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	Surface plasmon resonance (SPR) is a phenomenon occurring at metal surfaces(typically gold and silver) when an incident light beam strikes the surface at a particular angle.Depending on the thickness of a molecular layer at the metal surface,the SPR phenomenon results in a graded reduction in intensity of the reflected light.Biomedical applications take advantage of the exquisite sensitivity of SPR to the refractive index of the medium next to the metal surface, which makes it possible to measure accurately  the adsorption of molecules on the metal surface an their eventual interactions with specific ligands. The last ten years have seen a tremendous development of SPR use in biomedical applications


Seminar report on 
SURFACE PLASMON RESONANCE
                                                                ABSTRACT

Surface plasmon resonance (SPR) is a phenomenon occurring at metal surfaces(typically gold and silver) when an incident light beam strikes the surface at a particular angle.Depending on the thickness of a molecular layer at the metal surface,the SPR phenomenon results in a graded reduction in intensity of the reflected light.Biomedical applications take advantage of the exquisite sensitivity of SPR to the refractive index of the medium next to the metal surface, which makes it possible to measure accurately  the adsorption of molecules on the metal surface an their eventual interactions with specific ligands. The last ten years have seen a tremendous development of SPR use in biomedical applications.

The technique is applied not only to the measurement in real time of the kinetics of ligands receptor interactions and to the screening of lead compounds in the pharmaceutical industry, but also to the measurement DNA hybridization, enzyme- substrate interactions, in polyclonal antibody characterization, epitope mapping, protein conformation studies and label free immunoassays. Conventional SPR is applied in specialized biosensing instruments. These instruments use expensive sensor chips of limited reuse capacity and require complex chemistry for ligand or protein immobilization. Laboratory has successfully applied SPR with colloidal gold particles in buffered solutions. This application offers many advantages over conventional SPR. The support is cheap, easily synthesized, and can be coated with various proteins or protein ligand complexes by charge adsorption. With colloidal gold, the SPR phenomenon can be monitored in any UV spectrophotometer. For high throughput applications we have adapted the technology in an automated clinical chemistry analyzer. This simple technology finds application in label free quantitative immunoassay techniques for proteins and small analytes, in conformational studies with proteins as well as real time association dissociation measurements of receptor ligand interactions for high throughput screening and lead optimization.
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CHAPTER 1
INTRODUCTION

During the last two decades we have witnessed remarkable research and development activity aimed at the realization of optical sensors for the measurement of chemical and biological quantities. First optical chemical sensors were based on the measurement of changes in absorption spectrum and were developed for the measurement of CO2 and O2 concentration.  Since then a large variety of optical methods have been used in chemical sensors and biosensors including elipsometry, spectroscopy, interferometry spectroscopy of guided modes in optical wave guide structures and surface plasmon resonance .
         The potential of surface plasmon  resonance for characterization of thin films and monitoring process  at metal interfaces was recognized in the late seventies.  In 1982 the use of SPR for gas detection and biosensing was demonstrated by Nylander and lieberg .  Since then SPR sensing has  been receiving continuously growing attention from scientific community.  Development of new SPR sensing configurations as well as applications of SPR sensing devices for the measurement of physical , chemical and biological quantities have been described . The SPR sensor technology has been commercialized by several companies and become a leading technology in the field of direct real time observation of the biomolecular interaction.

          The phenomenon of anomalous diffraction on diffraction gratings due to the excitation of surface plasma waves was first described in the beginning of the twentieth century by Wood. In the late sixties, optical excitation of surface plasmons by the method of attenuated total reflection was demonstrated by Kretschmann and Otto .
CHAPTER 2

DESCRIPTION
SPR PRINCIPLE

Surface Plasmon Resonance is an quantum optical-electrical phenomenon arising from the interaction of light with a metal surface. Under certain conditions the energy carried by photons of light is transferred to packets of electrons, called plasmons, on a metal’s surface. Energy transfer occurs only at a specific resonance wavelength of light. That is, the wavelength where the quantum energy carried by the photons exactly equals the quantum energy level of the plasmons. 

