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Electrostatic torque vs. Hydrodynamic torque 

During the flow deposition, when a nanowire in the suspension gets in contact with the 

glass surface, it experiences both the hydrodynamic drag force by the shear flow, and the 

electrostatic force between the lightly charged nanowires and the glass surface. Those two 

forces are illustrated in Fig. S1. 

For the hydrodynamic drag, the force acting on a unit length 𝑑𝑙 of the nanowire is given 

by  

𝐹ℎ𝑦𝑑𝑟𝑜 = 𝜂�̇�𝑙𝑠𝑖𝑛#𝜃𝑑𝑙 

The total torque applied by the hydrodynamic force is the integration of the length of 

the nanowire, 𝐿: 

𝑀ℎ𝑦𝑑𝑟𝑜 = $ 𝐹ℎ𝑦𝑑𝑟𝑜𝑙
𝐿

%
= $ 𝜂�̇�𝑙#𝑠𝑖𝑛#θdl

𝐿

%
=

𝜂�̇�𝑠𝑖𝑛#𝜃𝐿)
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For the electrostatic attraction, the force acting on a unit length 𝑑𝑙 of the nanowire is 

given by 

𝐹𝑒𝑙𝑒𝑐 =
𝜎𝛿
2𝜖%𝜖𝑟

𝑑𝑙 

The total torque applied by the electrostatic force is the integration of the length of the 

nanowire, 𝐿: 

𝑀𝑒𝑙𝑒𝑐 = $ 𝐹𝑒𝑙𝑒𝑐𝑙𝑐𝑜𝑠𝜃
𝐿

%
= $

𝜎𝛿𝑙𝑐𝑜𝑠𝜃
2𝜖%𝜖𝑟

𝑑𝑙
𝐿

%
=

𝜎𝛿𝐿#𝑐𝑜𝑠𝜃
4𝜖%𝜖𝑟

 

Therefore, we can construct a non dimensional number, which allows us to compare the 

importance of the electrostatic torque relative to the hydrodynamic torque: 

M./012

M3435
≈
4
3
γηLϵ%ϵ1
δσ

𝑠𝑖𝑛#𝜃
𝑐𝑜𝑠𝜃  
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Figure S1. Illustration of the hydrodynamic drag force and electrostatic force acting on a 

nanowire in a shear flow when one end of the nanowire gets contact with the surface.   
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Figure S2. Observation of deposited AgNW coating sample under different orientation show 

angle-dependent transparency.  
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Figure S3. Sheet resistance setup. (A) Schematic showing the geometry and arrangement of four 

probes.  (B) Photographs of four gold leads and the AgNW coating in sheet resistance 

measurement.  (C) Schematic showing the angles of sheet resistance measurements relative to 

the alignment of AgNWs. 

 

 


