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ABSTRACT
       Contact lenses are a modern technological breakthrough yet they have been in development for over 500 years.  While the most important advances have come in the latter half of the 1900’s, this area of science is still undergoing tremendous growth.  Chemical engineer’s are critical for the development and manufacturing of the contact lens of the future. In this project work hydrogel based on monomer 2-hydroxyethyl methacrylate, highly hydrophilic nonionic monomer such as N-vinyl pyrrolidone (NVP), and crosslinking agent EGDMA, was prepared by gamma radiation technique.
The hydration (%), leachability, hardness, and effect of gamma radiation on these properties were investigated in this study. Three dyes namely reactive blue- 4, reactive blue- 19 and reactive black-5 dye were used to tint the contact lenses, and the study of the   effect of these dyes in water absorbtion was done and found out the exact dose of gamma radiation where leachability was found to be zero. The result showed that as the dose of radiation increases, both the water absorption and leachibility decreases, and the leachability goes to zero at 12 Mrad. Hardness was found to increase with increase in dose of gamma radiation. The addition of N-vinyl pyrrolidone to 2-hydroxyethyl methacrylate could effectively increase the % water absorption up to some percentage. The purpose of engineering the contact lens to be soft and breathable is to make it comfortable for wearing.
CHAPTER 1
1.1 INTRODUCTION
 Contact lenses are curved thin discs generally about the size of a fingertip. They are transparent and may be colored.  Worn directly on the eye, contacts are held in place by tears between the contact lens and the cornea. Direct contact with the eye eliminates the need for frames to hold the lenses in place, providing unobstructed peripheral vision as compared to spectacles. 

         Contact lenses are medical devices that can be legally purchased only with a prescription.  Contact lenses are thin curved disks made out of a clear material. These   are not implanted devices, used in very close contact with the eye, and their physiological performance depends greatly on the material used to make the lens. Contact lenses are optical devices, usually made of a synthetic polymer, that are placed over the cornea of the eye and remain between the lids and the cornea when the eye blinks. The main purpose of contact lenses is vision correction, but certain types of lenses are often used medically to treat corneal diseases or to protect the cornea in patients with certain eye problems. In the latter cases, the contact lenses are called therapeutic or bandage lenses. Contact lenses have been used to manage corneal disease, in postoperative care, and in vision rehabilitation after disease, surgery, and trauma by serving as a vehicle to deliver drugs, as a bandage, “optically” as a new corneal surface, and as a prosthetic device. A further use of hydrogel contact lenses, which takes advantage of their absorbing properties, is for prolonged delivery of drugs to the eye. Hydrogels have been studied extensively as contact lens materials due to their superior wearer comfort and oxygen permeability compared to hard contact lenses made of polymethylmethacrylate (PMMA). Hydrogels such as copolymers of 2-hydroxyethyl methacrylate (HEMA) have been widely used. The water content of these lenses varies from 38% to 85%. Copolymerization of various monomers allows the physical and chemical properties such as water content, refractive index, hardness and oxygen permeability, water absorption %, to be controlled. High water content lens materials are obtained by copolymerizing moderately hydrophilic HEMA with highly hydrophilic ionic monomers such as methacrylic acid (MAA) or with highly hydrophilic nonionic monomers such as N-vinyl pyrrolidone (NVP). The polar lactam moiety of NVP and the ionic functionality of MAA cause these polymers to have high water contents. Thus the different types of HEMA-based contact lenses have distinct surface chemistry, surface charge and water content which influence the rate and nature of deposit Materials by synthesizing a series of polymers and copolymers of 2-hydroxyethyl methacrylate and methyl methacrylate, absorb minimal amounts of protein.     The aim of this work is to study the hydration (%), leachability and hardness of 2-hydroxyethyl methacrylate  and its copolymers, prepared by gamma radiation copolymerization, and the effect of gamma radiation on these properties. Actually gamma radiation technique is an effective method for improving dimensional stability of contact lens materials, whereby the amount of excess, unreacted monomer in the material is reduced. In addition to providing the improved surface properties, of the treated lens this radiation technique is used. The irradiation process is preferably carried out at room temperature in an inert atmosphere. Sources for gamma radiation include conventional sources based on cobalt-60 or cesium-137. The time of exposure to irradiation may vary depending on the particular contact lens material and the type of irradiation, but can be optimized by one skilled in art through routine testing.

1.2 Background

The contact lens is a device worn in the eye to correct vision, although some people wear colored contact lens to enhance or change their eye color. The thin plastic lens floats on a film of tears directly over the cornea. For some forms of eye disease, contact lenses correct vision better than conventional spectacles. Many people prefer contact lenses over glasses for cosmetic reasons, and active sports enthusiasts prefer contact lens because of the freedom it provides them. There are basically three types of lenses: soft, hard, and gas-permeable. Soft contact lenses are usually more comfortable to wear, but they also tear more easily than hard contact lenses. Hard lenses also tend to "pop" out more frequently. Gas-permeable lenses are a compromise between the hard and soft, allowing greater comfort than hard lenses but less chance of tearing than soft lenses. Contacts are usually worn during the day and taken out every night for cleaning. Extended-wear lenses allow users to leave in their contacts for longer periods of time, even when they're sleeping. More recently, one-a-day contact lenses are gaining popularity among lens wearers. These contacts are worn for only one day and thrown away, eliminating the hassle of cleaning them every night.

1.3 Characteristics of An Ideal Contact Lens

 Although the modern fitter and wearer have many choices of types of contact lenses the ideal lens has not yet been devised. The ideal contact lens would have the following characteristics: 

(a)  It would fully correct the refractive error with good optics. 

(b)  It would not produce physiological or pathological changes in the eye. In other words, there would be no edema, no staining, no vascularization and corneal warping. 

(c) It would be gas-permeable to permit free transmission of oxygen and carbon dioxide. 

(d) (d)  It would be comfortable from the moment it was first placed on the eye, and it would continue to be comfortable. The lens would be capable of continuous wear if desired. 

(e)   It would be easy to insert, remove, center and handle. Its care including storage, wetting, cleaning and sterilization would be simple. 

(f)    Its manufacture would be simple, with its specifications accurately reproducible. It would be inexpensive; cosmetically acceptable and durable. It would have therapeutic capacity.

1.4 What Makes a Good Contact Lens
Several things must be considered when designing contact lenses, but perhaps the most important is biocompatibility.  While several factors can affect a lenses biocompatibility, perhaps the most important is the wetability of the lens.  Contact lenses are constantly in contact with the fluid of the eye. When the contact is placed in the eye, a layer of tear separated it from the eye.  This is commonly known as the tear film.  The human tear consists not only of water, but also of protein, lipids, sodium, calcium, bicarbonate, and enzymes. If a polymer is hydrophobic it will repel the water that makes up a majority of the tear surface.  This disrupts the tear flow, and results in the deposition of an albumin film on the lens.  This reduces the effectiveness of the contact, and can cause infection and/or irritation. This is due to the contact lens hindering the tear film that covers the eye. Therefore, if a contact lens surface is highly hydrophobic it must treated to be made hydrophilic.  Doping the polymer or treating the surface of the polymer can do this change in the morphology of the surface. 
             Wetability is not the only reason for deposits on contact lenses.  Most contact lenses consist of monomers and cross-link materials that have charges on the monomers.  This charge distribution results in the attraction of proteins.  This is because proteins also have charge distributions, and they attract one another.  Protein or lipid depositions create a biofilm in the lens.  This can result in the lens losing its ocular properties, and the turns turning a yellow color. The yellow color is a result of lens spoilage, a result of the diffusion of proteins and lipid into the lens. The push for extended wear lenses is limited by the lenses biocompatibility.  For extended wear, the contact lens must be highly hydrophilic and must resist the deposition of a biofilm on the lens.  

 While the surface must resist the formation of a biofilm it must also be semi-permeable.  The human eye does not receive adequate blood flow to supply the eye with enough oxygen, or to remove enough carbon dioxide.  The eye relies on its exposure to the air for aid.  If the contact lens does not provide adequate permeability, the eye suffers serious health effects. This permeability, DK, is typically measured in units of Barrers (10-10 cm3 O2 (STP) cm/cm2s cmHg).  Where D is the diffusion coefficient and K is the solubility coefficient. For a contact lens to be acceptable for extended wear they must have a DK of 100 Barrers.  The actual amount of oxygen reaching the cornea is called the oxygen transmissibility.  This is in terns of DK/L, where L is the thickness of the lens.  It can be seem that the amount of oxygen reaching the eye is inversely proportional to the lens thickness, L. 

While the polymer that makes up the lens is important it is also important, for it to be produced in a way so that there is no contamination to the eye.  This means not only that polymer itself is capable of being in contact with the eye, but also that it can be produced in a way so that any residual monomer or solution does not pose a health risk.  It is important to test the monomers for biocompatibility, and to assure that the monomers used in the lens are highly pure.  

In addition to the biochemistry of the lens, it must also be physically acceptable.  A big requirement of the lens is that it must be lightweight.  This allows it to be placed on the eye comfortably for extended periods of time without causing ocular strain.  This is difficult because the lens must also be strong to avoid tearing and/or scratching, have a reasonably high modulus of elasticity for ease of handling, and yet still soft and flexible enough to feel comfortable on the eye.  

The size and specific gravity of the lens also become important factors for eye comfort.  If the lens is too thick it will interfere with the eyelid and cause discomfort.  If the specific weight of the lens is significantly different from that of tears the lens will have a tendency to move up or down.  This makes the lens unstable on the cornea, and makes fitting problematic. 
Finally a good contact lens must be affordable.  It has to be able to be made cheaply and efficiently so that it can be purchased at a reasonable cost.

1.5 POLYMERS AT CONTACT LENS PRODUCTION
Polymers are promising class of biomaterials that can be engineered to meet specific end-use requirements. They can be selected according to key ‘device’ characteristics such as mechanical resistance, degradability, permeability, solubility and transparency, but the currently available polymers need to be improved by altering their surface and bulk properties. Compared to other types of biomaterials, such as metals and ceramics, polymers offer the advantage that they can be prepared in different compositions with a wide variety of structures and properties.

The choice of the polymer is primarily governed by the end use of the basis of physical and chemical properties but also on the extensive biochemical characterization followed by specific preclinical testing of the chosen material.

There are numerous applications where polymer materials interact with biological components such as cells, tissues and extracellular fluids. These interactions are dependent on the nature and morphology of the surface. If they are to be avoided, the surface should be smooth like in the case of contact lenses.