            All the various kinds of excitation that occur in the gas phase may also take place in the condensed states of matter (liquid, glass, or solid), but their relative contributions may be affected. In addition, special activated states are produced for which there is no analogue in the gaseous state. They owe their existence to the collective behaviour of atoms and molecules in close proximity. The more important of them are the exciton state, the polaron state, the charge-transfer (or charge-separated) state, and the plasmon state. The plasmon state is a highly delocalized state formed collectively through Coulombian (electrostatic) interaction of weakly bound electrons. Energy losses, approximating 10-20 eV in most materials, resulting from formation of plasmon states are seen in the impact of electrons of a few tens of kilovolts energy on thin films. Both metals and nonmetals, including plastics, show plasma energy losses. The lost energy may reappear in the form of ultraviolet or visible radiation; no chemical effect is known to have occurred from such losses.
Surface Plasmon Resonance stems one of the basic principles of optics, that of total internal reflectance (or TIR).

· Occurs when a thin conducting film is placed at the interface between the two optical media.

· At a specific incident angle, greater than the TIR angle, the surface plasmons in the conducting film resonantly couple with the light because their frequencies match.

Since energy is absorbed in this resonance, the reflected intensity, I, shows a drop at the angle where SPR is occurring

             
[image: image1]
Figure 1.
Propagation Constant
                     SPR is a charge-density oscillation that may exist at the interface of two media with dielectric constants of opposite signs, for instance, a metal and a dielectric
[image: image2.png]



                   The propagation constant of the surface plasma wave propagating at the interface between a semi-infinite dielectric and metal is given by the above expression
k denotes the free space wave number, em the dielectric constant of the metal (em=emr+iemi, real and imaginary components, respectively) and ns the refractive index of the dielectric. As may be concluded from equation that the SPW may be supported by the structure providing that emr < -ns2.
CHAPTER 3
SPR Resonance Wavelength
 Factors
1. Metal
2. Structure of the metal’s surface  

3. The nature of the medium in contact with the surface
  1. METAL
To be useful for SPR, a metal must have conduction band electrons capable of resonating with light at a suitable wavelength. The visible and near-infrared parts of the spectrum are particularly convenient because optical components and high performance detectors appropriate for this region are readily available. A variety of metallic elements satisfy this condition. They include silver, gold, copper, aluminum, sodium, and indium.
There are two critical limitations on the selection of a metal for sensor construction. The surface exposed to light must be pure metal. Oxides, sulfides and other films formed by atmospheric exposure interfere with SPR. The metal must also be compatible with the chemistries needed to perform assays. Specifically, the chemical attachment of antibodies or other binding molecules to the metal surface must not impair the resonance. 

Of the candidate metals, gold is the most practical. It produces a strong, easy to measure SPR signal in the near infrared region. It is very resistant to oxidation and other atmospheric contaminants but it is sufficiently reactive to accommodate coating with a wide variety of binding molecules. The SPR generating surface is usually composed of ca. 50 nanometers thick layer of gold deposited on a glass or plastic support. Other metals are not as practical. 


2. SURFACE
The resonance condition that permits energy transfer from photons to plasmons depends upon a quantum mechanical criterion related to the energy and momentum of the photons and plasmons. Both the energy and momentum of the photons must match exactly the energy and momentum of the plasmons. For a flat metal surface, there is no wavelength of light that satisfies this constraint. Hence, there can be no surface plasmon resonance. However, there are three general configurations of SPR devices that alter the momentum of photons in a way that fulfills the resonance criterion, namely, prisms, gratings and optical waveguide-based SPR system (Figure 3). All three have been used to generate  SPR 



           

