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Centrifuges

Introduction :-

Centrifugation is a term used to describe a method of separating mixtures using
spinning and centrifugal force.

Several characteristics can separate particles during centrifugation, including size,
shape, density, and viscosity.

A centrifuge is a lab instrument for the density-based separation of fluids, gas, or
liquid.

The idea for the first centrifuge originated with British military engineer Benjamin
Robins, who built a device that resembled an arm rotating around an axis to gauge
drag on items. The Prandtl brothers later made the first practical centrifuge to separate
milk from the cream by improving this design. By rapidly rotating a container
containing material, separation is accomplished; the centrifugal force forces heavier
elements to the outside of the container.

Centrifuges are used in daily life as well as in science and medical research. Cells,
subcellular organelles, viruses, proteins, and nucleic acids can all be purified with it.

. Principle of a Centrifuge

Centrifuge is based on the principle of sedimentation due to gravitational force. When
a solution is rapidly rotated, the constituents of the solution develop a centrifugal
force due to which the substances or particles of high density move in the radial
direction towards the base of the tube of the test tube and separate. While low density
or light substance or particles gradually move up in the test tube. When the same
solution is rapidly rotated, such cups whose density is greater than that of their solvent
get sedimented and sit at the bottom, while the lighter particles float on it. The greater
the difference in the density of the particles, the faster the particles settle. This is the
working principle of the centrifuge.

When a suspension is rotated at a specific speed or revolution per minute (R.P.M.),
then due to the centrifugal force generated by it, the high density particles start to get
sediment first.

When the conditions necessary for the centrifugal separation of a biological particle
are described, then

It describes the rotor speed and radial dimensions of centrifugation is done.
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e The speed of sedimentation (v) depends on the centrifugal field (G) applied. It is
measured in cm/s2. G is calculated from the radial distance (r) of the particle from the
axis of rotation and the angular velocity o (radians per second) of the rotor.

G=w?r equation (1)

Thus the value of G depends on the radial distance (r) from the axis of rotation of the
particle and the square of the angular speed o of the rotor.

Theory of operation

* When a body of mass [m] turns around
a central point [O], it is subjected to a
centripetal force [F] directed towards
the rotation axis with a magnitude

F = mw?>r.
» where [m] is the mass of the body, [r] is
the radius and w is the angular speed.

* Denser particles will settle at the
bottom of the tube in shorter periods of
time, while lighter ones require longer
periods of time.

If the mass of the particle is m and the centrifugal force is F, then

F=mG=mw?r

Angular velocity,

® = 27S
Here,
S - frequency = revolutions made per second.

Expressing angular velocity in terms of revolutions per minute

rpm
60

0=20X—— equation (2)
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Substituting o from equation (2) in equation (1),

_4m? X (r.p.m.)?
3600

XT e, equation (3)

Centrifugal force is generally expressed as a multiple of earth's gravitational force g
(980 cm/s?).

Relative Centrifugal Force (R.C.E.)

in a specific radius R.C.F . is the ratio of Centrifugal acceleration (G) and
Gravitational acceleration-g -

RCF== e i e equation (4)

Substituting the value of G from equation (3) in equation (4)

_4am? x (r.pm.)? 9
980x3600

G

R.C.F.= 1.12x107>((r.p.m.)?xr

Here

r .= relative distance of the particle from the axis of rotation.

g =980 cm/s2

The force on the particle (compared to gravity) is the R.C.F. is called.

Swedberg Equation - Sedimentation Coefficient —

The rate or velocity (v) of sedimentation of an organic particle is also expressed as the
rate of sedimentation (v) per unit centrifugal field. Is. This is called the coefficient of
sedimentation (S). The rate of sedimentation is proportional to the centrifugal area

(w?r).



Shashidhar Panda Govt. College Sariya , Department of Botany

V = Sw?r

Therefore

S=—— = m(vy)/f

This is called Swedberg's equation. where

r = rate of sedimentation of the particle under centrifugal force.

m = mass of particle,

v = velocity of the particle,

f = fractional coefficient of the particle in the solvent,

P = density of the solution,

S = sedimentation coefficient. It is also called Swedberg unit.

1 Swedberg = 10713 seconds.

It was named the Swedberg unit in honour of Theodore Swedberg (1884-1971) who
invented the ultracentrifuge. For this work, he was awarded the Nobel Prize in 1926.

