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Centrifuge Structure
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Rotors and Tubes

Capacity

Number of components

Solvent Property

Maximum speed
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Driving force: 
• Gravitational force : mg
• Buoyant force : ρgV =ρg(𝒎𝒎𝑽𝑽)

• Frictional force (drag force) : 𝑭𝑭 = 𝒇𝒇𝒇𝒇

Centrifuge Basics: precipitation of large particles

mg

ρg(𝒎𝒎𝑽𝑽)

𝒇𝒇𝒇𝒇
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Driving force: 
• Gravitational force
• Buoyant force 

• Frictional force

Driving force : 𝑚𝑚𝑚𝑚 −𝑚𝑚𝑉𝑉𝜌𝜌𝑠𝑠𝑔𝑔 = 𝑚𝑚 1 − 𝑉𝑉𝜌𝜌𝑠𝑠 𝑔𝑔

Frictional force: 𝑓𝑓𝑓𝑓

From Newton’s second law:   𝑚𝑚 1 − 𝑉𝑉𝜌𝜌𝑠𝑠 𝑔𝑔 − 𝑓𝑓𝑓𝑓 = 𝑚𝑚𝑚𝑚

When the force balanced:   𝑚𝑚 1 − 𝑉𝑉𝜌𝜌𝑠𝑠 𝑔𝑔 − 𝑓𝑓𝑣𝑣𝑡𝑡 = 0

𝑣𝑣𝑡𝑡 =
𝑚𝑚(1 − 𝑉𝑉𝜌𝜌𝑠𝑠)

𝑓𝑓 𝑔𝑔 =
𝑚𝑚(1 − 𝑉𝑉

𝑚𝑚𝜌𝜌𝑠𝑠)
𝑓𝑓 𝑔𝑔 =

𝑉𝑉(𝜌𝜌𝑝𝑝 − 𝜌𝜌𝑠𝑠)
𝑓𝑓 𝑔𝑔

Replace all g with ω2r

Centrifuge Basics : precipitation of nanoparticles

f: frictional coefficient
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𝑓𝑓 =
𝑘𝑘𝑘𝑘
𝐷𝐷

=
1.38 × 10−23 × 298

36.5 × 10−12
= 1.127 × 10−10𝑘𝑘𝑘𝑘/𝑠𝑠

Gold nanoparticles in water with average size of 15.8nm

𝜌𝜌𝑝𝑝 = 𝜌𝜌𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 1.932 × 104𝑘𝑘𝑘𝑘/𝑚𝑚3

𝜌𝜌𝑠𝑠 = 𝜌𝜌𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 1 × 103𝑘𝑘𝑘𝑘/𝑚𝑚3

L=0.025m

t =
𝐿𝐿
𝑣𝑣𝑡𝑡

=
𝐿𝐿𝐿𝐿

4
3𝜋𝜋𝑅𝑅

3(𝜌𝜌𝑝𝑝 − 𝜌𝜌𝑠𝑠)𝜔𝜔2𝑟𝑟
=10 min

𝑅𝑅 = 7.9 × 10−9𝑚𝑚

𝑟𝑟 = 0.05𝑚𝑚

𝜔𝜔 = 1576
𝑟𝑟𝑟𝑟𝑟𝑟
𝑠𝑠 = 15049𝑟𝑟𝑟𝑟𝑟𝑟

Leung, diffusion of gold nanoparticles in water and toluene,2015

Centrifuge Basics

Particle radius

Rotor radius
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notes:

• Another way of calculating frictional coefficient f for a sphere is using stokes law:
Where η stands for dynamic viscosity of your solvent.

• If you are dealing with particle with anisotropic shape (rod, plate, etc.) you may modify 
the frictional coefficient based on the below chart. Particles like octahedra, decahedra, 
cuboctahedra may be approximately considered as spheres. 

𝑓𝑓 = 6𝜋𝜋𝜂𝜂𝑅𝑅

Sphere
Prolate 

ellipsoid 
a/b = 2

Prolate 
ellipsoid 
a/b = 10

Oblate
ellipsoid 
a/b = 1/2

Oblate
ellipsoid 

a/b = 1/10

f=f0 f/f0=1.044 f/f0=1.543 f/f0=1.042 f/f0=1.458

*all the 
particles are 
of the same 

volume

Centrifuge Basics
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Rotor A Rotor B 

Speed 14,000 
rpm 

14,000 
rpm

Radius 5.98 cm 9.50 cm

Gravity 13,100 ×
g

20,817 ×
g

Conversion between rpm and rcf

L
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Ultracentrifuge

MLA-150
Quick-Seal

polypropylen
e

MLA-150 
Thickwall

polycarbonate

MLA-55
Quick-Seal

polypropylene 10



Find Your Balance
6 Tube Centrifuge 

8 Tube Centrifuge 

https://druckerdiagnostics.com/knowledge/a-guide-to-balanced-centrifuge-loads/
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Pay Attention to Your Solvent

Organic solvent/Acid/Base 

Read instructions
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Pay Attention to Your Solvent
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Fix minor issue on your own: fuse replacement 

14



Thank you !
Any questions?
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Sedimentation of particles

• Reason why larger particles sediment faster
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