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Student Questions
1. What problems can static cling cause?

2. Describe the makeup of an electrically neutral atom.

3. What causes static cling?
4. How does an antistatic agent reduce or eliminate buildup of static electricity?
5. Describe the molecules of an antistatic agent and their action.
6. What is a drawback of using fabric softener to reduce static cling?
7. What was the first way manufacturers tried to reduce static cling more permanently? What were the drawbacks?
8. What did manufacturers try next? What substance was successful?
9. What is a carbon nanotube? How do they reduce static cling?
10. What are other areas where eliminating static charge buildup is a concern?
Answers to Student Questions 
1. What problems can static cling cause?
Static cling can cause clothes to cling to your body and to cling to one another, making it difficult to find small items such as socks, and can cause hair and lint to stick to clothing.
2. Describe the makeup of an electrically neutral atom.
An electrically neutral atom contains equal numbers of positive charges (protons in its nucleus) and negative charges (electrons surrounding the nucleus).
3. What causes static cling?
Static cling is caused by the moving of electrons from one material to the other when the two different materials are in contact. When the materials are separated, one of them keeps the extra electrons and is negatively charged, while the other, now missing those electrons, is positively charged. This causes static electricity. The positive and negative charges attract each other and “cling”.
4. How does an antistatic agent reduce or eliminate buildup of static electricity?
An antistatic agent, such as fabric softener, reduces or eliminates buildup of static electricity by attracting water molecules to the surface of fabrics. The polar water molecules bind to electric charges on the fabrics and attenuate their attraction to oppositely charged particles. They also lubricate clothing, which reduces friction between materials and reduces the chances they will be in contact with each other and exchange electrons.
5. Describe the molecules of an antistatic agent and their action.
The molecules often have both a hydrophobic side, which interacts with the fabric surface, and a hydrophilic side, which interacts with water molecules present in air moisture. The polar water molecules bind to the electric charges on the surface of the fabrics and reduce static cling. They also lubricate clothing; the water-coated fibers slide against each other with less friction, so fewer electrons are released.
6. What is a drawback of using fabric softener to reduce static cling?
Fabric softeners reduce static cling only temporarily. The softener naturally rubs off a fabric through everyday use.
7. What was the first way manufacturers tried to reduce static cling more permanently? What were the drawbacks?
Manufacturers coated fabrics with an antistatic finish. This type of fabric felt stiff and the coating process clogged the weave, making the fabric impermeable to air. Perspiration was not wicked away and people felt cold and clammy. 
8. What did manufacturers try next? What substance was successful?
Manufacturers applied antistatic substances directly to the fibers that make up clothes. An antistatic substance called a carbon nanotube was used. 
9. What is a carbon nanotube? How do they reduce static cling?

A carbon nanotube is a cylindrical carbon molecule that is a single layer of graphite rolled up into a cylinder. Nanotubes can form a strong, tightly bonded coating on natural fibers that are used to make yarn and fabric. The nanotubes easily slip past each other and the lack of friction results in a lack of static discharge.  
10. What are other areas where eliminating static charge buildup is a concern?

Two areas are the manufacture of electronic devices, where small particles of dust can be attracted to electronic devices, and airplane fuel, where static electricity sparks can ignite fuel vapor.

Anticipation Guide

Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.
	Me
	Text
	Statement

	
	
	1. Static cling is caused by static electricity from electrons moving from one material to another.

	
	
	2. Fabric softeners work by repelling water molecules from the surface of fabrics.

	
	
	3. Fabric softeners reduce friction between different pieces of clothing.

	
	
	4. Fibers may be natural or synthetic.

	
	
	5. Wool is naturally static resistant.

	
	
	6. Clothing made with carbon nanotubes are bulky and uncomfortable.

	
	
	7. Clothing made with nanoparticles are not yet commercially available.

	
	
	8. Antistatic additives are used to prevent jet fuel vapor from igniting.

	
	
	9. Dry human hands have a stronger tendency to gain electrons than steel.


Reading Strategies  
These matrices and organizers are provided to help students locate and analyze information from the articles.  Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding


Teaching Strategies: 

1. Since several of the articles involve nanoparticles, you might want to preview this issue with your students by reading and discussing the “Chemistry of Carbon: Going Up!” short article in “Did You Know?” on page 4 and the “Open for Discussion” information on page 5.

2. Links to Common Core State Standards: Ask students to develop an argument explaining why they would or would not use new materials made from nanoparticles. In their discussion, they should state their position, providing evidence from the articles to support their position. If there is time, you could extend the assignment and encourage students to use other reliable sources to support their position. 

Directions: As you read, compare and describe the different ways to eliminate static cling.

	
	How do they work?
	Advantages
	Disadvantages

	Fabric Softeners
	
	
	

	Nanotextiles
	
	
	


Background Information 
(teacher information)

More on fabric softeners
Even if they don’t regularly use it themselves, students may already be familiar with fabric softener brands, such as Downy, or Snuggle, with its memorable “Snuggle bear” mascot from television commercials. Using fabric softeners while laundering can serve several purposes simultaneously: 1) give fabric a softer feel, 2) reduce static cling, and 3) give fabric a particular fragrance.

