
Selective Photonic Disinfection
A Ray of Hope in the War Against Pathogens

Shaw-Wei D. Tsen
Kong-Thon Tsen

Pathogens such as viruses and bacteria are among the greatest threats to human 
health worldwide. In today’s era of population growth and international travel, new 
technologies are desperately needed to combat the spread of known and emerging 
pathogens.

This book presents a new concept for pathogen inactivation called selective 
photonic disinfection (SEPHODIS). The SEPHODIS technology inactivates 
pathogens by mechanical means, a total paradigm shift from traditional chemical 
and physical methods. The unique strength of SEPHODIS resides in its capability 
to inactivate pathogens while preserving desirable materials such as human cells 
and proteins. The technology also avoids the need to use chemicals, drastically 
reducing the risk of side effects. These properties make SEPHODIS ideal for 
important biomedical applications such as safeguarding blood products and 
therapeutics against pathogens, as well as producing effective and safe vaccines to 
combat infectious disease.

Written in a style that is both technically informative and easy to comprehend for the 
layman reader, this book illustrates the story of SEPHODIS from its initial discovery 
and bench studies to its real-world applications.

About Concise Physics 
Concise Physics™ publishes short texts on rapidly advancing areas or topics, providing 
readers with a snapshot of current research or an introduction to the key principles. 
These books are aimed at researchers and students of all levels with an interest in 
physics and related subject areas.





Selective Photonic Disinfection
A ray of hope in the war against pathogens





Selective Photonic Disinfection
A ray of hope in the war against pathogens

Shaw-Wei D Tsen
Department of Radiology, Washington University School of Medicine, Saint Louis,

Missouri, USA

Kong-Thon Tsen
Department of Physics and Center for Biophysics, Arizona State University, Tempe,

Arizona, USA

Morgan & Claypool Publishers



Copyright ª 2016 Morgan & Claypool Publishers

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system
or transmitted in any form or by any means, electronic, mechanical, photocopying, recording
or otherwise, without the prior permission of the publisher, or as expressly permitted by law or
under terms agreed with the appropriate rights organization. Multiple copying is permitted in
accordance with the terms of licences issued by the Copyright Licensing Agency, the Copyright
Clearance Centre and other reproduction rights organisations.

Rights & Permissions
To obtain permission to re-use copyrighted material from Morgan & Claypool Publishers, please
contact info@morganclaypool.com.

ISBN 978-1-6817-4353-0 (ebook)
ISBN 978-1-6817-4352-3 (print)
ISBN 978-1-6817-4355-4 (mobi)

DOI 10.1088/978-1-6817-4353-0

Version: 20160601

IOP Concise Physics
ISSN 2053-2571 (online)
ISSN 2054-7307 (print)

A Morgan & Claypool publication as part of IOP Concise Physics
Published by Morgan & Claypool Publishers, 40 Oak Drive, San Rafael, CA, 94903, USA

IOP Publishing, Temple Circus, Temple Way, Bristol BS1 6HG, UK



To Wu-Hsiung Tsen, (grandfather of Shaw-Wei D. Tsen, and father of
Kong-Thon Tsen), who provides endless love and constant encouragement





Contents

Preface viii

Acknowledgments ix

Author biographies x

1 Introduction 1-1

1.1 The birth of SEPHODIS 1-1

1.2 Viruses and antiviral approaches 1-2

1.3 Infection prevention: a strategy for victory 1-6

1.4 The promise and potential of SEPHODIS 1-7

References 1-9

2 Mechanism of SEPHODIS 2-1

2.1 The impulsive stimulated Raman scattering process 2-1

2.2 The effect of SEPHODIS and other physical disinfection methods
on biological systems

2-6

References 2-12

3 Pathogen inactivation using SEPHODIS 3-1

3.1 The experimental system 3-1

3.2 Inactivation of viruses 3-3

3.3 Inactivation of bacteria, mycoplasma, and fungi 3-29

References 3-33

4 Real-world applications of SEPHODIS 4-1

4.1 Safeguarding the blood supply 4-1

4.2 Sterilizing pharmaceuticals and biologicals 4-8

4.3 Disinfection of cell cultures 4-8

4.4 Producing inactivated vaccines 4-17

References 4-25

5 Concluding remarks and future perspective 5-1

Appendix The theory of Raman scattering by vibrations
in molecules

A-1

vii



Preface

When reflecting upon the factors that lead to an invention, one uncovers several
common elements. There is the motivation: infectious disease remains a leading
cause of human suffering and mortality worldwide. There is also the spark, like a
mixture of two chemicals that produces an unexpected reaction. In scientific
research, two heads are generally better than one; and on one fine afternoon in a
city park, a biologist and a physicist exchanged opinions on future strategies to deal
with pathogens. It was through the combination of such radically different
perspectives that the idea of selective photonic disinfection (SEPHODIS) was
conceived—a new concept for pathogen inactivation that has been affectionately
called ‘a marriage of biology and physics’.

