heat Transfer: Temperature in the domain 2D T Entire 

Transport of Diluted Species: Vapor pressure of water 2D pv Air 

Weak form PDE: Concentration of analyte at the interface 1D cBC Interface 

Transport of Diluted Species: Analyte concentration in air 2D ca Air 

Transport of Diluted Species: Aggregation kinetics  2D ca, c1, c2, c3, c4 Liquid 

 

 𝜵 ∙ 𝒖𝒈 = 𝟎 

 𝝆[
𝝏𝒖𝒈

𝝏𝒕
+ (𝒖𝒈 ∙ 𝜵)𝒖𝒈] = −𝜵𝒑𝒈 + 𝜵 ∙ (𝝁𝜵𝒖𝒈) 

 
𝝏𝒄𝒂

𝝏𝒕
+ 𝒖𝒈 ∙ 𝜵𝒄𝒂 = 𝜵 ∙ (𝑫𝒂𝜵𝒄𝒂) 

 𝝆𝒄(
𝝏𝑻

𝝏𝒕
+ 𝒖𝒈 ∙ 𝜵𝑻) = 𝜵 ∙ (𝒌𝜵𝑻) 

 
𝝏𝒑𝒗

𝝏𝒕
+ 𝒖𝒈 ∙ 𝜵𝒑𝒗 = 𝜵 ∙ (𝑫𝒘𝜵𝒑𝒗) 

𝒖𝒊𝒏 

𝒄𝟎 

𝑻∞ 

𝒑𝒗,∞ 

  𝜵 ∙ 𝒖𝒘 = 𝟎 

 𝝆[
𝝏𝒖

𝝏𝒕
+ 𝒖𝒘 ∙ 𝜵 𝒖𝒘] = −𝜵𝒑𝒘 + 𝜵 ∙ (𝝁𝜵𝒖𝒘) 

 𝝆𝒄(
𝝏𝑻

𝝏𝒕
+ 𝒖𝒘 ∙ 𝜵𝑻) = 𝜵 ∙ (𝒌𝜵𝑻) 

 
𝝏𝒄𝒊

𝝏𝒕
+ 𝒖𝒘 ∙ 𝜵𝒄𝒊 = 𝜵 ∙ 𝑫𝒊𝜵𝒄𝒊 + 𝑹𝒊 

On the Interface:  

     𝒄𝒂,𝒈 = 𝒌𝑯𝒄𝒂,𝒘 

     𝒖𝒈 = 𝒖𝒘 

     𝒑𝒗 = 𝒑𝒗,𝒔𝒂𝒕 

Analyte in Air (g) 

  

Ag Colloidal 

Solution (w) 

  

100 µm 

  

100 µm 

  

100 µm 

Outflow 

Aggregation rate equations: 

 
𝒌

𝒌𝟎
= 𝒆−𝑽𝒎𝒂𝒙 𝒌𝑩𝑻     , 𝑽𝒎𝒂𝒙 =

𝑽𝟎

𝟏+𝜷𝒄𝒂
𝟏𝟐 𝟓  

 𝑹𝟏 = −𝟐𝒌𝒄𝟏𝒄𝟏 − 𝒌𝒄𝟐𝒄𝟏 − 𝒌𝒄𝟑𝒄𝟏 

 𝑹𝟐 = 𝒌𝒄𝟏𝒄𝟏 − 𝒌𝒄𝟐𝒄𝟏 − 𝟐𝒌𝒄𝟐𝒄𝟐 

 𝑹𝟑 = 𝒌𝒄𝟐𝒄𝟏 − 𝒌𝒄𝟑𝒄𝟏 

 𝑹𝟒 = 𝒌𝒄𝟑𝒄𝟏 + 𝒌𝒄𝟐𝒄𝟐 

Evaporation rate: 
𝒅𝑽

𝒅𝒕
= −

𝑱𝒆

𝝆
= − 

𝑴𝒘𝑫

𝝆𝑹𝑻
𝜵𝒏𝒑𝒗𝒅𝒍𝑺 𝒕

 

𝑻𝒘 

Physical phenomena: 

• Fluid dynamics of the air flow 

• Fluid dynamics of the microfluidic cavity 

• Evaporation from air/liquid interface 

• Absorption of the analyte from the interface 

• Second order aggregation kinetics of nanoparticles 

 

Goal: 

• Optimum condition to get the highest number of the dimers in 

the cavity for efficient chemical detection 
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