Important mechanical properties of polymers for contact lenses are the elastic modulus, the ultimate tensile strength, the strain at break and the thermal propagation energy (defined as the energy required to tear a film with a predetermined cut.

i. Polymerization
Polymerization is the basic problem when preparing medical-grade polymers. Three methods may provide excellent solutions to the problem of preparation of ultra pure, medical-grade polymers. Gaseous polymerization is expensive and it has been used with success for only a few monomers such as ethylene. Plasma polymerization is the most promising technique, and it is now used to prepare medical-grade polymers in small quantities in impurity-free forms. Irradiation induced polymerizations can produce pure polymers of somewhat irregular structure, although the cost is rather high for efficient industrial production.

Bulk polymerization is the method of choice in contact lens production, since it produces polymers free from solvent, emulsifiers and catalysts. It can be initiated by peroxides, AIBN or ionic initiators which are added in small amounts.

ii. Cross-linking
Formation of three-dimensional networks of macromolecular chains by reaction of active functional groups of these chains is cross-linking. Crosslinking imparts improved mechanical strength and it can be used to form polymers that swell in water.

Hydrophilic methacrylate monomers that have been used as starting materials for the production of contact lenses can polymerize in the presence or absence of water or other polar solvents and always in the presence of a small quantity of cross-linking agent to form hydrophilic, cross-linked polymers.

The most commonly used cross-linking agent in the preparation of PHEMA is EGDMA, although cross-linking agents such as tri- and tetraethylene glycol dimethacrylate, and so on have also been employed. Typical initiators employed include benzoyl peroxide and azobisisobutyronitrile (AIBN); reaction temperatures vary between 50oC and 90oC.

On chemical cross-linking, small quantities of unreacted cross-linking agents may remain in the polymer. In addition to their potential migration to surrounding tear fluid, unreacted cross-linking agents may react with the polymer chains at a future stage of contact lens use, creating internal stresses, dimensional changes and warping.

Structural parameters that unfavorably affect the refractive index of polymers are the degree of cross-linking and the degree of crystallinity. Increase of the values of both parameters leads to relatively turbid or translucent materials. Mechanical or environmental degradation of carelessly prepared polymers with chemically unstable bonds is the cause of contact lens discoloration. Plasticizers and additives must be avoided for the same reasons.

Increased degrees of crystallinity lead to mechanical strength as observed by increased values of the modulus, ultimate tensile strength and strain at break. Extensive cross-linking usually leads to increased modulus and tensile strength but decreased strain at break. Therefore mechanically weak, soft contact lenses may be reinforced by cross-linking and crystallization processes.

The swelling properties of hydrogels prepared from water-soluble hydrogels are controlled by the amount of crosslinking agent used in preparation. As the amount of crosslinking agent decrease, the degree of swelling increases, thus facilitating the permeation of oxygen through hydrogels. Highly swollen hydrogels, however, exhibit very poor mechanical properties. Consequently, in the preparation of hydrogels for soft contact lenses it is necessary to reach a compromise between the diffusivity characteristics and the mechanical properties of the hydrogels by controlling the amount of crosslinking agent incorporated in the copolymerization medium.

iii. Hydrogels
Polymers for use in ocular devices have to be aqueous or lipid soluble and to have good gel-or-film forming ability and adequate mechanical stability. Hydrogels are permeable to water and water-soluble molecules.  For soft contact lenses, additional requirements include transparency, durability, sterilizability, hydrophilicity and water insolubility. Hydrophilic polyvinylalcohol based gels are suitable and their retention time, mechanical stability and permeability can be improved by cross-linking, making them insoluble.

The design of new polymers is not an easy task; instead it requires careful consideration of all chemical, physical and biological phenomena related to the use of polymers in contact with the eye and proper optimization of a variety of required properties.

Acrylic and methacrylic polymers are important starting materials for the development of hydrogels that can be used in the preparation of contact lenses. The usefulness of these materials for these applications arises, in part, from the facilities they present to incorporate hydrophilic groups into their structure, and also from the ease with which they may be copolymerized with a series of comonomers, including multifunctional crosslinking agents. It is often important to use a semipermeable membrane or hydrogel capable of acting as a barrier to the host’s immune system. 

In recent years various types of polymeric materials have been used with success for hard and soft contact lens applications. The two basic categories of polymers are homopolymers and certain copolymers of methylmethacrylate  (MMA) and cross-linked homopolymers and copolymers of hydroxyethylmethacrylate (HEMA).

1.6 POLYMERS IN CONTACT LENS INDUSTRY

i. HEMA(Hydroxyethylmethacrylate)
HEMA; a hydrophilic polymer that has been fashioned into a contact lens by spin-casting technique. The first contact lens was a HEMA product which had a fairly low water content of 31 to 55%. By adding polyvinyl pyrrolidone, which is hydrophilic, cross-linkage was decreased. Second generation soft lenses had about 55% water content and were relatively thick. The third generation lenses had a water content of 70 to 85 or were very thin with good gas transmission. These lenses were a combination of hydrophilic and hydrophobic monomers.

When HEMA is dry, it is much more brittle than PMMA. But when fully hydrated, a lens made of the material is so flexible that it cannot be removed from the eye even with a suction cup unless air is allowed to get under it. It recovers its original shape almost regardless of any deformation it may undergo. In addition, it is biologically inert and compatible with human tissue. Bacteria and fungi are claimed to be incapable of penetrating the surface of the hydroyethylmethacrylate lenses. Lenses made from HEMA are stable, clear, nontoxic, nonallergenic and optically desirable for spherical correction. 

HEMA is a high purity monomer for contact lens applications.

Structure 

                
                                      Molecular weight: 130

HEMA - 2-hydroxyethyl metacrylate. A transparent hydrophilic plastic lens material. 

Hydrophilic - A quality of a soft lens which transmits a certain amount of oxygen and may have varying water content. Lenses with a very high water content are for extended wear.

Synonyms: Ethylene glycol methacrylate, hydroxyethyl methacrylate, 2-propenoic acid, 2-methyl, 2-hydroxyethyl ester, Glycol methacrylate. 2-HEMA,                               Glycol monomethacrylate.

Typical properties:

Physical state:       Clear colourless liquid

Molecular Weight: 130.14 g/mole.

Boiling Point:         67°C (152.6°F)

Melting Point:        -12°C (10.4°F)

Solubility in water: Miscible

Refractive Index:    1.451
Stability: Unstable, May polymerize in the absence of stabilizer, May be stabilized with, or contain small amount of diethylene glycol monomethacrylate, methacrylic acid. Incompatible with strong oxidizing agents, free radical initiators, peroxides,steel. Closed containers may explode if heated due to runway polymerization.

Toxicology: Causes several burns. Harmful in contact with skin and if swallowed. Chronic exposure may cause reproductive harm. May act as a sensitizer.

Application: 

2-Hydroxyethyl methacrylate is used in light curing polymer system and high performance coating for lasting high gloss against cratching, solvents and weathering. It is used in paint resins and emulsions, binders for textiles and paper. It is used as a adhesion promoter for metal coating.

ii. PMMA (Polymethylmethacrylate)
When, in 1938, PMMA appeared on the scene, it brightened markedly the future of contact lenses. This material is readily fabricated by lathe cutting and by a variety of casting and molding techniques. Adjustments can be made on a lens after its original fabrication and its light weight, optical clarity and relative chemical and physical stability are highly desirable qualities. A PMMA lens may have an indefinite life on the eye. PMMA is stable, clear, nontoxic, nonallergenic, easily worked, and optically desirable.

PMMA, can be prepared by radiation or chemically induced polymerization of MMA in the presence or absence of solvents. Various grades of modified PMMA that are widely used for contact lens materials are branched or lightly cross-linked PMMA and blends of PMMA with small amounts of additives or other polymers, such as polyethylmethacrylate.

MMA is a high purity monomer for contact lens applications.

Structure 

                  [image: image1.png]



                           Molecular weight: 86

Typical Properties
	Purity, %:
	               99.9

	Moisture, %:
	                 0.05

	Inhibitor (MEHQ), ppm:
	            200

	Appearance:
	         Clear liquid


iii. N-Vinylpyrrolidone
N-Vinyl-2-pyrrolidone (NVP) is a slightly to moderately yellowish liquid. The inherent properties of high polarity, low toxicity, water solubility, chemical stability and pseudo-cationic activity are imparted to its homopolymers and copolymers. 
Appearance: Clear, colorless or moderately yellowish liquid
Structure 

         [image: image2.png]



                      Molecular weight: 111.
Properties
PVP is soluble in water and other polar solvents. In water it has the useful property of Newtonian viscosity. When dry it is a light flaky powder, which readily absorbs up to 18% of its weight in atmospheric water. In solution, it has excellent wetting properties and readily forms films. This makes it good as a coating or an additive to coatings.

Typical Properties
Appearance: Clear liquid

	Synonyms:
	vinyl pyrrolidone; V-Pyrol; vinyl pyrrolidone; 1-ethenyl-2-pyrrolidinone

	Molecular weight:
	111.1

	Density:
	1.04

	Freezing point:
	13.5°C

	Odor:
	mild amine-like

	Boiling point:
	148°C

	Flash point:
	98°C (209°F)(open cup)

	Color:
	colorless to light yellow liquid

	Molecular formula:
	C6H9NO


The monomer is carcinogenic and is extremely toxic to aquatic life. However the polymer PVP in its pure form is so safe that not only it is edible by humans, it was used as a blood plasma expander for trauma victims after the first half of 20th century.

.

1.7. CONTACT LENS MANUFACTURING

There exist two basic methods for the development of hydrogels with high oxygen permeability. The first approach involves the development of high-water content hydrogels. The high-water content lens material increases the supply of oxygen to cornea; the higher the water content, the higher the oxygen permeability of the hydrogel. The second approach for the development of high-oxygen permeable hydrogels involves the design of silicone-based hydrogels. Polydimethylsiloxane (PDMS), due to its low modulus of elasticity, optical transparency, and high oxygen permeability, is an ideal candidate for use in contact lens materials. PDMS possess an oxygen permeability that is about 50 times higher than the oxygen permeability of the hydrogel poly(HEMA) and 15 times higher than the high-water content hydrogels.