In this volume we highlight the story and the science behind SEPHODIS, a
technology with the potential to become a definitive defense system against current
and future pathogens. This book contains five chapters. Chapter 1 introduces the
background of the invention, basic knowledge about pathogens, and the advantages
of SEPHODIS. Chapter 2 details the mechanism behind SEPHODIS and compares
the technology to other physical disinfection methods. Chapter 3 deals with the
inactivation of microorganisms, including viruses, bacteria, fungi, and mycoplasma,
using SEPHODIS. Chapter 4 demonstrates important biomedical applications of
SEPHODIS for the prevention of infectious disease through pathogen reduction
of blood components, sterilization of pharmaceuticals and biologicals, disinfection
of cell cultures, and the production of safe, effective vaccines. Chapter 5 presents
concluding remarks and a future perspective on SEPHODIS.

Although this technology is in the early stages of its development, significant
groundwork has been laid. It is our desire to enlighten readers from all walks of life
on this subject, and to extend a welcoming hand to all those who are interested in the
advancement of SEPHODIS and other innovative pathogen inactivation strategies.
So read on, and join us in the crusade to end infectious disease.
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Chapter 1

Introduction

1.1 The birth of SEPHODIS
All mankind faces a common enemy: pathogens. Pathogens are biological agents
that can cause disease, and among the top offenders are microorganisms such as
viruses, bacteria, and protozoan parasites. They have plagued humans since
prehistoric times, and they evolve over time into new entities that resist treatment
and spread more efficiently. As a dramatic example, the rise of agents such as human
immunodeficiency virus (HIV) and the hepatitis C virus (HCV) in the 1970s led to
millions of infections and deaths worldwide. We now face a growing list of new
threats, including avian influenza viruses, novel coronaviruses such as the Middle
East respiratory syndrome (MERS) virus, and mosquito-borne viruses such as the
dengue and Zika viruses, and more will arise in the future through evolution or
bioterrorism. Although our knowledge of pathogens continues to grow, the situation
on the battlefield remains an uneasy stalemate.

To break through enemy lines, a fundamentally new way of thinking is needed.
Instead of becoming trapped in the trenches of microscopic detail, we believe in
zooming out to view the entire field, along with surrounding fields, from above.
From this vantage point, even seemingly unrelated features of everyday life can
inspire fresh ideas.

From this perspective we make an observation: pathogens are like infesting
cockroaches. As with all living organisms, cockroaches can adapt to survive harsh
conditions by altering their genetic code, orDNA, in a process termed geneticmutation.
If a chemical insecticide is used against cockroaches, over time the insect population
becomes resistant to the chemical and the chemical loses its effectiveness (figure 1.1).
However, if amechanical intervention—suchasa forceful blowfromahammer—is used
against cockroaches, it will always be effective; there is no escape (figure 1.2).

Similarly, pathogens can escape chemical and biological treatments through
genetic mutation. Agents that are notoriously proficient at this strategy include HIV
and the influenza virus.Within a few years of the introduction of a new antiviral drug,
resistance to the drug generally arises and alternative drugsmust be developed.Rather
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than playing this perpetual game of cat and mouse, we began to search for a more
definitive method of destroying pathogens—and in the spirit of a mechanical hammer
blow, the radical idea of selective photonic disinfection, or SEPHODIS, was born.

SEPHODIS is mathematically complex yet elegant in its operational simplicity.
The technology employs a single ultrashort pulsed (USP) laser beam to kill viruses,
bacteria, and other pathogens through forced mechanical vibration. This represents
a new method of disinfection from which pathogens cannot readily escape.
Importantly, SEPHODIS selectively damages a critical component of pathogens,
while leaving other materials, including human cells and proteins, intact. Therefore,
this technology approaches a holy grail of both warfare and medicine—to destroy
the enemy (pathogens) without causing civilian casualties (side-effects). These
advantages have led to important applications for SEPHODIS, such as in safe-
guarding blood products and other therapeutics, and in producing vaccines to
combat the spread of infectious disease (detailed in chapter 4).