Fabric softeners can be delivered to the fabric in different ways. The main way has been to add liquid fabric softener to the wash cycle after the detergent has been rinsed out. This is because the majority of detergents are anionic, while fabric softeners are cationic. Mixing the two together forms insoluble complexes (McCoy, M. Soaps and Detergents. C & E News, Jan. 30, 2006, volume 84, number 5, pp 13–19). Washing machines today commonly have a separate dispenser for fabric softener, so the user can add fabric softener when starting the load and have the machine release it at the proper time. Previously one had to come back to the machine at the proper time to add the fabric softener. For washing machines without such a feature, companies have manufactured products that serve the same purpose. For example, one can purchase a “Downy ball”. Fabric softener is poured into the ball, which is then sealed and placed in with the laundry. The ball opens and releases the softener during the rinse cycle. Another popular way to deliver fabric softener is through the use of dryer sheets. The sheets are usually made from “a nonwoven polyester material coated with a softening agent that has a long hydrophobic chain. … During tumble drying, the coating containing the softener melts and the compounds get transferred onto the fabrics being dried” (http://pubs.acs.org/cen/whatstuff/86/8615sci2.html). This particular delivery method brings in the idea of melting point. If the melting point of the softener on the sheets is too low, it would not remain solid at room temperature and would be sticky in the box. It needs to have a high enough melting point to only be released in the drier (http://pubs.acs.org/cen/whatstuff/86/8615sci2.html). “Softergents” are another option; a Tide product with Downy fabric softener was released in 2004 and overcame the difficulties of bringing together the two types of products. The patented product is described: “Polymers and enzymes are used to create a ‘cleaning chassis’ that is compatible with the softener system” (http://pubs.acs.org/isubscribe/journals/cen/84/i05/html/8405cleaning.html).

The Handbook of Detergents, Part E: Applications discusses the chemicals most often used: “Fabric softening agents most commonly used by the detergent industry are nitrogen-containing cationic compounds with two long-chain hydrophobic alkyl groups. The alkyl groups are usually from tallow fatty acids or triglycerides with a high C16–C18 alkyl content. Cationics of the quaternary ammonium and imidazolinium type are the preferred materials” (p 183). Additional ingredients are included, such as an emulsifier, fragrance, and color. The emulsifier is needed because “The conditioning ingredients used in fabric softeners are not typically soluble in water because of their oily nature. Therefore, another type of chemical, known as an emulsifier, must be added to the formula to form a stable mixture. Without emulsifiers the softener liquid would separate into two phases, much like an oil and vinegar salad dressing does” (http://www.madehow.com/Volume-7/Fabric-Softener.html).

More on fibers and fabrics

The Heiss article discusses the work garment manufacturers have done to impart more permanent antistatic properties to fabric used for clothing. The most successful work has been done on the level of the fibers. A more complete definition of a fiber is found at the “Fiber and Fabric” site http://www.42explore.com/fibers.htm: “Fiber is a hairlike strand of material. It is a substance that is extremely long in relation to its width, at least 100 times longer than it is wide. A fiber is the smallest visible unit of any textile product. Fibers are flexible and may be spun into yarn and made into fabrics.” Fibers can be broken down into two major categories: natural, consisting of animal and plant fibers, and manufactured. Manufactured fibers include synthetic, or man-made fibers, along with regenerated fibers, which are “made from natural materials by processing these materials to form a fiber structure” (http://www.42explore.com/fibers.htm). Several examples of natural plant fibers are cotton, hemp, linen, and ramie; several natural animal fibers are cashmere, mohair, silk, and wool. Examples of manufactured fibers are acetate, acrylic, lyocell, nylon, polyester, rayon, and spandex. Information on the characteristics and uses of each of these and other fibers and is available at http://www.fabriclink.com/university/char.cfm.

A comparison of fabric made with natural fibers versus fabric made with manufactured fibers shows that each type has advantages and disadvantages. The paper “Applications and Future of Nanotechnology in Textiles” (http://www.freewebs.com/jayaram-co/doc/nanocot.pdf) compares natural cotton fabric to man-made fibers:

…cotton fabrics provide desirable comfort properties such as absorbency, breathability and softness. However, their applications often are limited due to their inferior strength, durability, crease resistance, dirt resistance, and flame resistance. Contrary to that, the fabrics made with synthetic fibers generally are very strong, crease resistant and dirt resistant, but they lack the comfort properties of cotton fabrics. The intention here is to demonstrate that the advancement of nanotechnology brings the possibility of developing next-generation cotton-based fabrics that could complement the advantages of cotton and man-made fibers (p 2498).
The paper, from 2006, goes on to describe advances in fabric finishes, including antistatic, wrinkle-free, stain resistant, and oil repellent treatments. It even mentions a fabric treatment of “‘nanobeads’ to carry bioactive or anti-biological agents, drugs, pharmaceuticals, sunblocks, and even textile dyes”.