3. MEDIUM

Plasmons, although composed of many electrons, behave as if they were single charged particles. Part of their energy is expressed as oscillation in the plane of the metal surface. Their movement, like the movement of any electrically charged particles, generates an electrical field. The plasmon's electrical field extends about 100 nanometers perpendicularly above and below the metal surface. The interaction between the plasmon's electrical field and the matter within the field determines the resonance wavelength. Any change in the composition of the matter within the range of the plasmon's field causes a change in the wavelength of light that resonates with the plasmon. The magnitude of the change in the resonance wavelength, the SPR shift, is directly and linearly proportional to the change in composition. 
                             The practical consequence of this interaction is that the concentrations of specific molecules can be quantitatively measured by observing the SPR shifts that occur when the molecules bind to the surface of a sensor. In a sensor, the gold grating surface is coated with binding molecules which may be antibodies, DNA probes, enzymes or other reagents chosen because they react exclusively with a selected target, analyte or molecule. When the sensor is exposed to a sample that contains analyte molecules, they bind to the sensor’s surface via their specific interaction with the binding molecules. The amount of binding that occurs is proportional to the concentration the analyte in the sample. This changes the composition of the medium at the surface and produces a SPR shift. The magnitude of the shift is proportional to the amount of binding that takes place. Comparison of the observed SPR shift with a stored calibration curve yields a quantitative measurement of the concentration of the analyte in the sample. 

       CHAPTER 4
SPR  SENSOR CONFIGURATIONS
a) prism coupler-based SPR system (ATR method)

b) grating coupler-based SPR system

c) optical waveguide-based SPR system
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Surface – Prism 
       An apparatus known as a Kretschmann prism is often used for SPR sensors. It uses a prism to couple some light to the SP film and reflect some to an optical photodetector. A biological sample is placed on the metal film surface. As this layer changes, the refractive index of the metal film/biosample pair changes, causing less (or more) light to strike the photodetector. The Kretschmann Prism itself is the prism in the center of a detection apparatus. If a prism is coated with a material with an infinitely high index of refraction, total internal reflection occurs for all light reflected past some critical angle and all the light sent toward the surface is reflected away from the surface. This model of how total internal reflection works is so good that it is used for making most common optical instruments, from binoculars to lab equipment. However, when light is totally internally reflected off the inside of a prism there is a probability that some of the light will exist outside the surface of the prism. This light is called the evanescent wave. Instead of coating the prism with a material that approximates an infinite refractive index and thus allows for almost no evanescent wave, the prism is attached to a sensor chip with a thin layer of metal. The sea of free electrons in the metal has waves in it. This motion of electromagnetic waves in the surface of the metal is called the surface plasmon. When the surface plasmon has similar properties to the evanescent wave, the two couple.         
                                
[image: image3]
Surface – Gratings
Lower production costs and more latitude in selection of construction materials favor the use of gratings, particularly when design versatility and high production volumes are considered. While many grating shapes can produce SPR, the optimal surface geometry is a sinusoidal grating. The period (peak-to peak dimension) and the amplitude (peak-to-trough dimension) of the grating determine the wavelength of resonance. The overall uniformity of the sinusoidal geometry determines the strength of the SPR signal. Therefore, sensor to sensor reproducibility depends upon the fidelity of grating production. 

Surface – optical waveguides
The use of optical waveguides in SPR sensors provides numerous attractive features such as a simple way to control the optical path in the sensor system (efficient control of properties of the light, suppression of the effect of stray light, etc.), small size and ruggedness. The process of exciting an SPW (surface plasma wave) in an optical waveguide-based SPR-sensing structures is, in principle, similar to that in the Kretschmann ATR (attenuated total reflection) coupler. A light wave is guided by the waveguide and, entering the region with a thin metal overlayer, it evanescently penetrates through the metal layer. If the SPW and the guided mode are phase-matched, the light wave excites an SPW at the outer interface of the metal. Theoretically, the sensitivity of waveguide-based SPR devices is approximately the same as that of the corresponding ATR configurations. Despite increased design constraints compared to bulk prism-based SPR-sensing devices, all the main SPR detection approaches have been implemented in waveguide SPR sensors. 
CHAPTER 5
Sensogram
· Sensor Surface captured with interactant is injected with sample containing other interactant(s) in a precisely controlled flow