There are, however, several limitations to overcome before designing hydrogels based on PDMS. The primary obstacle is that PDMS is hydrophobic and insoluble in hydrophilic monomers. Thus, when attempts are made to copolymerize methacrylate-functionalized siloxanes with hydrophilic monomers opaque phase-separated materials are usually obtained. In addition, the copolymerization of methacrylate functionalized silicones with hydrophilic monomers results in materials with a reduction in water contents, a loss of surface wettability, and an increase in lipophilic character. Lipid uptake can lead to a loss in material wettability.

Copolymers of methacrylate end-capped fluoro-substituted siloxanes with varying concentrations of fluorinated methacrylates resulted in transparent, oxygen-permeable, low-water materials possessing a low affinity for lipids. The higher concentrations of fluoro side chain and fluoro methacrylate in the copolymer formulation resulted in a dramatic reduction in lipid uptake.

Also copolymerization of methacrylate end-capped siloxanes containing hydrophilic side chains, with high concentrations of hydrophilic monomers, resulted in transparent hydrogels possessing high levels of oxygen permeability without the use of a solubilizing cosolvent.

It was shown that the fluorinated side chain siloxanes, when copolymerized with hydrophilic monomers, such as DMA, resulted in transparent, wettable, and oxygen permeable hydrogels.

Methacrylate end-capped fluoro side chain siloxanes containing a terminal –CF2-H group were synthesized and evaluated for potential use as hydrogels for contact lens application. The preparation of the fluoro side chain siloxanes was accomplished in two relatively simple synthetic steps: ring-opening polymerization to prepare a methacrylate end-capped silicone hydride containing polydimethylsiloxane, followed by hydroxylation of perfluorinated allylic ether. Radical copolymerization of the fluoro side-chain siloxanes with DMA resulted in transparent hydrogels possessing high oxygen permeability, excellent hydrolytic stability, and mechanical properties suitable for contact lens wear.

 Raw Materials

The raw material for contact lenses is a plastic polymer. (A polymer is a blend of materials created by linking the molecules of different chemical substances.) Hard contact lenses are made of some variant of polymethyl methacrylate (PMMA). Soft contact lenses are made of a polymer such as poly hydroxyethyl methacrylate (pHEMA) that has hydrophilic qualities, that is; it can soak up water and still retain its shape and optic functions. The science of lens material is always being updated by lens manufacturers, and the specific material of any contact lens may differ depending on the maker.

The Manufacturing Process

Contact lenses may be produced by cutting a blank on a lathe, or by a molding process. The forming of the lens involves shaping the plastic into specified curvatures. The major curves of the lens are named the central anterior curve (CAC) and the central posterior curve (CPC). The CAC refers to the overall curve of the side of the lens that faces out. This outer contour produces the correct refractive change to fit the patient's visual needs. The CPC is the concave inner side of the lens. This conforms to the measurements of the patient's eye. Usually these two curves are formed first, and the lens is then called semi-finished. The lens is deemed finished when peripheral and intermediate curves are formed, and the edge is shaped.

Molding method

Molding the lens can be carried out in several different ways. The lenses first developed in Prague were spin-cast. Three different fluids were poured into open rotating molds. The outside curvature of the lens was shaped by the mold, and the inside curvature was formed according to the speed of the rotation of the mold. The centrifugal force of the spinning mold led to the polymerization of the fluids so that the molecular chains linked to form the required hydrophilic plastic. A more reliable mass-production method is injection molding. In injection molding, the molten plastic is injected into the mold under pressure. Then the lens is removed from the mold and cooled. The lens is then finished on a lathe. It is also possible to produce lenses entirely through molding, that is, they need no lathe cutting. This is a recent development, made possible through highly automated, computer controlled mold production.

Lathe process

The initial forming of the lens can also be done by cutting on a lathe. First a blank is made. The blank is a circle only slightly larger than the size of the finished lens. This can be cut from a plastic rod, or stamped from a plastic sheet. Next the blank is fastened to a steel button with a drop of molten wax. The button is then centered on a lathe, which begins to spin at high speed. A cutting tool, which may be a diamond or a laser, makes concave cuts in the blank to form the CPC. Indicators on the lathe measure the depth of the cuts to guide the lens operator. 

The button holding the blank is next moved to a lapping machine. The lapping machine holds the blank against a lapper, which is a revolving disk coated with an abrasive compound. The shape of the lapper matches the CPC of the lens. The lapping machine spins the blank in one direction, and the lapper in the other. It also moves the blank in a small figure eight motion. The abrasion polishes the lens surface.

The polished lens is then mounted on a steel shaft called an arbor. The end of the arbor has been ground to match the CPC so the lens will fit on the shaft. The arbor is installed in a lathe, and the operator makes convex cuts in the lens to form the other major curve, the CAC. Now this side of the lens is polished, and the lapper is modified to fit the convex CAC. When this second side of the lens is polished, the lens is considered semi-finished.

Finishing

The contact lens requires several more curves to be ground before the lens will fit exactly on the patient's eye. The final curves are the peripheral anterior and posterior curves and the intermediate anterior and posterior curves, which govern the shape of the lens nearest and next-nearest the edge. The lens is mounted on an arbor again by suction or with double-sided tape. The arbor is installed in the lathe or grinding machine. These shallower cuts may be ground with emery paper or cut with a razor blade. The diameter of the lens may also be trimmed at this time.

Quality control

Quality control is very important for contact lenses, since they are medical devices and they must be custom fit. The lenses are inspected after each stage of the manufacturing process. The lenses are examined under magnification for anomalies. They are also measured by means of a shadow graph. A magnified shadow of the lens is cast on a screen imprinted with a graph for measuring diameter and curvature. Any errors in the lens shape show up in the shadow. This process may be automatically performed by computer.

Packaging

After the lens has passed inspection, it is sterilized. Lenses are boiled in a mixture of water and salt for several hours to soften the lens. Next, the lenses are packaged. Standard packaging for lenses is a glass vial, filled with a saline solution and stoppered with rubber or metal. The hydrophilic material of soft contact lenses soaks up the saline solution, which is similar to human tears, and becomes soft and pliable. The lenses in this state are ready to wear.

1.8 OPTICAL PROPERTIES 

i. Reflection

When incoming light reflects off an object, the incident ray has the same angle as the reflected ray, when measured from a perpendicular from the point of reflection. The two angles are equal, and this is called the Law of Reflection.

For example, when light hits a flat mirror, the angle of reflection is the same as the incoming angle.

ii. Refraction

Light rays are bent, or refracted, at the boundary when passing from one transparent media to another. For example, you have seen how light is bent when it passes from water to air.

The amount of refraction depends on the incident angle and the index of refraction of the material. The index of refraction is defined as the ratio of the speed of light in a vacuum to the speed of light in the media.

In certain situations, when the refracted angle is 90 degrees to the incident angle total internal reflection takes place. This limit to the angle of incidence is called the critical angle, and all light rays with an incident angle at or beyond this angle are reflected internally.

iii. Dispersion

When visible light passes through a glass prism, the light is broken into its colors. This occurs because the index of refraction is different for each color, with short wavelengths refracted more than larger ones. Thus the different colors are bent at gradually increasing angles, and the colors are spread apart.

This property of separating a beam of white light into a spectrum is called dispersion.

iv. Diffraction

Diffraction is the bending of light around the edge of an object or spreading of light in an arc after passing through a tiny opening.

v. Interference

Since light is a wave motion, it is possible that if the waves are out of phase with each other, that they could cancel out each other. Another example is that is waves are of slightly different wavelength, they could cause "beat frequencies." This is similar to hold two tuning forks that are slightly different near each other. They produce a throbbing sound or slow beats.

Interference occurs when light passes through two small slits or holes and produces an interference pattern of bright lines and dark zones.

Oil slicks on a wet pavement are caused by the interference of the light passing through and reflecting off the ultra-thin oil film.

vi. Polarized light

Polarized light is light that is allowed to vibrate in only one direction. This is similar to trying to vibrate a rope that passes through a picket fence: the rope can only vibrate is a direction parallel to the pickets.

Polarized light vibrates in one direction only, in a plane. Certain materials can polarize light, by means of reflection, or by scattering. Only the transverse wave model can explain polarization.

Polaroid sunglasses are used to cut down glare. They filter out light that is reflected off surfaces, but allow the other to pass through.

vii. Refractive Index

The refractive index is a constant for a given pair of materials. It can be defined as

 Speed of light in material 1
Speed of light in material 2   

This is usually written 1n2 and is the refractive index of material 2 relative to material 1. The incident light is in material 1 and the refracted light is in material 2.

If the incident light is in a vacuum this value is called the absolute refractive index of material 2. This is the value given in data books.

By definition the refractive index of a vacuum is 1. In practice, air makes little difference to the refraction of light with an absolute refractive index of 1.0008, so the value of the absolute refractive index can be used assuming the incident light is in air.

The refractive index (or index of refraction) of a material is the factor by which the phase velocity of electromagnetic radiation is slowed in that material, relative to its velocity in a vacuum. It is usually given the symbol n, and defined for a material by:
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where εr is the material's relative permittivity, and μ is its relative permeability. For a non-magnetic material, μr is very close to 1, therefore n is approximately [image: image4.png]
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1.9 IMPORTANT PARAMETERS IN CONTACT LENS DESIGN

Chemical stability
The term chemical stability encompasses characteristics of the backbone macromolecular chains as well as the type of functional groups of the chain ends and substituents, which are related to the chemical inertness of a polymer under the physiological conditions of the eye. The –C-C- and –Si-O- bonds of most presently available contact lenses are relatively stable, and they do not degrade under the mild chemical conditions of tear fluid.

Hardness
This property is essential for a polymer to be manufactured by lathe cutting. Surface quality polishability, resistance to warpage during cutting and scratch resistance are also dependent on hardness. As a general rule any material with a Shore D hardness of 83 units or greater will be able to be lathed into a contact lens.

Contact Angles 
Contact angles of lens plastics may be measured by one of three methods including the sessile drop, captive bubble and Wilhemy plate techniques.

Modulus

The mechanical properties of a plastic which are chooses to be measured depends upon the lens type. The flexural modulus is measured on RGP materials because the ability to withstand the force of the eyelid is important to clinical function. For soft lenses, the tensile properties of the hydrogels are measured. These include Young’s modulus, percent elongation, and tensile strength at break and tear propagation strength. The Young’s modulus (hydrogels) and the flexural modulus (RGP) play a critical role in manufacturing and clinical performance. A lens with a low modulus will warp during lathe manufacture and flex during wear, yielding poor optical performance. To combat this problem, polymers with low modulus must be cut thick, reducing comfort and oxygen delivery to cornea.