More on nanotextiles


Typical treatments to fabric to provide effects such as a reduction in static are often only temporary. For example, one would need to continue to use fabric softener either in the washer or dryer, since the materials that make the fabric feel softer and give an antistatic effect eventually wear off or are washed off. The properties of nanoparticles make them a good choice to provide a more permanent effect without affecting desirable properties of the fabric. “Nanotechnology can provide high durability for fabrics, because nano-particles have a large surface area-to-volume ratio and high surface energy, thus presenting better affinity for fabrics and leading to an increase in durability of the function. In addition, a coating of nano-particles on fabrics will not affect their breathability or hand feel” (http://www.freewebs.com/jayaram-co/doc/Selected_Appz_of_Nanotechnology_in_Textiles.pdf).

The Heiss article highlights the use of carbon nanotubes to provide antistatic properties. Other nanoparticles are also able to give synthetic fibers these properties. Some of the specific nanoparticles are nano-sized titanium dioxide, zinc oxide whiskers, nano antimony-doped tin oxide, and silane nanosol. “[They] provide anti-static effects because they are electrically conductive materials. Such material helps to effectively dissipate the static charge which is accumulated on the fabric. On the other hand, silane nanosol improves antistatic properties, as the silane gel particles on fibre absorb water and moisture in the air by amino and hydroxyl groups and bound water.” (http://www.freewebs.com/jayaram-co/doc/Selected_Appz_of_Nanotechnology_in_Textiles.pdf)

Whatever the substance being used to change the properties of fibers or fabrics, there are different ways that it can be added or integrated:

The key difference among them is whether synthetic nanoparticles are integrated into the fibres or the textile, or are applied as a coating on the surface, and/or whether nanoparticles are added to the nanoscale fibres or coating. However, information about manufacturing methods, the nanomaterials themselves and the quantities used, as well as the "life cycle" of the "nano-treated" textile for sale is largely unavailable to the consumer.  
In principle a distinction has to be made as to whether the manufacturing process involves the use of nanoparticles or whether it uses nanostructures (nanometer-thin fibres, nanoporous fibres) without synthetic nanoparticles. Nanoparticles can be introduced into a synthetic material (polymer) and fibres can then be spun from the resulting nanocomposite material, which have a nanoscale, or larger, diameter. Nanometer-thin fibres can however also be manufactured from synthetic material or cellulose without synthetic nanoparticles. In this case the term nanofibre is used to refer to the tiny diameter of the fibres.
A further possibility is the so-called "refining" of chemical and natural fibres by which nanoparticles themselves are either bonded to the fibre surfaces or are embedded in a coating on them. However, textiles and fibres can also be refined by means of nanoscale metal or polymer coatings, produced by immersion, spraying or plasma processes which do not contain synthetic nanoparticles. As in the case of fibre manufacture "nano" is used in this instance to refer to the nanoscaling of the coating. 
(http://www.nanowerk.com/spotlight/spotid=19451.php)


Nanotechnology can be used to give fabric several different desirable properties: water repellence, soil resistance, wrinkle resistance, antimicrobial, antibacterial, antistatic, UV protection, flame retardation, and improvement of dyeability. While the Heiss article focuses on antistatic properties, instructors may be interested in expanding to a discussion of the chemistry of how these other properties can be imparted to fabric. The chemistry of several of these properties is included in the paper “Selected Applications of Nanotechnology in Textiles”. For example, it describes one method of making a fabric water repellent:

Nano-Tex [a textile company] improves the water-repellent property of fabric by creating nano-whiskers, which are hydrocarbons and 1/1000 of the size of a typical cotton fibre, that are added to the fabric to create a peach fuzz effect without lowering the strength of cotton. The spaces between the whiskers on the fabric are smaller than the typical drop of water, but still larger than water molecules; water thus remains on the top of the whiskers and above the surface of the fabric. However, liquid can still pass through the fabric, if pressure is applied. The performance is permanent while maintaining breathability. (p 2) 


The future of nanotechnology applications to fabric stretches well beyond the realm of just making it easier for us to avoid static cling. The introduction of the Heiss article hinted at areas that could benefit from nanoparticle use: drug delivery, medical imaging, and house-cleaning products. Examples of potential future applications are listed as part of the article “Nano-Textiles Are Engineering a Safer World” (http://nanotextiles.human.cornell.edu/Nanotechnology in textiles - protective fibers.pdf), with at least some already being worked on:

· Supersensitive bio-filters made of fibers capable of filtering out viruses, bacteria, and hazardous particles and microorganisms.
· Nanolayers when applied to natural fibers showed certain properties and then these are made into protective clothing for firefighters, emergency responders, and military personnel that selectively blocks hazardous gases and minuscule contaminants but allows air and moisture to flow through.
· Fibers that control the movement of medicine to administer time released antibacterial and antiallergenic compounds; for example gloves that deliver arthritis medicine or antibacterial sheets in hospitals.
· Magnetic nanoparticles when embedded inside a garment or paper document to create a unique signature that can be scanned to detect counterfeit currency or fake passports.
· Sensors that could swab a food or surgical preparation surface to immediately detect the presence of hazardous bacteria.
· Biodegradable fibers saturated with time-released pesticides that could be planted with seeds as an alternative to spraying pesticides.
· Doilies, seat cushions, or wall hangings used in airplanes that would continually absorb particles or gases or other airborne biohazards.
Those interested in fashion are not left out either. Designers may be able to “control color in fabrics in a tunable fashion, without the use of dyes and while adding functionality” 