· Fixed wavelength light, in a fan-shaped form, is directed at the sensor surface and biomolecular binding events are detected as changes in the particular angle where SPR creates extinction of light. This change is measured continuously to form a sensorgram   

Sensogram: real-time kinetics analyses
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CHAPTER 6
SPR Analytical applications
The phenomenon of SPR is completely non-specific. It cannot distinguish between different chemical changes. While this may appear to be a limitation, it is really a powerful advantage. Specificity depends upon selection of pairs of molecules which react only with each other. One member of the pair is the detector and the other is the target analyte (i.e. the substance we wish to detect/quantitate). Any pair of molecules which exhibit specific binding can be adapted to SPR measurement. These may be an antigen and antibody, a DNA probe and complementary DNA strand, an enzyme and its substrate, an oil and a gas or liquid which is soluble in the oil, or a chelating agent and metal ion. 

SPR can be used as the basis for a sensor which is capable of sensitive and quantitative measurement of a broad spectrum of chemical and biological entities. It offers a number of important practical advantages over current analytical techniques. The time from sample application to reported result varies with the specific chemistry but can be as short as 5 minutes. In most cases there is no need to pretreat the sample before its presentation to the sensor. A single sensor format (i.e. size, storage and usage protocol, reader, etc.) may be used for a variety of assay chemistries including immunological, nucleic acid binding, enzymatic, chemical, and gas adsorption. 

During a binding analysis SPR changes occur as a solution is passed over the surface of a sensor chip. To perform an analysis, one interactant is captured on a sensor surface. The sensor surface forms one wall of a flow cell. Sample containing the other interactant(s) is injected over this surface in a precisely controlled flow. Fixed wavelength light, in a fan-shaped form, is directed at the sensor surface and biomolecular binding events are detected as changes in the particular angle where SPR creates extinction of light. This change is measured continuously to form a sensorgram , which provides a complete record of the progress of association or dissociation of the interactants

Applications of SPR already reported in the scientific literature or prototyped by Quantech include immunoassays (for protein hormones, drugs, steroids, immunoglobulins, viruses, whole bacteria, and bacterial antigens), quantitation of halothane anesthetic gases, and DNA binding assays. 

In an immunoassay a thin film of metal is applied to a grating which has been molded into a substrate (typically glass or plastic). The metal film is from 35 to 200 nanometers thick. Then antibodies specific to a particular analyte (e.g. hormone, drug, tumor marker, etc.) are chemically attached to the metal film. When the sensor is exposed to a sample containing that analyte, the binding of the antibody and the analyte causes a change at the metal surface, within the plasmon field, and the shift in the resonant wavelength of the incident light is measured. The size of the shift is proportional to the quantity of the analyte in the sample. Because of the very specific relationship between the antibody and analyte, no other molecules in the sample can be mistakenly measured by the sensor. 

Some of the potential areas of application include 

· Medical diagnostics 

· Environmental monitoring 

· Agriculture pesticide and antibiotic monitoring 

· Food additive testing

· Military and civilian airborne 

· Biological and chemical agent testing 

· Real time chemical and biological production process monitoring. 

   CHAPTER 7
 CONCLUSION
During the last 10 years the surface plasmon resonance technique has  been developed into a very useful technology with numerous applications . in order to illustrate the potential of SPR sensing devices, major applications areas of SPR sensors have been outlined. We envisage that progress in SPR sensor technology  will further improve detection of SPR sensors. It also allow sensitive, fast and cost effective chemical analysis both in laboratories and in field this development will further extend the potential of SPR sensing technology and allow SPR sensors to be used for more widely.

   CHAPTER 8
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