Lab 2 - Surface Characterization
Introduction: 

The past decade has witnessed a tremendous surge in interest regarding various techniques for material surface preparation and modification. The critical principle behind these technologies is that they make it possible to change the surface properties of a material without changing the bulk properties. This essentially creates "new" materials with new possibilities, opening novel perspectives to help resolve production or design issues and develop innovative applications. Production difficulties frequently arise when a new material is substituted for an existing one and turns out to have surface characteristics that are incompatible with effective processing. Recent surface modification methods often can address such problems while also inspiring unanticipated design solutions as designers begin to think beyond conventional mechanical or chemical surface alteration. 
The Problem:

Storing dilute protein containing solutions in containers made of hydrophobic polymers including polypropylene, polyethylene, ethylene vinyl acetate, or plasticized PVC results in as much as 30% loss of protein from solution to the surface of the container due to adsorption.  Containers whose surfaces are modified with hydrophilic polymers like polyvinylalcohol or polyvinypyrolidone, demonstrate a five- to tenfold reduction in protein loss. The difference can have a significant impact on preserving trace amounts of certain labile components in biological solutions or in certain drug delivery applications can preserve significant quantities of drug.  

Besides coating materials with hydrophilic polymeric coatings other methods exist including plasma technology—an environmentally friendly and cost-efficient way to modify material surfaces on a microscopic level without manual operations or the use of chemical products. With this technique, it is possible in a well-controlled and reproducible way to clean, activate, etch, or otherwise modify the surface of plastic, metal, or ceramic materials to improve their bonding capabilities or achieve totally new surface properties. 

Background-Gas Plasma Systems: 

A plasma is a partially ionized gas containing ions, electrons, atoms, and neutral species. To enable the gas to be ionized in a controlled and qualitative manner, the process is usually carried out under vacuum conditions. A vacuum vessel is first pumped down via rotary and roots blowers—sometimes in conjunction with high-vacuum pumps—to a low to medium vacuum pressure in the range of 10–2 to 10–3 mbar. The gas is then introduced into the vessel by means of mass flow controllers and valves. Although many gases can be used, commonly selected gases or mixtures of gases for plasma treatment of polymers include oxygen, argon, nitrous oxide, tetrafluoromethane, and air. 

A high-frequency generator—which can be in the kHz, MHz, or microwave range—is then used to ionize the gas into a plasma, forming an environment that has been referred to as "the fourth state of matter" (i.e., in the presence of sufficient energy, a solid can be melted to a liquid, a liquid vaporized into a gas, and a gas ionized into a plasma). 

The formed reactive particles react in a direct way with the surface without damaging the bulk properties of the treated part. In fact, the surface modification is limited to the outermost 10 to 1000 Å of the substrate. One distinguishing characteristic of a plasma is a visible glow discharge, with colors ranging from blue-white to dark purple, depending on the type of gas. 

Plasma systems generally comprise five main components: the vacuum vessel, a pumping group, a gas-introduction and gas-control system, a high-frequency generator, and a microprocessor-based system controller. Various optional parts can then be added to adapt a base system to handle particular applications or substrates, such as special barrels for small pieces, modified electrode racks, or guiding systems for textiles or fibers. A wide range of equipment is available, from smaller laboratory-scaled systems, like the one you will use in today’s lab, to custom-designed industrial units to large textile treatment devices.

Processing modalities: 

The process of plasma surface modification of surfaces can be divided into four distinct mechanisms: ablation, cross-linking, activation, and deposition. 

Ablation. The ability of plasma processing to break down weak covalent bonds in a polymer through bombardment with high-energy particles is known as ablation. This affects the outermost molecular layers of the substrate exposed to the plasma, which boils off and is removed by vacuum. Because the chemistry of any layers of surface contamination is also generally made up of weak C-H bonds, plasma treatment can remove contaminants such as oil films or injection molding additives, thereby leaving behind a uniformly clean and active polymer surface. 

Cross-linking. Cross-linking is the setting up of chemical links between the molecular chains of polymers. Plasma processing with inert gases can be used to cross-link polymers and produce a stronger and harder microsurface. Under certain circumstances, cross-linking through plasma treatment can also lend additional wear or chemical resistance to a material. Medical applications for plasma-induced cross-linking include catheters, clinical instruments, and contact lenses. 

Activation. The replacement of surface polymer groups with chemical groups from the plasma is called activation. During activation, the plasma breaks down weak bonds in the polymer and replaces them with highly reactive carbonyl, carboxyl, and hydroxyl groups. Activation can also be performed with amino groups or other functional groups. The resulting change in substrate characteristics will be determined by the type of chemical groups incorporated into the surface. 

Deposition. In plasma deposition, a thin polymer coating is formed at the substrate surface through polymerization of the process gas. Depending on the selection of the gas and process parameters, these thin coatings can be deposited with various properties or physical characteristics. Coatings produced in this manner through plasma deposition exhibit different properties than films derived from conventional polymerization, including a high degree of cross-linking and extremely strong adherence to the substrate.

Surface Analysis by Contact Angle Measurement:

Surface contact angle measurement is used to determine surface cleanliness, evaluate cleaning methods and study adhesion, wetting behavior, bonding quality, surface treatments and coatings on fiber, fabric, polymers, semiconductor wafers, hard disks, flat panel displays and biomaterials.  

When a liquid drop is placed on the surface of a solid, the shape of the droplet is determined by balance from the three forces of solid, liquid and vapor. The line tangent drawn at the curve of the droplet to the point it intersects with the solid surface forms the contact angle. A droplet with high surface tension resting on a low energy solid forms a spherical shape or high contact angle.  Conversely, when the solid surface energy exceeds the liquid surface tension, the droplet forms a flatter, lower profile shape or low contact angle.  In industry, the contact angle that water makes with biomaterials is often used to examine whether certain surface treatments are effective in changing surface chemistry while preserving bulk properties.  You will learn more about theory behind contact angle measurement and surface analysis in general in the lectures by Dr Hlady, for now we will simply show you how the measurements are preformed using one type of measurement.

Suggested Process: 
1. The TA will demonstrate how to measure the static water contact angle using the instrumentation set up in lab.

2. Using the sessile drop method, determine the static water contact angle of the test specimens provided and record the data. 

3. The TA will demonstrate how to treat your specimen with a hand-held plasma treatment instrument and will treat each specimen for you.

4. Using the sessile drop method, re-determine the water contact angle of the test specimens provided and record the data.

Lab Report Format:
Each student must turn in a separate laboratory report representing his or her own work. The report should be prepared using MS Word or equivalent. The department has asked me to include in your grade an assessment of grammar and style, so please proof your report, rewrite the initial draft if necessary and check for spelling and other grammatical errors before submission.  