(http://nanotextiles.human.cornell.edu/nanotechnology in textiles - fashion.pdf). The Web site explains how this could be possible:
However, an additional benefit to creating conformal monolayers of nanoparticles over cotton or textile fibers is the presence of surface plasmons. These plasmons are strong optical extinctions that can be used to control color by manipulating the interaction of light with the coated material. This well known phenomenon is possible by tailoring the surface shape and size of the nanoparticles, thereby controlling the type of surface plasmons that can couple to and propagate across the modified textile. In other words, the assembly of nanoparticles over textile fibers offers the designer an in situ tunable palette of colors to choose from. … For example, if the designer desires to have a golden finish for his/her piece, Ag nanoparticles can be used to create a shiny metallic-yellow color while simultaneously imparting antibacterial properties to the clothing.
A nanotextile-based product that is being worked on that may be of interest to students is “Power Felt, which uses carbon nanotubes on a bed of plastic as conductors of electricity. The fabric feeds off warmth from the sun or your body heat” and would be able to charge electronic devices such as cell phones (http://www.businessinsider.com/power-felt-invented-by-david-carroll-2012-8).

A picture of a future filled with nanodevices is not necessarily all positive. With a rise in items that contain nanomaterials, there has been a call to examine the way that current regulations relate to these new fabrics and other products. For example, an October 2011 article in The Guardian mentions that we don’t necessarily know if fabrics “will actually shed stuff which is still able to cause harm in unconventional ways” (http://www.guardian.co.uk/nanotechnology-world/nanotextiles-fabric-laws-science-nanotechnology)

More on carbon nanotubes


Carbon nanotubes have been the subject of two previous ChemMatters articles in 2006 and 2009 (see References section below). The ChemMatters Teacher’s Guide for October 2009 uses an interesting description for students to visualize a nanotube by picturing a structure of chicken wire and a cut soccer ball:
On a large or macroscopic scale, imagine cutting a soccer ball in half – along its diameter. Then take a sheet of the material from which the soccer ball was made and roll just enough of the material into a tube or cylinder having the diameter of the original soccer ball. Carefully join the end of the tube to the half of the soccer ball. If done properly, the soccer ball will form a cap to a tube whose length can vary depending on the amount of material used. If chicken wire were used instead of the soccer ball material, the structure should look like a chicken-wire tube topped at one end with a chicken wire hemisphere. An enterprising student or group of students might consider creating such a structure out of chicken wire.

Now, instead of the soccer ball, substitute half of a C60 buckyball or fullerene molecule. Instead of the soccer ball material or chicken wire, substitute a sheet of graphene. Graphene, as discussed in another article in this issue of ChemMatters [October 2009], is a hexagonally bonded, single-layer sheet of carbon atoms. Roll a sheet of the graphene to create a tube having the diameter of the C60 molecule. Attach (bond) one end of the graphene tube to the half of the C60 molecule and one has made a carbon nanotube. It certainly is not visible to the naked eye as was the soccer ball structure. It takes a powerful electron microscope to allow one to actually view the nanotube.” (p 82)
The ChemMatters October 2009 article “Nanotechnology’s Big Impact” that corresponds with this Teacher’s Guide provides background on the features and properties of nanotubes:
A nanotube is basically a sheet of pure, carbon graphite rolled into a cylinder. … In an individual graphite layer, called graphene, carbon atoms form a series of six-sided hexagons next to one another. So, when a graphene sheet is rolled up to form a tube, the tube’s wall is made of carbon hexagons. The hexagons can be parallel to the axis of the tube or form a helix that winds along the tube.

A nanotube’s diameter and how the hexagons are arranged on the wall affect the way nanotubes conduct electricity. (p 15)
The February 2006 ChemMatters article “Super Fibers” contains additional information on carbon nanotube properties:

According to Matteo Pasquali, a chemical engineer at Rice University in Houston, TX, like every covalent network solid, every atom in a carbon nanotube shares electrons with its neighbors. Sometimes, this property gives them the ability to conduct electricity extremely efficiently. The tubes’ honeycomb lattice and cylindrical structure also allow them to channel heat effectively and retain their shape.

Carbon nanotubes conduct heat better than any known material and are many times stronger than any known fiber. Plus, they are extremely lightweight, making them perfect for adding these special qualities to other materials without adding extra pounds. (p 12)


The history of the discovery of carbon nanotubes is not entirely clear cut. The October 2009 ChemMatters Teacher’s Guide describes their potential discovery in the 1950’s.
The inability to view the carbon nanotubes without the availability of electron microscopes in use today provides the background when trying to determine the history of the carbon nanotubes. The history is not clear and has been the subject of much debate. As early as the 1950’s, Roger Bacon may have synthesized the nanotubes, but without an instrument to view them, he was not given credit for the original discovery. He was the first to describe a tube of atoms that could be capped by a buckyball.