Oxygen Permeability
It is clear that all contact lenses produce a barrier to the oxygen available on the cornea. This barrier will decrease the partial pressure of atmospheric oxygen at the corneal surface, and hence, will result in a reduced flow into the cornea. The cornea is a vascular tissue that metabolically maintains its thickness and transparency by consuming oxygen. When a contact lens is on the cornea, atmospheric oxygen is available through two primary pathways: pumping of oxygenated tears around and under the lens and diffusion through the lens. Tear pumping has been determined to be supplementary route for providing oxygen to cornea. Normally, oxygenation of the corneal surface takes place through the tear film that supplies the cornea with oxygen from the air. When the eyelids are closed, as during sleep, oxygenation is supplied to the corneal surface from the blood capillary vessels of the palpebral conjuctiva which comprises the posterior part of the eyelids.

The lack of adequate oxygen permeability of certain polymer films has been the single most important reason of failure of many promising contact lenses. No Dk value is too high, but the higher Dks are often incompatible with other properties, and compromises must be made. The lenses should also pass CO2 easily since CO2 accumulation is also detrimental to corneal health.

Elongation

Elongation at break is one important measure of lens durability. Stretching often occurs during lens handling and cleaning and represents a significant challenge to lens integrity.

Tear Strength
Handling, as well as insertion and removal from the eye and from cleaning devices (often in a partially hydrated state) can lead to cuts, cracks, scratches and edge tears; the propagation of which will eventually lead to lens replacement. As is well known, high modulus, elongation, and tear strength are often mutually exclusive and again a compromise in formulation must be struck.

Light Transmission, Optical Clarity and Color 
While the concern for these aspects is easily understood, they are not always easy to achieve. Many of the best polymers for most other properties are opaque. Monomer and oligomer incompatibility can lead to polymer inconsistency with resultant light scattering which will reduce contrast sensitivity for the wearer.

Refractive Index
The more that the refractive index of a polymer differs from that of the tear fluids, the less the curvature of the lens surface must deviate from each other to yield a given power. With less deviation of curvature, there will be less change in thickness across the lens. Reduced lens thickness gives greater comfort and oxygen transmission. The higher the refractive index, the thinner the lens can be made.

Wettability and Lubricity

While there is a correlation between wetting angle and lens wetting, it is not absolute. Some lenses with poor wetting angles apparently interact with tear mucin to give superior in-eye. Furthermore, some lens materials appear to have bioadhesive properties which cause lid sensation and corneal damage on removal.

Stress Free, Isotropic and Stable Structure with High Tg
A polymerization method must be available that yields polymers which result in lenses with predictable expansion factors (hydrogels) and which will not change shape with time. This stability must be unfailing despite repeated cycles of stress, temperature and hydration.

The glass transition temperature; Tg is measured on RGP plastics because it is an indication of the polymer stability. In general, the higher the Tg of a plastic, (more then 90oC), the more stable the materials.

Minimal Response to pH, Osmolarity, Temperature and Humidity
In the eye, lenses are subjected to temporary changes in each of the above factors. If the material changes in dimension in response to any of these changes, optical performance, durability and fit will be compromised.

Pore Size
Present thinking is that the pore size for polymers should be small enough to exclude invading organisms, cellular debris and tear protein. Tear proteins may become trapped in the lens matrix and denatured, yet be unreachable by even the most aggressive dehydration rate.

Biomaterial Deposition
The deposition of lipids and proteins on contact lens materials in the eye determines how long a lens can be worn before replacement. Protein deposition is the largest single cause of lens replacement. Lysozyme, the most common culprit, is bound strongly to lenses with a negative charge, but other tear proteins with isoelectric points below seven may be attracted to positively charged surfaces. A lens material free of protein deposition may still suffer from a similar fate if it is attractive to tear lipids. The problem, though less common than protein deposition, appears to be related to polymer composition and individual tear chemistry. As yet, a clear definition of the surface chemistry which is required to avoid both protein and lipid deposition is not available.

Toxicity
Contact lenses reside within microns of one of the most sensitive and delicate tissues; the cornea. Even minute quantities of slightly toxic materials can disrupt the function of the corneal epithelium. The presence of any suspect compounds, such as Plasticizers, initiators, monomers, solvents, oligomers, degradation products, dyes... must be investigated in a full battery of toxicity tests. Any threat, real or perceived, will increase the risk of regulatory rejection. The need for extensive testing for residuals will increase the cost of manufacture and the concern over product liability.

The structure plays a very important role in toxicity and carcinogenicity of biomaterilas in general. It is believed that toxic reactions with the tissue are the results of functional groups of the polymer or of residual impurities or products of partial degradation, which can be leached to the surrounding fluid.

Disinfection
Lens surface chemistry may be such that it is particularly amenable to habitation by various pathogenic organisms, or it may interfere with the action of the commonly available disinfection products. Demonstration of acceptable lens disinfection under standard conditions is now required for all new lens materials.

Wetting, soaking and cleaning solutions are commonly used with contact lenses.

The functions of wetting solutions are:

1.  To convert the hydrophobic lens surface to a hydrophilic surface more easily covered by lacrimal fluid. This in turn increases comfort by providing a cushioning and lubricating effect between the inner surface of the eyelid and the lens surface and between the cornea and the lens surface.

2.  To provide a viscous protective coating over the lens surface so that the lens does not come into direct contact with the fingers during insertion. This prevents transfer of oily, sebaceous deposits that are normally present on the skin, to the lens surface.

3.  Stabilize the lens on the fingertip and thus promote easier insertion. 

Wetting solutions usually contain a viscosity-increasing additive such as methylcellulose, a preservative such as benzalkonium chloride or thimersol and a wetting agent such as polyvinyl alcohol.

Most commercially available soaking solutions consist primarily of inert ingredients that are sterile water and various preservatives.

The uses are:

1.   Maintain the lenses in a permanent state of hydration

2.   To leach out the chemical compounds that accumulates on the lenses during the wearing period

3.   To maintain the sterility of the lenses (microorganisms can be transferred to the eye by a contaminated lens.

Fabrication
Soft lens hydrogels are usually manufactured into lenses in the dry state. Therefore, a candidate material must have dry to wet expansion factors in all three dimensions which do not vary by more than 2%. Expansion is measured using an optical microscope with a linear indicator gauge to determine dry and wet dimensions. A contact lens hydrogel must also have expansion parameters which do not vary by more than  2% from batch to batch. Greater variability will result in poor manufacturing yield due to unpredictable parameter targeting.

Permeability
Gas transport properties, particularly oxygen permeability are among the most important and controversial aspects of contact lens material. Oxygen permeability is necessary for good eye physiology. RGP materials are oxygen permeable primarily as a result of their silicone/fluorine content while hydrogels are oxygen permeable as a result of their water content.

Lens thickness contributes to comfort and gas permeability; however, lenses must have a certain minimal thickness to be able to refract incoming light rays.

Sterilization
Sterilization procedures depend on the surface properties and degree of swelling of the contact lens. Most heat treatment techniques are to be avoided because of the potential change of the mechanical properties and the considerable extent of thermal degradation of most biomaterilas at temperatures above 100 oC. Of the chemical sterilization techniques, very few can work with soft lens materials because of the potential permanent adsorption of sterilizing agents on the hydrogel surface. A preferred sterilization technique is irradiation at low dose levels, although it is well understood that this method may cause some change in the degree of cross-linking of the polymer.

Together with these factors monomer cost, availability, reproducibility, patentability, rapid approval, reliance on standard manufacturing methods, lens designs and fitting methods must be considered also.

1.10: How contact lens Works
To understand the technological advances in the contact lens industry it becomes necessary to have an understanding of how contact lenses work, and their desired.  A soft contact lens molds to the shape of the eye covering both the cornea and limbus.  This is possible because the lens is soft and flexible.  The lens floats in the layer of tear that is present on top of the eye.  The eyelid and attraction between the polymer and tear film hold the lens in place.

Hard contact lenses are not flexible, and this means that they must be ground to precisely fit the eye. They only cover the cornea, and not the limbus.  If hard contacts are not fit precisely to the eye they will move and not work correctly. They are held in place by precise fitting and their attraction to the tear film. Different types of contact lenses are required to correct various conditions. Contact lenses are used to correct the same conditions that eyeglasses correct: 

· Myopia (nearsightedness) 

· Hyperopia (farsightedness) 

· Astigmatism (distorted vision) 

· Presbyopia (need for bifocals) 

Special tinted contacts can be used to change the color of the eyes to various degrees. Contact lenses are sometimes used therapeutically in eye diseases where an uneven cornea blurs vision, such as keratoconus or scarring. 

Myopia (Nearsightedness) Myopia occurs when light rays are focused in front of the retina. Close objects can be seen clearly but objects at a distance are out of focus.  Lenses that are thinner in the center than on the edges (concave) increase the focal length.

 Hyperopia (Farsightedness): Hyperopia is a condition in which light rays are focused behind the retina. Distant objects can be seen clearly but close objects are out of focus.  Lenses that are thicker in the center than on the edges (convex) decrease the focal length.  

Astigmatism 
Astigmatism is a condition in which light is focused on two separate points in the eye. The distorted image is caused by an irregularly shaped cornea. Lenses are custom shaped to compensate for the irregular shape of the cornea. 
Presbyopia 
Normally eye muscles are able to reshape the eye to bring objects at different distance into focus.  With aging, the eye loses some of its elasticity.  Bifocal or multifocal lenses have two or more different curves or shapes combined into one lens. Usually the bottom of the lens is for reading or viewing close objects, while the top of the lens is for seeing farther into the distance. Hard and soft contacts work similarly in that as light is refracted as it passes through the polymer.  By varying the thickness and the shape of the lens the amount of refraction can be varied to produce different amounts of visual correction.  

Although many companies make contact lenses, there are four major manufacturers:

 Vistakon/Johnson & Johnson
 CIBA Vision,

Bausch & Lomb
 Cooper Vision. 

1.11. TYPES OF CONTACT LENSES
The contact lens market is divided into hard lenses, rigid gas permeable lenses, soft lenses and hybrids. These lens categories are further divided into daily wear, provisional wear, extended wear, disposable, spherical, bifocal, toric and cosmetically tinted lenses. 

I. Soft Contact Lenses
Soft contact lenses are less stable than hard lenses, producing more variables and a greater likelihood of change. Soft contact lenses last an average of 2 years and must then be replaced. Visual acuity with soft contact lenses is generally not as clear as with hard lenses. This is often due to the poor optical quality of the high water content plastic in comparison to the material from which hard lenses are made.