1.2 Viruses and antiviral approaches
If you know the enemy and know yourself, you need not fear the result of a hundred
battles.

Sun Tzu, The Art of War (translated by Lionel Giles, A Barnes & Noble Classics,
2003)

Figure 1.1. The effect of a chemical intervention against cockroaches. The evolution of mutant/resistant
cockroaches renders the treatment ineffective.

Figure 1.2. The effect of a mechanical intervention against cockroaches. The damage is unavoidable and the
cockroaches are effectively eradicated.
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As a prelude to formally presenting the SEPHODIS technology, it is vital for us
to paint a quick portrait of the enemy, highlighting the important features of
pathogens as they relate to SEPHODIS. (In contrast to some varieties of modern art,
this portrait is rendered in a concrete and straightforward style for readers of all
backgrounds.) Here we focus on viruses, as these pathogens arguably pose the
greatest threat to modern human society, and because the majority of the work on
SEPHODIS so far has been on virus inactivation. We also provide a brief overview
of existing strategies to combat viruses.

Viruses

Viruses are among the simplest and most ancient biological entities known. They are
true parasites that must invade host cells and hijack their machinery in order to
multiply. Viruses are found worldwide, and they spare no living organism—humans,
animals, plants, fungi, and even bacteria are victims of viral infections. Viruses gain
entry to humans and animals via several routes, including the mouth, nose,
reproductive tract, and blood, depending on the type of virus.

The generic structure of a virus is shown in figure 1.3. At the heart of a virus is its
nucleic acid, either DNA or RNA; this serves as the viral genetic code, or genome,

Figure 1.3. Generic structures of viruses. (A) Enveloped virus and (B) non-enveloped virus.
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that contains instructions for producing additional copies of the same virus. This
nucleic acid is surrounded by a coat of proteins known as the capsid, which can be
likened to a suit of armor that protects the viral genome against external forces. The
capsid is an integral component that is present in all viruses—as we will see, this is
important in the context of SEPHODIS. Viruses can be divided into two major
categories: non-enveloped and enveloped. Non-enveloped viruses contain only
nucleic acid and a capsid; this class includes the poliovirus, the hepatitis A virus,
and noroviruses, among many others. Enveloped viruses contain nucleic acid and a
capsid, as well as an ‘envelope’ (an outer layer of lipid around the capsid); this class
includes HIV, influenza viruses, hepatitis B and C viruses, and murine and human
cytomegaloviruses, along with many others.

An illustration of the generic viral infection process, at the cellular level, for an
enveloped virus such as murine cytomegalovirus (MCMV) is shown in figure 1.4.
The actual infection process is complex and varies from one virus to another, but
there is a common theme. In general, a virus recognizes a host cell by using the
proteins on the virus surface to specifically attach to proteins on the surface of that
cell, like a key fitting into a lock. For non-enveloped viruses, these protein structures
are found on the capsid; for enveloped viruses, these proteins are on the viral
envelope. Once bound to the cell’s surface, the virus gains access to the cell’s interior
and eventually disassembles its capsid. The viral nucleic acid then enters the cell’s
nucleus, the cell’s ‘command center’, where the viral nucleic acid directs the
production of parts (nucleic acid copies and proteins) for new virus particles and

Figure 1.4. Generic viral infection process at the cellular level for an enveloped virus such as MCMV.
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conducts other business, such as shutting down the cell’s normal activities,
suppressing immune responses, and so forth. (There are exceptions to this rule—
certain viruses carry out their activities without entering the cell’s nucleus.) The
newly produced virus parts then assemble into virus particles and exit the cell to find
new host cell victims. It is this viral infection process, and the human immune
system’s response to the virus, that cause humans to become sick.

Antiviral treatments

Various pharmaceutical approaches have been developed to treat viral infections.
This arena is dominated by small-molecule drugs that bind to viral proteins and
prevent the proteins from functioning properly, as well as antibody (protein) drugs
that block the attachment of virus particles to cells. The success of these chemical
and biological drugs depends entirely on the molecular shape of the structures they
target. Unfortunately, many pathogens, including HIV and the influenza virus, are
constantly mutating their genome, which causes their viral structures to change such
that the drugs can no longer affect them.