The “National Historic Chemical Landmarks” portion of the American Chemical Society’s Web site provides a fascinating look at Bacon’s work (http://acswebcontent.acs.org/landmarks/landmarks/carbon/car3.html). (p 82)
Their discovery is most often attributed to Iijima and Ichihashi, based on their Nature paper in 1993 (http://www.nature.com/nature/journal/v363/n6430/abs/363603a0.html); a paper was also submitted independently just a month later by a team working at IBM. The history is still murky and debated; a 2006 guest editorial in the journal Carbon discusses at length potential answers to its title question “Who should be given the credit for the discovery of carbon nanotubes?” (http://nanotube.msu.edu/HSS/2006/1/2006-1.pdf).


One of the main obstacles to more widespread innovations using carbon nanotubes is the difficulty connected with producing large amounts of specific structures. The February 2006 “Super Fibers” article describes these difficulties and potential solutions:

…the tubes spontaneously arise from a variety of combustion reactions. For example, nanotubes emerge every time you light a candle. But this run-of-the-mill production makes nanotubes that aren’t suitable for anything useful, says Pasquali [Matteo Pasquali, Rice University].

First, many combustion reactions produce a random mishmash of different nanotube structures—the hexagons in the tubes’ chicken-wire structure may be rolled up at different angles, for example, giving them different properties. This slip-shod production also spews out various assortments of nanotube types. Single-walled nanotubes, the hose-like structures that seem to have the most benefits, are often mixed in with multiwall nanotubes, which look like tubes rolled up within tubes.

Second, the manufacturing techniques available today—such as knocking carbon off of a surface with a laser, for example, or discharging bits of carbon by zapping carbon rods with electricity—can only produce nanotubes that are usually only a few micrometers long.

The best idea for now, says R. Byron Pipes of Purdue University in West Lafayette, IN, is to take many short nanotubes and bundle them into yarns. Although the resulting yarn has less than 1% of the theoretical strength, heat conductivity, and electrical conductivity, the end product still has some intriguing possibilities.
For example, Baughman [Ray Baughman, University of Texas at Dallas] and his coworkers have manufactured carbon nanotube yarns by distributing billions of nanotubes into a detergent solution. The scientists keep the tubes from bunching together by blasting the solution with high-frequency sound waves. Feeding a thin stream of the solution into a whirling bath, the scientists have twisted yarns up to 200 meters long and as thick as a human hair, but much stronger.

Pasquali and his colleagues are using another solution-based way to make their own nanotube yarns. Dumping their individual nanotubes into sulfuric acid, the researchers found that electrical charges within the acid distributed the tubes evenly without the high-frequency sound waves. Pasquali’s team simply pressed the nanotube solution through a syringe into a coagulating bath, pushing out meters of super-strong nanotube cables. (pp 12–13)
Research into new ways of producing specific types of carbon nanotubes on a large scale continues. As just a few examples from 2010 and 2012, see http://phys.org/news/2012-07-carbon-nanotube-based-fibers.html, http://www.scientificmalaysian.com/2012/04/23/continuous-production-carbon-nanotubes-usm/, http://www.nasa.gov/topics/technology/features/metal-free-nanotubules.html, and http://web.mit.edu/newsoffice/2010/green-carbon-nanotubes-1110.html.


With an increased exposure to nanomaterials—through use of commercial products, in workers making those products, and of general exposure to the environment—the safety of carbon nanotubes continues to be studied. Research was briefly described in the October 2009 ChemMatters article “Nanotechnology’s Big Impact”:
For instance, mice and fruit flies have been exposed to carbon nanotubes with mixed results. In one study, mice were injected with water-soluble carbon nanotubes. Kostas Kostarelos, a professor of pharmacy at the University of London’s School of Pharmacy, and colleagues found that the nanotubes were harmlessly excreted intact in urine. Other studies have found that inhaled nanoubes can accumulate in the lungs and cause inflammation. (p 17)

Their impact and safety continue to be studied. For example, a 2012 publication in Environmental Toxicology and Chemistry (http://onlinelibrary.wiley.com/doi/10.1002/etc.1888/abstract) reports that exposure to carbon nanotubes reduced the survival or growth of freshwater invertebrates.

Connections to Chemistry Concepts 
(for correlation to course curriculum)
1. Atomic structure—The Heiss article describes the makeup of an electrically neutral atom and that electrons can be lost and gained. The concepts of atomic structure could be expanded to include a deeper discussion of the nucleus and electrons, valence shells, and the history of the concepts’ discoveries. 
2. Polarity—Polar water molecules are able to bind to electric charges on the surface of fabric. What makes a molecule polar or nonpolar could be covered, along with how to predict molecular polarity. 