Soft contact lenses require adequate tears for acceptable wear. In fact, they may require more tears than hard lenses since the wearer is required not only to keep his own eyes moist, but to keep the soft contact lenses moist as well. Soft or hydrophilic contact lenses are characterized by the ability to absorb water, by elasticity, and by flexibility. This compound originally consisted of HEMA linked with ethylene glycol dimethacrylate (EDMA).

Poly (2-hydroxyethylmethacrylate) (PHEMA) and its copolymers, in the form of cross-linked networks swollen in water or saline up to thermodynamic equilibrium (constant weight) at 34oC, are the materials of choice for soft contact lens applications. Hydrophilic polymers vary in water content, mode of manufacture (spin cast or lathe-cut), lens parameters and associated cleaning and storage procedures.

There are basically two types of soft lenses that have been investigated so far: those achieving their softness because of the intrinsic properties of the material (low glass transition temperatures) and those whose softness is attributable to hydration of an otherwise glassy polymer. The best known examples of the former are the silicone polymers, whereas the latter are examplified by the Bausch & Lomb Soflens or the Griffin Naturalens. 

The Bausch & Lomb lens is consisted of a homopolymer of HEMA lightly cross-linked with EDMA. EDMA, when swollen in water, has an upper limit of about 45% water content. The Griffin polymer is formed by polymerizing HEMA containing some EDMA and about 20% PVP.
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Soft contact lens
The most recent types of soft contact lenses to hit the market include: 

· Daily Disposables. These soft contact lenses are only worn for one day and then thrown away. The benefits include not having to clean your contact lenses on a regular basis, convenient replacement schedule, and reduction of dry eye and irritation related to contact solutions. If you are an allergy sufferer, these are the contact lenses for you. 

· Silicone Extended Wear Disposables. These soft contact lenses are made with a new silicone hydrogel material that can be worn for up to 30 nights and days. The new silicone material also prevents deposit build up and reduces dry eye irritation.

Colored Soft Contact Lenses 

Tinted contact lenses are contact lenses that have had a dye incorporated into the lens material. This dye gives the lens a particular hue or tint, depending on the color of the dye used. Some tinted contact lenses can be used to subtly alter the natural color of the eye, while others can be used to completely "change" the color of the eye.

Contact lenses comprising polymeric lens materials in which reactive dyestuffs have been covalently bonded to monomer units of the polymer backbone, said reactive dyestuffs being reactive dyes capable of forming ether linkages with cellulose and reactive with hydroxyl, amino, amido or mercapto groups present in a hydrogel polymer to form the covalent bond therewith. They're hip and they're fun, but colored contact lenses can also be quite practical. There are four types of colored contact lenses, each offering a slightly different benefit 

· Visibility tint. These colored contact lenses are lightly tinted so you can find your lens if you drop it. Visibility tints don't affect the color of your eyes. 

· Enhancement tint. These colored contact lenses have a translucent tint that's meant to enhance your natural eye color. Enhancement tints are slightly darker than a visibility tint. 

· Color tint. Darker, opaque tints that change the color of your eyes. Color tints come in a wide array of specialty colors, including amethyst, violet, and green. Opaque contact lenses are also referred to as "eye color changing" contact lense.
· Light-filtering tint. These colored contact lenses are designed for athletes and sports fans. They enhance certain colors and mute other colors. For instance, contact lenses for tennis players would enhance optic yellow, the color of tennis balls. 

Remember, colored contact lenses are a medical device just like clear contact lenses. Never share colored contacts lenses with anyone. Clean and care for them just as you would any prescription contact lens.

Dyes for tinting contact lenses and their characteristics:

Vinyl sulfone based

Phthalocyanin based

Halotriazine based

All the above are often used for tinting purpose. Each have a reactive functional group. Reactive dyes are preferred because, these can be reacted with monomers functional groups finally rendering a passiveness, so that the product do not harm the eye and leadh out of the lense. Some times an adduct of dye and monomer is used for tinting instead of simply using the dye.  

This class of reactive dyes, known as reactive dyes forming ether linkages, is believed to react with hydroxyl, amino, amido or mercapto groups present in the hydrogel polymer network of contact lens materials primarily by nucleophilic addition to form a covalent bond therewith. A wide variety of commercially available dyes, reactive via nucleophilic substitution, are suitable for use in the preparation of the inventive contact lenses. In addition, virtually any desired shade or tint can be achieved through the use of a particular reactive dye or combination of reactive dyes. . Thus, dyes containing an activated double bond which is able to add to a functional group external to the polymer backbone can be used according to the invention. For example, exoskeletal bond activated by a bridge member such as an --SO.sub.2 --, --SO-- or --CO-- group are particularly suitable for use according to the invention. Similarly, dyes with functional groups that can undergo addition reactions with exoskeletal double bonds of the polymer may be employed. 


ii. Hard Contact Lenses
Most successful hard contact lenses are based on linear, branched or modified PMMA and its copolymers. Hard lenses vary in hardness and the manufacturer’s special emphasis is on design characteristics such as flexibility and thinness. Gas permeable hard lenses are made from a mixture of compounds such as PMMA and silicone in the hope of utilizing the advantages of both materials.

iii. Cellulose Acetate Butyrate (CAB) Lenses
CAB is a gas-permeable organic compound. Aliquot samples are tested for purity, stability and physical properties. It is flexible, better wetted, stable, nontoxic, nonallergenic, optically good, easily worked and permeable to oxygen and glucose. Since it is hydrophobic, the surface must be treated to make it hydrophilic.

The CAB lens is fabricated from commonly found materials: cellulose from wood and cotton, acetic acid from vinegar and butyric acid from natural gas.

The main advantage of CAB lenses is increased oxygen permeability. This property of the material varies with temperature, pressure and thickness. For a given thickness, the CAB lens is much more permeable than the PMMA lens and about 40% water content. A hydrogel lens of equal thickness and a water content of over 45% will be more oxygen permeable. Compared to a soft contact lens, the CAB lens is 40 times more permeable to oxygen and 320 times more permeable to carbon dioxide.

iv. Silicone Rubber Lenses
They are recently developed and they are also gas-permeable. Silicone lenses are semiorganic polymers with the highest oxygen permeability of any lens material currently available. The silicone lens has the unusual ability to return to its original state on bending and can be broken or split like rubber if one folds it too hard. This property of elasticity is responsible for the good visual acuity one can obtain with it in the thickness in which the lens is fabricated.

The constraints do not permit a lens to be made that can be tolerated or that will survive the rigors of handling or wearing that delivers the oxygen levels needed in the cornea under closed-eye conditions. Therefore, novel materials were needed that would not be limited by these boundaries. There are two such polymers up to this time. These are balifilcon A and lotrafilcon A. Both of these polymers are referred to as silicone hydrogels, and each exceeds 90 Barres of permeability.

v. Extended Wear Contact Lenses
There are certain characteristics of the ideal extended wear contact lenses. It does not interfere with the nutrients of the eye. It is gas permeable, easy to and gives good vision. It is durable enough to remove, clean and withstand spoilage during needed handling. It can asepticize repeatedly with heat. It resists deposits and does not alter the bacteria of the eye or contribute to infection. It is comfortable, convenient, inexpensive and practical for fitter. 

Extended wear contact lenses bear some advantages over other lenses. They cause less corneal edema. Since oxygen is available at levels sufficient to maintain corneal integrity without corneal edema. They have reduced loss of corneal sensitivity. The corneal sensitivity is impaired with prolonged hard or soft contact lens wear. There is less of this change with use of an extended wear lens. There is less mass to the lens, which reduces lid sensation and improves comfort. There is less lid influence on centering. They are safe and convenient.

On the other hand extended wear contact lenses also have certain disadvantages. Extended wear lenses are more difficult to handle. Inversion of the thin lens is more difficult to detect. There is higher risk of lens damage or loss. Cleaning procedures may be inefficient since these lenses are more difficult to clean than other lenses. These lenses dehydrate more easily in a dry and windy environment and in air-conditioned buildings. They are expensive and follow-up visits are required.

In fitting, extended wear lenses generally are chosen for their ability to give adequate oxygen transmissibility to the cornea and good vision.

1.12: DRAWBACKS OF CONTACT LENSES
Over the past 25 years, great strides have been made in understanding the pathophysiology of the adverse events found with contact lens wear. These events can be grouped into four major categories: hypoxia mediated events, immune events, mechanical events and osmotic events. Hypoxia increases the risk of bacterial infection. Interestingly, new high oxygen flux lenses, both soft and rigid, appear to reduce bacterial adhesion in eyes wearing high Dk lenses compared to lower Dk materials. 

Immune mediated adverse responses are common ocular complications to lens wear. Important examples of this class of complications include contact lens –associated superior limbic keratoconjuctivitis, peripheral corneal ulcers, central sterile infiltrates and giant papillary conjunctivitis.

Mechanical injury can be subclinical with microtrauma to corneal epithelial cells. Stresses in the lens materials imposed by repeated application, removal or eye movement can cause irreversible deformation or fracture, resulting in loss of optical performance, user discomfort or even complete disintegration.

Environmental aging may be the result of slow oxidation or hydrolysis, influence of UV light, temperature changes and chemical reactions. It frequently leads to polymer degradation and considerable change of the mechanical strength of polymers.

The irreversible migration of organic and inorganic molecules from the tear solution to the lens surface is the underlying phenomenon in contact lens spoilage. Tear solutes include proteins (e.g. albumin, globulin, Lysozyme), amino acids, mucin, glycoprotein, glucose and lipids (e.g. phospholipids, neutral fats, fatty acids, cholesterol and its esters) calcium, potassium, chloride, bicarbonate, phosphate and urea. A contact lens absorbs tears, proteinaceous debris, and oils, which can form a residue on the contact lens. This residue can act as a growth medium for bacteria and lead to infection as well as impair visual acuity. The purpose of contact lens cleaning is to remove this filmy residue.

Probably the most chemically complex manifestations of ocular incompatibility are discrete elevated deposits, the so-called white spots found on the anterior lens surface. They are also referred to as mucoprotein-lipid and mucopolysaccharide deposits.

Protein deposition on biomaterials is an important problem that has been studied extensively over the past 25 years. The phenomenon is especially serious in hydrogels, for example, those used for soft contact lenses where deposition is hypothesized to lead to ocular disease. Therefore, there is the need for deposit-resistant materials and methods to evaluate new materials for such a property.