In general, the development of antiviral treatments against a new virus is a
lengthy and uncertain process that requires extensive study of the detailed structures
of the virus and many years of drug testing. When these treatments finally reach the
market, they frequently lose efficacy due to viral genetic mutation, and soon new
drugs are needed. Hence the drug approach is reactive, and forever one step behind
pathogens. In addition, all drugs face an enormous hurdle: they must avoid binding
to any structures that are normally found in the human body, or they may cause
serious side effects. These limitations make it clear that although drugs can serve as
temporary solutions, a more definitive antiviral strategy will be the way of the
future.

Antiviral vaccines

Vaccines have historically been the most successful method to curb the spread of
infectious disease, as evidenced in the last century by the virtual eradication of polio
and smallpox through immunization programs. The human immune system has
evolved to deal with all types of pathogens and is capable of mounting a multi-
pronged defense, including the generation of diverse antibodies tailored to a
particular pathogen and the recruitment of immune cells which directly eliminate
pathogens or infected cells. As a result, compared to pharmaceutical agents, the
human immune system can provide much more versatile and decisive protection
against pathogens such as viruses.

Antiviral vaccines function by ‘tricking’ the immune system into thinking that a
virus is invading. This gives the immune system a memory of that specific virus, so
that it can effectively recognize and subdue the real virus when it later arrives. An
ideal vaccine, then, should mimic the natural pathogen as closely as possible in
structure and function, without presenting any risk of infection. A diverse array of
antiviral vaccine strategies have been explored, including whole inactivated virus
(WIV) vaccines (killed virus particles), live attenuated vaccines (weakened viruses),
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virus-like particle vaccines (protein clusters designed to resemble viruses), subunit
vaccines (isolated components of a virus), and vectored vaccines (virus components
delivered using another virus or biological vehicle). Whereas WIV vaccines can be
produced rapidly through pathogen inactivation, the other listed vaccine approaches
require lengthy investigations and manipulations at the molecular level. Although
our understanding of viruses and the human immune system has skyrocketed during
recent decades, a universal method capable of rapidly producing a successful vaccine
against any pathogen that arises has thus far remained elusive. Such a method would
represent a groundbreaking advance for current and future infection prevention.

1.3 Infection prevention: a strategy for victory
An ounce of prevention is worth a pound of cure.

Benjamin Franklin (the Pennsylvania Gazette, February 4, 1735)

We and others believe that the approach that will make the greatest long-term
life-saving impact, and that holds the greatest possibility of global victory against
infectious disease, is infection prevention. By blocking the transmission of pathogens
and safeguarding humans against becoming infected in the first place, much human
suffering and death can be avoided, and the staggering costs of lengthy treatment
regimens and hospital stays can be eliminated. While public health measures such as
hygiene and quarantine are also important, in this section we discuss a scientific
method—pathogen inactivation—for infectious disease prevention. We focus again
on viruses, for which human society currently has few solutions.

Pathogen inactivation

The field of pathogen inactivation encompasses all the chemical and physical
methods used to kill pathogens; these methods include formaldehyde, detergents,
bleach, heat, ultraviolet light, gamma rays, microwaves, ultrasound, and light-
activated photochemicals. We see its application in everyday life: for example, heat
(cooking and pasteurization) helps to kill the pathogens in our food and drink prior
to consumption. Unfortunately, neither heat nor any of the above-mentioned
pathogen inactivation methods are ideal ways to protect against pathogens trans-
mitted through donated blood or the air. Today, these blood-borne and airborne
viruses remain dire threats to human health and safety worldwide.

One area where pathogen inactivation is needed is in the safeguarding of
therapeutics, especially blood products. Millions of people receive blood trans-
fusions every year in the United States. Because blood products are derived from
humans, there is always a risk of contamination with pathogens. As a dramatic
example, it is estimated that several million patients became infected with deadly
viruses such as the hepatitis C virus and HIV through blood transfusions in the
1970s and 1980s. At the time, these viruses were unknown and there was no way
to test for their presence. Today in the United States all donated blood is inspected
for known pathogens, including the hepatitis C virus and HIV, but what about
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emerging pathogens? Viruses are always evolving, and new strains will continue to
arise in the foreseeable future. A similar disaster could happen again when the
next new virus emerges. By applying a preemptive pathogen inactivation treat-
ment to blood products, we can ensure the present and future safety of the blood
supply.