The sedimentation coefficient or rate of sedimentation (S) depends on the weight,
density and size of the particle.

1.

w

The value of S also increases with the increase in the mass of the sedimenting
particle.

The value of S increases with increase in the density of the particle.

More dense particles.

The value of S increases as the speed of rotation of the particle increases.
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3. Some of the common parts of the centrifuge are described below:

Roter Parts of a Centrifuge

Drive Shaft

Electric Motor

) ' — = Latch
centrifugal spinning
machine Lid / Cover
@
Chamber
Tubes

Tubes Holder

Control Panel

1.Motor:

The motor is the powerful central component of the centrifuge that creates the spin.

2.Rotor assembly:

A drive shaft and a rotor comprise the rotor assembly. The drive shaft provides
support for the rotor components.

The rotor head is attached to the motor, which bears the containers to house
the tubes containing the sample to be centrifuged.

It converts electrical energy to mechanical energy.

Two rotors with different diameters can have the same rotational speed.
Varying radii and angular momentum results in a difference in the acceleration
of such rotors.

Thus, relative centrifugal force (rcf) is regarded as the accepted standard unit
for the rotation speed. There are mainly three types of rotors:

Fixed angle rotors: These rotors hold the tubes at an angle of 14 to 40° to the
vertical such that particles travel a short distance while moving radially outwards
and are used in differential centrifugation. The sedimentation takes place at the
walls of the tubes at an angle since the sedimentation direction is the same as the
direction of centrifugal force. The pellets (cluster of sediments) later settle at the
corner of the base and the wall surface after colliding with the wall surface.
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b) Swinging bucket/ Horizontal rotors: These rotors, along with the centrifuge
tubes, swing out to a horizontal position during the time of acceleration such that
particles travel a longer distance, thereby facilitating easier separation of supernatant
from the pellet. These types of motors are employed in density gradient
centrifugation.

c) Vertical rotors: These hold the tubes vertically, i.e., parallel to the motor axis, and
the particles move shorter distances with shorter periods for separation. It is used for
isopycnic and density gradient separation; however, it is not considered useful for
pelleting because the pellets are spread out along the entire outer wall of the tube by
centrifugal force.

Centrifugal Force
—_—

Centrifugal Force

Sedimentation in Fixed Angle Rotor Sedimentation in Swing Bucket Rotor

3.Containers: Several types of containers, such as test tubes, blood bags, cuvettes,
centrifuge tubes, etc., are held in the rotors such that the sample rotates along as the
rotor rotates.

4.Control Panel: It serves the purpose of controlling different parameters such as
temperature, rotational speed (rcf or rpm), etc.

5.Latch: When a tube breaks, or there are other issues with the centrifuge while
running, the latch keeps the lid closed.

6.Lid: The centrifuge will only spin if the lid is closed and locked to prevent mishaps.

4. Types of centrifugation techniques

There are two types of centrifugation techniques, namely, preparatory centrifugation
and analytical centrifugation. Preparatory centrifugation deals with the isolation and
purification of components such as tissue, cells, subcellular structure, membrane
vesicles, and other particles of biochemical interest. In contrast, analytical
centrifugation is carried out to characterize purified biomolecules.
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Preparative Centrifugation

Based on suspension, preparative centrifugation is divided into two different types.
They are:
i) Differential centrifugation

It separates particles based on shape, size, and density. A suspension of
particles with varying densities or sizes will sediment at varying speeds, with
the larger and denser particles sedimenting more quickly. Following a series of
rising centrifugal force cycles on a suspension of cells, a series of pellets
containing cells with a decreasing sedimentation rate will result.
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Differential Centrifugation

ii) Density gradient centrifugation

It separates particles based on their buoyant density or sedimentation rate. A
sample mixture is placed on the top of a preformed liquid density gradients
such as CsClI for DNA banding and isolation of plasmids, nucleoproteins, and
viruses; NaBr and Nal for fractionation of lipoprotein; Per coll, Ficoll,
Metrizamide, Dextran for separation of whole cells and sucrose solution for
the separation of DNase, RNase and Protease.

The two subtypes of density gradient centrifugation are rate-zonal and isopycnic
centrifugation.