CHAPTER 2 
CHARACTERIZATION TECHNIQUE
2.1 : UV/Visible Spectrophotometer
[image: image5.png]Toroidal Grating v

sit2
e
W lanp (Vi)

Detector
2

B o IR

Lens2

Half Minor

\’ Miror2 Sungie Dettr

Cuvette

,
- .
A ST e





Optical System Diagram

The UV-Visible spectrophotometer uses two light sources, a deuterium (D2) lamp for ultraviolet light and a tungsten (W) lamp for visible light. After bouncing off a mirror (mirror 1), the light beam passes through a slit and hits a diffraction grating. The grating can be rotated allowing for a specific wavelength to be selected. At any specific orientation of the grating, only monochromatic (single wavelength) successfully passes through a slit. A filter is used to remove unwanted higher orders of diffraction. (Recall the experiment you did last semester on Atomic Spectra) The light beam hits a second mirror before it gets split by a half mirror (half of the light is reflected, the other half passes through). One of the beams is allowed to pass through a reference cuvette (which contains the solvent only), the other passes through the sample cuvette. The intensities of the light beams are then measured at the end. 

Beer-Lambert Law 
The change in intensity of light (dI) after passing through a sample should be proportional to the following: 

(a) Path length (b), the longer the path, more photons should be absorbed 

(b) concentration (c) of sample, more molecules absorbing means more photons absorbed 

(c) Intensity of the incident light (I), more photons mean more opportunity for a molecule to see a photon , Thus, 

dI is proportional to bcI or 

dI/I = -kbc (where k is a proportionality constant, the negative sign is shown because this is a decrease in intensity of the light, this makes b, c and I always positive). 

Integration of the above equation leads to Beer-Lambert's Law: 
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A is defined as absorbance and it is found to be directly proportional to the path length, b, and the concentration of the sample, c. The extinction coefficient is characteristic of the substance under study and of course, is a function of the wavelength. Molecules strongly absorb only in some regions of the electromagnetic spectrum. The photon carries a specific amount of energy defined by its wavelength (Recall Planck's equation: E = hc/wavelength). The molecule will only absorb a photon if the energy it carries matches a certain amount the molecule can use. In the ultraviolet-visible region, this energy corresponds to electronic excitations (promotion of electrons from occupied orbitals to unoccupied orbitals). The longest wavelength (the least energy) therefore corresponds to the energy difference between the ground and the first excited state (or promotion of an electron from the highest filled orbital (HFO) to the lowest unfilled orbital (LUO).

2.2: Shore (Durometer) Hardness Testing of Plastics
 The hardness of plastics is most commonly measured by the Shore® (Durometer) test or Rockwell hardness test. Both methods measure the resistance of plastics toward indentation and provide an empirical hardness value that doesn't necessarily correlate well to other properties or fundamental characteristics. Shore Hardness, using either the Shore A or Shore D scale, is the preferred method for rubbers/elastomers and is also commonly used for 'softer' plastics such as polyolefins, fluoropolymers, and vinyls. The Shore A scale is used for 'softer' rubbers while the Shore D scale is used for 'harder' ones. Many other Shore hardness scales, such as Shore O and Shore H hardness, exist but are only rarely encountered by most plastics engineers.

The Shore hardness is measured with an apparatus known as a Durometer and consequently is also known as 'Durometer hardness'. The hardness value is determined by the penetration of the Durometer indenter foot into the sample. Because of the resilience of rubbers and plastics, the indentation reading my change over time - so the indentation time is sometimes reported along with the hardness number. The ASTM test method designation is ASTM D2240 00 and is generally used in North America.  Related methods include ISO 7619 and ISO 868; DIN 53505; and JIS K 6301, which was discontinued and superceeded by JIS K 6253.

The results obtained from this test are a useful measure of relative resistance to indentation of various grades of polymers. However, the Shore Durometer hardness test does not serve well as a predictor of other properties such as strength or resistance to scratches, abrasion, or wear, and should not be used alone for product design specifications. Shore hardness is often used as a proxy for flexibility (flexural modulus) is specifying elastomers. The correlation between Shore hardness and flexibility holds for similar materials, especially within a series of grades from the same product line, but this is an empirical and not a fundamental relationship.

Durometer Hardness Shore Hardness ASTM D 2240:





Scope:
 Durometer Hardness is used to determine the relative hardness of soft materials, usually plastic or rubber. The test measures the penetration of a specified indentor into the material under specified conditions of force and time. The hardness value is often used to identify or specify a particular hardness of elastomers or as a quality control measure on lots of material. 
 Procedure:
 The specimen is first placed on a hard flat surface. The indentor for the instrument is then pressed into the specimen making sure that it is parallel to the surface. The hardness is read within one second (or as specified by the customer) of firm contact with the specimen.
Specimen Size:
 The test specimens are generally 6.4mm (¼ in) thick. It is possible to pile several specimens to achieve the 6.4mm thickness, but one specimen is preferred. 
Data:
 The hardness numbers are derived from a scale. Shore A and Shore D hardness scales are common, with the A scale being used for softer and the D scale being used for harder materials.
CHAPTER: 3
EXPERIMENTAL
3.1 Materials
Two soft-contact lens materials were used in this study, monomer 2-hydroxyethyl    methacrylate (HEMA) and monomer N-vinyl pyrrolidone (NVP). One crosslinking agent Ethylene glycol dimethacrylate (EGDMA) and three reactive dyes reactive blue- 4(R-4 blue), reactive blue-19(R-19 blue) and reactive black-5(R-5 black) were used. Several solvents like chloroform, toluene, cyclohaxane, methanol, and acrylonitrile were used for solubility testing of dyes. Distilled water and tear solution were used for hydration and leachability testing.  

3.2 Solubility of dyes
Solubility of dyes was checked in different solvents with continuous stirring. Reactive blue- 4, and reactive blue- 19 were found to be soluble in acrylonitrile and methanol but reactive black-5 was soluble in methanol only. 
Table -1: Solubility of dyes in different solvents

	Solvents
	R-4 blue  
	R-19 blue  
	 R-5 black

	Cyclohexane
	Not soluble
	Not soluble
	Not soluble

	Chloroform
	Not soluble
	Soluble
	Not soluble

	Methanol
	Soluble
	Soluble
	Soluble

	Toluene
	Not soluble
	Not soluble
	Not soluble

	n-hexane
	Not soluble
	Not soluble
	Not soluble

	Acrylonitrile
	Soluble
	Soluble
	Not soluble


3.3  Measurement of solubility (%) of dye in monomer 2-hydroxyethyl methacrylate 
Weighted amount of dye was added to monomer 2-hydroxyethyl methacrylate, and then magnetic stirring was done for 2-3 hrs. After continuous stirring, filtration was done, and solubility was calculated. Finally the filtered solution was sent for polymerization.

Solubility % is calculated by the following expression: 
Solubility% =  Wt. of dye – Wt. of residue   x 100

      Wt. of dye
Wt. of dye = Weight of the dye added into the monomer 2-hydroxyethyl methacrylate 

Wt. of residue = Weight of the residual dye left, after filtration  

· Reactive blue- 4 has 48% solubility in monomer 2-hydroxyethyl methacrylate 

· Reactive blue- 19 has 47.3% solubility in monomer 2-hydroxyethyl methacrylate 
· Reactive black-5 has 8% solubility in monomer 2-hydroxyethyl methacrylate 
3.4 Preparation of sample (Cast polymerization) 
Different combinations like Monomer 2-hydroxyethyl methacrylate and monomer 2-hydroxyethyl methacrylate + monomer N-vinyl pyrrolidone (NVP), monomer 2-hydroxyethyl methacrylate + Dye, monomer 2-hydroxyethyl methacrylate + Crosslinking agent + dye were polymerized employing gamma radiation technique. Gamma radiation polymerization is a free radical polymerization. Monomers were taken in vials, were exposed to gamma radiation for various doses. After polymerization, vials were broken and copolymers in the form of transparent rod or disc were obtained. 
       For tinting or coloring contact lenses, coloring agent was dispersed in a monomer by dissolving or dispersing a dye or pigment in a monomer precursor, Different- different dyes has different–different solubility in 2-hydroxyethyl methacrylate . In this work the, monomer such HEMA was treated with reactive dyestuff prior to polymerization, and subsequently to polymerize the reactive dyestuff -monomer unit. The polymeric materials may be provided in the form of rods or buttons, which are then polished and sent under doctor’s discussion, finally cut into contact lenses. When using gamma rays, the absorbed dosage is preferably in the range of from 1 to 12Mrad. 
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SAMPLES OBTAINED AFTER POLYMERIZATION (HEMA +DYE)
3.4.1 Effect of gamma radiation on polymerization of Monomer 2-hydroxyethyl methacrylate(HEMA) with different dyes

         The filtered solution obtained from 3.3 was taken in vials, were exposed to gamma radiation for various doses. After polymerization, vials were broken and copolymers in the form of transparent disc were obtained. 
Table-2
	S.NO.
	Dose (Mrad)


	Observation

	
	
	    HEMA + R-4 blue 

	   HEMA+ R-19 blue

	  HEMA+R-5 black


	1
	1
	Upper surface is sticky, lower surface is hard, opaque
	Upper surface is sticky, lower surface is hard, opaque
	Upper surface is sticky, lower surface is hard, opaque

	2
	2
	Upper surface is sticky, lower surface is hard, translucent
	Upper surface is sticky, lower surface is hard translucent
	Upper surface is sticky, lower surface is hard, translucent

	3
	3
	Upper surface is sticky, lower is hard, translucent
	Upper surface is sticky, lower is hard, translucent
	Upper surface is sticky, lower is hard, translucent

	4
	4
	Upper surface is sticky, lower is hard, translucent
	Upper surface is sticky, lower is hard ,translucent
	Upper surface is sticky, lower is hard, translucent

	5
	5
	Upper surface is sticky, lower is hard, translucent
	Upper surface is sticky, lower is hard, translucent
	Upper surface is sticky, lower is hard, translucent

	6
	6
	Upper surface is sticky, lower is hard, translucent
	Upper surface is sticky, lower is hard, translucent
	Upper surface is sticky, lower is hard, translucent

	7

	7
	Upper surface is sticky, lower is hard, translucent
	Upper surface is sticky, lower is hard, translucent
	Upper surface is sticky, lower is hard, translucent