3. Hydrophobic/hydrophilic—The molecules of an antistatic agent often have hydrophobic and hydrophilic sides. Instructors could discuss what gives a molecule these characteristics, along with additional real world examples, such as the lipid bilayer of cell membranes, and soap. 
4. Intermolecular forces—Hydroxyl groups on cotton fabric are able to form intermolecular bonds with water and the polar heads of fabric softener molecules.
5. Nanotechnology—The application of nanomaterials to improve fabric properties is just a small part of the larger area of nanotechnology. Instructors could identify products used by students that are connected with nanotechnology and discuss how far reaching nano-based applications are. 
Possible Student Misconceptions 
(to aid teacher in addressing misconceptions)
1. “The effects of fabric softener cannot be permanent.” Liquid fabric softener does eventually rub off fabric, making its antistatic effects only temporary. However, garment manufacturers are now able to apply antistatic substances such as carbon nanotubes directly to fibers that make up clothes, resulting in an antistatic effect that manufacturers label as permanent.
2. “Carbon nanotubes are the only nanoparticle used to make clothing antistatic.” Other nanoparticles have also been found to give antistatic properties, such as nano-sized titanium dioxide, zinc oxide whiskers, nano antimony-doped tin oxide, and silane nanosol  (http://www.freewebs.com/jayaram-co/doc/Selected_Appz_of_Nanotechnology_in_Textiles.pdf)
3. “There is only one kind of carbon nanotube.” There are three different kinds of carbon nanotubes, depending “on the amount of twist in the pattern of the carbon atoms around the nanotube’s circumference. The three types of nanotubes are armchair, zig-zag, and chiral” (http://mrsec.wisc.edu/Edetc/modules/HighSchool/CNT_Vector_Activity/CNT_Vector_Activity_Final.pdf).
Anticipating Student Questions 
(answers to questions students might ask in class)
1. “What can I use besides fabric softener for clothing to make clothes feel softer and/or reduce static cling?” Besides using commercially-sold fabric softener, one could specifically look for nanotextiles that offer antistatic properties. Many people recommend different alternatives, such as adding vinegar to the rinse cycle to soften clothing, and placing objects such as balls of wool or aluminum foil, or tennis balls in the dryer. The balls have mixed results reported; some say they work as softeners, some as static cling reducers, some not at all. Students could design an experiment to study their effects.
2. “Are some fibers more likely to cling than others?” A table of fiber properties categorizes the static resistance of various fibers at http://wps.pearsoncustom.com/wps/media/objects/7608/7791478/FA110_Ch02.pdf. Fibers with excellent resistance are cotton, flax, viscose rayon, rayon, lyocell, and olefin (polypropylene); fairly good resistance are wool and silk; fair resistance are acetate and triacetate; fair to poor resistance are nylon (polyamide), acrylic, and modacrylic; poor or deficient resistance is polyester. So, polyester is the fabric with the most cling.
In-class Activities 
(lesson ideas, including labs & demonstrations)
1. There are many common demonstrations and activities on static electricity. They can often be found in physics textbooks in connection with a chapter on static electricity. Many are also available online. For example, see http://www.mos.org/sln/toe/staticmenu.html for a collection of several activities: rubbing a balloon with wool so it is attracted to us as it hangs from the ceiling, rubbing a balloon with wool and observing that it attracts salt, pepper, and polystyrene pellets, making “static tubes” with polystyrene pieces inside, and constructing an electroscope. Other common activities are bending water with a charged object such as a comb, PVC pipe, balloon, or plastic pen (http://www.youtube.com/watch?v=VhWQ-r1LYXY) and attracting Cheerio cereal to a balloon rubbed with wool (http://www.education.com/science-fair/article/static-electricity-stationary-charges/). 
2. An “Opposites Attract” module contains four activities with student and teacher pages. The activities are to make objects “dance” under a charged plate, to make static charge using a homemade electrophorous, to make a Leyden jar to store charge, and to construct “Franklin Bells” to detect static electricity. (http://physicscentral.com/experiment/physicsquest/past/upload/pq06-Extension1.pdf)

3. The activity “Nano-Tex: Testing New Nano Fabrics” has students compare the stain resistance of regular fabric and special nano-fabric by using different substances to stain swatches of the fabrics. (http://mrsec.wisc.edu/Edetc/IPSE/educators/nanoTex.html)
4. The demonstration/activity “How Small Are Nanotubes” helps to illustrate the size of the nanoscale, particularly nanotubes. A rope circle with a diameter of four meters is prepared, illustrating a human hair magnified 100,000 times. Students need to identify the tube (wrapping paper tube, dowel rod, pencil, birthday candle, toothpick, or pencil lead) that would represent the diameter of a nanotube compared to the circle (Answer: pencil lead). (http://mrsec.wisc.edu/Edetc/IPSE/educators/nanotube.html)

5. The activity “Nanoarchitecture” introduces students to four different forms of carbon (diamond, graphite, fullerenes, and nanotubes) including different types of nanotubes. Students learn about the properties of the different forms, such as their strength and ability to lubricate. (http://mrsec.wisc.edu/Edetc/IPSE/educators/carbon.html)

6. The module “Using Vectors to Construct Carbon Nanotubes” (http://mrsec.wisc.edu/Edetc/modules/HighSchool/CNT_Vector_Activity/index.html) focuses on the three types of carbon nanotubes and uses vectors to find the circumference of a carbon nanotube.