The ideal pathogen inactivation method for blood products must aim to satisfy
two criteria [1]. First, the treatment used to kill viruses should have minimal adverse
effects on the function of human red blood cells, platelets, and coagulation factors
(clotting proteins). Second, the treatment should not add any toxic or carcinogenic
(cancer-causing) chemicals to the product, and should not produce any harmful
byproducts. Under these criteria, there are currently no ideal pathogen inactivation
methods for blood products [2]. Chapter 4 provides a detailed examination of the
existing methods for the pathogen inactivation of blood products and the limitations
of these techniques.

Another important application of pathogen inactivation is in the production of
inactivated vaccines. WIV vaccines, which consist of whole virus particles that have
been killed (rendered non-infectious), have been used successfully since the mid-20th
century to combat important diseases such as influenza and polio. WIV vaccines can
be produced rapidly, and they contain many of the viral structures and elements
necessary to generate strong and specific immune responses against the virus. These
properties make WIV vaccines a powerful and attractive strategy to address the
challenge of emerging pathogens.

The ideal pathogen inactivation method to produce WIV vaccines must strive to
satisfy two criteria. First, the treatment used to kill the virus should have minimal
adverse effects on the structure of the virus’s exterior (envelope) proteins, since these
are critical for the stimulation of immune responses to the vaccine. Second, the
treatment should not add any toxic or carcinogenic chemicals to the product, and
should not generate any hazardous byproducts. By these considerations, there
are currently no ideal pathogen inactivation methods for vaccine production [3].
A detailed discussion of the existing techniques for WIV vaccine generation and
their limitations can be found in chapter 4.

1.4 The promise and potential of SEPHODIS
SEPHODIS is a pathogen inactivation technology that satisfies all of the afore-
mentioned criteria: it kills pathogens, while having minimal effects on the structure
and function of desirable materials, and avoids the need to introduce any chemical
or biological agents into the product. SEPHODIS employs a USP laser that
produces extremely short (less than a trillionth of a second in duration) pulses of
light in the visible wavelength range to kill viruses and other pathogens by
simultaneously exciting a multitude of mechanical vibrations within the pathogens
themselves. The following key aspects of SEPHODIS make it especially promising
as a defense system against current and future pathogens.
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It kills pathogens through a unique mechanism. The mechanical perturbation
produced by SEPHODIS within pathogens differs radically from that of all other
treatments. The vibrations excited by USP laser treatment cause a transient
disruption of relatively weak bonds (such as hydrogen bonds and hydrophobic
contacts) within a virus, which are connections that hold biological structures
together. In most circumstances, this leads to a partial unfolding (loss of shape) of
the affected proteins, followed by a rapid reformation of the bonds and recovery of
protein structure [4, 5]. However, if the proteins are packed very tightly together in a
high-density configuration such as in a viral capsid, the unfolded proteins have the
chance to reform these bonds with nearby proteins (‘sticking’ to their neighbors)
rather than folding back to their original conformation, leading to protein
aggregation. The aggregated viral capsid is thus damaged and unable to function
properly, which prevents the virus from infecting cells.

It damages a key component of pathogens while preserving other materials. The
SEPHODIS technology selectively damages densely packed protein structures such
as viral capsids by inducing protein aggregation. On the other hand, proteins in a
less-dense environment, such as clotting factors in human blood products or other
structures of a virus such as viral envelope proteins, are spared. Therefore,
SEPHODIS kills pathogens while preserving surrounding blood products and
therapeutics, and it kills pathogens while preserving the pathogen’s capability to
serve as an effective vaccine.

The visible laser light employed in SEPHODIS is hardly absorbed by (and does
not heat) water, which usually surrounds the treated product, because water is
virtually transparent to visible light. Furthermore, visible light is of relatively low
energy and does not break the covalent (strong) bonds that hold individual atoms
together in biological systems. By contrast, other forms of energy such as micro-
waves and sound waves are strongly absorbed by water at the same frequencies that
affect pathogens; these methods effectively cook the product, damaging all the
materials within, and thus exhibit no selectivity.

It is a definitive and enduring method for pathogen killing. It is impossible for
pathogens to escape the type of perturbation SEPHODIS induces within them. As
previously described, the technology targets certain vibrational modes within patho-
gens; because the frequency of these vibrations cannot be altered to any significant
degree through genetic mutation, there is no escape for pathogens under SEPHODIS
treatment, regardless of how they mutate. Therefore, the possibility of pathogens
developing resistance to the treatment is virtually nonexistent. Indeed, we have found
that SEPHODIS has broad-spectrum efficacy against all the viruses, bacteria, fungi,
and mycoplasma tested to date. Table 1.1 presents a complete list of the micro-
organisms that have been shown to be inactivated by the technology to date.