	8
	8
	Polymerised completely, dark blue, hard, transparent
	Polymerised completely,   dark blue,hard,transparent
	Polymerised completely, brown, hard, transparent

	9
	9
	Polymerised completely, dark blue, hard, transparent
	Polymerised completely, dark blue,hard,transparent
	Polymerised completely,  brown, hard, transparent

	10
	10
	Polymerised completely, dark blue, hard and transparent
	Polymerised completely, dark blue, hard and transparent
	Polymerised completely,  brown, hard and 

transparent

	11
	11
	Polymerised completely, dark blue, hard, transparent
	Polymerised completely, dark blue,hard,transparent
	Polymerised completely,  brown, hard, transparent

	12
	12
	Polymerised completely, dark blue, hard and transparent
	Polymerised completely, dark blue, hard,  and transparent
	Polymerised completely, light brown in colour, transparent


3.5 To study the transparency of sample with less amount of dye in 2-hydroxyethyl        methacrylate  
Given amount of dye was added into 5g 2-hydroxyethyl methacrylate and stirring was done with the help of magnetic stirrer. Finally filtration was done, and samples were sent for polymerization by gamma radiation technique. 
Table- 3

	S.NO.
	Wt. of A(g)
	% of dye
	Dose (Mrad)
	Observation

	1
	5
	2
	12
	Light blue in color, transparent

	2
	5
	4
	12
	Blue in color, Transparent

	3
	5
	5
	12
	Blue in color, Transparent

	4
	5
	7
	12
	Dark blue in color, less transparent

	5
	5
	8
	12
	Dark blue in color, less transparent


3.6   Measurement of water absorption                                                                                                                                                                                                                                                                                                 
We desire a procedure to measure % water absorption of monomer 2-hydroxyethyl methacrylate and its copolymers which are characteristic of it, hence the samples which were collected after polymerisation by gamma radiation were taken and the weight of the sample before the start of the experiment was noted as Dry Weight. 

Then the samples were allowed to soak in 25 ml of distilled water, now the hydrogel material was taken out of the water and carefully dried by the tissue paper and weighed, this is called Wet Weight. Hydration was determined by weight difference after equilibrium was reached, hydration was noted at regular time intervals till equilibrium was reached. After the absorption of water there was found no change in the shape and transparency of the sample. The % hydration was now calculated by putting the values in the following expression:
% Water Absorption = Wet weight –Dry weight   x 100

Wet weight
3.6.1  Effect of gamma radiation on water absorption (%) 
               Measurment of water absorption (%) was done for completely polymerized sample obtained from 3.4.1. 
Table -4

	S.NO.
	Dose (Mrad)
	Hydration %

	
	
	HEMA
	HEMA+R-4 blue
	HEMA+R-19    blue
	HEMA+R-5 black

	1
	1
	38.95
	39.62
	39.50
	39.46

	1
	2
	38.82
	39.57
	39.38
	39.42

	3
	3
	38.67
	39.12
	39.21
	39.38

	4
	4
	38.57
	39.02
	39.17
	39.35

	5
	5
	38.35
	38.96
	39.07
	39.30

	6
	6
	38.14
	38.91
	39.05
	39.30

	7
	7
	38.14
	38.91
	39.05
	39.30

	8
	8
	38.14
	38.91
	39.05
	39.30

	9
	9
	38.14
	38.91
	39.05
	39.30

	10
	10
	38.14
	38.91
	39.05
	39.30

	11
	11
	38.14
	38.91
	39.05
	39.30

	12
	12
	38.14
	38.91
	39.05
	39.30

	13
	13
	38.14
	38.91
	39.05
	39.30

	14
	14
	38.14
	38.91
	39.05
	39.30

	15
	15
	38.14
	38.91
	39.05
	39.30


3.6.2  Effect of N-vinyl pyrrolidone on (%) water absorption 
A mixture of monomer 2-hydroxyethyl methacrylate(HEMA) + monomer N-vinyl pyrrolidone (NVP), (50%) were taken in a beaker and continuous stirring was done for one hour. Then comonomer solution was taken in vials 5 gm each, were exposed to gamma radiation for various doses. After complete polymerization, vials were broken and copolymers in the form of disc were obtained. Those samples were then tested for (%) water absorption. 

Table -5
	S.NO.
	Dose         (Mrad)
	Observation
	(%) water absorption

	
	
	HEMA
	HEMA + NVP (50%)
	HEMA
	HEMA + NVP 50%

	1
	3
	Not polymerised completely, pale yellow & transparent
	Not polymerised completely, dark yellow & transparent
	38.67
	53.89

	2
	4
	Not polymerised completely, pale yellow & transparent
	Not polymerised completely, dark yellow & transparent
	38.57
	53.24

	3
	5
	Not polymerised completely, pale yellow & transparent
	Polymerised completely, yellow & transparent
	38.35
	53.21

	4
	6
	Not polymerised completely, pale yellow & transparent
	Polymerised completely, yellow & transparent
	38.14
	53.30

	5
	7
	polymerised completely, light pale yellow & transparent
	Polymerised completely, yellow & transparent
	38.14
	53.67

	6
	8
	Polymerised

completely, light pale yellow & transparent
	Polymerised completely, yellow & transparent
	38.14
	53.16

	7
	9
	Polymerised completely, light pale yellow & transparent
	Polymerised completely, yellow & transparent
	38.14
	53.11

	8
	10
	Polymerised completely, light pale yellow & transparent
	Polymerised completely, yellow & transparent
	38.14
	53.15


3.7 Effect of crosslinking agent on Polymerization
Monomer 2-hydroxyethyl methacrylate crosslinked with crosslinking agent have been found suitable for disposable soft contact lens applications.
Given amount of crosslinking agent was added into the vials containing monomer 2-hydroxyethyl methacrylate (3gm) each prior to copolymerization in gamma radiation at various doses. After polymerization vials were broken and samples were obtained and tested for % water absorption, leachability and hardness tests. 
Table-6 
	S.N.
	Dose(Mrad)
	Wt. of crosslinking agent (gm)
	Observation
	Hardness

(Shore D)
	Hydration     (%)
	Leachability (ppm)

	  1
	5


	0.03
	Completely polymerized, dark blue, hard & transparent
	80
	34.19
	0

	2
	5
	0.05
	Completely polymerized, dark blue, hard & transparent
	80
	33.06
	0

	3
	5
	0.1
	Completely polymerized, dark blue, hard & transparent
	80-85
	21.70
	0

	4
	5
	0.3
	Completely polymerized, dark blue, hard & transparent
	80-85
	10.16
	0

	5
	5
	0.5
	Completely polymerized, dark blue, hard & transparent
	90
	5.03
	0

	6
	5
	1.0
	Completely polymerized, dark blue, hard & transparent
	90-95
	1.57
	0

	7
	5
	2.0
	Completely polymerized, dark blue, hard & transparent
	90-95
	0.74
	0


3.8  Effect of Monomer N-vinyl pyrrolidone on hardness
Hardness was measured using shore-D Durometer as per ASTM D 2240-75. Total dose is 8 Mrad and crosslinking agnt (EGDMA)1% of total monomer in all copolymers is used. In this case (0-40%) of monomer N-vinyl pyrrolidone was added to the monomer 2-hydroxyethyl methacrylate (5g) with 1% of crosslinking agent EGDMA. After complete polymerization hardness test of samples were done. 
Table-7

	S.NO.
	Wt.of
HEMA g
	Monomer

NVP  (%)
	Appearance
	Hardness Shore D

	1
	5
	0.0
	Pale yellow, clear  and transparent
	85

	2
	5
	2
	Pale yellow, clear & transparent
	85

	3
	5
	4
	Pale yellow, clear & transparent
	84

	4
	5
	6
	Pale yellow, clear & transparent
	82

	5
	5
	8
	Pale yellow, clear & transparent
	80

	6
	5
	10
	Pale yellow, clear & transparent
	80

	7
	5
	12
	Pale yellow, clear & transparent
	80

	8
	5
	14
	Yellow, clear and transparent
	80

	9
	5
	16
	Dark yellow, clear & transparent
	78

	10
	5
	18
	Dark yellow, clear & transparent
	75

	11
	5
	20
	Dark yellow, clear & transparent
	75

	12
	5
	40
	Dark yellow, clear& transparent
	73


3.9 Spectroscopic Analysis of 2-hydroxyethyl methacrylate–Dye composition
Dyes used in this work are outlined below:
	Dye used
	Chemical class
	Reactive group

	R-4 blue
	Anthraquinone
	Dichlorotriazinyl

	R-19 blue
	Anthraquinone
	Vinylsulfone

	R-5 black
	Anthraquinone
	Vinyl sulfone


The spectrophotometric measurement of the dye solution was carried out with

Schimadzu UV- Spectrophotometer with 1 cm glass cell.

 Maximum absorbance values (
[image: image8.wmf]max
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) were measured from dye solution at different concentrations by preparing 1gm/l stock solution. The formula required to made different concentrations of solutions is as follows
1. Required Solution (ppm) = Weight of the sample (g) x 10,000
     Volume of measuring flask (ml)
2. Volume required in pipette to = Required solution(ppm) x Volume of measuring flask(ml)

     Make up solution (ml)                                    Stock solution made (ppm)
The maximum absorbance range for blue colour is 580 – 595.