A) Rate-zonal centrifugation

On top of a density gradient, the sample is overlaid as a small zone. Depending on
their mass, particles travel under centrifugal force at various speeds. Size and mass
are the main determinants of how quickly particles settle. As the band of particles
descends through the density medium, zones with particles of comparable size
develop as the faster sedimenting particles pass the slower ones.
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Sample zone
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Rate-Zonal Centrifugation

Isopycnic centrifugation

Particles are separated exclusively based on their density in an isopycnic separation,
also known as buoyant or equilibrium separation. It is necessary for the gradient
medium to have a higher density than the particles that need to be separated.

Particles migrate under the influence of centrifugal force from a uniformly mixed
sample and density gradient until their densities are equal to those of the surrounding
medium. After centrifugation, particles of a certain density settle until their density
equals that of the gradient media (i.e., the equilibrium position).
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Isopycnic Centrifugation

Analytical Centrifugation

It aims to collect information to characterize the spun sample (sedimentation velocity,
viscosity, concentration, etc.), determine the relative molecular weight of the solutes,
purity of biomolecules, detect conformational changes of protein structure, etc.
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5. Types of Centrifuges

1. Bench top or Table top centrifuges

e They can be handy for tiny labs with limited space because of their diminutive
size.

e These are compact and are frequently employed in research and clinical
laboratories.

e A table top centrifuge is furnished with a lid that covers the apparatus used to
run the centrifuge and a rotor with racks for the test tubes.

2. Gas centrifuges
These are used to separate molecules based on their masses and to separate
gases based on their isotopes.

e Specifically, they are employed in the extraction and separation of uranium-
235 and uranium-238.

3. Haematocrit centrifuge
Haematocrit centrifuges operate between 7000 and 15000 rpm.

e The main purpose of haematocrit centrifuges is to calculate the volume-based
erythrocyte percentage in blood. It is used to produce plasma for photometric
analysis of the bilirubin concentration of neonatal blood.

4. Micro centrifuge

e They have a very small footprint and take up minimal room on the workstation
because of their highly compact form.

e These work well with small tubes (up to 2.0 ml) and are frequently employed
in biological applications.

They are used to micro filter small amounts of aqueous samples and hold
pelleted nucleic acids, proteins from solutions, and other substances.

Types of Centrifuges

Microcentrifuge Benchtop or Tabletop centrifuges Ultracentrifuges
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Refrigerated Centrifuges

These centrifuges run at their top speeds while keeping a constant temperature.
It is used to analyse DNA, RNA, PCR, and antibodies because its temperature
range is between -20 and -40 degrees Celsius.

They are frequently used to collect sedimenting materials quickly, including
yeast cells, chloroplasts, and more.

High-speed centrifuge

A high-speed centrifuge is a type of centrifuge that can work at somewhat
faster rates ranging between 15,000 and 30,000 revolutions per minute.
High-speed centrifuges contain a device for regulating both the temperature
and speed of the operation for the critical analysis of delicate biological
molecules.

These centrifuges employ three rotors: fixed angle, swinging bucket, and
vertical.

Low-speed centrifuges

These are frequently used in laboratories for routine particle sorting operated
at a maximum speed of 4000-5000 rpm.

There are few instances of temperature regulation, and they are often operated
at room temperature.

These centrifuges employ swinging bucket and fixed-angle rotor types.
Continuous flow centrifuges

It enables the centrifugation of large quantities of samples without influencing
sedimentation rates.

They also have greater capacities, which saves time by eliminating the need to
load and unload the sample repeatedly as is necessary with standard
centrifuges.

Ultracentrifuges

The ultracentrifuge is a highly developed and sophisticated centrifuge that can
separate tiny molecules that conventional centrifuges can’t separate at a fast
rate.

Ultracentrifuge rotor speeds can range from 60,000 to 150,000 rpm.

They run samples in groups or as continuous flow systems and are larger.

Types of Ultracentrifuges

Preparative Ultracentrifuges

Preparative ultracentrifuges are centrifuges that are used to isolate and
separate particles inside an experiment using centrifugation.

When a run is prepared for an ultracentrifuge, the contents of the tubes are
examined after the centrifugation procedure, as opposed to the centrifuge for
analysis, which examines during the centrifugation.
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Analytical Ultracentrifuges

e Analytical centrifuges are ultracentrifuges used to examine different particles
inside the specimen.

e |t is utilized to perform a qualitative examination of macromolecules in
solution.

e These are fitted with sensing devices that track the spin and movement of the
constituents in real time to calculate the sedimentation coefficient.