It does not introduce chemicals into the product. The SEPHODIS treatment
process does not add any chemical or biological agents to a product. This
greatly minimizes the risk of side-effects when the treated product is given to
humans, and simplifies the treatment process in the context of commercial
applications.
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It is environmentally friendly. The SEPHODIS technology does not incorporate
any hazardous elements in its operation, unlike radioactive gamma ray facilities or
mercury-containing ultraviolet (UV) lamps. As a result, it is environmentally
friendly and poised to become a definitive technological advance as society moves
toward higher safety standards.

This overview of SEPHODIS is an appetizer to the main course. In the chapters
ahead, we delve deeper into the science behind how the SEPHODIS technology
works.

Table 1.1. Complete list of microorganisms inactivated by SEPHODIS to date.

Microorganism Properties Load reduction

Viruses

Human immunodeficiency
virus (HIV)

Enveloped, single-stranded RNA 104

Influenza virus (H1N1) Enveloped, single-stranded RNA 105

Murine cytomegalovirus
(MCMV)

Enveloped, double-stranded DNA 105

M13 bacteriophage Non-enveloped, single-stranded DNA 106

MS2 bacteriophage Non-enveloped, single-stranded RNA 106

Encephalomyocarditis virus
(EMCV)

Non-enveloped, single-stranded RNA 103

Murine norovirus (MNV) Non-enveloped, single-stranded RNA 103

Hepatitis A virus (HAV) Non-enveloped, single-stranded RNA 103

Enterovirus 71 (EV71) Non-enveloped, single-stranded RNA 103

Human papillomavirus (HPV) Non-enveloped, double-stranded DNA 105

Bacteria

Listeria monocytogenes Gram-positive, double-stranded DNA 103

Methicillin-resistant
Staphylococcus aureus (MRSA)

Gram-positive, double-stranded DNA 104

Escherichia coli Gram-negative, double-stranded DNA 104

Salmonella typhimurium Gram-negative, double-stranded DNA 105

Enterobacter sakazakii Gram-negative, double-stranded DNA 103

Mycoplasma

Acholeplasma laidlawii Double-stranded DNA 103

Mycoplasma orale Double-stranded DNA 103

Fungi

Saccharomyces cerevisiae Double-stranded DNA 103
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Chapter 2

Mechanism of SEPHODIS

2.1 The impulsive stimulated Raman scattering process
All mechanical objects have natural frequencies or ‘normal modes’ of vibration in
which they oscillate around their equilibrium geometry. For example, a glass cup
has natural vibrational frequencies, and bridges and buildings have their own
natural vibrational frequencies, which are drastically different from those of a glass
cup. The fact that sound waves with sufficiently large amplitude, when tuned to a
specific frequency, can shatter a glass cup provides concrete evidence of the existence
of such natural frequencies. To help visualize these vibrational modes in the
mechanical objects of interest to us—namely, the proteins within the capsid of a
virus—we can simulate the bonds that connect atoms within a protein, as well as
the bonds that connect proteins within a viral capsid, using springs. Under
this simulation, a protein consists of atoms bound together through springs with
appropriate spring constants whose magnitudes depend on the strength of the bonds;
the viral capsid,which is verymuch like a crystal, consists of repeating protein subunits
bound together by springs in a similar fashion. By adopting this simulation, the
oscillation frequencies for the global/low frequency vibrations of a typical icosahedral
(20-faced) viral capsidwith a diameter of about 30 nm (1nm= 10−9m) are estimated to
be on the order of 100 GHz (or ≈ 3 cm−1) [1]. For reference, cm−1 is commonly
employed by spectroscopists as a unit of energy, where 1 cm−1 corresponds to the
energy of a photon with a frequency of f = 30 GHz (1 GHz = 109 s−1).

The impulsive stimulated Raman scattering (ISRS) process by which SEPHODIS
operates can be understood as follows. Let us assume that the displacement around its
equilibrium position of a particular vibrational mode within a viral capsid or a single
protein is represented by a normal coordinate labeled Q. If we ignore dispersion in the
index of refraction and assume that the incident electric field from the excitation laser is
not depleted by the stimulated scattering, then the equation ofmotion forQ is described
byadamped simple harmonic oscillatormotiondrivenbya forceF t( )which is provided
by the photons of the incident laser and can be written as [2, 3]
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