7. A popular project for students to work with fabric and investigate one of its properties, dyeability, is through tie dyeing. Instructions are widely available on the internet; one example is Flinn Scientific’s handout “Tie Dyeing—Chemistry Fun”, available at http://www.myteacherpages.com/webpages/CCPHS/files/tie dying chemistry fun.pdf.  

Out-of-class Activities and Projects 
(student research, class projects)
1. Students could research the list of potential nanotextile applications that were predicted 5 to 10 years ago (see “More on nanotextiles” above) and determine which have been successfully implemented.
2. Students could perform a long-term project to periodically monitor new information and breakthroughs about nanotechnology over the period of a school year and report back to the class or summarize in a different way, such as on a bulletin board. One such site on nanotechnology developments is Nanowerk Spotlight (http://www.nanowerk.com/phpscripts/n_spotlight.php). 

3. Instructors could invite a local spinner/weaver to demonstrate the process of moving from fibers to yarn to woven fabric.

References 
(non-Web-based information sources)
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The ChemMatters article “Nanotechnology’s Big Impact” provides an overview of several nanomaterials such as nanowires, nanotubes, and nanoballs, along with a discussion of their uses and obstacles to their mass manufacture. (Halim, N. ChemMatters, 2009, 27 (3), pp 15​–17).
The 2006 ChemMatters article “Super Fibers” focuses on carbon nanotubes and their potential for future use in clothing for soldiers and police officers, cable for a space elevator, and electric cables. (Brownlee, C. ChemMatters, 2006, 24 (1), pp 11–13)

____________________

The author discusses innovations in detergents, including a two-in-one product that combines fabric softener and detergent. (McCoy, M. Soaps and Detergents. C & E News, Jan. 30, 2006, volume 84, number 5, pp 13–19; ACS members can log in at http://pubs.acs.org/isubscribe/journals/cen/84/i05/html/8405cleaning.html)

The Nature article “The Trials of New Carbon” discusses the potential impact of graphene, comparing it with the history and development of carbon nanotubes. (Van Noorden, R. Nature, Vol. 469, 6 January 2011, pp 14–16; see http://www.nature.com/news/2011/110105/pdf/469014a.pdf)

The Handbook of Detergents contains a section on fabric softening, including information on chemicals typically used, their structures, their delivery, and their efficacy. (Zoller, U. Handbook of Detergents, Part E: Applications; CRC Press: Boca Raton, Florida, 2009; section 9, pp 181–198; see http://books.google.com/books?id=mCgcrvvRIucC&pg=PA181&lpg=PA181&dq=fabric+softener+structure&source=bl&ots=yLgzEwtLih&sig=3TvdVXoxXnHLnyWT0ePdJwjlmsA&hl=en - v=onepage&q=fabric softener structure&f=false)

Physics textbooks may contain a specific section on static electricity and could be used to expand on the topics presented in the article. For one example, see Merrill Physics: Principles & Problems (Zitzewitz, P.; Neff, R.; Davids, M.; Wedding, K.; Merrill Physics: Principles & Problems, Teacher Wraparound Ed.; Glencoe/McGraw-Hill, Westerville, Ohio, 1995). The Chemistry in the Community (ChemCom) textbook also has a brief section “B.8 The Electrical Nature of Matter” (5th ed., American Chemical Society: Washington DC, 2006; pp 37–38).

Web sites for Additional Information 
(Web-based information sources)
More sites on static electricity

A physics tutorial on static electricity has four multi-part lessons on basic terminology, methods of charging, electric force, and electric fields. Lesson one is most related to the Heiss article. Be sure to check out the blue and red “Student Extras” and “Teacher’s Guide” boxes in each sub-section. (http://www.physicsclassroom.com/class/estatics/)

A Regents Exam Prep Center site offers explanations of different topics related to static electricity, including triboelectricity, and a small section of demonstrations. (http://regentsprep.org/regents/physics/phys-topic.cfm?Course=PHYS&TopicCode=03a)

More sites on fibers and fabrics

An online copy of the book “Extreme Textiles: Designing for High Performance” mixes stunning photography with information about structure and function of fibers and fabrics. It shows an amazing array of textile products, such as parachutes, spacesuits, and carbon fiber prosthetics similar to that worn by recent 2012 Olympian Oscar Pistorius. (http://www.scribd.com/doc/7437440/Extreme-textiles)

Two portions of the 2009 edition of Mary Humphries’ Fabric Reference are available at http://wps.pearsoncustom.com/wps/media/objects/7608/7791478/FA110_Ch02.pdf. They cover information related to fibers, their properties, and identification.

The basics of fiber and fabric, along with a collection of related links, are presented at http://www.42explore.com/fibers.htm.