6. Centrifuge Operating Procedure

~—Centrifuge

swinging-arm rotor cantrifugal force
THE CENTRIFUGE e o
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angle
Lo L SUPERNATANT
HOMOGENATE smaller and less
before CENTRIFUGATION densa components
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1. Check the centrifuge to ensure it operates properly, is unharmed, and can
move without restriction.

2. After choosing the proper centrifuge tubes or containers, check them to ensure
no blemishes or cracks. Any tubes or containers with damage or flaws should
be discarded.

3. Fill the preferred liquid in the tubes. Never overfill or under fill tubes or
containers.

4. Check that the centrifuge tubes are balanced; weigh each tube separately on a

scale to confirm that their weights are equal. Avoid balancing solely on

volume! This is especially true for solutions containing various sample types
or varied sample concentrations.

Screw the centrifuge tubes’ lids on firmly.

Before inserting the centrifuge tubes, ensure their exteriors are dry and clean.

Keep the tubes in the centrifuge balanced.

Shut the lid. Ensure that the lid fits tightly.

Configure the run time and speed.

10. When the centrifuge appears to be running and is running at maximum speed,
do not leave the device. Check for any unusual vibrations or noises.

11. Turn the centrifuge off and remove the sample as soon as you hear an odd
noise or feel strong shaking. A typical cause of this is an improperly balanced
centrifuge. Do not use the centrifuge until it has been repaired if the issue does
not go away despite the centrifuge being properly balanced.

12. After the centrifuge has finished its cycle, wait until it has stopped rotating
before opening the cover. Never touch or open the centrifuge’s lid before it
has stopped rotating. Mechanical failure and harm might result from
prematurely stopping the equipment.

13. To allow the aerosols that were emitted during centrifugation to settle, it is
best to wait at least 10 minutes after the rotation has stopped before opening
the lid.

14. Samples can be taken out of the centrifuge once it has stopped spinning.

© 0N O

7. Applications of Centrifuge

1. Centrifuges are employed in chemistry, biology, biochemical, and clinical
laboratories, such as testing the sedimentation rates of various blood cells.

2. These are utilized in dairy industries to separate cream (fat) from milk, and
this process is known as churning.

3. Giant centrifuging machines are used in water treatment, where it spins the
mud and sludge out of the water to produce cleaner water. Likewise, solid
matter is separated from freshly drilled-out petroleum in oil rigs.



10.

11.
12.
13.

Shashidhar Panda Govt. College Sariya , Department of Botany

Moreover, big spinning wheels are used to simulate a high-gravity
environment to practice for the pilots. Hence, these are important in
aeronautics and space.

Centrifugation is used to produce biological products and bulk drugs and
perform biopharmaceutical analysis of drugs.

It is applied in removing water from lettuce after washing it in a salad spinner
and separating chalk powder from water.

It is useful for separating the isotopes for nuclear weapon programming.

It is used for fractionation of subcellular organelles (including membranes).is
done.

To separate the contents of the membrane.

Useful in medical, forensic and research laboratories to separate the
components of urine and blood components.

In purification of cells.

In separating mixed substances or particles.

In obtaining concentrated sample.

8. Advantages of Centrifuge

No ook owhe

Enclosed operation and consequently clean appearance.
Quick start-up and shutdown.

Easy automation and continuous operation if necessary.
Low capital cost-to-capacity ratio.

Quick adjustment of operating parameters.

High flexibility and outstanding performance.

Simple operation and easy installation.

9. Limitations of Centrifuge

Separating light particles (with almost negligible mass) is exceedingly
difficult.

A centrifuge, despite its kind, is a very sophisticated electrical device that
requires specialist servicing in times of malfunction, making device
maintenance extremely difficult and expensive.

High energy usage because it has so many power-consuming features such as
temperature control and rotor spinning.

Due to their high rotation rates per minute, centrifuges produce noise
disruptions. Since it uses rotations, vibrations are unavoidable, which will
cause noise pollution and prevent its use in some areas.

Most often, a backup machine is required to step in when the primary
equipment breaks down.

Extensive use of polymers.
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10. Precautions

A

Before the operation, always check that the centrifuge is on a suitable surface.
Keep the lid closed while the rotor is operating.

When the centrifuge shakes or vibrates, unplug it.

Make sure tubes work with programs and settings before using them. The
tubes used for the centrifuge should be in a set that is matched.

Balanced neighbouring and opposing loads should be used to load tubes
symmetrically. Use mass instead of volume to balance the tubes.