 3.9.1   Maximum Absorbance of Reactive blue-4 dye at various concentrations
Table-8

	S.NO.
	Concentration(ppm)
	Absorbance
(A)

	1
	1
	0.009

	2
	2
	0.018

	3
	3
	0.025

	4
	4
	0.029

	5
	5
	0.031

	6
	10
	0.057

	7
	20
	0.128

	8
	25
	0.161

	9
	50
	0.313

	10
	75
	0.438

	11
	100
	0.529

	12
	150
	0.876

	13
	200
	1.063

	14
	300
	1.637

	15
	500
	2.577
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                        Fig.1: Absorbance of Reactive blue-4 dye at various concentrations

3.9.2   Maximum  absorbance of Reactive blue-19 dye at various concentrations
Table-9
	S.NO.
	Concentration (ppm)
	Absorbance (A)

	1
	1
	0.012

	2
	2
	0.019

	3
	3
	0.025

	4
	4
	0.033

	5
	5
	0.047

	6
	8
	0.066

	7
	10
	0.073

	8
	20
	0.182

	9
	25
	0.221

	10
	50
	0.435

	11
	75
	0.713

	12
	100
	0.968

	13
	200
	1.810

	14
	300
	2.436

	15
	400
	2.783

	16
	500
	2.853
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                            Fig.2: Absorbance of Reactive blue-19 dye at various concentration

3.10 Effect of gamma radiation on leachability (Monomer 2-hydroxyethyl   methacrylate & its copolymers)

Leachability of the blue dye from monomer 2-hydroxyethyl methacrylate was studied in different media. The media that were selected was cold distilled water and tear solution.                                      
In Leachability testing, the tinted sample was first soaked in distilled water/tear solution over night. Then the tinted lens is extracted out from the water, and how much dye molecules leaching out of the sample in the distilled water, this may be readily determined, for example, by spectrophotometer. 
Table-10 (In water)

	S.NO.
	Dose (Mrad)
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 At 590nm (ppm)

	
	
	HEMA+R-4 blue
	HEMA+R-19 blue

	1
	1
	40
	25

	2
	2
	40
	25

	3
	3
	40
	20

	4
	4
	25
	15

	5
	5
	25
	15-10

	6
	6
	20
	15-10

	7
	7
	15
	15-10

	8
	8
	10
	10

	9
	9
	10
	5

	10
	10
	3
	3

	11
	11
	2
	1

	12
	12
	0
	0

	13
	13
	0
	0

	14
	14
	0
	0

	15
	15
	0
	0


Leachability studies in tear solution 

Artificial tear fluid (ATF) was prepared by following composition:

Artificial tear solution components: 

	Component
	Concentration (mg/ml)

	Lecithin
	2

	Hydroxy ethyl cellulose
	43.0

	Tween 80
	7.5

	Disodium edatate
	15.75

	Sodium chloride
	34.2

	Sodium phosphate
	87.5

	Thimerosal
	0.428

	Potassium phosphate
	25.0

	Distilled water
	10


Table-11 (In tear solution)

	S.NO.
	Dose

(Mrad)
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at 590nm(ppm)

	
	
	HEMA+R-4 blue
	HEMA+R-19 blue

	1
	1
	40
	40

	2
	2
	40
	25

	3
	3
	40
	25

	4
	4
	25
	20

	5
	5
	25
	15

	6
	6
	20
	15

	7
	7
	15
	10

	8
	8
	10
	8

	9
	9
	10
	8

	10
	10
	3
	3

	11
	11
	2
	2

	12
	12
	0
	0

	13
	13
	0
	0

	14
	14
	0
	0

	15
	15
	0
	0


CHAPTER: 4

RESULTS & DISCUSSION

4.1. Solubility of dyes in different solvents 

According to table -1:

· Reactive blue-4 dye is completely soluble in methanol and acrylonitrile but insoluble in cyclohexane, n-hexane, toluene and chloroform.

· Reactive blue-19 dye is completely soluble in methanol and acrylonitrile, slightly soluble in chloroform and insoluble in cyclohaxane, toluene and n- hexane.

· Reactive black-5 dye is only soluble in methanol and insoluble in rest of all the solvents.

4.2. Solubility of dye in monomer 2-hydroxyethyl methacrylate 
All the three dyes have different – different solubility in 2-hydroxyethyl methacrylate .

· Reactive blue-4 dye is 48% soluble in monomer 2-hydroxyethyl methacrylate.
· Reactive blue-19 dye is also 47.3% soluble in monomer2-hydroxyethyl methacrylate.
· Reactive black-5 dye is only 8% soluble in monomer 2-hydroxyethyl methacrylate, the solubility of D3 dye is very less.

Dye molecules consist of chromophore (color bearing groups: eg.  An aromatic structure absorbing visible light). Among twelve different chromophore groups, azo, and anthraquinone are the major units. Azo dye represent the most common chromophore with in the reactive dyes. Another important chromophore group is the anthraquinone. It has pale yellow color, which is due to an n-
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 transition, that produces a weak color band at 405nm. Electro withdrawing groups have little effect on the color of the compound, whereas electron donating groups(eg. OH-, Cl-, NH2) determine the compound’s distinctive color. With more chlorine content, dark blue color is seen, and with less amount of chlorine light blue color is seen.

4.3 Effect of gamma radiation on polymerization of 2-hydroxyethyl methacrylate   and its copolymer and their properties 
Table -2 shows that all samples remains incompletely polymerized from 1 to 7 Mrad. But get polymerized completely at 8 Mrad. Transparency of the sample increases with increasing dose of radiation and at 12 Mrad, sample with good transparency is obtained. 

4.4 Effect on transparency of the sample with less amount of dye in monomer 2-hydroxyethyl methacrylate
From table- 3, it is found that 0.10 gm of dye is sufficient to give the transparent samples with good tint and with the increasing amount of dye, the transparency decreases and darkness of the tint increases.

4.5 Effect of gamma radiation on % water absorption 

Table-4 shows that as the radiation dose increases, the water absorption decreases and remains same after complete polymerization. The water absorption is found to be increased by adding dyes into the monomer 2-hydroxyethyl methacrylate, ie dyes affect the structural backbone of monomer 2-hydroxyethyl methacrylate.
4.6 Effect of monomer N-vinyl pyrrolidone (NVP) on % water absorption
Table-5 shows that monomer 2-hydroxyethyl methacrylate get polymerized at 7 Mrad but comonomer 2-hydroxyethyl methacrylate + N-vinyl pyrrolidone get polymerized completely at 5 Mrad. ie by the addition of monomer N-vinyl pyrrolidone (NVP), the polymerization occurs faster. In case of water absorption, it is found that there is a drastic increase in water absorption when NVP is added to monomer 2-hydroxyethyl methacrylate.
     Result shows that as the percentage of N-vinyl pyrrolidone (NVP), increases in the copolymer, the water absorption (%) increases. It shows that N-vinyl pyrrolidone (NVP),  has good water absorption(%), and it makes the copolymer more hydrated. NVP is the most effective comonomer used to increase the ability of a hydrogel to take up more water. The polar lactam moiety of monomer N-vinyl pyrrolidone (NVP), cause these polymers to have high water contents.
4.7. Effect of cross linking agent on monomer 2-hydroxyethyl methacrylate 
Table-6 shows that when crosslinking agent was added to the monomer 2-hydroxyethyl methacrylate at different percentages prior to polymerization, samples obtained are found to be very hard, dark blue and transparent. In this case all the samples get polymerized completely only at 5 Mrad, and as the dose of radiation increases, the hardness increases. 

Lechability is zero for all samples at every dose, and as far as hydration (%) is concern, it clearly decreases with the increasing percentage of cross linking agent.

	S.NO.
	% of Crosslinking agent 
	Hydration (%)

	1
	0
	38

	2
	1
	35.09

	3
	1.65
	33

	4
	3.3
	21.70

	5
	6.6
	10.16

	6
	9.9
	5.03

	7
	33
	1.5

	8
	66
	0.64


Monomer2-hydroxyethyl methacrylate has a good percentage of water absorption. Hydrogels obtained by the intermolecular cross linking of polymer chains and water filling the space between the polymer chains,

When crosslinking agent is added, crosslinking between the polymers increases so that the space between the polymers decreases to take the water molecule leads to decrease in water absorption. Result shows that only 1% crosslinking agent is sufficient for HEMA otherwise it disturbs the water absorption (%). 
4.8 Effect of monomer N-vinyl pyrrolidone (NVP) on hardness:

Table-7 shows that when the percentage of monomer N-vinyl pyrrolidone (NVP), increases in monomer 2-hydroxyethyl methacrylate, the hardness decreases, this is due to the hydrophilic character of monomer N-vinyl pyrrolidone (NVP), resulted to poor mechanical properties. This is controlled by using crosslinking agent.
4.9. Effect of gamma radiation on leachability (In water and tear solution):

Lechability test was done for R-4 blue and R-19 blue dyes and it is found that maximum color leach out at 1 Mrad, and as the radiation dose increases from 1 to 11 Mrad, the leachability decreases and at 12 Mrad it is found to be zero and tint stable sample is obtained, so in both the cases as the radiation dose increases, stability of the tint increases and at 12 Mrad leads to the tint stable sample. It shows that the gamma radiation increases the stability of the tint. The blue dyes, stable to leaching in water/tear solution also indicate the formation of strong bond between dyes and monomer 2-hydroxyethyl methacrylate.
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                  Fig.3: Effect of gamma radiation on leachability in case of R-4 blue dye

(In water)
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Fig.4: Effect of gamma radiation on leachability in case of R-19 blue dye

(In water)
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Fig.5: Effect of gamma radiation on leachability in case of R-4 blue dye

(In tear solution)
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Fig.6: Effect of gamma radiation on leachability in case of R-19 blue dye

(In tear solution)

CHAPTER: 5 CONCLUSION
1. Solubility of dyes in solvents: Reactive blue-4 dye and Reactive blue-19 dye were found to be soluble in acrylonitrile and methanol but Reactive black-5 dye was soluble in methanol only.
1. Solubility of dyes in monomer 2-hydroxyethyl methacrylate  
 Different dyes have different solubility in monomer 2-hydroxyethyl methacrylate.                                                                                            
· Reactive blue-4 dye has 48% solubility in monomer 2-hydroxyethyl methacrylate.
· Reactive blue-19 dye has 47.3% solubility in monomer 2-hydroxyethyl methacrylate.
· Reactive black-5 dye has 8% solubility in monomer 2-hydroxyethyl methacrylate.
3. Effect of gamma radiation on polymerization: With increase in dose of gamma radiation, polymerization increases. 8 Mrad is found to be perfect dose for completely polymerized sample.
4. Effect of gamma radiation on % hydration: As the dose of radiation increases, the water absorption decreases.

5. Water absorption of monomer 2-hydroxyethyl methacrylate: Percentage (%) water absorption of monomer 2-hydroxyethyl methacrylate is 38%, with dye 39% and with monomer N-vinyl pyrrolidone (NVP), 53%.
6. Effect of crosslinking agent: Crosslinking agent decreases the % water absorption of monomer 2-hydroxyethyl methacrylate. With the increase in percentage of crosslinking agent in monomer 2-hydroxyethyl methacrylate, the water absorption decreases effectively.
7. Effect of monomer B on hardness: Hardness of the sample decreases when the percentage of monomer N-vinyl pyrrolidone (NVP), increases in monomer 2-hydroxyethyl methacrylate.

8. Effect of gamma radiation on leachability: Gamma radiation increases the stability of the tint, 12 Mrad is sufficient dose for obtaining tint stable sample in case of both R-4 blue dye and R-19 blue dyes.
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