More sites on fabric softeners

The Chemical & Engineering News feature “What’s That Stuff?” included a 2008 article on dryer sheets. (http://pubs.acs.org/cen/whatstuff/86/8615sci2.html)
A chemistry professor has a short animation “Fabric Softener and Intermolecular Forces” that shows fabric softener and fabric on the nanoscale. (http://employees.oneonta.edu/viningwj/modules/CI_fabric_softener_and_intermolecular_forces_14_11S.html)
A BASF “The Chemical Reporter” three-minute-long podcast answers the question “How does fabric softener make your laundry soft?” (http://www.basf.com/group/corporate/en/news-and-media-relations/podcasts/chemical-reporter/softener)

The “How Things Are Made” collection offers a section on fabric softener, with information about its history, ingredients, and manufacturing. (http://www.madehow.com/Volume-7/Fabric-Softener.html)

A 2003 thesis “The Effects of Household Fabric Softeners on the Thermal Comfort and Flammability of Cotton and Polyester Fabrics” is a lengthy and in-depth document, but includes a useful literature review of fabric softeners as one of its sections. (http://scholar.lib.vt.edu/theses/available/etd-05072003-143334/unrestricted/finalthesis1.pdf)


The “How Stuff Works” Web site includes a section on dryer sheets. It discusses what causes static in the dryer, what’s in a dryer sheet, alternatives to dryer sheets, and other uses for dryer sheets. (http://home.howstuffworks.com/dryer-sheets.htm)

More sites on nanotextiles

Nanowerk is an extensive nanotechnology portal that contains an abundance of information. Particularly useful is its “Introduction to Nanotechnology” section that leads into additional sections on nanomaterial science, applications, carbon nanotubes, and nanotechnology images. (http://www.nanowerk.com/nanotechnology/introduction/introduction_to_nanotechnology_1.php) 

The 10-page article “Nanotechnology applications in textiles” is available online at http://indjst.org/archive/issue5/oct08kathir-pop.pdf. It highlights several improvements that can be made to fabrics and describes some of the chemistry involved in each.

The 2006 paper “Selected Applications of Nanotechnology in Textiles” appeared in the AUTEX (Association of Universities for Textiles) Research Journal and describes properties that can be added to fabrics using nanotechnology: water repellence, UV protection, anti-bacteria, antistatic, and wrinkle resistance. (http://freewebs.com/jayaram-co/doc/Selected_Appz_of_Nanotechnology_in_Textiles.pdf)

A video demonstrates the antistatic properties of nanotextiles made by the company Nano-Tex. (http://www.youtube.com/watch?v=tUTBrQ67Blw)

This article from 2006 describes the work of two researchers, Juan Hinestroza and Margaret Frey, on the potential use of nanotextiles as biofilters and sensors. (http://nanotextiles.human.cornell.edu/Nanotechnology%20in%20textiles%20-%20protective%20fibers.pdf)

More sites on carbon nanotubes

Live video footage showing the formation of carbon nanotubes from researchers at Cambridge University is available at http://www.nanowerk.com/nanotechnology/videos/Forming_carbon_nanotubes.php.

University professor David Tománek’s “The Nanotube Site” gathers links related to nanotubes, including sites relevant to nanotube research and events in the nanotube field.  (http://www.pa.msu.edu/cmp/csc/nanotube.html)

More Web sites on Teacher Information and Lesson Plans
(sites geared specifically to teachers)


“Franklin and Electrostatics—Ben Franklin as my Lab Partner” is a resource for teachers that combines historical information and writings of Benjamin Franklin with lab procedures that replicate historic experiments. The site includes a 30-page pdf document along with supplemental movies. (http://www.compadre.org/Repository/document/ServeFile.cfm?ID=3427&DocID=2347)


Educator resources for teaching about nanotechnology are collected at http://mrsec.wisc.edu/Edetc/IPSE/educators/index.html. They include different types of activities: nanoscale, nanotechnology application, societal implications, along with brief demonstrations and resources to learn more about nanotechnology.


The NISE Network (Nanoscale Informal Science Education) online catalog offers a large number of free resources “for use in informal education settings to engage the public in nano science, engineering, and technology.” It can be browsed by audience age, nano topics, and type of resource (cart demonstration, classroom activity, game, etc.). (http://www.nisenet.org/catalog)

The references below can be found on the ChemMatters �25-year CD (which includes all articles published during the years 1983 through 2008). The CD is available from ACS for $30 (or a site/school license is available for $105) at this site: � HYPERLINK "http://www.acs.org/chemmatters" ��http://www.acs.org/chemmatters�. (At the right of the screen, �click on the ChemMatters CD image like the one at the right.)





Selected articles and the complete set of Teacher’s Guides �for all issues from the past three years are also available free online �at this same site. (Full ChemMatters articles and Teacher’s Guides are available on the 25-year CD for all past issues, up to 2008.) 





Some of the more recent articles (2002 forward) may also be available online at the URL listed above. Simply click on the “Past Issues” button directly below the “M” in the ChemMatters logo at the top of the page. If the article is available online, you will find it there.
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